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A Two-Eiement Vertical Parasitic
Array for 75 Meters

What do a city lot, $50, about half the wire in a dipole, old coax and
6 dB of gain have in common? They all come together 10 make a

DX-buster antenna on 75 meters!

By Timothy P. Hulick, WaQuQ
886 Brandon Ln
Schwenksville, PA 19473-2102
e-mail; dxyiwta@aol.com

any of us like to chase winter-
time DX in the SSB window
from 3790 to 3800 kHz, especially

when the higher bands aren’t open. There’s
alot of activity in this narrow subband. Suc-
cess is just a matter of listening and rying to
stay on top of the pileup. Unlike higher
bands, almost every such consact is the re-
sult of working through a pileup. Almost
everyone uses a form of dipole antenna,
whether it’s an inverted V or some other
shape. Few stations have directional arrays;
fewer have beams at 100 feet or nigher; some
have tried a vertical, but most use a horizon-
tal element about 40 feet above the ground.
Tf this is the norm, it’s no wonder that pile-
ups persist; nearly everyone has identical
signai strengths. Only those few who havea
modest edge get through on their first or
second call. It doesn’t take much gain o
surpass a typical dipole on this band. A few
decibels make the difference, assuming that
you use 1300 W, as it seems everyone does
on this band.

K6STI's Antenna Optimizer software
altows vou to explore the performance of
parasitic vertical arrays. T've had this idea
for a Jong time, but found it impractical to
pursue because of the time and effort re-
quired by trial-and-error and the difficulty
of measuring the results. [t’s hard to be
objective about antenna performance, es-
pecially on the lower bands. Far-field mea-
surements may invade others’ private prop-
erty and require several people with
field-strength meters to be at different
places simuitaneously. It’s far more iavit-
ing to use computer-aided design, then try
the antenna on the air.

The idea s a simpie one: Since Yagi
antennas are half-wave horizonsal parasitic
arrays. shouldn't a vertical quarter-wave
array fashioned after the Yagi have the
same behavior? A common Yagi configu-
ration is a dipole (resonant at t,) with a re-
flector (resonant slightly lower than fy)
behind it and one or more directors {rCs0-
nant slightly higher than fy) in front of it.
with the parasitic clements providing for-
ward gain and a front-to-back ratio. A
simple ground-plane antenna could have a
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refiector and a director or two. Wouldn’t
this work in the same way? The answer isa
resounding “Yes!”, but not without realiz-
ing a few things first.

Ground effects, return-patit losses and
reflectivity, shape the vertical radiation
patterns for all antennas, and ground loss
is the reason most vertical antennas don’t
work as well as they could. To reduce
ground fosses and obtain the lowest radia-

tion angle possible, horizontal antennas are

positioned as high above ground as practi-
cal. Vertical antennas, on the other hand,
can be ground-mounted and give a low
radiation angle if ground reflectivity is
excellent, but ground losses are signifi-
cantly higher. Remember, we are talking
75 meters here. Let’s face it, the competi-
tion is not a Yagi at a hundred feet; it's a
dipole at 40 to 60 feet. Here, a ground-
mounted vertical array moves ahead of the
typical competition.

The bottom line: It’s a lot easier to get
gain on 75 meters with a vertical antenna
than with a horizontal one if the ground
losses and poor reflectivity can be con-
guered.

The Vertical Parasitic Array—
Practical Considerations

When designing this practical two-ele-
ment vertical parasitic array, [ set two con-
straints from the start:

« A i/4-h radiator at 75 meters is about
62 feet long. Many hams don’t have sup-
ports this high, so Ichosea practicai hetght
limit of 30 feet. (Erecting towers 1o be the
antenna elements is not nearly as practical
as hanging wires from trees.)

« This project was not to be 2 phased
array. {Such arrays require accurate con-
trol of the relative phase among elements.
Such antennas are well known and have
been in the literature for years.)

Wire-Yagi construction and perfor-
mance are the goals, but on the ground! The
first constraint requires that I physically
shorten (load) the vertical elements by
some means. § also strongly desired that
this antenna be simpie o construct and in-
expensive. My research revealed a practi-
cal design that consisis of two vertical ele-
ments spproximately 27 feet high, each
with a high-Q loading inductor. One ele-
ment is a grounded gamma-matched radi-
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ator; the other is a grounded reflector.

Some Comparisons

Before going into the construction de-
1ails, iet’s consider some comparisons €0
show that construction is worthwiile. First,
let’s assume that ground losses are Zero.
Antenna Optimizer assumes this anyway.
although it uses real ground and the radial
system to determine radiation angle.

