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preface

The international shortwave broadcast listener remains, as
always, in a unique position: he is able to “tune in” the
events in our fast changing ‘“‘world of events” from the
comfort of an arm chair.

The daily scheduling of such events via ‘“‘satellite TV”
may be lurking on the horizon, but as yet it remains too
expensive to “move in and take over” on an hour-by-hour
daily basis. The shortwave listener still holds the key to the
world arena and that key is his dial.

People outside the circle of shortwave listening as such
are beginning to realize that the shortwave multiband
portable provides a cheap way, indeed, to move into this
fast-moving worldwide arena of events; all we can say is
welcome aboard and happy dialing.

Yet there are many who are not aware of the fact that
programs are in the language of the ‘target area”: for
example, any programs beamed at the U.S.A. are in English.
Again some are not aware of the fact that such programs are
as loud and clear as a local AM broadcast program (in most
cases). This is due to the fact that most overseas broadcasters
use 250-500 kW transmitters feeding beamed antenna arrays
and our local AM broadcasters are limited to 50 kW and a
band that is not as noted for ‘“long hops” as the shortwave
broadcast bands.

At any rate this book is addressed to all who are
interested in listening to overseas broadcasts. Some will be
interested in the international shortwave bands alone, with
their multiband coverage of news events, music (exotic and
otherwise), language lessons, history, culture, and the like.

Others will be interested in the so called “Tropicals”
(60-120 meters). Such people are called DX’ers and the
reception of such programs calls for a knowledge of languages
and electronics plus expensive communications receivers and
great antennas. Tropical programs are not beamed. They are




low-powered programs aimed at a local audience (and they
are in the language of that audience). All of this attracts
rather than repels the DX’er: he likes his DX exotic and
difficult. In other words receiving the BBC or Radio Australia
as if it were an AM local from a New York apartment is not
his dish. He would rather go after that ‘“‘south of the border”
one kilowatt.

This book covers both areas so that the listener can dial
the programs that suit his tastes, even if he will most likely
dial a beamed program in his own language and settle for a
daily listen from Radio Australia or the BBC.

The reader is reminded that political disturbances in
certain areas may occasionally cause an interruption in
transmission.

Parts That May Be Hard to Find

Some parts are no longer available from mail order retail
electronics supply outlets such as: Lafayette, Radio Shack
(Allied), etc. This can include everything from ganged tuning
variables to 100 kHz crystal calibrator units to “slug tuned”’
coils, etc. Because of this, those who intend to build projects
are directed to the classified pages or the display ads in the
back of the ‘“ham” publication QST which is issued on a
monthly basis. Generally speaking, 100 kHz calibrator units
will come from people who deal in crystals. Slug tuned coils,
ganged tuning variables, and about everything else that is
hard to find (maybe even the crystal calibrator unit) will
come from the big surplus outlets listed on the pages of such
magazines as @ST.
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Overseas
Listening

Some readers will remember Armed Forces Radio Service
(AFRS, now AFRTS) during World War 1I. Others will
remember the shortwave newscasters and commentators,
such as Edward R. Murrow and his This Is London series.

- Few, however, will remember the shortwave flash of Byrd’s
flight over the South Pole. Nor will many remember the 1930
shortwave “round robin” between President Hoover in
Washington, D.C., Prime Minister MacDonald in London, and

Fig. 1-1 A famous first claimed in AM broadcast radio: On
November 2, 1920, the Harding-Cox election returns were
heard over KDKA radio, Pittsburgh. (KDKA photo)

1
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Premier Hamaguchi in Tokyo. And it will take a real
old-timer to remember when KDKA, WJZ, WABC, and
WENR had 47-meter shortwave transmitters, which were
used to relay programs and help the DX’er, the searcher for
the rare and distant station, receive his relay broadcast
programs by switching to the 47-meter band.

Fig. 1-2 One of the claims for first place in the AM broadcast
race is held by WWJ, Detroit. This photograph, taken in 1931
after WWJ had been on the air for many years, shows Ty
Tyson—famous for his on-the-spot Tiger baseball broadcasts—
taking an ‘“*announce cue’’ from engineer Edwin Boyes. (WWJ
photo)

Most of the development work connected with radio
transmission and reception of voice was done by the
telephone interests. Longwaves were used for all but the
really long hauls, which required the use of shortwaves.

It has been said that Alexander Graham Bell paved the
way for radio when he invented the telephone. Yet, it took
the young Marconi to make practical the waves of Hertz and
develop the wireless telegraph. And finally, it took DeForest
and his amplifying vacuum tube to make come true the
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“music box in every home”—dream of the late RCA
President David Sarnoff.

Nowadays, most of the commercial radio traffic has gone
over to direct wire or line-of-sight relay networks. This
includes cables, on the one hand, and highly directional
microwave antennas and satellites on the other. However,
shortwave radio can still deliver a world-wide scoop. For
example, a European-based wire-service reporter was listening
to shortwave when he suddenly heard the Russians announce
that they were taking off for Prague. He called his office, and
in so doing, scooped his own wire service. The Moscow
teletype broke with the story a little later.

MODERN LISTENING AND THE SHORTWAVE
BROADCASTERS

Today, for the first time in history, all mankind can be
reached instantly anywhere in the world by way of cheap,
multiband, portable transistor radios. Because of this, short-
wave broadcasters are in the middle of a struggle to capture
all types of listeners enveloped in this new market. In most
cases, the broadcasters are mature outlets offering a variety
of news, cultural, and talk shows; some of this is given with a
definite political point of view and some is given with an
attempt at objectivity. Depending on the listener’s own
political point of view, many of the stations will seem to be
simply propagandizing.

The hovering giant of the East is Radio Peking, which
pours a reported 450kW (450,000 watts) into every corner of
the globe. Radio Peking broadcasts primarily to Asia, Africa,
and South America (her target areas), and programs are
always in the language of the target area.

Another powerful broadcaster heard daily is Radio
Havana, Cuba. Its broadcasts are primarily to Central and
South America and are sent in the language of the target area.
North America seems to be a lesser target.

Radio Moscow and all of the Iron Curtain countries all
send their programs in the language of the target area. Radio
Australia, BBC (British Broadcasting Corporation), and VOA
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(Voice of America) are probably the prime users of short-
waves for broadcasting, besides the Iron and Bamboo Curtain
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Fig. 1-3 Voice of America has relay stations all over the world,
feeding giant antenna arrays—like this one in Tianang, Philip-

pines. (VOA photo)
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countries. These three not only cover the world by direct
broadcast but also by powerful global relay stations.

Radio Australia is considered the objective voice for Asia,
and a reliable source of Asian and ‘“Down Under”’ news for
the rest of the world. She has, at times, topped the BBC in
popularity polls. Her audience numbers more than 56
million. Radio Australia news reports are monitored by all of
Asia, and programs are beamed in several languages, including
English.

Fig. 1-4 Radio Australia is the “loud and clear’ Asian station
heard daily in the United States and Canada. The station
broadcasts in several languages besides English. Shown here is
Nitya Phangsapa, conducting her ‘“Replying to You’' program
for the Thai service. (ABC photo)

The BBC has been around since the early days of radio,
and the BBC World Service is well known for its mature
programming, news coverage, and comedy. Both BBC and
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VOA beam programs in many languages, including English.
Where most overseas outlets have a daily 55-minute segment
in English, BBC and VOA go on in English for hours on end.
It’s like listening to a local AM/FM station, and just as loud
and clear.

Fig. 1-5 This is Transmitter Hall at Trans-World Radio in the
sunny Netherlands Antilles. TWR's huge 500kW (800kHz) AM
broadcast transmitter is shown being monitored from the
foreground console. A 260kW shortwave broadcast transmitter
is being adjusted in the background. (TWR photo)

VOA covers the world from Washington, D.C. Programs
are beamed from the world’s largest beam antennas, located
on both coasts of the United States. Any corner not reached
by these antennas is reached by one of VOA’s many relay
stations located all over the world.

