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Pr ef ace

The Nunerical El ectromagnetics Code (NEC) has been devel oped at the

Law ence Livernore Laboratory, Livernore, California, under the sponsorship
of the Naval Ccean Systens Center and the Air Force Wapons Laboratory. It
i s an advanced version of the Antenna Mbdeling Program (AMP) devel oped in
the early 1970's by MBAssociates for the Naval Research Laboratory, Naval
Shi p Engi neering Center, U S. Arny ECOM Communi cations Systens, U S. Arny
Strategi ¢ Communi cati ons Conmand, and Rone Air Devel opnent Center under

O fice of Naval Research Contract NO0014-71-C- 0187. The present version of
NEC is the result of efforts by G J. Burke and A. J. Poggi o of Law ence

Li vernore Laboratory.

The docunentation for NEC consists of three vol unes:

Part |I: NEC Program Description - Theory
Part I1: NEC Program Description - Code
Part 111: NEC User's Cuide

The docunentati on has been prepared by using the AVP docunents as
foundati ons and by nodi fying those as needed. In sonme cases this led to
m nor changes in the original docunents while in many cases maj or

nodi fi cati ons were required.

Over the years many individual s have been contributors to AMP and NEC and
are acknow edged here as foll ows:

* R W Adans

* J. N Brittingham
* G J. Burke

* F. J. Deadrick
* K. K Hazard
* D. L. Knepp

* D. L. Lager

* R J. Lytle

* E. K Mller

* J. B. Morton
*G M Pjerrou
* A J. Poggio
* E. S. Selden

The support for the devel opnent of NEC-2 at the Law ence Livernore
Laboratory has been provided by the Naval Ccean Systens Center under

M PR- NO095376MP. Cogni zant indi vi dual s under whomthis project was carried
out i ncl ude:

* J. Rockway

* J. Logan

Previ ous devel opnent of NEC al so included the support of the Air Force
Weapons Laboratory (Project Order 76-090) and was nmonitored by J. Castillo
and TSgt. H. Goodw n.

Work was performed under the auspices of the U S. Departnent of Energy by the
Law ence Livernore National Laboratory under contract No. W 7405-Eng-48.

Ref erence to a conpany or product nane does not inply approval or

recommendati on of the product by the University of California or the U S.
Department of Energy to the exclusion of others that may be suitable.
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Di sclaimer for the Web and M crosoft Wbrd Versions

This manual was originally prepared as an account of work sponsored by the
United States Government. Neither the United States nor the United States
Department of Energy, nor any of their enpl oyees, nor any of their contractors,
subcontractors, or their enployees, makes any warranty, express or inplied, or
assunes any legal liability or responsibility for the accuracy, conpleteness or
useful ness of any information, apparatus, product or process disclosed, or
represents that its use would not infringe privately-owned rights.

The Wb (htm) and Mcrosoft Wrd (WDBN) versions of this nmanual were derived
fromthe original, printed version by unconpensated vol unteers, through optica
scanni ng and automatic character recognition (OCR), retyping, reformatti ng and
other editing (see page 131). These processes have inevitably introduced
errors and om ssions, for which the United States CGovernnent, Law ence Liver -
nmore National Laboratory and University of California have no responsibility.
No assurance is made by anyone as to the conpl et eness, 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, e.g., mssed decinmal points and minus signs; confusion of the numera
“1”, the lower-case letter “I”, and the upper-case letter “1”; msalignnment of

colums in card i mages due to m scounting of spaces; and incorrect word substi -
tution by automatic spell-checking prograns.

Abstr act

The Nunerical El ectromagnetics code (NEC-2) is a conputer code for anal yzing
the el ectromagnetic response of an arbitrary structure consisting of wires
and surfaces in free space or over a ground plane. The analysis is

acconpli shed by the nunerical solution of integral equations for induced
currents. The excitation may be an incident plane wave or a voltage source
on a wire, while the output may include current and charge density, electric
or magnetic field in the vicinity of the structure, and radiated fields.
NEC- 2 i ncl udes several features not contained in NEC 1, including an
accurate nmethod for nodeling grounds, based on the Sonmmerfeld integrals, and
an option to nodify a structure without repeating the conplete solution.

Thi s 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 NEG-2 [text missing?] covering the equations and details of the
codi ng, are referenced.
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Section | - | NTRODUCTI ON

The Nunerical El ectromagnetics Code (NEC-2) is a user-oriented conputer code
for analysis of the el ectromagnetic response of antennas and ot her netal
structures. It is built around the numerical solution of integral equations
for the currents induced on the structure by sources or incident fields.
Thi s approach avoids many of the sinplifying assunptions required by other
sol uti on nethods and provides a highly accurate and versatile tool for

el ectromagneti c anal ysi s.

The code conbi nes an integral equation for snooth surfaces with one
specialized for wires to provide for conveni ent and accurate nodeling of a
wi de range of structures. A nodel may include nonradiating networks and
transm ssion |ines connecting parts of the structure, perfect or inperfect
conductors, and |unped el enrent | oading. A structure may al so be nodel ed over
a ground plane that may be either a perfect or inperfect conductor.

The excitation nay be either voltage sources on the structure or an incident
pl ane wave of linear or elliptic polarization. The output may include

i nduced currents and charges, near electric or magnetic fields, and radiated
fields. Hence, the programis suited to either antenna anal ysis or
scattering and EMP studi es.

The integral equation approach is best suited to structures with di mensions
up to several wavel engths. Al though there is no theoretical size limt, the
nunerical solution requires a matrix equation of increasing order as the
structure size is increased relative to wavel ength. Hence, nodeling very

| arge structures may require nore conputer tine and file storage than is
practical on a particular machine. In such cases standard hi gh-frequency
approxi mati ons such as geonetrical optics, physical optics, or geonetrica
theory of diffraction may be nore suitable than the integral equation
approach used in NEC 2.

NEC-2 retains all features of the earlier version NEC1 except for a restart
option. Major additions in NEC-2 are the Nunerical Geen's Function for
partitioned-matrix solution and a treatnent for |ossy grounds that is
accurate for antennas very close to the ground surface. NEC 2 al so incl udes
an option to conpute maxi mum coupling between antennas and new options for
structure input.

Thi s manual contains instructions for use of the NECG2 code and sanple runs
to illustrate the output. The sanple runs may al so be used as a standard to
check the operation of a newy duplicated or nodified deck. There are two
other manuals for NEC-2: Part |: NEC Program Description - Theory (ref. 1);
and Part I1: NEC Program Description - Code (ref. 2). Part | covers the
equations and nunerical nethods, and Part Il is a detailed description of

t he FORTRAN code.
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Section Il - STRUCTURE MODELI NG GUI DELI NES

The basic devices for nodeling structures with the NEC code are short,
straight segnents for nodeling wires and flat patches for nodeling surfaces.
An antenna and any other conducting objects in its vicinity that affect its
per formance must be nodeled with strings of segnents follow ng the paths of
wires and with patches covering surfaces. Proper choice of the segnments and
patches for a nodel is the nost critical step to obtaining accurate results.
The nunber of segments and patches shoul d be the m ni mumrequired for
accuracy, however, since the programrunning tine increases rapidly a this
nunber increases. Quidelines for choosing segnents and patches are given
bel ow and shoul d be foll owed carefully by anyone using the NEC code.

Experi ence gai ned by using the code will also aid the user in devel oping
nodel s.

1. Wre Modeling

A wire segnent is defined by the coordinates of its two end points and its
radius. Modeling a wire structure with segnents invol ves both geonetrica
and electrical factors. Ceonetrically, the segnents 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 Delta relative to the
wavel engt h Lanbda. CGenerally, Delta should be I ess than about 0.1 Lanbda at
the desired frequency. Somewhat |onger segments may be acceptable on | ong
wires with no abrupt changes while shorter segnents, 0.05 Lanbda or |ess,
may be needed in nodeling critical regions of an antenna. The size of the
segnents determnes the resolution in solving for the current on the node
since the current is conputed at the center of each segnent. Extrenely short

segnents, |ess than about 10-3 Lanbda, shoul d al so be avoi ded since the
simlarity of the constant and cosi ne conponents of the current expansion
| eads to nunerical inaccuracy.

The wire radius, a, relative to Lanbda is linmted by the approxi mati ons used
in the kernel of the electric field integral equation. Two approxi mation
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 segnent is reduced to a filanent of
current on the segnent axis. In the extended thin-wire kernel, a current
uniformy distributed around the segnent surface is assuned. The field of
the current is approximated by the first two terns in a series expansi on of

the exact field in powers of a2. The first termin the series, which is

i ndependent of a, is identical to the thin-wire kernel while the second term
extends the accuracy for larger values of a. H gher order approximation are
not used because they woul d require excessive conputation tinmne.

In either of these approxi mations, only currents in the axial direction on a
segnent are considered, and there is no allowance for variation of the
current around the wire circunference. The acceptability of these
approxi mati ons depends on both the value of a/lLanbda and the tendency of the
excitation to produce circunferential current or current variation. Unless
2Pi al/lLanmbda is nuch less than 1, the validity of these approximations
shoul d be consi dered.

The accuracy of the numerical solution for the dom nant axial current is
al so dependent on Delta/a. Small values of Delta/a may result in extraneous
oscillations in the conputed current near free wire ends, voltage sources,
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or lunped | oads. Use of the extended thin-wire kernel will extend the limt
on Delta/a to smaller values than are permssible with the normal thin-wire
kernel . Studies of the conputed field on a segment due to its own current
have shown that with the thin-wire kernel, Delta/a nust be greater than
about 8 for errors of less than 1% Wth the extended thin-wre kernel
Delta/a may be as small as 2 for the sane accuracy (ref. 3). In the current
solution with either of these kernels, the error tends to be less than for a
single field eval uation. Reasonabl e current sol utions have been obtai ned
with the thin-wire kernel for Delta/a down to about 2 and with the extended
thin-wire kernel for Delta/a dowmn to 0.5. Wien a nodel includes segnents
with Delta/a | ess than about 2, the extended thin-wre kernel option should
be used by inclusion of an EK card in the data deck.

VWen the extended thin-wire kernel option is selected, it is used at free
wi re ends and between parallel, connected segnents. The normal thin-wire
kernel is always used at bends in wires, however. Hence, segnments with smal
Delta/a should be avoided at bends. Use of a small Delta/a at a bend, which
results in the center of one segment falling within the radius of the other
segnment, generally |l eads 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, segnents that are electrically connected
must have coincident end points. If segnents intersect other than at their
ends, the NEC code will not allow current to flow fromone segnent to the
other. Segnents will be treated as connected if the separation of their ends

is less than about 10°3 tines the I ength of the shortest segnment. When
possi bl e, however, identical coordinates should be used for connected
segnment ends.

The angle of the intersection of wire segnents in NECis not restricted in
any manner. In fact, the acute angle may be so small as to place the
observation point on one wire segnent within the volune of another wire
segrment . Numerical studies have shown that such overlapping leads to
meani ngl ess results; thus, as a mninmum one nust ensure that the angle is
| arge 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 di stances fromthis region

NEC i ncl udes a patch option for nodeling surfaces using the magnetic-field
integral equation. This forrmulation is restricted to closed surfaces with
nonvani shi ng encl osed vol ume. For exanple, it is not theoretically
applicable to a conducting plate of zero thickness and, actually, the
nunerical algorithmis not practical for thin bodies (such as solar panels).
The latter difficulty is due to the possibility of poor conditioning of the
matri x equati on.

Wre-grid nodeling of conducting surfaces has been used with varying
success. The earliest applications to the conputation of radar cross
sections and radi ati on patterns provi ded reasonably accurate results. Even
conputations for the input inpedance of antennas driven against grid nodels
of surfaces have oftentines exhibited good agreenment with experinents.
However, broad and generalized guidelines for near-field quantities have not
been devel oped, and the use of wire-grid nodeling for near-field paraneters
shoul d be approached with caution. A single wire grid, however, nmay
represent both surfaces of a thin conducting plate. The current on the grid
will be the sumof the currents that would flow on opposite sites of the
plate. While information on the currents on the individual surfaces is |ost
the grid will yield the correct radiated fields.
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O her rules for the segnent nodel follow

* Segments (or patches) may not overlap since the division of current
bet ween two overl appi ng segnents is indeterm nate. Overl appi ng segnents
may result in a singular matrix equation

* A large radi us change between connected segnents may decrease accuracy;
particularly, with small Delta/a. The problem may be reduced by making
the radi us change in steps over several segnents.

* A segment is required at each point where a network connection or
vol tage source will be located. This may seemcontrary to the idea of
an excitation gap as a break in a wire. A continuous wire across the
gap i s needed, however, so that the required voltage drop can be
speci fied as a boundary condition

* The two segments on each side of a charge density discontinuity voltage
source should be parallel and have the sane | ength and radi us. Wen
this source is at the base of a segnent connected to a ground pl ane.

t he segment shoul d be verti cal

* The nunmber of wires joined at a single junction cannot exceed 30
because of a dinmension linmtation in the code.

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

* Al though extensive tests have not been conducted, it is safe to specify
that wires should be several radii apart.
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2. Surface Modeling

A conducting surface is nodel ed by means of multiple, small flat surface

pat ches corresponding to the segments used to nodel wires. The patches are
chosen to cover conpletely the surface to be nodel ed, conform ng as cl osely
as possible to curved surfaces. The paraneters defining a surface patch are
the Cartesian coordi nates of the patch center, the conponents of the
outward-directed, unit normal vector and the patch area. These are
illustrated in Figure 1 where rg = X9 "X + yg "y + zg "z is the position of
the segment center; “n = ny "x + ny "y + nz "z is the unit normal vector and
Ais the patch area

4
!

Figure 1. Patch Position and Oientation

Al t hough t he shape (square, rectangular, etc.) nmay 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
conputes the surface current on each patch along the orthogonal unit vectors
~tq1 and “to, which are tangent to the surface. The vector ~tq1 is parallel to
a side of the triangular, rectangular, or quadrilateral patch. For a patch
of arbitrary shape, it is chosen by the follow ng rules:

For a horizontal patch

Moo= MX.
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For a non horizontal patch
M= ("2 XM ) [ | 2z XM,

~"to is then chosen as "t = ~n X *t1. When a structure having plane symetry
is formed by reflection in a coordinate plane using a GX i nput card, the
vectors ~tq1, “to and "n are also reflected so that the new patches will have
"o = -An X M 1. When a wire is connected to a surface, the wire nust end at
the center of a patch with identical coordinates used for the wire end and
the patch center. The programthen 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

di vided along lines defined by the vectors ~t1 and ~to for that patch, with a
square patch assunmed. The four new patches are ordinary patches |ike those
i nput by the user, except when the interactions between the patches and the
| owest segment on the connected wire are computed. In this case an
interpolation function is applied to the four patches to represent the
current fromthe wire onto the surface, and the function is nunerically

i ntegrated 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 approxi mately square with sides parallel to ~t 1 and "t». 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 segnment nmay have a patch connection on only one of its ends. Also, a wire
may never connect to a patch formed by subdividi ng anot her patch for a
previ ous connection

[ 77

Figure 2. Connection of a Wre to a Surface Patch

As with wire nodeling, patch size neasured in wavel engths is very inportant
for accuracy of the results. A mninumof about 25 patches should be used
per square wavel ength of surface area, with the maxi mum size for an

i ndi vi dual patch about 0.04 square wavel engths. Large patches nmay be used on
| arge smooth surfaces while smaller patches are needed in areas of snal

radi us of curvature, both for geonetrical nodeling accuracy and for accuracy
of the integral equation solution. In the case of an edge, a precise |oca
representation cannot be included; however, snaller patches in the vicinity
of the edge can lead to nore accurate results since the current nagnitude
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

Page11 of 131
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VWi |l e patch shape is not input to the program very |ong narrow patches
shoul d be avoi ded when subdividing the surface. This is illustrated by the
two net hods of nodeling a sphere shown in Figure 3. The first uses uniform
division in azimuth and equal cuts along the vertical axis. This results in
al | patches having equal areas but with | ong narrow patches near the poles.
In the second nethod, the nunber of divisions in azimuth is increased toward

the equator so that the patch length and width are kept nore nearly equal
The areas are agai n kept approxi mately equal

LY !

Uniform Segmentation Variable Segmentation

Figure 3. Patch Mddels for a Sphere

The results of the two segnentations are shown in Figure 4 for scattering by a
sphere of ka (2! radius/wavel ength) equal to 5.3. The uniform segnmentati on used
14 increnents in azimuth and 14 equal bands al ong the vertical axis. The

vari abl e segnentation used 13 equal increments in arc length along the vertical
axis, wth each band fromtop to bottomdivided into the foll owi ng nunber of
patches in azimuth: 4, 8, 12, 16, 20, 24, 24, 24, 20, 16, 12, 8, 4. Mich

better agreement with experinent is obtained with the variable segnmentation
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Figure 4. Bistatic RCS of a Sphere with ka = 5.3 (continuation).

