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HOW TO LISTEN TO THE WORLD

This well-known handbook will help you with {our hobby
and enable you to understand and to solve all your pro-
blems. In the following we mention as examples a few
of the subjects covered and there are numerous illus-
trations

THE ART OF LISTENING TO THE WORLD

Ey H.-J IFe!blck, DL?ID. GeLmany

of all
connected with world-listening.

THE RADIO FREQUENCY SPECTRUM

By L. J. Prechner, BSC, BBC, Engineering Division

A survey and explanations about the use of all the radio
frequencies in the radio frequency spectrum.
IONOSPHERIC DISTURBANCES

By L. J. Prechner, BSC, BBC, Engineering Division.
How the ionosphere is subject to disturbances is ex-
plained in this article

THE STRUGGLE FOR FREQUENCIES

By S. B. Duke, President Radio Canada Shortwave Club
Supcmuol Radio Canadas Engint ivision.

are not enough shortwave frequencies to satisfy a|| dc
mands. This article is an illustration to the discussion:
Frequency Management

MOST SUITABLE METREBANDS IN 1967

Described and explained in text and tables for each part
of the world by Mr. Roger Legge, Frequency Division,
Voice of America

INTERFERENCE AND YOU
By S.B.Duke, Supervisor Radio Canadas Engineering
Division. Description of the different types of inter-
forence.
INTERFERENCE PROTECTION

-Joachim Felbick, Deutsche Waelle
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on how to reduce interference and how
to bulld lnlam\l filter

PRINCIPLES OF ALL RECEIVER TYPES

By Paui Harris, G3GFN, England.

Selection of a receiver for a particular uuvpon Under-
stand the limitations and the capab receiver.
METHODS FOR RECEIVER CALIBRATION

By Jim Vastenhaud, Holland.

Tuning the shortwave bands_is difficult today on ac-
count of the many stations. The need for

SINGLE SIDE BAND
The author explains why SSB today is the most popu-
lar mode of communication.

HOW TO WRITE A CORRECT

REPORT TO STATIONS

By Basil “Pip" Duke, President Radio Canada Short-
wave Club and H.-J. Felbick, Deutsche Welle

A detailed description on how to report to stations and
how to write your report in different languages told by
Radio Canada and Deutsche Welle

HOW TO USE A TAPERECORDER CORRECTLY
By Basil “Pip" Duke, President Radio Canada Short-
wave Club

A description of how to select, how to use and how to
maintain a tape recorder.

HOW TO IMPROVE

MEDIUM WAVE RECEPTION

A description of how to obtain the best possible result
and how to build a loop aerial

LISTENING TO THE AMATEURS

By Roy Stevens, G2BVN, Gt. Britain

A complete description of all the problems :onnu:l-d
with this hobby, written by the President of

Society of Gt. Britain.

OF TIME AND FREQUENCY

By D. H. Andrew, National Bureau of Standards, USA

Dncnphon of the use of time --qn-l- standard radio
and standard - and other

services - by various nations. The description includes

extensive listing of worldwide radio stations broad-

casting standard frequencies and/or time signals.

LISTENING TO THE CONTINENTS
Africa, Latin America, Pacific and No. America with
valuable advices for obtaining the best possible result
told by experienced shortwave listeners.

LISTENING TO UTILITY STATIONS
LISTENING TO SATILLITES

LANGUAGE LEARNING BY RADIO
How you can learn to speak and read English, Dutch,
Japanese

THE BUYERS GUIDE
A list of the world's leading Electronic Manufacturers,
whose products are of interest for world listeners

HOW TO “SEE" THE WORLD. DX-TELEVISION
By Lehmann, President. France TV-OX Cl

Most people do not believe that it is posll to
Teceive TV pictures from far awsy statiofs. The pr
dent of the French DX-TV Club describes how th
possible and explains the technical problems.

ON THE WAY TO GLOBAL TV
By Erik Esping, Chnmnnn of Sludy Group Television of

Th. first d
which is on

.d dcl:rphon on Global Television
ay.

quencies is therefore obvious. In this
methods for calibration of a receivel
HOW TO IDENTIFY STATIONS
AND WHAT TO LISTEN FOR

A survey about Identification, program details and how
to repert

article_ different
re explained.

MONITORING LF, MF AND HF
BROADCASTING STATIONS

Described by the Technical Centre of the European
Broadcasting Union in Bruxelles.

Please write for brochures.
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Chapter 1.
GENERAL

This book contains the design and construction information
for those receiving antennas suitable for use by shortwave
listeners (SWL’s) to the International Shortwave Broadcast
Bands. That is, those antennas suitable for the collection of
electro-magnetic energy in the form of shortwave radio
transmissions in the frequency range 3 to 30 megacycles per
second.

A receiving antenna is a device for collecting electro-mag-
netic energy from space. But since there are a great number
of different forms of electro-magnetic energy in space, the
antenna must be designed and constructed to collect more
of the wanted energy and less of the other unwanted energy.
Therefore, the design and construction of an antenna, either
receiving or transmitting, will depend on the form of energy
that it is required to collect or transmit.

However, it should be mentioned that all of the antennas
contained in this book can be used for transmitting as well
as receiving. They will also have the same characteristics,
that is, gain and radiation patterns on transmit as on receive.

Chapter 2.
PROPAGATION OF RADIOWAVES

In order for the reader to fully appreciate the operation of
antennas it is necessary that some explanation of radio wave
propagation be given. However, it is not necessary that the
reader plod his way laboriously through the following chap-
ter, since an understanding of radio wave propagation is not
necessary to build and erect any of the antennas contained
in this book.

Generation of Radio Waves

When a transmitter is connected to an antenna it injects
an oscillating electric charge into the antenna. This oscil-
lating electric charge sets up a changing electric field in the
medium surrounding the antenna. The changing electric field,
in turn, sets up a changing displacement current, resulting in
a changing magnetic field which in its turn gives a changing
electric field. Thus a complete cycle of cause and effect takes
place in the medium surrounding the antenna resulting in
alternate electric and magnetic fields being set up in the
medium progressively further and further from the antenna.
Hence the changing electric and magnetic fields or electro-
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magnetic wave, can be said to be travelling away from the
antenna.

The speed with which it travels will vary depending on the
medium through which it is travelling, but can never exceed
that of light. For all practical purposes it can be assumed to
be the same as the speed of light, that is, 300,000 km/sec.

The electric and magnetic strains can be represented vec-
torially as shown in figure 1, the direction of each being af

- right angles to the other. The direction of travel of the wave
front will be towards the reader.

OscitLaring Ecectric Fisco

}

OSCILLATING

MAGNETIC

FIELD

] Y r

FIG. |

Types of Waves

Radio waves fall into two main groups, ground waves and
sky waves.

