Just Another Loop Antenna

able with an old, familiar antenna

which you think you know all
about, along comes a new twist. No,
this is not just another antenna article.
Question: Would you like to get some
directionality on 75 meters (and 160 ca-
pability, too) from a familiar antenna,
without moving parts or phased arrays?
Then read on!

["ve always liked loop antennas.
When they're one wavelength or more
in length, they can show a bit of gain
over a dipole. They are broadbanded,
are tolerant of their surroundings, and
seem quieter for reception.

About 10 years ago, when I lived in
New Jersey. up went about 275 feet of
14-gauge stranded insulated wire in the
shape of an inverted delta loop. Its
length was calculated from the formula
for the driven element of a square
(quad) loop: L = 1005/F, where L is the
length in feet and F is the frequency, in
my case 3.8 MHz. 1 added about 25 feet
of wire “just in case.”

The loop was in the shape of an
isosceles triangle with the horizontal
portion on top, about 45 feet high, and
tied between two trees. It looked like an
upside-down “delta” and lay wholly in
the vertical plane. The plane of the wire
ran in the northeast-southwest direction.
The bottom end was almost at ground
level and came right into the basement
shack: so there was practically no
feedline, just six feet of extra

l ust when you start to feel comfort-

Or Is It?
by John Sehring WB2EGQ

It also matches the unbalanced coaxial
feed to the balanced load of the antenna.

The wire's insulation, while not nec-
essary, does serve three purposes: 1) it
keeps RF off of tree branches; 2) due to
a velocity factor of about 0.98, it re-
duces a bit the necessary size of the an-
tenna; and 3) it prevents wire corrosion,
which can increase the wire’s resistance
(especially to RF), thus reducing anten-
na efficiency?.

On the air, the loop performed well
both transmitting and receiving. Com-
pared to a 130-foot-long, end-fed wire
that ran from ground level upward at a
30° angle, it seemed quieter with re-
spect to local QRN and QRM, such as
power line noise. During the day, sig-
nals from further away were now read-
able, thanks to reduced noise levels—a
definite improvement as the SNR was
better.

Surprise!

I discovered an unsuspected facet of

the antenna quite by accident. The feed
points of the loop were temporarily con-
nected to the balun with alligator clips.
One day as | listened to a QSO on 75m,
one of the clips popped off. This left on-
ly one of the two feed wires of the loop
connected and the other dangling.

When that happened, the signal to
which I was listening dropped consider-
ably in signal strength but the noise lev-
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el stayed about the same, indicating that
the antenna was still “hearing.” Revers-
ing the connections by hooking up the
other feed wire of the loop (leaving the
first one unconnected) made the signal
stronger! Further checking revealed del-
inite directional properties of the loop
when it was fed this way. The nulls were
quite narrow and deep. and sometimes
useful in reducing QRM and QRN. The
directionality secemed evident in both az-
imuth and elevation.

In spite of the interesting directional
properties of the loop when fed this way
(end-fed with an L-network against
ground, like the high impedance end of
a long wire), the balanced feed produced
stronger signals on both transmit and re-
ceive for the kind of casual operation
(out to 1,000 miles) that I usually do on
75m. So I left the end-fed arrangement
for receive-only use, where signal-to-
QRM and/or signal-to-QRN ratio, not
just signal strength alone, are important

for hearing a desired signal.

DX

Then, during the cooler months came
some excellent DX propagation condi-
tions on 75m. Surprisingly, the end-fed
configuration was often superior 1o the
balanced feed. It usually elevated DX
signals from the northeast direction (for
example, Europe from New Jersey) by a
few dB or so and, at the same time, sup-
pressed stateside signals and
QRN significantly. Curiously,

wires at the ends.

The resonant frequency of the
loop turned out to be 3.8 MHz;
therefore, the extra 25 feet of
wire was necessary. Because my
impedance bridge showed the
loop’s input impedance to be
about 165 ohms resistive at reso-
nance, I made up a 4:1 voltage-

type balun'. The balun trans-
forms the impedance of the an-

A

C

these effects occurred most often
when feeding the wire end toward
the northeast; here was that direc-
tionality again.

Evidently, the end-fed loop had
a high elevation angle null in its
pattern, tilted away from the end
that was being fed. Local signals
and noise were suppressed as
their high angle of arrival put
them right into the null.

tenna downward toward 50 ohms.
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Figure 1. Current distribution of a half~-wavelength dipole.

