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to compare various combinations of antennas in stacks
and as single antennas. The peak gain of the stack is usu-
ally just a little bit higher than that for the best of the
single antennas, which is not surprising. Even a large
stack has no more than about 6 dB of gain over a single
Yagi at a height favoring the prevailing elevation angle.
Fading on the European path can easily be 20 dB or more,
so it is very confusing to try to make definitive compari-
sons. They have noticed over many tests that the stacks
are much less susceptible to fading compared to single
Yagis. Even within the confines of a typical SSB band-
width, frequency-selective fading occasionally causes the
tonal quality of a voice to change on both receive and
transmit, often dramatically becoming fuller on the stacks,
and tinnier on the single antennas. This doesn’t happen
all the time, but is often seen. They have also observed
often that the depth of a fade is less, and the period
of fading is longer, on the stacks compared to single
antennas.

Exactly why stacks exhibit less fading is a fascinat-
ing subject, for which there exist a number of specula-
tive ideas, but little hard evidence. Some maintain that
stacks outperform single antennas because they can afford
space diversity effects, where by virtue of the difference
in physical placement one antenna will randomly pick
up signals that another one in another physical location
might not hear.

This is difficult to argue with, and equally difficult
to prove scientifically. A more plausible explanation about
why stacked Yagis exhibit superior fading performance
is that their narrower frontal elevation lobes can discrimi-
nate against undesired propagation modes. Even when
band conditions favor, for example, a very low 3° eleva-
tion angle on 10 or 15 meters from New England to West-
ern Europe, there are signals, albeit weaker ones, that
arrive at higher elevation angles. These higher-angle sig-
nals have traveled longer distances on their journey
through the ionosphere, and thus their signal levels and
their phase angles are different from the signals travers-
ing the primary propagation mode. When combined with
the dominant mode, the net effect is that there is both
destructive and constructive fading. If the elevation
response of a stacked antenna can discriminate against
signals arriving at higher elevation angles, then in theory
the fading will be reduced. Suffice it to say: In practice,
stacks do reduce fading.

STACKS AND PRECIPITATION STATIC
The top antenna in a stack is often much more

affected by rain or snow precipitation static than is the
lower antenna. N6BV and K1VR have observed this phe-
nomenon, where signals on the lower antenna by itself
are perfectly readable, while S9+ rain static is rendering
reception impossible on the higher antenna or on the stack.
This means that the ability to select individual antennas
in a stack can sometimes be extremely important.

STACKS AND AZIMUTHAL DIVERSITY
Azimuthal diversity is a term coined to describe the

situation where one of the antennas in a stack is purposely
pointed in a direction different from the main direction
of the stack. During most of the time in a DX contest
from the East Coast, the lower antennas in a stack are
pointed into Europe, while the top antenna is often
rotated toward the Caribbean or Japan. In a stack of three
identical Yagis, the first-order effect of pointing one
antenna in a different direction is that one-third of the
transmitter power is diverted from the main target area.
This means that the peak gain is reduced by 1.8 dB, not a
very large amount considering that signals are often 10
to 20 dB over S9 anyway when the band is open from
New England to Europe.

Fig 37 shows the 3D pattern of a pair of 4-element
Yagis fed in-phase at 95 and 65 feet, but where the lower
antenna has been rotated 180° to fire in the –X direction.
The backwards lobe peaks at a higher elevation angle
because the antenna doing the radiating in this direction
is lower on the tower. The forward lobe peaks at a lower
angle because its main radiator is higher.

THE N6BV/1 ANTENNA SYSTEM—
BRUTE FORCE FEEDING

The N6BV/1 system in Windham, New Hampshire,
was located on the crest of a small hill about 40 miles
from Boston, and could be characterized as a good, but
not dominant, contesting station. A number of top-10
contest results were achieved from that station in the
1990s before N6BV returned to California.

