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PREFACE

One reason for writing this book is to educate yoso you can make an informed choice concerning the
best antenna for you. Another reason is to dispehe many antenna myths that circulate in the amateur
community. The third reason is a desire to teach lsc antenna theory to the average ham. Thereforegt
achieve that goal, you should read this book fromaver to cover. It was written primarily for the
newcomer and the non-technical old-timer.

This book is about common medium wave and high fragency (short wave) antennas, but the theory
presented here relates to antennas of any frequendy is in a condensed form and the antenna theoris
explained so most hams can understand it. Realizingany hams are mathematically challenged, only
simple mathematics procedures are used. If you cadd, subtract, and divide using a calculator, you Wl
not have trouble with this book.

A few principles in here are based on conclusiongawn from the Laws of Physics. Everything else in
this book can be found scattered through The A.R.R. Antenna Book and nothing in here contradicts
what is written there.

I. WHY ALL THE FUSS ABOUT ANTENNAS
Definition: An antenna is a piece of metal, a condttor of electricity, to which you connect the radiolt
radiates your signal and receives the signals youant to hear.

Definition: An antenna systemconsists of the antennathe feedline, and any matching unit Most
antennas are made of copper or aluminum, while mosghobile antennas are made of stainless steel. A
feed-line consists of two conductors that carry thsignal to and from the radio and to and from the
antenna. A matching unit can be an antenna tuner, aeries matching section, or one of several diffame
kinds of matching circuits at the feed-point.

Does the type of antenna make much difference? Herg an example: Once in 1959 two of us were
involved in testing two antennas on 15 meters. THate R. Lynn Kalmbach, W4IW, using one antenna
received a 30-dB better signal report on his anteranfrom a station in England than we did on our
antenna. (Decibel or dB will be explained later). Tirty dB means his signal appeared that he was
running 1000 times more transmitter power than we \ere. At that time, we didnt live that far apart so
we couldnt blame it on propagation. We both were raning about equal power. Both antennas were at
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50 feet. The comparison proved that a good antenr@uld make a difference. Lynn used a hon-built
G4 ZU mini-beam; we were using a 15-meter 2-elemeMosely Mini-Beam, which had short loaded
elements. Evidently, it had a lot of loss.

Another example: Today we hear people breaking ina our ragchews with signals almost level with the
noise. Why is that? The reason is they are usingeéhwrong antennas. Their signals are twenty to thist
decibels below everyone elses. They are making caats, but just barely. The first question our group
asks, "What kind of antenna are you using?" Experi@ced amateurs know the antenna can make all the
difference. The guy with the poor signal sometimesill blame his bad signal report on band conditions
or his lack of a linear amplifier. He is just stickng his head in the sand.

What we are trying to prove is next to your radio,the most important part of your station is the antena.
Many years ago, an oldimer said, "For every dollar you spend on a radio,you should spend two dollar:
on your antenna.” That is also true today. You cardo more to improve your signal strength with
antennas than you can ever do by increasing your peer. Having the ability to make contacts on a
particular antenna doesnt mean it works well! Anyantenna will make contacts, but your signals wilbe
stronger on some antennas than on others. In addiin, some antennas hear better than others.

[I. HOW ANTENNAS WORK.

First of all to work properly the antenna system mst be matched to the transmitter. That is, all moden
transmitters have an output impedance of 50 ohms.®tenna systems range in impedance of a few ohms
to several thousand ohms. There are several waysnmatch them: pruning the length of the antenna,
using an antenna tuner, matching the antenna with &ngth of transmission line called a matching
section, or the use one of several matching systeaitsthe antenna feed-point. Antenna matching is
beyond the scope of the material found in this boolnd it is suggested you consult a more
comprehensive antenna manual. Simple half-wave dipgs eliminate the need for a matching system
because a resonant half-wave dipole has an impedaneear 50-ohms.

You must understand electromagnetism to understantdow antennas work. If you attach the two poles
a direct current (DC) voltage source to the two enslof a coil of wire, current will flow through the coil of
wire and it will become magnetized. The magnetizecbil is known as an electromagnet. Its magnetism
will extend out to infinity becoming weaker with distance. Remove the voltage and the magnetic field
collapses back into the coil. If an alternating curent (AC) is connected to the coil, the magnetism aves
out and collapses into the coil in step with the &quency of the alternating current source. The nott and
south poles of the electromagnet reverse on eachlfeycle of the AC voltage.

If voltage and current can cause a coil to becomeagnetized, the reverse is true: A magnetic field ca
produce a voltage and a current in a coil. This iknown as Faradays Principle of Magnetic Induction A
voltage will be produced at the ends of the coil afiire as you move any permanent magnet close to and
parallel to the coil. The difference in this casesithe magnet must be kept moving. Move the magnet i
one direction, and current will flow in one direction. Reverse the direction the magnet is moving arttie
current will flow in the opposite direction. Moving the magnet back and forth produces alternating
current. An AC generator spins a coil of wire betwen the two poles of a magnetic field. It doesnt misr
which one is moving. The coil or the magnet can bmoving. Any moving magnetic field can induce
current in anther coil. It doesnt have to be a piee of metal we call a magnet. Imagine a moving magne
field produced by AC circulating in and out of a cal. If that moving magnetic field passes through a
second nearby coil, it will induce an alternating arrent in the second coil. A transformer uses this
method to work. Transformers have a continuous irorcore running from the inside of one coil through
the inside of the second coil to confine the magnet inside the iron core. This makes the transforme
nearly 100% efficient since only a little of the mgnetic energy escapes.
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A straight wire that has an AC current flowing through it also has a magnetic field surrounding it. Buit
Is a weaker field than is produced by a coil. The agnetic field from the wire radiates out into spacend
becomes weaker with distance. The radiating magnetfield from a wire is known as "electromagnetic
radiation” and a radio wave is one type of it. Thewire that radiates becomes the transmitting antenna
Some distance away, a second wire in the path ofeke waves has current induced into it by the pasgn
electromagnetic waves. This second wire will be threceiving antenna. The voltage in the receiving
antenna is many times weaker than the voltage in éhtransmitting antenna. It may be as weak as one-
millionth of a volt or less and still be useful. Tle receiving antenna feeds that voltage to the amfiérs in
the receiver front-end where it is amplified many housands or millions of times.

The dipole antenna is made of a wire broken in theenter and where broken, each half of the wire
connects to an insulator that divides the wire inwo. Two wires from the voltage source, which is the
transmitter, are connected across the insulator. Owrne side of the dipole, the current in the form of
moving electrons flows first from the voltage soure toward one end of the dipole. At the end, it redicts
toward the voltage source. The same thing occurs dhe other half of the wire on the other half cycleof
alternating current. An antenna that is the right length for the current to reach the far end of the we
just as the polarity changes is said to be resonarBecause electricity travels at 95% the speed afht in
a wire, the number of times the polarity changes imne second (frequency) determines how long the i
has to be in order to be resonant.

[ll. POLARIZATION OF ELECTROMAGNETIC WAVES

Electromagnetic waves travel away from the wire irhorizontal, vertical, slanted, or circular waves. f

the antenna wire runs horizontal or parallel to theearth, the radiation will be horizontally polarized. A
wire or conductor that runs at right angles to theearth produces vertical radiation. A slanted wire las
components of both horizontal and vertical radiatio. Crossed wires connected by proper phasing lines
that shift the phase from one wire to the other wie by 90 degrees will produce circular polarization.
Amateurs working orbiting satellites at VHF, UHF, and microwave frequencies use circular
polarization.

When your high frequency signals are reflecting ofthe ionosphere, it isnt important if the other stéions
antenna has the opposite polarization from yours fte polarization does matter for line of sight
communication). The reflected polarized waves pasyy through the ionosphere are slowly rotated
causing fading signals (QSB). The reason the polastion of antennas is most important is that it
determines the angle of radiation. Horizontally padirized antennas at ordinary heights used by hams
produce mostly high angle radiation and weaker lovangle radiation, but this doesnt mean there is no
low angle radiation. It is there but is weaker thanhigh angle radiation. However, you must put a
horizontally polarized antenna up more than one-waglength high to get a strong low angle radiation.
One wavelength is 280 feet on 80 meters, 140 feat4d meters, and 70 feet on 20 meters. High angle
radiation works nearby stations best and low angleadiation works distant stations (DX) best. A
vertically polarized antenna produces mostly low agle radiation, with its high angle radiation being
weak. For this reason, vertical antennas do not wéras well as horizontal antennas do at ordinary
heights for working stations less than about 500 ri@s away.

FREQUENCY

The number of times the polarity of an AC voltage banges per second determines its frequency.
Frequency is measured in cycles per second or Hert#z). A thousand cycles per second is a kilohertz
(kHz). One million hertz is a Megahertz (MHz). Theonly difference between the 60 Hz electric power in
your house and radio frequencies (RF) is the frequrey, but 60 Hz electricity in a wire also produces
electromagnetic radiation just like radio waves. Usful radio waves start at 30 kHz and go upward in

file://C:\Program Files\Trellian\basicantennas. 7/17/200



Page5 of 74

frequency until you reach the infrared light waves.Light is the same kind of waves as RF except ligid
at a much higher frequency. Light waves are usedie radio waves when they are confined inside fiber
optic cable. Above the frequencies of light are foud x-rays and gamma rays.

The radio bands: The Long Wave Band (LW) starts aB0 kHz and goes to 300 kHz. The Medium Wave
Band (MW) is from 300 kHz to 3000 kHz or 3 MHz. TheHigh Frequency Band (HF) is from 3 MHz to
30 MHz. The Very High Frequency Band (VHF) is from30 MHz to 300 MHz. The Ultra-High
Frequency Band (UHF) is from 300 MHz to 3000 MHz o8 GHz. Above these frequencies are several
microwave bands which are defined as the Super Highrequency Band (SHF).

V. THE IONOSPHERE AND MODES OF HF PROPAGATION
The lonosphere

In the upper air around fifty miles and higher where the air molecules are far apart, radiation from he
sun strips electrons from oxygen molecules causinige molecules to become ionized forming the
lonosphere. The ionized oxygen molecules and itef electrons float in space forming radio-reflectig
layers. lonization of the ionosphere varies by théme of day, seasons of the year, and the sunspgtte.
The strength of ionization also varies from day talay and hour to hour. Since the height of the
lonosphere varies, the higher the ionized layer bemes, the farther the skip will be. We will defineskip
in section 5 of part V.

The part of the earths atmosphere called the iono$ere is divided into three layers. The three layerare,
from lowest to highest, the D layer, the E layer,r@d the F layer. Each layer has a different effecto HF
radio propagation.

Being at a lower altitude, the D layer molecules & squeezed closer together by gravity than those in
higher layers, and the free electrons reattach tche molecules easily. The D layer requires constant
radiation from the sun to maintain its ionization. Radio waves at lower frequencies such as the
frequencies of the AM broadcast band cannot penetta this layer and are absorbed. The higher
frequency signals are able to pass through the Dyar. The D layer disappears at night causing AM
broadcast stations to reflect from the higher layes. This is why AM broadcast signals only propagatby
ground wave in the daytime and they can be receivddom great distances at night. Like the broadcast
band, the D layer absorbs signals on 160 and to eslser extent 80 meters during the day making those
bands go dead. During solar flares, the D layer bemes ionized so strongly that all high frequency mio
waves are absorbed, causing a radio blackout.

E-layer propagation is not well understood. Being taa lower altitude than F layer, the E layer is
responsible for summertime short skip propagation o the higher high frequency bands. The skip zone
around 1000 miles, but at times when the E-cloud wers a wide area in the summer, double hops can be
seen. A double hop occurs when the signal refledt®m the ionosphere, then returns to the ground,
reflects from the ground back to the ionosphere wire it is reflected back to the ground. A double hop
can propagate the signal 2000 miles or more. The Iayer forms mostly during the day, and it has the
highest degree of ionization at noon. The E layeikle the D layer disappears at night. Even so, spodic-

E propagation can and does form at night. There ia minor occurrence of sporadic E propagation

during the wintertime. On rare occasions, sporadid& propagation can surprise you by occurring

anytime regardless of the sunspot cycle or the seasof the year.

The F layer is the highest layer and it is dividednto two levels: F1 and F2. At night the F1 and F2nerge

into one layer. During the day, the F1 layer doesntlay a part in radio propagation, but F2 does. Itis
responsible for most high-frequency long distancerppagation on 20 meters and above. However, the F
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layer makes it possible for you to work DX on thedwer bands at night. Sunspots are responsible fohé
lonization layers and in years with high sunspot nonbers, worldwide contacts can be made easily on 10-
20 meters by F2 layer propagation. In years of lounspot numbers, working distant stations is diffialt
on those bands. Consequently, ten and fifteen metewill be completely dead most days and twenty
meters will go dead at night. In years of low sunsy numbers DX contacts are easily made at night on
160, 80, and 40 meters. The sunspot numbers increaand decrease in 11-year average cycles.

Since the curvature of the earth averages about ¥6et every 5 miles, an object 5 miles from you on
perfectly flat earth will be 16 feet below the horzon. Because light travels in straight lines, youatinot
see objects beyond the horizon. Radio waves travalstraight lines, but there are ways to get them
beyond the horizon. This is referred to as propag&tin.

2. Ground-Wave Propagation

Ground wave works only with vertical polarization. One side of the antenna is the metal vertical
radiator and the other side of the antenna is theath ground. The surface wave in the air travels fater
than the part of the wave flowing through the groun. The surface of the earth is curved like the cured
part of a racetrack. On the curved track, a car orthe outside of the track has to travel faster tharthe
car on the inside lane to stay even, and the tworsatravel in a curved path. Although the wave in tle air
travels faster than the wave on the ground, the twparts of the wave cannot be separated. Because of
this, the radio wave also travels in a curved patthat follows the curvature of the earth.

The AM broadcast stations use ground wave propagain during the day and skywave propagation at
night. Since radio waves at lower frequencies condtibetter through the ground, an AM broadcast
station on 540 kHz will be many dB stronger than atation on 1600 kHz, if both run the same power.
This fact is important in understanding why ground mounted verticals do not work as well at high
frequencies as they do on the broadcast band.

3. Direct Wave or Line of Sight Propagation

Antennas located on high structures can "look" overthe horizon and "see" the receiving antennas.
Because refraction is involved, direct waves travel0% farther than light waves due to scattering of
radio waves by the environment. Trees and other f@ge are invisible to HF radio waves. Direct wave
propagation is possible at all frequencies, but tkimode of propagation is seldom used on our high
frequency bands, but it is the usual propagation me used by repeaters and others on VHF and UHF.
you watch TV on an outside antenna or on a "rabbikars antenna,” you are receiving the signal by
direct wave propagation.

4. Propagation by Refraction

Refraction occurs when the lower part of a wave treels slower than the top part of the wave becauskéd
wave is passing through two media. These media che two layers of air at different temperatures or
they can be air and a solid. One form of refractions caused by a radio wave passing over a hill ordge
being bent as it passes over the obstruction. This known as "knife edge refraction.” Another form of
refraction occurs when layers of air of different emperatures bend the radio waves around the horizan
This is called tropospheric ducting. This mode of ppagation makes long distance contacts possible at
VHF frequencies. Tropospheric ducting does occur o0 meters and lower frequencies and is noticeable
when other forms of propagation are absent. On higlfrequency bands, many hams mistakenly call
tropospheric ducting and direct wave "ground wave."

5. Skywave Propagation
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Skywave propagation occurs when radio waves are Hletted from the ionosphere. Practically all HF
communication is done by skywave. In the ionosphey¢he waves are really refracted twice, and they gt
appear to be reflected. The reflections are frequay sensitive, meaning each ham band reflects
differently from the others. Low frequencies, suctas 80 meters, reflect mainly from the lower levelsf
the ionosphere and the reflected signal comes negustraight back down. This causes 80 meters to
propagate to points from local out to more than adw hundred miles in the daytime. At night, when the
D layer and E layer are absent, signals striking th ionosphere at lower angles may propagate many
thousands of miles on 80 meters. On the bands frog0 to 10 meters, high angle signals pass straight
through the ionosphere and do not reflect back dowito the nearby stations. The low angle signals on
these higher bands reflect from the ionosphere nedhe horizon and return to the Earth some miles
away. The in-between region cannot hear the transited signals nor can you hear signals coming from
this region. The in-between region is called the tgp zone." Only when the ionosphere is weakly ionizd
do you have a skip zone on 80 meters.

Another interesting type of skywave propagation seeon the higher HF bands is called chordal hop
propagation seen frequently in trans-equatorial (TE propagation, which is propagation crossing the
equator. When this occurs, signals entering the imsphere are trapped inside the F2 layer then theyra
finally refracted back to earth across the equatothousands of miles away. There is no propagation
between the signal entry point and the exit pointThis is skip in the extreme. On many occasions, we
have worked stations far away across the equator ithe southern part of South America and stations in
between could not be heard. We have frequently wodd VQ9LA in the Chagos Archipelago located in
the Indian Ocean. The path to The Chagos Archipelamis across Europe and the Middle East and finall
across the equator to his location in the Indian Gzan. One time when he was working Europe and Nor
America at the same time, we could not hear the Eopean stations because our path to him was via
chordal hop propagation. Another way of describingchordal hop propagation is to call it ionospheric
ducting.

Skywave propagation sometimes produces an effectllieal "backscatter.” What happens is the radio
waves that strike the ionosphere, instead of onlyeflecting father away from the transmitting station,
part of the signal reflects backwards toward the tansmitting station. Stations that are too close thear
each other by direct wave can communicate by the bkward reflecting waves. Both stations that
communicate by backscatter must point their directonal beam antennas in the same direction although
their direction toward each other may be at some tier azimuth. Backscatter will confuse front-to-back
measurements of directional beam antennas. This Iecause, when you turn the back of the antenna
toward the station you are hearing, you may be abl® hear him on backscatter from a direction
opposite from him. You will be hearing him from theionized atmospheric cloud in the opposite
direction. During intense solar magnetic storms, wén aurora occurs at high latitudes, stations are db
to communicate by backscatter on VHF and UHF by bdt stations pointing their directional beams
toward the aurora. This will be due north for stations in the Northern Hemisphere and due south for
stations in the Southern Hemisphere. Audio from ausra backscatter will have a "wispy" sound.

