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Six Antennas from Three Wires

With these modified Beverage antennas,
you double your directions without doubling your cost.

'Y h my, he's weak,

Egads, what static.
Oh well, let’s turn the beam
and see where he peaks up.”

Sounds like a natural
enough sequence, doesn’t
it? Well, at K1VR, we can do
just that on 760 (and 80, and
40 ) meters, and no an-
tenna is higher than 15 feet.
in fact, there is no “beam.”
Instead, we use three Bever-
age antennas, each revers-
ible. Mot bidirectional . . .
reversible. This article will
show you how we do it.

An Old Antenna

First described in a 1922
article by H. H. Beverage,’
the Beverage is a receiving
antenna described by one
friend as an antenna that
works poorly in general, but
less poorly in one direction.
Its principal advantages are:
® |t increases your received
signal-to-noise ratio (reduces
QRN) for low-angle signals
(i.e., DXY).

@t has a narrower beam-
width than typical 80-meter
antennas. Belrose VE2CV

Photo A. View of toroidal matching transformer, showing

method of winding
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has described the azimuthal
beamwidth as 77 degrees.?
® it is much less susceptible
to precipitation static, so
that a snowstorm in Febru-
ary is less likely to shut
down low-frequency opera-
tions.
® |t is capable of excellent
front-to-side performance to
reject all that static coming
from around the equator.
® 1t reduces the need for
inserting attenuation to pro-
tect the solid-state front end
of your receiver or trans-
ceiver.
®Ili you live in the North-
east, it will guiet down all
that QRM pgenerated by
those very loud W3, w4,
and W8 stations who insist
that they have a right to the
band, too. It is not unusual
to see 2025 dB frontto-
back.

A Beverage is a single
wire antenna used in receiv-
ing only. It is end-fed, 1/2 to

4 wavelengths long, strung
horizontally from 6 to 15
feet above ground. Many
Beverages are fed at one
end, left open-circuited at
the other, far end, and are
bi-directional in line with the
wire (see Fig. 1). Adding a
terminating resistor to the
far end, as in Fig. 2, makes
the Beverage unidirectional,
but you can’t switch direc-
tions. Some Beverage users
use a dc relay and switch the
terminating resistor in and
out, but this still does not
provide unidirectional per-
formance in each direc-
tion. 357

However, if you go one
step further—feed both
ends of a Beverage, select

.either feedline and termi-

nate the other—you can in-
deed have two directions
from a single wire. This is
what we have done, not with
just one wire, but three, for
six directions!
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Fig. 1. A basic Beverage antenna. The directivity pattern is br
directional along the axis of the horizontal wire. The Bever-
age Box contains a transformer which matches the imped-
ance of the antenna to the impedance of the feedline.
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Fig. 2. A terminated Beverage is unidirectional toward the ter-
minated end of the antenna. The resistor is a noninductive
typa, and experience suggests a value between 300 and 800

Ohms.
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Fig. 3. The directivity pattern of the K1VR/N1RC Beverage is
reversible. A control head at the operating position selects
one of the two feedlines and routes it to the receiver while
terminating the second feedline with a resistance. The anten-
na is directional toward the end with the terminated feedline.
By using three such antennas and a rotary switch, six different

directions can be selected.

A New Construction

The form of construction
described in this article is
desirable because few of us
live on a piece of land large
enough to stretch out a Bev-
erage in each desired direc-
tion. But if vou can have one
wire, you can have two di-
rections!

The system has the fol-
lowing components: a con-
trol head in the shack, three
Beverages, six feedlines, and
six “Beverage Boxes.”

The control head has two
switches: A Beveragesftrans-
mit antenna switch (to select
the transmit antenna to lis-
ten on, if desired), and a ro-
tary switch for selecting a fa-
vored direction.

Outdoors, we used three
Beverages, which we strung
between trees, but more or
fewer can be used. Each end
of each Beverage wire is con-
nected through a Beverage
Box to one of the feedlines.
See Fig. 3. All feedlines end
in the shack at the control
head. Qur Beverages range
from 220 to 325 feet long,
limited by the size of K1VR's
yard.

It sounds simple because
it is simple. Results: im-
proved signal-to-noise, front-

to-back, and fronttoside op-
eration when compared with
dipoles and delta loops. And
you thought you couldn’t
rotate an 80-meter antenna!

