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A guide to . ..
AMATEUR RADIO

TWELFTH EDITION

Foreword

GUIDE TO AMATEUR RADIO is intended to assist the
newcomer to learn more about the hobby, and to help him or her
to obtain a transmitting licence. The Guide also contains information
on modern amateur receivers and transmitters, and other fechnical
information and operating data of interest to all radio amateurs and

By short-wave {(high-frequency) listeners.
Thisrevised twelfthedition takes into account the important changes
J. PAT HAWKER introduced in recent years in the UK amateur regulations. These now
G3VA make it possible to obtain a form of Amateur {Sound) licence without

passing a Morse Test and make it easier for amateurs to operate
stations abroad.

There continue to be significant changes in the equipment used in
fixed, mobile and portable amateur stations—in particular the far
greater use of single sideband techniques and semiconductor devices,
New guidance on these developments and several new constructional
projects—in¢loding an economical transistorized h.f. receiver, a tran-
Editor: sistorized converter and a transistorized crystal calibrator—have been

added.
JOHN A. ROUSE Amateurs have continued to demonstrate their ability to keep in
G2AHL the forefront of radic communications—even to the exient of active

participation in communications satellites experiments.

Amateur Radio is a unique hobby. It offers to the newcomer an
exciting and fascinating combination of a scientific hobby, a com-
petitive sport, and an entry into a world-wide fellowship which knows
no boundaries of race, class or creed. It has its own customs and
traditions, its own international language, and above all its inimitable
“Ham Spirit.”

© The future progress of Amateur Radio lies in the hands of those
1966 who shortly will be sending their first CQ calis and experiencing the
Radio Seciet thrill of hearing their brand-new call-signs repeated back to them from
1 7 afar. Will you be one of that number?

of ' ' J.PH.

Great Britain, ish ACKNOhWLEDGEﬂiENTS
. The Publishers record their thanks fo the General Post Office for
28 Lictle Russefl Street, permission to reproduce information from the pamphlet * How to Become
London, W.C.| a Radic Amateur” and Standard Telephones and Cables Lid for the

cover photograph.
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Keep up to date with Amateur Radio activities and
technical advances through the

RSGB Bulletin

The RSGB Bulletin, official journal of the Radio Society of Great Britain, is pub-
lished on the first Wednesday in each month and sent to all members.

The RSGB Bulletin, at least 64 or 80 pages every month, is written and edited by and
for radio amateurs,

The RSGHB Bulletin has been published every month without a break since its
foundation in July, 1925, It is the oldest and most respected British magazine devoted
entirely to Amateur Radio,

*

The RSGB Bulletin circulates in almost 100 countries.

The RSGB Builetin covers every aspect of Amateur Radio, providing a complete
and authoritative survey each month, Its unexcelled technical and constructional
articles make it essential reading for all radio amateurs and short wave listeners.
Articles regularly include descriptions of transmitters, receivers, aerial systems, test
and measuring gear, v.h.f., wh.f. and transistor equipment, new products: in fact,
all the information the amateur, whether newcomer or veteran, needs to know,

* %

REGULAR FEATURES

The regular features in the RSGB Bulletin are renowned for their accuracy and authority.

The Month on the Air—an up-to-date and topical commentary on amateur operation on
the h.f. bands. News of conditions, awards, DXpeditions and all the fascinating aspect;
of world-wide amateur communication.

Four Metres and Down—a monthly commentary on all that is happening on the amateur
v.h.f., v.h.tf. and s.h.f, bands.

Single Stdeband—the only regular feature in British Amateur Radio journalism devoted to
the interests of s.s.b. operators,

Technical Topics—a bi-monthly survey of the latest ideas and circuits in the world of
Amateur Radio.

Letters to the Editor—ihe forum for views from members in all parts of the world and one
of the most widely read features.

Contest News—Amateur Radio contests rules and reports.

* * * *

The RSGEB Bulletin is sent each month to all members of the Radio Society of Great
Britain. A specimen copy and full details of membership may be obtained from
RADIO SOCIETY OF GREAT BRITAIN

(Dept G.)
28 Little Russell Street, London, W.C.1




CHAPTER ONE

This is Amateur Radio

The cover photograph shows G3NWF with his transistar transmitter.
Transistors are providing experimentally minded amateurs with many

new opportunities for useful work.

IF you tune carefully around certain spots on the dial
of a short-wave receiver you will hear people talking
about radio, exchanging interesting information, carry-
ing out experiments . . . and obviously enjoying it all.
These are the “amateurs” with private radio transmitters
in their homes, in their cars or operated out-of-doors.

The World at Your Finger-tips

Often, especially around 20 metres, you will find that
some of these stations are a long way off—much farther
away than the stations on the medium and long waves or
v.h.f./f.m. bands. You may hear these amateur stations from
all over the world—in the tropics, or right across the
United States, or in the Far North of Canada, or deep
in the South American forests.

When you learn to recognise the radio call-signs and
operating codes, it becomes possible to identify the
whereabouts of the stations and to pick out the distant or
unusual ones. But by then you will be on the brink of an
exciting adventure—a scientific hobby that will keep you
interested and keen for years to come—a hobby that is now
old in years but is always offering scope for new ideas and
experiments.

Amateurs “discovered” the Short Waves

Amateur Radio—and the Radio Society of Great
Britain (R.S.G.B.) which exists to serve it—began before
there were any short wave bands on radio receivers—
indeed before there was any radio as we now know it.
But there were many young people who were interested
in “wireless telegraphy” and began to experiment with
all sorts of simple apparatus. amateurs, or “hams”
as they are often called, later discovered that messa
could be sent all over the world on low power, by using

the “short-waves” which professional engineers had said
were useless.

Amateurs Today

Today, although many official stations use the short-
waves, certain wavelengths are set aside by almost every
country in the world for amateurs, so that they may continue
their useful work. In the United Kingdom alone there are
more than 12,000 people who hold a special licence from the
Postmaster-General to operate an amateur transmitting
station. There are even a number of enthusiasts who possess
amateur stations fully equipped for transmitting their own
television pictures. Throughout the world, there are more
‘than 350,000 licensed radio amateurs. Apart from these,
there are also many thousands of young people who, though
not yet operating their own transmitters, share in the excite-
ment and interest  of Amateur Radio by listening to and
building short-wave receivers, so gaining the knowledge and
skill needed to obtain a licence.

Expeditions, Emergencies and Space

Many well-known expeditions have used Amateur Radio
stations to help keep them in touch with the world. For
instance, the famous Kon-Tiki raft was regularly in contact
with American and European amateur stations while it
drifted across the Pacific Ocean.

Then again, amateurs have frequently provided emergency
communication services in towns stricken by natural
disasters, and have aided in the rescue of survivors from
crashed aircraft and ships in distress. In the two world wars
their operating and technical knowledge was widely drawn
upon by the Services.

In recent years, in order to provide an efficient emergency
service, the Radio Amateur Emergency Network has been
formed by the RSGB and operates in conjunction with the
British Red Cross Society, the St. John Ambulance Brigade
and the Police forces.

Radio S

GIMMK and G3IGW operate a local Amat
hibition Station.
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Amateurs have even designed, built and used their own
communications satellites which have been put into orbit
for them by the American services. These Oscar satellites,
basically similar to Telstar and Early Bird have enabled
amateurs to effect long-distance communication on the very
high frequency bands. Amateurs have also been making
contacts by “bouncing” signals off of meteor trails and the
moon.

What exactly is Amateur Radio? :

. Amateur Radio must surely be the only hobby ever to
have been defined by an international treaty Jrawn up
by 90 nations. This was at the International Telecom-
munication Convention held in Atlantic City, New Jersey,
U.S.A., during 1947, when Amateur Radio was defined as
“A service of self training, intercommunication and
technical investigations carried on by duly authorised
persons infterested in radio technique solely with a
personal aim and without pecuniary interest.”

Most amateurs, however, would probably define their
hobby more simply as “the practice of two-way, short-
wave radiocommunication not as a business or means of
profit but as a spare time hobby pursued for the pleasure
to be derived from an interest in radio technique, construc-
tion and operation and for the ensuing friendships with like-
minded individuals throughout the world.”——

It should be noted that the term “amateur” is, strictly
speaking, applied only to persons who hold official
licences to operate transmitting stations, though there are
of course many thousands of individuals who follow the
hobby purely as listeners: such persons are known as
“SWLs” (short-wave listeners) or—if members of the
Radio Society of Great Britain—as “BRS” (British
Receiving Stations) or ORS (Overseas Receiving Stations).

Something approaching one-half of all amateurs are in fact
persons whose work is in some way connected with radio,
television or electronics—this does not of course prevent
them from pursuing amateur radio as a hobby. 1Tt is perhaps
an indication of the appeal of radio communication that so
many who begin as amateurs later become “professionals™,
and vice versa.

Equally very many amateurs have no professional ties
with electronics but nevertheless often acquire considerable
technical and operating skill from their hobby.

An excellent example of a carefully constructed amateur transmittin
station. This equipment, built by G3IDJQ to designs by G2DAF,
comprises a plete single sideband t itter {tnp) and high-
performance amateur bands receiver.
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Like the equipment at many amateur stations, that at G3ILPS is
partl_y home-built and partly factory-made. 1

How could I become a radio amateur?

To operate an Amateur Radio station in the United
Kingdom it is necessary to obtain a licence from the Post-
master-General. Applicants must be over 14 years of age,
furnish proof of British nationality, and pass a technical
examination. To obtain the usual form of licerice (Amateur
(Sound) Licence A, see below) it is also necessary to pass a
Morse code test. No Morse test is required for the Amateur
(Sound) Licence B and the Amateur (Television) Licence.
The various examinations are described in detail in Chapter 5.

Exactly what types of amateur licences are issued in the UK
and elsewhere?,

In the UK four different licences are issued: (1) Amateur
(Sound) Licence A which covers operation on speech, Morse
and radio teleprinter (RTTY) in all the appropriate amateur
bands as listed in Chapter'5; (2) Amateur (Sound) Licence
B which is for telephony (speech) operation only on amateur
frequencies above 427 Mc/s: (3) Amateur (Television) Licence
covering television operation above 427 Mcfs; and (4)
Amateur (Sound Mobile) Licences available only to holders
of Sound A or B licences and with the B licence-holders
again restricted to frequencies above 427 Mc/s. There is of
course nothing to prevent the same person from holding a
Sound, a Sound Mobile and a Television licence. There are
also the special Sound and Sound Mobile C licences issued
to foreign amateurs in the UK; and the special Amateur
(Maritime) licences permitting amateur operation on the
7, 14, 21, 28, 144 Mc/s and 21 Gcfs bands on board British
ships. i - }

Other countries have different forms of licences, and with
different technical and Morse requirements, although in
most countries these do not differ greatly from those of the

- UK: Some countries, including the USA, also issue special

“Novice™ licences which provide certain facilities after
passing only a very simple Morse test. There is also, in some

-couniries (but not the UK), a radio service known as
‘“Citizen’s Band™ (CB) covering certain limited types of

two-way radio communication, mostly on about 27 Mc/s.
This cannot be regarded as “amateur radio’—although
much of the information in this booklet will be found useful
to CB operators.

. Are _tﬁe examinations difficult to pass?

Not really—provided that you are genuinely interested.
Of course, they require a certain amount of preparation

cand willingness - to, learn; but with care, and  regular

spare-time practice and training, there is no reason why
anyone should not feel confident of obtaining a licence,
Many do so- within twelve months of starting from
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scratch. Some amateurs obtained their licences when
they were 14-16 years of age; others have not become
interested until late in life—and have found the hobby
an excellent means of enlivening their retirement.

Is it necessary 1o go to classes to prepare for the
examinations?

No, though the evening courses provided by a number
of local education authorities and by radio clubs form
an excellent preparation for those who have little
technical background. There are also a number of
Correspondence Courses. But many amateurs are entirely
self-taught, particularly on the technical side. It is
certainly more difficult to teach oneself the Morse code
—though many have done so—and assistance either from
a licensed amateur, an ex-commercial or a Service
operator is most helpful. Then again, two would-be
amateurs often learn together. For those without such
aids, Morse code disc records and tapes are available, and
the Radio Society of Great Britain regularly publishes a
list of amateur stations who send special slow Morse
practice transmissions.

How much does an amateur transmitting licence cost?

The annual licence fee is £2 each for the Sound A, Sound B
and the Television licence (a holder of a Sound A licence
would not of course hold a Sound B licence and vice versa).
The additional mobile licence fee is £1.

The normal licences permit operation from a fixed address
(“main address’), or from any temporary or alternative
location.

The transmitting licences do not entitle the holders to
watch television programmes or to listen to radio broad-
casting.

A charge of 30/- is made for the City and Guilds technical
examination and 10/- for the Post Office Morse test.

What information can be gathered from an amateur call-sign?

The call-signs are allocated by the licence issuing authority
which in the UK is the Post Office. Every call-sign includes
at the beginning an international prefix of the country con-
cerned. For example a station in England will start with G, in
Scotland GM, in France F, etc. (a detailed list is given on
page 80).

In some countries (but not in the UK ) the call-sign also
includes a ““district” identification showing the particular
region of the country in which the station is located.

In countries such as the UK where most call-signs are
issued in alphabetical order it is often possibie to gain a

BRITISH AMATEUR CALL-SIGNS

Prefix Country Prefix Country
G  England Gl Northern Ireland
GC Channel Isles GM Scotland
GD Isle of Man GW Wales

GB Exhibition and Special stations
G2 two letters 1920-39
G3 two letters 1937-38
. G4 two letters 1938-39
G5 two letters 1921-39
Gé two letters 1921-39
G8 two letters 1936-37

pre-1939 “artificial aerial” licences
with G prefix from 1946 onwards
1946 onwards

|

G2 three letters

G3 three letters

G3A - - 946
G3D -- 1947
G3G - - 1950
gg S :3?; Year sequence began
G3P-- 1961
G3T - - 1964
GIV-- 1966

G8 three letters

1964 onwards (Sound Licence B)
Gé6 three letters/T

1964 onwards (Amateur Television
Licence)

1966 onwards (Sound Licence C
issued to foreign amateurs for use

G5 three letters/
home call sign

in the UK)
Suffix A alternative address
Suffix /M mobile
Suffix /P portable
Suffix /T amateur television

rough idea of when the licence was issued (see accompanying
table for some selected dates).

When the station is operated away from its usual location,
or for certain other reasons, a suffix is added at the end (see
table). Sometimes when an amateur is operating in a
country or district other than his usual one the suffix takes
the form of a country or regional identification. For example
the call-sign WB2AAA/VE2 would denote that a station
normally in New York or New Jersey is actually operating
in the Province of Quebec, Canada. An exception is a foreign
amateur operating in the UK who uses his special G5 three-
letter called followed by his full home call sign: e.g.
GCSAZZ/K6ZZZ would indicate a Californian amateur
operating in the Channel Isles.

Construction and operation of amateur gear appeals to all age groups.
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Frontiers are no barriers for Amateur Radio. This is Russian UA3IFE/0
operating from Siberia. The Russi: iety is a society of the
International Amateur Radio Union.

How much does an amateur station cost?

A small but complete and reasonably efficient amateur
station—transmitter and receiver—can be built for about
£25, or even less if you already have some radio com-
ponents available. On the other hand, a wealthy amateur
may spend say, £500 or more on claborate equipment.
In practice, most amateurs begin in a very modest way
and add to their equipment as they go along. Fortunately,
results depend as much upon the skill and knowledge
of the operator as upon the possession of a well-filled
wallet,

Are most amateur stations purchased as commercially-
manufactured units or are they home constructed?

To answer this question accurately, it is necessary to
consider an amateur station as two separate units: the
transmitter (and auxiliary apparatus such as the frequency
meter); and the receiver,

The majority of transmitters are home-built, whereas
commercially - built and ex - Services communications
receivers, on the other hand, now outweigh in numbers
the home-built models—though for the amateur who is
really keen on constructional work and who has sufficient
time available, there are few more satisfying experiences

Headquarters station of the Baden Powell House Scout Amateur
Radio Society. The Chief Scout with some group members.

than that of achieving good results on gear that he has
designed and built himself,

For those who wish to construct their own equipment to
designs evolved and tested by others, there are a number of
kits available for a wide range of amateur equipment. All
components parts and detailed constructional information
are normally supplied with such Kits.

Does an amateur station take up a lot of room?

Photographs of amateur stations may give a misleading
impression because they usually show a room crammed
full of apparatus. An operating room—or “shack” as it
is universally called—is fine for those who have the
space to spare, but there are plenty of amateurs who are
confined to a small hut in the garden or an unused attic.
Others again find it possible to fit all their equipment
into a cupboard, a desk or a bureau so that it is accept-
able in the average living room.
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Many phy y pped p find Amat Radio a truly
absorbing hobby. This is a well-known sightless amateur, Leslie
Knight (G5LK), seen here operating his station at Mitcham, Surrey.

Nowadays extremely compact transceivers (a transmitter
and a receiver combined in a single compact unit, usually
with a separate unit for the power supplies) are being used
increasingly. A complete station can thus be very easily
placed on a desk or table, or alternativelyjmounted in a car.

What can amateurs talk about—and what topics must
they avoid?

The United Kingdom licence regulations state that
messages must be ‘“about matters of a personal nature
in which the Licensee, or the person with whom he is in
communication, has been directly concerned” and
do not allow the use of the station for ““business, advertise-
ment, or propaganda purposes or for the sending of news
or messages of or on behalf of, or for the benefit or informa-
tion of, any social, political, religious or commercial
organisation, or anyone other than the Licensee or the person
with whom he is in communication.”

In practice, this leaves plenty of scope for the amateur
to exchange opinions on technical matters, talk about his
equipment and compare notes on its performance with
his opposite number., It leaves him full liberty to
endeavour to get in touch with other amateurs all over
the world and obtain reports on the strength and quality
of his transmissions.

Similarly he may, if he so wishes, exchange informa-
tion on what he has been doing recently—technically or
personally—make arrangements to meet his friends, or
even, should he so desire, just “ragchew” on almost any
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subject that may be of mutual interest to the two persons
concerned.

Are most of the messages exchanged by speech or by
Morse code?

Roughly, half and half. The majority of long-
established stations are equipped to use both systems.
Morse requires less complex equipment particularly for
long-distance communication. On Morse, also, it is easier
to communicate with foreign amateurs who speak no
English, by using the operating codes described later.
Nowadays, the British amateur may use either Morse or
telephony operation from the moment he obtains his
licence. Some amateurs use speech almost exclusively—
though this seems a pity since Morse can be extremely useful
and effective, particularly once speed has been increased by
practical operation. For some forms of communication—
such as amateur moonbounce—Morse is almost essential.

There are also an increasing number of amateur stations
using radio teleprinter (RTTY) systems in which the
messages are typed out on the keyboard of a teleprinter
(much in the same way as for a typewriter) and auto-
matically printed out on a second teleprinter at the reception

point.

Are amateur stations confined to certain fixed frequencies
(wavelengths)?

By international agreement, the Amateur Service—like
every other radio service—is allotted certain fixed bands
of frequencies, and amateurs may not operate outside
the limits of these bands, The amateur, however, may
at any time choose which band he wishes to use, and is
permitted (subject to certain voluntary band-planning
schemes) to select his own frequency and to change it
whenever he so desires. This is an important point on

with ad ed

Many amateurs have always enjoyed experi
c icati techniq and present activities include space
satellites and bouncing signals off the moon and meteors. Here
is a Swiss amateur, HBIRF, with his 432 Mcfs parabolic dish aerial.
It was an American amateur who built the world’s first steerable

radio telescope in the 1930s—forerunner of Jodrell Bank and all the
other huge radio telescopes (several of which have been used in
experiments with amateurs). Some of the leading figures in the
field of radio astronomy—including Sir Martin Ryle (G3CY)—hold,
or have held, amateur licences.

sz‘ﬁ"

Home construction is again flourishing. Here is a group of Chester
enthusiasts with some of the equipment they have built themselves
including a high-performance ¢ icati receiver.

some of the more crowded bands since it allows an
amateur to search for and then use a clear frequency
(or “channel”) and, should heavy interference be experi-
enced later, to move immediately to another position in
the band. It also enables what is known as “single-
channel operation” (with both stations on approximately
the same frequency) to be used.

What is the maximum range of an amateur transmitter?

There is no simple answer to this question. On some
bands, in good radio conditions, the only limit is the
size of the globe. Many quite low-powered stations are
in regular contact with stations all over the world. Several
British amateurs have been in contact with more than
300 different countries! But, on other frequencies, distance
can still be of great consequence: an amateur who con-
tacts a North American station on “Top Band” (1.8 Mc/s)
has accomplished a more difficult task than, say, in
working an Australian on “Twenty” (14 Mc/s), whilst
on ultra-high frequencies he may feel equally pleased if
he is able to make contact with a station only a few
miles away. Each band has its own limitations and
special problems, and thus the amateur has always some
new field to conquer,

Do amateur stations use transistors or valves?

Either or both. In recent years the introduction of tran-
sistors and semiconductors has opened up entirely new fields
for the development of equipment, So far, this has had most
influence upon mobile and portable gear since the cost of
high-power transmitting transistors has remained higher
than their valve equivalents—though more and more
amateurs are finding that the building, for instance, of fully
transistorised Top Band transmitters and receivers offers
much scope—and this is spreading gradually throughout all
new equipment. All-transistor transmitters and transceivers
with powers up to about 10 or 15 waitts are being increasingly
used for mobile, portable and fixed-station operation.

Why are there some amateur fransmissions which appear to be
speech but which are completely unintelligible on a normal
broadcast receiver?

_ These are almost certainly amateurs transmitting with
single sideband (s.s.b.) which has been found to offer many
advantages, and takes up only half the frequency space
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required for the more common amplitude modulated (a.m.)
transmissions.

In order to receive s.s.b. signals it is necessary to generate
a local carrier signal within the receiver in much the same
way as for the correct reception of Morse signals. Receivers
intended for s.s.b. and Morse include a beat frequency
oscillator (b.f.0.) allowing such signals to be rendered
intelligible.

Today an appreciable proportion of amateur telephony
is by single sideband and this seems likely to increase still
further in the future.

Would you recommend a newcomer to forget all about Morse
and try for a Sound B (above 427 Mc/s) telephony licence?

The B licences offer a most useful facility for those who are
concerned primarily with developing the technical side of
wh.f and microwave equipment, and who are not unduly
interested in world-wide or casual amateur contacts. But
even on u.h.f. there are many applications—such as moon-
bounce, meteor-scatter, etc.—where Morse is invaluable.
Our advice would therefore be always to work towards the
full A licence—but this can be backed up with the confident
knowledge that if Morse has to be put off for any reason, it
will still be possible, once the technical examination has
been passed, to obtain a B licence with its specialised but very
interesting possibilities. Quite long distances are now
regularly covered on uh.f. and compact transistorized
equipment provides great scope for experimental work. For
information on the type of equipment for u.h.f. and micro-
waves reference should be made to the RSGB Amateur Radio
Handbook,

Can an amateur operate in another country ?

In an increasing number of cases, amateurs can obtain
special permits or temporary licences without taking any
further examinations to allow them to operate in another
country, for instance while on holiday.

Is it possible to transmit over long distances from a car or from
compact transistorised portable equipment?

Most of the mobile transmissions from cars are on fre-
quencies more suitable for making contacts over relatively
modest distances of a few miles. But by operating on the
long-distance bands during good conditions it is quite
possible to work across the oceans during a car journey,
though the aerials which can be mounted on a car are of
course seldom as efficient as those which can be set up at a

Operating a home-constructed mobile station from an Austin 1100—
GICLN/M at the wheel.
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Many branches of the Services encourage Amateur Radio. This is
the headquarters station of the Royal Signals Amateur Radio
Society at Catterick, Yorkshire with G3IRFI operating.

fixed location. Since aerials are usually much more impor-
tant than power, very good results can often be achieved by
small portable stations operating from good sites.

‘What ave the QSL cards often mentioned by amateurs?

These are usually individually designed printed postcards
which can be completed to provide details of a contact made
by radio. These cards are often exchanged—usually via the
various QSL Bureaux—so that operators can have a perma-
nent record of particular contacts, for interest or so that they
may apply for achievement certificates. By sending QSL
cards in bulk via the RSGB QSL Bureaux—one of the most
comprehensive services of its type in the world—the cost is
very much less than sending cards direct to the amateurs
concerned. Some typical QSL cards can be seen on the
cover photograph.

Are newcomers to Amateur Radio welcome?

Yes, most certainly. Although some of the amateur
bands become very crowded at popular operating times,
such as weekends, there is still room for those who are
willing to take care that their transmissions do not
occupy more ether-space than is technically necessary.
Amateurs realise that their hobby can flourish only by
the continual recruitment of newcomers, and are always
willing to extend the “helping hand” of advice and
practical assistance to all who show a genuine interest in
radio communication.

What is the first step that a newcomer should take?

Fortunately this is an easy question to answer. For
more than 50 years the Radio Society of Great Britain
(founded in 1913 as the London Wireless Club) has
been recognised, officially, as representing the radio
amateur not only in this country, but—as a Member-
Society of the International Amateur Radio Union—
throughout the world. By joining the Radio Society of
Great Britain, the newcomer will have the experience,
guidance and backing of 13,500 other members to help
{:gim or her before aucgl after obtaining an Amateur Radio
icence.




CHAPTER TWO

Getting Started

THERE is no better way of starting Amateur Radio
A than to spend some time with a shortwave receiver,
listening to the transmissions on the amateur bands.
For this purpose even a simple and relatively inefficient
receiver will suffice to begin with; though as yowr
interest is aroused and skill acquired you will soon want
to listen to the weaker and more distant stations. Then
a good receiver and an efficient aerial will be in demand.
Right from the start your listening should not be
entirely haphazard but should, to some extent, be
planned to help you to understand more about the
peculiar and remarkable characteristics of shortwave
reception. Such knowledge will be a tremendous help
later on when you begin to operate an amateur trans-
mitting station. In this country we are all used to, and
take for granted, the ever-changing weather conditions—
but it will probably come as a surprise to many to find
that there is just as much variation in the radio con-
ditions on the short waves. Some days you will hear a
particular amateur band full of long-distance stations at
good strength—the next day the same band may be
devoid of all but local signals. The range of a band
may suddenly lengthen or fade out altogether as night
falls. At first there may seem to be little thyme or
reason about it all, and it may seem as though forecast-
ing radio conditions must all be just a matter of luck.
But, if you keep careful records, you will soon notice
that, just as there are daily and seasonal variations in
weather, so equally are there regular recurrences of likely
radio conditions—although in this case there is one even
longer cycle that plays an important part; this is the
fairly regular increase and decrease of sunspot activity
—a normal cycle of maximum activity through minimum
to a second maximum taking approximately 11 years,
So if the first requirement of the newcomer to
Amateur Radio is a receiver and an aerial, the second
is a well-kept log book of stations heard and notes on

Station Log: B.R.S. 33,001

This entirely home constructed station comprises (left to right) a
grid dip oscillator, transmitter, amateur bands receiver, wavemeter,
microphone and Morse key.

their strength. You can never keep in your head the
thousands of call-signs, the times when you receive
stations 1n the various parts of the world and their
relative strengths from day to day. It will also be good
practice for later on, as an accurately kept log book is
required by the G.P.O. for all amateur transmitting
stations. A typical extract from a receiving log is given
and indicates the type of information worth recording.
You can either rule up an exercise book, or buy a radic
log already ruled

As your knowledge of the various bands increases you
will find definite patterns emerging, along the following
lines, which will give some indication of the type of
stations you can normally expect to hear on each
amateur band in the United Kingdom.

2 - . Mo
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Fig. 1. An extract from an amateur receiving log. For transmitting, the following extra details would be required: (1) A column to show tima

of ending each contact; (2) a set of three

9

columns to record the incoming RST report received on your own signals.
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1.8 Mc/s (160 metres); This band is shared by amateurs
with coastal shipping and coast stations as well as other
commercial stations. You can hear mainly semi-local
{up to about 50-75 miles) telephony and c.w. (Morse}
amateur stations during daylight, with the range length-
ening at night to cover the British Isles and occasional
Continental stations. In the winter some long-distance
stations, including American, can be heard in the early

"F2" LAYER
 ABOUT 140-

Fig. 2. Typical paths of amateor signals during daylight. The 14, 11,

and 28 Mc/s signals may make further *"hops” and, under good con-
ditions, may travel thousands of miles, Diract “‘ground" signals from
the transmittar will 5::\'; very weak within a fow miles, and from
there onwards up to point where the signals bounce back from the
ionised layers there exists a ““skip zone'* where only very weak signals
are likely to be heard.

hours. This band is not so susceptible to radio disturb-
ances as some others but the atmospheric nnise increases
considerably during summer meonths when amateur
activity is mainly during the week-ends or late evenings
or by mobile stations operating from cars.

3.5 Mc/s (80 mefres): This band is also shared with
commercial stations. Many British and Western Euro
pean telephony and c.w, stations can usually be heara,
particularly after nightfall. The occasional long-distance
(DX} station can be heard at night and carly morning,
particularly in the winter,

7 Me/s (40 metres): This band varies markedly at various
periods of the 11-year sunspot cycle. Towards the peaks
{1947, 1958, etc.} British stations can be heard at very
good strength during most of the day, giving way to
Continental signals towards dusk. With less sunspots
British stations tend to be heard less frequently and
most of the signals will be from the Continent, although
many long-distance stations will come through in the
evening and early mornings. The main drawback to
this band are the many very powerful broadcasting
stations which transmit throughout it.

14 Mc/s (20 metres): Of all the amateur bands, this one
is the most consistently suitable for long distance trans-
missions, There will be few days when at least some
DX signals cannot be heard on both telephony and c.w.
[n addition many European stations can be heard at
very good strength during daylight. In sunspot minimum
years, the band tends io fade out completely a few
hours after darkness; in other years it may sitay open
all round the clock except in mid-winter when it wsually
closes late at night. Dawn and dusk are the traditional
times for hearing the best DX (over 5000 miles),

21 Mcfs (15 metres): This is an exiremely good daylight
DX band except during sunspot minimum years when
activity drops sharply. It tends to be best in the Spring
and late Antummn when in the afternoons and evenings
the band will be full of loud American signals, with
fairly consistent signals from Oceania arriving in the
mornings. Signals tend to fade out a few hours after
darkness falls, The band is subject to severe disturb-

ances and conditions therefore vary considerably from
day to day. It is often open over North/South paths (e.g.
UK to South Africa or South America) when closed for
East/West paths.

28 Mcfs (10 mefres): This is rather like 21 Mcfs, In
sunspol maXimum years it may be very good indeed
with loud signals even from low power DX stations; in
the sunspot minimum periods few signals may be heard
for days on end. Even in the sunspot maximum years
results tend to fall off in the summer months; after
darkness the band usually fades right out. More consistent
over North/South than East/West paths.

70 and 144 Mecfs (4 and 2 metres). These are very high
frequency banda in which signals are not reflected from
the ionosphere in the same way as on the lower
frequency bands, Local and semi-local signals up to
about 100 miles can be heard consistently and stations
from several hundreds of miles away— including
European—can be received when conditions are good.

427 Mecfs (78 em): An ultra high frequency band which
attracts the experimentally minded and those interested
in Amateur Television. It requires specialised equipment
and techniques but rewards its devotees with much
fascinating work. Most contacts are between local
stations, but distances of many hundreds of miles have
been covered.

Above 427 Me/s: These bands are for the technical expert;
but for those who can build suitable equipment they offer
limitless opportunity for original experimental work,

Sunspot maxima occurred around 1947 and 1958 and we
are now building up towards another one which should
reach a peak about 1969—thus extremely good radio con-
ditions for the 21 and 28 Mg/s bands {and long night-time
openings on 14 Mc/s} can be expected from roughly 1967 to
1970, though occasionally broken up by sudden ionospheric
disturbances.

Listener Reports

The diligent listener will soon begin to wonder if
reports on the transmissions which he (or she) hears
wonld be of assistance to the amateurs concerned. Then
also he will probably feel that it would be interesting to
receive confirmation—in the form of QSL cards—of
having heard certain stations; by obtaining such verifi-
cations he will be able to qualify for the special awards
offered by the R.5.G.B. to listeners, These include the
BCRRA (British Commonwegalth Radio Reception Award)

Lavout of a typical short wave listeners QSL card.

BRS 33001
28 LITTLE RUSSELL STREET, LONDOM, ENGLAND
To Radfe vivviiiianninns FOUP wiiaiaiinnrnienns Mc/s ssblamfew
signals received heare at ............ GMT an ..oeivenens 196...

Tou were calling/working ...

... and you were RST .........
............... QRN ............... Conditions ......

GQRM

Qcher countries audible at time were ..ol
Receivar Aerial ..ol
REMArKs ovvriiiinsssirerrissrrisnrne e reeans

| hape this report Is useful. Do you need Further reports?
Please Q51 direct or viz R.5.G.B. 73, Philip Hamm
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requiringcards from 50callareasin the British Commonwealth,
and the “DX Listeners’ Century Award”, for those who
submit proof of the reception of stations located in at
least 100 dillerent countries, “Four Metres and Dawn”™
listener awards have becn introduced to mark outstand-
ing reception achievements on 70, 144 and 420 Mc/s.

The newcomer, however, should always use his
dizcretion when sending reports of reception, or he will
find the percentage of answers rather low. Some years
ago, owing to many listeners with litile basic knowledge
of Amateur Radio sending reports of no real interest,
the practice fell into some disfavour with amateurs, and
the very real value of detailed or rare reports was some-
times forgotten. Since then most listeners have shown
a greater awareness of the amateur’s requirements but
even today stations vsing high power telephony on 14,
21 and 28 Mcfs, particularly those located in countries
where there iz little amateur activity, receive many
listener reports every month from regions with which
they are in regular two-way communication. Sooner or
later such stations usually give up any attempt to answer
all such reports. On the other hand, a newly licensed
amateur or one who seldorm works over long distances
may be really pleased to know how far his signals are
reaching or to have detailed observations covering a
period of time, Even amateurs who have been operating
for many vears have been known to prize highly, for
example, a listener report from Australia on a 7 Mefs
transmitter used for local working.

With the object of providing a rough guide 1o whether
or not a reception report is likely to be considered of
real interest, the following list of recommendations has
been drawn up, though of course there is no need to
stick too closely to the suggestions if you have reason to
believe that a detailed report may be useful or if you
really need a QSL card from the country concerned.

1.8 Mc/s: Stations heard during daylight more than 150
miles distant, or more than 500 miles away during the
night.

3.5 and 7 Mgfs; Stations outside Europe not observed
to be in regular communication with the British Isles.

14 Mc/s: Newly licensed or low power stations more
than 4000 miles distant not observed to be in regular
communication with Europe.

21 and 28 Mefs: Overseas stations not regularly in con-
tact with Furope, particularly when heard at unusual
times of the day or night or during seasons when their
region is wsually inaudible.

70 and 144 Mefs: Any station newly active on the band
and more than about 50 miles away, Reports on such
signals are usunally most welcame,

Above 427 Mefs: Any stations heard.

In general, reports covering a period are of greater
value than those giving a single instance of reception,

PREPARING FOR

After a spell of regular listening, the itch to be able
to transmit back to the stations heard soon becomes
irresistible, and the attention of the newcomer turns to
the problems of obtaining a licence. If he hag not
already done so to help his listening, he beging to study

BRITISH ISLES TWO METRE BAND PLAN

Zone Mcjs
| 1440 —144.1

Araa

Mationwide allocation for cow. (Morse)
aperation only.

Cornwall, Devon, Somerset, Berkshire,

Doraat, Hampshire, Wiltshire, Channel
Isles.

2 1441 —14425

3 144 15-144,5 Brecknackshire, Cardiganshire, Carmar-
thenshire, Glamorgan, Gloucestershire,
Herefordshire, Monmouthshire, Pam-

brokeshire, Radnorshire, Worcestershire.
Kent, Surrey and Sussex.
Badfordshire, Buckinghamshire,
Hertfordshire, London, Middlesex.
Cambridgeshire, Huntingdanshire,
Leicestershire, MNorfolk, Morthampton-

144.5 -144.7

5 144.7 ~145.1 Eanex,

& 145.1 -t45.3

shire, Oxfordshire, Rutland, Sufiolk,
Warwickshire,
7 145.3 ~145.5 Anglasey, Caarnarvonshire, Cheshire,

Denbighshire, Flintshire, Merionethshire,
Mantgzomeryshire, Shropshire, Staflord-
shire,

|} 145.5 —{45.8 Derbyshire, L hire, Li Inshire,

Nottinghamshirs, Yorksl';ire.

All Scotland, Northern Ireland, Isle of
Man, Cumberland, Co. Durham, North-
umberland, Westmorland.

9 145.8 —146

—_ | 45,41 Mationwide allocation as spot frequency
far single-sideband (s.s.b.}) operation
(s.5b., can also be used in appropriate

zonal fraquency bands for 144.1-146 Mc/s}.

and a careful comparison with other signals heard from
the same region are usually of interest Lo the amateur.

Listen particularly for the weaker stations who often
call €Q without getting replies—they will be glad to
learn their signals were reachinﬁ you and the chance of
their sending QSL cards will be good.

Information supplied should always include:

Date; time (in 24 hour G.M.T. system); frequency;
signal strength in RST code (see page 78); fading, atmo-
spherics and quality of modulation; comparison of
signals with other stations audible at the time; detzils
of receiver aud aerial; any special remarks.

If you wish to receive cards direct from the amateur
it will usually be necessary to enclose reply postage in
the form of International or Commonwealth Reply
Coupons which are available at all main post offices.
However if you are in no particalar hugry it is possible,
when you are a member of the R.8G.B., to send and
receive cards for certain countries through the Society’s
QSL Bureau, and this will reduce considerably the cost.
The addresses of British amateur stations can be
obtained from the R.S.G.B, Amateur Radio Call Book.

The really keen listener will find addresses of amateurs
throughout the world in the Radic Amateur Call Book
Magazine (issued in two parts, one of which covers the
United States only). It iz available in the UK. from
the Short Wave Magazine Ltd., 55 Victoria Street,
London, S.W.1.

TRANSMISSION

the elements of receiving and transmitting theory and
to learn Merse so as to be able to pass the G.P.O. test.
At the same time he will continue to keep in touch with
current amateur activilies by means of his receiver and,
if possible, by joining a local group or club, which may
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bave special classes for those studying for the examina-
t1ons,

It is quite likely that by the time the newcomer begins
to think about transmitting equipment, certain prefer-
ences and interests will already have become apparent.
There are some amateurs who find time to have a
crack at almost every type of amateur activity: local
as well as long distance contacts; several types of
telephony transmission and ¢,w. {Morse); constructional
work and the detailed study of propagation; DX as well
as v.hf, work; mobile and fixed station operation; con-
tests and club networks. But for the average amateus
there is just not time—at least in any given period—to
indulge in all the many facets of Amateur Radio, and
he will tend to specialise in those aspects which appeal
to him most, These particular interests will determine
the type of equipment which he will build and operate.

However it is as well when planning your siation to
provide for a later shift of interest and to make your
equipment as flexible as possible. The information which
follows discusses the design of equipment for the bands
from 1.8 Mcfs to 30 Mc/s as separate transmitters using
slightly different techniques are normally used for v.hf,
and w.hf. work

Amateur Transmitters

On 1.8, 3.5 and 7 Mc/s many contacts can be achieved
with fairly low power; on 1.8 Mc/s all British amateurs are
limited to a maximum power input of 10 watts. (Note.—The
input power of a transmitter is found by multiplying the
direct current flowing in the anode circuit of the output stage

osc- LI pa j/

= CRYSTAL
KEY OSCILLATOR ILLATOR
| KEY |
POWER POWER
19) {b)
W/
MULTI-
VFO MU = s
MODULATION
KEY TRANSFORMER
VR POWER POWER
AF MODUL ATOR
MICROPHONE
{c)
POWER

Fig. 3. Block outlines of simple transmitters. {a) The simplest
celegraphy transmitcter is a single valve oscillator. This is seldam
suitahle for more than 15-20 watts input and will have low efficiency
{b) A simpile two-stage transmitter usually provides a much cleaner
and more potent signal; tha input power will be governed by the
type of valve used ax power amplifier and the voltage and current
available from the power supply unit. (c) The incorporation of a
multipltisr stags makes it easier to cperate on a number of different
amateur bands while the audio-frequency amplifier and modulator
stages permits the use of telephony as well as talagraphy.

AERIAL  AEp|AL CHANGE-
QOVER SWITCH —%

¥1OR RELAY
I

)
=8 ATU | LPF |TRANSMITTER}| VFO
| MICROPHONE
mooucator —()
RECEIVER FREGUENCY

Fig. 4, The basic units of a typical amateur station. ¥Y.F.O. is a
variabla fraguancy osciflator to allow the frequency of the transmir-
ter to be changed easily within the amateur band. LP.F. is a low pass
filter which permitz powar from the transmitter ta reach tha aerial
but reduces greatly any harmonic output. A.T.U. is an aerial tuning
unit to h tha tr itk t d with that of tha
aerial or aerial feeders,

by the voltage applied, ¢.g. 30 mA at 300 volts = 0/1000 =
300 = 9 watts). It is therefore convenient to have a trans-
mitter which can be run at 10 watts on 1.8 Me/s and about
2540 watts c.w. on 3.5 Mcfs {and possibly 7 Mc/s) and
up to about 25 waits amplitude modulated telephony.
If this transmitter can be kept entirely separate from the
main high frequency transmitter then it will always be
available when working on the main rig. A typical
transmitier of this type would comprise an oscillator
stage {crystal controlled or variable frequency) driving a
power amplifier stage, which could conveniently use an
807 or similar type of transmitting or television line
output valve. All the other valves in the equipment
could be receiving types such as the 6Vé6 or 6AQS3, a
pair of which would form a good high level speech
modufator. A main h.t. supply of 350-500 volts would
be sufficient. The construction of such a transmitter is
an ideal method of learning, before tackling a more
complicated type,

The main transmitter will usually be designed to work
on all bands from 3.5 to 28 Mc/s (though some amateurs
prefer to restrict it to the higher frequency bands from
14 Mcfs upwards), preferably with band-changing con-
trolled solely by switches. As the design of a band-
switched iransmitter is more complicated than changing
frequency by means of plug-in coils, it may prove quite
practicabls at fizst, to use a transmitter of the latter
type, particularly if it ia intended to confine your
activities mainly to one or two favourite bands, It is
really only for contest operation that the band-switched
transmitter is essential.

The transmitter should be capable of being tuned to
any frequency within the required bands (or to a selec-
tion of crystal-controlled frequencies) and operate with
at least 25 watta input on all bands; 50 or 75 watts is
preferable for the more crowded bands such as 14 Me/s.
It should be designed with an eye to modification later
to run at the full 150 watts input. The power amplifier
valve could be an 807 or 6146, or two such valves con-
nected in parallel or push-pull, or the recent TT21
tetrode valve, or even an 813 for high power, There
may be one other transmitting type valve used as a
driver if a high power output valve is used, and two
power tetrodes in a high power modulator, otherwise
all valves—with the exception of the h.t. rectifiers—can
be normal receiving types.

The tendency in transmitters today is to pack the
entire equipment into one “table-top™ cabinet; this wili
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include the variable frequency oscillator; the frequency
multiplying stages; the power amplifier; the modulator
and speech amplifier; and the necessary power supplies.
This arrangement produces a very neat and convenient
package and simplifies the screening of the transmitter,
but the design and construction is by no means simple,
and subsequent modification may be difficult. For the
newcomer there is something to be said for building the
transmitter as a number of distinct units; (1) a vanable
frequency oscillator with its associated isolating stage(s),
providing about 0.5~1 watt of radio frcquencg output on
say 3.5 Mc/s; (2) an “exciter” multiplierfamplifier which
delivers about 2-5 watts on any of the required bands;
(3) a power amplifier (if this is to be less than 75 watis
it may be conveniently be combined with the exciter
unit) which develops the r.f. power fed to the aerial;
(4) a speech amplifier and modulator; (5} a2 main h.t
supply of say 750 volts at up to 200 mA; (6) a lower
h.t. supply of say 350 volts at about 120 mA and includ-
ing any bias voltages which may be required; (7) a low-
pass filter to reduce the radiation on television frequen-
cies; and (B) an aerial tuning unit for matching the
transmitter to the aerial. Any of these units may then
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Fig. 5. Basic h.t. power supply circuits, (a) Half-wave rectifier
fal d by a cond input fllter. (b} Bl-phate (full-wave)
rectifler also with a condenser input filter. O load the d.c. voltage
rises to about 1.4 x Eac. (c} For voltages above 1000 volts, it is
usually necessary to use two teparste valves and a ssparate heater
transf . This ¢circuit shows a high-voltagu full-wave power supply
with a choke input filtsr.

INPUT EI II QUTPUT INPUT IIOUTPUT

RESERVOIR (9} "SWINGING* CHOKE. (6}
INPUT QUTPUT
o T 14
(<) *BLEEDER"
RESISTOR
Fig. 6. Basic ripple filtars to reduce the ‘“hum™ content of "
supplies. {a) A conventional d input fliter provid wetive
smoothing but has poar voltage regulating qualities when used with
varylng loads. It also impotes a considerable strain on the rectifier

valve, (k) A simple choke-input filter. This provides les: smoothing

but giver better voltage regulation and impozes less strain on the valve.
(c) A double section filter combines the advantagas of both choke-and
cordenser-input filters, and is commonly used In power supplies For
modulators.  in all these circuits, condensers should by at lvast 4 uF
and genwrously rated—particularly the ressrvolr condenser in a con-
densat-input filter,

be modifed or adapted to meet changing requirements
without the need to rebuild completely the entire station,
The design of transmitter units will be discussed in greater
detail in Chapter 4.

During receat years, there has been a marked trend
towards the miniaturization of amateur equipment. Some
years ago a 150 watt transmitter was often built in a 6 ft.
rack with the exciter, power amplifier, modulator and power
supplies all in different units, and often with the variable
frequency oscillator in a separate small cabinet on the
operating desk. This gradually gave way to the table-top
design in which oaly a single moderate-sized cabinet was
used to house the entire transmitter.

More recently still the trend has started towards trans-
ceivers in which both the transmitter and receiver are built
in a single compact unit, often with some stages used duxing
both trapsmission and reception, While most of these have
been s.8.b, units as described later, a number of amplitude
modulated v.h.f, transceivers have also appeared.

One of the main wnits, both from the viewpoint of
cost and also its importance in determining the remain-
der of the design, is the main ht, power supply. For
medium power, 500 volts, at about 150 mA, may be
ample for both power amplifier and the exciter; and
this can be obtained from a conventional type full-
wave rectifier circuit followed by a simple ripple fiiter, see
Fig. 5(b). For higher powers there will be need for a husky
supply at either 750, 1000 or even 1500 volts and rated at
from 100 to 300 mA. Power units of this voltage call for
careful choice of components with ample tolerances,
care in construction and in operatior, The failure of a
second-grade or ower-run smoothing condenser )can
easily lead to the loss of high-voltage rectifiers and an
expensive transformer, and with such lethal voltages
involved full safety precautions are essenftial,

A point not always appreciated by newcomers to
power supply construction is that the peak voliages
present may be considerably above the transformer
ratings. For example, with a 500-0-500 volt transformer
and conventional full wave rectification feeding a c.w.
transmitter, the voltages when the supply is fully loaded
by the transmitter will be of the order of 500 volis, but
when the load is removed, as will usually be the case
whenever the Morse key is not depressed, the d.c.
voltages will rise to about 1.4 x 500 = 700 volts. All
condensers and components in such a unit would have
to be capable of withstanding this higher voltage; in
practice it would be better to add an extra safety margin
to take care of voltage surges and to fit condensers rated
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at a minipoum of 1000 volts. It is the peaks, surges and
the combination of radio-frequency with dc. voltages
that cause flash-overs and break-downs. Closer regula-
tion of voltage can be obtained by using a choke-input
smoothing filter: see Fig. 6.

In recent years there has been a growing tendency to use
silicon semiconductor power rectifiers in the place of valve
or metal (selenium) rectifiers. Silicon junction diodes are
extremely etficient rectifying devices having a low forward
resistance and high reverse resistance, and maintain these
characteristics much better than selenium rectifiers. They
can be made almost as compact as small resistors and can
similarly be supported in the wiring. Since they require no
heater supplies, they are particularly useful for various bridge
and voltage-doubling circuits which with valves would need
several well-insulated heater supplies.

