
A big signal on a small lot.

A Two-Band Vertical
Monopole Antenna

BY GEORGE F. MOYNAHAN, JR. Ph.D ·, W6AXT
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Fig. 3 - Spficing the fiberglass rod to
the thin wall conduit.

center we imbedded, in concrete, an
angle iron fixture arranged for attach
ment to insulated cl amps designed to
grip and hold the bottom of our ver
t ical antenna . The outs tanding result s
obtained later, when different vertical
antennas were used with our ground
sys tem, indi cated clearl y that we had
succeeded in reducing ground losses
to a mi nimum 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
st ructed 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 crtv.
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Fig. 2 - A dimensional sketch of the
W6AXT monopole.. This illustration is

not drawn to scale.

crank-up, tubular mast and for the 3.5
and 7.0 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. 1 - T, is a bifilar 4:1 transformer
wound on an iron powder toroidaf
core. L, is the foading inductor (10.47
~). 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 2B MHz bands
there would be a conventional ttl-band
beam, supported by a free-standing,

S orne time before the publication
of the September 1978 iss ue of CO
Magazine. which carried the excellent
article by Russ Rennaker, W9CRC,
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
const ruc tion. 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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3. Electrical performance, includ ing
radiation pattern , driving point lm
pedance and efficiency to approx
imate closely those of two indivi
dual quarter-wave antennas cut to
frequency for the respective bands.

4. Mechanical characteristics, includ·
ing size and conf ig uration to be
about the same as those of the
sing le-band 7 MHz antenna, with a
maximum height no greater than
30 feet. Material for construction
should be mainly the same inex
pensive steel conduit as that used
for the single-band lob.
Preliminary study indicated that

the most practical way of meeting
these design goals would be to build
a mid-loaded trap antenna and our
later practical experience justified
this conclusion. The antenna that we
visualized was to have its 7.0 MHz ele
ment limited to about 20 feet in
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 remaini ng ex tension, by
means of a shortened quarter-wave
transmission-li ne type trap. When

Fig. 6 . Method of determination ot
resonance frequency. M represents

an r.t. milJiammeter.

operated at 3.8 MH z, thi s trap, as well
as the load ing co il wou ld add to the
elect rical length so that only a short
section above the trap would be re
quired to bring it to resonance at the
lower frequency. A dimen s io nal
sketch of the arrangement is shown
in fig . 2. It should be no ted that we
hedged some by provldtnq two sliding
joints so that th e device can be f ine
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 think ing of the
lower section. that is the loaded 7.2
MHz part as a short t ransmission line
and the trap above it as another short
line section. Reso nance of the two,
connected In 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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through 250 ohms reactance pro
duces a peak radio-frequency emf of
2,500 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
nient and stili meet our requirements.
Specifically, the requi red character-

~~t~:f:;:et~s~o\~;~ved by removal I k-f RG-~ P----(MJ T
of dangerously high voltage from ~ :t .........,
the base and from any other '--- •
touchable part of the antenna.

2. Convenience, to be Increased by
elim ina tion of any need to switch a
network in or out of the system
when changing bands,

The

Fig. 5 - Transmission-line type trap tor
7.2 MHz. This illustration is not drawn

to scale.
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mounting.

ante nna leaving the 10 ohm resi stive
component. This resi stance is then
rai sed to 40 ohms by an auto
t ransformer wh ich was made with a
btfilar winding on an iron powder
toroidal core. Th is base-loadlnq ar
rangement fu nction ed very well elec
trically but Int roduced two d isadvan
tageous features that are typical o f
schemes that use electrically short,
base-loaded radiators. Firs t and most
obvious of these shortcomings is the
inconvenience of having to switch the
matching network in or out of the ci r
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 ex tent of this hazard,
consider that a peak curren t of 10
amperes Is needed to deliver one
kilowatt p.e.p. to a resistance of 10
ohms and that this current. flowing

lng point impedance changed from a
pure resistance of about 35 ohms at
7.2 MHz to approximately (1 0 - j250)
ohms at 3.8 MHz. Consequently,
when we decided to ex tend our actlvl
tv to Include the 3.5-4.0 MHz band and
stili retain the capabil ity to operate In
the 7.0 MHz range, some major
changes were In order.

The fi rst remedy that came to mind
was to devise a corrective network
which wou ld cancel the high reactive
component of the driving point im
pedance and raise the resistive corn
ponent to someth ing near 50 ohms so
that It would be a suitable termtna
uon for a 50 ohm line. Of course,
there are many ways to do this; the
method we chose and which is prob
ably as simple and straight-forward
as any is Illustrated in fig. 1. A series
loading coil with 10.47,.,H inductance
(and so + 250 ohms reactance at 3.8
MHz) cancels the reactance of the
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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 ln
sulating material, which could be used
to isolate sections at 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 tubtnq , 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 detail s of the fiberglass rod
to tublnq 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 corn
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 sensit ive 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. 1m
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