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INTRODUCTION

HAT the book i tided as & guide to "sam mapio’ calls for on
immediste apolory, The extabiished amnteur radio enthusizst doo
not religh the term *ham’, o8 5 bas an unfortunate connotation. Yet 5 am
rabio’ B the one complete description whdch meama the world of
amateur radio to the outsider, or the would-be enthusiast who has yet
10 na.rtﬁndi.nﬂ: ot what it is gl abaout, And because this 5 a book for the
bisggrinner and compléte novice, thit §s why this particular title was used.
Basically it is intended ag an imtrodocton to the world of amateur
cadin, & subject which can be confising in several waye, 1t is o technieal
workd, utiliong techmical equipment, operated in g technical way: That
in iteelf is no barrier to the novice, for the necessary equipment can
readily be purchased, and the cost is not necesarily high. As will be
shown, an ordinary domestic receiver capable of recelving “short wave'
can be a starting point. But io proceed to the siage where the enthusiant
can ‘talk’ as well as “Haren’, & form of qualification is necesmary before he
{ar she) i allowed freedom of the available air spaces for amateur
trommmissiond. “This means stwdying for, and paming, the writien ex-
amination set by the Ministry of Posts and Telccommunications—
which Is concerned with technicalities,

The language of the veorld of pmatenr radio, o, b quite different
from that of everyday life. Even spoken messages use code lotters oy well
aa wordy, for brevity and clearer understanding {onee you kinow what
the code igall abouil), And rdegraphy iaall code—anot just Morse, but
‘ode’ and words' used wogpether: S0 both the “gpoken” and “writien®
miesaages on the amateur wave bands can be a “new” linguage as far ax
the novies i corcerned,

The main aim of this book is to explain both what “techinicalities’ and
language’ dre all about—anmd what they toean, There are many
excellent texibooks avutlable which deal with technicalities in detadl, bot
they can be heavy going for the novice {and even quite imposible to
understand withou! some previous kmowledpe of mdio technology).
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INTRODUCTION

‘This book aims at bridging the gap between starting from scrateh and
the pormal textbook or advanced treatment of amateur radio subjects.
For that reason it tells yoo abant cirouits, but nee how to baild or design
camplete sets (even the majarity of expericnced amateur radio operaton
wse ‘bought’ equipment, sayway). [t aims at making the whole subject
redl—and understandable, Skip the sections which have no immedinte
appeal, and come back to them later, They will then 'make sense’, after

you have gained a Hitle practical experienee, even as just a ‘listener’,

I

CHAPTER 1
THE WORLD OF AMATEUR RADIO

nRovoHoUT the world there are something like half & million

amateur radio enthusants with their own redis stationd, commumni-
cating regularly with other enthusasts in their own country and
more cistant contrics, Geeat Britain alone contributes some 20 000
amateur madio licence bolders to this total. To this Ggure, however,
one mist add the tess 'of thousunds of amatenrs whio merely lisin (o
amateur ridio broadcasts, They do not have a compiete mdio stafion
of their own, merely a suitable receiver which only requires an
‘ordinary”  radio licence w we—aot the more lechnical Hoence
obligntory for amateur radio tranemission, to gualify for which the &p-
plicant has to pas both a theoretical and practical examination (see
Appendix 1),

Anyone who has a domestic type receiver capable of receiving the
approprinte. wavelength (o frequency] of amateur tranemismions can
this take part in the world of amateur radio, at virtoally no cost—and
certainly without having to undergo any specinl stady or training. Onee
interest has been awakened, however, he (or she) will almos certainly
want to aoquire a more suitable receiver, erect a better werinl system,
and extend both the scope and enjoyment of nmateur lLrosdcast
recefition,

Learning the Mone code will further extend the coverage availahle by
muking it pomible to take down ‘s’ {carder wave) or telegraphic
transmimions as well as the spoken word, or telephony, Such messages
may be difficalt w understand at fire, with their special use of code
letiers and abbrevistions—introducing the listener 10 the world of
‘radioese’. Hut Usese codes e meant (o be understood, and are readily
leamnt—see Chapter g, Apart from the fact that ‘radioese’ condenses
messages sent—and there is plenty of tine to translate them after they
have been taken down—another advantage s that many of the codes
are imternationally sccepted and menn the same in sny country. A
differerice in lunguages need be no barrer in ‘o’ trunsmissioms. The

11



HAM RADID

Information given starts right with the callsign iself—again & code
which will identify the country of origin (s Appendix TT),

S0 interesting (and technically undemanding] can listening to
arpateur redio broddeasis be that many enthisdssts concenirate on this
alone—being generally known by other amateur rdio enthusiasts as
"BWL' [Short Wave Listeners), Some thousands further this imterest
through membership of the Radio Society of Great Britain, with
recognition as amatcur sefions, e "BRS' (British Becoving Stations)
or "ORE" [Overseai Recelving Stations},

The majority who fake up the hobby on thin hass, however, wuully
plan to become a ‘foll’ station and undertake transmission as well o
enler more completely into the amateur radio world, Other i
jumnp right in st the deep end, as it were, and aim for a Bound Licence
A or B as soon as posible, This will eninil a certmin amount of study and
work, and with only two chances a year o take and pass the necessory
theoretical examinmtion (s Appendix 1),

Examination reguirements are not very lmrd, The examinations are
not competifive and the questions are straightiorward. A pas is much
eisier o achieve than in the mol aeademie expminations, In GBel
anyone with 8 genoine interest in the subject should pam At time
without any difficuity, provided be (or ghe)] completes the necemary
stidy of the wyllabios sabjects, Age i no barrer at all, It may be easier
to study for examinations in the immediate post-school years of one's
life, but a high proportion of people of retitement age achieve equal
mocess in the Radio Amateurs’ exuminations, even starting with no
previous knowledge of radio technology, And they make excollent radio
ntation operators |

There i abo an ‘option’ on the type of beence obitiined. Puassing
the written examination gualifies the spplicant o an Amateur (Sound)
Licence B, permitting telephony I:BpEI:I:JI]'L operation on- specific sy
amateur band frequencies, A separate practical examination showing n
reasanable proficiency in Mome Code sending and receiving is necessary
in order to qualify for Amateur {Sound) Licence A, which permits opera-
tion in telephony or Marse on all the appropriate amateur bands,

Amuleur Radis Bunds
In the early days of redio two muin broadcast bands come to be
recognized—Jmy wame with & wivelength from Goo to 2000 meotres;

THE WORLD OF AMATEUR RADIO

and medium mware with a wavelength of 900 to Goo metres, Radls wave-
lengths of less than xoo metres were clasified an shart wane and

regarded a3 wseless for radio transmissions, or Hoited only to ‘e of
sight’ range,

The short-wave band thus remained relatively free of official and
commercial requirements, and was the cne exploited by the eady
amateur radio enthusast, antil such tine as expericnce and techno-
fogical advances showed thit the short-wave band was, Indeed, & most
usgble range of broadeast frequencies. It wis even possible to extend the
uwinlbe band to far below the limits ocdginally visuafized, so that Qurther
sub-division was introduced, The short-wave hand wis defined by the
range of wevelengths from 200 down w10 metres, and rapidly became
overcrowded. Stll shorter wavelenths, ie. less than ro metres, were
classificd as sl (very high frequency), and ogain proved usable for
special hroadeast facilities, television, radar end radio communications.

The ulimate—and inevitable—vesult was that ihe whale of the
practical radio transmission range, from the wpper end of the lang wave
down inte s, needed some form of protection or control in arder 1o
avoid simultaneous use of the same wavelengths by different statinm,
and consequent Joss of intelligibility through interference, As a general
rule, the shorter the wavelength the easer it i to achieve i
the shorer the wavelength of the respective bands, the mare these
particular bands tend o beeome filled and overerowded, There are also
other technical reasons why more individual stations can be fitted into
the medium wave band than the long wave band, and s on down the
scale.

Since the main demand has o meet official and commercinl require-
ments, the availability of ‘free’ rdio space inevitably tends to become
more wnd more restricted as tdme goes on. There are posihilities in
further extension downwards (Le. even higher 4, although the
technieal probilems involved increase and there are i
limitations {remember that 200 metres wavelength was originally
comisidered the practical minimmuim for suctessfinl radio communication [).

Amateur demund for radio space i3 met by allocating specific wave-
bengths on which soch transmissions are permitted—and only in these
specific bande. Although these may be shared with oiher seevices in
some cases, this docs provide the necesary degree of ‘protection’,
Le, protection of other broadcasts from interference from amateur
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trangmisdons; and providing radio space for amateur working not over-
lapped by other major radio transmisstons or services. [t slo enables
amateur radio equipment to be dedigned and built specifically to
operate in particular bands, where primary attention can be given
to achieving maximum performance st these wavelengtha,

The term ‘wavelength® has been used so far since the actizal wave-
length of the radio signal was the orlginal parameter used to define
statinn positions (and allocation to a particular band). This I8 oow
(virtually) universally replaced by ‘frequency’ ms more convenient,
particolarly when dealing with or deésignating shorier wavelengih
ransmissiodn,

The relationship between the two is quite simple:

wavelength » frequency = veloeity of radio wives
{the same & the
velocity of Hght).

Since the velocity of ght is 300,000,000 metres per second {approx.),
UK, 00,000

wavelength in metres
400,000, (00

frequency =

or wivelength in metres =
frequency

Fig. 1.1 ls a simple conversion scale for general use,

Frequengy itself is the rate of oscillation of the signal, in units of eyeles
per second, written cps (a ‘cycle® being one complete oscillation). The
unit description “cpa’ {or cfs) beld pood for many yeam, but it has now
been replaced by Hertz (abbreviated Ha} in the interest of [nternational
standardization, A large number of people, and many publications,
till persidt in using ‘epe’ or ofs instead of "He'. This should not cause any
confusion since the two mean exsctly the same thing, The modern unit
*He' 1 used throughout the rematnder of this book for frequency. 1t ean
equally well be read as ‘cpe’, if preferred, 1t ia never necessary to write
the frequency unit out in full, e.g. "Hertz®, or ‘cyclesjsec’ or ‘cycles per
second” B quile unneosssary.

Further abbreviations are used to avoid writing a large nomber of
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HAM RADIG

O' to designate high, or low, numerical valaes, These are known as
Prifises, the main ones being

syl Jrefix Jautor imynlied
G giga 1 G0 D00 GO0
M meg 1 000 (00
k kila i 00
m milli i/ tooo
{one thousandih)
B mici I 1 QOO oo
{one millionth)
n ino 1) 1 000 Bao 000

(one thousand-millioeth)
11 oy 006 000 GO0
{one million=miflionth)

The prefix is always wriites 25 a symbol, but spoken in full
Thus & Fequency of 1 000 aoo He

P pico

can be written 1 MHz=
aid spoken as "one megaherts! {or ‘one megacycke’, i preferred).
Sparual mole,

In practice, the ust of prefix symbels can differ from the standands
given above, For example;

In thse case of reriktor owlier the capital K it normally used fnstead af
k to designate a Bctor of 1000, Thus o resistor value is waually written
a8 ¢7 K (Le. 4,700 oluns), the ‘ohems' part being undertood.

In the case of capasitor palues, the use of gp F may persist instead of
pF. They mean the same thing, i.e.

pp = micro-micro or one million-millionth = pico

If eapaciter values are quoted &5 8 number only, then microfarads ia
the implied wmit.

Om carenit diagrams, too, the capital P may be used to dessgnate pico
{ps but would normally be shown as ‘PF (et pF).

Amateur radio bands are defined by their irequency, usually in
megahertz (MHz), or megacyeles (Mefi) becauss they start at about
& MHz—sw Appendix I, The bands worked in the UK. are as follows

16
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(the wavelength & abio given, to save working out when this' is’ of
fnbeseat) :

18 MHz | 150 metres)

This band is widely wed by ships and cosstul stations, and ather
commercial stations, in addition © amnteur operators. Range &
generally limited to 50-70 miles, particularty in daylight, et more
distant stations may be received at night. Atmospheric interference i
most poticeable in summer. The best tme for listening for maore
distant stations is in the early houn of the morning in winter,

7 MEHr 80 metres)
This band ta shared with commercial stEtbomn broadcasting both
Motse and welephony. Range fs again genernlly limited, the most
favourable times for listening being the same as for the 198 He band,

7 MHz (g0 metres)

This is a band where transmision and reception is markedly
affected by sumspots. When sonspot activity i at 8 maximom,
Hritsh stations are mainly prominent {an far as British lstening is
concemed) during daytime, but with & tendency to fade at night,
when more distant Continental stations may be more predominant.
Long distance stations are heard best in periods of least sunspot
activity, during the carly evening Lours following dusk, or in esrly
morming.

Powerful commercial rdio broadcasts may also be heard on this
band, often swamping adjacent amateur transmissions,

rg Mz { 30 mokres )

This band can provide extremely good range, although not
nécessanly consistently, It & again moarkedly affected by sunspot
aclivity, and by dme of day. Dok und dawn are usually the best
bitendng times. European stations can usually be heard at good
srength throughout the day, but may fade completely at ight
during periods of minimom sungped activity, or during

a1 MHz [ 15 metres)
This band is genserally best received during daylight hours,
particularly in the spring and late autumn when stotiong severnl
thousands of miles away may afien be heard. The band s, however,

L
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very suscepiible to disturbance and listening conditions may vary
frosmi day 1o day. It abwo has a tendency to fade out socn after darknes
falls.

28 Mz (1o metras)

Again 2 band greathy affected by sunspot setivity, and by tdme of
day, but it ean have considerable range under favourable conditiona.
The best listening time is uswally winter daylight. Summer daytime
tends to be fur maore limited in reception, The hand usually fades
completely ot night.

o MHz {4 metne)

A whf band, range of which is necessarily limited because the
signals are not reflecied back from the longsphere. Good corsitenty
uf performarice is wually obtained with ranges of fo-100 miles, bt
maore distant stations can be heard when conditions are Bvourable,

P MHE {8 matres)
The lowest permitted frequency for Sound Licence B
(speech only), with the same characteristics as already described for
the yo MHz pif band,

#25 MHz (70 m) :

This is the first of the amateur whf (ulra high frequency) bands
which demands the use of specialized cquipment. Btrictly speaking
the range is fimited to 'line of sight’, but greater distance may b
covered under favourable conditions. Tt is used for contact hetween
local amatenr stations, and for amateur televisdon tramamisions. A
band for the serious radio experimenter,

(hiker whf Bonds—1215 MHz and above.

‘These can be regurded as strictly for seriow experimental work,
demanding expert knowledge of equipment and techniques 1o work.
A genernl classification of the variows frequencics [wavelengiha) In

ase int
Short wave or high frequency () 38%-28 MHz (160-10 melres)
Very high frequency [off }—70 and 144 MHz {4 and 2 mrtres)
Uttra high frequency (whf }—g25 MHz {70 centimetres)
#Thie -2 MHE A banad 15 also kngwn s the S band’,
18
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Types of Trgmmissions

We have already referred 1o defagraphy (the sending of dots and dashes
in Mome code) and telephony (andinary speech) as two different types of
ranamnissions. Both, however, can be sent in different ways, which in
sonmee cases may demand the use of special types of communications
receivess before the transmisdon can be heard,

Tromsmission of & basc radls wave is Hke sending 4 dngle 'note’;
anly the frequency is s much higher than that of an sodible note that
it cannat be heard, even if picked up and amplified by 2 recelver. This
type of signal is known as o carrier wane (o). The usual form of sersding
telegraphy (Mome) s by using such a single carrier wave cnly and
interrupting it in the required series of dots and dashes, or pulses of
carrier wave of different lengths ("dashes’ being longer pulses of carrier
wave than ‘dots’}. This is known as class A1 emission {emission meaning
transmisgion), although it s more generally called ar (carrier wave)
iranenission, Because it is a high (mdio) frequency signal, smch pulses
would not be heard in an ordinary type of receiver. The receiver needs
an extra civeait to turm the radio frequency pulses it receives into &
lower [requency note which can be heard.

Actunlly, this is not quite true, The interroption of the a in sending
pitlses does, in fact, modify the actual radio signal in such 8 manner
that some Jower {audible) signals gre wually produced in the pulsed
carrier sent out. These will occur at the beginning and end of ench pulse.
As & result it may be pomible to bear such a signal picked up by an
ardinary receiver, Bui the audible content will not be clear. The dow
and dashes will only be heard as a seres of "thumps’ which will be
diffieult, or even impossible, 1o ‘read’ as Moie code.

Telsphumy is distinguished from telegraphy by impeosing on the carrier
wave the puttern of an audio frequency wave generated dicectly by the
microphone into which the memage is spoken at the mammitter end,
The resultisg mixiure of high frequency wave and low Fequency andio
wave i known at o modulsded carnier signal. The most common method
adopted s to superimpose the ‘speech’ wave on the ‘mdio’ (carrier)
wave in such & manner i o modutate the amplitude of the wave, This
is known a3 am {ampiitedes modulation), and the correiponding clas of
emizion is Ag.

To render an sm signal awdible, s recciver has fint to pick up the
incoming signal and then decode or demodulate it, virtually extracting

19
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the ‘audio® content which can then be fed o phones or & loudspeaker.,
All domestic recrivers work on this basis, and so they can pick up and
render audilile amnteur elass Ay tramamisiong, provided the set can
tung to the appropeinte frequency,

Now telegraphy can alao be sent in the same way. That s, sending the
diots and dushes in the form of an audio frequency nole superimposed on
the carrier wave. This is known as class Az emission. Thus class Az
telegraphy can be heard on an ordinary recelver, a8 proper “dit-dah’
nites, {Instead of "dots’ and *‘dashes’; the indnvidusl Morse characters
are normikly called *dits" and ‘dahs® in telegraphy, and this description
will be used henceforth),

Congidering: an wn signal s Hitle more detad, it 18 a mixture of a
high (radio) frequency and a low (audin) frequency. The frequency of
the carrier wave i3, in effect, spread out ddeways on both sides by the
superimposition of the aodio frequency - Fig, 1.9, These sdebaid, ad

g DiaFadan 2=/0 e
5 L. 7
§ BF | + AT R
Y
i IO RAND =10 Kife

T

Fig. 1.,

they are ealled, are quite nareow, the diagram being much exaggerated
In scile depth o show thelr presence at all.

For example, a frequency range of about 3,000 Hr i adequate
gccommodate all ely speech frequencies, If soch a range of audio
frequencie is used to modulate a carmer wave of, sy, 3 MHz or
400000 He, the ddebonds will extend 3,000 Hr either side of
g 000,000 He, or “spread” the original carrier only o Snucedl an
either gside-of iz normal (unnodulated) froguency, The elfective Dand.
width will be from 3,003,000 to 2,007.000 Ha, e a baéc mdio signal of
g,000,000 Hy frequency, with two sidebands, each of width 5,000 He.

48]
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Now all the spesch coutent is contgined in these sidebands. It is
really a waste of power for the tranamitter to send the carmier wave as
well. Also one sideband duplicates the audio content of the other sde-
band. So reducing or suppresing e carrier, and climinatng one of the
ddebands az well, offers 5 very efficient orm of transmission, known a8
dngle sidehaad (wsb) working.

"This i 2 modified form of Class Ag working for telephony, and one
which ks becaming increasingly popular, Agsdin it will be appreciated
that it needs a special rype of receiver 1o pick up b trammimion, be-
cause the receiver must supply the ‘missing' carmier to render the
signal in & foem where it Gmpﬁl.- demodulated and heard as telephony.

There are alw otler types of ransmissions, but thelr application is
relatively limited for amateur work and so they need oot concern us
anduly, The best known is frequency modilation (fm), which is mther
similar tn principle to om but the frequency of the carrier wave ia
modulated by the superimposed audio signal rather than the amplitude.
Again this needs a special receiver cireuit to demodulate. Domestic
receivers may include an fm band {with appropriate demodulation
circuit), as ordinary obf broadeass stations operste on fim. On the
amatenr bands, fin tronsmissions may be used from 148 MHz 10 03,000
MHz (s Appendix T), for both telegraphy and telephony.

"The basic advantage of fie over am is notse reduction at the receiver,
all the ‘noise” in the circuit being of radio frequency, This can, however,
appear a3 a frequency modutation, although this can be overcome by
making the frequency deviation in the wgoal Large. Keducing the
frequency deviation, as called for in amatear band working, thus
partdally nullifies the main sdvantage ol fiv-over am (e alio Cliapter 4],




CHAFTER 2
THE SHORT WAVE LISTENER

e Short Wawe Listener (SWL) needs oo licence other than an
Tulﬂ].l].l.l"f' domestic television or radio licence, and no special equip-
ment gther than a saitable radio receiver. “Suitable’ virtoally mesns sy
radio set cupable of receiving short wave tronamisions (160 metres
down 1 10 metres) ; or off (§ metres down), But to beoome a serious
SWlL—and to get maximum satafaction from (his sde of the hobby—
demands the we of a more specialized type of recciver than a domestic
vadio with &f and #bf tuning bands, and the setting up of an efficient
aerial. This is because the amateur bamds are relatively narrow and
crowded, 50 that separation on an ‘ordinary’ tuning dial is difficule.
More imporant still, the strength of signals received on the amateur
bands can vary enormously, both with conditiom and distanee. It
needs something special in the way of & receiver to offset these lstening
difficulties

These special types of high performance recrivers have become known
as commumientions regrivers. They ure not necessarily elaborate or expensive
dhesigns, although some are. The primary requirement is that they
should provide all the necessary qualities for sutisfaciory amateur band
lstening. These qualities are:

t. A high degres of siectivity to separate the stations hroadeasting in
the narrow amateur frequency bamds,

- 38 ﬁhighﬂtgrﬂufumiﬁw'{]":n order to be able to pick up very weilk
sigriaks,

Lg::. Good stabilily so that the set does not drift off frequency and so

“lose’ a station to which it W tuned,

4. Easy and accurate tuningg and particilarly the ability to reset the
kg fo any desired foguency.

5. Abmence of Tmage” or spurions gignals, and of sell-nowe (particy-
larly whistles),

All thege lfeatures affect the design of the receiver far more than in the
1
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case of an ordinary domestic recelver with its much wider range of
tuning. At the same time the ‘complete’ communications receiver will
abso need a beat frequency oscillator, or internal oscillator for listening
clearly to Maorse, or o suppressed carrler telephony.

The choice between ‘buying' and ‘building' a communications
receiver B largely a matter of personal preference—and ahbility as a
practical radio enthusiast, There are & number of relatively cheap ex-
government communications receivers which can give excellent leten-
ing “as bought’. Their can then be further improved by
mcaddiﬁundlnmﬂmmr,mmmmﬂﬁmﬂu frequency)
preamplifier; or the range cxtended by the addition of external con-
verter units—ane Table 1,

Practical designs developed v for amateur tadio listening
are available as plans, in the form of kits, or as profesionally built
umits, Satsfactery construction from kit @ well within the scope of any
keen amateur with some previous practical experience of radio assembly,
and will generally need only & minimum of test equipment fo set Wp.
Such receivers can be of valve or transistor type, the Latter being more
compact and generally much more cary (0 assembile, a3 well a3 working
off a small dry battery instead of makns voltage supply. Cost of com-
ponenis can be quite moderate, mnging from as bide os £10
in the case of small transistor superhet receivers. At the other end of the
scule, many weeks, or even months, of intemeive work may be fnvalved
in the construction and setting up of a more cliborate and complele
communications receiver, with the cost running to ten or twenty tmes
that figure, or more,

Operating o Compmunivalions Receiper

The rﬂy:\m«:l! communications receiver has a number of controls
which will be unfamiliar to the begianer, and an understanding of the
basde fanetion and intes-relatiombip of these controls is necesary inorder
to get the best possible results. A rypical set of controls is shown in Fig,
2.1, an a general guide, although their postons. will vary [rom sct o
set,

The setting and effect of thiese gontrols for receiving normal ggnals is
summarized in Table =, First the appropriate band is selected and, with
the set switched on, the serizl immer or wnsfinify control should be
sdvanced towards maximum. This will ‘peak’ the poise received on
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each band, indicated by the meter acedle rising to o maxitnum a3 the
tuning control is tumed to cach stathon (each station will show & peak
meter reading at the point of optimum tning]. T the signal is very
strang, then the meter needle may approach full seale position, when
the semaitivity control needs bocking off womewhat. Note that the
semitivity is abio affected by the ¢ gain control (ree Table 2).

mufrrr IDSCATING DAL
3

- Oet— "o
D | < :
T e O Fihs
AeGaN ——t—%) Ort— arcam
#m_—-—--—jﬁ:) Q @@:_“ o
— A

mrR— 7 )
OM/ D c TUNNG  BAMD SELECTION
Fig. 5.1

It is now necessary to establish the best balance between 1f gain and
if (intermediate frequency) and gf (audio frequency) gain (the latter
two may be combined in a single control). Basically, the greates the
+f gait the greater the sensitivity and strength of signal fed it the
receiver, but this can have two adverse effects, Tt can make the input
signal a0 strong that it will overfond the following circuits causing eross-
modulation or ‘blocking’ and distortion, It can als feed in other
unwanted noise. The of gain therefore wants adjusting 1o an "optimum’
setting where the input signal i adequate, mather than oversirong,
when the g and f gain controlscan be adjusted o provide the necessary
amplification in the latier stages of the rtcejver, Note that where &
separate {f gain control & included this s wually mont effective in con-
trolling the level of signal or inter-station noise, with the f galn control
left in about its mid position. The f galn can be "advanced” or “retarded”
to balance weak or strong signals, reapectively.

