the half-wave vertical

A 40-meter DX antenna
without a radial-wire
ground system

A current-fed vertical antenna, such as a quarter-
or five-eighths-wavelength monopole, must have a
radial-wire ground system for maximum efficien-
cy.1-3 This is known as a groundplane.

the groundplane

What is the purpose of this groundplane? Will it
provide the low-angle radiation necessary for work-
ing distant stations? The radial-wire ground system
under the antenna must provide a low resistance to
reduce ohmic losses in the system. The ground-loss
resistance, referred to the base of the antenna can,
by a groundplane, be made fow with respect to the
system radiation resistance. For a quarter-wave verti-
cal the radiation resistance is approximately 36 ohms.
The radiation efficiency is therefore high. The radial-
wire groundplane system is therefore important,
since the length and number of radials, as well as the
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conductivity of the ground, determine this terminal
loss resistance.

The parameters of the antenna, however, to
launch sky waves at low angles above the horizon ex-
tend to distances well beyond the antenna and its
ground system. In fact, the conductivity of the
ground, fifty or more wavelengths from the antenna,
is important in that it influences the vertical radiation
pattern of the antenna. And this effect is significant,
especially for launch angles of less than 10 degrees
above the horizon.

Fig. 1A shows the theoretical vertical radiation
pattern for a 6-MHz quarter-wave antenna over poor,
good, and very good ground (sea water). The pattern
for an antenna over very poor ground, but with an
extensive ground system,4 is shown in fig. 1B. It is
clear that, while the radiation efficiency of the anten-
na is improved by using a ground screen, the power
gains for elevation angies less than 10 degrees be-
comes vanishing small.

the half-wave antenna
An alternative approach is to use a half-wave radi-
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fig. 1. Theoretical radiation pattern for a quarter-wave
antenna over poor, good, and very good ground (A)
and over very poor ground but with an extensive
ground system (B).

ator. Since its radiation resistance is high compared
with the ground-loss resistance, the radiation effi-
ciency can be high, even without wire ground radi-
als. The base resistance of a half-wave antenna
depends on its height-to-diameter ratio. For a tower
antenna, the base radiation resistance is about 500
ohms; for thin wire antennas this resistance is several
thousand ohms. Furthermore, if the antenna feed-
point is elevated from the ground, the influence of
the finite conductivity of the ground on the input im-
pedance of the antenna is even further reduced. The
antenna will therefore radiate with good efficiency,
even with no ground screen at all. Of course, the far-
field vertical radiation pattern, especially at low ele-
vation angles, is affected by the conductivity of the
ground as discussed above; but we have little control
over this except to erect the antenna over a salt
marsh or over alkaline flats in the prairies.

Erecting the home-built coaxial sleeve antenna at a
field-day site (top). Lower photo shows the antenna in
operating position.

The coaxial vertical, or sleeve antenna, (fig. 2), isa
half-wave radiator. This antenna is used extensively
at VHF. It can also be used effectively at high fre-
quency, at least for frequencies greater than 7 MHz.
The coaxial sleeve is composed of a cage of four
wires connected to the top of a tower, insulated from
ground and the tower but connected by a skirt wire
at the lower ends. The antenna is fed by a coaxial
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fig. 2. The 40-meter coaxial-sleeve antenna. The coaxial
sleeve is composed of a cage of four wires connected
to the top of a tower, insulated from ground and tower,
but connected by a skirt wire at the lower ends.

cable that runs up the center of the mast. The out-
side conductor of the coax is connected to the top of
the tower; the center conductor is connected to the
base of a free-standing, base-insulated whip at the
top of the tower. {For base-station use, the tower
should be grounded for lightning protection.)

The optimum height, measured from the center of
the antenna above the ground, is one-haif wave-
length, since the antenna and its image are then sep-
arated by one wavelength. This is the height for max-
imum gain, which for a perfectly conducting ground,
would be 6.27 dB over a dipole in free space. How-
ever, this height can be decreased to about 0.35
wavelength before ground losses appreciably affect
the input impedance.5

antenna fundamentals

A vertical antenna of physical length or height, H,
is related to its electrical length, G, by a factor k:

H = kG n

where H is height
kis a factor (less than 1)
G is electrical length {degrees)
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That is, the physical height, H, is /ess than the elec-
trical height, G, due to a) end effects and b) the velo-
city of propagation of the wave along the radiator,
which is less than its velocity in free space. Usually G
will be one-quarter, one-half, or five-eighths wave-
length (90, 180, or 225 electrical degrees). If G is
measured in meters rather than in degrees, (as for ex-
ample, we express wavelength in meters), then the
physical height, H, or in this case, k, will also be in
meters.