6. Greyline Propagation

Greyline propagation occurs when the sun is low ithe sky near dawn or dusk, although we have seen
greyline propagation occur as early as two hours lfere sunset or as late as two hours after sunris#.is
often used to work stations on the other side of thworld on 160 and 80 meters. For example, at ceita
times of the year when it is approaching sunset herin the States, the sun will have just risen in A& or
Australia and vice-versa. At that time, radio waves propagate along #hsemidarkness path that encircle
the Earth called the greyline. Both locations musbe in the greyline in order to make 2-way contacts.
The tilt of the Earth makes the position of the grgline change as the seasons change. Greyline
propagation occurs between any two locations for lrief period of a few weeks. Afterwards, different
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places fall into the greyline. For several weeks ithe fall of the year, an interesting example of gryline
propagation occurs in the southeastern part of th&).S. On 3915 kHz, the BBC outlet in Singapore can
be heard for about an hour before sunset coming ihy greyline propagation. Stations to the east heat
before we do. Stations farther to the west can hedhe fading signals after it fades out here becausbe
greyline moves as the earth rotates. For those heaag it, the signal fades in, it peaks, and it slowlfades
out.

7. Long Path Propagation

Long path propagation occurs when signals propagatte long way around the world. It can occur on
any band. It usually occurs from stations on the oposite side of the world from you. We have worked
South Africa via long path by beaming northwest edy in the morning on 20 meters. When this happen
we are working him long path through the nighttimeside of the earth. Since at all times half the Eaht
has daytime and half the Earth has night, long patipropagation is determined by whether the signal is
propagated through the nighttime path or daylight path. Sometimes the daylight path will bring in
stations by long path propagation and at other time the darkness path provides long path propagation.
One night on 20 meters, we heard a station in Indiaoming in short path and long path simultaneously,
but the short path was stronger. At the same timeCalifornia was working India by long path and they
could not hear him short path. They were working hm through the daylight path, and he was stronger
here on the East Coast via the nighttime path.

8. 160-Meter (1.8-2.0 MHz) Propagation

Each amateur band propagates signals differently. ie 160-meter band is our only MW band and it acts
similar to the broadcast band. It is primarily a nighttime and wintertime band as it suffers from high
summertime static (QRN). Most hams that use this bal for nearby contacts use horizontal dipoles or
inverted-V antennas. Some hams use vertical antens@n this band to work distant stations (DX). These
DX contacts are made in the fall and wintertime anhight via F layer or greyline propagation when the
static levels are low. Dipoles and inverted-V antaras do not work well for DX on this band.

9. Eighty-Meter (3.5 4.0 MHz) Propagation

The CW part of this band is called the 80-meter bath and the voice part of the band is known as 75
meters. Like 160 meters, eighty meters suffers frorthe same QRN in the summertime. Working DX on
this band is a popular avocation during the fall ail winter. However, 80 meters is used primarily for
working nets and ragchewing. Eighty meters is primaly a nighttime band. This band can vary from
being open most of the day in years with low sunspaumbers to being closed during the middle of the
day in years with many sunspots. Many DX contactsdve been made using dipoles and inverted-V
antennas, but a vertical with many ground radials vill be better.

10. Forty-Meter (7.0-7.3 MHz) Propagation

The forty-meter band has propagation that can actike either 80 meters or 20 meters. It just dependsn
the stage of the sunspot cycle. During the yearsthihigh sunspot numbers, nearby contacts are possé
all day. At night, the skip lengthens making contais possible to those parts of the world where it istill
dark. Working DX on 40 meters is a nighttime or grgline event. When the sunspots are low, forty
meters may have long skip during the day, and neagbcontacts may be impossible or they may be very
weak. During the time when we suffer from low sunsgt numbers, many DX contacts are made during
early morning, late afternoon, and at night.

If your primary interest on forty meters is SSB, ou 40-meter voice band is a broadcast band in Regign
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1 and 3. Region 1 is Europe, North Asia, and Africand Region 3 is the Pacific, Southern Asia, ar
Australia. The top part of 40 meters is a voice bathin Region 2, which is North and South America. To
work SSB on forty meters at night, you will have tdind a frequency between broadcast stations. Stran
broadcast stations heard at night begin to fade owtlowly as the morning sun rises and moves highar i
the sky. As the suns angle declines in the afternmothe broadcast stations begin to break through th
noise becoming stronger as the sun begins to sdtid only in the middle of the day when no broadcds
stations are heard on forty meters.

Since DX stations in region 1 and most of region &n only transmit below 7100 kHz, working DX on 40-
meter SSB is still possible. Stations in those reagis will have to transmit below 7100 kHz. (Austrakn

and New Zealand amateurs can operate up to 7200 kBHzZThey call CQ and announce where they are
listening in our voice band above 7150 kHz. This hat is called "working split.”

11. Thirty-Meter (10.1-10.15) Propagation

This band has such a narrow frequency that the onlynodes allowed here are CW and digital modes.
That means no SSB. Propagation here is much like 4hd 20 meters. Unlike 20 meters, this band stays
open longer at night during years with low sunspohumbers. During the daylight hours, it has much
shorter skip than 20 meters. In the United Statesye are allowed only 250 Watts.

12. Twenty-Meter (14.0-14.35 MHz) Propagation

The twenty-meter band is the best DX band becauseis open for long-skip for more hours than any
other band and it does not suffer from QRN as theower bands. In years of high sunspot numbers,
short-skip and long-distance DX can be worked at # same time during daylight hours. Although DX is
there most of the time, most of the DX worked is asunrise, sunset, and all night during peak sunspot
years. During the years of low sunspots, it is comom to work into Europe and Africa during the day
and into Asia and the South Pacific during the evang hours and early at night. Low sunspot humbers
cause 20 meters to go dead for east to west contaat night an hour or so after sunset, but there isome
TE propagation. During periods of moderate sunspohumbers, the propagation on this band is a blend
of propagation of low and high sunspot years.

13. Seventeen-Meter (18.067-18.167 MHz) Propagation

The 17-meter band propagation acts much like 20 mets except it is affected more by low sunspot
numbers than 20 meters. In periods of low sunspotumbers, this band does not stay open as late as 20
meters, fading out as the sun begins to set. Yehe 17-meter band does stay open all night when the
sunspot numbers are high. The propagation on thisdnd is like a blend of 20 meters and 15 meters, but
it is closer to 20 meters. Most users of this banase dipoles and other simple antennas since triband
beam antennas wont work here.

14. Fifteen-Meter (21.0-21.45 MHz) Propagation

Fifteen meters is a fantastic DX band during the lgh sunspot years. This band may be open for 24
hours, and it is common to work more than 100 coumies during a contest weekend on this band. Many
have worked more than 300 different countries on 15eters. In years of low sunspot numbers, 15
meters may be completely dead for several days inraw. When it opens during those years, you may
hear only the Caribbean, South America, and on rareccasions the extreme southern part of Africa via
TE propagation.

15. Twelve-Meter (24.89-24.99 MHz) Propagation
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The 1z-meter band is much like 15 meters, but it is affeeld more by sunspot numbers. Because tr
band is little used, many hours can pass without lag€ing any amateur signals. Occasionally you will har
South American Citizen Band "pirates" on lower sideband. It is mostly a daytime band but openings to
Asia and the South Pacific are common early at nighduring peak sunspot years. The reason this band
little used is that triband beam antennas dont cowethis band.

16. Ten-Meter (28.0-29.7 MHz) Propagation

The band that is most affected by the sunspot numbgis 10 meters. You may have noticed in this
discussion, the higher the frequency, the more isiaffected by sunspots. During peak sunspot years)
meters can be open some days for 24 hours. Mosttyis a daytime band. When they are at the peak, the
sunspots enable you to work worldwide with power akbw as 5 Watts. A 10-meter confirmed country
total of over 250 is common. In the low sunspot yes, the band can be closed for days. Ten meters can
open for very short skip by sporadic E propagatiorduring the summer months. Very short skip means
contacts as close as 200 miles out to 1000 milgsofadic E propagation can suddenly occur without
regard to the sunspot numbers.

VI. STANDING WAVE RATIO

A standing wave ratio bridge is used to measure th&anding wave ratio, or SWR. SWR is an indication
of how well the radiating part of an antenna is mathed to its feed-line or how well the tuner is matung
the antenna system. Most amateurs pay far too mudhitention to SWR. An SWR reading below 2:1 is
acceptable, because the mismatch is so small thaetfeed-line loss can be ignored. If you are usiray
modern transceiver, its power may fold back to a kver power output above this SWR level.

When you have mismatch between the feed-line anddlantenna, part of the power feeding the antenna
system reflects back toward the tuner and the transitter. The part of the power going toward the
radiating part of the antenna system is called fonard power. The part reflected back down the feed-tie
is called reflected power. The larger the mismatckhe larger the reflected power will be.

If the feed-line and antenna are not matched, wavdsaveling toward the radiating part of the antenna
system meet the waves being reflected back down tfeed-line. The waves interfere with each other, @h
at certain points along the feed-line, the amplituds of both waves combine. This will result in a cuent
maximum to be found at that point; and at that poirt, the current will appear to be standing still. The
length of feed-line and the frequency will determie where this point occurs. At another point, the
forward and reflected waves interfere, and they sulbact from each other. At that point, there will be a
current minimum. If you could visualize this phenormenon, you would see a series of current maximums
and minimums standing still along the feed-line. Tis is why we refer to them as standing waves. At
different points along the feed-line, where you ha high current, you will have low voltage, and whes
you have low current, you will have high voltage. Aany point along the feed-line, multiplying the
voltage times the current will equal the power in Wtts. When the feed-line is matched to the antenna,
current and voltage remain the same all along theekd-line because there is no reflected current to
interfere with the forward current.

As happens with the current, the voltage will alsappear to be standing still. The voltage maximumsral
voltage minimums will not be at the same locationas the current maximums and minimums. SWR is
the ratio of the maximum voltage to the minimum valage on the line. It is called "Voltage Standing
Wave Ratio" or VSWR, but we shorten it to just SWR.There is also a current SWR or ISWR, and it is
the same value as the VSWR. For example, if the stding wave voltage maximum is 200 volts and the
minimum voltage is 100 volts, the VSWR will be 2:1If the voltage maximum and voltage minimum are
equal, the SWR will be 1:1. If the voltage minimumnis zero, the SWR is infinite.
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In measuring SWR at the transmitter, you need to ralize that feec-line losses affect the SWR reading
If the feed-line losses are high, much of the poweeflecting back from the antenna will be lost, andhe
SWR reading on the meter will indicate it is lowerthan it actually is. If a feed-line is so lossy that
consumes all forward and reflected power, it will neasure an SWR of 1:1.

When measuring SWR on an antenna having a small araat of reflected power, the length of the feed-
line between the bridge and the antenna may affegour SWR reading. An example of this is a 70-ohm
antenna being fed with 50-ohm coax. Different lengis of feed-line will give you small differences in
SWR readings because at certain lengths, the misntdied feed-line starts to act like a series matching
section. In the case of a 70-ohm antenna fed witl@®hm coax, if the feed-line is a half wave longhé
SWR will measure 1.4:1. At some particular length bfeed-line and on one frequency, the SWR will
measure 1:1 because that length of that feed-lineansforms the impedance to make a match. Some
hams have adjusted their feed line length to geterfect match. This is called "tuning your antennaby
tuning your feed-line." With other feed-line lengths, you will measure something different. Suppose ¢h
impedance of the feedine and the antenna are perfectly matched. Then #re is no reflected power. Yol
will get a 1:1 reading on the SWR-bridge with anyeéngth of feed-line.

There is a myth that reflected power is burned up s heat in the transmitter. The reflected power coming
back down the feed-line sees an impedance mismatahthe transmitter or tuner and it reflects back up
again. The reflected power does not get back inthé¢ transmitter. Because the reflected power reflest
back and forth, the radiating part of the antenna gstem absorbs most of the power being reflected blac
up each time. All of it eventually is radiated exget for the power lost in the feed-line. The losses a real
feed-line will burn up some of the power on each . This is why the feed-line loss increases witM&R.

Built-in tuners are found in most modern transceives. If yours doesnt have one, then you can use an
outboard tuner to give the transceiver a proper lod. The place you want a 1:1 SWR is between the
output of a transceiver and antenna or between thgansceiver and the input of a tuner in order for the
transmitter to deliver its maximum power. Because hilt-in tuners are in most modern transceivers,
many hams use them to match antenna systems havihmgh loss.

VII. REAL ANTENNA SYSTEMS

In this book, we will be talking about the lossedhiat rob an antenna of its maximum performance. The
ideal antenna system will radiate 100% of your trasmitter power on all bands without a tuner and in
the direction you want to work. Such an antenna syem does not exist. Many new hams succumb to
antenna advertisements making claims that are exaggated. No antenna will have low SWR, work all
bands without a tuner, and radiate efficiently at he same time. A dummy load has a low SWR and will
load up on all bands, but it will not radiate a signal. A resonant coax-fed dipole antenna will have Bw
SWR and will radiate efficiently on the band for whch it is resonant, but it will not work well on all
bands. For example, if the tuning range of your tuer has a sufficient range, you will be able to loadp
any antenna with it, but it will not necessarily radiate a signal efficiently. It may have high tunerand
feed-line losses.

When you choose an antenna, you must decide how nhuloss you can accept. DXers and hams that
work weak signals at VHF frequencies try to eliminége as much loss as possible. If your contacts are
going to be made under good band conditions and viibut much interference, you can get by with high
losses. In that case, coax-fed antennas used on Bsnvhere they are not resonant will allow you to mke
contacts. You can be greatly surprised by how litd radiated power can be used to make contacts under
ideal conditions. If you want to make contacts regarly under changing band conditions, you will want
to eliminate as much loss as possible and use antas with gain. Lower loss will enable you to hear
weaker signals.
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Nothing will take the place of resonant halwave dipoles, not because they radiate more efficity, but
because they dont require lossy tuners and dont hawhigh coax losses. Remember that all antenna
systems have compromises

VIIl. HALF-WAVE RESONANT DIPOLE ANTENNAS
1. The Half-Wave Flat-Top Dipole

Most dipoles consist of two pieces of wire of equidngths with one of the two ends connected togethe
through an insulator. The far ends of the wires arelso connected to insulators. The two conductors a
feed-line are separated and connected across thepgat the center insulator. The antenna is held upyo
rope that connects the insulated ends of the antearto two supports. It is a "balanced" antenna, becase
equal currents flow on both halves of the antennaCoax is an unbalanced feed-line. (The possible efte
of using an unbalanced feed-line on a balanced amiea like a dipole will be discussed later.) The digle
that is stretched between two high supports is ca&tl a flattop dipole, distinguishing it from other
configurations.

The simplest antenna system of all is the half-wavesonant dipole fed with coax and no tuner. The dwn
reason for using a half-wave resonant dipole anternis to eliminate the need for a matching device sh
as a tuner. The feed-point impedance will be near@®bohms at ordinary heights and they can be fed
directly with 50-ohm coax from the output of todaysmodern radios. The two halves of a dipole are fed
180 degrees out of phase, meaning when one sidé positively, the other side is fed negatively.Hat is
why a feed-line has two conductors. Of course, tredes swap polarity on each half cycle.

If you could visualize the current flowing on the falf-wave dipole, the current will appear to be stading
still. The maximum current will be seen at the cerdr of the wire and no current will be at the endsThis
occurs because the electrons flowing out to the endeflect back toward the center where they meet th
next wave and the current is reinforced there. Theninimum voltage occurs at the center and the
maximum voltage occurs at the ends of the halfrave resonant dipole. If you were to measure the itage
and the current at any point on the dipole wire, tle voltage times the current will equal the power in
Watts.

Figure 1. Flat Top Dipole
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Another configuration for the half wave resonant dpole is one having one support in the center and ¢h
ends stretched down toward the ground. The singleupport can be a tree, mast, or tower. The ends of a
dipole have high RF voltages on them, and need te fat least 10 feet above ground for safety. This
antenna is called an "inverted-V," because the shapof the dipole looks like a "V" turned upside down
Most dipoles illustrated in this book can be put upn the inverted-V configuration. This configuration
works well because the current is concentrated ortné middle two-thirds of the antenna at the apex. Té
current in an antenna is what is responsible for tkb radiation. The ends of the antenna have very lig
current in them and it doesnt matter if the ends ae close to the ground. The middle of the antenna ig
high where the radiation is taking place and thats the place you want the radiation to be. An invead-V
has an advantage that the horizontal space requirefir it is less than what is needed for a flattop igole.
The angle between the wires on an inverted-V neetls be greater than 90 degrees. The gain of an
inverted -V is 0.2 dBd and it has a radiation patten nearly omni-directional. Since it is easy to costruct
and works so well, the inverted-V is the most comnmby used dipole. An explanation of the decibel will
come later.

2. Inverted-V Dipole

Figure 2. The Inverted-V Dipole
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Figure 3. Radiation Pattern of Inverted-V for 80-Mders at 65 Feet
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In figure 3 above, the top graph shows how the radtion would appear to you, if you were situated
above the dipole and you were looking down on it.[ie plane of the antenna runs from side to side omé
top graph, and that graph demonstrates only a 5-dBuull off the ends of the antenna. Therefore, it is
essentially omnidirectional. The bottom graph showbkow the radiation would appear if you were
looking at the antenna from the end of the wire. Ayou can see, the pattern shows no radiation at the
horizon and its maximum radiation is at about 40 dgrees above the horizon, and the radiation straight
up is only down 3 dB from its maximum. This antennavas modeled on 80 meters with the apex at 65 f
above ground and the ends at 35 feet.

It is a myth that a horizontal antenna orientationmakes a difference on 80 meters at heights used by
most amateurs | have heard many amateurs say on 80 meters, "Theason my signal is weak to you is
because you are off the end of my dipole." The radtion pattern from a dipole is essentially non-
directional until the dipole is elevated more thara half wave, that is about 125 feet on 80 meterspa it is
65 feet on 40 meters. The main reasahmakes no difference regarding orientation is beause
propagation for signals closer than 500 miles (thdistance of most 80 meter contacts) is essentiably
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high angle radiation nearly straight up and down. Qnly signals radiated and received at low angles mal
a difference in antenna orientation even at low hghts above ground. At low heights, there are nulls
about 3 to 4 dB off the dipole ends.

3. Dipole Shape Variations

The wire of a dipole doesnt have to be run in a saight line. A dipole does not have to be perfectly
horizontal. Thats the way it is usually depicted irbooks and magazines, but you can bend the legstbé
antenna up, down or sideways.

Figure 4. Two Dipole Shape Variations

W e laes

If you make either wire one-half wavelength long ad carefully prune it to resonance, you can use it
without a tuner on and near its resonant frequencyBoth antennas have the current part at the top
where most of the radiation takes place. The vertad parts of these antennas radiate a weak verticall
polarized wave. The only reason these dipoles arertorted this way is to make them full-sized and tdit
in the available space. Other shapes are possibéd you can be creative at your location.