Further controls may also b available for dealing with interference.

4
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These may comprise 2 filter contral, which may or may not reduce the
volume spprecinbly when switched on} a seletivity control which
narrows the tuned bandwidth [and this rejects close signals outside the
reduced band); or in some cases 8 fw switch, The latter can reduce
interference from adjacent stations by being switched o wrned 1o o
‘low' position where it accentuates low frequency response, enabling
volume to be reduced to reduce higher frequency interference. A
similar gort of cffect can be demonstrated on an ordinary domestic
radio with separate reble and bass controls, ‘Faveuring’ the bas both
reduces intererence and enables the volume to be reduced.

Transmissions employing suppressed-carrier modulation cannot be
received by straightforward tuning. Part of the carrier signals is, in fact
‘misring’ (Le. suppressed], Although such & ransmission may be tuned
mmmmy.umigmhmﬁwm&chmnmmmmmnm-
ligible. To produce intelligibility the receiver itsell has w insert the
‘missing’ part back imo the signal received. To do this it must in-
corporate 4 separate oscillator wiich can be browght into effect by
operating the §fa (best frequency eacillator) control; or in some
designs the ao {carvier insertion oacillator] eonirol.

The relevant contrel set-up is then somewhat different to ordinary
ew reception—se Table 4. The apr {automatic gain controt) should be
switched off and left off and the recelver tuned i the normal way for
pood strength of signal, even though this is unintelligibile. The of gain
control should then be turmed dowy, and the &f gain control turned up
to & maximum. The §fs control should then be switchid oo and rotated
unti] maxinum intelligibility is achieved, teadjusting the tuning slightly
i necessary, The success of thiv depends very largely on the finenes
of the adjustments available for tuning and ifs, and alo on the stabilicy
af the beat frequency mcillator, IFit lacks stability then frequent feadjust
ment will be pecessary to maintain inf ity.

Alternatively, the i can be sot and left at an aptimum position and
suppressed-carrier signals tuned in on the tuning control. To
sct the bfo control the pharing coimi s turned to about mid-poition,
the bfo tirned off and the set tuned in to 8 steady carrier, us shown by a
pesk reading of the meter, or maximum volume, The b control i
then opernted and adjusted to give a satisfactory "beat” note. [t i really
the quality of this ‘beat’ which gowerns the quality of intelligibility
when funing on to a suppresed-carrier ransmision, and so the
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ppiimum position i merely o matter of the listener's suljective evalua-
tian. Any other note present, when listening, can then be efiminated by
alight readjustment of the phasing contral.

A tip worth remembering here is that if a filter is alo available to
reduce interference, and marked loss of volume when the flher is
switched in, it means that cither the &fe control hos not been set cor-
rectly, or the signal is not properly tuned. In other words, switching in
the filter has narrowed the handwidith (to improve selectivity), but this
ia now peaking alightly off the signal frequency.

Listeming Froctice

Rather than haphazard listening—which can be fun for a beginner,
bt soom loses its novelty—a planned and recorded approach i stromgly
recommended. This applies not only to number and identification of
atations heard, but also the effect of conditions on listening quality and
range. Thus daily und seasonal vuriations genemally follow a Gicly

TIHE STATION
HEARS

BAFE | pwy | RN CALEME | EMISSION] W | 5§ T BOTES

Flg. 5.2

regular pattern, parthenlarly on specific waivebands—see Chapters 1 and
i, With practice it is readily possible to predict “best’ times for listening
to particular trammision bands, and countries—and continee W
expand the extent of records, Keeping a log, laid out as in Fig. .0, s
esential for the s amateur listener.
SWL's cun, in fact, tuke an active part in the world of amateur radio
26
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for although they are only listening, the fact that a particular signal has
been received perhaps at a great dotance can be of great interest 1o the
sender of that signal, This applies particulacly in the sff bands {70 and
144 Hz) and wif bands (above fog kHz), where virually aay long
distance reception i wunlly weloome news 1o the sender.

SWL's, in fact, are encouraged to communicate with trangmitting
stationa they have heard via Q8L cordr, or similar postal replics. What
the transmitting station operater really wants t know i

1. When and where his signal wis received.

2. Readability, signal strength and rone (RST].

g, Interference from other stations (QBEM).

4. Interference from atmosphericy, ote, [QRN).

5. Conditions at the time of reception.

A typical QSL (scknowledgement of receipt of signal} cand, as
provided by the Radio Society of Great Britain is shown in Fig. 2.3

To Amiicar Kadin SOBm0 e isinrmerssddasiosiadintisstsssessais
b [+ e i S L e | 1 | T T A
B I ey T, O e S e iy i
Mawme pod Addiedd ., o055 rcsssinstsaidaiantsipagrEIs s

Fig. 0.9

All the relevant information can be fitled in (ysing standard code where
appropriate), and the card retumed, "BRS memben of the RSGE can,
in fact, qualify for awards by retuming enough cards, c.g. the British
Commonwealth Radio Reception award for returning cards from
fifty call areas in the British Commonwealth. The sddresses of amateur
tranamitting sations throoghout the world are published in the Radis
Amatesr Galf Book Muagagine, available in the UK. from Short Wave
Magrazine Ld.

Chly a proportion of the logged entries will be sulficiently interesting
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techuically, or on othier mexit, to justify & QSL card, or & dmilar postal
reply to o transmiftting station. There are really no hard and fast rules
on this subject (other than special requirements laid down by the
RSGH as qualifications for particular awards to radio listeners); but
Table § can b weed as an nitial goide.

Tahle 1. Use of Addiidons] Meczlver Bections
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CHAPTER 3
TELEGRAPHY (MORSE)

NLECRAPHY 18 ‘written' tranamision, wing code symbols (Morse).

Tramsmismion rate can be anvihing up o aboul d.-n:r words per
minute {(about a third the rate of voice tronemission), although the
il rate of working s appreciably lower, Twenty words per minute &
probably » typical average in amatenr practice, and a target for the
nuvice operator to achigve with comsstency.

Speed i not all-important in sending. Becawse the tranemiuion is
‘written'—even if only in terms of ‘dits’ and ‘dahs’—any transmison
will carry the charscteristies of the operatoc’s "fist’, as well an the quality
of his eguipment. This character will develop with continued practice,
bt the primary réguirements remain:

1. Accuracy, so thai the message comes through clean witheut
errors or corrections. Accuracy is far more important than speed,

2. A steady and uniform rate of sending. This is much easier to read
thin & message which is continually changing its pace.

5. Even spacing so that individual lotters arc readily identified
rather than mun together,

4 Good vechnigque in the use of codes.

Even the experienced operator can be guilty of one or more of these
fauls if he lets his technique get shoppy. The novice can only work up
to u puitable standard by continual i try to wark up his
speed at the same time, Sending specd, in fact, 18 probably less importam
than reading speed. Really to enjoy telegmphy an operator needs to
work up to & receiving speed of at least twenty-five words per minuie,
with a capability to rend the mesage directly in his bead rather than
writing it down {even if be may profer towrite it down). Logically, once
this familiarity with the code has been obtained, sending speed should
be of a dmilar arder, but in practiée this may be limited by physical
and egpuipment Gictors,

Obvicualy practice transmissions are beit kept off the air (although
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these are regubar slow specd practics transmissions broadeast on which
one can practice lisening—as Chapter 1], The traditional practios set
is thve key and buzeer circuit—Fig, 5.7, This cin also be nsed to generate

e v BULTER
Ty _ﬁ__.m-
i} i
ot i
HOES =
r =

T -
MW 4D CARICITOR  BEFROARD
Fig. 4.1

a typical note in phones, which i preferred as being more realistic than
liening directly to the buzzer sound. The strength of the signal
received in the phones is determined by the value of the capacitor used.,
Il too lowd, the value of the capacitor should be reduced,
Alternatively the code-practios set can comprise a Smple pudio
frequency oscillator turned on sad off by the key, The smple valve
circuits originally vsed for such sets have now largely given way to even
simpler transdstor circuity—very casy to make, compact, and working
offa 1-5 or § volt dry bittery. Fig. 3.9 shows such a cirouit which can be

4 ‘-!

Flg. 3.0

used with any high impedance phones. Virtually any general purpose
3%
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af teangistor will do. The potentivimeter i included to-act as 2 volume
control, and will also have some effect as a8 tone contral,
The correct operator poaition for good sending is shown 1o Fig. 5.5

e —— &

Fig. 3.2

The key is placed far coough in from the edge of the table for the
ellaomy |EI:EII'I rest on the table, the operator sitting with the right shoulder
and arm in line with the key, ,

The key imelf will have three adjusmens. Inigally the spring
tension should be st to be quite heavy, and the back ndfustment set so
that the key has about & in. movement The third adjustment i
merely for aligning the contacts laterally. These side screws ahould be
set 30 that there is littde or noe sdeptay.

The key should be held Hghtly for sending, with the thumb on the
left of the knob and the first and second fingers on the top and other
side of the knob, respectively. The grasp on the knob should be G, But
not tight or cramped. Key movement is then accornplished with a wrist
action, the wrist always being free of the tabletop, This will develop a
*natural® aclion, free from tightnes or jerky sending, Always keep hold
of the key knob—never “tap” it

Ohice this han been mastered the spring temsion can be reduced, using
only the minimum tension necessary to make the key open immediately
the downward presure on it is released. This will make the key les tinng
to operate over longer periods. The free vertical movement of the key
catt also be recuced stightly, if desired (or thought necessary 1o improve
speed), but the movement should tever be reduced below fy in.
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Kying the Trasrmilier

Exactly the mame type of key is used for sending vin o tranamitter,
the key being connected directly into n saitable pant of the tranamitter
aireuit, wgether with a click filter a5 necessary (ree Chapier 4 ). Basically
any stage of the tramsmitter can be keyed although it is commeon
practice bo imsert the key in the fnal valve circuit of the power amplifier,
The alternatives available can apply at any stage, however, these being:

1. Anodedriul keving,
g, Blocked-grid keving.
9. Screen-grid keying,

4. Cathode keying.

With amede Leping the key intermpts the 8 mpply to the anode of the
selected valve. This has the disadvantage thae the full & voltage i
bruken by the key, and is in faet developed acros the key contaots. To
isolate the operator from this i is highly desirable, where high power i
involved, towe the key to operate a relay so that only low power is
carried by the key contactz, the full & being ‘made’ and *broken’ only
by the relay contacts—Fig. 3-4A.

In wny ense some sort of flter clronit will be needed scrom the &t
circuit contacts (whether key or relay), both to provide chick sup-
pression and spark quenchking. Such a flier circuit can eomprise an
inductance (L} in series with the line, and & redistanes (R) and capaci-
tanioe () in scries across the contacts—Fig. 4.48. The inductince is

CATHOOE

~— cricx
o FILTER

Fig. 344 40
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then effective in controlling the e of the anode current when the
contact is closed; the capacitance provides quenching on *heeak’, mnd
the resistance contrals the rate of dscharge of the capacitor on the sub-
goquent “muke’,

All three values have, therefore, o be chosen curefully in order o
achleve the desived result, and at the same time provide a suitable shape
for the keved envelope, An additional inductance may sometimes be
added on the other side of the key (contacts), in which éase it may be
posible to eliminate the resistor as the two industences themse]ves can

wide sufficient control of the capaciior dischamge. d

Blocked-grid keying is shown in Fig. 3.5. Here suffident pegative bias

Fig. 3.5

voltage is applied to the grid to cut off the snode curreat when the key
i1 open, removitg s ‘hlocking’ hiss when the iqri:ll closed. The bias
required may be anything up to five times the cut-ofl in arder to endure
that there is no ¢ output from the valve, with the key open, Again click
filier elements are shown incorporated in the circuit,

Screen-grid keying offers the of & simpler cireuit, merely
breaking the & supply to the grid—Fig. 3.6. It may, however, be
mecemary to supply some negative bins to the grid in the key up posithon
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to engure that there bs bo anode éurrent in this condition, and thes so
tf output until the key i depressed.

Cathedy keying b ghown In Flg. 9.7, This & virtually similar in effect
1o anode keying and follows a smiler configuomtion ss regardy olick
filtering, The latter i3 lesa effective in oscillstor circuits than amplifier
elrcuits,

o XEF
aF
- s s i
— ] %,_._..-ms
"-n.._“_‘
-
Fig- 5.7

Varioms other keying possibifities exist. For example, keying is some-
times a.ppﬂtl:[ in the power supply el gither in the secondsry corouit,
or the primary, Both demand the wse of a well insulated keyving relay,
Cerialn advantages are claimed for such pstems, although they are not
much used these days, They suffer from inherent keying lag because of
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the time constant of the smoothing fliers in the power supply oatput
cirenit.

Keying the oacillator offers ceriain advantages, and b virtually
necessary for ‘break-in' keying, This takes advantage of the fact that since
there i3 no ransmision during intervals between sending, B feceiver can
be left (o operate continuously and thus receive Incoming signnls
during these intervals. This can make for speedier operation. For ex-
mnphe, i &0 opérator has filed o read o part of & message correctly he
can immediately hold his tranumitter key down o “hreak in® and
indicate the fact without further lo@ of time,

The basic requirement for break-in operation i that during ntervals
the oscillator produces vo interference at all in the receiver. The direct
solution to this Is to switch the csclllator off durng such intervalb—
which is what applying keying to the oscillator stage does. Unfor-
tunately it is more difficult to eliminate “chirps” on an oscillator stage
than an amplifier stage. Abo the method adopted for keying may
produce changes in [requency of the oscillator, Satisfactory cacillator
keyving for brewk-in opemtion, therefore, may demand the we of more
specialized circuits, particulnrly at higher frequencics, One relatively
strafghtforward solution (but with Hmitstions] B sequence keying,
using the back contacts of the key 1o key the oscillator clreult and the
front contacts to key the power amplifier circait. The power amplilier s
then turned on & shoet interval after the oscillator, and tarmed off
momentarily before the mcillstor-—the resulting time lag when the
pover amphfier is ‘off* (and thus there i no emision] covering the
period during which the keyed ceclllstor i developing ‘chirps’ or
‘chicks", Similar, and alternative, soluthons cun be derived dlectronically,

Eldetrovag Kapery _

Continual operation with a marual key at speeds much in excess of
twenty words per minute can become extremely oring, leading to a
deterisration of the ‘fisr’, althoogh skilled and well practised operators
ean muintuin even higher speeds withont difficulty. A better solution
for fast sending, Nowever, i-the use of electronic leyers, known
generalty ua ‘hugs’. Basically these ure of two types: the semi-nutomatio
keyer which derived largely from landline tolegraphy; and the fully
electronlc automatic kever, knowi as an ‘el-hug’,

The 'hug’ incorporsies a weighted spring, vibrating against a contact.
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The rate of vibration can be controlled by sliding & weight up or down
the vibrating arm. This vibrating arm supplies the ‘dit® signals auto-
matically when the key is moved to ane side. "Dal' signals are made
manually by the operator, moving the key to the opposite side.

The ‘el-bug’ @ fully antomatic snd comprises, basically, electronie
circuity producing continuessly a sedes of reular 'dit’ and o series of
regubar ‘daks’, ATl the “diils" are of equal length and egually spaced. The
‘dats’ are cach three times the length of a *dit’ and spaced by the length
af a 'dit’.

The key B dmply a double-throw switch, spring loaded to its central
position. Movement fo one side closcs the contact oo select “de’s amd
movement 1o the other side selects “daby’. In each pesithon “dits' or
'daly’ are passed by the key for az long as the contact position is held
(Fig. 3.6,

o s
GEMERATOR GENERA TOR

Fig. 10

Speed of sending i thim virually Hmited only by the speed at which
the operator can resd—although the only way an eperator can (el what
he is sending & 1o fiaten to it in a mondtor. The technique of electronic
sending &, therefore, guite different to ordinary keying. It demands an
ahility to be able to read Mo divecily without writing it down—at the
desived sending speed—and o co-ondinate the key action 1o select
exactly the required number of ‘dits® and ‘dahs’ in correct sequence.
One cannot switch readily from manual keving to antomatie keying.
Comsiderable practioe is neceszary to master this quite different tech-
nique ind build up speed.
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Fully automatic electronic keyer designa range from the relatively
smple to guite complex computer-type circuits,. Yalve clectronic keyers
have now Isrgely given way o transistorized cirouiis, one particularly
popelar design being shown i Fig. 4.9, The variable resistors enabie
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the speed at which the *dits’ and ‘dabs’ are generated to be varied for
operating speeds between about three and thirry-five words per minute.
A G.P.O: type Boo relay or any similar low resistance relay B8 suitable,
using almest any type of general purpose of traméstors (c.g. OC71).




THE MORSE CODE
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di~dals-ilab-dakbi-clal
difi«inh-dah-dah

ihi-eki-eli-chnh-dah
Bl clinhy
dfi~afi-li-oti-chiz
kbl il -afigEl
dafi-duh-di-di-dit

dali-dal-dah-di-dic
chali-dab-duh-dah-die

& lomg daly, or dah-dit, or
dabi-dah-dah-dsh-dah

CHAPTER 4
TRANSMITTERS

RANEMITTERS are based around o radio Fequency sscilluor or
T'gcri:iﬂmr‘ of an of dgnal. This will require m pomer inud, Such a
hasic combination, with the sdllator t taken to an acrial, will
form a complete, i dmple, trareminter ca of radiating a contimsous
carrier wave (o) signal, 0t a frequency determined by the oselllator, IT

dah.ddah the latter is fixed {e.g. a8 in the case of a crystal controlled oscillator),
Note, then the addition of a key capable of brenking and making the oscillamor
One ‘dab’ should be equal to three output will compleic a ‘working' transmiiter eapable of sending a scrics

NeME<oHdmEOdOEE -~ oY nE>

il -dlit ‘diss” in length. of *an-ofT" e ignals at a fixed frequency—Flg, 4.1
1 snh-doh-di-dah The space between parts of the same

efi-ah-dit lester showld be egual o one “dir’.

di-di-dals be equal to thren ‘dits’ (or one ‘dah’),

di-di-tdi-dah The space between two words showld AL |

di-dah-dah bie equal 1o six ‘din’, £y Jl——-—— CECILLATOR >

du.]:-d!-di-tl.l.h e ll I

dab-di-dah-dah

dlal—lak-li-dic w]*

Fig. 41

This is the simplest form of Morse wransmitter which ks capable of
giving guite good resulis, provided the oscillator circuit can be made
i stable. 1t from suitable design being a primary requirement, the
| power input which can be utitized without heating effects interfering

with stability of operation i usually limited, Also the efficiency of such a
transmitter is relatively low. Very much better efficiency wid a "eleanet”
signal can be produced by restricting the power input to the oscillator
' and following this by a pueer smplifier 0 boost the acteal signal applied
4 to the acrial—Fig. g.9. If necessaiy, more than one ¢f amplifier can be
introduced, connected in seres.
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Fig. 4.2

To extend the working of the transmitter the cecillator can be made
tunable, g0 that it cin geterste a range of ¢f frequencies [variahble
frequency cscillator), At the same tme, 10 ‘adiust’ the aerial to the
efficient handling of such frequendes & tuned circuit, known as a tesk
strentd, is added—Fig. 4.3. This set-up may be firther improved by the

CO-AK CABLE  SCREEN

SS RF
Wir—y

e = g =

addition of an aerfal tuner when the tank circuit virmally becomes an g
trandformer, This comiderably simplifies the transminer design since
regardicss of the characteristics o the aerial the aerdal nmer can be
adjusted so that the tnk ciroadt will always be supplying power o the
same load. In practice the tank circuit is formed by the anode clrenit of
the power amplifier and so need not be regurded i 8 separate entity.
‘The description ‘tank circuit’ is -equally applicable to any resonant
drouit in any transmitter stage.
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A number of other refinements are then pomible, For example,
making the oscillator fully tunable can introduce stability problems. It i
casier to achieve stability by restricting 1he vatiable frequency range.
To extend the fréquency range available it i then a relatbvely simple
matier io double, treble; efo., the original frequency with a frequency
meufiipliey, This fits in very well with amaleur band requisements where
ihe bands are simple multiples ol each other, Thus a variable freguency
pacillator [sj‘ijduim:dtummnnlyﬂmrmtﬁlhndunahpmﬂu
ee fignals in the 7, 14, 21 or 28 Hz bands by incorporating a frequency
multiplier between the oscillator and ¢ smplifier—see Fig. 4.4-

This block disgram also shiows an additional unit between the tank
circuit (anode circult of the power amplifier} and the aerial tuner,
marked [pf or inn past filier. The object of this i o produce & ‘clean’
signal by Bltering out any karmonic contents, and thes minimize sy
interference with adjacent signale. Part of this job is already done in the
tank circuit but the fact that many amsteur ransmissions are on bands
adjacent 1o television transmisions places a premium on interferenee
suppression. This alse affects the aciual construction of the set, particu-
larly as regards sereening requirements and the necesdty for eliminating
ks of wird

urgmhgwmﬂmhﬁm now has to be given to the manmer in which
the vscillator is inderrypied (Tor sending Morse or telegraphy) ; or mods-
lated (for sending speech or telephoay]. These are type At and type A3
emimions, respectively.
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Morse signalling (A1 emimion) is obviously the simpler of the two
sinte this anly requires that the ¢f output from the oscillator be inter-
rupted at some suitable stage by means of a mechanical key o that the
ito signal i put out in the form of long and shert bursts with intervals of
no sigral hetween—Fig, 4.5,

___'m-' i ‘nan’ __fﬂ.rr' T » v
.
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Fiz. 4.5

Basically such & sigual consists of a serles of ‘square” waves—Fig,
wmlnlhnhﬂtbtd:inmqtiﬁnﬂwiﬁqmﬁ
nignal, they alio have unwanted side effecty, notably the loclusion of
unwanied widebands” in the remiting envelopes. These can spread over
adjacent frequencies, even a whole amateur band, Thus other receivess
turnied to near frequencics may also Bear the dignals as "interference’, or
mate wsually in the form of ‘clicks’. To aveid this it is vecewsary to
introeduice & elick filler in the keyed circuit of the transmitter, Tlis
reduces sudden changes in amplitude in the ¢f sgnal, which are re-
sponsible for the ‘sidebands’, and rounds off the pulse envelopes as
shown in the second disgram in Fig. 4.6,

FILTERED PUALSE CUER-FILTERED PULEE
Fig. 48

Tn will be appreciated that this rounding snd re-gha of the k
of sigral will alse affect the quality of the Hi:mﬂﬂlﬂf]ghcard'l'ﬁ
will be an optimum form of envelope where sideband effects are at a
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minitmum and the sgnal & clear and distines, I the envelopes are dis-
torted the indivicdual sgnals will be less distinet amntd may even end w
run together or blur.

The preferred type of envelope is one which b fairly solid' on the
‘make’ end of each envelope, with & sofier ‘break’, Thus any click
present occurs at the siart of the signal with, ideally, i elick an the key
it opened, This produces the most aceeptable "dit’ or “dah’ for listening.