Radio Moscow, Radio Peking, and Radio Havana and
Radio Australia, BBC, and VOA were the big cold war power
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blocks. Of these, Radio Havana, Cuba, is the only one using
less than 250kW transmitters. Some are reported to be using
450kW transmitters feeding beam antennas. Considering that
the most powerful AM (local) broadcast transmitters in the
United States are 50kW, it is easy to see why the shortwave

Fig. 1-6 Trans-World Radio generates 3.2 Million watts of
power for the operation of it's transmitters. (TWR photo)

broadcaster’s signal delivered to a target area is so good. The
shortwave broadcaster wants to be able to compete with the
local station; this is his reason for pouring on the power. He
wants the average listener, not just the DX er.

The DX'er and the New Order

When the cold war came into the living room like a local
broadcaster, East jammed West and VOA used a floating
broadcast station to beam broadcasts behind the Iron
Curtain. Radio Moscow and VOA led the way to power and
the bands soon became a tangled mess. New nations, bred in
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the United Nations, could hardly wait to get on the air and
create a world-wide image.

DX’ers, now fed up with the ‘“‘new order,”’” headed for
other channels. Those who didn’t wind up listening to
“hams” or ‘‘utilities” are still around—hunting an odd 1 or
2kW broadcaster. These listeners use fine communications
receivers to help them hunt their rare DX and are bored with
a high-powered station once it is logged. They don’t look
forward to bagging Radio Australia every morning from their
New York apartment; they want that 1kW in New Zealand.

Since the old experimental station days, the broadcaster
has always needed the DX’er—and he still needs him. Most
stations are government controlled and a large or small
mailbag directly affects the budget. The DX’er will take the
time to send mail and reception reports to the stations he
hears or to beef about the ones he can no longer hear.

The sales product is not involved in shortwave broad-
casting: here everything done is keyed to the listener.

[13

Fig. 1-7 A Philippine farmer plows his rice paddy while listen-
ing to world news on a transistor radio. (Intermedia photo)
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Stations will answer a listener’s questions, send him cards and
folders, involve him in ‘“‘aired’ language lessons, and some-
times even offer him prizes and entertain him.

Schedules are seasonal and are submitted ahead of time
to the International Frequency Registration Board (IFRB),
an agency of the Telecommunications Union, Geneva, Switz-
erland. In this way, the bands are kept as open as possible.

The international shortwave broadcaster has many prob-
lems. Besides supplying a signal that can be heard on a
portable, he must deliver it in the evening, when listeners are
home. He also must remind himself that people are listening
from nut farms and rice paddies—and that the transistor radio
is a status symbol in India.

The Growth of Listeners

Because there are a number of AM and FM broadcast
band stations in or near every locality, the average American
has overlooked shortwave broadcast listening. In many other
parts of the world, however, stations are few and far apart,

Fig. 1-8 Group listening to shortwave broadcasts is common
practice in many parts of the world. (Intermedia photo)
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and shortwave listening is a part of everyday life. In poor areas
of a few continents, people often huddle together and ‘“‘group

listen.” The following figures will give some idea of the way
the transistor radio—and shortwave listening--has moved into
Africa. Africa had about 1.4 million radios in 1950. It now
has more than 15 million, many of them multiband short-
wave portables. In the Middle East, the findings are such that
one investigator feels that the transistor radio is changing the
history of that area.

They hear the world, whereas Americans are content to
listen only to domestic commentators whose news comes off
the wire service. Americans, therefore, receive ‘‘canned”
coverage of world and domestic news, as they are limited to
the one or two views of the wire services. Americans should
no longer be satisfied with the wire-service news coverage
when the whole world stands ready to be dialed as easily as a
local station.



7
The

Shortwave Radio Signal

The listener may or may not know a long-range short-
wave communications signal from a short, line-of-sight FM
utility signal. Few people know, or care, that all radio waves
are electromagnetic waves—or want to study theory. How-
ever, there is a certain amount of basic theory that should be
understood to become an expert SWL’er (shortwave listener).

RADIO WAVES

Without going into too much detalil, it is sufficient to say
that all radio signals have a number of things in common. AM
or FM, they all travel at about the speed of light (186,000
miles per second), whereas sound travels at only about 1100
feet per second. People who know this sometimes joke about
a preacher reaching his “radio audience” before he reaches
the man in the back of the church.

Radio waves are alternating waves; that is, the strength of
the wave goes from zero to maximum and back to zero, first
in one direction, and then from zero to maximum and back
to zero, in the opposite direction. This does not mean that
the wave itself changes direction as it moves through space,
but only that the strength of the wave changes, as shown in
Fig. 2-1.

11
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RADIO WAVE

\ WAVE MOVING
IN THIS DIRECTION

__— TRANSMITTING
= ANTENNA

Fig. 2-1 Radio wave radiated into space.

Frequency

Two terms that the SWL’er will encounter again and
again are frequency and wavelength.

When the strength of a radio wave goes from zero to
maximum and back to zero in one direction and then in the
other direction, the wave is said to have gone through one
cycle. The number of cycles that a wave completes in one
second is called the frequency of the wave. For example, the
radio wave shown in Fig. 2-2 goes through three cycles in one
second; therefore, its frequency is three cycles per second.
Until a few years ago, the frequency of radio waves was
always expressed in cycles per second (cps). Nowadays, the
frequency is more commonly expressed in Hertz. For
example, we refer to 3 Hertz (3 cycles per second), 400 Hertz
(400 cycles per second), and so on.

However, the term ‘‘cycles per second,” or cps, is still
around. In fact, the tuning dial on many radios is still
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Fig. 2-2 Frequency and wavelength of a radio wave.

specified in cycles per second rather than in Hertz. Through-
out the rest of this book, though, frequency will be expressed
in the more up-to-date term Hertz (abbreviated Hz).

Radio waves are very-high-frequency waves. In fact, they
are measured in thousands and millions of Hertz. Rather than
express radio frequencies as 500,000Hz, 10,000,000Hz, and
so on, the prefixes kilo, meaning one thousand, and mega,
meaning one million, are used. Using k as the abbreviation for
kilo, 500,000Hz is expressed as 500kHz. Similarly,
10,000,000Hz is expressed as 10MHz.

Wavelength

Wavelength and frequency are directly related. Wave-
length is the distance traveled by the wave in the time
required for the wave to complete one cycle (Fig. 2-1). In
other words, it is the physical length of one cycle. Wave-
length is expressed in meters, and if the frequency of a wave
is known, its wavelength can be determined by dividing the
velocity of the wave by the frequency. Since the velocity of
all radio waves is 300,000,000 meters per second (the same as
186,000 miles per second), the wavelength of the wave
shown in Fig. 2-2 is
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Wavelength (meters) 300,000,000 meters per second
3Hz

100,000,000 meters.

Similarly, if the frequency of a wave is 10MHz, its wave-
length would be:

300,000,000 meters per second
10,000,000Hz
= 30 meters
Suppose the wavelength of the wave is known but its
frequency is not. Then the velocity of the wave is divided by
the frequency. For example, if the wavelength is known to be
30 meters, then the frequency is

300,000,000 meters per second
30 meters
10MHz (10,000,000Hz)

It’s important to understand wavelength, because short-
wave broadcast bands are almost always referred to by
wavelength (in meters); that is, the 13-meter band, the
25-meter band, and so on. Stations within the band are
usually referred to by frequency, however.

Wavelength (meters)

Frequency (Hz)

INTERNATIONAL SHORTWAVE BROADCAST BANDS

The international shortwave broadcast bands are listed in
the table below. The frequency range for each band is also
shown.

Band Wavelengths (meters)

13 meters 21,450 = 21,750 kHz
16 meters 17,700 = 17,900 kHz
19 meters 15,100 = 15,450 kHz
25 meters 11,700 = 11,975 kHz

31 meters 9200 = 9700 kHz
41 meters 7100 = 7300 kHz
49 meters 5950 = 6200 kHz

Stations operating in these bands are usually the most
powerful stations that can be received, and almost all of them
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broadcast in English. However, as will be explained later, all
of these stations cannot be received at all times.

In addition to the international broadcast bands listed
above, there are other shortwave listeners’ bands called
“tropicals.”” These bands, which fall between 60 and 120
meters, are occupied by relatively low-power stations located
in Central and South America and parts of Africa and Asia
for local use. Broadcasts from these stations are usually in the
language of the country in which the station is located.

