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FOREWORD 

Your antenna is a very importa nt part of your a ma te ur s t at ion. An 
efficient antenna means good signa l re ports , cons is te nt QSO's a nd 
exciting DX contacts. The best tra ns mitter is a use less toy if it is 
connected to a poor a ntenna. 

This handbook is writ ten for those rad io a ma te urs who drea m of a 
fifty acre "antenna farm " studded with bea m a nte nnas at op 90 foot 
telephone poles -- but who are frus trated by a t hin pocketbook, fifty 
foot wide lofs, unsympathetic neighbors, and stee ly-eyed bui lding in
spectors who hamper " sky-w ire " a mbi t ions! 

Designed with an e ye to ecomony a nd maxi mum pe rforma nce , the 
antennas described in this book have bee n bui It , tested an.cl used on 
the air by the author and his friend s . Thes e antennas are s im ple, in
expensive , and best of a ll, they work 1 Exac t dime nsions a re give n, a nd 
no guesswork is involved . Ma ny of the ante nnas work effi c ient ly on 
two or more amateur bands , thus gi ving bonus operat ion to the amat e ur 
restricted to a single antenna . 

For a large chunk of money you ca n buy a good a ntenna -· but thi s 
handbook shows you how you can build your own effi c ie nt a nte nnas at 
minimum cost -- and today this is import a nt to a ll of us 1 

Metr.ic system dimensions are added to all measurements in this 
Handbook as a convenience to the overseas amateurs . During the next 
decade the U.S. will be heading towards the Metric system and it is 
suggested the reader familiarize himself with the accurate and simple 
measurement technique. After all, wavelength is measured in meters, 
why not antenna dimensions? 

The portions· of this handbook dea ling with basic ante nna theory 
also appear in the handbook, The Trnth About CB Antennas, a lso 
published by Radio Publications Inc. They provide a popular, non
technical introduction to the mysteries of a ntenna operation. 

No matter how small your antenna farm, or how cramped your 
finances, this hand.book can solve your antenna proble m. Good luck 
and good DX to you! 



Chapter 1 

Sugar -Coated Antenna Fundamentals 

!What You Don 't Know Will Hurt You! ] 

Your antenna is your most important piece of radio equipment. It is 
the key to working DX a nd having solid, consistent contacts. 

You have probably heard a lot of words and stories about transmit
ting antennas and some of them are true. "Sky wires" seem to be mys
terious objects to many radio amateurs. This may be due, in part, to an 
incomplete understanding of how antennas work on the part of the per
plexed operator, but it is also due to a lot of misinform a tion and 
"baloney" floating around in books, magazines and on the air. 

It is true that the antenna makes a big difference in the performance 
of your station. If you are a skilled operator and happen upon excellent 
propagation conditions, you can probably work DX with a piece of wire 
lying on the floor of your shack, but you will do far better under or
dinary propagation conditions with a good sky wire - - so ignore the 
wiseacre who tells you, "Your antenna's unimportant; just string up a 
piece of wire!", or something along these lines. Such information is 
just as misleading as is the hard-sell advertisement of an aggressive 
antenna manufacturer who wants your dollars in exchange for his 
vastly overrated (and perhaps inferior!) beam antenna. Luckily for the 
amateur, such manufacturers are in the minority. 

You wi ll find, as have others, that a good working knowledge of 
antennas helps you to solve many of your operating problems, aids you 
in making a sensible choice if you buy an antenna, permits you to build 
your own antenna that will work and -- in the long run -- gives you a 
stronger signa 1. 

This Handbook discusses practica l antennas and gives you the 
basic information you need to have a top-notch antenna, regardless of 
the type you choose. Important dimensions for all antennas are given 
in feet and inches and also in meters and centimeters. 

Simple and effective wire antennas for the HF and VHF amateur 
bands are covered in detail in language you can understand. 
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A brand-new chapter on "invisible" (low profile) antennas is pro
v ided for the amateur living in an apartment house or neighborhood that 
frowns on conventional, highly visible antenna systems. Mysterious 
matters such as standing wave ratio (SWR) a nd SWR meters are discus
sed and explained .in s imple terms. Finally, this Handbook provides 
complete , detailed data on an effective antenna tuner you can build . 

In summary, then --

1- The a ntenna is a very important part of your station . A low pow
er transmitter connected to a good antenna will outperform a high 
power transmitter hooked to a poor antenna. 

2- A good antenna does not cost a bundle . You can build a good, 
efficient wire antenna for any amateur high frequency or VHF 
band for a few dollars. 

3- A good wire antenna is not difficult to bui ld or erect and it will 
launch your signal into space with a good boost. You do not need 
a lot of e xpensive real estate to erect a good a ntenna , either. 

4- "Know-how" is everyt hing in antennas (as in other things). 
Everything you want to know a nd need to know is in this Hand
book in simple, clear and understandable language. No gobble
degook or double ta lk. 

Let 's start at the beginning. Antennas have had an interesting his
tory over the years and a study of the past may prevent e rrors in the 
future. So here 's a qu ick, concise background of the very early history 
of radio and a short introduction to radio waves , antennas and the 
nature of things. We'll look at some interesting early antennas, the 
sugar-coated theory of radio transmission, antenna gain, and so on. In 
addition, this painless introduction will help you to understand just how 
today's amateur DX antennas work. The stra ight dope, in othe r words! 

The Early Days 

Over 150 years ago experimenters fo und that when a n electric cur
rent flowed through a wire, a magnetic field was found wrapped a bout 
the wire. Shortly thereafter, it was discove red that a changing mag
netic field produced a flow of current in a nearby wire. From these 
two discoveries, Michael Faraday of England proposed the novel idea 
of a magnetic "flux field" o r "lines of force" (invisible lines of 
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tension in space: like stretched rubber bands) to explain the phen
omenon of magnetic fields a nd force acting at a distance. Faraday, 
moreover, expanded his curious idea into a general "field theory" of 
force which proposed that all space was filled by various force fields: 
magnetic, e lectri c, gravitational, and so on . 

About 1850 a canny Scotsman, James Clerk Maxwell, deri ved a 
breath-taking concept of nature and revealed a striking set of mathe
matical rules that encompassed all known electromagnetic knowledge 
and in the broader sense predicted an entirely new theory of electro
magnetic radiation, described by Maxwell in terms of his "field equa
tions." Maxwell boldly stated that "light consists of undulations of 
the ether" and predicted that electric and magnetic phenomena were 
similar to light and that electric "undulations " cou ld exist in free 
space, in the same manne r as light waves . The e lectric "undula tions" 
were descrilied by a set of monumental equations that s howed a wave 
freely travelling from place to place, with an interchange of energy 
constantly radiating outwards from the source . 

This was quite a n idea for 1850! 

Hertzian Waves 

Thirty-two years a fter Maxwell's amazing electromagnetic theory and 
forty years after Faraday's original suggestion of an electric field, 
Heinrich Hertz of Germany proved its existence . He built a powerful 
radio oscillator using a "spa rking coil," Leyden jars and a s imple 
antenna. The transmitter worked at a frequency of about 53 MHz (meg
ahertz), just about where TV channe l 2 is today! For a receiver, Hertz 
used a .Length of wire bent into a loop and having "sparking balls" at 
the gap (Figure 1). By painstaking adjustment of th e gap, Hertz made 
his simple receive r sensitive e nough to spark at a distance of about 30 
feet from the oscillator. This amazing fellow then proceeded to focus 
his electromagnetic waves with simple directional {beam) antennas and 
refl ect the waves from metal s urfaces! Other experimenters duplicated 
Hertz's gear and soon extended the range of the sparking-ba ll receiver 
and sparking-coil t ransmitter up to three hundred feet or so. 

An interested observer of these early experiments was Guglielmo 
Marconi, o f Italy. In 1895 he started his famous experiments, culmin
ating in his historic trans-Atlantic radio transmissions in 1901. " Wire
less" had come of age and by World War I, Marconi radio equipment 
was placed in service by various countries and used to handle mes
sages over hundreds of miles . Contrary to the work of Hertz, early 
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Fig. 1 WORLD' S FIRST radio transmitter (left) and radio receiver (right). 
In 1884, Heinrich Hertz of Germany generated and detected radio waves 
using this equipment. The waves came from a spark transmitter which used 
two copper plates as an antenna. Holding a resonant length of wire bent 
into a loop. Hertz moved about his laboratory and found that a small spark 
would jump across the gap in the loop within certain distances from the 
transmitter. In this fashion Hertz verified the formulas of Maxwell and proved 
radio waves existed and determined their wavelength. He also found that 
he could reflect and refract his waves w ith large metal sheets serving as a 
''radio mirror' ' (Drawing adapted from "Radio Theory and Operating" . by 
Loomis, 1925). 

"wireless" stations used very long waves , since it was obvious to 
these early experimenters that long waves were needed to cover long 
clistances ! 

The Great Days 

After World War I, the first radio a mateurs experimented with " short" 
radio waves and frequencies as high as today's TV channels were 
tried by 1925. A gr eat expansion of communication activity into the 
shortwave (high frequency) radio spectrum occurred when it was found 
that the waves could be sent around the world by bouncing them off 
an ionized layer of the atmosphere and back to earth . This layer 
(the ionosphere) varies in hei ght 100 to 250 miles above the earth. 
With the pe rfection of stable frequency control for transmitters and 
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Fig. 2 SPARK RADIO TRANSMITTER of 1910 was run from a large wet battery 
and motor generator (left). A step-up transformer (center) prov ided high 
voltage for the spark gap and osci II at ion transformer (A-BJ. A huge cage 
antenna provided a communicat i on range of 50 miles or so. using Morse code. 
(Drawing adapted from "Robison's Manual of Radio Telegraphy" . 1918). 

Fig. 3 FIRST RADIO SETS were simple crystal detectors. By 1920 a three 
element vacuum tube was used in conjunct ion with a telephone receiver and 
large antenna for reception of code up to 100 mi les or so. Fragile. gassy 
tubes cost up to six dollars and had short l ife. By 1923 music broadcasting 
popu larized radio recepti on. (Adapted from "Robi son's Manual of Radio 
Te legraphy". 1918). 
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Fig. 4 GRAND-DADDY TRANSCEIVER OF 1935 is ancestor of today's efficient 
ham transceiver. A single double triode tube operating from dry cells was 
used. Whip antenna provided an operating range of about a mile. (Adapt ed 
from "Radio" magazine, July, 1936). 

the sensitive superhetrodyne receiver about 1935, short wave radio 
transmission became a reality rather than a hit-or-miss proposition. 
Soon thereafter, the great technological explosion brought about by 
World War II opened the way for today's communication miracles: 
rada r, television, signals bounced off the moon a nd Mars, and-finally-
the transistor. 

All of these modem communication techniques and devices make use 
of the mysterious "undulations" noted by Faraday so long ago and 
first put to use by Heinrich Hertz. Of the true nature of the radio 
wave, however, nothing is known. The radio wave, then, must not be 
thought of as a thing, but as a way in which things behave. For afte r a 
description is given of the behavior of the mysterious radio wave, 
nothing more can be said, as the ultimate knowledge of the radio wave 
is a secret locked in the heart of the universe. 

Today's radio amateur stands upon the shoulders of giants. Even 
today, radio is still in a formative phase, and amateur radio in particu-
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Fig. 5 ONE TUBE amateur 
transceiver of the "thirties" 
was used by radio hams in the 
old 6 meter band. Using a 
minimum of parts, the circuit 
was nearly fool -proof and 
provided voice communication 
for a few dollars. Circuit is 
outmoded and illegal to use 
today. (Adapted from "'Rad io" 
magazine, July, 1936). 

lar is less than a half-century old. Ante nnas, a nd ham antennas to 
boot, are still very primitive, even though the theory behind them is 
complex. Today's beam antennas and arrays will probably make the 
ham of 2001 smile as he shoots off to Paris on a supersonic jet with 
his space-approved FM transceiver, talking to a satellite repeater as 
he zips through space! 

The Radio Antenna 

Heinrich Hertz had a very clear notion of Maxwell's mathematical 
concept of a radio wave: an interchange of energy in space between 
free electric and magnetic fields, with the ene rgy radiating outwards 
from the source as ripples spread out from a stone cast into a quiet 
pond. The practical problem was to construct a "launching device" 
that would project the radio wave into space to commence its journey, 
Today, such a device is called an antenna Simply speaking, any 
structure that radiates and intercepts radio waves is an antenna. 
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Fig. 6 THIS 85-FOOT ANTENNA is located at a COMSAT earth station and is 
used to relay high speed communication data between North America and the 
Far East via the Paci f ic satellites. This is one of six U.S. earth stations used 

to handle international communications. Imagine how a comparable dish 
antenna would work on 2 or 6 meters! Any takers? 

Antennas come in all shapes and sizes, from the compact antenna 
concealed in a transistor radio to the huge towers of the modern tele
vision transmitter. Observers have noted rot?ting disc-shaped radar 
antennas on boats, backyard television antennas, and the large beam 
antennas of radio amateurs. Each antenna is shaped and built to do a 
particular job, but the task of all antennas is to launch and intercept 
radio waves in the manner most efficient to the task at hand. Hertz, if 
he were alive today, would understand and appreciate the most complex 
of modern communication antennas, as the design is based upon laws 
of nature that are inviolable. 
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"I swear. the standing waves on my feedline were THIS long!" 



Chapter 2 

Radio· Waves and The Nature of Things 

!Old Mother Nature 's Mysterious Way s] 

The earth and everything on it is continuously bombarded by energy 
from outer space in the form of waves coming from countless sou rces. 
Some waves are usefu l (sunlight) and some may be dangerous (x-rays). 
Oth e rs are not fully und e rstood (cos mi c rays). Many such waves have 
been recruited in the se rvice of man. 

The waves from space arrive helter-skelter but the waves, or groups 
of waves, are orderly and have their own characteristics. Taken as a 
whole, 'when arranged by size, or wavelength, they make up the elec
tromagnetic spectrum (Figu re 1). 

All of these waves, cons tantly in motion about us, vibrate in typical 
wa ve form at definite freque ncies with the wavelength decreasing as the 
frequency increases. The numbe r of complete waves per second - - one 
cycle per second -- is called Hertz (Hz). 

Wave Bands 

About 1880, experimenters developed precise instruments for mea
s urin g light waves and by 1900 it was possible to measure the wave
length of radio waves, x-rays and cosmic rays. As the various waves 
were investigated and measured, they were grouped into wave bands, 
which a re groups of waves with simi lar characteristics, measured in a 
similar fashion . 

The next step was to generate or procure a supply of particular waves 
for study. Light waves were easy to procu re . If a beam of red light was 
desired, for example, all that was needed was sunlight and a red filter 
which would block out the unwanted wa velengths and pass only red 
light. On the othe r hand, x-rays and radio waves are generated by na
ture in far-off space , but must be produced on earth as the space 
waves a re too weak to be put to use. 
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Fig. 1 THE ELECTROMAGNETIC SPECTRUM is a chart showing the relationship 
between e lectromagnetic waves arranged by size (wavelength). At the low 
frequency end of the spectrum are the extremely large radio waves usefu l for 
long d is tance daylight communication. Huge antennas are required to rad iate 
these big waves. The regular broadcast band encompasses med ium s ize waves 
and sti ll shorter (sma ller ) waves are usefu l for long d istance, ionospheric
reflected radio communication. The amateur bands fall in this range between 
200 and 6 meters. Additional ham band s are in the UHF-VHF region below 6 
meters for point-to-point communicat ion. 

Gradually, the extremely short radio waves blend into infrared waves, and 
at still shorter wavelengths, the electromagnetic waves are visible to the eye 
as light waves. Shorter than light are ultraviolet waves, X-rays, gamma rays 
and cosmic waves. The size of these tiny waves is expressed in terms of 
mill ionths. of an inch. Even so, they are identical t o the larger radio waves· 
used by radio amateurs. 

What waves, if any, exist beyond the ends of the e lectromagnetic spectrum 
chart? Scientists suspect that super - long waves may be found in the form of 
gravitational waves and that micro-miniature waves shorter than cosmic waves 
exist in the universe. No one is sure about super-long or super-short waves 
and the puzzle is to f ind them, as man seeks to learn more about the mysterious 
universe and all the electromagnetic waves that surround us. 

High frequency electric energy can be generated by a radio trans
mitter and converted into el ectromagretic waves by an antenna. The 
field set up about the antenna is transmitted through space at the 
speed of light (186,000 miles per second) and may be captured by a 
second a ntenna, inte rcepting the wave and conve rting it back to elec
tric energy, capable o f being detecte d by a radio receiver. 

In other wave bands, the generation and detection of waves is costly, 
complex and little-known other than by the specialists who make use of 
the waves. For example, gamma rays are useful for radium therapy, 
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G• RADI O GE NER Al OR 

Fig. 2 MODERN CONCEPT OF A RADIO WAVE is a combination of magnetic (H) 
and electric (El fields set up about an antenna as a result of electric current 
flowing within the antenna. Energy is transferred back and forth from one field 
to the other. This action is termed "oscillation". During energy transfer, which 
can occur millions of times per second, f ie lds may become detatched from the 
wire and move off into space . A rad io signal is apparently made up of the two 
f ields which reinforce each other. with t he e lectromagnetic energy radiating 
outwards from the antenna. The sum of the two fields is called an "electro
magnet ic field" . If the field cuts another conductor (antenna). some of the 
energy in t he field will set electrons in motion in the conductor. The electron 
movement (current ) may be detected by a radio receiver. 

x-rays for medica l and industrial applications , ultra violet waves for 
lasers and black light, infra red waves for drying a nd photography, 
microwaves for rada r-to name a few. 

Of all the wave bands , however, the radio waves have rece ived the 
most use. This Handbook covers their launching and interception by 
antennas, and how this knowledge can best be put to use by amateur 
radio operators. 

The Two-Way Antenna 

It was discovered ea rly in the game that an antenna acts in the same 
fashion whether it is transmitting or receiving energy. Thus, the gen
e ral characte ristics of the antenna a re the same in either instance. For 
simplicity, then, we can examine o r discuss a particula r anten na in 
te nns of transmiss ion or reception, with the assurance that the ob
servations noted in one case apply to the other. Th e basic theory 
regarding simi lar receiving and tran s mitting characte ristics is called 
reciprocity and, as appli ed to antennas, was first s tated by Lord 
R ayleigh of England in 1877, long before radio transmission was 
generally known. His basic theory is still frue today. 
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Antenna Resonance 

Electri cal energy is radiated into space and retrieved from space by 
an anten-na. An antenna is a length of metal that conducts electricity 
and is so located that it is surrounded by space. High frequency 
electric energy flowing in the antenna sets up an electromagnetic field 
about the conductor which expands into space at the speed of light. 
Conversely, an electromagnetic field meeting an antehna sets up a 
high frequency electric current within the antenna. Thus, any conductor 
of e lectricity fun ctions as an emitter o r receptor of electromagnetic 
waves, with a varying degree of efficiency (Figure 2). 

For highest efficiency, the antenna must bear some relationship to 
the length of the radio wave. In the early days of radio, wire fences 
were often used for reception and crude "cage" antennas of many wires 
were used for t ransmission without any real concept of trimming or 

Fig. 3 WORLD' S BIGGEST ANTENNA? Huge antenna built in Lafayette, France, 
in 1917 for super-power long·wave station (which was never finished). The 
antenna covered severa l hundred acres and was supported on 600 foot high 
towers. Early radio books give vivid descr iptions of big rad io antennas, but 
operation and theory was often vague and misleading. (Adapted from "Radio 
Theory and Operating", by Loomis, 1925). 
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Fig. 4 RADIO WAVELENGTH . A simple case of wavelength brought about by the 
reflection of a wave can be observed when a rope is given a quick series of 
flips. A wave travels along t he rope until it reaches the far end, from where 
it travels back along the rope to your hand. continuing back and forth in this 
manner until the motion dies out. By flipping the rope in the proper sequence. 
you can make the wave continue to run back and forth along the rope. 

With a little practice, you can flip the rope in the proper sequence and a 
succession of waves at equal intervals will travel along the rope. When re
fl~cted back from the far end. they meet the oncoming waves whose lengths are 
equal to those waves coming from the far end of the rope . At some points, the 
conflicting waves reinforce each other and at other points the rope seems to 
not move at al I. Points of i:ero movement are found a long the rope one-ha If 
wavelength apart ; at all other points the rope vibrates . The vibratory pattern is 
called a "stationary wave". or "standing wave", as the overa ll wave pattern 
moves neither forward nor backward . The points of no movement of the rope are 
cal led "nodes". The stationary wave on the rope is trapped between your hand 
and the other end of the rope. and by experimenting. you can get various num
bers of standing wave nodes on the rope. depending upon the rate at which you 
fl ip the end. 

Stat ionary waves of this type may be set up in an electrical circuit. or along 
an electrical conductor by electrical impulses applied to the circuit or to the 
conductor . Such a conductor is called an "antenna". Shown in this picture is 
an antenna having a standing wave_,on it, with three nodal points . A half-wave
length exists between any two nodal points. In the case of an 80 meter wave, 
the distance between adjacent nodal points is about 135 feet. 

otherwise adjusting th e length of the antenna to the length of the radio 
wave. "The bigger the antenna, the better the reception," was the 
motto. Such a ntennas , of course , w e re very inefficient (Figure 3). 

A great body of literature exists today attesting to the many varied 
and important contributions made by numerous experimenters in the 
quest for better and more effici ent antenna systems. Early in the game, 
it was found that an antenna of a certain length did not exhibit the 
same characteri stics at a ll frequencies. Best results were obtained 
when the antenna was adjusted physically or electrically to be in 
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proportion to the leng th of the radio wave . If the antenna was s horter 
than the wave, extra wire could be added in the form of a coil to make 
the antenna electrically longer. If the antenna was too long, a capac
itor could be added in series with the antenna to make it electrically 
shorter. The antenna a nd its auxiliary tuner could thus be adjusted to 
the condition of resonance, or electrical compatibility with the radio 
wave in use (Figure 4). 

Resonan ce and Antenna Length 

For any antenna there is one frequency, called the resonant frequency, 
at which various characteristics of the antenna are in a state of elec
trical balance , and at which frequency th e antenna is in a condition of 
maximum efficiency. The resonant frequency is a function of the el ec

trical length of the antenna, which may or may not bear a relationship 
to the physical length in feet and inches. Any antenn a may be tuned to 
resonance by a uxiliary gadgets , but such devices may be a nui sance 
and of questionable efficiency. A resonant antenna requires no s uch 
devices and is a simple and effective radiator and receiver of radio 
energy. The length of the radio wave and the antenna is expressed in 
terms of wavel eng th , and that term is directly related to the frequency 
of the radio wave, as we shall see shortly. 

Wavelength and Frequency 

Radio waves exist because it takes a certain amount of time for 
electrical energy to t ravel from point to point. When a pebble is drop
ped into Viater, the resulting distu rbance does not reach the edge of 
the pool immediately . Rathe r, a wave of water starts out from the 
place where the pebble hit s and proceeds towards the edge at a de
finite speed. Electrica l energy normally travels at 186,000 miles per 
second, or 300,000,000 meters per second. Thus, if a radio antenna is 
e mitting a pulse of rad io energy at a rate of 14,000,000 pulses per 
second (14 ,000 KHz -- the 20 meter band), one pulse will travel about 
20 meters before another. pulse is emitted. At 186,000 pulses per 
second, on the other hand, the distance between pulses is about 5000 
feet. At 3,000,000,000 pulses per second (3,000 gigacycles), the dis
tance between pulses is only a bout 4 in ches. This corresponds to a 
radar signal . Thus, exactly as in the case of the pebble dropped into 
water, a mathematical relationship exists between the distance a radio 
pulse will travel du rin g the time required for one pulse (one cycle) to 
occur , as s hown in Figure S. 
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Fig. 5 WAVELENGTH AND FREQUENCY are related to each other by a simple 
formula. as explained in the text. The wavelength is the distance between two 
wave crests (or between two wave nodes}. The velocity (speed} of the electro
magnetic wave is 300.000,000 meters per second, the same as the speed of 
I ight. The frequency, or repetition rate. of the wave is the number of waves 
which pass a given point in one second. Wavelength is measured in units called 
"meters", one meter being equal to 3.28 feet. The frequency is measured in 
"cycles per second". or units called "Hertz ". Thus. one cycle per second is 
one Hertz, 

Since wavelength and frequency have an inverse relationship, it follows that 
long waves have a low frequency and short waves have a high frequency. 

The length of any elect romagnetic wave can be found by the formula: 

Wavelength in meters = 300,000,000 
frequency in cycles per second 

In the case of high frequency radio, the wavelength is expressed more 
conveniently as : 

300 
Wavelength in meters =--------------

frequency in megahertz (MHz) 

The illustration tells the story better than words. 
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Measurements in the United States are usually expressed in feet 
and inches rather than in meters (and centimeters). This formula, con
verted into more familiar terms, then, is: 

984 
One wavelength, in feet=-------------

frequency in megahertz (MHz) 

A half-wavelength is determined by dividing the formula by 2, thus: 

One-half wavelength, in feet = _____ 4_92 _ _____ _ 

frequency in megahe~tz (MHz) 

This is the fundamental formula from which many significant 
lengths in antenna work are developed and is defined as the electrical 
length of a half-wave antenna element, when no factors exist that 
modify the speed of the radio wave. In real-life situations, many 
factors exist that alter the physical length of a half-wave antenna, or 
any conductor used for an antenna. If this were not true, there would 
be no need for this Handbook! 

End effect and thickness of the antenna element must be taken into 
account whe.n determining the actual physical length of any antenna 
element. The end effect is caused by the presence of insulators of 
other material that may be used to support the antenna at the ends and 
also by the abrupt transition from conductor to the surrounding atmos
phere at this critical point. 

Since practical antennas have thickness as well as l ength, the actual 
length departs to a small degree from the electrical length. Generally 
speaking, the larger in diameter the antenna element, the greater the 
departure from the electrical wavelength. Thus, for a given frequency 
an antenna having a small cross-sectional area in the conductor will 
be longer physically than an antenna having a larger cross-sectional 
area. 

Very Short Antennas 

The physical length of an antenna often poses a problem, especially 
in portable or mobile work in an automobile or boat. It is possible to 
use a ve1y short antenna (at some sacrifice in overall efficiency) and 
electrically "load" it so it appears as an antenna of -greater length. 
The missing portion of the antenna takes the form of a loading coil of 
wire wound on an insulated form (or supported by its own rigidity). The 
coil, for simplicity's sake, can be thought of as the missing antenna 
length, wound up into a compact structure. The coil ma y be placed at 
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CUBICAL QUAD ANTENNA is popular among radio amateur DXers. Quad 
beam delivers the most signal gain per area of any inexpensive beam 
antenna known, although Quad assembly is tr icky and complicated. 

one end of the antenna, or along the length of the antenna. You see 
these loading coils as bulges at the base of the antenna, or along its 
length. Coil design and constntction is crucial, and the efficiency of 
the antenna depends upon the skill of design and manufacturing, and 
the expertise of the person making the antenna insta llation. It's not a 
game for beginners . In any event, the portion of the antenna used up in 
the coil contributes nothing to the radiation prowess of the a nte nna. 
Usually, the smaller the antenna in relation to the operating wave
length, the bigger the loading coil, the lower the antenna efficiency, 
and the weaker your signal! There is no substitute for a full size, 
resonant antenna! 

Summary 

The radio wave is an electric "undulation" which is a portion of the 
electromagnetic s pectrum. The radio wave is specified in terms of size 
(wave length) and frequency (cycles per second). It may be radiated and 
intercepted by an antenna which converts radio waves into high fre
quency electrica l energy and vice-versa. The antenna has the same 
characteristics when transmitting or receiving and has the greatest 
efficiency when it is in a state of resonance. 



Chapter 3 

Your Antenna and Signal Interception 

[How Does the Radio Wave Get Down That Skinny Cable? ] 

What happen s when the radio wave meets the antenna? Why does a 
beam antenna make your signal loude r? What is the meaning of antenna 
gain? Where does the gain come from? Good questions, and ones not 
easily answered. 

To start with, a radio wave trave ls unhindered through space until 
it meets a conductor. In our case, the conductor is the antenna, and it 
is made of metal. By definition, a metallic object is one that has 
"free" e lectrons able to move about within the conductor. The inter
cepted radio wave imparts energy (motion) to these electrons, which 
move in a direction corresponding to the direction of the wave--along 
the conductor. 

Inside The Antenna 

The electron movement in the antenna element actually reradiates a 
portion of the radio wave back into space while the remainder is cap
tured by the radio receiver attached to the antenna. This action takes 
place regardless of the length of the antenna and is s hown in Figure 1. 

When a radio receiver is attached to a n a ntenna which is energized 
by a radio wave, a portion of power is extracted from the antenna and 
is passed to the receiver circuits. The total electron current flowing in 
the antenna (while very feeble) may be thought of as the sum of many 
individual currents, all acting along the length of the antenna . When all 
of the individual currents add up at the receiver, the maximum possible 
value of current is extracted from the antenna . This condition of max
imum current is our old friend, antenna resonance. Resonance is es
tablished when the antenna bears a certain relationship to the length 
of the intercepted radio wave, usually found at multiples of one-half 
wavelength. The basic half-wavelength antenna is called a dipole 
antenna. At 20 meters, for example, a dipole is about 33 feet long. 
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Fig. 1 RADIO WAVE MEETS ANTENNA. At the right is a radio signal source, 
such as your transmitter, radiating a radio wave moving to the left. For th is 

example, the wave is just a short burst ("pulse") of energy. When the pulse 
meets the antenna {center), it causes free electrons to flow along the antenna 
in the form of an electric current. This current re-radiates a portion of the inter
cepted radio wave back into space. The original radio pulse passes to the left, 
beyond the antenna, followed shortly by the re-radiated energy from the antenna, 
which spreads out both to the right and left of the antenna. Now we have two 
pulses: the original one and a weaker. re-radiated one following along a fraction 
of a second later. When the current f lowing in the antenna is a maximum value, 
the antenna 1s said to be "resonant ". 

Power Transfer 

With any type of electrical power source, whether it be a storage 
battery, a generator or a radio transmitter, maximum power is delivered 
from the sou rce to the destination (load) when the load and source 
each have equa l voltage and equal current at their terminals. In this 
condition, the source (radio transmitter) and load (antenna) are said to 
be matched. Specifically, to obtain the maximum transfer of power from 
a radio transmitter to an antenna, or from an antenna to a receiver, the 
antenna must meet two requirements: 

1-The antenna must be resonant at the frequency of the radio wave 
so as to deliver a maximum signal current to the receiver, or to 
e xtract maximum power from the transmitter. 
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Figure 2 

RAD IO ANTENNA connected to 
load. which could be your re
ceiver. When pulse meets para
sitic. most of the rad io energy is 
radiated back into space to 
loaded antenna. If p h a s i n g 
(timing) is correct. energy from 
parasitic element reinforces cur
rent flowing in loaded antenna. 
Yagi beams are made up of 
loaded antenna plus one or more 
parasit ic elements . 
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2- The signal voltage and current in the antenna and the receiver 
(or transmitter) must be matched to achieve best t ransfer of 
energy. 

Even when these two demands are met, the matched, resonant 
antenna delivers only a portion of the current extracted from the radio 
wave to the receiver, reradiating the remaini ng portion of the current 
back into space a fraction of a second after the wave has arrived at 
the antenna. As you'll see, this reradiated wave can be made to per
form in a very useful manne r. 

The Beam Antenna and Signal Gain 

A beam antenna is an antenna that concentrates radio energy in a 
given direction at the expense of radiation in other directions. A good 
analogy is the headlight of an automobile which concentrates the light 
into a single beam, at the expense of illumination to the sides and 
back . A beam antenna concentrates the radio wave in a similar fashion, 
although the beam of an antenna is not nearly so well defined as that 
of a headlight beam. 

A resonant antenna reradiates virtually all of the intercepted radio 
wave if it is not connected to a load. When s uch a device is placed 
near another antenna connected to a radi o receiver, the unconnected 
antenna is called a parasitic element . Figure 2 shows a parasitic 
element placed near an antenna which is connected to a load. The 
parasitic element is placed between the antenna and the signal source. 
The antenna is now exposed to the direct radio wave from the source 
and a lso to the reradiated radio wave from the parasitic e lement, which 
reaches the antenna a fraction of a second later . 
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If the reradiated wave from the parasitic element reaches the 
antenna at the proper time, it reinforces the radio wave received di
rectly from the source by the antenna. Adjusting the length of the 
parasitic element and its spacing from the antenna accomplishes this. 
Such a parasitic element is called a director. 

When the parasitic element is placed behind the antenna and the 
signal source, and is adjusted to enhance the received signal, it is 
called a reflector. Beam antennas are made up of a connected, or 
"active" antenna, working in conjunction with a single reflector and 
one or more directors. 

Antenna Power Gain 

Power Gain (or signal gajn) is a term used to express the power 
increase in receiving or t ransmitting of one antenna as compared to a 
a standard comparison antenna. The comparison antenna may be either 
a dipole, or it may be an imaginary device called an isotropic antenna, 
useful for mathematica l computations in the laboratory. The isotropic 
antenna is considered to be so small that it radiates equally well in 
all directions --something that no actual antenna can accomplish. 

Of great interest to the prospective purchaser or user of a beam 
antenna is the amount of power that still escapes from the sides and 
back of the array. The ratio of power radiated in the forward direction 
of the beam as compared to the amount radiated in the opposite (back) 
direction is called the fron t-to-back ratio of the antenna. 

Beam antennas come in all shapes and sizes and prove to be a 
willing subject for imaginative manufacturers to exploit, sometimes at 
the expense of the buyer, dazzled by important sounding words and 
inflated c laims. Shown in this Handbook, however, are some "honest" 
beams that are inexpensive and work well. Before this, it is well to 
investigate and discuss the "yardstick" by which antennas of all 
kinds are measured. This "yardstick," when properly interpreted, can 
give you a lot of useful information about any antenna. The "yard
stick" is called the decibel. 

The Mysterious Decibel -The Unit of Truth! 

Power gain and front-to-back ratio performance of beam antennas 
are expressed in terms of decibels (abb reviated db). The decibel is not 
a unit of power, but a ratio of power levels. In antenna practice, the 
decibe l may be used as an absolute unit of measure by fixing an 8f• 

bitrary level of reference . If the reference level is a dipole antenna 
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Fig. 3 THE DECIBEL·· THE "YARDST ICK" OF PERFORMANCE. The decibel is the 
"yardstick" of performance in the electronics world just as "horsepower" is 
the yardstick in the automotive world. The decibel unit expresses the ratio 
between two power levels in an electrical circuit. Originally. tho decibel 
measured the loss of voice power over one mile of telephone wire. 

This chart shows the relationship between the decibel and the watt for gains 
of up to 10 over a reference level of one watt . For example. a power increase of 
6.31 represents a decibel gain of 8. A decibel gain of 3 represents a power gain 
of 2. 

Antenna gain is commonly expressed in decibels gain over a reference 
source. such as an isotropic radiator or a dipo le. It i s important to know the 
reference as the decibel is a ratio of change of power and can only be used as 
an absolute unit by fixing a leve l of reference. If a dipole is chosen as a refer
ence antenna. it is said to have a power gain of unity (one). 

(for example), another antenna may be said to have "so-many decibels 
power gain over the reference dipole. " 

Antenna gain expressed in decibels without mention of reference 
level is meaningless. It is often deliberately expressed in th is fashion 
by some antenna manufacturers who hope to overawe the reade r into 
thinking he is gett ing more powe r ga in for h is money than he actually 
is. For example, the s t atement, "Ten decibels power gain!!!" does~ 't 
mean a thing, because it does not reference the gain to any leve l of 
measurement. If the statement said, "Ten decibels power gain over 
reference dipole" the statement has meaning, as the level of reference 
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is given. Beware expressions of antenna gain that a re unreferenced! 
Shown in Figure 3 is a decibe l chart and table giving the relation

ship between decibels and power. A power ratio of 4 provides a 
change of 6 decibels. A power ratio of 10 prov ides a change of 10 
decibels. This relationship holds true regardless of the electrical 
circuit, and the dec ibel is commonly used in all electrical work 
throughout the world. It is a useful form of "shorthand" understood 
by alt electrical engineers, regardless of whether they work with 
radio, audio circuits, power lines, or space communication. Like it or 
not, the decibel is here to stay. 

A useful rule-of-thumb is that a power change of one decibel is 
just noticeable on a quiet communication circuit, and a power change 
of 3 decibels is about the smallest change that is economically feas
ib le. That is to say , a power increase of less than 3 decibels is not 
worthwhile in most instances, as it is marginally helpful, and a power 
decrease of 3 decibels is not especially harmful. 

Translated into watts, this means that if your transmitter has a 
power output of 100 watts, boosting it to 150 watts by careful tuning 
won't be of much help! Or, if your power should drop from 150 watts 
to 100 watts, the operator at the other end of your circuit probably 
won't notice any difference in signal strength at all! 

Doubling power provides a boost of 3 decibels, and that's about the 
least change that can really be noticed over a period of time. Accord
ingly, an antenna that provides 3 decibels power gain over a dipole 
could be worthwhile. 

Experience has shown that a power increase of 5 decibels or so is 
definitely worthwhile, a nd a power change of 10 or more decibels is 
often startling in the results it achieves over a difficult rco1nmunication 
path. 

The Curious Antenna 

The concept of the antenna --a simple length of aluminum tubing or 
copper wire -taking electrical e nergy and transforming it into invis
ible radio waves that cross space at the speed of light is a breath
taking idea . Textbooks of great weight and complexity have been 
written about antennas, and veiy large anten na arrays have been built 
that defy comprehension by the layman. This Handbook ignores com
plexity and covers in detail the popular and eveiyday antennas en
countered in ham radio and discusses their operation in simple, non
technical terms you can understand. 
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You, the reader, will not be placed in the position of the little girl 

sent to the encyclopedia to learn about penguins. When she finished 
reading, her mother asked if she was satisfied with what she had read. 
The girl replied, "Not really, the encyclopedia told me more about 
penguins than I wanted to know!" 

This chapter (much shorter than an encyclopedia) covers proper ties 
of the antenna that are important to you. No complicated mathematics 
at all! Let's start with antenna polarization, as shown in Figure 4. 

Antenna Polarization 

Polarization of a radio wave is determined by the pos ition and di
rection of the electric field with respect to the earth's surface. If the 
lines of the electric field of a radio wave are parallel to the ground, 
the wave is horizontally polarized. If the lines are perpendicular to the 
ground, the wave is vertically polarized. Since you can't see the field, 
and it takes instruments to determine the polarity, it's sufficient to 
know that, for the majority of ham antennas, the electric field is in 
the same plane as the antenna e lement so that a vertical antenna is 
vertically polarized and a horizontal antenna is horizontally polarized. 
For high frequency communication polarization is not particularly 
important as ionospheric-reflected waves tend to loose thei.r initial 
pola.rization. It should be mentioned, however, that vertical receiving 
antennas tend to pick up more man-made noise and interference than do 
their horizontally polarized counterparts. 

Antenna Operation 

While you can't do very much about the tricks the ionosphere may 
play on you , there's plenty you can do about having a good, efficient 
antenna system. Let's tum, therefore, from radio propagation to the 
antenna itself and see what goes on inside this interesting device. The 
remainder of this chapter discusses some of the "ground rules" of 
antenna operation. 

Impedance - -- More Power To You! 

You'll o6ten see terms such as surge impedance, feed impedance, 
radiation resistance, input impedance and the like, used with reference 
to antennas. These terms are telling you something you should know 
about the antenna. The big question is: what's it all about? 

