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Foreword

This book is intended for the beginner in Ham Radio—
cne who has just obtained or is hoping to obtain a trans-
mitting licence. The author has touched on most of those
problems which have worried us all at one time or another
and about which we are sometimes diffident to seek informa-
tion for fear of appearing too ignorant in the eyes of the
more experienced.

The author has endeavoured to express himself as simply
as possible and has used mathematics only when absolutely
necessary. Ham Radio is a fine hobby—if not the finest—and
it should not be necessary for the would-be ham to have to
study calculus to enjoy the fruits of his work. There are many
able text-books available to those who wish to go more
deeply into the subject.

It was not thought out of place to add a chapter on
operating technique and a code of conduct. The ham who
learns to operate his station efficiently and with a thought
to the pleasure and enjoyment of tens of thousands of fellow
hams will forge a bond of friendship with an ever-widening
circle.
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Chapter One
INTRODUCTORY

In dealing with the propagation of wireless waves it is
difficult to find a better analogy than the old one of the
stone being dropped into the middle of a pond. The ever-
widening circle of ripples gradually decreasing in amplitude
will eventually agitate a cork floating on the water some
distance away from the original disturbance. In like manner
a sudden alteration in electrical strain along the length of a
transmitting aerial will cause similar ripples of an electrical
nature to be hurled into space which will induce very minute
alterations in potential in a receiving aerial at a distant point.
Here the analogy ends because the propagation of electro-
magnetic waves depends upon a vast number of factors.
Broadly speaking, and dealing with the ordinary range of
high frequencies about which we are concerned in this book,
the transmitted signal will reach the receiver in one of two
ways: the ground wave, when in most cases the range of
the transmitter is limited to the power employed, and will
vary considerably according to local conditions; and the
reflected wave which, with an input of only a few watts, and
given suitable conditions can be made to travel to diametrical
points of the earth. This is brought about by the presence
of an ionised layer or layers a considerable distance above
the atmosphere. The reflected wave rising at an angle to the
Lorizontal will eventually strike and be reflected from one
of these layers and diverted back to the surface of the earth,
al which point it will become audible in a suitably tuned
receiving apparatus. It may even bounce off the earth at this
point; be reflected again still further away and return to
earth once more at an even more remote point. It should
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INTRODUCTION TO HAM RADIO 11

be noted that in the absence of a ground wave or at a dis-
tance where the ground wave has already been attenuated
or used up in its journey along the surface, no signals will
be received except in those favoured areas where it has re-
turned to earth. This is known as the “skip” effect and
accounts for the fact that a transmitter may be heard up to
a radius of, say, 100 miles (by direct wave), while between
100 miles and 1,500 miles nothing will be heard. Possibly
then there may be a further gap of silence and the signal
reappears at 3,000 or more miles distance. Most listeners
will be conversant with the effect of fading, sometimes slow,
sometimes fast. This can be caused by the fact that the
receiver is taking both the direct and reflected waves simul-
taneously. Owing to the fact that the latter has a consider-
ably greater distance to travel it arrives at the receiving
antenna somewhat behind the ground wave—it is, in fact,
out of phase, and the two waves tend to cancel out or coun-
teract one another at the point of reception. See Fig. 1.

There are ways of causing the transmitted wave to be
transmitted more strongly in one direction than in another,
i.e., to alter the angle of radiation so that it stands a greater
chance of favourable reflection to give results at the greatest
distance. Different types of aerials will have different radia-
tion patterns, at the higher frequencies rotating beams can
be employed which will cause the maximum amount of
energy to be transmitted in any given direction at the will
of the operator. It is not proposed to go deeply into this
aspect in the present book as a beginner is far more likely
to be interested in getting any results and will not worry
about directional arrays until at a later stage in his develop-
ment.

Let us then turn to the wavebands available for the begin-
ner and the results that may be reasonably expected from
them. Neglecting the very high and ultra-high frequencies
that are available, because of the specialised equipment re-
quired for operating at those frequencies, there are five main
bands to be considered.