What I had found here was an
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Figure 2. A) current distribution of an end fed full-wavelength antenna; B) current distribution of a full-wavelength center-fed antenna; C)
radiation pattern for a center-fed one-wavelength antenna,; D) radiation pattern for an end-fed one-wavelength antenna.

antenna of flexibility, capable of strong
high-elevation angle performance for
stateside contacts (when balanced-fed)
and, at the flip of a switch, improved
performance for DX with a low-angle
lobe and simultaneous high-angle rejec-
tion (when end-fed). An added bonus
was the 180° switchable endfire direc-
tvity.

No, it cannot compete with a dipole at
150 feet, or phased vertical or parasitic
arrays, but the improvement over a typi-
cal low dipole or inverted-vee is obvi-
ous, and the complexity and cost is min-
imal.

Some Detective Work

The loop’s unusual properties when
end-fed caught my interest. To see
what was happening, I compared the
antenna’s current distribution in free
space with both balanced- and end-
feed, so I could estimate what kind
of radiation patterns they would
produce. Yes, there are computer pro-
grams that analyze antennas, but they
are most efficiently used when you
have at least a qualitative understand-
ing of how an antenna works. I'll touch
on this again.
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Half-Wavelength Wire

Figure 1 shows the current distribu-
tion of a half-wavelength dipole that is
sinusoidal. The dotted lines show the
amount of current in various parts of the
antenna. The arrows show both the di-
rection of current flow and, by their
length, the amount of current flow
where they are drawn, like a vector.

The relative amount of current at a
point on an antenna can tell us the
impedance there. Since impedance
equals voltage divided by current (Z =
E/T), high current indicates a low feed-
point impedance and, conversely, low
current indicates a high impedance.

The amount of current in a dipole is
highest at its center (point B), giving a
low impedance there. We know this to
be true, as its impedance when center-
fed is usually about 50 to 70 ohms.

At each end of the dipole we have
current minimums. It has to be this way
because it’s the end of the antenna and
so current cannot flow 1o anywhere. The
impedance there, at points A and C, is
therefore high.

To avoid upsetting the symmetric cur-
rent distribution of a dipole when center
feeding it, we need to use a balanced

feed (a coaxial feedline would need a
balun). A balanced feedline presents
equal but opposite polarity (plus and
minus) voltages, so its presence in the
center of a dipole would not disturb cur-
rent distribution there.

Full-Wavelength Wire

Now we’ll extend our wire to one full
wavelength and draw the current flow
again (see Figure 2). If we feed it at the
center (point C), we get the current dis-
tribution shown in Figure 2A. There are
now two current maximums, at points B
and D. Current in both halves is forced
to run in the same direction (they are in
phase) by the feedline. Current is at a
minimum in the center and at both ends
(points C, A, and E, respectively).

But if we feed this antenna at an end
instead of the center, the current distri-
bution will be quite different, as seen in
Figure 2B. There are once again two
current maximums. But current in the
two halves now runs in opposite direc-
tions (they are anti-phase). It could be
fed at either end, point A or E, which
are, once again, high impedance points.

Since it is current flow (its strength
and direction) that generates a radiation
pattern from an antenna, we expect
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Figure 5. Current distribution of an end-fed full-wavelength loop.

Figure 4. Current distribution of an inverred delta loop, bal-

anced fed.

(correctly so) that the directivity will be
different when it is fed in these two dif-
ferent ways.

Looking at the end-fed antenna plot
from a direction perpendicular to the
wire’s axis, radiation from the two equal
but opposing currents cancels. On the
other hand. the center-fed antenna’s in-
phase currents add up to produce maxi-
mum radiation in this same direction.
Figures 2C and 2D show this (the plots
are for free space patterns; the wire axis
runs side to side in both plots).

So, by simply moving the feed point,
we can get very different radiation pat-
terns from the same piece of wire.

Balanced-Fed Loop

Let’s now draw the current distribu-
tion for a balanced-fed inverted delta
loop by starting with a quad (square)
loop. You can think of a quad loop as
two half-wavelength dipoles stacked a
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/- B.25Wavelength

Figure 6. Current distribution of an inverted delta loop, side-fed.

quarter wavelength apart, with their
ends bent up (and down) to touch each
other. See Figure 3.