[n!.h:mcﬂfupc:ch or Ay emimion the final signal is produced by
superimposiog an sudio requency (g} dgnal on the of or carrier sgnal,
yielding a modulated of signal—Yig. 4.7, This Gnal signal will sctually

LT AN
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comprise the original carder frequency, sy I together with two side-
band frequencics of T+m and [—m, where moi¥ the freguency of the
modulating signal. The compleie signal will e have o spread or
bandwidth of 2m Hr about a centre freqoency of L It 8 o
tecesary to keep this spread toa reasmosable mimimum, Thiss 1 kHz i3 a
typical modulating frequency wed, which would give an: eflective
bandwidth cover of 2 kHe However, modulation [equendes in
use may well extend up o 5 kHe, covering a total bandwidth of 10
kHz,

As i general mile, all speech frequencies can be encompaseed withina
frequency mange of aboot o,000-5,000 Hz. For elephony, therefire,
there i no necessity 1o employ sdehands with 5 spresd of more than
g,000 Hz—say o weal bandwidth of 5-6 kHz. For general broadeasting,
which ncludes music a3 well aa speech, & condderably wider band-
width & required in order to accommodate the higher audille
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dencies without 'clipping' or distortion, e g, logicilly up to the upper
limit of audibility or amound 1500016000 Ha Brosdeast stations,
therelore, operate with a much wider bandwidth than amateur radio
tranemitien, They ocoipy more "air space” ai 3 conseguonce—and tamne
it over o broader renge.

The af or speech signils are derived directly from a microphens, These
signals are very weak and thus require amplifying before being fed into
the maln transmitter citouit fo modulate the f or carrier wave &
With simple amplitude modulation [(Ag emisdon) the favoured way i
to- apply the amplified @f sigoal direct (o the anode cirenit of the of
power amplifier via o modulation tressformer—Fig. 48, This alss ho

PR SUPFLY FIWER P
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the advantage of increasing the ¢ owiput power sinte extra power B
supplied 1w the outpul circuil via the gf amplifier, Special circuits may
alw be included to compress the of band, apply speech clipping by
contrelling the shape ol the wavelorm, nnd suppress higher frequencics
tor restricd the rangn of ddebands endiated.

Sedeband ( Suppeeised Carrier) Frammissions

Whilst eimple amplitude modulation provides o satsfactory and
relatively strafghtlorsard method of providing speech transmision on
amuteur rudio bands more and more attention has been given during
recent yeam 0 the development of dddbamd tranembson where the
carrier wave fisell is suppressed. Although this demands more complex

i

TRANSMITTERS
cirruits and more expensive critical components it has several ad-
vantages, notably much higher efficiency gnd an appreciable reduction
in the Bandwidth occupied by the mgnal.

It has atready been noted {e.g. see Chapier + and Fig. 4.7) that the
gimple form of & speech transmision composs a camier with two
midebands each the mirror imege of the other and spreading over the g
frequency range covered. All the Jd.:&r;mi‘ aeeded fa contained in the
sidebands, whilst the majority of the fwmy s eontidned in the cirner, T
the carrier i suppressed this power can be saved and all the tronsmitted
power contained within the sidehands—Fig. 4.9.

=3k | +30Ha |
T L I
I
1

é

I this form thee tramsmisabon s kncown 88 doubie sidetinmd suppresod
carrier (did). Any conventionnl sm receiver can be modified o receive
mich transmissions, ‘tming’ W either gdeband, the chiel modificition
being that the receiver must also supply and inject the ‘misang’ urr'i:r
before the sideband signals can be made intelligible. As the carrier &
suppressed at source {Le. at the transmitter), signul reeelved can be
very much stronger for the same imput_ power. On the other hand the
bandwidih occupled is exacily the same a8 if the carrier were present
(i.e, the same a5 for conventional o tranamission ).

This principle of operation can be carried one stage forther by
suppresing one of the sdebands as well ad the carrier, yielding single
sdeband transmision [w8), This has all the advantapes of double side-
band transmission plis the faet (st still more power can be put into the
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‘imtelfipence’ signal (ance ooly one sideband B involved dnstead of
two): nnd alss the bandwidth is halved.
There i also the fact that with all sdebond trongmissiond the sup-
iom ' of the carrier means thist helerodyne intedference common with
clogely spaeed am signals & eliminated. In ether words, such transmis-
sions give better separntion (smaller handwidtha) and hagher sgnal
strengthe ai the receiver dor any given: transmitier power, The main
limitation i that such wanemitters are considerably mvore complex and
costly to construct than simmple am types, and can be exacting 1o set up
pnd adjust.
The baste arrangement of 2 sideband trasemitter & shetwn in Fig.
4-10. Both gf and of signals are fed oo a balancer modilator, the output
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Fig. 410

of which & the amphfied sdebands of a normal modalator biat with the
carrier suppressed. IT single sideband trunamishon aily @8 required, then
a filter can be interposed to remove the unwanted sideband, The ootput

f’J =5k
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WoDULATOR _J:E._“ e MIEER e e
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Fig. 411
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then coneists of single sideband ¢f which can be amplified as necessary,

In practice the original rfsignal & usually erystal controlled, and acts
s an gf drive {Le. initial carrier) at a medinm Fequescy. This eon-
vderably simplifies the filter Tequirements sace, in general, the bower
the centre frequency the easier it i o produce fillers with sultable
pebectivity, The single sideband output i then amplified and hetero-
dyned to the required output frequency; this stage abo being made
tunable—Fig. 4.11. Any further amplification must then be strictly
linear, and a kigh degree of smbility in essential for successlul working.

Frequency Medulatéd Transmission

Some menthon should be made ef frequency modulated | fim) trans-
misgion a3 this is a feature of many modern domestic radios, although
it st Wmﬂnhﬂm is tha ﬁ
{frequency modulation) and em (am :I‘i !l-
mﬂanhggfintiumuﬁfﬁuhmthnmpﬁmdtﬂmwugml
unchanged but produces frequency deviations in the earrier propor-
tional o the instantaneous amplitude of the modulating wignal. The
difference can be seen by comparing Fig 4-12 with Fig. 4.7.

T
s i
VPN (et

Fig. 412

This has certain advantages for ‘domestic’ radio transmismions, par-
ticularly where the bandwidth (represented bry the frequency deviadons)
is mot too restricted. For amateur radio work fm transmissions are
restricted 1o n maximum bandwidth of Iess than a+5 ke, Such parrow
band fm transmisions have the advantage that they are less Likely
to fmerfere with Jocal television tramymiséions than am or sideband
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further 1 and experimental work, sknce additions and/or
mﬂﬁﬂ%nﬂﬁmikﬂ.

There fs, however, an increasing tendency to produce complete
tranumitters as & single ‘packaged’ unit of moderate cabinel or case
size. Miniaturization has further been pramoted by the application of
transistor circults replacing valve eireuits, and even complete trans-
mitter circuis, Osiginally the application of transistors (o tronamitter
circuits wis ftrictly limited because of the lower power levels of such
devices. This need no longer apply, although where high powers are
reqquired, valve circuits remain the ususl choice (and in some cases the
only choiee].

With unit construction, of course, there is alw the possbility of
wing ‘mixed’ construction, Le, soime units with transistor cireuits and
others based on valve circuits,

Still further miniaturization i pomible in modern designs by using
imtegrated circuits, panticalarly as thess have hecome mare widely
availabile during recent years at relatively low cost. Such elements can,
to & large extent, simplify home construction, as well as being attractive

The maximum power permitted for amateur transmitters & 150
watts input for am transmisions (s sl Appendix T). All-transistor
tranamitters are generalty only directly competitive as regands per-
formmance in the bands where lower power limits ore set, e.g. 10 watls
for the 18 MHx band; 50 wais for the 7o MHz band; and
single sideband transmissions on other fequencies {directly compared
with sm tranenissiona). ! .

Even greater compacines i realized in certain modern designs by
combining transmitter and receiver in one cabinet, Besdes reducing tlie
station equipment o-a ungle tablestop item this can have the advantage
that certain elrcuit can be common ter cither the trangmitter or receiver.
Again this i particularly adaptable to single sdeband transmissions
where the cirouits involved are inherentdy more complex than am types.

transmissions, but performance i otherwine gemwrally inferior for
amateur work, for the reason already expiained in Chapier 1,

Cheier gf T rowmilier

Transmitiers can vary widely in coverape and scope. Many trans-
miiters offer e (telegraphy) and am {telephony) only, but may be
extended 1o sideband worling by the sddition of an adaptor. Thiz will
not mecemarily give satifactory. working, for 8 L4b irankmiiier s
usually degigned on somewhat different principles and adwptation of an
am trangmitter necessarly involves compromises, eg. the moduladon
may not be applied at an optimum stage.

Similarly, although wammirters may be designed for multi-band
vurking, there are dustinet differences in the optimum requirements for
Af and off working {as well as power level differenoes invodved), The use
of sepirate tramumitters for covering these two ranges is thus usually a
better propmition. Much, of course, depends on the type and scope of
working aimed at—and ow deeply the mdividuad wishes to get in-
vishved a8 an amateur radio stition operator. Also pewer requirements
have to be kept in mind. Distance working on the & bands, which tend
tw be crowded anyway, may require guing to the maximum power
levels permitted, for moximom scope and satisfection. On the other
hand, many enthudasts are content 4o limit thedr activities 10 operation
on just one ar two bands only. And beginnem, because al the slmpler
beemee vequirements, may well decide to concentrate on telephony, and
the assochated odf chanmels availalle for Soumd Licenee B holders.

Their initial equipment can terelore be purchased, or consiructed
accordingly, The more ambitions beginmer, however, will be better
advised to regard hia tranamitter in terma of *hlack bowes” or individual
units; the seope and covernge of which can be'exiended by additions and
modifications, u experience—and confidente—in amateur working s

sl ;

The form of Ampadeer Trawnifies

The size and physical form of ransmittess has changed considerably
over the year Early tranamittery were commonly constructed in the
form of separate unhis, mounted oo racks or tables, occopying perhaps
nearly o whole wall of @ room, Unit comtruction is sill widely favoured
for valve tranamitiers, and particularly those for high power working or
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The general rechuction in the bulk and welght of modern trambsior
tramamitters and tranceivers had made the mobile station both a
practical and attractive proposition, €.8. for mounting in a car. Problems
may be nvolved in providing efficient protection against interference
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require frequency measurement (0 &n accursey of & 1-0 per cent o
ensure that emistions were within band, whereas operation within, sy,
1o kHz of band edge would require messurement to an accurncy of 4
o-05 per cent. When determining the proximity of an emision to band-
edge, the bandapread due to modulation, on the appropriate side of the
currier, needs to be sdded 1o the frequency wierance of the carrier. .
(b) Heteradpme woovemeters snd cysial colibrators. When wied o cond
junction with & general coverage receiver, a roo kHa crystal is usually
adequate for checking frequencies up to 4 KHe, For ligher fequencics
the spacing between too kHa marker points is too small for accuracy,
and a crvstal of 500 kHz, or prefierabiby 1 Mie, should be used in addition.
IT the receiver covers anly the Amuteur oy bands the

scale will usuaily allow n 100 kHx erywtal o be used with sufficient
pecuracy throughout the § bands,

(e Absrplion wanmeters god cimiler depicer. The scale length and
accuracy should be suitable for measurements of the required accuracy
ta be made, and the frequency coverage shoold extend up o the
second, and preferably the third, harmaonic of the radiated frequency so
that the presence of unwanted frequencies may be detected. For off
and uff transmitters, probably the best technique iy to measure e
frequency of the lundamental cscillator a8 accurately as pomible and o
use an alworption device to confirm that the wanted harmonic has been
selected, When n ol or ulf converter s wsed in eonjenction niﬂia:_'ii‘
receiver and the calibration of the main receiver in be checked
sufficient sccuracy, this will provide a nveans of frequency measarement,
but it is also advisable to e an absorption wavemeter to cheek the
measurement and o confirm that no unwanted radistions are present.

Hak RADTO

fram the fgnition cirouit of the car engine and the power of the trans-
mitter may necesstarily be more restricted than could be wsed with a
"hame® station, tinee the basie source of r supply & usually the car
battery. Also an additional Sound Mobale licence i required, which is
aviiiable only to holders of Sound A or Sound B licences (with the szme
frequency restrictions applying in the case of the Blicence).

Mohils stations commenly operate on a power of 10 watts or less, and
almost invariably on telephony, Average range is of the order of ten o
twenty miles, altbough very much longer distanees can be covered under
favnurable droumstances.

tion on wif is preferable to & a8 apart from other technical
considerations this simplifies the aerial requirements, Mohile aertals,
for example, must not exceed 14§t in beight above the ground; and in
practice & whip acrial fited to & car cannot exceed about 7 or 8 . in
length, This, or shorter, lengths, can be quite adequate for elficient off
tramemission, although the favoured form of off senal is wally an
omnidirectional ‘loop* serial, which ls bosically a dipole hent in the
fiorm of & eirele. For sbf working this leop need not be larger than about
12 i, diameter o obtain a suitable resonant length [see Chpter B).

(Cheeking
It &s obligatory that a licence holder be able to verify that his trans-
missions are within the authorized frequency band{s}; and to wee a
savisfactory method of frequency control, In effect, this means that a
crystal reference souree B necded to comply with these requirements, s
that {in the words of the Ministry of Posts and Telecommumications) |

{a} with & erystal-controlled transmitter an shsorption 'device’ of
suitable frequency range amd accuracy is necessary (o check that the
desired harmonic of the crystal frequency iz selected.

(b} with a tranemitter that s not crystal-controlled & wavemeter
based oo & erysial oscillator &5 necesary.

The Minbstry of Posts and Telecommunications offer the following
notes for genrral guidance:

() Frequeny measuring equipment should be of sufficient accuracy to
verify that emissions are within the authorized frequency bands, For
example, operation in the centre of the sr-o-21+45 MHz band would
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CHAPTER 5

TRANSMITTERS IN MORE DETAIL

Ain chapter will- be concerned with describing the tmmmitter

circuit requirements, and solutions, in more detail, Smee: the trans-
mitter cin be broken down fnto o series ol intereonnected units (whether
phymically separated or not), as outlined in the previous chepter, it is
most convenient to consider the design and characteristics of such
units under separate headings,

Oseillator { Mater Oscillutor)
A primary requirement of an oscillator diecuit 3 that it must be
siable, and also unafected by any external circuits, The former require-

ment is primarily dependent on the design of the oecillator circoit itsell
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Fig: 5l

The Litter can be met by suitable sereening. Mounting and wiring of
eriticall components must also be rigid encugh ® that mechanical
vibrations cannot alse be a source of instability.

A bade valve oscillator groust is shown in Fig. 5.0, Ly and Cr ferm
the tuncd cirouit, the alternating voltage developed scroas which is fed

&l
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10 the grid of the valve via Cg. The energy to maintaln this alternating
voltage of osillation iz derived from the alternating current Gowing
thmugh the eathode, fed (o 8 tapping point on L1,

Outpat is developed in & second mned circuit La and Ca, driven by
the valve. This can be tuned to the same frequency as Lr-Ci, although
it will be more advantageous to tune to twice thii frequency. This will
render the grid circait largely unaffected by the anode circuir, 5o that
stability is much higher. It s also ralher more convenient (o tap the
capacitance instead of the coll, leading basically o the modification
shown in the box in Fig. 5.1, This is known s the Clapp oscillator, the
lowest frequency being set by CiA and the tuned circnit then adjusted
over the tuning range provided by CiB. A radio frequency choke
(RFC) 18 abo needed between the cathode and earth to provide a
necesary de connection, but offering very high effective resistinee to
rf current.

A practical form of this simple type of varable frequency acillator
{gfu} is shown in Fig, 5.9, with typical component values given in Tuble

L.
B3

Fig. 5.2

5. The anode circuit Le-C2 is tuned to twice the oacillator frequency
and the putput can be taken from this by capacity coupling, or inductive
coupling (L2 in this case being one coil nfﬁcmphng u“:tﬂ:mur}
uency stability is largely dependent os the performance of capack-
Eﬂu and C4, which must be of high stability rype with suitable
temprrature coclficicnis, - .
Better siahility can be provided by various other designs, two of the
best known Being the Franklin cacillator I:'FJ:E. 5.a) End the cathode
coupled oscillator (Fig. 5.4). Both are shown based on dowble triode
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Fig. 5.1

walves, - although an extensbon of the Franklin circwit & alao used with
twi pentode walvwa, A feature of these orendis 18 the voliage mgulator
imcluded, Mumerogs other designe: lisve sbo been developed, some
specifically suited to particular band frequencie,
Tramsistor circuits can plo provide satidfuctory ofas with high
stability—aolten better than valve drcuits because of the lower heat
ion. The muln refuirement is to use high quality & transistors
in o properly stabilized circuit. A wide vaniety of such crcuits lave been
published and are readily svailable for home comstructons, e.g, from the
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tranmsistor manufacturers and journals deallng with amatenr radio
pubjects,

Cryrtd Opeillntors

& direct method of obteining stability inan cecllator cireull @ to
replace the toned clrouit Li-Cr with a pizoeloctric element or eoulad
having the required resonam frequency—Fig. 5.5, The stahility of the

W4
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Fig. 5.5

circuit will then be as good as that of the erystal, although this in twm
will depend on ihe mode in whizh the crystal B operated. In series
mode the stalility is usually higher than in parallel mode, although the
¢f output is substantinlly reduced. There are abo other objections w
serbes mode working, so thas parallel mode Greuits are more widely
employed. Three of these basic circulls are ghown In Fig. 5.6,

The higher the frequency, the more crystal control becomes attrac-
thve a & means of ociliotor stabilizadon. Defortunately thda does not
conform 1w typical crystal charcteristicn in that the higher the
resonant frequency the more difficult it & to produce satisfactory crystal
forms and crstal performance. Temperamee elfects may abo
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l.:lﬁtur_m.' cxaggerated, particulardly when allied io transistor oscillator
crcnits.

To a lorge extent this problem i being overcome by the availability
of better and more stable comtaly. particularly developad for high
frequency use. Alternatively some circuit designers prefer o use a
crystal with a lower resonant frequency as likely to be more sable (or

o
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Fig. .6

more readily wvnilable) and then arrive at the required high frequency
by applving multiplication to the oscillator Msell Such a elreuit &
knowi &8 an srfens type, the oecillator frequency then belng a harmonic
[multiple) of the Tundamental frequency of the crystal eed.

Such trestment alo can be psed o overcome one Emitation of
erysial control in chat it provides stability around one ‘spot’ Fegquency.
A eryseal oscillator s thue, basically, o single frequency meillator. Tt can,
however, be *tuned® over a small mnge by adding reactance in series to
‘pull’ the eryvtal 1o ane side or othier of it fundamental frequency. This,
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with multiplication a8 necessary, can be used to produce a
varishle ervetal cscillator. i
Again a large varlety of crystal oscillator circuits have been published,
and are readily available. Some, bowever, may prove rmperamental or
unatisfictory in use. Probably the best advice for the amuteur designes{
comstrucior i 1o adopt an cacillator circuit specifically recommended, or
published, by the cryital manufscturer, unles he is peepared to under-
take a congiderable omount of ntal work in ‘proving’ (or
atherwize) the perdformance of individual published destigns,

Valtage Regulaors

High tension voltage regulation in the case of valye cincuits- cin
readily be provided by a special type of valve, commaonly referred toas a
VR-nibe. Suitably connecied, and o withtn its deslgn current
range, this can provide stabilization of the high tersion supply.

In the case of tansistor circuits working at very much lower voltages,

hﬂdﬂmmhmﬂww. :
This particular subject i in Chapeer 7, Power Supplics.

Potair Amplifiers {1 Amplifirs)

It general oscillators are designed 10 work at relatively low power
levely in order (o preserve good stability. Since the oscillator peoduces
the baslc signal, it i followed by one or more power amplificrs (o in-
creass the signal output applied to the acral at the required power
level, Buch amplifiers are geoerally deseribied by their mode or elais of

Fig. 5.7 shows a typical power amplifier circuit, based around a
pentade or tetrode valve, The three methods of operating the valve arc
then aa follows (e aie Fig, 5.8)

Clasr A. The grid of the valve isn vely bissed to shout one half of
the eut-off point. The ‘standing cutrent will then be moderately
high and a sine wave input voltage will produce a corresponding sine
wave anode current, providing the of amplitmde s not cxoesive, as
atherwise this woold result in “clipping” of the bottom of the snode
CUrTENE Will'viee.

Clasr 8. Heve the bias is incremsed g the cut-oll point [or very nearly
L1
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sap, The effect of this is that when ¢f input is applied only the top halves
of the corresponding sine wave sppeir s anpde current, so that anode
current only fowa jor one Kalf of every cycle. Higler pesks of anode
current can, however, be obtained for the game anrage anode current.
As & consequence, more 5 oulpul power can be obtained for o given
pnwuhﬂ:nmm.pﬁmbruwnlm#t the cxpense of higher rf fupal power
'EII:'IBE..HHEL‘M bias is increased to two tmes or more of the cot-off
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point, producing even more sharply penked aoonde current charne-
teristrcs with ¢f input, each peak sceupying less than half a cycle, Tins
even mHe ff output power can be obtained for o given input power 1o
the valve (represented by the & consumption) but agsin st the expense
of higher ©f input power required.

As a roagh comparison, Cluss B operstion gives about twice the
efficivncy of Class A operation {i.e. twice the ff output power for a given
bnput power|—aee ale Tahle & Clas C operation can be expected to
give aboit 10 per cent more efficiency than Claws B, Either of the latter
two muy be chiosen—Clas O for masimim and thus maxi-
mum {f outpat; or Cless B because iy bar the additional virtue that the
output can be made directly wnal to the ff input. A pumber of
other important factors mm be considered in the final
design of the circoit, notably (he method of providing the' grid bias,
control of the anode current, feedback and newtralization, and the
method of inter-stage coupling,

Where the power output required is more than can be given by one
vﬂmhﬂﬂﬂﬂmilmiwnrmw:nmdmpﬁﬂtaﬁpn,thrm
vitlves cani b connected together in parallel, with the similar elements
in all the valves cotnected togetheer, Paraliel aperation will give an output
in proportion to the number of valves used for the same high tension
voltage, but the input power will abo incresse in proporton toe the
number of valves, ;

An alternative method b o emiploy two valves in pud-bell configura-
tion. Here the ciraiit is sphit, mirmor-image fashion, so that the voltoges
and currents of ooe valve are out of phase with those of the other, As
the anode current in one valve is rising, that of the other is Galling, giving
in eflect & push=pull operation—Fig. 5. The advantage of soch-a
system s that less distortion is produced, compared with parafiel spera-
tion, for the same power output. The maln disadvanmage ia that twice
the & voltage by required, which can sverely limit the spplication of
pusbepull amplificrs for valve trankmitiers.

The Aneds Cipcanit
The anode circuit comprises a comthinaton of inductance (L) and
capacitanen [IC), forming a tuned cicult (often reforred o 5 the fank
circuit), A study of Fig. 5.8 will show that if off tuned with regard to
the: f imput the anode current will be relatively high; but if tuned to
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resonance the aversge anode current will be very low. This forms a
useful method of tuning the snode cireult, e, adjusting for minimum
anode current. Thiz does not, however, give any indication of the
tf voltages which may be present. These can be excessively high in the
abesnce of sy anode load, pulling the valve into & condition where the
BeTeen current is excesive, Once a load is coupled to the anode circuit
encrgy will be drawn from the woed cirouit, reducing both the f
voltage and the i current. Tt also follows that this Joad can modify the:
tuning of the tuned circuit, unless it is purely resistive.
The two principal paints which emerge from this are:

1, For Initial tuning and sciting up of & power amplifier, with no
cononected load, the & voltage should be reduced in order 1o climinate
the possibility of excessively high ¢f voltages being develaped,

1, Some retuning of the anode circait may be neossary afler coupling
to an external load (eg. the aerial, or 4 bllowing amplifier stage), to
compensate for any inductance of capachance introduced by the
coupled load.

Carrect loading i also important as this controls the guality of the 1f
oditput radiated by the aerial. This requires a mitable com i
betwren energy efficiency and damping, generally related 1o the quality
factor or Q) of the circuit, This, basically, & the ratio of the energy
stored to thut dimipated in each eycle of operation, A kigh Q imphics
high efficiency and low damping; = low Q, low efficiency and high
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damping. The necesary compromise aima at providing good efficiency
with enoogh damping to aveid a distorted ¢f output, introducing
a serie of harmonic [requencies which could caise interderence on thee
equivalent bands. This places & premium on the values and quality of
the inductance (coll} and capacitor in the anode circuit, and
the selection {or adjustment) of the aerial lond and it cobpling.