There are many more dipoles than the ones just desioed. We will explore the other kinds of dipolesm
section "X" of this book.
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4. Calculating the Length of a Hal-Wave Resonant Dipol

The approximate length in feet of a half-wave resamt dipole is found by dividing 468 by the frequeng
in MHz. The actual length of it will be determinedby several factors. Using larger diameter wire will
make the dipole resonate lower in frequency. Therefe, to make it resonant at the higher desired
frequency,

It must be shortened. Raising a dipole higher abovground will make it resonate higher in frequency.
An insulated wire will make the dipole resonate lowr in frequency than a bare wire.

Using the above formula, cut the antenna a littlednger than the calculations say. If the SWR is bestt a
lower frequency than you desire, the antenna will &ive to be made shorter by pulling the excess wire
through the end insulators, folding the ends of thextra wire back on itself. Then wrap the ends ofite
overlapped wire on itself so it wont come loose. Thcauses the excess wire to "short" itself to theest of
the antenna. If you are using insulated wire, you W need to cut off the excess wire. The reverse tsie if
the antenna resonates too high in frequency. The g& wire can be let out to make it resonate on a lwer
frequency. This is why you originally cut the wirea little longer.

5. The Decibel

The decibel (dB) is a unit of measurement for compesons of the ratio of power, current, and voltage
and is the term we will use in comparing antennasiithis book. At one time, antenna comparisons were
made using a dipole as a standard, but today mosbmparisons use the isotropic radiator as a referemc
An isotropic radiator is an imaginary antenna thatradiates equally well in all directions. It has nogain.
The terms "dBi" and "dBd" are used to label which r eference is being used. In this book, we will uské
dipole as a standard for the most part.

How do you derive decibels from power ratios? Thedfmula for power ratios is dB = 10 log P1/P2. For
voltage and current, the values are doubled. Formals of this type are beyond the scope of this book.
Doubling the power will produce a 3 dB stronger sigal. Double the power and double it again will equia
a 4 times power increase and that gives 3 dB plusdB or 6 dB. Double 4 and that is a power increasaf
8 and that adds 3 more dB for a total of 9 dB. Inagasing the power from 1 Watt to 10 watts or
increasing it 10 times will give a 10-dB increas@ultiply 10-Watts times 10 give us 100 watts, which
adds another 10 dB above 1 Watt for 20 dB. Therefey, increasing the power another 10 times to 1000
Watts will produce a signal 30 dB stronger than 1 Valtt.

Your receiver, if modern, will have a signal strenth meter or 'S Meter." That meter is calibrated in "S-
Units" from one to nine and decibels over S-9. S48 usually calibrated using 50 microvolts ( uV) fran a
signal generator. Each S-unit is approximately a dierence of 5 or 6 dB. Therefore, a reading of S8
about 6 dB stronger than S-8. Therefore, from S-0at S-9 is 54 dB. On some low cost transceivers, tGe
units and dB above S-9 are only relative signal relings and actually have nothing to do with decibels

IX. ANTENNA BASICS
1. Resistances and Reactance

Two factors measurable in antenna impedance are ris¢éance and reactance. When we refer to antenna
resistance, we are referring to its radiation resignce. It is neither a resistance like the electraa
component called a "resistor,” nor is it the same a the resistance found in all conductors. Those tgs of
resistances, called "loss resistances," change dhltal energy into heat energy. Heat energy disap@&s
by radiating out into its surroundings and it disspates away to infinity. When we feed RF into the
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antenna, the energy put into the radiation resistace disappears from the antenna by radiation ¢
electromagnetic waves, and that makes an antennagar to have a resistor in it. LOSS resistance robs
power from the radiation resistance and lowers thefficiency of an antenna system, but the loss
resistance in dipoles is very low if the feed-linss is low. The efficiency of any antenna systems found
from a ratio of radiation resistance and loss restance. We can either calculate the loss resistanbg the
loss in the feed-line from published tables and bgstimating the loss in tuning units. Feed-line losand
tuning unit loss can be measured, but that is beyaithe scope of this book.

Antenna systems having reactance prevent the transtter from delivering its full power and the
reactance needs to be tuned out. There are two kisf reactance: capacitive and inductive. Antennas
have both. In antennas, reactance is a virtual red@nce meaning the antenna acts as if there were a
capacitor or an inductor in the antenna, but neithe is there. You can only measure the sum of both
reactances but not a value for either one. Using aantenna analyzer, you can determine whether the
sum of the reactance is inductive or capacitive. buctive reactance is a negative number and capaaig
reactance is a positive number.

The reactance of an antenna forms the "J" factor inantenna impedance measurements. The "J" factor
is measured in ohms and the reactance is expressesl+ or "J" ohms depending on whether it is
capacitive or inductive reactance. Capacitive reaeince is expressed as +J ohms and inductive reactanc
Is expressed as -J ohms. Capacitive and inductiveactance are opposite factors and one can canceéth
other. An antenna having 6 ohms capacitive reactaecor + J 6 ohms and an inductive reactance of J 5
ohms will result in an antenna with a reactance ot ohm capacitive or + J 1. Since one term is posié
and the other term is negative, you subtract smalfevalue from the larger. The answer has the sign of
the larger one. In antennas, the reactance and restance together determine the overall impedance tiie
antenna. The J factor is mentioned here only becaas/ou may see it in other books and on the extra
class examination, but it will not be used furtherere.

A resonant antenna has equal amounts of inductivenal capacitive reactance, and the sum of the
reactance equals zero. As an example, when the inttive reactance equals J 5 and the capacitive
reactance equals +J 5, their sum equals zero. Whéime sum of the total reactance of an antenna is teal
to zero, its impedance is totally resistive. The esof an antenna analyzer will tell you if the antena is too
long or too short for resonance. The simplest wayttune out antenna reactance is to change its lergt
The sum of the reactance of a long antenna will baductive, and the sum of the reactance of a short
antenna will be capacitive. If an antenna is shorbecause it wont fit your property, it can be tunedo
resonance by putting an inductor (coil of wire) ineach leg. These coils are called "loading coils."iA
equal amount of inductive reactance will cancel thexcessive amount of capacitive reactance. An
antenna with loading coils is described in sectiotX." When an antenna is too long, the sum of its
reactance will be inductive, and a variable capaair can be inserted in each leg to tune out the inative
reactance. This is seldom done because it is eagieishorten the antenna.

A resonant antenna may still have SWR if its radiabn resistance is not exactly 50 ohms. Not many
resonant antennas have a radiation resistance of &stly 50 ohms, and most real antennas have a small
amount of SWR. An antenna is resonant only at onedquency per band. It will also be resonant on its
harmonic frequencies, where its radiation resistane will range from high to very high. Hams talk abou
using resonant antennas. What is meant by this ifi¢y use an antenna on its fundamental frequency
close to resonance, the resistance is near 50 oh@asd the SWR without a tuner is near 1:1.

To calculate the impedance of an antenna with botresistance and reactance requires a mathematical
procedure called the Pythagorean Theorem. That typef math is beyond the scope of this book.
However, you should know how to use the Pythagorearheorem to solve impedance problems on the
Extra-Class test. Otherwise, you will have to memaze the answers from the question pool.
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2. Feeding Dipoles Efficientl

For maximum power transfer from transmitter to the antenna, the antenna system must be resonant,
and the resistance of the load (antenna system) htsbe equal to the internal resistance of the sooe
(transmitter). Notice we said an antenna system, néhe antenna, must be resonant. As mentioned
previously, an antenna system consists of the antes the feedline, and any matching networks (tuners’
A tuner at the input end of the feed-line can maka non-resonant antenna system resonant, and have a
resistance of 50 ohms, and that matches the interhigesistance of the transmitter. A tuner will not
change the SWR between the tuner and the dipole paof an antenna system, and will not remove the
reactance from the dipole.

When the load of an antenna system does not matdhet source and the impedance is high, the load will
not draw power from the source and high RF voltagewill be present at the output of the final
transistors. In this case, high RF voltages can damge the output transistors of the transmitter. When
the impedance of the load is low, too much of theogver may be dissipated across the internal resistas
of the transmitter possibly destroying the output tansistors. These are the two reasons why transceirs
"fold back" their power when the SWR is high.

It is a myth that the dipole part of an antenna hago be resonant to be efficientWhen power reaches the
radiating part of the antenna system, it obeys th&The Law of Conservation of Energy." The Law of
Conservation of Energy states, "Energy can neithebe created nor destroyed. Only its form can be
changed." (What is important is to get the power tahe dipole itself, because in some systems powsr i
lost in the feed-line, especially when using coaxtiw high SWR) The miniscule amount of power in the
dipole that does not radiate is changed into heasanother form of energy. Because the dipole part ain
antenna system is made of conductors with low losssistance, 99% or more of the power reaching it Wi
radiate regardless of its length if that length igeasonable. The loss resistance of the conductorstbe
radiating part of most antenna system is so low itan be ignored. (Short mobile HF antennas are an
exception because they may be lossy because ofvbkey high current flowing in them.)

Not all the energy fed into an antenna system witeach the antenna itself. If the system has a tungpart
of the power is lost in the inductor of the tuner ad part is lost in the feed-line. When properly tured,
tuners using T-networks lose about 10% of the poweaind L-network tuners lose about 5% of the power
being fed to them. Notice we said properly tuned. élvever, improper tuning of the antenna tuner may
cause you to believe the feed-line is matched, bwhen this happens there is a very high circulating
current in the inductor causing it to get hot. Thiscauses extremely high losses, and very little powe
reaches the radiating part of the antenna. In addibn, so much heat is produced in the inductor thait
can be damaged. We melted the plastic insulation & forms the inductor on one tuner this way. For tlis
reason, some hams dont like tuners, preferring tose resonant antennas. Read the instructions for you
tuner for proper tuning or you may wind up with a poor signal and a damaged tuner. The resistive loss
in the conductors of the feed-line and the dielectr losses in the feed-line also rob power from the
system. These are the reasons for you to use thesbminers and feed-lines possible.

Another loss to be considered is feed-line radiatro Any energy that radiates from the feed-line doesot
reach the radiating part of the antenna, and it maybe absorbed by near-by objects and may not radiate
in the desired direction. When coax radiates, it isalled common-mode radiation. If the feed line can
radiate, it can also receive signals. This can beettimental because the coax can then pick up noisem
near-by power lines, etc. Feed-line radiation wilalso destroy the directional pattern of a beam antena.
The causes of feed-line radiation will be describenth the next section.

As we pointed out earlier, when you are using a hialvave resonant dipole fed with lowloss coax without
using a tuner, almost all of the power coming outfahe transmitter will radiate. On its resonant
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frequency, the dipole is one of the most efficier@ntenna systems a ham can use. However, a l-wave
resonant dipole has a finite bandwidth. Why use auner with resonant antennas? On 160 and 80 meters
the bands are wide compared to the percentage ofequency. The width of 80 meters is 500 kHz and its
frequency is 3500 kHz. The width of 80 meters is ¥4 of the frequency. The 350 kHz of 40 meters is 5%
of the frequency and most of the band can be covetevithout a tuner. The 350 kHz width of the 20-
meter band is 350 divided by 14000 kHz, or 2.5 % dhe frequency, etc. The percentage of frequencyrfo
a band will determine if a resonant dipole will wok the whole band without a tuner. If you are plannng
to move around on 160 or 80 meter bands, it makesrsse to have a tuner, because the bandwidth of
resonant dipoles on those two bands is narrow. F@axample, the normal 2:1 SWR bandwidth of an 80-
meter dipole is less than 200 kHz and the band i96 kHz wide. However, if you have an antenna
resonant for the voice portion of the band, you castill use a tuner to work the CW part of the band
without inducing more than a dB of loss. Except fod0 and 10 meters, full-sized resonant dipoles ohe
rest of the HF bands will have enough bandwidth fothem to cover the whole band.

The best place to insert a tuner is up at the antera feed-point. However, if it is placed there, yowont
be able to reach the tuners controls. Therefore, is more practical to place it between the transceer
and the shack-end of the antenna feed-line. A piecd 50-ohm coax connects the radio to the tuner. \Wi
the tuner located in the shack, adjustments can bmade. Remote automatic antenna tuners can be
placed at the antennas feed-point, but the disadvéege of them is that the ones available today witiot
handle high power.

A coax-fed dipole and a tuner should not be used feed an antenna on its even harmonically related
bands. The even harmonics are 2, 4, 6, etc, timdwetfundamental resonant frequency. If an 80-meter
antenna being fed with coax through a tuner is usedn 40 meters, it will put out a weak signal becaes
the SWR will be around a hundred to one. Coax has @emendous loss with SWR this high. Only a few
Watts from a hundred-Watt transmitter will reach th e antenna. However, you will be able to make
contacts with those few Watts. If you want to usergy antenna having high SWR, ladder-line has much
less loss than coax. If you feed an 80-meter dipad@ 40 meters using ladder-line and a tuner, it wilonly
be slightly less efficient than a half-wave 40-meteoax-fed resonant dipole. However, the SWR willtsl
be high between the tuner and the antenna, but thidoesnt matter since ladder-line has an insignifice
loss. Since the feed-point impedance will be higthe SWR will only be about 9:1 in the ladder-line
because ladder-line is a high impedance feed-line.

Extremely short antennas may not work at all becaus of the above mentioned reasons. To reiterate, the
extremely high capacitive reactance may make it imgssible for its reactance to be tuned out and
reactance prevents a transmitter from delivering paver to the antenna. Even if you are able to tune du
the capacitive reactance, tuning it out requires afmnductor and most of the power will be lost in the
inductor. Do not take the statement about the Conseation of Energy to mean you can put up any piece
of wire and it will radiate your entire signal.

3. The Cause of Feed-Line Radiation

Contrary to popular myth, SWR in a feedline will not cause it to radiate.The cause of feed-line
radiation is unequal current in the two conductorsof the feed-line. What are the causes of unbalanced
current in a feed-line? They are an unbalanced feeline feeding a balanced antenna; the feed-line beg
brought away from and parallel to one leg of the atenna; the antenna not being fed in its center; and
one leg of the antenna being close to metal objects coax, unbalance causes RF to travel on the midle
surface of the coax shield, and the shield radiate®/hen everything is balanced, coax normally has
current flowing on its center conductor and on thenside of its shield. The shield prevents it from
radiating.
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Ladder-line will also radiate when it is fed from the outut of a tuner not having a balun. Baluns are
discussed in the next section. Since the output aftransceivers tuner is unbalanced and feeding ladka-
line directly from your transceivers tuner, the curents in the ladder-line will not be balanced. When
balanced, ladder-line has equal currents with a 18@egree phase difference, which produce waves that
null each other out, and no radiation takes placeddams mistakenly refuse to bring ladder-line into tre
shack because of a fear of feed-line radiation, bl&dder-line does not radiate when balanced. The
simple cure for feed-line radiation is to use a bah at the antenna feed-point for coax and a baluntahe
output of the tuner when using ladder-line.

4. Baluns

The word "Balun" is a contraction of " balanced to unbalanced." It is pronounced "bal un" like "bal"

in "balanced and like "un" in "unbalanced". Many ha ms mistakenly pronounce an "M" at the end of
the word making it "balum."” A balun transforms the unbalanced transmitter output to a balance feed-
line such as ladder-line. It is also used to connean unbalanced feed-line such as coax to a balantce
dipole. In the latter case, the balun is located ahe antenna feed-point and is constructed so thealun
takes the place of the center insulator.

There are two kinds of baluns: voltage baluns anduwrent baluns. They both accomplish the same thing
The difference in baluns is in the way they are wauwd. A voltage balun produces equal voltage with
opposite polarity at its output. As its name implig, a current balun provides equal currents with
opposite polarity at its output.

Running the coax through ferrite beads can make a t 1 current balun. In addition, you can build a 1
to 1choke current balun by winding 8 to 10 turns oftoax around a two-liter soda bottle and placing ta
coiled coax at the antenna feed-point. Any balun idesigned to "divorce" your antenna from the feed
line. It is used to prevent common mode radiationfocoax, which makes the coax to be part of your
antenna. You want it to be able to deliver all youpower to the radiator itself. A choke balun doeshis
perfectly, without using any ferrite beads or torods. In most cases common mode coax radiation does
not occur when a balun is not used, but it is prefable to use one to be safe.

Other baluns provide a step-up or step-down impedage transformation. A 4-to-1 balun steps up the
impedance four times. It will transform a 50-ohm inpedance to 200 ohms. This type of balun
transformer is used at the output of tuners to incease the tuning range of a tuner 4 times. If a tume
without a balun can match 500 ohms, a 4-to-1 baluwill increase the range of impedances it can match
to 2000 ohms. Many hams think the 4-to-1 balun issed to match 50 ohms to 450-ohm ladder-line but it
is not. It would take a 9-to-1 balun to match 50 oims to 450 ohms, and it is not important to match té
impedance to ladder-line.

A balun should always be placed at the input end dédder-line or open wire feeders to prevent feed#e
radiation. When using ladder-line a step up baluns commonly used although a 1:1 balun will work.

X. OTHER TYPES OF DIPOLES
1. A Shortened Dipole Using Loading Coils

If you are unable to put up a full-sized dipole oryour property, putting loading coils into the dipole
could shorten the antenna. See section IX, part A short antenna has capacitive reactance and the
capacitive reactance can be tuned out with a coilhe overall length of the shortened antenna will be
determined by the amount of inductance in the coilPre-tuned antennas of this type are available from :
least one manufacturer. The main problem with loade antennas is they are very narrow banded. If the
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loading coils are wound with small diameter wire, lhe coils may introduce unwanted loss into th
antenna. Loading coils can also be found in shortexd vertical antennas for high frequency (HF) mobile
use.

Figure 5. A Shortened Loaded Dipole
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2. All Band Dipole

In the figure below, a dipole is cut to a half waven the lowest band you want to operate. Feeding\tith
ladder-line and a tuner makes it possible for youd work all the other higher bands. The only losses
this antenna system are the loss in the tuner anti¢ very small loss in the ladder-line. This systeis
more than 90% efficient. As mentioned above the bah in the tuner will be used, or if your tuner doest
have a balun, an external balun can be connected taeeen the tuner and ladder-line with a short run of
coax. Four-to-one baluns are the most commonly usexhes for this arrangement.

Figure 6. All Band Dipole
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3. The Sloping Dipole

A lower angle of radiation can be achieved by tyingne end of a half-wave dipole to a high support @h
the other end near the ground. It is fed with or wihout a balun with 50-ohm coax. The sloping dipole
will show some directivity and have low angle gaim the direction of the slope. More directivity canbe
gained if the dipole is strung from a tower, and tlke tower is acting as a passive reflector. The slog
dipole is mostly a vertically polarized radiator ard it works well for DX. Since the sloping dipole ifed in
its center, it does not need to be grounded to trearth as a quarter-wave vertical does. Make sure th
bottom end of a sloping dipole is at least 10 feabove ground because like all dipoles there is higRF
voltage on its ends.

