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Preface
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Part III: NEC User's Guide
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of California or the U.5. Department of Energy to the exclusion of others

that may be suitable.
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Abstract

The Numerical Electromagnetics Code (NEC-2) is a computer code for
analyzing the electromagnetic response of an arbitrary structure consisting of
wires and surfaces in free space or over a ground plane. The anal?sis is
accomplished by the numerical solution of intégral equations for induced
currents. The excitation may be an incident plane wave or a voltage source on
a4 wire, while the output may include current and charge density, electric or
magnetic field in the vicinity of the structure, and radiated fields. NEC-2
includes several features not contained in NEC-1, including an accurate method
for modeling grounds, based on the Sommerfeld integrals, and an option to
modify a structure without repeating the complete solution.

This manual contains instruction for use of the Code, including
preparation of input data and interpretation of the output. Examples are
included that show typical input and output and illustrate many of the special
coptions available in NEC~2. The examples exercise most parts of the Code and,
hence, may also be used to check that the Code is operating correctly. Two
other manuals for NEC-2, covering the equations and details of the coding, are

referenced.
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Section |
Introduction

The Numerical Electromagnetics Code (NEC-2) is a user-oriented computer
code for analysis of the electromagnetic response of antennas and other metal
structures. It 1s built around the numerical solution of integral equations
for the currents induced on the structure by sources or incident fields. This
approach avoids many of the simplifying assumptions required by other sclution
methods and provides a highly accurate and versatile tool for electromagnetic
analysis.

The code combines an integral equation for smooth surfaces with one
specialized tc wires to provide for convenient and accurate modeling of a wide
range of structures. A model may include nonradiating networks and transmis—
sion lires connecting parts of the structure, perfect or imperfect conductors,
and lumped element loading. A structure may also be modeled over a ground
plane that may be either a perfect or imperfect conductor.

The excitation may be either voltage sources on the structure or an
incident plane wave of linear or elliptic polarization. The output may include
induced currents and charges, near electric or magnetic fields, and radiated
fields. Hence, the program is suited to either antenna analysis or scattering
and EMP studies,

The integral equation approach is best suited to structures with dimen-
sions up to several wavelengths. Although there is no theoretical size limict,
the numerical solution requires a matrix equation of increasing order as the
structure size is increased relative to wavelength. Hence, modeling very
large structures may require more computer time and file storage than is
practical on a particular machine. In such cases standard high-frequency
approximations such as geometrical opties, physical optics, or geometrical
theory of defraction may be more suitable than the integral equation approach
used in NEC-2.

NEC-2 retains all features of the earlier version NEC-1 except for a
restart option. Major additions in NEC-2 are the Numerical Green's Function
for partitioned~-matrix solution and a treatment for lossy grounds that is
accurate for antennas very close to the ground surface. NEC-2 also includes
an option to compute maximum coupling between antennas and new options for

structure input.



This manual contains instructions for use of the NEC-? code and sample
runs to illustrate the output. The sample runs may alsc be used as a standard
to check the operation of a newly duplicated or modified deck. There are two
other manuals for NEC-2: Partc I: NEC Program Description — Theory (ref. 1);
and Part II: NEC Program Description — Code (ref, 2). Part I covers the

cquations and numerical methods, and Part IT is a detailed description of the

Fortran code.



Section II
Structure Modeling Guidelines

The basic devices for modeling structures with the NEC code are shore,
straight segments for modeling wires and flat patches for modeling surfaces.
An antenna and any other conducting objects in its vicinity that affect its
performance must be modeled with strings of segments following the paths of
wires and wilh patches covering surfaces. Proper choice of the segments and
patches for a model is the most critical step to obtaining accurate results.
The number of segments and patches should be the minimum required for
accuracy, however, since the program running time increases rapidly as this
number increases. Guidelines for choosing segments and patches are given below
and should be followed carefully by anyone using the NEC code. Experience

gained by using the code will also aid the user in developing models,

1, WIRE MODELING

A wire segment is defined by the coordinates of its two end points and
its radius. Modeling a wire structure with segments involves both geometrical
and electrical factors. Geometrically, the segments should follow the paths
of conductors as closely as possible, using a piece-wise linear fit on curves.

The main eclectrical consideration is segment length A relative to the
wavelength A. Generally, A should be less than about 0.1 A at the desired
frequency. Somewhat longer segments may be acceptable on long wires with no
abrupt changes while shorter segments, 0.05 A or less, may be needad in
modeling critical regions of an antenna. The size of the segments determines
the resolution in sclving for the curreant on the model since the current is
computed at the center of each segment. Extremely short segments, less than
about 10m3 A, should also be avoided since the similarity of the constant and
cosine components of the current expansion leads to numerical inaccuracy.

The wire radius, a, relative to X is limited by the approximations used
in the kernel of the electric field integral equation. Two approxXximation
options are available in NEC: the thin-wire kernel and the extended thin-wire
kernel. These are discussed in reference 1. In the thin-wire kernel, the
current on the surface of a segment is reduced to a filament of current on the
segment axis. In the extended thin-wire kernel, a current uniformly distributed
around the segment surface is assumed. The field of this current is

approximated by the first two terms in a series expansion of the exact field
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in powers of az. The first term in the series, which is independent of a, is
identical to the thin-wire kernel while the second term extends the accuracy
for larger values of a. Higher order approximations are not used because they
would require excessive computation time.

In either of these approximations, only currents in the axial direction
on a segment are considered, and there is no allowance for variation of the
current around the wire circumference. The acceptability of these approxi-
mations depends on both the value of a/A and the tendency of the excitation
to produce circumferential current or current variation. Unless 2ma/} is
much less than L, the validity of these approximations should be considered.

The accuracy of the numerical solution for the dominant axial current
is also dependent on Afa. Small values of Afa may result in extraneous
oscillacions in the computed current near free wire ends, voltage sources, or
lumped loads. Use of the extended thin-wire kernel will extend the limit on
Ala to smaller values than are permissible with the normal tnin-wire kernel.
Studies of the computed field on a segment due to its own current have shown
that with the thin-wire kernel, A/a must be greater than about 8 for errors
of less than 1%. With the extended thin-wire kernel, A/a may be as small as
2 for the same accuracy (ref. 3). 1In the current solution with either of
these kernels, the error tends to be less than for a single field evaluation.
Reasonable current sclutions have been obtained with the thin-wire kernel for
b/a down to about 2 and with the extended thin-wire kernel for Afa down to 0.5.
When a model includes segments with A/a less than about 2, the extended thin-
wire kernel option should be used by inclusion of an EK card in the data deck.

When the extended thin-wire kernel option is selected, it is used at
free wire ends and between parallel, connected segments. The normal thin-wire
kernel Is always used at bends in wires, however. Hence, segments with small
A/a should be avoided at bends. Use of a small A/a at a bend, which results
in the center of one segment falling within the radius of the other segment,
generally leads to severe errors,

The current expansion used in NEC enforces conditions on the current and
charge density along wires, at junctions, and at wire ends. For these condi-
tiops to be applied properly, segments that are electrically counnected must
have coincidgnt end points., If segments intersect other than at their ends,
the NEC code will not allow current to flow from one segment to the other.

Segments will be treated as connected if the separation of their ends is less



than about 10_3 times the length of the shortest segment. When possible,
however, identical coordinates should be used for comnected segment ends.

The angle of the intersection of wire segments in NEC is not restricted
in any manner. In fact, the acute angle may be so small as to place the
observation point on one wire segment within the volume of another wire
segment. Numerical studies have shown that such overlapping leads to meaning-
less results; thus, as a minimum, cne must ensure that the angle is large
enough to prevent overlaps. Even with such care, the details of the current
distribution near the intersecticn may not be reliable even though the results
for the current may be accurate at distances from this region.

NEC includes a patch option for modeling surfaces using the magnetic-
field integral equation. This formulation is restricted to closed surfaces
with nonvanishing enclosed volume. For example, it is not theoretically
applicable to a conducting plate of zero thickness and, actually, the numerical
algorithm is not practical for thin bodies (such as solar panels). The latter
difficulty is due to the possibility of poor conditioning of the matrix
equation.

Wire-grid modeling of conducting surfaces has been used with varying
success. The earliest applications to the computation of radar cross sections
and radiation patterns provided reascnably accurate results., Even computa-
tions for the input impedance of antennas driven against grid models of
surfaces have oftentimes exhibited good agreement with experiments. However,
broad and generalized guidelines for near-field quantities have not been
developed, and the use of wire-grid modeling for near-field parameters should
be approached with caution. A single wire grid, however, may represent both
surfaces of a thin conducting plate. The current on the grid will be the sum
of the currents that would flow on opposite sides of the plate. While
information on the currents on the individual surfaces is lost, the grid will
yvield the correct radiated fields.

Other rules for the segment model follow:

¢ Segments (or patches) may not overlap since the division of current
between two overlapping segments is indeterminate. Overlapping

segments may result in a singular matrix equation.

®¢ A large radius change between connected segments may decrease accuracy;
particularly, with small A/a. The problem may be reduced by making

the radius change in steps over several segments,
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® A gsegment is required at each point where a network connection or
voltage source will be located. This may seem contrary to the idea
of an excitation gap as a break in a wire. A continuous wire across
the gap is needed, however, so that the required voltage drop can be

specified as a boundary condition.

¢ The two segments on each side of a charge density discontinuity
voltage source should be parallel and have the same length and radius.
When this source is at the base of a Segment connected to a ground

plane, the segment should be vertical.

o The number of wires joined at a single junction cannot exceed 30

because of a dimension limitation in the code.

¢ When wires are parallel and very close together, the segments should
be aligned to avoid incorrecr current perturbations from offset match

points and segment junctions.

¢ Although extensive tests have not been conducted, it is safe to specify

that wires should be several radii apart.

2. SURFACE MODELING

A conducting surface is modeled by means of multiple, small flat surface
patches corresponding to the segments used to model wires. The patches are
chosen to cover completely the surface to be modeled, conforming as closely as
possible to curved surfaces. The parameters defining a surface patch are the
Cartesian coordinates of thé patch center, the components of the ourward-
directed, unit normal vector and the patch area. These are illustrated in
figure 1 where ;6 =X X + Yo y + z, Z is the position of the segment center;

a = n_ X+ n, y o+ n, 2 is the unit normal vector and A is the patch area.

Although the shape (square, rectangular, etc.) may be used to define a patch
on input it does not affect the solution since there is no integration over
the patch unless a wire is connected to the patch center. The program computes

the surface current on each patch along the orthogonal unit wvectors El and EZ’



Figure 1. Patch Posi-
tion and Orientation.

>

2

o

b

o

which are tangent to the surface. The vector El is parallel to a side of the
triangular, rectangular, or quadrilateral patch. For a patch of arbitrary

shape, it is chosen by the following rules:

For a horizontal patch,

tl = X .
For a nonhorizontal patch,
£, = Gxwy/lzxal,

~

t2 is then chosen as 22 = n X gl" When a structure having plane symmetry is
formed by reflection in a coordinate plane using a GX input card, the vectors
El’ EZ and A are alse reflected so that the new patches will have EZ = -n X El'
When a wire is connected to a surface, the wire must end at the center
of a patch with identical coordinates used for the wire end and the patch
center. The program then divides the patch into four equal patches about

the wire end as shown in figure 2, where a wire has been connected to the
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second of three previously identical patches. The connection patch is divided
along lines defined by the vectors El and 22 for that patch, with a square
patch assumed. The four new patches are ordinary patches like those input by
the user, except when the interactions between these patches and the lowest
segment on the connected wire are computed. 1In this case an interpolaticn
function is applied to the four patches to represent the current from the wire
onto the surface, and the function is numerically integrated over the patches.
Thus, the shape of the patch is sipnificant in this case. The user should try
to choose patches so that those with wires connected are appreximately square
with sides parallel to El and EZ' The connected wire is not required to be
nermal to the patch but cannot lie in the plane of the patch. Only a single
wire may connect to a given patch and a segment may have a patch connection
on only one of its ends. Also, a wire may never connect to a patch formed by
subdividing another patch for a previous connection.

As with wire modeling, patch size measured in wavelengths is very
imporcant for accuracy of the results. A minimum of about 25 patches should
be used per square wavelength of surface area, with the maximum size for an
individual patch about 0.04 square wavelengths. Large patches may be used on
large smooth surfaces while smaller patches are needed in areas of small
radius of curvature, both for geometrical modeling accuracy and for accuracy
of the integral equation solution. In the case of an edge, a precise local

representation cannot be included; however, smaller patches in the vicinity of

0

- &
t
2
- » ~
. t
1
Figure 2. Connection of a Wire to a Surface Patch.
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Lhe edge can lead to more accurate results since the current magnitude may
vary rapidly in this region. Since connection of a wire to a patch causes the
patch to be divided into four smaller patches, a larger patch may be input in
anticipation of the subdivision.

While patch shape is not input to the program, very long narrow patches
should be avoided when subdividing the surface. This is illustrated by the
two methods of modeling a sphere shown in figure 3. The firse uses uniform
divisions in azimuth and equal cuts along the vertical axis. This results in
all patches having equal areas but with long narrow patches near the poles.
In the second method, the number of divisions in azimuth is increased toward
the equator so that the patch length and width are kept more nearly equal.
The areas are again kept approximately equal. The results of the two
segmentations are shown in figure 4 for scattering by a sphere of ka (27 -
radius/wavelength) equal to 5.3. The uniform segmentation used 14 increments
in azimuth and 14 equal bands along the vertical axis. The variable segmenta-
tion used 13 equal increments in arc length along the vertical axis, with
each band from top to bottom divided into the following number of patches in
azimuth: &, 8, 12, 16, 20, 24, 24, 24, 20, 16, 12, 8, 4. Much better
agreement with experiment is obtained with the variable segmentation.

In general, the use of surface patches is restricled to modeling
voluminous bodies. The surface modeled must be closed since the patches only
model the side of the surface from which their normals are directed outward.
If a somewhat thin body, such as a box with one narrow dimension, is modeled

with patches the narrow sides (edges) must be modeled as well as the bread

m\ AN
/2y i S w2 /{/// {\ AN
]
: |
[

|

\ ]

N v/ NS/
NSz N

Uni form Segmentation Variable Segmentation

L

Figure 3. Patch Models for a Sphere.
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surfaces. Furthermore, the parallel surfaces on opposite sides cannot be too
close together or severe numerical error will occur.

When modeling complex structures with features not previously
encountered, accuracy may be checked by comparison with reliable experimental
data if available., Alternarively, it may be possible to develop an idealized
model for which the correct results can be estimated while retaining the
critical features of the desired model. The cptimum mcdel for a class of
structures can be estimated by varying the segment and patch density and
observing the effect on the results. Some dependence of results on segmenta-
tion will always be found. A large dependence, however, would indicate that
the solution has not converged and more segments or patches should be used.

A model will generally be useable over a band of frequencies. For frequencies
beyond the upper limit of a particular model, a new set of geometry cards must

be input with a finer segmentation.

3. MODELING STRUCTURES OVER GROUND

Several options are available in NEC for modeling an antenna over a
ground plane. For a perfectly conducting ground, the code generates an image
of the structure reflected in the ground surface. The image is exactly
equivalent to a perfectly conducting ground and results in scolution accuracy
comparable to that for a free-space model. Structures may be close to the
ground or contacting it in this case. However, for a horizontal wire with
radius a, and height h, to the wire axis, [h2 + 32]1/2 should be greater than
about 10“6 wavelengths. Furthermore, the height should be at least several
times the radius for the thin-wire approximation to be valid. This method
doubles the time to fill the interaction matrix.

A finitely conducting ground may be modeled by an image modified by the
Fresnel plane-~wave reflectivn coefficients. This method is fast but of limited
accuracy and should not be used for structures close to the ground. The
reflection coefficient approximation for the near fields can vield reasonable
accuracy if the structure is at least several tenths of a wavelength above the
ground. It should not be used for structures having a large horizontal extent
over the ground such as some traveling-wave antennas.

An alternate method (Sommerfeld/Norton), available for wires only, uses
the exact solution for the fields in the presence of ground and is accurate

close to the ground. For a horizontal wire the height restriction is the same

as for a perfect ground. When this method is used NEC requires an input file’
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(TAPE21) containing field values for the specific ground parameters and
frequency. This interpolation table must be generated by running a separate
program, SOMNEC, prior to the NEC run. The present NEC code uses the
Sommerfeld/Norton method only for wire-to-wire interactions. If Sommerfeld/
Norton is requested for a structure that includes surfaces, the reflection
coefficient approximation will be used for surface-to-surface and surface-to-
wire interactions. Computation of wire-to-wire interactions by the Sommerfeld/
Norton method takes about four times longer than for free space. In addition,
computation of the interpolation table requires about 15 s on a CDC 7600
computer. However, the file of interpolation tables may be saved and reused
for problems having the same ground parameters and fregquency. The Sommerfeld/
Norton method is not available in the earlier code NEC-1.

A wire ground screen may be modeled with the Sommerfeld/Norton methnd
if it is raised slightly above the ground surface. A ground stake cannot be
modeled in NEC since there is presently ne provision to compute interactions
across the interface. Wires may end on a ground plane with a condition that
the charge density (i.e., derivative of current) be zero at the base of the
wire, but this is accurate only for a perfectly conducting ground. A wire may
end on a finirely conducting ground with the charge set Lo zero at the connec-
tion, but this will not accurately model 2 ground stake. If a wire is driven
against a finitely conducting ground in this way, the input impedance will
typically be dependent on length of the source segment.

NEC also includes options for a radial-wire ground-screen approximation
and two-medium ground approximation (cliff) based on modified reflection
coefficients. These methods are implemented only for wires and not for
patches, however, For the radial-wire ground-screen approximation, an
approximate surface impedance — based on the wire density and the ground
parameters — is computed at specular reflection points. Since the formula for
surface impedance yields zero at the center of the screen, the current on a
vertical monopole will be the ‘'same as over a perfect ground. The ground
screen approximation is used in computing both near-field interactions and the
radiated field. It should be noted that defraction from the edge of the screen
is not inciuded. When limited accuracy can be accepted, the ground screen
approximation provides a large time saving over explicit modeling with the
Sommerfeld/Norton method since the ground screen does not increase the number

of unknowns in the marrix equation.
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The two-medium ground approximation permits the user to define a linear
or circular cliff with different ground parameters and ground height on
cpposite sides. This approximation is not used for the near-field interactions
affecting the currents but is used in computing the radiated field. The
reflection coefficient is based on the ground parameters and height at the
specular-reflection point for each ray. This option may also bhe used to
compute the current over a perfect ground and then compute radiated fields for

a finitely conducting ground.
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Section Iil
Program Input

Data to describe an antenna and its enviroument and to request computa-
tion of antenna characteristics are input by means of punched cards. The
data-card set for a single run consists of three types of data cards. The deck
begins with one or more cards containing a description of the run which is
printed at the start of the output as a label. These are followed by geometry
data cards which specify the geometry of the antenna. Finally, a secrion of
program control cards specifies electrical parameters such as frequency,
loading and excitation, and requests calculation of antenna currents and fields.

Every data card has a two-letter alphabetic code in columns one and two
to identify the card to the program. All cards having numeric data are punched
in a similar format, with integer numbers first follewed by real numbers, On
antenna geometry data cards, there are two fields for integer numbers (columns
3 through 5 and 6 through 10) followed by real-number fields of ten columns
each to the end of the card. The program control cards, following the geometrry
data, have four integer fields (3 through 5, 6 through 10, 11 through 15, and
16 through 20) followed by real-number fields.

Integer numbers must be punched seo that the number ends in the last
column of its field. If spaces are left at the end of the field, they will be
read as zeros which, in effect, multiplies the desired number by a power of
ten. Real numbers are punched as a string of digits containing a decimal, and
may be punched anywhere in their field. On the program control cards, follow-
ing the geometry data, real numbers may also be punched as a string of digits
containing a decimal followed by an exponent of ten in the form E £ I, multi-
plying the number by 1011. The integer exponent must be between the exponent
limits of the computer. When an exponent is used, the integer must end in the
last column of the field. Otherwise, spaces will be read as zercs, which ig
the same as multiplying the exponent by a power of tem. If the field on the
card is left blank, the number will be read as zéro for either integer or

real numbers.
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The
which can
The cards

tion only

1. COMMENT CARDS

data-card deck for a run must begin with one or more comment cards
contain a brief description and structure parameters for the run.
are printed at the beginning of the output of the run for identifica-

and have no effect on the computation. Any alphabetic and numeric

characters can be punched on these cards. The comment cards, like all other

data cards, have a two-letter identifier in columns 1 and 2.

The two forms for

comment cards are:

/:

CM

The numbers along the 1op refer to the last column in sach fiald,

CE

The numbers along the top refer to the fast column in each field,

When a CM card is read, the contents of columns 3 through 80 is printed in

the output, and the next card is read as a comment card.

When a CE card is

read, columns 3 through 80 are printed, and reading of comments is terminated.

The next card must be a geometry card.

Thus, a CE card must always occur in a

data deck and may be preceded by as many CM cards as are needed to describe

the run.

-15-~



2. STRUCTURE GEOMETRY INPUT

For convenient input of structure geometry data, several data-card
options are provided to generate data feor groups of segments or patches. The
segment data for a straight wire with an arbitrary number of segments may be
generated by a single input card specifying the Cartesian coordinates of each
end of the wire and the number of segments. Other input cards can cause a
structure to be reflected in a coordinate plane or rotated about an axis to
complete the structure,

The peometry input also permits the user to assign tag numbers to the
segments for later use in referring to a segment; for example, to specify the
location ¢f a voltage source. Each segment has an absolute segment number
associated with it which is determined by its location in the sequence of
segments specified by the input data. This number can be used to refer to a
particular segment. The absolute segment number of the segment in a given
location may be difficult to determine in advance, however, when the structure
is large and complex. In such cases the segment may be more easily referenced
if it is assigned a tag number. The input card for wires includes a provision
for specifying a tag number which 1is assigned to all segments of that wire.

A segment can then be identified by its tag number and its number in the set
of segments having that same tag number. Thus, if a wire is specified in
scme part of a structure with 7 segments and a tag of 3, then the center
segment of the wire cculd be referred to as tag 3, segment 4.

The geometry data cards are:

GA — wire arc¢ specification

GE — end geometry data

GF — use Numerical Green's Function

GHM — shift and duplicate strucrture

GR — generate cylindrical structure (symmetry)

G5 — scale structure dimensions

GW — specify wire {(also GC) ;

GX = reflect structure (symmetry)

SP — specify surface patch (also SC)

SM — generate multiple surfaces patches (also 5C)

The GE card is required to signal the end of the geometry data. The other

cards may be used as needed to generate the required structure.
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The format for segment geometry data cards begins with a two letter
identifier in columns 1 and 2. Two fields for integer numbers follow in
columns 3 through 5 and 6 through 10. These are feollowed by real-number
fields in columns 11 through 20,_21 through 30, and continuing in fields of
10 columns to the end of the card. Net all of these number fields are used
on mest cards, however. In the following descriptions of cards, the integer
numbers are referred to as il and I2, and the decimal numbers as Fi, ..., F7.
The Fortran variable names of the parameters on each card are also given in

cases where they serve as useful mnemonics.
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GA

Wire Arc Specification (GA)

Purpose: To generate a circular arc of wire segments,
2l 51 1o 20 30 40 50 €0 70 Rl
GA [ | a2 F1 F2 F3 Fa blank blank blank |
2l g RADA ANG ANG2 RAD
t '
The neammbor s alana (e 100 B e 1 e a2 L 1 1y Beeie i
! ;
f |
| :
Parameters:
Integers
1TG (I-1) — Tag number assigned to all segments of the wire arc.
NS {I-2) — Number of segments into which the arc will be
divided.
P foasce s & 2 @uAGE \,
Decimal Numbers
RADA  (F1) — Arc radius (center is the origin and the axis is the
y axis},
ANGL  (F2) - Angle of first end of the arc measured from the x
axis in a left-hand direction about the v axis
{degrees).
ANG2  (¥3) — Angle of the second end aof the are.
RAD (F4) — Wire radius.
Notes:
¢ The segments generated by GA form a section of polygon inscribhed
within the arc. '
® 1If an arec in a different position or orientation is desired the
segments may be moved with a GM card.
@

Use of GA to form a circle will not result in symmetry being used in

the calculation. It is a good way to form the beginning of the
circle, to be completed by CR, however.

® (See notes for GW)
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End Geometry Input (GE)

Purpose: To terminate reading of geometry data cards and reset geometry data

if a ground plane is used.

card:
/ 2| 5| 10 20 30 40 50 60 76 80
Gel1} = blank blank blank btank blank blank biank
5
The numbers along the top refer to the last column in each fieid,
Parameters:
Integers
(11) — Geometry ground plane flag. The values are:

0 — no ground plane is present.

1l — indicates a ground plane is present. Structure symmetry
is modified as required, and the current expansion is
modified so that the currents on segments touching the
ground (X, Y plane) are interpolated to their images
below the ground {(charpge at base is zero).

-1l — indicates a ground is present. Structure symmetry is
modified as required. Current expansion, however, is
not modified, Thus, currents on segments touching the
ground will go to zero at the ground.

Decimal Numbers
The decimal number fields are not used,
Notes:

@ The basic function of the GE card is to terminate reading of geometry
data cards. In deing this, it causes the program to search through
the segment data that have been generated by the preceding cards to

determine which wires are connected for current expansion.

® At the time that the GE card is read, the structure dimensions must

be in units of meters,
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A positive or negative value of I1 does not cause a ground to be
included in the calculaticn, It only modifies the geometry data as
required when a ground is present. The ground parameters must be

specified on a program contrel card following the geometry cards.

When Il is nonzero, no segment may extend below the ground plane
(X,Y plane) or lie in this plane. Segments may end on the ground

plane, however.

_3 ,
If the height of a horizontal wire is less than 10 times the
segment length, Il equal to 1 will connect the end of every segment

in the wire to ground. Il should then be ~1 to avoid this disaster.

As an example of how the symmetry of a structure is affected by the
presence of a ground plane (X, Y plane), consider a structure gener-—
ated with cylindrical symmetry about the Z axis. The presence of a
ground does not affect the cylindrical symmetry. If however this
same structure is rotated off the vertical, the cylindrical symmetry
is lost in the presence of the ground. As a second example, consider
a dipole parallel to Z axis which was generated with symmetry about
its feed. The presence of a ground plane destroys this symmetry.

The program modifies Structure symmetries as follows when Il is
nonzero, If the structure was rotated about the X or ¥ axis by the
GM card, all symmetry is lost {i.e., the no-symmetry condition is set).
If cthe structure was not rotated about the X or Y axis, only symmetry
about a plane parallel to the X, Y plane is lost. Translation of a

structure does not affect symmetries,
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Purpose:

Card:

Read NGF File (GF)

Te read a previously writtem NGF file.

—

//E 5

GF |11

plank

Parameters:

Notes:

integers

[+

biank

The nurnbers along the top refer to the last column in zach field,

20

blank

30

biank

40

blank

50

blank

60

biank

70

blank

(I1) — Print a table of the coordinates of the ends of all

segments in the NGF if I1 # 0.

Normal printing otherwise.

GF must be the first card in the structure geometry section,

immediarely after CE.

The effects of some other data cards are altered when a GF card is

used.

See section III-5.
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Coordinate Transformation (GM)

Purpecse: To translate or rotate a Structure with respect to the coordinate
System or to generate new structures translated or rotated from the
original.

Card:

///5 51 1o 20 30 40 50 B0 70 40
M| | 12 £1 F2 F3 Fa F5 F6 F7
3 | HOX ROY ROZ XS Y5 25 ITS
Pi g
- =
The numbers along the rop refar to the last colmn n sach feiel,
I
Parameters:
Integers
ITGI (Il) — Tag number increment.
NRPT (I2) — The number of new structures to be generated.

Decimal Numbers

ROX

ROY
ROZ
XS
Y8
Zs
ITs

(F1) —

(F2) —
(F3) —
(F4) —
(F3) —
(F6) —
(F7) -

Angle in degrees through which the structure is
rotated about the X-axis. A positive angle causes a
right-hand rotation.
Angle of rotation aboutr Y-axis.
Angle of rotation about Z-axis.

X, Y, Z components of vector by which

structure is translated with respect to

the coordinate system.
This number is input as a decimal number but is
rounded to an integer before use, Tag numbers are
searched sequentially until a segment having a tag of
ITS is found. The part of the structure composed of
this segment through the end of the sequence of
If ITS is blank

(usual case) or zero the entire structure is moved.

segments 1s moved by the card.
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Notes:

GM

If NRPT is zero, the structure is moved by the specified rotation and
translation leaving nothing in the original location. If NRPT is
greater than zerc, the original structure remains fixed and NRPT new
structures are formed, each shifted from the previous one by the

requested transformacion.

The tag increment, TTGl, is used when new structures are generated
(NRPT greater than zero) to avoid duplication of tag numbers. Tag
numbers of the segments in each new cepy of the structure are
incremented by TTGI from the tags on the previous copy or original.
Tags of segments which are generated from segments having no tags
(tag equal to zero) are not incremented. Generally, ITGI will be
greater than or equal to the largest tag number used on the original
structure to avoid duplication of tags. For example, if tag numbers
1 through 100 have been used before a (GM) card is read having NRPT
equal to 2, then ITGI equal to 100 will cause the first copy of the
structure to have tags from 10l to 200 and the second copy from 201
to 300. TIf NRPT is zero, the tags on the original structure will be

incremented.

The result of a tramnsformation depends on the order in which the
rotations and translation are applied. The order used is first
rotation about X~axis, then rotation about the Y-axis, then rotation
about the Z-axis and, finally, translation by (XS, YS, Z8). All
operations refer to the fixed coordinate system axes. If a different

order is desired, separate GM cards may be used.
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Purpose:

Card:

Generate Cylindrical Structure (GR)

To reproduce a structure while rotating about the Z-axis to form a
complete cylindrical array and to set flags so that symmetry is

utilized in the solution.

///2 s| 10 20 30 a0 50 60 10 80

GR |11 i2 biank biank blark biank blank blank biank

The numpers along the top refer 10 the tast column in sach field,

Parameters:

Integers

(11) — Tag number increment.

(I2) — Total number of times that the structure is to occcur in the

cylindrical array.

Decimal Numbers

The decimal number fields are nct used,

The tag increment (Il) is used to avoid duplication of tag numbers in
the reproduced structures. In forming a new structure for the array,
all valid tags on the previous copy or original structure are

incremented by (I1). Tags equal to zero are not incremented.

The GR card should never be used when there are segments on the Z~axis

or crossing the Z-axis since overlapping segments would result.

The GR card sets flags so the program makes use of cylindrical
symmetry in solving for the currents. If a structure modeled by N
segments has M sections in cylindrical symmetry (formed by a GR card

with I2 equal to M), the number of complex numbers in matrix storage
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and the proportionality factors for matrix fill time and matrix

factor time are:

Matrix Fill Factor
Storage Time Time
No Symmetry NZ N2 N3
. . 2 2 3,2
M Symmetric Sections NT/M N™/M N~ /M

The matrix factor time represents the optimum for z large matrix

factored in core. Generally, somewhat longer times will be observed.

If the structure is added to or modified after the GR card in such a
way that cylindrical symmetry is destroyed, the program must be resec
to a no-symmetry condition. In most cases, the program is set by the
geometry routines for the existing symmetry. Operations that auto-

matically reset the symmetry conditions are:
Addition of a wire by a GW card destroys all symmetry.

Generation of additional structures by a GM card, with NRPT

greater than zero, destroys all symmetry.

A GM card acting on only part of the structure (having ITS greater

than zero) destroys all symmetry.
A GX or GR card will destroy all previously established symmetry.

If a structure is rotated about either the X or Y axis by use of

a GM card and a ground plane is specified on the GE card, all
symmetry will be destroyed. Rotation about the Z-axis or transla-
tion will not affect symmetry. If az ground is not specified,
symmetry will be unaffected by any rotation or translation by a

GM card, unless NRPT or ITS on the GM card is greater than zero.

Symmetry will also be destroyed if lumped loads are placed on the struc-
ture in an unsymmetric manner. In this case, the program is not auto-~
matically set to a no-symmetry condition but must be set by a data card
following the GR card. A GW card with NS blank will set the program to
a no-symmetry condition without wmodifying the structure. The card must

specify a nonzerc radius, however, to avoid reading a GC card.

Placement of nonradiating networks or sources does not affect

Symmetry.
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CR

When symmetry is used in the solution, the number of symmetric
sections (I12) is limited by array dimensions. In the demonstration

deck, the limit is 16 sections.

The GR card produces the same effect on the structure as a GM card if
12 on the GR card is equal to (NRPI+l) on the GM card and if ROZ on
the GM card is equal to 360/ (NRPT+1) degrees. If the GM card is

used, however, the program will not be set to take advantage of

symmetry.
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Scale Structure Dimensions (GS)

Purpose: To scale all dimensions of a structure by a constant.
Card:

///2 s| 10 20 30 40 50 &0 70 80

GS | %] ® F1 Blank biank blank blank blank blank
@ o
| &

The numbers atong the top refer to the last column in each field,
Parameters:
Integers

The integer fields are not used.

Decimal Numbers

(F1) — All structure dimensions, including wire radius, are

multiplied by FI1.

Notes:

o At the end of geometry input, structure dimensions must be in units

of meters. Hence, if the dimensions have been input in other units,

a GS card must be used to convert to meters.
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Purpose: To generate a string of segments to represent a straight wire.
Card:
' /2 5| 10 20 30 a0 50 60 70 8O
Gw | I 12 F1 F2 F3 Fa4 F5 £6 F7
@l Ns X1 YW1 w1 XW2 YW2 w2 RAD
The numbers along the top refer 1o the fast column in each firlg,
|
The above card defines a string of segments with radius RAD. If
RAD is zero or blank, a second card is read to set parameters to
taper the segment lengths and radius from one end of the wire to
the other. The format for the second card (GC), which is read
only when RAD is zero, is:
///7 s| o 20 10 40 50 60 70 80
GCix| ¥ F1 F2 F3 blank hblank blank blank
gl £ |
RDEL RAD1 RAD?Z
The numbers alang the tap refer 10 the 1ast column in aach Feld,
Parameters:
Integers
ITG (I1) — Tag number assigned to all segments of the wire.
NS (I2) — Number of segments into which the wire will be
divided,.
Decimal Numbers
Wi (Fl) — X coordinate
YWl (F2) — Y coordinate } of wire end 1
ZW1l (F3) — 2 coordinate
XW2 (F4) — X coordinate
YW2 (F53) — Y coordinate | of wire end 2
ZW2 {F&) — Z coordinate

Wire Specification (GW)
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Notes:

RAD (F7) — Wire radius, or zere for tapered segment option.

Cptional GC card parameters

RDEL (¥l) — Ratio of the length of a segment to the length of the
previous segment in the string.

RAD1 (F2) — Radius of the first gegment in the string.

RAD2 (F3) — Radius of the last segment in the string.

The ratio of the radii of adjacent segments is

1/(Ns-1)

RRAD = (RADZ)

RADL

If the total wire length is L, the length of the first segment is

s - L(1-RDEL)
L 1 (roEL)yNS

or
5, = L/NS if RDEL = 1.

The tag number is for later use when a segment must be identified,
such as when connecting a voltage source or lumped load to the
segment. Any number except zerc can be used as a tag, When identify-
ing a segment by its tag, the tag number and the number of the segment
in the setr of segments having that tag are given. Thus, the tag of a
segment does not need to be unique. If no need is anticipated to
refer back to any segments on a wire by tag, the tag field may be

left blank. This results in a tag of zero which cannot be referenced

as a valid tag.

If two wires are electrically connected at their ends, the identical
coordinates should be used for the connected ends to ensure that the
wires are treated as connected for current interpclation. If wires
intersect away from their ends, the point of intersection must occur
at segment ends within each wire for interpolation to occur.
"Generally, wires should intersect only at their ends unlesgss the

location of segment ends is accurately known,

The only significance of differentiating end one from end two of a
wite is that the positive reference direction for current will be in

the direction from end one to end twe on each segment making up the

wire,
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As a rule of thumb, segment lengths should be less than 0.1 wave~-

length at the desired frequency. Somewhat longer segments may be

used on long wires with no abrupt changes, while shorter segments,

0.05 wavelength or less, may be required in modeling critical regions
of an antenna.

If input is in units other than meters, then the units must be scaled

to meters through the use of a Scale Structure Dimensions {(GS) card.

30~
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Reflecticn in Coordinate Planes {GX)

Purpose: To form structures having planes of symmetry by reflecting part
of the structure in the cocrdinate planes, zné to set flags so that

symmetry is utilized in the solution,

Card:
///2 5{ 10 20 30 40 50 60 70 80
Gx {ni iz blank blank blank blank plank blank blank
The numbers along the 1op refer to the last column in gach fieid,
Parameters:
Integers

(I1) — Tag number increment.

(I2) — This integer is divided into three independent digits, in
columns B, 9, and 10 of the card, which control reflection
in the three orthogonal coordinate planes., A one in column
8 causes reflection along the X-axis (reflection in Y, Z
plane); a one in column 9 causes reflection along the Y-axis;
and a one in column 10 causes reflection along the Z axis.
A zero or blank in any of these columne causes the corres-
ponding reflection to be skipped.

Decimal Numbers
The decimal number fields are not used.
Notes:

e Any combination of reflections along the X, Y and Z axes may be

used. For example, 101 for (I2) will cause reflection along axes

X and Z, and 111 will cause reflection along axes X, Y and 7. When
combinations of reflections are requested, the reflections are done
in reverse alphabetical crder. That is, if a structure is generated
in a single octant of space and a GX card is then read with I2 equal
to 111, the structure is first reflected along the Z-axis; the
structure and its image are then reflected along the Y-axis; and,
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finally, these four structures are reflected along the X~axis te fill
all ocrants. This order determines the position of a segment in the

sequence and, hence, the absolute segment numbers.

The tag increment Il is used to avoid duplication of tag numbers in
the image segments., All valid tags on the original structure are
incremented by Il on the image. When combinations of reflections are
employed, the tag increment is doubled after each reflection. Thus,

a tag increment greater than or equal to the largest tag on the
original structure will ensure that no duplicate tags are generated.
For example, if tags from 1 te 100 are used on the original structure
with T2 equal to 0ll and a tag increment of 100, the first reflection,
along the Z-axis, will produce tags from 101 to 200; and the second
reflection, along the Y-axis, will produce tags from 201 to 400, as a

result of the increment being doubled to 200.

The GX card should never be used when there are segments located in
the plane about which reflection would take place or crossing this
plane. The image segments would then coincide with 0r intersect

the original segments, and such overlapping segments are not allowed.

Segments may end on the image plane, however.

When a structure having plane symmetry is formed by a GX card, the
program will make use of the symmetry to simplify solution for the
currents. The number of complex numbers in matrix storage and the
proportionality factors for matrix fill time and matrix factor time

for a structure modeled by N Segments are;

No. of Planes Matrix Fill Factor
of Symmetry Storage Time Time

0 N2 N2 N3

. x n’ i

2 2 4

) w? 1 ¥’

4 4 16

; N? N x’

8 8 64

The matrix factor time represents the optimum for a large matrix

factored in core. Generally, somewhat longer times will be observed.
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If the structure is added to or modified after the GX card in such a
way that symmetry is destroyed, the program must be reset ro a no-
symmetry condition. In most cases, the program is set by the geometry
routines for the existing symmetry. Operations that autcomatically

reset the symmetry condition are:
Addition of a wire by a GW card destroys all symmetry.

Generation of additional structures by a GM card, with NRPT

greater than zero, destrovs all symmetry.

A GM card acting on only part of the structure (having ITS greater

than zero) destroys all symmetry.

A GX card or GR card will destroy all previously established
symmetry. For example, two GR cards with 12 equal to 011 and 100,
respectively, will produce the same structure as a single GX card
with I2 equal to 1lll; however, the first case will set the program
to use symmetry about the Y, Z plane only while the second case

will make use of symmetry about all three coordinate planes.

If a ground plane is specified on the GE card, symmetry about a
plane parallel to the X, Y plane will be destroyed. Symmetry

about other planes will be used, however,

If a structure is rotated about either the X or Y axis by use of

a GM card and a ground plane is specified on the GE card, all
symmetry will be destroved. Rotation about the Z-axis or transla-
tion will not affect symmetry. If a ground is not specified, no
rotation or translation will affect symmetry conditions unless

NRPT on the GM card is greater than zero.

Symmetry will also be destroyed if lumped loads are placed on the
gtructure in an unsymmetric manner. In this case, the program is not
automatically set to a nu—symmetry conditlun but must be set by a

data card following the GX card. A GW card with NS blank will set

rhe program tc a no-symmetry condition without modifying the structure.

The card must specify a nonzero radius, however, to avoid reading a
GC card.

Placement of sources or nonradiating networks does not affect

Symmetry.
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input parameters of a single surface patch.

Surface Patch (5P)

20

F1

X1

F2

Y1

30

F3

21

40

F4

X2

50

FS

Y2

560

The numbers along the top refer to the fast column 'n 2gch Tinki,

F&

Z2

70

blank

If NS is 1, 2, or 3, a second card is read in the following

310l

Purpese: Teo
Card:
//E 5| 10
spofi1 | 12
E
= NS
format:
//3 5| 10
scin| iz
-
5
=)
Parameters:
Integers
(11) —
NS

20

F1

X3

The numbers aiong the 1op refer 1o

not used

F2

¥3

Ry

F3

73

40

Fa

X4

50

F§

Y4

60

the 135t column n each finid,

(12} — Selects patch shape

(default) arbitrary patch shape

rectangular patch

triangular pateh

quadrilateral patch

-34=
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70

blank

80
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Notes:

Decimal Numbers

Arbitrary shape (NS = ()

X1 (F1) — X coordinate

Y1 (F2) — Y coordinate of patch center

Zi (F3) — Z coordinate

X2 (F4) — elevation angle above the X-Y plane of outward
normal vector

Y2 {F5) — azimuth angle from X-axis (degrees)

Z2 (F6) — patch area (square of units used)

Rectangular, triangular, or guadrilateral patch (NS = 1, 2, or 3)

X1 (FL)

Y1 (F2) X, Y, Z coordinates of corner 1
Z1 (F3) |

X2 (F4) ]

Y2 (F5) X, Y, Z coordinates of corner 2
zZ2 {F6)

X3 (FL)

Y3 {F2) X, Y, Z coordinates of corner 3
Z3 (F3)

For the quadrilateral patch only (NS = 3)

X4 (F&)
Y4 (F5) X, Y, Z coordinates of corner 4
Z4 (F6)

The four patch options are shown in figure 3. For the rectangular,
triangular, and quadrilateral patches the outward normal vector fi
is specified by the ordering of corners 1, 2, and 3 and the right-
hand rule.

For a rectangular, triangular, or gquadrilateral patch, El is

parallel to the side from corner 1 to corner 2. For NS = 0, El is

chosen as described in section II-2.

If the sides from corner 1 to corner 2 and from corner 2 to cormner 3
of the rectangular patch are not perpendicular, the result will be a

parallelogram.

-35.

5P



5P

o>

Y
™ X2 =
5 Y2 = 8
X
(a) Arbitrary Patch Shape (NS = 0)
3
3
A £
*— + 1
1 >t
1 : 2 1 2

{b) Rectangular Patch (NS = 1) (c) Triangular Patch (NS

u
o
e

3

1 2

(d) Quadrilateral Patch (NS = 3)

Figure 5. Surface Patch Options.
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If the four corners of the quadrilateral patch do not lie in the

same plane, the run will terminate with an error message.

Since the program does not integrate over patches, except at a wire
connection, the patch shape does not affect the results. The only
parameters affecting the results are the location of the patch
centroid, the patch area, and the outward unit normal vector. For
the arbitrary patch shape these are input, while for the other
options they are determined from the specified shape. For solution
accuracy, however, the distribution of patch centers obtained with
generally square patches has been found to be desirable (see section

I1-2).

For the rectangular or quadrilateral optioms, multiple SC cards may
follow a SP card to specify a string of patches. The parameters on
the second or subsequent SC card specify corner 3 for a rectangle or
corners 3 and 4 for a quadrilateral, while corners 3 and 4 of the
previous patch become corners 2 and 1, respectively, of the new

patch. The integer IZ on the second or subsequent SC card specifies
the new patch shape and must be 1 for rectangular shape or 3 for
quadrilateral shape. On the first SC card after SP, I2 has no effect.
Rectangular or quadrilateral patches may be intermixed, but tri-
angular or arbitrary shapes are not allowed in a string of linked

patches.
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Multiple Patch Suxrface (SM)

Purpose: To cover a rectangular regien with surface patches.
//’2 5| 10 20 30 40 50 50 70 80
SM I 12 F1 F2 F3 F4 F5 FB Blank
NX| NY X1 ¥ 21 x2 v2 Z2

a SM card:
///2 s| 10 20 30 40 50 50 70 80
sC F1 F2 F3 Fa 8 F& biank
X x
[ =
h-) L]
2| & X3 ¥3 Z3
The numbers along the 10p refer (o the jast column in each teid,
Parameters:
Integers
NX (11) The rectangular surface is divided into NX patches
NY (12) from corner 1 to cormer 2 and NY patches from

A second card with the following format must immediately follow

The numbers atong the 1op refer to the last cofumn in each hield,

Decimal Numbers

X1 (F1)

Y1 (F2) X, Y, Z coordinates of corner 1
Z1 (F3)

X2 (F&) |

Y2 {F5) X, Y, Z coordinates of corner 2
22~ (F&)

corner 2 to corner 3.
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SM

X3 (F7)
Y3 (F8) %, Y, Z coordinates of corner 3
23 (F9)

Notes:
¢ The division of the rectangle into patches is as illustrated in
figure 6.
3
e ® ® ] [ ]
<+
L L @ ?® <
]
-
= [ ] 7 @ a e e ®
VAN
Htl 2 ® 3 e 4 5 @
1 2
NX = 5
Figure 6. Rectangular Surface Covered by Multiple Patches.
® The direction of the outward normals fi of the patches is determined
by the crdering of corners 1, 2, and 3 and the right-hand rule. The
vectors El are parallel to the side from corner 1 to corner 2 and
32 =0 x El' The patch may have arbitrary orientation.
® Tf the sides between corners 1 and 2 and between corners 2 and 3 are
not perpendicular, the complete surface and the individual patches
will be parallelograms.
® Multiple SC cards are not allowed with SM.
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Examples of Structure Geometry Data

Rhombic Antenna — No Symmetry

Structure: figure 7

i © :
UNITS OF 100.
30131
Figure 7. Rhombic Antenna — No Symmetry.
Geometry Data Cards:
2 5 10 20 30 40 50 60 70 80
oH { 10 - 350 0. 150. Q. 188, 1ha. 21
] e ta G 120 190. 50 . a 0. tan. A
o] 3 10 ~3%0. a. 19G. 0. - 1% 190 . L1
T . 10 5. 150 150. 0. 0. 1hg. 1
-} G.3gw80

3

Number of Segments: 40

Symmetry: None

These cards generate segment data for a rhombic antenna. The data are
input in dimensions of feet and scaled to meters. In the figure,

numbers near the structure represent segment numbers and circled

numbers represent tag numbers.

—40=-



Rhombiec Antenna — Plane Symmetry

Structure: figure 8 ¥

10130

UNITS OF 100.

Figure 8. Rhombic Antenna — 2 Planes of Symmetry.

Geometrry Data Cards:

10 20 3¢ 40 50 60 70

ig -350. C. 150. Q. 1640, 150. 1

!jU

C. 30480

Number of Segments: 40

Symmetry: Two planes

These cards generate the same structure as the previous set although
the segment numbering is altered. By making use of two planes of
symmetry, these data will require storage of only a 10 by 40
interaction matrix. If segments 21 and 31 are to be leaded as the
termination of the antenna, then symmetry about the YZ plane cannot
be used. The following cards will result in symmetry about only the
XZ plane being used in the sclution; thus, allowing segments on one

end of the antenna to be loaded.

-41~

80



e )
X
Gx

GE

Structure: figure 9

Geometry Data Cards:

5 10 20 30
i 19 -35G. a.
1 100
2| o0

0. 30480

Number of Segments:

Symmetry: One plane

©

20

21 © X
UNITS OF 104.
30140
Figure 9. Rhombic Antenna — 1 Plane of Symmetry.
40 50 60 70 80
150 Q i50. 150, A
40

Segments 1 through 20 of this structure are in the first symmetric

section.

Hence, segments 11 and 31 can be loaded without loading

segments | and 21 (loading segments in symmetric structures is

discussed in the section covering the LD card).

These data will

cause storage of a 20 by 40 interaction matrix.

Two Coaxial Rings

Structure:

figure 10

Figure 10.

wfyD=

Coaxial Rings.



Geometry Data Cards:

10 20 30 40 5C 80 70 80

@ - —

0 0. g.70711 Q.707i 0 .00
0. i} 0. 76%36 TAKTIR o oot
LLETTE 0. R LTt LS P-4 o. -G

s

o

(=]
<
=]
[=]
a1}
(=1

Number of Segments: 24

Symmerry: & section cylindrical symmetry

The first 45 degree section of the two rings is generated by the

first three GW cards. This section is then rotated about the Z—axis

to complete the structure. The rings are then rotated about the X-axis
and elevated to preoduce the structure shown. Since no tag increment

is specified on the GR card, all segments on the first ring have tags
of 1 and all segments on the second ring have tags of 2. Because of
symmetry, these data will require storage of only a 3 by 24 interaction
matrix., If a 1 were punched in column 5 of the GE card, however,
symmetry would be destroyed by the interaction with the ground,

requiring storage of a 24 by 24 matrix.

Linear Antenna over a Wire Grid Plate

Structure: figure 1l

7 ¥
6 4 38
5
4] 39 40 41| 42 43 !
{ (D' ] I 1 371 X
3
2 9 + 36
] 8

Figure 1ll. Wire Grid Plate and Dipole.
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Geometry Data Cards:

10 20 30 40 50 60 70 BO
i 0. 0. Q. 0.1 0. Q. L0001
1 G. G. 0 0. 9.1 2. a0
2 0. G. a. o. a.1 9.
H 0. 2.3 0. 0.1 0.3 c. 201
- a. 0. . 3. a. 0.
3 t.% c. 0. Q.9 G.3 0. .00
0. 0. Q. -0 2% 0.9 0.
=] -g.2% a. ¢.|5 ¢.o% G. c.15 001

Number cf Segments:

Symmetry:

None

The first 6 cards generate data for the wire grid plate,

left-hand corner at the coordinate origin, by using the GM card to

with che lower

reproduce sections of the structure. The GM card is then used to move

the center of the plate to the origin. Finally, a wire is generated

0.15 meters above the plate with a tag of 1.

Cylinder with Attached Wires

Structure: figure 12
Geometry Data Cards;:
10 20 30 40 50 BO 70 80
14, a. T X33z 0. o. 8.4
14, ¢ c. a. 1] I8.w
. [ T. 3333 0. r. 38 .4
i . a. 0.
& .89 D. [ yg. [1]8 W4 . A8
6.89 g. -k -~ a0. 3. LN - -]
&
Q. Q. vl 20, o. 44 .89
0. 0. -] -840, u. by, BD
L) . 0. ii G. o. £, o
5 . o} 3. 27r.a 0. a &
]

Number of Segments: 9
Number of Patches: 56

Symmetry: None

The cylinder is generated by first specifying three patches in a column

centered on the X axis as shown in figure 12(a). A GM card is then

used to produce a second column of patches rotated about the Z axis by
30 degrees.

A patch is added to the top and another to the bottom to

form parts of the end surfaces.

figure :2(bh).

The model at this point is shown in

Next a GR card is used to rotate this section of patches

about the Z axis to form a total of six similar sections, including

the original. A patch is then added to the center of the top and

by



3. PROGRAM CONTROL CARDS

The program contrel cards follow the structure geometry cards. They
set electrical parameters for the model, select options for the solution
procedure, and request data computation. The cards are listed below by their

mnemonic identifier with a brief description of their function:

~

EK — extended thin-wire kernel flag

FR — frequency specificatiocn

1 1 GN — ground parameter specification

KH — interaction approximation range

LD — structure impedance loading

EX — structure excitation card

1T NT — two-port network specification

TL — transmission line specification

CP — c¢coupling calculation

EN — end of data flag

GD — additional ground parameter specifications
NE — near electric field request

TTT NH -~ near magnetic field request

NX — next structure flag

PQ — wire charge density print control

PT — wire—current print control

RP — radiation pattern request

WG — write Numerical Green's Function file

~ XQ — execute card

There is no fixed order for the cards. The desired parameters and options
are set first followed by requests for calculation of currents, near fields and
radiated fields. Parameters that are not set in the input data are given de-
fault values. The one exception to this is the excitation {EX) which must be set

Computation of currents may be requested by an ¥Q card. RP, NE, or NH
cards cause calculation of the currents and radiated or near fields on the
first occurrence. Subsequent RP, NE, or NH cards cause computation of fields
using the previously calculated currents. Any number of near-field and
radiation~pattern requests may be grouped together in a data deck. An excep-

tion to this occurs when multiple frequencies are requested by a single FR
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card. In this case, only a single NE or NH card and a single RP card will
remain in effect for all frequencies.

All parameters retain their values until changed by subsequent data
cards. Hence, after parameters have been set and currents or fields camputed,
selected parameters may be changed and the calculations repeated. For example,

if a number of different excitations are required at a single frequency, the

deck could have the form FR, EX, XQ, EX, XQ, ... If a single excitation is
required at a number of frequencies, the cards EX, FR, XQ, FR, XQ, ... could
be used.

When the antenna 1is modified and additional calculations are requested,
the order of the cards may, in some cases, affect the solution time since the
program will repeat only that part of the solution affected by the changed
parameters. For this reason, the user should understand the relation of the
data cards to the solution procedure. The first step in the solution is to
calculate the interaction matrix, which determines the response of the antenna
to an arbitrary excitation, and to factor this matrix in preparation for
solution of the matrix equation. This is the most time-consuming single step
in the soluticon procedure. The second step is to solve the matrix equation
for the currents due to a specific excitation. Finally, the near fields or
radiated fields may be computed from the currents.

The interaction matrix depends only on the structure geometry and the
cards in group I of the program control cards. Thus, computation and factor-
ization of the matrix is not repeated if cards beyond group I are changed. On
the other hand, antenna currents depend on both the interactiocn matrix and
the cards in group II, so that the currents must be recomputed whenever cards
in group I or II are changed. The near fields depend only on the structure
currents while the radiated fields depend on the currents and on the GD card,
which contains special ground parameters for the radiated-field calculation.

An example of the implications of these rules is presented by the following

two sets of datra cards:

FR, EX, NT., LDl, xQ, LD2, XQ, NT

1
FR, EX, LDl’ NT XQ, NTz, XQ, LD

27 LDl, XqQ, LDZ’ XQ

2! NT]., XQ: NTz! XQ

1’

Calculation and factoring of the matrix would be required four times by the

first set but orly twice by the second set in obtaining the same information.
The program control cards are explained on the following pages. The

format of all program control cards has four integers and sik floating point
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another to the bottom to form the complete cylinder shewn in

figure 12{c}. Finally, two GW cards are used to add wires connecting
to the top and side of the ¢ylinder. The patches to which the wires
are connected are divided into four smaller patches as shown in
figure 12(d). Although patch shape is not imput to the program,
square patches are assumed at the base of 2 connected wire when
integrating over the surface current. Hence, a more accurate
representation of the model would be as shown in figure 13, where the
patches to which wires connect are square with equal areas maintained

for all patches {before subdivision}.

ya
/

[ ]

Figure 12. Development of Surface Model for Cylinder with Attached Wires.
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Figure 13,

Segmentation of Cylinder for Wires Connected to Fnd and Side.
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numbers. The integers are contained in columns 3 through 5, 6 through 10,

11 through 15, and 16 through 20 (each integer field stops at an integral
multiple of 5 columns), and the floating point numbers are contained in fields
of 10 for the remainder of the card (i.e., from 21 through 30, 31 through &40,
ete.). Integers are right justified in their fields. The floating point
numbers can be punched either as a string of digits containing a decimal
point, punched anywhere in the field; or as a string of digits containing a
decimal point and followed by an exponent of ten in the form E * I which
multiplies the number by lOtI. The integer exponent must be right justified

in the field.