Silicon diodes are thus almost an ideal form of rectifier
and can give excellent service over many years when correctly
used; on the other hand they can easily be ruined—often
causing further damage to mains transformers and other
compenenis—unless certain precautions are taken in the
design of the power units, This is because silicon diodes are
capable of withstanding only their rated peak inverse voltage
{p.i.v.) and their rated forward current and these ratings

SWITCH

1 TO SAFETY

can cause most
unpleasant physiclogical effects if carelessly handled.
The voltages developed in many amateur stations are

Even a few hundred wvolts

capable of causing injury or death. Reasonable
precautions should always be taken.

Afl apparatus and wiring should be so placed and
constructed that it is impossible to touch peints of

" high direct-current, radio-frequency or z.c. mains
potentials under normal operating conditions.

The aerial should never be directly connected to
the ancde of the output stage {this is illegal and
highly dangerous). MNever attempt to change trans-
mitter coils with the power ON.

Use double-pole switches to ensure complete
isolation of ali mains transformers. These switches
should be clearly marked with ON-OFF positions,
Some other person in the house should know where
to find the main switch for use in case of emergency.

High wattage bleeder resistances across power
supply filter condensers will prevent many shocks.
If it is necessary to touch the transmitter while
the power is ON, kesp one hand behind your back
or in your pocket: never wear headphones while
working on the transmitter.

Remember domestic a.c. mains voltages can be
fatal if contact is made over an appreciable area
of skin. Avoid “live” chassis techniques for home-
built equipment.

Think ahead and remember that isolating and
protective components may fail. The greatest
danger is exposed metalwork becoming “live” to
a.c. mains or ht, supplies,

QO00LV0Q

(4) -

Fig. 7. Fundamental power supply eelationships. {a) Full-wava
ractifier, P.LY.about 1.8 times Eac or 3.14 timas Egc. Edc is about
0.9 times Eac. With a capacitive load the actual value of d.c. output
\mltn‘gn will ba affected by the value of the reservoir capacitor in
relation to the d.c. load, (b} Full-wave bridge rectifier. P.LY. (each
diode section) about 1.4 times Ec or 157 times Ede. Edc is about
0.9 times Eac but nete in (a) also applies. (c} Half-wave rectifiar
with inductive or resistive load P.LV. about |.4 times Eye. Edc is
045 times E;c. {d) Half-wave ractifier with capacitor Inad, P.LV,
about 2.B times Ege. Edc is 0.% times Ez; and note in (a) applies.

must not be exceeded, even momentarily, whereas other
rectifiers are usually much more tolerant in this respect.

When building power supplies making use of silicon
dicdes it is essential to ensure that no excessively high
voltage or current surges, even of extremely short duration,
can cecur, Such surges or transients are normally found in
power supplies for various reasons. There are, for instance,
many short duration “overvoltages” on normal domestic
mains supplies. Transients can also be caused by the induc-
tive surges that build up when an inductive winding, such as
a mains transformer or smoothing choke, iz switched into
ar out of circuit. Strong current surges occur when a supply
is switched on due to the rapid charging up of the high
value reservoir capacitor.

1t is thus absolutely essential to ensure that not only is the
rated p.i.v. of the silicon dicdes well above that required in
the normal functioning of the circuit but also, equally
important, that there will be no excessively high voltage or
current transient surges.

Fig. 7 shows the normal peak inverse voltage conditions
found in a number of typical rectifier circuits. This indicates
that for the popular full wave circuit the p..v. across each
leg of the rectifiers is just over 2.8 times the a.c. voltage
across each half of the transformer secondary windings.
Thus with a 350-0-350 volt transformer, the minimum p.i.v,
to each rectifier chain must be at least 980 volts. Ta provide
a good margin of safety a p.i.v. rating of around 1200 volts
would be desirable in such circumstances, Diodes with a

150K

150K (80K

Fig. 8. Typical 350-volt power suppfy using serias cannected 400-volt
p.i.v. silicon diodes. : -
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Fig. 9. Power supply providing 700- 100K,
volt and 350-volt outputs from a 350-0-
350.volt transformer., The silicon
diodea are BYIOD or similar types
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p.L.v. rating as high as this are rather expensive, and in
practice one might replace each of the two diodes by three
series-connected diodes each with a p.iv. of 400 volis (or
two of 600 or 800 volis) provided thar steps are taken to
equalize the inversc voltages across each diode. This can
be done guite simply by connecting 100,000 or 150,000 ohm
resistors as shown in Fig. &, or alternatively by using equal-
iZing capacitors,

In Fig. 8 the use of the 100-ohm resistor should also be
noted. This is to limit the initial flow of current into the
reservoir smoothing capacitor, und the value can safely be
based on a figure of about 5 to 30 ohms per diede in each
ieg. Thus in this particular design each rectifying leg has
three diodes {six dicdes altogether} so that 100 ohms is more
than adequate.

A combination of valve and silicon rectifiers in a bridge
rectifying circuit can provide a most useful and economical
power supply for a medium power transmitter from only a
single 375-0-375 or 350-0-350 volt transformer with a current
rating of about 150-200 mA, such as those commonly used
in the larger domestic audio umplifiers (see Fig. 9). This will
provide a 700 to 750 volt main h.t. supply and also a lower
voltage ‘“‘rail” of about 350 volts or sp. The total current
which can be drawn remains that of the transformer rating—
despite the high voltage. Thus with a transformer rated at
200 mA, one could draw say 700 volts at 150 mA for power
amplifier anode supply to give a (ransmitter input of 105
watts plus say 50 mA. at 350 volts for screen grid and exciter
supplics.

In this iype of supply there would be nothing to prevent
the use of silicon diodes only, but the *hybrid” combination
shown is often a more economical arrangement if one already

has an existing 350 or 375 volt power supply and wishes to
convert it for transmitter applications, at a cost little more
than that of the silicon diodes,

Single Sideband Equipment

So far in this chapter, the type of telephony (speech)
transmitters that have been considered are for amplitude
modulation (a.m.). Inthis mode of transmission the radiated
power is contained in a steady carrier {representing the basic
unmadulated output of the power amplifier) plus, whenever
there is speech, in two sets of sidebands ¢qually placed on
etther side of the carrier (see Fig. 10(c}). For a long time it
has been appreciated that all the power represented by the
steady carrier is wasted, in the sense that it conveys none
of the actual speech information which is what we want to
transmit. The sole use of the carrier is its value in making it
easy for the receiver to recover the original speech informa-
tion from the incoming signals. Yet during typical a.m.
telephony, some 30 per cenl of the power is in the carrier.

By eliminating the basic carricr from the transmission
{and replacing it locally in ihe receiver}, all the transmitted
power can be used to convey the actual speech information.
We can do this by using what is termed a balanced modulator;
such a slage, when fed with an r.[. carrier and an a.f. signal,
produces as output the amplified sidebands of a normal
modulator but balances out or suppresses the carrier. Such
an output signal, if radiated, is known as a double sideband
suppressed-carrier transmission, or more simply as d.s.b.
(although this abbreviation is used by some professional
radio engineers to describe an ordinary double sideband
a.m, signal with carrier). This type of transmission is used
by a number of amateurs, and has the advantage that a

SUPPRESSED SUPPRESSED
CARRIER CARRIER CARRIER CARRIER CARFIHER
1
| [
] |
LOWER UPPER 1 SUPPRESSED (
SIDEBAND | SIDEBAND LSB ush LSB | USB LS8 1E Use
1 1
i : :
H )
| i
5} - Q + - + - [« - +
Ikefs | kcfs 3kes 3kefs 3 kefs Ikefs Ikchs Skefs
{a) (b} {c) (4) {a)

Fig- 10. R.F. spectrum diagrams of various forms of transmission. {a) Basic unmodulated carriar, occupying only bandwidth of carrier;
(b) same carrier fully modulated with a 1000 c.l's audio sine wave, notathat two exactly mmllar sldeband signals are generated [0 cjs from

carrier frequency. (c) A M. speach transmissions contain many audio freq
p on gither side of the carrier fraquency, each set of upper and lower sidebands forming a mirror image

and corr

ies sir Iy, up to about 3000 ¢/s for communicatians,

of the other. The total mf. bandwadch is chus'at least ¢ I(:,l'l (d) D. S.B speech transmlssmn is similar to a.m, except that the carrlsr is

suppressed (unllu racaived as “s.5.b.” by filtering in the receivar a

must he used); {e) an 5.5.b, spesch transmission

with the carrier and the lower sideband-suppressed. Nota that the ‘total bandwidth occupied is now lasa than half that for {c) or {d).
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conventional a.m, transmitter can often be altered very easily
to provide d.s.b.—but for various reasons is much less
popular than single sideband (s.s.b.) transmission,

In s.5.b. we go one stage further than in d.5.b, and elimin-
ate not only the carrier but alse one or other of the two
similar sets of sidebands which result from a balanced
modulator. Since each set of sidebands is merely a mirror
image of the other, clearly any information contained in
them both is available from only aone. Thus for s.s.b. we
concentrate the entire output power of the transmitter into
one set of sidebands, covering a bandwidth equal to the
audio bandwidth which we are transmitting, preferably for
speech ahout 200 to 3500 ¢fs. The s.s.b. signal thus has the
same benefit over 2.m. of d.s.b. in that all power is put into
useful information, but has the advantage that this full
power gain can be utilized at the recgiver without the special

frequencies, the amateur can build his own sideband filter,
usually around 450 kcfs, inexpensively and without undue
difficulty, provided that a certain amount of test equipment
is available.

The initial carrier {that is r.f. drive) fed to the balanced
modulator is crystal controlled. Once the d.s.b. cutput from
the balanced modulator has been converted to s.s.b. by
passing it through the filter, it can be amplified and hetero-
dyned {in one or more steps) o the required transmitter
output frequency by mixing it with appropriate signals.
The h.f. heterodyne oscillator providing one of these signals
can be made variably tuned; the transmitter output can then
be tuned to the required position in the band by adjusting the
v.f.0.; any variable oscillator must be of very high stability.

At the receiver, a steady carrier is needed Lo assist in the
recovery in the detector or demodulator of the original audio

i

AF
AMPLIFIER ‘ AF

BALANCED | MF sipEBAND | MF HF LINEAR 14
- FILTER - MIXER AMPLIFIER
v MODULATOR | yep s58 558
MF
CRYSTAL *HF
GECILLATOR
HETERODYNE
VFO

Fig. L1. Basic arrangement of filter type single sideband transmitter. To facilitate band switching mors than one frequency cohversion stage
would usually be incorporated.

synchronous demodulation techniques which would be
required for optimum ds.b. reception, And also—most
important—s.s.b. reduces the total bandwidth of the radi-
ated signal, when correctly adjusted, to rather less than half
that required for either a.m. or dsb. With so many
amateurs packed inte relatively narrow amateur bands this
is indeed a most valuable feature of s.s.b. Furthermore
there are no carriers to produce the unpleasant heterodyne
interference that occurs with closely spaced a.m. signals,

But how can we eliminate the unwanted sideband from
the outpui of a balanced modulator? In practice the
balanced modulator works at low power and the unwanted
sidebands are then fiftered or phased out. Although two
different phasing methods have been fairly widely used by
amateurs on the grounds of their economy and their ability
to generate an s.5.b signal directly at a high frequency, the
tendency in recent years has been much more towards
systems using sideband filters. Such filters must have
rigorous selectivity characteristics to allow them to pass the
wanted sidebands while eliminating the unwanted ones,
which will be spaced only some 200-2000 c/s away. This
calls for a very good filter with a pass bandwidth of roughly
2600 c¢fs and a high degree of rejection of signals outside
these limits. Af one time it was only possible to design
filters meeting these requiremenis, with a very low passband
cenire frequency of say around 100 ke/s, using high-quality
inductors and capacitors. Nowadays however suitable
filters can be achieved with half-lattice crysial filters using
some four or more crystals with carefully staggered resonant
frequencies, or alternatively with mechanical filters. Most
of the mechanical filters have a resonant frequency (pass-
band centre frequency) of about 455 kefs and are available
at a cost in the region of £10 or so; many crystal filters are
also designed for use at about this frequency, but more
recently crystal filters up to 5 or 9 Mcjs have become
available with the necessary selectivity characteristics,
though at some cost. The higher the frequency at which the
initial s.8.b. signal can be generated the less complex will be
the later frequency comversion arrangements, but on the
other hand the more difficult it is to achieve high selectivity
in the sideband filter.

At present, by vsing “surplus™ crystals and either by care-
fully selectmg them, or by “gtching™ them to the desired

signals. This is generated in a low power oscillator in the
receiver itself, usually at the intermediate frequency, and
re-inserted alongside the incoming signals in the correct
relationship. Often the same oscillator is used as b.f.e. for
c.w, reception. This re-insertion process has to be done
accurately, for unless the local signal is within about 25 ¢fs
of the orginal (suppressed) carrier frequency, there will be
distortion. If the frequencies differ by appreciably more
than this figure or if no locally generated carrier is available,
the s.5.b. transmissions remain completely unintelligible,

This indicates clearly that one of the most important
requirements for both transmitters and receivers for s.s.b.
working is a very high order indeed of frequency stability.
Since even a drift of 25 or 50 ¢fs will cause distortion we
must try to ensure that the equipment stays well within such
a tolerance over quite long periods. A tolerance of 25 ¢/s is
very little when we are thinking in terms of transmitting
frequencies of say 21,200,000 c/s.

Apart from the actual generation of the s.s.b. signal, an
3.8b, transmitter differs in several tespects from those
designed solely for a.mx. Normally in amateur a.m. practice,
only the final power amplifier stage is modulated whereas,
as we have shown, in s.s.b. this is always done at a very early
stage. This has the big advantage of eliminating completely
the need for high power audio amplifiers for vse as a modula-
tor, but it does mean that all subsequent frequency con-
version and amplifving stages must be finear. The power
amplifier for an s.s.b. transmitter is thus often called a
linear amplifier, or simply a linear.

Once any amplitude modulated form of signal (a.m. or
5.8.b.) has been generated it is important that its waveform
should not be distorted by any non-linear amplification.
This makes it impossible to use what are termed class C
frequency multipliers or power amplifiers (as described in
Chapter 4). Although from the viewpaint of simplicity and
power efficiency this is a disadvantage, nevertheless the power
gain which results from not having to waste energy in trans-
mitting the steady carrier more than compensates for this,
The main practical differences between a linear and a class C
power amplifier, apart from the changed biasing conditions,
are in the more stringent requirements for well regulated
power supplies and drives to all valve elecirodes. While for
frequency conversion we have to use heterodyne systems (as
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in superhet receivers) instead of freguency doublers (sce
Chapter 4).

When some amateurs first began using the rather different
circuits and technigues involved in s.s.b., many others
believed that these were too complex, or too expensive, or
too difficult to adjust correctly, for widespread adoption.
At first s.5.b. thus appealed only to those with considerable
experience. However over the years it has proved possible
to simplify the circuits, to reduce the cost of sideband filters,
and to generate the low power s.s.b. signals at much higher
frequencies than in the early days. Receivers have also
tended to become more stable, lessening the need to retune
frequently. Because of the elimination of the high power
modulator, s.s.b. equipment above a certain power tends to
be cheaper than the equivalent a.m. rig, although at lower
powers the a.m. rig is still usually cheaper.

The result of all these improvements is that today many
newcomers go straight to s.s.b. without a long apprentice-
ship on a.m. or ¢,w. This has been much encouraged by the
appearance on the market of many factory-built s.5.b. units
and kits for home-construction, and particularly s.s.b.
transceivers. These are combined transmitter-receiver units
capable of providing extremely compact stations. .

It was soon appreciated that many of the more expensive
parts of an s.s.b. transmitter, such as the sideband filter, were
equally valuable for high performance receivers, in this
case as an if. selectivity filter. The same high-stability
oscillators and other stages can be used, Today there are
many compact s.s.b./cw. multi-band transceivers (often
with some facilities also for a.m, transmission} which are
often cheaper to build or buy than would be separate units
of comparable performance. Frequently, these equipments
are built for use with alternative power supply units; one
for normal home operation from domestic a.c. mains
supplies; the other for 12 volt d.c. supplies (using transistor
inverters for converting the d.c. to a.c.) to allow mobile
operation. Even where separate rcceivers and transmitters
are used it is becoming common for a single v.f.c. to be used
to tune both together.

There is much to be said in favour of this rapid progression
towards more widespread s.s.b. operation, provided that the
newcomer takes care to ensure that he really understands
the techniques involved and the correct adjustment of his
equipment before using it on the air, just as he or she always
needed to do for a.m.; but with the added awareness that a
fault in the adjustment of an s.s.b. rig may pass unnoticed
by any unwary or unskilled operator. Some amateurs still
consider that a good oscilloscope is needed for s.5.b. adjust-
ments. Even if the rig is purchased ready built, there 15 no
reason why any amateur should be content to be just a
“plug-in appliance operator,” as it has been termed.

In an introductory booklet it is impossible to deal ade-
quately with all the circuits and adjustments of s.s.b. trans-
mitters and transceivers, The interested reader is referred
fo the many c¢xcellent sources of information on s.s.b, for
amateurs now readily available, including the RSGB Amateur
Radio Handbook., Even if it is the intention to operate
exclusively on s.5.b., the reader will find that the information
given in Chapter 4 on a.m, and c.w. transmitters will form a
usefut basis on which to build further knowledge.

Obviously, quite early on in station planning a decision
kas to be made on whether to concentrate on a.m. or s.s.b,
for telephony operation; many amateurs now use both. If
the matn interest is in long-distance telephony transmission
on the h.f, band, there is little doubt that ss.b. will be
adopted eventually, even if a.m, is used at first. Onthe other
hand, the bulk of v.h.F., semi-local h.f. telephony and low
power Top Band (1.8 Mc/s) working still remains on a.m.
But few forward-looking newcomers can now afford to
ignore s5.5.b. ; every opportunity should be taken to study this
subject, even if at first it all seems a little complicated.,

Because there is no steady carrier output {so that the

output of an s.s.b. transmitter drops almost to zero in the
intervals between spaech), s.s.b. transmitters are rated in
terms of peak envelope power (p.c.p.). Peak envelope power
is defined as the power {r.m.s.) developed at the crast of the
modulation envelope.

It is worth pointing out that a 150 watt a.m. transmitter
(the maximum power of the British licence) and developing
say 100 watts output has (when fully modulated) a p.e.p.
input of 600 watts and hence a p.e.p. output of about 400
watts. But of the 400 watts 200 are wasted in producing the
carrier, so that a 200 watt p.e.p. output s.s.b. transmitter
can produce a similar signal-to-noise ratio at the receiver.
British amateurs are permitted to operate s.8.b. transmitters
with ap to 400 watts p.e.p. cutput, equivalent to the output
of a 150 watt a.m. transtnitter but with twice the useful power
in half the frequency space. It should be noted that a method
of determining the power of an s.s.b. iransmilter, based on
measuring the omipad in terms of p.e.p. while using a two-
tone test signal, has been approved by the Post Office.

This is some indication of the advantage of s.3.b., although
it must be pointed out that there are various speech pro-
cessing technigues (such as speech clipping) which can be
applied more easily on a.m. signals than with s.s.b. so that
the practical advantage may not always be that suggested
by theory, Perhaps the single greatest benefit of s.5.b from
an amateur viewpeint is the reduction of the frequency
space occupicd by these signals, followed by such points as
reduction of distortion during certain types of fading, case
of working duplex or break-in, and the absence of hetercdyne
whistles.

Television Interference

The most difficult single problem arising in modern
transmitters is to avoid causing interference to near-by
television receivers. Unless interference can be avoided,
operation has to be restricted to those hours when the
television stations are not on the air. No amateur
would pretend that this is a simple problem or that
there is any one all-embracing remedy. However,
experience has shown that in most areas it is possible to
avoid interference by effective screening and filtering of
the exciter and power amplifier, and of all leads before
they emerge from the metal screening cabinets. The
techniques for reducing harmonic radiation, the most
common cause of television interference, are discussed
in Chapter 4, There are today many amateurs who have
to 2ll intents and purposes completely solved their inter-
ference problems and can operate their stations at all
times even with television receivers running in the same
room—though the occasional unexpected complaint may
still turn up from time to time to test their ingenuity
in devising further means of protection.

Provided that the transmitter is itself effectively screened
and filtered so that no harmonics can leak out through the
cabinet or along the power supply or auxiliary leads, then
any harmonics generated by the transmitter can only be
radiated if they reach the aerial system. One of the most
successful methnds of preventing such harmonic radiation
thus consists of placing a harmonice filter in the low-imped-
ance co-ax transmission ling used to feed the transmitter
power to the aerial system. For an h.f. transmitter this is
often a low pasy filter (Lp.f.) designed to reduce (attenuate)
to a high degree all output from the transmitter above say
30 Mc/s while having little effect upon signals below this
frequengy. The construction and alignment of such filters are
described in the standard amateur handbooks. A filter of
this type can simply be left in position on all bands below
30 Mc/s.

An alternative arrangement which does not have this
advantage, but which i3 somewhat simpler to build and
adjust—and is quite suitable where most activity is on only
a few bands—consists of a series of separate band-pass filters,
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Fig. | ** band~pass filters are rathar easier to build
and adjust than low-pass filters but require a separate fiftar for each
amateur band on which the station is used,
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each designed to pass signals on only one amateur band and
to attenvate all other frequencies. The appropriate filter
for the band in use is plugged inta the aerial feeder. Harmonic
suppression may not be as good with this type of unit as
with a correctly adjusted low pass flter, but impedance
matching problems are less likely to arise. Fig. 12 shows the
circuit of a band-pass filter, together with basic constructional
details for the main amateur bands. Like all TVI filters they
should be built n totally enclosed metal boxes with effective
scresning between the input and output sections, and with
co-ax plugs and sockets for conneclion into circuit without
destroying the effectiveness of thg screening. Thesefilters
have been designed for use with standard value disc ceramic
capacitors, although some adjustment of the coils may be
needed to resonate them correctly.

The simplest form of band-pass filter takes the form of a
good aerial fuming writ {a.tu.} whose main purpose is often
to match the low-impedance co-ax output from the trans-
mitter into the aerial system. A good a.t.u. combined with a
pi-network (sce Chapter 4) in the power amplifier tank
cirenit {or preferably the slightly more offective “pi-L”
network) may well provide all that is required to etiminate
TVL in areas where there are strong television signals. An
a.t.u. may, of course, be used in combination with a low
pass or band-pass filter since the attenualion of a series of
filters will normally add together, each reducing any har-
monic content still further.

TVI problems most oflen arise with television stations
operating in Band T (British TV channels 1-5) particularly
where the television signals are very weak. Tnterference to

__________________ TIRANSMITTER POWER AMPLIFIER
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television stations using Bands III or Bands IV/V is usually
much less serious and easier {0 overcome.

The Aerial(s)

More than any other section of an amateur station,
the aerial governs the final results, At long distance
the difference between the signals from a good and a
poor aerial of similar design may easily amount to the
equivalent of some 100 or so times the power, How-
ever this does not mean that DX stations cannot be
worked with simple or easily erected aerials—a simple
wire aerial at ne meore than 30 ft. above ground may
easily out-perform an elaborate beam aerial that has not
been properly adjusted or is wrongly maiched to the
transmitter. Until a sound vnderstanding of the mysteries
of aerial and feeder impedances has been achieved—and
this will come best from a combination of practical
experiment with a study of the theory—the newcomer
will be well advised to concentrate on the simpler
aerials, rather than immediately buying or erecting a
more elaborate aerial the finer details of which are not
fully understood.

Generally the aerial should be erected as high as
possible and well clear of all structures; this is of course
the counsel of perfection, so do not despair if in your
location there is room for only a short sloping span
well below the building line or in an attic. Very often
an apparently poorly sited aerial will give good results
in a limited number of directions (often at variance
with thearetical radiation patterns), A good tip in such
circumstances is to have twe or more aerials with pro-
vision for switching the transmitter and receiver to any
one of them,

However well the receiver may appear to function
with only a short piece of wire slung up indoors, it is
important to remember the results will always be im-
proved by using the best possible receiving aerial.
Owing to the directional effects of even simple aerials
it is very much better to use the same aerial for trans-
mission and reception.

Because of the vital importance to the amateur of a really
eifective aerial, and also because of the severe physical
limitations existing at many of the locations where an
amatenr station is to be installed, much attention has bzen
paid in recent years to improving the parformance of acrials
of restricted size, and also in making tham suitable for use
on several different bands (multi-hand aerials).

By confining the major portion of the transmitted power
into a particular direction (bean aerial) it is possible to
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Fig. 13. Typical anti-TVI| precautions to prevent the radiation of transmitter harmonics, The harmanic signals are reduced first by the pi-
network output circuit, than by the low-pass filter, and finally by the asrial tuning unit.
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Fig. I4A. A great circle map, based on the United
Kingdam, This is how the world appears to an
amatedr transmitter. Radio signals travel along
great cirela routes {which®are the shortest routes on
the globe) and which onthe above map would be
represantad by straight; lines radiating outwarda
from the centre. Such a map s essential when
planning an asrial installation as it sh the dlrec
tions along which signals will traval to particular
countries. However, it should be noted that, in the
mornings, signals to and from Australia, Naw
Zealand and the Far East often travel the “long way
round” across South America, Thesa directions
will be exactly 180 degrees more than those indi~
cated on the above map. A special Admiralty
Great Circla Map cantred on London lis available
from the RSGB.
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Fig. 14B, The popular GERY “multi-b p sz a simpla
aerial which can be used effectivaly on all bands from 18 to
28 Mc/s, If spaca ia insufficient the final 10 ft. at sach end of
the “top"” can be dropped downwards, Aiternatively, a half-
size version, with dimansions of the “top" and “matching
stub® each zealed down to one=half, can be used on 7 to 28
M= bands.
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obtain an increase in signal strength in the chosen direction
equivalent to raising the power of the transmitter by many
times. The same aerial when used for reception not only
increases similarly the apparent strength of the incoming
signals but discriminates against interfering signals coming
in from other directions.

The power gain of aerials is usually quoted in terms of
decibels (db) gain referred to a simple dipole aerial. The
decibel is a logarithmic expression used for comparing
power (and sometimes voltage) ratios., A power gain of
3 db is equivalent to doubling the transmitter power:; a 6 db
gain is almost four times the power; a 9 db gain almost eight
times the power; and a 10 db gain represents a ten-fold
increase of the power. Since each 3 db gain doubles the
power, a 13 db gain would be 20 times the power and 16 db
40 times the power and $o on.

A typical h.f. beam for 14 Mc/s or above may well have a
gain of say 6-10 db. So this is equivalent to increasing the
power of the transmitter by between 4-10 times, With the
British maximum power of 150 watts, it is thus possible to
have an effective radiated power (e.r.p.) of over 1 kW along
the line of the beam.

Furthermore for Jong distance transmission the vertical
angle at which the bulk of the radiated power leaves the
station (vertical radiation patters) is of great importance,
Low angle radiation is reflected over greater distances by
the ionosphere, and will be more readily reflected than
transmissions at high angles. This is a factor of particular
importance as a given path between transmitier and receiver
begins to fade out. With beam aerials it is usually possible to
achieve appreciably more low-angle radiation than with
dipole aerials, unless these are mounted vertically.

Beam aerials may be fixed beams, that is permanently
erected to direct signals in one or more favoured directions.
Alternatively, some means of mechanically (or electronically)
rotating the beam direction may be used so that the beam can
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be swung in any desired direction. Arrangements for such
ratary beams, often including an indicator system in the
amateur shack to show the direction in which the aerial is
pointing, can be quite complex and expensive to erect. But
some amateurs with a flair for mechanical construgtion are
able to design, build and erect such beams for a remarkable
small sum. On the v.h.f, bands where the physical size of
the aerials is so much smaller, beam aerials are used by most
operators.

Two popular forms of directional aerials are the Yag/, as
widely used for television reception, and the Cubical Quad
which has several advantages including a somewhat smaller
turning radius, allowing it to be erected in quite small
gardens. Some very ingenious designs, permitting Yagi and
cubical quad aeriais to be used effectively on several different
bands have been developed, and new arrangements appear
quite frequently in the ammateur publications.

But although beams undoubtedly provide a great advan-
tage for DX working it should not be supposed that long-
distances cannot be covered without them. Particularly on
¢.w. it is entirely possible to contact stations throughout the
world using modest dipole-type aerials or the increasingly
popular simple vertical aerials with which low angle radiation
can be achieved.

A very practical arrangement for erection on the roofs
of urban houses or bungalows, or wherever there is little
space available, is the ground plane, consisting basically of a
quarter-wavelength vertical rod (usually of aluminium-alloy)
with four *‘radials” sloping downwards and forming an
artificial ground or earth plane. The rod can often be
mounted quite high up on a chimney stack with the wire
radials conforming approximately to the roof slope. Fig. 15
shows details of this simple yet often very effective DX aerial.

Although there are now a very large number of different
aerlals in use by amateurs, these are mostly variants of a few
fundamental types; the information given in Chapter 4
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Fig. 15. The ground plane asrial is one of the simplest yet most
efactive DX aerials for installation in restricted aspaces. For
operation on [4 Mc/s tha rod is & [t 1] in. long and the radials can
be made fromn hard drawn copper wira sach IF ft. 2§ in. long. The
radintor is insulated from the fixing maunt with the inner core of
the 50-shm co-ax soldered or bolted to the end. The radials are
soldarad to a copper ring together with the braid of tha co-ax and
kept well apart from the vertical rod and the inner core of the co-ax.
For goad match to the 50-ohm feeder, the radials shouild slope
downwards at roughly 120° to the radiater. Dimensions can be
scalad up or down for other bands.

should bec assimilated bzfore attempling to understand the
operation of more complicated types. .

No matter how good the aerial and transmilter may ba
effective transmission will depend upon the transfer of the
power from the transmiiter to the aerial, usually along the
transmission line which often consists of low-impedance
coaxial ling or 300-phm ribbon-type twin line feeder. For
optimum transfer of power the feeder must be reasonably
accurately matched in impedance at both the transmitter
and aerial element ends, as discussed in Chapter 4, Where
optimum conditions are not achieved, standing waves will
exist upon the feeder and can be detected by a suitable s.w.r,
indicator. Some very simple instruments for this purposs
have been developed and are described in the handbooks.
While an s.w.r. indicator is a very useful device to have
available, it is perhaps worth mentioning that quite consider-
able standing waves can often be tolerated on untuned
transmission lines without seriously reducing radiation,

Semiconductors

Another factor which nowadays must be taken into
account by newcomers planning future equipment is the
gradual trend towards transistors and other semiconductor
or solid-state devices, including for example the silicon
power diodes already menticned.

Completely solid-state stations, except for fairly low
power portable or mobile operation, are still guite rare,
although now technically feasible for fixed station opsration
at medium powers. The main problem is that h.f. power
transistors still tend to be considerably more expensive and

provide lower pains than valves of equivalent power rating.
Recent years have seen a steady reduction in the prices of
these special semiconductors. Again, most high power
transistors call for power supplies of 28-40 volts at fairly
heavy currents, so that there is only limited operational and
size advantage in solid-state transmitters, the major bulk
represented by power supplies being little affected. It is also
easy to damage or destroy the expensive h.f, transistors unless
care is taken—normally, for example, such transistors
should never be operated without a correctly matched load
unless adequate protection circuits have been incorporated.

On the other hand for audio work and for receivers and
low power stages in exciters, the compact size, simple
circuitry and low price at which many “‘surplus” transistors
are now available all make these attractive for current
designs. We can therefore expzct to see many more “hybrid”
equipments—that is units employing a combination of
valves and transistors—with valves being retained mainly
for r.f. power amplification, in the next few vears, even
though these are at present still rare,

Then again, there are some applications in which semi-
conductors offer new facilitics and so are already attracting
considerable attention. One example is the use of semi-
conductor diode switches to overcome the problems which
have always attended the use of mechanical switches for
switching low power radio frequency circuits. Semicon-
ductor dipdes also possess the important characteristic that
their capacitance can bz changed by altering the reverse
voltage applied across them, providing us with a form of
variable capacitor which can be “tuned™ by altering a d.c.
voltage—particularly useful for some forms of bandspread
tuning or for remote operation of a variable frequency
oscillator, etc. Semiconductors are also, of course, extremely
useful for compact test instruments needed in amateur
stations including grid dip oscillators, field strength meters
and monitors.

Although at present many amateur stations use few
semiconductors for normal fixed station operation, this is
sure to change gradually with increasing use of semicon-
ductors during the next few years. Already some of the
compact transceivers are using transistors in many stages,

One of the first fields in which they have made real impact
is for v.h.f. converters providing reception of v.h.f, bands on
normal h.f. communications receivers, There are also
many advanced techniques including parametric amplifiers,
parametric frequency multiplication (varactors), etc., alteady
attracting the interest of keen experimenters.

A transmitting application for which transistors have
proved their worth is for stable variable frequency oscillators.
Since very little heat is generated in a low power transistor,
a transistor v.f.o., if mounted well away from other sources
of heat, will show very little frequency drift. The circuit
shown in Fig. 16, originally designed by W3JHR, has
proved particularly effective, and uses mainly ex-ARCS
(Command series) components {or the tuned circuit (L1, Cl,
C2) in this particular case to provide an output tunable
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lo ol Fig. 6. Many amateurs are finding
2.9K - that transistor variable fraquency
I_ oscillators, if kapt wel] away from
= ;c_m':uud of heat, can provide a
QUTPUT igher degrea of stahility than can
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particular circuit has praved very
popular uzsing OCITI, IN384 or
similar h.f transistors. Many other
circyits incorporating semicon-
ductor devices are given in the
RSGE publication Technical Topics
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between 4.9 and 6.1 Mgc/s. The fransistors can be types
OCI171, 2N384, etc. The v.f.0. provides only a small output
for subsequent amplification by a high-gain valve stage using
a 6AHS, eic., or by further transistor stages.

Certain precautions must always be taken in any equip-
ment using semiconductors: transistors can be damaged or
destroyed by applying supply voltages the wrong way
round, by excessive transient voltages, or by subjecting the
junctions to excessive heat or mechanical shocks. The
internal resistances of transistors are low, and even quite
low voltages applied across the wrong electrodes can cause
excessive currents which can bura out or damage the
junction. The larger power transistors are among the most
susceptible to this hazard because of their very low internal
resistances. Some of the ways in which these conditions
can accidentally occur include: (i) leakage voltages to carth
from the bit of an electric soldering iron (the answer is to
earth the casing of the iron) or from the output leads of
mains operated test gear such as signal gencrators {always
include isolating capacitors in the leads between such test
gear and the transistor equipment); {ii) voltages from internal
batteries in low-resistance continuity testers or low-resistance
ohmmeters (internal resistance of instruments should exceed
10,000 ohms or an external resistor of this value should be
connected in series), or from the sudden discharge of a
large-value electrolytic capacitor; (iii) excessive cuirents
arising from too great an input from a signal generator or
nearby transmitter.

There is also soime hazard arising from a sudden dis-
turbance in operating conditions: do not disconnect a
transistor until all potentials have been removed; do not
run a transistor with its collector circuit open; do not short-
circuit base to collector while a transistor 15 eperating. With
power transistors, both a.f. and r.f. types, it is important
not to operate them without a properly matched load, since
otherwise excessive high voltages may appear on the col-
lector. Power transmitters normally have to be mounted in
“heat sinks”; these are pieces of metal which help to dissipate
internal heat to the surrounding air.

The Station Layout

From the beginning it should be appreciated that an
amateur station is more than just a number of separate
items of equipment—receiver, transmitter, frequency
meter and the like—gathered together haphazardly in
the same room. There should always be forethought
and planning, bearing (n mind the ultimate operation
of the equipment as a single unit, An efficient transmitter
is useless without good receiver performance; a stable
variable frequency oscillator unit is wasted unless the
output {requency can be readily adjusted to any required
channel from the operating position; slowness in chang-
ing from transmission to reception and vice versa can
spoil endless contacts.

A station should be planned not only to keep abreast
of technical developments, but also with the objectives
of comfort, rapid change-over, and general ease of
operation. Many hours will be spent searching for and
copying weak signals; yet, too often, the newcomer gives
little thought to his own comfort, For example, receiver
tuning controls may be so placed as to require the
operator to keep his arms outstretched without support
from the operating table which may, in turn, be press-
ing relentlessly into the pit of the stomach owing to the
receiver being too far back. Or the change-over from
transmission to reception may require a sudden flurry
of eflort and concentration,

The following are some of the factors which govern
the “operability” of an amateur station:

The operating table should be as larpe as space
permits, and never allowed to become cluttered up with

stray pieces of equipment or spare parts, There should
be plenty of room for the log and scribbling pads
direcily in front of the operator.

The receiver should be piaced comfortably back on
the lefthand side of the operating table so that the
forearm may be rested while tuning, The height of the
most frequently used controls is important and can
often be adjusted advantageously by mounting the
receiver on rubber blocks, which also reduce the effects
of vibration. Four to six inches is normally a good
height for the main tuning and gain controls.

Where variable frequency control is employed, the
oscillator unit should be within easy reach of
operator, preferably in the back right-hand corner of
the lable. Switching arrangements should permit the
operation of the oscillator vmit by itself (i.e. with the
exciter and amplifier stages inoperative) in order to
provide a weak signal on the receiver to allow adjust-
ment t¢ any desired frequency.

Change-over from transmission to reception should be
by means of not more than one switch: for telegraphy
it will be better still if this is accomplished solely by
the action of the Morse key: for telephony the ideal is
a voice operated change-over device (VOX) or a single
push-to-talk switch on the microphone, Where, as is
usually the case, it is desired to switch a number of
separate circuits, this should be done by means of a
multi-contact relay operated by a single chanpe-over
switch.

Where the main transmitter is not constantly under
view from the operating position, it is advisable to
provide some indication on the operating table to show
whether the transmitter is functioning correctly. This
can be cither a Morse or telephony monitor, providing
a low-level indication of the transmitted signals in the
operator’s headphones, or alternatively a meter or bulb
indicating the current being delivered to the aerial
feeder.

Finally, laok round for the most comfortable cushioned
chair (preferably one with arms), provide yourself with
a handy bookshelf and space for pencils, reference lists,
a good atlas—and do not forget to leave plenty of room
for your legs and feet!

Test and Auxiliary Equipment

Little can be done in radio construction and operation
without some items of test equipment, although fortun-
ately an amarzing amount can be achieved with very
little, A test meter for measuring d.c, voltages and
currents in various ranges up to about 1000 volts and
curreats up to about 200 mA (a.c, ranges though useful

l —OHT +
] Q-00IpF
]
LT
—O HT~

Fig. 17. One of the most useful piacas of test gear is a grid-dip
oscillator. In thiz circuit, almost any small trioda or pentode
connected as a triodes may be used. Approximate coil dimensions:
3.5 Mcfs 80 turns 28 s.w.g.; 7 Mcfs 34 turns 24 s,w.g.; 14 Mcfx 14 turns
24 s.w.g. ) 21 Mcjs 10 turns 24 s,ow.g. All coily are centre-tapped and
closewound on liin. diameter formers.
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are not essential and great sensitivity or accuracy is
seldom required for routine testing); a single d.c. milli-
ammeter of say 1 mA full scale deflection used with
series and shunt resistors will prove adequate for most
purposes. One or more milliammeters should be per-
manently connected in the transmitter for tuning up
and checking.

Some means of providing check points for frequency
fcalibration purposes are essential, preferably based on
a crystal controlled oscillator (see Chapter 4), A simple
absorption-type wavemeter is of tremendous assistance
and can wsually be made easily from junk box com-
ponents.
~ A simple monitor—for example a crystil diode or
Westector rectifier receiver—is most useful for checking
the quality of outgoing telephony signals. On ¢.w, many
operators like to listen to their own Morse and this calls
for either a heterodyne monitor or nean oscillator.

A prid dip oscillator is extremely useful for receiver,
transmitter and aerial construction and adjustment; this
is also a simple instrument to build as it consists of a
single stage valve oscillator which indicates when the
oscillator cirenit is in resonance with any external circuit
to which it is coupled by a dip in grid current.

Almost any type of neon bulb will prove invaluable
for checking radio frequency voltages in transmitters
and aerials, and is also handy for detecting points at
“live” mains voltages,

Mohile Operation

Over 2100 British amateurs—approaching 20 per cent of
the total—have taken out additional mobile licences which
permit them to cperate compact amatcur stations in their
cars, In the UK the greater part of this mobile operation
takes place on the 1-8 Mc/s band (*“Top Band™}, but con-
siderable use is also made of the v,hf. bands (70 Mc/s, and
particularly 144 Mc/s). The h.f. bands are used by relatively
few British mobile operators although some of these bands,
especially 28 Mc/fs, are popular for this application overseas.
Greater use of 28 Mc/s has been urged in the UK, since this
band can provide consistent local results, plus long ranges
during band openings even with simple whip aerials,

Transmitter power on 1-8 Mc/s is limited by the UK
licence to 10 watts, and a similar order of power is com-
monly used on v.h.f. Operation is alniost always on phone,
and ranges of 10-20 miles are usual; much longer distances
can be achieved on h.f, bands, or in favourable circum-
Stances,

Equipment for mobile operation conforms in many ways
to low-power fixed station practice; though a mobile station
is often designed for use on a single band, and the receiver
may consgist simply of a converter in conjunction with a
standard car radio receiver. The limited space in small
family cars calls for considerable ingenuity if the best use is
to be made of what is available. But the paramount con-
sideration should always be that of safety: if the station is to
be operated by the driver, the layout and controls must not
in any way distract his attention from his prime task of
driving the car.

The power source for low power operation is almost
invariably the normal car battery, often providing a nominatl
12 volts {vsually in practice about 13-5 volts). While this
voltage is sufficient to operate fully transistorized equipment
directly, many mobile operators still use valves for power
amplification in their transmitters, and this means that a
transistorized d.c.—d.c. inverter will often be used {occasion-
ally older forms, including vibrators or rotary converlers,
may still be found). The transistorized d.c.—d.c. inverter
consists basically of a power oscillator with two or more

power transistors oscillating rapidly between their “on”
{low resistance) and “off”” (high resistance) states, and so
converting the d.c. supply into a form of a.c. at roughly 200-
1000 ¢/s so that it can be stepped up by transformer action,
and then rectificd and smoothed. Such unils can operate at
very high efficiencies, and provide sufficient h.t, for a small
valve transmitter; the same technique may be used with
valve modulators, but increasingly all audic amplification is
by means of transistors. The future trend is likely to be
towards full use of transistors in the transmitter also, and
this will usually eliminate the need for an inverter (although
some r.f. power transistors operate more efficiently with 28
or 36 volt supplies, and this would require an inverter),

A major problem with all mobile installations is that of
suppressing to a high degree all the electrical interference
which stems from the ignition system and other car clectrics.
Full guidance for interference suppression techniques will be
found in the RSGB Amatenr Radio Handbeok and other
publications,

Another problem, particularly for 1-8 Mc/s operation, is
that of achieving maximum radiation from a short whip
aerial, which can seldom exceed 7 or 8 ft, in length; usual
practice is to inductively load the aerial with a weather-proof
coil inserted either in the centre or at the basc of the whip.
On v.,h.f. rather more efficient aerials can be realized: one
popular type is the omni-directional “halo™ which consists
gssentially of a half-wave dipole beni round in the form of
an open circle about 1 ft. in diameter, and mounted some
2 ft. above the car roof.

Commercially-built amateur mobile equipment—inglud-
ing all-transistor stations—svitable for British cars s
available, although some amateurs find the construc-
tion of mobile equipment, with its challenge of compact
size, an interesting test of their own ingenuity,

RSGE
MOBILE SAFETY RECOMMENDATIONS

. All equipment should be so constructed and installed that in che
avant of accident or sudden braking it cannot injure the occu-
pants of the car,

1. Mobile aerials should be soundly constructed, taking into
account flexing at speed and possible dangar to other vahicles
or pedestrians. The maximum height must not exceed 14 fi.
above ground.

3. Wiring should not constitute a hazard, either electrical or
mechanical, to driver or passengers.

4. All equipment should be adeguately fused and a battery
isolation switch is desirabla,

5. The transmit/receive switch should be within easy access of the
operator and one ch switch should perform all
functions.

6. The microphene sheuld be attathed te the vehicle so thac it
does not impair che visien or mavement of the driver,

¥. A driverfoperator should not use a hand micrephone or double
headphone.

8. All major adjustments, a.g. band change by a driverfoperator,
should be carried out whilst the vehicle is stationary.

%. Essential equipment controls should be adequately iliuminated
during the hours of darknass.

10. Logging must not be attampted by the driver whilse the
vehicle is in motion.

Il. All equipment must ba switched off when (i} fuelling, {ii} in
clase proximity ta petrol tanks and (iii} near quarries whara
charges are detonated electrically.

12. A suitabla fire extinguisher should be carried and be readily
accessible.




CHAPTER THREE

Communications Receivers
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THE first requirement of every newcomer to Amateur
Radio is a good receiver covering the amateur
bands —and the skill to make the best use of it. Almost
any “all-wave” broadcast receiver or simple one- or
twao-valve: “siraight” receiver will bring in amateur
signals on some bands, but will usually prove unsatis-
factory for serious listening in one or maore respects.
The crowded amateur bands, the relaiively narrow
spaces they occupy in the full short wave spectrum, the
extremely wide variation between strong and weak
signals (which may casily difler in voltage by 10,000
times and can occasionally be of the order of 500,000
times), all imposc very stringent demands upon the
receiver. Over the years higﬁ performance receivers
which are not unduly expensive and which have become
known as “communications rececivers” have been evolved
to meet these special needs.  Although there are now
many users of such sets other than amateurs—including
the Services and commercial organizations—it is to the
credit of the radic amateurs that this type of receiver
was originally produced in large numbers.

Today, it has been said that receiver design and con-
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struction by the amateurs themselves is a lost art; and
it is wrue that only a small minority use receivers
antirely constructed at home. But whether you build or
buy your receiver, it is certain that you will not obtain
the best results unless you have a socuand understanding
of the main features of a communications receiver, how
it differs from & standard broadcast set, and the purpose
of the various refinements and controls.

“All-wave” Superheterodyne Receivers

For broadcast entertainment usvally only a few
stations of relatively high signal strength are wanted
and the user is satisfied if he can obtain these few
stations at a steady level of volume, with good quality
repraduction, as free as possible from electrical inter-
ference or interference from other stations. The
majority of domestic recefvers use an almost standard
four-valve or six-transistor circuit which will meet these
demands reasonably well: see Fig. 2. The first valve is
a combined mixer and local oscillator which changes
the incoming signals to the intermediate frequency of
about 470 kcfs and is coupled to the next valve by
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Fig. 2. Reprasentative design of
a conventional broadcast-typs tuper-
het receiver.
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means of the first intermediate transformer containing
two inductively coupled resonant circuits, This second
valve, invariably a pentode, amplifies the if. signals
and passes them on, through a second if. transformer,
to a diode detector which is usually enclosed in the
same valve envclope as a triode or pentode section
used to amplify the voltage of the audio frequency
output from the detector. Either the same diode or a
secand diode is used to provide a d.c. voltage which
varies with the strength of the signal and this voltage is
psed to control auwtomatically the gain of the first two
valves so zs to keep the output from 1ihe receiver fairly
constant despite any fluctuations in the strength of the

Selectivity

The ability to separate stations on closely adjacent
frequencies is governed by the selectivity of a receiver.
Qur elementary radio textbooks iell us that a high degree
of selectivity is extremely difficult to achieve in straight
receivers and that in the superheterodyne receiver this
characteristic will be determined very largely in the
intermediate frequency section. It has been stated earlier
that the standard broadcast set usually has one inter-
mediate frequency amplifying stage with an i.f. trans-
former, comprising two tuned circuits, in both the input
and output circuits of the stage, This provides altogether
four resonant circuits peaked to accept signals at a given
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incoming signals. The final valve (ignoring any valves
which may be used to rectify the a.c. mains) is a tetrode
or pentode amplifier providing sufficient power to
operate a loudspeaker.

Four-valve broadcast receivers of the type outlined
above frequeatly incorporate a short wave band or
bands and many newcomers to Amateur Radio receive
their first amateur transmissions on such receivers;
indeed many local and long-distance stations can often
be received successfully, Tt will soon be found however
that many transmissions are spoilt by other stations on
adjacent frequencies or lost altogether in attempts to
tune them in miore accurately or because the receiver
drifts in frequency between transmissions. When the
stations are weak and the volume is turned up there is
either insufficient amplification available or valve noise
drowns the stations. It will also soon be noticed that
most receivers will tune to the louder commercial and
broadcast stations at more than one point on the dial,
and this will make the bands sound even more crowded
with stations than they really are, particularly on the
higher frequency bands. Amateur telegraphy stations
can usually be heard only as a series of “thumps™ which
are extremely difficult to copy even if you can read
Morse. There will also be some signals which will be
completely unintelligible; these emanate from stations
using suppressed carrier systems. Thus if we were to
attempt to use a receiver of this category for serious
amateur operating we should be able to hear and work
only the louder stations and would miss altogether many
of the weaker long distance signals. Tt would be rather
like entering for a T.T. race on a motor scooter. These
objections apply also to entertainment-type transistor
receivers.