THE RECEIVED RADIO SIGNAL

Radio signals are very-high-frequency waves. The human
voice and music, by comparison, are low-frequency signals,
called audio signals. Audio signals range from about 20Hz to
15,000Hz. Because they are of such low frequencies and
because of other technical considerations, they cannot be
transmitted over long distances like radio-frequency signals.
Therefore, at the transmitting station, the audio signal is
superimposed on the radio signal during a process called
modulation. The combined signal is then radiated into space
by the transmitting station’s antenna, picked up by an
antenna a few thousandths of a second later, and fed to a
receiver. Within the receiver, the audio signal is separated
from the radio signal by the process of demodulation and
then amplified and fed to the speaker or headphones. The
transmitting and receiving process may sound quite simple,
but it really isn’t considering that the signals have traveled
thousands of miles through space. In fact, the strength of the
signal received by the antenna is measured in microvolts
(millionths of a volt). To make sure that an area receives the
strongest signal possible, the transmitting stations use direc-
tional antennas to beam, or aim, the signal in that direction.
Unlike the simple antenna used for the typical home radio, a
good receiving antenna is required to distinguish the weak
signal from the electrical noise that is always present in the
atmosphere (from power lines, neon signs, etc.). Because of
the importance of receiving antennas in SWL’ing, Chapter 5 is
devoted solely to this subject.
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Another major factor affecting the reception of a signal is
wave propagation; that is, the path the wave follows from the
transmitting antenna to the receiving antenna and how
various atmospheric conditions affect it along the way. Since
this varies from shortwave band to shortwave band, an
understanding of wave propagation is needed to know which
bands to use during different times of the day and year.

Propagation

When a radio wave is transmitted, various parts of it
travel from the transmitting antenna to different paths as
shown in Fig. 2-3. One part, called the ground wave, travels
along the surface of the earth. Another part, called the
skywave, travels upward and outward into space. The
skywave makes long distance SWL’ing possible.

~ % SKY WAVE

GROUND WAVE

< ¢
DAL EA)
a2

WA SAPR AT SR Y
‘:-".l\’\.\

Fig. 2-3 A transmitted signal consists of a ground wave and a
sky wave.

As a skywave travels upward into space, it encounters the
ionosphere, a region consisting of layers of ionized gases
about 60 to 200 miles above the earth.

As shown in Fig. 2-4, the skywave is reflected back to
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earth by the ionosphere. This is known as skip, and the
distance between the transmitting antenna and the point
where the skywave returns to earth is known as the skip
distance.

T A
Y IONOSPHERE 73

E LAYEl:?/

ANTENNA AND
TRANSMITTER

«— DISTANCE

A= | st HOP
B==2nd HOP

Fig. 2-4 Radio wave reflected from the ionosphere.

As the transmitted signal depends on frequency and
angle, not signal strength, the signal often bounces back and
forth between the ionosphere and earth several times. This is
known as multiple-skip or multiple-hop transmission. Skip
makes transmission over thousands of miles possible.

Broadcast station engineers make use of skip to beam
their broadcasts at certain target areas. They do this by
controlling the angle, called the critical angle, at which a
radio signal, of a certain frequency, strikes the ionosphere.

The ionosphere is not stable. Its thickness and altitude
vary, particularly with the time of year. Also, sunspots,
whose intensity varies over an eleven-year cycle, greatly
affect the characteristics of the ionosphere.

It’s up to the broadcast station engineers to worry about
critical angles, skip distances, frequencies, and the like.
Generally, losses are kept down by using as few hops as
possible, which means using the lowest angle of radiation
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(highest practical frequency). As a rule of thumb, the F layer
of the ionosphere and the highest frequency for a given time
that will ensure reception in the target area are used.
Generally, the E layer of the ionosphere is not dependable
for overseas broadcasting. However, during the low period of
the sunspot cycle, it is sometimes dependable for overseas
broadcasting. This condition is often referred to as the
sporadic E condition.

Actually, the E layer is the dependable mirror for the 60-
to 120-meter tropical and regional outlets. The E layer is also
responsible for making AM broadcast band DX’ing possible.
Sporadic E conditions sometimes do affect the international
shortwave broadcast bands. At such times an alert DX’er can
receive rare stations he would not normally hear.

4

The Sunspot Cycle

Generally speaking, the international shortwave broadcast
bands are dependent upon what is known as the eleven-year
sunspot cycle. Although the sunspot cycle is not precisely
predictable, a rough curve of the cycle appears in Fig. 2-5.
Early in the cycle the number of sunspots is low, reaching
peak approximately midway through the cycle, and then
dropping off again in the last part of the cycle. The sunspot
cycle has little effect on the 25- through 49-meter bands, but
greatly affects the higher frequency 13-, 16-, and 19-meter
bands. During the peak years of the cycle, reliable long-range
skip transmission is possible on the higher frequency bands.
Transmission on the higher bands is unreliable at other times
during the cycle and, in fact, may be impossible at the
beginning and end of a cycle.

Although the 25-, 31-, and 49-meter bands are not
directly affected by the sunspot cycle, they are affected in
another way. They become very crowded because they are
called upon to carry the bulk of the scheduling during all but
the peak years. During peak sunspot years, broadcast
engineers use 13, 16, and 19 meters regularly, but there are
also plenty of evening programs on 25 and 31 meters,
because these bands are on almost every shortwave set. Only
the better sets will include 13, 16, and 19 meters.
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Fig. 2-5 The sunspot cycle.
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Fig. 2-6 How the recent cycle really looked to the listener. The upswing
starts again in 1976.
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Predicting sunspot conditions is strictly for the frequency
division experts. Conditions change hourly, daily, weekly,
and monthly—as well as yearly. During peak years, the best
listening months usually occur in spring, summer, and early
fall rather than in winter.

A rough rundown of the recent sunspot cycle and its
effects on the 13-, 16-, and 19-meter bands is shown in Fig.
2-6. As the sunspot numbers decrease, transmission on these
bands falls off; during the low-cycle years, the higher the
frequency, the poorer the transmission. As pointed out
before, the 25-, 31-, and 49-meter bands are not too much
changed by sunspot conditions and should remain relatively
stable throughout a given cycle period.

lonospheric Storms

Ionospheric storms are sunspot disturbances that greatly
upset the characteristics of the ionosphere. Storms may last
from one to several days. During this time, refracting layers
of the ionosphere may disappear and communications may
come to a grinding halt. At best, the going will be rough.

MAXIMUM USABLE FREQUENCY

Maximum usable frequency (MUF) is the highest radio
frequency that will be reliably reflected back to earth from
the ionosphere. Since the ionosphere is directly affected by
the sunspot cycle, so too is the MUF. It is highest during
peak sunspot years. Determining the MUF is the broadcast
engineer’s problem; it is taken into consideration in the
broadcast schedules published and distributed by the broad-
cast stations.

Fading

There is a daily variation in the MUF. If the variation is
such that the MUF drops significantly below the station
frequency, the signal will fade out. Also, fading conditions
should be expected during the day on any given frequency
because signal absorption by the ionosphere changes with the
height of the sun.
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Fading can sometimes be overcome by diversity recep-
tion. Diversity reception involves using two antennas, one
vertical and one horizontal, and two receivers, or two
antennas with a special diversity receiver set-up. However,
this is expensive and will interest only the serious DX’er.

WHAT TO EXPECT ON THE BANDS

International shortwave broadcast schedules will reflect
the best MUF conditions. The bands and times listed will be
the best broadcast time available for an area. Some broad-
casters try to tie listeners in by issuing predictions. DX clubs
and some electronics magazines also try to keep listeners up
to date. However, the best way to find out what is coming
through is to scan the bands and consult the latest schedules
—and let the station engineer worry about reaching listeners
on a given evening.

Generally, the highly changeable 13-, 16-, and 19-meter
bands will be best during the spring, summer, and early fall
periods of the peak sunspot years. The 25- and 31-meter
bands are always crowded, but will be more so during the
beginning and end of the sunspot cycle, or low sunspot
years. The same is true for 49 meters, except that it is usually
best during the winter months. During the peak sunspot
years, the 19- and 25-meter bands tend to be in an MUF
position around the clock. At such times the DX’er can count
on bagging a few new countries on these long-distance bands.