There was a single 120-foot high Rohn 45 tower,
guyed at 30-foot intervals, with a 100-foot horizontal
spread from tower base to each guy point so there was
sufficient room for rotation of individual Yagis on the
tower. Each set of guy wires employed heavy-duty insu-
lators at 57-foot intervals, to avoid resonances in the 80
through 10-meter amateur bands. There were five Yagis
on the tower. A heavy-duty 12-foot long steel mast with
0.25-inch walls was at the top of the tower, turned by an
Orion 2800 rotator. Two thrust bearings were used above
the rotator, one at the top plate of the tower itself, and
the other about 2 feet down in the tower on a modified
rotator shelf plate. The two thrust bearings allowed the
rotator to be removed for service.

At the top of the mast, 130 feet high, was a 5-ele-
ment, computer-optimized 10-meter Yagi, which was
a modified Create design on a 24-foot boom. The ele-
ment tuning was modified from the stock antenna in
order to achieve higher gain and a better pattern over the
band. At the top of the tower (120-foot level) was
mounted a Create 714X-3 triband Yagi. This was a large
tribander, with a 32-foot boom and five elements. Three
elements were active on 40 meters, four were active on
20 meters and four were active on 15 meters. The 40-
meter elements were loaded with coils, traps and

Chap 11.pmd 2/12/2007, 11:07 AM38

THE N6BV/1 ANTENNA SYSTEM — 
BRUTE FORCE FEEDING

The following material was extracted from 
earlier editions. Figure and Equation 
sequence references are those from the 21st 
edition of The ARRL Antenna Book



HF Yagi Arrays 11-39

Fig 37—3D representation of the pattern for two 4-
element 15-meter Yagis, with the top antenna at 95
and the bottom at 65 feet, but pointed in the opposite
direction.

capacitance hats, and were approximately 46 feet long.
A triband 20/15/10-meter Hy-Gain TH7DX tribander was
fixed into Europe at the 90-foot level on the tower, just
above the third set of guys.

At the 60-foot level on the tower, just above the sec-
ond set of guys, there was a “swinging-gate” side-mount
bracket, made by DX Engineering of Oregon. A Hy-Gain
Tailtwister rotator turned a TH7DX on this side mount.

Fig 38—N6BV/1 switch box system. This uses a modified DX Engineering remote switch box, with relay K6 added
to allow selection of either of the two top antennas (5-element 10-meter Yagi or 40/20/15-meter triband 714X-3) as a
“multiplier” antenna. There is no special provision for SWR equalization when any or all of the Yagis are connected
in parallel as a stack fed by the Main coaxial cable. Each of the five Yagis is fed with equal lengths of flexible
Belden 9913 coax, so phasing can be maintained on any band. The Main and “Multiplier” coaxes going to the
shack are 0.75" OD 75-ΩΩΩΩΩ Hardline cables.

(Note that both the side mount and the element spacings
of the TH7DX itself prevented full rotation around the
tower—about 280° of rotation was achieved with this sys-
tem.) At the 30-foot level, just above the first set of guys,
was located the third TH7DX, also fixed on Europe.

All five Yagis were fed with equal lengths of Belden
9913 low-loss coaxial cable, each measured with a noise
bridge to ensure equal electrical characteristics. At each
feed point a ferrite-bead choke balun (using seven large
beads) was placed on the coax. All five coaxial cables
went to a relay switch box mounted at the 85-foot level
on the tower. Fig 38 shows the schematic for the switch
box, which was fed with 250 feet of 75-Ω, 0.75-inch OD
Hardline coaxial cable.

The stock DX Engineering remote switch box was
modified by adding relay K6, so that either the 130-foot
or the 120-foot rotating antenna could be selected through
a second length of 0.75-inch Hardline going to the shack.
This created a Multiplier antenna, independent of the Main
antennas. A second band could be monitored in this fash-
ion while calling CQ using the main antennas on another
band. Band-pass filters were required at the multiplier re-
ceiver to prevent overload from the main transmitter.

The 0.75-inch Hardline had very low losses, even
when presented with a significant amount of SWR at the
switch-box end. This was important, because unlike
K1VR’s system, no attempt was made at N6BV to main-
tain a constant SWR when relays K1 through K5 were
switched in or out. This seemingly cavalier attitude came
about because of several factors. First, there were many
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different combinations of antennas that could be used
together in this system. Each relay coil was independently
controlled by a toggle switch in the shack. N6BV was
unable to devise a matching system that did not become
incredibly complex because of the numerous impedance
combinations used over all the five bands.