We know from our experience that
the quad loop has a low inpul
impedance, so current must be at a max-
imum at the center feed point, point A-
E (and also at point C opposite the feed
point). The quad’s upper and lower
halves’ current distribution does in fact
correspond to a pair ol dipoles. Com-
pare the current distribution of the top
and bottom halves of the quad with the
dipole shown in Figure 1: They are the
same.

We can now reshape the quad loop,
along with its current distribution, into
an inverted delta loop shape, shown in
Figure 4. To see what's happening, we
break the side leg currents into their
horizontal and vertical components, H
and V. These are shown as Hleft and
Vleft for the horizontal and vertical

components on the lett leg of the loop,
and as Hright and Vright for those on
the right leg. The current in the top sec-
tion, Htop, flows strictly in the horizon-
tal direction (to the left).

The horizontal side currents Hleft and
Hright both run in the same direction as
the horizontal current Htop in the top
portion of the anlenna (to the left), so all
three add up. Hence we have horizontal-
ly polarized broadside radiation from
this antenna.

We see that Vieft and Vright go in op-
posite directions (up and down, respec-
tively). Therefore, these vertical current
components cancel each other in a di-
rection broadside to the loop—that is, in
and out of the plane of the page—and
there 1s no broadside vertically polar-
1zed radiation, (Due to the side leg spac-
ing, there will be some vertically polar-
ized radiation in the endfire directions.)




wavelength: 360° of phase
shift brings you around 1o
0°. in phase again. If this
were actually so, the end-
fed loop would have exact-
ly the same pattern in both
endfire directions.

But this is not so. We
have observed endfire pat-
tern changes when switch-
: ing feeds from one end 10
j the other. This could occur
only if there were an extra

amount of phase shift in
the currents as they moved
along the wire. What can
the source of this phase shift be?

Traveling Waves

Figure 7. Current distribution of an inverted delta

loop, F = .9MHz. fed as a vertical element.

End-Fed Loop

Now what about feeding only one of
the wires, leaving the other unconnect-
ed? Let’s fold the one-wavelength, end-
fed wire of Figure 2B into an inverted
delta shape along with its current distri-
bution (see Figure 5).

We now have high impedance at our
feed point as the current maximums
have moved to points B and D of Figure
5. This altered current distribution in the
loop changes its pattern, just as we saw
with the straight wires in Figures 2C
and 2D.

In this case, there are two horizontal
currents (Htop and H'top) in the top
portion that are equal in strength but run
in opposite directions and so cancel.
The side leg currents, broken again into
horizontal and vertical components,
show that Hleft and Hright also run in
opposite directions and they 100 cancel.
The result is no horizontally polarized
radiation.

But the vertical components Vieft and
Vright now run in the same direction
(up) and so aid each other. Thus, we
have vertically polarized broadside radi-
ation from the antenna when it is fed
this way.

And depending on the spacing of, and
relative phasing of current in, the two
side legs, we also have the potential for
endfire vertically polarized radiation.
But we haven’t yet explained the two
different endfire directivities noted on
the air.

Endfire Directivity

The end-fed loop currents in the side
legs should be in phase with each other
since the distance from the feed point 10
the end of the antenna is exactly one

It is caused by “traveling
waves” on the antenna. Non-cen-
ter-fed antennas display a traveling
wave effect. This shows up as an in-
creasing phase shift in the current as we
move away from the feed point. It is
mostly the result of RF energy being ra-
diated from the antenna. The effect of
the traveling wave is to skew the pattern
of an antenna, pulling it in the direction
of the wire axis away from the end feed
point3: 4. 3,

In the case of our end-fed loop
(which, you recall, is a bent, end-fed an-
tenna). it makes the pattern nonsymmet-
ric in the two endfire directions. This
shows up as different low-angle gain
and a high-elevation angle null that 1S
tilted away from the end being fed.

Side Feed

Another possible feed arrangement
for the inverted delta loop is to break 1t
at an upper corner to feed. This is re-
ported to be a good configuration for
DX with a strong. low-elevation angle,
a vertically polarized lobe, and only a
weak high-angle lobe®.