Referring to figure 2, those waves leaving an antenna at
angles greater than 90° to the vertical would become sky
waves. Those leaving at less than 90° to the vertical would
become ground waves.

SKY WAVES

GAOUND WAVES
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Ground Waves

By definition these waves travel along the ground; they,
therefore, unavoidably must come in contact with the ground.
When this happens the waves are attenuated due to “ground
absorption.” This ground absorption varies depending on the
material of the ground, that is, its conductivity, and also the
wavelength of the wave. This latter is due to the fact that
the resistivity or conductivity of a material is constant only
for a given frequency. But it is only when the frequency
increases to the kilocycle range and above that the increase
in resistivity becomes significant.

This means, therefore, that if the frequency of the ground
wave was to be increased, the resistance of the ground along
which it was travelling would increase. Therefore, the
amount of energy that the ground would absorb from the
wave would also increase. Hence, the energy from a wave of
high frequency would be absorbed quicker than the energy
from a low frequency wave. This means that a low frequency
wave would travel further along the ground before being
lost due to ground absorption.

Therefore, if a ground wave is to be used it is usually
kept in the low or medium frequency bands.

Sky Waves

These waves are beamed up into the atmosphere and are
then reflected back down to the ground by one of the layers
of ionised gas in the ionosphere. The formation of these
layers is explained later.

Each of these layers has certain depth or thickness, and
being composed of ionised gas has also an abundance of free
electrons. These free electrons, however, are not uniformly

FIG. 3



distributed, but increase in density the higher in the layer.
The wave travels into the layer and is bent until it is travel-
ling back towards the ground as shown in figure 3.

Referring to Figure 3, if we consider a ray with wave front
AB travelling up through the atmosphere, when the wave
front reaches the position CD, point C is just about to enter
the layer. Now, since there are free electrons in the layer
the wave front finds it easier to travel. Therefore, during
the time that the point D takes to travel to F, C will have
travelled to E, resulting in the wave front now travelling in
a new direction. Thus the ray continues to bend until it is
completely reflected back to the ground.

lonosphere—Formation of Layers

The earth’s atmosphere decreases in density with increas-
ing height above ground. This means that the air molecules
are at their greatest density at ground level, becoming more
rarefied as the height increases, until outer space is
reached where there is no air at all. It is this decrease in
air molecules and hence air atoms that results in the for-
mation of layers of ionised gas.

The rays arriving from the sun are composed of many
wavelengths ranging from the infra-red to ultra-violet. All
of them have an effect on the atmosphere, but the one that
has the greatest is the ultra-violet.

These rays arrive from the sun with varying intensity de-
pending on the amount of sunspot activity there happens to
be at that time. When they reach the atmosphere, they cause
a certain amount of ionisation to take place. However, in the
outer reaches of the atmosphere, since the air is rarified, no
significant ionisation can take place. This too will also de-
pend on the intensity or strength of the ultra-violet rays.
As the rays penetrate deeper into the atmosphere they will
reach a height where the air density is great enough to ab-
sorb most of the energy from the rays, forming a layer of
ionised gas. The weakened rays will continue to penetrate
deeper into the atmosphere, until they, in turn, reach a lower
height where the air density is great enough to again absorb
most of the remaining energy. This process, of forming lay-
ers, will continue until all the energy of the rays is absor-
bed, the number of layers formed depending on the inten-
sity of the rays from the sun—see Figure 4.

This figure also shows that up to four layers can exist on
the daylight side of the earth, but that only one exists on the
night side. The four daytime layers are designated D, E, Fi
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and F: and the night-time layer F being made up of a merg-
ing of the Fi1 and Fu.

All of these layers are dependent on the intensity of the
sun’s radiation and therefore as the radiation varies so will
the layers. Since the radiation will vary throughout the day
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(diurnal), and with the season as well as with the eleven
year sunspot cycle, the density of the layers will also vary
for the same reasons. Therefore, at any geographical location
the condition of the layers will be continually changing
throughout the day. Also at any time of the day the condi-
tion of the layers will vary with the geographical location.

One little complication comes into this relatively simple
process, and this is with the F: layer. Since this is the high-
est layer it is also affected by the sun’s infra-red radiation.
This has the effect of heating the layer and thus causing
it to expand. Therefore, there are two types of radiation
acting on the F: layer, each tending to have an opposite ef-
fect. The ultra-violet radiation tends to increase the ioni-
sation or increase the density of free electrons. Whereas, the
infra-red causes the layer of ionised gas to expand, hence
tending to decrease the density of free electrons. The over-
all effect of this is to prevent the F: layer from reaching its
maximum electron density at the same time as the other
layers when the sun is at its meridian. This effect is shown
in Figure 5.

Behaviour of Radio Waves in the lonosphere

The foregoing chapter has shown how the electron density
in the ionosphere varies with geographical location, time of
day, season of the year and sunspot cycle. The significance
and importance of this changing electron density is due to
the fact that the greater the electron density, the greater will
be its bending effect. This means that a radio wave travelling

ELECTRON
DENSITY

o 2 %6 8 o 12 14 16 185 2o 22 24

TIME OF DAY
FIG.5
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through a layer will be bent more, or reflected back easier
if the layer has a greater density of free electrons. Also the
higher the frequency of the radio wave the greater must be
the density of electrons in the layer to cause bending and re-
flection.

IONOSPHERIC
LAYER

Figure 6 illustrates a radio wave of a certain frequency
travelling upwards until it meets one of the ionosphere lay-
ers. As soon as it passes into the layer at A it starts to
bend. But if the electron density of the layer is not great
enough, the radio wave will not be bent enough to cause re-
flection, and it will pass through the layer at B and carry
on travelling upwards. However, if the frequency of the
radio wave was lowered, then the layer electron density
would have a greater effect and so cause complete reflection.
Therefore, international broadcasting organizations have to
choose their transmission frequencies in order that there is
no likelihood of them not being reflected. Also they have to
change them throughout the day to allow for changing condi-
tions in the ionosphere throughout the day.

A simple answer to this problem of ensuring that the radio
wave will always be reflected would appear to be to always
use a low frequency. However, it must be kept in mind
that there is not just one ionospheric layer, but somectimes
up to four. Therefore, a radio wave travelling from the trans-
mitter to a receiver in the target area would be propagated
as shown in figure 7.

Notice that each time the radio wave passes through an
ionised layer it is bent. This has the effect of increasing the
length of the path. Also, as the radio wave passes through
each ionised layer it loses some of its energy and the amount
of energy lost will increase if the frequency is lowered.
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Therefore, summing this up, we see that as the radio wave
passes through each layer it loses energy or, in other words,
is attenuated. Also it is bent from the direction it was travel-
ling. This bending increases the length of the path through
the layer and therefore also increases the amount of at-
tenuation. But, if the frequency was lowered, the amount of
attenuation would increase, and if it was lowered enough the
attenuation would become so great, that all of the radio
wave energy would be used up before it could reach its tar-
get area on the ground.