G



Maximum Coupling Calgulation (CP)

Up to five segments may be specified on 2-1/2 CP cards.
computed between all pairs of these segments.
segments are specified,

new group of CP cards

CFP does not cause the
only sets the segment
excited (EX card) one
currents computed (XQ, RP, NE, or NH card).

the applied-field voltage—-source model.

Purpose: To request calculation cf the maximum coupling between segments.
Card:
//5 s/ 10} 18] 20 30 40 50 50 70 a0
cPi{nny 1z |13 14 blank biank blank blank blank blank
G - 8 ™
-3 I =
-1 | = th
The numbers along the top refer to the iast column in aach field,
Paramerers:
TAGL (IL) Specify segment number SEGl in the set of segments
SEG1  (I2) having tag TAGl. 1If TAGl is blank or zero, then
SEG1 is the segment number.
TAG2Z (1I3)
SEGZ  (14) Same as above
Notes:

Coupling is
When more than two
the CP cards must be grouped together. A

replaces the old group.

program to proceed with the caleculation but
numbers. The specified segments must then be

at a time in the specified order and the

The excitation must use

When all of the specified

segments have been excited in the proper order, the couplings will be

computed and printed,

After the coupling calculation the set of CP

cards is cancelled.
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Extended Thin-Wire Kernel (EK)

Purpose: To control use of the extended thin-wire kernel approximation.

Card:
/2 5| 10| 18] 20 30 40 50 60 70 80
EK!It blank blank biank blank biank biank
3 - -
c = C
o =} B 5
g B =} 2
=
Tha numbers alang the top refar 1o the last column in each fieig,
Parameters:

Integers
ITMP1 (I1} — Blank or zero to initiate use of rhe extended thin-
wire kernel, ~1 ro return to standard thin-wire kernel.

Without an EK card, the program will use the standard

thin-wire kernel.
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Purpose:

Card:

To indicate to the program the end of all execution.

e R GARAG Wt

End of Run (EN)

/2

EN

5 10 15 20 30 40 64 70 80
biank biank biank blank blank blani
- 4 = - -
= < [~ c
T 5 = =
- a = T
The numbers alung the top refer 1o the last column in each field.
None

Parameters:
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Purpose:

Card:

To specify the excitation for the structure.

Excitation (EX)

The excitation can be

voltage sources on the structure, an elementary current scurce,

or a plane-wave incident on the structure.

EX

i5

20

F1

30

F2

a0

F3

50

F4

60

F5

¢

F8

BO

Parameters:

[ntegers

The numbers along the top refar to the last column in each fielg,

(I1) — Determines the type of excitation which is used.

0 — voltage source {applied-E-field source).
1 — incident plane wave, linear polarization.
2 — incident plane wave, right-hand (thumb along the
incident k vector) elliptic polarization.
3 — incident plane wave, left-hand elliptic polarization.
4 — elementary current source.
5 — voltage source (current-slope-discontinuity).
Remaining Integers Depend on Excitation Type
a. Voltage source ((Il) = 0 or 5)

(I2) — Tag number of the source segment. This tag number along
with the number to be given in (I3), which identifies
the position of the segment in a set of equal tag

Blank

or zero in field (I12) implies that the source segment

numbers, uniquely defines the source segment.

will be identified by using the absolute segment num-
ber in the next field.

(I3) — Equal to m, specifies the m""

segment of the set of

segments whose tag numbers are equal to the number
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EX

set by the previous parameter. If the previous
parameter is zero, the number in (I3) must be the
absolute segment number of the source.
(14) — Columms 19 and 20 of this field are used separately.
| The options for column 19 are:

1 — maximum relative admittance matrix asymmetry
for source segments and network counections
will be calculated and printed.

0 — no action.

The options for column 20 are:

1 — the input impedance at voltage sources is always
printed directly before the segment currents in
the output. By setting this flag, the impe-
dances of a single source segment in a frequency
loop will be collected and printed in a table
(in a normalized and unnormalized form) after
the information at all frequencies has been
printed. Normalization to the maximum value is
a default, but the normalization value can be
specified (refer toc F3 under voltage source
below). When there is more than one scurce on
the structure, only the impedance of the last
source specilfied will be collected.

0 — no action.

Incident plane wave ((I1) =1, 2, or 3)

(I2) — Number of theta angles desired for the incident plane
vave,

(I3) - Number of phi angles desired for the incident plane

wave.

(I4) — Only column 19 is used. The options are:
1 — maximum relative admittance matrix asymmetry
for network connections will be calculated and
printed.

0 — no action.
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C.

EX
Elementary current source {((Il) = 4)
(12) & (L3) — blank.

(I4) — Only column 19 is used and its function is identical

to that listed under b.

Floating Point Options

a.

Voltage source {({Il) = 0 or 3)

(F1} — Real part of the voltage im volts,

(F2) — Imaginary part of the voltage in volts.

(F3) — If a one is placed in column 20 (see above), this
field can be used to specify a normalization constant
for the impedance printed in the optional impedance

table. Blank in this field produces normalization

to the maximum value.

(F&), (F5), & (F6) ~ Blank.

Incident plane wave ((I1L) =1, 2, or 3). The incident wave

is characterized by the direction of incidence k and

polarization in the plane normal to k.

(F1) = Theta in degrees. Theta is defined in standard
spherical coordinates as illustrated in figure 14.

(F2) —~ Phi in degrees. Phi is the standard spherical angle
defined in the XY plane.

(F3) — Eta in degrees. Eta is the polarization angle defined

as the angle between the theta unit vector and the

Figure 14. Specification of Incident Wave.
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Notes:

direction of

ey,

EX

the electric field for linear pclariza-

tion or the major ellipse axis for elliptical

polarization.

Refer to figure 14,

(F4) — Theta angle stepping increment in degrees.

(F5) — Phi angle stepping increment in degrees.

(F6) — Ratio of minor axis to major axis for elliptic

polarizacion

{(major axis field strength = 1 V/m).

c. Elementary current source ((Ll) = 4). The current source is

characterized by its

orientation, and its

(F1) —
(F2) —
(F3) —
(F4) —

{F5) —

(F6) —

X positrion in
Y position in
Z position in

o in degrees.

Cartesian coordinate position, its
magnitude.

meters.

meters.

meters,

& is the angle the current source

makes with the XY plane as illustrated in figure 15.

B in degrees.

B is the angle the projection of the

current source on the XY plane makes with the X axis,

"Current moment'" of the source. This parameter is

equal to the product I in amp meters.

In the case of voltage sources, excitarion cards can be grouped

together in order to specify multiple sources. The maximum number of

voltage sources that may be specified is determined by dimension

statements in the program.

The dimensions are set for 10 applied-E-

field voltage sources and 10 current-slope-discontinuity voltage

sources.

Figure 15,

/]
o

—_—

>

Orientation of Current FElement.
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EX

The applied-E-field voltage source is located on the segment

specified.

The current—slope~discontinuity voltage source is located at the
first end, relative to the reference direction, of the specified
segment, at the junction between the specified segment and the
previous segment. This junction must be a simple two—-segment
junction, and the two segments must be parallel with equal lengths

and radii.

A current-slope-discontinuity veoltage source may lie in a Symmetry
plane. An applied field voltage source mayv not lie in a symmetry
plane since a segment may not lie in a symmetry plane. An applied
field volcage source may be used on a wire crossing a symme try

plane by exciting the two segments on opposite sides of the symmetry
plane each with half the total wvoltage, taking account of the

reference directions of the two segments.

An appiied field voltage source specified on a segment which has

been impedance-loaded, through the use of an LD card, is connected in
series with the load. An applied field voltage source specified on
the same segment as a network is connected in parallel with the net-
work port. For the specific case of a transmission line, the source
is in parallel with both the line and the shunt load. Applied field
voltage sources should be used in these cases gsince loads and network

connections are located on, rather than between, segments.

Only one incident plane wave or one elementary current source is al—
lowed at a time. Also plane-wave or current-~source excitation is not
allowed with voltage sources. If the excitation types are mixed, the

program will use the last excitation type encountered.

When a number of theta and phi angles are specified for an incident

plane-wave excitation, the theta angle changes more rapidly than phi.

The current element source illuminates the structure with the field
of an infinitesimal current element at the specified location. The

current element source cannot be used over a ground plane.
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Frequency (FR)

Purpose: To specify the frequency(s) in megahertz.
Card:
/2 sf 10| 15[ 20 30 40 50 70 80
FRI N 12 13 14 F1 F2 blank blank blank blank
O - -

gl & - . FMHZ DELFRQ

xr w & B

w =z = a

The numbers along the top refar to the last column in dach field.
Parameters:
Integers

IFRQ (Il) — Determines the type of frequency stepping which is

used.

0 — linear stepping.

1 —multiplicative stepping.
NFRQ (I2) — Number of frequency steps. If this field is blank,
one is assumed. ‘

(I3) & (I4) — Blank.

Fleating Point
FMHZ

(F1) — Frequency in megahertz.

DELFRQ (F2) — Frequency stepping increment. If the frequency

stepping is linear, this quantity is added to the

frequency each time. 1If the stepping is multipli-

cative, this is the multiplication factor.
(F3)~-~(F6) — Blank.

Notes:

o If a frequency card does not appear in the data deck
frequency of 299.8 MHz is assumed.

» a4 single
Since the wavelength at

299.8 MHz is one meter, the geometry 1s in units of wavelengths for

this case,

¢ Frequency cards may not be grouped together. If they are, only the

information on the last card in the group will be used.
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FR

After an FR card with NFRQ greater than 1, an NE or NH card will not
initiate execution while an RP or XQ card will. 1In this case, only
one NE or NH card and one RP card will be effective for the multiple

frequencies.

After a frequency loop for NFRQ greater than one has been completed,
it will not be repeated for a second execution request, The FR card

must be repeated in this case.

-50-



GD

Additional Ground Parameters {(GD)

Purpose: To specify the ground parameters of a second medium which is not in
the immediate vicinity of the antemna. This card may only be used
if a GN card has also been used. It does not affect the field of
surface patches.

Card:

///é 5| 10| 1s] 20 30 40 50 60 70 80
GD F1 F2 F3 F4 blank blank

x o~ e kT3

| S| §| 5| epsm2 SIG2 cLT CHT

£ n a2 Fe)

The numbers aiong the top refer to the last coiumn in each fieid,
Parameters:
Integers

All integer fields are blank.

Floating Point

EPSR2 (F1) - Relative dielectric constant of the second medium.

SIG2 (F2) — Conductivity in mhos/meter of the secoad medium,

CLT (F3) — Distance in meters from the origin of the coordinate
system to the join between medium 1 and 2. This
distance is either the radius of the circle where the
two media join or the distance out the plus X axis to
where the two media join in a line parallel to the Y
axis. Specification of the circular or linear option

i1s on the RP card. See figure 16.

ORIGIN @ CLT

[ AN

MEDIUM 1 IC“T

TYTOTY YTy
MEDIUM 2

Figure 16. Parameters for a Second Ground Medium.
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Notes:

CHT (F4) — Distance in meters {(positive or zero) by which the
surface of medium 2 is below medium 1.
(F5} & (F6) — Blank.

The GD card can only be used in a data set where the GN card has been
used since the GN card is the only way to specify the ground param-
eters in the vicinity of the antenna (see GN card write-up). However,
a number of GD cards may be used in the same data set with only one

GN card.

GD cards may not be grouped together, If they are, ouly the informa-

tion on the last card of the group i1z retained.

When a second medium is specified, a flag must alsc be set on rhe
radiation-pattern (RP) data card in order to calculate the patterns
including the effect of the second medium. Refer to the radiation-

pattern card write-up for details.

Use of the GD card does not require recalculation of the matrix or

currents.

The parameters for the second medium are used only in the calculation
of the far fields. It is possible then to set the radius of the
boundary between the two media equal to zero and thus have the far
fields calculated by using only the parameters of medium 2. The
currents for this case will still have been calculated by using the

parameters of medium 1,

When a model includes surface patches, the fields due to the patches
will be calculated by using only the primary ground parameters.

Hence, a second ground medium should not be used with patches.
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Purgose:

Card:

Ground Parameters (GN)

To specify the relative dielectric constant and conductivity of ground

in the vicinity of the antenna. In addition, a second set of ground

parameters for a second medium can be specified, or a radial wire

ground screen can be modeled using a reflection coefficient approximation.

3

GN

Parameters:

S 10 15 20 30 70 80
1] 12 i4 5 F3 F2 F3 F4 -1 F&
-
s o EPSR S5IG
z| < ¥ ]
Wt o =] ]
8 z 3 o
The numbers along the top refer to the last column in each field.
Integers

IPERF (Il) — Ground-type flag. The options are:

-1 — nullifies ground parameters previously used and
sets free-space condition. The remainder of the
card is left blank in this case.
0 — finite ground, reflection coefficient approximatien.
1 — perfectly conducting ground.
2 — finite ground, Sommerfeld/Norton method.
NRADL (I2) — Number of radial wires in the ground screen approxima—

tion, blank or O implies no ground screen.
(I3) & (T4)—Blank.

Floating Point

EPSR (F1) — Relative dielectric constant for ground in the

vicinity of the antenna. Leave blank in case of

a perfect ground.

516G (F2) — Conductivity in mhos/meter of the ground in the

vicinity of the antenna. Leave blank in case of

a perfect ground. If SIG 1is input as a negative

number, the complex dielectrie constant

£ = E

. ¢ = J9fwe  is set to EPSR - j|sig|.
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Notes:

GN

Options for Remaining Floating Point Fields (F3-F&)

a. For the case of an infinite ground plane, F3 through F6
are blank.

b. Radial wire ground screen approximation (NRADL # Q). The
ground screen is always centered at the origin, i.e.,
(0,0,0) and lies in the XY plane.

(F3) — The radius of the screen in meters.

(F4) — Radius of the wires used in the screen in meters.

(F5) & (F6) — Blank.

c. Second medium parameters (NRADL = () for medium outside
the region of the first medium (cliff problem). These
parameters alter the far field patterns but do not affect
the antenna impedance or current distribution.

(F3) — Relative dielectric constant of medium 2.

(F4) — Conductivity of medium 2 in mhos/meter.

(F5) — Distance in meters from the origin of the coordinate
system to join between medium 1 and 2. This distance
is either the radius of the circle where the two media
join or the distance out the positive X axis to where
the two media join in a line parallel to the Y axis,
Specification of the circular eor linear option is on
the RP card. See figure 16.

(F6) — Distance in meters (positive or zero) by which the

surface of medium 2 is below medium 1.

When the Sommerfeld/Norton method is used, NEC requires an input-data
file (TAPE21) that is generated by the program SOMNEC for the specific
ground parameters and frequency (see section III-4). The file
generated by SOMNEC depends only on the complex dielectric constant,
€. = €. - jG/meo. NEC compares €. from the file with that determined
by the GN card parameters and frequency. If the relative difference
exceeds 10'"3 an error message 1s printed. Once TAPE21 has been read
for the first use ol the Sommerfeld/Norton method the data is retained
until the end of the run. Subsequent data, including new data sets
following NX cards, may use the TAPE21 data if the ground parameters.
and frequency (Ec) remaln unchanged. Other ground options may be

intermixed with the Sommerfeld/Norton option.
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The parameters of the second medium can also be specified on ancther
data card whose mnemonic is GD. With the GD card, the parameters of
the second medium can be varied and only the radiated fields need to
be recalculated. Furthermore, if a radial wire ground screen has
been specified on the GN card, the GD card is the only way to include

a second medium. See the write-up of the GD card for details.

GN cards may not be grouped together. If they are, only the

information on the last card will be retained.

Use of a GN card after any form of execute dictates structure matrix

regeneration,

Only the parameters of the first medium are used when the antenna
currents are calculated; the parameters associated with the second
medium are not used until the calculation of the far fields, It is
possible then to calculate the currents over one get of ground param-
eters (medium one), but to calculate the far fields over another set
(medium two) by setting the distance to the start of medium two to
zero. Medium one can even be a perfectly conducting ground specified
by IPERF=1.

When a radial wire ground screen or a second medium is specified,
it is necessary to indicate their pPresence by the first parameter on

the RP card in order to generate the proper radiation patterns.

When a ground plane is specified, this fact should also be indicated

on the GE card. Refer to the GE card for details,

When a model includes surface patches, the fields due to the patches
will be calculated by using only the primary ground parameters.
Hence, a second ground medium should not be used with patches. The
radial wire ground screen approximation alsco is not implemented for

patches.
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Interaction Approximation Range (KH)

Purpose: To set the minimum separation distance for use of a time-saving
approximation in filling the interaction matrix.
Card:
/2 s| 1o 18] 20 30 a0 50 60 70 80
KH F1 Blank Blank Blank Biank Blank
mf m @ o
The numbers along the top refer to the jast column in each field,
Parameters:
Integers — Nont
Decimal Numbers
RKH (F1) — The approximation is used for interactions over distances

Notes:

greater than RKH wavelengths.

If two segments or a segment and a patch are separated by more than
RKH wavelengths, the interaction field is computed from an impulse
approximation tc the segment current. The field of a current element
located at the segment center is used. No approximation is used for
the field due to the surface current on a patch since the time for

the standard calculation is very short.

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

within a data set by use of a new KH card.
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Loading (LD)

loaded by its (their) tag numbers.

Purpose: To specify the impedance loading on one segment or a number of
segments. Series and parallel RLC circuits can be generated.,
addition, a finite conductivity can be specified for segments.

_Card:
/z s| 10| 18{ 20 30 40 60 70 80
LB it 12 13 14 Ft Fz2 F3 blank blank biank
al of & G ZLR ZLl ZLC
o B
2l 21 391 9
The numhers along the top refer to the jast column in each field.
Parameters:
Integers
LDTYP (Il) — Determines the type of loading which is used. The
options are:
-1 — short all loads (used to nullify previous loads).
The remainder of the card is lefr blank.
0 — series RLC, input ohms, henries, farads.
— parallel RLC, input ohms, henries, farads.
2 — series RLC, input ohms/meter, henries/meter,
farads/meter.
3 — parallel RLC, input ohms/meter, henries/meter,
farads/meter.
4 — impedance, input resistance and reactance in ohms.
5 — wire conductivity, mhos/meter.
LDTAG (12) — Tag number; identifies the wire section(s) to be

The next two

parameters can be used to further specify certain

segment{s) on the wire section(s),

Blank or zero

here implies that absolute segment numbers are being

used in the next two parameters to identify segments.

66—



LD

If the next two parameters are blank or zero, all

segments with tag LDTAG are loaded.

LDTAGF (I3) — Equal to m specifies the mth segment of the ser of
segments whose tag numbers equal the tag number
specified in the previous parameter. If the previous
paramater (LDTAG) is zero, LDTAGF then specifies an
absclute segment number. If both LDTAG and LDTAGF
are zero, all segments will be Joaded.

LDTAGT (I4) — Equal to n specifies the nth segment of the set of
segments whose tag numbers equal the tag number
specified in the parameter LDTAG. This parameter
must be greater than or equal to the previous param-
eter. The loading specified is applied to each of
the mth through nth segments of the set of segments
having tags equal to LDTAG. Again if LDTAG is zero,
these parameters refer to absolute segment numbers.
If LDTAGT is left blank, it is set equal to the
previous parameter (LDTAGF).

Floating Point Input for the Various Load Types

a. Series RLC '(—va\,—f“‘*""-—-{ |-——) (LDTYP = 0)

ZLR (F1) — Resistance in ohms, if none, leave blank.

ZLI (F2) — Inductance in henriles, if none, leave blank.
ZLC (F3) — Capacitance in farads, if none, leave blank.

AR

b. Parallel RLC ( )} (LDTYP = 1),
j |

, . . bl
floating point input same as a.

¢. Series RLC (LDIYP = 2} input, parameters per unit length.
ZLR — Resistance in ohms/meter, if none, leave blank.
ZLI — Inductance in henries/meter, if none, leave blank.

ZLC - Capacitance in farads/meter, if none, leave blank.

~d. Parallel RLC (LDTYP = 3), input parameters per unit length,

floating point input same as c.
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Notes:

e. Impedance (LDTYP = 4)
ZLR — Resistance in ohms.

ZLI — Reactance in ohms.

f. Wire conductivity (LDTYP = 5)

ZLR — Conductivity in mhos/meter.

Loading cards can be input in groups to achieve a desired structure
loading. The maximum number of loading cards in a group is determined

by dimensions in the program. The limit is presently 30,

I a segment is loaded more than once by a group of loading cards,
the loads are assumed to be in series (impedances added), and a

comment 1is printed in the output alerting the user to this fact.

When resistance and reactance are input (LDTYP = 4}, the impedance

does not automatically scale wich frequency.

Loading cards used after any form of execute, require the regeneration

of the structure matrix.

Since loading modifies the interaction matrix, it will affect the
conditions of plane or cylindrical symmetry of a structure, If a
structure is geometrically symmetric and each symmetric section is to
receive identical lecading, then symmetry may be used in the solution.
The program is set to utilize symmetry during geometry input by
inputting the data for one symmetric section and completing the
structure with a GR or GX card. If symmetry is used, the loading on
only the first symmetric section is input on LD cards. The same
loading will be assumed on the other sections. Loading should not

be specified for segments beyond the first section when symmetry is
used. If the sections are mnot identically loaded, then during
geometry input the program must be set to a no-symmetry condition to

permit independent loading of corresponding segments in different

sections.
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Near Fields (NE, NH)

Purpose: To request calculation of near electric fields in the vicinity of
the antenna (NE) and to request near magnetic fields (NH).
Card:
/2 5| to] 5] 20 30 40 50 50 70 80
NETH1 12 13 14 F1 F2 F3 F4 F5 FB
NH
gl x| > N
s = P XNR YNR ZNR DXNAR DYNR DZNR
z| 2 z z
The numbers along the top refer to the last column in sach field,
Parameters:
Integers

NEAR (Il) — Coordinate system type. The options are:

0 — rectangular coordinates will be used.

1 — spherical coordinates will be used.

Remaining Integers Depend on Coordipate Type

a. Rectangular coordinates {(NEAR = ()

NRX (I2)} — Number of points desired in the X, Y, and
NRY (I3) — ¢ Z directions respectively. X changes
NRZ (I4) - )} the most rapidly, then Y, and then Z.

The value 1 is assumed for any field left blank.

b. Spherical coordinates (NEAR = 1)

(12} — ) Number of points desired in the r, ¢, and 8 directions,
(I3) — } respectively. r changes the most rapidly, then ¢, and
(I4) — then 9.

The value 1 is assumed for any field left
blank,
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Notes:

Floating Point Fields

Their specification depends on the coordinate system chosen.

a. Rectangular coordinates (NEAR = 0)

XNR  (F1) — | The (X, Y, Z) coordinate position (FLl, F2,

YNR (F2) — | F3) respectively, in meters of the first

ZNR (F3) - field point.

DXNR (F4) - Coordinate stepping increment in meters for the

DYNR (F53) — ! X, Y, and Z coordinates (F4, F5, F6), respectively.

DZNR (F6) - In stepping, X changes most rapidly, then Y, and
then Z.

b. Spherical coordinates (NEAR = 1)

(F1) — ] The (r, ¢, 0) coordinate position (¥l, F2, F3)

(F2) — } respectively, of the first field point. r is in
{(F3) — meters, and ¢ and 6 are in degrees.

(F&4) — ] Coordinate stepping increments for r, ¢, and B

(F5) — t (F4, F5, F6), respectively. The stepping increment
(F6) —J for r is in meters, and for ¢ and 6 is in degrees.

e When only one frequency is being used, near-field cards may be

grouped together in order to calculate fields at points with various
coordinate increments. For this case, each card encountered
produces an immediate execution of the near-field routine and the
results are printed. When automatic frequency stepping is being
used [i.e., when the number of frequency steps (NFRQ) on the FR card
is greater than onel, only one NE or NH card can be used for program
control inside the frequency loop. Furthermore, the NE or NH card
does not cause an execution in this case. Execution will begin only
after a subsequent radiation-pattern card (RP) or execution card (XQ)

is encountered (see respective write-ups on both of these cards).

The time required to calculate the field at one point is equivalent
to filling one row of the matrix. Thus, if there are N segments in
the structure, the time required to calculate fields at N points is

equivalent to the time required to fill an N x N interaction matrix.
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NE, NH

The near electric field is computed by whichever form of the field
equations selected for filling the matrix, cither the thin-wire
approximation or extended thin-wire approximation. At large distances
from the structure, the segment currents are treated as infinitesimal

current ealements.

If the field calculation point falls within a wire segment, the

point is displaced by the radius of that segment in a direction
normal to the plane containing each source segment and the vector
from that source segment to the observation segment. When the
specified field-calculation point is at the center of a segment, this
convention is the same as is used in filling the interaction matrix.
If the field point is on a segment axis, that segment produces no
contribution to the H-field or the radial component of the E-field.
1f these components are of interest, the field point should be on or

outside of the segment surface.
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Networks (NT)

Purpose: To generate z two-poert nonradiating network connected between any
two segments in the structure. The characteristics of the network
are specified by its short-circuit admittance matrix elements. TFor
the special case of a transmission line, a separate card is provided
for convenience although the mathematical method is the same as for
networks. Refer to the TL card.

Card:

/2 5| 10| 18] 20 30 40 50 60 70 80
NTiI1] (2 13 i4 F1 F2 F3 F4 F5 F&
Y11R Y111 Y12R Y124 Y22R Y22|
The numbers siong the top refer to the last column in aach fiald,

Parameters:

Integers

(I1} — Tag number of the segment to which port one of the network

is connected. This tag number along with the number to be

given in (I2), which identifies the positiocn of the segment

in a set of equal tag numbers, uniquely defines the segment

for port one, Blank or zero here implies that the segment
will be identified, using the absolute segment number in the
next location (12).

(12) — specifies the mth

Equal to m, segment of the set of segments

whose tag numbers are equal to the number set by the previous
parameter, 1If the previous parameter is zero, the pumber in
(I2) is the absolute segment number corresponding to end one

of the network, A minus one in this field will nullify all

previous network and transmission line connections. The
rest of the card is left blank in this case.
(I3) & (I4) — Used in exactly the same way as (I1) & (I2) in order

Lo specify the segment corresponding to port two of the

network connection.
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Notes:

Fleating Point

The six floating-point fields are used to specify the real and
imaginary parts of three short circuit admittance matrix elements
(1, 1), (1, 23, and (2, 2), respectively. The admittance

matrix is symmetric so it is unnecessary to specify element (2, 1).
Y11R (Fl) — Real part of element (1, 1) in mhos.

Y111 (F2) — Imaginary part of element (1, 1) in mhos.

Y12R (F3) — Real part of element {l, 2) in mhos.

Y121 (F4) — Lmaginary part of element (1, 2) in mhos.

Y2ZR (F5) — Real part of element (2, 2) in mhos.

Y221 (F6) — Imaginary part of element (2, 2) in wmhos.

Network cards may be used in groups to specify several networks on a
structure. All network cards for a network configuration must occur
together with no other cards (except TL cards) separating them. When
the first NT card is read following a card other than an NT or TL
card, all previous network and transmission line data are destroyed.
Hence, if a set of network data is to be modified, all network data
must be input again in the modified form. Dimensions in the program
limit the number of networks that may be specified. In the present
NEC deck, the number of two-port networks {(including transmission
lines) is limited to thirty, and the number of different segments

having network ports connected to them is limited to thirty.

One or more netwotrk ports can be connected to any given segment.
Multiple network ports connected to one segment are connected in

paralliel.

If a network is connected to a segment which has been impedance
loaded (i.e., through the use of the LD card), the load acts in

series with the network port.

A voltage source speclfied on the same segment as a network port is

connected in parallel with the network port.

Segments can be impedance-loaded by using network cards. Consider
a network connected from the segment to be loaded to some other

arbitrary segment as shown in figure 17. The admittance matrix
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Figure 17. Segment Loaded by Means of a 2-Port Network.

elements are Yll = 1/22, le 218’ and Y22 = infinity (computationally,
a very large number such as 107 °)}. The advantage of using this
technique for loading is that the load can be changed without causing
a recalculation of the structure matrix as is required when LD

cards are used. Furthermore, in some cases a higher degree of
structure matrix symmetry can be preserved because the matrix
elements are not directly modified by networks as they are when

using the LD cards. (Consider for instance a loop with one igad
where the loop is rotationally symmetric until the load is placed on
it.) The disadvantage of the NT card form of loading is that the
user must calculate the load admittance, and this value does not
automatically scale with frequency. Obviously, in the above
schematic, replacing the short with an impedance would load two
segments. At a segment at which a voltage source is specified, the
effect of loading by the LD and NT cards differs, however, since the
network is in parallel with the voltage source while the load

specified by an LD card is in series with the source,

Use of network cards (NT) after any form of execute requires the

recalculation of the current only.

NT and TL cards do not affect structure symmetry,
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Next Structure (NX)

Purpose: To signal the end of data for onme structure and the beginning of

data for Lhe next structure,

Card:
/z s 10| 15 20 30 40 50 60 70 80
NX blank biani blank biank blank blank
B3 = XX -
[ = c =
K o L B
B o S| 5
The numbers along the top refer to tha last calumn in each field,

Parameterg: NX appears in the first two columns, and the rest of the card

is blank.

Notes: The card that directly follows the NX card must be a2 comment card.
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PurEose:
Card:
//E 5[ 10
Pa |1 12
91 ¢
w LS
[ S
% 1=
Parameters:
Integers

o R R 3

Print Control for Charge on Wires (PQ)

To contrel the printing of charge densities on wire segments.

IPTAQ

(X

IPTAQF

IPTAQT &

-

he

30 40 50 80 70 80
biank blank biank blank blank biank
numbers along the top refer to the last column in each fiald,
IPTFLQ (I1) — Print control flag:

-1 — suppress printing of charge densities. This ig
the default condition.

0 — {(or blank) print charge densities on segments
specified by the following parameters. If the

following parameters are blank, charge densities

are printed for all segments.

{(12) — Tag number of the segments for which charge densities

IPTAQF (1I3) -

IPTAQT (I4) —

will be printed.

Equal to m specifies the mth segment of the set of

If TPTAQ is
zero or blank, then IPTAQF refers to an absolute
segment number. If IPTAQF is lefr blank, then chargé
density is printed for all segments.

segments having tag numbers of IPTAQ.

Equal to n, specifies the nth segment of the set of

segments having tag numbers of IPTAG. Charge densi-~

ties are printed for segments having tag number

IPTAQ starting at the mth segment in the set and

ending at the nth segment. If TPTAQ is zero or blank

then IPTAQF and IPTAQT refer to absolute segment

numbers. If IPTAQT is left blank, it is set equal
to IPTAQF.

*
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Print Control for Current on Wires (PT)

Purpose: To control the printing of currents on wire segments. Current
printing can be suppressed, limited to a few segments, or special

formats for receiving patterns can be requested.

Card:
/2 5 i 15 20 30 40 50 80 70 80
PT [ 1% 12 i3 i4 biank bank blank blank blank blank

Q &£ =

[ L] [
2 21 9 <
Ef E| E] &

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

Parameters:
Integers
IPTFLG (I1) — Print control flag, specifies the type of format used
in printing segment currents. The options are:
-2 = all currents printed. This is a default value
for the program 1f the card is omitted.
~1 — suppress printing of all wire segment currents.

0 = current printing will be limited to the segments
specified by the next three parameters.

1 — currents are printed by using a format designed
for a receiving pattern (refer to output section
in this manual}). Only currents for the segnents
specified by the next three parameters are
printed.

2 — same as for 1 above; in 2ddition, however, the
current for one segment will be normalized to
its maximum, and the normalized values along with
the relative strength in dB will be printed in
a table. If the currents for more than one
segment are being printed, only currents from
the last segment in the group appear in the

normaljized table.
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IPTAG (I2) —

IPTAGF (13) —

IPTAGT (I4) —

3 — only normalized currents from one segment are
printed for the receiving pattern case.

Tag number of the segments for which currents will
be printed.
Equal to m, specifies the mth segment of the set of
segments having the tag numbers of IPTAG, at which
printing of currents starts. If IPTAG is Zero or
blank, then IPTAGF refers to an absolute segment
number. If IPTAGF is blank, the current is printed
for all segments,
Equal to n, specifies the nth segment of the get of
segments having tag numbers of IPTAC. Currents are
printed for segments having tag number IPTAG
starting ar the mth segment in the set and ending
at the nth segment. If IPTAG is zero or blank, then
IPTAGF and IPTAGT refer to absolute segment numbers.
If IPTAGT is lefrt blank, it is set equal to IPTAGF.

-78-



Radiation Pattern (RI")

Purpose: To specify radiation pattern sampling parameters and to cause
program execution. Options for a field computation include a

radial wire ground screen, a cliff, or surface-wave fields.

Card:
/2 s{ 10} 15| 20 30 40 50 60 70 80
RP 1] 12 | 13 i4 F1 F2 F3 E4 F5 F6
< THETS PHIS DTH DPH RFLD GNOR
AEAE
z z x
The numbers along the top refer to the last column in each field,
|
Parameters:

Integers
(IL) — This integer selects the mode of calculation for the

radiated field. Some values of (I1) will affect the meaning

of the remaining parameters on the card. Options available

for Il are:

0 — normal mode. Space-wave fields are computed. An
infinite ground plane is included if it has been
specified previously on a GN card; otherwise, antenna
is in free gpace.

1 — surface wave propagating along ground is added to the
normal space wave. This option changes the meaning of
some of the other parameters on the RP card as explained
below, and the results appear in a special output format.

Ground parameters must have heen input on a GN card.

The following options cause calculation of only the

space wave but with special ground conditions. Ground
conditions include a two medium ground (cliff) where the
media join in a circle or a line, and a radial wire ground

screen. Ground parameters and dimensions must be input
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on a GN or GD card before the RP card is read. The RP

card only selects the option for inclusion in the field
calculation. (Refer to the GN and GD cards for further
explanation.)

2 — linear cliff with antenna above upper level. Lower
medium parameters are as specified for the second medium
on the GN card or on the GD card.

3 = circular cliff centered at origin of coordinate system
with antenna above upper level. Lower medium parameters
are as specified for the second medium on the GN card
or on the GD card.

4 — radial wire ground screen centered at origin.

5 — both radial wire ground screen and linear cliff.

6 -~ both radial wire ground screen and circular cliff.

The field point is specified in spherical coordinates
(R, 8, ¢), illustrated in figure 18, except when the
surface wave is computed. For computing the surface-
wave field (I1 = 1), cylindrical coordinates {0, ¢, z)
are used to accurately define points near the ground
plane at large radial distances. The RP card allows
automatic stepping of the field point to compute the
field over a region about the antenna at uniformly
spaced points, The integers I2Z and I3 and floating

point numbers Fl, F2, F3 and F4 control the field-point

stepping.

7 Z

8 4

R
Y
/ p Y
P
¢
X
. X

Spherical coordinates Cylindrical coordinates

Figure 18. Coordinates for Radiated Field,
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RP

NTH (I2) — Number of values of theta (8) at which the field is to
be computed (number of values of z for Il = 1).

NPH (I3) — Number of values of phi (¢) at which field is te be
computed. The total number of field points reguested
by the card is NTHxNPH. 1If I2 or I3 is left blank, a
value of one will be assumed.

XNDA (I4) — This optional integer consists of four independent
digits in columns 17, 18, 19 and 20, each having a
different function. The mnemonic XNDA is not a variable
name in the program. Rather, each letter represents a
mnemonic for the corresponding digit in I4. If Il = 1,
then I4 has no effect and should be left blank.

X — (column 17) controls output format.

X = 0 major axis, minor axis and total gain printed.
|
' X = 1 vertical, horizontal and total gain printed.
N — (column 18) causes normalized gain for the specified

field points to be printed after the standard gain
cutput. The number of {ield points for which the
normalized gain can be printed is limited by an array
dimension in the program. In the demonstration program,
the limit is 600 points. If the number of field points
exceeds this limit, the remaining points will be omitted
from the normalized gain. The gain may be normalized

to its maximum or to a value input in field F6. The
type of gain that is normalized is determined by the
value of N as follows:

N

i

0 no normalized gain.
1l major axis gain normalized.
2 minor axis gain normalized.

‘ 3 vertical axis gain normalized.
4

horizontal axis gain normalized.

H

= 5 total gain normalized.
D — (column 19) selects either power gain or directive gain
for both standard printing and normalization. If the
Structure excitation is an incident plane wave, the

quantities printed under the heading "gain" will acrually
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be the scattering cross section (G/AZ) and will not be

affected by the value of D. The column heading for the

cutput will still read "power' or "directive gain,"

however,

b = 0 power gain.

D = 1 directive gain,

(column 20) requests calculation of average power gain

over the reglon covered by field points.

A =0 no avaraging.

A = 1 average gain computed.

A = 2 average gain computed, printing of gain at the
field points used for averaging is suppressed.

If NTH or NPH is equal to one, average gain will not be

computed for any value of A since the area of the

region covered by field points vanishes.

Floating Point Numbers

THETS (F1) —
PHIS (F2) —
DTH {F3) —
DPH (F&) —
RFLD (F5) —
GNOR (Fg) —

Initial theta angle in degrees (initial z coordinate

in meters if I1 = 1).

Initial phi angle in degrees,

Increment for theta in degrees (increment for z in
meters if I1 = 1),

Increment for phi in degrees.

Radial distance (R) of field point from the origin in
meters. RFLD is optional. TIf it is blank, the
radiated electric field will have the factor exp(-jkR) /R
omitted. If a value of R is specified, it should
Tepresent a2 point in the far-field region since near
components of the field cannct be obtained with an RP
card. (If Il = 1, then RFLD represents the cylindrical
coordinate p in meters and is not optional. It must be
greater than about one wavelength, )

Determines the galn normalization factor if normaliza-
tion has been requested in the I4 field, iIf GNOR is
blank or zero, the gain will pe normalized to irg
maximum value. If GNOR is not zero, the gain will be

normalized to rhe value of GNOR.
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Notes:

kP

The RP card will initiate program execution, causing the interaction
matrix to be computed and factored and the structure currents to be
computed if these operations have not already been performed. Hence,

all required input parameters must be set before the RP card is read.

At a single frequency, any number of RP cards may occur in seguence

sc that different field-point spacings may be used over different
regions of space. If automatic freguency stepping is being used
(i.e., NFRQ on the FR card is greater than one), only one RP card will
act as data inside the loop. Subsequent cards will calculate patterns

at the final frequency,.

When both NTH and NPH are greater than one, the angle theta {or 2)
will be stepped faster than phi.

When a ground plane has been specified, field points should not be
requested below the ground (8 greater than 90 degrees or Z less than

zero).
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Purpose:

Iransmission Line (TL)

To generate a transmission line between any two points on the

structure.

Characteristic impedance, length, and shunt admittance

are the defining parameters.

>

TL

Parameters:

12

15 20 30 40 50 60 70 ) 80

F1 F2 F3 Fa F& F&

The numbers atong the top refer to the last column in each field,

integers — (the integer specifications are identical to those on the

network (NT} card.)

Floating Point

(F1) —

(F2) —

(F3}
(F4)
(F5)
(F6}

Imaginary part of the shunt admittance 1in

The characteristic impedance of the transmission linte in
ohms. A negative sign in front of the characteristic
impedance will act as a flag for generating the transmission
line with a 180° phase reversal (crossed line) if this is
desired,

The length of transmission line in meters. If this field
is left blank, the program will use the straight line dis-

tance between the specified connection points,

The remaining four floating-point fields are used to
specify the real and imaginary parts of the shunt admittances
at end one and two, respectively.
Real paft of the shunt admittance in mhos at end one.
Imaginary part of the shunt admittance in mhos at end one.
Real part of the shunt admittance in mhos at end two

mhos at end two.
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Notes:

TL

The rules for transmission line cards are the same as for network
cards. All transmission line cards for a particular transmissicn
line configuration must occur together with no other cards {except NT
cards) separating them. When the first TL or NT card is read follow~
ing a ¢ard other than a TL or NT card, all previous network or
transmission line data are destroyed. Hence, if a set of TL cards

is to be modified, all transmission line and network data must be
input again in the modified form. Dimensions in the program limit the
number of cards in a group that may be specified. In the NEC
demonstration deck, the number of two-port networks (specified by NT
cards and TL cards) is limited to thirty, and the number of different

segments having network ports connected to them is limited to thirey.

One or more networks (including transmission lines) may be connected
to any given segment. Multiple network ports connected to one

segment are connected in parallel.

If a transmission line is connected to a segment that has been
impedance loaded (i.e., through the use of an LD card), the lcad

acts in series with the linpe.

Use of tramsmission line cards (TL) after any form of execute reguires
the recalculation of the current only, and does nct require recalcu-

lation of the matrix.

NT and TL cards do not affeect symmetry.



Wrire NGF File (WG)

Purpose: To write a NCF file for a structure on the file TAPE20.
Card:
///2 sf 10| 18| 20 30 a0 50 60 70 80
WG blank bhiank blank blank blank blank
T OE €| E
&) ] ] K]
o o ) =

Parameters:

Notes:

See

None

section III-5,.

86~
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Execute (XQ)

Furpose: To cause program execution at points in the data stream where
execution is not automatic. COptions on the card also allow for
automatic generation of radiation patterns in either of two vertical
cuts,

Card:

//E s| 10| 1s{ 20 30 a0 50 60 70 80
xain blank biank biank blank blank btank
- X X
= = [
% ] <
a B !
The numbers along the top refer to the last column in aach field,
Parameters:
Integers
(i1} — Options controlled by (Il) are:
0 — no patterns regquested {(normal case).
1 — generates a pattern cut in the XZ plane, i.e., & = 0°
and 8 varies from 0% tec 90° in 1° steps.
2 — generates a pattern cut in the YZ plane, i.e., ¢ = 90°
B varies from 0% to 90° in 1" steps.

Notes:

3 — generates both of the cuts described for

1 and 2.

the values

The remainder of the card is blank.

For the case of a single frequency step, four cards will automatically
produce program execution (i.e., the program stops reading data and

proceeds with the calculations reguested to that point); the four

cards are the execute card (XQ), the near-field cards (NE,NH), and

the radiaticn—pattern card (RPF). Thus,

the only time the XQ card is
mandatory, for the case of one frequency, is when only currents and

impedances for the structure are desired. On the other hand, for the

case of automatic frequency stepping, only the XQ card and the RP
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XQ
card cause execution. Thus, if only near-fields or currents are
desired, the XQ card is mandatory to cause execution. Furthermore,
the XQ card can always be used as a divider in the data after a card
which produces an execute. For instance, if the user wished to put
a blank XQ card zfter an RP card to more easily divide the data into

execution groups, the XQ card will act as a do-nothing card.

The radiation-pattern generation option of the XQ card wmust not be
used when a radial wire ground screen or a second medium has been
specified. For these cases, the RP card is used where the presernce

of the additional ground parameters is indicared.
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4. SOMNEC INPUT FOR SOMMERFELD/NORTON CROUND METHOD

When the Sommerfeld/Norton ground option is requested on the GN card,
NEC reads interpolation tables from the file TAPE21. This file must be created
pricor to the NEC run by running the separate program SOMNEC, SOMNEC reads a

single data card with the parameters:
EPR, SIG, FMHZ, IPT (formatr 3E10.3, IS5)

The three decimal numbers end in columns 10, 20, and 30 and the integer IPT

must end in column 35. The parameters are:

EPR
S5IG

relative dielectric constant of ground (er)

conductivity of ground in mhos/m ()
FMHZ = fregquency in MHz
IPT

1 to print the interpolation tables

[

0 for no printed output,

The interpolation tables depend only on the complex dielectric constant

e, = EPR , o = 3IG .

If SIG is input as a negative number, the program sets

€, = EPR - jIsIG| ,

and fregqguency is not used. The tables are written on the file TAPE21. The
central processor time to generate the tables on a CDC 7600 computer is about

15 seconds,

5. THE NUMERICAL GREEN'S FUNCTION QPTION

With the Numerical Green's Function (NGF)} option, a fixed structure and
its environment may be modeled and the factored interaction matrix saved on a
file. New parts may then be added to the model in subsequent computer runs
and the complete sclution cbtained without repeating calculations for the
data on the file. The main purpose of the NGF is to avoid ﬁnnecessary
repetition of calculations when a part of a model, such as a single antenna
in a complex environment, will be modified one or more times while the

environment remains fixed. For example, when modeling antennas on ships,
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several antenna designs or locations may be considered on an otherwise
unchanged ship. With the NGF, the self-interaction matrix for the fixed
envircument may be computed, factored for solution, and saved on a tape or
disk f£ile. Solution for a new antenna then requires conly the evaluation of
the self-interaction matrix for the antenna, the mutual antenna-to-environment
interactions, and matrix manipulations for a partitioned-matrix solution.

When the previously written NGF file is used, the free space Green's function
in the NEC formulation is, in effect, replaced by the Green's function for

the environment.

Another reason for using the NGF optionm is to exploit partial symmetry
in a structure. In a single run, 2 structure must be perfectly symmetric for
NEC to use symmetry in the solution. Any unsymmetric segments or patches, or
ones that lie in a symmetry plane or on the axis of rotation, will destroy
the symmetry. Such partial symmetry may be exploited to reduce solution time
by running the symmetric part of the model first and writing a NGF file. The
unsymmetric parts may then be added in a second run.

Use of the NGF option may also be warranted for large, time-consuming
models to save an expensive result for further use. Without adding new
antennas, it may be used with a new excitation or to compute new radiation,
near-field, or coupling data not computed in the original run.

To write a NGF file for a structure, the data deck is constructed as
for é normal run. After the GE card, the frequency, ground parameters, and
loading may be set by FR, GN, and LD cards. EK or KH may also be used. Other
cards, such as EX or NT that do not change the matrix, will not affect the
NGF and will not be saved on the file. After the model has been defined, a
WG card is used to fill and factor the matrix and cause the NGF data to be
written to the file TAPE20. TAPE20 should be saved after the run terminates.
Other cards may follow the WG card to define an excitation and raquest field
calculations as in a normal run. WG should be the first card to request
filling and factoring of the matrix, however, since it reserveg array space
for the matrix in subsequent runs when the NGF is used. Hence, WG should come
before XQ, RP, NE, or NH. The FR card must not specify multiple frequencies
when a NGF is written.

To use a previously generated NGF file, the file is made available to
the program as TAPE20. The first structure-geometry data card, following the

CE card, must be a GF card to cause the program to read TAPE20. Subsequent
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structure data cards define the new structure to be added to the NOF structure.
All types of structure geometry data cards may be used although GM, GR, GX,

and GS will affect new structure but not that from the NGF file. GR and GX
will have their usual effect on the new structure but will not result in use
of symmetry in the solution. Symmetry may be used in writing the NGF file but
not for new structure used with the NGF.

For connections between the new structure and NGF structure, the new
segment ends or patch centers are made to coincide with the NGF segment ends
or patch centers as in a normal run. The rules still apply that only a single
segment may connect to a given patch and a segment may have a patch conneection
on only one of its ends. Also, a wire may nevef connect to a patch formed by
subdividing another patch for a previous connection.

Following the GE card the program control cards may be used as usual,
with the exception that FR and GN cards may not be used. The parameters from
these cards are taken from the NGF file and cannot be changed. LD cards may
be used to load new segments but not segments in the NGF. If integers 13 and
14 on a LD card are blank, the card will load all new segments (new segments
with tag LDTAG if 12 is not zerc) but not NGF segments. If I2, I3 and T4
select a specific NGF segment, the run will terminate with an error message.
The effect of loading on NGF segments may be obtained with a NT card, since
NT {and TL} may connect to either new or NGF segments.

Computation time for a run using a NGF file may be estimated from the
fermulas in section V by evaluating the time to run the complete structure
and subtracting time to fill and factor the matrix for the NGF part of the
structure alone (Tl and Tz). If the new structure connects to the NGF
structure, new unknowns — in addition to those for the new segments and
patches — are produced and should be included in the time estimate for the
complete structure. If a new segment or patch connects to a NGF segment, the
current expansion function for the NGF segment is modified. One new unknown
is then added to the matrix equation to represent the modified expansion
function and suppress the old expansion function. If a new segment connects
to a NGF patch, 10 new unknowns are produced in addition to that for the new
segment. Four new patches are automatically generated at tha connection point
accounting for eight unknowns. The remaining two new unknowns are needed to

suppress the current on the old patch thet has been replaced.
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Although connecticn to a NGF segment modifies the old basis function,
the current on the segment will be printed in its normal location in the rable
of segment currents. When a new wire connects to a NGF patch, the patch is
divided into four new patches that will appear after the user-defined patches
in the patch data. The original patch will be listed in the tables but with
nearly zero current. Also, the Z coordinate of the original patch will be

set to 9999,
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Section 1V
NEC OQutput

Typical NEC output is illustrated in this section with examples that
exercise most of the options available. In addition to demonstrating the use
of the code and typical output, the results may be used to check the operation
of the code when it is put in use on a new computer system. Most of the
output 1is self-explanatory. The general form is outlined beluw, the particular
points are discussed with the examples in which they occur.

The output follows the form of the input data, starting with the
descriptive comments, followed by geometry data and then requested computations.
Under the heading "STRUCTURE SPECIFICATION" is a list of the geometry data
cards. The heading on the table is for a GW card, giving the X, Y, and Z
coordinates of the wire ends, the radius, and the number of segments., Under
the heading "WIRE K0." is a count of the number of GW cards. Data from other
geometry cards are printed in the table with a label identifying the card.

For a patch, the patch number is printed under "WIRE NO." followed by a letter
to indicate the shape option — P for arbitrary, R for rectangular, T for
triangular, and Q for quadrilateral.

After a GE card is read, a summary of the number of segments and patches
is printed. The symmetry flag is zero for no symmetry, positive for planar
symmetry, and negative for rotational symmetry. A table of multiple-wire
junctions lists all junctions at which three or more wires join. The number
of each connected segment is printed preceded by a minus sign if the current
reference direction is out of the junction.

Data for individual segments are printed under "SEGMENTATION DATA,"
including angles, a and B, which are defined the same as for the patch normal
vecter (see figure 5). The connection data show the connection condition at
each segment. "I-'" is the number of the segment connected to the first end
of segment I. If more than one segment conmects to this junction, then I-
will be the first connected segment following I in the sequence of segments.
The numbers under "I+" give the same information for the second end of segment
1. 1If the connection number is positive, the reference directions of the
connected segments are parallel. 1If the number is negative, they are opposed
(first end to first end, or second end to second end). A zero indicates a

free wire end, while if I+ ig equal to I, that end of segment I is connected
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to a ground plane. 1If I* is greater than 10,000, the end is connected to a
surface and {(I%f) - 10,000 is the number of the first of the four patches
eround the ccnnection point.

When patches are used, the next section is "SURFACE PATCH DATA." This
includes the coordinates of the patch center, components of the unit normal
vector, and patch area. Components of the unit tangent vectors, El and EZ’
(see Section IT) are also printed for use in reading the surface currents
printed later.

The data cards following the geometry cards are printed exactly as they
are read by the program. When a card requesting computations is encountered,
information on ground parameters and lcoading is printed, followed by currents.
The line "APPROXIMATE INTEGRATION..." gives the separation distance, set by a
KH card, at which the Hertzian dipole approximation is used for the electric
field due to a segment. If the extended thin-wire kernel has heen raquested
by an EK card, this is also noted at this point in the output. Under "MATRIX
TIMING" is printed the time to fill and factor the interaction matrix.

If one or more voltage sources have been specified, the voltage, current,
impedance, admittance and input power are printed for each driving point. 1If
the voltage source is the current-slope-discontinuity type, this is noted by
"#!" afrer the tag number in the input parameters table (see example 2),

The antenna input parameters are followed by a table giving the current at
the center of each segment. This table includes the coordinates at the seg-
ment centers and segment lengths in units of wavelength. 1If the model
includes patches, a table of patch currents is printed giving the surface
current in components along the tangent vectors 21 and E2 and in X, Y, and 2
compeonents.

If there are voltage sources on a model, a power budget is printed
following the current tables. The input power here is the total power
supplied by all voltage sources. The structure loss is ohmic loss in wires,
while the network loss is the totral power into all network and transmission
line ports, assuming no radiation from networks or transmission lines.
Finally, the radiated power is computed as input power minus structure and
network loss.

Radiated fields or near-fields requested in the input data are printed
following the current tables. In the normal radiation-pattern format,

transmitting antenna gains are printed in dB in the components requested on
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the RP card. If an incident-field excitation is used, rather than a voltage
source, the gain columns will contain the bistatic scattering cross section
(U/AZ). For very small gains, the number -999.99 is printed.

The radiation-pattern format also includes the radiated electric field
in € and ¢ components. These are labeled with the units "volts/m" for
E(R, 6, ¢). Unless the range, R, is specified on the RP card, however, the
quantity priated is the limit of RE{(R, 8, ¢) as R approaches infinity, having
units of volts. The polarization is printed in a format for general elliptic
polarization, including axial ratic (minor axis/major axis), tilt angle of the
major axis {(n in figure 14), and sense of rotation (right~hand, left-hand, or
linear).

In addition to these basic formats, there are a number of special
formats for optional calculations. Many of these occur in the focllowing

examples.

EXAMPLES 1 THROUGH 4

Examples 1 through 4 are simple cases intended to illustrate the basic
formats. Example 1 includes a calculation of near-electric-field along the
wire. When the field is computed at the center of a segment without an
applied field or loading, the Z-component of electric fielé is small since
the solution procedure enforces the boundary condition at these polints. This
is a check that the program is operating correctly. The vzlues would be strill
smaller if the field points were more precisely at the segment centers. The
radial, or X, components of the near-field can also be compared with the
charge densities at the segment centers (p = 27a £, Ex)' If the fields were
computed along the wire axis, the radial field would be set to zero. For a
nonplanar structure, however, computation along the axis is the only way to
reproduce the conditions of the current solution and obtain small fields at
the match points.

In example 2 the wire has an even number of segments so that a charge-
discontinuity voltage source can be used at the center. The symbol "*" in the
table of antemnna input parameters is a reminder rhat this type of source has
been used. Three frequencies are run for this case and the EX card option is
used to collect and normalize the input impedances. At the end of example 2
the wire is given the conductivity of aluminum. This has a significant effect

since the wire is relatively thin.
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Example 3 is a vertical dipole over ground. Since the wire is thick,
the extended thin~wire approximation has been used. Computation of the
average power gain is requested on the RP cards. Over a perfectly conducting
ground the average power gain should be 2. The computed result differs by
about 1.5%, probably due to the l0-degree steps used in integrating the
radiated power. For a more complex structure, the average gain can provide a
check on the accuracy of the computed input impedance over a perfect ground
where it should equal 2 or in free space where it should equal 1. Example 3
aiso includes a finitely conducting ground where the average gain of 0.72
indicates that only 36% of the power leaving the antenna is going into the
space wave. The formats for normalized gain and the combined space-wave and
ground-wave fields are illustrated. At the end of example 3, the wire is
excited with an incident wave at 10-degree angles and the PT card option is
used to print receiving antenna patterns.