The 13-, 16-, and 19-meter Bands (peak sunspot years)

Bandswitching is always important because of changing
band conditions, and during the peak sunspot years the 13-
and 16-meter bands should be open from mid-morning
through late afternoon. The 19-meter band should be open
from noon through late evening.

The 25-,31-,and 49-meter Bands
These bands broadcast in the evening and at night year-in
and year-out. They are little changed by sunspot conditions
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and, except for peak years, carry the bulk of the scheduling.
Again, bandswitching is the key to SWL’ing.

The habit of sending for schedules—and using them—will
make listening a pleasure. Listeners will find that the station’s
engineer has picked the best time and band (MUF) possible
to deliver a good signal. Only a sunspot storm or interference
on the selected station will make him depart from his
scheduled choice. Such a storm could make him change
bands, but channel interference will send him only a few
kilohertz up or down the scheduled band.

With a little practice, a listener can soon learn his way
around. For a beginning listener, it’s a good idea to scan the
bands as he starts listening, for bands are always changing,
which is all part of the game. If there is activity on a given
band, the fish are biting; if a listener sticks with it, he may
haul in a rare one.



3

Listening to
Shortwave

There are numerous musical programs broadcast on the
international shortwave bands, but music is not the main
feature. Talk is, and anyone who loves news, commentary,
drama, language lessons, or information on the history and
culture of a country is in luck. The general level of the talk
programs is high. Listeners may tune in a few ““basic English”’
programs aimed specifically at underdeveloped areas, but
most of these programs will be confined to Voice of America.
These programs, however, serve to remind us that shortwave
radio is big in countries where newspapers and magazines are
scarce and readers are scarcer still.

Those who live by one or two TV commentators won’t
like shortwave broadcast listening. It is not for the person
who likes to doze off in front of the tube—satisfied that all is
well. On the other hand, it is made to order for the individual
who flips off the TV and says, ‘“There must be something
else,” and who wants to be a living part of the next Prague or
Paris event. Scheduled world-wide TV on a daily basis, sooner
or later will probably shoot down shortwave broadcasting.
But until this happens, overseas shortwave listening offers the
only ticket to the global arena.

‘““Canned” wire-service news is world-wide, but a short-
wave listener gets an on-the-spot in-depth view, and this
makes a difference. Here, there is an instant scanning ability.
In short, a listener can scan the world as fast as he can spin
his dial.

23
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HOW TO MEET LISTENING CONDITIONS

The successful scanning and use of the international
shortwave broadcast bands for daily communications pur-
poses depends on four things: (1) where the listener is
located in relation to the aurora zone (the ionized polar sky
cap that makes reception over the poles difficult most of the
time); (2) the listener’s ability as an operator; (3) his respect
for good receivers; and (4) his knowledge of antennas.

When conditions are right, any wire hooked to a cheap
all-band portable will bring in the world if the portable is
placed in a good location. This isn’t so, however, if
conditions are bad and the signals must pass through the
aurora zone.

Figure 3-1 gives a general idea of the area in which
reception is affected by the aurora zone. In the United
States, listeners on the West Coast experience difficulty
listening to European short-path signals, because European
signals to the West Coast pass through a major part of the
aurora zone. East Coast listeners, although not free of aurora
problems, have much better reception from Europe because
the signal does not pass through as much of the aurora zone.

For the most part, West Coast listeners must depend on
long-path (Great Circle), early morning signals from the
continent unless the station uses relays. For example, Radio
Nederland has a relay station in Bonaire, Netherlands
Antilles, which can be heard on the West Coast. BBC has
relay stations, but they are not beamed at the United States
mainland (except from London and Ascension Island). The
short-path angle will allow the BBC to be a prime source for
the East Coast listener, but the West Coast short-path to
Europe is just not reliable for communications purposes.

If a listener lives in a problem area, he will have to give up
the idea of being an average listener and become a DX’er.
This means that he will be a hunter of weak as well as of
powerful long-path signals. In this way, he will be able to
cope with aurora conditions.

Being a DX’er will mean owning a good receiver and
knowing how to operate it. Cheap receivers are sometimes
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prone to cross-modulation, or local-station interference on
shortwave bands, and a listener who already has reception
problems can live without this additional annoyance. A
DX’er needs good antennas; random-wire antennas, although
better than nothing, do not have the gain (added signal level)
required for DX’ing.

Daily reception of a fixed number of global stations
depends on time and bandswitching techniques tailored to
meet daily conditions. Such an operation must be a do-it-
yourself scheme, based on listening needs and location.

SETTING UP A NETWORK

If a listener has a good location, he will have few tuning
problems. If he does have a problem, it will be because the
signals are down in the mud, and in such cases, the following
hints may be helpful.

Solar storms or the aurora zone can always cause
problems, and a listener may have to work around the zone.
In such a case, he may be DX’ing or hunting long-path signals
to replace the regular short-path signals. He may pick up
signals aimed at other countries, which will sound weaker
than the regulars. The best place to look for such signals is on
the band edges; in this case, the edges of 19-, 25-, 31-, and
49-meter bands. An example of how helpful this can be is to
consider the following:

The BBC in London beams seven hours of world service
features to the United States daily. If the aurora zone starts
acting up and these seven hours become hard to receive, there
is a way out. In the mid-afternoon or early evening, the
listener should try the 25- or 31-meter band edges for the
BBC European, African, or any other BBC service he can
find. The BBC has outlets in Ascension Island and Malaysia,
as well as in London.

London and Ascension Island have the only beamed
service covering North America. Trying to receive BBC on
any other service may be difficult, but it also may save the
day. Of course, not every DX station will be found on a band
edge; some may be in the depths between the giants.
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When a listener hunts DX, it is a good idea to tune slowly
and then zero in by giving the dial a short rock back and
forth to really hit the target. (More details on tuning and
logging will be found in Chapter 7.)

If the listener makes a practice of hunting and logging
extra outlets, he will wind up with a stockpile of useful
substitutes for future use. A time and frequency card file
(such as described in a later chapter) will be most helpful in
finding a station in a hurry.

Another useful tool is an Azimuthal Equidistant Projec-
tion Map published by the United States Department of
Commerce and centered on a nearby city. For example, map
No. 3042 is centered on New York City and will work for the
East Coast area. Such a map allows its user to see and
measure the great circle paths that radio signals will follow.

Once a listener has decided on a fixed number of stations
and has tested their usefulness, he should get on their mailing
list. In so doing, he automatically will be fed schedules and,
in some cases, reception report forms, if he wants them.

Networks for East Coast Listeners
The following is an example of a useful news and feature

network (in English) for listeners on the North American
East Coast:

BBC
Radio Nederland (relay)
Radio Switzerland
Italian Radio

(on aurora zone edge)
Radio Prague
Radio Sofia
Radio Moscow

Radio Finland
Europe (via aurora zone; Radio Sweden
too far north for daily use){ Radio Norway
Deutsche Welle, Germany
(uses relay)

Europe (via aurora zone)
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Radio Portugal
Europe Radio Nederland (Bonaire)
Deutsche Welle (Portugal)
" Radio RSA (South Africa)
Radio Cairo
Africa (now Cairo State Radio)
} Radio Nigeria News in
\ Radio Accra (Ghana)\ English
' Radio Japan
Radio Lebanon
Radio Jerusalem

Asia (aurora zone) S e

Radio Peking

North America { Voice of America

Radio Canada
HCJB (Quito Ecuador)
Radio Nederland (Bonaire)
South and Central America ° Trans-World Radio (Bonaire)
Windward Islands Radio
. Radio Havana, Cuba

Asia %
. Radio Kuwait

. Radio Australia (best for
Oceania .
Asian news)

(Note: Radio Peking and Radio Moscow never call
out transmitter locations, but they are reported to
use relays. At any rate, they do a good job bucking
the aurora zone and getting through.)
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Shortwave
Broadcast Receivers

Professional communications receivers have always been
the standard of excellence for long-distance reception. In the
old days, in fact, this type of receiver was required if a DX’er
wanted to hear a distant station on a regular basis. Profes-
sional communications receivers, however, are quite expen-
sive, as will soon become apparent.