It will not be long before we begin to sum up the
needs of a receiver for communications purposes. Our
list will be more or less as follows: (1) very good
selectivity to separate the stations; (2) a high degree of
sensitivity to permit reception of weak stations; (3) ease
of tuning with the abihty to return quickly to a given
frequency; (4) stability, so that the set does not drift off
a station or lose it suddenly due to shock or vibration;
(5) absence of spurious signals, so that even the loudest
stations are heard at only one point on the dial and
with no tunable whistles generated within the receiver:
(6) there must be an internal oscillator (catled a beat
frequency oscillator) for listening to Morse signals and
suppressed cairier telephony stations.

frequency, usually between 455 and 470 kefs (about 640
metres). Now four circuits at this frequency can
provide a fair degree of selectivity even in crowded
amateur bands, although the most powerful stations will
usually tend to spread out over a fair number of kilo-
cycles. But the type of if. transformers fitted in broad-
cast receivers are not generally the most efficient for
communication purposes. For good quality broadcast
reception we need to receive without undue loss
frequencies up to about 9000 ¢fs (9 kcfs) on each side
of the nominal station frequency; for amateur telephony
this figure could be reduced by about three times, to
some 3000 cfs either side, and for telegraphy we need
a bandpass of only 100-200 ¢fs. Broadcast if, trans-
formers are often deliberately “over-coupled” or peaked
to different frequencies in order to produce a broader
response and are not of high-Q construction (O is a
term denoting the *“goodness™” of a coil and it 15 this
which determines the selectivity of a given tuned circuit).

Thus as we tune our broadcast receiver across a
powerful signal, we shall hear the station without
distortion over a fairly narrow band and then for some
kilocycles on either side we shall continue to hear the
transmission with increasing sideband distortion until
the set is between say 15 and 25 kefs away from the
carrier frequency, Thus a really powerful signal may
klock out weak stations over a channel up to 50 kefs
wide. There is also the possibility that a very loud
signal may affect the receiver over an even wider band,
due to a form of interference called cross-modulation.

There are a number of ways in which the selectivity
can be improved.

(1) The coupling in the i.f, transformers can be decreased
by placing the windings farther apart.

(2) The if, transformer windings can be of higher ¢
or some other form of tuned circuit can be used having
a much higher @ (in practice this may be either a quariz
crystal, a mechanical filter, or a device known as a Q-
multiplier which depends on the fact that a circuit near
oscillation has a very high 0).

(3) The total number of tuned circuits can be in-
creased; this is most easily done by adding if. valves,
with additional i.f, transformers to provide the coupling
between each valve.

(4) The intermediate frequency can be lowered; this
wil] increase selectivity because the response of a tuned
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circuit to a signal off resonance depends upon the per-
centage difference between these two frequencies, Fer
example a signal at 490 kefs fed to a 470 kefs if.
amplifier represents a percentage difference of 20/470 x
100, approximately 4 per cent. If we lower the if. to
50 kc/s and feed into the amplifier a signal the same
number of kilocycles off tune (i.e. 20 ke/s), the percentage
difference is 40 per cent, and the repection will be
correspondingly greater. We shall see later, however,
that merely lowering the if. brings in other problems
that off-sets this advantage.

In practice a modern communication receiver will
often use a combination of all these four methods of
achieving high selectivity: it will use specially designed
under-coupled i.f. transformers of high @ construction,
with a very high O crystal filter or Q-multiplier for
optional use; it will have two or even three valves as
i.f. amplifiers and may have as many as twelve circuits
resonant at the i.f.; and it may achieve its main
selectivity at a very low intermediate frequency (40-100
kefs). Several different degrees of selectivity can usually
be selected by a switch.

To compare the selectivity of different receivers, or
receivers having more than one position of selectivity,
we can use selectivity curves such as those shown in
Fig. 4. There are two ways in which we must consider
these curves: the first is the “nose” figure which repre-
sents the bandwidth in kilocycles over which a signal
willi be beard with relatively little loss of strength; the
other figure—and many amateurs will consider this the
more importani—is the bandwidth over which a really
powerful signal is still audible {often taken as a reduc-
tion of 1,000 times (60 db) on the peak strength) and
this is often termed the “skirt” performance, These
twao sets of figures are related by what is known as the
“shape factor” of the receiver. Since, even with a very
good receiver, the “skirt” bandwidth will tend to be
from 2.5 to 5.5 times as great as the “nose’ bandwidth,
it is most important always to distinguish between these
two sets of figures. In practice, any receiver which has
a “skirt” bandwidth of less than about 10-15 kefs can
be considered a very good one, though the “nose” figures
for even medium grade receivers will look much more
impressive!

Sensitivity

Weak signals clearly need to be amplified very much
more than strong ones in order to make them easily
readable. Now it is quite easy to amplify any signal by
means of a valve or transistor, so at first giance it
might seem that all we need io do in order to receive
weaker and weaker signals would be to add more and
more stages of amplification, Unfortunately it is not
s0 simple as this—as we can quickly observe if we tum
up all the gain (i.e. amplification) on any receiver
having more than about four valves. What happens is
that the “noise™ from the set rises and masks any very
weak signals that may be present. No matter how
much further we increase the gain we shall simply
hear more and more noise and the signal jtseli will
remain inaudible. How weak a signal can be heard on
a receiver then is not governed by how much the set
will amplify but by how small a signal can be heard
above the general noise level. This characteristic of a
receiver is described by stating the minimum signal
voltage required to produce a given output for a certain
ratio of signal above the noise level at a specified selec-
tivity, and is known as the signal-to-noise ratio (or more
stricily as the “signal-plus-noise fo noise ratio.”).

To see how the signal-to-noise ratio, or in other words
the sensitivity, of a receiver can be improved it is
necessary to discover where this background noise cormnes
from, since if this can be reduced then clearly weaker
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signals will be heard. Without going too deeply inio
the subject, it is possible to distinguish between a number
of different sources of noise.

{1) There will be some noise from atmospherics,
radiation from space and other natural phenomena.
There is not much that any of us can do about this
type of noise, which would in fact limit the usable
sensitivity of an ideal noise-free receiver,

(2) There will be local or “site” noise caused mainly
by the Jocal operation of electrical appliances. This
noise will vary widely in different iocalities. While in
extreme cases it may be possible to have specific
sources of interference suppressed, very few amateurs
are blessed with anything like ideal noiseless sites.
Automatic noise limiting devices (a.nl) fitied in a
receiver can remove some of the more objectionable
“peaks” of interference, but it must be accepted that in
many locations and on some at least of the bands this
man-made interference will limit the wusable sensitivity.

{3) A certain amount of noise will be generated within
the valves due to the so-called “shot” effect and in
multigrid valves by “partition” noise. The noise pro-
duced in the early stages of a receiver will be amplified
by all succeeding valves and so will be more important,
In order to compare different valves il is usual to con-
sider this noise In terms of an imaginary resistance in
series with the grid of the valve. The equivalent value
of this resistance varies widely according to the design
of the valve and how it is being used. It is important
to note that a valve used as a frequency chanper is
much noisier than when employed as a straight
amplifier. A good modern rf. pentode valve may have
an equivalent noise resistance as low as 1,000 ohms
whereas for frequency changers it is not unusual for the
equivalent resistance to be higher than 200,000 ohms.
This gives us a clue as to one of the most important
features of a really sensitive communications receiver;
it must bhave one or more carefully chosen valves
operating as tuned radio frequency stages to amplify the
very weak signals before they pass through the frequency
changing stage. If this is done, the signals will then be
strong enough {o over-ride the unavoidably large amount
of noise contributed by the frequency changer., This
explains why our broadcast receivers, few of which
today include an r.f, amplifier, are not suited to deal
with very weak signals, and alsp explains why “straight”
t.rf. receivers, which do not have a frequency changer,
can be made very sensitive, though unfortunately they
cannot be made selective enough to cope with modern
conditions. Some low-noise mixers—including triodes and
special beam-deflection valves and field effect transistors—
allow sensitive superhets withont r.f. amplifiers, though an
r.f, amplifier may have other uses.

{4) Even if we were to achieve the impossible and to
eliminate all valve noise and then were to remove the
aerial to prevent any signals from reaching the receiver,
there would still be some background noise left. This
would be due to what is called the “thermal agitation”
voltages which are always present across any impedance.
In a recciver ithe most imporiant source of this noise
will be the first tened circuit impedance, and a very
good test for a receiver is to ascertain whether, with a
resistor egual to the input impedance connected across
the aerial terminals, this noise peaks up as the circuit
is adjusted for resonance. The ultimate effect of this
noise will depend upon the total pass band of the
receiver which means that a receiver which has variable
selectivity will tend to have a better signal-to-noise ratio
when adjusted to its most selective position (it is for
this reason that the sensitivity of a receiver is often

described in terms of its noise factor which does not
depend upon its bandwidth).

(3) Finally there may be some noise contributed by
mains hum due to insufficient smoothing in the mains
power supply or poor insulation of the valve heaters.
This {orm of noise is scidom a limpiting factor on a good
communications receiver and when encountered can be
cured by more efficient smoothing or valve replacerment.

Before leaving the subject of sensitivity, the import-
ance must be stressed of always presenting to the input
terminals of the receiver the best possible signal provided
that this does not cause averloading of any stage. This
may seem self-evident but it is not always appreciated
that any “gain” that can be achieved at this end of the
receiver—either by improving the aerial or its coupling
(i.e. matching) to the first luned circuit will be noiseless
gain, an ideal form of amplification that can never be
repeated elsewhere in the receiver.

To give an idea of practical performance, any receiver
with a 10 db signal-io-noise ratio with an input of 1 to
3 microvolts is in the high quality class, while if you
can obtain this figure for a 54V signal you will not miss
many signals.

Ease of Tuning

_ For many applications, the ability to tune a station
in easily and accurately, to tune away, and then to be
able quickly to re-set the receiver back to the original
station is an even more desirable characteristic than
extreme sensitivity. For illustration, we need only to
think once again of our imaginary all-wave broadcast
receiver; on most sets of this type the entire 20 metre
{14 Mc/s) amateur band, although 350 kcfs wide, will
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occupy under a quarter-inch of a dial which has to
cover all frequencies between 6 Mc/s (50 metres) and
18 Mc/s (16 metres), It is usually almost impossible to
re-set such a dial to a particular amatenr station unless
it has some outstanding characteristic. 'What is needed
is to spread out the amateur band so that # occupies
much more space on the dial, and this process is called
band-spreading. For instance if we could arrange to
eliminate all the unwanted portions of the short wave
band and leave just the 20 metre amateur band occupying
almost the entire dial then it would be very much
easiet to tune or re-tune to a given station, more
especially if the dial was accurately calibrated. In
practice bandspreading can be achieved by placing
across the main tuning condensers (which may vary in
capacity anything befween 150 and 3500 pF), much
smaller tuning condensers having a variation of about
20 pF (Fig. 6}. Alternatively, instead of electrical band-
spread—as the method just described is termed—much
the same final result can be achieved by increasing the
gear ratio in the slow-motion tuning mechanism and
coupling this with some device to lengthen the dial
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itself. However if this method is adopted great care
wili be needed in the design and construction of the
gearing to aveid “play” or “backlash” which would
prevent accurate setting.

Most good communications receivers use a combina-
tion of electrical and mechanical bandspread so that a
complete rotation of the tuning knob will cause the
frequency to be changed by only a few kilocycles and
this permits accurate re-setting to any given frequency.
Some extremely ingenious mechanisms have been devel-
oped both commercially and by amateur ¢onstructors
to provide an effective scale length of the dial running
to many feet.

Stability

It is little use having an accurate dial and a high
degree of selectivity unless the receiver is stable, There
are several forms of instability all of which tend to
become worse as the frequency increases, First there
iz the steady drifting of the frequency of the local
oscillator so that any given station appears to be gradu-
ally changing frequency; the set thus requires periodic
retuning or else the station may be lost altogether. This
drifting is caused mainly by the effect of heat on the
oscitlator components and can be minimised by careful
layout of the receiver, by adequate ventilation and by
the inclusion of compensating components chosen to
balance out the changes in inductance and capacity.
However even with the most careful design there will
usually be some drift during the first 10-15 minutes after
switching on a cold receiver; but in a good design the
set should then settle down and no further significant
change in frequency should occur,

It should be noted that after undergoing a number of
heat cycles (that is to say warming up and then cooeling
down again) some components do not return precisely
to their original values. This is one of the reasons wh
it is difficult to maintain accurate calibration of a band-
spread dial over a long period. Some reqeivers include
a crystal controlled oscillator of high stability providing
marker signals with which the calibration can be
regularly checked and adjusted. A calibration marker
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of this type is also extremely useful where the set has
both a coarse main {bandset) tuning knob and a fine
(bandspread) tuning knob as it enables the main dial
to be re-set accurately,

Anather form of instability which cannot be ignored
is mainly mechanical in origin. Even if you have not
already done so, you are sure t0 come aCross a receiver
which suddenly shifts slightly in frequency when subject
to any form of mechanical shock, or even a sudden
burst of electrical interference, It is difficult to eliminate
completely the effects of vibration on a tuned circuit
but good construction with a heavy chassis and suitable
mountings will reduce this to insignificant proportions;
tuning circuits must be wired solidly with no long leads
left to vibrate. )

A third type of instability is that of inter-acting
gontrols. This usvally takes the form of a gradual

change in frequency when a gain control is varied, and
is almost always due to Insufficient regulation of the
h.t. applied to the oscillator, Fortunately thiz effect
can be largely overcome by fitting a neon voltage
regulator to stabilise the oscillator ht, (Fig. 7).

Spurious Signals

One of the major defects of a simple superheterodyne
receiver is that thce same signal can often be heard on
at least two settings of the dial; one considerably
stronger than the other. As the frequency increases, the
relative strengths of these tweo signals becomes more
nearly equal, In effect this means that loud commercial
and broadcasting stations can often be heard within the
amatevr bands and greatly reduces the chances of hearing
a weak amateur station free of interference. There are
a number of causes of these spurious signals, as they
are called, and these are described in detail in most
standard text books, Here, however, we must confine
ourselves to the most common cause; the reception of
a station operating on what js called the “image”
frequency.

The elsmentary principle of the superheterodyne
recciver is that when two signals of different frequency
are mixed together they combine to produce a signal on
a frequency equal to the difference in frequency of the
two signals. One of the original signals will be that of
the required station, the other will be that produced in
the local pscillator in the receiver which will be tuned
to track a fixed number of kilocyeles {equal to the inter-
mediate frequency of the receiver), away from the
signal frequency. The oscillator is wusually (but not
always} on the high frequency side of the signal
frequency. Supposing our local oscillator is tuned to
FI kcfs and the set has an intermediate frequency of F2
kefs, then the frequency to which the receiver will be
tuned is equal to FI — F2 kefs, and this is the frequency
to which the circrits in the mixer and any r.f. amplifier
stages will be trimmed. But unfortunately there is
another frequency on which a signal would beat with our
Jocal oscillator to produce a signal on F2 Kc/fs: this 18
F1 + F2 kefs (since (FI+ F2) — Fl = F2) and a little
calculation will show that this second frequency differs
from that to which our receiver is tuned by (F! -+ F2)
— (Fl — F2) = FI + F2 — F1 + F2 = 2 X F? kefs.
In other words if the two signals differ by twice the
intermediate frequency of the receiver, they may both
be heard. Now this means that if signals on either of
these two frequencies reach the grid of the frequency
changer valve, they will be converted to the intermediate
frequency of the set, and will be amplified in the if.
stages without there being any way in which we can
distinguish between them. It is thus vitally important
to prevent the signals on Fi 4 F2 kcfs (the “image”
frequency) from appearing at the grid of the mixer
stage, and the only way in which we can do this is by
means of tuned circuits which will accept the sigoals on
our wanted frequency of FI — F2 kefs whilst rejecting
signals on our image frequency of F! + F2 kefs. Now
in the earlier discussion on selectivity it was shown that,
as frequencies increase, a fixed difference becomes rela-
tively less important. For example, supposing that our
set hag an i.f, of 450 kefs, and that when tuned to 4,000
kefs the oscillator is on 4,450 kcfs, then the “image”
frequency will be 4,900 kefs, Our pre-frequency changer
tuned circuits have to discriminate between signals on
4,000 and 4,900 kcfs, a percentage difference of about
22.5 per cent. Should we now tune the same receiver to
28,000 kefs, the image frequency will be 28,900 kefs, a
percentage difference of only just over 3 per cent, so
that more tuned circuits would be needed to provide
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equal rejection of image interference, This explains why
the protection against such interference becomes pro-
gressively less in any given receiver as the frequency is
increased. It can be similarly shown that if we lower
the intermediate frequency, so that the signal and image
frequencies become closer together, the protection also
becomes less.

Here then is the dilemma in which a set designer is
placed when choosing the best intermediate frequency
for a receiver, In the section on selectivity it was shown
that the fower the if, the easier it is to obtain high
selectivity; but now it can be seen the higher the if. the
oetter will be protection against fmage signals. Before
explaining one method of overcoming these opposing
needs, practical results in general terms are as follows:

With no r.f. amplification there will generally be only
one tuned circuit before the mixer grid, and even this
may be heavily damped (i.e. made less sharp) by the
effect of the aerial; with an i.f. of 470 kefs such a receiver
would almost certainly suffer badly from image inter-
ference above about 3.5 or 7 Mefs. With one r.f.
amplifier (two tuned circuits} there would be a great
improvement, but image responses of powerful stations
would almost certainly be strong enough to be a nuisance
on 14 Mcfs and above; two r.f. stages (three tuned
circuits) accurateiy adjusted, would give good protection
even on 30 Mcfs. With an if. above say 1,600 kcfs,
good image rejection can be obtained with two tuned
circuits {ie. one r.f. amplifier) while even one well
designed cireuit (no r.f. stage) would give reasonable
protection on 14 Mcfs and below. In pgeneral terms,
the “image” response of a given signal compared with
the response on its proper frequency needs to be
reduced by 30 db (32 times) on 30 Mc/fs for the receiver
to come into the high performance class.

Double Superheterodyne Receivers

The conflicting desire to have a low i.f. for selectivity
and a high if. for good image protection has led to the
present popularity of receivers having a double change
of frequency. The incoming signals are first converted
to a fairly high intermediate frequency, of the order of

There is ene interesting form of double superhet used in
some of the more elaborate receivers such as the G2DAF
receiver described in another RSGB booklet. In this system
the frequency of the first local oscillator is fixed for each
band, usually by a crystal, and the output from the first
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frequency changer thus varies as the band is tuned. The
first L.f, section is made tunable over a definite band, e.g.
2 to 3 Mc/s and the calibration and spread for each band
thus remains exactly 1 Mc/s wide, and direct calibration can
be provided with a high degree of accuracy; a very wide
band such as 28-30 Mc/s would be split into two bands each
1 Me/s wide. This typz of design has become much meore
popular since the spread of ss.b. with its need for high
stability. This principle is frequently used by amateurs when
employing an h.f. or v.h.f, converter in front of a lower
frequency communications receiver; the converter is fixed-
tunelgi wi;h the actual tuning being done on the main receiver:
see Fig. 9.

Alignment Errors

It will be readily appreciated that any receiver which
has many tuned circuits in the form of i.f. transformers,
and rf. and oscillator tuning circuits can provide
optimum performance only when all these circuits are
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1.6-2.5 Mefs, providing a high order of image rejection
with say one stage of r.f. amplification, and thus avoid-
ing the high cost of many r.f. tuned circuits. Then in turn
these signals are changed, with the aid of a fixed tuned
local oscillator, to a much lower frequency, of the order
of 50-100 kefs (or occasionally to the standard Lf. range
of 455-470 kefs), It is at this second if, that the main
amplification takes place and high selectivity can be
achieved. Thus this double-conversion system (see Fig. 8)
can offer both good image protection and high selec-
tivity, but at the cost of added complexity in design and
construction, Great care is necessary if spurious signals
resulting from the harmonics of the several oscillators
within the set are to be avoided completely; there is
also some risk that the full benefits of the high selec-
tivity may be lost owing to cross-modulation occurring
due to overloading one of the earlier stages.

accurately adjusted. The i.f. transformers must all be
peaked to the same frequency, and if a crystal filter is
fitted, the peak of the transformers must coincide with
the crystal frequency. Only sturdy construction and the
use of high grade components can bestow the ability to
retain this accuracy of adjustment over long periods.
For this reason regular re-alignment of a receiver will
almost certainly prove beneficial,

In the front-end of a receiver, one of the main
problems in superhet design is to obtain accurate track-
ing of the oscillator with the signal frequency circuits,
so that these always differ by the constant figure of the
intermediate frequency. In-practice, perfect tracking
cannot be achieved over a wide band which means that
the signal frequency circuits will be slightly off tune.
In most designs exact alignment is possible only at three
evenly spaced pointa within each waveband and a certain
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amount of error has to be accepted over the remaining
portions of the tuning range. These errors can be
minimised by keeping the total frequency coverage of
each waveband as narrow as possible; the situation will
be improved if the amateur bands can be made to
coincide with the accurately tened portions, For this
reason, despite the added complications in the cojl
assemblies, it is usually preferable that a peneral cover-
age receiver should have as many wavebands as possible,
even if a good e¢lectrical or mechanical bandspreading
systen makes this unnccessary from the viewpoint of
ease of tuning. Receivers which tune the amateur

Eands only can keep alignment errors to a very low
re.

gFt hag already been stated that the first tuned circuit
in a receiver is of especial importance in determining
the final signal-to-noise ratio; however the alignment of
this circuit presents particular problems owing to the
effects produced when coupling different types of aerial
to the receiver. If the aerials are reactive their
connection will affect the alignment of the first tuned
circuit, A satisfactory method of overcoming this
difficulty is to fit a panel controtl aerial trimmer to allow
this circuit to be brought into accurate alignment by
the user whenever changing bands or aerials,

OPERATING THE RECEIVER

Part of the interest in operating a communications
receiver lies in acquiring the skill to obtain the very
best results of which it is capable. No two receiver
designs are exactly the same, but there are a few simple
hints which are worth learning,

If, as is desirable, your receiver has separate controls
for af,, if. and rf gain (often a single control is used
for if. and r.f. gain), the relative settings of these
controls will influence the apparent signal-to-noise ratio
obtained with the weaker signals. Clearly if the rf.
gain control is near minimum setting while the other
two are well advanced, most of the gain of the receiver
will be after the frequency-changer stage and there will
be nearly maximum amplification of the noise produced
in this valve. On the other hand, if the rf, gain is
always kept full on the sensitivity of the set will be high
but the stronger signals may overload one or more of
the valves and this will cause “cross-meodulation”™ and
blocking. Generally therefore the a.f, gain control
should be set at not more than half travel, the r.f, gain
towards maximum and the level of signal or inter-station
noise kept under constant control by means of the if.
gain. In the neighbourhood of strong signals the rf.
gain should be reduced.

The aerial trimmer, if fitted, should always be set on
each band to peak the noise and hence the sensitivity
of the receiver.

On most models, the age. (av.e) switch must be
tutned “off”* for c.w. reception to prevent the sensitivity
of the receiver from being reduced by the output of the
b.f.o.

Reception of Suppressed-carrier Stations

Amateur telephony stations using either single- or
double-sideband suppressed-carrier modulation systems
are now often heard on almost all bands. These trans-
missions are completely unintefligible when received on
a set operated as for normal telephony reception, pro-
ducing a noise which has been likened to Donald Duck
speaking on an extremely badly adjusted transmitter.

In order to tender these signals intelligible it is
necessary to re-insert the missing carrier, This can be
done on any good communications receiver either by
using the beat frequency oscillator or, preferably, by a
separate “carrier insertion oscillator” which is usually
crystal-controlled. The normal b.f.o., method is most
likely to be used by the newcomer and can be quite
successful provided that both the b.fo. and the high
frequency oscillator in the receiver have a high order
of stability. TIf these oscillators are not sufficiently

stable it will be found that the set has to be constantly
adjusted to prevent the signals from becoming distorted.
On some older receivers it may be found that either the
tuning or the bf.o. adjustments are too coarse to allow
the signals 1o be correctly tuned.

Assuming ihat the receiver is stable and can be
adjusted with sufficient accuracy, the procedurs for
tuning these signals is as follows:

(1) The receiver a.g.c. should be switched off.

(2) The receiver should be tuned until the unintellig-
ible sideband modulation is heard at maximum

strength,

(3) The a.f. gain should be tuned up to maximum and
the r.f, gain turned down.

{4} The b.f.o. should then be switched on.

(5) Leaving the tuning unaltered, the b.f.o. control
shoold be carefully rotated until the speech
becomes clear.

During this time the i.f. and r.f. gain controls should
be kept in check as overloading any stape will cause
distortion.

It should be neoied that until the final adjustment of
the b.f.o. the signals will remain unintelligible and that
when the adjustment is nearly but not quite ¢orrect the
speech can be understood but will sound “bass” or
“high-pitched™.

Many operators now prefer to leave the b.f.o. set and to
tune the signals by adjusting the tuning; this reguires good
bandspread as with the special type of double superhet
described earlier.
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Fig. 10. The product detector has become I

pop for the recapti
of s.5.b. and c.w. signals. Suitable valves are the §SN7, 12AU7 or
ECCH2.
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Fig. 11. A graph showing the improvement in selectlvity obiained by
the use of a crystal fiter.

Reception of C.W. thwrough a Crystal Filter

Certain piezo-quartz crystals possess the property of
resonating at a frequency which depends upon their
dimensions. By means of chemical etching and “grind-
ing” it is possible to produce crystals tuned to almost
any desired frequency, The crystal may be regarded as
the equivalent of a series-tuned circuit of extremely
high “goodness” or 3. When the frequency of a crystal
is made (o coincide with the intermediate frequency of
a receiver it can form a very sharply tuned “acceptor”
filter, with an adjacent parallel tuned rejector circuit
formed by the capacity of the metal plates in which the
crystal is held, The exact setting of the rejector frequency
can be adjusted by including a variable condenser in
the circuit, and this is known as a “phasing” control.
The resulting i.f. response curve of a receiver with a
crystal filter will be similar to that shown in Fig 11.

The degree of selectivity provided by a single crystal
is ofien too sharp for distortionless telephony reception
{this limitation can be overcome by using two crystals
of slightly differing frequency to form a bandpass
circuit or by tone correction) but is highly suitable for c.w.
reception which requires a band-pass of only 100-200 ¢/s.

Now although amateurs played an important role in
the development and application of crystal filters, their
use is not always popular, especially among newcomers
and also among some operators who have not grasped
fully the technical principles involved. One often hears
such remarks as “When heavy interference came on, I
switched in the crystal filter but it redaoced the strength
of the signals so much that I lost the station”. Now a
correctly adjusted filter will seldom reduce the strength
of a ¢.w, signal by any appreciable amount but instead
should considerably enhance the signal-to-noise ratio.
Why then do some users so often complain of serious
loss of signal strength? Simply becawvse the b.f.o.
control has not been correctly set in advance; this has
meant that the station could not be correctly tuned in
with the crystal switched into circuit; the loss of strength
in such circemstances is really an indication that the
cr_y;dsttﬁl is doing its intended job of narrowing the band-
width.

It is essential with a crystal filter (Fig, 12) that the
b.f.o. control should not be used—as it often is—as a
form of tuning trimmer but should be set in advance
ta a frequency between 500 and 1000 c/s higher or lower
than the crystal frequency. It should then be varied
only when a change in the output note is required.

To set the b.f.o. control, the phasing control should
be positioned at about mid-travel and, with the b.f.o.
turned “off”, a steady carrier carefully tuned in to give
maximum S-meter reading {or maximum aundible output
if there is no meter). At this point the b.f.0, is turned
“on™ and adjusted to give the beat note — vsually
between about 500 and 1000 ¢/s—most acceptable to
the operator. This setting of the b.f.o, should be care-
fully noted, and normally the control should not be
touched again, all signals being carefully tuned on the
normal tuning control for maximum output. An inter-
fering heterodyne note can then be eliminated by adjust-
ing the phasing control, the effect of which is to move
slightly the very sharp rejection “notch” produced by
the parallel resonance of the various capacitances across
the crystal,

With a sef in which the b.f.o, has been correctly
adjusted, the switching in of the crystal should cause
little drop in signal strength, though of course if the
signal has not been exactly tuned in it may be necessary
to adjust the tuning slightly to restore the strength of
the signal, .

A twin ‘band-pass” crystal filter is better for speech
reception than a filter using a single crystal which is
liable to causc some af. distortion on account of its
very narrow response, Nevertheless the conventional
crystal filter is a very useful adjunct, particularly on
account of its ability to reject heterodyne interference
by means of the phasing control. It showid be noted
however that since the filter will attenuate the sidebands
there will normally be a drop in audio output when the
filter is switched into circuit—but the signal-to-noise
ratio should improve.

Another device that has become popular is the O-
Multiplier which depends on the very high O obtainable
from a conventional tuned circuit when operated near
to the point of oscillation. This type of filter provides
variable selectivity and also an adjustable “notch”
rejection characteristic. It may be built as an external
unit for improving the selectivity of almost any receiver,
In operation it is much the same as a crystal filter,

With all highly selective receivers, with or without a
crystal filter, there should be a noticeable difference
between the strength of the signal at the two funing
points one each side of the carrier frequency and equally
spaced from it at which the same a.f. beat note is
produced. If the selectivity is of a sufficiently high order,
the strength of the signal at the second tuning point
may be so reduced as to be practically inaudible except
for the strongest signals, This condition is known as
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Fig. |2, Variable selectivity crystal fifter. Far optimum results there
must be no stray coupling batween the input and sutput circuits.
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single-signal reception, and is a highly desirable
characteristic for c¢.w. reception, since it reduces the
likelihood of suffering interference by one half.

To receive speech through a sclective single-crystal filter
or Q-multiplier a treble-boosting network should be added
in the audio scciion; this may consist of passing the a.f.
signal through a 2 megohm resistor shunted by a 200 pF
capacitor,

In recent vears a new type of filter—the mechanical
filter — has become available possessing certain advan-
tages over the crystal filtcr; two of these filters can
provide a very effective solution to the differing select-
ivity requirements for c¢.w. and telephony but are at
present more costly than bandpass filters built with
surplus crystals.

PRACTICAL DESIGNS

TYPICAL VALYES FOR H.F. RECEIVERS

The following list is based on the walves used in 2 selection of recent
British and American receivers and farms a quick guide to suitable types
{some of the Amarican-type valves are not generally available in the United
Kingdom). Older octal-types ara now seldem used for current equipment.

R.F. Amplifiers: 6BAS [EFF3, W727); EF85; 6AKS (EF95); 65GT; £BZE;
6CB6; 6CW4; 6DCE; 6DS4; EFI83; ECCB4 (cascode).

Mixers: 6BE6 (EK90, X727); 6lU8 (ECF82); ECH42; ECHBI; 6BY6; 6SAT7;
7360 (bazm deflection tube).

H.F. Gscillatars: 6C4 (ECS0); 6AM6 (Z77, EF91); 6AHE; |2AT7,
IE.FFéSAmpIiﬁers: 6BAS (EF93, WVI7}, 65GV; 65K7; 6Bl6; 6CB6; EFI83;

Detectors, etc.: SALS (EBSI; D77, 6D2); 6Hé (ER34, De3); 6T8 {EABCED,
DH719, 6AKB); 6ATS (EBCS0, DHTF); 4BIT.

AF. Amplifiers: 6AU6 (EF94); 65G7; 65C7.
Output: 6AQS5 (EL90, N727); 6K6, 6F6, 6VE, 6AMS, EL84.

Having read so far, the newcomer may be thinking:
“Well, T can see that a good communications receiver
is a fairly complex piece of equipment, but does this
mean that there is no alternative to buying a ready made
set, and forgetting about constructional work?” The
answer is no. Emphatically there is no better way than
constructing a receiver — even a comparatively simple
one—for finding out infinitely more about receivers than
you can ever learn purely from reading theory. Even a
straight two or three valve receiver will teach yon a
good deal about the finer points to look for in tuning
condensers, slow motion dials, careful adjustment of
regeneration controls, and the like. The simplest of
superhets will bring you straight up against the problems
of oscillator tracking, if, alignment and the reduction
of spurious images. And after you have gained some
experience on these circuits, even the “full specification™
communications receiver is by no means beyond the

capabilities of an amateur having only a minimum of
test equipment; this is especially true if the switched
coil units are obtained as a complete assembly, or
alternalively if plug-in coils are used. There are also
complete kits available for building amateur-band com-
munication receivers.

Simple superhet and even straight receivers can be
quite effective, particularly for c.w. reception, and there
is a considerable scope for modern designs, both for
two-way working and for listening, Some suggestions
for practical experiments are given in Fig, 13. If room
is left on the chassis, it is always possible to add exira
stages and refinements from time to time. By using
valves contzining more than one elecirode assembly, a
“single-valve” {two stage) siraight receiver will bring in
plenty of stations, wnue a ‘‘two-valve” superhet is a
practical proposition,

Alternatively, you may buy a relatively cheap ex-
government receiver such as the R1155, R107, CR100,
BC348 or even one of the inexpensive “Command”
series, and then set about improving its performance by
adding such accessories as a crystal filter (if not already
fitted), or an external r.f. pre-amplifier (Fig. 26). Or
you may extend its tuning range and improve its per-
formance on the higher frequencies by building an
external converter umit for those bands which the
original set does not cover or covers Wwith poor
sensitivity. Good converters are not difficult to build—
they can be put together in an evening or two—and yet
can show the constructor almost as much about the
problems and principles of superhets as a complete
receiver,

Again a set which is deficient in selectivity may be
improved beyond recognition by adding an external
second frequency changer coupled to the receiver if,
strip and followed by a low Lf. amplifier (a device
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Fig. 13,
sif]le multiple valve, such as a doubie-triode}. (b
often known as a “t.r.f.”" receiver).
all stages can be accommodated in a two valve receiver.
itable for the recepti the strongar telephony stations.

Simple receivers intended primarily for Morse reception,

(c) The simplest “ﬂ:iperhet" clreuit.
{d} The addition of an i.f. stage will greatly increase the gain and maka the receiver

i {a) Two-stage “straight'’ receiver (the two stagss may be comhined in a
The addition of a tuned r.f. stage will improve sensitivity and selectivity (an arrangement

By using miodern tricde.pentedes valves such as the ECF81 or 6UB



32 A GUIDE TO AMATEUR RADIO

usually known as a {35-er), or aliernatively by adding a
O-multiplier. Then again, for c.w. reception it may be
possible to improve selectivity by altering the audio
frequency response and fitting peaked audio filters.

The keen amateur never takes the design of even an
expensive receiver too much for granted. All receivers
turned out on an assembly line are essentially a matter
of compromise; whereas amatenrs tend 1o specialise
in their interests. For example, the keen c.w. operator
will have very different ideas from the telephony man
on what constitutes an ideal receiver. The 1.8 and 3.5
Mc/s user will seldom worry as much about extreme
sensitivity as the enthusiast working 21 and 28 Mc/s
where the external noise level is much lower.

Then again the valves used in the r.f, amplifiers and
frequency changer stages of many of the war-time
receivers are now relatively out-dated and better sensi-
tivity can often be obiained by redesigning these early
stages. Even the thorough overhaul of an older type
receiver-—replacing “leaky” or inefficient condensers,
checking that resistors have not changed value, and re-
aligning-—can be an interesting and instructive experience
as well as a most rewarding operation from the view-
point of improving the performance of a receiver,

This is not to suggest that the newcomer should rush
into tampering haphazardly with, say, a Drake 2B,
Eddystone 888, KW 77, ARS8 or HRO but he should
nevertheless always be ready to try a new gadgel--and
countless useful devices are described in the amateur
journals— rather than be conient to regard a receiver as a
mysterious black box labelled “not to be opened.”

Receivers for S.8.B.

The rapidly increasing use of the single sideband mode
of (ransmission by amateurs—and the likelihood of a
further expansion of this system has brought about con-
siderable re-thinking of the problems of receiver design.
Many popular recciver designs of earlier years while
giving pood resulls on normal A3 telephony transmissions
are not so salisfactory for ss.b., usually because of
the dificulty of tuning with the necessary degree of
accuracy or because of frequency drift. On the other
hand a rcceiver which has been designed to provide good
performance on s.s.b. will usually be equally good for
cw. and convenlional telephony, It is therefore be-
coming important when planning or choosing an
elaborate receéiver to pay particular attention to its
capabilities on s.s.b. signals.

The main requiremenis of a receiver for ss.b. are:

(1) It must be capable of being tuned very accurately.
In praciice this requires a very low “tuning rate” which is
to say that one complete revolution of the tuning knob
should change the frequency by only a few kilocycles,
(A small “handle” can be fitted to the tuning knob to
reduce the tire needed to tune from one end of a band
to the other). Preferably the set should have the same
toning rate on all bands. A slow tuning rate enables
5.5.b. transmissions to be accurately tuned in without
the need to adjust the b.f.o. control (see page 29).

(2) It must possess the ability to stay accurately tuned
to any particular frequency. In other words the drift,
other than the almost inevitable “switching on” drift,
must be reduced to a very low level and the receiver
must not be allected by mechanical vibration, etc., other-
wise s.s.h. signals even if correctly tuned to begin with
will soon become distorted or unintelligible. To meet
this requirement c¢alls for all oscillators within the
receiver to be highly stable. For instance to maintain
a stability of 25 c¢/s at 28 Mc/s calls for much the same

order of precision as to keep a watch accurate to within
one second per week,

(3) Sufficient injection voltage must be available from
the b.f.o. and it should be possible to change the fre-
quency of the b.f.o. to permit rapid selection of the
upper or lower sideband position (or alternatively some
other means of doing this should be provided).

(4) To obiain opttmum benefit from the reduced
bandwidth of s.s.b. signals, the “nose” selectivity of the
receiver should not be greater than about 2.5 kefs, and
preferably, as {or any other type of reception, the “skist™
bandwidth should be as little greater than at the nose
as it is possible to achieve.

(3) Tt should preferably incorporate an a.g.c. sysiem
which is not affected by the b.f.o. and which has a
sufficiently long time constant to enable it to be used on
s.5.b. and c.w. signals,

To provide a slow tuning rate and to obtain good
hf. oscillator stability, it is becoming increasingly
popular to use crystal control of the first hi. oscillator—
a separale crystal being used for cach band—and to
tune the receiver by means of a variable first inter-
mediate frequency (this is the system outlined on page
30). Where a conventional funable h.f. oscillator is
used, the second frequency changer oscillator is often
crystal controlled, two crystals (one above the first if.,
the other below) being fitted to provide switched side-
band selection: other methods of providing rapid
sideband selection include: (1) crystal controlled b.f.o.
with one crystal above and ancther below the final
intermediate frequency; (2) making the oscillator of the
second frequency changer or the b.f.o. readily tunable
over about 3 k¢/s.

While factory-built receivers for s.s.b. work must
inevitably be relatively expensive, the keen and experi-
enced constructor can obtain highly satisfactory results
at much lower cost. The design, construction and
alignment of such receivers, however, are likely to
require several months of intensive effort,

After a number of years Juring which mosl amateurs
have used factory-built and ex-Government receivers for
the high frequency bands (often with home-built con-
verters for 144 Mcefs and other v.i1.F. bands), there is
today a noticeable swing back towards home-built
receivers using valves or transisiors, or a combination
of both.

Whether you use home-built or factory-built sets, it
is worth repeating that a good understanding of the
technical design of modern communications receivers
will help you make the very best use of your station.

A Simple T.R.F, Receiver

The straight “l-v-1” (a traditional way of indicating
a receiver having one stage of r.f. amplification, detector,
and one stage of a.f. amplification) can still form an
ellective receiver for the listener and amateur provided
that its fundamental limitations are recognised. These
include an inherent lack of selectivity which becomes
progressively worse with increasing frequency and the
inability to resolve weak modulated signals. But,
particularly on the lower frequency bands such as 1.8
and 3.5 Mc/s, it can compete with all but the best
superhiets in the realm of cow. reception so long as
extreme selectivity is not a firs{ requirement.

This simple receiver built by G. D. Roe {(G3INGS)
takes advanlage of modern miniafure valves and com-
ponents: it was originally constructed on the R.5.G.B.
stand at & recent National Radio and Television Show.
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Fig. 15. Circuit diagram of the simple T.R.F. receiver using miniature valves.

The circuit has three stages: a variable-mu pentode amplifier valve. After amplification the signal is fed
as r.f. amplifier and two triodes, contained in the same via the untuned primary of L2 and its associated tuned
valve envelope, as regenerative detector and a.f. amplifier. secondary to the coupling capacitor C7 and so to the

The signal picked up by the aerial is transformer- grid of the detector V2a. It will be observed that a
coupled to the first tuned circuit consisting of the third winding (connections 3 and 4) is included in the
secondary of L1 and the tuning capacitor (or condenser) L2 assembly and wired from the anode of V2a via the
Cl and applied to the control grid of V1, the r.f.  variable capacitor C6 to earth. This third winding is

LIST OF COMPONENTS

Cl, 5 350 pF air-spaced variable capacitor {Jackson Bros.
(London)jSLtd.. U-t;.ria miniature )

2 0:01 uF 350 volt working capacitor (Dubilier)

ci 01 u«F 200 volt working capacitor {Dubilier}

C4, 9, 11 0-05 uF 350 volt working capaciter (Dubilier)

Cé 160 pF air-spaced variable capacitor (Jacksen Bros.
(London) Ltd.})

c? 0-0003 wF silver mica capacitor (Dubilier)

CcR 0:001 uF 350 volt working capacitor {Dubilier)

cio 25 uF 12 valt electrolytic :apacitar_(DubiFier;

Ci2 8 uF 350 volt electrolytic capacitor {Dubilier

L] Maxi-Q miniature coil {blue) for range desired {Denco
{Clacton) Ltd.) Screening can supplied with colls.

L2 Maxi-Q miniature coil (green) for range desired (Denco
(Clacton) Ltd.) Screening can supplied with coils.

R1 27 K ohms } watt {Dubilier)

R2 250 ohms & watt (Dubilier)

R3 2 Megohms } watt (Dubilier)

R4 1 K shm { wate (Dubilier)

R5 50 K ohms i watt ( Dubilier)

Ré 10 K ohms watt (Dubilier)

R7 1 Megohm potentiometer with switch (Dubilier)

R8 - 820 ohms watt (Dubilier}

R% 100 K ohms § watt {Dubilier)

Miscellanecus

1 output transformer for speaker
Moval valve bases for coils (McMurdo XM%/U)
dial lamp (Bulgin D 170 or similar)
ghune Jacks {PBulgin type J2)
D& valve (Brimar)
12AU7 valve (Brimar)
terminals (aerial and earth) ‘BUISink
knobs with skirts (Bulgin K401 and K405)
knobs { Bulgin K400 and K410
six-way connector (Bu1§in P149)
solder tags (Bulgin T17)
Noval wvalve base for Y2 with screening can (McMurdo
XM%/UCIH) :
B7G valve base for V1 with screening can (McMurdo Hiry §o ey
XM7/UCl) : i Ciliaai
2 slow motion epicyclic 6 : 1 drives for C5 and Cé (Jackson # . SEa bR ey
Cat. No. 4511) A rear view of the T.R.F. recelver. The components may be
identified by reference to Fig. 16(b)
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JI MOUNTED
BELOW J2

A
POWER SUPPLY

(a) INPUT SOCKET

Fig. 16. Wiring and layout diagrams of the simple T.R.F. receiver.

(az Under-chassis layout of the component: showing the Soint-to-

peoint wiring. {b) Above.chassis layout of components. (c} Arrange-
ment of the eontrels on the front panel.

closely coupled to the grid coil (connections 5 and 2)
to provide regeneration or reaction. Regeneration in-
creases the scnsitivity of V2a as a detector and if
increased far enough causes the valve to oscillate, The
amount of regeneration or reaction is controlled by the
variable capacitor C6, For phone work, it is best to set
the control just below the point where oscillation begins
but for the rcception of cw, (telegraphy) signals C6
should be advanced to the point where V2a just begins
to oscillate. This point will be marked by a faint
“rushing” sound in the headphones or loudspeaker. No
advantage will be gained by increasing the amount of
regeneration beyond this point. R6 prevenis r.f, energy
present at the anode of V2a feeding into the audio
amplifier.

The audio signal from the detector is built up across
the load resistor RS and fed via C? to the volume (or
gain) control R7. The slider of this control (the centre
terminal) is connected to the grid of V2b which functions

.as an audio amplifier to raise the level of the signal
sufficiently to drive a small loudspeaker or headphones.
Bias for this valve is developed by the flow of current
through R8 in a similar manner to the bias for V1.
The amplified audio signal is fed to the loudspeaker by
transformer T1 which provides the necessary match for a
low impedance {3 ohms) voice coil. The use of head-
phones is made possible by feeding the audio signal
through CI1 to the jack socket T2,

The complete receiver, with the exception of the power
supply, can be built on an aluminium chassis measuring
64 in, ¥ 5 in. X 2 in. fitted with a front panel 6 in. high,
though the dimensions are by no means critical,

Supplies to the valve heaters should be connected with,
twisted heavy gauge wire to reduce hum and potential
drop. One side of the heater line may be earthed at the
power input socket or, if hum is prevalent, a “humdinger”
should be fitted. This consists of a low-value potentio-

meter (about 50 ohms) with the outer two contacts
connected across the heater line and the centre contact
{(slider) earthed. The slider should be moved around
the cenfre of its travel until a minimum of hum is found.
The potentiometer should then be left at this setting.

Component layout is not critical so long as interstage
wiring is short and direct. The radio frequency amplifier
(V1 and its associated components) should he well
screened from the following stages to lessen the chance
of feedback. For the same reason C1 should be mounted
sub-chassis and C5 above chassis level. The only other
components above the chassis are the speaker trans-
former T1 and the reaction control C6, Miniature slow-
motion drives should be fitted to C5 and C6 to ease
the tuning in of weak signals.

Fig 16(a) shows the underchassis lavout and provides
a point-to-point wiring diagram. The placement of parts
above chassis is shown in Fig, 16 (b) and the front panel
layout in Fig. 16{c). The power requirements of the
receiver are very small and a power pack giving 6 volts
at 1 amp and 250 volts at 30 milliamps will be found
to be gquite adeguate, The live side of the mains may
be brought into the set via the six-pin plug, taken through
the switch on the volume control (R7}, and taken out
again to the primary of the mains transformer,

Before switching on, it is a good practice {o check for
any short across the ht. terminals ag this can cause
serious damage to the power pack. If, on switching on,
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RS and R6 heat up, check that Cé is not bent or shorted
with metal filings. If the set does not function after
ample time for warming up, check that the coils have
the same number and are inserted correctly,

A list of components is shown in the accompanying
table together with the names of manufacturers of suit-
able items. There is, however, no reasan why electrically
equivalent parts of other makes should not be used.

Amateur-bands-only Dionble Superhet

There are many advantages to be gained by restricting the
coverage of a home-built h.f, communications receiver to
the reception of the amateur bands only. The receiver
described in the following pages was evolved and built by
A. J. Shepherd, G3RKK, in order to provide good per-
formance at moderate cost and to meet the need for a
receiver which can be built casily with very few tools and
capable of alignment with a minimum of test equipment,

It is basically a high-sensitivity double-superhet of the
conventional type (that is fixed first and second intermediate
frequencies) capable of good reccption of a.m. and ss.b.
phone signals and c.w. telegraphy. It is eminently suitable
for construction by enthusiasts with reasonable experience
of home-construction, but who do not feel entirely confident
of tackling the morc complex type of tunable first if.
receivers such as that described by G2DAF in the RSGB
publication Cemmunicarionn Receivers. The cost of this
receiver will be in the region of £30, assuming that all
components have to be purchased,

The key to the simplicity of the construction and alipnment
lies in the use ol a commercial front-end supplied pre-aligned.
A suitable unit is available from Electroniques (proprietors
STC Ltd), Edinburgh Way, Harlow, Essex. This provides
about 170° of bandspread coverage on six bands as follows:
Band 1 {160 metres) 1-8—2 Mc/s; Band 2 (80 metres) 3-4-4
Mcfs; Band 3 (40 metres) 7-7-5 Mc/s; Band 4 (20 metres)
14-14-4 Mg/s; Band 5 (15 metres) 21-21-5 Mc/s; Band 6
{10 moetres) 28-30 Mc/s.

