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ntenna modeling has become a
popular engineering and amateur
activity. You can see the results
in almost any issue of QST .

Among the modeling products you might
encounter are azimuth patterns, such as
Figure 1, or elevation patterns, such as
Figure 2, or even an SWR graph, such
shown in Figure 3. Almost every ham knows
that antenna-modeling software is available
at reasonable prices. So only two important
questions remain:

1. Can I model antennas, too? Can I
master the software and produce the same
kinds of results that I see in QST?

2. Is antenna modeling worth the effort?
Does antenna modeling really offer me any
information that  I  cannot easily get
elsewhere?

The answer to both questions is a
definite “yes.” With a little coaching and a
little practice, virtually any ham can
effectively model many kinds of antennas.
The result will be a better understanding of
one’s own antennas and of antennas in
general. The purpose of this 4-part series is
to provide the “little coaching” part of the
effort. The practice is up to you.

In this first  episode, we’ll  try to
understand what antenna modeling is and
become oriented to the many parts of a good
antenna model. In future episodes, we’ll take
a closer (but still incomplete) look at crucial
details that will make the task smoother and
the output more understandable.

In all of our work, we’ll focus our
attention on the antenna-modeling core
known as NEC-2. This public domain
software is the heart of numerous commer-
cial implementations that provide ways for
the user to input data and also that supply
tabular and graphical outputs. There is
another modeling core called MININEC.
Rockway and Logan developed it when PCs
could not handle the Fortran of NEC. There
are two versions available, a public domain
version and a totally revised proprietary
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Figure 2—An (EZNEC) elevation pattern
for a dipole at 70 feet above average
ground at 7.15 MHz with an azimuth angle
of 0 degrees.

Figure 1—A (NEC-
Win Plus) azimuth
pattern for a dipole
at 70 feet above
average ground at
7.15 MHz with an
elevation angle of
27°.

Figure 3—A (NEC-Win Plus) SWR graph
for a 40-meter dipole at 70 feet above
average ground.

version.1 The nature and limitations of
MININEC have been covered in past ARRL
publications, and so they need not be
repeated here.2

Our focal software, NEC-2 is neither the
newest nor the oldest modeling software.3 It
is the latest public domain core available and
appears in several commercial implement-
ations, as well as in “raw” form that one can
download from more than one ftp site. For
the beginner, one of the commercial versions
is recommended, since the raw form requires
that the user develop appropriate input and
output systems.4 I happen to have two
different commercial versions of NEC-2—
EZNEC 3.0 and NEC-Win Plus. Therefore,
without prejudice toward or against any
version, I  shall  be i l lustrating these
guidelines by alternating among the
programs I have. Figure captions will
identify the program used for each graphic.

What is Antenna Modeling?
One common misconception of antenna

modeling is that it is similar to making model
boats and cars. The result sort of looks like—

A

1Notes appear on page 38.
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and may even behave a little like—the real
thing. Still, the model is a pretty but pale
shadow of reality. Nothing could be further
from the truth. So let’s start all over again.

If you have ever referred to a formula to
cut a dipole,  you have done some
rudimentary antenna modeling.

L
fft
MHz

= 468
Eq 1

If we choose 7.15 MHz for our design
frequency, then we need an antenna wire
that is 65.45 feet long. Of course, the basic
dipole formula always carries with it the
advice to leave some extra wire and trim
the length for the best SWR.

The formula does not include the
diameter of the wire or the material out of
which it is made. Nor does the formula
account for the height of the antenna above
ground or the properties of the soil that
makes up the ground. Suppose we had a
formula that would account for all of these
factors?

We do. The oversimplified cutting
formula for dipoles is just one small extract
from a large body of mathematical analysis
of antennas. If we place all of the most
accurate equations into a single calculating
piece of software, we would achieve much
higher accuracy with our wire cutting. Not
only could we analyze or predict the correct
wire length for a resonant dipole, we could
also calculate the field strength at any
elevation above ground and in any direction
from the antenna. This is exactly what NEC
does. For many antenna types, NEC-2 is as
accurate as engineering mathematics can
make antenna analysis.

