Use Saltwater as an RF Radiator and ‘Go with the Flow’ on 2 Meters

Glub, Glub, Glub:
The Amazing Aqueous Antenna
BY VERNON R. HARRIS,* W7GGM

W

Water for a 2-meter antenna’s radiating element. Now,
there’s a concept.
It can be done. I did it.
Conventional antennas are constructed using wire, metal
pipes, conduit, or similar materials. The Aqueous Antenna
jumps beyond these standard materials and is constructed
using saltwater for the radiating element, Photo A.
I’ve never heard of this being attempted, let alone accomplished. But the Aqueous Antenna, as I’ve named it, is basically constructed of water or a water-based liquid instead of
the standard conductors. The radiating elements are made
of an aqueous solution and if constructed properly can be a
very good radiator.
In the past, antennas were constructed using a piece of
feed line — usually coax — that was laid out and connected to some sort of wire antenna. The antenna added to the
end of the coax could be one of many different designs to
provide the desired performance feature.
The simplest form was usually a dipole constructed such
that there was an egg insulator in the center of the antenna
that separated the two poles that made up the dipole antenna. The ends of each pole usually had some sort of insulator to electrically isolate the antenna ends from the environment and allow the antenna to perform as expected.
For my research, two versions of the Aqueous Antenna
were built and tested — a vertical and a dipole.

Tools and Parts Required for W7GGM Aqueous
Antennas
•
•
•
•
•
•
•
•
•
•

A length of coax cable — RG-58, for example
Tape measure
Sharp knife
Pair of scissors
An assortment of cable ties
Plastic tubing, clear, flexible — 3/8-inch inside
diameter
Rubber stoppers to plug the ends of the plastic
tubing to hold in the water — 5/16-inch or smaller
A soldering iron or gun, solder, and solder flux
A physical support frame, such as yard sticks for
mounting the antennas
Electronics hand tools for general use

The 2-Meter Aqueous Vertical Groundplane
First we need to prepare the materials to make the Aqueous
Vertical Groundplane, Photo B.
* Email <bmsoffices@comcast.net>
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Photo A. The W7GGM Aqueous Dipole antenna’s
performance on 2-meter FM exceeded its designer’s
expectation — as did the Aqueous Vertical. It is possible
to generate a fine VHF signal using a saltwater solution
for an RF radiator, as this V dipole shows.

Provide a length of coax cable, either RG-58 or similar, to
run from the transceiver outside the radio shack to where
the antenna will be located.
The antenna-end of the coax will be opened up so that the
two conductors have about 2 inches exposed for the electrical connections.
The contact points chosen for the aqueous antennas were
1-inch-long weather stripping nails and a small alligator clip,
Photo C. The two coax conductors were prepared by removing the insulation and exposing enough wire on the center
conductor to allow a loop to be formed around the nail next
to the nail head.
The loop was pressed into place using small pliers and
then a small amount of solder flux was added to the loop. A
soldering gun was used to heat the joint and the flux allowed
the solder to flow evenly.
Visit Our Web Site

Photo B. With the 2-meter vertical ground plane, radials 22-inches long
are positioned at the base of the radiating element — saltwater solution in a
plastic tube.
Once the soldering joint was complete, it was cleaned using rubbing alcohol to remove residue. For the braid
conductor, a small alligator clip was
installed to allow it to be connected to a
ground-plane radial system.
The sharp end of the center conductor nail, Photo C, was held using needle-nose pliers and the sharp end of the
nail was forced through the large end of
one of the rubber stoppers.
The nail was inserted as far as possible so that its head rested snug against
the rubber stopper. This allowed about
3/8-inch of the nail to be exposed
through the center of the rubber plug.
The center conductor rubber stopper

was then slid inside the lower end of the
plastic tubing until snuggly in place. This
arrangement seals the end of the plastic tubing so that water cannot leak out
and to provide an electrical contact with
the water inside the clear tubing. The
braid of the coax was fitted with an alligator clip so it could later be clipped to
the ground radial system.
Next, the clear plastic tubing was
stretched out along a wooden yardstick,
Photo D. The tubing was started just
below the zero mark of the yardstick.
The plastic tubing along the yardstick
was then attached using plastic tie
wraps to snuggly hold the tubing against
the yardstick.

