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BY JERRY SEVICK.* W2FMI

&_ RECENT JOB transfer and the subsequent
move into 4 new neighborhood permitted me
to review my antenna seeds in a different light, [
wanted to avoid, or ut [east minimize, the problems
Jand difficulties involved in teinstalling my 40-foot
tower and Yyl beam untenna at the new location,
Even though a beam atenna supported at the
modest height of 40 test {8 & compromise iz
20-meter beam should be higher to be really
etfectivey, # siilll can he an ohstacle to pood
neighborly relattons, at least if vour neighbors
don’t appreviate the veological beauty vt such an
installation. Morcover. even that modest sort of an
installation presents quite a number of erginecring
problems,

This report presents the results of the first
phase  of  my  investipation o find o less
conspicuous but cquatly effective antenra for use
At the new iocation, | hope it will provide
suggestions for those faced with a stmilar problem,
At the least, it may be of some value to those with
a general interest in the subject of antennas.
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The first part of this article deals briefly with
theoretical considerations, the second with expen-
mental results on quarter-wavelength  and  five-
eighthswavelength verticals, and the third on the
test equipment. it should be pointed out at the
outset that the mformation presented here is the
work of @ hobby and as such cannot be exhaustive.
it is hoped that others will repeat some of the
experiments. extend the work, and report the
affect in praciice of a ground-plane system zbove 3
MHz. To iy knowledge such practical data has not
been reported.

Theoretical Considerations

A beam antenna possesses the advantage of gain
and directivity. Nevertheless, ts DX capability is
determined primariby  hy its vertical radiation
pattern, A large portion of the radiated envigy
should be directed hetween 5 and 25 degrees from
the horizan. 1.2 Harizontally polarized antennas
vield lower angles of radiation with increase in
height above the ground. This is 4 wesuft of the
interference pattern created by rerudiation trom
the carth’s surface. Since the curth is a somewhat
wonducting medium, the clectric field tangential to
the sarface muost be upproximately zero. This
“boundary™ condition is bronght ohout by the
indnced surface currents which creste an electric
field of opposite phase, This field then combines
constructively  and  destractively with the initial
rgddigtion trom the autenna. A madel for this
caondition is an image antenna of wpposite phase
helow the curth’s surface at a depth equivalent to
the height above the surface.® In order to pet i
lobe betow 15 degrees, the antenna helght must
exceed 1 wavelength, This is greater than 6V foet
an 20 meters.

Qn the other haoad. a vertical antenna, in the
ideal case, possesses an image which is in phase to
produce 4 lohe tangential to the carth's susface.
Only when the antenna lewgth s lncressed to g
waveletrth, or multiple thereof, does the fungen-
tial |lvhe Jisappear. This is true whether the
antenni iy on the ground or suspended in space.
Theretore, u vertical beum. 1., un urlay of wertical
antennas coupled together with an appropriate
ferd svstem, un the surtuce of the earth, seemed o
e tn he the iogical chotee for my new installation
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The 20-meter vertical antenna n the toreground,
and the 26-foot test tower,
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The base of the vertical elermnent of the antenna and
the impedance bridge. Forty radials, in bundles of
5, ate fastened to the aluminum base plate, and are
tierd down with a ring made from copper tubing.

since it would appear to meet the following
objectives: The system should

1) Exhibit a minimum profile,

2} Be easy tainstall and tune,

31 Offer a low angle of radiation,

4) Noi require a large outlay of money.

[ proveeded, therefore, to construct an arsay
with four vertical elements, When my tests were
begun, it immediately became apparent that the
simple provedures | was using were inadequate to
cope with such a complex svstem, T had to start
anew ta develop a test procedure and to huild
some suitable fest equipment, The logical step was
fo backtrack éo 4 single vertical antenna and use it
48 4 standard on which to develop some basic test
standards. Ay discussed subsequently, I found that
relatively simple eyuipment, eg., o simple imped-
ance bridge, a Tield-strength meter, und o test
ascillator, gave e dl af the data ahout the system
that [ needed.