In general, the use of surface patches is restricted to nodeling vol um nous
bodi es. The surface nodel ed nust be closed since the patches only nodel the
side of the surface fromwhich their normals are directed outward. If a
somewhat thin body, such as a box with one narrow di nension, is nodeled with
patches the narrow sites (edges) nust be nodeled a well as the broad
surfaces. Furthernore, the parallel surface on opposite sides cannot be too
cl ose together or severe nunerical error will occur.

VWhen nodel i ng conpl ex structures with features not previously encountered,
accuracy may be checked by conparison with reliable experinmental data if
available. Alternatively, it may be possible to devel op an idealized node
for which the correct results can be estimated while retaining the critica
features of the desired nodel. The optimum nodel for a class of structures
can be estimated by varying the segnment and patch density and observing the
effect on the results. Sone dependence of results on segnentation wll

al ways be found. A | arge dependence, however, would indicate that the

sol ution has not converged and nore segnents or patches should be used. A
nodel will generally be usable over a band of frequencies. For frequencies
beyond the upper Iimt of a particular nodel, a new set of geonetry cards
must be input with a finer segnentation.

3. Modeling Structures Over Ground

Several options are available in NEC for nodeling an antenna over a ground
pl ane. For a perfectly conducting ground, the code generates an inage of the
structure reflected in the ground surface. The inmage is exactly equival ent
to a perfectly conducting ground and results in solution accuracy conparabl e
to that for a free-space nodel. 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]1/2 should be greater than about

10-6 wavel engt hs. Furthernore, the height should be at |east several tines
the radius for the thin-wire approximtion to be valid. This nethod doubl es
the tine to fill the interaction matrix. A finitely conducting ground may be
nodel ed by an image nodified by the Fresnel plane-wave reflection
coefficients. This nethod is fast but of limted accuracy and shoul d not be
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used for structures close to the ground. The reflection coefficient

approxi mation for the near fields can yield reasonable accuracy if the
structure is a |l east several tenths of a wavel ength above the ground. It
shoul d not be used for structures having a | arge horizontal extent over the
ground such as some travel i ng-wave antennas. An alternate nethod
(Somrerfel d/ 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 sane as for a perfect
ground. When this nmethod is used NEC requires an input file (TAPE21)
containing field values for the specific ground paraneters and frequency.
This interpol ation table nmust be generated by running a separate program
SOWNEC, prior to the NEC run. The present NEC code uses the Sonmerfel d/
Norton method only for wire-to-wire interactions. If Somrerfel d/ 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. Conputation of wire-to-wire interactions by
the Sommerfel d/ Norton nethod take about four tinmes |onger than for free
space. In addition, conputation of the interpolation table requires about 15
s on a CDC 7600 conputer. However, the file of interpolation tables may be
saved and reused for problens having the same ground paraneters and
frequency. The Somerfel d/ Norton method is not available in the earlier
code, NEC-I.

A wire ground screen may be nodeled with the Sommerfel d/ Norton nmethod if it
is raised slightly above the ground surface. A ground stake cannot be
nodel ed in NEC since there is presently no provision to conpute interactions
across the interface. Wres may end on a ground plane with a condition that
the charge density (i.e., derivative of current) be zero at the base of the
wire, but this is accurate only for a perfectly conducting ground. A wre
may end on a finitely conducting ground with the charge set to zero at the
connection, but this will not accurately nodel a ground stake. If a wire is
driven against a finitely conducting ground in this way, the input inpedance
will typically be dependent on | ength of the source segment.

NEC al so i ncludes options for a radial-wire ground-screen approxi mati on and
t wo- medi um ground approximation (cliff) based on nodified reflection
coefficients. These nmethods are inplenmented only for wires and not for

pat ches, however. For the radial-wire ground-screen approxi mati on, an
approxi mate surface inpedance - based on the wire density and the ground
paranmeters - is conputed at specul ar reflection points. Since the formula
for surface inpedance 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 conputing both near-field interactions and
the radiated field. It should be noted that diffraction fromthe edge of the
screen is not included. Wen limted accuracy can be accepted, the ground
screen approximation provides a large time saving over explicit nodeling
with the Somerfel d/ Norton met hod since the ground screen does not increase
t he nunber of unknowns in the matrix equation

The two-medi um ground approxi mation permts the user to define a |linear or
circular cliff with different ground paraneters and ground hei ght on
opposite sides. This approximation is not used for the near-field
interactions affecting the currents but is used in conputing the radiated
field. The reflection coefficient is based on the ground paraneters and
hei ght at the specular-reflection point for each ray. This option may al so
be used to conpute the current over a perfect ground and then comnpute

radi ated fields for a finitely conducting ground.
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Section 11l - PROGRAM | NPUT

1. Comment Cards (CM, CE)

The data-card deck for a run nust begin with one or nore comment cards which
can contain a brief description and structure paraneters 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 conputation. Any al phabetic

and nurneric characters can be punched on these cards. The comment cards, |ike
all other data cards, have a two-letter identifier in colums 1 and 2. The
two fornms for conment cards are:

Car d:

/2] 5| 10| 15| 20| 30| 40| 50| 60| 70| 80
I I I I I I I I I I I
I I I I I I I I I I I I
| CM I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I N _ I
| The nunbers along the top refer to the last colum in each field.

I I I I I I I I I I I I

/12| 5| 10| 15| 20| 30| 40| 50| 60| 70| 80
I I I I I I I I I I I
I I I I I I I I I I I I
| CE| I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I N | I
| along the top refer to the last columm in each field
I I I I I I I

VWen a CMcard is read, the contents of colums 3 through 80 are printed in
the output, and the next card is read as a comment card. Wen a CE card is
read, colums 3 through 80 are printed, and reading of coments is

term nated. The next card nust be geonetry card. Thus, a CE Card nust

al ways 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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2. Structure Geometry I nput Cards

Wre Arc Specification (GA)

Purpose: To generate a circular arc of wire segnents.
Car d:
/I 2] 5] 10| 20| 30| 40| 50 60| 70| 80|
| I I I I I I I
GA 11 12 | F1 | F2 | F3 | F4 | blank| blank| blank]
| I I I | R I I I
|| N | R | A | A]A I I I
| T s | A | N | N|D I I I
| G| | D | G | G| I I I
| | A | 1 | 2| I I I
| I I I I I I I
| I I I I I I I
I I I I I I

Field
GA

I TG
NS
RADA
ANGL
ANG2
RAD
bl ank
bl ank
bl ank

The nunbers along the top refer to
I

Pa

he last colum in each field.

r anet er Last colum in each field

I
I
I
I
I
I
I
I
I
I
|
t
|

Par anet er s:

Not es

I nt egers

ITG (11) - Tag nunber assigned to all segnments of the wire arc.
NS (12) - Number of segnents into which the arc will be divided.

Deci mal Nunbers

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

ANGL (F2) - Angle of first end of the arc nmeasured fromthe x axis
in aleft-hand direction about the y axis (degrees).

AN& (F3) - Angle of the second end of the arc.

RAD (F4) - Wre radius.

* The segnents generated by GA forma section of polygon inscribed within
the arc.

*

If an arc in a different position or orientation is desired the
segnents may be noved with a GM card.

Use of GAto forma circle will not result in symetry being used in
the calculation. It is a good way to formthe beginning of the circle,
to be conpleted by GR however.

* (See notes for GW)
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End Geometry | nput (GE)

Purpose: To term nate readi ng of geonetry data cards and reset geonetry data
if a ground plane is used.

Car d:

Field Par anet er Last colum in each field
GE 2
11 gpfl ag 5
bl ank 10
bl ank 20
bl ank 30
bl ank 40
bl ank 50
bl ank 60
bl ank 70
bl ank 80

Par anet er s:
I nt egers:
gpflag - CGeonetry ground plain flag.
0 - no ground plane is present.

1 - Indicates a ground plane is present. Structure symetry is
nodi fied as required, and the current expansion is nodified so
that the currents an segments touching the ground (x, Y plane) are
interpolated to their images bel ow the ground (charge at base is
zero)

-1 - indicates a ground is present. Structure synmetry is nodified
as required. Current expansion, however, is not nodified, Thus,
currents on segnents touching the ground will go to zero at the
ground.

Deci mal Nunbers:

The deci mal nunber fields are not used.

Not es:

* The basic function of the GE card is to term nate readi ng of geonetry
data cards. In doing this, it causes the programto search through the
segnent data that have been generated by the preceding cards to
determ ne which wires are connected for current expansion

* At the tinme that the GE card is read, the structure di nensions nust be
in units of neters.

* A positive or negative value of |1 does not cause a ground to be
included in the calculation. It only nmodifies the geonetry data as
requi red when a ground is present. The ground paraneters must be
specified on a programcontrol card follow ng the geonetry cards.

* When 11 is nonzero, no segnment my extend bel ow the ground plane (X, Y
plane) or lie in this plane. Segnments ny end on the ground pl ane,
however .
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* |f the height of a horizontal wire is |ess than 10-3 times the segment
length, 11 equal to 1 will connect the end of every segnent in the wire
to ground. 11 should be -1 to avoid this disaster

* As an exanple of how the synmretry of a structure is affected by the
presence of ground plane (X, Y plane), consider a structure generated
with cylindrical symetry about the Z axis. The presence of a ground
does not effect the cylindrical symretry. If however this same
structure is rotated off the vertical, cylindrical symretry is |ost
in the presence of the ground. As a second exanple, consider a dipole
parallel to the Z axis, which was generated with symetry about its feed.
The presence of a ground plane destroys this symetry. The program

nmodi fies structure symetries as follows when 11 is nonzero. |If the
structure was rotated about the X or Y axis by the GMcard, all
symretry is lost (i.e., the no-symmetry condition is set). |If the

structure was not rotated about the X or Y axis, only symetry about a
pl ane parallel to the X, Y plane is lost. Translation or a structure
does not affect symetries.
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Read Numerical Green’s Function File (GF)

Purpose: To read a previously witten Nunerical Geen' s Function (“NG") file

Car d:

/12| 5| 10| 15| 20| 30| 40| 50| 60| 70| 80
I I I I I I I I I I I
I I I I I I I I I I I I
| GF| 11] | | | bl ank| blank| blank| blank| blank| blank
I I I I I I I I I I I I
I I | b | b | b | I I I I I I
I I [ 1 1 1 I I I I I I
I I | a | a | a | I I I I I I
I I | n | n | n | I I I I I I
I I | k | k | k | I I I I I I
I I I I I I I I I I I I
I I I I I I I I I N | I
| along the top refer to the last columm in each field.

I I I I I I I

Par anet er s:
I nt egers

(I'1l) - Prints a table of the coordinates of the ends of all
segnments in the NGF if |1 not equal to 0. Normal printing
ot herwi se.

Not es:

* GF nmust be the first card in the structure geonetry section
i medi ately after CE. The effects of some other data cards are altered
when a GF card is used.

* See Section II1-5.
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Hel i x/ Spi r al

Spe

Pur pose: To generate a helix or spira

Car d:

3- 5
6- 10
11-20
21-30
31-40
41-50
51-60
61-70
71-80

Par anet er s:
I nt egers
I TG (11)

NS (12)

Fl oati ng Poi nt

S (F1)
HL (F2)
Al (F3)
Bl (F4)
A2 (F5)
B2 (F6)
RAD (F7)

Not es:
* Structure will

* Structure will

Par anet er
H

11 - ITG
12 - NS
F1 - S
F2 - HL
F3 - Al
F4 - Bl
F5 - A2
F6 - B2
F7 - RAD

cification (GH)

of wire segments

- Tag number assigned to all segnents of the helix or

spiral.
- Nunber of segnents into which the helix or spiral
be di vi ded.

wi | |

- Spaci ng between turns.

- Tot al

- Radi us
- Radi us
- Radi us
- Radi us

in
in
in

iny

X at z
y at z
X at z
at z

- Radius of wre.

be a helix if A2 =

be a spira

if A2

I ength of the helix.

0.
0.
HL.
HL.

Al and HL > O.
= Al and HL = 0.

e« Unless it has been fixed in the codes in circulation, the use of

HL=0 for a flat spira

GH was a non-official

wi ||
addi ti

result in division by zero in NEC 2.
on to NEC 2.

* HL negative gives a |left-handed heli x.

* HL positive gives a right-handed heli x.
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Coordi nate Transformation (GM)

Purpose: To translate or rotate a structure with respect to the coordi nate
systemor to generate new structures translated or rotated fromthe

ori gi nal
Car d:

/12| 5| 10| 20| 30| 40| 50| 60| 70| 80
rl I I I I I I I I
[ I I I I I I I I
| &M 11 12 | FA | F2 | F3 | F4 | F5 | F6 | F7
[ I I I I I I I I
| | '] N | ROX| ROY| R | XS | XY | XZ | ITS
| | T R | I I I I I I I
| | G| P | I I I I I I I
[ ] T | I I I I I I I
[ I I I I I I I I
[ I I I I I I I I
[ I I I I I I _I _
| The nunmbers along the top refer to the last colum in each field.
I I I

Par anet er s:
I nt egers

ITA (11) - Tag nunber increnent.
NRPT (12) - The nunber of new structures to be generated

Deci mal Nunbers

ROX (Fl1) - 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, Y, Z conponents of vector by which

YS (F5) - structure is translated with respect to

ZS (F6) - the coordinate system

ITS (F7) - This nunber is input as a decimal nunber but is rounded
to an integer before use. Tag nunbers are searched
sequentially until a segnent having a tag of this
segnent [ OCR ERROR/ OM SSI ON? —ecc]
t hrough the end of the sequence of segnents
is moved by the card
If ITSis blank (usual case) or zero
the entire structure is noved.

Not es:

* |f NRPT is zero, the structure is noved by the specified rotati on and
translation | eaving nothing in the original location. If NRPT is greater
than zero, the original structure remains fixed and NRPT new structures
are forned, each shifted fromthe previous one by the requested
transformation.

* The tag increnent, ITA, is used when new structures are generated
(NRPT greater than zero) to avoid duplication of tag nunbers. Tag
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nunbers of the segnents in each new copy of the structure are
increnented by ITA@ fromthe tags on the previous copy or original

Tags of segnments which are generated from segnments having no tags (tag
equal to zero) are not incremented. Generally, ITA wll be greater
than or equal to the largest tag nunber used on the original structure
to avoid duplication of tags. For exanple, if tag nunbers 1 through 100
have been used before a (GY card is read having NRPT equal to 2, then
ITA 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). Al operations refer
to the fixed coordinate systemaxes. If a different order is desired,
separate GM cards may be used.
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Generate Cylindrical Structure (GR)

Purpose: To reproduce a structure by rotating about the Z-axis to forma
complete cylindrical array, and to set flags so that symetry is
utilized in the solution

Car d:
Cols. Paraneter
1- 2 &R
3-5 11
6-10 12
11-20 bl ank
21-30 bl ank
31-40 bl ank
41-50 bl ank
51-60 bl ank
61-70 bl ank
71-80 bl ank
Par anet er s:
I nt egers

(1'1) - Tag nunber increnent.
(12) - Total nunber of tines that the structure is to occur in the
cylindrical array.

Deci mal Nunbers

The deci mal nunber fields are not used.

Not es:

* The tag increnent (11) is used to avoid duplication of tag nunbers in
the reproduced structures. In formng a new structure for the array,
all valid tags on the previous copy or original structure are
increnented by (11). Tags equal to zero are not increnented.

* The GR card shoul d never be used when there are segments on the Z-axis
or crossing the Z-axis since overl apping segnents would result.

* The GR card sets flags so the program nakes use of cylindrical symetry
in solving for the currents. If a structure nodeled by N segnments has M
sections in cylindrical symetry (formed by a GR card with 12 equal to
M, the nunber of conplex nunbers in matrix storage and the

proportionality factors for matrix fill tine and matrix factor tine
are:
Mat ri x Fill Fact or
St or age Ti me Ti me
No Symmretry N2 N2 N2
M Symmetric Sections (N2)/ M (N2)/ M (N2)/ M

The matrix factor tine represents the optimumfor a large matrix
factored in core. CGenerally, sonmewhat |onger times will be observed.
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* |f the structure is added to or nodified after the GR card in such a
way that cylindrical symetry is destroyed, the program nust be reset
to a no-symretry condition. In nost cases, the programis set by the
geonetry routines for the existing symmetry. Operations that auto-
matically reset the synmetry conditions are:

0 Addition of a wire by a GNcard destroys all symetry.

0 CGeneration of additional structures by a GM card, with NRPT
greater than zero, destroys all symetry.

o0 A GMcard acting on only part of the structure (having ITS greater
than zero) destroys all synmetry.

0 AGXor GRcard will destroy all previously established symetry.

o 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, al
symretry will be destroyed. Rotation about the Z-axis or transla-
tion will not affect symretry. If a ground is not specified,
symretry will be unaffected by any rotation or translation by a GV
card, unless NRPT or ITS on the GMcard is greater than zero.