A further refinement is to feed it be-
Jow the upper corner, on one side leg, at
a distance of a quarter wavelength up
from the wire axis at the bottom (se€
Figure 6)7. This side feed location
forces the currents in the two bottom
legs to reverse direction exactly at the
bottom junction and exactly in the mid-
dle of the top section, when the loop is
operated al resonance.

This gives perfect current symmetry:
The vertical components add up and the
horizontal components cancel, to the
greatest possible extent. This maximizes
the strength of the low-elevation angle
lobe, while producing the deepest high-
angle null.

Figure 8. Current distribution of an inverted delta
loop, F = 1.8 MHz, end-fed.

Surprise Number Two

Drawing the currents of the side-fed
loop shown in Figure 6 reveals a
startling fact: The current distribution 1S
exactly the same as for our end-fed
loop! Compare it with Figure 5.

I had long wanted to try the side feed
arrangement, but was daunted by the
fact that this configuration would not be
optimum for non-DX contacts and that
the upper corners of my loop were lo-
cated in high trees. So there would be
no easy, quick way of changing the feed
point from bottom to side, and vice ver-
sa. to switch modes. End feeding the
loop solved these problems and gave
switchable endfire directivity, 100.

You Mean There’s More?

Yes. 160m can also be had with this
piece of wire Here’s how: If you could
grab the middle of the top of the loop
and stretch it all the way up, you'd have
a quarter-wavelength long, 160m verti-
cal antenna consisting of two parallel
wires connected at the top.

So I thought to feed the wire as a
“squashed” or wide cage quarier-wave-
length long vertical antenna. 1 did this
by tying both bottom ends together and
feeding them against ground. The input
impedance was about 50 ohms.

Once more we can plot the currenis
(see Figure 7), remembering that on
160m the wavelength is twice as long as
on 80m. Based on an analysis of the
current as before, the horizontal compo-
nents of the current in the sides and top
run in opposite directions and so cancel.
This leaves only the vertical compo-
nents of current in the sides running in
the same direction (up) and so add to-
gether, and we have vertically polarized
radiation.

Another ham suggested that 1 ground
one end of the loop and feed the other
against ground. This turns it into a coni-
cal. vertical, folded unipole (half of a
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Figure 9. Equivalent circuit of a vertical antenna and ground system.

folded dipole). The feed point
impedance is about 75 ohms. which still
allows direct coax feed. This conligura-
tion works about as well as the squashed
vertical feed arrangement above but is
sometimes noisier on receive.

Don’t Kid yourself about improved ef-
ficiency here, though. It's just the input
impedance of the antenna that’s been
stepped up by the folded dipole action.
Series losses due to ground resistance
are still there to the same extent®,

Let’s give that end-fed trick a try on
160 too, again using the L-network and
fed against ground. We could be sur-
prised some more; it sometimes worked
better than the squashed vertical config-
uration and occasionally displayed
some mild directivity when 1 swapped
feed ends. Looking at the currents (Fig-
ure 8) shows that it's a mostly straight-
up, horizontally polarized broadside ra-
diator with vertically polarized endfire
radiation. This should give a decent
combined polarization, omnidirectional
pattern.

Ground System

In general, you need a good ground
system to get the most out ol antennas
that produce vertically polarized radia-
tion, as our end-fed and squashed verti-
cal fed loop does.

With a base-fed quarter-wavelength
vertical antenna, current flow is maxi-
mum at 1ts bottom end, right next to the
ground. The amount of ground current
that is caused to flow depends on the
amount of antenna current flow closest
to the ground.

As a result, a large amount of current
will flow in the nearby ground around
the base of a quarter-wavelength anten-
na. This leads to highest 2ZRGROUND
losses as the ground currents fight their
way, in a radial pattern, back to the base
of the antenna through lossy soil, heat-
ing up the dirt.

For this kind of antenna to work most
efficiently, the ground system must in-
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tercept as much of the surrounding
ground current as possible and convey
it, with the least amount of loss, back to
the base of the antenna.

As the ground resistance appears in
series with the impedance of the anten-
na, power applied to the antenna will di-
vide between them depending on the
relative impedances. The ground system
is therefore very important for good
performance in this situation. A good
radial or counterpoise (elevated radial)
system, plumbing connections, ground
rods, and so forth are needed to get the
most performance from such antennas.

This shows why we need to think of
the combination of antenna and its
ground as a system.