1t is important to note ihat a true ground-image
antennu differs substantially from a ground-plane
aritenna systemn which relies merely vit a few Ajd
radials above the ground, A true ground-image
svstemn results when a sutficient number of radials
are used and an image of only the vertical section is
sufficient to desciibe it. Considerable informa-
tion%:3 is availuble on ground-image systems Tor
verticals operating below 3 MHz, Uhe reaults have
shown that some 100 radials of N2 0 length,
baried just below the surface, provide an adequate
ground svstem. A¢ higher frequencies, the diefec-
tric effect of the curth becones important,
resulting in severe diserimimation of radiation s
feception at very low wngles. 9.7 At low angles, the
waves not anly suffer by absorption, but alss hy a
change in phase which results in destrcetive
interference, Since little <pecific intormation was
available at higher frequencies, the aobjective of the
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Fig. 1 - The mput impedance of a 20-meter
guarter-wave vettical antenna as @ function of the
number of radials 0.4-wavelength long. The 4 and 8
radials consisted of bundles ot 5 wires of No. i8
gauge. The 4(-rachal point was ohtained by fanning
aut the 8 bundles.
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present work was fo measute the input impedance
and vertical radiation pattern at Jow angles of a
vertical antenna us u functivn of the number of
radials, in order to determing the feusibility of a
vertival-atruy svstem as o competitor to beams at
high elevation. The results of my tests were mast
wratifying. | found that many of the “rmules of
thumb” which have developed and have heen
perpetuated ta the point where they are practically
taken lor granted wore more wyth than truth.

Experimental Results

The clussical paper on radial systems, which
repurts experimental sesults ut | and 3 MHz,
indicates that  lurge number of radials 0.4\ long
should be used.® This sppeated to bhe g poud
starting point for o 20-meter vertical. Accordingly,
to check the pumber of radials needed, I used eight
bundles of wires, cach 25 Feet long. und each made
up of five No. 18 copper wires. Each bundle was

"H See footnate 4,

10t b=

LY

' t | " ! r | | i

NunHe R OF ey T



it 7T

SiGNAL STRERGTH, 2B ABDVE 5%

RECEIVE

S JNORD EE S DS S T WO
By { 40 B
NUMBER &8 {oga RaMBLy

Fig. 2 — The improvement of low-angle radiation
of a quarter-wavelength vertical antenna on 20
meters as a function of the number of added
radials. A test oscillator was mounted on a wooden
tower four wavelengths away at an elevation angie
of & degrees from the base of the vertical.

bolted in & 5% 1/4-inch aluminum plaiz as shown
in the photograph. | was then able to use each
bumitle ax a radial, messure the input impedance of
the system, and then separate the bundles, wire by
wire, to increase the number of radialy in the
systenmu

Fig. | shows the input impedaree as 4 function
of the number of radials used. Measurements were
made with a4 mple unpedance bridge. (s
construction is discussed later.y The antenna was
resonated before each meuasurement was made, and
the diference hetween the d0-radial system and
the K-radial system resulted only by fanning out
the bundles of wires. This technique points out
another important feature of ground systems and
refutes ane of the old myihs: since the current
carried by the radial system s equally divided
among s radial elements, each radial is required to
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Fig. 3 — The result of intertacing 3/2-wavelength
radials in a particular direction. Data were obtained
by using a test oscillator on a wooden tower eight
wavelengths away, at an elevation angle of 3
degrees from the base of the vertical. The results
incicate the advantage of longer wires and the
possibility of directionatl properties of a nonsym-
metrical radial system,

carry anly 1/n of the total current. This means that
refatively small diameter wire is perfectly adequate.

Moreover, it was found that at the higher
frequencies it is bext to keep the tadials new the
sutface of the ground. Radials buried more than a
few feet hecome fess effective! Thus, vou should
nat rely on the old admonition that radials should
be six feet down to be offective, | found that
burying the wites slightly below the surface is the
hest way of instulling the system, Mechanically the
radials can be naited down, clectrically they are
most effective, and esthetically they provide little
mterference {0 a healthy stand of grass,

It will be seen from Fig. 1 that the input
impedance for 4 vertical anfenna is drastically
affected by the number of radials, Many radial
wires are necessaty fo prevent an excessive loss of
power and to  provide y couvenient input
impedance. Fig. 1 aa shows the theoretical
impedance himit For an antenna having an eftective
height-ta-radins tatio of 3009

Fig. 3 shows the clfect on low-angle radiation
as a funetion of the number of radials, These data
were obtained by placing a tesf oscillator on o
wooden tawer. four wavelengths away. A photo-
graph shows the 20-meter vertical and the 26-foot
waooden test tower.