The “top band,” or 1-75 megacycle band, is limited to
an input of ten watts for all. The day-time range is somewhat
limited and the “service area” might be described as a
radius of about fifty miles. At night this range is considerably
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extended, but reliable communication is not usually reckoned
with beyond 100-150 miles. Moreover, at this low frequency,
efficient radiators have to be well in, the clear and of con-
siderable length, and for this reason alone, perhaps, the band
is not so thickly populated as are the higher frequencies.

The 35 mc. band is mostly used for communication
throughout Great Britain and the nearer parts of the Conti-
nent during daylight and is extended to cover most of
Western Europe and Scandinavia atnight. Numerous amateurs
have achieved great success with Transatlantic and even
Australasian contacts at night; but generally speaking these
greater distances are only possible with somewhat greater
power than we are considering, and then only in the small
hours when few are using the band. The maximum power
allowed on this and the subsequent bands is limited to 150
watts for a fully licenced amateur and 25 watts to the begin-
ner; but in point of fact except under extreme conditions
the smaller power is more than ample for very satisfactory
work at this frequency. In a recent low power contest held
on this band when inputs were limited to 5 watts, many
amateurs found that, somewhat to their surprise, reports they
received varied very little from those obtained under condi-
tions of higher input. In fact, it is surprising how great a
distance can be covered with powers even as low as 1 watt.

Next we have the 7 mc. band. This is a strange mixture
and is characterised by the intense interference to be expected
from commercial and broadcast services. It is a free for
ali” band and is either a firm favourite amongst amateurs
or else studiously avoided. Nevertheless, interferencé permit-
ting, daylight yields similar results to the night range on 3-5
mcs., while the night range is extended well into the DX
zone and will permit of very satisfactory trans-Continental
contacts.

The fourth band is the 14 mcs. It suffers from a tempera-
ment but will generally enable trans-Continental contacts to
be effected during day and night. Under the best conditions
—during night-time—Ilocal and near-local stations fade out
owing to the “skip ” effect mentioned previously, while the
more distant stations increase considerably in strength. It
is therefore one of the ideal frequencies for DX operating.
Maximum power is as before (both grades of licence) and
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the whole world can be covered with the 25-watt limit under
suitable conditions.

Finally, we have the 28 mc. band. This is a problem child.
There are days on end when nothing can be heard. Suddenly
within half-an-hour the band will be filled with stations from
all parts of the world roaring in at maximum strength, only
to fade away later on just as quickly. Even when the band
appears to be “dead ” a CQ call will often produce an un-
expected response from the queerest of places. The same
power considerations apply; but, frequently, exactly the same
results can be achieved with only a fraction of the maximum
permitted.

These, then, are the five main bands at the disposal of the
newcomer. It will be seen that they are in harmonic relation-
ship with one another and reference to Fig. 2 will illustrate
this point more clearly. This factor is made use of to a very
great extent in amateur practice, as will be seen later; but
it would, perhaps, be helpful to explain this matter of har-
monics as it is of very great importance.

As is well known an aerial system in order to radiate
has to be excited by the application of an alternating current
of a very high frequency. In the case of our long-wave broad-
cast station on 1,500 metres the frequency chosen is 200,000
cycles every second, whilst in the band of frequencies we are
considering the range is between 1,600,000 and 30,000,000
cycles per second, all of which, of course, are well beyond
the range of audio frequencies. Therefore, in precisely the
same manner as a violin string can be made to resonate at
a certain frequency to emit an audible note, so can a radiating
system be made to resonate at a much higher frequency to
emit electro-magnetic or wireless waves. The same way that
the violin string can produce overtones or harmonics so can
a transmitter radiate overtones or harmonics—that is to say,
signals of a frequency bearing a direct relationship to the
fundamental or basic frequency, thus two, three, four times
and so on. While this fact can be of considerable service to
us in designing and operating radio transmitters, it can also
be a menace if suitable care is not taken to prevent the radia-
tion of an unwanted harmonic. It may so happen that the
unwanted harmonic may coincide with the frequency chosen
by another transmitter, or by a television service, in which
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INTRODUCTION TO HAM RADIO 15

case considerable and widespread interference will be caused:
It is the duty of every transmitting amateur to be absolutely
certain that the frequency he is operating on is known to him
at all times and is within the band prescribed by the terms
of his licence and, further, that he is not radiating unsuspected
harmonics.

