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FOREWORD

The Vertical Antenna: How It Came
From Where It Was
To Where It Is Today

In 1H96 a vyoung Italian scientist arrived in
England with some mystericus apparatus  in hig
luggage. The customs officials, who had seen nothing
like it before, examined it so thoroughly that the
delicate apparatus was completely wrecked. This was
the inauspicious beginning of a wenture that was
destined to revoluticnize the communication pattern
of the twentieth century.

Guglielms Marconi, howewer, forged ahead with
his vnuswal experiments and went down in historv as
tha father of radio communication, One of  his
greatest inventions in this field was the antenna
and today & descendant of that early device is known
as the Marconi anbtenna. The inventoar had  the
inspiration of combining an elevated wire wused in
thunderstorm  experiments with  his crude =park
transmitter., The improvement in performance was
magical. Marconi, by systematic experiments, found
his radio range was extended immediately from yards
to several miles. The addition of a telegraph key to
his apparatws created =a complete Sommunication
B¥stam which Marconi patented in  1896--when he was
22 yvears old.

Marconi continued to improve his wireless
system and his vartical antenna has rightfully taken
its place in history as a practical device for long
distance communicaticon,



This new handbook concerms itself with the
vertical antenna in all its popular forms for hf and
vhf ecommunication. Computer-derived antenna designs
are given for amateur bandse and information is
provided te allow many of the designs Lo be used on
frequencies falling outside the amateur assignments.
Important dimensions are given in both English and

Matric systems.
The authors of this antenna handbook started

experimenting with vertical antennas in 1934. During
five decades they have learned a good deal about
these interesting and practical antepnasg, but there
is s8till much to be discovered, Thers 1s no reascn
why you cannct experiment with, and improve on, the
antenna designs in this handbook.

Good luck and good DE!

¢ Brne o,
7258 fois K /782

Chapter 1

The Real-life Vertical Antenna

& simple description of a wertical antenna is one

whose active element is vertical with respect to the
earth's surface, and which radiates a wertically
polarized wave (Fig. 1). This representation shows a
radio wave travelling out of the page towards the
roader. By defipnition, wave polarization is wvertical
when the electric field of the wave iz perpendicular
to tha earth, The complete radio wave consists of an
interplay of energy between the herizontal magnetic
field and the vertical electric field (Fig., 2}.
If the position of the fields is reversed, the wawve
iz horizontally polarized, in froe space the
definition is meaningless, as the earth's surface as
& reference does not exist.

In proximity to  the earth, polarization is
important as the surface of the earth reflects radio
waves, The results of this reflection depend upon
wawve polarization, the height of the antenna above
the earth, and conductiwity of the earth.

Ground Reflection

A radic wave hugging the surface of the earth is
called a surface, or ground wave, and iz useful only
for short-range communication, as it is eventually
absorbed hy the earth, or wanders off intc space.
Absorption iz less for longer wawves than for shorter
oneg, and the radio range of ground waves in  the
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Fig. 1 Head-on view of verlically polarized radlo wave. The magnetic lings
of force are parallel to the esrth and the electric lines of force cut the sur-
face of the earth. The complete wave conslsts of an Interplay of energy bat-
ween the Iwo force fields,

Fig. 2 Early interpratation of a vertically polarized radlo wave showing elec-
tric field radlated from antenna. (From “‘Wireless Telegraphy and
Telephony'', by Ashley and Lewls, 1811.)
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Fig. 3 Reflection of radic wave from vertical anlenna above perfect, flat
earth. The wave received at a distant point conzlsts of a direct waye plus
wave created by refleclion from the ground. This action compares to mir-
rerreflection and the laws of optics apply equally well to radlo wave reflac-
tion. Reflected wave can be consldered to come from an “'image antenna'*
located as far below the earth’s surface as the real antenna I above it.

Strength of the reflected wave depends upon antenna height and the con-
ductlvity of the earth,

At I R

broadcast band may be hundreds of miles under good
conditions. Ground wave propagation in the hf
sapectrum, on the other hand, is Llimited Eo tens of
milez, and is primarily limited to the herizen in
the vhf gpectrum. Long distance hf propagation takes
place mainly because of wave reflection from the
ionesphere, as discussed later in this chapter.

Fig. 3 showa a vertical antenna above a perfect,
flat ground. At a distant point a wave received from
this antenna consists of a direct wave plus the wave
created by reflection from the groond in  the
vicinity of the antemna. 2t a more distant point,
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only the reflected wawve iz receiwed, This action can
be compared te mirror reflection and the laws of
optica that govern mirrors apply egually well to
radio wave reflection, In the general case, the
angle of the incident wave from the antenna to the
ground (a) eguals the angle of the reflected wave
(b}, with &a portion of the reflected wawve being
abgorhed or refracted by the ground, The intensity
of the combined wawves at a distant point wvaries with
raspect to antenna height above ground, the angle of
reflection, and alsc the reflective efficiency
(elactrical conductivity) of the ground.The vertical
radiation patterm of the antenna iz thersefore
determined by the sum of the direct wave from the
antenna and the ground-reflected wave.

In the gcase of a horizontally polarized anktenna
(& dipole; for example), reflection from a perfect,
flat ground gives a phase (polarity) shift for the
reflected wave of 1B0 degreez at most angles above
the horizon with little wave attenuation. Even owver
poor, low conductivity ground, the reflacted wave
retains nearly the game phase relationship to the
direct wave and almost the same inten=ity, as ground
absorption iz low. Thus, the reflected wave patternz
obtained owver real-life ground closely resemble
theoretical results determined mathematically,

Ground reflection produces gquite different results
in the case of the vertical antenna. There is little
phase shift of the reflected wave at high reflection
angles, but a considerable phase shift at lower
reflection angles, A an example, for a very small
reflection angle (b) when the wvertical antenpna is
close to the ground, the phase shift of the
reflected wave is nearly 180 degrees when ground
absorption iz small, just az in the c¢ase of the
horizontal antenna. But as the reflection angle
increaeesa, the phase ghift decreases wuntil, at a
critical "Brewster angle", phase shift drops  to 90
degrees and wave attepuation is= a maximum. This
critical angle ranges from about 10 degrees above
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Fig. 4 Phase change of wave caused by ground reflection for vertical and
horizontal polarizations. The phase stays virtually constant at 180 degrees
for horlzontal polarization and changes substantially for vertical polariza-
lion. Phase change takes place at en angle of reflection between 10 and
30 degrees depending upon soll conductivity. (Drawing courtesy of "' Mobile
Radioc Technology' magazine.)

the horizon for ogood ground (a salt marsh,for
example) to over 30 degreea for low conductivity
(rocky, sandy) ground (Pig. 4}, &t this angle, the
radiation pattern of a wertical antenna iz affected
the mast by ground reflection.

Below the Brewster angle the reflected wave from
a4 wertical antenna partially cancels the direct
wave, while above thie angle ground reflection
enhances the direct wave, providing a gain up to &
decibels over free-space conditions, This gain is
theoretical, as no antenna in the wicinity of the
earth is in free space,

In any case, the better the ground conductivity,
the lower the critical angle and the greater the
low=angle radiation from the vertical antenna. This
may be the reason that such conflicting results are
reported by amatewrs wusing vertical antennas. Those
amateurs living in areae of poor ground conductivity
are bound to have poorer low-angle radiation from a



12 VERTICAL ANTEMMAS

| f.':f; ;) o
C) L] I o4 g P d,..‘_r 1
L "o} n .-"hl1.;'ln:". E{'-'* o
,ﬁ\'\f—(‘ i «;:i o

L]
th :ﬂ,-.ga-:-:-xi ;
A% o A _.\_\_‘\.JI-|__<._‘_Ih

Flg. 5 EHective ground conductivily in the United States. The larger number
indicates higher conductivity, Conductivity s expressed In millimhos per
metar. {Drawing courtesy of “Reference Data for Radio Engineers"'.)

given wertical antenna than those amateurs lucky
enough to reside in a region of wery good ground
conductivity, Fortunately, except for desert areas
and regiona with very rocky soil, most of the United
States lies in an area bhaving fair to good ground
conductivity (Fig 3).

Ground Reflection Patterns for Vertical Antennas

Vertical polarization has important adwvantages
over heorizontal, especially when antenna space is
limited. Fig. & compares the wvertical field pattern
of a horizontal dipole and a guarter-wave vertical
antenna located above good ground. As  an example,
ageume that for long distance communication a
vertical radiation angle of 20 degreez or legs 1is
desired.

To achiewve maximum radiation at this angle, it is
necessary to place the horizontal antenna  about
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Fig. & A comparlson of the vertical fleld patterns of horizental and vertical
antennas located sbove good ground, The horizontal antenna is
J-wavelength above ground while the base of vertical antenna is at ground
Ievel. Both antennes provide good radlation at a vertical angle of about 20

degrees but horizontal antenna must be 52 leel high to do the job on the
20 metar band.

if4-wavelength above ground., The wvertical antenna,
however, radiates maximum power at or near this
vertical angle when the base is at ground level. For
the 20 meter band, this regquires a horizontal
antenna height of about 52 feet (15.8m) compared
with an overall height of only 16.5 feet (5m)} for
the vertical antenna,
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Flg. 7 Vertlcal radiation pattern of a vertical dipole whose base is at ground
level. Over perfect ground, low angle radiation is maximum at the horizon
(A]. Over average ground (B}, typlcal of the United States, some exiremely
low angle radiation |a lost. Poor ground conductivity (C) reduces radiation
at all vertical angles.

Theosretically, the wvertical antenna provides a
maximum radiation £field down to =zerc degrees (the
horizon), as shown by the dashed line. Howewer,
since the earth is not a perfect conductor, the
extreme low angle radiation iz not realizable,

Hote that the wery high angle radiation lobe of
the horizontal antenna iz useless for most long
distance, high freguency communication. It is this
high angle lobe, on the other hand,; that makesz this
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Fig. & Vertical radiation pattern of a ground plane antenna with the base
at ground level resembles vertical dipole pattern, with ground absorption
losses showing below about 15 degrees. A= perfect ground, B= avaerage
ground, C= poor ground.

antenna type outperform the vertical on short-haul
comminication on the lower freguency bands (1g0 and
80 metersz, for example}.

The elewvation pattern of the vertical antenna at
various heights above ground shows interesting low
angle radiation. The pattern of a vertical dipole
whose base iz at ground lewvel is shown in Fig. 7.
Over perfect ground the low angle radiation is
maximoem at the horizon as eshown by curve A. Ower
average ground (typical for the USRL), some of the
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Fig. & Vertical radiation pattern of a ground plane anlenna with the base
elevated one-half wevelength above ground. Radiatlon Iz concentrated at
8 slightly lower angle than when antenna is ground mounted. Second, high-
angle lobe appears at aboul 50 degrees above the horizen. A= perfect
ground, B= average ground, C= poor ground.

extremely low angle radiation is lost but at an
elevation angle of enly 15 degrees, for example, the
radiation lobe is down less than 3 4B in power from
the maximum theoretical walue {curwve B). Poor ground
conductivity, such as found in dry; semi-dasert
areas, further reduces low angle radiation; as shown
in curwve .

The elevation pattern of a geuarter—-wawve ground
plane antenna with the base at ground level iz shown
in Fig. B. The pattern is much the same as that of a
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Fig. 10 Vertical radiation pattern of & ground plane antenna with the base
elevaled three-quarters wavelenglh above ground. High angle lobe drops
1o about 40 degrees, A= perfect ground, B= average ground, C= poor
ground.

vertical half-wave dipole, with ground absorption
loss showing at angles below about 15 degrees. In
most  bypical installations radiation  below 10
degress is virtually zero.

The Eleavated Vertical Antenna
pattern of a ground plane

one-half wawvelength
concentrated at a

Fig. 9 represants the
antenna with the base elevated
above the ground. Radiaticon ie
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Fig. 11 Vertical radlation pattern of a ground plane antenna with the base
glevaled one wavelength above ground. Three main lobes are shown, with
the lowest an an angle of less than 10 degrees above the horizon. A= perfect
ground, B= average ground, C= poor ground.

slightly lower angle than when the antenna is ground

mounted, and a second, high-angle radi?tinn 1&?&
appsars at about 60 degrees above the horizon. This
loba 43 useful for high angle, hf multiple-hop
propagation such as oceasionally found on "long

ath" openings.
. elevated =o the

when the ground plane antenna is .

base is thres—guarters wavelength above ground (Fig.

10) the lower lobe radiation angle drops to about B
lobe

degrees over average ground and the high angle

THE REAL-LIFE WVERTICAL ANTENNA 1%

has split in two, providing maximum radiation at
gbout 60 degrees and 30 degrees above the horizon.

Fig, 11 shows the vertical pattern of the ground
plane at an elevation of one wavelength abowve
ground, Three main lobes are shown, with the lowest
at an angle of less than 10 degrees above the
horizon. The two higher lobes are at angles of about
32 and 62 degrees,.

Elevating the wvertical antenna is impractical on
the lower freguency bands because of the size of the
antenna, but it can improve overall DX results on
the higher frequency amateur bands, especially since
boosting antenna height helps to raize the antenna
with respact to nearby metallic objects and power
linas.

As  with any antenna, thecretical considerations
are greatly modified in a practical environment but
the vertical antenna stands on its own merits as a
popular and effective hf transmitting antenna even

though it is more susceptible to ground resistance

logg than an egquivalent horizontal antenna, Ground
loss are cowvered in the next chapter,
Ionospheric Refleckion

The wertical angle of wave reflection from an

antenna in the wicinity of the ground iz an

important factor in leng distance hf ecommunication
bacause the radic wave is reflected again in the
ionosphere at a distant point and returned teo earth.
The angles of reflection determine the wave path.

For long distance communication, the optimom
angle of ionospheric reflection depends upon the
height of the ionosphere, the length of the path and
Eeasconal factors (Fig. 12).

At an example, an ionospheric height of 350 km
(210 mi) is shown in the drawing. Maximum distance
of the firat reflection point from ionosphers to
ground i abount 4160 km (2500 mi } from the
transmitter, Thia corresponde to a vertical angle of
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Flg. 12 Single-hop frensmission takes place up to distences of about 2500
miles. This corresponds to a vertical angle of reflection at the antenna of
zero degrees above the harlzon. Multiple-hop transmizslon reaches distant
points. Silent (skip) zones between the hop points are shown. Broad ver-
tical angle of radlatlon of antenna covars much area between hop points.
{Drawing courtesy of "'Beam Antenna Handbook™, Redio Publications, [ng.)

reflection above the horizon at the antenna of 2ero
dagrees. As the wvertical angle of reflection
increages, the distance to the first ionospherie

raflection point decreases and the “skip distance"
to the area where the signal retwrns to earth is
decreased, The laws of reflection point cut that for
greatest DX work, the angle of ground wave
raflection must be low in order to have the greatest
single-hop transmission distance.
This does not imply that the
must direct its energy in a thin beam along the
horizon bte the distant icnosphare. This iz not what
happens in practical antennas. Rather, the vertical
radiation pattern of an antenna is guite broad (20
to 40 degrees} and the energy is "sprayed" owver a
large area of the icnosphere. This insures that some
portion of the ensrgy comes back to earth at a
distant point in spite of random wariations in the
ionosphera.
Generally
antenna pattern is

transmitting antenna

speaking, ewven though the  wvertical
broad for a given long distance
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circuit and a given freguency, the lower the angle
of radiation of the antenna the stronger will ba the
gignal at a distant point.

Multiple-hop Reflection

For distances lenger thap 2500 miles
jm)} ,several ionospheric reflections are normally
required (Fig, 12}, Onm & very long path (Hew York to
pustralia, for example}, many reflections may take
place. Unfortunately, the signal los= for  each
ionospheric "hop" can rum as high as & dB due to
wave absorption and scattering in the ionosphere and
to ground absorption.Thus, to achieve the strongest
gignal at a distant point, the fewer the icnospheric
hops the batter.

Bacause of the geometry of raeflection, as
discusged earlier, a practical wvertical antenna is
theoretically able to  provide greater low-angle
reflected energy than an equivalent Mhorizontal
antenna limited to a reasonable height above ground.
This is walid on all amateur hf bands, and
particularly true on the 160 and 80 meter bands,
where even an antenna a half-wavelength high is
ganerally impractical.

[4le0

Horizontal vz Vertical--Mot a True Compariscon

Dne other factor influences the performance of a
vertical antenna when compared to a  horizontal
egquivalent. While the horizontal antenna can provide

attractive low angle radiation over rather poor
canductivity ground, it may prove impoE=sible to
ergczt the antenna high enocugh in the air to take

advantage of the resulting
4 practical example, consider
mounted 35 feet (10,7 m) above ground for 40 meter
oparation, This corresponds to an electrical height
of ocne-gquarter wavelength. Maximum radiation in the
Yertical plane from thiz antenna iz at 90 degrees to

low apngle radiation. As
a horizontal antenna
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the horizon (straight up) and radiation at a
DE-angle of 10 degrees is roduced about 12 4B below
the maximum field.

In comparison, a wvertical guarter-wave antenna
with the basge at ground lewel provides a degres of
radiation at a wvertical angle of 10 degrees above
the horizon. If ground conductiwvity is average, the
field strength at this wertical angle is & dB below
the maximum theoretical walue, It seems as if both
antennas suffer a handicap in reduced field strength
at a low DE-angle of radiation.

Are the handicaps equal? The wvertical field
patterns indicate the vertical antenna iz about & 4B
better than the horizontal at a 10 degree vertical
angle. But thiz comparison may be mizleading, It i=
like comparing apples and ocrangas.

Amateurs who are fortunate to have two antennas
in this physical arrangement on the 40 meter band
conpclude that the antennas are reoughly egual in
performanca when they are located owver  awverage
ground. That is, a dipole about 35 feet im the air
compares favorably in transmission and recaption  at
40 meters with a ground mounted guarter-wawve ground
plane antenna. In some instances one or the other
antennas geem to favor a particular propagation
path, but the advantage is a small one and not
consistent, with one excepbtion: the horizontal
antenna always provides a stronger signal for short
digtance communication, That is, the high angle
radiation of the horizontal provides much stronger
gignals for close-in work than doos the wertical,
But over about 700 miles (1le0 km) on the 40 meter
band, the two antennas seem egual, The same results
hold true on 80 meters, except the area of signal
equality lies much closer to the antenna (about 500
miles, or 830 km).

The comparison is even more striking on the 160
meter band, It is nearly impozsible to erect a
horizental antenna one gquarter wavelength high on
this band and most amatewras are content with an
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antenna height of &0 feet (18 m) or less, This
corresponds to  an electrical height of  about
one—eighth wavelength and at this elevation low
angle radiation from a horizontal antenna is almost
nila.

Because it is difficult to achieve low-angle
radiation from a lew  horizontal antenna, the
preferred DX antenna of many operators on the 160
and 80 meter bands is the wvertical --even a short
ong¢ having low owverall efficiency. A horizontal
antenna is satisfactory for local, arcund-the-state
communication on the low bands and many amateurs
have worked DX with just such an antenna, but it is
congidered to be a poor DX performer by those who
have taken the time and effort to erect a good
yvertical antenna system,

As a practical example, one of the authors of
this handbook compared a horizontal dipole 40 feet
[12 m}) high against a short; coil-loaded ground
plane 40 feet high whose bage was mounted 8 feet
[2.4 m) above the ground. A network of six radials
wag used with the ground plane antenna (Fig, 13).
Tests were run on B0 meters for more than three
years and the results were guite consistent. Cut to
about 600 miles (1000 km} the Ilow dipole provided
the supericr signal, often by 10 to 30 decibels, as
compared to the ground plane. At a distance of about
1200 miles (2000 km) signal reports were usually the
gama for both antennas. But at greater distances the
wertical antenna congistently proved to be the
better performer, Transoceanic contacts could be
easily worked with the werticalj often the DX
gignals could not be heard on the horizontal., DX
signal reports received on the horizontal proved to
be 10 to 15 4B weaker than those received on the
vertical. Clearly, pxcept for local work, the
vertical antenna was the star DX performer on B0
meters!
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Fig. 13 Comparatlve lests were run on 80 meter dipole and ground plane
antennas, Low dipole proved best up to about 600 miles distence. Both
antennas seemed about equal at 1200 miles distance. For long distance
work, the ground plane antenna was the better performer.

The Pictura Changes Abowve 7 MHz

¥While the wvertical antenna proves to be the
guperior antenna for low-band DX, the picture
changas at 7 MHz and above. Mow it is possible to
erect a horizontal antenna high im  the air in terms
of operating wavelength. A comparison of a 40 foot
{12 m) high dipole and a ground-mounted, full-size
ground plane at 7 MHz showed the former better for
cloge-in work, but the two antennas seemad about
egual for DX operation. The wertical antenna wasg
better for very long contacts (California to
Saudi=-prabia, for example) and the improvemant was
congistent, but it was not of great magnitude.

The final comparisions ketween simple horizontal
and wertiecal antennas Etook place on the 10, 15 and
20 meter bands. In each test the horizontal antenna
was 40 feet (12 m} high and the base of the ground
plane antenna was & feet (2.4 m) abowe ground. Six
radials were used on each wertical ground plane

antennd.
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These arrangements were chosen because they are
typical of an “awverage" amateur installation, Tegts
were run on worldwide apd domestic contacts for a
period of over two years. Signal reports showed that
the horizontal dipole had about & dB (approximately
cné S-unit) advantage owver the ground plane most of
the time on long propagation paths on all bands. The
improvemant was most noticeabls on the 15 and 10
meter bands where dipole height was large in  terms
of wavelength.

On guite a few occasions the wvertical antenna
outperformed the dipole on DX contacts by as much as
an S-unit. Greatest improvement was noticed during
disturbed ionospheric conditions. During excellent
DX conditicons, the dAipole proved to be the better
antenna. Even so, plenty of flattering reports were
received on the vertical antenna. After all, if you
are 5%-plue 20 dBE on one antenna, does it matter if
you are only 58-plus 15 dB on another antenna?

Hany =imilar tests have been run by the authors
over a 35 year period and have been repeated several
times in different loecations. O©Other amateurs have
aleo contributed to the tests. While the high dipsle
proves to be the better performer on the higher
bands a majority of the time, the ionosphere is a
great leveler of signals. On 2all bands ({(except 10
dnd possibly 15 meters), the slight less of =ignal
strength for the ground plane antenna may be of no
consequence, considering the savings in space and
the uncbtrusiveness of the installation as compared
L& a dipole antenna.

But the last word haz not baen said about the
Vvertical antenna; as explained in the next zsection.

The High Vertical Antenna

It 15 easy to railse the wvertical antenna above
ground in terms of operating wavelength on the
higher frequencies. Getting any type of antenna high
in the air is the secret to success on any amateur
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band,. Yhile the theoretical wertical radiation
pattern of a wvertical antenna mounted a distance
above the ground shows some high angle radiation,
the antenna is still an effective low-angle DX
radiator, It digproves the old saying that "the
wertical antenna iz sgually weak in all directions™.
one reagson  for the improved performance is that a
high antenna can be placed in the clear as far a=s
local obstructions are concerned,

The Japan-California Tests

In the late 1950s extended tests were run between
California and a Marine Corps amateur station
located in Japan, The 20 and 10 meter bands wera
used and tests were run for ovar a year. Tha station
in Japan had three element Yagi beams about 40 feet
high (12,2 m} and ground plane antennas atop masts
nearly 90 feet (27.4 m) high.

On both bands, results on the Japan-California
path were interesting, Under good conditicnz, the
beams were abocut one S-unit (6 dB} lowder thanm the
corresponding ground plane. Under poosr conditions,
or when the bapd was just opening in the morning or
cloging in the ewvening, the ground planes were the
superior antennas, providing stronger sigonals with
less fading.

Encouraged by the results, the Marine Corps hams
moved the ground plane antenna= to the top of a 200
foot (Bl m) high chimney., The results owver a long
period of time showed that the ground plane antennas
were pnearly the equal of the 40 foot high Yagi beams
and in many circumstances prowvided superior signals,
Unfortunately, the tests were broken off when the
aparators inm Japan returpned stateside and the ham
station was closged down.

Wot many amateurs can place their antenna on a
200 foot chimney, but an amateur living in am
apartment buildipg can obtain excellent results from
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a gimple ground plane antenna mounted on the roof,.
Apd an amateur living in a multistory dwalling
ghould certainly investigate the idea of placing a
vertical antenna on the roof if open yard space is
gearcel

Jumping to Conclusions About Vertical Antennas

It i5 not easy to reach specific conclusions from
a saries of unrelated tests performed at random over
many years, But the fact remains that the wvertical
antenna is a good DX performer under Jdifficult
conditions and, when installed with care, provides
good results. The beast possible world is to hawve
both horizental and wertical antennas yourself and
make comparizons that are meaningful to you,

There is no =zimple answar to the choice hetween
the antennaz, A lot depends upsn the band you use,
the results desired; and the amount of real estate
you hawve awvailable, Surely on the 160 and 80 meter
bands the serious operator will choose tha wvertical,
8% it iz a star DX performer and there i5 no real
competition to it. However, if you enjoy local rag
chews on these bands and are not an all-night DX
chager, a horizontal antenna about 40 feet {12 m) in
the air will do a good job for you. If it is higher,
the results will be better, but don't expect such an
antenna to win a DX contest for you!

The Favorite Antennas of WESAI

"My favorite antenna for 160 or 80 meters is a
dipole because I don't chase DX on these bands, I
like to rag-chew, Eesides, the vertical antenna is
Ssengitive to noise, and most noise is  wvertically
pelarized, I have a very high noise lewvel and I
have trouble hearing weak signals on a vertieal, I
can work some DX on  the dipoles (east coast on 160
meters and Europe on BO meters) but I know my old
ground planes in my previous location were much
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bhetter DX performers on these bands.

"On bhe 40 and 30 meter bands, the situwation is a
togs-up,. My power line noise is much less on these
bands and the wertical antennas do a good job on
transmission and reception. On the whole, 1'l1l chose
the werticals for these bands, In any event, I can't
compete with the 40 meter ¥agis that are showing up
but I can give a DX good acount of myself with the
vertical,

"on the higher bands {20 through 10 meters) it is
easy for me to erect a dipole 30 feet (15 m} in the
air, The horizontal antenna iz my choice beacuse ik
ig easy to imstall and provides excelleat results. I
have ground planes for these bands, too, from time
to time, They are located about 12 feet (3,6 mjiabova
ground, But the radials are inconvenienkt, running
around the vard, so they don't =stay up except for
occasional tests, I've mada WAC tWorked  All
Continents) and DECC with the wverticals and 150
watts power, &2 vYou can say they work fine for me,
In the long run, however, I'd choose a six element
Yagi on a 150 foot (46 m) high tower any day! Since
I don't have the room, time or money to erect such a
giant, I have & lot of fun with the simple antennazs
that I hawve!"