Figure 7. Half-Wave Resonant Sloping Dipole
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In the picture above, the field of maximum radiatio is in the direction of the slope or toward the mght
side of the picture. The formula for the length ofa sloping dipole is the same for any half-wave resant
dipole.

4. The Folded Dipole

The B&W Company makes a folded dipole that claimsd have a good match on all bands and it does.
However, on the low bands much of the power is bued up in the resistor that connects the two ends
together. The power going toward the ends encountéhe resistor and is consumed as heat. All that
power is lost and does not radiate, and no power reflected back to the feed point making the antera
have low SWR. On the higher bands, a large part dhe power radiates before it reaches the resistomal
the antenna is moderately efficient on those band&n 80 meters the 90 foot-long dipole model will
produce a signal at least 10 dB lower than that fnm a resonant dipole.

If you remember the single channel TV antennas usegkars ago, the driven element was a folded dipole.
Folded dipoles are very broad-banded. That is theerason they were used for TV antennas since a TV
channel is 4 MHz wide.

When constructing a folded dipole, the formula forcalculating the length of it is the same as for any
dipole. The folded dipole consists of two paralledonductors with the ends tied together. The conduots
can be spaced from less than an inch to more thawo inches apart when made from TV ribbon or
ladder-line. At the ends, strip the insulation backseveral inches, Twist the bare wires together, stgr
them, and run them through insulators. The feed-pait is in the center of only one of the two parallel
conductors.
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The feec-point impedance of a folded dipole at resonance dose to 300 ohms resistive and can be f
directly with 300-ohm TV twin-lead or a tuner with its balun. This antenna was very popular years ago
when coax was expensive and 300-ohm TV twin-lead weelatively cheap. A length of 450-ohm can be
substituted for the twin-lead. An alternate feed m#hod is placing a 6:1 balun at the feed-point andhien
feeding it with 50-ohm coax. The folded dipole will not radiate its seond harmonic, so it is not good for
multi-band tuner-fed antenna.

Another folded dipole type is the three wire foldeddipole. We have seen this dipole only in books artb
not know anyone who uses one. The feed-point impeutze is 600 ohms resistive and is fed with home-
built 600 ohm open wire feeders.

Figure 8. Folded Dipole
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5. The Double Bazooka Dipole

The double bazooka is claimed by its users to be ®d-banded, a quality especially interesting for thse
hams operating on 75/80 meters. Tests done at theRAR.L. have shown the double bazooka is only
slightly more broad-banded than a regular dipole, pobably due to the use of a large conductor (coax)
for the center part of the antenna. The double bazzka will not transmit its second harmonic, and its
users say it does not need a balun. Other users says quieter than a regular dipole.

The center of the antenna is made from R@G38 coax. To find the length of coax needed, dividg25 by the

frequency in MHz. The coax forms the center part othe double bazooka and a piece of number 12 wire
on each end completes the antenna. The length ofcbeof the end wires is found by dividing 67.5 by th
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frequency in MHz. To increase the bandwidth some hLlders use shorted ladde-line in place of the
number 12 wire, which makes the end pieces to beeetrically larger.

The feed-point of the double bazooka is unique. Ahe center of the coax dipole, remove about 3 inche
of the plastic covering, exposing the shield. Cuhe shield in the center and separate it into two p&s. Do
not cut the dielectric or the center conductor. Lese the center conductor with its insulation exposedOn
the feed-line strip off about 3 inches of outer indation, separate the shield from the center conduor,
and strip about 1 inches of the insulation from thecenter conductor. To attach the feed-line, soldehe
two exposed feedine conductors to the two pieces of the separatezkposed shield of the dipole center.
goes without saying: seal the feed-point to prevemtater from getting in. At each of the two ends othe
coax forming the center of the antenna, the coax &ripped back and the center conductor and shield
are shorted together and soldered. The end wires arsoldered to the shorted coax ends, run to insutats
at the end of the antenna, and the soldered jointsre sealed against the weather.

Figure 9. Double Bazooka Dipole
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6. Broad-Banded Coax-Fed Fan Dipole

A broad-banded dipole for 75/80 meters can be consicted by attaching two equal length dipoles to the
center feed-point and spreading the ends about 3deapart using PVC water pipe to separate them. The
completed dipole looks like a bow tie. This makesie antenna to appear electrically to have that of a
large diameter conductor. Because of this, the ovalt length will need to be shorter than a single we
alone. When we used the antenna, we found a length110 feet would cover most of the 75/80-meter
band without a tuner. It is fed with 50-ohm coax. e use of a balun is optional. The antennas for mbs
of the higher bands have enough bandwidth so theyochot need broad banding.
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Figure 10. Broac-Banded Fan Dipole for 80 Meter
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7. Two-Element Collinear Dipole

The two-element collinear dipole is an antenna thas a full-wavelength antenna having a two-dBd gain
It can be fed with ladder-line and a tuner and useds a multiband antenna, or it can be fed with a
guarter-wave-matching stub with 50-ohm coax cableat make it a single band array. In the stub
matching system, a quarter wavelength of ladder-lia is connected across the center insulator, and the
opposite end of the ladder-line is shorted. A shoed quarter-wave piece of feed-line acts like an ope
circuit. Going from the shorted end of the ladder-ine toward the dipole, there will be a point wherea
piece of 50-ohm cable will find a perfect match. Té 50-ohm feed-point will have to be found empirichy}
(trial and error).

Figure 11. Two Element Collinear Dipole
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8. Four-Element Collinear Dipole

The four-element collinear dipole array consists ofour half-wave segments connected end-to-end with
an insulator between each two adjoining segmentshé feed-point is at the center of the array. The
antenna is fed with ladder-line through a tuner. Aquarter wave shorted ladder-line stub hangs down
vertically from the insulators between the inside ad the outside half-wave segments. This stub proved
a 180-degree phase shift so that all half-wave segnis are fed in phase. This antenna has a 6-dBd gai
and it radiates bi-directionally at an angle perpemulicular or broadside to the plane of the wires.

This antenna is too long for most hams to use on &hd 40 meters, and the stubs hanging vertically Wi
be too close to the ground. For 20 meters, the folglement collinear array will be 97 feet long andhe
stubs will be 18 feet. To find the length of eachdif-wave segment, divide 468 by the frequency in MH
and for the quarter-wave stubs, divide 246 by theréquency in MHz.

MFJ has begun marketing the four-element collineamonoband array. They have them for 20, 17, and
15 meters. This antenna is so easy to build that y@an do it yourself. All you need is 5 insulators,
antenna wire, and some ladder-line.

It will have no gain if you use it on bands for wheh it is not designed because the stubs are used as
phasing lines. It is definitely not a multiband anéenna.

It is possible to add more half-wave segments toehends of this array to make it have 6, 8, 10, ebalf
wave segments. Adding more segments will add moraig and make the lobes narrower.

Figure 12. Four-Element Collinear Dipole
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9. Coax-Fed Dipoles Operated on Odd Harmonic Frequreies

Antennas fed with 50-ohm coax can be used on othkands for which they are not cut. An 80-meter
dipole will have a relatively low SWR and will be esonant at a single frequency on 10 meters and not

much power will be lost in the coax even if operateoff resonance. A 40-meter dipole will work the sae
way on 15 meters. Using coax, a dipole will work oits fundamental frequency and on odd-harmonic
frequencies and it is not necessary to use laddané. The fundamental frequency is the frequency for
which the antenna is a halfwavelength long, and the odd harmonics are 3 time§,times, 7 times, etc. th
fundamental resonant frequency. A frequency of 21 Mz is 3 times or the third harmonic of 7 MHz, anc
28 MHz is the seventh harmonic of 4 MHz.

Antennas operated on their odd harmonics will be reonant a little higher in frequency than exact
multiples of their fundamental frequencies. Sincehlie odd harmonic antennas input impedance is higher
than it is on its fundamental frequency, many amaters use a series quarter-wave matching section of
70-ohm coax to give it a better match. The 80 metenverted-V dipole in use here has a 2:1 SWR on 10
meters indicating it has an impedance of around 106hms. However, modeling the antenna for 10
meters shows the resonance to be below 28 MHz, padidy because the antennas fundamental resonant
frequency is 3920 instead of 4000 kHz. A quarter wee 70-ohm matching section should bring the SWR
down to a much lower level.

As said earlier, if you try to use coax with a dipte on its even harmonic frequencies, the feed-point
impedance will be very high, the SWR will be extreraly high, and the coax will absorb most of the
power. In addition, when operating a coax-fed antema on its even harmonics, the tuner may not be able
to provide a match. Operating any antenna on any afs harmonic frequencies, odd or even, will work
better if it is fed with ladder-line and a tuner.

Figure 13. Three Half-wave Dipole
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This antenna is matched by a quarter-wave 70-ohm ses matching section. Three half waves will
resonate higher than you would expect because therter half wave doesnt have to contend with end
effects. To calculate the length of a three half-we dipole, divide 1380.6 by the frequency in MHz. e
half waves is found by dividing 2316.6 by the fregency.

To use a 3 half-wave antenna on 15 meters, the 7Bro matching section needs to be 7 feet 7 inches and
the antenna needs to be 64 feet long for a good roht It will be just a little long on 40 meters. Whe

using a 40-meter dipole with a 15-meter quartewave matching section, it will still have acceptalel SWR
on 40 meters.

Figure 14. Radiation Pattern of a 15- Meter Three HIf-Wave Dipole at 65 Feet
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The pattern shows 6 lobes, 4 major lobes and 2 mintobes. The vertical radiation pattern shows low
angle radiation.

10. All Band Random Length Dipole

A random length of wire cut into two pieces can besed as a dipole, and it will radiate efficientlylt has
to be at least a half-wave length on the lowest bdryou want to work. It looks the same as the all-bad
dipole and is the same, except it is not resonanh@ny band. The random length dipole is being
described here to emphasize that the radiating pamf an antenna doesnt have to be resonant. Becautse
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will have a feec-point impedance that is unusual, it must be fed wit ladder-line a tuner, and a balun.
Since you are using a tuner, it can be used on migte bands. If you make it very long, it can have @n
over a dipole. For example, if it is four wavelendts long, it will have 3-dBd gain. As you move to gher
bands, the electrical wavelength of the antenna ineases, and each higher band will have more gain.

A half-wave antenna radiates perpendicularly to the planef the wire. As you move to higher bands, thi
antenna begins to show some gain, and instead ofdwobes of radiation, the two lobes split into four
lobes and the pattern resembles a 4-leaf clover. A®u make the antenna longer, the four lobes move
nearer the to the ends, the gain increases, and tiegeare minor lobes of radiation between the major
lobes. These minor lobes make it possible to work &ll directions. The longer the wire, the closerte
antennas major lobes radiate bi-directionally towad its ends

Figure 15. All Band Center-Fed Random Length Dipole

The problem with using a random length of wire forthis antenna is you may find that because of
limitations of your tuner, you may not be able to tine a particular length of antenna on some bands.
Certain lengths will tune all bands and one of thas lengths is 135 feet. That particular length wilbe
nearly resonant on all bands of 80-10 meters. Resamce only makes it easier to tune, but it has nofett
on efficiency. A length of 260 feet will tune fronl60-10 meters. Lengths of 260 and 135 feet have bee
used here successfully. Some hams use random lergyt wire without problems. Then some hams have
had problems with other random lengths. The ones hang the problems solved the tuner problems by
changing the length of the dipole wire. If you plarto put up this antenna using a random length of we,
you will need to experiment with various lengths util you find a combination that works.

Tests were performed here using two towers of equakight and spaced 100 feet apart. On one tower,
was an 80-meter inverted-V 120 feet long fed direlgtwith coax, and running parallel to it on the other

tower was a 135-foot long inverted-V fed with laddeline and a tuner. At the resonant point of the cax-
fed dipole and having tuned the ladder-line fed amnna, it was possible to switch antennas instantgnd
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many hams were asked to look at their "-meters" while the antennas were switched. All hamthat
participated in the test said the signals from botlantennas were equal. The signals were measured on
analog S-meters, not on segmented LCD meters fouimeth most of todays transceivers.

11. A Two-Band Fan Dipole

A two-band dipole can be constructed by connectintpgether the feed point two dipoles for even
harmonically related bands. It is fed with 50-ohm oax with or without a balun. The best example of tis
is 80 and 40-meter dipoles connected together. Batlipoles are cut for half-wave resonance on each of
the two bands. They are fed together and the end$ the wires are spread apart. If the ends are close
together, there will be interaction between the diples. In such an antenna system, both dipoles mus
carefully pruned for lowest SWR one band at a timeThe lower band will be tuned first since the shosr
dipole will not interact with the longer one. Eachdipole has a low antenna resistance on the band for
which it is resonant. RF energy follows the path oeast resistance, and it automatically selects wdh
dipole will receive power. The remaining antenna Wi have a high impedance. High impedance will
block RF. Such an antenna will have a narrower bangidth than a single band dipole, but close to the
resonant frequency of each dipole, a tuner will nobe needed. To connect many dipoles for multiple
bands is possible, but it is not recommended becaumultiple wires are prone to interact and it willbe
impossible to achieve a low SWR on some bands. Hoxee, on the two band model, the 40-meter dipole
will resonate close to 15 meters, the 80-meter difgowill resonate close to 10 meters, and working to
bands with this set-up is possible. Some hams arsing this antenna successfully with a tuner on all
bands, although the signal on 20 meters suffers sewhat because of high SWR.

Figure 16. Two-Band Fan Dipole for 40 and 75 Meters
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12. Trapped Dipole for 75 and 40 Metetr

A trap is constructed from a capacitor and an indutor connected in parallel. It acts as an open switcon
the frequency for which it is resonant. A trap is paced on each side of the dipole. For a 75 and 4Ceter
trapped dipole, the traps must be resonant on 40 ners, and each trap should be placed a quarter wave
from the center insulator. The center section betwen the traps is electrically isolated from the endef
the dipole by the traps on 40 meters, and the centeection of the antenna becomes a fudlized half wave
resonant dipole for that band. This antenna is feavith 50-ohm coax and an optional balun. Wires
connected to the outside of the traps are run to thend insulators and are tuned so the entire antean
resonates on 75 meters. The 75 and 40 meter trappdipole will be shorter than a 75-meter dipole
because the inductor in the 40-meter trap acts aslaading coil on 75 meters. In addition, the endsfahe
antenna can be tuned to operate on the 80-meter C¥and instead of the 75-meter voice band. Several
sets of traps can be inserted at the correct poinia the dipole to make a multi-band dipole. Multi-band
trapped dipoles are being sold, but in many casebey will require the use of a tuner. If a good matc is
found at a frequency on some bands, the bandwidthithout a tuner will be very narrow.

Figure 17. Trapped 75 and 40-Meter Dipole

The antenna is only 108 feet long instead of 120etebecause of the loading effect of the traps on 75
meters. These dimensions are for antennas using thhaps made by W2AU. If you use other brands of
traps, the length of the end wires will have to badjusted. What you do in that case is make the wire
long, measure its resonant frequency on 75 meter@nd prune the ends to resonance at your favorite
frequency.

13. The Extended Double Zepp Dipole
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An extended double zepp is a long dipole with-dBd gain. It is the longest dipole antenna, which v
radiate at right angles to the plane of the antennaro find the overall length of an extended doubleepp,
divide 1197 by the frequency in MHz. Each leg of # antenna is 0.64 wavelength long and the total
length is 1.28 wavelengths. An extended double zefir 75-meters at 3.8 MHz is 315 feet. Not many
amateurs have space for that antenna. The extendeduble zepp is mostly fed with ladder-line. Another
method of matching an extended double zepp is to @suned lengths of 450-ohm ladder-line as a series
matching transformer connected between the 50-ohnoex and the dipole. The length of the matching
section of 450-ohm ladder-line can be found by diging 135 by the frequency in MHz.

Figure 18. Extended Double Zepp Dipole

14. The G5RV Dipole

An interesting antenna you can buy that will work ®@mewhat on all high-frequency bands is the scalled
G5RV antenna. It is named after the call letters of.ouis Varney (SK) who designed it. It is a 102-fdo
long or three half-wavelength dipole antenna on 2theters (14.150 MHz), and can be used with a tuner
on other bands as well. In his original design, Varey calculated the length to be 102.57 feet, butaée to
make it an even 102 feet since a tuner was goinghie used with it anyway. It was originally fed thraugh
a 34-foot 500-ohm homebrew open wire matching secti from a 70-ohm coax or parallel conductor
feed-line. The 34-foot open wire line is a half walength on 20 meters and at the end of a half-waveed-
line, you will see the antennas impedance repeateelgardless of the feed-line impedance. The ladddine
helps partly to match the antenna on the other bansl

The G5RV antenna is around 20 feet short of being laalf-wave on 80 meters, and on bands on 20 met:

and up, it has theoretical gain. We believe that ga is negated by losses in the coax of the feed t&ys,
except for 20 meters. At the frequency of the bestatch, commercially made models of the G5RYV are

file://C:\Program Files\Trellian\basicantennas. 7/17/200



Page3€ of 74

said to have a 1.8:1 SWR on 80 meters. Where theasojoins the open wire, Varney recommended usin
a choke made of 8 to 10 turns of coax. He advisedanst using a balun, because, as he says SWR df 2:
or higher may cause the balun to heat and possiblyurn out. The SWR will be moderately high or high
on bands other than 20 meters. Varney recommends ing the lowest loss coax available and as short a
run as practical because of feedine losses caused by high SWR. This recommendatismvery important
today, as it was when Varney designed it. Some G5RAhtennas put out decent signals and some others
have relatively weak signals. Without further invesigating, the only way to explain this is that someare
using lossy coax and baluns while others are notnd the height above ground may play a part in how
well it works.

The G5RV antennas being made today use small dianeet50-ohm coax, 450-ohm ladder-line, and a
balun between the ladder-line and the coax, contrgrto Varneys suggestions. There are several
variations of the G5RV antenna being sold today bewise many believe they can improve the original
design. If you use a G5RV antenna, a tuner will beequired.

The G5RV shown below is close to the original versn of the antenna. This one pictured below is from
an old article that KAEFW found somewhere. It is ke the one he used. As you can see, it uses 300-ohm
TV ribbon. The length of the parallel TV ribbon is 36 feet, but modern designs of this antenna use 8kl
of 450-ohm ladder-line. All these variations work qually well when they are used with a tuner. It is
shown in the inverted-V configuration but it couldbe put up in the flattop configuration as is, withno
modification.