The basic antenna analysis used by
NEC-2 relies on the “method of moments,”
a mathematical technique that subdivides
an antenna element into segments,
calculates the correct properties, and then
combines the results to provide a set of
results for the entire element (or an array
of elements).5  The results can be adjusted
using standard engineering equations for
material resistance, element loading, and
ground effects. For the beginning modeler,
two points are important to remember: (1)
The method, when used within the limits
of the software, is very accurate and (2) we
have to think in terms of segments of our

Figure 6—The EZNEC wire spreadsheet with 40-meter dipole
components.

Figure 5—The
Cartesian
coordinate
system with an
“earth surface”
shown.

Figure 4—Several types of antenna
elements with their segmented wire
components.

following two guidelines are useful to
stay on the safe side of NEC limits for
segmentation:

1. A wire should have at  least  9
segments per half wavelength. If a wire is
only a quarter wavelength long, then
perhaps 5 segments is a good minimum
number. We’ll shortly see why we’re using
so many odd numbers.

2. The segment length should be at least
4 times larger than the wire diameter. There
is a complex equation for figuring the
absolute minimum segment length that is
reliable, but in the beginning, the 4:1 ratio
of segment length to wire diameter is a safe
guideline.

Let’s add one more guideline:
3. To the degree possible, make all

segment lengths equal within a model. If
we have a dipole consisting of one wire and
specify 11 segments, then the program will
automatically make them all the same
length. However, for elements consisting of
more than one wire, we’ll have to look at
the number of segments we assign in order
to equalize their lengths. Dividing the wire
length by the number of segments gives the
segment length. If we know the segment
length we want, then dividing the wire
length by the segment length gives the
number of segments.

The next step is to set up a model
element. Let’s remain with our simple
1-dipole wire. In order to model the
element, we must know the orientation of
the dipole. For this first model, we shall
make it horizontal. In fact, let’s play with a
40-meter dipole cut for 7.15 MHz. To
determine the wire’s length, we’ll initially
use our traditional formula and arrive at a
length of 65.46 feet for our antenna.

In order to place the antenna into the
model, we must master the world of 3
dimensions, also called Cartesian coor-
dinates. This system is just a way of
specifying directions, as shown in Figure
5. Relative to the earth, we can think of the
X-axis and the Y-axis as two lines at 90°
angles, both of which are parallel to the
Earth’s surface. Then, the Z-axis becomes
another word for height above ground.
Since we are going to start with a dipole
above the Earth, the Z-value can never be
below zero, although—as we shall see—it

antenna elements. Instead of dwelling on
the math behind the core, let’s learn how to
think in modeling terms.

The Language of Modeling
Clearly, we’ll have to add some new

terms to our antenna language in order to
get a good grip on antenna modeling. We
have already encountered one of them: the
segment. In fact, we may find it useful to
think of three different terms to sort out
pieces of an antenna and pieces of an
antenna model.

Figure 4 shows several different types of
antenna elements, a dipole, a quad loop, and
a bent element such as might be used in a
half square or a Moxon rectangle. NEC can
only work with individual straight wires,
although we can form complex geometric
shapes by joining straight wires at their ends.
In fact, if we needed to form a circle, we
would have to approximate it with a col-
lection of straight wires, perhaps an octagon.
Whatever the shape, each wire composing
each antenna element has the dimensions of
that part of the real antenna element. Of
course, the single wire dipole element brings
together the “wire” and the “element,” but
we should always keep the ideas of an
element and a modeling wire separate.

Next, each wire in an element should be
segmented. For beginning modelers, the
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might be very close to zero.
As we begin to model, we need to begin

to think systematically about antenna
geometry. One of the most convenient (but
not the only workable) systems for setting
up a horizontal antenna is to place the ends
equal distances along the Y axis. For most
horizontal designs based on 1/2-wavelength
dipoles, this orientation will result in a
pattern of radiation that is strongest along
the X-axis, and the pattern value of zero
degrees lies along this axis. So let’s center
the antenna on the X-axis and make the
End-1 Y value –33.73 feet with the End-2 Y
value +33.73 feet. Since we have only one
wire, the X-value at both ends can be zero.