The Pavorite Antennas of WILX

i T lived in an area that had good soil
conductivity, near Long Island Sound (WY)., I bhad a
Yagi at 45 feet and seweral ground plane antennas at
a bage height of 10.5 feet (3.2 m). The Yagi beam
outperformed +the ground planes, bubk the ground
planes ware egual in every respect to =ingle band
dipoles that I tried from time to time. And they
were a lot easier to maintain in bad weather than
was the beam.

" I ran many skeds with Australia using the
ground plane on 14 MHz and worked plenty of DX with
thiz gimple antenna--aven with my QRF d4-watt rig, &
few months before I mowed, I took down the tower and
the Yagi beam and just wused the ground plane. I hate
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to admit it, but for my style of operating, I really
didn't miza the heam.

Row I am living in an area where it is difficult
to erect a beam antenna, So I am using ground plane
antennazs and am zatisfied. I may not be the loudest
gignal on the band, but I work plenty of DX and can
compete in  the pile-ups, My advice is notb to anwvy
the boys with the big antennas., A good operator with
a =Zimple antenna can even the score more times than
you would imagine!™

The Choice: Horizontal Varsus Vertical Antenna

The cholice is interesting and in most case is
dictated bwv the space awvailable and monetary
considerations. Consider these  wirtues of  the
vertical antenna:

1. A wertical antenna is inexpensive and simple to
build and install. It occupies little ground
space.

2, A vertical antenna can be conveniently fed at the
base by a coaxial line and a simple matching
network.,

3. A wertical antenna i= unobtrusive and draws
little attenticn from curious neighbors,

4. A vertical antenna iz nondirectional and does net
Eaguire a rotator.

3. Low angle radiation can be obtained from the
vertical antenna in the lower freguency ham bands
where practical horizontal antenna heights provide
anly high angle radiation,.

B. A multiband wertical antenna i=s inexpensive
compared to the cost of a mulbiband beam.

Now consider the case for the horizontal antenna:
1. The horirontal antenna is loss susceptible to

man-made interference fauto  igniticn,power lipe
noise, etc.) than ia the wvertical antenna.
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2. The horizontal antenna is less affected by ground
registance in the near-area of the antenna than is
the wertical.

3. Since mapy btv and fm antenna lead-in wires rum  in
the wertical plane, a nearby wertical transmitting
antenna may cause more TVWI owverload to a nearby
raceiver than would an  egquivalent  horizontal
antenna. The leadin of the entertainment equipment
can ackt as an antenna, picking up signals radiated
by the wvertical transmitbting antepna. (0o the other
gide of the coin, many horizental antennas ars badly
affected by mnoisa 1in nearby power lines running
parallel to the anbenna.)

4, Mo extensive ground system ig reguired £for the
horizontal antenna, whereas an extensive cne may be
required for good wertical antenna performance,

Can the "Fallow at the Other End® Tell the
Difference?

Variations in transmitter power, antenna gain and
angle of radiation can be observed at a distant
racelving point, but it iz wnlikely that the caswual
listener can identify anything but major changes in
thege parametors wWithout accurate instruments.
Beal-life rropagation econditions tend to  blur
changes in transmizsion parameters that are readily
predictable on  paper. The majority of amateur
contacts are of a random nature and if propagation
does not support communicaticon in one direction, it
will support it in anocther,

Amateurs find to their dismay that they are
hemmed in by neighbors, power lines, tv antennas,
building codes, and financial considerations that
limit the antenna of their choice. In these cases,
and others, the worth of the vertical antenna system
conclusively proves itgelf,
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The YHF Vertical Antenna

So far no mention has been made af the use of the
yertical antenna on the 6 meter band and the higher
vhf bands. Antenna polarization plays a different
role here as there is little if any ionospheric
reflection on  these bands ([except cossibly on 6
meters at the peak of the sunapot cyclel,

Vertical polarization is wery popular on the wvhi
bands, principally because a lot of mobile operatiom
takes place here, and it is easy o mount a small
vertical antenna on a wehicle. Most fm repeaters are
vertically polarized, however, some of the DX and
sideband operators choose horizontal polarization.
They have no interest in repeaters and it is easier
to build large horizontally polarieed arravs that
the wvertical equivalents. Many vhf oparators have
both antenna polarizations available and use one or
the other depending upon the type of opsrating they
are doing.

The conclusion is that vhf antenna polarization
i5 chosen to meet practical operating needs and not
becavse one type of polarization iz  bekker than
dnother, And this= common=sense conclusion can  apply
equally well to the hf region!

Scaling Antenna Designs

IL may be desired to bwild an antenna to operate
at some freguency removed from an amateur band. The
designs shown in this handbook can be scaled to
ansbhor freguency by the following ratioc: The new
dimension eguals the original dimension multiplied
by the original freguency in MHz. The product is
then diwided by the new freguency in MHz.

FPor example, assume a 14.15 MHz half-wawve element
measuras 33.07 feat (10.08 m) long. What will be its
new length when scaled to 10,1 MHe?

The new dimension is egual to 33,07 times 14,15
divided by 10,1, or 46.33 feet (14.12 m),
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More About HF Propagation

High frequency propagation is too complex a
subject Eo cover completely in  this handbook, For
those interested in learning more about the subject,
the following poblications are recommended:

Jacobs and Cohen, "The Shortwave Propagation
Handbook", 28 edition, ©Q Book Shop, 76 Horth
Broadway, Hickeville, H¥ 11801,

Hall, Woodward and DeMaw, "The ARRL Antenna
Book®™, 1ld4th edition, American Radio Relay League,
Hewington, CT 06111,

Computerized Fropagation Frograms

Computerized propagation programs have been used
for gsome years by the WVoice of America, the EBritish
Broadcasting Corporation and others involved in
shortwave radio communicaticn.

A version of a program developed by the U,S.
Havy has been adapted for use on home computers and
iz available under such names as "Minipleot"™ or
"sMiuFplot",. The MUFplot program was deriyved from
measurements made over a complete sunspot cyele from
over 4700 test sites on 23 different paths that
gircled the globa, The results obtained from this,

and other programs, compare fawvorably to preducticons
mada by larger computer systems and E2  actual MUF
observations.

Chapter 2

The Radio Ground

An electrical ground is a common reference point
in & eircuit which is at the same potential as the
earth. Earth is literally taken a=s "ground", but not
all earth provides a gosd ground, as discusged in
this chapter.

The radio (rf) ground is a reference point in any
circeit at which rf wvoltage is taken as zero. Radio
and alectrical grounds are the same in moast
circuits, but they cam be gquite different. If the
regigtance (or impedance;, to use a fancy term)
batween radio and electric grounds is very low, thay
may be assumed to be the same,

The Electrical Greound

In house wiring the electrical ground is the
agquipment ground fto which all exposed metallic
surfaces are connected to reduce shock hazard, Most
modern home wWiring io the USR is a single phase,
threse wire system having one neutral wire [(white),
one  "hot" wire (black, blue, or red] and an
gguipment {(electric) ground wire ({(green ofF hare
copper); as depicted in Fig. 1. The npeutral and
egquipment ground conductors are grounded Eo  earth
at, or near, the distribution transformer or fuse
block of the residence.
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Fig. 1 RF ground currents reach earth via the equipment power line as well
a5 by the radio ground (arrows). For bast radio results, the rf and power
line grounds should be decoupled by placing an rf choke in the power line
(see tewxt).

Separating the Radio {rf} and Electrical Grounds

Figure 1 shows that two radie ground paths exist
in the circuit-- the intenticnal radioc ground at the
eguipment and alss the electrical ground at  the
distribution transformer. The later serves as a
radio ground, whether the operator desires it or
not, as £f ground currents from the antenna circuit
can returnm to earth via both of the paths. The
unwanted path through the power cable is closely
coupled to the "hot"™ conductor and feeds some rf
energy ints the house wiring. This can result in
unwanted TWI and RFI in nearby home entertainment
egquipment .

The radio and eguipment grounds can be separated
allowing each to do its specific task by deccupling
the power cord to the transmitter through an xf
choke (Fig. 2). The power cord is simply wrapped
around a toroid or ferrite rod.This prevents rf
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Fig. 2 Wrapping the power cord to the transmitting equipment around a
farrite core or rod decouples It from the power line ground, This helps-to
pravent rf currents from paseing down the power cord instead of going
to earth via the radio ground connection at the transmitter.

currents from passing down the power line instead of
going te earth wvia the radico ground connection at

the transmitter,
Ground Conductivity and Resistivity

Since the days of Marconi, transmitter engineers
have been concerned with rf power lost in the
ground. Early broadcasters made exhaustive studies
of ground loss. An early description of this
phencmenon was given by G.H. Brown in his classic
"Proceedings of the IRE" article of February, 1935:
"In the operation of the wsual transmitting antenna,
the conduction current in the antenna diminishes as
we  proceed upward along the antenna, This is
explained by displacement currents which are assumed
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te flow in the antenna; through space, to the
conducting plane  below, This econducting plane
completes the circuit by forming the return path to
the bagse of the antenna. If this plane i3 not a
perfect conductor, some power must be expended in
returning the current to the base of the antenna.”

A few monthse later, Brown expanded his wiew of
the role played by the ground in radio transmission.
"Ground systems below an antenna play a dual role,
Une function of the ground system is to provide a
good conducting path for earth ecurrents, sSo that
thege currents will not flow through a poorly
conducting earth., The other function is to act as a
good reflector for radio waves coming from the
antenna, so that the wertical radiation pattern will
be close to that obtained if the earth under the
antenna were perfectly conducting.

Today, radio engineera have a good concept of the
role played by the ground in the transmission of
radio waves. A& radio wawve striking the ground is
partially absorbed, causing currents to flow in the
earth which are attenuated with distance at a rate
determined by ground conductivity, frequency, angle
of incidence and wave polarization, Depth of
penetration of the wave iz about 5 ko 10 feet (1.5
to 3 m} for 75 percent current attenuation in the hf
region. Thus, growund currents for a particular
antenna are affected by antenna position and by
conditicns  existing on and beneath the earth's
surface for a considerable distance around the
antenna.

Good conducktivity (low resistivity) exists in
moist, flat, rich socil and marshy ground, Poorer
conductivity is found in pastoral land and forested
areas, The latter soil is found in much of the USA
and is termed "average ground". Poorer conductivity
is found in heavy clay soil and rocky, sapdy earth
typical of coastal country. Heedless to say, the
worst ground conductivity is found in bwoilt-up
industrial areas (Table 1},
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RESISTINITY
S0IL OHM-CH
AVERAGE  MIM. MAK.
Fills—ashes, cinders, bring wastes .... 2,370 540 7,000
Clay, shale, gumbe, loam ........... 4,060 M0 15,300
Same—with varying pmpnmuns af =and
AT T et ST e Pl e 15800 1020 135000
Gravel, sand, stunes. with littls clay
TR AT P e e e i e b T B4.000 59,000 453,000
RESISTIVITY, OHM.-

SOIL ERAHGEIHH CM
Surface soils, loam, ete. .. ... ... ...l 100 — 5,000
e e e 200 — 10,000
Sand and gra'.rel ...................... 000 — 100,000
SUrface s imestonsih Lol s e 10,000 — 1,000,000
Kimesiomes e Ssiue it ik i g §00 — 400000
Shales . ... ... i Lo e L 600 — 10,00
£ B 0 e B R s e L e e 2,000 200,000
Granites, basalts, ﬂn ............... phs mnma
Decompased gNeisses ... ... ... ...., 5000 — 50,000

Slates, alel L. 1000 — 10,000

Table 1. Reclstivities of different soils. (U.5. Bureau of Standards Technical
Report 108.)

In all cases, ground resistivity iz lower in the
rainy seagsons than in dry weather as ground water
dissolves the saltz im the earth and increases
conductivity near the surface,

For the case of the wertical antenna, ground loss
is important because the electric field of the wawve
cuts through the earth's surface inducing ground
currents which must trawvel through the los=sy ground
back to the antenna. As a result, there is a
dissipation of energy that repregsents power lost
from the radio wawva.

In addition to power loss im  the soil; ground
rasistivity up to a distance of about 10 wavelengths
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MOISTURE COMTENT, RESISTIVITY, OHM-CH

% BY WEIGHT TOF SOIL SANDY LOAM
0 1,000 x 10° 1,000 x 10
2.5 250,000 150,000
5 165,000 43,000
10 53,000 18,500
15 1,000 10,500
20 12,000 6,300
a0 &,400 4,200
ADDED SALT i
Br MoISTURE A A
L8] 10,700
0.1 1,800
1.0 4&0
5 190
10 130
20 100

* Far sandy leam—maistuee contend, 153 by weight; temperature, 17°C (B37F).

Table 2. Earth resistence depends upen type of =oll, the semount of
moisture, and the salt conlent. Meturally occuring salts in the earth dissohed

In ground water lower reslstivity.

from the anctenna affects the low angle radiation of
the wertical antenna as discussed in the previous
chapter.,

What Affects Ground Conductivity?

Ground conductivity (or resistivity) depends to a
large extent wupon the type of soil, the amount of
moigture i it:, and the salt content. Moisture
varies with the season of the y=ar, the amount of
rain, and the depth of the natural water table, When
very dry, most all =oils have  high electriecal
rasistivity and poor conductivity, but even with a
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TEMPERATURE RESISTIVITY,
[ E OHM-CM

20 68 7.200 e
10 50 9,900
4] 32 (water) 13,B00
0 32 fice) 30,000
— B 23 79,000
-15 14 330,000

*For sandy [gam, 15295 msisture.

Table 3. Earth resistance is dependent upon temperature. When sofl and
water freeze, conductivity drops and resistivity Increases rapidly.

slight maisture content soil resistivity drops
rapidly. Naturally occuring =alts in the earth
dissolved in ground water lower resistivity, as
summarized in Table 2,

In additieon to the moisture content, soil
conductivity is dependent upon  temperature, When
aoil and water freeze, conductiviby drops
dppreciably and resistivity increases rapidly as
soil temperature drops below freezing. Because of
these effects, soil conductivity varies considarably
Wwith the seasons of the year, particularly in
locations where there are extremes of temperature
[(Table 3,

In the main, ground conductivity, aside from the
Emall drea  directly ©below the antenna, is
uncontrollable because the total area of signal
reflection iz large around a typical antenna. The
fact remains, however, that wvertical antenna
performace is more sensitive to the degree of ground
conductivity than dis an  equivalent horizontal
adntenna,

In addition to losses caused by induced ground
?ukrents, ground resistance i= of interest because
At is in series with the radition resistance of the
antenna and transmitter power is divided hetwesn the
twe resistances, That power flowing through ground
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Az < 3307
[}ZMTH |

Ra < 3G
Efficiancy = il

Az + Ap
_ 3% .05 -=50%
36+ 05

Flg. 3 Ground resistance (Rg) Iz In seres with feedpoint resistance (Ra).
In a Marconi antenna afficiency raguires low ground res|stance. In this ex-
ample, ground reslstance |3 equal to the antenna feedpolnt resistance and
overall entenna effiency is fifty percent.

resistance iz lost =80 it is important to do
aveything possible to make ground resistance low
with respect to radiation resistance, as discussed
in the next section.

Radiation and Feedpoint Resistance

nll antennas exhibit a guality called radiation
registance. It is described as that wvalue of
resistance which, when substituted for Gthe resonant
antenna, will dissipate the same amount of power as
iz radiated by the antenna., The actwal walus of
radiation resistance of a particular antenpna is
determined by  the antenna configuration and its
placement with respect to the earth and npearby
objects, The guarter-wave ground plane, for example,
has a radiation resistance of about 36 ohms, and
short, coil-loaded wertiecal antennas show radiation
registance values in the range of 0.5 to 30 ohms. As
stated earlier, radiation resistance is ipn Seriaes
with ground resistance in an antenna cicuit and a
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Fig. 4 Ground resistance decreases wilth depth of ground rod In earth. it
i5 an exceplional ground connectlon that has a resistance of less than 20
ohms, (“Ground Connections for Elactrical Systems'’, Peters, U. 5. Na-
tional Stendards Technical Paper 108, Courtesy "CO" magazine},
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high ratie of radiation resistance to ground
rasistance results in an efficient antenna. If the
antenna is rescnant, the radiation resistance is

termed "feedpoint resistance",
Ground Resistance and Antenna Efficiency

Ground resistance  includes resistance of the
ground itself and the resistance and reactance of
the conductor connecting the radio equipment to
ground. For example, if the radiation resistance of
a Marconi antenna is 36 ohms (Ra)} and the ground
resistance (Rg) is also 36 ohms, owverall antenna
efficiency is equal to the radiation resistance
divided by the sum of the resistances, as shown in
Fig. 3. Owerall antenna efficiency is 50 percent,
whnich means that half the transmitter output power
iz wasted in ground resistance.

Valuves of ground resistance have been measured as
high as 200 obms in vary poor soil, and it iz an
exceptional ground connection that has less than 20
ochms resistance (Fig. 4). Even at this low figurse,
overall efficiency of the example antenna drops to
64 percent. And if anm antenna has a radiation
resistance of only an ohm or btwo (as may be the casa
with a short, coil-loaded antenna), efficiency drops
to only a few percent! It is rclear that low ground
resistance i= important where antenna efficiency is
concerned and this chapter tells you how to obtain a
good , low-loss ground,

The Ground Connection

A sgimple means of making a radig  ground
connection iz to drive a metal rod inks the earth
and to connect the radie equipment te it. A single
ground rod, even if driven into soil  of good
conductivity, will not produce a low-loszs ground

ennection as it does not contact enough of the zeil.
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Fig. 5 Concrete-filled drive pipe makes job of driving ground rod easier.
Butt end of ground rod |2 slipped Into drive pipe and upper end of red is
drivan downwands with the driver. Whean tha drive pipe cylinder approaches
ground level the driver |3 reversed and short section used as the drive.
[Drawing courlesy of “Interferenca Handbook'’, Radio Publications, Ing.)

Multiple ground rods connected in parallel will do a
better job.

A practical ground rod, readily awvailable at
electrical supply stores, i= fthe Hubbard 95lE which
is 3/8-inch (0,83 cm) diameter and B feet (Z2.44 m)
long. The rod is steel oore f[or easy driving and

copper ooated for good electrical copductivity. The

rod is driven into the ground until only the top
clears the soil. A single rod, driven inkto soil of
good conductivity, will provide a radio ground
having a resistance of about 20 to 30 ohms. Two

ground rods spaced about 5 feebt (1.5 m) apart and
connected together with a heavy copper strap will
drop the ground resistance by half,
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SON TREAT G METERIRL
FLADED IH CIRCULAR THEKCH
ARD COYERED WiTH EARTH

EZATH ELECTRODE

55

Fig. 6 The trla_nr:.h method of chemical soil treatment for ground red. {"'Prac-
tical Grounding Principles and Practices for Securing Safe, Dependable
Grounds™. Copperweld Corp., Glassport, PA).

The Ground Rod Driver

If the job iz done right, it is not diffieult to
drive a ground rod inte the soil. A steel post
driver (available at a tool rental service) can be
used, or the grouwnd rod driver shown in Fig. 5 can
be made up. The driver consists of a concrete filled
steel cylinder with a driving pipe on one end and a
guide pipe on the ather.

To start the job, a hole about a foot (0.3 m)
deep i=s dug at the location for the ground rod. The
top end of the rod is slipped into the long section
of the driver. This prevents the rod frem buckling
when the golng gets difficult, The rod is centered
in the hole and driving is started., Socaking the
earth with water makes the Jjob easier, A small
ladder is required at first to allow the operator to

_—
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deliver a sound blow with the driver. Using six inch
blows, the rod penetration into the wsarth is
gtarted. Once a foot or two of the rod ha=s entered
the ground, longer strokes can be used. Continue
thi= until the rod is as far into the ground as it
will go wusing the long (guide) section of the
driver.

At this point, the driwer i= reversed and the
short gection is slipped over the ground rod.
continue driving until the top of the rod is just
above ground level. If multiple rods are used,
connect them together with heavy wire or strap,

Some amateurs dig up the soil before the ground
rod is driven and mix rock salt and gypsum (60-40
proportion} into the soil, which is them watered and
tamped down. Treated =o0il is corrosive and should
not touch the ground rod, so treatment is usually
confined to a circular trench about the rod (Fig.
L

Chemical treatment is not a permanent cure for
high ground resistance as the chemicals are washed
or leached away by rainfall and natural drainage
through the soil, Care should be taken with this
form of treatment as it may sericusly pollute ground
water. If the house gets water from a nearby well,
L effect of pollution should certainly be
inwvestigated, Chemical treatment has the adwvantage
of reducing seasonal wvariation in soil resistance
that results from rainfall and runocff {(Fig, 7).

Use the Home Plumbing System as a Ground?

Many regidenges are plumbed with copper water
pipe that is soldered at the joints. This comprises
a8 large area of metal in proximity to the ground and
which is grounded at some point along its length. A
ground oonnection to a cold water pipe has worked
well for many amateurs trying to obtain an easy and
inexpensive ground.
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Fig. 7 Seasonal variation of earth resistance with 3/d-inch pipe driven in
stony, clay soll. Depth of electrode in earth i 3 feet for curve 1, and 10
fet for curve 2.

AL WBEAI a szatisfactory radio ground for 160 and
EQ0 meter operation is made to a convenient cCopper
cold waker pipe, the house plumbing then being
connected to ground rods at each end of the
residence.

If you are fortunate enough to have a yard
sprinkling system consisting of copper pipe and
soldered fittings, it will serwe as an excellent
ground , within the limits imposed by go0il
conductivity, Iron water pipe in the ground or in
the house makes & poor ground connection because of
the gluse-like insulating material smeared on the
joints before the pipes are connected,

Length of the Ground Connection Wire

An effective electrical ground can be ruined as a
radio ground by an overly long ground connection
wire, A rough rule-of-thumb for an effective radio
ground wire length is that the length in feet should
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pot be longer than one-tenth the operating fregquency
in meters, For example, & ground wire for 160 meter
operaticn may be up to 16 feer long, but a ground
wire for 20 meters should be less  than 2 feet long!
Thiz imposes a major restriction on the wuser as it
ig impossible to achieve short ground leads in most
amateur installations.

The necesgity for a short ground lead is brought
about by the fact that any wire has reactance
(resistance to the flow of radic energyl). Wire
reactance can be reduced by shortening the wire, and
using a wire havipng a large diameter, If the radio
ground lead reactance is too high, the wire acts as
a high impedance circuit, isclating the eguipment
from true ground!

The gituation is ewen worse i1f the station
egquipment is located on the second, or higher, floor
of a building. How is a good radio ground obtained
in this case?

The soclution to the problem is to place the
ground connection at the antenna site instead of at
the statiom, Either a direct ground connectiom or an
artificial electrical ground can be used abt the
fepdpoint of the antenna. All that is reqguired at
the station iz an electrical ground for sheck
prevention, This connection can be made £o the
ground wire of the electrical system, or to a copper
cold water pipe. Other ground connections  are
dizeussed later in this chapter,

The Serias-tuned Ground Lead

An effective techmigque to electrically place a
far away ground (point directly at the radio
equipment is €9 use a series-tuned ground lead
(Fig.B). This circueit, when properly adjusted,
reduces electrical ground lead length to wirtually
zero. An inductor and variable capacitor are placed
in gerieg with the ground lead at the equipment. The



43 VEATICAL ANTENMNAS

TRAMSMITTER

Ground ¥

_?}_L

Fa
Fm

J00pF

o

()

=t Radin
=  Ground

Fig. 8 The series-luned ground lead. Inductor and variable capecitor are
connected in series and tuned for maximum ground current during transmit-
ter aperation, Preliminary adjustment can be made with equipment off and
dip oscillator coupled to coil, Capacitor and Inductor are adjusted for
resonance indication at operating frequency. Indicator bulb |3 shorted out
alter adjustments are completed.

capacitor is adjusted to provide series resonance of
the ground lead at the operating £freguency.
kesonance is now established by placing an rf
thermocouple  ammeter in  the ground lead and
adjusting the capacitor for maximum ground current
during transmission, If a thermocouple meter is
uncbtainable, a 6.2 wvolkt, 3.9 ampere lamp (Chicago
1133, or eguivalent) will do the job for a medium
power  transmitter. Cmnees regonance  has  baen
established, the bulb {(or meter) i= shorted out,

The ground circuit is tuned to the eperatitg
frequency and if this is wvaried, the cireuit will
have to be retuned. If operation on several bands is
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desired, a tapped coil must be used to allow circuit
flexibility.

This technigue is especially effective if the
antenna terminates at the transmitter, as in the
case of the Marconi, and the radio ground connection
must be madse at that point.

The Artificial Radio Ground (Radial Ground Wire)

The radial ground wire [ somebimes called a
counterpoise) is a simple artifical rf ground that
is wvery offective at placing the radio eguipment at,
or near, actual earth ground potential,.It may be
usad alone, or in conjuncticn with another ground
connection. Sometimes on the higher frequency bands
{10 or 15 meter=, for example)] it iz difficult ko
get a4 good ground and the operator £finds the
Eransmitting equipment 15 "hot". He may even get
"bitten" by rf that appears on the microphona! The
radial ground wire will cure this annoying problem,

In its simplest form, the radial ground is an
insulated wire a guarter-wavelength leng at the
operating £reguency, One end is connected to the
ground  bterminal of the transmitter and the opposite
end iz left free. The wire is led away from the
transmitter in a random direction, either outdoors
or indoors (Fig, %), The far end of the wire i=
taped to prevent contact; as it may bs "hot" with rf
energy and could cause a rf burn teo anyone
unfortunate enough to touch it while the transmitter
is operating.

A the radial ground wire iz resonankt, it
functions only on the band for which it is  cuk,
Howaver, sewveral radial wires ocut to different bands
may be attached Eto the transmitbter ground terminal
for mueltiband operation,

Placement of the radial wire is not critical. It
iz uswally run in the horizontal plane, along the
flogr of the radio room tacked against the wall, or
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Fig. 9 Operation of Marconi or any end-fed antenna |s improved when a
radial ground wire is used along with a ground connection. A single radial
wire is needed for each band of operation. Wire is cul 1o quarier-wave
regonance. [Radial length for 160 meters |3 132 feet; for B0 maters, B5 feet
and for 40 melers, 33.5 feet. ) Drawing courtesy of ""Wire Anlennas'’, Radio

Publicatlons, Inc.)

perhaps out the window and along the wall of the
house, For the lower fregquency bands, where the wire
is oguite leng, it can be rum through bushes and
around the vard, a few inches above the ground.