* Symmetry will also be destroyed if |unped | oads are placed on the
structure in an unsymetric manner. In this case, the programis not
automatically set to a no-symretry condition but nust be set by a
data card following the GR card. A GNcard with NS blank will set the
programto a no-symetry condition without nodifying the structure. The
card must specify a nonzero radius, however, to avoid reading a GC
card.

* Pl acement of nonradiating networks or sources does not affect symetry.

* When synmetry is used in the solution, the nunmber of synmmetric sections
(12) islimted by array dinmensions. In the denmonstration deck, the
limt is 16 sections.

* The GR card produces the sane effect on the structure as a GMcard if
12 on the GR card is equal to (NRPT+1) on the GMcard and if RQZ on the
GM card is equal to 360/ (NRPT+1) degrees. If the GMcard is used,
however, the programw |l not be set to take advantage of symetry.
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Scal e Structure Di mensions (GS)

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

Car d:
Cols. Paraneter
1- 2 GS
3- 5 blank
6-10 bl ank
11-20 F1
21-30 bl ank
31-40 bl ank
41-50 bl ank
51-60 bl ank
61-70 bl ank
71-80 bl ank
Par anet er s:
I nt egers

The integer fields are not used.

Deci mal Nunbers

(F1) - Al structure dimensions, including wire radius,
mul tiplied by F1.

Not es:

are
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* At the end of geonetry input, structure dinmensions nmust be in units of
meters. Hence, if the dinmensions have been input in other units,

card nust be used to convert to neters

a GS
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Wre Specification (GW
Purpose: To generate a string of segnments to represent a straight wire.

Car d:
Cols. Paraneter

3-5 11-1TG
6-10 12 - NS
11-20 F1 - XW
21-30 F2 - YW
31-40 F3 - ZW
41-50 F4 - XW
51-60 F5 - YW
61-70 F6 - ZW
71-80 F7 - RAD

The above card defines a string of segnents with radius RAD. If
RAD is zero or blank, a second card is read to set parameters to
taper the segment | engths and radius fromone end of the wire to
the other. The format for the second card (GC), which is read
only when RAD is zero, is:

Cols. Paraneter

1- 2 GC
3- 5 blank
6-10 bl ank

11-20 F1 - RDEL
21-30 F2 - RAD1
31-40 F3 - RAD2

41-50 bl ank
51-60 bl ank
61-70 bl ank
71-80 bl ank

Par anet er s:
I nt egers
ITG (11) - Tag nunber assigned to all segnments of the wire.

NS (12) - Nunber of segments into which the wire will be
di vi ded.

Deci mal Nunbers
XWL (F1) - X coordinate \

YWL (F2) - Y coordinate > of wire end 1

Z\W (F3) - Z coordinate /

X2 (F4) - X coordinate \

YW (F5) - Y coordinate > of wire end 2
/
2\ (F6) - Z coordinate /
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RAD (F7) - Wre radius, or zero for tapered segment option.
Optional GC card paraneters:

RDEL (Fl1) - Ratio of the length of a segnment to the length of the
previ ous segnment in the string.

RAD1 (F2) - Radius of the first segnent in the string.
RAD2 (F3) - Radius of the last segnment in the string.
The ratio of the radii of adjacent segnents is

RRAD = (RAD2/ RADL) (1/ (NS-1))

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

S1 = L(1-RDEL)/(1- RDELNS)
or
SL = L/NS if RDEL=L.

Not es:

* The tag nunber is for later use when a segnent nust be identified, such
as when connecting a voltage source or lunped |load to the segnent. Any
nunber except zero can be used as a tag. When identifying a segment
by its tag, the tag nunber and the nunber of the segment in the set of
segnents having that tag are given. Thus, the tag of a segnent does not
need to be unique. If no need is anticipated to refer back to any
segnments on a wire by tag, the tag field may be left blank. This
results in a tag of zero which cannot be referenced as a valid tag.

* |f two wires are electrically connected at their ends, the identica
coordi nates should be used for the connected ends to ensure that the
wWires are treated as connected for current interpolation. If wres
intersect away fromtheir ends, the point of intersection nmust occur at
segnment ends within each wire for interpolation to occur. Generally,
wires should intersect only at their ends unless the |ocation of
segnment ends is accurately known.

* The only significance of differentiating end one fromend two of a wire
is that the positive reference direction for current will be in the
direction fromend one to end two on each segment nmaking up the wre.

* As a rule of thunmb, segnment |engths should be |less than 0.1 wave-
length at the desired frequency. Sonmewhat |onger segnments nmay be used
on long wires with no abrupt changes, while shorter segnents, 0.05
wavel ength or less, may be required in nodeling critical regions of an
ant enna.

* |f input is in units other than neters, then the units nust be scal ed
to neters through the use of a Scale Structure Dinensions (GS) card.
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Refl ection in Coordi nate Pl anes (GX)

Purpose: To form structures having planes of symetry by reflecting part
of the structure in the coordinate planes, and to set flags so that
symretry is utilized in the solution

Car d:
Col s. Par anet er
1- 2 GX
3- 5 11
6-10 12
11-80 bl ank

Par anet er s:

I nt egers

(1'1l) - Tag nunber increnent.

(12) - This integer is divided into three independent digits, in
colums 8, 9, and 10 of the card, which control reflection
in the three orthogonal coordinate planes. A one in colum
8 causes reflection along the X-axis (reflectioninyY, Z
pl ane); a one in colum 9 causes reflection along the Y-axis;
and a one in colum 10 causes reflection along the Z axis.

A zero or blank in any of these colums causes the corres-
pondi ng reflection to be skipped.

Deci mal Nunbers
The deci mal nunber fields are not used.

Not es:

* Any conbi nation of reflections along the X, Y and Z axes may be used.
For exanple, 101 for (12) will cause reflection along axes X and Z, and
111 will cause reflection along axes X, Y and Z. Wen conbi nations of
reflections are requested, the reflections are done in reverse
al phabetical order. That is, if a structure is generated in a single
octant of space and a GX card is then read with 12 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 determ nes the position of a segnent in the sequence and, hence,
t he absol ute segnment nunbers.

* The tag increnent |1 is used to avoid duplication of tag nunbers in the
i mage segnments. Al valid tags on the original structure are
increnented by 11 on the image. Wen conbi nations of reflections are
enpl oyed, the tag increnent is doubled after each reflection. Thus, a
tag increnent greater than or equal to the |argest tag an the original
structure will ensure that no duplicate tags are generated. For
exanple, if tags from1l to 100 are used on the original structure with
|2 equal to 011 and a tag increnent 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 increnent being doubled to 200.

* The GX card shoul d never be used when there are segnments located in the
pl ane about which reflection would take place or crossing this plane.
The i mage segments woul d then coincide with or intersect the origina
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segnents, and such overl appi ng segnents are not allowed. Segnments may
end on the imge pl ane, however.

* When a structure having plane symetry is formed by a GX card, the
programw | | make use of the symmetry to sinplify solution for the
currents. The nunber of conplex nunbers in matrix storage and the
proportionality factors for matrix fill tine and matrix factor tine for
a structure nodel ed by N segnments are:

No. of Pl anes Mat ri x Fill Fact or
of Symmetry St or age Ti me Ti me
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 tine represents the optimumfor a large matrix
factored in core. CGenerally, sonmewhat |onger times will be observed.

* |If the structure is added to or nodified after the GX card in such a
way that symetry is destroyed, the program must be reset to a
no-synmetry condition. In nost cases, the programis set by the
geonetry routines for the existing symmetry. Operations that
automatically reset the symmetry condition are:

0 Addition of a wire by a GNcard destroys all symetry.

0 CGeneration of additional structures by a GMcard, with NRPT
greater than zero, destroys all symetry.

0 A GMcard acting on only part of the structure (having ITS greater
than zero) destroys all synmetry.

0 AGX card or GRcard will destroy all previously established
symretry. For exanple, two GR cards with 12 equal to 011 and 100,
respectively, will produce the sane structure as a single GX card
with 12 equal to 111; however, the first case will set the program
to use synmmetry about the Y, Z plane only while the second case
wi Il make use of symmetry about all three coordi nate pl anes.

o If a ground plane is specified on the GE card, symmetry about a
pl ane parallel to the X, Y plane will be destroyed. Symmetry about
other planes will be used, however.

o 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, al
symretry will be destroyed. Rotation about the Z-axis or
translation will not affect symretry. If a ground is not
specified, no rotation or translation will affect symretry
conditions unless NRPT on the GMcard is greater than zero.

o Symmetry will also be destroyed if |unped | oads are placed on the
structure in an unsymetric manner. In this case, the programis
not automatically set to a no-symmetry condition but nust be set
by a data card following the GX card. A GNcard with NS blank wi ||
set the programto a no-symetry condition w thout nodifying the
structure. The card nust specify a nonzero radi us, however, to
avoi d reading a GC card.

* Pl acenment of sources or nonradiating networks does not affect symmetry.
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Surface Patch (SP)

Purpose: To input parameters of a single surface patch

Car d:

3- 5
6- 10
11-20
21-30
31-40
41-50
51-60
61-70
71-80

Par anet er
SP

11 - blank
12 - NS
F1 - X1
F2 - Y1
F3 - 71
F4 - X2
F5 - Y2
F6 - z2
bl ank

If NSis 1, 2, or 3, a second card is read in the follow ng

f or mat

3- 5
6- 10
11-20
21-30
31-40
41-50
51-60
61-70
71-80

Par anet er s:

I nt egers:

NS

(1)
(12)

Deci mal Nunbers:

Par anet er
SC
11 - blank
12 - (see Notes)
F1 - X3
F2 - Y3
F3 - Z3
F4 - X4
F5 - Y4
F6 - 74
bl ank
not used

Sel ects patch shape
0: (default) arbitrary patch shape
1: rectangul ar patch
2: triangul ar patch
3: quadrilateral patch

0 Arbitrary shape (NS = 0)

X1
Y1l
Z1
X2
Y2

Z2

(F1)
(F2)
(F3)
(F4)
(F5)

(F6)

X coordi nate of patch center
Y coordi nate of patch center
Z coordinate of patch center

el evation angl e above the X-Y pl ane of
outward normal vector (degrees)
azimuth angle from X-axi s of outward
normal vector (degrees)

patch area (square of units used)
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0 Rectangul ar, 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 (Fl) X coordinate of corner 3
Y3 (F2) Y coordinate of corner 3
Z3 (F3) Z coordinate of corner 3

o0 For the quadrilateral patch only (NS = 3)

X4 (F4) X coordi nate of corner 4
Y4 (F5) Y coordi nate of corner 4
Z4 (F6) Z coordinate of corner 4

Not es:

* The four patch options are shown in Figures 5a, 5b, 5c, 5d. For the
rectangul ar, triangular, and quadril ateral patches the outward normnal
vector n is specified by the ordering of corners 1, 2, and 3 and the
right-hand rule.

Z
A
/”
¥
~ X2 = &
8 ¥2 = g

Arbitary Patch Zhape [HM8=0)
Figure 5a
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3
A
=t
1
1 - Z
Rectangular Patch (NS = 1)
Figure &b
3
JE'I
B

1 2

Triangular Patch (NS = 2)
Figure 5cC

Quadrilateral Patch (NS = 3)
Figure 54

For a rectangul ar, triangular, or quadrilateral patch, t1 is paralle
to the side fromcorner 1 to corner 2. For NS =0, t1 is chosen as
described in section II-2.

If the sides fromcorner 1 to corner 2 and fromcorner 2 to corner 3 of
the rectangul ar patch are not perpendicular, the result will be a
par al | el ogram

If the four corners of the quadrilateral patch do not lie in the sane
plane, the run will termnate with an error nessage.

Since the program does not integrate over patches, except at a wire
connection, the patch shape does not affect the results. The only
paranmeters 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
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are determined fromthe specified shape. For solution accuracy,
however, the distribution of patch centers obtained with generally
square patches has been found to be desirable (see section I1-2).

* For the rectangular or quadrilateral options, multiple SC cards nmay
follow a SP card to specify a string of patches. The paraneters 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
previ ous patch becone corners 2 and 1, respectively, of the new patch
The integer 12 on the second or subsequent SC card specifies the new
patch shape and nust be 1 for rectangul ar shape or 3 for quadril ateral
shape. On the first SC card after SP, 12 has no effect. Rectangular or
quadril ateral patches may be interm xed, but triangular or arbitrary
shapes are not allowed in a string of |inked patches.
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Mul tiple Patch Surface (SM

Purpose: To cover a rectangular region with surface patches.

Car d:

SM I1 12 F1 F2 F3 F4 F5 F6 bl ank
NX Ny X1 Y1l Z1 X2 Y2 Z2

A second card with the followi ng format nust inmediately foll ow

a SM card:
SC F1 F2 F3 F4 F5 F6 bl ank
X3 Y3 Z3

Par anet er s:

I nt egers:
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NX (I'1l) \ The rectangul ar surface is divided i nto NX patches
| fromcorner 1 to corner 2 and NY patches from

NY (12) | corner 2 to corner 3.

Deci mal Nunbers:

X1 (F1) \
Y1 (F2) | X, Y, Z coordinates of corner 1
Z1 (F3) /
X2 (F4) \
Y2 (F5) | X, Y, Z coordinates of corner 2
z2 (F6) /
X3 (F7) \
Y3 (F8) | X, Y, Z coordinates of corner 3
Z3 (F9) [/
Not es:
o0 The division of the rectangle into patches is as illustrated in
Fi gure 6.
3
] L) L ] L -»
= ] - . . -
]
= g e 1. g . .
M
1 2

Figure 6. Rectangul ar Surface Covered by Miltiple Patches.
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o0 The direction of the outward normals ~n of the patches is determ ned
by the ordering of corners 1, 2, and 3 and the right-hand rule. The
vectors ~tq are parallel to the side fromcorner 1 to corner 2 and

"to = "n x 1. The patch may have arbitrary orientation

o If the sides between corners 1 and 2 and between corners 2 and 3 are
not perpendicul ar, the conplete surface and the individual patches
wi Il be parall el ograns.

o Miltiple SC cards are not allowed with SM
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Exanpl es of Structure Geometry Data

Rhonmbi ¢ Antenna - No Symmetry

Structure: Figure 7.

UNLTS OF 100.

30| 31

Figure 7. Rhombic Ancenna — No Sy=macroy.

Ceonetry Data Cards

GwW1 10 -350. 0. 150. 0. 150. 150. .1
Gwv2 10 0. 150. 150. 350. 0. 150. .1
GwW3 10 -350. 0. 150. 0. -150. 150. .1
Gwv4 10 0. -150. 150. 350. 0. 150. .1
G5 0. 30480

GE

Number of Segnents: 40
Symmetry: None

These cards generate segnent data for a rhonbic antenna. The data
are input in feet and scaled to neters. In the figure, nunbers
near the structure represent segnment nunbers and circl ed

nunbers represent tag nunbers.
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Rhonmbi ¢ Antenna - Plane Symmetry, 2 Pl anes

Structure: See Figure 8.

T

UNITS OF 100.

20 140
Figure B. FRhombic Antenna — ] Flanes cof Symmerry,

Ceonetry Data Cards

GwW1 10 -350. 0. 150. 0. 150. 150. .1
GX'1 110

(€3] 0. 30480

GE

Number of Segments: 40
Symmetry: Two pl anes

These cards generate the same structure as the previous set although
the segnment nunbering is altered. By making use of two planes of
symretry, these data will require storage of only a 10 by 40
interaction matrix. If segnments 21 and 31 are to be | oaded as the
term nation of the antenna, then symmetry about the YZ plane cannot be
used. The following cards will result in symretry about only the XZ

pl ane being used in the solution, thus allow ng segnents on one end of
the antenna to be | oaded.
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Rhonmbi ¢ Antenna - Plane Symretry, 1 Plane

Structure: Figure 9.

UHITS OF 100

Figure 9. FHRhombic Antenna — 1 Plane of Symmecry.

Ceonetry Data Cards:

GwW1 10 -350. 0. 150. 0. 150. 150. .1
GX 1 100

GX 2 010

(€3] 0. 30480

GE

Number of Segnents: 40
Symretry: One pl ane

Segnments 1 through 20 of this structure are in the first synmetric
section. Hence, segnents 11 and 31 can be | oaded without | oading
segnments 1 and 21 (Loadi ng segnents in synmetric structures is

di scussed in the section covering the LD card). These data wil|
cause storage of a 20 by 40 interaction matrix.
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Two Coaxi al Rings

Structure: Figure 10.

Figure 10, Coaxial Rings.

