Using Gain-Probability
Data to Compare Antenna
Performances

Use readily available software to make antenna and
propagation comparisons before you build your next antenna.

Fred Glenn, K9SO

hen designing a backyard antenna
system, the physical reality of
available space, antenna height

zoning issues, and available support structures
must be taken into consideration. The reality
of a typical backyard means that most of us
have to rule out a three element 80 meter beam
up at 120 feet. We all know that this beam will
outperform most other antennas, and if you
can put that up you don’t need to read any
further. If your backyard reality means that
you can either put up a 30 foot high dipole or
a vertical, however, then a method of predict-
ing comparative performance is needed. This
article introduces a simple method of compar-
ing two or more antennas and evaluating them
in terms of the probability of their relative
performance into particular parts of the world.
The Gain-Probability concept combines
antenna pattern performance with published
propagation probabilities to evaluate relative
antenna performances. The analysis will aid
in the antenna building decisions for your
backyard reality.

As an example of this approach, I will
show a comparison between two simple
80 meter antennas that could possibly be built
in a typical backyard like mine: a ¥2 A dipole
at 30 feet and a simple ¥4 A ground-mounted
vertical with radials. Then I will show how
these comparisons relate to the probability
of success for DX on a path from Chicago,
Illinois to Europe on 80 meters. You can eas-
ily use this approach for other antennas and
other propagation paths.

The good news is that all of the data you
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will need is generated by software programs
that come bundled with the CD included in
The ARRL Antenna Book: EZNEC ARRL and
HFTA." Once you have the data, the simple
spreadsheet program described in this article
will generate the gain-probability bar graphs
for your analysis.

The typical methods for comparing an-
tenna performances involve the generation of
antenna gain patterns as shown in Figure 1.
This shows the standard elevation patterns for
the 30 foot high dipole (broadside) compared
to the vertical.

While informative, these standard plots
do not show the relative importance of 80 m
propagation into Europe or other parts of the
world as a function of elevation angle. At first
glance it even looks like the dipole might be

"Notes appear on page 50.

the antenna of choice except for just a few
of the lower elevations. This is where the
HFTA program comes in. You don’t actually
use HFTA, just some of the files that come
bundled with it. These are the *.PRN files,
and they include data that shows the elevation
angle of incoming signals as a percentage of
the overall number of band openings. Select
the file appropriate to your location and
path(s) of interest. Table 1 shows a detailed
breakdown of antenna gains (in dBi) generat-
ed by EZNEC for the two example antennas,
combined with the elevation angle data for
the Chicago to Europe path from the HFTA
* PRN files. In this case, “w9-il-eu.prn” is
the propagation file name.

The data in the table shows that during
8.3% of the band openings from Chicago to
Europe on 80 m, signals come in at an eleva-
tion angle of 10°. At that elevation angle,
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Figure 1 — Elevation pattern
comparisons generated by
EZNEC between the 30 foot
high dipole at broadside and
the vertical, both tuned for

80 meters. These plots were
generated using real MININEC
grounds. In the case of the
vertical, this approximates

a ground system using 120
radials to essentially eliminate
near-field ground losses from

this comparison. Details of the

80 M 1/2 A Dipole up to 30 Feet

80 M 1/4 A Vertical

models used are included on
the author’s Web site:
www.k9so.net.




Table 1

80 m Comparison Data Chicago-
Europe Path (Vertical is Ant1 and

Dipole is Ant2)

Elevation Ant #1

(Degrees) (dBi)

1

2
3
4
5
6
7
8

-16.47
-11.1
-8.21
—-6.31
-4.94
-3.9
-3.09
—2.44
-1.9
-1.45
-1.08
-0.77
-0.5
-0.28
-0.09
0.07
0.2
0.31
0.41
0.48
0.53
0.57
0.6
0.62
0.62
0.61
0.59
0.56
0.53
0.48
0.42
0.36
0.29
0.21
0.12
0.03
-0.07
-0.18
-0.29
-0.42
-0.54
-0.68
-0.82
-0.97
-1.13
-1.29
-1.46
-1.63
-1.82
—2.01
—2.2
—2.41
—2.62
—2.84
-3.07
-3.31
-3.55
-3.81
-4.07
-4.35

Ant #2 Propagation Data

(dBi) (% of openings)
—24.34 0.1
-18.34 4.1
-14.85 6.1
-12.38 3.7
-10.47 3.9

-8.92 3.7

—7.61 2.1

—6.49 1.4

-55 5.1

-4.62 8.3

-3.83 7.4

-3.12 3.7

—2.46 2.3

-1.86 2.9

-1.3 6.7

-0.79 6.5

—-0.31 5

0.14 3.1
0.57 2.7
0.96 3.7
1.34 5.2
1.69 3.5
2.02 2.8
2.34 2.2
2.64 1.5
2.92 1.1
3.19 0.3
3.45 0.2
3.7 0.2
3.93 0.3
4.15 0.1
4.37 0.1
4.57 0.1
4.77 0
4.96 0
5.13 0
5.31 0
5.47 0
5.63 0
5.78 0
5.92 0
6.06 0
6.19 0
6.32 0
6.44 0
6.56 0
6.67 0
6.78 0
6.89 0
6.99 0
7.08 0
717 0
7.26 0
7.34 0
7.42 0
7.5 0
7.57 0
7.64 0
7.71 0
7.77 0
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the vertical has a 3.17 dB advantage over
the 30 foot high dipole at broadside, and is
clearly the better choice. During 1.5% of the
openings, though, the signals will come in at
an elevation angle of 25°. Here, the broadside
dipole has an advantage of 2.02 dB. Assessing
the relative importance of these numbers is
where the Gain-Probability charts come in.