The type of coupling preferred is of the kind where the tuned circuit
it salated from the M by a capacitor, as shown in Fig. 5.10, A d path

T4+
113
= " T2 8HM L0AD
AR
el ;5‘ =]
3
Fig. 510

for A i provided by a RFC. The acrinl oatput lead can then be tapped
inig either tho coil or the capacitor. The laler is morfe convenient since
the tupping point can be between two capacitons, cach of which ls
adjustable not only to adjust tuning bot &l the effective tapping
point,

This iz ghown in final form in Fig, 501, knowm 8 o fe-piiwork cirenit.
This is generally regarded as the besi type of circuit for harmoenic
sippremion, particulady for we in the 395, 7, 14, 21 and =8 MH=z
bands,

The most common form of amplitede modulation is amede modulzson
where the modulating signal is applied in the anede dioouit of the power
ifier, vis trandormer coupling—Fig. 512 This does; however,
demand the use of relatively high of power input, such as that given by a
Class B audio amplifier. For 100 per cent
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Fig. 511

power output of the modulated stage must increase 50 per cent 3o that
the modulator must supply to the modulated ¢f stage audio power
exqual in g0 per eent of the d anode power, Something less than 100 per
cent modulation may, however, be accoptable for telephony, but over-

modulation (over 100 per cent modulation] is 1o be avoided as this
introduces seviers distorton,

’jl'-'-'ﬂl'-'i'-ﬂmil' TRANSFORMER
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Distortion is also caused by lack of linearity, Within the limit of 100
per cent modulation the amplitunde of the carmier should Ffthfully
jollow the amplitiude variations of the modulating of signal apphied 1o
it. IT the modulsted rf amplifier bas non<linear characteristcs, then the
wiveform envelope will be distorted. To maintain linear characteristics
it is essential that the ¢f power output must vary as the square of the
anode voltage, implying Class © operation. Lincarity then depends on
having sufficient grid excitation and proper bias, in conjunction with
suitable component values, In practice ihis favours the use of & fixed
sousree of grid bias equivalent io about the cut-off point (fe. Clam B
point), supplemented by further grid-leak biae to shift the amplifier
inites Olass C operation.

A typical modulater incorporutes an f amplifier with microphone
inpot and as many stages of amplification az neceaary fo achieve tee
required output. The output terminates in & matched medulation trans-
former for direct connection to the f amplifier ; or a8 & terminal catput
for connecting to o suitsble modulation transdformer. In the latter case
it is necemary to schect the tmformer for the eotrect impedance
match. The load resistance presented to the modulator by the of
amplifier valve cun be caloulated s51

bt i i voltage
R = hf current (amps)

The turna ratio can then be determined accordingly so that when this
load resistance is effective scros the secondary, the primary resistance
has the recommended anode-fo-anode valie recommended for the af
output valve(s) involved,

Alternative systema of modulation are grid-bias modulsiion, mrees-grid
modulation and cathods modulation. With grid-biss modulation the af is
trtroduced in the grid-hins supply, the asdio voltage thus varying the
grid bias and with @t the power output of the ¢f tage, This is far les
efficient than anode modulation, but les power is required from the gf
amplifier and the circuit can alten be smplified. It may, however,
place Hmitations on the working of the of amplifier, e.g. grid-leak bins
working is no longer satisfactory.

Screen-grid modulation again places lew demand on the af amplifier.
Charactevistics are generally similar tw grid-blas modulation, with
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Hnear characteristics maintained up to 100 per cent modulation with
sultable valves,

Cathode-modolation offers o compremise between anode-modulation
and grid-bias modulation, with an efficiency about mid-way between
the two. The of input is introduced in the cathode circuit and both the
grid biss and anode voltage vary during modulation; The efficiency
depends largely on the proportion of grid modulation o snode moduls-
tieni. The higher the proportion of anode modulstion the higher the
efficiency which can be realized; and at the sume time the higher the
audio power required.

Numerous other varintions on modulation have been developed
and continoe to be cvolved by amateur experimenters with virying
resulta,

Audey Camiprersoes

Aa mentioned in the previous chapter, sideband spread is undesinable,
a3 well gs being wastefu] of power. There i also the point that sharp
tuning of a receiver will probably restrict reception 1o within 000 Hz
ot less on either side of the carrder frequency, s that any sideband
trensmisions outside this range will not be heard anyway. Narrowing
the sldeband width by resiricting the range of of frequencies superim-
posed on the carrier will therefure be advantageous, both from an
operuting point of view and in order to concentrate the power available
into a sarrower bandwidth containing all the useful audio frequencies—
say gou=g00 He to g,000 He,

To do this it is only neressary to choose a sufficiently small value for
one of the coupling capacitors in the af amplifier [preferably at an carly
stage) o block or suppress the lower frequencies [say under goo Hz).
The unwanted higher freguencies can then be cut off at the modulation
tramafiiemer stage, by adding a suitable capucitor scross one of both
windings, forther rechocing the bandwidih of the gf signal puased on to
the o amplifier valve.

A further refinement which m-lrl!.'ﬂdlil!diﬂllllnm&hr_ modulation
contral, also known as audio compression, although providing a ql.u.t::
different feature o Sdeband compression. This is really a method of
automatically holding the output of the modulator reasonably comtant
over fatrly wide ranges of input. This, for example, can make the pers
formance of the modulator nom-critical as regards the distunce of the
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microphone from the speaker's lips, and can alo be adjusted to climinate
any possihility af over modulation.

A g@mple method of achieving this sutomatic level control is to tap a
small proportion of the modulater output, rectify it and use the negative
de obtained to control the gain of an early stage of the amplifier, Smilar
tor the automatic gain control principle used in receivers,

Anulhu'mﬂ.hadufprﬂmumgwﬂ'nmﬂuhtmnhylpmdlﬂm
This involves ‘elipping’ the positive and negative pesks produced in the
& circult, so that the amplitude can never exceesd the carrier
amplitude (which would result in over modulation). At the same time
this abrupi cutiing will produce “spatter’, whichi will need removing at
the output stage by & suitable filer or filien, The same Gliems can also
provide the degree of andio compression required.

Puoapsr Sugpplier

Power supplies firm a virtually complete sibject on their own as far
as valve trammitters are concemned. The demand may be an high as
1500 volis & at up to goo milllamps; muoch lower bias voltages; and
still lower voltage heater supplies. The requirements may also be for
particular stages of & transmitter to be gupplied separately, The com.
potients imvolved tend to be bulky, heavy, and expensive, Also even the
more moderate b supplies of, say, 350 volts present o very real haeard
wlhich €an only be countered by ‘salc’ design and disciplined handling
technigue,

Although part of sy (velye) tranemiiter set-up, the technical and
practical aspects involved are dealt with in a further chapier, as worthy
of sEparate stidy,

Dripers

The term driver is often used in describing radio cireudts (both trans-
mitters and receivers). Strictly a drioyr 19 the power developed
in the anode of one valve (or equivalent cirouit in the case of a transistor)
which is fed o and powers or “drives’ the fllowing stage. Thus any
preceding siage in a circuit is really the deiver for the nex stage, The
‘driver’ B often conmidered a3 an entity because the driving soorce
should always have pood eegulation. In some cireuit designs, eg.
particularly ransfstor circuits, a complete siage may be designed and
operated By a driver.
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Exciiers
An exciter is basdcally a sourge of excitation for i {ollowing- circuit.
Thus a microphone i an exciter for the foflowing 7 amplifier sage, for
example. However, the desoription ‘exciter” is specifically given o
multiplierfamplifier unit, wed as one of the ‘hiack boowes” in unit
transmitter assembly which provides of output on various, or required

Neuiralization

N:utmﬂutm.numlmpm;mf:ummmanhcmmtwh:mﬂm
valve anotle-to-grid :npn:umm may be high ennugh to cause unwanted
interaction. This is ‘neutralized’ by & modification of the dreait to
include 8 nentealising civeuil. A eypical eiveuit of this type eses a centre-
tapped anode coil, uned by a split-stator capacitor, The voltage at the
upper end of the anode cail i fed back throwgh a mmtralicimg capacitor,
the value of which s selected (or pormally adjusted) o cancel out the
pupde-grid Gpacitance,

There are abo other types of newtralizing circuits, providing the
mme effect. The main thing iv that when a neutraliving circuit is
included, the neutralizing capacitor provides o means of controlling
the anode-grid capacitunce developed by the wvalve, This can be
necessary with certain types of valves, particolarly for high frequency
WO

TV Interference

The adoption of a pi-network tank circuit does nol antnmationthy
ensure that noe harmonics are rediated winch may show up, particularky
s imterferetice o near-by televigion receivers, when a transmitter is
being worked on the various amatewr bands. The problem of TV
interference can be & considerable one, not only becasse of the - vaae
mumber of TV sets likely 1o be in opdration in any locality during leisure
hours, bot also because af the sobjective reaction to TV interference,
Visual Interderence is much more & suliject for complaint than audio
interference|

Harmonic radiations are the most common canse of TV imterference.
Logically, therefire, the aim muit be 1o keep any harmonic generation
low by good circuit design (awoiding those which generate badly
distorted wavelorma, for example), efficient decoupling and any other

THANIMITTERS IN MORLE DETAIL

treatment found necessary. Again this cannot be relied upon eompletely
to eliminate harmonics and o the next step is o take all possible steps to
maintain the harmonics fade the ransmitter. This, baslcally, b a
matier of effective screening, aod e use of filers where becessany.
Leads emerging from the cabinet, for exaumple, can benefit from
filtering, particularty in the tramsmision line leading to the serial
system. For trunumitting in the amateur bands from 148 1w 21 MHa, for
example, & low pass (ler can allow effective operation on all these.
bands but stop any higher frequencies present bedng radlated, which
should go o long way to minimizing local TV interference. Some
operatorn may prefer 10 go even further and fit bandpass filters which
pass only the frequencies in the band an which they are operating,
suppressing all others which may be peesent in the radiation.

Table 5. Typical Component Values for m Variahle Froqueacy

{5 circuit, Fig. 5.4)
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Tahle 6 Claasss of Amplifiers
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Tahle 8. Typical Pi-Filter Compenent Values*
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* Following a typical beam tetrode valve and Seeding into o 72 ohm nad

CHAPTER 6
RECEIVER PRINCIPLES AND PRACTICE

HE two hasic elements in any radio receiver are g tuned cirouit and o
T:l-.-ta:mr. The former provides selection of (e, uming in to} the
desired radio signal, which is then fed aa an ¢f input to the detector
cirouit, This clrcoit works effectively a3 a rectifier, converting the
medulated of wive into & varying & eurrent, the amplitude of which
will vary at the same rate as the modulation frequency. This is st audio
frequency and thas the deteclor output signal can be heard by feeding
to & suitable device, ez, headphones.

Normally the incoming signals will be weak, and the outpat cor-
respondingly weak. In order to prodoce sufficient power for conversion
to audible output, amplification of the signal i required. This can be
applied o the incoming sigmal, eg. by lnlerpeing an i amplifier
between the tuned circuil and the detector; or o the output or de-
modulated signal from the detector—using an af amplifier; or 1o both
input and ouipuot sgnals. i

The simplest foren of detector cirouit i based around & dicde rectifier
—Fig. G.1. There are als numm;ruthnrq:pmﬁnl using & Lﬂululi;hu

ntode valve, with the bility of improving the performance. Ths
E;nprwi:ﬂng- munﬂed%buk in u triode or pentode circoit the
incoming signal can be subject to amplification [increasing sensitivity)
and the effective Q of the cirenil improved by regeneration (increasing
selectivity}—Fig. 6.2, Such cireuits are known as rpredratioe deliclors.

The limit to which amplification can be produced is set by the point
at which cacillation starts, This can be delayed by Introducing a low
frequency aliernating voltage [quench frequency} in the detector
circuit in such & manner as (o vary the operating point of the detector,
This type of dircutt s known as & suernegeneralibe deticlor,

The combination of ¢f amplifier-detector-gf amplifier i known 28 &
turedd radie frequmey [TRF) receiver and represents the simplest type of
design for amateur eadio listening. 1o performance, however, is
distinctly limited since bath its sclectivity and sensitivity is relatively
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poor, and selectivity deteriorates badly with inereasing of frequency. It

is thws only likely to give satislctory resuls on the lower frequency

bands, e.g. 18 und §-5 MHz usng a disde detector, Some improvement

can be realited usng a regenerstive detector, and a s

receiver is even better for higher frequencies (this type, in fuct, works
74
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best an very high frequencies). The su detector, however, i3
suitable only for e with modulated signale. The main advantage of &
TRF receiver is that it is relatively easy to construct and dmple to set
up

The mperheirrodime receives offers & comiderable improvement in
performance, at the expense of 8 more complicated circuit network—e
Fig. 6.3. The incoming ¢ signal is fed to a miver or couerfer, this section
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slso being fed by a separate high Frequency signal from g lopal wciillator,
The mixer combines these two signoks to produce a bt froquency or
indermediais frequemcy equal 1o the difference between the twa frequencies.
The common walue of intermediate froquency ({f) chosety i aboot
470 KHz, and remains the same regardles of the frequency of the f
signal. Tn other words the local oscilfator tunes with e aerial tuning
circuit, o that the high frequency signal it supplies always differs from
the ¢f by the predetermined {fixed) visloe of if chosen, The fntermediae
frequency supplied as output from the mixer i then amplified balore
being fed to the detector, the output from this stage being mibjcet to gf
amplication & necemsary. It Is thus the ‘front end’ of the complete
direuit which is markedly chamged. :
The mdvantage of this type of cirouit i that frequency conversion
permits if amplification at a relatively low frequency (the {f frequency),
thus providing high selectivity, and selectivity which remadns tomtant
regardless of the of signal frequency [the same if is bring amplified]. Tt
also lends ftsell 1o further improvement in selectivity by sharpening the
peak of the selectivity curve and thus narrowing the sciual bandwidth
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received. 1t is here, largely, that superhet communications receivers
differ in design from domestic broadcast type superher receivers

The main limitation of the superhet Greult B i susceptibility 1o
wmiige reception. Suppose the intermediate frequency employed in the
circuil bs { (fixed) and the radio frequency of Interest (variable) i F.
The muxer can be regarded as a sort of *fist detector® and so all the
following circuits are designed o respond 1o an input at a frequency of
f, the mixer itsell abways puiting st this frequency when it fa supplisd
with an rf imput of I¥ and a dgnal from the local oecillator which has &
frequency of F+[or F—f Normally the local sscillator frequency used
is F4L

When the set i tuned to F, the mixer thus receives one input at F and
one ot FHf, from which §t extracts the differmnce (T), regardless of the
actual value af F.

Suppose there i &bo an o dgmal present with a frequency of Faf.
Asfar us the tnixer is concerned it is now dealing with 4 second combina-
tion of (F-+al}—(F<+f) = f, and so this will also appear s an if omt-
put, In other words, F-ofis an ‘tmage’ frequency which will be
on by the mixer a3 a beat frequency. The strength of this image, relative
to tho strength of the troe signal required, depends largely on the
schectivity of the tuned circuitia) preceding the mixer, thus placing a
premium on the design of such cirenits, particularly as the ¢f fréquency
involver increases, Thus for the same “sharpness® of tuning, e.g. re-
stricting the tuned bandwidth 1o less than of, the percestage difference
Envolved (=f esmpared with F) decreases in proportion to intreasing
values of F,

One posiible way of overcoming this b to increase the value of the if
unrid, &8 this will spread the image farther away om the true signal
required (the image will always be of away fom the true signal).
Unfortanately, this represents exactly the opposite requirement for good
selactivify, because the lower the if the more favourable the percentage
differenoe bestitis.

The double mperketeradme circuit provides for wsing a high if to produce
a high order of image rejection, then danging (o a low if for high
sclectivity—Fig. 6.4. Although, in basis, this ooly invalves the addition
of & frequency. changer, the romlting circuitry i useally considerably
more complex than that of a simple superhet and presents additional
problems in alignment and stahilicy.
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Any of the basic types of sets so [ar described will receive tolephony by
demodulation of the modulated »f signal pot-cat by a transmitter. They
will mit, however, recelve ondinary telegraply satisfictorily, unce the
tranemission in this case consists of pulsed carvier wave or of [requencies.
In practice, "pulsing’ or interrupting a carrier wave in sending Morse &=
equivalent to modulation, and some audio [reguency content will be

u&: o (T e bl o A o I““{I‘ ine j:ﬂ
: i =

Fig: 6.4

present. Thus code signals can often be beard ns 2 series of somewhat
indistinet *thumps’,

To render them propedy audible it s necessary to inject a second of
sigmal into the detector cirenit, differing from the signal frequency by a
suitable andio frequency, thim ;u‘r.rt!lhinh[‘l beat note which ¢an be
heard, The frequency difference chowen is usially 500 @ 1,000 Ha,
since this range provides the best type of ‘note’ for Intening to,

The principle involved in producing a beat note is iimilar to that of
th:rupﬂhlﬂtilﬂm;r*nlﬂ:uughinﬂﬂlm&ﬂmfmquﬂwdﬂfﬂ'm
involved i much lower (an audio frequency, not & frequency inter-
mediate between 7 and af), The scoond radio frequency neceseary to
produce this beat note can conveniently be supplied by a separnte
oscillator, known as a beat frequency cacillator, when the complete
myutem 8 known as Aelerddys Teoepiion. Alternatively, the detector
dreuit iteelf can be made to oscillate and provide the necemary second
of- It this case it is called an mdodper defator. .

Similar considerations apply for the reception nfflr[lgrm:!? carrier
trammhu&mu.wlmthnmiuiqmﬂummtb:chdmmtl}:
detector stage in order to realize sn intelligible of output. To avoid
distortion this injected signal mst be very stable, w a separate crystal
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controlled oscillator is normally employed for this purpose, The design

ﬂmpwmduninmuﬂwnuhupuunnumhwufuﬂ:uqmdd
requirements.

The Hommdzar

Another type of receiver which has recently come to the fore is the
homadyue {abn referred to as ‘synchrodyne’ of ‘direct conversion®
receiver), In effect this is rather like a superhet receiver utilizing an
intermediate frequency of o (serv), so that the incoming signal is
direcily comverted into qf. The technicalies mvoked are considerably
more complex sndd, in fect, such a receiver type does become extremely
cntnplex for e reception, [t can, however, be very much simypiified for
receiving b trumamibsions and offers considerable soope for experi-
mentition in this field {or the more experienced, and technically know-
ledgeahle, amateur,

Tumng
The domestic radio receiver provides for tuning over a relatively

wide range of frequencies in each of the available hands, At the same
time the tuning has 1o be fairly ‘broad’ in arder to avoid lows of the gf
content in the modulated signal. This may call for using a bandwidth
anything up to t0 KHz (Le. 10 KHz on either gside of the nominal
station frequency). In the case of amateur radio working, not only are
the effective handwidihs employed much narrower, but the *passband’
widtha required are abo moch smaller, A passhand width of 5 KHz ia
gquite adequate ke telephony, whilse still retaining good fidelity: #nd in
the case of telegraphy the pusband width can be even more restricted,

Tuning is also made casier if the whols of the tuning control range can
be restricted to the frequency band of partionlar interest, e.g. -8 MHz,
3'5 MHz, and so an. This will first of all {usually) involve the use of
mparate tuned circuits which can be selected by switching, or the
interchiange ol coils, Adjustment to any particular position can then be
made easier by ‘spreading” the mming scale.

One obvions method is to ‘magnify’ the movement of the contral
knoh s that a relatively large movement is necessary to produce a
smitll change in adjustent of the varisble component in the tunsd
circuit. The effectivenes of such a mechanical system 8 more or les

e
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geverned by the smount of "backlash’ present in the mechanical move-

mentis] mmvilved, )
The altcrnative method is to use & bandspreading tuned eircuit

[ handnpread hiing). Three such cirouits are shown in Fig, 6.5. In the first,

1t 1 Bt

Fig. 6.3

Cr iz & variable capacitor of a suitalle high vlln:mgi.wa-tun!:ng
(frequency) range of about 3¢ 1, and can be regarded a5 a coarse tunng
control. Another variable capacitor Oz with a much |mli;u' valne i
connected in parallel, and provides fine tuning control. Cr, in effect, is
adjusted to st the band; when Ca & manipulated to provide band-
spread tuning. .

The second circult provides sather more complete bandsprending,
Lt now requires three different controls. But it Ehn::ﬂi-.niht advantage
of providing different degrees of bandspreading to suit Individual banis,
TTdamfuﬂiqriunlmpmﬁdadLnthlﬁrdmm,mEnhgmm
controls again, plus further veriation by altering the tapping point on
the coil. The nearer the tapping point to the bottom of the coil the
greater the bandspreading, and vice versa,

Elarreriers

Short-wave receivers are desigoed to cover the 148 to 98 MHz bands,
ar sclected bunds within this range. To extend the range to 8 reception
a pemperter can be used. Baically s is & arcuit capable of tuning 1o the
shf frequency or frequencies required, yickding an of sutput signal of the
order that the receiver can accept—Fig, 6.6, 1 the output s runed to the
same frequency as the receiver, all the tuning can be done with the
converter, The converter itsell may be designed to cover a specific olf
band, or & number of sy bands, Ordinary generl purpoie receivers can
be adapeed for pkf reception in this manner,

9
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Cratsemedinl o

Cross-modulation in & form of interference due 10 & valve being over-
loaded so that it & working outtide the linear range of ity charac-
teristics, As a result the valve aon a3 & modulator, modulating: the
desired signal with another strong and unwanted signal, Tn the case of a
superhet receiver this ean cause Mocking, since the modulated signal
may lie cutside the if passband at Later stages of the receiver, The basic
Fequirements to aveid cross-modulation are, therelire, the employment
of valves with good linear characteristics in the of amplifier stage/s) and
mixer, and avoiding o of wvalves which coold push their
operating point outside the linear range. The phenomenom is not con-
ﬁm{:uvﬂm. bowever, Tranststors are also susceptible to this effect,
and in general worse than valves in this respect. It should alio be noted
that the use of antomatic gain control {age) can also fodoce cross-
modulation,

ll'-hr"_.“l

A certain amount of cirenit noise will be inherent in receiver;
This, basically, governa the sensitinity of the set for it & ﬂ:'ﬂuual-_.r im-
possible 1o reccive any signuls of lower strength than the inherem
‘nolse’ level. However mooh smplification §s applied, the sell-noise
would mask the signal. Thus sensitivity can be expresed directly in
tr_rmnhlc:'ﬁpdw ratin, the higher this ratio the better the seloctivity
pamie,

The problems ks not quite as straightforward as this, however, The
Imherent "nofse’ generated by a velve can be considered In terma of an

Hao
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eqquivalent resistance in series with the grid of the valve, known as the
equizalenl meise venistanée {eonar.). This will very with different types and
designa of valves (modern valves are very muoch improved in this
respeet), and abo with the manner in which the valve is employed, e.g.
st¢ Table g. Basically, any mixer valve will be very much noisicr than an
fﬂrﬂmﬂmmfﬂmﬂﬁuuﬂhﬂlmﬂhkﬂnipﬁ
to-nckse ratio- than 4 mizer, o
'I'hhmp.u.d:auﬂ::impmunud’m amplifier stage (o stagres) ina
superhet circuit for improved senaitivity, The fact that the signal-to-
noise ratio is favourable means that quite weak signals can be isolated,
and amplified with nolscless gain being passed on to the noisder
mixer stage, moking the set much mare sensitive than it would be if the
originel rf dguals were fed direet o the mixer from the aseial circuil,
Als, of course, a higher signal level is present in the miser, becawse of
preamplification, less furibier jon at subsequent
stages, but the gain must pot be so high as 1 induce overloading. An
of stage (of atages) wsed in this manner & generally referred to az a
groampiifier. Il with a tuned circait (serial cirouit) it s better
called a praseircior, and when its tuning control s ganged with thet of the
mﬂlamrﬂﬂmmmﬁumwﬂvﬂhmdmm
circuit. Alsernatively the preselector may be made s @ separaie unit,
aften incorporating a tuned output cireait which gives further improve-
ment in selectivity. -
For extreme sensitivity, L. maximum signal-to-noise perftirmance, &
lpwe-nriine mieer in abio desirable, Sueh creuits can be produced around
whlulvuhnrlp:ﬁﬂumﬁm@mrﬂmdiminﬂqm:ngﬂ
for & preceding «f amplifier. However, such an amplificr stage may
well be used to improve selectivity, and still further improve sensitivity.
It can gbo be advantageous il a recciver has varible selectivity,
since part of the drruit noise will be contributed by minute voltage
vartations always prescnt acress i o Ube macar significant impe-
g v o e pad e ot ths i th e

y the b t if the
w'nm?aquwww to-noise ratic will be
achieved when this control s sct to its mest selective posdtion,

A further possible source of circuit noise fs *hum’ infected into the
elreult from thie power supply. This, if present, is basically & matter of
insufficient smoothing and filtening in the power sopply eiroudt,

i
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Oncillations generated in the circuit and heard s ‘squeals’ are due to
cirouit faults or failings. Owcillation in the high frequeney cscillator or
muxer circuits will show up 2 squeals as the wning s altered. Oseills-
tion developing i the §f circuim i independent of tuning and will
show up & a continuous squeal when the volume control {s advanced
with the beat frequency oscillator on. A mushy "hin' which varies with
the tuning indicates that the high frequency oscillator s squegping’ or
eacillating simultancously at low and high frequencies, These are deult
with oo & trouble-shooting basis as a circuit fult,

There are also, of ciurse, external sources of ‘noise’ which ean inter-
fn:nﬂhlhepﬂfﬁn?.md'lmtdnr.Thu:&nundumnmmiu
ul‘u:hnﬂ{ammphm:j. o man-wede, Ounly the litter are really “treat-
ikide mdwmﬂnn:htrﬂ'nﬂimuhmhmtmmhmﬂr
limited by the cormesponding reduction in sensitivity acceptance,

A possibile method of tackling this problem i to apply some form of
automatic contrel which limits the amplitude of any intermittent or
impulse type nobse (interference] te that of the true signal being received.
:I'hulhgnnihthmp_l-udﬂﬁall_lm,glh. but the interference i
chopped” so that it cannet exceed the strength of the true signal. The
greater the amplitede of this type of interference, compared with its
duration, the more effective this form of noise control becomen, Tt docs
not eliminate the interference, of course, but suppreses it without
applying any suppression of the true sgnal.