Therefore, we can see from all the foregoing that, if the
frequency of the radio waves is too high, it will not be reflec-
ted back to the ground. But if the frequency is made too low,
all of the radio wave energy would be attenuated. Therefore,
a frequency between these two limits must be used to ensure
that the radio wave will be reflected, and will arrive at the
target area with sufficient strength to provide a good listen-
ing signal.

Behaviour of Radio Waves in the Target Area

In the previous chapter were explained some of the diffi-
culties that a radio wave could encounter on its journey
through the ionosphere. These, however, can be overcome by
the broadcasting organization choosing the frequency cor-
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rectly, and transmitting with enough power. But when the
radio wave reaches the target area, it has passed beyond the
control of the broadcasting organization, and it is then en-
tirely up to the person doing the receiving as to what kind
of signal or programme is finally obtained for listening.

Therefore, an SWL should give careful thought to the re-
ceiver and the antenna to be used. Particularly the antenna,
since good results can be obtained from an inexpensive re-
ceiver with a good antenna. But an expensive and elaborate
receiver is useless without an antenna.

An explanation, therefore, of how a radio wave enters
the target area and what is likely to happen to it while in
there will help in deciding on the type of antenna to be
used.

The angle at which a radio wave enters the target area
depends on the distance from the transmitter site. The
greater this distance the smaller will be the angle of entry.
A look at Figure 8 will explain this.

Another way of saying this is that the further away the trans-
mitting station, the closer to the horizon will be the signals.
Therefore, radio waves coming from a distant transmitter
could be effected by any large object that is likely to block
it. This could be hills or mountains, large buildings in a
built-up area or woods in the country. To combat this the
antenna should be erected as high as possible and as far
away as possible from any large object.

Once inside the target area the radio wave has to com-
pete with other radio noises already there. These noises can

/Il///II//////////I/////II/

N\, RECEIVER
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be divided into two categories, man-made and natural. The
man-made noises are generated by electrical equipment and
appliances, such as electric saws and drills or car ignition
systems, or even other broadcast radio signals. The natural
noises, on the other hand, are generated by lightning or elec-
tric storms. These do not, however, have to be actually in the
target area. Storms many hundreds and even thousands of
miles away can effect reception in the target area, as well
as local storms Also extra-terrestrial noise from outer space
will affect reception.

All of these sources of noise, man-made and natural, main-
tain a certain noise level in the target area, and it is this
overall noise level with which the signal has to compete, since
both are picked up by the antenna and fed to the receiver.
In order to improve the proportion or ratio of signal to noise,
so that more signal than noise is being fed to the receiver,
a directional antenna can be used. This type of antenna can
be pointed towards the transmitting station, and will pick up
signals coming from that direction only. Therefore, it will not
receive too much local noise or interfering signals from other
transmitters.

Chapter 3.

GENERAL NOTES ON ANTENNA INSTALLATION

The following chapter contains notes on the parts or items
required for installation of antennas. Although all antenna
parts can be purchased, it is not always necessary to do so.
Therefore, this chapter also contains some suggestions and
hints for substitutes and methods of improvisation, since
nearly every part can be improvised, except of course the
wire.

Generally, the construction of the antenna installation
should be as strong and sturdy as possible. The wire used
should be No. 12 or No. 14 gauge and be either stranded cop-
per, stranded steel and copper or steel wire with an outer
coating of copper. Also since coastal areas have a high salt
content in the air and some city areas suffer from smog, it
is advisable to have some protective coating on the wire. This
can be either enamel or lacquer coating, or normal insulation
covering. The antenna should be erected as high as possible
—at least twenty feet—above ground, and also be as long as
possible. It should be kept away from buildings, trees or

14



other obstructions that are likely to impair its reception
qualities. Also nearby telephone or power lines should be
avoided to prevent noise pick-up from them by the antenna.
If, however, space does not permit this, and there is no way
of avoiding the lines, the antenna should be erected at right-
angles to the telephone or power line. This will reduce the
amount of pick-up to a minimum. All connections should be
well twisted together to provide a good mechanical connec-
tion before being soldered.

Insulators

These can be purchased in practically any size, shape or
colour. Two of the more common types are shown in Fig. 9.

— e
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FIG.2

However, if insulators are not readily available, they can
be improvised out of some suitable material. One method is
as shown in Figure 10.

BLOCK OF HARDWOOD

—d D

DRILL TWO MOLLS AND
REMOVE ALL SHARP BOGES
TO PRLVENT WEAR ON WIRE

oR ROPE, M

A simpler method still would be to obtain a hardwood
dowel, wrap the wire around it, and then tie the support
rope also to the dowel with a clove hitch, as shown in
Figure 11.
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This will act as an insulator as well as providing a good
support.

Pulley and Counterweight

Whenever the antenna is to be attached to a tree or other
support that is likely to sway with the wind, a pulley and
counterweight should be used, see figure 12. This will pre-
vent the antenna from sagging and also protect it against
the possibility of too much strain being placed on it, causing
it to snap.

To SUPPORT
PoLE

TO
T ANTENNA

CLOTHES LINE
TYPE PULLAY

D
NYLON SUPPORT
ROPE

éouur&&wlwnr
EiG. 12
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The counterweight need not be specially made. It can be
several housebricks, a metal pipe, a rock or a log of wood.
Anything that can be attached to the support rope, and will
keep the sag out of the antenna but not put too much strain
on it, will be suitable.

Anchor Pegs

These are used to anchor the lower end of a vertical an-
tenna or hold down-leads or feed-lines steady. They can be
of either wood or metal. A tent peg would be suitable for
this purpose, or they can be cut from a block of wood or
a tree, see figure 13. The length of the peg will depend on
the ground into which it is to be driven, the softer the
ground the longer the peg will have to be.

FI1G6.13»

Guy Lines

Whenever it is necessary to erect a pole, it will also be
necessary, in most cases, to have guy lines for its support.
There are a few simple rules that apply to the positioning of
the guys and will ensure that they are providing the best
support for the pole. Usually three guys will be sufficient to
support the pole, and these should be anchored to the ground
so that there is approximately 120° between each. A look
at figure 14 will explain this. Also, one of the guys should
should be positioned so that it is in direct line with the
antenna wire. This will provide a means of taking the sag
out of the antenna during erection.