Tha Ground Radial System

An outgrowth of the radial wire is & ground
radial system composed of a number of wiresz ruon
radially out from the transmitter or the antenna
site. The wires may be buried a few inches in the
ground, or run above the ground surface. Broadcast
stationz, which pay dearly to obtain the best
possible ground system, generally run out 120 wires,
each a guarter wavelength long, from the base of the
antenna; the radials are spaced radially 3 degrees
apart. When properly installed, this provides a
ground system with a resistance of 1 ohm, or lesgs,
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such a comprehensive ground system is beyond the
pocketbook of most amateurs, but the idea 1is a sound
pné. It must be emphasized, however, that ground
losses decrease as the number and length of radials
increase. Experiments have indicated that a ground
radial system consisting of 50 above-ground radials,
0.2 wavelength long, fanning cut from the antenna
bage, provides a good ground system with an average
registance of under 5 ohms . A more modest
installation consisting of about 15 radials, 0.1
wavelength long, has  higher resistance but has
worked well for many amateurs. Such a system, when
tied in parallel with one or more ground rods, is an
inexpensive, w@asily inetalled ground, The radials
can be laid atop the ground, or buried a few inchas
by slitting the soil with a "bDitch Witch" trencher,
available on a rental basis from many home
improvement centers. Burying the radials does not
improve the efficiency of the system, it merely
prevents pecple from tripping over the wires,

To combat corrosion caused by acidic ground
water; neoprene covered aluminum wire is recommended
for buried radials,

The Ground Screen

Experiments conducted by Arch Doty, Jr. (KECFU),
John Frey (W3ESU), and Harry Mills (K4HU)} described
in the 1983 bulletin of the "Radic Club Of America®
have shown that the traditional ground radial system
composed of a number of buried or surface wires can
be equalled or bettered by the use of an elevated
ground screen situated abowt 6.5 feet (2m) above the
garth's surface,{Fig. 10). The screen is composed of
4 number of radial wires, cononected together at
their extremities, running parallel to the ground,
Ground screen efficiency is high as resistive losses
are low, and the secreen shields the antenna return
currents from the poorly conducting ground beneath
the screen. The earth currents which normally return
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Flg. 10 Ideal ground screan consisls of 50 insulated wires run radially out
from verlical antenna bage. Wires sre connected together at thelr outer and
inner tips. H possible, radial screen should be elevated, although good
results have been obtalned with screen lying on the ground, or burled Just
below the surface. Each wire Is 0.2 wavelength long.

THE RADID GROUND 53

to the antenna through the ground now enter the
grnund s¢rean instead of the lossy earth., A graund
gereen  composed of S0 insulated wires about 0,32
wavelength long fanning out from the bage of the
antenna makes a radioc ground as effective as 120
buried radial wires.

Even thowgh the ground screen takes up
congsiderable real estate and is cumberzome to
install, it is sometimes nsed eon the 80 and 160
meter bands by DEX-minded amatewrs having wertical
antennas.

A Practical Ground Screan

Expariments have been conducted with a wire mesh
screen laid on the ground instead of suspended
overhead. Eobert Sherwood, WBOJGP, ran experiments
on & 36 foot {11l m) high aluminum tubing wvertical on
1.8, 3.6 and 7,2 MHz, Various shapos and sizes of
ground screen under the antenna were tested to find
& combination that provided a low loss, ground
return ecircuit,

One of the best systems tested consisted of two
lengths of chicken wire laid out under the antenna
in a form of a croas, with the antenna at the center
af the cross, One length of chicken wire was 45 % 2
feet (13.7 x 0,8 m) and the other was only 30 = 2
feet (9 » 0.6 m) bacause of space restrictions,

When compared to a theoretical antenna owver
perfect ground this wire installation provided a
faedpoint resistance of 48 ohms on 40 meters, 9 chms
on 30 moters and 2 ohms on 160 meters. Antenna
efficiency was &7 percent on 7.2 MHe, 62 percent on
3,6 MHz and 25 percent on 1.8 MHz.

The efficiency figure eon 1l meters is not
spactacular, but in order to raise it an appraciable
amount & more complex ground system and higher
antenna are required. Top loading would be of
benefit, az would increasging the zize of the ground
SCCEEern,
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Fig. 11 Ground plane radials provide *‘radlo ground™ at the base of an
elevated vertical antenna, Aadlals are resonant at the operating frequen-
cy. If & sufficient number of radials are used, no radlation takes place from
them. A minlmum of three radials Iz required and some amateurs prafer

as many as six radials,

An additional aspect of wire gcreening is  that
it may be added to an existing ground radial system
at little cost and effort. It also makes a aqood

installation for a portable or Field Day site.
{This ground screen system iz fully described in

the May, 1977 issue of "Ham Badic" magasine, )}
The Resonant Radial System

The resonant radial wertical antenna {popularly
called the grouwund plane antenna) provides its own
radioc ground at the base of the antenna by wirtue of
quarter-wave, tuned radials rum out in a horizontal
plane beneath the antenna (Fig, 11}, If a sufficient
number of radials are used, no radiation takes placs
from them, A radioc ground point is thus established
at the base of the antenna where it is needed,

Az the radials form a tuned system, they must be
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jgolated from ground and nearby metallic abjects.
fhe radial tips are "hot" with rf energy and should
not be touched during transmitter operation.

In order to preserve the ompni-directivity of the
ground plane antenna, a minimum of three radials is
raquired, Some amateurs prefer as many as 51%
radials apnd most wmanufactured antennas have four
radials, Az long az there are three or more; the
gxact number of radials is wunimportant when the
antenna base is well clear of the ground.

Ground Loss Under the Ground Flane Antenna

Teots were run by Willy Sayer, WRoBRM, on a 7T
MH=z ground plane whose radials were 3,5 feet (1,1 m}
above ground. An overall efficiency of 62 percent
wag measured when four radials were usged, indicating
about JE percent of the output power was dissipated
in ground loss. When the npumber of radials was
increazed to eleven, antenna efficiency increased to
about 80 percent, Finally a total of 22 radials
brought antenna efficiency wup to over 90 percent.
Theze results show that a large npumber of radials
are reguired when a ground plane antenna iz mounted
close to the ground.

Sloping Radials

When the radials lie in the horizontal plane; no
radiation takes place from them and the feedpoint
repistance of the antennas is about 36 ohme. If the
radials are sloped downwards (toe act as supporting
quy wires for the installation, for example), they
begin to radiate as antenna sections and the
radiation resistance of the ground plane antenna
increases, When the radiale slope downwards at an
angle of about 40 degrees from the horizontal the
faedpoint resistance of the ground plane antenna is
4 good mateh to the popular 50 ohm coaxial
transmigssion line (=see chapter 5),
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The Radic Sround==The Final Word

Ground system losses dissipate a portion of the
transmitter power, reducing the field radiated from
the antenna, The losses are eguivalent to the pover
dizgipated in a resistor in series with the antenna
radiation resistance, Local ground conductivity data
is rarely available so the best posaible ground
svstem should be used with the wertical antenna.

Goorge Brown of broadcast antenna fame summed it
all up in 1937 when he said, "“Too much emphasis
cannoct be given to the fact that, where direct field
intensity along the ground is the sole aim, the
ground system is of more importance than the antenna
itgelf,”

With regard to the higher fregquency bands, where
antenna size is relatively small, ground loss can be
reduced by raising the wvertical antenna and using &
resonant radial system (ground plane) clear of the
parth. This decreases the influsnce of the earcth
under the antenna and is the reason why three or
four radials are sufficient for hf and vhf ground
plane antennas mounted a half-wavelength or more
above  the earth.

Becausae the ground plane technigue avoids moskt of
the problems  associated with & direct ground
connection, it is a simple and practical dewvice that
can be used with success by radioc amateurs on the b
and vhf bands, More about this popular antenna in a
later chapter,.

Summary: & ground screen is better than radials
placad on, or just beneath,the 'surface of the
ground, Radials are better than multiple ground
rods. Longer radials are better than shorter ones. A
lot of radials are better than a few, Multiple
ground rods are better than a =ingle ground rod, And
a single ground rod is better than nothing! Resonant
radials are discussed in chapter 5.

Chapter 3

Practical Marconi Antennas

Marconi found early in his experiments that if he
grounded one terminal of his spark oscillator and
connected the other to a wertical wire his radia
range was greatly extended. He discovered that his
antenna worked best when the length was a funckicon
of the wavelength of the tramsmitter. His tuning
system was rudimentary and he probably did not
comprehend what most amateurs understand today: any
length of wire can be resonated to any frequency
provided the correct tuning system iz used.

The "Mirror Effect"™ of Ground

The fundamental antenna building block is  the
half-wave dipole, and most horizontal antennas are
made up of half wave elements. Howewver, tha wvertical
antenna can take advantage of the ground which acts
a5 an electrical mirror, If a gquarter-wave vertical
antenna is used, the mirror-effect makes up the
missing guarter wave portion as shown in Chapter 1,
Fig. 3. This is the basis of the Marconi antenna.

The current distribution in a guarter-wave Marconi
antenna resembles that in half of a dipole, that is,
4 miniruam value at the free end and a maximum at the
base, or feed point. The rf wvoltage on the antenna,
on the other hand, is a maximum value at the end and
2 minimum at the base,
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Flg. 1 Electrical characteristics of antenna can be visuallzed as resistor In
series with reaclance. The resistor represents the radistion reslstance and
the reactance represents the capacitive or inductive characteristic of the
antenne. For a resonant antenna, the reaclance s zero.

Radiation Resistance of an Aotenna

The radiation registance (R} at a point in an
antenna can be described az the ratio of the voltage
field about the antenna (E) divided by the current
flowing in the antenna (I). Or, in terms of Ohm's
Law, oradiation resistance, R=E/I. At the high
current feedpoint of the Marcomi antenna, Ohm's law
shows that the radiation resistance is low. AS  an
exampla, a guarter-wave wertical Marconi antenna
above perfect ground exhibits a radiation resistance
half the value of a dipole, or about 36 ochms. Values
of radiation resistance smaller than this figure are
recorded for shorter antennas, and greater wvalues

re measured for antennas somewhat longer than a
gquarter wavelength. When the radiation resistance is
measurad at the feedpoint of the antenna it is
called "feedpoint resistance”,
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The "Radis Grownd"

Illustrations and discussions in this  and
following chaptersz refer to a "radio ground", This
describas a ground termimation for the antenpa. It
15 usually located at the base of the wvertical
antenna and may oongsist of ground rods, radial
wires, a ground screen, or a combination of all
three. Refer to chapter 2 for a discussion of ground
connactions.

Antenna Eeactance

Unless the antenna is resonant, a guality called
freactanca" is found at the feedpoint. Eeactance iz
tha inertia offered to the flow of rf current
through a coil or capaciter that plays a part
pimilar to resistance in a deoc circuit. HReactance is
measured in ohms, just as in the case of resistance,
The amount of reactance at the feedpoint of an
antenna 15 a function of antenna length and
diameter., When the antenna is shorter  than
rescnance, the reactance iz negative (capacitivel)
and when longer; reactance is positiwve [(inductiwe],
AL antenna resonance, reactance is zero.

At frequencies near resonance, an antenna can be
considered as a circuit consisting of a resistance
and reactance in series (Fig. 1). To establish a
match to the transmitter or to a cocoax line, the
antanna reactance must be cancelled by an egual
reactance of the opposite sign. This is accomplished
by the additicn of an exterpal network to the
dntenna circuit, The network may be as simple as a
loading coil or as complex as an impedance matching
tuner,

The Quarter-wave Marconi Antenna for the Low Bapds

& good HMarconi antenna for the lower freguency
amateur bands congists of a guarter-wavelengbh wirae
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Fig. 2 Radietlon resistance and reactance of entenna are a funclion of anten-
na length and diameter. The shorter the antenna, the lower the radiation
resistance and the higher the loss due 1o ground resistance.

used with a ground termination. ILs main wirLtue is
that it is cheap and easy to erect and its main
disadvantage is that it is subject to high ground
losses unless carefully installed.

In practice, the wire may ke any length from a
amall fractiom of a wawvelength to many wavelsngths,
and still be classified as a Marconi antenna.
Radiation resistance and reactance of a MNarconi
antenna arse a function of length as illustrated in
Fig. 2, amnd it is5 easy Lo see that the shorker the
antenna, the lower the radiation resistance and the
highaer the loss due to ground resistance,

A& Marconi antenna for the lower freguency amateur
pands is shown in Fig. 3. The far portion of the
antenna may run parallel to the earth to reducse
ogwerall antenna height. Only the vertical portion of
the antenna provides low-angle radiation. The
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Fig. 3 A simple wire Marconl antenna for the low frequancy amateur bands.
COnly the verlical portion of the antenna provides low-sngle radiation.
Herizontal portlon provides some high angle, horizontally polarized radia-
tlon. Antenna should be suspended so that horizontal portlen I3 20 to 50

fest above ground.

horizontal section provides SOmME horizontally
polarized, high angle radiation but bacause Lhe
current in this portion of the antenna is low,
radiation is also low,

BAs the horizontal portion of the  antenba
ingcreases at the expense of the vertical section,
the radiation resistance of the antenna decreases,
g it is a Function of the ratic of the wertical
height to the operating wavelength.

A =imple installation is a guarter wavelength
wire suspended 20 to 50 feet (6 to 15 m) in the air.
The radiation resistance is of the order of 10 te 13
ohms and average ground losses bring the feedpoint
registance close to 25 ohms. The antenna can be
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Fig. 4 A practlcal Marconl antenna with matching system for 180 meter
operatlon. Antenna resonance is astablished with series iInductor and mateh
is adjusted with shunt-connected coil.

matched to a 50 ohm feed system by a simple network
which consists of the antenna itself plus a shunt
coil across bLhe feedpoint, ‘The antenna 1is ocut
slightly shorter than resonance to provide a degree
of capacitive reactance, and the shunt indoctor
cancels this reactance, This action provides an
eguivalent ecircuibt with a feed point resistance of
20 ochms.

A Practical 160 Meter Marconi Antenna

& 160 meter wversion of the basic Marconi antenna
has a passband between the 2-to-1 SWR points as
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measured on  the coax feedline of about 70 kHz, That
ig, when the antenna is adjusted for 1965 kH=, it
will provide low SWR over the range of about 1930 to
2000 kHz (Fig.4}. The natural resonant frequency of
the antenna is higher than normal (about 2.02 MHZ)
and 1is lowered in fregquency by the additicn of a
geries-connected loading ¢opil (RESOMATE) at  the
feedpoint of the antenna, Antenna resonance can he
gstablished down to 1BD0 kHz with this coil and
impedance matching i= accomplished with shont eooil
[EATCH] .

Antenna adjustment is simple and rapid. The
feedline is disconnected from the antenna and a two
turn coil between antenna feedpoint and ground is
temporarily installed instead of Ll. A dip meter is
coupled to the coil. The frequency of the dip meter
iz checked in a nearby receiver. The loading coil
(RESCHATE) is adjusted for resonance at 1965 kHz and
the coil L1 iz replaced in the circuit, The shunt
coil (MATCH) iz now adjusted for lowest SWR on  the
coaxial line to the transmitter. The coil settings
are logged and the transmitter mowved lower in
frequency by 25 kHz. Resonance is again established
by adding turns to coil L2 and the new coil setting
loggad. (The =etting of coil L1 may have to be
adjusted slightly.) This process is ropeated at 25
kHz intervals down teo 1800 kHz, Finally, a tuning
chart is made to permit quick freguency changes.
Cnce & rticular resonant frequency logging has
baan  established for the  antenna, frogquancy
excursions of up to plus or minus 25 kHz may be made
Erom this point with no adjustment to the inductors,

As pointed out in the previous chapter, it is a
good idea to decouple the transmitter from the
Bgquipment ground by winding the power cord of the
Unit around a ferrite core. This makes the radio
grownd de its  job and reduces the chances of RFI and
w1 caused by unwanted coupling between tChe
Lransmitter and the power line,
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Fig. 5 The folded Marconi antenna provides feedpolnt resistance step-up
by a faclor of four. This antenna having a feedpoint resistance of 15 ohms
will have a value of 60 ochms when a two wire arrangement is used. Second
wire is grounded at the feedpainl. Antenna may be made of TV “ribbon line”
it velocity of line is taken into consideration as shown in drawing (B).
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The Folded Marconi Antenna

& good way Lo make the Marconi antenna less
yulnerable to ground resistance is to raise its
fepedpoint resistance. This can be done by making the
antenna out of twe equal-length, closely spaced

rter—wavelength wires connected in parallel at
tha far end (Fig. B5A). Antenna current iz diwvided
batween the wires when one is fed and the other
grounded at the feedpoint. The feedpoint resistance
of the combipation is increased by a factor of four
gyer a =ingle wire. Thus a 15 ohm Marconi antenna
will have a feedpoint resistance of 15x4=60 ohms
when Lthe two-wire antenna is substituted for it.
This 15 a good design to wse if the height abowve
geound of the horizontal portion of the antenna is
gmall.

The "Ribbon" Folded Marconi Anbtenna

The folded Marconil antenna can ba made of a length
of TV "ribbon line" if the welocity factor of the
line is taken into consideration, For 300 ohm flat
line, the factor iz 0.82 and this portiomn of the
antenna (L2) is made of tv ribbon line, with the
remaining secticn (L3) consisting of a single wire
(Fig, 5B8). Representative antenna dimensionz for the
lower frequency amateur bands are shown in the
illustration.

The Extended Marconi Antenna

Another technigue wzed +to boost the radiation
repigtance of the Marconi antenna is to extend the
langth beyond a gquarter=-wavelength. Two lengths that
work well are 0,28 apnd 0.31 wavelength. The £irst
length providez a cloge matech to a 50 ohm coax line
and the second to a 75 ohm line. BHoth designs
equire a series tuning capacitor to cancel the
inductive reactance, and to establish antenna
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0.28x = ,T'i-"-'I—Hi'I
L. 280
TO XMTR il URLh S f (MHz)
AND SWR —
METER C
_]_ RADID
= GROUMND
FREQ S00HMS 70 0OHMS ClpF]
i(MHz] L L [APPROX.)
1.85 141.6 156.8 500
1.95 134 4 1487 500
360 72.8 BO.B 300
3.80 60.0 76.3 200
7.10 36.9 40.9 160
10.1 259 28.7 110
14,1 18.5 20.8 75
18.1 14.5 16.0 &0
21.2 12.4 13.7 50
24.9 10.5 1.7 a5
2H.6 8.2 10.1 36
20.2 0.0 8.9 30
50.1 5.2 5.8 25

{FEET X 0.3048 = METERS)

Fig. & Extended Marconi anlenna is longer then a quarter-wavelength,
Length is chosen so as to match either a 50 or 75 ohm coex line. Serles
capecitor lunes out inductive reactence of antenna.
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ALLMINUM
JUMPER STRAFP
INSULATING
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¥ NECESEARY
L
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03752= “FimHz]
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THANSMATCH =
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METER ch I
RADIO E
GROUND ~ FREQ L
(MHz)
1.85 189.7
1.95 180.0
3,60 87.5
3.80 92.4
7.1 40.4
10.1 34.8
14.1 24.9
18.1 19.4
21.2 16.6
24.9 14.1
286 12.3
29.2 12.0
50.1 7.0

{FEET X 0.3048 = METERS)

Fig. 7 The extended, folded Marconi antenna provides high step-up of feed-
point resistance. Unfed wire Is not grounded. If all of the antenna s ver-
ical, the feedpoint resistance is sbout 145 ohms.
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resonance. The capacitor setbing and antenna length
are adjusted for lowest walue of SWE on the line
from antenna te transmitter. Fig. 6 provides typical
antenna dimensions for the hf bands,

Both of these extended antennas are wery
effective and their use is recommended provided a
good ground is used and enough real estate is
available for installation.

The Extended, Folded Marconi Antenna

A folded version of the extended Marconi antenna
iz shown in Fig. 7. The antenna is= 0,375 wavelength
long. Motice that the unfed wire is not grounded, as
i5 the case with the shorter, folded antenna deeign.
Because the currents in the two wires are not egual
at a given distance f£from the feedpoint, use of tw
ribbon line is not recommended. A practical design

consists of twe no. 12 wires or aluminum tubing,
gegparated by 3 inch (7.6 em) insulating spacers,
Feedpoint resistance of this antenna is about 145

ohms if the whole antenna is vertical, dropping to

about &0 to B0 ohmz, depending upon the ratio of
vertical to horizontal length. Because of the high
feedpoint resistance, this antenna is recommended
for use in areas with high wvalues of ground
resistance. & matching transformer can be uwsed at
the base of the antenna, or a Transmatch at the

station end of the line will reduce

to a4 small value,

the system S5WR

The Wery Short Marconi Anbenna

In some cases is i5 impossible to put up a
full-size Marconi antenna and a shorter version is
required. There is nothing wrong with this, provided
the user understands the tradeoffs involved, As the
Marconi is shortened below guarter-wave resonance,
the radiation resistance drops rapidly and

s
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{negative) reactance increasesz {see Fig.
21 . Reducing the antenna size Lo ona-sighth
wavelength, far example, drops  the foadpaint
resistance from 36 ohms to a wvalue of about 8 ohms.
The capacitive reactance increases from zero o
about -400 ohms, the exact wvalue depending upon
conductor dJdiameter. When the reactance is cancelled
aut, the same value of groupnd resiztance provides a
loss about two and & half tGimes greater than that
realized with a full size antenna, It takes a wery

capacitive

good ground system and an efficient matching network
to make a short Marconi antenna work asz well az a
long one. Wevertheless, a short antenna can be very
nseful if nothing else is available.
Making the Short Antenna Work
To rescnate a short Marconi antenna, the missing

portion of the antenna takes the form of a loading
eoil, or inductance, placed in series with the
antenna, Ideally, the coil should be air wound, or
wound on a ceramic form, and bhe inclosed in an
insulating, waterproof container,

A degirable goal of loading is to incsrease  the
effective length of the antenna carrying the
greatest portion of the current. A loading coil can
be placed at any point in the antenna but  is most
affective when it is placed at, or near, the center
point.

When the coil is placed near the fecdpoint of the
antenna, current through the coil is high and coil
logges are correspondingly high. The greater the
digtance of the coil from the feedpoint, the lower
the current in the coil and the lower the coil
logsges, but the larger the coil must be to maintain
resonance, Theoretically, if the coil were located
at the end of the anteana, it would be infinite in
size. As a result, a compromise between coil size
and loss indicates placement near the center point
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EET ® 0.5048 =METERAS)
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Fig. B Center loaded element makes short antenna practical. Data is given

for all high frequency bands. Design frequency for éach band Is Indicated,
Adjusting top section of antenna or number of turns n loading coil will move

deslgn frequency higher or lower In the band. Base shunt coll provides Im-
pedance match to 50 or ¥5 ohm coax line.

of the antenna. For mechanical reasons, however,
the coil is often placed at the base of the antenna
with good results,

Shown in Figs. B and 9 are coil-=loaded antenna
designs for the high freguency bands that allow the
uszer to build a Marconi antenna of moderate size.
Elament diametar is l-inch (2.54 <mbl. A larger
diam=ter element reguires slightly less inductance
in the loading coil, whereas a =smaller diameter
elemant raquires mare  inducbanoe. Feadpoint
resistance of these antennas is guite low and they
are matched to a 50 or 75 ohm coax line with a

simple Le-nebtwork matching ooil, as described
elgewhere in this handbook,

Building a Coil=loaded Anbtenna

4 popular and practical mechanical design for a
coil-loaded vertical antenna is shown in Fig. 10,
The lower sgection of the aggembly i= made of
sections of a heavy-duty, TV-type "slip-up" mast and
the top section above the coil is made up of lengths
of telescoping aluminum tubing. The antenpa is held
in position by three guy wires attached just below
the loading ooil.

Coil construction depends upon size. The assembly
must he rugged ag it supports the antenna secticn
above it, A practical design makes use of a section
of PVC plastic pipe which forms a connection between
the two antenna halves. It may have to be shimmed to
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TELESCOPING
ALLIMIN UM
L CLAMPS TLRING
ELEMEMT DIAK. =1 inch
{0.25 inch for 21.2 —50.1 MHz)
i Flg. 10 Coll-loaded vertical i
SWR ¥ anlenna is made from sacé-
WETER tions of heavy-duty TV-type
_[j—A—-E X mast, Top portion |3 made
-{ of lengths of telescoping
]4_ tublng. The coil Is coated e = LAMP
ok with plastic spray. Connec-
RADIC tions to coil are made with LE‘E‘G[:"L”G
GROUND
ghort lengths of wire.
Anternna |z guyed just CLAMP
(MHz] (FT) { e H) COIL DATA
1.B5 an By 100 Tums, 27 Diam., 10 Temadingh STRAIM
1.55 1| 52 8 & W 3907-1 or Equiv INSULATOR
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(FEET X D.3048 = METERS) Ty LRt F ANCHOS
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POIMT
Flg. 8 Bese loaded element provides slmple entenna with only one matching .
and leading inductanca, Number of turns or antenna length is adjusted for / " , == RADIO

resonance. Tap point on base coll Is edjusted for impedance match 1o 50 i *. GROUMND
or 75 ohm coax line. e ——— == =
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Fig. 11 Loading coil for small antenna can be made of air wound slock SUp-
ported by Insulaling discs cemented to a center support rod. Heavy cop-
per wire or strap mekes connections between coll and antenna sections.

make a glove=£fit to the =zmallar-diamster top
section.

An alternative design is to use an air-wound
coil supported by home-made insulating disce that
are cemented Lo a center phenolic rod. The rod is
drilled to fit the antenna sections, as shewn in
Fig. 11. This is a good arrangement for mobile
antennas, but can be modified for larger fixed
station antennas as well,

Wnen the loading coil i= completed, it must be
given & protective coak of clear polyurethane or
other ligquid plastic. Connections between the coil
and the antenna secticons are made by short lengths
of heavy copper wire or strap,

The antenna is now adjusted to the operating
freguency by placing a two turn locp of wire between
the feedpoint and ground, A dip meter is coupled to
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Fig. 12 Sloping loading wires add electrical length to short vertical anlen-
na and also provide capacitive loading. Wires are intarconnected at mid-

pointz and the ends.
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the ocoil and the top section of the antenna is
varied in length, or the number of turns on the coil
adjusted, to achieve resonance,

The Top-loaded Vertical Bntenna

En interesting form of top-locading that does not
require a coil is shown in Fig. 12, Sloping loading
wirez add electrical length to the wvertical antenna
while also providing capacitive loading, both of
which lower the natural self-resonant frequency of
the antenna. The wiree are interconnected at the
midpoints and the ends. Multiple loading wires can
be used to advantage Lo serve as guy wires for the
vertical section. Optimum length of the loading
wires will vary from one installation to another and
wire length will have to be determined by user
experimentaktion,

A Compact Top Hat Antenna for 160 Meters

Shown 1im Fig, 13 is a compact, 2B foob (8,53m)
high, top-loaded vertical antenna. With changes in
the matching network, it will also work on 80 meters
as well as 160.

The antenna consists of three sections of
aluminum tubing, ranging frem 2.5 inches (63.5 mm)
diameter at the base to 1,625 inches (41.3 mm)
diameter for the top section. A& short top mast
section made of l-inch (25.4 mm) diameter tubing
provides support for the top hat guys. Sections are
ghimmed and bolted to establish a firm fit.