160m Ground

On 160m, we're running the squashed
vertically fed loop just like a quarter-
wavelength vertical antenna (maximum
current at the bottom end of the anten-
na), and so a good ground system is

necessary.

Since the measured input impedance
of our squashed vertical loop is about
50 ohms resistive at 1.9 MHz, it can be
directly fed with coax. The antenna is
quite broadbanded on 160m due to 1) 1ts
large effective diameter (like a cage an-
tenna), and 2) ground losses.

But both my computer modeling and
the Antenna Engineering Handbook®
tell me that the actual impedance (radia-
tion resistance, the useful part that actu-
ally radiates a signal) of the antenna,
when fed this way, is about 20 ohms
rather than the 50 ohms I measured.

This means that the additional 30
ohms is due 10 a combination of ground
resistance (about 28 ohms!'?) and wire
impedance (about 2 ohms; this is not
DC resistance but the RF impedance of
the wire that is higher due to the skin ef-
fect—see Reference 1) that show up in
series with the radiation resistance of
the antenna. Figure 9 shows the equiva-
lent circuit of the system.

This causes inefficiency, about 8 dB
worth, which means I'm throwing about
60% of the power away with my partic-
ular ground system! A belter ground
system would reduce this loss and
thereby increase antenna efficiency.

Your tip-off here to better perfor-
mance is that the antenna’s measured
input impedance will drop toward, but
won't quite ever reach, about 20 ohms
as the ground system is improved.

75m Ground

When our loop is end-fed on 75m. its
current maximums (points B and D in

Figure 10. The 3-D plot of the end-fed loop (75 meters), showing the high-angle null in the
partern which is tilted away from the end being fed, and the low-angle lobe all around.



Figure 5) are raised up off the ground.
to a height approaching a quarter wave-
length. Recall that it produces vertical
polarization when end-fed. Its current
distribution is like a half-wavelength
vertical antenna, with the current maxi-
mum now raised up a quarter wave-
length in the air. Rotate the dipole of
Figure 1 by 90° and put one end touch-
ing the ground to see this.

Because antenna current at the bottom
end of the antenna, near the ground. is
now minimum, less (lossy) ground cur-
rent i1s induced. Also, the feed point
impedance is now higher so that rela-
tively less voltage gets developed across
the ground system impedance, as in Fig-
ure 9. This means that ground system
requirements are less stringent for our
end-fed loop on 75m than they are on
160 m'!,

Because those parts of the antenna ra-
diating the most (the current maxi-
mums) are now raised off the ground,
the end-fed loop on 75m shares some of
the other advantages of a half-wave-
length vertical antenna: 1) A slight low-
ering the elevation angle of radiation:
and 2) Better clearance of nearby obsta-
cles. Overall, there is a reduction of

ground, environment, and feed losses,
relative to a base-fed quarter-wave-
length vertical.

My loop worked satisfactorily with
four insulated-wire, quarter-wavelength
radials that just lie on the ground. Two
radials are cut for 75m and two for
|60m. They lie in the plane of (directly
beneath) the antenna in both directions.
This arrangement of radials gives me
maximum measured RF ground current.

Broadcast Band

Since the upper edge of the standard
AM broadcast band lies just below
160m, I thought to try the antenna and
its feed variations there. I noted differ-
ent reception effects when changing
among the feed types, down to about
1100 kHz though they are strongest to-
ward 1600 kHz.

For example, feeding the antenna as a
squashed vertical brought one vertical-
ly-polarized 50 kW BC station on 1560
kHz located within ground-wave range
well up in signal strength. Switching to
end feed suppresses it so greatly (20 to
30 dB) that co-channel skywave-propa-
gated stations never before heard be-
come audible.

On one occasion, switching among
balanced. end, and squashed vertical
feed allowed three different co-channel
stations to be logged. This is an admit-
tedly rare occurrence but illustrates how
useful selectable directivity and polar-
ization can be.

SWLing

As the loop shows numerous HF res-
onances, it’s not surprising that it’s use-
ful all the way up to the top of the HF
spectrum and beyond. Once again, the
various feed arrangements are useful in
optimizing HF reception. As before,
some feeds optimize SNR and some op-
timize signal strength; they are not al-
ways the same!