As a rough guide, the guys should be attached to the pole
at approximately one-third of the total height from the top
of the pole. Also the height at which the guys are attached

17
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to the pole should never be greater than the distance from
the base of the pole to the point on the ground where the
guy will be anchored. Figure 15 illustrates this point. There-
fore, providing that space permits, a good support arrange-
men for any pole will be provided if the guys are attached
at two-thirds of the total height of the pole, from the base,
and are anchored to the ground an equal distance from the
base.

NOTE: THE HEIGHT "H"

SHOULD NEVER BE

GREATER THAN THE

DisTANCE "D’ POLE

GUY LIMES

e —o—

There are various methods of attaching a guy to the pole,
but no matter how this is done one item must always be
provided, and this is some means of preventing the guy from
slipping down the pole. This will be more of a problem if
the pole is the same size all the way down. If the pole is
of wood the problem can be simply solved by putting a
nail, a spike or even cutting a notch, where the guy wraps
around. Figure 16 illustrates these methods.
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More elaborate devices can be obtained commercially or
even devised by the reader, since the three illustrated are
by no means the only method that can be used.

However, when the pole is made of metal the problem
becomes a little more difficult to solve, and requires more
work on the part of the installer. Several methods are illu-
strated in figure 17, that require holes to be drilled and
threaded in the pole.
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Alternatively, devices can be obtained commercially or
made by the installer using clamps to hold guy supports on
to the pole. Some of these are illustrated in figure 18.
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Guy Anchors

Having seen how the guy lines can be attached to the pole
and also how they should be positioned, all that is now re-
quired is some means of attaching or anchoring the guy lines
to the ground. The support of the pole will then be com-
plete.

As with the other items, so with guy anchors, these can be
obtained commercially to suit any kind of ground condi-
tions, and one commercial type is shown in figure 19. How-
ever, since this book is primarily for those SWL’s who want
to make and do for themselves, several samples of impro-
vised guy anchors are also given.

SOHCRI. NUT THREADED

Ow TO HOWD
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FIG. 20
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In figure 20, the wooden box is placed into the hole, and
then filled with cement. The anchor rod is placed into the
cement at approximately 45° and left until it hardens. The
whole assembly is then covered with earth and tamped
down.

WIAE ©R

TAMPED
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LOG OF WooD

BG.21

The log of wood or piece of piping is buried in the hole
with strong wire or rope wrapped around it. This wire or
rope is brought out to the surface and the guy line attached
to it by means of an insulator.

TAMPED
EARTH

EIG. 22

Strong wire is wrapped securely around the rock and
brought out to the surface. The hole is filled with earth and
tamped down. The guy line can then be attached to this wire
by means of an insulator.

An old bucket can successfully be used as an anchor pro-
viding the handle is securely fastened. Fill the bucket with
small rocks and bury it after fastening wire to the handle.
This wire is then brought out and can be attached to the
guy line by an insulator.
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The anchor shown in figure 24 is for use in rock. A hole
will have to be drilled or chiselled out first. Then the bolt
can be wedged into the hole using pieces of metal, at ap-
proximately 45° as shown. A washer should be placed on the
bolt to give additional security against the guy line slipping
off.

All of the guy anchors shown so far are for the support of
medium to large poles. However, for the SWL who is going
to install a small pole only, it is not then necessary to have
anchors such as these. Good sturdy pegs driven well into the
ground as shown in figure 25 will usually prove quite ade-
quate.
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Lead-ins

This is the connection between the antenna and the re-
ceiver. In most cases it will be made with co-axial cable,
as shown in figure 26. This type of cable provides a shield
around the conductor which, when grounded, prevents the
lead-in from picking up extra noise, which would tend to
drown out the signal picked up by the antenna. However,
since all lead-ins cannot be of the co-axial type, it is a good
general rule to make the lead-in as short as possible, and

keep it away from areas where- noise is likely to be gene-
rated.
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Chapter 4.

Short Wave Antennas
WHIP ANTENNA

The whip antenna is the answer to the antenna problem
for those SWL’s living in apartment buildings or other loca-
tions where it is not possible to erect something larger.

The whip is an omni-directional antenna, which means
that it will receive signals equally well from any direction.
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And like any other antenna, the longer it is the greater
will be its receiving ability. An automobile car antenna is
very suitable and with a bracket to mount it on, can be
installed outside a window, on a chimney or on a pole.

This antenna will usually give better reception than an
indoor type. But two of the general rules for antenna instal-
lation still apply. These are—erect as high as possible and
away from obstructions. Therefore, it will be seen that to
install a whip antenna on a windowsill will reduce its recep-
tion qualities, because of the huge mass of the building be-
sides it. But it will still be better than not having an out-
door antenna at all. Figure 27 illustrates one method of
attachment to a windowsill.
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Alternatively the bracket can be held on the windowsill
by means of a “C” clamp, as shown in figure 28.
TIGHTENING PeoT

TIGHTENING <

= ﬁ
% > :
G .CLAMP/

However, as was mentioned before, it is preferable if the
antenna can be mounted above the building, or on a pole.
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If either of these locations is used, then the antenna support
bracket can be mounted on the chimney or pole by means of
straps. Figure 29 shows how a bracket can be attached to
a chimney by means of straps. For this type of attachment,
one side of the bracket should be quite long, in order to give
better support.
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\ s E : \
T R TR O e i L

ElG. 29

The straps for installations such as this can be obtained
commercially and will be the same as those used for moun-
ting TV antennas. However, like everything else, if the SWL
is also a handyman with tools and has materials available,
they can also be made. Figure 30 shows what a typical strap
would look like before being tightened up. A suitable mate-
rial for the strap would be 3/4” wide by !/s” thick steel strip.
The outside dimensions of the chimney should be measured
to give the total length of strap required. However, the strap
should be cut some 4” shorter than the total circumference
of the chimney.
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This will give allowance for 1” to be bent at either end
to form a bracket for the tightening bolt and also will allow
approximately 6” of adjustment for the final tightening.
Wrap the strap around or slip it over the top of the chim-
ney. Then with a hammer start at the middle of the strap
as indicated in figure 30, and shape the strap around the
chimney, taking up the slack with the tightening bolt when
necessary. It will be found that, as the strap is tightened, the
bent ends through which the tightening bolt is fastened will
probably be pulled out of shape. However, this will not pre-
vent tightening the strap. But if a stronger and neater ar-
rangement is required, then pieces of angle iron can be
fastened to the ends of the strap to provide the brackets
for the tightening bolt, as shown in figure 31.
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The strap is fastened between the angle bracket and back
plate, without being bent, by means of a short !/4” diameter
bolt and nut.

Another method of strapping an antenna mounting bracket
to a chimney would be by means of the strapping materials
and tools used in industrial and commercial packing depart-
ments for strapping cartons and crates. This type of metal
sirip is obtainable in rolls and is usually !/»” wide by /1s”
thick. Tightening is done by means of special strapping tools
and can be performed quite quickly. However, since a role
of this metal strip and the strapping tools are quite expen-
sive, it would be advisable to borrow or hire them, if possible.