The Contro} Head

In the original control
head, the transmitting an-
tenna was assigned position
number 1 on the rotary
switch. With a little experi-
ence, however, we soon
learned that comparing re-
ception on the Beverage to
reception on the transmit-
ting antenna was much easi-
er with a separate toggle
switch. In addition, the rota-
ry switch had a nice even
number of positions, with no
empty space opposite the
transmitting antenna.

The doublepole, six
throw {DP6T) rotary switch
we used was the type that
lets you select the number
of positions desired by suc-
cessively removing stops.
We “crosswired” the switch
as shown in Fig. 4, so that
when one feedline is select-
ed, the feedline coming

_from the opposite end of the
. same Beverage is connected

to the 75-Ohm terminating
resistor. Thus, if we select,
say, the northeast end of
Beverage A, then the south-
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Fig 4. Control-head schematic diagram.

west end of Beverage A is
terminated.

Pay close attention to the
wiring and labelling, or you
will surely have to rewire
several times, as we did, to
make the switch go nicely
around the compass, termi-
nating the other end of the
direction selected.

In locating the control
head at the operating posi-
tion, remember that while
you may change bands only
two or three times per hour
at most, you will change di-
rections for receiving re-
peatedly. So choose a loca-
tion near the transceiver dial
or antenna rotator, to be
used by the hand you do not
write with, The control head
should also be plainly visi-
ble, so that you won’t strain
to hear someone only be
cause vou've forgotten to
“point” the right antenna at
him (or her!).

We used F connectors be-
cause they are cheap, readt
ly available, take up much
less back panel space than
UHF connectors, and are
much, much easier to install
(a single 5/8” hole)! BNC con-
nectors would also be ap
propriate. But note it is a
good idea not to use a con-
nector which may also be
used in a transmitting appli-
cation in your shack. Re-
member, Beverage antennas
are for receiving only!

Finally, as we got around
to attaching feediines, it be-
came apparent that as soon
as they were identified, it
was important to label them
with Brady markers, tie-
wrap tabs, or even masking
tape to indicate direction.
Without marking, eight iden-
tical RG-59 ends with F con-
nectors quickly became
confusing.

The jumper connecting
the control head to the
transceiver at K1VR was RCG-
59 with an F connector on
one end and an RCA phono
plug on the other. This was
due to the need for RCA
plugs in the Kenwood TS-
520, 820, 830 series. Note
that a small modification
may be necessary to your
transceiver to permit opera-
tion with a separate receiv-
ing antepna while main-
taining the flexibility of
switching back to the trans-
mit_antenna for receiving, if
desired.

Feedline

Of course, the magic in
the design of these antennas
is that the feedlines are so
inexpensive. With the ad-
vent of cable TV, so-called
“drop cable” has become
widely available at very at-
tractive prices. This is the ca-
ble which is run from the
telephone pole on the street
to the home,
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Drop cable comes in two
sizes: RG-59 and RG-6. At 5
MHz, RG-59 has an attenua-
tion of approximately .55
dBAOO feet; RG-6, which is
more expensive, is approxi-
mately 45  dBA0D  feet
(source: Belden catalog).
Therefore, since loss is in-
consequential (the more
feedline loss, the less atten-
uation you will have to in-
sert to prevent frontend
overload}, choose the line
on which you get the best
deal. However, other con-
siderations may contribute
to your decision.

If you live near a strong
local station or intend to op-
erate in the multi-operator/
multi-transmitter category in
various contests, you may
wish to consider the ques-
tion of shielding. RG-59 is
commonly availabie in 40%
braid100% foil or 60%
braid/100% foil. The more
ingress of signal that you ex-
pect, the more you should
consider using 60% braid or
even 95% braid. In extremis,
these cables are also avail-
able with double shielding
and double foil. Double-
braided RG-6 is the cable of
choice for direct burial in-
stallations.

in ‘any ham station, the
question of splicing wire of-
ten arises. A few words of
advice are appropriate. |If
you have to put a cable in
conduit to get out of your
house and into the back-
vard, never put a splice in-
side the conduit. If you must
splice outdoors, splicing and
then putting the splice
underground is bad busi-
ness, as it is just too suscep-
tible to water getting into
the coax. Since this is a foam
coax, the water will migrate
without mercy. The coax is
cheap; if you value your
time at all, use unbroken
runs of coax in conduit and
underground!