Fig. 4-1 The Zenith D7000Y still remains a top choice in the $250
class. It replaces the older 3000 series.

30
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Today, there are portable communications receivers,
better known as multiband, solid-state, global portables,
which are in the price range of most listeners. These receivers
are about as easy to operate as a common clock-radio and are
often more sensitive than the old tube-type communications
receivers. In fact, everything the listener needs is built into
these receivers, unless he is going in for hard-core DX’ing.

Some people are fooled by the word portable. They think
this means something less than the best. They have seen and
heard too many cheap receivers. The modern solid-state
global portable in the $200 class is really as good as many
communications receivers. In fact, it will take a professional
communications receiver to beat a global portable.

THE MULTIBAND PORTABLE AND
THE AVERAGE LISTENER

A true global portable has bands that will include all
international shortwave broadcast bands, the bulk of the
regionals and tropicals (low-powered Latins), and the FM-AM
standard domestic broadcast bands. The best of such por-
tables will spread each of the international shortwave
broadeast bands over the major portion of the dial for easy
tuning.

The quality of the sound is up to the listener. The best of
hifi speakers can be plugged into the external speaker jack
and adjusted (there are bass, treble, and volume controls) to
suit individual taste.’Phones,the set’s speaker, or a communi-
cations speaker can be used for DX’ing. The only real skill
needed will be the ability to listen carefully and tune slowly.

Multiband portables of this kind can be highly recom-
mended to any average listener who lives in a fair reception
location and has the desire to hear the major global
shortwave broadcasters. Those who want to hear a given
station night-in and night-out at a given time year-in and
year-out are no longer average listeners. They should buy a
communications receiver, put up good antennas, and study
band conditions. In short, they must become DX’ers.

The appeal here is to those who are willing to make use
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of what is coming through at the time—for what is coming
through will usually be plenty. On the other hand, there is no
need to mislead an East Coast listener who wants to listen to
Radio Finland night-in and night-out. Finland is in a far
northern position in relation to the aurora zone and United
States reception conditions are bound to be bad at times.

If Finland is out, why does Radio Moscow come through

Fig. 4-2 The Sony TFM-8000 is a good all-band portable selling for
under $200.
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for the same listener, night after night? It isn’t certain where
Radio Moscow is transmitting from, but it can’t be from
Moscow, because the transmissions come through too well.
Radio Moscow uses relays or widely spaced transmitters to
beat propagation and aurora conditions; Finland doesn’t.
Another thing, a down-in-the-mud, too-far-north station can
be plowed under by a southern European powerhouse, even
when conditions are fair. Here is where a listener needs the
selectivity of a real communications receiver to make sense
(or copy) out of the station. If he is using a portable, he will
have to be satisfied to listen to the powerhouse that is
causing the trouble or tune in another station.

The portable is made for stations with power and the
bands are loaded with powerful 250kW stations, but it also
has other advantages not found in most communications
receivers. For example, powerline noise can be a real problem
in a city; but, since portables are battery operated, they lick
this problem. Also, whip antennas are generally noisemakers
and do not work well on communications receivers. But they
do work pretty well on portable receivers, because portables
are designed to operate on short antennas. Therefore, if space
or other problems prohibit the use of a rather large and
complex communications receiver antenna, the listener might
be better off with a portable. A simple, properly cut,
single-wire antenna for each band will often do wonders for
the portable.

THE DX'ER AND THE COMMUNICATIONS
RECEIVER

If a listener likes to DX, or lives on the West Coast of the
United States and often must DX, he will need a ‘“hunter’s”
receiver. Such a receiver is called a communications receiver,
not a communications type receiver. A communications type
receiver can be had for as little as $175.00 new. A true
communications receiver can cost as little as $200 used or
$400 new, or, for a real DX nut, $3000 new. A budget
communications type receiver is in another league by any
count and it will not do the job of a regular communications
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Fig. 4-3 The NordMende Galaxy 6606 is a fine 9-band receiver selling
for a little under $200.

receiver. A typical ‘“budget” receiver will allow a listener to
hear code and single sideband signals and will perform as a
communications receiver when reception conditions are at
least fair. However, when a lot of selectivity is needed, the
“budget” receiver fails completely. It is fine if the listener
can work within their limits, but if he can’t, or he wants to
DX, he will want and need a real communications receiver.

oo srLacTon

_© ©

Fig. 4-4 The new Drake SSR-1 is a synthesized, solid-state desk-top
500kHz to 30MHz AM portable. A great new receiver in the $350 class.
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This is, however, a receiver for the “buff” and not for the
average listener who simply doesn’t need it.

A real communications receiver will not only tune every
type of signal, but it will allow the listener to tune one close
signal in and another close signal out. This is called variable
selectivity, or the ability to select one signal over another
when both are on about the same frequency. Excellent
variable selectivity is one feature that makes the communi-
cations receiver so expensive. Other features are greater dial
accuracy (the ability to reset within +1kHz) and better high-
frequency reception.

Operating a communications receiver with any degree of
success takes a little patience and a small amount of skill.
This type of receiver will make sense out of a down-in-the-
mud signal, but at the expense of audio quality. This loss of
audio quality might be enough to discourage the average
listener, but sacrificing audio quality is often the only way
out if the listener wants to grab the really weak signal. Poor
signals need peaking so that sideband interference from other
stations is kept down. What is called for is the use of the
selectivity controls in order to narrow the passband so that
only the desired signal is received. But a narrow passband
distorts the signal if a crystal filter selectivity control is used.
If the set has a mechanical filter control network, the signal
will have an annoying “ringing’’ sound. So it all boils down to
which is the lesser of two evils.

It is hard to find communications receivers with selecti-
vity controls really suited for shortwave AM broadcast
signals, which are the signals being handled on shortwave
broadcasting. The crystal networks are best when used on
code signals. The mechanical filter networks supplied are
geared for “ham” CW or single sideband (SSB) use, and they
may have to be used this way on AM. The problem is that
there are not enough broadcast DX’ers to warrant the design
of special receivers. For the DX’er, the lesser of the two evils
is the mechanical filter network. The distortion of the crystal
filter may destroy the signal, whereas the mechanical ringing
may just be annoying.
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The communications receiver always has a BFO, or beat
frequency oscillator, for code reception, which the average
shortwave listener is not interested in, but the BFO helps the
DX’er find distant carriers on the broadcast bands. Once the
carrier is located, the BFO is turned off so that the voice
signal can be copied. The BFO is also needed if a crystal
oscillator is used to calibrate dials. This is mentioned because
some budding DX’ers may think they are paying for
communications receiver gadgets that they won’t need.

THE SOLID-STATE DUAL-CONVERSION
COMMUNICATIONS RECEIVER

A good modern solid-state communications receiver will
outperform its vacuum tube counterpart. It will be more
stable, have a better signal-to-noise ratio (it will be dead
quiet), and if it is a dual-conversion receiver, the dial will
have real reset accuracy. The instant-on feature of solid-state
receivers is common knowledge.

In this type of receiver, each band will be calibrated to
take up part or all of a 500kHz-wide crystal-controlled
segment. The dial width will be 500kHz wide and will spread
the band out according to its width (a 450kHz-wide band
would read 0-450 +1kHz). Stable (heat-free) operation
simply means that the receiver-tuned circuits drift very little.
The dial can be reset and the station found on the same spot.
Modern transistor receivers are, in most cases, noise-free from
antenna input to speaker. If noise problems exist, the
powerline or the antenna system is at fault. Tubes, by nature,
are noisy and cause drift (because of the heat generated).

The dual-conversion receiver greatly improves reception
on all of the international shortwave bands. This will be
explained in detail in Chapter 6.

THE COST OF RECEIVERS

The portable receiver buyer has a wide choice in every
price range. At the lowest level, he can choose from sets
having one or two shortwave bands and selling from $25 to
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$100. He won’t have any bandspread, which means the bands
are hard to tune, and as mentioned before, there may be
cross-modulation problems. If he lives in the open or can
tune around the problem, the sets will receive overseas
broadcasts by the dozen. In the better sets, the buyer will
have bandspread and most or all of the international bands,
plus the possible cross-modulation worries.

