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Preface

This manual builds on the work of many people, starting with the original authors who are ac-
knowledged in the Preface to the Original NEC User Manual, reproduced in the first subsection
of this preface. The first edition of the manual was published in January 1981 and was wholly
paper based.

The manual was then transformed for the Web using OCR (Optical Character Recognition) by
unpaid volunteers, who are acknowledged in the subsection Contributors to the Web Edition.
That edition of the manual was published in September 1996 and took the form of a PDF file.

The current effort aimed at producing LaTeX source file/s which can be edited with a text editor
and may be converted into any form (eg. PDF, PS or HTML) supported by LaTeX format conver-
sion utilities. The initial step in generating this manual was to extract the text from the associated
Web Edition PDF file using the utility pdftotext (part of the poppler package under ArchLinux).
The text was then converted to LaTeX by hand; most diagrams have been redrawn using the LaTeX
figure enviroment.

This edition of the manual isn’t intended simply as a copy of the original but an update, in support
of the gNEC project. The original command set will continue to be described but a new, better
command set should eventually emerge. Any improvements to the text or diagrams will also be
included as the need arises. Notable examples of changes from the original manual are the removal
of the sections "Execution Time" and "File Storage Requirements" which are no longer relevant
owing to improvements in computer technology since the original writing of the manual.

Mike Waters

Preface to the Original NEC User Manual

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 Pro-
gram (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 Strate-
gic Communications Command, and Rome Air Development Center under Office of Naval Re-
search Contract N00014-71-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 III : NEC User’s Guide

The documentation has been prepared by using the AMP documents as foundations and by modi-
fying those as needed. In some cases this led to minor changes in the original documents while in
many cases major modifications were required.
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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 pro-
vided by the Naval Ocean Systems Center under MIPR-N0095376MP. Cognizant individuals un-
der 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 by the Lawrence
Livermore National Laboratory under contract No. W-7405-Eng-48. Reference to a company or
product name does not imply approval or recommendation of the product by the University of
California or the U.S. Department of Energy to the exclusion of others that may be suitable.

Contributors to the Web Edition

The main author of the Web Edition of the NEC User Manual was Peter D. Richeson. He ac-
knowledged the following people for helping him put the manual on the web :

• Charlie Panek • Jay A. Kralovec
• Bruce Horn • Rob Farber
• Steve Byan • Larry Goldstein
• Dave Waddell • Deb Chatterjee
• Rupert L. Seals • Doug Braun
• Chuck Counselman
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Disclaimer

This manual was originally prepared as an account of work sponsored by the United States Gov-
ernment. Neither the United States nor the United States Department of Energy, nor any of their
employees, nor any of their contractors, subcontractors, or their employees, makes any warranty,
express or implied, or assumes any legal liability or responsibility for the accuracy, completeness
or usefulness of any information, apparatus, product or process disclosed, or represents that its use
would not infringe privately-owned rights.

The Web (HTML) and Microsoft Word (WDBN) versions of this manual were derived from the
original, printed version by uncompensated volunteers, through optical scanning and automatic
character recognition (OCR), retyping, reformatting and other editing. These processes have in-
evitably introduced errors and omissions, for which the United States Government, Lawrence
Livermore National Laboratory and University of California have no responsibility. No assurance
is made by anyone as to the completeness, accuracy, or suitability for any purpose of any version
of this manual.

Users should be particularly alert for errors of the sort that occur frequently with OCR, eg. missed
decimal points and minus signs; confusion of the numeral "1", the lower-case letter "l", and the
upper-case letter "I"; misalignment of columns in card images due to miscounting of spaces; and
incorrect word substitution by automatic spell-checking programs.

This LaTeX version of the manual derives from a PDF copy of the Web version. Users should note
that, as yet only cursory checks of the accuracy of this manual have been made. The author can’t
guarantee that there are no errors (and probably never will, as it’s provided at no cost). Having
said that, I endeavour to correct errors as they become known.
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Abstract

The Numerical Electromagnetics Code (NEC) is a computer code for analyzing the electromag-
netic 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 integral equations for in-
duced 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 includes an accurate method for modeling grounds, based
on the Sommerfeld integrals, and an option to modify a structure without repeating the complete
solution.

This manual contains instruction for use of the Code, including preparation of input data and
interpretation of the output. Examples are included that show typical input and output and illustrate
many of the special options available in NEC.
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1 Introduction

The Numerical Electromagnetics Code (NEC) 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 solution methods and
provides a highly accurate and versatile tool for electromagnetic analysis.

NEC combines an integral equation for smooth surfaces with one specialized for wires to provide
for convenient and accurate modeling of a wide range of structures. A model may include non-
radiating networks and transmission 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 elliptical 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 dimensions up to several wave-
lengths. Although there is no theoretical size limit, the numerical solution requires a matrix equa-
tion of increasing order as the structure size is increased relative to wavelength. Hence, modeling
very large structures will require more computer time.

This manual contains instructions for use of NEC 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 mod-
ified deck. There is another manual : gNEC - Theory, which covers the equations and numerical
methods.
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2 Structure Modeling Guidelines

The basic devices for modeling structures with NEC 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.
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2.1 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 δ relative to the wavelength λ . Generally,
δ should be less than about 0.1λ at the desired frequency. Somewhat longer segments may be
acceptable on long wires with no abrupt changes while shorter segments, 0.05λ 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 10−3 λ , 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 λ 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 the current is approximated by the first two terms in a series expansion of the exact
field in powers of a2. 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
approximation 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 consid-
ered, and there is no allowance for variation of the current around the wire circumference. The
acceptability of these approximations depends on both the value of a/λ and the tendency of the
excitation to produce circumferential current or current variation. Unless 2π a/λ 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 δ/a.
Small values of δ/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 δ/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, δ/a
must be greater than about 8 for errors of less than 1%. With the extended thin-wire kernel, δ/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 δ/a down to about 2 and with the extended thin-
wire kernel for δ/a down to 0.5. When a model includes segments with δ/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, how-
ever. Hence, segments with small δ/a should be avoided at bends. Use of a small δ/a at a bend,
which results in the center of one segment falling within the radius of the other segment, generally
leads to severe error.

The current expansion used in NEC enforces conditions on the current and charge density along
wires, at junctions, and at wire ends. For these conditions to be applied properly, segments that are
electrically connected must have coincident end points. If segments intersect other than at their
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ends, the NEC code will not allow current to flow from one segment to the other. Segments will
be treated as connected if the separation of their ends is less than about 10−3 times the length of
the shortest segment. When possible, however, identical coordinates should be used for 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 wire segment. Numerical studies have shown that such overlapping leads to
meaningless 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 ap-
plications to the computation of radar cross sections and radiation patterns provided reasonably
accurate results. Even computations for the input impedance of antennas driven against grid mod-
els 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, how-
ever, 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 sites 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 over-
lapping 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 δ/a. The problem may be reduced by making the radius change in steps over
several segments.

• 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.

• The number of wires joined at a single junction cannot exceed 30 because of a dimension
limitation in the code.

• When wires are parallel and very close together, the segments should be aligned to avoid
incorrect current perturbation from offset match point and segment junctions.

• Although extensive tests have not been conducted, it is safe to specify that wires should be
several radii apart.
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2.2 Surface Modeling

A conducting surface is modeled by means of multiple, small flat surface patches corresponding
to the segments used to model wires. The patches are chosen to cover completely the surface to be
modeled, conforming as closely as possible to curved surfaces. The parameters defining a surface
patch are the Cartesian coordinates of the patch center, the components of the outward-directed,
unit normal vector and the patch area. These are illustrated in Figure 1 where~ro = xox̂+yoŷ+ zoẑ
is the position of the segment center; n̂ = nxx̂+ nyŷ+ nzẑ is the unit normal vector and A is the
patch area.

X

Y

Z

~ro

x̂
ŷ

ẑ

A

n̂

t̂1t̂2

Figure 1: Patch Position and Orientation.

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 t̂1 and t̂2, which are tangent to the surface. The vector t̂1 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,
t̂1 = x̂

For a non horizontal patch,

t̂1 =
ẑ× n̂
|ẑ× n̂|

t̂2 is then chosen as t̂2 = n̂× t̂1. When a structure having plane symmetry is formed by reflection
in a coordinate plane using a GX input card, the vectors t̂1, t̂2 and n̂ are also reflected so that the
new patches will have t̂2 =−n̂× t̂1.

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
second of three previously identical patches. The connection patch is divided along lines defined
by the vectors t̂1 and t̂2 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 the patches and
the lowest segment on the connected wire are computed. In this case an interpolation function is
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t̂1

t̂2

Figure 2: Connection of a Wire to a Surface Patch.

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 t̂1 and t̂2. 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 wire
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 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 division in azimuth and equal cuts along the vertical axis. This
results in all patches having equal areas but with long narrow patches near the equator. In the
second method, the number of divisions in azimuth is increased toward the equator so that the
patch length and width are kept more nearly equal. The areas are again kept approximately equal.

The results of the two segmentations are shown in Figure 4 and Figure 5 for scattering by a
sphere of ka (21 radius / wavelength) equal to 5.3. The uniform segmentation used 14 increments
in azimuth and 14 equal bands along the vertical axis. The variable segmentation 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
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Figure 3: Patch Models for a Sphere.

Figure 4: Scattering from a Sphere with Uniform Segmentation.

Figure 5: Scattering from a Sphere with Variable Segmentation.

15



normals are directed outward. If a somewhat thin body, such as a box with one narrow dimension,
is modeled with patches the narrow sites (edges) must be modeled as well as the broad surfaces.
Furthermore, the parallel surface 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 pos-
sible 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 by varying the segment and patch density and observing the effect on the results. Some
dependence of results on segmentation 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 usable 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.
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2.3 Modeling Structures Over Ground

Several options are available in NEC for modeling an antenna over a ground plane. For a perfectly
conducting ground, the code generates an image of the structure reflected in the ground surface.
The image is exactly equivalent to a perfectly conducting ground and results in 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+a2

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 a least several tenths of a wavelength above
the ground. It should not be used for structures having a large horizontal extent over the ground
such as some traveling-wave antennas. An alternate method (Sommerfeld/Norton), available for
wires only, uses the exact solution for the fields in the presence of ground and is accurate close to
the ground. For a horizontal wire the height restriction is the same as for a perfect ground. When
this method is used NEC requires an input file (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 take about four times longer than for free space. In addition, computation of the in-
terpolation table requires about 15sec 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.

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 (ie. 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 connection, 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.

Also included are 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 diffraction 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.

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
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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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3 Program Input

When NEC was first developed computer programs where loaded via a deck of punch cards.
The NEC data cards where divided into blocks of columns each representing a field. A common
feature of NEC data cards is that the first field (columns 1 and 2) contains a two-letter command
mneumonic. The following diagram illustrates the general card layout :

__________________________________________________________________________________________
/2| 10| 20| 30| 40| 50| 60| 70| 80|

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

This format has various drawbacks eg. it’s not very human readable and limits the precision of
numeric fields. However, it’s a format which has been used for several decades so it’s essential that
it be supported. In future a new command format will also be implemented, probably a parameter
/ value pair structure which will remove the limits of the original format.

3.1 Comment Cards

The data-card deck for a run must begin with one or more comment cards which can contain a
brief description and structure parameters for the run. The cards are printed at the beginning of
the output of the run for identification only and have no effect on the computation. Any alphabetic
and numeric characters can be included in these cards. There are two forms for comment cards
which are described below.

3.1.1 CM - Comment Card

Purpose : Create a comment string to be prepended to the program output.

Format : CM [Comment string]

Notes :

• When a CM card is read, the contents of columns 3 through 80 are printed in the output, and
the next card is read as a comment card.

3.1.2 CE - End Comment Card

Purpose : Create a final comment string to be prepended to the program output.

Format : CE [Comment string]

Notes :

• When a CE card is read, columns 3 through 80 are printed, and reading of comments is
terminated.

• The card ammediately following a CE card must be a geometry card.

19



• A CE Card must always occur in a data deck and may be preceded by as many CM cards as
are needed to describe the run.
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3.2 Structure Geometry Cards

Structure geometry cards are used to define the physical structure of the object to be analysed. The
basic building blocks are wire segments and patches.

Structure geometry cards are formated as shown in the following illustration :
___________________________________________________________________________________________

/2| 5| 10| 20| 30| 40| 50| 60| 70| 80|
/ | | | | | | | | | |
| | I1 | I2 | F1 | F2 | F3 | F4 | F5 | F6 | F7 |
| | | | | | | | | | |
| | | | | | | | | | |
| | | | | | | | | | |
| | | | | | | | | | |
| | | | | | | | | | |
| The numbers along the top refer to the last column in each field. | | |
| | | | | | | | | | |

Each card begins with a command mnemonic comprised of two characters (columns), this is fol-
lowed by two integer fields (I1 and I2) each comprised of five characters (columns). The remaining
columns are floating point fields (F1 to F7) each comprised of ten characters (columns). Numeric
fields which are not required for a particular command should be left blank.

3.2.1 GA - Wire Arc Specification

Purpose : Generate a circular arc of wire segments.

Format : GA ITG NS RADA ANG1 ANG2 RAD

Parameters :

• Integer Fields :

ITG (I1) - Tag number assigned to all segments of the wire arc.

NS (I2) - Number of segments into which the arc will be divided.

• Floating-Point Fields :

RADA (F1) - Arc radius (center is the origin and the axis is the y axis.

ANG1 (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.

• If 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.
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3.2.2 GE - End Geometry Input

Purpose : Terminate reading geometry data cards and reset geometry data if a ground plane is
used.

Format : GE FLAG

Parameters :

• Integer Fields :

FLAG (I1) - Geometry ground plain flag :

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 touch-
ing 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. Cur-
rent expansion, however, is not modified, Thus, currents on segments touching
the ground will go to zero at the ground.

Notes :

• 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.

• At the time that the GE card is read, the structure dimensions must be in units of meters.

• A positive or negative value of I1 does not cause a ground to be included in the calcula-
tion. 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 I1 is nonzero, no segment my extend below the ground plane (X,Y plane) or lie in
this plane. Segments my end on the ground plane, however.

• If the height of a horizontal wire is less than 10-3 times the segment length, I1 equal to 1
will connect the end of every segment in the wire to ground. I1 should be -1 to avoid this
disaster.

• As an example of how the symmetry of a structure is affected by the presence of ground
plane (X,Y plane), consider a structure generated with cylindrical symmetry about the Z
axis. The presence of a ground does not effect the cylindrical symmetry. If however this
same structure is rotated off the vertical, cylindrical symmetry is lost in the presence of the
ground. As a second example, consider a dipole parallel to the 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 I1 is nonzero. If the structure was
rotated about the X or Y axis by the GM card, all symmetry is lost (ie. 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 or a structure does not affect
symmetries.

22



3.2.3 GF - Read Numerical Green’s Function File

Purpose : Read a previously written Numerical Green’s Function (NGF) file.

Format : GF FLAG

Parameters :

• Integer Fields :

FLAG (I1) - Numerical Green’s Function flag :

6= 0 - Prints a table of the coordinates of the ends of all segments in the Numerical
Green’s Function.

= 0- Print normally.

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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3.2.4 GH - Helix/Spiral Specification

Purpose : Generate a helix or spiral of wire segments

Format : GH ITG NS S HL A1 B1 A2 B2 RAD

Parameters :

• Integer Fields :

ITG (I1) - Tag number assigned to all segments of the helix or spiral.

NS (I2) - Number of segments into which the helix or spiral will be divided.

• Floating-Point Fields :

S (F1) - Spacing between turns.

HL (F2) - Total length of the helix.

A1 (F3) - Radius in x at z = 0.

B1 (F4) - Radius in y at z = 0.

A2 (F5) - Radius in x at z = HL.

B2 (F6) - Radius in y at z = HL.

RAD (F7) - Radius of wire.

Notes :

• Structure will be a helix if A2= A1 and HL> 0.

• Structure will be a spiral if A2= A1 and HL= 0.

• Unless it has been fixed in the codes in circulation, the use of HL = 0 for a flat spiral will
result in division by zero in NEC-2. GH was a non-official addition to NEC-2.

• HL negative gives a left-handed helix.

• HL positive gives a right-handed helix.
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3.2.5 GM - Coordinate Transformation

Purpose : Translate or rotate a structure with respect to the coordinate system or to generate new
structures translated or rotated from the original. The translation is performed on the
structure defined in the preceding geometry card.

Format : GM ITGI NRPT ROX ROY ROZ XS XY XZ ITS

Parameters :

• Integer Fields :

ITGI (I1) - Tag number increment.

NRPT (I2) - The number of new structures to be generated

• Floating-Point Fields :

ROX (F1) - Angle in degrees through which the structure is rotated about the X-axis. A
positive angle causes a right-hand rotation.

ROY (F2) - Angle of rotation about Y-axis.

ROZ (F3) - Angle of rotation about Z-axis.

XS (F4) - X component of vector by which structure is translated with respect to the
coordinate system.

YS (F5) - Y component of translation vector.

ZS (F6) - Z component of translation vector.

ITS (F7) - This field is input as a decimal number but is rounded to an integer before use.
Segment numbers are searched sequentially until one matching ITS is found.
This segment and all segments through to the end of the sequence are moved
by the card. If ITS is blank (usual case) or zero, the entire structure is moved.