The factor k depends on the length-to-diameter ra-
tio (H/D) of the radiator and on its electrical length.
Fig. 3 shows the experimentally determined relation-
ship between these parameters. In fig. 3 the percent
increase of G over H is plotted versus the electrical
diameter, D, (degrees), for a very wide range of val-
ues of D. Thus for thin antennas, this factor is ap-
proximately 5 percent, and for fat antennas, the per-
cent increase is considerable. The experimental val-
ues were obtained from various sources. | measured
those labeled 2 in fig. 3 for first and second reso-
nance. Previous investigators, for example Brown
and Woodward,® got into difficulty for the larger
values of D because of the capacitance of the base
plate since the disk they used, which closed the bot-
tom of the cylindrical radiator, formed a shunt capac-
itance across the terminals of the radiator. In my
measurements | used rods rather than tubes, and the
radiators were tapered to a point at their bottom end
(but the taper was over a distance small with respect
to the length of the radiator) to minimize this effect. |
have used the curves in fig. 3 for antenna design.
The curve for G = 225 degrees probably lies midway
between those for G = 90 degrees and 180 degrees.

Towers are not usually of circular cross section.
For triangular towersd = 0.48b {2)
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fig. 3. Percent increase of electrical length, G, over the

physical length of a monopole antenna at height H.

Points labeled 2 were measured by the author for one-

quarter and one-half wavelength resonance. Other

points were taken from various sources.




and for square towers
d =118b (3)

face width of tower
effective diameter of the tower

where b
d

design of the coaxial-
sleeve antenna

Suppose we design a coaxial-sleeve antenna for a
frequency of 7.15 MHz (N = 984/fMHz = 137.6 feet
or 42 meters, and a quarter wavelength = 34.4 feet,
or 10.5 meters). The antenna arrangement is sketched
in fig. 2.

The Shakespeare™ whip had a diameter of 1-1/4
inches (31.8 mm) at its base, and 1/4 inch (6.4 mm)
at the top of the radiator. The effective diameter is

therefore E’}L—oﬁi = 0.75inch, or 19 mm (0.0625

foot, or 0.02 meter).

_ 0.0625(360) _ :
Thus D 737 8 0.16 degrees. In metric

terms, D = 0.02 (360)

The percent lengthening is therefore approximately

b5 degrees, or k = A= g.95. However, for

1.05

fiberglass whips, the conducting wires are embedded
in fiberglass. The velocity of propagation is therefore
further reduced by the velocity of propagation in
fiberglass, which is about 0.95 times the velocity in
free space. Hence

keff = 0.95k
0.95(0.95) = 0.9

The length of the whip is therefore: 0.9 (34.4} = 31
feet (9.5 meters).

The effective diameter of the coaxial sleeve is esti-
mated as follows. The top of the sleeve is the dia-
meter of the supporting tower, which for a triangular

tower 8 inches on side is 0.84(%-) = (.56 foot (0.17

meter).

The four wires of the cage that form the sleeve are
tied to stakes forming a 3-foot (0.9-meter) radius
about the base of the tower (see fig. 2).

Visualize these tie points to form the corners of a
square, which at ground level has a side length of
22 = 4.24 feet (1.3 meters). Thus the effective di-
ameter is 1.18 (4.24) = 5 feet (1.52 meters). The ef-
fective diameter at the end of the sleeve is approxi-

mately %% (5) = 3.75 feet (1.14 meters). The aver-

age effective diameter of the sleeve is therefore

Lﬁ;i& = 2.15 feet or 6.57 meters. (that is, 5.6

degrees). Hence (see fig. 3), the percent lengthen-
ing for D = 5.6 degrees, G = 90 degrees is 19 per-

cent. The antenna factor &k = 1= 084, The

1.19

length of the sleeve is therefore 0.84 times the length
of a free-space quarter wavelength, or 0.8+
(34.4) = 29 feet (8.8 meters).

The antenna* was built according to these dimen-
sions, and indeed it was resonant in the middle of the
40-meter band. Since the input impedance of the an-
tenna (which was not measured) is expected to be
closer to 72 ohms than to 50 ohms, the feed cable
should be RG-11/U. If 50-ohm cable is preferred
{(RG-8/U), the feeder cable should be cut so that it is
an integral multiple of one-half wavelength (a cable
one wavelength long would be 90.83 feet, or 27.7
meters). This is because such a transmission line, re-
gardless of its impedance, transfers to the feedpoint
the terminal impedance without introducing reac-
tance.

a practical antenna

The antenna that we constructed for use at a field-
day site is shown in the photos. A full-wave delta
loop {apex down, apex fed) was also used. This an-
tenna has quite a different vertical radiation pattern
(dominantly high angle). Switching from one anten-
na to the other provided reception from quite a differ-
ent zone — a very desirable feature for field day.
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*The 40-foot (12.2-meter) tower employed is just marginally high enough,
since the height of the antenna measured from its center is approximately
0.3 wavelength. Ideally, a 70-foot (21.4-meter) tower should be employed.
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