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Preface

The Numerical Electromagnetics Code (NEC) has been developed at the
Lawrence Livermore Laboratory, Livermore, California, under the sponsorship
of the Naval Ocean Systems Center and the Air Force Weapons Laboratory.
It is an advanced version of the Antenna Modeling Program (AMP) developed in
the early 1970's by MBAssociates for the Naval Research Laboratory, Naval Ship
Engineering Center, U.S. Army ECOM/Communications Systems, U.S. Army Strategic
Communications Command, and Rome Air Development Center under Office of Naval
Research Contract NO0014-71-C-0187. The present version of NEC is the result
of efforts by G. J. Burke and A. J. Poggio of Lawrence Livermore Laboratory.
The documentation for NEC consists of three volumes:
Part I: NEC Program Description — Theory
Part II: NEC Program Description — Code
Part I1I: NEC User's Guide
The documentation has been prepared by using the AMP documents as
foundations and by modifying those as needed. 1In some cases this led to
minor changes in the original documents while in many cases major modifications
were required.
Over the years many individuals have been contributors to AMP and NEC

and are acknowledged here as follows:

R. W. Adams R. J. Lytle
J. N. Brittingham E. K. Miller
G. J. Burke J. B. Morton
F. J. Deadrick G. M. Pjerrou
K. K. Hazard A. J. Poggio
D. L. Knepp E. S. Selden
D. L. Lager

The support for the development of NEC-2 at the Lawrence Livermore Laboratory
has been provided by the Naval Ocean Systems Center under MIPR-NO095376MP.
Cognizant individuals under whom this project was carried out include:
J. Rockway and J. Logan. Previous development of NEC also included the
support of the Air Force Weapons Laboratory (Project Order 76-090) and was
monitored by J. Castillo and TSgt. H. Goodwin.

Work was performed under the auspices of the U.S. Department of Energy
under contract No. W-7405-Eng~48. Reference to a company or product name
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of California or the U.S. 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 analysis is
accomplished by the numerical solution of inﬁegral equations for induced
currents. The excitation may be an incident plane wave or a voltage source on
a 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 ocutput. Examples are
included that show typical input and output and illustrate many of the special
options 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 is 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 solutiom
methods and provides a highly accurate and versatile tool for electromagnetic
analysis.

The code combines an integral equation for smooth surfaces with one
specialized to wires to provide for convenient and accurate modeling of a wide
range of structures. A model may include nonradiating networks and transmis-
sion lines 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 limit,
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 optics, 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-2 code and sample
runs to illustrate the output. The sample runs may also be used as a standard
to check the operation of a newly duplicated or modified deck. There are two
other manuals for NEC-2: Part I: NEC Program Descripticn — Theory (ref. 1);
and Part II: NEC Program Description — Code (ref. 2). Part I covers the

equations and numerical methods, and Part II is a detailed description of the

Fortran code.



Section 1
Structure Modeling Guidelines

The basic devices for modeling structures with the NEC code are short,
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 with 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 electrical 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 needed in
modeling critical regions of an antenna. The size of the segments determines
the resolution in solving for the current on the model since the current is
computed at the center of each segment. Extremely short segments, less than
about lO“3 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 A is limited by the approximations used
in the kernel of the electric field integral equation. Two approximation
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 1, the validity of these approximations should be considered.

The accuracy of the numerical solution for the dominant axial current
is also dependent on A/a. Small values of A/a may result in extraneous
oscillations 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
A/a to smaller values than are permissible with the normal thin-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). In the current solution with either of
these kernels, the error tends to be less than for a single field evaluation.
Reasonable current solutions have been obtained with the thin-wire kernel for
A/a down to about 2 and with the extended thin-wire kernel for A/a 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-
tions to be applied properly, segments that are electrically connected 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 lO'~3 times the length of the shortest segment. When possible,
however, identical coordinates should be used for connected 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 wirvre
segment. Numerical studies have shown that such overlapping leads to meaning-
less results; thus, as a minimum, one must ensure that the angle is large
enough to prevent overlaps. Even with such care, the details of the current
distribution near the intersection 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 reasonably 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
yield 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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e A segment 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.

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

because of a dimension limitation in the code.

e When wires are parallel and very close together, the segments should
be aligned to avoid incorrect 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 éompletely 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 outward-
directed, unit normal vector and the patch area. These are illustrated in

figure 1 where ;O = X, X+ Y g+ z, z is the position of the segment center;
n = n_ X+ n, y o+ n, z 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 vectors El and EZ’



Figure 1. Patch Posi-
n tion and Orientation.
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>

>

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,
t, = @xn/lzxal,
EZ is then chosen as 82 = X El' When a structure having plane symmetry is

formed by reflection in a coordinate plane using a GX input card, the vectors

El’ t2 and i are also reflected so that the new patches will have t, = -n X t..

2 1
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 EZ 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. In this case an interpolation
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 significant in this case. The user should try
to choose patches so that those with wires connected are approximately square
with sides parallel to El and EZ' The connected wire is not required to be
normal 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
important 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

Figure 2. Connection of a Wire to a Surface Patch.
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the 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 first 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.

T 5 avmsac AYS A0Aa4T
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he results of the two

p
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: 4, 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 restricted 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 broad
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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. Alternatively, 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 optimum model for a class of
structures can be estimated hy 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. TFor 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 solution 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 + az]l/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 reflection 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 yield 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 onlv, 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 frequency. The Sommerfeld/
Norton method is not available in the earlier code NEC-1.

A wire ground screen may be modeled with the Sommerfeld/Norton method
if it is raised slightly above the ground surface. A ground stake cannot be
modeled in NEC since there is presently no 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 finitely conducting ground with the charge set to zero at the connec-
tion, but this will not accurately model a 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 included. 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 matrix 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
opposite 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 be used to
compute the current over a perfect ground and then compute radiated fields for

a finitely conducting ground.
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Section 111
Program Input

Data to describe an antenna and its environment 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 section 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 followed 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 geometry
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 so 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 lO'I. 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 zeros, which is
the same as multiplying the exponent by a power of ten. 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

characters can be punched on these cards.

data 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.

comment cards are:

1.

COMMENT CARDS

The comment cards,

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

like all other

The two forms for

Any alphabetic and numeric

/2

c™M

CE

The numbers along the top refe

r {0 the last column in each field.

5 10 15 20 30 40 50 60 70 80
The numbers aiong the top refer to the tast column in each fieid.
5 10 15 20 30 40 50 60 70 80

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.

The next card must be a geometry card.

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

the run.

~15-

When a CE card is

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

Thus, a CE card must always occur in a




2. STRUCTURE GEOMETRY INPUT

For convenient input of structure geometry data, several data-card
options are provided to generate data for 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 geometry 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 of 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 is 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
some part of a structure with 7 segments and a tag of 3, then the center

segment of the wire could 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

GM — shift and duplicate structure

GR — generate cylindrical structure (symmetry)

GS — scale structure dimensions

GW — specify wire (also GC) ,

GX — reflect structure (symmetry)

SP — specify surface patch (also SC)

SM — generate multiple surfaces patches (also SC)
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 followed 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. Not all of these number fields are used
on most cards, however. In the following descriptions of cards, the integer
numbers are referred to as Il and I2, and the decimal numbers as F1l, ..., 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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Wire Arc Specification (GA)

Purpose: To generate a circular arc of wire segments.

///2 5| 10 20 30 40 50 60 70 GI
Ga i1 | 12 Fi F2 F3 Fa blank blank blank |
21 2 | maoa ANGH ANG2 RAD
| )
The nurmbers 4iana the 1op veter 10 thie fong s oluma e S 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.
LA A (eeees A DO0ACE )
Decimal Numbérs » .
RADA (Fl1) — 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 y axis
(degrees).
ANG2 (F3) — Angle of the second end of the arc.
RAD (F4) — Wire radius.
Notes:
® The segments generated by GA form a section of polygon inscribed
within the arc.
® 1If an arc 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 GR, however.

® (See notes for GW)

~13-



End Geometry Input (GE)

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

if a ground plane is used.

/2 5( 10 20 30 40 50 60 70 80
GE| 11 -:‘% blank blank blank blank biank blank blank
B
The numbers along the top refer to the last column in each field,
Parameters:
Integers
(I1) — Geometry ground plane flag. The values are:

0 — no ground plane is present.

1 — 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 (charge at base is zero).

-1 — 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:

e The basic function of the GE card is to terminate reading of geometry
data cards. In doing 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.

e 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 calculation. It only modifies the geometry data as
required when a ground is present. The ground parameters must be

specified on a program control 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.

If the height of a horizontal wire is less than 10_3 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 Y axis by the

GM card, all symmetry is lost (i.e., the no-symmetry condition is set).

If the 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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Read NGF File (GF)

Purpose: To read a previously written NGF file.
Card:
2t s| 10 20 30 40 50 60 70 80
GF | 11 X biank biank blank blank blank biank blank
bd
e
The numbers along the top refer to the fast column in each field,
Parameters:
Integers
(I1) — Print a table of the coordinates of the ends of all
segments in the NGF if I1 # 0. Normal printing otherwise.
Notes:
® GF must be the first card in the structure geometry section,
immediately 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)

Purpose: To translate or rotate a structure with respect to the coordinate
Ssystem or to generate new structures translated or rotated from the
original.

Card:

///5 51 10 20 30 40 s0 60 70 80
GM|11] 12 F1 F2 F3 Fa F5 F6 F7
- 5 ROX ROY ROZ XS Ys zs ITs
Vi«
- 2
The numbers along the 1op refer to the 1ast column i pach “eict,
i
Parameters:
Integers
ITGI (Il1) — Tag number increment.
NRPT (I2) — The number of new structures to be generated.

Decimal Numbers

ROX

ROY
ROZ
XS
YS
ZS
ITS

(F1) —

(F2) —
(F3) —
(F&4) —
(F5) —
(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 about 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 is 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 zero, the original structure remains fixed and NRPT new
structures are formed, each shifted from the previous one by the

requested transformation.

The tag increment, ITGI, 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 copy of the structure are
incremented by ITGI 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 101 to 200 and the second copy from 201
to 300. 1If NRPT is zero, the tags on the original structure will be

incremented.

The result of a transformation 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, ZS). 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 5| 10 20 30 40 50 60 70 80

GR |11 12 biank blank biank blank blank blank blank

The numbers along the top refer 10 the last column in each held,

Parameters:

Notes:

Integers

(I1) — Tag number increment.
(I2) — Total number of times that the structure is to occur in the

cylindrical array.

Decimal Numbers

The decimal number fields are not 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. 1If a structure modeled by N
segments has M sections in cylindrical symmetry (formed by a GR card

with 12 equal to M), the number of complex numbers in matrix storage
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and the proportionality factors for matrix f£fill time and matrix

factor time are:

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

The matrix factor time represents the optimum for a 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 reset
to a no-symmetry condition. 1In 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 a 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 modifying the structure. The card must

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

Placement of nonradiating networks or sources does not affect

symmetry.
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GR

When symmetry is used in the solution, the number of symmetric
sections (I2) 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 (NRPT+1) 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.

-26-



Scale Structure Dimensions (GS)

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

Card:
21 5 10 20 30 40 50 60 70 80
GS | ¥ = F1i blank biank blank bilank blank biank
O ©
) o
The numbers along 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 Fl.
Notes:

e 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:
21 5| 10 20 30 40 50 60 70 80
Gw (1] 12 F1 F2 F3 F4 F5 F6 F7
O Ns XW1 YW1 201 XW2 YW?2 W2 RAD
The numbers along the top refer 1o the tast cotumn in each firld,
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:
/2 5 10 20 30 40 50 60 70 80
GC F1 F2 F3 biank blank biank blank
RDEL RAD1 RAD2
The numbers aiong the top refer to the last column in each fieid,
Parameters:
Integers
ITG (I1) — Tag number assigned to all segments of the wire.
NS (1I2) — Number of segments into which the wire will be

Wire Specification (GW)

Decimal Numbers

XWl
YWl
ZW1
XW2
YW2
ZW2

(F1)
(F2)
(F3)
(Fa)
(F5)
(F6)

divided.

N N < e

coordinate
coordinate
coordinate
coordinate
coordinate

coordinate
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Notes:

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

Optional GC card parameters

RDEL (F1) — Ratio of the length of a segment to the length of the
previous segment in the string.

RAD1 (F2) — Radius of the first segment 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 = <RAD2)

RAD1

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

Sl _ L(l—RDEL;S
1-(RDEL)
or
Sl = 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 zero 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 set 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 interpolation. 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 unless 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 two on each segment making up the

wire.
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GW

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.
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GX

Reflection in Coordinate Planes (GX)

Purpose: To form structures having planes of symmetry by reflecting part

of the structure in the coordinate planes, and to set flags so that

symmetry is utilized in the solution.

21 5| 10 20 30 40 50 60 70 80
GX |11] 12 blank blank blank blank blank blank blank
The numbers along the top refer to the last column in each field,
Parameters:
Integers

(I1) — Tag number increment.

(I2) — This integer is divided into three independent digits, in
columns 8, 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 columns causes the corres-
ponding reflection to be skipped.

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

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 Z. When
combinations of reflections are requested, the reflections are done
in reverse alphabetical order. 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 to fill
all octants. 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 to 100 are used on the original structure
with 12 equal to 01l 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 or 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

2 2 4

) ¥ N A

4 4 16

; ¥ y 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 to a no-
symmetry condition. In most cases, the program is set by the geometry
routines for the existing symmetry. Operations that automatically

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, destroys 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 I2 equal to 011 and 100,
respectively, will produce the same structure as a single GX card
with I2 equal to 111; 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 destroyed. 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
structure in an unsymmetric manner. In this case, the program is not
automatically set to a no-symmetry condition but must be set by a

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

the program to 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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Surface Patch (SP)

SP

Purpose: To input parameters of a single surface patch.
Card:
///2 5 10 20 30 40 50 60 70 80
sP {11 ] 12 F1 F2 F3 F4 F5 F6 blank
-
&
S| NS X1 Y1 Z1 X2 Y2 z2
The numbers along the top refer to the tast column ' each finid,
If NS is 1, 2, or 3, a second card is read in the following
format:
///é 5{ 10 20 30 40 50 60 70 80
sc {1} 12 F1 F2 £3 F4 F§ F8 blank
-
]
& X3 Y3 Z3 X4 Y4 24
The numbers along the top refer to the last column in each fieid,
Parameters:
Integers
(I1) — not used
NS (I2) — Selects patch shape

0: (default) arbitrary patch shape
1: rectangular patch

2: triangular patch
3

: quadrilateral patch
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Notes:

SP

Decimal Numbers

Arbitrary shape (NS = 0)

X1 (F1) — X coordinate

Y1 (F2) — Y coordinate of patch center

z21 (F3) — Z coordinate

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

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

zZ2 (F6) — patch area (square of units used)

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

X1 (F1)
Y1 (F2) X, Y, Z coordinates of corner 1
Z1 (F3)
X2 (F4)
Y2 (F5) X, Y, Z coordinates of corner 2
Z2 (F6)
X3 (F1)
Y3 (F2) X, Y, Z coordinates of corner 3
Z3 (F3)
For the quadrilateral patch only (NS = 3)
X4 (F4)
Y4 (F5) X, Y, Z coordinates of corner 4
Z4 (F6)

The four patch options are shown in figure 5. For the rectangular,
triangular, and quadrilateral patches the outward normal vector o
is specified by the ordering of cormers 1, 2, and 3 and the right-

hand rule.

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

~

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

chosen as described in section II-2.

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

parallelogram.
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5>

Y
~ X2 = «
8 Y2 = 8
X
(a) Arbitrary Patch Shape (NS = Q)
3
3
A 2
tl G
1 - 2 1 2

(b) Rectangular Patch (NS = 1) (c) Triangular Patch (NS = 2)

3

1 2

(d) Quadrilateral Patch (NS = 3)

Figure 5. Surface Patch Options.
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SP

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

11-2).

For the rectangular or quadrilateral options, 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 I2 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, IZ 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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Purpose: To cover a rectangular region with surface patches.
Card:
///2 5{ 10 20 30 40 50 60 70 80
smlnng iz F1 F2 F3 Fa F5 F6 blank
NX| NY X1 Y1 Z1 X2 Y2 z2
The numbers along the top refer 1o the last column in gach field,
A second card with the following format must immediately follow
a SM card:
///é 5| 10 20 30 40 50 60 70 80
sC F1 F2 F3 F4 FS F6 blank
> E
[ <
) bl
o I X3 Y3 Z3
The numbers along the top refer to the last column in each tield,
Parameters:
Integers
NX (11) The rectangular surface is divided into NX patches
NY (12) from corner 1 to corner 2 and NY patches from

Multiple Patch Surface (SM)

Decimal Numbers

X1
Y1l
z1
X2
Y2
Z2

(F1)
(F2)
(F3)
(F&4)
(F5)
(F6)

corner 2 to corner 3.

X, Y, Z coordinates of corner 1

X, Y, Z coordinates of corner 2
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SM

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

Notes:
® The division of the rectangle into patches is as illustrated in
figure 6.
3
® ® @ @ @
<
® @ @ ® @
i
S
= ® 7 @ g ® e ®
N
Htl 2 ® 3 e 4 @ 5 @
1 2
NX = 5
Figure 6. Rectangular Surface Covered by Multiple Patches.
¢ The direction of the outward normals n of the patches is determined
by the ordering 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 = q X El' The patch may have arbitrary orientation.
® If 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

W
(2]
G
O
S
(3

ESEEVERA VIR od

Structure: figure 7

-

11

Geometry Data Cards:

10 20 30

10 ~350. 0.

0 ] 150

1Q ~350. a.

10 G. -150.
0. 30480

Number of Segments: 40

Symmetry: None

These cards generate segment data for a rhombic antenna.

input in dimensions of feet and scaled to meters.

1 20
1 1 | I ER )
1 1 T 1 X
. ©
UNITS OF 100.
30|31
Figure 7. Rhombic Antenna — No Symmetry.
40 5Q 60 70 80
150. a. 150, [RTe !
150. 0. o U. 150. o
156, a. ~ 150 150 N
150. 0. e. 150, K
The data are

In the figure,

numbers near the structure represent segment numbers and circled

numbers represent tag n

umbers.
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Rhombic Antenna — Plane Symmetry

1

i0
1o

Structure: figure 8 Y

10130

UNITS QF 100.

Figure 8. Rhombic Antenna — 2 Planes of Symmetry.

Geometry Data Cards:

0 20 30 40 50 60 70 80
-350. C. 150. Q. 150. 1%0.

0.30480

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 loaded 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 solution; thus, allowing segments on one

end of the antenna to be loaded.

4]~
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Structure: figure O

Geometry Data Cards:

10 20 30
1 -350. a.
100
010
0. 30480

Number of Segments:

Symmetry: One plane

©

20

L ] ] L ! ] )
I 1 T 1 ¥
21 <:> X
UNITS OF 104.
30140
Figure 9. Rhombic Antenna — 1 Plane of Symmetry.
40 50 60 70 80
tag. 0. 150. 150, {
40

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

section.

Hence, segments 1l and 31 can be loaded without loading

segments 1 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.

-42-
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Geometry Data Cards:

10 20 30 40 50 60 70 80
} 1.0 0. a. 0.70711 0.70714 C. oo
1 2.0 0. 0. 0.76536 1.84776 0. 00!
| 0.76536 1.84776 0. LoluIsgy [ICREES| 0. .601
8
90. 0. 0. 0. 0. 2.0

Number of Segments: 24

Symmetry: 8 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 produce 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 11

5 Y
6 4 38
5
4 39 40 411 42 43 .
| G)‘ I I i 37 i X
3
2 9 4+ 36

Figure 11. Wire Grid Plate and Dipole.
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Geometry Data Cards:

10

coooooo0o

20

(v

CDOOOOO0

30

40

CO0 0000

CO0UOOO0

50

coooocooo0

60

OO DOO0Co

70

091

Rl

01

.00

80

Number of Segments: 43
Symmetry: None

The first 6 cards generate data for the wire grid plate, with the lower
left~hand corner at the coordinate origin, by using the GM card to

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

5P
SP

oM
SP
op
oR

SP
Gl
[

Gt

Structure: figure 12

Geometry Data Cards:

£

10 20 30 40 50 60 70 80
10. Q. T 3332 0. 9. 38.u
10. 3} c a. 0 8.
0. g. T. 3333 a. c 38 .4
G. 0. 30.
6.89 0. il 30. Q. w4 .88
6.89 g. -l - 90. 3 BRI : ]
g. Q. i 30. a. w49 . 89
] 9. -1 -390 0. 44 .89
C. a. T . 0. f°3. A
13. ol 2] er.6 a. o} e
31

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 Y¥2(b).

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

bl



3. PROGRAM CONTROL CARDS

The program control 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 specification

I ﬁ GN — ground parameter specification

KH — interaction approximation range

LD — structure impedance loading

EX — structure excitation card

II NT — two-port network specification

TL — transmission line specification

CP — coupling calculation

EN — end of data flag

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

IIT < 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 XQ 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 computed,
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 is 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

[a W

ar
at

[s¥)

cards to the solut
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 solution 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 interaction matrix and
the cards in group II, so that the currents must be recomputed whenever cards
in group I or 11 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 data cards:

FR, EX, NT LD

1’ 1 XQ, LDz, XQ, NTZ’ LDl, XQ, LDZ’ XQ

FR, EX, LDl’ NTl, XQ, NTZ’ XQ, LDZ’ NTl’ XQ, NT2, XQ
Calculation and factoring of the matrix would be required four times by the
first set but only 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 shown in

figure 12(c). Finally, two GW cards are used to add wires connecting
to the top and side of the cylinder. 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 input to the program,
square patches are assumed at the base of a connected wire when
integrating over the surface current. Hence, a more accurate
representation of the model would be as shown in figure 13, where the
patches to which wires connect are square with equal areas maintained

for all patches (before subdivision).

~

— -

N

\
-~
‘/\7
C

[~[ ]

£

IR,

SSE5
/

P b

Z
/[

AL
N

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

Segmentation of Cylinder for Wires Connected to End and Side.

~46=



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,
etc.). 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

C 1 *+1
multiplies the number by 10 ~. The integer exponent must be right justified

in the field.
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request

Maximum Coupling Calculation (CP)

calculation of the maximum coupling between segments.

Purpose: To
Card:
//E 5| 10
celinl 12
2|9
- »
Parameters:
TAG1
SEG1
TAGZ
SEG2
Notes:

Up to five segments may be specified on 2-1/2 CP cards.

computed between all pairs of these segments.

15 20 30 40 50 60 70 80

@
>

TAG2
SEG2

-

(I1)
(12)

-1
et

~~ ~~
pd

S W
N N

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

blank blank blank blank btank btank

Specify segment number SEGl in the set of segments
If TAGl is blank or zero,

SEGl is the segment number.

having tag TAG1. then

Same as above

Coupling is

When more than two

segments are specified, the CP cards must be grouped together. A

new group of CP cards

CP 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.

replaces the old group.

program to proceed with the calculation 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.

-50~
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Extended Thin-Wire Kernel (EK)

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

Card:
/2 s| 10| 15 20 30 40 50 60 70 80
EKI blank blank blank blank blank blank
X x X
c [ C
]l = 8 s
% s o e
=
The numbers along the top refer to the last column in each field,
Parameters:

Integers
IT™P1 (I1) — Blank or zero to initiate use of the extended thin-
wire kernel, -1 to return to standard thin-wire kernel.

Without an EK card, the program will use the standard

thin-wire kernel.
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Purgose:

Card:

To indicate to the program the end of all execution.

End of Run (EN)

/2

EN

5 10 15 20 30 40 50 60 70 80
blank blank biank blank biank biank
- X < X
[ < < [
] 3 8 8
B a r 2
The numbers along the top refer to the last column in each field.

Parameters:

None

~59~
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Excitation (EX)

Purpose: To specify the excitation for the structure. The excitation can be
voltage sources on the structure, an elementary current source,

or a plane-wave incident on the structure.

Card:
/2 s|] 10| 15| 20 30 40 50 60 70 80
extiy 12 13 14 F1 F2 F3 Fa F5 F6
The numbers along the top refer to the last column in each fieid.
Parameters:

Integers
(I11) — 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)

(12) — 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
numbers, uniquely defines the source segment. Blank
or zero in field (I2) implies that the source segment

will be identified by using the absolute segment num-~

ber in the next field.
(I3) — Equal to m, specifies the mth 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.

(I4) — Columns 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 connections
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 maxXimum value is
a default, but the normalization value can be
specified (refer to F3 under voltage source
below). When there is more than one source on
the structure, only the impedance of the last
source specified will be collected.

0 — no action.

Incident plane wave ((I1) = 1, 2, or 3)
(I2) — Number of theta angles desired for the incident plane
wave.

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

wave.

(14) — 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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EX

¢. Elementary current source ({Il) = 4)
(12) & (I3) — blank.
(I4) — Only column 19 is used and its function is identical

to that listed under b.

Floating Point Options

a. Voltage source ((I1) = 0 or 5)

(F1) — Real part of the voltage in 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.

(F4), (F5), & (F6) — Blank.

b. 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

x>

Figure 1l4. Specification of Incident Wave.
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Notes:

EX

direction of the electric field for linear polariza-

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

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

c¢. Elementary current source ((I1) = 4). The current source is

characterized by its

orientation, and its

(F1) -
(F2) —
(F3) —
(F4) —

(F5) —

(F6) —

X position in
Y position in
Z position in

a in degrees.

Cartesian coordinate position, its
magnitude.

meters.

meters.

meters.

& 1is 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, excitation 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.

Orientation of Current Element.
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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 voltage source may lie in a symmetry
plane. An applied field voltage source may not lie in a symmetry
plane since a segment may not lie in a symmetry plane. An applied
field voltage source may be used on a wire crossing a symmetry

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

reference directions of the two segments.

An applied 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 since 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 s| 10| 5] 20 30 40 50 60 70 80
FR{I11] 12 13 14 F1 F2 blank blank blank blank
ol €| 2| 2| Fvnz DELFRQ
ol w | 8| =
- Z a Fal
The numbers along the top refer to the last column in each field.
Parameters:
Integers
IFRQ (I1) — 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 1s assumed.

(13) & (I4) — Blank.

Floating 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. If the stepping is multipli-
cative, this is the multiplication factor.

(F3)—-(F6) — Blank.

Notes:

e If a frequency card does not appear in the data deck, a single

frequency of 299.8 MHz is assumed. Since the wavelength at

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

this case.

e 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.
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Additional Ground Parameters (GD)

To specify the ground parameters of a second medium which is not in

the immediate vicinity of the antenna.

if a GN card has also been used.

This card may only be used

It does not affect the field of

surface patches.

Purpose:
Card:
/i 5 10 15
GD
-~ - 4
[ = j =
] @ f_ﬂ_
) ) B
Parameters:
Integers

20

blank

numbers aiong the top refer to the last column in each field.

30 40 50 60 70 80

F1 F2 F3 F4 blank blank

EPSR2 SIG2 CLT CHT

All integer fields are blank.

Floating Point

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

SIG2
CLT

Figure 16.

(F2) — Conductivity in mhos/meter of the secbnd medium.

(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

is on the RP card. See figure 16.

ORIGIN CLT

;ST

MEDIUM 1

CHT

TITTXITTTTT
MEDIUM 2

Parameters for a Second Ground Medium.
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Notes:

GD

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, only the informa-

tion on the last card of the group is retained.

When a second medium is specified, a flag must also be set on the
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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GN

Ground Parameters (GN)

Purpose: 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.

Card: ;

/2 <] 10 15 20 30 40 60 70 80
GNj11]| 12 | 14 15 Fi F2 F3 F4 F5 F6
ol 3 EPSR SIG
x| < % <
i e Q «
x) =z B o
The numbers along the top refer to the last column in each field.
Parameters:
Integers

IPERF (I1) — 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 approximation.
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) & (14)—Blank.

Floating Point

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

vicinity of the antenna. Leave blank in case of

a perfect ground.

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

vicinity of the antenna. Leave blank in case of
a perfect ground. 1If SIG is input as a negative

number, the complex dielectric constant

€. = &, - JO/mEO is set to EPSR - j|SIG|.
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Notes:

GN

Options for Remaining Floating Point Fields (F3~F6)

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

b. Radial wire ground screen approximation (NRADL # 0). The
ground screen 1s 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.

¢. Second medium parameters (NRADL = 0) 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 or linear option is on
the RP card. See figure 16.

(F6) — Distance 1n 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,

c
by the GN card parameters and frequency. If the relative difference

€ = Er - jO/weo. NEC compares ec from the file with that determined

exceeds 10-_3 an error message is printed. Once TAPE21l has been read
for the first use of 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 1f the ground parameters‘
and frequency (EC) remain unchanged. Other ground options may be

intermixed with the Sommerfeld/Norton option.
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GN

The parameters of the second medium can also be specified on another
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 set 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 presence 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 also 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| 10| 5] 20 30 40 50 60 70 80
KH F1 Blank Blank Blank Bilank Blank
- - z RKH
8| B8 8 k]
[#0] fse] a @
The numbers along the top refer to the last column in each field.
Parameters:
Integers — Non®
Decimal Numbers
RKH (Fl) — The approximation is used for interactions over distances
greater than RKH wavelengths.
Notes:

e If two segments or a segment and a patch are separated by more than
RKH wavelengths, the interaction field is computed from an impulse
approximation to the segment current. The field of a current element
located at the segment center is used. 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)

Purpose: To specify the impedance loading on one segment or a number of
segments. Series and parallel RLC circuits can be generated. 1In
addition, a finite conductivity can be specified for segments.

Card:

/2 s| 10| 18| 20 30 40 50 60 70 80
LD {11 12 13 14 F1 F2 F3 blank blank blank
o g % g ZLR ZLi 2iLe
z
3l 2l 8] 9
The numbers along the top refer to the last column in each field.
Parameters:
Integers
LDTYP (I1) — 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 left 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

loaded by its (their) tag numbers.

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.
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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 set of
segments whose tag numbers equal the tag number
specified in the previous parameter. If the previous
parameter (LDTAG) is zero, LDTAGF then specifies an
absolute segment number. If both LDTAG and LDTAGF
are zero, all segments will be loaded.

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 '(—'\/\A,—JW\—-{ i——) (LDTYP = 0)

ZLR (Fl1) — Resistance in ohms, if none, leave blank.

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

AR

b. Parallel RLC ( =T 1" ) (LDTYP = 1),
i

. . . I
floating point input same as a.

c. Series RLC (LDTYP = 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:

LD

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.

If 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 is printed in the output alerting the user to this fact.

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

does not automatically scale with 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 loading, 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 not 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:
/ 2l 5| 10| 18] 20 30 40 50 60 70 80
NE It 12 13 14 F1 2 F3 F4 F5 F6
NH «
X > N
5 ol e T XNR YNR ZNR DXNR DYNR DZNR
4 2 2 pa
The numbers along the top refer to the last column in each field.
Parameters:

Integers
NEAR (I1) — Coordinate system type. The options are:

0 — rectangular coordinates will be used.

1 — spherical coordinates will be used.

Remaining Integers Depend on Coordinate Type

a. Rectangular coordinates (NEAR = Q)

NRX (I2) — ) Number of points desired in the X, Y, and
NRY (I3) — | Z directions respectively. X changes
NRZ (14) — the most rapidly, fhen Y, and then Z.

The value 1 is assumed for any field left blank.

b. Spherical coordinates (NEAR = 1)

(I2) — ) Number of points desired in the r, ¢, and O directions,

(I3) — } respectively. r changes the most rapidly, then ¢, and

(14) — then 8. 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 (Fl, F2,

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

ZNR (F3) — field point.

DXNR (F4) — ] Coordinate stepping increment in meters for the

DYNR (F5) — ¢t 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) — 1} The (r, ¢, 8) coordinate position (Fl, F2, F3)

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

(F4) — | Coordinate stepping increments for r, ¢, and 6
(F5) —t (F4, F5, F6), respectively. The stepping increment
(F6) — for r is in meters, and for ¢ and 8 is in degrees.

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 one], 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,

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

current elements.

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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Purpose:

Card:

Networks (NT)

To generate a two-port nonradiating network connected between any

two
are
the

for

networks.

segments in the structure.

specified by its short-circuit admittance matrix elements.

The characteristics of the network

For

special case of a transmission line, a separate card is provided

convenience although the mathematical method is the same as for

Refer to the TL card.

>

NT

18

20

Fi

Y11IR

30

F2

Yitl

40

F3

Y12R

50

Fa

Yi21

60

F5

Y22R

70

F6

Y221

80

Parameters:

Integers

(11) —

(12) -

(13) &

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

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 position 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 (I2).

Equal to m, specifies the mth

segment of the set of segments
whose tag numbers are equal to the number set by the previous
parameter. If the previous parameter is zero, the number 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.

(I4) — Used in exactly the same way as (I1) & (I2) in order
to specify the segment corresponding to port two of the

network connection.
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Notes:

Floating 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, 2), and (2, 2), respectively. The admittance

matrix is symmetric so it is unnecessary to specify element (2, 1).
Y11R (Fl1) — Real part of element (1, 1) in mhos.

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

Y12R (F3) — Real part of element (1, 2) in mhos.

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

Y22R (F3) — Real part of element (2, 2) in mhos.

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

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. 1In 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 network ports can be connected to any given segment.
Multiple network ports connected to one segment are connected in

parallel.

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 specified 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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|

7 SHORT

|

Figure 17. Segment Loaded by Means of a 2-Port Network.

elements are Yll = 1/22,

a very large number such as 10

le = 0, and Y22 = infinity (computationally,

lO). 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 load
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 one structure and the beginning of
data for the next structure.
Card:
/2 5 10 15 20 30 40 50 60 70 80
NX biank blank biank biank blank biank
x x - X
c c c c
81 = s 8
Fel fel o L
The numbers along the top refer to the last column in each field.

Parameters: 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 a comment card.
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Purpose:

Card:

Print Control for Charge on Wires (PQ)

To control the printing of charge densities on wire segments.

/6

PQ

PTFLQ

Parameters:

Integers

IPTAQ

15

w

IPTAQF

20

IPTAQT ES

=]

he

30 40 50 60 70 80
biank blank blank biank blank blank
numbers along the top refer to the last column in each field.
IPTFLQ (I1) — Print control flag:
-1 — suppress printing of charge densities. This is

IPTAQ

IPTAQF (I3) —

IPTAQT (I4) —

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.

(I2) — Tag number of the segments for which charge densities

will be printed.

Equal to m specifies the mth segment of the set of

segments having tag numbers of IPTAQ. If IPTAQ is
then IPTAQF
If IPTAQF

density is printed for all

zero or blank, refers to an absolute

segment number. is left blank, then chargé

segments.

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

segments having tag numbers of IPTAQ. Charge densi-

ties are printed for segments having tag number

IPTAQ starting at the mt‘n segment in the set and

ending at the nth segment. If IPTAQ is zero or blank,

then IPTAQF and IPTAQT refer to absolute segment
numbers. If TPTAQT is left blank, it is set equal

to IPTAQF.
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PT

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] 10} 18} 20 30 40 50 60 70 80
PTi11] 12 13 14 blank blank blank blank blank biank
w =
9 o Q Q
W <L < <
- ~ ~
al & | = &
The numbers along the top refer to the last column 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 if 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 segments
specified by the next three parameters are
printed.

2 — same as for 1 above; in addition, 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

normalized table.

-77~



IPTAG (1I2) -

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 wh
printing of currents starts. If IPTAG is zero or
blank, then IPTAGF refers to an absolute segment
number. If TPTAGF is blank, the current is printed
for all segments.
Equal to n, specifies the nth segment of the set of
segments having tag numbers of IPTAG. Currents are
printed for segments having tag number IPTAG
starting at 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 left blank, it is set equal to IPTAGF.
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Purpose:

Card:

Radiation Pattern (RP)

To specify radiation pattern sampling parameters and to cause

program execution.

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

Options for a field computation include a

/2 s] 10| 18| 20 30 40 50 60 70 80
Rp {11 12 13 14 F1 F2 F3 F4 5 F&
P4 THETS PHIS DTH DPH RFLD GNOR
T T &)
o [ z
z -4 x
The numbers along the top refer 1o the last column in each fieid,
i
Parameters:
Integers
(I1) — This integer selects the mode of calculation for the

radiated field.

of the remaining parameters on the card.

for

0_

Some values of (Il1) will affect the meaning
Options available
I1 are:

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 space.

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 been 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.

S5 — 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, 6, ¢), illustrated in figure 18, except when the
surface wave is computed. For computing the surface=-
wave field (I1 = 1), cylindrical coordinates (p, ¢, 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 I2 and I3 and floating

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

stepping.

Z VA

8 z

R
Y
/ p Y
¢
¢
X
. X

Spherical coordinates Cylindrical coordinates

Figure 18. Coordinates for Radiated Field.
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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 to be
computed. The total number of field points requested
by the card is NTHx NPH. 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 I1 = 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
output. The number of field 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 = 0 no normalized gain.

major axis gain normalized.

minor axis gain normalized.

vertical axis gain normalized.

i
E R

horizontal axis gain normalized.

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 actually
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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

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

however.

D = 0 power gain.

D = 1 directive gain.

A — (column 20) requests calculation of average power gain

over the region covered by field points.

A = 0 no averaging.

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 (Fl1) — Initial theta angle in degrees (initial z coordinate
in meters if I1 = 1).

PHIS (F2) — Initial phi angle in degrees.

DTH (F3) — Increment for theta in degrees (increment for z in
meters if I1 = 1).

DPH (F4) — Increment for phi in degrees.

RFLD (F5) — Radial distance (R) of field point from the origin in
meters. RFLD is optional. If it is blank, the
radiated electric field will have the factor exp(-jkR)/R
omitted. If a value of R is specified, it should
represent a point in the far-field region since near
components of the field cannot be obtained with an RP
card. (If I1 = 1, then RFLD represents the cylindrical
coordinate ¢ in meters and is not optional. It must be
greater than about one wavelength.)

GNOR (F6) — Determines the gain normalization factor if normaliza-
tion has been requested in the I4 field. 1If GNOR is
blank or zero, the gain will be normalized to its
maximum value. If GNOR is not zero, the gain will be

normalized to the value of GNOR.
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Notes:

RP

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 sequence

so that different field-point spacings may be used over different
regions of space. If automatic frequency 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 Z)

will be stepped faster than phi.

When a ground plane has been specified, field points should not be
requested below the ground (6 greater than 90 degrees or Z less than

zero).
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Purpose:

Card:

Transmission 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:

10 15 20 30 40 50 60 70 _80
12 13 14 F1 F2 F3 F4 F5 F6
The numbers along 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)

The characteristic impedance of the transmission line 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 part 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

Imaginary part of the shunt admittance in 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 transmission
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 card 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 thirty.

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 load

acts in series with the line.

Use of transmission line cards (TL) after any form of execute requires
the recalculation of the current only, and does not require recalcu-

lation of the matrix.

NT and TL cards do not affect symmetry.
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Write NGF File (WG)

Purpose: To write a NGF file for a structure on the file TAPE20.

Card:
/2 5 10 15 20 30 40 50 60 70
WG blank blank blank blank biank blank
4 pa X £
[~ [ < o4
] ] L] K]
] o r ]

The numbers along the top refer 10 the 1ast column in each field.

Parameters: None

Notes:

® See section III-5.
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Execute (XQ)

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

Card:

/2 s| 10| 18] 20 30 40 50 60 70 80
xain blank blank blank blank blank blank
X 4 X
= o o
T O ©
B B e
The numbers along the top refer to the last column in each field.
Parameters:
Integers
(I1) — Options controlled by (I1l) are:
0 — no patterns requested (normal case).
1 — generates a pattern cut in the XZ plane, i.e., ¢ = 0°
and @ varies from 0° to 90° in 1° steps.
2 — generates a pattern cut in the YZ plane, i.e., ¢ = 90°
6 varies from 0° to 90° in 1° steps.
3 — generates both of the cuts described for the values
1 and 2.
The remainder of the card is blank.
Notes:
e

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 requested to that point); the four
cards are the execute card (XQ), the near-field cards (NE,NH), and
the radiation-pattern card (RP). 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 after 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 must 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 presence

of the additional ground parameters 1s indicated.
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4, SOMNEC INPUT FOR SOMMERFELD/NORTON GROUND 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
prior to the NEC run by running the separate program SOMNEC. SOMNEC reads a

single data card with the parameters:
EPR, SIG, FMHZ, IPT (format 3E10.3, I5)

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

must end in column 35. The parameters are:

EPR relative dielectric constant of ground (Er)

]

SIG = conductivity of ground in mhos/m (o)
FMHZ = frequency in MHz

IPT

1 to print the interpolation tables

0 for no printed output.