Notes :

• If NRPT is zero, the structure is moved by the specified rotation and translation leaving noth-
ing 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. If 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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3.2.6 GR - Generate Cylindrical Structure

Purpose : Reproduce a structure by rotating about the Z-axis to form a complete cylindrical array,
and to set flags so that symmetry is utilized in the solution.

Format : GR ITGI I2

Parameters :

• Integer Fields :

ITGI (I1) - Tag number increment.

I2 (I2) - Total number of times that the structure is to occur in the cylindrical array.

Notes :

• The tag increment (ITGI) 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 (ITGI). Tags equal to zero are not incremented.

• The GR card should never be used when there are segments on the Z-axis or crossing the
Z-axis since overlapping segments would result.

• The GR card sets flags so the program makes use of cylindrical symmetry in solving for
the currents. If a structure modeled by N segments has M sections in cylindrical symmetry
(formed by a GR card with I2 equal to M), the number of complex numbers in matrix
storage and the proportionality factors for matrix fill time and matrix factor time are :

Matrix Fill Factor
Storage Time Time
——— ——– ———

No Symmetry N2 N2 N2

M Symmetric Sections N2/M N2/M N2/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. In most
cases, the program is set by the geometry routines for the existing symmetry. Operations
that automatically 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, de-

stroys 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 translation 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 structure in an unsym-
metric manner. In this case, the program is not automatically set to a no-symmetry condition
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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.

• 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 I2 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.
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3.2.7 GS - Scale Structure Dimensions

Purpose : Scale all dimensions of a structure by a constant.

Format : GS SCALE

Parameters :

• Floating-Point Fields :

SCALE (F1) - All structure dimensions, including wire radii, are multiplied by this value.

Notes :

• 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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3.2.8 GW - Wire Specification

Purpose : Generate a string of segments to represent a straight wire.

Format : GW ITG NS XW1 YW1 ZW1 XW2 YW2 ZW2 RAD
GC RDEL RAD1 RAD2

The first card defines a string of segments with radius RAD. If RAD is zero or blank, the second
card is read to set parameters to taper the segment lengths and radius from one end of the wire to
the other.

Parameters :

• Integer Fields :

ITG (I1) - Tag number assigned to all segments of the wire.

NS (I2) - Number of segments into which the wire will be divided.

• Floating-Point Fields :

XW1 (F1) - X coordinate of wire end 1

YW1 (F2) - Y coordinate of wire end 1

ZW1 (F3) - Z coordinate of wire end 1

XW2 (F4) - X coordinate of wire end 2

YW2 (F5) - Y coordinate of wire end 2

ZW2 (F6) - Z coordinate of wire end 2

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 :

RRAD= (RAD2/RAD1)(1/(NS−1))

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

S1 = L(1−RDEL)/(1−RDELNS)
or

S1 = L/NS if RDEL= 1.

Notes :

• 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 identifying 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
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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 wire 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.

• 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 re-
gions 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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3.2.9 GX - Reflection in Coordinate Planes

Purpose : 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.

Format : GX ITGI XYZ

Parameters :

• Integer Fields :

ITGI (I1) - Tag number increment.

XYZ (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 corresponding reflection to be skipped.

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, 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 I1 is used to avoid duplication of tag numbers in the image segments. All
valid tags on the original structure are incremented by I1 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 an 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 I2 equal to 011 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 :
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No. of Planes Matrix Fill Factor
of Symmetry Storage Time Time

0 N2 N2 N3
1 N2/2 N2/2 N3/4
2 N2/4 N2/4 N3/16
3 N2/8 N2/8 N3/64

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 GX card in such a way that symmetry is de-
stroyed, 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, de-
stroys 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 exam-
ple, 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 translation 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 un-
symmetric 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 struc-
ture. 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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3.2.10 SP - Surface Patch

Purpose : To input parameters of a single surface patch.

Format : SP NS X1 Y1 Z1 X2 Y2 Z2
If NS is 1, 2, or 3, a second card is read in the following format :
SC NS X3 Y3 Z3 X4 Y4 Z4

Parameters :

• Integer Fields :

NS (I1) - Selects patch shape :

0 - Arbitrary patch shape (default).
1 - Rectangular patch.
2 - Triangular patch.
3 - Quadrilateral patch.

• Floating-Point Fields :

Arbitrary shape (NS = 0) :

X1 (F1) - X coordinate of patch center.

Y1 (F2) - Y coordinate of patch center.

Z1 (F3) - Z coordinate of patch center.

X2 (F4) - Elevation angle above the X-Y plane of outward normal vector (degrees).

Y2 (F5) - Azimuth angle from X-axis of outward normal vector (degrees).

Z2 (F6) - Patch area (square of units used).

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

X1 (F1) - X coordinate of corner 1.

Y1 (F2) - Y coordinate of corner 1.

Z1 (F3) - Z coordinate of corner 1.

X2 (F4) - X coordinate of corner 2.

Y2 (F5) - Y coordinate of corner 2.

Z2 (F6) - Z coordinate of corner 2.

X3 (F1) - X coordinate of corner 3.

Y3 (F2) - Y coordinate of corner 3.

Z3 (F3) - Z coordinate of corner 3.

For the quadrilateral patch only (NS = 3) :

X4 (F4) - X coordinate of corner 4.

Y4 (F5) - Y coordinate of corner 4.

Z4 (F6) - Z coordinate of corner 4.

Notes :
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• The four patch options are shown in figures Figure 6, Figure 7, Figure 8 and Figure 9. For
the rectangular, triangular, and quadrilateral patches the outward normal vector n̂ is specified
by the ordering of corners 1, 2, and 3 and the right-hand rule.

n̂

X

Y

Z

α

β

X2= α

Y2= β

Figure 6: Arbitary Patch Shape (NS = 0)

• For a rectangular, triangular, or quadrilateral patch, t̂1 is parallel to the side from corner 1 to
corner 2. For NS = 0, t̂1 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.

• 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 spec-
ified shape. For solution accuracy, however, the distribution of patch centers obtained with
generally square patches has been found to be desirable (see section II-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, I2 has no effect.

t̂1

1 2

3

Figure 7: Rectangular Patch (NS = 1)
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t̂1

1 2

3

Figure 8: Triangular Patch (NS = 2).

t̂1

1
2

3

4

Figure 9: Quadrilateral Patch (NS = 3).

Rectangular or quadrilateral patches may be intermixed, but triangular or arbitrary shapes
are not allowed in a string of linked patches.
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3.2.11 SM - Multiple Patch Surface

Purpose : Cover a rectangular region with surface patches.

Format : SM NX NY X1 Y1 Z1 X2 Y2 Z2
A second card with the following format must immediately follow an SM card :
SC X3 Y3 Z3

Parameters :

• Integer Fields :

NX (I1) - The number of patches from corner 1 to corner 2.

NY (I2) - The number of patches from corner 2 to corner 3.

• Floating-Point Fields :

X1 (F1) - The X coordinate of corner 1.

Y1 (F2) - The Y coordinate of corner 1.

Z1 (F3) - The Z coordinate of corner 1.

X2 (F4) - The X coordinate of corner 2.

Y2 (F5) - The Y coordinate of corner 2.

Z2 (F6) - The Z coordinate of corner 2.

X3 (F1) - The X coordinate of corner 3.

Y3 (F2) - The Y coordinate of corner 3.

Z3 (F3) - The Z coordinate of corner 3.

Notes :

• The division of the rectangle into patches is as illustrated in Figure 10.

1 2 3 4 5

6 7 8

t̂1
1 2

3

NX= 5

N
Y
=

4

Figure 10: Rectangular Surface Covered by Multiple Patches.

• The direction of the outward normals n̂ of the patches is determined by the ordering of
corners 1, 2, and 3 and the right-hand rule. The vectors t̂1 are parallel to the side from
corner 1 to corner 2 and t̂2 = n̂× t̂1. 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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3.3 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 :

Group I EK - Extended thin-wire kernel flag
FR - Frequency specification
GN - Ground parameter specification
KH - Interaction approximation range
LD - Structure impedance loading

Group II EX - Structure excitation card
NT - Two-port network specification
TL - Transmission line specification

Group III CP - Coupling calculation
EN - End of data flag
GD - Additional ground parameter specifications
NE - Near electric field request
NH - Near magnetic field request
NX - Next structure flag
PL - Data Storage for Plotting
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 program control cards. However a logical arrangement would be
to start with the desired parameters and options to set, followed by requests for calculation of
currents, near fields and radiated fields. Parameters that are not set in the input data are given
default values. The one exception to this is the excitation (EX) which must be set.

Computation of currents may be requested using an XQ card. RP, NE, or NH cards cause calcu-
lation 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 exception to
this occurs when multiple frequencies are requested by a single FR 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 parame-
ters 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 fre-
quency, the deck could have the form FR, EX, XQ, EX, XQ, etc. If a single excitation is required
at a number of frequencies, the cards EX, FR, XQ, FR, XQ, etc. 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
data cards to the solution procedure. The first step in the solution is to calculate the interaction
matrix, which determines the response of the antenna to an arbitrary excitation, and to factor this
matrix in preparation for solution of the matrix equation. This is the most time-consuming single
step in the solution procedure. The second step is to solve the matrix equation for the currents
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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 factorization 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 II are changed. The near fields depend only on the structure currents while the radiated
fields depend on the currents and on the GD card, which contains special ground parameters for
the radiated-field calculation. An example of the implications of these rules is presented by the
following two sets of data cards :

FR, EX, NT1, LD1, XQ, LD2, XQ, NT2, LD1, XQ, LD2, XQ

FR, EX, LD1, NT1, XQ, NT2, XQ, LD2, NT1, 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 while 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 six floating point 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 (ie. 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 or E-I which multiplies the number by 10+I

or 10−I respectively. The integer exponent must be right-justified in the field.

Program control cards are formated as shown in the following illustration :
____________________________________________________________________________________________

/2| 5| 10| 15| 20| 30| 40| 50| 60| 70| 80|
/ | | | | | | | | | | |
| | I1 | I2 | I3 | I4 | F1 | F2 | F3 | F4 | F5 | F6 |
| | | | | | | | | | | |
| | | | | | | | | | | |
| | | | | | | | | | | |
| | | | | | | | | | | |
| | | | | | | | | | | |
| The numbers along the top refer to the last column in each field. | | |
| | | | | | | | | | | |

Each card begins with a command mnemonic comprised of two characters (columns), this is fol-
lowed by four integer fields (I1 to I4) each comprised of five characters (columns). The remaining
columns are floating point fields (F1 to F6) each comprised of ten characters (columns). Numeric
fields which are not required for a particular command should be left blank.
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3.3.1 CP - Maximum Coupling Calculation

Purpose : Request calculation of the maximum coupling between segments.

Format : CP TAG1 SEG1 TAG2 SEG2

Parameters :

• Integer Fields :

TAG1 (I1) - Specify segment number SEG1 in the set of segments having tag TAG1.

SEG1 (I2) - If TAG1 is blank or zero, then SEG1 is the segment number.

TAG2 (I3) - Specify segment number SEG2 in the set of segments having tag TAG2.

SEG2 (I4) - If TAG2 is blank or zero, then SEG2 is the segment number.

Notes :

• Up to five segments may be specified on 2-1/2 CP cards. Coupling is computed between all
pairs of these segments. When more than two segments are specified, the CP cards must be
grouped together. A new group of CP cards replaces the old group.

• CP does not cause the program to proceed with the calculation but only sets the segment
numbers. The specified segments must then be excited (EX card) one at a time in the speci-
fied order and the currents computed (XQ, RP, NE, or NH card). The excitation must use the
applied-field voltage-source model. 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 canceled.
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3.3.2 EK - Extended Thin-Wire Kernel

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

Format : EK ITMP1

Parameters:

• Integer Fields :

ITMP1 (I1) - Control use of the thin-wire kernel :

0 - Initiate use of the extended thin-wire kernel.
-1 - Use the standard thin-wire kernel (default).

Note :

• Without an EK card, the program will use the standard thin-wire kernel.
• If the EK card is included with no argument then use the extended thin-wire kernel.
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3.3.3 EN - End of Run

Purpose : Indicate to the program the end of all execution.

Format : EN

Parameters : None
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3.3.4 EX - Excitation

Purpose : 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.

Format : EX I1 I2 I3 I4 F1 F2 F3 F4 F5 F6

Parameters :

• Integer Fields :

I1 - Determines the type of excitation used :

0 - Voltage source (applied-E-field).
1 - Incident plane wave, linear polarization.
2 - Incident plane wave, right-hand (thumb along the incident k-vector) elliptical po-

larization.
3 - Incident plane wave, left-hand elliptical polarization.
4 - Elementary current source.
5 - Voltage source (current-slope-discontinuity).

The remaining integers depend on the excitation type :

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

I2 - The 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
number in the next field.

I3 - Specify the m-th 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 (I3) must be the absolute segment number of the source.

I4 - Columns 19 & 20 of this field are used separately.

The options for column 19 are :

1 - Maximum relative admittance matrix asymmetry for source segment and
network connection 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 impedance of a
single source segment in a frequency loop will be collected and printed in
a table (in a normalized and an unnormalized form) after the information
at all frequencies has been printed. Normalization to the maximum value
is a default, but the normalization value can be specified (refer 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.

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

I2 - Number of theta angles desired for the incident plane wave.

42



I3 - Number of phi angles desired for the incident plane wave.

I4 - Only column 19 is used. The options are :

1 - Maximum relative admittance matrix asymmetry for network connections
will be calculated and printed.

0 - No action.

c. Elementary current source (I1 = 4) :

I2 - Blank.

I3 - Blank.

I4 - Only column 19 is used and its function is identical to that listed under b.

• Floating-Point Fields :

The floats depend on the excitation type :

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 constants for the impedance printed in the optional impedance table.
Blank in this field produces normalization to the maximum value.

F4 - Blank.

F5 - Blank.

F6 - Blank.

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

The incident wave is characterized by the direction of its k̂ vector, and by an angle of
polarization in the plane normal to k̂.

F1 - θ in degrees. θ is a standard spherical coordinate, measured from the Z-axis as
illustrated in Figure 11.

F2 - φ in degrees. φ is the standard spherical angle defined in the XY plane, measured
around the Z-axis.

F3 - η in degrees. η is a polarization angle, defined as the angle between the θ -directed
unit vector and the electric-field (E) vector for linear polarization, or the major
ellipse axis for elliptical polarization. Refer to Figure 11.

F4 - θ angle stepping increment in degrees.

F5 - φ angle stepping increment in degrees.

F6 - Ratio of minor axis to major axis for elliptical polarization.

c. Elementary current source (I1 = 4) :

The current source is characterized by its Cartesian coordinate position, orientation and
its magnitude.

F1 - X position in meters.

43



X

Y

Z

~E
θ̂

φ̂

k̂

θ

φ

η

Figure 11: Specification of Incident Wave.

F2 - Y position in meters.

F3 - Z position in meters.

F4 - α in degrees. α is the angle the current source makes with the XY plane, as
illustrated in Figure 12.

F5 - β in degrees. β is the angle that the projection of the current source on the XY
plane makes with the X axis, as illustrated in Figure 12.

F6 - "Current moment" of the source. This parameter is equal to the product [OCR
GARBLE] in amp-meters.

X

Y

Z

α

β

Figure 12: Orientation of Current Element.

Notes :

• In the case of voltage sources, excitation cards can be grouped together in order to spec-
ify 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.

• An applied-E-field voltage source is located on the segment specified.

• A current-slope-discontinuity source is located at the first end, relative to the reference di-
rection, of the specified segment, at the junction between the specified segment and the
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previous segment. This junction must be a simple two-segment junction. and the two seg-
ments 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 loads. An applied-field voltage
source specified on the same segment as a network is connected in parallel with the network
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 allowed 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 θ and φ angles are specified for an incident plane-wave excitation, the θ

angle changes more rapidly than φ .

• 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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3.3.5 FR - Frequency

Purpose : Specify the frequency (frequencies) in MHz.

Format : FR IFRQ NFRQ FMHZ DELFRQ

Parameters :

• Integer Fields :

IFRQ (I1) - Determines the type of frequency stepping :

0 - Linear stepping.
1 - Multiplicative stepping.

NFRQ (I2) - Number of frequency steps. If this field is blank, one is assumed.

• Floating-Point Fields :

FMHZ (F1) - Frequency in MHz.

DELFRQ (F2) - Frequency stepping increment. If the frequency stepping is linear, this
quantity is added to the frequency each time. If the stepping is multiplica-
tive, this is the multiplication factor.

Notes :

• 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.

• Frequency cards may not be grouped together. If they are, only the information on the last
card in the group will be used.

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

• After a frequency loop for NFRQ > 1 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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3.3.6 GD - Additional Ground Parameters

Purpose : Specify the ground parameters of a second medium which is not in the immediate vicin-
ity of the antenna. This card may only be used if a GN card has also been used. It does
not affect the fields of surface patches.

Format : GD EPSR2 SIG2 CLT CHT

Parameters :

• Floating-Point Fields :

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

SIG2 (F2) - Conductivity in mhos/meter of the second medium.