At a later stage it will be shown how preventive steps can
be taken. Enough has been said on the general principles
and theory covering wave propagation, and attention can be
turned to the means of producing these high frequency
alternating currents.

Chapter Two
OSCILLATORS

An oscillator is a means of generating these currents and
is an absolute essential with every transmitter. There are no
truly mechanical means of producing alternations of the fre-
quencies under consideration, but fortunately the develop-
ment of the thermionic valve has given us the means of doing
this. The simplest form (but by no means the most satisfac-
tory) is to tune the grid and anode circuits of an ordinary
triode valve to approximately the same'frequency. The inter-
electrode capacity of the valve. itself will provide sufficient
coupling between the two circuits and with application of a
high tension supply to the anode and some means of heating
the cathode, the valve will oscillate or generate these h.f.
alternations. This type of oscillator is known as the Tuned
Plate Tuned Grid or T.P.T.G. type and in modern practice
is not so widely used as it is somewhat unstable and, more-
over, the frequency produced is dependent to some extent
upon changes in the valve capacities which will vary accord-
ing to temperature. It must be the aim of every transmitting
amateur to make absolutely certain that the frequency chosen
to operate on remains quite constant when on the air.

Failure to do this will mean that his signal will creep or
drift across the band with resultant interference with neigh-
bouring stations and almost certainly a lost contact with the
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receiving station who will be unable to follow a steady
change in frequency. With the exception of a much modified
version of this type of oscillator, it is not proposed to deal
closely with this type of circuit. At the same time it will be
realised that an oscillator whose frequency is controlled by
any form of tuning mechanism is capable of being pre-set to
any desired frequency. Thus it can be placed at a spot free
from interference and will provide the operator with a better
chance of achieving contacts in a crowded band. Any oscilla-
tor where the frequency can be varied in this manner is
known as the Variable Frequency Oscillator or V.F.O. in
this country, and as a Signal Shifter in the United States and
certain other countries.

It cannot be too strongly emphasised that whilst the V.F.O.
in capable hands can improve operating efficiency and actu-
ally reduce interference, it can, in inexperienced hands, be
the worst possible menace and can easily cause the operator
to lose his licence by operating outside his allotted band. In
considering the application, therefore, of the various types of
V.F.O. described in the following pages, this all-important
point must be constantly borne in mind.

Some years ago it was discovered that the crystal quartz
had the peculiar property of changing its physical dimensions
to a minute extent but at a very high frequency, when sub-
jected to electrical stress. Further, that the frequency of this
vibration was dependent upon the thickness of the crystal,
and that over very wide variations in temperature the fre-
quency remained constant or almost constant. This very soon
led to the development of the Crystal Oscillator, the basic
circuit of which is shown in Fig. 3. Unfortunately, the
higher the frequency the thinner the crystal with the increased
risk of fracture, so that means were developed of generating
the initial frequency comparable with a satisfactory crystal
thickness and then developing and amplifying a suitable har-
monic to correspond with a frequency in the desired opera-
tional band. One great advantage of the harmonic
relationship basis referred to earlier may now be seen. By
its use a crystal with a fundamental frequency of, say, 3,500
kes. may be chosen. The output from this can either be
amplified sufficiently to radiate signals at the fundamental
(in this case, 3,500 kcs.) or any one of the harmonics on 7,000
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kes., 14,000 kcs. or 28,000 kes. can be selected and used to
drive a transmitter operating on these bands.

Fig. 4 illustrates a basic means of achieving this object,
this circuit being known as the Tri-tet oscillator. The grid,
together with its associated coupling circuit and crystal, will

—

+HT

CRYSTAL

FLASH -
LIGHT "
LAMP FUSE

=

Fig. 3. The Basic Crystal Oscillator Circuit.