9 King and Harrison, ““The Impedance of Short,
Long, and Capacitively Loaded Antennas with a
Critical Iiscussion of the Antenna Problem,”
.{?‘:irimt af pplied Phvsics, Vol 15, February,

Base hardware for the antennas being tested. The
insuiatar was made fram 1-inch mapie dowel,
turned down to aceept the 7/8-inch inside diameter
of the ground and antenna tubing.
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The effect of using longer radials in a purticular
direction is shown in Fig. 3, Radials of No. 1R wire
32 wavelengths long, were put down beiween the
existing 40 radials. The spacing between the longer
wires was § degrees. The considerable impravement
indicates the need for longer wires and the
directional properties a ground plane could give,

A §/8-wavelength vertical was zlso constructed
and tested, ft consisted of w 40-ft telescoping
aluminum pole and a ioading ¢oil of & turns of No,
12 wire with a diameter of 2.5 inches. The
comparison in low-anple vadiation at a distance of
7.5 wavelengths is presented in Table 1. A
fieldstrength meter was mounted at different
beights un the 26-toot tower, The ground plane for
these data consisted of the forty D.4A tadials plus
the eleven 3{2M ones. Meusurements were taken in
the direction of the added longer radials, The
results show the jmprovement in Jow angle
radiation offered by the S/BA vertical. The inpng
impedance of this Tonger antenna wus found to he
76 whms,

On-The-Ajr Checks

From these experiments and measurements |
decided  to settle on 3 1/4A antennz  with
approximutely 30 radials, My installation is shown
in the photograph, b then proceeded to make
on-the-air tests (o cotiipare its effectiveness with an
inverted-V  antenna  having itx apex at 0.4
wavelength, und with a /8 vertical using the same
ground system. Sueprisingly, the 1/4A vertica
seemed to perform jusé as well as the much taller
A/8A vertical, This could result from the fact that
mast signals arrive after several hops and the
optimum lobe angle is probably as high as 15 ta 20
degrees. 10 At that angle, the A/4 antenna actually
enjoys an  advantage, With practically all DX
contacts, the verticals had a B to 5-dB
improvement over the inverted V! The only
exveptions were at intermediate distances and for
local contacts. At about 300 or 600 miles. the
inverted V with its higher angle of radiation gave
better results. Locally, the vertficals gave far
superior performance. Improvements of 10 to 15
dB were recorded. A iriband irap vertical antenna
was also fested on 20 meters and found to be
practically the same in impedance and pertor-
mance, This untenna had an overall height of only
12.5 feet!

Test Equipment

A most interesting aspect of antenna measure-
ments s that the equipment can be rather simple
andd in many cuses constructed from items most
710 See footnote 2,

Shown here is the triband trap wvertical antenna
which has an overall height of only 12.5 feet. With
the system of 40 radials, performance of this
antenna on 20 meters was about the same as that
of the «quarter- and 5/B-wavelength vertical
glements.
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TABLEI

Comparison of responses of quarter.wave-
iength and 6/8-wavelength vertical antennas
at low radiation angles, Data were taken by
fieldstrength meter mounted on a wooden
tower at a distance of 7.5 wavelengths at
14,25 MHz, Fieid strength (£) is normalized
to maximum vaiue obtained with 5/8-wave-
fength case.
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amateurs have in their juhk boxes. All that is really
needed is vome standard to compare with, such as «
wattmeter or an S meter that is known to have
reasonable accuracy, | have ased both the
wattmeter in my Drake L-4B linear amplifier and
the 8§ meier in my R-4B receiver,

The impedance bridge shown in the photograph
was patterned after the one shown in the ARRL
Handhoolk . Care was taken in shielding the input
and ouiput circugits. The meter was mounted
eaternally in order to minimize stray pickup. A
calibration curve was obtained ut 14.25 MHz by
uxing many carbon resistors of known values as the
load,

The field-strength meter is a simple diode
detector and de amplifier. The instrument was
eonstructed to cover the 10-, [5- and 20-meter
bands, Its meter was also mounted externally. The
antenna length for the field-strength meter was
determined by the strength of the available field.
In addition to these pieces of test equipment, a
20-meter transistorized crystal oscillator was used
for many of the tests,

(Continued an page 22




Low-voltage miniature capacitors and 1/2-watt
resistors are used to keep the size of the blanker at
a minimum. Connection in the author’s homemade
solid-state receiver was made inside the 15004}z
shielded i-f compartment. The 1500-kHz second i-f
is alread of the highly selective 455-kHz third j-f:
therefore, blanking action takes place prior to any
crystal or mechanical filters, eliminating the pulse
stretching that oceurs in high-selectivity stages.