Example 4 includes both patches and wires. Although the structure is
over a perfect ground, the average power gain is 1.8. This indicates that
the input impedance is inaccurate, probably due to the crude patch model used
for the box. Since there is no ohmic loss, a more accurate input resistance

can be obrained as

Radlated power = 1/2 (avg. gain) X (compuced input power)
1.016 (1077 w

Radiation resistance

0

It

2 (radiated power)/|I IZ

source
162.6 omms.

Since the input power used in computing the gains in the radiation pattern

table is too large by 0.46 dB, the gains can be corrected by adding this

facror.
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Examples 1 through 4 Input

CENTER FED LINEAR ANTENMNA

a. -.25 0. G. &5
4 ] 1.
Y 4 0. 3.G00E-09 5.300€E-1¢
! 15 .01 o. o, a. 0.

CENTER FED LINEAR ANTEMNA.

CURRENT SLOPE OISCONT{NUITY SOURCE.

1. YHIN PERFECTLY COMDUCTING WIRE

2. THIN ALUMINUM WiRE

0. -.25 0. 0 .25

a2 =3 50.
| . G. 50.

LU =]

g 0 3.780E+07
o o 300.
= o 1.

VERTICAL HALF WAVELENGTH AMTERNNA OVER GROUND

EXTENOED YHIN WIRE KERMEL USED

1. PERFECT GROUND

2. IMPERFECT GROUND INCLUBING GRDUND WAVE AND RECE!VING
PATTERN CALCULATIONS

a. 2. 0. a. 7.
30.
S 0 I
2 130 0 G. 0. 9g.
5. 1.C00E-03
2 130! 0. 0. 10, 90.
1 i 0. 2. Q. 1. 000E+0%
1 5 a. 0. 0.
5 5

T AMTENNA ON A BOX QVER PERFECT GROUND

-t a5 .05 a a. .01

gl B .05 0. ap .01
a. | 9g. 0. .oy
0. S g. Q. .3
0. .3 - B. L1
0. 3 -. 15 a. -3

I i,

4 100! 0. a 10 30

-GTm

elad|

.0178E

sjulilep]

.001
-0GH
.00l



Examples 1 through 4 Qutput

L N N N Y

NUMERICAL ELECTROMAGNET LCS CODE

L N N T

< - - - COMMENTS = - = -

EXAMPLE 1. CENTER FED LINEAR ANTENMA

- - - STRUCTURE SPECIFICATION - - -

COORDINATES MUST BE INPUY IN
HMETERS OR BE SCALED TO METERS
BEFQRE STRUCTURE INPUT IS ENDED

WiRE KO, OF FIRST LAST TAG
NO . x1 Yl Z! X2 Ye z2 RADIUS SEG. SEG. SEG. KO .

§ a. Q. -0 28000 4. g. 0.25000 g.o0100 7 ! 7 =0

TQTAL SEGMENTS USED= K NO. SEG. IN A SYMMETRIC CELL= 7 SYMMETRY FLAG= 0
- MATIPLE WIRE JUNCTIONS -
JUNE T EON SEGMENTS (- FOR END I, + FOR END 2t
NONE
- - - - SEGHMENTATION [DATA - = - -
COORDINATES [N METERS
[+ AND 1- |NDICAYE THE SEGMENTS BEFORE AND AFTER |

SEG. CODRDINATES OF SEG. CENTER SEG. ORIENTATION ANGLES HIRE CONNECTION DATA TAG
NO . X i z LENGTH ALPHA BETA RADIUS I~ I 1+ NO,

1 0. 0. -0.21429 6 071%3  90.00000 D. 0.0g100 a | 2 -0

2 g. 0. -0. 14286 0.07143 90.00000 o, 4.04100 1 2 3 -0

3 0. 9. -0.07143 0.07143  890.00000 a. g.00i00 2 1 W -0

Y 0. a. 0.00080 0.07143 90.00000 a. 0.00100 3 b 5 -0

5 0. 0. G.07143 0.071w3 S0._00000 a. 0.00r100 L] 5 -] -

6 0. 0. Q.14286 0.07143 $0.00000 . 0.00100 = -] 7 -G

7 0. 0. 0.21%2%  0.07143 30.00000 a. 0.o00t00 & 7 o -0
reres OATA CARD NQ. 1 X Q G 4 0 1.000DOE-80 0. 0. a. a.
remes DATA CARD NQ. 2 xXQ -0 -0 -0 -0 a. a. G. Q. 0.

- 7 = = - - FREQUEMCY - - -~ -~ - .
FREQUENCT= 2,99B0E+0Z MHZ
HAYELENGTH= | QLOOE+00 METERS
APPROXIMATE [NTEGRATION EMPLOYED FOR SEGMENTS MORE THAN 1,000 WAVELENGTHS APARY
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~ - - STRUCTURE I1MPEDANCE LOARING - - -

THIS STRUCTURE |5 NCT LOADED

~ =~ - ANTENNA EMYVIRONMENT - - -
FREE SPACE

- - - MATRIX TIMING - - -

FlLLe= 0.021 SEC., FACTOR= 2.001 SEC.

- = - ANTENNA [NPUT PARAMETERS - - -

TAG  SEG. VOLTAGE (VOLTS) CURRENT (AMPS) IMPEDANCE 1 OHMS) ADM| TTANCE (MHOS) POWER
NG e REAL I HAG . RE AL, IHAG . REAL IMAG. REAL IHAG. (HATTS)
-Q “% 1.00J00E+00 0. 9.20585E-03-5. 1D T4E-03 B.26973E+0] % . B3060C+0| 9. 20885E-03-5. 194 74E-03 4 . BO29SE-D3

- - - CURRENTS AND LOCATION - - -

DISTANCES [N WAVELENGTHS

SEG.  TAG COURD. OF SEG. CENTER SEG. = = =~ CURRENT {AMPS} = = -
NO. MO Y. Y z LENGTH REAL IMAG. MAG . PHASE
t -0 o 0. -0.2143 0.07143 2.35926-03 -1.688B1E-03 2.9010€-03 -35.584
2 -0 0. 0. -0.1428 0.07143  5.9998E-G3 -4.0463E-03 7.2367E-03 -33.996
T -0 o 0. -0.07i4 0.07I143  B.3711E-03 -5.:1857E-03 2.8972E-03 -31.777
4  -u 0. 0. 0.0000 0.07143  9.2058E-03 -5.1547E-03 1.055(E-02 -29,246
5 -0 0. 0. 0.071%  0.07143  9.3711E-03 -5.1857E-0% 9.B472E-03 -31.777
& -0 0. Q. 0.1429 0.07143  5.9998E-03 -4.0463E-03 7.2367€-03 -33.995
T -0 ©. a. 0.2143 0.07143  2.3592E-03F -1.68BIE-0F 2.90106-03 -35,.584
- - - POHER BUDGEY - - -
INPUT POMER  + 4%.B0Z29E-03 WATTS
RADIATED POWER= 4.B029E-G3 WATTS
STRUCTURE LOSS= §. WATTS
NETHORK LOSS = 0. RATTS
EFFICIENCT = 100.00 PERCENT
teser DATA CARD NC. 3 LD O 0 4 % 1.00000E+01  3.00000E-09 S.30000E-11 0. 9. G-
tsvee DATA CARD NO. 4 PO -0 -0 -0 -0 0. 0. D. 0. a. g.
veese DATA CARG NO. 5 NE O i 1 1S |.00000E-03 ©. 0. 0. a. }.7B600E-0
- - - STRUCTURE JMPEDANCE LOAGING - - -
LOCAT |ON RESISTANCE  INDUCTANCE CAPACITAMCE IMPEDANCE  (OHMS) CONDUCTIVETY TYeE
ITAG FROM THy OHMS HENRYS FARADS RE AL [MAG [ NARY MHOS/HETER
" " 1|.0000E~Ql  3.0000E-098  5.3000E-11 SERIES

=~ = - ANTENNA ENVIRONMENY - - -
FREE SPACE

- - - MATRIX TIMING - - -

FILL= 0.021 SEC.., FACTOR= 0.00%1 SeC.
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= = = ANTENNA  |NPUT PARAMETERS - - -
TAG SEG. YOLTAGE tvOLTS) CURRENT {AMPS) {MPEDANCE [ OHMG) ADM I TTANCE (MHOS) FOWER
MO NO . REAL IMAG. REAL IHAG, REAL IMAG. RE Al IMAG. IHATTSJ
-0 4 {.00D0DE-QD O B 95465E-03-4.0%149€-03 S.26079E Gt 4. 19407E+01 9.935465C -03-4 . 05 199E - 03 “. 47733 -03
- -+ CURRENTS AND LOCATION - - -
DISTANCES N HAVELENGTHS
SEG. TAG COORD. OF SEG  CENTER SEG. = = - CURRENT (aAHPS) - - -
NO. NG ¥ Y 4 LENGTH REAL THAG, Mag . PHASE
¥ - c. 0. “0.2143 0.07143 2.3241E-03 -1 . 3790£-03 2.7024E-03  -30.682
e -Q Q. 9. -0, 1%29 0.07143 S.890BE-03 -3.2779E-03 &.7413t-013 -29.083
3 - Q. 0. -0.071%  0.07143 8.182%£-03 -4 1487E-03 9.1721E-02 -25.875
4 -0 a. 0. 0.0000 0.07i43 B.9547E-03 -4.0515E-03 9.8285E-03 -2% . 344
5 ~0 a. Q. 0.071% 0.037143 B.1824E-03 -4.j4E7E-03 9. |731E£-03 -86.875
6 -0 a. 0. 0.1429 0.07i43 5.8908E-03 -3.2779£-03 6.74136-03 -29.093
T -0 9. 0. 0.2143 0.071%3 2.32416-83 -1.37%0€-03 2.7024€-03 -3I0.882
- - - CHARGE DENSITIES - - -
DISTANCES IN HAVELENGTHS
5EG TAG COORC. OF SEG. CENTER SEG. CHARGE DEMS [TY (COULOMBS, HETER)
NO . NO . X Y Z LENGTH AE AL IMAG MAG . PHASE
1 -Q a a. -0.2143 0.071%3 1.8292E-11 3.17BIE~|}| I BBSRE-! | ED.0BI
2 -0 0. 0. =0.429 0 07143 [.04Q9E-11  2.204Q€-11 e.4383E-11 54 .876
E] -0 a. o =0.071% 0.07143 2. 1IM0E-12  |.163BE-17 1.182%E-11 79.70%
4 -q 0. g. 0.0020 0©.87193 S.1684£-19 2.3814E-19 5.6906E-19 24,738
-1 -8 0. 0. 0.0714  0.07:1%3 -2 tI40E-12 =1.163BE~11 |.iBRSE-}t =i00.29%
) -0 a. a. G.1429 0.071%3 -1.pu2gE-) | -2.2040E-11 2.4383FE-1 ~11%. 32y
7 -0 0. a. 9.2143 0.07143 -} .8292E-! =3.1761E-it  3.8BS2E-1; -119.5839
- = - POWER BUDGET - - -
INPUT POWER =9 MTTIE-03 WATTS
RAGIATED POWER= 3.Go43E-03 WATTY
STRUCTURE +0%5= 4, 8300E-04 WATTS
HETHORK {055 = 0 HATTG
EFFICTENCY = 89.2] PERCENT
T 7 - MEAR fLECTRIU FIELDS - - .
= _OCAtiOon - - EX . - E¥ - - g2 -
X ¥ z MAGNT TUDE PHASE HAGMN ! TUDE PHASE MAGN ! TUDE PHASE
METERS METERS HETERS VOL TS M DEGREES VOLTS M DEGREES VOLTS/M  DEGREES
G.00!0 0. Q. 1 0228E-05 24 Ty c. a. 1.3042E+07  -175. 10
0.0G:o 0. 0.0179 S.6%42E+Q1 -66. 31 a. 2. 1.8537€+01 ~17%5.p8
0.0010 Q. 0_0357 I .09EBE +02 -87.15 a. c. 5.7271E+00 -175.u8
0.00140 a. 0.053s ! . SBO8E +C2 -68.8% 0. g. 8.4333E-01 -179.75
0.0uro a. 0.071y £.1267TE+02 -100.30 Q. 0. 4.2135€-0y4 ~G.13
0.0010 a. 0.0893 2. 7ISTE+D2 - 106.66 0. a. 3.4997E-01 -8.87
0.0010 0. 0.t072 5.2920E+02 -1l1.08 a. a. 2. 00006 -1 c2.83
g.ooig a. 0.i250 3.8592E+02 -173.5) C. o. 2.2076E-01 T4 .4t
0.c010 Q 0. i4gg “.383SE+02 -115.33 G. a. 3. 0905 -0y =94 .5y
0.0010 G. 0. 18607 “4.BSR3E+02  ~116.77 0. a. 21837601 -106 . w1
G.001i0 0. 0.1786 5.2B0CE+02 -117.97 0. 9. 1 .97S0E+Q0 57.57
0.colp Q. 0.i965 5.966%£+02 -|!9.08 o. G. 3.2113E+00 £8.53
g.0010 0. 2.2143 £.58B0E~0Z -1i9.94 Q. 0. 9.9556E-03  -121 o4
0.0019 a. o 2322 7.12%6E+02  -120.67 8. a. 1.0BBOE+0! -3121.66
D.00i0 a. 0.2%00 5.51356£+02 -121.29 a. 0. 3.BO32E+02 -121.u3
stets DATA CARD NO. B NX - -0 -0 -0 0 o] 23 [« 0 a
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< - - -~ COMMENTS - - - -

EXAMPLE 2. CENTER FED LINCAR AMTENMA
CURRENT SLOPE OISCONTINUETY SOQURCE .
1. THIN PERFECTLY COMDUCTING WIRE
2. THIN ALUMINUM WIRE

* - - SYRUCTURE SPECIFICATION - - -

COORDINATES MUST BE INPUT N
METERS OR BE SCALED TO METERS
BEFORE STRUCTURE INPUT 1S £NDED

WIRE NO. OF FIRST
NO. X1 ¥l Z1 X Ye 2 RADIUS SEG. SEG.
t 0. Q. -0.25000 0. 0. 0.25000 ¢.000G} = 3
TOTAL SEGMENTS USED= 8 NO. SEG. IM A SYMMETRIC CELL= a8 SYMHETRY FLAGa (0

T MUALTIPLE WIRE AMNCTIONS -
RINC T TON SEGMENTS (- FOR END 1, + FOR END 21
NONE

= - - - SEGMENTATION DATA - - - -
COORDINATES [N METERS

I+ AND [- INDICATE THE SEGHENTS BEFORE AND AFTER |

SLG. CUORDINATES OF SEG, CENTER SEG. ORIENTATION ANGLES HIRE CONNECTION DATA TAG
NG X Al 4 LENGTH ALPHA BETA RapIVS E- I e NO |
| 0. 0. -8.2187% 0.06E50 90. 00000 0. v.ocoot 5§ i a2 sl
4 0. a. -0.15825 0. G82%0 30.00000 0. 0.0000; I -4 2 2
2 18 0. -0.08375 0.06255 90.0000% g, 0.00001 é 2 4 0
“ a. 8. -0.0312% 0. 38250 S0.00000 a. 0.Ggoe| ki L 5 o
B 0. G. 0.43i2% g.06250 20. 00000 0. g.0ogo! Y -] 5} g
& a. 0. 0.08375 0.0BES0 490.00000 G. 0.00001 5 & 7 g
7 0. 0, 0. 5625 0. 06250 90.00000C [+ 0.0000] & 7 8 It]
B ¢. 0. 0.21875% 0. 062%0 30 .0000G c. 0. 0000 7 g 0 g
thess DATA CARD NG, | R 0 2 4} 0 2.00000E+02 5.00000E+01 0. 0.
*eere DATA CARD NG, 2 EX 5 4] ] I 1.0000GE+0D  ©. 5.000C0E+D! 0O,
ceene DATA CARD MO, X xXQ -0 -0 -9 -0 o G. 0. g.
------ FREQUENCY - - - - . -
FREQUENCY= 2_00D0E+02 MHZ
HAYELENGTH= | .4Y930F+00 METERS
APPROX IMATE INTEGRATION EMPLOYED FOR SECHENTS HMORE THAM 1.000 WMAVELENGTHS ARART

- - - STRUCTURE [MPEDANCE LOADING - - -

THIS STRUCTURE IS NOT LOADED

-101-

LAST
SEG.

[=N =1~}

8

TAG
HO.

o Qo



= - - ANTENNA ENViRCNMENT - - -
FREE SPACE

- - - MATRIX TIMING -~ - -

FiLL= 0.027 SEC.. FACTOR= §.002 SEC.

© = - ANTEMNA [NPUT PARAMETERS - - -

TAG  SEG. VOLTAGE tVGLTS) CURRENT 1AMPS] iMPEDANCE (OHMS) ADM [ TTANCE (MHOS) FOWER
NG, NO. REAL IMAG . REAL IMAG. RE AL 1MAG . RE AL IMAG, IHATTS)
0 * 5 1.00000E+00 Q. §.8%061E-05 1.57934E-03 2 65762E+01-6. 320BGE+02 6.64061£-0% 1.87834£-03 3.32031£-05

- v - CURRENTS AND LOCATION -« - -

DISTANCES [N WAVELEMGTHS

SEG. TAu COCRD. QF SEG. CENTER SEG. - - = CURRENT tAMPG,; - - .

MG ND. S X Y 4 LENGTH REAL I1MAG. Mas PHASE
1 a a. 2. =0.!483 0.04lE9 1 .5Z69E-05 2.5220€-0% &2.5267E-Ou 86.513
2 a a. 0. -0.104%2 D.0%iB9 3.985BE-0% 7.0%89E-0%  7.0702E-04 B8&.768
3 o] 0. a. -0.0685 0.0wI5% 5.6673-0% 1.100BE-03 |.10283E-03 §7.053
5 a 0. 0. -0.0208 0.041B69 6.5S¥14E-05 [.4319E-03 | . u3INE-03 87. 3848
S =} g. a. 0.0208 0.0%169 5.9FI%E-05 1.%319E-03 1.433%€£-03 87.388
=] a g. 0. U.062% 0.0%1689 5.B6T3E-05 1.1008E-03 1. 1022E-03 87.053
7 ja} 0. Q. 3. 1042 0.04169 3.3856E-05 7.0S69€-0w  7.0702E-0u 86 . 768
2] & 0. a. 0.i%53 @Q.04}169 1.55B3E-05 2.%2200-0% & S267E-04 86.513

- - v POWER BUDGET - - -

INPUT POWER < 3.3203E-0% WATTS
RADIATED POWERs 3 320IL-05 LATTS
STRUCTURE LOSS= 0, HATTS
NETWORK LOSS = @, HATTS
EFFICIENCY = 100.00 PERCENT

------ FREQUENCY - - - - - -

FREQUENCY= 2,5000E+02 MHZ
HAVELENGTH= |.1992E+00 METERS

APPROXIMATE INTEGRATION EMPLOYED FOR SEGHENTS MORE THAN 1.000 WAVELENGTHS APART

T - - STRUCTURE [MPEDANCE LOADING - - -

TRES STRUCTURE 15 NOT LOADED

= = = ANTEMNNA ENVIRONMENT -~ = -
FREEL SPACE

~ - o~ MATREX TIMING - - -

FH L= 0.027 SEC., FACTORs 0.202 SEC.
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- - ANTENNA [NPUT PARAMETERS - - -

ThG SEG. YOLTAGE (vORTS) CURRENT {AMPS) TMPEDANCE  (ORMS) ADMITTANCE (MHOS) POWER
KO NG RE AL iHAG. REAL 1HAG. REAL IMAG . REAL IMAG, THATTS)
g - 5 1.00000E+00 0. E. 16984€-04 3 SE4E6F -03 Y. TI%31E+01-2.723T2E+02 6. I6IBHE-0Y I.5648BE-03 3 08%G92E- 0y

- - - CURRENTS AND LOCATIOM - - -

DISTANCES [N WAVELENGTHS

SEG. TAG COORD. OF SEG. CENTER SEG. - - = CURRENY (AMPS)} - - -
NO. MO . X ¥ z LENGTH REAL 1MAG . MAG . PHASE
i 9 0. 0. -0. 1824  Q0.0%212 1.3629E-04 B.4T0!E-04 G.65I20E-04 78. 105
2 0 a, 2. -0.1303 0.05212 3.B1BIE-TY )| ,7853E-03 | .BEESE-03 78,581
I 0 o. a. -0.0782 0.0%212 S.2215€-04 2.7057€-03 2.7%57E-03 79.677
L] 1] G. 0. -3.026t D.05212 65.0627C-04 3.3503F-03 3.9047E-03 79,743
5 0 0. Q. 0.0261 0.05%2t2 6.0627€-0% 3.3803E-03 3 40u7L-03 79.743
& s} Q. a. 0.0782 0.0%212 5.2215€-0% 2.7057E-03 2. 7S57E-03 73.077
7 b33 g. a, 0.1303 o0.05212 3.6169€-04 | .7863E-03 | .@2P5E-03 78.553
5] ¢ 0. a. 0. 1824 0. 05212 [.3629€-~0% B.%701€-08 6.6120E-04 74,105
- - - POWER BUDGET - = -
INPUT PORER = 3.0849E-04 WATTS
RADIATED POHER= 3.0B49E-04 WATIS
STRUCTURE LOS5Gx 0. HATTS
NETHORK LOSS = O, WATTS
EFFICIENCY = 100.00 PERCENT
------ FREQUENCY -~ = « - - -
FREGUENCY= 3,0000£+02 MHZ
. HAVELENGTH= $.9933£-01 METERS
APPROXIMATE INTEGRATION EMPLOYED FOR SEGMENTS MORE THAN 1,000 HAVELENGTHS APART
- = - STRUCTURE [MPEDANCE LOADING - - -
THIS STRUCTURE IS NOT LOADED
- = = ANTENNA ENVIRONMENT - - -
FREE SPACE
- = = MATRIX TIMING - - -
FlLL= 0.027 5EC., FACTOR= 0.002 SEC.
T = = ANTENNA INPUT PARAMETERS - - -
TAG SEG. YOLTAGE (vOLTS) CURRENT (AMPS) IMPEDANCE (OHMS | ADMITTANCE (HHOS) POWER
NGO . NG, REAL 1HAG, REAL IHMAG, RE AL, IMAG, REAL IMAG . (WATTS)
[+ S |.00000E+00 . 9.39013€-03-5. 3P809€-03 B.0B511E+01 4,57 144E+01 9. 29012€-03-5, 32E09E -0 3 Y .69506E-03
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- - v CURRENTS AND LOCATION - - -

DISTANCES IN WAVELENGTHS

SEG.  TAG COORD . OF SEG. CENTER SEG. = - - CURRENT LAMPS: - - -
NG, NO . X ¥ Z LENGTH REAL THAG. HMAG PHASE
1 o o. 0. -0.2189 0.0B2%% 1.9607€-03 -1 . 2789E-03 2 3iBE-03 -23.1385
e a g. Q. -0.156% 0.06254 5.3517€-03 -3.4033E-03 B.3422E-03 -32 454
S 5} g. a. ~0.0938 0.08254 7.BETBE-03 -4.842tE-03 9.2384E-03 -31.810
“ 0 0. 0. -0.0313 0.0B3%4 9. 2I6BE-03 -5 414TE-83 1 0B30E-82 -30.433
S & a. a. 0.0313 0.06Ba%Y 9.Z1BBE-03 -5 .4{47E-03 | .06Q0E-02 -30.433
& T 0. o 0. 0938 . 06254 7.BB7BE-03 -4 .84Z1E-03 9.2384£-03 -3}.610
7 o) 0. g. 0.1568% 0.062%4 5.35170-03 -3.4033£-03 6,.342SE-03 -32. 454
B i} 0. Q. 0.2189 0.062%4 1. 9807E-03 -1 2799€-03 2. IMISE-0F -33 135
- - = POWER BUDGET - - «
INPUT POLER = 4.B951E-03 WATTS
RADIATED POWER= 4 . 6951E-03 WATTS
STRUCTURE LL0SS= 0. WATTS
MNETHORK LOSS = 0. WATTS
EFFICIENCY = 100.00 PERCENT
- = - INPUT IHPEDANCE DATA - - -
SOURCE SEGHENT NG . )
NORMAL I ZATION FACTOR= 5. D00OGE+0)
FREQ. -+ UNNORMAL [ZED IMPEDANCE - - - - NORMAL IZED [IMPEDANCE -~ -
RESISTANCE REACTANCE MAGN | TUDE PHASE RESiSTANCF REACTANCE MAGN | TUDE PHASE
tHZ OHMS QMG OHMS DEGREES DEGREES
200.000 2.6%762E+01 -6.32080E+02 6.32619E-02 ~87.5% 5.218%23E-0F -1 .2B412E+01 1.268524E+0! -87.59
250.000 H.TIMILE~OL  -2.72372€+02 2. 76422 «02 -80.i8 3.42BBEE-01 -5 w4THLEQQ 5.5284 3 +00 -8n. 19
300.000 8.05511£+01 W 5TIME ] 9. 268150601 293 %8 L.B1102E+00 9. 14P8RE-O} | .8S238E-00 29.58
srsus DATA CARD ND.  u Lo =] o 0 0 3.72000E£+-07% ¢ 0. ol 0. g
eesds DATA CARD NO. 5 FR o] H o 2 31.00000E-02 0. Q. 0 G. a
"reer DATA CARD NO. B EX 5 ¢ g G | COCODE+Q0 4. a. a G. a
“ttsr DATA CARD NO. 7 X -0 -0 -3 -0 N G a a 0. aQ
- - - - - - FREQUEMCY - - - - - -
FREQUENCY= 3 0000E+02 MMZ
WAVELENGTH= 9.599330-01 METERS
APPROXIMATE INTEGRATION £MPLOYEDQ FOR SEGMENTS MORE TMAN 1.000 WAVELENGTHS APART
- - - STRUCTURE [MPEDANCE LOADING - - -
LOCATIDN RESISTANCE INGUCTANCE  CAPAC [ TANCE IMPEDANCE  (OHMS ) CONDUC T IVITY TYPE
ITAG FROM THRU QHMS HENRYS FARADS REAL IMAG {NARY MHOS/METER
ALL 3.7200E-07 WIRE

- - - ANTENMA ENYiRONMENT - - -
FREE SPACE

= - = MATRIX TIMING - - -
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FILL= 0.027 SEC., FACTOR= 0.082 SEC.

= -~ ANTENNA |NPUT PARAMETERS - - -

TAG  SEG. VOL TAGE (VOLTS) CURRENT (AMPS) IMPEDANCE (OMNS) ADMITTANCE (MMOS) POWER
NO.  HNO REAL 1MAG. REAL 1MAG. REAL IMAG, REAL IMAG. (HATTS)
0+ S 1.00000€+00 0. 5.64431E-03-3.86660E-03 1. 1243DE+02 5.54276E+0] 6.6443|1E-03-3.86660F-03 3.32215¢-03

- - = CURRENTS AND LOCATION - - -

DISTANCES [N WAYELTNGTHS

SEG. TAG CCOORD. OF SEG. CENTER 5EG. = - - CURRENT (AMPS! - -~ -
NO . NG . X ¥ F4 LENGTH RE AL {MAG, HAG PHASE
I o] a. 0. -0.2189 0.0B2%4% | . 3862E-C3 -3.8305€-04 |.B873E-03 -3v.790
2 ] a. Q. -0 1564  0.06254 3.78%8E-03 -2.5546E-03 4.5663E-03 -34.018
3 a Q. G. -0.0938 0.062%4 5.9658£-03 -3.6091€-03 6.6336E-03 -12_061
4 0 Q. a. -0.G3t3 0.06254 6.8215E-03 -3.9782€-03 7.8392F-03 -31.364
8 [1} a. 0. G.0313 o0.062%4 6. 8215£-02 -3.9782E-03 7.6392€-02 -3} .384
3 0 0. 4. 0.0838 0.062%54 5 SE98E-0X -3.6091E-03 6.6336€-03 -32.96)
7 a 0. Q. 0.1564 §.06254 3.7848E-02 -2.5546£-03 u4.S6B3E-02 -34.D18
8 1} a. o. 0.2:89 0.06254 P.36620~03 -9.6305¢-0% |.6879E-03 -34.790
- - - POWER BUDGET - - -
1NFUT PORER = 3.3222E-03 WATTS
RADIATED POWER= 2.4402E-03 WATTS
STRUCTURE LDSS« B.8198E-04 RATTS
HETWORK LOSS = 0. HATTS
EFFICIENCY = 73.45 PERCENT
=re*» DATA CARC NO. 8 NX -0 -0 -0 -0 Q. 0. 0. 0. 0. 0.
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< - - - COMMENTS - « - -
EXAMPLE 3. YERTICAL HALF HAVELENGTH AMTENNA DVER GROUNOD

EXTENOED THIN WIRE KERNEL USED

i. PERFECT GROUND

2. IMPERFECT GROUND INCLUDING GROUND WAYE AND RECEIVING
PATTERN CALCULAT QNS

= - - STRUCTURE SPECIFICATION - - -
COORCEINATES MUST BE [NPUT [N
METERS OR BE SCALED tQ METERS
BEFORE STRUCTURE [NPUT (S ENDED
WIRE NGO, OfF FIRST LAST
NG Xt 11 k4 x2 2 z2 RADIUS  SEG. SEG. SEG.
t 0. 0. 2.00000 g. J. 7.00000 0.3900048 Q 1 9
GROUND PILLANE SPECIF 0.
WHERE WIRE ENDS TOUCH GROUND, CURRENT WILL BE TNTERPOLATED 70 IMAGE N GROUND PLANE .
TOTAL SEGHENTS USED= ] NO. SEG. iN A SYMMETRIC CELL= 9 SYMMETRY FLAG= 0
C MAYIPLE WIRE JUNCTEONS -

SUNCT L ON SEGMENTS (- FOR END |, + FOR END &)
NONE

-t - - GEGMENTATION DATA - - - -

COORDINATES IN METERS

I+ AND |- INDICATE ThE SEG:MENTS BEFCRE AND AFTER |

SEG. COORDIMATES OF SEG. CENTER SEG . ORIENTATION ANGLES WIRE CONNECTION DATA TAG
~NO X A Z LENGTH ALPHA BETA RADUS [~ ; I NGO .

1 G. 0. 2.27778 0.55556 20.00000 0. 0. 35000 0 1 2 -0

=4 a. g. 2.83333 G.55558 90.0a000 0. 0.30¢c00 1 2 3 -0

3 g 0. 3. 38869 0.55556  90.00000 0. ©.30000 2 k] Y -0

3 0. g. L SO 0.55556 9000000 . 0. 39000 3 4 5 -0

5 0. Q. . 50000 0.555%8 0. 0000640 a. 0.30000 L) 5 6 -0

[} 1] 0. 5. 659556 0.55556  90.00000 2. 0.30000 5 & 7 -0

7 0. 0. 5.611151 0.55556 q0.00000 c. 9.30000 [ 7 8 -0

g 0. 0. 5. I|B66Y 0.55%586 940. G0000 0. Q. 30000 7 B8 3 -0

9 Q. 0. 6.72222 G.S5%556  9¢.00000 o. G.30000 8 =4 s -0
¢sene DATA CARD NO. EK -p -0 ~Q -0 0. 0. Q 0. 0.
Feear DATA CARD NO. 2 FR -0 1 -0 -0 3.00D00E+01 0. 0. o. o.
*asss QATA CARD) NO. 3 EX a i 5 T 1.Q0C00E+00 0. 0. 0. 0.
*rees DATA CARD NO. v GN t -Q -0 “g 0. g. a. g. a.
ttvvs DATA CARD NO. S RP @ 10 2 1301 0. 0. | . O0O0OBE+G]  9.000D0E+Q1 0.

c e oo FREQUENCY - - - - = -

FREQUENCY 2. D000E+01 MMZ
HAVELENGTH= 9.9933E+00 METERS
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APPROX IMATE INTEGRATION EHPLOYED FOR SEGHENTS MORE THANM 1.000 HAVELEMGTHS APART

THE EXTENDED THIN WIRE KERMEL WILL BE USED

- » - STRUCTURE [MPEDANCE LOADING - - -

THIS STRUCTURE 15 NGT LOADED

- v - ANTENNA ENVIRONMENT - - -
PERFECT GROUND

v = = MATRIX TIMING - - -

FikbL= 0.049 SEC.. FACTOR= 0.003 SEC.

-+ = ANTENNA [NPUT PARAMETERS - - -

TAG  SEG. VOLTAGE vOLTS) CURRENT {AHPS) FMPEDANCE  (OHMS) ADMITTANCE (HHOS) POWER
NG . LV REAL THAG REAL 1MAG, REAL TMAG. RE AL, [MAG . {HATTS
-0 S 1.00000E+0T 0. 9.31462£-03-0 . 56B63E-04 1.06436£402 3.9054EE+00 9. 31462E~03-8. EES6IE-0k “+.65731€-03

- - ~ CURRENTS AND LOCATION - - -

CISTANCES M WAVELENGTHS

SEG. TaAn COORD. OF SEG. CENTER SEG. = = - CURRENT (AMFS) - - -
NG, NO . X Y 4 LENGTH REAL 1MAG, HAG | PHASE
1 -0 q. G. 0.2279 0.0558% 2.8965E-03 -2.5964%£-03 3.8899€-03 -4]1.873
2 -0 Q. a. 0.2835 0.0%559 5.5162€-03 -4.ZUPBE-03 6.93+8E-03 -37.304
2 -0 c. u. .3391 0.09559 T.4817£-03 -4 6585C-03 B.8135£-03 -3} .909
Y -0 0. c. 0.3947 0.05%53 8.7887E-03 ~3.7BO0E-03 ©.5653E-03 -~22.877
=1 -0 0. Q. 0.4503 0.055589 9.3i46E-03 -B8.6686E-0Y 9.3549E-03 -5.3517
& -3 0. Q. 0.505% 0.05559 9.0040£-03 -3.9010E~03 O.773uE-0Z -22.B9/
4 -0 a. 0. 0.5815 0.05589 7.8625E-03 -4%.5B96E-03 9.1548E-03 -30.91y
8 -0 0. 0. 0.6171 0.0555% S5.9562E-03 -4.2EBME-03 7. 3034€-03 -315. 189
2 -Q o. 0. 0.6727 0.0%5559 3.221BE-02 -2.6004£-03 v.i403E-03 -38.208
- - - POWHER BUDGEY - -~ -
INPUT POWER = %.5573E-03 WATTS
RADIATED POWER= 4.6573E-03 WATTS
STRUCTURE LOSS= 0. WATTS
NETWORK LOSS = . HATTS
EFFICIENCY  100.00 PERCENT
= - - RADIATION PATTEANS ~ - -

“ = ANGLES - - - POWER GAINS - -7 - POLARIZATION - - - - - = RITHETAY - - - - o= o EIPHEY - --
THETA PHI VERT. HOR . TaTAL AX [AL TiuT SENSE MAGN] TUDE PHASE MAGNT TLDE PHASE
DEGREES DEGREES oe bg a8 RATIO DEG. YOLTS/M DEGREES YOLTS/M OFEGREES
q. n. -996.99 -995.99 -998.9% a. a. a. a. 0. Q.
10.00 g, -9.87 -899.99 ~9.87 0. 0. L INEAR 1 . BE840E£-01 -1i%.38 Q 0.
20.00 c. -4.21 -999.99 =i¢.21 0. 0. LINEAR 3.25650E-01 -1i4.BY4 g a.
32.00 0. ~-1.70 -999.99 -1.7¢ Q. g. LINEAR 4. 343TTE-01 -115,01 2 o.
4{.00 0. ~1.7+ -999.99 =1.7m g, g. L INEAR W, 32IME-01 - 115,37 a G.
50.00 0. ~6.,73 -996.499 -6.73 0. 0. L INEAR 2.43%509E-01 -1)5,3% g 0.
60.00 0. -19.G4 -999.99 -10.0% G. 0. LINEAR §.EG30IE-0} E1.67 o g.
70.040 o. 2.67 -899.99 2.67 0. 9. LINEAR 7.18353E~-0] 52.56 g L.
a5.00 o. 7.80 -9499.99 7.28 0. g, LINEAR 1. 21101E+00 s2.51 [+ G.
92.00 0. &.52 -993.9% 8.52 0. Q. L INEAR 1 . 40S6TE+0Q B2 .47 a a.
0. 90.00 -98%.99 -995.99 -999.99 0. 0. 0. G. 0 0.
10.00 9¢.00 -9.87 -995.98 -9.87 g. 0. L INEAR [.69640E-01  -11%.38 o Q.
20.00 90.00 ~-4+.21 -5389.99 -4%.2! 9. 0. L INEAR 3 25880€-0F  -114.B4 o] a.
an an gc. o0 -1.70 -995.99 -1.70 0. g. LINEAR 4.3WITE-01 -115.01 0 Q.
ug.o0 e0.00 -1.7% -998.g99 - a. 0. LINEAR 4.32IE-01  -11%,37 [ 8.
50.00 90.00 -6 73 -999.9g -6.72 a. a. L INEAR 2, 435096-01 -}115.33 0 0.
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50._00 30. 00 -10.04 -983.99 - 15.0% 0 o L INEAR 1.66301€E-01 &61.87 i 9.
70.80 Q0. 00 ¢.57 -999 .99 Z. .67 0. 0 LINE AR T.18993E-0! &2 .58 a a.
80.00 90.00 7.20 -999.99 7.20 o. 0 L iMNEAR L 2L10IE~QD &2.51 o] o
90.04 90 .00 8.%2 -99% 99 8 .52 o o L INEAR 1. =0967E + 060 B 47 o} Q.
AVERAGE POMER GAIN+ 2 0279%E+00 SOLID AMGLE USED IN AVERAGING=( §.50001+P! STERAD[ANS.
- - - - NORMALIZED GAIN - - -
VERTICAL GAIN
NOAMAL [ZATION FACTOR = 8.52 N8
- - ANGLES - - CAIN - -~ ANGLES - - GAIN - = ANGLES - - GAIN
THETA PH} DB THETA P 0a THETA P DE
DEGHEES DEGREES OEGREES DEGREES DEGREES DEGREES
a. a -140B . %) 70 Q0 g. -5.85 %w(.00 20 .40 -10.27
10.00 0. -18.39 80 .60 G. -1.32 S0.00 94.09 ~15.2%
20.00 a. -2, 73 20 .60 2. Q. &0.00 90.00 -189.5%6
348,00 a. -10.23 [} 30.00  -10GE.5¢ 70.80 90.00 -5.8%
«Qd.00 0. -1p.27 16.040 50 00 -ig. 39 80.06 90.00 -1.32
S0.00 Q. -1%.25 24.00 a0 .00 12,73 9¢.40 80.00 Q.
&5.00 0. -18.58 30.00 90.00 -10.23
*erec DATA CARC NO. & GN -0 -0 -0 -0 ©.00000L+00 }.000G0E-D3 0. 0. Q. 0.
seses DATA CARD NO. 7 AP [+ il 2 1301 ¢. 0. [ .000G0E+01 9.00000E+01 0. a,
© v - STRUCTURE IMPEDANCE LOADING - - -
TRES STRUCTURE |S NDT LQAGED
= = - ANTENNA ENVIROMMENT - - -
FIKITE GROUND. REFLECTION COEFF[CIENT APPROXIMATION
RELATIVE DIELECTRIC CONST.= 6.000
CONDUCT IV TY= | .D0CE-03 MHOS/METER
COMPLEX CIELECTRIC CONSTANT= 5.00000E+00-5. G8RO0E-0 |
Tt - MATRIX TIMENG - - -
FELL= D.053 SEC. . FaCTOR- 0.003 SEC.
© 7 - ANTENNA INPUT PARAMETERS - - -
TAG SEG. VOLTAGE (1vOLTS) CURRENT (aMPS) IHPEDANCE  (OHMS ) ADMITTANCE (MHOS) POWER
NG . NOQ, RE AL PHAG. REAL 1MAG . RE AL TMAG. REAL TMAG, WaATYS)
-4 S 1.00000E+00 0 8.91202€-03-9 92892E-04 |.11117E+02 1.1008:E+0! 8.21202E-03-5 . B2R92F -04 4. 4BE0IE-03
- -~ CURRENTS AND LOCATION - - -
DISTANCES [N HAVELENGTHS
SEG. TAG COORD. OF SEG. CENTER SFG. = - - CURRENY [AMPS: = - -
MO . NO, X Y z LENGTH REAL TMAG MAG . PHASE
1 -0 g. a. 2.2279 {.08589 2.878%-03 -2 5728 -03 3.8585€-03  -41,807
2 -0 0. 0. 0.283% 0.0%5459 S.HISHE-03 -4, 1994E-D3 8.8467€-03 -37.728
3 -0 0. a. 0.3391 0.05%5%9 7.872BE-03 -4 . 662TF-N3 §.63I0iC-03 -32.685
4 -u 4. 0. 0.3947  0.0558% 8.4696E-03 -31.7953£-03 9.2810E-03 -29.137
-] - 0. 0. 0.4503 0.08489 9.9i20£-03 -5.8299E-04 B8.9557€-03 -5.850
& -0 0. 0. 0.50858 0.05559 8.5576E-03 -3.80958E-53 9.2659€-0% -23 g9
7 -0 8. 0. 0.561% ¢.05%%9 7. 4273E-03 -4 .68366-03 8.7807E-03 -32.235
] -a 0. . 0.6171 0©.09559 5.5943E-03 -4 208%E-03 7.0005€-03  -36. 954
9 -G 0. o 0.6727 GC.0%559 3.00994£-03 -2, 5815€-03 3. 9649E-03  -40.623
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- - - POMER BUDGET - - -

INPUT POUER =
RADTATED POWER=
STRUCTURE LOSS=
HETWORK LOSS =
EFFICIENCY =

MBBOE-03 WATTS
MS60E-03 RATTS
HATTS
. HATTS
00.00 PERCENT

— 00 i &

- - - RADIATION PATTERNS ~ - -

- - ANGLES - - - POWIR GAINS - < - - POLARIZATION - - - - - - EtTHETA} - - - - = - EIPH[I - --,
THETA PHE YERT. HOR . TOTAL AXLAL TILT SENSE MAGN I TUDE PHASE MAGN [ TUDE PHASE
DEGREES DEGREES %) o e RATIO CEG. YOLTS/M  DEGREES VOLTS/M  DEGREES

g. o -499 .99 -999.93 -989.98 0, 0. 0. 0. a. 0.
10.00 0. -ig.87 -999.99 -12.87 o. Q. L INEAR 1,174 72E-01 -124.70 a. o
2000 0. -7.18 -299.89 -7.18 Q. 0. LINEAR  2.2BI4BE-Q1 -128.91 a. o
30.00 a. -4 =999, 949 Y47 . Q. L INEAR 3.08872E~01 -137_31 0. o
4. 06 0. -3.45 -9599.99 -3.45 . 0. L. [NEAR 3.47271E-01 ~183 .41 Q. u}
50,00 9. -2.04 -999.89 -2.9w o. 0. LINEAR  Z.BB436E-01 177.07  O. ¢
60.00 0. -0.72 -399.99 -0.7%  O. 0. LINEAR  4.71934E-01  142.06 0. 0
70.00 a. 1.54 -894899,99 1.5% 0. Q. L INEAR E.18290C-01 120.37 a. Q
80.00 Q. }.64 -399.99 0.5% 0. 0. LINEAR 5.56472E-01 1HO . wi Q. o}
90.00 g. -999.99 -999.99 -959.5¢  ¢. a. 7.66482E-11 -72.99 0. o

0. 90.00 -999.99 -399.99 -999.98 0. a. 0. a. a. o
ig.0a 50.00 -12.87 -999.99 -igZ.87 0. a. L INEAR 1, 17472E-01 ~1&%.70 a. o
20,00  90.00 -7.18 -958.989 -7.i18 0. 0. LINEAR  2.26148E-C1 -128.91 a. 0
10.00  90.00 -4.47 -998.98  -4.u7 0. 9. LINEAR  3.08872E-01 -137.3%t 0. g
“0.00  99.00 -3.45 -95¢.99 -3.4% 0. 0. LINEAR  2.%7271E-01 -153.41 0. a
50.00  90.00 -2.94 -999.99 -2.9%% 0, 0. LINEAR  3.6BM43BE-01  177.07 0. o
60.00  90.00 -0.79 -995.99 -0.79 0. 0. LINEAR 4, 71934E-01  142.06 0. ¢
70.00 90.00 |.54 -999.9% 1.5 0, 0. LINEAR  6.1BS90E-01  120.37 4. o
B0 .00 S0.00 0.64 -999.9% Q.64 g. 0. LINEAR 5,96%72E-01 PO % Q. g
9¢.00 80.00  -999.99 -999.99 -939.99 Q. 0. 2.66482E-11 -72.83 0. o
AVERAGE POHER GAiN= 7.20701E-0: SOLID ANGLE USED IN AVERAGING=( 0.5000}+P| STERADIANS.

~ - - - NORMALIZED GAIN - = = -
VERTICAL GAIN
NORMAL 1 ZATION FALTCR = .54 DB

- - ANGLES - - GAIMN =~ = AMGLES -~ - GAIN - - ANGLES - - GAIN

THETA PHI DB THETA 1 e THETA PH oL
DEGREES DEGRELS DEGREES DEGREES DEGRELS DEGREES

a. D. - 1001 .53 70.00 0. a. 40.00  9¢.00 -4.99
16.00 0. TR 80.00 Q. -0.90 50.00  90.00 -4 48
20.00 0. -B.72 20.00 0. -100i.53 60.00  90.00 -2, 3%
33.00 0. -6.01 o e0.30 -1001.53 Jc. 00 Q90.00 Q.
40.00 0 -4 .99 10.06  90.40 —te, ] 80.00  90.00 -0.90
50.00 0. -4.48 20.00  80.9% -g.72 $0.00  90.00 -100].53
80.00 a. -2.13 30.00  90.00 -&.01
semee DATA CARD NO. @ aied 1 id i -0 |.CO0DCE+00 0. € QUOgJE+00 0. 1.00000E+05 O.
- -~ - RADIATED FIELDS KEAR GROUND - - -
- - - LOCATION - - - - - E{THETAY - - - - EIPHI) - - - - ECRADIALI - -
RHO PHI b4 MAG PHASE HAG PHASE HAG PHASE
METERS  OEGREES  METERS VOLTS/M  DEGREES VOLIS/M  DEGREES vOLTS/M  DEGREES
10660000 0. 1.00 2.39%56E-09 142.05 0. a. B.5EGMYE- 10  ~46.45
106000.00 0. 3.00 2.7216E-09  1E4.M3 0, a. B.5934E-10  -45.46
160000 . 00 0 5.00 3.38432-08 -179.8¢ 0. 0. B.5925E-10  -46.46
10080000 0 7.00 v.i1556€-09 -189.55  O. 6. B.59ISE-10  ~46.46
100600, 0¢ 0 5.00 5.0462E-09 -162.7& 0. 0. B.SQ0BE-|0  -46.47
100000 04 o 11.00 5.9858£-0% -1%B.05 0. o. B.5896E-10  -4B.47
106000.00 ° 0 +3.00 6.9550E-08 -154.65 0. a. 8.5897E-18  -46.4B
100000.00 0 15.00 7.9426E-09 -152.08 0. 0. B.587E-10 -46.u2
100006, 00 ] 17.00 8.94266-09 -|50.08 0. a. 8.5868F-10 -46.50
100000. 00 v} 19.00 9.85HIE-09 - |uB.4%] o. 0. B.5%8%BE-10 -45.52
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revse OATA CARD NG, 9 EX } 10 ! -0 4. g. g £.00000E+Q1 0.
*eter DATA CARD NCG. 10 PY Z 0 5 5 4. . G. a. .
tesrr DATA CARD NO. 13 xa -0 -0 -0 -0 0. 0. 0. a. a.
- - - RECEIVING PATTERN PARAMETERS - - -
ETA= G. DEGREES
IYPE -L INEAR
AX 1Al RATIO=-Q.
THETA PHI - CURRENT - SEG
TOEGI tDEG) HAGNI TUDE PHASE KO .
Q. 0. Q. 0. 5
10,00 0. 6.2309E-03 -3%.59 =]
20.30 [+I8 1.1997€-02 ~38.90 5
.50 0. 1.8388£-02 ~47.30 3
=0.00 0. i 430802 ~63.41 5
50.00 0. 1. 85%@E-02 ~92.33 =]
60.00 0. 2. %05BE -0 -127.94 3
T0.00 0. 3.2786E-02 -149 .62 -]
A/ o0 a. 2. 9555L-02 -159.50 5
e Tv il 1s} a. 1. 4152E-12 17.01 5
T - - MNORMALIZED RECEIVING PATTERN - - -
NORMAL ) ZAT |ON FALTOR= I 276BE-02
ETA= G. DEGREES
TYPE -LINEAR
AX1AL RAT[Q=-(.
SEGMENT NG .= s
THETA PH | - PATTEAN =
iDEGH 106G D& HAGN [ TUCE
Q. g. -999.33 g.
1a. 00 0. -iw. e 1. 901BE-D1
c0.00 a. -8.73 2.BEIYE-O!
In.80 0. -6.02 % OD17E-Q)
«0 .00 a. -5.00 5. E248E-01
20.0G a. LT 5.9691£-0]
6G .00 Q -2.33 T.BNTBE-O1
J4.00 a. 0.00 1.000GE+0G
B0.0Q 0. -0.90 3.020(E-01
90.00 0. -207.29 Y _3I91E-)
seere DATA CARD NO. 12 NX -0 -0 -0 -0 a. G. a. a. a
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NUMERICAL ELECTROMAGNETICS COUE
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- - - - COMMENTS - - - -

EXAMPLE 4. T ANTENNA ON A BOX OVER PERFECT GROUND

- - - STRUCTURE SPECIFICATION - - -

COORDINATES MUST BE [NPUT N
METERS OR 8E SCALED TQ METERS

LAST
SEG,

o £

TAG
NOL

w -

OF UNET TANGENT VECTORS

: BEFORE STRUCTURE INPUT 1S £NOED
HI1RE NO. OF FIRST
NO . X1 Y1 21 xe Ye 22 RaDUS SEG. SEG.
P g.10000 0.0%000 0.45000 0. 0. 0.01000
2P 0.05008 0.10000 &.058C00 g. 0. 00000 0.01600
STRUCTURE REFLECTED ALONG THE AXES X ¥ . TAGS INCREMENTED DY -
aP 0. G. d.10000 S0.00000 1 0.04080
i Q. q. a.10000 0. 0. ¢.30000 0.00100 4
2 0. Q. 0.30000 0.15009 0. 0. 35000 0.00100 e 5
2 0. 0 0.30000 -0.15000 Q. 0. 30000 0.001a0 2 K
GACUND PLAMNE SPECIFIED,
RHERE HIRE ENDS TOUCH GROUND. CURRENT WILL BE INTERPQLATED TG IMAGE IN GROUND PLANE.
TOTAL SEGMENTS USED= 8 NG. SEG. IN A SYMMETRIC CELL= 8 SYMMETRY FLAG= 0
TOTAL PATCHES USED= I2 NG. PATCHMES IN A SYMMETRIC CELL= ‘2
- MULTIPLE WIRE JUNCTIONS -
SUNCT L ON SEGMENTS (- FOR END [, + FOR ENO &)
1 4 -5 =7
- = = « SEGMENTATIOM DATA - - - -
COORDINATES IN METERS
L+ AND 1- INDICATE THE SEGMENTS BEFORE AND AFTER |
566 COORDINATES OF SEG. CENTER S5EG. CRIENTATION ANGLES WIRE CONNECTION DATA TAG
LN X Y 2 LENGTH ALPHA BETA RAD UL - f I+ NQ.
1 0. g. 0.12500 0.05000 S50.00800 a. 0.00:00 t0o0g 1 2 1
2 Q. G. &.175090 .05000 90. 00000 Q. 0.00100 ! 2 3 1
2 Q. 0. 0.2e500 0.05000 0. 00000 a. g.o0100 2 3 4 b
* G. 0. 0.27500 0.05000 80.00000 G. G.G6c100 3 Y 5 t
5 0. 03750 Q. 0.30000 0.07s00 Q. 0. 0.00100 ~7 ] & 2
=] 0.i1250 0. G. 30000 &. 07500 0. 0. 0.00100 ) & 0 2
7 -0.037150 0. 0.30000 9.073500 0. 180 . 00000 0.00100 Y ¥ -] 3
a -Q.112%0 0. 0.30000 0.07500 a. 180. 00000 g.e0169 7 8 a 3
- = - SURFACE PATCH DATA - - -
COORDINATES N HMETERG
PATCH COORD. OF PATCH CENTER UNIT MNORMAL VECTOR PATCH COMPONENTS
NO . % ¥ 4 X ¥ Zz ARE A X1 Yl Z1
H g.10000 0.05000 C.05000 f.ogo0 ¢, 0. 0.0tc00  -g, 1.4g000 9. 0.
a 4.0%000 0. 10009 0.05000 -0.Q000 1.0D0D 0. 0.01000 -1.0000 -0.0000 O©. c.
3 0.10000 -0.05000 0.05300 r.go00 4. 0. 0.91000 -0, -1.00Q0 0. 0.
Y 0.0500¢ ° -0. 10800 0.0508C -0.0000 -1.0000 0. 2.01800 -t.0000 Q.0000 O. 0.
5 -0.10000 0.03000 Q.05000 -1.0000 Q. 8. a.0iG00 0. i.0000 0. -0,
& -0.05000 2.10000 0.5500C §.0000  1.0000 0. 0.0:068¢0 1.0000 -C.00C00 0. ~{.
7 -06.10000 -0.05000 o.0S0d0 -1.0000 0. a. g.6;9000 0. ~-1.0000 Q. -0,
8 -0.05000 -0.1000G 0.03000 0.0000 -1.0000 0. 0.01000 1.0000 0.0000 0. -a.
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g  0.05000 0.05000 0.10000 0. i 1.0006  0.01000 1.0000 0O o. Q 1.0600 0.

¢ -0.485000 0.050060 0.18060 G. g i.0ono 0.01000 }.0080 0O 0. n} 1.0000 0.

11 -0.6%006 -0.0%000 O 10080 O 3 1.0000 0.0!1000  1.0000 O C. Q 1.0000 0.

12 Q.05000 -0G.0S000  0.10000 0. o 1.0000  0.01000 1.0000 O 8. a 1.0000 0.
seere OATA CARD NO. | [of C -0 -a -0 0. a. G. 0. ¢. 0.
seres OATA CARD NO. 2 EX -0 1 i -0 t.gooocEv0n Q. . 0. 0. a.
rerre DATACARD NO. 3 RP  -@ 10 ey 0. 0. 1.0U0GCE+Ci  3.00000E+0% G. 0.