Finally, when working
with cable-TV coax, remem-
ber that the braid is general-
Iy going to be made of alu-
minum and will not solder.
This dictates that all con-

12 73 Magazine * Qctober, 1983

Photo B. Inside view of a Beverage Box.

nectors must be either
crimp-on BNC or crimpron F.
As for the crimping, it may
be awkward, but be sure to
borrow or buy the correct
crimping tool. Merely using
a pair of pliers will not do
the kind of ri-tight crimp
which will last.

Beverage Boxes
(The Terminations)

The Beverage Box is the
interface between one end
of a Beverage antenna and
its  75-Ohm  transmission
line. It should have mini-
mum insertion loss, operate
efficiently over a wide fre-
quency range, and be weath-
erproof.

As a starting point, we
knew that, according to the
literature, Beverage imped-
ances could range from 400
to 800 Ohms or so, but that
we could reasonably expect
an impedance in the 500-
600-Ohm range.”™" Further-
more, we decided that rath-
er than design a multiple-
impedance matching trans-
former, a single 600-Ohm-to-
75-0hm  design would he
used. The thought of many
treks into the woods to
adjust taps aided in this
decision!

The actual construction
of the box was divided into
smaller units of decision-
making.
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Fig. 5. Transformer winding details.

Connectors

I connectors were select-
ed for the very same reasons
we used them in the control
head.

Also, watertight boots
which go over | connectors
are readily available. Filling
them with silicone grease
{not caulk) before tightening
will make a very good setup.
Remember to put the boot
on before putting on the F
connector. The authors have
forgotten this rule more
than once.

Binding Posts

We selected commeonly-
available posts and have
very little to contribute to
the discussion. However, it
is a good idea to get the type
with a hole through the post
to ensure a good contact
even after oxidation has be-
gun. Also, note that some
binding posts (the cheapest
type) are not feedihrough
types. That is, they are not
insulated from the surface
in which they are mounted.
These should be avoided.
The Transformer

The transformer design
meets the following criteria:

Impedance
Ratio (Ohms) 60075 (8:1)
Bandwidth 10 to 30 MH:
Insertion Loss MNegligible

The transformer was

quadrifitar wound (Fig. 5),
one winding serving as the
75-Ohm secondary, the oth-
er windings connected in se-
ries as the 600-Ohm primary.
All windings were 16 turns,
#28 enamel wire, close-
wound (Photo A), on an Indi-
ana General 626-12-Q1 core
{available from Permag
Northeast Corp., 10 Fortune
Drive, Billerica MA (31865;
(617¥273-2890). Each wind-
ing had a self-impedance of
375 Ohms (5 X 75). The core
of the transtormer had a
75" inner diameter, a 1.25”
outer diameter, and a .375”
width.

Note that the late |im
Lawson W2PV found that in
the presence of very high f
levels—a local AM radio
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FiMHz) Z(Ohms} ¢°

1.8 70 +6
2.0 70 +6
3.5 70 0
40 71 [0
7.0 68 + 2
73 67 +2
140 56 -2
14.35 54 —4
21.0 42 +8
215 42 +9
28.0 38 +30
285 37 +37

Table 1. Transformer vector-
impedance measurements.

station—the toroid core sat-
urated. He used L/C net-
works for transformers in-
stead of toroids at his loca-
tion,

Both a network analyzer
and an rf-vector impedance
meter (75-Ohm impedance)
were used to verify trans-
former performances. Test
setups are shown in Figs. 6
and 7. measurements are
listed in Tables 1 and 2.
Measurements made using
the network analyzer are re-
turn loss as measured in
decibels. “Return loss is the
relation between the power
returning down the line from
a mismatched load to the
power incident to that
load.” (Stephen F. Adam,
“Microwave Theory and Ap-
plications,” Prentice Hall,
1969) It is related to vswr by
the formula: R1 = -20
log,dvswr — 1fvswr + 1)
Equivalent vswr’s are includ-
ed in Table 2.