The top hat iz 17 feet (5.21 m) in diameter and
consists of a 12-inch (30 cm) diameter aluminum
center plate with six outriggers, guyed to the top
of the mast, The hat is made of lengths of 1/4-inch
(6.4 mm) diameter tubing formed into three arcs,
connected to the mast with 1/2-inch (1Z.7 mm)
tubing. Tha hat reguiresz six outriggers spaced &0
degrees apark.
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Top Hat Aszembly

The top hat is made up as a
The radial arms are bolted to an aluminum center
disc which is drilled to pass the antenna, It is
attached to the antenna by an aluminum fitting 2" (5
cm} high with a wall thicknese of 0.5" (1.3 em). It
is machined to glove-fit over the antenna,

The top mast is attached to the
wertical section and aluminum fence wire is
it to the end of each outrigger to
the top hat. The antenna is guyed
three guy wires, broken up with
placed at & foot (2.4 m) intervals,

Input resistance at resonance of the antenna is
about 5 ohms. It i5 matched to the feedline by means
of an L-network of the type discussed in chapter 4,
{This antenna is based on an original design by
Jerry Sewick, WiFMI, shown in the January, 197,
issue of "DST" magazine].

separate assembly,

top of the
run from
add rigidity to
near the top by
etrain insulators

The Helically Loaded Vertical Antenna

Rescnance can be established at a given frequency
by the use of a short, helically-wound element (Fig.
14). Treated bamboo poles, PVC plastic tubing, or
fibarglass quad antenna spreaders, can ba used as a

form on which to wind the helix. Diameter of the
helix must be small in relation to length and a
practical design makes use of a one inch (25,4 mm)

winding form. & helix length of about .05 wavelength
or more provides good results as  a substitute for a
full-size guarter wavelength vertical antenna,

The amount of wire reguired for the winding
depends upon helix length and piteh (turns per
inch), In general, a half-wavelength of no. 14
Formvar=-coated wire is spirally wrappsd on the form,
with turn spacing approximately egual to the wire
diameter, This amount of wire will approximate a
gquarkber-wave resonance,

PRACTICAL MARCONI ANTENNAS 79

@ TOF HAT

ATTACHED
I TO WINDING

HOZE

CLAMP

13.25"
WIKDING
FOR 160
METERE

T e

e

HOSE
CLAMP

RADIO
GROUND

|FEET X 03048 = METERS)

Fig. 14 Helix antenna for 160 meters is wound on tapered form. Small top
hat is used to prevent high voltage corona discharge from top of the antenna,

In order to prevent any high veoltage corona
digcharge, a 12Z-inch (30 cm) diameter wire top hat
iz attached to the helix. Antenna rescnance can be

of the bhat, or by

adijusted by varying the size
base of the

adding a2 small extra inductance at the
antenna.

Before weatherproofing, the helical antenna is
mounted in place, with the ground system installed.
A dip meter is connected to a two-turn loop placed
between the feedpoint and ground. Antenna rescnance
is determined and a few turns are added or remowved
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Flg. 15 Inexpensive base-loaded 160 meter vertlcal antenna uses section
of aluminum Irrigation tubling. Taps on loading coll allow adjustments for
resonance nd impedance matching.

from the top of the helix until the antenna 1is
resonant at the desired operating freguency.

Feadpoint resistance of a helical antenna iz
guite low, of the order of 5 to 10 cohms, depending
upon helix  length, An L-network, of the type
degcribed in chapter 4, can be wused to match the
antenna to a 50 ohm transmission line.

When the antenna is completed, it should be given
gewveral coats of spar warnish to weatherproof tha
antenna and to hold the helix turns in position.
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b Base=loaded Vertical for 160 Mebers

While a center-loaded wertical antenna provides
higher efficiency than a bage loaded one, a simple
pase-loaded antenna is uncbtrusive and inexpensive
to build and erect. The antenna is designed by Ed
Marriner, WoXM, and described in the August, 1980
igaue of "Ham Radio" magazine.

The antenna consists of a 32 foot (9.8 m) section
af Z=ineh (50,8 mm) diameter aluminum irrigation
tubing supported on a post sunk into the ground. The
agsambly of the antenna is shown in Fig, 15,

Antenna regonance 12 2 established by a loading
coil placed at the base of the antenna. Por highest
efficiency, it is wound with 371l6-inch (5.0 mm)
diameter copper tubing. A 4-inch (101.6 mm) diameter
section of water pipe is used as a mandrel. The coil
has 40 turns.

A support is made for the coil from three pieces
of plastic l-inch (25,4 mm) wide. The supports arsa
long enough so that holes drilled in them separate
the coil turns by about the diameter of the tubing,
2fter the eoil is wound, the pieses are threaded
onto the coil and fastened in place with epoxy
camant .

Antenna adjustment i= accomplished by shorting
the antenma and loading ooil to ground via a Cwo
turn coil. The leading coil turns are adjusted for
regopance with a dip meter, Wide copper straps ara
soldered to the coil once the proper taps are found,
The transmissicn line is tapped npear the ground end
of the coil and the point adjusted for lowast EWR on
the transmission line. The tap point will depend
upon the resistance of the ground system, but will
ba about four turns from the botbom of the ceoil.

The antenna uses five radials about 30 feet (9.1
m) long, laid wpon the ground, plus an 8-foot (2.4
m) ground rod at the base of the antenna.
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A Large Vertical for 160 and 80 Meters

This DX antenna for the low bands iz degcribed by
Harry Hyder, W7IV, in the May, 1975, issue of "Ham
Badio" magazine [(Fig, 16}, Owerall height iz 91 fest
{27.7 m) and consists of a 70 foot (21,3 m) aluminum
lattice tower surmounted by a 21 foot (6.4 m) whip,
It is 0,347 wavelength on B0 meters and 0O.166
wavelength on 160 meters. Sixteen radials 125 feet
(38,1 m} long are buried in  shallow trenches about
the antenna, The input resistance of the antenna
lincluding ground resistance}) is about 14 ohms on
1ed meters and 187 ohms on B0 meters,

The aluminum tower is 11 inches {27.9 cm) on a

side and weighs about 100 pounds. It is guyed at two
levels with three guy wires, broken up with egg
insulators.

An inductor of about 14 microhenries tunes the
tower to 1,8 mHz and the feedline is tapped on the
lower end of the coil to provide a good match to the
coaxial feedline.

& 300 pF wariable geries capacitor resonates the
antenna te the B0 meter band and band change is
accomplished by a remcte-control relay.,

The SWR 1s below 1l.3-to-1 across the 80 meter
band and below 1,5-te-1 from 1.8 to 1,9 MH=,
A Top=-loaded Marconi for 80 Meters

This unuswal top-loaded antenna 1is hung from a

branch of a tall tree. It is designed hy Henry

Elwall, W2MB, and is described in
1871 issue of "Ham Radio" magazine,

the September,

Installation of the antenna is shown in Fig. 17.
A rope and polley placed at the &5 foot (19,8 m)
elevation in the tree simplifies the antenna
installation.

The top digsc is made of two 6 foob (1.8 m)
lengths of light wood strapped in the form of a

L
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Fig. 16 DX vertical anlenna operates on both 80 and 160 meter bands. A
21 foot whip is mounted 1o top of light duly, 70 foot guyed aluminum lawer.
Ad|ustable base nelwork provides two-band operation. Tower |s guyed at
two lavels for best stability in heavy winds.
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Fig. 17 Tree-supported 80 meter vertical antenna is loaded to half wave
resonance by large top hat and loading call. High Impedance at base 1s mat-
ched to coax line by a parallel tuned clrcult. Smaller top hat can be used

with larger loading Inductance, H desired.

cross. A 28 foot (B.5 m) length of 1/4-inch (6.3 mm}
copper tubing i=s affixed to the cross by tie wires
and twenty-four lengths of no, 12 copper wire are
connected from the outside to the center of the
digc. The loading coil has an inductance of about 44
microhenries,

Whnen properly adjusted, the antenna provides
half-wave rescnance at the operating frequency and
the fesdpoint resistance i= guite high, &4 parallel
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Fig. 18 Relatlonshlp betwean physical and electrical helght of tower when
loaded by either 3-elament Yagl or 2-¢lement Quad. Comparison curve for
verlical wire Iz alzo shown.

tuned circuit at the base provides system resonance,
The feadline is tapped on the coil at a point which
provides a low wvalue of SWR on the feedline at
dntenna regonance.

The ground system consists of 24 radials, each 66
feet (20 m) long made of aluminum wire fanning out
from the antenna on the surface of the ground.

Use Your Beam Tower for the Low Bands

Why not use your existing beam tower as a
wertical antenna for the low bands? It is possible
and practical Lo use a beam tower as a wertical
antenna, even though the {ower may be grounded at
the bage. Best of all, the electrical height of the
Lower iz increased by wirtue of the top loading
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effect of the beam antenna. Data on feeding towersg
iz given in chapter 4.

The chart of Fig. 1B shows a typical relationship
of electrical height to tower height of a tower one
to two feet (30 to 61 cm) on & side, top loaded with
gither a J-elament Yagi or a 2-element Quad beam. &
comparison curve for a thin wire antenna is also
ghown, Multi-element Quads sSeem to add little top
loading, possibly because the outer elemants are
removed from the tower and insulated from it. A
large Yagi beam, on the other hand, provides
additional loading over that shown in the graph,.

As an example, a 70 foot (21.3 cm) tower top
loaded with a Yagi antenna has an electrical height
of about 118 feet (40 m).

2 grounded base, shunt-fed tower is a popular
installation as it provides protection  against
lightning by channeling static electricity in the
atmosphere directly to ground, (This material is
abstracted from anm article on shunt-fed antenna
towers by John True, W40, in the May, 19275, i=zsue
of "Ham Radio" magazine,}

Decoupling the Marconi Antenna FProm the House Wiring

The Marconi antenna iz a good ope for the 180 and
80 meter bands if the operator iz pressed for space.
an efficient radio ground iz reguired and care must
e taken to decouple the antenna system from  the
equipment ground and the power line. If the Marconi
is slosa te  the residence, and if open house wiring
iz wsed in  the structure, it is posaible to get
inductive coupling between the antenna and the
wiring, Some operators running high power im a 160
meter antenna have found to their dismay — that
various lights in the house go  on when they are on
the air!

The house Wiring can be eagily detuned to prewvent
this undezirable coupling by placing bhypass
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gapacitors across a few 120 volt outlets in  the
house. AN easy way to accomplish this i= te mowunt a
.01 uF, 1.6 kV disc ceramic capacitor in an Emply
line plug and mowve it from one wall receptacle to
another until the lights remain out when Che
transmitler is on,.

Even though the 160 meter band is far removad
from the television channels, it is still a good
idea to use a low-pass TV filter on the transmitter
tc supress unwanted barmonics that might interfere
with TV or FM reception.

A Top-hat Antenna for 75-80 Meters

This inexpensive top-hat antenna is designed for
0¥ work on the 3.5 to 4.0 MHz band. Operating
bandwidth is aboot B5 kHz between the 2-to-1 SWE
points on the transmission line. If an auxiliary
matching unit is wsed at the station, the antenna
can operate over the whole 80 meter band. The design
frequency i% 3.85 MHe and operation at the low end
of the band (without a matching unit) requires the
addition of a small leading coil at the base of the
antenna.,

The antenna consists of a 35 foot (10.7 m) long,
2-inch (50.B mm) diameter section of aluminum
irrigation pipe top loaded by & hat made of four B
foot (2,44 m) pieces of 3f4-inch (19.1 mm) diameter
aluminum tubing, mounted at right angles to
themselves and to the pipe (Fig, 19).

The irrigation pipe is very flexible and must be
guyed at the top and two intermediate lewels to
prevent wvibration in the wind. The antenna is
mounted on a small block of wood to insulate it from
grocund. The wood is given several coats of clear
BpOXy or spar wvarnish to protect it from the
wWeather.

The feedpoint resistance of the antenna is about
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Fig. 19 Simple top hat antenna for 75-80 meters is only 35 feet high. Single
sactlon of aluminum Irrigation pipe Is used as radiator. Anleénna s guyed
af three polnts to prevent vibratlon In heavy wind.
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20 ohms so an L-network, such as described in
chapter 4, can be used to mateh the antennma fto a
soax line,

The Ground System

A ground screen iz placed beneath the antenna.
it consists of a number of 90 foot (27.4 m) radials
fanning cut from the antenna base. Either aluminum,
popper or galvanized iron wire can be wsed, laid on
the surface of the ground, The original antenna,
designed and used by WIDHD, employed 100 radials
varying in length from 20 feet (27.4 m) down to E5
feet (12,8 mb.

The inner ands of the radials are attached to an
18 inch (0.5 @) square sheet of lf4-inch (6.35 mm)
thick aluminum drilled around the four edges for
gtainless steel bolts. After the wires are attached
to the plate, it is given a heawvy coat of asphalt
roof sealer to protect it from ground moisture, The
ghield of the coax feedline is attached to the
plate.

The outer ends of the radials are terminated by
18 imch (0.5 m) ground rods, cut from reinforcing
steel. The shorter radials are provided with 4 foot
(2.4 m} long rods, The center plate is grounded with
one or two 8 footbt (2.44 m) leng rods for lightming
protection. (This antenna 1s degcribed in the June,
1983 izgue of "Ham Radio" magazine.}

Using the Antenna on 160 Meters

Once the antenna is5 operating properly on BO
meters, an add-on modification will permit 160 meber
operation, For the "top bapd", an B0 meter trap and
auxiliary top-hat are added te the top of the
antenna. Switching between bands is auotomatic, and
the addition does not affect 30 meter ocparation.
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Flg. 20 Add-on medification allows antenna of Fig. 18 to be used on 160
meter band. Auxillary top hat Is electrically switched In and out when fre-

quency of operation is changed.

The add-on modification is shown in Fig. 20,
Four 50 foot (15.24 m} long sections of no. 8 or 10
aluminum <lothesline wire serwve as top guys and as
the 180 meter top-hat, The trap is placed between
the junction of these wires and the top of the
antenna. The trap coll is about 5 microhenries and
the parallel-connected capacitor is 400 prF, & kV.
The trap ig self-rescnant at the B0 meter antenna
design frequency. Before placing the trap atop the
antenna, it is adjusted with the aid of a dip meter
and nearby receiver,

The feedpoint resistance of the antenna on 160
meters is about 5 ohms and the use of a matching
network 1s necessary.,

A Hanging Top-Hat Antenna for 160 Meters

This interesting antenma was designed to be hung
from the top branches of a tall tree or from a 70
foot (21.3 m) tower. It consists of a top-hat
loading disc beneath which is a helical-wound
loading coil about 20 feet (6 m) long, Overall
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Flg. 21 Tree- or tower-mounted vertical antenna for 160 meters. Top hat
and hellx structure are supported by screw eye at top and connected to
feadpoint with vertical wire,
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antenna height is 70 feet, The antenna is base-fed
with a coax line and a shunt matching hairpin
inductor (Fig. 21).

In order to keep the maximum area of current
high in the air, the antenna iz loaded Lo nearly
half-wave regonance by the inductor and top hat,
Operational bandwidth between the 2-to-1 SWR points
apn the feedlipe is about 30 kHz with the antenna cut
for operation at the low freguency end of the band.

Antenna Construction

The form for the helical coil is a 20 foot (B m)
length of fiberglass rod, 1.5 inches (3.B cm} in
diameter. It is wound with about 260 feaet [BQ m) of
no. 12 insulated wire, The helix is <losewound for
16 feet {4.8 m) and spacewound the diameter of ths
wire for the rest of the winding. The spacewound
portion is at the top of the helix.

The top hat is built up of four foot (1.2 m)
lengths of aluminum tubing, O0,5-inch (1.2 cm) in
diameter. The tubes are attached to a metal ring
which i= bolted to the top of the fiberglass pola.
The whole device iz hung froma 10 foot (3 m]
gidearm mounted at the bop of the Lower.

Alterpatively, it may be hung from the limb of a
tree by a rope and pulley combination. An eye bolt
affixed to the top of the pole allows the entire
antenna to be raised and lowered at will (Fig. 22}.

When the helix coil i=s completed, it is covered
with thrae coats of polyorathane finish or spar
varnish, All bolts and electrical connections are
protected with a clear;, sSilicone sealant, such as
Goneral Electric RTV-108, or eguiwvalent,

Tuning the Antenna
The antenna iz tuned to 1815 kHz by shorting the

bottom end to the ground system wvia a two bturn loap
couplad to a dip meter. Exacth resopance 1is achiewved
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Fig. 22 Mechanical assembly of screw eye support for the
antenne shown in Fig. 21.

by trimming the wire or by removing or adding a turn
por two to the coil. Once rescnance is established,
match toc the c¢oax line is made by a shunt coil, or
fairpin, placed across the feedpoint, It is designed
to be employed with a multiple radial ground system,
(This antenna was designed by Tony DePrato, WA4J0S,
and was described in the March, 1980 issue of "Ham
Fadio Horizons" magazine, )

A Simple 80 and 160 Meter WVertiral Antenna

This inexpensive and compact antenna is  aboub 24
feat (7.3 m) high and iz designed about a 20 fool
(6.2 m) long piece of 2 inch (4.9 cm) diameter
dluminum irrigation pipe, readily available From
Sbrinkling eguipment companies or farm equipment
fatalogs, A top loading coil resonates the antenna
LG BO meters and a base coil adds sufficient loading
for 160 meter operation.

Antenna assembly is shown in Fig. 23. The top
loading coil i= wound on a 20 inch (50.1 cm) laength

L&
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pA B ::‘::;;;ﬁ:"“" aof white PVC plastic pipe, 1-7/B inches (4,76 _cm] in
S | giameter, One end is filed enough to make a slip Fit
el wive. intoc the aluminum tube. A PFVC plastic cap is

cemented on the opposite end of the coil form,

Py

i The coil winding <onsists of 100 feet (30,4 m) of

VAL g no. 12 enamel wire, the top end soldered to a 1lug

1%';%:?:%,?;::&1,:;:,&; attached to a threaded brazing rod which serves as a

filing. PYC s 3" fang. Cap eemented oo emall top-loading device. The rod passes throwugh the

iy e L e G PVC cap and iz held in place with two brass nuts and

37 pured Tor ESO0 K HE snd ac 21 ourrs for
1045 KHz. Esh irnalln s will b qiferant
‘l Hesongnon of ssenca aboul 20 KMy wide wiih

lock washers, The bottom end of the coil winding is
attached to the aluminum tube with =stainless steel
bolts and nuts. All joints are coated with General
Electric RETV-10B sealant when finished.

2 o alumirum engyikan pips 37 losg
one sdusiment tap

2 m 4 nine fee long balied to conoets
rlock: fenitas with ear iage bofer, Supporting the Antenna

Clampry al eelit 2367 g.d PG S1Z00 ——._‘ -
Hom clamp oo it

The antenna is supported by a 4 * 4 wood post

el bk e L sunk in the ground. The bottom end of the post is

protected with a wrapping of aluminum foil, as

described elsewhere in this handbook. The antenna is

-.'I’.__.-Blnei‘ln:e held to the post by means of stainless =stesl hose
i clamps,

To add strength to the support and to prevent the

aluminum tube from collapsing at the clamping

=15 points, pieces of 2-3/8 inch (6 cm) outside diameter

— Boiife or SEUTN DT 00 RIDpGT

[ ACIEL 12 1 ardmimes. Copoer oodl made frmm
™ mpper lubing. Totel 40 twn 4" dis,

1 oo alurminum tobe PVC are cut and slit down the middle, making a cuoff
TR AT o : —— \_i T . ¥ Lo fit between the pipe and the clamp, When properly
0 T W S LRI A L Y S installed, guy wires are not needed.

= Ak Frull Fi: P itk and an fongas prl:lnhh ; o
-

= Tan 0 waser sysrem, & ; BNy Before the antenna i1is tuned, the radial svystem

must be installed. In opne instance, a ground rod is
wsed, along with four guarter=-wave radials laid atop

B :nrpll F.nd jed i

Fig. 23 Inexpensive vertlcal antenna for 80 and 160 meter oparation. Top the grass, plus four shorter radials running ino
loading cofl resonates antenna to 80 mebers and boltom coil adds extra Pncon diT = -

ecbions. The anteona is also grounded to
Iading for 180 meters. Antenna s mede of 20 foot length of aluminum ir- the main water system of the residence,

rigation plpe.
Tuning the Antenna

| The antenna is connected to the ground system
via a two turn coil and adjusted to freguency WwWith



95 VERTICAL AMTENMAS

the aid of a dip meter, The number of turns in the
top loading coil are trimmed, & turp at a time,
until the antenona is resonant at the spot chosen  ip
the EBEQ meter band, A protective coat of General
Cement Co, "Insu-wvolt™ wvarpish (G.C. 10-808) iz
bruszhed over the coil.

The next step is to install the 160 meter baze
coil, This consists of 40 turns of 371le-inch (4.7&
mm) diameter copper tubing wound en a2 4 inch (10,2
em) diameter form. The form iz then remowved and the
ooil threaded onto four plastic strips into which
holes are drilled to separate the turns the diamster
of the tubing.

The coil iz connected between the base of the
antenna and ground by means of heavy, [lexible leads
with a copper c¢lip on the free end. Again, antenna
regonance is established, this time at a spobt in the
160 meter band with the use of the dip meter,

The last step is to adjust the tap point on the
ooil for the best SWRE on the feedline. Antenna
regonance and tap point are slightly interlocking
and bkoth coil taps must be moved to achieve a low
value of EWR.

antenna bandwidth on 80 meters is about 40 kEz
betwaen the 2Z-to-1 5WR points, and is about 15 kHz
on the 160 meter band

{The original VErsion of this antenna was
described by Bd Marriner, WeXM, in the April, 1283
issue of "CO" magazine.)

Chapter 4

Antenna Matching Devices

It i3 an wnuswal antenna that provides an exact
match to a coaxial transmission line. And even when
guch & matech is achieved at the resonant freguency
of the antenna, the match can gquickly deteriorate
when the antenna iz operated far off its design
fraguency.

In the case of the short wertical antenna, the
feedpoint resistance is much lowar than 50 ohms  and
its f[requency response (operating bandwidth} may be
gquite narrow, The feedpoint resistance of a short,
160 meter coil-lecaded wertical, for example, could
be as low as one ohm and the feedpoint reactance
could be as great az  -1400 ohm=, Typical resistance
and reactance wvalues for a shorkt 160 meter vertical
aptenna are illustrated inm Figs, 1 and 2, Tha
problem, then, is to match such an antenna to a 50
or 75 ohm coaxial line to achieve a low value of SWR
(ztanding wave rabtic) over a reasonable operating
range as reguired by today's modern, solid state
transmiktters.

The Loading Coil

Two requirements must be met for a good ankenna
match, First, the antenna must be rezonankt, oF
nearly =so, Second, it must present a fesdpoint
resistance egual to the transmissicon line impedance.
Resonance of a short antemnna is established by use
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Flg. 2 Approximate feedpoint reactance for & short 160 meter vertlcal
antenna. Elghty-seven foot entenna has reactance of -380 ohms.
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of 2 loading coil connected im series with it as
ghown in chapter 3,

For good efficiency, the loading coil should
have a high ratic of reactance to rf resistance,
This factor iz expregsed in term= of coil Q. A
high-Q coil is wound of heavy wire on a low loss

form. The winding is often spaced the wire diameter

gnd the length of the coil is commonly about twice
the diameter.
As an example, assume a loading coil has a

raactance of 1500 ohms, If the coil has a Q-factor
of 300, then the =rf resistance of the coil is the
raactance divided by the Q, or 15007300 = 5 ohms, If
the feedpoint resistance of an antenna wusing Gbhis
coil 1is 20 ohms, the overall antenna efficiency
{omitting any ground loss) is 20/(20%5), or a0
percent. The remaining 20 percent of the rf powar is
lost as heat in the coil.

Feed Point Transformation

The feedpoint resistance of a short antenna 1s
yery low compared to a full-zize one, but thiz walue
can be transformed to a higher one by means of a
matching dewice placed in the line betwesn the
antenna and an SWE meter which monitors the degree
of match. A convenient point for the match is at the
bage of the antenna. Some devices can establish both
antenna resonance and impedance matching at the same
time. Many forms of matching devices exist, and some
of the vwseful ones are discussed in this chapter,

The Reactance Matching Technigue

1l and 2, the resonant antenna
exhibits no reactance at the feedpoint, but shows
Pogitive or negative reactanse when it is operated
off-freguency. The reactance can be put to good use
¥hen it is desired to match the antenna to a coax
line.

As shown in Figs,.
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In most cases, the feedpoint resistance of &
resonant vertical antenna falls in the range of 5 to
36 ohme, depending upon the size of the antenna
rolative to the operating wavelength, Very short
antennas have low walues of feedpoint resistance and
longer antennas have higher walues. The problem is
to mateh the resistance walue, whatever it is, to
the transmission line,

The L-networks susmarized in PFig. 3 are basic
matching devices and will do the job. They reqguire
Lwo components §  an inducktor apnd & capacitor), but
it is possible te eliminate the series-connected
component by letting the antenna take its place,
This is accomplished by detuning (egualizing) the
antenna slightly so as to introduce the correct
value of series reactance at the base to compensate
for the missing network component, If the antenna i=
made longer than the resonant length, its feedpoint
reactance will be positive (indueetive) and if it is
ghorter than resonanca , the reactance will be
negative [capacitivel.

Using the Reactance Match

The shunt reactance bto be added at the antenna
feedpoint te make this system work is of the
opposite sign to that of the antenna. That is, if
the antenna is shorter thap the resonant length
inegative reactance), a shunt inductor (L) must be
added (Fig. 4a). On the other hand, if the antenna
ig long {positive reactance); a shunt capacitor (C)
iz called for. (It is interesting to note that the
shunt inductor scheme is used in sSome Yagi beams.
The coil takes the form of a U-shaped inductor, or
Phairpin™).

This i% an inexpensive and easy way to match the
feedpoint resistance of a vertical antenna to a coax
line, One component and a slight change of antenna
length does the job!
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Fig. 4 Reactance of antenna shorter (A) or longer (B) than resonance can
be used to simulate one of the elements of the L-network. Example A is
similar to network shown In Flg. 3B. Example B |s simllar to Fig. 2A.

Practical Eeactance Matching Circuits

The matching technigue is summarized in Fig, 5.
The X=-axis of the graph represents the Feedpoint
resistance of the antenna and the Y-axiz the shunt
reactance necessary to achieve the match. The graph
is compubted for 50 chm coax line, but the wvalue
derived is cloze enough for use with a 75 ohm lipe.

For example, assume an antenna has a feedpoint
regsistance of 20 ohms. The corresponding wvalue of
shunt reactance, as shown by the dashed lines oo the
graph, 1is 40 obms. If the experimenter decidesz to
employ & shunt coil and to egualize the antenna by
ghortening it, formula A is used to determine the
inductance required at the antenna feedpoint, I the
decision is to lengthen the antenna, a shunt
capacitor is required and formula B iz used to
determine its walue,

Representative wvalues of shunt components are
given in the table for various amateur bands. These
are maximum values required for the greatest degree
of mismabeh between anteona and feedline,

On the higher freguency bands there iz little
choice between the two matching technigues, But on
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Fig. 5 The value of L-network compaonents is given by formulas A and B.
Representative component velues for various emateur bands are glven in
the table.

the low bands, 160 meters for example, the cost of a
shunt inducter is =2mall, but the cost of a suitable
large shunt capacitor might be guite high, For this
reagon, many amateurs prefer the inductiwve match
Bystem cowver the capacitive version.