- = = = - - FREQUENGY - -~ - - = =
FREQUENCY= 2. G980E +02 MHZ
WAVELENGTM= | DOODE+D0 METERS
APPROX IMATE INTEGRAT[ON EMPLOYED FOR SEGMENTS MORE THAN | . 000 WAVELENGTHS APART
~ = - STRUCTURE [MPEDANCE LOADENG - - ~
THIS STRUCTURE 1S MOT LDACED
- = - ANTEMMA EMNVIRONMENT - - -
PERFECT GROUND
- - - MATRIX T[MING - - -
FlLL# 0.132 SEC. . fFaCtoR= %.082 SEC.
- - - ANTENNA INPUT PARAMETERS - - -

TAG  SEG. VOLTAGE (VOLTS) CURAENT (ANPS) IMPEDANCE (QHMS) ADMITTANCE [MHOS) POMER

NO. NO. RE AL 1MAG. REAL 1MAG . RE AL [MAG . REAL 1MAG . THATTS)

1 1 1L, CO00COE+00 G, 2.25809E-03-2. 7T194T7E-03 | .BOT27E«Q2 2.1 7684E +02 2. 25809 -03-2. TSN T7E~-03 I.12904E-03
- CURRENTS AND LOCATION - - -
DISTANCES [N WAVELENGTHS

SEG. TAG CCORD. OF SEG. CENTER SEG. - - - CURRENT [(AMPS] - - -

NO. MO X Y z LENGTH REAL. [MAG . MAG. PHASE
1 3 a. Q. 0D.125C 4.4%000 2.2581E-03 -2,7195E-03 3.5348E-03 -50.296
2 I 0. G.1750  0.05000 2.2309€-03 -3.4B9GE-03 4.I418£-03 -57.40%9
3 1 . 0. 0.2250 0.0%000 2. 1622E-03 -3, 9058£-03 4. WE432E-03 ~-851.032
4 0. 0. 0.2750 0.05000 2.0278E-G3 -3.8953E-03 4.391SE-03 -62.500
5 2 0.09315 0. 0.3030 0.07500 & |382E-0% -1 .98B0E-03 |.7826£-03 -62.835
& 2 0.1129 o, 0.3000 0.07500  3.220BE-04 -5.4890E-0% 7.2443E-04 -B3.504
b T -0.0375 . 0.3000 0.07500 8. 1382E-04 -1.5B60E-03 |.7826E-023 -B2.8168
a 1 -g.lies 0. 0.300Cc 0.07800 3.280BE-04 -6 .4BB0E-0% 7, 2443C-0y ~53.504
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PATCH CENTER
X Y
i
g.1gg 0.080 0
H
0.050 0.100 &
1
0.100 -0.050 o0
y
0.05C -0.100 0
5
-0.100 0.050 ¢
5]
-0.050 0,108
7
-0.100 -0.050 0
a
-0.050 -6.108 ©
9
84.050 0.050 0
1a
~0.050 ©¢.050 0
i
~0.450 -0.050 ©
12
0.05¢ -0.050 ¢
- - AMGLES - -
THETA PHI
DEGREES DEGREES
. c.
10.09 .
20.00 0.
30.00 0.
%0.00 o,
50.40 2.
£0.00 0.
7e.00 o
60.00 a.
93.00 0.
4. 30.00
10.00 Ig.00
20.00 30.00
30.00 30.00
“0.00 30.00
50.00 30.00
50.00 30.00
0. 60 30.00
80.00 30.00
80.00 30.00
0. 50 .00
10.00 50.00
20.00 80.00
30.00 &62.00
4. 60 60,00
50.00 60.d0
€0.90 50.00
70.08 50.08
80.00 50,00
ag, 00 60.00

z

-asg

050

-950

050

-0%0

-050

L0860

.10g

.100

o0

-iag

T v = - SURFACE PATCH CURRENTS - - - -

DISTANCE

CURRENT

- - SURFACE COMPONEMTS - -
TANGENT VECTOR |

IN WAVELENGTHS

IN AMPS/METER

TANGENTY VECTOR &2

0.

-4

o

= - - RECTANGULAR COMPONENTS - - -

REAL

NSE-Ow ),

HSE-O4

SHSE-04 -]

JH5E-0w -1

-S8E-03 6.

2.59E-03 -~6.

-2.9%-03 6

—-_— O D - e

o[}

.39€-03 -6

WA T
HAT
.00 PERCENT

L 1290E-032 WATYS
L 1290E-0Z WATTS

= - -~ RADTATION PATTERNS - - -

HAG. PHASE  MAG. PHASE

L 2095€-0% 111.88 8.4458L -83 -115.75
1.201BE-03 -6B.27 B.2434£-03 -116.57
1.2095E-02 111.88 8. 4058E-03 -115.7%
1.20]BE-03 -BB.27 8.2434E-03 -116.57
1.2095%6-03  111.8B B.40%8E-03 -115.75
1.204BE-03 -BB.27 6.2434E-03 -115.57
1.209SE-02 |11.88 B 4058C-03 - 115,75
1.2018E-03 -68.27 8.2934E-03 -1(6.57

6.9792E-03 §11.78 §.77T4E-03 til.82

6.9782€-03 ~6B.22 6.77INE-02 11].82

€.9792£-03 -68.22 6.7774€-03 -68. 8

6.-979¢E-03 11i.78 B.777T4E-03 -BB.!8@

- - - PDHER BUDGET
INPUT POHER =
RADIATED POWER=
STRUCTURE LG5S=
NETHORK LOSS =
EFFICIENCY =
- PORER GAINS - -
YERT. HOR . TOTAL AX 1AL
BB DB 0B RATIO
~499 99 -999.99 -999,9¢9 Q.

-13.76 -995.88 -1 7 0. Ro000
~7.53 -99%.99 -7.53 Q.o0000
-3.71 -999.399 «3.71 0.000ad
-0.80 -359.39 -8.80 0.00800

.28 -999. 09 1.28 0.090050
¢. 94 -999.89 2.94 0.00200
4. 12 -998.92 4. 02 0.00640
“.83 -999.99 4.83 0.60000
5.07 -989.99 .07 0.
-399.99 -999.99 -394 9g 0.

-4 .02 -37.84  -jw. 60 0.03738
-7.78 -31.80 -7.76 0.03465
-3.93 -28.328 -3.92 0.030%2
-1 .08 -26.30 -E.07 C.o8517

1.15 -25.34 1.6 0.0E957
c.B6 -2%5.59 c.87 0.0i412
“. 09 -27.50 4.09 0.00s07
4“.83 -32.85 4.83 4.00u42
5,07 -992.99 5.07 0.00060
-293.99 -993 99 -935.99 Q.

~1v.S4% -37 .83 -iv.s52 0. D422z
-8.28 -31.75 -8.26 0.03309
~4. .3 -28.29 -, 37 0.032409
-l1.46 -26.i6 1.4y 0.a2787

0.87 -25.14 0.c8 D.02130
2.69 -25.3% 2.70 ¢.01508
4.01 =27 232 .01 0.p0gse
4.81 -32.%6 +.81 0.004%8
5.06 -999.99 5.08 a.00000

T
[a1)

- - POLARIZATION « - -

LT SENSE
G.

L00 LINEAR
L0 LINEAR
.80 LINEAR
.00 LINEAR
.00 LINEAR
.00 LINEAR
L00 LINEAR
.00 L INCAR

LINEAR

00 RIGHT
.01 RIGHY
LB RIGHT
.79 RIGHT
47 RIGHT
01 RIGHT
%2 RIGHT

73 RIGHT

00 LINEAR

-09 RIGHY
2 RIGHMT
03 RIGHT
.92 RIGHT
B8 RIGHT
A0 RIGHT
-47 RIGHT
.76 RIGHT
.00 LINEAR

1M4AG. REAL IMaG.
“%.51E-0%  1.12E-032
I2E-03 -2.87€-15 5.7iE-i5
“L.SIE-04 -1, 128-03
JA2E-03 2. 27E-15 -5.7IE-15%
~4.31E-0% 1. 12E~-23
-12E-03 -2.27E~15  §,.TIE- |5
“.51E-04 -1,12E-03
12E-03 2.27E-1% -5 71E-15
w8E-03 -2.82E-03 6.29€-02
4YBE-03 -2.53E-03 G.29F-03
SMBE-03 2.52€-03 -6.29E-03
S48E-03 2 S52E-03 -6.20E-03
15
s
- - = EITHETA)Y - - -
MAGN | TUDE PHASE
YOLTS/M DEGREES
6. 780758~ 15 -97. 74
S.33571E-02 -7.559
i.08306E~0] -5.63
1.6SHTTE-D| -2.9}
2, 34570E-0} 0.05%
3.014T2E-0! 2.82
3.65093E-01 3.1
4. 18286E-01 6.79
%.53811€~-01 7.80
4.88305E-01 8.13
S.B4046E- 1S -98.39
5. 1BO66E D2 -8.73
1.06290E-01 -5.687
1.6848LE-0! -3.7%
<.28787e~01 ~1.56
Z.96963E- 01 2.u2
3.81723E-01 %.89
4. 16%31E~0) 5.68
4. S3467E-01 777
4. 88525E-01 8.132
3. 33B04E-15 -99.7
“.8771%E-02 -i1-.33
1.00327E-01 -A. a5
1.57060E-01 ~5.59
2.20023E-01 -1.89
2.87605€~0! 1.57
3.54583¢8 -01 4.4l
Y. 126B7E-01 6.48
%.52518£-01 7.72
Y4.66T41E-01 8.13

- - - EtPHI)

Ll

i
2
2
3
!
!
7
1
8
a
3
3
6.
g
i
1
l
!
B
1
5
3
&
i
i
s
i
1
5
i

RE AL

LBBE-03 -7,

.69€-03 -7,

L6%E-03 -7,

.6BE-03 -7,

-65E-03 -7,

L69E-03 -7.

.&5E-03 -7

LBEE-03 -7

AGNI TUDE
YOLTS/M
4T2E9E~ 18

. [9958E- 16
.92407E~ 16
L27399E~ 186
L TUMBIE- 6
.6B4D8E- 1B
L 3E348E~ 1T
(B4BS2E - 1B
L 16903E-17

MUBOBE-15
.3367SE-03

BI075E-03

SQ14Q0E-(3
.@5927€-02
LWQ7B2E-08
. 3672BE-02
Q9682 ~02
S13133E-03
JB6I95E-13
L904B%E- 15
L ¥4 ig8E-03
-72S0ME-03
-D0iB%E-ve
.2BOZBE -0&
L43968E-02
L40578E-02
. 13240E~-02
. INBISE~03

93260E-13

TMAG.

57E-02

37E-03

57E-03

37E-03

S7E-G03

37E-013

.57E-03

3%E-03

PHASE
DEGREES
46, 31
i58.20
87,91
-L76.42
139 44y
165.96
123.69
i72.88
180.08
a.
B4, 16
~153.15
-183.15
-133.15
-153.1%
-153.15
~153.18
~153.15
-183.15
26.89
B82.30
-153.16
-153.6
~153.18
~153.19
-1593 .20
-153.21
=153.21
~153.22
26.79



AVERAGE POWER GATM=

¢sree DATA CARD NO.

.99

81
9y
62

.B5

.88
.96
.80
-o&

£N

-099.
-999.
~999,
~999.
-999.
~999.
~399.
-999.
-999.
-999.

1. 794986E - 30

-999.
~iY,
-B.

OO0 ooaa

(LR P T = R

-00000
- 0G000
.06080
.0acag

00000

.Q0C00
.gogog
.800L0
Relegehnln]

LOoOOoODODaOoOOoOoOn

.0
.00
Q0

[1]]

.00
.00
SO0
.00
.0¢

~114~

LIKEAR
LINEAR
LINEAR
L INEAR
L INEAR
LINEAR
L INEAR
LINEAR
L INEAR

£ & NN =D F -

LM T7E69E-16
. 72925k -0
73872E-02
.S284SE-0!
L ISOBIE -0
LBE2TSTE-Q1
.30B12E-0!
- 10557€-01
LE18136-01
CBETHIE-O]

M d === - DL @

. 1BOTHE-15
HLEWOE -1
ATM3E -1
23313E-13
BEB30E-13
- 75B95E~-13
CTIwEuE- 13
L3882 3E- 13
. TEEIBE- 1Y
TN TIE-1T

.26
.87
.77
46
.07
M
.59

.15
.99



EXAMPLE 5, T.OG-PERIODIC ANTENNA

Example 5 is a practical log-periodic antenna with 12 elements. Input
data for the transmissicn line sections is printed in the table "Network Dara."
The table "Structure Excitation Data at Network Connection Points" contains the
voltage, current, impedance, admittance, and power in each segment teo which
transmission lines or networks connect. This segment current will differ from
the current into the connected transmission line if there are other transmission
lines, network ports, or a voltage source providing alternate current paths,
Thus, the current printed here for segment 3 differs from that in the table
antenna 'Input Parameters." The latter is the current through the voltage
source and ineludes the current into the segment and into the transmission line.
Power listed in the network-connection table is the power being fed into the
segment. A mnegative power indicates that the structure is feeding power into
the network or tramnsmission line.

With 78 segments, file storage must be used for the interaction marrix.
The line after data card number 14 shows how the matrix has been divided into
blocks for transfer between core and the files. The line "CP TIME TAKEN FOR
FACTORIZATION," gives the amount of central processor time used to factor the
matrix excluding time spent transferring data between core and the files.

Hence it is less than the total time for factoring printed below.

The EX card option has been used to print the relative asymmetry of the
driving-point admittance matrix. The driving-point admittance matrix is the
matrix of self and mutual admittances of segments connected to transmission

lines, network ports, or voltage sources and should be symmetric.

=115~



Example 5 Input

1
CH 12 ELEMENT LOG PERIODIC ANTENNA IM FREE SPACE.

cH 78 SEGMENTS. S1GMA=0/L RECEIVING AND TRANS. PATTERNS.
CHM DIPOLE LENGTH TU DIAMETER RATIO~1S0,

CE TAU=0.893, SIGMA=Q. 70, BOOM IMPEDANCE+S0. DHMS.

[ 5 0. -1. G. 0. 1. g,
GH 2 5 -. 7527 -1.0753 [« - TRET 1.07%3 a.
GW 3 5 -1.562 ~1.1%62 G. -1.562 L. 1562 0.
G & 5 -2.%323 «F.2432 a. -2.4323 l.2432 Q.
GHd B 5 -3 3868 ~1.3388 0. -3.368 1. 3368 0.
oH B 7 -4, 376 L X ¥ 0. Sl 32 1.437 0.
GH 7 7 -5 4562 -1.5455 0. -5.4562 1.5458 a.
G{d B ? -5.6195 -1.6619 0. -6.619% 1.6619 0.
GH 9 ? -7.8785 «.787 0. -7.870% 1.787 0.
GHW I8 7 -3.2196 -§.39215 a. -9. 2156 t.aa g 0.
CW 1) 9 -i0.BB13 -2.0662 a, -1G.66i9 2.0682 G.
G 12 9 -2 217 -2.2217 Q. -12.2171 2.2217 0.
GE

FR . 46.29

w1 3 2 3 ~50.

T 2 2 3 3 -50.

T 3 3 e 3 -50.

T4 3 S 3 -50.

. § 2 6 M 50.

T, B “ 7 Y4 -50.

L 7 Y 3} L] -50.

. 8 Y 3 4 -50.

L9 Y 1 4 -50.

TL IG L 1 S -8Q.

TL L 5 12 5 ~50. .02
Ex i 3 Ia 1.

RP 37 I 1150 Q0. 0. -5. Q.

EM

-116-

- Q0667
Q0T
-Q0770
.a08c9
-00891
-009s58
.0103
.gri08
NhaS- H
-ni2el
.01377
L0481



Example 5 Output

L Y Y S N NN

NUMERICAL ELECTROMAGNETICS CODE

N Y Y FT Y Yy

~ - - - COMMENTS - - - -

I2 ELEMENT LOG PERIODIC ANTEMNNA IN FREE SPACE.

78 SEGMENTS. S1GHA=D/L RECEIVING AND TRANS. PATTERNG.
DIPOLE LENGTH TO DIAMETER RAT10=158.
Tau=0_ 93, SIGMA=0. 70, 800M IMPEDANCE =50, OHMS.
-~ = = STAUCTURE SPECIFICATION - - -
COOROINATES MUST BE INPUT 1IN
METERS OR BE SCALED TO METERS
BEFORE STRUCTURE [NPLIT 1S ENDED
HIRE NO. OF
NO. X1 Ti F4! X2 TE e RADIUS  SEG.
} 0. -1.00060 2. 3. 1.0Go00 g. 0.00867 5
2 -0.7%210 ~1.07530 . -0.715270 L. 07530 a. a.6a0717 i+
3 -1.58200 - 1.15620 a. -1.56200 I.15620 a. 0.0a771 5
i -2.43230 -1 .24320 a. ~-2.%32730 1. 7%320 a 0.00829 8
5 -3, 36800 ~1.33680 a. -3.366800 I.33680 g. 0. 00891 5
B -%. 37420 1. 43740 G. -4 320 143740 a. 0.00958 7
T -5. 45620 -} .54560 0. -%. 45620 1 .54%60 0. 0.01030 7
B -6.61950 -1.8681890 0. ~6.61950 1.66190 a. 0.9110d 7
3 -7.87850  -1.7B700 a. -7.870%50 = ko] n. 0.9t191 ki
0 -8.21560 ~1.921%50 o. -9.21560 1.921%50 0. 0.01281 7
It -10.66190 -2 . L6620 Q. ~10.66190 c. 06620 a. 0.91377 9
2 -l12.21710 -2.22170 . ~-le.at?to0 2.22170 O 0.01481 9
TOTAL SEOGMENTS USED= 7B .~ NO. SEG. IN A SYHMETRIC CELL= 78 SYMMETRY FLAG: O
« MATIPLE WIRE JUNCTIONS -
FJINCTION SEGHENTS (-~ FOR END 1, + FOR END 2}
NOME
- = - - SEGMENTATIONW DATA - - - -
COORDCINATES IN MEIERS
P+ AND |- IMDICATE THE SEGMENTS DEFORE AND AFTER |
SEG COORDINATES OF SEG. CENTER SEG. ORIENTATION ANMGLES HIRE COMNNECTION DATA
NO. X ¥ 2z LENGTH ALPHA BETA RADIUS P 1 Te
i 0. -0.800040 Q. 0.40000 0. 34.004600 D.00667 1] 1 2
2 0. -0.4Q000 0. 0.40000 0. 90.00800 D.0Q657 t e 3
3 Q 2.0c0o00 .G. G.%5000 a. 90.00000 G.00B67 2 3 4
L] 0. 0.w«0000 G. 0.40000 g. 340, 048000 0.oese? 3 Y 5
5 Q. 2.80000 0. G.w0000 . 90.08800 0.o0s57 L] ko) 1}
6 -0.75270 -5.BEO2w Q. g.u3pie a. 99.00000 0.00717 0 € 7
T -0.7%270 -~8.430:12 0. 0.%3012 g. 90, 00000 8.a07L7 & 7 ]
2 -0.7%270 §.00000 Q. 0.43012 0. 90.0000C 0.00717 7 2] 9
8 -0.7%70 d.43012 0. 0.«3012 a. 890. 00400 0.00717 8 g 10
16 -0.75270 J.88024 0. 043012 0. 90G. 00000 0.00717 9 10 Q
11 -1.56200 -0.92%96 a. 0.46248B 0. 90.00000 0.00771% u} 11 e
i? -1.58200 -0.48348 0. 0.48248 0. 90.00050 D.007T) i i2 13
'3 -}.58200 0. G. 0.46248 0. 90.00000 £.02077) ig 13 14
tw  -1.56200 0.46348 0. 0.46248 Q. 50.00060  0.0077) i3 4 15
15 -1.55200 0.92496 a. 0.ubeue Q. 90. 00000 0.00771 i 15 0
16 -2.%3230 -0.994%6 0. 0..9728 0. €0.00000 0.00829 i 18 17
17 =-2.43230 -0.49728 0. 0.w9728 0. S0. 00000 0.q08e9 16 17 18
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FIRST
SEG.

|

]

11

18

21

26

33

40

47

34

&1

0

TAG
NO.

R U RPN T VRS VI T VI VEE i

LAST
SEG.
5
10
=
20
c5
iz
33
45
53
EQ
63
78

TAG

[Tulge: NI R T S PV | PR



18 -2

i -2.
2o -2.
2y -3,
2 -3,
23 -3
24 -3,
25 -3
26 -4,
a7 ¥

28 -4

29 -4

0 -

L -4,
32 -4,
Iz -5
> -5

3% -5,
36 -5

37 -5,
| -5,
39 -5,
ug &

4l -6

w2 -6,
4“3 -B.
44 -B.
45 -6.
g 5.
WYy -7

wa -7

4“3 -7
s¢ -7,
55 -7

s -7

%3 -7

54 -9,
%% -9,
56 -9.
57 -4q.
58 -9.
53 -9
60 =-9.
61 -10.,
&2 -10.
&3 -tq.
&+ -10.
83 -10.
E& -1D.
g7 -16.
&8 -10.
&3 -10,
70 -12.
To-i2.
T2 -2,
73 -12.
TN -2,
5 o-1e.
76 -ig.
77 -te

78 -12.

reses GATA

43230
43230
43230
36800
36800
35800
6808
36800
374an

=T

ERL T
374240

L3792

374es
3Imag
45620

45620

45620

456820

435620
45620
4BE20

-615850
.61950

519%0
61350
51950
61950
51950

.87050
87050

arto%c
87054

.87054
.870%0
.87050

21560
c1560
21560
21560
21560

21560

21580
86130
66198
661970
88190
66190
66190
5665190
56130
66180
21718
21710
21710
21710
217t0
21710
2i19

217190

21710

CARD

seser DATA CARD
emerr DATA CARD
LR RN} DATA CARD
tresr DATA CARD

LEN R R 3 DA;‘
*d by DAY‘
ceesr DATA
sserr ATA
Prees OATA
asrrs (JATA
sreee DATA
tteas DAIA
LA NN N DATA

CARD
CARD
CARD
CARD
CARD
CARG
CARD
CARD
CARD

55853855553 355

.&gooa
49728
.9%SE6E
0BGy
_53I472
. 00000
.83472
- 0EI%Y
. 23206
-8 37
. 41069
.goaen
.4 i0Bg
.82137
23206
. 32480
-BE320
44160
.ooona
~44 160
.B8320
. l2vB0
ET-o0T-
. w366
97481
.Booan
R x ]
L S4985
244D
L8317
0211w
.51057
. 00000
.51057
02114
.53171
LE4T700
.098c0
.5.800
.Ba0Gon
. 54800
. 39800
84700
- 83662
C3TTT
.8183|
.459186

536
B=11:k !
JATNT
83662
R-yat:
48113
L8874
-4337¢

Q3T
9B TM4E
B3
L9748

el e e - e R R L R R R R e Rt e T e e e T s e DoOoO0Daa0D

-
p 1]
|
o

LD A MmN L -
—
[an

—
~
W o oy —

MATRIX FILE STORAGE - NO. BLOCKS=

|
o

[

T R A I RN AT

n 49728
0.%9728
¢.w9728
G.53472
0.53472
0.53472
0.53472
0.%53472
0.%1063
0. %0683
0.%E0E3
L. 41063
C.41069
C.%1069
0.41069
0.441B60
.44 160
0. 44160
9.4% 160
g.u41560
0. 44160
J.44160
0.479483
0. w83
G.a7uB3
0.%7483
0.4TH83
.47483
0.47T483
G.5t057
a.%:057
0.51057
0.51057
2.51097
0.51057
G.510%7
054300
0.543900
0.54900
0.5a900
0.54300
0.34300
0.5+900
0.45916
0.45318
0.45918&
0.45918
3 45918
d.453916
0.453916
C.45916
0. 45918
0.49371
0.49371
0.49371
0.433T7
0.49371
2.4937
T.48371
a.4937)
0.49371

3
o

WPB O F

19

3

4 COLUMNS PER BLOCK=

- [
QU RILL F L i D

1o

DDQOUODDQOOQDDQOQOGQDGOGDOGDDOOOOODQDQDDC}QDOODOOQOOGDDDUOPPPP

-5,

-9,
-5.

-5,
-5,
-5
BB
5.

-5

-00000£+0!
. DU0BJE +00
-00000E «0)

80. 00000
90. 00000
S0.0000Q
S0. 00000
S0. 00000
80.00060
S0, 00000
S0. 00000
$0. 00000
SQ. 0uogo
99.00000
90.00000
90. 00000
90.80080
80.00000
9. 000400
90.00000
90.00000
90.00C00
90.00000
50.00000
90.00000
S0.00000
80.00000
S0.00000
$0.00000
a0.00000
93.00000
90.0C000
90.00000
90.490000
9¢.00000
90.00000
90.00000
90.00000
90.00000
20.00000
S0.00000
S0.00000
4. 40060
9G.000Co
90.00000
90.00000
90 . 00000
20.000040
90.00000
S0.00000
30. 00000
90. 00000
90. 05000
90. 00000
20.06000
90. 00000
90.00000
a0. 00000
30. 20500
8¢ . 00080
6. 00000
S0.00000
90.00000
90. 00000

E2900E+01
OU000E+D!
. 00000 +Q1
DOU00E+ 01
GoOcoE+0 |
.0000DE +01
0000JE +0)
O0Q000E +3 1
00GDOE + Gt
GOOC0E+D)
00000E+0¢

COOoCcDOoOdocaonoooo

-118-

0.09828 17 18
0.00£29 18 19
0.0082% 13 20
0.00831 0 21
0.0089¢ 21 =5
0.0089; 22 23
0.00881 23 24
0.09891 24 25
4.009358 0 26

0. 00958 2B a7
0. 00958 27 28
0.00958 28 29
0.00958 29 30
0.oog9se 30 3
0.00958 3] 32

g.01030 o] 33
0.0i03c i3 3
C.0i020 k2] L
0.0I030 35 36

o.oig30 36 37
D.01030 37 38
0.01030 ig 339
0.0!108 0 40
0.0t108 40 Y1
g.01108 4l uz
0.c1108 4e 43
0.01108 43 L]
0.¢1108 by 45
g.o1ioe 1] 4“6

0.01193 g 47
0.0119y -7 ug
G.0t1StE W 4g
g.08191 L3 50
0.0rigl 0 51
0.01G] S 52
0.01191 52 53
0.0128!¢ ) 54
g.0128) 54 5%
0.01281 55 =6
0.01281 56 S7
0.01281 57 58
o.01281 58 B9
.oi1281 9 14
01377 s} =]

C.01377 61 52
0.01377 62 X1
9.01377 B3 G4
4.013?7 EY &5
0.01377 &5 6&
2.01377 66 57
0.01377 87 &8
G.01377 1) 69

g.01%81 Q Eld]
0.01481 70 71
9.0148!L 71 72
0.81481 72 73
0. 018t 13 T4
G.01481 ™ 75
9.0148n 75 16
g.oing! 8 ey
0.piug! 7 78
o]
0
0
o)
0
0
0.
Q.
1}
0
1}
a
0.
~3,00000E+00

25 COLUMNS IN LAST BLOCKs

55

VO WD OUOOTDODDDE AL A Jd-JODOAROODAPRA NP L L L

o

COoONOoOODOLCDOOMmO o

. GCO00E - 02

QOO0 OoO0OoOOOooOLOoOD S



APPR

OX [MATE INTEGRAY [ON EMPLOYED FOR SEGMENTS MORE THAN

- - - STRUCTURE

- - - - FREQUENCY

FREQUENCY= 4.B290£+0]
WAVELENGTH= 5 47BBE+00 METERS

MHZ

[MPEDANCE LGADING - - -

THIS STRUCTURE 5 NOT LOADED

CP TIMC TAKEN FOR FACTORIZATION =

- FRW -

TAG SEG.

NO. NG .
1 2
4 a
3 13
Y 8
5 23
6 29
7 36
g 43
S 50
3¢} 57
11 &5

FlLL=
- Io -
TAG SEG.
NO.  NO
e 8
3 i3
4 18
5 c3
[ 29
7 35
8 43
9 50
1o 97
i1 BS
12 Tu

1.gu45 SEC,

- ANTENNA ENVIRONMENT - - -

FREE SPaCE

S. T4 118E-01

v

HMATRIX TIMING ~ « -

FACTOR=

.86t SEC.

“ - ~ NETWORK DATA - - -

TRANSHISSION

IMPEDANCE
OHMS

5.0000E+Q}
S.0000E+0;
5.0000E+01
5.0000E+01
5. 0000E+~01]
S.0000E+D!
S,0000E+01
S.0000E+01
5.0000E+0G}
5.0000E+01

5.0000EQ¢

- SO52E+ 00 Q.

MAXIMUM RELATIVE ASYMMETRY OF THE DRIVING POINT ADMITTANCE MATR!X - |
RMS RELATIVE ASYMMETRY |

&5
o

C N T E® AR F W

SEG.
NO .
B-g

13-1.

S 5.72°€-03

1.000 HAVELENGTHS ARART

L INE = = SHUNT ADMiTTANCES (MWHOS) - -
LEMGTH - END OME - = END Thi -
METERS REAL IMAG . REAL IMAG.
(S270E-01 a. g. [ a.
.DS3I0E-01 0. 0. a. 0.
. TO3DE-0! 0. 0. o, g,
.3570€-01 0. g. a. 0.
(GOBEE+ (0 Q. 0. Q. 0.
.08Z0E+00 Q. 0. a. o.
L 1B33E+00 Q. g. 0. 0.
.2510E+00 Q. g. Q. Q.
LLMBIEFDD Q. a. . a.
CHUB3E+ 00 0. 0. g. o.

2.0000E-02 0.

O73E-02 FOR SEGMENTS 65 AND 23

- = = SIRUCYURE EXCITATION DATA AT NETWORK CONMNECTION POINTS - - -

YOLTAGE (VOLTS)

RE &L
.TEEISE~D1 7.
I4i81E-Q1-1.
-B2I1BHE-01 8.
.24THIE-OY B,
.8DS98E-0:-7.
-1e272E-01 5.
MMOBBE-DI 2.
.81BBOE-02-3.
L4009SE-01 2.
eoDdet-02 I,
MES2E-01-1.
00Q00E+00 D,

IMAG .
27105€-0t-1.
0AITSE+00 5.
03147E-T1 -4,
oB862E-01-1.
56236E-01 1
&TTIIL-02 9.
PaZ1IE-0] |
BOTIZE-O1 2.
TESQ4E-D2 3.
3B623E-01 5.
M969E-01-7.

REAL IMAG.
BTwunE -O4- | . 90087E-03-
83837€-03 2.2896BBE-03~
S80%TE-03 | .0BE3ZE-02

CURRENT (AMPS)

37ISIE-02-3 4B00IE-03

.69116E-03~1 .274TPE-D2

68B6BE-D3-1 .20117E~03

L3T@TI-03 S.047S9E-03

30707E-03 5.52792€-04
63IBE5E -04-9. 0B0EEE - Oy
TEEMBE-04 9 BEOBIE -Ou
CHBIBE~04 v, T8TSEE-Q4
1.82302E-03 2_30143E-03

3

6.

7

IMPEDANCE
REAL

2BE5TE+01

LB1224E=G0
. G2BSIE+D2
. 13999402
LST400£+02
S HI4B7E+D2-

-119-

=]
t
3.
3
3

=

(OHMS )
IMAG.

kS
5. 5w206E40| -2, 9IGEHE +D]
8. 14S85E+01
b,
y
!
e
1
4

LE3IE3E 0|
-02300E + 01
CEFE3BE <02
32037E+02
. TS890E - 02
- 1658RE+02
6698BE+02

-4W40B5E+02-3.8987BE+08- 1 . 27250€-03
2S37EE+01~1 . 37254E+02-2. 1506 TE~03
S IB3R2E+00-3, 31 365E+01

-BI90BE+Q1~-5.7Y368E£+01 7.96955€-03

ADMITTANCE (MHQS)
REAL IMAG .

L204BYE~02

1

3
B8.20954£-04 i.08738E-02

H

7

1.40869E-08 7.46320E-03
1.9380CE-02-4.39920€£-03

T.8411E-03~]. 10277E~02

1.9371BE-04-6. 341 7TBE-03

8. 45207E-04-2 . T&21BE~03

P 12538€-03~| .0G869€-03
b 4I1BOSE-03-2.27440E-03
I BE302E-03 £.30143E-03

LINE

TYRPE
CROSEED
CROSSED
CROSSED
CROSEED
CROSEED
CROSSED
CROSSELD
CROSEED
CROSSED
CROSGED

CROSSED

POWRER

{HATTS)
4 193E-03-6.
-03184€-03-1

27652 - B4

.62732E-03
Y.

BIIINE -0

3.823i4E-03
Y. SE267E-03
2.42252€-03
£.BERETE -0
i
"
5
7
9

FEHe0E-0S

.892093E-05
LG3MLBE-05
CHYTS5E-0%
. 1 1508E -0y



- - ANTENNA [MPUT PARAMETERS - - -

TAG  SEG. VOLTAGE 1VOLTS¢ CURRENT 1 AMPS) IMPEDANCE  (OHMS | ADHITTANCE ¢MHOS) POME R
NO . NO . RE AL IMAG. REAL T HAG . REAL Rar 16} REAL THMAG . LHATTS)
1 3 1.00000E+00 O. 2.36240E-02 2.50304E-04 4.23251£+01-4 4Bu4SE-0] 2. 36240F-02 2.50304E-04 1.18120€-02

- - - CURRENTS AND LDCAFION - - -

DISTANCES N WAVELENGTHS

SEG. TaG COORD. OF SEG. CENTER 5EG. - - - CURREMNT (AMPS) - - -

NO. NO . X ¥ F4 LENGTH RE AL IHAG . MAG. PHASE
f 1 a. -0.i235 [t} 0.0617% B5.3701£-04 5.6831E-0% ©.9933C-04 39.192
2 i 0. -0.06i8 o0 0.06175 1.S440E-03  1.571SE-03  2,2031£-03  45.5(%
3 1 a. g.ooop 9 0.05176 1.8230€-03 2 3014E£-03 2.53506-03 S!.616
. 1 o 0.061§ o Q.06176 1.9940E-03  1.97i5€-03 2.2031E-03 w5.405
5 i 0. 0.123% 0. 006176 £.970!E-04 5. BA3IE-0d §.9933F-0y 39,192
[ g -0.1182 -0.1328 ¢, G. 0664 | P.9S27E-0% -4 TI6DE-O4  5,1390E-0%  -B7. 185
7 2 -0.1t82 -0.0B64 0 0.0BE%] 1.5331E-04 -1 .3187E-03 1.3277£-03 -B3.3u3
a ¢ -B.1162 0.0000 0 Q.08641 -1 .8744E-0u -1.9000E-03% 1.G101€-03 -95 632
2] g -0G.1162 O0.06BN O 0. 08664 1.S391€-04 -1.3187€-03 §.3277€-03 -83. 343
10 2 -0.1i162 D.1328 0. 0664 | 1.9927€-0% -4.7369E-0% S.1390E-0w -67. 185
11 3 -0.29:12 -Q,lwed @ .07 2.ISE4E-03 2.22%5E-04 2,34S5E-03 23,162
12 3 -0.2412 -g0.07I4 @ o0 iyt S.2787€-03  |.9920E-03 = SM20E-03  20.875
13 5 -0.aw12 0. 0 0.071w) 6.8384E-03 2.2BEDE-03 7.210BE-03 18.491
I 3 -0.@w12 0.0714 o0 0.0714] 3.2787€-03 1.9920£-03 5.6420E-03 20.€75 '
15 3 -G.a8+12  0.1438 0 0 07141 2.1584E-03 9. 224504 2. 3955E-03 23. 1862
i6 4 -0.37%6 -0.1%36 0 ¢.07B78 -1 .SI100E-03 3.5736E-03 3.9795E-03 118.306
17 4 -0.3I758 -n.0780 o 0.07678 -3.BI93E-03 §.5166E-03 9.2%22F-03 113.901
18 ¥ -0.3756 0.0000 ¢ 0.07678 -4.5806E-03 |.0BB3E-02 . IB24E-02 113,208
19 Y -3.3756 0.078B 0 0.07678 -3.61%3E-03 §,S5166C-03% 9.2522e-03 1i13.00!

20 4 -0.37%% 0.1538 O 0.07678 -1 .5(00£-03 3.5738E-03 3.8795E-03 112.908
21 5 -0.5200 -0.16%1 u 0.082%8 -4.7273C-03 -9.5637E-0% 4.B231E-03 -168.563
22 3 -0.9208 -0.0826 O 0.08256 -I|.{|46F-02 -2.5350E-03 I.1431E-02 -167.187
23 5 «p.5200 -0.0000 sl 0.08256 -1,371%-02 -3.4BO0E-03 1.4!50E-02 -165.762
2% 5 -0.5200 0.0826 0. 0.082% -« J148E-02 -2.53%0£-03 1 I%31E-02 -157.187
25 S -0.%200 0.!65! o 0.08236 -4.7273E-03 -9 S637€-0v  4.923:€-03 -160.563
26 6 -0.67%4 -0.1902 o 0.06341 1 3729F-04 -3.3822E-03  3.3850E-03 -@7.67%
a7 6 -0.8754 -0.1268 0 0.063u41 5.5794£-04 -8.3196E-02 8.3385€-03 -86. 163
a8 B -0.675% -0.,0834 o 0.08341 POIMT2E-03 -1 1SIBE-02 ).1S73E-02 -8%.31|
29 5 -0.675% 0.0co0 el 0.0634, 1.BI2E-03 -1 .2"47E-02 |.PBSGE-02 =82 443
10 & -D.675%  0.0634 a 0.06341 POIWIQE-03 - 1SI6E-02 1.[B73E-02 -84.3)

31 & -0.575% D.1268 a 0.368343 5.57S4£-04 -9.3198£-03 B.3385€-03 -86. 163
32 6 ~0.B7%4 0.1362 ¢ 6.06341 1. 2729€-04 -3.38226-03 3.38506-03 -87.67%
313 7 -0.8425 -0.2046 [+ 0.06818 2.5954£-03 -5, 7| | BE -0u 2.8575£-03 12,412
3 7 -0.8425% -0 1318 Q 0.06818  6.40676-03 - .2263E-03 5.523|£-0% ~10.8u41
38 7 ~0.842% -0.0802 n D.0B81B B.B142E-03 -, 3926E-03 B8.923%E-03 -8.978
35 7 -0.8%25  0.0000 0 8.06818 9 .8267¢-03 -).2013E~03 9.70336-03 -7
37 7 -0.B425 3.0682 aQ 0.06B18 B.8142€-03 ~1.3926E-03 8.9235£-03 -g.978
38 7 -0.B425  0.1364 0. 0. 06BIE & “OBTE-03 -|.2260E 03 G.5231€E-03 -10.84]
39 /o -0,9425 0.2046 . L.06BIG 2.5954E-03 -5, 71 1BE-04 2.5657T5€-03 -12.412
%] 8 -1.0221 -0.2tse g 0.07331 S.2465E-0% | Yi01E-D3 1.SQWSE-03 £69.59;
wl B -1.0221 -0.1%66 1 4.0733) 1. 1B47€-03 3I.48uTE-03 3.6806E-03 71.223
e B -1.022t -0.0733 ¢ 0.0733t 1.w4SBE-03 4 .7328E-03 4.9481E-01 73.0;]
L3 =] L.oezl 0.coce g 0.0713) }.378BE-03 5.0M75E-03 5.2335£-03 7. 723
4y 8 -~i.pe2l 0.6733 ¢ 0.0733) I.WeSBE-03 4, 7322E-03 4. 3wa1£-03 73,011
w5 B -1.0221 0. 1486 0 0.0733 T.1847E-03  3.ugwtE-03 3 .8B0BE-03 71.223
46 B -1.0221 0.2199 ¢ 0.0733; S.2465E-0% 1 . %101€-03 |.%0uBE-p2 E9.531
47 9 -E.215% -0 2365 g 0.L7883 -7 .42B6E-0% 2.0)99F -0 T.BSBHE-G4 | B4, 785
“B 8 -1.2i152 -0.1577 o 0 07883 -1 79356-03 &.5188E€-D4 1.8521E-03 165,559
49 g -l.e152 -0.0788 0 0.07883 -2.3192E-03 5, T091E-Qu 2.3884£-03  1E65.170
50 9 -l.2152 0. 0000 g 6.07883 -2.3071E-03 5.5279€-04 2.3724£-03 165.526
LH] 9 -1.2152 09.078@8 Q 3.07883 -2 3192E-01 5 709iC-0w 2.3884E-03 1866.170
S2 2 -~i.2t582 0.1577 a 0.07883% -1 .793%€-03 “.6188E-04 | .B%21E-03 155.558
53 9 -1.2152 2.2365 1} 0.07883 -7 .426B6E- 0% €.0199E-04 7 .BOBME-OY 164 .78%
55 10 -1.4229 -g.2543 1] 0.0Bu77 9.5745E-05 ~3.9087E-0O% “.0242E-0b  -76.238
bt 10 -1.9229 -0,.189% o D.0B477 2. 4939€-04 -B.9773F-Dn 9.3172E8-04 -y uTS
56 16 -1.4229 -p.pawa ¢ 0.08477 3. 4E|SE-04 -} (SB3C-03 1.11E3E-03 -71,906
57 18 -1.4229 -g0.0000 ¢ 0.08u77 3.6382E-0u -S.0907E-04% 9.7917E-0w ~6&. ;158
58 0 -1.4229 0.08%8 @ 0.0B477 3. uSISE-04 -1 0SE3E-03 1.1113E-03 -7;.906
59 10 -1.9289 0.1695 0 0.0B477  2.49396-0u -B.9773E-04 9. 3(T2E-04 -7y ,47s
&0 16 -1.4229 p.2%543 0.08477  9.574SE-05 -3.S087E-04 4. 0242E-04  ~76.236
61 It -1.6462 -0.2838 ¢ 2.07083 2.7079E -0y | .5010E-04 3.0961E-0u 29.000
&2 i1 -1.B482 -0.2:127 0 0.07089 6.3252E-04  3.7763E-0n T.36E67E-04 30.838
63 11 =1 5462 -0viulg 4] 0.07089 8. 0838E -y 5.3277E -0 3.6816E-0n 13 337
B4 I -1.8462 -t.0709 o G.0708% 7 BB7IE-04 5.0417F-gw 3.7I59E-0% 37,701
85 T -1.B462 0. 0 0.07088  5.7265E-04  5.660BE-gw 8.0520E-04% 4y BB9
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67
Ge
69

T
Te
73
v
75
76
77
N

L ~1.84682
1L -1.6462
1L -1.6462
1L -1.8462
12 -1.8864
12 -1.8864
12 -1.8864
12 -37.8884
12 ~1.8864
12 -1.8864

12 -i.B86%
12 -1.8BBY

- - ANGLES - -

THET
DEGRE
ea.

-35.
=uQ.
~45,
-50.
-55.
-&0.
-53.
-3,
=75,
-80.
-8%,
-390,

A
ES
a0

.00

PH1
DEGREES

il == R - R~ = e e R R R R e e i = PN T

0.0709
g.1»i8
o.2Ea7
C.2836
-0, 3049
-0.2287
-0. 1535
-G. 0782

0.0762
0.1%29
0.ecd’
0.3043

- DIRECTIVE GAINS -

VERT .
felc]
-989.99
~988.99
-999.99
-999.99
-998.99
-399. 99
~999.99
-999.99
~-99%.499
-99G .59
-99%.39
-999.99
-893.99
-999.99
-599.99
-993.99
-599. 99
999
-939.
-999.
-9,
-999
~999 .
-999.
~ayg.
-999.
-9g99
~999
09y
-299
-935
-g99,
~599
«g99,
-993.
-999.
-9g89.

w
w

88838 BE R RB 8RB LY

QooO0O0o0oo00OQooQ

HQR .

E

L
o N
O W o@D

-22.
=17,
14 .
ER
-13.
-16.
-21.
-ag.
24 .

-9

~i7.
-17.

-17
-17

-17.
-18.
-18.

i
QAW F N0 W00 W

.81

.24

.53

23
35

(e =R o B B e e B e o R B o}

TOTAL

s z]

-e2.
-7,
=1
-13.
=13
-6,
-2l
~29.
-2y
-8,
-17.
-17.
-17.
-17.
-17,

-8,

R £ MM < QO W W

7%

DOQQDGDGDOOQQDGDDODDODDDQDDODGDDDDQQO

. 07089 7.BEI3E-04 &
.07089 g.0A8F -4 5§
.B70B9 6.32%2£-04 3
.070B9 2.7973€-04
07823 -1.9982E-0n 2
.07623 -5.0%031E-04 5,
L07623 -7 0916E-DM T
-B7BE3  -7.1BAGE-0% 6
.C7B23 -7.24B2E-0% 4
07623 -7.78B0€-0% &
LB7BEZ  -V.0GE-Qw 7
LG7623  -53.0501E-04 %5
LO07BE3 -1 .99B2E-04 2
~ - POWER BUDGET - - -
INPUT POWER = ].18:
RADIATED POWER= 1.076
STRUCTURE LJS5= 0.
NETWORK LOSS = |.050
EFFICIENCY = 9.

LB417E-04
LI2TTE-Ou
LTT63E-0M
50105 -0%
L4CT7IE-Om

L1495 -0
.B7iBE-O%
. TB7GE-O4
-67EBE-O4
L AN93E-04
- B30%E-04
HOTIE-O4

€305€ - 0v

LN il + R P B YO Y RNE I T I o

CE-02 WATTS
cE-02 WATTS

WATTS
HE-03 WATTS
1 PERCENT

- - RADQIATICN PATTERNS - -

~ - POLARIZAT
AX AL TILT
RATID OEG.

.ogooa 80.00
.Qoooo 90.00
.00000 90.00
.000090 80.00
-000og 890.00
. 00000 S50.00
. 90000 90.00
.00000 20.00
.05000 S0. 00
.QGogo 20.48C
-DOs0 |0.a0
.0ag0a 90.00
.googo 20.00
.goooo 80.00
.goooo 39G.00
.Goooa S0. 00
.Gaaog 80.00
.Qaano 90.00
.0ro0n0 90.00
Jslelitohs] 90.00
.00000 80.00
.00000 90.00
-000080 80.00
.00000 30.00
.0oR00 90.00
.0oco0 30.00
.eoaoo S0.00
.cooco ai.00
.Ggooo a¢. 00
.0gooa a0.00
.00000 80.00
.D0000 20.00

Logog 20.00

-00C00 90.00
.ooogo 20.00
.00000 Q0.00
.ogoan 80.00

10N - - -
SENSE

L INEAR
L INE AR
L INEAR
L INEAR
LINEAR
L. INEAR
L INEAR
LINEAR
LINEAR
LINE AR
LINEAR
L ENE AR
L INEAR
LINEAR
L INEAR
L INEAR
L INE AR
L IREAR
L INE AR
L INE AR
L INEAR
LINEAR
L INEAR
LINEAR
L INEAR
L INEAR
LINEAR
LIMNEAR
LINEAR
L ENEAR
L [NEAR
L INEAR
L [NEAR
L INEAR
L INEAR
LINEAR
LIMEAR
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[ e = = e IR - B = B B = e e B o B o = N R = = T B T~ R e S e B e Bl o S e B W]

o

L TLSSE -0 37.701
.EBBE~Ou 33.387
. 3667E-04 30.83B
LO961E-04 €g9.0800
L1ZB4E-04 129,698
CSEI5E-04  13).883
.0070E-D3  134.767
-DES5E-03 139,41y
LBEEEE -04 148,55y
LORSSE-D3 139.4%0%
LQO70E-GT 134,787
JB5635E-04  131.889
L128%E-04  (29.B98
- - - E{THETA) - - «
MAGN ! TUDE FHASE
YOLTS/H DEGREES

OO0 o0 ODoOoOODND0DOOOdJ0DCDOCOoO00OCOoOoUCOOD oD

- - - E{PHI)
MAGN 1 TUDE
YOLTS/M
2.48022£+00
2.45352E+00
2.40685E+00
2.330832E+00
2.2P883E+00
2. I0BL5E«20
1. 970838450
1 .82916E+00
1 EBB4SE 00
1.5MTYTE+00
1.39759€-00
1.22600E+00
1.023{3E+00
T.90310€-01
5.43229€£-01
3.10020E-C1
1.28182E-81
5.58644E - D2
8.37861E-02
7444098 -2
6.27600E-02
1. 04BS3E-04
1.62513E-0]
1.73572E-31
1.61084E-0}
1.21492E-0}
6.832B1E-02
c. 55635602
4 B7ISTE-02
B. 11425802
L. DI2ZE-D)
1.09815E-0)
1.10368E-0)
1.06716E-01
1.02037€-01
9.8u 778 -02
Q. 71IIBE-02

PHAS

~B6.
-85.
-62.
-58.
-53.
47,
-39,
~31.
2.

-g.

£

DEGREES



- - ANGLES - -
THETA
DEGREES DEGREES

S0.
a%5.

af¢]

PH

COO0OOODOODDOoOQ OO0

tesee DATA CARD NO,

RUN TIME =

17.507

1S

= = - - NORMALIZED GAIN - - - -

MAJDR AXIS GAIN

NORMAL I ZATION FACTOR = 9.75 o8
GAIN - - ANGLES - - Galn

0B THETA ! ]

DEGREES OEGREES

0. 25.00 0. -9.90
-0.08 20.00 a. -13.18
-0.22 15.00 0. -18.08
-0.50 10.00 0. -25.90
-o. 89 5_00 0. -32.91
-1.38 Q. 0. -29.39
-1.98 ~-5.00 g. -30.42
-2.6t -10.00 6. -31,80
-2.30 -15,00 0. 27.46
-4.08 -20.00 0. -24.13
- -25.00 0. -23.06
-6.08 -3g.00 0. -23.71
-7.8%

EN -0 -a -0 -0 3. c.
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- = ANGLES ~ -~
THETA
DEGREES

-35.
-40.
-45.
-30.
-95.
-60.
-65.
-70.
-75.
-80.
-85.
-90.

PH
DEGREES

OQ oGO ooCoDoOo0Do

GATMN

~26.
-3,
-39,
-3,
-29.
-27.
-27.
-26.
-a7.
-27.
~a7.
~28.



EXAMPLE 6, CYLINDER WITH ATTACHED WIRES

The geometry data for the cylinder with attached wires was discussed
in section III-2. The wire on the end of the cylinder is excited first and
a radiation pattern is computed. The CP card requests the ccoupling between
the base segments of the two wires. Hence after the second wire has been
excited, the table "ISOLATION DATA" is printed. The coupling printed is the
maximum that would occur when the source and load are simultaneously matched
to their antennas. The table includes the matched load impedance for the
second segment and the corresponding input impedance at the first segment.
The source impedance would be the conjugate of this input impedance for

maximum coupling.
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Example & Input

CECYLINDER WITH ATTACHED WIRES. .
SP 10. a. 7.353% 0.

0. IB8.4
SP 1] 0. 0. Q. Q. 8.y
SP 10 0. -7.3333 0. . 38.4
oM ! Q. 0. 30.
SP 6.89 0. . 0. 0 nu . B8
1 6.83 a. =11 -50 0. 44 . B8
GR B
5F a [} 11. 3G . ¢ Y4, 89
SP Q. u] =1t -90. G. LN - 1+]
oW b 0. Q 1. o] 3] £3.
GW 2 5 1G. 0 a. 27.6 0. 0.
G5 3]
GE
FR 1 SE5. 8%
cPo1 1 = H
EX I 1 1.
AP 13 1 1000 Q a. 5. Q.
£x 2 1 i,
X
£N
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Example 6 Cutput

P T L T T N N Y XX

NUMERICAL ELECTROMAGNETICS CODE

Y e RN R RN N R SR ]

- - - - COMMENTS - - - -

CYLINDER WITH ATTACHED HIRES.

- - - STRUCTURE SPECIFICATION - - ~

COCRDINATES MUST BE INMPUT IR
METERS OR BE SCALED TO METERS
BEFORE STRUCTURE INPUT [S ENDED

HIRE NO. OF FIRST
RO, X1 Y1 4l Xe Ye e RaDIUS SEG. SEG.
P 10.00080 a. 7.33330 0. 0. 3g.40000
2P 10.00000 0. g9. a. 0. 38.40000
3 1¢.00000 0. -7.33330 9. Q. I8.40000
THE STRUCTURE MAS BEEN MOVED, MOVE DATA CARD IS -
-0 1 a. 0. 30.00006 -0. -0. -0. -4,
*r $.89000 a. 11.00000 90, 00000 e. 4k .88000
= §.89000 Q. ~11.00000 -90.00000 g, Ly . 88005
STRUCTURE ROTATED ABQUT Z-AXIS & TIMES. LABLES INCREMENTED BY -0
woP 0. g. 11.00000 <S0.00000 0. 4y, 83000
50P 0. a. ~-11.00000 -90.00000 0. 44, 89000
1 0. 0. 11.00000 g. g. 23.00000 0.10000 Y 1
2 10.00000 0. 0. 27.60000 0. Q. Q.20000 5 5

STRUCTURE SCALED AY FACTOR 0.01000
TOTaL, SEGHMENMTS USEDS 9 NG. SEG. [N A SYMMETRIC CELL= ] SYMMETRY FLAG= 0
TOTAL PATCHES USED= 56 NO. PATCHES [N A SYMMETRIC CELL= 5B

- MULTIPLE HIRE JUNCTIONS -
JUNC T 10K SEGHENTS ¢ FOR END k., +» FOR END 2@
NONE

- - = - BEGMENTATION OATA - - - -

COORDINATES [N METERS

I+ AND [~ INDICATE THE SEGMENTS BEFOQRE AND AFTEA |
SEG. COORDINATES OF SEG. CENTER SEG. ORIENTATICM ANGLES HIRE CONNECTION DATA TAG
NC X ¥ Z LENGTH ALPHA BETA RADIUVS - t i+ NG
1 c. 0. 0. 12%00 ‘3. 03000 90, 00080 g. C.00100 10052 I 2 !
2 o. 0. 0.155C0 0.03000 90.00000 0. 0.00100 1 < 3 |
3 0. Q. 0.18500 90.03000  90.00000 Q. 0.0R100 e 3 4 I
" o. 0. 0.21800 0.03000 80.00000 Q. 0.00100 3 5 1] 1
5 0. 11760 Q. Q. 0.035z0 0. a. 0.00200 100C2 5 6 2
6 a. 15280 0. 0. 0.03520 0. o. 0.00200 S € 7 e
7 0. 18800 a. g. 0.035z0 a. Q. {4.00200 B 7 8 z
;] 9.228320 a. G. 0.43520 0. a. 0.00200 7 8 9 4
9 0.25840 2. o. U.035%20 0. g. 0.00200 8 -] 0 ES
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PATCH
NG X
1 G.100C0
I 2.10000
3 0.10000
B 0.10000
] 0.10000
] 0.13000
? 0.08660
8 0.08E660
=] 0.08660
10 0.06830
1t 0.06890
12 4.9%5000
13 9.0%000
1 0.05000
1S5 -0.00000
& ~-0.4n00o0
17 -0.40000
=) 9.934u5
19 0.03Wu5
20 -0.0850p0
21 -0.05400
22  -D0.050Q¢
23  -0.08660
e+ -0,08660
25 -0.08660
26 -0.03445
27 -0.03445
28 -0.10000
23 -0.10c80
0 -0.100Q0Q
It -0.08880
32 -0.0B6EQ
33 -0.08660
M ~D.uBB30
% -0.06E90
36 -0.0%000
37 -3.0%000
I8 -d.0S000
39 0.00000
49 0.0adoo
a1l Q.c00oo00
42 -0 D3uus
43 -0.034w5
b 0.05000
45 0.05q00
wB 0.05400
w7 0.0B660
48 Q. 08660
4g 0.0B6&0
20 0.G3445
51 0.03445
S 0.01675
53 -0.01675
54 -0.0167%
55 0.01675
56 g.

rers DATA CARD
*eree DATA CARD
srerd OATA CARD
sises DATA CARD

MATRIX FILE STORAGE -

[T W~ R R R S I N = I = N - e S I - N I N - = =)

[ LR T T T T S T [ S T S T RS T T B
DODOOoOO00D0oDoCOoONOOCDOODA0OD SO0 OOoO0

NO
NO.
NO .
NO

Y

NERA L]
.B1%49
.G154g
BT ]

.05000

.05000
. 05000

- 08660

0B&e60

. 0B&60
. 1poue

10060

. 19080
. 02857

05867

.0BBED
. 08880

0B660

.05G00
Ni=Teely
@500
. 05967

25967

Bl
Noluleielss
-pogon
05900
-as0Q0
-05000
.Q0000
.0poao
. 0BBEQ
. 0BBEQ
.OBBEG
. lggoo
. Lggoo
.igooe
- 05967
.0%957
-QB8&60
-08660
. 08660
. 05000
-Q5000
. I5000
. 05967
-85567
.21B675
L01573
SJEB7S
OIS

Q.
9.
0.
-0.
-0.
_UV
0.
Q.
-a.
a.
-0
g.
a.
-G.
G.
hi
-OV
0.

=0,

Q.
Q.
-0
Q.
q.
-g.
0.

-0.
g.

o

-0.
a.
a.