Photo C. A 1-inch-long nail is pushed through a rubber
stopper to make contact between the feed line’s inner
conductor and the saltwater radiator. The braid of the
oax is attached to the radials with an alligator clip.
www.cq-amateur-radio.com

Additional tie points could be added
as desired, to secure the yardstick and
plastic tubing together. At the far end of
the yardstick the plastic tubing extended just beyond the yardstick end.
A rubber stopper was placed in the far
end of the plastic tubing. The space
between the two rubber stoppers was
later filled with saltwater to form the vertical radiating element.
Next, the ground plane wires were
formed and added to the vertical antenna. For this antenna, four ground plane
wires were selected from stiff copper
wire stock. Each radial was formed to a
length of 22 inches. This was done by
cutting two stiff wires 45 inches in
length, crossing them at the centers,
and twisting them about each other to
form a tight joint.
This joint was then soldered. The radials were then evenly separated and laid
out flat on a card table. The vertical part
of the antenna was then suspended
directly above the radial layout and the
coax braid lead was alligator clipped to
the radial solder joint. The alligator clip
was used to temporarily provide this
required electrical connection for testing with the idea that later the shield
conductor would be soldered to the radial joint.
Next, the water solution was added to
the plastic tubing — a salt-saturated
brine solution which was quickly
obtained by simply dipping a glass-full
of the saltwater found in my water softener salt holding tank. This solution is
a salt-saturated water mixture. The
same solution can be obtained by taking a glass of tap water and adding table

Photo D. The vertical plastic tubing holding the saltwater
solution is secured to the yardstick using plastic ties.
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Photo E. Here’s the configuration for the V dipole, with three yardsticks as the
support structure.

A shortwave propagation
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The rubber stopper at the high end of
the vertical radiator is then removed.
Using a small turkey baster or infant
nasal aspirator, the salt solution is slowly added to the top of the plastic tubing.
It must be added slowly so it dribbles
down the inside of the tubing. If it is
added quickly, solution droplets will fill
the plastic tubing in the form of a small
glob and plug the plastic tubing — not
allowing more solution to be added. By
adding the solution slowly the air within
the tubing can escape as more solution
is added and allow the tubing to be filled.
The salt solution was added until it
was close to the top of the plastic tube.
The rubber stopper can then be placed
in the top end of the tube or it can be
left out until all the antenna testing is
completed.

Testing the Aqueous Vertical
Antenna
The first test to be made was a check
on the SWR. I selected a frequency in
the 2-meter band. With almost 36 inches of salt solution in the plastic tubing
the SWR was up around 3.0 or perhaps

a bit higher. Note the SWR reading and
the height of the water solution.
Lean the vertical tubing to one side to
remove a bit of the salt solution. I would
recommend removing about 2 inches of
solution and make another SWR test.
When removing some of solution from
the plastic tubing, do it carefully
because a small amount of solution
removal could result in an unexpected
solution height change. Remove just a
few drops at a time.
The markers on the yardstick will provide reference marks to easily show
how much solution is in the plastic tube.
If too much solution is removed, simply
add a few drops back to the tube to get
the desired solution height.
Check the SWR after each 2-inch lowering of the salt solution. After each
solution removal, the SWR should show
a continued downward trend.
When the SWR gets down to a reasonable value, it can be further lowered
by making mini-adjustments to the salt
solution height. I found that when doing
final solution height adjustments, the
best SWR values could be obtained by
changing the solution by only two or
three drops at a time. By being careful,
I was able to obtain an SWR value of 1.6.