Ceonetry Data Cards:

GwW 1 1 1.0 0. 0. 0.70711 0.70711 O. . 001
GwW 2 1 2.0 0. 0. 0.76536 1.84776 O. . 001
GwW 2 1 0. 76536 1. 84776 O. 1.41421 1.41421 O. . 001
R 8

GM 90.0 0. 0 0. 0. 2.0

GE

Nunmber of Segnents: 24
Symmetry: 8 section cylindrical symetry

The first 45 degree section of the two rings is generated by the first
three GWcards. This section is then rotated about the X-axis to
conplete the structure. The rings are then rotated about the X-axis and
el evated to produce the structure shown. Since no tag increnent is
specified on the GR card, all segnents 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 colum 5 of the GE card, however,
symretry woul d be destroyed by the interaction with the ground,
requiring storage of a 24 by 24 matrix
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Li near Antenna over a Wre Gid Plate

Structure: Figure 11

Ceonetry

WRRNR R

GV 1 5
GE

7 T
& - i3
5 |
NEREREROEEEE
] m [ T 1 3?_1 _;l;
3
2 3 . 16
i B

Figure ll. Wire Grid Flace and Dipoale.

Dat a Cards:
0. 0. 0. 0.1 0. 0. . 001
0. 0. 0. 0. 0.1 O. . 001
0. 0. 0. 0. 0.1 O.
0. 0.3 0.0 0.1 0.3 O. . 001
0. 0. 0. 0.1 0. 0.
0.5 0. 0. 0.5 0.3 O. . 001
0. 0. 0. -0.25 -0.15 0.
-0. 25 0. 0.15 0.25 0. 0. 15 . 001

Number of Segments: 43

Symet ry:

None
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The first 6 cards generate data for the wire grid plate, with the | ower

| eft-hand corner at the coordinate origin,
reproduce sections of the structure.

by using the GMcard to
The GMicard is then used to nove

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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Cylinder with Attached Wres

Structure: See Figure 12.

XU L
) S
< |
,r'
| L/

Figurs 12, Development of Euorface Model f£or Cylinder wrht Atbtachod Wiros.

—

Ceonetry 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

R 6

SP 0. 0 11 90. 0. 44. 89

SP 0. 0 11. 90. 0. 44. 89

ey 4 0. 0 11. 0. 0. 23. 1
ey 5 10. 0 0 27.6 0. 0. 2
(€3] .01

GE

Number of Segrents: 9
Nunmber of Patches: 56
Symmetry: None

The cylinder is generated by first specifying three patches in a col um
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centered on the X axis as shown in Figure 12(a). A GMcard is then used
to produce a second colum of patches rotated about the Z axis by 30
degrees. A patch is added to the top and another to the bottomto form
parts of the end surfaces. The nodel at this point is shown in Figure
12(b). Next, a GRcard is used to rotate this section of patches about
the Z axis to forma total of six simlar sections, including the
original. A patch is then added to the center of the top and another to
the bottomto fromthe conplete cylinder shown in Figure 12(c).

Finally, two GWNcards 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 12(d). Although
patch shape is not input to the program square patches are assuned at
the base of a connected wire when integrated over the surface current.
Hence, a nore accurate representation of the nodel would be as shown in
Figure 13, where the patches to which wires connect are square with
equal areas maintained for all patches (before subdivision).
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3. Program Control Cards

The program control cards follow the structure geonetry cards. They set

el ectrical paranmeters for the nodel, select options for the solution
procedure, and request data conputation. The cards are |listed bel ow by their
menoni ¢ identifier with a brief description of their function

G oup | EK - extended thin-wire kernel flag
FR - frequency specification
GN - ground paraneter specification
KH - interaction approximtion range
LD - structure inpedance | oading

Goup |1 EX - structure excitation card
NT - two-port network specification
TL - transmission |ine specification

Goup Il CP - coupling cal cul ation
EN - end of data flag
@D - additional ground paraneter specifications
NE - near electric field request
NH - near magnetic field request
NX - next structure flag
PQ - wire charge density print contro
PT - wire-current print contro
RP - radiation pattern request
W5 - wite Nunerical Geen's Function file
XQ - execute card

There is no fixed order for the cards. The desired paraneters and options
are set first followed by requests for calculation of currents, near fields
and radiated fields. Paraneters that are not set in the input data are given
default values. The one exception to this is the excitation (EX) which nust
be set.

Conput ati on of currents may be requested by an XQ card. RP, NE, or NH cards
cause calculation of the currents and radi ated or near fields on the first
occurrence. Subsequent RP, NE, or NH cards cause conmputation of fields using
the previously calculated currents. Any nunber of near-field and

radi ati on-pattern requests may be grouped together in a data deck. An
exception to this occurs when nultiple frequencies are requested by a single
FR card. In this case, only a single NE or NH card and a single RP card wll
remain in effect for all frequencies.

Al paraneters retain their values until changed by subsequent data cards.
Hence, after paraneters have been set and currents or fields conputed,

sel ected paranmeters may be changed and the cal cul ati ons repeated. For
exanple, if a nunber of different excitations are required at a single

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

VWen the antenna is nodified and additional cal cul ations are requested, the
order of the cards may, in sonme cases, affect the solution tine since the
programwi || repeat only that part of the solution affected by the changed
paraneters. For this reason, the user should understand the relation of the
data cards to the solution procedure. The first step in the solutionis to
calculate the interaction matrix, which determ nes the response of the
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antenna to an arbitrary excitation, and to factor this matrix in preparation
for solution of the matrix equation. This is the nost time-consum ng single
step in the solution procedure. The second step is to solve the matrix
equation for the currents due to a specific excitation. Finally, the near
fields or radiated fields may be conputed fromthe currents.

The interaction matrix depends only on the structure geonmetry and the cards
in group | of the programcontrol cards. Thus, computation and factor-
ization of the matrix is not repeated if cards beyond group | are changed.
On the other hand, antenna currents depend on both the interaction matrix
and the cards in group Il, so that the currents must be reconputed whenever
cards in group | or Il are changed. The near fields depend only on the
structure currents while the radiated fields depend on the currents and on
the G card, which contains special ground paraneters for the radiated-field
cal culation. An exanple of the inplications of these rules is presented by
the followi ng two sets of data cards

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

Cal cul ation and factoring of the matrix would be required four times by the
first set but only twice by the second set in obtaining the same
i nf ormati on.

The program control cards are explained on the foll owi ng pages. The format
of all programcontrol cards has four integers and six floating point
nunbers. The integers are contained in colums 3 through 5, 6 through 10, 11
t hrough 15, and 16 through 20 (each integer field stops at an integra
multiple of 5 colums), and the floating point nunbers are contained in
fields of 10 for the remai nder of the card (i.e., from21 through 30, 31

t hrough 40, etc.). Integers are right justified in their fields. The
floating point nunbers can be punched either as a string of digits
cont ai ning a deci mal point, punched anywhere in the field; or as a string of
digits containing a decimal point and foll owed by an exponent of ten in the

formE #I which nultiplies the number by 10%'. The integer exponent nust
be right-justified in the field.
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Maxi mum Coupl i ng Cal cul ati on (CP)

Pur pose: To request cal cul ati on of the maxi mum coupling between segnents.

Car d:
/12| 5| 10| 15| 20| 30| 40| 50| 60| 70| 80
N I I I I I I I I I
[ I I I I I I I I I
| CP| 11 12 | I3 | 14 | blank| blank| blank| blank| blank| blank
[ I I I I I I I I I
[ [Tl s | T | S| I I I I I I
| | Al E | A | E| I I I I I I
| | G G| G | G| I I I I I I
[ 1] 2] 2 | 2| I I I I I I
[ I I I I I I I I I
[ I I I I I I I I I
[ I I I I I I A | I
| The nunbers along the top refer to the last colum in each field.
(I I I I I I I I I I
Par anmet er s:
TAGL (1) Speci fy segment nunber SEGL in th set of segnents
SEGL (12) having tag TAGL. |If TAGL is blank or zero, then
SEGL is the segnent number
TAR (13) Same as above.
SE& (14) Same as above.
Not es:

* Up to five segnents may be specified on 2-1/2 CP cards. Coupling is
comput ed between all pairs of these segnments. When nore than two
segnents are specified, the CP cards nmust be grouped together. A new
group of CP cards replaces the old group

* CP does not cause the programto proceed with the cal cul ation but only
sets the segnment nunbers. The specified segnments nust then be excited
(EX card) one at atime in the specified order and the currents
computed (XQ RP, NE, or NH card). The excitation nust use the
applied-field voltage-source nodel. Wen all of the specified segnents
have been excited in the proper order, the couplings will be computed
and printed. After the coupling calculation the set of CP cards is
cancel ed.
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Ext ended Thin-Wre Kernel (EK)

Pur pose: To control use of the extended thin-w re kernel approxinmation

Car d:

/2] 5| 10| 15| 20| 30| 40| 50| 60| 70| 80
I I I I I I I I I I I
I I I I I I I I I I I I
| EK 11] | | | blank| blank| blank| blank| blank| blank
I I I I I I I I I I I I
I [ | b | b | b | I I I I I I
I [ T [ | 1 I I I I I I
I | M| a | a | a | I I I I I I
I | Pl n | n | n | I I I I I I
I | 1| k | k | k | I I I I I I
I I I I I I I I I I I I
I I I I I I I I I N | I
| nbers along the top refer to the last colum in each field
I I I I I I I I

The nu
I I I I

Par anet er s:
I nt eger

I TMPL (11) - Blank or zero to initiate use of the extended thin-
wire kernel.

-1 toreturn to the standard thin-wire kernel

Not e:

Wthout an EK card, the programw ||l use the standard thin-wre kernel
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Run ( EN)

End of

To indicate to the programthe end of all execution.

Pur pose:
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None

Par anet er s:
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Excitation (EX)

Purpose: To specify the excitation for the structure. The excitation can be
vol tage sources on the structure, an elenentary current source, or a plane
wave incident on the structure.

Car d:

/2] 5| 10| 15| 20| 30| 40| 50| 60| 70| 80
I I I I I I I I I I I
I I I I I I I I I I I I
| EX] 12 12 | 13 |14 | F1 | F2 | F3 | F4 | F5 | F6
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I N | I
| b along the top refer to the last columm in each field.

I I I I I I I I

The nunbers
I

Par anet er s:
I nt egers

|1 determines the type of excitation which is used:
0 - voltage source (applied-E-field source).
1 - incident plane wave, |inear polarization
2 - incident plane wave, right-hand (thunb al ong the
i ncident k-vector) elliptic polarization
3 - incident plane wave, left-hand elliptic polarization
4 - elementary current source
5 - voltage source (current-slope-discontinuity).

Remai ni ng I ntegers Depend on Excitation Type
a. Voltage source (11 = 0 or 5)

|2 = tag nunber of the source segnent. This tag nunber al ong
with the nunber to be given in (13), which identifies the
position of the segnent in a set of equal tag nunbers,
uni quel y defines the source segnent. Blank or zero in field
(12) implies that the source segnment will be identified by
using the absol ute segnent number in the next field.

I3 = m specifies the mt h segnment of the set of segments
whose tag nunbers are equal to the nunber set by the
previous paraneter. If the previous paraneter is zero, the
nunber in (13) nust be the absol ute segnent nunber of the
sour ce.

14 - Colums |19 and 20 of this field are used separately.
The options for colum |9 are:
1 - maxinumrelative admttance matrix asynmmetry for
source segnent and network connection will be cal cul ated
and printed.
0 - no action.
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The options for colum 20 are:

| - the input inpedance at voltage sources is always
printed directly before the segnment currents in the
output. By setting this flag, the inpedance of a single
source segnent in a frequency loop will be collected ant
printed in a table (in a normalized and an unnormali zed
form after the information at all frequenci es has been
printed. Normalization to the maxi mumvalue is a
default, but the normalization value can be specified
(refer to F3 under voltage source below). Wen there is
nmore than one source on the structure, only the
i npedance of the last Source specified will be collected.

0 - no action

b. Incident plane wave (11 =1, 2, or 3)

(12) - Number of theta angles desired for the incident plane
wave .

(13) - Number of phi angles desired for the incident plane
wave.

(14) - Only colum |9 is used. The options are:
1 - mxinmumrelative admttance matrix asynmetry for

networ k connections will be cal cul ated and pri nted.

0 - no action

c. Elenmentary current source (Il = 4)
(12) & (13) - blank.
(14) - Only colum |9 is used and its function is identica
to that |isted under b.

Fl oati ng Poi nt Options

a. Voltage source (Il = 0 or 5)
(FI') - Real part of the voltage in volts.
(F2) - Imaginary part of the voltage in volts. (F3) - If a

one is placed in colum 20 (see above), this field can be
used to specify a nornalization constants for the inpedance
printed in the optional inpedance table. Blank in this field
produces normalization to the maxi mum val ue.

(F4), (F5), & (F6) - Blank

b. Incident plane wave (11 =1, 2, or 3). The incident wave is
characterized by the direction of its ~k vector, and by an
angl e of polarization in the plane normal to "k.

(F1) - Theta (q) in degrees. Theta is a standard spheri cal
coordi nate, nmeasured fromthe Z-axis as illustrated in
Fi gure 14.
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Flgure L&, Specificazion of Incldent Wave.

(F2) - Phi (f) in degrees. Phi is the standard spherical angle
defined in the XY plane, nmeasured around the Z-axis.

(F3) - Eta (h) in degrees. Eta is a polarization angle, defined
as the angl e between the theta-directed unit vector and the
electric-field (E) vector for linear polarization, or the major
ellipse axis for elliptical polarization. Refer to Figure 14.

(F4) - Theta angl e stepping increnent in degrees.

(F5) - Phi angle stepping increnent in degrees.

(F6) - Ratio of mnor axis to major axis for elliptic
pol ari zati on.

C. Elenmentary current source (11 = 4). The current source is
characterized by its Cartesian coordinate position, orientation
and its magnitude.

(F1) - X position in nmeters.
(F2) - Y position in neters.
(F3) - Z position in nmeters.

(F4) - Alpha (a) in degrees. Alpha is the angle the current
source nakes with the XY plane, as illustrated in
Fi gure 15.
2

o
P

Lo
-]

Eigure 15, Criencacion of Current Elemenc,
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(F5) - Beta (b) in degrees. Beta is the angle that the
projection of the current source on the XY plane
makes with the X axis, as illustrated in Figure 15.

(F6) - "Current nonment"” of the source. This paraneter is
equal to the product [OCR GARBLE] in anp-neters.

Not es:

* I n the case of voltage sources, excitation cards can be grouped
together in order to specify nultiple sources. The maxi num nunber of
vol tage sources that may be specified is determ ned by di nension
statements in the program The di nensions are set for 10 applied-E-
field voltage sources and 10 current-slope-discontinuity voltage
sour ces.

* An applied-E-field voltage source is |ocated on the segnent specified.

* A current-slope-discontinuity source is located at the first end,
relative to the reference direction, of the specified segnment, at the
junction between the specified segnent and the previous segnent. This
junction nust be a sinple two-segnent junction. and the two segments
must be parallel with equal |engths and radii

* A current-slope-discontinuity voltage source may lie in a symetry
pl ane. An applied field voltage source may not lie in a symetry pl ane
since a segment may not lie in a symetry plane. An applied-field
vol tage source may be used on a wire crossing a symmetry pl ane by
exciting the two segnents on opposite sides of the symmetry pl ane each
with half the total voltage, taking account of the reference directions
of the two segments.

* An applied-field voltage source specified on a segnent whi ch has been
i npedance-| oaded, through the use of an LD card, is connected in series
with the loads. An applied-field voltage source specified on the sane
segnment as a network is connected in parallel with the network port.
For the specific case of a transmssion line, the source is in parallel
with both the |line and the shunt |oad. Applied-field voltage sources
shoul d be used in these cases since | oads and network connections are
| ocated on, rather than between, segnents.

* Only one incident plane-wave or one elementary current source is al-
lowed at a tine. Also, plane-wave or current-source excitation is not
allowed with voltage sources. If the excitation types are m xed, the
programw || use the |ast excitation type encountered.

* When a nunber of theta and phi angles are specified for an incident
pl ane-wave excitation, the theta angle changes nore rapidly than phi.

* The current elenment source illumnates the structure with the field of
an infinitesimal current element at the specified | ocation. The current
el ement source cannot be used over a ground pl ane.
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Frequency (FR)

Pur pose: To specify the frequency (frequencies) in MegaHertz.

Car d:
/12| 5| 10| 15| 20| 30| 40| 50| 60| 70| 80
N I I I I I I I I I
[ I I I I I I I I I
| FRl 11 12 | 13 | 14 | F1 | F2 | F3 | F4 | F5 | F6
[ I I I I I I I I I
| | 1| N | B | B | FMHZ | DELFRQ BLANK | BLANK | BLANK | BLANK
[ | FI F | L | L | I I I I I I
| | R R | A | A I I I I I I
| | Ql Q| N | N | I I I I I I
[ | K | K| I I I I I I
[ I I I I I A | I
| The nunbers along the top refer to the last colum in each field.
(I I I I I I I I I I
Par amet ers:
I nt egers
IFRQ (11) - Determines the type of frequency stepping:
0 - linear stepping.