-0.

3]
-0,

a.

Q
-0
¢}
a.
-0,
a
‘.O‘
Q.
a.
-0
a.
0.
-0.
0.
-0.
0.
0.
a.
a
-0.

FR

EX
RP

COQRD. DOF PATCH CENTER

z
07333
Q59
QisS49
G549
0i549
07333
07333

07333
11000

L1noo

07333

07333
07333

07333
110c0
11000
07333

07313

07333

07333
1000
1000
07333

07113
07333

07333
11980
F10C0
07333

.07333
07333

07333

1300

11o0g
07333

073332
27333

073332
11000
1igaa
1tQga
11000
L1100
11000
11000

~Q
-0

NO. BLOCKS-

- = SURFACE PaTCH QOATA -

COORUINATES IN METERS

UNIT NORMAL YECTOR FATCH
3 Y Z ARE A
1.0000 0. a. 0.00384
10000 Q. a. 0.00096
1.0000 0. a. 0.00096
1.0000 0. 0. 0. 00096
1.0000 ©O. 0. 0.00096
1.0000 G. 0. 0.00384
0.8660 0.58C0 0. 0.00384
0.8660 0.%000 O. 0.0038%
0.8EG63 0.5000 G. 0.00384
D. 0. i.0000  0.00%wg
0. g. <1.0000  0.0044%
0.5000 0.B6BC 0. 0.00384
0.5006 o.8665 O. 0.0038
0 R000 0.866G 0. 0.0038y
-G.00ao 1.40G0 0. 0.00%8%
-0 0000 1.0000 O 0.0038u
-0.0000  1.4000 3. 0.0038%
0. a. 1.0000 Q.0044g
a. a. ~1.00060 0.00%9
-0.5008 0.86B0 0. 0.0038%
-0.5000 0.8660 0. 0.00384
-0.5000 C.86B0 0. 0.00384
-0.8660 0.5000 0. 0.00384
-0.8660 0.5000 §. D.D0384
-0.8660 0.5000 0. G.00384
G. 3. 1.00400 0.00449
a. . -1.0000 0.00%49
-i.0900 -0.000C O, 0.00384%
-1.0008 -0.0000 Q. o.0036
-1.0080 -0.0000 0. 0. 0038y
~0.BB6Y -0.5000 O, 0.20384
-0.8660 -0.5000 0. 2.0038n
-0.8660 -0.%000 oO. 0. 0038y
b a. 1.0000 0.009449
a. a. -1.0000 4.009%9
-0.5000 -0.8660 ©. 0.0038v
-9.5000 -0.98660 O, 34.0038%
~4.5000 -0.966C ©. 0.0030%
g.0000 -1.0008 0. 0.0038%
0.0000 -1.0008 0. 0.0038%
0.0000 ~-1.0000 0. 0.0038y
Q. 0. 1.0000  0.0044g
a. Q. -1.0000 0.00449
0.5000 -0.8660 &. 0.00384
0.3000 -0.8660 Q. 0.00384
0.5000 -0.8660 0. 0.00C38%
¢.8660 -0.5000 0. 0.00384
0.8660 -0.5%000 0. 0.00384
C.8680 -0.5000 ©. G.0036m
G. a. 1.3800  §.00u+9
. 0. -1.0000 0.00449
g. 4] 1.aceo Q.00tie
a. G. 1.0000 0.00112
0. 6. 1.0000  6.00112
0. . 1.0000  ©.00112
0. 0. -1.0000 0 00449
3 -0 -0 4. B9BMBE02 0.
t 2 1 0 0.
1 1 -0 |.00000E-Q0 O.
73 I g 9. 0.
8 COLUMNS PER BLOGCK= 168 COLUMNS
- -~ - FREQUENCY - - - - _ .

FREQUENCY = & BEBYE+(Q2 MHZ
HWAVELENGTH= £_43ST7E-01 METERS
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-0.

. 5000
5000
5000

-0
-0
-0

L
000
8860
. 8660
8660
. 0000
.Qooo
.y,
o.
a.
_0‘
-0.
-0.
-0.
..D_
-0.
-0.
-0.
0.
0.
0.
0.
0.
a.
-1.
_I_
0.
a.
Q.
.gooo
.8000
.Ggoon
.S000
\S000
0.
9.
a.
0.
Q.
. 5000
.5000
. 5000

i
-0
-C
-0
“i
-1

i
1
i
-0
-a

Q
a
1]

X3

goag

0000
3000
5000
8560
8650
B&60
5000
€000
2000
5600
%000
0400
aQoo
alelals]
5000
5000
o040
uie[sfa)
gacc
BBED
B660
8560

8660
8660
=15 T]
5000
5000

Mo oo

COMPONENTS GF UMNIT TANGENT VECTORS

i
1
1
1
1
1
0
0
0

Y1
.0000
. 0000
o400
.0000
.o0ao
-0000
.B6&0
-BB&0
.BBE0

G.

0
0
0
a
-0
-0
-0
[1}
0
~0
-0
-0
-0
-0
-0
Q

0.

-1
-

-1
-G
~G
-0

-0.

-0
-0
-G
-0
0
a
0
-0
-0
0
4]
a
4]
0
o
-0
-0

Do oo

.8000
.5000
-5900
. 0000
. 0000
. 0000
. 8660
. BEEO
. 5008
. 5000
5000
. 8660
. 8660
. 8660
. 8660
8660
.tooa
.0gao0
Qoo
- BES0
. 8660
. B650
ooaqg
B sls]
.5000
-S40
.5000
.a0n
-0000
. 0000
. BB60D
. 8668
L5000
. 5000
5000
. B&E0
. B660
. 8660
. 8660
. 8660

-BO00ONE+OD

IN LAST BLOCK=

OO0 o000l o000 00O0O00C000000 0000000 G0N0 0o000C0OO0O0aO0

oo

Zi xa

DOODOoOCQQODOO0OO00000000LGAnD

1,
a1
*L
©

.B660

~0._B880
0.8660

0.
a.

Q.0000
-9, 00030

1)
ODYOCUDOOLO IR0 0O

¢

o &

(=20 =0T~ -

¥

1 [}

e e e oo 00000000 DLDOCO~ - 000ad00O00000000LAO00D00D— —0OCOO0OMDo0O0

[N = R~ ]

Ye

.Q00Q
Reliai]

.5ac0
.5000

. 5000
. 5000

.QRQo
. 3000

-5000
-5000

.5000
.5000
.ooaan
. 0000
. 0080
el
. 0G00

e - R e = T i - = B - = B I = e adb

ze
. Qo0
. 0000
. Q000
.e00o
Rlelsic]
. 0000
Bl
.o0oca
. 0000

.00
L0000
. 0000
Ruiel]
-¢oog
.aooo

.0ano
.Qpo0
.0000
.0oon
.Qooo
0000

.0000
-2000
. 8000

Reialali]
.gono
.0000

.goao
-cooo
.anoQ

-0009
.0004
-0094

.Q000
. 2000
. Q000
-0o00
. 0000

. 0050

oooo



APPROX IMATE INTEGRATION EMPLOYED FOR SEGMENTS ™MORE THAN 1,000 WAVELENGTHS APART

- - -~ STRUCTURE [MPEDANCE LDADING - - -

THIS STRUCTURE |S NOT LOADED

= o+ - ANTEWNNA ENVIRONMENT - - -
FREE SPACE
CP TIME TAKER FOR FACTORIZATION = 2.19609E+00

- = = MATRiX TIMING - - -

FiiLe= G.967 SEC.. FACTOR= B.866 SEC.

- - - ANTERNA [NPUT PARAMETERS - - -

rag SEG. YOLTAGE (vOLTS) CURRENT [AMPS) [MPEDANCE (OHMS) ADMITTANCE (MHOS! PORER
NO . NO . REAL 1HMAG REAL THAG. REAL IHAG. REAL iMAG, tHATTS)
1 I 1.0G000E+20 0. }.851336-03 8,29229€-03 | .7792BE<01-1. 1 7I0BE+02 1.2%] IZE-03 B8.29229€-03 6.25663¢ -04

= = - CURRENTS AND LOCATION - - -

DISTANCES IN HAYELENGTHS

SEG. TAG COORAD. OF SEG. CENTER =0 - = - CURRENT (AMPS) - - -
N3, NO. x ¥ z LENGTH REAL IMAG. FIAG , PHASE
1 1 0. . 0.1942 0.04662 1.2513E-03 B.2923E-03 B.IBE2E-02 B).uic
2 1 . 0. 0.2408 0.04662 1.0875£-03 6.5B00E-03 5.6709E-03 BO,53)]
3 1 G a. 0.287% 0.04EB2 7.$I1S7E-0% 4.37SBE-U3F 4. U4EEC-0X 72,745
4 1 G o, 0.334: 0.04662  3.307BE-04 1.7250E-03 1.7565€-03%  79. 146
s 2 0.1827 0. 0. 0.0%470 -7.SQ07€-0M 1.SSI4E-03  1.7289C-03 [E6.042
[ 2  0.2374 0. o. 3.05470  -7.0147E-0M 1.4307£-03 1.5934E-03 1i5.119
7 2  0.2821 0. . 0.05470 -5.B437E-0% 1.I801E-03 |.325BE-03 116,153
8 2 0.3482 0. 0. 0.05470 -4.0BOIE-O4 B.3173E-04 Q.2642E-04 116.13)
g 2 D.uoIs Q. o. 0.05470 -1.6988FE-04 3. 4T4TE-Ov 3.BBBIC-04 116,060
- - - - SURFACE PATCH CURRENTS - - - -
DISTANCE IN HAVELENGTHS
CURRENT I[N AMPS/METER
- - SURFACE COMPONENTS - - - - - RECTANGULAR COMPONENTS - - -
PATCM CENTER TANGENT YECTOR |  TANGEMT VECTOR 2 x ¥ z
X ¥ z MAG . PHASE  MAG. PHASE REAL IMAG. REAL IMAG . REAL [MAG .
|
0.15% 0. 0.11% 2.4110E-12 6€8.37 7.1962£-03 -35.22 Q. 0. 8.8%-13 2.24€-12 5.8BE-03 -4.ISE-03
2
0.19% 0.084 0.02% F.001FE-03 -65.46 1.4220E-02 -51.34 0. o. 3.74E-03 -8.18€-03 8.88E-03 -1.11£-02
3
0.155 -0.02% 0.02% 9.0012E-03 |14.5% | 42206-02 -S51.34 4. o. -3.T4E-03 @.19E-03 Q.8BE-03 -|.!(E-D2
Yy
0.15% -0.03% -0.024 9.008B1E-03 114.49 5,09526-03 &4.31 0. D. -3.73E-03 8.206-83 S.0%-04 5.07€-03
5
9.155 0.02% -0.024 9.008IC-03 -B5.5] 5.0962E-03 B4.31 0. a. 3.73£-03 -8.20E-03 S.05E-04 5.07E-03
&
0.155 0. 0. 11y B39 -13 -4 .52 |.59TPE-0F 12.5% 0. Q. 5.82E-13 -%,39E-14 {.56E-03 3.4BE-Q4
7
0.135 0.078 0.11% 1.8793E-03 -9.87 5.5488€-03 -11.30 7.97E-05 O.366-04 -1.38E-~04 - BOE-03 &.44E-03 -1.09E-03
8
0.135 0.07@ 0. 3.9149%€-03 -75.49 5.3138¢-03 -33.00 -4.90E-04 |.0SE-03 §.4SE-0% -I.P8F-03 4 WBE-03 -2.BGE-03
9
0.135 0.078 -0.01% 1.81336-03 -94.60 2.9IB3E-03 -33.42 7.276-05 9.04E-Q4 -).ZEE-O04 -1.57€-03 2.4ME-02 -] BIE-03
106 '
o.107 Q. 0.171 1.3681E-02 -10%.8: 2.5901E-12 102.37 -3.500-03 -].32E-02 ~5.556-13 2 S3c-32 0. a.
8
a.107 o. "8I 1LB18TE-03 -10.62 | . 2045€-12 -1B3.56 1. 49E-03 -2.80E-O% 1.[BE-12 3.%1£-13 g, 0.
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135

135

L1385

. 15%

155

. 155

.083

083

135

135

-13%

.078

.oV

.078

.093

.083

.000

.aog

.000

.g78

.07e

.08

.0od

a0q

-135

LD

155

. 155

- 155

083

-093

135

135

- 135

.078

.078

.078

.093

-093

IERL

iy

R

L)

L1721

1T

R RL

R

Si

S

s

R

AT

AT

PR

114

R L]

171

b7

Rk

L

L

L

SET

Bl

h

£

i

LBT7056-03

.629SE -03

. 1226E-03

LWMS0E-03

-20T+E-03

L4 tBE-03

-4B4SE-Q2

L 79%8E-03

L1169E-G3

-S4 56E -0y

3019E-03

S0S3TE -0

LBOOIE-O

OS5 IE~DN

.S570F ~02

S1808E-03

S3T2E-13

LIB41E-)3

Li981E-13

-0537E-04

.BOOIE-04

(BS54 1E-Qu

.9557€-02

.B720E-03

-3168£-03

CUHSEE - D

.3019E-03

CUSSOE-03

20THE-Q3

S IGE-03

SHT0E - G2

L T809E-03

-B705E-03

\BETSE-Q3

.1226E-03

-BTI3E-03

-BI49E-03

SB133£-03

-

SHENGE-02

.T84BE-D3

-i29.

-lie2

-128

~-160.

« 155,

-i60

=105,

-8,

178.

178.

161

165,

166

-10s.

=92

-103.

-125.

-t

112,

-109.

-a2

50.

B67.

51

a5,

P08

85

-105.

81

.89

58

EL)

.86

23

91

E8

B4

582

0

.80

F=

00

Th

g9

34

.81

.70

.40

]

S

.32

- 36

-3g

.65

S2

el

0@

Ga

51

40

23

-9t

Y.

5.

iy

[

nr

Tulue-03

IHAIEC -03

150B6E-03

.3732E-03

. 3690£-03

.BO31E-03

.B0TBE-03

.BOB3E-03

-O408E-03

.3744£-03

3371£-03

.TNTCE-03

SITI6E-03

-@BGZE-03

SMIN3IE-03

CHOSSE 03

.2708€-03

-3701E-03

LO783E-03

LTHTRE-03

L37TI16E-03

.2602E-03

.913BE-13

.2BLTE-13

SO4G3E-03

C3744E-03

3371E-03

.32326-03

- 3680E-03

6OXIE-03

JMI43IE-03
.MOS5E-03
LT iNE-03
. 3699€-03
. 1%0BE-03
-54@8E-03
C3139€-03
.91B3E-03
.BO76E-03

-B063E-03

LN

35

BN

-33.

=56.

.B6

B2

.B7

.95

&1

BY

.ae

Sy

i3

&3

3.98

-33.

-58

-17e.

2

-3,

-33.

-57.

9.

-33.

-58.

-73

-

-

-33.

-56.

Lk

-32.

By

3.

-177.

=33

-4E.

-33.

-23.

LN

- luh

[CH

.97

59

.99

agz

0%

512

1)

g3

g7

43

S4

-84

2

63

.87

95

-6t

ol

.86

Be

.30

00

ha

35

28

. 26E -0%

S.4BE-04
9. 30E-04
1.3BE-0:3
1. 10E~03
1.36£-03
-8.01E-0%
1.65€-03
L E4E-Q3
B.G1E~0%
1.13E-D3
I.34E-0u
2.81E-04
3.3BE- 0%
3.7BE-03
1.25E-03
-5.19€-23%
-%.87e-23
-4+.25E-23
3. 34E-O4
2.61E-Cy
3.3BE-0%
S.65€-03
B.41E-Q4
ioiwE-03
g.61E-D4
1. 13E=-03
1.36E-032
t.I0E-D3
1.36E-03
3.76E-03
1.25E-03
*9.26E - Dy
S.4BE-0%
3. 30E-0%
7.97€-05
=4.90E-04
7. 27E-05
~9.0IE-0%

I.69E-032

-128-

1. 11£-03 -5,

1.30£-03
1.17E-33
4. 8BE-0%
5.01E-0%
4.87€-0y
-6.3BE-03
117 -04
&.863E-05
-2.05€-05
~2.72E-0%
=1 ISE-ON
-7.36E-~-0%
-8.068-05
T.43E-03
9. 4NE-OY
-2.12E-22
-i.“0E-22
-2.13E-23
=1 I1%E-04
-7.35E-0%
-8.06E-05
P 4SE=D2
1.54€-03
2. 83E-0%
-2.0%E-05
-2.72E-05
4+ . BBE-0%
5.01E-On
YL.B7E-Ow
7T.43E-03
9. 4eE -0
1.11E-23
1.30E-D3
1.17E~-03
9. 36E-04
| -B9E-03
9. 04E-0Y
-6.38£-03

FATE-OM

Lt

-

3SE-0u

L 1BE-0u

SITE-08

.BBE-13

.52E-13

.BBE-~13

LO4E-D3

-00E -0y

-SRE-04

LBTE-04

SIE-O4

L TBE -0y
-BEE-O%
. BBE -04
-BYE-03
L4BE-Ou
-R7E- 13
M1E-13
LO3IE-13
LTBE-Q4
.BBE-04
. BBE-Qu
L21E-12
L95E-13
. SBE -04
.97€-04
CBI1E-0%
MTE-|3
.R3E-13Z
M4E-13
.BYE-03
LMBE-0%
. 35E -0%
L 18E-0Y
-3TE-0n%
. 39E-04
JHOE -0y
. @6E-0u
SONE-O3

. 00€-0%

L]

u

La2E-ay

SlE-0%

LI3E-0M
kil
LOWE- 1Y
S THE- Y
29E-02
LB4E-03
.B2E-05

L 1BE-0%

. S7E-05

CSTE-0%

L2TE-OY

CHOE-0O4%

.eTE-Qe

.49E-03
CEBE-13
SH2E-13
L2O0E-iw
LGTE-ON
.2TE-Bu
L40E-04
L32E-12
LMEE- 13
.52E~05
- EBE-0%
.S7E-05
-B7E-13
STBE-i 3
.BTE-13
.21 -02
S4ge-03
CS2E-O4
SB1E-Q4
CTIE -0
BLE-03
. 28E-03
.87E-03
.C9E-02

JBHE-03

4.6BE-03
“.50E-Q3
2. T4E-03
5.21£-03
4.51€-03
2.67€-03
0.

0.

5.04€-03
“.50E-03
¢.39€-03
5.87E-03
4. S0E-03
2.20£-03
a.

9.

5.26E-03
4. 50E-03
2.17E-03
5.67£-03
4.50E-C3
2.20E-03
0.

0.

5.046-03
4. S0E-03
2.39E-03
5.210-03
4.B1E-03
2.67E-03
a.

3.

4.6BE-03
4. 50E=-03
2.7%£-03
5. NME-03
Y. 4EE-03
2.44E-03
g.

0.

~7.30E-0Q4
-2 .83E~03
-3.1t£-03

1.09€-03
~&.92E-03

-3.75€-03

a.
-2.24E£-04
~2.94E-03
-3.62E-03

9. 54E-~O%
-2.93E-03

-3 65E-03

~3.51€£-04
-2.93E-03
-3.45€-03
9. 54E - 04
~2.93E-03

~3.65E-03

-2.2%E~04
-&.9%E-33
-3.62£~-03

1.05€-03
-&.92€-03

-3.7%E-03

-7.30E-04
-2.93E-03
-3.11E-03
-1 09E-03
-2.B9€-93
-1.61E-02
Q.

G.



&2

0.026 0.026

53

-¢.026 0.026

5%

-0.026 -0.026

=]

0.026 -0.026

56
0.

- - ANGLES - -

THETA

G.

PHY

~Q.

OEGREES CEGREES

g.
5.00
16.00
15.00
2g.00
25.00
30.00
35.00
“40.00
45.00
50.00
55.40
80.00
£5.00
70.00
75.80
80.00
B5. 00
30.00
95.00
100.00
105.00
110.00
11500
120.00
12508
132000
153%.00
140.00
145.00
190.00
155.00
&5 .00
185.00
£70.00
i15.00
180.00
18%5.00
190 .00
19%.00
2¢0.00
205.00
210,00
215.00
220.00
225.00
230.00
£33.00
2ui.00
245, 00
256.00
2%%.00
2E0.090

Q.

o000 0000 RALDGLODLUO oo DO DAEDOCRNCOLOOUOO0CDO0AUROoAY oD DO

L0171
i
BT

TR

175

3.7707€-02 -27.61 3.8523E-02 -59.40 -4.99E€-03 -3 J4E-02 -5.29E-0G3 -3.80£-02
2.B971E-02 78.78 3.B497C-02 -98.34y T.SEE-03 3.6B2E-02 -5.75E-03 -3.BOE-02
3I.89HE-R2  TB.VE 3.84976-02 R0D.65 7.58E-03 3.82E-02 6.25E-03 3. BOE-02
3.7707E-02 -97.61 %.8523€-02 B8G.50 -4.99€-03 -3.74E-02 6£.2%E-03 3.80F-02
1.3523E-03 18.00 6.6843£-13 177.44 1.299E-D3 4.18E-04 6&.BBE-13 -3.33E-1%
-~ - - POWER BUBGET - ~ -
INPLT POWER = 6. 2566E-04 WATTS
RADIATED POWERs B.25BEE~04 WATTS
STRUCTURE LOSSs 0. HATTS
NETWORK LGSS = D. WATTS
EFFICIENCY 100.00 PERCENT
- - - RADIATION PATTERNS - - -
- POWER GAING - - - - POLARIZATION - - - - - -~ EITHETA) - - -
VERT. HOR . TOTAL AX AL TILT SENSE MAGN I TUDE PHASE
[alz] DB Jal] HATEQ DFG. VOLTS /M OEGREES
-8, 11 -198.6} -8.11 4.gaouao 0.00 LINEAR 7.81B7T9E-G2 -2.26
-8. 34 -199.51 -8.34 g.go00o 0.00 LENEAR 7.41609E -02 -2.08
-B8.8% -999.299 -8.85 0.00000 0.00 LINEAR §.99504E-02 ~2.76
~9.70 -999.99 -9.70 g.4ao0oco 0.00 LINEAR 5.33762E-02 -4.83
~1l.02 -999.99 -ii.02 0.00000 D.00 LINEAR 5.44996E-02 -g. 24
-12.9% -999.99 -12.94 ¢.00¢cao 0.00 LiNEAR 4. 364]2E-02 ~-1%.78
-15.7% -989.98 -15.74 4.00000 0.00 LINEAR 3. 1G46BE-02 -£7.33
-19,30 -999.99 -19.30 {.00000 .00 LINEAR 2.09971E~-02  ~55.34
-19.97 -899.99 -19.97 0.00000 -0.08 LINEAR |.94286E-02 -107.78
-16.08 -899.99 -:ig.0A 4.00co0 -0.02 LINEAR 3.0%cC09€E -2 -145.08
-12.40 -999.99 -12.40 §.00caon -0.00 LiINEAR #.B44G4E~Q2 ~163.87
-3 .60 -9929.99 -5.80 §.0g0a0 ~0.80 LINEAR §.41565E-02 -175.93
-7.40 -898.99 -7.40 T.0a000 ~0.00 TINEAR B.26336E-02 i AT #-]
-5.6F -999.99 -5.B1 o.0o000 -0.00 LINEAR 1.G15T8E-01 165,58
-4.{0 -999,99 -4, 10 0.00000 ~0.00 L INEAR i.20851E-21 157.18
-2.80 -999.99 -2.80 0.02000 -0.08 LINEAR 1.40313E-01 148,15
-1.67 -993.93 -1.867 0.02000 -0.006 LINEAR 1.99736E-01 1M1, 42
-0.70 -393.39 -8.%0 n.aeoga -0.00 LINEAR 1.18758E~81 133.99
g.i4 -199.8% <L 0.00000 -0.00 LINEAR 1.96871E-M 186.932
g.84 -199.58 g.84 0.00060 -0.00 LINEAR 2. [ 34TE-D 120.23
.91 -19%9.29 1.4t 0.30000 -0.00 LINEAR 2.27788E - 01 113.95
i.8B3 ~198.98 1.83 0.0000% -9.00 LINEAR 2.39180E-01 108.08
2.1 -196.68 2.1 0.0000g ~0.00 L INEAR 2. 48958E-01 102.6%
2.24 -198.32 2.24 C.o0000 -0.00 LINEAR 2.50561E-0 57.66
2.20 -197.99 2.20 0.000Q0 0,00 LINEAR 2.%9579E -0 93.15
2.00 =197 66 Z.00 0.00808 =0.00 LINEAR 2.u3788E-M) 9. 16
1.81 -197.33 1.61 0.00008 -0.00 LINEAR 2.331ME-o) 8%, 7w
1.02 ~197.028 1.02 0.00000 -0.00 LINEAR 2. 17932E-01 B& .99
p.2t ~196.73 v.21 0.0000% -0.00 LINEAR 1.88504E-01 g1.07
-0.85 -196.4%5 -0.8% 0.0000C ~0.00 LINEAR 1UISESIE-0 ap.c3
~e.22 -196.18 -2.a2 0.00000 -0.00 LINEAR 1.50002E-01 a0.93
~3.93 -19%5.93 -3.93 0.0009% -0.00 LINEAR t.23132E-11 B3.98
-6.02 ~195.6%9 -6.02 G.Qo00D -0.00 LINEAR 9.88243E-02 §0.98
-8.33 -195.47 -89.33 0.00000 -0.00 LINEAR 7 .M42595E-02 10%.77
~10.0% -193.25 ~-10.0% 0., 000ag -0.00 LINEAR 6.09213E-028 128.42
-9.83 -195.0% -3.83 0.00000 -0.00 LINEAR B.2%519E-02 158.53
-8.13 -19%_B3 -8.13 0.00000 -0.0G LINEAR 7. S984Y4E-D2 177.76
-6.2% -19%.62 = 0.0000o0 -0.00 LINEAR 9.%3853E-02 -i68.89
-4.65 -19% 2 ~4 .65 0.000C0 -3.00 LinEAft PLE3INBE-B1 - 159,483
~3.40 -1%.22 -3.40 0.00000 ~0.0C LINEAR 1.30828E-31 -i1%2.909
-2.43 -194.02 ~2.u43 0.00000 0.G0 LINEAR 1 .464%27E-01 =-146.80
-1.68 ~193.82 ~-1.68 0.00400 .00 LINEAR 1.859677E-01  -1%0.77
~1.0G8 -§j93.63 -1.08 0.00000 0.00 LINEAR 1. 70854E~01 -134.57
~0.8] ~193.45 -0.61 0.60000 .00 ELENEAR 1.80613E-81 -128.08
-0.21 -193.28 ~3.21 0.00000 0.00 LINEAR | .B3045E-G1 -121.228
0.13 -193.13 5.13 0.000Q0 0.00 LINEAR 1. 9654 0E-01  ~1t4.1S
G.w2 -193.00 .42 0.0000D 0.00 LINEAR 2.83207E~-01 -106.92
0.66 ~-192.88 G.66 0.00040 0.00 LINEAR 2.08952€-01 -9G9.867
G.8% -192.79 a.85 0.00050 0.00 LINEAR 2.13503E-01 -92.48
G.97 -192.73 0.87 0.00008 0.00 LINEAR 2.1648B0E-01 -B5.42
P.Q1 ~192.70 1.01 0.00000 D.00 LIMNEAR 2.1 T4 TBE-01 -78.55
0.95% -192.69 0.9% C.ogo0a 0.00 LINEAR 2.16147€~01 -71.88
0.89 -i32.73 0.80 ©. 060009 0.00 LINEAR 2.18857E~01 -65.42

-129-

2
i
H
i
i
i
i
1
i
i
i
H
1
1
i
1
1
1
1

e
e
2

=
-4
a2
2
=

2
2
2
3
3
3
3
I
3
3
3
3
3
3
3
L]

[ N - S N I - I A

- = - EAPHI)

MAGN | TUOE

VOLTS/M

-02S6e4E-~1 ]
.95804E-11
L89803F-1)
.8504SE~] |
LBEAYME-])
L18278E- 11
LIB0TSE-11]
CTMBB3E-1
LT30S5E -1
LIZ4E0E-11
LI13718E-1)
CIuESYE-T ]
LIRgNIE -]
LI788SE-1)
.BO43TE-~1])
.83589E-11
.B7420E- 1]
.91975E~ 1
.87270E-11
LO3358E -1
L 1022HE- L]
L 17BESE- L)
.E6083E-11
LIM13E- L
Y INSE-T
.S355TE- |
LB63I26BE- |
.IZBEIE- |
.BEIwLE-1
L8IBISE-1 !
.Go638E~ 11
ABMI2E- 1
LTIEE-G)
LEBXT0E-1 )
CIMBIBE-
HERYBZE-1 )
.51292E-1t
.59723E-11
.68277E- 1)
LTBISIE-11
.B5703E-11
LMY TIE-1 |
.DXINEE -1 1
S11582E-11
19843011
LETIEBPE-1]
. 33B30E-11
. 39580E-11
NYIBSE-1
LNTIO6E-) !
L9i0gE-t !
-1k B
M7 RE- L

PHASE

-13.

-24.
-27.
-31.
-3y,
-37.
-39,
-42.
=l
-LE.
-ug,
-50.
-32.
-0
-55.
~56.
-58,
~59.
-58,
-60.
-6l
~61.
61
-51.
-81.
-1
-50.
-58.

JEGREES
.66
i
.56
.32
.97



26% 07
270.00
275.00
2680.00
285.032
290.00
29%.00
300.00
30%.00
310.00
J1S.00
3z0.00
325.00
330.00
335.00
340.00
S .00
350.00
355.00
35000

oOoDOoOoOoOOoOoOOoOOOoOOCOO0DOoOGCOoOO0

+*+e+ DATA CARD NO.
s+es> DATA CARD NO.

TAG
NO .
4

SEG.
N .

[T R T [ PR YR

PA
%
1
0,155
=
Q.155
3
C.155
¥
0.1:3%
5
0. %%
&
2.15%
7
0.13%

Se.

G.

NG,

TAG

VNN - s

TCH

]

CEN
Y

a.

o]

-0

-g.

g.

.0D2%

024

024

024

g.

0

.07

coocooooaa

0.52 -192.80

0.13 ~192.91
-0.38 -193.08
“1.0& -193.24
-1.77 -193 .47
-2.64 -193.74
-3.60 ~194.05
-4.62 -184.40
' -5.88 -19%.78
~6.66 -195.20
-7.55 -195.864
-8.2% -196.11
-8.7¢ -196.58
-B.91 -197.07
-B. 84 -197.55
-8.7t -199.02
-B.48 ~198.48
-8.23 -({98.88
-8.09 -199.27

8.1 -199.8}
5 EX -0 2
L] q -0 -0

VOLTAGE (VOLTS)

REAL

| .00COOE+DD §.

COOR0 .
X

L1827
237w
-2921
. 2468
-4Qt5

TER
z

0.114

0.D2v

G.02%

~Q. 024

“0. 024

-0.11n

2.11%

1MAG,

n.82
r.o13

4.04a0040 0.00 LINCAR
q.006800 0.00 LINEAR
G.00000 0.00 LINEAR
9.400000 0.00 LINEAR
0.00c00 G.Q0 LIiNEAR
0.0Cpoa0 0.00 LINEAR
9.00000 0.00 1. IKEAR
0.0000¢ 0.00 LINEAR
0.00000 0.00 LINEAR
0.90G00 0.00 LINEAR
0.00¢00 0.00 LINEAR
0.90000 0.00 LINEAR
0.99C00 0.00 LINEAR
0.000040 0.00 LINEAR
0.00000 0.00 LINEAR
0.00003 0.00 LINEAR
0.00000 0.00 LINEAR
0.00000 0.00 LINEAR
0.00000 0.08 L [NEAR
G.00Q00 0.00 L INEAR

~0 |.00000E+Q0
-0 0.

0.
a.

V

= = = AMTENNA [INPUT PARMMETERS - - -

CURRENT
REAL

1AMPS
1MAG,

= -~ CURRENTS ANO LOCATIOM - - -

DISTANCES IN WAVELENGTHS

OF SEG. CENTER

¥ Z
0. 1942
G.2%08
0.2875
. 3341
0.

cCOoOOOoOooOd oo

oo

SEG.

LEMGTH
. DLER2
ouBs2
- 4652
. Q4662
. 054790
. 05470
05970
. 35470
05470

= = e DY R e e I )

- - - = SURFACE PATCH CURRENTS -

- =«
REAL

-3 . 0550E-Qu
-7 .9768E -0
-5 . S837C-04
~2.282TE-0N 4
1.50266-02 -6.

| . 3800E~08 -7.

1. 140tE-02 -6.

7.8807€-03 -5,

3.2%60E~03 -2.

DISTANCE N WAVELENGTHS

IMPEDANCE 10HMS !

REAL

2.058725€-01 -55.17
1 .96690E-0) ~%53.13
1. B85395E-01 ~47.32
1.72266E-01 =41.75
1.57916E-01 -36.%6
1. 2w29E6E-0} ~31.48
1.&7995E-01 -26.91
1. F3793E-01 -22.79
1.00836E-01 ~19.23
B. 959 IE-02 -16.30
B.11982€-02 ~1%,02
T.48991E~-02 -i2.32
7.10S08E-02 =11.01
.54 329602 -9.84
5.96309€E-02 -8.80
7. 1082802 =7.21
7. 31355602 -5.72
7.5103%-02 -4, 27
7.83166E-02 -3.06
7.6IGTYE-G2 -2.26

G. 0.

Q. 0.

ADMITTANCE |

1MAG. REAL

URRENT (AMPS: - - .

MAG, PHASE
1.9397€-43 117.829
1.6999€-03 1:7.605%

[HAG .

LTISME-C3
.5063E-03
-0B30E-33
. SE2BE -0

9132E-03
W0w3E-03
TBO2E-03
0212£-03
1815E-03

CURRENT [N AMPS/METER

- - SURFACE COMPONENTS - -
] TANGENT VECTOR 2
MAL FHASE HAG .

TANGENT vECTOR

PHASE

2.576BE- 12 -i42.3% 4. 0IZ0E-02 140.22 0.

B.63156-02 153.7% 8 8950£-02 152.99 4.

8 B3I15E-02 -25
8.63126-02 -26
8.63126-02 153
2.896ME-12 =130

1.75336-02  t2t

.71 8.885CE-02 152.992 9.

.11 9.12BEE-02 -~26.16 0.

.29 9.1288E-02 -25.18 0.

-94% w, 18I4E-02 -37.70 ©.

REAL

|.@2MI1E-03 117,

170

5.1017€-0 116,580
| .B540E~02 -2u.707

1.5661E-02 -28.
1.3265E-02 -30.

215
™0

B.3%12E-0F -3I2.477
3. 9198E-03 -33.83)

W, 4 3B0SE -1t
Y4.38291€-11
4. 30BBYE-11
Y. 216296114
Y. 1D837E-11
3.980B4E- 11t
I.89113E-11
2.BI02BE- 1}
3.53088E-11
3.36595E-11
3.19879E-11
3.03255E-1)
2.87033E-11
2.Ti%IBE11|
2.5683976-11
2. 43%17E-11
2.31196E~11
2.20318E-1)
2.10781E-11
2.0256BE-11

Q.

Q.
MHOS )
FMAG. !

- - ~ RECTANGULAR COMPONENTS - - =

Q.

0.

1MAG. RE AL

Y

LHAG,

z
REAL

-58.77
-57 .52
-S6 . 04
=B, 32
-52.37
-50.17
~47. 74
“45. 05
2. 12
-38.33
-35.50
-31.83
-£7.82
-23.8)
-19.53
-8 11
-10.61

~6.10

-1.65

POWER
HATIS)

1.502%59E-02-5.91 322603 5.48282E+01 2.%2703E+31 |.%502%9€-02-6.91332€-03 T.51296E-03

THAG.

“2.04E-12 -1 S7E-12 -3.10E-02 2.SBE-02

-T.TIE~D2
7. ME-O2
7.7HE-02

=7.71E-92

=t .TVE-12

‘B3 2.2201E-02 189.65 “.BSE-03 ~7.4RE-03 -B.HE-C3

-130-

5.88E-02
-3.BBE-0O2
-3.geg-na
3.8eE-92
-2.04E~12

1.28E-02

=7.92€-02

=7.92E-02

4. Q4E-22

. OuE-02

8. 19K-02 -4.02E-0Q2

8. 19E-02 -4.02€-02

3.31€-02 -2.5%6€-02

-1.42E-02

1.TIE-Q2



¢.078

0.078

0.135

0.135%

0.135

B.155

G.15%

0.155%

0.093

0.093

0.13%

0.135

0.13%

0.4578

g.ova

0.07a

0.093

0.093

-G.000

-0.000

-0.000

~G.078

~0.078

-G.078

-C.o00

-0.000

~0.135

-0.135

-0.135

-0. 155

-0. 155

-D.155

-G.093

-0.093

-0.133

-G.13%8

-0.135

-0.078

-0.078

u.

17

171

AR

L

L

AT

1T

L]

ABL ]

AL

NRL

17

BT

AL

RN

BEL

L

A7

AT

AL

17

ST

114

AL

L

o

w

5.

i)

W

o

i

e E-D2

.7516E -0

.Qct3e~02

.68T4E-02

.BTIQE-02

.ST67E-02

.5654E-0a

- 39B5HE -0€

.1B70E-QE

38BlE-U2

BUTTE-032

.S731E-03

L2623 -0

.B163E-02

-2602E-02

L. T433E-03

.GOGIE-03

.7305E-03

5923E-03

.882RE-03

.2230E-12

LHIYWSE-12

.3315E-ia

. M33E-03

BOGIE~03

L7305€-03

L 1520E-02

. 1648E-02

.2623E-02

B1B3E-03

26026 -02

. 33656 -02

LEBT0E-02

.3951E-02

59238 -03

.8822E-032

.B710E-02

.SI8TE-02

.BSS4E-02

LTS33E-02

LI 1E-02

41

=31

-85,

-87.

a7,

103,

87T.

=18

50

55

-109.

.

il

I

2e

21

22.

37.

i43.

115,

14€.

-157.

-158.

-157.

26,

145,

-i43.

- 145

-1ev.

-118.

-12y

.8¢

. B4

52

50

Y5

64

L]

.82

1

90

28

.25

.42

42

.56

4y

a7
22
ez
78
58
Lty

56

48

24

T2

7%

.58

=14

.38

.27

e

.50

2.

B

2

w

5

B,

2

.3236E-03

30g7e-02

L 38C2E- 11

HBOHE-T

.C2eBE-03

.3328E-03

.8118E-03

LTSGR -3

.3310€-03

.2807E-03

(S5THE~0E

.S542E-02

.S688E-03

-33726-01

LBulE =03

.20BBE-03

LIMIE-03

2% iSE-03

.3634E-02

. 3B09€-02

22436 - 03

LI4TIE-G3

3064E-G3

.E066E-03

W |E-03

.24 ISE-03

.C3DEE-12

JATBLE-12

-SBSBE-03

LIFIZE-03

CBY4R2E-03

-7930€-03

.3310€-03

.2B07E-42

.3B34E-02

. 35096 -02

.CRRSE-03

.33280-03

Bl1BE-03

.2201E-02

.3236E-03

-4,

-60.

121

106,

-56.

B9

~ 31

10

-109.

179.

38.

-i9i

178.

B9.

-3]

-4t

L

106,

.35

71

62

.30

o4

8q

=14

.81

L2

-Qo

.18
=8
iz
28
.05
.29
.0
.27
Tw
-
L

.05

.23
=]

.27

.32
.ce
.05
81
L))

.oo

.26

%

0=

.80

.50

.85

L35

L4BE-02

62E-03

LTBE-C3

-D2E-04

P -O4

L 1BE-03

LB 3R -O%

LBEE~U3

CIRE-03

SB8E-D3

LHE-D3

-S5E-03

.03E-03

.8BE-03

.0CE-03

12E-03

.B1E-03

CHIE-G3

.20E-02

L15E-02

-0BE-21

S18E-2R

LO9E~E]

-12E-03

BIE-0Z

CLIE-03

L l4E-DZ

.OuE-D2

.03E-03

LBBE-0Q3

-GOE-D3

.BBE~03

S79E-03

.BBE-03

.20E-p2

L18E-02

2709

S19E-03

L43E-0y

.BFE-D3

4BE-02
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-1.18E-02

-7.%+E-03

-2.01E-02

~1.63E-02

-1.4%E-02

-1.33&-02

-1.4nE-02

-1 198 -0g

-1.02e-02

=1.i%E-Q2

-1.75E-02

-1.58E-02

-6.16E-03

-l . 69E-03

-E.17E-02

-1.29€-03

.03E~D3

.2BE-03

-7 .S4E-03

-~9.16E-03

7.80E-22

1.53E-2!

&.87e-22

-1.29€-03

-1.03E-03

-1.28E-03

-1.908-03

-5.15E-03

-6.16E~03

-4.69E-032

-6.17E-032

-1, 18E~-02

-1.02E-D2

-1.1BE-02

-7.54£8-03

-9.16£-03

-1.4SE-02

-1 33E-02

-1.unE-g2

-7.u%E-a3%

-1.16E-02

~5.

-4

n

.B7E-02

LQOE-03

.B3E-12

J4BE-1@

LBIE-04

.B4E-03

CTIE-O4

L0512

.8BE-13

L0ee-12

.40E-03

LCME-04

.eee-u3

L97E-03

.20E-03

LMOE-03

.52E-03

I9€-032

.BSE-0u4

.@5E-03

.5BE-12

JTSE-12

LB3E-1E

S4lE-03

.52E-03

.39E-03

B3E-12

L33E-12

.22e-h3

V37E-03

L20E-03

3RE-1E

LISE-§2

CIZE-L2

.82E-0u

.85E-03

-BEE-0%

-B+E-03%

TIE-O4%

.0lE~D3

.37E-02

LQIE-02

. 29E-08

2HE- 1

LE3E- 11

SE5E-03

67E-G3

L32E-03

-BOE-12

S4lE-1@

L59E-12

L33E-0m

.98L-03

SSSE-03

V71E-03

LSBE-03

L23E-03

LTeE 03

.2eE-03

LQoE-D3

. 18E-03

J93E-12

1gE~128

oee-ie

.23E-03

-78E-23

.2gE-03

LEBE-12

27E-12

.BRE-03

L7IE-03

LS6E-03

C3eE-12

LST7E- 12

L 32618

.ODE-03

. 18E-03

.35E-03

.BTE~Q3

.32E-03

.28E-02

-B1E-02

[P

L3RE-03

.B1E-02

.72E-03

.33E-03

-76E-03

-BYE-D6

.33E-03

.GSE-03

.57E-03

L33E-03

B3E-03

21E-03

L34E-03

L206-03

-2eE-03

-35E-03

-30E-us

L21E-03

LINE-0X

.20E-03

57E-03

L33E-03

-B3E-032

.BYE-06

.33E-03

L 9BE-D3

LIPE-03
-33E-03
-TEE-03
Lugf 02

.38E-03

5.

=1

0.

1
i

43E-05

65E-02

-9BE-03

.52E-05

.6BE-03

.BOE-C3

.92E-05

.17€-03

.B&E-0%

LEBE -05

Z1E-0%

. 1BE-05

LB1E-0D

CBIE-Du

L12E-O4%

.18E-05

- SME-0O4

L19E-05

.S1E-05

.BIE-On

.BBE-05

.B5E~05

EE-O

.BOE-03

L93E-0%

L17E-Q3

.G8E-03
LS2E-05
.GBE-03
. Tig-D2

M3E-0S



D.13% -0.078 -0.114 J.751BE-02 -5%B8.17 2.3097-02 -45.71 4.852€-03 -7.44€-03 9.00E-03 -1.29€-02 |.B1E-Q2 -1 .8%E-02

0.05 -0.093 0,171 9,5477€-03 -98.11 | .S579E£-02 -109.22 -S.1i€-03 -1.7SE-02 -1.40€-03 8.33E-0u 0. 0.
51
0. 0%+ -0.093 -0.!7! B.5731£-03 -§109.90 | .5542€-02 70.76 -5.55€-03 -] S@E-02 -6.24€-0v -1 .99E€-03 0. 0.
52
0.026 0.086 0.17t 2.0111E-02 -97.1% B.5900£-03 -62.33 -2.50£-03 -2.00£-02 4.0ME-03 -7.70E£-03 0. 0.
53
-0.026 0.085 T.171 |.9TME-0Z -174.0% §.9442E-03 -64.%1 -1.29€-02 -1,35£-03 3.8S£-03 -B.07E-03 0. o.
Sy
-0.026 -0.026 0.171 1.297E-02 -174 .05 B.9%w2E-03 115.49 -|.29€-02 -i.35£-03 -3.8%€-03 8.07E-03 0. a.
%
0.026 -0.025 0.171 2.0111€-082 -97.1% 9.BUC0E-03 117.67 -2.50E-03 -2.00£-02 -4.04E-63 7.70E-03 0. G.
56
a. G. -0.171 1.308BE-02 -126.31 “.7373E-12 8%.35 -7.7SE-03 -1.05€-02 -3.84E-13 -4.72E-12 0. .
- - - POMER BURGET -~ - -
INPUT POWMER = 7.%130E-03 WATTS
RADIATED POWER= 7.5130E-03 WATTS
STRUCTURE L0OSS= 0. HATTS
NETWORK LOSS = 0. WATTS
EFF ICIENCY = 100.09 PERCENT
- = - ISOLATION DATA - - -
- - COUPLING BETWEEN - - MAX [ HUM - - - FOR MAXIMUM COUPLING - - -
SEG. SEG.  COUPLING LOAD IMPEOANGE (2ND SEG.) INPUT | MPEDANCE
TAG/SEG.  NG. TAG/SEG.  NO. o8 REAL 1MAG. RE AL TMAG .
i 1 1 2 1 5 -13.709 5.5824BE+31 -2.06383E+01 | .B2F3E+01 -1.l6438E+02
ss++s DATA CARD NO. 7 £N -0 -0 -0 -0 0. 0. 0 g. 0. ]
RUN TiME = 12,598
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EXAMPLES 7 AND 8, SCATTERING BY A WIRE AND AIRCRAFT

Examples /7 and 8 demonstrate the use of NEC for scattering. The columns
labeled "gain' are, in this case, scattering cross section in square wave-

lengths (0/A2). Example 8 is a stick model of an aircraft as shown in

figure 19.
[ Zinc
E
i _« N
{2, 11.3, 0) ¢inc
(6, 0, 0)
(0, 0, 0) > (68, 0, 0)
\\\kTa11 from (6, 0, 0}
to (2, 0, 10)

(¢, -11.3, 0)

Coordinates in meters

(24, -29.9, 0)

Figure 19. Stick model of aircrafr.
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NX

- —-0—-—0Q -0

(=3

PROBLEMS FOR NEC -
. SYRAIGHT HIRE
. STRAIGHT WIRE
- STRAIGHT WIRE

iS5
1
2
-3

3]

3]

~53.

a
!
!

1204

a
1800

1000

~ FREE SPACE
- PERFECT GRDUNO

= FINITELY CONOUCTING GROUND

Examples 7 and 8 Input

SCATTERING BY A KIRE.

{SIG. =} .E~4 MHOS/M,

0.
3.
g.
o
LN
80.

6.
90.

CHMSAMPLE PROBLEM FOR MNEC
CESTICK HODEL OF

Ok
GH
G
Ok
Gl
G
G
[e7]
GE
FR
EX
RP
EX
RP
EN

O~ F -

=0 =0

1
B

furufuh i £

Q.

AIRCRAFT - FRLE

1000

1000

aAooaoooao

w

S0.

90.

1.

a.

1]

G.
Q

.0Q0E-0O4

g

SPACE

oCOoODOoO0OO00

30.
30.

55.

58
4.
au.

-9q.

EPS.=H.1

0. 19,
LD 0.
a.

Q.

0.

2. G.
. c.
g. a.
29.9 0.
-29.9 a.
i1.3 0.
-3 ¢}
a. £
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Examples 7 and 8 Output

L N YR T

NUMERICAL ELECTROMAGNETICS CODE

L N N N T

- = = - COMMENWTS - - - -
SAMPLE PROBLEMS FOR MEC - SCATTERING BY A WIRE.
1. STRAIGHT WIRE - FREE SPACE
2. STRAIGKT HIRE - PERFECT GROUND

3. STRAIGHT WIRE ~ FINITELY CONDUCT ING GROUND
ISIG. =1 .£-4% MHOS/M., EPS.+6.]

- - = STRUCTURE SPECIFICATION - - -
COORDTMATES MUST BE [NPUT IN
METERS OR BE SCALED TD METERS
BEFORE STRUCTURE [INPUT [S ENDED
HIRE NG, OF FIRST  LAST
NO. Xt A& 21 %2 Y2 e RADUS SEG. SEG. SEG.
I -55.00000 0. 1¢.00000 55%.00000 0. 10.00000 0.010060 15 1 15
GROUND PLANE SPECIFIED.
HHERE WIRE ENDS TOUCH GROUND, CURRENT WILL SE [NTERPOLATED TO [MAGE IN GROUND PLANE .
TOTAL SEGHMENTS USED= 15 NO. SEG. IN A SYMMETRIC CELL= 15 SYMMETRY FLAG= [
- HULTIPLE HIRE JUNCTIONS -

JUNCTEON SEGHMENTS (- FOR END |, » FOR END 2!
NONE

=~ = - GEGMENTATION DATA - - - -
CODROINATES [N METERS

I+ AND [~ INCICATE THE SEGMENTS BEFORE AND AFTER |

SEG. COORDINATES OF SEG. CENTER SEG. ORIENTATION ANGLES HIRE CONNECTION DATA TaG

NG . X Y Z LENGTH ALPHA BETA R&DIUS i- [ I WO,

1 -51.33333 0. 1090000 7.33331 a. o, 0.01000 o | 2 o

& +4%.00000 O©. 10.0000C  7.33333 a. 0. 0.01000 H 2 3 0

I .35 56667 0. 10.00000 7.33333 . g. 0.6t000 2 3 4 o]

4 -29, 333313 0. 10. Q380600 7.33313 0. 0. 2.91000 3 4 H o

5 -22.00000 0. 10.0C0000 7.33333 0. 0. D.01000 y 5 ] o

& -14.66687 . 10. 00008 7.33333 a. Q. Q.01000 5 & 7 g

7 -7.33313% a. 15.00000 7.33333 0. 0. &.01000 & 7 a 0

8 -0.00000 a. 10.00000 7.33333 a. o. d.01000 7 8 9 o]

9 7.33333 a. 10. 00300 7.33333 9. C. 0.0106G 8 3 10 ]

10 14.685867 4. 10.00000  7.3%3333 j+ 0. 0.01000 9 10 11 0

Il 22.00000 . 10.30000 7.331333 t. o. 0.01000 10 11 =4 0

12 29.33333 o. 10 . ac000 7.333233 o. 0. 0.01000 1l 12 13 0

13 36.66667 0. 1G. 00000 7.33333 0. 0. 0.0:000 12 [3 4 o

1w 44.,0006C O i0.00000 7.33333 o. [+ 0.0i1000 13 14 15 0

15 51,33333 a. 10. 00000 7.33333 0. a. 0.01000 T4 1% 0 o
*scas DATA CARD NO. 1 FR Q 1 0 0 3.00000E+00 0. 3. 0. Q.
*eter DATA CARD NO. 2 £x 1 a2 1 a B&. 0. Q. 4.500C0E+01 0
srses DATA CARD WO, 3 RP 0 2 1 §900 Q. a. 4. 50000€£+01 Q. 0.
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me e - FREQUENCY - - - - - =

FREQUENCY= 3.0000E+00 MHZ
WAVELENGTH= 9.9933£+01 METERS

APPROXIMATE INTEGRATION EMPLOYED FOR SEGMENTS MORE THAM 1.008 WAVELENGYHS aPART

* = - STRUCTURE {MPEDANCE LOADING - - -

TRIS STRUCTURE 1S NOT LOADED

= = - ANTENNA ENVIROMNMENT - - -
FREE SPACE

s - - HATRIX TIMING - - -

Flll= £.083 SEC.. FACTOR= 0.010 SEC.

