A Top-Fed Vertical Antenna
for 1.8 MHz — Plus 3

Mathematical analysis unlocks the secret behind this unusual

antenna system.

By Carl Eichenauer,* W2QIP

D oes your antenna act strangely at
times? Does it resonate where it is not sup-
posed to? Well, mine does. To understand
why, 1 developed a BASIC computer pro-
gram to ‘‘crunch’ through various
mathematical calculations. The program is
listed in the Appendix. My “‘strange’” in-
stallation consists of $0- and 40-meter
inverted-Vs, fed from a single coaxial cable
and mounted on a common support.

There is nothing unuswal about this
system; the approach is described in The
ARRL Anmtenna Book.' The antenna
shown in Fig. 1 provides satisfactory per-
formance on 80, 40 and 135 meters, It also
provides — strange as it may seem — ef-
fective radiation on 160 meters! No traps,
switches or antenna matching networks are
required to accomplish 4-band operation,

A certain amount of skepticism is in
order at this point — in fact, | could not
have been more surprised. After trying to
tune the antenna on 160 m with the aid of
a Transmatch, I eventually found that the
system had a SWR of 1.2:1 on 1805 kHz
with no matching network at alll

The following description and analysis
of my antenna system should present ideas
useful to other antenna builders. Those
familiar with BASIC programming may
eliminate many hours of number crunching
on a calculator by using a program similar
to mine.

Physical Details of Sysiem

A 34-foot wooden mast with a §12-foot
zluminum-pole extension provides a center
support for both antennas.? The 80- and

'Notes appear on page 27.
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Fig. 1 — Physical details of the antenna system used by W2QIP. A shows the element and radial

layout and B details the feed system.

40-meter inverted-Vs are positioned
roughly at right angles to each other. The
lower ends are connected to convenient
supports (such as trees, house corners or
lamp posts) and the height above ground
ranges from & to 20 feet. RG-8/1J coaxial
cable runs up the mast and through the
center of the aluminum extension pole. A
small aluminum plate covers the top end
of the aluminum pole and a ceramic feed-
through insulator passes through the plate.
The four antenna wires, in addition to an
insulated guy wire, support the top of the
antenna. The wooden mast is also guyed.

From the feed point, the coaxial line runs
down the mast to ground level and then
continues underground (at a depth of
several inches) to the house, throngh the
basement, and eventually reaches the
operating position. Total line length is ap-

proximately 100 feet. The outer braid con-
nects to the mast support at the point where
the coazial line goes underground. Botiom
support for the mast consists of a 1-1/2
inch steel pipe driven into the earth to a
depth of 10 feet. A set of eight wire radials
ranging from 20 to 40 feet in length are
buried to a depth of an inch or so and are
connected to the coaxial-cable braid where
it goes underground. This ground aetwork
turns out to be an important part of the
160-meter radiation system.

System Modeling

In an attempt to understand the
mysterious antenna resonance at 160
meters, 1 investigated several analytic
techniques. The technique that gave the
closest agreement with measurements is
based on principles set forth in Jordan’s
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book.* He points out that while lumped-
constant circuit elements can be used to
medel an antenna system over a narrow
band of frequencies, transmission-line
simulation of the antenna elements is a
more accurate approach when analyzing an
antenna over a broad frequency range.

The following 10 steps and the BASIC
program outline the analysis of my anten-
na system. Bach step is based either on
transmission-line or radiation-resistance
formulas. In each case, the formulas are
functions of frequency.

The six conductors represented in Fig. 2
consist of two 80-meter dipole halves, two
40-meter dipole halves, and the center con-
ductor and braid of the coaxial {eed line.
For the purpose of mathematical modeling,
we will first assume that the six antenna
conductors are suspended in free space.

1) Fig. 2A shows the two 80-meter
antenna elements. Each wire can be un-
alyzed as a sloping transmission line in
which one conductor is a combination of
the earth and antenna radial system. In-
spection of the actual antenna shows that
the input end of the line (1) is 46 feet high,
the output end (K} is 6 feet high and the
output load impedance is infinite. This in-
formation along with wire diameter and
frequency-of-operation data is placed into
an appropriate formuia and the reactance
looking into each half of the antenna (X8)
is calculated. Next, the same datz is used
in a different formula to calculate the
radiation resistance looking into the two
elements acting as a dipole. One-half of this
value is assigned to each ¢lement (R8). The
key electrical properties of these two
“radiating transmission lines’’ are now
defined.

2} The same procedure used in step 1
is used to calculate R6 and X6.

3) Next, the 40- and 80-meter clements
are connected together and their total reac-
tance is calculated. This value (X9) is simple
— the parallel value of X6 and X8 (Fig.
20

4} Fig. 2D represents the analysis of the
coaxial line. Since the bottom end is con-
nected to ground, only the 46-foot section
shown is relevant to the model, Further-
more, since the line is open-circuited at the
top end (for the moment), nothing but a
source of voltage appears at the upper end
(assuming, of course, that the signal
generator is turned on and that it can
operate into an infinite-impedance load).