It will be noted that the width of the 3.5 Mc/s band covers
ithe full aliocation available to American amateurs, of which
only 3.5-3.8 Mc/s are available to Furopean amateurs. The
gvailability of a 2 Mc/s wide band {Band 6) means that the
receiver can be used with a 144 Mc/s crystal-controlled
converter to give full coverage of the 2m band.

Ease of tuning is achieved by the use of a high grade
tuning dial having a reduction ratio of 110 : 1. The actual
tuning rate is better than 10 ke/s pat knob revolution, except
on Band 6 where it is about 40 ks per knob revolution.

The front-end unit comprising the signal frequency and
local oscillator tuning circaits, r.f, amplifier, first frequency
converter and associated circuits is supplied pre-aligned to
provide an output signal on the first i.f, of 1620 kefs with a
high degree of image interference vejection and with a parallel
tuned i.f, trap in the aerial input circuit to reduce break-
through of strong signals on or near the first if,

The second if. of 85 kefs makes it possible to obtain a
high degree of selectivity (about 3 ke/s bandwidil for —20 db
reduction on peak) without using crystals or a mechanical
filter. Response of the af. circuits 15 resiricted to about
4003000 c/s, the low frequency cutting helps to offset the
effect on a.m. signals of the highly selective 1.f. response.
A better shape factor could be achieved with a good hali-
lattice erystal filter but this would tend to make the set more
difficult for newcomers not having lest equipment, etc. For
c.w. reception, an external 162( kcfs ¢ multiplier 15 a useful
addition, and a suitable socket is provided for connecting
one across the first i.f, transformer. A @ multiplier will
provide a controllable degree of cxtra selectivily or a sharp
rejection notch. The unit described later is suitable.

A product detcctor is fitted for use on ¢.w, and s.s.b., with
a diode intcgrator envelope detector for use on a.m. signals.
The receiver incorporates a peak noise limiter function on
audio peaks, a fast and slow acting a.g.c. system, an S-meter
and a built-in 100 ke/'s erystal calibrator 1o provide calibra-
tion check points throughoul the tuning range of the
FECEIver.

The important characteristic ol [requency stability
depends to a considerable extent upon the mechanical
construction, With rigid bracing and suitable ventilation,
drift can be kept very low. Once the set has fully warmed up,
frequency drift may be Jess than 500 ¢/s per hour, even on
30 Mc/s, and considerably less on the lower frequency bands.
The use of silicon diode rectifiers with their low operating
temperatures helps kcep cabinet temperatures down, A
voltage regulator tube provides a stabilized 150 volt line for
supplying stages which could be affected by supply variations.

Bascially the receiver has an EF183 tuned r.f, amplifier
stage and ECHB1 first frequency converter in the factory-
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Fig. 13, The second frequency changer and 85 kc/s if. strip.

COMPON

B.F.C. Unit, HSC85 {Electroniquas (STC Lid.)).

C1,2,388 9 13, 15, 22, 24, 29, 37, 41, 42, 44, 45, 47, 49, 0.01 pF, 500 valt
wkg ., dise caramic,

Cd, 250F silver mica.

C5, 1000pF silver mica.

C6, |50pF ceramic.

C7, 10, i2, 19, 50, 51, 0.1uF paper,

Cil, 14, 16, 17, 18, 0.1uF 400 volt wkg., paper.

C20, 39, 48, 50pF silver mica.

C21, BuF, 400 valt wkg., electralytic.

323, 30, 1|, 500pF ceramic.

C15, IODOpF caramie,

C26 27, 250F 25 volt wkg., electrolytic.

28, 32uF 400 volt wke., electmlytlc‘

C32, 33, 2000pF ceramic.

C34, 100pF silver mica.

C35, 50pF variable ().B. type CBO4).

36, SpF silver mica.

€38, 30pF trimmer,

40, 250pF teramic.

C43, 24 + l8uF 450 volt why. electrolytic.

C4B, 4-13pF (Eddystone type 588}, aerial trimmar if raquirad,

Cabinat, 16 i, % 10§ in, x 8 in. {Philpotts’ Metalworks).

Chassis, 15 in. x 10 in. x 234 in., 16 sow.g, aluminium,

Dial and Drive, Eddystona type 898,

Front End, QPI66 Amateur Bands Bandspread Qoilpax (Electroniques
(Fellxstowe) Led.).

Fl, 2, | amp fyses.

F31 250m A fuse.

{FT1, 2, BS kefs type DIFl Series 1| §Efe:tron1ques (STC Led. ).

IFT'S 85 kefs type DIFI{D Series Il {Electraniques {STC Ltd.j).

!, SU—?SLAH type DLMI4 (Eleceroniques {STC Led.}).

L2, 3, I0H 150 mA.
. O-ImA moving cail mater.

I"'IRI, 2, 1000 p.i.v., 500mA silicon dicdes.

R1, 180 ohms.

RZ 25K ohms 2 watts.

R3, 11, 14, 26, 33, 42, 43, 44, 100K chms,

R4, 29, 31, 37, 470'( ohms.

RS, 8, 27.. 30. 35. 39, 47K ohms.

Ré, 10, 15, 4B, 35K chms,

R7, 330 ohms.

R9, 14, 1%, 2.2K ohms.

RIZ, 47K ahms 2 watts.

ENTS LIST

R13, 100 nhms.

RI7, 100 ochma.

RIE, 1.BK ghms.

R2D, 28, 27K ohms.

R2l, 41, 220K ohms.
R23, 3.3K chms.

R24, 36, | Maguhm.
R25, 750 ahms (see text),
R27, 150K chms.

R32, 820 ghims,

R34, 10K ohms.

R38, 33K ahms.

R45, 3.9 ofims 4 watts,
R46, 100K ohms 2 watts.
R49, 6.8 Megohms.

All resistors are § watt carbon unless ctherwise stoted.

RFC, 2.5mH 1530mA.

$1, bandswiteh incorporated in coil pack,

$2, s.p.s.c. toggle (calibrator anfoff).

53, d.p.d.t. toggle (transmit/recaive}.

54 s.p.5.t, toggle (a.8.c. onfoff)

§5, d.p.d.t. heavy duty toggie (mainz on/ofl).

56 3 way 3 pala Yaxlay, only 2 positions used (a.m.f5.5.b.feow.).

S? 5.p.s.t. toggle (a.g.c. time constlnt—slowf[a.st)

TI, 250-0-250 volts, {50mA; 6.1 volts, 3.5 amp

TZ output transformer to suit valve (For EL9I 6000 ohmsfd ohms, 2 wate
type).

Y1, ECH42,

¥2, 3, 6, 6BAS (EF93).

\l"4 6AT6 EBC#0.

¥5, 6AI‘15 EL9I {see tewt).

V7, 6AMS, EF9

¥B, 12AU7, ECCS’Z.

¥, VR150/30 {OD3).

YR, 10K chms Er.F gain},

YR2, 25K ohms {i.f. gain).

VR3, 3K ohms (Radmsparas pra-sat for 5 mater set rara),

¥R4, | Megohm (a.f. gain).

VRS, 25K ohms [Radicspares pre-sat for adjusting standby sensitivity).

YR8, 25K ohms (noise limiter).

X1 (san taxt).

X2, 100 kefs crystal,

Cther componants reguired are fuseholders, knobs, pilot lamp, plug,

sockets, tag board, tag-strips, valveholders, screening cans, flexible couplar

and grommets.
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buift front-end. The 1620 kefs signal from this sub-unit
goes to V1 (ECH42), the second frequency changer with
crystal-controlled oscillator. V2 (6BA6) and V3 (6BAG6) are
both 85 kefs if. amplifiers. V4 {6AT6) is a diode a.g.c.
rectifier with delay, and a.f. amplifier. V5 (6AMS3} is the
audio output stage. V6 (6BAS) 15 the 100 ke/s calibrator;
and V7 {6AMS} the high-stability beat frequency oscillator
covering about 84-86 kgfs. V8 (12AU7) is the product
detector. The crystal diode CR1 (OAS81) is used to protect
the S-meter {(M1) from llow of reverse current. CR2Z, 3
(OAT79} form the voltage-doubling diode integrator detector;
CR4, 5 (OA81) js an adjustable peak noise clipper,

Values shown for R25 and T2 are suitable for use with
6AMS output valve which provides about 4.5 watt. For
higher output power a 6BW6 or ELE4 is suggested with
modification of these components,

The crystal (X1) used in conjunction with V1 is 1537 ke/s,
though since the 85 ke/fs i.f. transformers can be tuned over
the range 80-%0 kgfs, the crystal can be anywhere in the
range 1530-1540 kc/s without changing the first i.f. from the
factory figure of 1620 kcfs. Suitable crystals are usually
available in the “surpius” market. The tuned circuit in the
anode circuit of this stage is resonated to the crystal funda-
mental frequency to reduce harmonic content. A standby
sensitivity control VRS allows the receiver to be used to
monitor strong signals [rom the transmitter.

If a crystal calibrator is already available, V6 and its
assaciated components could be omitted, but otherwise this
will prove a most useiul accessory. For highest accuracy
the second harmonic of the 100 kefs crystal may be zero
beat by adjusting C38 against the 200 kc/s BBC Light
Programme high stability transmitter while using a separate
broadcast receiver.

Construction: The final layout is shown in Fig. 21; this
differs slightly from the photographs which werc taken at an
earlier stage of development. It is recommended that 16
s.w.g. aluminium is used [or the chassis work, which should
be well braced.

Care should be taken throughout construction to ensure
that components and wiring are as rigid as possible, especi-
ally any affecting the frequency siability, Veniilation should
be arranged to keep operating temperature low, without
erratic air currents passing through the oscillators. The
front-end unit should be well braced, in the 6% in. square
cut-ouf. It may be found worth fitting a screcn over the
oscillator section of the front-end. The crystal-controlled
oscillator of V1 should be well screencd to minimize spurious
responses. The b.l.o. should be constructed using 16 sow.g.
tinned copper wire for stability, and should preferably be
screened.

Screening cans fitted to all valves should be painted black
to assist heat radiation. Low loss skirted valveholders of
either the ceramic or nvlon loaded types should be used. A
B7G valveholder is fitted to the rear of the chassis and
supplies power for a @ muitiplicr or other external units.
Disc ceramic 0,01 pF capacitors are used extensively because
of their small size, low inductance and relatively high
working vollages. With paper capacitors the plastic case
type is to be preferved to those with waxed paper containers.
Any long wires carrying i.f, or a.f. signals should be screened.
All a.ge. and h.t, line connections are madc via the long
tapstrip mounted along the rear of the i.f, stages.

Alignment Procedure: Alignment is relatively simple, owing
to the use of the pre-aligned fronl-end. Several methods are
possible, but the original model was readily aligned by the
follpwing method.

For alignment one requires a lest signal within 5 ke/s of’

test signal is best obtained by replacing the 100 k¢/s crystal
of V6 by one of 1620 ke/s or a sub-harmonic of the frequency.
A readily obtainable “surplus” crystal is the FT241A 54th

1620 kefs. If no accuratle signal gencrator is available, the 4

harmonic type marked 29.1 Mc/s (Channel 193, This has a
fundamental of 405.5 kefs and will usually provide a fourth
harmonic on about 1622 kefs.

The output from V6 is temporarily removed from the
aerial socket, and taken to the *L.f. out” lead-through on the
lront-end, via a 1000 pF capacitor. Calculate what will be
the second if. (i.e. 1622 kc/s minus the conversion crystal
frequency).

Now switch the receiver on, and allow it to thoroughly
warm up. Switch on crystal calibrator. Turn i.f. gain to
maximum; a.g.c. switched on and the S-metor zero-control
turned to give quarter scale deflection on 8 meter. Should a
small a.f. oscillator bs available it can be used to modulate
V6 crystal output so that an audible check is available, but
this is not essential. Remove the two front-end valves.

The i.f. transformers are preset to 85 k¢fs on the outer
resonance. Then if calculated second i.f. is less than 85 kofs
tune cores slightly inwards; if greater than 85 kc/s tune cores
slightly outwards. Adjust each core only by half & turn at a
time, stariing with i.f.t. 1 and work towards the detector.
Repeat the entire sequence with a further half-turn adjust-
ment and so on until 5 meter rcading begins to rise. Then
peak each core for maximum reading, readjusting the gain
contrel and set zero control as the alignment proceeds so
that the 8 meter reading is kept reasonably low.

Reconnect the crystal calibrator to ils normal position
and reinsert 100 kc/s crystal. Set to Band 1, replace front-
end valves and allow to thoroughly warm up, with aerial
still disconnected. With gam controls at maximum a kick
in the 8§ meter reading should be observed as the receiver is
tuned over the centre of the hand; this should be 1900 ke/s
and should be carefully tuned for peak S meter reading. At
this stage all the i.f. circuits should be finally peaked up, the
b.f.o. switched on and, with the pitch control set at mid-
scale, adjusted for zero beat.

The aerial may then be connected and the trimmers on
the r.f. coils (front compartment of the front-end} carefully
peaked at the centre of the band, with the aerial trimmer if
fitted set to mid-scale. This can be done using cxternal
signals, or for example a signal from a transmitter v.f.o.
Work carefuily, and avoid making large haphazard changes.

Aerial connection will depend upen the type to be used:

75 ohms balanced input: terminals A and Al:
75 ohms unbalanced (e.g. co-ax feeder): terminals A and
E with Al strapped to E.

Singlecnded ! terminal A with Al strapped to E.

To provide an accurate impadance match, it is possible to
use an aerial tuning unit of the type shown in Fig, 22,

Stability: Probably the greatest problem facing the con-
structor will be that of achieving maximum freguency
stability. Should any sudden changes in frequency be noted,
the receiver oscillators should be carefully inspected. If
the same amount of shilt occurs on all bands the trouble is
probably in the crystal conversion oscillator or the b.f.o.
If the shift is greater on the higher frequency bands suspect
the front-end.

Note that the front-end is fitted with negative temperature
coefficient capacitors in the oscillator circuit to provide
thermal compensation. For optimum stability this thermal
compensation must be in accord with the normal operating
temperature, and this will be affected by the ventilation. It
may therefore be necessary to adjust the ventilation, after
carefully checking stability on a stable signal in the 21 to
28 Mc/s band (allow receiver to warm up for at least 30
minutes). Adjust b.fo. for zero beat.

If tuning control capacitance has to be consistently
increased (plates further in mesh} the oscillator is drifting
higher in frequency, suggesting that there may be excessive
ventilation, and vice versa. In the prototype model optimum
stability was achieved with the lid of the cabinet open and
‘a few suitably placed ventilation hales drilled in the chassis.
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Fig. 22, An aerial tuning unit. €A should be 500pF, Cf will depend
vpon the typs of asrial in use, but J00pF is a good bagis for experi-
ment. The coil cansists of 15 turns on a | in. diameter former,
tapped at 2, %, 8, 12, and 1? turns and occupying a apace of | in. 28
B.W.E. Wire is suitable,

For reception of s.8.b., the h.f.o. pitch control should be
set to a point near the extremity of its travel, corresponding
to upper or lower sideband reception. The main contro] is
then rotated untit the speech becomes intelligible, possibly
with a slight final adjustment of the b.f.o. Tt should not be
necessary to switch olf the a.g.c. except on very weak signals
but a.g.c. should be switched to the longer time constant.
Ample b.f.o. injection voltage should be available, but on
very strong s.5.b. signals it may be necessary to reduce the
i.f. gain slightly to avoid distortion.

High Stability H.F. Converter

Many of the older communications receivers provide very
adequate performance on the lower frequency bands but
lack stability and/or sensitivity and good bandspread tuning
on the higher frequency bands. One satisfactory answer to
this problem—enabling an additional useful lease of life to
be given 1o receivers which can usually be acquired guite
cheaply as second-hand or government surplus—is o use
the receiver as a tunable i.f. on say 3.5 Mc/s in conjunction
with a sensitive crystal-conirolled front-end converter.

Many suitable designs can be evolved, often with a low-
noise double triode cascode rdf. amplifier and possibly an
all-triode mixer, but most require a separate crystal for
each band, or alternatively reverse the receiver tuning
direcliont on one or more bands. Howcver an economical
and simple circuit (Fig. 23) of very reasonable performance
using only a single 3500 kc/s crystal has been described by
F. Johnson, ZL2AMJ.

This two-valve unit functions as a crystal-controlled
converter on the 7, 14 and 21 Mc/s amateur bands and as a
straight pre-amplifier on 3.5 Mcfs. The converter provides a
broad-band output on the 3.5 Mc/s band, and all tuning is
carried out on the main receiver. [t shounid prove particu-
larly effective in conjunction with an older receiver having
good bandspread tuning and stability on the 3.5 Mc/s band,
The selectivity will depend entirely upon that of the main
receiver when functioning upon 3.5 Mc/s.

One possible disadvantage is that the unil produces a
strong spurious marker signal on 7000 kefs which can block
the first few kilocycles of the 7 Mc/s band, although this does
not ocgur if the crystal is slightly lower in frequency than
3500 kefs as described later,

The converter comprises the triode section of a 6US8
(ECF82) trinde-pentode as a grounded-grid amplifier. The
pentode section of the 6U8 functions as mixer with a low
noise coniribution. One half of a 12AT7 (ECC81) functions
as crystal osciflator; the other section as a cathode follower
output stage following the mixer. There are no tuned
circuits at the broadband if, of about 3.5-4 Mc/s so that
no ganged tuning circuits are involved.

For 3.5 Mc/s reception the oscillator is swiiched off and
the other stages act as a pre-amplifier. On other bands the
crystal oscillator frequency is always 3.5 Mc/s lower than the
band being received, so that the signal frequency rises as
the main receiver is tuned higher across the 3.5 Mc/s band.
For 7 Mc/s the crystal oscillates on its fundamental frequency
of 3500 kcfs; for 14 Mc/s on its third “overtone™ of about
10.5 Mc/s; and for 21 Mc/s on its filth “'overtone™ of 17.5
Mc/fs. Note that for overtone operation the output is not
precisely at the exact harmonic of the crystal fundamental,
although close to it, so that a small correction will be needed
to the original receiver calibration, Otherwise the 3.5 Mefs
calibration applies in termis ol tens and hundreds on all
bands, and the tuning rate will be the same on all bands.
Thus 7.1, 14.1 or 21.1 Mg/s signals should be received on
about 3.6 Mc/s and 7.2, 14.2 or 21.2 Mc/s on 3.7 Mc/s, elc.

In order to maintain this approximate 3.5 Mc/s calibration
on ali the other bands, the crysial needs to be fairly accurately
on 3500 kc/s. However if this is not regarded as vital, it is
often possible to use a crystal some kefs lower in frequency.
For example a 3490 ks erystal would tune 7000-7300 kefs
as 3510-3810 kefs, 14,000-£4,350 kcfs as 3530-3880 kofs
and 21,000-21,450 ke/s as approximately 33550-4000 ke/s.
This tolerance would allow the use of a cheap surplus crystal
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Fig. 21, Cireuit diagram of the high stahility canverter.
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Fig, 24. Circuit diagram of a simple 14 Mc/s pre-amplifier designed
by G3ESY. A unit of this type will improve the zensitivity of all but
the best of communications receivers, LI, L3 are I3 turns 26 s.w.g.
enamel spaced to occupy tin. L2 is 5 turns 34 s.w.g. enamel or silk
cavered, interwound with the bottom 5 turns of L1, L4 is 4 torns 34
s.w.g. enamel or ailk covered, interwound with the bottom 4
turns of L3. Cails wound on Z%* diamater, slug-tuned formers. Wire
sizes ara not critical; and the slug can ba adjusted to cover minor
variations in windings. Slightly better results can be obtained from
the EFB5, 5BA§ with sfight component changas.

provided that it is sufficiently active to oscillate readily on
its fifth overtone.

Note that only two adjustable coils are used to tune the
four bands with L1 left in parallel with L2 on 14 and 21 Mc/s
bands.

Construction and layout are not particularly critical
provided that 1.f. leads are kept short, and output circuits
placed well away from input circuits.

‘All coils are wound on Y-in. diameter slug-tuned unshielded

formers using 30 s.w.g. enamelled wire: £1 42 turns; 1.2 26
turns, tapped at 17 turns from the “parthy” end; 1.3 35
turns; L4 13 tums; L5 § turns, spaced over  in. Formers
could be 0.3 in. diameter with a slight reduction in numbers
of lurns—this can casily be determined if a calibrated grid
dip oscillator is available. The formers can be mounted
around the Yaxley-type bandswitch. .
Alignment: After completing and checking all wiring, the
oscillator circuits must be adjusted so that the crysial
oscillates on the correct overtone frequencies. This can be
done most readily with a grid-dip oscillator used as an
absorption wavemeter, though it should be possible to make
do by checking the output on the main receiver if this will
tune to 10.5 and 17.5 Mc/s and care is taken not to be
mislead by harmonic output. With the absorption device
check and adjust the cores of L3, L4 and L5 until the
oscillator is operating on the required frequencies.

Then set the converler to 7 Mc/s and connect it to the
main receiver which is sct to 3.5 Me/s, Without switching on
adjust L1 for coverage of 7-7.5 Mc/s in conjunction with the
35 pF tuning capacitor by using the grid dip oscillator in the
usual way (this can be done with incoming signals without
a g.d.0. but the process is mave difficult). Switch to 3.5 Mc/s
and check that the r.f, tuning range now covers 3,5-4.0 Mc/s
{or just the European section of the band if this is all that
is required). 1f the luning range is incorrect, it may be nec-
essary to replace or parallel the 150pF with other values. Once
the 3.5. Mc/s tuning range has begn astablished, switch to
14 Mc/s and adjust L2 so that the tuning range covers 14-14.5
Mefs. It should then be possible to tune the 21 Mc/s band
without any further adjustment (the full tuning range will
probably exceed the amateur band but this is of no conse-
quence. In practice it will probably prove necessary to
change the converter tuning only when tuning right across
the band ; when searching around only a small section of the
band the control can be left unaltered.

Once the tuning ranges have been adjusted, the unit
ghould then be ready for use; signals can be peaked with the
converter tuning control when necessary; otherwise all
tuning is done on the main receiver. If the gain of the h.f.
converter should be excessive on some signals it would be
possible to fit a gain control on the cathode follower stage.

One possible difficulty is that there may be if. break-
through from strong local 3.5 Mg/s signals when recciving
on the other bands., Screening of the converter and the use
of co-ax line with screened connectors beiween converter
and receiver may be sufficient to overcome any difficulties,
Should this not be the case, it may in some cases be necessary
to fit a further tuned circuit in the form of an aerial tuning
unit between aerial and converter.

Provided that the main receiver is efficient on 3.5 Mc/s
this combination should provide excellent sensitivity and
stability on all the bands concerned.

Simple Q Multiplier

A simple circuit for a O multiplier for selectivity peaking
only (i.e. with no rejection notch facilities} and not requiring
any additional high- coils has been described by W3FYG.
This arrangement can be incorporated lairly easily in an
existing receiver should it be desired to increase selectivity,
particularly for c.w. reception; sce Fig. 25.

This uses a single additional double triode such as 12AT7
or 12AX7 multi-vibrator oscillator using the cxisting i.f.
transformer in the receiver as the tuned circuit. The device
is most effcctive with singleconversion receivers of only
moderate selectivily, such as those without any form of filters
other than i.f. transformers on 465 kcfs or 1600 kcfs or
above,

Coarse (R2) and fine (R1) controls are fitted for the control
of cathode coupling and hence regeneration. Initially R1
is set to minimum resistance and R2 adjusted until the valve
just goes into oscillation, then R1 is backed ofl and used as
the panel control. Remember when fitting the device that the
small additional capacitance across the i.f. transformer will
require slight re-alignment of this winding after installation.

One difficulty which can arise is that there may be a

O-ZSl
I

MIXER

SELECTIVITY
PANEL

CONTROL
51K
ON/OFF STAND - BY
SWITCH SWITCH
=

Flg. 25. @-multipliar without additional coils. The valva is a I2ATT
or equivalent.
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tendency for the subsequent i.f. stage to go into oscillation.
This can be overcome, as shown in the diagram, by the
removal of the bypass capacitor from across this valve's
cathode-bias resistor; the slight loss of gain is more than
compensated for by the effect of the £ multiplication.

HT+ 125V

65N7
124U7

|]I|—

Fig. 16, Circuit diagram of the “§"” meter described by WIBLC. The
meter M should ba (-200 ;A full-scale deflection. R3 and R4 should
be 10 per cent tolerance type.

Adding an “S8” Mcter

An “8” meter js a very useful receiver accessory but
many of the simpler circuits sulfer from practical dis-
advantages., The S meter circuit shown in Fig. 26 was
described recently in the R.S.G.B. Bulleiin by Mr.
H. Q. Lorenzen (W3BLC) and is applicable to almost
any receiver utilising a conventional a.g.c. line. RI1 is
the zero adjustment to compensate for different levels
of receiver noise. The input voltage taken from the
receiver a.g.c. line is controlled by R2. The calibration
scale on the mcter provides adequate spread for the
lower $§ units but also accommodates readings up to
about 20 dB over 59. Mid-scale usually represents
about $8-9 but the scale should be calibrated to suit the
receiver concerned.

Transistorized Receivers

During recent years, h.f. communications receivers and
v.hf. converters using no valves but based entirely upon
transistors and other scmiconductor devices have been
developed both commercially and by amateur consfructors.
These offer the advantages of compact size, greater relia-
bility {provided the transistors are operated under correct
conditions); and sinee they draw only low power, from low
voltage supplles they can bc optionally operated from dry
batterics or car accumulators. Simple sets—such as the
RSGB Transistor Four (described later)---can be made at
considerably less cost than a mains-operated valve set of
comparable performance.

Not only are semiconductors significantly more reliable
than valves and less subject to ageing, but modern types can
have betler noise characteristics right up to u.hf. and the
low operating voltages and reduced heat make for more
reliable and consistent performance of the associated com-
ponents. The small size of the scmiconductors and the
complete absence of heater wiring and large holes for
valveholders simplify the construction of receivers and
converters; alternatively much morc complex circuits can be
put into a sitnilar sized cabinet in order to improve fre-
guency stability, etc. Battery sets will nsually prove a good
deal cheaper, due to the omission of the mains transformer
and other power supply componenis, especially since new
and surplus transistors are available at much the same cost
as valves. This also mcans that there are none’of the safety

problems associated with the construction and testing of a
first mains-operated receiver.

Thus simple h.f. and v.o.f. transistorized receivers and
converters can be built easily and cheaply, and are in-
creasingly used for mobile and portable work, and are
beginning to find favour for fixed station use. There is also
growing use of “hybrid” designs in which some transistors
and some valves arc incorporated

With the many apparent advantages of transistors it may
be asked why in fact the majority of high-grade amateur
communications receivers are still based on valves, and
whether this is likely to continue. Undoubtedly there will be
a trend towards many more all-semiconductor receivers and
converters, but it must be recognized that there are still some
important problems in the design of really high-grade
transistor receivers and that although ways of overcoming
these have been developed some of the techniques result in
sets of great complexity and hence high cost. It is only now
that designs are beginning to appear which offer perform-
ance equivalent to that of the best valve sets, and some of
these are rather beyond the pocket of most amateurs.

The main problem with readily available transistors is
that of achieving a really wide dynamic range of the front-
end of the receiver—that is to say a front-end to a receiver
which will handle both very weak and very strong signals
without mtraducing various forms of cross-modulalion and
blocking. This is partly because there is ne near equivalent
among conventional bipolar transistors to the variable-mu
pentode valve and this makes it difficult to obtain really
effective automatic gain contrel characteristics unless one
uses unipolar devices such as the FET mentioned below,

Other problems include increased circuit loading due to
lower input impedances; feedback capacitances that may
requ]re neutralizing; the variation of semiconductor charac-
teristics with temperature; the fact that, unless protection
circuits are fitted, transistors can be damaged by large input
voltages due to static build-up on the aerial, impulse
interference or a near-by transmitier; the greater spread of
characteristics betwcen devices bearing the same type
number than we are used to with valves; and the need to pay
greater attention to accurate impedange matching through
all stages of the recciver.

This may seem a formidable list, but in fact many of these
problems are being overcome; for instance some ar¢ allevi-
ated by the usc of silicon rather than germanium devices
(though these tend to be a little more noisy). A fairly
recent development, which may considerably affect the
design of the front-end of receivers, is the growing avail-
ability of low noise “feld effect transistors’ (FETs) and the
special forms of these known as IGFETs {insulated-gate
FET) or MOSTs (metal-oxide semiconductor transistor).
These devices have extremely high input impedances and
have characteristics which make them much less susceptible
to cross-moedulation and resemnble vari-mu pentode valves in
this respect, They can also act as extremely cfficicnt low-
noise mixers {unlike valves, they give almost as low noise as
mixers as they do as amplifiers).

But at the time this edition is being prcpared, suitable
FET devices (such as the Texas Instruments 2N3823 n-
channel FET) cost several pounds each, although cheaper
FET devices such as the 2N3819 are becoming available, and
appear to have an important role to play. A single FET
receiver can be as effective as the onee popular O-V-I, All
semiconductors, of course, have to be treated with some care
and the precautions listed on pages 20-21 should always be
observed.

An alternative technique to overcome the problems of
transistor front-ends is in fact to use the miniature Nuvistor
valves, with their low power consumption, for this scction of
the receiver.

The development of good semiconductor receivers and
converters for amateur operation is thus a good example of
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the type of interesting constructional and design work
which is still open to experienced amateurs—even if it still
seems likely that there will be many valves used in com-
munications receivers for some time to come.

RSGB Transistor Four

A simple, low-cost transistorized superhet receiver, using
commercially available plug-in coils can be built for about £5
and can give many hours listening for each small 9-volt
(PP3) battery, as well as giving the constructor a useful
insight into small communication receivers.

A receiver of this type can be built for appreciably less cost
than a mains-operated valve receiver, and the complete
absence of the mains power pack is an attractive safety
feature when the set represents an initial constructional
project.

The receiver described below is based on a design prepared
by A. L. Mynett, G3HBW for the RSGB.

It is intended primarily for the headphone reception of
amateur stations in the 1-8 and 3-5 Mc/s bands using a single
pair of coils (1-8-5 Mc/s) but is capable of receiving amateur
and broadcast signals throughout the range 515 kc/s (580
metres) to 31-5 Mc/s (9-5 metres) with the appropriate
plug-in coils,

The receiver uses an OC170 (or AF115) h.f, transistor as a
self-oscillating mixer (TR1) providing an if. output on
about 470 kc/s. A second OC170 (TR2) is used as a regener-
ative i.f. amplifier, with the gain/regeneration controlled by
VR1 which adjusts the amount of negative feedback in the
stage to balance the positive feedback resulting from the
effects of C13 and the internal capacitive feedback of TR2.

5

d by G3IHBW as a low-cost

fl\n RSGB Tr:

or Four

supar-het.

The amplified i.f. signal is
demodulated by the diode
envelope detector (CRI),
followed by two stages of a.f.
amplification (TR3, TR4)
which can conveniently be
0OC71 or almost any similar
a.f. transistors. Control of the
a.f. gain is governed by adjust-
ment of VR2 which varies the
amount of negative feedback
in the final stage.

Low-impedance head-
phones are connected directly
in the collector circuit of
TR4, and although this may
appear bad practice (in gen-
eral the direct current com-
ponent should not flow
through a good pair of head-
phones since this can cause
changes in magnetization) in
this case the collector current:
is too small to change appreci-:
ably the d.c. magnetic field.
Although only two tuned,
circuits are used in the if;
section, selectivity is aided, by,
the use of a regenerative stage,:
and should show c@nsidﬂj'qbiei‘
improvement over  that'of al
simple straight receiver. .. v 1

Sensitivity is limited by the
absence of an r.f. stage'though!
this will be less important-on’
the lower frequency bands
where external noise is high;
with only one tuned signal
frequency circnit—damped by
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Fig. 27. Circuit Diagram of the RSGB Transistor Four.

RSGE Transistor Four

PARTS LIST
Capacitors
Two 2pF sub-miniature alectrolytics (15 valt rating).
One 8uF sub-miniature electralytic {15 volt ratingi
Two 50pF sub-miniature slectrolytics (15 volt rating)
One 250pF sub-miniature electralytic {15 volt rating).
Tvra 0.0050F paper {150 volt rating).
One 10GpF tubular ceramic,
COne |5pF tubular ceramic.
One 10QpF Suflex polystyrene (350 vol, 5 per cent rating),
One 1000pF Suflex polystyrene (500 velt, 2 per cent rating).

Rasistors

All Radiespares type RS, -watt, 10 per cent rating.

One 470 chims; two | one 3.3K; one 3.9K; cne 5.6K; one 8.2K;
two 10K; ene 12K; one 18K; one 47K; two 56K: cne 100K.

Miscellaneous

The following parts can ba obtained from Home Radio of Mitcham:
Qne |2 yard reel Z8A connecting wire, any colour.

One & yard ree! Z8B connecting wire, any eolour {miniature).
One Véll 3¢ plus 310pF, 2 gang condenser.

Qne DLSOA epicyclic drive, wich flange.

Ona Maxi-Q Cail, transister tuning, Range 3T, rad,

One Maxi-Q Coil, transistor tuning, Range 3T, biue.
Ona YR25 100 ohm wir d po i tar, | watt.
One ¥ROZ 3K ohm log potentiometer, with D.F. switch.
One IH6 [granic P27 ele jack socker.

Ona PK4 Clix Socket, red,

One PX4 Clix Socket, black.

Two ¥C&2 Mullard trimmers, 3-30pF,

Twe VH3 B9A valveholders, nylon (used as cail holders).
One TRC72 Weyrad LF. transfarmer, P50{3CC,

One TRC73 Weyrad L.F. transformer, P50/2CC.

Twa 4 in. dia. black fluted knobs.

One |§ in. dia. black fluted knab,

One PP3 battery.

One LKI14) Chassis plate No. 4, Lektrokit,

One LK2311 Bracket No. |, Lektrokit,

50 LK30i1 Pins soldering, Lektrakit.

Three Z40 Grommets to fit § in. holes.

Cre Battery conneccor for PP3.

Ntz and Bolts

Threa i in. leng 4 B.A. ch, hd, cad, stae! screws,
Three £ in long 4 B,A, ch, hd. cad. steel screws.
Twa 4 in. long é B.A. ch. hd. cad. stee! scraws.
One dez. £ in, lang 6 B.A. ¢h. hd. cad. steel scraws,
Two & in. long 8 B.A. csk. hd. cad. steel screws.
Three 2 B.A. cad. steal halfruts,

Six 4 B.A&, cad. steal nuts.

Two doz. & B.A. cad. steal nuts,

Six & B.A. soldering tags.

Cne 4 B.A. star tag.

Six 6 B.A. cad, steel washers.

the acrial—there will inevitably be image responses, particu-
larly on higher frequencies. Nevertheless a surprisingly large
number of amateur phone and ¢.w. signals can be received
satisfactorily, particularly when used with a reasonably high
aerial some 30-60 ft. long; an earth is preferable, particularly
for reception on lower frequencies, but is not essential.

The incorporation of a regenerative i.f. stage means that
when this is set just above the threshold of oscillation c.w.
stations and (with very careful tuning) s.5.b. stations can be
received,
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Fig. 28, Drilling diagram Front Panel.
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Vertical Chassis.
(left) Battery clip.
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The receiver is constructed in the form of a front panel,
consisting of a bent sheet of 18 s.w.g. aluminium, with a
similar piece of aluminium to form a vertical chassis. Three
rubber grommets are used as *‘feet”. Most of the detailed
wiring is carried out on half of a Lektrokit (LK 141) perfor-
ated wiring board.

W
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Fig. 30. Main components on ¥ertical Chassis.
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Fig. 31. Main components oh Front Panel,

Since iransistors can be damaged or desiroved by ex-
cessive heat or by incorrect polarity of the supplies, it is
necessary to be most careful not to leave a hot soldering iron
in contact with the iransistor leads longer than necessary,
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and to check all wiring including the battery clip connector
and switch; do not clip the battery connector on to the
battery until all wiring has been complcted and carefully
checked against the diagrams. Care should also be taken
not to allow the hot soldering iron to come inlo contact
with the casing of the polystyrene capacitors.

Adjustment and Alignment

When the receiver has been completed, and all wiring
most carefully checked, plug-in the Drenco coils (3T red and
3T blue), the blue coil being inserted in the socket nearer
the front panel. Turn both ¢oil core-adjusting screws until
about {-in. protrudes, and set both the Mullard trimmers to
half-mesh. Plug in a pair of low resistance headphones {for
example type DLR), connect the battery clip, turn the a.f,
gain control fully clockwise, r.f. gain fully anticlockwise and
switch on.

A faint hiss should be heard in the "phones. Advance the
r.f. gain and the i.f. stage should go into oscillation with a
louder hiss. 1f this does not happen, advance the r.f. gain
fully clockwise and adjust the core in one (either} 1.f. trans-
former, first in one direction and then the other using &
nylon trimming tool or chisel-pointed maichstick for this
opcration; do not use a metal screwdriver since this may
crack the core. When the i.f. stage does oscillate, alterna-
tively adjust the i.f. transformer core and reduce the r.f. gain
until finally the i.f. stage oscillatcs at the lowest possible
setting of the r.f. gain control.

Should a signal generator be available, the receiver inpul
circuits may be aligned and the dial calibrated, using the
following procedure:

Turn the tuning knob clockwise until the gang capacitor
vanes are completely mcshed; sct the signal gencrator to
provide about 50 microvolts output (i.e. fairly weak signal)
at a frequency of 1-62 Mc/s, feeding this into the aerial and
earth terminals of the reeeiver. Turn the receiver’s r.f. gain
until the L.f. just oscillates and then adjust the red coil core
until the signal is received.

Then turn the tuning control anliclockwise uniil the
panged capacitor vanes are cornpletely out of mesh, tune the
signal generator to 525 Mc/s and adjust the Mullard
trimmer on the red (oscillator) coil side until the signal is
again heard. If you now retunc the set and generator to
1-62 Mc/s the setting may no longer be quite correct. Repeat
the two adjustments at 1-62 Mc/s and 5-25 Mgcjs until both
cnds are right at the same time, Then tune in the 1-62 Mc/s
signal and adjust the blue coil core for optimom signal
strength; and adjust the Mullard trimmer associated with
the blue coil for maximum signal strength at 5-25 Mc/s. At
this stage the receiver will be aligned and accurate calibra-
tion marks can be made on the dial by tuning the signal
generator to 5°0, 4-3, 4.0 Mc/s, etc. Indian ink or a ball-point
pen may be used to mark the dial.

Where (as will often be the case) no signal generator is
available, the set can still be aligned quile easily without one,
If the coil cores and trimming capacitors have been set as
suggested earlier in this section, the receiver will probably
not be far out of alignment. The scale of Fig, 32 can be
copied on to the dial and should prove reasonably accurate.
Then with an acrial plugged in, turn the tuning control
clockwise until the vanes are meshed and then adjust the
core of the blue coil for ioudest signals at this end of the
wave-range; then turn the tuning knob until the capacitor
vanes are almost completely out of mesh, and adjust the
Mullard trimmer associated with the blue coil until signals
are loudest; repeat these adjustments unti! optimum results
over the band are obtained.

Frequency calibration may be accurately checked by
listening for the frequency standard station MSF on 23
Mc/fs and 540 Mc/s (this usually transmits a carrier modu-
lated with distinctive one second “ticks'); another useful
identification signal is the strong “Loran™ navigational
signals which can be heard at night transmitting a character-
istic “buzzing™ signa! occupying a broad chamnel on about
1-95 Mcis, Amatcur stations should, of course, be heard
between [-8 and 2-0 Mc/s and also between 3-5 and 3-8 Mc/s,
as well as many small ships transmitting phone in the range
20 to about 3-0 Mc/s,

Simple Transistor H.F. Converter

Quite often newcomers wish to listen Lo amateur stations
on broadcast receivers which either do not have a short-
wave band or alternatively which do not cover the band(s)
they are interested in. If the recciver has plenty of gain and
preferably is intended for use with an external aerial rather
than with an internal ferrite-rod type aerial, use can be made
of an extremely simple crystal-controfled converter of the
type shown in Fig, 34. This consists of a single transistor
(types OC170, OC171, AFL15, AF105, 2N247 or any other
high frequency transistor would be suitable) which acts as a
combined oscillator and mixer, with ail tuning carried out
on Lthe main receiver.

a
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Fig. 34. Simple ¢rystal-controlled converter,

To show how to choose a suitable frequency for the
crystal, say one wanted to listen between 3-5 and 3-8 Mc/s
(80 metre amateur band) with the broadcast receiver on the
medium waves. Then if a crystal of 4400 kc/s were used, a
signal on 3500 ke/s should be receivable with the set tuned
to 4400-3300 kc/s, that is 900 ke/'s (334 metres) and the band
received as one tunes down to 600 kcfs (500 metres), since
4400-3800 is 600 kcis. It can easily be seen that the crystal
docs not have to be exactly 4400 kc/s but almost any fre-
quency in that region; and similarly for other bands.

With only a single acrial tuning circuit {and this will be
damped to some extent by the aerial, even when this is
tapped towards the earthy end of the coil) there is almost
bound to be some interference from stations on the “imape”’
frequencies, and it may be that very loud broadcasting sta-
tions will also continue to break through (this will be
minimized by keeping the lead between the converter and the
receiver aerial socket very short); neverltheless this often
proves a quite useful and cconomical way of listening to
additicnal amateur bands, since surplus crystals can be
obtained for a very few shillings. The resistor R is best
adjusted by trial and error for optimum results on the
parlicular transistor used; it will normally fall between
100 K ohms and 1 Mcgohm, This type of converter can also
be used to convert a car radio for amateur frequencies.



CHAPTER FOUR

- Amateur Transmitters

This chapter describes the practical problems encoun-
tered in the design and construction of amateur
transmitters for telegraphy and telephony, frequency
measurement and transmitting aerials. It is based,
with additional material, on a series of articles by
Lorin Knight, A.M.LE.E., published originally in the
RSGB Bulletin.

The Master Oscillator

TO start this introduction to amateur transmitter design
and practice it is intended to go straight to the heart
of the transmitter, the master oscillator, Before delving
into actual circuits, however, let us refresh our memories
about the working of the parallel tuned circuit shown in
Fig. 1.

In the figure it is assumed that the capacitor has just
been charged, There is a surplus of electrons (or a nega-
tive charge) on the upper plate and a corresponding
deficit of electrons (a positive charge) on the lower plate,
Now the coil possesses inductance which tries to stop
the current through it changing. Thus there will not be
an immediate avalanche of electrons from the upper
plate through the coil to the lower one. The electron
flow will instead gradually increase in intensity.

Eventually the charge on the capacitor will be reduced
to zero but by now the electron current will be quite
strong and the inductance will not allow it to stop
suddenly. In consequence, the capacitor will begin to

GlJIG's fine example of an
amateur-built table-top trans-
mitter. The main cabinet con-
tains the r.f. circuits for a five-
band, |50-watt transmitter de-
signed for TV|-proof operation.

charge up in the opposite direction. As it charges up the
current will gradually diminish and eventually cease. The
direction of current flow will then reverse and start to
discharge the capacitor again. This cycle of events will
continue, the voltage across the capacitor periodicaily
alternating from positive to negative. The current
through the coil will alternate also, being at a maximum
when the voltage is zero and being zero when the voltage
is at a maximum. The frequency of these oscillations,
that is to say, the number of complete cycles per second,
is governed by the inductance of the coil and by the
capacitance. By choosing suitable values, oscillations
can be obtained at any frequency.

If there were no losses anywhere the oscillation would
continue indefinitely. In practice, of course, there will

Fig. *. The parallel tuned circult

be a loss of energy, the main cause being the dissipation
of heat by the resistance of the coil, If the circuit is to
be kept in oscillation the lost energy must be replaced.

We can think of the tuned circuit as rather like an
electrical equivalent of the pendulum, Just as a pendu-
Jum needs a small mechanical push now and then to
keep it going, so the tuned circuit needs a small electrical
push now and then. Most of the oscillator circuits which
we use in Amateur Radio are, in spite of their fancy
names, only different ways of providing pushes to a
tuned circuit,
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The Electron-Coupled Oscillator

For a iransmitter it is extremely important that the
frequency should be stable and thus the choice of an
oscillator circuit must be guided by this criterion. A
circuit which has proved very useful in this respect is
the eleciron-coupled oscitlator, a typical version of
which is given in Fig. 2, L1 and Cl form the tuned
circuit and the alternating voltage across it is fed via C3
to the grid of a pentode. The consequent alternating
cathode current flowing through the lower part of the

- H.T 4
250V

M

Fig. 3. A typical electron-coupled oscillator. €3, 100 nuF: Cd,
0,005 «F; Ri, 100,000 ohms; R2, 47,004 ohms; ¥V, §ACT or EF40.

coil gives the required energy reinforcement to maintain
oscillation. The great advantage of this circuit is that,
due to the screen grid being virtually earthed at tadio
frequencies by the capacitor C4, the anode is screened
from the control grid. Thus we can load up the anode
without worrying about the cffect this will have on the
grid circuit,

The most obvious way of developing the output
voltage is to tune L2C2 to the fundamental frequency.
ie., to the frequency cf the L1C1. The anode current,
which alternates in sympathy with the grid voltage, will
then maintain an oscillating current in L2C2. Since the
anode circuit is being driven by the valve the frequency
of the oscillation there will be locked to that of the grid
circuit, Off-luning the anode circuit will ecause the
natural oscillation to be partially cancelled by the anode
current; this will reduce the amplitude and change the
phase relative to the grid but it will not affect the
frequency,

In practice this does not work out quite as perfectly
due to the small stray capacitance between anode and
grid, which causes a small feedback current to be injected
into the grid circuit. This feedback current will not be
exacily in phase with the natural oscillatory current in
the grid circuit and will normally try to slow the
oscillation down.

It is, in fact, as if a small capacitance Cm has been
added between grid and earth. This would not matter
if the value of this capacitance were constant. Unfor-
tunately, slight changes in the tuning of the anode
circuit near to resonance cause appreciable changes in
the phase of the feedback current and consequent
changes in the value of Cm. With valves having a very
{ow anode-grid capacitance the effect of Cm can be made
quite small but it is still safest not to tune the anode to
the fundamental frequency,

One solution is to use an untuned anode load consist-
ing of a resistor but a better method is to tune the anode
to twice the fundamental frequency. The grid circuit is
then practically unaffected by the anode circuit; the value
of Cm is consequently much smaller and is more con-

stant. The anode circuit now only receives one push per
two cycles but this is quite sufficient to maintain a
strong oscillatory current. The output frequency is
exactly twice that of the fundamental oscillation and if,
for example, the desired output frequency was 3.8 Mc/s
LI1C1 would have to be tuned to 1.9 Mc/s.

Having seen how the effect of the output circuit can
be reduced let us lock at the grid itself and the cathode.
Each of these imposes a small capacitance across the
tuned circuit and these capacitances are liable to vary.
Their effect, topether with the effect of Cm, can be
mirtimised by tapping the grid and cathode as far down
the coil as possible. The coil, it must be remembered,
is an auto-transformer and any impedance placed across
a tap is equivalent to a smaller impedance placed across
the whole, With a grid capacitance of 10axF, for example,
and assuming a perfect coil, tapping the grid half way
up the coil would only impose (4 X 10 paF, or 25
#uF, across the coil. Tapping the grid one third up would
only impose {#)* X 10 auF, or 1.1 guF (I auF = 1 pF).

We can see now that it is advantageous to have a low
loss tuned circuit or as it is vsually expressed, one with
a high Q) factor, for the higher the @ the less reinforce-
ment will be required from the valve and the lower the
taps can be, In order therefore, to keep the losses in the
coil low we can (a) wind the wire in a single layer on a
circular former of as large a diameter as practicable; {b)
use pood quality enamel coversd wire of such a gauge
that the length of the coil is about I4 times its diameter;
(¢} use a former made of a low-loss material such as
polystrene, *frequelex” or “mycalex”; (d) keep the coil
at least one diameter away from any other metal. To
keep the size of the oscillator within reasonable dimen-
sions the maximum practical coil dizameter will usually
ba about #in, to lin,

The effect of the grid and the cathode can be further
reduced by choosing a large value for Cl1 so that the
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Evolution of the Clapp oscillatar circult.

stray capacifances are only a small percentage of the
total. This cannot be carried too far becanse decreasing
the ratio L/C also reduces the Q. In an oscillator whose
fundamental frequency is 1.9 Mcfs the optimum value
of Cl might be about 300 zuF.