“ - - EXCITATION - - -

PLANE HAVE THETA= 0. DEG. PHI= 0. DEG, ETa= 4. DEG, TYPE -t INEAR=

v = = CURRENTS AMD LOCATION - - -

DISTANCES M WAVELENGTHS

SEG.  Tko COORD. OF SEG. CENTER SEG. “ = = CURRENT [AMPS) - - =
MNO. NO. % ¥ z LENGTH REAL THAG . MAG . PHASE
1 0 -0.%13%7 a. 0.100} 0.073%@ -B.8823E-0% €.5672E-03 2.7165E-03 [0D.085
2 8 -0.wuQ32 o. G.100t 0.0733a 1.5984E-03 2.1979E-03 2.71766-03 S53.97%
3 0 -0.3869 0. U.IDOb 0.07338 8.81866-03 -4 .2490E-03 9.7BBIE~03 -2%.73y
4 0 -0.293% 0. 0.1001" 0.97138 !.9218E-02 -1.4937E-02 2.433I8E-02 -37.859
5 0 -0.2201 0. 0.1oe1 0.07338 3.0734E-G2 -2. TW0BE-0R W.1i80E-D2  ~v).T7PE
[} 0 -0.1v68 0. 81001 ©0.07338  4.1101E-02 -3,8922€-02 5.6605E-02 =43 uug
7 G -0.G73+ a. G.1801 ©.07338 4.8271E-02 -4.6991E-02 5.7367E-02 -wu4.2330
2] o «0._0002 0. 0.100! 0.07338 5.0829€-02 -w 9887E-p2 7. 1280DE-02  -uy . wEM
9 o] 0.0734 . 0.100y 0.07338 Y. 8271E-02 ~4.6991E-02 6.7367E-02 -uw, 230
10 0 ©0.ive@ 1. 0.1004 0.07338 +.11DIE-0R -3.8822E-02 &.E860SE-02 EERATY]
¥ 4 g.e2m a. 0.1001 0.07339  3.0734E-02 -2.7409E€-00 w. 1180E-02 ~v1.728
12 a 4.293% 0. 0.t001 0.07338 1.8216E£~02 ~1.4837E-02 2.43386-02 -37.855
i3 o 0. 3663 0. GB.1001 0.07338 B.8156E-03 -4 .2480F-03 9.7961E-03 -25.73
14 0 0.4403 0. 0.100! 0.0733e 1.89094E-03 2,1979€-03 2.7176E-03 %3.97%
11 5] 0.5137 s 0.:100F 0.07338 ~-82.8823E-0% 2.5672E-03 2,7168E-03 109.08S
-
T = - RADIATION PATTERANS - ~- -
“o- BNGLES - - - PONER GAINS - - n - POLARIZATION ~ - - = - = E(THETAY - - - ~ ~ = E(PHI}
THE TA PHI VERT. HOR . TOTAL AX 1AL TILT  SENSE HAGN [ TUDE PHASE MAGN [ TUDE
DEGREES DfGREES o] al:] ;] RATIO DES. VOLTS/H DEGREES VOLTS/M
g. 0. -12.86 -999.99 -i12.86 0. g, L INEAR 6.4]322€+00 -95.23 a.
45_00 0. ~18.33 -959.99 -1g. 33 0. 0. LINEAR 3.41S8TE400 -108.586 [i]

- -~ EXCETATION - - -

PLANE HAVE THETA» 45,00 DEG, PHi= 0. DEG, ETa= 0. DEG, TYPE ~LINEAR=
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- - - CURRENTS AMDO LOGCATION - - -

DISTANCES N WAVELERGTHS

SEG.  TaG COCORD. OF SEG. CENTER SEG. - - - CURRENT (AMPS) =~ ~ -
NG . NO x Y Fd LENGTH REAL 1HAG MAG. PHASE
1 ¢ -0.5137 0. 0.4001 ©.97338 -1l.401BE-02 -2.B706E-02 3.0I62E-02 -117.89%
2 ¢ -0.4403 0. 0.1001 0.07338 -3.9114E-02 -6.942DE-02 7.96B1E-02 -119.388
3 0 -0.3686%9 Q. 0.100! ©0.07338 -5.827i1E-02 -9.6999E-02 |.i3IBE-~D1 -120.99%
4 g -0.293% . 0.1061 0.07338 -6.7872E-02 -1.0687E-01 1 .2EGOE-Q) -122.420
S 0 -~0.2201 Q. B.IG01 0.07338 -56.9359€-02 -9.6633E-02 1.1832E-01 -i123.530
-] 0 -0.i468 n. 5.1001 0.07338 -5.0273E-02 -7.4958€-02 9.02%6£-02 -123.B4S
7 0 -0.073w 9. 0.1001 0.07338B -2.4528£-02 -4+.1068E-02 4.7E32£-02 -120.850
e a -0.0000 g. 0.1001 0.07338 7.8205E-03 -3.8791£-83 8.6499E-03 -25.17¢
9 ] D.07TIm a. 0.1001 0.07338 Y. 129%5C-02 3.0302C-02 S.1220E-02 36.271
12 Q 0.1468 G. 0.1001 0.073238 6.9910E-02 5.513%€-02 9.9037E-02 28,263
1 [+ 0.2201 a. 0.100) 0.07338 #.83%58E-02 6.7301E-02 1.1107E-0Q1 37.897
e J 0.293% 0. 4.1001 0.07338 9.2958E-02 6.5029E-02 1.1402E-01 5. 386
13 1] 0.3569 a. 4.100F 08.073Z8 §.237\E-02 5 3308E-02 3.8116E-02 32.910
i 0 0.4%403 3. g.100F 0.07338 5.77«BE-02 3.3261E-02 6.8640E-02 2%, 3%
15 a $4.5137 a. 0.1gor 0.07338 2.1820E-02 |.08T1E~-02 2.%4378E-02 26.4B3
-~ -~ - RADIATION PATTERNS - « -
- - ANGLES - - - POWER GAINS - -~ -~ - POLARIZATION ~ - - - - = E{THETA}
THETA PH YERT. HOR TOTAL AX AL TILT SENSE MAGN | TUDE PHASE
DEGREES DEGREES 2} o8 DE RATIO DEG. VOLTS/M DEGREES
G. 0. ~jB.38 -993.99 -18.38 0. Q. L INEAR 3.39892E+00 ~10B.66
5. 00 q. -10.40 -989.99 -10.%0 a. 0. LINERR §.51376E+00 71.99
sevsr DATA CARD NG, W Gl i -2 -0 -0 ©. 0. o. 0.
srees OATA CARD MO. 5 £x 1 i | 0 4.500C0E-01 O. 0. 0.
sevas DATA CARD NO. & RP a 19 I GO0 9.00000E+D1 0. -1.00QQ0E+Q} 0.
- - - STRUCTURE |MPEDAMCE LOADRING - - -
THIS STRUCTURE [S NOT LOADED
~ = = ANTENMA ENYIRONMENY - - -
PERFECT GROUND
- - - MATRIX TIMING - - -
FILL= 0.142 SEC., FACTOR= D.010 SEC.
- - - EXCITATION - - -
PLANME WAVE THETA= 45.00 DEG. PHI= a. DEG, ETa= 0. CEG, TYPE ~LINEAR=
-~ = = CURRENTS AND LOCATION - - -
DISTANCES [N HAVELENGTHS
SEG. TAG COORD. OF SEG. CENTER SEG. - - - CURRENT (AMPS) - - -
NO . NG. x Y 'S LEMGTH REAL IMAG . MAG . PHASE
1 ¢ -0.5137 0. g.1001 0.07338 9.6565£-03 -2.2201E-02 2.4211£-02 -66.4933
2 0 -0.4403 G. 0.1001 0.07338 2.3199F-02 -6.0450E-02 6.474SE-D2 -BH.013
2 2 -0.3689 0. ¢.1005 0Q.07338 2.3768E-02 -8.8238E-02 9.31e24E-02 -71.359
u n -0.293% a. 0.1001 0.07338 2.9988E-02 -1.0121E-01  1.05%6E-01F  -73.495
5 0 ~D.22o1 0. 0.i081 0.07338 2.53168£-02 -9.6764€-02 | .0002E-0f -7%.338
6~ 0 -0.i4bB 0. 0.1081 0.07338 1.7998E-02 -7.5365€-08 7.74B%E-02 -76.569
7 0 -0.073w 0. 0.1001 0.07338 [.0830E-02 -4.0881E-02 %.1925E~-02 -75.454
- 0 ~0,0000 0. 0.1001 ©.87328 5.0u8iE-03 1 .51S2€-03 5.270BE-C3 16.708
2 o/ 9.0734 0. ¢.1001 0.07338 2.8275E-03 4. 347T7E-02 4. 3568E-02 e&.279
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G.
a.

o000

AX1AL RATIO=-0.
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14 u 4. 1468 Q. d.1081 @.07338 4. 0010E-03  T7.7881E-02 7.,798%E-02 87.0%9

11 1] 0.2201 0. 1001 0.07338 7.5610€-03 9.8725E-02 9.8414£-02 85 820

ig a 0.293% g g.1001  G.07338 1. 1639E-02 1.025wE~01  L.0320E-Q) B33.524%

13 0 0.3669 ¢. g.108) 0.07338 1.35996€-02 8.8979E-0=2 9.0073E-02  B!.06I

1% U 0.%%903 0. 9.1001 0.07338 1.2982E-02 B.073%-02 5.2024£-02 78.296

15 ] G.5137 Q. g.1001 0.07338 5.85%1E-03 2.2237¢-02 2.299%4-02 75.251

- - - RADIAYION PATTERNS - - -

- - ANGLES - - - PCHER GAINS - - = = PQLARIZATION - - - - = = E{THETA! = - = = = = E(PH|)

THETA PR VERT . HOR TOTAL AX AL TILT SENSE MAGH T TUDE PHASE HAGN T TUDE
DEGREES DEGREES o8 jaz:] o8 RATIO DEG. VOLTS/H DEGREES VOL 1S/M

a3 .00 G. -99%.99 -989,.99 -999.99 G. Q. 3.5i915€E-22 -175.%0 3.
€0.00 Q. -35.76 -999.99 -35.78 0. Q. L INEAR $.0B3T7E-01 ~-175.53 a.

T5.68 a. -24.491 -989.99 -24.1 4. Q. LINEAR |.60223E+00 ~17%.47 a.

60.00 a. -18.29 -889.89 -18.29 0. 3. L INEAR 3. 431BIE+00 ~175.38 2.

50.08 g. -14.20 -999.39 -1v.20 0. a. L INEAR 5.49963E+00 -175.26 Q.
“0.0C 3. -12.80 -999.99 -~12.00 0. G. LINEAR 7.0B34TE+QD -175.08 3.
30.00 4. -11.77 -989.89 -1i.77 a. a. L IMEAR 7.270168E+00 - |T4 . 8! 0.
20.00 0. -14.39 -2999.99 -i%. 39 0. G. L INEAR 5.37922E+00 -174.28 G.

10.00 g. -258.87 -9993 .93 ~25.%7 0. G. L INEAR |.«8512E+00 -170.99 .

0. a. -18.38 -999 99 -1B.38 0. a. L INEAR 3.39%3CE+00 3.1 Q.
-10.00 a. -11.31 -999.99 -11.3t 0. g. L INEAR T.B8TIYE+CO +. 34 0.
-20.00 0. -8.96 -898.99 -8.98 0. o. L INEAR . 00250E+ 01 4.7 a.
-306.490 a. -8.95 -999.99 -8.89 a. a. L INEAR 1. 00832E+0! 5.08 0.
-40.00 a. -16.60 -995.98 -10.80 a. . L INEAR 8.3IB0IE+CO 5.29 0.
~50.00 g. -13.79 -999.9% -13.78 [ . L INEAR S.77182E+00 S.43 0.

-80 .00 4. -18.99 -998.99 -i8.59 a. o. L INEAR 3.31792E+00 5_68 0.

~70.00 J. -25.71 -883.89 -25.7 g. a. L INEAR 1.4B8080E+0D 5.83 0.

-20.00 g. -37.80 -999.99 -37.90 a. a. L [REAR 3.5917BE-01} 5.92 0.

-390 .00 0. -999.93 -999.93 -995. 99 a. 0. 3.08865£-22 5.99 g.
srome DATA CARD NJ. 7 OGN -0 -8 -0 0 6.000D0C+00 |.000QDE-O% 0. a. .
etsre DATA CARD NO B RP g 19 I 1000 9.00000E+C1 0. ~1.00000E+01 0. 0.

- - - STRUCTURE IMPEDANCE LOADING - - -
THIS STRUCTURE 1[5 NOT LOADED
- - - ANTENNA ENMVIRONMENT - - -
FINITE GROUND. REFLECTION CDEFFICIENT APPROXIMAT|ON
RELATIVE QIELECTRIC CONST.» 5.000
CONDLCT IVITY= | OOOE«Qu MHOS/METER
COMPLEY DIELECTRIC CONSTANS = G.OUUUDE~DO~5.QQQGDE-GI
- - - HMATRIX TIMING - - -
FiLL= 0.1%% SEC., FaCTORs G.010 SEC.
- - - EXCITATION - - -
PLANE WAVE THETA= 45,00 DEG, PHI= [+ DEG, ETha a. QEG. TYPE -LINEARa AX{AL RATIQ=-0.
- - - CURRENTS AND LOCATION - - -
DISTARCES |N WAVELENGTHS
SEG. TaG CODRD. OF SEG. CEMTER SEG. - - - CURﬁEN? (AMPS) =~ - -
WO . NO. X Y z LENGTH REAL IMAG. MAG . PHASE
1 0 -0.5:137 .o 0.1001 9.07338 -7.4247E-03 -2.3807E-02 . MTHTE-D2 -107.489
e 0 -0.49a03 &. 0.1001 Q0.07338 -2.10936E-02 -6. I196RE-02 6.SE97E-02 -i09.413
3 0 -0.3863 a. 0.1001  0.07338 -3.3971£-02 -8.7376E-02 D.ITHBE-02 -11].245
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THET
DEGRE
30.
8C.

0 -0.293%
¢ -0.2201
2 -0.1468
0 -0.0734
0 -¢.0000
0 0.0734
1] 0. 1468
0 g.acol
a 0.2935
a 0. 3665
o 0.4403
a 0.5137

ANGLES - -

A PH |

£S DEGREES

Qo a.

oa a.

0g 0.

G0 g.

.00 g.

o0 4.

0G 0.

a0 0.

o0 g.

0.

0Q 0.

00 0,

Gao 9.

co B.

jaf1] 0.

o0 0.

oa Q.

00 Q.

00 a.

DATA CARD NO.

oo ooooocoCc oW

- POWER GAING -

YERT.

alc]
.95

-999
“21

-7,
-55.
-i3.
=12 .
-13.
-16.
-a7.
-18,
~1a.
-i8.
-t0.
=11,

-3

-i5.
-18.
-2d.
-899.

9

13

NX

.ol
-1eot
L1001
. 1001
-1001
L E0D)
Lo
L1084
.10G}
L1001
L1001
L 1e0i

Lie T o S B o B v T O = Y = o e L

HOR,
oB
-999.99 -
~9499 .99
-499.99
-$939.499
-593.99
-99%. 29
-999.53
-999.99
~999,99
-999.99
-999.99
-999 .99
-9G3. 99
-989.39
-899 89
-993.99
-998, 99
-999.93
-993.99 -

P = e T B o [ e o I - = = =)

.Q7338
.07338
L0338
.07338
.07338
.97338
.47338
L0733
.07338
.07338
.G3z8
.07338

TOTAL

B
999 .
-21.
-17.
-15.
-13.
-i2.
~13.
-16.
-27.
-9,
2.
-1,
=10,
=11,
-3
“i5.
-18.
-e2.
999.

aoooCceDooCORDDDC O

LO538E~01 -1l
LBE42E-02 -114
.BRITE-D2 -1

.033BE~D2 -11&.

JFPITE-D3 -15

1
2
7
4
-]
4. 3473E-02 45
7.6134E-02 W7,
=]
=1
8
]
2

.95BIE-02 “3

.87zae-02 M43

. 95ha0E-07 L H
.BS04E-Oe 37
. 156BE-02 24

- - - EATHET
MAGN [ TUDE
YOLTS/M
L06260E-10
JMTBS3E-00
.B33u0E-00
.8906iE+00
.BEBI0E+00
.S002IE+00
L 178THE+ 00
38120E+00
. 14E76E+00
.B7841E+00
-3B849E~00C
L4 lw1BE+00
. T3340E+00
-TB343E+00
. 25588 +00
. 789506+ 00
LBMT03E+00
.2104SE~-00
L36921E-11

DLW EFTaDOmi — £ OB L W -

-4, 1013E-02 -9.7068E-0&8
% . 0BE6TE-02 -9.0189E-02
1.1928E-02 -56.8766E-02
|.5%433E-02 -3.7267E-02
6.5278E-03 -1.8009e-03
3.0350E-02 3.112%£-02
5.1732€-02 5.5853€-02
6.6473-02 &.8B652E-02
7.1286E-02 ©,8J96E-02
B.4446E-0Z 5.6217E-02
4.5118E-02 3.B0OCI1E-02
1.7790E-02 1.21393E-02
- -~ RADIATION PATTERNS - - -

POLARIZATION - -

AX AL TILT SENSE

RATIO QEG.
Q.
0. L INEAR
a. L INEAR
a. L INEAR
a. L INEAR
a. LENEAR
0. L INEAR
Q. LINEAR
a. L INEAR
G. L INEAR
0. L INEAR
a. L INEAR
0. L INEAR
Q. LINEAR
a. L INE &R
a. L INEAR
Q. L INEAR
0. LINEAR
o]

0. 0.
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.805
. 268
L3905
4S86
423
123
137
.92y
773
.083
.978
432

Al

PHASE
DEGREES

-125.
87.
66.
8.
=2

101,
105.
1ES.
129.
-70.
~-87.
-6E.
=7,
~-74.
-A7.
~9g,

-110.

-114,
87.

83

COOCO200QC 0oL OLOEO oo O

Et(PHIL:
MAGN [ TUDE
vOLTS/M

.

PHASE
DEGREES

[T T S o B T o B o B o Y o B v o [ v Y o Y = Y = = Y ]



HIRE

[ ST IS I S TV TR

TOTAL GEGMENTS USED= 29

iy

LU

e

oD h

£ oo

X

-00000
.g0000
00aoo
-00009
.00000
.00000
.00000

LR Y R Y N RN N I

NUMER [CAL ELECTROMAGMNETICS CODE

LR YR N TN N

- - - - COMMENTS = - - -

SAMPLE PROBLEM FOR NEC
STIiCK MODEL OF AIRCRAFT - FREE SPACE

= - - STRUCTURE SPECIFICATION - - -

CODRGINATES MUST BE INPUT (N
METERS OR BE SCALED TQO METERS
BEFORE STRUCTURE INPUT (S ENOQED

NO. OF
Y1 Zi e Ye z2 RAGi LS SEG.
a. Q. E.00000 a. Q. i.00o0o 1
0. Q. 4, 00000 Q. 0. i. 00008 B
g. 0. &68.00000 0. o. 1. 00060 b
g. a. a4 . 50000 29.90000 g. 1.00000 £
g. 0. 24.00000 -29.30000 0. 1.90000 )
g. 0. 2.00000 11.30000 Q. 1. Q0000 2
g. 0. 2.90000 -1:.30000 g. 1.00000 a2
Q. 0. 2.00000 Q. 10.08008 1.0cooa Z
NO. SEG. IN A SYMMETRIC CELL>» 2% SYMMETRY FLAG=

- MULTIPLE WIRE JUNCTIONS -

JUNCT EOMN SEGMENTS (- FOR END |, » FOR ENG 2)
1 1 -2 -2 -26 -28
c 7 ~8 -i2 -18
- - - -~ SEGMENTATEON DATA - - - -
COORDINATES !N METERS
I+ AND 1- [NOICATE THE SEGMENTS BEFORE AND AFTER |
SEG. COORDINATES OF SEG. CENTER SEG. ORIENTATION ANGLES WIRE
NG % Y 4 LENGTH ALPHA BETA RACIUS
I 3.ooo00 Q. g. 6.60000 a. 0. 1. 80000
2 9 16667 G. 0. 6.33333% . a. 1.00000
3 15.90900 . G. 65.33333 Q. 0. |.00G00
4 21.83333 G. Q. B. 33333 0. 0. 1. 20000
5 2B8.18667 0. g. 6.33333 Q. 0. 1.009C0
6 3w . 50008 a. G. 5.333313 G. o. 1.¢000Q
7 w0 . HIZII3 g, g. & 33333 0. 0. i.gooon
g 47.004900 a. a. 5.00000 0. G. 1.00000
3 53.00000 a. a. 6.00000 a. a. t.Q00GG0
10 59.00000 Q. Q. §.00000 0. a. 1.Q0000
il B%.00000 o. 0. 5.00000 0. 0. 1.D0000
12 42.33333 2.49167 0. 5.99539 G. 12377842 | . 00000
13 39.00000 T.u47s00 0. 5.599%519 a. i23. 77842 1.000090
14 35.56667 |12.45833 0. 5.99%32 a. 123. 77842 1.00000
15 32.33333  17.44167 0. 5. 99539 Q. 123.778u2 1.40000
16 29.00000 22.42509 0. 5.99539 2. 122, 77842 i.000c0
17 2%.B6867 27.40833 Q. 5.99539 . 123. 771882 I.0cooo
1B 42.33333 -2.43167 4. 5.99539 a. -123.77842 | .00000
19 39.00000 -7.47%00 o. 5.99539 a. ~123, 77842 1.40000
20 3I5.B6B57 -12.45833 0. 5.39539 a. -183. 77842 1.005800
cl  32.33333 -17.441B7 a. 5.9953% a. -123.77842 1.008500
22 29.00200 -22.42500 a. 5.99%39 0. -123.77842 1.00a00
23 25.86667 -27.40833 0. 5.98539 a. -123.778%2 1.00000
M 5. 00080 2.82%500 a. 5 993%4 Q. 109.493068 i.000an
25 3.800G0 8.27500 Q. 5.993%54 3. 109 45308 I.00000
26 5.00000 -2.82800 0. 5, 993%y . -109.48306 1.00000
27 3.00000 -B.%7500 0. 5.99354 a. ~E09.49308 {.Q0o00
=2 5.00000 a. 2.50000 5.18518 68. 19853 180.00000 I .aqooa
29 3.00000 o. 7.50000 5.3e516 €8. 19853 |80.00000 1. 00000
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serrs DATA CARD NO. 1 FR O 1 ] 0 3.00000E£-00 O.
s+evs DATA CARD NO. 2 EX | 1 1 o o. .
veees DATA CARD HO. 3 RP D 1 1 1000 O .

------ FREQUENCY - - - - - -

PLANE WAVE

wam-dmn L oWy -

TAG

&

OO J I I DHARA DR S LT L TN W R -

UL uUoOoLOCcCoOoooQOOoODOOoOOoOoDODoOoODooOoQO0

FREQUENCY= 3_0000E+00 MHZ

HAVELENGTH= 9 .8333E«01 HETERS

APPROXIMATE [INTEGRATIOM EMPLOYED FOR SEGMENTS MORE THAN

- - - STRUCTURE [MPEDANCE LOADING - - -

THIS STRUCTURE |5 WNOT LOADED

=~ = - ANTENMA £NVIRONMENT -
FREE SFACE

= = o« MATRIX TIMING - - -

FlLLe= 0.289 SEC., FACTORs 0.062

- - - EXCITATION - - -

THETA= 0. DEG., PHi= o. DEG, ETa=
= =~ = CURRENTS AMD LOCATION - - -
DISTANCES 1M WAVELENGTHS
COORD. OF SEG. CEMTER SES. - = -
X Y 4 LENGTH REAL
Bk 1is) Q. 0. 0.0600% 1. 49g97E-03
L0917 0. 0. 0.06338 3.2096E-02 -
. 1551 0. 0. 0.06328 3.7966E-02 -
.218s a. 0. 0.0B6338 4. 4292€-02 -
.2a18 0. a. 0.06338 . 9342E-02 -
. 3us2 0. 0. 0.063328 5.2034E-02 -
.40B6 Q. 0. 0.06339 5.1837e~-02 -~
L4TIR3 0. 0. 0.08004 2.0877E-01 -
L5304 a. 0. 0. 05004 1.78B44E-0] -
. 5904 Q. 0. 0. 06004 1 .2813E-B1 -
.B504 Q. Q. 0.08004 5.9205E~02 -
L4235 0.024s 0. 0.05999 -8.3233E-D2
L3983 0.0748 0. 0.05869 -A.31106E-02
. 3569 0. 1247 0. 0,.0%999 -7.6169E-02
.3835 0.8 0. 0.05999 -5.2519€-02
2902 0.22uu 0. 0.05958 -4 I490E-g2
2568 0.2743 0. 0.05999 -1.85uwvg-a2
4238 -0.024G g. 0.0%59%9 -9.3233&-32
L3963 -0.0748 0. 0.0%5999 -B.3I06E-02
L3569 -0, 1247 c. 0.05999 -7.615S9E-08
L3235 -0.174S g. 0.05999 -5.251%€-02
.2908 -0.2a44 0. 0.05998 -4.3490€-02
.2BE8 -0.2743 Q. 0.05995 -1.9544E-02
. 0500 Q.0c83 Q. 5.05998 -1.01IBE-D2
.0300 D.0848 a. 3.05998 -4.B617BE-03
L2500 -0.0283 a. 0.05998 -1.01tBE-02
.0300 -5.pgusB 0. 2.05998 -4.5176E-03
. 0500 a. 0.025%0 0.0%383 -S5.2940E-03
.0300 o. 0.0751 0.05388 ~-1.5853E-p3

SEC.

a. DEG,

TYPE

[=1

0. 0.
0. 0.
a. a.

1,000 WAVELENGTHS APART

CURRENT taAMPS) - - -

| MAG .
Y4, 894SE-0F
1.7022E-02
X.978E-02
4. 946LE-D2
6.7069E~02
7.8828E ~02
8.484 IE-02
2.0895E£-0¢
1.7B50€-0t
1.2752E-0t
5.8276E-02
6.86192£-02
B5.%9812E-02
5.8726€-02
W .6263E-02
3.02126€-02
1.2376E-028
&.6192E- 02
6.561eE-02
5.9726E-02
4.6263E-02
3.0212E-02
1.2376E-08
S.2353E-03
1.7836E-03
5.2353£-03
1.7836E-03
S.3450E-03
2. 05IBE-03

=141~

Wl f e F e WA G0 — =MW -JW 0= IOaA L WS

MAG,

.9287E-03
.B3I1E-02
.90B4E-02
.B39BE-Ce2
.I2B4E-02
. 5290E-02
.9320E-08
L983TE-Q1
.5239E-0]
.BOTTE-0)
. 307HE-O2
.OB34E-01
.0S8BE-01
.B179E-02
LITTHE -0
. 29856 -02
.3133E-02
.DG34E-01
.Q568E-D1
BI79E-02
CTITIHE-QR

S958E -02
3133E-02

. 1392E-02
.9501E-03
.1392E-02
L9501E-03
.B230E-03
V59296 -03

-LINEAR* AX]AL RATID=-0Q.

PHASE
72 .285
-&7.838
-332.303
-48. 151
-53 .50
-55.903
-58.67%
-L5. 024
-45. 010
-k B
~hh 4T
i=1.506
t%).709
w2, 368
143,499
w5213
147,657
i%1.508
14).709
142.368
143.499
148 213
147 . 657
152 . 642
158.880
152 . 642
158,880
13%.72%
187,691



- -~ - RADIATION PATTERNS - - -

- - AMGLES - - - POWER GA NS - - - - POLARIZATION - - - - - - EITHETA) - - - - - = EAPMI) - --,
THETA Pl vERT. HIDHR . FOTAL AXTAL ey SENSE HAGN [ TUDE FHASE MAGN | TUOE PHASE
DEGREES DEGREES og [91°] 2] RATIO DEG. VOLTG/ M DEGREES YOLTS/M DEGREES

0. o. -2.98 -999.99  -2.98 g Qnaso -0.00 L INEAR 2.00020E+0! -133.97 1.07231€-12 69.59
trave OATA CARD NGO, 4 EX t 1 i 0 9 D00OOCE-OY 3. 0DO00OE-C)! -5.00000€+01 0. a. a.
rese DATA CARD NO. 5 RP <] 1 i 1000 9. 000OCE-QF 3.00000E+Q) . a. 0. 2

-~ - - EXCITATION - - -
PLANE WAVE THETA= 30.00 DEG. PHI= 30.00 OEG. ETA= -90.00 DEG. TYPE -LINEARs AX[AL RATIO=-0Q.
- v = CURRENTS ANO LOCATION - - -
DEISTANCES N WAVELENGTHS
SEG. TAG COCRD. OF SEG. CENTER SEG. + = - CURRENT (AMPS) - - -
NG NO . X Y F4 LENGTH REAL 1MAG . MAG . PHASE
! 1 0.0300 Q. Q. . 06004 2.1933E-03 Z.EIGIE-03 4 2I0ME-03 58, T
2 e 0.0917 0. 0. G.06338 6.5450E-03 3.SEPBE-03 7.432BE-03 £8.29!
3 =4 0.15851 g. a. C.06338 7.4391£-03 -5.772%€-03 9.4I50E-03 -~37.810
4 2 0.2185% 0. 0. C.05338 9.8957€-03 -1.8791E-02 2.2123E-02 -53.458
] e G.2e1y9 a. 0. C.0633B 1.4293E-02 -31.%2TIE-02 3.8057E-02 -67.94%]
B 4 0. 3452 Q. 0. C.06338 2.0095E-02 --.BB%BE-02 %.2829E-02 -67.64w
7 2 0.4086 ag. 0. 0.08338 2.535VE-02 -S.7700E-02 S.3113E-02 -65.098
2] 3 0.4%703 0. 0. G.06004 -3 . 8BI10E-02 .S5SHiE-01 |.5%G4E-01 103.978
9 2 0.5304 a. a. C. 06004 -2.7343E-02  1.3176E-01 1.3%61E-01 1091 .B97
10 3 0. 5904 Q. a. 0.0600% -1 .429iE-02 9.3SB9E-02 S.50689F-02 98 . G=+5
11 3 C. 6504 a. 0. 0.06004% -3.4931E-03 4._3257E-02 w.339BE-02 gv.617
12 L] 0.4236 0.02u9 Q. 0.05999 -2.3663E-02 -2.1177E-01 2.1309F-01 -36.376
13 L] 0. 3903 0.0748 Q. 0.0%989 -] .84W02E-02 -2 . OM8BE-0F 2. USSUE-01  -G4.577
14 Y 0.3%89 0.1247 0. 0.05339 -7.9%i4E£-03 -1.8318€-01 1.8335E£-01 -32.482
15 i 0.323% G. 745 a. 0.0%939 -3 TuS4E-04 -], 4723E-01 1.4723E-01 -90. 148
18 4 0. 2902 0,224y a. 2.905338  4.S9370E-03 -1.0032E-01 {.00%2E-01 =-87.ult
17 4 0. 2568 0.2742 a. 0.05999 %.5311E~D3 -4.%057E-02 4w.4290E-02 -Bw.128
18 S 0.4238 -0.02v2 ' D.0%999 9.4628E-02 -D.8035E-03 9.5048£-D2 -5.375
19 5 0.3803 -0.074B o. 0.0%999 9.3i42E-02 -9 .9B63E-03 9.3673E-02 -6.107
20 = 0.3569 -0.124? a. 0.09999 8 .9086E-02 -7.7993E-03 B.854u3E-02 -5.237
21 S 0.3235 -0.174% 9. 3.05994 T.05%5E-02 -31.B5E8E-03  7.0640£-02 -2.967
22 5 D.2982 -0.22u% a. 2.05%99 T.0363E£-02 3.7V6SE-U4 5. 036%E-02 G.%320
23 5 0.2568 -0.27+3 a. 0.05998 2.36%I1E-02 1.8773E-03 2.37i5£-02 4.540
24 B 0.0%00 G.0283 0. .05998 I 1796E-02 -3.7554%€-02 3.9351E-02 -72.617
2% & 0.0380 G.oB84B a. §.05898 7.31%0E-03 -2.2549€-02 2.¥705E-02 -72.085
26 ? 0.0%50 -0.0283 a. 0.05998 -1 .0ws7E-02 3.67BI£-02 3.8236E-02 105.856
27 2 0.0308 -0.0B4B a. 0.0599R -4,.95i6E-03 2.0995E-02 2.1%7E-02 103.27%
28 g8 0.0500 0. 0.0250 0.05389 -%.B028E-43 -!.67SIE-03 4.8991€-03 -160.002
29 g 0.0350 0. 0.07%5! 0.05389 -2.6P6BE-03 -1.6650E-03 3,!098E-03 ~147.6530
= = — RADIATION PATTERNG - ~ =
- ANGES - - - POMER GAINS - v =« - POLARIZATION ~ - - - - - E(THETAY - - - - = = EiPH]) - --,
THETA PHE VERT. HOR . TOTAL AX AL TiLT SENSE MAGN | TUDE PHASE MAGN] TUDE PHASE
DEGREES DEGREES 08 oR o8 RATID CEG. YOLTS/M DEGREES VOL TS/ DEGREES

90.00 30.00 51,77 -9.79 -9.7%9 0.00010 89.54 RIGHT 7.2750%E-02 -52. 30 9. 134EBE+00 ~-52.98
treve OATA CARD NO. & EN -D -0 -0 -0 0. 0. Q. a. e. 1]
RN TIME = 1.871
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EXAMPLE 9, SCATTERING BY A SPHERE

Example 9 shows scattering by a sphere with ka of 2.9 (ka = circumference/
wavelength). Bistatic scattering patterns are computed in the E and H planes,
followed by near E and H field. The near fields within the sphere should be
the negative of the incident field to produce zero total field. This condition
is approximately satisfied in the example.

1f the frequency is changed to ka = 2.744, however, large internal fields
will exist in the TMlOl mode of the spherical cavity which is resonant at this
ka. Such internal resonances may occur in any closed structure and result in
severe errors. The errors may be avoided by placing wires inside the sphere to
destroy the resonance condition at a given frequency. Since the magnetic field
integral equation enforces zerc tangential magnetic field on the inside of the
surface, the surface acts as a perfect magnetic conductor on the inside. Hence,
the resonant fields are the dual of those that would exist in a perfect electric
conductor. Unfortunately, while the correct magnetic currents for the internal

fields would not radiate extermally, the electric currents radiate strongly.
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1

CMBISTATIC SCATTERING BY A SPHERE .

CHPATCH DATA ARE
CHMTHE SPHERE

INPUT FOR A SPHeRE OF
1S THEN SCALED SO THAT XA~FREQUENCY (N HMHZ.

Example 9 Input

. M. RADIUS

CMTHE PATCH MODEL MAY BE USED FOR kA LESS THAN ABOUT 3.

CEFOR THIS RUN

P
SF
SP
=14
SP
2P
SP
Sk
SP
P
GX
GS
GE

R

™
>

PEFTRAETR

ocoQ o000 0o —

_— = O =

. 3735
51328
.@1as!
.B03tu
.5E7T9
.215290
.96194
.815.9
. Sw4490
13N

w7, 71485

I i0on
189 000

ars KA G sou

. 13795
.21261
51328
. 21520
58794
-8031.
L1813y
.S443ag
81549
e L )

.9807g
.83147
.831w7?
. 58557
. 85557
-S95557
. 13509
. 19%08

= e B s [ s I v v - ]

19508
13509

78.
56,
56.
13
31.
33.
1.
(B
[
[

oo o O

s
=
25

[=3

45,
ae.
67.
15.

NOO RO -~ O

-144-

o -

.29
75
&5
75

. 11957
S1702%
.1702%
18987

16967

. 16987
. 15028
. 15028
- 15028
. 15028

agmoauno

oo a o



HIRE

NO. %1
P 0.13795
2r 0.51328
3P 0.2126!1
P 0.80314
5P 0.58754
BP 0.2i820
7P 0.96184
Bf 0.818549
5°  ,5448D
10P 3.19134

STRUCT

Example 9 Output

LR N Ny Y Y RN Y Y RN

NUMER{CAL ELECTROMAGNETICS CODE

Y I N R Y RN T Y]

- - - - COMMENTS - - - -

BISTATIC SCATYERING BY A SPHERE.

FPATCH DATA ARE

THE SPHERE

ENPUT FOR A SPHERE OF |,

M. RACGIUS
IS THEN SCALED 50 THAT KA=FREQUENCY [N MHZ,

THE PATCH MODEL MAY BE USED FOR KA LESS THAN ABOUT 3,
FOR TMIS RUN

Y1
L3795
21261
.5 X208
.21%20
. SET
B:D kL
T
54w 90
L8154
0.9619w

cCoOoOO0OQODODOooO0

e

Kascg, g +n¢

- - - STRUCTURE SPECIFICATION - - -

COORDINATES MUST BE ENPUT IN

HETERS OR BE SCALED TO METERS
INPUT [$ ENDED

BEFORE STRUCTURE

Z1
.98379
R-E1L N
.83147
. 55557
55557
. 55557
. 19609
- 19509
- 19509
. 19509

cooooCCocoOoOoOCo

x2
1475000
56. 25000
S6.25000
33.75000
13.75000
33.750060
11.285000
El.25000
11.25000
11.85000

STRUCTURE SCALED 8Y FACTOR 47.714855

TOTA

L

SEGMENTS

USED= o

TOTAL PATCHES USED= 2o
STRUCTURE HAS 3 PLAMES OF SYHMETRY

PATCH
NO .

LB R Y I TR

ZoodBisng

=R

[=]

gm3¥633m

NG . SEG.

COORD. OF PATCH CENTER

4
.82y
43098
AM4B |
L3215
.09325
.26813
896863
082
99971
12972
58324
.49008
Llulg]
L3215
.05335
26819
-§96863
31082
98971
.lga72
S82a4

Y
6.58224% 4B
10,1446l 39
24.439088 39
10.26819 26
29.0533% 26
8. 32154 26.
9.12972 9
25.9891 9
38.9t082 9
45.89863 =
6.5822y -u&
10, I446| -39
24.439098 -39,
10.26819 -26.

a8.0533% -26.
ig. 32154 -26.
g.12972 -9,
25.9997  -9.
3g.51082 -9.
uws. 89863 -9.
-6.5822% 46.

Fd

Ye
%5.00000
22.50000
B67.50000
15.00000
45. 00000
75.00008
11.25000
33.75000
56 .25000
78. 79000

URE REFLECTED ALONG THE AXES X Y Z. TAGS INCREMENTED

IN A SYMMETRIC CELL=
NQ. PATCHES IN A SYMMETRIC CELL=

2 RADEUS

G.1i957
0.17085
17025
.16987
. 16987
16987
. 15028
.19G28
.15Gz8
15028
Y -0

Lo J == = = = e g =y = ]

NGO, OF
SEG.

o SYMMETRY FLAG=

H

- = ~ SURFACE PATCH DATA - « -

COORDINATES |N METERS

UNIT NORMAL VECTOR

X ¥

. 79805 2.1379 0.:379
.67330 0.5133 0.2126
.67330 0.2126 0.5133
L5083 0.B03) D.2182
.50B83 0.5979 0.5879

S0BEE 0.21%2 0.8931

.3086% 0.
. 30865 0.
.30B65 0.
.30B6eS 0.
.18805% 0.
L6730 Q.
E7330 0

S619 0.1913
BIS3 0. 5uMs
5943 0.81%55
1913 0.9619
1378 0.1379
5133 0.2126

2126 0.5133

50883 0.BO3I 0.2182
50883 0.3879 0.5879
50883 0.2i152 0.803)
30865 0.96:19 0.1913
30865 0.8155 0.54u49

lpsss 0
30885 0.
79805 0.

S44g  0.8155

1913 0.9619
£379 -0.1379

2

0.9608 272,
0.8315 387.
0.8315 387,
0.5556 386.
0.5556 386.
.TH086  -0,9659
LI4OB5 -0, 195
L1065 -0.5556
14083 -0.831%
0.1951 Iu2,
-0.3808 272.
-0.8315 367.
-0.8315 387.
-0.5556 386.
~0.5536 3B6.
~0.95%6 386,
0,195 3u2.
-0.1851 342,
=0.1951 3u2.
-G.1951 3ue.
G.9808 272.

0.5556 386
0.1951 Iy
0.1951 Iug2
0.18%) 3ug

=145~

PATCH
ARE A X1
ce 356 ¢.707

BOBIO  -0.3827
GOGED -0.9233
4096 -0.2588
TMO9B  -0.7071

%065 -0,9808
288358 -0.707)
E0Gl0D  -0.3827
60610 -0.9239
74096 -0.2968
4096 -0.7071
JY409E -0.9659
140659 -0.195)
14DBS -0.55%%6
14065 -0.8315
14065 -0.%808
2e36  ~0.7071

2

FIRST LAST TAG
SEG.  SEG. NO.

COMPONENTS OF UNIT TANGENT YECTORS

Y1
Bravics]
. 9239

. 3827
. 9659

0T

.2588

.8a0g
.B831%
. 5556

0
o
[+
|54
[
24
1]
o
0
0. 1951
b,
o
4
2
a
0
0
0
a
Q
-0

T
9239
. 3827
. 9659
Nrjr
.2588
. 9808
-BIIS
. 5556
-1981
L7071

[~ = =T~ =~ I =~ A = Y =]

[
Qoo

-0,
-0.
-p.
=0,
-0,
_Q‘

0.

X2 Y2
-0.6935 -0.6935
-0.768B2 -0.3iB2
-0.318B2 -0.7682
-0.5366 -0.i438
=0.3928 -0, 3928
=3.1428 -0.5366
-0.1813 -0.038}
-0.16828 -0.10B%
-0.1084% -0.162¢2
-0.038L ~0.1913
-0.693% -0.693%
-06.7682 -0.3182
-0.3182 -0,7682
-3.9366 -0.1438
-G.3928 -0,3928
-0.1439 -0.53266
-0.19i3 -0.038)
-0.16822 -0.31084
=0.108% -0.1622
-0.038 -0.1913
-0.6835 (0.8935

2
1951
. 5558
. 5556
.B3IS
BIIS
.8315
.8808
.8808
. 8808
. 9808
=0. 1951
-0.9556
-0.5556
-0.831%
~0.8318
-U.E8318
~0.8308
~0.9808
-0.5808
-0.9808
9.1951

o8 ooagoDOO



e
4]
G
0
¢
<}
0
0
3]
2
a
a
g
v}
a
a
0
a]
Q
-0
-0
-0
-0
-0
-0
-0
-0
-0
~Q
-0
-a
-0
-0
-a
-2
-0

-G.

-0
-0
o
0

0.

0
Q
1]
1]
Q
o}
o
Q
Q
o
Q
a
Q
al
0
0
0

[=]

22 24489008 -10. w50 39.87330 0.5133 -0.21256 0.8315 357.50610 -0.3627 -0.9239 O, -a.7682
21 10,1461 -2%.+9099 39.67330  0.2125 -0.5133 0.8315 387.506i¢ -0.9233 -0.3827 0. -0. 3182
2% 28 32154 -10.26B19 26.50883 0.8031 -0.2152 0.5556 386.7409% -0.2588 -0.98%3 0O -0.5366
25 28,05335 -26.05335 26.50883 0.5879 -0.5879 0.5586 386.74096 -0.7070 -0,7071 4. -0.392a
26 10.26819 -36.3215% 26.50883 0.2152 -0.803i 0.5556 356.74096 -0.9655 -0.2%88 ©. 0. 1438
27 45.89863 -9.12972 9. 36865 0.9619 -0.31913 0.19%1 32 . i4065 -0.19%1 «0.9808 O ~0.13813
28 39.GI0B -25 99971 9. 30865 0.Bi55 -0 543 0.1955 3v2 14085 -0.5856 -0.B3l5 0. -o. 1622
29 25.99971 -38.91082 9.30865 0.5w43 -0.8I55 0.1951 M2.140B5 -0.8319 -0.5856 ¢, 0. 1084
3 9.12972 ~45.89863 9. 30869 G.1813 -0.9619 0.1951 342.1%065 -0.SBO0B -0.19% 0. ~@. 0381
31 6.5B224 -6.%832% -946.79805 G.1379 -0.1379 -0.9008 272.28356 -0.7071 -0.707! -0. -0.6935
32 24.49098 -10.|wu6l -39.67330 0.5133 -0.2126 -0.8315 387.50610 -0.3837 -0.9219 -0. -0.7682
33 10,1946t -24.49098 -39 67330 0.2126 -0.5133 -0.8315 397.6068i0 -0.923% -0.3827 -0. -0,3182
34 3R 3215+ -10 26819 -26 S0BA3 0.803% ~0.2152 -0.5555 IB6.7+096 -0.2588 ~0.9659 =0 -0.5368
35 29.985335 -20.0%33% -26.%0883 1.%879 -3.5879 -0.55%6 I86.74096 -0.7071 -G.707r -0, -0.3928
35 19.26819 -38. 32154 -25.50BHI g.21%8 -0.8C031 -0.5556 3BGR.74G98 -0.9652 -0.2588 -0, -0.1438
37 45.89863 -9.12972 -9.30865 0.9519 -0.1913 -0.1951 342.140K5 ~0.195| -0.9808 -0. -0.1913
38 38.9:1482 -25.9997) -9 30865 G.RISS -0.5un8 -0 1951 3u2 1408 -0 .55%6 -0.8318 -0. ~-0.1622
38 2£5.99971 -38.81082 -S.30BE% 05449 -0.815% -0.1951 3u2.140RS -0.B315 -0.5556 -0. -0.1084
w0 9.12972 -45.89863 -9.30865 0.1913 -0.9619 -0.1951 342.1406% -0.9808 -0.195] -0, -0.0381
Wl -6.3822%  6.5828% 46.7980% -0.1379 0.1379 0.9808 272.223%6 ©0.7071 0.7071 O. 0.6935
42 -2%.49D98 10.14w&1 39.B7330 -0.5133 0.2126 0.8315 387.60610 0.3827 0.9233 0. 0.7882
M3 -0 14481 24.49098 39.67330 -0.2126 0 .%133 D.H31% 3H7.60610 Q.9239 0.3827 0. 0.3182
W4 -38.32:%% 10.26619 26.50883 -0.8031 0.2152 0.59596 386.74096 ©0.2588 0.9659 0. 0.5366
48 -26.0%931% 20.05335 26.50881 -0.5879 9.5879 0.5556 I896.740S6 o.7071 0.T707t 0. 0.3928
46 -10.26819 38.3215% 26.506883 -0.2152 0.8031 0.5556 386.7%096 0.9658 0.2588 0. C.1438
47 -uwS, A89E63 g. 12972 9.30865% -0.3819 0,193 0.19%] I42.14D5% 2. 1a%i 0.9808 0. 0.139:3
48 -38.91082 25.939%7! 9.30865 -0.8155 0.S44S 0. 1991 342.I4055 0.5556 0.8315 0. 0.1822
49 -25 99971 38.91082 9.30885 -0.5943 0.8155 0.195] 342.14065 0.8315 0.5558 G. 0. 1084
S0 -9.12972 45.89863  9.30865 -0.1913 0.3613 0.1951 I=2.I%065 ©0.9808 0.19% O©. c.0381
S1 -6.5822%  B5.SEE2% -46.79805 -0.1379 0, 1379 -0.9808 272.22356  ©.7071 0.70T. -0. 0.693%
52 -24.4gD98  10.5usE! -39.57330 -0.5133 0.2126 -0.831%5 387.606:0 0.3827 0.9239 -0. 0.7882
53 .10 1wwE1  2w.49099 -39.673130 -0.2126 0.5133 -0.8315 397.60610 ©0.9239 0.2627 -0. 0. 182
54 -38,321%4 10.26619 -26.50883 -0.8031 0.2152 -0.5556 386.7%096 ©.2586 0.9659 -0. 0.5366
55 -28.05335 26.0%33%5 -26.50863 -0.5879 0.S879 -0.5556 386.7%098 0.7C71 0.707! -0. o. 3928
56 -10.¢6819 38.3215+ -26.50883 -0.21% 0.8031 -0.9555 386.7-+096 0.9658% 0.2%88 -0. G. 1438
57 -45.69963  9.12972 -9.30865 -0.3619 0.19:3 -0,195] 342.14065 0.1951 0.9808 -0, 8. 1913
%8 -38.91082 25.9997! -9.30865 -0.8155 0.S449 -0.1951 32.l14065 G.5556 0.8315 -0. £. 1622
59 -25.99971 38.91082 -9.30865 -0.5449 0.8155 -0,195] 342.14085 0.8315 0.5555 -0, ¢. 108%
&0 -8 12972 45.898563 -9.30865 -0.1913 0.95!19 -0.19%1 3u2.14065 g.ge08  0.i%%1 -0. ¢.0381
61 -B.5B22% -6.58P2% “6.79805 -0.1379 -0.137% D.980B 272.223%6  0.707i -0.7071 O. 0.6935
62 -24.48098 -10.145! 39.87330 -0.5133 -0.2126 4.8315 387.60610 0.3827 -0.8239 0. 0.7682
63 -0 1w+8| -24.43038 39.67330 -0.2126 -0.5133 0.8315 I87.60610 0.9238 -0.3827 O, a.3182
& -38. 12154 -10.26819 26.50883 -0.8031 -0.2152 0 5556 386.74096 0.2%88 -0.9669 0. 0_5I66
65 -78.05315 -28 05335 26.50863 -0.5379 -0.5879 0.%556 3I86.74096  0.707! -0.7071 6. 0.3%20
66 -10.26819 -38.32154 26.50883 -0.2152 -0.803! 0.5556 386.74096 0.09659 -0.2588 0. 0. 1438
67 -45.89863 -9.12972  9.306865 -0.9619 -0.1913 0.195] 342.14C65 0.195. -0.9608 0. 0.t9i3
68 -38.91082 -25.99971 9.10865 -0.915% -0 S449 0.1951 342.14085  0.5556 -0.831%5 0. 0.1622
B9 -29%.99371 -38.91082 9.30865 -0.5449 -0.815%5 0.195] IYWZ. 4065 0.8315 -0.55%%8 0. 0.1084
76 -9.12972 -w5.89863 9.30865 -0.1913 ~0.9619 0.195] 3u2.i4065 0.9808 01951 0. 0.0381
71 -6.58224 ~6.5822% -46.79805 -0.1379 -0.1379 -0.9608 272 28356 ©.707) -0.7071 -o. 0.8935
T2 24 43098 -10. 19461 -39.67330 -0.5133 -0.2126 -0.8315 387.80610 0.3827 -0.9239 -0. 0.7882
T3 -10.14kb) -24 LB0GE -39.873I20 -0.2126 -0.5133 -0.8315 387 .60610 0.9239 -0.382% -0. g.3:82
T -39.3215% -10.26B19 -26.50883 -0.803! -0.2152 -0.%956 386.74096 0.2588 -0.9650 0. 0.5365
75 -28.0533% -28.0%33% -26.50883 -0 5879 -0.5879 -0.5556 386.74096 0.707| -0.707! -0. 0.3928
76 -10.26813 -38.321% -25.50883 -0.2i52 -0.803] -0.5556 3B6.7+096  0.S659 -0.25€8 -0. 0. 1438
TT -u5 g9BE3T  -9.:12972 -S.30865 -0.961F -0.1%13 -0.1951 M2 4065 0.19%9: -0.9808 -0. 0.19t2
79 -38.91082 -25.99971 -9.30865 -0.8155 +0.5449 -0.195% IM3. (4065 0.5%55 -0.8315 -0, o. 1822
79 -25.99971 -38.9)082 -9.30865 -0.5443 -0.BI55 -0, 1951 2. 14065 0.Q315 -0.5556 -0. 0. toa4
80 -9.12972 -4S.B98G3 ~3.30865 -0.1913 -0.9615 0. 1951 32.1406% 0.90908 -0.19%] -0 2.0381

sessr DAYA CARD NO. | FR -0 1 -0 -0 2.90000E«00 O, . 0.

Presr OAYA CARD ND. 2 EX | 1 ! D 9.00000E+DI 0. a. 0. 0.

tuses DATA CARD NO. 3 RP O 19 1 1003 9.00000E+8) 0. -1.00000E 01 0. 6.

« = -« - - - FREQUENCY - - - - - =
FREQUENCY= 2.S000E 00 MHZ
MAVELENOTH= | . D338E-02 HETERS
APSROXTHATE INTEGRATION EMPLOYED FOR SEGMENTS MORE THAM | 000 WAVELENGTHS APART

~146-

.3ig2
. 7682
L1938
.3928
-53E66
.0381
L1084
L1822
AT
.6935
.32
.Iea2
.1y38
. 3929
5368
.0381
108
. 1622
L1913
.6435
L3182
. 1682
. 1438
.3828
. 5366
.03
. 10B%
. 1622
L1913
.633%5
.38
. 1682
L1438
. 3928
5366
.0381)
1064
1682
913
-6935
.3182
1582
L1438
. 3924
5366

Nk D
108y
. 1622
L1913

6938
.31e2
. T6BE
1438
. 3524
5366
.02g1
. 1ogw
.1622
1913



= = -~ STRUCTURE [MPEDANCE LOADING - - -

THIS STRUCTURE S NOT LDADED

= - = ANTENMA ENVIRONMENT - - -
FREE SPACE

- - - MATRIX TI{MING - - -

FliL= C.137 SEC.. FACTOR= 0.173 SEC.

- o= = EXCITALION - - -

PLANE HAVE THETA=  S90.00 DEG, PMi= 3. DEG, ETA= 0. DEG, TYPE -LINEAR= AXIAL RATIQ=-0.

- - - - SURFACE PATCH CURRENTS - - - -

DISTANCE [N HAVELENGTHS
CURRENT 1N AMPS/METER

- -~ SURFALE COMPONENTS - - - - - RECTANGULAR COMPOMNENTS - - -
PATCH CENTER TANGENT VECTOR | TAMGENT VECTOR 2 X Y 2z
b 4 ¥ z HAG. PHASE HAG. PHASE RE AL 1MAG . REAL 1MAG . REAL THMaG .

1
0.08% 0.06% 0.453 2.8794£-03 -156.32 3.1)96E-03 -157.38 3.86£-03 1.85E-03 !.33E-0u
H
0.237 0.098 §.38% . 4256E-03 -9:.29 4.7I%6E-03 -94.79 3.15€-0v %.18£-03 9.57€-05

M2E-05 -5 .62E-04 -2, 34E-0M

SI9E-OM -2 19E-DY -2 .61E-02
0.098 0.237 (.36 3. 2975E-03 -142.94 2.3I6G4E-03 -147.56 3I.0uE-0% 2.226-03 5.39E-84 2.24E-0u -1 .11E-03 -7.056-04

0.371 0.099 Q.29 6.08%1E-0% -%43.12 4.9504E£-03 -%5.5%% -| _Q0E-03 2.01£-03 ~-7.05£~-05

.B7E-0%  2.89E-03 -2.94£-03
€.27¢ 0.271 0.256 |.7787E-03 -T9.4E 3.3I48E-03 -84.57 -3.75€-0u 2.77€-03 8.40E-05 2.94E-04 3.08E-D4 -I.24€-03
0.098 0.371 0.256 2.2829E-03 -142.5% 2.2575€£-02 -15] .48 2.04E-G3 |.w9E-03 5.95E-04 2.196-04 -|.BSE-03 -B.96E-0%
0.4w4 0.08B8 0.090 |.+688E-0 -1%4.13 5.2457E-03 -|6.9% -3.8986-04 3, 00E-0O% -5.13E-05 2.20£-05 %.92€~03 -1.50E-03
0.376 0.25F 0,090 w.6333E-04 -HD.!QKH.Q77SE—03 -43.42 -7.24E-04 5.65£-04 -5.826-05 B.S0E-05 3.1GE-03 ~3.02€-03
0.231 0.376 0.090 7.4095E-04 -B5.7% 3.3G1iE-03 -94.45 -|.74£-05 9. BOC-04 7.328-05 1 36E£-0% -2.57E-0% -3.31E-03
0.088 O0.444 5.090 8.034“E-04 ~|47.10 2.2%00E-03 -157.22 7.40E-04 4.61€-04 2.64E-04 H.0BE-05 -2.03E-03 -B.5(E-0M
0.664 0.064 -0.453 2.8794E£-03 23 .68 2.1198€-03 22.61 -3.88E-D3 -1.65E-03 ~1.33E-04 -1.42E~05 -5.62E-04 -2.34£-0n
G.237 0.098 -0.38B4 1 ,4256E-03 B8.72 4,7186E-03 85.21 -3.15E-04 -4 .iBE-02 -9.57E-0% ~-|.79E-04 -2.19E-04 -2.5IE-03
0.098 0.237 -0.384 3.2575E-03 37.06 2.3664E-02 32.44 -3.04E-0% -2 22E0-03 -5.39E-04 -2.24E-04 -1.115-03 -7,0%E-~04
0.-371 0,099 ~0.256 6.0841E-04 136.88 4.960E~03 13%.45 |,.S8E-03 ~2.01E-03 7.05E-05 -1.07€-0% 2.BBE-03 -2.94E-03
0.271 0.271 -0.256 1.7787E-03 100.52 3.9145E-03 95.43  3.75€-04 -2.77E-03 -B.40E-05 -2.99E-0% 3.08E-D% -3.PuE-03
0.699 0.37]1 -5.256 2.28296-03 37.41 2.7575E-03 28.562 -2, 04E-03 -1,49E-03 -5.95€-0% -2.196-04 -§.6%5E£-03 -B.95E-04
G.444 0.088 -0.0390 !.NSBBé-DH 165,87 5,2487€-03 1B3.06 9.88£-Ow -3.O00E-04 5.13C-05 -2.30E-05 4.92F-03 -] .506-03
0.376 0.251 -0.090 4.B333E-04 139.B1 4.4776E~-02 |36.58 7.e%8-0 -6.65E-04 5.82E-05 -B.S0E-05 3.19€-03 -3.026-03
0.251 0.376 -0.090 7.4Q95E-G% S4.27 3.3611E-03 85.55 1.74E-05 -9.BOE-0% -7.32€-05 -1.36E-0% -2.57E~0% -3.31E-03
0.088 D0.444 -0.090 8.0344E-0w 32.90 2.2400E-03 22.78 -7.40E-O% -4.GIE~-O% -2.64E-0% -B.08E-05 -2.03E-03 =8.31E-04
G.064 -0.084 0.453 2.B79%E-03 -156.32 3.1198€-03 -157.39 3.8BE-03 ! .G5E-03 -).33E-0% -1.42E-05 -5.53E-04 -2.39E-0u
g?EBT -0.096¢ ¢.384 1. 42SBE-03 -G.29 v.71S6E-03 -94.79 I.|5€-0y Y.IBE-03 -3 .87E-05 -1 .79E-04 -2.19E-0% -2.B1E£-03

c3
0.098 -0.237 0.20% 3.2575E-03 -i142.04 2, 3664E-03 - 147 .56

i

SO4E-03  2.32E-03 -5.39€-04 -2.24€-04 -1.11E-03 -7.05€-04

~147-
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2.