The other method of mounting the whip antenna mentioned
was on top of a pole. If the pole is wood, the antenna mount-
ing bracket can be nailed or screwed onto it. If it is a metal
pole then straps or clamps are the simplest method of attach-
ing the mounting bracket, as shown in figure 32.
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Once again these clamps and straps or similar devices can
be obtained commercially, but the handyman can easily make
them for himself out of strips of metal. One simple type of
strap is shown in figure 33, which allows easy tightening.
Its dimensions do not have to be too accurate since any
looseness can be taken up by using a long tightening bolt.
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The lead-in from the antenna to the receiver can be either
the co-axial cable type or insulated wire. For some areas
where the noise level is not too high, there can be some
advantage to making the lead-in from ordinary insulated
wire, since this in effect is similar to increasing the length
of the antenna.
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Chapter 5.
VERTICAL ANTENNA

The vertical antenna is omni-directional, that is, it will
receive signals equally well from any direction. It has one
drawback however in that it is responsive to noise, both man
made and natural. This means that weak signals from long
distances would not be heard clearly, because of the back-
ground noise that would also be picked up by the antenna.

Figure 34 shows two typical examples of the installation
of this type of antenna. A suitable length for this antenna
would be 25 feet long. Figure 34(a) shows the antenna erected
down the side of a house. It is supported by means of a hook
under the eaves, and is held steady by an anchor peg in the
ground. An insulator is attached at either end as shown. This
installation has the advantage of having a short lead-in,
which will prevent excessive noise pick-up. However, being
sG close to the mass of the house, will mean that the antenna
will not be completely omni-directional.

An alternative type of installation is shown in figure 34(b),
where the antenna is supported by a tree. Again an anchor
peg and insulators are used at the ends of the antenna. But
additional to this is a system of pulleys and a counterweight.
This counterweight system will allow for the swaying of the
tree branch, and prevent the antenna from sagging or being
overstrained. The type of pulleys used can be the same as
those for a clothes line, and the type of counterweight the
same as figure 12. The main disadvantage of erecting an
antenna to a tree is that it usually requires a long lead-in
between the antenna and receiver. However, if the lead-in
is made from co-axial cable there will not be much noise
pick-up. With this co-axial cable lead-in therefore, the centre
conductor should be connected to the antenna terminal of
the receiver, and the braided shield connected to the ground
terminal. If the area where the antenna is erected does not
suffer from a high noise level, an ordinary piece of insulated
wire will do as a lead-in. The joint between the lead-in and
the antenna should be made a good mechanical join before
soldering.
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Chapter 6.
INVERTED “L” ANTENNA

The inverted “L” antenna is another omni-directional type.
It can be erected between any two supports. Figure 35 shows
a typical installation between a house and a tree. However,
any of these supports can be substituted by a pole, suitably
supported. The length of the antenna should be approxima-
tely 45 feet and be erected at least 20 feet above the ground.
The antenna wire is terminated at an insulator each end,
which are in turn supported by tie-offs of nylon rope or
similar material. The tie-offs at the ends of the antenna are
attached to the two support points. If one of the support
points used is a tree then it is advisable to use a pulley and
counterweight arrangement. The lead-in is taken from the
nearest end of the antenna in order to keep it as short as
possible. It should be securely connected to the antenna to
prevent a dry joint, and well soldered. The lead-in can be
an ordinary piece of wire, but should be insulated to prevent
it becoming accidentally grounded. If grounding of the lead-
in occurs the signal from the antenna would go to ground
instead of being fed to the receiver.

Chapter 7.

WINDOM OR ““OFF-CENTRE FED” ANTENNA

The “off-centre” fed antenna was named the Windom
after the experimenter who first started using it. It is a
directional antenna, with the maximum receptivity being
obtained when it is broadside-on to the incoming radio
signals. In order to make it directional and therefore more
efficient as a signal collector, the length of the antenna must
be cut to a specific length. This length is determined by the
lowest frequency band that the listener intends to use, and is
found by the formula:

468

L f (mc/s) ffecl)
where
= required length of antenna in feet
f = frequency in megacycles per second
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It is important that the lead-in be connected to the antenna
at the correct position. This is determined by dividing the
required length of antenna by three, and the length in feet
so obtained will be the distance from the end of the antenna
at which the lead-in should be connected. Since it is still
necessary to keep the lead-in as short as possible, it therefore
follows that it should be connected one-third along the an-
tenna from the end nearest to the receiver.

The antenna itself is erected horizontally between two
supports. Figure 36 illustrates a typical installation where the
antenna is erected between a house and a pole. The height
of the antenna above the ground should be as great as can
be obtained and, if possible, not less than half the length of
the antenna.

The lead-in should be allowed to drop freely from the an-
tenna, so that it hangs at right angles to it, for as great a
distance as possible. If it is necessary to make bends in the
lead-in they should be made as gradually as possible. This
is necessary in order that the impedance of the lead-in will
remain constant. Any common type of insulated wire will
be suitable for the lead-in, and can be No. 12 or No. 14
gauge. An anchor peg or some similar means should be used
to hold the lead-in steady.

Since this type of antenna is a ground return type, the
receiver to which it is connected should be well grounded.

For a Windom antenna suitable for use from 5 mc/s up,
the dimensions would be—length approximately 95 feet, lead-
in connected 32 feet from one end and height above ground
45 feet, if possible.
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Chapter 8.

HALF-WAVE DIPOLE

The half-wave dipole is a directional antenna, with the
maximum receptivity being obtained when the antenna is
broadside-on to the incoming radio signals. The length of the
antenna is quite critical and will greatly affect its efficiency.
It has, as its name implies, a total length equal to half the
wavelength of the frequency band, for which it is to be used.
Unlike the Windom, the half-wave dipole will only work
efficiently over the frequency band for which it is cut. There-
fore, if good reception is required over a number of frequen-
cy bands, then a series of half-wave dipoles would have to be
erected, one for each band. With this arrangement a multi-
switch would be used to provide selection of the antenna
to be connected to the receiver. Figure 37(b) illustrates an
arrangement similar to this.

Reference should be made to Table I for the overall length
ol the antenna required for each frequency band. Figure 37(a)
shows the method of construction of a half-wave dipole.
Although the overall length of the antenna is a half-wave,
this is made up of two legs or poles separated by an insulator,
each a quarter of a wavelength long. The antenna is erected
horizontally between two supports with an insulator at each
end, the height being as great as possible, and at least equal
to half the length of the antenna.