With loss-less ground and 30 100-ft
radials, Figure 1A shows the vertical-
radiation patterns of an optimized two-
element vertical parasitic array and a di-
poie at 40 feet. Only low angles of radiation
are of interest here, say from 0° to 15°. For
a radiation angle of 3°, the gain over the
dipoie is an astounding 10 dB! At 10°, the
advantage is about 8 dB; and at 15° about
7 dB. The gains are equal at a radiation
angle of 33° on the vertical array’s strong
side. As expected, the vertical antenna
shows a deep null at 90°, and there is some
front-to-back ratio. The horizontal pattern
(Figure iB) shows the gain of each antenna
in all directions, at an eievation angle of 3°.
There is a gain depression of 6 dB off the
ends of the dipole, while the verrical array
shows a smooth 7 dB decrease in gain off
the back. The vertical-array gain is greater
than the dipole at any azimuth. Of these
increases, about 1.5 dB of gain and 4 dB of
E/B are produced by the parasitic element.

What happens if the dipole is at 60 feet?
Not much. The gain of the vertical over the
dipole drops 1 dB ata radiation angie of
10°, but it still has a 10-dB advantage at 5°.

The conclusion here must be that, as-
suming no ground losses, the maximum
gain of the two-element vertical parasitic
array beats that of a dipole at 40 to 60 feet
“hands down™ at a radiation angie of 5°.
any azimuth. Keep this fact in mind as |
make another comparisomn.

Ground Loss

Now,. the real test: Enter ground loss!
For now. assume that ['ve modeled the
antenna correctly and that a truthful method
to determine ground loss is forthcoming.
We’ll discuss construction later.

My test antenna consists of a single el-
ement: 26 feet 6'/2 inches of wire with ¢
loading coil placed 14 feet from the bot-
tom. At the bottom, the wire connects 1o ar
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Figure 1—Part A shows elevation plots of the no-ground-loss,
two-element verticat parasitic array and a dipole at 40 feet. Al an
elevation angie of 5°, the array shows about 10 d&B of gain over
the dipcle. B shows azimuthal plots that demonstrate the ideal,
no-loss vertical array nas gain over the dipole in alt directions at

a radiation angle of 5°.

S0-239 coaxial connector. The coax outer

conductor connects to a set of ground radi-

als (assumed to be of sufficient number and
‘ngth to do the job).

At this point, the antenna is a single-
element. center-loaded vertical ground-
plane. I measured the unmatched feedpoint
impedance with an HP-8753C Network
Analvzer. which makes a believable mea-
surement easily. I adjusted the wire length
above the coil for resonance (the measured
repctive term is as close o zero as possible)
at 3795 kHz. The resonant feedpoint im-
pedance was 32 +j0 Q. Ididn’t know how
much of the R term was loss and how much
was radiation resisiance.

Antenna Optimizer says an antenna like
this. using a loading coil with a measured Q
of 400, should have a feedpoint impedance
of 12 + j0 € over perfect ground. This im-
plies 20 Q of ground loss. for a best-pos-
sible efficiency of "/, or 38%—uniess
something is done about the radial system!
[ thought that the radials would be good

Figure 2—Here is the comparison of Figure 1, revisited with
realistic ground losses added to the two-element vertical array.
Gain of the vertical is stilt 6 dB at a radiation angle of 5°
compared to a dipole at 40 feet. This gain is similar to that of a
three-eiement beam over a dipole on 20 meters.

enough: this was not the case. The radials
consisted of about 20 #18 insulated wires
running over ground with lengths that var-
ied between 20 and 60 feet. The system
needed more radials, perhaps of much
larger wire. I remembered that I had about
1000 feet of old RG-11 coax in my junk
box. I figured the braid should make great
radials. I duplicated the existing radials
with the coax and connected them to the

~ 50-239 ground side at the feedpoint. Then,
the measured anteana impedance was

22 + 0 Q. The added radials eliminated 10
Q (50%) of the ground loss. {1 left it at that,
considering the effort that would be needed
to further reduce the loss. My points are
that this kind of antenna can’t have oo
many radials and the effectiveness of a
radial system is often overestimated.} With
this feedpoint impedance, the maximum
efficiency is '¥z2., or 54%. Accepting this,
the gain of this antenna 15 about 3 dB less
than that of its ideal version (no ground
loss}. but [ still consider it worthwhile. At

this point, I realized that 10 Q of ground
loss, each, in the radiator and reflector
(since it is of identical construction) would
have to be acceptable. So be it!