The interpolation tables depend only on the complex

JLLL Y S 13 :

e =g -
c T e
0

er = EPR , g = SIG .

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

e, = EPR - jlsic| ,

and frequency 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 OPTION

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 solution obtained without repeating calculations for the
data on the file. The main purpose of the NGF is to avoid dnnecessary
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
environment may be computed, factored for solution, and saved on a tape or
disk file. Solution for a new antenna then requires only 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 option is to exploit partial symmetry
in a structure. In a single run, a 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 request field
calculations as in a normal run. WG should be the first card to request
filling and factoring of the matrix, however, since it reserves 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 NGF 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 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.

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 I3 and
I4 on a LD card are blank, the card will load all new segments (new segments
with tag LDTAG if 12 is not zero) but not NGF segments. If I2, I3 and I4
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
formulas 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 the connection point
accounting for eight unknowns. The remaining two new unknowns are needed to

suppress the current on the old patch that has been replaced.
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Although connection to a NGF segment modifies the old basis function,
the current on the segment will be printed in its normal location in the table
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 [V
NEC Qutput

Typical NEC output is illustrated in this section with examples that
exercise most of the options available. 1In 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 is self-explanatory. The general form is outlined below, 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 NO." 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, o and 8, which are defined the same as for the patch normal
vector (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 connects 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
I. If 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# is equal to I, that end of segment I is connected
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to a ground plane. If I* is greater than 10,000, the end is connected to a
surface and (Iz) - 10,000 is the number of the first of the four patches
around the connection 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 II) 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 loading 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 been requested
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.

1f one or more voltage sources have been specified, the voltage, current,
impedance, admittance and input power are printed for each driving point. If
the voltage source is the current-slope-discontinuity type, this is noted by
"x" after 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. If the model
includes patches, a table of patch currents is printed giving the surface

current in components along the tangent vectors t., and £, and in X, Y, and Z

1 2
components.

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 total 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
(O/Az). For very small gains, the number -999.99 is printed.

The radiation-pattern format also includes the radiated electric field
in 8 and ¢ components. These are labeled with the units ''volts/m'" for
E(R, 9, ¢). Unless the range, R, is specified on the RP card, however, the
quantity printed 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 ratio (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 following

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 field is small since
the solution procedure enforces the boundary condition at these points. This
is a check that the program is operating correctly. The values would be still
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 = 2ma EO 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 antenna input parameters is a reminder that 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 10-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
also includes a finitely conducting ground where the average gain of 0.72
indicates that only 367 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 obtained as

Radiated power 1/2 (avg. gain) x (computed input power)

1.016 (1073) w

1]

Radiation resistance 2 (radiated power)/]l }2

source
162.6 ohms.

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

factor.
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CEEXAMPLE 1.
[e] 7
GE
EX 0 0
xa
Lb 0 a
PQ
NE O 1
NX
CHEXAMPLE 2.
o]
CM
CcE
Gh O 8
GE
FR 0O 2
£EX 5 0
xQ
[ Mol 1]
FR 0O
ExX S 0
xQ
NX
CHEXAMPLE 3.
M
CH
M
CE
e ] 9
GE |
EX
FR i
£€X 0 0
OGN
RP 0 10
GN
RP O
RP |
£EX i 10
PT 2
XQ
NX
CEEXAMPLE .
SP
SP
GXx [REY]
SP
GW 1
GH 2
GH 3 2
!
1

n

GE
GN
Ex i
RP 10
EN

Q.

OO O

Examples 1 through 4 Input

CENTER FED LINEAR ANTENNA
0. -.25 0. 0.

3.000E-09 5.300E-11

.01 0. 0. c.

CENTER FED LINEAR ANTENNA.

CURRENT SLOPE DISCONTINUITY SOURCE.

1. THIN PERFECTLY CONDUCTING WIRE

2. THIN ALUMINUM KIRE

0. -.25 0. 0.

(=]
L]

0 0 3.720E+07
0 o 300.
S a 1.

VERTICAL HALF WAVELENGTH ANTENNA OVER GROUND
EXTENDED THIN HIRE KERMEL USED
1. PERFECT GROUND

.25

.25

2. IMPERFECT GROUND INCLUDING GROUND WAVE AND RECE!IVING

PATTERN CALCULATIONS

0. 2. 0. 0.
30.
E 0 I
2 1301 0 0. 10. S0.
6. 1.000E-03
2 1301 c. Q. 10. 30.
1 ! 0. 2. a.
1 +] 0. 0. 10.
S S

T ANTENNA ON A BOX OVER PERFECT GROUND

N .05 .05 a. a.

.05 A .05 0. 90.
9. -1 90. 0.
0. S G. 0.
0. .3 15 0.
c. .3 .15 a.

i b,

4 100! 0. 0. 10. 30.
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7.

1.000E+05

.01

W WO

.001

.01786

.40001

.00t
.00t
.001



Examples 1 through 4 Qutput

2509000508000 080009000300 2340833040

NUMERICAL ELECTROMAGNETICS CODE

605000 00000000000V E02I00RBORSBED 0

- - - - COMMENTS - - - -

EXAMPLE 1. CENTER FED LINEAR ANTENNA

- - - STRUCTURE SPECIFICATION - - -

COORDINATES MUST BE [INPUT IN
METERS OR BE SCALED TO METERS
BEFORE STRUCTURE [NPUT [S ENDED

WIRE NO. OF FIRST LAST
NO . X1 Y1 Z\ X2 Ye Z2 RADIUS  SEG. SEG. SEG.

{ g. 0. -0.25%000 0. g. 0.25000 0.00100 7 ! 7

TOTAL SEGMENTS USED= 7 NO. SEG. [N A SYMMETRIC CELL= 7 SYMMETRY FLAG= O
- MULTIPLE WIRE JUNCTI[ONS -
JUNCTION SEGMENTS (- FOR END |, + FOR END 21
NONE
- - - - SEGMENTATION DATA - - - -
COORDINATES IN METERS
[+ AND 1- INDICATE THE SEGMENTS BEFORE AND AFTER |

SEG. COORDINATES OF SEG. CENTER SEG. ORIENTATION ANGLES WIRE CONNECTION DATA TAG
NO . X Y Zz LENGTH ALPHA BETA RADIUS i- ! I+ NO.

1 0. 0. -0.21429 0.07143 90.00000 0. 0.00t100 Q i 2 -0

2 0. 0. -0.14es8s 0.07143 30.00000 0. 0.00100 i 2 3 -0

3 ag. 0. -0.071%3 0.07143 380.00000 a. 0.00100 2 2 b -0

4 g. 0. 0.00000 0.07143 90.00000 Q. 0.00100 3 Y 5 -0

5 0. 0. 0.07143 0.07143 80 .00000 0. 0.00100 4 S 5] -0

6 0. Q. 0. t4e86 0.07143  30.00000 0. 0.00!00 5 6 ? -0

7 0. 0. 0.21429 0.07143 90.00000 ag. 0.00100 & 7 8] -0
reese DATA CARD NO. 1 £X 0 [¢] Y 0 ' 00000E+00 O. 0. a. g.
¢eee DATA CARD NO. 2 XQ@ -0 -0 -0 -0 0. a. 0. 0. [

- - - - - - FREQUEMCY - - -~ « « -
FREQUENCY= 2,9960E+02 HHZ
HAVELENGTH= | .0CO0E+00 METERS
APPROXIMATE [NTEGRATION EMPLOYED FOR SEGMENTS MORE THAN 1.000 WAVELENGTHS APART
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~ - ~ STRUCTURE IMPEDANCE LOADING - - -

THIS STRUCTURE [S NOT LOADED

- = - ANTENNA ENVIRONMENT - - -
FREE SPACE

-~ - - MATRIX TIMING - - -

FlLL= 0.021 SEC.. FACTOR= 0.001 SEC.

- - - ANTENNA [NPUT PARAMETERS - - -

TAG SEG. VOLTAGE (VOLTS) CURRENT (AMPS) IMPEDANCE  (OHMS) ADMITTANCE (MHOS) POWER
NO. NG . REAL IMAG . REAL IMAG. REAL IMAG. REAL IMAG. (WATTS)
-0 4 1.00J00E+00 O. 3.20585€-03-5. I5474E-03 B8.26973E+01 “.63060E-01 8.20585E-03-5.15474E-03 4.60292€-03

- - - CURRENTS AND LOCATION - - -

DISTANCES IN WAVELENGTHS

SEG. TAG  COORD. OF SEG. CENTER SEG. - - - CURRENT (AMPS) - - -
NO . NO. Y Y z LENGTH REAL IMAG. MAG . PHASE
I -0 0. 0. -0.2143 0.07143  2.3592E£-03 -1.6881£-03 2.9010£-03 -35.584
2 -0 0. 0. -0.1429 0.07143  5.9998E-03 -4.0463£-03 7.23676-03 -33.996
3 -0 0. 0. -0.071% 0.07143  B8.3711€-03 -5.18576-03 9.84726-03 -31.777
4 -y 0. 0. 0.0000 0.07143 9.2058E-03 -5.1547E-03 1.0551£-02 -29.246
5 -0 0. 0. 0.071% 0.07143  8.3711£-03 -5.1857£-03 9.8472£-03 -31.777
& -0 0. 0. 0.1429 0.07143  5.9998E-03 -Y4.0463E-03 7.2367€-03 -33.996
7 -0 0. 0. 0.2143 0.07143  2.3592£-03 -1.6881E-03 2.90106-03 -35.584
- - - POWER BUOGET - - -
INPUT POWER = 4%.B029E-03 WATTS
RADIATED POWER= 4.6029E-03 WATTS
STRUCTURE LOSS= 0. WATTS
NETWORK LOSS = 0. WATTS
EFFICIENCY = 100.00 PERCENT
seses DATA CARD NO. 3 LD O 0 “ % 1.00000E+01 3.00000£E-09 5.30000E-11 G. 0. 0.
eeses DATA CARD NO. 4 PQ -0 -0 -0 -0 0. 0. 0. 0. 0. 0.
cveso DATA CARD NO. 5 NE O i ! IS 1.00000£-03 O©. 0. 0. 0. 1. 78600E-0:
- - - STRUCTURE IMPEDANCE LOADING - - -
LOCATION RESISTANCE  INDUCTANCE CAPACITANCE IMPEDANCE  (OHMS) CONDUCTIVITY TYPE
ITAG FROM THRU OHMS HENRYS F ARADS REAL IMAGINARY  MHOS/METER
Y 4 | .00O0E+0!  3.0000E-09  5.3000E-11 SERIES

- - - ANTENNA ENVIRONMENY - - -
FREE SPACE

- - - MATRIX TIMING -~ ~ -

FiLL= 0.021 SEC., FACTOR= 0.001 SEC.
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“ = - ANTENNA INPUT PARAMETERS - - -

TAG SEG. VOLTAGE (VOLTS) CURRENT 1 AMPS) MPEDANCE  (OHMS ADMITTANCE (MHOS) PORER
NO NO. REAL IMAG. REAL 1MAG . REAL IMAG. REAL [MAG. (WATTS)
-0 “ 1.00000E+-C0 0. 8.35465€-03-4 . 05148€-03 9.26979E+01 4. 19407801 8.395465E€-03-4 . 05149€-03 4.47733E-03

= - - CURRENTS AND LOCATION - - -

OISTANCES [N WAVELENGTHS

SEG TAG COORD. OF SEG. CENTER SEG. = = -~ CURRENT (AMPS) - - -
NO NO X Y b4 LENGTH REAL IMAG. MAG . PHASE
t -0 a. 0. -0.2143 0.07143 2.3241E-02 -1.3790£-03 2.7024£-03 -30.682
4 -0 0. a. -0.1%29 0.07143 5.8808E-03 -3.27796-03 6.74136-03 -29.093
3 -u G. 0. -0.071%  0.07143 8.1824€-03 -4 1467E-03 9.1731£-03 -26.875
4 -0 a. 0. 0.0000 0.07143 8.9547€-03 -4.0515£-03 9.8285€-03 2% . 34n
S -0 0. 0. 0.0714 0.07143 8.1824€-03 -4.1467€-03 9.1731€-03 -26.875
[S) -0 g. 0. 0.1429 0.07143 5.8908£-03 -3.2779€-03 6.7413E-03 -29.093
7 -0 0. 0. 0.Q143 0.07143 2.3241£-03 -1.3730E-03 2.7024€-03 -30.682
- - - CHARGE DENSITIES - - -
DISTANCES IN WAVELENGTHS
SEG TAG COORC. OF SEG. CENTER SEG. CHARGE DENSITY (COULOMBS/METER)
NO. NO. X Y Z LENGTH REAL IMAG. MAG. PHASE
i -0 0 g. -0.2143 0.07143 1.8292E-11 3.1761E-~11 3.6652€- 11 60.061
2 -0 0. 0. ~0.1429 0 071432 1.0%2SE-11 2.2040E-11 2.4383e~11 84.876
3 -0 a. g. =0.071% 0.07143 2.1140E-12 §.1638€-11 1.1829€-11 79.70%
Y -0 G. 0. 0.0000 0.07143 5.18B4E-19 2.3814E-19 5.6906E-13 24.738
5 -0 0. 0. 0.071% 0.07143 -2.1140E-12 -1.163BE-11 |.1829E-11 ~100.295
5} -0 9. g. 0.1429 0.07143 -1.0429€-11] -2.2040E-11 2.4383E-11 ~1195. 324
7 -0 0. 0. 0.2143 0.07143 -1.8292€-1] -3 1761E-11  3.6652E-1; -119.9839
- - - POWER BUDGET - - -
INPUT POWER 2 4. 4T7T3E-03 WATTS
RADIATED POWER= 3.9943£-03 WATTS
STRUCTURE LO%S= 4 . 8300E-04 WATTS
NETHWORK LOSS = 0. HATTS
EFFICIENCY = 89.21 PERCENT
- - - NEAR ELECTRIC FIELDS - - -
- -OCATION - - EX - - EY - - B2 -
X Y z MAGN{ TUDE PHASE MAGN I TUDE PHASE MAGN | TUDE PHASE
METERS METERS METERS VOLTS/M DEGREES VOLTS/M DEGREES VOLTS/M DEGREES
0.0010 0 a. 1.0228E-05 24. 7% g. 0. 1.3042E+01 -175.10
0.0010 0. 0.0179 5.5442E+01 -66. 31 0. 0. 1.8537€+01 -175.08
0.0010 G. 0.0357 1. 0968E +g2 -67.15 a. 0. 6.7271£+00 -175.46
g.0010 a. 0.0536 ! .S608E+Q2 -88.85% 0. 0. 8.433%6-01 -179.75
0.0010 G. 0.071y 2.1267€+02 -100.30 0. 0. 4. 2135E-0u -6.13
0.0010 0. 0.0893 2.7147E+02 -106.86 g. g. 3.44397€-01 -8.87
0.0010 a. 0.1072 3.2920£+02 -111.08 g. 0. 2.8000€-01 22.83
0.0010 a. 0.12%0 3.8592£+02 -113.5] 0. g. 2.2076E-01 4.4
0.0010 0 0.1423 4.3835E+02 -115.13 0. 0. 3. 090S€ -0y -9 .1y
0.0010 0. 0.1607 4.8563E+02 -116.77 0. a. 2.1937E-01 -106.y4]
0.0010 0. g.17886 5.2800E+02 -117.97 0. g. 1.9750E+00 57.57
0.0010 0. 0.1965 5.9664E+02 -119.08 9. Q. 3.3113€E+00 58.63
0.0010 0. 0.2143 6.5880£+02 ~1i9.9y G. 0. 9.9556£-03 -121.24
0.0010 0. 0.2322 7.1248E+02 -120.87 0. 0. 1.0680E+01 -121.86
0.0010 0. 0.2500 5.5135E+02 -121.29 g. 0. 3.8032E+02 -121.43
®**** DATA CARD NO. & NX -0 -0 -0 -0 0. 0. 0. Q. Q. 0

-100~



PO PR E00000008065200000000 000800005

NUMERICAL ELECTROMAGNETICS CODE

8000 eeoPeePO0s0000000000000060000008

= - - - COMMENTS ~ - - -

EXAMPLE 2. CENTER FED L INEAR ANTENNA .
CURRENT SLOPE DISCONTINUITY SOURCE .
1. THIN PERFECTLY CONDUCTING WIRE
2. THIN ALUMINUM WIRE

= - - STRUCTURE SPECIFICATION - - -

COORDINATES MUST BE INPUT IN
METERS OR BE SCALED TO METERS
BEFORE STRUCTURE INPUT IS ENDED

KIRE NO. OF FIRST
NC. X1 Yi 21 xe Ye 2 RADIUS SEG. SEG.
1 0. 0. -0.25000 0. 0. 0.25000 0.00001 8 1
TOTAL SEGMENTS USED= 8 NO. SEG. IN A SYMMETRIC CELL= 8 SYMMETRY FLAG= 0

- MULTIPLE WIRE JUNCTIONS -
JUNCT [ON SEGMENTS (- FOR END 1, + FOR END 2
NONE

- T - - SEGMENTATION DATA - - - -

COORDINATES IN METERS

I+ AND |- INDICATE THE SEGMENTS BEFORE AND AFTER |
SEG.  CUORDINATES OF SEG. CENTER SEG. ORIENTATION ANGLES — WIRE  CONMECTION DATA  TAG
NO. X ¥ z LENGTH ALPHA BETA RADIUS |- I+ N
1o 0. -0.21875  0.06250  90.00000 0. 0.0000! ¢ 1 2 0
2 0. 0. -0.15825  0.06250 90.00000 O, 0.00001 12 3 0
3 0. 0. -0.08375  0.06250  90.00000 . 0.0000] 2 3y 0
4 0. 0. -0.03125  0.06250  90.00000 0. 0.00001 3 0w s 0
5 0. 0. 0.03125  0.06250 90.00000 0. 0.00001 v 5 8 o
6 0. o. 0.09375  ©0.06250 90.00000 o, 0.00001 5 6 7 0
7 0. 0. 0.15625  0.06250  90.00000 g, 0.00001 6 7 8 0
8 0. 0. 0.21875  0.06250 90.00000 o0, 0.00001 7 8 o 0
*tees DATA CARD NO. | FR 0 3 o 0 2.00000E+02 5.00000€+01 0. 0.
etess DATA CARD NO. 2 EX 5§ o 5 | 1.00000E+00 O. 5.00000E+01 0.
°tte* DATA CARDNO. 3 X0 -0 -0 -0  -g o. 0. 0. 0.
------ FREQUENCY - - - - - -
FREQUENCY= 2.0000F+02 MHZ
NAVELENGTH= 1.4990E+00 METERS
APPROXIMATE INTEGRATION EMPLOYED FOR SEGMENTS MORE THAN  1.000 WAVELENGTHS APART

- = - STRUCTURE IMPEDANCE LOADING - - -

THIS STRUCTURE 1S NOT LOADED
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- - - ANTENNA ENVIRGNMENT -~ - -
FREE SPACE

- - - MATRIX TIMING - - -

FiLL= 0.087 SEC.. FACTOR= 0.002 SEC.

- - = ANTENNA INPUT PARAMETERS - - -

TAG SEG. VOLTAGE (VOLTS) CURRENT {AMPS) IMPEDANCE  (OMMS) ADHITTANCE (MHOS) POWER
NO. NO . RE AL IMAG . REAL 1MAG . RE AL IMAG . RE AL IMAG. (WATTS)
0 S 1.00000£+00 Q. 6.64061£-05 1.57934E-03 2.65762€+01-6. 32060602 6.64061£-05 1.57934£-03 3.32031£-05

- - - CURRENTS AND LOCATION =~ - -

DISTANCES IN WAVELENGTHS

SEG. TAs  COORD. OF SEG. CENTER SEG. - - - CURRENT (AMPS) - - -
NO. NO. X Y Z LENGTH REAL IMAG. HMAG. PHASE
i o 0. 0. -0.1459  0.04169  1.5269E-05 2.52206-0 2.5267€-04  86.513
2 o o 0. -0.1042 0.0%189  3.9856£-05 7.0SB9E-O4 7.07026-0% 66768
3 0 o 0. -0.0625 0.04169  5.6673E-05 1.10086-03 1.1023E-03 §7.053
s 0 o 0. -0.0208 0.04163  6.53I14E-05 1.4319£-03 | .433€-03 87 1388
5 0o 0. 0. 0.0208 0.04169 6.5II4E-05 1.43196-03 1.4334£-03 &7, 388
6 o 0. 0. 0.0625 0.04168 5.6673E-05 1.100BE-03 1.10236-03 87.053
7 0 o. 0. 0.1042 0.04169  3.8856£-05 7.0589€-04 7.07026-04 86768
8 o0 o0 0. 0.1453 0.04169  |.53B9E-05 2.5220€-04 2.5267¢-04  86.513
- - - POWER BUDGET - - -
INPUT POWER = 3.3203E-05 WATTS
RADIATED POWER= 3.3203E-05 WATTS
STRUCTURE LOSS= 0. WATTS
NETWORK LOSS = 0. WATTS
EFFICIENCY = 100.00 PERCENT
------ FREQUENCY = - - - - -
FREQUENCY= 2.5000E+02 MHZ
WAVELENGTH= |.1992E+00 METERS
APPROXIMATE INTEGRATION EMPLOYED FOR SEGMENTS MORE THAN  1.000 WAVELENGTHS APART

- - - STRUCTURE [MPEDANCE LOADING - - -

THIS STRUCTURE 1S NOT LOADED

= = = ANTENNA ENVIRONMENT -~ - -
FREE SPACE

- = -~ MATRIX TIMING ~ - -

FilL= 0.0287 SEC.., FACTOR= 0.002 SEC.
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- = - ANTENNA [NPUT PARAMETERS - - -

TAG SEG. VOLTAGE (VOLTS) CURRENT (AMPS) IMPEDANCE  (OHMS) ADMITTANCE (MHOS) POWER
NO. NO. REAL IMAG. REAL IMAG. REAL IMAG. REAL {MAG. IHATTS)
[ S 1.00000€£+00 ©. 6. 16984E-04 3.5646BE-03 4.TI431E401-2.72372€+02 6. 16984E-04 3.56466E-03 3. 0R492E -0y

= - = CURRENTS AND LOCATION - - -

OISTANCES IN WAVELENGTHS

SEG. TAG COORD. OF SEG. CENTER SEG. - - -~ CURRENT (AMPS) - - -
NO. NO. X Y z LENGTH REAL IMAG. MAG. PHASE
1 g 0. 0. -0.1824 0.0%e12 1.3629€-04 6.4701E-04 6.61206-04 78.105
2 4] 0. 0. -0.1303 o0.0%212 3.6169E-04 1.7863E-03 |.822%€-03 78.5532
3 0 0. Q. -0.0782 o0.05212 5.2215€-04 2.7057€-03 2.75576-03 79.077
* o] G. 0. -0.0261 0.05212 6.0627€-04 3.3503£-03 3.4047€-03 79.743
5 0 0. 0. 0.0261 0.05212 6.0627€-04 3.3503£-03 3.4047€-03 79.743
& ] 0. 0. 0.0782 0.0%5212 5.2215€-04 2.7057E-03 2.75576£-03 79.077
7 0 0. o. 0.1303 0.0%212 3.6169€-04 1.7863E-03 | .8225€-03 78.553
8 0 0. g. 0.1884 0.05212 1.3628€-04 6.4701€-0% 6.61206-04 78.105
- - - POWER BUDGET - - -
INPUT POWER = 3.084SE-04 WATTS
RADIATED POWER= 3.0849€-04% WATTS
STRUCTURE LOSS= 0. WATTS
NETWORK LOSS = 0. WATTS
EFFICIENCY = 100.00 PERCENT
—————— FREQUENCY - - - - ~ -
FREQUENCY= 3.0000E+02 MHZ
HAVELENGTH= 9.9933E-01 METERS
APPROXIMATE INTEGRATION EMPLOYED FOR SEGMENTS MORE THAN 1.000 WAVELENGTHS APART
- - - STRUCTURE IMPEDANCE LOADING - - -
THIS STRUCTURE 1S NOT LOADED
- = = ANTENNA ENVIRONMENT - - -
FREE SPACE
-~ - MATRIX TIMING - - -
FlLL= 0.087 SEC., FACTOR= 0.002 SEC.
T 7 - ANTENNA INPUT PARAMETERS - - -
TAG SEG. VOLTAGE (VOLTS) CURRENT (AMPS) IMPEDANCE  (OHMS) ADMITTANCE (MHOS) POWER
NO . NO. REAL IMAG. REAL IMAG. REAL IMAG. REAL IMAG. (HATTS)
[ 5 1.00000€+00 g. 9.390126-03-5.32909€-03 8.0551 1£+01 4. 57I44E+01 9.380126-03-5.32909€-03 4.69506E-03
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- CURRENTS AND LOCATION - - -

OISTANCES IN WAVELENGTHS

SEG. TAG  COORD. OF SEG. CENTER SEG. - - - CURRENT (AMPS) - - -
NO. NO. X Y Z LENGTH REAL [HMAG. MAG. PHASE
! 6 0. 0. -0.2183 0.06254  1.9607E-03 -1.27996-03 2.3415€-03 -33.135
2 o0 o 0. -0. 1564  0.06254  5.3517£-03 -3.40336-03 6.3422£-03 -32 454
3 0 0. a. -0.0938 0.0625%  7.867BE-03 -4.8421E-03 9.2384E-03 -3|.610
N o 0. 0. -0.0313  0.06254  9.216BE-03 -5.4I47E-03 | .0690€-02 -30.433
5 o 0. 0. 0.0313 0.0625% 9.216BE-03 -5.4147£-03 | 0690£-02 -30.433
6 0 O 0. 0.0938 0.06254 7.8678£-03 -4.8421€-03 9.2384£-03 -31.610
7 0 0. 0. 0.1564 0.06254  $.3S17E-03 -3.40336-03 6.34226-03 -32.454
8 0 o 0. 0.2189 0.0625% 1.9607€-03 -1.2799€-03 2.341S£-03 -33.135
- - - POWER BUDGET - - -
INPUT POWER = 4.B351E-03 WATTS
RADIATED POWER= 4.6951E-03 WATTS
STRUCTURE LOSS= 0. WATTS
NETWORK LOSS = 0. HATTS
EFFICIENCY = 100.00 PERCENT
- - - INPUT [MPEDANCE OATA - - -
SOURCE SEGMENT NO. 5
NORMAL | ZATION FACTOR= 5.0000CE+0Q)
FREQ. - - UNNORMAL [ZED [MPEDANCE - - - - NORMALIZED IMPEDANCE -
RESISTANCE  REACTANCE MAGN | TUDE PHASE RES I STANCE REACTANCE MAGN TUDE
MHZ OHMS OHMS OHMS OEGREES
200.000 2.65762£+01 -6.32060E+02  6.32619E+02  -87.59 5.315236-01 -1.26%12E+01 1.26524€+01
250.000 4.TIN31E+0l  -2.72372€+02  2.78422€+02  -80.18 9.42862E-01 -5.44T44E+00  5.52843£+00
300.000 8.05511E+01 4. 57iuwug+01 9.26190€+01 29.58 1.611026+00 9. 14289E-0} 1.85238E 00
tec+* DATA CARD NO. 4 D 5 | 0 0 3.72000£-07 o 0. 0 0.
seres DATA CARD NO. 5 FR ¢ | 0 0 3.00000£-02 0 0. 0 0.
*eces DATA CARD NO. & £x 5 0 5 0 | 00000E£+00 0 0. 0 0.
ce*e* DATA CARDNO. 7 xQ -g -0 -0 -0 0 0 0 0 0.
T - - - - - FREQUENCY - - - - - -
FREQUENCY= 3.0000E+02 MHZ
WAVELENGTH= 9.9933£-01 METERS
APPROXIMATE INTEGRATION EMPLOYED FOR SEGMENTS MORE THAN | 000 WAVELENGTHS APART
- - STRUCTURE IMPEDANCE LOADING ~ - -
LOCATION RESISTANCE  INDUCTANCE CAPAC|TANCE IMPEDANCE [ OHMS) CONDUCT IV TY TYPE
ITAG FROM THRU OHMS HENRYS FARADS REAL IMAGINARY  MHOS/METER
ALL 3.7200€+07 WIRE

T © - ANTENNA ENVIRONMENT - - -
FREE SPACE

- - - MATRIX TIMING - - -
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FlLL= 0.027 SEC., FACTOR= 0.002 SEC.

- = = ANTENNA INPUT PARAMETERS - - -

TAG SEG. VOLTAGE (VOLTS) CURRENT (AMPS) IMPEDANCE  (OHMS) ADMITTANCE (MMOS) POWER
NO . NO. REAL IMAG. REAL IMAG. REAL IMAG. REAL IMAG. (WATTS)
[ S 1.00000£+00 0. 6.64431£-03-3.866606-03 |.12430£+02 5.54276E+01 6.64431E-03-3.866606-03 3.322156-03

- - - CURRENTS AND LOCATION - - -

DISTANCES IN WAVELZNGTHS

SEG. TAG COORD. OF SEG. CENTER SEG. = - - CURRENT (AMPS) - - -
NO . NG . X Y Z LENGTH REAL IMAG. MAG. PHASE
I 4] 0. 0. -0.2189 0.06254 1.3862€-03 -9.6305€-0% 1.6879€-03 -34.790
2 0 0. a. -0.1564% 0.06254 3.7848E-03 -2.5546E-03 4.S663E-03 -3Iv.0i8
3 4] a. 0. -0.0938 0.06254 5.5658£-03 ~3.6081€£-03 6.6336E-03 -32.96]
b 0 0. 0. -0.0313 0.06254 6.5215€-03 -3.9782E€-03 7.6392E-03 -3.384
S ¢ a. 0. 0.0313 0.06254 6.5215£-03 -3.9782E-03 7.6392£-03 -31.3g
6 o 0. G. 0.0938 0.06254 5.5658E-03 -3.6091E-03 6.6336E£-03 -32.96]
7 s} 0. a. 0.1564 0.06254 3.7848E-03 -2.5546E-03 4.5663E-03 -34.018
a8 Q g. 0. 0.2189 0.06254 1.3862E-03 -9.6305€-04 1.6879E-03 -34.790
- - - POWER BUDGET - - -
INPUT POWER = 3.3222€-03 WATTS
RADIATED POWER= 2.4402E-03 WATTS
STRUCTURE LOSS= B.B199E-04 WATTS
NETWORK LOSS = 0. WATTS
EFFICIENCY = 73.45 PERCENT
eeece DATA CARD NO. B NX -0 -0 -0 -0 0. 0. 0. 0. 0. 0.
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90000 F P00 00 FIE00000008 8680800000000

NUMERICAL ELECTROMAGNETICS CODE

9000400000000 0000000000000 ReEs

- - - - COMMENTS - - - -
EXAMPLE 3. VERTICAL HALF WAVELENGTH ANTENNA OVER GROUND

EXTENDED THIN WIRE KERNEL USED

1. PERFECT GROUND

2. IMPERFECT GROUND INCLUDING GROUND WAVE AND RECEIVING
PATTERN CALCULATIONS

- - - STRUCTURE SPECIFICATION - - -
COORDINATES MUST BE INPUT [N
METERS OR BE SCALED TO METERS
BEFORE STRUCTURE [NPUT [S ENDED
WIRE NO. OF FIRST LAST
NO. X1 Y1 21 x2 Ye z2 RADIUS SEG. SEG. SEG.
! G. 0. 2.00000 0. g. 7.00000 0.30000 g 1 ]
GROUND PLANE SPECIFIED.
WHERE WIRE ENDS TOUCH GROUND. CURRENT WILL BE INTERPOLATED TO IMAGE [N GROUND PLANE .
TOTAL SEGMENTS USEDs g NO. SEG. IN A SYMMETRIC CELL= 9 SYMMETRY FLAG= 0
- MULTIPLE WIRE JUNCTIONS -

JUNCT | ON SEGMENTS (- FOR END |, » FOR END 2)
NONE

T - - SEGMENTATION DATA - - - -

COORDINATES IN METERS

I+ AND |- INOICATE THE SEGMENTS BEFORE AND AFTER |

SEG. COORDINATES OF SEG. CENTER SEG. ORTENTATION ANGLES WIRE CONNECTION DATA TAG
NO . X Y Z LENGTH ALPHA BETA RADIUS I- I I« NO.

1 0. 0. 2.27778 0.55556 390.00000 g. 0.30000 0 1 2 -0

2 0. 0. 2.83333 0.55556 90.00000 0. 0.30000 1 2 3 -0

3 0. 0. 3.38889 0.55556 S0.00000 0. 0.30000 2 3 “ -0

“ 0. 0. 3. 9uNby 0.55556 80.00000 a. 0.30000 3 “ 5 MY

E) 0. 0. 4.50000 0.55%56 390.0v000 g. 0. 30000 Y 5 ] -0

[ 0. g. 5.05556 0.55556 90.00000 0. 0.30000 5 3] 7 -0

7 g. 0. S.61111 0.55556 80.00000 0. 0.30000 ] 7 8 -0

8 C. 0. 6.16667 0.5555%6 S0. 00000 0. 0.30000 7 8 8 -0

9 Q. 0. 6.72222 0.55556 90.00000 0. 0.30000 8 3 0 -0
¢s0es DATA CARD NO. | EX -0 -0 -0 -0 0. 0. a 0. 0.
seeee DATA CARD NO. 2 FR -0 i -0 -0 3.00000£+01 0. G. 0. 0.
eeees DATA CARD NO. 3 EX ] 4] 5 0 1.00000E+00 O. 0. 0. 0.
e*ee+ DATA CARD NO. y GN ! -0 -0 -0 0. 0. g. 0. 0.
¢e*®* DATA CARD NO. § RP 0 10 2 1301 0. 0. | . 00C0CE+01 9.00000E+0; Q.

------ FREQUENCY - -~ - - - -

FREQUENCY= 3.0000€+01 MHZ
HAVELENGTH= 8.99338.00 METERS
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APPROXIMATE INTEGRATION EMPLOYED FOR SEGMENTS MORE THAN 1.000 WAVELENGTHS APART

THE EXTENDED THIN WIRE KERNEL WILL BE USED

- = - STRUCTURE [MPEDANCE LOADING - - -

THIS STRUCTURE IS NOT LOADED

- = - ANTENNA ENVIRONMENT - - -
PERFECT GROUNC

- = - MATRIX TIMING - - -

FiLLs 0.049 SEC., FACTOR= 0.003 sSEC.