Since the antenna is so broad and
flexible. I believe that construction of
the largest loop within the limits of
available real estate and supports, re-
gardless of 1ts size (and therefore reso-
nant frequency), would provide an ex-
cellent SWL antenna. The L-network
could probably be dispensed with for
reception, but vou'd definitely want to
be able 10 switch easily among various
feed arrangements.

Other Bands
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The loop also works fine on
40, 20, 15, and 10 meters using
the various feed and matching
arrangements. | haven’t tried it
on 30, 17, or 12 meters yel but
I'd expect good results there
100.

Other Loop Shapes

I think it’s worth trying these
various feed arrangements with
any other loop shape (quad.
delta, circular, and so forth) as
well, no matter what their
height above ground, or length
and type of feedline, or whether
they are oriented in the vertical
or horizontal plane, or any-
where between.

Computer Modeling

After using the antenna for
several years, I was able to
model it using the MININEC
antenna analysis program.
MININEC has certain limita-
tions when modeling antennas
with horizontal wires, or hori-
zontally flowing currents, less
than 0.2 wavelengths off the
ground: For example, gain pre-

Figure 11. Loop switching and feeding arrangement for convenient selection of all the different feed

arrangements described.
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dictions will be too high, but
pattern shapes will be reason-
ably correct!=.



The analysis clearly revealed what 1
had noticed on the air when end feeding
the antenna on 75m. The 3-D plot
shown in Figure 10 shows the high-an-
gle null in the pattern that 1s tilted away
from the end being fed, and the low-an-
gle lobe all around.

Summary

This article has described four differ-
ent ways of feeding an inverted delta
loop antenna: 1) balanced feed at bot-
tom; 2) end-fed at bottom (one wire fed
and the other wire left floating); inter-
changing the fed end swaps the endfire
directional patterns; 3) one wire-fed and
the other wire-grounded, a folded
unipole; 4) both bottom end wires tied
together, fed against ground, as a
squashed vertical.

Figure 11 shows a switching arrange-
ment for convenient selection of all the
different feed arrangements. This could
also be done with patch cords and alli-
gator clips.

[ would enjoy hearing about your ex-
periences with this kind of antenna
(Box 373, Baker, MT 59313). Please in-
clude an SASE if you'd like a reply.

Epilogue

Since moving to Montana, I have put
the antenna up again. Unfortunately, I
have just one row of relatively short
trees to use for supports, so the loop
now lies in a plane tilted about 20° from
horizontal. The top of the loop still runs
horizontally for about 95 feet, but 1s on-
ly 30 feet high.

The side legs are quite unequal in
length. One leg is partly draped over the

roof. The lower end of the loop (the
feed point) slopes downward. The feed
point is about 10 feet above ground.
The feedline consists of a parallel run of
extra wire that runs into the shack
(again in the basement!).

In spite of these handicaps, the loop
still shows some directivity effects and
can be used in all the ways previously
described. When end-fed on 75m, it
does not have the low-elevation angle
capability of the original arrangement,
though. When balanced-fed, it’s more of
a “cloud warmer” but is still quite satis-
factory. It seems to have better perfor-
mance on 40m than before.

On 160, it’s now electrically too long
for resonance at 1.9 MHz, so I use a
three-gang AM broadcast receiver-type
variable capacitor in series with it to
tune out the inductive reactance. When
fed against a decent ground, its input
impedance approaches 50 ohms resis-
tive.

It works surprisingly well on 160 me-
ters for such a low antenna; its top is
only about 0.12 wavelength off the
ground on 160m. However, soil conduc-
tivity 1s quite high here due to a large
amount of dissolved alkaline minerals.
This would enhance the performance of
the antenna considerably, 7]
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a metallic ground.

7. Devoldere, J., Low-Band DXing, ARRL,
1987, p. 11-49, Figure 2.55(C). | adapted his
Jeed idea for a delta loop for use with an
inverted delta loop.

8. Devoldere, p. 11-25, par. 2.4.4.

9. Jasik, H., ed., Antenna Engineering
Handbook ( I st edition), McGraw-Hill,

New York, 1961, Figures 3-13.

10. Devoldere, op. cit., p. 1I-24, Table 12,
“Equivalent Series Resistance of Radial
Systems in Ohms.” See entry for two
quarter-wavelength radials.

11, Belrose, J. S., “160-meter Antennas,”
Technical Correspondence, QST, July 1991,
p. 49-50.