Second, the worst-case additional transmission line
loss due to a 4:1 SWR mismatch when four antennas were
connected in parallel on 10 meters was only 0.5 dB. It
was true that the linear amplifier had to be retuned slightly
when combinations of antennas were switched in and out,
but this was a small penalty to pay for the reduced com-
plexity of the switching and matching networks. The
90/60/30-foot stack into Europe was used for about 95%
of the time during DX contests, so the small amount of
amplifier retuning for other antenna combinations was
considered only a minor irritation.

WHY TRIBANDERS?
Without a doubt, the most common question K1VR

and N6BV have been asked is: “Why did you pick
tribanders for your stacks?” Triband antennas were cho-
sen with full recognition that they are compromise
antennas. Other enterprising amateurs have built stacked
tribander arrays. Bob Mitchell, N5RM, is a prominent
example, with his so-called TH28DX array of four
TH7DX tribanders on a 145-foot-high rotating tower.
Mitchell employed a rather complex system of relay-se-
lected tuned networks to choose either the upper stacked
pair, the lower stacked pair or all four antennas in stack.
Others in Texas have also had good results with their
tribander stacks. Contester Danny Eskenazi, K7SS, has
very successfully used a pair of stacked KT-34XA
tribanders for years.

A major reason why tribanders were used is that over
the years both authors have had good results using
TH6DXX or TH7DX antennas. They are ruggedly built,
mechanically and electrically. They are able to withstand
New England winters without a whimper, and their
24-foot long booms are long enough to produce signifi-
cant gain, despite trap-loss compromises. Amateurs
speculating about trap losses in tribanders freely bandy
about numbers between 0.5 and 2 dB. Both N6BV and
K1VR are comfortable with the lower figure, as are the
Hy-Gain engineers.

Consider this: If 1500 W of transmitter power is going
into an antenna, a loss of 0.5 dB amounts to 163 W. This
would create a significant amount of heat in the six traps
that are on average in use on a TH6DXX, amounting to
27 W per trap. If the loss were as high as 1 dB, this would
be 300 W total, or 50 W per trap. Common sense says that
if the overall loss were greater than about 0.5 dB, the traps
would act more like big firecrackers than resonant cir-
cuits! A long-boom tribander like the TH6DXX or TH7DX
also has enough space to employ elements dedicated to
different bands, so the compromises in element spacing

usually found on short-boom 3 or 4-element tribanders
can be avoided.

Another factor in the conscious choice of tribanders
was first-hand frustration with the serious interaction that
can result from stacking monoband antennas closely
together on one mast in a Christmas Tree configuration.
N6BV’s worst experience was with the ambitious 10
through 40-meter Christmas Tree at W6OWQ in the early
1980s. This installation used a Tri-Ex SkyNeedle tubu-
lar crankup tower with a rotating 10-foot-long heavy-
wall mast. The antenna suffering the greatest degradation
was the 5-element 15-meter Yagi, sandwiched 5 feet
below the 5-element 10-meter Yagi at the top of the mast,
and 5 feet above the full-sized 3-element 40-meter Yagi,
which also had five 20-meter elements interlaced on its
50-foot boom.

The front-to-back ratio on 15 meters was at best about
12 dB, down from the 25+ dB measured with the bottom
40/20-meter Yagi removed. No amount of fiddling with
element spacing, element tuning or even orientation of the
15-meter boom with respect to the other booms (at 90° or
180°, for example) improved its performance. Further, the
20-meter elements had to be lengthened by almost a foot
on each end of each element in order to compensate for
the effect of the interlaced 40-meter elements. It was a
lucky thing that the tower was a motorized crankup,
because it went up and down hundreds of times as various
experiments were attempted!