- = = ANTENNA [NPUT PARAMETERS - - -

TAG SEG. VOLTAGE (VOLTS) CURRENT (AMPS) IMPEDANCE (OMMS) ADMITTANCE (MHOS) POWER
NO. NJ . REAL 1MAG. REAL 1MAG. REAL IMAG. REAL IMAG. (HATTS)
-0 5 1.00000E+00 O. 9.31462E-03-8.66863E-04 1.06436E+02 9.90546E+00 9.31462E~-02-8.66863E-0% 4.65731£-03

~ - - CURRENTS AND LOCATION - - -

DISTANCES IN WAVELENGTHS

SEG. TAG COORD. OF SEG. CENTER SEG. - - =~ CURRENT (AMPS) - - -
NG . NO. X Y Z LENGTH REAL IMAG. MAG . PHASE
1 -0 0. o. 0.2279 0.05559 2.8965€-03 -2.5964E-03 3.8899€-03 -4].873
2 -0 0. 0. 0.283% 0.05%59 5.5162€-03 -4.20286-03 6.9348BE-03 -37.304
3 -0 0. 0. 0.3391 0.05559 7.4B17E-03 -4.6585€-0F 8.8135£-03 -3].909
‘4 -0 0. 9. 0.3%47 0.05559 8.7867€-03 -3.7B00E-03 9.5653E-03 -23.277
5 -0 0. 0. 0.4503 0.05559 S.3146E-03 -8.6686E-0% 9.3548€-03 -5.317
& -0 0. 0. 0.5058 0.05553 9.0040E-03 -3.8010E-03 9.7734€-03 -22.887
7 -0 0. 0. 0.5615 0.05559 7.862%€-03 -4 ,6B896€-03 8.1548€-03 -30.81y
8 -0 0. 0. 0.6171 0.05553 5.9562E-03 -4.2264€~03 7.3034E-03 ~35.359
9 -0 0. 0. 0.6727 0.05559 3.2218E-03 -2.8004E-03 4. 14036-03 -38.308
- - - POWER BUDGET - - -
INPUT POWER = 4.6573E-03 WATTS
RADIATED POWER= 4.6573E-03 WATTS
STRUCTURE LOSS= 0. WATTS
NETWORK LOSS = 0. WATTS
EFFICIENCY = 100.00 PERCENT
- - - RADIATION PATTERNS - - -
- = ANGLES - - - POHER GAINS - - =~ - POLARIZATION - - - - = EUTHETAY - - - - = = E(PHIY - -~
THETA PHI VERT. HCR. TOTAL AX AL TILY SENSE MAGNI TUDE PHASE MAGN | TUDE PHASE
DEGREES DEGREES 0B [ol:] 0B RATIO DEG. VOLTS/M DEGREES VOLTS/M DEGREES
0. 0. -999.99 -999.99 -999.99 0. 0. 0. 0. 0. g
10.00 a. -9.87 -999.99 -9.87 Q. 0. LINEAR 1.69B40E-01 ~11y4.38 0. 0
20.00 0. ~4.21 -999.99 -4.21 0. 0. LINEAR 3.25650E-01 -1l4.6% 0. 0
20.00 0. -1.70 -999.99 -1.70 0. 0. LINEAR 4.39377E-01  -115.01 c. 0
40.00 0. -1.74 -999.99 =17 0. 0. LINEAR 4.32384€-01 ~115.37 g. 0
50.00 0. -6.73 -999.99 -6.73 0. 0. LINEAR 2.43509€-01 -115.33 0. 0
60.00 0. -10.0% -999.99 -10.04 0. 0. LINEAR 1.66301E~0] 61.867 0. 0
70.00 0. 2.67 -3999.99 2.67 0. a. LINEAR 7.18953E-01 62.56 0. 0
80.00 0. 7.20 -999.99 7.20 0. 0. LINEAR 1.21101E+00 62.51 0. 0
90.00 g. 8.52 -999.99 8.52 0. 0. LINEAR 1.40967E+00 62.47 0. s}
g. 90.00 -999.99 -995.99 -993.99 0. 0. 0. 0. 0. 0
10.00 S0.00 -9.87 -399.99 -9.87 0. 0. L INEAR 1.68640E-01 -~114.38 0. 0
20.00 90.00 -4.21 -899.99 4.2} g. 0. LINEAR 3.25650€-01 -114 .64 0. 0
30.00 90.00 -1.70 -999.99 ~1.70 0. 0. LINEAR 4.34377€-01 -115.01 0. o
40.00 80.00 -1.7% -989.499 -7y g. 0. L INEAR Y. 32384€-01 -115,37 0. 0
50.00 90.00 -6 73 -999.99 ~6.73 0. 0. LINEAR 2.435096-01 -115.33 0. 0
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650.00 90.00 -10.04 -999.98 -10.04 0 a. LINEAR 1.66301E-01 61.87 0. 9.
70.00 90.00 2.67 -999.499 2. 867 0. 0. L INEAR 7. 189%93€ 01 62.56 a. a.
80.00 80.00 7.20 -999.99 7.20 0. 0. L INEAR 1.21101E+00 82.51 0. 0.
30.00 30.00 8.52 -999.93 8.52 0 g. L INEAR 1.40967E+00 62.47 ] Q.
AVERAGE POWER GAIN= 2 02794E+00 SOLID ANGLE USED IN AVERAGING=( 0.5000!*P| STERADIANS.
- - - NORMALIZED GAIN - - -
VERTICAL GAIN
NORMAL [ZATION FACTOR = 8.52 08
- - ANGLES - - GAIN - - ANGLES - - GAIN - - ANGLES - - GAIN
THETA PHI 08 THE TA PH 08 THE TA PH1 o8
DEGREES DEGREES DEGREES DEGREES DEGREES DEGREES
0. o] -1008.51 70.00 o] -5.85 “0.00 90.00 -10.27
10.00 0. -18.39 80.00 ¢) -1.32 50.00 90.00 -15.2%
20.00 . -12.73 90.00 Q. a. 60.00 90.00 -18.56
30.00 0. -10.23 0 80.00 -1008.51 70.00 90.00 -5.8%
40.00 0. -10.27 10.00 90.00 -18.39 80.00 30.00 -1.32
50.00 [ -15.25 20 00 80.00 -12.73 90.00 80.00 0.
60.00 0. -18.56 30.00 90.0¢0 -10.23
seese DATA CARD NO. 6 GN -0 -0 -0 -0 B.00000E+00 1.00000E-03 o0O. 0. g. 0.
sesee DATA CARD NO. 7 RP @ 10 2 1301 0. 0. 1.00000E+01 9.00000E+0! 0. o.
- - - STRUCTURE IMPEDANCE LOADING - - -
THIS STRUCTURE S NOT LOADED
= - - ANTENNA ENVIRONMENT - - -
FINITE GROUND. REFLECTION COEFFICIENT APPROX IMAT [ON
RELATIVE DIELECTRIC CONST.= 5.000
CONBUCTIVITY= |.000E-03 MHOS/METER
COMPLEX DIELECTRIC CONSTANT= 6.00000E+00-5.932006 -0
-+ - MATRIX TIMING - - -
FiLL= 0.053 SEC.. FACTOR- 0.003 SEC.
T 7 - ANTENNA INPUT PARAMETERS - - -
TAG SEG. VOLTAGE (VOLTS) CURRENT (aAMPS) IMPEDANCE  (OHMS) ADMITTANCE (MHOS) POWER
NO. NO. REAL IMAG RE AL IMAG. REAL IMAG. REAL IMAG, (WATTS)
-0 S 1.00000£+00 0 8.91202E-03-8 . 82892F -0y L THIETE+02 1. 1008!E+0Q1 8.91202€-03-8. 828926 - 04 4.45601£-03
- - - CURRENTS AND LOCATION - - -
DISTANCES IN WAVELENGTHS
SEG. TAG COORD. OF SEG. CENTER SEG. - - - CURRENT (AMPS) - - -
NO . NO. X Y b4 LENGTH REAL [MAG. MAG. PHASE
! -0 3} 0. 0.2279 0.05559 2.876%E-03 -2.5728E-03 3.8595€-03 -4i.807
4 -0 0 0. 0.2835 0.0%5859 S.4i54E-03 -4 189uE-D3 6.8467E-03 -37.728
3 -0 0 0. 0.3391 0.05559 7.2728E-03 -4 .6627€-03 8.6391F-03 -32.665
Y9 -y 0 0. 0.3947 0.05559 8.4696E£-03 -3.7953F-03 9.2810£~03 -24.137
5 -0 0 Q. 0.4503 0.05%53 8.9120£-03 -B.82BSE-0% 8.9557E-03 -5.658
6 -0 0 0. 0.5053 0.05559 8.58576£-03 -3.8085E-03 9.366%€-03 -23.99]
7 -0 a 0. 0.5615% 0.0%55%9 7.4273€-03 -4 .6836F-03 8.7807E-03 -32.23%
8 -0 o 0. 0.6171 0.0%%559 5.5943E-03 -4.208%€-03 7.000%E-03 -36.95y
g -0 0 a. 0.6727 0.05559 3.0094£-03 -2.5815€-03 3.9649£-03 -40.623
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- - - POWER BUDGET - - -

INPUT POKER = 4.4560E-03 WATTS
RADIATED POWER= 4.4560E-03 WATTS
STRUCTURE LOSS= O. HATTS
NETWORK LOSS = 0. HATTS
EFFICIENCY = 100.00 PERCENT

- - - RADIATION PATTERNS ~ - -

- - ANGLES - - - POWER GAINS - - - - POLARIZATION - - - - - - E(THETA) - - - - - - E(PHI) - -,
THETA PH1 VERT.  HOR. TOTAL AXTAL TILT  SENSE MAGNITUDE  PHASE MAGN ! TUDE PHASE
DEGREES DEGREES o8 08 08 RATIO DEG. VOLTS/M  DEGREES VOLTS/M  DEGREES
0. 0. -999.99 -999.93 -999.93 0. 0. 0. a. 0. 0.
10.00 a. -12.87 -999.99 -12.87 0. 0. L INEAR I1TWTRE-01  -12%.70 0. o
20.00 0. -7.18 -999.83 -7.18 0. 0. LINEAR  2.26148E-01 -128.91 0. )
30.00 0. -4.47 -999.99  -4.47 0. 0. LINEAR 3.08872E-01 -137.31 0. 0
%0.00 0. -3.45 -998.93 -3.45 0. 0. LINEAR 3.47271E-01  -153.41 0. 0
50.00 0. -2.94 -993.99  -2.94 g. 0. LINEAR 3.88436E-01  177.07 0. 0
60,00 0. -0.79 -999.99 -0.79  O. 0. LINEAR  4.71934E-01  142.06 0. 0
70.00 0. {.54 -999.99 1.5% 0. 0. LINEAR  6.16990E-01 120.37 0. 0
80.00 0. 0.64 -999.93  0.64 0. 0. LINEAR  5.86472E-01  110.41 0. o
90.00 0. -999.99 -999.99 -999.99  O. 0. 2.664826-11 -72.99 0. 0
0. 30.00 -999.99 -999.99 -993.93 0. 0. 0. a. 0. 0
16.00  90.00 -12.87 -999.99 -12.87 0. 0. LINEAR L. 17472€E-01  -124%.70 0. 0
20.00  90.00 -7.18 -998.9¢ -7.18 0. 0. LINEAR  2.26148E-0! -128.91 0. 0
30.00  90.00 -4.47 -399.99 -4 u7 0. 0. LINEAR 3.08872E-01 -137.31 a. o
“0.00  90.00 -3.45 -999.99 -3.45 0. 0. L INEAR 3.47271E-01 -153.4] 0. 0
50.00  90.00 -2.9% -999.99  -2.9u 0. 0. LINEAR  3.68436E-01 177.07 0. 0
60.00  90.00 -0.79 -999.99 -0.79 0. 0. LINEAR  4.71934E-01  142.06 0. o
70.00  90.00 |.54 -999.99 154 0. 0. LINEAR  6.16990E-01  120.37  O©. 0
80.00  90.00 0.64 -999.99  0.64 0. 0. LINEAR  5.56472E-01  110.41 0. o
90.00  90.00 -999.99 -999.99 -999.39 0. 0. 2.664826-11 -72.99 0. 0
AVERAGE POWER GAiN= 7.20701E-01 SOLID ANGLE USED IN AVERAGING=( 0.5000)¢P| STERADIANS.
- - - - NORMALIZED GAIN - - - -
VERTICAL GAIN
NORMAL IZATION FACTOR = .54 DB
- - ANGLES - - GAIN - - ANGLES - - GAIN - - ANGLES - - GAIN
THETA PHI 08 THETA PHI ;) THETA PHI 08
DEGREES DEGREES DEGREES DEGREES DEGREES DEGREES
0. 0. -1001.53 70.00 G. 0. 40.00  90.00 -4.99
10.00 0 T 80.00 0. -0.90 50.00  90.00 -4 4B
20.00 0 -8.72 90.00 0. -1001.53 £0.00 90.00 -2.33
30.00 0 -6.01 0. 90.00 -1001.53 70.00 90.00 0.
40.00 0. -4.99 10.00  90.00 “14. 41 80.00  90.00 -0.90
50.00 0 -y.48 20.00  90.00 -8.72 $0.00  90.00 -1001.53
60.00 0 -2.33 30.00  30.00 -6.01
sesoe DATA CARD NO. B RP | 10 | -0 1.00000E+00 O. 2.00000E+00 ©. 1.00000E£+05 O©.
- - - RADIATED FIELDS NEAR GROUND - - -
- - - LOCATION - - - - - E(THETA) - - - < E(PHD) - - - - E(RADIAL) - -
RHO PHI z HAG PHASE MAG PHASE MAG PHASE
METERS  DEGREES  METERS YOLTS/M  DEGREES VOLTS/M  DEGREES VOLTS/M  DEGREES
100000.00 0. 1.00 2.3956E-09 142.05  O. a. 8.5844E-10  -46.45
100000.00 0. 3.00 2.7216€-09  16%.43 0. 0. 8.5934E-10  -46.46
100000. 00 a. 5.00 3.35436-09 -179.80 0. 0. 8.5325€-10  -46.46
100000.00 0. 7.00 4.1558€-08 -169.55 0. 0. 8.5915E-10 -46.46
100000.00 0. 9.00 5.0462£-09 -162.76 0. 0. B.5906E-10  -46.47
100000 .00 0. 11.00 5.9859€-09 -158.05 0. 0. 8.5896E-10  -46.47
1000006.00 °  O©. 13.00 6.9550E-08 -154.85 0. 0. 8.5887€-10  -46.48
100000.00 0. 15.00 7.9426E-09 -152.08 0. 0. 8.5877€-10  -46.49
100000.00 0. 17.00 8.9426E£-08 -150.09 0. 0. 8.586BE-10  -46.50
100000.00 0. 19.00 9.9511£-09 -148.5] 0. 0. 8.5858E-10  -46.52
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eeees OATA CARD NQO.
*eeee DATA CARD NO.
ees** DATA CARD NO.

THETA
(DEG)

0.
1.
20.
30.
40,
50.
60.
70.
80.
906

seees DATA CARD NO.

00
00

9
10
11

PHI

(DEG)

o

COOoOQaOO000

— W - - - -

OO0 O OO0

- - RECEJVING PATTERN PARAMETERS - -

ETA
TYp

CURRENT
MAGN [ TUDE

.2308£-03
.18987€-02
.6389E-02
.8430E-02
.95%8E-02
-5058E-02 -
.2786E-02 -

9555€-02 -
“1S2E-12

- NORMALIZED RECEIVING PATTERN - - -

= 0.

DEGREES

£ -LINEAR
AXTAL RATIQ=-0.

PHASE
0.
-34.69
-38.90
-47.30
-63.41
-92.93
127.94
149.63
159.59
17.0%

SEG
NG.

[SLINY IREC RNG U RT (NS RS RS

o

NORMAL I ZATION FACTOR= 3, 276BE -02

ETA=

0.

DEGREES

TYPE -LINEAR
AX1AL RAT{QO=-0.
SEGMENT NO. = 5

0B
-993.
-
-8.
-6.
-5.
-4
-2.
0.
-0.
-207.

PATTERN -~

MAGN [ TUDE

939 0.
42 1.3016E-01
73 3.6614€£~-01
02 5.0017€-01
oo S.6248E-01
4“8 5.9691£-01
33 T.847BE-01
00 1.0000E+00
30 9.0201E-01
29 4. 2191E-11

-0 Q.
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NUMERICAL ELECTROMAGNETICS CODE
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- - - - COMMENTS - - - -

EXAMPLE 4. T ANTENNA ON A BOX OVER PERFECT GROUND

- - - STRUCTURE SPECIFICATION - - -

COORDINATES MUST BE INPUT IN
METERS OR BE SCALED TO METERS

' BEFORE STRUCTURE INPUT IS ENDED
WIRE NO. OF FIRST LAST TAG
NO . X1 Yl Z1 xe ye 22 RADIUS SEG. SEG. SEG. NO.
1P 0.10000 0.05000 0.05000 a. G. 0.01000
2P 0.05000 0.10000 0.05000 0. 80.00000 0.01000
STRUCTURE REFLECTED ALONG THE AXES X Y . TAGS INCREMENTED B8Y -0
apP o. a. 0.10000 90.00000 0. 0.04000
i 0. 0. 0.10000 0. g. 0.30000 0.c0100 4 ! 4 1
4 0. a. 0.30000 0.15000 0. 0.30000 G.00100 e 5 6 2
3 0. 0 0.30000 -0.15000 ¢ 0.30000 0.00100 2 7 8 3
GROUND PLANE SPECIFIED.
HHERE WIRE ENOS TOUCH GROUND, CURRENT WILL BE INTERPOLATED TO IMAGE [N GROUND PLANE .
TOTAL SEGMENTS USED= 8 NO. SEG. IN A SYMMETRIC CELL= 8 SYMMETRY FLAG= 0
TOTAL PATCHES USED= Ie NO. PATCHES IN A SYMMETRIC CELL-= ie
- MULTIPLE WIRE JUNCTIONS -
JUNCT I ON SEGMENTS (- FOR END 1, + FOR END 2)
1 “ -5 -7
-~ - - SEGMENTATION DATA - - - -
COORDINATES IN METERS
I+ AND I- INDICATE THE SEGMENTS BEFORE AND AFTER |
SEG. COORDINATES OF SEG. CENTER SEG. ORTENTATION ANGLES WIRE CONNECTION DATA TAG
NO. X Y z LENGTH ALPHA BETA RADIUS I- I I+ NG.
t 0. 0. a.12500 0.05000 80.00000 0 0.00100 10009 } 2 1
4 0. 0. 0.17500 0.05000 $0.00000 0 0.00100 1 2 3 I
3 0. 0. 0.22500 0.05000 380.00000 ¢] 0.00100 2 2 4 t
4 g. 0. 0.27500 0.05000 90.00000 0 0.00100 3 bl 5 !
S 0.03750 Q. 0.30000 0.07500 0. 0. 0.00100 -7 S & 2
6 0.112%0 0. 0.30000 0.07500 0. 0. 0.00100 5 & 0 2
7 -0.03750 0. 0.30000 0.07500 0. 180.00000 g.0ct00 b 7 8 3
8 -0.11250 0. 0.30000 0.07500 ¢} 180.00000 0.00100 7 8 0 3
-~ - SURFACE PATCH DATA - - -
COORDINATES IN METERS
PATCH COORD. OF PATCH CENTER UNTT NORMAL VECTOR PATCH COMPONENTS OF UNIT TANGENT VECTORS
NG . X Y 4 X Y Z ARE A X{ Yi Zi X2 Y2 2
1 0.10000 0.05000 0.05000 1.0000 0. g. 0.01000 -0. 1.0000 0. 0. 0. 1.0¢eco
2 0.05000 0.10000 0.05000 -0.0008 1.0000 O. 0.01000 -1.0000 -0.0000 O. a. 0. 1.0000
3 0.10000 -0.05000 0.05000 1.0000 0. 0. g.01000 -0. -1.0000 0. c. -0. 1.0000
4 0.05000 " -0.10000 0.05000 -0.0000 -1.0000 O. 0.01000 -1.0000 0.0000 O. 0. -0 1.0000
5 -0.10000 0.05000 0.05000 -1.0000 Q. G. 0.01000 0. 1.0000 0. -0. 0 1.0000
6 -0.05000 0.10000 0.05000 0.0000 1.0000 Q. 0.01000 1.0000 -0.0000 oO. ~0. 4] 1.0000
7 -0.10000 -0.05000 0.05000 -1.0000 0. a. 0.01000 g. -1.0000 0. -0 -0 1.0000
8 -0.05000 -0.10000 0.05000 0.0000 -1.0000 oO. 0.01000 1.0000 0.0000 0. -0 -0 1.0000
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] 0.05000 0.05000 0.10000 0. g. 1.0000 0.01000 1.0000 0. 0. o} 1.0000 0.

186 -0.05000 0.05000 0.10000 0. G. 1.0000 0.01000 1.0000 0. 0. 0 1.0000 O©.

1 -0.05000 -0.05000 0.10000 0. a. 1.0000 0.01000 1.0000 0. 0. 0 1.0000 0.

12 0.05000 -0.05000 ¢.10000 0. 0. 1.0000 0.01000 1.0000 0. 0. 0 1.0000 O.
veeee DATA CARD NO. | ON ! -0 -0 -0 0. 0. 0. 0. g. 0.
ceve* DATA CARD NO. 2 £ExX -0 { I -0 1.00000E+00 0. g. 0. 0. 0.
seees DATA CARD NO. 3 RP -0 10 w1001 0. Q. 1.00000E+01 3.00000E+0! 0. 0.

- - = = = - FREQUENCY - - - - - -
FREQUENCY= 2.99B0F +02 MHZ
WAVELENGTH= | .0000E+00 METERS
APPROX IMATE INTEGRATION EMPLOYED FOR SEGMENTS MORE THAN 1.000 WAVELENGTHS APART
= = = STRUCTURE IMPEDANCE LOADING - - -
THIS STRUCTURE IS NOT LOADED
- = - ANTENNA ENVIRONMENT - - -
PERFECT GROUND
- - - MATRIX TIMING - - -
FliLs 0.132 SEC.. FACTOR= 0.082 SEC.
- = = ANTENNA INPUT PARAMETERS - - -

TAG SEG. YOLTAGE (VOLTS) CURRENT (AMPS) [MPEDANCE  (OHMS) ADMITTANCE (MHOS) POWER

NO . NO. REAL IMAG. REAL TMAG. REAL [MAG. REAL IMAG. (HATTS)

1 1 1.00000£+00 0. 2.258089E-03-2.71947€-03 | .80727E+02 2. 17654E+02 2.25809€-03-2.71947€-03 |.12904%€-03
- = - CURRENTS AND LOCATION - - -
OISTANCES IN WAVELENGTHS

SEG. TAG COORD. OF SEG. CENTER SEG. = - - CURRENT (AMPS) - - -

NO. NO. X Y Z LENGTH REAL IMAG. MAG. PHASE
1 i 0. 0. 0.1250 0.0%5000 2.2581E-03 -2.7195E-03 3.5348E-03 -50.296
2 1 0. 0. 0.1750 0.0%000 2.2308€-03 -3.4896E-03 4.1418E-03 -57.409
3 1 0. 0. 0.2250 0.05%000 2.1622E-03 -3.905BE-03 4.4643E-03 -§].032
4 { 0. 0. 0.2750 0.05000 2.0278E-03 -3.8953E-03 4.3915£-03 -62.500
5 2 0.027% G. 0.3000 0.07500 8.1382E-04 -1.5B60E-03 1.7826E£-03 -62.836
& 2 0.112% 0. 0.3000 0.07%00 3.220BE-0% ~-6.4890E-0% 7.2443E-04 -63.604
7 3 -0.0375 0. 0.3000 0.07500 8.1382E-04 -1.5860E-03 |.7826E-03 -62.836
8 3 -0.112% 0. 0.3000 0.07500 3.220BE-04 ~6.4890E-0% 7.2443E-04 ~63.604
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- 7 = - SURFACE PATCH CURRENTS - - - -

DISTANCE IN WAVELENGTHS
CURRINT [N AMPS/METER

- - SURFACE COMPONENTS - - ~ - - RECTANGULAR COMPONENTS - - -
PATCH CENTER TANGENT VECTOR | TANGENT VECTOR 2 X Y 4
X Y b4 MAG. PHASE MAG. PHASE REAL IMAG. REAL IMAG. REAL IMAG.
!
0.100 0.050 0.050 }.2095€-03 111.88 8.4058E-03 ~115.75 0. G. -4.51E-04 1.12E-03 ~3.65E-03 -7.57€-03
e
0.050 0.100 0.050 |.20186-03 -68.27 B.2434E-03 -116.57 -4.45€-04 1.12£-03 ~2.27€-15 S5.71E-15 -3.69€-03 -7.37£-03
3
0.100 -0.050 0.050 }|.209%E-03 !1].88 B8.4058£-03 -115.7% 0. Q. 4.51E-04 -1 .12E-03 -3.65€-03 -7.87€-03
M
0.050 -0.100 0.050 }.2018£-03 -68.27 8.2434£-03 -116.57 -4.4SE-04 1.12£-03 2.276-15 -5.71€~15 -3.68€-03 -7.37£-03
5
-0.100 0.050 0.050 1.2095€-03 111.88 8.4058£-03 -115.7% 0. 0. -4.51E€-04 1.12E-03 -3.65E-03 ~7.57€-03
6
-0.050 0.100 0.050 }1.2018€-03 -68.27 8.2434£-03 “116.57 4. 45E-04 -1.12E-03 -2.276~15 5.71E-15 -3.69€-03 -7.37€-03
7 .
-0.100 -0.050 0.050 1.2095€-03 1|i].88 8.40568£-03 -115.75 Q. 0. 4.51E-0% -1.12€-03 -3.65E-03 -7.57€-03
8
-0.050 -0.100 0.050 1.201B£-03 -68.27 8.2434£-03 -116.57 4.45£-0% -1.12E-03 2.27€-15 -5.71E-15 -3.69€-03 -7.37£-03
3
0.050 0.050 0.100 6.9792£-03 111.78 6.7774£-03 111.82 -2.59€-03 6.48£-03 -2.52E-03 6.29€-03 0. Q.
10
~0.050 0.050 0.100 6.9792€-03 -68.22 6.7774E-03 111.82 2.59E-03 -6.48€-03 -2.52€-03 6.29€-03 0. 0.
1N
-0.050 -0.0%0 0.100 6.9792€-03 -68.22 6.7774€-03 -68.18 2.59€-03 -6.486-03 2.52€-03 -6.29E-03 0. 0.
te
0.050 -0.0%0 0.100 6.9792£-03 11:.78 6.7774E-03 -68.18 -2.59€-03 §.48E-03 ©.52E-03 -8.29€-03 0. 0.
- - - POWER BUDGET - - -
INPUT POWER = 1.1290E-03 WATTS
RADIATED POWER= |.1290E-03 WATTS
STRUCTURE LOSS= 0. WATTS
NETWORK LOSS = 0. WATTS
EFFICIENCY = 100.00 PERCENT
= - - RADIATION PATTERNS - - -

- ANGLES - - - POWER GAINS - - - - POLARIZATION - - - - - = E(THETA)Y - - - - = - E(PHIY - -~
THETA PHI VERT. HOR . TOTAL AXTAL TILT SENSE MAGN T TUDE PHASE MAGN | TUDE PHASE
DEGREES DEGREES o8B 08 o8B RATIO DEG. YOLTS/M DEGREES VOLTS/M DEGREES

0. 0. ~999.93 -999.99 -3999.99 Q. 0. 6.78075E-15 ~87.7% 1.47268E~16 146. 31
10.00 0. -13.76 -999.93 -13.76 0.00000 -0.00 LINEAR 5.33571€-02 -7.55 2.19958E~16 158.20
20.00 0. -7.53 -999.99 -7.53 0.00000 -0.00 LINEAR 1.09306€~01 -5.83 2.92407€-16 167.91
30.00 g. -3.71 -999.99 -3.7 0.00000 -0.00 LINEAR 1.69677€~01 -2.91 3.27398E-16 -176.42
40.00 G. -0.90 -999.89 -0.90 0.00000 -0.00 LINEAR 2.34570E-01 0.05 1.74481E~16 159 .44
50.00 Q. 1.28 -939.99 1.28 0.00000 -0.00 LINEAR 3.01472E-01 2.82 1.68408E-16 165.96
60.00 0. 2.9% -999.99 2.94 0.00000 ~0.00 LINEAR 3.65083E-01 S5.11 7.36346E-17 123.68
70.00 g. 4.12 -998.99 Y.12 0.00000 ~-0.00 LINEAR 4.18286E-01 6.79 1.64652E-16 172.88
80.00 0. 4.83 -999.99 4.83 0.00000 -0.00 LINEAR 4.53811€-01 7.80 8.16903€-17 180.00

90.00 Q. 5.07 -999.99 $.07 0. a. LINEAR 4.66309E-01 8.13 0. 0.

0. 30.00 -999.99 -999.99 -999.99 0. 0. 5.84046E-15 -98. 33 3.44808E-15 84.16
10.00 30.00 ~iw. 02 -37.84 -{4.00 0.03738 -3.00 RIGHT 5.18066E-~02 -8.73 3.32675£-03  -153.1%
20.00 30.00 -7.78 -31.80 -7.76 0.03466 -3.01 RIGHY 1.06230E-01 -6.67 6.88076€-03 -153.15
30.00 10.00 ~3.93 -28.38 -3.82 0.03042 -2.96 RIGHT 1.65481E-01 -3.75% 9.91400E-03  -133.15
40.00 30.00 -1.08 -26.30 -1.07 0.02517 -2.73 RIGHT 2.29787€-01 -0.56 1.25927€-02 -153.15%
50.00 30.00 1,15 -25. 34 1.16 0.0185%7 -2.47 RIGHT 2.96863E-01 2.42 1.4076€E-02 -153.15
60.00 20.00 2.86 -25.59 2.87 0.01412 -2.01 RIGHT 3.861723€-01 4.89 1.36726E-02 -153.15
70.00 30.00 4“.09 -27.50 4.09 0.00807 -1.%2 RIGHT 4. 16531E~-01 6.68 1.09689€-02 -153.15
80.00 30.00 4.83 -32.%% 4.83 0.0044e -0.73 RIGHT 4.53467E-01 7.77 6.13133£-03 -153.15
80.00 30.00 5.07 -999.99 5.07 0.00000 0.00 LINEAR 4.66525%E-01 8.13 1.86195€~13 26.89

0. 60.00 -999.99 -999.99 -939 .99 0. 0. 3.33654E-15 -898.71 5.90489€E-15 82.30
10.00 60.00 Sle.8y -37.83 -1y.52 0.0422e -3.09 RIGHT “.87718E-02 -11.33 3.3412BE-03 -153.16
20.00 60.00 -8.28 -31.75 -8.26 0.03309 -3.12 RIGHT 1.00327€~01 ~B.85 6.72504E-03 -153.16
30.00 60.00 -4.38 -28.29 -4.37 0.03409 ~3.08 RIGHT 1.57060€-01 -5.59 1.001B4E-02 -153.18
40.00 60.00 -1.46 -26.16 = 1uy 0.02787 -2.92 RIGHT 2.20023E-01 ~1.89 1.28028E-02 -153.19
50.00 60.00 0.87 -25.1y4 0.88 0.02130 -2.59 RIGHT 2.87605E-01 1.57 1.43968E-02 -153.20
60.00 60.00 2.69 -25.35 2.70 ¢.01508 -2.10 RIGKT 3.54583€-01 4.41 1.%0578E-02 -153.21
70.00 60.00 4.01 -27.23 4.0t 0.00952 -1.47 RIGHT Y4.12667€-01 6.48 1.13240E-02 ~153.21
80.00 60.00 4.81 -32.26 “4.81 0.00458 -0.76 RIGHT “4.52518E-01 7.72 6.34618E-03 -153.22
90.00 60.00 5.08 -999.99 5.08 0.00000 0.00 LINEAR 4.66741£-01 8.13 1.93260€~13 26.79




AVERAGE POWER GAIN=

eeese DATA CARD NO.

.99
.81
.54

62
.65
.12
.80

.80
.08

EN

-999.
-999.
-999.
-999.
-983.
-999.
~999.
-999.
-999.
-999.

1.78986E +30

99
93
1]
99
93
99
338
99
39
99

-999.
-4,
-8.

DO OOOOoOoOo

[V B S VR Vi = IR

.00000
.00000
-0c000
.000400
. 00000
.00000
.gogoe
. 00000
-00000

DOoOO0ODOC OO0

LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
L [NEAR
LINEAR
LINEAR
L INEAR

SOLID ANGLE USED IN AVERAGING=(

L i Y R ¥ T R

0.5000) *P|

L47269E-16 146,
.72925E -02 -1a.
.73872€-02 -10.
.52845E~01 -5
.15081€-0! -2.
.82757€-01 1.
.S0612E-0! “
L 1055%7€-01 6.
.S1913€-0! 7.
BBTHIE-01 8

STERADIANS.

0.

L B il ¢ I ]

.TB0TSE- 1S
L4 I849E -1y
LHTTNBE- 1Y
.@3313E-13
.56630£-13
.75895€-13
CTIMR4E-13
.38243E-13
. 79636E~ 14
LTeMT3E-17



EXAMPLE 5, LOG-PERIODIC ANTENNA

Example 5 is a practical log-periodic antenna with 12 elements. Input
data for the transmission line sections is printed in the table '"Network Data."
The table "Structure Excitation Data at Network Connection Points'" contains the
voltage, current, impedance, admittance, and power in each segment to 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 includes 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 negative power indicates that the structure is feeding power into
the network or transmission line.

With 78 segments, file storage must be used for the interaction matrix.
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.
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Example 5 Input

1
CH 12 ELEMENT LOG PERIODIC ANTENNA [N FREE SPACE.

CcM 78 SEGMENTS. SIGMA=D/L RECEIVING ANO TRANS. PATTERNS.

CM DIPOLE LENGTH TO DIAMETER RATIO=150.

CE TAU=0.S3, SIGMA=0.70, 800M IMPEDANCE=50. OHMS.

GW 1 5 g. -1 g. 0. 1. v. 0.00867
GH 2 S -.7527 -1.0753 Q. -.7527 1.07%3 a. .00717
GH 3 5 -1.562 -1.1562 g. -1.562 1.1562 g. .0077
Gk 4 5 ~-2.4323 -1.24%32 0. -2.4323 1.2432 0. -go8e9
G 5 S -3.368 -1.3368 0. -3.368 1.3368 0. .0089!
GH 6 7 4. 3792 -1.4374 0. -4.3742 1437y 0. .00958
GW 7 7 -5.4562 -1.5456 0. ~5.4562 1.5456 g. L0103
G4 B 7 -6.619% -1.6618 0. -6.6195 1.6619 0. .01108
GH S 7 -7.8705 -1.787 o. -7.8705 1.787 0. L0119t
GW 10 7 -3.21586 -1.921% 0. -9.2156 1.9215 G. .01281
GH i 9 -10.6619 -2.0662 g. -10.6619 2.0662 0. .01377
GH 12 9 -12 217 -2.2217 0. -t2.217 2.2217 a. .01481
GE

FR 46.29

TL Ot 3 2 3 ~-50.

w2 3 3 3 ~50.

w3 3 4 3 -50.

T . 3 S 3 -50.

T™w 5 3 [ “ -50.

Tw 8 “ 7 b -50.

w7 “ 8 “ -50.

w 8 4 9 4 -50.

w9 4 10 “ -50.

TL 16 “ Tt 5 -50.

TL Ot 5 te 5 -50. .02

£X i 3 10 .

RP 37 1 1118 90. 0. -5. 0.

EN
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Example 5 Output

200806600006 00000000808008 00000005000

NUMERICAL ELECTROMAGNETICS CODE

F0CO0BCELEPE 0000000008000 R600000DOEE

- - - - COMMENTS - - - -

°

.

12 ELEMENT LOG PERIODIC ANTENNA [N FREE SPACE.

78 SEGMENTS. SIGMA=D/L RECEIVING AND TRANS. PATTERNS.
DIPOLE LENGTH TO DIAMETER RATIO=150.
TAU=0.93, SIGMA=0.70, BONM [MPEDANCE=5S0. OHMS.
-~ - - STRUCTURE SPECIFICATION - - -
COOROINATES MUST BE INPUT I[N
METERS OR BE SCALED TO METERS
BEFORE STRUCTURE INPUT 1S ENDED
WIRE NO. OF
NO. X1 Yi Z1 x2 e 22 RADIUS SEG.
] 0. -1.00000 0. 0. 1.00000 0. 0.00667 5
2 -0.75270 -1.0753¢0 0. -0.75270 1.07530 0. 0.00717 5
3 -1.56200 -1.15620 Q. -1.56200 b 15620 0. 0.0077 S
4 -2.43230 -1.24320 0. -2.43230 1.24320 0. 0.00829 5
5 -3.36800 ~-1.332680 0. -3.36800 1.33680 0. 0.00831 5
6 ~4.37420 -1.43740 Q. -4, 37420 1.43740 0. 0.00958 7
7 -5.45620 -1.54560 0. -5.45620 1.54560 0. 0.01030 7
8 -6.61950 -1.66190 0. -6.61950 1.66180 0. 0.01108 7
3 -7.87050 -1.78700 g. -7.87050 1.78700 0. 0.01191 7
10 -9.21560 -1.92150 0. -9.21560 1.92150 0. 0.01281 7
It -10.66190 -2.06620 0. -10.66190 2.06620 0. 0.01377 9
te -12.21710 -2.22170 a. -12.21710 2.22170 0. 0.01481 9
TOTAL SEGHENTS USED= 78 NO. SEG. IN A SYMMETRIC CELL= 8 SYMMETRY FLAG= @
= MULTIPLE WIRE JUNCTIONS -
JUNCTION SEGMENTS (- FOR END 1, + FOR END &)
NONE
- - - - SEGMENTATION DATA - - - -
COORDINATES [N METERS
Le AND [- INDICATE THE SEGMENTS BEFORE AND AFTER |
SEG. COORDINATES OF SEG. CENTER SEG. ORIENTATION ANGLES HIRE CONNECTION DATA
NO. X Y Z LENGTH ALPHA BETA RADIUS - ! e
! 0. -0.80000 0. 0.40000 0. 90.00000 0.008687 0 1 2
e 0. -0.40000 0. 0.40000 0. 30.00000 0.00667 ! 4 3
3 g. 0.00000 0. 0.40000 0. 80.00000 0.00667 2 3 b
bl G. 0.40000 0. 0.40000 0. 80.00000 0.00667 3 Y 5
5 0. 0.80000 0. 0.40000 0. 80.00000 0.008867 “ ) 1]
& -0.75270 -0.86024 a. 0.43012 0. 90.00000 0.00717 0 &6 7
7 -0.7%270 -0.43012 0. 0.43012 0. 90.00000 0.00717 & 7 8
8 -0.7527¢ 0.00000 0. C.%3012 0. 80.00000 0.00717 7 8 9
9 -0.75270 0.43012 0. 0.43012 Q. 90.00000 0.00717 8 9 10
10 -0.75270 0.86024 0. 0.43012 0. 80.00000 0.00717 3 10 ]
1 -1.56200 -0.92496 o. 0.46248 0. 90.00000 0.0077! 0 1t 12
e ~1.56200 -0.46248 0. 0.46248 0. 90.00000 0.00771} 1 1e 13
13 -1.56200 0. 0. C.46248 G. 90.00000 0.00771 12 13 14
4 -1.56200 0.46248 0. 0.46248 a. 90.00000 0.0077 i3 Iy 15
15 ~-1.56200 0.92496 0. 0.46248 0. S0.00000 0.00771 Iy 15 o
16 -2.43230 -0.99456 0. 0.49728 0. 90.00000 0.00829 0 18 17
17 -2.43230 -0.49728 0. 0.497¢8 0. g90.00000 0.00829 16 17 18
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FIRST
SEG.

TAG
NO.

R R P P A PN AV S VIR 4V I 4§ I 4V

TAG

Z
-~ (@]
OWE DO TE WY -

n o



18 -2.43230
19 -2.43230
20 -2.43230
21 -3.36800
22 -3.36800
23 -3.36800
2% -3.36800
2% -3.36800
26 ~-4.37420
27 -4.37420
28  -4.37420
29 -4.37%20
30 -4.37420
31 -4.37420
32 -4.37420
33 -5.45620
v -5.45620
35 -5.45620
38 -5.45820
37 -5.45620
38 -5.45620
33 -5.u45620
43 -6.61950
“i  -6.61950
42  -6.51950
43 -6.61350
44 -6.61950
4%  -6.61950
46 -6.61950
47 -7.87050
48 -7.87050
49  -7.870%0
50 -7.87050
51 -7.870%0
52 -7.87050
53 -7.87050
54 -9.21560
55 -9.21560
56 -9.215%60
57 -9.21560
58 -9.21560
59 -9.215%60
60 -9.21%60
61 -10.66190
62 -10.66190
63 -10.66190
64 -10.66190
65 -10.66180
66 -10.66190
67 ~10.66190
68 -10.66190
639 -10.66190
70 -12.21710
71 ~-12.21710
72 -12.21N0
73 ~12.21710
T4 -12.21710
75 -12.21710
76 -12.21710
77 -12.21710
18 -i12.21710
eesee DATA CARD
teoes DATA CARD
eeeee DATA CARD
eesve DATA CARD
LR NS DATA CARO
eessr DATA CARD
*eeve DATA CARD
*e**s DATA CARD
tho e DATA CARO
»*eee DATA CARD
eecees DATA CARD
ceeee DATA CARD
°s*e+ DATA CARD
*eees DATA CARD

1
a

1
0
0

0

t
!
Q

o

i
!
s
0

i
0

—— O

NO.
NO.

NO.

83

NO.
NO.
NO.
NO.
NO.
NO.
NO.

.00000
.49728
.98456
. 0B84k
53472
. 00000
53472
. 0694y
.23206
.82137
.41069
.00000
410639
.82137
.23206
. 32480
.88320
g.
.0C0000
44160
.88320
. 32480
42449
.94 966
47483
.00000
47483
. 94966
L42wug
L8317
1
.51057
.00000
.51057
L0211ty
.53t
.B4700
. 09800
.54900
.00000
.54900
. 09800
.B4700
.83662
L3777
.9183}
.45916

.453816

L3747
.83662
. 97484
48113
.98742
.493271

- ~~0oca

.49371
.88742
48113
L9748y

44160

0211w

9183}

Rt e R e e - I B R R R R R o R = = R = B = R R R N e = W = W = I = I = e N e R ) CO0O0O0O0DAOOOODODOR

~
pe]
|

WOdONT Ny~
I
p=
WO DoMWL wwn -0

HATRIX FILE STORAGE - NO. BLOCKS=

(=]

w

Nt R N VI TR

49728
.49728
.49728
.53472
53472
53472
53472
53472
.41063
.41068
.410869
41069
.4 1068
.41069
.41069
44160
44180
44160
.44 160
w4160
44160
44160
47483
w7483
47483
H7483
47483
47483
47483
.510587
.51097
51057
.510%7
.510%7
.51057
.51097
.54800
.54900
.54900
.54900
.S4300
54300
.54900
45316
45318
.458916
45916
.48816
.45916
.45316
.45816
.45918
.48371
49371
49371
.4937
.49371
.4937]
.4837)
.49371
49371

PO 00000000 LONOOODO0N0000000D00PO0DNMOO0l0D00COOOG0OO OO O coooo

— i
WD LIORE WO

w =

- [l
SR RNLE £ 885 L NN D

111a

-5.

-5.
-5.
-5.
-5.
-5.
-5.
~5.
-00000€E+01
-5.
.00000E+00
.00000E+0!

S0.00000
90.00000
90.00000
90.000n00
30.00000
380.00000
380.00000
$0.00000
S0.00000
S0.00000
S0.00000
90.00000
90.00000
$0.00000
$0.00000
S0.00000
90.00000
90.00000
90.00000
90.00000
S80.00000
90.00000
$90.00000
S0.00000
30.00000
$0.00000
90.00000
90.00000
$0.00000
390.00000
90.00000
90.00000
S90.00000
90.00000
90.00000
90.00000
90.00000
390.00000
90.00000
90.00000
90.00000
$0.00000
$90.00000
90.00000
90.00000
90.00000
390.00000
30.00000
90.00000
S0.00000
90.00000
90.00000
380.00000
S0.00000
S90.00000
$0.00000
90.00000
30.00000
S0.00000
90.00000
90.00000

DOOC)CJDOOOOOC)OOOOODODOOCOQOQDDOOOOODQODDOOOOOOOODOOOODOOOODOOO

.62900E+0!
00000E+0!
.00000E +01
00000E+01
00000E+0!
00000E+Q1
00000E+01
00000E+0!
00000E+Q!
C0000E+01

00000E+0!

DOV OMLMOOOOODDOO o

4 COLUMNS PER BLOCK= 25 COLUMNS
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.00823
.00E29
.00823
. 00891
. 0083t
. 00891
. 00891
. 0083t
.00958
.009s8
. 00958
.008s8
.009s58
.00958
.009s8
.01030
.01030
.01030
.01030
.01030
.01030
.01030
.otio8
.01108
.011i08
.01108
.01108
.01108
.g1108
.01181
L01isy
-G8l
L0113t
L0118t
01191
.01191
.01281
.01e81
.0128!
.01281
.01281
.01281
.g1281
.31377
.01377
.01377

01377

.01377
.01377
-01377
.01377
L0137
.01481
.Q1us1
.0t481
.01u8]

01w8l

.01481
.01u8i
.0tu8l
.01u8l

0
¢}
0
0
0
0.
0.
0
¢]
0
0
0
0
-5.

17 18
18 19
13 20
0 21
21 22
22 23
23 24
a4 25
0 26
26 27
27 28
28 29
29 30
30 3y
31 32
s} 33
33 34
34 35
35 36
36 37
37 38
38 39
0 40
40 4l
4l w2
42 43
43 4y
Ly 45
45 46
g 47
47 R3]
48 49
43 50
50 51
51 52
52 53
g 54
54 55
55 56
56 57
57 58
58 59
59 80
o Bl
61 62
62 63
63 B4
64 65
85 66
66 87
67 &8
68 B9
0 70
70 71
71 72
72 73
73 T
) 75
76
76 77
77 78
00000E+00

IN LAST BLOCK=

VOO OWOOWODODOCODDDDO LA LD Id DI RPBRND £ L

DONVNOODOLDOODOQO OO

-00000E-02

QOO0 COOOOOoOO0OOR



APPROX [MATE

CP TIME TAKEN FOR FACTORIZATION =

- FROM -
TAG SEG.
NO. NO.
I 3
2 8
3 13
Y 8
5 23
6 29
7 26
8 43
g 50
1¢] 57
11 65

FlLL=
- 10 -
TAG SEG.
NO. NO.
4 8
3 13
Y 18
5 23
6 29
7 26
8 43
9 50
10 57
11 65
12 T4

5.