The simplest answer is that when the complete antenna system is 
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Fig. 4 CAN YOU SEE A RADIO WAVE? If you could. perhaps this is what you 
would see if a radio wave was travell ing out of the page towards you! It is a 
fancifu l drawing of a radio wave showing the electric and magnetic fields. 
Electric fields are commonly represented by solid lines and magnetic fields by 
dashed I ines. The arrow heads indicate the direction of the fie ld. In this i llus
tration, the lines of the magnetic field are parallel to the ground and the lines 
of the electric fie ld are v ertical. Accord ing to the rules of the game, therefore, 
this wave is vertically polarized. For common antennas. the electric f ie ld is in 
the same plane as the antenna element so this represents the radio wave leav
ing a vertica l antenna, such as a ground plane. Of course, the field surrounds 
the antenna, so this picture represents just a small portion of the wave . The 
magnetic field actually surrounds the antenna and the magnetic I ines move out
ward, just as ri pp I es in a pond spread when a stone is cast in the water. The 
electromagnetic field concept is a difficult one to grasp, so don't loose too 
much sleep over antenna polarization. 
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in a state of electrical balance (the state of balance being defined by 
these various terms), the overall operation of the system is at the 
highest possible efficiency. This means the best reception and the 
strongest signals. 

Many readers of this Handbook are familiar with Ohm's Law, which 
is: 

R = f 

Simply, this formula tells you that the resistance of any electrical 
circuit (R) is proportional to the ratio of the voltage (E) to the current 
(I) in the circuit . This is not the definition of Ohm's Law in most 
books, which usually ends up talking about resistance in terms of 
ohms, and in terms of physical resistors. As far as antennas go, the 
idea of resista nce, as such, is misleading, and it is much better to 
think of the word "resistance" as expressing the ratio of the voltage 
to the current at any given point in the antenna circuit. Thu;; at a high 
"resistance" point, the ratio of voltage to current is high and at a low 
"resistance" point, the ratio of voltage to current is low. 

Remember in Chapter I the short discussion of Maxwell's discovery 
of the interplay of energy between the electric and magnetic fields 
around a wire, and the current flowing within the wire? Ohm's Law, in 
the broadest sense, applies in this case, describing the ratio between 
the electric field and the current flow in terms of a fictitious resis
tance, which may be termed the radiation resistance of the wire, or 
antenna: 

Radiat ion Resistance Voltage field about the antenna (E) 

of the Antenna :; Current flowing within the antenna (I) 

or, in Mr. Ohm's terms: R =f , which is the same law that applies to 

direct current circuits, car batteries, your refrigerator motor, the TV 
set, and such. 

Radiation Resistance 

To repeat: the tem1s radiation resistance, input impedance, s urge 
impedance, feed impedance, etc., all refer to the ratio between the 
voltage field about a conductor and the current flowing within the 
conductor. The express ion of this ratio is in terms of ohms. This term 
is, perhaps, unfortunate, as it implies some kind of actual resistance 
within the antenna, which does not really exist. As a dodge, this 
"resistance" is referred to as radiation resistance, which is OK as 
long as you understand that it means a ratio of voltage to current, and 
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Fig . 5 WHERE DOES THE POWER IN AN ANTENNA GO? It has to go someplace , 
and it does. It is radiated into space in the same manner as heat and light. It 
l eaves the antenna , never to return. It is difficult to conceive of radio power 
vanishing into empty space. so a fictituous term (radiation resistance) is used 
to describe the radiating effectiveness of the antenna. Radiation resistance. 
as explained in the text. is an expression of the ratio between the voltage field 
of the antenna and the current in the antenna at any given point along the 
antenna. In a simple dipole. the radiation res istance at the center is quite low. 
i ncreasing towards the ends of the antenna. Thus, the voltage to current rat io 
i s different at d ifferent points along the antenna. Most antennas are fed at the 
center and-- in a dipole-- this is the point of lowest radiation resistance. The 
dipole in this illustration is suspended in space about a hal f-wave length above 
the ground. and t he measurements shown may actually be found when the proper 
instruments are used. Moving the antenna closer to. or away from the ground. 
w i II alter a II the measurements drast ically. 

not an actual va lue of resistance. 
Let's take an example: Suppose 3 watts of radio frequency (r-f) 

power is applied to the center of a di pole antenna. With appropriate 
(and expensive) instruments, it is determined that th e current flowing 
in the di pole at this point is 0.21 ampere and the voltage field about 
the dipole is 14.7 volts (Figure S). The radiation resistance (RR) is, 
therefore: 

Rad iat ion Resistance =~= 14·7 = 70 ohms 
I 0.21 

No 70 ohm resistance exists in the antenna. But, if the antenna 
were removed, and a 70 ohm resistor substituted in its place, the same 
ratio of voltage to current would exist, and the same absolute values 
of voltage and current. 
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Now let's move out along the dipole's length and measure the volt
age and current towards one end, say about two feet from the end of a 
dipole. What do we find? The same amount of power exists at this 
point (3 watts) but the voltage field has increased to 55 volts and the 
current in the dipole has dropped to .055 amperes. The fictitious radi
ation resistance value is now expressed by: 

Radiation Resistance = ~ = 55 = 1000 ohms 
I .055 

Finally, let's examine conditions at the very tip of the antenna. 
Logic tells us that current is zero (since it has no place to go) and 
voltage should therefore be infinite, if Ohm's Law is obeyed. Prac
tically, this is not true, as the current can " leak" into the atmosphere , 
or into the insulators that support the dipole . The same 3 watts exist, 
but the instrum ents show that the voltage field is now 550 volts and 
the current is .0055 amperes. The radiation resistance, accordingly, is: 

E 550 
Radiation Resistance= - = -- = 100,000 ohms 

I .0055 

So! While the power at any point in the antenna is constant, the 
voltage to current ratio varies all along the antenna, and the radiation 
resistance (or whatever you want to call this ratio) varies too. The 
fact of interest to the antenna designer i s the ratio at the point at 
which he feeds energy to the antenna by attaching a transmission line. 
This is usua lly at the center point, since the radiation resistance 
ratio is reasonably low and manageable. If the radiation resistance is 
too low or too high, other problems arise in feeding energy to the 
antenna which are beyond the scope of this Handbook. Suffice to say 
that radiation resistance values of 25 to 100 ohms or so are a "target " 
range for antenna feed points. 

Well, What Does It All Mean? 

In summary, then, the various terms mentioned previously expres
sing "radiation resistance" are not expressions of actual resistance 
itself, but an expression of a ratio between the voltage field of the 
antenna and the current within the antenna at any given point along 
the antenna. If you can forget the traditional concept of resistance and 
think instead of the ratio of voltage to current, you can more readily 
understand some of the more obscure representati ons of working an
tennas and the over-complex and confusing terms that express these 
concepts. 
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Impedance And All That! 

So far we've looked at radiation resistance. What about impedance, 
another OK-term bandied about by the knowledgeable to impress the 
natives? Remember - - - the term resistance is used in antenna work in 
its broader interpretation as the voltage to current ratio at which power 
is consumed or transferred. The antenna, of course, does not consume 
power, it merely transfers it into the space about it. Nevertheless.4 

for the purpose of circuit design it is convenient to substitute the 
resistance concept because the circuit behavior conforms to that of an 
actual, real-life resistance. 

The term impedance is used in a comparable sense, too. It is also a 
voltage to current ratio, but it expresses an even more general concept 
than resistance because it implies that all of the power supplied to 
the circuit may not be consumed or passed on, but a certain proportion 
of it can be returned to the source during some part of the radio energy 
cycle. The proportion of power consumed or passed on is expressed in 
terms of radiation resistance and the portion of the power returned to 
the source is expressed in terms of reactance. Reactance is undesir
able because it makes the antenna difficult to "load" (take power 
from) the transmitter. 

Purists draw a distinct difference between resistance and reac
tance; however, in antenna talk, the terms a re often interchanged. This 
can be done in the case of a resonant antenna without stretching the 
truth. And in the case of a ham antenna, operating on various fre
quencies in one band, the terms can be interchanged, even though 
there is a distinction between radiation resistance and impedance or 
r eactance that will be more easily understood when we tackle the 
problem of transmission lines and standing wave ratio later in this 
Handbook. 

Now, we have a vague idea of radiation resistance and the various 
terms that mean the same thing, and we know that the voltage and cur
rent ratio is different at different points along the antenna. A very 
nice picture can now be drawn of the variations, as explained in the 
next section. 

Antenna Voltage and Current 

Now look at the drawing of Figure 6. This shows two antennas, one 
a full wavelength antenna and the other a half-wavelength antenna. The 
"radio wave" can be drawn on these figures and now, based upon the 
previous discussion, it can be seen that this is a current wave, hav-
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Fig. 6 DID YOU KNOW YOUR ANTENNA LOOKS LIKE THIS? Shown at the top is 
a one wavelength long antenna for 10 meters. At the bottom is a half
wavelength antenna. The voltage and current waves for a radio signal are drawn 
on the antennas. The he ight of the wave indicat es the strength ("amp I itude " ) 
at that point on the antenna. The voltage wave (dashed line) is maximum at the 
high impedance points on both antennas . and is a m inimum at the low impedance 
points. The current w ave (solid line) is exactly opposi te, being a m inimum at 
the ends of the antenna (the high impedance points) and a maximum at the low 
impedance points . In the case of the half-w avelength antenna, this is at t he 
center . 

You don't believe it? Well , if sufficient radio power was applied to e it her 
antenna (100 watts, or so), the vol tage wave could be traced out by holding a 
neon lamp or flourescent tube near the antenna. The lamp will glow brightly 
from induced power at the high impedance points and will be exti ngu ished at 
low impedance points . The lamp need not touoh the antenna for this experiment. 

For convenience, ham antennas are usually fed at low impedance points, 
as low impedance coax transmission line is readily available at modest cost. 
In the case of the one wavelength antenna, the feedline would be attached at 
ei ther point A or point B. The feedline is attached at point C for the half
wavelength antenna. 
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ing a minimum value at the ends of the antenna and a maximum value -
in the case of the half-wave antenna --at the middle. Also observe 
that the one wavelength antenna has two current maximums on it. 

F igure 6 can now be modified to show the voltage wave as well as 
the current wave for both antennas. The voltage wave is a dashed line. 
The voltage wave is maximum at the high res istance ratio (impedance) 
ends of the antenna and the voltage curve is exactly opposite t o the 
current curve . That is , the c res t of one falls at the low point of the 
other. Radio lingo says t hese waves are "out of phase". Note , too, 
that voltage is always maximum at the end of the antenna, and a mini
mum one-quarter wavelength a long the antenna from the end. 

Likewise, current is always minimum at the end of the antenna and a 
maximum one-quarter wavelength along the antenna from the end. 
Finally, it should be noted that energy is usually (not always) intro
duced into the antenna at a point of maximum curre nt (at the crest of 
the current wave). Thus , the di pole antenna is fed at the center-- the 
point of highest current. 

Upwards And Onwards 

Now that you have an idea of some of the terms and concepts used 
in antenna work, and a bit of the interesting theory behind the devel
opment of today's antennas , let's examine some antennas and feedlines. 
Antennas are like blondes:-"There are only two types of blondes-
good and better. " So, let's look at some of the better ones (antennas, 
that is). 
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ANTENNAS ARE LIKE BLONDES-· there are only two types: good and better ! 



Chapter 4 

Dipole and Ground Plane Antennas 

(Two Popular Antennas and All About Them! I 

The Dipole Antenna 

The basic shortwave transmitting and receiving antenna is the half
wave dipole shown in Figure lA. Its length is equal to about one-half 
the transmitting wavelength, and it is usually made of wire, supported 
at the ends by insulators. The dipole is broken at the center, at which 
point a two-conductor feedline is attached. The dipole can be mounted 
in any position, but it is usually mounted horizontally or vertically 
between two supports . The length of a wire dipole for any shortwave 
frequency may be computed from: 

468 
Length (feet) -

F requency (MHz) 

For example, the length of a half-wave di pole at 21.2 MHz (near the 
mid-point of the 15 meter band) is: 

Length = 468/21.2 = 22.1 feet, tip to tip 

When erecting the dipole antenna, it is important to make sure that 
the two-conductor feedline does not interfere with proper antenna oper
a t ion. To accomplish this, the line i s led away at right an r. le£ to the 
antenna, as shown, when the antenna is in a horizontal position. When 
the dipole is mounted vertically, and it is desired to brin g th e feedline 
away be low the antenna, a different scheme is used . The bottom of the 
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Fig. 1 THE DIPOLE ANTENNA is the fundamenta l shortwave antenna for both 
transmitting and receiving. Mounted horizontally (A). the dipole is commonly 
made of wire. supported at the ends by insulators. The low impedance c '"'nter 
point is broken and a two conductor coaxial feedline is attached to the halves 
of the antenna. The feedline should be brought away at r ight angles to the 
antenna since it may have a radio field about it which can distort the radiation 
pattern of the antenna. This dipole radiates maximum energy into and out of the 
page. 

The dipole antenna also may be mounted vertically (B) . In order to bring the 
two conductor coaxial feedline away from the antenna without d isturbing the 
radiation pattern of the antenna. the bottom half- section of the dipole is made 
of hollow tubing, with the insulated feedline running down the inside. Since 
the radio energy is concentrated on the outside of the dipole. the inside of the 
bottom section may be used as a sh ield for the feedline. 



40 DIPOLE AND GROUND PLANE AHTEHHAS 

dipole section can be made of hollow metal tubing instead of wire, and 
the insulated feedline is passed down the center of the bottom section 
as shown in Figure lB. Since the radio energy is concentrated on the 
outside surface of the dipole, the inside of one section may be used 
as a shield for the transmission line, provided the line does not touch 
the tubing wall. This effectively isolates the feedline from the electric 
field about the dipole. The dipole radiates radio energy at right angles 
to the direction of the conductor, as shown in the illustrations. The. 
horizontal dipole thus has a bidirectional "figure-8" pattern and the 
vertical dipole has a qondirectional, circular pattern. As in many 
instances, the picture is worth a thousand words in this case. 

Before we leave the dipole for the moment, it is important to note 
that this simple antenna is often considered to be the "standard" of 
comparis·on against which the perfonnance of other antennas may be 
measured. There are other standards of comparison, and we'll discuss 
the.'ll when the time comes. But for now, remember the dipole as the 
comparison antenna for all practical purposes, and one of the most 
popular antennas for all-purpose high frequency communication. 

The General Coverage Antenna -The Ground Plane 

The simplest, low cost antenna for radio amateurs is the vertical, or 
general coverage antenna. This device radiates, or sprays , radio 
energy in all directions (except straight up). A typical general coverage 
antenna is the ground plane, shown in Figure 2. The ground plane con
sists of a vertical antenna, or radiator, mounted above several hori
zontal rods , or radials. The radiator and radials are all usually about 
a quarter-wavelength long. The length of a high frequency, quarter-wave 
element is: 

234 
Length (feet)= F (Mhz) requency 

The vertical section is considered to be the antenna proper, and the 
radials establish an artificial ground, or ground plane (hence the name) 
at the base of the radiator. Looking 3 t it another way , the ground plane 
antenna is a vertical half-wave dipole, fed from below, with the bottom 
half of the dipole split into separate radials which are swung up into 
the horizontal plane. The antenna is fed with a two-conductor trans
mission line. 

A general coverage vertical antenna allows you to communicate with 
other stations located in many different directions about you without 
the need of swinging a rotary beam back and forth. 
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Fig. 2 THE POPULAR GROUNDPLANE. This inexpensive antenna is a c l ose 
relative of t he vertical dipole shown in Figure 1. It has a vertically polarized 
f ie ld and a nondirectional pattern. "spraying" radio energy in a l l directi ons 
about lt {except straight up and down). The vertica l rod is the antenna, and is a 
quarter-wavelength long. The three horizontal rods are termed " radials" and 
form an artificial ground ("ground plane") directly beneath the antenna. At 
least two, and preferably three or four radials should be used. 

The ground plane antenna is derived from the vertical dipole, w ith the bottom 
half of the dipole spli t into separate radials which are swung up into the hori
zontal plane. Some ground plane antennas have d rooping radia ls which modify 
the electrical characteristics of the antenna so that it more closely matches a 
50 ohm coaxial transmission line. 

The radials may be connected directly to the supporting mast, as shown here, 
but the antenna portion of the ground plane must be insulated from rad ials and 
mast. The center conductor of the coaxial feedl ine is attached to the antenna, 
w ith the shield connected to the radia l s . 

As ment ioned earlier, the vertical antenna picks up a great deal 
more man-made interference than does a horizontal antenna. Automo
bile ignition interference, electric motor noise, power line "hash" and 
other radio "smog" are received more readily by a vertica l than by a 
horizontal ante nna. If you live near an industrial area and have power 
line interference -- think twice before you put up a vertica l antenna ! 

On the other hand, since a general coverage antenna receives and 
transmits in all directions, it does not provide the user with any pro
tection from interfering signals on the frequency, since all s igna ls 
are received rega rdless of the direction of the incoming s ignal. 
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Fig . 4 EXTENDED VERTICAL ANTENNAS provide boost in gain over popular 
ground plane antenna (left). The half-wave vertical antenna (A) provides boost 
in power gain of 1.8 decibel over ground plane. The five-eigiiths wave vertical 
antenna (B) provides 3 decibel boost in power over a ground plane. This is a 
worthwhile increase in signal and an antenna of this type is recommended for 
general coverage work. No radials are required with the extended antennas. 
The main disadvantage of these antennas is that they are very responsive to 
automobile ignition noise and other man-made interference. 

The Extended Vertical Antenna 

Vertical antennas are not limited to one-quarter wavelength in 
length. In fact, the half-wave and five-eighths wavelength vertical 
antennas provide somewhat improved results over the more common 
ground plane. These antenna types are shown in Figure 4. 

The half-wave vertical antenna is shown in illustration A. The 
dipole ends are points of high voltage and high impedance and the 
center point is at a relatively low voltage and low impedance. Some 
kind of matchin g device must be included to match this impedance to 
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that of the transmission line. This device, or network, is mounted at 
the base of the antenna and may be included as part of the antenna 
itself, as described in a later chapter. 

The half-wave vertical antenna is a complete dipole section and 
requires no radials in most installations. This is a great advantage 
where space is at a premium. The half-wave vertical antenna provides 
a power gain of about 1.8 decibel over the quarter-wave ground plane, a 
worthwhile increase in gain for such a simple antenna. The pattern is 
nondirectional, and genera l coverage is provided. 

The five-eighths wavelength vertical is shown in illustration B. The 
extra length of the radiator provides additional power gain ( a gain of 
3. 0 decibels over a quarter-wavelength ground plane) and also elimin
ates the need for the horizontal radials. The five-eighths wavelength 
vertical antenna is popular as a commercial broadcast antenna as it 
provides the greatest possible gain for a simple vertical antenna while 
still maintaining an omnidirectional pattern. It is also extensively used 
for industrial and police mobile service in the 27 MHz and VHF regions. 

A five-eighths wavelength vertical antenna design for the 20, 15 or 
10 meter bands will be described in a later chapter of this Handbook. 
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Fig. 5 HALF-WAVE VERTICAL ANTENNA has peculiar " ground plane" device 
at the bottom. This manufactured antenna has novel tuning network at the base 
that resembles a coiled ground plane. The inductor is a single turn coil about 
one foot in diameter which is connected in parallel with a f ixed capacitor. 'fhe 
capacitor is an inte!1'al part of the mounting base and is formed by the end of 
the antenna itself wh ich passes into a plastic sleeve inside the antenna mount. 
The capacitance of antenna to mount forms the fixed network capacitor . Coil 
and capacitor in this model are adjusted to resonate at 28.5 MHz. The coaxial 
line is tapped on the one turn coi l at the proper matching point . Adjustable 
tap is seen at right side of the base coi I. A very clever assembly I 



Chapte r 5 

The Coaxial Cable 

!Your Radio Lifeline ) 

Your ha m a ntenna installation is made up of two basic parts which 
should a id and assist each other : the radial ing system (the antenna it
self) and the transmission line (the feedline, a sort of "radio hose"). 
Each part has its own role to play and when eac h is designed to work 
properly with the other--and does--you'll have a successful and ef
ficient a ntenna installation . 

The antenna, as you know, is made of e 1 e ctr i call y conducting 
material, usually metal such as copper or aluminum. The mechanical 
supports for the antenna are made of material which does not. conduct 
electricity, such as plastic, ceramic or wood. Materials of this class 
are termed insulators . Indeed, if the antenna elements are supported at 
the correct spot (the center of a dipole, for instance), the need for an 
insulated support no longer exists, no insulator is needed, a nd the 
element may be attached directly to a metal supporting structure. This 
is a great advantage in large beam antennas as a more sturdy and wind
proof array can be built if relatively fragile insulators are not needed . 

The "Radio Hose" 

At your stat ion, radio energy from your transmitter is coupled in
to the feedline and carried by the line to the antenna. The feedline, 
therefore, may be thought of as a s ort of "radio hose" through which 
radio signa ls flow efficiently from one place to another. A" lossy" or 
inefficient feedline, which offers resistance to the passage of radio 
energy , may be compared to a stopped-up garden hose, which slows 
down and chokes up the water before it arrives at your pet rose bush. 
T he high resistance feedline, in addition, weakens (attenuates) the 
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THE COAXIAL CABLE 

Fig. 1 COAXIAL CAB LE is your "radio 
hose" through which radio energy f lows to 
and from your antenna. The " coax" line con
sists of an inner conductor surrounded by a 
low loss insulating jacket and a braided 
copper outer conductor. The cable is covered 
by a waterproof vinyl jacket extruded over 
the braid . The inner conductor transmits the 
r adio energy from one point to another and 
the outer conductor prevents t he energy 
from escaping from the cable. 

incoming signal before it arrives at your receiver. In short , a poor feed
line severely cripples your amateur station, both for receiving and for 
transmitting! 

The Coaxial Cable --What Is It? 

The coaxial cable (or concentric cable) is the most popular feed
line used for radio transmission today.Over 500 various types of coaxial 
cable are manufactured, from microscopic, hair- like feedline for special 
instrumentation to giant line, severa l feet in diameter for super-power 
transmitters. 

Coaxial line was originally designed at the turn of the century for 
use as submarine telegraph cables, and was modified for radio use in 
the early "thirties". Today 's exce llent, low-loss line was developed 
during World War Il, and millions of miles of " coax" have been manu
factured a nd used in the last 25 years. 

An industry-wide standard for coaxial cab le has been adopted, and 
most lines s uitable for radio use are designated by the initia ls RG· 
(derived fr om "radio guide"), followed by a serial number identifying a 
particular type of cable, and the suffix letter U (indicating "utility" 
cable). By far the most popular cables for amateur h-f or vhf operation 
are the RG-8/ U and RG-58/ U (50 ohm) faf(lilies of cable. 

The flexible coaxial line (Figure 1) consists of a solid or stranded 
coppe r inner conductor, a solid or perhaps white foam y continuous in
sulating jacket (usually polyethylene) a nd a braided copper outer con
ductor. The outer conductor is covered by a tough, waterproof vinyl 
jacket extruded over the braid . The purpose of the inner conductor is to 
transmit the radio energy from one point to another and the braided 
outer conductor (shield) prevents radio energy from es·caping from the 
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line. When properly used, no radio energy exists on the outside surface 
of the line which may, in fact, be buried beneath the earth without 
affecting antenna performance. The insulating jacket protects the 
coaxial line and prevents it from being accidentally shorted to ground 
or to other wiring. 

The coaxial line is flexible enough to be bent around a radius 
greater than six inches or so. Sharp bends should be avoided, as the 
center conductor can "cold flow" or slow ly move about within the in
sulation when under continuous s tress, and may gradually shift over 
and short itself out to the braid. 

The Black Jacket 

No, the Black Jacket is not a Japanese Judo Society, but the outer 
insulation of the coaxial line. Two types of jackets are used, and you 
should steer clear of one. The jackets are regular vinyl and noncon
taminating vinyl. Older cables (made up to about 1965, and a few in
expensive cables still made today) use regular vinyl jackets which 
seem to have a chemical affinity for the polyethylene inner insulation 
of the line. Result: after a period of four or five years of life (and 
sooner at high temperatures) the radio frequency loss of the cable in
c reases markedly and it becomes almost useless as a "radio hose". 

How do you tell "lossy" cable? You can't unless you are well 
equipped with laboratory instruments, or can conduct a simple measure
ment as described later in this Handbook. The recommendation is: 
Don 't buy surplus coaxial line, or cheap line made by an unknown manu
facturer. The military surplus line has been sold by Uncle Sam because 
its us eful life has been exceeded. Lossy coaxial cable is a perfect 
way to throw your costly transmitter power away! 

Coaxia l Cable Loss 

Cable loss is measured in decibels, and may be thought of as "nega
tive gain". As an example, suppose you have an antenna with a power 
gain of 3 decibels, and you have a coa~ial line running to the antenna 
that has a power loss of 5 decibels. Your overall power gain is nega
tive, and you end up with 3 -5 = min us 2 decibels power loss! 

Cable loss is directly proportional to the length of cable you use, 
all other factors being equal. You should therefore strive to have as 
short a run of coaxial cable between your station equipment and the 
antenna as possible. 
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CABLE ATTENUATION 
NOMI NAl 

QIAM. IMPEDANCE REMARKS 
TY PE DB/ 100 FT. (oHµs) 

RG-6/U .40$ I . 0 $2 
OFTEN HAS 
CONTAMINATINt; JACKET 

RG- 6A/U 
·"' ' $ 

1.0 H 
NON-CONT AMINArJN~ 
JACKET 

RG-2 1 :vu ,4 10 1.0 >O NON-CONr,onNATIN• 
JACKET 

RG-56/U • I O!io '· . ~3 . $ 
OFTEN HAS 
CONT,O//llATINC JACKET 

RG - 56A/U . 1 9~ I. • >o TINNED COPPCR CONDUCTOR 

RG-58C/U .19~ 1.9 >O 
£0UIVALENr 

TO R'-SIA /ll 

Fig. 2 'COAXIAL CABLES recommended for ham use . RG-8/U and RG-8A/U are 
large diameter 52 ohm cables for high power or long cable runs. RG-213/U 
i s a newer version of RG-8A/U , standardized on a nominal impedance of 50 
ohms. Older types of RG-8/U l ine have short life, caused by contamination of 
outer jacket; newer cables have long life jackets with a life expectancy in 
excess of f if teen years. For short cable runs and ease of installation, the small 
diameter type RG-58/U. RG-58A/U and RG-58C/U are recommended. The newer 

cable versions are standardized on a nomina l impedance of 50 ohms. Many 
other lesser known 50 ohm cable types exist, but those l isted are the most 
popular ones and the least expensive to buy. Cable attenuation shown is for 
10 meter band and is progressivel y lower for lower frequency bands. 

The Noncontaminating] acket 

In case you are buying coaxial cable, you should buy the newer type 
that has t he noncontaminating jacket that does not affect cable life. 
The new jacket style designation for RG-8/U is RG-8A/ U. An even 
newer cable, of the same type with a noncontaminating jacket is RG-
213/U, which has the same characteristics as RG-8A/U. T he new 
jacket style designation for RG-58/U cable is RG-58A/U, or RG-58C/U. 
These cables are all tabulated in the chart of Figure 2. 

The new er coaxial cables with a noncontaminating vinyl jacket have 
a life expectancy in excess of fifteen years. Cons idering that the extra 
cost of the improved cable runs only about a penny a foot, the non
conta minating types are a good investment for your ham station. 
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Foam Dielectric Cable 

A recent addition to the family of coaxial cables is the foamed 
dielectric type, designed for use with cable TV (CATV). The inner 
insulation consists of cellular polyethylene, foamed with an inert gas. 
While well-suited for their original purpose, thei r use at ham frequen
cies is really not worth the extra cost as the improvement in efficiency 
is only a percent or so over the less costly solid dielectric cables. 

Your Choice of Cable 

Figure 2 tells the story. Your ham equipment requires a SO ohm 
transmission line. Actual coaxial line impedance runs from SO ohms to 
nearly 54 ohms, but this manufacturing variation makes little difference 
in actual use. You are concerned with cable efficiency and long life . 
Vetoed are the cables with contaminating jackets, and those older 
cables with higher attenuation than others. The best group of cables to 
choose from a re RG-8A/ U and RG-213/ U in the large diameter types 
and RG-S8/U in the small diameter type. At 10 meters or lower in fre
quency, the efficiency of a 100 foot run of the RG-8A/U cable is about 
80 percent, and the efficiency of the smaller c a ble is about 6S percent. 
The moral is obvious: keep your transmission line as short as possible, 
especially at 10 meters and the higher frequency bands of 6 & 2 meters. 

Line Impedance 

Most popular coaxial lines are designated as "SO ohms" or "70 
ohms", or some such cryptic value. Often , this value is embossed into 
the jacket of the line. What does it mean? This refere nce does not refer 
to the actual resistance of the line in ohms (which is very low) but to 
the characteristic impedance of the line, which is an electrical de
scription of the line in terms of the ratio of lin e voltage to line current. 
(As a refresher in this topic, better look once again at Chapter 3 of 
this Handbook). As before, the term impedance refers to a ratio and not 
to a nume rical value of resistance. The characteristic impedance ratio 
is determined only by the physical characteristics of the line: the inner 
conductor dia meter, type of insulating material, and the thickness and 
construction of the outer shield. By varying the ratio of the diamete-r of 
the inne r conductor to the shield conductor and changing the inner insu
lation, lines of SO ohm impedance to 90 ohm impedance may be manu
factured. 
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The resistance of the line, on the other hand, is altogether a dif
ferent matter. While complex laboratory instruments· are required to 
measure the characteristic impedance , only an ohmmeter is needed to 
measure the line resistance. For a short section of good coaxial line , 
the resistance of either the center conductor or the shield (as measured 
from one end of the line to the other) will be a fraction of an ohm. 

What is the Correct Line Length? 

How long should your coaxial line be? Is there a "magic" length 
which will make your antenna work better? Generally speaking, the 
answe r to this question is: no. The line should be long enough to reach 
from the s tation to the antenna , and no longer. The shorter the line, on 
the other hand, the less will be the line loss. 

Two exceptions to this general statement should be noted : First , 
some ham gear exhibits erratic tuning whe n operated into a transmission 
line having a high value of SWR on it. The solution is to lower the SWR 
by making proper tuning adjustments to the antenna or to alter the 
length of the transmission line a foot or so so that the ratio of voltage 
to current at the transmitter end of the line is more in accord with the 
limitations imposed by the output network of the equipment. 

Second, some beam antennas use short lengths of coaxial line as 
coupling devices between various portions of the antenna . In this case, 
the antenna manufacturer usually specifies a particular line length to 
be used . It is wise to follow his instructions. Aside from these two 
special cases, follow Abraham Lincoln 's answer to the question, "How 
long should a man's legs be?" Honest Abe replied, "Long enough to 
reach the ground ." 

Is Coaxial Line Waterproof? 

Yes! The line itself is waterproof as long as the tough outer vinyl 
.iacket is not cut. But the ends of the coaxial line are not waterproof 
and --contrary to popular wisdom -- water can easily get inside your 
coaxial line at the exposed end. If it does, you are in trouble! The 
water will be sucked along the outer copper braid by capillary action 
until finally the whole line becomes soaked inside. The copper braicl 
gradually corrodes, ruining line efficiency and reducing the capability 
of your station. This capillary action is very nerve-wracking and 
unless you live in Phoenix, Arizona (where it rarely rains), the open 
end of your coaxial line can suck moisture out of the air over a period 
of time, just as a small child sucks a cherry soda through a straw! 
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Reme111ber, then, whe n using any coaxial transmis sion line you 11.ust 

waterproof the ends of the line to prevent mois ture from entering. 

How T o Wate rproof Your Coaxia l Cable 

It 's a cinc h to keep your trans mission line dry on t he ins ide. Jus t 
don 't le t wate r get into it in the firs t place by properly s ealin g the e nds 
of the line . The wrong way t o terminate your line is to peel back the 
waterproof jacket and ma ke a connection to your ante nna using the 
inner conductor a nd s hield as wire leads wrapped around the anten na 
termina ls. " Shucks", s ays Johnny Knowitall, "Why should I spend 70 
cents for a coaxial c onnector? I can just twis t the wires around the 
antenna bolts, and it works grea t ! " 

Poor J ohnny. Moisture will condense at the end of his line whe n the 
a ir tempe rature drops and wate r will gradually work its way down the 
oute r bra id of the line, .inch by .i nch. Rain water enters the coaxial line 
direct ly. Soon , alle ist ka put. 

(A note from the author: I had t his ha ppen to me once , whe n I lived 
near Ne w York City. I'd had an unsealed c oaxial line up for a few years 
and took it down one day to move the ante nna . When I dropped the end 
of the line on the ground, water ran out of it. It hadn 't rained for weeks, 
and I couldn't imagine where the water came from. The n I learned that 
coaxia l line can ac t like a water pipe! I drained nearly a glass of water 
out of the line .. Whe n I cut the line ope n, the copper braid was corroded , 
and a nasty green color. The inne r ins ulation was discolored too. That 
taught me a lesson -- and an expe ns ive one , as I had to re place a ll the 
lines from the house to the ante nna .) 

We ll, to get back to the s ubject: If you have a coaxial plug on the 
e nd of your line it is necessary to coat the plug and the receptacle with 
a waterproofing silicone sealant, s uc h as General Electric RTV-102 . 
This fle xible s ilicone rubber comes in a ready-to-use tube, and adheres 
to almost any s urface. It can be bought in white or translucent shades 
(either is OK) and dries to a tough, flexible coat ing that resists mois
t ure a nd rot. T he silicone is applied over the coaxia l plug and recep
t acle a fter connection is tightly made , a nd allowed to dry for a few 
hours. Whe n s till "sticky" , it is ove rwra pped with black, vinyl tape , 
s uch as Scotch plas tic electrical tape No. 88 . Application of the sili
cone compound, plus a double layer of tape , c a refully wrapped will do 
the job. 

If your l ine is terminated in leads instead of a coaxia l plug, the 
silicone sea !ant s hould be carefully s pread over the base of the leads 
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Fig. 3 COAXIAL CABLE IS WATERPROOF but most inexpensive fittings are not. 
In order to prevent water from entering the end of the line a drip loop should be 
used. In addition, the plug should be covered with a wa ter proofing compound 
and wrapped with v iny I tape, as cl i scussed in the text. 

a nd pushed down into the end of the cable . The end of the cable itself 
is then carefully wrapped with vinyl tape. Use two layers of wrapping. 

The Drip Loop 

A drip loop such as shown in the illustration (Figure 3) keeps the 
water from flowing down the line into t he coaxial fitt in g. Always adjust 
the placement of the cable so t hat water tends to run away from, and 
not towards, the coaxial fitting . Allowing water to run into a coaxial 
plug is asking for trouble, no matter how carefully you prepare the joint. 
Finally, tighten the coaxial fitting to the receptacle with pliers to make 
sure the outer ring of the plug established a good connection between 
the shield of the line and the frame of the receptacle. 

N ev er splice two coaxial lines together without the use of the proper 
fittings. P roperly prepared lines with UHF fittings may be spliced to
gether with a minimum of fuss with the use of the double-ended coaxial 
fittings listed in F igure 4. 

The Coaxial Plug: Your Best Friend 

A bewildering collection of coaxial plugs is manufactured for all 
types of coaxia l cable. By far the most popular are the so-called "UHF 
fittings" listed in figure 4 . Most modern ham gear uses thes e small 
connectors. They are not too expe nsive , moderately easy to install 



WIRE ANTE NNA HANDBOOK 53 

COAXI A L CONNECTOR TASLE 

" UH F'" CON NECTORS 
FO R RC-& / V , RC. - 6A / U ANO AC - 213/U L INES 

DESCR IPTION MILITARY TYPE AMPHENOL TYPE 

PLUG PL 2 $9 6 3- I$ P 
P L 2 ~1 A 6 3 · IS PA 

SOLDERL ESS PLUG - - 8 3 - 1 ~ · 

SPLICE PL - 2 $6 83 - 1 J 

REDUCTION ADAPTE R U<;-1 7 $/U 63 - UU FOR RG-58/U 

'BNC" CONNECTORS 
~Oft. AC- $ 8 /U. A.C• $6A/U A N O RC· $ 8 C / U L I NES 

DESCRIPTION M I LITARY TYPE AMPHENOL TYPE 

vc. - a& 1u ll .. 002. 
PLUG UC - 188 / U ll - 018 

UC.· 68 G/ U 31 -202 

SPLICE UC. - 9 14 /U ll .. 2 1 g 

ADAPTER TO UHr uc · a1 31u 3 1• 02.6 

Fig. 4 COAXIAL PLUG. splice and adapters make life easy for you and give 
you a shi p-shape antenna system when they are properly used. This table l ists 
both military and Amphenol type numbers of most popul a~ coaxial hardware. 
Other types and styles of fittings exist and long lists of special coaxial plugs 
and adapters are given in the larger radio parts catalogs. Special connectors 
are also avai lable to match UHF and BNC fittings to RCA and Moturola plugs. 

(if you know what you are doing), but they are not wa terproof. Figure 4 
s hows a listing of the most-used UHF and BNC fit t ings for both RG-
8A/ U (large) and RG-58A/ U (small) 50 ohm cable. 

No doubt many fingers have been burned and many swea r words have 
de filed the atmosphere from the frustration of incorrectly installing 
coaxial connectors. You can put 'em on the cable the hard way, but 
he re 's the easy way to do it! 

How to Use Coaxial Plugs -- The Easy Way 

Make neat and efficient connections between your coaxial cable and 
your equipment! Many radio amateurs look upon coaxial plugs as inven -
tions of t he devil, a nd they may be right. Tricky to place on the line, 
whe n improperly ins t a lled, the common coaxial plug can cause inter
mittent operation and possible damage to the transmitter portion of your 
ham equipment. 
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Getting the coaxial plug properly fitted on the end of a coaxial cable 
may be a frustrating and time consuming task, in spite of all the in
structions and drawings of a correct assembly shown in magazines and 
handbooks. These wishful directions usually don't work. In many cases, 
the ham simply gives up, jams the connector on the cable, leaving 
short whiskers of copper braid ready to short out the antenna circuit -
and an open invitation for failure ! 

Properly done, the job of placing a coaxial plug on the transmission 
line is not difficult. The following assembly sequence was worked out 
over the years and is recommended for the popular type PL-259 coaxial 
plug, obtainable at any large radio supply house. This connector is in
tended for use with RG-8/ U cable and (with the addition of an adapter) 
also with the smaller RG-58/ U cable. You can determine if this style of 
plug fits your radio by looking at the antenna jack. If it is labelled 
S0-239 or 83-IR, it will match t he PL-259. 

The first step in preparing the coaxia l cable for the plug is to slide 
the coupling ring of the plug onto the cable with the ring threads 
towards the open end of the cable. Next, take a utility knife (Stanley 
99A Shop Knife, for example) and circumscribe a cut in the outer black 
jacket of the line. Make the cut at right angles to the cable and about 
1 ~ inches back from the end of the line. The small cylinder of jacket 
materia l you have cut may be slit carefully with the knife and removed. 

You have now exposed over an inch of the outer copper braid of the 
cable. Without disturbing the braid, which should be lying flat against 
the inner insulation, take a so ldering gun and quickly and smoothly tin 
the exposed braid, making it a solid entity. Don't overheat the braid, or 
t he inner insulation may me lt and "squirt" out between the basket
weave strands of the braid. One or two practice runs on scrap cable 
ends will make an expert of you ! Clean the left-over flux from the braid 
with a rag moistened with paint thinner or alcohol (See Figure 5). 