2.

a.

2.

L0884 1E-D4

-TTR7E-03

LPRZ9E-03

LEBHE - 0w

6333604

LNO9SE -0y

O34bE - 0%

979%£-032

MRS6E-03

.2575E-03

Q8% JE-O4

.FTI87E-03

.2H29E-03

- 4HSHE - 0%

.B33IE-04

S095E - 04

O34Y4E -O4

9i3I5E-03

LOS2UE-D3

.3932E-03

. 1587E-03

6220E-03

IBEAE-03

. 3208BE - 04

- BWG0E -4

.QeB8SE-03

27958 -0

-9135E-03
L982ui ~03
.39328-03
L 1507E-03
-E220E-03
.3BS%E-03
. 320BE -04
. E439BE - J4

.D295E-03

2795E -0n

9135E-03

.9524E-03

-3932E-03

-85,
is7.
23,
98.
17.
136.
100,
37,
165.

139.
3i2.
-36.
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138.

Yy

91

1319,

1oa.

-48.

3
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b
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-95E-03

.2575E-03

.2w57€-03

4T76E-03

L3g1E-03
LEN00E-Q3
L119BE-83
- TISGE~-03
. 3BBYE -03
.9604E~-03
(S1+8E-03
2575E-03
SEYHTE-C3
SIBE-D3
S3B1H1E-03
.2900E-Q3
.5234€~-03

.&573E-032

IETHE-DY

_Bu4sE-D3

-0B3BE-03

CBEY4E-O4

5093E-03

.2097E-03

. 1884E-O%

198576 -04

5239E-03

.BS73E-03
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LOB36E-Q3
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.2087E-03

. i BEE -0

1997E-0m

S234E-03

.B573E-03

J&TWE -G

-45.55

-B+ .57

-16.8%

-M3 wd

-157.22

22 .61

32 .44

134 .45

95.43

28.52

163.08

136.%8

8%.955

ce. 718

-37.29

-105.43

-60.186

~16% .01

=12 -B

137.80

B2.36

B4 . 55

B2.46"

137.33

142.81

™ .6

119.84

~k2.20

-97.6%

-B8%.45

-97. 5%

~-37.39
~10%.40

-6E2. 16
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TFEE-Q4
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LO4E-03
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.35£-03

0BE-08

SBOE -0
VT0E-Qu
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LO4E-03
LIBE-OM

L0%E-03

-148-~

i
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.RIE-03

CFTE-Q3

LHGE-03

LDDE - 0%

.BSE-04

.8DE-OY

.BIE-0Y

.B5E-03

L16E-0Q3

.22e-03

LO1E-Q3

L7T7E-03

M€ -03

LO0E-0Y

. B5SE- 04

. BOE-0%

LBlE-0%

.30E-032

.436-03

LEB4E-Q3

- TIE-O%

-O5E-03

.B0E-03

LSE -0

STE-Oy

L JEE-O4

LBIE-Qv

.30E-03

C4W3IE-03

.B4E-013

CTIE-O%

.GOE-03

(8UE-D3

LHSE-Q4

1 T7E-OW

. THE -0l

.B3IE-0%

. 30E .03

43E-03F

BuE-03

-0SE-0%
JMOE-0%
. 95E - 04
L 13E-0%
.82 -0%
.32E-058
LBWE-Ow
L3IE-0%
-B7E-0%
L I9E-0%
-0%E-05
L40E-05
_G8E -0
L13E-05
-B2E-0S
.32€-05
. BWE-04
.B0E-Q4%
TE-O4%
.SBE-04
LTIE-0N
. 36E-Qu
.3IE-0y
.9BE-04
C35E-04
L 9DE-04
L 3TE -4
-BOE-~04
CwTE-0y
. BBE - D4
CTIE-O4
. 36E -0y
.33E-0
- S6E -04
. ISE-O4
.90E-D4
L3VE-0N
.B0E -04
SMTE <04

SHEE-04

-6

5.

-5,

e.

i

6.

5,

LQTE~O4
LS - Ol
LI9E-OY
.30£-05%
.B0E-0%
. 36E-04
.0BE-05

MEE-05

L T9E-O4

.2HE-O4

.Q7E-0%

CSME-O%

. P9E-O%

. 30E-0%

-SOE-05

. 35E-04
.Q8E-05
L TOE-0%
23E-04
GTE-O4

BEE-04

.33E-03
L37E-00
CSIE-Ou
L 99E-0%
.93E-0u
JNOE -0
L70E-04%
23804
.GIE-Ou
. BEE -0y
.33E-03
LITE-O4
SBIE-C4
L QGE-M

LQ3IE -0

wOE-0%
TOE 04
»

23E-04

97E -0

2.89£-03
3.0B% - 09
~-1.63E-03
4.892E-02
J.19%-03
-2.57E-04
-2.03E-03
-5.62E-04%
-2 19E-04
~1.11£-03
2.89%-03
3.08E-04
-1.6%E-03
4.92E-03
3.19E-03
-2 .57€-0%
-2.03€-03
J.SIE-D%
=5.39E -0n
1.76E 04
=1.4T7E-03
-4 TBE-D4
~2.4BE-0%
3.2TE-0%
~9.42E-0%
4. 10E-05
-6.83E-04
3.91E-0n
-5, 39E-C4
| . T6E-Cn
=P 47E-03
-l TSE =04
-2.4BE-D4%
3.27E-04
3. 4205
% I0E-0%
~6.63€ - 04
3.91E-0%
-5, 3560

1.76E-0%

-2.94E-03
-3.84£-03
-8.96E -0u
-1.80E-02
-31.02E-03
~3.31£E-03
-8.51£-04
-2, J4E-O4
-2.61£-03
-7.05E-04
-2.E-03
-3.849E-03
-8.95E-04
-i.S0E-03
-3.02€-03
-3.31E-D03
~8.51E-04%
-2.99E-04
~1.96€E-03
~3.07E-04
-4 .23E-04
-7, 85604
2.856-04
2.44£-03

L. 19E-03
3. H0E-Q4
6. 11£-04
-2.99€-0M
-1.96E-0%
-3.07E~Q4
-4, 23E-04%
~7.B5E-04
2.2%E-04
2.94E-03
1. IBE-03
3.10E-04%
6.11E-04
-2 . 99E -0y

-1.9BE-03

~3.07E-0n
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= = ANGLES - -

THETA PH|
DEGREES ODEGREES
.80
e
WBe
.00
i e]e]
.00
.00
.oa
-00

OO0 OO0OQQOOOO0O0000o00 O

L3158 -0,

.25

. 256

090

.0%90

.030

.03%0

453

. 38%

. 384

256

L2908

.256

.090

i)

g9

. 090

#rase DATA CARD NQ.

- = ANGLES - -
THETA PHI
DEGREES DEGREES
90 .00 a.
90.00 10.00
20.00 20.00
9G.00 30.00
80.00 40.00
50.00 Se.00
50.00 60.00
80.00 70.00

-1

49-

2%6 1. 1507E~03 ~138.16 | .BY4ME-03 -164,.01 -1 . 17E-03 -4 . TIE-OM 5.73E-04 B.68E-04 -1 47E-0F -4 _ 23E-04
2.5220€-03 ~114.23 |.0838E-03 -121.84 -9.85E-04 -2.0SE-03 S.36E-04 1.33E-03 -%.75E-04 -7.65E-04
2.3855€-03 -52.80 4.0244E-0% " 137.80 1.35€-03 -1.B0E-03 -5.33E-04 6.3I7E-Ok -2.48E-04 2.250-0%
3.3208BE-0% -151.23 2.5083E-03 82.38 7.06E-06 “.4SE-0% 2.98E-04 2.SIE-04 3.276-04  2.44E-03
g8.8498e~0% -139.37 1.2097E-03 94.95 -3.80E-0% -~1.176-04 5.35E-0% S.996-04 -9.42F-05 I.|8£-03
1.02B5€-02 -108.70 3.10B4E-04 82.46 -2,T0E-04 -7.76E-Q4 1 .90E-0% S.93E-04 &.]0€-05 3I.1QE-04
B.279%€-0% -48.3X 9.19570-0%  137.33 S5 J4E-04 -5.83€-04 -2, 37E-0% 2.40E-0% -6.63E-04 6.1JE-04
2.91356-03 143.824 2.5234L-03 142.51 -3.04E-03 2.30E-03 2.60E-0% -|.70E-0% 3.9iE-04% ~2.99C-0u
1.9524E-03 75.37 3.8573E-03 T4.61  Z.33E-04 3.43E-03 -1.47E-04 -5.23F-04 -5 3TE-C4 -;.96E-02
3.2932E-03 128.13 E.38T4E-Q4 119.84 -2.04E-03 2. B4E-rT 5.58E-04 -5 . 97E-04  }.76E-04 -2.072-04
1. 1507E-03 Wl Bt | 844M4E-03 19.9% 1.17E-03 4 .71€-04 -5.73E-04 -5.6BE-04 -1.47E-03 -4%,23€-0%
2.B220E-03 65.77 1.08836E-03 SB.16 9.89E-04 2.09E-03 =5.38E-0% -[.33E-03 -4.78%E-04 ~7,B5E-04%
2.38550-03  127.20 4.D8YME-04 -42.20 -1.35E~03 |.8D0E-03 5.33E-0% -8,.ITC-04 -&. 4BE-O4 2.25%5E-04
31.3208FE-04 28.77 7.50G3€-03 -97 84 -7.06E-06 -4.4SE-04 -2.90€-0% -2.51E-04 3.27€-04 2.4ME-03
§.6498E-04 40.63 |.2097E-03 -B5.45 3I.BOE-O0% 1.!7E-O4 -5.35£-0% -5.996-04 -9 4PE-05 1.1BE-03
1.0e65E-03 71.30 3.18BME-O%  -97.54 2.70E-04 7.7BE-0Y -1.90E-0%4 -5.83E-04 4. 10E-05 3. 10F-0u
B.2755E~-0%  131.87 9.1957€-0%  -42.57 ~S5.14E-04 5.B3E-04 &.37E-04 -2.w0f-04 -B,53E-04 S.E1E-04

=~ = - RADIATION PATTERNS - - -

-~ PORER GAINS - - - = POLARI[ZATION - - - - - - E(THETA) - - - “ - - E(PHI) - --,

VERT . HOR . TOTAL AX 1AL TILT SENSE HAGNI TUOE PHASE MAGN [ TUDE PHASE
o] ca 08 RATIO DEG. VOLTS/M DEGREES YOLTS/H DEGREES
«4.44 -935.99 L L 0.00000 -0.00 LINEAR 1. 1Bg2E+0) 162.80 2. 18TI0E~ 1y -70.25%
-%.04% -999,.99 =t . 04 2.004000 0.00 LINEAR 1.83237€+0] 161.67 5.30030E-1% -t3u .19
-2.96 -999.99 -2.395 G.0G000 0.00 LINEAR 2. 07w TDE+D] 156 .86 3 6Z5B2E-1% -12G.70
~1.81 -939.89 ~1.61 0.00000 0.00 LINEAR 2.4216BE+G} 152. 14 T.I929RE- 1% -lwu . 37
-0.50 -999.99 -2.5%50 9.00000 0.00 LINEAR 2.75840E+04 148.81 9. 4E562E-1% -153.15
-0.03 -999.99 -0.03 0.40a00 0.00 LINEAR 2.90492E 01t 146.6) 7.09105E- 14 169.28
-0.59 -999.99 -0.59 0.00000 0.00 LINEAR 2.72598E+01 ihy . 36 F.OII32E~13 126.51
-2.13 -999.99 -2.72 0.00000 0.00 LIiNEAR 2.1303%5€+01 139.32 1. 55612E-13 143.83
~7.97 -999.99 -7.57 0.00000 0.00 LINEAR I .228083E+0) 118.56 ©.34637E~13 116.16
-8.64 -999.%9 -8.64 0.00000 0.00 LIMEAR 1. Q78G2E+0 1 Y4 . 17 3.62102E-13 186.29
-1.91 -999.99 =1.91 0.00080 -G.00 LINEAR &34 79E+01 4. 76 2.96954E-13 138,13
1.94 -999.99 1.94 0.00000 -0.00 LINEAR 3. B446T7E«D] .8 n.05636E-13 141.53
3.8% -999.99 3.84 0. 00040 ~0.00 LINEAR % .53SEUE+0! 15.56 S.87664E-13 145.54
4.51 -999.99 % .51 0.000830 -0.00 LINEAR % . B9AIUE+O] 27.10 5. 635%IE-13 i43.8%
“.63 -999.99 4.63 C.000GE -0.00 LINEAR 4.96673E+01 .19 5.92884%E-13 162.0%
S.12 -999.99 5.12 0.00008 -C.00 LINEAR 5.25643E .01 €5.77 b.S4TE3E-13 I6E. B85
65.29 -99%.99 6.29 0.08000G 0.00 LINEAR 6.01727E+81 a4 .51 3.70544E-13 59,84
T.42 -999.939 T.42 0. 20000 0.00 LINEAR 6.85I%1E+D) 95.53 1.02413E-13 IB5.68
T.86 -999.98 7.86 0.0000C ~0.00 LINEAR 7. 20910E+51] 39.09 2. 181 uBE -1y -56.51
L] RP 1] I i% Q00 9.00060E+0: O, 0. 1.00000E+Q] 0. g,

= = =~ RADIATION PATTERNS -« - -

- POWER GAINS - -~ - POLARIZATION - ~ - - - - E{THETAY - - - « = - EtPHIY - --,
YERT. HOR TOTAL AXTAL TILT SENSE MAGN ] TUDE PHASE MAGN | TUDE PHASE
og 25} 0B RATIO DEG. YOLTS/M DECGREES YOLTS/M DEGREES
4.4l ~399. 39 BT L 0.00800 -0.00 LINEAR 1. T4a5s2E+ 0| 163.80 2. I1B7I6E-1% =75.25
-4.28 -299.99 -4. 26 0.0000¢0 G.00 LINEAR 1.78290E+01 161.73 1.13587 11 Tha.10
-3.79 -999.399 -3.79 0.08000 0.00 LINEAR l.BEYRGE«0| 156.08 2-B980SE-11 139.09
-3.06 -999.95 ~3.06 g.40000 0.00 LINEAR 2. 0%829E+0) e s Y.6T7I4E- 1} 133.86
-2.25 -999.99 -2.25 G.0a000 0.00 LINEAR c2.25127E+01 13917 T4 719E-11 i2g.38
-1.54 -999.99 -1.5% G.00C00 0.00 LINEAR 2. +4300E+ 01 129.63 1. 0Ss44E-10 12y .77
-b.11 -999.68 =111 4.00G00 0.00 LINEAR 2.56764E+0] L9 17 1. 32426E-10 1iB. 2
~-1.05 -999.99 -1.05 0.00000 0.00 LINEAR 2. 58334E+0] 106.70 ). 47995E-10 106.17



$0.09 BY.

€0.00 50.
%0.00 300
S0.00 L1,
80.00 120,
90.04 13D.
q0.90g &0
80.00 150.
s0.00 180.
90.09 170.
90.00 180.

seree DATA CARD NO.

X
METERS

oCcooOOooODOoOoOo

LOCAT
Y

5

oM

METERS

(=D R~ B~ = = R = B e

tesss DATaA CARD NO.

-5 =
m
#

OODDOODO&OOH

LOCAT
Y
MET
0.
5.
10.
15.
20.
5.
30.
35,
i,
LN
50.

sresr DATA CARD NO.

10m

ERS

anod
0009
306y
o000
o000
0000
rlelels]
0000
0ooo
aong

7

i
R RN U T R TR =

CIyv -909.
.87 -999.
%5 -999.
.38 -999.
4 -999.
.70 -999,
.20 -999.
.80 -99%.
.78 -999.
.58 -999.
-99¢.

NE 3]

NE o

e ]
m
]

OQQQOQQQQQ();

NE a

g9
29
§9

k)

9%

-1, 34 0.00000 0.00 LINEAR
-1.67 a.00000 0.00 LINEAR
-1 oug 0.00000 0.00 LIREAR
=-0.38 ¢.00000 0.00 LINEAR
1.t 0. 0v00Y 0.00 LIMEAR
2.70 0.00000 0.00 LINEAR
4,20 0.3a000 0.00 LINEAR
5.60 0.00000 0.00 LINEAR
€78 0.00000 0.00 LIMEAR
7.58 0.30090 0.00 LINEAR
7.86 0.00609 ~-0.00 LINEAR
1 1 11 0. a.
- - NEAR ELECTRIC FIELDS - - ~
- EX - - EY
MAGNE TUDE PHASE MAGH | TUDE
VOLTS/M  DEGREES VOLTS/M
5.3928€-12 -0.30 | .OIBBE-15
2.0n0E-02 79.71 8.4H38E-16
4. BIS0E-02 79.76 2.4001E~15
$.7922€-02 79.88 6.Q384E-t5
8.7187£~-02 80.01 L OBGUE~ LW
1. Q77E-0a1 80. 30 1.42898E- 14
1.3472e~-0) 80.92 17137614
1.5167E-01 Bi.47 3.0838E- 1y
1.0076E-03 -87.81 5.8201E~14
! .eBBTE+00 -33.80 1.3565E-13
1.8772E+00 -F5.81 1.0S07E-13
1 It PG a.
- - NEAR ELECTRIC FIELDS - - -
- Ex - -
HAGN | TUCE PHASE MAGNT TUQE
VOLTS/H DEGREES VOLTS/M
5.392%-12 -G.90 i.0I6BE-15
5.4000E~-12 -0.92 2.0347E-15%
5.40T70E-12 -0.90 S.303LE-15
S.411BE-128 ~0.93 B. IBBOE- 15
S.419BF-12 -0.92 1.3SGE- |y
5.4|98E-§2 -0.84 2.44TE -1y
5. 40B3E-t2 ~0. 34 4. 3827E~ 14
S.37T2%E-12 2.37 8.07.2E~ 14
5.3838E-12 11.67 1. 1852E-13
5.5517E-12 4. 16 YL BWORE- 14
4. 8511E-12 20.52 8.6013E-]1y
il 1 1 Q. 0.

-150~-

83.
51,
6.
13,

~0.
M
=k
165.

5.0000QE ~00

5.C0000E+00 O,

2.%9BSAE+(Q! 90.48 | . SB24UGE~ 10
2.40598E+0} &68.79 €.02901E~ |0
2.40843E+01 42.25 1. 22T9BE -
2.739070E+0! 15.31 5.,04845E-10
3. I2%13E+01 -B.45 7.07611E-|0
3.97937E+01 -a8.89 B.7S638€E- 10
4. 72787€+01 ~45.8% S.6533I5E-10
5.55508€ 01 -61.58 $.20403E~10
6. 36601E+01 -712.39 7.26i497E~10
5.97660E+01 -78.86 4.0jg=20€~10
7.20510E +01 -81.00 2.89335E- 1w

0. 2. g.

- - EZ -

PHASE HMAGN | TUDE PHASE
DEGREES VOLTS/M DEGREES
=137.49 S.9619E-01 0.92

105.17 9.9612E-01 0.0%

51 .51 9.9585€-01 0.0%

I+1.81 9.9523E-01 0.08

4% 35 9.93I87E -0} a.i10

155.70 9.89+3E~01 0.20

t45.639 9.B67LE~-01 0.23

155.51 i.0307e+00 ~0.4%5

175.861 1.2PB82E-00 =324

155.41 95.2209E-01 |.886

158.78 7 4353E-01 137.47

0. a.
EY - - EZ -

PHASE MAGN I TUDE PHASE
DEGREES YoLTS/R DEGREES
=137.49 9.9519E-01 0.93
~-131.68 9.9611E~-01 G.03
-130.85 9.9588E-01 Q.02
~-1§7.02 9. 9556E-01 a.00
-107.28 2.9530E-0! -0.¢2
-107.58 9.9550E-03 ~0.4%5
-106.82 9.3795€-01 0.0%

-898.87 |.CI06E+QO 1.19

-93.37 1. 084 T7E+00 6.03

-81.24 i, 1O+0E+00 12.89

77.17 3 .B24u4E-0]) 9.30
0. 5.00000E+00 Q.



X

METERS

0.
5.
G,
15.
20.
5.
30.
35.
0.
45,
5Q.

0ao0g
oooo
0000
0000
Qeo0
aoge
oooo
0000
0004
ogea

LAOCAT [ON

v
METERS

QUuUuUQUDUoooOoD

srnes DATA CARD NO.

METERS

CoCOCooeOTO

LOCATION
Y
METERS

OC OO0 oD@ OW

sevee DATA CARD NO.

HETERS

[ =R e I R = I ]

9

LOCATION

b

HETERS

13

5.0000
10.0000
i%.0000
20.0000
25.
30.
5.
. 0000
45,
50.

4a

Peess DATA CARD NO.

jsdoluls}
aoo0
oooo

[elile]s)
i aledi]

z

METERS

coocooo0DnLQ O OO

MNH

NH

METERS

i0.
15,
20.
==
30,
35.
0.
45
0.

F4
HETY

COoOOoOOLO0CDOO o

. 0000

aoto
el fe)
00os

.00aG

cQoc
6000
0a00

. Q0G0

00G0

ERS

- EX - - EY
HAGN | TUDE PHASE MaGN ] TUDE
VOLTS/M  DEGREES YOLTS /M
5.39258-12 ~-0.95 1.0186E-15
. 34INE-12 15.62 5.5943E -7
5.2896E€-12 3&.u4e B.2145E- 18
5.1782E-12 yg,72 2.501%€-16
S5.101€E-12 B87. 31 2.520%8c-15
5.0458E-12 BD.3% B.9B7iE-16
5.0609€-12 103.30 [ IS30E-15
5.277%6E-12 12¢.88 1. B20E-15
5. 2u45E- 12 139.21 7.6825E-16
2.4 TuE -2 1860 .16 2.798%E-1%
3.1133E-12 -58.09 2.188BE-15
1 i 0. 9
- - - NEAR MAGNETIC FIELDS - - -
- HX - -  HY
MAGN ! TUDE PHASE MAGN [ TUDE
AMPS /M DEGREES AHPS/M
5.9821£-17 -48 .3} 2.27839€-03
5. 1963E-17 -4y B4 2.2687BE-03
5.98356E-17 -4l 4] 2.3137E-03
T.8059E-17 ~28.95 2. I%68E-03
5.9512€-17 -25.85 2.4177E-03
G999k -7 -16.61 2. 9014£-02
S.9037E-17 -16.18 2.6235E-03
5.6807E~17 -3.u45 2.BOBIE~(03
B6.3804E~17 2.69 2.901BE-03
S.ImIZE-17? By 1.9298C-03%
3.5875€-17 2¢ .37 3 .5955¢C - 04
I [ 7]
NEAR MAGNETIC FIELDS - ~ -
- Hx - - HY
MAGN [ TUDE PHASE MAGN [ TUDE
AMPS/HM DEGREES AHPSH
5.9821E-17 -48. 3] 2.2789E-03
2.4437E-08 ~33.79 2.2814E=-03
4% .B773E-06 -31.Bu c2.2888E-03
6.554 7€ -06 ~28.51 €. 30I5E-03
8.091%E-06 -24.0% 2.31896E-03
3.8609E~-06 ~20.086 2.34356-03
1. 5530E-08 -18.85 2.37S7E-G3
%.6067E-05 -15.18 2.4241E-03
i.BE2S3E-0u ~9.27 2. 4817E-03
5.5127E~0n =-7.05 2. 4295603
L, 000%E-03 -3.09 <. 1016E-03
1 io0. sf

- - - NEAR ELECTRIC FIELDS - - -

=151~

PHASE
OEGREES

~137.
-7
B3.
=146,
150,
-9,
(L3
-B7
£l
4.
“0

4g
13
59
E3]

12
<9

48
L3
]

17

.83

PHASE

PHASE
DEGREES

1

1.
1.
1.
k.
l.
L.
1.
1
a.
-4,

.36

94
89
al

71

58
L1
45
51

u5
i9

- £z -
HMAGN | TUDE PHASE
VOLTS/M DEGREES

L31eeE 00 -14g8.0%
L20TMHE+Q0 - 148 .EB5

9.96196-01 0.03
9.8692E-01 16.5¢
9.6987€-01 334!
9.4338E- 0t 50.89
3. 3104E-Ot 69.02
9.1939E-01 87.566
9.07B2E-CI 106.78
8.5662E~01 130.00
8.3966E -G 174,27
1

1

- HZ -
HAGKE TUDE PHASE
AMPS /M DEGREES

2.4121E-18 -1158.12
8.2636E-18 ~85.25%
1. 939%E-17 -68.67
2. 4B43E-17 -91.73
3.0859€-17 -71.19
S.54B5E-17 -43.2G
& . WBI1BE~17 -50.03
8.35C1E-17 -48.00
1.5220E-16 -15.68
i.7BB%E~16 =il.z7
I

.1377E-18 ~15.01

- Wz -

MAGN I TUDE PHASE
AMPS /M DEGREES
2.%131E-18 -115. (2
LETQPE~ 16 - 10%.26
SH3ZHE-IE -102.28
LATZTE~1E -100.58
.SO0D5E-16  -100.2]
CHYSHE-IB -101.78
.BO13E-16 -102.54
-2827E~18 -138.35
B.2107E-1i6 172.81
2.TE4BE~ 15 169,33
5.2122E-15 167.19

U Wy —

3.00000E+00 O,

LNOUNQE+DO

5.00000£+00

a.



- - - NEAR MAGMETIL FIELDS - - -

- LOCATION - - HE - - HY - - RZI -
% g Zz HAGNI TUDE PHASE MAGN | TUDE FHAGE MAGN | TUDE PHASE
ME TERS METERS HETERS AMPS/H DEGREES AMPS/H DEGREES AMPS /M DEGREES
0. 0. 0. 5.982iE-17 -48. 31 2.2799E-03 .86 2.4+13E-18 {1512
S.0000 Q. o. 4. TWBGE~ 1Y -36.27 2.330BE-03 81.82 I.9087€-18 146.08
13,0000 0. 0. u. 30ueE- 17 3,13 2.4170E-03 “0.8! I.10894E-1B8 -182.77
15.000C Q. 0. “.8357E-17 {5,848 2.5179e-03 S8, T4 3.7518E-18 -179.6%
20.90080 a. 0. B.3761E-17 Iv. 78 2.8128BE-03 75.71 3.1917€-18 184 .11
2%.0000 a. g. B.4B41E-}7 57.99 2.6847E-03 91.98 1. TETwE- 18 -73.50
30. 0409 g. a. 7.8920E-17 83 .52 2.7211E~03 107.70 1. 3053E-18 ~-119.89
315.0004 0. Q. 1L 1043E-16 i0z 858 2.5636E-03 122.20 &.%7R3IE-1S 164. 22
40.0000 0. Q. 1.3983E-16 125. 67 2.2557€-03 132.88 W.727%E-1S 27.30
45,0000 a. 0. 1. BTU4E - 16 131.57 9. BSBHE -04 132.9% 2.24B6E-18 153.13
S0.0000 g. c. 1.%616E-16 130.28 6. 7883E-04 -24.20 1.4BBBE-18 -141.7%
sasee OATA CARD NO. ! EN -0 -0 -Q -0 0. . a. 0. Q.
RUN TIME « 1.15%
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EXAMPLE 10, MONOPOLE ON RADIAL WIRE GROUND SCREEN

Example 10 is a monopole antenna on a sparse radial wire ground screen
using the Sommerfeld/Norten ground method. Part of the interpolation grid
from SOMNEC is reproduced so that the user can check that his code is operat-
ing correctly.

The NGF has been used to take advantage of the symmetry of the ground
screen before adding the monopole on the axls of rotation. The addition of
the monopole results in 12 new unknowns. This includes the six gegments in
the monopole and segments at the junction of the six radial wires. The basis
functions for these junction segments are modified and have become new un~
knowns . The currents represented by these new unknowns are printed in their
normal locations in the table of currents.

The NGF can be tested on any of the other examples in this section by
splitting the structure at some point. The results should be unchanged,
although small differences may occur on computers with less than a 60-bit

word length.
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INEC GROUNG

. 001

10.

INTERPOLATION GRID

SOMNEC Enput

SOMNEC Output

DIELECTRIC CONSTANT= 4. 0000CE+GS~1.79760E+00

GRID |
Rtl)= 0.
THETt L= 0.
ERV
1A= |

~2.T4BSEE«01-9.
-1.0004CE+0t-3.
IR= &
-1.BB6579E+01-1.
~7.32126€+00~3.
iR= 3
=1 4 1uNyE«DE-E.
-8.43293E+00-3.
A= 4
-1.23604E+01-1.
~6.3%TSOE+DC-%.
[R= 5
-1.28299E Qi1
-5.65317E+00~% .
IR= &
--wi302E+01 -1,
= 7.1 3B39E+00-4.
IR= 3
- | .BBO9BE+L) - |
-7.568809E+00-4.
1R 3
-2.02797E01 -1

IR= 9
-2.43127E+01 -}

~B.75517E+00-4 .

[R= 1D
-2.87230E+01-1

~3.22080E+00-4 .

IRa 11
-3, 335636+01-1

E2v
IR= i

-2, MBSBE+0] -9,
-2.7T4BS6E +01- 3.

IRs 2

~4 ,577IBE-01-8.
b NI TE Q) -8

iR= 3

~5.2708%E+01-7.
-4.97483E+0!-7.

180 4

=7.8843E+01-6.
-5 . 4WBBTWE+Q1-6.

iRs §

+3.23B5%E+01-5.

-5.79i87E 0 -5,
IR= &
~1.0307TE+02 -4
~5 . 956530 -4
1A= 7
~1.163892€+02-3,
=6, 023IBHE+O1 -4 .

L3o2InE+D2-1
3S806E+01-5.

- 333icE.02-1
-8.23855E+00-9.

LYmesIE-0e-2
~9.6280E+00-49 .

DRA= 0.0200

DIH= 0.1

BETUNE+D1 -2
SET8IE+01-7.

D3932E+02~1
TF903IBE+01-5.

101 58E+02-1
SES0NE«D ] ~4

I6158E+02-1.

{3SISE+Q1 -4,

21586E+02~]

26286E +02-1

. 3860%E+00-2.,
-6.

Jegiee -0

SFnoreEee-2.
3B03ZE-D1-6.

BETWME L] -2,
B85 TLYE«D1 -2,

SETQIE D] -4
TI0VTESQ] -,

9BOTUESQ1 -4,

ETIWSE «D) -4

BB27BE+01 7.
E3353 .01 -5.

7ZEB3E+01-9.

6I31BE+T1-5.

.805G7E+01-9.

85a%IEs0: -5,

cHT730E+01-9.
IO%3EE+01-5,

NR= |

M5 MNTH= |

I0632E+01-8.
I54TBE+00-2.

597058 +01-8.

43193£+00-2.

2B 3«0t -F.
.B2576E+00-2,

18584E+01-3.
FesI5E+00-3.

.209G4E+0 -1 .
24SMBE-01-5.

CO0S34E+00-3.

LIBITHESDI-L .
J1426E+01 -5,

335808 +00-3,

.5642BE+0) -1,

BYBIRE+00-3.

LB175BE+0:-1 .,
IB03IE+01-6.

CS153E+00-3.

DOSEME+0 |- .
ITSI9E+00-3,

3951364011 .
BBCOBE+00-3.

CBTHTSELQ1-Y .
36557E+01-6.

90369E-00-3,

T4856E-01-9.
T48S6E+01-9.

4WBSI4E-01-8.
09666E+01-8.

9IGuSE+Qi-7.

LBW73IEL01-T.

1SWE3E+0-6.
2T492E+01 -6,

20TunE»0L -5,
50c58E+01 -5,

0S54 3E+0 1~
BO032E+0 1 -4,

BI558E +01 -3,
BLI173E+B1~-%.

1
o]

ST1FTE+T1 -1 .
64 129E+01-4.

I2TABE+QI- 1.
JIOSIE+GI-3,

2IBGE «Q1 -1,
SI055E+01~3.

BIUENE+G1 -1
03581E+21-3.

Q0BuBE+«f2-1.
10933E+01-3.

04 iS2E+02~1
1S738E+01-3.

0BE13E+02~]
IBSGTE+01=3.

083T1E+02-1
ED00NE+D]1-3

O8480E+02-)
20349E+01-9.

LOBO3E+0a2-1
19929E+81-9 .,

F00g6E -02-2.
[BE7E+C1 -4

BETw4E+D] -2,
BSINNE+D1 -2,

091 1E+81-%
T790IE -+ -4,

§4308E+01-5.
E89358E +Q1 -4,

TITIIE+Q)-E.
ESQ20E+0) -5,

SH0RTE«QL-7.
TE4IBE +0 (-5,

JIgNEBE«01 -7
9B0%NSE+01 -5,

23355E+01-8.
29459E+01 -5,

S2uSTE+D1-6.90225E+01 -1 .
BYBEHEE +00-| . 7381 3E 0L ~2.

35622EV01-T7. 287130~ .
SO403E+00~1.83636E+Qt~1.

11 792E+0) -7 BES7I6E+QL -9,
21650E+00-1.92683E «0) -1 .

LO5938E+01 8. 0541 3E+01~5.

19886E +20-1.99301€+01 -1,

[0998E +Q1 8. W 14 IE+QL-G.
NOYOE+00-2.03TBE+QL - .

L22T7G3E+0] -8.56036E+01 ~ 1.

S44S2E+00-2.06334E+0L ~ 1,

. 3B486E 0] -8. V1BvHEYOL -1 .

TE407E+00-2.08B71E+Q8 -] .

J363IBE+GI-8.8167SE-01-1.
LITIBUE+00-2. 0SS iuE+0T -1 .

. THIE5E+01 -8.06896E+01 -1,

162 15E+80-2.097T16E+01-2.

L938S4E+R1-0.88022€+01 -1,

325159E+00-2.09467E+01-2.

HIHTEE+8 ) -8 . 85 T3wE«01~1 .

LB 185E+00-2. 0BS07EQ) ~2.

TYBSEE SO -D.B5T4NE+ 1 -2,
TYEEBE+L1 9. BSTUNE+O| -2,

- 36MO9E 01 -G, B5498E 0] =\

OEIIIE+01-8.77I49E+01 -4,

BIIETE+D1-7.76168E+G1t -5
TIBOME D=7, 67022E 0L - .

59529E+01 -6.6354B8E+ 01 -6
1EB59E+01-6.603319E+01 5.

37230E+01-5.52057E+01 ~B.
30525E+01-5.B2293E+01-5.

SOBO0QE~0 1 ~4 . 43583E+01-7.

36065E-01-5.07TI5E+01 -5

Y4TOTE+O1-3. I9S65E+01-7.
3ITHHE+0] -4 . W35H2E+01 -5,
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S8EDBE~01-5.
4OL4EBE+QD-8.

13519E+01-6.
TEDIHE 009,

BE2O47E +00-6.
EQ79SE+00-9.

29004E£+00-8.
BQ16EE+00~9.

76939€ +05-6.

E1063E+00~-1

0B80IE~01-B.

TE822E+00- |

IBIESBE+01~7.

871 35E+00-1

30429€+01-7T.

S6682E+Q0~ |

H@TIHE+DQI-T.

05552E+00-1

S4337E+01-7.

12965€+00 )

B5S07E+01-7.

191 1BE+00-)

T4GSBE+01-9.
T4ENEE+Q1 -5,

27766E+03-8.
G4335E+01-8.

I5418E+01-7.
TOSI9E+Q1-T7,

I3TEIE 01 -6,
Q43I2EE+DI-6.

TOB9BE«G1-5,
1913BE+01 -5,

11324E+01 -4,
-C2ERIE+0) -5, I3BY0E+Di -5, 1 TTSTE+D] -5,

I92ESE+01 -3
I1BOTEE -0 -4

BS1IGE+0I-1.28IBBE+0| -+
BE4I4E+0D O,

CIOG2E+01-9. 2880 1E+00-4
11143E+00-5, | 1GOSE-QB-2
SSE01E+00-2.30303E-06-

BIgSTE+D1 -3 . 2ST62E+00-5
-DI1C20E+01-4 . i 9553E-06-7

OGS96E «01-9. T3RE%E +00-5
.03I2G5E+01+-8.91783E-07-Y

LD3IBSIE+QI-B. 03299 -07-4

T1269E+01-5. I4291E+01-7
ET027E+01-%.507TIE+21 -7

SOSMSE+0L -6 .45 08E+01 -4

.6E62BE+01 -6.60320E+01-3

3I3542E+01-8.033BBE+00-5.

BOSIIE+D| -7, BEYIHE+00-5,
BHCBBE +0G-1 .53005E-06~9.

9E931E+Q1-B. 9351 7TE+00-5.
.024326+01-1.0122BE-06-5.

1PBE3E+01 -1 .05653E+01-5.
.22729E -08

15293E+05-1. | 3678BE+01 -5,
LGITSOE+01 -7 . 3ZOBSE -7~

IWSSSE+CL -1 .21 123E+01-5,
LU36IBE+01 6. TH4BHE-0T7-3.

12424E+Ji~1 .27821E+C1-5.
L033BIE+01-5. 2I95BE-17-2.

8574E (1 -2. TYBSEE+0L -9,
G5 TYME«D] -2, TYESBE+0E -9,

B3292E+01 -4, 203B1E+01-8.
76730E+01 -4 .0367IE+01 B,

GOBCME+D!-5. 771376 +01 -6,
BI9BCOSE+01-5. 01509+ 6.

S51LIE«01-6. 17ME+0(~5.
BSB40E+0! -5, [ 538BE+01 5.

. GOEB0E+T1
0.

.BS557E .01
LBO3B0E-U%

112iwE+01

. 3850%€E-05

ZIBHOE+0t
40784E~-06

LHET21EFOL
.21220E-06

57152E+01
SYSHHE-0B

-BI76DE+0]
.81316E-086

B7312E+0}
B4 HE+01
T0232E-06

67738E+01
2RISCE -06

GSTISE +01
9% 1 T4E-0B

BSTYHE+0]
BETUME+D|

BOTS0E+Qt
TES96E+01

-GESOBE-01
G7979E+01

BI27IE+C1
TC3ATE 01

BIBEME+O1
graemE+Q |

- TONHEE+D1

I SBBEE +0 1

-B7504E +01
LS2180E+01 -5, 1287SE+Q -4,

S50 1E+D]



IR~ B
S| PEIIE 081 .96 {BE+01 -1 OuwI0E+0Z-2. 090728 +01-8. 796366 +31 -2 . 39TIRE+ 01 -1 . STECOE+ 01 -2, TEHE0E+01-5.6T2%9E+ (-3 . [2369E+01
~5.021B5E+01=3.43963E+01-5.56529€+01~3.69477E+01-5. 264 | TE+01-3.87998€+01+5, 09304E£+0E-3. 991926+ 01 =5, 03754E+0 ] -4 . 02933E+0|
tR~ &
-1.34972F +0P-6.60008E + 001 . 09315€+02-9. 75364E+00-3. 04685E+61-1 . wS504E+01 -7 . G7IIHE+Q1 -1, S6BE6E 01 =6 . 6B001E+01-2 . 44 4SSE+0 |
-5 971 TSE+01 -2, B497SE+01 -5 . YB02EE+0 -3, IEDG0E+01-5. I50TTE+0) -3, 39B66E+01-% . 9771 DE+QE-3.53591E+01-4 . 91834E+01 -3 .58159E+ 01}
1IR= 10
-1.4233E+02 B.41451E-00-1.1313BE+02 | . GuEIME-00-3. 214S0E+D1-5. 68198E+006-7. 711 T0E+01- | .23603E+01-6.64153E+01-1.831I4E+0}
-5 . BB7TSEY01~2. 3254 7€+01 -5, 3IB98%E+0 (-2, 70882E+01-5. 03360E+01 -2, 98030E+0] -9 . 894EuE«01-3, 14 | B2E+01-4 . 7B3S6E+01-3. | 9539E+01
[R= I
-1 UANEHE+D2 1.93481E+01-1 . IBOIBE«02 1. 14uwy0E~01~3 31298E+8]1 Z.B4403E+00-7 . T01IHE+DI-S.63126E+00-6.56094E+01-1 . 2778TE+01
-5 . TBOZ0E+51 =1 . 9590 1E+01 -5 . 24328E+01-2, 30363E+01 -  89893E+01-2.6184E+01-%. 7031 0E+01 -2. 79S03E+01 -4 . B40V2E +0 1 =2, BE0QIE+ D]

ERH
IR= I
-2.39885F+01 ~ 1.2 164Y6E+02-2 . 4S059E «01~ 1 . 1BS833E+02-2 . 4879BE+01 1. 1SVBEE+D2-2.51542E+01 -1 . 1 2956E+02-2.53569E+0) - | . 12619E+02
-2.5505%E+01~1.11639€~02-2. 561 ISE+01-1.10939E+02-0.5682TC+01 -1 . 1QUBIE+02-2. 5T237E+05~1. | 0199E+02-2.5737IE+01 -1 . 101 10E+02
IR= 2
~3.33919E+0! -1 . 14BEBE-02-3. 35905E+01-1 . 1124 TE+02-3.35971€+01-1 . 0861 2E+02-3. 35239E+01 -1 . 06EBIE+02-3 . 4| {7E+Q] ~ | .QSZB0E«02

-3.32905€+0 - 1. Q4E25E~02-3.31812E+01~1 . O343IE+02-3, 30959€+01 -1 . 03000E+02-3. 304236 +01 -1 . 027 19E+02-3. 3024 1E+01 - | . 0P62BE+02
[R= 3

-H, | TEONE+Q! -1 . 0787304024 . 08233 +0)1 -1 . 037HIE+02-3.99368E+01-1.01057E+02-2. 881 TtE+D1-S. 91E52E+01-3.81126E+01-9.78342E+0}

-3.74469E€+01-9.69059E+01-3.69287E+01-9.62742E+01-3 €55Q0€+01~-9.587087E+01 -3 . 63355E+01 -3, RE3BUE+0: -3, 52662E+01 - 9. 5EE62E+0 |
IR 4

-4.9I4BBE+01-9.98277E+01 -4 . 662IDE+01-3.60621E+01-4 . 43704E+D1-9. 360 14E+01 -4 . 2454 2E+01 -G, 2004 7E+01 -4 . 0BASHE +3 ) -9 0S60GE+0 |

-3.9G490E+01-9,03347E+0t-3.87210E+01-8.99379E+01-3 . BOT39E+01-8.971TIE+0)-3.763809E+01 -0 . 95854E+01 -3, 75753E+01-8.95483E+0|
R 5

-5 0903 ~01 -3 17E3BE+0-5. 1194 3E-01-6.83875E~01 -4, 75927E+01 -0.64C96E + 01 ~% . 46B07E+01 «8. 5352 TE+0; -+ . 23903£ +31 =B . 4HOBSE+0 |

-4 064 ]19E+0:-8. 45668 +01-3. 9361 7E+0!1 -2 . 44900E+0 1 -3 BYBUME +01 -2 YN T7E+0-3. TOB4ZE+01 -8, 450366 +0: -3. 78185E+01-§. 451226 «01
[R= &

-5.08649E+0:-B. 351 30E+0-5,.40920E+01 -8, 008393E«01-% 977 14E+01{-7. 9634 0L+ -4 . 58429€ + 01 -7 . 325430+ 01 -4, 20Pw6E+01 -7 . 93043E+0 |

-4 RS2 TE+01 -7 GE4EPE+N1-3. 829370 +01 -7 . 98T TE+01 -3 B2UTTE+01 -8 . GOBEUE+NE-2 TELETE+DI-0.025320+01 -3, T4606E+01-8_ 031 135+0]
[R= 7

-6.58606E+01-7.51591E+01-5. 72491E+01 -7, 35053E+01-5. | 108BBE+01-7.32635E+01 -4 .64B2BE+0[~7.37104E+01 -%. 30800+ 1 =7 44 308E+0

-4 . 0B4FME+Q1-T7.518]1 IE+GL-3.87842E+01 -7, S8622E+01-3. 7614BE+01-7 BI7UTE+0[-3.604BRE+01-7.66932E+01 -3 . 57316E+0| -7.6D0009E+0 !
iR- 8

-6 . 8730% +01-6 .6B070E+01 -5, 99B0BE+0i -6 BUSHBE«Q1-5. I763IE-0!-6. 7391 0E+01-%. 64 793E+01 -6.BE9QTE+Q 1 -4 . 2B4BOE+Q -7 . 01 270E+0]

-3.93087E+01~7, |4I67E+01-3.80027E+01 -7.246BE«01-3.67530E+01~7 1236 1E+0-3 . 504SHE+0|-7.37012E+01-3. 581 75E+01-7.38567E+01
1R= 9

ST 13IBEE 0 -5.85440E+0) -5 3932 IL 201 -5.9TITSE+01-5. IBEG2E+ L1 -6, {BTSEE+0 -4 . BOGTHE+D(-6. 41D |30 +0] -4, 19483 +0! -5 . 633U 3L+

-3.90505€+yi-6.8 1 wBE~01-3 . TOSOSE+0: -6, SS63E~0 -3 . STESGHE+D1 =T . 05T IE+05-3.50387€«01 -7, L1 7TSQE+01 -3 . YAOSE+01~7, | 3TEIE « ]
1R= @

=7.30792€+01 -5 . 044B4E+CI-6.03789E+01 -5, 33802E+01 -5. {52870 +01 -5. 6854 3L +0 [ -4 . 53520E+0 | -5. L4 S0E +8) -4 . 104S2E+0}~6. 29959€E +01

-3.80579€+01-6.53059€+01-3.60273E+01-6.7069%E+01-3.4718BE+01~6.8304BE~0t-3. 39863E+01-5.9035|£+031-3. 375056401 -5. G2763E+01
IR= 11

-7.40683E+01 -4 . 2GBBBE«01-56.022083E+01 -4 . 7350 «01-5.00328E+01-5. 22727 +01-% . 44 142E+«01 -5 . 65350 +0 1 -4 . QB0 TBE 01 -5, DORDIE 0]
~3.69882¢+01-6.28394E+01-3. 4O5%0E+01-6.49226E+01-3. 36530E+01 -6 . 63650E+01-3.28270E+01-5. 721 138 +01 - 3. PEQHBE+01-6. THRGSE + 0]
3.97417E+81 9.21195€-01 3.804T7GE+01 3.518B2E+01 3.B7GH7E+01 9, 74106E+0! 3.56341E+0! 3.90529c+0] 3.4785BE+01 .00277E+02
3.41268E+6] | . 0118SE+02 3. 36340E+01 1.018%1E«Q2 3.32920E+01 1.02286E-02 3,30908E+0% |.02543€+02 3.30291E~01 1.02B2BE+02
R= 3

5.08754E+CG1 8.4BSIZT+01 %.71987E+01 8.76422£+01 %.425430«01 B.97820E+0] 4. |90%3IE+0! 9. I460E«01 4.008I5E+01 9.278687E+01
3.86227E+01 9.38197€~01 3.75635+01 9.4S963E+01 3.58331E+01 9.51509€+01 3.6406BE~0! 9.54B00E«G] 3.55662E+01 9.55662E+01
IR= 4

6.08619€+01 7.69197€+01 5.476BCE~31 T7.9TIIGE+0! %.99932E«0) 8.210B0E+0]1 4.G234SE+0] 8.4 1B6E+0]1 4. 3I2S4E+0] 8.57969E+01
“.H12)5E+01 B.71574E+01 3.95129E+0]1 B.B207BE+01 3.84|4BE+01 9.89655SE+0]1 3.77B35E+D1 8.94000E+01 3.75753E+0: 8.954BIE+0]
IR= &

6. 96927€+01 6.84670E+01 &.1C132E+01 7.16720E+0! 5.43068E+01 7.460SBE+01 %.S|S40E+01 7.72097E+01 4 B2663E+01 7.9439%E+01
4. 23EESE401 B. 127040401 4.02BELE+0] B, 26920E+01 3.99B12E+01 B.37156£+01 3.00814E+01 .43|0BE+01 3.7818%E+01 8.45122C+0]
iR= &

7. I3T4SE+0] 5.963i6E+0) 6.60254E+01 5.36095E+01 5 T4B0SE+G! 6.73067E+01 5. 1040SE+01 7.0BO33E+0) w.627T4IE+01 7. 37247E«01
%.27933E+01 T.61i52E+01 %.03286E+0| 7.7963:1E+01 3.86906E+01 7.92T22C+01 3.7754SE+01 B.00S23E+01 3.TMS06E+C] B.Q2F13E+0L
A= 7

8.39264%E+01 5.05403C+0t 6.99535€+01 5.5B6E12E+0] S.96600E+01 6.0553%9€+01 5.211250+0]
4.26690E+01 T.I6IT7E+01 3.9SI104E+0! 7.33123E+01 3.@0953E+01 7.55256E+01 3. TOESME+D]
iR= B

B.93BIBE+D] 4.13159E+01 7.2914BE+0} 4 VS204E+L] 6. 106806+01 5,41202E+01 5.25642E+01
4.217G4E+0] 6.7598BL 0] 3.92033E+01 7.0M406E+0] I, 7EBMBE+Q1 7.238u3E+0| 3.631T09E+0!
[R= 8

9.37814E+01 3.20695E+01 7.501B0E+0! 4.04582E+0) 6.10261E+01 4.BI1179E+01 %, 253908+0] 5. 46TEEE+01 4. 50046E+01 6.005158+01
4.14400E+0] €.4284BE+01 3.83206E+01 6.74591€+01 3.53020E+0]1 6.965B5E+01 3.516S0E+01 7.09504E+01 3. wBO39E+D1 7.13762E+01
IR= 10

9.71186E+D] 2.2902PE+01 T.B3EYTE+D1 3.32302€+01 6.20474E+0! Y. 2BESEL+0! 5.2I490E+Q] 5,027C4E+01 4.52856E+0]1 S.648(0E+0!]
“%.05%6TE+C1 6. 13077E«01 21.73I70E+«0] 6.4B922E£+0F 2.52740E+01 6.735QIE+0! I.w|212£+0) 6.898019E+0] 3.37505E+01 6.92763E+01
IR= 11

9.963C4E+01 1.39035E+01 7.70502E~01 2.B5TwTE+01 A.1R3I1E+01 3. 70303401 5. 14B3IE40) 4. B2S97E+01 Y.43397C+01 S.33201E+0)
3.99576E+C5 5.87091E+01 3.€I03GE+0| B.26757E+01 3.422390+0] £.53I999C+0] 3. I066IC+01 &.59709E+01 3.26946E+0i 6.74H98E+01

SM3LB0E+D] 4. BE171E+01 E.B6E! 1E+0]
(B4839E+0] I.87316E+0! 7.58003E+01

~ o

-G5502E+01 4 .BYBIBE+«0! 6.4DB0TE D1
-34BIGE+0! 3.5R175E+01 7.3B567E 0]

w
~

i
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GRID 2

Riiy= 0.2000

THETi li= [,

€Rv
iR=
-3.33563E+01-1 .
[R= 2

4. S1212E+01-1,
[R= 3
~5.604EBE+0t -]
IR= 4
~6.52817E+01 -} .
IR= 5
~7.23080£+ul- 1.
1R= &
STLTLERTE -1

DR= 0.0%900 NR= |

DTHa= 0.0873 NTH=*

IVBETE G2~ 2.

I6765E ~02~3.

IS 1SEE+02 -

24999+ 025,

1624 3E+02-5,

0B72BE+02-6.

OB 408 -
BIS08E-D1-1t.
6BBa2F«01-1.
32439E+01-1.
78S87E+01-1.

080Q%E+01-9.

7
g

22938 ~02-&.

21282E+02- 3,

17024E-02-3,

P10T0E +02-5 .

GM202E+Ce-n.

T04I0E0] -,

BI97S5E+Q1-1.
I6137E+0i1-1.
8373I0€+01-1.
37619E+01 -9,
B7FTIE 01 -9,

B5630CE+«01-8,
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]OUDSE*GE‘E,ESlQEE*D]-QVSESTBE*OI-E.l]H7BE¢Ui-8.8573HE*GI
0BI61E+08-2.90321E+01-9.BB368E+01-2.51062E+01 ~8. 6ASOTE+0 |
044 1 2E+02~-3 32084E+01~F. 36345E+01-2. 81 I53E+G(-6. %21 0OL +4]
9551DE‘DI-!.BEBEEE*OI-B.Q?Ik?E‘DI-Z.DEESEE*OI-9.lG?GIE*Oi
“|9%5BE«01-3.82021E+01-8 SS50BE+01-3. 14936E+05-7. 75423E+0)

B7911£+01-3.92621E-01-€ 1954 7E-01-3. 20975E+01-T. 4726%E+0 1



NEC Input

{

CHOREEN"S FUNCTION FOR RADIAL WIRE SCREEN OVER FIM{TE GROUND
{HSCREEN RADIUS = 30. M (!. WAVELENGTH RADIUS)

CESCREEN HEIGHT = .01 M 6 RADIAL WIRES

GHO L, 12.0..0.,.01.30..0...01..003,

GRO G,

NX

CEHONOPOLE ON RADIAL WIRE GROUND SCREEN.
GF

GW1.6,0..0...01,0.,0.,7.51,.003,

GEY,

EX0,1,1,8,1.,
RFPO,19.2,1001.0.,0.,5,,80..

EN

~157-



NEC Output

L R N N R R I I R A g a e

NUMERICAL ELECTROMAGNETICS CODE

LR R RN N N N N I W I R

- - - COMMENTS » « - -
GREEN'S FUNCTION FOR RADIAL WIRE SCREEN OVER FIMITE GROUND
SCREEN RADIUS = 30. M T, HAVELENGTH RADIUS)
SCREEN HEIGHT = .1 M 6 RAD!AL WIRES

- - - STRUCTURE SPECIFICATION - - -
CODRDINATES MUST BE I1NPUT N
METERS QR BE SCALED TQ METERS
BEFORE STRUCTURE [NPUT [S5 ENDED
WIRE MO. OF
KO xi Y1 FA xe Ye zz RAQIUS SEG.
1 0. a. Q.oicno 30. 00600 a. 0.61000 0.00300 12
STRUCTURE ROTATED ABOUT Z-aXiS B TIMES. LABLES INCREMENTED BY [t}
GRAOUND PLANE SPELIFILED.
HHERE WIRE ENOS TQUCH GROUND. CURRENT WILL BE [NTERPOLATED TO IMAGE [N GROUND PLAMNE .