CLT (F3) - Distance in meters from the origin of the coordinate system to the join
between medium 1 and 2. This distance is either the radius of the circle
where the two media join or the distance out the +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 13.

CHT (F4) - Distance in meters (positive or zero) by which the surface of medium 2 is
below medium 1.

Origin

Medium 1

Medium 2

CLT

CHT

Figure 13: Parameters for a Second Ground Medium.

Notes :

• 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 parameters 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 information 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.
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• 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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3.3.7 GN - Ground Parameters

Purpose : 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.

Format : GN IPERF NRADL EPSE SIG F3 F4 F5 F6

Parameters :

• Integer Fields :

IPERF (I1) - Ground-type flag. The options are :

-1 - Nullifies ground parameters previously used and sets free-space con-
dition. The remainder of the card is left blank in this case.

O - 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 approximation; blank or zero
implies no ground screen.

• Floating-Point Fields :

EPSE (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 the case of a perfect ground. If SIG is input as a negative
number, the complex dielectric constant Ec = Er− j ∗σ/(ω ∗ ε0) is set to
EPSR−|SIG|.

Options for Remaining Floating Point Fields (F3 - F6) :

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

b. Radial wire ground screen approximation (NRADL nonzero). The ground screen is always
centered at the origin, ie. at (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 - Blank.

F6 - Blank.

c. 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 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 positive X axis to where the two media join in
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a line parallel to the Y axis. Specification of the circular or linear option is on the
RP card. See Figure 13.

F6 - Distance in meters (positive or zero) by which the surface of medium 2 is below
medium 1.

Notes :

• 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, Ec = Er− j ∗σ/(ω ∗ ε0). NEC compares Ec from the file with that determined
by the GN card parameters and frequency. If the relative difference exceeds 10−3, an error
message is printed. Once TAPE21 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 XQ[?] cards, may use the TAPE21 data if the ground parameters and fre-
quency (thus, Ec) remain unchanged. Other ground options may be intermixed with the
Sommerfeld/Norton option.

• 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 parameters
(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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3.3.8 KH - Interaction Approximation Range

Purpose : Set the minimum separation distance for use of a time-saving approximation in filling
the interaction matrix.

Format : KH RKH

Parameters:

• Floating-Point Fields :

RKH (F1) - The approximation is used for interactions over distances greater than RKH
wavelengths.

Notes :

• 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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3.3.9 LD - Loading

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

Format : LD LDTYP LDTAG LDTAGF LDTAGT ZLR ZLI ZLC

Parameters :

• Integer Fields :

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.
1 - 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 (I2) - 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. 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 n-th 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 parameter. The
loading specified is applied to each of the m-th through n-th 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 Fields :

Parameters for the Various Load Types :

a. Series RLC (LDTYP= 0) :

ZLR (F1) - 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.

b. Parallel RLC (LDTYP= 1), same as a.
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c. Series RLC (LDTYP= 2) input parameters per unit length :

ZLR (F1) - Resistance in ohms/meter; if none, leave blank.

ZLI (F2) - Inductance in henries/meter; if none, leave blank.

ZLC (F3) - Capacitance in farads/meter; if none, leave blank.

d. Parallel RLC (LDTYP= 3), input parameters per unit length otherwise same as c.

e. Impedance (LDTYP= 4) :

ZLR (F1) - Resistance in ohms.

ZLI (F2) - Reactance in ohms.

f. Wire conductivity (LDTYP= 5) :

ZLR (F1) - Conductivity in mhos/meter.

Notes :

• 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 automati-
cally scale with frequency.

• Loading cards used after any form of execute, require regeneration of the structure matrix.

• Since loading modifies the interaction matrix, it will affect the conditions of plane or cylin-
drical symmetry of a structure. If a structure is geometrically symmetric and each sym-
metric 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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3.3.10 NE - Near Field (Electric)

Purpose : Request calculation of near electric fields in the vicinity of the antenna.

Format : NE NEAR NRX NRY NRZ XNR YNR ZNR DXNR DYNR DZNR

Parameters :

• Integer Fields :

NEAR (I1) - Coordinate system type :

0 - Rectangular coordinates.
1 - Spherical coordinates.

a. Rectangular coordinates (NEAR= 0) :

NRX (I2) - The number of points desired in the x, y, and z directions respectively.

NRY (I3) - The value for x changes most rapidly, then y, and then z.

NRZ (I4) - A value of 1 is assumed for any field left blank.

b. Spherical coordinates (NEAR= 1) :

NRX (I2) - The number of points desired in the r, φ , and θ directions, respectively.

NRY (I3) - The value for r changes most rapidly, then φ , and then θ .

NRZ (I4) - A value of 1 is assumed for any field left blank.

• Floating-Point Fields :

The specification of floating-point fields depends on the coordinate system chosen.

a. Rectangular coordinates (NEAR= 0) :

XNR (F1) - The x, y and z coordinate positions respectively,

YNR (F2) - of the first field point

ZNR (F3) - (in meters).

DXNR (F4) - Coordinate stepping increment, in meters, for the x, y and z

DYNR (F5) - coordinates, respectively. In stepping, x changes most rapidly,

DZNR (F6) - then y, and then z.

b. Spherical coordinates (NEAR= 1) :

XNR (F1) - The r, φ and θ ) coordinate positions respectively,

YNR (F2) - of the first field point. r is in meters, and

ZNR (F3) - φ and θ are in degrees.

DXNR (F4) - Coordinate stepping increments for r, φ , and θ ,

DYNR (F5) - respectively. The stepping increment for r is in meters,

DZNR (F6) - and for φ and θ is in degrees.

Notes :
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• 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 (ie. when the number of fre-
quency 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.

• The near electric field is computed by whichever form of the field equations was 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. If these components
are of interest, the field point should be on or outside of the segment surface.
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3.3.11 NH - Near Field (Magnetic)

Purpose : Request calculation of near magnetic fields in the vicinity of the antenna.

Format : NH NEAR NRX NRY NRZ XNR YNR ZNR DXNR DYNR DZNR

Notes :

• Refer to sub-section NE - Near Field (Electric).
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3.3.12 NT - Networks

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

Format : NT I1 I2 I3 I4 Y11R Y11I Y12R Y12I Y22R Y22I

Parameters :

• Integer Fields :

I1 - Tag number of the segment to which port one of the network is connected. This
tag number along with the number to be given in (I2), which identifies the 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 (12).

I2 - Equal to m, specifies the m-th 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.

I3 - Used in exactly the same way as (I1) in order to specify the segment corresponding
to port two of the network connection.

I4 - Used in exactly the same way as (I2) in order to specify the segment corresponding
to port two of the network connection.

• Floating Point Fields :

The six floating-point fields are used to specify the real and imaginary parts of three short
admittance matrix elements (1,1), (1,2), and (2,2), respectively. The circuit admittance ma-
trix is symmetric so it is unnecessary to specify element (2,1).

Y11R (F1) - Real part of element (1,1) in mhos.

Y11I (F2) - Imaginary part of element (1,1) in mhos.

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

Y12I (F4) - Imaginary part of element (1,2) in mhos.

Y22R (F5) - Real part of element (2,2) in mhos.

Y22I (F6) - Imaginary part of element (2,2) in mhos.

Notes :

• Network cards may be used in groups to specify several networks on a structure. All network
cards for a network configuration must occur together with no other cards (except TL cards)
separating them. When the first NT card is read following a card other than an NT or
TL card, all previous network and transmission line data are destroyed. Hence, if a set
of network data is to be modified, all network data must be input again in the modified
form. Dimensions in the program limit the number of networks that may be specified. In
the present NEC deck, the number of two-port networks (including transmission lines) is
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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 (ie. 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 14. The

Z1 ShortPort 1 Port 2

Figure 14: Segment Loaded by Means of a 2-Port Network.

admittance matrix elements are Y11 = 1/Z1, Y12 = 0, and Y22 = infinity (computationally,
a very large number such as 1010). 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 recalculation of the current
only.

• NT and TL cards do not affect structure symmetry.
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3.3.13 NX - Next Structure

Purpose : Signal the end of data for one structure and the beginning of data for the next.

Format : NX

Parameters : None

Notes :

• The card that directly follows the NX card must be a comment card CM.
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3.3.14 PL - Data Storage for Plotting

Purpose : Set flags for writing selected output data into a predesignated file for later plotting.

Format : PL IPLP1 IPLP2 IPLP3 IPLP4

Parameters :

• Integer Fields :

IPLP1 (I1) - Data type to be written into the auxilliary file. Available options are :

0 - No action
1 - Currents
2 - Near fields
3 - Patterns
4 - Impedance, SWR
5 - Admittance, SWR

The remaining integers depend on data type (as defined by the value of IPLP1) :

a. Currents (IPLP1 = 1) :

IPLP2 (I2) - Wire current component format. Available options are :

0 - No action
1 - Real and imaginary
2 - Magnitude and phase

IPLP3 (I3) - Surface patch current components. Available options are :

0 - No action
1 - Ix
2 - Iy
3 - Iz
4 - Ix, Iy, Iz (all measured in magnitude and phase)

b. Near Fields (IPLP1 = 2) :

IPLP2 (I2) - Near field components format. Available options are :

0 - No action
1 - Real and imaginary
2 - Magnitude and phase

IPLP3 (I3) - Near field components. Available options are :

0 - No action
1 - X component
2 - Y component
3 - Z component
4 - X, Y, Z component
5 - Total Field (magnitude only)

IPLP4 (I4) - Coordinate to be stored. Available options are :

1 - X coordinate
2 - Y coordinate
3 - Z coordinate
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c. Far field patterns (IPLP1 = 3) :

IPLP2 (I2) - Angles to be written into auxilliary file. Available options are :

1 - Theta (or Z for RP1)
2 - Phi
3 - Rho (for RP1)

IPLP3 (I3) - Electric field component. Available options are :

0 - No action
1 - Etheta
2 - Ephi (field components in magnitude and phase)
3 - Erho (for RP1)

IPLP4 (I4) - Power pattern component. Available options are :

0 - No action
1 - Vertical gain (dB)
2 - Horizontal gain (dB)
3 - Total gain (dB)
4 - Vertical, Horizontal & Total Gain (dB)

Notes :

• The PL card may be used anywhere between the GE and XQ commands.

• A PL card with IPLP = 0 will suspend any previous PL specs.

• All the data requested is written out to the a file named F0R008.DAT.
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3.3.15 PQ - Print Control For Charge on Wires

Purpose : Control printing of charge on wires.

Format : PQ IPTFLQ IPTAQ IPTAQF IPTAQT

Parameters :

• Integer Fields :

IPTFLQ (I1) - Print control flag :

-1 - Suppress printing of charge densities. This is the default condition.
0 - (or blank) print charge densities on segments specified by the fol-

lowing parameters. If the following parameters are blank, charge
densities are printed for all segments.

IPTAQ (I2) - Tag number of the segments for which charge densities will be printed.

IPTAQF (I3) - Equal to m specifies the m-th segment of the set of segments having tag
numbers of IPTAQ. If IPTAQ is zero or blank, then IPTAQF refers to an
absolute segment number. If IPTAQF is left blank, then charge density is
printed for all segments.

IPTAQT (I4) - Equal to n, specifies the n-th segment of the set of segments having tag
numbers of IPTAQ. Charge densities are printed for segments having tag
number IPTAQ starting at the mth segment in the set and ending at the
n-th segment. If IPTAQ is zero or blank, then IPTAQF and IPTAQT refer to
absolute segment numbers. If IPTAQT refer to absolute segment numbers.
If IPTAQT is left blank, it is set equal to IPTAQF.
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3.3.16 PT - Page Title / Print Control for Current on Wires

Purpose : 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.

Format : PT IPTFLG IPTAG IPTAGF IPTAGT

Parameters :

• Integer Fields :

IPTFLG (I1) - Print control flag, specifies the type of format used in printing segment
currents. The options are :

-2 - All currents printed. This it 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 pat-

tern (refer to output section in this manual). Only currents for the
segments specified by thenext three parameters are printed.

2 - Same as for 1 above; in addition, however, the current and the nor-
malized values along with the for one segment will be normalized
to its maximum, relative strength in dB will be printed in a table. If
the currents for more than one segment are being printed, only cur-
rents from the last segment in the group appear in the normalized
table.

3 - Only normalized currents from one segment are printed for the re-
ceiving pattern case.

IPTAG (I2) - Tag number of the segments for which currents will be printed.

IPTAGF (I3) - Equal to m, specifies the mth segment of the set of segments having the tag
numbers of IPTAG, at which printing of currents starts. If IPTAG is zero
or blank, then IPTAGF refers to an absolute segment number. If IPTAGF
is blank, the current is printed for all segments.

IPTAGT (I4) - Equal to n specifies the n-th segment of the set of segments having tag
numbers of IPTAG. Currents are printed for segments having tag number
IPTAG starting at the m-th segment in the set and ending at the n-th seg-
ment. If IPTAG is zero or blank, then IPTAGF and IPTAGT refer to absolute
segment numbers. In IPTAGT is left blank, it is set to IPTAGF.
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3.3.17 RP - Radiation Pattern

Purpose : To specify radiation pattern sampling parameters and to cause program execution. Op-
tions for a field computation include a radial wire ground screen, a cliff, or surface-wave
fields.

Format : RP I1 NTH NPH XNDA THETS PHIS DTH RFLD GNOR

Parameters :

• Integer Fields :

I1 - Select the mode of calculation for the radiated field. Some values of I1
will affect the meaning of the remaining parameters on the card. Options
available are :

O - Normal mode. Space-wave fields are computed. An infinite ground
plane is included if it has been specified previously on a GN card; oth-
erwise, the antenna is in free space.

1 - Surface wave propagating along ground is added to the normal space
wave. This option changes the meaning of some of the other parameters
on the RP card as explained below, and the results appear in a special
output format. Ground parameters must have 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
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 the origin of the coordinate system with the
antenna above the upper level. The lower medium parameters are as
specified for the second medium on the GN card or on the GD card.

4 - Radial wire ground screen centered at origin.
5 - Both radial wire ground screen and linear cliff.
6 - Both radial wire ground screen ant circular cliff.

The field point is specified in spherical coordinates (r, θ , φ ) as illustrated
in Figure 15, except when the surface wave is computed. For computing
the surface wave field (I1= 1), cylindrical coordinates (ρ , φ , 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
NTH and NPH and floating point fields THETS, PHIS, DTH and DPH control the
field-point stepping.

NTH (I2) - The number of values of θ at which the field is to be computed (or number
of values of z, for I1= 1).

NPH (I3) - The number of values of φ at which the field is to be computed. The total
number of field points requested by the card is NTH×NPH. If NTH or NPH is
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Figure 15: Coordinates for Radiated Field.

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 XNDA. If 11 = 1, then XNDA has no effect and
should be left blank. The possible values for each digit are :

X - (column 17) controls output format, possible values are :

0 - Major-axis, minor-axis, and total gain printed.
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 dimen-
sion 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 nor-
malized to its maximum or to a value input in field GNOR. The type of
gain that is normalized is determined by the value of N as follows :

0 - No normalized gain.
1 - Major axis gain normalized.
2 - Minor axis gain normalized.
3 - Vertical axis gain normalized.
4 - 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 g̈ainẅill actually
be the scattering cross section (a/λ 2) and will not be affected by the
value of D. The column heading for the output will still read "power" or
"directive gain," however.

0 - Power gain.
1 - Directive gain.
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A - (column 20) requests calculation of average power gain over the region
covered by field points :

0 - No averaging.
1 - Average gain computed.
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 Fields :

THETS (F1) - Initial θ angle in degrees (initial z coordinate in meters if I1= 1).

PHIS (F2) - Initial φ angle in degrees.

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

DPH (F4) - Increment for φ in degrees.

RFLD (F5) - Radial distance (R) of the 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 φ in meters and is not optional. It must be greater than about
one wavelength.)

GNOR (F6) - Determines the gain normalization factor if normalization has been re-
quested in the XNDA field. If GNOR is blank or zero, the gain will be normal-
ized to its maximum value. If GNOR is not zero, the gain will be normalized
to the value of GNOR.

Notes :

• 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 (ie. 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 θ (or z) will be stepped faster than
φ .

• When a ground plane has been specified, field points should not be requested below the
ground (θ greater than 90 degrees or z less than zero.)
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3.3.18 TL - Transmission Line

Purpose : To generate a transmission line between any two points on the structure. Characteristic
impedance, length, and shunt admittance are the defining parameters.

Format : TL I1 I2 I3 I4 F1 F2 F3 F4 F5 F6

Parameters :

• Integer Fields :

The fields I1, I2, I3 and I4 are identical to those on the network (NT) card.

I1 - Tag number of the segment to which port one of the network is connected. This
tag number along with the number to be given in (I2), which identifies the 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 (12).

I2 - Equal to m, specifies the m-th 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.

I3 - Used in exactly the same way as (I1) in order to specify the segment corresponding
to port two of the network connection.

I4 - Used in exactly the same way as (I2) in order to specify the segment corresponding
to port two of the network connection.

• Floating Point Fields :

F1 - 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 degree phase reversal (crossed line) if this is desired.

F2 - The length of transmission line in meters. If this field is left blank, the program will
use the straight line distance 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.