The global portable is the one most recommended, for it
delivers professional signals without cross-modulation worries
or other problems. Such receivers cost between $200 and
$400. Some people try to shoot down all transistor portables
because of problems existing in cheaper sets. But a cheap set
is always a problem in one way or another, whether tube or
transistor.

The DX’er has little choice. He can try a “budget”
communications receiver, but he will soon find himself
eyeing a $600 dual-conversion set. The sky is the limit for
those who want luxury listening. Such a listener can go in for
diversity reception and wind up with two receivers and a

Fig. 4-5 Drake also offers this conventional double-conversion solid-
state receiver in the $600 bracket.
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double-antenna system covering all directions. If he desires
such listening, he should remember that the automatic gain
controls (AGCs) must be hooked together. A system such as
this reduces fading and greatly improves reception.

The balance of the shortwave listener’s outfit will consist
of an antenna and perhaps a few other items. He may want to
add a better speaker or a pair of ’phones, or maybe a tape
recorder—but that is it.

The average listener might get started for as little as $60
and reach a top figure of $400. The DX’er might start at
$200, but would be far wiser to figure on $600. The luxury
listener won’t hear more stations—he will just live better. It’s
a pleasure to operate fine receivers and have one’s own
antenna farm, but it’s not necessary. It is useless to spend
such money unless one really knows how to operate, and
even then it may not pay.

T T
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Fig. 4-6 Drake offers this continuous coverage 10kHz to 30MHz digital
synthesized solid state DSR-2 as their *“top of the line’’ communica-
tions receiver in the $3000 price range.
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How to Become
an Antenna Buft

There is nothing like a good receiver, except, perhaps, a
good antenna hooked to the front of the receiver. A good
antenna is not just any wire, but a wire cut specifically for
the band in use. Such a wire is called a halfwave or resonant
wire. Unfortunately, some people buy very costly receivers
and then scream about poor reception, due, in most cases, to
a poor antenna.

A lot of money can be spent on converters, preamps, and
assorted antenna couplers, and the result can produce more
noise than gain. Such accessories may add a noisy one or two
S-units (a scale on the S-meter which is a tuning indicator
found on most good receivers to indicate the strength of the
received signal; two S-units is enough gain to pull a signal out
of the mud), but a simple halfwave antenna will add a clean
one, two, or maybe three S-units. Halfwaves are simple to
make; what’s more, they cost very little.

A halfwave antenna for the band in use is a resonant wire
cut five percent shorter than one-half the wavelength of the
center frequency of the band. The international shortwave
broadcast bands are not very wide, and a resonant wire cut
for the center of a given band will be down very little on the
ends of the dial.

Antenna lengths for the international shortwave bands
are as follows:

39
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Band Antenna Length
13 meters 21 ft. 9 in.

16 meters 26 ft. 3 in.

19 meters 30 ft. 5 in.

25 meters 40 ft.

31 meters 48 ft. 6 in.

41 meters 65 ft.

49 meters 77 ft.

The wire may be used as is for portables. For a communica-
tions receiver, the wire should be cut in the center and an
insulator inserted to make dipoles.

TYPICAL HALFWAVE RECEIVING ANTENNAS

Probably the two most common antennas for shortwave
radios are the end-terminated Hertz and the dipole. An
end-terminated Hertz antenna matches the input circuit of
portable receivers very well, and it is the most simple and
most useful halfwave antenna for the SWL’er. (End-termina-
ted means simply that one end of the antenna is connected to
the receiver.) The antenna can be mounted horizontally, as
shown in Fig. 5-1, or simply draped from a window if the
window is high enough above ground. It can also be mounted

INSULATOR ANTENNA

SUQ)‘RT / /

LEAD-IN WIRE —

LIGHTNING ARRESTOR

GROUND WIRE -

7, 4K
GROUNDING —

ROD

Fig. 5-1 A typical end-terminated Hertz antenna.
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Fig. 5-2 Halfwave dipole.

horizontally in the home; for example, in the attic, if space
permits. But it is best mounted outside.

The dipole antenna illustrated in Fig. 5-2 is a center-fed
halfwave antenna. Center-fed means that the center point is
connected to the receiver (as opposed to an end-terminated
antenna). The center-fed dipole has a low impedance and
therefore is used very often with communications receivers,
which have a low-input impedance. As explained later, it is
advisable to use a coaxial transmission with this type of
antenna.

The Hertz antenna will often prove satisfactory for the
average SWL’er; the DX’er might prefer the dipole or one of
the other antennas described later in this chapter. (Chapter
12 describes the construction of a number of other antennas
of interest to the SWL’er and the DX’er.)

The Hertz Antenna
It is always necessary to match the antenna to the
receiver’s input or antenna circuit. The average listener will,
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in most cases, use a portable, and this receiver usually has a
high-input impedance to match the built-in whip antenna.
End-terminated halfwaves naturally have this matching
ability. In other words, a Hertz will match the portable’s
higher input, whereas a dipole (or center-terminated) antenna
would reflect a better match when used with a 50-ohm
communications receiver.

A good global portable used with a full set of end-
terminated halfwaves will have gain to burn. Good global
portables come with a tuned R-F or antenna stage that makes
the use of R-F boosters unnecessary. A modern R-F stage is
the equal of two stages a few years back. If a receiver lacks
such a stage, the weak signal response will be poor.

Although it is true that pre-selectors were used in the old
days, overseas signals were then very weak. DX’ers then
were not dealing with 100kW and 250kW stations; they were
lucky to find a 5kW station. Converters were also used to
make shortwave sets out of broadcast receivers. Today, using
the broadcast band as an I-F stage for a converter would be
unbearable: The local broadcasters would all but blot out
overseas reception (by coming in on the 1500 kHz I-F of the
converter setup). It is sufficient today to buy a set with an
R-F stage that will tune the overseas broadcasters and to
hook it to a good antenna.

To make Hertz antennas for a portable, ordinary “‘zip
cord” (household lamp cord) can be used. A set of wires can
be measured off with a yardstick, and these are then split
down the middle. If the resulting antennas are draped out of
a window, they can be switched in as needed by plugging
them one by one into the external antenna jack, or lacking a
jack, by clipping them to a depressed whip.

If there is not enough room for a 31-meter band antenna.
the 13-meter halfwave will work fairly well.

GROUNDS AND LIGHTNING

Outside antennas are the best high-frequency antennas
and this means a good ground for the antenna and receiver.
The best ground is a heavy noninsulated wire connected to a
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grounding rod driven into the earth, as shown in Fig. 5-1. If
this is not possible, a cold water pipe may be used as a
ground (beware of plastic joints).

The DX'er and the Dipole

A DX’er’s receiver, a modern communications receiver,
usually has a 50-ohm input impedance. This calls for a
center-terminated halfwave, or dipole, to reflect the proper
match. End-terminated antennas require antenna couplers to
correct the end-terminating mismatch. The dipole is the
natural because it will match the communications receiver
input. Most communications receiver manuals recommend it
as the antenna. The reasons it remains at the top of all DX
antenna polls are reviewed below.

(1) The dipole is a noise canceling antenna.

(2) The dipole is center-fed and so provides a perfect
low-impedance input circuit match.

(3) A true dipole is a one-band antenna and helps
cancel interference from outside the band in use.

(4) A dipole will supply a gain of two to three S-units
over a random wire.

(5) A dipole allows the use of low-loss, low-noise coax
as a transmission line.

The Loop Antenna

Dipoles are fine in lengths from 13 to 49 meters (or from
21 feet 9 inches through 77 feet). If they are longer than this,
they start getting center heavy and are hard to maintain.
Here, a tunable loop antenna may provide the best reception.
The loop antenna is the best noise-cancelling antenna for the
lower frequencies; it is also fully directional, which is
required for the lower frequencies, and completely tunable.

For DX’ing the tropicals (60 to 120 meters) or the
domestic AM broadcast band, the best antenna is a large
tunable indoor loop; since it is directional and relatively
noise-free. This tunable loop permits the listener to cover the
world on the AM broadcast band during the DX season. A
smaller tunable loop can be used to cover the 60- to
120-meter bands (Fig. 5-3).
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Fig. 5-3 Tunable loop for the tropical and broadcast bands.
Use two or three turns for the tropicals and five or six turns
for the BCB.