YOTAL SEGHMENTS USED= 22 NO. SEG. IN A SYMMETRIC CELL= 12 SYMMETRY FLAGs -1
STRUCTURE HAS & FOLD ROTATIONAL SYMMEIRY

- MULTIPLE WIRE JUNCTIONS -
JUNC T [ON SEGMENTS (- FOR END 1, + FOR END 2/
1 -t i3 -28 -37  -49 -G

T om o= = SEGMENTATION CAfA -~ - - -

COORDINATES (M METERS

I+ AND |- {NDICATE THE SEGMENTS BEFORE AND AFTER i

SEG. COORDINATES OF SEG. CENTER SEG CRIENTATION ANGLES WIRE CONMECTION DATA
NO. X Y 2 LEMGTH ALPHA BETA RADTUS i- ! I+
1 1.25000 0. 0.01000 2 socon Q. a. 0.00300 -13 1 H
2 3.73000 0. 0.ci1000 2.50080 a. a. ¢.00300 ! 2 3
3 &.25000 Q. 0.0:000 2.50004 qg. 0. 0.00300 2 3 Y
“ 2. 000 2. 0.01000 2.50800 a. a. 0.00300 3 “+ B
5 11.2%000 Q. 0.01000 2.50000 a. Q. 0.co300 % ] b
& :3.78000 0. 0.¢1000 ¢.50030 0. 0. 0.00300 ] & 7
T 16.25%000 0. g.oibee 2.50000 G. 0. 0.060300 5 7 g
8 18.75000 a. g.0t1qo0 2.50000 7. a3 0.646300 7 g 9
9 21.25%000 o. G.01000 2.%0000 0. 0. 0.00300 8 3 10
I¢ 23.7%000 g. C.orocg 2.50c80 a. g, 0.60300 9 13 11
11 26.2%000 a. 0.01000 2.50000 a. 0. 0.00300 10 i1 12
12 26.75000 0. 0.01000 2.%0000 a. 0. 0.00300 b 12 a
13 0.62500 1.0825%3 9.D01000 2.50000 0. 60.00000 0.00300 -2% 13 14
14 1.87500 3.284760 o 01000 &.58u000 Q. 50. 00000 9.00300 13 L] I3
15 3.18500 5.%1266 c.0t000 2.50600 0. &0. 00000 0.00300 14 15 15
18 %.37500 7.571772 0.01000 2.50000 c. €0.00G00 0.00300 15 H 3¢
17 5.82500 9.74279 Q.01000 2.50000 d. 60.00000 0.an300 16 17 18
18 6 87500 1:.9078% C.01000 2.500008 0. 60.05000 0.0o3a0 17 13- 19
19 9. i2%00 4. 07291 0.0t000  2.50000 0. 60.00000 B.00300 8 g 20
20 9.37500 16.23798 g.olo0o0 <.50000 a. 50.00000 0.00300 19 20 21
21 I10.B2500 1B.40304 0.01000 2.50008 g. &0.00000 0.00300 20 21 a2
22 11.87500 20.588190 Q.atcen 2.50000 Q. 60. 00000 0.00300 él a2 23
23 13.125%00 @22.73%17 ¢.01000 2.50000 Q. 0. 00000 0.00300 &2 23 24
24 14.37500 2v.59823 0.¢1000  2.S0000 g. 60.00000 8. 00300 23 =l o
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FlIRST
SEG.
l

TAG

3

CoO0DOOCD0DORCAEOUODOOGao

LasT
SEG.
12

TAG



s -0

28 -1

27 -3

28 -4

29 -5
3t -5
31 -8

32 -9
33 -10.
3w -1,
35 -13.
8 -4,
37 -

8 -3,
g -6.
40 -8.
i -11

4a -13.
43 -16.
5 -18.
45 -21

46 -23.
47 -26.
4g -28.
L3 -0

S0 -1

51 -3,
g2 -4.
53 -9
L -
55 -8.
56 -9.
57 -10.
58 -1,
59 -13,
60 -4,
Gt 3.
B2 l.
63 3.
84 .
65 3.
66 6.
&7 B.
6B 9.
€9 10,
70 11

713,
720 1M,

62500
.B7500
. 12500
. 37500
.62 500
.B7500
. 12500
. 37500
62500
87500
125900
37500
.250c0o
75000
250C0
75000
. 25000
75000
25000
75000
25000
75000
25008
75000
.B2500
(87500
12500
37500
62500

{.08253
2.24760
5.4 12668
T.87712
9.742738
11.80785
1%.,07291
16.23798
18.40304
20.56810
e . 73317
2% .B9823
-0.00000
-8.00200
-9.00000
-0.00040
=0.480000
-0.40000
-0.40000
-0.00000
-0.40000
-0.00000
-¢.ocooa
~0.00000
-1.082593
-3.24759
=5.41268
-2.57Tie
-8. 74279
-11.90785
~-l%. 07291
~-16.23798
-18,90304
-20.56810¢
-22.73317
~-2%,888s3
-1.0B2%3
-3.&4760
-5 4266
-7.871772
-9. 74279
-11.9078%
-1%.07291
-16.23798
~18.4030
~-20.566810
-22.73317
-d'. 896823

texwe DATA CARD NO. )
vvere DATA CARD RO, 2
resse QATA CARD NO. 3

FR
GN
WG

OO0 00oD OO0 00o00RO00CLOOLNOD o000 0O o000 UO00DDoR0o

.0ta00
L1000
.a1000
.gtago
.algeo
.a10a0
.g1000
.01800
.01000
.orogo
-G1000
.Cl1000C
.@i0og
01000
.01aon
01050
Q1000
.01004
.Q1008
.01008
.01000

Di000

-GIC00
.01000
.olgog
L0100
.01000
.0igoo
.01000
.Q1000
.@1000
.aioape
.01800
.019040
-010e0
.Q1a0g
.01000
.gicoa
-G1C00
.Q1gco
.01G00
-01000
.Q1000
.0i000
.0i1aoe
.0100¢
01000
01900

0
&
-0

0.
-00000E-03
Q.

3

2.50000  ©. 120. 00000
2.50000  ©. 120.00000
2.50000 O, 128.00000
2.50000 0. 120.00000
2.50000 0. 120.00000
2.50000 0. 120.00000
2.5000¢ 0. 120.00000
2.50000 0. 12080000
2.50000 0. 12000000
2.50000 o. 12000090
2.50008 @, 12000060
2.50000 O, 120.90000
2.%0000 0. -180.00000
2.50000 0. -180.00000
2.50000 0. -180.00000
c.50000 0. ~180.004600
2.50000 0. -180.00000
2.50000  C. -180.000600
2.%0000 0. -1an.0en0g
2.50000 0. - 180 .00000
2.50000 0. - 1B0. 00000
2.50000 0. - 180.00000
2.50000 4. - 180.00000
2.50000 0. -180.00000
2.50000 0. ~120.00000
2.80000 0. -120.09000
2.50000 0. -120.00000
2.50000  ©. -120.00600
2.50000 0. -120.00000
2.50000 o, -120.0006G0
2.50000  G. -120.00000
2.500a4 0 -120.00000
2.s0000 o, -120.00000
2.50000 0. -120.00600
2.80500 O -120.00000
Z.%05000 0. -120.00000
2.50000 D, -50.0000C
2.50000 0. -50. 30000
2.50000 0. ~50. 00000
2.50000 0. -60.00000
€.50000 Q. =60 . G0000
2.50000 0. -60.00000
2.50000 o -B0.040000
2.80000 0. -60.00000
280000 . -50. 00000
2.50000 0. -60.00000
2.%0000 0. -50.00040
Z.50000 9. -60.00006
1 0 0 1.00000E+01
o a 0 w.DOCROE+QD
-0 -g -0 g.

----- FREGUENCY - - - ~ « -
FREQUENCY= 1.0000E+D} MMZ

HAVELENGTH= £ .998CE+01 METERS

.00300
06300
-Q0300
-00300
-00300
. 00300
. 00300
.G0300
L 003480
00300
.06300
.Q0306
.Qu3o0
00300
00300
.00300
00300
. 00309
. 00300
L0030
.Q0300
.00300
.G0300
.00300
.00300
.00300
.00300
00300
. 00300
00300
.00300
.003g0
.00300
.00300
.00300
-o030n
.00300
00300
-00300
0Q300
.00300
-D03C0
Nslvxisls]
.oo3on
.BR300
.00300
.00300
.00360

CDODOQQUDDQODOQQ&DOQQDDQDOOODDDDGDDDDOD&GDEDQDDO

APPRUXIHATE [HTEGRATION EMPLOYED FOR SEGMENTS MORE THAN

- - - STRUCTURE

THIS STRUCTURE

= = = ANTENNA ENVIRONMENT - - -

FINITE GROUND.

RELATIVE DIELECTRIC CONST,a

CONQUCTIVITY=
COMPLEX OIELECTRIC CONSTANT= 4.08000E+0D-.79760E +00

1S NOT

LOADED

IMPEDANCE LOADING - = -

SOMMERFELD SOLUTION

-159-

4.000

1.0008-03 MHOS/METER

~37 a5 26 o]
25 cb 27 ¥}
26 e7 ] o}
27 c8 29 Q
ca €9 30 0
29 3o 31 [+]
20 il 32 i
k1l 3g 33 e
iz 33 3 o
kR 3 35 0
34 35 36 o
35 35 Q Q

=49 17 38 0
37 18 39 o}
3e 39 40 s}
39 g 41 Q
4G 41 w2 el
41 42 43 G
w2 43 uy a
43 w4 w5 a
ER T 1 B Y- 0
w5 46 47 a
46 97 48 a
w7 ug o a

-6l 43 50 4]
49 S0 31 0
50 Sl 52 0
51 52 83 Q
52 83 54 o)
53 54 55 o
G4 55 g6 0
55 56 57 a
<6 57 S8 Y]
57 58 55 o}
8 58 B0 s}
59 &0 a a
-4 23] &2 Q
&} g2 63 0
&2 63 B4 o
&3 BY4 €5 0
B4 B85 66 0
&5 66 &7 o
&6 &7 68 o
&7 68 6% 54
ce €2 70 o
&9 20 T a
70 n T2 g
71 72 0 a

0.
a .
0 a.

1.080 WAVELENGTHS APART

oo

oo



- = MATR[X TiMING - - -

FlLi= (. 8R7 SEC.. FaCTOR=- 0.032 SeEC.

s eNUMERICAL GREEN'S FUNCTION FILE ON TAPE 20 wvas
MATR X STORAUE - BEY COMPLEX NUMBERS

vever DATA CARD NO. & NX -0 -0 -0 - 0. a. a.

IR L R R R R RN T N R P PR RN Y

NUMERICAL ELECTROMAGNETICS CODE

Bt rETsadt r e bA TR I HD IS E OO RN I EP RO

- - = - COMMENTS - - - -

HONOPOLE OM RADIAL WIRE GROUNG SCREEN,

R A N N R R R R R T Y PN R T PN Y F Y PR Ry

A s e A aEEd MM SR EARS AR EAS RSN AA AN A A AR AS0 AN NALESiEtAsaN AN SN asaANsnAsaNAERSaAAERALLA

4+ NUMCRICAL GREEN'S FUMCTICM ve
s NO. SEGMENTS = 72 NO . PATCHES = o re
=+ NO. SYMMETRIC SECTIONS = ] e
10 N.G.F. MATRIX - CORE SYORAGE = BEw COMPLEX WNUMBERS, CASE 2 ve
+» FREQUENCY = |.000QCE«QL MHZ, be
*» FINITE GROUND. SOMMERFELD SOLUTION v
** GROUND PARAMETERS - DIELECTRIC CONSTANY = 4. DOGODE+GO ve
e CONDUCTIVITY = 1. GO00CE-G3 MHOS/M. e
ew e
++ GREEN'S FUNCTION FOR RADIAL WIRE SCREEN OVER F INITE GROUNG L
tr CCREEN RADIUS = 30. M 1. HAVELEMNGTH RADIUSH LE
*+ SCREEN HEIGHT « .01 M 6 RADIAL WIRES X
LR ] e

L N Y N N I P YRR YY )

L N N N R Y N YA

- - - STRUCTURE SPECIFICATION - - -
COORDINATES MUST BE [NPUT N
METERS COR BE SCALED TO METERS
BEFORE STRUCTURE INPUT [5 ENDED
HIRE NOL OF

NO. %1 Y1 21 €@ ¥e P-4 AACIUS SEG.
1 0. a. 0.01000 0. 0. 7.5:000 0.00300 5]

GROUND PLANE SPECIFIED.
WHERE WIRE ENOS TOUCH GROUND. CURRENT MWILL BE INTERPOLATED TQ IMAGE IN GROUMD PLAME.

TOTAL SEGMEMTS USEDC= 12 NO. SEG. IN A SYMMETRIC CELL™ 78 SYMHETRY FLAG= O

- MULTIPLE WIRE AMNCTIONS -

SMUNCTION SEGHENTS (- FOR END 1, + FOR ENO 21
1 -1 -13 -8 -37 -48 -B1 -73

-160-

FIRST
SEG.
73

LAST
SEG.
8

TAG
NO .



SEG.
NO .

AWM JdJNE N

89
70

COORDINATES OF SEG.

X

1.25000
X.75000
5.29000
a8.75000
E1.29000
13.75000
16. 25000
1875000
21.25000
£3.75000
2625000
28. 75000
0. 62500
§.87500
312500
w4, 37500
5.62500
6.87500
812500
9. 37500
10.62500
ki .87500
13, 12500
1% 37500
-0.62500
-1.87500
-3.12%00
% . 37500
-9.62%00
-6.87508
-8. 3500
-%.37500
-§10.625%00
~b1 87500
~13.12500
~14. 37500
-1 2%000
-3 . 75000
-6.25000
-B.75000
-11.25000
-13.75000
-16.2500¢

-18.7%000-

-2} .25000
-23.715000
-26.25000
-28.715000
-0.62500
-1.87500
-3.12506
-4, 37500
-5.625%00
-6.87500
-8. 12500
-9.37500
-10.62500
-11.87940
-13.1250¢0
-14.37500
0.62500
1.87500
3.12500
%.37500
5.625860
6.87500
B. 12500
8. 37500
10, 62500
1. 87500

bt = = R = R B T o B e Y e B Y o e 3

3.
5

i
g,

24,
-0.
-G.
-U—
-g.
-0.
-0
-0.
-0,
-0
o.
_O'
-3,
-1,
-3
-5.
=-7.
-9,
M
~ 4.
-16.
-ig.
&80
o2
-2y,
-1,
-3.
-5.
-7.
-9,
-1,
-9
~16.
:IB.
-20.

1+ AND

v

0Bes3
2ured

41268

97718
4279

-G078s
.07291
.23798
LH0304
.5681¢
L7337
. 89823
.0Bes3
24760
L E2B6
57772

74279

.9078%
. 07291
.23798
L4030
L5680
. 73317

89823
gaooa
elefuges]
ooooo
00000
0000G
00000
oooon
aGu00
oouco
ooong
egoca
cooga
uBe%3
24760
41266
57772
279
90785
07291
23798
0304
56810
EEX SN
899823
08253
24160
41966
5772
4279
07685
07291
23798
40304
96810

- - SEGMENTATION DAtA - - - -

COORDINATES

IN METERS

f- INDICATE THE SEGMENTS BEFORE AND AFTER |

CENTER

4

.G1000
01000
.010g9
.D100G
-01000
.91000
.a1000
.010ag
.G1000
.g1000
-01o00
.ciooc
.Q1o00
01008
.210040
.BIC00
.o1oao
.016a0
.Qiooo
.01000
.0iDoo
BRR el
L21900
.p1ood
-Q1000
.01000
.Gi000
.01000
.g1o0a0
-01000
-gieod
-ar0on
.Q1e00
.a180g
LQ1o0G
LQ100s

floan

.01000
.gtooo
.010090
.01000
-aioog
.g1000
-019n0
.oLoge
el irl]
.G1gog
Mgl
.21000

g1000

-0i0a0
.01000
.01000
L0000
R RRt o]
.¢1oa0
.4100g
-a1oon

010040
oioop

.01000
.01000

Bi00o

.01000a

01003
glaoc

.0icco
.g61a00
.01000
.01000

SEG.

LENGTH
2.50008
2.50000
2.30000
2.50000
2.50000
2.50000
<.50000
2.50000
2.50000
2.50000
2.50000
2.50000
2.504a00
2.50000
2.50000
2.50000
Z£.'50000
2.50000
2.50000
2.30000
2.50000
¢.50000
Z.50000
2.50000
2.50000
£.%0000
2.50000
2.50000
2.50000
2.53000
2.50000
2.20000
2.50000
2.50000
2.50000
2.50000
2.%0000
2.50000
2.50000
2.94000
2.504800
Z.5u400
£.50000
2.50000
2.50000
2.50000
2.50000
2.%0080
2.%0000
2.%0000
2. 50000
2.50000
2.50000
2.50000
2.50000
2.50000
2. 50000
2.500060
&2.50000
2.50000
.50000
2.50000
2.50000
2.50000
2.50000
€.50000
¢.50000
2.50000
2.50000
2.50000

ORTENTATION AMGLES

Al PHA BETA

0
g
a.
0.
0
o
h]
0.
0.

3]
a
Q
4]
Q.
0.
0
0
0
a
a

1]
0
Q
o}
0
0
0
0.
0
1}
a
1]
Q
[
o

s}
-0
3}
Q
o
o
o
0
0
Q
8]
0
s}
-0
0
1]
a.
0.
9
2
G
Q
o]
Q
a
-0
[
0
0
2
o4
a
0
0
0

.beooo

o Qe e B i B 3w N o I o B

. a.

-00aRg  60.00000
B0.490000
60.00000
60.00000
63.00000
60.00000
50.00000
50.0000T
§0. 00000
60.0000¢
B0. 00000
. 60.00000
-0C000 124.00000
120.00G00
120.00000
120.00000
120.000600
L20.00800
i20.00800
120. 00060
120.00000
120. 04000
125.00000
184.00000
.8000g-120.00000
-180.00000
~iB0.00000
-180. 00000
-180. 00000
~ 80, 00000
-180.00a00
-180.00000
~1BG.00000
~180.00009
-180.00000
. -180.00000
.90000-120.00000
. -120. 00000
-120.0000¢0
-120.00000
~12¢.00000
-120.00000
~i{20.00900
-120. 00200
-120. 40000
-1e20.50000
~1e20.00000
. -120.00000
.00000 -50.00000
~&50. 08000
-00. 00000
~60.00000
~-60.00000
~60.60000
-68.06200
-60.00000
-50.00000
. -60.00000

~161-

HIRE
RADIUS

.006300
.00300
-00300
.00300

00300

00300
.00300
L0300
.80370
. 00300
.003c0
-00300

00300
00300

. 09300
. 00300
.GD300
Q0300
.0Q300
.00300
.00300

00300
00306

. 00200
.00300
.00300
.00300
.00300
.00300
.00%08
.00309

00300
00300

.00300
.00309
.00300
.R030a
LQa300
.Qazog
.00300
00300
BR300
. 00300
00300
.00300
.G0300
.G0300
.00300
.Q0340
.Q0300
.0o3an0
.00304
-00300
.anxon
- 00300
.g0300
.003a0
L0030
-00300
.04300
.00300
.00300
.003Q0
.00300

CONNECTION DATA

1=

51
S
53
T4
S5
56
57
58
59
-73
&1
[=F
63
B4
&8
=1
67
68
69

B@D-SOd o —

IS

[= LIV = R T+ B s I ) IS I~ S )

TAG
NO.

¥}
o
a9
0
g
a
2}
0
0
2
i
0
0
Q
i}
a
0
s}
0
o
0
0
a
a
v}
0
a
a
D
54
i}
a
i}
Q
a
0
Q
g
ol
0
a
0
1]
0
0
0
g
e}
0
Q
53
o
2
0
o
Q
0
g
9
e
i}
0
g
0
0
[
0
d
0
0



s

71 13.123500 -22.73317  0.01000 2.50000 0. -60.00000  0.00300 J0 71 72 g
72 14.37500 -24.89823  0.01000 2.50000 0. -60.00000 0.00300 71 72 0 o
73 c.00000 o 0.683500 1.25000 90.00000 180.00000 ©€.0030¢ -1 73 T I
™ o 0 1.88%00  1.25000 90.00000 O. 0.90300 3 7% 78 i
% q, ¢ 3.13500 [.25000 90.00006 0. g.o0300 w0 7% 78 1
% 0. o “ 38500  1.25000 90.08000 0. v.00308 75 76 7Y t
70 0 5.63500  1.2%000 90.000C0 0. c.0036C 6 77 7B i
w0 0 £.889500  |.25000 90.00000 0. a_ness 77 7B g 1
N.G.F. - NUMBER OF NEW UNKNOWNS [§ 12
seren DNATA CARD NO. i EX 2 1 3 ¢ 1.00QQUE+DD 9. d. +18 0.
*esve DATA CARD NO. 2 RP O 19 2 el 0. 0. 5.00000E-00 3.00000€+31 .
------ FREGUENCY - - - - - -
FREQUENCY= | . 8000ED1 MMZ
WAVELENGTHs 2.9980£+01 METERS
APPROXIHATE INTEGRATION EMPLOYED FOR SEGMENTS MORE YHAN  |.000 WAVELENGTHS APART
- = - STRUCTURE [MPEDAMCE LOADING - - -
THIS STRUCTURE 5 KOT LOADED
- - - ANTEMNA ENVIRONMENT - - -
FINITE GROUMD. SOMMERFELD SCLUTION
RELATIVE DIELECTRIC CONST.s +.000
CONDUCTIVITY= | 00OE-03 MHOS/METER
COMPLEX DIELECTRIC CONSTANT= % JUDODE+00-1.79760E 00
= - - RATRIX TIMING - - -
FILL=  3.682 SEC., FACTORs  0.}98 SEL.
= = = ANTEMNA [NPUT PARAMETERS - -
TAG  SEG. VOLTAGE (VOLTS! CURRENT (AMPS) IMPEDANCE (OHMS) ADMITTANCE (MHOS) POWER
NG, NO. RE A, I1MAG. REAL 1MAG, REAL 1HAG. REAL THAG . (WATTS)
1 73 1.000C0E+00 0O, {.02942E-02-2.09643L-03 9. 327IDL+0! . GIASHE+Q| 1,02942E-02-2. 0984 3E~03 5. 10700E-03

= = - CURRENTS ANC LOCATION - - -

DISTANCES !N WAVELENGTHS

SEG. Tao COORD. OF SEG. CENTER SEG. - = = CURRENT (aMP3) - - -
8O, KRG . X ¥ I LENGTH REAL, {MAG MAG . PHASE
| 0 0.0417 c. 0.0003 0.0833% -1 .6I1B9E-03 &.4B0IE-O8 1. 741 1E~03 158,282
2 [+ 0.1251 o. 0.0003 0.08333 -1.0095E-03 . 1.1150E-03 P.5041E£-03 132,155
3 0 0.2085 Q. 0.G003 0.08339 -7.925%E-05 !.IBESE-03 1. 1822E-43 93.821t
4 0 5.2919 a. 0.0003 0.08339 8.13832-04  B,.3828E-04 |, I159%€-03 w5.788
5 Q 0.3753 0. 0.0903 o.08319 1.3333£-03 2.6378E-04 | .3I%59BE-Q3 i1.186
B 2 0.w%86 0. 0.0003 ©.08339 !.2378E-03 -2.6927E-04 |.3254E-03 «11.732
7 Q 0.54%20 1} 0.0903 ©.0833% 7T.S7BIE-0% -5.581%€-0% G.u[17E-Oy -36.373
] 0 0.82%« a- 0.0063 0.08339 -3.7594E-05 -%. 4 |BuUE-Qu %.5292E-04  -93.809
3 0 0.7088 0. 0.0003 0.0833% -7.%140E-0% -3.4775E-04 B.2797E-0u -15%5. 165
1G o} 0.739a2 o. 0.0003 0.08339 -|.0968E-03 -:.1390E-0% 1.1029E-03 -1 072
It 1] 0.8758 e. 0.0003 0.08339 -9.49I5£-04 1|.8517€-05 9.49336E-04 179.882

~-162-
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CO00000000OLOCOOERDO0OODDOO

0.0003
0.0003

0.0003
0.0002
0.0003
0.0003
0.0003
0.0003
0.0003
0.0003
g.5003
0.0003
0.4003
0.0C003
0.40003
0.0003
0.0003
0.9003
g.0003
C.0003
2.0003
8.0003
7.0002
0.0003
0.0003
0.0003
0.0003
0.0003
0.0003
0.0002
0.0003
0.0003
0.co03
0.0003
0.aco3
0.0003
C.0aa3
G.0603
1.90003
0.0003
0.0903
0.0002
0.65003
0.¢003
0.0003
G.0003
G.0003
0.0003
0.0083
0.0003
3.0003
2.0002
0.0002
0.0003
0.0003
0.0003
0.0003
C.0003
0.0003
09.0003
g.0212
0.0629
0. 10uE
0.1463
0.ie80
0.g2g97

2.3+33E-05
6.4E071E-04
1.1150E-03
1. 18665-03
B.3828E-04
2.6378E-D4
-2 .BYITE-04
-5, 5815 ~0u
-5.5164E-04
-3, 9WITSE-OY
«1.390E-04
1.85176-0%
2.3933e-05
6.4601E-04
1. 1150E-03
1. 1BBBE~03
B.Z82BE-0O%
2.637BE-Oy
-2.69E7E-O4
~5.5815€-04
~5.5164%E -0y
-3.4775E 04
=1.{3S0E-04
| .BN1TE-0%
2.34336-0%
5.4601£-0u
1.11S0E-03
1. |BSEE~03
9. 3826E ~04
2.63786-0%
~2.6827E- 04
-5.82158E -0
-5 5164E-04
-3 4TI5E-0u4
-1.1390E-0y
1.8%17E-09
2.3413E-0%
B.4B01E~OM
1.1 1B0E-03
1.1885E-03
8.382BE-04
2.5637BE-04
-2.B927E-D4
-5.5815E-04
-5 . 5184E-Cu
=3. 9 TISE-D9
=t.1390E-04
1.8817E-08
2.3433k-05
6.4601E-0u
1. 1150E-03
|. iB55E-03
B.3B26E-04
2.6378E-04
-2 EUSTE-Ou

-B.5815€-04

-5.5164E -0y
~3.4775€-04
-1.1390E-04
1.8517€-05
2. 3433605
-2, 0GEME-DZ
2. i TH6E-03
-2.0833£-03
-1.71866E-0%
<1 1713803
=4 . 4E32E -0

0.0B338 -3.8]1I5E-04
0.08239 -1.6]689€-03
0.U8333 -1.009%-03
0.08333 -7.9255E~05
0.08339 B. I553E-04
0.08339  ].3339E-03
0.08338 1.20976£-03
0.08338 7.5781E-0%
0.08339 -3, 7534E-05
0,08318 -7.S140E-4%
0.DB339 -1.096%€-03
0.08339 -8 49{%E-04
0.0B339 -3.411%-0%
0.08339 ~i.G6I89E-03
0.08339 -1 .009%E-03
0.08339 -7.935%E-05
0.08339 8. 1553E-04
0.08333 1.3339E-03
0.08332 1.2978E-03
0.08332 7.5Y8IE-O4
G.08332 -3, 7994£-05
0.08333 -7.51%0E-04
0.08339 ~1,0968€-03
0.083389 -9.49i%E-0y
0.08339 -3.811%E-DY
0.08339 -i,.6!69€-03
0.0B339 -{.0095E-03
0.08338 -7, 025%6-0%
0.08338 8, 15%3E-04
0.083339 1.33389€-03
2.09339 1.29789€-03
0.08329 7.87RIE-DY
0.083389 -3.7594E-05
0.08338 -7,%140E-0u
0.08339 -1.0969€-02
0.08339 -3 .491%-0u
0.08338% -3.811%E-0v
0.0833% ~1.B169E-03
G.0B339 ~-|.0095E-03
0.08339 -7.9255E-0%
0.08339 @.I553E-0%
0.09339 1.33296-03
0.08338 .2876€-03
0.08338 7.57BIE-0%
08.083319 -3 _7594E-0%
0.0833% -7.51%0E-0u
0.0833% ~-1.0968E-03
C.068339 -9 uQIBE-Ou
G.08338 -3.9115E-00
0.08339 ~|,.6189£-03
0.08339 -).0095E£-03
0.08339 -7,32%5F.D%
0.09339 B.1553€-04
0.0B8338 1.3339€-03
0.68339 1.2978E-03
9.083339 7.5781€-0
0.08339 -3, 7%34E-05
0.08339 -7.5I40E-0%
G.08339 -1 .0969E~03
0.08339 -2.4915E-0%
0.08339 -3.8115%E-0%
9.04168 i.0294E-02
0.0418% 9.647DE-03
0.0416% B.3683E-03
0.G4169 5.5356£-02
0.04169 u4.2450E-03
0.04169 1 ,%%3%€-03
~ - = POWER BUDGET - - -

INPUT POMER = 6. 1971E-03 WATTS

RADIATEQ POWER=

STRUCTURE LOSS= 0

METWORK LOSS = 0.
EFFICIENCY

B I4TIE-O3 HATTS

HATTS
WATTS

= 100,00 PERCENT

-163=-

3
1
|
1
i
!
i
]
-
B8
|
]
3
[
1
i
1
1
1
9
5
B
1
S
3
t
E
s
1
i
1
8
5
8
1
=]
z
i
1
1
1
1
i
9
5

g
1
a
3
!
1
1
i
i
[
2
5
8.
!
9
3
:
£}
8
6
I.'
|

BIBTE-Qu
.T411E-03
LB0%IE-D3
. 1BS2E-03
. IEYSE-03
. 3E90E-0X
. 3ES4E-D3
HEE7E-DN
. BEG2E- 04
L2T9TE-G4
. 1028E-03
L8330
.B187E-0Yy
LTU1IE-D2
504 1€-03
. 1992E-03
- 1695E-03
IS0RE-03
. 3254E~D3
JHILTE- O
-B29TE-04
L2797E-Ou
. 102BE-03
“933IC -0
.B1a7E -0
LTHIIE-03
50N IE-03
.1892€-02
. 16956-03
. 3596E-03
. 32%4E-03
S ITE-O%
. BEQRE Q4
.27897E-04
-+028BE-D3
JHIIIE-Gy
-Bi87E~0%
JTMEIE-D3
LBO0%1E-03
. |B92E-03F
. 1E85E-03
. 35YBE-03
L 32THE-D3
4] TE«Du
.BE82E -L4
L2TSTE-O4
.1028E-03
MY3IE -0y
LB197E-0%
LTw)1E-03
LS04 1E-032
L1892E-03
. 1835E-03
. 359BE-03
. 3854E-Q3
S ITE -0
. HESEE - O
2797E - 04
L1028£-03
CWSIEE -0
LBIBTE-0u
. 0505E~02
-B890E~03%
.BIS0E~C3
.7573E-03
MO3T7E~D3
.BiBUE-H3

76
158
132

178.
176,
198,
132,
a3,
45,
11,

-3B.
-93.
=185,
“1M.
118,
Ly
31
132,

a3

45,
I,
=1k,
-36.
-3,
~ 155,
=174,
178,
176,
158 .
132,
a3,
NG,
1.
=1L,

-36

-93.

=155

“174.
17a,
176.

-H
-2
-13

=14,
~-18.

-i6

482
.22
. 155
.82t

T2
I

165
072

.B21

R-13
-703
.B51
rali
426
.030



-~ - - RADIATION PATTERNS - - -

- ANGLES « - - POWER GAINS - - = = POLARIZATION - - = - -« E(TRETAK - - - - - - EtPKIY - a-,
THETa Prel VERT.  HOR. TOTAL AX AL TILT  SENSE MAGNTUDE PHASE HAGH TUDE PHASE
OEGREES DEGREES o] 0B ol RATIO DEG. VOLTS /M DEGREES VOL TS/ M DEGREES
0. 0. -89499.99 -399.99 -399.99 a. n. 1.61885E~11 37.56 B.44B3CE-18 ~145.69
5.00 0. -26.0v -999.99 ~-26.04 g.cooca 0.Q2 LINEAR 2. TTi83E-02 126.17 B.FTI3BE~12 ~151.29
16.00 0. -20.19 -999.98 -20.19 0.00000 0.00 1LINEAR 5.43681€-02 120.49 5.35084E-128 -176.:12
15.00 0. -16.75 -989.99 -16.75 0.00000 0.00 LINEAR B.07586E-02 1!1.96 7.138E-12 16%. 1%
20.00 0. 1%, 10 -999.99 -{4w.10 0. 00000 D.00 LINEAR . 09587€~01 101.96 1 .2533%E-11 164,72
£5.00 Q. -11.77 -969.99 -11.77 0.000240 0.00 LiMEAR I.43261E-01 9.7 1.93374€£-1] 173.32
30.80 . -9.71 -999.98  -9.7; a.88080 ~0.00 LINEAR 1.81702E-01 85.57 C.BWIMBE-11 - |76.97
35.00 a. -7.9% -999.99 ~7.9% 4.00600 -0.00 LINEAR 2.22369€ -0 80.81 3.864CIE~11  -158.6%
43.00 a. -5.%+ -9595.99 -5.%4 . 00800 =0.00 LINEAR 2.61698E 01 77.57 S.20404E-1Y  -1B2.17
45.00 a. ~5.468 -198.75 -5.48 0.00000 =0.00 LEINEAR Z.96357E-01 75.96 B.4iBORE-11 -157.24
50.00 0. -4.B9 -[97.u5 -4.69 0.0c0000 ~0.00 L INEAR 3.23152E- 01 T5. 34 T HHBEBE~1]  -1%3 ug
5% .00 0. ~4.21 ~1B6.B7 -u.21 0.00000 ~0.00 LINEAR 3.41981E~0! 75.32 B.I4777E-11 ~150.83
50.00 Q. “4.03 -196.40 -4.03 0.gpoon ~0.00 LINEAR 3.49364E-01 75.62 B.4lINSE-11 -Jug. it
65.00 o} -%.16 -196,.84 =4 1B 0.a0000 -2.006 LINEAR 3.44228E-01 76.01 8.17836E-11 ~i1u46. 2
J0.00 0. -4.68 -197.47 ~-4%.68 0.00000 =1.00 LINEAR 3.24301E-01 75.31 T UIIBTE~11 -84 .43
5. 00 a. -5.76 -199.06 =5.78 o.aonnn ~0.00 LINEAR 2.86378E-01 76.4G 6.189385E~-11 -142.99
80. 00 0. -7.B3 -999.99 -7.83 0.0ceoa -0.00 LINEAR 2.2%657€-0) 75.186 oMW TUE-1] -ih) 7B
85. oc 0. -12.32 -999.99 ~12.32 Q.gocoo -0.00 LINEAR 1. 34532601 T5.48 2.40629E-11 -~140.73
80. 00 &. -999.93 -999.99 -999.99 0. 0. 3.53821€-12 -10%.90 7.50697E- & 3.22
e. 90.00 -999.98 -999.99 -999.99 0. 0. 8. 44B2PE-12 -[46.5% 1.B18G5E-11 =142, 4w
5.00 90.00 -26.0% -999.99 -26.0% 0.00000 .00 LINEAR 2.77176E~02 126.17 1. BY015E-11  -145. 18
i0.00 80.00 -20.19 -993.89 ~20.!9 0.00000 ~0.00 LINEAR 5. 4398 E-02 120.43 S.0u2ENE-11 - 148,26
15.00 a0.00 -i16.76 -999.99 -1H6.76 2.0%000 =0.00 ELINEAR 3.07181E-02 111.59 2.206BBE-11 -1%4,58
20.00 90.900 “i%.09 -999.99 -lu,08 g.04aco0 =0.00 LIMNEAR 1.09697E-31 i0r.22 2.23086E-t1 -!61.30
2% . Do €a. 00 -11.72 -999.99 -i1,72 0.00000 ~0.00 LINEAR I w4 158E-01 91.3% 2.2%657E-11 -179.82
30.00 90.00 -9.57 -999.99 -9.37 0.00000 =0.00 LINEAR 1.84498E-0] 83.40 2.0534%7E-1} 177.78
35.00 90.00 -7.72 -999.99 -7.72 0.000400 0.00 LINEAR 2.2B292E~01 77.72 F.77HI0E-¢ 1 1%8.BB
ug. 00 95.00 -6.21 -999.99 -E.21 0.480a90 C.00 LINEAR 2.71684E-01 Tw.03 1.60284E-1 129.20
45.00 90.00 -5.05 -998.98% -%.n% 0.00064 0.00 tiINEAR 3.10BS7E-01 7i.87 1.80433E-1| 97.89
S0.00 80.00 ~%.21 ~-989.939 ~%.21 ¢.o00000 0.09 LINEAR I. 4199101 70.80 2.32437E-11] T8 .4y
55.00 90.984 -31.69 -999.99 -3.89 a.0Q000 0.00 LINEAR 3.63178E-Q1t 70.48 2.90263 -1 Bz2.27
60.0¢ 90.90 -3.48 -993.99 -3.48 0.008000 0.00 LINEAR 3.72261E-01 70.53 2.34084E- 1 2 H
65.00 S0.00 -3.59 -993.93 -3 589 8.0000%0 0.00 L INEAR 3.57380E-01 J0.9 3.52%8E~11 “9 .50
7o. 00 90.00 ~4. 1 -9899.99 ~4oil 0.coocGe B.00 LINEAR 3.482THE-01 7r.09 3.3995|E-11 46 . 41
75.00 90 .00 -5.19 -999.99 h-PRL- 0.00000 Q.00 LiMNEAR 3.05727E-61 T1.2¢ 2.95261E-11 44 83
80.C0 90.30 -7.26 -99%.99 -7.28 g.0coao0 0.00 LINEAR 2.43B0%E-01 71.01 2. 20428E~-11 431.%6
85.00 90.00 =11.78 «999.99 -1}.76 C.00060 0.08 LINEAR 1.435} [E~Ot 70. 34 1188178 -1 w3.33
s0.08 90.00 -999.99 ~999,99 -~999.99 0. 0. P.QIT3BE-11  =111.00 | 22089E~15 61.39
AVERAGE POMER GATN= 2 4024SE-0] SOLID ANGLE USED [N AVERAGING=( 0.5000)*P! STERADIANS.
rrese DATA CARD NO. 3 EN -0 -0 -0 -3 0. 0. 0. 0. c. a.

RUN TiME =

65.778
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Section V
Execution Time

The program execution time depends on the number of patches and the

number of wire segments used. The central processor time approximately

follows the formula

T=T7T,+7,+7T,+ 7T, ,

1 2 3 4
TE = (Alst2 + Aszpz + ABkNSNP + AANC)/M .
T, =B (8 + 2Np)3/M2 ,
T, o= CN_ (N + 2Np)2/M ,
T, = DkN; (NS + ZNP) ,

= number of
= number of

= pnumber of

= pnumber of

N

N

N

N = number of
N

M = number of
k.

i

wire segments,

surface patches,

connections between a wire and a surface,
different excitations,

far-field calculation peints,

degrees of symmetry,

1 for structure in free space,

2 for perfect ground or reflection coefficient approximation, and

4 for Sommerfeld/Norton method.

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

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

4

is the time to calculate far fields.

The proportionality factors depend con the computer system on which the

program is run. The

factors in seconds for a CDC 7600 computer when the

matrix fits in core are roughly

= (1074,
. (107,
0™,
(1074,
. 10”8,
. (10'6),

16™).

1
2
3
4

OO wW o> e
il
S o~ NN W

and
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When the extended thin-wire kermel is used, Al is increased by about 18
percent. If the approximation for large interaction distances is used with
RKH = Ro’ then Al is multiplied by (1. - 0.7F) where ¥ is the fraction af all
segment pairs for which the separation is greater than Ro'

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

1

and TZ will account for nearly all of the running time. If the matrix does not

fit in core storage, Tl and Tz will be larger thamn indicated above. They may

be much larger if I/0 time is included.

The code SOMNEC requires about 15 sec to write the Sommerfeld/Norton
data file cn a CDC 7600 computer.
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Section VI
Differences Between NEC-2, NEC-1, and AMP2

The following are features of the NEC~1 code that differ from AMPZ:

A new current expansion is used with continucus current and current
derivative along wires. The expansion enforces new conditions at
multiple-wire junctions and allows for current flowing onto the end

cap at an open wire end.

Where a wire connects to a surface, the surface-current expansion is

related to the current at the base of the wire rather than at the

center of the last wire segment,

An optional veltage source based on a discontinuity in current slope

is available.

In the thin-wire approximation, the current filament is on the wire

axis and the observation points are on the surface.
An optional extended thin-wire approximation is available,

Either a perfectly or imperfectly conducting ground may be used with

surface patches.

Either a perfect or imperfect ground may be used with an incident

plane wave.

Some constants have been changed including the velocity of light

{2.998 x 108 m/sec.) and the default frequency (299.8 MHz).
The wire-segment connection numbers have new meanings.

The radiated field is the field at a range R multiplied by R, with R

approaching infinity, In AMP and AMP2, the field is multiplied by
R/A.

Borh near electric and magnetic fields may be computed. The NF card

is no longer used.
Charge density may be printed for wires.

The PT card is no longer cancelled by a new EX card,
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The following are features of NEC-2 that differ from NEC-1:

&

The NGF option has been added.

The restart option has been removed.

The Sommerfeld/Norton method has been added.

Maximum coupling between antennas may be computed.

Wires may have tapered radius and segment lengths.

Patches may be specified as triangles, rectangles, or quadrangles.
Rectangular surfaces with multiple patches may be specified,

The S8 card for surfaces has been eliminated.
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Section VII
File Storage Requirements

Depending on the requirements of a run, NEC-2 may use the following

files.

11, 12, 13, 14, 15, 16 — scratch files for matrix manipulations.
20 — NGF file.

21 — Sommerfeld/Norton data.

The scratch files are used only when the matrix will not fit into core
storage. For a case that does not use the NGF (but may write a NGF file),

there are five options for matrix storage. If

N = the number of equations (number of segments plus twice the
number of patches),
N_ = the number of equations for a symmetric section, and
= number of complex numbers for the matrix in core storage
{4000),

then the cases, indicated by the value of ICASE in the code, are:

ICASE
1 matrix in core, no symmetry (Nz < IR).
2 matrix in core, symmetry (NNx < IR).
3 matrix out of core, no symmetry (Nz > IR).
4 matrix out of core, symmetry, blocks f£fit in core
2
> <
(NN_ > Ip, N° < I).
5 matrix out of core, symmetry, blocks do not fit in core
2
>
(NX IR).

File storage is used for cases 3, 4, and 5. Only the four files (11, 12, 13,
and 14) are used when the NGF is not in use. The size of each file is
approximately ZNNx words. If the computer system requires that the user
specify the file size, a safety margin should be included in the request. A

more accurate estimate of the file size is
= +
L 2N NC ENX/NC 1} »

where
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v o | &
¢ | 2N

and [ ] indicates truancation. Nc, which is the number of matrix columns in an
I/0 block, must be at least 1.
When the NGF is used, all six scratch files may be required. Tor the

NGF the matrix is partitioned into four sections as

)

A is the matrix for the NGF structure and is factored before the NGF file 1is
written. The storage case for A is indicated in the NGF label by the value
of ICASE (see example 10 in section IV). When the NGF is used, matrix A is
read from file 20 and, if ICASE is 3, 4, or 5, is stored on file 13. The
size of file 13 when the NGF is used is approximately:

ICASE Length of file 13
3 A
4 2NN
X
5 4NN
X

There are four options for storage of the matrices B, C, and D. These are

associated with the integer ICASX as follows:

TCASX

1 AR’ B, C, and D fit in core together where
AR A for ICASE = 1 or 2,

= one I/0 block of A for ICASE = 3 or 5,
= one submatrix for ICASE = 4,
2 B, C, and D fit in core but not with AR' This is possible
only for ICASE = 3, 4, or 5 when A does not need dedicated

space in core. AR and B must also fit in core together.

3 B, C, and D do not fit in core, but D fits in core alone.
A and D must fit together if ICASE = 1 or 2.

4 D does not fit in core.

The sizes of matrices B, C, and D depend on the number of new unknowns

N where
i

=z
]

N+ N +2N + 10N
S t P q

=z
|

number of new segments added to NGF,
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il

Nt number of NGF segments connectad to new segments or patches,

it

Np number cof new patches,

N
g

number of NGF patches connected to new segments,

The sizes of matrices B and C are 2 NNn and the size of D is 2 Ni words. The
file lengths are approximately 2 Ni words for files 11 and 12, and 2 NNn for
files 14, 15, and 16. When ICASX is 1 these files are not used, and when
TCASX is 2 file 16 is not used.

The length of the NGF file (20) is approximately 4 N (Nx + 3). The
length of the Scmmerfeld/Norton data file (21) is about 2200 words.
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Section VIII
Error Messages

CHECK DATA, PARAMETER SPECIFYING SEGMENT POSITION IN A GROUFP OF EQUAL
TAGS CANNOT BE ZERO.

Routine: TISEGNC

This error results from an input data error and may occur at any point
where a tag number is used to jidentify a segment. Execution terminated.
Data on the NT, TL, EX, and PT cards should be checked.

CONNECT - SEGMENT CONNECTION ERROR FOR SEGMENT s
Routine: CONNECT
Pogsible causes: number of segments at a junction exceeds limit;

segment lengths are zero; array overflow.

DATA FAULT ON LOADING CARD NO. = _ _ ITAG STEPI = IS GREATER THAN
ITAG STEP2 =

Routine: MAIN

When several segments are loaded, the number of the second segment
specified must be greater than the number of the first segment.

Execution terminated.

EQF ON UNIT _ NBLKS = _ _NEOF =

Routine: BLCKIN, entry point of BLCKOT

An end of file has been encountered while reading data from the unit.
NBLKS determines how many records are read from the unit. NEOF is a
flag to indicate which call to BLCKIN initiated the read. If NEOF =
777, this diagnostic is normal and execution will continue. Otherwise,

an error is indicated and execution will terminate.

ERROR -- ARC ANGLE EXCEEDS 360. DEGRFES
Routine: ARC

Error on GA card.

ERROR - B LESS THAN A IN ROM2
Routine: ROM2Z

Program malfunction.

ERROR - FR/GN CARD IS NOT ALLOWED WITH N.G.F.
Rocutine: Main

See section III-5.
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10.

11.

12.

13.

14.

15.

16.

ERROR -- CORNERS OF QUADRILATERAL PATCH DO NOT LIE IN A PLANE.

Routine: Patch

The four corners of a quadrilateral patch (SP card) must lie in a plane.

ERROR - COQUPLING 15 NOT BETWEEN O AND 1
Routine: Couple

Inaccuracy in solution or error in data.

ERROR - GF MUST BE FIRST GEOMETRY DATA CARD
Routine: DATAGN

See section ITI-5G.

ERROR IN GROUND PARAMETERS - COMPLEX DIELECTRIC CONSTANT FROM FILE
Is REQUESTED
Routine: MAIN

Complex dielectric constant from file TAPE2]l does not agree with data

from GN and FR cards.

ERROR - INSUFFICIENT STORAGE FOR INTERACTION MATRICES.
IRESRV, IMAT, NEQ, NEQ2Z =
Koutine: FBNGF

Array storage exceeded in NGF solution.

ERROR - INSUFFICIENT STORAGE FOR MATRIX
Routine: FBLOCK

Array storage for matrix is not sufficient for out-of-core solution.

ERROR - NETWORK ARRAY DIMENSIONS TOC SMALL.
Routine: NETWK

The number of different segments to which transmission lines or network

ports are connected exceeds array dimensions. FExecution terminated.
Array size in the original NEC deck is 30. Refer to array dimension

limitations in Part II for changing array sizes.

ERRCR - LOADING MAY NOT BE ADDED TO SEGMENTS IN N.G.F. SECTION
Routine: LOAD

See section III-5.

ERROR - N.G.F. IN USE. CANNOT WRITE NEW N.G.F.
Routine: MATIN
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17.

i8.

19,

20.

21.

22.

23,

ERROR - NO. NEW SEGMENTS CONNECTED TO N.G.F. SEGMENTS OR PATCHES
EXCEEDS LIMIT.
Routine: CONECT

Array dimension limit.

FAULTY DATA CARD LABEL AFTER GEOMETRY SECTION.

Routine: MAIN

A card with an unrecognizable mnemonic has been encountered in the
program control cards following the geometry cards. Execution

terminated.

GEOMETRY DATA CARD ERROR,

Routine: DATAGN

A geometry data card was expected, but the card mnemonic is not that
of a geometry card. Execution terminated. After the GE card in a
data deck, the possible geometry mnemonics are GE, GM, GR, GS, GW,
GX, SP, and SS.

The GE card must be used to terminate the geometry cards.

GEOMETRY DATA ERROR - - PATCH _ _ LIES IN PLANF OF SYMMETRY.
Routine: REFLC

GEOMETRY DATA ERROR ~ - SEGMENT _ _ EXTENDS BELOW GROUND.
Routine: CONECT
When ground is specified on the GE card, no segment may extend below

the XY plane. Execution terminated.

GEOMETRY DATA ERROR -~ - SEGMENT . LIES IN GROUND PLANE,
Routine: CONECT

When ground is specified on the GE card, no segment should lie in the

XY plane. Execution terminated.

GEOMETRY DATA ERROR =~ ~ SEGMENT _ _ LIES IN PLANE OF SYMMETRY.
Routine: REFLC
A segment may not lie in or cross a plane of symmetry about which the

structure is reflected since the segment and its image will coincide or

cross. Execution terminated.
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24,

25.

26.

27.

28.

29.

30.

IMPROPER LOAD TYPE CHOSEN, REQUESTED TYPE I8
Routine: LOAD
Valid load types (LDTYP on the LD card) are from 0 through 5.

Execution terminated.

INCORRECT LABEL FOR A COMMENT CARD.

Routine: MAIN

The program expected a comment card, with mnemonic CM or CE, but
encountered a different mnemonic. Execution terminated. Comment cards
must be the first cards in a data set, and the comments must be

terminated by the CE mnemonic.

LOADING DATA CARD ERROR, NO SEGMENT HAS AN ITAG= -
Routine: LOAD
ITAG specified on an LD card could not be found as a segment tag.

Execution terminated.

NO SEGMENT HAS AN ITAG OF _ .

Routine: ISEGNC

This error results from faulty input data and can occur at any point
where a tag number is used to identify a segment. Execution terminated.

Tag numbers on the NT, TL, EX, CP, PQ, and PT cards should be checked.

NOTE, SOME OF THE ABOVE SEGMENTS HAVE BEEN LOADED TWICE, IMPEDANCES
ADDED,

Routine: LOAD

A segment or segments have been loaded by two or more LD cards. The
impedances of the loads have been added in series. This is only an

informative message. Execution continues.

NUMBER OF EXCITATION CARDS EXCEEDS STORAGE ALLOTTED.

Routine: MAIN

The number of voltage source excitations exceeds array dimensions.
Execution terminated. The dimensions in the original NEC deck allow
10 voltage sources. Refer to Array Dimension Limitatioms in Part II

to change the dimensions.

NUMBER OF LOADING CARDS EXCEEDS STORAGYE ALLOTTED.
Routine: MAIN

The number of LD cards exceeds array dimension. Execution terminated.
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1.

32.

33.

34,

35.

36.

37.

The dimension in the original NEC deck allows 30 LD cards. Refer to

Part II to change the dimensions.

NUMBER OF NETWORK CARDS EXCEEDS STORAGE ALLOTTED.

Routine: MAIN

The number of NT and TL cards exceeds array dimension. Execution
terminated. The dimension in the original NEC deck allows 30 cards.
Refer to Array Dimension Limitatioms in Part 1I to change the

dimensions.

NUMBER OF SEGMENTS IN COUPLING CALCULATION (CP) EXCEEDS LIMIT.
Routine: MAIN

Array dimension limit.

NUMBER OF SEGMENTS AND SURFACE PATCHES EXCEEDS DIMENSION LIMIT.
Routine: DATAGN .
The sum of the number of segments and patches is limited by dimensions.

The present limit is 300.

PATCH DATA ERROR.
Routine: DATAGN

Invalid data on SP, SM, or SC card; or SC card not found where required.

PLVOT{_ ) = _
Routine: FACTR (in-core) or LFACTR (out-of-core)

This will be printed during the Gauss Doolittle factoring of the
interaction matrix or the network matrix when a pivot element less than
lOn10 is encountered, and indicates that the matrix is nearly singular.
The number in parentheses shows on which pass through the matrix the
condition occurred. This ig usually an abnormal condition although
execution will continue. It may result from coinciding segments or a

segment of zero length.

RADIAL WIRE G.S. APPROXIMATION MAY NOT BE USED WITH SOMMERFELD GRCUND
OPTION.
Routine: MAIN

RECEIVING PATTERN STORACE TOO SMALL, ARRAY TRUNCATED.
Routing: MAIN

The number of points requested In a receiving pattern exceeds array

dimension. Execution will continue, but storage of normalized pattern
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38.

39.

40,

41.

42.

43.

44,

will be truncated. This array dimension is 200 in the original NEC
deck. Refer to Array Dimension Limitations in Part II to change

dimension.

ROMZ - - STEP SIZE LIMITED AT 7 =
Routine; ROM2

Probably caused by a wire too close to the ground in the Sommerfeld/

Norton ground method. Execution continues but results may be inaccurate.

SBF — SEGMENT CONNECTION ERROR FOR SEGMENT .
Routine: SBF

The number of segments at a junction exceeds dimension limit (30), or

the connection numbers are not self-consistent.

SEGMENT DATA ERROR.
Routine: MAIN
A segment with zero length or zero radius was found. Execution

terminated.

STEP SIZE LIMITED AT Z = e

Routine: INTX, HFK

The numerical integration to compute interaction matrix elements, using
the Romberg variable interval width method, was limited by the minimum
allowed step size. Execution will continue. An inaccuracy may occur
but is usually not serious. May result from thin wire or wire close

to the ground.

STORAGE FOR TMPEDANCE NORMALIZATION TOO SMALL, ARRAY TRUNCATED.
Routine: MAIN

The number of frequencies on FR card exceeds the array dimension for
impedance normalization. An impedance beyond the limit will not be
normalized. Execution continues. The limit is 50 in the original NEC

deck. Refer to Array Dimension Limitations in Part II to change limit.

SYMMETRY ERROR - NROW, NCOL =
Routine: FBLOCK

Array overflow or program malfunction.

TBF - SEGMENT CONNECTION ERROR FOR SEGMENT .
Routine: TBF

Same as error 39.
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45.

46.

TRIO -~ SEGMENT CONNECTION ERROR FOR SECGMENT .
Routine; TRIO

Same as error 39,

WHEN MULTIPLE FREQUENCIES ARE REQUESTED, ONLY ONE NEAR FIELD CARD CAN
BE USED - LAST CARD READ IS USED.
Routine: MAIN

Execution continues,
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