Fig. 6.7. shows how such a noise limiting treatment applies w0 the of

o
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{output) stage of & receiver. Systems like this are relatively simple and are
adaptable 10 mest receivers,. However, the more the selectivity available
in the preceding stages, the more difficalt it is 1 provide satisfactory
noise suppression at the output stage. For that reason it §s ofien pre-
ferahble to apply noise treatment at an earlier siage, c.g. at the firt §f
sage of & sperhet receiver before the high-selectivity cireuits are
reached

An if noise silencer wsually aims st using the noise pulses to decrease
the gain of an {f stage momentarily, thos applying siencing of the
receiver for the duration of the pulse. Any nolse voltage in excess of the
desired aignal maximum B ken off a1 the grid of the if amplifier,
amplificd by the noise amplifier stage, and rectified, This rectified
nofse voltage is then applied a3 a pulse of negative biss, wholly or partly
cutting this stage for the duration of the pulse, Such creuits ean be a bit
wicky as regards stability requirements, and also require reasonably
high input power to work most effectively (e, at least one stage of of
amplification preceding the mixer),

The design of nokse Hmdters s, o fact, a ol feld for L,
and mumerous designs have been published in the Journaly
covering amateur radio construction. They are known generally ma
noise limiters’, but may b be described as QRM (interference from
other stations) limiters and QRN (interference from atmospherics or
bocal electrical devices) limiters.

The need for noise Emiters can vary enormously. Some receiving
arcas may be relatively noise-free, ps far a8 man-made interferenoce is
eoncerned., Others muy be heavily contaminated with interference
from electrical devices operating locally, when the use of a noise Hmiter
may be the only solution to obtaining any form of intelligible reception
at certain times, or with certain stations,

Crpstal Filtess

Cryatal filter circunts have. become 1 favenred oo modern
communications receivers in the {f stage(s), They are normally wsed as
interstage flters, but may also be used as & balanced input filier, The
most common form i the so-called half-lattice arrangement, with it
variants, with 8 tendency 10 increase the numbep ol indbdduul erystals
employed for variable selectivity and to reduce irregularities in the pass.
band, e.g. see Fig. 6.0,

B3




k&= -
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For simple working, howeves, the bridged T-type of filter cireuit may
prove quite adequate. Thds comprises the basic network shown in Fig.
6.9, Capacitors C and Ca are adjusted to provide maximum response

c:

Fﬂ:‘l
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Fip. fi.g

at the serics-resonant frequency of the erystal. The position of the
maxinm rejection point on each side of the crystal is set by C,

Signal-strrngih Meter

A signaletrength meter, ususlly known as an S-meter, which shows
relative dgnal strength is a veeful form of tening indicator, In order to
provide a relative reading & millammeter can be used in a sim
bridge circnit, & shown in Fig. 6.10, The meter ten shows the vuiml(ll;

in anotle current pamed by the valve, compared with the fixed eurrent
pasaed by the two resistors,
By
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T+ The sdvantage of such & circull is
that the milliammeter 8 at a bigh polen-
ual. A rather better armangemant is that
shown in Fig. 6,11, the same principle of
reading in a beidge circult applying.

For the -amatear mdio enthusiass,
the receiver ix more mpoits
ant thean e mutllﬂnrmhﬂfln ather words

where coat cormpromise i invelved—and
it wsually isl—the nce should be
Fig. 6.10 towards buying the best possible receiver

and accepting the compromise on the
transmitter ade, rather than trying to strike an overall conpromise, or
favouring the trunsmitter. This i particularly troe in the ease of the
beginmer, &8 the receiver will Imvarinbly give him more ‘results’ until he
has become quite an experienced operator,

The cholce should abo be an amateur-hand only receiver; a3 such &
desipn will avoid the chmpromisss necessary fnan all-band Feceiver,
however complex ar dihunl.l: the snecification of the latter may be
Restricted band coverage i oo real problem since the coverage of a
receiver can be extended quite simply, and nexpensively, by the
sddition of & converter.

For accurate worlds ealibeator i virtunlly essential and b
commaonly included in the design of a communications reoerver. 1 not,
such a calibrator can be added to the receiver (comnecting to the of

amplilier atagn|,
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A crystal calibrator provides harmonics of 8 100 KHz oscillator, i
pm!.'ui-lngln means ol checking the receiver dial at every 100 KHa point
thmugh s tunable range. Where the original calibration i only
approximate, o i affected by some instability during working, dial
ealibrations can be corrected at every roo KHz point to obtain accuracy
of frequency readings from the point to which the receiver §8 tuned,

CHAPTER 7

POWER SUPPLIES

wE basic method of obtaining a high voltage () supply &t step up
T:.n ar traing supply via s vonsdformer. At the same time the trans-
former can be tapped, or provided with separate windings, to produce
any other lower or imtermediate volages which may be requined.
Voltage stepeusp, or step-down wing a transformer is posible anly with
an alternating current ingnit. The resulting oatput i also e, from which
it follows that further components will be required in a power mupply to
provide siepped-up or -down divect curront voltages, such as neguired
for the anode of & valve. Basically this invelves rectification of the trans-
formed voltage, with the addition of mdhing, il necessary, 10 remove
any remainlng ‘dpple’ in the d output, Poltage repulntion may alo be
necessary, even if only pimed at kmiting the value of transent voltages
which may be introduced n the power supply circuit. In that case we
are concerned with the peak inver= wltages (piv.) which may be
developed as affecting the loading of the components. Follage regulation
itell can be expressed as a perceniage, vis.

realEr—E#)
regulation () = ————
Ez
where E1 s the no-load woltoge {no
current fowing in the load
circuit),
Ez ia the full lvad voltage {rated
current flowing In load cireuit).

Three basic rectifier circuits are shown in Fig. 7.1, A single diode
will provide hall-wave rectification, Two diodes can provide fullwave
rectification, with the cirenit completed through the transformer centre
tp. Alicrnatively the bridge type circait may be used for full-wave
rectification.

"



HAM RADID

Either valves (diodes) or metal rectifiers can be used in soch ciresift
Metnl rectifiers have the advantage that they require no heater supply,
but kave to be fitted with cooling fins to dissipate the heat generated by
their relatively high forward resistance. Valves sl get hot, and hoth
need plenty of space within the cabinet and good ventilation. Power
stpplies of these types, therefore, tend to be beavy and bailky.

O R

FALF HAVE
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Siligon power dindes are now generally prefered 1o valves or meeal
rectifiers. They can be produced o virtually miniature size, require no
heater current, and have relatively bow heating {and thes moch higher
efficiency), because of thelr very low forwerd resdstance. Whilst this
latter feature is highly desirable, 1t does also hasize the potestial
weakness of the silicon diode 10 the possibility of high voltage mirges
developing which will destroy the dicte, This s because of the relatively
low piwv, values such diodes can withstand, Unfortunately, too, it
g alio & charscteristic of atlicon diodes that they tend 1w fall in &
shorted condition, rather than “open’, so that failure of one diode in a
series could readily canse the remainder o f2il as well,

Series comnection of ailicon diodes s generally necemury to realize the
p-Lv. rating required. This i decided basically by the pav, likely w be
developed by the rectifier cirouit, In the case of & dngle diode cireuit,

£
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the piv, acrom the diede will be approsbmotely 1-4 tmes the e
voltage mcross the trandormer coil, The centre-tap elrcuit will yield a
priwv. of about 28 times the ar voltage acros ench hulf of the trams-
former coil. The bridge clreuit will agaln yield about 1.4 times the
voltage acroms the enil.

"The required rating can be built up by connecting as many dioded in
series a8 necemiry o Bictor their individua! ratings by 2, 4, § times,
ete., allowing a suitable margin of safety, This, hoveever, will only be
valid if the diodes are expctly matched in chamcteristics [particularty
their reverse resbstance). This iz unlikely in practice, and so equalizing
resistors are normally connected across each diode—Fig, 74, Altern-

bl

Fig: 7a

atively, equalizing capacitors may be used in some circuits, Both
configurathons, incidentally, also act as transicnt suppreson (o protect
the diodes against serges of high current. Since capacitors are more
effective in this respect, resistors and capacitors may be used in series
acrom cach dinde &s egualizing/damping devices. Fuﬂ]::‘r protection
may also be incorporated in the rectifler dirmit by including & fuse to
open<circult 2 chain of diodes in the eveit of overload, o faflure of one
of the diodes. _ : : - .

One other precaution which may be necessary with sllicon diodes is
to *balance’ their rating agninst temperature. Ahhw!h they do not
generate much heat themselves, their porformance 18 temperarure:
dependent, and maximum rating applies with a wemperature limit, I
they are to he worked at a higher ambient tempersure, derating of
periirmance i necessary, Tem: ; for smabmimg eurTent rithing
may range from as low a3 25 °C 1o as high as 70 G, depending on type
and manuficture, Derating, typically, i of the order of 10 per cent per
10 °C temperatyre rise above the mted jempetsture,

iy
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Filters
The cutput from a rectifier circuit is pulsating de, To render this in the
lorm of smooth dv, filtering must be applied. Whilst this may net be
In:icﬂ}r necessary for valve operation, it i absolutely necesary to
climinate jor at lesst reduce] the ‘hum' content of the power supply
applied to various stnges of & transmitter or recelver drouit.
Effective smoothing of the supply is readily achieved by means of a
empacifor-tafued filisr, which may be either single-section or two-seotion—
Fig. 74. The single-section filter is generally adequate for rranamitters,

ekt 45
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but the tio section cireuit is preferable for receivers. The addition of a
"bleeder’ resisior is generally recommended, its purpese being to dis-
charge the eagacitors when the power supply i not in use. The value of
the bleeder resistunce should be chosen so that it draws 10 per cent or
best of the rated output current of the supply. (It can be calculated
directly a¢ 1000E/] ohms, where E is the oatput voltage, and [ is the
bond current in millismps. )

The ripple voltage remaining will be governed by the valoes of
the capacitors and inductance, Typical values are 8 pfid for the
capacitors {althoogh Cr can be reduced 10 gufil in the two-section
édreuit], with an iInductance of #0 to 40 henres, Ripple voltage will get
smalier ns expuicitance and inductance are made Inrger. Few problems
are imposed in matching ent  wvalues, oand satisfactory
smoothing is readily obtained. Capacitor-dnput filter crouits, however,
E::‘;:it poor voltage-regulation propertics when wsed with varying

The choke-inpad—filier provides better voltage regulation, bat les
effective smoothing. Again it can be singlesection or two-section—
Fig. 7.4. The two-section circull is generally superior as regards smoath-

go
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ing. Note agnin the use of o *hiceder’ resisvor to discharge the capaci-
tor(s) when the power supply is not in wse.

The frst inductance can, with advantage, be of the ‘swinging
choke® type—that is, having ‘swinging' chamcteristics over a range

of about 5 to 00 henries over the full output current range. The highist
value will then apply when there is no output load an the power sup-
ply other than the bleeder resistor. The second choke should then
have a comstant inductance of 10 to 20 henries with varying i load
currents.

With this type of circuit it b possible o wse capacitors with lower
rated voltage than those neocssary for @ capacitor-dnput flter (which
have to have s higher rating than the peak trangdformer voltage). How-
ever,  similar high voltage rating is ususlly advised, as in the event of
failure of the bleeder resistor the wvoltages would rise to these peak
figures.

Voliage

Basically, the & output voltage f3 about o9 times the a¢ voltage
across the transformer secondary in the case of & single diode or bridge
edrewit; and about o-g5 times the & voltage across the transformer
secondary in the case of the bridge cireuit. With espacitnr-input
filters, the secondary ror woltage required i thus 1o-g or 1.1 times the
required de sutput voltage, to allow for voltage drops in the rectifier and
filter cirenits, and in the trapformer itszll. In the case of 8 centre-
tapped circuir, this voltage must be developed acrosd each side of the
secondary centre tap,

With a choke-input filter cireuit following the rectifier, the required

g1
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= < I{Ri-+-Ra)
E =11 (E- Lt +E,)
where E « full load s secondary voltage.

E = required de ¢utpat woltage.
{ The open circuit volinge will weually
be anything from 5 to 10 per cent
higher.)
E, = voltage drop in the rectifier.
Ri, Ra = resistance in filter chokes:

Foltage Stabulization

A basic method of obtaining voltage stabilization is by the we of a
wallige regulating tube in series with & Emiting resistor, as shown in
Fig. 7.5, The initial (unregulated) voltage needs to be higher than the

O HT +
- - i
REGULATED VOLTAGE
YR TUEE
- =

Fig. 7.5

starting voltage of the tube, which is wually abour go per cent higher
than the operating voltage, The value of tlie Emiting resistor is chosen
to just pass the maxiomim tube currest when there is no Joad corrent.
With load added, the tube ean then work down to it minfmum curront
condition. Within this range the voltage drop of the tube iy constant,
thuis providing o point for tapping off & stabilized voltage, Voltage
regulation better than 10 per cent can readily be achieved: and with the
tubies in series, stabilization is further improved dewn to about 1 per
cenit. The use of two twbes in series also engbles two different valoes of
regulnted voltoge 1o be tapped, one from each tule,

Fig. 7.6 shows how Zener diodes can alss be used to stabilize a high

02
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Fig. 7.0

tension supply obtained from a mains trandiemer. The low voltage
Zener dindes (Z1 and Za2) are simply connected in back-to-back con-
fguration across a low woltage winding on the transformer,

Biax Foltages

Buits supply requirements are basically o fixed voltage ol the requared
value o st the operating point of a valve. The ootput should be well
Altered, and capacitor-input filters are commomly preferred. A bloeder
resigtor is effective as & voltage regulator snce it provides a e path from
the grid to the cathode of the valve being biased. However, to be really
effective this will need a low resistunce vilue so that the curvent flowing
through the blecder resistor is several tmes the maximum geid current
to be expected, which is wastefiil of power.

In purticular cases, therefore, it may be expedient to pdopt more
cificient methods of bias voltage stabilizadon, Two' such stabilizing
circeits are shown in Fig. 7.7. One uses 2 triode as & regulator, and the

"?_l -"f LAY -
' il

:ﬁ:‘ﬁ.'r = iy ltu'!'uﬁr VA TomE
+A___{-1'L' +I!l _E_ =

Figi 77
o3




flAM RADID
other o VR tube, The latier i only applicable where the voltage and
current ratings of the tubes permit their application,
Foltage [himiders
The conventional type of voltage divider & based on the circuit
shown in Fig. 7.8, Basically it compriseés a series of resistors (or a resistor
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Fig. T8

with & series of tppng points), fom which voltages lower than the
input voltage can be drawn by connecting to an appropriate tap, The
end resisior is considered only o a “bleeder’, carrying o bleeder current
which s normally 16 per cent or lesé of the total load current. The
willues of resistors required then follow (rom :

_E
Ri _i'b_
Ez—E:
- L .
I+l
Ry E~Fa |

O N III
Voltage regulation is very poor with voltage dividers of this type ||
becanse the voliage taken from any tap depends on the current drawn ‘
from the tap (and will thos vary with varying load]. Thas, whilst they
are suitable for conptant load appheationg, addifonal voltage regulation
woild have to be applied for sabilization with varang Iosds,

o4
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Veltage Multipliers
H‘I:grh'lnnmu absa be used as voltage-multpliers, in integer ctors—i
fact which can often be used to advantage. Tt is possible, for example, to
accept an a¢ input direct into a rectifier circuit, without having o
employ a trandbrmer, and obtiin beth rectification and voltsge
doubling. Such a circuit is shown in Fig. 7.0, Each capacitor i charged

DOUELE OVORDE
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Fig. 1.0

separately to the same di voltage from the two diodes and then dis-
charged in series into the same Joad circuit (thus doubling the dr outpul
voltage obtained],

Fig, 5.10 shows ann extension of this principle, utilizing four diodes,

T -4 l -0 AKY
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Fig. 7.10
The autput from s cirenit provides both velinge doubling and
quadrupling.
Ax with volage dividers, voltage multiptiers tend to offer poor
- -]
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voltage regulation, although this i less marked with silicon diodes as
compared with diode valves and metal rectifiers.

Variable Valtage Supplicn
A simple type of vardable voltage supply for we with a constant
voltage power supply is shown in Fig. 7.01. This drcuit climinates

i

Fig. 7:11

perica resiston as a source of valtage drop and as 8 consequence main-
tainy & substantially constant source impedance, Voltage regulation is
abso provided, @ well as woltage variation via the variable resistor,
alihongh the degroe of stbilisation will deteriorate with increasing
valtage autput. It is, however, another exumple of how simple cireuits
can aften be vaed 1o provide solutions 1o particular regoirements in
travanbler and for receiver workbg.

Stuhilizer Vadoe Hraler Supplies

The heater supply for valves tend to be regarded as non critical, and
cenveniently supplied direct from a scparate low voltage coil on the
mains transformer, without rectification., As & mindrmam precaution, it
i generally desimble to use separate hester supplics (&g, separaie
tranafisrmer coils) for oscillater valves, and volinge stabilizaton My
well also be eonsidered as 2 method of farther improving the overall
stability of the stage(n) involved,

A simple circuit which offers considerable possibilities in this res
is shown in Fig, 7.9, employing two Zener diodes in back-to-back
bridge drcuit configurition. The variable resistor arts a8 4 trimmer to
st up the cirenit, its value being about 2o per cent of the total resistance
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Fig. 7.13

walue of the lower arm of the bridge. Voltage stubilieation of better than
t per cent is clsimed for this eireuft, with a transformer voltage change
ol up to 19 per cent,

Transislor Pocoer Supplice

Transistor circyits require only low voltages and thua considerably
amplify power supply requirements, particulardy as only a single
voltage i3 usually required. Thiey may, however, be fod from & mains
supply, in which case similar requirements apply as regards rectifica-
tion and smoothing, following the mains trandormer. For voltage
stakrlization, a Lener diode s normally emplided (the Zener dinde ia
virtually the counterpan of the VIR tube in bigher voltage circuits),

A typical modern transistor power supply circuit is shown in Fig, 7.13,
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which ia abio notable for incorporating electronic smoothing, There are
numerous variations on a similar theme bot, in general, shunt regulation
s inking preference over sericd regiilation, a8 this will permit the outpot
to be short=circuited without damage.

A very much simpler systermn is gshown in Fig. 7.14, which merely uses

o > I g
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Fig. 7.14

haliwave rectification followed by smoothing mid & battery of the same
volinge as the o output ‘Hoating’ acoross the output, This batiery
provides extremely good stabilization and ai the same time can alo
act as & ripple Glter. Cagacitor Ca, in fact, is noet really necessary.
Basically, in fact, the battery provides an additional souree of power to
combat voltnge drop under load. A similar system of ‘Aoating’ a
battery acreds the putput can equally well be applied to o full-wave
rectifier o Lﬂi:ncrdmchlhbﬂln-unﬂmalwhnldded,fnmw
for an even degree of stabilizathon.

Stabilization is lem readily provided acrost a direct battery feed to o
transistor circuft since conventional methods of stabilization using
Zener diodes and resistors almost inevitably mean a large increase in
current drain, further lpading the batteries, Variow ingenious solutions
have been proposesd to combar this, snch 28 the use of current-limiting
circuits (which also safeguard trangistors aguinst overload). Fig. 7.13
shows a simple Jow-los stabilising crcuit, based arcund the use of a
transisior as a eonstant current devies, which can readily be exiended
to bwo stages if necessary,

It may be remarked, however, that good stability fom battery
supplics can be provided by choosing specific types of low voltage cells
which have substantially parallel load life chargcteristics. Conventional
Lechlanche-type dry cells are basically poor in this respect and other
types are geoerally to be preferred, if bulk is not a primary considers-

ol

lI'I'- :_.I-l-
=L
+-

1
1
'

Fig. 3.5

thin. Layer-type Lechlanche-type dry batteries, for example, come in
comvenient, small ‘packages” for g-volt supplies, up, An equivalent
battery in, say, nickel-cadmium cells, would be very much langer.




CHAPTER 8
AERIALS

ASICALLY any aerial is a wire through which of currents Gow, these
Bv::rm:ml cither being fed dircetly into the wire from a transmitter for
broadeasting or collected by the wire itself from embssions present in the
vicliity of the acrial. To consider the pedormance of &n aerial in any
detail it is first necessary to consider the factors which affect the [rc i
gation of radio frequency waves, Such waves, a3 has already heen
explained (Chaper 1), radiate from o source with the speed of light,
with frrguensy end waveligtk inverscly dependent. Buch waves are,
leowever, subject tn:

1. Polorization which also affects the direchivity of the waves. This i
ugually determined with respect to the lines of force in the electrostaric
feld, If these are vertical or perpendicular to the earth’s surface the
wirve is suid to be vertically polarised. If parallel to the earth, the wave
is said to be horzontally palarized. The electro-magnetic component iy
at right angles to the electro-atatic eomponent, and so the lines of force
of the clectro-magnetic field are horizontal with a vertically polarized
wave and vertical with & borizontally polarized wave,

2. Reflechion—at surfaces of discontinuity, such as the surfece of the
carth, and at different layers of fonized air presest in the earth's
atmosphere,

3. Refrction—specifically when paming through the jonized lavers in
{a).

4 Diffraction—or bending of the waves caused by passing some form
of barrier at & shallow angle.

Significant perinl parameters are:

Angle of Rediation. This is the effective angle over which the #f is
radisted, measared in a vertical plane with respect to a tangeot o the
earth’s surface at the transmitting point. It is not necessarily a well
defined angle, hu:mr::lnnuiaugulumginmdcpmdingqntb:trp:
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of acrial. The angle of radiation i also determined by the polarization,
height above ground and the nature of the surrounding ground.

Drrectivity—or the pattern of power radistion. All aerdals tend to
radiate more power in certain directions than' others and thus have
directivity in both vertical and horizontal planes (and all intervening
planes).

Two types of waves are actually produced by o radisting aerial, one
of which travelling aloug the surface of the earth is called the grumd
twaee, e.g. st G, Fig, 8.1. The ground wave must be vertically polarized

' r-"' FARTH'E SLRFAL
TH—A &

Fig. i

in order to induce a currest in the ground travelling along its sirface.
The range of mech a wave depends on the sature of the ground (les
energy i lost travelling over the surface ﬂmrthnlhnd,hmmph}
and the frequency u[ﬂmm,uhighrﬁ:mqmﬂﬂm rangé drops
very rapidly, and so the ground wave i relatively wseless for frequencics
sbove about 5 M=,

Alr waves [or sky waves) may be tramenitted direct (e, w2 D {5
Fig. f.1}, or be reflected off an jonic layer in the earth’s atmoaphere—
Ri. There is alo the posibility of an air wave passing through one
layer [where it will be subject to refracthon), and then ‘angr:ﬂ:ttnd
ofl' a higher layer—Ra. Note also that in the case of a direct wave (D)

T
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there may also be a component reflocted off the earth’s surfiice; abo the
range may be extended beyond Tine of dght” by refraction.