12. Lewallen, R., “MININEC: The Other
Edge of The Sword,” QST, February 1991,
pp. 18-22. There is also a well-known fre-
quency offset error in this program for
which I have accounted in my analysis.

This article gives a good overview of the
program.

SMART BATTERY CONTROLLERS

FHR LEAD ACID OR GELL-CELLS

1 6 TD 28V, 110/220 VAC, 50/60 HZ
CONTINUOUS CHARGE!, UC3808 |.C.
PTC FUSE, SWITCHABLE CURRENT,
REVERSE BATTERY PROTECTION,
] TRICKLE START. DBL SIDED PCB.
SCREW TERMINALS, & MAMUAL
PLURCHASE BASIC ULMT OR COMPLETE KT W METER, LO-VOLT
OPTION TRANSFORMER. & ENCLOSURE
COMPLETE KIT: BC-CONTL-0E FOR SV, 1 ANP MAX
BC-CONTL-12 12 0R 14 V. 1 AMP MAX,

BC-CONTL-25 24 OR28V. WV2AMP MAX.. . .

_wemuu1mm
24 TO 28V 1/2 AMP..

OPTIONS: TRANSFORMER KIT .,

AUTO LOW VOLT DISCONNECT W ALARM OUTPUT.,

SOLAR CONTROLLER: DUAL LEVEL VOLT CONTROL

SC-CONTL-00 (VW LO-VOLT & BNCLOSURE)
SC-BASIC-00 BASIIC SOLAR CONTROLLER

BC-04 COMPLETE 5 AMP CONTROLLER

CURTIS KEYER hIT
INCLUDES AUDIO AMPUFIER, IAMBIC KEYING, ADJUSTABLE

SPEED CONTROL ..........§ 30.95., SPEED METER $ 10.00
POSMNEG KEYING, TONE-WEIGHT CONTROL. ............. ’

ANTENNAS

MARCOMNI BOM- ... $27.95 180 M -
JPOLES: (2M, BM, 220, 440 MHZ)
USA SHP COST $800 1ST $100
1-800-JADE PRO (523-3778) FAX, 603-329-4400
VSA MASTERCARD CHEDH OR MO PRCES & SPEC SUBUETT TC CHANGE
MFEDWTS, INC E.HAMPSTEAD NH 03826-0268

3I12%E.85
$126. 05
$13855
$ 5408
PP . T 8-
. ..§ 1805
$ 18.00

$10095
$ 5485
$1868.85

§ 4485

.. $10.95-% 4205
11'3:”5?- -'u_C" §100
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The Only Material That Will Adhere to
Polyvinyl or Vinyl Outer Coax Jackets!

Forms around and seals
odd-shaped fittings
Non-contaminating and non-
conductive.

Wide ambient temperature range
(-30° F lo +180° F),

otays flexible for years insuring
maoisture-proof connections.
Reusable—guick disconnection
and resealing with same materal.
A must for satellite TV—
MICTOWEVE Work.

Hundreds of uses.
Moistureproois all connections, '\

EVERYLNBAND COAXIAL
CONNECTOR NEEDS COAX-SEAL

i

—

-

i%\

COAX-SEAL This

Fi

3

space-age material |8
nirpe A0 apply. Flemovs
iof pastic Weas © cowed

toward filting Al
wapEEnG, okl I o 8
vl EriacE are e
s .

MIISTUREPRODE
INEXPENSIVE

(Trial packetfor4 connectors-$1.00 ppd. '

UNIVERSAL ELECTRONICS, INC.

Suite 12 Columbus., OH 43232
665-4605 - FAX (614) BGE-12D1

4555 Groves Road
Phone (614} B

CIRCLE 32 ON READER SERVICE CARD

Subscribe to 73
by calling

(800)
677-8838.

VHF REPEATER

Make high quality VHF repeaters from

Motorola MICOR mobiles.
* 45 Watt Mobile - DUO.........................599
e Conversion Information........c.eeersmnens 312

CALL FOR MORE INFORMATION
(informatlon without radio purchase $40)

Versatel Communications

Orders 1-800-456-5548 For info. 307-266-1700
P.O. Box 4012 » Casper, Wyoming 82604

CIRCLE 259 ON READER SERVICE CARD