We can also help to make the taps low by using a
valve with a high mutral conductance. Types such as
the 6ACT7. 6AG7, 6CH6, EF80 and EFS0 are particularly
suitable because they also have low anode-grid capacit-
ances and some have metal exteriors which completely
screen the electrodes from any external circuits.
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The Clapp Oscillator

It is not very convenient to experiment with tapping
points on a coil and in any case the finished result is not
usually very elegant. An alternative which has come
into favour is to tap the capacitance instead, Taking the
toned circuit in Fig. 3(a) the 200 pxF capacitor can be
considered as consisting of five 1000 upF units in serjes.
[t is therefore possible to tap into the capacitance as in

Fig. 3(b). Simplifying this we get (¢).
HT+
250%
L2 JCS
QUTPUT
—a— (35 —
ca-BMc/t)
c4 H.T +
150V
u Tcz

')'/I'LLCS RFC Cé
TFTTT 6=

Cla Cb Cic Cld

Fig. 4. Typical Clapp Qscillator., Cla, 50 up:F preset; Cib, [0 :uF
{tuning); Clc, 200 o F silver mica; €ld, 20 juF neg, temp. coef. type;
€2, 20090 jeF silver mica; C3, 3008 puF sidver mica; C4, 100 uuF; €6,
#.005 uF; LI, 46 turna, 16 s,w.g. enam, on [ in. diam. former; L1C5,
tur:]eod to 3.5 Mc/s band; RI, 10,000 ochrns; RFC, | mH; ¥, JACT,
EFA0, etc.

it the frequency of the oscillator is to be varied we
must have some facility for varying the total capacitance.
C2 and C3 will only have minor effects on the total and
it is better to vary Cl. This would be inconvenient with
neither side of Cl1 earthed and so it must change posi-
tions with L as in Fig. 3(d).

This arrangement is used in what is commonly known
as the Clapp oscillator, an electron-coupled version of
which is given in Fig. 4. Cla is used to set the lowest
frequency to 1.75 Mc/s. C1b then allows the oscillator to
e tuned from 1.75 Mcfs to 1.9 Mc/s and the reselting
output frequency is 3.5 Mc/s to 3.8 Mc/s. Note that an
r.f. choke has been included between cathode and earth
to provide the necessary d.c. connection, Having a rela-
tively high inductance it will pass very little r.f. current
and thus bave very little effect on the tuned circuit.

Practical Considerations

Therc are a number of other oscillator circuits capable
of excellent stability, including the Tesla (Vackar), the
Franklin, and Mixer (frequency synthesizer] circuit. The
transistorized v.[.0. shown on page 20 has been adopted by
many amateurs despite the Iow output.

The fact that we have chosen 2 good circuit is not in
itself a guarantee that we are going to have a stable
oscillator. Qur efforts will all be in vain unless care is
taken with the physical construction. We have seen how
by suitable techniques the frequency can be made almost
entirely dependent on the actual oscillator tened circuit.
The main consideration, therefore, must be to ensure
that this itself is stable.

All the components comprising the tuned circuit should
be housed in a metal box to prevent any coupling from
external circuits, The valve holder can be mounted on
the box so that the valve is outside the box. The mount-

ing and the wiring of all the critical components must
be rigid so that the fregency is unaffected by mechanical
vibration. The tuning capacitor should preferably have
ceramic insulation and should have good bearings at
either end,

To enable the oscillator to be accurately reset to a
given frequency the tuning scale should have as large a
diameter as possible and a slow motion drive which is
free from backlash. It is advisable to use a flexible
coupler between the drive and the capacitor to prevent
any undue sirain on the bearings of e¢ither due to
imperfect alignment,

Fixed capacitors in the actual oscillator tuned circuit
must have high stability and little better can be done than
to use silvered mica types. Paper dielectrle, high-K
ceramic and the normal moulded mica types should
certainly be nvoided.

The use of a coil former having a low coefficient of
expansion will be helpful in making the inductance less
dependent on temperature.

Even when all precautions have been taken it is usually
found that the frequency decreases slightly for the first
half-hour or so after switching on as the components
warm up.

If we are using an electron-coupled type of oscillator
it must not be forgotten that we are taking advantage
of the fact that the anode-grid capacitance is small and
we must ensure that the grid and anode circuits are
shielded from each other. Qur efforts in choosing a valve
with 0.005 puF grid-anode capacitance will be wasted
if we introduce 0.05 peF in the wiring.

The effective values of the grid and cathode capaci-
tances are influenced by the anode and the screen volt-
ages. With electron-coupled oscillators there is usually
an optimum value for the screen voltage which gives
minimum frequency change for a change in h.t, volizge
but for maximum stability it is advisable to stabilise
the anode and screen voltages

It must be appreciated that the percentage of frequency
drift which can be tolerated depends on the output fre-
quency of the transmitter. A drift of 0.05 per cent, for
example, is equivalent to 0.9 kefs at 1.8 Mc/s and,
provided that the rate of drift was slow, might be
acceptable, At 28 Mc/s, however, it is equivalent to
14 kefs and much more serious.

The following table gives a rough guide to the values

of inductance and capacitance required to tune to various
amateur bands.

Band L {pH) x C (uuF).
1.8 Mcfs 7000
3.5 Mc/s 1900
7 Mcfs 500
14 Mcfs 130
21 Mcfs 55
28 Mefs . 3D

The approximate inductance of a single layer coil is
given by:—
aN'

R —
L 9q + 101
where a=radius of former + radius of wire (in inches)
N=number of tuins
I=length of winding (in inches)

The Crystal Oscillator

A simpler method of obtaining a stable source of one
spot frequency is to use a quartz crystal instead of a
tuned circuit. Quartz is said to be piezo-electric. This
means that when an elecirical potential is placed across
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Fig. 5. Crystal oscilfator. (a) Approximate equivalent of 1.9 Mc/s

crystal. C1, 0004 uuF; C2, § upF; L1, 2 b} Typical crystal
osciliator for 1.9 Mcfs. C3, 75 I::.;:.F: €4, 250 uuF; €5, 0.005 uuF;
RV, 25,000 ohms; R2, 250 ohms; R3, 47,000 ohms; ¥, 6AGT.

a suitably cut plate of quartz the plate will be deformed
and, conversely, if the plaie is deformed an electrical
petential will be produced across the two faces,

Thus if a mechanical vibration is set up within the
quartz a corresponding alternating electrical voltage will
appear across the two faces. Normally this vibration
would soon die out but, by using a valve to supply suit-
ably timed electrical impulses to the plates, the oscilla-

tion can be maintained. In behaviour, therefore, the

tal behaves somewhat similarly to an LC circuit but
the frequency is almost entirely dependent on the physi-
cal dimensions of the quartz.

The electrical equivalent of a 1.9 Mefs crystal is
something like that in Fig, 5(a). A circuit such as Fig.
5(b) is usuaily recommended for modern crystals. The
anode may be tuned to either the crystal frequency ar to
the second harmonie, i.e, twice the crystai frequency.
It will be realised that this circuit is virtually the same
as that in Fig. 3. The crystal, however, has a Q very
many times graater than could be obtained by a practical
LC circuit and the effective capacitance tap is so low
down that the external circuits have very little effect.

For 144 Mcfs and higher, where a frequency stability
of =zomething like one part in a million is desirable,
crystal control is almost essential. Crystals for frequencies
above 10 Mec/fs, however, become exceedingly thin,

It is therefore common practice to operate with a
crystal in the 5-10 Mcjs range and use a number of
frequency multiplying stages to obtain the desired
frequency. By using suitable circuits some of the
necessary multiplication can be performed by the oscil-
lator itself. Transmitters for 144 Mefs, for example,
often have an oscillator which gives 24 Mcfs output
from an 8 Mcfs crystal operating on its third overtone.

The characteristics of crystals differ widely, dependent
on how the quartz is cut and how the crystal is manu-
factured. It is always advisable, therefore, to use the
oscillator circuit recommended by the manufacturer.

Variable crystal oscillators (v.x.0.) are becoming popu-
lar which allow the crystal frequency to be “pulled”
aver a small range by adding series reactance.

THE POWER AMPLIFIER

In all amateur work it is always advisable to use a
fow power master oscillator, as this ensures low heat
dissipation and, in consequence, produces better frequency
stability. With a crystal oscillator it also avoids any risk
of fracturing the crystal. Becavse of this desirable con-
dition the transmitter output must be brought up to the
required power level by one or more radio-frequency
power amplifiers, A typical circuit is shown in Fig, 6.
In this arrangement the valve is a pentode or beam
tetrode. For a 10 watt transmitter a normal receiving
type such as a 6AQ5 will be satisfactory, But for a more
powerful transmitter a special transmitting type such as
an 807, ol46, T121 or an 813 will be necessary,

In order to appreciate fully the operation of a power
amplifier we should look at the operating characteristic
of a typical tetrode such as is shown in Fig 7{a}. If the
valve is operated under class A conditions the grid would
be biased to about —15 volts. Then, provided that its
amplitude is not excessive, a sine-wave input voliage
would praduce a corresponding sine-wave anode current
as shown in Fig. Hb).

If the grid bias were increased to —30 volts the anode
current, with no r.f, input applied, would be practically
zero and the bias would be said to be at the cut-off
point. Under these conditions, when a sine-wave voltage
is applied to the grid, anode current flows only for half
of every cycle. We can now drive the grid positive for
part of the cycle and obtain higher peaks of anode
current for the same average anode current as we
obtained in Fig. 7(b), Greater efficiency has been
achieved in the sense that more r.f. output power is being

obtained for a given power consumption from the hi.
supply. It should be noted, however, that a much larger
r.f. input power is required, Not only must the amplitude
of the r.f. voltage be greater, but the grid will have a
low resistance to earth when it is positive and power
will be required 1o drive it above earth on the positive

= H.T +

;u

I
3

Fig. &. A typical r.f. power amplifler, Values for an 807 would be
400 volts h.t.; B, 4% volts: €1, 0.007 «F; €2, 3, 4, 0.005 uF:
R1, 10,000 ohms: R2, 10.000 ohms.
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peaks. Used under these conditions the amptifier is said
to be operating in class B, .

If the grid bias is increased still further, say to about
2 or 3 times the cut-off value, the anode will conduct
for considerably less than half a cycle, as shown in Fig.
7{d). Under these conditions the grid can be driven even
more positive before the average value of the anode
current becomes excessive and an even greater r.f. output
power can be obtained for a given h.t. input power.
This fact makes class C operation, as it is called, par-
ticularly attractive for an amateur transmitter where the
power limitation is imposed on the d.c. input to the
anode of the final power amplifier,

Class B is, however, occcasionally used jn prelerence
to class C, because it has the advantage that its output
can be made to be directly proportional to the r.f, input.
This, as we shall see later, is extremely useful for single
sideband transmission,

With a maximum input power of 130 walts a typical
class C amplifier might give 110 watts of r.f. power. In
class B the output would be less than 100 watts and in
class A less than 50 waits,

Grid Bias

There are various ways of providing grid bias but
that shown in Fig. 6 is one of the best for class C
operation, The batiery (or small power supply} B pro-
vides about 11 times the cut-off voltage; the extra voltage
required is produced by the r.f. input itself. For a short
period every cycle, the grid is driven positive and during
this time it draws electrons from the cathode., These
then return to earth thiough the resistor R1 and the
battery. The current flow through Ri is smoothed out
by the capacitors C1 and C2 so that there is a steady
voltage developed across R1 which provides the extra
bias. Since this voltage is dependent on the r.f. excitation
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Flg. 7. {(a) Characterlstics of a typical tranymitting tetrode. (b)

Class A operation, (c) Class B aperation. (d) Class C operation.

it is seif-adjunsting, becoming high for over-excitation
and low for under-excitation.

It is possible to dispense with the battery and use grid
current bias entirely but this introduces the danger that
if, for any reason, there is no excitation the bias will
disappear and the valve will draw excessive anode current.
A popular method of preventing this happening is to
use a second valve—commonly called a clamp valve—
to prevent excessive anode dissipation in the absence of
drive by reducing the screen voltage of the p.a. valve to
a low value. The arrangement is illustrated in Fig. 8.

HT+
§RI

[

i

M

Fig. 6. Clamp valve circuit.

During normal operation the p.a. grid current hias causes
the clamp valve to be cut off and to have no effect.
Should the excitation fail, the grid of the clamp valve
will rise to earth potential. The clamp valve will then
conduct heavily and the resulting voltage drop across R1
will reduce the screen voltage of the tetrode, thus pre-
venting the latter from taking excessive anode current.

The grid current of a power amplifier gives a very
useful indication of ithe amplitude of the excitation being
applied to the grid and thus it is common practice to
make provision for connecting a d.c. milliammeter in
series with the bottom of the grid resistor. There is no
advantage in increasing the current beyond the figure
recommended by the valve manufacturer; it will give no
worth-while increase in efficiency and is quite liable, by
overheating the grid and liberating gas, to have the
reverse effect.

Interstage Coupling

It has been assumed so far that the anode of the driver
valve would be tuned and would be capacitance coupled
‘0 the grid of the amplifier as shown in Fig. 9(a), The
capacitor Cl isolates the grid from the ht, supply but
provides a low impedance path for the transfer of r.f.
energy from the driving anade. The r.f. choke RFC gives
a d.c. path for the grid bias bul its high r.f. impedance
prevents it from absorbing any appreciable r.f. energy.

An alternative system which is very popular is that
shown in Fig. 9(b). In this arrangement the grid circuit
also is tuned and is inductively coupled to the anode of
the driver. One advantage of this method is that by
suitably adjusting the coupling between the two coils it
is possible to obtain a band-pass characteristic. This
means that it is possible to obtain an efficient transfer
of energy over the whole frequency range of one amateur
band without any retuning being necessary.

A modified version of inductive coupling is the link
coupling meifiod shown in Fig. 9(¢). Here each coil has
a small coupling winding, the two coupling windings
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coupling. {:)) Link coupling.
being linked by a length of coaxial cable or twin p.v.c-
covered wire, An advantage of this method is that the
two tuned circuits can be some distance apart,

Anode Current

It has already been shown that when r.f, excitation is
applied to the grid the anode will take pulses of current,
If the anode circuit is off-tune the reading given by a
d.c. milliammeter connected in the hit. supply to the
anode will indicate a high cwrrent, If the anode circuit
is tuned to resonance a large sine-wave voltage will
appear across it. The phase of this voltage will be such
that the anode potential will be very high when the grid
is very negative and nearly zero when the grid is positive.
In consequence, the average anode current will be very
low.

if a load such as an aerial or a succeeding power
amplifier is coupled to the anode circuit, energ will be
drawn from the tuned circuit. This will damp the
oscillatory current there and the rf. voltage across the
coil will fall. The anode will, consequently, be more
positive at the instant the grid potential is high and
more anode current will flow,

It is quite easy, therefore, to bring the anode circuit
into resonance by tuning for minimum anode current.
When an external load is coupled to the anode the in-
crease in apode current will give an indication of the
amount of energy being extracted. Ideally the effect of
the external circuit should be the same as if a resistance
had been introduced into the tuned circuit. In practice
some capacitance or inductance may alsc be introduced
and a slight readjustment of the tuning may be required
to compensate for this condition.

If there is no Ioad on the anode circuit it is inadvisable
to run an amplifier with full anode and screen voltages
because of the high r.f. voltage which may be developed.
Furthermore, because the anode potential will be so low
during the time that the grid is positive, most of the
electrons from the cathode will flow to the screen and
as a consequence the screen current may become excessive,
When first adjusting a power amplifier the ht voltage
should be reduced to at most 50 per cent of its normal
value. With a tetrode it is sufficient to lower the screen
voliage only.

When adjusting the anode circuit a useful indication
of the presence of a rf. voltage can be obtained by a
smalt neon bulb, When held in the hand near a point
of high r.f. potential the small r.f. current which passes
through the capacitance of the air gap, via the neon and
thence through the body to earth, is sufficient to make
the neon glow.

Feedback

It must not be forgotten that a power amplifier has
its grid and anode circuits tuned to the same frequency
and that stray coupling between the two may cause
oscillation, Most power tetrodes designed for r.f. use
have a top-ap anode and in stch cases it is sound
practice to mount all the anode circuit above and all
the grid circuit beneath the chassis, It is advisable also
to place an earthed cylindrical metal screen around the
lower balf of the valve to shield the grid assembly
from the anode circuit. To prevent overheating of the
valve, allowance should be made for air from beneath
the chassis to pass up between the valve and the cylinder.
All leads should be kept short and direct, earth connec-
tions for any one siage being taken 10 points on the
chassis which are as close to each other as is practicable.
On no account should a length of wire be used to serve
as the common earth lead for the grid and anode circnits.
Such a lead would have some inductance and the r.f.
voliage developed across it by the anode circuit, althongh
very small, might introduce sufficient feedback into the
grid circuit to cause trouble.

On very high frequencies, with a poor transmitter
layout or with tetredes having very poor internal screen-
ing, the stray anode to grid capacitance may be high
enough to cause undesirable interaction between the
anode and grid circuits, if not actual oscillation. It will
then be necessary to neutralize this capacitance. If, as
Was COmmon some years ago, a triode is used, it will be
essenual to take this step.

Neutralizing

A popular neutralizing circuit is shown in Fig, 10,
In this arrangement the anode coil is centre-tapped and
tuned by a split-stator capacitor, The voltage at the

RFC
HT+
Cn
—I= ,J T
RFC
—BlaS =

Fig. 10. Neutrallzation,
upper end of the anode coil is 180° out of phase with
the anode and the feedback through Cn can therefore
be made to cancel out the anode-grid capacitance. The
required value of Cn will be approximately equal to
the anode-grid capacitance. With a triode this might
be of the order of 5 uuF; with a tetrode it will be of
the order of 0.1 usF and will require nothing more than
the suitable positioning of a short piece of stiff wire.
Neutralizing is adjusted with all h.t. removed from
the amplifier, Grid excitation is applied and Cn set so
that tuning the anode circuit through resonanece produces
no kick on the grid current meter,
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Frequency Muadtipliers

The anode circuit can, of course, be tuned to a multiple
of the excitation frequency. It will not then receive a
driving pulse during every cycle of its resonant frequency
but its awn pendulum action will maintain a circulating
sine-wave current. This arrangement is most commonly
used to give twice or three times the input frequency.
The amplifier is then said to be a doubler or a tripler
and the output frequency the second or the third
harmonic of the input frequency. Because the anode and
grid are tuned to different frequencies there is less danger
of feedback and no need for neutralization,

A frequency multiplier is less efficient than a straight
r.f. amplifier and is generally only used as an intermediate
stage between the master oscillator and the final power
amplifier. .

Since many of the amateur bands are harmonically
related to each other it is possible to ebtain outputs on
a number of bands by using one master oscillator
followed by different arrangements of frequency multi-
pliers. The more ambitious transmitters, for example,
often have a v.f.0. giving an output in the 3.5 Mefs
band followed by switchable frequency multipliers which
enable the input to the final amplifier to be in the 3.5,
7. 14, 21 or 28 Mcefs bands.

THE TANK CIRCUIT,
HARMONICS and PARASITICS

Regardless of the actual method by which power is
absorbed from a tuned circvit it is always convenient to
suppose that it is being used to heat up a fictitious
resistance which is in series with the coil and the
capacitor. Thus we can regard the anode circuit of a
power amplifier, the tank circuit as it is often called, as
being as shown in Fig. 11(a) where RL accounts for all
the losses in both the coil and the capacitor. When the
aerial is coupled to the tank circuit another resistance
R4 can be imagined as appearing in series with the coil
as in Fig, 1I(b). The value of this resistance will grow
as the coupling is increased; the power supposedly dis-
sipated as heat by Ra will in fact be that supplied to the
aerial for radiation as radic waves,

Now, if the transmitier is to operate efficiently, RL
must be low and Ra high, Only a small fraction of the
available power will then be dissipated as heat in the
tunp(} circuit and the major part will be passed to the
aerial.

i L
?c RL &=
RL
RA
fa) (b}

Fig. 11. The tank circuit,
{a) Equlvalent clrcult unloaded. {b)} Equivalent clreult loaded,

Ri will be low if a high Q coil and a good quality
capacitor with ceramic, p.t.f.e. or polystyrene insulation
are used. There is a limit to how high we should make
Ra. If it is too high the tuned circuit will be damped
too drastically and its “pendulum” action spoilt. The
aerial current waveform, instead of being a pure sine
wave, will then be considerably distorted. A distorted
sine wave of, say, 14 Mc/fs is equivalent to a pure sine
wave of that frequency plus smaller sine waves of some
or all of the harmonic frequencies, 28 Mcfs, 42 Mc/fs,
56 Mc/s, etc. To feed these harmonics into the aerial
would almost certainly result in the radiation of signals
at these frequencies and interference to television recep-
tion.

The value of Ra must therefore be something of a
compromise and it is generally agreed that the best value

is that which reduces the Q of the tuned circuit to 127.
The amateur nsually has no facilities for accurately
assessing Q and it is therefore safer to aim for a value
of 15, thereby erring on the side of lower efficiency
rather than that of increased harmonic cutput,

At resonance the tuned circuit will be equivalent to a
resistance (=2fLQ), the value of which will be depen-
dent on those of L and Q. This resistance is in effect
the anode load of the pa. valve and musi have some
definite value if the valve is to operate at maximum
efficiency.

We need not follow the actual algebra here but the
three requirements—(a) that L and C must tune to a
certain frequency, (b) that the Q must be 15, and (¢)
that the effective resistance at resonance must have a
predetermined value—all result in there being only one
possible value for L and only one for C. In practice a
transmitter will give an acceptable performance if there
is some deviation from these values. Nevertheless, we
should aim to be as close as possible to the ideal and
not be content {o use any bandy coil and capacitor
which happen to tune to the correct frequency.

Assuming the valve to bea fypical tetrode the optimum
values of L and C will be as given in Table 1, Table 2
shows the peak 1.f. voltage which will be present at the
anode when the transmitter is correctly loaded and
operating on telegraphy {c.w.). When the transmitter is
operated with a lighter load, such as when tuning up,

+The valoe of Q is given by 2#fL/(RatRi), where F iz the
frequency in cfs and L the inductance in Henrys.

TABLE 1
Yaluss of L and € to give @ of 15 in the circuit shown in Fig. 12(a).

Ya C (uuF} L {gH)

la 18 Mejs | 35 Mc/s | 1B Mefs | 35 Mcfs
4 630 310 1 6

6 420 220 17 9

8 10 160 23 12
10 250 130 28 15

Va = h.t. volts on p.a. anede. la = anode current in milliamperes.
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Fig. 12. Methods of feeding output to a ce-axial cable. The pi-
matwork circuit {e) Is recommended becawse of its low harmonic
outpat,

this voltage may be two or three times greater, and when
using anode-modulated telephony it will be twice as high
again. With the ecircuit shown in Fig. 1Z(a), this r.f
voltage will be across the tuning capacitor C, so the
spacing of the vanes must be sufficient to prevent any
flashover, As a rough guide it is advisable to allow at
least 0.02 in. per 500 volts. If the capacitor is connected
direct from anode to earth it will also have the h.t.
voltage across it and this should be added to the peak
r.f. voltage.

As an example of tank circuit design, suppose we
have a type 5763 miniature tetrode in a power amplifier
which is to operate at frequencies within the 1.8 Me/s
band with an h.t voltage of 300 and an anode current
of 30 mA, ie with an input of 9 waits. The value of
Vafla is 10 and, by reference to Table 1, we find the
values of L and C to be 28 yH and 250 uuF respectively,
From coil design tables, or from the formula given on
page 33, we see that 28 uH can be obtained by approxi-
mately 50 turns of 22 s.w.g. enamelled wire close wound
on a | in. diameter former. C could be a 300 uuF
receiver type variable capacitor. These usually have
specially shaped vanes, in which case the correct selting

TABLE 2

Approximate peak v.f. voltages o:currini in a tank circuit loaded to
have @ of 15 and fed lrom tetrode p.a. valve.

of 250 auF would not be in the centre as might be
expected but would be at about 120° rotation. i

When tuning up the transmitter the loading would be
adjusted to give the desired anode current at the dip,
in the case of the example—30 mA; it could then be
assumed that the valve had something like its correct
ancde load and that the Q was about I5,

Coupling the Transmilter to the Aerial Tuner

It is now a common practice among amateurs to
terminate the aerial by what is known as an aerial tuner
and to adjust this so that the aerial appears to the
transmitter like a 72 ohm resistor. This simplifies the
transmitter design because, whatever the actual charac-
teristics of the aerial, the tank circuit will always be
supplving power to the same load. The transmitter is
usually connected to the aerial tuner by standard coaxial
cable, such as that used for television aerial downleads,
which is very efficient when terminated by a resistance
of about 72 ohms.

One way of connecting the tank circuit to the output
lead is to join the latter to a small coupling winding
wound around the “cold” (or low r.f. potential) end of
the tuned cirenit as in Fig. 12(a). The tank circuit then
becomas an r.f. transformer and the coupling can be
regulated by varying the number of turns on the output
winding or by adjusting its proximity to the main
winding.

Several other possible arrangements are illustrated.
In Fig. 12{b} the ht has been removed from the tuned
circuit by the buffer capacitor C3 and an r.f. choke has
been added to give a d.. connection from the anode to
the h.t. supply. Instead of using a coupling winding the
output lead has been tapped into the coil

A more elegant arrangement is to tap the output lead
into the capacitance as in Fig. 12(¢), i both C1 and C2
are variable we can use them not only to alter the tuning
but also to adjust the effective tapping point, In order
that the rotors of both capacitors can be earthed the
connections may be modified to those shown in Fig. 12(d).

The circuit in Fig. 12(d} is extremely valuable, It ia
wsually drawn as in Fig, 12(e) and, because of the
resemblance of the network CI-L-C2 {o the Greek letter
o, is known as a pi-network tank circuit. Its great
merit is that it is far more successful than most other
circuits in suppressing harmonics. Cl is effectively from
anode to earth and provides a fairly low impedance at
harmonic frequencies; L is between the anode and the
output socket and presents a high impedance; C2 pro-
vides a low impedance shunt right across the output
socket, The suppression of the second harmonic is, in
fact, four times better than with the circuit in Fig, 12{a),
With the bigher harmonics the improvement is greater

TABLE 3

Correct values for C1, €2 and L to give § of 15 in & pi-hetwork
tank circuit feeding from a typlcal beam tetrode inte a 72 ohm load.

Ya Peak r.f, volts Peak r.f. volts across

— at anede 2 ohm output

la {across C1 in Fig. 12(e}) {across C2 In Fig. 12{e)} Ya cr* o L*

150w | 25w | 10w | 1sow | 25w | 10w la (uF) (s} (M}

4 630 260 160 120 50 0 4 140 730 43
] 780 310 200 120 50 30 6 100 £40 61
] 00 360 230 120 50 30 8 75 560 78
10 1000 410 is0Q 120 50 30 10 4l 510 95

Yaltages are for telegraphy (ew.) and must be multiplied by 2 for
anode-modulated telephony.

*Values are for 7 Mcfs. Multiply by 4 for 18 Mcfs, 2 for 3-5 Mc/fs, §
for 14 Mcfs, § for 21 Mc/s, and  For 28 Mc/fs.
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still and the suppression of the seventh harmonic, for
example, is 49 times better. In the interests of reducing
television interference, therefore, the use of the pi-
network circuit is to be strongly recommended for 7,
14, 21 and 28 Mcfs—and for 3.5 Mc/fs also if the input
power exceeds 10 watts,

Assuming that the network is to feed from the anode
of a tetrode into 72 ohms, and that the  is to be 15,
the correct values for C1, C2 and L will be approxi-
mately as given in Table 3. A typical pi-network tank
circuit derived from this table is shown in Fig. 13,

0= 100mA it
RIS C§ TG 72 QMM
< LOAD
Q
RAG2

c4

4IH

-

Fig. 13, A ¢typical pi-network circuit for a 15 watt 14 Mc/s trans-
mitter. Assuming the anade current to he 62,5 mA with the trans-
mitter loaded, Va/la — &, the correct values { @ == I15) for ClI, C2 and
L are 50 uuF, 310 upF and 3.05 uH respectively. Practical component
values are CI, |00 puF variabfe; €2, 350 + 350 upF receiver type;
€3, 0002 .F mica 500 ¥ wkg.: ©4, 5, 0.001 F 500 ¥ wlcg; €&, 4.001
uF 350 ¥ whg.; L, 13 turnz 4 s.w.g. enam,, | in. diarn., 1} in. long,
self-supporting; Rl 6808 ohms; RFC, ImH, RFC2 2.5 mH in to
prevent h.t. from reaching the aerial if C3 fails.

_ The adjustments of C1 and C2 will be to some extent
interdependent but Cl can be considered as the tuning
conirol and C2 as the loading control, The tuning pro-
cedure is first to set C2 to maximum capacitance (to give
minimum loading) and then to tune Cl for the anode
current dip. The meter reading should then be low,
indicating insufficient loading. The value of C2 is there-
fore decreased a little and C1 retuned, the process being
repeated until the anode current at the dip has been
brought to the desired value.

Additional harmonic suppression can be achieved by the
vse of a further coil connected between C2 and RFC2; the
circuit is then known as a pi-L network,

Harmonic Suppression

The mere use of a pi-network tank circuit alone does
not guarantee that there will be negligible harmonic
radiation in the television bands and it is stilf impor-
tant to pay attention to a number of practical points.
Among the most important are (a) enclosing the entire

r.f. section of the transmitter in a metal box, ensuring
that all parts of the box make good elecirical contact
to each otber; (b) taking all earth connections associated
with the p.a. stage 5y the shortest possible length of
heavy gauge wire 10 one common point on the chassis
close to the cathode pin; (¢) using screened wire for all
leads carrying ht., g.b., or heater supplies; (d) fitting
by-pass capacitors of 0.001 to 0005 uxF from all
unearthed heater pins and from each side of the mains
input to chassis: (e} avoiding excessive r.f, input to the
grid of the pa.

Provided that sufficient care is taken with the above
points there should be no appreciable v.hf. radiation
from the transmitter itself or from the mains lead. There
may, however, still be a large enough harmonic content
in the output to cause troublesome radiation from the
aerial and it may be necessary to connect a filter between
the transmitter and the aerial tuner, If this filter is to
give severe attenuvation of frequencies above 40 Mc/s
and yet have negligible effect on frequencies in any
amateur band from 1.8 to 30 Mc/s it must be carefully
designed. See also Chapter 2.

Spurious signals from a transmitter need not neces-
sarily be caused by harmonics. They can also be due to
parasitic oscillations ocecurring in one of the r.f. ampli-
fiers or even in the oscillator. Sometimes they make
themselves apparent by unstable or inefficient operation
of the transmitter but sometimes are only noticeable as
additional signals, usbaily rough in tone, picked up on
a receiver.

Parasitic oscitlations in the v.h.f, range can often be
traced to poor screening or long wiring. Lengths of wire
in the grid, anode, cathode and screen connections can
act as tuned circuits which resonate at v.hi, and, even
though their  may be low, the gain of a modern tetrode
is so high that oscillation can easily result, Oscillations
at v.h.i. are particularly liable when two or more valves
are connected in parallel. It is then always advisable
to include & parasitic stopper in the lead to each grid
and to each anode. The stopper should be wired direct
ta the valveholder and can be made by winding 5-10
turns of about 20 s,w.g. wire around an insulated type
100 ohm 4 watt resistor, connecting the coil in parallel
with the resistor, The optimum number of turns may
have to be found by experiment.

If any stage has grid and anode chokes resonating at
the same frequency, the feedback through the inter-
electrode capacitance of the valve may occasionally give
rise to spuripus oscillation. The frequency will then
usually be lower than the transmitter frequency, The
remedy in such cases is to use a different type of choke
in one position or to replace the grid choke by a
resistor, Ferrite beads can also be used to prevent parasitics
in r.f. and a.f. amplifiers,

KEYING THE TRANSMITTER

There are a number of ways in which the radio-
frequency signal from a transmitter can be made to
convey a message to a listener. We can, for example,
transmit speech by using the output of a speech ampli-
fier to control the amplitude of the r.f, signal as shown
in Fig. 14, This is a form of amplitude modulation and
is officially referred to as a type A3 emission.

Alflternatively, we can interrupt the r.f output by
means of a telegraph key and send our messages in
Morse code. The rf waveform would then be as in

Fig. 15, Since the amplitude of the signal is being

periodically switched between zero and maximum this
15 actually another form of amplitude modulation, The
transmitting licence would call it a type Al ernission but
the old-timer usually prefers the older, if somewhat
paradoxical, description continuous-wave telegraphy and
often abbreviates it to simply c.w., Normally it is this
type of emission which will initially concern the newly
licensed amateur.

There is one extremely important characteristic of
amplitude modulation. If an r.f. signal of frequency f
is moduolated by a sine wave of, say, 1 kcfs what will
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actually be emitted is a group of three frequencies.
These will consist of the original carrier frequency f
together with sideband frequencies of (f + 1 kcfs) and
{f—1 kcfs). The complete signal will thus occupy a
frequency band of 2 kefs,

In a typical amateur spesch transmission there may
be modulation frequencies extending up to 5 kefs, so
that the total bandwidth is 10 kcfs.

In a c.w. transmission, over which no care has been
taken, the envelope of the r.f. waveform might be as in

W

Fig. 1% Keyed r.f. signal.

Fig. 16(a), The modulation waveform would in effect
consist of square waves and if analysed would be found
to be composed of a large number of sine waves, the
frequencies of which might extend to as high as 100
kefs. The sidebands of such a transmission might there-
fore extend over an entire amateur band and be apparent
to listeners as annoying clicks. To prevent this happening
all the high frequency componenis of the modulating
waveform must be severely attenuated, In practice this
means that we should prevent any sudden changes in
amplitede of the r.f signal, and produce rounded dots
and dashes such as in Fig. 16(b), With suitable shaping
it is possible to reduce the frequency band covered by a
c.w, signal to considerably less than 1 Lcfs.

(0}

(&)

()

Fig. 14, Envelope of 3 cow. signal. {a) Ne click Alter. (b) Adequate
elick filtar. {c) Excessive click Riter.

H.T. Puasitive Keying

One method of producing a c.w, signal is to wire the
key in series with the h.t. supply to the anode and screen
of the final p.a. valve. Suitable shaping of the Morse
characters can then be obtained by a click filter such as
shown in Fig. 17. When the key contacis close the
inductance of the iron-cored choke L prevents the anode
curtent rising too suddenly. When the contacts are
broken the capacitor C is initially in a discharged state
and the anode current continues For a brief period, dying
away as it charges C up to the ht. voltage. When the
key contacts close again they will short out the capacitor;

TO HT. +
n !

KEY c

Fig. 17. Key click filter. Typi-
cal valusr for the components
are: €, 0005 to 0.5 pF; L, |
to 5 HM; R, 100 to 1000 ohms. R

TO ANOGE AND

SCRETN CIRCUITS
the resistor R is therefore included to prevent the dis-
charge current being excessive.

The larger the values of L. and C the more gradual
will be the rise and fall of anode current and the
narrower will be the frequency band occupied by the
radiated signal. In our enthusiasm to restrict the side-
bands, however, we must not go so far as to produce a
signal like that shown in Fig. 16{(c). The characters
would then be indistinct and difficult to read. The opti-
mum values of L and C are best found by experiment,
In practice it is not very convenient to try a variety of
different chokes. A useful dodge is to use one of about
5 Henrys and, if necessary, produce an effect similar to
a reduction in inductance by shunting it with a resislor
of 10,000 to 100 ohms.

When the key is open the contacts will have the full
h.t. voltage across them and some care must therefore
be exercised. Not only is there the danger of electric
shock to the operator; there is the possibility that if the
spacing of the contacts is inadequate, or if the click
filter is inefficient, there will be sparking, Apart from
damaging the contacts this would also produce high
frequency components in the modulating wave-form,

Cathode Keying

An alternative method is to connect the key in the
cathode circuit as in Fig. 18. When the key is open the
cathode will rise to a high potential and the same

Fig. 18. Cathode keying. €, L

and R are the click fiiter.

€1 iy for rt. by.passing and
should be about 0.005 LF.
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precautions should be taken as for h.t. positive keying.
The practice of cathode keying is wsually not recom-
mended by the valve manufacturer as it is liable to cause
electrical breakdown Dbetween cathode and heater.
Nevertheless manﬂ amateurs continue to use it, often
claiming it gives better results than h.t, positive keying
and without suffering a high valve mortality rate.

Screen Grid Keying

A rather better method is to key the screen grid supply
only as in Fig, 19{a). The current broken by the key will
then be much smaller and the voltage across the contacts
when they are broken will often be less. When the key
is depressed the screen voltage will rise gradually as C
charges up through RI. When the key contacts are broken

HT + HTL*+
Rl Ri
A2
¢ oV
J
(@) ) = (b

Fig. 19,
negative bias to the screen.
the h.t. voltage and the d.c. rating of the tcreen but might be

to SD,UDOOohms; C is the normnal r.f. by-pass condenser and might he

Screen keying. (a) Simpla circuit. (b) Modified to apply
The value of R1 will be govemegugz

01 to 0.01 uF; R2 might be about 100,000 ohms.

the voltage will fall gradually as C is discharged by
screencurrent. No otherclick filtering is usually necessary,

Sometimes merely breaking the h.t. supply to the
screen is not sufficient completely to kill the anode
current. In such a case the resistor R2 and a battery (or
small nepative voltage supply) can be added as in Fig.
19(b) to bias the screen negatively when the key is up.

Blocked-grid Keying

Yet another way of interrupting the r.f output is to
arrange for the key to change the effective value of the
grid bias voltage. A typical circuit is shown in Fig, 20.

When the key is up the grid rececives the full bias
voltage which must be large enough to prevent any r.f.
output, When the key is depressed the resistors R2 and
R3 form a voltage dividing network across the bias
supply, A reduced voltage is then applied via Rl to the
gri¢ and the amplifier operates normalli!. Should it be
desired to have no fixed grid bias at all with the key
down, R3 can be shorted out. The key will then connect
the bottom of the grid resistor R1 direct to earth,

Fig. 10. Blocked-grid keying.

R might bs about 47,000

€ 2A ohms. The value of RI will
T _ depend on the Fixed blas re-
9 P T ad= quired with the key dewn. R1
Is the mormal grid resistor. C
is  the wusual rf. by-pass
condenser.
R3
= BIAS (ABOUT <p2
5 TIMES
CUTOFF) N

Fig. 21. Cathode bias. C iz an

r.f. by-pasz condenser and a

typical volue would be 0.071

#F. Typical value for R, 470
ohins.

The capacitor C together with the resistance network
prevents the bias vollape at the grid from changing
abruptly when the key contacts make and break, and
gives a click filtering action.

With a high-power amplifier, blocked-grid keying is
not really practicable because of the very high bias volt-
age which is required,

If there is a buffer amplifier or frequency doubler
preceding the final amplifier it is usually easier to key
this instead of the final amplifier. Any of the keying
systems described above can be used,

It must be remembered that none of the r.f, stages
following the keyed valve will have any grid excitation
when the key is up, They must therefore have protection
apainst excessive anode current with no rf, input. This
protection can be given by some fixed grid bias or by a
clamp valve, but for a lawer power stage the cathode
bias arrangement of Fig, 21 is often more convenient
With this circuit any h.t, current through the valve pro-
duces a voltage drop across the cathode resistor R, thus
making the cathode positive with respect to the grid and
limiting the anode current to a safe value.

It is important that all the stages following the keyed
valve should be stable with low grid excitation, other-
wise momentary parasitic oscillations may occur just
as the excitation is rising or falling and these will give
rise to key clicks.

Oscillator Keying

Some c.w. operators like to usc what are called
“break-in" techniques, That is to say that they have the
transmitter and receiver both switched on together but
arrange for the receiver to be muted whenever the key
is depressed. They can then listen during the pauses in
their owr transmission. 1t is usual to change the aerial from
transmitter to receiver and vice versa automatically by means
of an electronic switching circuit known as a T-R (transmit-
receive) switch or coaxial relay,

It is not intended to study all the details of this rather
specialized subject here but it is worth noting that an
essential requirement for break-in operation is that the
master oscillator should be completely inaudible in the
receiver when the key is up. It is difficult to achieve this
state of affairs by screening and a more popular solution
is to key the ascillator itself,

With an electron-coupled vi.o. it is usually most
satisfactory to key the screen. It is esseatial, however,
that the oscillator frequency should be as immune as
possible to changes in screen voltage. After the key
contacts are closed it may take several milliseconds for
the screen potential to rise from zero to its maximum
value and, conversely, after the contacts have broken, it
may take several milliseconds to fall, If these variations
in screen voltage are accompanied by any appreciable
changes in frequency the Morse characters will “chirp™
and be difficult to read,

Voltage stabilizers will be of no help because it is
in the transition from zero to the final voltage that the
trouble occurs. Some apparent improvement can be
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made by reducing the time constant of the screen circuit,
ie., by reducing the values of C and R1 in Fig. (9,
The chirp will then occupy an extremely short period
of time and be barely perceptible. Unfortunately, the
resultant r.f. output will have very abrupt changes in
both amplitude and frequency and these may reswolt in
particularly objectionable key clicks being emitted.
These difficulties can be overcome by a really well
designed v.f.o. ar by a special circuit which causes a
succeeding stage to be keyed in such a way that it is
switched on just after the oscillator and switched off

just before, thus missing the clicks and chirps., The
neweomer, however, is advised to be very cautious about
keying a v.f.0. on the 14 Me/fs band or higher,

Cathode keying is not to be recommended for a v.io.
because with some circuits slight variations in key con-
tact resistance can produce noticeable fluctuations in
the frequency.

When keying a crystal oscillator it is usually best to
connect the key in the h.t. supply to that stage. The
oscillator should be stable; otherwise chirps may be
produced.

PHONE OPERATION

The commonest method of modulating a telephony
transmifter is by simple amplitude modulation (A3).
This, as we saw earlier in Fig, 14, uses the speec
waveform to control the amplitude of the rf. signal. A
popular way of achieving this is to amplify the audio
frequency voltage which appears across the microphone
and to superimpose this amplified voltage on to the ht.
voltage of the r.f. power amplifier by means of a trans-
former as shown in Fig. 22. It is a vseful characteristic
of a class C amplifier that the output veltage is directly
proportional to the h.t. voltage and the shape of the ri.
envelope is, therefore, a faithful replica of the af.
waveform.

HT+
FROM SPEECH
AMPLIFIER

MODULATION/
TRANSFORMER

AAAA
VWAAN
k-

cl

?ca

Fig. 22, Meothod of apcplring anode modulation to the p.a. valve.
With a triode, R and C2 would be omitted. With a tetrade, the
system is more correctly described as anode and s¢reen modulation.
The values of R, C1 and C2 can be the same as for an unmodulated
stage except that C2 should not ba greater than about 8.0014F,

When, as in Fig. 23(b), the modulated h.t. supply
swings between zero and double its unmodulated level
the modulation is said to be 100 per cent. If the
modulating voltage is preater, as in Fig. 23(c), the anode
of the r.f. valve will periodicallty be driven negative,
The abrupt cuts in the r.f, output which this causes will
produce modulation frequencies much higher than those
present in the original speech waveform and these will
canse “splatter” to be radiated perhaps as much as 50
kefs either side of the signal. The aim, therefore, with
an amplitude-modulated transmitter is to mainfain the
modulation percentage as high as possible without run-
ning the risk that it will excead 100 per cent. For the
most satisfactory results, it is advisable to have some
form of modulation monitor, In its simplest form, this
can be a meter which reads the peak amplitude of the
af. voltage on the secondary of the modulation trans-
former, Alternatively, a simple oscilloscope can be
used actually to lock at the modulated r.f. output.

When amplitude modulation is applied to the p.a. the
mean r.f, output power is increased, and in the case of
anode modulation this extra power is supplied by the
speech amplifier. For 100 per cent. modulation the
speech amplifier must supply an af. power equal to
about 30 per cent, of the tofal d.c. input power to the
p.a. valve, Thus, in the example shown in Fig. 22, the
total of the anode and screen currents might be 0.08
amps at 350 volts. The d.c, input power would then be
0.08 x 350 or 28 watts and thus the required a.f. power
would be about 14 watts,

The Speech Amplifier

The speech amplifier shown in Fig. 24 is capable of
giving up 1o 24 watts of a.f, ouiput and is representative
of what might be used.

Assuming that the microphone is of the crystal type,
the af. voltage appearing across it will be of the order
of 0,01 volt. Vla and V1b amplify this to give something
of the order of 1 volt at the grid of ¥V2a. V2a and V2b
provide two equal output voltages of opposite phase and
form what is known as a “phase splitter”, The amplifier
output of V2a appears across R12 and R14 in series and
the portion of this voltage across R14 is applied to the
grid of V2b, Thus, the output of ¥2b is in the opposite
phase to that of V2a,

The output voltage from V2b appears across R13 and
R14 in series and that part of this voltage across

e VAVATAY

() (3}
Fig. 23, Anode modulation,
{a) Unmodulated h.t. (b} H.t. with superimposed a.f. to give 100
per cent modulation. (c) H.t, with superimposed af. to give 150
per cent modulation. (d), (e}, and (£} show the waveforms of tha
rsultant r.f. outpuis,
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Fig. 24. Typical speech amplifier giving up to 24 watts output.
1, 2, 5, 6, 0.02:F; €3, 8xF 450Y wkg.; C4, 50uF 11V wkg.; €7, 25:F 50V whg., R1, 18, 19, 2.1 Megobhms; R, &, 10, 11, 100,000

ohms; RY, 5, %, 1500 ohms; R4, 250,000 ohms volume control;

R?, 47,000 ohms 1 watts; RS, 11,
22,000 ohms; R17, 250 ohlins & watis; T1, Medulation iransformer

13, 14, 220,000 ohms; R15, 14,

Woden UMI, ete.); ¥la, b, ¥2a, b, 12AU7 or ECCB1; VI, 4, 6L§,

KT66 or EL3IY; Y5, 90CI,

R4 opposes the voltage there from V2a, thus reducing
the signal applied to the grid of V2b, The effect of this
is to regulate the input voltage applied to V2b in such
a way that the outputs from V2a and V2b are approxi-
mately equal.

The output valves are operated in class ABl. This
means that the grid bias voltage is somewhat higher
than for class A operation, With a single valve this
would result in some distortion but with two valves in
push-pill, the distortions tend to cancel out and the net
effect is that greater power output can be obtained.
With class ABl operation, the screen current fluctuates
fairly violently with variations in input. The screens
are therefore fed via a voltage stabilizer tube V5 which
gives a constant drop of 90 volts regardless of the
current,

The resistors R18 and R19 introduce some negative
feedback from the anodes of V3 and V4 to the anodes
of ¥2a and V2b respectively. The effect of this nega-
tive feedback is to reduce the gain and the distortion
in the output stage.

The Modulation Transformer

The load resistance which is imposed on the modu-
lator by the pa. valve is found by dividing the h.t
voltage of the latter by the h.t, current, In the case of
our example, therefore, the load would be 350/0.080 or
4,375 ohms, Now the recommended anode-to-anode load
for iwo 6L&s operating as shown is 2,000 obms and
therefore the windings on the modulation transformer
must be such that when a resistance of 4,375 ohms is
placed across the secondary the primary appears to have
a resistance of 9,000 ohms, Making use of the fact that
the turns ratio of a transformer is egual to the square
root of the impedance ratio, this gives us a required
turns ratio of V9000/4375:1 or approximately }.4:1,

Commercial modulation transformers are available
which have tapped primaries and secondaries, The
novice would be advised to use one of these rather than
attempt to modify some other transformer for the
purpose.

Compressing the Frequency Band

It is a characteristic of speech waveforms that a large
proportion of the power consists of frequencies below
200 cfs but that these frequencies do not add to the
intelligibility of the speech. Many amateurs, therefore,
attenuate the lower audio frequencies, They are then

able to increase the af, gain and obtain more power at
the useful fm&uencim for the same total power.
Suppression of the bass frequencies can easily be achieved
by choosing a suitably small value for one of the
coupling capacitors. Thus, in Fig. 24, C1 could be
reduced to 0.005 uF. This would reduce the voliage gain
by about 2:1 at 100 cfs and by about 4:1 at 50 ¢fs.