Ground waves are largely free from external ‘interference’, although
their significance can largely be discounted for amateur transmisions,
Direct “line of aght’ air waves are fable to be sffected by local aress of
atmospheric disturbance, which can alo affect the extension of range
which may be provided by refraction. Reflected air waves are much
muore liable to seasonal, daily, and in some cases even hourly variations
due o changes tilking plamhth:mm:ﬂ:lh:ln_

Rather than get too involved in the technienlities concerned—which
are worthy of separate study by the serious amateur radio enthusizst—
it in best for & simple study o consider optimum conditions in vorms of
s dmple and other requiresients which may affect the performance at
specific tranumitting frequencies, We then largely have the general
range conditions shown in Fig, 8.2, The ground wave will give reception

Fig. .3

over & relatively short distance, after which the signals will be too weak
to be of much use. Iepending on the wave angle (und the layer from
which the air wave is reflected), there will then be o zone known as the

akip zome where the signala will be very weak, until at some greater
digtance the reflected wave returna, Considering the separate bands:

8 MHz. Low angle radistion & best for longest distance, High
angle mdistion will camse fuding towards the end of the ground
109
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wave range. Waves at all angles will, however, be generally reflected
and 30 the extent of the dip zone will be drpaudmt an specific limi-
tations to- angle of medistion. Verbical polanzation i generally o be
preherred.

&5 MHz. Bagically the u.meast'nr 1-8 MHx=, wlth:plnafa.mumnguf
low angle radiation for maximum range, Polarstion & relatively
unimportant.

7 MHz, Angle of radiation is best limited 1o 45 degrees as most higher
angie radiation will not be reflected. Higher angles may, however, be
used effectively durin; gunspot activity, Honzontal polarization is 1w be
preferred, but this is not usually 3 significant Gctor,

r¢ M. Angles of radiation should be below 20 degrees for maximum
range, but may be reduced for shorter distances. Maximum l.n,g{l:
{beyond which reflection is lost) is about 30 degrees. Polarization is not
ugnificant, although horizontal polarization is preferred.

off MHz. Low angles of radintion are preferred for maximaum mnge, &.g.
not more than 10 degrees. Losses are high with higher angles. Polariza-
tian is not important as far as performance is eoncerned, but may have
somie bearing on TV intevference. The main thing as regands polariza-
tion is that it should be the same 5t both transmacter and receiver,

70 MHz. The lowest possible angle of radiation i to be preferred. The
same conments ps for 28 MHz apply a8 regards polarizatson,

Freguimgy and Efficiency
Conzidering an aerial wire of infinite lengnly, the application of ¥f
to ane end will result in the formation of standing waves of ¢f wlong the

aennl length—Fig. 8.3

La AR BN GTM '-i

Fig. 8.5
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Any practical acnal must necessanily have a (ndte length, the cfect of
giving the aerial a-definite end bemng o induee & reflection of current
Back from that énd, These reflections will thus siperimpose themselves
on the standing waves, producing &8 mensure of amplitude inerease or
decrease, depending on the phase difference present.

The meat sgnificant effect s produced when the acrial wire is one
half wavelength long. The effect is to yicld two current peals ooincident
at the centre, yielding the typical of cwrent and volage distributions
shown io Fig 8.4 Since the Beld strength produced by the aerial §s

- HALF WA VELENGTH '
VO TaGE CLRENT ‘
L F
____.-r""'_'_'_-f: — Wy
f e
&F B ST
Fig. 8.4

direstly proportional to the ¢f current present, this represents an
optimum condition, It alw follows that the length of aerial required can
readily be calculated as oue hall the wavelength of the of signal 1o be
transmiitied, refecred to a8 the resonant acral lengths

Such an aefial s known a3 8 kefCwane serial, more populardy called a
ifipolr (also sometimes variously known o8 & Hertr acrial or doublet), Tt
forms. the basis of a mumber of practicnl acrinl designs, and abo a
standnrd for comparison of performance of any other type of serial.

The free epace adiation pattern of soch an aerfal i shovwn in Fig. G5,
The circles are representative of solid Tobes' of radintion, from which
the directivity is faidy olviows, For example, maximum radistion is at
right angles to the wire, with 2ero radiation along the direction of the
wire itsell. Thus if the nerinl i vertical with respect to the earth's
mirface, Held sirength will be o maadmum in s horizontal direction, and
uriform in all horizontal directions, 1 the aerinl is horizantal, then the
relative field strengnh will depend on the direction of the receiver
relative to the transmitting serial wire orientation, In practice, of
course, the actual rodintion pattern can be modified by reflection from
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the ground, but these will only affect downward inclined radiations,
Thia effect can be used to reinforce the air radiations at the mest
desirable angle—the lower the radiation angle required, the kigher the
aerial should be:

It would also appenr at first sight that veriical armngement of the
werinl would be preferable 1o horzontal snce thin would concentrate

Fig. 8.5

ihe pidiations horizontally, However this will also increane the groumnd
bosmes {particularly st higher frequencies and so overall there iz little
difference in cases where polarization 33 not bniportant. A long herizonial
serinl is also casier to erect than a similar length of vertical asdal. The
main limitation with the horizontal aerial i that it will show increasing
directivity elfrcts with increasing frequency, where the angle of effective
radiation becomes incressingly e

The actial resonant aesial length requived refers to the effective
electrical length rather than the physical length of the wire. The
electrical length i arrived at by dedudng an "end correction” from the
caleulated physical lengthy this quantity normally being taken as 5 per
cent of the calculated physical length—iee Table 10, In general this
lenpih s calculated for the mid-frequency of the band Involved and the
appropriate dedendum applied, depending on the type of aerial, The
wiine treatment applies for other resonant lengths, eg. fullowoave of
quarter-wave acriale. There {= not aormally much eall 1o we & fll-wave
aerial, although a quarter-wave agrial may be convenient where it is
necemsary, ar desrable, to reduce derial Fengrh,

In this case a vortical serial b generally best, connected directly to

o5




HAM RADID

garth through the tuned circuit—¥Fig. 8.6, In warking thin provides a
‘mirror image’ effect, oquivalent to doubling the aerial length, Hori-
rontal quarter-wave acrals can, however, be i'[nu-l..n.'rj}" ellective,
Grounded aerials are particularly useful for Iower frequency working
(e.g. 35 MHz and particalarly 1-8 MHz), to avoid the cxcemive vire

Fig, 1L

larigths which would otlerwise be needed for half-wave neriale They
are abo particularly popular for vertical wff aerials, especially on
receivers or transceivers, although their efficiency in such cases can be
greatly reduced il the set is not connected 1o an efficient external earth,

Miuitti=fornd devasls

The subject of “optimum’ serial design §s complex and needs con-
siderable study, and experimental verification. The relative newcomer
o amateur radio work is well advised o stick to imple, established
designs, such ns the dipale, and aim at the best pessible siting (deter-
mined by practical tests, if necessary),

A well proven ‘standard” design for & multi-band dipole is shown in
Fig. 8.7, Il the length L i» made 5t ft. (t5:55 metres}; or one half this
value if space i restricted, good reception should be posible on all
bands [rom 1< MHe w o8 MHz. The corresponding length of the
feeder section is g4 fiL (1096 metres) for an open wire feeder; or o4 fi.
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6 in. (g metres) if 8 oo ohm ribbon feeder i wied. (A half-length acrial
wirtild use half these feeder lengthe.) Connection to the tranemitter from
the bottom of the feeder to the aerial tuning lead can then be made by
any length of 8o ohm coaxial cable, up w0 a maximum of about 100
Feet.

Such an aerial will, of course, be directional, since it = 3 borizental
dipole, If necessary, two or three such aesials can be evécted in different

o L - L -4
.-:m:n-._.__hg
TO TRANSMITTER
Fig. Ly

alignmenits, arranging to awitch the transmitter (or recelver) from one to
the other to explore directional possibilities.

There are, of course, many other forms of directional aersls, and
much more oompict types can be used for sif, e.g. television type acrial
ATFays.

Threchomal arrtals

Remaining with simple sedal designs, the vortical dipole has omni-
directional characteristics, the chiel Hmitation being the height required
for half-wave resonance at short-wave frequencies. This can be halved
by adopting a quarier-wave resonant length.

The so-called ground-plane asercfal i alo widely recommended for
multi-directional DX (distance) working, This comprises, hasieally a
single half-wave resonant vertical length, or radiator, with four radials
arrunged at go degrees in a horizontal plane, oc slightly angled down-
wards—Fig, 8.8, These mdialy are also of hali-wavelength length, but
uncorrected (Do dedendum). The feedpoint impedance vurfes with the
slope of the radisls; w0 the impedance of the coaxial cable must be
selected accordingly, or the dope adjusted W arvive at a matching
impedsnce (increasing the downward slope of the radials increases the
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impedance], With horizontal radials the impedance i of the order of
2090 ohms on a 14 MHz halfwave resonant merial, (16 f. #1 in.
radiator length).

Avother simple type of directional acrial is the dmple quad, com-
pring a single loop or double loop of wire i square configuration,
preferably rotatable—Fig. 8.9, The dimengions shown are consistent

1ol
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with 14 MHz and 21 MHz working. The double loop arrangement s
prefecred for greater gain. The coaxial eable connecting w0 the aerial

shoubd have an impedance of at least 75 ohms, and preferably a some-
what higher value.

Fireder Lines

Tranamitter cireuits are normally designed o give masisnm power
output feeding into a load of about 9o ohms {eg. 70 ohms is a widely
used valie), Lines connecting the of trunsmitsion o the acrial can be
cither pon-resonant or resonant. In the former case adjustment i

|- i | I ] |
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Fig. B.rm

merely & matter of adjusting the terminsting resistance to match the
characteristic impedance of the line, the aerial itell being resonant at
the recpuired Frequency and fhe line 30 connected that the aerial impe=
dance eems’ the-right value whens looked at by the hine. Mawching is,
however, only possible for ane- frequency (equivalent in practice o o
parrow- Fequency band), s hat ach 8 gystem I8 oply siitable for
working on one band.

Some typical non-resomant feeds are slown in Fig, 800, With-a
single-wire feed the anachment point can be critical and alw the fevder
must run gway fom the eerial ar right angles for a smhstantial distance
in mrder to avoid interaction. A very good earth connection s -alo

0
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necesary for satisfactory operation. With twisted wires, centre attach-
ment B pogible; the wires bedng selected t have a surge impedance
eqiial to the agres 50 ohme impedance at the centre of the acrial fsell
Adjustment of impedance mateh can be attempted by antwisting and
fanning” of the wires where they join the aerial.

Both- these mimple systemz have a number of lmitations and a 7o
{or 72) oblm co-axial feed i generally to be preferred, The outer con-
ducior can be earthed, if desirable, to form a screen.

DOpen leeders may also be used, although bere there &= a diffieulty in
mutching the impedance to that of the tranimision line. Some pro-
prietary feeders of this brpe may be avallable with an impedance of o
ohms, but home-made feeders nurmally have much higher impedance
due o the necessity of employing practical spacing for the two wires, In
this case some gther mepns must be adopted 1o match the boe w the
aerial.

Oine solution, again, &t fan ool the ends of the feeder (Fig. 8110,
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although n more satisfectory solution @ to use the impedanoe-trans-
[orming propenies of &8 guarner-wave line. This system is generally
known us a Cearerinl—oe Fig. S.r2—comprising a quarter-wave
bmpedance matching section with chae spaced conductors,

Twoowire reonant e configurations are shown in Fig. By, The
bagic advantage offered by such systems are simplicity of adjustment
and considerabie Mexibility ax regarda the frequency range over which
mich systerms will operate, Either-quarier- or hil-wave resonant fincs
can be uied as feeders, although with a sotable aersl tuner neither this
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Flg- 8.1

length nor the aerial length in critical. Any marked departure from
resonant aerfal length can, however, upset the balance of the feeder,
The end-fed type with resonant feeders s generally known as & Jepp
{Zeppelin] acrial
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Cither Aerinl Types

Varions other types of actials may be used, The subject is, in fact, one
which admits of considernble experiment and development, particularky
to find an optimum salution to mit local conditions, Folded dipuoles are
atiractive, for example (Fig. B.14), wing goo ohm ribbon feeder for the

e MALF WAVELENGTH i
£ oo L o
300 Ohild FEEDER
ANY LENGTH

s

Fig: Hhog

dipale jtscll for an imside {Joft) acrial. Muli-band dipales are o further
pomibility.

Multi-band vperation (s alio poasible on many simple aerials, merely
by adopting the principle of operating on harmonic frequencies, e.g.
working with multipbes of o quarter-wavelength equivalent resonant
length, The method of feed may or may not have to be changed, depend-
inyp on the harmiomnics involved.

The case of a simple single-wire acrial can be quoted as an example.
Diesigned as a halfwave aerial for 3-5 MHz the actual length required
would be approximately 130 ft, This could equally well be operated aa
an epd-fed aerial on 7, 14 00 snd 38 MHE; and as o guarter-wave
aerial on i-8 MHe, in which case series tuning would have o be ussd—
s Fig. 8,135,

For further information on the specialized subject of aerial destgn,
consult the more advanced technical works available. The relative
beginner setting up his iransmitting station would be well advised to
seek the practical advice ol a local expert or more experienced amateur
radio enthusingt, This can apply equally well @ receiving aerials,
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Receiving derinls

Bugically all the properties of a radiating acrial apply 1o receiving
aerinls, and the optimum design of a receiving aerial would be bused on
gmilar charctersstios to that of o particular transmitier. This can be
particularly significant where directivity and polarity are impartant,
However, a receiver acrial is likely w be called upon 10 cover & much
broader minge.

The simples form of receiving aerial is merely a wire of no specific
length. This acts as a conductor for & wide range of rudiated waves.
Basically the longer the wire the greater the energy extracted by the
serinl, but this need not be carried 1o extrenes, Because of the high
senpitivity of modern receivers relatively short aerial lengths can be
quite effective. Perfisrmance can, however, be improved consbdernhly
by the we of tuned aerials beeause of the greator signal-to-noise ratio
provided.

In & complete station, it is ussally comvenient to use the same acrial
for both tranamitting and receiving. This will be a tuned aerlal as
regards the band{s) or direct interest, and logically erected under
optimum conditiors. A simple change-over switch can then transfer the
aerial connections from tranamitter o receiver, snd vice versa,

There are cass, however, where o separate feceiver aerial may be
preferable, e.g. in the case of a directional nerisl 1t will be better from
a receiving point of view i this serial is designed to be extremely
directional at the expense of gain, This will improve the signal-to-nuise
ratic, leaving the receiver circgit isell to provide all ihe necessary
gain.
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CHAPTER 9
OPERATING AN AMATEUR STATION

UKOTIONAL fequirements of any operating station are that the
Fm&wrmd tramsmitter should be lorated o sach o way that the
controls are mdﬂrmnlpﬂuu]nnd'tud',unmr,‘ﬂhth:
efuipment also neated so that there i 0 minimum of delay in changing
fromm transmiion (o recegtion, and vice versa. The space in font of the
cquipment should be uncluttered, leaving room for the proper location
of a ey for ap tranasdsion-—plus space for talang notes, ete.

Thousands ol words can bmve been—written abiout this
subject of layour’; whether the receiver is best located to the right of the
transmitier rather than the left (for a right-handed operator), and soon.
But basically this is an individual problem, affected by such factors as
the bulk of equipment involved, space available, and whether or not 4
permanent layout is to be planned from the sart.

The best type of layout is usually one which can be derived by ‘trial
and error’ methods; greng which positions seem best for the equi
arranged in the avallable space and based arvund o table or bench at
which the operator mts. Aim for o bigisal arrangement which avoids
excegive o uncomiprtable arm movements, or crossing movemenis of
the arme, Try to make every operation imvalved as ey as posible.

No rigid initial plan will provide the lLest answers io all these
problems; and even experience will mot necessarily show where changes
are desirnble. As a ‘controller”; the human being readily adapts and con-
form to necessary movements, even i these involve a degree of dis-
comfort or sirsin. The body will then iolervate these conditions, even
though working effliciency may be impaired. Look for these “pliysical
snafs’ when first setting up the station|

Certain devices man alm be ted 1o improve eficiency,
Dinls may he easier to read if angled tly towrds the operator, for
example. Changeover from transmission 10 receiving, amd vice versa,
can be speeded by arranging this to be accomplished by the key itsell
Rt ey ar by 2 voice operated changeover device [VOX) for telephony
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{although a push-io-talk switch on a microphone is probably as good).
Some operators prefer a foot-operated switch for changeover—although
this does not fit in so well with the leunging attitude many operators
soon find themselves adopting for telephony.

Working techoeique

The golden rule for all novice operators with their first tranmmitter i
i be & ‘listener” Arst, Become familiar with the standard procedure—
calls and answers—before being rempted to project your own signal (o
wrknoivn listeners. This is particularly fmportant i you are operating on
telegraphy, where the language iv eode, with the emphasis on the oae of
abhreviations. Familiarity with the code abbreviations by essestial for
proper comenunication, although it will take some time before fxmili-
arity with all the abbreviations is mastered. At least study and master
the main ones likely to be used, and required, frst,

Note, too, how code it also used in telepbony. A station calling and
asking for anyone hearing kim o reply, says, typically—"0Q CQ C0).
This is WXYZ" (the cull sign of the station tranamitting), which he may
{or should} fedlow by speaking this phonetically, and terminate with
“Over”, (He may Interpose the locatity of the station before ‘over’).
The corresponding e call would bLe:

ﬂ%[ﬂﬂlﬂE {a separntion sign) WXYZ (the call dgn] K (for
"over .

Calls should be kept short {say calling for about 16 seconds or 5o,
followed by a similar period or alightly longer of listening for a reply).
But before aur call i made & pericd of Hstening should be observed first
fn order o check that the particular frequency is not already in use.
Listen long enough to cover a typical ‘call and reply” period. The
original caller may be ool of range; but a replying station may oo, and
you eould break i on the reply with your call,

Amwering a OQ should Follow similar brevity, wing abbroviated
code on ap, and code letters and o minlmum of words in telephony.
Also follow any instructions which may be given reganding answering
frequency.

A reply takes the form of a briel acknowledgement. Basically:

“WXYZ" (repeating the calling station eall sign)—"this is ABCD™
(the receiving station call sign), which can then be repeated phonetic-
ally in voice; and finally “over™ (or K in telegraphy).

(¥l
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The only elaboration on this likely o be necasary i a repotition of
your own call slgn o ghve him & second (or in poor condithons possibly a
third) chance to make a note of your station, To the casc of DX, then
loculity could be added 1o your call sign.

Nothing more is needed. The contact and ‘introductions’ have been
mizche.

Generally & CQer is looking for & reply en the mme frequency on
which he is transmitting. To be sure of this the {answering) transmitter
can be ‘spotted” on this freguescy by gem beating the received signal
with the transmiter ofo, The method wed depends on the detign of the
ransmitter, the type of emision invelved, and the characteristics of the
TeCEIVEr,

This may alss have o be dooc in revenss, working on obif. H the
repilier is using a crystal controlled transmitter, for example, he will
probably not be on the exact frequency and moy have no means of
‘spotting’ his transmitter, In that case the original sender may fiest
have to “hunt' on cither side of his original frequency o locate the
snswering eall, when he'can corveniently spot his own transmitter on
that frequency,

Transmitter spotting is becoming an increasingly impartant technique
to learn and apply as frequency stability becomes & more important
feature of cquipment design, amd receiver designs become mate sharply
penked. Transmitter spotting must, however, always be conducted with
the tranemitter off the aér (Le. the acrial Bolated In such & mannes that
it i3 not radisting 4 signal during the sporting sdjustment) to avoid
sweeping’ the band concermed with interferonce.

Transceivers simplify operation to a considernble extent, nit asly
becanse of the greater compactness of the equipment but siso becaus:
the transmitter frequency Is locked to the recesver frequincy, This mesn
that tuning in the recever o a particular frequency will alio lock the
trunsmmitter on 1o this frequency. Thus e two stations in contuct are
operating on precisely the same frequency without the necessity of
wpotting’ the tramsmitier, or using cxtra band space.

When designed wi wb voice transceivers, however, this automatic
potting’ dots not necessarily apply o e A tuned-in e tranymission
will very Hkely be beard as 8 note, indieating that the signal is ofi-
frequency as far as the roceiver bfe s concerned, Retuning to transmit
on the true frequescy of the av mation will then throw the receiver off
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frtqum:?lnlimpmmwhmﬂm signal i zero beat with the
receiver e, and oo sgmal n‘li.rhcheard at all. Te overcome this, some
trangceivers are provided with o separate control, ofien ealled a "delta
muner’ 1o enghle the receiver frequency to be varied by a few kHz with-
ol chunging the tranamitter I'mqu:m:].r. The tranamiticr can then be ac-
curately ‘spottrd’ whilst retaining independen: froquency tuning of the
receiver over the Hmited range required for nmfm:mry £ receplion,

Brevity should be muintained once comtact is established. It is good
general practice to limit single transmissions to not more than about
thirty secanils ai the most, or shorier than this il the nécessary topic or
message can be pot over mtelligibly. Long messages—even in tele-
phony—can result in pant pot being saimilated by the receiver (o
muoch informaetion sent at one tme); or part can be lost completely
throogh fading aod interference (which can reduce intelligibility of the
complete message and make it difficult 1o gues, or even query clearly,
the gapsl. Note, too, how Brevity alo includes the avoidance of
sneaTy repetitions,

The uee of air space 18 otherwise very similar to good manners in
ordinary conversation. Cive the other fellow o chance fo ‘alk’. Be
clear about what you are saying or mking. And do not batt in on other
conversationa (eithongh there are obvious exceptions here, when ‘gond
manners’ dictales that you butt in at an appropnste point, not in the
middle of & miessage).

Ao with all other "operational technigues®, it is practice and experience
which counts in the end. No amount of *book learning' can make a
copmperent-—and - confideni—madio operator. Too much wordage on
what to do and what not to do, in Got, is probably more confusiug than
helpful. There are things 1o be lzame, particolady the codes used. They
need o bectome a mtural second language—and the wee of i language
cannot be learnt properly from the written word. It has to be Esened
to, and spoken (whether in telegraphy or code, in the case of ‘radio
biimguidge'],

THE MORSE CODE

This is the oviginal elegraphic code, mbsequently sdopled as an inter-

national radio code, Although generally referrod to us the Mome Code,

it does differ in some respects from the onginel (although this i anly
116
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of hisioric interest). It s a true intemnational code, recognized by all
countries, although there may be individual preferences for rendering
of the mumerals g and o {#r alternatives in the Hst below).

A di-dah 5  di-di-dit

B dah-di-ch-dat T duh

C  dali-di-dah-dis U di-chi-dah

D dah-di-dit vV didi-ci-dak

E dit W didahdab

Vo di-di-dab-dit X dabh-di-di-dah -

G dah-dah-dit Y  dab-di-lak+iah

H  fiecki-eli-ei ¥ duhedah-di-dit

T it 1 di-dab-slah-dah-iah

J  disdal-dah-dal g dli-di-dub-dak-dah

X dah-dl-dak 7 di-di-di-dah-cah

L ai-dnh-di-dit 5 di-di-di-di-dah

M dah-dah 5 cliselledli-chi-lit

N dah-dit 6 daledidi-dlckly

O dah-dah-dah 7 dab-date-di-diadit

P di-dab-dab-dii B dub-dah-clah-di-dit

Q  dah-dah-di-dah g dab-dih-dsh-dab-dit (e dah-dit)

B ii-duh-dit o d.hd-h-dnhwdnh—d-hahh for lomg
1

The following s the usual trestment of punctuation in Morss:

Question mark  dah-di-di-dah-dis

Full stop  di-inh-di-dah-di-dal

Cormma, or exclamagion mark  dab-dab-di-di-dah-dah
Btroke  dah-di-di-dab-dis

MNote that a Morse mesage i commonly sent in abbreviated code
, rather than letter for letter, &g wiing the () oode or recog-

nized abbreviations
The following spetific abbrevidtions alss apply to Mosse procedure

(di-dabi-di-dali-dit) end of memage |
(cli-dahcH--dit)  wait |
7 (dab-di-dah-didal) preliminary cal
K (dah-di<dah] invitntion ho trinemit
VA (di-di-di<ah-didah) end of work
dah-ci-di-di-deh  breal sign
di-di-di-diadi-di-cit ermov
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AMATEUR ARRREVIATIONS

The following simple code is widely used by amateurs and internation-

ally recognized,
AA  Lhed aftera question matk to request repefition of afl alter | °
A Ueed alffer & gussithon mark ko atiem of ‘all before . . "
XK Eod of traiumiion i e
AR ‘Wait, or stand by
BR  To lnlerrupt & transmision in progres
BN Used after & goestion mork 1o request repetition of “all between . . .
and . ..t
BT Te separaie addies from text, or text from sSgmatre
L& Y=
CFM - Cowifirm, or | confirm
CL. 1 am closing miy station
C) General eall to all stoilons
DE  Used to separnte the callsign of the station ealled from ilat af the
calling ssathon
ER Please transmit
IMI  Cuery, or repeat
E :i-:; [or ‘over” ar o dhcad’ 0 Aomericen practice)
NIL T have nothing o send yon
NW  Now
DK Agresd, or correct
R Beceived
HFT H.Epcllrurqu;mﬂ}
TFC  Truffic
W Worls
Wi Words after
W Words before

The following sbheevistiona of ‘amateur radiosse’ are genenilly
understond by all English-spealiing enthusiasts.

