A big signal on a small lot.

A Two-Band Vertical
Monopole Antenna

BY GEORGE F. MOYNAHAN, JR., Ph.D*, WBAXT

s ome time before the publication
of the September 1978 issue of CQ
Magazine, which carried the excellent
article by Russ Rennaker, WOCRC,
entitled “An Effective 40 & 75 Meter
Antenna,” we had designed and built
a vertical monopole to operate on
those two bands and had begun to
write an account of how it came to be
made as well as a description of its
construction. When the Rennaker
paper appeared we nearly put aside
the idea of writing about our antenna,
for the two are certainly similar in
several respects. However, there are
also important electrical and mechan-
ical differences between the two, and
it seems that we studied some aspects
of design not covered in the other arti-
cle. Consequently, we decided to go
ahead with our write-up.
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Corrective network Antenna model

Fig. 1 -1, is a bifilar 4:1 transformer

wound on an iron powder toroidal

core. L, is the loading inductor (10.47

uH). The inductive reactance of L, is
250 ohms at 3.8 MHz.

Our requirement for a two-band ver-
tical monopole antenna emerged from
discussion of plans for a new home.
We wanted to have effective radiators
on all the high frequency bands but
agreed that this should be ac-
complished without making the place
look like the antenna farm of a com-
mercial gateway radio station. The
compromise on which we agreed was
to limit the installation to two anten-
nas. For the 14, 21, and 28 MHz bands
there would be a conventional tri-band
beam, supported by a free-standing,

*133 Piazza Way, San Jose CA 95127

crank-up, tubular mast and for the 3.5
and 70 MHz bands we would get
along with a single, slender whip-like
vertical.

Recognizing that the performance
of a short vertical radiator would de-
pend to a large degree upon the
characteristics of the associated
ground-plane, we took special care to
establish an effective radio-frequency
ground. Since we were building a new
home and since a lawn sprinkler
systems are needed in this area the
task was not too difficult. As trenches
were dug to accomodate plastic water
pipe, we laid in heavy copper wire
parallel to the pipe and then intercon-
nected the copper to form a rather ex-
tensive around-plane mesh. In the
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Fig. 2 - A dimensional sketch of the
WBEAXT monopole. This illustration is
not drawn to scale.

Thin wall conduit
e (17" nominal)

Layers of fiberglass with
tape to form shim

Fig. 3 - Splicing the fiberglass rod to
the thin wall conduit.

center we imbedded, in concrete, an
angle iron fixture arranged for attach-
ment to insulated clamps designed to
grip and hold the bottom of our ver-
tical antenna. The outstanding resuits
obtained later, when different vertical
antennas were used with our ground
system, indicated clearly that we had
succeeded in reducing ground losses
to a minimum and justified the time
and effort spent on that part of the in-
stallation.

For two or three years the antenna
that we used with this ground system
was a simple 33-foot vertical which
was resonant as a quarter-wave at ap-
proximately 7.2 MHz. It was con-
structed of thin-wall, galvanized,
steel tubing (actually electrical con-
duit) and was tapered in steps from
one and a quarter inch nominal size
at the bottom to one-half inch at the
top. It was mechanically strong, elec-
trically effective and inexpensive, but
without modification it was a single-
band radiator, limited to use on the
7.0 MHz band. The difficulty in trying
to use an antenna of this type, at fre-
quencies where it is considerably
less than a quarter-wave, is that it
becomes highly reactive and so dif-
ficult to excite. In this case the driv-
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ing point impedance changed froma | .. 3. Electrical performance, including
pure resistance of about 3 ohms at | radiation pattern, driving point im-
7.2 MHz to approximately (10 -j250) | “ pedance and efficiency to approx-
ohms at 3.8 MHz. Consequently, ’ imate closely those of two indivi-
when we decided to extend our activi- dual quarter-wave antennas cut to
ty to include the 3.5-4.0 MHz band and frequency for the respective bands.
still retain the capability to operate in | 4. Mechanical characteristics, includ-

the 7.0 MHz range, some major ing size and configuration to be
changes were in order. about the same as those of the

The first remedy that came to mind single-band 7 MHz antenna, with a
was to devise a corrective network maximum height no greater than
which would cancel the high reactive 30 feet. Material for construction
component of the driving point im- should be mainly the same inex-
pedance and raise the resistive com- pensive steel conduit as that used
ponent to something near 50 ohms so for the single-band job.