For any band the shunt inductor can bhe a small,
air-wound coil. In the case of the shunt capacitor,
bostage stCamp Size silver mica capacitors will
guffice for power levels up to about 100 watbs.
Above this lewvel, transmitting=-tyvpe mica capacitors
or variable air capacitors, of at least 1 kV rating,

vare to bhe preferred.
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Fig. & Antenna resonant at 14.3 MHz (curve A) 15 datuned 5o that resonance
occurs at 14.0 MHz {(curve B) when Impedance matching reactance is plac-
ed acrass feedpoint. In many cases, detuning effect is insignificant and may
be Ignored. Otherwlse antenna element must be equalized to reestablish
reEsonanca.

Equalizing the Antenna

It was stated earlier that to make thiz matching
systam work, the antenna must be slightly detuned
(egualized) te provide the necesgary reactance at
the feedpoint, What do=s thiz mean in practice? By
definition, when an antenna is detuned from one
frequency it becomes rescnant at another Ereguency.
As  an axample, assume that a ground plame antenna
has a feedpoint resistance of 35 ohms at 14,3 MHz,
It is desired to match it to a coax line. Tha
inductance value is determined from Fig. 5; formula
A, and the coil iz placed across the feedpoint. B&An
SWR plot of antenna response i3 run  across  the 20
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meter band and compared with the pleot run befers the
inductor was added (Fig. 6). MNow the antenna is
resonant at 14,0 MHz. Tt should be shortened anough
to move the resonant frequency back to 14.3 MHz,

But is this egualization necessary? The antenna
thecriat may decide to shorten hi= antenna te
restore the original SWRE response ocurve but  the
realist knows that the new antenna response curve is
equally satisfactory and doesn't want to waste the
time and effort to egqualize the antenna. He knows
the "station at the other ond" won't know the
difference!

The owner of a solid-state transmitter, eon the
other hand, may regquire antenna equalization because
he discovers that he cannot properly locad his
transmitter at the end of the band where the
transmission line SWR is excessive., He has the
choice of egualizing his antenna, or incorporating a
matching dewvice (L-network) dim the line at his
transmitter to accomplish a satisfactory match.

To sum it up, the ampount of antenna equalization
reguired for the matching system to work depends
upon the ratio of the antenna feedpoint resistance
to the coax line impedance, The greater the ratio,
the more egualization reguired. The example given
ghows that for a feedpoint resistance close in walue
to the coax impedance egualization probably is
inconseguential, as the detuning effect of the match
isn't very great, If, on the other hand, the effect
1s enough te move the antenna resonant freguency out
of the amateur band; egqualization is called for.

In the case of a very short wertical {a mobile
whip, for example) equalization is necessary. & test
run on  an #=foot (2,44 m), center-loaded BO meter
whip antenna having & feedpoint resistance of about
5 ohms showed that the inductance of the loading
coil had to be changed about fifteen percent to
provide a good mateh to a 50 ohm  line at the design
fragquency after a matching capacitor was added.
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In this instance, the casiest solution was to
leava the Iloading coil alone and to add series
inductance at the base of the antenna to egualize it
at the operating frequency.

The L-MNetwork

Anether solution to the antenna matching problem
is the L=-network. This device can achieve antenna
rosonance and establish a match at the same time. It
is adjustable over a large range and can be tuned to
hold the SWR to near-unity when a freguency change
is made,

Two components are used in the L-network and they
can  be connected in four possible combinations se as
to provide either a step down or a step up match, as
shown in Fig, 3. Illustrations A and B show two step
down networks where the lead (R2} is less in wvalue
than the feedpoint (R1}. In most cases, R1 is the
coax feedline impedance ({50 or 75 ohms) and R2 is
the feedpoint resistance of the antenna {less than
20 chms). Either network will do the jeb and the
user makes his choice depending upon whether he
wishes series or shunt inductance or capacitance,
The choice is often made on an economic basis=-tha
cost of the components. It must be kept in mind,
however, that the A-type network provides some
degree of harmonic attenuation and that the B-type
doas not,

Figures 3C and D show two step up networks where
the load (RZ) is greater than the feedpoint
impedance {Rl). These networks are the reverse image
of those shown in illustration & and B. ‘The C-type
network provides =some harmonic attenuation.

Using the L-network
The bhasis of the L-network is the fact that for

any circuit consisting of a resistance and a
reactance in series (an antenna for example), there
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CHOICE MNo. 2: Let X5 = be capacitive and Xp ba inductive.

Xs = 158,000 - 3B53.6 pF
1.8 % 2272
Xp = o O0199X3272 . a0 uH
18

Flg. 7 L-network summary. General case is shown for series (Xs) and paraliel
(¥p) components. Farmulas 1-4 provide component values in plcofarads
and microhenries when frequency is expressed In megahertz. Example of
two cholces Is given for network types A and B, Fig. 3.
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exists an  equivalent circuit consisting of
resistance and reactance in parallel that has the
game electrical characteristics {but different

component  wvalues) for a given frequency (Fig. 7).
This generalized example provides an impedance step
down transformation and is useful to match a 50 or
75 obm coax line to a resopnant antenna whose
feedpoint registance is less than the line walueo.

The i1llustration shows a 160 meter antenna with a
feedpoint resistance of 15 ohms to be matched to a
50 ohm transmission line. Formulas 1 and 2 show that
the series network reactance (X¥s) has a wvalue of
22,92 ohms and the value of the parallel reactance
{¥p} is 32,72 ohmsz,

The network user has the choice of making either
reactance an inductor or a capacitor so long as one
iz the reverze of the obher. Formulas 1-4 summarizes
the two choices, At the design freguency (1.8 MHz,
for example ), Lhe circuits are alectrically
equivalent, The choice of circuits is usually made
based wupon the size, gost and availability aof the
components, If, for example, X5 is chosen to be  an
inductor, it will have a wvalue of 2.02 uH. Then Xp
must be a4 capacitor and it will have a wvalue of
2689.5 pF (cheice #l). This amounts to a  wvery small
coil and a2 rather large capacitor. The series coil
can be remowved and replaced by the inductive
reactance of a longer-than=resonance antenna.

The raverse choice [#2] SNOWS comparable
component wvalues. The series capacitor has a wvalue
of 3853.,6 pF and the shunt inductor has a value of
2.B3 uH. The zeries capacitor (¥s) can he remowved
from the network circuit and its place taken by the
capacitive  reactance of a shorter-than-resonance
antenna, The capacitor costs nothing and the ahunt
coil is inexpensive and very small in size. An ideal
combinabion! This technigue is used in  the antanna
shown in Chapter 3, Fig, 4.
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Flg. 8 L-network for 160 meters. Shunt capacitor is made up of large value
air variable unit plus shunt-connected mica transmitting umits. Rotary coil
Is [arge enough to take care of additional series loading inductance required
by short Marconl antenna (gee Fig. 9). Components are mounted on plywood
base with fiberboard panel. Counter dial Is coupled to rotary inductor.

The Shunt Capaciter L-Network

A wvergatile network is shown in Figs, 8 and 9,
It is an A-type network (Fig. 3) employing a shunt
variable capacitor and a series rotary inductor.
Valuesz of the components depend upon the band of use
and the antenna impedanse to be matched,

This network ie designed to match a short antenna
on the 160 and 80 meter bands and, as a result, the
component wvalues are gquite large. For 160 meters,
the shunt capacitor is made up of two L0011 mF
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Fig.  Schematlc of L-network. 36 uH inductor Iz used. Tolal perallel
capacltance is about 3530 pF. "Worst case™ antenna has feedpolnt
reslstance of 12.5 ochms with capacitive reactance of about -380 chms {see

Figs. 1 and 2).

transmitting-type mica capacitors in parallel with

a 2000 pF, transmitting-type variable air capacitor.
The inductor is an 18 wH rotary coil. (Johnson Lype
229=0202-01, or egquivalent ). Extra additiocnal

inductance can be conected in series with the coil
if reguired for a very short antenna. Short antennas
having input resistances as low as 10 chms can be
matched to 50 ohms with this device, In addition,
the rotary inductor can compensate for  antenna

reactance.
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The wunit is built on
Mazcnite panel. The
dial to provide
receptacle is

8 plywood base with a
inductor is driven by a counter
accurate logging. A coaxial
mounted on a small L-shaped metal
bracket at the rear of the assembly, The shell of
the receptacle is connected to the rotor terminal
of the variable capacitor and to a ground post at
the rear of the network.

Tuning the L-Hetwork

after
the transmitter

The nebtwork is placed at the transmitter,
the SWR meter. For initial tuneup,

is run at reduced power and the network controls
adjusted for a minimum reverse reading on the SWR
meter, Az the 5SWR reading is reduced, transmitter

power is increased wuntil full input is run when the
SWE reaches unity [l-to-1).

After initial adjustments are made, the network
dial readings are logged for various freguencies
across the band so that the network can be guickly
retuned when a freguency change is made,

It ie a good idea to rum a separate ground lead
between the netwosrk and the transmitter and not rely
upon  the shield of the interconnecting coax line to
do the Job. An external radic ground connection is
made Lo the ground terminal of the network.

The S5tep Up Hetwork

Multiwire Marconi and extended, haze-fed antennas
having a high value of feedpoint resistance reguire
a mnetwork that that will step 50 ohms wup to that
value. An L-network inm rewverse will do the job.
Component values for a particular network design can
be derived from the formulas given in Figs. 3C and D
if the feedpoint resistance of the antenna is known.
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Fig. 10 The shunt-fed antenna. Vertical tower is exclted by feeder wire
tapped at point 5. Capacitor lunes out resctance of wire. Feed wire can
also be brought down parallel to the antenna. This system is often used
o shunt-feed an exlsting tewer which supports a hf or vhi antenna.

The Shunt-fed Antenna

The vertical antenna can be grounded at the hase
and power applied across a section of it (3], as
shown in Fig. 10, This idea can be considered a= an
antenna in which the power is applied between the
grounded end and a tap point which, in conjuncticn
with the feed wire and the ground return path (G),
form a2 one-turn loop. The reactive component of the
loop, which is inductive, is resonated out by means
of a series-connected capaciter (C). The point at
which the feed wire 45 connected to the antenna
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depends upon  the height, diameter and Laper of the
antenna, and wire spacing from it. The distance (5)
yvaries from 20 to 50 percent of the antenna height,
The feed wire can be sloped away from the antenna,
or brought down parallel to it to a suitable
termination point,

The parformance of a shunt-fed antenna is
substantially the sams as one with conventicnal
geries feed, provided the resistance of the ground
return path (G) is low,

Unloaded wertical antennaz as short as 0,15
wavelength may be shunt-fed. Below this length, the
tap point of the feed wire may be higher than the
physical height of the antenna,

The Shunt-fad Tower

A grounded metal tower used to support a beam or
other antenna may be ghunt-fed for low  band
gperation. The "gamma match" is commonly used for
this purpose. This consists of a single rod or wire
parallel to the tower and attached to it at the far
end (Fig, 11}. It is resonated by a series capacitor
at the feedpoint, Length and spacing of the rod from
the btower and the ratio of rod diameter to tower
eross=section determines the dimensions — of the
gystem, Test results of shunt feeding towers of
various heights for 40 meter operation are shown in
Fig. 12. These tests were run by John True, W00,
and are summarized in the May, 1975 issue of "Ham
Radio" magazine. Gamma match dimensions are given
for towers whose height range from 24 to 90 feet
(7.3 to 27.4 m). The test tower was 20 inches ({51
cm) on a side and spacing of the gamma rod from one
tower leg was 10 inches {25.5 cm). The parallel
connacted capacitor permite fine adjustment to
compensate For changes in gamma rod length.

If the gamma rod is shorter than optimum or the
tower-to-gamma spacing too small, adjustment of this
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Fig. 11 Shunt-fed tower uses beam antenna for top loading etfect. (See
Chapter 3, Fig. 18 for loading data.) Gamma rod Is spaced half the tower
width from ene vertical member. Top of rod Is shorted to tower by means
of adjustable metal strap. Series capacitor (C1) tunes gamma device to
resonance and shunt capacitor (C2) parmits fine adjustment to compen-
sate for changes In gamma rod length.,

capacitor simplifies the task of =setting
shorting bar between the rod and the tower.

Hote that at the near-resonant length of the
tower (about 34 feet, or 10.4 m), the lengkh of the
gamma rod is minimum and the series capacitor wvalue
is maximum, Below a Lower height of 24 feet (7.3 m
or about 0,17 wavelength) the value of the series
capacitor approaches a minimum and the length of the
gamma rod approaches the height of the tower. This
is the limiting case,
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Flg. 12 48-meler vertical. Gamma rod length and serfes capacitance va.
electrical helght of tower, Parallel capacitance required to match coax ling
Iz approximately 325 pF.

Flg 13 E0-meter vertical. Gamma red length and serles capacitor va. elec-
trical height of tower. Parallel capacitance required 1o mateh coax fine Is
approximately 650 pF.
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Fig. 14 160-meter vartical. Gamma rod length and serles capacitor vs elec-
trical helght of tower. Parallel capacitance required to match coax line s
approximately 1300 pF.

Gamma Match Construction

A rugged assembly can be made by constructing
the gamma rod of one inch (23 mm) diameter aluminum
tubing spaced away from the tower 10 to 20 inches
{25 to 50 om), depending upon the cross-seckion size

of the tower. If difficulty is experienced in
matehing, the rod-to-tower spacing shouwld  he
changed.

“he rod can be spaced from the tower by meansz of
insulators made of one inch PVC plastic water pipe.
One end of each insulator is notched to fit  the
tower leg, Slots are cut in the pipe on each side of
the end and a hose clamp is runm throwugh the slots
and around the tower leg. A similar arrangement is

used for the gamma rod ([Fig. 15). The wariable
shorting bar is made of aluminum strap connected
betwaen the rod and the tower by means of hose

clamps.

" rod-to-tower
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Flg. 15 Construction of gamma rod matehing sysbem. Spacers are made
from PVC waler pipe with ends slotted to pass hose clamps which
encircle tower legs.

Small receiving=-size wvariable capacitors can ba
used for the gamma match for power lewvels up ko 150
watts, but transmitting capacitors with a plate
spacing of about ©.15 dinch (3.8 mm), or more, should
be used for powsr up to the lagal 1limit. It is
important that both capacitors he protected from the
weather by placing them in a waterproof box,

Adjusting the Gamma Match

Length and diameter of the
spacing from the tower, and the wvalus of the
capacitors determine the impedance transformation. A
dip meter and the rf impedance bridge described in a
later chapter can be used to adjust the match, The
feadpoint of the gamma match is attached to the
terminals of the bridge, In brief, a small amount of
rf power is fed to the match and dip meter,
Frequency, gamma capacitance and rod langth are

varied until & null is found at a bridge setting of
50 ohms. If it is difficult to find a null, the
_ spacing should be increased. Once a
‘breliminary null has been found, the VArLOuS

gamma rod, GChe
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are refined to position the
null at the design £freguency of the antenna. The
matching system is rather broad in adjustment ang
can move the resonant f£reguency of the tower sewveral
hundred kHEz to complete the match.

component  dimensions

Preparing the Tower

The tower must be prepared Lo work properly as a
vertical antenna. Metallic guy wires should be
broken up by strain insulators every 10 feet (3 m).
All eontrol cables and coaxial leads coming down the
towar ghould be taped to one leg of the tower and
run down to ground level, They are then brought away
from the tower on the surface of the ground, or
under the ground, suitably protected,

If the tower is the crank-up type, jumpers
ghould be connected across the joints to insure a
good alacktrical connection between tha Cower
sactions.

Since the tower is only one-half of the antenna
system, care must be taken to install an efficient
radie ground system. In addition, the tCower should
he grounded against lightning by one or two ground
rods at the base. A system of radial wires laid oul
on, or above, the surface of the ground will suffice
for proper operatiom of the tower as a wvertical
antenna, See chapter 2 for additional details,

The Matching Device--The Final Word

device can match the  feedpoint
vertical antenna Lo a Coax
transmission line., The device can take the form of
an L-network, or a linear nebtwork such as a gamma
match. In addition to impedance transformation, the
L-network can also establish resonance in many
cases, The gamma match, in particular, is usefuol in
matching an existing tower for service as a wvertical

A matching
resistance of any

antennd.

"

Chapter 5

Ground Plane Antennas

One of the most popular antennas for both hf  and
whi service is the ground plane antenna, The basic
design iz a guarter-wavelength wertical antenna
mounted above horizontal, one-quarter wawvelength
radials spaced eguidistant around the antenna base
{see Chap, 2, Fig. 11)., The antemna radiates an

omnidirectional, wertically polarized pattern,

The radiation resistance of a full-size ground
‘plane antenna runs between 35 and 50 ohms (depending
‘upon radial placement} and provides a good match ko
' a coaxial transmission line,

The radials provide a radio
‘directly below the antenna and
‘1= mounted a half-wavelength
"gurface of the earth, ground return current losses
sare gquite low, The theoretical field strength of a
‘ground plane is about 0,8 dB less than an equivalent
‘dipole but in real-life the two antennas show egual
S performance. i

When mounted in the clear above good ground the

ground plane antenna provides low angle radiation
that is necessary for long distance cemmunication.
: Shown in this chapter are wvarious ground plane
cAnbenna designs for the hE and vhf bands that are
“useful for general amateur service, Information is
%prnviﬂed for use of the antennas at any frequency in
~the hf spectrum.

(rf) ground point
when the ground plane
>r more abowve the




130 VERTICAL AMTEMMAS

12C T — I ]

= ]I\ | .
2wt
2o Il Fig. 1 As base of vertical antenna is
T |q_\ ! alevated above ground fewer radials
o 1—{ are required untll, when base is about
H = :Il | one-half wawe [n the alr, only 3 or 4
S _\ A | radlals are necessary.

i

|
R
N TEET AT B 5 Al

TE G.T 04 58 Lo
HEISHT OF NASE ARAVE cROUND ()

How Many Radials are Heeded?

The whf ground plane antenna mounted several
wavelengths above the earth works well with only
three or four radials, egually spaced arowund the
bage of tha antenna, provided the feedline i5
izolated from the antenna field, It has been shown,
however, that when the antenna iz close o the
ground inm terms of wavelength, more radials are
required because the wvertically polarized field of
the antenna is susceptible to ground loases below,
and in the immediate vicinity of, the antenna. A hi
ground plane close to the earth (that is, with the
bage on the ground or less than 0,1 wavelength above
it) may reguire from 60 to 120 radials to
effectively =shield the antenna from the “lossy"
ground, As the ground plane is raised in the air,
foewer and fewer radials are required for good
performance until, when the base of the antenna is
about one-half wawvelength (or more) im the air, the
number of radials can be reduced to thres or four
without incurring severe ground loss (Fig. 1).

For example, for a rooftop installation of a 20
meter ground plane on a single story residence, with
the base of the antenna about 10 to 15 feet (3 to
4.5 m} above the surrounding ground level, a minimum

GROUND PLAME ANTENNAS | ]|

il

RADIALS
(TYF.}

Fig. 2 When radials slope downward about 40 degrees from the horlzon-
tal the feedpaint resistance of the ground plane antenna rises to 50 ohms.

‘of & radials is suggested. On the other hand,; if the
Zame antenna  1is mounted atop & house or tower with
the base about one-half wavelength, or 35 feet (10.6
m) above around, only three or four radials are
Crequired to provide good performance,

"Drooping” Radials

] The e¢lassic ground plane deszign places all
radials im the horizontal plane, egually spaced
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Table 1. Element dimensions for Practical Ground Plane Antenmas for the HF Bands

HF ground plane antenna.
The ground plane antenna i= a popular performer

on the Qi bandsz, It is Loo  large, howswver, for the
lower freguency bands unless the user has plenty of
space for the radial system, ©On the higher bands
{10-50 MHz) it is small enough to fit into many

EEeowlCF VEATIGAL o
BAGILTGA T0 CEH— 4
TER CoHDUSToM o

ARIELE P SEMRIAL LINE {ii Ak Peua BN MAESTU T EET small back or side yards., One common design takes
5 5 oA | LEGTH L the form of a_vertlcal aluminum radia?nr attecﬁau £0
: B ;ﬁ; lf?:i a wood mounting post, or 8 house chimney, with a
: e e e network of ground plane wires at the base. &
: | e — cn@pletely gelf-supporting installation can be made
; ErE TN T - which utilizes aluminum tubing for the radials,
: 7 [ irws | s If the ground plane antenna is clear of the
; To PR TTER :i ':t i :: ground ({say, 0.2 wavelength], a minimum of six
_,Féy BE e radials is recommended. Many amateur inatallations
[T | e . use up to ten or twenty radials, as they are

inexpensive to in=stall and relatively unobtrusive,
At higher antenna elevations, less radials are
regquired,

Antenna dimensions for the high fregquency bands
are given in Table 1 along with the general formula
for ground plane dimensions for freguencies up to 50
MHz. Antenna and radial lengths are the same.

The dimengigns are for wire or tubing elements
less than 0.5 inch (12.7 mm)} in diameter. For larger
diameter elements, the lengths should be multiplied
by 0.2B8,

Taperad elements are a special case. In this
instance, the tapered element iz longer than normal.
- The amount of correction depends upon the ratioc of
the base-to-tip diameter of the element. For a ratio
of 2, the lengths given are multiplied by 1.02; for
a ratioc of 3, by l.04zand for a ratioc of 4, by 1,06,

around the antenna base. This provides the best
approximation of a solid ground plane. It is
possible, however, to slope the radials downwards
from the horizontal plane, This causes them to
radiate and thus raises the feedpoint resistance of
the antenna, A downward slope of about 40 degrees
from the horizontal raises the feedpoint resistance
of the antenna to about 50 obhms, providing a good
mateh for a coaxial line. When this is done, the
radials can also serve as guy wires for the antenna
(Fig. 2).

When the radials droop down as shown, the gain of
the ground plane is raised by about 0,3 48 over Lthat
of the normal configurationm, but the protection of
[ the near-field from ground loss is reduced, IEK is
| doubtful if a casual observer listening to a signal
i transmitted first by a conventional ground plane and
B then by a "drooping" wersicm could notice any
| difference in signal strength.

Erecting a Ground Plane Antenna

The easiest approach is to buy a kit antenna from
a4 reputable manufacturer. Amateurs interested in 10
or @ meter operation can often purchase an 11 meter
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with vinyl tape.
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CB ground plane antenna and cut it to frequency. For
the lower freguency bands, however, it uswally is
less expensive to build the antenna than to buy a
kit. The vertical section can be made of telescoping
aluminum tubing {(normally awvailable at the larger
hardware stores and metal dealers) and the radials
of copper wire,

If the base of the antenna is near ground lewvel,
a wood post can be sunk into the ground and the
antenna mounkbed on it., A practical ground=mounted

antenna is shown in Fig.3. The base of the post is
wiall painted and wrapped with several layers of
overlapping, kitchen-type heavy aluminum foil o
protect it from termites, damp earth, and ground
water. The wrapping iz carried up the post to abowve
ground  lewvel and is held in place by winyl
electrical tape, If tLhe antenna is guyed, the post
need be sunk in the ground only bEws or three feet

(0,6 to 0.% m). An unguyed antenna reqguires a longer
ground post.

Since the rf wvoltage at
plane antenna is relatively low, the post is given
saveral preservative coats of roofing compound or
varnish and the antennz bolted directly to it by
means of TV-type, galwvanized U-bolts,

The radials can be soldered to a ring of bare
copper wire circling the post directly under the
antenna, The ring is connected toe the shield of the
coax line, Since the far ends of the radials are
"hot" with rf, they are attached to insulators which
are held in position by short lengths of rope or
wWire.

The technigue

the base of the ground

of attaching the coaxial line Lo
Lhe wire ring is wery important so as oot to allow
wWater o enter the line, In a heavy rainstorm, a
goodly amount of waber runs down the wertical to the

baze and unless precavtions are taken, the water
enters the coaxial line and is sucked along the
ingide of the 1line by capillary action of the



126 VERTICAL ANTEKNAS

deterioration and
this

ocuber shield, Line
losses will quickly follow if

braided,
increased rf
comes Lo pass.
Protecting the Line

There are several ways of protecting the coax
line from moisture. One of the best is to place a
waterproof coaxial connecter on the line and a
matching receptacle at the antenna base. The popular
Lype PL-258 plug and S50-239 receptacle are not
waterproof and are not recommended for the job,
although a number of amateurs use them.

If you do use Cthese connectors, screw them on
very tightly, tape ewvery jeint with vinyl electrical
tape, or the newer electrical sealing tapa, and then

coat  ewverything with  General Electriec RTV-102
zealant.
The modern type-N coa¥  connectors are

provided the
line

waterpronf, however, and can be used,
user has the expertise to place the plug on the
correctly (Fig. 4).

The next best bet is to peel the outer insulation
of the 1line back for a few inches, unbraid the
shield and twist it into a pig-tail connection. The
inner insulation i= then stripped back from Cthe
center conductor for an inch or so. Connections can
be made to these terminals. In order te waterproof
the joint, it is coated with a sealant [(General
Electric RTV-10B, for example) and then wrapped with

vinyl electric tape,
The VHF Ground Plape Antenna

The ground plane ie an extremely popular antenna
on  the amateur bands above 10 meters. The greater
percentage of fm repeater operation employs wertical
polarization because of the mobiles that use the
repeaters. Remarks that apply to the high freguency
ground plane antenna apply equally to the vhf ground
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I [MiHz} ngmmumlzﬁﬁh

b Inches (GM)
144.0 19,50 {48.5) Table 2. Elament dimensions for
148.0 18,25 {19.25) WHF ground plane anlenna,
280 1260 {32.0)
445.0 B.33 (16.08]
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plane, with the exception that the vhf antenna is
usually mounted many wavelengths above ground. This
helps to counteract greund loss beneath the antenna,
but complicates matters in that it is easy for the
field of the antenna to interact with the outer
shield of the ecoaxial transmission line unless
nrecautions are taken during the installation af tha
antenna. Interaction such as this causes the line to
become part of the antenna and tends to nullify the
good, low angle radiation of the antenna, making 3t
less useful for vhi ground range coverage.

Brilding the VHF Ground Plane Antenna

A= mentioned earlier, several manufacturers
provide antenna kits and it is economical  te
purchase one, as the kit often costs less than the
equivalent aluminum and hardware reguired to build
the antenna. Antenna dimensions specified with the
kit can be matched against the information giwen in
this chapter.