F3 - Real part of the shunt admittance in mhos at end one.

F4 - Imaginary part of the shunt admittance in mhos at end one.

F5 - Real part of the shunt admittance in mhos at end two

F6 - Imaginary part of the shunt admittance in mhos at end two.

Notes :

• Fields I1, I2, I3 and I4 are identical to those on the network (NT) card.

• 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 following 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
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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 seg-
ment. 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 (ie. through
the use of an LD card), the load acts in series with the line.

• Use of a transmission-line (TL) card after any form of execute requires recalculation of the
current only, and does not require recalculation of the matrix.

• NT and TL cards do not affect symmetry.
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3.3.19 WG - Write NGF File

Purpose : Write a NGF (Numerical Green’s Function) file for a structure on the file TAPE20.

Format : WG

Parameters : None

Notes :

• See Section III-5.
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3.3.20 XQ - Execute

Purpose : Initiate 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.

Format : XQ I1

Parameters :

• Integer Fields :

I1 - Options controlled by this field are :

0 - No patterns requested (normal case).
1 - Generates a pattern cut in the XZ plane, ie. φ = 0 degrees and θ varies from 0

degrees to 90 degrees in 1 degree steps.
2 - Generates a pattern cut in the YZ plane, ie. φ = 90 degrees and θ varies from 0

degrees to 90 degrees in 1 degree steps.
3 - Generates both of the cuts described for the values 1 and 2.

Notes :

• For the case of a single frequency step, four cards will automatically produce program exe-
cution (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 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 is indicated.
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3.4 SOMNEC Input For Sommerfeld / Norton Ground Method

When the Sommerfeld / Norton ground option is requested on the GN card, NEC reads interpola-
tion 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 (S)

FMHZ - Frequency in MHz

IPT - Output control :

1 - Print the interpolation table.
0 - No printed output.

The interpolation tables depend only on the complex dielectric constant :

Ec = Er− j ∗SIG/(ω ∗ ε0) Er = EPR

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

Ec = EPR− j|SIG|,

and frequency is not used. The tables are written on the file TAPE21.
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3.5 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 calcula-
tion for the data on the file. The main purpose of the NGF is to avoid the unnecessary 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 mod-
eling antennas on ships, 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 com-
puted, 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 ex-
pensive 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 the structure, the data deck is constructed as for a 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, the WG card should come before XQ, RP, NE, or NH cards. 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 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
cards will affect new structure but not that from the NGF file. GR and GX cards 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 structures 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
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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 I2 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 an NT card, since NT (and TL) cards 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 (T1 and T2). 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.

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 coordinates of the original patch will be set to 9999.
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4 Program Output / Examples

Typical NEC output is illustrated in this section with examples that exercise most of the options
available. In addition to demonstrating the use of the code and typical output, the results may be
used to check the operation of the code when it is put in use on a new computer system. Most
of the output 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 SPECIFI-
CATION" 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 connection 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, al-
pha and beta, which are defined the same as for the patch normal vector (see Figure 6). The
connection data shows the connection condition at each segment. "I-" is the number of 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 pos-
itive, the reference directions of the connected segments are parallel. If 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 it is equal to I, that end of segment I is connected to a ground plane. If it is greater
than 10,000, the end is connected to a surface and (I±)-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 coordi-
nates of the patch center, components of the unit normal vector, and patch area. Components of
the unit tangent vectors, t1 and t2 (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 load-
ing 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.

If 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 of the current-slope-
discontinuity type, this is noted by a "*" character 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 segment centers and
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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 t1 and t2 and X, Y and
Z 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 radiated 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 compo-
nents requested on 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 (σ/λ 2). For very small gains,
the number -999.99 is printed.

The radiation-pattern format also includes the radiated electric field in θ and φ components. These
are labeled with the units "volts/m" for E(R,θ ,φ). Unless the range, Rm, is specified on the RP
card, however, the quantity printed is the limit of RE(R,θ ,φ) as R approaches infinity, having
units of volts. the polarization is printed in a format for general elliptical polarization, including
axial ratio (minor axis / major axis), tilt angle of the major axis (η in Figure 11), 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 examples that follow.
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4.1 Structure Geometry Examples

4.1.1 Rhombic Antenna - No Symmetry

The card deck shown below generates segment data for a rhombic antenna. The data are input in
feet and scaled to meters. In Figure 16, numbers near the structure represent segment numbers
and circled numbers represent tag numbers.
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Y

1

10 11

20

40

3130

21

1 2

43

UNITS OF 100

Figure 16: Rhombic Antenna - No Symmetry.

Geometry Data Cards :

GW 1 10 -350. 0. 150. 0. 150. 150. .1
GW 2 10 0. 150. 150. 350. 0. 150. .1
GW 3 10 -350. 0. 150. 0. -150. 150. .1
GW 4 10 0. -150. 150. 350. 0. 150. .1
GS 0.30480
GE

Number of Segments : 40
Symmetry : None
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4.1.2 Rhombic Antenna - Plane Symmetry, 2 Planes

The card deck shown below generates the same structure as the previous example although the
segment numbering is altered, refer to Figure 17. 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.
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UNITS OF 100

Figure 17: Rhombic Antenna - Two Planes of Symmetry.

Geometry Data Cards :

GW 1 10 -350. 0. 150. 0. 150. 150. .1
GX 1 110
GS 0.30480
GE

Number of Segments : 40
Symmetry : Two planes
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4.1.3 Rhombic Antenna - Plane Symmetry, 1 Plane

Refer to Figure 18. Segments 1 through 20 of this structure are in the first symmetric section.
Hence, segments 11 and 31 can be loaded without loading segments 1 and 21 (Loading segments
in symmetric structures is discussed in the sub-section covering the LD card). These data will
cause storage of a 20 by 40 interaction matrix.
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Figure 18: Rhombic Antenna - One Plane of Symmetry.

Geometry Data Cards :

GW 1 10 -350. 0. 150. 0. 150. 150. .1
GX 1 100
GX 2 010
GS 0.30480
GE

Number of Segments : 40
Symmetry : One plane
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4.1.4 Two Coaxial Rings

The card deck shown below generates segment data for two coaxial rings, refer to Figure 19.
The first 45 degree section of the two rings is generated by the first three GW cards. This section
is then rotated about the X-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.

X

Z

12 12

3
4

5 6

Figure 19: Coaxial Rings.

Geometry Data Cards :

GW 1 1 1.0 0. 0. 0.70711 0.70711 0. .001
GW 2 1 2.0 0. 0. 0.76536 1.84776 0. .001
GW 2 1 0.76536 1.84776 0. 1.41421 1.41421 0. .001
GR 8
GM 90.0 0. 0. 0. 0. 2.0
GE

Number of Segments : 24
Symmetry : 8 section cylindrical symmetry
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4.1.5 Linear Antenna over a Wire Grid Plate

The card deck shown below generates segment data for a linear antenna over a wire grid plate,
refer to Figure 20. 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.
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Figure 20: Wire Grid Plate and Dipole.

Geometry Data Cards :

GW 1 0. 0. 0. 0.1 0. 0. .001
GW 1 0. 0. 0. 0. 0.1 0. .001
GM 2 0. 0. 0. 0. 0.1 0.
GW 1 0. 0.3 0.0 0.1 0.3 0. .001
GM 4 0. 0. 0. 0.1 0. 0.
GW 3 0.5 0. 0. 0.5 0.3 0. .001
GM 0. 0. 0. -0.25 -0.15 0.
GW 1 5 -0.25 0. 0.15 0.25 0. 0.15 .001
GE

Number of Segments : 43
Symmetry : None
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4.1.6 Cylinder with Attached Wires

The card deck shown below generates segment data for a cylinder with attached wire, refer to
Figure 21. The cylinder is generated by first specifying three patches in a column centered on the
X axis as shown in Figure 21(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. The model at this point is shown in Figure 21(b). 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 another to the bottom to
from the complete cylinder shown in Figure 21(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
devided into four smaller patches as shown in Figure 21(d). Although patch shape is not input
to the program, square patches are assumed at the base of a connected wire when integrated over
the surface current. Hence, a more accurate representation of the model would be as shown in
Figure 22, where the patches to which wires connect are square with equal areas maintained for
all patches (before subdivision).
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Figure 21: Development of Surface Model for Cylinder with Attached Wires.

81



Geometry Data Cards :

SP 10. 0. 7.3333 0. 0. 38.4
SP 10. 0. 0. 0. 0. 38.4
SP 10. 0. 7.3333 0. 0. 38.4
GM 1 0. 0. 30.
SP 6.89 0. 11. 90. 0. 44.89
SP 6.89 0. 11. 90. 0. 44.89
GR 6
SP 0. 0. 11. 90. 0. 44.89
SP 0. 0. 11. 90. 0. 44.89
GW 4 0. 0. 11. 0. 0. 23. .1
GW 5 10. 0. 0. 27.6 0. 0. .2
GS .01
GE

Number of Segments : 9
Number of Patches : 56
Symmetry : None

Figure 22: Segmentation of Cylinder for Wire Connected to End and Side.
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4.2 Structure Analysis Examples

4.2.1 Center Fed Linear Antenna (Applied-E-Field).

This example includes the calculation of the near-electric-field along a 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 (ρ = 2π aε0 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.

Input Card Deck :

CEEXAMPLE 1. CENTER FED LINEAR ANTENNA
GW 0,7,0.,0.,-.25,0.,0.,.25,.001
GE
EX 0 0 4 0 1.
XQ
LD 0 0 4 4 10. 3.000E-09 5.300E-11
PQ
NE 0 1 1 15 .001 0 0 0. 0. .01786
EN

Line-Printer Output :
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4.2.2 Center Fed Linear Antenna (Current-Slope-Discontinuity).

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.

Input Card Deck :

CMEXAMPLE 2. CENTER FED LINEAR ANTENNA.
CM CURRENT SLOPE DISCONTINUITY SOURCE.
CM 1. THIN PERFECTLY CONDUCTING WIRE
CE 2. THIN ALUMINUM WIRE
GW 0 8 0. 0. -.25 0. 0. .25 .00001
GE
FR 0 3 0 0 200. 50.
EX 5 0 5 1 1. 0. 50.
XQ
LD 5 0 0 0 3.720E+07
FR 0 1 0 0 300.
EX 5 0 5 0 1.
XQ
EN

Line-Printer Output :
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4.2.3 Vertical Half Wavelength Antenna Over Ground.

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
conductive 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 36%
of the power leaving the antenna is going into the space wave. The formats for normalized gain
and the combined space-wave and ground-wave fields are illustrated. At the end of example 3, the
wire is excited with an incident wave at 10-degree angles and the PT card option is used to print
receiving antenna patterns.

Input Card Deck :

CMEXAMPLE 3. VERTICAL HALF WAVELENGTH ANTENNA OVER GROUND
CM EXTENDED THIN WIRE KERNEL USED
CM 1. PERFECT GROUND
CM 2. IMPERFECT GROUND INCLUDING GROUND WAVE AND RECEIVING
CE PATTERN CALCULATIONS
GW 0 9 0. 0. 2. 0. 0. 7. .3
GE 1
EK
FR 0 1 0 0 30.
EX 0 0 5 0 1.
GN 1
RP 0 10 2 1301 0. 0. 10. 90.
GN 0 0 0 0 6. 1.000E-03
RP 0 10 2 1301 0. 0. 10. 90.
RP 1 10 1 0 1. 0. 2. 0. 1.000E+05
EX 1 10 1 0 0. 0. 0. 10.
PT 2 0 5 5
XQ
EN

Line-Printer Output :
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4.2.4 Antenna on a Box Over a Perfect Ground.

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)× (computed input power)
= 1.016 (10−3)W

Radiation resistance = 2× (radiated power) / | Isource|2
= 162.6 ohms

Since the input power used in computing the gains in the radiated pattern table is to large by 0.46
dB, the gains can be corrected by adding this factor.

Input Card Deck :

CEEXAMPLE 4. T ANTENNA ON A BOX OVER A PERFECT GROUND
SP 0 0 .1 .05 .05 0. 0. .01
SP 0 0 .05 .1 .05 0. 90. .01
GX 0 110
SP 0 0 0. 0. .1 90. 0. .04
GW 1 4 0. 0. .1 0. 0. .3 .001
GW 2 2 0. 0. .3 .15 0. .3 .001
GW 3 2 0. 0. .3 -.15 0. .3 .001
GE 1
GN 1
EX 0 1 1 0 1.
RP 0 10 4 1001 0. 0. 10. 30.
EN

Line-Printer Output :
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4.2.5 Log Periodic Antenna in Free Space.

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 network connect. This segment current will differ from the current into
the connection 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. 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.

Input Card Deck :

CM 12 ELEMENT LOG PERIODIC ANTENNA IN FREE SPACE
CM 78 SEGMENTS. SIGMA=O/L RECEIVING AND TRANS. PATTERNS.
CM DIPOLE LENGTH TO DIAMETER RATIO=150.
CE TAU=0.93. SIGMA=0.70. BOOM IMPEDANCE=50. OHMS.
GW 1 5 0.0000 -1.0000 0.0000000 0.00000 1.0000 0.000 .00667
GW 2 5 -.7527 -1.0753 0. -.7527 1.0753 0. .00717
GW 3 5 -1.562 -1.1562 0. -1.562 1.1562 0. .00771
GW 4 5 -2.4323 -1.2432 0. -2.4323 1.2432 0. .00829
GW 5 5 -3.368 -1.3368 0. -3.368 1.3368 0. .00891
GW 6 7 -4.3742 -1.4374 0. -4.3742 1.4374 0. .00958
GW 7 7 -5.4562 -1.5456 0. -5.4562 1.5456 0. .0103
GW 8 7 -6.6195 -1.6619 0. -6.6195 1.6619 0. .01108
GW 9 7 -7.8705 -1.787 0. -7.8705 1.787 0. .01191
GW 10 7 -9.2156 -1.9215 0. -9.2156 1.9215 0. .01281
GW 11 9 -10.6619 -2.0662 0. -10.6619 2.0662 0. .01377
GW 12 9 -12.2171 -2.2217 0. -12.2171 2.2217 0. .01481
GE
FR 0 0 0 0 46.29 0.
TL 1 3 2 3 -50.
TL 2 3 3 3 -50.
TL 3 3 4 3 -50.
TL 4 3 5 3 -50.
TL 5 3 6 4 -50.
TL 6 4 7 4 -50.
TL 7 4 8 4 -50.
TL 8 4 9 4 -50.
TL 9 4 10 4 -50.
TL 10 4 11 5 -50.
TL 11 5 12 5 -50. ,0.,0.,0.,.02
EX 0 1 3 10 1
RP 0 37 1 1110 90. 0. -5. 0.
EN

Line-Printer Output :

116



**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

NU
ME

RI
CA

L
EL

EC
TR

OM
AG

NE
TI

CS
CO

DE

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

**
**

-
-

-
-

CO
MM

EN
TS

-
-

-
-

12
EL

EM
EN

T
LO

G
PE

RI
OD

IC
AN

TE
NN

A
IN

FR
EE

SP
AC

E
78

SE
GM

EN
TS

.
SI

GM
A=

O/
L

RE
CE

IV
IN

G
AN

D
TR

AN
S.

PA
TT

ER
NS

.
DI

PO
LE

LE
NG

TH
TO

DI
AM

ET
ER

RA
TI

O=
15

0.
TA

U=
0.

93
.

SI
GM

A=
0.

70
.

BO
OM

IM
PE

DA
NC

E=
50

.
OH

MS
.

-
-

-
ST

RU
CT

UR
E

SP
EC

IF
IC

AT
IO

N
-

-
-

CO
OR

DI
NA

TE
S

MU
ST

BE
IN

PU
T

IN
ME

TE
RS

OR
BE

SC
AL

ED
TO

ME
TE

RS
BE

FO
RE

ST
RU

CT
UR

E
IN

PU
T

IS
EN

DE
D

WI
RE

NO
.

OF
FI

RS
T

LA
ST

TA
G

NO
.

X1
Y1

Z1
X2

Y2
Z2

RA
DI

US
SE

G.
SE

G.
SE

G.
NO

.
1

.0
00

00
-1

.0
00

00
.0

00
00

.0
00

00
1.

00
00

0
.0

00
00

.0
06

67
5

1
5

1
2

-.
75

27
0

-1
.0

75
30

.0
00

00
-.

75
27

0
1.

07
53

0
.0

00
00

.0
07

17
5

6
10

2
3

-1
.5

62
00

-1
.1

56
20

.0
00

00
-1

.5
62

00
1.

15
62

0
.0

00
00

.0
07

71
5

11
15

3
4

-2
.4

32
30

-1
.2

43
20

.0
00

00
-2

.4
32

30
1.

24
32

0
.0

00
00

.0
08

29
5

16
20

4
5

-3
.3

68
00

-1
.3

36
80

.0
00

00
-3

.3
68

00
1.

33
68

0
.0

00
00

.0
08

91
5

21
25

5
6

-4
.3

74
20

-1
.4

37
40

.0
00

00
-4

.3
74

20
1.

43
74

0
.0

00
00

.0
09

58
7

26
32

6
7

-5
.4

56
20

-1
.5

45
60

.0
00

00
-5

.4
56

20
1.