5.

5.

1.845 SEC., FACTOR=

TRANSHM!

IMPEDANCE

OHMS
000CE-~Q!

0000E+0!

0000E+01

.0000€+01

-0000E+01

.0000€+01

.C0COE~O1

-0000E+01

.0000E+01

-0000E+0)

-0000E+01

-~ - - - FREQUENCY - - - - - -

FREQUENCY= 4.6290E£+01 MHZ
WAVELENGTH= 6 .4766E+00 METERS

INTEGRAT[ON EMPLOYED FOR SEGMENTS MORE THAN

- STRUCTURE [MPEDANCE LOADING - - -

THIS STRUCTURE IS NOT LOADED

= - ANTENNA ENVIRONMENT - - -

FREE SPACE
S.74116E-01

- MATRIX TIMING - - -

2.861 SEC.

= - = NETHORK DATA - - -

= = SHUNT ADMITTANCES (MHOS) -

SSION LINE

LENGTH - END ONE -

METERS REAL
7.5270E-01 0. 0.
8.0930E-01 0. G.
8.7030£-0! 0. 0.
9.3570E-01 0. 0.
1.0062E+00 Q. a.
1.0820E+00 0. 0.
1. 1633E+00 0. 0.
1.2510€+00 0. 0.
1.5451£+00 a. G.
1. 4483E+00 0. 0.
1.E552E+00 0. 0.

IMAG.

1.000 WAVELENGTHS APARY

-~ END TWO -

REAL

2.0000E-02

HMAXIMUM RELATIVE ASYMMETRY OF THE DRIVING POINT ADMITTANCE MATRIX IS 1.073E-02 FOR SEGMENTS

RMS RELATIVE ASYMMETRY

55
&

—N SO WD IR Y Wy

IS 5.7226-03

- = - STRUCTURE EXCITATION DATA AT NETWORK CONNECT!ON POINTS - - -

SEG. VOLTAGE (VOLTS)
IMAG.

NO.
8-6.76615€~01 7

REAL

13-1.14181E-01~1.
18 9.82184€-01 5.
23-7.24711E-01 B,
<9-2.80599E-01-7.
36 5.10272E-01 5.
43-2.44968E-01 2.
50-9.81880€-02-3.
57 3.40099€-01 2.
65-3.25522£-02 3.

Tu-2.

3 1.00000£+00 0.

CURRENT (AMPS)
REAL [MAG.

IMPEDANCE ¢
REAL

-@7105E-01-1.87444E-04%~ ) . 90087E-03-3. 44065E +02-3 .

0B175€+00 6.838376~03 2.28688E-03-6.25976E+01-1.
03147€-01-4.58057€-03 | . 06832E-02
5896QE-01-1.37151£-02-3.48001E-03

56236E-01 1.69116E-03-1.27472€-02
67793€-02 9.62868€-03-1.20117€-03
99211E-01 1.37879€-03 5.04759€-03

60792E~01-2.30707€-03 5.52792F - 0u
78504E-02 3.63825€ -04-9.03066E - 04
38623E-01 5.72648E-04 5.66062E-04

ESE-01-1.34969€-01-7.248B16E-04 4. 787S6E~0u

.82302€-03 2.30143€-03

7

3
5
5
4.
Y
i
e
!
2

. 16342€+00~-9,
-BISOBE+01-5.
.B4a96E+01-2.
L 14585€+01
282S7€+01 6.
.81224E+00 1.
.02651E+02 3.

3.

3.

. 138986402
.87400E+02
L H1487E-02-2.

-119~

OHMS )
1MAG.

89878E-02-1.
-2.
8.

37254E+02
31365E+01
T7368E+01
23664£+01

.23163E+0!

02300€+01
S7538E +02
32037E+02
798S0E+0e2
16588E +02
66988E+02

7
1
1
7
!
8
i
1
I

IMAG.

65 AND 23

ADMITTANCE

REAL

27250€-03 1.
75067E-03 6.

20954E - 04

1

(MHOS)
IMAG.

44183E-03-
03124E-03~

.06738E-02

.96955€-03 |.
-40869€-02 7.
.B3BOCE-02-4.
LB4111E-03~1.
.83718E-04-6.
L45207E~04~2.
- 12538€-03-1 .
.4180S€-03-2.
.B2302€-03 2.

2048YE~02
46320E-03
39920E-03
102877€~02
34175E-03
74216E-03
9986S9€-03
27440E-03
30143E-03

i
y

LINE

TYPE

CROSSED

CROSEED

CROSSED

CROSSED

CROSSED

CROSCED

CROSSED

CROSSED

CROSSED

CROSEED

CROSSED

POLER

(WATTS)
6.

27652E -04

627326 -03
.B83934E-04
3.82314E-03
4.58267E-03
2.422%€-03
5.86267E-04
.
Y
6
7
9

35420E-05

.S2093E-05
.93408E-05
LWL TS5E-05
. 11508k -04



- - ANTENNA INPUT PARAMETERS - - -

TAG SEG. VOLTAGE (vOLTS) CURRENT (aMPS) [MPEDANCE (OHMS) ADMITYANCE (MMHOS) POWER
NO. NO . RE AL IMAG. REAL IMAG . REAL IMAG REAL {HAG. (HATTS)
1 3 1.00000£+00 0. 2.36240€E-02 2.50304E€-0% 4.23251E+01 -4, 4844SE -0 2.36240E-02 2.50304€-04 1. 18120E-02

- - =~ CURRENTS AND LOCATION - - -

DISTANCES [N WAVELENGTHS

SEG. TAG COORD. OF SEG. CENTER SEG. - = = CURRENT (AMPS) - - -

NO. NO . X Y b4 LENGTH REAL [MAG . MAG . PHASE
t i g. -0.1235 Q 0.06176 6.9701E-0% 5.6831€-04 8.9933€-0y 39.192
2 t 0. -0.0618 o] 0.06176 L.5440E-03 1.5718%€£-03 2.2031£-03 45.50%
3 1 c. 0.0000 0 0.06176 1.8230E-03 2.3014£-03 2.9360£-03 51.616
Y ! 0. 0.0618 4] 0.06176 1. S440E-03 1.5715€-03 2.2031£-03 45.50%
5 ! 0. 0.1235 Q 0.06176 6.9701E-04 5.6831€-04 8.9933€-0y 39.192
6 2 -0.1162 -0.1328 4] C.06641 1.9927E-0% -4.7368E-04% 5.1390€-0u -67.1&5
7 2 -0.1162 -0.0864 0 0.06641 1.5381€-04% -1.31876~03 1.32776-03 -83.343
8 2 -0.11682 0.0000 ] 0.0BB4!  -1.8744E-04 -1.9009€-03 1.8101€-03 -95.832
9 e -0.1162 0.0664 1] 0.06641 1.5391€-04% -1.3187€-03 |.32776-03 -83.343
10 2 -0.1182 0.1328 ¢ 0.06641 1.9827€-04 -4 7389E-04 5. |390F-0y -67.18%
1t 3 -0.2412 -0.1428 g 0.07141 2.1564E€-03 9.22%5£-0% 2.3455€-03 23.162
12 3 -0.2412 -0.0714 0 0.07141 5.2787€-03 1.9920£-03 5.6420£-03 20.675
13 3 -0.2412 a. 0 0.07141 6.8384E-03 2.2B69E-03 7.2106E-03 18.491
I 3 -0.a2412 0.0714 0 0.07141 5.2787€-03 1.9920£-03 5.6420£-03 20.875
15 3 -0.2412 0.1428 0 0.071ut 2.1564£-03  9.2255€ -0y 2.3455€-03 23.162
I8 % -0.375%6 -0.1536 0 0.07678 -1.5100€-03 3.5736E-03 3.8795E£-03 112.906
17 4 -0.3756 -0.0768 0] 0.07678 -3.6153£-03 8.5186£-03 9.2%5226-03 113.00!
18 Y -0.37%6 0.0000 [+] 0.07678 -4 .5808E-03 |.0683E-02 L. 1824€-02 113,208
19 4 -0.37%6 0.0768 0 0.07678 -3.6153E-03 B8.5166£-03 9.25226-03 113.001

20 % -0.37%6 0.1536 0 0.07678 -1.5100E~03 3.5735£-03 3.8795€-03 112.906
21 5 -0.5200 -0.1651 0 0.08256 -4.7273£-03 -9.5637E-04 4.8231£-03 -168.563
22 5 -0.%200 -0.0828 o] 0.08256 -1.114BE-02 -2.5350£-03 1.1431E-02 -167.187
23 5 -0.%200 -0.0000 0 0.08256 -1.3715€£~02 -3.4800E-03 1.4150€E-02 ~165.762
2% 5 -0.5200 0.0826 g 0.08256 -1.1146E-02 -2.5350€-03 1. 1431E-02 -167.187
25 S -0.%200 0.1651 ¢] 0.08256 -4.7273£-03 -9.56376-04 4.823!'€-02 -168.563
26 6 -0.67%4 -0.1902 0 0.0634} 1. 3729F-04 -3.38226-03 3.3850£-03 ~87.67%
27 6 -0.675% -0.1268 0 0.06341 5.8794€£-04 -8.3198€-03 8.3385£-03 -86.163
28 & -0.675% -0.08634 o) 0.06341 PI472E-03 -1.1518E-02 1.15736-02 -84.311
29 &6 -0.67%4 0.0000 ¢} 0.08341 1.6912E-03 -1.2747€-02 1.2853€-02 -82.443
30 & -0.6754 0.063y a 0.063u41 1. 1472603 -1 ISIBE-02 1.1573c-02 -84.311
3 & -0.5754 0.1268 [t} 0.08341 5.5794€-0% -8.3198E£-03 B.3385£-03 -86.163
32 & -0.6754 0.1802 0. 0.086341 1.3729E-04 -3.38226£-03 3.3850£-03 -87.87%
33 7 -0.B425 -0.2046 0. 0.06818 2.5954£-03 -5.711BE-0% 2.6575€-03 ~12.412
3y 7 -0.8425 -0.1364 0 0.06818 6.4067€-03 -1 .2269€-03 6.5231€-03 -10.8u41
35 7 -0.8485 -0.0882 1] 0.06818 8.8142E-03 -1,3926€-03 8.9235€-03 -8.978
26 7 -0.8425 0.00c0 ¢} 0.06818 9.6287€-C3 -1.2012€-03 S.7033E-03 =711
37 7 -0.8425 0.0682 [¢] 0.06818 8.8142€-03 -1, 3926F-03 8.9235£-03 -8.978
38 7 -0.8425 0.1364 0 0.06818 6.4067£-03 -1 .2269E-03 6.5231£-03 -10.841
39 I -0.8425 0.2046 o] 0.06818 2.5954£-03 -5.7118€-0u 2.6575€-03 -12.412
40 8 -1.0221 -0.2199 ¢] 0.0733: 5.2465€-04 1. 4101£-03 1.5045€-03 63.591
i 8 -1.0221 -0.1466 0 0.0733) 1. 1847€-03  3.4847E-03 3.6806€-03 71.223
“e 8 -1.0221 -0.0733 g 0.0733; 1.4458E-03 4.7322£-03 4.9481£-03 73.01

43 8 -1.0221 0.0000 a 0.0733y 1.3788E-03 5.0476£-03 5.2325£-03 7™.722
Ly 8 -1.022!1 0.0733 0 0.0733) 1.4458E-03 4.73226-03 4.9481E-03 73.01}
45 8 -1.0221 0.1468 0 0.0733) 1. 1847€-03 3. 4g847e-03 3.6808€£-03 71.223
46 8 -1.0221 0.2198 0 0.07334 5.2465E€-04 1. 4101E-03 1.5045€~03 £69.591
w7 9 -1.21%2 -0.2385 o) 0.07883 -7.42BBE-0% 2.0199F-04 7.6964E-04 |64.785
48 9 -1.21%2 -0.1577 0 0.07883 -1 7935£-03 4.6188F -0y 1.8521E-03  165.559
49 9 -1.21%2 -0.0788 0 0.07883 -2.3192€-03 5,7091E-0u 2.3884£-03 166.170
S0 9 -1.21%52 0.0000 g9 0.07883 -2.3071£-03 5.5279€-0y 2.3724€-03  166.526
51 S -1.21%2 0.0788 Q 0.07883 -2 31S2£-03 5.7091¢-0y 2.3884€-03 166.170
S2 9 -t.21%2 0.1577 0 0.07883 -1.7935€-03 4.6188E-04 1.8521E-03 165.559
53 9 -1.21%2 0.2365 0 0.07883 -7.426BE-04 €.0199€-0%  7.6964E -0y 164.785
54 10 -1.4229 -0.2543 0 0.08477 9.574SE-05 -3.9087E-04 4.0242E-04 -75.238
55 10 -1.4229 -0.1895 Q 0.08477 2.4838E-04 -8.9773E-04 9.31726-04 -74.47%
56 10 -1.4229 -0.0848 0 0.08477 3.4518E~0% -1.0563E-03 LOITI3E-03  -71.906
57 10 -1.4229 -0.0000 0 0.08477 3.8382E-0% -9.0907E-04 9.7917e-04 -68.188
S8 10 -1.4229 0.0848 [¢] 0.08477 3.4515€-04 -1.0563£-03 1.1113E-03  -71.906
59 10 -1.4229 0.1695% 0 0.08477 2.4839E-04 -8.9773E-04 9.3172E-04 -74.475
60 10 -1.4228 0.2543 0 0.08477 8.5745£-05 -3.9087E-04 4.0242E-04 -75.238
61 It -1.6462 -0.2836 0 0.07089 2.7079E-0% | .50106£-04 3.0961E-04 238.000
&2 'r -1.8462 -0.2127 ¢] 0.07083 6.3252€-04  3.7783¢ -0y 7.3667E-04 30.838
83 L ~1.6462 -0:14i8 0 0.07089 8.083BE-04 5.32776-0u4 3.6816E-04 33.387
&4 11 -1.68462 -0.0709 0 0.07083 7.6B73E-04 5.9%17E-0y S.7153€-0u 37.701
85 1 -1.6462 0. o] 0.07088 5.7265€£-04% 5.6B08E-0u 8.0520€-04 44 . 669
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67
68
69
70
71
72
73
™
75
76
77
78

- - ANGLES - -

THET
DEGRE
30.
85.
80.
75.
70.

-10.
-15.
-20.
-25.
-30.
-35.
-40.
45,
-50.
-55.
-60.
-65.
-70.
-15.
-80.
-85,
-90.

A
ES

-1
it -
-
[N IS

e -1
ie -t
2 -i.
2 -t
e -1
e -1
12 -
e -1

PHI

.B462
.Bu62
. 6462
.Bu62
. 8864
. 886%
. B864

8864

.BB6Y
. 8864
. 8864
. 8864
.B86Y

DEGREES

il e B e R e R e - R R e e e R R

0.0709
0.1418
g.2127
0.2836
-0.3049
-0.2287
~-0.1525
-0.0762

.0762
1525
.2287
. 3049

- DIRECTIVE GAINS -

VERT .
o8
-999.99
-399.99
-999.39
-999.89
-999.99
-999.93
-999.99
-999.99
-999.939
-999.938
-999.99
-999.99
-999.99
-993.399
-999.99
-999.99
-999.39
-999.99
-9938.93
~9939.99
-999.99
-999.9%9
-999.99
-999.99
~-999.99
-999.99
~999.99
~899.9¢
-999.399
-999.99
~-9938.99
-999.99
-999.99
-999.39
-9939.99
-999.99
-999.98

D00 ODOOOOOOOO0O

HOR .

i
omwrmmqqmmmwm\ng

o
W

-16.
-23.
-19.
-20.
-22.
-17.
-l
-13.
-13.
-16.
-21.
-a9.
-2k,
-19.
-17.
~17
-17.
-17
-17.
-18.
-18.

.28

24

.83

22
23
35

COO0OOOODOoOOOCOO0COO

-16.
-23.
-19.
-20.
-a2.
-17.
-4,
-13.

e
WWONWEA®D SO OWWWOW

.07089
.07089
.07089
.07089
.07623
.07623
.07623
.078623
.07623
.07623
.07623
.078623
.07623

7.6873E-04
8.0838E -04
6.3252E-04
2.7079€E-04
-1.9982E - 04
-5.0501E-04
-7.0916E-04
-7.7880E-04
-7.2482E-0%
-7.7880€-04
~7.0916E-04
~5.0501E~-04
-1.9982E-04

- - POWER BUDGET -

INPUT POWER = ]
RADIATED POWER= |
STRUCTURE LJSS= 0.
NETWORK LOSS = |

U4 EM I — W

LG4 17E-04
.3277E-04
. TI63E-04
.5010E-04
-4071E-04
.6305E-04
L 1495€ -0
.6718E-04
. T876E - 04
.B718E-04
L 1495E-04
.B305E£-04
L4071E-04

L B il (R R [ PV R PR A ¢ o B T o ]

L1B12E-02 WATTS
.0762E-02 WATTS

WATTS

-0504E-03 WATTS

EFFICIENCY = 81.11 PERCENT

COoOO0OO0DO0O0DUODONDNTOCODOOLNOODOCOODODODOOODOODOGOO

- - RADIATION PATTERNS - - -

- = - POLAR[ZATION - - -

AXTAL TILY
RATIO DEG.
.00000 90.00
.00o00 90.00
-00000 90.00
.00000 20.00
.00000 30.00
.00000 $0.00
.00000 20.00
00000 90.00
.00000 380.00
.00000 90.00
.00000 80.00
.00000 90.00
.00000 20.00
.00000 90.00
-00000 390.00
.00000 90.00
-00000 90.00
.00000 90.00
.00000 80.00
.00000 90.00
.00000 90.00
.00000 90.00
.¢ogoo $0.00
.00000 80.00
.goooo 90.00
00000 90.00
.00000 $0.00
.00000 90.00
.0oo000 90.00
.00000 380.00
.goooo 90.00
.00000 90.00
.00600 80.00
.00000 80.00
.00000 90.00
.60000 80.00
.0o000 90.400

SENSE

LINEAR
LINEAR
LINEAR
L INEAR
LINEAR
LINEAR
L INEAR
LINEAR
L INEAR
LINEAR
L INEAR
L INEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
L INEAR
L INEAR
L INEAR
L INEAR
LINEAR
L INEAR
L INEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
LINEAR
L INEAR
LINEAR
LINEAR
LINEAR
LINEAR
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DO OQOOoOOOo0O0OUOOOOO0OOOODDOOLLONOOODOO0ONDOO0OTOOO

. T1S9E-04 37.701
.6816E-04 33.387
.3667€-04 30.838
.0961E-04 29.000
- 1284E-04  129.698
.5635€-04  13).889
.0070E-03  134.757
.0255€~03 139.41u4
.BBEBE-04  146.5%Yy
.0255E-03 139.41y
.0070E-03 134.767
.5635E-04  131.889
.12B4E-04 129.698

- - - E(THETA) - - -

MAGN I TUDE PHASE

YOLTS/M DEGREES

D000 OODOUOOOOOOOODOODLOO00D0CO0ODODOO0DIADOOOMMNO

- - - E(PHD)

MAGNITUDE

OO~ e e D E VO e e o ooe o O d O U~ U nd = e o e e e e YRR MU

VOLTS/M

.46822e+00
L45352E+00
.40683E+00
.33093€+00
.22889E+00
.106186E+00
.97023E+00
.82916E+00
.6884SE+00
.54747E+00
.39758€+00
.22600E+00
.02312E+00
.90310€-01
.43329€-01
. 10020E-01
.25192E-01
.58B44E-02
.37861€E-02
S4e40SE-02
27600E-02
. 04653E-0!
.52513E-01
.73572€-01
.6108B4E-01
.21492E~01
.83281E-02
.55635€-02
.87767E-02
. 114@5E-02
.01231E-01
.09815€-0!
.10368E-01
.08716E-01
.02037€-01
.B%T779E-02
.71778€-02

PHASE
DEGREES

-66.
-65.
-62.
-58.
-53.
-47.
-39,
-31.
=21,

-9.

Wi,
-24.
47,

-6e.
-50.
~-30.
-10.

18.
-1i6.
-4,
-72.
-63.
55,

~48.
-43.

~-40.

-39.

00



-~ - ANGLES - -~

THETA
DEGREES

PHI
DEGREES
0.

OO0 O0OO0OOOO0OOOO

ceces DATA CARD NO.

RUN TIME =

17.507

15

GA
0

-0.
-0.
-0.
-0.
-1
-1
-e.
-3.
-4
~4 .
-6.

-7

iN
8

EN

- = - - NORMAL[ZED GAIN - - - -

MAJOR AX1S GAIN
NORMAL [ ZATION FACTOR =

- =~ ANGLES - -
PHI
DEGREES

g.

THETA
DEGREES

-10.00
-15.00
-20.00
-25.00
-30.00

DODO0OO0OODLOOOO O

9.75 D8

GAIN
08

~-9.90
-13.15
-18.02
-25.90
-32.91
-29.39
-30.42
-31.90
-27.46
-24.19
-23.06
-23.7t
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- - ANGLES - -
THETA
DEGREES

-35.
~40.
-85,
~-50.
-55.
-60.
-65.
-70.
-75.
-80.
-85.
-30.

PHI
DEGREES

OO o000 AOODOO

GAl

-26.
-3t
-39.
-34.
-29.
~-27.
-27.
-26.
-27.
-27.
~27.
-28.

N

16

70



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 coupling 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 6 Input

CECYLINDER WITH ATTACHED WIRES. .
SP i0. 0. 7.3333 0. 0. 3B
SP 10.
SP 1Q.
¢l ! [
SP 6.89
SP 6.89
GR 6
sP 0
SP 0.
0
t

<@
o
(]
[
@®
£

[ 90.
-1 -90

[=}

4 .88
44 .88

oo o0ooo
ol
o

(=

11 90.
-1 -90.
[ ¢]

Y4 .89
.83
23. St

O o000
o0 oo
£
rs

465.84

1000 0 0. 5. Q.
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Example 6 Output

ceoP0LOE00PRECLELE0EB0000 0825080000008

NUMERICAL ELECTROMAGNETICS CODE

440880000000 B0R0000 P 0B00E 0086080000

- - - - COMMENTS - - - -

CYL INDER WiTH ATTACHED WIRES.

- - - STRUCTURE SPECIFICATION - - =~

COORDINATES MUST BE INPUT IN
METERS OR BE SCALED TO METERS

BEFORE STRUCTURE INPUT IS ENDED
WIRE NO. OF FIRST LAST
NO. X1 Yi Z! X2 Ye pad RADIUS SEG. SEG. SEG.
P 10.00000 g. 7.33330 0. 0. 18.40000
2P 10.00000 G. 0. 0. 0. 28.40000
3P 10.00000 G. -7.33330 0. G. 38.40000
THE STRUCTURE HAS BEEN MOVED, MOVE DATA CARD IS -
-0 1 0. 0. 30.00000 -0. -0. -0. -0,
P 6.89000 a. 11.00000 90.00000 0. 44.88000
e8P 6.89000 0. -11.00000 -90.00000 0. 44 .88000
STRUCTURE ROTATED ABOUT Z-AXIS 6 TIMES. LABLES INCREMENTED BY -0
“woP 0. 0. 11.00000 30.00000 0. 44.83000
S0P 0. 0. ~11.00000 -90.00000 0. 44 .88000
i 0. 0. 11.00000 a. 0. 23.00000 0.10000 4 1 Y
2 10.0000C 0. 0. 27.60000 0. Q. 0.20000 5 ) E]
STRUCTURE SCALED BY FACTOR 0.01000
TOTAL SEGMENTS USED-= 9 NO. SEG. IN A SYMMETRIC CELL= 9 SYMMETRY FLAG= O

TOTAL PATCHES USED= 56 NO. PATCHES IN A SYMMETRIC CELL= 56

- MULTIPLE WIRE JUUNCTIONS -

JUNCTION  SEGMENTS (- FOR END 1, + FOR END 21
NONE
- - - - SEGMENTATION DATA - - ~ -
COORDINATES IN METERS
I« AND I- INDICATE THE SEGMENTS BEFORE AND AFTER |

SEG.  COORDINATES OF SEG. CENTER SEG. ORIENTATION ANGLES  WIRE  CONNECTION DATA  TAG

NO. X ¥ z LENGTH ALPHA BETA RADIUS - | 1+ NO.
1 0. 0. 0.12500  9.03000 90.00000 0. 0.00106 10052 ] 2 |
2 0. 0. 0.15500 0.03000 90.00000 0. 0.00100 ] 2 3 !
3 0. 0. 0.18500 0.03000 90.00000 O. 0.00100 R 1
“ 0. 0. 0.21500 0.03000 S0.00000 O. 0.00100 3 w0 |
5 0.11760 0. 0. 0.03520 O, 0. 0.00200 10002 5 6 2
6 0.15280 0. 0. 0.03520 0 0. 0.00200 5 6 7 2
7 0.18800 O. 0. 0.03%20  o©. 0. 0.00200 6 7 8 2
8 0.22320 O. 0. 0.03520  O©. 0. 0.00200 7 8 8 2
9  0.25640 0. 0. 0.03520 0 0. 0.00200 8 9 0 2
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PATCH COORD. OF PATCH CENTER
NO. X Y z
1 0.10000 0. 0.07333
e 0.10000 0.01548 0.01549
3 0.10000 ~-0.01543 0.01549
Y 0.10000 -0.01548 -0.01549
5 0.10000 0.01349 -0.01549
6 0.10000 4] -0.07333
7 0.08660 0.050600 0.07333
8 008660 0.05000 0.
g 0. 08660 ¢.05000 -0.07333
10 0.06830 0. 0.11000
11 0.086830 0. -0.11000
12 §.05000 0.08660 0.07333
13 0.05000 0.08660 0
14 0.05000 0.08660 -0.07333
15 -0.00000 0.10000 0.07333
16 -0.00000 0.10000 0.
17 -0.0000C0 0.10000 -0.07333
18 0.03445 0.05967 0.11000
19 0. 03445 0.05867 -0.11000
20 -0.05000 0.08660 0.07333
21  -0.05000 0.08660 0.
22 -0.05000 0.08660 -0.073323
23 -0.08660 0.05000 0.07333
24  -0.08660 0.05000 0
25 -0.08660 0.05000 -0.07332
26 -0.03445 0.05%67 0.11000
27 -0.0344% 0.05867 -0.11000
28 -0.10000 -0.00000 0.07333
23 -0.10000 -0.00000 g.
30 -0.10000 -0.00000 -0.07333
31 -0.08660 -0.05000 0.07333
32 -0.08660 -9.05000 g.
33 -0.08660 -0.05000 -0.07333
v -0.u6890 -0.00000 0.11000
35 -0.06890 -0.00000 -0.11000
36 ~-0.05000 -0.08660 0.07333
37 -0.05000 -0.08B660 0.
38 -0.05000 -0.08660 -0.07333
39 0.00000 -0.10000 0.07333
4“0 0.00000 -0.10000 a.
4l 0.00000 -0.10000 -0.07333
42 -0.0344%  -0.05967 0.11300
43 -0.03445 -0.05967 -0.11000
“h 0.0%000 -0.08660 0.07333
45 0.05000 -0.08660 g.
46 0.05000 -0.08660 -0.07333
w7 0.08660 -0.05000 0.07333
48 0.08660 -0.05000 0.
49 0.08660 -0.05000 -0.07333
50 0.03445 -0.059867 0.11000
51 0.03445  -0.05967 -0.11000
52 0.018675 0.01675 0.11000
53 -0.0167% G.01675 0.11000
S4 -0.0167% -0.0167% 0.11000
S5 0.01675 -0.01675 0.11000
56 0. 0. -0.11000
eeses DATA CARD NO. | FR -0
ce**s DATA CARD NO. 2 cp 1
teeer DATA CARD NO. 3 Ex -0
srees JATA CARD NO. & RP -0
MATRIX FILE STORAGE - NO. BLOCKS=

-~ SURFACE PATCH DATA -

COCRUINATES IN METERS

UNIT NORMAL VECTOR

X
.0000
-0000
.0000
.0000
0000
gooe
. 8660
8660
.B660

5000
5000
5000
0000
-0.0c00
-0.0000

-0.5000
-0.5000
-0.5000
-0.8660
-0.86860
-0.8660

-1.0000
-1.0000
-1.0000
-0.86860
-0.8660
-0.8660

-0.5000
-0.5000
.5000
.0000
.0000
.0000

5000
-5000
-5000
-8660
. 8660
. 8660

¢
COO0OOOO0OOLOOOOOO0OOOO0OOCO0

e Voot
COOoO0D00O0OOOO0o

-1

1000

D OO0OO0O0O00C0D00 — — — OO0 CODOOo0oO0OO0noo

oD oo0oo0o

Y

.50C0
.5000
.5000

.BB60
.B660
. 8660

Q000

.0000
.0000

. 8660
. 8660
. 8660
.5000
.5000
.5000

.gooe
-0000
.0000
.5000
-5000
.5000

. 8660
. 8660
. 8660
.0000
.0000
.0000

. 8660
. 8660
8660
.5000
.5000
.5000

-0

-0

o -0 4

Z

.0000
coco

'

.0000
.0000

[

'
e e e e e DO 00000 - - 000000~ - 000000~ ——000000—~—-—0UOO0O0DOO — 0000000000

-00o0
.6ooo

. 0000
.0000

.0000
.0000

[

.0000
.0000
.0000
.0000
.0000
.0000
.0000

8 COLUMNS PER BLOCK=

.B65840E +02

-00000€E+00

16

OO0 ODOVOO0O0O0COOO0O00OoOOOOMO000OOCOOOOO0O0CDO0O0YUOHOOOOODODOOOLOODO00DOO0O

PATCH
ARE A
. 00384

.00086
.00086
.00096
.00384
.00384
.00384
.00384
.00uu43
.00448
00384
00384
00384
.00384
.00384
.00384
. 00449
. 00449
. 00384
.00384
.00384
.00384
.00384
.00384
.00449
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.00384
. 0038y
.00384
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.00384
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. 00449
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.got12
.00112
.g0tie
.00112
. 00448

OO QOO0

COLUMNS

= - - - FREQUENCY - - - - - -

FREQUENCY= 4 . 6584€+02 MHZ

HAVELENGTH= 6.4357E-01 METERS
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i
- e e OODOO0O0DO0OO0OOO0 -~ 000~ ~0O0QO00
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.B660
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-5000
.5000
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.Qo00
.0000
.0000
.S000
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. 8660
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. 8660
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.S000
.5000
.8000
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.0600
alelels]
.0000

wo oo

COMPONENTS OF UNIT TANGENT VECTORS
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OCOOO0OO0O00AAOCO0 — — — — — —
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APPROX IMATE INTEGRATION EMPLOYED FOR SEGMENTS MORE THAN 1,000 WAVELENGTHS APART

= - - STRUCTURE [MPEDANCE LOADING - - -

THIS STRUCTURE 1S NOT LOADED

- = - ANTENNA ENVIRONMENT - - -
FREE SPACE

CP TIME TAKEN FOR FACTORIZATION = 2.18609€+00

TAG
NO .

SEG.

WO I NL W -—

SEG.
NO.

TAG

GV VI VI VRS

- - - MATRIX TIMING - - -

Flitl= 0.967 SEC.. FACTCR= B8.866 SEC.

= = - ANTENNA [NPUT PARAMETERS - - -

VOLTAGE (VOLTS) CURRENT (AMPS) IMPEDANCE  (OHMS) ADMITTANCE (MHOS) POWER
REAL [MAG REAL IMAG. REAL IMAG. REAL IMAG. (WATTS)
1.00000E+C0 O. 1.25133E-03 8.29229E-03 |.77928E+01-1.17909€+02 1.25133€-03 8.29229€-03 6.25663E -0%

COORD.

oo

X

. 1827
0.2374
0.2921
0.3468
0.4015

PATCH CENTER

X
1
0.15%
2
0.155
3
0.155
Y
g.15%
E
0.i55
6
0.155%
7
0.135
8
0.135
S
0.135
10
0.107
i1
0.107

Y

.0ey

.0ew

.024

. 024

.078

.078

.078

Z

L

.0cu4

.02u

.0cu

- 024

L

L

L

17

17

- - - CURRENTS AND LOCATION - - -

DISTANCES IN HAVELENGTHS

OF SEG. CENTER SEG. - = - CURRENT (AMPS) - - -

Y b4 LENGTH REAL IMAG. MAG. PHASE
0. 0.1942 0.04662 1.2513E-03 B8.2923E-03 8.3862E-03 81.419
0. 0.2408 0.04662 1.0975E-03 6.5800£-03 6.6709€-03 80.531
0. 0.2875 0.04662 7.8167E-0% 4.375BE-03 4.446B£-03 79.745
0. 0.3341 0.04662 3.3076E-04 1.7250E-03 |.75965(-03 79. 146
g. 0. 0.05470 -7.5907e-04 1.5534E£-03 1.728SE-03 116.042
0. 0. 0.05470 -7.0147E-0% |.4307E-03 1.59346-03 116.119
0. g. 0.05470 -5.8437€-04 1.1901E-03 1.3258E-03 116.153
0. 0. 0.05470 -4.0B0IE-O4 8.3173E-04 Q.2642E-04 116.131
0. 0. 0.05470 -1.699BE-O% 3.4747£-04 3.868:2-04 116.068

- - - - SURFACE PATCH CURRENTS - - - -

ODISTANCE IN WAVELENGTHS
CURRENT [N AMPS/METER

- - SURFACE COMPONENTS - - = = - RECTANGULAR COMPONENTS -

TANGENT VECTOR | TANGENT VECTOR & X Y

MAG . PHASE MAG. PHASE REAL IMAG. REAL IMAG.
2.4110E-12 68.37 7.1962£-03 -35.22 0. 0. 8.89E-13 2.24E-12 5
9.001QE-03 -65.46 1.42206-02 -51.34 0. 0. 3.74€£-03 -B.19€-03 8
9.0012E-03 114.54 1.4220E-02 -51.34 0. 0. -3.74£-03 8.19-03 8
9.0081E-03 114.49 5.0962€-03 84.31 0. 0. -3.73E-03 B.20£-03 S
9.0081€-03 -65.51 5.0962£-03 84.31 0. 0. 3.73E-03 -8.20E-03 5
6.6399€-13 -4.52 1.5972£-03 12.83 0. 0. 6.82E-13 -5.39€~14 1
1.8793E-03 -9%4.8B7 5.5428E-03 -11.30 7.97€-05 9.36E-04 -].3BE-0u ~1.62E-03 5

e

-9149€-03  -75.48 5.3139€-03 -33.00 -4.90E-0% |.89E-03 8.49E-0y -3.28E-03 4

-8133£-03  -94.60 2.9183€-03 -33.42 7.276-05 Q.04E-04 -1 .26E-04 -1.87€-03 2

.5187€-03 -10.62

.2045E-12 -163.56 1.49€-03 -2.80E-0u

LIBE-12

W

~-127-~

-36S1E-02 ~104.81 2.5901€-12 102.37 -3.50€-03 -1.326-02 -5.55€-13 2.%3E-12 ©.

SHIE-13 0.

REAL

-BBE-03

.88E-03

.8BE-03

.0SE-0Y4

.05E-04

.5BE-03

L4NE-03

L46E-~03

C4BE-03

IMAG.

156-03

L11E-02

CHIE-D2

.07E-032

.07€-03

L4BE-0%

.0%E-03

.89€-03

.BIE-03



135

L1135

. 135

.18%

. 155

1955

.093

.083

135

135

-135

.078

.078

.078

.093

0383

-000

.0o0

.000

.078

.078

.078

.000

.000

. 155

. 155

.155

.135

.078

.078

.078

.093

.093

e

R

R

171

1T

Sy

BRL

EEL]

AL

174

171

A

L

s

AL

AT

RA

NEL

L

R

S

ST

BT

L

L

L

A

17

1T

w

(]

te]

w

.670%€-03

.6295€-03

. 7226E-03

.9450E-03

.2074E-03

“YiBE-03

“BYSE -02

L754BE-03

-3168€-03

. Q43BE -0n

.3019£-03

.0537e-0%

.BOOIE-0Ou4

LG54 1E-0u

.5570€-02

. 7609€-03

-3312€-13

S1841E-13

S1581E-13

.0S37€-04

-BOOIE-Ou

LG54 1E-0u

.5557¢-02

.6720£-03

.3168E-03

.G486E - 04

.3019E-03

S4450E-03

.2074€-03

44 16E-03

.5570E-02

.7608€-03

.8705E-03

.6295E-03

.722BE-03

-8793£-03

.8143€-03

.8133e-03

»

L4BYBE -0

. 7548€-03

-129.

-lie

-128

-1860.

-155.

-160.

-105

-50

~-178.

178.

178.

i81.

165.

166

-108.

-92.

-103.

-125.

=1

112,

~109.

-32

50.

67.

51

85.

104

85

-105.

-50.

81

.84

.58

3.

o6

23

g1

68

B4

62

30

.60

02

00

7

03

.34

.81

.70

.40

.31

54

32

.36

.38

.66

52

A

02

Q0

.51

.40

23

gt

W

9

e}

+

CTHINE-03 -8

.3699€-03 - 33.

1508E-03 -48

3232E-03 B

.3690€-03  -32.

-B031E-03 -S4

.B07BE-03 -145.

.6063€-03 3s.

.0408E-03 -2.
. 3744€-03 -33
3371£-03 -56
.74 72E-03 3.
.3716E-03  -33.
.2602E-03 -58
SMI43E-03 -178
.4085£-03 2.
.270BE-03 -3
-3701E-03 -33.
.0783E-03  -57
S T472E-03 S.
.37186€£-03  -33,
.@602E-03 -58
.9138E-13 -73.
.e817€-13 -84

0408E-03 -2
S3744£-03 -33.
.3371E-03 -56.
.3232£-03 14

.3690€-03  -32

.BO3IE-03 -S54

LHIN3E-03 N
S4055E-03 -177.
SIMINE-03 -8.
-3699€-03  -33.
-1506E-03  -ug.
.5428E-03 -1y

-31396-03 -33.
-9183£-03  -33.

.6076E-03 34

.B0B3E-03 - luy.

.86

.62

.87

95

.61

[02:4

S4

.63

56

03

.97

.69

ag

82

05

.88

56

03

.97

43

.54

B4

63

.87

.85

.6t

31

01

86

82

.30

00

3

[

n

(3

N

"

~J

. 26E - 04

L4BE-04

- 30E-04

.3BE-03

.10E~03

-36E-03

LOIE-O%

.69E-03

S 14E-03

.B1E-O4

. 13E-03

. 34E-~0u

-BlE-Q%

- 3BE-04

.TBE~03

.29€-03

L19E-23

.87E-23

.@5E-23

. 34E-04

.B1E~04

. 38E-04

.65E-03

SM1E-04

LIwE-03

LBIE-04

.13E-03

.3BE-03

S10E-03

.36E-03

.76E-03

25£-03

.@BE - 04

-4BE-04

. 30E-04

.97€-05

.90E-04

.27E-05

L01E-0%

.69E-03

-128-

'
o)

L 11E-03

.30€-03

L17E-23

. 86E-04

.01E-Qu

.87€-04

.38£-03

L1T7E-04

.63E-05

.05E-05

.7RE-05

S IME-O4

. 36E-05

.0BE-05

C43E-03

SHNE-O4

.lee-22

L40E-22

S13E-23

L I4E-0%

.38£-05

.0BE-0%

L4BE-02

.54£-03

.63E-05

.05€-05

.72E-05

.8BE-04

LOIE-0%

.87E-04

L43E-03

SMYE-On

L11E-03

-30E-03

-17E-03

. 36E-04

-89€-03

LOME-0O%

.38€-03

TE-ON

w

[+

y

6.

5.

4

S.

-3.