In the regicn above 30 MHz, the diameter of the
conductors used in the ground plane antenna becomes
of importance becauge thiz dimension sSstarts Lo
approximate a fraction of a wavelength. As the
zlement lepgth-to—diameter ratio decreases, the
element becomes shorter for a given frequency. That
is to say, a "fat" element is shorter than a "Ehin®
one. This distinction iz relatiwvely wunimportant
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below 30 MHz for simple antennas bubk assumes greakter
significance as the higher frequencias are
approached,

Table 2 provides element dimensions for ground
plane antennas for wuse in the vhiffuhf spectrum,
Generally speaking, 1t is=s best te use “thin"
elements. One=guarkber inch (8.35 mm) diameber tubing
is suggested for the ldd MHz band and one-esighth
inch (2,18 mm) diameter rod or tubing 15 recommendsad
for the 220 and 445 MHz bands.

bDecoupling the Antenna from the Transmission Line

It iz important to make sure that the field of
the antenna does not influence the transmission
line. In parbicular, the oubside of the coaxial line
can have rf woltage indwced on it by wirtuwe of
unwanted coupling to the antenna. If coupled woltage
exists, the line becomes a portion of the antenna
and any 3WRE measurements made on the antenna are in
error because the instrument "sees" the line as part
of the antenna.

In addition, the interplay of radio ensrgy
between antenna and the outer shield of the line
tends &o  distort the radiation pakttern of the
antenna, negabing some of Lhe low angle radiation so
important on the very high frequencies.

It i= s=imple to decouple ths line frem the
antenna. All that is reguired is that the line be
wound into a simple decowupling choke abt a point
directly below the antemnna. In addition, the line
should drop down directly below the antenona for at
least a half-wavelength before being led off to the
station.

The Decoupling Choke
A coaxial line can be wound intoc a cirecle whose

diameter iz about twenty times the diameter of the
cahle, A bend sharper than this can distort the
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FREQ S00HMS 75 0HMS CipF}

{MHz) L L [APPROX)
1.85 141.6 156.8 £00
1.95 134 148.7 SO0
3.80 T2.8 BO.G 300
3.80 &69.0 76.3 J00
7.10 Ja.9 409 150
101 25.9 28.7 110
14.1 18,6 20.6 78
181 145 16.0 &0
21.2 12.4 13.7 &0
249 10.5 11.7 45
286 8.2 101 a5
2832 8.0 8.9 an
0.1 5.2 B8 25

(FEET X 0.3048 = METERE|

Flg. 5 The extended HF ground plane antenna provides good match to 50
or 75 ohm line. Serles capacitor tunes out Inductive reactance of antenna.
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inner conductor of the cable and lead to trouble,
Guided by this limitation, it is gsafe Lo wind the
RG-8/U0 {(RG-213/U)=-type cable into a coil about 10
inches (25 cm) in diameter. The smaller RG-58/U-type
cable can be wound into a coil approximately &
inches (13 cm} in diameter.

A hif decoupling choke consists of six turns  of
cable and a vhi choke can be made from three turns
of cable, The choke is held in position by means of
plastic cable ties or vinyl tape. It is placed near
the feedpoint of the antenna, at right angles to the
rlane of the radials.

The Extended HF Ground Plane Antenna

As in the case of the Marconi antenna, the length
of the wertical portion of a ground plane antenna
can be extended B0 as to  raise the feedpoint
resistance up to 50 or 75 ohms. In either case,
radial length remains as shown in Table 1,

Dimensions for 0,28 and 0,31 wavelength long
extended ground plane antennas are given in Fig. 5,
The first design provides a close match to a 50 ohm
coax line and the second to a 75 ohm line. EBoth
designs reguire a series capacitor to establish
antenna resonance, The capacitor is adjusted for
lowest SWR on the line from antenna to transmitter,
The capacitor is isolated from ground and placed in
4 wabterproof box at the base of the antenna, The
coaxial line is sealed against moisture at the point
it enters the hox,

The antenna is adjusted at the design freguency
for unity SWR on the transmission line by wvarying
the capacitor and the antemna length. Element
diameter and taper data dicussed with reference to
Table 1 also apply to Fig. 5.
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The 5H/8-wave Ground Plane Antenna

In the "Proceedings of the
Gihring and Brown published their
the field pattern along the ground for wvertical
antennas of different lengths, One of the resulbs of
this study has been the popularity of the 5/8-wave
nigh wertical antenna for broadeast service and
amateur VHF use. This design combined high radiation
efficiency with a power gain at low radiation angles
of nearly 3 dB over a comparison l/4-wave wvertical
antenna,. In order bo establish resonance, a small
base loading coil is added to the antenna to extend
the electrical length to the next resonant point at
3/4 wavelength,

Amateurs hawve used this interesting antenna on
the hf and vhf bands with mixed results. When an
elaborate  ground syskbem is @ used, the antenna
parforms as expected. Howaver, when wused with
conventional quarter-wave radials {as is commonly
dane cn the whf bands) the antenna often proves to
be a disappointment, showing little, if any, power
gain over a oconventional ground plane antenna.

IRE", April, 1935
clagzic study on

The Expanded VHF Ground Plane antenna

Tests rum by ERalph Turner, WaHXC, and Don
Horman, AFHB, on warious 2 meter vertical antennas
have ahown that under Zome circumstances

(particularly when the antenna is many wavelengths
above ground and the coax line is long in termz of
wavelength) the feedline becomes part of the antenna

system, in spite of the use of conventional radials.
This disturbs the antenna pattern and destroys much
of the low angle radiaticn,

The quarter-wave ground plansa provides good
feedline isolation if the coax line is wrapped into
4 decoupling coil below the antenna, as described
earlier in this chapter. The 5/8-wave antenna,
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however, exhibits current flowing along the outside
of the coax line even after it is coiled inte a
decoupling coil. The radials are not doing the job
they were intended to do.

The ifd4=-wavelength Radial System

Experiments were run on a 5/B-wave 2 meter
extended ground plane antenna to determine if  the
feedline requires additional decoupling from the
antenna  field, It was found that satisfactory
isolation can be obtained if the radials are

lengthened to 3/4 wavelength., An antenna modified in
this fashion provided superior performance over a
1/4-wave ground plane and alss owver a 5/8-wave
ground plane with conventional 1/d-wawve radials,

Extended radials on this antenna type alse proved
helpful during a&ntenna tests on the 6 and 10 meter
bands. It is douwbtful if they would he an asset for
lower frequency antennas, as these are usuwally
mounted closer Lo the ground in terms of operating
wavelength.

antenna Dimensions

The expanded 5/8-wave ground plane is a large
antenna when compared to the conventional 1/4=-wawve
design apnd i1is not commonly  used om the high
frequency bands. It &5 useful in  the whE region

because it is relatively small and provides power

gain for omnidirectional repeater service, Shewn in
Fig. & are antenna dimensions for 28 through 440
MHz, with additional data provided for construction
of the antenna for any frequencies outside Lhe
amateur assignments.
The Base Coil Adjustment
In order to establish resonance for a  5/8

wavelength antenna a small inductor is placed at the
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BAND WHIP ' RADIALS COIL _i

{MHz} IN. cM | N CM (eH |
28 259.00 | 658 | 2940 | 746.0 1.54

50 147.6 375 | 1678 | 4260 0.85

144 | 5125 | 1302 | 5835 | 1480 | 040

220 33.54 BS 2 3812 95.8 .19

440 | 1677 | 426 | 191 | 485 | o009

Fig & The expanded 5/8-wawve ground plane for 144 MHz band. Lower draw-
Ing shows mount for whip antenna, Mount is made of plastic or other in-
sulating material.

bagse of the antenna. A tap point on the coil near

- the ground end is selected and the antenna is placed

in & ¢lear position, with the base about head
hElght—t

A SWR ws, frequency curve i= run and the readings
logged every S0 or 100 kHz across the band. The
point of lowest SWR iz near the resonanb freguency

" of the antenna. The S5WR response is guite broad and

the slope of the curve is very mild, showing the

- antenna has good bandwidth perfermance. Rdding or
' subtracting a fraction of a turn from the base coil,
- or changing antenna length an inch or two will mowve

the SWE minimum point to the design freguency.
The final step is to adjust the tap point, a

guarter-turn at a time to reach the point of lowest
. 8WR. The experimenter will find that coil tap,

number of coil turns and wertical antenna height are
interlocking. If Lthe antenna is too shork, f£or
example, increasing ceoil inductance or antenna

‘height brings it into resonance. Moving the coil
tap, too, accomplishes the game purpose, although
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too big a tap movement raises the SWR, The builder
will find, heowever, that the antenna iz  very
“forgiving" and adjustments are not critical.

The Radials

For vhi service, the radials can be made of zmall
diameter aluminum tubing. For a hf antenna, it is
recormended that the radials be made out of wire asz
they are less visible {and less ohjectionable to
neighbors) than are the tubing equivalents,

The HF 5/8-wawe Ground Plane

The 5&/8B-wave ground plans iz an interesting
antenna for those amateurs who desire signal gain,
bul. do not have the room or the permission to earect
a rotary beam. This antenna provides a solid 3 4@\
gain owver the conventional ground plane and, when
properly installed, provides that gain at the lower
angles of radiation where it is needed for DX
contacts,

Bacause the feedpoint of thisz antenna prowvides a
reactive load bo the Gtransmission line, the antenna
iz electrically extended to 3 4-wavelength by means
of a base loading coil.

It is possible to achiewve the same match by
lengthening +the antenna to 3/d-wavelength, but this
length  would exhibit lobe splitting io the wertical
plane, and most of the low angle radiation would be
lost. The soclubtion 1s to wind the required length
into a  small inducbor which will not  radiate, thus
preserving the low angle radiation of the antenna.

Shown in  Fig. 7 15 a design for the high
[requency bands. The Lransmission line is decoupled
from the field of the antenna by coiling it into an
rf choke at the antenna base.

Antenna matching 15 accomplished by tapping the
transmission line on the base coil which should be
inclosed in a waterproof container. Coil inducktance
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Fig. 7 HF 5/B-wave DX antenna provides 3 dB gain over a ground plane.
Amntenng is resongeted by adjusting Inductor at base. At least three redlals
should be used wilth this antenna,

and antenna height are interlocking and different
dimensions 1in one can be made up by altering the
other.

Building the aAntemna

The wertical portion of the extended ground plane
is made of sections of telescoping tubing. A chart
of tubing diameters iz given later in this handbock.
At least one set of insulated guy wires is reguired
for  the smaller antennas and Lwo sebs are reguired
for the larger ones,

The radials for the antenna can be made either of
aluminum tubing or wire, If the antenna iz mounted
above ground lewel, the radials cam possibly serve
as guy wires to steady the assembly. Many amateurs
have had excellent results with the antenna mounted
on  the roof of their residence, with the radials
running along the surface of the roof. Others have
post-mounted the antenna with the radials fanping
ocut at & to 8 feet (1.B to 2.5 m) above ground. The
loading coil iz mounted in a waterproof box at the
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base of the antenna with the feedline brought inte
the box wia a waterproof joint,

Tuning the Antenna

Bfter the antenna is assembled and mounted 4o
place, the wertical section is shorted to the
radials wia & two-turn coil which is coopled to a
dip meter. Loading coil inductance or antenna length
iz adjusted so asz to provide a resonance ipdication
at the design freguency,

The next step is to match the antenna te the
Lransmission line. This is accomplished by moving
the tap, a guarter-turn at a Gtime, up from +the
bottom of the coil and noting the SWR on  the
transmission line after each setting. Once an SWE
null has been found near the design freguency, an
SWE sweep across the band is advised, and the SWR
plotted against frequency en a graph. This curve
should bhe sawved for future reference. Slight
adjustments to tLap and coil can "zerc-in" the SWE to
unity at the design frequency.

Short, Loaded Radials

What to do when ground plane radials are longer
than the space available? A solution to this problem
is to insert a loading eoil in each radial ta
establish resonance. Radials as short as (.1
wavelength have been loaded to 0,25 wavelength in
this manner.

The leoading coil should be placed in  the middle
of the radial. Typical radial length and coil
inductance are given in Fig. H. As in the case of a
coil-loaded antenna, the radials should be resonant
at  the design fregquency. This can be accomplished by
connecting two radials together wia a two-Lurn coil
to form a dipole element., The e¢oil is coupled to a
dip meter and the radial tips are trimmed egually
until regonance is established.
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[ RS  Radial Length ELE:-J[TIL:“
{ F1, (M#lors)
160 Baafea) | e
Bl 35 (1021) 408
40 16.3 (2.56) 9.9
[ nsps | s
0 £.3 (.53 Bo
[T &.5 (1,08} E8 |
i5 5.5 {1.67} &Y
1z 48140 47
0 4,001,238 4.0 LOADING COIL
[ 2.3 {0.7) a0 [Typical)

Fig. & Short, coll-loaded radials for ground plane antenna. Radials should
be rasonated at desired frequency as operating bandwidth s lesa than that
of conventlonal radials.

Coil-loaded radials are guite froquency
sensitive and limit the operating bandwidth of the
antenna more than conventional radials ﬂn,_ Even 5o,
if the space permits nothing else, this is the way
to do the job.

The Inverted Ground Plane

Raising the ground plane in the gir helps 1n_twn
ways, First, it elevates the radiating element Crom
the lossy ground and second, it gets the area of
naximom current up in  the air where ibL can qu S0Mms
good. If you cannot get your grownd plane up in  the
air,; the next best thing to do 15 invert it! :

The inwverted ground plane was first tr:e@ in Fhe
parly "forties" and was gaining pﬂpular+ty when
radic amateur activity was closed Gown dur1ﬂ§_“0rlﬂ
War II, After the war it was forgotbten until it was
made the basis of a “hot® beam antenna, to be
described in the next chapter. ; _

The basic inverted ground plane is shown in Fid.
g, It consists of a base-fed, quarter-uave_?erbiﬂﬂl
section, connected o two gQuarter-wave radials at
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Fig. 8 Inverted ground plane provides good, low angle signal for DX con-
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at right angles to it. ne with flat top then
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the top, The radials can serve as supporls for the
vertical wire, making an inexpensive and easily
ingtalled antenna.

Since only two radials are used, the radiation
patbtern is not truly omnidirecticnal, providing
about 2 dB more radiation in-line with the radials
than at right angles to them,

The inverted ground plane i fed with a parallel
tuned circuit which is adjusted to resonance with a
dip mebter. Hextb, a small amount of power is fed to
the antenna and the tap on the inductor moved back
and forth, a bit at a time, uwuntil the point of least
SWE is found. Circuit tuning sheould then be touched
vp for minimum SWR reading.

The grownd connection for the inverted ground
plane carries little rf current and 2 single ground
rod and screen {such as described for the Bobtail
beam in the next chapter) will suffice.

A Heliecal Antenna for 40 Meters

Many amateurs require a low profile antenna and
gven a guarter-wave vertical antenna for Che lower
freguency bhands can be btoo tall under  some
circumstances. Shown in this section iz a 40 meter
ground plane antenna that is only 16 feet (4.9 m)
high. It congists of a helical-wound  wvertical
antenna using three wire radials (Fig. 10).

The wertical element is wound on a 17 fool (5.3
m) long wvarnished bamboo pole, or section of plastic
pipe. The pole is wound with no. 18 enamel wire. The
top 11 feet {3.35 m) of the pole is wound at a pitch
of one turn per 1.5 inch (3.8 cm), This is followed
by a closewound coil of 26 twrns of no. 14 enamel
wire. Coil diameter is one inch (2.54 em}. The next
portien of the winding consists of 48 inches (1.232
m) wound at a pitch of one turn per inch. The bottom
winding of the helix consists of 16 turns of no. 1E
spacewound the wire diameter.
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Flg. 10 Helical-wound ground plane antenna for 40 melers. Elemeant is dip-
ped to frequency and timmed by means of base coll.

The antenna is adjusted te 7.25 MHz (or any
octher frequency in the T MHz band} by resopnating it
with a dip meter, The antenna is placed in position
and connected to the radial system wia a small two
turn coil. The coil is coupled to the dip meter.
Antenna resonance iz set by adjusting the bottom
coil of the helix a turn at a time.

antenna bandwidth between the 2-to-1 SWR points
on the feedline iz about 100 kHz. (A wversion of this
antenna was described by John MeParland, W4ROS, in
the May, 1571 igzgue of "Ham Radio" magazine,)

Chapter 6

Phased Vertical Arrays

Twa oF more wverbical antennas can be combined
into an array whose field patterm is the sum of the
fields of wecach of the antennas. The combined field
iz a function of the spacing between the individual
antennas, the power in each, and the electrigal
phase difference between them, Arrays of this type
are common in broadcast and low  frequency  servios
and simplified versions of these antennas are useful
for amateur hf communication.

Element Phasing

Unlike the parasitic Yagi array, all elements in
a phased array are fed power directly from the
transmitter. Each element is 1n the near-field of
another element and the elements react wupon each
other so that the feedpoint resistance of all of the
elements is changed.

In broadcast arrays, the feedpoint resistances
are matched because the null in the patternm of tLthe
array 1is carefully positioned =so as to protect
another broadcaster on the same channel. Amateur
phased arrays have no need of such null-protection
and the complex networks necessary te match the
elements in a phased array ace not commonly used.
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Fig. 1 Field patterns of phased vertical antennas. At left Is broadzide pat-
lem of two elements fed in-phase. At right is pattern of out-of-phase anten-
nas. Lengths shown are electrical, not physical,

The desired phase shift between the elements in
an amateur band phased array can be controlled by

the phyzical spacing of the elements and thea
electrical length of the coax line that connects
them together. &n eleckrical half=wawe line is
equivalent to a phase shift of 1B0 degrees; a

guarter=-wave is egual
50 on, Hy

to a zhift of 90 degrees, and
changing the length of the line and the

element spacing, the field pattern of the phased
array cam be  mowved about withoubt moving Lhe
elaements., Fig. 1 indicates representative  field
patterns that can be obtained from two wvertieal
anLennas. In general, if two antennas spaced a
half-wavelength apart are fed in-phase, a4 figura-3

field pattern at right angles (broadside} te the
plane of the two antennas is produced, IFf the
antennas are  fed 180 degrees out-of-phase, a
figure-8 pattern in line with the antennas
{end-fire) is generated. Finally, twoc antennas
driven 90 degrees out-of-phase with quarter-wave
Epacing will produce a wunidirectional, cardicid

pattern in line with the antennas. The theoretical

~=
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front-to-back ratioc of this design is 23 dB, howewver
coupling between  the  antennas wunbalancez  the
feedpoint resistances which unbalances antenna
currents, The resuit is a drop in gain of about 0.5
d8 from the maximum figure of 3 dB and a reduction

of the front-to-back ratio to about 10 dB.
Power Gain of the Phased Array

A3 in the case of a single wertical antenna, a
good ground system is reguired for a base-fod phaszed
array. When the array is ground mounted, a ground
goreen or multiple radials, at least 0.2 wavelength
long, should fan out  f£rom the base of each antenna.
Some amateurs construct a large, oval-shaped radial
secrean that encompasses both antennas.

When two broadside half-wave antennas are fed
in-ghase, with half-wawve geparaticn, theoretical
power gain over a single antenna is about 4 4B, In
the 1B0 degree, out-of-phass mode powsr gain is
approximately 2 dBE. Power gain for the 90 degreo,
out—of-phage mode with guarter-wave spacing i=s 3 4B,

Three elements with half-wawve spacing provide
about &6 dB gain in the in-phase mode.

The Bobtail Beam

Pirst described by W,.W. Smith, WeBLX, in 1948 in
the old "Radic" magazine, the Bobtail beam has
proven to be a good DX antenna for the low froguency
bands, It iz a simplified version of a three slement
vertical broadside array wusing guarter-wave elements
tFig, 2}. In the classic wersion, three half-wawve
elements are base-fed in-phase with equal currents,

and the slements are spaced a half-wavelength apart.
In the Bobtail beam, the center element is fed
directly and the outer elements are fed via
half-wave wires connecting the upper tips of all
elements., Because of current reversal in the

horizontal wire, there is little radiation from it.
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Fig. 2 Base-fed, in-phase elements of Bobtail beam give pattern in and
oul of page. Parallel tuned resonant circult couples antenna to coax lina.

The array has a broad, figure-8 pattern at right
angles (broadside) to the line of the wvertical
wires; and provides about 5 dB gain owver a
comparison ground plane antenna when the path length
exceeds 2500 miles (4000 km).

The height reguired for an B0 meter array is
about 70 feet (21,3 m), but for 40 meters, the
required height is only about 30 to 40 feet (10.7 to
12,2 m).

The feedpoint resistance at the bottom of the
center vertical element has a very high walue at the
design frequency and a parallel tuned, low-C circuit
matches the antenna te a 50 or 75 ohm coax line,
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Because of the high feedpoint resistance and the
fact that the high current portions of the array are
elevated above ground; ground current is very low
and an elaborate ground system is not necessary. A
#ix foot (1.8 m) ground rod in conjunction with a 10
foot square { 3x3 m) ground screen directly below
the feedpoint are ample.

Ready-made screen material awvailable in the USa
and Canada is a 3x5 foot (0,9%x1.5 m} piece of
galvanized hardware cloth or chicken wire found at
large home improvement stores, As many pieces asg
will £it into the available space should be soldered
together and laid atop the ground.

Remember, the bottom of the vertical sections is
"hot" with rf and can cause a bad burn if high power
iz run and the antenna accidentally touched, One way
to avoid this is to slip some small diameter, clear
plastic tubing (such as a fuel line) owver the eonds
of the wire=s cloger than 8 feet (2,5 m) to the
ground.

Euilding the Eobtail Eeam

The top horizontal wire of the beam is made of
hard-drawn or stesl core copper wire ©o prevent
stretching. It can be suspended abkout head height
between two points and the wvertical wires soldered
to it. Once the assembly is5 complete; it is hoisted
into position and the wvertical wires brought down
and tied to cenvenient points at, or near, grouond
level, The tuned matching circuit iz placed in a
waterprool box at the base of the center element.

Tuning the Antenna
As with other antenna designs, antenna resonance

can be set with a dip meter. Couple the meter to the
buned circuit and adjust it to the design frequency,

" Power is them applied to the antenna £rom the
. Eransmitter and the tap point on the eceoil adjusted
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by ohserving the SWR on the transmission line,
Circuit tuning and tap placement are  somewhat
interlocking apnd the antenna should always be
brought into rescnance after a tap point change iz
made.

The last step is to make an 5SWR sweep across the
band and log the reverse readings at S0 or 100 kHz
intervals. The design freguency of the antenna can
be moved about by retuning the matching circuit.

A Half-Bobtail Array for BQ,d40,cr 30 Meters

Mot enough room for a full-size Bobtail beam?
Then consider a half-size Bobtail having only two
vertical elements. Referring to Fig. 2, the smaller
array would consist of the driven element and one
horizontal wire running to a single top-fed element.
{(The array iz sometimes called a "half-agquare
antenna",) The field pattern is at right angles to
the plane of the array and guite broad. Power gain
over a ground plane is about 3 dB when the path

length exceeds 2500 mi. (4000 km).
This antenna can operate on several other bands.

It serves ag a gquarter=-wave Marconi on the next
lower frequency band and can be operated against
ground with a matching network. On  the next higher
freguency band, it acbts as an end=fed wire, It can
be tuned to any point in this band by rescnating the
tuped circuit te the higher frequency. The input tap
nead nok be adijusted.

A Two Element Baszse-fed Array

Thiz feed system overcomes the current unbalance
problem commen in a two element array and provides &
cardioid field pattern with a forward gain of 3 dB
and a front-to-back ratio of better than 15 dB. It
consists of Lwo gquarter-wave werticals, spaced a
guarter-wave apart and base-fed G0  degrees
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| a0 B6.8 70.28 46.30 | 92.77
' 40 33.4 35,14 2319 | 45.10
30 232 24 36 16.07 215
=0 16.7 17.57 11.60 | 22.55

FEET X 0.3043 = METERS

Fig. 3 Two element, base-fed array provides good gain and enhanced front-
to-back ratio with cardiold patterm.

out-of-phase. (Fig. 3). Eight guarter-wawve radial
wires are fanned out from the base of weach antenna.
The wires are laid on the surface of the ground.

The antennas are fed with lengths of 75 ohm coax
line (RG-11/0 or RG=5%/U)} that provide the correct
rhase relationship between -the antennaz, The phasing
lines (Ll, L2} are cut to length with the aid of a
dip meter to epnsure correct phase shift, The two
lines are joined with T-connector apd a single 50
or 75 ohm coax line run from this point to the
station.
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Flg. 4 Four elements with suitable phase ghift circuit provide end-fire pat-
tern in two directions and broadside, bi-directional pattern, Array 15 view-
ed from the top.

Each amntenna is individually adjusted to the
design frequency by means of a dip meter coupled to
a two turn coil connected between the antenna and
the ground radial system, (This antenna is patterned
after the design of Roy Lewallen, W7EL, shown in the
August, 1979 issue of "QST" magazine.)

A 4 Element Base-fed Arvray for 20 Meters

This compact and unobtrusive four element beam
provides switchable directivity in line with the
elements, plus a broadside lobe Lo provide nearly
complete coverage of the compass, Directivity is
gwitched from the operating position by means of
relays, (This array is patterned after an BQ meter
design of W1HKE shown in March 1965, "QST" magazine
and was beilt by Jim Gabriel, WABDXB, and described
in "Ham Radio" magazine, May, 19B3.,)

Cperation of the antenna is summarized in Fig. 4,
In the end-fire ({in-line) case, the antennaz are
driven with a 90 degree phase shift bhetween them (O,
b, 10 ,and 270 degrees). This pha=sing prowvides a
unidirectional pattern from the O degree element
through the 270 degree element having a theoretical
gain of about 4.9 dB over a single element. To
reverse the pattern 180 degrees, the antennas are
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fed in the reverse order: 270, 180, 90 and 0 deg,

A third switch pogition provides a bidirectional
broadside lobe {(at right angles to the line of the
array), This has a gain of about 5.3 dB.

Building the Array

The 20 meter design uses four 16,5 foot (5,03 m)
elements made of 1 inch (25.4 mm), 7/8-inch (22,23
mm) and 3fd4-inch (19.05 mm] tubing with 058 inch
(1.45 mm} walls. These sizes telescope within each
other, The outer sections of tubing are slit for a
few inches and a automobile hose clamp holds the
Joint rigid. The elements are mounted on plastic
gpacera  which, in turn, are mounted on l-inch
diameter treated wood dowels driven sewveral feet
inte the ground.

The ground system for each vertical consists of
an aluminum disc with a clearance hole cut in  the
center. A series of holes are drilled around the
perimeber and the radials are attached to the disc
by means of brass nuts and bolts,

The origipal installation used four guarter-wawve
radials {laid out on the ground} per anktenna.
Fesults were poor, 50 additional radials were added.
Eight radials per antenna gawve much improved
performance, Finally,up to 30 radials per antenna
were gradually added with noticeable improvement in
performance.,

The Fesd System

The werticals are spaced 16,5 feet (5,03 m) aparck
and each is fed by an egual-length, 3/4-wave section
of 50 ohm coax line. The same type line is used for
the main feeder, the power divider and the phasing
lines.