The Aqueous Vertical:
Conclusions and Thoughts
The Aqueous Vertical is a workable
antenna with the final SWR of 1.5 and
1.7. It appears that for a given frequenVisit Our Web Site

Photo F. Here’s a close-up of the completed feed
line-antenna connection. A rectangular piece of wood is
the support point for the base of the V. After all the
connections are checked and secure, the saltwater
solution is added to each side of the dipole, and SWR
testing begins.

cy, the antenna formula is not valid when trying to calculate
the length of a quarter-wave whip made of saltwater.
The final length or column height was 21-1/2 inches instead
of usual 19-1/4 inches if standard copper wire had been used
for the whip. This says that the tuned aqueous antenna was
lengthened by 21.5/19.25, or about 12 percent longer than a
standard quarter-wave, 2-meter whip antenna.
The Aqueous Vertical’s performance exceeded expectations. Checking the SWR at various frequencies on 2 meters
indicated readings did not change much across the band.
The tuning and operation seems to be quite broad compared
to most vertical antennas.
It was used to work through a local repeater. Getting in was
no problem.
Later, the antenna was used to communicate during a regular emergency net operation. Operators out at the edge of
where my J-Pole normally performs well could tell no difference between my J-Pole signal and the aqueous antenna
signal.
My received signals seem to be just as strong as when
using the J-Pole antenna. The emergency net on this occasion was not using the local repeater but rather was operating FM simplex.
The purpose of building the aqueous or water antenna was
not intended to provide another antenna choice for 2 meters.
The purpose was to build and confirm the operation of a new
concept in antenna theory and design.
I had been told by some that such an antenna could not be
built simply because the idea was not in the antenna theory
books. To use water instead of standard conductors was so
far outside the box, the idea might never work. I too believed
this to some extent and was very excited to see that it actually was a good performer.

The Aqueous Dipole Antenna

Photo G. The Aqueous Dipole’s elements secured to
the structure.
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When building the Aqueous Dipole Antenna, Photo E, the
same instructions apply when preparing for assembly.
Provide the coax feed line for the dipole antenna. Prepare
both coax conductors with electrical contacts using the nails
and solder just as with the vertical antenna. Push the pointed ends of the contact nails through the large ends of two
rubber stoppers.
Lay out two pieces of the 3/8-inch plastic tubing and
secure them to two wooden yardsticks using plastic tie wraps,
Photo F.
For this antenna, each radiating element will be positioned
such that the arms are pointing upward at about 45 degrees
instead of straight out.
When finally laid out, the antenna will resemble a V antenna. This is necessary to ensure that the salt solution always
remains in contact with the electrical contact nails in the lower
parts of the antenna. Also, with the arms being oriented
upward the height of the solution columns is much more
defined and easier to read.
The angle for the V will be obtained by laying out the two
yardsticks on a table at about a 45-degree angle with the contact, or lower ends, almost touching. Now lay a third yardstick across the tops of the two radiating elements (Photo E).
Adjust the spacing such that the third yardstick crosses the
two antenna arms at the very ends of the elements. With the
third yardstick as spacing and support, drill small holes
through the two yard stick crossings and secure the two
crossings with plastic tie wraps. This is where each of the
Aqueous Dipole’s elements will be secured to the structure
as well, Photo G.
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Three tie wraps at each crossing hold the antenna supports
together.
At the lower ends of the yardsticks, set them about 1-inch
apart and attach the ends to a small, wood block using plastic tie wraps. Mine measures about 5-by-8 inches.
See in Photo A that I then attached the antenna and wood
support block to the top of a 10-foot wood pole using large
tie wraps. The coax ran down the wood support pole and was
secured using plastic tie wraps.
The coax connector nails and rubber stoppers were then
inserted into the bottoms of the two plastic water tubes. At the
top of the plastic tubes the same type of saltwater used in the
vertical was slowly added to each tube. When mostly full, the
upper tubes were provided with two more rubber stoppers.
The rubber stoppers can be put in place or left out during
the antenna testing. The antenna was then ready for testing.