Generation of the gain-probability data is
done using a simple spreadsheet calculator.
For convenience, I have posted an example
spreadsheet at www.k9so.net.> You will need
to input the propagation elevation data used
by HFTA for your location into this spread-
sheet. The example spreadsheet will require
you to input the data in the same format as
shown. You can either do that manually or
use the IMPORT DATA feature of Microsoft
Excel to import the data into a temporary
spreadsheet and then copy and paste.

The gain-probability output graph for
the example antennas is plotted in Figure 2.
Here, Antl is the vertical and Ant2 is the
80 m dipole at 30 feet. Gain-Probability data is
all about designing antennas to maximize the
probability of success over a given path on a
given frequency. The G-P chart clearly shows
that for a whopping 61.5% of the band open-
ings into Europe, the vertical will be the clear
winner by 1 dB or more (sum of the two right
hand columns). For 38.5% of the openings the
vertical will outperform the broadsided dipole
by more than 3dB, and 26.2% of the time they
will be about equal (within 1 dB). The decision
is now clear: 87.7% of the time the vertical
will be as good as or better than a 30 foot high
dipole aimed directly at Europe. For much of
the time it will be significantly better.

The G-P spreadsheet allows you to eas-
ily run this comparison for different parts
of the world, too. Compare the antennas for
propagation into South Africa using “w9-il-
af.prn,” for example. If you live in Fiji, use
“3D2-AF.prn” instead. There are literally
hundreds of propagation paths included on
that Antenna Book CD.

See how the vertical compares to a dipole
at 40 feet instead, if you could put that up.
G-P will also will let you compare a “sloper”
to a vertical or an inverted V to a full wave
loop. How will changes in your antenna farm
relate to the probability of success on the air?
The antennas simply have to be modeled in
EZNEC and the data inserted into the G-P
spreadsheet.

As a second example, let’s use G-P to
evaluate how a fixed 80 m dipole at 30 feet
aimed at Europe might perform into Africa
(52° off of the direction to Europe from
Chicago) and compare it to a vertical’s
omnidirectional pattern. You would need to
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calculate the EZNEC elevation data at 52° off
broadside for the dipole, and then include the
propagation data for Chicago to South Africa
(“w9-il-af. PRN” file). Import both sets of
data into the G-P spreadsheet. The dramatic
G-P result is shown in Figure 3.

The vertical was looking pretty good for
my backyard 80 m antenna, given the fact
that I couldn’t mount a dipole any higher
than 30 feet, and certainly would not be able
to turn it.

As a third example, consider that as fre-
quency increases, the 30 foot height of the
(retuned) dipole becomes a higher percentage
of a wavelength. We all know that higher is
better and by the time we reach 20 m, the
results clearly favor the 30 foot high dipole.
First, generate the elevation data in EZNEC
for the azimuth angle of interest. Then paste
in the * PRN file for 20 m for the path from
your QTH to the desired DX location. On
20 m, the dipole at broadside is predicted to
be better than the vertical during 79.2% of the
openings into Europe from Chicago. The 20 m
G-P comparison graph is shown as Figure 4.

Use Gain-Probability to assess changes
to your system in terms of the probability of
producing a stronger signal where you want it.
Is it really worth raising that dipole up another
10 feet? Would a delta loop be better?

Learning how to use EZNEC is easy and is
all part of the fun. Using the Gain-Probability

approach will give you great predictive insight
into the performance of your proposed or ex-
isting antenna systems. Detailed instructions
for the EZNEC software program are given in
The ARRL Antenna Book. An example G-P
spreadsheet is posted at www./K9SO.net.

Incidentally, using Gain-Probability data,
I ended up with elevated trap verticals for 80
to 30 meters and 30 foot high dipoles for the
higher frequency bands. That was the reality
for my backyard. Use G-P to see what you
can do to maximize your signals where you
want them.

Fred Glenn, K9SO, has BS and MS degrees in
Electrical Engineering and was first licensed
in 1964 as WA9MVZ. He is an active CW
DXer, an Extra-Class licensee, and a Life
Member of the ARRL.

Notes

'R Dean Straw, N6BV, Ed., The ARRL An-
tenna Book, 21t Edition, 2007. The ARRL
Antenna Book is available from your local
ARRL dealer, or from the ARRL Bookstore,
ARRL order no. 9876. Telephone toll-free in
the US 888-277-5289, or call 860-594-0355,
fax 860-594-0303; www.arrl.org/shop;
pubsales@arrl.org.

2The example Microsoft Excel spreadsheet file
and the EZNEC antenna model files men-
tioned in this article are available for down-
loading from the QEX Web site. Go to www.
arrl.org/gexfiles and look for 9x07_Glenn.
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We need the following:
with RS-232 and or GPIB.

generators, and frequency counters.

-Robotic experience a plus.

WANTED: C++ PROGRAMMER

We need a part time C++ programmer who likes to work at home but lives in the Orange
County/Los Angeles area. We need to automate our test procedures, which involve RF
transmitters and receivers to determine if production products pass or fail. Tests include
determining RF output, current consumption, PLL lock range, frequency accuracy, and
receiver sensitivity by checking each section with a fully or semi-automated test program.

-Someone with experience writing Visual C++ programs allowing the PC to control the test equipment
-You need to be familiar with RF test equipment such as spectrum analyzers, oscilloscopes, signal

-Be familiar with troubleshooting of RF and digital circuits.

-Be able to control relays, switches, etc. through PC 1/0Os with Visual C++.
-Have TCP/IP programming experience with Visual C++.

-Have CGI programming experience in any language.

-We would like to see examples and or samples of your past work.
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