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In the September, 1929, issue of QST (pp. 19-22, 84), Loren G. Windom, W8GZ-W8ZG,
presented some interesting information in “Notes on Ethereal Adornments: Practical Design
Data for the Single-Wire-Fed Hertz Antenna.” The data resulted from his participation in a team
of investigators at the Ohio State University under the direction of William L. Everitt. Although
information was also published in the Proceedings of the IRE in October of the same year, the
QST article has remained the key accessible source for the basic concept of the antenna that
eventually came to bear Windom’s name. However, as Windom told the story, “The writer acts
solely as a reporter and all credit is due” to a long list of individuals named in the same
paragraph. Had another of the group penned the QST article, the antenna would have a
different name.
A Hertz antenna, as investigators used the term in that era, referred to any horizontal
antenna that was not dependent upon the ground conditions for its performance. (In contrast,
an antenna that depended upon the ground conditions and the antenna’s connections to it bore
the label “Marconi.”) As we shall see, that is one misunderstanding of the antenna among
several, since the ground plays a critical role in the operation of a Windom aerial.
The key to the Windom antenna is the use of a single-wire feeder with a calculated
impedance of about 500 Ω. Since the center point impedance of a half-wavelength horizontal
wire is close to 70 Ω, give or take about 15 Ω depending upon antenna height, the single wire
feeder required an offset feedpoint to provide what we would today call a match. Fig. 1
presents the general appearance of the antenna in two forms.

The form on the left shows the antenna as it appears in the article. The arrow replicates the
original sketches, which do not specify a termination or source. The version on the right
completes the antenna with a set of source-connection terminals and a mandatory earth ground
connection. How users connected equipment to the antenna in 1929 differs from practice in the
21st century. Fig. 2 provides sample connections. On the right, we find the typical modern
variable network (in any of several configurations) that we might use to match the single-wire
feeder impedance to a contemporary transceiver.

On the left is a situation—one variation among many—that represents the fairly standard
1929 connection. From the final transmitting tube to the antenna is a path through a resonant
parallel tank circuit with a link coil to match the tank coil impedance to the antenna feeder
impedance. Both versions of the connection show the requisite earth-ground connection.
Windom acknowledged that he and the Ohio State team were not the first to experiment with
the single-wire-fed Hertz antenna, and he cited articles in QST for both 1925 and 1926 that
presented earlier work. The new work focused upon the revised measurement techniques,
using RF ammeters, to determine the proper connection point for the single-wire feeder. By
ingenious and relatively simple methods, the team developed a means to ensure that the feeder
attached at a point along the wire that allowed it to function as a feeder rather than as a part of
the antenna itself.

The left portion of Fig. 3 shows an undesirable but common condition of early
measurements that attempted simply to maximize current on the horizontal wire. The result
tended to have two unwanted consequences. First, the current magnitude showed a disruptive
step at the junction with the feed wire. Second, the feeder displayed standing current
magnitude waves, contrary to its feedline function. The contrasting situation on the right, found

by measuring equal current magnitudes on each side of the feed-wire junction, resulted in a
smooth near-sine-wave current magnitude pattern along the horizontal wire. As well, the
current magnitude on the fed wire was virtually constant along its length.
Windom devoted the second half of his article to practical information for amateurs wishing
to replicate the off-center-fed antenna. Using AWG #14 wire (0.0641” or 1.62 mm diameter)
copper wire, Windom specified that the horizontal wire should be about 0.483 λ (or, λmeters = 2.07
Lmeters). The distance from the wire’s center to the feedpoint connection as a fraction of the total
horizontal wire length (L) is (L * 25)/180. The reason for the somewhat complex formula is that
for much thinner wire, such as AWG #24, the numerator value grows from 25 to 30. We shall
use AWG #14 copper wire throughout these notes, and so the feeder-placement formula
simplifies to L * 0.14 or 14% of wire length from its center point. As we measure such offcenter-fed antennas today from the end, the feeder placement point is 36% of the distance
along the horizontal wire.
The key to these notes lies in the NEC-4 models that we may create for the Windom
antenna as originally presented. For any height above ground, we may model the horizontal
wire as two wires, and place the vertical feed wire at the junction. The source for the antenna
conventionally goes on the last segment of the feeder wire above ground. Because the antenna
requires a definitive ground connection, I attached a 3-m wire from ground level straight
downward to simulate a typical long ground rod or wire. There is no evidence that early
versions of the antenna used any more complex form of ground treatment. For test models, I
used 3.6 MHz as the design frequency, which resulted in a total length of 40.23 m (132.0’). The
feeder length is simply equal to the height of the antenna above ground.
Horizontal antennas, such as center-fed dipoles, show some interesting properties at
heights below 2 λ. For example, their resonant length tends to vary with height in a cyclical
fashion. So too does the resonant center point feed impedance. Since the Windom is by initial
declaration a Hertz antenna, it should reflect similar properties, adjusted for the off-center feedwire junction. In the end, for each antenna height, we wind up with three related but different
models of the antenna, as shown in Fig. 4.