Now for some more comparisons with
the dipole, this time with 10-Q resistors
(representing ground loss) inserted in se-
ries with the radiator and reflector at their
bases. Figure ZA shows a gain over the di-
pole at 40 feet. at a radiation angie of 5°, to
be 6 dB (4 dB at an angle of 10°). Itis equal
to that of a dipole at about 19°. This isn’t
too bad because the long-haul DX comes in
at 5° to 10°. The vertical array still looks
like a three-element beam when compared
to a dipole with 6 dB of gain at a elevation
angle of 5°. Figure 2B shows that, at 5°, it
has gain over the dipole in all directions.

Construction Notes

Figure 3 shows the electrical and physi-
cal dimensions of the antenna. To mini-
mize losses. use nothing but bare #14 cop-
per wire for the antenna elements. Tinned
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hook-up wire won’t do. It’s lossy, even at
this frequency. Use coax or a simiiarly
targe conductor for the radials. As demon-
strated, old coax works fine; but small-
gauge wire doesn’t do much. For typical
sites (average 1o good conductivity and
reflectivity), use at least 30 50-ft radials
(100 ft is better) to achieve the perfor-
mance described here.

At the top of each vertical wire, use a
long {(6-inch or longer) ceramic or giass
insulator. Even at modest power tevels, the
voltage at the element ends reaches tens of
kilovolts. Do not use nylon support rope; it
will catch fire if placed near the top of the
antenna. {Nylon is too lossy at this fre-
quency.) Use a few feet of 50-pound-test
monofilament fishing line to span from a
long insulator to a support rope. Don’t burn
down the forest; “skyhooks” are hard to
find!

Tune the radiator to resonance as de-
scribed earlier for the test antenna (with no
matching section and the reflector col-
lapsed on the ground). Check to see that the
real term is near 22 Q. If it’s less, you
are doing better than I did. If it’s higher,
either add more radials or be satisfied; 12 Q
means no ground foss at ail. Note that poor
ground reftectivity will reduce low-angle
performance below that indicated by mea-
sured ground loss. Next, lower the radiator
and adjust the reflector to resonance {sub-
stitute a temporary coax connector in place
of its ground connection). You should be
able to duplicate the radiator’s impedance.
Once it’s resonant, reconnect the reflector
to ground and add 3 inches of wire above
the coil to properly tune it as a reflector.

The center of the SO-239 at the radiator
connects to the lower 24-inch horizontal
arm of the gamma match (only a few inches
above ground). It is interrupted at about
half its run by a 330-pF, 2500-V, high-Q.
high-current fixed-value capacitor. (I used
one made by American Technical Ceram-
ics, ATC.) Details of the gamma match
appear in Figure 3B.

A good low-loss loading coil of 55.5uH
is necessary near the center of each vertical
clement. “Low loss” means a large-diam-
eter conductor wound on a stiff form o
large diameter. Two coil forms are neces-
sary. Each consists of a pair of nearly iden-
tical Ys-inch-thick Plexiglas plates a:
shown in Figure 4.

The width of each plate is 6'/2 inche:
from slotted edge to slotted edge. The
length is 7 inches. Make the slots to holc
the turns in ptace like this: Drili a line o
$p-inch holes centered “/+ inch from eac
7-inch edge and spaced Y+ inch on center
Cut away the plastic from the 7-inch edg.
to each hole by making a pair of tangentiz
cuts. This forms a series of adjacent dee:
slots. (I used a band saw.) 8lots on the op
posite edges of the same plate can b
aligned to be the same distance from th
ends of the plate so that if the plate coukd b
folded about a centerline from end 1o enc
the slots would overlap. The mating platc




Figure 4—Two ‘/s-inch-thick plates of Plexiglas make an X-
shaped coil form when dovetailed together. The pieces are 6'/
by 7 inches, with slots in the 7-inch sides 10 hold '/e-inch copper
refrigeration tubing at 4 turns per inch. The siots are made by
drilling a line of 54-inch holes centered '« inch in from the 7-inch
edge and spaced /s inch center to center. | used a band saw to
cut away ptastic from the edge, which forms the slots. Offset the
slots by '/s inch between mating pairs.

however, should have its slots offset /s tnch
from those on the tirst plate. In other words.
the plastic separating slots on one plate
should coincide with the slots on the mat-
ing ptate. This provides a pitch as you wind
the turns. The coils should have four turns
per inch with a diameter of 6 inches.