6.

n

w

- 35E-0%

. 1BE-04%

L 37€-0%

.BBE-13

W52E-13

.88E-13

.QuE-03

00E -0y

.58E-04

.87E-04

SIE~04

T8E-04%

.86E-0%

8BE-04

BIE-03

48E-04

.27E-13

SMI1E-13

.03E-13

- T8E-04

. BBE -0

.86E~04

L21E-12

.95£-13

.S8E-0%

.97E-04

.SIE-0O4

LM7E-13

L03E-13

JHHE-13

.B8E-03

L4BE-0Y

. 35E-0%

L 16E-04

-37E-0%

- 38E-04

LMOE-0u

.26E -0

-O4E-03

.00E-0%

S.

5.

[s)

nu

m

L42E-04

.S1E-Ou%

- T3E-0Q4

CT3ES 1

CG4E- 1ty

LTNE-1Y

.@8E-02

.B4€-03

-52E-05

. 1BE-0S

.57€-0%

.97E-04

.27E-04

SH0E-0O4

.27E-02

.48E-03

18£-13

L42E-13

20E-1v

L9704

.27E-04%

S40E-0O%

.32E-12

S48E-13

.52E-05

.1BE-0S

.57€-0%

.B7€-13

S7SE-13

.B7E-13

.27E-02

SN9E-03

L42E-0Y4

.51E-0%

. 73E-04

.6RE-03

.2BE-03

.57€-03

.29 -02

.B4E-03

£

[V

£

n

wn

&

n

(V]

£

.BBE-03
.50€-03
L T4E-03
.21€-03
.51€-03

.67€-03

.O4E-03
.S0E-03
.38E-03
.67€-03
.50E-03

.20E-03

.2BE-03
.50E-03
-17€-032
.87€-02
.50E-03

.20E-03

.O4E-03
.50€-03
.38£-03
L21E-03
.51E-03

.67£-03

.6BE-03
.50E-03
ST4E-03
LHNE-03
LUBE-03

L44E-03

g.

-2

-2

-3

9

-2.

.30€-04

.83e-03

S11e-03

.08E-032

.S2E-~03

.7SE-03

L24E-O4

LS4E-03

.62E-03

LSHE-OY

93e-03

.65E-03

CS1E-0%

.93E-03

L45E-03

.S4E~Qu

.93e-03

.B5E-03

LR4E-04

LG4E-03

.62€-03

.0SE-03

.92E-03

. TS5E-03

. 30E-04

.83E-03

S 11E-03

.09€-03

.B9€-03

.B1E-02



52

0.026 0.026 O0.171 3.7707€-02 -97.61 3.8523E-02 -99.40 -4.99€-03 -3.74£-02 -6.29£-03 -3.80£-02 O. 0.
—2?026 0.026 0.171 3.8971E£-02 78.78 3.8487E-02 -89.34 7.5BE-03 3.B2E-02 -6.2%E-03 -3.80£-02 0. 0.
-2?026 -0.026 O0.171 3.8971E-02 78.78 3.8487E-02 80.66 7.58£-03 2.82E-02 6.25E-03 3.80£-02 0. 0.

ZéOEG -0.026 0.171 3.7707€-02 -97.61 3.8%23E-02 80.60 -4.99€-03 -3.74E-02 6.29€-03 3.80£-02 0. 0.

gé 0. ~0.171 1.3523£-03 18.00 6.6843E-13 177.14 1.29€-03 4.18E-04 6.68E-13 -3.33E-14 0. 0.

- - - POWER BUDGET - ~- -

INPUT POWER = 6.2566E-04 WATTS
RADIATED POWER= 6.2566E-04 WATTS
STRUCTURE LOSS= 0. WATTS
NETWORK LOSS = 0. WATTS
EFFICIENCY = {00.00 PERCENT

- - - RADIATION PATTERNS - - -

-~ - ANGLES - - - POWER GAINS - - - - POLARIZATION - - - - - ~ E(THETA) - - - ~ - - E(PHI) ~ --,
THETA PH| VERT. HOR. TOTAL AXTAL TILT SENSE MAGNITUDE PHASE MAGN T TUDE PHASE
DEGREES DEGREES b8 o8B oB RATIO OEG. VOLTS/M DEGREES VOLTS/M DEGREES

0. 0. -8.11 -199.61 -8.11 0.00000 0.00 LINEAR 7.61679€-02 -2.26 2.02564E-11 2.66
5.00 0. -8.34 -199.91 -8.34 0.00000 0.00 LINEAR 7.41609E-02 -2.08 1. 95604E-11 6.786
10.00 0. -8.85 -999.99 -8.85 0.00000 0.00 LINEAR 6.99504E-02 -2.76 1.89803E-11 10.56
15.00 g. -9.70 -999.99 -9.70 0.00000 0.00 LINEAR 6.33762E-02 -4%.863 1. 85045E-11 14.02
20.00 0. -11.02 -999.99 -11.02 0.00000 0.00 LINEAR S5.44956E-02 -8.24 p.81auue-11t 17.07
25.00 g. -12.9% -999.93 -12.94 0.00000 0.00 LINEAR 4.36412E-02 -14.78 1.78279E-11 18.67
30.00 0. -15.74 -989.98 -15.74 0.00000 0.00 LINEAR 3. 16460E-02 -27.33 1.76075E-11 21.78
35.00 0. -19.30 -999.99 -19.30 0.00000 0.00 LINEAR 2.08971e-02 ~55.34 1.74563E-11 23.29
40.00 0. -19.87 -899.92 -19.97 0.00000 -0.00 LINEAR t.84286E~-02 -107.78 1.73695E-11 24 .47
45.00 Q. -16.08 -8999.93 -16.08 0.00000 -0.00 LINEAR 3.04209€-02 -145.28 1.73420E-11 25.02
50.00 0. -12.40 -998.98 -12.40 0.00000 -0.00 LINEAR 4.64494E-02 -163.87 1.73715E-11 25.02
S55.00 0. -9.60 -93938.99 -3.60 0.00000 -0.00 LINEAR 6.41565£-02 -175.93 FLo74554E- 1) 24 .47
60.00 c. ~-7.40 -898.39 -7.40 0.00000 -0.00 LINEAR B8.26336£-02 174,32 1.75942E-11 23.39
65.00 0. -5.6! -9939.99 -5.61 0.00000 -0.00 LINEAR 1.01578E-01 165.52 1.77895E-11 21.78
70.00 0. -4.10 -999.99 -4.10 0.00000 -0.00 LINEAR 1.20851€-01 157.18 1.80%37E-11 19.68
75.00 0. -2.80 -999.99 -2.80 0.00000 -0.00 LINEAR 1.40313E-01 148.15 1.83583€E-11 1711
80.00 0. -1.67 -999.99 -1.67 0.00000 ~0.00 LINEAR 1.59736£-01 T4l 42 1. B74Q0E- 11 14,13
85.00 a. -0.70 -999.99 -0.70 0.00000 -0.00 LINEAR 1.78758€-01 133.99 1.81975E-11 16.77
30.00 g. 0.1% -199.84 0.14 0.00000 -0.00 LINEAR 1.96871€£-01 126.92 1.87270€-11 7.12
95.00 0. 0.8+ -199.58 0.84 0.00000 -0.00 LINEAR 2.13%47E-01 120.23 2.03358E-11 3.25
100.00 G. .4l -189.29 1wl 0.00000 -0.00 LINEAR 2.27788E-01 113.95 2. 1o2e4E-11 -0.78
105.00 0. .83 -198.98 1.83 0.00000 -0.00 LINEAR 2.39180£-01 108.08 2.17825%€-11 ~-4.88
110.00 0. 2.1} -198.66 2.1t 0.00000 -0.00 LINEAR 2.46958E-01 102.85 2.26093E-11 -8.88
115.00 0. 2.2% -198.32 2.24 0.00000 -0.00 LINEAR 2.90561E-01 97.686 2.34913E-11 ~13.03
120.00 0. 2.20 -197.99 a.20 0.00000 -0.00 LINEAR 2.495738E-01 93.15 2. 44 l45E-11 -16.97
125.00 Q. 2.00 -197.66 2.00 0.00000 -0.00 LINEAR 2.43788£-01 89.16 2.53657E-11 -20.77
130.00 0. 1.61 -197.33 1.61 0.00000 -0.00 LINEAR 2.33171€-0) 85.7% 2.63268BE- 11 AR
135.00 0. 1.02 -197.02 1.02 0.00000 ~0.00 LINEAR 2.17832E-01 82.99 2.72867€-11 -27.86
140.00 0. g.21 -196.73 0.21 0.00000 -0.00 LINEAR 1.98504€£-01 81.07 2.82341E-11 -31.12
i45.00 0. -0.85 -196.45 -0.85 0.00000 -0.00 LINEAR 1.75551E-01 80.23 2.9181E-11 -34.20
160.00 0. -2.22 -196.18 -2.22 0.00000 -0.00 LINEAR 1.50002€-01 80.83 3.00638E-11 -37.08
155.00 0. -3.893 -195.93 -3.93 0.00000 -0.00 LINEAR 1.23132€-01 83.98 3.09412E-11 -38.79
160.00 0. -6.02 -195.69 -6.02 0.00000 -0.00 LINEAR 9.68249E-02 80.96 3.17973E-11 -42.3
165.00 g. -8.33 -195.47 -8.33 0.00000 -0.00 LINEAR 7.42595E-02 10%.77 3.26370€-11 -44.67
170.00 c. -10.0% -185.25 -10.04% 0.00000 -0.00 LINEAR 6.09913E-02 1e8.42 3.34676E£-11 -46.87
175.00 0. -9.83 -195.0% -8.83 0.00000 -0.00 LINEAR 6.24919€E-02 156.53 3.42962E-11 -48.91
180.00 0. -8.13 -19%4.83 -8.13 0.00000 -0.00 LINEAR 7.58544E-02 177.786 3.51282E~11 -50.81
185.00 0. -6.2% -1894.62 -6.24 0.00000 -0.00 LINEAR 8.438%53E-02 -168.89 3.59723E-11 -52.55
190.00 o. ~4.65 ~194.42 -4.65 0.00000 -0.00 LINEAR 1.13349E-01 -159.93 3.68277€E-11} -54.15
195.00 0. -3.40 -19%.22 -3.40 0.00000 ~0.00 LINEAR 1.309286-01 -1%2.98 3.76951E-11 -55.60
200.00 0. -2.43 -194.02 -2.u43 0.00000 0.00 LINEAR 1.46407E-01 ~146.80 3.85703E-11 -56.91
205.00 0. -1.68 -193.82 -1.68 0.00000 0.00 LINEAR 1.58677€-01 -140.77 3.94479E-11 -58.08
210.00 0. ~1.08 -193.863 -1.08 0.00000 0.00 LINEAR 1.70954E~-01  ~-134.57 4.03149€-11 -58.10
215.00 0. -0.61 -193.45 -0.61 0.00000 0.00 LINEAR 1.80613E-01 ~-1¢8.05 4. 11582E-11 -59.86
220.00 0. -0.21 -183.28 -8.21 0.00000 0.00 LINEAR 1.83045E-01 -121.22 4.19643E-11 -60.87
225.00 0. 0.13 -193.13 0.13 0.00000 0.00 LINEAR 1.96540€E-01 ~114.15 4.27120E-11 -61.21
230.00 0. 0.42 -193.00 0.42 0.00000 0.00 LINEAR 2.03207e-01 ~-106.92 4.33830E~11 -61.58
235.00 0. 0.66 ~192.88 0.66 0.00000 0.00 LINEAR 2.08952E-01 -99.67 4.39580E-11 -61.77
240.00 0. 0.85 -182.79 0.85 0.00000 0.00 LINEAR 2.13503€-0! -82.48 Y44 IBeE-11 -61.77
245.00 0. 0.97 -192.73 0.97 0.00000 0.00 LINEAR 2.16480E-01 -85.4¢2 4.47396E-11 -61.58
250.00 g. 1.01 -192.70 1.01 0.00000 0.00 LINEAR 2.17478€-01 -78.55 “.4910BE-11 -61.20
255.00 0. 0.95 -182.69 0.95 0.00000 0.00 LINEAR 2.18147E~01 -71.88 4.49155E-11 -60.61
260.00 0. 0.80 -192.73 0.80 0.00000 0.00 LINEAR 2.12257E-01 -65.42 4.4 TWISE-11 -59.80
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265.00
270.00
275.00
280.00
285.00
290.00
295.00
300.00
305.00
310.00
315.00
320.00
325.00
330.00
335.00
340.00
345.00
350.00
355.00
360.00

OO0 0COOOO0OCOoOLO0OO0OOCGQOOOE

*es9s DATA CARD NO.
2esee DATA CARD NO.

TAG Se.

G.

NO. NO .
5 1.00000E+00 0.

e

SEG. TAG
NO .

3

WO a9 E Wy —
NNy - - -

PATCH

CEN
Y

0.155 0.

0.155 o©.

0.155 -0

0.155 -0.

0.155 0.

024

o024

02y

024

0.195 0.

0.13%5 0.

078

OO OOOO OO

0.52 -192
0.13 -192
-0.38 -183.
-1.02 -193.
~-1.77 -193.
-2.64 -183.
-3.60 ~194.
-4.62 -194.
' -5.86 -194.
~6.66 -195
-7.%% -195.
-8.25 -196.
-B.71 -196.
-8.91 -197.
-8.89 -197.
-8.71 -198.
-8.46 -1i88.
-8.23 -198.
-8.09 -199.
-8.11 -{399.
5 EX -0
6 xXQ -0

VOLTAGE (VOLTS)

REAL

COOROD.
X

. 1827
.23
.2921
. 3468
L4015

TER
b4

0. 11y

0.024

0.024

-0.02%

-0.02%

-0 11w

0.11%

IMAG .

.80

1.50259€-02-6.91322E-03 9.492%2E+0! 2.52703E+01

-0.
-1
-t
-2.
-3
4.
-5.
-6.
-7.
-8.
-8.
~-8.
-8.
-8.
-8.
-8.
-8.
-8.

.52 0.00000 0.00 LINEAR
13 0.000600 0.00 LINEAR
38 0.00000 0.00 LINEAR
a2 0.00000 0.00 LINEAR
77 0.00000 0.00 LINEAR
B4 0.00000 0.00 LINEAR
60 0.00000 0.00 LINEAR
62 0.00000 0.00 LINEAR
66 0.00000 0.00 LINEAR
66 0.00000 0.00 LINEAR
55 0.00000 0.00 LINEAR
25 0.00000 0.00 LINEAR
7 0.00000 0.00 LINEAR
gl G.00000 0.00 LINEAR
89 0.00000 0.00 LINEAR
N 0.00003 0.00 LINEAR
46 0.00000 0.00 LINEAR
23 0.00000 0.00 LINEAR
03 0.00000 0.00 LINEAR
11 0.00000 0.00 LINEAR
! -0 1.00000£+00 0.
-0 -0 0. a.

= = < ANTENNA [NPUT PARAMETERS - - -

CURRENT

REAL

{AMPS )

[HAG.

- - ~ CURRENTS AND LOCATION - - -

DISTANCES IN WAVELENGTHS

IMPEDANCE  {OHMS)

REAL

2.05736E-01 -58.17
1.96690€-01 -53.13
1 .85395€-01 -47.32
1.72286£-01 -41.75
1.57916E~01 -36.46
1.42926E~01 -31.49
1.2799%€E-01 -26.91
1.13793E-01 -22.79
1.00936E-01 ~19.23
B8.99434E-02 -16.30
B8.11962E-02 -14.02
7.48981E~-02 -12.32
7.10508€E-02 -11.01
6.94329€-02 -9.84%
6.96309E-02 -8.60
v 7.1082%E-02 -7.21
7.31355€-02 -5.72
7.51037E-02 -4.27
7.63166E-02 ~3.08
7.61879€-02 -2.26

0. 0.

0. Q.

ADMITTANCE
IMAG. REAL

.43809E- 11
. 38291E-11
.30884€E-11
.21629€E~-11
L108378-11
.98064€-11
.84l 13E-11
.BS026E- 11
.53086E-11
. 36595E-11
.19879E-11
.03255€~11
.B87033E-11
LTI48BE- 11
.S6897E-11
L43W17E- 1)
.31196E~11
.20316E-11
L107B1E-11
.0256BE-1 1

NN W W WWW S & F &5

(MHOS)
[MAG. (

- - - RECTANGULAR COMPONENTS - - -

IMAG.

REAL

-2.04€-12 -1.87€-12 -3,106~02

3.88E£-02 -7.92£-02

-3.88€£-02 -7.92E-02

-3.88£-02 8.18€-02

3.88£-02 B.19€-02

-2.04E~12 3.31€-02

OF SEG. CENTER SEG. = = = CURRENT (AMPS) - - -

Y Z LENGTH RE AL IHAG . MAG . PHASE
G. 0.1942 0.04682 -9.0550€-04 1.7154E£-03 1.9397€-03 117.829
0. 0.2408 0.04662 -7.8768€-04 |.%063E-03 [.6999€-03 117.60%
0. 0.2875 0.04662 -5.5897€-0% 1.0890E-03 1.2241E-03 117.170
0. 0.3341 0.04662 -2.2827E-04 “.562%E-0v 5.1017€-04 116.%80
0. 0. 0.05470 1.5026E-02 -6.9132E-03 1.6540E-02 -24.707
0. 0. 0.05470 1.3800E-02 -7.4043E-03 1.5661E-02 -28.216
0. g. 0.0847¢ 1.1401E-02 -6.7802€-03 1.326%E-02 -30.740
Q. Q. 0.05470 7.8887€-03 -5.02126-03 9.3512€-03 -32.477
Q. 0. Q.05470 3.2560£E-03 -2.1815€-03 3.8192€-03 -33.821

= = - - SURFACE PATCH CURRENTS - - - -
DISTANCE IN WAVELENGTHS
CURRENT [N AMPS/METER
- - SURFACE COMPONENTS - -
TANGENT VECTOR 1 TANGENT VECTOR 2 X Y

MAG . PHASE MAG . PHASE REAL IMAG. REAL
2.576BE-12 -142.35 4.0330£-02 140.22 O. 0.
8.6315€-02 153.29 8.8850£-02 152.99 0. Q. ~7.71E-02
8.6315E-02 -26.71 8.8850£-02 152.88 0. a. 7.71E-02
B.6312£-02 -26.7! 9.1286E-02 -26.16 0. 0. 7.71E-02
8.6312£-02 153.29 9.1286E-02 -26.16 0. 0. ~7.71E-02
2.6964E-12 -130.9% 4.1814£-02 -37.70 o©. 0. -1.77€-12
1.75336-02 121.83 2.2201E-02 129.65 4.52F-03 -7.4%5£-03 -8.01E-03
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1.29E-02 -1.42E-02

-58.77
-57.52
-56. 04
-B4. 32
-52.37
-50.17
~47. Ty
-45.0%
42,12
-38.93
-35.50
-31.83
-27.92
-23.81
-19.53
-15. 11
~10.861

-6.10

-1.85

PORER
HATTS)

1.502%9€-02-6.913226-03 7.51296£-03

IMAG.

2.58E-02

4.04E-02

Y%.04E-02

-4.02E-02

~4%.02E-02

-2.56E-02

1.71E-02



.078

.078

L1335

.135

.138

L1955

.155

155

.093

.083

L1358

.135

.135

.078

.078

.078

.083

.093

.000

.000

.000

.078

.078

.078

.000

.000

L1358

.078

.078

0.

A7

171

iy

L

IR RA

L

RL

w

£

W

5.

5

w

.7841E-02

.71516E-02

.0213E-02

.BB74E-02

.6710E-02

.5767€-02

.6654E~02

. 3865E-02

. 1670€-02

.3951E-02

B4T77E-03

.5731E-03

.2623e-02

.6163E-03

.2602€-02

.7433E-03

.6061E-03

.7305€E-03

.5923E-03

.8822€-03

.2230e-12

Lli4sE-12

.3315€-12

L T433E-03

.6061E-03

.7305€-03

. 1520€-02

. 1648€-02

.2623e-02

.6163E-03

.2602€-02

. 3865€-02

. 1870E-02

.3851E-02

5923£-03

.88226-03

.6710E-02

.8767€-02

.BE54E-02

L7533E-02

L78%1E-02

141

et

-85.

-87.

87.

103.

87.

55.

€60

55.

-98.

-108.

34

34

3.

a2

4]

e

37.

143

1S

142,

-157.

-158.

-157

26.

~14s.

- 145,

145

~124.

-113.

-124.

7.

-92.

-76.

-9e.

-58.

-38.

.92

.84

O4

64

.49

62

g0

.28

.2%

42

42

.56

44

27

.29

.e2

78

58

[

.56

.48

24

75

.58

36

Se

38

6

6.

6.

6.

2.

.3236£-03

.3097€-02

. 3922E-11

LMY OuE- T

.22256-03

.3328E-03

B8118E-03

.7980€-03

.3310£-03

.2807E-03

.5574E-02

.S542€-02

.5698E-032

.3372€-03

.B442E-03

.2066E-03

L 3441E-03

.24 15€-03

.3634E-02

.3609€-02

.2242€-03

.3471E-03

. 3064E-03

.2066€£-03

L34%1E-03

2415€-03

.0306E-12

L17B1E-12

.5698£-03

.3372€-03

.B442E-03

.7980€-03

.33210€-032

.2807e-032

.3634E-Q2

.36808€-02

2eaSe-03

.3328£-03

.8118e-03

2201E-02

-3236E-03

-45.71

-60.62

121.30

106. 04

-56.50

89.81

-31.00

70.79

-108.24

179.32

5.05

-179.29

3.20

6.27

8.7

-4t .2y

178.48

3.08

-179.29

3.20

159.12

-21.29

179. 32

89.81

~31.00

~iut.26

18.76

106. 0%

-56.50

129.65

2.35

L4BE-02

.62E-03

.75E-03

.52E-04

LRTE-04

.18E-03

L4 3E-0u

.88E£-03

. 75E-03

.88€£-03

.11E-03

.55€-03

.03€-03

.88£-03

.00E-03

.12E-03

.61E-03

L11E-03

.20E-02

.15E-02

.oge-21

L18E-22

.08E-21

.12E-03

LBIE-03

.1IE-03

L1sE-02

.QuE-02

.03E-03

.BBE-Q3

.Q0E-03

.8BE-03

L75E-03

.88E-03

.20E-02

S15€-02

L27E-(n

. 1SE-03

S43E-04%

.62E-03

.48E~02
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-1.16E-02

-7.44E-03

-2.01E-02

~1.68E-02

-1.45E-02

-1.33E-02

-1.4uE-02

-1.15€-02

-1.02e-02

-1.15E-02

-1.75€-02

~-1.58E-02

-6.16E-03

~4.69€-03

-6.17€-03

-1.29€-03

-1.03E-03

-1.28E-03

-7.54E£-03

-9.1BE-03

7.80E-22

.53E-21)

8.27e-2¢2

-1.29€-03

-1.03E-03

-1.28E£~-03

-1.80€-03

-5.15€£-03

-6.16£-03

-4.69€-03

-6.17€-03

-1.15€-02

-1.02E-02

-1.15E-02

-7.54%£-03

-9.16£-03

~1.45E-02

-1.33E-02

-1.44E-02

-7.%3E£-03

-1.16E-02

.57E~-02

.00E-03

.83E-12

L4BE-12

.B2E -0

.84£-03

CTIE-Q4

L08E-12

.9BE-13

.UsE-12

.40E-03

.24E-0O4

.22E£-03

.97E-03

.206-03

.40E-03

.52E-03

.38€-03

.82E-04

.25E-03

.58E-12

CTSE-12

.B5E-12

.40E-03

.52E-03

.33E-03

.83e-12

.33E-12

.22e-03

.97e-03

.20E-03

L3ee~-12

JIBE-12

C32E-12

.82E-0u4

.25E£-03

.62E-04

.B4E-03

.TIE-0O4

.01E-03

.S7E-02

.0lE-02

.29E-02

L21E-11

L23E-11

.35€-03

.67£-03

.32€-03

.60E-12

MIE-T2

.5%E-12

. 33E-04

.9B8E-03

.55E-03

CTIE-03

.56E-03

.23E-03

.78E-03

.22e-03

.00E-03

.18€£-03

.83E-12

.72E-12

.02E-12

.23E-03

.78E-03

.22E-03

.86E-12

.27E-12

.55E-03

.TIE-03

.56E-03

.32E-1e

.S7E-12

.32E-12

-00E-03

L IBE-03

.35€-03

.67E-03

.32£-03

.29€-02

.01E-02

i

o

W

.72€-03

.32E-03

.76E-03

.84£-06

.33E-03

.95E-032

.57€-03

.33e-03

.63e-03

.21E-03

.34€-03

.20E-03

.22E-03

.35£-03

.30E-03

.21E-03

.I4E-03

.20E-03

.57E-03

.33£-03

.B3E-03

.84E-06

.33e-03

.95E-03

LT2E-03

.33E-03

.76£-03

L42E-02

.32€-03

.326-03 5.

.BlE-02 -1.

~

[s4]

43E-05

65€-02

.98E-03

.52E-05

.6BE-03

.B0E-03

.93E-05

L17E-03

.B6E-05

.65€-05

.21E-0u4

L 18E-08

.S1E-05

.BIE-DY4

L12E-04

.1B8E-05

. 34E-04

.18E-05

.51E-05

.BIE-O%

.86E-05

.65E-05

.ClE-O%

.80E-03

.93E-05

.17E-03

.98E-03

.52E-05

.68E-03

.T1E-02

LH3E-05



w9

0.135 -0.078 -0.114 }.7516E-02 -58.17 2.3097€-02 -45.71 4.62€-03 -7.44E-03 9.00£-03 -1.29€-02 1.61£-02 -1.65E-02
50

0.054 -0.093 0.171 9.5477£-03 -98.11 1.5574€-02 -109.22 -5.11E£-03 -1.75E-02 -1.40€E-03 8.33e-0% 0. Q.
2?05% -0.083 -0.17! B.5731£-03 -109.90 1.5542E-02 70.76 -5.55£-03 -1.5BE-02 -B6.24E-0% -1.98€-03 0. 0.
2?026 0.026 0.!7t 2.0111E-02 -97.14 8.6900€-03 -62.33 -2.50€-03 -2.00E-02 +.04£-03 -7.70E-03 O. 0.
*3?026 0.026 0.171 1.2974E-02 -174.05 8.9442E-03 -64.51 -1.2%€-02 -1.3%E-03 3.85£-02 -8.07€-03 0. 0.
-33026 -0.026 0.171 1.2974€-02 -17%.0% 8.9%42E-03 115.49 -1.29E-02 -1.35%€-03 -3.8%£-03 8.07€-03 0. 0.
55

0.026 -0.026 0.171 2.0111E-02 -97.14 B8.6900E-03 117.67 -2.50E-03 -2.00£-02 -%.04€-03 7.70E-03 0. G.
56
0. 0. -0.171 1.308BE-02 -126.31 4. 7378€-12 85.35 -7.7%E-03 -1 .0%€-02 -3.84€-13 -4.72€-12 0. 0.
- - - POWER BUDGET - - -
INPUT POWER = 7.5130E~03 WATTS
RADIATED POWER= 7.5130E-03 WATTS
STRUCTURE LOSS= 0. HATTS
NETWORK LOSS = 0. HATTS
EFFICIENCY = 100.00 PERCENT
=~ = - |SOLATION DATA - - -
- - COUPLING BETWEEN - - MAX [ MUM - - - FOR MAXIMUM COUPLING - - -
SEG. SEG. COUPL ING LOAD [MPEDANCE (2ND SEG.) INPUT [MPEDANCE
TAG/SEG. NO. TAG/SEG. NO. (08) REAL IMAG. REAL IMAG,
! t 1 2 ] 5 -13.709 5.58248E£+0]1 -2.06383E+01 1.82293E+01 -1.16438E+02
esces DATA CARD NO. 7 EN -0 -0 -0 -0 0. 0 0 0. 0 0
RUN TiIME = 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-
2 . . . .
lengths (0/A7). Example 8 is a stick model of an aircraft as shown in

figure 19.

(24, 29.9, 0)

k *inc
E
y _ N
| -7
//
(2, 11.3, 0) . inc
¢
(6, 0, 0) (44, 0, 0)
(0, 0, 0) > (68, 0, 0)
\Taﬂ from (6, 0, 0)
to (2, 0, 10)
(2, -11.3, 0)

Coordinates in meters

(24, -29.9, 0)

Figure 19. Stick model of aircraft.
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Examples 7 and 8 Input

{

CHSAMPLE PROBLEMS FOR NEC - SCATTERING BY A WIRE.
CH 1. STRAIGHT WIRE - FREE SPACE

CH 2. STRAIGHT WIRE - PERFECT GROUND

CH 3. STRAIGHT WIRE - FINITELY CONOUCTING GROUND

CE (SIG. =1 .E-4 MHOS/M., EPS.=6.)

GW O 15 -55. G. 10. 55. a. 10. .01
GE

FR 0 1 a 4] 3.

EX i 2 i 4] 0. g. 0. 45, 0.
RP 0O -4 I 1000 0. 0. “s. g.

OGN

EX 1 i t 0 45, g. a.

RP O 19 1 1000 30. 0. -10. 0.

OGN 6. 1.000€-04

RP 0 18 1 1000 30. Q. -10. a.

NX

CHMSAMPLE PROBLEM FOR NEC
CESTICK MODEL OF AIRCRAFT - FREE SPACE

GW 1 1 g. 0. 0. 6. 0. Q. 1.
GW 2 6 6. 0 G. Y4 0. 0. L.
Gk 3 4 LLN 0 a. &68. 0. 0. L.
GH % [} 84 . 0 Q. 24 2%8.9 0. .
oW 5 6 AL 0 0. -4 -29.8 0. i
Gl 6 2 6. 4] g. a. 11.3 0. T,
GH 7 2 8. 0 0. 2. -3 Q. .
GW 8 2 6. 0 a 2. 0. 10. 1.
GE

FR 0 t g ¢ 3

£x 1 t l 4] 0. 0. 0.

RP 0O 1 t 1000 0. g. 0.

EX 1 1 1 a 90. 30. -90.

RP 0O 1 I 1000 90. 30.

EN
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Examples 7 and 8 Output

T8 2P P00LE0P0O0L00000008 800D OO OO 0D

NUMERICAL ELECTROMAGNETICS CODE

PBEONOI DO P0000S0BO0CIB00R0EOEDOED L

- - - - COMMENTS - - - -
SAMPLE PROBLEMS FOR NEC - SCATTERING BY A WIRE.
1. STRAIGHT WIRE - FREE SPACE
2. STRAIGHT WIRE - PERFECT GROUND

3. STRAIGHT WIRE - FINITELY CONDUCTING GROUND
(SICG.=].£-4 MHOS/M., EPS.=B6.)

- - - STRUCTURE SPECIFICATION - - -
COORDINATES MUST BE [INPUT IN
METERS OR BE SCALED TO METERS
BEFORE STRUCTURE INPUT [S ENDED
WIRE NO. OF FIRST LAST
NO. X1 Yi 24 xe Ye 2 RADIUS SEG. SEG. SEG.
I -55.00000 0. 10.00000 55.00000 0. 10.00000 0.01000 15 1 15
GROUND PLANE SPECIFIED.
WHERE WIRE ENDS TOUCH GROUND, CURRENT WILL BE INTERPOLATED T0 IMAGE [N GROUND PLANE .
TOTAL SEGMENTS USED= 15 NO. SEG. IN A SYMMETRIC CELL= 15 SYMMETRY FLAG= 0
= MULTIPLE WIRE JUNCTIONS -

JUNCT {ON SEGMENTS (- FOR END |, + FOR E£ND 21
NONE

~ - = - SEGMENTATION DATA - - - -
COORDINATES IN METERS

le AND - INDICATE THE SEGMENTS BEFORE AND AFTER |

SEG. COORDINATES OF SEG. CENTER SEG. ORIENTATION ANGLES HIRE CONNECTION DATA TAG
NO. X Y Z LENGTH ALPHA BETA RADIUS - I te NO.

I -51.33333 0. 10.00000 7.33333 0. o. 0.01000 0 ! 2 4]

2 -44.00000 C. 10.00000 7.33323 0. c. 0.01000 i 2 3 0

3 -35.66667 0. 10.00000 7.33333 0. 0. 0.01000 2 3 Y4 o]

4 -29.33333 0. 10.00000 7.33333 0. 0. 0.01000 3 Y 5 s}

5 -22.00000 0. 10.00000 7.33333 0. 0. 0.01000 b 5 6 0

6 -14.66667 0. 10.00000 7.33333 0. 0. 0.01000 5 6 7 0

7 -7.33333 0. 10.00000 7.33333 0. 0. 0.01000 & 7 8 0

€ -0.00000 a. 10.00000 7.33333 0. G. 0.01000 7 8 g o

g 7.33333 0. 10.00000 7.33332 0. 0. 0.01000 8 9 10 0

10 14.66667 0. 10.00000 7.33333 0. G. 0.01000 E] 10 11 0

It 22.00000 Q. 10.00000 7.33332 G. c. 0.01000 10 tl 12 4]

g 29.33333 0. 10.00000 7.33333 a. a. 0.01000 H 12 13 0

13 36.66667 0. 10.00000 7.33333 G. 0. 0.01000 12 13 I4 0

1% 44.00000 0. 10.00000 7.33333 0. g. 0.01000 13 14 15 0

15 51.33333 0. 10.00000 7.33332 0. 0. 0.01000 14 15 0 0
seece DATA CARD NO. | FR ¢} ! 0 G0 3.00000E+00 0. 0. 0. 0.
eeeee DATA CARD NO. 2 EX 1 2 1 0 0. 0. 0. 4.50000€+01 0.
eesee DATA CARD NC. 3 RP 0 2 11000 O. 0. %.50000£+01 0. 0.
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e - FREQUENCY - ~ - - - -

FREQUENCY= 3.0000E+00 MHZ
HAVELENGTH= 9.9933£+01 METERS

APPROXIMATE [INTEGRATION EMPLOYED FOR SEGMENTS MORE THAN 1.000 WAVELENGTHS APART

- = - STRUCTURE IMPEDANCE LOADING - - -

THIS STRUCTURE 1S NOT LOADED

~ - - ANTENNA ENVIRONMENT - - -
FREE SPACE

- - - MATRIX TIMING - - -

FltL= 0.083 SEC.. FACTOR= 0.010 SEC.

= - - EXCITATION - - -

PLANE WAVE THETA= a. DEG. PHI= 0. DEG, ETA= 0. DEG. TYPE -LINEAR=

= - - CURRENTS AND LOCATION - - -

CISTANCES IN WAVELENGTHS

AXIAL RATIO=-Q.

SEG. TAG COORD. OF SEG. CENTER SEG. = = = CURRENT (AMPS) - - -
NO . NO . X Y Z LENGTH REAL THAG. MAG . PHASE
! 0 -0.5137 0. 0.100! 0.07338 -8.8823t-04 2.5672E-03 2.7165€-03 109.085
4 0 -0.4403 g. 0.1001 90.07338 1.5984€-03 2.1979€-03 2.7176£-03 53.978
3 G -0.3669 0. 0.1005 0.07338 8.8156E-03 -4.2490£-03 9.7861£-03 -25.73y
4 0 -0.293% 0. 0.1001" 0.07338 1.9216£-02 -1.4937€-02 2.4338E-02 ~-37.85%9
5 0 -0.2201 0. 0.1001 0.07338 3.0734E-02 -2.7408€-02 4.11B0E-02 -41.726
8 0 -0.14868 Q. 0.1001 0.07338 4. 1101E-02 -3.8922€-02 5.6605E-02 “43.440
7 0 -0.0734 0. 0.100t 0.07338 4.8271E-02 -4.6991E-02 6.7367E-02 -44.230
8 ¢ -0.0000 0. 0.100¢1 0.07338 5.082%€-02 -+.9887E-02 7.1220£-02 -4 4eY
g 0 0.0734 a. 0.1001 0.07338 4.8271E-02 ~4.6991€£-02 6.7367€-02 -4t 230
10 2] 0.1468 0. 0.1001 0.07338 4. 1101E-02 -3.8922£-02 5.6605€-02 -43.440
n ] 0.2201 Q. 0.1001 0.07338 3.0734€-02 -2.740BE~02 w.)180E-02 ~41.726
12 0 0.283% 0. 0.1001 0.07338 1.9216E-02 -1.4937€-02 2.43386-02 ~37.859
13 0 0.3668 0. 0.1001 0.07338 B.8156E-03 -4.2490£-03 9.7861E£-03 -25.734
14 o} 0.4403 0. 0.1001 0.07338 | .5984£-03 2.1979-03 2.7176E-03 53.975
15 0 0.5137 0. 0.100t 0.07338 -8.8823E-04 2.5672E-03 2.7165E-03 109.085
b
T - - RADIATION PATTERANS - - -
- = ANGLES - - - POWER GAINS - - - - POLARIZATION - - - - - - E(THETA) - - - = - - E(PHI}
TRETA PHI VERT. HOR . TOTAL AXTAL TILT SENSE MAGN! TUDE PHASE MAGN I TUDE
DEGREES DEGREES 0B o8 08 RATIO DEG. VOLTS/M DEGREES VOLTS/M
0. 0. -12.86 -999.99 -12.86 0. 0. LINEAR 6.41322£+00 -95.23 0.
45.00 0. ~18.33 -999.99 -18.33 0. Q. LINEAR 3.41557€+00 -108.66 0.
- - - EXCITATION - - -

PLANE WAVE THETA= 45,00 DEG, PHI= 0. DEG. ETAs= 0. DEG, TYPE -LINEAR=
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- - - CURRENTS ANO LOCATION - - -

OISTANCES IN WAVELENGTHS

SEG. TAG  COORD. OF SEG. CENTER SEG. . - - CURRENT (AMPS) - - -
NO . NO. X Y z LENGTH RE AL IMAG. MAG . PHASE
! 0 -0.5137 O. 0.1001 0.07338 -1.4018€-02 -2.6706£-02 3.0162€-02 -117.695
2 0 -0.4403 0. 0.1001 0.07338 -3.9114E-02 -6.9420E-02 7.9681E-02 -119.398
3 0 -0.3863 0. 0.1001 0.07338 -5.8271€-02 -9.69996-02 |.1316E-01 -120.935
Y 0 -0.2935 0. 0.1001 0.07338 -6.7872E-02 -1.0687E-01 1|.2660E-01 -122.420
5 0 -0.2201 0. 0.1061 0.07338 -6.5359€-02 -9.8633€-02 1.18326-01 -123.530
§ 0 -0.1468 O. 0.1001 0.07338 -5.0273E-02 -7.4958E-02 9.0256£-02 -123.849
7 0 -0.073M 0. 0.1001 0.07338 -2.45286-02 -4.1065£-02 4.78326-02 -120.850
8 0 -0.0000 O. 0.1001 0.07338 7.8285E-03 -3.6791£-03 B.6499E-03 -25.172
s 0 0.073 0. 0.1001 0.07338 4.1295E-02 3.0302E-02 5.12206-02 36.271
1o 0 0.l468 0. 0.1001 0.07338 6.9910E-02 5.5139€-02 8.90376-02  38.263
i o 0.2201 0. 0.1001 0.07338 8.8355£-02 6.7301€-02 1.1107€-01  37.297
12 J 0.2935 0. 0.1001 0.07338 9.295BE-02 6.6029E-02 1.I1402E-01  35.386
13 0 0.3663 O. 0.1001 0.07338 8.2371€-02 5.3309€-02 3.8116£-02 32.910
™ 0 0.4403 0. 0.10061 0.07338 5.7746£-02 3.3261£-02 6.6640€-02 29.941
s 0 0.5137 0. 0.1001 0.07338 2.18206-02 1.0871£-02 2.437BE-02  26.483
- - - RADIATION PATTERNS - - -
- - ANGLES - - ~ POWER GAINS - ~ - - POLARIZATION -~ - - - - - E{THETAY - - - - = - E{PH]}
THETA PHI VERT.  HOR. TOTAL AX 1AL TILT  SENSE MAGN | TUDE PHASE MAGN | TUDE
DEGREES DEGREES 08 08 08 RATIO DEG. VOLTS/M  DEGREES VOLTS/M
0. 0. -18.38 -999.99 -18.38  O. 0. L INEAR 3.39892E+00 ~-108.66 0.
w5.00 0. -10.40 -999.99 -10.40 0. 0. LINEAR  8.51376E+00  71.99 a.
essos DATA CARD NO, 4 OGN 1 -0 -0 -0 0. 0. 0. 0. 0.
sesos DATA CARD NO. 5 EX | ! | 0 4.50000E+01 0. G. 0. 0.
seces DATA CARO NO. 6 RP O 19 | 1000 9.00000E+01 O. -1.00000E+01 0. 0.
- - - STRUCTURE [MPEDANCE LOADING - - -
THIS STRUCTURE 1S NOT LOADED
- - - ANTENNA ENVIRONMENT - - -
PERFECT GROUND
- - - MATRIX TIMING - - -
FlLL= 0.142 SEC., FACTOR= 0.010 SEC.
- - - EXCITATION - - -
PLANE WAVE THETA= 45.00 DEG. PHI= Q. DEG, ETA= 0. DEG, TYPE -LINEAR= AXIAL RATIO=-0.
- - - CURRENTS AND LOCATION - - -
DISTANCES IN WAVELENGTHS
SEG. TAG  COORD. OF SEG. CENTER SEG. - - - CURRENT (AMPS) - - -
NO.  NO. X Y b4 LENGTH REAL IMAG. MAG. PHASE
] 0 -0.5137 0. 0.1001 0.07338 9.6565£-03 -2.22016-028 2.4211€-02 -66.493
2 0 -0.4403 0. 0.1001 0.07338 2.31896-02 -6.0450E-02 6.4745£-02 -69.013
3 0 -0.3869 0. 0.1001 0.07338 2.9766€-02 -8.8238£-02 9.3124E-02 -71.359
“ 0 -0.2935 O. 0.1001 0.07338 2.9989€-02 -1.0121€-01 1|.0556E-01 -73.49%
s 0 -p.2201 O. 0.1001 0.07338 2.5316E-02 -9.6764€-02 |.0002E-01 -75.338
6 0 -0.1468 0. 0.1001 0.07338 1.7996€-02 -7.5365€-02 7.74BME-02 -76.569
7 0 -0.073% 0. 0.1001 0.07338  1.0530E-02 -4.0581E-02 4.1925€-02 -75.454
& 0 -0.0000 O. 0.1001 0.07338 5.0481E-03 1.5152€-03 5.2706£-03  16.708
9 0 0.073% 0. 0.1001 0.07338 2.82756£-03 4.3477E-02 4.3569E-02  86.279
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10 J Q.1468 Q. 0.1001 0.07338 4.0010E-03 7.7881E£-02 7.7984E£-02 87.058

1 0 0.2201 0. 0.1001 0.07338 7.56106-03 9.8725€-02 9.9014€£-02 85.620

4 0 0.293% 0. 0.1001 0.07338 1.163%E-02 1.0254£-01 1.0320£-01 B83.524

13 0 0.3669 0. 0.100} 0.07328 1.3996€-02 8.8879E-02 9.0073E-02 81.061

1Y a 0.4403 0. 0.100! 0.07338 1.2582€-02 6.0735€-02 6.2024£-02 78.296

15 0 0.5137 0. 0.1001 0.07338 5.8541E-03 2.2237€E-02 2.299%£-02 75.251
- - - RADIATION PATTERNS - - -

- - ANGLES - - - POWER GAINS - -~ = = POLARIZATION - - - - - - E(THETA) - - -
THETA PHI VERT . HOR . TOTAL AXTAL TILT SENSE MAGNI TUDE PHASE
DEGREES DEGREES D8 -] o8 RATIO DEG. VOLTS/M DEGREES
30.00 0. -998.99 -999.99 -999.99 0. Q. 3.51915E-22 -175.%0
80.00 0. -36.78 -999.99 ~36.78 0. 0. LINEAR 4.08377€-01 -175.53
70.00 o. -24.91 -999.99 -24.81 g. 0. LINEAR 1.60223E+00 ~17%.47
60.00 a. -18.29 -999.89 -18.29 c. 0. LINEAR 3.43161E+00 -175.38
50.00 G. -i4.20 -999.99 -i4.20 Q. 0. LINEAR 5.49963E+00 -175.26
4%0.00 0. -12.00 -999.99 -12.00 0. 0. LINEAR 7.08347e+00 -175.08
30.00 0. -11.77 -993.89 -11.77 0. 0. LINEAR 7.27018E+00 -174.81
20.00 a. -14.39 -899.99 -14.39 0. 0. LINEAR 5.37322£+00 -179.28
10.00 0. -25.57 -9939.98 -25.57 0. 0. LINEAR 1.485126+00 -170.99

0. 0. -18.38 -999.99 -18.38 0. a. LINEAR 3.39530E+00 3.10
-10.00 c. -11.31 -999.99 -11.31 0. Q. LINEAR 7.66714E£+00 .34
-20.00 0. -8.98 -899.99 -8.98 0. 0. LINEAR 1.00250E+0! 4.77
-30.00 Q. -8.95 -999.99 -8.95 0. 0. L INEAR 1.00632E+01 5.06
~40.00 g. -10.80 -999.99 -10.60 g. 0. LINEAR 8.31601E+00 5.29
-50.00 o. -13.78 -999.99 -13.78 0. 0. LINEAR 5.77192E+00 5.48
-60.00 0. -18.59 -999.93 -i8.59 g. o. LINEAR 3.31792€+00 5.68
-70.00 0. -25.71 -999.99 -25.71 0. 0. LINEAR 1. 46030E+00 5.83
-80.00 0. -37.90 -999.99 -37.90 Q. 0. LINEAR 3.59178BE-01 5.92
-90.00 0. -993.99 -999.99 -993.99 g. 0. 3.05565€-22 5.99
eeese DATA CARD NO. 7 GN -0 -0 -0 -0 6.00000E+00 1.00000E-O4 0. 0.
eeses DATA CARD NO. B8 RP 0 13 ! 1000 9.00000E+0! O. ~-1.00000E+01 O.