The next step is to trim the soldered braid to the correct length. 
Use a small tubing cutter for this job. The General Hardware #123 
Midget Tubing Cutter is recommended. Cut the braid so that 7/16 inch 
is left on the cable end. Mark a line this distance from the black vinyl 
jacket and place the .tubing cutter over the braid, letting the cutting 
wheel fall on the mark. Tighten the cutter slightly and slowly revolve 
it about the cable. After one turn, tighten the wheel again, and continue 
to revolve the cutter. Four or five turns and the cutter will neatly slice 
the soldered bra id. The unwanted slug of braid may be then snipped off 
with a pair of wire cutters. In using the cutter, don't cut down too far, 
or you'll slice into the center insulating material. 
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Fig. 5 COAX PLUG ONTO LINE ·· THE EASY WAY. This photograph shows the 
easy steps in preparing RG-8A/ U coaxial l ine for a PL-259 coaxial p lug. Midget 
tubing cutter (left) and utility knife (top) are used . At left is sample coaxial 
line with the outer jacket removed by the knife. Next, the outer, braided con
ductor of the l ine is tinned. TI1ird v iew shows the outer braid cut to proper 
length by the tubing cutter. Fourth view shows the inner insulat ion of the line 
cut to length and inner conductor tinned . Right v iew shows coaxial plug and 
ring on line, w ith plug in position for soldering to line. Soldering is done 
through four holes in shell of p lug . Soldering gun or iron with small tip and 
high w attage rating is recommended for this operation. Once the plug is 
sold ered , it may be wiped with damp cloth to remove resin and to cool it. 

The next ste p is to trim the center insulation. Cut it cleanly with 
the utility knife so that a collar 1/16 inch wide extends beyond the 
soldered braid. Easy! Don't nick the center conductor. Once the in
sulation is cut , you can pull the slug off the end of the cable by grasp
ing it with your fingers and gently pulling it, rotating it at the same 
time so that it follows the twist of the inner conductor wires . When the 
s lug is off, tin the center conductor. 

Now the cable end is ready for the PL-259 plug. Push it carefully 
on the cable end, rotating it with the fingers so that the internal threads 
of the plug screw onto the outer vinyl jacket of the cable. Make sure 
the inner conductor is centered into the plug pin. As the plug body is 
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Fig. 6 UHF PLU G AND ADAPTER installed on a coaxial 1.ine ·- the easy way . 
PL-259A plug installation is covered in (A), correspond ing to the steps shown 
in Fig. 5. PL-259 and UG-175/ U adapter are shown in (B) matching the small 
diameter RG-58A/ U coaxial line to the large diameter coaxial plug. 

screwed onto the cable, you'll see the tinned braid appear through the 
four solder holes in the she ll. Continue twisting the plug onto the cable 
until the braid is complete ly vis ible through all holes (Figure 6A). 

Now is the time to solder the plug onto the cable, the idea being to 
solder the braid through the four solder holes. Use a solderin g gun with 
a small tip and proceed with care, using small diameter solder. It is 
usua lly easier to hold the plug in a bench vise during this operation. 
Take care that solder does not run over the outer threads of the body. 
The last step is to solder the center conductor to the plug pin. After 
t he assembly cools down, slide the coupling ring down over t he plug. 

Try t his technique on a plu g and a spare piece of coaxial line. Soon 
you'll be able to produce masterpjeces that will arouse the envy of 
your friends. A real artist, once he masters this simple technique, can 
t hen advance to the reverse step -- salvaging coaxia 1 plugs from old 
cab le ! 

The PL-259 Plug with Small Coaxial Ca ble 

The PL-259 may be used with sma ll diameter cable (RG-58/ U, for 
example) by adding a reduction adapter (type UG-175/ U). A slightly 
different assembly technique is used for this cable (Figure 68). 
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The end of the cable is passed through the coupling ring and the 
adapter, with the threads of the ring and the narrow end of the adapter 
facing the end of the cable. Using the utility knife , cut 3/4 inch of the 
vinyl jacket off the cable . Fan the bra id out slightly a nd carefully fold 
it back over the ada pter . 

Next, trim the braid with a small scissors to about 3/8 inch long, so 
that it fits about the barrel of the adapter. Following this, take the 
utility knife and remove 5/ 8 inch of the insulation from the center con
ductor. Careful! Don't nick the conductor. Finally, tin the conductor . 

Now, carefully screw the plug body onto the adapter. The center con
ductor of the cable s hould pass easily t hrough the cente r pin of the 
plug, a nd the strands of the braid s hould a ppear through the side holes 
of the s he ll. Using a small soldering gun, solder the braid through t he 
holes. Lastly, solder the center conductor to t he plug pin and slide the 
coupling ring down over the plug. 

Check Your Coaxial Line! 

The fi rst step to take when a ntenna trouble is suspected is to care
fully check your coaxial line, especially the plugs at both ends. By 
far the greatest number of antenna difficulties stem from incorrectly 
soldered coaxial line fitt ings . Then, too, in checking an old feedline 
insta llation, or checking someone else's line, the e nd fittings should 
be care fully examined . 

You can perform an important check on your line with the aid of an 
inexpensive volt-ohmmeter (Figure 7). The ohmmeter should be set on 
the highest resistance range and the coaxial line disconnected at both 
ends. By measuring the resistance between outer braid and inner con
ductor at one end of the line you cari make sure that a leakage path 
does not exist across the line from braid to inner conductor. The resis
tance reading between inner and outer conductor on a good piece of 
coaxia l cable should be infinity. If a resistance value of a few hundred 
ohms (or several thousand ohms, for that matter) is noted, the coaxial 
fittings should be immediately suspect. In addition, the line its elf 
should be closely examined for abrasions, breaks in the jacket, and 
damage to the copper braid under the jacket. If a coaxial plug is in 
doubt, it should be cut off, discarded, a nd a new one substituted in 
its place . 

Finally, using the ohmmeter on the lowest resis tance range, measure 
the cable from one end to the other a long the same conductor. Both the 
outer braid and inner conductor should show an end-to-end resistance of 
less than one ohm or so. Thus, a good coaxial line shows infinite re-
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OHU.M ETEA 
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C.OA X IAL LIN E 
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6,...----~COAXIA~L LINE _ ___,~ 
® 

Fig. 7 TEST YOUR COAXIAL LINE with an ohmmeter. Leakage across line is 
measured between conductors (A) with meter on h ighest scale. Resistance of 
each conductor is measured along conductor (Bl with meter on lowest scale, 

s istance between the conductors and near-zero res istance a lonf5 each 
conductor from end to end. 

The final coaxial line check is to run transmitter power through t he 
l ine into a dummy load and see how things perform. Place the dummy 
load at the far end of the line, hook the opposite end of the line to your 
equipme nt through an SWR meter. Tune up the equipment in the norma l 
manner. A good coaxial line will s how practically no reverse reading on 
the SWR meter after the instrument is set for a forward, full-scale read
ing (in other words, the SWR is unity, or 1). If the coaxia I line passes 
this test it is A-Okay and will de liver power to your antenna . There's 
more on the handy SWR meter in the next chapter. 

Line Loss Vs . SWR 

The line attenuation given in Figure 2 assumes that the SWR on the 
transmission line is unity . What ha ppe ns to line loss at high values of 
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Fig. 8 COAXIAL LINE LOSS increases 
as SWR increases. Line loss will be 
doubled when SWR is 3.7. Reducing 
SWR drops l ine loss. Lowest loss is 
achieved by using large diameter 
coaxial I ine such as RG-8~/U . 
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SWR? The a nswer is that line loss increases with increasing values of 
SWR as s hown in Figure 8. For example, if a trans mission line has an 
SWR value of 3.7, the line loss will be doubled. A 100 foot le ngth of 
RG-58A/U, for example, has a nominal line loss of 1.9 decibel. If the 
SWR is 3.7, the line loss increases to 3.8 decibe ls. Th is corresponds 
t o a 60 percent loss of power! Changing from RG-58A/ U to RG-8A/U 
will drop the line loss from 3.7 decibels down to 2 decibels, which 
corresponds to a 38 percent loss of power. 

For long runs of tra nsmiss ion line, it is prude nt to use the heavier 
and more expensive RG-8A/ U line rather than the smaller RG-58A/U 
cable. In a ny event, the overall length of the transmission line should 

be held as short as possible. 

The above attenuation figures are for 10 meters. The figures are 
lower for the low freque ncy bands, and quite a bit higher for the 6 and 
2 meter bands. The sma ll diameter RG-58A/U line, in fact, should not 
be used on 2 meters for runs of much greater than 10 feet or so because 
of excessive loss. Runs of RG-8A/U up to SO feet or so are permissible 
at 2 meters without undue loss of power. At all frequencies, line loss 
increases with SWR as s hown in Figure 8. 

Power Capability 

All types of coaxial transmission lines are powe r limited, with the 
power capability decreasing as the frequency increases . In the ama
te ur hi gh freque ncy bands RG-58 and RG-59 families of cab le may be 
safely used with transceivers a nd other equipments up to the 500 watt 
power leve l. At powers in excess of this, the heavier RG-8 a nd RG-11 
families of cables should be used. 
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" Tell me just once more about line impedance" 



Chapter 6 

The SWR Meter 

[Friend or Foe ?) 

How can you be sure your antenna is operating at its highest degree 
of efficiency? Unlucky Pierre, the .well-known DX operator says, 
"Yes! My antenna is perfectj but I cannot talk to anyone." 

What's wrong with Unlucky Pierre's antenna? Is he merely the victim 
of bad luck and interference on the frequency, or he has made a monu
mental "goof" in assembling his antenna that has rendered his expen
sive station useless? 

In a few moments Pierre can get an answer to his antenna problems-
which may be real, or merely imaginary-- by making simple measure
ments with an instrument known variously as an SW R meter, reflecto
meter, or SIVR bridge (Figure 1). This device (placed in the transmis
s ion line) reads the standing wave ratio (SIVR) of the antenna system 
on a meter and by measurement of this ratio tells Pierre how well his 
antenna system is working. It will tell you the same thing, too! 

Incident And Reflected Waves 

Radio waves travelling through space, or along a transmission line, 
have been compared to water waves made by a stone thrown into a quiet 
pond. The waves travel outward from the stone in expanding, concentric 
circles until they meet an obstacle, at which point they are reflected 
back towards the source. The forward travelling water waves (incident 
waves) and the re flected waves interact with each other and form inter
esting patterns of interference on the surface of the water. 

Another fanciful analogy to radio waves is of a person holding a 
long rope attached to a post. He can start flipping the end of the rope, 
creating a wave of motion moving along the rope towards the post. Upon 
reaching the post , the wave will be reflected back towards the opposite 
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Fig. 1 THE SWR METER is useful instru
ment for your ham station. It measures 
the ratio of the incident (forward) to the 
reflected power in your transmission 
l ine. This ratio is termed the standing 
wave ratio. The SWR meter is placed in 
series with your transmission line bet
ween the ham transmitter and the an
tenna. Power is applied from the trans-
mitter and the potentiometer control is 
set for a full scale meter reading when 
the control switch is in the .. forward 
power" position. Switch is then thrown 
to "reverse power.. position and the 
standing wave ratio is read directly 
from the meter of the instrument. 

end. If a number of equally timed flips a re given, a succession of 
waves at equal intervals are sent along the rope. When reflected back 
from the post at the far e nd , they meet others coming along whose 
"wavelength" is equal to that of the waves coming back. At some 
points the rope tends to move a certain distance upwards with the 
direct wave, and the same distance in the downwards direction with the 
reflected wave; the result is that at these points the rope does not 
seem to move at all. These points are found a lon g the rope one half 
wavelength apart. At all other points the rope moves (or vibrates) in the 
resultant direction of the combined direct and reflected wave impulses, 

creating what are called stationary waves, or standing waves. Waves 
of this type can be set up along a conductor by suitably timed elec
trical impulses applied to the conductor. A picture of the standing 
wave analogy is shown in Figure 4, Chapter 2 . 

What Is The Standing Wave Ratio (SWR)? 

A combination of incident and reflected electric waves on a radio 
conductor will result in a combined wave called a standing wave. The 
ratio of size (amplitude) of the incident to the reflected wave is termed 
the standing wave ratio (abbreviated SWR). The standing wave ratio 
may be measured by a suitable instrument. 
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Fig. 2 TYPICAL SWR METER CALIBRA
TION. The top scale is merely for 
reference . Bottom scale is calibrated 
in SWR. Lowest SWR reading is at left 
of scale. SWR readings above 10 are 
usually not accurate and most meters 
are calibrated only to that value. SWR 
meter measures forward and reverse 
power in transmission I ine, but scale 
is calibrated in terms of SWR for 
easier interpretation. You can buy a 
good SWR meter for about ten dollars. 

The SWR on a coaxial transmission line is measured by an SWR meter 
and the magnitude of the SWR is read directly from the scale of the in
strume nt . The SWR is expressed as a ratio, with unity (zero reading) 
i ndicating no reflected power and infinity (full scale reading) indicating 
a state of maximum reHection. A typical SWR meter scale is calibrated 
as shown in Figure 2. 

Since the e lectrical impulses consist of voltage and current waves 
which follow each other regularly, the standing wave as a result, is 
composed of waves of voltage and current. As a definite relationship 
exists between the voltage and current waves, the amplitude, or strength, 
of the standing wave may be ascertained by measuring either the volt
age or the current in the proper manner. Most inexpensive SWR meters 
monitor the voltages in a transmission line and compare the incident 
voltage with the reflected voltage. 

With a perfect antenna system, the reflected wave is zero and SWR 
is termed to be one, unity, or one-lo-one. A\s the reflected wave in
creases in amplitude, the SWR increases. The SWR reading, in effect, 
shows the degree of mismatch between the impedance of the trans
mission line and that of the antenna itself, as discussed in the fol
lowing section. 

Antenna Matching 

When the rad iation resistance of the antenna (that realistic voltage 
to current ratio) is the same value as the characteristic impedance of 
the transmission line (the ratio of voltage to current in the line), all of 
the electric energy transmitted down the line is taken by the antenna 
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and radiated into space in the form of a radio wave. If the antenna does 
not match the transmission line perfectly, wave interference is set up 
at the junction of the line and the antenna and a portion of the energy 
is reflected by this mismatch point back down the trans miss ion line 
towards the transmitter. As the degree of mismatch between the antenna 
and the line increases, the amount of reflected radio energy increases, 
just as a larger obstacle tossed in the water pond will reflect back a 
bigger wave of water . Standing waves on the transmission line are thus 
created by the interaction of the forward and reverse travelling electric 
waves. 

As the reflected wave increases, the incident wave decreases, but 
the total power in the two waves remains the same. The worst possible 
case exists when the incident and reflected waves are equal in 
strength. This happens when the far end of the transmission line (the 
end away from the transmitter) is either short circuited or open. 

The SWR Meter -- How Does It Work? 

With the idea of incident and reflected waves under our belt, it's not 
too difficult to understand the operation of the SWR meter, a schematic 
of which is shown in Figure 3. This version of the SWR meter (and 
there are others) takes advantage of the fact that the voltage and cur
rent of the forward wave are in step (in phase) while the voltage and 
current of the reflected wave are out of step (out of phase). 

The SWR meter is placed in the coaxia l line. It has two small 
pickup wires placed near the inner conductor of a section of line. Cur
rent is coupled into a pickup wire when a radio wave passes down the 
line and a very small amount of voltage is sampled through the capacity 
of the wire to the line. 

The current in the pickup wire flows through a resistor at the end of 
the wire and the voltage across the resistor is measured by a sensitive 
meter. Two pickup wires are incorporated in the SWR meter, reversed 
with respect to each other . When the SWR on the line is low, the pickup 
wire voltages and currents are in step and are low in va lue. As the SWR 
increases on the line, the pickup wire voltages and currents are not in 
step, and are higher in value. The voltmeter consequently reads a re
sultant voltage. Thus, by usin g two pickup lines, reversed with respect 
to each other, currents and voltages flowing in either direction in the 
line may be compared. Since the SWR meter is symmetrical , either pick
up unit may be used for either forward or reflected measurements and 
both readings may be appl ied to one meter via a selector switch . 
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Fig. 3 SCHEMATIC OF TYPICAL SWR METER. Many different types of SWR meters 
exis t. but this version is commonly used in inexpensive designs. The sensing 
device is a short sect ion of transmission line inclosed in a shielded box . Twin 
pickup loops sense the vol tage and current flowing in t he incident and reflected 
waves. Selector switch permits operator to observe relative voltages on meter 
of instrument. 

Using The SWR Meter 

The comings and goings of the radio power in your transmission line 

can be neatly separated by the SWR meter and the power travelling in 
each direction can be read on the meter of the instrument. Ad j ustments 
may be made to the antenna in order to reduce the reverse (or reflected) 

meter reading, t hus dropping the value of the SWR on t he transmission 
line. The name of the game is to reduce the reverse reading to as low a 
value as possible, say, less than 10 percenr. of the forward reading, or 
to as near-zero as poss ible. Making such antenna adjustments without 
the use of an SWR meter is like washing your feet w i th your socks on-

you can do it, but it ain ' t easy! 

The SWR Meter As A Tun ing Aid 

Why bother with an SWR meter? Well, the SWR meter is a powerful tool 
to aid you in obtaining optimum antenna performance. At the same time 
it may be used to t une your transmi tter for maximum power output. 
Through maladjustment, it is possible t o drop transmitter power output 
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by as much as 90 percent, without the operator being aware of the loss 
of power! The proper use of the SWR meter will eliminate catastrophies 
of this type. 

In addition to giving the operator a tool to determine proper· trans
mitter tuning, the SWR meter provides a handy means of judging antenna 
adjustment. If the SWR on the transmission line to the antenna is high, 
it indicates a bad degree of mismatch between the antenna and the 
transmission line . No adjustment or tuning done at the station can cure 
this difficulty, only adjustments made to the antenna can possibly 
lower the SWR on the transmission line. Incorrect antenna adjustment 
causes a high value of SWR and this, in turn, causes an increase in 
power lost in the line and a drop in efficiency of your transmitter. In
deed, some "solid state" (completely transistorized) VHF FM trans
mitters will not operate into a transmission line having a high value of 
SWR. In most cases, the equipment has a SWR protection circuit that 
turns the gear off before damage is done to the transistor stages . 

A Trial Run With Your SWR Meter 

Let's make an actual SWR measurement with an inexpensive SWR 
meter, such as shown in the photograph . The SWR meter should be 
placed in series with your transmission line , near your operating posi
tion, so that a check may be made on both transmitter operation and 
SWR meter readings. Most inexpensive SWR meters are equipped with 
S0-239 type coaxial receptacles which match the common PL-259 type 
coaxial plug. Connect the output (antenna) receptacle of the SWR meter 
to your transmission line and antenna, and connect the input (trans
mitter) receptacle of the SWR meter to your set through a short, SO 
ohm coaxial line about two feet long or so. One end of this line should 
have a PL-259 matching_ plug on it, and a plug suitable for your 
radio is placed on the opposite end. Since you, good reader, have just 
finished reading the section of this Handbook on the fine art of placing 
plugs on coaxial lines, we'll assume that your coaxial connections are 
properly made! Your complete installation is pictured in Figure 4. 

Make sure that the coaxial line used between SWR meter and trans
mitter is the same type as the line running to the antenna. By far the 
greatest number of ham gear and antennas are designed for a SO ohm 
line, and most SW!~ meters are designed for a 50 ohm line, too. However, 
70 ohm line does exist, and some SWR meters are made for 70 ohm line. 
Don't mix up a 70 ohm SWR meter with a SO ohm line, or you '11 get 
funny readings that don't mean a thing! All bets are off, too, jf y.ou 
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Fig. 4 TYPICAL SWR METER INSTALLATION. The instrument is placed in series 
w ith t he coax ial line to t he antenna. near the operati ng position . A short. extra 
I ine runs from the equipment to the SWR meter . The instrument ma y be left 
permanently in the I ine as a check on antenna and equipment operation. Sensi
tivity control on SWR meter permits use wi th transmitter powers up to maximum 
amateur I imit. Use carrier injecti on for SSB tuneup. 

try and make-do without the use of coaxial connectors, as you'll get 
screwy readings when the radio energy runs all over the place. Keep 
the energy inside the line where it belongs! 

Once the connections to the SWR meter are properly made, the panel 
transfer switch of the device is set for a forward (FWD) read ing, and 
the sensitivity control is set to minimum sensitivity (maximum counter
clockwise position). Turn on your transmitter and tune it up in the 
normal manner. Now advance the sensitivity control on the SWR meter 
for full scale deflect ion with the transfer switch set in the forward 
position. Without touching the sensitivity control setting, now throw the 
switch to the reverse position and note the meter readin g. If a ll is well, 
the reverse readin g will be substantially less than the forward reading. 
Most SWR meters have a scale calibrated in "Standing Wave Ratio " 
and the reverse reading is taken from this scale . lf all is well with your 
antenna system the reverse reading will be less than 2. A really well 
adjusted (or "matched " ) antenna will present a reverse reading of less 
than 1.5 or so. A perfect match will result in a reverse reading of zero. 

If your reverse reading is over 2, or -- heaven forbid! -- is nearly as 
high as the forward reading, you are in trouble ! Either the instrument is 
incorrectly calibrated, incorrec tly placed in the circuit, or the antenna 
is malfunctioning. A very high reverse reading usually indicates that 
either an open connection or a short circuit exists in the antenna sys
tem somewhere. 
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Fig. 5 TYPICAL SWR CURVES for 
Yagi beam and ground plane an
t enna. Chart is made up by 
noting SWR reading for a particu
lar ham band, and plotting SWR 
versus frequency across the 
band. 
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You'll notice that when you run this test, t he reverse SWR meter 
reading varies from frequency to frequency. This is normal, and you can 
actually plot a curve of SWR versus frequency for a ha m band, as shown 
in Figure S. The curve s hould be smooth and the minimum value of SWR 
should fall about the middle of the amateur band . You can make a sep
arate SWR graph for each amateur band, logging both forward and re
verse readings. Plot the reverse (SWR) reading on a sheet of graph 
paper a nd you'll have a record of the performance of your antenna. 
Later, if you suspect antenna trouble, you can re-run the SWR measure
me nts a nd compare them with the original curve. 

Transmitter Tuning With The SWR Meter 

The SWR meter may be used to peak the transmitter controls for 
maximum power output, or to check output. Merely tune your transmitter 
output stage for greatest meter reading with the SWR meter switch set 
in the forward position. The meter reading is not calibrated in watts, 
but merely gives greatest indication when the transmitter output is 
maximum. Make sure you do not drive the meter off-scale (retard the 
sensitivity control if ·necessary) or the instrument may be damaged. 

Frie nd or Foe? 

To repeat: the lower the reverse reading on the SWR meter as com
pared against the forward reading, the lower the SWR value of your 
a ntenna system. If the antenna match is perfect, the reverse reading 
will be zero. Most properly designed amateur antennas exhibit a reverse 
SWR reading of 2 or less at any frequency in the operating range. 
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The question might well be ra~sed: just what is the maximum value 
of reverse SWR reading that may be encountered in a typical antenna 
installation while still assuming that the antenna is working properly? 
Generally speaking, if the SWR reading is greater than 1.5 or so, it is 
an indication of improper operation and (other things being equal) pos
sibly could indicate that things are amiss at the antenna end of the 
coaxial line. A SWR of 2 or more is a definite indica~ion of antenna 
malfunction. Good ham antennas hold the SWR across a ham band to an 
indication of about 2 or less, and SWR readings of this magnitude , or 
less, should be no cause for concern as the mismatch is considered 
trivial and may be ignored. 

An exception to this statement is the short mobile mini-whip anten
na used on the lower frequency ham bands with a loading coil. The 
mini-whip characteristics are such as to reveal a high value of SWR on 
the transmission line when the whip is operated at a frequency removed 
from that to which it is tuned. SWR values of 3 or more may be observed 
with a mini-whip antenna operated off-frequency as is often done with 
80 meter mobile antennas . 

Finally, we come face-to-face with the question at the front of this 
chapter: SWR Meter--friend or foe? The answer is that the SWR meter 
can be the best friend you ever had if you use it properly and can be 
your worst enemy if you don't understand the significance of the read
ings. Take time to measure the SWR of your antenna system on all the 
frequencies you use. Make a graph of the readings, as shown in the il
lustration. Keep the graph and re-check your readings every month or 
so. If trouble develops in your antenna, you'll notice that the SWR 
readings have changed. You can continuously check antenna operation 
by leaving the SWR meter in the transmission line. It will indicate 
your transmitter output power, and a glance at the meter once in a while 
is a great satisfaction as you realize your equipment is operating 
properly. 

In a later chapter the use of the SWR meter in conjunction with 
tuned transmission lines and antenna tuners will be discussed. 



Chapter 7 

DX Dipole Antennas You Can Build 

[Simple and Effective Antennas That Wo rk!] 

The horizontal , single wire antenna is one of the most popular forms 
of transmitting <ind receiv ing ante nnas . It may be either e nd -(ed or 
center-fed. Whe n it is center-fed and half wavelength long , it is called 
a dipo le . 

The d ipo le is a balanced antenna. That is, it is symmetrical abo ut 
the center feed po int (see Figure 1, Chapter 4) and current and voltage 
in one half of the dipo le ma tc h those values in the opposite ha lf. 8 9th 
feedpoint terminals at the dipole center are electrically bala nced to 

each other and wit h respect to ground. 
Coaxia l line is a lmost universally used to feed the dipole antenna. 

T his line , however, is a n unba la nced conductor , since the outer con
ductor is (or s hould be ) at ground potential , as discussed in Chapter 5 . 
For best antenna performance, a balun transformer is often connected 
between the line and the dipole to preserve antenna symmetry with 
respect to ground . This is desirable from ~ TV! (te levis ion inte rfer
ence) reduction s tandpoint and to avoid difficulties with unbala nced 
currents on the I ine, a nd consequent unwanted radiation from the trans
mission line itself. Construction information for a suitable balun is 
included in a later c hapter in the Handbook, and such a balun may be 
added to the dipole a ntennas described in this c ha pter . 

Connect ing a dipole a ntenna direct ly to the coaxia l line i\> frowned 
upon by purists, but it is done every day, apparently without drastic 
effects or loss of ante nna effic iency. Unbalanced curre nts in the 
antenna a nd line appare ntly cause no great mismatch, even though 
antenna currents may flow on the outside of the line. Inclusion of a 
balun in these antenna des igns, then, is left to the o p tion of the 
bu ilder . 
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Fig. 1 DIPOLE ANTENNA FOR HIGH FREQUENCY BANDS is tuned to frequency 
by adjusting t ip-to-t ip length of wire. Response is broad enough so that when 
antenna is cut for mid-band operation on 6, 10. 15. 20 or 40 meters it w i ll 
function properly across ent i re band. Separate dimension s are necessary for 
low and high frequency portions of t he 80 and 160 meter bands. 

In the case of a hi gh gain beam antenna, the inclus i on of a ba lun be

tween the bal anced antenna element and the coaxial line i s essential 

to preserve the electrical characteristics of the d irectional beam pat

tern. Front-to-back ratio and power gain of the beam both suffer if the 

feed line is not proper l y connected to the beam. 

Si nce the dipo le ant enna has neither power ga in nor front-to-back 

ratio, it may be directly fed with a coaxia l line and will prov ide good 

results . 

Used by thousands of amateurs the world over, the single band di

pole is efficient, inexpensive and relatively unobtrusive. The dipole 

works on any one amateur band and is tuned to that band by adjusting 
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the length or the wire £lat top section, as tabulated in F igu re 1. The 

length or the coa xial feedline is unimportant, be ing long enough to 

reach comfortably from antenna to ham shack. 

The ScotsnlH n 's Di pole 

The basi c d ipole is <1bout the least expens ive antenna an amateur 

can cons truct. It requi res no anten na tune r and is made up of i nexpen 

s i ve component s . A h igh frequency dipole with dimensions for the 

popular ham bands is shown in the illustration - \\'ith the exception of 

160 and 80 meters. the dipole may be cul to length for mid-band opera

tion . and will work well o\·er the entire band. On the two lowest ham 

bands . howe\'er, different dimensions arc required for the low <'>nd high 

frequency ends of the bands . since the width of these bands is a large 
percentage of the mid-frequency design point (...;ee F igure l ). 

Con s truc ting the Di po IE.> 

Ant enna d imens ions for each ;.1ma tc ur ba nd are shown in the tabu la

t i on . T he flal-lop secti ons may be No. 12 enamel copper wire, s ingle 

s trand. T he 80 and 160 me ter dipoles are quite long and should be made 

of "hard drawn " copper w i re to reduce st retching and saggi ng to a 

min imum i n heavy wi nds . Each end of ! he w ires is clea ned thoroughly 

of insu lat i on and t he outer ends arc looped t hrough the in s u 1 a t o r 

" eye" , twisted bacl< upon themse lves <l nd securely soldered. A s tra in 
ins ulator (egg insulator) i s pl<1ced ut the center of the antenna , w ith 

the wires passing through the overl apping holes, twi sted ba ck upon 

themse l ves , and soldered after the feed l ine i s att ached. 

Pre p<:irin!J the Feedline 

Chapter 5 s t ressed the importance of keeping water out of t he in

ter ior of the coa xi al line . If care i s taken the line may be attached d i 

rectly to the dipo le antenna w ithout danger of moisture ente rin g the 

line . The use of RG-58/U l i ne i s suggested for t ransmitter power up to 

500 watts, and the heavier RG-8/ U line should be used for high power 

equipment. In the case of the RG-58/U, this is how you prepare the 

l i ne: 

The outer insulation is removed from the end of the coa xial line 

with a sharp knife, as foll ows . The insulation is carefully s lit in a 

circle about 3 inches from the end of the line . Next, the jacket i s slit 
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Fig. 2 A PIG-TAIL LEAD MADE THE EASY WAY. Left, the outer jacket is re
moved from the coaxial cable. Next, a hole is picked in the outer braid just 
above the jacket. The inner conductor is now carefully fished through the hole 
(center). Right, the completed pig-tail lead ready for use. 

from this circular cut toward the e nd of the cable , as described in 
Chapter 5. The s lug of vinyl insulation is removed, exposing the outer, 
braided conductor of the. line. The braid is pushed back upon itself to 
loosen the weave. A sharp tool, such as a nail or awl, is used to open 
up a hole in the braid about a half-inch from the insulating jacket. The 
fine wires are separated with care, using the point of the tool,unt il a 
hole nearly equal in diameter to the diameter of the cable is made 
(Figure 2). Now, the cable is bent sharply at the hole and the insulated 
inner conductor is "fis hed" through the hole you have just made, using 
the nail or awl as a sort of hook. Once the inner conductor has been 
carefully pulled through the hole in the braid, the empty bra id may be 
flattened into a pi g-tai l lead, ready for connection to one side of the 
dipole antenna. The las t step is to strip the insulation from the end of 
the center conductor and tin the conductor (coat it with solder). The 
pig-tail lead is soldered to one half of the dipole and the center con
ductor is soldered to the other half. The weight of the line should be 
supported by the braided pig-tail rather than by the more fragile center 
conductor. The exposed end of the line is now firmly wrapped with 
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black vinyl electrical tape and given a good coat of moisture-resistant 

sealant, such as General Electric RTV-102. This material i s a r
0

ubbery 
gook, resembling bathtub calk (which also does a good job of sealing 

antenna connections). You can buy either sealant in a plastic tube at 
most hardware stores. Do a good job to make sure no pinholes exist in 
the seal to let water enter the line. Water soaked line makes for very 
weak signals! Finally, cut the line to length, pass it through the wa ll 

of the house, place a coaxial plug on the station end of the 1 ine and 

you a re ready to erect and use the antenna. Excess cable may be 

coiled up in your operating room before the plug is attached firmly to 
your transmitter. 

Erecting the Dipole Antenna 

The dipole can be supported at its operating height by ropes hold

ing the end insulators. Trees will come in handy at this point, as will 
a s mall mas t placed atop your home . The dipole should be 30 to 50 

feet high for best resu lts --the higher the better! And as much in the 

clear as possible. Don't worry if the dipo le is not "aimed" in the di

rection you wish. The figure-8 pattern is vety broad and you can work 

nearly all around you, except off the very ends of the antenna. Height 

is more important than direction. I f you do have a choice of direction, 
run the dipole in a north-south direction {in the U.S. ) for maximum DX 

coverage. 

The Multi-Band Dipole Antenna 

The simple dipole is a great performer on a single amateur bond. It 
is u kn otty prob l em , however, to erect more than one dipole antenna 
when you live on a small lot, or plan to erect various antennas for 
more than one band . A multi-band dipole antenna might be the answer 
to your problem. This device is capable of working on two or more ham 

bands and requires only a single feedline. Several designs are dis

cussed in this c hapter and one of them may be just the antenna for you! 
It must be remembered that because a multi-band antenn a works on 

several ba nds it is capable of efficient l y radiating transmitter hormon
ics on the higher ba nds. Use of a multi-band antenna should be temper

ed with caut i on since some t ransm itter designs emit strong harmonic 
signals. Use of a suitable harmonic filter or antenna tuner with any 
multi-band antenna is a good idea. More about this important point 
later in this Handbook . 
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Fig. 3 PARALLEL CONNECTED DIPOLES allow two band operat ion. Ends of the 
dipoles should be separated three or tour feet. Dipoles are connected at the 
center insulator and fed in para I lei by a single transmi ssion I ine . Forty meter 
dipole works on t he t hird harmon ic for 15 meter operation. Maximum dipole 
radiation is broadside to wires (into and out of the page). 

A Multi-Band Dipole for the 80, 40 and 15 Meter Novice Bands 

A multi-ba nd dipole s uitable for operation on 80, 40 a nd 15 meters 
is shown in Figure 3. Two separate dipoles are joined a t the center 
insulator and fed in parallel by a single coaxial line. The 80 meter 
dipole funct ions on that ba nd, and the 40 meter dipo le serves double 
d uty by working on 40 meters in normal fashion and a lso operat ing on 
15 meters, on the third harmonic frequency of the antenna . Only that 
pa rt icular dipo le functions which is excited by energy at or near its 
normal resonant frequency. 

Constructing the Antenna 

The four wire sections of the antenna flat -tops are cul to length, 
allowing enough extra wire at each end to loop around the insu lators. 
Scrape the ename l ins ulation from the ends of the wires and fasten 
them securely around the insulator "eyes", so ldering all joints after 
the antenna is completely assembled. It's a good idea to lay out the 
antenna a nd wire it up in a clea r s pace to keep the bu ilder from cre
ating a rat's nest, wit h himself in the midd le! 
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Erecting the Antenna 

Once the double dipole assembly is completed , the coaxial line is 
attached to the center insulat or , bearing in mind the remarks made pre
viously about water-proofi ng this a ll-important joint. The comple te 
antenna is supported by the 80 meter wires, with the 40/ 15 met e r di 
po le dra ped be neath the longer wires. Spacing between dipo les is not 
critica l a nd may be two to five feet at the ends. In fact, the dipoles 
can run at right angles to each other if that arrangement fit s the ava il
able space more conveniently. Each individual dipole, however, s hould 
run in a st raight line, if possible. Place the antenna as hi gh in the a ir 
as you can. Operat ion on any band is automatic -- no changes or ad
just ments need be made to the antenna when changing bands . 

In case load ing difficulty is ex perienced on one band, addi ng a few 
feet of coax ia l line at the station end usually will overcome the diffi
culty. A s hort le ngth of line (with fittings) and a coaxial sp lice ada pter 
(Amphenol 83-1] for RG-8/U or Amphenol 31-219 for RG-59/ U) wil l do 
the job in no time at a ll. 

* * * 

MULT I -BAND DIPOLE FOR 2.0-15 - 10 METERS 

1 
ltO P'CS AOPES +--«O,..T _ _!_i!-"-"'~L------=~:#:'::..._---~!.:.!..!~--... ~'°"""" 
R01tt5 

l-----

LENGTH A-B !I 33 · •· . I0. 12 METER S 
LENGT H C-0 ~ z.z.·o · • 6.70M~rERS 
LENGTH E-F . 1e·e ... . !i .94 M tTE RS 

Fig. 4 TRIPLE DIPOLE FOR 20-15-10 METER OPERATION. To reduce interaction 
the 15 meter dipole should be run at r ight angles to the other two antennas. 
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A Mulli-Band DX Dipole for 20, 15 a nd 10 Melers 

The three popula r DX bands may be covered by a 3-band dipole that 
provides excelle nt operation. Erected high in the clear, this DX an
te nna will be worlh its weight in exotic QSL cards! 

Again, the parallel principle of dipole operalion is used, three 
separate antennas fed by one transmission line. The multi-band as
sembly is built in the same maf!ner as the dipole previously described 
for the 80, 40 and 15 meter bands, us ing the dimens ions shown in 
Figure 4. Assemb ly of the antenna is quite similar Lo that desc ribed 
for the previous a nte nna. 

It is sugges t ed that the 15 meter dipole antenna be placed at right 
angles to the others lo reduce electri cal interaclion between the an
tennas to a minimum. For convenience, the 15 and 10 meter dipoles 
may be dropped down al angles from the 20 meter section, as is done 
in the so-called "Inverted V" antenna, to be described la ter in this 
c ha pter. 

Trap Dipole Antennas 

Para !lei connected dipole antennas are simple antennas to get 
working, but ma ny amateurs prefer a trap dipole for multi-band opera
tion as on ly one fl at -top wire is required. A trap dipole operates on the 
principle of para lle l tuned switching circuits placed at critical points 
in the a nte nna eleme nt. The circuits, or traps, electrica lly connect or 
disconnect the outer sections of the element as the a ntenna's excita
tion frequency is changed . 

At the lowest operating fr equency, the traps ha ve a minimum effect 
upon the ante nna, whic h is resonant at a frequency dete rmined by its 
overa ll e lectrica l le ngth, including the e ffect of the tra ps. At some 
higher frequency, the traps are parallel resonant, e ffective ly d iscon
nect ing the e nd sections of the antenna . The length of the center sec
tion only is therefore resonant at the highest operating frequency, and 
the complete antenna ass embly is resonant at the lowest operating 
frequency (Figure S). 

On the lowest band, the traps contribute to antenna length a nd make 
the overal l a nte nna le ngth somewhat shorte r than an equiva lent dipole 
for the lowest ba nd. The trap principle may be used to ma ke five, four, 
three, or two-ba nd dipoles. A few of the more popul a r and proven 
multi-band versions are discussed in this chapter. 
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Fig. 5 MULT IBAND TRAP D IPOLE provides operation on different ham bands 
with single antenna wire. The center section of the antenna is a s imple dipole 
at the highest band of operation. The parallel tuned trap circuit is resonant 
near this frequency and acts as an open circuit. At the lowest band of opera
ti on. the trap circui t acts as an inductance. effectively completing the con
nect ion between the end sect ions of the ant.en n a and the middle sect ion. 
Because of the loading effect of the traps. overall lengt h is shorter than normal 
for the lower frequency band. 

A Two-Band Trap Dipole for 20 and 15 Meters 

The dimensions and trap data for a simple two-band t rap d ipole for 

20 and 15 meters are shown in Figure 6. Trap adjust ment i s discussed 

later in this chapter. The 1'5 meter center section of th is two-ba nd an

tenna has a normal length, but the overall 20 meter length is shortened 

by the loading effect of the traps . The traps have an "electrical 

length", plus a physical length of about two inches, and the sum of 

these lengths must be subtracted from the overall 20 meter length . 