that it would be a suitable termina- Preliminary study indicated that
tion for a 50 ohm line. Of course, the most practical way of meeting

there are many ways to do this; the these design goals would be to build

method we chose and which is prob- a mid-loaded trap antenna and our

ably as simple and straight-forward later practical experience justified
as any is illustrated in fig. 1. A series this conclusion. The antenna that we

loading coil with 10.47 uH inductance visualized was to have its 7.0 MHz ele-

(and so + 250 ohms reactance at 3.8 ment limited to about 20 feet in

MHz) cancels the reactance of the height, but with this section divided
and loaded at a point above its mid-

dle so that it would behave as a
quarter-wave at 7.2 MHz. At this fre-
quency, it would be isolated at the
top, from a remaining extension, by
means of a shortened quarter-wave
transmission-line type trap. When

————

The WG6AXT two-band vertical

monopole antenna.

through 250 ohms reactance pro-
duces a peak radio-frequency emf of
2500 volts, a potential source of’
injury.

The disadvantages of base-loading
the short radiator, as described above,
and the desire to continue operation
on both the 3.5 and 7.0 MHz bands led
us to consider design objectives for an
antenna that would be safe and conve-
-3 nient and still meet our requirements.
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Fig. 4 - Loading coil arrangement and
mounting.

antenna leaving the 10 ohm resistive
component. This resistance is then
raised to 40 ohms by an auto-
transformer which was made with a
bifilar winding on an iron powder
toroidal core. This base-loading ar-
rangement functioned very well elec-
trically but introduced two disadvan-
tageous features that are typical of
schemes that use electrically short,
base-loaded radiators. First and most
obvious of these shortcomings is the
inconvenience of having to switch the
matching network in or out of the cir-
cuit when changing from one band to
the other. Second, and far more ob-
jectionable, is the danger that such
an arrangement generates in the form
of high-voltage, radio-frequency emf,
at the base of the antenna, right
where there is the greatest likelihood
of accidental personal contact. To il-
lustrate the extent of this hazard,
consider that a peak current of 10
amperes is needed to deliver one
Kilowatt p.e.p. to a resistance of 10
ohms and that this current, flowing

T - line trap; aluminum

the base and from any other
touchable part of the antenna.

2. Convenience, to be increased by

elimination of any need to switch a
network in or out of the system
when changing bands,

1" electrical conduit
(top section)

Inner conductor

No. 14 copper coil of
120 turns; wound on
fiberglass rod; evenly
spaced over 145"
with about %" at
ends

Outer conductor of
tubing,

outside diameter 2%"
wall thickness 0.0625"

Fig. 5- Transmission-line type trap for
7.2 MHz. This illustration is not drawn
to scale.

Fig. 6 - Method of determination of
resonance frequency. M represents
an r.f. milliammeter.

operated at 3.8 MHz, this trap, as well
as the loading coil would add to the
electrical length so that only a short
section above the trap would be re-
quired to bring it to resonance at the
lower frequency. A dimensional
sketch of the arrangement is shown
in fig. 2. It should be noted that we
hedged some by providing two sliding
joints so that the device can be fine-
tuned on both bands. This provision
for adjustment worked out very well
and made construction of both the
loading coil and the trap less critical
than would otherwise have been the
case. The reason for this can be
understood best by thinking of the
lower section, that is the loaded 7.2
MHz part as a short transmission line
and the trap above it as another short
line section. Resonance of the two,
connected Iin this manner, takes
place when the combination of the
two represents a shorted half-
wavelength transmission line and
does not require that each, individual-
ly represent a quarter-wavelength.
This is fortunate, for it means that the
desired resonant condition in the 7
MHz region can be obtained merely
by adjusting the height of the lower
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ALL BAND TRAP

PRETUNED - COMPLETELY ASSEMBLED - FOR ALL MAKES & MODELS OF AMATEUR
ONLY ONE NEAT SMALL ANTENNA FOR TRANSCEIVERS - TRANSMITTERS -
UP TO 6§ BANDS! EXCELLENT FOR CON- s GUARANTEED FOR 2000 WATTS SSB
GESTED HOUSING AREAS - APARTMENTS 1000 WATTS CW. INPUT FOR NOVICE AND
LIGHT - STRONG - ALMOST INVISIBLE! ALL CLASS AMATEURS!

COMPLETE AS SHOWN with 30 ft. RG5BU-52 ohm feediine, and PL259 connector, insulators, 30 ft.