Interaction due to close proximity to other antennas
in a short Christmas Tree can definitely destroy carefully
optimized patterns of individual Yagis. Nowadays, such
interaction can be modeled using a computer program such
as EZNEC or NEC. A gain reduction of as much as 2 to
3 dB can easily result due to close vertical spacing of
monobanders, compared to the gain of a single monoband
antenna mounted in the clear. Curiously enough, at times
such a reduction in gain can be found even when the front-
to-back ratio is not drastically degraded, or when the front-
to-back occasionally is actually improved.

If you plan on stacking monoband Yagis—for
example, putting only 15-meters Yagis on a single tower,
with your other monoband stacks on other towers—do
make sure you model the system to see if any interac-
tions occur. You may be quite surprised.

Finally, in the N6BV/1 installation, triband anten-
nas were chosen because the system was meant to be as
simple as possible, given a certain desired level of per-
formance, of course. Triband antennas make for less
mechanical complexity than do an equivalent number of
monobanders. There were five Yagis on the N6BV/1
tower, yielding gain from 40 to 10 meters, as opposed to
using 12 or 13 monobanders on the tower.

THE K1VR ARRAY: A MORE ELEGANT
APPROACH TO MATCHING

The K1VR stacked array is on a 100-foot high Rohn
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25 tower, with sets of guy wires at 30, 60 and 90 feet,
made of nonconducting Phillystran. Phillystran is a non-
metallic Kevlar rope covered by black polyethylene to
protect against the harmful effects of the sun’s ultravio-
let rays. A caution about Phillystran: Don’t allow tree
branches to rub against it. It is designed to work in ten-
sion, but unlike steel guy wire, it does not tolerate abra-
sion well.

Both antennas are Hy-Gain TH6DXX tribanders,
with the top one at 97 feet and the bottom one at 61 feet.
The lower antenna is rotated by a Telex Ham-M rotator
on a homemade swinging-gate side mount, which allows
it to be rotated 300° around the tower without hitting any
guy wires or having an element swing into the tower. At
the 90-foot point on the tower, a 2-element 40-meter
Cushcraft Yagi has been mounted on a RingRotor so it
can be rotated 360° around the tower.

After several fruitless attempts trying to match the
TH6DXX antennas so that either could be used by itself
or together in a stack, K1VR settled on using a relay-
selected broadband toroidal matching transformer. When
both triband antennas are fed together in parallel as a
stack, it transforms the resulting 25-Ω impedance to
50 Ω. The transformer is wound on a T-200A powdered-

iron core, available from Amidon, Palomar Engineering
or Ocean State Electronics. Two lengths of twin RG-59
coax (sometimes called Siamese or WangNet), four turns
each, are wound on the core. Two separate RG-59 cables
could be used, but the Siamese-twin cable makes the
assembly look much more tidy. The shields of the RG-59
cables are connected in series, and the center conductors
are connected in parallel. See Fig 39 for details.

Fig 40 shows the schematic of the K1VR switch box,
which is located in the shack. Equal electrical lengths of
50-Ω Hardline are brought from the antennas into the
shack and then to the switch box. Inside the box, the relay
contacts were soldered directly to the SO-239 chassis
connectors to keep the wire lengths down to the absolute
minimum. K1VR used a metal box that was larger than

Fig 39—Diagram for matching transformer for K1VR
stacked tribander system. The core is powdered iron-
core T-200A, with four turns of two RG-59A or
“Siamese” coax cables. Center conductors are
connected in parallel and shields are connected in
series to yield 0.667:1 turns ratio, close to desired
25-ΩΩΩΩΩ to 50-ΩΩΩΩΩ transformation.

Fig 40—Relay switch box for K1VR stacked tribander
system. Equal lengths of 50-ΩΩΩΩΩ Hardline (with equal
lengths of flexible 50-ΩΩΩΩΩ cable at each antenna to allow
rotation) go to the switch box in the shack. The SWR on
all three bands for Upper, Lower or Both switch
positions is very close to constant.
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might appear necessary because he wanted to mount the
toroidal transformer with plenty of clearance between it
and the box walls. The toroid is held in place with a piece
of insulation foam board. Before placing the switch box
in service, the system was tested using two 50-Ω dummy
loads, with equal lengths of cable connected in parallel
to yield 25 Ω. The maximum SWR measured was 1.25:1
at 14 MHz, 1.3:1 at 21 MHz and 1.15:1 at 28 MHz, and
the core remained cold with 80 W of continuous output
power.