Figure 19. G5RYV Dipole
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Jeff, AI8H, in Oxford, Georgia, had a pair of G5RV dipoles oriented in different directions. Recentlyhe
put up a 75-meter half-wave inverted-V. Being abléo switch antennas, he ran A-B tests on 3902 kHz
and the inverted-V was 10 dB stronger than the filsG5RV and 15 dB stronger than the other one. Now
if we are saying the stronger signal is 40 dB oveé3-9 and the weaker signal is 25-30 dB over S-9, ooe
will notice the difference. Only under marginal bard conditions will the difference be important. In
addition, the G5RV antenna will work better on theother bands.

15. Off-Center Fed Dipoles

A long dipole consisting of multiples of equal halivave segments is normally fed in the center using
ladder-line. Dipoles do not necessarily have to ded in the center. They can be fed in the center ainy
one of these half-wave segments, even fed off-cani fair match will occur if coax is used.

Figure 20. One wavelength Off-Center Fed Dipole

The dipole shown above is a one-wavelength dipoléis nothing but two half waves end to end. It is
being fed in the center of one halfvave segment or a quarter wave from one end. It {gossible to make i
any number of half waves, and if it is fed a quartewave from one end, it will have a fair match. Theway
it is shown above is an example of how to feed antanna with even multiples of a half wave using coa
A 2:1 or 4:1 balun will improve the match on longerversions.

The windom antenna is another example of an off-céer fed antenna. The original windom was fed off
center with a single wire. The other side of the ansmitter was connected to ground. The feed-point
impedance at the transmitter was reported to be 506hms on all bands. The antenna was designed by
William L. Everett and J.F Byrne at Ohio State University. W8GZ, whose last name was Windom,
described the antenna in the September 1929 issueQST.

A lot of research concerning the modern variation®f the Windom antennas has been done, including
the ones described by Fritzel, K4ABT, WARNL, The Ceolina Windom, and ON4BAA. The main
differences in these variations are the slight diirences in the position of the feed-point and the
impedance of the baluns used for matching. The Wirains are sensitive to the height over ground,
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meaning the height above ground affects the SWR. Bhoffset position of the fee-point will also
determine the feed-point impedance. The one sold I4ABT is a variation of the Fritzel antenna, and
the one sold by Radio Works, The Carolina Widom , laims it has a vertical radiator.

There are two variations of Windoms, both claiminghey have vertical radiators, The Carolina
Windom, and the one previously marketed by WACOX hae two pieces of transmission line in series.
The upper piece is connected to the dipole, and thewer piece is connected to the transmitter. Theekd-
point of the dipole is placed off center. In The Cablina Windom being marketed today, the upper
transmission line is coax. The one made by W4COX dahe upper piece made from ladder-line, but in
either case, the principle is the same. The two mes are connected together through a line isolatoa,
type of balun. The line isolator keeps the lower pice of transmission line from radiating. Because ¢
antenna is fed off-center, the marketers of The Caldina Windom claims it causes an unbalance of
current in the upper piece of transmission line. Ts is doubtful because there is a balun at the feed
point, which should prevent the feed-line attachethere from radiating. The main difference between
The Carolina Windom and the one sold by WACOX is tht a 4:1 transformer is between the coax and tl
ladder-line, and a 1:1 line isolator is between thapper and lower coax cables. Both variations of ik
antenna show low SWR on several bands, but a tunes used to match it.

Figure 21. Carolina Windom

Another unique variation of the Windom dipole is the Fritzel antenna, named after its inventor and
manufacturer, Dr. Fritz Spillenger (SK), a German ham, call sign DJ2KY. Alpha Delta is now selling an
almost exact duplicate of the original Fritzel antana. Alpha Delta calls it an OCF antenna and it is
made by Buckmaster Antennas. There are two modeld the Alpha Delta antenna: one for low power
and one for high power, the power rating of the baln being the limiting factor. The Fritzels short sde is
0.18 wavelength long and its long side is 0.32 wadsegth long. It is fed with coax and a 6:1 balun.
Theoretically, the feed point impedance is 300 ohmand the balun provides a 50 to 300 ohm impedance
transformation. Modeling the antenna on its lowestesonant frequency at 35 feet, it shows about 120
ohms impedance. The original Fritzel antenna beingsed by K4ALMS reportedly will work all bands with
a tuner, but it will work 40, 20, 17, 12, and 10 nters without a tuner with an acceptable SWR. The
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Windom being sold by KAABT uses a 4:1 balun and th&eec-point is at a slightly different location. That
one is shown below.

Figure 22. Windom Dipole (Fritzel Type)

The difference between the Windom antenna sold by4ABT and the original Fritzel is the difference in
the offset of the feed-point. Since the K4ABTversiouses a 4:1 balun, it appears his is fed at the @@hm
point, and the original Fritzel is fed at the 300-am point. On any resonant dipole, the lowest feedepnt
impedance is found at the center. As you place tlieed-point offset toward either end, the impedance
gets higher. The highest feed-point impedance ocauat the end of the dipole.

Xl. END-FED ANTENNAS
1. End-Fed Zepp

A half-wave resonant antenna can be fed from its &h When fed this way, it is also known as an endde
zepp. An end-fed zepp will work on its fundamentafrequency and on odd and even harmonic
frequencies. The name "Zepp" goes back to the dayaf dirigibles or Zeppelins, which used trailing wire
antennas that had to be fed at one end. The end @half-wave antenna has very high impedance, and an
antenna fed this way is said to be voltage fed. Fdiag a half-wave resonant dipole in the center meanit
is current fed. The normal way of feeding the enddd antenna is with ladder-line. One side of the later-
line is connected to one end of the antenna and tls¢her side of the ladder-line is connected to nothg.
To secure the unconnected side of the ladder-ling,is connected to a short wire running between two
insulators. Since the antenna is connected at itsgh impedance point, no current flows into an antena,
but there will be a large current in the center ofthis antenna. No current flows from the open sidefdhe
feed-line because it is at a zero current point.

Figure 23. End-Fed Zepp
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The end-fed zepp can be matched by cutting the laéd-line to a quarter wavelength with the bottom ent
of the ladder-line shorted. A certain distance abos the short is a 50-ohm feet-point and it can bede
directly with coax. MFJ is marketing antennas of ths type made for single bands, and they are selling
the parts separately so you can build your own. Yowill have to find the 50-ohm point by trial and
error. This method of feed makes it a single bandrdenna.

Figure 24. Alternate Method of Feeding an End-Fed &pp
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2. End-Fed Random Length Antenna

Below is another end-fed antenna made from a randorength of wire connected to the back of the
tuner. The wire then exits the shack and goes tolagh support where it then runs horizontally to
another high support. The tuners groundside must beonnected to a good RF ground, since a poor
ground causes high losses. This antenna is commowghiled a "long wire." Since the end of the antenna
comes in the shack, you will be exposed to high kg of RF. In addition, this type of installation nay
cause RF to be picked up in the microphone, notedyldistortion. The feed-point of the long wire being
connected directly at the output of the tuner can ave an impedance of a few ohms to a thousand ohms
depending on the antennas length. If the wire is ¢wo a multiple of a half wave at the lowest frequecy,
the system will be efficient since it is fed at aoltage point and very little current flows into the ground.
This antenna is really a variation of an inverted-Lfed directly without a feed-line from the tuner.

Figure 25. End-Fed Random length or Long Wire Antena
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XIl THE HALF SLOPER
1. The Half-Sloper

The half sloper is an antenna that is hard to categyize, since it is not a sloping dipole and it isat a
vertical. The half sloper is half of a sloping dipte. To make one of these antennas, cut a quarter-wea
radiator by dividing 234 by the frequency in MHz ard tie an insulator to both ends. One insulator isieéd
near the top of a tower and the radiator wire is run down toward the ground. Coax is split into its ceter
conductor and shield, and it connects across thesaolator at the tower. The center conductor of the @ax
is tied to the quarter wave radiator and the shields grounded to the tower. This means the tower is
acting as the missing half of the dipole. It is aifficult antenna to get a good match because the iyt
above ground of the feed-point and the angle of thope affect the impedance. Some users of this
antenna say to mount the feed-point at 45 feet upndhe tower and have a beam antenna on the tower
above the feed-point to use as a counterpoise. Othesers say you must find the 50-ohm point on the
tower, which is a tedious task. It has also beeniga"Some installations work super, while others daot
work well at all." The half-sloper is used almost &clusively on 80 and 160 meters. The Alpha-Delta Ha
sloper was tried here and its performance was disgointing. The signal from it was down a least 10 dB
below a dipole and the SWR wasnt low enough. The ligloper is mostly vertically polarized and it is
directional toward the slope.

Figure 26. Half-Sloper
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Xl VERTICAL ANTENNAS
1. Why Verticals Are Used

Vertical antennas have the radiator mounted at righ angles to the earth. The vertical is used whenewve
you desire to radiate your signals in all directios at a low angle. Low angle radiation is needed t@ork
DX effectively. Radio waves traveling to the ionodpere where they are reflected need to hit the
ionosphere at a point near the horizon in order taeflect farther around the curvature of the earth. In
order to get a dipole to radiate a strong signal alow angles, it has to be more than a wavelength abe
ground. A low dipole is not particularly a good DXantenna for 80 and 160 meters. However, the avera
dipole at modest heights will outperform any groundmounted vertical having a poor ground system.
Vertical antennas work very well at low frequenciesuch as the broadcast band, but the ground losses
increase as we move higher and higher in frequengRefer to section V concerning ground-wave
propagation). It is very difficult to get a good giound for a ground-mounted vertical unless you livenext
to salt water. Vertical antennas, because they amnbalanced antennas, do not need baluns. They are
normally fed with coax.

If a ground mounted, quarter-wave vertical is all you can put up at your location (QTH), then use it.
However, it will be a mistake to put up this antena if you are not be able to have a ground radial sgem
and are able to put up a dipole. Most ground mounig quarter-wave verticals manufactured today are
trapped in order to work multiple bands.

The ground-mounted vertical also needs to be put din the clear away from RF absorbing objects.

These facts do not apply to half-wave verticals, wth are in themselves different animals, nor do the
apply to high quarter-wave verticals using elevatedadials.
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The approximate length of a ful-sized resonant quarter wave vertical can be foundybdividing 234 by
the frequency in MHz. Note: 234 is half of 468, thaumber we used to calculate the length of a halfrave
antenna. The actual length for resonance may be #tle different from what you calculate, because of
the diameter of the vertical element. Trapped vertals are physically short of a quarter wave in lenty
because the traps load them. The vertical is fed ane end at the bottom where it is insulated fromhte
ground. The center conductor of the coax connects the vertical element and the shield is connected
the ground system.

Figure 27. Ground Mounted Trapped Vertical

2. Disadvantages of Using Quarter-Wave Verticals

The most obvious disadvantage of using any verticahtenna is on 80 meters it has less than optimum
high-angle radiation needed to work stations withira few hundred miles. Ground-mounted quarter-
wave verticals use a ground system for the other Haof the antenna and the ground system losses che
very high. The ground wave signal should eventuallyadiate in space at angles at the horizon, but ste
there are very high losses in the ground wave at ateur frequencies, a ground-mounted vertical has
almost no signal down near the horizon. At anglesdbow 10 degrees, the signal will be greatly attentex.

A ground-mounted quarter-wave vertical with an ided ground should have an impedance of 35 ohms
resistive. If you were to measure its impedance, dnt measures 60 ohms resistive on an antenna
analyzer, it means it has a loss resistance of 2bms. Moreover, that loss resistance is mostly in éh
ground system. Under these conditions, only 58% olie power will radiate as RF, although you will hae
a 1.3:1 SWR. Forty-two percent of the power will beurned into heat by the loss resistance. With the
feedpoint being at ground level, some more loss coma®m the radiated wave being absorbed by powe
lines, trees, and buildings with its associated wimg. That loss does not show up in antenna analyzer
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The best ground system for a ground-mounted vertidas 120 wires, called "radials," radiating from the
feed-point like the spokes of a wheel. These radsaheed to be a quarter wave long. At the feed-pointhe
radials are bonded together and are fed from the séld side of a coax cable. Not many amateurs have
the resources to build such a ground system. Manyert radials will be more effective than a few long
ones. When using a ground mounted vertical, many mas drive an 8-ft. ground rod into the earth for
their ground system. The ground losses are very hign that case. Using a ground rod for the ground
system of a vertical antenna confirms the old adagé&Verticals radiate poorly in all directions."

To eliminate ground losses, you can use an elevatgdarter-wave vertical with an elevated ground
system called a "ground plane." The ground plane wical, as it is called, needs to be mounted high
enough to prevent the return path from coming backhrough the earth ground. Ground plane verticals
need to be mounted above nearby objects that absoRF. They will be nearly 100% efficient if they are
high enough. The ground plane consists of two or me radials, but most ground planes have three or
four. The ground plane radials do not have to be onant, but should be at least a quarter wave long.
An elevated ground-plane vertical will be more effetive for working DX than a dipole.

3. Long and Short Verticals

Verticals can be less than a quarter wave in lengtiThey can be loaded by coils or linear loading s&ans
or a short vertical can be fed directly with a tunng unit at the feed-point. The loss resistance inghort
vertical may be appreciable. Since the radiation r@stance is very low at the feed-point of a short
vertical, the current at the feed-point will be vel high. The more current that flows into loss resisnce,
the higher the loss will be. Any coils used in theining unit and for loading should be made of as ey a
conductor as possible, since these can cause apjaibte loss when the current is high. This is alsaue
for the ground system. The loss described here ialed "l squared R loss", which means the loss in
watts is found by multiplying the current times itself and then multiplying that answer by the loss
resistance. That means if the current into a lossgntenna system is doubled, the power lost in watts
increased four times. Making a vertical very shortand tuning it to resonance with an inductor will ako
result in an antenna with a very narrow bandwidth.

A more subtle loss of energy in very short verticahntennas is coronal discharge from the tip end dhe
vertical. Corona occurs when the voltage is very gh at the end and electrons flow out into the airThis
can be visible at night if the transmitter power ishigh and you are at a high altitude. Power is lodrom
the antenna when corona is produced because coroizaa form of light and light is another form of
energy.

In 1973 while we were working for radio station WWNC in Asheville, North Carolina, a trapped vertical
for 10 through 80 meters was erected. The length ¢fie antenna was only about 25 feet. A loading coll
near the top made it resonant on 75 meters. The guod system was the metal body of a 75-foot long
mobile home. Fair reports were received from thiset-up. The reports were not bad because of our
having a good ground. One night, while working 75 mter SSB, one of the neighbors came over and s&
"Youre tearing up my TV." Checking all of the inside connections proved they were tight. Our wife
keyed up the transmitter while we made a trip to tle antenna to check the connection there. Before
arriving there, looking up, we saw blue fire comingoff the end of the vertical. The corona was
responsible for the television interference ( TVI.)It was visible because Asheuville is at a relatilyehigh
altitude and the transmitter was running 700 watts An inverted-V was put up, the TVI disappeared, an
better signal reports were received.

You can realize up to a 1.5 dBd gain from a vertideantenna by making it longer than a quarter wave,
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but there is a limit to how long to make it and sii get low angle radiation. That limit is 5/8tk-wave. To
find the length of a 5/8th-wave vertical, divide 58 by the frequency in MHz. For example, to calcula
the length of a 5/8thwave vertical for 20 meters (14.000 MHz) divide 58By 14.0. It equals 41.786 feet (
approximately 41 feet 9.5 inches. A tuning unit wilbe needed at the feed-point of this antenna, alsd
impedance of a 5/8th-wave antenna is low and higluent will flow into it. A tuning unit will usuall y
have enough bandwidth to cover the entire band onaeh band of 20 meters and higher. A tuning unit is
also called a matching network. It is similar to anantenna tuner, but has fixed inductors and capaaottrs.
Tuning units for 80-and 160-meter verticals will coer only a portion of the bands. Outside the
bandwidth limits of the tuning unit, you can use tle tuner at the transmitter end. Radials or ground
planes are needed for a 5/8th-wave vertical and tgeneed to be a quarter wave long.

The impedance of a half-wave antenna is high if fedt its end. An end-fed half-wave vertical will hae a
small amount of gain over a quarter-wave verticalThis antenna does not have the ground losses a
guarter-wave vertical has because it is fed at a §h impedance point and the current flowing into the
ground is negligible. Commercially made resonant H&wave trapped verticals now on the market are
end fed at the bottom. A built-in matching networkis found at the base, and several very short radisl
are mounted below the feed-point to de-couple RF dm the feedline. These antennas should be mount
as high as possible away from RF absorbing objectBecause the ground losses are lower, the half-wave
vertical will outperform a quarter-wave vertical by several dB and in many cases many dB.

4. Unscientific Observations of Verticals

At our home, an old Hy-Gain trapped quarter-wave vetical for 40-10 meters was erected in 1961. It we
mounted on the roof and had two quarter-wave radiad for each band. It worked, but it was never
compared to another antenna. It gave the impressiom was a mediocre antenna. Other antennas
replaced it.

One time in 1964, a grounded 60-ft tower was shuéd as a vertical on 75 meters. Without having any
radials, the transmitted signal was 10 dB weaker othis vertical 650 miles away in New York than on
the inverted-V.

In 1969, a 4-band trapped vertical was put up on tatop of a 60-ft tower. A 15-meter 4-element yagi
under it was used for the ground plane. It was prolbly the best vertical installation we ever triedlt was
good because it was high and in the clear and th&-Ineter yagi made a good ground plane.

While we are on 80 meters, a ham 200 miles away fj@ently joins in the roundtable. He uses a trapped
guarter wave vertical with a chain link fence as tle ground. Several of the others are also 200 milag/ay
run the same power. His signal is 10 to 20 dB belogveryone elses on the frequency. It is good theaee
no interfering signals or noise or he will not be apied.

Another ham uses a Hy-Gain Hy Tower vertical with 3ground rods as the ground system. According to
our S-meter, his signal is 40 dB down below thosé the other guys.

Charlie, AD5TH, works 40 meters using a Hustler 5-BV vertical ground mounted with 72 quarter-
wave radials. He has an outstanding signal for a gund-mounted vertical. His installation is out in he
clear away from RF absorbing objects. He says, begse of antenna restrictions at his location, it ithe
only antenna he can put up.

Another ham friend, N2HGL, has both a dipole and ehalf-wave trapped vertical on 40 meters. At a

location 160 miles away, he is 10 dB stronger ondtdipole, but he is equal in strength on both anteras
in Indiana 600 miles away. This comparison shows éhsuperiority of the half wave vertical over the
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guarter-wave one because his signal with the hrwave vertical was equal to his signal from the dide. If
he were using a quarter wave vertical, we would exget his signal would be better on the dipole in
Indiana. It also demonstrates the superiority of alipole over a vertical for working short distances.