Terminate the ends of the coii with
i/s-inch eye lugs and secure them to the ends
of the form with #6-32 brass bolts a1 each
end. Drill and tap two holes for these bolts
into each end edge of each plastic plate.
perhaps 1 inch each side of the center line.
+istall a #14 humped wire (with solder Jugs
.t the ends) between each pair of bolts.
Position the humps to peak along the
centertine. Aitach the upper and lower
wires of the antenna to the hump centers.

Figure 5 shows acompleted 55.5 WH coil
(Q = 400). As shown. [ did not use the entire
form length. This aliows some flexibility
should vou wane the coils 1o reach the CW
subband {more inductance is necessary}.

An inverted disposable plastic paint
bucker covers each coil (bottom side up
with a smail hoie in the boitom to pass the
upper wire) for weather protection. Similar
buckets {four needed in all) keep weather
away from the S0-239 connector and the
soldered radial connections at the bottom
of the radiator and reflector.

Puarts

The most expensive part of the antenna
(apar: from real estate) is the copper re-
_frigeration tubing, which is about $13 for

i 30-foot roll. Two rolls are necessary
because each coil requires about 31 feet
of tbing. The antenna reguires just
under 70 feet of wire, including the gamma
match (perhaps S7). Plexiglas scrap is in-
expensive and often found as giveaways,

The capacitor recommended is a first-

class device; don't compromise! [ may

sound expensive for a small chunk of

porcelain. but it is weil worth it when
antenna loss is so costly. [ used an Ameri-
can Technical Ceramics part number
ATCIQ0E331JCA2500X. It has an equi-
valent series resistance of 002 £ at
30 MHz and can conduct 10 A of RF cur-
rent at 4 MHz. Parts with “P” rather
than "CA™ in the purt number are okay; the
difference has 1o do with the zmount of
solder on the ends. You can order the part
from ATC by telephone (516-347-5700).

Figure 5—For an inductance of
55.5 uH, 192 turns are needed.
Coil Q measures about 400.
The CW part of the band
requires more turns, and there
is enough form for this (5 or 6
more turns should make it to the
bottom of the band}. When
winding the coil, keep it as
round as possible.

Price may vary, but I suspect that a single-
piece purchase would cost less than $10.

Results and Conclusions

linstalled this antenna among pine trees
in March 1995, catching the near end of the
winter DX season on 75 meters. Its major
lobe is to the northeast. toward Europe, and
delivers spectacular results. For ten weeks.,
until the end of May, called stations consis-
tently answered me after my first cail in
any pileup, regardless of direction. Figure
24 indicates 6 dB of gain, but Figure 2B
also shows gain over a typical dipole inall
directions at a 3% elevation angle. Working
the VKs and JAs became as easy as work-
ing Europe!

The operating bandwidth of the an-
tenna is admittediy guite narrow, The 1.5:1
SWR bandwidth stretches from 3735 to
3800 kHz, but this is a DX antenna, and that
is sufficient. The same tune-up procedure
may be used for any part of the CW band by
adding a few turns to cach loading coil
{keeping them the same) and pruning the
wire iengths above them for resonance, jO.
After reflector resonance is found. add
3 inches of wire to that above the reflector
loading coil.

Remember that guin over the competi-
tion is what matters und that most of the
competition uses a dipole, or some varia-
rton. at relatively low hetght, This antenna
wili not take second place unless you are
competing with a station much closer to the
DX station or one with a Yagi at 100 feet.
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The September issue of QEX includes:

If you like APT weather satellite images,
you'll love HRPT. But how do you decode
and display such images? Guide Emiliani,
14GU: Marciano Righini, MMY; and
Giampaolo Rossini, IW4CSG, present their
approach to "HRPT The Easy Way.”

Dynamic resistance, the V/I characteristic
of an active device. causes confusion to a lot
of amateurs—and engineers. for that matter.
It shouidn’t. As William E. Sabin, W@I'YH.
shows us. “Dynamic Resistance in RF
Design” is an understandable phenomenon.

Loop antennas for radio direction finding
have been around for many vears. Ever won-
der how they work? George Brown, GIVCY.
explains the basics in “The Principles of HF
Radio Direction Finding Loops.”

Finally, in his "RF" column, Zack Lau.
KH&CP/1. presents a design for a 6-meter
iransverter—with a 2-meter IF. Zack's
unique design is composed of several build-
ing blocks from which you can extract design
ideas. as well as being a fully integrated
transverter design.
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by airmail. $48 or by surface mail (4-8 week
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rates,
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