The relay box wiring is short and direct to
maintain the correct phase relationship between Lhe
antennas {Fig. 5). Type-N fittings are used for the
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Fig. 5 Relay wirlng. End-fire pattern is present with no dc applied. Dc ap-
plied to terminals 2 and COM {common) reverses array directlon and ap-
plied to terminals 1 and COM provides broadside, bidirectional pattem.
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Fig. 6 Relay box showlng phesing lines coiled into position. Waterproof
connectors are used.

power divider and phasing line connections (Pig. &)
because they are waterproaf devices, The relays are
surplus 115 ¥, &0 Hz large-conbact wnits that
activate at about 35 Vdc,

The SWR is less than l.4=to-1 in the end-fire
modes when twelwve radials per element are used, IL
is less than 2-to-1 in the broadside  mode,
Bdditional radials reduce the SWR in both operating
modes,

A 4 Elemenkt, Sguare Array for 40 Meters

pescribed in this section is a four element,
phased array designed by Jerrold Swank, WEHER, for
uge at Byrd Station, Antarctica {XC405B) . The
antenna was described in the May, 1975, issue of
"Ham Radio" magazine.
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D

C
pl——88" (20.7M) ——— ¥

CABLE LEMGTHS
A-F and F-B = 3% [10.67M)
A-D and BZ = B7E" (20.62M)

Fig. 7 Four element, phased array used at Byrd Slatlon, Antarctica on 40
meters. Elaments are quarter-wave whips, Galn la about 6 dB over a single
element. Physical spacing of elements shown in drawing.

broadside, half-wave spaced
pair of vertical elements with guarter-wave spaced
elements in A  sgquare configuration, Array gaim  is
eztimated to better than & dB over a single wertical
antenna, The radiation pattern is at right angles to
the line A-B and in the direction of the arrow in
Fig, T.

The

The array ccmbines a

phasing lines between the
spaced elements (A-D and B-C} are
long because when the welocity factor
(0.668) iz taken inte consideration, a guarter-wave
line is too short te sSpan the distance. The leonger
line provide= the same phase delay.

A T-connection is located at the
line connecting the half-wave spaced elements,

gquarter-wave
3fd=wavelength
of the cable

center of the
Thezsa

A T i
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are connecbod Lo Lhe T with equal-length lines, lina
length being noncritical in this instance.

The anbennas are supported about 6 feet (1.8 m)
apove ground and the radials extend cut te ground
lewel, The radials are placed in fromt of the
elements to provide the best grownd plane in  the
desired direction.

This array has been tested against a Jlarge
log-periodic antenna mounted on a 100 foob (30.4 m)
tower over Lhe Aotarcbic-Ush path and provides an
average sianal within 3 decibels of that of the
much-larger beam.

Adjusting Coax Line Phasing Sections

The radio wawve fLravels more slowly in a coax
line than it does in free space, so the wavelength
along a line 15 less than the free space wavelength
for a given freguency.

The result is that the physical length of a
given lime section is always somewhat less than the
electrical length. The welocity factor of a line 1is
the ratio of the actual wave velocity along the line
compared to the wvelocity in free space. Far
conventional lines with a solid polyethylensa
dielectric, the factor i=s approximately O0.66. The
coax line length corresponding to an electrical
gquarter-wavelength, then, for a8 given frequency is
about (346 =x 0.66)/f, where 0.66 is the welocity
factor and £ is the frequency in megahertz.

Because the welocity of propagation of coaxial
lines wvaries slightly depending upon manufacturing
techniques, it is important te cut the line to
length with the aid of a dip meter, The length of
connecting plugs, if any, should be taken into
account ,



158 VEATICAL AMTENNAS
Cutting the Line

A5 an example, assume a coax line is to bhe ent

to a guarter-wavelength at 7.15 MHe. Approximate

line length is (246 x D.66}/f, or 1a7.6/7.15 = 20,42

feet (6.22 m).To be on the safe =ide, a section of
line is cuk about 21 feet (B.4 m) long. Before
measurements are wndertaken, a coaxial @ plug iz
placed on one end of the line, The other end ig
trimmed evan and the outer conductor edge  tinned
with a soldering gun Lo prevent some of the braid
wires from shorting to the center conductor, &
single turn loop just large enough to £it  sougly

over the ooil of a dip meter is soldered bebween Che
braid and the center conductor .

The coax line is straightened owuk and the dip
meter loosely coupled bBo the coil. The Erequency of
the dip meter is measured on a mearby receiwver. The
indication of resonance on the dip meter shows the
resonant freguency of bhe cable length. Make several
readings and take an awerage to ocbtain the most
accurate measurement. You should be able to hawve the
readings agree within a few kilohertz.

Eince the cable is originally cut slightly long,
ipdicated freguency will be lowered than that
inch  {(2.34 cm) off the cable and
loop, HRepeat the measurements and

the
desired. Cul aone
reconnect  the

determine the pew resonant freguency. This will bell
you how many kilochertz the cable mowes in fresguency
when one inch is trimmed from the end. If, for
gxample, the original set of readings indicated a

regsonant freguency of 7.00 MH=z, and trimming cne
inch from the lipe raised the freguency 50 kHz b2
7.05 MHz, then trimeming an additional two inches (5
cm) from the line will raise the resomant frequency
100 kHz to 7.15 MH=z.

If a second coax plug is to be placed om  the
line, the line will have to bBe trimmed back a bit a=s
total line length is measured from plug bip to plug
Eip.

=

Chapter 7

Multiband Vertical Antennas

= discussed in an earlier chapter, any antenna
gan be adjusted to operate on any freguency provided
the proper tuning network is used. It is important,
however, to remembor  bhab most practical multiband
antennas are approximately an electrical guarter
wavelength long at the lowest operating freguency.
Thiz chapter shows some inbteresting wariations on
this idea.

A Simple Multibapd Vertical Antenna
multiband antepna is a s=ingle
resonance by a loading coil. A
popular wversion consists of a 20 foot (6.1 m}
gecticn of aluminum tubing, base loaded by an
adjustable coil and operated against ground (Fig.
1). pperation on any band between 10 and 80 meters
ig accomplished by proper placement of the taps on
the coil. The connections are made with  an
inductance clip, such as the Barker & Williamsan
1942, or eguivalent. The hase coil is a section of
air-wound inductor.

For temporary serwice the antenna
a4 ground red, but a more permanent and

An  inexpensive
element tuned to

can he wuzed with
efficient

installation would reguire 2  ground screen or
multiple radial wires,
Operating bandwidth of this simple antenna is

ovar 150 kHz on 20 meters and above, about B kHz on
40 meters and approximately 35 kHz on 80 meters,
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Fig. 1 Multlband vertical for 80 through 15 meter bands. Coll laps and feed-
point are adjusted on each band by means of SWH meter in feedline. Coll
i 35 turns, 2-1/2 inches diam., & tums per inch (B & W 3028 or equlvalent).

The antenna is clamped to a rectangular mounting
plate with U-bolts, The plate, in turn, is mounted
to & ground post or other support by GCwo ceramic
standoff insulators. Altermatiwvely, the antenna can
be slipped within a telescoping section of plastic

EVC pipe fastened to the support with U-bolts.
The approximate coil taps for a particular band

are chosen and a few watts of power are applied to
the antenna through an SWR meter, The antenna tap is
shifted a bit for lowest SWR and the feedpoint tap
is then adjusted to minimize the SWR reading. The
adjustments are slightly interlocking. When the
gptimum tap points are found, they are logged and
the procedure is repeated for another band.

s
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INSULATORS

GEUY ROPE

TIERDINT
(TYF)
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RADID
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Fig. 2 Vertical antenna plus sloping guy ropes support other antennas for
higher frequency bands, A popular comblnatlon is 20-15-10 meters. Separa-
fion betwesn antennas at the top is about 3 feet (0.5m}.

An Inexpensive Triband VWertical Antenna

Vertical antennas for different amateur bands
be connected in parallel at the feedpoint and f£ed
with one transmission line, as shown in Fig. 2, The
antennas are fanned out slightly to achieve minimum
interaction between them. Because isolation between
the elements is not perfect, SWR at resonance of the
antennas is not ag low as it would be if sSeparate
feed systems were used, An L-network placed at the
transmitter will reduce the SWR to a wvery low value

can



150 VERTICAL ANTENMAS

T& WETEA 305 fnk
3 1hRITER TRAR

IS UETEA ALOTIOK

Flg. 3 Trap vertical entenna for 10, 15 and 20 meters. The traps sct 8= elec.
trical swilches and disconnec] antenna sections a% the frequency of opera-

tlon ks changed.

and may be reguired if a solid-state transmitter i=

used.

In thiz dezign, the wertical antenna for bhe
lowest freguency band is made of aluminum tubing and
acts as & support for the ropes holding the wire
verticals, The ropes also act as guy wires for the
tubing section. Por best antenna efficiency a ground
gecreen o multiple ground wires are required.

The Multiband Trap Antenna

The wertical antenna is a freguency-sensitive
device capable of providing a good wmatch to the
transmission line ower a nareow operating range. A

matching device is often
off-rescnance freguencies,

used to rescnate it at
bubt a more practical and

useful means to achieve multiband operation is to
change the length of the antenna as the band in use

is changed. If the antenna

is cukt for operation on

the Jlowest band, sections of the antenna can be

digconnected, or decoupled,

for operaticn on higher
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fregency bands, A remote switch will do  the job; but
an easier way iz to use automatic decoupling Lraps,
as shown in Fig. 3,

A typical Gtrap consistz of a high impedance
resonant circuit. The high impedance of the trap
izolates an unwanted portion of the  antenna,
permitting the remaining section to resonate at the
dezired freguency.

In the illustration, the bottom trap is roesonant
at 10 meters, isolating the upper portion of the
antenna. A second trap, adjusted to 15 meters, is
placed higher in the element to isolate a somewhat
shorter section of the antenna. The complete antenna
element, including the two traps, resonates at 20
meters. Theoretically, an antenna could be made to
resonate on  any number of frequencies lower than the
fundamental frequency by adding a sufficient number
of additional sections and Lraps.

The Decoupling Trap

A popular trap design consists of ooil and
capacitor resonant in the highest operating band of
the antenpna, If the impedance of the trap is
gufficiently high (10,000 ohms, or more), it is
nearly egquivalent Gto an open switch, At or near the
resonant  trap fregquency, the element section after
it is effectively disconnected E£rom the antenna, The
antenna section between the trap and the feedpoint
iz resopant at a  frequency determined by itse
electrical length and diameter, plus any residual
effect contributed by the presence of the trap.

At the lowest freguency of operation of the
trapped antenna, the traps act somewhat in  the
manner of loading coils whose effect iz to shorten
the physical length of the antenna, A multiband,
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trapped anktenna therefore will have slightly shorter
dimensions than a single element for the  same
freguency, The amount of shortening depends Lo a
large extent upon the design and construction of the
Lrap.

A practical multiband antenna is a series of
enginesring  and elactrical Ccompromises as the
facbors conbributing Lo a highly efficient, low-loss
trap are at odds with the npeed for a compact,
waterproof, low price unit capable of working in an
outdoor environment. It is a tribute to antenna
engineers that many of the popular triband anbennas
on  the market work as well as they do, In any event,
the small loss in efficiency in a well designed trap
does not =eem too great a penalby bo pay  for the
convenience of multiband operation with a singls
antenna.

Radialg for the Multiband Antenna

A moaltiband wertical reguires a good ground
system for each band in order to do its job. If the
antenna is ground mounted, multiple ground radials
or & ground soreen should be used., The radials
and/or screen should be large ensugh for efficient
operation on the lowest frequency band in use.

If the antenna is elevated above ground, multiple
radials should be placed beneath it, It is common
practice to make the number of radials on the higher
bands egual toc the total number of radials For the
lowest bapd. Por example, a 20-15-10 meter anbenna
may have 4 radials for 20 meters, and two radials
each for 15 and 10 meters. Hany amateurs, of course,
use more radials tham this.

A Vertical Antenna for 3.5, 7, 10 and 14 MH=

A 5/B-wave wertical antenna for 14 MHz provides
about 31 dB gain over the conventional guarter-wave
antenna, That is eguivalent to  doubling the
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transmitter powsr, Ip additicn, the extra antenna
height allows operation on the lower frequency bands
if a suitable matching network is used.

A practical design iz shown in  Fig, 4. Eight
radials, &0 feet (13,3 m) long, are fanned oul on
the surface of the ground and an 8 fool (2.44 m)
long ground rod is driven into the earth at the base
of the antenna,

antenna feedpoint impedance is reactive on all
bands and shows a resistance walus of about 20 ohms
agn 90 meters, 180 chms on 40 mebers, 200 ohmz on 30
meters and 40 ohms on 20 meters. & pi-network that

' will match this range of walues is shown in the

drawing. The network is placed at the bass of the
antenna in a waterproof wood box,

Building the Antenna

The antenna is 41 feet (12.5 m} high and built of

gactions of aluminum tubing. The bottom section i=s a
820 foot (6.1 m) length of 2 inch (5.1 cm) diameter

irrigation pipe, The top three sections are made of

 telescoping sections of tubkdng, 2ll having a wall

thickness of .058 dinch (1.47 mm). Diameters of the

' rections are 1.75 inches (4,45 cm), 1.5 inches (3.81
‘cm) and 1,375 inches (3.49 cm).

The antenna is
supported by a 4xd (10 cm sguare) wood post 8 feet
{2.44 m) long. The bottom half of the post 1is

‘painted and then wrapped with two layers of heavy

weight aluminum kitchen foil which covers the sides

‘and end. The foil is held in place with vinyl tape,

and seams in the £foil are also taped. This protects

' the post against ground water rot and termites. The
‘post is sunk aboubt 4 feeb (1,22 m) in the ground.

The antenna is mounted to the post by thres heavy
Ak ceramic standoff insulators. The better
insulators have metal bases which add strength to

‘the mounting area. The whole assembly is very rugged

‘and reguires no guying. The top of the antenna will
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Fig. 4 Gain antenna for 80-10 meters. This design provides aboul 3 dB galn
on 20 meters and less on the lower fregquency bands, & simple
pl-network at bese permits the antenna to be tuned to the band in use.
Tuning data is given in text. A smaller version, 22 feet (6.7 m) high can
be uged on the 20-16-10 meter bends. Network compenent values are
reduced by half for the higher frequeancy dasign.
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gway about 2 feet wind with no

harm done to it.

(0.6 m) in a heavy

Tuning the Antenna

The pi-network
tapped coil. The

consists of Lwo capacitors and &
antenna capacitor {(at the left in
the drawing) is only uged on the 30 and 40 meter
bands., On the other bands it is set at =zero, The
right-hand capacitor and the ooil are adjusted for
lowest value of SWR on the feedline. On 30 and 40
meters the left capacitor brings the network into
resonance and the right capacitor will be set near
zero value.

Uzing the Antenna on 14 Thru 30 MH=z

The antenna design shown in the prewious section
can be adapted for wse on the higher freguency bands
by cutting the owverall Ilength to 22 feet (6.7 ml.
The bhasic antenna is now a half-wave vertical for 21
MH=z, which al=o functions as a §6/B-wave wvertical on
2B MHz, providing about 3 4B gain on the latter
band, On the 24 MHz band, about 2 4B gain is
provided. The network capacitors are reduced to  L00

pF and Lhe coil inductance to 3 uH  for the high
frequensy version of the antenna, The ground system
consistes of eight radial wires, 30 feet (9,1 m)

long, plus an 8 foot (2.44 m) ground rod at the base
of the antenna.

A Vertical for 40 and 75 Meters

This compackt antenna employs a single trap and
top~hat loading and is only 33 feet (10 m) high
{Fig, G5}. It iz designed for rooftop mounting and
has four radials—-- two for 40 metersz and two for 80
meters. The latter are bent into a Z-shape to
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Fig. 5 A two-band vertical antenna for 40 and 80 meters. The vertical mast
iz resonant on 40 meters, Top loading resonates it in the 80 meter band.
The decoupling trep, made of a shorted sectlon of coax cable, is dropped
down Inside the mast. A simple L-network at the antenna base provides
a melch to a 50 or 75 ohm coax line. The shunt Inductor |5 adjusted for
lowest SWH at the 80 meter design frequency. Anfenna is mounted to a
wood post by meens of U-holts.
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Fla. & Vlew of the lop assembly of the two-band vertical antlenna, Outer
braid of the coax decoupling trap ia split into two pig-tails which are
clamped 1o the top of the mast. The inner conductor of the coax passes
up through the top insulator and I3 attached to the two lop wire guys which
act as loading wires. B0 meter resonant frequency cen be changed by
adjusting wire length,
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conserve roof space. B simple L-network provides a
good impedance match on both  bapds. Operational
bandwidth between the 2-to-l1 ESWRE pointz on the
feedline is about 120 kHz on &0 meters and 220 kB=z
on 40 meters.

Building the Antennna

The antenna is made from a three section push-up
™ mast which is tCrimmed to one gquarter wawvelength
on 40 meters, From the top a length of RG=8BASU
[RG-213/U) is dropped down inside the mast. The line
is 22.3 feet (0.9 m) long with the ghield shorted to
the inner conductor at the bottom end. This Joint is
wrapped with wvinyl tape to prevent it from shorting
te the mast. The top outer shield is connected to
the top of the TV mast, The top center conductor of
the coax is connected to two slanted top-hal wWipes,
which act as guy wires and a capacitive loading
element. On 40 meters the coax appears as a parallel
resonant circuit and isclates the mast from Lhe Lop
hat radial wires. On 75 meters the coax iz one
eighth wawvelength long and acts as a geries loading
coil., The mast, coaxial coil and top hat form a
series resonant circuit, forming a one aeighth wave
radiator resonant at about 36850 kBz.

The Matching Hetwork

On 40 meters the [eedpoint resistance iz about
40 ohms. On 75 meters, becauze of top loading, the
base registance ig about 1B ohm=a, (If base loading
were used, the feedpoint resistance would only be
about 7 ohms.) The network is adjusted for proper 75
meter operaticon and is  1left in the circuit for 40
meter operation as it has negligible effect on this
band,
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antenna Details

The detail of the top of the mast iz shown in
Fig. . This di=s a high woltage point 50 a good
guality top insulator is needed. The one used was
cut from a hard maple block apd painted with G.C.
"Tagsu=velt" varnish. MHicarta, Teflon, Lexan, or
other insulating materials are suitable. The Lop end
of the <oax cable within the mast is sealed with a
coat of G.E. RTV-10B sealant, or eguivalent.

The two top radials are made of galvanized iron
or copperweld wire. They have low current in  them
and wire size is not important, but they must
withstand wind stress. The lower end of the radials
terminates in a strain insulator.

A corona ring is formed at the top of the mast by
extending the center conductor of the coax to form a
2 inch (51 mm) diameter loop. This is necessary if
high power is run in damp weather.

The base insulator is at a low wvoltage point and
iz made of a painted hard wood block. To stabilize
the antenna a second set of guy wires is placed at
the top of the base section of the mast, Guy rings
are usually supplied with the mast.

The L-network is placed in a waterproof wood box
at the base of the antenna. The rescnankt radials are
run across the roof and mounted a few inches above
it. The ends are supported and Lerminated by =small
insulators. The radials are bent to fit the shape of
the rToof, 1f necessary.

(This antenna was designed and built by Faul
Soholz, WEPYE, and was described in the September,
1979 iggue of "Ham Radio" magazine.)

A Three EBand Growund Plane Anktenna

This low-cost, high performance antenna is
designed for 20, 15 and 10 meter operatioon and is
about 9 Feet [(2.74 m)} high {Fig, 7)., The wvertical
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band verllcal antenna,
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portion ie made of thin-wall electrical conduit,
available in 10 foot (3,1 m) lengths from large
building supply stores. Antenna length is slightly
longer than derived by formula as the top loading
affects 10 meter rescnance,

Separate loading coils are wused for 20 and 15
meters and are terminated in small capacity hats.
Thie allows loading coils with fewer turns and helps
reduce coil losses,

Antenna Construction

The conduit is capped with a 5 4inch (12.7 em)
length of half-inch plastic water pipe which is
actually 7/8-inch (22.22 mm) outside diameter. This
provides a slip fit over the conduit. The pipe is
cemented to a plastic T-fitting, The top of the
T=fitting iz drilled cut so that the conduit passes
through for comnections to the leoading coils.

A l4=-inch (35.6 em} length of plastic pipe
passes horizontally throuwgh the T-fitting and the
loading ¢oils are wound on the ends of +the pip=
after it is cemented toe the fitting. The coils are
close-wound with no. 20 enamel wire. Twenty eight
turns are required for the 15 meter coil and B2
turnzs for the 20 meter coil. The inductance of the
coils can be reduced, if necessary, by remaving
turns. It 1s best to start with a few too many turns
and remowe a half-turn ab a time until the frequancy
of minimum 5WE iz near the band center. The
inductors can be fine-tuned by changing the spacing
betwaen the turns. Fortunately, there is little
interaction between 15 and 20 meter resonance.

When the coils are completed, they are agiven a
coat of G.C. "Insu-volt" varnish or acrylic spray to
protect them from the weather. The rescnant
freguency will be  lowered about 150 kHz when the
coils  are gprayed, so it is a good idea to have
resonance about that much higher in frequency before
painting starts. The conduit is zinc-plated bukb
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should be sprayed with clear lacquer as further rust
preventative,

The loading coils for 20 and 15 meters are
terminated by capacity hats made from three pieces
of no. 10 copper wire forced through holes drilled
in the end of the plastic caps.

Thiz antenna has worked well with only four
radials--two for 10 meters, cne for 15 meters and
one for 20 meters. These serve as guy wires, forming
a drooping ground planse, If more radials can be

installed; a minimum of four per band is suggested.
Antenna bandwidth between the Z=to=1 SWRE points

on the feedline 1is over 1700 kHz on 10 meters, with
the degign freguency at 29 MHz, This allows
excellent operation ower the whole band. The SWR
bandwidth on 15 meters is owver 600 kHz and is better
than 300 kH= on 20 meters when the antenna i=s
adjusted for rescnance at 14.2 MHz. ([(This design was
described by Fred Brown, WBHPH, in the October, 19gE
igsue of "Ham Radic" magazine,.

Chapter 8

Antenna Roundup

The G3HCT Minibeam for 40 Meters

This simple beam antenna for 40 meters iz low ip
cost and occuplies a minimum of space. It consists of
a4 bLwo-wire wertical antenna supported by a 36 foot
(11 m} high wood mast plus a three wire reflector, A
simple coax matching system is wsed to match a 50 ar
15 ohe line (Pig. 1l}.

The folded unipole element is 34 feet (10.36 m)
high, with 3-1/2 inch (9 cm) spacing between the
wireg, The spacers are cub from short lengths of 152
inch (1.3 cm) diameter plastic rod, drilled to pass
the wires.

Each reflector wire iz Tl feet (21.54 m) lobg.
They are supported at one point atop the towsr but
there is no connection between the wires. The wires
clear the ground at the lower end by about 4 feet
{1.22 m}.

A stub matching system is used. Length D iz from
the antenna feedpoint to a ooax T-cobnector. Length
E iz get for lowest S5WER at the midpoint of the band
by shorting through the coax line with a pin, %hen
the correct spobt is  determined; the lipe is cut and
the end shorted with a permapent joink.

At  least eight guarter-wave radial wires are
laid cut on  the ground surface, fanning out from the
bage of the antenna.
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Fig. 1 The G3HCT reflector-antenna for 40 meters. A coax translormer
matches antenna to 50 or 75 ohm line. Dimension D is 16'2™ (4.93 m).
Dimension E is 9'3" (2.82 m). Length E is adjusted for lowest SWH on the
transmizslon line as explained in the text,

G3HCT reports good front-to-back ratioc. Gain
measurements were npnot made, but the antenna comparses
favorably with a two element Yagi on a 120 foot (36
m) high teower, usually running about 1/2 to 1 S-unit
below the larger beam. G3HCT says this is "the best
40 meter antenna I'we ever used".

(This antenna was originally described in "Radio
Communication", & publication of the Radio Saociety
of Great Britain and discussed im the October, 1573
igaue of "CQ" magazine by Bill Orr, WESAI.)

A Vertically Polarized Delta Loop Antenna

The wertically polarized delta loop antenna
(Fig. 2) is a popular DX performer for the 30, 40
and 80 meter bands. In its simplest version, it is a
one-wavelength wire, wrapped inte a triangle with
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Fig. 2 Delta loop provides 1.5 dB galn over vertical dipole. Loop iz fed
through quarter-wave coax transformer.

the apex at the top and fed in one corner. Depending
upon the shape of the loop and the height of the
bottom wire above ground, the feedpoint resistance
runs between 80 and 120 chms, providing a convenient
match for a 50 or 75 obhm coax line, either direct or
through a 75 ohm impedance matching line section.
The line iz coiled into a six bturn rf choke at the
point it is connected to the loop to decouple the
puter shield from wunwanbed antenna corrents.

The delta loop provides about 1.5 dB gain aver a
vartical dipole, and has a bidirectional radiation
pattern at right angles to the plane of the loop.
The high efficiency of the antenna indicates that
the physical arrangement of the wire is relatively
unimportant, however the loop gain and feedpoint
resistance are highest when the wire encompasses the
greatest area. Operational bandwidth is excellent;
an 80 meter loop covers the whole band with an EWR
of less than 1.8-to-1.
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Feeding the Delta Loop for Multiband Operation

If the BO meter delta Ioop is fed with a
balanced, two-wire line and an antenna tuner or
Transmakbeh, it <an be operated on its  harmonic
frequencies, As the harmonic freguency increases,;
lpop bandwidth grows and the resonant points are
wery broad.

For proper operation, the locop regquires a Cop
support about 45 feet (13,7 m} above ground, Ho
radials are reguired if the =cil below the antenna
has fair bto good conduskiviby.

The Half=sloper Bntenna

&4 relatiwe of the vertical antenna iz the
half-zloper, so-called because it is one-half of an
inclined dipole, It i commonly slung from an
existing metal tower, with the far end of Lthe wire
tigd off near ground lewel (Fig, 3). The high
current portion iz at Lhe bop, which is beneficial
for the low angle radiation which is predominantly
verbically polarized. The tower iz an electrical
part of the antenna and plays a significant role in
its operation. It must be well grounded at the basa,

The half-sloper wire iz fed &t the top end and
the shield of the coax line is attached to the Lower
at this point., The top of the antenna should be
about a guarter-wavelength in the air and the bottom
and must be well-clear of the ground [ & feet-1.8 m,
or more] for best results, The included angle
petween wire and tower is about 45 degrees, although
changes in angle and wire height may be compensated
for by varying the length of the wire,

Extended tests have shown that the half-slopoer
provides no gain over a ground plane, but has 3 to 4
dBE directivity in the direction of the slope.
Apparent DX signal gain comes from the low angle of
radiation provided by this unusual antenna, In
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Flg. 3 The basic sloper antenna is a quarler-wave wire fed at the top and
slung from an existing lower. Shleld of coax is grounded to tower at the
top. Lower end of sloper should clear the ground by ten fest or so.

addition, the half-sloper seems to pick up less
man=made noise than Lhe conventional wvertical

antenna, providing a great advantage in weak-signal
reception.