The only adjustment required to ready the
blanker for operation after it is installed is ta
realign the i-f stages to which it is coupled and
adjust L1 for maximum positive de-voltage reading
taken with a VIVM at point A in Fig. |, with a
signal centered in the i-f passhand.

Operation

As o matter of curiosity, the noise blanker was
copnected to w number of points in the receiver i-f
chain following the nitial pick-up point. These
connections praduced varying degrees of successtul
hlanking. As the blanker output connection was
moved to the hatter stuges of the strip, it becanw
less effective hecause vonsiderable amptification of
signal and noise pulses had taken place,

One of the severest noise tests that can be made
s to attempt copying a signal through Lorsn
interference around 1900 kHz. An émage of a RRC
station was purposely introduced at 1900 kHz and
the blanker threshold carefully adjusted for heavy
blanking action. As long as the desired signal was
approximately the same strength as the Loran
interference, the blanker made the difference
between inteligible and unintelligible copy. When
the desired signal was greater than the Loran
interference, there was still a great amount of
imterference riding on it, but this was practically
eliminated when the hlanker was engaged,

Another tealistic test was to tune the receiver
ta the Il-meter band while the author’s Volks-
wagen pulse gonerator was set at a {ast idle in the
driveway under the antenna. What an eye-opener
this test proved to bel With the receiver tuned to
an unoccupied spot in the band where only
atmospheric noise and the chain of noise puises
colld be heard, the blanker was turned on. The
ignition noise Jdropped right out of the picture.
Weak sipnals, of the 51 to $3 variety, were tried
next.  Although they could be copied with
vonsiderable discomfort through the ignition noise,
with the noise blanker on they were literalty
cleaned up so completely that it was hard to realize
that there vould have been u problem a moment
before,

As the threshold control is advanced towand
mimimum  reverse bias on the switching diode
(maximum blanking), a point is teached where the
lust JEET conducts all of the time. ¥rom this point
wn. to the maximum position of the threshokd
control, the wuin of the if stege to which the
switching diode is connected is gradually reduced
to wlmost zero — an effect similur to that produced
by the action of an i-f wain control. By taking
advantage of this feature, the gain of the i-f stipe
van be adjusted to provide a varighle “window™
through which only the strongest portion uf the
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desired signal is allowed to pass. Thus, in a broad
selectivity position, it the static [evel is 87 and the
desired signal is 89, the gain can be reduced to
lessen the QRN and signal. At the same time the
heaviest pulses of QRN which ride through on top
of the signal momentarily switch the i-f stage off.
With the slow age time constant selected, some
fuitly weak ssb stations on 7% meters have been
copied comfortably in this manper, The optimum
setting for the threshold control, with most types
of pulse interference, seems to be at the position
immediately before the i-f gain is affected, as
observed on the 8 meter.

Conclusion

The solid-state noise hlanker has performed
remnarkably  well in  the author's homemade
solid-state receiver. The total retail cost of all parts,
including semiconductors, is less than $20. The
unit has not heen tested in receivers using vacuum
tubes or low-impedance bipolar tranststor cireuits,
It is the author’s opinion that is would work us
well in a low-level i+ stage of a tube receiver as it
works in the MOSFFET receiver, Some madification
of the ouvtput switching or gate vircuit might be
required for a receiver using bipolar transistors,

5%

Vertical Antenna
{Contirued fram page 9]

Lonclusion

The performance uf u vertical antenna on the
ground 15 highly dependent upon z good ground
system, and, properly installed, the untenna can be
a very good performer indeed for DX and lacal
cortacts. ‘This is particularly true at the higher
frequencies where the dielectric property of the
earth plays a major role. Forty radials of No, 18
wire, 0.4A long, will increase the total radiated
power by about 3 dB. Radials can be thin if
sufficient number is used. The thought of using
thick wires buried decply, probably a carrv-aver
from lightning grounds. i not valid ut higher
frequencies. The idea of using only four buried
radials, as commonly recommended, s u serious
vrror, and if this article does nothing more than
eliminate that miscanception, 1 will be satisficd,
Sinee the vlectric field only penetrates the ground
for 4 foot or twa at the higher frequencies, the
radial wires need be buried only as deep as
necessaty to escupe children’s feet and the Liwn
mower. Finzlly, these results from the single
verficdl antenna indicate that a vertical array could
be a compefitar ta the mor claborute harizontal
beams and wurrants further investigation, 8]
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