1 - multiplicative stepping.

NFRQ (12) - Number of frequency steps. If this field is blank
one i s assuned.

(13), (14) - Blank.

Fl oati ng Poi nt

FMHZ (F1) - Frequency in MegaHertz.

DELFRQ (F2)- Frequency stepping increnent. If the frequency
stepping is linear, this quantity is added to the
frequency each time. If the stepping is multiplicative,
this is the nultiplication factor.

(F3)..(F6) - Blank

Not es:

* |f a frequency card does not appear in the data deck, a single
frequency of 299.8 MHz is assunmed. Since the wavelength at 299.8 MHz is
one neter, the geonetry is in units of wavel engths 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
frequenci es.

* After a frequency loop for NFRQ > 1 has been conpleted, it will not
be repeated for a second execution request. The FR card nust be
repeated in this case.
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Addi ti onal Ground Paranmeters (GD)

Pur pose: To specify the ground parameters of a second nediumwhich is not in
the imedi ate vicinity of the antenna. This card may only be used if a GN
card has al so been used. It does not affect the fields of surface patches.

Car d:

/2] 5| 10| 15| 20| 30| 40| 50| 60| 70| 80
rl I I I I I I I I I
[ I I I I I I I I I
| & 11 12 | 13 |14 | F1 | F2 | F3 | F4 | F5 | F6
[ I I I I I I I I I
| | B| B | B | B | E | S | CLT | CHT | B | B |
[ v | | [ P | 1 | I | L | L |
| | AlA | A | A S | G | I | A | A |
| | NI N | N | N | R | 2 | I | N | N |
I R R L N U O N UL
| The nunbers along the top refer to the last colum in each field.
[ I I I I I I I I I

Par anet er s:
I nt egers

Al integer fields are bl ank.

Fl oati ng Poi nt
EPSR2 (Fl1) - Relative dielectric constant of the second nedi um
SI& (F2) - Conductivity in nmhos/neter of the second nedi um

CLT (F3) - Distance in nmeters fromthe origin of the coordinate
systemto the join between nmedium1 and 2. This distance is either
the radius of the circle where the two nmedia 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 16.

CRIGIN @ CLT

 E——

T i x717T

MEDIUM 1 ’“':“T
AR EREERE

MEQIUM 2

Figarc 1€. Paramctcrs For a accond
Around Hediam

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

(FS) & (F6) - Bl ank.
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Not es:

* The GD card can only be used in a data set where the G\ card has been
used, since the GN card is the only way to specify the ground paraneters
inthe vicinity of the antenna (see GN card wite-up). However, a
nunber of GD cards nmay be used in the same data set with only one GN
card.

* @D cards may not be grouped together. If they are, only the information
on the last card of the group is retained.

* When a second nmediumis specified, a flag nmust al so be set on the
radi ati on pattern (RP) data card in order to calculate the patterns
i ncluding the effect of the second medium Refer to the radiation-
pattern card wite-up for details.

* Use of the GD card does not require recal culation of the matrix or
currents.

* The parameters for the second nediumare used only in the cal cul ation
of the far fields. It is possible then to set the radius of the boundary
between the two nedia equal to zero and thus have the far fields
cal cul ated by using only the paraneters of medium 2. The currents for
this case will still have been cal cul ated by using the paraneters of
medi um 1.

* When a nodel includes surface patches, the fields due to the patches
will be calculated by using only the primary ground paraneters. Hence,
a second ground nedi um should not be used w th patches.
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Ground Parameters (GN)

Pur pose: To specify the relative dielectric constant and conductivity of
ground in the vicinity of the antenna. In addition, a second set of ground
paraneters for a second medi um can be specified, or a radial wre ground
screen can be nodel ed using a reflection coefficient approximtion

Car d:

/2] 5| 10| 15| 20| 30| 40| 50| 60| 70| 80
rlr I I I I I I I I I
[ | I I I I I I I I I
| &y 11 12 |13 |14 | F1 | F2 | F3 | F4 | F5 | F6
[ I I I I I I I I I
[ [V ] N | b | b | E | S | I I I I
[ [P R | T | | P | 1 | I I I I
| | E] A ] a | a | S | G | I I I I
| | R D | n | n | E | I I I I I
| | F] L | k | k | I I I I I I
[ I I I I I I N | I
| nunbers along the top refer to the last colum in each field.

I I I I I I I I

The
I I I I

Par anet er s:
I nt egers

| PERF (11) - Gound-type flag. The options are
-1 - nullifies ground paraneters previously used and sets free-
space condition. The remainder of the card is |left blank
in this case
O- finite ground, reflection-coefficient approxinmation
1 - perfectly conducting ground.
2 - finite ground, Sommerfel d/ Norton method.

NRADL (12) - Number of radial wires in the ground screen
approxi mation; blank or Oinplies no ground screen

(13) & (14)- Blank.
Fl oati ng Point:

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 nmhos/meter of the ground in the
vicinity of the antenna. Leave blank in the case of a perfect
ground. If SIGis input as a negative nunber, the conplex
dielectric constant Ec = Er -j*signma/(omega*epsilonzero) is set
to EPSR - |SI§.

Options for Remaining Floating Point Fields (F3-F6):
a. For an infinite ground plane, F3 through F6 are bl ank.

b. Radial wire ground screen approxi mati on (NRADL nonzero). The
ground screen is always centered at the origin, i.e., at (0,0,0),
and lies in the XY plane.

(F3) - The radius of the screen in neters.

(F4) - Radius of the wires used in the screen, in neters.

(F5) & (F6) - Blank
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c. Second nedi um paraneters (NRADL = O for nedium outside the
region of the first nmedium (cliff problen). These paraneters alter
the far field patterns but do not affect the antenna inpedance or
current distribution
(F3) - Relative dielectric constant of nedium 2.
(F4) - Conductivity of medium 2 in mhos/neter.
(F5) - Distance in neters fromthe origin of the coordinate
systemto the join between nmedium1 and 2. This distance is
either the radius of the circle where the two nmedia join or
the di stance out the positive X axis to where the two nedi a
joinin aline parallel to the Y axis. Specification of the
circular or linear optionis on the RP card. See Figure 16.
(F6) - Distance in neters (positive or zero) by which the
surface of nedium 2 is bel ow nedi um 1.

Not es:

(o]

When the Sommerfel d/ Norton nmethod is used, NEC requires an input-data
file (TAPE21) that is generated by the program SOVNEC for the specific
ground paraneters and frequency (see section Il11-4). The file generated
by SOWNEC depends only on the conplex dielectric constant, Ec = Br - j*
si gma/ (omega*epsg) . NEC conpares Ec fromthe file with that determ ned
by the GN card paraneters 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 nethod, the data is retained
until the end of the run. Subsequent data, including new data sets
followi ng XQJ ?] cards, may use the TAPE21 data if the ground parameters
and frequency (thus, Ec) remain unchanged. O her ground options may be
intermxed with the Sonmmrerfel d/ Norton option

The paraneters of the second nediumcan al so be specified on another
data card whose mmenpnic is GD. Wth the GD card, the paraneters of the
second nedium can be varied and only the radiated fields need to be
recal cul ated. Furthernore, if a radial wire ground screen has been
specified on the GN card, the G card is the only way to include a
second nedium See the wite-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
regenerati on.

Only the paraneters of the first nediumare used when the antenna
currents are cal cul ated; the paraneters associated with the second
medi um are not used until the calculation of the far fields. It is
possi bl e then to calculate the currents over one set of ground
paraneters (mediumone), but to calculate the far fields over another
set (mediumtwo) by setting the distance to the start of nmediumtwo to
zero. Medium one can even be a perfectly conducting ground specified by
| PERF=1.

When a radial wire ground screen or a second nediumis 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 al so be indicated on
the CE card. Refer to the GE card for details.

When a nodel includes surface patches, the fields due to the patches
will be calculated by using only the primary ground paraneters. Hence,
a second ground nedi um shoul d not be used with patches. The radial wre
ground screen approximation also is not inplemented for patches.
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| nteracti on Approximati on Range ( KH)

Pur pose: To set the mnimum separation di stance for use of a time-saving

approximation in filling the interaction matriXx.

Car d:

12| 5| 10| 15| 20| 30| 40| 50| 60| 70| 80
N I I I I I I I I I
[ I I I I I I I I I
| KH 11 12 |13 |14 | FL | F2 | F3 | F | F5 | F6
[ I I I I I I I I I
| | Bl RRH| B | B | B | BJ|] BJ|] B | B | B |
| | LI | o v | o | oL | L | L | L | L |
|| Al | Al A A A Al A| Al A
|| N | N | N[ N | N | N N| N N/
|| K | K| K| K| K| K] K[| K] K./
[ I I I I I | I I
| The nu [ |
(I I

Par anet er s:
I ntegers - None
Deci mal Nunbers

nmbers along the top refer to the last columm in each field
I

RKH (F1) - The approximation is used for interactions over
di stances greater than RKH wavel engt hs.

Not es:
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* |f two segnents or a segnent and a patch are separated by nore than RKH
wavel engths, the interaction field is conputed from an inpul se
approximation to the segnent current.
| ocated at the segnent center is used. No approximation is used for the
field due to the surface current on a patch since the tinme for the
standard cal culation is very short.

The field of a current el enent

* The KH card can be placed anywhere in the data cards follow ng the

geonetry cards (wth FR EX, LD, etc.)

requested followi ng its occurrence.
within a data set by use of a new KH card.

and affects all

cal cul ati ons

The val ue of RKH may be changed
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Loadi ng (LD)

Pur pose: To specify the inpedance | oading on one segnent or a nunber of
segnents. Series and parallel RLC circuits can be generated. In addition, a
finite conductivity can be specified for segnents.

Car d:

/2] 5| 10| 15| 20| 30| 40| 50| 60| 70| 80
rlr I I I I I I I I I
[ I I I I I I I I I
| Lo 11 12 |13 |14 | F1 | F2 | F3 | F4 | F5 | F6
[ I I I I I I I I I
| | L] L | L | L | ZLR | zZLI | ZLC | B | B | B |
| | D] D | D | D | I I | L | L | L |
[ [T T | T | T | I I | A | A | A |
[ Y] A A | A | I I | N | N | N |
| | Pl G| G| G | I I | K | K | K |
[ | F [ T | I I I N | I
| The nunbers along the top refer to the last colum in each field.

[ I I I I I I I

Par anet er s:
I nt egers:

LDTYP (11) - Determnes the type of |oading which is used. The
options are:
-1 - short all loads (used to nullify previous |oads). The
remai nder of the card is left blank
0 - series RLC, input ohns, henries, farads.
1 - parallel RLC, input ohms, henries, farads.
2 - series RLC, input ohns/neter, henries/meter
farads/ nmeter.
3 - parallel RLC, input ohns/neter, henries/neter
farads/ neter.
4 - inpedance, input resistance and reactance in ohns.
5 - wire conductivity, mhos/neter

LDTAG (12) Tag nunber; identifies the wire section(s) to be | oaded
by its (their) tag nunbers. The next two paraneters can be used to
further specify certain segnment(s) on the wire section(s). Blank
or zero here inplies that absol ute segnent nunbers are being used
in the next two paraneters to identify segnents. If the next two
paraneters are blank or zero, all segnments with tag LDTAG are

| oaded.

LDTAGF (13) - Equal to mspecifies the mt h segnment of the set of
segnments whose tag nunbers equal the tag nunber specified in the
previous paraneter. |If the previous paranmeter (LDTAG is zero,
LDTAGF then specifies an absol ute segnent nunber. |If both LDTAG
and LDTAG- are zero, all segnents will be | oaded.

LDTAGT (14) - Equal to n specifies the nth segnment of the set of
segnment s whose tag nunbers equal the tag nunber specified in the
paraneter LDTAG This paraneter nust be greater than or equal to
the previous paraneter. The |oading specified is applied to each

of the mih t hr ough nth segnents of the set of segnments having tags
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equal to LDTAG Again if LDTAGis zero, these paranmeters refer to
absol ute segnment nunbers. |If LDTAGT is left blank, it is set equa
to the previous paraneter (LDTAGF).

Fl oati ng Point Input for the Various Load Types

a. Series RLC (LDTYP = 0)
ZLR (FI') - Resistance in ohns; if none, |eave bl ank
ZLl (F2) - Inductance in henries; if none, |eave bl ank
ZLC (F3) - Capacitance in farads; if none, |eave bl ank

b. Parallel RLC (LDTYP = 1), floating point input sanme as a.

c. Series RLC (LDTYP = 2) input parameters per unit |ength.
ZLR - Resistance in ohns/neter; if none, |eave bl ank
ZLl - Inductance in henries/nmeter; if none, |eave blank
ZLC - Capacitance in farads/nmeter; if none, |eave blank

d. Parallel RLC (LDTYP = 3), input paranmeters per unit |ength,
floating-point input sane as c.

e. | npedance (LDTYP = 4)
ZLR - Resistance in ohns.
ZLl - Reactance in ohns.

f. Wre conductivity (LDTYP = 5)
ZLR - Conductivity in mhos/neter.

Not es:

* Loading cards can be input in groups to achieve a desired structure
| oadi ng. The maxi mum nunber of | oading cards in a group is determ ned
by dinensions in the program The Iimt is presently 30.

* |f a segnment is |oaded nore than once by a group of |oading cards, the
| oads are assunmed to be in series (inpedances added), and a comment is
printed in the output alerting the user to this fact.

* When resistance and reactance are input (LDTYP = 4), the inpedance does
not automatically scale with frequency.

* Loadi ng cards used after any form of execute, require regeneration
of the structure matrix.

* Since |loading nodifies the interaction matrix, it will affect the
conditions of plane or cylindrical symmetry of a structure. If a
structure is geonetrically symetric and each symmetric section is to
recei ve identical |oading, then symretry may be used in the solution
The programis set to utilize symetry during geonetry input by
inputting the data for one symmetric section and conpl eting the
structure with a GRor GX card. If symmetry is used, the |oading on
only the first symmetric section is input on LD cards. The sane | oadi ng
wi |l be assumed on the other sections. Loading should not be specified
for segnments beyond the first section when symetry is used. If the
sections are not identically |oaded, then during geonetry input the
program nust be set to a no-symetry condition to permt independent
| oadi ng of correspondi ng segnents in different sections.
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Near Fields (NE, NH)

Pur pose: To request cal cul ation of near electric fields in the vicinity of
the antenna (NE) or to request near magnetic fields (NH).

Car d:
Cols. Paraneter
1- 2 NE or NH
3- 5 11 NEAR
6-10 1 2 NRX
11-15 I 3 NRY
16- 20 14 NRZ
21-30 F1 XNR
31-40 F2 YNR
41-50 F3 ZNR
51-60 F4 DXNR
61-70 F5 DYNR
71-80 F6 DZNR

Par anet er s:
Integer fields:

NEAR (11) - Coordinate systemtype. The options are:
0 - rectangul ar coordinates will be used.
1 - spherical coordinates will be used.

Remai ni ng | ntegers Depend on Coordi nate Type:
a. Rectangul ar coordi nates (NEAR = 0)

NRX (12) - Nurmber of points desired in the X, Y, and
NRY (I13) - Z directions respectively. X changes
NRZ (14) - the nost rapidly, then Y, and then Z

The value 1 is assumed for any field left blank

b. Spherical coordinates (NEAR = 1)
(12) - Nunber of points desired in the r, phi, and theta
(I'3) - directions, respectively. r changes the nost
(14) - rapidly, then phi, and then theta. The value 1
is assunmed for any field left blank

Fl oati ng- Poi nt Fi el ds:
Their specification depends on the coordi nate system chosen

a. Rectangul ar coordi nates (NEAR = 0)
XNR (Fl1) - The (X Y, Z) coordinate position (F1, F2,

YNR (F2) - F3) respectively, in nmeters of the first
ZNR (F3) - field point.
DXNR (F4) - Coordinate stepping increment in neters for the
DYNR (F5) - X, Y, and Z coordi nates (F4, F5, F6), respectively.
DZNR (F6) - In stepping, X changes nost rapidly, then Y, and
then Z.
b. Spherical coordinates (NEAR = 1)
(FL) - The (r, phi, theta) coordinate position (FI, F2, F3)
(F2) - respectively, of the first field point. r is in

(F3) - meters, and phi and theta are in degrees.
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(F4) - Coordi nate stepping increnments for r, phi, and theta
(F5) - (F4, F5, F6), respectively. The stepping incremnent
(F6) - for r is in neters, and for phi and theta is in

degr ees.

Not es:

* When only one frequency is being used, near-field cards may be grouped
together in order to calculate fields at points with various coordinate
increnents. For this case, each card encountered produces an inmedi ate
execution of the near-field routine and the results are printed. Wen
automatic frequency stepping is being used [i.e., when the nunber of
frequency steps (NFRQ on the FR card is greater than one], only one NE
or NH card can be used for programcontrol inside the frequency | oop
Furthernore, 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 segnents in the
structure, the tinme required to calculate fields at N points is
equivalent to the time required to fill an N x Ninteraction matrix.