However, we must not neglect Z, the
antenna height. Since a fairly common
backyard value for the height of a 40-meter
dipole is about 70 feet, let’s use this value
for Z—at both ends of the wire. Figure 6
shows the EZNEC  wire window with
exactly these values plugged in. Note that
we have defined the wire by its end
coordinates. If we had other wires as part
of the same element, we would have added
them by using either the End-1 or End-2
coordinates as the coordinates of one end
of the extra wire. We shall explore more
complex geometries in a future episode. For
now, let’s focus on mastering the language
of the coordinate system of wire entry.

We can check our work for errors by
looking at a diagram of the antenna that we
have just entered. Most NEC programs have
a “view antenna” option. Figure 7 shows the
EZNEC view, with the antenna positioned
above ground on the Z-axis and extending
along the Y-axis on either side of the “origin,”
that is, the 0, 0, 0 point of the coordinate
system.

Although the elements in all of our
figures show feed points as small dots, we
haven’t yet added them to our model. In
modeling language, a feed point is the
source. We will have to specify both the
position and the electrical conditions of the
source. In NEC, the source is always the
position within a segment, and for simplicity,
we take its position to be centered.6  If we
wish to have a feed point or source positioned
exactly at the center of an element wire, then
we must have an odd number of segments

no reason not to select the better of the two. It
goes under different names in different
implementations of NEC. You can find it as
the “high accuracy” ground, the Sommerfeld-
Norton ground, or simply as SOMNEC, the
name of the calculating module within NEC.
Whatever the program-matic name, it is the
most accurate available system for calculating
the behavior of an antenna above ground.
While other systems tend to become inaccurate
for antennas below 0.1 to 0.2 wavelengths
above ground, the Sommerfeld-Norton system
is accurate down to a tiny fraction of a
wavelength above ground.

Once we have selected the ground type,
we need some values for ground conductivity
(in Siemens per meter) and for the relative
dielectric constant (also called permittivity).
We usually derive these values from maps
of our local area (available in The ARRL
Antenna Book). However, the ground quality
values do not make a big difference in
horizontal dipole performance, so we can
initially use the program default numbers.
Most programs default to what is called
“average” ground, which has a conductivity
of 0.005 S/m and a dielectric constant of 13.

We have neglected the test frequency.
EZNEC is set up for single frequency runs,
so we would just click on the frequency
button and enter 7.15 MHz in the box that
appears. NEC-Win Plus is always setup for
frequency sweeps, that is, multiple runs
defined by start and stop frequencies, plus
a frequency interval between runs. For a

Figure 8—The NEC-Win Plus source-placement window.

Figure 7—The EZNEC
antenna-view of the
40-meter  dipole model.

Figure 9—The NEC-Win Plus wire-diameter
window and wire-material window.

on the wire. NEC was designed for voltage
sources, so we shall specify a value of 1.0
for the magnitude and 0.0° for the phase for
most common antennas having only a single
feed point. For these kinds of antennas,
changing the values we insert for the source
will make no difference to the antenna
pattern, gain or source impedance. We might
as well keep it simple.

Different commercial implementations of
NEC handle source setting in slightly
different ways. The NEC-Win Plus system
appears in Figure 8. We “drag and drop” the
source symbol onto a picture of the wire that
shows all of the segments. For an 11-segment
dipole, we drop the symbol on segment 6.
We then select the source type and values in
a box that automatically appears. (The
EZNEC system specifies the source position
as a percentage of the wire length. For a
center feed antenna, we specify 50%.)

The Other Parts of the Model
The work we have just done corresponds

to cutting a piece of wire and stringing it up
between supports. With a wire in place and
having the correct dimensions, we can turn
to the other parts of the program that we must
set  up before running the model.  For
example, the wire has a diameter that we can
express in either the same dimensional units
as the wire length (feet, in this case) or as an
AWG wire gauge. Figure 9 shows the NEC-
Win Plus wire diameter window that allows
us simply to select a common wire gauge or
provide a custom entry.

Not only does the wire have a diameter,
i t  is  also composed of a conductive
material. We need to specify this material
so that the program can account for any
resistive losses in it. In Figure 9, we also
see the separate NEC-Win Plus selection
box for common materials. There is a place
for entering the conductivity of materials
not listed, a topic we shall look at down
the line. For now, checking “copper” will
get us started. Incidentally, the corres-
ponding materials window in EZNEC will
allow custom entries in terms of resistivity,
which is simply the inverse of conductivity.