The first version models the antenna according to the basic equation. Hence, the two sides
of the horizontal element have invariant lengths: 14.48 m and 25.75 m. As the current
magnitude curves show, the element curve has an unwanted step, and the feeder wire shows a
standing wave. We may adjust the length of one of the horizontal wires to perfect the current
curve and remove the step at the feed-wire junction, as shown by the middle outline. The
feeder current curve is nearly a straight line, indicating the attenuation of the standing wave.
However, the resulting source impedance is not resonant. Therefore, we may make further
horizontal-wire adjustments to arrive at a resonant impedance. As the sketch on the right
shows, the standing wave reappears on the feeder. As well, a step reappears in the current
curve, and its size depends upon the height of the antenna and the resulting length of the feeder
wire. Ultimately, we shall use the current-perfect version of the antenna at all heights for further
exploration, but initially, we shall work with all three types of models.

Fig. 5 shows the wire table for a typical NEC-4 model using EZNEC, v.5. The model shown
happens to be the resonant version of Windom with a 0.5 λ feeder wire (since a wavelength at
3.6 MHz is 83.2757 m). All dimensions in these notes are metric as a matter of modeling
convenience. My strategy for adjusting the antenna from its initial versions derived from the
1929 equation (called Eq) was to shorten or length the shorter of the two wires until achieving a
virtually perfect current magnitude curve (called Cur). (The currents on each of the three wires
at the junction also show interesting phase-angle differences, but since the 1929 measurements
only recorded current magnitude, we may restrict our present interest to just those values.)
Moving from the initial Eq version to a resonant version (called Res) allowed adjustment of the
same shorter wire at most heights, but at two heights, no resonance resulted. In those cases, I
adjusted the length of the longer wire. The relatively high impedance of the feedpoint junction
required close attention to maintaining the same segment length for all segments in the model.
The target value was 0.5 m throughout.
The survey of possible Windom antennas placed the horizontal wire at heights above
average ground (conductivity 0.005 S/m, permittivity 13) at 0.125 λ intervals from 0.125 λ to 1.0
λ. For each height, we find 3 models—one of each type—along with their dimensions, feedpoint
impedance values, junction current magnitude values, and the performance data. The results
appear in Table 1. Due to the quantity of the data, the table appears in two tiers. The
performance data includes, besides the usual maximum gain in dBi and the take-off (TO) angle
(the elevation angle of maximum gain), a third figure showing the azimuth heading of maximum
gain, where a value of 90° is broadside to the horizontal wire itself. The goal of the data
collection is to allow relatively easy comparison of the conditions that emerge from developing
at each height the equation-based model, the perfected-current model, and the model having a
resonant feedpoint impedance.