Froparing the Tower for the Half-sloper Antenna

In most instances, the half-sloper is attached to
an existing towser. For proper sloper operationm, the
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Lower must act as a portion of the antenna system,
It should have good electrical conductbivity from top
to bottom. In the case of a grank-up or tilt-owver
tower, a flexible jumper must be placed across Lhe
mechanical joints, If a beam is atop the tower, good
tower=to-rotary mast conductivity is very important
because if it is intermittent, the S5WR on the sloper
wire will fluctuate in a breeze. A flexible Jjumper
from tower to mast solves this problem.

The coax lines to the sloper and to the tower
antenna, plus any control cables Gbo the rotator on
the tower, should be tapsed to one tower Leg and
brouwght down to ground lewel. They then should be
routed to the station along the ground, 1f
convenient, the lines may be buried inside a garden
hose Lo get bhem out of the way, Burying cables
without good protection from ground water is a bad
prackice, hence the use of the hose.

Installing the Half-sloper Antenna

The attachment point of the half-sloper should
he one-quarter wawvelength, or more, above ground. If
it is greater or less than thiz figure, adjustments
will probably have to be made to the lengbh of the
sloper wire and the included angle Go Lthe Lower.
Varying the angle of the wire Lo the tower hazs a
marked eaffect upon the fesdpoint resistance and
conseguent SWH, whereas adjustment of sloper length
changes the resonant freguency of the antenna, The
physical length of the wire is slightly greater than
that of an equivalent guarter=-wave wire. The length
can be chapged to position the resonant fregquency of
the half-sloper at the desired point in the amateur
band.

Guy wires and other attachments to the tower
exert influence on the sloper wire. ALl guys should
be broken up by strain insulators at  short interwvals
to prevent unwanted resonant effects and, as in the
case of the ground plane anbenna, the sloper Lowsr
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must have & good radial ground system at the base.
The half-sloper antenna provides satisfactory
operating bandwidth, typically 50 kHz on 160 meters,
100 kHz on BO meters and about 200 kHz on 40 meters
between the 2Z-to-1 SWR points on the feedline.

Building the Vertical Antenna

& rugged and permanent wertical antenna c¢an be
built from telescoping sections of aluminum tubing.
When properly assembled and guyed, this antenna will
withstand heavy wind and icing. Shown in Table 1 are
gtandard sizes of aluminum tubing that telescope
within one another, The commercial alloy 6081-T6
combines good mechanical strength with corrosion
registance and is available from metal supply houses
in large cities, Softer alloys used for gas lines
and architectural work should be avoided as their
strength i5 low and the material bends easily.

The first assembly step i= to slot one end of
the larger diameter tubes with a hacksaw. The slot
goes through both walls, on a line with the center
axis of the tube. This permits the diameter of the
tube Lo shrink a bit when a clamp is placed owver the
end. All burrs should be carefully removed from the
walls of the tube and the mating sections of tubing
sanded and cleaned to lessen the possibility of
seizure after they are telescoped, The alot should
be wide encugh so that when pressure is put upon the
end of the tube, the next secticn of tubing is held
firmly in placs,

Before the sections are joined, precautions must
be taken to prevent corrosion at the Jodnts. Only a
minute amount of corrosion between the tubes will
provent disassembly of the antenna at a later date.
An  antioxidizing, <onductive compound such as
General Electric G-63% dielectric sealant grease,
"Penetrox™ or "Cual-Aid" should be smeared lightly

. over the mating secticns of tubing. These compounds



L[] VERTICAL ANTENMAS

TABLE 1 - ALUMINUM TUBING - STAMDARD S1ZES

Recommended for antepna ceonstruction

Qurer O ame. Wall Inner Diam
Inch deecimal inch inch Ibfft
3 {3.000) 0,125 2.700 1.33
2-172 [Z2.500} D.125 T.250 1.1%
Z=1)2 [2.500) n.O083 2.334 0.74
-1/2 [2.500) n.083 2084 (-
2-1f2 (2.500]) 0,065 2.1120 .52
b (2.000] 0.083 1834 0.59
2 (2.000) 0,065 1.870 D.45
1-7/8 (1.875] ©.058 * 1.759 0.39
1-3/4 (1.750) 0.083 1.584 0.51
1=3/4 [1.750] O.058 ®* 1.634 0.36
1=5/E [1.635] n.0sg = 1,509 0.34
1=5/8 [1.625]) 0.03% 1.555 0.2
1-1/2 (1.500) 0.083 1:.334 D.43
1-1/2 [1.500] 0.065 1.370 0.34
1=1/2 (1.500) n.058 * 1,354 0.31
1=-1/2 ([1.500] 0.049 1.402 0.26
1-1/2 [1.500] 0.035 1.430 0.18
1=3/8 [1.375}) o,058 * 1.%59 0.2E
1i-3/E [1.375] 0,035 1:.305 DB.17
1=1/4 [1.250) 0,058 * 1.134 0.26
i-1/4 [1.250) 0.049 1.152 0,21
1=1/8 (1,125} 0.058 = 1.006 0.213
1-178 [1.125] 0.035 1.055 0.14
1 [1.000% 0.058 = 0O.BE4 .20
1 [1.000] 0.040 0.502 .17
1 [1.000) D.035% 0.930 0.12
Tr8 [0.B8T5) 0.058 = 0.75% 0.18
78 (0.B75] 0.048 0.777 0.15
34 [0.T50) 0.058 * 0.634 0.15
af4 (0.750] 0 .049 0.652 0.13
5B [0.625) 0,058 * 0,308 0.12
/8 (0.625) 0049 0.527 0.11
1(2 (0.500) 0.0588 * 0.384 G0.10
12 [(0.500) 0.035 0,430 0.06
TI16 (0.438) 0.035 0.367 0.05
ife (0.375) 0,058 * 0,239 0,07
5f16 (0.313) 0,058 * 0.196 0.06
14 {0.250] 0.058 * 0.134 .04

* telescopes Into next larger size having 0.058 wall.
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form an air-tight seal as well as being good
elactrical conductors,

The sections are now telescoped and the joint
held s=securely by a compression-type hose clamp. IE
the sections do nob make a tight fit, the joint can
be shimmed with thin strips of aluminum. In any
avent, there should be no movement in the joint when
the completed antenna is picked up at one end,

Antenna Hardware

Care must be taken to use hardware that will not
rust or corrcde, HNewer use stove baolts or any bolts
that lack a corrosion-proof finish, Most industrial
hardware is made of ecadmive- or zinc-plated metal.
This is satisfactory, provided LChe antenna owner
checks it ewvery year as exposure to the weather
gradually deteriorates the protective plating and
the hardware rusts. The best and most expensive
hardware o use is stainless steel, but this is
difficult te find,

all plated hardware should be given a protective
coat of Geperal Electric RTV-108 adhesive sealant or
Zinge Chromate paint, The paint can be found at large
hardware and home improvement stores in an  Aerosol
dispenser. Do not hreathe the paint fumes as they
are Loxic.

If ©possible, wuse hexagonal-headed bolts and
elastic stop nuts for antenna assembly, If stop nuts
are nobt used, lock washers are mandatory. The use of
glot-head bolts is not recommended as it is easy for
the screwdriver to slip owt of the bolt head,
possibly inflicting a bad wound on the azsembler.

By following these suggestions, the builder can
make an antenna thak is safe and easy Lo erect and
gimple to take apart.
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Antenna Guys

Large antennas regquire guy wires to prevent them
from whipping about in the wind. & broken guy is a
safety hazard and the installation of guys should be
done az carefully as asssmbly of the antenna, For
mast light amateur wertical antennas galvanized
steel guy wire, broken up by  strain  insulabtors, can
be used, The guys are broken inte 10 foot (3 m)
lengths bto prevent them from becoming a resonant
part of Che antenna systbem. Galvanized coating rusts
in a few years =so0 an annual check of guys and
hardware for rust is a good idea. Por large antennas
or  btowers, stranded steel guy wire is reguired,
Small antennas can be guyed with polypropylene rope,
aliminating the need for strain insulators, Keep an
eye on the rope as it stretches with age.

The Baze Insulator

In most cases, the voltage at the base of a
vartical antenna is high epough to cause trouble, hAs
an example, a guarter-wave wertical with a feedpoint
resistance of 35 ohms has a base-to-ground voltage
of about 1B5 wolts with 1000 watts applied to the
antenna, This is enough to giwve the uwnwary a bad
burn so the base of the antenna should be protected
against the curious.

any good insulating material can be uwsed for the
base insulatecr, Hard, maple wood is a good choice if
it is provided with a protective coabt of General
Caement Co. "Insul-velt" warnish (G.C. 10=-608) or
zeveral opats of warnish -or shellac, A& surplus
ceramic insulator will do the job for a small
antenna. Soms amateurs use an empby soft drink glass
kottle as an  antenna base insulator] Others meount
their wertical directly to a ground post with
U-bolts. Bll of these ideas, and octhers wyou may
think up, will work.
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Lightning Protection

If an antenna receives a direct lightning strike
it may be badly damaged or wvaporized. A lightning
bolt can discharge owver 20,000 amperes im a few
seconds. Antenna, feedline and radio eguipment can
be destroyed with possible fatal burn or shock to
the operator, if he i1s in the wicimity.

For this reason it is important  that the
feedline from antenna to stationm be disconnected.
The feedline should be grounded outside the station
to bleed off static electricity that may build up on
the antenna,

A degree of oquipment protection <an be achieved
from nearby lightning strikes (which can induce
abnormally high transient woltages in the antenna)
by the inclusion of a tramsient surge protector in
the coax line, One such device is the Transi-trap
protector (Alpha Delta Communications, Ing., Box
571, Centerville, OH 45459). This wunit 1s placed in
the coax line from antenna to the station.

Communication eguipment ecan be protected from
damage caused by induced power line surges from a
nearby lightning stroke with the aid of a transient
protective device such as a metal-oxide varistor
(MOY) whose regsistance waries with the magnitude of
the voltage surge, The dewvice is placed on the powar
line to the egquipment. Additicnal information on
these products may be found in a February, 1982, 5T
article by Collick and Stuart.

The Hational Fire Protection  Association
(Batterymarch Park, Quincy, MA 02269) publishes a
booklet (no, 79-1283) called "Lightning Protection
Code"  that idncludes  information  pertinent to
#lectronic equipment. Write for it.
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hntenna Teat Eguilpment

In order to make sure vour antenna works the way
it is intended to, you will need aseveral items of
inexpensive test equipment to evaluate it. The
questions you will want to answer are: Ls my antenna
rescnant at the design frequency? Does my antenna
match my transmission line? Inexpensive items of
test equipment will give you easy and rapid answers
to these gquestions,.

The test equipment reguired are an accurate SWR
bridge and a dip meter. The BSWR meter 1is often
incorporated in the transmitter, but you'll have to
buy or build the dip meter.

The SWE Meber

The SWH meter measurea the standing wave ratio
[EWR] on the tramsmission line to the antenna. {This
iz also called the "wvoltage standing wave ratic”, or
HUSWRE".) The rewverse reading of the meter indicates
the degree of match between antenna and line, If the
match is perfect (zeroc reverse reading on the
meter], the SWR is unity, or "l=te-1". Az the
migmatch between antenna and line Dbecomes greater,
the reverse SWR reading riges accordingly. MHost
modern eguipment is designed Lo work into a 3WR as
high as 2-to-1.

You can build anm  3WR meter if you want bto, but
there are good, accurate ones on the market, The
inexpensive SWRE meters are satisfactory for most
purposes, but their reverse readings can be wildly
inpacurate, and often are. However, the aim is to
achieve a low value of SWR on the feedline and the
exact walue of EWR i= relatively unimportant. Bu¥
the best SWR meter you can afford and you'll get the
most accurate results. Some of the better models
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have plug-in rf heads for different frequency bands
and will work accurately up into the ¥whi region,

The Dip Meter

The dip meter is a low power tunable oscillateor
that cowvers the wvarious hf ham bands by means of
plug-in coils, It has & meter that provides
indication of resonance when the instrument is
coupled to an antenna or other tuned ecircuit. The
exact resonant freguency found by the dip meter can
be werified by listing to the device on a nearby
receiver whose dial calibration can be read to 10
kHz, or better. Commercial dip meters are available,
but less expenzive devices may he built up from
kits.

An BO Meter Half-sloper Cage Antenna

A conventional half-sloper anktennsa has 2
relatively narrow bandwidth and will not cover the
whale BO meter band with a reasonable walue of SWR
on the feedline, Shown in PFig. 4 is a multiwire
sloper  which provides  improved bandwidth., The
measpred SWR iz below 1,5-to-1 between 3.5 and 4.0
MH=Z,

The antenna consists of a 4=wire cage, 25 inches
(63.5 cm) on a side and ©63.5 feet (19.35 m) long. It
iz fed at the top, in the manner of a conventional
gloper, Fiwve spreader agzemblies, made out of
fiberglass rods, hold the wires in position. The
spreaders are  lashed together at the center points
with a wrapping of stranded wire,

The end spreaders are placed so  that Ehe
distance from the spreaders bto  the end insulators is
2 fest (O,0 m), A short nylon line iz run from the
crogapover points of the end spreaders to  the outer
insulateor to prevent bowing.

The cage wirez are interconnected at each
spraader by wire Jjumpers running along the
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Fig. 4 Broadbend sloper antenna for 80 meters. Spreaders are made of
36 Imch [92cm) fiberglass rods. All wires are connected by jumpers at each
spreader. SWR I less than 1.4-t0-1 over 3.5 1o 4.0 MHz,

spreaders. The wires are  soldered bogether at  the
crosspoints,

The antenna is fastened at the 50 foot {15.3 m)
level on a metal towser which may be used Lo support
another antenna, The coax feedline is run up the
tower and the shield grounded to the tower at the
top. The conpection  wire between feodline and
antenna showuld be not longer than 10 inches {25 cm).
The coax is brought down one tower leg, along with
any coax or conkrol wires to the beam atop the
tower. The lower epd of the cage is  aboubt 20 feet
{a.,1l m] abowve ground level.

In gensral, changing the cage length changes the
resonant freguency and changing the slope angle or
height of the end point abowe ground changes the
feedpoint resistance.

(Thiz antenpa is adapted from a design by Dick
Jansson, WD4FAB, which was described in  the August,
1283, issue of "Ham Radio" magazine,}
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The HF Mobile Antenna

The auccess or failure of hf mobile operation
depends upon  the efficiency of the antenna. The
mobile station runs relatively low power and must
compete with high power fixed stations with good
antennas. A popular mobile antenpna is an B.6  foob
(2,63 m) =tainlegs steel whip mounted on the rear of
a wehicle. For 10 and 15 meter operation, antenna
efficiency is high as the antenna is wery near
quarter-wave resonance, Feedpoint resistance is
close to 30 chms and the reactance is near zero on
10 meters and guite low on 15 meters.

A operation iz shifted Lo the lower bands, the
antenna grows shorter in term=s of oparating
wavelangth and the feedpoint registance drops
accordingly. At the same time, antenna roeactance
riges and operating bandwidth decreages, Ak B
meters, for example, the feedpoint registance of the
whip 15 about 0.5 cohm, the reactance has increased
te over =100 ochms and the operating bandwidth
{defined as the operating range over which the
feedline EWE is less than 2-to-l) has dropped to
about 15 kHz.

For proper operation, the feedpoint resistance
of the whip must be matched to 50 chms and the
negative reactance canecelled out by adding egual
poaitive reactance in the form of a loading coil.

The Loading Coil

Experiments have shown that mounting the ooil
near the center of the antenna is a good compromisea
hetween electrical efficiency and mechanical
awkwardness. The coil must have a high ratico of
reactance to resistance bto minimize coil loss. This
means wWinding the ooil with heavy wire on a form
whose length is about two to four times the
diameter. An air-wound coil, or one wound on a
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ceramic or polystyrene form, is recommended. A good
coil will have a figure of merit (Q) of 300 or
better, Ewven so, antenna efficiency is quite low,

For example, assumse an 80 meter cenber loaded
whip has a feedpoint resistance of 0.5 ohm and a
reactance of -1850 ohm=s, The loading coil therefore
must have a reactance of +1850 ohms to establish
antenna rescnance. If the coil has a Q@ of 300, the
rf resistance of the coil i=s 1850300, or about 6.2
ohms. Owerall antenna efficiency iz the feedpoint
resistance divided by the sum of the coil resistance
pluz the feedpoint resistance: 0.57(8.240.5); or
.074 or 7.4 percent, This means that a 100 watt
transmitter connected to this antenna would radiate
about 7.4 wattsl

It is wery difficult to obtain a practical
loading ceoil for BO meters having a @ higher than
about 300, so this iz an example of a limiting case,
=0 far ag efficiency goos.

on 160 meters, the sitwation is ewven bleaker, as
whip antenna efficiency runs about 0.5 percent. Even
with this handicap, 160 meter mobile operation 1z
practical and enjoyed by many amataurs,

Loading coil efficiemcy is much baetter on the
higher bands and owverall antenna efficiency 1s
greater than 50 percent on the 20, 15 and 10 meter
banda.

Tuning the HF Mobile Antenna

A good matech hetween the mobile antenna and the
coax feedline can be achieved with a shunt base
coil, as described earlier. Before the coil and
foedline are attached, the anteona  should be
grounded to the frame of the wvehicle wia a two turn
loop and checked for resonance with a dip meter. The
antenna is resonated to frequency by wvarying the
number of tuens in the loading coil or by adjusting
the length of the top portion of the whip.
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The antenna 1s now attached to the feedline and
the shunt matching coil is placed across the coax
line terminals, A tapped coil consisting of 20
turns, 1.5 inches [3.8 cm) in  diameter is
satisfactory. Low power is applied to the antenna
and the number of +turns on the coil adjusted to
provide a low valvee of SWR on the feedline. It will
be necessary to readjust the antenna slightly to
reestablish resonance when the mateh is close to
unity,

An eagsy way Lo temporarily lower the antepnna
resonant freguency is te add a few inches of wire at
the top of the antenna with the aid of a copper
battery clip. This is a guick and effective way of
changing antenna rescnance when the operating
frequency is changed,

The VHF Mobile Antenna

The 1/4- and 3/B-wave wertical whip antennas are
widely wused for vhf mobile operation. A good mabtch
iz achieved by feeding the antenna directly with a
coax line. If the match needs to be improved, &
gmall shunt coil can be placed across the antenna
feedpoint, A six twrn coil, 9.5 inch (1.3 com)
diameber about 1 inch [(2.54 em) long can do the job,
Expand or sgueeze the turns until the best match is
achieved,

The ideal antenna mounting spot is on  the roof
of the car;, with a rear-deck mount a good
alternative. For  temporary operation a magnetic
mount can be wvsed, althowgh it can glip and let the
antenna blow off the wehicle at high aspeeds,
particularly when driving intoc a strong wind, A more
permanent mount involwes attaching the antenna base
directly to the wvehicle. Many amateurs hesitate to
do this because it invelves outting a hole in the
car body.
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The Wertical Antenna-The Final Word by WaSAI

ago a good friend described a
vertical antenna to me as "one that radiates egually
poorly in all directions". I believed that remark
for many years until I had the opportunity to build
and test various wvertical antennas myself.

Looking back upon this story, I realized my
friepnd was comparing a ground-mounted ground plane
against a high, 3-element Yagi. The ground plane,
moreover, was surrounded by powsr lines and claose to
adjacent buildings.

Many vyears

Why not give the vertical antenna a real chance
to perform? My first werbical wag a 50 foot,
center-loaded whip for B0 meters. It was mounted
atop & single story garage and had five radials
which ran around the yard. It was a great DX
antennal I admit that within a thousand miles, it

produced poor results, Bot working the east coast
from We-land, it provided reports egquivalent to
other local stations running high dipoles. And in
Europe, Africa and Asia it excelled. I could hear DX
gtations other antennas could not pull out of the

background. And my reports were impressive,

A series of follow-up verticals for the higher
bands were built and wused, always with geod results,
My conclusions, based upon wusing these simple and
inexpensive Aanbaonnas, were that--givem a  good
chance==the wertical is a good antenna for the
amateur with a lean purse and insufficient room Lo
put up & beam,

hoknowledgemants

editors of "Ham
permission  to
for inelusion in

The aubthors wish to thank the
Radio®, "Cp" and "QST" magazines for
surmmarize certain selected articles
this handbook, Thanks are also extended to the
amateurs who designed the antennas shown in this
Handbook for the benefit of their fellow amateurs,

Antenna degoupling, LI%-131
Antoenna aqualizaticn, 104-105
Antenna, ground plane; 119-143
Antenna, Marconi, S5&6-91
Antenna, maltiband, 197-172
antenna, phaged, L43=157
Antenna reactanse, B%-&0
Angle of ceflection, 9

Anterma efficiency, 40
Antenrna, [eedpoint, 40, SO
Antenna scaling, 31

Artificial radio ground, 49=-50

Raze [ed, phased array, 148-154
Base loading, 73-El, 157=15@
Hrewster angle, 10,12

Bobtail Beam (BO-20 m), 145-143

Deczopling The antenna, 86
Decoupling choka, 129
Decouapling trap, 160,162

Earth reslatance wariatiom, 46
Electrical ground, 33-34
Electrical height, tower, B55;BE
Elevated werctical antemna, 17
Egualizatican, antenna, 104,105
Extendad geound plane, 130-136
Extended Marconm:i ant..&%,88

Feedpaing vealistancs, 40, 9@
Fapdpaint roactancse, 96,99
Field, phased arrzay, l44
Falded Marconi ant.,64,65

Gamma mateh, 113-117

Ground conductivity, 13, 35-33
Ground lead, ktuning, 47-48
Ggronnd loss, S5

Ground, mirror effect, 57
Ground plane ant.,115-143
Ground planec ass'y, 123=12g
Ground plane, inverted, 138-141
Ground plape fadials, 120
Ground plapg, triband, 1E9-172
Ground reflection,?

Grournd resistance,42

Gegund fod, 4l-46

Groand sorsan, S1-54

GIHCT miniboam (40 m}, 173,174

Balf-Bakcail Dean, 148
Helical ant, (40 md, 141,143

INDEX
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Helically loaded ant, 78,79

Inwerted groand plame, 139-141
Iopospherie reflaction, 19

L=networks, 10l=11:%

Loaded ant., 60=TL

Lpading eoil, §9-74,97
Loaded radial wire, 13E,139
Loading wires, T8

Matching netwarks, LO1-104
Matching reactance, 99,103
Marcool ant., folded, &4,E5
Mareonl ant., sxtended, 65,48
Marcoenl antenna, loaded, §9=TL
Marconl ant.; 1/4-wave, S6=91
Marconi apt. (160 m), E62-94
Multiband ankenna, 157-172
MulTiband Crag, 161,162
Multiple-hkop reflaction, Z1

Metwork, L matching, 1d1-1D8
H-Cype coad cannectoc, 127

Fhased arrays, 143-157
Power line choke, 35
Powar line conduckicn, 34

Radials, "drooping”,55,121
Radials, multiband, 162
Eadiala, namber cequired, 120
Radiaticm resistance, 40,50
Radial ground wire, 4%-51
Radic ground, 33,59
Remistance, anbenna, 59,.60,%4
Resistance, ground, 42
Reactance matching, %9-10Z
Beflecticn patterns, 12-19
Reaonant radials, 54

Scaling antennas; 31
Shunt fed ant., 112-11g
Skip distance, 20
Eloolng radials, 55

Trciband werticals, 15%2-1gd
Top leadicg, T6=03
Towar, alestrical height, 85,06

Vartical, shunt fed, 112,116
Vertical ws horizaontal, 21-30
VHF ground plane ant., 126-131
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211 abeout Cubical Quad Antennas, by William Ore and
Stuart Cowan; 112 pagee. Data from & to &, including
expanded Quad. Building and tuning data. Gain figures.
Multiband Quads. Delta Loop. "Monster Quads." Quad ve.
Yagi. ISBH O0=-8230-8703-4; 511.965.

Beam Antenna Handbook, by William Orr and Stuart
Cowan; 271 pages. Latest edition contains computerized
dimensions for popular Yagi beams [6 through 40
maters)]; data on triband and compact beams.
Dimensional charts. Baluns. All vou nesd to know to
make your beam work. ISBH 0=-8230-8T704=-2; 511.%95.

Interference Handbaak, 24 edition, by Willlam Nelson,
WABFQG; 247 pages. Radio interference problems and
solutions. Case histories. Power line pnoise, steren
interference, TVI, CATV, and mors. ISBH O0=B230-B705%-3;
£11.95.

The Radio Amateur Antenna Handbook, by William Orr and
Stuart Cowan; 192 pages. How to build popular anktenna
types: wertical and horizontal, bkeams, slopers. Com-—
pact antennas. How antenna location affecte results.
I5BN O-8230-B706-%; 511.95.

Siaple, Low=Cost Wire Antennas for Radic Bmateurs, by
William Orr and Stuart Cowan; 192 pages. How to build
inexpensive, tested wire antennas, 2 through 150
meters. "Invisible" antennas for hams in "tough" loca-
ticns. Multiband antennas. Wire beams. Tuners. Balung.
I5BH O0-8230-B707-7; 511.95.

Fadio Amateur Callbooks are available at better elec-—
tronice dealers and bockstores everywhere. See your
nearest dealer or write for a free catalog:

RADIO AMATEUR CALLEBOOK
F.0. Box 2013; Lakewood, Hew Jersey 0B701




$11.95
.S A

Harizontal antennas vs, vertical antennas—which is bast?
Top-loaded and helical antennas for the low frequancy bards.
Five high-efficiency Marconi antennas for 80 and 160 maters.

Is TVI warse wilh & vertical antenna? What can you do about TVI?

The efiecis of ground on vertical radiation; how to make an effective
“radio graund,” and how it improves radiation.

The “Bablail Beam" for 80-20 meters—high gain in a small space.

The extended Ground Plane; phased arrays for outstanding DX
signals.

All about multiband verticals; “sloper” and vertical loop antennas.
How to equalize yaur varlical antenna for optimum perfarmanca.
All about “radio grounds® and electrical grounds—1he diffarences.

The radial ground screan—is a ground screen betler than bured
radials?

L-natworks, shunt-fed systems, and the gamma match for verticals.

Antenna test equipment to adjust your anlanna for best performance.,

“This new handbook is packed with down-to-earth facts abaut all types
of vertical antennas. Low-cost designs, verticals for restricted locations,
DX arrays—you name it, This boak has it all—and more. | recommend
it highly.”
Jim RareerTy, MBRJ, noted Do cperator

I4EN O-A23%-HT10-7
RADIO AMATEUR CALLBOOK AT ) N
P.O. Box 2012 '
Lakewood, Mew Jersey 08701 |
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