Next, let’s look at the ground over which
our antenna hangs. NEC has two “real” ground
systems, but for our modern fast PCs, there is
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Figure 11—The NEC-Win Plus elevation
pattern specification box.

Figure 12—An (EZNEC) elevation pattern
for a dipole at 40 feet above average
ground at 7.15 MHz with an azimuth angle
of 0 degrees.

Figure 13—A (NEC-Win Plus) azimuth pattern for a dipole at 40
feet above average ground at 7.15 MHz with an elevation angle
of 49°.

Figure 10—The EZNEC elevation pattern data on the main
screen.

material and the ground beneath the antenna.
Essentially, we would go through all of these
thinking processes when erecting a real
antenna.

We should notice two things about the
model that may differ somewhat from
reality. First, there is nothing in the model’s
backyard except the antenna. All of the
power lines, trees, and other objects that can
affect antenna performance are missing.
Much of this “ground clutter” can be
modeled, but it takes special techniques that
go beyond the scope of the basics of
modeling. Second, the ground is continuous
to the horizon and homogenous to any depth
beneath the antenna. In advanced modeling,
we can add a second set of ground properties
at a distance from the antenna, but we cannot
capture the stratified nature of the subsurface
ground that occurs in many places. For most
purposes, neither of these limitations of the
modeling program will invalidate the results
of the modeling calculations.

What Output Pattern Do We Want?
If we have completely constructed our

model and its environment, we have only one
more step to go before we can hit the RUN
button. We need to tell the program what kind
of output pattern we want to see. The
program will always calculate the source
impedance, but most of us want to see a vivid
graphic that tells us something about the gain
and pattern shape of our antenna.

The entry is called the specification of
a far field radiation pattern for our dipole.
However, we may be initially at sea about
what pattern to call and what specifications
to enter for it. We know that the dipole
radiates broadside to the wire and that this
direction is an azimuth angle of zero (and
180) degrees. Let’s begin, then, with an
elevation pattern along the zero-180-degree
line, usually specified as an azimuth angle
of zero degrees. Most programs have a set
of default values that you can use as

starters. Figure 10 shows the EZNEC
elevation data on the main screen, while
Figure 11 shows the NEC-Win Plus
elevation data selection box.

Now we are finally ready to run the
model. We hit the right button and let the
program do its calculations—very rapidly
for this small model. After the run, EZNEC
will bring up the pattern generated by the
complex calculations, while in NEC-Win
Plus, the design philosophy is to let the user
call up any of the tables, graphs, or patterns
desired. Figure 12 shows the EZNEC
elevation pattern for our dipole.

Notice that the pattern provides us with
several important pieces of information.
First, we can see that low height (just above
1/4 wavelength) sends much of the radiation
at very high angles, too high for most skip
paths. Looking at the available data gives
us a gain of 5.87 dBi maximum at an angle
of 49 degrees above the horizon. NEC
calculates all gain figures as dBi values, that
is as gain in decibels greater than a
theoretical isotropic radiator that would
send radiation equally in all possible
directions. Since NEC does not have any
built-in range test data or similar baselines,
everything must be calculated against the
isotropic radiator. If we are interested in
using some other standard, we can always
model the standard antenna and compare
gain figures. We add and subtract gain in
decibels, using the same reference standard.
Notice also that the gain is given to two
decimal places. For most operational
purposes, a value of 5.9 dBi would be
sufficient for any comparisons between
antennas. Even so, the difference among
5.5,  5.8,  and 6.0 dBi would not be
detectable in amateur operation.

Figure 13 provides a NEC-Win Plus
azimuth pattern taken at the elevation angle
of maximum radiation. Note that there is a
1° difference in the elevation angles of
maximum radiation—sometimes called the

single run, we just enter the same frequency
on both the start and stop lines. The interval
or “step” will not matter.

We have now completely specified our
model. We created the wire element and gave
it an environment. Part of the environment
was geometric as we set the coordinates to
position the wire. A second part of the
environment was electrical as we positioned
the source. A further part of the environment
was physical as we specified the wire
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“take-off” angle—reported by the two
programs. This difference is largely due to
the complexity of the calculations involved
as well as where and how a given program
does its rounding from the long string of
digits that computers use in their calcula-
tions. Also note that there is a 0.03-dB
difference in reported gain, which is also
insignificant. Of far greater importance is the
pattern shape—a broad oval. Signals off the
ends of the antenna will be weaker than those
broadside to the antenna, but they may still
be strong enough for contacts. The classic
figure-8 pattern is nowhere to be seen. The
reason is the relative closeness of the antenna
to the ground.