The lead-in can be made from 75 ohm co-axial cable or
twin-lead. If co-axial cable is used, the inner conductor
should be connected to one leg of the dipole, and the outer
shield to the other, as illustrated in figure 37(a). With twin-
lead, one conductor is connected to each leg. At the receiver
the inner conductor of the co-axial cable is connected to the
antenna terminal, and the outer shield to the ground termi-
nal. The lead-in should be allowed to fall perpendicular to
the antenna for as great a distance as possible, before mak-
ing any bends. If bends do become necessary, they should
be made gradually.

An anchor peg should be placed under the lead-in to prc -
vide a means for securing it, as shown in figure 37(b).
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Chapter 9.
FOLDED DIPOLE

This is another directional antenna, with its maximum
receptivity broadside-on to the incoming radio signals. Its
greatest efficiency is obtained when the total length of the
antenna is equal to the wavelength of the frequency for
which it is to be used. It will also receive well over a range
of frequencies on both sides of the frequency to which it is
cut Therefore, if it is desired to work over a number of
frequency bands, a series of antennas would have to be
erected. With this type of installation a multi-switch should
be used in order that selection of the required antenna can
be made.

The folded dipole is made by cutting a length of wire to
the wavelength of the required frequency. The two ends are
then folded into the centre, as shown in figure 38(a), making
the length of the doubled wire half a wavelength. The lead-
in is connected to the two ends. Alternatively, the antenna
can be made by cutting two pieces of wire each half a
wavelength long and joining the ends together to give a
double wire. One of the wires is then cut in the centre and
the lead-in connected. In both cases, a complete loop is
obtained. However, these two wires must be held at a certain
distance apart, in order to obtain the correct impedance.
This can be done by means of spacers which can be made
from wood or some other insulating material. (See figure 39
for the details of manufacture.) The wires are placed in the
two grooves cut in the spacer and another spacer placed
on top. The whole assembly is then tightened by means of
the three clamping bolts, thus holding the two wires at a
distance of four to six inches apart. The spacers should be
placed at every two to three feet along the antenna, with
the centre and end ones being placed to give support to the
ends of the wire.

This antenna is suspended horizontally, by means of in-
sulators, between two supports.

The lead-in should be made from 300 ohm twin-lead,
ordinary TV lead-in cable being very suitable for this pur-
pose. It should also be allowed to fall away from the an-
tenna as far as possible, before being bent.

An anchor peg or some other means will also be needed
to hold the lead-in steady, and prevent it from swinging.

Reference should be made to Table I for the required
length of the dipole. However, for the folded dipole it must
be remembered that the total length of wire is twice the
dipole length.
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Chapter 10.

DOUBLE DIPOLE

This is broadband antenna, cut to length and connected
so that it will receive well over a set band of frequencies. It
is comprised of two separate dipoles interconnected to give
a good response over the range of frequencies. Table II gives
the lengths of dipole required for four of the more commonly
used frequency ranges. Reference to figure 40(a) will show
the method of installation. The longer top dipole is used as
a support for the short dipole, and is suspended horizontally
by means of insulators between the two supports. The
rnaximum receptivity of this type of antenna is broadside-on
to the incoming radio signals.

The shorter lower dipole can be suspended from the upper
dipole by means of spacers. Those spacers used for the folded
dipole, and illustrated in figure 39, will be very suitable for
this purpose. The only modification necessary to the design
of these spacers will be to cut the grooves at an angle. This
will prevent the top dipole from being twisted by the spacer,
under the weight of the lower dipole. Alternatively, the lower
dipole can be suspended as shown in figure 40(b).

Figure 40(c) gives a detailed illustration of the centre
insulator. This can be made from a block of wood or plastic
board. Suitable dimensions of the block would be six inches
square and half an inch thick. The four, quarter-inch dia-
meter holes are drilled one in each corner, and the sharp
edges removed. The lead-in is clamped onto the insulator
and the antennas connected as shown. Wire leads are con-
nected to each antenna and connected to the lead-in con-
ductors. Note should be taken of the method of cross-con-
nection, and good mechanical joints should be made before
soldering is performed.

A suitable lead-in to use would be 75 ohm co-axial cable
with the shield and centre conductor connected to the an-
tennas as shown in figure 40(c). At the receiver the centre
conductor is connected to the antenna terminal and the outer
shield to the ground terminal. An anchor peg will be needed
to hold the lead-in steady, as shown in figure 40(b).
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Chapter 11.
TRIPLE DIPOLE

This is another one of the family of directive broad band
antennas, with its maximum receptivity broadside-on to the
direction of the incoming radio signal. Like the Double
Dipole, it is made up of a number of dipoles cut to various
sizes and interconnected, giving it the broad band characte-
ristic. As its name implies it is made up from three dipoles,
each one cut to the length specified in Figure 41(b), and is
suitable for reception from 5 to 30 Mc/s.

The longest dipole is suspended between the main supports
by means of insulators. The two other dipoles can then be
suspended from this one using the spacers illustrated in
Figure 39. This type of arrangement is shown in Figure 41(b).
As an alternative the shorter dipoles can be suspended as
shown in Figure 41(a). Each would then have an insulator
attached to the end and would be tied back to the support
independently.

The centre insulator is illustrated in Figure 41(c) and can
be made from any suitable insulating material, such as wood
or plastic. A suitable size for this insulator would be six
inches square by half an inch thick. Six, one-quarter of an
inch diameter holes are drilled, three down each side evenly
spaced, and all sharp edges removed. The six ends of the
three dipoles are attached to the insulator by means of these
holes. The lead-in is clamped to the insulator and its two
conductors connected as shown. Wire connectors are brought
from each dipole and connected to the lead-in. Co-axial cable
with 75 ohm impedance is suitable as a lead-in. As with the
other dipoles, the lead-in should be brought from the an-
tenna at right angles and allowed to fall away for as far
as possible before bending. An anchor peg will also prove
useful in order to tie down the lead-in and hold it steady.
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Chapter 12.

VERTICAL DIPOLE

This is an omni-directional type of antenna which will have
the greatest efficiency when cut to a specific length cor-
responding to a certain frequency band. The dimensions of
this type of antenna are the same as those for a half-wave di-
pole. Therefore, reference should be made to Table I for the
dimensions of the antenna for different frequencies. It can
be seen therefore, that if a number of frequencies are to be
covered, then a series of vertical dipoles will be necessary.
A single dipole can be suspended from a tree, pole or down
the side of a house, and a series of dipoles suspended as
illustrated in Figure 42(c). Here a high tower or tree is used
to suspend a nylon rope from a house, so that it slopes
from the house up to the tower. The height of the tower
should be great enough to allow for the erection of the
lengest dipole required. A whole series of dipoles can then
be suspended between the nylon rope and the ground. Each
dipole should have an insulator at each end. At the top each
dipole will be tied off to the nylon rope and at the bottom
to an anchor peg.