Perhaps the first comparison to make is within each group of models for each height. The
correct increment between Ish and Ilng is between 0.00 and 0.08, with an optimum value of about

0.04. (The source current in all cases is 1.000 and all modeled current values are relative to
this value.) At every height except the lowest, there is a significant difference between the Eq
values and the Cur values for total element length, junction position, and maximum gain. The
table also records the minimum and maximum current values on the feeder wire. The difference
between these values is least almost (but not quite) universally with the Cur version of the
antenna. Equally, the antenna almost always shows maximum gain with the Cur version.
Readjusting the antenna for a resonant feedpoint impedance does not improve performance
by changing the antenna dimensions to achieve this goal. In virtually all cases, the gain
decreases and a current step emerges at the junction with the feed wire. As well, the variation
in relative current magnitude increases on the feed wire, indicating a larger standing wave. The
conditions that Windom and the Ohio State University group set for optimal operation of the
single-wire-fed Hertz antenna—a smooth current progression on the horizontal wire and
minimum current magnitude variation on the feed wire—turn out to be the conditions for best
modeled antenna performance using the 3 meter ground wire.
As we change our perspective to move from one height to the next within any one of the
model versions, we find that the antenna dimensions and the feed-wire junction position change
from one height to the next. We may examine some of these changes in comparison with
corresponding changes for a resonant center-fed dipole for the same band. For the Windom,
we shall use the Cur version and look at the total length and the feed-wire junction position in
comparison with the resonant length of the dipole at each surveyed height. As well, we may
compare the maximum gain of each antenna at each height. Table 2 provides the numerical
data. Our goal is not to evaluate relative performance between the antennas but to explore the
progression of values.

The table indicates peak values in boldface italics and minimum values in italics. The
coincidence of peak and minimum dimensional values is striking. In both cases, gain
maximums and minimums do not occur at the same heights as maximum and minimum antenna
lengths. As well, both types of antennas appear to show similar curves such that the difference
between maximum and minimum values decreases as we increase the antenna height. Fig. 6
graphs the element lengths and the Windom feed wire junction position, while Fig. 7 graphs the
maximum gain progression for each antenna. Except at the lowest height (1/8 λ or 10.41 m or
34.2’), the parallels are sufficiently exact to suggest that the Windom responds to the ground
just as does a standard dipole. For these comparisons, both antennas are above average
ground quality.

The parallel results between an original Windom and a dipole do not indicate that the two
antennas provide the same patterns at each height. Fig. 8 supplies elevation and azimuth
patterns for the resonant dipole at different heights in 0.25 λ increments. In all cases, the
elevation pattern uses a heading that is exactly broadside to the dipole wire. The evolution of
the patterns from a broad oval at the lowest height to nearly a figure-8 at the highest level is
readily apparent.

Corresponding elevation and azimuth patterns for the current-perfected Windoms appear in
Fig. 9. At each height, the heading for maximum gain is different and rarely is exactly broadside
to the horizontal wire. As well, the azimuth patterns show an offset that varies with height. At
0.25 λ, the radiation off the short end of the Windom is stronger than off the long end. This
pattern reverses by a height of 0.5 λ. However, the difference decreases at 1 λ suggesting that
the relative strength of radiation off the ends might undergo a cycle of its own.
The current magnitude curves that we have examined and to which the Everitt group
restricted itself give no clue as to the shifting azimuth patterns or to variations that we find in the

upper elevation lobes above 0.5 λ. Examining current magnitude alone yields curves identical
in shape to those produced by dipoles. However, the phase angle of the current undergoes a
sudden shift at the junction with the feed wire. The phase angle changes by about 20°, with the
long end showing a more positive phase angle. In addition, the current along the feed wire at
the junction is about 1/3 the value of the current on the horizontal wire. Although the horizontal
wire may dominate in the formation of the Windom radiation patterns, the unconfined fields from
the feeder wire are sufficient to modify those patterns from the symmetrical arrangements that
mark the standard center-fed dipole.
The data that the models produce was not accessible to the investigators who developed
the original Windom arrangement. Moreover, it is likely that most of the experiments employed
horizontal wires for either 80 or 40 meters at fairly low heights. However, they did note the
ability to scale the antenna for any HF frequency. Hence, our exploration of greater heights as
fractions of a wavelength is certainly in order. So too are certain supplementary analyses of
Windom behavior. For example, if we omit a ground connection and try to feed the antenna on
the lowest segment above a feeder that does not reach ground, we obtain a wholly unusable
impedance. The resistive component—depending upon antenna height and the resulting feeder
length—can reach values that double the values listed in Table 1, while the reactive component
can in some cases exceed 20,000 Ω.
Although there is no evidence that the Windom experiments used a buried ground radial
system similar to one that we might apply to a vertical monopole, we may easily model such a
system. As an exercise, I replaced the simple 3 m ground wires with a system of ¼ λ radials
buried 0.5 m below ground for the 3.6 MHz Windom. I created such systems for currentperfected version of the antenna for antenna heights of ¼, ½, ¾, and 1 λ. Fig. 10 shows the
general outline of the models with a 0.5 λ feeder. The goal was to determine if improving local
ground conditions would improve antenna performance in any way, especially in view of the fact
that the single-wire feeder contributes to the overall radiation pattern of the antenna, even if not
in a dominant way. As the figure shows, the models used 32 radials, an intermediate size field
between simple amateur 4-wire fields and commercial 120-radial fields.