54
56

0
.0

00
00

.0
10

30
7

33
39

7
8

-6
.6

19
50

-1
.6

61
90

.0
00

00
-6

.6
19

50
1.

66
19

0
.0

00
00

.0
11

08
7

40
46

8
9

-7
.8

70
50

-1
.7

87
00

.0
00

00
-7

.8
70

50
1.

78
70

0
.0

00
00

.0
11

91
7

47
53

9
10

-9
.2

15
60

-1
.9

21
50

.0
00

00
-9

.2
15

60
1.

92
15

0
.0

00
00

.0
12

81
7

54
60

10
11

-1
0.

66
19

0
-2

.0
66

20
.0

00
00

-1
0.

66
19

0
2.

06
62

0
.0

00
00

.0
13

77
9

61
69

11
12

-1
2.

21
71

0
-2

.2
21

70
.0

00
00

-1
2.

21
71

0
2.

22
17

0
.0

00
00

.0
14

81
9

70
78

12

TO
TA

L
SE

GM
EN

TS
US

ED
=

78
NO

.
SE

G.
IN

A
SY

MM
ET

RI
C

CE
LL

=
78

SY
MM

ET
RY

FL
AG

=
0

117



-
MU

LT
IP

LE
WI

RE
JU

NC
TI

ON
S

-
JU

NC
TI

ON
SE

GM
EN

TS
(-

FO
R

EN
D

1,
+

FO
R

EN
D

2)
NO

NE

-
-

-
-

SE
GM

EN
TA

TI
ON

DA
TA

-
-

-
-

CO
OR

DI
NA

TE
S

IN
ME

TE
RS

I+
AN

D
I-

IN
DI

CA
TE

TH
E

SE
GM

EN
TS

BE
FO

RE
AN

D
AF

TE
R

I

SE
G.

CO
OR

DI
NA

TE
S

OF
SE

G.
CE

NT
ER

SE
G.

OR
IE

NT
AT

IO
N

AN
GL

ES
WI

RE
CO

NN
EC

TI
ON

DA
TA

TA
G

NO
.

X
Y

Z
LE

NG
TH

AL
PH

A
BE

TA
RA

DI
US

I-
I

I+
NO

.
1

.0
00

00
-.

80
00

0
.0

00
00

.4
00

00
.0

00
00

90
.0

00
00

.0
06

67
0

1
2

1
2

.0
00

00
-.

40
00

0
.0

00
00

.4
00

00
.0

00
00

90
.0

00
00

.0
06

67
1

2
3

1
3

.0
00

00
0.

00
00

0
.0

00
00

.4
00

00
.0

00
00

90
.0

00
00

.0
06

67
2

3
4

1
4

.0
00

00
.4

00
00

.0
00

00
.4

00
00

.0
00

00
90

.0
00

00
.0

06
67

3
4

5
1

5
.0

00
00

.8
00

00
.0

00
00

.4
00

00
.0

00
00

90
.0

00
00

.0
06

67
4

5
0

1
6

-.
75

27
0

-.
86

02
4

.0
00

00
.4

30
12

.0
00

00
90

.0
00

00
.0

07
17

0
6

7
2

7
-.

75
27

0
-.

43
01

2
.0

00
00

.4
30

12
.0

00
00

90
.0

00
00

.0
07

17
6

7
8

2
8

-.
75

27
0

.0
00

00
.0

00
00

.4
30

12
.0

00
00

90
.0

00
00

.0
07

17
7

8
9

2
9

-.
75

27
0

.4
30

12
.0

00
00

.4
30

12
.0

00
00

90
.0

00
00

.0
07

17
8

9
10

2
10

-.
75

27
0

.8
60

24
.0

00
00

.4
30

12
.0

00
00

90
.0

00
00

.0
07

17
9

10
0

2
11

-1
.5

62
00

-.
92

49
6

.0
00

00
.4

62
48

.0
00

00
90

.0
00

00
.0

07
71

0
11

12
3

12
-1

.5
62

00
-.

46
24

8
.0

00
00

.4
62

48
.0

00
00

90
.0

00
00

.0
07

71
11

12
13

3
13

-1
.5

62
00

0.
00

00
0

.0
00

00
.4

62
48

.0
00

00
90

.0
00

00
.0

07
71

12
13

14
3

14
-1

.5
62

00
.4

62
48

.0
00

00
.4

62
48

.0
00

00
90

.0
00

00
.0

07
71

13
14

15
3

15
-1

.5
62

00
.9

24
96

.0
00

00
.4

62
48

.0
00

00
90

.0
00

00
.0

07
71

14
15

0
3

16
-2

.4
32

30
-.

99
45

6
.0

00
00

.4
97

28
.0

00
00

90
.0

00
00

.0
08

29
0

16
17

4
17

-2
.4

32
30

-.
49

72
8

.0
00

00
.4

97
28

.0
00

00
90

.0
00

00
.0

08
29

16
17

18
4

18
-2

.4
32

30
0.

00
00

0
.0

00
00

.4
97

28
.0

00
00

90
.0

00
00

.0
08

29
17

18
19

4
19

-2
.4

32
30

.4
97

28
.0

00
00

.4
97

28
.0

00
00

90
.0

00
00

.0
08

29
18

19
20

4
20

-2
.4

32
30

.9
94

56
.0

00
00

.4
97

28
.0

00
00

90
.0

00
00

.0
08

29
19

20
0

4
21

-3
.3

68
00

-1
.0

69
44

.0
00

00
.5

34
72

.0
00

00
90

.0
00

00
.0

08
91

0
21

22
5

22
-3

.3
68

00
-.

53
47

2
.0

00
00

.5
34

72
.0

00
00

90
.0

00
00

.0
08

91
21

22
23

5
23

-3
.3

68
00

0.
00

00
0

.0
00

00
.5

34
72

.0
00

00
90

.0
00

00
.0

08
91

22
23

24
5

24
-3

.3
68

00
.5

34
72

.0
00

00
.5

34
72

.0
00

00
90

.0
00

00
.0

08
91

23
24

25
5

25
-3

.3
68

00
1.

06
94

4
.0

00
00

.5
34

72
.0

00
00

90
.0

00
00

.0
08

91
24

25
0

5

118



26
-4

.3
74

20
-1

.2
32

06
.0

00
00

.4
10

69
.0

00
00

90
.0

00
00

.0
09

58
0

26
27

6
27

-4
.3

74
20

-.
82

13
7

.0
00

00
.4

10
69

.0
00

00
90

.0
00

00
.0

09
58

26
27

28
6

28
-4

.3
74

20
-.

41
06

9
.0

00
00

.4
10

69
.0

00
00

90
.0

00
00

.0
09

58
27

28
29

6
29

-4
.3

74
20

0.
00

00
0

.0
00

00
.4

10
69

.0
00

00
90

.0
00

00
.0

09
58

28
29

30
6

30
-4

.3
74

20
.4

10
69

.0
00

00
.4

10
69

.0
00

00
90

.0
00

00
.0

09
58

29
30

31
6

31
-4

.3
74

20
.8

21
37

.0
00

00
.4

10
69

.0
00

00
90

.0
00

00
.0

09
58

30
31

32
6

32
-4

.3
74

20
1.

23
20

6
.0

00
00

.4
10

69
.0

00
00

90
.0

00
00

.0
09

58
31

32
0

6
33

-5
.4

56
20

-1
.3

24
80

.0
00

00
.4

41
60

.0
00

00
90

.0
00

00
.0

10
30

0
33

34
7

34
-5

.4
56

20
-.

88
32

0
.0

00
00

.4
41

60
.0

00
00

90
.0

00
00

.0
10

30
33

34
35

7
35

-5
.4

56
20

-.
44

16
0

.0
00

00
.4

41
60

.0
00

00
90

.0
00

00
.0

10
30

34
35

36
7

36
-5

.4
56

20
0.

00
00

0
.0

00
00

.4
41

60
.0

00
00

90
.0

00
00

.0
10

30
35

36
37

7
37

-5
.4

56
20

.4
41

60
.0

00
00

.4
41

60
.0

00
00

90
.0

00
00

.0
10

30
36

37
38

7
38

-5
.4

56
20

.8
83

20
.0

00
00

.4
41

60
.0

00
00

90
.0

00
00

.0
10

30
37

38
39

7
39

-5
.4

56
20

1.
32

48
0

.0
00

00
.4

41
60

.0
00

00
90

.0
00

00
.0

10
30

38
39

0
7

40
-6

.6
19

50
-1

.4
24

49
.0

00
00

.4
74

83
.0

00
00

90
.0

00
00

.0
11

08
0

40
41

8
41

-6
.6

19
50

-.
94

96
6

.0
00

00
.4

74
83

.0
00

00
90

.0
00

00
.0

11
08

40
41

42
8

42
-6

.6
19

50
-.

47
48

3
.0

00
00

.4
74

83
.0

00
00

90
.0

00
00

.0
11

08
41

42
43

8
43

-6
.6

19
50

0.
00

00
0

.0
00

00
.4

74
83

.0
00

00
90

.0
00

00
.0

11
08

42
43

44
8

44
-6

.6
19

50
.4

74
83

.0
00

00
.4

74
83

.0
00

00
90

.0
00

00
.0

11
08

43
44

45
8

45
-6

.6
19

50
.9

49
66

.0
00

00
.4

74
83

.0
00

00
90

.0
00

00
.0

11
08

44
45

46
8

46
-6

.6
19

50
1.

42
44

9
.0

00
00

.4
74

83
.0

00
00

90
.0

00
00

.0
11

08
45

46
0

8
47

-7
.8

70
50

-1
.5

31
71

.0
00

00
.5

10
57

.0
00

00
90

.0
00

00
.0

11
91

0
47

48
9

48
-7

.8
70

50
-1

.0
21

14
.0

00
00

.5
10

57
.0

00
00

90
.0

00
00

.0
11

91
47

48
49

9
49

-7
.8

70
50

-.
51

05
7

.0
00

00
.5

10
57

.0
00

00
90

.0
00

00
.0

11
91

48
49

50
9

50
-7

.8
70

50
0.

00
00

0
.0

00
00

.5
10

57
.0

00
00

90
.0

00
00

.0
11

91
49

50
51

9
51

-7
.8

70
50

.5
10

57
.0

00
00

.5
10

57
.0

00
00

90
.0

00
00

.0
11

91
50

51
52

9
52

-7
.8

70
50

1.
02

11
4

.0
00

00
.5

10
57

.0
00

00
90

.0
00

00
.0

11
91

51
52

53
9

53
-7

.8
70

50
1.

53
17

1
.0

00
00

.5
10

57
.0

00
00

90
.0

00
00

.0
11

91
52

53
0

9
54

-9
.2

15
60

-1
.6

47
00

.0
00

00
.5

49
00

.0
00

00
90

.0
00

00
.0

12
81

0
54

55
10

55
-9

.2
15

60
-1

.0
98

00
.0

00
00

.5
49

00
.0

00
00

90
.0

00
00

.0
12

81
54

55
56

10
56

-9
.2

15
60

-.
54

90
0

.0
00

00
.5

49
00

.0
00

00
90

.0
00

00
.0

12
81

55
56

57
10

57
-9

.2
15

60
0.

00
00

0
.0

00
00

.5
49

00
.0

00
00

90
.0

00
00

.0
12

81
56

57
58

10
58

-9
.2

15
60

.5
49

00
.0

00
00

.5
49

00
.0

00
00

90
.0

00
00

.0
12

81
57

58
59

10
59

-9
.2

15
60

1.
09

80
0

.0
00

00
.5

49
00

.0
00

00
90

.0
00

00
.0

12
81

58
59

60
10

60
-9

.2
15

60
1.

64
70

0
.0

00
00

.5
49

00
.0

00
00

90
.0

00
00

.0
12

81
59

60
0

10
61

-1
0.

66
19

0
-1

.8
36

62
.0

00
00

.4
59

16
.0

00
00

90
.0

00
00

.0
13

77
0

61
62

11
62

-1
0.

66
19

0
-1

.3
77

47
.0

00
00

.4
59

16
.0

00
00

90
.0

00
00

.0
13

77
61

62
63

11
63

-1
0.

66
19

0
-.

91
83

1
.0

00
00

.4
59

16
.0

00
00

90
.0

00
00

.0
13

77
62

63
64

11

119



64
-1

0.
66

19
0

-.
45

91
6

.0
00

00
.4

59
16

.0
00

00
90

.0
00

00
.0

13
77

63
64

65
11

65
-1

0.
66

19
0

.0
00

00
.0

00
00

.4
59

16
.0

00
00

90
.0

00
00

.0
13

77
64

65
66

11
66

-1
0.

66
19

0
.4

59
16

.0
00

00
.4

59
16

.0
00

00
90

.0
00

00
.0

13
77

65
66

67
11

67
-1

0.
66

19
0

.9
18

31
.0

00
00

.4
59

16
.0

00
00

90
.0

00
00

.0
13

77
66

67
68

11
68

-1
0.

66
19

0
1.

37
74

7
.0

00
00

.4
59

16
.0

00
00

90
.0

00
00

.0
13

77
67

68
69

11
69

-1
0.

66
19

0
1.

83
66

2
.0

00
00

.4
59

16
.0

00
00

90
.0

00
00

.0
13

77
68

69
0

11
70

-1
2.

21
71

0
-1

.9
74

84
.0

00
00

.4
93

71
.0

00
00

90
.0

00
00

.0
14

81
0

70
71

12
71

-1
2.

21
71

0
-1

.4
81

13
.0

00
00

.4
93

71
.0

00
00

90
.0

00
00

.0
14

81
70

71
72

12
72

-1
2.

21
71

0
-.

98
74

2
.0

00
00

.4
93

71
.0

00
00

90
.0

00
00

.0
14

81
71

72
73

12
73

-1
2.

21
71

0
-.

49
37

1
.0

00
00

.4
93

71
.0

00
00

90
.0

00
00

.0
14

81
72

73
74

12
74

-1
2.

21
71

0
0.

00
00

0
.0

00
00

.4
93

71
.0

00
00

90
.0

00
00

.0
14

81
73

74
75

12
75

-1
2.

21
71

0
.4

93
71

.0
00

00
.4

93
71

.0
00

00
90

.0
00

00
.0

14
81

74
75

76
12

76
-1

2.
21

71
0

.9
87

42
.0

00
00

.4
93

71
.0

00
00

90
.0

00
00

.0
14

81
75

76
77

12
77

-1
2.

21
71

0
1.

48
11

3
.0

00
00

.4
93

71
.0

00
00

90
.0

00
00

.0
14

81
76

77
78

12
78

-1
2.

21
71

0
1.

97
48

4
.0

00
00

.4
93

71
.0

00
00

90
.0

00
00

.0
14

81
77

78
0

12

**
**

*
DA

TA
CA

RD
NO

.
1

FR
0

0
0

0
4.

62
90

0E
+0

1
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
**

**
*

DA
TA

CA
RD

NO
.

2
TL

1
3

2
3

-5
.0

00
00

E+
01

0.
00

00
0E

-0
1

0.
00

00
0E

-0
1

0.
00

00
0E

-0
1

0.
00

00
0E

-0
1

0.
00

00
0E

-0
1

**
**

*
DA

TA
CA

RD
NO

.
3

TL
2

3
3

3
-5

.0
00

00
E+

01
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
**

**
*

DA
TA

CA
RD

NO
.

4
TL

3
3

4
3

-5
.0

00
00

E+
01

0.
00

00
0E

-0
1

0.
00

00
0E

-0
1

0.
00

00
0E

-0
1

0.
00

00
0E

-0
1

0.
00

00
0E

-0
1

**
**

*
DA

TA
CA

RD
NO

.
5

TL
4

3
5

3
-5

.0
00

00
E+

01
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
**

**
*

DA
TA

CA
RD

NO
.

6
TL

5
3

6
4

-5
.0

00
00

E+
01

0.
00

00
0E

-0
1

0.
00

00
0E

-0
1

0.
00

00
0E

-0
1

0.
00

00
0E

-0
1

0.
00

00
0E

-0
1

**
**

*
DA

TA
CA

RD
NO

.
7

TL
6

4
7

4
-5

.0
00

00
E+

01
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
**

**
*

DA
TA

CA
RD

NO
.

8
TL

7
4

8
4

-5
.0

00
00

E+
01

0.
00

00
0E

-0
1

0.
00

00
0E

-0
1

0.
00

00
0E

-0
1

0.
00

00
0E

-0
1

0.
00

00
0E

-0
1

**
**

*
DA

TA
CA

RD
NO

.
9

TL
8

4
9

4
-5

.0
00

00
E+

01
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
**

**
*

DA
TA

CA
RD

NO
.

10
TL

9
4

10
4

-5
.0

00
00

E+
01

0.
00

00
0E

-0
1

0.
00

00
0E

-0
1

0.
00

00
0E

-0
1

0.
00

00
0E

-0
1

0.
00

00
0E

-0
1

**
**

*
DA

TA
CA

RD
NO

.
11

TL
10

4
11

5
-5

.0
00

00
E+

01
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
**

**
*

DA
TA

CA
RD

NO
.