5) As an alternative equivalent, the
transmission line can be represented by a
solid conductor whose diameter is equal to
the O.D. of the transmission-line outer
braid (Fig. 2E). The voltage from the
transmitter is represented simply by a two-
terminal sine-wave generator with one ter-
minal connected to the vertical conductor
and one terminal open circuited (for the
moment).

6) Next, the two sets of conductors from
step 2C are ‘‘connected’’ to the vertical
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Fig. 2 — Step-by-step development for the mathematical model of the antenna. 8ee text tor

details.
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Fig. 3 — Measured and calculated SWR curves for the antenna on (A) 160 meters, (B) 80 meters,

({C) 40 meters and {D} 15 meters.

conductor top. From the reactance of this
combination, X9, the equivalent ¢lectrical
length (in degrees) of the elements can be
determined for any given frequency. The
vertical conductor electrical length (in
degrees) is calculated from the physical
length. These two sections form a top-
loaded vertical antenna. By “lifting’’ the

bottom connection off ground, the base
radiation resistance of the top-loaded ver-
tical can be determined (Fig. 2F).

) An unfortunate fact of nature must
be accounted for — no ground system is
perfect. Therefore, a resistor (RG, the
ground loss}) is inserted in series with the
radiation resistance of the vertical, as



shown in Fig. 2G. Consider the 46-foot ver-
tical section as another transmission line in
which the input end is at 46 feet above
ground and the output end is terminated
in a resistor of value R1 + RG. This in-
formation, along with the vertical-section
outside diameter and operating frequency
is used to determine the values of X1 and
R1, the reactive and resistive components
of the vertical transmission line.

8} In Fig. 2H one set of sloping elements
is reattached. Now, the series equivalent
value for the whole svstem is calculated.

9) In Fig. 21 one terminal of a sine-wave
generator is attached to the vertical element
and the set of wires and the other set of
sloping wires is connected to the other ter-
minal of the generator. This allows the
equivalent series reactance and resistance
for the complete set of wires to be
calculated.

10} Fig. 2J displays the equivalent result
of the modeling. The resistances and reac-
tances of steps B and 9 are added together
to give the effective input impedance for
the complete antenna system. Since this
representation is broadband in nature, the
systern SWR can be checked at any fre-
quency by ““‘sweeping’’ the signal source!

Calculated vs. Measured Results

An SWR meter at the transmitter end of
the fransmission line was used for SWR
measurements in all cases except one;
because SWR values from below the
160-meter band were desired, a home-made
RX bridge was employed,

Fig. 3 shows the measured and calculated
SWR curves. Resonance occurs near the
bottom edge of the 160-meter band. For-
tunately, virtually all of my operation on
160 is cw. For operation higher in the band,
the computer program showed that
iowering the height of the apex by a foot
or two should provide satisfactory
performance.

Note that the calculated SWR is con-
sisiently higher than the pieasured values.,
This characteristic can be modified by
selection of the value of ground resistance
used in the calculations. In the case shown,
a value of 5 ohms has been arbitrarily
selected. If a lower value is used, the lowest
calculated SWR coincides almost exactly
with the lowest measured value, but the off-
resonance SWR rises at a more rapid rate
than the measured values. This simply
points out the fact that the model is
representative, buf not exact. in defense of
the model, it should be pointed out that
SWR measurements are seldom exact
either!

The SWR curves for the other bands pre-
sent few surprises. Over the years, similar-
Iy installed dipoles and inverted Vs have
produced essentially the same response
characteristics.

Conclusions
If vou wonder whether this antenna

really works, I must confess that it has not
been responsible for a [60-meter DXCC
award. However, in a recent ARRL
160-meter contest it was used with a QRP
rig running three watts input. Over a three-
hour period 50 stations in 22 states were
worked. If nothing else, this should prove
that the system does radiate on 1.8 MHz!

Appendix

The BASIC program listed below was developed
on a Timex/Sinclair 1000® computer with 16K
of RAM. [The program will run on the 2K T/8

1000 if the REM statements are removed from
the program. —— Bd.] The program follows the
analysis algorithm presented in the text. Readers
familiar with BASIC programming should have
no trouble in adapting the program to any
BASIC-¢quipped machine.

Notes

'G, Hall, Ed., The ARRIL Antenna Book, 14th ed.
(Newington: ARRL, 1982), chapter 8,

o= ft X 0,3048; mm = . x 25.4.

‘lordan, Electromagnetic Waves and Radiating
Systems (Englewoad Cliffs, NJ: Preatice-Hall,
1950), chapter 13.
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