* The near electric field is conmputed by whichever formof the field
equations was selected for filling the matrix, either the thin-wire
approxi mati on or extended thin-wire approximtion. At |arge distances
fromthe structure, the segment currents are treated as infinitesinal
current elenents.

* |f the field calculation point falls within a wire segnent, the point
is displaced by the radius of that segnment in a direction normal to the
pl ane cont ai ni ng each source segnment and the vector fromthat source
segnent to the observation segnent. Wen the specified
field-calculation point is at the center of a segnent, this convention
is the same as is used in filling the interaction matrix. If the field
point is on a segment axis, that segnent produces no contribution to
the Hfield or the radial conponent of the E-field. If these conponents
are of interest, the field point should be on or outside of the segnent
sur f ace.
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Net wor ks ( NT)

Pur pose

To generate a two-port nonradi ating, network connected between any two
segnents in the structure. The characteristics of the network are specified
by its short-circuit admttance matrix el enents. For the special case of a
transm ssion line, a separate card is provided for conveni ence al though the
mat hemati cal nethod is the sane as for networks. Refer to the TL card.

Car d:

/2] 5| 10| 15| 20| 30| 40| 50| 60| 70| 80
I I I I I I I I I I I
I I I I I I I I I I I I
| NT| 12 12 | 13 |14 | F1 | F2 | F3 | F4 | F5 | F6
I I I I I I I I I I I I
| | | | | | Y11R | Y11l | Y12R | Y12l | Y22R | Y22I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I N | I
| along the top refer to the last columm in each field.

I I I I I I I

Par anet er s:
I nt egers

(1'1) - Tag nunber of the segnent to which port one of the network is
connected. This tag nunber along with the nunber to be given in (12),
which identifies the position of the segnent in a set of equal tag
nunbers, uniquely defines the segnent for port one. Blank or zero here
inplies that the segment will be identified using the absol ute segment
nunber in the next |ocation (12).

(12) - Equal to m specifies the mt h segnment of the set of segments
whose tag nunbers are equal to the nunber set by the previous
paranmeter. If the previous paraneter is zero, the nunber in (12) is the
absol ute segnment nunber corresponding to end one of the network. A
mnus one in this field will nullify all previous network and

transm ssion-1ine connections. The rest of the card is left blank in
this case

(13) & (14) - Used in exactly the sane way as (Il) & (12) in order to
speci fy the segnent corresponding to port two of the network
connecti on.

Fl oati ng point:

The six floating-point fields are used to specify the real and

i magi nary parts of three short circuit admttance matrix elements (1
1), (1, 2), and (2, 2), respectively. The admttance matrix is
symmetric so it is unnecessary to specify element (2, 1).

Y11R (Fl1) - Real part of elenment (1, 1) in mhos.
Y11l (F2) - Imaginary part of element (1, 1) in mhos.
Y12R (F3) - Real part of elenment (1, 2) in mhos.
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Y12l (F4) - Imaginary part of element (1, 2) in mhos.
Y22R (F5) - Real part of elenment (2, 2) in mhos.
Y22l (F6) - Imaginary part of element (2, 2) in mhos.

Not es:

* Network cards may be used in groups to specify several networks on a
structure. Al network cards for a network configuration nust occur
together with no other cards (except TL cards) separating them When
the first NI card is read following a card other than an NT or TL card,
all previous network and transmission |ine data are destroyed. Hence,
if a set of network data is to be nodified, all network data nust be
input again in the nodified form D nensions in the programlimt the
nunber of networks that may be specified. In the present NEC deck, the
nunber of two-port networks (including transmssion lines) is limted
to thirty, and the nunber of different segnents having network ports
connected to themis limted to thirty.

* One or nore network ports can be connected to any given segnent.
Mul tiple network ports connected to one segnent are connected in
paral | el

* |f a network is connected to a segnment whi ch has been inpedance | oaded
(i.e., through the use of the LD card), the load acts in series with
t he network port.

* A voltage source specified on the same segnment as a network port is
connected in parallel with the network port.

* Segnments can be inpedance-| oaded by using network cards. Consider a
network connected fromthe segment to be |loaded to sonme other arbitrary
segnent as shown in Figure 17.

SHORT

—
[
——i

Tigure 17. Segment Loaded by Heans of & J-Por:s Hecwork.

The adm ttance matrix elenents are Y11 = 1/z, Y12 = 0,
and Y22 = infinity (conputationally, a very |arge nunber

such as 1010). The advantage of using this technique for loading is
that the | oad can be changed wi thout causing a recal cul ation of the
structure matrix as is required when LD cards are used. Furthernore, in
sonme cases a higher degree of structure matrix symetry can be
preserved because the matrix elements are not directly nodified by
networks as they are when using the LD cards. (Consider for instance a
| oop with one | oad where the loop is rotationally symmetric until the
load is placed on it.) The disadvantage of the NI card form of | oading
is that the user nust calculate the |oad admttance, and this val ue
does not automatically scale with frequency. Coviously, in the above
schematic, replacing the short with an i npedance would | oad two
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segnents. At a segnent 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 | oad specified
by an LD card is in series with the source.

* Use of network cards (NT) after any form of execute requires
recal cul ation of the current only.

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

Pur pose: To signal the end of data for one structure and the begi nni ng of
data for the next.

Car d:

/2] 5| 10| 15| 20| 30| 40| 50| 60| 70| 80
I I I I I I I I I I I
I I I I I I I I I I I I
| NX 12 12 |13 |14 | F1 | F2 | F3 | F4 | F5 | F6
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I N | I
| along the top refer to the last columm in each field.

I I I I I I I

Par anet er s:

NX appears in the first two colums, and the rest of the card is bl ank

Not es:

The card that directly follows the NX card nust be a conment card CM
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Car d:

Print Control For Charge on Wres (PQ)

\
D

T
O

e e ——

ol

10 60 70

12 F1 F2 F3 F4 F5 F6

refer to the last colum in each field.

ers

| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
| | |
a n f
| | |

|
|
|
|
|
|
|
|
|
|
|
|
nb
|

Par anet er s:

I nt egers

| PTFLQ (11) - Print control flag [Note “Q@ not “G'.]
-1 - suppress printing of charge densities. This is the
default condition.
0 - (or blank) print charge densities on segnents specified by
the followi ng paraneters. If the follow ng parameters are
bl ank, charge densities are printed for all segnents.

| PTAQ (12) - Tag nunber of the segnents for which charge densities
will be printed.

| PTAQF (13) - Equal to mspecifies the mt h segnment of the set of
segnments having tag nunbers of IPTAQ If IPTAQis zero or blank,
then | PTAQF refers to an absol ute segnent nunber. If I PTAQF is

| eft blank, then charge density is printed for all segnents.

| PTAQT (14) - Equal to n, specifies the nth segnment of the set of
segnments having tag nunbers of | PTAQ Charge densities are printed

for segments having tag nunber |PTAQ starting at the mt h segnent
in the set and ending at the nth segment. If IPTAQis zero or

bl ank, then | PTAQF and | PTAQT refer to absol ute segment nunbers.
I f I PTAQT refer to absolute segrment nunbers. If | PTAQT is left
blank, it is set equal to | PTAQF



CCC's Word/Mac WDBN version 0.92 of NEC-2 User’s Guide from <http://www.traveller.com/~richesop/nec/> Page 67 of 131

Page Title / Print Control for Current on Wres (PT)

Purpose: To control the printing of currents on wire segnments. Current
printing can be suppressed, limted to a few segnents, or special formats
for receiving patterns can be requested.

Car d:

/12| 5| 10| 15| 20| 30| 40| 50| 60| 70| 80
I I I I I I I I I I I
I I I I I I I I I I I I
| PT| 12 12 | 13 |14 | F1 | F2 | F3 | F4 | F5 | F6
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I N | I
| The nunbers along the top refer to the last colum in each field.

I I I I I I I I I

Par anet er s:

I nt egers:

| PTFLG (11) - 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
programif the card is omtted.

-1 - suppress printing of all wire segnent currents.

O - current printing will be limted to the segnents
specified by the next three paraneters.

1 - currents are printed by using a format designed for a
receiving pattern (refer to output section in this nmanual).
Only currents for the segnments specified by the next three
paraneters are printed.

2 - sane as for 1 above; in addition, however, the current
for one segment will be normalized to its maxi num and the
normal i zed val ues along with the relative strength in dB will
be printed in a table. If the currents for nore than one
segnent are being printed, only currents fromthe | ast
segnent in the group appear in the nornalized table.

3 - only normalized currents fromone segnent are printed for
the receiving pattern case.

| PTAG (12) - Tag nunber of the segnents for which currents will be
printed.

| PTAG- (13) - Equal to m specifies the mt h segnment of the set of
segnments having the tag nunbers of | PTAG at which printing of
currents starts. If IPTAGis zero or blank, then | PTAG- refers to
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an absol ute segnment nunber. If I PTAGF is blank, the current is
printed for all segnents.

| PTAGT (14) - Equal to n specifies the nth segnment of the set of
segments having tag nunbers of | PTAG Currents are printed for
segnments having tag nunber | PTAG starting at the mth segment in
the set and ending at the nth segnent. If IPTAGis zero or blank
then | PTAGF and | PTAGT refer to absol ute segment nunbers. In

| PTAGT is left blank, it is set to | PTAGF
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Radi ation Pattern (RP)

Pur pose: To specify radiation pattern sanpling paraneters and to cause
program execution. Options for a field conputation include a radial wire
ground screen, a cliff, or surface-wave fields.

Car d:

/2] 5| 10| 15| 20| 30| 40| 50| 60| 70| 80
I I I I I I I I I I I
I I I I I I I I I I I I
| RPl 12 12 |13 |14 | F1 | F2 | F3 | F4 | F5 | F6
| | | | | | | | |
I I I I | “ XNDA I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I I I I
I I I I I I I I I N | I
| along the top refer to the last columm in each field.

I I I I I I I

Par anet er s:
I nt egers

(1'1) - This integer selects the node of calculation for the radiated
field. Sone values of (I1) will affect the nmeaning of the
remai ni ng paraneters on the card. Options available for I1 are:

O - normal node. Space-wave fields are conputed. An infinite
ground plane is included if it has been specified previously
on a GN card; otherwise, the antenna is in free space.

1 - surface wave propagating along ground is added to the
normal space wave. This option changes the meani ng of sone of
the other paraneters on the RP card as expl ai ned bel ow, and
the results appear in a special output format. G ound

par anmet ers nust have been i nput on a GN card.

The foll owi ng options cause cal cul ation of only the space
wave but with special ground conditions. Gound conditions

i nclude a two-nedi umground (cliff where the nedia join in a
circle or aline), and a radial wire ground screen. G ound
par anet ers and di nensi ons 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 medi um
paraneters are as specified for the second nedi umon the GN
card or on the CGD card.

3 - circular cliff centered at origin of coordinate system
wi th ant enna above upper |evel. Lower nedi um paraneters are
as specified for the second mediumon the GN card or on the
@D card.

4 - radial wire ground screen centered at origin.
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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

sigma, theta) as illustrated in Figure 18, except when the
surface wave i s conputed. For conputing the surface wave
field (Il =1), cylindrical coordinates (phi, theta, z) are

used to accurately define points near the ground pl ane at

| arge radi al distances. The RP card allows automatic stepping
of the field point to conpute the field over a regi on about
the antenna at uniformy spaced points. The integers |12 and
I3 and floating point nunbers Fl, F2, F3 and F4 control the
fiel d-poi nt stepping.

7 1
. ra
R
7—‘! "
%
X
X

Spharical cpordinates Cylindrical coordinates

Figure 18, Tomrdinates for dadiated Fileld,

NTH (12) - Nunmber of values of theta (qg) at which the field is to
be conputed (or nunber of values of z, for Il =1).

NPH (I13) - Nunmber of values of phi (f) at which the field is to be
comput ed. The total numnber of field points requested by the card
is NTHx NPH If 12 or 13 is left blank, a value of one will be
assuned.

XNDA (14) - This optional integer consists of four independent
digits in colums 17, 18, 19 and 20, each having a different
function. The menonic XNDA is not a variable nane in the program
Rat her, each letter represents a menonic for the corresponding
digit inl4. If 11 =1, then 14 has no effect and should be |eft
bl ank.

X - (colum |7) controls output format.
X =0 mgjor-axis, mnor-axis, and total gain printed.
X =1 vertical, horizontal and total gain printed.

N - (colum 18) causes normalized gain for the specified field
points to be printed after the standard gain output. The nunber of
field points for which the normalized gain can be printed is
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l[imted by an array dinension in the program In the denonstration
program the limt is 600 points. If the nunber of field points
exceeds this Iimt, the remaining points will be onmtted fromthe
normal i zed gain. The gain may be normalized to its maximumor to a
value input in field F6. The type of gain that is normalized is
determ ned by the value of N as follows:

Z
1

no normalized gain.

maj or axi s gain normalized.

m nor axis gain normalized.
vertical axis gain normalized.
hori zontal axis gain normalized.
total gain normalized

I an
ORrWNE

D - (colum 19) selects either power gain or directive gain for
both standard printing and nornalization. If the structure
excitation is an incident plane wave, the quantities printed under
the heading “gain” will actually be the scattering cross section

(a/lanbda2 ) and will not be affected by the value of D. The

col um heading for the output will still read "power" or
"directive gain," however.
D=0 power gain.

D=1 directive gain.

A - (columm 20) requests cal cul ati on of average power gain over
the region covered by field points.

A = 0 no averaging.
A =1 average gain conputed.
A = 2 average gain conputed; 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 conputed for any val ue
of A since the area of the region covered by field points
vani shes.

Fl oati ng Poi nt Nunbers

THETS (F1)

- itial theta angle in degrees (initial z coordinate
in nmeters if =

1).
PH'S (F2) - Initial phi angle in degrees.

In
11

DTH (F3) - Increnment for theta in degrees (increnent for z in
meters if 11 =1).

DPH (F4) - Increnment for phi in degrees.

RFLD (F5) - Radial distance (R) of field point fromthe origin in
meters. RFLD is optional. If it is blank, the radiated electric
field will have the factor exp(-jkR/R omtted. If a value of Ris
specified, it should represent a point in the far-field region
since near conponents of the field cannot be obtained with an RP
card. (If 11 =1, then RFLD represents the cylindrical coordinate
phi in neters and is not optional. It rmust be greater than about
one wavel ength.)

G\OR (F6) - Determnes the gain normalization factor if
normal i zati on has been requested in the 14 field. If GNOR is blank
or zero, the gain will be normalized to its maxi mumvalue. If GNOR
is not zero, the gain wlll be normalized to the val ue of GNOR



CCC's Word/Mac WDBN version 0.92 of NEC-2 User’s Guide from <http://www.traveller.com/~richesop/nec/> Page 72 of 131

Not es:

* The RP card will initiate program execution, causing the interaction
matrix to be conputed and factored and the structure currents to be
computed if these operations have not already been perfornmed. Hence,
all required input paraneters nust be set before the RP card is read.

* At a single frequency, any nunber of RP cards may occur in sequence Sso
that different field-point spacings may be used over different regions
of space. If automatic frequency stepping is being used (i.e., NFRQ on
the FR card is greater than one), only one RP card will act as data
i nside the | oop. Subsequent cards will calculate patterns at the fina
frequency.

* When both NTH and NPH are greater than one, the angle theta (or Z) wll
be stepped faster than phi

* When a ground plane has been specified, field points should not be
requested bel ow the ground (theta greater than 90 degrees or Z |less
than zero.)



CCC's Word/Mac WDBN version 0.92 of NEC-2 User’s Guide from <http://www.traveller.com/~richesop/nec/> Page 73 of 131

Transm ssion Line (TL)
Purpose: To generate a transm ssion |ine between any two points on the
structure. Characteristic inpedance, |ength, and shunt adm ttance
are the defining paraneters.

Car d:

Cols. Paraneter

1- 2 TL
3- 5 1
6- 10 |2
11-15 I3
16- 20 I 4
21-30 F1
31-40 F2
41-50 F3
51-60 F4
61-70 F5
71-80 F6

Par anet er s:

Integers 11-14 - (the integer specifications are identical to those
on the network (NT) card.)

Fl oati ng Point -

(F1) - The characteristic inpedance of the transmssion line in
ohnms. A negative sign in front of the characteristic
i npedance will act as a flag for generating the transm ssion
line with a 180 degree phase reversal (crossed line)
if this is desired.

(F2) - The length of transmission line in nmeters. |If this field
is left blank, the programw || use the straight |ine dis-
tance between the specified connection points.

The remai ning four floating-point fields are used to specify
the real and inmaginary parts of the shunt admttances
at end one and two, respectively.

(F3) - Real part of the shunt admttance in mhos at end one.