Before we leave the model, let’s look at
the source impedance data available as a
table in most programs. The impedance
listed is not the classic 72 Ω resistive that
we associate with a resonant dipole.
Instead, it is about 91 + j 20 Ω. The original
cutting formula that we used to create our
dipole model turns out to yield an antenna
that is  too long, as indicated by the
inductive reactance at the feed point/source.
As well, the resistive part of the impedance
is considerably above the number used as
the dipole standard. The numbers generated
by NEC may be surprising. Nonetheless,
they are accurate within the limits of the
program, with its homogenous ground and
clutterless field for the radiation.

Even though our main purpose in this
episode was to get oriented to and started
with antenna modeling, that does not mean
that we can’t discover some things about
antennas—even using the simplest antenna
possible. Even the most familiar antennas
have new things to teach us about their
behavior, and antenna modeling is a good
way to learn them.

There remains much to be said about
creating models out of wires and segments.
The more complex the antenna structure,
the more careful we must be. As well, we
should look more closely at the information
that the azimuth and elevation patterns can
present to us, including some pitfalls to
avoid. Next month we’ll look more closely
at the “ins” and “outs” of NEC.7

Notes
1Public domain MININEC is available in the

following programs (with Web URLs listed):
NEC4WIN (Windows) from Orion: http://

www.cam.org/~mboukri.
ELNEC (DOS) from W7EL: http://www

.eznec.com.
Another version still used by numerous

modelers is AO from K6STI. AO is a DOS
program. For information e-mail k6sti@n2
.net.

Expert MININEC is a proprietary program
available at various levels from E.M.
Scientific:  http://www.emsci.com/.

2See the following references to using
MININEC in ARRL publications:

John S. Belrose, “Modeling HF Antennas
with MININEC—Guidelines and Tips from a
Code User’s Notebook,” The ARRL Antenna

Compendium, Vol. 3, pp 156-164.
L. B. Cebik, “A Beginner’s Guide to Using

Computer Antenna Modeling Programs,”
The ARRL Antenna Compendium, Vol. 3,
pp 148-155.

Roy Lewallen, “MININEC: The Other
Edge of the Sword,”  QST (February, 1991),
18-22.

The latter two items are republished in
Vertical Antenna Classics.

3For a succinct history of method of moments
programs for antenna analysis, see R. P.
Haviland, “Programs for Antenna Analysis
by the Method of Moments,”  The ARRL
Antenna Compendium, Vol. 4, pp 69-73.

4There are at least three commercial imple-
mentations of NEC-2 readily available to
amateurs at reasonable prices:

EZNEC 3.0 (Windows) from W7EL:
http://www.eznec.com (reviewed in the
September 2000 QST “Short Takes”).

NEC-Win Plus (Windows) from Nittany
Scientific: http://www.nittany-scientific.
com.

Antenna Solver (Windows) from Grating
Solver Development Co: http://www
.gsolver.com/

5The actual equations used in developing
antenna characteristics are available in the
NEC-2 manuals. Although most users
encounter only the final “Users” volume, the
foundational volumes are available on-line at
http://www.qsl.net/wb6tpu/swindex.html
and at http://members.home.net/NEC2.

6In MININEC, the fundamental point of concern
is not within the segment, but at segment
junctions, called pulses. Hence, to center a
source on a wire element, we would use an
even number of segments and specify the
centered junction as the source location.

7Those interested in pursuing each facet of
basic NEC modeling more thoroughly may
wish to consult Basic Antenna Modeling:  A
Hands-On Tutorial, available from Nittany
Scientific (http://www.nittany-scientific
.com). Although written to accompany NEC-
Win Plus, with about 300 exercise files in
.NEC format, the volume can be used with
other implementations. A disk holding all of
the exercise files in .EZ format for use with
EZNEC is available from AntenneX (http://
www.antennex.com).

You can contact the author at 1434 High
Mesa Dr, Knoxville, TN 37938-4443;
cebik@utk.edu.
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