


Figure 3—The EZNEC wires page for the
correct model of the 20-meter and 15-
meter combined dipole antenna.
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Figure 5—The NEC-Win Plus wires page
for the 3-wire version of the inverted V.

we arelooking for the point along thewire
that yields an impedance closest to 300 Q.
As we move out from the center point,
we'll discover that the rate of change of
source impedance per segment becomes
ever greater. However, with enough seg-
ments, we can pinpoint quite closely the
300-Q feedpoint impedance position.

Antennas very often are not quite so
electrically simple asthey seem to be from
their physical appearance. One common
type of antenna combines dipoles for two
different band with a common feedpoint,
for example 20 and 15 meters. The quick
way of picturing this kind of antenna ap-
pears in the top sketch in Figure 2. We
bring 4 wires together and join them at the
center. Now we have the significant ques-
tion: where do we place the source? We
have essentially 2 choices: on the first
segment adjacent to the junction on the 20-
meter wire or on the corresponding posi-
tion on the 15-meter wire. Table 1 gives
us the source impedance val ues that we get
for 14.175 MHz and for 21.225 MHz for
each position for the model.

Which set of valuesiscloseto correct?
We can’t tell. In fact, neither set is accu-
rate. Let’sreform the model to match the
bottom part of Figure 2. We'll bring the
left ends of the 20-meter and the 15-meter
elements to a common point that is shy
of center. Then, we'll create a short,
3-segment wirethat is centered. Theright
sides of each band’'s element moves from
the junction point on the right of the
center wire outward toward the ends.
Figure 3 shows the model on the EZNEC
Wires page.

The reason that the center wire (#3) has
3 segments is that we should always keep
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Figure 4—Two methods of modeling an inverted V (and similar elements) in order to

obtain a correct source impedance value.

Table 1

Source Impedance Values for Crossing Dipoles Using an Over-Simplified
Model and a Model With a Common Center Wire.

Source Placement:

Simple Crossed Wire Model

14.175 MHz Impedance
R +/DjX Q

21.225 MHz Impedance
R +/DjX Q

On 20-meter wire 98.9 +j18.5 151.4 +j268.0

On 15-meter wire 16.8 Bj346.1 35.9Bj102.7
Central Source Wire Model

Centered on common wire 57.8 +j45.9 111.5 Bj780.2

the current levels on either side of a source
segment as equal as possible. The 3-seg-
ment source wire provides a simple solu-
tion to this need. Since the source wire is
2 feet long, each segment is about 8 inches
long. The remainders of the element wires
use lengths approximately equivalent to
this value. With these precautions, we can
now find the source impedances for the
two freguencies on which the antenna op-
erates. As Table 1 shows, the 20-meter
wires are just a bit long, but the 15-meter
wiresarewell short of resonant length. Try
revising the end values for the 20-meter
element to 16.0 and for the 15-meter ele-
ment to 12.45 (both in feet, of course).
Note how changes in the 20-meter wire
lengths create large changes in the 15-
meter source impedance, while changesin
the 15-meter wires have smaller effectson
the 20-meter source impedance.

Another common antenna, the inverted
V, lets us demonstrate that sometimes we
can use more than one sourcing technique
to arrive at the same goal. Figure 4 shows
two ways to model an inverted V—and by
extension, any other antenna where single
elements approach the feedpoint at an angle
other than 180-degrees. The top version of
the V shows the use of adual source on the
segmentsimmediately adjacent to thejunc-
tion. (Note that this example differs from
the preceding one by using only a single
element for one band.) Since the source
impedance changes very slowly in the cen-
ter area of a resonant Y/2-wavelength an-
tenna, the two sourcestogether will closely

approximate the source impedance at the
exact center. For example, NEC-Wn Plus
reads each of the two values as 22.1 — 8.1
Q. The actual sourceimpedance isthe sum
of the two, adding the resistance and reac-
tance separately: 44.2 — 16.2 Q. (EZNEC
has a “split” source option that automati-
cally places the second source on the adja-
cent segment and which al so does the addi-
tion for us: the result for the same model is
a source impedance of 44.3-j16.5 Q.)
Alternatively, we can use the short 3-
segment source wire technigque so that we
can place a single source. The bottom of
Figure 4 shows the principle, which adds
one wire to the model. Figure 5 gives us
the NEC-Win Plus wires page, which also
shows that once more, we have kept the
segment length in the sloping wires about
the same as in the center source wire. The
impedance numbers yielded by this model
are 44.2 +j3.6 Q. The very slight differ-
ence in reactance is aresult of our having
added a tiny amount to the overall length
of the wire by adding the source wire.
These sourcing techniques should let us
handle with ease most of the antenna ge-
ometries that we might encounter.2 So let
our eyes drop to the ground for awhile.