Bill, W4ZQL, runs a ground-mounted StepplIR vertical. He lives beside a salt-water river in Florida th&a
he uses for a ground. He puts out a very good sighan 40 meters. No ground losses!

5. The Inverted-L Vertical

The inverted-L antenna is a wire vertical antenna with part of he top end bent horizontally. It resemble
an "L" turned upside down. The inverted-L is used © reduce the height required by a vertical and stil
keep the antenna resonant and full sized. It is fedt the end at ground level the same way a ground
mounted vertical is fed, and all the losses we deged for a ground-mounted vertical apply here. Sone
current flows in the horizontal part of the inverted-L and for that reason, it has both strong vertichand
weaker horizontal polarization. If you make it a hdf-wave antenna, you wont need a good ground
because negligible current flows into the ground. Aalf-wave inverted-L antenna needs to be fed with
50-ohm coax and a tuning unit.

An inverted L for 160-meters is usually made of wie one-quarter wavelength long or about 127 feet. It
runs vertically from near ground level to the top d a support, perhaps 60 or 70 feet. Then the end ns
horizontally and is tied to a nearby support. The atenna is coax fed at ground level between the vésal
section and ground system across some type of ingtdr. A matching network at the feed-poimt will be
required to match it if the impedance is not equato 50 ohms.

Figure 28. Inverted-L
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The picture shows an inverter-L running up the side of a tower. The fee-point is at ground level with
the center conductor of the coax attached to the tom end of the wire. The coax shield connects to a
ground system of radials. The total length of wiraised in this antenna is half of what is needed f&
dipole since the other half of the antenna is theadial ground system. The inverted-L is used mostlgn
160 meters, but some have built them for 80 meter$he inverted-L antenna can also be cut for a half-
wave to reduce ground losses.

6. Vertical Mobhile Antennas

We have heard many good signals from mobiles, mareing stronger than those from hams using
ground mounted quarter-wave verticals. The mobile atenna, being so short, has a large capacitive
reactance. A coil is inserted in the antenna to prade an equal amount of inductive reactance to make
resonant. As we said in the paragraph on short veidals, a coil of this type, carrying a large amounof
antenna current, causes some loss resistance in thestem. To reduce losses in the colil, wind it wité
conductor as large as practical. (Thats exactly whaome mobile antenna manufacturers have done.)
The sources of loss in mobile antennas are in theitlosses, losses in the conductors making up the
radiating part of the antenna, corona discharge, ad the ground loss from the vehicle on which its
mounted. However, because of the large amount of nadin the body of the vehicle, the ground lossesa
not as high as the losses from ordinary ground moued verticals. Matching transformers are now
available that step down the impedance of 50-ohm ar to the very low impedance of the loaded vertical
Good advice is to use the transformers rather thato rely on the internal tuner of the transceiver.

Some low priced single-band mobile antennas are cstnucted by using a polymer shaft and a small
gauge wire encapsulated in polymer material runnindeside the shaft. The loading coil made of the
same wire is also encapsulated in the polymer. Thenall wire, because of its size and because it ces a
large RF current, will lose a lot of power by beconmg hot. This type of mobile antenna is rated for @0
watts. If the wire didnt get hot, there would be ngpower limit.

All mobile antennas have corona loss and for sucthere is no remedy. Most amateurs, because they d:
see it, dont believe its there. Corona will not beisible unless you run high power and it is dark.

Ground losses from the vehicles body diminish witincreasing vehicle size. This is why 18-wheeler ham
have such big mobile signals. To diminish the grouhlosses on any mobile installation, you should use
large as a conductor as possible to bond the coaxald to the vehicle body. All metal parts of the
vehicles body, fame, and drive system need to beruted together with heavy ground straps. To make
the mobile antenna system more efficient, use an &mna with an adjustable inductor and use as long a
"stinger" as practical above the coil. You will incease the radiation resistance by using a longerisger,
and then the loss will be less because you will neige less coil inductance. The ratio of radiation
resistance to loss resistance becomes larger bygsiaig the radiation resistance and reducing the loss
resistance. As we said earlier, the efficiency ohg antenna system is found from the ratio of radiabn
resistance to total resistance, or radiation resiance divided by total resistance times 100%. The tial
resistance is equal to all the loss resistances plthe radiation resistance.

The latest development in HF mobile antennas is mot driven variable inductors. These antennas are
known as "screwdriver antennas." The name refers tdhe electric screwdriver motors used to vary the
inductance. A control cable is run from the motor d a switch at the operators position so it can beihed
from the operators seat in the front of the vehicleBecause a mobile antenna has a very narrow
bandwidth, you will have to tune it often as you mee frequency (QSY). It hasnt been many years since
we had to get out of the vehicle to make inductorhanges or make changes in the length of the stinger
when the frequency was changed.
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Mobile antennas for 20 through 10 meters do not ragjre the care in installation that is needed for 16,

80, and 40 meters because the length of a mobiletanna becomes closer to a quarter wave as you move
to higher bands. The radiation resistance increasem each higher band. While moving to higher bands,
less inductance is needed to tune the antenna, atidht lowers the loss resistance. A 96-inch mobilehip

IS just a couple of inches short of being a quartewvavelength on 10 meters and a loading coil is not
needed there. The band that has the least mobile #@mna efficiency is 160 meters. If you reach a
radiation efficiency of 2% on 160 meters on your mbile installation, you will be doing well.

Below is some information concerning mobile antenrs which was received in an email. There was a 75-
meter mobile "shoot-out" in California. (A shoot-out is an event where a group of hams gets together
and compares signals radiated from various antennasSupposedly, equal power was applied to each
antenna under test. Apparently, some type of fieldtrength meter was used. A screwdriver antenna and
a bug catcher, both with top hats, were used as ttetandard by which other antennas were compared
because they put out equal signals. The other anteas are measured in how many dB they were below
the standard. Here are the results of that test, ahbecause it is hearsay, the accuracy of these figs is

not guaranteed, but they do compare to what we hawabserved.

Screwdriver/bug catcher with top hats O dB referene

Screwdriver/bugcatcher without top hats -3dB, -50%

Hustler -7 dB, -80%

Outbacker -9 dB, -88%

Hamstick -12 dB, -94%

Whip with autotuner -14 dB, -96%.

The efficiency of the best 75-meter mobile antenna from 5% to 10%. In using the best mobile antenna
on 75 meters, a 100-Watt mobile rig will radiate 1@Watts at most. This means that a Hamstick being te
with 100 Watts will radiate only 0.6 watts, which $ 6% of 10 Watts. Ninety-nine and four tenths Watts
will be converted to heat. The person sending thisformation said it was published on the Internet n
some news group. Again with good band conditiong, is amazing how little signal can be used to
communicate.

The things that increase the efficiency of mobilerdennas are

Place the loading coil about half way from the feegboint to the antenna tip. Efficiency decreases you
put the coil above or below this point.

Mount the antenna as high up on the vehicle as pakke. This reduces the ground losses because it
reduces the capacitance of the antenna to ground.

Use a loading coil with a Q as high as possible.&the ARRL Handbookfor a discussion of coil Q.

Make the antenna as long as possible. Note: longtannas are prone to strike tree limbs and bridge
overpasses.
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Increase the size of the mast between the loadingilcand feec-point.

Put a capacity hat above the loading coil. The capdy hat reduces the number of coil turns needed to
resonate the antenna.

Make the coil with as large a diameter wire possilel. This decreases the coil loss, which is a largarpof
the total loss of a mobile antenna.

Any changes made in the antenna system that raisése radiation resistance will increase the efficiecy.
XIV. ONE-WAVELENGTH SINGLE LOOP ANTENNAS
1. The Horizontally Oriented Loop

To calculate the length in feet of any one-waveletigloop, divide 1005 by the frequency in MHz.
Horizontally oriented one-wavelength loop antennakave become very popular on 160, 80, and 40
meters and it is one type of NVIS antenna. (NVIS ands for "near vertical incidence skywave" because
of its high angle radiation pattern.) It is claimedby its users that the loop antenna is quieter thaother
antennas. This is because it doesnt pick up the @i from power lines, thunderstorms, etc., coming iat
low angles. These antennas radiate on their fundamtal frequencies with a broad pattern straight up o
put a strong signal for nearby contacts. Recentlyyblished articles on this type of antenna have catl
them "cloud warmers." There are other types of ant@nas called NVIS antennas other than loops. They
are dipoles at low heights or dipoles with parasit reflectors placed under them to cause the signtd
radiate mostly straight up. The NVIS antennas havan advantage in working nearby stations because
you dont get the static noise and interference frorfar distances. They are definitely not DX antennas
An article on NVIS antennas appears in the Decembe2005 QST.

On their fundamental frequencies, horizontally oriented loops take up half the horizontal distance as
half wave antenna for that band. Loops are two-dimesional antennas having depth as well as breadth.
There are two loop configurations: The square loo@nd the triangle loop. Some hams have pulled the
loops out in irregular shapes to fit where the supprts are located. The only advantage in using a
rectangular loop instead of a square loop is to takup less horizontal space. This is true becauseethain
of a rectangular loop is diminished below a squarop. The area enclosed by the perimeter of the Ipo
determines the gain of a loop. A circular loop hathe most enclosed area, but it requires an infinite
number of supports. The gain of a loop comes fromhe loop having two maximum current points
separated by a distance of one-quarter wavelengtkrom here on we will call a horizontally oriented
loop a horizontal loop.

We also modeled the gain of the horizontal loop fathe 80-meter band over real ground. The maximum
gain occurs with the loop at 7 meters or about 2%&t above ground. Mind you, this gain is straight p
from the loop. At that height, its gain is about 25 dBi and that equates to about 7 dBd in free spac
The gain of the loop diminishes slightly as the aetina is raised. The feed-point radiation resistancat 7
meters height is 35 ohms resistive and 0.0 ohms rance and you do not need a matching section of-70
ohm coax. At a height of 10 meters or about 33 fedhe radiation resistance rises to 63.5 ohms. Theithe
SWR will be 1.27:1, if it is fed directly with 50-dym coax. At 15 meters or about 50 feet, the radiain
resistance rises to 118 ohms and a 70-ohm matchisgction will be in order. The gain drops to a litté
less than 7 dBi at that height. These figures may onay not be applicable to your QTH, because your
soil conductivity may be different from the soil weused to model it. As you can see from the above
numbers, the feed-point resistance rises as the | raised.

The horizontal loops also are used on their harmonifrequencies. The loop with more gain and a
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superior pattern is a twc-wavelength loop. An 8-meter loop is a tw-wavelength loop on 40 meters. Th
two-wavelength loop has a lower angle of radiatiout is a very large antenna for 80 meters. At 3800
kHz it has a perimeter of about 530 feet. A twavavelength loop is not an NVIS antenna. Using coaaith
a tuner is not an ideal way for working a loop onts harmonic frequencies. This is because of the Ing
SWR in the coax on some bands will cause high lo$%r example, an 80meter loop fed on 40 meters wi
have an SWR of 8:1 and the SWR on 20 meters will B8.5:1. There will be some hams who will say th
get satisfactory results this way, however theoryuggests they will have a stronger signal if they esa
ladder-line because ladder-line has less loss. Faggla loop antenna with ladder-line makes more sems
when working a loop on harmonic frequencies.

Figure 29. One Wavelength Horizontal Loop

To realize maximum gain, make the square and trianlg have equal sides. When the sides are equal, the
loop has maximum enclosed area for whatever configation you use. Other shapes will work, but the
gain will suffer.

To support a square loop, you will need four suppds, one for each corner. We hope you will have tree
or masts in the right places. A triangular loop wil need three supports. Once you have cut the single
piece of wire to the right length, run the wire through as many insulators as you have corners. At dac
corner of the loop, put an insulator and tie the cer to a support with a rope from the insulator. To
make the feed-point, connect both ends of the lodp an insulator. Strip the insulation from the oute
part of the coax. Separate the shield from the ceet conductor. The ends of the coax are connected to
the ends of the loop across the insulator. Most hasrdo not feed loops with a balun at the feed-point.

2. The Vertically Oriented Single Loop for 40 and 8 Meters
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Vertically oriented loops radiate broadside to theplane of the loop. A horizontally polarized verticdly
oriented loop has both vertical and horizontal wires. From here on out, we will refer to a vertically
oriented loop as just a vertical loop. When usinghis term, we are not referring to its polarization.If the
feed-point is on one of the horizontal wires, theobp radiates horizontally polarized waves. The veital
wires radiate weaker vertically polarized waves. Ithe feed-point is on one of the vertical wires,
vertically polarized waves will be radiated. The raliation from a one-wavelength vertical loop has bdt
high-angle and low-angle radiation. It is a good atenna for both nearby stations and for DX contactslt
Is better than a dipole for DX because the verticdbop puts out a stronger low angle signal than aigole
does.

The gain of a vertical delta loop is 4.55 dBi or atut 2.4 dBd. Its feed-point impedance is about 129.
ohms. The square vertical loop has 5-dBi gain andbaut 2.85 dBd and the feed-point resistance is 143
ohms. They both need to be fed with a series quartevave matching section of 70-ohm coax.

Figure 30. Single-Element Vertical Delta Loop

Square vertical loops need two supports. The squaneertical loop needs less vertical space than thelta
loop. The vertical space needed for a square vertitloop for 80 meters is 92 feet. For 40 meters the
vertical space is half that. It is rare to find soneone using the square vertical loop these days. The
vertical delta loop is more common because it needslly one high support. The apex of a delta loop fo
3500 kHz needs to be 102 feet high and on 40 metdtseeds to be 62 feet. This assumes the bottom
horizontal wire will be 20 feet off the ground. Inorder to make a vertical loop fit on a shorter supprt,
the sides of the loop can be reduced in length whilmaking the horizontal wires longer. This will putthe
two maximum current points closer together, which las the effect of reducing the gain.

Like the horizontal loop, the formulas for finding the length in feet of these loops are the same: B0
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divided by frequency in MHz. In addition, because he feec-point resistance is nearly the same ¢
horizontal loops, quarter-wave matching sections athother methods can be used to feed the vertical
loops. The vertical loop is not as sensitive to lght as the horizontal loop. Both vertical square lops and
vertical delta loops can be operated on harmonicalirelated bands. (See Figure 32).

Figure 31. Radiation Pattern of a 30-Meter Delta Lop on 30 Meters.
The Bottom Wire is at 18 Meters above Ground.
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The horizontal pattern shown above demonstrates thidahe 3C-meter delta loop has a -lobal pattern
broadside to the plane of the loop. The vertical géern below the horizontal pattern shows both high
angle and low angle radiation. The angle of maximumadiation is at 35 degrees above the horizon. The
angle of radiation straight up is only down about 15 dB. This is pattern demonstrates the vertical d&a
loop is good for both nearby stations as well as DX

Figure 32. Radiation Pattern of a 30-meter Delta Lop on 15 Meters
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XV. DIRECTIONAL BEAM ANTENNAS
1. The Monoband Yagi

Between 1926 to 1929, Shintaro Uda and Hidetsugu Yiadeveloped a beam antenna that had sharp
directivity and high gain. Later, work was done primarily by Mr. Yagi and yagi was the name given to
the antenna until finally recognition was given toMr. Uda. Its proper name is the YagiUda Array. Most
hams call it a beam.

A monoband yagi is the name given to a yagi for argjle band. The performance of any commercially
made monoband yagi is touted to have its dimensiomgned for maximum performance. As you will see
later, this is not always the case. Monoband yagizing sold today are much improved over older
designs because of computer modeling programs avatile.

The yagi is made of two or more aluminum elements aunted on and perpendicular to a boom. Hams
use antenna rotors to turn the antenna in the direwon of the station they want to work. However, thee
are wire beams, fixed in one direction, mainly on @ meters, suspended between trees or other supparts
Most high frequency beam antennas used by hams airethe horizontally polarized configuration, which
means the elements are parallel to the ground. CBelam antennas and some two-meter beams are
vertically polarized with the elements at right andes to the ground (See Section III).

A 2-element yagi has a gain around 3 to 4 dBd. A twvelement yagi will have a driven element with eithe
a reflector or a director. The driven element is tle only element receiving power directly from the
transmitter. The reflector and directors are calledparasitic elements because they receive power from
the driven element by inductive coupling.

The 3-element yagi will have a gain of approximatgl5 to 7 dBd or 7 to 9 dBi depending on its boom
length. A three-element yagi has one reflector, ordriven element, and one director. Because the yagi
has a low radiation resistance, a matching systers located at the driven element feegeoint. The ratio of
the radiation off the front compared to the radiation off the back is called front-to-back ratio. Frort-to-
back ratio and forward gain are factors to be conglered in choosing a yagi design. Both measurements
are given in dB. All yagis have a good front-to-siel ratio, with the signal off the side being 50 dBddow
the front.

Figure 33. Three-Element Yagi
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Figure 34. 3-Element Yagi Radiation Pattern
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The reflector of a yagi is about 5% longer than thalriven element. The reflector, being longer, wilhave
inductive reactance. The inductive reactance shiftde phase of the readiated wave, which radiates anc
combines with the driven elements wave and reinfoss it in the direction away from the reflector
toward the driven element. A director is about 5% &orter than the driven element. The director, being
shorter, has capacitive reactance, and this changése phase of the reradiated wave to reinforce the
wave away from the driven element opposite the redttor.

The gain of a yagi is derived from radiation beingconcentrated in one direction at the expense of the
other directions. One hundred watts fed into a yagwith a gain of 6 dBd will have an apparent power b
400 Watts in the main lobe. Because one hundred watput into a yagi radiates only one hundred Watts,
and because that one hundred Watts of power is coantrated in the main lobe, it is equal to the power
from a dipole being fed with 400 Watts. This is redrred to as effective radiated power or ERP, but gagi
Is not any more efficient than other antennas. Becese of the Principal of Reciprocity, an antenna hang
a 6 dBd gain on transmitting will also have a 6 dBdjain on receiving.

Adding more directors and increasing the boom lengt will increase the gain of a yagi.
The front-to-back ratio ranges from 18 dB for a 2-éement yagi to over 25 dB for a multi-element yagi,
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provided the parasitic elements are carefully tunedThe gain of a yagi is generally proportional tolte
boom length and not necessarily the number of elemes. Doubling the boom length, while keeping the
proper number of elements for that boom length, wiladd about three more dB of gain.

Tuning the yagi for maximum gain makes the bandwidt very narrow, and it will have a poor front-to-
back ratio. For these reasons, we dont recommendning a yagi for maximum gain, because you will
only increase the gain by a fraction of a dB at thexpense of front-to-back and feed-point impedance.
Tuning the yagi for maximum front-to-back will help eliminate interference coming from the rear of the
antenna. The building of any yagi involves compronsie spacing and element tuning.