It is also desirable to cut off ail frequencies above
3000 or 4000 cfs so as to restrict the range of sidebands
which is radiated, The outer sidebands will usnally not
be required bfr the person listening to the transmission
because he will usually have the bandwidth of his receiver
set to accept only 2 or 3 kcfs either side of the carrier,
in order to reject any adjacent signals, in which case all
the sidebands further than 3 kcfs away are doing is to
interfere with someone else,

Suppression of the higher frequencies can be obtained
by adding capacitors across ejther or both windings of
the modulation transformer. The most suitable values
will have to be found by experiment but will usually be
between 0,001 and 0.01 oF.

Speech Clipping .

Some amateurs include special circuits to clip the
negative peaks within the modulator, and follow these
with special filters to remove the high frequency com-
ponents thus formed before the modulation reaches the
p.a. valve. This allows the transmitter to work with
what is effectively over 100 per cent, modulation with-
out causing any splatter. Since these speech clipper
circuits, as they are called, chanpe the shape of the
waveform they infroduce some distortion. Nevertheless,
it is possible to obtain a considerable increase in the
effective modulation percentage before the distortion
becomes apparent.

R.F. Feedback

In a telephony transmitter, some care must be taken
to ensure that r.f, voltages do not enter the early stages
of the speech amplifier. The valves in the speech
amplifier might demodulate this r.f. and reproduce the
original a.f. waveform, thus producing feedback which
would cause distortion or howls, It iz essential, there-
fore, to keep the early stage, or stages, fairly well
screened from the rest of the transmitter and to use
screened lead from the microphone to the grid of the
first valve.
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Grid Modulation Systems

There are a number of alternative methods which
require less a.f. power than anode modulation,

It is possible, for example, to control the output of
the final r.f, valve by varying the voltage on one of its
grids, Thus the a.f, voltape might be superimposed on
the fixed bias voltage appiied to the control grid or the
suppressor grid. Alternatively the a.f, voltage might be
superimposed on the h.t. voltage to the screen grid.

Screen Modulation

When using a tetrode as the r.f. valve, very good re-
sults can usuvally be obtained by the latter method and
a typical circuit is shown in Fig. 25. V4 is the final r.f.
valve and V1, ¥2 and V3 comprise the modulator,

The value of R13 would be chosen so that the, screen
of V4 was at about half the maximum h.t. voliage recom-
mended for ¢.w, operation, With 100 per cent modula-
tion, the screen would then swing between the maximum
voltage and zero. With most tetrodes the relationship
between the screen current and screen voltage is uswoally
far from linear so that the effective resistance of the
screen depends on the voltage applied to it. This means
that the effective load on the modulator varies through-
out the audio frequency cycle and that, unless some care
is taken, considerable distortion can result. It is there-
fore a cominon practice to use some negative feedback
in the last stage of the modulator 1o make it more
tolerant of deviations in the load resistance. In the cir-
cuit shown, this feedback is achieved by adding the
resistor R11.

Because of the fact that the load resistance does not
have a constani value, a little expcrimenting may be
necessary in order to find the best turns ratio for the
modulation tranformer, If iz also difficult to predict
exactly what af. power will be required, but as a rough
approximation, this can be assumed to be one-quarter
of the d.c. input power to the screen with the latter at
its maximum voltage and the valve operating under c.w.
conditions.

Where there is a c¢lamp valve connected to the screen
of the p.a. valve in order to protect the latter in the
absence of any r.f. drive, the clamp valve can be used
to modulate the screen voltage, but this system needs
some careful adjustment. A recent development of this
system is known as “series-gate modulation.”

When using screen modulation (or grid or suppressor
modulation), the p.a, stage is only working at maximum

Fig. 25. Screen-modulated P.A. Stage

efficiency on the positive peaks of modulation, Iis
average efficiency is therefore less than with an anode
modulated class C stage, which would be operating at
maximum efficiency all the time,

The average efficiency can be improved by using a
controlled carrier system, Such an arrangement would
incorporate special circuits to reduce the h.t, current of
the p.a. valve {and thus the strength of the carrier)
during periods of low modulation intensity. But the
fluctuations of carrier level which such systems produce
can be a little disconcerting, and sometimes distinctiy
unpleasant, to the listener.

Oither Methods of Amplitede Modulation

A number of other interesting forms of amplitude
modulation have been devised, There is, for example,
cathode modulation, in which the af. voltage is applied
to the cathode of the p.a. valve. This system amounts
to a combination of grid and anode modulation and has
characteristics somewhere between the two, There are
also some rather complex high efficiency grid modulation
systems in which the rf, valve is always operated at
maximurm efficiency, its d.c, power consumption in-
creasing to suppiy the extra r.f, power when modulation
15 applied.

Yet another systemn, popular in broadcast transmitters
but little used by amateurs, is to modulate a low power
r.f. stage and then use the p.a, to amplify the modulated
signal. When using this arrangement, it is essential that
the ouiput of the p.a. should be proportional to its r.f.
input so that variations in magnitude of the rf, input
are faithfully reproduced in the cutput. This means that
the p.a. stage cannot operate in class C and it is there
fore usual in such circumstances to use what is known
as a linear class B stage. This gives a lower efficiency
than a class C stage,

It is important to remember that with any system
which uses a low power modulator, all the r.f, power
must be derived from the d.c. input power to that stage
and that, since that stage cannot be 100 per cent efficient,
the output power must be less than the d.c. input power,
With anode modulation, on the other hand, a ¢onsider-
able proportion of the r.f, power is derived from the a.f.
output of the speech amplifier and, under conditions of
100 per cent modulation, the r.f. output power can
actually exceed the d.c. input power to the p.a. stage.

Thus, although often less efficient when the total input
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power to the whole transmitter is concerned, anode
modulation does provide the greater possible r.f. output
for a given input, as the latter is specified by the trans-
mitting licence, i.e. for a given d.c. input power to the
anode of the final r.f, stage. Anode modulation also has
the advantage that it requires a minimum of initial
adjustment for good results to be obtained. If economy
of equipment is the most important consideration, how-
ever, there is much to be said for grid or screen
modulation.

Single Sideband

We saw earlier in this chapter that amplitude modula-
tion of a signal causes signals to be transmitfed on side-
band frequencies which are arrayed on either side of
the carrier frequency, If we analyse the way in which
the rf, power is distributed we find that most of it is
concentrated in the carrier signal and that only a
fraction of it is accounted for by the sidebands,

Now since the carrier frequency is fixed and by itself
carTies no intelligence, we can suppress it at the trans-
mitter and let it be reinseried from a local oscillator at
the receiver. The amplitude of the sidebands can then
be several times greater for the same total r.f. power
and the effective signal strength at the receiver corres-
pondingly greater, We can go even further. Since the
two sets of sideband frequencies are equal in amplitude
and symmetrical about the carrier, anly one set is really
necessary. We can, therefore, suppress one and double
the power in the other, thus halving the bandwidth
occupied by the signal, The output from a transmitter
possessing all these refinements is said to be a single
sideband (s.5.b.) suppressed carrier transmission, In spite
of the fact that such a transmitter is quite complex to
build and adjust, many amateurs are now becoming very
enthusiastic about s.3.b. suppressed carrier operation
because of the great advantage it gives in the effective
signal strength at the receiver,

The vsual technique in an s.8.b. transmitter is to pro-
duce the s.8.b. signal at a low power level and then to
amplify it with a linear class B p.a. stage, The latter
will have somewhat less efficiency than a class C am-
plifier, but the output will still be effectively far greater
than could be obtained with a normal anode modulated
class C stage using the same output valve and the same
d.c. input power.

Frequency Modulation

Quite a different way of conveying inteiligence is not
to modulate the amplitude of the signal, but to modulate

(o)

M-

. . F Maodulation. Unmodulated t.f. I,
Fig. 28 {b) .mu\roforll:l. (I::) Ho(:glaud (& 8 siagmll.r shana

TYPICAL VALVES USED IN AMATEUR
TRANSMITTERS

R.F. Amplifiers {Class C)

Max. H.T. Max. D.C. Max. Fraq.
Valve volts input at Full Power
{ watts) {Mc/s)
BAGT 375 11.5 (Al 10
5763, Qv03-11 375 15 (Al) 175
BYE 350 16.5 (A} 1]
6AQ5 350 16.5 (Al} 54
6146, QY0a-20 750 90 (Al} 60
400 &7 (A3} 2]
61468 750 120 (Al) 60
&00 g4 (A3} &0
807 750 75 (Al) 60
600 &0 3) &0
TT2), TT22 1250 160 (A, A3) 30
4554 3000 45 (Al 30
2500 270 (AJ) 160
a13 1250 500 (Al E[+]
2000 400 (A3 10

Motes: Figures given for maximum power input apply to a single
valve, and may be deubled if two valves are used in parallel or push-
pull. ¥alves may be operated at higher frequencies than those
shown provided the power ratings are reduced. There are alse
cartain American colour talevision line gutput valves such as the
6HF5 which have become popular for use in linear amplifiars far
5.5.b. operation. Typically a single 6HF5 can operate in Class C up
to |15 watts input with an h.t. of 500 volts, or can give ovar 55
watts peak envelppa power output in linear ¢peration in Class
ABI, up te 30 Mc/fs.

Typical Efficiencies

Tripler Stage 20 - 1589%,
Doubler Stage 30 - 40%
Class A Amplifier 10 - 50%
Class AR Amnplifier 50 = £0%
Clats B Amplifler 55 — 70%
Class C Amplifier 45 - 80%
Modulators
Class H.T. volts | Power Output
GAQS, bYE (single) | A 150 4.5
L6, KT66 {single} A 350 10.5
EL34 (slnglez A 150 11
HAQS, &VE (pair} AB 285 14
6L6 (pair ABI 360 26.5
6L6 (pair AB2 400 50
807 { pair AB2 500
807 {pair) AB1 750 120
EL34 {pair} ABL 500 100
KTBE (pair AB2 400 100
KTB8 (palr AB2 750 150
TT21. TT22 (pair} | ABI 1250 230
Rectifiers
Valve Filtar Max. Ratlngs| Max, D.C

(volts, A.C.}|output {mA}

Condenser-input| 350-0-150 125 mA

B0, 5Y3, 574

‘55%;0-53%46 Choke-Input | 500-0-500 | 125 mA
£731 US4 - 500-0-500 | 250 mA
§X4, £X5 Condenser-input

315-0-315 70 mA
Choke-input | 450-0-—450 70 mA
Condenser-input| 900-0-900 150 mA

Chokeinput | 950-0u950 175 mA
— 3500 250 mA

5R4

B&&A { half-wave)
(Marcury=Vapour)

its frequency; an exaggerated representation of frequency
modulation (f.m.) is shown in Fig, 26, It will be seen
that when a modulating voltage is applied the carrier
frequency is increased during one half-cycle of the
modulating waveform and reduced during the other,
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The change in carrier frequency (the frequency deviation
as it is usually called) is, in fact, made proportional to
the instantaneous amplitude of the modulating signal.
Thus the deviation is greatest on the peaks of the modu-
lating waveform.

In Amateur Radio the frequency deviation must be
restricted to less than 24 kefs so that the bandwith
accupied by the signal is comparable with that of a
normal amplitude-modulated transmission, Such a trans-
mission is usually referred to as narrow-band f.m. or
simply n.b.f.m.

The effectiveness of an n.b.f.m. transmission depends
largely on the receiver, A receiver specially designed
for f.m. reception will to a large extent suppress any
interference from a.m. i{ransmissions and any noise
which may be picked up. Unfortunately, most communi-
cations receivers are specifically built for 2.m. reception.
They can be made to respond to an f.m. transmission
by a suitable amount of detuning which translates

changes in frequency to changes in amplitude due to the
selectivity of the if. amplifier. However, the f.m. signal
is not used to its full advantage and may find it very
difficult to compete with a.m. aignals of the same
strength, '

Frequency madulation is usually achieved by what is
known as a reactance valve connected to the tuned cir-
cuit of the v.i.o, This valve supplies a current which is
out of phase with the applied voltage and thus behaves
as a reactance, usually a capacitance., The value of this
aut-of-phase current, and thus of the capacitance, depends
on the gain of the valve and can be changed by varying
the grid bias voltage. Thus if an a.f. voltage is applied
to the grid of the reactance valve, the reactance will
deviate about its mean value in sympathy with the a.f.
waveform, and so will the oscillator frequency. It
should be noted, however, that the reactance value offers
great possibilities for unwanted frequency drifts and a
special effort must be made to ensure that the mean
value of the reactance is stable,

THE AERIAL

Whenever the intensity of the electric current passing
through a wire changes, a very small amount of energy
is radiated into space. When a radio-frequency current
passes through the wire several million times a second
the amplitude of the current may be alternating between
its maximum positive value and its maximum negative
value. The amount of energy radiated may then be
quite considerable,

The radiated energy is said to consist of radio waves.
It is not necessary to be able to visnalize these waves
but it is wseful to remember that they travel ocutwards
from the wire at 300,000,000 metres per second, Thus,
with a radie signal whose frequency is 30,000,000 cycles
per second (30 Mc/s) the distance occupied by one com-
plete wave (i.e. from ong positive peak to the next) is
10 metres, We therefore say that a 30 Me/s signal has
a wavelength {often abbreviated to A) of 10 metres.

To radiate a strong signal we must persnade a large
r.f, current to flow into the aerial wire, and in order to
obtain some idea of how this may be done let us first
consider the horizontal aerial shown in Fig. 27. If the
switch 8§ is suddenly closed, current will flow into the
aerial to charge up the capacitance formed by the wire
and the ground. Now it is normally assurmed that the
electric current flow through a wire is instantaneous but
in reality it has a finite speed which is approximately
equal to that of radic waves in space. Thus the current
will not flow immediatel{ into all the capacitance, If
we consider the aerial to be made up of a series of smail
elements we can think of each element as starting to
charge up in sequence., There will in effect be a “front”
of corrent speeding along the wire at 300,000,000 metres
per second. Behind this front, current will be flowing,
while ahead of it there will be no current. With an
infinitely long wire this current front would be continu-
ally moving on and at any instant in time the current
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Fig. 27. A Horizontal Agrial.
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Fig. 28. {a) Horizxontal Half-wave Aerlal. &bz Tincal R.F, Current
Distribution {100 watts r.f.}, {(c} Typical R.F. Yoltage Distribution
(100 watts r.f.).

from the battery would be charging up some new
section of the wire. At point A there would consequently
be a steady flow of current and, as far as the battery
was concerned, it would be feeding into a resistance.

The wire would still behave as a resistance if the
battery was replaced by a source of rf. energy. Peaks
and tronghs of r.f. current would then pass along the
wire in the same way as did the current front, As the
current passed along the wire some energy would be
lost duc to the resistance of the wire but, with a
reasonably thick wire, this energy would be far less than
that radiated as radio waves, and we would have an
efficient transmitting aerial.

The Half-Wave Aerial

A practical aerial cannot be infinitely long and its
behaviour is not so simple, When the ‘current reaches
the end of the practical aerial it is reflected back.

A particularly important effect occurs when the aerial
is exactly half a wavelength long as in Fig. 28(a). Suppose
that a positive peak of current is moving from A to C
YWhen it reaches C it will be reflected back again. The
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Fig. 29.
L =~ 47Q/f ft, where f is the frequency in Megacycles.

reflected current wiil have the same amplitude and the
opposite polarity and thus at C itself the net amplitude
of the current will be zero, From B to C and back again
is exactly half a wavelength, Thus by the time the
reflected cumrent peak, now negative, reaches B, it will
mest the following negative peak which is on its cutward
journey from A to C. The iwo current peaks will there-
fore add together producing a very high peak of current
at B.

" When the reflected current peak reaches A it will be
reflected back once more, this time as a positive peak.
It will then have travelled exactly one wavelength since
first leaving A and will therefore be reinforced by the
next positive peak leaving the generator.

The same sort of thing also happens to the negative
peaks. If we used an ammeter to measure the force of
the alternating current at various points along the wire
we would find it to be as shown in Fig, 28(b). At B
each peak of current would be reinforced by a refleétion
from C and the amplitude of the alternating current
there would be high. At C the incident current at any
instant is always cancelfed b}r its reflection and the net
value of the current here is always zero. The net current
at A would also be zero if the rf. source were not
connected at this point; in practice the ammeter would
measure the current being supplied by the generator.

If we were to measure the r.f. voltages on the aerial
we should find that each end of the aerial had a high
voltage to earth and that the voltage fell as we
approached the centre, at which point it would be zero.
The voltages at the two ends would be equal in magni-
tude but opposite in phase,

The fact that the magnitudes of the r.f, currents and
voltages vary along the length of the wire is often des-
cribed by sayingngat there are standing waves present.
We have the interesting condition that the ratio of
voltage to current, that is to say the impedance of the
aerial, is high at either end but low in the centre. This
s in contrast to the infinitely long azerial -where the
amplitudes of the current and voltage were always in
proportion, gradually diminishing along the length of
the wirc as energy became lost.

We have assumcd so far that the capacitance to earth
is essential for the operation of the aerial. There is,
however, always capacitance between the individual
points on the aerial and, although the operation is then
not quite so easy to understand, the electrical charac-
teristics of a half-wave aerial are in fact very similar
with the wire perpendicular to the ground, or even
without the earth being present at all,

If a half-wave aerial terminated at the transmitter, it
could be connected in the manner shown in Fig. 29, At
resonance the aerial would appear as though it were a
resistance of a few thousand ohms to earth. Assuming
that the transmitter has been designed to give its greatest
power output when feeding into about 72 ohmst it wonld

tFeeder cables generally have characteristic impedances between
50 and 100 chms, 72 shms belng a posutar value.

be necestary to interpose the r.f. transformer LI, L2, C.
Then, although the aerial may be taking, for example,
0.1 ampere at 720 V, the input to L2 can be 1 ampere
at 72 V so that the transmitter “thinks” it has a load of
72 ohms.

Now if the aerial is not exactly half a wavelength
long the reflected current at A will not be exactly in
phase with the applied voltage. This will give the effect
of the aerial having some inductance or capacitance and
will modify the tuning of LI1C. But as {ong as C is used
to tune the whole system to resonance the load applied
to the transmitter will appear to be a pure resistance.

It must always be borne in mind that for maximum
power output the transmitter must feed into a resistive
load, Various combinations of reactance (either induc-
tive or capacitive) and resistance can give an impedance
of 72 ohms and any of these combinations will take
| ampere at 72 V. The power taken, however, will only
be 72 W if the voltage and current are exactly in phase,
i.e, if the load is a pure resistance,

An aerial of the type shown might have its length
chosen so that its natural resonance lay in the centre of
an amateur band. The r.f. transformer, more commonly
called an aerial tuner or aerial coupler, could then be
vsed to tune the aerial to any frequency in the band, at
the same time ensuring that the transmitter “saw” a
resistance of about 72 ohms at each frequency.

Directivity

A half-wave aerial, or dipole as it is often called.
which is well clear of the ground radiates quite well
in all directions except those making an angle of less
than about 30° to the wire. Thus a horizonta] dipole
Iying north-south will radiate eastwards and westwards
at all angles of elevation from horizontal to vertical.
But northwards and southwards there will be little
radiation at angles less than about 30° to the horizontal.

When the aerial is close to the ground, as must be
the case in practice, the waves reflected by the earth
interact with those radiated directly from the wire, and
modify the radiation pattern, This effect is most pro-
nounced when the height of the aerial is A4 or lawer
and under these conditions all radiation at low angles
to the earth tends to be suppressed and the high angle
radiation is accentuated.

For almost all high frequency communication we use
those waves which are reflected back to earth by the
ionized layers in the atmosphere. When transmitting
over a very long distance it is the low angle radiation
which is used and consequently an aerial height of
2 or more is to be preferred. On the other hand, for
communication over distances of only a few hundred
miles we normally use the high angle radiation and a
lower aerial usually gives better results.

If the dipole is mounted vertically there will be Jow
angle radiation in all compass directions but Iittle high
angle radiation. Such an aerial has potential advantages
for long distance communication but is not very often
used because of the practical difficulties involved in
constructing a vertical radiator half a wavelength long
and clear of the ground. . .

If we are to obtain the best results from an aerial
some care must be exercised in siting it, not only to
cnsure that it radiates in the required directions but
also to ensure that it is as clear as possible from build-
ings and trees which might absorb some of the radiated
energy. Consequently some method must often be
devised whereby energy may be fed to an aerial which
is remote from the transmitter. To understand how this
can be done we must first give a little thought to the
theory of transmission lines.
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Fig. 30. Typical amateur.built Transminslon Line.

Transmission Lines

A typical rf. transmission line or feeder is shown in
Fig. 30, If an infinite length of this feeder were coupled
to an r.f. generator it would behave in a similar manner
to the infinitely long aerial. With the dimensions given
the feeder would appear to have a resistance of about
600 ohms and this value would be said to be its charac-
teristic impedance. The current in the two wires at any
instant would be equal in amplitude and opposite in
polarity. Thus, because the feeder is symmetrical and
the wires are close together, the net radiation from the
feeder will be quite small.

Now suppose that we take a finite length of the
feeder and connect a 600 ohm resistor across the far
end. As far as the r.[. generator and the feeder are con-
cerned it is just the same as if an infinite length of
feeder bad been joined on the end. This means that any
length of the feeder, when terminated by a load having
a resistance of 600 ohms, will present a resistance of
that value to the generator, Moreover, nearly all the r.f.
energy will be guided by the feeder to the load and not
radiated en route. .

If the feeder is not terminated by its characteristic
impedance, reflections will take place at the end and
standing waves will occur. An extreme case js that of a
quarter-wave line terminated by a short circuit as in

Fig. 31(a), We can think of this as rather like a half-
INPUT APPEARS TO A & I
HAVE HIGH |
RESISTANCE

(a}
INPUT APPEARS TO A B
HAVE LOW
RESISTANCE

)}

Fig. 31. Quarter-wave Line.  (a) Shortcircuited and. (b} Open-
circuited end.

wave acrial doubled back on itself. Thus although the
load resistance is very low the resistance at A will
appear to be high. A converse effect occurs if the end
B is open circuit as in Fig, 31{b), The apparent resist-
ance at A is then very low.

The nearer the load resistance becomes to the charac-
teristic impedance the nearer the input resistance becomes
to it also. Mathematically the relationship is expressed
Zij/Ze=ZcZ1, where Zi is the impedance “seen” at the
input to the feeder, Zc the chamcteristic impedance and
ZL the load impedance. Thus with a 600 ohm feeder
and a registive load of 300 ohms the feeder input will
appear to be a resistance of 1,200 ohms; with a £,200 ohm
load the input would appear to be 300 ohms. If any
reactance is present in the load the input impedance
will also contain some reactance.

The quarter-wave line acts in effect like a transformer.
If the line is half a wavelength long we can think of it

as being two of these transformers connected back to
back. The net effect will consequently be as if there
were no fransformer at all and the input impedance
will equal the load impedance, This ¢ondition will in
fact hold for any even number of quarter-waves. With
an odd number of quarter-waves the net effect is the
same a5 if there were only one,

Commercial feeders are obtainable with characteristic
impedances of about 70 to 300 ohms, There are also co-
axial cables available which behave aimilarly and which
upsually have impedances around 50 to 100 ohms. The
coaxial cables have one conductor completely sur-
rounding the other; the outer one is usually earthed so
that it forms a screen, The commercial products are
perfectly satisfactory provided that the feeder is operated
“flat,” that is to say, provided that the ratio of maximum
and minimum r.f. currents along the wires {ihe standing-
wave ratio) is less than about 3:1. With higher standing-
wave ratios there are liable to be appreciable losses at
the high current points due to the resistance of the
conductors and at the high voltage ﬁoints due to leakage
in the insulating material. In such cases the use of a
home-made feeder such as shown in Fig. 30 is to be
preferred.

Zeppelin (“Zepp”) Aerials

An alternative method to the half-wave aerial is to
use a tuned feeder as shown in Fig. 32(a). The feeder
is approximately balanced with respect to earth and thus
the voltages on the two wires at the top will be equal
andd opposite in phase, The effect of the aerial will be as
if a resistance of several thousand ohms had been placed
across the upper end of the feeder.

Thus, if the feeder has a characteristic impedance of
about 600 ohms and is an odd number of quarter wave-
lengths long, it will act as a transformer and the lower
ends of the feeder wires will appear {o have a resistance
of perhaps 50 to 100 chms between them. If the feeder
is a little short this resistance will appear to have a
small inductance in series, Conversely, if the feeder
is a tittle long it will have a fairly large capacitance in
series, The bottom of the feeder is therefore connected
in series with a coil and a capacitance, the latter being
made variable so that it can be used to tune the whole
system 10 resonance.

With the feeder an even number of gquarter wave-
lengths long the bottom of the feeder will appear as a
resistance of several thousand ohms. This will appear
to have some associated capacitance if the feeder length
is short and some induciance if the length is long. The
most convenient type of aerial tuner would be as in
Fig. 32(b).
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{a) Feedar an odd multiple of X /4 long.
for a feeder which 1= an even multiple of
Y0/5 ft. where 1[5 the
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Fig. 32. Zsppelln Aerial.
{b) Suitable agrial tuner
/4 long. The length of the aerial = 4
fraquency In Mec/fa.
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The length

With a suitable aerial tuner it is possible.to accom-
modate any length of feeder, but, in order that some easy
assessment can be made of the aerial tuner requirements,
it i3 preferable to make the length a whole number of
quarter-waves, The tuner will also compensate for an
errors in the length of the radiating section itself but it
is advisable to keep this length as near the correct value
as possible so that the feeder is balanced. With an un-
balanced feeder the high current points in the two wires
will not be opposite and there will be some radiation
from them.

Centre-fed Aerials

There are often advantages in feeding an aerial at the
centre. We have already seen that the impedance here is
low and if, in fact, we break open the centre of a dipole
the two ends thus formed appear to have a resistance of
about 72 ohms between them. This means that we can
take a 72 ohm coaxial cable direct from the aerial to
the transmitter as shown in Fig. 33, Ideally a balanced
feeder should be used but since the impedance is low
the unbalance caused by unsing coaxial cable is usually
negligible.

It should be noted that 72 ohma is the theoretical
figure for a half-wave aerial of thin wire which is well
clear of the ground, With a practical aerial the vaiue
will often be more like 50 ohms and some standing
waves will occur. Nevertheless, provided that the aerial
is not more than a few per cent off tune, the standing
wave ratio will normally be less than 2:1. Any inductive
or capacitive components appearing at the transmitter
end of the coaxial cable, due to the latter not being an
exact multiple of quarter-waves long or due fo the aerial
being slightly off resonance, will be fairly small angd will
be compensated for in the tank circuit tuning.
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Fig. 34, Half-wave dipole fed b
odd multiple of X f4 long, {(b)
fangth is an even multiple of A j4,

tuned line. {a) Feeder length an
uitable aerlal tuner for feader whose
The length ~ 47O/ 1t

Fig. 34 shows the dipole centre-fed by a tuned line.
Since the feed-point impedance of the aerial is low the
impedance “seen” at the Jower end of a given length of
feeder will be the opposite to that with the end-fed
version. Unlike the latter the whole aerial system is
symmetrical and consequently the length of the radiating
section is not particularly important since it can be
compensated for by the aerial tuner without affecting
the balance of the feeder.

The Folded Dipole

If a dipole is composed of two parallel wires joined
together at their extremities the current will be divided
between them, If we break open only one of these wires
at the centre we find that the resistance there is not 72
ohms but more like 300 ohms, The reason for this is
not difficult to understand. We know that the power in
any circuit is given by IR, where I is the current and R
the resistance, If, therefore, for the same aerial power
we are only going to cause half the current to flow the
resistance must be four times as large.

An aerial utilizing this fact, and usually known as a
folded dipole, is shown in Fig. 35. Advantages of this
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Fig. 35. Folded dipole. The length =~ 460/f where f i1 the
frequency in Mcfs. The taps en L1 should be about 2/5 of the way
in frem either end.

type of aerial are that it is broadly funed and that the
standing wave ratio on the feeder is normally very low.
The radiating portion of the aerial can be composed of
two parallel wires spaced a few inches apart, or can be
constructed from a length of ihe 300 ohm feeder itself.

The Quarier-wave Aerial

On Top Band half a wavelength works out to about
250ft, and becomes impracticable for the average amateur.
For this reason a quarter-wave aerial as shown in Fig. 36
is usually employed. Such an aerial relies on the fact
that the earth acts as a reflector and, in effect, produces
an image quarter-wave underneath to complete the half
wavelength.

At resonance the aerial would appear to the aerial
tuner as a resistance of about 36 ohms if the radiator
were vertical. In practice the aerial is usually bent into
an inverted-L. shape, the value being somewhat lower.
L1 and C are chosen to resonate at the transmitting
frequency but C will, in fact, be tuned to compensate
for any errors in the aerial length.

It ig very important that such an aerial should have
an efficient earth connection. If care is not taken the
latter may have a resistance greater than the feed-point
resistance of the aerial; in such a case less than half the
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r.f. power would be radiated, the rest merely heating up
the garden. A simple and efficient earth can often be
obtained by connecting to a water pipe. Otherwise a
connection can be made to several plates of copper or
palvanized iron buried a foot or so beneath the surface,
the soil being watered if necessary to keep it damp in
dry weather,

Where space is severely restricted the length can be
reduced below a quarter-wave, This will make the aerial
appear as a resistance and capacitance in series, and a
larger value of inductance may be required to restore
resonance. Under these conditions the aerial resistance
may be 10 ohms or less and very special care will be
needed 'with the earth tonnection, ’

Multi-Band Operation

One advantage of the aerial in Fig, 32 is that it can
be operated on harmonic frequencies, At twice the
design frequency, for example, the top is effectively two
half-wave sections joined together, The centre is na
longer a high current peint but a high voltage point,
Nevertheless there are still high voltage points at the
ends and the aerial can be fed just as for the funda-
mental frequency. All that will be required is a suitable
modification to the aerial tuner, bearing in mind that
the feeder length will now be a different muitiple of
quarter-waves, When a horizontal aerial is several half-
waves long the low-angle radiation tends to be fairly
cvenly distributed in all compass directions.

The aerial in Fig. 34 can also be operated on harmonic
frequencies, On the second harmonic each section will
be a half-wave and the feed-point of the aerial will
therefore have a high impedance. When operated on its
second harmonic frequency the low-angle radiation tends
to be conceatrated in directions making angles of 45°
to 135° to the aerial wire but on higher harmonics the
low-angle radiation tends to be omnidirectional,

The simplest and most versatile multi-band aerial of
all is a single wire about 132ft. long and terminated at
the aerial tuner, This can be operated as a quarter-wave
on 1.8 Mcfs, an end-fed half-wave on 3.5 Mcfs and as
cnd-fed multiples of half-waves on, 7, 14, 21 and 28
Mefs,

The Aerial Tuner

The aerial tuner should have a high Q when un-
laaded; the load of the aerial should reduce the Q to
around 5 or 10, Under these conditions the r.f. power

TABLE 4.
Approximate circuit values for the aerial tuners shown in Figs. 1%
31, 34 and 35,
Band C Ll L2
{Mc/fs) (uuF) {xH) {turns}
1.8 30 60 24
3.5 2 32 £0
) 120 14 1
T4 i5 8 1
2l 0. 5 I—4%
2k g + 2

L2 can have a slightly larger diameter than L1 and be slipped over the
part of L1 having the lowest r.f, potentizl to earth,

absorbed by the tuned circuit will only be a small pro-
portion of that absorbed by the aerial. A low value of
Q reduces the aerial tuner’s capabilities for rejecting
harmonics but if there has been adequate harmonic
suppression elsewhere this should not be detrimental.

The values of L and C given in Table 4 arc only meant
45 a rough guide and some deviation from these will
oftcn be necessary. Some indication of the ) can be
obtained by comparing the sharpness of the tuning with
that of the p.a. tank circuit on the transmitter. If the
aerial tuner efliciency is low it will be noticed that its
coil becomes warmer than that in the tank circul.

Before feeding a transmitter into the aerial tuner for
the first time it is advisable to adjust first the tuning of
the transrmiter tank circuit with the transmitter feeding
mto a 72 ohm dummy load. This should have as liitle
inductance as possible and might conveniently consist
of a suitable series-parallel combination of one watt
resistors, The dummmy load should be capable of hand-
ling the r.f. power output although with carbon resistors
it is often possible to overload them by as much as 10:1
provided that they are only dissipating power for short
periods.

After adjusting the tank circuit the dummy load
should be replaced by the aerial tuner. By means of the
tuning capacitor, and by experimenting with the coupling
coil and the taps on the main coil, the aerial tuner
should then be adjusted until maximum power is
i absorbed by the aerial. The

transmitter tuning can then
be readjusted as a Jast
rchinement.

Having found the optimum
adjustments for any aerial
on any waveband it is
advisable to record the im-
portant details, This will
lhen make it easicr to change
from one band to another or
FROM from one aerial to another,
TRANSMITTER Many amateurs go  even

L2 further and have several pre-
3 adjusted aerial tuners in one
o Ll box and use a rotary switch
(with ceramic insulation) lo
(=] select the one required.

Some indication of the
powcer being fed to the aerial
can be obtained from the

)

Fig. 36. Quarter-wave (or
Marconl} aerial,  The fength p.a. anode current meter.
= 130/t kt whers f Is the This indication should not

frequency In Mc/s. be relied an implicitly how-

cver, because the meter
cannot  differentiate  between power absorbed by the
aerial and that taken by the aerial tuner. When the aerial
feeder presenis a low impedance to the tuncr it is
better to check the current flowing into the feeder with
an r.f. ammeter or a suitably rated flash-lamp bulb.

When the feeder presents a high impedance to the
aerial tuner the current will be too small for easy
measurement, It is then easier to use the voltage indica-
tion given by a small neon famp held near the feeder.

With acrials fed against ground (that is where the earth
forms part of the r.f, system as in Fig. 36}, the best possible
carth system or ground radials should be used; this is
particularly irue with the various vertical h.f. aerials which
have become popular.

So far we have been mainly concerned with electrical
details but there are a number of practical considera-
tions which should be noted.

Due to various reasons the physical length of an aerial
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needed to produce resonance is usually a few per cent
less than that which might be expected from simple
theory. This discrepancy has been taken into account in
the formulae which have been given here for aerial
length, The physical length of a quarter-wave open line
is also a few per cent less than might be expected; with
commercial twin feeder the physical length is often 20
per cent less and with co-axial cable 30 per cent less,

Either wooden or metal poles are satisfactory for a
horizontal aerial but a metal pole is not recommended
for supporting a wvertical aerial as it will couple to the
radiator and distort the radiation pattern. Long guy
wires are liable to interact with both horizontal and
vertical aerials and should preferably be-broken up
electrically by inserting a compression type (egg-shaped}
insulator about every Af10. Trees and buildings can alsa
have detrimental effects and the aerial should, therefore,
be as much in the open as possible, The feeder should
be kept at right angles to the aeria! for as far as is
practicable in order to minimize the intercoupling
between them.

The quality of the insulators required will depend to
some extent on their position. At the extremities of a
half-wave aerial the voliages will be high and the insu-
lators should be of glass or glazed ceramic and be
several inches long. But in the centre of a half-wave
aerial which is always used on its fundamental frequency
the r.f. voltage will always be low and a poorer quality
insulator will be acceptable, When high voltage points
of the feeder, or of the aerial itself, come into the house,
good insulation must be provided here. On the other
hand, if the feeder has a low impedance as it enters the
house less care will be necessary,

The rope used for halyards should be of good quality
and preferably waterproofed by impre%nating it in heavy
oil or wax. Some allowance should always be made for
shrinkage in wet weather. Better still is nylon cord.

For long-distance work, consult the great circle map
{page 19} when planning an aerial,

Aerial Resonani Lengihs

Table 5 indicates resonant lengths at sclecled frequen-
cies in the amateur bands for wire acrials erected well
clear of the ground and other large objects.

The second column shows the physical length of a
half-wavelength converted from metres into feet, The
next column shows a five per cent end correction, and
the final column shows the correction deducted, i.e. 95
per cent of a physical half-wavelength which, for dipols
type wise aerials, is approximately equal to an electrical
half-wavelength.

The end column is thus the resonant length for any
type of half-wave dipole clear of surrounding objects.
Should the radiating section be bent a small additional
length may be needed.

When using an aerial more than one half-wavelength
long only one end correction need be deducted. For
example a full-wave aerial for 14100 kcfs would be
2 > 34ft, 1lin, less 1ft, %in,, i.e. 68ft. lin,

The popular Zepp aerial does not require an end
correction to be made. For example, a half-wave Zepp
for 14000 kcfs would have the radiating top section
35ft. 2in, long, and not 33t. 5in.

Under normal circumstances aerial lengths are not
unduly critical and an aerial cut for about the centre
of an amateur band will usually function satisfactorily
over the entire band, However with low radiation
resistance aerials {for example, where reflectors and
directors are used) accuracy becomea increasingly
important.

After erection the resonant frequency of an aerjal
should be checked, if possible, by means of a grid-dip
oscillator.

TABLE 5

Fraquency 12N G058 x i)\ 0.95 x §r
(lecfs) (ft. In.} {ft. in.} (ft. in,)
3500 40 7 70 13 7
3600 136 9 6 10 129 11
7000 k] i 6 66 9
7100 6% 3 i 5 65 19
14050 35 2 1 9 3] §
14100 411 i 9 33 2
14200 34 A 1 % iz n
11000 23 5 12 22 3
21200 23 3 1 2 I |
21400 o] 1 2 21 10
28000 17 7 - 10 16 9
28400 1 4 - 10 16 6
12060 17 0 ~ 10 16 2

FREQUENCY MEASUREMENT

When operating a transmitter it is important to have
a fairly accurate idea of the frequency of the radiated
signal. In particular we should always be quite sure
that the signal does not lie outside the amateur band.

With a crystal controlled transmitter this presents no
great difficulty because the frequency will be almost
entirely dependent on the crystal.

The Absorption Wavemeter

Knowing the crystal frequency, however, is not in
itself sufficient because there is the possibility that the
final output from the transmitter may be on the wrong
harmonic of that frequency. To ensure that this is not
50, it i3 necessary to use an absorption wavemeter such
as is shown in Fig. 37. This would be built as a compact
portable unit and, to test the output frequency of any
stage, would be held close to the relevant tuned circuit.
With the wavemeter resonated to the circuit to which
it is coupled some energy is absorbed from that circuit.
If the wavemeter is held close enough the rf, current
induced into it will be sufficient to light the bulb. Thus,

provided that the wavemeter has been previously cali-
brated, it is only a matter of tuning for a resonance
indication on the bulb and reading off the frequency.

A convenient method of calibrating the wavemeter is
to use a communications receiver, An aerial is con-
nected to the receiver, the lead-in wire being loosely
wound once or twice around the wavemeter coil on its
way to the aerial socket. If a suitable station iz then
tuned in it will be found that at a certain setting of the
wavemeter capacitor the sirength of the received signal
willi fall. This will indicate that the wavemeter is
absorbing some of the incoming signal and that it must
therefore be tuned to the frequency of that station. By

Fig. 37. Simple absarption
wavemeter. This might have
three plug-in coils, on 1 inch
dia. formers, wound as follows:
90 turn: I s.wg.  enam,
{apprax. 1.5-4.5 Mcfs); 32
turns 221 sw.g. enom. {4.12
Mcfs); 7 turny 22 s.w.g. enam.
(11-33 Mc/s).
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repeating this operation with a selection of stations a
number of calibration points can be obtained and it will
therefore be possible to prepare a calibrated scale to fit
under the knob of the variable capacitor,

A low power stage may not be capable of providing
enough r.f. power to light the bulb. Under such circum-
stances resonance indication can be obtained from the
anode current which will rise when the wavemeter
absorbs energy.

Transistorized Crystal Calibrator

When a variable frequency oscillator is used for trans-
mission the absorption wavemeter is still invaluable for
checking that circuits are tuned to the correct fundamental
or harmonic freguencies but it is not capable of giving a
sufficiently accurate reading to ensure that the transmitter is
actuvally in the band, or to show the frequency other than
very roughly, 1t is essential therefore to be able to check a
v.f.0. type transmitter against a more accurate standard, and
this will vsually include a crystal controlled oscillator. The
frequency meter may include a complete heterodyne unit
with both stable variable oscillator and crystal reference, or
alternatively a small crystal calibrator may be used to
calibrate accurately the station receiver which is then used to
check the transmitter.

It is unfortunate however that superhet receivers will
generally respond to a very strong local signal at several
spurious tuning points and it is not always obvious which of
the responses are spurious. The use of a crystal calibrator,
in the absence of a heterodyne frequency meter, stili requires
a really good absorplion meter or some other unambiguous
means of checking the output freguency.

The simple three transistor unit shown in Fig. 38—
described originally by G3JGO—may be used with fre-
quency standard crystals in the range 100 ke/s to 10 Mc/fs 1o
produce strong harmonics throughout a wide spectrum,
The range over which harmonics of the crystal may be
detected will be determined by the frequency of the ¢rystal,
the sensitivity of the detecting device, and the order of
harmomic. For example, a 100 k¢/s crystal should be
audible at harmonics up te abowt 15 Mc/s, and a 500 ke/fs
crystal to beyond 30 Mg/s.

TR1 functions as a Colpitts oscillator, and the resistor R4
tends to prevent oscillation at spurious frequencies. TR2 is
an emitter following buffer stage and reduces the loading on
the crystal which would otherwise result from the TR3/CR1
“squaring” stage which produces an output rich in har-
monics. The clipping diode CR1 prevemts peak drive
voltages from exceeding the base-emitter junction ratings of
TR3.

. -6V
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2R TV
muCl 247K ]
. ] —ooutPuT
TRI
2RI 2
2haK ﬁ
!C.; A5
5K X
Ly T+ 1-5K
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X el cz = o¥
100 kefs [T000pF | 1500pF | Fig. 38. The transistorized crystal
250ke/s |1000pF | 300pF calibrator. The vabvaz of C1 and C2
for differant crystal frequencies are
500 keis| ?5QpF | |10pF shown alongside.
[{tMcfs| I00pF 39pF

This design is tolerant of transistor types; for crystal
frequencies up to about 2 Mc/s QC44, AF117 or similar
transistors can be used; for TR1 and TR2 above this an
OC170, OC171, AFILS or similar types would be needed,
TR3 should always be suitable for use up to the highest
frequencies involved, so that an OC171 or AF115, etc., would
be a suitable choice.

Checking 100 ke/s Oscillators

The 100 kejs harmonics can be checked against standard
frequency rransmissions, such as those radiated by stations
MSF, WWV, etc., on exactly 2.5, 5, 10, 15, 20 and 25 Mc/s.
In the UK there are fortunately also the accurate 200 kc/s
BBC long-wave Light Programme transmissions. These are
most convenient for checking a 100 kc/s standard, since the
BRC station can be tuned on almost any receciver and the
difference between these transmissions and the local oscillator
heard as beals. Although the calibrator frequency will be
determined primarily by the crystal frequency, this can if
inaccurate often be “pulled” into zero beat with the BBC
station by means of a trimmer across the crystal.

Heterodyne Frequency Meters

Many amateurs do not have a crystal calibrator built in as
an integral part of their receivers but have what is usually
called a heterodyne frequency meter as a separate instrument,
This usually consists of an accuralely calibrated v.f.c. com-
plete with a crystal calibrator similar to that which has been
described here, With some instruments the calibrated
oscillator must be compared with the transmitter v.f.o. using
a receiver, Others have facilities for accepting a small r.f.
voltage from the transmitter, the comparison being effected
by producing a beat note between the two frequencies within
the instrument itsalf.

Many amateurs use an excellent American instrument
of the latter type, the BC221, which was once readily
obtainable on the surplus market. The newcomer, however,
probably will not be lucky enough {or rich enough)to obtain
one today.

A 1.8/3.5 Mc/s Phone/C.W. Transmitter

The transmitter described here—designed by G3JKA
—represents one of the simplest practicable arrange-
ments under present-day conditions for low power
operation in the 1.8 Mgcjs and 3.5 Mcfs bands. 1t is
designed for an input power of 10 watts, telephony or
cw., and is free from ifelevision-interference troubles.
Owing to its simplicity it can be recommended as an
ideal beginner's transmitter, although unless fairly compact
componegnts are used, as in the original model, it may prove
easier to construct the equipment on a somewhat larger
chassis than is indicated in the diagrams. This will not
affect performance, and a suitable size for the chassis can be
determined by laying out the availabie components,

The circuit of the radio frequency section is given
in Fig. 39. 1L consists of a Z77 Colpitts variable
frequency oscillator operating in the 1.8 to 2 Mc/s range.
This drives a second Z77 stage which is designed to
operate either as an untuned buffer amplifier on 1.8 Mc/s
or as a frequency doubler. The change-over is effected
by switching in the inductance L2: in combination with
the effective grid-to-earth capacitance of the power
amplifier valve this introduces a wideband tuned circuit
between the driver valve V2 and the p.a, stage. The
capacitor Ci3 serves merely as a blocking capacitor
to prevent the short-circuiting of the grid bias.

For the p.a. stage a TT11 valve (available very cheaply
as government surplus) is used and a pi-network coupler
transfers power from the anode to the aerial. The pi-
netwark is tuned to either of the two bands by adjusting
the tuning and loading capacitors C18 and Cl19. This
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Fig. 39. Low-power transmitter for 1.8/3.5 Me/s. €1 Is a ¢

turns of 22 s.w.g. enamelled wire on a 1 in. diameter former,

former with dust-iron core. L3 is 50 tumms of 22 s.w.g. enamelled wirz on a 1 in. diameter former.

siversd-mica capacitors. C19 ¢an be a triple-gang recnpiu'ing-tw.uer c.;s:f':itor with the three 500 p
L2 is 60 turns of 36 s.w.g. enamelled wire pile wound on a

NT50K. €3, €4 and CS should be
sections wired in paraliel, L1 is 32
in. diameter
Yalvet types $AMS, EFF] <an be used

g capacitor, ty

for ¥1 and ¥2.

means that a compromise has to be made in choosing
the values of L3, €18 and C19, but in practice the loss
of efficiency is negiigible,

Tor telegraphy operation the Morse key is inserted
in the cathode lead of the oscillator valve V1, a high
resistance R2 being added between cathode and earth
to ensure that the heater-cathode voltage does not rise
to a damaging value.

The power amplifier is anode-and-screen modulated by
the modulator shown in Fig. 41. This consists of a
straightforward four stage audio amplifier and is suitable
for use with a crystal microphone; the high f{requency
response is purposely restricted to about 3000 ¢fs in
order to reduce the bandwidth of the radiated signal.
When operating on c.w, the modulator is switched off
and the secondary of the modulation transformer is
short-circuited to prevent the generation of voltage
surges across the windings which may be caused by
sudden changes of anode current in the p.a. valve during
keving.

A suitable layout for the chassis is shown in Fig. 42
and the corresponding panel layout in Fig. 40.

In the power supg]y unit a conventional full-wave
rectifier circuit is used, as shown in Fig. 43. The variable
frequency oscillator valve is supplied from a stabilized
ht. line of 85 wolis.

Pin connections for the TTL1 are not always given in
the data books: they are Pin 1 —; 2, heater; 3, sup-
pressor grid; 4, grid; 5, screen grid; 6, —; 7, heater;
8, cathode.

Toning the Transmitier

A 10 watt lamp should first be connected across the
r.f. output connection to simulate aerial loading. With
switch §2 (Fig. 4]) in the c.w, position, the frequency
range of the v.f.0. unit should be checked to verify that
it covers the 1.8-2 Mc/s band, and its frequency stability

and the quality of the keying checked in the receiver.
With Sl in the 1.8 Mc/s position, the p.a. grid current
{measured at the point X) should be found to remain
constant at about [-1.5 mA over the entire band. The
tuning and loading capacitors C18 and C19 respectively
should then be adjusted (for adjustment of a pi-network
see pape 47) and their settings noted for future con-
venience, On full load, the anode current to the cutput
stage will be about 40 mA at 250 volts {i.e. 10 watts
power input) and the 10 watt lamp should glow fairly
brightly.

Next the transmitter may be tuned in the 3.5 Mcfs
band by setting S1 to the appropriate position and
setting the v.f.0. to 1.83 Mc/s (corresponding to the mid-
point of the 3.5 Mc/s band after frequency doubling).
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The core of L2 can then be adjusted to bring the p.a.
grid current to about 1 mA—check that there is only
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Fig. 42. Chassis layout.