Grounds and Ground Planes

We have noted two of the types of
ground permitted with NEC in past epi-
sodes: free-space (also referred to as“no
ground”) and the Sommerfeld-Norton
high accuracy ground. Free-space, of
course, eliminates the reflecting surface
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Figure 6—The EZNEC Windows boxes for
selecting the ground type and for
supplying the values for the conductivity
and the dielectric constant.
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Figure 7—A partial EZNEC wires page for
a 40-meter vertical monopole with a 32-
element ground plane system.

that we call ground so that antennas have
alimitless sphere for their expanding ra-
diation patterns.

Actually, NEC provides 3 types of
ground, shown in Figure 6, the EZNEC
boxes for both ground type and value.
“Perfect” ground is sometimes useful for
preliminary modeling of vertical anten-
nas that touch the ground—akin to using
free space for highly elevated antennas.
The “real” ground possibilities include
the fast or “reflection-coefficient”
ground—whichisinaccurate below about
0.1 wavelength antenna height—and the
preferred Sommerfeld-Norton ground,
which is accurate down to about 0.001
wavelength of antenna element height.
(EZNEC provides the NEC-user with the
MININEC ground system, but it haslim-
ited use for most modelers.) Modern fast
computers let us zero in on the high ac-
curacy ground for all of our work that
places the antenna over earth.

Since all of our models so far have
been horizontal, we have simply used the
program default “ average” ground val ues.
However, as modeling becomes more se-
rious or if we have a vertical antenna, it
becomes increasingly important to select
ground values that most closely approxi-
mate the conditions for the antenna we
proposeto build. Table 2 provides ashort
list of commonly used values, and alist-
ing in The ARRL Antenna Book supplies
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Figure 8—A view of the EZNEC
model of the vertical monopole
and its ground plane.

Table 2

Commonly Used Soil Quality Designations and their Corresponding Values

of Conductivity and Permittivity

Type Conductivity Permittivity

(Siemens/meter) (dielectric constant)
Very Poor 0.001 5
Poor 0.002 12
Average/Good 0.005 13
Very Good 0.0303 20
Salt Water 5.0 81

many more.3 However, looking up local
values or testing one’s own ground is al-
ways more precise than a table of gen-
eral values. For most hams, measuring
conductivity isusually morefeasible than
measuring the soil dielectric constant.
The two numbers—conductivity in
Siemens per meter and therelative dielec-
tric constant (permittivity—no units)—
together combine in engineering equa-
tions for the calculation of the effects of
ground on antenna radiation, both in
terms of reflections and of losses. How-
ever, NEC ground calculations presume
a uniform soil beneath the antenna. At
lower HF frequencies and below, the
stratified nature of the soil beneath the
antenna and its more distant area where
thefields are reflected may play arolein
advanced modeling. For the beginner,
selecting one of the standard categories
usually suffices for reasonable accuracy.
There is a second type of ground im-
portant to modelers, the radial ground
plane we establish beneath our vertical
antennas. Although we commonly place
the radial wires either directly on the
ground or slightly beneath the surface,
NEC cannot model any wire on or under
the ground. However, for a close approxi-
mation of ground plane action, we can
construct amodel of aradial system very
close to the ground. The normal limit of
close approach is about 0.001 wave-

length, which amounts to under 2 inches
at 40 meters. Some modelers have suc-
cessfully experimented with ground
planes as low as 0.0001 wavelength
abovethe surface, althoughin every case,
we must allow for the radius of the
ground plane wire. The surface of the
wire should not touch the ground.

Fortunately, both EZNEC and NEC-
Win Plus include automated radial mak-
ers. We need only specify the center
point, the number of radials, the number
of segments per wire, and the wire diam-
eter. (Some programsrequire that you set
up thefirst radial and then the others be-
come copies spaced the correct number
of degrees apart.)

Figure 7 shows the first 14 radials
(plus the vertical 40-meter antenna) of a
32-radial system. We could, of course,
calculate the end coordinates of each ra-
dial with a little sine and cosine work
from trigonometry, but the automated ra-
dial maker ismuch faster. In general, one
should limit the number of junctions at a
single point to about 30, since NEC can
become less accurate as the angle be-
tween wires at a junction becomes too
small. However, the rate of error increase
is small and NEC appears to handle 32-
radial systems with ease.

The radials in Figure 7 are dimen-
sioned in meters (with the wire size in
millimeters). The height of theradial sys-
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Figure 9—An outline sketch of a 6-element Yagi used in the frequency sweep exercise.