As you make the yagi larger by adding directors, th main radiation lobe becomes narrower increasing
the gain and ERP. The gain of a yagi with four eleents is about 7 to 8 dBd. You used to see 3 or 4
element yagis advertised claiming a gain of more #&m 10 dB, but they never said if that gain was
referenced to an isotropic or a dipole. That gainlgo involves the gain derived from signals reflecte
from the ground adding to the direct wave. A more ealistic gain figure is the "free space gain." Some
companies, who sell monoband yagis, inflate theirain figures. Beware! Increased spacing of the
elements will increase the gain of a yagi up to aomt. Increasing the spacing past that point will educe
the gain. The spacing of a reflector or director neds to be in a range of 0.1 to 0.3 wavelengths. Wia 3-
element yagi maximum gain occurs with both parasiti elements spaced at about a quarter wavelength.
Second and third directors can have wider spacing.

Most hams do not build yagis but buy them from thenany companies who sell them. Ham catalogs are
full of pre-cut and tuned yagis that come in boxeseady to be assembled in the back yard. Many of tise
are very good. However, there is a lot of satisfacin to be gained from building your own.

In 1971, we purchased, a 1Beter monobander being sold by a reputable companyts performance was
disappointing. It had only a 10-dB front-to-back raio. That design is no longer being sold. After reding
some books, we readjusted the antenna elements twree new dimensions and it performed much better.
This was the beginning of our yagi building.

During the last nearly 50 years, we built many yagi. During the period of 1979 until 1986, many multi
element yagis were constructed, gain measured, foutas derived for spacing and element length, and
the radiation patterns plotted on graphs. In 1986a computer program titled "Yagi" by Dean Straw,
N6BV, was bought. From that point on, that programwas used to design and set the element lengths to
their proper values. Not much difference in performance of the new designs was seen over what was
previously used, but tuning parasitic elements andunning back and forth to the field strength meter
was eliminated. There are many better computer progams available today for designing yagis and othe
antennas.

The largest yagis we built were a 4 element 20-metgagi on a 38foot boom, a 5 element 15 meter one

a 27-foot boom, and a 5 element 10 meter beam or24-foot boom. These are modest designs compared
to some of the big antennas used by contest stat®rAll these yagis were stacked one above the othar

a 20-foot mast coming out of the top of the toweilhe 20 meter one was on the bottom, next came thg-1
meter, and the 10meter yagi was on top. This method of stacking yagjifor different bands one above th
other makes what is called a "Christmas tree array. These antennas worked well. Since retiring and
moving back home, we use pre-tuned directional antmas because of the lack of a good place for an
antenna range. Climbing is not now an option beca@sof age and infirmity.

If you make the reflector 5% longer than the drivenelement and the director 5% shorter than the

driven element, you will be pretty much in the balpark. The beautiful part about a yagi is it will work
reasonably well with the element lengths only in t ballpark. By carefully tuning, you will get a fraction
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of a dB more gain or a few more dB fron-to-back, because the spacing and diameter of parasi
elements affect the length required for those elemeés. A yagi can be tuned for maximum forward gain,
maximum front-to-back ratio, or best impedance, butyou can achieve only one of these conditions at a
time. Element tuning, at best, is a compromise.

Most hams who are yagi builders do not tune their atennas at all, but use published dimensions for
building them. Yagi builders who do tune, tune foreither gain or front-to-back and then match the
driven element with a gamma match, hairpin match, aeries-resonant coax matching section, or a step
down balun. The feed-point of a properly tuned yagis close to 25 ohms.

Formulas for calculating yagi element lengths wilhot be given in this book. Because yagi elementsear
made from telescoping aluminum tubing, the elementwill be tapered. The diameter of the elements and
the taper determine the lengths required for tuningof the elements. A tapered element will resonate
higher in frequency than one not tapered. The formla to calculate the length of the tapered elements
complicated, but there are computer programs to dahat.

2. Trapped Multi-band Yagis

Some yagis have traps in the elements to make thento a multi-band beam. Many of these
commercially made antennas are available at ham rad stores or directly from the manufacturers. In a
3-element, 3-band design, the spacing on the booissa compromise. A 3-band beam is known as a
“tribander.” The spacing is close on 20 meters, ofptnum on 15 meters, and wide on 10 meters. You
cannot tune the trapped elements for maximum perfanance on three bands simultaneously and have a
good match on all those bands. Since a good matchimportant to most hams, gain and front-to-back
ratio are sacrificed for a good match on triband bams

The inductors in the traps load the elements in thand beams. Therefore, the elements are shorter tha
the elements of a 20-meter monobander. Regardlesktbe compromised design, a tribandrapped beam
is much better for working DX than a dipole. Many hams have achieved working over 300 entities with
tribanders having short booms.

The radiation pattern from a yagi is at a lower ande than a dipole. This gives the impression a yabas
much more gain than it does. A dipole has unity gai but that gain will be at a higher angle. The diple
puts out a weaker signal at the low angles needed work DX, and a yagi puts a strong signal at low
angles. In comparing a dipole to a yagi, the yagi ay only have a 4 dBd gain in its major lobe. The ga
of the yagi at a low angle may be 10 dB or so bettdhan a dipole at that same lower angle. The gaiof
any antenna is always measured in its major loberrespective of where the angle ar which the maximui
radiation lobe occurs.

Figure 35. Trapped 3-element Yagi
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The above picture shows two sets of traps in two tiie elements and one set in the rear element. The
front element is the director with traps for 10, 15 and 20 meters (it takes two sets of traps to makbke
elements work three bands). Directly behind it istie driven element with traps also for 10, 15, and®@
meters. The rear element is trapped for 15 and 20 aters (a single set of traps makes it work two barsj.
The entire lengths of the three longest elementsaresonant on 20 meters. The short element is a
reflector for 10 meters. Only the part of the antena between the 10-meter reflector and the front
director is used on 10 meters. The maximum signasd iradiated in a direction coming out of the page
toward you. Mosely builds trapped antennas that has two traps in one enclosure and you can not
determine the bands from the traps as you can on Hain and Cushcraft beams.

Some triband beam models as the one above are buitth longer booms so they would have more gain
on 20 meters, a good match on all bands, and optimu3-band performance. They achieve this by
interlacing extra monoband reflectors and directorson the boom placed between the 20-meter elements
as is done with the antenna in figure 34. The extralements have no effect on 20 meters or any banat f
which they are not resonant. Some amateurs mistakgnthink the extra elements work on all bands, but
they dont. The Cushcraft A-4 shown above is not adam with four working elements on any band. The
old Hy-Gain TH6DXX and Mosley Classic 36 had six elments on the boom. They both had three
trapped elements and three monoband elements. Thégad three working elements on 20 meters, three
on 15 meters, and four elements on 10 meters. Thapped reflector worked on 15 and 20-meters. The
trapped driven element worked on all three bands. The trapped director worked on 10 and 20 meters.
On the boom was a resonant reflector for 10 metemmnd one each resonant directors for 10 and 15-
meters. When using one of them, we have often heaatnateurs saying they were using a six-element
beam. This gave the other station the mistaken idghey were working someone with an antenna with s
working elements. Other beam antennas interlace adtibnal elements of different lengths to make the
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tribander into a 5-bander covering 20, 17, 15, 12, and 10 meters. -Gain makes a -band yagi for 20
through 10 meters that has 11 trapped and monobanelements. It is the Hy-Gain TH-11. Mosely makes
a 6-bander that includes two elements for 40 meter#t is the Pro-67.

In order to achieve better SWR curves over a widedndwidth, some triband yagis have two driven
elements spaced 3 to 5 feet apart. The front driveelement is shorter than the rear driven element. &h
driven elements are trapped. This double driven eleent scheme is called a log-cell. A log cell, byséilf,
has a small gain and may slightly increase the ovalt gain of the tribander. The KLM KT-34 and the
HY-Gain TH-7 are examples of this kind of antenna.

Is a monobander better than a tribander? We dont kiow if our tests can be duplicated and no one else
has ever said he has actually compared the two amteas. It is "common knowledge" that traps have
loss. Therefore, the ham fraternity believes a mormander has to be better. From the tests we perfornae
here, we believe it is a myth a monobander is sidgr@antly better than a tribander having an equal bam-
length. We believe the traps do not have enough loss taake enough difference to matter. However,
monobanders having very long booms and many directs will outperform any tribander.

Having two towers, both having the same height anbdeing 100 feet apart, made it possible for us to do
the experiment described here. The result is usefutformation because it was made in a real world
situation that would be comparable to the averagedms location. Both antenna element lengths were set
to Hy- Gain specifications. The constants were teain, antenna height, antenna boom length, frequengy
coax length, and power level. The only variable ithe tests was the two antennas being tested. Thette
was performed to see how much loss antenna trapsvVe Had there been more than one variable, the
tests would not have been valid, because in any agtific experiment, the test is valid only when one
variable is being tested. In addition, more than oe test has to be made in order to average out the
collected data errors. In this case, many tests wemade.

On one tower was a 20-meter four-element Hy-Gain 20BA monobander with a boom-length of 26 feet.
This antenna is arguably not one of the best monobders made, but it is what we had and it was about
the same size as our tribander. On the other towawras a trapped 6-element Hy-Gain TH-6 DXX
tribander having a 24-foot boom. The entire tribander boom-length was used on 20 meters, so both
boom-lengths were comparable.

The transmitted signal strength of the two antennasvas compared on 20-meters. This test involved
many DX stations and one local amateur 5 miles awayVith both antennas pointing toward the
receiving station, a carrier power of 10 watts waged from the transmitter, and held constant while he
antennas were "hot" switched several times. (The poer level was unimportant as long as it was held
constant on both antennas). None of the many DX gtans involved in this test could see any differerec
in either antenna, and, yes, their analog meters ol discern a difference of one dB. These tests by
themselves were not conclusive because of the pbgiy of fading signals (QSB). A second series ¢ésts
was performed with a local ham when 20 meters wasedd. Testing with him was done to eliminate QSB
from spoiling the results. He could also measure ndifference on his S-meter. He could also see a edB
difference on his analog Sneter. As a third series of tests, the antennas weeswitched while we looked ¢
the signals on the S-meter from distant stations ahthe local station. No differences in received gigls
were noted. Maybe the difference was a monobanderk only a few tenths of a dB less loss, such a smal
amount of difference no one was able to see it oraeiver S-meters. Certainly, the difference in thewo
antennas was less than one dB.

Conclusion: The Hy Gain TH6DXX and the 204-BA antenas perform equally well on 20 meters at a
height of 56 feet.
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3. The SteppIR Antenn:

The latest developments in yagi designs are found the ones being sold by SteppIR Antennas. Theree
two, three, and four element versions. All these vsions are frequency agile and cover continuouslydm
13.5 to 54 MHz. The MonstIR adds three very long ements for 6.9 to 13.5 MHz. The elements are ma
of fiberglass tubes with beryllium-copper ribbons nside. Each element has stepping motors to wind and
unwind the copper ribbons to change their lengthsniside the tubes. A multi-wire control cable
connecting the control box to the stepping motorsa@omplishes this. The proper element lengths for lal
frequencies in its range have been calculated bycamputer and stored in the control boxs computer. &
you move from frequency to frequency, the control bx in the shack readjusts each element length. Thy
the antenna is configured into a properly tuned moaobander for any frequency in its range. These
antennas are expensive, but the hams who own themysthey are worth the money.

4. The Log-Periodic Array

Another beam antenna that looks like a yagi is thiog-periodic antenna. It is configured using many
elements with each element being shorter than thene behind it. This means the longest element is tite
rear of the array and the shortest element is at th front. All elements are divided in the center and
insulated from the boom, and all elements are drive On both sides of the insulator at the center cgach
element, wires run from the front element of the aray to the rear element. Each wire criss-crosses ¢h
other ones but they do not touch. That makes a 18fegree phase reversal from one element to the next
one behind it. The feed-point is across the insulat at the shortest element. The feed-point impedaeds
about 200 ohms and a 4:1 balun is used to feed it.

The advantage of the log-periodic antenna is, it #t it is very broad banded and it can cover all
frequencies with an SWR below 2:1in its design fragency range. The disadvantage is the gain of a log-
periodic antenna is lower than a yagi with an equaboom length. There are designs being sold todayah
cover continuously from 14 to 30 MHz. In Fort Gordm, Georgia, there used to be a monster logeriodic
at the MARS station that covered from 2 to 30 MHzThe boom length was 120 feet and the antenna was
rotatable.

5. Directional Cubical Quad and Delta Loop Antennas

We built a number of quads at various times and wh them on the test stand and with the bottom wire a
foot or so above the ground, worked many DX statias When we built yagis and they were on the same
test stand nine feet above the ground, we could hdly get a signal out of the back yard. Since the vical
beamwidth of a quad is narrower than a yagi and the radation angle is lower, the quad will work better
at low heights. Because of its lower angle radiatp many quad users claim a quad "opens and closes"
the band.

The two-element cubical quad is a square-or diamondhaped loop antenna that has a second loop acti
as a parasitic element. The quad configuration haall loops in the vertically oriented plane as figue 35
demonstrates. Feeding it in one of the horizontal ies results in horizontal polarization, and feediry it

in one of the vertical wires makes it vertically ptarized. Every two-element quad being sold today uses
reflector for the parasitic element, although it ispossible for it to have a director. The theory of
operation is the same as that of a yagi.

Some quad builders believe a diamond-shaped quad $immore gain than a square-shaped one. Their
logic is that since the maximum current points of bth wires are spaced farther apart than with a squee
guad, the increased spacing of the current pointsheuld produce higher gain. To find out if this was
true, we built both a diamond-shaped and a squarehsped quad for two meters. Using a commercial
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field-strength meter connected to a receiving antenna, wed equal amounts of power to both antenna
and measured the radiated field in each ones majdobe. Field strength measurements were made a few
wavelengths away and many wavelengths away from tlggiads. No difference in the radiated field of
either could be found.

According to Bill Orr in his book about cubical quads, a two-element cubical quad is equal to a paiif @-
element beams; one is stacked over the other a quar-wavelength. The ends of the beams bottom
driven element are bent up and the top element hats ends bent down where the ends of the top and
bottom elements are joined together on the side. Vém they are joined, this forms the square we call a
guad. The bottom element is then feeding the topeshent from its ends. The parasitic elements have¢h
same configuration except the wire loop has the esdonded together to form a continuous square.

There are multi-element quad designs that use one more parasitic directors in addition to the
reflector. Adding a director will lower the feed pant impedance. The wire of the reflector is about %
longer than the driven element, and each director &s about 3% less wire than the driven element.
Adding directors to a two-element quad makes the h@ontal beam width narrower, producing more
gain.

Another quad design "the delta loop" uses triangula-shaped driven elements. One or more triangular-
shaped parasitic elements make the antenna compleféheoretically, the delta loop antenna will have
slightly less gain than the cubical quad, becaushédre is less enclosed area in the triangular loojVe
believe that there are no instruments available thams to be able to measure the difference.

Figure 36A. Single Band Cubical Quad

Most cubical quad and delta loop antennas that cahe rotated are used on 20 meters and higher. A few
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ambitious hams have built rotatable quads for 40 mers. Others have made &meter quads, supportec
between trees, fixed in one direction.

In order to make the quad smaller, adding loading acils or linear loading sections in its wires has l&n
suggested, but that will defeat the purpose of usgna quad. Because the quads gain is produced by the
enclosed area inside the loop, reducing the enclasarea will result in less gain.

The wires for quads for 20 through 10 meters are aing around the perimeter of an "X shaped frame
made of fiberglass poles or bamboo. Each elementdds own X-shaped frame. A smaller X-shaped
metal structure, called a "spider," attaches the ptes to the boom. The poles are referred to as
"spreaders."” The four spreaders attached to the sgier form the "X." The "X" can be rotated 45
degrees on the boom to form a diamond-shaped quandstead of a square quad. A few have tried with
limited success to make the spreaders out of PVC atuminum.

A wire is attached near the ends of the spreaders form a loop around them. The two ends of the wire
are connected to an insulator to attach the feedrle as is done on a dipole. The quad loop has a
theoretical feed-point impedance of 100 ohms. To rteh it, you can use a quarter-wave matching section
of 70-ohm coax, a gamma-match, or a 2:1 balun. Moren this is in another paragraph. The delta loop is
made much the same way, but it requires only threspreaders to form an equilateral triangular loop. &

Is matched the same way since the feed-point impattze is about the same.

The reflector and director are formed the same waws the driven element except the two ends are
shorted together to form a continuous loop. In ordeto get maximum performance from a quad you
need to tune the reflector for either maximum gairor best front-to-back ratio. For tuning purposes, he
wire of the reflector is cut a little shorter thancalculated and the ends of the loop are connected an
insulator. A shorted stub, consisting of two parakl wires, is connected to the loop ends and hangewi
from the insulator. Another wire is shorted acrosghe two parallel stub wires. The shorting wire is
moved up and down the stub to tune the reflector. e stub is a means of adjusting the total length ahe
reflector. See Figure 36A. A field strength meters needed to do this and you need a large area arniat
people. The field strength meter needs to be placesgveral wavelengths away from the antenna. Low
power is fed into the antenna while it is tuned. Oa person tunes the reflector while the other person
reads the field strength meter. Tuning the reflectoinvolves tuning the stub for minimum signal off the
back. Once the shorting wire has found its proper gsition, it is soldered in place. Quads made by the
formulas work satisfactorily without tuning. Tuning for maximum front-to-back ratio instead of
maximum gain will do more for the performance of tre quad.

Figure 36. Radiation pattern of a Two Element Cubial Quad at 65 Feet
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Some believe you cannot stack another antenna aboaejuad. They assume that because the quad t
both vertical parts of the loop, a metal vertical nast will couple to the vertical part and detune thequad.
We believe a vertical mast will have to be resonarit the operating frequency to detune a quad. Using
MMANA, the quad was modeled with a metal vertical nast going through the plane of the quad. The
only difference observed was that the resonant fregency was changed by a couple of kHz. The gain and
front-to-back remained the same.

The gain of a two-element quad is nearly the sames@an average 3-element yagi. The best part of the
gain of a quad is the vertical beam width, or H-plae of the major lobe logically should be narrower de
to it being equal to two stacked beams. For this eson, the 2-element quad has a lower angle of
radiation. A horizontally polarized quad should hawe a slight advantage over a yagi. A lower angle is
better for working DX. While operating using both quads and yagis, we have noticed that the horizontal
beam width or E-plane of a quads pattern is widertian a 3-element yagi. We believe the horizontal
beam-width of the quad is the same as a two-elemeydgi. This is why the 2-element quad is not as
directional as a 3-element yagi.