Testing the Aqueous Dipole
The same frequency used for testing the aqueous vertical
antenna was chosen to test the dipole. With the radiating
tubes mostly full, the SWR was found to be over 3.0. The
same procedure for changing the solution height was followed as was done for the vertical antenna.
By tilting each side of the antenna over, a little bit of salt
solution was allowed to drain out of the tube. Both ends of
the dipole were adjusted to keep the height of the salt solution the same for both sides.
Again, with the first 2 inches of solution removed, the SWR
showed a slight decrease. When the SWR was reduced down
to a reasonable level, the solution height change was reduced
to 1 inch for each SWR test.
Ultimately, the SWR bottomed out and started back up
again. The next steps were to change the solution height by

only 1/2-inch until I could see another dip. Then the antenna
solution heights were changed by adding or subtracting the
solution by only 2 or 3 drops at a time. The SWR finally bottomed out at 1.8.
Operational testing of the Aqueous Dipole was similar to
testing the Aqueous Vertical antenna. The Aqueous Dipole
could easily hit the local repeater. Several hams were worked
in this mode and the antenna worked fine.
The dipole was later tested using the same emergency net
communications. The signal reports were again that the signal was just as strong and good-sounding as with my J-Pole.
As might be expected, when talking to operators off the end
of the dipole the signal was not as strong as when the operators were broadside to the dipole. This makes reasonable
sense since there is less of a signal to work with off the ends
of a dipole antenna. In this situation, the J-pole performance
was superior.

The Aqueous Dipole: Conclusions and
Thoughts

what’s new

The Aqueous Dipole Antenna seemed to be a bit easier to
build. However, if proper space is available for the groundplane radials, the vertical antenna may be the best choice,
since it is omni-directional.
Both antennas were designed and built as “proof of concept” projects. Neither was intended to be an antenna to
replace an existing design or provide some wondrous
improvement in performance.
Rather, these two antenna projects were intended to possibly change the way we think about antennas and to get us
to “think outside the box” concerning antenna theory and what
might be possible using new ideas.
My hope is to see additional articles published by hams with
an entrepreneurship drive; picking up the thinking and elevating it to new levels of activity. Projects such as mine can
be a seedbed for additional thinking and advanced projects
by and for radio amateurs.

TriQuint Introduces New Amplifier

General Thoughts

RFMW, Ltd. has added the TQC9305, a 0.7- to 3.6-GHz
digitally-controlled, Variable Gain Amplifier (DVGA) from
TriQuint. The TQC9305
features a shutdown pin
function for TDD applications and offers 40-dBm
OIP3 for linear operation.
The integrated attenuator has 31-dB range in 1dB steps. The TQC9305
comes internally matched,
eliminating the need for
external matching components. Suited for both TDD
and FDD systems, the TQC9305 is used in tower-mounted
amplifiers, repeaters, small cells and defense related communication systems.
This TriQuint DVGA operates on a 5-volt supply drawing
130 mA and comes in a 5x5 mm MSL3 package. For more
information contact: RFMW, Ltd., 188 Martinvale Lane,
San Jose, CA 95119. Phone: (408)414-1450. Email:
<info@rfmw.com>.

Things that might be considered when attempting improvements to the aqueous antennas:

Note: “What’s New” is not a product review and does not constitute
a product endorsement by CQ. Information is primarily provided by
manufacturers/vendors and has not necessarily been independently
verified.
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Vary the diameter of the plastic saltwater tubes.
Vary the concentration of the salt solution. Also, other
type salts could be experimented with to possibly
improve the performance.
Experiment by using automobile anti-freeze or RV
plumbing anti-freeze, in place of tap water, to lower the
freezing point of the solution.
Experiment with different selections for the coax connectors instead of the 1-inch nails. The performance
might be enhanced by using longer contacts to provide
more contact surface area with the salt solution. The
type of material the contact is made of could also be
changed. Stainless steel contacts could provide less
of a corrosive potential for the connectors.

(ABOUT THE WRITER: Vernon R. Harris, W7GGM, studied
electrical engineering at the University of Oklahoma. He has
worked for the Department of Defense, U.S. Air Force, and the
Federal Aviation Administration in varied technical capacities.
He is an established author, having written everything from technical manuals to books of humor, sci-fi, general fiction, and nonfiction. Mostly retired, Harris is owner of Bear Mountain Scientific
<http://www.BearMountainScientific.com>. – KI6SN.)
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