The results of the experimental models appear in Table 3.

The addition of a significant buried radial field shows performance improvements and other
notable trends for the current-perfected Windom model. The average gain improvement with
the radials is about 0.6 dB, an amount that is more numerically noticeable than operationally
detectable. The key angular values that apply to the patterns show no significant change and
the patterns themselves are virtually identical to the ones shown in Fig. 9. The improved local
ground reduces the resistive component of the feedpoint impedance by about 70 Ω or about
11%. As well, the capacitive reactance shows a considerable reduction, bringing the feedpoint
closer to resonance with an SWR referenced to the resistive component well below 1.5:1.
A local ground modification—here in the form of 32 buried radials—improves the antenna
performance by increasing its efficiency, that is, by reducing the resistive losses at the source
connection. We may also check the effect of different ground qualities on performance as they
apply both to the immediate installation and to the far field. To this end, I placed the currentperfected model of the Windom, with a height and feeder length of 0.5 λ, over very good,
average, and very poor soil. Since this exercise has a counterpart exercise with resonant
dipoles, I examined the same ground quality range with a dipole 0.5 λ above ground. In both
cases, I used antennas that we have previously examined over average soil alone.
Table 4 shows the results of the exercise. Within the group of Windom models, the current
data is significant. If we use the version over average ground as a standard, then the current
increment between the short and long ends of the wire at the junction with the feed wire
deviates from the standard as we change the ground quality. The increment over average
ground is about 0.05, but over very poor ground, there is no difference in value. Over very good
ground the increment increases to about 0.10. Although the deviations are relatively small, they
do indicate that the overall ground quality can affect the horizontal wire current curve.
When we compare the Windom to the dipole, we discover that ground quality has a much
more profound affect on the performance of the single-wire-fed Hertz antenna. The gain of the
Windom undergoes twice the variation of the dipole gain. The dipole feedpoint resistance
changes by about 2%, while the feedpoint resistance of the Windom changes by about 23%.

Even greater is the radical change in the Windom’s feedpoint reactance, especially when
compared to the 8 Ω change in the dipole’s reactance over the same range of ground qualities.

Nevertheless, we should not interpret these results as suggesting that the current-perfected
Windom model is has a very narrow operating bandwidth. A wire dipole has a 2:1 SWR
bandwidth relative to its resonant impedance of about 200 kHz. Fig. 11 tracks the SWR values
relative to the resistive component of the feedpoint impedance at heights of ¼. ½. ¾, and 1 λ.
Because the reactive component varies in each case, the resonant frequencies do not neatly
align with each other. Still, the average 2:1 SWR bandwidth is about 350 kHz. In addition, the
output tuning networks used in 1929 were virtually all variable and capable of handling wider
ranges of impedance than today’s fixed component networks. Hence, coverage of the entire
80-75-meter band was feasible. The test frequency of 3.6 MHz limits the model’s ability to show
the full SWR curve.

Interestingly, the original Windom article refers to use of the antenna on multiple
harmonically related amateur bands, most notably for that era, 80, 40, 20, and 10 meters. The
author specifically mentions successfully operating his version of the antenna at 28 MHz. We
might therefore briefly examine this capability by several means. One usual method is to create

a broad SWR sweep across the HF region from 3.5 to 30 MHz. Fig. 12 performs that task for
versions of the Windom at heights of ¼ and ½ λ.