E

ADMR
MG
ANT

ANT

About BA Buifer amplifier
Arirdress Bo Broadeist

Aaain BECI Broadesst tuterference
Ay B Broasdicast istener
Antenrs (serial) BOKU  Be seeing yoi

Iao

%aggﬁegggﬁ 28

CPSE
CUAGN
O
OF

DX

ELBUG
ENLF

FOQ

FAL
FONE
FREC)
[

GE
LELH
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Had
Fent  frequency  oscils

GLI
GM
iGN
G

GLD
HAM

HI'E

MO
MEG
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RPRT  Report | ] You
Eﬂx sﬂnmtr UR Your

¥ VIO Variakhl uEnCy
SED Sair mcﬂl:ﬂi‘q
810G Signal vy \
SKED  Schedule W b
o 5“'"“5 WAQ  Worked all Continénts
SR1 WL With
SSH Single sideband
5TN Seation WKD  Waorked
BLIM Bomes WEG Working
BW Shar-wave WL Wil or well
BWIL. Shortowave fistener WD Would
TFL Truffic WX Weather
TKS Tharks XMTR  Transmitier
TMW “Taoamatrow XYL Wide
THX Thnsks HTAL Cirystnl
TR Try YF Wile
v Television YL Yourig lady
TVI Televminn mterference b b} Best regmrcs
T= Tranumitter =] Lawve and kimes

THE RST CODE

This is s short gnd simple code which may be interposed with "radboese”
to cover questiond and answers on the quality of trapsmision—R for
Readability, 5 lor Signal strength and T for tone, each followed by a
number designating quakity, the higher the number the better the
quality, e.g.

Rr1 Unreadable

K2 Barely readable {ocousional words understood |
Ry Readable; but with considerably difficalny

Ry Readable, wiith very Hiile diiffieuliy

Rs Perfectly readnbie

Br  Sigualy very fuing, huredy heard

Ba  Very weak aignal

53 Wieak signal

S¢ Fuir sgnal strength

By Fairly good signal strength

§
i

Ti1  Extreinely rough hising nolss
Ta Very ruugh unmualeal note

Ty Rough low-pitched or note with trace of smmicality
T4 Rather rough ar note, moderately musical

Ty  Misically modulated note

Th  Modulased note, slight truce of whissle

T Couod de note, trace of ripple

To  Pure de note

]'th’ﬂib-:;ﬂpnda-tcd that the ‘T signals apply only to telegraphy.
The ‘Readubility’ and 'Signal Strength’ parts of the éode may be used
either with telegraphy or telephony, i

The following may alwo be appended to RST code answery:

X i the note appeirs o be crystal controlled

D il there appears to be drifl

E i dhiers are "ok’

O if there is ‘chirp’

PHONETIC CODES

Since many letters sound very similar on telephiony it is often necessary
to spell out words or names, letter-by-letter, in phoneric substitutes,
Again, tn avoid posible confiision, standard phonetic subsitutes thould
be used, not those devised on the spur of the moment] The following
two standard phonetie ¢odes are in widespread vse and generally
understood.

1CAD code ARRL code
{geneval fo woorld radin (meed by radio
serevees wlsiad languaged amizury i LLSAL
e the feman aiphabel) and Canada )
A ALFA ADAKE
B  HREAVO HAKER
C  CHARLIE COHARLIE
D DELTA DAVID
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E ECHOD EDWARD
F FOXTROT FRANK
& GOLF GEORGE
H HOTEL HENRY
I INDIA oA

I JULIETTE JOHN
E KILO KING

L LIMA LEWIS
M MIKE MARY
N NOVEMBER NANCY
O OSCAR aTTO
P PAPA PETER
Q0 QUEREC QUEEN
R ROMEO ROBERT
5 SIERRA SUISAN
T TANGO THOMAS
U UNIFORM UNION
V VIOTOR VICTOR
W WHISKEY WILLIAM
X X-RAY H-RAY
Y YANKEE YOUNG
Z ZULU ZEBRA

THE INTERNATIONAL Q CODRE

The 0 code was fimst introduced in roie as an-lotermational code for

. ship radio operators to enable them to communicate with shore siations
in different countries without any language barder. The code ¥y
corsisted of ity threeletter signals prefized by € (Le. "Q" identified
the code, the two following letters being the sgnificint part of the
signal]. The code has subsequently been extended considesably in
mesnge coverage, both officially and unofficisfly (eg. by signals
adapted by amateurs to cover situations not embraced by the official
codel,

The following ls an abeldged s of Q signals most likely 1o be used,
or heard, on amateur transmisgons, Note that in the majority of cases
particular signal can be o question or an answer, Le, the orginal spmal
transmitted as o qoestion is repented a8 an answer, with additiona)
information added as appropriate,
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QIF
QA

CEEEEEE

QIK

QMD
QMH

Qn]
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What i the latest avallable metenrologion] olwervition for (place) 7
The ohaervation made ot (time) was . ..

Bhall T lisien for you {or for ., . ) oo—eT

Listen for me {or for ...} an—->»

May 1 stop livening on the wateh frequeney for—minites ?
You may stop [Hitendng on the waich for-—ntinuies
Have we worked before in this contest?

We have worked belore in this contest

T will use G e Bigh enid of the Band by the naiddle
{Used after a call or GG}

What frequency s . . . ualng?

He is uwaing—ke

In my RTTY {1—tape, 2—M/3) reversed?

It 1% reversed

Bhall T use {1—TTY, s—veperl)? (For RTTY )

Lee (1—TTY,

Checkyour RTTY {1 —1C, e—autn head, 3—reperf, 5—Printer,
7—heyboard) _

Shall 1 tranamds | t—letters, a—Tfigs)? [(Foe RTTY)

Tranumit {1—letters, a—fipn)

Shall 1 send (1—wide, s—narrow, g—camect) RTTY dhifi?
Your RTTY shift is (1—wide, 2—narrow, 3—correct)

Does my BTTY signal check owt OK?

Your RTTY signal checks our O

Shall 1 ranemit {(—test tape, 2—1est pentence) by RTTYV?
Trammil {1—test fape, 3—iest sentenee) by RTTY

Shall 1 easmmdt contituous [ -—mork, KTTY sgonall
Transmit continuous {1—uirk, s—space]

Are you recelving continuou | 1—nark, s—epace, 3—mark biag,

s—spee Blag)?
T am receiving continnom | 1—eark, s—space;, §—mark hiss,
4 brigia )

T will tune for anvwers frove the oy end of thie hiand towand the

iiddle

1 will 1une fior anawers from my frequency down

1 will tieree fior answers from the middle of the band towand the
eaid

%mﬂmmﬁuhﬁﬂnﬂmnw tovward

T will tune for answers fram my fregquency upward

Can you copry met
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QB

QRE

QRM
QRN

QRO

QRO
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ﬂu‘l.mmpr...—?

Unable o copy you

Unalile o copy——

What is the name af your station?

The nume of my station is . . . y
fhwﬁr..pprﬂlhnﬂld‘f!mTﬂuEWWMP )
The approxiniate distance betwoen our station ks . . . nuotical
miles Jor kilometres)

Where are you bound fior and where are you from?

I wers bound for ... froam ...

What i your esfimuied time of arrival at .., (or over ...}
(place}? _ :
My estimated time of mrvival at . . . (or over ...} (place) ...
o

Are you refurning to . - . (plase)?

Iam retarsing 6. ., (place) or

Return 1o, ., (plece) ]

Will you iell me my exact frequency (or that of . . .}?
Your exuct frequency (or it of . -] is. .. ke {or Mc.)
Does my frequency vary?

Yowr frequency vikties

How b the bome of my Leinsmison

The tooe of your rasmmiseo W . . .

1.good 2. variable 8. bad

Are you receiving me badly? Are my signals weak?

1 am recelving you badly. Yoor signals are too weale

Whiat is the intelligibility of my signah {ar those of . . }?
‘The intelligibility of your signals {or thoss of . ) 18, .
t,bad  gopoar @ fir  4opoed 5 excellent
Are i by '
Imhuy[nrlmhmfwhha...;,iﬂmudnmmm{hm
Are you being interfered wath

(1. nil u. slightly 5. moderately | severely 4. extremiely)
mnmu-uubln;hjrnﬁ:!'

1 am troubled by statle

(1. nil . sightly 5. moderately 4 severely 5, exoremely)
Hhall 1 irseresse tranmmitter power 7

Increaps tranemither panwer

Shall T decrease transmitier power?

[Deercreass Fananitier power

Eliall T sered frater?

iafi

QBG

081

QBN
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Send fuster [ . . wonds per-milnute)

Are pou resdy for automatic opemation?

I am ready for automatic operation. Send at .., words per

e

Distress call signal for ose by amatens ow and RTTY stations,
To be used only in situagions where there fa- danger o human
life or safety

Shall 1 send mare alowly

Sendd maove sowly

Shall | stop sending?

Stop seniding

Hawe you anyihing for el

T have nothing for you

Are you pesdy

]ln:r:i.llr

Shall T inform . . . that yois are calling him on ., , o ko?

Please Inform . . . that Tam calling him on ., . . ke
When will you call me agnin?

T will call you again &t . . , hours {on . . k)

Whe i cilling me?

‘I’u‘umbﬁrﬁgnll-d l?j'-i-ﬂr{m-i rh]'

What is the strength of my signaly (or those of .- .} #

The strength of youor slgnabs (or those of ...} i8...

1. scarcely perceprible o weak  u fairly good 4 good

Your keying in defective

Shiall T sersd . . . messapes ut-a tme?

Sead ... sl & time

Are you able to home oo your INF equipment ?

T am ables i Home on my IVF equipment (on station ...}

1 hove been wimble i break in oo your tromomsion

Can you hear me hetween your signals asd if 0 can | break in
ok your ansmeion? '

I can hear you betweet my siynaly; break in on my transmisson
Can you acknewledge receipt?

I am scknowledging receipt

Did you hesr me [or . . . (cali sign]] on . . . ke?

1 didl hear you [or . . . (eall sign) Jon . . . ke
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QS0 Can you communicate with . . . divect {or by relay)? QUE  Can you e telephony in . .. [language}, with interpreter if
I can commmubdeate with .. . dircet {or by relay thoough . . ) necemaiy il s, on what a1

QSR Shall I repeat the call on the ealling frequency? | can use telephony in . . . ) on ... ke
Repeat your eall on the calling frequency; did not hear you (or QUH Wil you give me the present harometric pressure at sea level?
hawe interference] The present barometric pressure st ses Jevel is . . . (unies}

Q58 Whai working freguency will you use? QUK Can you tell me the oondition of the sea observed at . .. [place
T will use the working frecusnoy . - . ke o cowordinates)?

OST  Calling all radic amaters TE:mﬂu...U:htlunrm-mdhnm:lk."

Q8L Shall T send or reply on this frequency {or o6 . . . be)? | Lﬂhw#ﬁmmﬂrmwﬁmmﬂn
Send or reply oo this equency {or an ., . e} further notice (o - hoam}

QSV  Shall I send & series of Vs on this Fequency (or ., ke)? These signals are often osed in a slightly different senze by amateurs,
Send a weries of V' on this frequency (or ., . ke) namely ns specific sgnols, vie:

O8W Wil you send on this frequency (or o . . . ke ? i ]
1 am going 1o send on this frequeency (o on . . . k) Ql locatinn

‘E

OSX  Will you Heten 1o ., . [eall signi(s)) oo . .. ko?
]lmlimﬁngm,uufm]lﬁﬁtﬂl}l}hﬂn-h

Q5Y  Shall T change to transmission an annther frogquency? | ORM interference from other stations
Change to tramnvssing. on another Fequency (or on ... ke)

QSZ  Shall T send each woed or groap more than once? o
Send each word oc roup twice {or ., . Emes) T dn:l"""l""u

stand by

REE
|
g
;
-
E
;

Cancel pesage fumber ., .

QRX

QTC  How many messmges have you to sead? Al
1 have . . . moesages for you [arfior . . ) | % bad sending

QTR What is the correct time? L  werification card
The correct o a ;. . hours %ﬂ P T

QTS Wil you send your call sign for tuning purposes or o that your G5P  relay memage
frequency can be meadired now [or &t , , . hoam) oa ., - ke? | QSY  change of frequency
T wrill sesid ey cnll sign for tunitg purposes or so that my fre- QTH loation

quency may be measured mow (or ot .. . hours) on . - . ke
QTU  What are the hours during which your station iz open?
My stuthon 1§ open from ... 0., . . boun
QTV  Shall T stand guand for you on the frequency of - . . ke (from . ..
io . . o duours}
Em;dpmnfﬁhrmnmtht&qumqrd---h{ﬁmu_..mhmm]
QTX Wil you keep your station open for further communication with
ma until farther notice (or ungl . . . Bours)
1 will keep my siation’ open for ferther commmanication with
wou untl further notice (or wntil . . . hours)
QA Have vou news of . - . [call sign)?
Here is pewd-of + . . [eall sign)
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APPENDIX |

AMATEUR TRANSMITTING LICENCES

Ir B a stotory requirement that befove anyone can operale an
smateur radic station in Great Britain he (or she] must first obtain
a suitable licence from the Ministry of Posts and Teiecommunications.
The basic requirements for obtaining & loence are:

1, The applicant must be over 14 years old.

2. The applicant must supply proof of Britdsh nationaliy. (Foreign
amateurs who wish 1o operate in the UK, such as during a temporary
visit, ean apply for a special G three-letter call-sign and Sound Licence
<.

4. The spplicant must pas & written technical examination,

4+ The applicant must abio pas a Morse Code test in order to
for a "full" licence, i.c. ﬂiml:ur{&uund][mmﬁuﬂuhimmtmh
required to obtain an Amateur (Sound) Licence B, or an Amateur
{Televigion) Licence,

Amatacr (Sound) Liceace A covers operation on More, speech and radlo
teleprinter (RTTY) in all the appropriate amateur bands—jee Table 11,
Anmual {ee £,

Amateur (Swnd) Licence 1 covers speech transmission only, restricted
to amateur frequencies above 144 MHz. Annual fee 3

Amatewr (Somnd) Licenee € 15 avallable to forelgn amatesrs for use In
the ULK.

Amiateur ( Television} Licenre—covers television operation at {requencies
ahove 144 MHz Annudl foe L4,

Amadear (Soumd Afabile) Livence—is available o applicants: already
holding either an A or B Heence for mobile we of their
(e.g. in ears). Additional fee £1.50. The same restrictions apply in the
cige of B licence holders,

Amateur | Moritime} Licence—covers amateur operation on British ships
in the following frequency bands;

7 Ly 21,98 and 144 MHz; and 21 GHa

i1
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The Teshuiand Examiawiion

The written examination which has o be passed before any type of
trasumitiing licence can be obtined is oot frightening. It & mercly
desigried to ensure that woold-he operawrs of an amateur radio station
bave & basic knowledge of the techndcal conditions involved, and par-
ticularly their responsibilities. Pant [ of the examination syllabus is
confined o o sudy of 1 —Licening Conditions and s—Transmitter
Interference. The cxamination paper containg two questions on Part 1
subjects, one invariably dealing with licensing conditions and the other
dealing with trammitter interference. Both must be anawered,

Part I of the syllabus deals with technology, although on a firly
elementary hasis, In the examination eight questions ane set on separate
techaical subjects, but only gx have o be attempred. This choice can
be very encouraging to anyone "weak' on a particular technical sulsject!

The whole written examination lasts three hours. A pass mark must
be obtained in boih parts to qualify. Tt is thus no good being strong on
*practice’ (Part 1) and weak on *theory’ (Part 1), with the hope that
one will balance the other,

The More i i taken separately, and must be passed within the
twelve months befare the licenoe i applied for (i.e, Sound Licence A,
To pass this test the applicant must prove himself (or herselfl) capalile
of sending and recelving plain language in Morse at an average speed
of fwelve words per minute,

Examinations for the Radio Amatcur Licences are set twice . year,
wually in May and December, by the City and Guilds of London
Institute, Electrical and Telecommunications Beanch, 76 Portand
Place, London Wir, It ‘is not to attend ot this particular
addres ax the examinition ¢an be Giken eimultaneously throughout the
cotmntry at various local centres by armangement with the Local Educa-
tonal Authority,

The Morse test is specifically 1 Post Offioe (practical) examination.
It can be taken at variouws times throughout the year ag the Post Office
Headquarters in Losidon; or at the following places:

FOST OEFICE ODAST ETATIONS
Amlweh, Anglesey
Broadstaim, Rent
Connel, Argyll
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Highbridge, Somerset

Ifracombe, Devon

Stonehaven, Kincardineshire

Btrantaer, Wigtowsahire

Mablethorpe, Lincodn

Penzance, Cormwall

Venimor, Isle of Wight

Wick, Claithness

Whitley Bay, Northumberiand
RADID RURVEYOR'S QFFICER]

Beliast

Cardiil

Edinburgh

Falmouth

Glasgow

Huli

1]

Newcastle-upon-Tyne
Southampion

HEAD POST OFFICREALD

Birnringham

Cambridge

Derby

Leeds

Manchester

Charges involved are fr3o0 for the written examination (with a
small additional fee usnal if taken at & local centre] ; and £2.00 for the
Morse test,

Freparing for the Examination 4
The amount of study required 1o pass the Rackie Amuteur's Examia-
tion can, of course, vary enormously with individuals—and particularly
with their initial knowledge of radio and rudio technology. Certalnly
previous knowledge is helpful, althongh the syllabas subjects will sull
need carefol stwdy in arder to be sure of & *pas’ standard, particularly
in Part 1. On the other hand, it is quite possible to ‘start from scratch’

and complete the examination course successfully in a matter of months,
b =)
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by attending evening classes at a local Technical College or College of
Further Edueation, or even by taking a correspondence coune.,

Seli-tuition b alee perfectly feasible, particalarly i the mdividual
concerned already hos some background kmowledge of radio tec
and an enthminem for the subject. Memberhip of the Radio Society of
Great Hritain will be especinlly helpful in this case, as this Society
pubdishes a comprehensive study guide ealled The Radie Amaterr’
Examination Maranl and other invaluable bools and bookkes, The
Society abo sponsom the transmision by amateurs throughoot the
country of Mome practice lessons intended for beginners:

Local amateur radio clubs can alio be a further source of *personal®
contact and help; and a number also organize special lectures for
hl:gi.nnﬂ:a.

Léarmung the Morse Code and Momse operating technique & almost
purely a matter of practice. This may be covered by college courses, or
again can be seli-taught, There are numerous publications available on
this subject, alio gramophone records and tapes for training in recciving
Morse spgnals.

The standard required to pas the Morse test is:

1, Thirty-six words with an average length of five letters per word
mint be received in thres minutes, Up to four ermor are permitied.

2. Thirty-six words with an avernge length of five letters per word
must be sent in three minutes, Up o four corrections may be made in
sending; but no uncorrected erroms are permitted.

3. Ten groups of five figures must be received in one and a half
minites, Two ermics are permitied.

4 Ten groupa of five figures must be sent in one and a balf minutes,
Up to two corrections can be made in sending; but no uncorrected

FPlan for Bepimnees

It is mally best for beginners to plan to take (e written examination
fint. Then, sulject (o achieving o pam, to take the Mone test at the
eirlicat suitable opportunity thereaiter, There 15 no respon why Moree
should not be studied at the same time as the written syllabus, rather
than regarding it as & “separate’ subject. IF Morse b stodied fint, and
the examination taken amd passed, there is always the posilility that &
subsgequent fsllure in the written exnmination can result in more than
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twelve months elapsing before the written examination can be taken
pgain, wnd pased. In this case the More tat wiuld have to be mken
again to come within the twelve month interval required.

Note, Licences issued describe in detall the comditions which npﬂ}rh
the operntion of an amateur mdio station covered by that
licence. Extracts of these conditions are sent with the publication Hew W
Brcams & Radip Amabeer, available free on request from the Ministry of
Posts and Telecommunications,

SYLLABUS OF THE RADIO AMATEUR EXAMINATION

The examination iva PASS exsaminntion consisting of & single question paper
of three hours deratinn. Each paper b divided into two parts. Part T contains
only two questioms, each of them compubory, These guestinns will be drawn
from fterns 1 and @ oF the syllabos, Part 1T consfats of eight questiom, drvwn
from the remaining itesms of the syllabus, of which six enly should be
attempeed.

Cancidates ure expetted to aclicve & paw in cich ol the Parts separatcly
and failure in sither Pact eptals filure in the examimation as & whale.
EYLLATDE:

PART I

Conditions (terms, provisions and Emivations) Labd down by the Minister
in the Amateur (Sound} Licence, covering the purpese for which the trans-
mitiers may be used; types of signaly permisiible; types of mmision] power|
ﬁ-mmmqr contrel and measoremnents; avaidanee of esference o otler
sintions, particularly in bands shared with other services; qualifications of
operatory; log keeping and use of call signe
2. Trmesulter Tilerfenmee

Fregquency stabifity. Awidunce of harmnnie radistion and of inlerference
by shock excitation; we of key dick ilters and ather me=ns of preventing
spurioun emimions. Dangers of over modulation, Deviots for reducing inter-
Ference with nesr=by rmdio and television receivers.