Construction of a typical trap is shown in Figure 7. The trap is 

built around a strain insulator which removes the antenna tension from 

the coil and capacitor . The insulator itself has a small amount of cap

acitance so it must be considered as a part of the trap c ircuit. The 

coil may be placed around the insulator or beside it, with the capacitor 

parallel connected across the coi l. To attach the trap to the wires of 

the antenna, two inch leads are soldered to the end connections of the 
trap. The leads may then be tinned, twisted around the antenna wires 

and soldered, as shown in the photo. 



WIRE AHTEHHA HANDBOOK 
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LE NGTH A' 22' 1· • 6. 73 METER S 
LENGTHS : J •71/Z."' 11 l . I OMtTEA.~ 

Fig. 6 TWO BAND DIPOLE has traps tuned t o high frequency band. Trap assem
bly is shown in Fig. 7. Inductors are made of prefabricated coi l stock. Fi fteen 
meter resonance is determined by length of inner section and 20 meter reson
ance is determined by lengt h of end sections . Traps are pre-set to proper 
frequency before installation in antenna. 

4 ssembling and Trming the Traps . 

Attach a foot of wife to each e nd of the strain insulator, looping the 
wire through the insulator and fastening it back upon itself. Cut the 
wire and solder the joint. The coi I is then slid over the insulator, or 
placed beside it. Solder the coi l leads to those of the insulator, then 
connect the capacitor in para llel with t he co il a nd insu lator, as shown 
in the photograph. 

After the trap is assembled, place it in a clear spot atop your desk 
or workbench, away from metal objects. Loosely couple it to a grid dip 
oscillator. Check the trap resonant frequency against a calibrated re
ceiver . Make the measurement several times so as to pin-point the fre
quency of the trap as accurately as you can . The exact resonant fre· 
quency of the trap is n't too importa nt, as long as it occurs near the 
low frequency end of the band, as specified in the illustration. Both 
traps in a set should have a resonant frequency within about 50 KHz of 
each other . Frequency adjustment may be achieved by removing (or 
adding) turns to the coil, a fraction of a turn at a time. 
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Fig. 6 TYPICAL TRAP ASSEMBLY. Trap is built around a ceramic strain insula
tor. Tinned wire leads are attached to the insulator and an airwound coil is 
slipped over it. Coil leads are soldered to insulator wires. Centralab type 
850 or 855 ceramic transmitting capacitor is connected across coi I. Resonance 

is established by trimming coil a quarter-turn at a time, checking resonant 
frequency with grid-dip oscillator. 

Antenna Assembly 

Once the tra p is tuned to the correct frequenc y, it may be soldered 
into the antenna ass e mbly. It is s uggested that the antenna be as
sembled at wais t hei ght , stretched bet ween two accessible points for 
ease of construction. T he last ste p is to attach the transmission line 
to the antenna a nd the e lectrica l work is done. 

The last important cons ideration is moisture-proofing the traps , 
which is really more of a proble m tha n building them! The traps may be 
used without a protective s h ield if it is guaranteed not to rain. A tem
porary rain shield ma y be made by enclosing the traps in kitchen plas
tic sheet, or "Baggies", a nd ta ping the plastic closed around the trap. 
A far better and more pe rma ne nt weather shield may be made from a 
polyethylene "squeeze bottle ", obtainable at a drug store. The best 
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Fig. 8 POPULAR TRI-BAND DIPOLE permi t s operation on three DX bands. This 
design is used in most tri-band Yagi beam antennas. Traps are pre-set before 
installation in antenna and require no f urther tuning. 

protective shield (and mosf difficult to construct) is made of plastic 
tubing with end pieces cemented on to form a waterproof cylinder s ur
rounding the trap. Regardless of the waterproofing scheme , it is im
perative that t he traps be protected from water, otherwise , the circuits. 
will become detuned when wet and may possibly fl ash over a nd destroy 
themselves during operation. 

A Tri-Band Trap Dipole for 20, 15 and 10 Meters 

The trap technique may be exte nded to three bands, as s hown in 
Figure 8. Two sets of traps are required, one for 10 meters and one for 
15 meters. While the 10 meter dime nsions of the inner section of the 
dipole are normal, the overall antenna lengths for the 15 and 20 meter 
resonant sections are s hortened by insertion of the traps. Overall an
tenna length is only 26'4". Construction and adjustment of the traps is 
as discussed in t he previous section of this c ha pter . 

A Five-Ba nd Trap Dipole for 80, 40, 20, 15 and 10 Meters 

The ultimate in trap dipole design is shown in Figure 9 for a five
band antenna assembly. Because of the unique design, only one set of 
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TRAP D I POLE FOR 80 - 40 - 20 - 15-10 METERS 
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Fig. 9 NOVEL MULT IBAND DIPOLE PROVIDES operat ion on all popular h-f 
bands. Center section functions as a dipole on 40 and 15 meters and complete 
antenna is resonant in the 80 meter band. Traps also provide proper reactance 
so as to resonate center section for proper operation on 20 and 10 meters . 

traps is used, resonant near the 40 meter band_ On 80 meters, the 
whole a ntenna S;fStem is resonant at a center frequency of about 3 .8 
MHz. The center section is resonant at 40 meters and operates on the 
third harmonic for 15 meter service . On 20 and 10 meters, the 40 meter 
traps provide sufficient reactance so as to resonate the center sect ion 
of the antenna for proper operation on each band . 

This antenna, as well as the other multiband antennas shown in this 
chapter, do not require the use of a balun, however one may be used if 
desired. Adding a balun tends to isolate the outer conductor of the co
axial line from antenna currents, reduc ing line radiation. In most cases 
line radiation is no great problem, but it can cause TVI and possib ly 
feedback in your transmitting equipment, particular! y on 10 meters. In 
any event, adding the ba lun will not detract from proper operation of the 
antenna. 

A Four-Band Trap Dipole for 40, 20, 15 and 10 meters 

A five-band dipole assemb ly may be s implified and repackaged to 
fit a s ma lle r s pace if 80 me te r operat ion is omitted from the des ign. In 
additi on, the four-ba nd antenna may be fed with a normal SO ohm coax
ial transmiss ion line . The fou r-band trap dipole is shown in Figure 10. 
T he ante nna is resona nt near the mid-points of each amateur ba nd yet 
requires only two traps for proper ope rat ion. 
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Trap Antenna Adjustment 

Proper operation of any trap dipole antenna may be determined with 

the aid of an SWR meter. Typically, the antenna should exhibit an SWR 
of about 1.5 or so at the resonant frequency, rising to around 2 or 2. 5 

at the edges of each band. (Bandwidth of the 80 meter, five-band trap 
dipole is restricted to about 100 KHz on the 80 meter band, but is nor

mal on the higher bands) . 
While not absolutely necessary for good operation, it is recom

mended that a balun be placed between the trap antenna and the feed

line to permit more accurate SWR measurements to be make . If it Is 
desired to shift the center point of any segment of the antenna, it is 

done by changing length of the antenna sections ,and not by readjusting 

the traps . Adjustment, if any, should be done to the highest frequency 
antenna first, followed by the next lower frequency segments . It must 

be remembered that adjustments made to one antenna section affect 

the adj ustments of the lower frequency segments , since the higher fre
quency segments form a part of the l ower frequency ones . 

Don't deliberately l ook for t rouble, because the measurements given 
for these antennas have been tried and proven in many installati ons 

with complete success -- and loud signa I reports! 

TRAP OI POl.E FOR 40-2.0-15- 10 MET ERS 

I -- s ----c-,; .. -R------iu--· ~ 
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LENGTH B =- 10' ,.. • 3.2.0 METERS 
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Co 

Fig. 10 COMPACT MULTIBAND DI POLE ANTENNA FOR 40,20, 16 and 10 METERS. 
Only about 55 feet overa ll, this s i mple multi band antenna functions on four DX 
bands. A balun may be used at the center insulator, if desired. The antenna 
should be strung in a stra ight line for best resul t s. 
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TRAP D I POLE FOR 160-80 METERS 
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Fig. 11 UNIQUE TRAP DIPOLE FOR 160 and 80 METERS provides strong signals 
for t rans- Paci fic DX tests. Designed for operatiOfl in the lower portion of the 
160 meter band, the ti p sections may be shortened for opeq:it ion in the 1.9 MHz 
segment oft.he band. Overall lengt h will then be· about 227'6". 

A Two-Band T rap Dipole for 160 and 80 Mete rs 

T he low frequency enthusiast who works both 80 and 160 meters 

w ill apprec iate th is two-band antenna designed by JHl L KH of Japan· 

who has used it with success on trans-Pacifi c 160 meter DX tests . The 

assemb l y is show n in Figure 11, wit h di mens ions given for both t he 

low and high frequency segments of the 160 mete r band. The 80 meter 

sect ion is cut to a center frequency of 3 .5 MHz for CW DX operation. 

The 80 meter res onant frequency ma y be changed by vary ing the 

length of Jhe cente r portion of the antenna, while the l ength of the t ip 

sect i ons may be altered to move the center frequency about in the 160 

meter band . 

Since the antenna height will probab l y be small in terms of wave

length (ver y few hams can get the ir 160 meter antenna a ha lf-wave

le ngth i n the air!), the radiation resistance at the center feed point 

will probably be quite l ow . T his means the bandwidth of the antenna 

on 160 meters wi ll probably be only about 100 KHz and the S\VR will 

run c lose to l. 7 or so at t he center frequency . Thi s works no hards hip, 

as mos t mod ern equipme nt wi l l accept this va lue of SW R with ease . 
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Fig. 12 DIPOLE ANTENNA MAY BE OPERATED ON LOWER FREQUENCY BAND by 
add ition of "outrigger " sections to ends of flat-top. Overall length of dipo le 
plus outriggers is resonant near center of low band allowing two band 
operat ion. 

The tra p capacitor is made up of five 100 pF ceramic units con
nected in parallel across the coil. Coil turns are adjusted until the trap 
resonates at about 3 .5 MHz . 

Operating Your Dipole on a Lower Frequency Band 

A s imple dipole a nte nna may be operated on a lower frequency band 
by adding "outrigger" sections to the ends of the flat-top. The out
rigger wire s merely add length to the dipole and re-resonate it to a 
new, lower fre quency. The outri ggers are attached to the antenna tips 
by means of copper battery clips as shown in Figure 12. When un
clipped, the outriggers merely serve as support wires for the dipole. 

The outriggers are short sections of copper wire with insulators at 
t he far ends. To use the a ntenna at the lower frequency, the di pole is 
lowered and the outriggers clipped across the end insulators. To retune 
to the higher freque ncy, the outriggers are disconnected.· In this way, 
the 20 meter antenna ma y be made to work on 40 or 80 meters, or any 
dipole may be made to work at a lower frequency tha n that for which it 
was designed. A dipole cut for 80 meter phone, for example, may be 
made to work at the low e nd of the 80 meter CW band, by the addit ion 
of suita ble outriggers. 
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INVERT f; O V AND SLANTING D I POLES 

CENTER INSUL ATOR W ITH 
rctOLINf ATT>.CHEO 

r. 

11 MAST 
OR 11 SUPPORT 

11 ,, 
11 
I r 
I 

® 

Fig. 13 DIPOLE MAY BE INVERTED OR SLANTED as shown with no i ll results. 
Inverted V dipole is very popul ar on the low bands as on ly one support is 
needed and high currant point of antenna is elevated. 

If the outer ends of the dipole are tilled towards the ground, it may 

be poss ible to reach the outrigger clips from a sma l 1 step ladder, thus 

e l iminat ing lhe necess ity of raisi ng or l owe r ing the antenn a each t ime 

it is desired t o jump I o the l owe r frequency band . 

Of course, series-connected multiple ou tri gge rs may be used, if de

s ired , for operation of an ant enn a on two or more lower frequency 

bands. 

The Inverted V and Slanting Di pole Antennas 

The popu lar lm·arted V antenna is mere ly a dipo le supported at the 

center with the flat-top wires drooping towards the ground. It may be 

supported from a s in gle centerpole . with the dipole wires used as guy 

wires for the pole. Thus, it is a good antenna lo use in a restricted 

space, as end supports are not needed . I ts operati on i s equivalent to 

that of a hor i zontal dipole; any dipole antenna described in th is sec

tion may be transformed into an Inverted V by mere l y droopi ng the t ips 

down, as sl1own in F igu re 13. The included ang le of l he V should be 

as large as possible, and not less than 90 degrees, as shown in the 

illus tration. Inverted V 's are good DX antennas particularly on the 
l ower frequency bands where beams are few and far between. 

-
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ANTENNA ANTENNA 

4 

COAX IAL CABLE 

Fig. 14 CENTER INSULATOR FOR DIPOLE OR INVERTED V ANTENNA is made 
of insul at ing mater ial. Cable clamps remove tens ion from antenna connect ions. 

A Rugged Center Insulatm You Ca n Bui lei 

Make the center fnsulator shown in Figure 14 and your job of con
structing a doublet a nte nna will be much easier! Th is useful and in
expens ive insu lator prov ides convenient t ie points for the a ntenna wires 
and also for the coaxial transmission line. 

The insulator plate is cut from a 1/4-inch thick piece of insulating 
materia l s uch as micarta, lucite or plywood . If wood is used, it should 
be given two coats of waterproofing shellac. Size of the plate is not 
critical. 

Holes A and B a re drilled to freely pass the anten na wires a nd hole 
C is used to support the dipole at the center, as is done with an in
verted V antenna . 

Two cab le c lamps hold the coaxial feedline firmly to the insulator. 
Sturd y meta.I c lamps, s.uch as those used in automobiles to fas ten the 



88 DX DIPOLE ANTENNAS YOU CAN BUILD 

hydraulic lines in place are recommended . The clamps are he ld in 
position by bolts passing through mount ing holes D and E. These holes 
are drilled off-cente r s o that the coa xial c able drops down the ce nte r 
1 ine of the insu lator. 

After the insulator is cut out, the ed ges of ho les A and B should be 
counte rsunk a bit with a la rge drill so as to provide a rounded edge for 
the ante nna wire, otherw ise it ma y be chafed at these points. The last 
s tep is to thoroughly waterproof the e nd of the coax ia l line, as ex
plained earlie r in this Ha ndbook. 

The Tw in-T Antenna for 40 and 80 Mete rs 

The Twin-T antenna is a center-fed dipole sys tem designed for 40 
and 80 mete r operation. It requires no switching or tuning a nd is fed 
with a 50 ohm tra ns miss ion line . Antenna po lari zation is vertica l on 
80 meters and horizonta 1 on 40 meters . The antenna is compact e nough 
to fi t on a sma ll lot a nd requires no tra p circ uits to adjust. Best of a ll , 
the Twin-T ca n be bu ilt in a day a nd the cost is re lat ive ly modest. 

A complete Twin-T antenna system is shown in F'igure 15. It is 
composed of a two wire fl a t-top fed at the ·center of one wire with a 
vertica l lengt h of open wire " TV-type" two conduct or transmission 
line. The vertical section is fed a l the bottom with a ra ndom length of 

-,- - -33' - - - --- ----
,, ,.,, , __ 

ROPE---~' ~?~:===:r:~==r::::::;:::::=c==::::i===:::r::><l.,.~,-:--~ AOP£ 
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CLOS E UP 

1$ 2· 
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EN O IN SU~Q SPAC£fl 

-4~0 OHM OPEN WIRE "TV- TY PE" LINE 
2 6 ' 0" LON G 

- TAPE END OF EACH WIRE 
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RADIALS 6 3' LONG. 

1

-;:--_JOIN SHIELD OF COAXL FOUR RADI ALS. ANO 
ONE WIRE OF · rv•1 YPE · L I N E. 

Fig. 15 TWIN-T ANTENNA FOR 40 AND 80 METERS . Vert ica l section may be 
made of two 11 16 ename l wires spaced 1Y, " apart using wood spacer s placed 
two feet ape.rt, such as de scr ibed for the hor i zontal di pole sect ion. 

-
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SO ohm coaxial transmission line. Two or four radia l ground wires are 
placed a t the bottom of t he vertical section, as shown in the illustra
tion. 

On 40 meters, the horizonta l portion of the Twin-T antenna acts as 
a dipole with the ends bent back upon themselves, reducing the over
all length of the dipole to one quarter wavelength. T he ends of the 
dipole present a very high impedance to the open wire transmission 
line which acts as a matching transformer to step the dipole end im
pedance down to match the character istic impedance of the trans
mission line. 

On 80 meters the Twin-T antenna resembles a top loaded vertical 
antenna, fed in one leg. The loading is provided by the horizontal 
portion of the antenna which does very little radiat ing. The step-up 
in impedance provided by the vertical. wires provides a close match 
between the antenna impedance and the trans mission line . Resonant 
radial wires for each band are placed at the base of the vertical sec
tion of the antenna . 

Antenna Assembly 

Two #12 enamel wires 34'6" long are cut for the flat-top section. 
Cut one wire at the center, scrape all ends carefully with a knife blade 
to remove t he e namel and attach insulators at the ends of the antenna 
and also at the center break. Overall antenna length s hould be exactly 
33 feet . Ma ke sure the middle insulator falls at the exact center point 
of the wires . If you do this job with the antenna temporarily slung bet
ween two handy supports it will be a simple and uncomplicated task. 

The next step is to make up six spreaders that will hold the flat-top 
wires at the desired '2 inch separation. The spreaders can be made of 
luc ite rod or wood blocks. The spreaders measure about 3" x l" x Yi". 
Wood spreaders should be given a cQat of waterproofing shellac or 
varnish. Drill the ends of the spreaders to pass a safety wire. 

The blocks are placed in position between the antenna wires and 
are lashed in place with the short safety wires. Stretch the antenna 
tight between the supports and solder all the antenna joints . 

The last step is to c ut the open wire TV line to the proper length 
and solder the end wires across the center antenna insulator. The 
antenna is e rected in the air and the coaxial line and radial ground 
wires are connected at this time. 

Forty mete r resonance can be changed by va rying the length of the 
flat-top a nd 80 meter resonance changed by varying the length of the 
vertical wires. 
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Dipole Antenna Placement 

Where to place the dipole a ntenna once it is completed and ready 
for use? There's no s pee if ic answer, but here are some suggest ions 
which will aid you in gett ing the best results from your antenna 
ins ta llat ion. 

Get the antenna in the air as high as possible for best results. An -
tenna he ights up to 150 feet or so are used by some ardent DXers ! The 
average amateur, however, usually has to settle for something less 
than t his stratospheric elevat ion. Generally speaking, a minimum dipole 
antenna height of about 30 feet above the ground is acceptab le for all
around operation on any hi gh frequency band, providing the antenna is 
reasonab ly in the c lear . For better results for long distance DX work a 
height of 45 feet or so is recomme nded. Those lucky amateurs able to 
erect their a ntenna 60 or 70 feet in the a ir will get even better results, 
although the additiona l height is not as striking as far as signal reports 
go as one would s uppose . 

Antenna he ight ac hieves one ve ry important objective: it removes 
the antenna from t he immediate vic in ity of power lines, house wiring 
and nearby met a llic strnctures. Sepa ration from these objects tends t o 
improve t he a ntenna rad iation pattern for DX and to reduce noise pick
up on recept ion. Rega rdless of the a ntenna height it is not a good idea 
to run the a ntenna pa ra lle l to power or telephone lines. Proximity to 
such wires can lead to unwanted television interference , telephone 
interference a nd noise pickup on recept ion . Try and keep your antenna 
away from e levated wires and place it at an angle to them to reduce 
cou.pling. 

In summary, the dipole a nte nna should be as high and as in the c lear 
as possible , should not run parallel to utility lines and -- for all-around 
DX operation -- shou Id run in a generally north-s outh direction so the 
main radiation lobes of the a ntenna cover the areas of the world having 
the greatest radio amateur population . 

Warning! No a ntenna shou Id cross over a utility or telephone line 
because of the cl anger of s hock or electrocution if the antenna wire 
touches the "hot" uti I ity line. Amat~urs have been killed try ing to 
pass the a nte nna wire over a power line, and deaths have been reported 
of hams e lectrocuted when the ir antenna dropped on a power line during 
a wind storm. Play safe ! Keep your ante nna away from utility I ines of 
all types! 
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Chapter 8 

The End-Fed, Multi-Band Antenna 

[O r, When in Doubt , Use a long Wire) 

The sim plest, least expensive and often the most practical amateur 
antenna for multi-band operation is a random length Marconi antenna, 

The famous ex perimenter Guglielmo Marconi used an antenna of this 
t ype in his early work, hence the name. This uncomplicated "sky wire" 
is also called an end-fed antenna, a directly-fed antenna and sometimes 
a long wire antenna. Don't loose any sleep over the names as they a ll 
refer to the same thing--the single wire Marconi antenna shown in 
various forms in Figure 1. 

The smallest and most compact end-fed antenna is the popular coil
loaded whip that mobileers use for 80 meter operation. A large port ion 
of this mini-antenna is wound up in the loading coil required to tune 
the a nte nna to resonance. The fle xible 10 meter whip is also a n end-fed 
antenna, as is the 1000 foot long wire antenna used by some 20 meter 
DXers. Regardless of a ntenna length any antenna that is fed at one end 
instead of at the middle is classified as an end-fed antenna. This 
chapter describes several interesting end-fed a ntennas and one of them 
ma y just be the antenna for you! 

A critical a nd important part of the end-fed antenna is the grormd 
connection. The mobileer uses the body of his car for the ground and 
some over-optimistic amateurs drive ground rods into the soil in order 
to establish a ground connection. More on this important s ubject later. 

Matching the End-Fed Antenna 

The tuning of the e nd-fed antenna, as well as any other ante nna, 
depe nds upon matching the ratio of the vo ltage to the current at the 
feed po int to the transmitter , as e xpla ined in Chapter 3 of this Hand
book. This rat io of voltage to current is called the radiat ion resistance 

-
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Fig . 1 END·FED ANTENNA TAl<ES MAl\' Y FORMS. JVlarconi a ntenn a. used w i th a 

ground or r ad ia l ground w ire i s ca l led an end-fed ant enna . A· End -fed long 

wire is popu lar h·f antenna . B- Ver tical or ground plane i s a form of end-fed 

antenna. C- Short mob i le whi p is also end·fed antenna. These are a l l v er s ions 

of the same ant enna c onfigurat ion 1 

of the antenna. '.n the case of a random lengt h, end-fed antenna , the 

radiation res is tance at t he feed point can vary over a large ra nge , de· 

pend i ng upon the operati ng frequency and the actual length of the 

antenna . The meas ured radiat ion resist ance ca n be as hi gh as 5000 

ohms or as l ow as 2 or 3 ohms , and the antenna ca n exhibit reactance 

which (as e xplained in Chapter 3) makes it d ifficult to load. 
To compensate for the unusua l val ues of radiat i on res i s tance and 

reactanc e presented to the trans mitter by the end-fed antenna, an 11n

pedance matching dev i ce called an antenna tuner must be used . T he 

tuner matches the antenna to the 50 ohm coaxia l output termination used 
by most of today's radio equipment. Use of an antenna tuner, pl us an 

SWR meter permits the ope rator to quickly transform the rad i at ion re

sistance of his end-fed w ire t o a value wh i ch will effici ently match his 

t ransmit ter. He does this by adjusting the tuner for mi nimum va l ue of 

SWR as read on the meter of the instrument (Figure 2). 
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Fig. 2 RANDOM LENGTH END-FED ANTENNA and good ground connection. com
bined with antenna tuner and SWR meter,make s simple and effective antenna for 
all high frequency bands. The secret of success is efficient ground connection. 

The All-Important Ground Connection 

Many a mateurs run into difficulty with the end-fed antenna because 
they have a poor ground connection , which ca n destroy the efficiency of 
the antenna and cause improper transmitter loading. 

Expe rie nce has shown that a rod driven into the soil or a connection 
to a radiator or to a heating vent is a poor radio ground. To make mat
ters worse, the longer the wire connection between the transmitter and 
the ground, the poorer is the electrical effic ie ncy of the ground! To put 
it bluntly , ma ny typical ground connections are worthless, especially 
on the higher frequency ham bands where the length of the ground lead 
is an apprec iable fraction of a radio wavelength. 

It is very difficult to make a good, low resistance ground connection. 
If the ground connection exhibits significant resistance to the flow of 
rf current, a portion of your power output will be lost in this resistance. 
In addition, if the chassis of your equipment is not at a ground poten
tial, unwa nte d rf c urrents may flow on it, resulting in instability and 
audio feedbac k. In some instances , a poor ground connection results in 
a "hot" microphone that "bites" the operator whenever he touches it. 

In severe cases, .actual damage may be done to the transmitter if an 
imperfect ground connect ion is used with an e nd-fed antenna system. 
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Broadcast stations have expensive ground systems that cover an 
area the size of a city block and some older shortwave point-to-point 
stations also have extensive ground systems. These elaborate instal
lations are beyond the financial ability of most amateurs, and they must 
use a simpler and less expensive ground system to make their antennas 
work. Fortunately, this can be done by the use of radial ground wires, 
a modification of a more complicated grounding technique used in 
modern commercial shortwave transmitting installations. 

In summary, then, the end-fed antenna has three important require
ments that must be met to make it work effectively. These are: 

1- A go<Xi electrical ground system is required. 

2- An antenna tuner to match the end-fed antenna to the transmitter . 

3- An SWR meter to determine proper adjustment of the antenna 
tuner. 

The Radial Ground Wire 

A few ready made radio ground systems exist and, if available, one 
of them should be used in conjunction with the accessory radial ground 
wire. An underground yard sprinkling system composed of copper pipe 
with soldered copper fittings may be used, provided the connecting lead 
from the pipes to the radio equipment is short and direct-- not more than 
a few feet long. A second available radio ground is the cold water 
distribution system of the home, provided it is composed of copper pipe 
having soldered joints. Water systems of iron pipe have questionable 
joints (as far as electrical conductivity goes) and plastic pipe water 
systems are useless as a radio ground. 

Used in conjunction with a radial ground wire, either the sprinkling 
system or the cold water distribution system provides a good radio 
ground system for any radio antenna. The water system, or the radial 
ground wire by itself, is not as effective as the two used together. In 
any case, the accessory radial ground wire is the more important of the 
two ground connections and its use is mandatory for proper operation 
of the end-fed antenna system. 

The radial ground wire (sometimes called a counterpoise) is an 
artificia l electric ground that is very effective. It is simply an insula
ted wire, one quarter wavelength long at the operating frequency, con
nected to the transmitter at one end and run away from the equipment in 
a random direction, either indoors or outdoors . The far end of the wire 
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CNO• F£0 ANTENNA 
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END·F EO ANTENNA 
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Fig. 3 MULTI-BAND OPERATION of end-fed antenna is possible when multiple 
radial ground wires are used al ong w i th good ground connect ion to cold water 
system of residence. Only a sing le w ire is needed for one band operation (A) 
w ith multiple radials used for multi-band operation (B). 

is left free. The station end is connected to the transmitter (Figure 
3A). The e nd of the wire should be taped to prevent contact as it is 
"hot" with rf energy and can cause a nasty rf burn to anyone unfortun
ate enough to touch it when the transmitter is on the air. 

As a radial ground wire is resonant, it will only work properly on 
one amateur band. Two or more radial wires may be attached to the 
transmitter for multi-band operation (Figure 3B). The radial placement 
is not critical , a !though it is usually run in a horizontal plane, along 
the floor of the radio room tacked against the wall, or perhaps out the 
window a nd a lon g the side of the house. For the lower bands where the 
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radial is quite long, it can be run through bushes or trees, a few feet 
above the ground. The radial wire should not actually touch the ground, 
nor any metallic object. It is not considered to be an antenna, so it 
does not have to be "in the clear", or positioned under the antenna it
self, but it should be stretched out in as straight a line as possible, 
away from the transmitter. For portable operation, the radial wire can 
consist of a le ngth of hookup wire, tossed along the floor behind the 
operating table and held in posit i on with a book or two a top it. 

If a reasonable ground connection is avai lable , it should be used a
long with the radial. The combination of the best possible radio ground , 
plus a rad ia 1 ground wire, "tames" the end-fed antenna and makes it a 
really effective antenna design for all-around amateur operation. Best 
of all, the end-fed antenna is unobtrusive and can be used in locations 
where a more highly visible antenna might bring trouble down upon the 
head of the amateur. A chart of radia l wire lengths for the hf amateur 
bands is shown in Figure 4. For multi-band operation, a multiple radia l 
may be made out of multi-conductor TV control cable, each wire of the 
cable being c ut to the length of one radial for each band. 

Bury Your Radial Wires? 

Placing tuned radial wires about your property may be a real prob
lem unless the wires are hidden in a flower bed or slipped among 
trees and bushes. In the open they are quite visible and create a 
potential hazard to people walking about since it is possible to trip 
over the wires if they are low, or run into them if they are a bit higher 
in the air. 

Some broadcast stations make use of a counterpoise screen which 
consists of many wires laying on, or buried a few inches in the ground. 
The wires fan out from the base of t he a ntenna anq are usually about 
0.3 wave length long. As many as 200 wires may be used in the screen. 
The screen serves to conduct the ground current out from the antenna 
base into the soi 1 thus providing a large, relatively low resistance 
ground area beneath the antenna. This device is not the same as a 
tuned radial wire since the ground screen is not resonant. A few buried 
radial wires do not duplicate the screen since burying the radial de
tunes it to s uch an extent that the resonant concept is lost. 

If you have the space to bury a la rge number of counterpoise wires 
a few inches below ground leve I you can make an acceptable s ub
stitute for the resonant radial wires. In most cases, however, it is 
easier to hide a wire or two than it is to construct an effective counter
poise screen. 
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23~ o· 1 . 0 

I 6 '" 6 ~ >. I 

1 2' 9 " 3 • • 

I I ' 0 " 3. ~ 

9· 3'' 2 .8 

8~ J .. 2 . 0 

4• 6" 1 . l!i 

Fig. 4 TUNED RADIAL WIRE is cut to 
approximate quarter wavelength for 
each band. Flexible. insulated 1:114 
stranded wire is suggested for gen
eral use. End of radial wire must be 
taped as it is "hot" and can cause 
a nasty r-f burn if it is touched when 
transmitter is operating. Radial wire 
should run close to (but not touching) 
the ground , or may run along floor or 
baseboard of the operating room. 

An End-Fed Single Wire Antenna Tuner 

One of the secrets of the end-fed antenna is the use of an antenna 
tuner in conjunction with an SWR meter. An imported SWR meter that 
will do the job may be purchased for about ten dollars, so it is unecon
onomical in most cases to construct one. The antenna tuner, however, 
must be constructed by the operator. The tuner is not complicated and 
can be built on a piece of plywood for simplicity. The schematic of a 
practical tuner is shown in Figure 5 and the layout is s hown in Figure 
6. It consists of a tapped air-wound coil and a tuning capacitor . The 
coil and capacitor are arranged so the connections may be changed to 
suit the e lectrical requireme nts of the antenna . 

Tuner Construction 

Placement of the tune r components is shown in the photograph . The 
unit is built on a base of 1/ 2- inch thick plywood 9" long and 8" deep. 
Rubber feet are placed at the underside corners to prevent it from 
scratching the surface upon which it sits. The pane l is a piece of hard 
surface Masonite 9" long and 6" high. Panel and base are nailed and 
glued together. 

The tuning capacitor is mounted to the base on two 1/2-inch cer
amic standoff insulators. Directly behind the capacitor is the coil 
supported on a thin plastic sheet 8" long and about 2" wide. The 
plate is mounted on two 2 " insulators bolted to the base. The coaxial 
input receptacle is bolted to a small aluminum mounting bracket 
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Fig. 5 SIMPLE TUNER FOR END·FED ANTENNAS requires only coil and tuning 

capacitor. The coil is 38 turns of #16 tinned wire, 6 turns per inch, 2" di· 
arneter ( I-Core Air-Dux 1606 or equ ivalent). Tuning capacitor is 350 pF. 2 kV 
working voltage (Johnson 154-2 or equivalent). Tuning dial has metal plate 
insulated from condenser shaft to reduce hand capacity (Waldorn 292 or equiv
alent). The coax ial receptacle is an Amphenol 83- 1J to match common PL-259 
coaxial plug. Various insul ators are ceramic(Johnson 135 series or equivalent). 

* * * 
screwed to t he left end of the base and termina ls A, B, C and GND are 
1" insulators bolted to the right end of the base . 

Connections between the components are made with 1/ 8-inch wide 
strap cut from copper flashing material. The center pin of the coaxial 
receptacle is wired t o the nearest end of the coil and the receptacle 
frame is connected to the GND terminal. A flex ible jumper of #12 
insulated, stranded wire about 6" long is used for the adjustable con
nection from terminal A to the coil. The end of the jumper is soldered 
to a copper "alligator" clip. Care should be taken in fastening the 
clip to the coil so that it does not touch an adjacent turn. This can be 
prevented by depressing every other turn of the coil along one side 
with the blade of a screwdriver. 

A short e xternal wire jumper is placed between terminals B and C 
in most instances and the antenna is attached to term in a 1 A. The 
radia l ground wires and external ground (if any) are attached to term
ina l GND. The tuner now functions as an L-network. By removing the 
jumper a nd transferring the antenna from terminal A to terminal B 
(leaving terminal C blank) the unit functions as a series tuned network. 
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Fig . 6 SIMPLE ANTENNA TUNER for end-fed wire makes al I-band operat ion sim
ple . Tuner is built on plywood base w ith masonite panel. Coaxial receptac le for 
connection to transmitting equipment is at left w ith tapped coil directl y behind 
the tuning capacitor . Every other turn of coil is depressed along one side so 
that easy connection may be made to it by a copper alligator clip. Antenna con
necti ons are along right edge of base. For majori ty of antennas the two center 
terminals a-e strapped together. wi th antenna connecting t o the rear terminal 
and the ground connect ing to the front terminal (see text). 

Generally speaking, except for very s hort antennas, the first set of 
connections will be used for the majority of antenna lengths. The s ec
ond set will apply for s hort antennas and whips . 

Remember that the proper radial s hould be used for each band to 
establish a good radio ground for your antenna syste m, even though you 
may be ab le to tune everything up wit hout the radial, or with the wrong 
length radial in the circuit. Use of no rad ial, or the incorrect one, is a 
d irect invitation for TV! and erratic transmitter operat ion . 

The End-Fed Single Wire Antenna 

Now that you have built the tuner, how about an antenna? Any ran
dom length of wire will work and you can actually load up your gutter 
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pipes, the bed springs or any handy, metallic object insulated fr om 
ground -- although this is not recommended! 

The best antenna, of course, is straight, high and in the clear. An 
idea l end-fed antenna would be about 110 to 120 fee t long for operation 
on a ll bands from 160 through 10 meters . For operation on 80 meters a nd 
higher frequencies, the antenna can be reduced in length to about 65 
feet. Operation on 20 meters and higher can be accomplished with a 45 
foot long antenna. 

It is emphasized, however, that the tuner will work with any length 
ante nna on any ba nd as long as the antenna is at least 1/ 10 wave
le ngth long on the lowest frequency band. Length of the e nd -fed a nte nna 
is not critical and the best suggestion is that the antenna be long 
enough to reach from the t uner to the far point of attachment! Keep it as 
high as possible and as much in a straight line as possible and it will 
work well for you. 

Using the Tuner and the End-Fed Antenna 

A s ingle wire antenna from 60 to 100 feet long is a good one to start 
with to learn to adjust the tuner. The tuner will work with shorter 
lengths {down to 20 feet or so) or longer lengths but t uner adjustment 
becomes more c ri tical as the antenna becomes shorter. 

For preliminary adjustment, the a ntenna is connect ed to terminal A, 
terminals B a nd C a re connected together and a rad ial ground wire for 
the band in use, is attached to the ground terminal of the tune r. If a 
good external ground is available, it should also be connected to term
inal GND. The 50 ohm coaxial line from the transmitting equipment is 
connected to an SWR meter and from there to rece ptacle 11 on the tuner. 
Using carrie r injection on SSS, or other means , enough rf power is fed 
to the a ntenna system to cause a full scale deflection on t he SWR 
meter whe n it is set to read forward power. A few watts will do the job. 
Don't a pply full power during tune up, or you might burn out the SWR 
meter. Next, sw itch t he SWR meter to read reverse power and adjust 
the tap on the tuner coil and the sett ing of the tuner capac itor until a 
null (lowest reading) is obtained on the reverse SWR reading. Tap along 
the coil a few turns at a time and rotate the capacitor through its full 
range on each test. A tap point should be found at whic h revers e SWR 
reading will drop to near-zero upon adjustment of the capacitor. Further 
experimentation will show that the number of turns in the coil a nd the 
sett ing of the capacitor are somewhat interlocking and the exact number 
of turns used is not very c ritical, as the setting of the capacitor can 
be varied to compensate for too many or too few t urns. 
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If, by chance, the reverse SWR reading cannot be made to drop, the 
antenna tuning unit should be reconnected. The jumper between termin
als 8 and C is removed and the antenna connected to terminal 8. 
Adjustment of the coil tap and capacitor setting are then made so as 
to realize the near-zero reverse SWR reading on the meter. Once the 
proper settings are found, they should be recorded in your log book for 
future use, or typed and pasted to the tuner panel. 

The 3/8 Wavelength Two-Band Marconi Antenna 

Some end-fed antennas require no antenna tuner, or else a very 
simple one consisting on ly of a variable capacitor. One of the latter 
types is the 3/8 wavelength long Marconi antenna which may be opera
ted both on the fundamental frequency for which it is cut and also on 
the second harmonic frequency, thus providing good two-band perform
ance. For example, the antenna may be cuf for the middle of the 80 
meter band to provide good pe rformance over the whole band. It will 
then operate over the whole 40 meter band on its second harmonic. 
Such an antenna is shown in Figure 7 with dimensions given for 160/ 
80, 80/40 and 40/20 meter operation. On the lower of the two bands, 
the antenna acts as a series-tuned 3/8 wavelength Marconi and on the 
higher band the aritenna acts as a self-resonant 3/4 wavelength Mar
coni. Operation on the higher band is determined by choice of antenna 
length, the antenna then being resonated to the lower band by means of 
series capacitor. 

As with any end-fed antenna, radial ground wires are required, at 
least one wire for each band of operation. Radial lengths may be deter
mined from Figure 4, given earlier in this chapter. 

The tuning capacitor is shorted out of the circuit for high band 
operation, the antenna being connected directly to the coaxial trans
mission line (or directly to the transmitter) through an SWR meter. The 
exact resonant frequency of the antenna may be determined by discon
necting the antenna from the line or SWR meter and connecting it 
directly to ground via a two turn loop of hookup wire, about one inch 
in diameter. The loop is coupled to a grid-dip oscillator and the fre
quency is checked by noting the meter dip, while monitoring the oscil
lator on a nearby, calibrated receiver. If the antenna is resonant at too 
low a frequency, it may be shortened a few inches at a time until a new 
resonance point is established. Likewise, lengthening the antenna will 
lower the resonant frequency. 

The capacitor is cut in the circuit on the low band and adjusted 
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40 + 20 METERS 

A + 6: A.5 ' o• OR 13, 7 METERS 
C = 3~' 6• OR I 0 . O METERS 
0 • 16' 3~ OR $.0 METERS 

Fig. 7 TWO-BAND MARCONI ANTENNA functions as 3/ 4 wavelength self
resonant antenna on high band and as a tuned 3/ 8 wavelength antenna on low 

band. Low band resonance is established by adjustment of tuning capacitor. 
High band resonance is established by trimming length of A section. Capaci
tor is 250 pF, 2 kV (Johnson 154·1 or equivalent). Separate radial ground 
wires are required for each band . 

until the lowest possible value of SWR is indicated on the SWR meter. 
No ad justment to a nte nna length need by made for low band operation. 