If we impose our present-day 2:1 SWR standard, then the antenna appears not to meet the
need. If we expand the SWR limits to 3:1, the antenna shows at either height only a few lowerfrequency regions outside the limit. (We should also remember that maximizing antenna current
and not a low SWR was the general mark of a successfully loaded antenna in the late 1920s.
Our SWR fetish emerged with the 1960s and the development of SSB transceivers with fixed
output components, even with tube-type output amplifiers.) If the ability to obtain relatively high
antenna currents was the author’s mark of successful high-band antenna operation, then a
Windom cut for a lower band would operate on a high harmonic band.

Fig. 13 shows the relative current magnitudes on the horizontal and feeder wires of the 3.6
MHz Windom on each of the available bands, using harmonics of the test frequency. On the
fundamental frequency, the curves show the desired conditions of a smooth current curve on
the horizontal wire and a feeder wire with virtually a constant current magnitude. However, as
we raise the operating frequency, the required conditions disappear. The junction point
between short and long ends of the horizontal wire shows a distinct step. (The 10-meter step is
less visible because it occurs at a low region of the overall curve.) Perhaps more significant is
the development of large standing waves on the feeder wire, indicating the potential for
considerable radiation.
The current magnitude curves, even without reference to the current phase angles along the
wires, do not bode well for harmonic operation of the original Windom in terms of the radiation
patterns. Indeed, the patterns become so complex that standard elevation and azimuth pattern
do not suffice above the second harmonic. The 80- and 40-meter patterns are reasonable
normal, as the 3.6 MHz bi-directional pattern becomes a cloverleaf at 7.2 MHz. However, as
the remaining patterns in Fig. 14 reveal, the upper bands show predominantly high-angle
radiation. As with most antennas, the user might obtain some contacts, but other antenna types
would serve much better in providing the low-angle radiation necessary for consistent long
distance communications.

The original Windom, by modern evaluation, becomes essentially a monoband antenna. In
that regard, it differs from other off-center-fed antennas that are more commonly used today.
Fig. 15 over-simplifies the field by reducing the major types to only three. The first is the
original Windom with its single-wire feeder. The second uses a parallel transmission line in
place of the single-wire feeder. The third uses various means of isolating the horizontal element
from the feedline so that only balanced currents occur on the line. With each outline sketch is
an inset showing the relevant current magnitude curves along the relevant wires for the second
harmonic of the 3.6 MHz design frequency. All 3 samples use a 37% feedline placement.

All three versions of the antenna show essentially the same horizontal wire current
magnitude curves. The Windom reveals its high standing waves on the feeder. The fact that
the parallel transmission line also shows current magnitude curves that differ for each of the two
wires indicates that the feedlines have radiation currents as well as transmission line currents.
Only in the last case, on the assumption that the designer has achieved effective feedline
isolation from the offset connection point, do we find no radiation currents on the feedline.
The different forms of feeding the off-center-fed antennas have consequences for the
second harmonic radiation pattern. Fig. 16 shows the azimuth patterns for the antenna at a
modeled height of ½ λ at the fundamental frequency. The elevation angle for all of the patterns
is 7°.

The pattern on the right, which assumes a perfectly isolated feedline, presents the “purest”
appearance, with deep nulls in the offset cloverleaf that is stronger toward the long end of the
antenna. (In fact, this model has limited utility outside the present context, since upper-band
patterns will vary according to the exact position of the feedpoint.) When we do not isolate the
feedline but use parallel transmission line (usually to an antenna tuner), we encounter two
difficulties. First, the radiation from the feedline reduces the pattern’s sharpness, not only
reducing the depth of the pattern nulls, but also reducing the strength of the major lobes. The
middle pattern has a maximum gain that is about 1 dB lower than the pattern on the right. The
single-wire feeder system on the left appears to present a more symmetrical pattern, but at the
cost of another dB of maximum gain.
The net result is a set of differences that simply establish that the original Windom is not the
same as the types of off-center-fed (OCF) antennas used today. We may bypass modern
OCFs, since the interests of these notes have been in the analysis of the 1929 Windom with its
single wire feeder. The ethereal adornment that bears Windom’s name is a fascinating antenna
to study, even if we have not the slightest interest in building one today. In fact, I know of no
one who has a true Windom. Essentially, everything that today bears the label “Windom” isn’t.