12
TL

11
5

12
5

-5
.0

00
00

E+
01

0.
00

00
0E

-0
1

0.
00

00
0E

-0
1

0.
00

00
0E

-0
1

2.
00

00
0E

-0
2

0.
00

00
0E

-0
1

**
**

*
DA

TA
CA

RD
NO

.
13

EX
0

1
3

10
1.

00
00

0E
+0

0
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
**

**
*

DA
TA

CA
RD

NO
.

14
RP

0
37

1
11

10
9.

00
00

0E
+0

1
0.

00
00

0E
-0

1
-5

.0
00

00
E+

00
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1

-
-

-
-

-
-

FR
EQ

UE
NC

Y
-

-
-

-
-

-

FR
EQ

UE
NC

Y=
4.

62
90

E+
01

MH
Z

WA
VE

LE
NG

TH
=

6.
47

66
E+

00
ME

TE
RS

120



AP
PR

OX
IM

AT
E

IN
TE

GR
AT

IO
N

EM
PL

OY
ED

FO
R

SE
GM

EN
TS

MO
RE

TH
AN

1.
00

0
WA

VE
LE

NG
TH

S
AP

AR
T

-
-

-
ST

RU
CT

UR
E

IM
PE

DA
NC

E
LO

AD
IN

G
-

-
-

TH
IS

ST
RU

CT
UR

E
IS

NO
T

LO
AD

ED

-
-

-
AN

TE
NN

A
EN

VI
RO

NM
EN

T
-

-
-

FR
EE

SP
AC

E

-
-

-
MA

TR
IX

TI
MI

NG
-

-
-

FI
LL

=
.0

00
SE

C.
,

FA
CT

OR
=

.0
00

SE
C.

-
-

-
NE

TW
OR

K
DA

TA
-

-
-

-
FR

OM
-

-
TO

-
TR

AN
SM

IS
SI

ON
LI

NE
-

-
SH

UN
T

AD
MI

TT
AN

CE
S

(M
HO

S)
-

-
LI

NE
TA

G
SE

G.
TA

G
SE

G.
IM

PE
DA

NC
E

LE
NG

TH
-

EN
D

ON
E

-
-

EN
D

TW
O

-
TY

PE
NO

.
NO

.
NO

.
NO

.
OH

M’
S

ME
TE

RS
RE

AL
IM

AG
.

RE
AL

IM
AG

.
1

3
2

8
5.

00
00

E+
01

7.
52

70
E-

01
0.

00
00

E-
01

0.
00

00
E-

01
0.

00
00

E-
01

0.
00

00
E-

01
CR

OS
SE

D
2

8
3

13
5.

00
00

E+
01

8.
09

30
E-

01
0.

00
00

E-
01

0.
00

00
E-

01
0.

00
00

E-
01

0.
00

00
E-

01
CR

OS
SE

D
3

13
4

18
5.

00
00

E+
01

8.
70

30
E-

01
0.

00
00

E-
01

0.
00

00
E-

01
0.

00
00

E-
01

0.
00

00
E-

01
CR

OS
SE

D
4

18
5

23
5.

00
00

E+
01

9.
35

70
E-

01
0.

00
00

E-
01

0.
00

00
E-

01
0.

00
00

E-
01

0.
00

00
E-

01
CR

OS
SE

D
5

23
6

29
5.

00
00

E+
01

1.
00

62
E+

00
0.

00
00

E-
01

0.
00

00
E-

01
0.

00
00

E-
01

0.
00

00
E-

01
CR

OS
SE

D
6

29
7

36
5.

00
00

E+
01

1.
08

20
E+

00
0.

00
00

E-
01

0.
00

00
E-

01
0.

00
00

E-
01

0.
00

00
E-

01
CR

OS
SE

D
7

36
8

43
5.

00
00

E+
01

1.
16

33
E+

00
0.

00
00

E-
01

0.
00

00
E-

01
0.

00
00

E-
01

0.
00

00
E-

01
CR

OS
SE

D
8

43
9

50
5.

00
00

E+
01

1.
25

10
E+

00
0.

00
00

E-
01

0.
00

00
E-

01
0.

00
00

E-
01

0.
00

00
E-

01
CR

OS
SE

D
9

50
10

57
5.

00
00

E+
01

1.
34

51
E+

00
0.

00
00

E-
01

0.
00

00
E-

01
0.

00
00

E-
01

0.
00

00
E-

01
CR

OS
SE

D
10

57
11

65
5.

00
00

E+
01

1.
44

63
E+

00
0.

00
00

E-
01

0.
00

00
E-

01
0.

00
00

E-
01

0.
00

00
E-

01
CR

OS
SE

D
11

65
12

74
5.

00
00

E+
01

1.
55

52
E+

00
0.

00
00

E-
01

0.
00

00
E-

01
2.

00
00

E-
02

0.
00

00
E-

01
CR

OS
SE

D

MA
XI

MU
M

RE
LA

TI
VE

AS
YM

ME
TR

Y
OF

TH
E

DR
IV

IN
G

PO
IN

T
AD

MI
TT

AN
CE

MA
TR

IX
IS

1.
07

3E
-0

2
FO

R
SE

GM
EN

TS
65

AN
D

23

121



RM
S

RE
LA

TI
VE

AS
YM

ME
TR

Y
IS

5.
72

2E
-0

3

-
-

-
ST

RU
CT

UR
E

EX
CI

TA
TI

ON
DA

TA
AT

NE
TW

OR
K

CO
NN

EC
TI

ON
PO

IN
TS

-
-

-

TA
G

SE
G.

VO
LT

AG
E

(V
OL

TS
)

CU
RR

EN
T

(A
MP

S)
IM

PE
DA

NC
E

(O
HM

S)
AD

MI
TT

AN
CE

(M
HO

S)
PO

WE
R

NO
.

NO
.

RE
AL

IM
AG

.
RE

AL
IM

AG
.

RE
AL

IM
AG

.
RE

AL
IM

AG
.

(W
AT

TS
)

2
8-

6.
76

61
6E

-0
1

7.
27

10
7E

-0
1-

1.
87

44
8E

-0
4-

1.
90

08
6E

-0
3-

3.
44

06
8E

+0
2-

3.
89

88
3E

+0
2-

1.
27

24
8E

-0
3

1.
44

19
2E

-0
3-

6.
27

64
8E

-0
4

3
13

-1
.1

41
79

E-
01

-1
.0

81
75

E+
00

6.
83

83
2E

-0
3

2.
28

68
9E

-0
3-

6.
25

98
2E

+0
1-

1.
37

25
6E

+0
2-

2.
75

06
5E

-0
3

6.
03

11
9E

-0
3-

1.
62

73
2E

-0
3

4
18

9.
62

18
3E

-0
1

5.
03

15
0E

-0
1-

4.
58

05
9E

-0
3

1.
06

83
2E

-0
2

7.
16

34
9E

+0
0-

9.
31

36
9E

+0
1

8.
20

95
5E

-0
4

1.
06

73
7E

-0
2

4.
83

93
5E

-0
4

5
23

-7
.2

47
13

E-
01

6.
58

96
2E

-0
1-

1.
37

15
2E

-0
2-

3.
48

00
3E

-0
3

3.
81

90
5E

+0
1-

5.
77

36
5E

+0
1

7.
96

96
1E

-0
3

1.
20

48
5E

-0
2

3.
82

31
8E

-0
3

6
29

-2
.8

05
96

E-
01

-7
.5

62
36

E-
01

1.
69

12
4E

-0
3-

1.
27

47
2E

-0
2

5.
54

29
5E

+0
1-

2.
93

66
5E

+0
1

1.
40

86
9E

-0
2

7.
46

32
4E

-0
3

4.
58

26
7E

-0
3

7
36

5.
10

27
0E

-0
1

5.
67

76
1E

-0
2

9.
62

86
5E

-0
3-

1.
20

10
7E

-0
3

5.
14

58
7E

+0
1

1.
23

15
5E

+0
1

1.
83

80
3E

-0
2-

4.
39

89
2E

-0
3

2.
42

25
1E

-0
3

8
43

-2
.4

49
64

E-
01

2.
99

21
5E

-0
1

1.
37

87
9E

-0
3

5.
04

75
1E

-0
3

4.
28

27
1E

+0
1

6.
02

30
3E

+0
1

7.
84

11
3E

-0
3-

1.
10

27
5E

-0
2

5.
86

27
0E

-0
4

9
50

-9
.8

19
28

E-
02

-3
.6

07
92

E-
01

-2
.3

07
07

E-
03

5.
52

83
8E

-0
4

4.
81

11
2E

+0
0

1.
57

53
9E

+0
2

1.
93

67
2E

-0
4-

6.
34

17
4E

-0
3

1.
35

38
9E

-0
5

10
57

3.
40

10
0E

-0
1

2.
78

46
1E

-0
2

3.
63

82
6E

-0
4-

9.
09

07
3E

-0
4

1.
02

65
4E

+0
2

3.
33

03
3E

+0
2

8.
45

24
5E

-0
4-

2.
74

21
6E

-0
3

4.
92

11
5E

-0
5

11
65

-9
.2

54
78

E-
02

3.
38

62
5E

-0
1

5.
72

65
2E

-0
4

5.
66

04
5E

-0
4

2.
13

90
0E

+0
2

3.
79

89
5E

+0
2

1.
12

53
5E

-0
3-

1.
99

86
8E

-0
3

6.
93

39
6E

-0
5

12
74

-2
.9

46
54

E-
01

-1
.3

49
65

E-
01

-7
.2

48
11

E-
04

4.
78

76
6E

-0
4

1.
97

40
0E

+0
2

3.
16

59
8E

+0
2

1.
41

80
9E

-0
3-

2.
27

43
9E

-0
3

7.
44

75
9E

-0
5

1
3

1.
00

00
0E

+0
0

0.
00

00
0E

-0
1

1.
82

30
4E

-0
3

2.
30

14
5E

-0
3

2.
11

48
6E

+0
2-

2.
66

98
6E

+0
2

1.
82

30
4E

-0
3

2.
30

14
5E

-0
3

9.
11

51
8E

-0
4

-
-

-
AN

TE
NN

A
IN

PU
T

PA
RA

ME
TE

RS
-

-
-

TA
G

SE
G.

VO
LT

AG
E

(V
OL

TS
)

CU
RR

EN
T

(A
MP

S)
IM

PE
DA

NC
E

(O
HM

S)
AD

MI
TT

AN
CE

(M
HO

S)
PO

WE
R

NO
.

NO
.

RE
AL

IM
AG

.
RE

AL
IM

AG
.

RE
AL

IM
AG

.
RE

AL
IM

AG
.

(W
AT

TS
)

1
3

1.
00

00
0E

+0
0

0.
00

00
0E

-0
1

2.
36

24
1E

-0
2

2.
50

35
8E

-0
4

4.
23

24
9E

+0
1-

4.
48

54
2E

-0
1

2.
36

24
1E

-0
2

2.
50

35
8E

-0
4

1.
18

12
0E

-0
2

-
-

-
CU

RR
EN

TS
AN

D
LO

CA
TI

ON
-

-
-

DI
ST

AN
CE

S
IN

WA
VE

LE
NG

TH
S

SE
G.

TA
G

CO
OR

D.
OF

SE
G.

CE
NT

ER
SE

G.
-

-
-

CU
RR

EN
T

(A
MP

S)
-

-
-

NO
.

NO
.

X
Y

Z
LE

NG
TH

RE
AL

IM
AG

.
MA

G.
PH

AS
E

1
1

.0
00

0
-.

12
35

.0
00

0
.0

61
76

6.
97

01
E-

04
5.

68
31

E-
04

8.
99

33
E-

04
39

.1
92

2
1

.0
00

0
-.

06
18

.0
00

0
.0

61
76

1.
54

41
E-

03
1.

57
15

E-
03

2.
20

31
E-

03
45

.5
05

3
1

.0
00

0
0.

00
00

.0
00

0
.0

61
76

1.
82

30
E-

03
2.

30
15

E-
03

2.
93

60
E-

03
51

.6
16

4
1

.0
00

0
.0

61
8

.0
00

0
.0

61
76

1.
54

41
E-

03
1.

57
15

E-
03

2.
20

31
E-

03
45

.5
05

122



5
1

.0
00

0
.1

23
5

.0
00

0
.0

61
76

6.
97

01
E-

04
5.

68
31

E-
04

8.
99

33
E-

04
39

.1
92

6
2

-.
11

62
-.

13
28

.0
00

0
.0

66
41

1.
99

27
E-

04
-4

.7
36

9E
-0

4
5.

13
89

E-
04

-6
7.

18
5

7
2

-.
11

62
-.

06
64

.0
00

0
.0

66
41

1.
53

91
E-

04
-1

.3
18

7E
-0

3
1.

32
77

E-
03

-8
3.

34
3

8
2

-.
11

62
.0

00
0

.0
00

0
.0

66
41

-1
.8

74
5E

-0
4

-1
.9

00
9E

-0
3

1.
91

01
E-

03
-9

5.
63

2
9

2
-.

11
62

.0
66

4
.0

00
0

.0
66

41
1.

53
91

E-
04

-1
.3

18
7E

-0
3

1.
32

77
E-

03
-8

3.
34

3
10

2
-.

11
62

.1
32

8
.0

00
0

.0
66

41
1.

99
27

E-
04

-4
.7

36
9E

-0
4

5.
13

89
E-

04
-6

7.
18

5
11

3
-.

24
12

-.
14

28
.0

00
0

.0
71

41
2.

15
64

E-
03

9.
22

55
E-

04
2.

34
55

E-
03

23
.1

62
12

3
-.

24
12

-.
07

14
.0

00
0

.0
71

41
5.

27
87

E-
03

1.
99

20
E-

03
5.

64
20

E-
03

20
.6

75
13

3
-.

24
12

0.
00

00
.0

00
0

.0
71

41
6.

83
83

E-
03

2.
28

69
E-

03
7.

21
06

E-
03

18
.4

91
14

3
-.

24
12

.0
71

4
.0

00
0

.0
71

41
5.

27
86

E-
03

1.
99

20
E-

03
5.

64
20

E-
03

20
.6

75
15

3
-.

24
12

.1
42

8
.0

00
0

.0
71

41
2.

15
64

E-
03

9.
22

55
E-

04
2.

34
55

E-
03

23
.1

62
16

4
-.

37
56

-.
15

36
.0

00
0

.0
76

78
-1

.5
10

0E
-0

3
3.

57
36

E-
03

3.
87

95
E-

03
11

2.
90

7
17

4
-.

37
56

-.
07

68
.0

00
0

.0
76

78
-3

.6
15

4E
-0

3
8.

51
66

E-
03

9.
25

22
E-

03
11

3.
00

2
18

4
-.

37
56

0.
00

00
.0

00
0

.0
76

78
-4

.5
80

6E
-0

3
1.

06
83

E-
02

1.
16

24
E-

02
11

3.
20

8
19

4
-.

37
56

.0
76

8
.0

00
0

.0
76

78
-3

.6
15

4E
-0

3
8.

51
65

E-
03

9.
25

22
E-

03
11

3.
00

2
20

4
-.

37
56

.1
53

6
.0

00
0

.0
76

78
-1

.5
10

0E
-0

3
3.

57
36

E-
03

3.
87

95
E-

03
11

2.
90

7
21

5
-.

52
00

-.
16

51
.0

00
0

.0
82

56
-4

.7
27

3E
-0

3
-9

.5
63

8E
-0

4
4.

82
31

E-
03

-1
68

.5
63

22
5

-.
52

00
-.

08
26

.0
00

0
.0

82
56

-1
.1

14
6E

-0
2

-2
.5

35
0E

-0
3

1.
14

31
E-

02
-1

67
.1

87
23

5
-.

52
00

0.
00

00
.0

00
0

.0
82

56
-1

.3
71

5E
-0

2
-3

.4
80

0E
-0

3
1.

41
50

E-
02

-1
65

.7
62

24
5

-.
52

00
.0

82
6

.0
00

0
.0

82
56

-1
.1

14
6E

-0
2

-2
.5

35
0E

-0
3

1.
14

31
E-

02
-1

67
.1

87
25

5
-.

52
00

.1
65

1
.0

00
0

.0
82

56
-4

.7
27

3E
-0

3
-9

.5
63

8E
-0

4
4.

82
31

E-
03

-1
68

.5
63

26
6

-.
67

54
-.

19
02

.0
00

0
.0

63
41

1.
37

31
E-

04
-3

.3
82

2E
-0

3
3.

38
50

E-
03

-8
7.

67
5

27
6

-.
67

54
-.

12
68

.0
00

0
.0

63
41

5.
57

99
E-

04
-8

.3
19

8E
-0

3
8.

33
85

E-
03

-8
6.

16
3

28
6

-.
67

54
-.

06
34

.0
00

0
.0

63
41

1.
14

73
E-

03
-1

.1
51

6E
-0

2
1.

15
73

E-
02

-8
4.

31
1

29
6

-.
67

54
0.

00
00

.0
00

0
.0

63
41

1.
69

12
E-

03
-1

.2
74

7E
-0

2
1.

28
59

E-
02

-8
2.

44
2

30
6

-.
67

54
.0

63
4

.0
00

0
.0

63
41

1.
14

73
E-

03
-1

.1
51

6E
-0

2
1.

15
73

E-
02

-8
4.