(F4) - Imaginary part of the shunt admttance in nmhos at end one.
(F5) - Real part of the shunt admttance in nmhos at end two
(F6) - Imaginary part of the shunt admttance in nmhos at end two.

Not es:

* The rules for transm ssion-line cards are the sane as for network
cards. Al transmission line cards for a particular transm ssion |ine
configuration must occur together with no other cards (except NT cards)
separating them Wen the first TL or NT card is read following a card
other than a TL or NT card, all previous network or transm ssion |line
data are destroyed. Hence, if a set of TL cards is to be nodified, all
transm ssion-1ine and network data nust be input again in the nodified
form Dinensions in the programlimt the nunber of cards in a group
that may be specified. In the NEC denonstration deck, the nunber of
two-port networks (specified by NT cards and TL cards) is limted to
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thirty, and the nunber of different segnments having network ports
connected to themis limted to thirty.

* One or nore networks (including transm ssion |ines) may be connected to
any given segnent. Multiple network ports connected to one segment are
connected in parallel.

* |f atransmssion line is connected to a segnent that has been

i npedance | oaded (i.e., through the use of an LD card), the load acts
in series with the Iine.

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

* NT and TL cards do not affect synmmetry.
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Wite NGF File (WG

Purpose: To wite a NG file for a structure on the file TAPE20.

Car d:
Col s Par anet er
1- 2 WG
3-80 bl ank

Par anet er s:
None

Not es:
* See Section I11-5.
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execution is not automatic. Options on the card also allow for

automatic generation of radiation patterns in either of two

vertical cuts.

Car d:

Col s Par anet er

Par anet er s:
I nt eger
(11) Options controlled by (11) are:
0 - no patterns requested (normal case).

1 - generates a pattern cut in the XZ plane, i.e., phi

and theta varies fromO degrees to 90 degrees in 1 deg.

2 - generates a pattern cut in the YZ plane, i.e., ph

= 0 degrees
st eps.

= 90 degrees

theta varies fromO degrees to 90 degrees in 1 degree steps.

3 - generates both of the cuts described for the val ues
1 and 2.

The remai nder of the card is bl ank

Not es:

* For the case of a single frequency step, four cards will automatically

produce program execution (i.e., the program stops readi ng data and

proceeds with the cal cul ations requested to that point); the four cards

are the execute card (XQ, the near-field cards (NE, NH), and the
radi ati on-pattern card (RP). Thus, the only time the XQ card is
mandatory, for the case of one frequency, is when only currents and

i npedances 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,

t he

XQ card is mandatory to cause execution. Furthernore, the XQ card can
al ways 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 nore easily divide the data into execution groups,

card will act as a do-nothing card.

the XQ

* The radiation-pattern generation option of the XQ card nust not be used
when a radial wire ground screen or a second nedi um has been speci fi ed.

For these cases, the RP card is used where the presence of the
addi ti onal ground parameters is indicated.
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4. SOMNEC | nput For Sommerfeld/ Norton Ground Method

VWhen the Somerfel d/ Norton ground option is requested on the GN card, NEC
reads interpolation tables fromthe file TAPE21. This file nust be created
prior to the NEC run by running the separate program SOWNEC. SOWEC reads a
single data card with the paraneters

* EPR, SIG FMHZ, [IPT (format 3E10.3, 15)

The three decimal nunbers end in colums 10, 20, and 30 and the integer |IPT
must end in colum 35. The paraneters are:

EPR = rel ative dielectric constant of ground (Er)
SIG = conductivity of ground in mhos/m (S)

FMHZ = frequency in M&

IPT =1 to print the interpolation table

= 0 for no printed output.

L

The interpolation tables depend only on the conplex dielectric constant
* Ec = BEr - j*SI{ (Onega*Epsilong),
* Br = EPR
If SIGis input as a negative nunber, the programsets
*Ec = EPR - j|SIG ,
and frequency is not used. The tables are witten on the file TAPE21. The

central processor time to generate the tables on a CDC 7600 conputer is
about 15 seconds.



CCC's Word/Mac WDBN version 0.92 of NEC-2 User’s Guide from <http://www.traveller.com/~richesop/nec/> Page 78 of 131

5. The Numerical Green’s Function Option

Wth the Nunerical Green's Function (NGF) option, a fixed structure and its
envi ronnent may be nodel ed and the factored interaction matrix saved on a
file. New parts may then be added to the nodel in subsequent conputer runs
and the conplete solution obtained without repeating calculation for the
data on the file. The main purpose of the NG-F is to avoid the unnecessary
repetition of calculations when a part of a nodel, such as a single antenna
in a conplex environment, will be nodified one or nore tines while the
environnent remains fixed. For example, when nodeling antennas on shi ps,
several antenna designs or |ocations may be considered on an ot herw se
unchanged ship. Wth the NG, the self-interaction matrix for the fixed
envi ronnent may be conputed, factored for solution, and saved on a tape or
disk file. Solution for a new antenna then requires only the eval uati on of
the self-interaction matrix for the antenna, the nutua

ant enna-t o-environnment interactions, and matrix mani pul ati ons for a
partitioned-matrix solution. Wien the previously witten NG file is used,
the free-space Geen's function in the NEC fornulation is, in effect,

repl aced by the Green's function for the environnent.

Anot her reason for using the NG- option is to exploit partial symetry in a
structure. In a single run, a structure nmust be perfectly symetric for NEC
to use symmetry in the solution. Any unsynmetric segnents or patches, or
ones that lie in a symetry plane or on the axis of rotation, will destroy
the symetry. Such partial symretry may be exploited to reduce solution tine
by running the symetric part of the nodel first and witing a NG~ file. The
unsymmetric parts may then be added in a second run.

Use of the NGF option nmay al so be warranted for large, time-consum ng nodel s
to save an expensive result for further use. Wthout addi ng new antennas, it
may be used with a new excitation or to conpute new radi ation, near-field,
or coupling data not conputed in the original run

To wite a NG- file for the structure, the data deck is constructed as for a
normal run. After the GE card, the frequency, ground paraneters, and | oadi ng
may be set by FR, G\, and LD cards. EK or KH nay al so be used. O her cards,
such as EX or NT that do not change the matrix, will not affect the NG and
will not be saved on the file. After the nodel has been defined, a W5 card
is used to fill and factor the matrix and cause the NGF data to be witten
to the file TAPE20. TAPE20 shoul d be saved after the run term nates. O her
cards may follow the W5 card to define an excitation and request field
calculations as in a normal run. W5 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 NG- is used. Hence, W5 should
cone before XQ RP, NE, or NH The FR card nust not specify multiple
frequencies when a NGF is witten.

To use a previously generated NG file, the file is nade available to the
program as TAPE20. The first structure-geonetry data card, follow ng the CE
card, nmust be a G- card to cause the programto read TAPE20. Subsequent
structure data cards define the new structure to be added to the NG
structure. Al types of structure geonetry data cards may be used, although
GM GR GX, and GS will affect new structure but not that fromthe NG file.
GR and GX wi |l have their usual effect on the new structure but will not
result in use of symmetry in the solution. Synmetry may be used in witing
the NGF file but not for new structures used with the NG

For connections between the new structure and NG- structure, the new segnent
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ends or patch centers are nmade to coincide with the NG segnent ends or
patch centers as in a normal run. The rules still apply that only a single
segnment may connect to a given patch and a segnent may have a patch
connection on only one of its ends. Also, a wire may never connect to a
patch formed by subdividing anot her patch for a previous connection

Fol I owi ng the GE card the programcontrol cards may be used as usual, with

t he exception that FR and GN cards nmay not be used. The paraneters from
these cards are taken fromthe NG~ file and cannot be changed. LD cards nmay
be used to | oad new segnents but not segnents in the NG-. If integers I3 and
4 on a LD card are blank, the card will load all new segnents (new segnents
with tag LDTAGif 12 is not zero) but not NG segnments. If 12, 13 and |4

sel ect a specific NG segnment, the run will termnate with an error nessage.
The effect of |oading on NG segnents may be obtained with an NT card, since
NT (and TL) may connect to either new or NG- segnents.

Conputation time for a run using a NG- file may be estimated fromthe
formulas in Section V by evaluating the time to run the conplete structure

and subtracting tinme to fill and factor the matrix for the NGF part of the
structure alone (Tl and T2). If the new structure connects to the NG-
structure, new unknowns —in addition to those for the new segnents and

pat ches —are produced and should be included in the tinme estinmate for the
conplete structure. If a new segnment or patch connects to a NG~ segnent, the
current expansion function for the NG segnent is nodified. One new unknown
is then added to the matrix equation to represent the nodified expansion
function and suppress the old expansion function. If a new segnent connects
to a NG~ patch, 10 new unknowns are produced in addition to that for the new
segnment. Four new patches are automatically generated at the connection
poi nt accounting for eight unknowns. The remaining two new unknowns are
needed to suppress the current on the old patch that has been repl aced.

Al t hough connection to a NG segnent nodifies the old basis function, the
current on the segnent will be printed in its normal location in the table
of segment currents. When a new wire connects to a NG 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. Al so, the Z coordinates of the original patch
will be set to 9999
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Section IV - NEC OUTPUT

Typical NEC output is illustrated in this section with exanpl es that
exercise nost of the options available. In addition to denonstrating the use
of the code and typical output, the results nmay be used to check the
operation of the code when it is put in use on a new conputer system Most
of the output is self-explanatory. The general formis outlined bel ow, the
particul ar points are discussed with the exanples in which they occur

The output follows the formof the input data, starting with the descriptive
comments, followed by geonmetry data and then requested conputations. Under

t he headi ng "STRUCTURE SPECI FI CATION' is a list of the geonetry data cards.
The heading on the table is for a GNWcard, giving the X Y, and Z coordinates
of the wire ends, the radius, and the nunber of segments. Under the headi ng
"WRE NO " is a count of the nunber of GWNcards. Data from ot her geonetry
cards are printed in the table with a | abel identifying the card. For a
patch, the patch nunber is printed under "WRE NO " followed by a letter to
i ndi cate the shape option - P for arbitrary, R for rectangular, T for
triangular, and Q for quadril ateral

After a GE card is read, a summary of the nunmber of segments and patches is
printed. The symmetry flag is zero for no symmetry, positive for planar
symmetry, and negative for rotational symetry. Atable of multiple-wire
junctions lists all junctions at which three or nore wires join. the nunber
of each connection segnent is printed preceded by a minus sign if the
current reference direction is out of the junction

Data for individual segnments are printed under "SEGVENTATI ON DATA, "

i ncl udi ng angl es, al pha and beta, which are defined the same as for the
patch normal vector (see Figure 5). The connection data shows the connection
condition at each segnent. "I-" is the nunber of segnent connected to the
first end of segment |I. If nore than one segnment connects to this junction
then I- will be the first connected segnent following I in the sequence of
segnments. The nunbers under "I+" give the sane information for the second
end of segnent |. If the connection nunber is positive, the reference
directions of the connected segnents are parallel. If the nunber 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
segnent | is connected to a ground plane. If it is greater than 10,000, the
end is connected to a surface and (1+)-10,000 is the nunber of the first

of the four patches around the connection point.

VWhen patches are used, the next section is "SURFACE PATCH DATA." This

i ncl udes the coordi nates of the patch center, conponents of the unit norma
vector, and patch area. Conponents of the unit tangent vectors, t1 and t2
(see section I1) are also printed for use in reading the surface currents
printed | ater.

The data cards followi ng the geonetry cards are printed exactly as they are
read by the program Wen a card requesting conmputations i s encountered,

i nformati on on ground parameters and loading is printed, followed by
currents. The |ine "APPROXI MATE | NTEGRATION..." gives the separation

di stance, set by a KH card, at which the Hertzian di pol e approxi mation is
used for the electric field due to a segnent. 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 TIMNG' is printed the time to fill and factor

the interaction matrix.
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If one or nore voltage sources have been specified, the voltage, current,

i npedance, admittance and i nput power are printed for each driving point. If
the voltage source is the current-slope-discontinuity type, this is noted by
"*" after the tag nunber in the input paranmeters table (see Exanple 2). The
antenna i nput paraneters are followed by a table giving the current at the
center of each segnent. This table includes the coordinates at the segnent
centers and segnment lengths in units of wavel ength. If the nodel includes
patches, a table of patch currents is printed giving the surface current in
conponents al ong the tangent vectors t1 and t2 and X, Y, and Z components.

If there are voltage sources on a nodel, a power budget is printed follow ng
the current tables. The input power here is the total power supplied by al
vol tage sources. The structure loss is ohmc loss in wires, while the
network loss is the total power into all network and transm ssion |ine
ports, assuming no radiated fromnetworks or transm ssion lines. Finally,
the radi ated power is conputed as input power mnus structure and network

| oss.

Radi ated fields or near-fields requested in the input data are printed
follow ng the current tables. In the normal radiation-pattern fornmat,
transmtting antenna gains are printed in dB in the conponents requested on
the RP card. If an incident-field excitation is used, rather than a voltage
source, the gain columms will contain the bistatic scattering cross section

(signa/landaz). For very small gains, the nunber -999.99 is printed.

The radiation-pattern format also includes the radiated electric field in
theta and phi components. These are | abeled with the units "volts/ni' for
E(R theta,phi). Unless the range, Rm is specified on the RP card, however,
the quantity printed is the limt of RE(R theta, phi) as R approaches
infinity, having units of volts. the polarizationis printed in a format for
general elliptic polarization, including axial ratio (mnor axis/mgjor
axis), tilt angle of the major axis (Eta in Figure 14), and sense of
rotation (right-hand, left-hand, or linear).

In addition to these basic formats, there are a nunmber of special formats
for optional calcul ations. Many of these occur in the follow ng exanpl es.
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Exanples 1 through 4

Exanmpl es 1 through 4 are sinple cases intended to illustrate the basic
formats. Exanple 1 includes a calculation of near-electric-field along the
wire. When the field is conputed at the center of a segnment wi thout an
applied field or |oading, the Z-conmponent of electric field is small since
the sol ution procedure enforces the boundary condition at these points.

This is a check that the programis operating correctly. The val ues woul d be
still smaller if the field points were nore precisely at the segnment

centers. The radial, or X conponents of the near-field can al so be conpared
with the charge densities at the segnment centers (rho=2*pi *a*epsil ong*Ex).
If the fields were computed along the wire axis, the radial field would be
set to zero. For a nonplanar structure, however, conputation along the axis
is the only way to reproduce the conditions of the current solution and
obtain small fields at the nmatch points.

In Exanple 2 the wire has an even nunber of segnents so that a

charge-di scontinuity voltage source can be used at the center. The synbo

"*" in the tabl e of antenna input paraneters is a remnder 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 nornalize the input inpedances. At the
end of Exanple 2 the wire is given the conductivity of alumnum This has a
significant effect since the wire is relatively thin.

Example 3 is a vertical dipole over ground. Since the wire is thick the
extended thin-w re approximation has been used. Conputation of the average
power gain is requested on the RP cards. Over a perfectly conductive ground
t he 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 nore conplex structure, the average gain can provide a check on
t he accuracy of the conputed input inpedance over a perfect ground where it
shoul d equal 2 or in free space where it should equal 1. Exanple 3 al so
includes a finitely conducting ground where the average gain of 0.72

i ndicates that only 36% of the power |eaving the antenna is going into the
space wave. The formats for normalized gain and the conbi ned space-wave and
ground-wave fields are illustrated. At the end of exanple 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.

Exanmpl e 4 includes both patches and wires. Al though the structure is over a
perfect ground, the average power gain is 1.8. This indicates that the input
i npedance is inaccurate, probably due to the crude patch nodel used for the
box. Since there is no ohmc |loss, a nore accurate input resistance can be
obt ai ned as:
Radi at ed Power (1/2)*(avg. gain)*(conputed input power)
1.016 (10-3)W

Radi ati on resi stance

= 2*(radi at ed povver)/||source|2

= 162. 6 ohns

Since the input power used in conputing the gains in the radiated pattern
table is to large by 0.46 dB, the gains can be corrected by adding this
factor.
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Example 1 (Courier 7-point font and narrow page margins are used in this
docunent to enable “portrait” printing on 8.5 x 11 inch paper
ordinarily too-wide, line-printer, output format.)