Table 3

A Summary Table of Modeling Results from a 28 to 29 MHz Frequency

Sweep of a 6-Element Yagi NEC Model

Frequency Gain Front-to-Back
(MHz) (dBi) Ratio(dB)
28.0 9.95 18.4
28.1 9.98 19.9
28.2 10.01 21.4
28.3 10.04 229
28.4 10.08 24.5
28.5 10.11 25.8
28.6 10.14 26.4
28.7 10.16 26.1
28.8 10.19 25.2
28.9 10.21 23.9
29.0 10.22 22.7

Source Impedance 50-Q VSWR
33DPj6 1.54
35bj4 1.44
37Dj2 1.36
39DPjo0 1.30
40+j2 1.25
42 +j3 1.22
43 +j5 1.19
45+j6 1.18
46 +) 6 1.17
48 +j7 1.15
49 +6 1.13

tem is 0.05 m or 50 mm, which is just
under 2 inches. | have used these dimen-
sions as an alert: you will undoubtedly
encounter models in both metric and in
English units, so gaining some facility in
translating between the two systems is
very useful to every modeler.

Figure 8 is a view of the overall an-
tennamodel, showing the ¥/s-wavelength
vertical element along the Z-axistogether
with all 32 Y/s-wavelength radials. Each
wire has 10 segments, with the source
segment being the lowest one on the an-
tenna wire. The model’s 330 total seg-
ments may seem large, but on modern
PCs, the run time is quite fast. If your
program permits the model size, you
might wish to increase the number of seg-
ments per wire by a factor of 1.5 to 2.
The resulting model would place the
source a bit closer to the radial junction
to improve the precision of the output.

We have chosen a complex radial sys-
tem as our example, athough much mod-
eling will be done with simpler systems.
Many upper HF models will use as few as
4 radials elevated far above ground. How-

ever, once you master the radial-maker in
your program, as well as the limiting con-
ditions that we have noted, then no radial
system will be too complex to model.

Frequency Sweeps: Why and How?

One of the initial tendencies of most
modelers is to model for perfection at a
specific design frequency. For example,
if we model aYagi, wetry to arrive at the
maximum possible gain, the highest
front-to-back ratio and resonance—all on
one frequency. We then sometimes mis-
takenly think that our work is done.

However, amateur antennas only
rarely are used at a single frequency. In-
stead, we normally use them across a
band of frequencies, such as all of 20
metersor the first MHz of 10 meters. The
modeler’s work is not complete until the
antenna is checked and analyzed at rea-
sonably close spot frequencies acrossthe
band of use. Fortunately, NEC is designed
for “frequency sweeping.”

How we sweep and what a sweep might
tell us can be illustrated with a single
model, shown in outline form in Figure 9.
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Figure 10—The NEC-Win Plus wires page
showing the set-up of the 6-element Yagi
model along with frequency sweep data.

The 6-element high performance Yagi
looks more complex in the sketch than its
models looks in Figure 10, a NEC-Win
Plus main page. Here, we see all 6 ele-
ments, their diameter (in feet), their alu-
minum material, and the source located on
the second or driven element. If we look
to the top of the page, we see that the
model will be run in free space, with only
a simply azimuth pattern chosen. NEC's
output tableswill produce all datafor each
frequency swept, including the sourceim-
pedance (and the program’s cal cul ation of
the 50-Q SWR), the currents on each ele-
ment segment, and the radiation pattern
values used in the output plot.

How we set up the sweep is shown in
the upper left corner of Figure 10. We se-
lect astart and stop frequency, as well as
an increment. In this case, we'll obtain
all values for the range of 28 to 29 MHz
at 0.1 MHz increments. (Interestingly,
this system has resulted from user pref-
erence. Raw NEC actually specifies a
start frequency, the number of stepsto be
swept, and the increment of increase for
each step. Commercial implementations
make the transition from user-input to
NEC coreinvisible.)

If we run the sweep, then we can ob-
tain atruly overwhelming volume of data.
Most users reduce the volume to a set of
select values. Most commonly gleaned are
the gain, the 180° front-to-back ratio, the
source impedance, and the SWR relative
to auser-preset standard. Occasionally, we
might add the —3 dB beamwidth to the col-
lection, and sometimes the currents along
the element may be important. However,
in the beginning, the data in Table 3 will
satisfy most requirements.

Note that in the table, | have recorded
values in different levels of precision,
some with more operational significance
than others. For example, no one can tell
the difference on the air between 9.95 and
9.98 dBi free-space gain. However, in
making up tables from NEC output data,
it is often useful to use the level of nu-
merical precision that shows most clearly
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