- = - STRUCTURE IMPEDANCE LOADING - - -
THIS STRUCTURE IS NOT LOADED
- - - ANTENNA ENVIRONMENT - - -
FINITE GROUND. REFLECTION COEFFICIENT APPROXIMAT{ON
RELATIVE OIELECTRIC CONST.= §.000
CONDUCTiViTY= | QO0E~0% MHOS/METER
COMPLEX DIELECTRIC CONSTANT= 6.00000€£+00-5.99200£-01
- - - MATRIX TIMING - - -
FllL= Q0.154 SEC., FACTOR= 0.010 SEC.
- - - EXCITATION ~ - -
PLANE WAVE THETAx 45.00 DEG, PHI= g. OEG., ETA= g. OEG. TYPE -L INEAR=
= - = CURRENTS AND LOCATION - - -
DISTANCES [N WAVELENGTHS
SEG. TAG COORD. OF SEG. CENTER SEG. = = - CURRENT (AMPS) - - -
NO. NO . X Y b4 LENGTH REAL IMAG. MAG . PHASE
1 0 -0.5137 0. 0.1001 0.07338 -7.4247€-03 -2.3807€-02 2.4T4TE-02 -107.489
e 0 -0.w403 Q. 0.100! 0.07338 -2.1836£-02 -6.1962£-02 6.5697E-02 -109.413
3 0 -0.3663 0 0.1001 0.07338 -3.3971E-02 -8.7376E-02 9.374BE-02 -111.245

- - - E(PHD)

MAGN [ TUDE

DO0OOOLVOLDOOODOODDOOO0DOOO

vOLTS/M

AX{AL RAT[O=~0.

PHASE
DEGREES

C)OC)C:)OO(D(DQC?!C)C)(D(DOOOOfD



- - ANGLES - -

THETA

COODOOoOCOoOO0O00 00

-0
-0

-0.
L0734
.0000
L0734
. 1468
.2eg0l
.293%
. 3669
.4403
L5137

-0

OO o0oo 0o

PH

.2935
.2201

1468

DEGREES DEGREES

OO0 O0ORUOOOLOOOOOOOOOo

seces DATA CARD NO.

COO0OOOCOoOOOO0 OO0

VER
o8
-998.
-21.
-17.
~-15.
-13.
-1e.
-13.
-16.
-27.
-18.
-12.

-10.
-l
~13.
-i5.
-18.
-e2.
-999.

]

T.

NX

0.100f 0.07338 -%.1013E-02 -9.7068E-02 1.0538E-01 ~-112.905
0.1001 0.07338 -4.0667E£-02 -9.0199E-02 ©.8942E-02 -11%.268
0.1001 0.07338 -3.1928E-02 -6.8766E-02 7.5817€-02 -114.905
0.1001 0.07338 ~-1.5433£-02 -3.7267€-02 4.0336E-02 -112.486
0.1001 0.07328 6.5278€-03 -1.8009€-03 6.7717£-03 -15.423
0.1001 0.07328 3.0350E-02 3.1125E-02 4.3473E-02 45.723
0.1001 0.07338 5.1732€-02 5.5858E-02 7.6134E-02 47.197
0.1001 0.07338 6.6473E-02 6.8652E£-02 9.S5B1E-02 45,924
0.1001 0.07338 7.1286E-02 6.8296E-02 9.8722£-02 43.773
0.1001 0.07338 B.4446E-02 5.8217E-02 8.5520£-07 41.099
0.1001 0.07328 4.6116E-02 3.6001E-02 5.8504E-0c 37.978
0.1001 0.07328 1.7790E-02 1.2195E-02 2.196BE-02 34.432
- - - RADIATION PATTERNS - - -
POWER GAINS - - - - POLARIZATION - - - - - -~ EXTHETAY - - -
HOR . TO0TAL AXTAL TILT SENSE MAGN | TUDE PHASE
<] 0B RATIO DEG. VOLTS/M DEGREES
-999.939 -999.39 0. c. 1.06260E-10 -125.89
-999.89 -21.13 0. 0. LINEAR 2.47653E+00 57.80
-999.99 -17.33 0. 0. LINEAR 3.83340£+00 66.56
-999.98 -15.22 0. 0. L INEAR 4.89061E+00 78.865
-998.99 -13.63 0. 0. LINEAR 5.86890E+00 g1.02
-999.99 -12.74 G. 0. L INEAR 6.50031E+00 101.35
-999.98 -13.18 0. Q. LINEAR 6.17874E£+00 109. 14
-999.99 -16.17 0. 0. L INEAR “4.38120E+00 115.33
-993.83 -27.81 0. 0. LINEAR 1. 14676€+00 129.38
-999.99 -18.82 0. 0. L INEAR 2.87841E+00 -70.02
-989.99 -12.82 0. 0. LINEAR 6.3684SE+00 -67.00
-999.99 -10.50 0. 0. LINEAR 8.41416£+00 -88.17
-998.99 -i0.18 g. 0. LINEAR 8.73340E+00 -71.81
-993.89 -11.20 0. a. LINEAR 7.76343E+00 -78.11
-99g9.99 -13.08 0. Q. LINEAR 6.25538£+00 -87.34
-993.93 -15.38 0. 0. LINEAR 4.79950€+00 -98.85
-999.88 -18.01 0. 0. L INEAR 3.54703€+00 -110.27
-999.99 -22.1! 0. 0. L INEAR 2.21045E+00 -118.80
-999.939 -999.93%8 0. 0 9.363821£-11 57.85
-0 -0 -0 -0 0 0 0 0
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WIRE NO. OF
NO. Xt Y Z1 X2 Ye z2 RAQIUS SEG.
1 0. 0. 0. 6.00000 g. 0. 1.00000 1
2 6.00000 Q. Q. 44.00000 Q. 0. t.00000 &
3 44.00000 q. 0. 68.00000 0. 0. 1.00000 Y
Y 44.00000 g. Q. 24.00000 29.90000 g. 1.00000 )
5 44.00000 g. 0. 24.00000 -29.90000 G. 1.00000 3
6 6.00000 Q. 0. 2.00000 11.30000 a. 1.00000 2
7 6.00000 g. 0. 2.00000 -11.30000 0. t.00000 2
8 6.00000 0. 0. 2.00000 9. 10.00000 1.00000 2
TOTAL SEGMENTS USED= 29 NO. SEG. IN A SYMMETRIC CELL= 29 SYMMETRY FLAG= 0
~ MULTIPLE WIRE JUNCTIONS -
JUNCTION SEGMENTS (-~ FOR END |, + FOR END 2)
! ! -2 -2% -26 -28
2 7 -8 -2 -18
= = - - SEGMENTATION DATA - - - -
COCRDINATES IN METERS
I+ AND 1- INDICATE THE SEGMENTS BEFORE AND AFTER |
SEG. COORDINATES OF SEG. CENTER SEG. ORIENTATION ANGLES WIRE CONNECTION DATA
NO. X Y Z LENGTH ALPHA BETA RADIUS i~ 1 I+
i 3.00000 0. 4] 6.00000 Q. 0. 1.00000 0 ! 2
2 3 16667 0. 0 6.33333 0. 0. 1.00000 -24 e 3
3 15.50000 0. 0 6.33333 0. Q. 1.00000 2 3 4
“ 21.83333 0. G 6.33333 0. Q. 1.00000 3 4 5
5 28.16667 0. Q 6.33333 0. 0. 1.00000 4 5 6
6 34.50000 a. 0 6.33233 g. 0. 1.00000 5 [} 7
7 40.83333 0. 0 6.33333 0. 0. 1.00000 8 7 8
8 47.00000 0. ¢} 6.00000 0. 0. 1.00000 ~le 8 S
9 $53.00000 0. 0 6.00000 0. 0. 1.00000 8 9 10
10 58.00000 Q. 0 6.00000 c. 0. 1.00000 2] 10 1
11 85.00000 0. [ 6.00000 0. 0. 1.00000 10 11 0
12 42.33333 2.49167 0 5.99539 0. 123.77842 1.00000 -18 12 13
13 39.00000 7.47500 0 5.99539 0. 123.77842 1.00000 12 13 I
14 3%.666867 12.45833 a. 5.99533 0. 123.77842 1.00000 13 iy i5
1S 32.33333  17.441867 0. 5.99539 0. 123.77842 1.00000 1A 15 16
16 29.00000 22.42500 0 5.99539 0. 123.77842 1.00000 1S 16 17
17 25.66667 27.40833 0 5.99539 0. 123.77842 1.00000 18 17 0
18 42.33333 -2.49167 0 5.99539 0. ~123.77842 1.00000 7 18 19
19 39.00000 -7.47500 0 5.99539 0. ~123.77842 1.00000 18 19 20
20 35.66667 -12.45833 Q 5.99539 0. -123. 77842 1.00000 18 20 21
21 32.33333 -17.44167 0 5.995339 0. ~123.77842 1.000¢c0 20 21 22
22 29.00000 -22.42500 [¢] 5.99539 0. -123.77842 1.00000 21 a2 23
23 25.66667 -27.40833 0 5.99539 0. -123.77842 1.00000 22 23 0
24 5.00000 2.82500 4] 5.99354 0. 109.43306 1.00000 -26 24 4]
25 3.00000 8.47500 1] 5.99354 g. 109.438308 1.00000 24 25 0
26 $5.00000 -2.82500 0 5.99354 0. -109.49306 1.00000 -28 26 27
27 3.00000 -8.47500 0. 5.99354 0. ~109.49306 1.00000 26 27 0
28  5.00000 a. 2.50000 5.38516 68.19853 180.00000 1.00000 1 28 29
29 3.00000 0. 7.50000 5.38516 68.19853 180.00000 1.00000 28 29 0

$0080000000000000000090 8302500886808 64

NUMERICAL ELECTROMAGNETICS CODE

05000009 00800000080808000884360080000

- - - - COMMENTS - - - -

SAMPLE PROBLEM FOR NEC
STICK MODEL OF AIRCRAFT - FREE SPACE

- STRUCTURE SPECIFICATION - - -

COORDINATES MUST 8E

INPUT

IN

HMETERS OR BE SCALED 10 METERS
BEFORE STRUCTURE INPUT [S ENDED
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eesse DATA CARD NO. 1} FR 0 i 4] 0 3.00000E-00

seses DATA CARD NO. 2 EX | ! ! o 0.
seees DATA CARD NO. 3 RP O | 1 1000 ©.
—————— FREQUENCY - - -

FREQUENCY= 3.0000E+00 MHZ

L ]

WAVELENGTH= 9.9933E+01 METERS

APPROXIMATE INTEGRATION EMPLOYED FOR SEGMENTS MORE THAN

- - - STRUCTURE IMPEDANCE LOADING - - -

THIS STRUCTURE 1S NOT LOADED

~ - - ANTENNA ENVIRONMENT - - -

FREE SPACE

- - - MATRIX TIMING - -~ -

FltL= 0.288 SEC., FACTOR= 0.062 SEC.

- - - EXCITATION - -

PLANE WAVE THETA= 0. OEG., PHI= a. DEG, ETa=

- =~ = CURRENTS AND LOCATION - -

DISTANCES [N WAVELENGTHS

SEG. TAG COORD. OF SEG. CENTER SEG. - -
NO. NO. X Y 4 LENGTH REAL

1 i 0.0300 0. 5] 0.068004 1.49397E-03
e 2 0.0917 0. 0 0.06338 3.2096E-02
3 2 0.1551 0. o] 0.06338 3.7966E-02
4 2 0.2185% 0. 0 0.06338 4.429%€-02
5 2 0.c818 0. 1) 0.063238 4.934eE-02
6 2 0.3482 0. 0 0.06338 5.2034E-02
7 2 0.4086 0. 0 0.086338 5.1837e-02
e 3 0.4703 o. o 0.06004% 2.0877e-0t
3 3 0.5304 g. 0 0.06004 1.784%4E-01
10 3 0.5904 Q. 0 0.0600% 1.2813€-01
1 3 0.6504 0. 0 0.0800% 5.9205€-02
= “ 0.4236 0.0248 0 0.05998 -8.3233E-02
13 4 0.3303 0.0748 0 0.05899 -8.3106£-02
T4 4 0.3568 0. 1247 0. 0.05998 -7.6169€-02
15 Y 0.3235 0.1748 0. 0.05998 -6.2519€-02
16 Y 0.2902 0.2244 0 0.059938 -4.3490£-02
17 4 0.2568 0.2743 ¢} 0.05999 -1.9544E-02
18 5 0.4236 -0.0248 ¢ 0.05998 -8.3233E-02
19 5 0.3903 -0.0748 0 0.05898 -B.3106E-02
20 5 0.3569 -0.1247 0 0.0%5999 -7.6169€~02
2l 5 0.3235 ~0.1745 s} 0.05998 -6.2519€-02
2e S 0.2902 -0.22u44 0 0.05893 -4.3490€-02
23 S 0.2568 -0.2743 0 0.0538399 -1.3544E£-02
o4 6 0.0500 0.0e83 0 0.05998 -1.011BE-02
25 6 0.0300 0.0848 0 0.05998 -4.6176E-03
26 7 0.0500 -0.0283 0 0.05998 -~1.011BE-02
27 7 0.0300 -0.0848 0. 0.05988 -4.6176£E-03
28 8 0.0500 0. 0.0250 0.05383 -5.2940E-03
29 8 0.0300 0. 0.0751 0.05389 -1.5853£-03

- CURRENT

-1

-4
-6
-7

[ |
Ut — —

MA N N T DADD—~ T RNNDOD

DEG,

IMAG.

.B949E-03
.70eqe~02
~3.
.S4B0E-02
.7068E-02
.8B2SE-02
-8.
.089%€-0!
.7850E-01
.2752E-01
.8276€-02
.8192€-02
.5612E-02
.8726E-D2

1078E-02

484 1E-02

.B263E-02
.p212e-02
.2376E-~02
.6182E-02
.5612E~-02
.8726E-02
.6263E-02
.0212E-02
.2376E-02
.2353E-03
.7836E-03
.2353E-03
.7836E-03
. 3450€-03
.0518E-03

-141~

1 .000 WAVELENGTHS APART

0.
0.
0.
TYPE -LINEAR=
(AMPS) - -~ -

MAG. P
4.9287€-03 72
3.8331£-02 -27
4.80B4E-02 -39.
6.6398E-02 -48.
8.326%E-02 -53
9.5290£-02 -586
9.8320£-02 -58.
2.9537e-01 -us.
2.5238E-01  -45.
1.8077€-01 -4y
8.3074E-02  ~4u.
1.0634E-01 141
1.0SBBE-01 14l
8.6179€-02 142,
7.7774E-02 143,
5.2955E-02 145.
2.3133E-02 147,
1.063%E-01 141
1.05688E-01 141
9.6179E-02 142.
7.7774E-02 143,
5.2955E-02 145,
2.3133E-02 147
1.1382€-02 152
4.9501E-03 158
1.1392E-02 152,
4+.9501E-03 158,
7.5230E-03 134
2.5%238e-03 127

AXIAL RATIO=-0.

HASE
.28%
.838

303
151

.658

.903

674

oey
glo

.865

547

.506

.708

368

4938

213

657

.506

.708
368

499

213

.657

.B42

.880

B4e

880

L7125

.691

o



- RADIATION PATTERNS - -

- - ANGLES - - - POMER GAINS - - - - POLARIZATION - - - - - - EITHETA) - - - - - - E(PHI) - --
THETA PHi VERT . HOR . TOTAL AX AL TILTY SENSE MAGN| TUDE PHASE MAGN I TURE PHASE
DEGREES DEGREES ot o8 o] RATIO DEG. VOLTS/M  DEGREES VOLTS/M  DEGREES

0. 9. -2.98 -999.99 -2.98 000000 -0.00 LINEAR  2.00020E+0% -133.97 1.07231€-12  69.59
seces DATA CARD NO. 4% EX | I i 0 9.00000E+01 3.00000E+0! -3.00000E+01 O. 0. 0.
seves DATA CARO NO. 5 RP 0 | I 1000 9.00000£+01 3.00000E+01 0. 0. 0. 0.
- - - EXCITATION - - -
PUANE WAVE THETA= 90.00 DEG. PHl= 30.00 DEG. ETA= -90.00 DEG. IYPE -LINEARs AXIAL RAT|0=-0.
- - - CURRENTS AND LOCATION - - -
DISTANCES IN WAVELENGTHS
SEG. TAG  COORD. OF SEG. CENTER SEG. - - - CURRENT (AMPS) - - -
NO.  NO. x ¥ b4 LENGTH REAL IHAG. MAG . PHASE
i 1 0.0300 0. 0. 0.0600% 2.1952E-03 3.6163E-03 4 2304£-03  58.741
2 2 0.0817 0. 0. 0.06338 6.S450E-03 3.522B£-03 7.4328E-03  28.291
3 2 0.1551 0. 0. 0.06338  7.4391£-03 -5.7724€-03 9.41606-03 -37.810
v 2 0.2185 0. 0. 0.06338 9.8857€-03 -1.9791E-02 2.2123E-02 -63.458
s 2 o0.2819 0. 0. 0.06338  1.4293E-02 -3.5271E-02 3.8057€-02 -67.941
6§ 2 0.3452 0. 0. 0.06338 2.0095£-02 -4.B8%8E-02 5.2829€-02 -67.64%
7 2 0.4086 0. 0. 0.06338 2.5574E-02 -5.7700E-02 6.3113£-02 -66.096
8 3 0.4703 0. 0. 0.06004 -3.8610€-02 1.5511E-01 |.5984€-01 103.978
9 3 0.3 0. 0. 0.0600% -2.7543E-02 1.3176E-01 1.3461€-01 101.807
10 3 0.5%0 0. 0. 0.06004 -1.4291E-02 9.39896-02 9.5069€-02 98.645
i 3 0.8504 0. 0. 0.0600% -3.4931E-03 4. 3257€-02 4.3398£-02 Q4.617
12 4 0.4236 0.0249 0. 0.05999 -2.3663E-02 -2.11776-01 2.1309€-01 -96.376
13 4% 0.3903 0.0748 0. 0.05999 -1.6402E-02 -2.0488E-01 2.0554E-01 -Q4.577
v 4  0.3569 0.1247 0. 0.05999 -7.9414€-03 -1.83186-01 1.8335€-01 -92.482
15 %  0.3235 0.17%5 0. 0.05998 -3.7454E-04 -1.4723E-01 1.4723E-01 -90.146
16 % 0.2902 0.224v 0. 0.05998  4.5370E-03 -1.0032E-01 1.0042E-01 -87.41!
17 4 0.2568 0.2743 0. 0.05999  4.S311€-03 -4.4057€-02 4.4290£-02 -84.128
18 5  0.4236 -0.0249 0. 0.05999 9.462BE-02 -8.9035£-03 9.5046E-02  -5.375
19 5 0.3903 -0.0748 0. 0.05999  9.3142€-02 -9.96636-03 9.3673€-02 -6.107
20 5 0.3568 -0.1247 0. 0.05999 8.5086E-02 -7.7993E-03 8.5443E-02  -5.237
21 5  0.3235 -0.1745 O. 0.05999  7.05S4SE-02 -3.6568£-03 7.0640E-02  -2.967
22 5 0.2302 -0.22%% 0. 0.05999 5.0363£-02 3.7762E-0% 5.0365€-02  0.430
23 5 0.2568 -0.2743 0. 0.05999  2.3641€-02 1.87736-03 2.371SE-02  4.540
24 6 0.0500 0.0283 0. 0.05998  1|.17%6E-02 -3.7554E-02 3.9351€-02 -72.617
25 6 0.0300 0.0848 0. 0.05998  7.3150£-03 -2.25496-02 2.3705€-02 -72.026
26 7 0.0500 -0.0283 Q. 0.05998 -1.0447E-02 3.67B1E-02 3.8236E-02 105.856
27 7 0.0300 -0.0848 0. 0.05998 -4.9516E-03 2.0995E-02 2.157!E-02 103.270
28 8 0.0500 O©. 0.0250 0.05389 -4.6028£-03 -1.6751E-03 4.8981£-03 -160.002
23 8 0.0300 o. 0.075! 0.05389 -2.6266E-03 -1.6650E-03 3.1098E-03 ~147.630
- - - RADIATION PATTERNS - ~ -

- - ANGLES - - - POMER GAINS - - - - POLARIZATION - - - - - - EUTHETA) - - - - - - E(PHIY - -,
THETA PHI VERT.  HOR. T0TAL AXTAL TILT  SENSE MAGNITUDE  PHASE MAGNITUDE  PHASE
DEGREES DEGREES 0B 08 08 RATIO DEG. VOLTS/M  DEGREES VOLTS/M  DEGREES

90.00  30.00 -51.77  -9.73  -3.79  6.00010  89.54 RIGHT 7.27505E-02  -52.30  9.1341BE+00 -52.98
seese DATA CARD NO. & EN -0 -0 -0 -0 0. 0 0 0 0. 0.

RUN TIME » 1.27
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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.

If 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 zero 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 externally, the electric currents radiate strongly.
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i

CHMBISTATIC SCATTERING BY A SPHERE .

CHMPATCH DATA ARE
CMTHE SPHERE

INPUT FOR A SPhcRE OF
1S THEN SCALED SO THAT KA=FREQUENCY

Example 9 Input

. M. RADIUS

IN MHZ.

CMTHE PATCH MODEL MAY BE USED FOR KA LESS THAN ABOUT 3

CEFOR THIS RUN

SP
SP
SP
SP
SP
SP
SP
SP
SP
SP
GX

GS
GE
FR

m
>

DEELRAATD

COOoOOOOO —

il

e

.1378%
51328
.21261
.80314
.58794
.21520
.96194
.815%49
.544gQ
L1913

47.71465

ese KARD G wes

. 13795
2126
.51328
.21520
.58794
.8031v
1913y
544380
.81549
.96194

.88079
83147
.83147
. 55557
. 555587
.55%57
. 19509
. 19508

OO0 O0O0000O0

19509
18509

<«

cOoOQOOOOo T O

45.
22.5
67.5
15.
45,
5.
11.2%
33.7%
56.25
78.75%

o -

JOoOOoONOoo - o

-144-

. 11857
.1702%
.1708%
. 16987
. 16987
. 16887
. 15028
15028
. 15028
. 15028

O oomo

oo Mo oW



WIRE
NO.

1P

er

P

up

sp

&P

P

8P

9P

10P

X1
. 13795
51328
.21e61
.B80314
58784
.21520
L9619
.81549
.54480
L1913y

OO0 O0O000000

Example 9 OQutput

0P EOICOOROBLODNOLO0200 000000000008

NUMERICAL ELECTROMAGNETICS CODE

6000000000600 E00000000000C0FRE0DROYY

- - - - COMMENTS - - - -

BISTATIC SCATTERING BY A SPHERE.

PATCH DATA ARE INPUT FOR A SPHERE OF 1.
THE SPHERE [S THEN SCALED SO THAT KA=FREQUENCY [N MHZ.
THE PATCH MODEL MAY BE USED FOR KA LESS THAN ABOUT 3.
FOR THIS RUN

Yl
. 13795
.21ebi
.51328
.21520
.58794
.B031w
. 19134
. 54430
.B1549
0.96194

DO OOOQOCO

TOTAL SEGHMENTS USED= 0
TOTAL PATCHES USED= 80
STRUCTURE HAS 3 PLANES OF SYMMETRY

PATCH
NO .

WOD~Npgns w—

Yood8s

10

©

0w -] S

ese KA=D Q ece

M. RADIUS

- - - STRUCTURE SPECIFICATION - - -

COORDINATES MUST BE INPUT

IN

METERS OR BE SCALED TO METERS
INPUT [S ENDED

BEFORE STRUCTURE

NO. OF
Z! x2 Ye 22 RADIUS SEG.
0.98079 78.75000 45.00000 0.119%7
0.83147 56.25000 22.50000 0.17025%
0.83147 56.25000 67.50000 0.1702%
0.55557 33.75000 15.00000 0.16987
0.55557 33.75000 45.00000 0.16987
0.555%7 33.75000 75.00000 0.16987
0.19508 11.25000 11.25000 0.15028
0.19508 11.25000 33.75000 0.15028
0.19509 11.25000 56.25000 0.15028
0.19%09 11.25000 78.75000 0.15028
TAGS INCREMENTED BY -0
47.71465%
NO. SEG. IN A SYMMETRIC CELL= ] SYMMETRY FLAG= 2
NO. PATCHES [N A SYMMETRIC CELL= 10

COORD. OF PATCH CENTER

X

.58224
.49098
LTS
.3215%
28.
.26813
.89863
.81082
.99971

L1297
58224
49098
UL

05335

3215%

.05335
.26819
.89863
.91082
. 99971
.12972

58224

n -
L om

o

a8 RoB?

sm S8 08D

Y

.58224  46.
L4461 39
.49098 39.
.26813 26.
.05335 26
.32154 26
@972 9.
.89971 9
.g1082 9
.89863 9
.58224 -46

1us6l -39

.67330

.50883
.50883

. 30865
. 30865
. 30865
.78805
.67330
.49098 -39.
.26818 -26.
.05335 -26.
.32154 -26.
.12972 -9.
.99971 -9,
.81082 -9.
.89863 -9,
.58224% u46.

z
79805

67330
50883

30865

67330
50883
50683
50882
30865
20865
30865
30865
79805

COQ0COOOO0OQOO0O0LOOLOOODOOOO

STRUCTURE REFLECTED ALONG THE AXES X Y Z.
STRUCTURE SCALED BY FACTOR

- = -~ SURFACE PATCH DATA - - -

COORDINATES IN METERS

UNIT NORMAL VECTOR

X

L1379
.5133
.2126
.8031

.5879
2152
L9619

8155

L5449
L1913
L1379
.5133
.2ied
.8031
.5879
.21%2
L9619
.8155
L5449
L1913
L1379

Y
-1379
.2126
.5133
.2152
.5879
.8031
L1913
L5449
8155
L9619
L1379
.21e6
.5133
.2152
.5879
.8031
.1913
.54u4g
.815%
.9619
-0.1379

OOV OoOOOOODOO0O0OOOO OO

Z
0.9808 272
0.8315 387
0.8315 387
0.5556 386
0.5556 386
0.5556 386
0.1951 342
0.1951 342
0.1951 342
0.19%] 3w

-0.9808 272
~-0.8315 387
-0.8315 387
-0.5556 386
-0.5556 386
-0.5556 386
-0.1851 3u2
-0.1951 342
-0.1951 342
-0.1851 342
0.9808 272

~145-

PATCH

AREA

.e235% -0
.60610 -0.
.60610 -0
. 74096 -0.
.74096 -0.
.74096 -0,
. 14065 -0.
. 14065 -0
. 14065 -0
. 14065 -0.
.223%56 -0.
.60610 -0
.608610 -0.
.T4096 -0.
.T4096 -D.
.74096 -0.
. 14065 -0.
. 14065 -0.
. 14065 -0.
. 14065 -0.
.223%6 -0.

X1

L7071

3827

.8229

2588
7071
9659
1851

. 5556
.8315

. 3827

FIRSY

SEG.

COMPONENTS OF UNIT

Yi

L7071
.9238
. 3827
. 9659
L7071
.2588
.8808
.831%
. 5556
L1951
L7071
.9239

3827

. 8659

7071

.2588
.S808
.831%
.5556
. 1951
.7071

o

-0.
-0.
-0.
-0.
-Q.
-0.
-0.
-0.
~0.
-0.

0.

OO OCOOOOO0

Z1

-0

-0
-0

-0.
-0.
-0.
-0.
-g.
-0.
L6935
-0.
-0.
-0.
. 3928
-0.
-0.
-0.
L1084
-0.
-0.

-0

-0

-0

LAST
SEG.

TANGENT

x2

.6935
-0.

7682

.3182
.5366

3928
1438
1913
1622
1084
0381

7682
3182
5366

1438
1913
1622

0381
6335

-0.
-0.
-0.
-0.
-0.
-0
-0

-0

-0

.6366
.038}
-0.
-0.
-0.
.6935
-0.

TAG
NO.

VECTORS
Y2
6935
182
7682
1438
3928

1084
16e2
1813

3182 -0

.7682 -0
-0.
-0.
-0.
-0.
~0.
-0.
-0.
Q.

038! -0
1084 -0
1622 -0

]
CoooDOO0Oo0O0OO

pa

.195)
.5556
5556

8315

.8315
.8315
. 8808
.8808
.8808
.9808
. 1951
.5556
.5556
1438 -0.
39e¢8 -0.
.8315
.Q908
.9808
.8808
1813 -0.
6935 0.

8315
8318

9808
1951



23

Al
78
79

-a4
-10

-38.
-28.
.26819

-10

-45.
-38.
-25.

-9.
.58224
.438098

-6
-
-10

-38.
-28.

-10

-6
-4

-10

-6
-4

-10.
-38.
-28.
.26819
59863
.81082
-25.

-9.

-10

45,

-38

.439098
BLTIY
.32154
.05335
.26819
.B9863
.91082
.899971
.12972
.58224
.48098
ALY
L 32154
.05335
.c6819
.89863
.g1082
.99971
12972
.58224
.48098

IRLT-N
3254
05335

839863
g1082
99971
12872

14461
32154
05335

26819
45
-38.
-25.
-9.
.5B224
.49098
-i0.
-38.
-28.
.26819
-45.
-38.
-25.
-9.
. 58224

89863
31082
89971
12972

tunb]
32154
05335

898613
91082
93971
12972

43098
14461
32154
05335

99971
12972

-10.
-24
-10
-28.
-38.

-25.
-38.
-45

-2y
-10

-28.
-38.
~9.
-25.
-38.
45
58224
10.
.48098
.e6819
.08335
38.
. 12872
25.
iB.

24
10

45

o4
10

-2
-10

-6.
-10.
-4
-10
-28.
-38.

-9.

-a5.
-38.
45,

esese DATA CARD NO.
eeeer DATA CARD NO.
OATA CARO NO.

sesee

14461

-49098
.26B18

05335
32154

. tes7e

938971
31082

.89863

-6.
-10.
.48098
.26818

58224
14461

05335
32154
12972
3383971
31082
89863

14461

32154

99371
91082

.89863
.S82a%
10.
.49098
.26819
28.
38.
.1ag97e
.99971

38.

45.

-6.
-10.
.43098
.CB818
-e8.
~38.

-9.
-25.
-38.
-45.

14461

05335
32154

91082
89863
S8eey
19461

0533%
32154
12972
89971
91082
8398613
58224
IRLT-A

.48098
.26819

0533%
32154
12972
99971
91082
89863

3

APPROX IMATE

39.67330
39.67330
26.50883
26.50883
26.50883
9.30865
3.30865
9.30865
3.30865
-46.73980%5
-33.87330
-33.67330
-26.50883
-26.50883
-26.50883
-9.30865
-3.30865
-3.30865
-9.30865
46.739805 -0.
33.67330 -0
18.67330 -0
26.50883 -0

OO0 O0O0DD0DO0COO0OOOOOOo00 000

o

26.50883 -0
26.50883 -0
3.30865 -0
g.30865 -0
9.30865 -0
9.308685 -0.

-46.7980%5 -0.

-33.67330 -0
-33.67330 -0

-26.50883 -0
-26.50883 -0
-26.50883 -0
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- - - STRUCTURE [MPEDANCE LOADING - - -

THIS STRUCTURE IS NOT LOADED

= - = ANTENNA ENVIRONMENT - - -
FREE SPACE

- - - MATRIX TIMING - - -

FlLL= 0.137 SEC.., FACTOR= 0.173 SEC.

- = - EXCITATION - - -

PLANE WAVE THETA= 90.00 DEG, PHI= 0. DEG, ETa= 0. DEG

- = = - SURFACE PATCH CURRENTS

DISTANCE IN WAVELENGTHS

CURRENT IN AMPS/METER

- - SURFACE COMPONENTS - -

TANGENT VECTOR | TANGENT VECTOR 2 X
z HAG. PHASE MAG. PHASE REAL

PATCH CENTER
Y
0.064 0.064 0.453 2.8794£-03 -156.32 3.11886-03 -157.33 3.88£-03
0.237 0.098 0.384 |.4256E-03 -91.29 4.7156E-03 -94.79 3.15E€-04
0.0968 0.237 0.384 3.2575£-03 -142.9% 2.3664E-03 -147.56 3.04E-03
0.371 0.099 0.256 6.0B41E-04 -43.12 4.9604£-03 -45.55 -1 G8E-03
6.271 0.271 0.2% 1.7787€-03 -79.48 3.9I45E-03 -84.57 -3.7SC-04
0.098 0.371 0.256 2.28296-03 -142.59 2.2575€-03 -151.48 2.04E-03
0.444 0.088 0.080 1.4688E-04 -14.13 5.2457£-03 -16.94 -9.88E-0u4
0.376 0.251 0.090 “.6333E-0% -40.19 4.4776E-03 -43.42 -7.24E-0u4
0.251 0.376 0.080 7.4095€-04 -85.74 3.3811€-03 -94.45 -1.74E£-05
0.088 0.444 0.080 8.0344E-0% =-i47.10 2.2400£-03 -157.22 7.40E-04
0.06% 0.064 -0.453 2.8794£-03 23.68 3.1198£-03 22.81 -3.86£-03
0.237 0.098 -0.384 |.4256E-03 B8.72 4.7156E£~03 85.21 -3.15E~04
0.098 0.237 -0.38% 3.2575£-03 37.06 2.3664€£-03 32.44 -3.04E£-03

0.371 0.099 -0.256 6.0841E-0% 1365.88 4.9604E-03 134.45

.98£-03

0.271 0.271 -0.256

-TI8TE-03 100.52 3.9145£-03 95.43 3.75€-0%
0.089 0.371 -0.2% 2.282%€-03 37.41 2.2575E-03 28.52 -2.04€-03

O.444 0.088 -0.090 1.4688€-04 165.87 5.2457€-03 163.06 9.88E-04

0.376 0.251 -0.090 4.6333c-04 139.81 4.4776E-03 136.58 7.24E-04
0.251 0.376 -0.090 7.4095E-04 94.27 3.23811€-03 85.55 1.74€-05
0.088 0.444 -0.090 8.0344E-O4 32.90 2.2400€-03 22.78 -7.40E-04
0.084 -0.064 0.453 2.8794E-03 -156.32 3.1198E-03 -157.39 3.86£-03

0.237 -0.098 0.384

.4256E-03 -91.29 4Y.7IS6E-03 -9%.79 3.]5€-0Qu4

0.098 -0.237 0.384 3.2575€-03 -142.94 2.3664E-03 -147.56
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.090
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#eess DATA CARD NO.