FART 11

q. Elrmuniary Elwiricily sud Magnetioen

Elementary ol electricity; conductors and insulmioes; wunks;
ﬂmllhw;mhlﬂ'hlﬂdiﬂﬂﬂd_mm; Ht'rmlmtﬂﬂg'ﬂmlﬁi
electro-magnets and their we in mdio work. Primary cells; Self and mutual

ij:l’
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ingluctance; types of inducion wed in receiving and rammitting clrcoit
Capacitanee; construction: of varlous types of capacitors and their armange-
menis in-series and or paraliel,

4 Elewaniary Alterpating Curvent Theory

Aliernating corrend and voltages, Alternating current theory Incorporating
cireuits with induciapce, enpacitance and resitsrice. lmpedance, resonance,
coupled ¢reults, acceptor and rejector cirouite. The tanformer.
& 1 bt Fiadoey and Seam-onsdhehery

Characteristcs and essentlal construction of transistors, semi-conductor
ihades, ihermionic dindes, triodes and mulf-electrode valves. Use of sexd-
conductor devices and valves as cscillabsrs, smmplificrs, detsciors and (re=
guency-changers,  [isortion; harmonics.  Push-pull;  power rectification:
stabilization and smoothing; typieal power packs for low-power transmitiers
mind FECETVETE,

G, - Radin Receiners

Typical receivers; principles and operation of T.R.F. and superheterodyne
FECEIVErS, f8) TELED Interference caised by receivers

5. Lip porer iromdmiifers

Oncillamr cirouits; wee of quarts erystal o control oecillators. Frequency
mudtipliers, power amplifiers. $Methods of keying tmnamitters, Mathods of
mnﬂuinr]m-nd.rﬂﬂu':mi.imkuﬁmutm

" ;
Mature and propagation of radio waves. Tonowpheric and tropeapheric
condithors and thelr effect ob propagution. Belitiomibip between wave-
length, frequency and velocity of propagation,

o, Airials
Commaon types of receiving and transmitting aeriale. Tranemission Haes,
Directiial systens. Aerial coupblags io loes and tranamitiers, Maiching.

yo. Metmarsmenls

MMezmurement -ud'fn:q_u.ﬂlcr. 'ﬂpr_n.lim :tl'.'mp[t l'rtl]utﬂ.tjl BEELEEE [in':hid-
ing crystal controlled types) ; use of vermiers and other mterpolation methada.
Ariificial aerfals snd their use for linksey up tranaminere, Measurement of
currend moied woltage at audio and mdio frequencies. Messurement ol poier
in|'lu.1: 1o the Gnal stapels) of & Dapuniter, Use of cathode-ray osclllossngs
for the examination and medsurement of wavelorm,
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AMATEUR RADIO CALL SIGNS

BRITINE call sigms:
G for Englsnd
GB special stations and exhibitions
GO for Channel Islands
Gy for Tale of Man
Gl for Northern Treland
G M for Scotland
W for Wales

English call sigoe by date:
Ga followed by two leters  1920-39

Gy 19374
Gy 195830
Gy, 1021-30
Gh tga1-30
Ga 1936-37

Ga fallowed by thoee letters pre-2gig

G5 |gﬁ5up.w:rnh (Sound Licence O

0 (T for Antateny Television Licence from
Lghy oa

Gl 1504 ownrds (Soumed Licenoe B)

The following is the years in which Gy followed by three letters
serjuences began:

GiA  ngh
Gald o4y
Gl 50
Gy] ro5e
GyM 1057
GiW 1587
Ge¥  rghg
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WORLD CALL SIGNS

CEa, FESY, Ky, LA, LU-Z,

ORy, UAs, VE®, VP8, ZLs,

B] Antarctica
CEGA  Easter Idand
CEQE  Juan Ferniides
HArchi
CEGX - San Felix
Ch, 00 Cuba
CNe, B, g  Maorocco
QP Bolivia
CRa | Porfuguese Geinea
Cape Verde Istands
Principe, Sao Thome

CR5

CRE - Angola

CRy  Mosmmbigie
CRE  Portuguess Timoe
Oig  Macao

OT1  Portugal

CTa  Axorcs

0Ty  Madeira Islands
CX Uraguay

0], DE, DL, DM - Germany
DU Philippine Telunds

BAG  Ralentic lslands
Canary Dnfands
i

g Rio de Oro
EAg Spanish Morces

EAD EBpanish Guinea
El Republic of Treland
EL Libera
EF lran
ETy Ethicpia
F Franee
FBEX Amsterdam end St Paol
FESW  Cirmeet laland
FRAX Kenguelen Talands
FC (unefficial} Corsica
Fiaz Guadelupe
FHA Comoro Lilands
FEB MNew Caledona
FL& French Somaliland
FM7 Martinique
i‘ﬂﬂ Clipperton Talamd
French Oiceanta

F‘Pﬂ S, Pierre and

hiquelon Indands
FRj3 Ghrin-: Ielaisds
FHy Juan de NNova
FR7 HReunion
FR7 Trometin
F87 Baint Martin
FWa  Wallis and Futuna Islands
FY7 French Guinna nnd Tnini
G England
OC  Guermey and Depentdencies
GO Jersey Island
G0 lsle of Man
1 - Northern [reland
G Beotlund
W Wales
HA, HG Hungary
HBE  Lichtenstean
HE Switeerhund
HC Ecuadar
HCS Galapagos Islands

Lo
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HH Hald

HI Dominican Repuoblic
HEK Coblrmban

HES [See ES4H)
HEG® Hajo Nuesw
HE® Malpcko Tsland

HE® San Andes and Providencia

HL, HM Kiresy

HP PManatma

HE Hondurna

HE Thalland

HV  Vatitan

HE, 77 Saudi Amabia

I ITr  ltaly

151 Sardinin

JA, JH, KA Japan

JT1  Mongolia

TW  Svalbard

JX Jam Mayan

J¥ Jordan

K, W Unitcd States of America

KAt (See KOGI)

KEB6  Haker, Flowland and
American Phoenix Tslancds

Ky Navesa lilamd

K% Hastern Caroline Intends

ECH Western Caroline Isdands

K4 Guantaname Hay

KG6 Guam

ECAHl, KA1 Manros Ieland

K&GR, 5, T~ Mariann Isiinds

KiGhr, KA Bonin and
Yaleams lalxocs

EHA Hawniian Islands

EHE Hure Taland

KJ6 Johnston Tsland

KLy  Alasks

EMl6  Midway Islands

KFy FPuerto Rico

KP6  Palmyra Group, Jarvis Tdand

EHRE, 8  Ryulkyu Islands

K¥W4 Virgin Islands
EWE  Wake Teland
EX6 Marshall Istasids
Ky Canikl Tons

LA Norway

LU  Argentina

LY

MII 1 Ban Maroo

Y Fernando de Moot

PYD 5t Peter & 5t Panl’s
Raocks

'Y Trinitade and
Muortim Var Idands

PZa ﬂ'm'mm

SK, 5L, M Swedm
SI" Poland

1§




HTa: Sudan

SU  Emypt

2V Creta

BY Indecancss

5Y Greece

TA Turkey

TF Teelamd

T Gustemala

T1 Oosta Rica

Tly Coces laland

T]  Camércam

TL Central African Republic

TH Congo Republic

TR Gabon Repuldic

TT Chad Republic

TU  Ivory Consl

TY Dubomey Republic

TZ Mali Republic

LA, UV, UW-6, UN:  Eua,
Bumian 5. F.8.0.

UAr  Frang Josef Land

UAr  Kalisingradik

LA, UV, UWg, &
REESR.

UBs, UTs, ¥y Llkralne

Uice 'White Russian 5.5

UD6  Aserbafjan

UF6 Geargia

UGE  Armeniz

UHE Turkoman

Uig Urbek

UJ8 Tailzhik

ULy Kazakh

UM Kirghis

U Maldavin

Pz Lathuania

UQa Latvia

LBz Eamnnia

VE VO Cansda

YVE  Aoseralia

VR  Lond Howe Islanad

Asinbie

AN READID

VE  Willis Talinds

VEg Christmes Taland

Vhg Cocos Ialends

\.’Kal:' Maorue Fland

VHyg Norfolk Island

VEqg Papua Territory

VREg Terrtory of New Guines
VED Hesrd Tskand ,
VED Macguars Islan

VO Newloundland, Labrador
Vite  Btdsh Hopdures

VizK Anguilia

VieA  Antigna, Dartmosdn
VPgV  Britsh Virgin Tilands
YPaD Tominica

VPG Granads and Dependencies
VP2l  Moniserrat

VPsK 5t Kitts, Nevis

VPl 5t Laeia

VhsS 5n Vincent and

Vs Turks snd Calcos Telands

Vi Balarns Telands

VA Fulkloned Talamds

VP L% South Georgla Islands

Vi, LU-Z  Sooth Orkney Islands

VPR, LUSE - Souoth Sandwich
Ladianills

Vi, LU-Z, CEg  South Shetland
Ielands

Vg Beemuda lalands

Vi Fammbar

VOR  Agalegn and St Brandon

VO Mauritiv

Vil Fedrguee Isfsnid

Vigg Aldabra Dslands

Vilg Cluagoa

Vg Desroches

Vi Farguber

V(g Seyehelles

Vs Britsh Phosnis Isdands

APPENDIK 11

VERE1 Gilbert aond Elfice Islands
and Choenn Telamd

VR Fiji Talands

VRyg Famiing snd Christizas
Islands

VR4 Solomon Islands

VE5 Tonga Tedands

VRE - Plealrn Isand

V&5  Brunei

VEG

VEg, A, P, B Aden and Socotra

VEgR  Eamarsn Tebands

VSpM, 80 Maldive Islands

WU Andsmen and Nicobar Difands

YU Tnedis

WU Laceadive Talamils

W, K United States of America

XE, XF Mexleo

XFy Revills Gigedo

XP (Sce OX)

XT Vaoltake .

XU Cambodia

XN (See gWI)

XWh Lam

XK¥z DBurma

YA  Afghanistan

YH Indonesis

Y1 g

Y] New Hebrides

YK Syrin

IV, !"h'E.I Nicarsgun

"j'ﬂ Rumania

Y5 Salvador

YU Yuposlawiz

TV Vetiesuela

VO Aves Inland

ZA  Albania

ZHz Gl nlier

L4  (see 5Bg)

£y Gemhia

ZD5  Swaziland

ZI¥ 5t Helena
T Ascemion

SRt Manihilkl Islands

Lfka INiue

il Ancklund Il and
Clampbell Tal,

LMy Taledina {[Unbn) Talards

ZP  Paraguay

55, 2 4 50 South Africs

25z Prinoe Edvard and
Marnon Islands

£85y  Sopthwest MAfrjea

g4 Monaes

VI Tunisia

sWa, XV Vistnam

Y  Boover Inlamd

et

410 LT.U: Genewva
4% Yemen

A%, 47 Tmncl

sd - Libys

si4, Ty Cypru
sHy Tanganyika
g¥a  Digeria

5RE Mnlagary Rep.
T Mlnurimmnga

ftly  Niger Rep,

5¥  Togo

WD  Western Samoa
Xy Ulgnaadn

fiy Kenya

B, 2, 6 Somali Rep.
WB  Sencgal Fep.
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6%  Jamaics

2G1 Rep, of Guines

<P  Lesotho

20 Nynsaland

"% Algera

-2, HE Baudi Arahia

BF, ¥B Indonesia

B] (Ses ClEg)

P  Hurbaidcs

B, [See WEghI)

8K Guysna

#¥s Sawdl Arabiallrag
Meutral Zone

Zs, okg Kinsait/Sandi Arnbia
Neutral Zonn

gAL, M San Maring

gG1  Ghana

aHi M:ir.u.

nle Zamhis

gha Kuowait
gk, B2y Kuwsii/Saudi Ambia
Keutral Lone
gli Glorra Leons
gz  Maleya
oMy Singapore
ot

1]

g1

gtl5

als

Q5

avy

INTERNATIONAL PREFIXES

[Indsed Simtes of
Americs

Spain

Pakistnn

Inekim

Commuonwealth of
Amiralia

Cliina

Chdle

Canads

Cuba

Moroden

Chiba

Balivia

Portugiese Chersess
Provrines

Parhagal

Urugusy

Clanada

Ciermmury

DUA-DZZ  Republic of the
l-"!-n.u.'ll.pp.u-u

EAA-EHE  Spain

EIA-E]E Trelarad

EEA-ERE Unlon of Bovist
Socialimt Republica

FLA-ELY. [Liberia

EMA-EQE  Uniom of Soviet

EPA-EQZ
ERA-ERZ

ETA-ETZ
EUA-EWE
EXAEZE
FAA-FZZ

GAA-GLE

4

HAA-HAK

HBEA-HEZ
HOA-HDE
HEA-HEZ
HFA-HFE

HGA-HGE

HHA-HHZ
HIA-HEZ
HJA-HKT
HLA-HMZ
HNA-HNZ
HOA-HPZ
HOA-HRE
HSA-HSZ
HTA-HTZ
HUA-HUZ

HVA-HVE
HWA-HYE

HZA-HEZZ
IAA-TZZ

JAA-JSZ
TTAJVZ

JWARZ
TYAJYE
JEAJEZ,
KAAN-KZZ

LAA-LNZ
LOA-LWE
L a-LE
LY ALY,
LiA-LIE

BlA A AR
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Hm:.p.l"n.h Pu:ph'-
Repubiic
Bwitserland
Ecuador
Switzerland

People’s Republic of
Poland

Hungarinn People's
Hepublic

Republic of Hair

Republic of Colombia

Korea

Irag

Republic of Panama

Republic of Hondoras

Thailamd

Nicaragua

Republic of
El Salvadioi

Vatican City State

France-and  French
Cannmunaty

Sandi Arabin

Lialy and Mandaced
Tm

Bdompodian Peopla's

.'ﬂq:uhl.ll:
MNorway

Jeondan

West Mew Guinea

Unlted States of
Armnerics

Norway

Argentine Repobilic

Lusesnbiourg

Lithuanin

People's Republic of
Balgsria

United Kingrbom
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TNA-TNZ
TOATOZ

TRA-THE
TEA-TE

TrA-TTE
TUA-TIE

TVATXZ
TYATYZE

UUA-UEZE

VAA-VGE
VHA-VNZ

VOA-VOE
VEPA-VEE

VTANVWE
VXANVYZ
VEA-VEL

WAA-WZZ

KAA-XIZ
XJA-XOZ
XPA-XFZ
KQA-XRZ
XSA-XSZ
XTA-XTZ

XirA-Xud
XVAXVE

HAM BADIO

Pepublle of Cong
[l'l:l.r_n.vill.e:l

Franoe, French

Republio of Gabon

Tunisia

Republic of Chad

Re af the T
oo

France, Fretich
Clasnmunity
Republic of Dahomey
Repubilic al &ali
Uhdom of Sovies
Socialist Republics
Ukraknian Soviet
Socialist Regrublic
Ulnidmis &l Soviet
Boctalist Republics
Canada

Canada

Chyina

Rr![.n.ﬂ.'nhl! al the Upp:'r
Vilta

Caamboilia

Wiet-INam

EWA-XWE Lians

HEAKKE

XYA-XZZ
YAAYAL
YREA-YHZ
VIA-YIZ
YIAY]Z
YEA-VEZ
YEA-YLE
YMA-YMZ
YNA-YNZ
YOA-YRZ

YEA-YEE

YTA-YUZ
YVA-YYZ
YZA-YZZ

EAAZAZ

ZBA-ZJZ

ERA-EME
ENA-ZOE

ZPA-ZFZ
ZQAZQZ

ZRA-ZLE

EVA-ZEL
sARTT
A3 A
yBA-gFE
.l
gHAgLE
WAV
W A-gWE

Portuguess Ohverseas
Provinces
Burma

Adghanistan
Bepublic of Indonesis

Lrag )

New Hebrides

Syria

Labdia

Turkey

Micaragua

Roumnnisn People®s
Republic

Repuldic of
El Salvador

Yogoelavia

Vemneaieln

Yuguoslayia

Allsanin

Britith Overseas
Territaries

ew Sealand

Britsh Ovieriess
Territories

Paraguay

Hritmh Civerseas
Territorles

Republic of Bouih
Africa

Drzail

Great Britain

Monaco

Canacds

Chile

(hina

Tuntsis

Viet-Mam

Crines

Norway

Peaple's Republic af
Iolanid
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Mexieo

Rzpuhl]'l: al the
Fhillppines

Union of Soviet
Bociulist Repulblics

Venerueln

Yugoalavia

Ceylon

Per

United MNathons

Republic of Haiti

Yenen

Swie of Tarsel

Internntonal Civil
Avigtion Chganiza-
tion

State of Tsrael

Litrva

Republic of Cypria

Morooon

Tansania

Caolombin

Liberia

Diesmark

Milagasy Republic

lslamic Hepublic of
Mazuretania

Republic of the MNiper

Togolese Republic

Western Saming

Ugpanada

Kemm

United Armb Republic

Bvria

Mlexicn

Kores

GOAHOZ
GPA-L5

6TA-GUZ
EVA-BWE

EXAGXT
EYAGYE
GEA-BEE
TAA7LE,
JA-NE
TOA-7QZ
sRASI
TEA-SSE
IT..I"!T‘.[-I
TEAEE
OAA-BTE
BlA-ENZ
H5A-25F
BTA-IYZ
HZAATY
gAMApAL
nlA-g
e
FHA-GHZ
alA-gJZ
sEAgRE
gLA-GLE
abiA-ghiE

aNA-gNL
gOA-gTZ

gUA-3UZ
gVA-gWE
IXAGKE
aVAQZZ

17

Malea

Foowmit

Haerra Leone

Malaysin

N

Republic of the Conigo
(Leapaldville)

Bitrmindi

Malnyain

Rowamula

Trinidad and Tobage




A1 Ermdssaon, 49

Az Emisston, w0

Al Emission, #0, 21, 45 45
A1 Tramemisilon, in

M'Ir-mmmm 0

All-srrmsistor iransmitien, 50
i algmad, 1y
Amateur abbreviations, 190
frequency bands, 132
Matrifime Licence, 141
Eiwteradngg, 11
licences, 12
radio bands, 6 17
radis call signs, 119
radinese, 10
Bound Licence - A; 158
Sound Liceses = 1198
Bound Livence - O, 151
Sound Mobile Licenee, 1g7
Television Licenos, 198
Angle of radigtion, 100, yog

INDEX

Anode cireait, G

keying, 34
Anywering, 116
ARRL Code, 133
Astenunior, off
Audio compressors, G
Amtedyie detector, 77
Automatic gain contrel, 25

Bands, 16
Bundspread buning, 70
Bagic rectifiers, 87
Beat frequency, 7% 76

nmike; 77
bfe, #g
By adjustment, 25
Bfu contrel, w5

voltage, o
Bias voltage stabilization, 9%
Bleeder resistar, go
Blocked-grid keying, 55
Blocking, 24, Bo
Bridge rectifier, 88
Britiah Call Signa, 135
Hiritish Receiving Statiom, 12
Dugs, 57

Cull shypren, 100
Capacitorangut Blters; go
iClar perials, 59
'Ehl’rjtrr 47

wve, 11, b3, §1
Oathede conpled escllator, 55

148

Cathode keying, 36
machulation, 65
Chotee of transminter, 50
Choke-input filter, 0
Clapp oscillator, 55

Clipping, -I.ﬁ
Cer-axial feed, 10
Cloammonnicaiions peosner, ol
Component tost, 29
Comverier, 29, 75, 70
umit, 43
Converston to ol 75
fpr, 14
o,y
et mndalation; Bo
Cryst=zl ealibedtor, 59, 85
comrol, 57
fler, ag, afl, By

Diriver, &7
D3 seorckdnijg, 167

English call signa (by date), 199

Equalizing capacitors, Ba
resistirs, 8y

Eqaivalent noiwe cesbiiance, M

Exviter, 7

mumlmh feer aceyiadn, 1ob

Feeder lines, 1og
Filter control, 5
Fileerima, A1
mE

0 L1
Franklin vscillator, 56
Frequency, 14

il ., 10

du:q‘r.ﬂﬂr
o
measuring, 2
modulated transmesion, 45
moeduluting, 21
muftiplier; 43
Full-wave rectifier, BB

Ground plane semals, 107

WAVE, 10T

Gronnded setlal, rof

HalF-waie prrial, 104
Hall-wave rectifier, I8
Hewd Post Offices {(Mooee Test), ©35
Hexte aerial, 104
Herer, definition, 14
Heterodyne reception, 77
wavemeter, 54
High freguency (1), 18
Home-mads

(8 N
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Liwve of dight, voa
Linearity, &5
Listening pructice, 2f
Local wecillaoi, 75
Loftnerinl, 112
Legging entries, 27
Long wave, 10
Lovw-pam filter, 45

Mnater ascillater, 54
Mediom wave, 19

vnlvis, B
Mobilz smtions, &1, 52
Modulated carmer, 9
beadulnting Fequency, 45
Modulation, &9
Moese, 14, 51
abbrevistlone, 119
buzzer, 43
O, g0, 118, 196
key, 33
key addjustment, 33
keying, 14

HAM RADID

operator penitiog, 33
practice set, 19
punctuation, 119
sending, 41, 33
sending echnigue, 31
rgnal spacing, 42
Fpoeds, 31
st T4
transmision, 35
Muld-band acrial, 108
Multi-band dipele, i1z

MNeutralization, G
Nickel-cadmbum celly, pa
[Noine, Bo, Ha
[ormiter, 28, B
realstance of valves, 36
wilencer, By
Nem-resonant lives, 109

Oseallator, 41
keying, 37
atalbiility, 57
Orrtput voltage, g1
Owerlosd protection, 85
Ba

Creryens recelving siations, 19
Cherione crystal, 58

Parallsl aperation, G

Penk Inverse volages, B7
Pentode valve cscillator, 56
Phasing contral, 2§
Phonetie code, 123
Pi-hliers, T2

Pi-metwork, by, 68

Testh, 134
Power Ampliber, 41, 50, G2, 1
Fower nupplies, &7
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Preamplifter, 21, 28, 81 Ripple voltage, ga
Preferred polanization, 1og rms valtage, w1
Prefizes, 16 RST Code, 1z
Preaclecior, B q &
Pulie envelopes, 44 Beresn-grid keving,
Pulse shapes, 45 Bcreen-grid modulation, 03
Pulsed carrier transmissions, 77 Mmu;ih an, 74
Psh operation, f %
2ot n ﬂ:uhiwh?.:n.ﬂu
Ch-aerial, 130 Sensitiwlty comnirol, 45
) Code, 134 Short wave, 14, 18
Q Signale, 124 wave band, vy
() Signals — Amateur, 129 wave Hetener, 19, 22, 97
90 Sldeband frequendies; 20
DEL cards, 27 iranumissdonm, 46
e nerial, 1ol u—mn::w,ga
ench fregquency, Sidehnnds, &,
e i Sagnllhnndwiﬁiﬁi!.ﬁ
Radiation pattern, 104 shaping, 44
R.anﬂ:r.ﬂ.ﬂmﬂnmiuﬂnn, 95 strength, 122
Hadic Amateur Examination, rylla-  Signal-strengih meter, Oy
bug, 137 Signal-to-twisise ratio, Ba

Radic Seciety of Great Hritain, 19,27 Silicon dinde balance, 8
Radic Surveyms Ofice (More power diods, 18

Test), 1 power dicde rating, i
Raﬂn:ﬂt.} H:|.5 Bingle sidehand, 21, 47
Readability, 122 Single-wire acrial, 119
Receiver contrabs, 24 Size of transmitters, 50
Receiving acrial, 1179 Skip rone, 103
Reflected wave, 101 Sky waves, 101
Reflection, 100 S-meter, By
Refrncted wivs, 101 Boothing, Br, By, oo
Refraction, 100 Speech frequencies, 45
Begencrative defecor, 71 frequency oacillador, 2
Beionant serlsl, 10y Bpot frequency, 50
nerinl length, 108, 114 Bayunre waved, 44
line, 109, 110 Squeals, Bz

g amplifier, Bi Srability, x3
feeclback, T3 Stahilization, g3, 5B
frequency, 75 Stahilizer heater, g
galn, @4, 39 Stabilizing circuit, g1, of
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ﬂ.t.n.]ju wave, 105

Superhet operatina, 75
Suprrheierodyoe, 75
Superregenerative detector, 31

Tank circuit, 48
Technleal exnmination, 1%)
Telcgraphy, 1o, 41
Telephony, 11, 15
Temperabyire raling,
pilicon disde, Bo
Toae, 133
contral, 25
Top band, 18
Transelver aperatioe, 117
TFranscrivers, 51
Trausistor cecillaior, 56
Transisior power sopply, o7
Tranalgtorized trarmitien, §i
Tramsmitter clwolos, 50
foormum, 55
power, 31
pecemver aerialy, 113
spofting, 117
THF, 73
TRT Receiver, 7%
Trode valve mollntor, 55
Tetype Blier, By
Tuned circuit, 79, 81

HAM EalD

Tuning, 78
for lstening, 23
T.V. interference, 68

ulf, 18
wh bacls, 18
Use of prefises, 16

Valve ascallaioe, 54
Varipble frequendy ceelllator, 4, §3.
A5, bg
voltage supplies, of
Vertical asrial, 1o
ol ag, 1B, 22
Vaiie aperated changeover (VOX),
I35
Voltage divider, ga
deubling, 95
mialtiplier, a5
quadrupling, o4
reguilation, &7
regulator, 54
stabiliEation, G2
VR mabe, 50, 04, 97

Wave engle, 108

Wavelength and frequency; &4
Wavelengihs, 14

Waorking technigues, 116
World Call Signa, 140

Zenier diode, 5o, g2, of, o8
depp neral, 100
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“Boginnars Guides™ by Cofin Navrbedh iy

BEGINNER'S GUIDE TO
STAMP COLLECTING

“An sutramah) Ihurn-uﬂ'l ilhtnﬂl.tn'l.luﬂ

Mr Marbeth's beginners guids will loard
young people throogh afl the Intricacies of
the game. Indesd, if they digest all It has o
nffer, they will emesge budding exparts” —
The Times Educationsd Sapplemen

COLLECTING BRITISH STAMPS:
A BEGINNER'S GUIDE

"I this book Mr Marbeth covers the whale
development of British stamgs fiom 1840
iz the present dey, dealing - with such
important aspects as plating the clessic ne
engraveds’, postal  stationery,  regional

Sa mp, booklets, elogan postmerks
- and Fi iy covere. A combination of Me
- Marb spproach and | numenss

il i the text make the comples
story of British stamgs essy to follow.” —
The Financial Thnes

COLLECTING PAPER MONEY:
A BEGINNER'S GUIDE

"This book by ane of the world's fending
authrities should go far foswverds the de-
velogenent of ritemaal in s onusos| hobby.
It eontaies &n sccount of the histary of
papar monsy, witien e clear. anscdotad
style, and Includes” usalul informaticn an
by and whang i ofitain material, the cons
and mairienencs of tha oollection and hints
on buying, selling Bnd BOQING $Peti-
mipEEE.” = The Financial
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