The Twin-Lead Marconi for 80 or 160 Mete rs 

Operation on the two lowest frequency ham bands poses a problem 
because of the length of the a ntenna required and because of t he radia
tion resistance of the antenna, both of which are quite low. The typical 
ham antenna for these bands is very close to the earth in terms of 
wave length and this brings about these difficulties. 

If a folded, two wire e nd-fed antenna (a distant relative of the folded 
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C :. 120 ' O• OR 3&.4 M£TEA.S 

160 M - ( HICH S ECMENr) 

A ::: 10.t • 0 .. OR JI , 7 METE.RS 
9::: 16 • o·· OA 4 . 9 METERS 
C: 120• ¢" OR 36 . 6 ME'i'ERS 
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8 : 9 • 6 " OR 2 . 9 METERS 
Cc- 64 ' 0 " OR 19 . 5 METERS 

Fig. 8 TWIN-LEAD MARCONI prov ides efficient operation on one amateur band. 

Impedance match achieved by two-wire portion of flat -top raises impedance 

or antenna to match 50 ohm transmission line. One or two radial ground wires 
and good ground connect ion are used for best re sults. 

dipole) is used, the rad iation resistance and effic ie ncy may be boosted 
to a reasonable va lue, ma king the antenna easier to match to today's 
transmitters having 50 ohm termination. As with any good end-fed 
antenna , a ground radial wire is required with this antenna. 

The folded antenna is made of a length of 300 ohm "TV ribbon line" 
connected to a short le ngth of wire, as shown in Figure 8. No antenna 
tuner is required with this antenna. The conductors at the far end of 
the "ribbon" are shorted together and connected to the additional length 
of wire. One of the wires of the twin lead is grounded at the transmitte r 
end of the antenna and the other is attached to the antenna terminal of 
the transmitter, or is connected to it via a length of 50 ohm coaxial 
cable . The "ribbon " forms a kind of linear impedance matching trans
former which is very efficie nt and practical. 



Chapter 9 

Vertical Antennas You Can Build 

! No Space for an Antenna ? Go Stra ight Up!J 

The vertical dipole anten na was discussed in Chapter 4. It 's an 

effect i ve DX antenna which radiates, or sprays, radio energy in all 

directions around it. A version of the vertical dipole is the popular 

ground plane (G-P) antenna, shown in Figure 1. The ground plane 

antenna cons is ts of a vertica l antenna sect i on, or radiator, mounted 

above severa 1 horizontal rods, or radia ls. The radiator and radia l s are 

all usually about a quarter-wavelength long. The length of a quarter

wave element is : 

234 
Length (feet) -=- - --- - - -

Frequency (MHz) 

The vert ica 1 sect ion is considered to be the antenna proper, and 

the radials establ ish an artificial radio ground , or ground plane (hence 

the name) at the base of the rad iator . Looking at it another way, the 
ground plane antenna i s a vertica l hal f-wave dipole, fed from below, 

with the bottom half of the dipole split into separate ra~ials which are 

swung up into the horizontal plane. The antenna is fed at the junction 

of the vertical section and the rad i a ls with a coaxial transmission line. 

A gene ra l coverage antenna such as thi s i s very effective when il is 

des ired to communicate with st ations located in many different direc

tions about you without the necessity of turni ng a beam antenna in the 

direction you wish to work. The ground plane antenna provides world

wide coverage for DX on the high frequency bands and general purpose 

coverage on the VHF bands for working mob iles that move about the 

countryside. 

Signals from a ground plane antenna spread out much as the concen
tric c i rcles spread out from a stone cast into a quiet pond. On the other 

hand since the ground plane radiates and receives in all di rect i ons, it 
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Fig . 1 GROUND PLANE is effective DX antenna for H-F bands . Rad ial s shou ld 

be sloped down at angle from horizontal for best SWR and may be used as guys. 

does not provide the user with any protect ion against interfering sig
nals coming in from a different direct ion -- as does a beam antenna -
since all signals on one frequency are heard,regardless of the incoming 
direction. 

The ground plane is a compact DX a nt enna that is well regarded on 
the a mate ur ba nds . lts ma in fa ult is that it is very responsi ve to man
made no ise (ignit ion no ise, line noise, etc.) which is mainly vertica lly 
po la rized. The horizonta l d ipole, on the othe r hand , shows some dis
crimination aga inst s uch noise. If you live in a n electrically noisy lo
cation, the use of a vertical antenna, particularly on the lowe r fre
quency bands where noise is severe, should be tempered with caution. 

Build a High Frequency Ground Plane Antenna 

A ground plane antenna for a high freque ncy amat e ur band is a 
worthwhile a nd relative ly simple project. A ground plane antenna for 
80 meters is quite b ig, but ground pla nes for t he higher bands a re fa irly 
compact a nd kits are avai lable for 10, 15, or 20 meter ground planes at 
modes t prices . You can build your ground plane out of readily avai lable 
pa rts for less cost than an equivalent "store-boughten " model, if you 
wish. 
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Here are the plans for a simple G-P antenna that will do a good job 
for you. A typical installation is shown in Figure 2. The antenna con
sists of a vertical whip made up of one or more sections of aluminum 
tubing affixed to a wooden mast or other support. Three or four semi
horizontal radials a re used, which double in duty as guy wires for 
the mast. 

The ground plane is a single band antenna, and all dimensions are 
calculated for proper ope ration across the e ntire band. Tubing diame ter 
of the vert ica l whip sect ion is not critical, and diameters of 1/ 2 inch 
to 1-1/4 inches may be used. Commercial a luminum a lloy tubing of 6063 
or 6061 grade is recommended as a good compromise be tween strength 
and ability to resist corrosion. If more than one sect ion of tubing is 
required, telescoping sections should be used to make a neat and ship
shape joint that will withstand weather and wind. 

To make this connection properly, one end of the larger tube is 
cut through both walls, on a line parallel with the center axis of the 
tube. All burrs a re carefully removed from the wall of the tube after the 
cut. The matching sections of the two tubes should be sanded bright 
and cleaned to improve electrical conduct ivity and to lessen the possi
bility of seizure after the tubes are te lescopecl. 

Before the element is assembled, steps are taken to prevent corro
sion at the joint. A specia l antioxidizing compound is smeared lightly 
over the mating pieces of tubing (Penetrox A, ma nufactured by Burndy 
Co., Norwalk, Conn.). After the tubes a.re te lescoped, this compound 
forms an a ir-tight sea l, preventing corrosion. The compound is a good 
electrical conductor and provides a low resistance, trouble-free joint. 
A 5 oz. tube of Penetrox is sufficient to coat many antenna joints. 

T he last step is to clamp the joint securely with a tubing or hose 
clamp to prevent movement between the tubes in a wind. lf the tubing 
sections do not make a close fit, the joint can be shimmed with thin 
stri ps of aluminum. 

Assembly of the Ground Plane Antenna 

The aluminum whip section is bolted to the wooden mast or support 
by means of two U-bolts as shown in the illustration. Since the r f 
voltage at this poi nt is very low, it is not necessary to e mploy any 
ins ulation other tha n the wood of the mast. The mast, by the way, 
s h o u 1 d be given two coats of outdoor paint to protect it from the 
weather. 

At least three radial wires are required to guy and support the mast. 
The wires are cut to length, a llowing about three extra inches at each 
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Fig. 2 INEXPENSIVE GROUND PLANE is bolted to wood mast with TV hardware 
and guyed in position by sloping radial wires. Antenna can be roof or ground 
mounted and is fed with 50 ohm coaxial line. 

end. The fa r end of each wire is passed three inches through the eye of 
an egg insulator (strain insula tor) and then looped back, twisted upon 
itself and soldered. At the mast, the free ends of the radials are 
twisted together for about two inches and soldered to form a single, 
heavy lead . This lead is firmly twisted about a through-bolt in the 
wood mast placed an inch or so below the bottom of the vertical alum
inum tube. Overall radial length is measured from the t ip of the wire to 
the bolt. Wires or ropes may be tied to the free eye of each insulator 
at the tips of the radials, making the radials serve as supporting guy 
wires for the wooden mast. 

The feedline is prepared as described in Chapter 5. The center 
conductor is soldered t o a lug which is bolted to the vertical whip 
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section and the radials are attached to the pigtail braid made from the 
outer shie Id. The joint is sealed with the General Electric RTV-102 
"goop" mentioned in the previous chapter. 

The antenna and mast are erected in a vertica l position and the 
radial-guy wires fanned out below the structure. Mast height and guy 
wire lengt h can be adjusted so the radial wires drop down at about a 
4S degree angle (not critical) from a horizontal plane. The transmission 
line is led down the wooden mast until it clears the radials after which 
it may be led away in a horizontal direction to the station. The antenna 
is now ready for use --and good DX reports I 

The Sloping Radials 

The sloping radials serve two purposes in this antenna. First, they 
act as guy wires . Second, they act as a simple matching transformer 
which provides a near-perfect match between the ground plane antenna 
and the SO ohm coaxial line. The radiation resistance of a true ground 
plane antenna (one having horizontal radia ls) is about 30 ohms . The 
lowest value of SWR that may be achieved in this case is the ratio of 
line impedance to the antenna radiation resistance. This ratio is S0/30, 
or an SWR of 1.66. By drooping the radials about 4S degrees, the radia
tion re sistance of the modified ground plane will be very close to SO 
ohms, accurately matching the characteristics of the transmission line 
a nd reducing the SWR to less than 1.2 or so. Thus , maximum power is 
transferred from transmit le r to antenna, and radiated into space. 

The Multi-Band Ground Pla ne Antenna 

The vertical ground plane antenna provides a low angle of radiat ion 
that makes it a good DX antenna for any amateur band. Placing two 
ground planes in one back yard is a complicated task, as the amateur 
wishing two band operation is liable to hang himself as he moves about 
in the snarl of radial wires and feeders! Once again, the multi-band 
principle used so effectively with the dipole comes to the rescue, per
mitting two or more ground plane elements to be fed with a single 
feeder and taking advantage of a simple radial system made up of multi
conductor cable. Here are the details of this compact and efficient 
antenna system. 
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Fig. 3 TRI -BAND GROUND PLANE for 20, 15 and 10 metef"s is composed of three 
vertical antennas connected in parallel at the feed point and three radials 
made of multiple conductor- TV cable. The antenna is mounted to a wood mast 
which may be suppor-ted from the top as shown. or- bolted to a suitable support 
at the bottom. Radials are slanted down about 45 degrees from horizontal. 

The DX Ground Plane for 20, 15, and 10 Mete rs 

Shown in Figure 3 is a multi-ba nd ground plane for the popula r DX 
bands. It costs little to build, is easy to assemble , and s imple to get 
up in the a ir if a handy tree or rooftop is nearby . The antenna is com
posed of three vertical 1/4-wave radiators fed in parallel at the base, 
working in conjunction with three multi-band radials which e xte nd be
low the radiators in a slanting position . The junction of the radials 
a nd the radiat ors is fed with a SO ohm coaxial line. 

The e xpe nsive way to construct th is antenna is to buy three pieces 
of aluminum t ubing to make the vertical radiators. A far si mpler and 
less e xpensive idea is to make the radiators of No. 12 copper wire 
strung a lon g a sixteen foot length of "two-by-two" lumbe r. 1t is pos
sible, moreover, to attach a rope to the top of the wooden support, toss 
the rope over a high branch in a tree and pull the ground pla ne into 
operating position high in the a ir without lifting your foot from the 
ground! 
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Antenna Construction 

The antenna support is a sixteen foot length of 2" x 2" lumber 
(which usually measures about 1-1/2" x 1-1/2" on a side). Choose a 
straight, dry piece and give it two coats of outdoor varnish before you 
start to work. The radiator wires are cut to length, allowing a few 
inches on each end, and are fixed in position on the wooden support by 
means of 71/i" wood-screw type TV lead-in insulators. The insulators 
are run into the support as shown in the illustration and the radiator 
wires are passed through the polyet hylene inserts. Tie the wire to the 
insulator with cord at each termination. The bottom ends of the radia
tors are cleaned of insu lation, twisted together and finally fastened to 
a small porcelain stand-off insulator screwed to the base of the pole. 
If you are lucky, you can pick out a "sixteen foot " length of lumber 
that actually measures about 16'8" long: long enough to take the full 
length of the 20 meter radiator wire . A shorter piece of lumbe r requires 
that the top TV lead-in insulator be run into the top of the support, 
with the 20 meter wire gracefully making a curve over the top of the 
pole . This will in no way hinder the operation of the antenna. You can 
make a little hook in the top end of each radiator wire and wrap the 
wire with vinyl tape just above the insulator to hold it securely in 
place . 

Two or three radials are required, each radial made of inexpensive 
four conductor TV rotator control cable . The radials run down from the 
base "of the radiators towards the ground at an angle of a pproximately 
45 degrees . In addition to their electrical function they a lso act as guy 
wires to steady the bottom end of the wooden support. As only three 
wires are required in each rad ial assembly, two of the four conductor 
wires are connected in parallel at each end to form the 20 meter radial, 
since these have the greatest physical strain upon them. The three 
radial sets are soldered together at the antenna end and anchored to a 
nail driven in the wooden pole just below the terminating insulator for 
the radiators. 

The next step is to determine the length of coaxial line required to 
reach from the base of the antenna assembly to your shack. You can 
use the less-costly RG-58/U coaxial cable for transmitter power under 
500 watts, and t he larger l~G-8/U coaxial cab le for higher power. Care
fully strip the outer insulation from one end of the cable for about six 
inches taking care not to damage the tiny wires of the outer shield . 
Now, using a small nail, carefully unbraid the shield as far back as the 

I 
outer insulation, twisting the wires into a single conductor once they 
are free of the center insulation. This braid pig tail will support the 
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weight of the line. Fina lly, trim the insulat ing core from the center con
ductor for a distance of four inches and seal the joi nt firmly using the 
RTV-102 sealant described previously, and t a ping the joint, after it 
dries, with v inyl electrical ta pe. Solder the pig tail to the junction of 
the radials and solder the inne r conductor of the line to the termination 
point of the verti cal radiators and your ante nna is completed. 

Ante nna Installat ion 

If you have a handy tree, a flat roof, or a conve nient chimney your 
troubles a re almost over! It is possib le t o hang the a ntenna by its tip 
from the upper tree branches, like a gigantic plast ic icicle on a Christ
mas tree . The support will da ngle like a pendulum, s tabilized at the 
bottom e nd by the three radia l wires. To accomplis h an installation of 
this type all that is required is a tree, some string, a sturdy rope, and 
a steady eye and strong a rm. T ie a small rock to the string and (be ing 
observant of nearby windows, etc .) toss the string ove r the highest 
branc h es of the tree, lett ing the string settle in a crotch of the 
branches . Once the string is safely over the bra nch a nd the rock down 
again at ground level the heavier rope may be pulled over the branch 
with ease. With the top of the ground plane firmly t ied to one end of 
the rope it may be hoisted to the uppermost bra nches with little effort. 
Care s hould be taken to guide the antenna through the tree branches on 
its ascent, protecting the wires of the assembl y from being snarled 
or s nagged during the trip. Jockey the antenna int o a vert ical position 
clear of leaves and branches a nd s teady the base by means of the 
radia ls . Slope the three radia ls down at some angle between 30 and 45 
degrees to the horizontal a nd tie them off to nearby branches and your 
job is done. 

If you have a flat roof on your house or garage a slightly different 
insta llation technique should be used. The bottom of the support ma y 
be s pliced to a "christmas tree stand" type of mounting with the base 
of the antenna supported about six feet or so above the roof, guyed in 
place by the radials. Telev is ion mounts, clamps a nd other antenna ac
cessories will come in ha ndy, espec ially if you plan to fasten the 
antenna to a chimney. With a little ingenuity you can a lso fasten the 
assembly to a vent pipe on the roof of your house, or to a sturdy meta l 
gutter pipe. Keep the base of the antenna high e nough so that you can 
s lope the radials downwards from the bottom of the radiator as shown 
in F igure 3. The slope angle is not particularly cr it ical but provides a 
somewhat better value of SWR on the line than if the radials were run 
out in the horizontal plane . 
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Bonus Operation on 40 or 80 Meters 

Yes, it is possible to operate this antenna system on either 40 or 
80 meters provided you choose the right length of coaxial line to span 
the distance between antenna and transmitter1 It is merely necessary 
to connect the outer conductor of the coax to the inner conductor at 
the transmitter end of the line, connecting t he whole "shooting works" 
to the output terminal (inner conductor of the coaxial socket) on your 
transmitter. l~un a short, heavy wire from the chassis of the transmitter 
to a nearby water pipe and attach a quarter-wavelength radial ground 
wire to the equipment, as described in the previous chapter. T he 
antenna and coaxial line will now act as an end-fed quarter wave 
Marconi ante nna with the shield of t he coaxial line doing the radiating 
and the ground plane antenna merely contributing a bit of top loading 
effect. For 40 meter operation the coaxial line should be about 50 feet 
long, and for 80 meter operation it should be a pproximately 106 feet in 
length. There is nothing myst ica l in these dimensions and you might 
find that some intermediate length will work well on both bands for you. 
You ca n "zero in" on the correct le ngth by observing the SWR reading 
at the station and trimming the coaxial line length for minimum SWR 

Build a Cobra Vertical for 10 or 6 Meters 

Are you interested in a simple, inexpensive vertical dipole antenna 
that can be built in an hour or so, and provides good performance on 
10 or 6 meters? Useful for emergencies and portable work, the Cobra 
antenna was na med by an enthusiastic user who saw in the rf choke 
coil and vertical section a resemblance to the weaving reptile of the 
snake charmer! What an imagination! 

The Cobra antenna is a vertical half-wave dipole composed of an 
upper qua rte r-wavelength section made of copper wire and a lower 
qua rter-wavelength section made up of the braided outer conductor of 
the coaxial line (Figure 4). The simple a nte nna is suspended at the 
top from an insulator and a length of rope a nd hung from a tree or other 
handy support. The Cobra is fed at the base by a coaxial line, the end 
of which serves as the bottom portion of the a nte nna. The remainder of 
the transmission line is isolated from the ante nna portion by a home 
made choke coil made of a length of the line wound around an inexpen
sive ferrite core. 
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Ante nna Assembly 

Your first job is to construct the lower antenna section out of a 
length of RG-58A/U coaxial line. A PL-259 style plug and UG-175/ U 
reduction adapter are placed on the end of the line, but the threaded 
ret ainer ring of the plug is not used. The plug merely serves as a con
venient te rminal ing device for the end of the cable. Trim the line care
full y, as expla ined earlier in this Handbook, and solder the outer braid 
of the cab le to the shell of the plug through the four small solder holes 
in the plug. Use a very hot iron or gun with a small tip for this job. 
Solde r the center wire of the cable to the center pin of the plug (after 
your review Chapter 5). Next, the ferrite core is placed on the line . A 
t hree turn coil is made about the core by pass ing the line through the 
core three limes. The coil should be about four inches in diameter. 
Tape the turns together and firmly to the core, which is quite fragile . 
Now, cut a length of copper wire for t he upper sect ions of the antenna. 
Clean a nd solder one end of the wire to the center pin of the coaxia I 
plug, wrapping the wire several times ·around the pin to make a s trong 
mechanica l joint. Attach the top insu lator to the wire so that the dis
tance be tween the tip of the wire and coaxia l p lug is correct. Wrap the 
wire ~ecure ly back upon itself. The last step is to coat the coaxial 
plug cente r joint with General Electric RTV-102 waterproofing com
pound and wrap it with vinyl tape. 
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Antenna Installation 

When you a re finished the Cobra is ready to work. It can be hoisted 
into a nearby tree with the aid of a string and a stone. Tie a light 
string to the stone and (watching out for nearby windows and spec
tators) toss the stone over the highest branches of the tree. A husky 
ham can us ua Uy make a sixty foot toss with ease . (How muscular are 
you?) Once the string is safely over the branches and the rock is down 
again to ground level, a heavier rope may be pulled over the branches. 
The top insulator of the Cobra antenna is attached to the rope and the 
antenna hoisted up as far as it will go, swinging in a vertical position 
like a gigantic icicle on a Christmas Tree! The Cobra operates well 
over the 10 and 6 meter amateur bands with an SWR reading of between 
1.3 and 1. 8 and is a handy, compact emergency antenna to carry in your 
automobile at all times. 

The 5/8 Wavelength DX Antenna for 20, 15 or 10 Meters 

Are you interested in a simple vertical antenna that gives you a 3 
decibel power gain over a ground plane? If so, this is the antenna for 
you. Shown in Figure 5, the extended 5/8 wavelength vertical for 20 
meters consists of a 41 '6'' length of telesc~ping sections of aluminum 
tubing, fed at the base by a simple coaxial matching transformer. Two 
or three 16'6" radial wires are used, and these are laid out from the 
base of the vertical antenna in random position, running horizontally 
away from the a ntenna. 

The matching transformer is made of two lengths of SO ohm line. The 
sma 11 RG-S8/U may be used for powers up to SOO watts, or less. RG-
8/U line is used for a high power installation. The line sections are 
coupled to the main transmission line by means of a coax i a l "T
adapter" (Amphenol 83-1 T). 

The coaxial line from the T-adapter to the base of the antenna for 
20 meter operation is 8'8" long, including the PL-259 plug. The short 
circuited line section is 2'1" long, including the plug. Together, the 
two lines form an electrical quarter-wavelength transformer, with the 
main transmission line to the station tapped on the SO ohm point. 

The 5/8 wavelength vertical antenna is insulated at the base and 
the center conductor of the simple• coaxial transformer is attached to 
the base, with the transformer shield attac hed to the radial wires. 

If the measurements are followed, no ad justment need be made to 
the antenna system to provide good operation across the 20 meter band. 
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Fig. 5 SIMPLE COAXIAL TRANSFORMER provides impedance step-up between 50 
ohm line and base of 5/8 wavelength vert ical antenna. Coaxia l l i ne lengths do 
not include length of T-adapter (Amphenol 83-1T) . RG-8/ U type cable should be 
used for the transformer and connection to antenna should be carefully sealed 
to prevent moisture from entering line . Wrap T-adapter with vinyl tape and seal 
also, as it is not waterproof. 

The SWR may be adjusted by varying the le ngth of the antenna a few 
inches, one way or the other. 

Dimens ions for making a 5/ 8 wave length antenna for the 20, 15, 10 
and 6 meter bands are given in the illus tration. 

A Simple, Multi-Band Vertica l DX Antenna 

This versatile ground plane antenna designed by G3RFG of England 
may be used for operation on all the high frequency amateur bands 
between 160 a nd 10 meters. It ' s an extremely attractive installation for 
the a mateur with a lean purse, Ii vin g in a n area that £row n s upon 
st ructures more exotic looking than a n unobtrusive vertical mast. 

The complete a ntenna asse mbly is shown in Figure 6. It consists 
of a vertical radiator (A-8) attached to a s hort support post. The anten
na itself is broken into two sections a nd a jumper (C) or loading coil 
(D) connects the sections, depending upon t he band in use. On 10 
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Fig. 6 ALL H-F BANDS may be operated w ith this versat i le antenna. Loading 
coi I is used for 20, 80 and 160 meter bands. and jumper (C) is used for 15 and 
40 meter bands. A separate radial ground wire is required for each band. Space 
between anfenna sections is 6 inches. The antenna may be mounted on the roof 
or directly at ground level. If a ground post is used, it should be Ill/rapped with 
heavy aluminum foil to prevent rot . Auxil iary ground rod driven f our to six f eet 
into the soi l in add ition to radial w ire is recommended for 160 and 80 meter 
operat ion . 

meters the gap between the sections is left open and the antenna acts 
as a 1/ 4 wavelength ground plane. 

With the jumper in place, the antenna acts as a 40 meter ground 
plane and a lso as a 15 meter , 3/ 4 wavelength extended vertical anten
na. A loading coil modifies the antenna into a 3/4 wavelength antenna 
for 20 meter operation or a loaded vertical for 80 and 160 meter work. 
The loading coil is placed s o that it may easily be reached from the 
ground, yet high e nough so that it will not become an attract ive pla y
thing for neighborhood children. 

The a ntenna uses a set of radial ground wires t o form an efficient 
electrical ground. An auxiliary ground connection, if available (as 
discussed in Chapter 8), sh o u Id be used along with the radials . 

All in all, this interesting antenna is just about the best combina-
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tion of economy and efficiency that can be found and its use is recom
mended for multi-band operation in restricted areas. 

Antenna Construction 

The a nte nna is made up of 12 fool le ngths of 1" diamete r a luminum 
tubing. A s horter section is cut from one lengt h to make t he bottom 
section. The two remaining sections, plus a short piece c ut from the 
first section, are then joined to ma ke the top section. Short le ngths of 
telescoping tubing are used to make joint sp lices , which a re he ld firm ly 
together with 6-32 nuts and bolts. After assembly, the sections are 
given a good coat of aluminum pa int to protect the tubes and joints 
from corrosion. 

The antenna sections a re next clamped to a 22 foot wood mast, made 
of seasoned 2 x 2 lumber. Small ceramic standoff insulators are used 
to do this job, two being used for the bottom tube and three for the top 
tube . The break between the top a nd bottom sections is about 2 inc hes , 
as noted. 

The connect ions at the break may be made with large ba nana jac ks 
and plugs. The jacks are bolted to the tubes by means of thin a luminum 
st rips, a nd matching plugs are affixed to the jumper and loading co il. 

The radials for 10, 15 and 20 meters are cut from a length of multi
ple conductor TV rotor cable. Indi vidual radial wires are used for 40, 
80 and 160 meters. 

Antenn a Adjustment 

The resona nt frequency of the ante nna on 10 meters is dete rmined 
by the le ngth of the bottom section of tub ing and is relatively unc riti
ca l. With the jumper in place, resona nt length for 40 mete rs may be 
set by adj ust ing the top section of the a ntenna. This automatical ly ad
justs 15 meter operation at the same t ime, as the antenna works on its 
third harmonic on the higher frequency band. The resonant frequency 
on the 20, 80 and 160 meter bands is set by adjusting the number of 
turns on l he load ing coil. 

The a nte nna tunes rather broad ly for 10, 15, 20 and 40 meter opera
tion a nd probably no adjustments need be made for these ba nds . As the 
ante nna is quite s hort compared to a full -size ground plane on 80 a nd 
160 me te rs, the loading coil should be adj usted with the aid of a grid 
dip osc illator for the portion of the band in which operation is con
templated. To accomplish this , the feed line is removed at the base of 
the antenna a nd the antenna connected directly to the radia l ground 

-
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wires through a small lwo turn link coil. The coil of the grid dip oscil
lator is coupled to the link and the resonant frequency of the antenna 
noted by monitoring the oscillator with a calibrated receiver. To lower 
the antenna frequency, additional turns should be added to the loading 
coil and to raise the antenna frequency, turns are removed from the coil. 

A Simple, Build-it-Yourself S/ 8 Wavelength 
Ground Plane Antenna for 2 Meters 

(Great for FM Operation!) 

Do you need a s imp le and inexpens ive whip a nt e nna that gives you 
about 3 decibels ga in over a quarter-wave ground plane? That's equiva
lent to doubling your t ransmitter power. This simple antenna is just the 
thing for 2 meter FM operators who are "on the go". While many FM 
transceivers come with a portable whip antenna, much better resuits 
may be achieved with the use of a full-size S/8 wavelength antenna , 
mounted high a nd in the clear. It will enable you to "break" a repeater 
at an extreme distance and provide extended ground wave coverage as 
we 11. 

This S/ 8 wavelength ground plane antenna may be used with any 2 
meter equipment, even the small handi-talkie units. It is designed to be 
rugged and light enough to be hauled up into a tree, mounted atop a 
light mast or atop an existing antenna, or used as a mobile antenna on 
your car or camper. 

Antenna Assembly 

This design makes use of a UHF -type coaxial plug (PL-2S9) as the 
base of the antenna (Figure 7). The whip antenna is made of a length of 
hard-drawn copper wire (or copper plated steel wire) and is fitted into a 
plastic cylinder mounted into the open end of the plug. The cylinder 
serves as a form upon which is wound the small ma t ching coil which 
transforms the whip impedance to SO ohms, matching it to the SO ohm 
coaxial line used with most VHF equipment. The lop end of the whip 
is bent into a small loop facilitate hoisting the antenna into a tree and 
to prevent the operator from putting his eye out when erecting the 
antenna. 

For operation on a vehic le, the whip assembly is merely screwed 
into the receptacle of the body mount in place of the usual quarter-wave 
whip. 

For use as a remote antenna to be mounted atop a mast, a set of 
four quarter wavelength radials a re requ ired. The simplest way to make 
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Fig. 7 EXTENDED 5/8 WAVELENGTH WHIP for 2 meter band prov ides improved 
coverage and is recommended for FM operation. Whip antenna can be made from 
replacement CB walkie-talkie antenna, or as described in text. Coi l form is 
dr i lled at one end to 'accept whip and other end is drilled to pass wire con
nection from center pin of coaxia l plug. The wire is " f ished" through side hole 
and used to wind small 6 turn loading coi l. For portable service, 19" radials 
should be used w i th the antenna. 

these up is to solder four lengt hs of hard drawn copper wire or light 
copper tubing to the corners of an Amphenol S0-239 receptacle. The 
antenna is screwed into the receptacle and the coaxial transmission 
line is soldered to the terminals of the receptacle. The antenna plus 
the modified receptacle form a complete 5/8 wavelength ground plane 
assembly ready for mounting on a mast or other support. 

The Loading Coil 

The 5/8 wavelength whip is matched to the transmission line by a 
small loading coil mounted at the base. The coil is wound on a 1/2-
inch diameter form (A) cut from a plastic rod. One end of the form is 
drilled to accept the antenna and the other e nd is turned down in a 
lathe until it makes a force fit within the barrel of the PL-259 plug. 
Before t he form is pressed into the plug, a short length of No. 16 tin
ned wire is soldered to the cente r pin of the plug and passed through 
the two small holes drilled in the form. The wire is brought out through 
the s ide of the form so that it may make contact with the base end of 
the coil. 
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The end of the form is coated with epoxy glue and pressed into the 
barrel of the plug. Whe n the joint has hardened, the antenna is pressed 
into the hole in the opposite end of the form and e.poxied into place. 
The last step is to wind the coil on the form, soldering one end to the 
base of the antenna and the other end to the connecting wire projecting 
through the side hole in the form. When completed, the coil should be 
given several thin coats of Kry/on spray to waterproof it. 

Antenna Adjustment 

The antenna length is not critical and it may be tuned "on the nose " 
by altering the length a quarter-inch at a time while observing the re
flected power on an SWR meter inserted in the transmission line. A 
temporary whip made of soft copper wire a few inches longer than 
normal can be used for this tuning process. The whip is shortened a 
fraction of an inch at a time with a pair of wire cutters. Once the point 
of minimum SWR is found , the final whip may be made of more rugged 
wire or light tubing. 

If a more rugged antenna is desired, collaps ible CB whips of various 
lengths may be purchased at a modest cost. The hole in the end of the 
form is drilled to fit the whip which is epoxied in place. 
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"When I was in the CIA we used only vert i ca I 
antennas camouflaged with lots of bananas .... " 



Chapte r 10 

Work DX With an "Invisible" Antenna 

!Unobtrusive Antennas for Apartment Dwellers 

and Unlucky Hams Living Where Ant enn as are " Prohibited") 

"Modern living" has its drawbacks as well as its blessings. Some 
amateurs, to t heir sorrow, have found out that many chic townhouses 
and condominium apartments in the larger cities have strict rules 
prohibiting ham antennas. Other operators have discovered iron-clad 
restrictions against the erection of a permanent antenna written into 
the fine print of a residential property deed or a rural lease. In many 
instances, the amateur antenna is merely tolerated or the erection of 
the antenna becomes the signal for various complaints of television 
interference from suspicious neighbors. And other operators have found 
to their c hagrin that space simply didn't exist in their sma 11 apartment 
complex to erect a full size outdoor antenna! 

Antenna woes are many but usually with tact and ingenuity, an 
amateur may erect an unobtrusive antenna without running afoul of the 
neighbors, the landlord or the Building Inspector. 

The legal and social problems sometimes encountered in erecting 
an amateur transmitting antenna (considered by a large portion of the 
non-amateur population to be an eye-sore) may be formidable and this 
Handbook does not a ttempt to deal with such complex questions. If a 
doubt exists in the reader's mind about the legal aspects of erect ing 
an antenna, he should consult an attorney and get the facts before he 
erects his sky wire. 

Provid ed there are no lega l obstacles, it is possible to make the 
best of a delicate situation by following the principle of the "invisi
ble" antenna. This idea works on the theory that if an antenna is not 
easily seen or recognized, it will not be an antagonistic object to the 
observer. In many hardship cases, it is possible for a n amateur to 
erect an "invisible" antenna, get on the air and enjoy rag-chewing and 
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DX without anyone else being the wiser. (Needless to say this theory 
will not work if the transmitting gear is not fully television, telephone 
and stereo proof1) 

This chapter provides some tried-and-true invisible antenna designs 
and suggestions for the amateur looking for an unobtrusive antenna . In 
addition, case histories of successful invisible antenna installations 
made under difficult situations are discussed. These may give you 
some clever ideas for your own invisible antenna. 

The "Invisible" Antenna Concept 

The invisible antenna concept is built upon the fact that the an
tenna is either hidden from view, is visible but disguised, or that it 
disappears from view when not in use. One of these styles of antenna 
can allow an amateur to get on the air under circumstances that would 
prohibit a more orthodox antenna installation. 

There's no magic about an invisible antenna. It works according to 
accepted antenna theory. The only precaution is that such an antenna 
must be properly tuned since it may not be quite as efficient as a big 
outdoor antenna and every radiated watt helps! The use of an SWR 
meter and a radial ground wire are mandatory in most instances for 
prope r operation. Properly adjusted, the invisible antenna can give 
you many hours of rewarding ham operation , regardless of the jaundiced 
eye of the landlord or next door neighbor! 

Surveying Your Antenna Location 

Before you erect any a ntenna, make sure that you can do it in a 
quiet manner without attr.acting undue attention. Many invisible an
tennas are erected at night or early dawn when inquisitive eyes are 
asleep or busy with other matters. Don't call attention to yourself or 
what you are doing and keep your cool! 

The first step to take 1n deciding what kind of antenna is most 
suited to your location is to examine your residence to determine if 
you should use an indoor or an outdoor antenna. If the sky wire is 
placed indoors, it is hidden from view of the public, which may be of 
primary importance. Contrary to myth , an indoor a ntenna will do a good 
job, provided it is not within a building having a steel framework, 
walls or roof. The author, for example, has a vacation retreat in an 
apartment where antennas are prohibited. However, using an indoor 
dipole and a 200 watt transmitter, DXCC has been worked and many 
happy hours of operat ion have been logged , without the landlord or 
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neighbors being aware that a ham station is even in the building! Even 
Sherlock Holmes couldn't find the antenna! 

If the building has appreciable metal in the framework , the use of 
an indoor antenna should only be attempted as a last resort, as the 
structure of the building shields the antenna to a marked degree. 

If it is decided to place the antenna outdoors, the antenna should 
either be unobtrusive, be disguised, or should disappear when not in 
use. For disguise, a vertical antenna can be hidden in a tree or may 
take the form of a flagpole. If the antenna is made of fine copper wire 
and very small plastic insulators and is erected high in the air, it will 
be nearly invisible to the casual observer. Number 28 enamel magnet 
wire, for example, is invisible at a distance of about 25 feet. 

The vertica l antenna also lends itself to the disappearing act . It 
can be hinged at the base so that it lies down flat against the roof 
when not in use, or it may be made collapsible so that it can be taken 
apart when not used. These ideas, and others like them, allow you to 
erect an antenna and enjoy ham radio in most uncompromising situa
tions, provided you go about your ham activities without attracting 
undue attention. 

The Indoor Antenna 

The indoor antenna is height-limited by the roofline or ceiling of 
your dwelling. If you plan such an antenna, it is much better for the 
antenna to be located on an upper floor than on the ground floor of a 
building, if this is possible. In a wood frame building, the indoor an
tenna seems to perform as well as an equivalent outdoor antenna pro
vided the indoor antenna is not accidentally couple© into the electric 
wiring or metal plumbing system of the building. 

Survey your residence and determine its construction. The majority 
of homes and two story apartment buildings in the United States and 
Canada a re of wood fram~ construction with a roof of composition 
material or wood shingles. Large multi-story apartments , on the other 
hand, almost always have a steel framework which usually rules out 
the use of an indoor antenna . 

The wooden frame building seems to cause little or no effect upon 
the antenna provided some care is taken not to let the antenna couple 
itself e lectrically with the wiring and plumbing. If you have an attic 
space, a loft, or a h igh ceiling the antenna should be strung up near 
the ceiling (provided the building does not have a metal roof). Take 
time to determine the construction of the roof before you place an 
antenna beneath it! 
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If you have access to the roof, a dipole antenna may be laid di
rectly on the surface of the roof or perhaps strung a few inches above 
it using existing vent pipes or chimneys for tie points. If #28 enamel 
wire and sma ll diameter coaxial line are used, such a doublet antenna 
is nearly invisible, especially if the line is painted to match the color 
of the roof. 

Some of the larger radio distributors carry RG-174/U mini-coaxial 
50 ohm cable. This is only 3/32-inch in diameter and is capable of 
handling up to 500 watts SSB or c-w up to 30 MHz if the SWR on it is 
low. It is not quite invisible, but it is the nearest thing to it! When 
invisibility is important, RG-174/U should be used in place of the 
larger diameter RG-58/U or RG-8/U cable. 

If it is decided to place the antenna indoors 1 it need not be made 
invisible in most instances. Depending upon the layout of your home, 
either a horizontal dipole, a vertical ground plane or an end-fed wire 
may be used on the higher frequency bands. On the lower bands, space 
restrictions usually limit the indoor antenna to the end-fed type. In 
any case, the use of a rad ia l ground wire with the antenna to establish 
an electrical ground point (as discussed in Chapter 8) is essential. A 
lot of TVI and stero-QRM can be caused by the omission of this very 
important station accessory. If it is not used, the missing ground con
nection is made up of the electrical wiring of the building which in
cludes all the TV receivers, stereo gear, radios, telephones a nd other 
electrical gadgets in the vicinity. And that 's not good! 

Antenna Layout 

Place your indoor a ntenna at the high point of your dwelling and 
align it so that it is at right angles to most of the electric wires and 
pipes in the walls of the building. The position of wires and pipes, 
while hidden from view 1 may be estimated by observing the position 
of floor plugs, outlets and the various water faucets and drains. The 
antenna is installed as far away from these as possible and at right 
angles to them, if feasible. It is perfectly OK to let the antenna slope 
or to bend it a bit to fit it into the available space . The whole opera
tion is cut-and-try and it is easy to move the antenna about to deter
mine the optimum placement. If you are using a dipole and one side is 
higher than the other, the high side should be connected to the center 
conductor of the coaxial line and the lower side to the outer shield, as 
shown in Figure 1, providing no balun is used . 
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Fig. 1 SLOPING DIPOLE INSTALLATION. When one side of dipole is higher 
than the other the high side should be connected to the center conductor of 
the coax i a I line and the low side to the outer shield. as shown above. 

Checking the Antenna 

Once the location has been chosen, the antenna is strung in place 
using heavy twine and hook-eyes in the building structure. The in
sulated radial ground wire is laid along the baseboard of the radio 
room, following the floor line around the room, or under a rug. The 
antenna is tuned and loaded in the normal manner, using an SWR meter 
(and tune r, if required) in the coaxial line to the antenna . It may be 
necessary to change the physical placement of the antenna in the room 
in order to arrive at a suitably low value of SWR across the band . 