- - ANGLES - -
THETA PHI
DEGREES DEGREES
390.00 0.
90.00 10.00
90.00 20.00
90.00 20.00
390.00 40.00
80.00 50.00
90.00 60.00
80.00 70.00

1.1507E-03 ~138.16 1.B444E-03 ~16Y4.
2.6220E-03 ~[14.23 1.0836E-03 -12!
2.3855E-03 -52.80 4.0244E~04 137
3.3208E-04 -151.23 2.5093£-03 82.
B.6498E-04 -139.37 1.2097€-03 gy,
1.0285€£-03 -108.70 3.1884E£-04 82.
8.2755E-04 -48.33 9.1857E-04 137.
2.9135E-023 143.24 2.5234£-03 142
1.9524E-03 75.37 3.6573E-03 A
3.3932E-03 128.13 6.3674E-04 118,
1.1507€-03 Y1.84 |.8444£-03 15
2.6220e-03 65.77 1.0836E-03 58
2.3855E-03 [27.20 4.0244E-0%  -u42
3.3208E-04 e8.77 2.5093€-03 -97
8.6498E-04 40.63 1.2097€-03 -85
1.0285E-03 71.30 3.1884£-0% -97
B8.2755E-04 [31.67 9.1957€-04 -u2
-~ POWER GAINS -
VERT. HOR . TOTAL AX AL
o8 o8 o] RATIO
-4.44% -899.99 -l 4y 0.00000
-4.0% -8999.99 ~4.04 0.00000
-2.96 -999.99 -2.96 0.00000
~-1.61 -999.99 -1.61 0.00000
-0.50 -999.99 -0.50 0.00000
-0.03 -999.99 -0.03 0.00000
-0.59 -899.99 -0.59 0.00000
-2.73 -999.99 -2.73 0.00000
-7.57 -999.39 -7.57 0.00000
-8.64 -999.89 -8.64 0.00000
-1.81 -999.99 -1.91 0.00000
.94 -999.99 1.9 0.00000
3.84 -999.99 3.84 0.00000
4.51 -999.99 4% .51 0.00000
“.63 -999.99 4.863 0.00000
5.12 -999.99 5.12 0.00000
6.29 -999.99 6.29 0.00000
7.42 -999.99 7.42 0.00000
7.86 -999.99 7.86 0.00000
4 RP 0 ! 18 1000 9.00000£+0!
- POWER GAINS -
VERT. HOR. TOTAL AXTAL
[22°] o8 o8B RATIO
~4.44 -9399 .39 ~Y 4y 0.00000
-4.28 -8999.98 ~4.28 0.00000
-3.79 -999.938 -3.79 0.00000
-3.06 -999.99 -3.06 0.00000
-2.25 -999.99 -2.25 0.00000
-1.54 -999.99 -1.54 0.00000
-1.11 -899.99 R 0.00000
~1.05 -999.99 ~1.05 0.00000

01!

.B4

.80

6

55

46

33

.61

.61

B4

.89

.16

.20

B9

B4

.67

L17E-03 -4
.85€-04
1.35€-03

.0BE-0B

. T70€-0Y
L iNE-O4
LO4E-03
. 35604
.QuE-03
PLIT7E-03 4

.BSE -0

.35E-03

.0BE-06 -4

.70E-0u

L wE-0O4

L80E-04 -1,

2.

.BOE-0% 1.

=~ - - RADIATION PATTERNS - - -

- - - POLARIZATION - - -

TILT
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DEG.

LINEAR
LINEAR
LINEAR
L INEAR
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LINEAR
L INEAR
L INEAR
LINEAR
LINEAR
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LINEAR
L INEAR
L INEAR
LINEAR
LINEAR
LINEAR
L INEAR
LINEAR

0.

- - = RADIATION PATTERNS - - -

-0.
g.

= = - POLARIZATION - - -
TILT

SENSE

DEG.

0
0
0.
0
0
0

LINEAR
LINEAR
LINEAR
LINEAR
L INEAR
LINEAR
LINEAR
LINEAR
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STIE-O4  5.73E-04 6.68E-04% -1.47€-03 -y4.23E-04
-05E-03  S.3BE-04 1.33E-03 -4.75E-04 -7.65E-04
.BOE-03 -5.33E-04 6.37E-0% -2.4BE-04 2.25€-04
JHSE-0%  2.9BE-04 2.51E-04 3.27€-04 2.44E£-03
17E-04%  S5.35E-04 5.99E€-04 -9.42£-05 1.18€-03
S7BE-04 1.90E-04  S5.83E-04 4.10£-05 3.10£-04
-B3E-04 -2.37€-04 2.40E-04 -6.63E-04 6.11E-0%
-30£-03 2.60£-04 ~1.70E-04 2.91E-04 -2.99€-04
W43E-03 -1.47€-04 -6.23E-04 -5.39€-04 -} .96E-03
SB4E-TT 5.58E-04 -5.97E-0% 1.76E-04 ~3.07E-Qu
STIE-O0% -5.73E-04 -6.68E-04 -1.47£-03 -4 ,23E-04
05E-03 -5.36£-04 -1.33€-03 -4.75E€-04 -7.65E-04
.BOE-03 S5.33E-04 -6.37E-04 -2.4BE-04 2.25E-0Q4
JM5E-04 -2.98E-04 -2.51€-04 3.27E-04 2.4%4£-03
17€-04 -5.35E~04 -5.99€-04 -9.42£-05 |.18E-03
.T8E-04 -1.90E-04 -5.93E-04 4.]10E-05 3.10E-04
.B3E-0% 2.37E-04 -2.40£-04 -6.63E-04 6.11E-04

- - - E(THETA) - - - - - - E(PHIY - -~

MAGN | TUDE PHASE MAGN 1 TUDE PHASE
VOLTS/M DEGREES VOLTS/M DEGREES
1.74852€+01 163.80 2.18710E-14 -70.25%
1.83237€+01 161.87 5.30030E-1% ~-134.19
2.07470E+01 156.86 3.63582E-14 -129.70
Q.42168E+01 152. 14 7.79842E-14  -1uw. 37
2.75240E+01 148 .81 9.46562E~14  ~153.15
2.90482E+01 146.61 7.09105€- 14 169.28
2.72599€+01 I4y. 38 1.01132E~13 126.51
2.13035€+0! 139.322 1.55612E-13 143.83
1.22053E+01 118.86 2.34637E~13 116.16
1.078392€+01 Y417 3.62102€E-13 126.29
2.34179E+01 14.76 3.96954E-13 138.13
3.64467E+0) I1.84 5.05636€-13 Iv1.53
4.53564E+01 16.56 S.87664E-13 145.54
Y4.89894E+0! 27.10 5.63541E-13 143.8%
4.96673€-01 44,19 5.92554E-13 162.05
5.25643E+01 65.77 4.54763E-13 166.85
6.01727€+01 84 .51 2.70544E-13 159.84
6.8514%1€+01 95.53 1.02413E-13 165.68
7.20510€E+01 99.00 2.78146E- 14 -56.61

0. 1.00000E+01 O, Q.

- - -~ E(THETA) - - - - = - E(PH])Y -~ --
MAGNITUDE PHASE MAGNITUDE PHASE
VOLTS/HM DEGREES YOLTS/H DEGREES
1.74852E+01 163.80 2.18710E-14 -70.85
1.78240E+01 161.73 1.13587€~11 144,10
1.88459€+01 156.08 2.59805E-11 139.09
2.04929€E+01 48.15% Y.67714E-11 133.96
2.25127e+01 139.17 T.48%719E-11 128.35
2.44308E+01 129.63 1.05444E-10 12%.77
2.56764£+01 118.17 1.32426E-10 1ig. 12
2.58334€£+0) 106.70 1.47985€-10 106.17
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eeese DATA CARD NO. 7
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.0000
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-goco
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Bslele]d]

- N
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3
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.67 0.00000
45 0.006000
-0.38 0.00000
[ 0.00000
2.70 0.00000
.20 0.00000
5.60 0.00000
6.78 0.00000
7.58 0.00000
7.86 0.00000
i i1 a.

[= 3w e I o R o B o S i = B = R o I

LINEAR
LINEAR
L INEAR
L INEAR
L INEAR
LINEAR
LINEAR
LINEAR
LINEAR
L INEAR
L INEAR

- NEAR ELECTRIC FIELDS - - -

- EX

MAGN [ TUDE
VOLTS/M
5.3925€-12
2.40%0E-02
4.6950€E-02
6.7922€-02
8.71687€-02
L.0747€-01
1.3472€~01
1.5167€-01
1.0076E-0!
1.2887€E+00
1.2772E+00

PHASE
DEGREES

-0

.90
.71
.76
.B6
.0t
.30

.82
.47
-87.91
-93.80
-95.81

- EY

MAGN | TUDE
VOLTS/M
.0166E-15
.483BE-16
L4001E~1S
L0384E-15
. 0584E~1Y
.1298E- 1y
LTI37E~ 1y
-0838E-1v
S8201E-14
. 3565¢€-13
.0507€-13

—— = = D —

- - NEAR ELECTRIC FIELDS - - -

MAGN | TUDE
VOLTS/M
.3925E~12
.4000€-12
.4070E-12
41iBE~-12
$198E-12
$196E-12
40BSE-12
3724€E~12
3B36E-12
.B517E-12
.8511E-12

FOUNAR RN

£EX -

PHASE
DEGREES
-0.90

-0
-0

-0.

-0

-g.
-a.

.92
.80
a3
.82

MAGN! TUDE
VOLTS/M

NN F Wiy

.49858E+01
.4059BE+0!
.4B84SE+0!
.79070E+01
L 324136401
.87837E+01
.72787€+01
S5509€E+01
36601£+01
97660€+01
.20510€+01

PHASE
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-137.48
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151 .
1wt
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EY -

PHASE
OEGREES
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€8.
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15.
-8.
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46,
-61.
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~-78.
-81.

- EZ

MAGN | TUDE
YOLTS/M
.9619E-01
.8612€-01
. 9585€-01
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2282€+00
.2209€-01
L4353E-01

~N W - - O WWW WO WY

MAGN I TUDE
VOLTS/M

.0IBBE~15

L0347E-15
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CBOI3E-1Y
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.68
.86
~117.
.28
.58
~106.

~-98.

-93.
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a2
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37

.24
77.
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.9619E-01

.9611E-01
.9588E-01
.9556E-01
.9530€-~01
-9550E-01
.9795E-01
0106£+00
0547£+00
1040E+00
.8244E-01

W= — =~ P WwwWww o

.5B246E~10
.02901E-10
.22798E -1,
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07611E-10
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26i47E-10
01220e-10
.B9339€ -1y

VE JWOOo S9N W —

[ ]

£ -

PHASE
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~0.
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165.

.00000E +00

5.00000E+00
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- LOCATION

X Y
METERS
0.
S.0000
10.00600
15.0000
20.0000
25.0000
30.0000
35.0000
40.0000
45.0000
50.0000

OO OOocoOO0OOOOo

eeeee DATA CARD NO.

METERS

- LOCATION

X Y
METERS

QOO0 O00Q
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ceees DATA CARD NO.

METERS
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- LOCATION

Y
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m
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ceece DATA CARD NO.

METERS

5.0000
10.0000
15.0000
20.0000
25.0000
30.0000
35.0000
40.0000
L45.0000
50.0000

- -~ - NEAR ELECTRIC FIELDS -

- EX -
Z MAGN | TUDE PHASE

METERS VOLTS/M DEGREES
0. 5.3825E-12 ~-0.80
0. 5.3ul4E-12 15.62
Q. 5.2698E-12 32.u42
g. 5.1782¢E-12 49.72
ag. S.1012E-12 67. 31
0. 5.0458E-12 85.35
0. 5.0608€-12 103.30
0. 5.2775E-12 122.398
0. S.2445E-12 139.21
g. 2.24T4E~12 180.16
g. 3.1133E-12 -59.09

N+ 0 i 1 0.

N

- -~ = NEAR MAGNETIC FIELDS -

- HX -
z MAGNITUDE  PHASE
METERS AMPS/M  DEGREES
0. 5.9821€-17  -4B.3)
5.0000 B.1S63E-17 -4y B4
10.0000 5.7535E-17  -4l.w)
15.0000 7.8059€-17  -28.95
20.0000 6.9512€-17  -25.85
25.0000 6.4Q44E-1T  -16.61
30.0000 5.9037E-17  -16.16
35.0000 5.6807€-17 -3.45
40.0000 6.3604E~17 2.63
45.0000 S.1412€-17 4. g4
50.0000 3.5975€-17  22.97

0 1 1 1o,
- - - NEAR MAGNETIC FIELDS -
- HX -
b4 MAGNITUDE  PHASE
METERS AMPS/M  DEGREES
0. 5.9821€-17  -48. 3
0. 2.4437€-06  -33.79
0. 4.6773E-06  -31.84
0. 6.5547€-06  -28.51
0. 8.0915E-06  -24.05
0. 9.860S€-06 -20.06
0. 1.5580E-05 -18.85
0. 4.B067E-05  -15. 18
0. 1.82536-04 -g.27
0. 5.5127€-04 -7.05
0. 1.0005€-03 -9.08
0 1 ! 1o

-151

- EY -
MAGN I TUDE PHASE
VOLTS/M DEGREES
1.016BE-1S -137.48
5.5942E-17 -7.13
6.2145E-16 83.58
2.5018E-16 -146.3)
2.5209€-15 1950.12
6.5671E-16 -105.95
1.1930€-15 141.48
1.6230E-15 -87.31
7.892%€E-16 21.7¢
2.798%E-15 Tw. 17
2.1228E-15 40.83
0. 0
- HY -
MAGN| TUDE PHASE
AMPS /M DEGREES
2.2788£-03 1.96
2.2876£-03 1.91
2.3127e-02 1.77
2.3%68£-03 1.55
2.4177€-03 1.26
2.5014£-03 0.9t
2.6239€-03 0.48
.BOBIE~03 -0.0%
2.9018€-03 -0.28
1.9298€-03 2.40
3.5955€ - 04 125.57
0. 0
-~ HY -
MAGN [ TUDE PHASE
AMPS/M DEGREES
2.278%€-03 1.396
2.2BI14E-03 1.9
2.2888£-03 1.83
2.3015£-03 1.8]
2.3196€£-03 b7
2.3435£~03 1.58
2.3757E-03 1.46
2.4241£-03 [
2.4817£-03 1.5]
2.4295E-03 0.45
2.1016€-03 4. 19
0 0

.N0C00E+00

- £7 -
MAGN| TUDE PHASE
VOLTS/M DEGREES
9.9619€-0! 0.03
9.8692e-01 16.52
9.6987€-01 33 .41
8.4938E-01 50.89
9.3104E-01 69.02
9.1839€-01 87.66
9.0782E-0! 106.78
8.5662€~01 130.00
8.5966E~01 174.27
1.3188£+00 -148.03
1.2074E+00 -148.66
0 0.
- HZ -
MAGN | TUDE PHASE
AMPS/M DEGREES
2.4131E-18  -115.12
8.2636E-18 -85.25
1.8394€-17 -68.67
2.4B43E-17 -81.73
3.085%€-17 -71.19
5.54856-17 -43.29
6. 4BIBE~17 -50.03
8.3501E~17 -48.00
1.5220E-16 -15.68
1.7864E~-186 -i1.27
173776~ 16 -15.01
0 S
- HZ -

MAGN | TUDE PHASE
AMPS/M DEGREES

2. 4131E-18 -115.12
1.2709€-16 -104.26
2.4324E-16 -102.28
3.1727E-16 -100.58
3.5005£-16 -100.21
3.4454E~-16 -101.76
2.B513E-16 -102.54
2.2627E-16 -138.35
B.2107e-16 172.81
2.7648E-15 169.33
5.2122E-15 167.19

5.00000E+00 ¢.

5.00000E+00

0.



- - - NEAR MAGNETIC FIELDS - - -

- LOCATION - - HX - - HY -
X Y b4 MAGNI TUDE PRAGE MAGNI TUDE PHASE
HMETERS METERS METERS AMPS/M  DEGREES AMPS/M  DEGREES
0. 0. 0. 5.9821E-17 -48. 31 2.2789€-03 1.96
5.0000 0. 0. Y. IN69E-17 -36.27 2.3306£-03 21.82
10.0000 0. 0. 4. 3046E-17 -g.13 2.4170E-03 40.81
15.0000 0. 0. 4.8357€-17 15.88 2.5179€£-03 s8. 74
20.0000 0. 0. 6.3761E-17 34.78 2.6126E-03 75.71
25.0000 g. Q. B.4BWwiE~17 57.99 2.6847E-03 91.98
30.0000 0. 0. 7.6320E-17 89.52 2.7211E-03 107.70
35.0000 0. 0. 1.1043E~16 102.88 2.6696E-03 122.20
“0.0000 0. 0. 1.3983€-16 125.67 2.2557€-03 132.88
4%.0000 Q. 0. 1.8744E-16 131.57 3.8588E -04 132.99
50.0000 a. 0. 1.4B1BE-16 130.28 6.78683E-04 -24.20
ssses DATA CARD NO. 11 EN -0 -0 -0 -0 0. 0. 0.
RUN TIME = 1.15%

-152~

LAV S ¢ B VR PY R VY IRy V)

MAGN | TUDE
AMPS/M
L4131E-18
.9067E-18
. 108uE-18
.1518E-18
.1817€-18
CTITHE-18
.3053e-18
L4783E-18
.7279E-13
.24B6E-18
.4668E-18

HZ -

PHASE
DEGREES

-115

146.
-182.
-178.
1864 .
-73.
-119.
16%.
27.
153,
~iul.

12
08
77
65
1
50
83



EXAMPLE 10, MONOPOLE ON RADIAL WIRE GROUND SCREEN

Example 10 is a monopole antenna on a sparse radial wire ground screen
using the Sommerfeld/Norton 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 axis of rotation. The addition of
the monopole results in 12 new unknowns. This includes the six segments 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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.001

1

Q.

INEC GROUNO INTERPOLATION GRIO
DIELECTRIC CONSTANT= 4.00000E+00-1.79760€+00

GRID |
Rti)= Q.
THET (1= 0.

ERY
[R= |

~2.74856E+01-9.
-1.00040E+01-3.

[R= 2

~1.86579€+01-1.
-7.32126E+00-3.

IRs 3

=1 4 iu44E«DL -1 .
-6.43293E+00-3.

{R= u

-1.23604E+01-1.
~6.34750E+00-y.

[R= §
-1.25249€E+01-1
-6.65317E+00-4

IR= &

-1 41302€E+01-1

~7.13839€+00-4.

IR= 7
-1.68098BE+01 -]

-7.868809€+00-4.

IR= B
-2.02797€+01 -1

-8.23855E+00-4.

IR= 9
-2.43127€+01 -1

-8.755]17€+00-4.

IR= 10
-2.87230E+01~1

IR= 11
-3.33%63E+01-1

-3.62801E+00-4.

£EZV
[Rs |

~2.T48%6E+01-9.
-2.74BS6E+01-3.

IR= 2
~4.57776E+01 -8

4, 1434TE+Q1 -8,

R= 3

~6.27084E+01-7.
-4.974B3E+01-7.

IRs y

-7.82431€+01-6.
-5.4887T4E+01-6.

iR» 5§

-3.2365%€+01-5.
-5.79187E+01-5.

IR= &

-1.05077E+02-4

-5 INES3E.01-4
IRs 7

-1.16392€+02-3.

-6.023B4E+01 -4

OR=

OTH= O.

03332e+02~1

10156E+02-1
98504E+01 -4

.21586E+02~1

.24246E+01-5.

.2629BE +02-1

.30214E+02-1

.33315E+02-1

. 35605E+002-2.
-6.

38632E +0

.37107€+02-2.
~3.22080E+00-4.

38032€+01-6

.37857€+02-2.
36557€+01-6.

.96703E+01 -4

.50597E+01-9.
BS241E+01-5.

LIO43IE+Q1-5

0.0200

85744E+01-2.
SB8781E+01-7.

79036E+01-5.

16155€+02-1.
135128401 -4.

31426E+01-5.

35806E+01-5.

18031£+01-6.

B85T744E 01 -2

85744E+01-2.

T9077E+01 -4,

96970E+01-5.
BT34SE 01 -4,

8B278E+01~7.
B33%3€+01-5.

72283£+01-8.
B9318E+01-5.

24730E+01-9.

NR=

1745 NTH=

.5970SE+01-8.
43193E+00-2.

L2694 3E+01-9.
.82576E+00~2.

.20994E+01 -1

L3537ME+01 -

.56428E+01 -1

.81756E+01~1

095864E+01 -1

L4E514%E-01-8

91642E+01-7
B4731E+01-7

LB11T73E«01 -4

30632£+01-8.
3647SE+00-2.

185684E+01-9.
78515E+00-3.

00534E+00-3.

33589€+00-3.

69822E+00-3.

05153e+00-3.

37519£+00-3.

385136+01-1.
.66008E+00-3.

87575E+01-1.
S0369€+00-3.

T4856£+01-9.
T48S6E+01-9.

09666E+01-8.

15453E+01-6.
2T492E+01-6.

20744E+01-5.
502%8E+01 -5,

095438 +01 4.
60032£+01-4.

835%58E+01-3.

SOMNEC Input

SOMNEC Output

tt
10

27137e+01-1.
B4129E+01-4.

7278BE+01-1
79051£+01-3.

23600E+01~1.
83055E+01~3.

69965€+01 -1
03581€+01-3.

.0084BE+02-1 .
10933e+01-3.

.04 152E+02-1
15738E+01-3.

.0B613E+02-1
18597€+01-3.

.08371£+02-1
20004E+01-3

.08uB0E+02-1
20349e+01-4.

10003E+02-1
19928E+01 -4,

100086E+02-2.
18967E+01 -4

85T44E+0) -2,
B83744E+01 -2,

L9081 1E+01 -4,
77903E+01 -4,

.8430BE+01-5,
.B6I3IBE 0L -y,

T1713E+01-6.
65929E+01-5.

56067E+«01-7.
T6498E+01-5.

3942BE+01 -7
S80B5E+01-%.

23355€+01-8.
.2S458E+01-5.

. 35622E+01-7

.22763E+01-8

92457E+01-6

B4646E+00~ |

59408E+00-~1

11792E+01-7
21650£+00-1

.05936E+01-8.

19886E+00-1

10998£+01-8.
34040E+00-2.

54482E+00-2

.3B8486E+01-8.

76407E+00-2.

.56316E+01-8.
.97364£+00-2.

.74965E+«01-8.

16215E+00-2.

.33554E+01-8.

3251%€+00-2.

11476E+01-8,

.46185E+00-2.

78S6E+01-9.
T4856E+01-9.

36489E+01-8.
06331£+01-8

81127€+01-7.
TSBO4E+01-T.

59529E+01-6.
128539E+01-6.

37230E+01-5.
3052%E+01-8.

.98000E+01 4.

36065E+01-5.

Y4T707E+01-3.
33754E+01 -4,
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.90225€+01~1
.73813€+01-2.

.28713E+01 -1
.83636E+01~1

.69796E+01-3.
.92683E+01 -1

OS4i3E+01-9.
.99381E+01 -1

34 141E+01-9.

03876E+01 -1

.56036E+01-1
.06834E+01~1

TiBY4E+01-1.

08671E+01-1

81679€+01-1

08S1i4E~01 -1

B86BI6E+01 -1

88022€+01-1

B85734E+01-1

85744E+01-2.
85794E+01-2.

8649B8E+01 -4

CTTIN9E 01 -y .

T6163€+01-5.
67022E+01 -4,

B3%548E+01-6.
68339E+01-5.

520578+01-6.
82293E+01-5.

43583E+01-7.
0773%E+01-5.

39265E+01-7.

43542€+01-5

.586BBE+01-5.
4Y0468E+00-8.

.13519E+01-6.
. 78914€E+00~9.

29804€£+00-6

.67063e+00-1

.0B801E+01-6.

.76822E+00-1

.B7135€+00-1

.30429E+01-7.

.96882E+00- |

H2T3I4E+0L-T.
08716€+01-2.

05552€+00-1

.S4537E+01-7.
09467E+01-2.

129656 +00- 1

.65507E+01-7.
08907E+01-~-2.

19118£+00-1

.27766E+01 -8

70519€+01-7

39265E+01-3
L 1BOTBE+01 -4

62047€E+00-6.
.60795E£+00-9.

76938€+00-6.

18165E+01-~7.

T4856E+01-9.
T4856E+01-9.

ISH18E+01-T7.

13759E«01-6.

O4326E+01-6.

70696E+01-5,
18135E+01-5.

11324E+01 -y,
22263E+01-5.

B9119€E+01-1]
Be4i4E~+00 0

01082E+01-3.
11143E+00-5.

33B42E+01-8.
55601E+00-2.

.60981E+01~7.
.60162E+00-9.

B88088E+00-1

81857€+01-8

96931£+01-8.
.02432E+01-1

06996E+01-9.
.03255€+01-9.

12863E+01-1

195293E+01 -1 .
.03750E+01-7.

14955E+01 -1

.03638E+01-6.

12424E£+01 -1

.03383E+01-6.

B5744E+01 -2

857uM4E+Q1-2.

.B83202€+01-4
04335E+01-8.76730E+01-4.
71269€+01-5.
.B7027E+01 -9

60B04E+01 -5,
63805E+01~5.

55111E+01-6.
85840E+01-5.

S55545E+01-6.
13840E+01-5.

.B262TE+01-6.
.52150€+01-5

.2BIBBE+Q1-4

28%01E+00-4
11808E-06-2

30303€-06-1

.25762E+00-5.
.01020E+0t~1.

19653 -06-7

73585£+00-5
91793E-07-4

.05653E+01-5.
.03853€+01-8.

03299€-07-4

.21123E+01-5.
TY4B4E-0T7-3.

.27821E+01-5.
23956E-07-2.

L T485BE+01-9.
74856E+01-3.

.20381E+01-8.
03671£+01-8.

14281E+01-7
68771E+01-7

187IME+01-5,
15388€+01-5.

03386E+00-5.
. 36509€-05

86434£+00-5.
.53005E-06-9.

93517E+00-5.
.01226E-06-5.

13678£+01-5.
33085£-07-3.

77137€+01-6.
Ci509€+01-6.

45108€E+01 -4 .
17737E+01-5,

60320E+01-3.
L 1297SE+01 -4.

.S9660E+01
. 0.

.B5557E+01
.60360E-05

11214£+01

31640E+0!
40784E~06

46721€+01

.21220E-086

57152E+01
B4S4H4E-06

.63760E+01
.31316E-06

67312€401

.22729€-06

88474E£+01
70232€-06

67798E+01
2R752E-06

65735£+01
951 74E£-06

B85TY4E+01
85744€+0)

B0790€+01
76596E+01

.6B596E+01
.6707SE+01

81271E+01
70358£+01

61664£+01
87084E+01

T0449E +01
15886E+01

B87504E+01
S5041€+01



IR= 8
1. P6343E+02-1.961 1BE<01-1.04430E+02-2.09072E+01-8.79636E+01-2. 39798E+01-7.57229€+01-2. TE4S0E+01-6.67249E+01-3. 123696401
-6.02185€+01-3.43983E+01-5. 565296 +01-3.63477E+01-5.264 | 7E+01-3.87998E+01-5. 09304E+01-3.93192E+01-5. 03754E +0 1 -4, 02933€+0)

IR= g
-].34972€+02-6.60888E +00- | . 093156 +02-9. 75364E +00~9. 04B85E+01~ 1 . 4S584E+01-7.67314E+01-1,96866E€+01~6.68001E£401 -2 . 444S5E€+01
5. 971756 +01~2.84979E+01-5. 4B02BE+01-3. 16960E+01-5. 1587TTE+0 1 -3 . 39866E+01-4.97710E+01-3.5I531E+01-4.91834E+01-3.58159E+01

IR= 10
<1 .42331E+02 6.41451E+00-1.13138E+02 | .04834E+00-3.21450€+01-5.68198E+00-7.71170E+01-1.23603E+01~6.64153E+01-1.83134E+01
-5.8877SE+01~2. 3254 TE+01-5. 36984E+01 -2 . 70882E+01-5. 03360E+01-2.98030E+01 4. 84454E+01~3. 14 1B2E+01-4. 78356E+01-3. |9539E+0 ]

[R= 11
~1.4B4BYE 02 1.934B1E+01-1.16018E+02 1. 14440E+01-3.31298E+01 2.64403E+00-7.701 14E+01-5.63125€+00-6.56894E+01-1,27787E+01
-5.78030€+01-1.85901E+01-5.24325€+01-2. 30353E+01 -4 . B9693E+01-2.61544E+01-4.70310E+01-2.79993E+01 -4 . 64072E+01 -2. B6033E+01

ERM
IR= |
-2.39885€+01-1.21646E+02-2.45059E€+01-1.18233E+02-2.4879BE+01~1.15766E+02-2.51542E+01~1.13956E+02-2.53569E+01-1.12619E+02
~2.55054%E+01-1.11639€+02-2.561 15E+01-1.10839E+02-2.56827E+01 -1 . 10468E+02-2.57237E+01~1.10199€+02-2.57371€+01-1.10110E+02
IR= 2
~3.33919€+01-1.14888€+02~3.35805E+01-1.11247E+02-3.35971E+01-1.08612€+02-3.35239€+01~1.06681E+02-3.34117€+01~1.05260E+02

~3.32905€+01-1.04225E+02-3.31812E+01-1.03491E£+02-3.30959€+01~-1.03000E+02-3.30423E+01-1.02719E+02-3.30241E+01~1.02628E+02
IR= 3
=4, 1 7804E+01-1.07973€+02-4.08233E+01-1.03741£+02-3.98368E+01-1.01057€+02-3.89171£+01-9.91652E+01-3.81126E+01-8.78342E+01
-3.74469E+01-9.69053€+01~3.69287E+01-9.6274CE+«01-3.65590E+01-9.58787E+01-3.63395€+01~9.56394E+01-3 . 62662E+01 -9 . 55662£+01
IR= 4
-4.914BBE+01-9.98277€+01-4.66239E+01-9.60621E+01-4.43704E+01-3.36014E+01-4.24542E+01-9.20047€+01-4.08854E+01-3.09806E+01
-3.96490€+01-9.03347£+01-3.87210E+01-8.98373E+01-3.80739€+01-8.97171€+01-3.76999€+01-8.95854E£+01-3.75753£+01-8.95483E+0}
IR= &
-5.55037€+01-9.17698E+01-5. 11943€+01-8.83875E+01-4.75927€+01-8.64296E+01-4.46B07E+01-8.53527€+01-4.23903E+01-8.48066E+01
-4.06419€+01-8.4566BE+01-3.93617E+01-8.44900E+01-3.84844E+01-8.44970E+01-3.79843€+01-8.45026E+01-3.78185€+01-8.45122€+01
[R= &
-6.08649E£+01-8.35130£+01-5.46820E+01-8.08393E+01-%.97714E+01-7.96340E+01 -4 . 59429 +01-7.92543E+01-4.30246E+01-7.93049€+01
-4.08527€+01-7 . 95462E+01-3.32937E+01-7.98347E+01-3.82477€+01-8.00864E+01-3.76467E+01-8.02532E+01-3. T4S06E+01-8.031 13401
[R= 7
-6.52608E+01-7.51591E+01-5.72481E+01-7.35053E+01-5. 1 1085E+01-7.32635E+01 -4 .64829E€+01-7.37104E+01-%.30500E+01-7 .44 308E+01
-4.05494E+01-7.51911E+«01-3.87842E+01-7.58622E+01-3.7614BE+01-7.63747E+01-3.634B2E+01-7 .66932E+01-3.67316E+01-7.68009€+01
IR- 8
-6.87305€+01-6.68070E+01-5.89809€+01-6.6454BE+01-5. [7631E+01-6.73410E+01-4.64733E+01-6.86997E+01~4.26480E+01-7.01270E+01
-3.99087£+01-7.14167€+01-3.80027E+01-7.246B4E+01-3.67536E+01-7. 323616401 -3.60464E+01-7.37012E+01-3.58175€+01-7.38567E+01
IR= 8
-7.13188E+01-5.85440£+01-5.99323E+01-5.97375£+01-5. 18662E+01 -6, |B728E+01 -4 . BOBTSE+01-6.41913E+01-4%. 1Q4B3E+0!-6.63343€+0]
-3.80505€«J1-6.8144BE<01-3.70595E+01-6.95631E+01-3.57664E£+01-7.05731E+01-3.50387€+01-7.11758E+01~3.48039E+0(-7. [3762€+0]
IR= 10
-7.30792E+01-5.04484E+01-6.03789€+01-5.33302E+01-5. 15257€+01~5.68543C+01~4.53520E+01-6.01490E+01 -4, | 0452E+01~6.29959E+01
-3.80579€+01-6.53059€+01-3.60273E+01-6.70695E+01-3.4718BE+01~6.83048E+01-3.39863E+01-6.90351F£+01-3.37505E+01-6.82763E+01
IR= 11
-7.40693C+01-4.25888E+01-6.02283E«01-4.74358E+01-5.08328E+01-5.22727E+01-% .44 142E+01-5.65350E+01-4.00078E+01-6.00591E+01
-3.696882L+01-6.28394E+01-3.49548E+01-6.49226E+01-3. 36530E+01-6.63650£+01-3.29278E+01~6.72113E+01-3.26946E+01~6. THBYSEL +01
3.97417E+01 9.21195E+01 3.80476E+01 S.51882E+01 3.67047€+01 9.74106E+0! 3.563%1E+01 9.90529E+01 3.47856E+01 1.00277€+02
3.41268€+01 1.01185€+02 3.36340E+01 1.01841E+02 3.32920€+01 1.02286E+02 3.30906E+0! 1.02543E+02 3.30241E+01 .02628E+02
IR= 2
5.08754E£+0! 8.48512E+01 4.71987E+01 8.76423E+01 4.42543E+01 B.97820E+01 “.19043E+01 . 14610E+01 4.00516E+01 9.27B67E+01
3.86227€+01 9.38197€+01 3.75635£+01 9.45963E+01 3.68331E+01 9.51509E+01 3.64068E+01 9.54600E+0] 3.62662€+01 9.55662E+01
IR= &
6.08619€+01 7.69197€+01 5.47880E+01
4.11215E+01 B.71574E+01
[R= §
6.96827€+01 6.84670E+0! 6.10132E+0! 7.16720E+01 5.43068E+01 7.46058E+01 4.91640E+0!
4.23685E+01 B8.1270%E£+01 4.02861E+01 8.26928£+01 3.88812E+01 B8.37156E+01 3.80814E£+01
IR= &
7.73745E+01 5.96316E+01 6.60254E+01 6.36095€+01 5. 74608E+01
4%.27933E+01 7.61152E+01 4.03286E+01 7.79631E+01 3.86906E+01
IR= 7
8.39264E+01
4.26690E+01
IR= 8
B8.93BIBE+01 4.131538€+01
4.21764E+01 6.76988E+01
IR= 9
9.37814E+01 3.20695E+01 7.501B0E+01 “.04582€+0! 6.18261E£+01 4.81179€+01 5.253906+01 5.46766E+01 4.60046E+01 6.00515E+01
“.14400E+01 6.42B846E+01 3.83206E+0! 6.74531£+01 3.83020E+01 6.96586E+01 3.51690€+01 7.09504E+01 3.48039E+01 7.13762E+01
IR= 10
9.71786€+01 2.28022E+01 7.63647E+01 3.33302€+01 6.20474E+01 4.25555E+01 5.21490E+01 5.02704E+0] 4.52856E+01 5.64810E+01

[

~3

.97338E+01 4+.99832E+01 B8.21080E+01 4.62345€+01 8.411B6E+01 4.33254E+01 8.57969E+01
-85129€+01 8.82078E+01 3.8414BE+01 8.89655E+01 3.77835€+01 8.9%000E+0] 3.7S753E+01 8.95483E+01]

W

~
~§

.72097€+01 4 .52663E+01 7.94395E+01
-M310BE+01 3.78185E+01 B.45122E+01

@
@

- 73967€+01 5.10409€+01 7.08033E+01 4.62743€+01 7.37247E+0]
-92722E+01 3.775489E£+01 B.00523E+01 3.74S06E+0] 8.03113£+01

~ o,
~

-05403E+01 6.99535€+01 5.56612E+01 5.96600E+01 6.05539E+01 S5.21125€+01 6.49190E+01 4.66171E+01 6.86211E+0]
SIB177€+01 3.99104E+01 7.39123E+01 3.80953E+01 7.55266E+01 3.70654E£+01 7.64838E+01 3.67316E+0!] 7.68008€+01

-~
w
~3

~

-@914BE+01 4.79204E+01 6.10690€+01 5.412026+01 5.25642E+01 5.95502E+01 4.64818E+01 6.40807€+01
.82033E+01 7.04406E+01 3.72646E+01 7.23543E+01 3.61709E+01 7.3483BE+01 3.58175€+0] 7.38567€+01

w

w

N
o]

4.05467E+01 6.13077€+01 3.73370E+0! 6.48922E+01 3.52740€+01 6.73581E+01 3.41212E+01 6.88019E+01 3.37505£+01 6.32763E+01
IR= 11
8.96324£+01 1.39035£+01 7.70502E+01 2.65747€+01 6.18331E£+01 3.743036+01 5.14831E+0) 4.62997E+01 4.43997E+01 5.33201£+01

3.95576E+C! 5.870S1E+01 3.€2035£+01 6.26757€+01 3.42239€+0] 6.53899E+01 3.30663E+0! 6.69709E+01 3.26946E+01 B.74898E+01
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GRID 2

Rti)= 0.2000

THET(11= O

E£RV
IR= |

-3.33563E+01-1.
[R= 2

-4 .S1212E-01~t.
IR= 3

-5.60466E+01-1.
IR= 4

-6.92517E+01~1.
IR= 5

-7.23080E+yl-1.
{R= &

7. TUI2TESOL -

OR= 0.0500 NR= |

DTH= 0.0873 NTH=

37857€+02-2.

36765E +02~3.

32156E+02-4 .

249938 +02-5.

16243E+02-5.

06729E+02-6.

39523€+01 -1

89508€+01-1 .

68882F+01 -1 .

32439E+01-1.

78587€+01-1.

0800SE+01-9.

2
5

2293BE+02-2.675TSE+01 -1 .
21282€+02-3.36137€+01-1 .
17084€+02-3.93730E+01-1 .
11070E+02-%.37619€+01~3.
04202E+02-%.67777€E+01-3.

T0430E-01-4.85630E+01 -8,

-156-

10006E «02~2.

08161E+02~2.

044 ) 2E+02~3.

S5510E+01~3.

4[95BE~01-3.

87311£+01-3.

38192€+01-9.

90321E+01-9.

32084E+01-9.

62386E+01-8.

B82021E+01-8

82621E+01-8

BESTBE+01-2. [I47BE+01-8.
BB3EBE«01-2.51062€+01-8.
36345E+01-2.81353E+01-8.
97147€+01-3.02258E+01-8.
55508E+01-3. 14936€+01-7.

1954 7E+01-3.20975E+01-7.

B5T734E+01

68907E+01

4210S€+01

10761E+01

78423E+01

L726%E+01



NEC Input

|

CHMGREEN'S FUNCTION FOR RADIAL WIRE SCREEN OVER FINITE GROUND
CHMSCREEN RADIUS = 30. M (1. WAVELENGTH RADIUS!