Suitable modulator for the low power transmitter. V1 may be 12AX7 or ECCB3, V2 6AMé or EF91.

slight variation over the entire range of 3.5-3.8 Mc/s.
Finally, tune the pi-network for maximum output.

Modulation is tested by switching S2 to the “phone”
position. On modulation peaks, the increase of r.f. out-
put power should be apparent by the brightening of
the lamp. The amplitude and quality of the modulation
should be carefully monitored before the transmitter
is operated “on the air.”
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Fig. 43. Power supply. The switches $3a, S3b, S3c may be combined
as a three-pole, three-way wafer-type giving TRANSMIT-RECEIVE-
MET positions. One side of the heater should be connected to the
cathode of the rectifier.

An example of a co
amateur station.

iver in use as a complete




CHAPTER FIVE

‘The Licence Examinations

NLIKE radio and television receiving licences,
amateur transmitting licences are not issued just
on payment of the appropriate fee, but are granted only
to those applicants who have proved their competence
to control and operate a transmitter, and an awareness
of their responsibilities to the users of other radio
services, This is a reasonable precaution when one
considers the havoc that even a low power transmitter
could cause to radio and television reception, to world
radio communications, or te important navigational
services.

The danger of unskilled use of transmitters has been
emphasised deliberately. Too often one hears expressed
the erroncous belief that the conditions imposed by the
P.M.G. have been devised to discourage the experi-
menter. Such is very far from the truth: the newcomer
can be confident that his desire to obtain a licence will
meet with courtesy, assistance and every encouragement
from the authorities—provided that he does not expect
“special concessions” in his particular case,

Detailed information on “How to become a radio
amateur” can be obtained, free of charpe, from the
Radio Services Department, Radio Branch, General Post
Office, Hcadguarters Building, St. Martins-le-Grand,
London, E.C.1. For the benefit of those who have not vet
obtained these details or who may be rather overawed at
the official requirements, here are a few noies on the more
important points.

{1) Applicants must be over 14 years of age and
provide evidence of British nationality (a Birth Certifi-
cate, a valid Passport, or a Nationalisation Certificate

is sufficient),

" () Applicants must show that they have passed the
Radio Amateurs” Examination. a three-hour written ex-
amination which covers the elementary theory of radio
communication, knowledge of transmitting techmigues,
amateur operating procedure and liconsing regulations.

(3} Applicants must have passed the Post Office Morse
Test not more than twelve months before applying for
a licence, This test involves the receiving and sending
of plain language text at an averape speed of 12 words
per minute. This does not apply to the Amateur (Sound)
Licence B (telephony only above 420 Mc/s) or the Amateur
{Television) Licence.

{4) Before an Amateur (Sound) Licence A or B is issued
the fee of £2 must be paid, and a renewal fee of £2 becommnes
due each year on the anniversary of the date of issue of the
licence,

Since the Morse Test must be passed within the year
before applying for the licence, it is usual to obtain a
pass in the Radio Amateurs’ Examination {R.A.E.)
before attempting the Morse Test; otherwise there is
always the possibility that the time limit will have ex-
pired before the written examination is passed, making
it necessary to retake the code test.

Exemptions on the grounds of Service or civil qualifi-
cations are no longer granted from either of these

7l

examinations, and even if the applicant has previously
held an amateur licence he must show that he has
passed the R.AE, (which was first held in 1946) and
must retake the code test unless he has passed this
within the last twelve months,

‘The Radio Amateurs’ Examination

The City and Guilds of London Imsiitute, Electrical
and Telecommunications Branch, 76 Portland Place,
London, W.1 (Telephone LANgham 30503, holds the Radio
Amateurs’ Examination No, 55 twice vearly in Spring and
Auturnn (usually May and December). This can be
taken, by arrangement with the Local FEducation
Authority, at centres throughout the country. Full details
and a set of several specimen question papers may be
obtained from the Institute at the above address, price
3j- including postage, The fec for the examination is
30/-, and 2 small fee, typically 5/-, may be payable to the local
centre where the examination is taken. Applications to sit
the examination usually have 10 bc made at least three
months in advance, so do not leave it loo late.

There is a single paper, lasting three hours, divided
into two parts. Part 1 contains only two questions bolh
of which must be attempted; these two questions are
drawn from items ! and 2 of the syllabus, Part 2 com-
prises 8 questions, but only 6 should be attempted;
these are based on subjects covered in items 3 to 10 of
the syllabus. A pass mark must be obtained in both
parts, and a failure in either part means failure of the
examination.

SYLLABUS OF THE RADIO AMATEURS'
EXAMINATION

1. Licensing Conditions: Conditions laid down by the Postmaster
General for the Amatcur (Sound) Licence, covening the purpese for
which the transmitters may be used; types of sigoals permissible;
types of emission; power; frequency control and measurcments;
avoidance of interfercnce to ather stations, particularly in bands
key click filters and other means of preventing spurious emissions.
shared with other services; qualifications of cperztors; log keeping
and use of call wigns.

2. Tranumitter Interfercnce:  Frequency stability,  Avoidance of
harimanic radiation and of interference by shock cxeitation; uwse of
Dangers of over modulation. Devices for reducing interference with
nearby radio and televiston receivers.

3. Elementary Electricity and WMagnetism: Elementary. theory of
elactricity; conductors and insulaters; units; Ohm's law; resistances
in series and paralle]. Power. Permanent magnets and electro-magnets
and their use in radio work. Self and mutnal inductance; types of
inductors wsed in recetving and transmitting circuits. Capacitance;
construction of various types of capacitors and their arrangeraent in
serfes andfor parallel.

4. Elementary Alternatog Current Theory. Altemnating currents and vole-
ages. Alternating current theory incorporating circuits with inductance,
capacitance and resistance. Impedance, resonance, coupled eircuits,
acceptor and rejector circuits. The transformer.

5. Thermionic VYalves and Scmiconductors. Charactoristics and essential
constructional feanmes of thermionic diodes, triodes and maulu-
electrode vulves and of semiconductor diodes and transistors. Usc of
valves and semiconductor devices as oscillators, amplifiers, detectors and
frequency changera. Power rectification. Power pack stabilization and
smoothing.

6. Radio Recelvers: Typical receivers; principles and operation of
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trf and superheterodyns receivers. C.W. reception. Interference
caused by recenvers,
7. Low power transmitters: Oscillatory circuits; use of guartz
crystals to control oscillators. Frequency multipliers. Power ampli-
fiers. Methods of keying transmitters. Methods of amplitude
modulation and types of emission in current use.
8, ¥Propagation: Wavelength, frequeney, velocity, Natyre and
propagation of radio waves. loenospheric and tropospheric conditions
and their effect on propagation.
9, Aerials: Common types of receiving and transnitting aerials.
Transmission lines. Directional systems. Aerial couplings to lines
and transmitters, Matching.
10, M M rement of frequency and simple frequency
melers {includine crystal controlled types). Use of vemniers and other
interpolation methods,  Artificial zerials and their use for lining up
transmitters. Measurement of anede current and voltage and power
input to final stage. Use of cathode ray cscilloscope for the examination
and measurement of waveform. o i

To give detailed guidance to prospective candidates,
the RSGB publishes a comprehensive study guide The Radio
Amateurs’ Examination Manual {price, including postage,
5/6). Many typical questions and answers are given together

with fuil details of licence ¢onditions and regulations.

TYPICAL EXAMINATION PAPER

The question paper set by the City and Guilds of London Institute for a
Radic Amateurs’ Examination was as follows:
Eight questions in all are ta be atempted, as under:
goth 2qutzst.il:ms i Part 1 {(which are compulsory} and six others from
art 2.

Part 1
Both questions must be attempted in this part.
. L. Licence conditions. State the requirements in respect of the follow-
ing:
(a) The use of call sign= and notification of location;
(b) Non-interference,
{c) Re-transmission of recorded messages;
{d} Operators and access to apparatus;
{e) The kinds of messages which are prohibited.
(15 marks)

2. Explain how the following types of interference can be abated:
{a} At the transmitter:

(i) Harmonics;

{ii} Key clicks and thumps,
(b} At the receiver:

(i} Tmage response.

(15 marks)
Part 2
Six questions only to be attempted in this part.
3. Explain the meaning of:
(a) SBelf inductance;
(b} Mutual inductance.
Define the unit of inductance.
(10 marks)

4. An alternating current of 20 volts at a frequency of 1 Mc/s is applied
to a circuit consisting of a capacitance of 100 picofarads in series with a
non-inductive resistor of 10 ohms.

{a} What value of inductance in series 13 required to tune the citeuit to

resonance ?

{b} At rezonance, what is the current in the circuit?

(10 marks)

3. Explain with the ajd of a diagram the action of any circuit com-
menty vsed for the detection of amplitude-modulated signals,

{10 marks)

6. Explain briefy why superheterodyne receivers are:

(2) more selective, and i

{b) maore sensitive than TRF reccivers.

Explain what is meant by an image signal and give an example.

{10 marks}

7. Describe by means of a circgit diagram a method of applying
amplitude modulation to the power amplifier stage of a transmitter,

Indicate by means of a sketch the modulation envelope of an amplitude-
modulated wave

(i) Modulated with a sine wave to 50 per cent.

(i1} Modulated with a sine wave to 100 per cent.

{iii} Moduolated with a sine wave over 100 per cent.

{10 marks)

8. State the relation between frequency and wavelength.

]DWh';at are the frequencies corresponding to wavelengths of 500m and
cm !

State the ranges of amatenr frequencies which are more suitable for

(a} local transmissions;

{b) distant irapsmissions.

(10 marks)

9. Why are standing waves undcsirable in a transmitter-aerial feeder
systemT How would you detect their presence and minimise them?

{10 marks}

10. Draw the circuit diagram of a heterodyne wave-meter and explain
how the instrument may be used for the accurate checking of (flr«t-.'::p.uan]n:{yj

marks,

A SUMMARY OF LICENCE CONDITIONS

Full details of the conditiona of the Amateur (Sound)
Licences are supplied by the Post Office with the leaflet
“How to become a radio amateur”. The following is
an informal summary of those points which are most
likely to be needed for questions 1 and 2 of the Radio
Amateurs' Examination, arranged accordiog to their

subject matter.

Location:—An amateur station may be used at the main address shown in
the licence or any temporary premises (with call-sign suffix /&) or any
ternporary location (suffix [P) for separate periods none of which exceed
four consecutive weeks, or in any alternative premises provided that notice
in writing has been given at least seven days in advance to the GFPO
Telephone Manager (EfRadic) of the area congerned, The Telephone
Manager must be notified when the station is no longer at the alternative
premiises.

Stations cannot be installed or used on the sea or within an
estuary, dock, or harbour, or in Any moving wehicle, vessa]l or airceaft
(the special Amatetr (Sound Mohile) Licence is required for all mobiles
operation 1n vehicles).

When not at the permanent address, particulars of the address or
location in use must be sent at the beginaing and end of each
contact or at intervals of 15 minutes, whichever iz tha more frequeni.
The station, licence and log must be available for inspection at all reason-
able limes by duly authorized officers of the Post Office, The station must
closa down at any time on the demand of an officer of the Post Office.

Provision is made for revokung or varying the terms of the licence.
A licence s mot lransferable and should be returned to the P.M.G.
when it has expired ot been revoked.

Messagesi—Amateurs may send messages in plain language which are
remarks about matters of a personal nature in which the Licensee,
ot the person with whom he is in contact, has been directly concerned,
and use signals (i.¢. procedure signals, etc.) which are not in secret
code or cypher in relation to such messages, This does not include

about busi affairs, The use of the station for buasiness,
advertisement or propaganda purposeg or (with the exception of the
“‘disaster’” messages described below) for the sending of mews or
messages on behalf of, or for the benefit or information of, any
social, political, religious or commercial oreanisations, or for anyone
other than the Licensee or the person with whom he ir in contact
15 not authorized. Messages which are grossly offensive or of an indecent
or obscene character must not be zent. Note that it is an offence to send
certamn misleading messages.

Stations may be used during disaster relicf operations—or exercises
relating to such rations—io send messages on behalf of the
British Red Cross iaty, 51, John Ambulance Brigade or the Police.

Messages must not be “'broadeast’’ to amateur statlong in gensral
but only to amatenr stationis) with whormn contagt has been extablished.
The appropriate International Telecommunication regulations muat be
observed.

It is permitted to re-transmit recorded messages only when Intended
for reception by the original gtation concerned, and the call-tign of
that atatinn must not be included in the re-transmission.

The station may not be modulated by recordings other than special
constant or gliding test tones. Entertainment-type gramophons or tape
recordings may not Be transmitted for any purpose, The station can be
used to receive Standard Frequency Transmissions.
Operstinn:—Stations may be operated only by {1) the amatettr him-
self; (2} 2 person holding another Amateur (Sound) Licence or a P.O,
Amateur Radio Certificate, and such operation must be in the presence
of and under the dicect supervition of the Licenacs.

An amateur must not allow unauthorised pertons to operate his
station or have access to the apparatus; he must ensure that any
operator observes the conditions of the licence. Note that “'speaking into
the microphone™ is regarded as operating the station.

Log:-—1) A record must be kept in a book {no! loose-leal showing:
(a) date; {b) time of conunencement of calla; (c) call-signs of the
stations from which messages addressed to the Licensee's station are
reteived or to which messages are sent, times of making and ending
contact, end the frequency or frequencies and class or classes of
emission; {d) time of closing the stations: {e) the address of the temporary
premizes or alternative premises or particulars of the temporary location
when the station is not used at the main address. Times must be in G.M.T,
and no gaps should bo [eft between entrics, All entries should be
made at the time {i.x. the log should not be "written up'’ afterwards),
(2) Should the station be operated by anyone other than the Licensee,
the tog must be signed by that person with his full name and call-sign,
or number of his Amateur Radio Certificate.

Call-sign:—The allotted coll-sign must be used, except that where appro-
priate the correct country prefix {GM, GW, ete.) should be substituted and
{A or (P used as already indicated. The cail-sign may be sent by telephony
of by telegraphy ot not mote than 12 w.p.m. at the beginning and at the
end of each period of sending, and whenever the frequency is changed.
If the period of use exceeds 15 minutes, the call-sign must be repeated at
the commencement of each 15-minute period. On telephony the call-sign
may be confirmed by the use of well-known words havipg the same
initial letters ag the letters of the call-sign but the words used must not be
of a facetious or abjectionable character.

Equipment:—A sat‘wfnctorg methiod of frequency atabilization must be
used fn the transmitter; [requency measuring equipment capable of
verifying that the transmilter is within an anthorized amateur band
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must be provided. The station eguipment must be so designed,
constructed, maintained and used as not to causs: (a)} any avoidable
interference with other amateur stations; or (b) any avoidable inter-
terence with other “wireless telegraphy’ (this includes any service
using radio waves! television, radio broad ing, radio of ica-
tioms, radio navigation, etc.)

On telegraphy precautions must be tzken to eliminate the risk of
key clicks, At all times, every precaution must be taken to avoid
over-modulalion, and to Keep the transmissions as narrow as possible
having regard to the type of emisglon used. ln particular, the radia-
tion of harmonics and other spurious emissions must be supp d to
smich n lewel that they do not cause interference. Tests must be
carried out from time to time to ensure that these conditions are ful-
fitled and details of the tests entered in the log. “Spark’ transmitters are
specifically forbidden.

A reeciver must be available for the frequencies and types of
emission in current use at the station,

Aerials and masts must not sxceed 50 ft. abave ground level within
half a mile of the boundary of any aerodeome. Aerials ciossing power
cables, etc., must be guarded to the satisfaction of the owner of the cables
concerned. Note that aerials should be sited as far as possible from any
existing television or other receiving aerials in the vicinity, particularly
with indoor aerials. In some circumstances it mizht not be possible to
use an indoor aerial.

For Radio Teleprinter (RTIY} operation only the Tnternatiomal
't["eleg?&ph Code No. 2 {5-unit start stop) at speeds of 45.5 or 50 bauds may

e used,

Frfquencies and Powers:—These and the types of emission are given
below.

FREQUENCIES AVAILABLE TO U.K. AMATEURS

Power
Foot- | Frequency Classes of Maximum Radio
note Bands (In Emisyion D.c. laput | Frequency
No. | Mgc/s) (See (see B) Power (see Quetput
A below) Cand D Peak En-
velope
Pawer for
A3JA and
AdJ emis-
sions only
(see D)
lands 18- 2 10 watts 26% watts
2 35- 38
7 - 710
14 -14-35 150 watts | 400 waits
21 2145
28 -29-7
land3| 70-1-70-7 | Al, A2, A3,
AJA, A3H, 50 watts | 1333 watts
A3l F1, F2
and F3
1,4 &6/ 144- 145
[ 145 148
1 427- 450
1 1215- 1325
1 2300- 2450 150 watts | 400 watts
1 3400- 3475
1 5650 5850
1 1000010500
21000-22000
1 2350— 2400 25 watts
1 5700— 5800 PiD, P2D, | mean power
1 10050-10450| P2F, P3D and | and 2-5 kilo- —
PIE watts peak
power
21150-21859) J

A. Except as provided in Footnote 6 below, artificial satellites
may not be used by stations in the Amateur Service.

1. This band is allocated to stations in the amateur service on a
secondary basis on condition that they shall not cause inter-
ference to other services.

2. This band is shared by other services.

3, This band is availuble to amateurs sntif further notice provided
that (1} only the frequency 70-375 Mc/s = 25 ke/s shall be used
for the purposes mentioned in Clause 1 {1} {c) of this Licence;
(ii) frequencies between 70-1-70-3 Me/s inclusive and 70-5-70-7
Mcjs inclusive shall not be used on the North West side of the
Line Firth of Lorne to the Moray Firth; and (iii) use by the
Licensee of any frequency in the band shall cease immediately on
the demand of a Government official,

4. The following spot aeronautical frequencies must be aveided
whenever the band is used; 1440, 144-09, 144-18, 144-27, 144-36,
144-45, 144-54, 144-63, 144-72, 144-81 and 144-9 Mcys.

5. The type of transmission known as Radio Telcprinter (RTTY)
may not be used in this band.

6. In the band 144-146 Mc/s artificial satellites may be used by
stations in the amateur servige.

B. The symbols used to designate the classes of emission have
the meanings assigned to them in the Telecommunication Con-
vention. They are:

Amplitude Modulation

Al, Telegraphy by on-off keying, without the use of a modulating
audio frequency.

A2, Telegraphy by on-off keying of an amplitude-modulating
audio frequency or frequencies, of by on-off keying of the modu-
lated emission,

A3. Telephony, double sideband.

A3A, Telephony, single sideband, reduced carrier.

A3H. Telephony, single sideband, (ull carrier.

A3J. Telephony, single sideband, suppressed carrier,

Frequency {or phase) Modulation

F1. Telegraphy by frequency shift keying without the use of a
modulating audic frequency, one of the two frequencies being
emitted at any instant.

F2., Telegraphy by on-off keying of a frequency-modulating audio
frequency or on-off keying of a frequency modulated emission.
F3, Telephony.

Pulse Modclation

P1D. Telegraphy by on-off keying of a pulsed carrier without the
use of a modulating audio frequency.

P2D. Telegraphy by on-off keying of a modulating audic fre-
quency or frequencies or by on-off keying of a modulated pulsed
carrier—the audio frequency or frequencies modulating the
amplitude of the pulses. )

P2E, Telegraphy by on-off keying of a modulating audio fre-
quency or frequencies or by on-off keying of a modulated pulsed
cartief—the audio frequency or frequencies modulating the
width (or duration) of the pulses.

PAD. Telephony, amplitude modulated pulses.

P3E. Telephony, width (or duration) modulated pulses,

C. D.c. input power is the tota] direct current power input to
(i) the ancde circuit of the valve(s) or (ii) any other device
encrgizing the aerial. . .

D. As an alternative, for A3A and A3J single sideband types of
emission, the power shall be determined by the peak envelope
power {p.e.p.) under linear operation. The radio frequency out-
put peak envelope power under linear operation shall be limited
to 2-667 times the d.c. input power appropriate to the frequency
band concerned. This column gives the maximum powet
determined by this method which may be used.

Preparing for the Technical Examination

It is difficult to suggest just how long it should take
to prepare for the RAE.  So much depends upon the
radio knowledge already possessed. Obviously, a com-
plete beginner who does not know how to read theo--
retical diagrams or who does not have at least a vagus
idea of how valves and simple receivers work will need
longer to reach the necessary standard than someone
who has been interested in radio for some time but who
has only just become keen on amateur transmission.
But whatever the state of your present knowledge, it
can soon be improved beyond measure by a little careful
study and by taking note of what is read.
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Many candidates (but by no means all) study for the exam
at a local Technical College or Evening Institute, or attend
the special lectures oflen held by local radio clubs—so check
to see if there is a suitable course in your locality. Many
olhers follow Correspondence Courses or are entirely seif-
taught,

Just as most of ug forget the finer details of a novel
as soon as we have reached the end, so it is possibie
to read hundreds of pages of excellent technical books
without assimilating more than a tiny fraction of the
information centained in them. Haphazard reading is
often worse than none at all: the mind becomes con-
fused with half-forgotten and never fully understood
technicalities. The answer lies in choosing one or two
books which will help you most, and then reading slowly
through them, jotting down in a study notebook each
new idea, and all the useful simple circuits. After you
have copied a circuit, close your book, and then try to
reproduce it from memory, explaining to yourself what
is the purpose of each component

In this way you will soon learn a tremendous amount
about the refatively few basic circuits around which
almost all amateur apparatus is designed. Start with
“straight” receivers, noting the radio frequency and
andio frequency amplifiers, detectors, regenerative cir-
cuits and power supplies. Once you know these

elements you will be surprised how often the same
basic circuits appear time and tirme again even in the
most complex superhets and multi-stage transmitters.
Never try to commit to memory a complex design as a
whole but learn to split it up into its vanous “stages”.

Although the fuli syllabus for the examination appears
at first sight rather formidable, it is possible—where
necessary—to compress the amount of preparatory
work a little by “intellipent anticipation” of likely
questions. This 1s not just a matter of hopefully guess-
ing at what the test paper will contain, But when the
aims and purposes of the examination are considered,
it seon becomes clear what type of question is almost
certain to occur in some form or other. As one of the
main objects of holding the examination is to ensure
that amateur operators will not cause interruption to
other radio services, it follows that emphasis will always
be placed on the causes of broadeast and television in-
terference, harmonic radiation, the suppression of key
clicks and parasitic oscillation, overmodulation, the
keeping of log books and similar problems. Particular
attention should therefore be given to items 1 and 2 of
the syilabus,

Angther tip to candidates is to make sure that their
knowledge of simple radio mathematics is sound. The
questions set require only comparatively elementary

Technical Abbreviations and Symbols

The following list includes technical abbreviations and symbols commonly

found in amateur radio journals.

arnpere (unit of current} h.f. high frequency (I0-100 metres, r.f, radio frequeney
Al A2 etec. types of emission, see page 73 3-30 Mcys) rf.e. radio frequency choks
a.c. alisrnaling current h.p. high pass (filter) r.HLE, ool mean square
a.f. audio-frequency 1 symbol for current IT radic-telephony
af.e. autgmali¢ frequency control Ia anode current (of a valve} RTTY radiotelatype
a.g.c automatic gain control lg grid current {of a valve) 1.0.0. single cotton covered {insula-
a.m, amplitude medulation Ig2 screen-grid enrrent (of 4 valve) tion)
ant. antenna (acrial} Ih heater current (of a valve) SEC. secondary winding (of trans-
a.tu. acrial tuning unit 1.4, intermediate frequency former)
a.v.c, automatic volume control ift. intermediate-frequency trans- 5. screen-grid
b.a. buffer amplifier former s.pd.t, gingle pole double throw
BCI Interference to broadcest recep- k kile (1000 times) (switch)
Hon . kefs kilocycles per second {(ofs x s.p.5.t single pole  singls throw
b.t.0. beat frequency oscillator 1000 {switch)
c condenser or capacitancs kY kilovolts (volts x 1I000) s.8.b, for single side band, suppressed
c.f. calhode follower kW kilowatts (watts x 1000} §5.85.0) carrier, emission
c.o, crystal oscillator kQ kilohms {ohms x 1000} 5.W.8. standard wire gauge _
cOax. coaxial cable 1.p. low pass (fllter) T-R transmit-receive
Cp counterpoise 1.t low tension . t.p.i. tums per inch
e.r.o. cathode-ray oscilloscope luf, (or  lowest usable thigh) frequency t.r.f. tuned  radio-frequency  (usu-
crt, cathode-ray tuba luh.f) ., ally  indicaiing “straight”™
elfs {or c.p.s.} cycles per se¢ond m.c.w. modulated continnous wave receiver
ot centre tap . EmmissIen TVE interferenca to television re-
C.W. conlinnous wave emisgon (Al) mic. microphone ception,
often used to denste tele- mix. mixer valve uh.f, ultra high frequency (300 -
graphy m.o. master oscillatar 3000 Mc/s)
dB (or db)  decibel m.uf, maximum usable frequency Y volt {unit of potential differ-
d.c. ditect enrrent mult. {frequency) multiplier erence)
d.c.c. double ofonon)covered {insula- mssf megohm? {ohms x 1,?100(,0!00) v.{l.of, veriable frequency oscillator
tion of wire cls meg eg per second (cfs X v.hi. very high frequency (30 - 300
d.p.d.t. double pole double throw 1.355?000) Mcf:;‘%h a ¥
{(switch) milliampere (ampere + 1,000 VOX Voice-operated switching deviee
d.p.s.t. double pole single throw mAfV milllamperss per volt T.r. voltage regulator
{switch) L i mH millikenry (henry <+ 1,000) W watt (unit of power)
d.s.b. double sideband emission with mVv millivelt {(valt + 1,000) w/it wirgless-telegraphy
suppressed carrier afm. or narrow band fregquency modu- w.w. wire-wound (resistor)
£.0.0, electron-coupled oscillator n.tkfm. lation Zz symbol for impedancs
eh.t. extra high tension od, outside diamater A {lambda) wavelength
em.E. electromotive force o8, oscillator fru) miero- (prefix :
cnam. enamelled {inslation of wire) o.w.t, optimutn working Frequency # 1/1.000 m;}thp“ meaning
e.r.p. effected radiated power p.a. power amplifier 111,900, )
F farad funit of capacity) p.d. potential difference (or power AA fnicrosmpers {ampere
f frequency douhler) o 1 iy
f.d. frequency doubler p.m. permanent magnet #aF (or pF) micro-microfarad (picofarad)
f.m. frequency modulation p.p- push-pull _U‘F JRA),
fad. full scale defection (of meter) - peak-to-peak sH microhenry (henry
g conversion cenductance pri. prima: winding (of trans- = -
Gels gigacveles per second (Mcfs x former ul microfarad farad
P.Y.C polyvinyl chloride covered A
g mutua! conductance R Tesistor or resistance Y microvelt (volt
2.b. grid bias r.c.c. resistance-capacitance coupling == 1,000,000
H henry (unit of inductance) rect. rectifler [+ {omega) ohma
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WIRES CROSSING AERIAL
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JACK
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.
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£

EARTH
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$

A

SWITCH
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BATTERY
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PENTODE
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~Base
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MORSE KEY

%

INDUCT IVELY
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coil
SPLIT STATOR
CONDENSER
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CO-aXIAL
SOCKET

0~

DAL LAMP

FUSE

—D—

CRYSTAL RECTFIER

METAL RECTIFIER
(HALF WAVE)
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knowledge of how to use a few basic formulz; yet year
after year the examiners report that the mathematical
questions—which are almost certainly the most straight-
forward ones on the paper—are the most poorly answered.
S0 make sure by a careful revision of any of the many
textbooks on elementary radio theory that you are
familiar with the formube governing resonant frequency,
the value of condensers, resistors and inductors in series
and parallel, Ohm's Law and the calculation of power,
and that you are not uaduly put off by such symbols as
» and the square root sign.

Passing the Examination

From the examiners' reports it can be seen that many
of the candidates who fail do so from a failure to train
themselves in examination technique. The older candi-
dates, who may not have taken a written examination
for many years, often find that they seem to have lost
the knack of putting their knowledge on to paper.
Fortunately, examination technique can soon be learned
or regained. The main poinis to remember ara;

(1) Always read the question paper, and particularly
the introductory remarks, through wvery carefully—at
least two or three times—until you are sure that you
know exactly what the examiner requires. Many can-
didates read the paper too hurriedly and fail to grasp
the real point of the questions. There is, for instance,
no point in wasting time in drawing a full circeit
diagram if the examiner has asked for a block diagram.

(2) Attempt to answer the sxact number of questions
asked for; neither more nor less, Allot yourself =2
certain time for each question and try to keep reason-
ably closely to your provisional schedule. This point is
of the utmost importance; it is far better to obtain six
out of ten marks in each of eight questions, than to
obtain nine out of ten marks for {four questions and then
find there is no time left to attempt the remainder, If at
the end you are pressed for time, jot down even the
briefest summary of relevant points rather than submit
a paper with less than the required number of questions
attempted.

(3) There is no need to keep to the order in which
the questions are set, provided you clearly indicate the
number of the question you are answering, [t may be
far better to gain confidence by tackling what you con-
sider to be the easy questions first rather than ploughing
doggedly through the paper. But remember point (2)
and do not spend too long on your favourite subjects:

(4) Before you begin your answer, note down in your
answer book a short list of the main points of the
answer as they come to mind, a word or a phrase re-
presenting a paragraph. You can then select these points
in a logical order. Afterwards draw a line through your
original notes to show the examiner that they are not
part of your answer.

(5) Pay reasonable heed to the neatness and style of
your answers. The examiners are only human and
cannot be expected to decipher illegible handwriting,
As you complete each question, read carefully throug
what you have just written, correcting spelling and
grammar. Carefully check all drawings—it is all too
easy to make an elementary mistake when in a hurry.
Do not use Amateur Radio operating abbreviations
thongh of course you may use recognised technical
abbreviations and symbols.

{6) Remember that while it is an examination and
cannot be considered too lightly, there is no reason to
be over-awed by the occasion. It is not a professional
examination, and every allowance will be made on that
score. All that is required is for you to show that you

possess sufficient knowledge about radio and amateur
practice to be trusted to make proper use of a trans-
mitting licence. There are never any “‘trick” questions, and
you are not competing against others taking the exam.

The Morse Test

Morse Tests can be taken throughout the year at the
G.P.O, Headquarters in London; at any of the Post
Office Coast Stations (located at Highbridge, Somerset;
Whitley Bay, MNorthumberland; near Mablethorpe,
Lincs.; near Penzance, Cornwall; near Ventnor, Isle of
Wight; Broadstairs, Kent; Connel, Argyll; near Stran-
raer, Wigtownshire; near Almwch, Anglesey; Stonehavesn,
Kincardineshire; Wick, Caithness: llfracombe, Devon):
or at any of the Radio Surveyor’s Offices {located at Bel-
fast; Cardiff; Falmouth; Glasgow; Hull; Edinburgh;
Liverpool; Newcastle-on-Tyne; Southampton). Tests are
also held, provided there are sufficient applicants, in
March and September of each vear, at the Head Post Offices
in Birmingham, Cambridge, Derby, Leeds and Manchester.

In the Test, 36 words (average length five letiers per
word) must be sent and 36 words received in two
periods of three minutes each. Up to four errors are
permitted in the copy received and up to four correc-
tions may be made while sending; there must be no
uncorrected errors in sending. Ten groups of five
figures must be sent, and ten groups copied, in two
periods of 14 minutes each; a maximum of two receiving
errors are permitied in this section, and wp to iwo
corrections made while sending.

The fee for the Post Office Morse test is H{}/-,

Learning the Morse Code

Newcomers who really wish to learn Morse operating
are few and far between, The majority view it as a
necessary evil that has to be surmounted before an “A™
licence can be obtained. Yet once achieved, mastery of the
code opens up & new world to the short wave
enthusiast and proves a source of endiess satisfaction.
So much so that many amateurs spend most of their
time using the Morse key rather than a microphone.
But it is a fascination that comes only with experience
and eludes the printed page.

It was proved during the 1939-45 war that reasonably
competent operators could be trained in a matter of a
few months from all sections of the community, young
or old, men or women. Admittedly a few exceptional
individuals become proficient in a fraction of the time
required by the far greater number who find the early
stages rather difficult, And yet many who appear to
make only slow headway at first often in the long run
become the best operators. The real key to Morse is
perseverance and a refusal to be discouraged.

The first requirement then is the determination to
devote regular time to practice; and this should pre-
ferably consist of frequent short periods rather than
oceasional long sessions. It is far better in the early
stages to practice for 15, 30 or 45 mimutes daily than to
devote 2 whole evening to it once a week,

A booklet, The Morse Code for the Radio Amatenr
(price 1/9), available from the RSGB, provides full informa-
tion on how to learn the code and bring your speed up to
that required for the GPO test.

A Morse code practice tape, recorded at 3% in./sec.,
is available from the RSGB, price 17/6, post paid. The
speed of sending on the 450 ft. tape is approximately
14 w.p.m. The exercises are not intended to teach the
code but by running the tasye at 1% in.fsec., useful prac-
tice af 7 w.p.m. is available for beginners. A separate
beginners’ Morse Code course on a 900 ft. tape is also
available.

Morse practice long-playing gramophone records are
also available through the Society.
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Operating an Amateur Station

NEWCOMERS are often puzzied by the codes and
abbreviations used by radio amateurs, These codes
are necessary in order to enable international commurni-
cation to take place with operators who may speak little
or no English, and also to save time in conveying infor-
mation, When using Morse telegraphy, for example, it
would take far too long to spell out every word in full,
but, by condensing routine phrases into code groups and
by abbreviating certain commonly used words, it is
possible to transmit and receive information almost as
quickly as when operating on telephony.

The Value of Codes

The advantage of using codes was realized by com-
mercial operators in the early days of telegraphic
communication with the result that a number of inter-
national codes—such as the Q-code—have been estab-
lished for many years. Amateur operators use these
codes but alter them slightly in order to meet their
particular needs: in addition, they have adopted many
informal abbreviations until today they possess a form
of international Morse language—ofien called “radioese™
—which covers all the routine needs of amateur com-
munication. Thus it is possible for an Englishman to
enjoy radio contacts in gquick succession with, for
example, a German, a Spaniard, a Japanese, and a
Czech: each understanding the other perfectly,

Fortunately, most of these abbreviations and codes
are very easy to learn: in many cases “once seen, never
forgotten.” The Q code will be found on page 78 and
amateur abbreviations on page 79.
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& transistor Morse practics oscillator which works from a 1.5 volt
dry cell and provides sufficient output to feed twe irs of head-
hones, Almost any type of audlo transistor should prove satls-

tory. T1 is a small transi drivar f (Osmor Radio).
The comp ts can_col ly on a piece of 1y in.
paxolin, 2§ by 2] inches with the wiring on the reverse side, but
almost any form of construction can be used without affecting results.

THE MORSE CODE AND SOUND EQUIVALENTS

A di-dah S di-di-dit

B dah-di-di-dit T dah

€ dah-di-dah-dit U di-di-dah

D dah-di-dit ¥ di-di-di-dah

E dit W di-dah-dah

F di-di-dah-dit X dah-di-di-dah

G dah-dah-dit Y dah-di-dah-dah

H di-di-di-dit Z  dah-dah-di-dit

1 didit 1 di-dah-dah-dah-dah
]  di-dah-dah-dah 2 di-di-dah-dah-dah

K dah-di-dah 3 di-di-di-dah-dah

L  di-dah-di-dit 4  di-di-di-di-dah

M dah-dah & di-di-di-di-dit

N dah-dit 6 dah-di-di-di-dit

O dah-dah-dah 7 dah-dah-di-di-dit

P di-dah-dah-dit 8 dah-dah-dah-di-dit
Q dah-dah-di-dah 9  dah-dah-dah-dah-dit
R di-dah-dit 0 dah-dah-dah-dah-dah

(3 is sometimes sent ar one long dah)

Punctuation

Frequently employed in Amateur Radio
Question Mark di-di-dah-dah-di-git
Full Stop di-dah-di-dah-di-dah
Comma* dah-dah-di-di-dah-dah

*ften used to indicate exclamarion mark.
Procedure Signals

dah-di-di-dah-dic
dah-di-di-di-dah
di-dah-di-dah-dit
di-di-di-dah-di-dah

Stroke

Break sign {=} o
End of Message (+ or AR)
End of Wark (VA}

Wait (AS) di-dah-di-di-diz
Preliminary call (CT) dah-di-dah-di-dah
Error di-di-di-di-di-di-di-dit

Invitation to transmit {K} dah-di-dah
Note also the procedure signal used by many
amateur stations inviting a named station only fo
transmit KN dah-di-dah-dah-dit

* * *

One dah should be equal to three di's (dit's).
The space between parts of the same letter should
be equal to one di { dit).

The space between twe letters should be equal to
three di's {dit's).

The space between two words should be equal to
from five to seven di's {dit's).

77
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A Typical Telegraphy Coniact

The following imaginary c¢.w. contact is shown in full
to give newcomers an idea of the general form of
amateur operating procedure: operators, however, should
guard zgainst allowing their contacts to become too
rigidly set in the “rubber-stamp” mould.

CQ CQ CQ CQ DE G3Z¥Z G3ZZZ + K
G3ZZ7Z G3ZZZ DE GMIXXX GM2IXXX + K

GM2XXX DE G3ZZZ = GM OM ES MNI TKS FER CALL = UR 51G3
R5T 379X = QTH LONDON = NAME HR IS5 JCHN NwW PSE
HW? + GM2XXX DE G3ZZZ K

G3ZZZ DE GM2XXX = R FB E$ GM JOHN = TKS FER RPRT ES GLD
TOQ MEET U = LR RST 558C = QTH EDINBURGH ES NAME MAC
= WX COLD £5 DULL = RIG I5 ¥FO/FD/PA WID 75 WATTS
{NPT ES ZEPP ANT = RX i5 DOUBLE SUPER = QK! + G3ZZZ
D GMEXXX K

GMIXXX DE GiZZZ = R OK MAC ES TKS FER ALL = SRJ ABT
CHIRP HR NEW VFO = RIG 15 ¥FO/PA WID 15 WATTS E5 132
FT_LONG WIRE = HR CNDX POOR FER DX = QSL VIA
RSGE = NW¥ QRUZ + GM2XXX DE GIZZZ K

GSZZZ DE GM2XXX = MOST QK JOHN BUT NwW ¥Y HVYY QRM
ON FREQ = QK UR RIG E5 WL SURE QSLL = NW 73 ES HPE
CUAGN SN = GM JOHN ES GUD DX + G3ZZZ DE GM2XXX VA

GM2XXX DE G3ZZZ = R FB MAC ES MNI TKS FER QSO =

731 ES
BCNU GB + GM2XXX DE GIZZZ V

READABILITY

Rl  Unreadable.

R2 Barely readable, occasional words distin-
guishable.

R3 Readable with considerable difficulty.

R4 Readable with practically no difficulty.

RS Perfectly readable.

SIGNAL STRENGTH

S| Faint, signals barely perceptible.
52 Very weak signals.

53 Weak ssignals.

S$4 Fair signals.

S5 Fairly good signals.

§6 Good signals,

ST Moderately strong signals.

58 Strong signals.

59 Extremely strong signals.

TOMNE

TI Extreme[y rough hissing note.

T2 Very rough a.c. note, no trace of musicality.
T3 Rough, low-pitched a.c.note, slightly musical,
T4 Rather rough a.c. note, moderately musical.
T5 Musically modulated note.

Té Modulated note, slight trace of whistle.

T7 WNeard.c. note, smooth ripple,

T8 Good d.c. note, just a trace of ripple,

T? Purest d.c. note,

If the note appears to be crystal-controlled add
X after the appropriate number, Where there
is chirp add C, drift add D, clicks add K,

For amateur c.w. cperation, the AST code, devised originally by W2BSR,
is now :mlvsr:ally adoptad R denotes readability, 5 indicates sighal
strength, and T the tone of the noty. On telep nr, & similar code
but omlitting the tone repart is generally adopted.

THE INTERNATIONAL @ CODE

The fellewing Q signals taken from the official list are widely used in the
Amateur Service.
QRG Will you te|| me my exact frequency? Your exact frequency
fs.
QRH Dees | my frequency vary?! Your frequency varies.
QRI What is the tone of my transmission! The tone of your trans-

rissian is - famateyr TI — T9).

QRK  What is che readabll:ty of my signals? The readability of your
signals is.. ..(amateur Rl — RE)L

QRL  Areyou busy’ I'am busy. Please do net interfere.

QRM  Are you beiniinter{ered with? | am being intarfered with.

QRN Are you troublad by static? | am croubled by static.

QRO Shall | increase power? Increase power.

QRF  Shall | decrease power! Decrease power.

QR Shall | send faster? Send faster.

QRS Shall | send more slowly? Send more slowly.

QRT  Shall | stop sending? Stop sending.

QRU  Have you anything for me? { have nothing for yau,

QRY  Are you razdy?! | am ready,

QRX  When will you call me again? | will call you again at...__..._...hours,

QRZ  Who is calling me? You are being called by... fon kefsh

Q54 What is the strengeh of my signals? The strength of your signals

(amaraur 51 — 59

QsB Are my smna]s fading? Your signals are lading.

Q5D s my keying defectiva? Your keying is dafective.

Qst Can you give me acknowledgment of receipt? ) give you acknow-
{edgment of receipt,

QSO Can you communicate with., sdirect or by raiay? [ can
communicate wich.. dlrel:t (or by relay through. ...,

QSP Will you relay to? | w||| r‘elay' to..

Q3 Shalll send a series of YVVs? Send 4 series of VVVs.

QSY  Shall | change to ancther freguency?! Change to transmission on
another frequency {or on. kefs)h

QSZ  Shall | send each word more :han once? Send each word twice,

QTH  What is your lccanon! My location is......u

QTR What js the correct time! The ccrrect time is,............hours.

Punctuation signals are seldom used, sections of a
transmission being spht up by means of the break
{double hyphen =) sign.

Unless asked to do so, or given a readability report
less than R4, words should be sent once only. Exceptions
are the RST report, location and name, which are
generally sent twice.

A common, bul most annoying, fault is the sending
of long strings of CQ calls without interspersing the
station’s call-sign. A good rule is to send four (or, at
the most, five) CQs followed by the station call-sign
twice, e.g., CQ CQ CQ OQ DE G3ZZZ G3ZZZ OQ CQ
CQ CQ DE G3ZZZ G3ZZ7 etc.

Amateurs often use Q-signals as nouns rather than in
question and answer form, Examples are:

QRG ... Frequency QRT ... Close down

ORI . Bad note QRX ... Stand by

QRK ... Signal strength QSB ... Fading

QRM .., Interference from QSD ... Bad sending
other stations QSL ... Verification card

QRN ... Interference from QSO ... Radio contact
atmospherics or QSP ... Relay message
local electrical QSY ... Change of
apparatus frequency

QRO ... High power QTH ... Location

QRP ... Low power (sometimes  the

older code group
QRA isstill used)

Telephony Operation

Whereas a poor or inconsiderate c.w., operator is a
nujsance only to his fellow enthusiasts, bad telephony
operation discredits Amateur Radio generally.  The
man-in-the-street judges our hobby by the quality of
our telephony iransmissions, the subjects discussed, and
the procedure used
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When using telephony, operatorg should talk normally
and avoid the excessive use of amateur abbreviations
and jargon other than signal reporting codes or, when
it becomes necessary, to¢ make themselves understood
by foreign amateurs.

Contests and Band Planning

Although Amateur Radio is primarily a scientific
pursuit the hobby possesses a strong competitive side
which is well catered for by a number of contests mostly
of an annual nature, These events provide opportunities
to test not only equipment but also the skill and ability
of those who compete.

The types of contest vary widely, from- international
events extending over several weekends to concentrated
three-hour hidden transmitter hunts in which physical
endurance is almost as necessary 28 radio equipment.
Almost all operating interests are catered for: DX (c.w.
and telephony); Top Band; low power; portable; single
operator and club and group events; v.hf and uh.f.:
and lightweight portable work.

In addition to contests, there are many other ways in
which the radipo amateur is able to show his prowess.
Certificates and awards for various feats of operating
ability and skil are issued by societies and Amateur
Radioc magazines all over the world.

In order to make the best possible use of the fre-

quencies available to radio amateurs, the Radio Society
of Great Britain snggested some years ago that a volun-
tary Band Plan should be adopted by all users of the

3.5, 7, 14, 21 and 28 Mefs bands.
The primary purpose of the Plan is to protect those

who use c.w. telegraphy,

The Band Plan, which has been adopted by the
European section of the International Amateur Radio

Union, is as follows:—

Frequency Band

Use

3500 — 3600 kc/s
3600 — 3800 kcfs

Telegraphy only
Telegraphy and Telephony

7000 — 7040 kefs
F040 — 7100 kofs

Telegraphy only
Telegraphy and Telephony

14000 — 14100 kefs
14100 — 14350 kefs

Telegraphy only
Telegraphy and Telephony

21000 — 231150 ke/s
21150 — 21450 ke/fs

Telegraphy only
Telegraphy and Telephony

28000 — 28200 kc/s
28200 — 29700 ke/s

Telegraphy only
Telegraphy and Telephony

RTTY opcration is recommended to take place around

14090 kefs.

Zoning plans have also been adopted for 144 and 430 Mc/s
(that for 144 Mc¢/s is given on page 11).