The lead-in can be made from 75 ohm co-axial cable, and
should be supported so that it is at right angles to the antenna.
Figure 42(c) shows a method of supporting several lead-ins.
This type of system would require a multi-switch to give
antenna selection. The nylon support rope suspended from
the house to the tower could have a pulley and counter-
weight system to eliminate any sag.

The centre insulator of each dipole can be made as shown
in Figure 42(b). The material can be wood, plastic or any
other suitable insulating material. The size for this insulator
can be four inches square and half an inch thick. Two holes
each one-quarter inch diameter should be drilled, one on
each side, and all sharp edges removed. The two centre ends
of the dipole are connected to the insulator by means of these
holes. The lead-in should be clamped to the insulator and
the conductors connected to the two halves of the dipole,
as shown.

At the receiver, the centre conductor should be connected
to the antenna terminal and the outer shield to the ground
terminal.
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Chapter 13.
FAN VERTICAL

This antenna will give good reception results over the
frequency range 5-30 Mc/s, ‘and therefore can be considered
as a broadband non-directional antenna. However, like
other vertical antennas it is responsive to noise, both man-
made and natural. Figure 43(a) shows a typical installation.
A nylon rope is suspended between two supports, one end
lower than the other, similar to the installation for vertical
dipoles shown in Figure 42(c). In the figure a house and
pole are used, however these can be replaced by trees,
towers or other buildings, any supports that will give the
required heights. For the dimensions given in Figure 43(a)
for the Fan Vertical, the height of the high support should
not be less than 25 feet and for the low support, not less
than 10 feet. The nylon rope is securely fastened to the
supports so that it is at an incline to the ground. However,
if there is a likelihood of the supports moving it will be
advisable to use a pulley and counterweight system. This
will prevent sag or undue strain being placed on the rope.

The five antennas used for the system are cut to the
following lengths: 25'/: feet; 20 feet; 15 feet; 12!/» feet and
10 feet. These are attached in that sequence to the nylon
support rope with the 25'/: foot antenna attached at the
higher end, and the 10 foot antenna at the lower end. The
remaining three antennas are attached to the nylon rope
and equally spaced along it. An insulator is used to attach
each antenna to the nylon support rope. The lower end of
each antenna is attached to the bottom common insulator
so that the antenna system looks like a fan, and so giving
it its name.

The common insulator is shown in detail in Figure 43(b)
It can be made from a piece of wood, plastic or other in-
sulating material, and should be approximately six inches
long, three inches wide and half-an-inch thick. Five holes
are drilled along one of the long sides. Each hole should be
large enough so that an antenna wire can be fed through
and secured. Another hole should be drilled in one of the
lower corners to allow an anchor peg to be attached. This
will be necessary to hold the antenna system and lead-in
steady. The lead-in can be attached by means of a clamp,
as shown in the figure. A suitable type of lead-in would be
50 ohm co-axial cable. Connecting wires are soldered to
each antenna, then brought to a common point and joined
to the centre conductor of the lead-in. The braided shield
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can be connected to a ground rod placed in the ground
beside the common insulator. At the receiver the centre
conductor of the lead-in will be connected to the antenna
terminal and the braided shield to the ground terminal.
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Chapter 14.
THE “BEVERAGE" OR SIMPLE LONG WIRE ANTENNA

Tsi is one of a group of large antennas that attain direc-
tional properties due to their length. The longer the antenna
is made, the sharper is its directivity. The minimum length
to use would be two wavelengths at the highest frequency
to be received. Also this type of antenna provides good
receptivity over a one to four frequency range. Therefore, for
an antenna required to work over the frequency range 5-20
Mec/s, the minimum length would be 100 feet.

Best reception is obtained when the antenna is pointing
towards the incoming signal. The height of the antenna
above the ground should be between twenty to thirty feet.
For the average SWL a single long wire, several wavelengths
long, erected on suitable supports will give good result.
However, the SWL who wishes to get the best out of his
system can do so with a little more effort. By terminating
the far end of the antenna with a suitable resistor, maximum
receptivity can be obtained. The value of this resistor de-
pends on the antenna construction characteristics (height
above ground, ground conductivity, etc.) and therefore will
have to be determined by trial. A single wire Beverage an-
tenna will have an impedance around 600 ohms. Therefore, if
a variable non-inductive resistor having a value of 250 ohms
to 900 ohms was connected between the end of the antenna
and ground, it could be varied to give the best signal to
noise ratio obtainable for that particular antenna. This re-
sistor can be left permanently attached, or be replaced by
a half-watt fixed non-inductive resistor of the same value.
However, no matter which resistor is attached, it should be
given some form of weatherproof covering, suitable for all
seasons. For an antenna of this length it is a good precaution
to install lightning diverters, preferably one at each end of
the antenna.

A suitable lead-in can be made from co-axial cable of 600
ohm impedance. The centre conductor is connected to the
antenna by means of a connecting wire, from one side of the
lightning diverter, as shown in Figure 44(b). The other side
of the lightning diverter is connected to the outer braided
shield of the cable. At the receiver, the centre conductor is
connected to the antenna terminal and the braided shield
to the ground terminal. Care should be taken to ensure
that the ground terminal is actually connected to a good
ground. At the other end of the antenna, a lightning diverter
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should also be installed and connected to a good ground, as
shown in Figure 44(c).

A complete system would look something similar to that
shown in Figure 44 (a). An insulator is attached to each end
of the antenna, and then fastened to the end supports by
nylon rope. Since this type of antenna is very long, it is
advisable to have a pulley and counterweight system to
prevent too much sag. A support pole should be placed every
50 to 75 feet along the length of the antenna, to hold up the
wire. If a pulley wheel is attached to the support pole, this
will do the double duty of holding up the wire and also
letting it move freely, due to the pull of the counterweight.
If bare wire is being used for the antenna, the section of
it that will be touching the pulley should be wrapped with
protective tape.