Once the antenna seems to be operating properly with a reasonable 
value of SWR, it is a good idea to check the electrical wiring of the 
building for r-f power that may be sneaking into it from the ne·arby 
antenna. If .the wiring is encased in metal conduit, this coupling is 
unlikely. Open wiring (knob-and-tube or Romex) may act as a n un
wanted pickup a nte nna and absorb great quantities of your precious 
output power. Sometimes r-f coupling can be noticed when a light or 
lamp (s upposedly turned off) lights up with a weak glow when you are 
on the air , or a nearby TV set chokes up and refuses to work properly. 
A handful of .001 uF, 1.6 kV disc capacitors can help to solve this 
problem. A fast and simple way to connect these capacitors is to ob
tain a few 115 volt line plugs and connect a capacitor across the screw 
terminals of each plug (Figure 2A). The plug is t hen inserted in wall 
receptacles at random until a position is found that "detunes" the 
elect ric wiring system and reduces absorbed r-f to a minimum. Some
times two or three such plugs are required to "detune" a res idence. 
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Fig. 2 STEREO AND TV INTERFERENCE can be substantially reduced by pro
per r -f filtering of power lines and speaker cables. (A) Ceramic capacitor in 
power plug reduces r -f in power line. (B) Speaker wires and power line of 
stereo amplifier are bypassed to common ground return of ampli fier . In many 
cases sh i e Id in g the speaker leads also helps to r educe r-f pickup. 

In addition, it may be necessary to place an extra bypass capacitor 
across some of the leads of a stereo or TV that is afflicted with inter
ference. In particular, s tereo speaker leads should be bypassed to the 
chassis or ground return of the stereo set with .01 uF disc capacitors 
to prevent the wires from working as unwanted pickup antennas 
(Figure 28). 

What type of antenna to use indoors? Well, for operation on the 6, 
10, 15 or 20 mete r bands, a dipole antenna is recomme nded along with 
a radial ground wire connected to the transmitter. A tri-band dipole will 
work we II for 20, 15 and 10 meter operation when used with three radial 
wires. A dipole is really too long for an indoor antenna insta llation on 
the 40 and 80 meter bands in most residences so an end-fed wire is 
suggested, used in conjunction with an antenna tuner, as described 
earlier in this Ha ndbook. 

When space is at an absolute pre mium, a mobile whip antenna 
mounted on a window ledge may be used in place of the wire antenna, 
or the pole lamp antenna described in t he following section will do 
the job for you . 

The Pole Lamp Antenna 

Are you living in a studio apartment or other m1n1-space accomo
dations? A ham rig can be squeezed into a closet or bookcase but what 
about the antenna? Can the a ntenna blend in with the decor of the room 
and not be an eye-sore? The answer to all these questions is "yes" 
if a pole lamp antenna is used. 
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Fig. 3 POLE LAMP ANTENNA provides good multi-band operation in minimum 
space . Decorator pole assembly is cut in half and insul ating plug inserted to 
provide mounting area for loading coi I. Pole antenna is used in conjunction 
with radial ground wire for best results. 

The pole antenna is a decor-matching accessory to the home if 
carefull y built. This unique antenna is made from a spring-loaded pole 
la mp structure, which is placed in position between floor a nd ceiling 
of the radio room. Many home furnishings stores carry a va riety of pole 
lamps a nd decorator poles which support s helves, radios , book rac ks 
and other objects. Plain, unadorned poles and the various pieces which 
go together to make up the poles can also be purchased. The mos t 
popular a nd least expe ns ive pole is a three section asse mbly about 
seven fee t long having s pring-loaded "feet" in the e nds which are 
wedged against ceiling and floor . 

On occasion, a pole may be purchased with a wood center section, 
which is required for this a ntenna assembly. If only a n all-metal pole 
is obtainab le, the center sect ion must be cut in half and trimmed for 
insertion of a wooden plug to serve as ins ulator a nd coil form (Fig. 3). 

The spring- loaded pole antenna is operated in a vertical pos ition, 
with a high-Q, tapped loading coil placed at its center. The coil tunes 
the compact antenna to the ba nd in use and the complete pole antenna 
plus the wire connecting it to the antenna tuner are used in conjunc-
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Fig. 4 POLE ANTENNA operates on all h·f bands 80 through 10 meters. Tapped 
load ing coil. antenna tuner and SWR meter allow operator to adjust the antenna 
for minimum SWR at the operating frequency. Ouarter wavelength radial ground 
wire for band in use is required. as d iscussed in text. 

tion with a radial wire, if convenient, or with a ground composed of the 
cold water plumbing system of the building. 

A simple antenna tuner (described in Chapter 8) is located near the 
transmitte r along with an SWR meter in the coaxial line, as s hown in 
Figure 4. The number of turns in the loading coil of the pole antenna 
are adjusted so that the tuner can a llow a low value of SWR on t he 
coaxial line to the transmitter. 

Some operators may raise t heir eyebrows at using a seven foot high , 
coil loaded antenna on t he lower frequency bands but it s hould be 
pointed out that the efficiency of an antenna of this size is at least 
equal to that of the eight foot loaded mobile whip antennas that con
tinually prove their worth on the 80 meter band. 

Ante nna Adjustment 

The number of turns on the center loading coil is given in Figure 4 
and the antenna resonated by means of the aux iliary tuner. If a reason
able value of SWR cannot be achieved, t he number of turns in the 
center loading coil is adjusted a turn at a time until the SWR drops to 
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a low value at the operating frequency. Any major shift in frequency 
(10 kHz or so) requires retuning of t he ante nna tuner for minimum SWR 
on the coaxial line to the transmitter. 

"Invisible" Outdoor Antennas 

If space permits, it may be feasible to string up an invisible out
door antenna away from the building. This will provide good DX re
sults for you. The easiest antenna to put up is an end-fed single wire 
which is resonated to the operating frequency by an ante1U1a tuner 
located at the transmitter. The wire may be of almost any length as 
the tuner described in Chapter 8 will compensate for the length used. 
For general operation between 40 and 10 meters, the wire should be at 
least 30 feet long. For 80 meter operation as well, the wire should be 
at least 50 feet long. Lengths up to about 150 feet will work OK. In 
every case , an indoor radial ground wire placed at the antenna tuner 
should be used. 

The name of the game is to make the outdoor antenna invisible, or 
nearly so, to the casual observer. Enameled wire of #28 gauge (magnet 
wire) is a good starting point. It is quite fine, yet has good tensile 
strength. Wire sizes as small as lt34 (removed by the mile from a de
funct power transformer) have been used by experimenters with good 
results. Operation of the antenna seems to have little to do with wire 
size, although some antennas made with #34 wire have mysteriously 
come down during the night. The only reason for this, it is guessed , 
is t hat birds can't see the wire either, and fly into it. Antennas made 
with #28 gauge wire do not seem to have this problem. 

Very small insulators for the invisible antenna can be made out of 
1/ 4-inch diameter lucite or plastic rod . The ins ulat or can be about 2 
inches long with fine holes drilled in it to accept the antenna and 
tie-off wire . 

The ends of the invisible antenna should be tied off to points that 
will not i mpose a strain on the wire when the wind blows. Trees are 
poor tie-off points as they sway in the wind. An invisible wire run from 
one building to another, or to a sturdy tree is a good installation. A 
flag pole also serves as a good tie-point for the antenna. 

In order to see the invisible antenna when you are putting it up, tie 
a long thread to a small piece of paper. Fold the paper and drop it over 
the center of the antenna wire. Once the antenna is up, you can re
move the paper with a gentle tug on the thread . 
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Fig. 5 QUAD LOOP makes effec tive "invisible " antenna. Loop is made up of 
#28 enamel wire supported with midget insulators cut from luc ite rod. The 
support ropes are nylon f ish cord. Matching section and transmission line 
are brought down side of buildi ng or h idden in shrubbery or tree. Loop pro
v ides power gain of about 2 decibels over a d ipole antenna. 

What Ante nna To Use? 

A number of antenna types le nd themselves to· the invis ibility con
ce pt. He re a re some suggestions t hat ma y help you : 
The Dipole. An invisible dipole ca n be made of #28 e name led coppe r 
wire for the flat top, us ing plas tic rod ins ulat ors. The feed line is made 
of s ma ll diamete r RG-174/ U mini-coaxial line . T he jacket of t his line, 
unfortunately, is dark black so t hat it tends to stand out against the 
sky. It is quite unobtrusive aga inst a darker object such as a building 
or a tree. 
The Quad Loop. The Cubica l Quad Loop e lement ma kes an e ffective 
a ntenna hav ing about 2 decibels powe r gain over a di pole. The radia
tion pa tte rn of the loop is s imila r to that of a dipole, being a figure -8 
at right a ngles to the plane of the wires. 

In orde r to remove the feed line from view , the loop is fed at ei the~ 

an upper or lower corner via a 75 ohm quarter-wave le ngt h matching 
section and a SO ohm trans miss ion l ine , as s hown in F igure S. While 
the loop has low visibi lity , the line a nd transformer are more notice-
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Fig. 6 PATRIOTIC FLAGPOLE is really a disguised antenna. Pole. plus wire 
running to antenna tuner form antenna. An "invisible" radial ground w ire is 
dropped out of the window. The flagpole is insulated at the base if the w indow 
frame and ledge are metal. Some amateurs who have a porch or balcony with 
a metal railing along it use the railing for the ground system. 

able and should be disguised by surrounding objects. For example, 
ivy, woodbine or other creeping plant may be trained to grow up the 
side of a building to mask the presence of a feedline. 

The Dick Tracy Flag Pole Antenna 

If the invisible antenna doesn't seem to be the s olution to your 
problem, perhaps you should consider the visible, disguised antenna 
as an alternative design . A flag pole, for example, combines high visi
bility and good neighborhood acceptance. Properly built, it can serve 
as an excellent multi-band antenna for the high freque ncies , and no
body but the radio ha m is any the wiser! When viewed by the public, 
the antenna s~ms to be a simple patriotic flag pole (complete with 
halyard, pulleys and flag) but in fact it is a disguised transmitting 
antenna! 

One form of flag pole antenna is shown in Figure 6. This disguised 
antenna is mounted t o the window ledge of an apartment hous e or home. 
The pole is a length of 1-inch diameter aluminum tubing or TV mast 
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Fig. 7 FULL-SIZE FLAGPOLE serves 
as efficient h-f vertical antenna. 
The aluminum pole is insul ated at 
the base and imbedded in a con
crete block to make it self-sup
porting . Radial ground wires run 
through nearby shrubbery disguise 
funct ion of the flagpole. Rope cleat 
at base and a gold decorative wood 
ball at the top complete the illusion. 

and can be any length from 8 to 15 feet , depending upon aesthetic cir
cumstances and t he patriotism of the neighbors. The pole is ins ulated 
at the base from the window ledge by an ins ulator and is end-fed via 
a rand om length of insulated wire and the e nd-fed antenna tuner de
scribed in c hapter 8. A s ingle radial ground wire either inside or 
outside the building is used with this effective flag pole antenna. 

A more complex flag pole antenna is shown in Figure 7. This is the 
Dick Tracy vers ion, a fu ll-fledged, pat riotic flag pole , mounted on an 
impressive base . It wou ld look we ll in the front ya rd of the White 
House ! The pole is made of two sections of 1/8-inc h wall a luminum 
tubing and ca n be from 15 to 20 feet high . The pole sits in a poured 
concrete base about two feet square a nd three feet deep in the ground. 
The flag pole radiator is insulated from ground by the concrete and 
a lso by a collar made of plastic (po lyvinyl chloride or PVC) pipe . T his 
inexpensive ma terial is available at a ny large plumbing supply house. 
Buy a piece about 18" long and of a diame ter that provides a loose 
slip fit over the lower section of the alumi num tubing. One end of t he 
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PVC pipe is sea led with a plug of plastic or PVC sheet e poxied in 
place. The sealed end is sunk in the concrete to make a fully insula
ted socket for the antenna. 

The concrete is poured into a hole dug in the ground. Make sure that 
the plast ic socket is in a vertical position before the cement hardens! 

Place the antenna in the socket and shim the space around it with 
thin strips of aluminum and then fill the rema ining gap with dry sand, 
well tamped down. Fina lly, s ea l the whole joint be tween socket and 
antenna with General Electric RTV-102 sealant to keep moisture out. 

It is a good idea to plug both the top and bottom openings of the 
aluminum tubes that ma ke up the a ntenna. This will prevent moisture 
from running down the inside and filling the bottom of the antenna with 
water which will gradually corrode the ins ide of the tubes. The spl ice 
between the two sections of tubing sh o u 1 d be waterpr oofed, too. 

Aga in , the height of the pole is an aesthetic rather than an elec
trical consideration, and pole heights as high as 40 feet wi ll work well 
for the high frequency bands. If the base is partially obscured with 
smal l bushes or a privet hedge, one or two hori zontal radial ground 
wires can be run through the plants, about a foot above the ground. 
Several ground rods (obtainable from an electrical supply house) can 
be driven into the s oil at the antenna base and connected in parallel 
with the radials, if convenient. 

A small tuning unit such as described in Chapter 8 is placed at t he 
base of the flag pole a ntenna to permit multi-band operation. It should 
be enclosed in a water-proof box and the connections between tune r 
and antenna and ground s hould be reasonably short. It is possible, 
moreover, to remotely control the tuning unit from the station pos ition 
for de luxe all-band operation, but such a device is be yond the scope of 
th is Handbook. 

The coaxial feed line from the antenna and tuner can be buried 
underground. The exposed end of the line, of course, should be pro
perly sealed to prevent moisture from ~ntering the line, as discussed 
earlier. 

The· "CIA Specia l" --a Disguised All-Band Antenna System 

Unlucky amateurs may sometimes find to their chagrin that a ham 
ante nna is ba rred from the roof of an apartment or rental home, whereas 
a television antenna is perfect ly OK to e rect! Often it is easier for 
the amateur to accept such a restriction than to oppose it, especially 
if it is possible to dis guise the ham antenna to look like a TV antenna. 
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Fig. 8 .. CIA SPEC iAL" BEAM operates on 50, 144, 220 and 432 MHz bands. 
Auay is supported on TV mast by insulated clamps near center of the hori
zontal phasing lines (T). Beam may be used on h-f bands by tying feed wires 
together and operating system as a random length wire antenna. For vhf 
operation, the tuner shown in Figure 9 is used. 

One VHF' enthus iast did this, a nd ended up wit h a VHF beam antenna 
and a n all-ba nd antenna for the lower frequency bands, to boot! Here's 
the s tory a nd a description of the a ntenna : 

The Two-Bay VHF Beam Antenna 

Shown in Figure 8 is a broadband , two bay, double -V antenna of a 
type often used for long distance TV fringe reception. This version is 
ca lled the CIA Special because of its e ffective "cover" disguis e, for 
it really is a ham antenna that looks like a TV antenna. Designed afte r 
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the popu lar TV array, this special a ntenna is a highly directive beam 
which funct ions on the SO, 144, and 220 MHz bands. It may also be 
used as an end-fed antenna for the high frequency bands from 10 to 
160 meters by treating the feedline as a radiating long wire! 

Electrically, each bay of the beam is a pair of half-wave dipoles 
(R-R) cut to SO MHz, one pair spaced 1/4-wavelength in front of the 
other. The dipoles are driven with a phase difference of 90 degrees by 
the horizontal phasing lines (T). This feed system produces a unidirec
tional radiation pattern with good front-to-back ratio and powe r gain of 
about 4 decibels over a dipole. At 144 MHz , the antenna functions on 
its third harmonic and begins to operate as a s hort V-beam, providing 
about 9 decibels poweF gain. At 220 MHz, the V-beam is working at the 
Sth harmonic with a power gain of about 10.S decibels over a dipole . 

Two of these beams are stacked to provide an additional 3 decibe ls 
of gain on eac h band and are fed in phase with a lin~ar matching 
tra nsformer (H). The two bays are separated a half-wavelength at SO 
MHz, which is equivalent to 1-1/2 wavelengths at 144 MHz and 2-1/2 
wav e le ngths at 220 MHz. Total array gain is thus the s um of the 
stac king gain and the bay gain, or 7 decibels at 50 MHz, 12 decibels 
at 144 MHz and 13.S decibels at 220 MHz. The antenna also provides 
worthwhile gain over a dipole at 432 MHz , although the pattern is 
almost nondirectional. 

Physical spacing between the upper and lower bays is determined 
by the positioning of the matching transforme r (H) and is about 74 
inches . Feed point impedance is close to 300 ohms on the 6 and 2 
meter bands and about 200 ohms on the 220 MHz band . T his impedance 
variation a nd the resultant line loss are not serious if the 300 ohm 
ribbon TV line is less than 75 feet long, or so. For a longer run, it is 
best to use open wire TV line . A s uitable VHF ante nna tuner for the 
antenna, regardless of the line used, is s hown in Figure 9. 

Low Frequency Operation (10 to 160 Meters) 

This VHF beam a ntenna is used for low frequenc y operat ion down 
to 160 meters by ignoring the antenna and considering the feedl ine as 
a random length, end-fed antenna . For this mode of operation, the wires 
of the two-wire line are tied in parallel at the station e nd and the 
whole assembly considered as a s ingle wire. An antenna tuner and a 
radial ground wire must be used in conjunct ion with an SWR mete r, as 
discussed earlier in this Handbook. 

Since the lead-in is used as the antenna on the low bands , it should 
be spaced away from the building and nearby metallic objects. 
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Fig. 9 "CIA SPECIAL" antenna tuner is assembled on plywood board in the 
manner shown i n Figure 5, Chapter 12. Capacitor C1 is Mi llen 19050, or equiva
lent. Capacitor C2 is split-stator, 35 pF per section, 0.07" spacing: Millen 
28935, or equivalent. Tuner is removed from I ine for operation of antenna as 
end-f ed wire on high frequency bands. 

Other Amateurs -- What Have They Done? 

It is interesting to observe some real-life situations where amateurs 
have triumphed ove r local situations to get on the air. Here are a few 
interesting cases t hat may give you an idea as to how your problem 
can be solved : 

Case History #1. The Deluxe, Flowering F Iagpole. 
One west coast radio amateur living in a manicured, model neigh

borhood placed a fine, 18 foot fl ag pole in his front ya rd, with the 
blessing of the City Planning Commission and the local Neighborhood 
Improvement Association. A flowering hedge, tenderly cared for by his 
XYL, hid two radial wires. The coaxial cable was run under the lawn 
to the house. In addition, the ground point of the a nt enna tuner was 
connected to the lawn sprinkling system. 

A few months of operation proved the worth of the antenna, so our 
Hero inserted a three foot extension section in the flag pole at the 
base, bringing the height of the antenna up to 21 feet . At the same 
time a remotely switched antenna tuning unit was insta lled in the 
bushes at the base of the tower to provide automatic bandswitching 
over the 10, 15 and 20 meter bands. Shortly thereafter, a switchable 
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base loading coil for 40 and 80 meter operation was quietly added 
(at night) to the box at the base of the tower . 

Finally, one quiet evening, the flag pole was lowered and a two 
meter ground plane made of thin, silver plated steel wire was installed 
at the top of the pole and the coaxial line run down the inside of the 
pole. To cap the climax, the enterprising amateur ran #28 wire from 
the peak of his house roof out to the pole for use on 160 meters! Thus, 
in the space of a few months, he gained a multi-band antenna capable 
of operation from 2 meters through 160 meters, without the neighbors 
ever realizing that he had a ham station in the house! His amateur 
friends viewed the various manipulations with awe, and urged him to 
place an invisible 20 meter beam atop the flag pole. "That will take a 
little more time," he said quietly. 

Case History #2. The Disappearing Ground Plane Antenna 
Joe Ham lived in a housing complex that frowns upon antennas of 

any kind. Even the TV signal is piped in through underground conduit. 
The area around Joe's home was open and erecting an invisible long 
wire was impractical. The home was a single story affair and an indoor 
antenna would not be very high in the air. Obviously, the situation 
called for drastic action. 

After due deliberation, Joe decided upon a 20 meter ground plane 
antenna using four radial wires lying on the flat roof of the house. 
The vertical aluminum tubing radiator of the ground plane was hinged 
at the base and designed to lie flat against the roof when not in use. 
Joe reasoned correctly that he was at . work all day, spent most of the 
weekend with his family and friends, and the only time he was on the 
air was during the very early morning hours or late at night. At these 
times he reasoned that the antenna could be erected with little risk of 
discovery. 

Accordingly, Joe laid the radial wires on the roof and attached the 
base of the vert ical antenna to a hinged board. At first, Joe mounted a 
ladder to get to the roof level. He pulled on ropes to raise and lower 
the antenna. Later, a remote control TV rotator was purchased, mounted 
on its side atop the roof and llsed to erect and lower the vertical radi
ator. Joe' has had the antenna in operation for almost two years now 
and no word has been said, no voice raised in opposition, and no prob
lems with the neighbors. "No sweat," said Joe, when interviewed by 
the author. "I'm on the air, working DX, and everything is calm in 
Shady Acres." 
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Case History #3. The Collapsible Antenna 

Pendergast lived in a single family dwelling in an area which 
boasted of cable TV, underground utility wires and no radio antennas 
of any kind. The mere thought of a sky wire was verboten to the neigh
bors. Pendergast, being an ardent traffic handler and 40 meter en
thusiast, designed a take-apart vertiaal antenna made up of 8 foot 
sections of 1-1/4" diameter telescoping TV mast. Four sections made 
a nifty 32 foot high vertical antenna that required no guy wires when 
anchored to the side of his house. The supports for the antenna were 
bolted to the side of the house away from the street and just outside 
the radio shack window. 

Pendergast did most of his operating rather late in the evening, and 
threw in a few hours of DXing on 80 meters before sunrise. Accord
ingly, a forty and an eighty meter pair of radial ground wires were laid 
out in the yard about a foot above the ground, passing at random 
through flower beds and small hedges thoughtfully planted at strategic 
points by Pendegast 's XYL. The 8 foot mast sections could be quickly 
assembled into a vertical antenna that fitted into the house brackets 
in a jiffy. The antenna acted as a ground plane on 40 meters and a 
simple loading coil at the base of the antenna permitted 80 meter 
operation. One of these days Pendergast is going to build an end-fed 
tuner and operate his antenna on 20 meters. Meanwhile, he enjoys 40 
and 80 meter SSB operation with an occasional fling at c-w. "I have 
WAC and over 50 countries on 40 meters and 3 continents on 80 meters 
so far this season," says Pendergast. "Not bad for an antenna that 
isn't there most of the time!" 

Case History #4. The Antenna in the Tree 
Tommy Trueheart's father, a crusty old gentleman, was fiercely 

proud of his prize-winning rose garden which took up almost all of the 
space in the backyard of the modest home. He forbade- any foolish 
ideas about wireless antennas disrupting the placid calm of the beauti
ful rose garden. "I'll have none of that tom-foolery," he said, stroking 
his moustache as he surveyed his roses. 

Tommy, ever persevering , approached his father when the old geezer 
was in an amiable mood, admiring the trophies and badges he had won 
in garden competition. After a long discussion of the beauties of the 
garden and attributes of various rose species, Tommy turned the con
versation to ham radio and antennas . Finally, grudging permission was 
granted to permit an unobtrusive antenna to be placed in a large, leafy 
oak tree at the side of. the home, provided the father did not set his 
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eye on the wires. A visible antenna, the old codger warned, was 
equivalent to having the ham license revoked by the FCC! 

Being a dutiful son, Trueheart obeyed and soon had the old tree 
strung with a tri-band dipole and a Quad loop, both made of insulated 
hook-up wire and strung between handy branches. Quite a bit of DX 
was worked on 15 and 20 meters with this rat's nest of wires. In fact , 
Trueheart 's father came into the s hack on occasion when the son 
t hou g h t f u 11 y contacted an ama teur interested in rose gardens . 

Trueheart was apprehens ive when winter came and the leaves 
gradually fell from the tree and the antenna wires were exposed to the 
naked eye. However, time had played its game, and the old curmudgeon 
no longer looked up into the tree each day to see if he could spot the 
incriminating wires. In fact, after a long chat with an amateur in Lima, 
Peru, about roses, the old boy suggested to Trueheart that a modest 
tower and antenna in the corner of the yard would obviously produce 
stronger signals from Peru than a bunch of wires in an oak tree! Need
less to say, Trueheart took the hint and now a tri-band bea m on a s lim 
crank-up tower reposes in the far corner of the pretty rose garden. 

Case History #5. No Antenna At All! 
On the air with no antenna at all? One amateur did just that! No 

outdoor antenna was permitted, and the XYL objected violently to any 
indoor antenna. It seemed as if Roger Grommethead was off the air for 
good. A close investigation of the house, however, showed that a gal
vanized meta l gutter ran a round two edges of the roof and was con
nected to two down-spouts near the ends of the house. In desperation, 
Grommethead ran a small wire out the window and solde red it to a 
downspout. The ham station fitted unobtrusively in a corner of the hall 
closet. Using an antenna tuner, the down spout and gutter pipe system 
was successfully loaded up for 80 and 40 meter operation, using a 
rod driven into the soil outside the window for a ground. Operation on 
20 and 15 meters, however, brought near-dis aster . TVI was rampant 
and the signals overrode the stereo and blocked out the telephone. 
Grommet head placed a filter on his transmitter and also on the TV, 
bypassed the speaker leads to the stereo, hounded the telephone com
pany to place a filter on the phone and added 20 and 15 meter radial 
ground wires to the antenna s ystem. He ran t he insulated wires around 
the baseboard of the room. Interference was cleaned up and now this 
pleased amateur works four ham bands, any time of day, with no an
tenna at a II (to speak of)! 
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OK-- It's Up To You! 

This chapter has given you some ideas about antennas to use when 
it is difficult or impossible to erect a conventional sky wire. Circum
stances are different in almost every case, and the antenna that suits 
one amateur cannot always satisfy another. Here is where ingenuity 
pays off! Remember that any metallic structure can serve as an an
tenna of some sort -- including bed springs! If the structure takes power 
from the transmitter and does not overheat while doing so, it is a 
pretty good ind i cat ion that a large portion of the power is being 
radiated into space. 

Your invisible antenna is limited only by your imagination. One 
amateur built a 6 meter beam out of cardboard tubing and aluminum 
kitchen foil, which was wrapped about the tubing. Another ham made a 
10 meter dipole out of strips of aluminum foil stuck to two large win
dows with rubber cement. Wire dipoles and simple beams may be 
placed in unused attic space. Rain gutters can act as an antenna, and 
a mobile whip antenna can be projected out the window at an angle, 
in conjunction with a radial ground wire. 

So you can get on the air in any location --with a little bit of imag
ination, ingenuity and courage! Good DX to you! 

Howy Bradley, W2QHH, Hamilton, NY, is known world-wide for his DX 
exploits. He has worked 364 countries (105 on 160 meters) with 20 
watts output to an end-fed single wire 264 ft. long and 40 ft . high. 
Skillful operating, patience, persistence, and an antenna that works 
paid off for W2QHH. 
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DECIBEL CHART 

Dec i bel (dB) Power Gain 

1. 0 
1. 5 
2.0 
2 . 5 
3 . 0 
3.5 
4.0 
4 . 5 
5 . 0 
5 . 5 
6 .0 
6 . 5 
7.0 
7 . 5 
8 .0 
8.5 
9.0 

10 . 0 
20 . 0 

1. 26 
1. 29 
1. 58 
1. 78 
1. 99 
2 . 24 
2 .51 
2 . 82 
3 .16 
3.55 
3 . 98 
4 . 47 
5 .01 
5 .6 2 
6 .31 
7.08 
7 . 94 

10 . 00 
100.00 
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Power Loss 

0.80 
0 . 78 
0 . 63 
0.56 
0 . 51 
0.44 
0.40 
0 . 35 
0 . 32 
0.28 
0. 25 
0 . 22 
0 . 20 
0. 18 
0.16 
0 . 14 
0 . 13 
0.10 
0 . 01 

In antenna work, power gain (or loss) 
is expres sed in decibels . Thus , a Yagi 
beam wi th a gain of 7.5 dB will have a 
power gain of 5 .6 2 compared to a dipole 
(which has a power gain of zero). This 
means a 100 watt transmitter will have 
the "punch" of a 562 watt transmitter. 
An antenna gain of 10 dB will make a 
100 watt transmitter equivalent to a 
1000 watt t ransmitter using a dipole . 
Decibel loss in transmission lines can 
be t r ansformed into actual power loss 
by co lumn 3 . Thus , if a line has a loss 
of 3 . 5 dB, 0.44 (44 %) of t h e power is 
dissipated in the l ine . For a 100 watt 
transmitter, 44 watts ar e lost, with 
only 56 watts delivered to the antenna . 



Chapter 11 

Wire Beam Antennas for DX! 

[You Can't Work 'em if You Can't Hear 'emJ 

Plenty of easy DX can be heard and worked with a dipole or ground 
plane antenna and many amateurs have worked DXCC using these sim
ple and inexpensive antennas . The serious amateur soon will wish to 
use a beam antenna , however, to improve his signa 1 in competition and 
to help him hear the rare "weak ones" which may be inaudible unless 
he is using a "gain" antenna. 

Shown in this chapter are simple wire beam antennas that are fun 
to build and are inexpensive and uncomplicated. They are great pro
jects for the amateur who has gained experience erecting wire anten
nas and scrambling over rooftops! 

Build a Demi-Quad Beam Antenna for 20, 15 or 10 Meters 

The Demi-Quad antenna is a compact and inexpensive beam anten
na that can be supported by a single pole or mast. It is light, unobtru
sive, and has the same "fiiure-8" bidirectional radiation pattern 
through the loop as exhibited by a dipole antenna. The Demi-Quad may 
be installed so as to have either horizontal or vertical polarization by 
proper placement of the feedline, as discussed later. The antenna 
provides about 2 decibels power gain over a dipole and requires only a 
half-turn for complete coverage of the compass. It is light enough to 
be supported and turned by a TV rotator . 
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Fig. 1 DEMI-QUAD loop antenna is inexpensive and simple bidirectiona l beam 
that is supported from one pole. Compact and I ight, this popular antenna is 
recommende<I for 20, 15 or 10 meter operation . Demi-Ouad uses simp le coaxial 
matching transformer to provide low SWR on feed line. 

Demi-Quad· Assembly 

The complete Demi-Quad loop antenna is shown in Figure 1. A light 
bamboo frame supports the wire loop in the vertica l plane. Each side 
of the loop is about one quarter-wavelength long, and the loop is 
broken at one point for the 50 ohm (RG-58A/U) coaxial transmission 
line and a simple matching transformer made of 70 ohm coaxial li ne . 
If the line and transformer are attac hed to the loop at the midd le of the 
bottom section, the antenna is horizontally polarized. If the connection 
is made at the middle of one side (either side), the antenna is verti
ca lly polarized. 
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The framework of the antenna is assembled from four lengths of 
bamboo attached at their large ends to a plywood center plate by 
means of galvanized iron U-bolts. Each pole is wrapped with vinyl 
plastic tape between joints to enhance the strength of the assembly 
and to retard splitting of the bamboo. In addition, each pole is given 
several coats of waterproof varnish after wrapping. Small holes are 
drilled as s hown near the tips of each pole to pass the antenna wire 
which is threaded through the poles after assembly of the framework. 
Each end of the wire is cleaned and the ends are passed through the 
holes of the center insulator, wrapped back upon themselves and 
soldered. Enough tension may be imparted to the wires to keep them 
taut by loosening the center U-bolts and spreading the butt ends of 
the poles. 

The Feedline 

The SO ohm coaxial transmission line must be long enough to reach 
from the transmitter to the center plate of the antenna. At the anten na 
end of the line, connection is made to the antenna terminals through a 
short section of 70 ohm coaxial line (RG-S9/U) which acts as a 
matching transformer. This transformer matches the SO ohm line more 
closely to the radiation resistance of the Demi-Quad antenna, which 
is about 120 ohms. It is only necessary to cut the 70 ohm line to the 
proper length for it to make this impedance transformation (Figure 2). 

Antenna Construction 

The first job is to cut the center plate out of 1/2-inch thick ply
wood and give it several coats of outside house paint. Pay special 
attention to the edges of the plywood, as water will attack the glue if 
the edges are not well painted. Drill the plate for the U-bolts and tem
porarily assemble the bamboo .poles to the plate. Mark the exact center 
of the plate and measure out the distance to the wire on each arm from 
the center point. Mark the distance on each pole. This is the spot 
where you will drill a hole in each arm through which to pass the 
antenna wire. Stretch the wire out into a straight line, and temporarily 
attach it at the marks by means of a piece of string and some tape. It 
should be a tight fit. If it seems too loose, you may have to mark a 
new hole a little farther out on one or two poles than the position you 
have just marked. When you have found the correct points, drill each 
pole carefully with a drill just slightly larger than the wire size. Now, 
pass the wire through the holes, attach the center insulator at the 
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bottom of the ante nna and tighten things up by pus hing the butt ends 
of the poles out a bit in the U-bolts. Don't change the wire length; 
that determines antenna resonance . 

Antenna Polarization 

Antenna polarizat ion depends on how you mount the Demi-Quad to 
the support pole . For vert ical polarization, the center insulator should 
be at the side of the a ntenna . For horizontal polarization, the insulator 
should be at the bottom of the antenna. You can experiment with polari
zation, if you wish, by sw inging the antenna from a horizontal to a ver
tica l position, achieving both vert ical and horizonta l polariz ation at 
the same time whe n the bamboo poles form a ve rtical cross and all 
wires a re tilted at a 45 degree angle . 

The Coaxial Feed System 

As me ntioned before , t he feed line consists of a 50 ohm tra nsmission 
line plus a spec ia l short section of 70 ohm line that acts as a form of 
matching transformer. The 70 ohm line should be cut to a length which 
allows 1 Y2 inc hes at each end t o make connections. The line ends are 
prepared with pig-tai ls, as shown in Figure 2, Chapter 7. Take care in 
making the splice as it is easy to melt the polyethylene center in
sulation of the line with the heat of the soldering gun. To make the 
splice, twist the center conductors together and solder them carefully. 
When cool, wrap the joint with vinyl tape, continuing the tape over the 
polyethyle ne insulation at each end of the splice. The braid pig-tails 
are now ca refu lly twisted together and soldered . The last step is to 
wrap the completed joint with two Jaye.rs of vinyl tape, overla pping the 
wind in gs as you go to make the wrapping waterprooL A liberal coating 
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of waterproofing General Electric RTV-10'2 compound completes the 
joint. 

You are now ready to attach the free end of the 70 ohm coaxial 
matching transformer to the antenna at the center insulator. The line 
should be supported from the center pole so that the weight of the line 
does not pull at the antenna joint. Tape the line to the pole and cen
ter plate. The center conductor of the line is soldered to one end of 
the antenna loop and the outer conductor pig-tail to the other end of 
the loop. The pig-tail should take the strain if the line is pulled. When 
connections are completed, the end of the line is wrapped and water
proofed with R'TV-102 compound. 

Antenna Installation 

The Demi-Quad antenna is quite light and may be handled by one 
small ham even though the wires may have a devilish tendency to 
tangle with nearby objects! If a metal support pipe or mast is used, 
take care that the coaxial line a nd bottom of the antenna do not bang 
against the metal. 

Up she goes! The antenna may be turned by hand (the "Armstrong" 
method) or by an inexpensive TV rotator. Since the pattern of the an
tenna is bidirectional and very broad, it is really only necessary to 
turn the antenna about 180 degrees to obtain complete coverage. Two 
ropes attached to the lower crossarms will easily turn the antenna and 
also hold it in position so that it will not be turned by the wind. 

The Demi-Quad operates across an entire ham band. The SWR may 
be measured with the usual 50 ohm SWR meter and readings will run 
between 1.3 and 1. 7 across a band. The flat surface of the loop is 
aimed in the direction you wish to receive or transmit. 

A Quad Beam Antenna for 6 Meters (Great for FM or SSS!) 

A two element Quad beam antenna provides a power gain of nearly 
8 decibels over the conventional ground plane antenna. This is cer
tainly a worthwhile power boost and is useful in both receiving and 
transmitting. Weak signals will pop up out of the background when a 
beam of this type is used as compared against a ground plane and the 
transmitted signal will "run rings" around the ground plane, too. 

Described in this section is a simple design for a two element, 
vertically polarized Quad beam antenna for 6 meter SSS or FM work. It 
will really bang your signal into a distant repeater or permit simplex 
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Fig. 3 QUAD BEAM antenna provides 8 decibels powe.r gain over 6 meter 
ground plane antenna. Completed beam resembles the design shown in the 
photograph on page 22. Quad lo cps are made of wire strung around a bamboo 
frame. Driven element is fed at the side for vertical polarization or at bottom 
for horizontal polarization. Quad is fed with 50 ohm coaxial transm ission l ine 
at feedpoints A-B. with center conductor of line connected to point A and 
outer shield connected to point B. The line is co iled into an r-.f choke , as 
shown in Figure 4 . 
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operation over a long range. The SSS DXQr, moreover, can use the 
beam for improved sporadic-E DX and long distance ground wave 

coverage. 

Beam Antenna Assembly 

A simple and rugged Quad assembly is constructed of bamboo sup
port arms and a wood center plate, as described in the previous sec
tion. The two element Quad uses two separate loops, one acting as 
the driven element and the other as a parasitic reflector, as shown in 
Figure 3. The directivity of the beam is from the reflector through the 
driven element . The loops are supported by means of a s hort horizonta l 
boom which may be made of either wood or metal. Each loop is as
sembled in the manner described for the Demi-Quad antenna. 

The two element Quad is a true beam antenna and has a unidirec
tional (one way) pattern, showing a good front -to-back ratio. It is 
t herefore necessary to rotate the beam through 360 degrees in order to 
obtain comple te radio cove rage . A heavy duty TV rotator will do the 
job. 

Antenna Assembly 

The Quad loops are assembled in the manner described for the 
Demi-Quad . Note that the reflector loop is somewhat larger in size 
tha n the director loop and the mounting holes for the antenna wires 
are drilled a bit farthe r out on the bamboo poles. It is suggested that 
extra-length poles be used so that the small tips may be c ut off and 
discarded . Bamboo poles, by the way,may often be purchased at bam
boo distributors in large cities, at some rug stores in s maller towns 
and sometimes at garden nurseries and hardware stores. 

The boom should be made of a section of dry 2" x 2" lumbe r, well 
painted to protect it from moisture in the air . " Green " lumbe r tends to 
warp as it dries out, imparting an unlove ly twist to the s ymmetrica l 
Quad antenna. Use dry lumbe r, sand it well, and give it two coats of 
outdoor house paint. 

The center plates of the Quad loops are attached to the ends of the 
wood boom by means of four galvanized stee l angle brackets. The 
brackets are mounted slightly off-center on the boom so that the retain
ing bolts will not interfere with each othe r passing through the boom. 
Do not use wood screws at these joints as they prob ab 1 y will work 
loose in the first wind storm. The completed wood and bamboo struc
ture seems to have about as much ;;truclural strength as a jellyfish. 
However, once the wires are strung in position and made taut, the 
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assemb ly magically becomes strong and amazingly rigid. Believe it 
or not! 

Note that the reflector element has no center insulator and is just 
a complete circle of wire. The driven loop, as in the Demi-Quad, is 
broken by an insulator at the feed point. Positioning this loop will 
determine whether the beam is horizontally or vertically polarized, as 
described in the previous section. 