The Longwire Antenna

Roughly, a longwire is an antenna 100 feet or longer. To
beat a halfwave, a longwire must be about five wavelengths
long. Two longwires are necessary for low-frequency direc-
tional coverage. The amount of wire necessary makes this
kind of antenna impractical, and particularly so, since the
listener may wind up with the world’s loudest (as well as
longest) noise generator—that is, unless he lives on a far-off
island remote from industry.

The modern longwire is actually nothing more than a
long random. It is usually an all-band wire 100 to 160 feet
long. If the listener has the room for one or two, a longwire
will work well in a quiet location. An antenna coupler may
be required to obtain uniform gain on each of the bands.
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Another version of the longwire antenna is the rhombic, a
high-gain, diamond-shaped wire, but, here again, an island is
necessary for good listening.

The DX’er and the Vertical

Any longwire other than a noise-canceling dipole is apt to
be noisy, and especially the verticals because man-made noise
is vertically polarized. This is also the reason a vertical lead-in
wire must be ‘““coax’ with the braid grounded. If the listener
must use a vertical (because of limited space), he should use a

short one with an antenna coupler working against ground
(Fig. 5-4).

| 9-30 FEET
RANDOM WIRE

4
/ TUNING CONDENSER

AND COIL FOR
BAND IN USE

rY'YY\

| RECEIVER GROUND ONLY
= WITH AC SETS

SHORT
LEAD -IN

— | RECEIVER

J T

Fig. 5-4 Antenna coupler tuning with a short vertical antenna.

The DX’er and Other Multiband Antennas

There are fan verticals and multiband dipoles that use the
coax lead-in or a balun to cancel out bands not in use. (Fig.
5-5). Because multiband fan dipoles are heavy and hard to
support, however, they are not recommended.
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Fig. 5-5 Fan vertical (A) and muitiband fan dipole (B).
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The Coax Lead-in

An end-terminated Hertz can be directly connected to
the external antenna post of a portable, or a short coax
lead-in can be used. For dipoles, long coax lead-in connec-
tions to the receiver are necessary.

Coax, or low-loss coaxial (RG-58/U 53.5 ohm) cable,
should be used on any of the antennas just described. Failure
to do so will result in noise pickup that may cancel out all of
the extra needed gain or volume. Using coax is meaningless
unless the braid is properly soldered to a coax connector
(UG-358/U) and grounded (Fig. 5-6). The cable, with a
connector on each end, can be had in 20-foot lengths, or the
cable and connectors can be purchased separately and
assembled.

However, watch out for plastic water pipes, as they are
useless as grounds. Grounding kits and lightning arresters are
available from most electronic supply stores, and they

"CoaX" BRAID
SHOULD BE
- SOLDERED

- TO SHELL.

A )V‘X X/ X #(‘\ X ('\ { ""_"
_,/iw("x OOCKX (y’\"\

OO x:’
I:-Ix)(ly )

XXX
XX
K,X](l m N \)/((\;

LLlLl.\l XAX AN

SOLDER CENTER -~
LEAD TO PIN.~

Fig. 5-6 Coax connector assembly.
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contain installation instructions. Be sure to order a coax
lightning arrester (Fig. 5-7) if a coax transmission line is being
used.

TO
ANTENNA
b
M
COAX LINE
I TO ANTENNA COAX LINE
| I TO RECEIVER
(= VAN
) I{!
EARTH OR | )
= WATER PIPE
GROUND

RECEIVER :_j

= = = GROUND
Fig. 5-7 Lightning arrester.

Antenna Wire and Insulators

Stranded enameled copper wire (steel-clad if the antennas
are long) in a good heavy gauge is the best antenna wire. It
can be bought in 50- to 100-foot coils from any radio supply
store. The insulation should be scraped off before the coax
lead-in is soldered. Once the coax is soldered, the connection
should be painted with aluminum paint. Only the center lead
of the coax to a Hertz antenna should connect at the antenna
end. The braid should not touch the antenna; it is grounded
at the receiver end only. For a dipole antenna, the braid is
soldered to one leg and the coax center wire to the other leg.
This keeps the connections short and tight to the center
insulator, and eliminates shorting.

The best receiving insulators are ‘‘egg’ or strain insula-
tors, since they prevent the wire from falling if the insulator
breaks. This feature can prevent property damage or injury.



O

Basic
Receiver Principles

A shortwave listener should have a basic understanding of
what his receiver consists of and how it works. Actually, all
modern radio receivers, whether they cost $25 or $2000,
operate on what is called the superheterodyne principle. In
fact, all modern radio receivers are called ‘‘superhets.”

THE SUPERHET

A superhet receiver is one in which the received radio-
frequency (R-F) signal is converted to a lower R-F signal,
called an intermediate-frequency (I-F) signal. No matter what
the frequency of the received signal, the I-F signal will always
be the same, usually 455kHz. A constant frequency I-F
results in two very important advantages for the superhet: (1)
the selectivity of the receiver, that is, its ability to distinguish
between two stations on almost the same frequency, is
greatly improved; and (2) greater and more constant amplifi-
cation is possible because only one frequency, the I-F, is
amplified, rather than a range of frequencies spread across all
of the bands.

A block diagram of a typical superhet receiver, typical of
the average SWL’er basic portable receiver is shown in Fig.
6-1. The incoming antenna signal is first amplified by the
receiver antenna, or R-F stage. Then it is fed into a mixer
stage where superheterodyning (mixing) takes place. In the
mixer, the incoming signal is mixed with a signal from the

49
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Fig. 6-1 Average listeners's superhet receiver.

local oscillator. The oscillator frequency is always 455kHz
above the frequency of the received signal because as one
tunes across the bands, one automatically tunes the oscillator
also. In other words, no matter what frequency is tuned, the
oscillator will always be 455kHz above that frequency. In the
mixer, the incoming signal and the oscillator signal are mixed,
and the difference signal (455kHz) results. The difference
signal is the I-F signal, and it is fed into the I-F amplifiers
(455kHz channels). This is a signal-filtering channel and if the
channel is supplied with selectivity controls, adjacent channel
interference can be reduced to a low level, sometimes almost
to zero. The signal next enters the second detector (the mixer
is sometimes called the first detector), where the audio
component is recovered, and the audio is then amplified and
fed to the speaker or ’phones as listening material.

A communications receiver is basically the same as the
portable described above, except that it will have some added
features to improve reception. For example, a communica-
tions receiver (Fig. 6-2) always has a beat-frequency oscillator
(BFO) for code or CW reception. The BFO is just an
oscillator beating close to the I-F frequency (a kilohertz off,
or so) to give the necessary ‘‘beat note’ to receive CW signals.
The DX’er can turn this on and hunt for weak AM carriers. It
will also have selectivity controls to reduce to a very low level
interference from adjacent stations; that is, to improve
selectivity.
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Fig. 6-2 Communications superhet.

DUAL-CONVERSION COMMUNICATIONS SUPERHETS

The dual-conversion receiver (Fig. 6-3) is basically the
same as the receivers above; it is just more complicated. This
is the serious DX’er’s choice because the incoming signal is
treated to a programmed, segmented, and very stable crystal
or variable frequency oscillator (VFO) controlled front end.
This segmented tuning system permits dialing only 500kHz
(enough for most shortwave broadcast bands), before switch-
ing to the next segment or band. Dial readout will be +1kHz
on a dial reading 0 to 500.

BAND SWITCH
L[ i S S
6 [ i g | 55 e g oo {588 | (o
PHONES
IGH FRE L »EXT

[LHOCAL o Low Freq | SPKR
| “oR'vro {LocaL osc

(o

TUNING

D1aL

Fig. 6-3 Basic dual conversion receiver.

Another feature of the dual-conversion receiver is an
extra [-F channel (one high-frequency and one low-fre-
quency) for added selectivity, plus the usual I-F controls.
High-frequency reception is at its best when a dual-conver-
sion receiver is used (Fig. 6-4).
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Fig. 6-4 Frequencies spread across the dial.