One key to the system performance is that K1VR
made the electrical lengths of the two hardlines the same
(within 1 inch) by using a borrowed TDR (time domain
reflectometer). Almost as good as Hardline, K1VR points
out, would be to cut exactly the same length of cable from
the same 500-foot roll of RG-213. This eliminates manu-
facturing tolerances between different rolls of cable.

K1VR’s experience over the last 10 years has been
that at the beginning of the 10 or 15-meter morning open-
ing to Europe the upper antenna is better. Once the band is
wide open, both antennas are fed in phase to cast a bigger
shadow, or footprint, on Europe. By mid-morning, the
lower antenna is better for most Europeans, although he
continues to use the stack in case someone is hearing him
over a really long distance path throughout Europe. He
reports that it is always very pleasant to be called by a 4S7
or HSØ or VU2 when he is working Europeans at a fast
clip!

SOME SUGGESTIONS FOR STACKING
TRIBANDERS

It is unlikely that many amateurs will try to dupli-
cate exactly K1VR’s or N6BV’s contest setups. However,
many hams already have a tribander on top of a moder-
ately tall tower, typically at a height of about 70 feet. It is
not terribly difficult to add another, identical tribander at
about the 40-foot level on such a tower. The second
tribander can be pointed in a fixed direction of particular
interest (such as Europe or Japan), or it can be rotated
around the tower on a side mount or a Ring Rotor. If guy
wires get in the way of rotation, the antenna can usually
be arranged so that it is fixed in a single direction.

Insulate the guy wires at intervals to ensure that they
don’t shroud the lower antenna electrically. A simple feed
system consists of equal-length runs of surplus 0.5-inch
75-Ω Hardline (or more expensive 50-Ω Hardline, if you
are really obsessed by SWR) from the shack up the tower
to each antenna. Each tribander is connected to its
respective Hardline feeder by means of an equal length
of flexible coaxial cable, with a ferrite choke balun, so
that the antenna can be rotated.

Down in the shack, the two hardlines can simply be
switched in and out of parallel to select the upper antenna
only, the lower antenna only, or the two antennas as a
stack. See Fig 41. Any impedance differences can be
handled as stated previously, simply by retuning the lin-

Fig 41—Simple feed system for 70/40-foot stack of
tribanders. Each tribander is fed with equal lengths of
0.5-inch 75-ΩΩΩΩΩ Hardline cables (with equal lengths of
flexible coax at the antenna to allow rotation), and can
be selected singly or in parallel at the operator’s
position in the shack. Again, no special provision is
made in this system to equal SWR for any of the
combinations.

ear amplifier, or by means of the internal antenna tuner
(included in most modern transceivers) when the trans-
ceiver is run barefoot. The extra performance experienced
in such a system will be far greater than the extra decibel
or two that modeling calculates.

THE WXØB APPROACH TO STACK
MATCHING AND FEEDING

Earlier we mentioned how useful it would be to
switch various antennas in or out of a stack, depending
on the elevation angles that need to be emphasized at
that moment. Jay Terleski, WXØB, of Array Solutions
has designed switchable matching systems, called
StackMatches, for stacks of monoband or multiband
Yagis.

The StackMatch uses a 50-Ω to 22.25-Ω broadband
transmission-line transformer to match combinations of
up to three Yagis in a stack. See Fig 42 for a schematic
of the StackMatch. For selection of any 50-Ω Yagi by
itself, no matching transformer is needed and Relay IN
routes RF directly to the common bus going to Relay 1,
2 and 3. For selection of two Yagis together the parallel
impedance is 50/2 = 25 Ω and Relay IN routes RF to the
matching transformer. The SWR is 25/22.25 = 1.1:1. For
three Yagis used together, the parallel impedance is 50/3
= 16.67 Ω, and the SWR is 22.25/16.67 = 1.3:1.

The broadband transformer consists of four trifilar
turns of #12 enamel-insulated wire wound on a Ferrite
Corporation FT-240 2.4-inch OD core made of #61
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