The final assembly operation is to bolt the loop assemblies to the 
boom. A little pre-planning at this poin~ is helpful , because once the 
Quad is assembled it becomes an unwieldy object. A good idea is to 
place the boom atop a six-foot step ladder to keep the whole a ntenna 
in the clear above ground during the fina l assembly stages. Do not 
lift the Quad by the bamboo arms as this tends to warp the assembly . 

Once the beam is completed, the SO ohm transmission line should 
be attached. The line is connected directly to the antenna ends at the 
center insu lator of the driven loop.No matching transformer is required. 
Previous remarks about waterproofing the end of the line should be 
remembered at this stage of the game. 

The Ferrite R-F Choke Coil 

The 2 element Quad has a good front-to -back ratio and good gain. 
1n order to make sure that the presence of the feedline does not upset 
the electrica l characteristics of the Quad, an r-f choke coil is placed 
in the coaxial feedline. This device prevents r-f energy at the antenna 
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from passing down the outer surface of the coaxial line. Remember: all 
energy must remain inside the line. To make a suitable choke coil , the 
coaxial line is merely passed twice through the center hole of a small 
ferrite core, making two loops of the line about 4 inches in diameter 
as shown in Figure 4. The choke coil is positioned about 8 feet down 
the line from the antenna . After looping the line through the core, tape 
t he coils to the core so that the turns will not move about. It is a good 
idea to fill the inside of the core with cloth and then tape the whole 
assembly as the ferrite material is quite fragile, and may shatter if it 
bangs against the mast on windy days. 

Antenna Installation 

Normally, you'll build the Quad antenna for vertical polarization 
with the feedline brought away at one side of the driven element loop. 
The line should be dressed inwards towards the boom, then along the 
boom to the center support, and then dropped down the mas t to ti.he 
station. Tape the line to the boom to kee p it from flopp ing around in 
the wind. If you use a TV rotator, you'll have to leave enough s lack in 
the line so that the rotor will not twist the line into a knot when the 
antenna turns or be stopped by too short a length of cable. Mount the 
Quad so that the lower wires of the loop are at least ten feet above 
any structure, such as a roof. As with any antenna, best results will 
be obtained with the Quad as high in the air as legally possible, and 
clear of other objects. The SWR on the transmission line will run be
tween 1.2 and 1.6 across the 6 meter amateur band when the antenna 
is in the clear . 

A "LONG JOHN" Yagi Beam for 2 Mete rs 

Dollar for dollar and pound for pound, the "Long John " Yagi beam 
has consistently outperformed other types of beam antennas for both 
local and long distance work on the 2 meter band. Huge antenna arrays 
made up of many individual Yagi beams are used for moonbounce 
experiments and long distance DX by some of the experts in the VHF 
world. 

Here's the des ign for a ·high gain, 2 meter beam made of a luminum 
clothesli ne wire and wood you can build that will out-perform other 
beam antennas costing more than twice as much to buy. Best of all, 
this design requires no adjustment and is sure-fire in performance. 
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Fig. 5 SEVEN ELEMENT YAGI BEAM for 2 meter band provides 11 decibel power 
gain over dipole. Beam may be mounted either horizontally or vertically de
pending upon polarization desired. Dimensions shown are for 144 to 146 MHz. 
For operation over 146 to 148 MHz. all element lengths shou ld be reduced by 
one-half inch. 

The Antenna Design 

A seven element Yagi beam providing about 11 decibels power gain 
over a dipole can be built on an eight foot boom. Shown in Figure 5 is 
an antenna of this type which uses a fo lded dipole, a reflector and 
five directors. Element lengths and spacings are chosen for maximum 
power gain consistent with good coverage of the 2 meter band. Con
trary to most designs, this antenna is fed with a 300 ohm "TV-type" 
ribbon line and employs a simple half-wave balun transformer at the 
station to provide a proper match to most VHF equipment which is 
desi gned to be used with coaxial transmission lines. 

The reason the ribbon line is used is that coaxial line has ap-
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preciable r-f loss at 2 meters, one hundred feet of coaxial line having 
nearly as much power loss as the antenna produces in power gain! 
Changing antenna design so that ribbon transmission line can be used 
drops line loss to less than 2 decibels per hundred feed of line, a 
figure much more reasonable and acceptable! In addition, the ribbon 
line is inexpensive and easily obtained at your nearby TV service and 
repair shop, or many hardware stores. The whole antenna, in fact, can 
be built of material readily obtainable at a large hardware store or 
home service center. 

Antenna Construction 

The antenna support is an eight foot boom made of 2" x 2" dry 
lumber (which actually measures about Ph" x l Y:z" in cross-section). 
Sand down the lumber so that it is smooth and free of splinters. Give 
the boom two coats of outdoor paint or varnish and drill the element 
holes as shown in the illustration. The holes all lie a long the center 
line of the boom and should be drilled on a drill press if possible to 
insure that all elements are parallel and at right angles to the long 
axis of the boom. The holes should provide a tight fit for the aluminum 
wire elements. 

The a luminum wire is now stretched tight ly between two anchor 
points to remove kinks and bends from it. Cut it carefully into element 
sections of the proper le ng ths and carefully round the tips of the 
elements with a file. When they are completed , pass the elements 
through t he holes in the boom, centering t hem properly so that the 
ante nna is square and true to the eye. 

The folded dipole element is made up of a 38" length of 3/8-inch 
diameter aluminum tubing. The ends of the e lement are flattened in a 
vise and dril led to pass 6-32 plated machine screws. The wire portion 
of the folded dipole is made up of short lengths of #14 copper wire 
which are connected between the e lement tips and the insulating ce n
ter block. The wire is spaced 1/2-inch away from the tubing. The cen
ter block and aluminum tube are bolted to the wood boom at the proper 
point and a 300 ohm ribbon line attached to the terminals of the block. 
The beam is now complete and ready for use. 

A word of caution at th is point: Don 't paint the e lements! A coat of 
paint will detune them and reduce antenna gain to a s uprising degree. 
Leave the elements clean and bright and give them a thin coat of 
Kry/on spray from a n aerosol can to keep them from corroding as time 
passes . 
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Positioning the Antenna 

Height is the key to successful VHF antenna operation! Vertical 
polarization is often used on 2 meters for FM operation in many areas 
of the country, whereas horizonta 1 polarization is occasionally used, 
both for FM and SSS operation in other areas. Check and see which 
polarization is in general use in your area . 

The antenna should be supported at the center of gravity by a wood 
mast t hat is long enough to remove the antenna from the metal struc
ture of the tower, TV rotator and nearby objects. For vertical place
me nt, the ribbon line s hould be run a long the boom towa rds the reflec
tor element and taken off from the rear of the ant e nn a behind the 
reflector, otherwise the feedline may tend to distort the good direction
a l pattern of the antenna. If the antenna is mounted horizontally, t he 
ribbon line may drop down directly below the antenna. 

You can mount the antenna on the wood mast described later in 
this Handbook, or a n inexpensive TV-style "slip-up" mast may be 
used in conjunction with a TV-rotator. 

The Balun Transformer 

The conversion from ribbon line to coaxial line is done at the sta
tion, with the aid of the balun transformer shown in the illustration . 
"Balun" stands for balance-to-unba lance, and indicates that a bal
anced, two-wire ribbon line is attached to an unbalanced, coaxial line 
with the aid of a balancing device. In this case, the particular balun 
used also makes an impedance transformation from 300 ohms down to 
about 75 ohms, or so. This provides a good match for RG-59/U coaxial 
line running to the 2 meter equipment. 

The balun assembly consists simply of a 26.S" length of RG-59/U 
line looped back upon itself and connected to the line to the 2 meter 
equipment at the point it joins the ribbon line to the antenna. The line 
to the equipment may be any length, up to 20 feet or so, before line 
loss becomes appreciable. It is good practice to place the bal un near 
the t ransmitter and hold coaxial line length between balun and equip
ment to a few feet. T he balun is connected as shown in the illustra
tion, all outer shields being connected together, and one e nd of the 
balun inner conductor connected to the common junction of the 
coaxial line and one side of the ribbon line. The opposite end of the 
balun inner conductor connects to the opposite wire of the ribbon line. 



156 WIR E BEAM ANTENNAS 

SWR Measureme nts 

This antenna is fed with a 70 ohm coaxial line running from the 
balun transformer to the s tation eq uip ment. An SWR meter can be 
placed in the line to check the operation of the antenna. A spec ia 1 70 
ohm SWR meter is required to make meaningful measurements as the 
common 50 ohm variety is not calibrated for this type of line. At least 
one imported SWR meter is capable of working on both 50 a nd 70 ohm 
lines a nd s uitable designs for VHF style SWR meters for eithe r va lue 
of line im pedance are described in various amateur radio hand books . 

T he dimensions given in Figure 5 are for operation ove r the 144 to 
146 MHz portion of the two meter band. For operation over the 146 to 
148 MHz portion,all e lement lengths should be reduced by one-half inch. 

"A Whole New World ...... " 

A whole new world opens up to your station and your ears when 
you go to a beam antenna . In addition , your signal reports improve 
sharply and you find the DX easier to hear and work! 

A few years ago a friend of the author finally switched ove r from a 
ground pla ne a ntenna to a modest two e 1 e m en t Quad. After a few 
weeks , he reported, " I never would have believed the difference be
tween the two antennas! I've heard and worked more DX in the past 
few weeks than in the previous six months with the old a ntenna. In
stead of getting code practice ca lling stations that ne ve r came back, 
I'm now having fun work ing them!" 

Well, perhaps that is an overstatement. But the majority of success
ful DXers use a beam a ntenna of one kind or another for the highly 
competitive DX aspect of amateur radio. 

The author of this Handbook has written two other Handbooks which 
cover DX beam antennas from A to Z. They are: 
Al I About Cubical Quad Antennas. The Handbook covering Quad 
theory, des ign, construction and operation. This popular book con
tains gain figures for Quads ,. correct dimensions in feet and inche's for 
building Quads, matching and tuning procedures made easy and full 
data on the amazing "Monster Quad", the "king" of OX antennas . 
~earn Antenna Ha ndbook. Theory, construction, design a nd adjustment 
of paras itic (Yagi) beam antennas, including data on popular tri-band 
beams, compact beams for 20 and 40 meters, how to evaluate your 
beam, test instruments a nd how to use them, plus complete data on 
matching syste ms. See back of Handbook for how to order these books . 



Chapter 12 

A Universal H-F Antenna System 

[Cover All Frequencies From 3.5 to 29 .7 MHz With One Antenna!] 

The dipole antenna discussed in Chapter 4 is a half-wavelength 
element fed at the center with a coaxial transmis s ion line. This is a 
great single band antenna but it is not suited to multi-band operation. 

By modifying the feed system the dipole element can be made into 
a truly universal antenna capable of operating on any frequency be
tween 3.5 and 29.7 MHz. T o achieve this wideband characteristic, the 
dipole antenna must be fed with a balanced, open wire transmission 
line operating from an antenna tuner, as shown in figure 1. 

Those experimenters who want a universal antenna that provides 
good results on all h-f amateur bands and can be used for reception at 
any frequency outside the ham bands would do well to conside r this 
interesting, inexpensive antenna installation. 

The Center-Fed Antenna 

The center-fed antenna has been used in one form or another for 
many years. It can be thought of as a long wire antenna having the 
center portion folded back upon itself to form a two wire feedline. Be
cause each half of the flat-top portion is the sa me le ngth, the c urrent 
flowing in the feedline will be balanced, regardless of the opernting 
frequency of the antenna. 

Referring back to Chapter 4, Figure 3, the pattern of voltage and 
current waves shown in that example als.o apply to this center-fed 
antenna, much in the manner shown in Figure 2 of this Chapter. Thus, 
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Fig . 1 UNIVERSAL H-F ANTENNA covers 3.5 to 29.7 MHz . This center-fed 
antenna utilizes a s imple antenna tuner (Figure 3) and open wire feedline to 
cover most of high frequency spectrum. Antenna and feeder lengths are not 
crit ical, and sugg ested lengths are given for ease in tuni ng adjust ments. 
Length (l ) is tip-to-tip measurement of flat -top and length (S) is length of open 
w ire transmission line. Total length of w ire in the line is twice the length (S). 
Length of (l) plus (S) should equal one of the four dimension combinations 
I isted above. 

t he voltage wave is maximum at the ends of the antenna wire and the 
crest of the voltage wave fa lls at the low point of the current wave. 
In addition, t hese two waves are out of phase on the folded, feed line 
portion of the antenna so very little radio ene rgy escapes from the 
feedline. The flat-top a ntenna does all the work! 

It can be imagined that if the frequency of the radio wave applied 
t o this antenna is varied from 3.5 to 29.7 MHz, the result ing voltage 
and current waves will dance about on the antenna and feedline and 
the resulting rat io of voltage to current measured at the bottom end of 
the feedline will change from a very low to a very high figure as the 
frequency changes - - and that's exactly what takes place! In order to 
use the a ntenna at any freque ncy unde r these conditions, it is neces
sary to use a flexible antenna tuner so that the voltage to current rat io 
at the bottom e nd of the feedline can be matched to the ratio demanded 
by the SO ohm trans mission line running to the radio e quipment. 

When the tuner is properly adjusted with the aid of an SWR meter in 
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10 M E TERS 

Fig. 2 VOLTAGE WAVE on universal antenna dances about as the frequency of 
operation is changed. As frequency increases, wave becomes more complex. 
Above example is for flat-top length (L) of 133 feet and feeder length (S) of 
40.5 feet. Other dimension sets are given in Figure 1. 

the coaxial line, a good impedance match between the center-fed 
antenna and the coaxial line will be achieved, regardless of the opera
ting frequency of the station equipment. 

A Practical Antenna Design 

The overall length of the center-fed antenna and the length of the 
feedline are not critical. Some particular lengths will provide a more 
reasonable voltage to current ratio at the antenna tuner than will 
others and when these lengths are used, a less-complicated tuner can 
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Fig. 3 UNIVERSAL ANTENNA TUNER. The four section coil is made from a 
single length of coil stock (lcore Air-Dux 2008 or equivalent). The coil is 2%" 
inside d iameter, 8 turns per inch of 1114 wire. Leave a 6" lead on one end and 
count 32 turns. Break the 33d turn at the center to make leads for L2A and L1A· 
Five more turns are counted and the coi I broken at the 6th turn to make the 
opposite lead for coil L 1Aand lead for coil Lia· Five more turns are counted 
and the 6th turn broken to make the leads for coils L1a and L2B· Adjacent leads 
from the center coi Is are connected to arms of the switch. Coi I clips are Meul· 
ler 1188. Capacitor C1 is Johnson 154-2 or equivalent. Capacitor C2 is Johnson 
154-510 or equivalent. 

be built to do the job. Four suggested antenna and feeder length com
inations are listed in Figure 1 that have been used by many amateurs 
and have proven to do a good job from 80 to 10 meters. Other lengths , 
determined by experime nt, also may work. In addition , the total wire 
length may be juggled back and forth between the antenna and the 
feedline, with little effect upon antenna efficiency. 

As an example, the first set of dimensions listed in Figure 1 call 
for an overall le ngth of flat-top pfos feeder wires of 110 feet . In gen
eral, the more antenna wire in the flat-top and the less in the feeder, 
the better the results will be. A flat-top length of, say, 80 feet may 
be selected to fit the available space, leaving a feeder length of 110 -
80 = 30 feet. On the other hand, if the user is cramped for space and 
the station is located some distance from the antenna site , an overall 
flat-top length of 60 feet may be selected, leaving a feeder length of 
110 · 60 = 50 feet. If, as another example, the station is located rather 
close to the flat-top, a flat-top length of 100 feet may be chosen, 
leaving only a s hort feeder length of 10 feet. 
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This trade-off in dimensions between flat-top and feeder applies 
equally well to the other lengths listed in Figure 1. Try to keep as 
much wire in the flat-top as possible and the shortest length in the 
feeder for best results on all bands , but don't lose any sleep if your 
feed line turns out to be longer than the antenna! 

The Antenna Tuner 

The antenna tuner does the important job of matching the radiation 
resistance appearing at the bottom of the feedline to the SO ohm coaxi
al line running from the tuner to the SWR meter and transmitting equip
ment. Proper tuner adjustment is achieved by observing the SWR 
reading and adjusting the tuner for the lowest SWR value obtainable. 

The schematic of the tuner is shown in Figure 3. Capacitor C1 and 
coil L1 form the primary circuit of th\ s impedance matching unit. 
Switch S 1 permits the two halves of the primary coil to be placed 
either in series or parallel connection, depending upon the antenna 
configuration and the frequency of operation. The pr imary circuit is 
connected to the transmitter through an SWR meter using SO ohm coaxi
al cabl.e (RG-S8/U for power levels up to SOO watts, PEP, or RG-8/U 
for high power). The secondary circuit is parallel tuned and connected 
to the two wire transmission line running to the flat-top. T he secon
dary coils are tapped to allow the widest possible range of adjustment. 
In addition, the transmission line may be tapped on the secondary 
coils at the optimum points. 

Building the Antenna 

An experienced antenna builder will have no trouble with this sim
ple and effective antenna. The first step is to choose the dimensions 
for the flat-top and feeder wires. Since the feeder has two wires, the 
total amount of wire needed for the complete antenna is equal to L + 
2S (Figure 1). Assuming the first listed dimensions are to be used, the 
total length of wire needed will be dependent upon the feeder length. 
Assume the feeder is 30 feet long. Total wire length is 80 feet (flat
top) plus 2 x 30 feet (feeder), or 80 + 60 = 140 feet. Buy lSO feet of 
wire and you'll have plenty to spare. Use #12 or #14 enameled copper 
wire for antenna construction. 

Construct the two wire transmission line first. Use four inch 
spreaders (E.F. Johnson 136-124, or make your own out of 1/2-inc h 
d iarneter lucite rod). 
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Fig. 4 THE EASY WAY to attach a spreader to the l ine wires. A short tie-wire 
is passed through the insulator hole and wrapped around the feeder wire. Ends 
of the t ie-wire are tightened with plier s. 

Figure 4 s hows an easy way to attach the spreaders to the line 
wires. The idea is to wrap a short tie-wire t hrough the ins ulator hole 
and a round the feeder wire which is placed in the inde ntation, twisting 
the ends of the tie-wire with a pliers to tighten the joint. 

One end of each feeder wire is firmly attached to a convenient 
fence, t ree trunk or other anchor point and the wires are stretched a 
bit to remove kinl<s a nd bends. Anchor the opposite e nds of the wires 
a nd place the spacers along the line at 2 foot int ervals , fastening 
them in place with the tie-wires . The comple ted transmission line is 
rugged, but it can gel kinks and s ags if it is not strung up in the air 
out of harm's way until it is attached to the flat -top. 

One end of each wire is soldered secure ly to an antenna section at 
the center insulator of the flat-top and the opposite end of the line is 
led into the station to the antenna tuner. Try to lead the line away 
from the flat-top at right angles to it for 20 feet or so, a nd keep the 
strain even on the wires so that the spreade rs are not forced out of 
position . The free e nd of the line is attached to the output terminals of 
the antenna tuner. You can bring the line in through the window, with 
the aid of two feedthrough insulators mounted in a board in the window. 

Building the Ante nna Tuner 

The a ntenna tuner is constructed in a woode n box measuring 13" 
wide , 10" high and 12" deep. A piece of hard s urface masonite is 
used for the panel. Wood is used instead of metal as the high effici
ency coil may be badly detuned by nearby metallic surfaces(Figure 6). 
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Fig. 5 TUNER ASSEMBLY. Capacitor C1 is at t he left , w ith sp l it-st ator capaci
tcr C2 at right. Paralle l-Series Switch (S1I is centered on Masonit e panel . 
Connections to the tuner are made at fittings mounted on a I um in um plate 
mounted at the right. rear of the wood box. The top of cabinet i s open permitting 
oper ator to make quick adjustments to various co i l taps. 

The two variable capacitors are mounted to the panel, as are the 
selector switch (Sl) and the airwound coil as sembly. The coil is 
spaced away from the panel by two 3" long ceramic insulators. 1'he 
fou r section coil is made from a single piece of coil stoc k, as shown 
in the drawing. Starting from one end of the coil, thirty-two turns are 
counted and the thirty-third turn is broken at the center to make con
necting leads for coils L2A and LlA· Five more turns are counted off 
and the coil is broken in the middle of the sixth tum in the same man
ner, the next six turns are counted off and the end connections to coils 
Lis and L2B are made. When you are finished , the coil will cons ist of 
four windings of 32, 5, 5 a nd 32 turns. 

Mount the coil in position be hind the panel a nd wire the leads up to 
the other various components . The adjacent leads from the two, s mall 
center coils connect to the two arms of rotary switch S lA and St B· 
One outer wire from one small coil goes to the center term inal of the 
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coaxial receptacle, J1. The opposite wire from the other small coil 
goes to the stator of capacitor C 1. The outer leads of the two small 
coils are connected to the contact points of the rotary switch, and a 
jumper is placed across the other two contacts. 

The two large outer coi ls are now wired. The inner ends are con
nected together and the oute r ends connect to the separate stator term
inals of the variab le capacitor, C2. Short, insulated wires are attached 
to the ends of the outer coils to form the adjustable taps A and B. 
The feeder terminals are attached to taps C and D. 

Adjusting the Antenna Tuner 

The tap points on the tuner coils may be set before any tuning ad
justments are made. This saves time and makes the initial tuning 
operation much easier. The primary coil (L1) should be set for 10 
turns for 80 meters, 7 turns for 40 meters, 4 turns for 20 meters, 3 
turns for 15 meters and 2 turns for 10 meters. Secondary coils (L2 a·nd 
L3) are set at equal points so that both coils have the same number 
of turns. Set the taps as follows: 80 meters, 28 turns per coil; 40 
meters, 16 turns; 20 meters, 6 turns; 15 meters, 5 turns; 10 meters, 3 
turns. These tap positions will "get you in the ball park" for precise 
tuning adjustments. Don't be afraid , however, to experiment with dif
ferent tap positions if the tuning process seems to be uncertain. 

Switch S 1 connects primary coils L 1 and L 2 in either series or 
parallel. In general, the coils are series connected for the 80 meter 
band and para lie 1 connected for the higher frequency bands. Set the 
switch in the position for the band you plan to use. Don't be afraid to 
change it if you can 't achieve proper loading. 

The transmitter is tuned up on the desired band of operation and a 
little r-f power is fed into the a ntenna tuner so that a meaningful 
reading may be obtained on the SWR meter. Antenna taps , to begin 
with, are placed close to coil taps A and B (see Figure 3). Adjust 
capacitors C1 and C2 s lowly for maximum transmitter loading and mini
mum SWR indication. Monitor the current meter on the exciter for a 
rise in a mplifier current a nd the SWR meter reverse reading. If you 
cannot obtain the proper readings, it may be necessary to readjust the 
coil taps a turn at a time, always remembering to keep the secondary 
coi l taps symmetrical. When you are close to the proper match, you'll 
have a very low SWR indication a nd you can then start loading the 
transmitter to the proper power level by means of the transmitter output 
loading circuit. After a little practice 1 the complete tuning process 
takes less time to accomplish than it does to read about it. 
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Fig. 6 INTERI OR VIEW OF CENTER-FED ANTENNA TUNER. Tapped coil and 
tuning capacitor permit this flexible tuner t o be used over very wide frequency 
range. Coil turns are indented along one s ide so that copper c lips make good 
contact. Coaxial input receptacle (and spare) are mounted on metal plate at 
rear of tuner. Antenna connections are made to ceramic terminal strip at cen
ter. Box is made of 5/8-inch wood w ith Masonite panel. Tuner works w i th 

almost any l ength flat-top antenna and feeder comb ination on 80-40-20-15 and 
10 meter amateur bands. 

You will find that various tap settings and tuning adjustments give 
a good degree of loading on each band and that the setting of the taps 
and tuning are not critical. With proper settings the transmitter loads 
smoothly, and the exact settings of the tuner should be logged for 
future use. Maximum flexib ility a nd ability to change frequency within 
a band will probably be found when· the tuner achieves final adjust
ment with both tuning capacitors about half-meshed. 

"Odd-Ball " Antenna Lengths 

This tuner works with almost any length flat-top and feeder com
bination, but the experimenter may find some random combination of 
wire may refuse to load on a particular freque ncy. In such a case, a 
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condition of :natch may be established by changing the length of the 
feeders a few feet. It is simpler to add length to the feeders than to 
subtract it, and an auxiliary feeder section three or four feet long will 
probably cure the problem. 

Caution-- High Voltage 

Those amateurs who have neve r used two wire, open transmission 
line with an antenna of this type may be suprised at the very high r-f 
voltage t hat a ppears along the line. Even with low power, r-f potentials 
in excess of 1000 volts may be on the line at the high potential points. 
Because of this, the line should not be touched during operation of 
the transmitting equipment. In add it ion, the line should not be allowed 
to touch nearby objects, especially metal ones. An r-f arc between the 
line and a metallic object severely detunes the matching network and 
may damage the t ransmitter. Properly s us pended in the open air where 
it cannot be touched, this transmiss ion line is very efficient a nd will 
ca use no troubles. 

Antenna Directiv ity 

On the 80 and 40 meter bands this a ntenna exhibits little directivity 
and the radiation pattern is quite broad . If the antenna is very high and 
in the clear, some increase in signal reports may be received broadside 
to the antenna, as opposed to those reports received from stations off 
the ends of the a nte nna. On 20, 15 and 10 meters the antenna exhibits 
some directivity, with maximum signa l reports noticed at an ang le to 
the wire with a slight reduction in reports broadside to the wire a nd off 
the ends. This is normal, as the rad iat ion pattern on these ba nd s some
what resemb les a four-leaf clover. The leaves of the c lover represent 
the radiation pattern and the space betwee n the leaves the nulls of 
the pattern. 

The theoretical directional pattern of the antenna, however, is usu
ally obscured by reflection of the radio signal from nearby houses, 
utility wires a nd hills and the antenna can be considered to be virtually 
nondirectiona l except off the very e nds . Thus, in the United States, if 
the antenna runs in a north-s outh direction, the user can be sure that 
he is cove ring the radio compass and that his signals will reach the 
eager ea rs of the expectant DX stat ions ! 
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TV Ribbon Line 

Figure 1, page 158, describes a universal hf antenna with wide 
frequency coverage which includes the three new a mateur bands. With 
transmitter outputs of 100 watts or less, 300 ohm TV ribbon line may be 
substituted for the open wire line, if desired. To make this substitution, 
dimension S must be modified. First, select the overall length L plus S; 
then, multiply S by 0.82 to compensate for the velocity factor of the 
ribbon feedline. Amphenol or Belden tubular or flat feedline are 
recommended. 

For example, assume L plus S of 177 feet(54 m) is chosen and Sis to be 
40 feet (12.2 m) if open wire line is used. The new length for S will be 40 X 
0.82 =32.8', or 32'9" (10 m. See Chapter 13 for data on ch a nging fractions 
of a foot to in ches and centimeters). Final antenna dimensions, then, are 
L =137' (41.8 m) and S =32'9" (10 m). 

It should be noted that antenna tuning adjustments might change 
somewhat during damp, snowy, or rainy weather when the ribbon line 
has a coating of water or ice. 

Tuning Up on the New Bands 

The Universal Antenna System (pages 157-166) will work on the three 
new amateur bands with no modifications other than the tap points on 
the antenna tuner coils may have to be readjusted. As a starter, primary 
coil Ll is set for 6 turns for 30 meters, 4 turns for 17 meters a nd 3 turns for 
12 meters. Switch Sl is set for parallel coil connection. 

SWR and th e Solid-State Transmitter 

Most modern solid-state transmitters and transceivers protect the 
output stage transistors by sensing the SWR of the antenna system. If 
the SWR is high, the transmitter reduces its output power; the greater the 
mismatch , the more the power is reduced. 

The solid-state transmitter usually shows only a s light reduction in 
power output a t SWR levels less than 2-to-l. Above this value, output 
power drops rapidly. An SWR meter is essen tial in monitoring the 
operation and determining if power output is being restricted by high 
SWR. 

A matching unit placed between the transmitter and the coaxial line 
to the antenna can reduce theSWR figure to a very low value so that little 
or no power is lost. Such a device is shown in pages 109 and 131 of the 
"Radio Amateur Antenna Handbook", published by Radio Publications 
Inc. (See rear of book for ordering information). 



Chapter 13 

Antenna Round-Up 

[All About Baluns, Lightni ng Pr otect ion, Masts 

·· and Lo ts More!) 

This chapter covers a number of important antenna subjects that 
are genera lly ignored in many amateur Handbooks . However, they are 
of prime importance to the station operator. Of great concern to all 
amateurs is the problem of lightning protection, which is discussed 
first. 

Lightning Protect ion 

Over 400 people a re killed each year by light ning according to the 
Census Bureau. Don't let your amateur station make you a statistic in 
this toll! Lightning is the mos t letha l of electric discharges a nd is 
entirely unpredictable. 

Lightning is a tremendous e lectrical spark between clouds, or be
tween clouds and the earth, releasing millions of volts at tremendous 
currents in a fraction of a second. The U.S. Weather Bureau indicates 
that Florida and the Gulf Coast have the greatest number of lightning 
storms per year, followed by the central states. The West coast has the 
s mallest number of lightning storms per year. 

Regardless of whe re you live, don't invite lightning to strike your 
antenna installat ion. A few simple precautions may save your equip
ment, and even your life! 

In rural a reas , barns and houses have been protected from lightning 
for many years by "lightning rods" which seem to provide a "static 
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Fig. 1 LIGHTN ING ARRESTOR FOR COAXIAL LINE i s important antenna com
ponent for all amateur stations. This smal I unit has prec ision, built-in spark 
gap that drains accumulated static charge on antenna to ground. 

electricity drain" so that e 1 e ct r i city in the air may pass safely to 
ground. This makes the immediate area around the rod less conductive, 
thereby diverting a potential lightning stroke to an area of greater con
ductivity. To accomplish the same result, your tower and ham antenna 
should be grounded directly, or fitted with some sort of an air-gap 
lightning a rrestor. This device has a very small gap built into it be
tween the center conductor and t he shield of the coaxial line a nd , 
when electrical charges build up in the atmosphere around the antenna, 
small sparks jump the gap and drain the accumulated charge to ground 
(Figure 1). This type of arrestor is especially important for use with a 
ground plane antenna whose active element projects high in the air 
above the ground plane elements and is thus exposed to a direct hit 
from lightning. 

Grounding Your Coaxial Line 

While it may not be necessary from an r-f point of view it is impor
tant as a matter of safety to ground the coaxial line running from your 
antenna at the station end. Do this by means of a heavy strap attached 
to the outer, braided jacket of the line and runnin g to one or more 
ground rods driven six or more feet into the soil. Rugged, aluminum 
grounding wire may be used, as discussed in the next section. In ad
dition, when a lightning storm approaches the station, it is wise to 
disconnect the transmission line from your equipment and to remove 
the line from t he vicinity of your station. 
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The ground connection insures that zero voltage exists between 
equipment and ground under normal operating conditions. This is im
portant as a safe ty measure as it limits the volta ge on the cabinet, 
microphone and coaxia l line to a safe value , thus reducing inadvertent 
shock hazard. The ground connection, fina lly, provides an easy path 
to ground for s tat ic elect ricity a nd for electr ic c urrents resulting from 
certain equipment faults and s hort circuits. And, as mentioned before , 
the ground connection provides a static electricity drain . 

If you are unlucky enough to s ustain a direct lightning hit on your 
antenna no devices or arrestors will save the installation . The antenna 
and feedline will be heavi ly da maged or vaporized a nd the equipme nt 
ruined. You don't want to be in t he vicinity when that happe ns ! 

Play safe! Use a lightning arrestor in your coaxial line to bleed 
small static charges to ground . Use a good externa l ground on your 
coaxia l line . Finally, when a lightning storm approaches, disconnect 
the line fr om your equipment and, if possible, remove it from your 
house . Have respect for lightning and it may have respect for you! 

The National Electric Code (NFPA #70) adopted by the National 
Protection Association (section 81 0-26) recommends that the grounding 
conductor for transmitt ing and receiving equipme nt should be con
nected to a metallic underground water piping system (the cold water 
pipe) or a metal ground rod driven at least six feet into the earth. The 
ground wire should be tl4 gauge copper or aluminum fastened s ecurely 
to the equipment at one end a nd the ground rod or piping system at the 
other. The ground lead should be as short as possible. 

It s hould not be ass umed that your metal tower or mast is grounded 
if it is resting on the ground or on a concrete pad. A long ground rod 
should be driven into the soil a nd the tower or mast connected to the 
rod with a heavy ground wire, or strap. 

Build A Fe rrite Balun Transformer 

A balancing transformer (balun) is a transformer for converting a 
bala nced electrical system to an unbalanced system, or vice versa . 
Balun transforme rs come in a ll sizes from the mid get "ladder trans
former" used with television antennas to giant multi-kilowatt units 
used in broadcasting stations. 

Baluns a re useful in antenna systems whe re it is desired to feed a 
balanced antenna with an unbalanced (coaxial) line. A balanced anten
na is a symmetrical one that has two feed points, ne ither one of which 
is grounded. Dipole and nondirectional ante nnas, e ve n if balanced, 
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Fig. 2 FERRITE CORE BALUI\~ TRANSFORMER is 
used to convert a balanced antenna system for 
use with a coaxial I ine. This inexpensive balun 
consists of three windings of #14 enamel cop
per wire wound on a ferrite slug. See Figure 3 
for winding details. Balun should be mounted at 
the antenna terminals in a waterproof contain er. 
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generally do not require the use of a balun as its use usually does 
not make any great improvement in antenna operation. In the case of 
high gain beam antennas, however, the use of a balun is recommended. 
If the balun is not used, the SWR on the transmission line may rise, 
the SWR reading may be inaccurate, or the polar pattern or front-to
back ratio of the beam may be seriously affected. Feed line interaction 
of this sort is termed antenna effect and is most noticeable on a rrays 
having high gain and good front-to-back ratio. 

Placing a balun transformer between a coaxial feed line and a bal
anced antenna (at the antenna) permits the coaxial line to perform its 
proper duty, that of trans porting radio energy from one place to another 
and prevents it from becoming part of the antenna itself. 

A balun, or course, may be used with the various dipole antenna 
designs shown in this Handbook, but its use is not mandatory . 

Building a Practica 1 Balun 

A simple balun transformer you can build is shown in Figure 2. 
It will match a balanced antenna to a 50 or 70 ohm coaxial line with
out disrupting the SWR on the transmission line. Power handling capa
bility of the balun is about 600 watts average power on the 80, 40 and 
20 meter ba nds; 400 watts on the 15 meter band and about 250 watts on 
the 10 meter band. The balun consists of three windings placed side 
by side on a short, ferrite core. This type of winding is called a 
trililar winding. 
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Fig. 3 WINDINGS FOR FERRITE BALUN. Three parallel windings are placed on 
the slug. Windings are wound on as one wire. Center winding is cross-con
nected to the opposite ends of the outer windings. with common connection to 
outer braid of coaxia I line. 

The balun shown in the photograph cons ists of three coils, each 6 
turns of #14 enamel wire wound on a Q-1 ferrite slug. The ferrite slug 
is Yi-inch in diameter and about 31,4 inches long. It is a section of an 
Indiana General CF-503 slug which is 7Yi inches long. The ferrite is 
broken to length by nicking it with a file around the circumference at 
the desired length and breaking it with a sharp blow. Here is how you 
make the special windings: 
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The s implest way to do the job is to make the three wind ings as 
one. Cut three pieces of #14 enamel copper wire, each about 3 feet 
long. Place one e nd of the wires in a vise and smooth out the sections 
until they are para lle l. Gras p the free ends in your hand a nd wind them 
side-by-side on the ferrite core as if they were one wire. Wind the 
wires under tension and they will remain in position. When you are 
finished , dress the leads away from the core as shown in the photo
graph. 

You'll note that the center winding is cross-connected to the op
posite ends of the two outer windings (Figure 3). Either end of the 
balun may be ta ken as input or output, but the common connection be
tween t he inner a nd outer winding at the end you choose as the input 
end must be taken as a ground point and attached to the outer shield 
of the coaxia l line. 

Cut the ends of the inner winding to length , scrape off all the 
ename l and make the solder connections to the outer windings, as 
s hown in the photograph. A drop or two of coil dope, Krylon or nail 
polish may be put on the ends of the windings to anchor them to the 
core. Do not coat the windings themselves with any material as this 
tends to upse t the balance of the transformer. 

You s hould protect the balun from the ravages of the weather. This 
can be done by placing it within a plastic bottle and coati ng the en
trance holes with General Electric RTV-102 or other waterproofing 
compound. 

Using the Balun 

The balun is placed at the center point of the antenna between the 
coaxial line and the antenna connections. Note that the balun is s ym
metrical end -for-end; that is, either end may connect to the antenna or 
to the coaxia l line. The important point to remember is that the shield 
of the coaxial line must connect to the junction of the center and inner 
balun windings and the inner conductor connects to the"free"winding. 
This is shown in the drawing but some amate urs ignore this important 
point. If the connect ions are accidentally reversed, the balancing 
action is lost. 

Meas uring R-F Loss in Coaxial Line 

The efficiency of your coaxial line may be determined by measuring 
the line loss at your operating frequency. You can do this by merely 
short circui ting the far end of your coaxial line and measuring the 
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standing wave ratio with your SWR meter. If there is no line loss what
soever, the SWR reading will be infinite (full scale), indica ting that 
the reflected wave is equa l in a mplitude (s ize) to the incident wave . 
In a real-life situation, of course, this is not the case, and the SWR 
reading under the test condition will be les s than infinite, due to line 
loss. 

In order to make this measurement, the antenna termination is re-
moved from the far end of the transmission line and the outer shield is 
firmly shorted to the inner conductor of the line. A small amount of 
power is applied to the line through the SWR me ter. The meter is ad
justed for full scale reading on the "forward" position, and the meter 
switch is t hen thrown to the "reverse" position. The line loss may 
then be computed from the reverse reading and the chart in Figure 4. 
ff, for example, t he SWR turns out to be 4.5, the cable loss (attenua
tion) is 2 decibels . This means that your coaxial line is about 63 per
cent efficient, and that 37 percent of your transmitter output power is 
being lost in the line . If the SWR reading, on the other hand, is 9; 
then your line loss is only 1 decibel and your line is about 80 percent 
efficient. 

The Soldering Gun 

For general work on coaxial lines and connectors, a dua l heat (145-
210 watt), medium s ize soldering gun is recommended. Don't use a low 
wattage "penci l iron" for antenna work, as this tool doesn't have the 
wattage to properly heat the coaxial plugs and fittings which have a 
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great deal of thermal mass . A large, high wattage s oldering gun, on the 
other hand, can overheat coaxia l cab le and melt t he inner ins ulation. A 
gun in the 140 t o 25 0 watt range s eems to be best for all-around anten
na work. 

If the soldering gun is new, read t he ins tructions a nd pre pa re the 
tip for use . If the gun is old and the ti p is d irt y or has had a lot of 
use, prepa re it by filing it with a fine fi le unti l the working surface is 
shiny. Then heat the gun and coat the tip with rosin core solder . Never 
use ac id core sol der, soldering pasle or fl ux a s the chemicals can 
quic kly ruin the gun tip and the equipme nt you are working on. 

The J oint 

When the gun is ready to be used, the joint should be prepared for 
soldering . The two metals to be joined should be completely clean. 
Remove al l d irt, e namel , s cale or oxidat ion by s anding or scra ping 
down to the clean met a l. Insulation may be removed fr om wires with 
the blade of a poc ke t knife. (Ma ke s ure you do not nic k the wire ). 