300 Ib. test dacron end supports, center connector with built in lighning arrester and static discharge -
molded, sealed, weatherproof, resonant traps 1"X6"- you just switch to band desired for excellent worldwide
operation = transmitting and recieving! WT. LESS THAN S LBS.

160-80-40-20-15-10 bands 2 trap--209 ft.with 90 ft. RG5BU - connector - Model 7T7T7BU . .. $64.95
B0-40-20-15-10 bands 2 trap --- 102 ft. with 90 ft. RG58U - connector - Model 998BU . .. $59.95
40-20-15 =10 bands 2 trap =-- 54ft. with 90 ft. RG58U coax - connector - Model 1001BU . .. $5895
20-15-10 bands 2 trap === 26 ft. with 90 ft. RG58U coax - connector - Model 1007BU . . .. £5T7.95

SEND FULL PRICE FOR POST PAID INSURED DEL. IN USA, (Canada is $5.00 extra for postage -
clerical ~ customs = etc.) or order using VISA Bank Americard - MASTER CHARGE - AMER. EX-
PRESS. Give number and ex. date. Ph 1-308-236-5333 9AM - GPM week days. We ship in 2-3 days.

ALL PRICES WILL INCREASE MAR 1-SAVE - ORDER NOW!I! All antennas guaranteed for 1 year. 10 day
Money back trial! Made in USA . FREE INFO. AVAILABIE ONLY FROM.

WESTERN ELECTRONICS Dept. AC-12 Kearney, Nebraska, 686847
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Guess who builds
this great $19.9%
Logic Probe.

With this easy-to-build Logic

i
You Probe Kit from CSC and just a
m few hours of easy assembly —

thanks to our very descriptive step-by-step
manual —you have a full performance logic
probe. With it, the logic level in a digital circuit
translates into light from the Hior Lo LED;
pulses as narrow as 300 nanoseconds are
stretched into blinks of the Pulse LED, triggered
from either leading edge. You'll be able to probe
deeper into logic with the LPK-1, one of the
smarter tools from CSC.
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section, by means if the sliding joint,
without any trimming of either the
loading coil or the trap.

After considering the electrical and
mechanical properties of available in-
sulating material, which could be used
to isolate sections of the tubing at the
loading coil and trap positions we
decided to use fiberglass rod. Both
splices were to be located in nominal
one-inch sections of the tubing, which
turned out to be somewhat larger than
an inch in internal diameter, and so
when we found that the largest
fiberglass rod obtainable in this area
was precisely one inch in diameter it
looked as though we had a problem.
Fortunately, what appeared to be a
hurdle actually proved to be an advan-
tage for, by simply laying a few layers
of readily available fiberglass tape
parallel to the axis of the rod, we were
able to shim it so well that it had to be
forced into the tubing and so formed a
strong and tight splice. Just to make
sure that nothing would ever slip, we
then drilled through the wall of the tub-
ing into the rod, threaded the hole and
inserted a machine screw. Fig. 3
shows the details of the fiberglass rod
to tubing splice.

Details of the loading coil are
shown in fig. 4. We mounted ours us-
ing a plastic ring at each end to hold
the coil centered over the insulating
rod in a coaxial arrangement. Other
mounting schemes may be used, of
course. We also covered our loading
coil with a weather shield, made of
three and a half inch fiberglass tubing,
which we happened to have, but this
was probably not necessary.

Probably the most interesting com-
ponent of our antenna is the shorten-
ed quarter-wave coaxial line used as a
resonant trap. By winding the center
conductor of this trap on the fiber-
glass insulating rod, as a solenoid, the
phase velocity of propagation was
decreased to such an extent that the
quarter-trap, at 7.2 MHz is only about
20 inches long. The construction of
this trap is outlined in fig. 5.

Our method of tuning the antenna
was very straight-forward as can be
seen in fig. 6. We simply link-coupled
the driving point terminals (base of the
antenna and ground) to a small
oscillator and observed antenna cur-
rent as indicated by a sensitive radio-
frequency milliammeter. The first step
was to adjust the system to resonance
at 7.2 MHz by means of the lower
sliding joint. Adjustment must be
made in this order because while the
adjustment for resonance at the
higher frequency effects the behavior
of the antenna when operated at
3.5-4.0 MHz, the length of the exten-
sion above the trap has virtually no ef-
fect on the ant's 7 MHz behavior. [