CESCREEN HEIGHT = .01 M & RADIAL WIRES
GW0,12.0..0.,.01,30..0...01..003,

GRO,6,

CEMONOPOLE ON RADIAL WIRE GROUND SCREEN.
GF

GW!.6,0.,0...01,0..0.,7.51..003,

GEl,

EX0.1.1.0.1.
RPO,.19,2,1001.0.,0.,5..90.,

EN
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NEC Output

2000080500000 0040 0000000 sR0bBEatRD

NUMERICAL ELECTROMAGNETICS CODE

POIP08G000400005000000s0s0bs0 b0

- - - COMMENTS - - - -

GREEN'S FUNCTION FOR RADIAL WIRE SCREEN OVER FINITE GROUND
SCREEN RADIUS = 30. M (1. WAVELENGTH RADIUS)
SCREEN HEIGHT = .01 M & RADIAL WIRES

- = - STRUCTURE SPICIFICATION - - -

COORDINATES MUST 8E INPUT [N
METERS OR BE SCALED TO METERS
BEFORE STRUCTURE INPUT [S ENDED

WIRE NO. OF
NO . X1 Yl 24 xe Ye 2 RADIUS SEG.
1 0. Q. 0.01000 30.00000 0. 0.01000 0.00300 12
STRUCTURE ROTATED ABOUT Z-AXIS & TIMES. LABLES INCREMENTED BY 0

GROUND PLANE SPECIFIED.
WHERE WIRE ENDS TOUCH GROUNO. CURRENT WILL BE INTERPOLATED TGO IMAGE IN GROUND PLANE .
TOTAL SEGMENTS USED= 72 NO. SEG. IN A SYMMETRIC CELL= i2 SYMMETRY FLAG= -1

STRUCTURE HAS 6 FOLD ROTATIONAL SYMME TRY

- MULTIPLE WIRE JUNCTIONS -
JUNCTION SEGMENTS (-~ FOR END |, + FOR END 2}
1 -t -13 -2% -37 -49 -6

- - - - SEGMENTATION DATA - - - -

COORDINATES [N METERS

[+ AND |- INDICATE THE SEGMENTS BEFORE AND AFTER |

SEG. COURDINATES OF SEG. CENTER SEG. ORIENTATION ANGLES WIRE CONNECTION DATA
NO. X A 2 LENGTH ALPHA BETA RADIUS i- t 1+
1 1.25000 g. 0.01000 2.50000 0. Q. 0.00300 -13 1 2
2 3.75000 Q. 0.01000 2.50000 g. g. 0.00300 ! 2 3
3 6.25000 0. 0.01000 2.50000 0. a. 0.00300 2 2 Y4
4 8.75000 0. 0.01000 2.50000 0. 0. 0.00300 3 Y 5
5 11.2%000 a. 0.01000 2.50000 0. a. 0.00300 2 5 &6
& 13.7%000 0. 0.01000 2.50000 0. 0. 0.00300 =4 5] 7
7 16.25000 0. 0.01000 2.5009%0 0. 0. 0.00300 6 7 8
8 18.75000 0. 0.01000 2.50000 g. 0. 0.00300 7 8 9
9 21.25000 0. 6.01000 2.50000 0. 0. 0.00300 8 <] 10
10 23.75000 0. 0.01000 2.50000 0. 0. 0.00300 3 10 it
It 26.2%000 0. 0.01000 2.50000 0. 0. 0.00300 10 11 12
12 28.7%000 0. 0.01000 2.50000 Q. 0. 0.00300 bl 12 0
13 0.82500 1.08253  0.01000 2.50000 0. 60.00000 0.00300 -28 13 Iy
1y 1.87%00 3.24760 0.01000 2.50000 Q. 60.00000 0.00300 13 14 15
15 3.18500 5.41266 0.01000 2.50000 0. 60.00000 0.00300 14 15 16
16  4.37500 7.87772 0.01000 2.50000 0. 60.00000 0.00300 15 i6 17
17 5.82500 9.74273  0.01000 2.50000 Q. 60.00000 0.00300 18 17 I8
18 6 87500 11.90785 0.01000 2.50000 0. 60.00000 0.00300 17 18 19
19 8.12500 14.07291 0.01000 2.50000 0. 80.00000 0.00300 18 13 20
20 38.37500 15.23798 0.01000 2.50000 0. 60.00000 0.00300 13 20 2t
21 10.82500 18.4030% 0.01000 2.50000 Q. 60.00000 0.00300 20 2 22
22 11.875060 20.56810 0.01000 2.50000 0. 60.00000 0.00300 21 22 23
23 13.12500 22.73317 0.01000 2.50000 0. 60.00000 0.00300 22 23 24
24 14.37500 24.89823 0.01000 2.50000 a. 60.00000 0.00300 23 24 0
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25 -0.62500 1.08253 0.01000 2.50000 0. 120.00000  0.00300 -37 25 26 0
26 -1.87500 3.24760 0.01000 2.50000 0. 120.00000 0.00300 25 26 27 0
27 -3.12500 5.41266 0.01000 2.50000 0. 120.00000 0.00300 28 27 28 0
28 -4.37500 7.57772  0.01000 2.50000  G. 120.00000 0.00300 27 28 29 0
29 -5.62300 9.74279  0.01000 2.50000 0. 120.00006 0.00300 28 29 30 0
30 -6.87500 11.90785 0.01000 2.50000 0. 120.00006  0.00200 23 30 3 0
31 -8.12500 14.07291  0.01000 2.50000 0. 120.00000 0.00300 30 3 32 o
32 -9.37500 16.23798  0.01000 2.50000  O. 120.00000  0.00300 31 32 33 0
33 -10.62500 18.4030%  0.01000 2.50000 0. 120.00000 0.00300 32 33 3y 0
34 -11.87500 20.56810 0.01000 2.50000 O, 120.00000 0.00306 33 34 35 0
35 -13.12500 22.73317  0.01000 2.50000 0. 120.00000 0.00300 34 35 38 o
36 -14.37500 24.89823 0.01000 2.50000  O. 120.00000 0.00300 35 36 0 0
37 -1.85000 -0.00000 0.01000 2.50000 0. -180.00000 0.00300 -49 37 38 0
38 -3.75000 -0.00000 0.01000 2.50000 0. -180.00000 0.00300 37 38 39 0
39 -6.25000 -0.00000 0.01000 2.50000 0. -180.00000 0.00300 38 33 40 0
40 -B8.75000 -0.00000 0.061000 2.50000 0. -180.00000  0.00300 33 40  ui 0
“1 -11.25000 -0.00000 0.01006 2.50000 0. -180.00000 0.00300 40 41 42 0
w2 -13.75000 -0.00000 0.01000 2.50000 0. -180.00000  0.00300 41 42 43 0
43 -16.25000 -0.06000 0.01000 2.50000 0. -180.00000  0.00300 42 43 4y 0
44 -18.75000 -0.00000 0.01000 2.50000 0. -180.00000  0.00300 43 4y  us 0
4% -21.25000 -0.00000 0.01000 2.50000 0. -180.00000  0.00300 44  u5  ug 0
46 -23.75000 ~-0.00000 ©0.01000 2.50000 0. -180.00000  0.00300 45 Y& 47 0
47 -26.25000 -0.00000 0.01000 2.50000  O. -180.00000 0.00300 46 47 48 0
4§ -28.75000 -0.00000 0.01000 2.50000 0. -180.00000  ©0.00300 47 48 @ 0
49 -0.62500 -1.08253 0.01000 2.50000 0. -120.00000 0.00300 -61 43 S0 0
50 -1.87500 -3.24760 0.01000 2.50000  O©. -120.00000  0.00300 49 50 51 0
Si -3.12500 -5.41266 0.01000 2.50000 0. -120.00006  0.00300 S0 51 52 0
52 -4.37500 -7.57772  0.01000 2.50000  O. -120.00000 ©0.00300 51 52 53 0
53 -5.62500 -9.74279 0.01000 2.50000 0. -120.00000 0.00300 52 53 Sy 0
54 -6.87500 -11.90785 0.01000 2.50000 0. -120.00000 0.00300 53 54 55 0
55 -8.12500 -14.07291  0.01000 2.50000 0. -120.00000  0.00300 54 S5 56 0
56 -9.37500 -16.23798  0.01000 2.50006 0. -120.00000 ©0.00300 55 56 57 0
57 -10.62500 -18.40304  ©0.01000 2.50000  O©. -120.00000 0.00300 S6 S7 58 o
58 -11.87500 -20.56810 0.01000 2.50000 0. -120.00000 0.00300 57 S8 53 0
59 -13.12500 -22.73317  0.01000 2.50000  O©. -120.00000 0.00300 58 53 60 0
60 -!4.37500 -24.89823  0.01000 2.50000  O. -120.00000 0.00300 53 60 O o
61 0.62500 -1.08253 0.01000 2.50000 0. -60.00000 ©0.00300 -1 &1 62 0
62 1.87500 -3.24760 0.01000 2.50000 0. -60.00000 0.00300 61 62 63 0
63  3.12500 -5.41266 0.01000 2.50000 0. -60.00000 0.00300 62 63 6y 0
64 4.37500 -7.57772 ©0.01000 2.50000 0. -60.00000 0.00300 83 B4 65 0
65 5.62500 -9.74279 0.01000 2.50000 0. -60.00000 0.00300 64 65 66 0
66 6.87500 -11.90785 0.01000 2.50000  O. -60.00000 0.00300 65 66 67 0
67  8.12500 -1%.07291 0.01000 2.50000  O©. -60.00000 0.00306 66 &7 68 0
68  9.37500 -16.23798 0.01000 2.50000 0. -60.00000 0.00300 &7 68 63 o
63 10.62500 -18.40304  0.01000 2.50000  G. -60.00000 0.00300 68 63 70 0
70 11.87500 -20.56810 0.01000 2.50000 0. -60.00000 0.00300 63 70 7 0
71 13.12500 -22.73317  0.01000 2.50000 0. -60.00000  ©£.00300 70 T1 72 0
72 14.37500 -24.89823 0.01000 2.50000  O©. -60.00000 ©0.00300 71 72 o© 0
cesss DATA CARD NO. | FR 0 1 0 0 1.00000€+01 O. 0. 0.

seess DATA CARD NO. 2 ON 2 0 0 0 4.00000E+00 1.00000E-03 0. 0.

s+ese DATA CARD NO. 3 WG -0 -0 -0 -0 @. 0. 0. 0.

------ FREQUENCY - - - - - -
FREQUENCY= 1.0000E+01 MHZ
WAVELENGTH= 2.9980E+01 METERS
APPROXIMATE INTEGRATION EMPLOYED FOR SEGMENTS MORE THAN  1.000 WAVELENGTHS APART

- - - STRUCTURE IMPEDANCE LOADING - - -

THIS STRUCTURE IS NOT LOADED

- - - ANTENNA ENVIRONMENT - - -
FINITE GROUND. SOMMERFELD SOLUTION
RELATIVE DIELECTRIC CONST.= u4.000
CONDUCTIVITY= 1.000E-03 MHOS/METER
COMPLEX DIELECTRIC CONSTANT= 4.00000E+00-1.79760E+00
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- - MATRIX TIMING - - -

FllL= |.687 SEC.. FACTOR= 0.032 SEC.

coe *NUMERICAL GREEN'S FUNCTION FILE ON TAPE 20 #e»e
MATRIX STORAGE - B84 COMPLEX NUMBERS

seeoe DATA CARD NO. & NX -0 -0 -0 -0 0. 0. g.

2003 28000000000000008000009806088689020

NUMERICAL ELECTROMAGNETICS COOE

200089080 E00000000000000600006800000020

- - = - COMMENTS - - = -

MONOPOLE ON RADIAL WIRE GROUND SCREEN.

0B a00000000000080000008002036000000200000080000080002000028000000000000800000880600000

0000000000008 000 0600000880906 0000083000000000800 608060000 909000009000020000008900080

s NUMERICAL GREEN'S FUNCTION oo
»+ NO. SEGMENTS = 72 NO. PATCHES = 0 ..
s+ NO. SYMMETRIC SECTIONS = & v
+¢ N.G.F. MATRIX - CORE STORAGE = 864 COMPLEX NUMBERS, CASE 2 ve
++ FREQUENCY = |.00000E+G! MHZ. oo
s FINITE GROUND. SOMMERFELD SOLUTION ..
** GROUND PARAMETERS - DIELECTRIC CONSTANT = 4.00GOOE+00 .o
.o CONDUCTIVITY = |.0Q0Q0E-03 MHOS/M. o
++ GREEN'S FUNCTION FOR RADIAL WIRE SCREEN OVER FINITE GROUND se
*o SCREEN RADIUS = 30. M (1. WAVELENGTH RADIUS! .o
+* SCREEN HEIGHT = .01 M 6 RADIAL WIRES .o

506400000000 48000008090000005080008 056000880000 r0e0 8000000882008 0800 4¢00G0 4006000600800

9000060000000 030000006 8886 ER 0020080000080 000 00420 Fe0080e0b0s0080000 400300008 000006000

- - - STRUCTURE SPECIFICATION - - ~
COORDINATES MUST BE INPUT [N
METERS OR BE SCALED TO METERS
BEFORE STRUCTURE INPUT IS ENDED
WIRE NO. OF

NO . X1 Y1 21 %12 ve 22 RADIUS SEG.
i 0. g. 0.0t1000 0. 0. 7.51000 0.00300 6

GROUND PLANE SPECIFIED.
WHERE WIRE ENDS TOUCH GROUND. CURRENT WILL BE INTERPOLATED TO IMAGE IN GROUND PLANE.

TOTAL SEGMEMTS USED- 78 NO. SEG. IN A SYMMETRIC CELL= 78 SYMMETRY FLAG= O

- MULTIPLE WIRE JUNCTIONS -

JUNCTION SEGMENTS (- FOR END |, + FOR END 2}
i -y -13 -2% -~-37 -49 -B1 -73
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SEG.
NO .

(o e L B L P

60

COORDINATES

.
x.
6

~-16

-18.

-2!
-3
-26

-0
-1

-4

-6

-10
-l

[
£ W

~“ QWO E N— O

X
25000
75000

.25000
. 75000
.25000
.75000
.25000
. 75000
.25000
- 75000
.25000
. 75000
.62500
.87500
. 12500

37500
62500
87500

. 12500

37500

.62500
.87500
. 12500
- 37500
.62500
.87500
. 12500
- 37500
.625%00
.87500
. 12500
. 37500
.62500
.B7500
. 12500
. 37500
25000
.15000
.25000
. 75000
.25000
-3,
.25000
75000 -
.25000
. 75000
-25000
-28.

75000

75000

.62500
.87500
-1,
. 37500
-S.
.87500
-8.
-9.
62500
.87500
. 12500
.37500
.62500
.87500

12500

62500

12500
37500

12500

. 37500
.62500
.87500
- 12500
. 37500
-62500
.87500

-0

-0

-1

-5
-7
-1

-18

-1

-7

-1t

-1y

-20

WS- 000000000000

I+ AND

- - SEGMENTATION DATA ~ - - -

COORDINATES

IN METERS

{- INDICATE THE SEGMENTS BEFORE AND AFTER |

OF SEG. CENTER

Y

.08253
.24760
41266
.57772
. 74279
.90785
.0729)
.23738
~4030%
.56810
.73317
.89823
.08253
.e4760
.41266
.57772
. 742739
.9078%
.07291
.23738
-4030%
.56810
.73317
.89823
. 00000
-0.
-0.
-0.
-0.

00000
0000c0
00000
00000

.00000
-0.
-0.
.00000
-0.
-0.
-0.
.08253
-3.

00600
06000

00000
00000
0o0gco

4760

41266
87772
-g.
.80785%
AN
-16.
40304
-20.
-22.
-2y .
.08253
-3.
-5.
57772
-9.
.80785
.07291
-16.
-18B.
.56810

278

07291
23798

56810
73317
89823

24760
41266

74279

23798
40304

O o

O o oo

OQOODOOOOODOOOOOOOOODOODOOOCOOOOOOODODODOOOOOOOOOOOOOOOOOOOOOODO

b4

.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.gloao
.01000
.01000
.01000
.01000

01000

.01000
.g1000
.01000
.G1000

01000
01000

.01000
.01000
.g1a00
.glo00
.01000
.01000
.01000
.0i000
.01000
.01000
-01oc0
.01000
.01000
.groao
.01000
.01000
.01000
.g1000

01000

.01000
.Q1000
.01000
.01000
-g1000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
.01000
-01000
.¢l1o0g
.01000

01000

.ologo
.gto0e
.01000
.01000
.01000
.01000
.01000
.G1o00
.01000
.01000

SEG.

LENGTH
50000
50000
50000
50000
-50000
.50000
-50000
.50000
.50000
.50000
.50000
.50000
50000
50000
50000
50000
.50000
-50000
.50000
.50000
50000
50000
50000
50000
50000
50000
50000
-50000
.50000
.50000
.50000
.50000
50000
50000
50000
50000
.50000
.50000
.50000
.50000
-50000
.50000
.50000
50000
.50000
50000
S$0000
-50000
.50000
-50000
.50000
.50000
.50000
.50000
-50000
50000
.50000
50000
50000
.50000
-50000
50000
50000
50000
50000
50000
.50000
50000
50000

ORIENTATION ANGLES

-0.00000
a.

DOoO0OLCODOoOOOQCOOO

DVOOCODO0OOOOO0OOUVUDOODDODOOCODOO

OO0V OOOCO00OOOOoCOOODOOOADO

(=Rl e I oo Y o I o T oo B e W e B e

ALPHA

1eo
¥4l

-180

-180

-120
-1a0

-60
-60

-60

~-161

[ I B = Y o I = s S 0 I s e R

. 60.
.00000 120.
120.
120.
120.

120.
120.
120.
120G.
120.
te0.
.00000-180.

-180.
-180.
-180.
-180.
-180.
-180.
~1B0.

-180.
-180.
.00000-120.
-120.
-120.
-120.
-120.
-120.
~-120.

-120.
-120.
. -120.
.00000 -80.

-60.
-60.
-60.
-60.

-60.
-60.

BETA

. 0.
-00000 60.

00000
.00000
.00000
.00600
.00000
.00000
.00000
.ggaoa
.0co00
.Qag00
.00000
0goo0
00000
00000
00000
ogoco
.00000
.00000
00000
00000
00000
Jofs]e}e]o]
00000
00000
00000
.00000
00000
00000
00000
00000
00000
ooooo
00000
.00000
00000
00000
00000
00000
slelefols]
00000
00000
00000
0g0goo
.00000
.00000
60000
Q0000
00000
00000
.00000
.00000
00000
00000
00000
00000
Nelelelols]
00000
00000

WIRE
RADIUS

.00300
.00300
.00300
.00300
.00300
.00300
.00300
00300
00370
.00300
.00300
00300
.00300
.00300
.00300
.00300
.00300
.00300
.00300
.00300
.00300
.00300
.00300
.00300
.00300
.00300
.00300
.00300
.00300
.00300
.00300
.00300
.00300
.00300
.00300
.00300
.00200
.00300
.00300
.00300
.00300
.00300
.00300
.00300
.00300
.00200
.00300
.00300
.00300
00300
.00300
.00300
.00300
.00300
.00300
.00300
.00300
.00300
.00300
.00300
.00300
.00300
.00300
.00300

CONNECTION DATA

-
-13

OWW-JOO £ W —

f
- g
(8,3

i

31
32
33
3y
35
-4g
37
38
33
40
41
4o
43
4y
45
46
w7
-61
43
50
51
52
53
54
55
56

I

I+

TAG
NO.

0
3
0
0
0
0
0
0
0
8]
0
0
0
0
g
9
0
0
0
0
0
0
0
0
0
0
0
]
0
0
0
0
0
s}
8]
0
0
s}
0
0
0
0
[t}
0
0
0
0
0
0
0
0
0
0
0
¢
Q
0
0
0
0
0
0
g
0
0
0
0
a
¢
0



71 13.12500 -22.73317 0.01000 2.50000 q. -60.00000 0.00300 70 71 72 0
72 14.37500 -24.88823 0.01000 2.50000 a. -60.00000 0.00300 71 72 0 0
73 0.00000 Q. 0.633500 1.25000 90.00000 180.00000 0.00300 -1 73 T4 i
Tv 0. q. 1.88500 1.25000 $0.00000 0. 0.00300 73 7 75
73 Q. g. 3.13500 1.25000 $80.00000 Q. 0.00300 T4 7% 76 t
76 0. 0. “+. 38500 1.25000 80.00000 Q. 0.00300 75 76 77 1
77 a. Q. S5.63500 1.25000 S0.00900 0. 0.00300 76 77 78 i
78 ¢. 0. 6.88500 1.25000 $80.00000 0. 0.00300 7 78 o] !
N.G.F. - NUMBER OF NEW UNKNOWNS [S 12
eeces DATA CARD NO. I £X [t} 1 ] 0 1.00000€E+00 O. Q. Q.
eosse DATA CARD NO. 2 RP [t} 19 2 1001 oO. Q. 5.00000€+00 S.00000E+01
- = - - - - FREQUENCY - - - - - -
FREQUENCY= 1. 0000E~0Q1 MHZ
WAVELENGTH= 2.9980E+01 METERS
APPROXIMATE INTEGRATION EMPLOYED FOR SEGMENTS MORE THAN 1.000 WAVELENGTHS APART

TAG
NC.
l

SEG.

8

—~OWO PR WY —

SEG.
NO.
73 1.00000E+00Q ©.

&3
o

DO O0O0OOO0OOOO -

(= e = o B e T v I o B o S o Y o R}

vOL
REAL

COORD.

o417
1851
.2085
.2913
L3753
.4586
5420
.62k
. 7088
. 7922
.8786

= = - STRUCTURE |MPEDANCE LOADING - - -

THIS STRUCTURE 1S NOT LOADED

= = - ANTENNA ENVIRONMENT - - -
FINITE GROUND. SOMMERFELD SCLUTION
RELATIVE DIELECTRIC CONST.s 4.000
CONDUCTIVITY= | .000E-03 MHOS/METER
COMPLEX DIELECTRIC CONSTANT= 4. 00000E«00-1.79760E+00

= = - MATRIX TIMING - - -

FiLL= 3.682 SEC., FACTOR= 0.199 SEC.

- = -~ ANTENNA INPUT PARAMETERS - - -

TAGE (VOLTS) CURRENT (AMPS) IMPEDANCE  (OHMS)

= = - CURRENTS ANO LOCATION - - -

OISTANCES [N WAVELENGTHS

OF SEG. CENTER SEG. - - - CURRENT (AMPS) - - -

Y 4 LENGTH REAL IMAG MAG. PHASE
g. 0.0003 0.08333 -1.6169€-03 6.4601E-04 1.7411E-03  158.221
a. 0.0003 0.08333 -1.0095E£-03 . 1.]150£-03 1.5041E-03 132.155
0. 0.0003 0.08339 -7.9255£-05 |.1866£-03 1.1892E-03 93.821
0. 0.0003 0.08339 8.1553E-04 8.382BE-04 1|.1695£-03 45.788
0. 0.0003 0.08339 1.333%6-03 2.8378E-0v |.3598E-03 11.1886
9. 0.0003 0.08333 |.2978E-03 -2.6927E-04 1.3254E-03 ~1].722
0. 0.0003 0.0833%9 7.5781E-04 -5.5815€-04 S.4]|7E~0y -36.373
(e 0.0003 0.08333 -3.7594E£-05 ~5.5]64E-0u 5.5292E~-04 -93.899
0. 0.0003 0.08339 -7.SI40E-04 -3.477SE-04 8.2797E-04 ~155.165
0. 0.0003 0.08333 -1|.0969€-03 -1.|390€-0u4 1.1028E-03 ~174.072
0. 0.00603 0.08333 -9.4915€-34 1.8517E-05 8.4933€-04 178.882

~-162-

ADMITTANCE (MHOS)
IMAG. REAL IMAG. REAL IHAG. REAL IMAG.

1.02942E-02-2.09643E-03 9.32739E+01 |.899%4E+01 1.02942E~02-2. 09643E-03 5. 14709E-03

POWER
(WATTS)

(=]
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.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
-0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0c03
.0003
.0003
. 0003
.0002
.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
. 0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
.0003
-0003
.0003
o212

L1046
L1463
. 1880
.8297

0.08333
0.0833g
0.08338
0.08313
0.08323
0.08339
0.08319
0.08333
0.0833g
0.08333
0.08339
0.08333
0.08339
0.08333
0.08339
0.08339
0.08339
0.08339
0.08339
0.08339
0.08339
0.08333
0.08339
0.08339
0.08339
0.08339
0.08339
0.08339
0.08339
0.08339
0.08339
0.08339
0.08339
0.08338
0.08333
0.08339
0.08339
0.08338
0.08339
0.08333
0.08329
0.08339
0.08338
0.08338
0.08333
0.08333
0.08339
0.08338
0.08339
0.08333
0.08333
0.08339
0.08339
0.08338
0.08339
0.08339
0.08323
0.08339
0.08333
0.0833g
0.08339
0.04168
0.04168
0.04169
0.04169
0.04169
0.04168

- - ~ POWER BUOGET

-3.
.B169E-03
.009%E-03
-7.
. 1553E-04
.3339€-03
.2978E-03
.5781E~04
. 7594E~05
.5140E-04
.0869€-03
~9.
.81 15E-04
.B1BSE-03
.0095€-03
.925%5E-05
. 1853E-04
.3339£-03
.2978€E-03
.57B1E-0%
. 7584E-05
-7.
.0969€-03
HOISE~-0n%
.B1ISE-0n
.6169€-03
.0095E£-03
-7
. 1553E-04
.3339E-03
.2978€-03
.5781E~04
. TS94E-05
.S140E-0%
.0969€-03
~-9.

-1
-1

-3
-7
-1

-3
-1
-1
-7

-3
-1
-3

-1
-1

-

-3

-1

-3
-1
-1
-7

-7
-1

-3
-1
-1
-7

-7
-1

~ £ OO0 —

8115€-04

9255£~05

4915E-0u

S5140E-04

9e5%€-05

4g15E-04

.B1IBE-0%
.B169E-03
.0095E-03
. 8255605
. 1553E-04
.3339€-03
.2978E-03
.5781E-O4
-3.

T534E-0S

S5140E-04
.0868E-03
L4915E-0W
.B115E-0%
.6169E-03
.0095€-03
. 9255¢E 058
. 1553E-0%
.3339E-03
.2978E-03
.5781E~-04
=3.

7594E-05

-S140E-04
.0963E-03
-9.
-3.
.02aue-02
.6470E~-03
.3683E-03
.B356E-03
.2450E-03
.B535€-03

491SE-04
8115E-04

T

INPUT POWER =

STRUCTURE LOSS=
NETHORK LOSS =

5
RADIATED POWER= §
0
0
I

EFFICIENCY .

2.3433E-05 3
6.4B01E-0% |
1. 1150E-03 1
1.1866E-03 |
8.3826E-0% |
2.6378E-04 |
~2.6927E-04 |
-5.5815€~04 9
~5.5164E-04 S
~3.4778E-04 B
=1.1390E-04 |
|.BS17E-05 9
2.3433E-05 3
6.4601E-04 |
1.11506-03 |
1.1866E£-03 1
8.3826E-04 |
2.B6378E-04 |
-2.6927€-00 |
~5,5815€-04 9
“B.B1B4E-04 5
-3.,4775E-04 8
~1.1380E-0% |
1.8517€-05 9
2.3433E-05 3
B.4601E-04 |
1.1150E-03 |
1.1B66E-03 |
8.3826E-04 |
2.6378E-04 |
~2.6927E-04 |
-5.5818E-04 9
-5.8164E-04 5
-3.4775E-04 8
~1.1390E-04 !
1.88176-0% g
2,3433E-05 3
6.4601E-04 |
1. 1180E-03 |
1.1866E~03 |
8.3826E-04 |
2.6378E-04 |
-2.6827E~0% |
-5.5818E-04 9
-5.5164E-04 5
“3. 4T775E-04 8
-1.1380E-0%
1.8517€-05 9
2.3433E-05 3
6.4601E~0% |
1.1150£-03 |
1.1866E-03 |
8.3826£-04 |
2.6378E-04 |
-2.6927E-08 |
-5.8815€-04 9
~5.5164E-04 5
-3.4775E-04 8
-1.1390E-04 |
1.8517€-05 9
2.3433E-05 3
-2.0964€-03 |
-2.17T46E-03 9
-2.0633E-03 @
~1.7166E-03 6
=1.1713€-03 4
-4 4633004 |

JJ4TIE-03 WATTS
AYTIE~03 WATTS
WATTS
WATTS

00.00 PERCENT
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.BIBTE-OY
LT411E-03
.5041E-03
. 1892E-03
. 1695€-03
.358B8E-03
.3254E-03
L4 E7E-04
.5292E -0y
.279TE-04
.1028E-03
. 4833E-~04
.8187E-04
LT411E-03
.5041E£-03
. 1B92E-03
. 1695€~-03
.3588€-03
.3254E-03
M1IT7E-OM
.529cE -0
.2797€-04
.1028E-03
L4933 -0%
.B187€E-04
LT411E-03
.5041E-03
. 1892£-03
. 1695£-03
.3586E£~03
. 3254E-03
J411TE-O4
.5292E -0
.2797E-04
.1028E-03
L4Q3TE-04
.8187€-04
.74 11E-03
.B041E-03
. 1892E-03
. 169%€-03
.3598E-03
. 3254E-03
CH1ITE-O4
.5292E - 04
L2797~ 04
.1028E-03
L4S33E - 04
.B187E-04
L4 11E-03
.5041£-03
.1B92E-03
. 1695€-03
.3598E-03
.3254€E~03
J411T7E-04
.5282E - 04
.2797E-04
.1028€-~03
S4933E-0y%
.8187E-04
.0505E-~02
.B890E-03
.6190E-03
.7573E-03
.4037€-03
.B164E-03

-93,
-155.
=174,

178.

176,

158.

132.

Q3.
U5,
L,

=11

~36.
-93.
~155,
“174.
178.
176.
158.
132.

072

482
el
15%
821
788
186
.72e
373

165
072

482
221
155
.821
.788

.7ee
.373

L1865
.072
.882
482
.a21
. 155
.821
. 788
. 186
.722
.373

.165
.072
. 882
482
B
.703
.851
117
L4286
.030



- - - RADIATION PATTERNS - - -

< - ANGLES - - - POWER GAINS - - - - POLARIZATION - - - - - - ECTHETA) - - - - - < EPHIL - --,
THETA PHI VERT,  HOR. TOTAL AX 1AL TILT  SENSE MAGNITUDE  PHASE MAGN | TUDE PHASE
DEGREES DEGREES ] o8 08 RATIO DEG. VOLTS/M  DEGREES VOLTS/M  DEGREE$
0. 0. -999.93 -993.99 -999.99 0. 0. 1.61865E€~11 37.56  B.44B22E-12 -146.69
5.00 0. -26.0% -999.99 -26.04 0.00000 0.00 LINEAR  2.771B3E-02 126.17  6.171326-12 -151.29
10.00 0. -20.19 -999.99 -20.19  0.00C00 0.00 LINEAR  5.43691€-02 120.48  5,35084€-12 -176.12
15.00 g. -16.75 -999.99 -16.75  0.00000 0.00 LINEAR  B8.07566E-02 1!1.86  7.75391E-12  164.1%
20.00 0. -14.10 -999.99 -1%.10  0.00000 0.00 LINEAR 1.09587€-01  101.96 1.253356-11  1B4.72
25.00 0. -11.77 -999.99 -11.77  0.00000 0.00 LINEAR 1.43261E-01 g2.77 1.9337%€-11  173.32
30.00 0. -9.71 -999.99  -9.7i 0.00000 -0.00 LINEAR 1.81702€-01 85.57  2.84348€-11 -176.97
35.00 0. -7.9% -999.99  -7.9%  0.00000 -0.00 LINEAR  2.22369€-01 80.61 3.96421E-11 -168.65
40.00 0. -6.54 -999.99 -6.54  0.00000 -0.00 LINEAR  2.61638E-01 77.57  5.20404E-11 -1862.17
45.00 0. -5.46 -198.75  -5.46  0.00000 -0.00 LINEAR  2.96357£-01 75.96  6.41889E-11 -157.24
50.00 0. -4.69 -137.45  -4.69  0.00000 -0.00 LINEAR  3.23752E-01 75.3%  7.448226-11 -153.46
55.00 0. -4.21 -196.87  -4.21 0.00000  -0.00 LINEAR  3.4/981E-01 75.32  B.IMTTIE-11 ~-150.50
60.00 a. -4.03 -196.40 -%.03  0.00000 -0.00 LINEAR  3.4Q364E-01 75.62  8.4114SE-11 -i48.11
65.00 0. -4.16 -196.6%  -4.16  0.00000 -0.00 LINEAR  3.44228£-0| 76.01 8.17836E-11 -146.12
70.00 0. -4.68 -197.47  -4.68  0.00000 -0.00 LINEAR  3.24301E-01 76.31 T.43167E-11  -144.43
75.00 0. -5.76 -199.06 -5.76  0.00000 -0.00 LINEAR  2.86378£-01 76.40  6.1893%E-11 -i42.99
80.00 0. -7.83 -989.99  -7.83  0.00000 -0.00 LINEAR  2.25657E-01 76.16 4.4GNTNE-1] -|u|.76
85.00 0. -12.32 -999.89 -12.32  0.00000 -0.00 L INEAR 1.34532€-01 75.45  2.40629€-11 ~-140.73
90.00 0. -999.99 -999.99 -999.98 0. 0. 9.83821€-12 -105.90  7.506976-16 3.72
0. 90.00  -999.99 -999.99 -998.99 0. 0. 8.44822E-12 -146.89 1.BIBBSE-11 -142.44
5.00  90.00 -26.04 -999.99 -26.0% 0.00000 0.00 LINEAR  2.77178E-02 126.17 1.84015E-11 -1u45. 19
10.06  90.00 -20.19 -999.93 -20.19  0.00000 ~0.00 LINEAR  5.4355{£-02  120.43  2.Q42B4E-11 -149.26
15.00 90,00 -16.76 -999.99 -16.76  0.00000 ~0.00 LINEAR  B8.07181€-02 111.58  2.20688€-1] -1S4 58
20.00  $0.00 -14.09 -998.99 -I4.08  0.00000 -0.00 LINEAR 1.09697E-01  101.22  2.29086E-11 -161.30
25.00  90.00 -11.72 -999.99 -11.72  0.00000 -0.00 LINEAR 1. 44158E-01 91.35  2.24657E-11 -170.02
30.00 90.00 -9.57 -998.99 -9.57  0.00000 -0.00 LINEAR 1.84495E-01 83.40  2.05347E-11  177.78
35.00  90.00 -7.72 -989.99  -7.72  0.00000 0.00 LINEAR  2.28292E-01 77.72 1.77110E~11  158.88
40.00  90.00 -6.21 -999.939  -6.21 0.00000 0.00 LINEAR  2.71864E-01 7v.03 1.60254€-11  129.90
45.00  90.00 -5.05 -998.99 -5.05  0.00000 0.00 LINEAR  3.10657E-01 71.87 1.80433g-1} 97.89
50.00  90.00 -4.21 -999.98  -4.21 0.00000 0.00 LINEAR  3.41991E-0! 70.80  2.32437E-1] 7544
55.00  90.00 -3.69 -999.98 -3.69  0.00000 0.00 LINEAR  3.83178€-01 70.45  2.90263E-11 62.27
60.00  90.00 -3.48 -999.99 -3.48  0.00000 0.00 LINEAR  3.72261E-01 70.53  3.34084E-1} 5441
65.00  90.00 -3.59 -998.93 -3.53  0.00000 0.00 LINEAR  3.87380E-01 70.81 3.52487E-11 43.50
70.00  90.00 -4.11 -999.89  -y.|| 0.00000 0.00 LINEAR  3.46274E-01 71.09  3.39951E-1] 46 .41
75.00  90.00 -5.19 -998.98  -5.19  0.00000 0.00 LINEAR  3.05727¢-01 71.21 2.95261E~11 Y4.53
80.00  90.00 -7.26 -999.39  -7.26  0.00000 0.00 LINEAR  2.40804E-01 71.01 2.20429E-11 43.58
85.00  90.00 -11.76 -999.99 -11.76  0.00000 0.00 LINEAR 1.43511E-01 70.34 1.19917E-11 43.33
90.00  90.00  -999.99 -999.99 -999.99 0. 0. 1.01736E-11 -111.00 1.22089E-15  61.39
AVERAGE POWER GA([N= 2.40245E-0) SOLID ANGLE USED IN AVERAGING=! 0.50001°P! STERADIANS.
*e**¢ DATA CARD NO. 3 EN -0 -0 -0 -0 0. 0. 0. 0. 0. 0.
RUN TIME = 6.778
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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 Tl + T2 + T3 T4 ’

Tl = (AlkNSZ + Aszpz + ABkNSNp + AANC)/M s
T, =B (N + 2Np)3/M2 ,
T3 = CNe (Ns + ZNP)Z/M R
T, = DkN. (N_ + 2Np) ,
where
NS = number of wire segments,
Np = number of surface patches,
NC = number of connections between a wire and a surface,
Ne = number of different excitatiomns,
Nf = number of far-field calculation points,
M = number of degrees of symmetry,
k = 1 for structure in free space,

2 for perfect ground or reflection coefficient approximation, and

4 for Sommerfeld/Norton method.

Tl is the time to fill the interaction matrix; T, is the time to factor the

2
matrix; T3 is the time to solve for the currents for all excitations; and T

is the time to calculate far fields. ‘
The proportionality factors depend on the computer system on which the

program is run. The factors in seconds for a CDC 7600 computer when the

matrix fits in core are roughly

(107,

(10 7,

(10 ),

(10 7),

(10 ),

(10_6), and

(107°).

1 -5
2 4
3 2
4 -6

U o W o > P
it
BN W
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When the extended thin-wire kernel 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 F is the fraction of all
segment pairs for which the separation is greater than Ro'

Unless a large number of excitations or far fields are requested, Tl

and T2 will account for nearly all of the running time. If the matrix does not

fit in core storage, Tl and T2 will be larger than 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 on 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 AMP2:

A new current expansion is used with continuous 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 voltage 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,

Both 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.

® Yires 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 SS 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. 1If

N = the number of equations (number of segments plus twice the
number of patches),

NX = the number of equations for a symmetric section, and

I_ = 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 (N2 < IR).
2 matrix in core, symmetry (NNX < IR).
3 matrix out of core, no symmetry (N2 > IR).
4 matrix out of core, symmetry, blocks fit in core
2
> <
(NNX IR, NX < IR),
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 N_ [NX/NC 1] ,

where
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I

R
N =] —
c 2N
and [ ] indicates truncation. Nc’ which is the number of matrix columns in an

I1/0 block, must be at least 1.
When the NGF is used, all six scratch files may be required. For the

NGF the matrix is partitioned into four sections as

A B
D

A is the matrix for the NGF structure and is factored before the NGF file is
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 QNZ
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 I1/0 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
n

2z
[t}

N +N_+2N_ +10N_,
s t p q

2z
1

number of new segments added to NGF,
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=z
]

. number of NGF segments connected to new segments or patches,

]

Np number of new patches,
Nq number of NGF patches connected to new segments.

The sizes of matrices B and C are 2 NN 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

ICASX is 2 file 16 is not used.

The length of the NGF file (20) is approximately 4 N (NX + 3). The
length of the Sommerfeld/Norton data file (21) is about 2200 words.
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Section VIII
Error Messages

CHECK DATA, PARAMETER SPECIFYING SEGMENT POSITION IN A GROUP OF EQUAL
TAGS CANNOT BE ZERO.

Routine: ISEGNO

This error results from an input data error and may occur at any point
where a tag number is used to identify a segment. Execution terminated.

Data on the NT, TL, EX, and PT cards should be checked.

CONNECT - SEGMENT CONNECTION ERROR FOR SEGMENT _ .
Routine: CONNECT
Possible causes: number of segments at a junction exceeds limit;

segment lengths are zero; array overflow.

DATA FAULT ON LOADING CARD NO. = _ _ ITAG STEP1 = _ _ 1S 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.

EOF 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. DEGREES
Routine: ARC

Error on GA card.

ERROR - B LESS THAN A IN ROM2
Routine: ROM2

Program malfunction.

ERROR - FR/GN CARD IS NOT ALLOWED WITH N.G.F.
Routine: 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 -~ COUPLING IS 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 III-5.

ERROR IN GROUND PARAMETERS - COMPLEX DIELECTRIC CONSTANT FROM FILE
IS REQUESTED

Routine: MAIN

Complex dielectric constant from file TAPE21 does not agree with data

from GN and FR cards.

ERROR -~ INSUFFICIENT STORAGE FOR INTERACTION MATRICES.
IRESRV, IMAT, NEQ, NEQZ =
Routine: 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 TOO SMALL.

Routine: NETWK

The number of different segments to which transmission lines or network
ports are connected exceeds array dimensions. Execution terminated.
Array size in the original NEC deck is 30. Refer to array dimension

limitations in Part II for changing array sizes.

ERROR -~ LOADING MAY NOT BE ADDED TO SEGMENTS IN N.G.F. SECTION
Routine: LOAD

See section II1I-5.

ERROR - N.G.F. IN USE. CANNOT WRITE NEW N.G.F.
Routine: MAIN
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17.

18.

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 PLANE 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 IS
Routine: LOAD
Valid load types (LDTYP on the LD card) are from O 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: ISEGNO

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 Limitations in Part II

to change the dimensions.

NUMBER OF LOADING CARDS EXCEEDS STORAGE ALLOTTED.
Routine: MAIN

The number of LD cards exceeds array dimension. Execution terminated.
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31.

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 Limitations in Part II 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.

PIVOT(_ ) = _ _
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
10~ 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 1is 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 GROUND
OPTION.

Routine: MAIN

RECEIVING PATTERN STORAGE 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.

b,

will be truncated. This array dimension is 200 in the original NEC
deck. Refer to Array Dimension Limitations in Part II to change

dimension.

ROM2 - -~ STEP SIZE LIMITED AT Z =
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 =

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 IMPEDANCE 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 SEGMENT .
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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