31
1

31
6

-.
67

54
.1

26
8

.0
00

0
.0

63
41

5.
57

99
E-

04
-8

.3
19

9E
-0

3
8.

33
85

E-
03

-8
6.

16
3

32
6

-.
67

54
.1

90
2

.0
00

0
.0

63
41

1.
37

31
E-

04
-3

.3
82

2E
-0

3
3.

38
50

E-
03

-8
7.

67
5

33
7

-.
84

25
-.

20
46

.0
00

0
.0

68
18

2.
59

54
E-

03
-5

.7
11

6E
-0

4
2.

65
75

E-
03

-1
2.

41
1

34
7

-.
84

25
-.

13
64

.0
00

0
.0

68
18

6.
40

66
E-

03
-1

.2
26

8E
-0

3
6.

52
30

E-
03

-1
0.

84
0

35
7

-.
84

25
-.

06
82

.0
00

0
.0

68
18

8.
81

42
E-

03
-1

.3
92

5E
-0

3
8.

92
35

E-
03

-8
.9

78
36

7
-.

84
25

0.
00

00
.0

00
0

.0
68

18
9.

62
87

E-
03

-1
.2

01
1E

-0
3

9.
70

33
E-

03
-7

.1
10

37
7

-.
84

25
.0

68
2

.0
00

0
.0

68
18

8.
81

42
E-

03
-1

.3
92

5E
-0

3
8.

92
35

E-
03

-8
.9

78
38

7
-.

84
25

.1
36

4
.0

00
0

.0
68

18
6.

40
66

E-
03

-1
.2

26
8E

-0
3

6.
52

30
E-

03
-1

0.
84

0
39

7
-.

84
25

.2
04

6
.0

00
0

.0
68

18
2.

59
54

E-
03

-5
.7

11
6E

-0
4

2.
65

75
E-

03
-1

2.
41

1
40

8
-1

.0
22

1
-.

21
99

.0
00

0
.0

73
31

5.
24

66
E-

04
1.

41
01

E-
03

1.
50

45
E-

03
69

.5
91

41
8

-1
.0

22
1

-.
14

66
.0

00
0

.0
73

31
1.

18
47

E-
03

3.
48

47
E-

03
3.

68
06

E-
03

71
.2

23
42

8
-1

.0
22

1
-.

07
33

.0
00

0
.0

73
31

1.
44

58
E-

03
4.

73
21

E-
03

4.
94

80
E-

03
73

.0
11

123



43
8

-1
.0

22
1

0.
00

00
.0

00
0

.0
73

31
1.

37
88

E-
03

5.
04

75
E-

03
5.

23
24

E-
03

74
.7

22
44

8
-1

.0
22

1
.0

73
3

.0
00

0
.0

73
31

1.
44

58
E-

03
4.

73
21

E-
03

4.
94

80
E-

03
73

.0
11

45
8

-1
.0

22
1

.1
46

6
.0

00
0

.0
73

31
1.

18
47

E-
03

3.
48

47
E-

03
3.

68
06

E-
03

71
.2

23
46

8
-1

.0
22

1
.2

19
9

.0
00

0
.0

73
31

5.
24

66
E-

04
1.

41
01

E-
03

1.
50

45
E-

03
69

.5
91

47
9

-1
.2

15
2

-.
23

65
.0

00
0

.0
78

83
-7

.4
26

6E
-0

4
2.

02
00

E-
04

7.
69

64
E-

04
16

4.
78

4
48

9
-1

.2
15

2
-.

15
77

.0
00

0
.0

78
83

-1
.7

93
5E

-0
3

4.
61

91
E-

04
1.

85
21

E-
03

16
5.

55
8

49
9

-1
.2

15
2

-.
07

88
.0

00
0

.0
78

83
-2

.3
19

2E
-0

3
5.

70
96

E-
04

2.
38

84
E-

03
16

6.
16

9
50

9
-1

.2
15

2
0.

00
00

.0
00

0
.0

78
83

-2
.3

07
1E

-0
3

5.
52

84
E-

04
2.

37
24

E-
03

16
6.

52
4

51
9

-1
.2

15
2

.0
78

8
.0

00
0

.0
78

83
-2

.3
19

2E
-0

3
5.

70
96

E-
04

2.
38

84
E-

03
16

6.
16

9
52

9
-1

.2
15

2
.1

57
7

.0
00

0
.0

78
83

-1
.7

93
5E

-0
3

4.
61

91
E-

04
1.

85
21

E-
03

16
5.

55
8

53
9

-1
.2

15
2

.2
36

5
.0

00
0

.0
78

83
-7

.4
26

6E
-0

4
2.

02
00

E-
04

7.
69

64
E-

04
16

4.
78

4
54

10
-1

.4
22

9
-.

25
43

.0
00

0
.0

84
77

9.
57

43
E-

05
-3

.9
08

7E
-0

4
4.

02
42

E-
04

-7
6.

23
6

55
10

-1
.4

22
9

-.
16

95
.0

00
0

.0
84

77
2.

49
38

E-
04

-8
.9

77
3E

-0
4

9.
31

73
E-

04
-7

4.
47

5
56

10
-1

.4
22

9
-.

08
48

.0
00

0
.0

84
77

3.
45

15
E-

04
-1

.0
56

3E
-0

3
1.

11
13

E-
03

-7
1.

90
6

57
10

-1
.4

22
9

0.
00

00
.0

00
0

.0
84

77
3.

63
83

E-
04

-9
.0

90
7E

-0
4

9.
79

17
E-

04
-6

8.
18

8
58

10
-1

.4
22

9
.0

84
8

.0
00

0
.0

84
77

3.
45

15
E-

04
-1

.0
56

3E
-0

3
1.

11
13

E-
03

-7
1.

90
6

59
10

-1
.4

22
9

.1
69

5
.0

00
0

.0
84

77
2.

49
38

E-
04

-8
.9

77
3E

-0
4

9.
31

73
E-

04
-7

4.
47

5
60

10
-1

.4
22

9
.2

54
3

.0
00

0
.0

84
77

9.
57

43
E-

05
-3

.9
08

7E
-0

4
4.

02
42

E-
04

-7
6.

23
6

61
11

-1
.6

46
2

-.
28

36
.0

00
0

.0
70

89
2.

70
79

E-
04

1.
50

10
E-

04
3.

09
61

E-
04

28
.9

99
62

11
-1

.6
46

2
-.

21
27

.0
00

0
.0

70
89

6.
32

52
E-

04
3.

77
61

E-
04

7.
36

67
E-

04
30

.8
37

63
11

-1
.6

46
2

-.
14

18
.0

00
0

.0
70

89
8.

08
39

E-
04

5.
32

76
E-

04
9.

68
16

E-
04

33
.3

86
64

11
-1

.6
46

2
-.

07
09

.0
00

0
.0

70
89

7.
68

74
E-

04
5.

94
15

E-
04

9.
71

59
E-

04
37

.7
00

65
11

-1
.6

46
2

.0
00

0
.0

00
0

.0
70

89
5.

72
65

E-
04

5.
66

04
E-

04
8.

05
19

E-
04

44
.6

68
66

11
-1

.6
46

2
.0

70
9

.0
00

0
.0

70
89

7.
68

74
E-

04
5.

94
15

E-
04

9.
71

58
E-

04
37

.7
00

67
11

-1
.6

46
2

.1
41

8
.0

00
0

.0
70

89
8.

08
39

E-
04

5.
32

76
E-

04
9.

68
15

E-
04

33
.3

86
68

11
-1

.6
46

2
.2

12
7

.0
00

0
.0

70
89

6.
32

52
E-

04
3.

77
61

E-
04

7.
36

66
E-

04
30

.8
37

69
11

-1
.6

46
2

.2
83

6
.0

00
0

.0
70

89
2.

70
79

E-
04

1.
50

10
E-

04
3.

09
60

E-
04

28
.9

99
70

12
-1

.8
86

4
-.

30
49

.0
00

0
.0

76
23

-1
.9

98
2E

-0
4

2.
40

71
E-

04
3.

12
84

E-
04

12
9.

69
7

71
12

-1
.8

86
4

-.
22

87
.0

00
0

.0
76

23
-5

.0
50

0E
-0

4
5.

63
06

E-
04

7.
56

35
E-

04
13

1.
88

8
72

12
-1

.8
86

4
-.

15
25

.0
00

0
.0

76
23

-7
.0

91
5E

-0
4

7.
14

96
E-

04
1.

00
70

E-
03

13
4.

76
7

73
12

-1
.8

86
4

-.
07

62
.0

00
0

.0
76

23
-7

.7
87

9E
-0

4
6.

67
19

E-
04

1.
02

55
E-

03
13

9.
41

3
74

12
-1

.8
86

4
0.

00
00

.0
00

0
.0

76
23

-7
.2

48
1E

-0
4

4.
78

77
E-

04
8.

68
66

E-
04

14
6.

55
4

75
12

-1
.8

86
4

.0
76

2
.0

00
0

.0
76

23
-7

.7
87

9E
-0

4
6.

67
19

E-
04

1.
02

55
E-

03
13

9.
41

3
76

12
-1

.8
86

4
.1

52
5

.0
00

0
.0

76
23

-7
.0

91
5E

-0
4

7.
14

96
E-

04
1.

00
70

E-
03

13
4.

76
7

77
12

-1
.8

86
4

.2
28

7
.0

00
0

.0
76

23
-5

.0
50

0E
-0

4
5.

63
06

E-
04

7.
56

35
E-

04
13

1.
88

8
78

12
-1

.8
86

4
.3

04
9

.0
00

0
.0

76
23

-1
.9

98
2E

-0
4

2.
40

71
E-

04
3.

12
84

E-
04

12
9.

69
7

124



-
-

-
PO

WE
R

BU
DG

ET
-

-
-

IN
PU

T
PO

WE
R

=
1.

18
12

E-
02

WA
TT

S
RA

DI
AT

ED
PO

WE
R=

1.
07

62
E-

02
WA

TT
S

ST
RU

CT
UR

E
LO

SS
=

0.
00

00
E-

01
WA

TT
S

NE
TW

OR
K

LO
SS

=
1.

05
04

E-
03

WA
TT

S
EF

FI
CI

EN
CY

=
91

.1
1

PE
RC

EN
T

-
-

-
RA

DI
AT

IO
N

PA
TT

ER
NS

-
-

-

-
-

AN
GL

ES
-

-
-

DI
RE

CT
IV

E
GA

IN
S

-
-

-
-

PO
LA

RI
ZA

TI
ON

-
-

-
-

-
-

E(
TH

ET
A)

-
-

-
-

-
-

E(
PH

I)
-

-
-

TH
ET

A
PH

I
VE

RT
.

HO
R.

TO
TA

L
AX

IA
L

TI
LT

SE
NS

E
MA

GN
IT

UD
E

PH
AS

E
MA

GN
IT

UD
E

PH
AS

E
DE

GR
EE

S
DE

GR
EE

S
DB

DB
DB

RA
TI

O
DE

G.
VO

LT
S/

M
DE

GR
EE

S
VO

LT
S/

M
DE

GR
EE

S
90

.0
0

.0
0

-9
99

.9
9

9.
75

9.
75

.0
00

00
90

.0
0

LI
NE

AR
0.

00
00

0E
-0

1
.0

0
2.

46
92

2E
+0

0
-6

6.
00

85
.0

0
.0

0
-9

99
.9

9
9.

70
9.

70
.0

00
00

90
.0

0
LI

NE
AR

0.
00

00
0E

-0
1

.0
0

2.
45

35
3E

+0
0

-6
5.

20
80

.0
0

.0
0

-9
99

.9
9

9.
53

9.
53

.0
00

00
90

.0
0

LI
NE

AR
0.

00
00

0E
-0

1
.0

0
2.

40
69

0E
+0

0
-6

2.
83

75
.0

0
.0

0
-9

99
.9

9
9.

25
9.

25
.0

00
00

90
.0

0
LI

NE
AR

0.
00

00
0E

-0
1

.0
0

2.
33

09
4E

+0
0

-5
8.

96
70

.0
0

.0
0

-9
99

.9
9

8.
86

8.
86

.0
00

00
90

.0
0

LI
NE

AR
0.

00
00

0E
-0

1
.0

0
2.

22
88

9E
+0

0
-5

3.
74

65
.0

0
.0

0
-9

99
.9

9
8.

37
8.

37
.0

00
00

90
.0

0
LI

NE
AR

0.
00

00
0E

-0
1

.0
0

2.
10

61
7E

+0
0

-4
7.

30
60

.0
0

.0
0

-9
99

.9
9

7.
79

7.
79

.0
00

00
90

.0
0

LI
NE

AR
0.

00
00

0E
-0

1
.0

0
1.

97
02

4E
+0

0
-3

9.
77

55
.0

0
.0

0
-9

99
.9

9
7.

15
7.

15
.0

00
00

90
.0

0
LI

NE
AR

0.
00

00
0E

-0
1

.0
0

1.
82

91
7E

+0
0

-3
1.

17
50

.0
0

.0
0

-9
99

.9
9

6.
45

6.
45

.0
00

00
90

.0
0

LI
NE

AR
0.

00
00

0E
-0

1
.0

0
1.

68
84

9E
+0

0
-2

1.
34

45
.0

0
.0

0
-9

99
.9

9
5.

70
5.

70
.0

00
00

90
.0

0
LI

NE
AR

0.
00

00
0E

-0
1

.0
0

1.
54

74
7E

+0
0

-9
.9

1
40

.0
0

.0
0

-9
99

.9
9

4.
81

4.
81

.0
00

00
90

.0
0

LI
NE

AR
0.

00
00

0E
-0

1
.0

0
1.

39
75

9E
+0

0
3.

57
35

.0
0

.0
0

-9
99

.9
9

3.
67

3.
67

.0
00

00
90

.0
0

LI
NE

AR
0.

00
00

0E
-0

1
.0

0
1.

22
60

1E
+0

0
19

.4
8

30
.0

0
.0

0
-9

99
.9

9
2.

10
2.

10
.0

00
00

90
.0

0
LI

NE
AR

0.
00

00
0E

-0
1

.0
0

1.
02

31
3E

+0
0

38
.0

2
25

.0
0

.0
0

-9
99

.9
9

-.
14

-.
14

.0
00

00
90

.0
0

LI
NE

AR
0.

00
00

0E
-0

1
.0

0
7.

90
31

4E
-0

1
59

.2
6

20
.0

0
.0

0
-9

99
.9

9
-3

.4
0

-3
.4

0
.0

00
00

90
.0

0
LI

NE
AR

0.
00

00
0E

-0
1

.0
0

5.
43

33
3E

-0
1

83
.4

2
15

.0
0

.0
0

-9
99

.9
9

-8
.2

7
-8

.2
7

.0
00

00
90

.0
0

LI
NE

AR
0.

00
00

0E
-0

1
.0

0
3.

10
02

3E
-0

1
11

1.
77

10
.0

0
.0

0
-9

99
.9

9
-1

6.
15

-1
6.

15
.0

00
00

90
.0

0
LI

NE
AR

0.
00

00
0E

-0
1

.0
0

1.
25

19
4E

-0
1

15
2.

57
5.

00
.0

0
-9

99
.9

9
-2

3.
15

-2
3.

15
.0

00
00

90
.0

0
LI

NE
AR

0.
00

00
0E

-0
1

.0
0

5.
58

62
9E

-0
2

-1
03

.8
2

.0
0

.0
0

-9
99

.9
9

-1
9.

63
-1

9.
63

.0
00

00
90

.0
0

LI
NE

AR
0.

00
00

0E
-0

1
.0

0
8.

37
85

5E
-0

2
-4

1.
89

-5
.0

0
.0

0
-9

99
.9

9
-2

0.
66

-2
0.

66
.0

00
00

90
.0

0
LI

NE
AR

0.
00

00
0E

-0
1

.0
0

7.
44

40
9E

-0
2

-2
4.

87
-1

0.
00

.0
0

-9
99

.9
9

-2
2.

14
-2

2.
14

.0
00

00
90

.0
0

LI
NE

AR
0.

00
00

0E
-0

1
.0

0
6.

27
57

8E
-0

2
-4

7.
83

-1
5.

00
.0

0
-9

99
.9

9
-1

7.
70

-1
7.

70
.0

00
00

90
.0

0
LI

NE
AR

0.
00

00
0E

-0
1

.0
0

1.
04

64
9E

-0
1

-6
2.

63
-2

0.
00

.0
0

-9
99

.9
9

-1
4.

43
-1

4.
43

.0
00

00
90

.0
0

LI
NE

AR
0.

00
00

0E
-0

1
.0

0
1.

52
50

8E
-0

1
-5

0.
23

-2
5.

00
.0

0
-9

99
.9

9
-1

3.
31

-1
3.

31
.0

00
00

90
.0

0
LI

NE
AR

0.
00

00
0E

-0
1

.0
0

1.
73

56
8E

-0
1

-3
0.

90

125



-3
0.

00
.0

0
-9

99
.9

9
-1

3.
96

-1
3.

96
.0

00
00

90
.0

0
LI

NE
AR

0.
00

00
0E

-0
1

.0
0

1.
61

07
9E

-0
1

-1
0.

69
-3

5.
00

.0
0

-9
99

.9
9

-1
6.