T he first s tep is to tin the meta l s urfaces . Hold the hot t ip of the 
gun agai nst t he metal until the solder me Its a nd flows onto the clean 
materia l. When prope rly tinned , the metal should be covered with a thin 
coat of solder, and the excess s older will flow onto the t ip of the gun. 
Apply t he solder t o the joint, don ' t try to bring it to the joint on t he 
t ip of the gun. 

Whe n you a re worki ng with two wires , or wire leads, you should 
make a good mechanical joint betwee n t he parts being soldered . An
tenna joints should be well wra pped before solder ing to overcome the 
stresses and strains in the wire under the continuous action of the 
wind. 

The final s tep is to apply the solderi ng gun lo t he connection. Hold 
the tinned surface of the tip agains t the joint and let it come up to 
temperature. Whe n it reaches the proper le ve l, solde r a pplied to the 
joint will flow quick ly and smoot hly over the joint. Never try to s olde r 
by applying solder to the iron a nd then to the joint, or by applying a 
lump of solder to the joint and then pressing it down with the gun. 

A litt le ex perience will teach you just how hot t he joint should be. 
H it is not hot e nough, the solde r wi ll have a gra iny appearance and 
the joint may sna p a part . This is ca lled a cold solder joint. If the 
joint temperature is excessive , you may da mage the compone nts you 
are worki ng with, or melt the inne r insulation of the coaxial ca ble . 
Most beginners err on t he s ide of cold joints, a s t hey are impatient and 
do not take the time to let the joint come up t o the proper temperature. 
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Soldering Outdoors 

Soldering connections on an antenna installation in cold weather 
can be an exasperating experience as the cold air robs the soldering 
gun of heat at a very fast rate. To overcome this, the easiest way to 
bring the antenna joint to the proper temperature is to have an assis
tant with a second soldering gun at hand. The application of the 
second gun to the joint for a few moments will quickly bring the con
nection up to soldering temperature. 

What About A Mast? 

If you don't have a sturdy tree, flagpole, barn or house nearby to 
which to attach your antenna, you will have to put up a wood or metal 
mast. Don't lose heart -- you can build a rugged, inexpensive mast 
without muc h trouble which can be put up in 15 minutes by two or three 
people. (Note: Nev er attach your a ntenna to a telephone or electric 
utility pole because of the danger of electrocution from a fallen wire). 

There are two types of masts to consider: (1}- Telescoping TV 
Mast - while intended to hold a TV antenna at heights of 20 to 50 
feet, these masts can be used to bold up a ham wire antenna providing 
they are properly guyed. This style of mast comes in 10 foot sections 
of 18 and 20 gauge wall tubing and is hot-dip galvanized. The mast 
must be guyed well, at least every 20 feet and better every ro feet, 
because without adequate guys. the mast has the s trength of a piece of 
wet spaghetti. If a top guy breaks, the mast crashes down in a twisted 
mess which looks like modern sculpture! (2}- Wood Mast of 2x3 Spruce
a more rugged and satisfactory mast can be made of three 20 foot 
lengths, and one 10 foot length of 2" x 3" lumber. The best kind of 
wood to use is straight Sitka spruce without knots or splits ; this is 
not always easy to obtain but it is light and strong whereas other 
woods are heavier and less strong. The next best is straight-grained 
Douglas fir, or hemlock. All the sections should be carefully selected 
for as few knots as possible, and be straight (many 20 foot lengths are 
badly warped). 

Building the Mast 

Construction details are shown in Figure 5. First give all sections 
a primer and two finishing coats of first quality outside house paint 
(follow the instructions on the can). Many hams select a dark green, or 
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Fig. 5 EASY-TO-BUILD WOOD MAST holds your sky-wire 42 feet in the air. 
Mast is made up of two 20 foot sections of 2 x 3 spruce. Bottom part of mast 
is bolted to ground post sunk in the soil. Post is 1Mapped with aluminum foil 
to protect it from ground water. Two sets of guy w ires insure that mast is stable 
and will withstand heavy winds. 

brown , paint color so the mast blends in with the background and is 
less conspicuous. 

Cut 3 feet off the 10 foot sect ion to make the 7 foot ground post. 
Or, you can use the entire 10 foot section if you want your mast 43 
feet high. (This additional height makes the mast a bit more difficult 
to erect because of the extra weight). After painting the ground post , 
wrap the bottom 31/i feet of it with 3 to 4 layers of heavy duty aluminum 
oven wrap, using vinyl tape to seal each wrapping. This is a great new 
way to keep ground water and moisture from eve ntually rotting the 
length in the ground, and is vastly superior to creosote and other al
leged rot-preventatives. 
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Fasten a high quality pulley at the t op of your mast by wrapping 3 

or 4 turns of strong wire through the pulley fitt ing and around the mast. 
Put in tw6 long, thin wood screws below the wire to prevent it from 
s lipping d own your mast. Don 't drill a hole in the mast to anchor the 
pulley and don't use an eye-bolt: these sc hemes weaken the mast a nd 
can lead to it breaking at the top. Guy wires should also be wrapped, 
not fastened through holes drilled in the mast. 

Put the rope halyard through the pulley at this point and tie the 
ends of the rope together to preve nt los ing the halyard up the mast. 
Losi ng a halyard is a tragedy of the first magnitude.(Yes , it has hap
pened to Unlucky Pierre!) 

After the sections have been painted,fasten them together as shown 
in F igure 5. Drill the holes for the 6" x Yi'' galvanized bolts and bolt 
together a ll the sections, us ing washers under the nuts. Nail the sma ll 
2" x 3" block in the middle of the cente r sect io n to hold spacing 
consta nt. 

Take up tightly on the two top bolts since this portion is in final 
form. Re move the two bottom bolts a fter making sure they s lide in and 
out easily. Place the aluminum-wrapped bottom of the ground post in 
the hole you have dug. F i ll in and tamp the earth around the post, 
using a level to keep it vert ical (a tilted bottom section means a 
tilted mast ). 

Secure the top guy wires by wrapping the wires around the top of 
the mast (don't drill any holes!) and over the screws which prevent 
the wires from sliding down. Stranded a luminum wire is recommended 
for guys. Next, fasten the three ce nte r guys where the top sect ion 
joins the middle section, wrapping the wires around the mast. 

Raising the Mast! 

Now comes the event you have been waiting for, which is sure to 
produce some anxious moments! It's time to raise your c reation! Un
less there is a handy building or t ree behind the mast from which an 
assistant can pull on the back guys to help raise it, you will have to 
"walk up" the mast. First you use a rm power , then a tall s tep ladder 
to rest the mast on, and finally a nothe r piece of 2" x 3" wood about 
15 feet long with a U-fitting on t he end (so it won't slide off the mast) 
to push the mast upwards whe n it is too high for anyone to reach. lf 
there a re a ny extra warm bodies around, have them hold the side guys 
to minimize swaying (wives and girl friends are useful he re). Caution 
all helpers to remain silent. Jawbone increases the weight of t he mast 
beyond be lief ! 
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When the mast reaches a 45 degree angle, bending alarmingly and 
waving all over the sky, you will swear it looks 100 feet high and 
think, "We'll never get this thing up ... .. " You are 1003 norma l -
everyone thinks that a t this crucia l point! 

However, with one tall, strong ha m pushing upwards on the 2" x 3" 
pole, another standing at the ground post and pulling upward -- beads 
of sweat on his honest brow -- and ready to ram home the second boll 
(B) which holds the mast vertical --v ictory is a t hand! 

Suddenly you are astonished -- the mast is up! Shove in the retain
ing bolt, tighte n all nuts, secure the guy wires , and you are in busi
ness ! Attach the ha lyard to the insulator and haul up your miracle 
antenna. The first station you call will give you S9 plus 20 db , for 
sure! 

What About Guy Wires? 

Guy wires must be used with wood masts and with te lescoping TV 
masts; in fact, it is wise to use rugged guy wires with any but the 
strongest type of mast as a safety measure. Guys should be broke n 
every 10 feet with guy wire strain insulators (egg insulators) to pre
vent unwanted electrical resonances in the wires. 

To provide proper support for a mast, three guy wires are spaced 
120 degrees around the structure at the mid-point. Two back guys are 
s ufficient at the t op, spaced about 70 degrees apart and p u l l in g 
against the taut a ntenna halyard which acts as the third guy. A 40 
foot mast should be guyed at the 20 foot level, and, of course, at the 
top. 

Guys should be made of wire and not of rope. Heavy, stranded 
aluminum wire , available at most hardware stores, is easy to work 
with, stretches very little and is inexpens ive. Copper-clad steel wire, 
copperweld and hard-drawn copper wire are satisfactory but very d iffi
cult to work with; if you use any of these, be extremely careful in 
working with it as a free e nd may suddenly spring loose, s nap around 
and hit you in the face! Careful! Soft-drawn copper wire, on the other 
hand, ·stretches badly under tension and should never be used. Gal
vanized steel wire is OK for perhaps two years but eventually rusts 
and must be replaced. 

Do not use rope of any description for guys. It is not as strong as 
wire and it stretches and s hrinks to excess . Fiberglas line is not 
satisfactory for guys, either. Be certain your guy wires do not become 
kinked as this weakens the wire and can result in it breaking. 
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Use large turn!;>uckles at the ground end of the guys so that you 
can easily adjust the pull of the guys to keep your mast plumb. Your 
guy wires should be pulled taut but not drum-tight. For safety's sake, 
pass a safety wire through the turnbuckle so it will not work loose in 
a windstorm! Remember, too, that galvanized turnbuckles eventually 
rust; oil your turnbuckles several times a year to increase their life. 

Halyards should be replaced every two or three years before they 
wear out to forestall the grief of having to lower your mast to place 
a new halyard through the .pulley . 

The Halyard You Select Does Matter! 

A wire antenna should be raised into position by using rope hal
yards. The halyards are tied to the insulators at each end of the 
antenna, run through pulleys on the mast or support, and then down to 
the ground. This permits you to raise and lower your antenna easily 
from the ground for adjustments and maintenance, and perhaps to put 
up a new kind of antenna later on. Do not fasten the antenna directly 
to a tree or house by simply tying a rope or wire to the support so that 
you cannot raise and lower it from the ground . This may save a few 
minutes in erection but it produces hours of frustration later! 

When erecting your antenna, tie the two free ends of the halyard 
together so that one end cannot run up and through the pulley, causing 
all manner of grief! 

Manilla rope, or the more expensive Dacron line, should be used for 
halyards; do not use ny Ion line as it stretches badly and causes your 
antenna to sag constantly (it is also expensive). It pays to use 3/8-
inch line instead of 1/4-inch line , too, because of the added strength, 
ease of handling and reliability. Be sure your pulleys are large enough 
to permit the line to run freely through them; rope swe Us in rain a nd 
sleet and if the pulley fit is too tight to start with, you'll experience 
difficulty in lowering your antenna wh~ n the rope is damp. Many is the 
ham who discovered that the only way to get his wire antenna down 
after a heavy rain was to pull hard on the feedline in the center of the 
antenna -- not recommended procedure! Finally, don't use cheap ga l
vanized pulleys as they eventually rust and become inoperative . Use 
good quality marine-type pulleys of brass or bronze . 

What About Wire Halyards? 

The thought may cross your mind, "What about using wire instead 
of rope for the halyards? Wire doesn 't shrink." 
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Fig. 7 COUNTERWEIGHT allows rope 
halyard to shrink in rain w ithout 
snai:ping antenna wire. The best 
counterweig,t is a laundry bucket 
filled with rocks. When antenna is 
tossed about in a heavy w ind, the 
counterweight rides up and down 
and much of the movement is ab
sorbed by t he weight, leaving t he 
skywire relatively calm. 
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Hight, it doesn't, but there are compelling reasons why it is best 
not to use wire halyards, despite the fact that a few amateurs do use 
them: 

1)- Wire is difficult to work with and hard to pull taut. 
2)- Wire can jam between the side of the pulley and the pulley 

wheel. When this happens at the top of a 40 foot wood mast 
you have a problem -- to state it in its mildest terms! 

3)- Stainless steel wire is expensive; copper stretches, other wire 
quickly rusts. 

4) - Wire halyards may interfere with the proper electrical function
ing of your antenna since under certain conditions the halyards 
can be coupled to the antenna and alter its electrical length. 
This is bad news! 

The answer is clear: do not use wire halyards. 

The Wisdom of Us ing Counterweights 

At the ground end , the rope halyard should not be tied around a tree 
trunk, branch, cleat or other tie-point, despite t he fact that many hams 
do this. (Thousands of ham antennas fall down every year, too!) In
stead, the halyard end should be secured to a counterwei{Jht of some 
sort which is suspended a few feet off the ground (Figure 7). 

The reason for using a counterweight is so that when the rope hal-
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yard shrinks in rain, s leet or snow, or when the antenna and its sup
ports are tossed about in high winds, the antenna wire will not be 
stretched or snapped , or the halyards become drum-tight and perhaps 
break under the stress. After two days of rain, a 100 foot length of 
manilla line can shrink as much as 5 feet! As the rope shrinks , the 
counterweight simply rises further above the ground and the antenna 
maintain s its proper tension. Later, when the rope dries out and 
lengthens, the counterweight sinks toward the ground, keeping the 
proper pull on your antenna. 

The Best Counterwe ight 

The best and easiest way to make a c ounterwe ight is to use an 
ordinary laundry bucket and fill it with enough rocks to keep your an
tenna at its proper height. Drill a few holes in the bottom of the bucket 
to let rain water drain out . 

Old-style sash we ights from w ind ow s are sometimes used as 
counterweights but they a re difficult to fasten to a ha lyard a nd it is 
not easy to take off, or add, weight. 

The counterweight is a safety measure if you have one end of your 
antenna attached to a tall tree, since the tree will often sway wildly 
in high winds and jerk your antenna all over the sky. With a counter
weight a t one end of the a ntenna , much of the moveme nt is absorbed 
by the weight, leav ing your skywire relatively calm and safe . 

Remember: a little thought, time and care spent in selecting your 
halyards, pulleys, antenna supports and counterweight will pay you 
dividends over many years of operating! 

Check Your Antenna With an SWR Meter 

The SWR meter is a n inexpensive and ha ndy instrument t hat can hel p 
you determine the actua l operation of your antenna. When your new 
antenna is erected, how can you be sure it is resonant and operat ing 
properly? If the choice DX station comes back to some other loca l 
amateur, is it just a matter of bad luck for you, or is your year-old 
antenna at fault? When ] oe Blow can hear the weak DX signals a nd you 
cannot, is it poor ba nd conditions, or has your five year-old antenna 
fina lly "given up the ghost?" 

Comparing your signal re ports with those of nearby amateurs may be 
fun but it provides little know ledge or reassurance to the serious am
ateur who wonders if his antenna is working properly. 

The SWR meter can tell you a lot about your antenna. If you log the 
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SWR readings and re-check them every six months or so, you have a 
running antenna his tory that will te l l you when someth ing goes wrong 
with your sky-wire. You can make up an SWR curve of the type shown 
in Figure 5, Cha pte r 6 in a few minute's time. The SWR curve will pro
vide a quick picture of a ntenna resonance. A running c heck of antenna 
operation can be made over a period of t ime and any large deviation in 
the curve means tha t something has happened to your antenna system, 
and you had better look for trouble. A broken joint, a defective feed line , 
a high resistance joint or a short circuit can cause a quick jump in the 
SWR reading. If you know what the SWR curve is supposed to be, a ny 
deviat ion from it will be apparent whe n you repeat your check of the 
origina l results. 

Ma ke Your Own SWR Charts 

It is easy to m ake up a universal SWR chart for a ny amateur band 
with the aid of a copying machin e. A master chart is drawn up. The 
horizontal axis is the frequency range of measurement, plotted every 50 
kHz. The vertical a xis is the SWR reading (reverse). Leave space on the 
chart to make a s ma ll drawing, or write a description, of the a ntenna and 
the date of measurement. This is useful data in the coming days when 
you m ay wish to rerun a particular test, or check on the operation of the 
anten na. 

T he vertical axis is plotted up to a n SWR value of 2.5 . In genera 1, 
mos t amateur antennas exhibit SWR va lues less than this, with t he mini
mum SWR reading observed at the resona nt frequency of the antenna. As 
the measurement frequency is moved away from the resonant frequency, 
the SWR indication will rise . 

It is convenient to start t he tests at the low frequency end of the 
band in use. Since you have to feed r-f power through the SWR meter to 
the antenna to ma ke a measurement , it is a good idea to use the mini
mum amount of power possible and to run the tests at a time of day 
when the band is not heav ily popula ted, otherwise you can cause un
intentional interference to other stations while you a re making your 
measurements. 

Assume you a re making a n SWR chart for a 20 meter a ntenna. The 
first ste p is to tune your transmitter to 14,000 kHz, or s li ght ly higher 
in frequency to make s ure you are inside the band. The SWR meter is 
placed in the coaxia l line to your a nte nna in the normal manner. By 
means of carrier insert ion or C•W operation apply a fe w watts of r-f 
power to the SWR meter -- just enough to obtain a full scale forward 
reading on the meter when it is adjusted for maximum sensitivity. T hrow 
the meter switch and read the reverse indication. Make a point on the 
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graph to indicate the SWR reverse reading for the 14,000 kHz frequency. 
Next, retune the transmitter to 14,050 kHz a nd repeat the test, log

ging the reverse SWR read ing on the c hart, as before. Repeat this test 
every 50 kHz across the band, up to 14,350 kHz, logging each reverse 
SWR reading at the proper point on the graph. When you have compl'eted 
the frequency run, draw a smooth line through the SWR points you have 
marked on the graph, and your SWR curve is complete. 

If you have made accurate readings and if your antenna is working 
properly you should have a smooth curve, very much like the examples 
on page 68. The minimum point of the curve is the resonant frequency 
of the antenna system, which should occur near the center of the ama
teur band. The SWR curve should rise smoot hly a nd gradually on each 
side of the resonant frequency. For most a mateur ante nnas, the mini
mum reverse reading at resonance is be low 1.5 and the maximum 
reverse readings at the band edges range around 2.5, or possibly 
slightly higher. In the case of a short, loaded whip antenna or a Mar
coni antenna for 160 or 80 meters , t he minimum value of SWR is apt to 
be higher than these values, but the general shape of the resonance 
curve remains about the same. 

If the point of minimum SWR is too low in frequency, it indicates 
that your antenna is probably too long. On the other hand, if the point 
of minimum SWR is too high in frequency, it indicates that your antenna 
is probably too s hort. As long as t he frequency of minimum SWR reverse 
reading falls near the center of the band, the antenna length is close 
enough for proper operation. 

The most accurate SWR readings are obtained when a balun or other 
balancing device is used between a balanced antenna a nd the coaxia I 
line and when the transmission line is brought away at right a ngles to 
the antenna wire so that there is no interaction between the field of the 
antenna and the line . 

The SWR meter is a convenient and informative device to monitor 
antenna operation and you s hould check your a ntenna out every six 
months or so. Learn to use your SWR meter. It helps you to kee p your 
antenna in tip-top operating condition! 

The Radial Ground Wire Revisited 

Confusion may ex ist a mong s ome amateurs as to the operation of the 
rad ial ground wire and the necessity of having a good radio ground con
nection. As one amateur asked, "What's wrong with an 11 foot long 
ground lead? Why should I use a radial ground wire?" 

The reply is that if a ground lead running from radio equipment to an 
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external ground is an appreciable fraction of a wavelength long at the 
operating frequency, it is an ineffective radio ground. The ground lead, 
regardless of length, will serve as an electric ground against shock and 
as a lightning ground to conduct static discharges to earth, but its use
fulness as a radio ground is impared by length if it is more than ap
proximately 0.05 wavelength long. For 20 meters, as an example, an 
effective ground lead should not be more than 3'h feet long! For 80 
meters, because of the longer wavelength, the ground lead can be as 
long as 13 'h feet and still be effective . Long ground leads are inef
fective because they offer too much impedance between the equipment 
and the ground and in fact may be counter-productive, causing r-f feed
back and mysterious TVI problems. 

Since a short ground lead may be impractical, the best alternative 
is to use an artificial ground. Many broadcast stations employ an ex
pensive and large buried radial screen for their ground connection. The 
less-affluent amateur can achieve the same result by using a resonant 
radial ground wire, such as discussed at length in this Handbook. If the 
far end of the resonant radial ground wire is left unconnected, the near 
end will automatically assume a very low potential to ground. When 
connected to the radio equipment it simulates a low impedance radio 
ground connection. However, for shock and lightning protection, the use 
of a ground lead to an external ground in addition to the radial ground 
wire, is mandatory. 

Antennas for the 3 New High Frequency Bands 

Three new high frequency bands were allocated to the Amateur 
Service at the World Administrative Radio Conference, Geneva, 
Switzerland, in December, 1979. In addition, WARC provided new 
amateur satellite bands, exclusive frequencies in some shared bands, 
and other amateur band modifications. This progress resulted from 
years of preparation by the International Amateur Radio Union and the 
American Radio Relay League, assisted by other amateur societies, 
hundreds of volunteers and support from our own and other key 
governments. 

The new hf assignments are: 30 meters (10.1 to 10.15 MHz); 17 meters 
(18.068 to 18.168 MHz); and 12 meters (24.89 to 24.99 MHz). 
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Antenna Dimensions 

The formulas to determine the length of a halfwave wire antenna are: 

Antenna length (feet) = 468 
f(MHz) 

Antenna length (meters) = 143 
f(MHz) 

Thus dipole a ntenna lengths (halfwave) for the new bands are: 30 
meter band- 46'3" (14.1m);17 meter band--25'10" (7.87m);12 meter band-
18'9" (5.72 m). 

The formulas for a quarter-wave ground plane antenna are: 

Antenna or radial length (feet) = 234 
f(MHz) 

Antenna or radial length (meters) = 71.5 
f(MHz) 

Accordingly, lengths for the new bands are: 30 meter band--23'0" 
(7 .0 m); 17 meter band--12'11" (3.9 m); 12 meter band--9' 4" (2.8 m). 

Scaling Antenna Dimensions 

Simple wire a ntennas may be scaled to a close approximation from an 
existing band to a new band. The following multiplication factors apply 
for the new a mateur ba nds: 

20 meter dimensions x 1.40 
15 meter dimensions x 1.17 
10 meter dimensions x 1.15 

= Dimensions for new 30 meter band 
Dimensions for new 17 meter band 
Dimensions for new 12 meter band 

These scaling factors apply to half and quarter-wave dimensions and 
to matching stubs. 

For example, a 20 met~r dipole is 33'1" long. It is desired to scale it to 
the 30 meter band. Accordingly, 33'1" equals 33.08' (see Figure 9). Thus 
33.08 x 1.40 = 46.31 ',or about 46'4". This agrees within one inch of the 
length computed by formula. Remember the new bands are quite narrow 
in frequency a nd an antenna cut for the center of the band will function 
well over the whole band. 
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LENGTH 3 0 M ETER BAND 17 METER BAND 12 METER BAND 

FtE T (METERS) (10. 1- 10. l>MHZ. l ( I 6 . 08 8 - 18. 168 MHZ.) ( 2 4 . 89 - 24.99 MHZ.) 

FR!:E SPACE •a· 1- ( 14,8 2 M ) 
H ALF·WAVE 

z7 • 2 • ( 8 . 29M ) I CJ' 9 ... ( 8 . 0) " l 

H A L F -WAVE 40' , .. ( 14 , 1 M ) U ' 10'( 7. 8 7 M ) 1 8 ' 9 • ( >.12 M) 
WIRE ELEM ENT 

QUARTER-WAVE: 

I 23 ' 0 .. ( 7. 0 M ) IZ." 11 " (3.9 M ) 9 ' 4" ( 2 . 8 ... ) 
WIRE ELEMENT 

Fig. 8 ANTENNA LENGTHS for the three new HF bands. Lengths are for 
center frequencies In each band. Antennas cut for these dimensions wlll 
exhibit low SWR over the entire band since the bands are narrow. Free 
space dimensions are given for calculation of coaxial transformers. 

Trap Dipole Antennas for the New Bands 

Since the new hf bands have no harmonic relationship to the existing 
amateur bands, nor to each other, multi-band dipoles of the type shown 
in Figure 3, page 75, and Figure 4, page 76, are impractical. The trap 
dipole, shown in Figure 5, page 78, will work for any band combination. 
As an example, a two-band dipole for 30 and 40 meter operation is 
desired. Referring to Figure 5, the high frequency 30 meter center section 
will be about 46'3" long. The switching traps are each resonant at 10.1 
MHz (the low frequency edge of the 30 meter band). Each trap is 
composed of a 25 pF, 3 kV ceramic capacitor and a coil. The coil 
inductance is 10 uH. A suitable coil consists of 22 turns No. 14 wire, 1-
1/ 2" (3.8 cm) diameter and 2" (5.1 cm) long. The trap is adjusted to 
resonance before placing it in the antenna. A dip meter will do the job. 

Each end section of the antenna is cut4' (1.22 m) long and the antenna 
is raised in the air. Minor length adjustments are made to the end 
sections to place the resonant frequency in the middle of the 40 meter 
band. This can be done by trimming the tips equally for lowestSWR on 
the transmission line at 7.15 MHz. 

In like fashion, multi-band trap antennas may be designed for other 
band combinations. Information for determining coil inductance is 
given in most communication handbooks, such as the "Radio 
Handbook" (Howard W. Sams Co., 4300 W. 62nd St., Indianapolis, IN 
46268, publisher, or the "ARRL Handbook", American Radio Relay 
League, 225 Main St., Newington, CT 06111, publisher). 

The final step is t-0 determine the length of the tip sections. For a 
starting point, the overall length of a two-band antenna at the lowest 
band is taken to be 0.85 of the length of a full-size dipole. Once the 
antenna is assembled, the tip sections are trimmed t-0 frequency. 
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Figure 9 

Conversion of decimal foot (left 
column) into inches (center) and 
centimeters (right). For example 
3.58' equals 3'7". And 7 inches 
equals 17.8 cm. 

Multi-Band Antennas for the New Bands 

The end-fed antenna design discussed in Chapter 8, Figure 2, will 
work on the new amateur bands. The radial wire, or wires, should cut to a 
quarter-wavelength for each band using the formulas given earlier in 
this chapter. Remember that with this type of a ntenna a good deal ofrf 
will be present in your station a nd proper grounding plus the use of 
radials is essential for normal operation. 

The Universal Antenna, discussed in Chapter 12, Figure 1, is suitable 
without change for operation in the new bands. The coil taps, shown in 
Figure 3, will have to be determined by trial as discussed on page 164. 
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reactance, 34 
reflected wave, 6 1 
resonance, 17, 19, 23 
"Scotsman's dipole", 72 
single wire, 100-102 
three-eighths wave, 102, 103 
trap, 77-84 
tuner, 19, 93, 98-102 
tuner, h-f, 160, 161 
tuner, vhf, 138 
"Twin Lead ", 103-105 
" Twin-T", 88 

INDEX 

"Universal", 157- 164 
vertical, 39, 105-1 21 
vertical, multi-band, 116-119 
VHF beam, 135-138 
wavelength, 18, 20, 21 
whip, 92, 93 
Yagi (144 MHz), 152-155 

Arrestor, lightning, 168, 169 

Balun transformer, 70, 155, 17-174 
Beam antenna, 25, 135-138, 148-155 

front-to-back ratio, 26 
Quad, 148-152 
"Long John" Yagi, 152-155 

Center-fed antenna, 157-164 
"CIA Special" antenna, 135-138 
Coaxia l adapter, 56 , 57, 76, 115, 132 
Coax ial cable, 45-60 

contamination, 46, 48 
cutting technique, 54, 72, 73 
drip loop, 52 
ground, 169, 170 
impedance, 49 
"Invisible", 126 
lightn ing arrestor, 168, 169 
line check, 57 
loss, 58, 173, 174 
mismatch, 58 
nomenclature, 46, 48 
noncontaminating, 48 
power capability, 59 
resistance, 50, 57 
waterproofing, 50-52 

Coaxial plugs, 52-57 
"Cobra" antenna, 113-115 
Collapsible antenna, 140 
Counterpoise, 97 
Cubical Quad antenna, 148-152 

Decibel, 26 
"Demi-Quad" antenna, 146-148 
"Dick Tracy" anten na, 133-135 
Dip,ole antenna 23, 30-32, 70-91, 127 

construction, 70-7 4 
rad iation resistance, 29, 31-33 
resonant length, 38 
multi-band, 74-84 
"Outriggers", 85 
placemen t, 86, 90, 127 
"Scotsman's", 72 
vertical, 39 



Director element, 25 
D rip loop, coaxial line, 52 

Egg insu lator, 72 
Electrical length, antenna, 19-2 1 
Electromagnetic spectrum, 15 
Elemen t, parasitic, 25, 26 
End-fed antenna, 92-104 
Ex tended vertica I antenna, 42, 119-121 

Feedline, open wire, 161 
Feed point impedance, 29-35 
Ferrite ba lun, 170-1 73 
Ferri te r-f choke, 15 1, 152 
Field, antenna, 16 
"Figure-8" antenna pattern, 74 
" Flag pole" antenna, 133-135 
Front-to-back ratio, beam, 26 
Frequency, resonant, 17, 19-23 

Gain, antenna, 26, 42 
Ground connection, 94-97 
Ground plane antenna, 3 0, 4 0, 41, 

105-113 
mu lti-band, 109-113 

/extended (144-MHz), 119-121 
Grolind, radial, 95, 96 
Guy wires, 179, 180 

Half-wavelength, 21 
Half-wave antenna (see dipo le) 
Halyards, 180-181 
Hertz, 7, 14, 20 
Hertz antenna, 39 

Impedance, antenna, 29, 34, 35 
Impedance, coax ial cable, 49 
Incident w ave, 6 1 
Indoor antenna, 125, 126 
Insu lator, anten na, 45, 87 
Interference, stereo, 128 
lnverted-V antenna, 86 
"Invisible" antenna, 123-1 42 
Ionosphere, 8 
Isotropic antenna, 26 
Lightn ing arrestor, 168, 169 
Line, coaxial (see coax ial cable) 
L ine, open w ire, 161 
Linear transformer, 137, 145 
Load, antenna, 24 
Loading coil, 21, 116, 117-1 20 
"Long John" beam antenna, 152-155 
Loss, coax ial cable, 58, 173, 174 

Matching transformer, 137, 145 

Marconi antenna, 92, 102, 103 
Mast, antenna, 176-178 
Matching, antenna, 63 
Meter, SW R, 61-69 
Mismatch, coaxial cable, 58 
Multi-band antenna, 74-84, 92-104 

Ohm 's Law, 31 
Open w ire feedl ine, 161 

Parasi tic elemen t, 25 
Penetrox -A compound , 107 
Plug, coax ia l, 52-57 
Polarization, 29, 30, 145-14 7 
Power gain, 26, 27, 42 

Quad, Demi-, 146-148 
Quad loop, 132 
Quad (50 MHz), 148-152 

Radiation, 15, 16 
Radiation resistance, 29-35 , 93 
Racl ial ground, 95-97, 105, 109 
Rad iator, antenna, 105 
Reactance, 34 
Reciprocit y theory, 16 
Ref lected w ave, 61 
Resonance, 17, 19, 23 
R-f choke coil , 151, 152 
Resistance, coaxial line, 50, 57 
RTV-102 sealant, 51 , 74, 135 

"Scotsman's dipole" , 72 
Silicone sealant , RTV-102, 51 , 74, 135 
Single w ire an tenna , 100-102 
So ldering techniques, 174-176 
Spectrum, electrom agnetic, 14, 15 
Spreader, open wire l ine, 162 
Standing Wave Rat io (SWR) , 18, 6 1-64 
Stereo interference, 128 
Strain insulator, 72 
SWR meter, 61-69, 101 

Television interference, 127, 128 
Three-eighths wave antenna, 102, 103 
Transmission line (see coaxial l ine) 
Transformer, balu n, 70, 155, 170-174 
Transformer, coax ial line, 116 
T rap dipole antenna, 74-84 
T uner, antenna, 19, 93, 98-1 02, 160, 161 
" Twin-T" antenna, 88 

U HF coaxial fitting, 56, 57 
Universal h-f an tenna, 157-164 



OTHER BOOKS FOR RADIO AMATEURS, CB OPERATORS, SHORTWAVE 
LISTENERS, STUDENTS, & EXPERIMENTERS 

ALL ABOUT CUBICAL 0.UAD ANTENNAS, by w111iam 1. Orr W6SAI and Stuart o. 
Cowan W2LX; 112 pages, 7S I llustrations. 

This well -known classic has been updated to include: new Quad designs; new 
dimension charts for every type of Quad from 6 to 80 meters; additional gain 
figures; an analysis of Quad vs. Yagi; Mini and Monster Quad designs; Delta, Swiss, 
and Birdcage Quads; and an improved Tri - Gamma match to feed a triband Quad 
efficiently with one transmission llne. Also covered are feed systems and tuning 
procedures for m aximum gain and minimum SWR. Much of this data has never 
before been published. 

BEAM ANTE NNA HANDBOO K, bY Wiiiiam I. Orr W6SAI and Stuart 0 . Cowan 
W2LX; 271 pages, 205 illustrations. 

T l1ls popular new edition gives you: correct dimensions for 6, 10, 15, 20, and 40 
motor beams; data on triband and compact beams; the t ruth about beam height; 
SWR curves for popular beams from 6 to 40 meters ; and comparisons of T-match, 
Gamma match, and d i rect feed. Describes tests to confirm If your beam is working 
proporly, tells how to save money by building your own beam and balun, and 
discusses test Instruments and how to use them. A "must" for the serious OX'er! 

ALL ABOUT VHF AMATEUR RA DI O, bY Wiiiiam I. Orr W6SAI; 172 pages, 107 
Illustrations. 

Covers VHF propagation and OX, t he VHF repeater and how I t works for you, 
VHF moonbounce work, and amateur satellite communication. Discusses vertical 
and horizontal mobile antennas, tells almost everything about coaxia l cables, and 
describes VHF beam antennas you can build yourself. Covers SWR measurements, 
VHF interference and how to suppress It, even care of the NI -cad battery. Th is Is a 
complete handbook of VHF radio for amateurs. 

CARE ANO FEE DING OF POWER GRID TUBES, by Robert sutherland W6PO and 
Laboratory Staff of El MAC; 166 pages, 83 Illustrations. 

This advanced, yet concise, handbook analyzes the operation of power grid tubes 
f rom audio to VHF. Design and aPPllcatlon data for l ong tube Ille, maximum 
circui t stability, and peak efficiency are comprehensively covered. Includes 
thorough coverage of constant current curves and their appllcatlon t o circuit design . 
Th is Is an Ideal book tor the serious communicator, one used as a text bY lea ding 
engineering schools. 

THE RADIO AMATEUR ANTENNA HANDBO OK, by William r. Orr W6SAI and 
Stuart D. Cowan W2L X; 1 91 pages, 14 7 Illustrations. 

This clearly written , easy to understand handbook contains a wealth of Information 
about amateur antennas, from beams to baluns, tuners, and towers. The exclusive 
" Trutn Table" gives you the actual dB gain of 10 popular antenna types. Describes 



how to build multiband vertica l and horizontal antennas, Quads, Delta Quads, 
Mini-Quads, a Monster Quad, DX "slopers", triband b eams, and VHF Quagi and 
log periodic Yagi beams. Dimensions are given for all antennas in English and Metric 
units. Tel ls how antenna height and location affect results and describes efficient 
antennas for areas with poor ground conductivity. Covers radials, coaxia l cable loss, 
"bargain" coax, ba luns, SWR meters, wind loading, tower hazards, and the 
advan tages and disadvantages of crank-up tilt - over towers. 

THE TRUTH ABOUT CB ANTENNAS, by William I. Orr W6SAI and Stuart D. Cowan 
W2LX; 240 pages, 145 illustrations. 

Contains everything the CB'er needs to know to buy or build, install, and adjust 
efficient CB antennas for strong, reliable signals. A unique "Truth Table" shows the 
dB gain from 10 of the most popular CB antennas. The a ntenna is the key to 
clear. reliable communication but most CB antennas do not work near peak 
efficiency. Now, for the first time, this handbook gives clear informative instruc
tions on antenna adjustment, exposes false claims about inferior antennas, and 
helps you make your antenna work. With exclusive and complete coverage of the 
"Monster Quad" beam, the "King" of CB antennas. 

INTERFERENCE HANDBOOK, byWilliam R. Nelson WA6FQG; Editor: William I. 
Orr W6SAI; 253 pages, 152 il lustrations. 

This timely book covers every radio frequency interference (RF I) problem, with 
solutions based on years of practical experience. Covers amateur radio, CB radio, 
and power line problems with proven solutions. Contains case histories and lists 
valuable tips for stereo and TV owners to cure Interference. Covers mobile, tele
phone, CATV, and computer problems as well. 

ALL ABOUT VERTICAL ANTENNAS, by William 1. Orr W6SAI and Stuart D. Cowan 
W2LX; 192 pages, 95 illustrations. 

Properly designed, b uilt, and installed venical antennas do a fi ne job in small places. 
This c lear. well illustrated book covers the design, construction, installation, and 
operation of 52 venica l antennas: efficient Marconi antennas for 80 and 160 
meters, multiband venicals, vertica l loops, phased arrays, and shunt-fed towers. 
Also described are "radio" and electrical grounds, matching systems, tuners, loading 
coils, and TV I, plus the precautions necessary to protect yourself, your home, and 
your equipment from lightning damage .. . and much morel It's the most practical, 
authoritative vertical handbook published. 

These popular handbooks save you time, trouble, and money in getting the most out of 
your equipment and your hobby. T hey condense years of study and successful 
experience into clear and interesting texts to help you obtain maximum results. 

Radio Publications handbooks are available at better e lectronic dealers and bookstores 
everywhere. See your nearest dealer or w rite for free catalog. 

RADIO PUBLICATIONS INC. 
925 SHERWOOD DRIVE, BOX 247 

LAKE BLUFF, IL 60044, USA 
(312) 295- 0060 





WHAT THIS HANDBOOK CONTAINS 

How to build tested wire antennas (2 thru 160 meters) that really get out -
horizontals, verticals, beams, trap antennas, ground planes, etc. 

EXCLUSIVE! The CIA Special and the Dick Tracy "invisible" antennas! Other 
"invisible" antennas for hams in apartment houses and other locations where 
radio and TV antennas are "prohibited" 

Exact dimensions in feet and inches - also in meters and centimeters -
for every antenna described - no guesswork! 

How to build two "all-purpose" antenna tuners with 100 uses! 

The truth about baluns. How to build an efficient, inexpensive balun for 
optimum antenna performance and accurate SWR readings · 

How to build 2, 3, 4 and 5-band trap dipoles. How to construct your own 
efficient traps and save real money 

3-band Novice dipole for 80, 40 and 15 meters - only one feedline! 

Ground plane antennas for VHF, 6, 10, 15, 20 and 40 meters 

High-gain beam antennas especially suited for 2 and 6 meter FM 

The efficient "folded Marconi" antenna for 40, 80 or 160 meters 

Clear explanations of resonance, radiation resistance, impedance, standing 
wave ratio (SWR), balanced and unbalanced antennas 

Plus - radial wire ground systems; lightning protection; wood masts; counter
weights; the easy way to use coax connectors - and much more! 

"A TRULY PRACTICAL 
ANTENNA HANDBOOK" 

"I've worked 364 countries(105 on 160 meters) with a single wire antenna and 
low power, and heartily recommend this truly practical antenna handbook." 

- Howy Bradley, W2QHH, Hamilton, NY 

RADIO PUBLICATIONS INC. 

93-877 ISBN 0-933616-02-3 Printed in USA 