All  measurements were
made with the transformer
terminated in a 600-Ohm
load consisting of two 1200~
Ohm, quarter-Watt, carbon
composition resistors in par-
allel,

N1RC also tried a mea-
surement setup which the
average ham can do at
home to get a rough indica-
tion of Beverage perfor-
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mance. Although the trans-
former is designed for a
600-Ohm-to-75-Ohm imped-
ance transformation (an 8:1
ratio), it can also be used for
400-Ohm-to-50-Ohm  appli-
cations. Bob made a 400-
Ohm dummy load of 8-50-
Ohm, 10-Watt wirewound
resistors and connected it to
the 600-Ohm side of the
transformer. After connect
ing the 75-0hm side to the
“Antenna’ connector of a
vswr bridge and applying
enough power to get a full-
scale deflection, he mea-
sured the vswr (quickly!) on
160, 80, and 40 meters. It
was 1.5, 2, and 3, respective
ly, and into a reactive load.
Winding Tips

Leave about three inches
of wire free on each end of
each winding. Tin each end
for about 1/4”; remove the
enamel by burning it off
with a hot soldering iron.
Wipe the tip of the iron fre-
quently on a wet sponge to
clean it. When all eight ends
are tinned, identify each
winding using a continuity
tester or VOM. Separate out
one winding as the 75-Ohm
winding. Carefully solder
the other three windings in
Series, removing excess wire
{you don’t need six inches),
and re-tin ends before con-
necting the two end wind-
ings to the center windings.
Pay careful attention to po-
larity (phasing).

Box Assembly

Each transformer is
mounted in the Beverage
Box on a platform built up
of clear uncured RTV. When
this cures, the toroid will be
held securely in place. The
ground ends of the windings
are connected together to
the ground binding post and
a chassis ground. The 75-
Ohm and 600-Ohm windings
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Fig. 7. Transformer return-loss test setup.

are connected to the ¥ con-
nector and input binding
post, respectively. See Pho-
to B. Be careful not to re
verse these connections as
we did in one box. If you
need to identify windings,
disconnect the ground ends
from ground and from each
other. The 600-Ohm winding
will then show continuity
from the “hot” end to the
connections  between  its
center winding and outer
windings.

Another consideration is
the location of the 600-Ohrn
binding post, the 75-Ohm
binding post, and the F con-
nector, We placed the 600-
Ohm binding post and the F
connector on opposite ends
of the long axis of the Bever-
age Box with the ground
binding post placed on the
side. In this way, the box
could be “hung” from a Bev-
erage. The F connector and
75-Ohm feedline hang ver-
tically from the bottorn of
the box with no right angle
bends in the cable and a
natural drip path for the
water off the box.

The Box

We chose an aluminum
Hammond 1590 B box (109
% 58 X 25 mm), equivalent
to Bud box number CU 124,
because it was reasonably
priced —in the $6.00 area-—
and had an inner lip which
protects the circuitry from
the weather. All seams in the
box and connectors were
coated with clear nail polish
to form an inexpensive and
watertight seal. Photo C
shows a completed box,

Grounding
This 15 a subject all its

Return

F(MHz) Loss (dB} Vswr
1 20 1.22
2 30 1.06
27" 45 1.01
3 35 1.04
4 a0 1.06
5 28 1.08
B 25 1.12
7 22 1.17
8 20 1.22
9 19 1.25
10 18 1.28
11 17 1.34
12 16 1.38
13 16 1.38
14 16 1.38
15-30 >10 <18

*Resonance in transformer pro-
duced (out of ham band} mea-
surement anomaly.

Table 2. Transformer return-
loss measurements.

own. But it is probably
worth a few words here. The
Beverage antenna will be
erected only 815 feet off
the ground. Therefore, it is
unlikely to receive a direct
hit from lightning.

To a certain extent, the
feedlines to the Beverage
Boxes act as counterpoises,
since the most convenient
route from the shack to the
Beverage Boxes furthest
from the shack was almost
always along the ground he-
neath the Beverages. All
feedline braids were ground-
ed at each end. However,
this  counterpoise  effect
caused by the feedlines is
not a designed-in part of the
Beverage system and can-
not be depended upon to ei-
ther improve or degrade sys
tem performance. |t just
must be accepted as one re-
sult of this design.