Sensitivity

Sensitivity is the measure of a receiver’s ability to pull in
weak, usable signals. It is expressed as the strength of a signal,
in microvolts, required at the input terminals of a receiver to
deliver a specific amount of audio to a speaker or headset.
Another expression of sensitivity is the signal, in microvolts,
required at the receiver’s input terminals to give a specific
signal output level above the inherent noise output of the
receiver. This is best because it gives some idea of how well a
weak signal will be heard. Such expressions are offered as
guides only; they are not to be thought of in any other way.

Most global receivers with an R-F stage will have
sensitivity to burn, and the DX’er will find his needs more
than satisfied with a modern communications receiver. (See
Chapter 4.)

Sensitivity is built into a set and cannot be added
outboard, unless the set lacks an R-F stage. In this case, a
preselector can help. However, if a set has an R-F stage, an
outboard unit may add more noise. Today, it is cheaper and
better to buy a set with a tuned R-F stage built in and forget
about outboard units. With a good receiver, all that is
necessary to improve sensitivity is the addition of a good
antenna.



Basic Receiver Principles 53

Selectivity

Selectivity is the ability of a receiver to cancel out signals
close to the signal being received, as well as to reject
“images.” Selectivity is an I-F channel function and depends
on the number of tuned circuits involved. Curves supplied
with communications receivers show graphically how un-
wanted I[-F signals are rejected by selectivity controls.
(Mechanical filters are best for DX’ing broadcast channels.)
In lower-priced receivers, the I-F channel rejects unwanted
signals, but the amount of rejection can’t be varied. This
makes the domestic receiver a problem if used on crowded
bands, and the listener wants to pull up a weaker signal.

Images

All high-frequency local oscillators will cause an I-F
channel response to the signal, one higher and one lower than
the oscillator frequency, which can show up as ghosts on the
dial. A good receiver front end will reduce the image
response. This depends on the R-F selectivity (not I-F) and
the conversion frequency involved with the I-F system. The
best image rejection is obtained with good dual-conversion
communications receivers.

Noise

Noise also depends on conversion frequencies and some
dual-conversion receivers are noisy because of a poor choice
of conversion frequency. Tubes will cause more noise than
properly used transistors.

If a noise limiter is used, the limiter must be for AM use.
Many limiters are for single sideband and code only.
Generally speaking, however, noise can be controlled by
using a noise-canceling dipole antenna for the band in use.
Another help is the use of a solid-state receiver that is battery
operated and free from powerline noise. Last of all, using
headphones, if necessary, can also limit room noise.

Bandspread
Bandspread refers to the ability of a receiver to separate
stations on a dial without a ‘“pile-up.” The best receivers
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(global or professional) switch each band and spread it across
the major portion of the dial. A fine segment-tuned
(500kHz), dual-conversion receiver is unbeatable.

Calibration

Here again, the *1kHz segment-tuned dual-conversion
receiver provides the best calibration. For those who can’t
afford segment-tuned receivers, crystal calibrators (usually
100kHz) give dial markers every 100kHz across the dial.
These are available in kit form and can be placed in the
antenna circuit of any receiver that has a beat frequency
oscillator (BFO). With the unit and the BFO turned on, the
desired station frequency is hunted, and the calibrator and
BFO then turned off. It should then be easy to hear the
station and ‘“‘zero in.”” This works only if WWV, the National
Bureau of Standards transmitting station, is used as fre-
quency check points, and if the receiver has a fixed band-
spread (not just a bandspread dial off a general coverage dial).

S-meters

Such meters give an indication of signal level, calibrated
in S-units from 0 to 9. However, S-meters are not standardized,
but provide only a relative indication for the particular
receiver used. The meters will help find weak carriers and give
a rough idea concerning the signal, and that’s all.

Speakers

Some sets have poor speakers, but all have a headphone
or external speaker jack. A good 4- or 8-ohm hifi speaker can
be plugged in, improving the sound 100 percent.

Headphones

Headphones are often necessary to fight room noise.
Voice-range phones are best for DX use. These are usually
500 to 2000 ohms impedance or higher, and, if magnetic,
need a matching transformer to work out of an 8-ohm (voice
coil) portable jack. They will, however, work directly out of
some communications receivers, and others will need a
transformer. This can be an ordinary plate-to-line-trans-
former, used in reverse, as described in Chapter 12.



/
GMT and

Logging and Tuning
Tricks

Overseas broadcast time is Greenwich Mean Time (GMT),
or universal time. In other words, GMT is a sort of global
radio standard time that makes world tuning a real pleasure.
It makes no difference if one tunes Australia, Africa,
England, or the United States; the time remains the same
year-in and year-out.

GMT is based on a twenty-four-hour clock system (Fig.
7-1). Every overseas broadcast schedule, station break, or

Fig. 7-1 GMT clock.

55
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time signal is based on this universal time for the listener’s
convenience. Once a listener starts dialing his shortwave
international BCB radio, he can forget all about local time—
his and the station’s. To help him with GMT, he can purchase
a clock with a twenty-four-hour face, or with a little ingenu-
ity, he can set any clock to read GMT.

Operating a clock on GMT is simple. Any overseas station
can be tuned in and, when a GMT signal is given, the clock
can be set—and forgotten. The broadcasters plan their
schedules to conform with the GMT clock and mail out
printed programs. Local time and international dateline
worries are theirs, not the listener’s. If he follows the GMT
schedule—tunes his radio accordingly, the program listed will
be there, at the time listed. Twenty-three hundred hours is
still 2300 hours on his GMT clock or on a GMT clock in
Bombay.

GMT is actually world time. All time zones are based on
GMT. All time zones in the United States lag behind GMT.
For example, Eastern Standard Time lags behind GMT by
five hours (four hours for EDT). If GMT is 0600 (6:00
AM.), Eastern Standard Time is 0100; if GMT is 1800 (6:00
P.M.), Eastern Standard Time is 1300. Six hours must be
subtracted from GMT to arrive at the local time for Central
Standard Time; seven hours for Mountain Standard Time;
and eight hours for Pacific Standard Time.

In addition to tuning by the GMT clock, the listener
should date his reception reports according to GMT. In the
past, many DX’ers wasted time making local time conver-
sions. An East Coast (EST) local clock may read 8:00 P.M.
during listening, while the GMT clock will read 0100 hours
the following day. In this case, GMT is five hours ahead of
EST, and the report will have to be dated the following day,
if it is to be considered a valid report. Engineers can be very
fussy about this. More on reception reports later.

LOGGING

Serious listeners keep a daily log listing every station
heard. Direct copy machines can be used to print a batch of
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homemade standard forms. Most DX’ers use standard 8% by
11-inch sheets that can be filed in three-ring binders. A
typical daily log is shown in Fig. 7-2.

SW DX LOG 9.
ANTENNA: RECEIVER:
. CONDITION
STATION( GMT.| = |SINPO|  ON  |CALL |LOCATION| DIAL | REMARKS
: CHANNELS

Fig. 7-2 Typical log.

Accurate logging depends on a fixed bandspread dial, not
just on a general coverage dial or on bandspreading a general
coverage dial. In order to know where he is, the listener needs
a receiver that switches each band, spreading it across the
entire dial. Such bandspreading arrangements are found on
the better global portables for general use and on communi-
cations receivers for DX use.

If the receiver lacks a 100kHz ‘‘pip” marker or if one
cannot be used because the necessary BFO is lacking,
known-frequency charts can be made. When the sign “on” or
“off” frequency announcement is made, chronological list-
ings of the programs can be logged, band by band, indicating
the announced frequency and the exact dial setting on which
it was received. If the listener is fortunate enough to be using
*1kHz (readout) dual-conversion receiver, he can forget all
about known-frequency charts and read the dial.

’

Keeping Records
Record keeping is not required, but the serious listener
will need a time and frequency card file. This is an easy way



58 SHORTWAVE LISTENER’S HANDBOOK

to know where and when his favorite programs will be aired.
A simple time and frequency card is shown in Fig. 7-3. The

GMT TIME DATE
RADIO S | P
METERS FREQ. DIAL READING

Fig. 7-3 