Chapter 15.
SLOPING “V" ANTENNA

This is a broadband antenna which is quite popular due
to its simple construction and relatively high gain. It will
give approximately 10 db gain over a three to one fre-
quency range with the gain dropping off as it is used out-
side the design range. The dimensions given in Figure 45(a)
are suitable for a frequency range of 5-15 Mc/s, but should
also give good results up to 21 Mc/s. This type of antenna is
unidirectional, with the best reception being obtained when
the open end of the “V” is pointing towards the incoming
radio signals. The antenna should be erected on open level
ground, well away from any obstructions. Also, care should
be taken to ensure that the open end of the “V” is not
pointing towards power lines or any other noise sources.
The antenna is made up of two separate antenna wires
positioned as shown in Figure 45(a) and (c¢) to form a “V”
with the apex raised, giving rise to the name sloping “V”.
The ends of the two antenna wires are well anchored
through insulators to the ground, so that there is an angle
of approximately 30° between them. Each leg should be
terminated to ground through a 350 ohm, non-inductive,
half-watt resistor, which should be covered with a weather-
proof container or otherwise protected from the weather,
see Figure 45(b). The apex of the “V” is raised to the top of
the support pole by means of a pulley and rope. A counter-
weight can be used to hold it in position, or the rope can be
tied off at the base of the pole. The most suitable type of
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lead-in to use would be 600 ohm open-wire. This is con-
nected to the antenna at the apex, one lead to each antenna
wire, as shown in Figure 45(d). The lead-in should be allowed
to drop freely to the ground where it can be attached to a
ground peg, to hold it steady, and then run into the receiver.
If the receiver has a pair of antenna terminals, connect
the lead-in wires, one to each. If not, connect one lead-in
wire to the antenna terminal and the other to the ground
terminal.

For a support pole of this height it will be advisable to
attach an extra guy wire at the rear, to counteract the drag
on the top of the pole by the sloping antenna.

Chapter 16.
NOVELTY ANTENNAS

This chapter contains some examples of what the writer
calls “ novelty antennas”. They will not give the same re-
sults as an outdoor antenna of the same type, and rare, of
course, all for indoor installation. However, due to the
sometimes surprising results that are obtained from these
antennas, they should be given some consideration, especially
by the SWL who does not have any access to an outdoor
antenna.

TV Antennas

As far as the SWL is concerned, any available TV antenna
can be considered as a whip antenna. The fact that it is
cut to specific lengths for TV reception will not help or
hinder shortwave reception. It will give a similar perfor-
mance as a whip antenna, and so will be better than most
indoor antennas.

The TV antenna lead-in should be brought to the blade
connections of a double-pole, double-throw knife switch,
so that it can be connected to either the receiver or TV. It
will be advisable not to common the TV and receiver an-
tenna connections, since under some circumstances it could
be detrimental to the quality of TV reception.

However, if the TV antenna is supported by a tower or
long metal pole, which is insulated from the ground by
either a wooden board, rust or dirt, this will do very well
as a vertical antenna. A separate single lead-in can be run
from this tower to the receiver antenna terminal.
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TV Cable Folded Dipole

This antenna is made from 300 ohm TV lead-in cable. The
length of cable used is the same as for a half-wave dipole
and is given in Table I. This antenna would give a com-
parable performance to a normal half-wave or folded dipole,
if erected in the same location. It can be erected outdoors or
indoors, with an expected drop in receptivity for the indoor
installations. The outdoor type of installation would be si-
milar to that used for a folded or half-wave dipole. Indoors,
however, the antenna can be suspended from the ceiling,
attached around the walls or laid along the floor and covered
with a mat or carpet.

In order to make the antenna, the required length of TV
cable should be obtained, as called for in Table I. The two
conductors at each end should be bared, then connected
together and soldered. In the centre of the antenna one of
the conductors should be cut and the two ends stripped
back. The antenna is now ready for connection to the lead-
in, which should be another length of 300 ohm TV twin-lead
cable. The lead-in should be connected to the two bared
ends in the centre of the dipole. A system of these folded
dipoles can be set up and used with a multi-switch.
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Aluminum Foil Dipole

This type of antenna is made from ordinary household
aluminum foil, obtainable in rolls from any grocery store,
and is usually approximately 12 inches wide. If two strips
are cut off, each about two to three feet long, then attached
to two opposite walls of a room and a lead clipped to each,
then a dipole of sorts will be obtained. It will not have any
directional properties, nor be any more responsive at any
particular frequency.
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Long Wire Antenna

Good results can be obtained by taking a long piece of
wire and attaching it around the room to form a large coil
of several turns.

Chapter 17.

Antenna Accessories
LIGHTNING DIVERTERS

Reference has been made quite often in previous chapters
on the advisability of installing lightning diverters with
certain antennas, and in certain geographical locations.
Therefore, some words of explanation as to why a lightning
diverter is necessary would seem appropriate at this point.

When an antenna wire is suspended in the air it can store
up an electro-static charge, due to the general atmospheric
conditions. There need not be an electric storm in the imme-
diate vicinity, particularly if the antenna is a long one.
However, if there happens to be a storm in the area, then
the problem becomes more acute. Not only will the atmo-
sphere be more charged with electricity, but the antenna
could actually suffer from a lightning strike.

No matter which way the antenna receives its electric
charge, whether from slow accumulation or by lightning
strike, it will have to be removed or else it will do damage
to the attached equipment. The voltage that can accumulate
can amount to several hundred by electro-static charge and
several thousand when struck by lightning. Therefore, by
installing a lightning diverter this dangerous voltage can be
diverted to ground, where it can dissipate harmlessly.

Lightning diverters are used on a great number of diffe-
rent types of electric equipment, that are required to be
installed out-of-doors. They therefore take various forms,
and the most commonly used is the simple spark gap. This
is the one most suitable for the SWL. Figure 47 shows a
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lightning diverter suitable for installation to the rear of a
receiver. As with all the other antenna parts, these can be
obtained commercially; but they are also very simple to
make.

All that is required are two small brackets suitably drilled,
two bolts and four nuts. The nuts and bolts are assembled
to the brackets, after they have been attached to the rear
of the receiver cabinet. The bolts are set to give the re-
quired gap between the ends. This gap should be between
one-eighth to one-quarter inch to prevent the charge on
the antenna becoming too great. These dimensions can be
decreased if desired, but it is advisable not to increase them
since a gap of one inch between the bolt ends is sufficient
for a charge of 1,000 volts across normal air.
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Chapter 18.

MULTI-SWITCHES

When a system or complex of antennas is to be used, such
as a series of dipoles, then for convenience the lead-ins can
be brought to a multi-switch where easy selection of the
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required antenna can be made. The size of the multi-switch
will depend on how many antennas have to bé connected.
Therefore a simple, single-pole, double-throw switch will
do for two antennas, but a rotary selector switch would be
required for more. Rotary selector switches can be obtained
commercially, and Figure 48 shows diagramatically what a
typical switch will look like, and the method of connecting
the lead-ins.
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As the rotating strap connector is moved around from one
position of the switch to the other, it makes a connection to
the receiver, and one of the antenna terminals. This then
completes the connection between that antenna and the
receiver. If the lead-ins are made from co-axial cable all
the braided shields should be commoned together and con-
nected to the ground terminal of the receiver.

If each terminal on the switch is suitably identified, then
quick selection of the required antenna can be made, for the
frequency band to be used.
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