41
-1

6.
41

.0
00

00
90

.0
0

LI
NE

AR
0.

00
00

0E
-0

1
.0

0
1.

21
48

8E
-0

1
7.

49
-4

0.
00

.0
0

-9
99

.9
9

-2
1.

41
-2

1.
41

.0
00

00
90

.0
0

LI
NE

AR
0.

00
00

0E
-0

1
.0

0
6.

83
24

0E
-0

2
18

.3
1

-4
5.

00
.0

0
-9

99
.9

9
-2

9.
95

-2
9.

95
.0

00
00

90
.0

0
LI

NE
AR

0.
00

00
0E

-0
1

.0
0

2.
55

61
4E

-0
2

-1
6.

52
-5

0.
00

.0
0

-9
99

.9
9

-2
4.

33
-2

4.
33

.0
00

00
90

.0
0

LI
NE

AR
0.

00
00

0E
-0

1
.0

0
4.

87
79

2E
-0

2
-7

4.
32

-5
5.

00
.0

0
-9

99
.9

9
-1

9.
91

-1
9.

91
.0

00
00

90
.0

0
LI

NE
AR

0.
00

00
0E

-0
1

.0
0

8.
11

45
5E

-0
2

-7
2.

25
-6

0.
00

.0
0

-9
99

.9
9

-1
7.

99
-1

7.
99

.0
00

00
90

.0
0

LI
NE

AR
0.

00
00

0E
-0

1
.0

0
1.

01
23

4E
-0

1
-6

3.
59

-6
5.

00
.0

0
-9

99
.9

9
-1

7.
28

-1
7.

28
.0

00
00

90
.0

0
LI

NE
AR

0.
00

00
0E

-0
1

.0
0

1.
09

81
7E

-0
1

-5
5.

16
-7

0.
00

.0
0

-9
99

.9
9

-1
7.

24
-1

7.
24

.0
00

00
90

.0
0

LI
NE

AR
0.

00
00

0E
-0

1
.0

0
1.

10
37

1E
-0

1
-4

8.
42

-7
5.

00
.0

0
-9

99
.9

9
-1

7.
53

-1
7.

53
.0

00
00

90
.0

0
LI

NE
AR

0.
00

00
0E

-0
1

.0
0

1.
06

71
9E

-0
1

-4
3.

73
-8

0.
00

.0
0

-9
99

.9
9

-1
7.

92
-1

7.
92

.0
00

00
90

.0
0

LI
NE

AR
0.

00
00

0E
-0

1
.0

0
1.

02
03

9E
-0

1
-4

0.
94

-8
5.

00
.0

0
-9

99
.9

9
-1

8.
23

-1
8.

23
.0

00
00

90
.0

0
LI

NE
AR

0.
00

00
0E

-0
1

.0
0

9.
84

80
5E

-0
2

-3
9.

60
-9

0.
00

.0
0

-9
99

.9
9

-1
8.

35
-1

8.
35

.0
00

00
90

.0
0

LI
NE

AR
0.

00
00

0E
-0

1
.0

0
9.

71
79

9E
-0

2
-3

9.
22

-
-

-
-

NO
RM

AL
IZ

ED
GA

IN
-

-
-

-

MA
JO

R
AX

IS
GA

IN
NO

RM
AL

IZ
AT

IO
N

FA
CT

OR
=

9.
75

DB

-
-

AN
GL

ES
’

-
-

GA
IN

-
-

AN
GL

ES
’

-
-

GA
IN

-
-

AN
GL

ES
’

-
-

GA
IN

TH
ET

A
PH

I
DB

TH
ET

A
PH

I
DB

TH
ET

A
PH

I
DB

DE
GR

EE
S

DE
GR

EE
S

DE
GR

EE
S

DE
GR

EE
S

DE
GR

EE
S

DE
GR

EE
S

90
.0

0
.0

0
.0

0
25

.0
0

.0
0

-9
.9

0
-3

5.
00

.0
0

-2
6.

16
85

.0
0

.0
0

-.
06

20
.0

0
.0

0
-1

3.
15

-4
0.

00
.0

0
-3

1.
16

80
.0

0
.0

0
-.

22
15

.0
0

.0
0

-1
8.

02
-4

5.
00

.0
0

-3
9.

70
75

.0
0

.0
0

-.
50

10
.0

0
.0

0
-2

5.
90

-5
0.

00
.0

0
-3

4.
09

70
.0

0
.0

0
-.

89
5.

00
.0

0
-3

2.
91

-5
5.

00
.0

0
-2

9.
67

65
.0

0
.0

0
-1

.3
8

.0
0

.0
0

-2
9.

39
-6

0.
00

.0
0

-2
7.

74
60

.0
0

.0
0

-1
.9

6
-5

.0
0

.0
0

-3
0.

41
-6

5.
00

.0
0

-2
7.

04
55

.0
0

.0
0

-2
.6

1
-1

0.
00

.0
0

-3
1.

90
-7

0.
00

.0
0

-2
6.

99
50

.0
0

.0
0

-3
.3

0
-1

5.
00

.0
0

-2
7.

46
-7

5.
00

.0
0

-2
7.

29
45

.0
0

.0
0

-4
.0

6
-2

0.
00

.0
0

-2
4.

19
-8

0.
00

.0
0

-2
7.

68
40

.0
0

.0
0

-4
.9

4
-2

5.
00

.0
0

-2
3.

06
-8

5.
00

.0
0

-2
7.

98
35

.0
0

.0
0

-6
.0

8
-3

0.
00

.0
0

-2
3.

71
-9

0.
00

.0
0

-2
8.

10
30

.0
0

.0
0

-7
.6

5

126



**
**

*
DA

TA
CA

RD
NO

.
15

EN
0

0
0

0
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1
0.

00
00

0E
-0

1

RU
N

TI
ME

=
.0

00

127



4.2.6 Cylinder With Attached Wires.

The geometry data for the cylinder with attached wires was discussed in the examples at the end
of Section 3.2. 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 there antennas. The table includes the matched load impedance for the second segment and the
corresponding input impedance at the firs segment. The source impedance would be the conjugate
of this input impedance for maximum coupling.

(See Figure 21.)

Input Card Deck :

CECYLINDER WITH ATTACHED WIRES
SP 0 0 10 0 7.3333 0. 0. 38.4
SP 0 0 10 0 0. 0. 0. 38.4
SP 0 0 10 0 -7.3333 0. 0. 38.4
GM 0 1 0. 0. 30.
SP 0 0 6.89 0. 11. 90. 0. 44.88
SP 0 0 6.89 0. -11. -90. 0. 44.88
GR 0 6
SP 0 0 0. 0. 11. 90. 0. 44.89
SP 0 0 0. 0. -11. -90. 0. 44.89
GW 1 4 0. 0. 11. 0. 0. 23. .1
GW 2 5 10. 0. 0. 27.6 0. 0. .2
GS,0,0,.01
GE
FR,0,1,0,0,465.84
CP 1 1 2 1
EX 0 1 1 1.
RP 0 73 1 1000 0. 0. 5. 0.
EX 0 2 1 0 1.
XQ
EN

Line-Printer Output :
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4.2.7 Stick Model of an Aircraft in Free Space.

This examples demonstrates the use of NEC for scattering. The columns labeled "gain" are, in this
case, scattering cross section in square wavelengths (σ /λ 2). Figure 23 illustrates a stick model
of an aircraft.

X

Y

Z

(0.0,0.0,0.0)
(6.0,0.0,0.0)

(2.0,0.0,10.0) (2.0,11.3,0.0)

(2.0,−11.3,0.0)

(24.0,29.9,0.0)

(24.0,−29.9,0.0)

(44.0,0.0,0.0) (68.0,0.0,0.0)

φinc

~Einc

~k

Figure 23: Stick Model of Aircraft.

Input Card Deck :

CMSAMPLE PROBLEM FOR NEC
CESTICK MODEL OF AIRCRAFT - FREE SPACE
GW 1, 1, 0., 0., 0., 6., 0., 0., 1.,
GW 2 6 6. 0. 0. 44. 0. 0. 1.
GW 3 4 44. 0. 0. 68. 0. 0. 1.
GW 4 6 44. 0. 0. 24. 29.9 0. 1.
GW 5 6 44. 0. 0. 24. -29.9 0. 1.
GW 6 2 6. 0. 0. 2. 11.3 0. 1.
GW 7 2 6. 0. 0. 2. -11.3 0. 1.
GW 8 2 6. 0. 0. 2. 0. 10. 1.
GE
FR 0 1 0 0 3.
EX 1 1 1 0 0.
RP 0 1 1 1000 0. 0. 0.
EX 1 1 1 0 90. 30. -90.
RP 0 1 1 1000 90. 30.
EN

Line-Printer Output :
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5 Error Messages

5.1 gNEC Errors

Not Yet Implemented.

5.2 NEC2 Errors

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

Routine : ISEGNO
Comment : 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.

2. Message : CONNECT - SEGMENT CONNECTION ERROR FOR SEGMENT __
Routine : CONNECT
Comment : Possible causes : number of segments at a junction exceeds limit; segment lengths

are zero; array overflow.

3. Message : DATA FAULT ON LOADING CARD NO. = __ ITAG STEP1 = __ IS
GREATER THAN ITAG STEP2 = __

Routine : MAIN
Comment : When several segments are loaded, the number of the second segment specified

must be greater than the number of the first segment. Execution terminated.

4. Message : EOF ON UNIT __ NBLKS = __ NEOF = __
Routine : BLCKIN, entry point of BLCKOT
Comment : 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.

5. Message : ERROR - ARC ANGLE EXCEEDS 360 DEGREES
Routine : ARC
Comment : Error on GA card.

6. Message : ERROR - B LESS THAN A IN ROM2
Routine : ROM2
Comment : Program malfunction.

7. Message : ERROR - FR/GN CARD IS NOT ALLOWED WITH N.G.F.
Routine : MAIN
Comment : See section III-5.

8. Message : ERROR - CORNERS OF QUADRILATERAL PATCH DO NOT LIE IN A PLANE
Routine : Patch
Comment : The four corners of a quadrilateral patch (SP card) must lie in a plane.

9. Message : ERROR - COUPLING IS NOT BETWEEN 0 AND 1
Routine : Couple
Comment : Inaccuracy in solution or error in data.
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10. Message : ERROR - GF MUST BE FIRST GEOMETRY DATA CARD
Routine : DATAGN
Comment : See section III-5.

11. Message : ERROR IN GROUND PARAMETERS - COMPLEX DIELECTRIC CONSTANT
FROM FILE IS ____ REQUESTED ____

Routine : MAIN
Comment : Complex dielectric constant from file TAPE21 does not agree with data from GN

and FR cards.

12. Message : ERROR - INSUFFICIENT STORAGE FOR INTERACTION MATRICES.
IRESRV, IMAT. NEQ. NEQ2 = __

Routine : FBNGF
Comment : Array storage exceeded in NGF solution.

13. Message : ERROR - INSUFFICIENT STORAGE FOR MATRIX
Routine : FBLOCK
Comment : Array storage for matrix is not sufficient for out-of-core solution.

14. Message : ERROR - NETWORK ARRAY DIMENSIONS TOO SMALL
Routine : NETWK
Comment : 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 dimensio limitations in Part II for changing
array sizes.

15. Message : ERROR - LOADING MAY NOT BE ADDED TO SEGMENTS IN N.G.F.
SECTION

Routine : LOAD
Comment : See section III-5.

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

17. Message : ERROR - NO. NEW SEGMENTS CONNECTED TO N.G.F. SEGMENTS OR
PATCHES EXCEEDS LIMIT

Routine : CONECT
Comment : Array dimension limit.

18. Message : FAULTY DATA CARD LABEL AFTER GEOMETRY SECTION
Routine : MAIN
Comment : A card with an unrecognizable mnemonic has been encountered in the program

control cards following the geometry cards. Execution terminated.

19. Message : GEOMETRY DATA CARD ERROR
Routine : DATAGN
Comment : A geometry data card was expected, but the card mnemonic is not that of a geom-

etry 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.

20. Message : GEOMETRY DATA ERROR - - PATCH __ LIES IN PLANE OF SYMMETRY
Routine : REFLC

21. Message : GEOMETRY DATA ERROR - - SEGMENT __ EXTENDS BELOW GROUND
Routine : CONECT
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Comment : When ground is specified on the GE card, no segment may extend below the XY
plane. Execution terminated.

22. Message : GEOMETRY DATA ERROR - - SEGMENT __ LIES IN GROUND PLANE
Routine : CONECT
Comment : When ground is specified on the GE card, no segment should lie in the XY plane.

Execution terminated.

23. Message : GEOMETRY DATA ERROR - - SEGMENT __ LIES IN PLANE OF SYMMETRY
Routine : REFLC
Comment : 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.

24. Message : IMPROPER LOAD TYPE CHOSEN, REQUESTED TYPE IS __
Routine : LOAD
Comment : Valid load types (LDTYP on the LD card) are from 0 through 5. Execution termi-

nated.

25. Message : INCORRECT LABEL FOR A COMMENT CARD
Routine : MAIN
Comment : The program expected a comment card, with mnemonic CM or CE, but encoun-

tered 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.

26. Message : LOADING DATA CARD ERROR, NO SEGMENT HAS AN ITAG = __
Routine : LOAD
Comment : ITAG specified on an LD card could not be found as a segment tag. Execution

terminated.

27. Message : NO SEGMENT HAS AN ITAG OF __
Routine : ISEGNO
Comment : 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.

28. Message : NOTE, SOME OF THE ABOVE SEGMENTS HAVE BEEN LOADED TWICE,
IMPEDANCES ADDED

Routine : LOAD
Comment : 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.

29. Message : NUMBER OF EXCITATION CARDS EXCEEDS STORAGE ALLOTTED
Routine : MAIN
Comment : 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.

30. Message : NUMBER OF LOADING CARDS EXCEEDS STORAGE ALLOTTED
Routine : MAIN
Comment : The number of LD cards exceeds array dimension. Execution terminated. The

dimension in the original NEC deck allows 30 LD cards. Refer to Part II to change
the dimensions.
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31. Message : NUMBER OF NETWORK CARDS EXCEEDS STORAGE ALLOTTED
Routine : MAIN
Comment : 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 Dimen-
sion Limitations in Part II to change the dimensions.

32. Message : NUMBER OF SEGMENTS IN COUPLING CALCULATION (CP) EXCEEDS
LIMIT

Routine : MAIN
Comment : Array dimension limit.

33. Message : NUMBER OF SEGMENTS AND SURFACE PATCHES EXCEEDS DIMENSION
LIMIT

Routine : DATAGN
Comment : The sum of the number of segments and patches is limited by dimensions. The

present limit is 300.

34. Message : PATCH DATA ERROR
Routine : DATAGN
Comment : Invalid data on SP, SM, or SC card; or SC card not found where required.

35. Message : PIVOT(__) = __
Routine : FACTR (in-core) or LFACTR (out-of-core)
Comment : This will be printed during the Gauss Doolittle factoring of the interaction ma-

trix or the network matrix when a pivot element less than 10E-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 is usually an ab-
normal condition although execution will continue. It may result from coinciding
segments or a segment of zero length.

36. Message : RADIAL WIRE G.S. APPROXIMATION MAY NOT BE USED WITH
SOMMERFELD GROUND OPTION

Routine : MAIN

37. Message : RECEIVING PATTERN STORAGE TOO SMALL, ARRAY TRUNCATED
Routine : MAIN
Comment : The number of points requested in a receiving pattern exceeds array Execution will

continue, but storage of normalized pattern will be truncated. This array dimension
is 200 in the original NEC deck. Refer to Array Dimension Limitations in Part II
to change dimension.

38. Message : ROM2 - - STEP SIZE LIMITED AT Z = __
Routine : ROM2
Comment : Probably caused by a wire too close to the ground in the Somerfeld / Norton ground

method. Execution continues but results may be inaccurate.

39. Message : SBF - SEGMENT CONNECTION ERROR FOR SEGMENT __
Routine : SBF
Comment : The number of segments at a junction exceeds dimension limit (30), or the con-

nection numbers are not self-consistant.

40. Message : SEGMENT DATA ERROR
Routine : MAIN
Comment : A segment with zero length or zero radius was found. Execution terminated.
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41. Message : STEP SIZE LIMTED AT Z = __
Routine : INTX, HFX
Comment : 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.

42. Message : STORAGE FOR IMPEDANCE NORMALIZATION TOO SMALL, ARRAY
TRUNCATED

Routine : MAIN
Comment : The number of frequencies on an 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.

43. Message : SYMMETRY ERROR - NROW, NCOL = __
Routine : FBLOCK
Comment : Array overflow or program malfunction.

44. Message : TBF - SEGMENT CONNECTION ERROR FOR SEGMENT __
Routine : TBF
Comment : Same as error 39.

45. Message : TRIO - SEGMENT CONNECTION ERROR FOR SEGMENT __
Routine : TRIO
Comment : Same as error 39.

46. Message : WHEN MULTIPLE FREQUENCIES ARE REQUESTED, ONLY ONE NEAR FIELD
CARD CAN BE USED - LAST CARD READ IS USED

Routine : MAIN
Comment : Execution continues.
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