I nput Card Deck:

CEEXAMPLE 1. CENTER FED LI NEAR ANTENNA
Gwv 0,7,0.,0.,-.25,0.,0.,.25,.001

GE
EX O 0 4 0 1.
XQ
LD O 0 4 4 10.
PQ
NE O 1 1 15 . 001 0
EN
Li ne-Printer CQutput:
1
IR R RS SRR SRR EEEEEEEEEEEEEEEEEEEEEEES
NUMERI CAL ELECTROVAGNETI CS CODE
IR RS SRR R SRR RS R EEEEEEEEEEEEEEEEES
- - - - COWENTS - - - -
EXAMPLE 1. CENTER FED LI NEAR ANTENNA
- - - STRUCTURE SPECI FI CATION - - -
COORDI NATES MUST BE | NPUT | N
METERS CR BE SCALED TO METERS
BEFCORE STRUCTURE | NPUT | S ENDED
W RE
NO. X1 Y1 Z1 X2 Y2 z2
1 . 00000 . 00000 -. 25000 . 00000 . 00000 . 250

TOTAL SEGVENTS USED= 7 NO. SEG IN A SYMVETRI C CELL= 7

- MULTI PLE WRE JUNCTI ONS -
JUNCTI ON SEGMENTS (- FOR END 1, + FOR END 2)

0

RADI US
. 00100

00

SYMMETRY FLAG= 0

NONE
- - - - SEGVENTATION DATA - - - -
COORDI NATES | N METERS
I+ AND |- | NDI CATE THE SEGVENTS BEFORE AND AFTER |
SEG COCRDI NATES OF SEG  CENTER SEG ORI ENTATI ON ANGLES W RE
NO. X Y z LENGTH ALPHA BETA RADI US
1 . 00000 . 00000 -.21429 . 07143  90. 00000 . 00000 . 00100
2 . 00000 . 00000 -.14286 . 07143  90. 00000 . 00000 . 00100
3 . 00000 .00000 -.07143 . 07143  90. 00000 . 00000 . 00100
4 . 00000 . 00000 . 00000 . 07143  90. 00000 . 00000 . 00100
5 . 00000 . 00000 . 07143 . 07143  90. 00000 . 00000 . 00100
6 . 00000 . 00000 . 14286 . 07143  90. 00000 . 00000 . 00100
7 . 00000 . 00000 . 21429 . 07143  90. 00000 . 00000 . 00100

3. 000E-09 5. 300E-11

CONNECTI ON DATA

OUAWNRFRO!

NO. COF
SEG

~NOoO R WNE

I+

O~NOUBWN

FI RST LAST
SEG

1

TAG

8

[cleloNoNoNeNa)

. 01786
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xxxxx DATACARDNO. 1 EX O 0 4 0 1.00000E+00 0.00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00 0. 00000E+00
xxxxx DATACARDNO. 2 XQ O 0 0 0 0.00000E+00 0. 00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00 0. 00000E+00
- - - - - - FREQUENCY - - - - - -

FREQUENCY= 2. 9980E+02 MHZ
WAVELENGTH= 1. 0000E+00 METERS

APPROXI MATE | NTEGRATI ON EMPLOYED FOR SEGMVENTS MORE THAN 1. 000 WAVELENGTHS APART

- - - STRUCTURE | MPEDANCE LQADI NG - - -

TH'S STRUCTURE | S NOT LQADED

- - - ANTENNA ENVI RONMENT - - -

FREE SPACE

- - - MTRRX TTMNG - - -

FILL= .067 SEC., FACTCR= . 000 SEC

- - - ANTENNA | NPUT PARAMETERS - - -

TAG SEG VOLTAGE (VOLTS) CURRENT ( AVPS) | MPEDANCE ( CHVB) ADM TTANCE ( MHOS) POAER
NO NO REAL I MAG REAL I MAG REAL I MAG REAL I MAG (VATTS)
0 4 1.00000E+00 0. 00000E+00 9. 20585E- 03- 5. 15474E- 03 8. 26979E+01 4. 63060E+01 9. 20585E- 03- 5. 15474E- 03 4. 60292E- 03

- - - CURRENTS AND LOCATION - - -

DI STANCES | N WAVELENGTHS

SEG  TAG COORD. OF SEG CENTER SEG - - - CURRENT (AWPS) - - -

NO. NO. X Y z LENGTH REAL I MAG MAG PHASE
1 0 . 0000 .0000 -.2143 . 07143  2.3592E-03 -1.6881E-03 2.9010E-03 -35.584
2 0 . 0000 .0000 -.1429 . 07143  5.9998E-03 -4.0463E-03 7.2367E-03 -33.996
3 0 . 0000 .0000 -.0714 .07143  8.3711E-03 -5.1857E-03 9.8472E-03 -31.777
4 0 . 0000 . 0000 . 0000 . 07143 9. 2058E-03 -5.1547E-03 1.0551E-02 -29.246
5 0 . 0000 . 0000 .0714 .07143  8.3711E-03 -5.1857E-03 9.8472E-03 -31.777
6 0 . 0000 . 0000 . 1429 . 07143  5.9998E-03 -4.0463E-03 7.2367E-03 -33.996
7 0 . 0000 . 0000 . 2143 . 07143  2.3592E-03 -1.6881E-03 2.9010E-03 -35.584

- - - POWER BUDGET - - -
INPUT PONER = 4. 6029E- 03 WATTS

RADI ATED PONER= 4. 6029E- 03 WATTS
STRUCTURE LCSS= 0. 0000E+00 WATTS
NETWORK LOSS = 0. 0000E+00 WATTS
EFFI C ENCY = 100. 00 PERCENT

****xx DATA CARD NO. 3 LD O 0 4 4 1.00000E+01 3. 00000E-09 5.30000E-11 0.00000E+00 0.00000E+00 0. 00000E+00
****xx DATA CARD NO. 4 PQ O 0 0 0 0. 00000E+00 0.00000E+00 0. 00000E+00 0. 00000E+00 0.00000E+00 0. 00000E+00
****xx DATA CARD NO. 5 NE O 1 1 15 1. 00000E-03 0.00000E+00 0.00000E+00 0. 00000E+00 0. 00000E+00 1.78600E-02

- - - STRUCTURE | MPEDANCE LQADI NG - - -
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LOCATI ON RESI STANCE | NDUCTANCE CAPACI TANCE | MPEDANCE ( CHVB) CONDUCTI VI TY TYPE
I TAG FROM THRU OHVB HENRYS FARADS REAL | MAG NARY MHOS/ METER
4 4 . 1000E+02 . 3000E- 08 . 5300E- 10 SERI ES

- - - ANTENNA ENVI RONMENT - - -

FREE SPACE

- - - MTRRX TTMNG - - -

FILL= .067 SEC., FACTCR= . 000 SEC

- - - ANTENNA | NPUT PARAMETERS - - -

TAG SEG VOLTAGE (VOLTS) CURRENT ( AVPS) | MPEDANCE ( CHVB) ADM TTANCE ( MHOS) POAER
NO NO REAL I MAG REAL I MAG REAL I MAG REAL I MAG (VATTS)
0 4 1.00000E+00 0. 00000E+00 8. 95465E- 03- 4. 05149E- 03 9. 26979E+01 4. 19407E+01 8. 95465E- 03- 4. 05149E- 03 4. 47733E- 03

- - - CURRENTS AND LOCATION - - -

DI STANCES | N WAVELENGTHS

SEG TAG COORD. OF SEG CENTER SEG - - - CURRENT (AWPS) - - -

NO. NO. X Y z LENGTH REAL I MAG MAG PHASE
1 0 . 0000 .0000 -.2143 . 07143  2.3241E-03 -1.3790E-03 2.7024E-03 -30.682
2 0 . 0000 .0000 -.1429 . 07143  5.8908E-03 -3.2779E-03 6.7413E-03 -29.093
3 0 . 0000 .0000 -.0714 . 07143  8.1824E-03 -4.1467E-03 9.1731E-03 -26.875
4 0 . 0000 . 0000 . 0000 . 07143  8.9547E-03 -4.0515E-03 9.8285E-03 -24.344
5 0 . 0000 . 0000 .0714 . 07143  8.1824E-03 -4.1467E-03 9.1731E-03 -26.875
6 0 . 0000 . 0000 . 1429 . 07143  5.8908E-03 -3.2779E-03 6.7413E-03 -29.093
7 0 . 0000 . 0000 . 2143 . 07143  2.3241E-03 -1.3790E-03 2.7024E-03 -30.682

- - - CHARGE DENSITIES - - -

DI STANCES | N WAVELENGTHS

SEG  TAG COORD. OF SEG CENTER SEG CHARGE DENSI TY ( COULOVBS/ METER)
NO. NO. X Y z LENGTH REAL I MAG MAG PHASE
1 0 . 0000 .0000 -.2143 . 07143 1.8292E-11 3.1761E-11 3.6652E-11 60.061
2 0 . 0000 .0000 -.1429 . 07143 1.0429E-11 2.2040E-11 2.4383E-11 64.676
3 0 . 0000 .0000 -.0714 .07143  2.1140E-12 1.1638E-11 1.1829E-11 79.705
4 0 . 0000 . 0000 . 0000 .07143  5.1684E-19 2.3814E-19 5.6906E-19 24.738
5 0 . 0000 . 0000 .0714 . 07143 -2.1140E-12 -1.1638E-11 1.1829E-11 -100. 295
6 0 . 0000 . 0000 . 1429 . 07143 -1.0429E-11 -2.2040E-11 2.4383E-11 -115. 324
7 0 . 0000 . 0000 . 2143 .07143 -1.8292E-11 -3.1761E-11 3.6652E-11 -119. 939
- - - POWER BUDGET - - -
INPUT PONER = 4.4773E-03 WATTS
RADI ATED PONER= 3. 9943E- 03 WATTS
STRUCTURE LCSS= 4. 8300E- 04 WATTS
NETWORK LOSS = 0. 0000E+00 WATTS
EFFI G ENCY = 89.21 PERCENT
- - - NEAR ELECTRIC FI ELDS - - -
- LOCATION - - EX - - EY - - EZ -
X Y z MAGNI TUDE ~ PHASE MAGNI TUDE ~ PHASE MAGNI TUDE ~ PHASE
METERS METERS METERS VOLTS/M  DEGREES VOLTS/M  DEGREES VOLTS/M  DEGREES
. 0010 . 0000 . 0000 1. 0228E- 05 24.74 0. 0000E+00 .00 1.3042E+01 -175.10
. 0010 . 0000 . 0179 5. 5442E+01 -66. 31 0. 0000E+00 .00 1.2537E+01 -175.08
. 0010 . 0000 . 0357 1. 0968E+02 -67.15 0. 0000E+00 .00 6. 7271E+00 -175. 46
. 0010 . 0000 . 0536 1. 5608E+02 -88.85 0. 0000E+00 .00 8.4339E-01 -179.75
. 0010 . 0000 . 0714 2.1267E+02 -100. 30 0. 0000E+00 .00 4. 2135E- 04 -6.13
. 0010 . 0000 . 0893 2. 7147E+02 -106. 86 0. 0000E+00 .00 3. 4497E-01 -8.87
. 0010 . 0000 . 1072 3. 2920E+02 -111.08 0. 0000E+00 .00 2. 8000E-01 22.83
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. 0010
. 0010
. 0010
. 0010
. 0010
. 0010
. 0010
. 0010

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

****xx DATA CARD NO. 6

RUN TI ME =

. 650

EN

. 1250
. 1429
. 1607
. 1786
. 1965
. 2143
. 2322
. 2500

. 8592E+02 -113.51 0. 0000E+00 .00 2.2076E-01 74
. 3835E+02 -115.33 0. 0000E+00 .00 3.0905E-04 -94
8563E+02 -116.77 0. 0000E+00 .00 2.1937E-01 -106
. 2800E+02 -117.97 0. 0000E+00 .00 1. 9750E+00 57
9664E+02 -119. 06 0. 0000E+00 .00 3. 3113E+00 58
5880E+02 -119.94 0. 0000E+00 .00 9. 9556E-03 -121
. 1246E+02 -120. 67 0. 0000E+00 .00 1. 0680E+01 -121
.5195E+02 -121.29 0. 0000E+00 .00 3.8032E+02 -121
0 0 0. 00000E+00 0.00000E+00 0. 00000E+00 0. 00000E+00
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41
14
41
57
63
24
66
43

0. 00000E+00 0. 00000E+00
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Exanpl e 2

I nput card deck:

CVEXAMPLE 2. CENTER FED LI NEAR ANTENNA.

™M CURRENT SLOPE DI SCONTI NUI TY SOURCE.
™M 1. TH N PERFECTLY CONDUCTI NG W RE
CE 2. THIN ALUM NUM W RE

Gwv 0 8 0. 0. -.25 0. 0.
CE

FR O 3 0 0 200. 50.

EX 5 0 5 1 1. 0. 50.
XxQ

LD 5 0 0 0 3. 720E+07

FR O 1 0 0 300.

EX 5 0 5 0 1.

XxQ

Qut put printout:
1

khkkkhkhkhkkhhkkhkkkkhk kR khk kR khkkkh kA kkk k&

NUMERI CAL ELECTROVAGNETI CS CODE

kkkkhkhkhkkhhhkhkhkkhkkkkhkkkhkkkhkkkkk k&

- COMVENTS - - - -
EXAMPLE 2. CENTER FED LI NEAR ANTENNA.
CURRENT SLGOPE DI SCONTI NUI TY SCURCE.
1. TH N PERFECTLY CONDUCTI NG W RE
2. THIN ALUM NUM W RE
- - - STRUCTURE SPECI FI CATION - - -
COORDI NATES MUST BE I NPUT | N
METERS OR BE SCALED TO METERS
BEFCORE STRUCTURE | NPUT | S ENDED
W RE NO. COF
NO. X1 Y1 Z1 X2 Y2 z2 RADIUS SEG
1 . 00000 . 00000 -. 25000 . 00000 . 00000 . 25000 . 00001 8
TOTAL SEGVENTS USED= 8 NO. SEG IN A SYMVETRI C CELL= 8 SYMMETRY FLAG= 0
- MULTI PLE WRE JUNCTI ONS -
JUNCTI ON SEGMENTS (- FOR END 1, + FOR END 2)
NONE
- - - - SEGVENTATION DATA - - - -
COORDI NATES | N METERS
I+ AND |- | NDI CATE THE SEGVENTS BEFORE AND AFTER |
SEG COCRDI NATES OF SEG CENTER SEG ORI ENTATI ON ANGLES W RE CONNECTI ON DATA
NO. X Y z LENGTH ALPHA BETA RADI US I - | I+
1 . 00000 . 00000 -.21875 . 06250  90. 00000 . 00000 . 00001 0 1 2
2 . 00000 .00000 -.15625 . 06250  90. 00000 . 00000 . 00001 1 2 3

. 25
FIRST LAST
SEG  SEG
1 8
TAG
NO.
0
0

TAG
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3 . 00000 .00000 -.09375 . 06250  90. 00000 . 00000 . 00001 2
4 . 00000 .00000 -.03125 . 06250  90. 00000 . 00000 . 00001 3
5 . 00000 . 00000 . 03125 . 06250  90. 00000 . 00000 . 00001 4
6 . 00000 . 00000 . 09375 . 06250  90. 00000 . 00000 . 00001 5
7 . 00000 . 00000 . 15625 . 06250  90. 00000 . 00000 . 00001 6
8 . 00000 . 00000 . 21875 . 06250  90. 00000 . 00000 . 00001 7

co~NO U~ W

00000E+02 5. 00000E+01 0. 00000E+00

xxxxx DATACARDNO. 1 FR O 3 0 0 2.

xxxxx DATACARDNO. 2 EX 5 0 5 1 1.00000E+00 0.00000E+00 5. 00000E+01

xxxxx DATACARDNO. 3 XQ O 0 0 0 0.00000E+00 0. 00000E+00 0. 00000E+00
- - - - - - FREQUENCY - - - - - -

FREQUENCY= 2. 0000E+02 MHZ
WAVELENGTH= 1. 4990E+00 METERS

APPROXI MATE | NTEGRATI ON EMPLOYED FOR SEGVENTS MORE THAN

- - - STRUCTURE | MPEDANCE LQADI NG - - -

TH' 'S STRUCTURE | S NOT LQADED

- - - ANTENNA ENVI RONMENT - - -

FREE SPACE

- - - MTRRX TTMNG - - -

FILL= .100 SEC., FACTICR= . 000 SEC

- - - ANTENNA | NPUT PARAMVETERS - -

ooo~NO O A
[cNeoNoloNoNe]

0. 00000E+00 0. 00000E+00 0. 00000E+00
0. 00000E+00 0. 00000E+00 0. 00000E+00
0. 00000E+00 0. 00000E+00 0. 00000E+00

1. 000 WAVELENGTHS APART

TAG SEG VOLTAGE (VOLTS) CURRENT ( AVPS) | MPEDANCE ( CHVB)

NO. NO. REAL I MVAG REAL I MVAG REAL

- - - CURRENTS AND LOCATION - - -

DI STANCES | N WAVELENGTHS

I MAG

SEG TAG  COORD. OF SEG CENTER SEG - - - CURRENT (AWPS) - - -

NO.  NO X Y z LENGTH REAL I MAG MAG
1 0 .0000 .0000 -.1459 .04169 1.5369E-05 2.5220E-04 2.5267E- 04
2 0 .0000 .0000 -.1042 .04169 3.9856E-05 7.0589E-04 7.0702E- 04
3 0 .0000 .0000 -.0625 .04169 5.6673E-05 1.100