In the installation of this
antenna, several four-foot
cable-TV ground rods were



used. In addition, several six-
and eightfoot ground rods
were used. Six-footby-3/8-
inch or eight-foot-by-5/8-
inch ground rods seem to be
the grounding system of
choice. But the best strategy
seems to be this; Erect some-
thing, and if you are unsatis-
fied with performance, go
out and add more ground
rods a few feet away ot add
radials to the existing ground
rod,

Incidentally, since no #6
copper ground wire was
available, we simply used
two strands of #12 (approxi-
mately equivalent to one #9
wire) to ground the termina-
tion boxes.

Place the ground rod a
few feet away from the tree
and vou will have a better
chance of avoiding thick
roots when you drive the
rod(s) into the ground.

Note that a six-direction
Beverage system uses seven
ground rods; the last one is
for ground back at the
shack. But you have already
installed a goed ground for
your station, haven't you?

Wire and Height

Beverages will work best,
it seems, at heights from 6 to
15 feet. Above that, they be-
gin to look like conventional
longwires. We caution you
to put the wire up at least 10
feet, however, because one
Massachusetts ham is now
the defendant in a lawsuit
resulting from a trespasser
on horseback who was top-
pled from her horse when
she hit the Beverage wire.

At K1VR, due to con-
straints imposed by lot size,
the Beverages were only be-
tween 220 and 325 feet long.
Widely-circulated  folklore
suggests that two wave-
lengths, or 450 feet at 80 me-
ters, is optimum. There is
some experience, at W4BVV
and W1ZA, to suggest that
1000-1200 feet is too long at
80 meters.

Aimost any wire will do,
but we recommend strand-
ed and insulated, approxi-
mately #16 or #18 AWG. Fi-
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Photo C. Assembled and sealed Beverage Box. The system of

three reversible Beverages at K1VR required six of these

boxes.

nally, if you want the wire to
be seen, because you cross
an open field perhaps, make
it white or yellow. On the
other hand, if you live in a
more suburban area and
wish to hide it a bit, choose
green, brown, or black insu-
lation.

The best mounting meth-
od vet discovered is to use
standard electric fence wire
standoff insulators made of
plastic. They can be ham-
mered into a tree in seconds.

Remember, when nstall-
ing your wire, to keep it as
far away as possible from
towers and other metallic
structures which may have
the undesired effect of ca-
pacitive coupling. In the
case where a 300-foot wire is
supported in the middle by
your tower, it is more likely
to behave as if it were a
150foot wire.

We chose stranded wire
hecause, over such long
runs, supported by trees, a
solid wire would be flexed
frequently, leading to stretch-
ing and breakage.

Conclusions

We set out to make a uni-
directional receiving anten-
na for the low bands which
would be very good for DX
and reject signals from the
side and back. For a modest
amount of work, on a lot of
modest size, we attained
that goal.

Once we had the anten-
nas up and working, we did
notice something about

their operation that de-
served a bit of attention. Qc-
casionally a signal seemed
to peak on the wrong anten-
na. There are two reasons
that this can accur. For one,
a particular Beverage may
not so much favor one direc-
tion as it nulls the interfer-
ence coming from another.
This gives the appearance of
peaking a signal on the
wrong antenna. In  trying
conditions, this means that
some judicious switching is
worthwhile.  For another,
Beverages are essentially
low-angle antennas. As a re-
sult, a close (0-300 miles) sta-
tion may actually be louder
on the high-angle side lobe
of a completely different di-
rection Beverage than on
the Beverage favoring that
direction. At K1VR, this
means that K2s often peak
north or northeast. Locals, it
seems, can peak almost any-
where.

Having established that
we had a working antenna
system and knowing full
well that nothing good ever
lasts, we decided to make
records of baseline resis-
tance measurements at the
control head. There is varia-
tion due to feedline lengths,
and maybe even grounding,
but by measuring between
the center conductor and
ground at the output of the
control head (removing the
jiumper that goes to the re-
ceiver), lines measured be-
tween 6 and 40 Ohms.

It is really neat to peak up

the weak ones and reject the
strong ones by changing di-
rections so easily. If you've
long bemoaned the noise
and crud on 40, 80, and 160,
try a Beverage and double
yvour fun by feeding both
ends!
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