Amateur Abbreviations

AN All  after . ., . (used after CUD could OB old bay
question mark to request a CUAGN  ses youo again OC old chap
repetition) CUL see you later oM old man
AB All before . . . {see AA) cw continuous wave OP operatar
BK Signal used to  intertupt a DF direction finding QT old timer
transmission in progress DR dear PA power amplifier
BN All between . . . oand . .. (see DX long distance PP push-pull
AA) DXCC DX Century Club PSE pleasa
] Yes 0 electron-coupled oseillator PWR power
CrM Confimm {or I confirm) ELBUG  electronic key RAC rectified (raw) A.C. )
CL I am closing my station ENUF enough RAOTA.  Radic Amatear Old  Timers’
cQ Genaral to all stations ES and Association
DE Used to separate the call-sign of FB fine busincss RCC Rag Chewers' Club
the station called from that of FQC First Class Operators® Club RCVR receiver
the calling station FCC Federal Communications Com- RPRT report
ER Here mission RX receiver
Invitation to transmit FD frequency doubler 5A 54y
Neo FM™ frequency modulation SED said
NIL 1 have nothing to send to you FER for SIG signal
NW ow FONE telephone SKED schedule
OK We agree (or It is correct) FREQ frequency 5N 00N
Received GA o ahoad, or good afternoon SRT sOITY
RPT Repeat (or 1 repeat} GB goodbye 588 single sideband
TFC raffic GD good day STN station
W Word(s) GE ond evening SUM S0Mme
WA Word after (see AA) GG going 5W short-wave
WB Word before GLD glad SWL short-wave listener
GM good morning TCC traffic
ON good night TKE thanks
Informal Amateur Ahbroviations GND ground (earth} THIW tomoTrow
ABT about GUD good THY thanks
ADR, address HAM amAteur transmitter TRI try
AGN again HI jaughter TV television
ANI any HPE hope TVI television interference
ANT antenna (zerial) HR here or hear TX transmitter
BA buffer amplifier HRD heard u you
BC broadeast HY have UR your .
BCI broadcast interference HYY heavy YEG variable frequency oscillator
BCL broadeast listener . HW how VY very
BCNLI be seging you © TARU International Amateur Radio W watts
BD bad Union WAL Worked all Continents
EFO beat frequency oscillator 11 repetition signal WID with
K break-in INPT inpui WKD worked
BLV balieva 1> poot operator WKG working
BUG semi-automatic key LSN listen WL will or well
CANS headphones MNI many WLUD wo
CC crystal-controdled MO master oscillator WX weather
CK check MOD modulation XMTR  transmitter
CLD called MSG mes: wife
CNT cannot MTR meter {or metres) XTAL crystal
cO crystal escillator NBFM narrow band frequency modula- YF wife
CONDX  conditions tion YL young lady
CPSE counterpoise ND nothing doing 73 best regards
CRD card NR number 88 love and kisses
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Amateur Radio Prefixes
AC3 Sikkim HZ Saudi Arabia UA2 Kaliningradsk
ACA Tibet L Ttaly A9, 0, -
ACS Bhutan ] Sardinia Uwye Asiatic R.5. F.5.R.
AP Pakistan IT Sicily UBS, UTS, )
BY Fortnosa JA, JH Japan uys Ukraine .
BY China JAD Bonin and Volcano Is. ucz White Ruassia
ce Manchuria IT Mongoliz U6 Azerbaijan
CE Chile | W Jan Mayen UF6 Georm?
CE7Z-CE9 Antarctica X, Svalbard uGe Armenia
CEDA Easter lsland Y Jordan UHs Turkoman
CE0Z Juan Fernandez ls, K, KN U.8.A. {for Districts see under ula Uzbek
CM Cuba (telegraphy) WY un Tadzhiz
CN2 Tangier KA Japan (Amer. assigned) uL? Kazakh
CNS§ Moaraeco KAQ Ronin and Volcano Is. ung Kirghiz .
co Cuba (telephony) KB6 Baker, Howland and Amer. UN1 Finno-Karelia
CP livia Phoenix Is. uQs Moldavia
CR4 Cape Verde Is. . KC4 Mavassa Is. UP2 Lithuania
CRS Portuguess Guinea, YPrincipe K4 Antarctica uo2 Latvia
and Sao Thome KCh Caroline and Falna Is. UR2 Estonia
CR& Angola KG4é Guantanamo Hay VE, VO  Canada i
CR7? Mazambique KG6 Mariana Islands, Marcus [s., YE1 Maritime Provinces
CRS Portuguese Timor Guam, VE2 Provincs of Quebee
CR3 acau . KBS Hawaiian Islands, Kure Is. VE3 Pravince of Ontario
Cs Portugal {experimental} K6 Johnston 1sland VE4 Province of Manitoba
CT1 Portugal KL7 Alasia VES Province of Saskatchewan
12 Azores KM6 Mldway Islands YE6& Province of Alberta i
C13 M.adema KP4 Puerto Rico VE7? Province of British Columbia
X Urugua, KPo Palmyra Group, Jarvis Island VESA-L Yukon Territories
DI Germany (special) KR6 Ryukyu I[slands (s.g., Okinawa) VEIM-Z ~ N.W. Temitories
DI Germany KRR Okinawa (Japanese Nationals) Vo2 Newfoundland
DL Germany i Ks4 Swan Islands, Roncador Cay YO& Labradar
DL2 Germany (UK. assigned) and Serrana Bank VKD Heard Is., Macgunarie Is.,
DL4 Germany (U.S. assigned) K56 American Samoa Cacos s
DLE Germany (Saarland) Kvd Virgin Islands VK1-8 Austraiia
DM Germany (East Zone} KW6 Wake Island VK1 Canberra
DU Philippines KX6 Marshall Tslands VKZ New South Wales
EA Spain KZ5 Tanama Canal Zons VI3 Victoria
EAS Ralearic Is, LA MNorway VK4 Queensland
EAB Canary Is. . LE Norway (Special} VK3 South Australia
EA9 Spanish Morocco, Rie de Oro, LH Houvet [s. VK6 Western Australia
LU Atgentina VK7 Tasmania
EAQ Sémnish Guinea LX Luxembourg VK3 Morthern Territories
EI ire Lz Bulgaria VK9 New Guinea, Norfolk Is.,
EL Liberia M1 San Marino Papua. Nauru, Cocos-Eeel-
EFP Persia (Iran} MP4 Kuwait, Qatar, Trueial Oman ng and Admigalty Istands
BQ Persia (Iran) MP4R Bahrein 1sland VO Sce under VE
ET2 Eritrea MPAT Muscat YP1 British Honduras
EI} Ethigpia OA Peru VP2 Lesward Ia,, Windward Ia,
F France oD Lehanon VP2A, Antigua and Barbuda
FB Glorieuses Is., Comeono Is., OF Austria VPIb Dominica
New Amsterdam and OH Finland VPG Grenada
Paul Is,, Kerguelen Is., QHO Aland [s. YP2H Anguitla
Tromelin Is QK Czechoslovakia VPIK 5t. Kitts and Nevis
FC Carsica ON Belgivm VELL St. Lucia
FG Chuadeloupe (3.4 CGreenland YP2M Mantserrat
FHE Comoros Isle ay Faeraes VE2§ St, Vincent
FK Mew Caledonia 574 Deamark VP2V Brit, Virgin Isles
FL French Somaliland PA Holland VI3 British Guiana
FM Martinique P1 Holland (Special) VP3 Turks and Caicos Islands
FO French Oceania {e.g. Tahiti), FI Duich West Indies VP& Barbados
Clipperien Is. PI2M St. Maarten YEP7 Bahamas
FP St. Pierre and Miquelon Is. PK Indonesia VP8 Falkland In., 8, Georgia,
FR jon Island PX Andorra 8. Orkneys, Shetland Is.,
FS7 St. Martin rY Brazil Sandwich Is., Grahamland
FUJ New Hebrides PYD Fernando de MNoronha, Trin- VP Bermudas
FW Wallis and Futuna Is. dade and Vaz Is. vl Zanzibhar
FY French Guiana BZ Dutch Guiana vQT Aldabrs Is,
G England SL Swreden (Special) vQ3 Mauriting
GB United Kingdom (Exhibitions SM Sweden VOSB St. Brandon Is
and Special Purposes) sp Poland VGIC Cfmgos .
aC Channel Islands ST Sudan VOIR Rodri
oD Isle of Man 5U Egypt o l}'}\qu:s
Gl Northern lreland 5V Greece and Crets VQ5 quc ¢lles . .
GM Scotland SVs Dodecanese Tslands VR1 Gilbert and Ellice Is, Bt
GW Wales TA Turkey Phoenix Is.
HAHG Hungary TF Tecland VR2 Fiii
HRBI Switzerland (portable) TG Guatemala VR3 Fanning 7s. (Christmas Is.}
HE9 Switzerland TI Costa Rica VR4 Solomen Is.
HC Ecuador TIS Cocos Is. VRS Tonga {Friendly) Is.
HH Galapagos Is. TI Cameroons | YR Pitcaitn 1=,
HCH Liechtenstein TL8 Central _African Republic VS5 Brunei
HE Haiti TNS Congo Republic V6 Hong Kong
H1 Dominica (formerly French Congo) V59 Aden, Socotra Is.
HK Colombia TRS Gabon Republic VSUK Kamaran
HKQ San Andres, Providencia TTB Tchad Republic VEIM Maldive Is.
HL, HM TR TU2 Ivary Coast VE90 Sultapate of Oman
HP Panama TY Dahomey Republic viI2 Tndia i
HER Honduras TZ, Mali Republic YU Andaman Is., Laccadive 1z
HS Siam A, Uy, UW, RA W, WA, United States of America
HY Vatican City 1,3,4,5, 6 Furopean Russian S.F SR W, WV,  (see alzo KH6, KLT}
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K, KN LA Albania
Wi Connecticut, Maine, Massa- ZB2 Chbraliar
chusetts, MNew MHampshire, ZC3 Christmas Island
Rhode lsland, Vermont ZD3 Gambia
w2 New lIersey, New York ZD5 Swaziland
W3 Delaware, Macyland, Pennsyl- ZD7 51, Helena
vania (including Eistrict of ZD3 Ascension Island
Coiumbia} ZD9 Tristan da Cunha, Gough Ia.
w4 Alabama, Florida, Georgia, ZE Rhodesia
Kentucky, North Carolina, ZF1 Cayman lsles
Sowmh Carplina, Tenngssee, ZKl1 Cook Lsland
Virginia ZK2 Niue
W5 Arkanzas, Louwsianta, Mississ- ZL New Zealand, Chatham Is.,
ippi, New Mexico, Dklahoma, Kermadec Is.
Texas ZLi Auckland District
Wé Califorma Z1z2 Wellington Diistrict
w1 Arizona, Idahe, Montana, ZL3 Canterbury District
Mevada, ©Oregon,  Utah, AR Otago District
Washington, Wyoming ZL5 Mew Zealand Antarctica
Ww§g Michigan, Ohio, West Virginia ZMa Western Samoa
wo Tllinos, indiana, Wisconsin ° ZM? Takelau ls.
wo Colorado, lowa, Kansas, Min- P Paraguay
nesota, Missouri, Nebraska, Z5 Rep. of South Africa, Prince
. North Pakota, Sonth Bakota Edward and Marion Is,
XE, XF  Mexico Z51 Cape Disgtrict
XE4 Revilla Gigedo Z82 Cape Province (excluding ZS1)
XT2 Upper Yalta Z54 (Orange Free State
XWwg Laos . Z85 Natal {including Zululand)
XZ Burma Z86 Transvaal
YA Afghanisian Z83 South West Africa
YI Tragq 758 Basutoland
YJ MNew Hebrides 8% Bechuanaland
YK Syria 342 Monace
YN Nicaragua wvs Tunisia
(8] Roumania IW8 Cambadia, Viet Nam
YS Salvador 4M Venezuela
¥u Yugoslavia 457 Cevlon
YV Venczuela 4UIITU  TTU, Geneva
YWD Aves 1s, Yemen

434 Tsrael

SA Libya

5B4 Republic of Cyprus

SH3 Tanganyika

5N2 Nigeria

SRR Malagasy Republic

5T3 Mauriama

sUT Nuger Republic

5V Toan

5W1 British Samoa

SX5 Upanda

574 Kenya

60 Somali Republic

W8 Senegal Republic

oY Tamaica

701 Guinea Republic

9 Malawi

™2 Algeria

8Fd Indonesia

811 Antarctica {also OR4, VKO
ZLSs, 8)

8§74 Iraqui/Saudi Arabia Neutral
Lone

8Z5 Kuwait/Saudi Arabia Neutral
Zone

9Al San Maring

952 Ghana

9H1 Malta

PR2 Kuwait

9J2 Zambia

9L1 Sierra Leone

O, 98B East Malaysia

9M2, OM4 West Malaysia

9N epa

o905 Congo Republic

ours Burundi

9y Singapore

9xXs5 Rwanda

9Y4 Trinidad
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CHAPTER SEVEN

The RSGB and the Radio
Amateur

H.R.H. The Prince Philip, Duke of Edinburgh, K.G.—the
Patron—broadcasting a message over an Amateur Radlo

Yellowknife, North West Territory.

Sulny.':

THE Radio Society of Great Britain (RSGB) is the
National Society of radio amateurs in the United
Kingdom. Over 8000 of its more than 14,500 members
hold amateur transmitting licences; the remaining 6000
or so members either hope to do so later or are interested
primarily in the receiving side of Amateur Radio. Over
1000 members live overseas.

H.R.H. The Prince Philip, Duke of Edinburgh, K.G.,
is the Society’s Patron. ;

The Society acts as the spokesman for the radio
amateur in the United Kingdom and is one of the
Founder Members of the International Amateur Radio
Union, the world-wide association of the various
National Societies.

The Society was founded (as the London Wireless
Club) more than fifty years ago (1913) but soon attracted
members throughout the country; the name of Radio
Society of Great Britain was formally adopted in 1922
For many years its activities have been devoted almost
entirely to the many aspects of Amateur Radio—that
is, the transmission and reception of short-wave and
ultra-short-wave radio signals as a hobby.

The Society helps Amateur Radio in many ways. Of
particular importance is the provision of information on
technical matters and on the various activities and events
of concern to amateurs. Since 1925 it has published a
monthly journal—the RSGB Bulletin—the oldest and
largest magazine devoted to Amateur Radio in this
country. All members receive this magazine by post,
without payment other than their annual membership
subscriptions to the Society.

82

The Society is administered by a Council elected by
the Corporate membership. The Council includes
members from all parts of the country. A full-time,
staffed Headquarters is maintained in London. There
are also 17 elected Regional Representatives who, with
the help of Area Representatives, arrange local meetings
and other activities.

More than 250 local societies and clubs are in affiliation
with the Society.

The Society is proud of its half-century role in the
development of Amateur Radio and of the many eminent
scientists who have been connected with it—including
Marconi, Lodge and Fleming. It was the organised radio
amateurs who originally demonstrated that wavelengths
below 100 metres could provide world-wide communica-
tion on low power. But the Society looks to the future,
rather than the past, and concentrates its efforts on the
effective organisation of amateur activity, to provide the
greatest opportunities for useful experimental work, and
to encourage general interest in and enjoyment of the
hobby of Amateur Radio.

WHY YOU SHOULD JOIN

All those who are actively engaged in any form of
Radio Research Experimentation or Communication are
eligible for election as Corporate Members. This includes
anyone who builds or operates amateur radio equipment.
You do not have to be engaged professionally in radio—
but equally this would not debar you from joining. Many
members do in fact work in the electronics field—often
as the result of their interest in Amateur Radio—but for
very many others radio is purely a spare-time hobby. If
you are under 21 years of age, a genuine interest in
experimental radio makes you eligible for Associate
Membership. Associates have many of the privileges of
full membership but do not vote in the annual Council
election or on matters affecting the management of the
Society. Licensed amateurs cannot be Associates.

The following are just a few of the many reasons why,
if you are really interested in Amateur Radio, you
should join the RSGB immediately,

You will receive every month a copy of the RSGB
Buliletin, recognised as providing a complete and accurate
survey of every phase of Amateur Radio activity. Con-
taining at least 64 pages each month, the Bulletin is
noted internationally for the high standard of its tech-
nical and constructional articles, written by Britain’s
leading radio amateurs, and the wide scope of its news
coverage. The needs of newcomers are not overlooked
in the selection of technical articles. A sample back
issue will be gladly sent for 2/6 post free.

You will be able to use the world’s largest and most
comprehensive free QSL Bureau operated by the Society.
Use of this efficient Bureau will save the active
amateur and listener a great deal of trouble and expense.
QSL cards are sent and received from the Bureau in
batches. This eliminates the need for stamping, address-
ing and posting of individual cards. The Bureau dis-
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tributes the cards via other National Societies’ bureaux to
amateurs throughout the world. Full details of how the
{SL. Bureau operates are sent to every member on
election.

You will receive a certificate of membership and a
Iapel badge which identifies you as part of the Amateur
Radic movement. Members who do not hold amateur
transmitting licences are given special identification
numbers for use in connection with the QSL Bureau,
beginning BRS (British Receiving Station), ORS
{Overseas Receiving Station), or A. (Associate), followed
by a number,

You will be encouraged to contribute, according to
your interests, to the advancement of Amateyr Radio.
Many members serve as local representatives or on local
or national committees, or pass on to other members
through the Bulletin or by lectures the results of their
experiments and observations. The members in fact
are the Society.

The Society helps organize many special scientific
studies and tests, and has set up a Radio Amateur
Emergency Network in collaboration with the British
Red Cross Society, the St. John Ambulance Brigade and
the Policc. ]

The Society maintains special committees dealing with
such matters as television interference, licences and
questions concerned with the Town and Country Planning
Act, which are often able to help with related problems.

The Society is recognised as the representative of the
Amateur Radio movement in all negotiations with the
Post Office on matters affecling the issue of amateur
transmitting licences.

The Society has been established for over half a
century. Tt has a long record of sound and efficient
administration, through an elected Council, aided by a
full-time Secretariat.

HOW TO JOIN THE RSGB

Joining the RSGB is simple, but there are of course
certain formalities to be observed. As explained earlier,
anyone with an active and genuine interest in Amateur
Radio is warmly welcome to apply for membership.

All applicants, for both Corporate and Associate
memby p, should be proposed by a Corporate Member of
the Society to whom they are personally known, The
member simply completes the proposal on the Application
Form, and you will find that he will be glad to do this.

The Society however fully recognizes that many new-
comers to Amateur Radio—who are most welcome as
members—may not know or be in touch with other members.
Tn such cases a brief reference in writing should be submitted
from a suvitable person who can vouch for your interest in
Amateur Radio.

In order to apply for Associate membership, you must be
under 21 vears of age and not be a holder of an amateur
transmitting licence. Associates must apply for transfer to
Corporate membership on reaching 21 years of age or, if
under this age, immediately they obtain a transmitting
licence.

An application form for Corporate membership is in-
cluded on page 88. If you wish to apply for Associate
membership you should ask the Society for the appro-
priate application form. .

All applications are placed before the Council at its
monthly meetings, generally held during the second or
third week of the month.

The current annuval subscription rates are: Corporate
Members £2 10s.; Associates £1 5s. There is no entry fee.
The first year’s subscription should be sent with the applica-
tion form. After having been a Corporate Member for

five consecufive years, subject to the appraval of Council,
a member can commute all future annual subscriptions by a
payment of a fee determined by the Council,

All correspondence should be sent to the Radio Society
of Great Britain, 28 Little Russell Street, London, W.C.1.
The telephons numbers are HOLborn 7373 and 2444,

WHAT THE SOCIETY DOES

Some of the important activities of the Society have
already been described, but there are many other ways
in which the Society helps radio amateurs and all those
Lntlerested in Amateur Radio. A few of these are outlined

SlOw.

Publications

The main publishing activity of the Society is in
producing the monthly RSGSB Builetin, But the Society
also produces many books and other publications to
help the amateur, Because the Society is anxious to
dissemninate sound technical information as widely as
possible, many of these publications are issued at prices
well below what a commercial publishing organization
would have to charge. A notable example is the RSGE
Amateur Radio Handbook, a large up-to-date book of
over 500 pages covering principles, design and con-
struction of all types of amateur equipment. Some pub-
lications of the Society are specially written for new-
comers to help them obtain transmitting licences: these
include this booklet, 4 Guide to Amateur Radio, and
also The Radio Amateurs Examination Manual and The
Morse Code for Radie Amateurs. The Society also pro-
vides facilities for obtaining a selection of the many
Amateur Radio publications issued in the United States
where there are over a quarter-million radio amateurs.

Technical guidance™and a large number of practical hints
and circuits willibe found in Technical Topics for the Radio
Amateur.

Meetings

Official Society meetings are held throughout the British
Isles. Local meetings are held by RSGEB Groups and by
affiliated societies. Mobile rallies and specialised conven-
tions are also held regularly. A full list of Forthcoming
Events appears monthly in the RSGB Bulletin, A list of

affiliated societics and clubs is given in the RSGB Amateur
Radio Call Book,

Frequencies

The Society maintains close liaison with the GPO on
all matters affecting licence facilities and the frequen-
cies assigned to Amateur Radio, and regularly sends
ofticial representatives to the important World Radio
Conferences of the International Telecommunication
Union and other conferences where decisions vital to the
future of Amateur Radio are taken.

Coniests and Field Days
Many interesting Tests, Contests and Field Days—
some of which are open to listeners as well as trans-

mitting members—are held each year. Trophies or
Certificates are awarded to leading eatrants.
Achievement Certificates

A number of Certificates representing graded degrees of
achievement in Amateur Radio operating (receiving as well
as transmitting) are issued by the Society. These include
the DX Listeners’ Century Award, the Worked the British
Commonwealth Award, Four Metres and Down Certificates
and the Commonwealth DX Certificate. The Rules govern-
ing all awards are available from RSGB Headquarters.
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|
GB2RS SCHEDULE
RS5GB Mews Bulleting are transmitted on Sundays in accerdance
with the following schadula;
Frequency Time Location of Stacion
3600 ks 930 a.m.  Sauth-East England
19 a,m, Severn Area
10.15 a.m. Belfast
16,30 a.m.  MNorth Midlands
I a.m. MNorth-¥West England
11.30 a.m.  South-West Scotland
12 nacn Merth-East Scotland
145.10 Mc/s 230 a.m. Beaming north from London
10.0¢ a.m. Bezming west from London
145.8 Mcfs 10.15 a.m.  Baaming south fram Belfast
145,30 Mcfs 10.30 a.m. Beaming norch west from Sutton
Coldfield .
1,00 a.m, Beaming south wast from Sutton
Coldfield
145.50 Mc/s 11.30 am. Beaming north from Leeds
12 noan Beaming east from Leeds

Slow Morse Transmissions

The Socicty sponsors the transmission by amateurs
throughont the country of Morse practice lessons in-
tended for beginners. Details appear periadically in the
RSGRB Bulletin.

News Bulletin Service

Every Sunday morning special news bulletins for radio
amateurs are transmitted, under the call-sign GB2RS,
from stations throughout the British Isles, in the 3.6 and
144 Mc/s bands on a.m, phone,

Beacon Stations

By arrangement with the BBC the Society operates a
beacon station on 144.5 Mc/s under the call-sign
GB3VHF from Wrotham, Kent, with the aerial beaming
north-west, A number of other beacon stations on h.f.,
v.h.f. and wh.f. bands are operated by or in conjunction
with the RSGB and details are published repularly in the
RSGR Bulletin.

[ ] - *

In brief, the Society supports and encourages all activities
“For the Advancemenmt of Amateur Rodio®. It welcomes
within its ranks all those who share this view.

THE ROLE OF THE AMATEUR

No introduction to Amateur Radio and the RSGB can be
considered complete without at least a few very brief notes
on how this remarkable internationa! hobby has developed
through the vears; and on how it has already contributed a
vast amount of original work to the practice of radio com-
munication and to the self-training of countless thousands of
radio operators and cngincers. This work, it should not be
Forgotten, has been financed entirely by the amateurs them-
selves, without any form of government subsidy, and arises
solely from the very real interest to be found in such work
as a hobby.

How Amatesr Radio began

Although, from the very earliest days, amateur experi-
menters foliowed in the wake of Hertz, Loomis, Lodge,
Marconi and Popov in developing telegraphy without wires,
Amatenr Radio may be said to have been officially recog-
nized in the UK in 1904, when the first ** Wireless Telegraphy
Act  made necessary the registration of all radio receiving
and transmitting apparatus, but made specific provision for
the use of such equipment for experimental purposes.

By 1314 some 1000 amatcur cxperimental permmits with
three-letter call-signs (MXA, etc.) had been issued in Britain,
Meanwhile, in 1912, after a period of growing congestion of
the radio frequencies, the first specifically Amateur Radio

licences were issued in the United States allowing unrestricted
operation on ** 200 metres and down “—wavelengths then
believed by most professional communications engineers to
be valueless for other than short-distance working.

British cnthusiasts soon felt the need for some organization
to cater specifically for their interests and {913 saw the
formation of the Wireless Scciety of London with members
throughout the country. It was this Society which in 1922
changed its name to the Radio Society of Great Britain.

Almost all of these early amateur stations used spark
transmitters and crystal receivers but even before 1914
primitive attempts were being made at "phone as well as
telegraphy operation, and some of the larger stations were
already covering distances to be measured in tens of miles.

On the outbreak of war in 1914, all British experimental
stations were closed down and therc was a total ban on
amateur receiving as well as transmitting. Indeed it was only
after a tremendous struggle that the first British amateur
licences to usc the present style of call-signs (apart from the
iack of an international prefix} were issued late in 1920, At
first many of these stations used wavelengths of 1000 metres
and later 440 metres, but these permits, like the American
ongs, made provision for operation below 200 metres. Soon
spark transmitters were replaced by valves, and a good deal
of operation was on phone,

The Dawn of International DX

The early “twenties saw the famous series of Trans-
Atlantic and Trans-Ocean Tests in which the RSGB
co-operated closely with the American and Commonwealth
societies and which culminated in the opening of the short-
waves (below 200 metres) for long-distance, low-power,
two-way working. The first American amateur stations were
heard in Britain in November 1921 and next year amateur
stations in London (operaled by the RSGB}Y and Manchester
were heard in the United States. Two years later, in
November 1923, the first amateur two-way trans-Atlantic
contact took place on about 110 metres between France and
America—and within a few days British amateurs reduced
wavelength and began to work across the Atlantic.

With the valves and components then available it was no
simple matter to achieve operation on wavelengths of 100
metres and below, But by the following Autumn, two-way
contacts between Britain and New Zealand on about 80
n]ucges represented almost the longest span possible on the
globe.

Soon operation around 40 and 20 metres was producing
long-distance contacts at all times of the day and night, and
there began a flood of commercial stations opening up to
cxploit these discoveries which had stemmed directly from
Amateur Radio. By 1928 the Atlantic was spanned on 10
metres, and even 5 metres was being used by the amateurs
before the end of the "twenties,

But the continuing necessity for an effective organization
to look after the interests of the amateurs was again striking-
ly shown in the mid-twenties when an altempt was made by
the authoritics—alarmed at 1he ease with which the amateurs
were wortking one another throughout the world—to intro-
duce a ban on intetnational working by British amateurs.
Fortunately this ban was soon circuamscribed—though its
effect was 1o remain for many years in the banning of the
signal *“ CQ " by British stations until 1946.

Amatenrs and Broadeasting

Meanwhile British amateurs had played a decisive role in
the institation of regular broadcasting in the UK, Although
much interest had been aroused by some experimental
breadcasts made by the Marconi Company in 1920, the
British government hesitateq, and forbade further broad-
casts, This led in December 1921 to the presentation by the
Wireless Scciety of London of a strongly worded petition
urging regular transmissions, This petition was almost
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certainly the decisive factor which led to the agreement that
broadcasts should be started from Writtle (2MT) and that a
British Broadcasting Company should be formed. As one
journal put it: * Regular broadcasting in this country was
initiated not only at the request of, but through the insistence
of the experimental amateur "—though one of the first
results of broadcasting was that the British amateur soon
lost the use of 440 metres (1000 metres had already been lost
to aircraft communication). Later, a British amateur, the
late Mr Gerald Marcuse, 2NM, was to be instrumental in
starting British broadcasting on h.f. to the Commonwealth.

The year 1925 saw the formation of the amateur’s inter-
national organization (IARU) which forms a link between
the various national societies which exist in almost all
countries of the world, and the start of the T and R
Bulletin (now RSGB BuULLETIN) as the journal of the
“ Transmit and Relay " Section of the RSGB—the section
which soon afterwards guided the main body to concen-
trating almost exclusively on Amateur Radio activities.

During the ‘thirties membership of the RSGB increased
from about 1000 to almost 4000 by 1939, and a full-time
secretariat was set up. In 1933 the first edition of 4 Guide to
Amateur Radio was published, to be followed in 1938 by the
first edition of the RSGB Amatewr Radio Handbook.

Once again, on the approach of war, amateur licences
were withdrawn in Britain (August 31, 1939) and remained
in suspension until January 1946. But throughout the war
years the spirit of Amateur Radio was kept very much alive

hy the many amateurs who used their radio operating and -

technical skills on behalf of their country, and indeed by the
end of the war membership of the RSGB had more than
doubled to some 9000 members!

And so this time, thanks to the high regard in which
Amateur Radio was now held and the effective organization
kept in existence by the RSGB, activities were resumed
within three months of the end of the war, with licences
noticeably more liberal than the pre-war experimental permits.
Soon there were more amateurs than ever before, not only in
the UK but throughout the world.

But Amateur Radio again faced an extremely difficult
period in the late *forties and “fifties when, with the spread of
teleyision, it seemed for a time that many amateur activities
might be seriously curtailed by the formidable problem of
operating stations alongside domestic television receivers
without causing interference. Active measures by the
amateurs, encouraged by the RSGB and American society
ARRL, succeeded to a remarkable extent in overcoming this
problem.

This simple superhet receiver with an external r.f, pre-amplifier was
built by a 15-year-old schoolboy and now ferms part of the exhibits

at the Science Museum Amateur Radio Station GB2SM.

(Right) Completing the receiver.

Amateurs Today

Today the number of licences in the UK stands at an all-
time high of over 12,000, and Amateur Radio enjoys facili-
ties which should ensure its future growth. But the enormous
growth of other forms of radio communication in the h.f.
and v.h.f. spectrums—in many cases using techniques which
have come from the amateurs—means that the demand for
radio frequency allocations grows constantly more pressing
—and thisunderlines the necessity for radio amateurs to main-
tain strong national and international organizations to keep
careful watch on the position: the RSGB is recognized
throughout the world as one of the leading organizations
among those which have striven effectively over many years
to improve or retain the vital operating privileges.

Amateurs continue to play a significant role in the develop-
ment of practical h.f. and v.h.f. radio communication, and in
such allied fields as radio astronomy and the scientific study
of radio propagation. Equally important is that many of the
scientists, engineers and technicians in this sphere owe their
initial interest to the hobby; while those amateurs without
professional connection with electronics form a most useful
body, within the community, of knowledgeable opinion on
radio communications.

One example of the current work of the amateurs in keep-
ing in the forefront of communications technology is illus-
trated by the fact that since December 1961 a series of
successful communications satellites—called Oscars from
‘ orbital satellites carrying amateur radio “—have been
orbited. Although the launchings have been made by the
American services (an indication of the regard in which
Amateur Radio is held there) the actual satellites have been
designed, constructed and used operationally by amateur
enthusiasts.

One sometimes hears it suggested that as Amateur Radio is
now a relatively * ancient ”’ hobby, already well past its first
half-century of exciting years, there can be little scope left
for fresh experimental work. Nothing could be farther from
the truth. Today, perhaps more than at any other time for

{ many years, we stand at the brink of breath-taking new

developments in radio communications. Particularly is this
true in the tremendous number of new applications of
transistors and other semiconductor devices; in improved
methods of modulation; and in the microwave regions.
Already it is possible to build a complete phone two-way
station for world-wide operation in less space than is
occupied by the average domestic broadcast receiver.
Tomorrow . . . who knows?




Light Electro-Developmenis
Lid.

S.W.R. INDICATOR (lllustrated) 75 and 50 chm types
FEATURES

I. Indicates the SWR over a frequency range of 3-30 Mc/s with
power outputs of 10-500 watts.

2. Indicates power output in RMS values. (Provided that the
SWR is 1:1, F.5.0.—500 watts RMS.)

3. Indicates carrier suppression for SSB transmitters.

4. Indicates percentage modulation for AM transmitters.

5. May be used as a field strength meter.

Price £6 18s. 0d,

TWO-TONE OSCILLATOR enables the SSB operator to take
advantage of the alternative G.P.O. method of measuring power
output. Also designed to enable the LF tone to be keyed so as to
enable a SS5B TX to be used for CW., Price £5 2/6 + P. & P,

SPEECH COMPRESSOR. A device enabling any phone
operator to increase the audio level without detriment or modi-
fication to present equipment. |deal for most 55B transmitters,
fully transistorised, in the L.E.D. case £7 10s. 0d. - 2/6 P, & P.
As a printed circuit £4 15s. 0d. + 2/6 P. & P.

All the above units housed in the attractive two-tone cases as
illustrated.

We can also supply much more besides,

THE ANGLIAN 650. A complete SSB/CW amateur radio

station offering the ultimate for DX working. All conceivable

extras built in, supplied complete with mie, All that is further
required is an antenna to give you the facilities that no other

single equipment offers (irrespective of price) for £265 + P, & P.

Principal Features:

|I. Complate split fraquency tuning over an entire amateur band,

offering identical facilities of a station using two transceivers or
two transmitters plus two receivers; any of these modes being
selected by the flick of a switch, all without the disadvantage
of separate YFO's,

. Full licensed output on s.s.b. of 400 watts p.e.p. 650 watts input,

. Covers 3-5-4 Mcfs., 7-7'5 Mcfs., 14-14'5 Mcfs., 21-21'5 Mc/s.,

28-28°5 Mc/s., 28'5-29 Mc/s.

4. Built in extras are: speech compressor, VOX and anti-YOX,
C.W. monitor, upper and lower sideband selector, 100 kefs.
calibrator, power supply & loud speaker.

This is not a recent development but a device which has been
developed and proven over the last three years.

THE ANGLIAN 20-2-2, A 14 Mcfs-144 Mcfs transverter, con-

verting any mode of transmission on 20 m. to 144 Mcfs with an

output of approximately 40 watts p.e.p. and any 144-146 Mc/s

signal to 14-14'5 Mcfs in your bands.

Principal Features:

I. Qutput valve QOV056-40 A.

2, E B8CC RF cascaded amplifier.

3. Complete with power supply.

4. Antenna change-over relays automatically select the LF antenna
when transverter is switched off.

5. This unit offers all the advantages of your 20 metre, e.g. s.5.b.
VOX operated transceiver to be employed directly over the

. whole 2 metre band. Cost £88 + P. & P,

THE ANGLIAN MOBILE 80/20. An inexpensive mobile s.s.b.
transceiver covers 3'5-4 Mc/s and 14-14'5 Mc/s with an output of
200 watts p.e.p. Provisional Price only £65 (power supplies extra),
We can supply most amateur radio requirements at very com-
petitive prices, Send s.a.e. for quotes.

L.E.D. Lid.

BENTLEY, Nr. IPSWICH, SUFFOLK

i

J- P. Hawker’s new book — just published —
planned as the standard reference...

OUTLINE of
RADIO and
TELEVISION

This introductory book—by the
author of the R.5.G.B. Bulletin
*“ Technical Topics " feature—starts
with clear explanations of electric
currents, radio and audio waves and
e_lectronic components, and con-
tinues through to the most ad-
vanced items of equipment such
as u.h.f. television tuners, Dﬂly
multiplex sterec systems

and colour television re- 30s
ceiver techniques. A must for your
reference bookshelf.

408 data filled pages
and over 300 diagrams
including many
circuits.

FROM ALL BOOKSELLERS . . . or
in case of difficulty 32s. éd. by post
from George Newnes Ltd., Tower
HOLESEZ. Southampton Street, London,

NEWNES

G3IZY

New
KW 2000 £173, AC PSU £32
DC PSU £32
KWV 2000A £195, AC PSU £40
DC PSU £40
KW 600 linear £115
KW Vespa £110, AC PSU £25

Eddystone Edometer £19 10s.
Eddystone EAI2 £185
Eddystone ECI0 £4B
Eddystone 840C £46

Starr SR550 ham band D. Shet
58 gns.

Lafayette HA350 75 gns.

Lafayette HAG3A 24 gns.

Olympic TIOOX £55

Olympic TIS0X £65

Heathkit RAI £32 10s.

DX40U £24 :

Green Falcon with AC & DC
PSU £27 10s.

TW |44 mefs TX £30

Other Transmitters & receivers

H.P. TERMS AVAILABLE

J. & L. TWEEDY (Electronic Supplies) LTD.

Appointzd Dealer and Stockist
EDDYSTONE, K.W. ELECTRONICS, GREEN, CODAR, EAGLE, Etc.
NOW IN STOCK

SOMMERKAMP SSB EQUIPMENT

64 LORDSMILL STREET, CHESTERFIELD, DERBYSHIRE
Tel: Chesterfield 4982 or Holmewsood 506 (Evenings)

G3ZY

SOMMERKAMP
FR [00B RX £120
FL 200B TX £140
FL 1000 Linear £95
FT 100 Transceiver available
soon £180
Full details on request,

Kokusat Mechanical filters MF
455 |0CK £9 5s. each

Class DWavemeters 78/9 plus
7/6 carr.

MNo. 10 Calibrators £4 4s. plus
4/6 carr.

Transistors (post free)

AC 126, ACI127, ACI28 (OCT5),
29374b, SI18T, SI9T 2/- ea.
OC44, OC45 2/6 ea.; OCSI,
0C81D,0CB2,0C82D,2/3ea.
AFI118,AF119,0CI16%,0CI170
OcCl72, OC7l, OC 3f=;
AF117 3/3; AFI115, AF116 3/6;
AF114, AFI71 4/-; OC26 T/-;
OC35, 0C38 15/-; ADI4011/-

TRADE-INS WELCOMED




PRECISION BUILT COMPONENTS BY JACKSON

BUTTERFLY CAPACITOR
Type C714 up to 65 qF each half .015
air gap and 15 pF .045 air gap: also in
differential (Type C704) up to 150 pF
each half. Prices from 10/- each.

TUNING CAPACITOR

Type C604 | gang up to 365 pF with
019, air gap and 100 pF with .057 air
gap. Type C603 split stator up to 160
pF each half .019 air gap and 38 pF .057
air gap. Prices from 18/- each.

SL 1é DRIVE
A general purpose slide rule Drive for
F.M./V.H.F. Units, short-wave conver-
ters, etc. Printed in two colours on
aluminium, with a 0-100 scale and pro-
vision for individual calibrations.

JACKSON Bros. (London) LTD., Kingsway, Waddon, Surrey.

SPLIT STATOR CAPACITOR
Type CBO08 various capacities up to 63
F each half, specially suitable for
.H.F. Price 17/- each.

BALL DRIVES

Type 451IDR provides 6-1 fast ratio
and 36-1 “reverse vernier” on one
spindle. Type 45| IDRF, with a flange
for carrying a pointer, is ideal for use in
receivers and measuring instruments.
Price |15/- each.

No. §/36 DRIVE
Incorporating the Dual Ratio Drive
providing 36-1 Slow drive and 6-1 Fast
drive under one knob with co-axial
control. Scale is calibrated 0-100 and
an extra blank scale is provided for in-
dividual calibration. Price |19/-.

Telephone : Groydon 2764-5

Telegrams : Walfilco, Souphone, London

=
. H. YOUNG LTD.

MIDLAND AGENTS FOR

@ EDDYSTONE

@ K.W. EQUIPMENT
@ CODAR RADIO
@ WITHERS

PART EXCHANGES

Manufacturers of

RECEIVERS & COMPONENTS
@ GREEN E.C.E. EQUIPMENT

H.P. FACILITIES AVAILABLE

G3LAY

DIALS OSCILLATORS METERS
VALVES RECORDERS CHOKES
SPEAKERS AMPLIFIERS PICK-UPS
CRYSTALS SWITCHES C.R. TUBES
RECEIVERS PHONES INSULATORS
RESISTORS KNOBS MICROPHONES
CONDENSERS WIRE GRAM-MOTORS
TAPE HEADS BOOKS TRANSMITTERS

Service and Advice Backed
by 40 Years of Amateur Radio

G2AK
AT YOUR SERVICE

Everything for the Experimenter

RAYMART COMPONENTS

COILS — FORMERS — INSULATORS

DIALS — CERAMICS — KNOBS
OFFICIAL EDDYSTONE STOCKISTS

CHAS. H. YOUNG LTD.

170172 Corporation St., Birmingham 4

Please print your address. MNe C.

G3VFY -

0.D. under £1. 'phone: 021-236-1635




Radio Society of Great Britain

{incorporated 1926}
Fatron: H.R.H. THE PRINCE PHILIP, DUKE QF EDINBURGH, K.G,

Application for Corporate Membership

Radio Society of Great Britain
28 Lictle Russel! Street

Landon, W.C.

| hereby apply for election as a Corporate Member of the Soclety and encicse a remittance for £2, 10s, Od. being tha
amount of my first annual subscription.

I, the undersigned, agree that in the event of my election to Membership of the Radio Society of Great
Britain, | will be governed by the Memorandum and Articles of Association of the Society and the rules and regulations thereof
as they now are or as they may hereafter be altered; and that | will advance the objects of the Soclety as far as may be in my
power; providing that whenever | shall signify in writing to the Society addressed to the Secretary that | am desirous of with-
drawing from the Society I shall at the end of one year thereafter after the payment of any arrears which may be due by me at
that period be fres from mny undertaking to contribute to the assets of the Society in accordance with Clause 8 of the Memor-

andum of Association of

Dote....c..vviiiirii e

the Society.

PERSONAL DETAILS TO BE COMPLETED BY THE APPLICANT

SUPHIZME (BLOCK LETTERS . ttuutruauruntnnsnnesnsrinsiosmintiasasssaatssasssanstssstssssstinsassstonssstessnstssstiesonstotstnestnsrerssorsensnissnsssrssnsres

Chiristian Namos in full (BLOCK LETTERS) ..o viuuirun srtimimames i sbiis st e sam s e mte s e s e e e i 140484 4n 14T aEa s EaRs 1o bbn b apsnasasssnransrnn

Address for all correspondence (BLOCK LETTERS . ..c...u.iiuieiniscimrmrt ieimsensanee sa s pe e s samssagens saneneasnsmememnerinbbtossturnriststnssars

B

Nationality.......coveeennnns

....................................... Age (IFunder 213 e ey

Current Call-sign (IF A0Y) i i i Tt s raE et s s s s R E e te v e n TRt pan s nessrarmrm e eneneas

Details of previous membership (If any).. ..ot e

I wish to propose.......

DETAILS TO BE COMPLETED BY THE PROPOSER{

Proposer’s Name (BLOCTK LETTERS).. «..uiceueieiestrmemiiu e e sem sttt e e tebe b be et debed b e e e fhmemboebanbat s b AL A LSt e b e s e E b r e R ibarasanysnen .

AQAress (BLOCK LETTERS}. uuve riurersssranssrnassersanssssssssserensenisnnnssnrsssresssssnsamsnsssnsssasessssansnssenmemnmemnnmmsnsastasstarerserasernsnsnsnn

Call-sign {or BRS NoL).u.. i sisasanssssasrsninisss v sesnsniossssoss nemsnimssines

T I tha appli

Signed , .................................................. Feseverassaans

is not acquaintad with a Corporate Member willing to propose him for election he may submit a suitable rafarenca in writing

as to his interest in Amatasur Radia,

Approved by Council ...cooiiiiiiiiii

FOR HEADQUARTERS USE ONLY

— 70T Coéling ............................................................

BRS Number Issued ......c.covveverremcnrancrnrnne

- - cesvrararnsanennss FIFSt Subscription paid ..o .
The first subscription of 50/- should be snclosed with this application.
a8



RADIO @ AMATEUR GEAR ® SW RECEIVERS
/ TEST INSTRUMENTS @ EDUCATIONAL @ HI-FI EQUIPMENT

Better quality Equipment—
at lowest cost

by building any Heathkit model

SEND FOR THE FREE HEATHKIT CATALOGUE

AMATEUR BANDS RECEIVER, RA-l COMMUNICATIONS TYPE RG-1 RECEIVER SSB TRANSMITTER, SB-400/IE
All British models are available in kit form or assembled. Deferred terms available UK—over £10

n AvsmnM ll' Heathkit Dept., GLOUCESTER, ENGLAND
A Member of the Weston Instruments Group
®9 Manufacturers of THE WORLDS FINEST ELECTRONIC KIT-SETS

Every SW enthusiast

should have the latest

HOME RADIO CATALOGUE '

218 pages Over 6000 items
Over 1000 illustrations

Our new Catalogue, price 7/6, is bigger and better

than ever! On the fitst page are 5 coupons each

worth 1/- when used as directed. When you buy

our Catalogue you also receive the following

free of charge:

1. Additional price supplements when necessary,
to keep the Catalogue up-to-date in prices.

2. A list of the latest equipment from America—
such as solar drive motors which can be

BLOCK CAPITALS please. Write CATALOGUE on top left of envelope I

z
>
4
m

driven by the sun’s rays.
3. Alist of our latest component bargains, which
is sent separately.

Complete the Coupon and send it with
P.O. for 9/- (76 plus 1/6 postage) to:

HOME RADIO LTD, Dept GAR, 187 London Rd, Mitcham,
Surrey

GAR

I
ADDRESS s I
|




Post Paid U K.

RSGB PUBLICATIONS
Amateur Radio Handbook . n . . . 386
Radio Data Referance Book . . . 14/~
Technical Topics for the Radio Amateur . . 108
Amateur Radio Call Book . . . 66
5.5.B. Equipment . . . 3/-
Communications Receivers (Second Edmon) . 3-
The Morse Code for Radio Amateurs (Third Edltlon} 2/~
tog Book {R5G8) . Ti-
Radio Amateurs’ Examlnatlon Manual . . 59
ARRL PUBLICATIONS
Radio Amateur's Handbook 1966 Edition . 44/~

Buckram Bound . . . G2/
Antenna Book, 10th Ed:tion . . . 18/6
A Course in Radio Fundamentals . . - 10—
Hints and Kinks, Volume § or ? . « . 10/-
Mobile Manual for Radio Amateurs . . . 2316
Radic Amateur's V.H.F. Manual . 18/6
Single Sideband for the Amateur (Fourth Editlon) 236
Understanding Amateur Radio . . . 18/
USA Licence Manual . e =2 & & = §/-
CQ PUBLICATIONS
Antenna Roundup . . . . . . 23/8
Antenna Roundup Vol 2. , . . . . 30/-
CQ Anthology, 1952-59 . . . . " 236
CQ Anthology, 1945-52 B » . . . 16/~
C) Mobhile Handbook . . . . . . 23/-
CQ New Sideband Handbook . N . . 24/
RTTY Handbook . . . . . . 310-'—
Shop and Shack Shortcurs . . " . . 29/6
73 MAGAZINE PUBLICATIONS
Care and Feeding of a Ham Club » . . 8/~
Index to Surpius . . . . B . . 12i-
Parametric Amplifiers . . . . 15/
Simplified Maths for the Hamshack . . . 4/6
Test Equipment Handbook . . . . 4/6
V.H.F. Antenna Mandhook . . . a . 15/-
RADIO PUBLICATIONS INC.
Beam Antenna Handbook . . . . . 28/-
Better Short-wave Reception . . - . 24/6
Cubical Quad Antennas - . . /-
Electronic Construction Handbook . . . 226
S$-% Signals . . . . . . . . 86
EDITORS AND ENGINEERS
Radio Handbook {16th Edition) . . . . 75/-
Transistor Radio Handbook . . e . 42—
AMERICAN MAGAZINE SUBSCRIPTIOHS“
CQ (Cowan) Monthty . (pa) -
tQST (ARRL) Monthly . . {pad . . N 436

Institutlons, groups, ete. . (pa) . . . 50/~
173 Magazine Monthty . » (pa) . . . 30/-
t Sample Copy 2'6
t Maited Direct from USA
MISCELLANEOUS PUBLICATIONS
Foundations of Wireless (/fiffe) . . . . 23
Ham's Interpreter (5th Edition) . . B . 8/6

Post Pald UK

How to Listen to the World . B .
Log Book, 150 pages, opens flat (Martms) .
Manual of Transistor Circuits (Mullard) .
Qutline of Radio and Television (Hawker)
Radio Amateur QOperator's Handbook (Dala)
Semaphore to Satellite (LT.U.} .

Short Wave Radio and the Ionosphere (H:.F.Fe)
Short Wave Receivers for the Beginner (Dafa)

N

Transistor Radios, Circuitry and Servicing (Muffard)

Understanding Television {Data} . . f .
Wireless World Radi> Valve Data N . .
Warld Radio-TV Handhook {1966) . . .

MORSE COURSES
G3HSC Rhythm Method of Morse Tuition

Complete Course with thres 3 speed L.P. records’

+ beoks .
Beginner's Course wnh two 3 speed L. P
records 4+ books . . . .

Beginner's L.P. (0-15 w.p.m.) + book . .
Advanced L.P, {942 w.p.m.) + hook
Three speed simulated GPO test. 7in. d.s. E. P
record . .
RSGB Morse Instruchun Tape (90[) ft. ] - .
RSGB Morse Practice Tape (450 f1.) . . .
{both at 3% 1.p.s,, up to 14 w.p.m,)

SHACK AIDS
Easibinders, round hacked, gold blocked, for RSGB
Bulletin . .

Easibinder Year Sllckers (1965 or 1966) .
Admiralty Great Circle Map (in Postal Tube)
QRA Locater, Western Eurcpe . . .
RSGB Countries List . . . . .
Panel Signs, transfers (Dafa)
Sel 3: White Wording . . . . .
Set 4; Black Wording . . . .
Set 5: Dials {Clear Backgraund) . . .
Set 8: Dials {Black Background) .
Decalet Panel Lettering Transfers (Black or Whlte]
Blick Dry Print Letterlng (Letters and Mumerals,
Black) . . . .

RSGE MEMBERS ONLY

Car Badge (De Luxe with call-sign)*®* . .
{Poslage on overseas arders 5/6 exira)

Car Badge (RSGB Emblem with call-gign)* .

Car Badge (RSGB or RAEN Embklem) . .

RSGR Terylene Tie (Marocn or Dark 8lue) .

RSGE Blazer Badge (Btack or Dark Navy Blue)

Starec Block {(RSGB or RAEN Emblem)

Area Representatives Badge (ARs only) .

Members Headed Qto. Paper {100 sheets) .

Call-sign Lapel Badge (with RSGB or RAEN
Emblem, pin or stud fitting)* . . .

Call-sign Lapel Bar* | . . . -

Tie Clips (with RSGB Emblem) .

RSGE Lape! Badge (4 in. size) stud ur pin Fttmg

Plastic Window Sticker (RSGEB or RAEN Emblem)

*Defivery 6-8 weeks

{Stamps and Book Tokens cannot be accepled)

20/-
226
136
M-

5/8
70—
12/-

6/6

5/0
0/
10/6
29/-

84/

606
50/
50/—

1176
35—
20/~

16/6
16
8/-
56
i/-

49
49
49
4,9

RSGB Publications

28 LITTLE RUSSELL STREET, LONDON, WCI

Printed in Great Britain for the RADIO SOCIETY OF GREAT BRITAIN, New Ruskin House, Litile Russell Sirect, London, W.C.1

hy The Garden City Press Limited, Letchworth. Hertfordshire.