Modeling our 2-element quad in free space on 20 nmas, we found its gain to be 5.49 dBd. The boom-
length of the quad is 8 feet. A three-element yagiith a boom-length of 16 feet will have 6.4-dBd fre-
space gain on 20 meters. The free-space gain of@&r2eter optimum spaced monoband yagi on a 25-foot
boom will only have slightly more gain.

The compromise spacing for a 2-element multi-bandwpd for 20 through 10 meters is 8 feet. This
spacing is 0.115 wavelength on 20 meters, 0.175 whangths on 15 meters, and 0.23 wavelengths on 10
meters. These spacings are within acceptable limitsor a single-band 20meter quad, space the elemen
12 feet apart. If you want to build a 12 and 17-metr dual band quad, the spacing will be 8 feet, theame
as it should be for 15 meters. Eight feet is alsosatisfactory spacing for a 10meter quad, but it can be a
close as four feet.

With smaller perimeter requirements, loops for thehigher bands can be strung inside and parallel tohe
lower band loops to make a multi-band quad. It is asier to make a multi-band quad than a multi-band
yagi. Quad kits for triband and 5-band quads are asilable. These kits cost less than a multi-band bea

In the construction of most quads, an insulator iput in the bottom horizontal part of the wire on the
driven element so it can be fed like a dipole. A #-1-balun transformer will match the feed-point to50-
ohms, then you can tie all the feed-points of a miidband quad together. The Lightning Bolt Antennas
32MCQ/WB quad feeds five loops this way and the SWR 1.4:1 or less on all five bands. The person
manufacturing the Lightning Bolt quad went out of business on December 12, 2005.

With other more complicated schemes, each quad loagp fed separately, and each loop uses a 70-ohm
odd multiple of a quarter-wave series matching sein placed between the 50-ohm coax and the feed-
point. Used this way, the quarter-wave matching sé¢ion will match 50 ohms to 100 ohms. A remote
antenna switch will have to be mounted close to thfeed-point to select the desired loop. Other buikers
use a separate gamma-match on each driven elemeatdet a perfect match to a 50-ohm coax but this
method would also require a remote antenna switchVithout the switch, several pieces of coax, one for
each band, would have to be run into the shack.

If you are going to build a monoband quad, you neetb use the following formulas to cut the wire loop
to these approximate lengths:

For the driven element, you divide 1005 by the fragency in MHz.
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For the reflector, you divide 1030 by the frequencyn MHz.

For the director, you divide 968 by the frequencyn MHz.
Make any additional directors the same length as #first one.

These formulas were derived experimentally from tds run here. The exact measurements will be
determined by the element spacing, but the lengthaut by these formulas will be very close for any
reasonable spacing.

After giving you the advantages of a quad, here arthe disadvantages: The two-element quad for 20
meters is large vertically and horizontally. When he 20-meter quad is on the ground, the boom is 8de
high and most people arent tall enough to maneuvet by holding the boom. Some quads, which are
made from lightweight materials, are flimsy, and tkey will suffer during wind and ice storms. The best
constructed quads have their spreaders made of heafiberglass. Those quads, although they are
heavier, stand up well under adverse weather conddans. The Lightning Bolt quad used here has stood
up very well during three ice storms in the past tw winters.

Here is some information we discovered after origially writing this book. The MMANA antenna-
modeling program does not perform very well when mdeling a quad. On 20 meters, the modeling
program says the front-to-back ratio of our quad isat a maximum at 14525 kHz, but actually, it occurs
at 14050 kHz. The measurements of actual front-todrk were made using a field strength meter. We
reduced the power levels off the front to give theame field strength reading we got off the back. Tdn
front-to-back ratio in dB was calculated from the tvo power levels. What was interesting was the
maximum front-to-back ratio occurs at a single diseete frequency and the front-to back deteriorates
somewhat on either side of that frequency. While laking at the radiated field off the front, the field
strength does not vary one dB across the whole banillaximum gain and maximum front-to-back was
very close to the same frequency. Not having testéldem in this way, we believe yagi beams perform &
same way regarding front-to-back ratio and gain. Inworking stations, the gain is the important
parameter. Front to-back ratio is important in reducing interfering signals from behind the antenna. Wk
decided to tune our quad for maximum front-to-backrather than for maximum gain. The next step is to
lower the quad and carefully tune the reflector foreach band. After running tests to determine the
frequency where maximum front-to-back occurs, we fond the maximum measured front-to-back ratio
was 22 to 23 dB.

Good news! After writing the above paragraph, we lwered the multi-band quad and reduced the
reflector element lengths on the two-element Lightimg-Bolt Quad. The original reflector lengths were
too long according to the field strength readings & made. The formulas that were originally used towt
the reflector lengths were anywhere from 1029 to B® divided by the frequency in MHz. We derived
from field-strength measurements that the maximum rfont-to-back ratio occurred when the reflector
length was cut by dividing 1022 by the frequency iMHz. While searching the Internet, we discovered
EI7BA in Ireland used 1019 divided by the frequencyn his multi-band quad. We decided to use his
formula and we could lengthen the reflector by adjsting the stubs if necessary. After cutting the
reflectors to the new dimensions, we made new fiefdrength readings. The front-to-back ratio occurrel
near the frequency of our calculations. In addition the frequency of maximum field strength from the
front also occurred inside each band. As an exampléoday we were listening to GD4PTV on the Isle of
Man on 17 meters. On the front of the quad, he waS7. With the quad 180 degrees from him, he was
inaudible. We also found that other stations were @wn by at least six S-units off the back. Originall,
stations off the back of the quad were down only ta S-units.

Several months later it was discovered that a muliband quad tunes differently from a singleband quad
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because the interlaced elements react to detune éaather. That may be the reason we found th
reflectors of a multi-band quad needed to be diffegnt lengths than the 1030/frequency formula.

Here are some words of wisdom about using a fieldrength meter in trying to tune a quad:

Tuning the quad reflector stubs can give you misleing data. If you look only for the minimum signal
from the back of the quad, that may not be the poinhof best front-to-back because you may have
detuned the quad so that the signal from the froninay have also deteriorated.

Using a field strength meter, keep the receiving danna as short as possible to prevent the receiving
antenna from being nearly resonant. Certain receivig antenna lengths seem to be frequency sensitive,
that is, as you change frequency toward the receiwy antennas resonant point, the field strength mete
will give a false higher reading. The only problenwith using a very short receiving antenna is the nter
may not have enough sensitivity to make measurementrom the back of the antenna.

It will be impossible to achieve a high front-to-bak ratio on certain bands on a multiband-quad becase
the reflector wires for adjacent bands affect theuning by interacting with each other. When the
Lightning Bolt Quad was designed, we are not certaiwhich parameter was used in its design (gain,
SWR, or front-to-back). From the field strength readings made with that design, it was impossible to
draw any conclusions. If you are going to build a gad, what we said about designing a yagi is alsotisie
for the quad: you can tune for best gain, best froiato-back, or best impedance match. You cannot tune
for more than one of these parameters at a time. Tmne a quad for maximum gain is relatively easy
using a short antenna on the field-strength meter.

While we were trying to measure the frequency of th highest forward gain on 17 meters, we found the
maximum field strength occurred at the high end othe band on one receiving antenna. Subsequently, it
was strongest on the low end of the band on anothegceiving antenna having a different length. No
changes had been made to the dimensions of the quaceither case. Trying to move the frequency of &
maximum field to the middle of the band, we adjustd the length of the reflector stubs and it made no
difference to the frequency where the maximum fieldccurred. What caused the error was we were
trying to measure the field strength 100 feet in font of the quad. The long receiving antenna connead

to the field strength meter was acting like a paratic element and was not accurately measuring the
signal being radiated from the quad.

6. The Quagi

A variation of the quad and the yagi is a marriageof the quad and the yagi called the quagi. The quag
has a quad driven element, quad reflector, and yaglirectors. Hams who have built the quagi report tle
yagi directors work better than quad directors, butwe have never compared the two types of directors.

At one time we converted a two-meter yagi to a quagnd compared the field strength readings from
both configurations. By changing the driven elemenand reflector to quad loops, we measured a signal
increase of 1.8 dB. We also experimented to see wieffect the quad reflector had on the signal. Whé
using the quad driven element we changed the reflex back to a yagi reflector. What was surprising
us was the configuration of the reflector had no déct on the radiated signal. Only by changing the
driven element from a yagi element to a quad elemémade any change in the field strength. All these
field strength readings were made using a commerdig manufactured field strength meter. To insure
our readings were valid, the power being fed to thantenna was measured and kept constant.
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XVI. GAIN VERSUS FRONT -TO-BACK

As we have said before the front-to-back ratio of anulti- band cubical quad can be maximized by carefi
tuning to achieve about eighteen to twenty decibefsont-to-back ratio. A properly designed yagi can
achieve a front-to back ratio of better than thirty decibels. A two-element quad has about the sameiga
as a three-element yagi. You can tune a yagi or qddo either maximum front-to-back or maximum
gain. You can also tune them to compromise setting®@mewhere in between. The question arises as to
which maximum should either antenna be tuned? It i®ur opinion that either antenna should be tuned
for maximum front-to-back ratio. In that case the maximum gain will be deteriorated by only a fraction
of a decibel Let us explain why we reached that catusion with an example.

Today we were on 17 meters to work VP8TD on Pitcair Island in the South Pacific Ocean. He is a
visitor to the island and will be there for about twvo more months as of this writing. A resident of tle
island, VP6TC, Tom Christian hasnt been heard fromn months. | suspect he is getting elderly and
doesnt get on much anymore. Anyway VP6TD had an enaous pileup going. We were using a three-
element StepplR yagi up sixty-five feet on our towe Also, the amplifier puts out about 1490 watts orl7
meters. We make up for a lack of antenna forward ga with the amplifier. We worked him with one call
through the pileup. The SteppIR replaced the two-&ment Lightning Bolt Quad about 10 months ago.
When VP6TD answered us | could hear him over the f@up. From the rear of the antenna were several
very loud Italian hams calling him, one of which catinued to call even when VP6TD answered someor
The Italians were 180 degrees from the front of ouantenna, or directly off the back of where we were
beaming. Because of the superior front-to-back ot yagi, | could hear the Pitcairn Island station @er
the Italians. Had we been using the quad, the Itadns would have been at least 10 dB louder and we
could have found it impossible to make the contact.

Today, we were in contact with NAXPZ, Joe, on 75 nexs while several more hams were talking about
the VP6TD on 17 meters last evening. Joe said hedd to work the VP6TD station using a single wire
antenna. He complained he could not copy the VP6 bause of the Italians who continued to call even
when the VP6 answered someone. That illustrated th@int we are making in this section. The old adac
IS true: "You cant work em if you cant hear em!"

XVIIl. FEED-LINES COMMONLY CALLED TRANSMISSION LINES

Always use the best feed-line you can afford. Resite urge to be penny wise and pound-foolish. This
particularly true of coax. Better (less lossy) coawill cost more. This cable is carrying your precios RF
signal to and from your antenna.

The most common feed lines used by amateurs are 6@m coaxial cables. There are many types of 50-
ohm coax such as RG-174, RG-58, RG8-X, RG-8, RG-2IBG-8 foam, and 9913. In this book we will
only discuss these types. A suffix letter such as 8A or "U" may be attached to the "RG" numbers

such as RG-8U or RG-58A. All these cables have anter conductor surrounded by a plastic insulating
material, called the dielectric, and a copper braied shield covering it. There is a plastic coveringn the
outside of the shield to protect the conductors frm water. The center conductor and the shield carrnRF
currents.

These are the common 50-ohm cables:
RG-174 has a very small diameter, 0.101 inches. Thialde is used to carry small amounts of RF betwe:

circuits in equipment. RG-174 has the highest loss and the least power hamdjicapability of any coax. li
is useless as an antenna feed-line because ofatssland low power handling ability.
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RG-58 is larger coax having a diameter of 0.195 inchels can handle low power and can be used on tt
lower bands to feed antennas a one hundred feet so away. It is not recommended to use RG-58 on 10
meters because it has a loss of 3dB per hundred fex that band and half your power will be lost inthe
coax.

The next larger cable is RG-8X, sometimes referretb as mini-8. Its diameter is 0.242 inches. The
dielectric surrounding the center conductor is foanrather than the solid dielectric used in the most
coax. Making cables with foam insulation can reducéhe loss. Some hams are successfully feeding a
kilowatt of power into RG8-X on the lower bands. You will lose 2 dB of poweryusing one hundred fee
of RG-8X on 10 meters. On 80-meters the loss of thcable is negligible.

You will want to use RG-8 or RG-213 if you are planing to use a kilowatt or more of power from 160 to
10 meters or for short runs on VHF and UHF. RG-213s RG-8 made to military standards. Both have
diameters of 0.405 inches. This cable has lower oand can handle higher power because it has larger
conductors and a larger diameter dielectric. RG-8 &n handle 4000 watts peak envelope power on the
broadcast band. RG-8 has only about 1dB loss on Ifleters per 100 feet. The loss becomes greater and
the power handling rating of any coax decreases #se frequency of RF is increased.

There is a lower-loss version of RG-8. It is calleRG-8 foam. Beldens number for this product is 8214
Because of the dielectric being foam, a larger cesritconductor has to be used to keep the impedanceé 5
ohms. The loss resistance of the larger conductas less than the smaller conductor used in regular &-

8. In addition, the foam having many air pockets ha less dielectric losses. Other manufacturers also
make RG-8 foam. One hundred feet of RG-8 foam haslass of 0.9 dB on 10 meters. Many amateurs will
not use RG-8 foam because they mistakenly believgetfoam will soak up water. Cut off a piece of this
foam material and put it into a container of water.It will continue to float ad infinitum, because it doesr
soak up water. Most of the water seen in coax getetween the dielectric and the plastic outer coveng
and within the braid shield. Water has also gottennto the strands of the center conductor. Water wil

get into any coax if the ends are not properly seadl.

Solid conductors have less loss at radio frequensieompared to stranded conductors. Braid has more
loss than a solid conductor used for the coax sheelA much lower loss coax, especially for higher
frequencies, is available. The Belden 9913 is thpsoduct. This coax has a solid center conductor anthe
shield consists of a coating of aluminum foil coved with braid. The aluminum foil is a solid conducor.
The braid over the foil is used to make a good sadd connection because you cant solder aluminum. The
mostly air dielectric material used in this productrequires the center conductor to be larger to makéhe
impedance 50 ohms. Air dielectric also has less tketric loss than solid. There are a few manufactwers
making 9913 look-alike products. One hundred feetf®913 will have a loss of about 0.66 dB on 10
meters. There is a coax that looks like 9913 but Baa stranded center conductor to make it flexibldt
has a little more loss. If you are going to use 99Jn an antenna that rotates, flexing the cable dake
antenna turns will cause the center conductor to krak. Run the 9913 to the top of the mast, and usirgy
barrel connector, connect the 9913 to a short runfdRG-8. Run the RG-8 across the rotor to the anterm

Coax cables of other impedances are available suak 70-ohm cable. RG-59 and RG-11 are common 70
ohm cable. Hams, except to make quarter wave mataty sections, do not use these cables much
anymore. There are many other types of cable othéhan the ones described here.

Open wire feeders, ladder-line, or window-line havenuch lower loss than coax. The three types are
essentially the same except for the method of inguing the two wires from each other. When making
open wire feed-line, you should use solid conducteras large a conductor as possible, and as little
dielectric as possible. These factors make open wihave less loss. There is so-called ladder-line &ale,
which is really window line, which is made with 1&auge solid conductors. The solid conductors make
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for low loss. There is another grade of the samedé-line that has 14 gaug-stranded conductors

XVIII. ANTENNA SAFETY
1. Erecting Antennas on Masts

Erecting antennas pose some danger especially ileyhencounter power lines. Never erect an antenna
near a power line. Make sure to leave enough clearee so if the antenna supporting structures fall tay
will clear the power lines. There are many cases ofietal masts being raised accidentally encountering
power lines, electrocuting the person or persons rsing the masts. To raise a mast can expose youao
large force called leverage, which appears to incase the weight of the mast. Exerting oneself to 1se a
heavy mast can result in painful muscle and back jaries. Never try to raise a mast without sufficiern
help.

2. Tower Safety

A tower is a wonderful device for supporting wire ad beam antennas, but a person who has never put
up one should seek advice of people who have ex@erte in erecting towers. The obvious danger is
falling off the tower. It should never be climbed vithout a climbing belt. Most people falling off a bwer
do so because of some kind of equipment failure tine tower collapses because of overload.

In erecting a tower, a gin pole strong enough to gyport the weight of the tower section being raised
should be used. Do not use improvised gin poles, #® strength of them may not support the weight of
the tower section and the force from the other endf the rope being pulled by the ground crew. To hal
a 50pound tower section stationary requires a hundred punds of force, which is the weight of the towe
section and 50 pounds of force of the ground crewhe ground crew must exert more than 50 pounds of
force to cause the section to be raised. There waube no greater tragedy than the gin pole breaking
dropping the tower section on the ground crew. Thethere is the possibility of the person on the towe
being knocked loose by the falling, broken gin pole

Another problem can arise if under-sized guy cableand clamps are used to support the tower. We have
seen tower failure when guy cables broke in a winttsrm, or an insufficient number of clamps holding

the guy cable allowed the cable to pull through thelamps. Professional tower people do not use cable
clamps. They use "preformed tie-wraps" that grip the guy cables tighter as the force in the guy cables
increases. Preformed tiearaps are available from Texas Towers. Never tie tnground end of a guy cabl
to a tree. A tree swaying in a heavy windstorm caput enough force on the cable to cause it to break

to pull the tower over. Screw-in anchors availablérom mobile home suppliers make adequate anchors.
Do not anchor a guy cable where a tree can fall agss the guy cable. This could break the guy cabl@aa
cause the tower to fall. Never place a tower nearf@ouse, where if it falls, it could hit the house.
Remember Safety First!

TABLE 1

Quarter Wave Matching Sections of 70-ohm Coax

These lengths are for coax having a solid dielectriwith a velocity factor of 0.66 and foam dielecta with
a velocity factor of 0.78. , You can use odd multips like 3, 5, 7, etc. of the lengths below if thesengths

are too short for your installation

Solid dielectric cableFoam dielectric cable
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160 meters 85ft 6in 106ft 4i

80 Meters 43ft 4in 51ft 9 in
40 Meters 22ft 6in 27t 6 in
30 Meters 16ft Oin 19ft 6 in
20 Meters 11ft 5in 13ft 10 in
17 Meters 8ft 11 in 10ft 9 in
15 Meters 7ft 7 in 8ft 4 in

12 Meters 6ft 6in 8 ft Oin

10 Meters 5ft 8 3/8 in 6ft 11 in

Questions? Email Jim Abercrombien4ja@prtcnet.com
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