CIRCUIT CONSTANTS

R ; 2,200 to 10,000 ohms for high mu valves. 10,000 to 27,000 ohms
for medium or low mu valves. C1; 100 to 150 pFd variable condenser.
C2; 001 mfd fixed condenser. Anode coil to suit the crystal frequency,
being tuned by Cl to the resonant frequency. The fuse is to protect the
crystal from fracture should excessive current flow in this circuit. It will
quite frequently glow when the set is in an oscillating condition but should
not be allowed to burn brightly.
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oscillate at the fundamental frequency of the crystal and
this frequency will be to all intents and purposes entirely
independent of any variations in valve capacities or external
variations in the circuits. The circuit in the anode of this
valve is tuned to exactly twice the crystal frequency and the

c2
L2 -

R3

Fig. 4. The Tri-tet Circuit.

CIRCUIT CONSTANTS

Vi Mullard QQV04-7 ’ COIL DATA :

Cl; C2; 200 pFd variable condensers 13" dia. formers.

C3; G4+ C3iies . -01 mid . L1; '3:5mcs. 25 turns
R 47,000 ohms L2 idsSimess . 25
R2; 1,200 ohms 70mcs. <12 -,

R3; 22,000 ohms ‘ 14-0 mes. 12,
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harmonic so produced is amplified if necessary and fed to
the next stage.

The chief advantages of crystal control are the assurance
that one really is operating within the permitted band;
knowledge of one’s exact frequency; freedom from drift or
creep and the greater ease with which it is possible to secure
a decent note; and, finally, the relative simplicity of circuit
design and construction. The great disadvantage is the in-
ability to change frequency should it be found that signals
are superimposed on those of another station; and also the
modern tendency for stations calling CQ to listen only within
a few kcs. of their own frequency for replies. Thus should
you happen to be some distance removed from the station
with whom you wish to communicate, it is improbable that
he will hear your reply and will come back to some other
station calling him close to his own frequency. These dis-
advantages can be overcome to a great extent by making
use of a battery of crystals all of different frequencies and
wired to a multipole switch so that any one can be brought
into operation at will at the touch of a switch. This, how-
ever, adds to the cost of the equipment, and even then is
not a complete answer to the problem. A compromise is to
select two crystals having frequencies corresponding to the
extreme limits of frequency within which it is proposed to
work and to make provision for a V.F.O. drive in addition.
Thus for normal working either one of the crystals can be
brought into use and a change over to V.F.O. made should
the distant station ask you to QSY or change frequency,
to avoid interference. There is also the safeguard of these
two “ marker beacons ” clearly indicating, when using your
receiver as a monitor, the limits of frequency between which
you must keep.

Let us now consider the choice of a suitable V.F.O., bear-
ing in mind the ideal requirements — extreme stability —
reasonable output—good keying characteristics—simplicity.

The Franklin or Relaxation type of oscillator has attained
considerable popularity in this country and is noted for its
very stable characteristics and good keying qualities. It
makes use of two triodes, one of which acts as a high gain
feedback amplifier which is very loosely coupled to the
single. tuned circuits by means of two condensers of very
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small capacity. This coupling is so weak that the valve
circuit has little if any effect upon the frequency control
tuned circuit, hence good stability is achieved. In place of
two separate triodes a single valve of the double triode type
can be substituted as shown in Fig. 5. This oscillator has
two defects. The first is that output from it when run under
ideal conditions is very small and substantial amplification
is required to produce sufficient drive for the power ampli-
fier. The second is that when an attempt is made to utilise

Fig. 5. The Franklin Oscillator.

CIRCUIT CONSTANTS

C1 and C2; small neutralising variables about 4 pFd each. C3 and
C5; 01 mfd C4; -0001 mfd R1 and R2; 27,000 ohms. R3 and R4 ;
100,000 ohms. Valve ; Mullard ECC32. L/C to suit frequency.
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it at the higher frequencies it develops a tendency to “squeg”
or to oscillate at audio frequencies, a tendency which can be
minimised by making the tuning capacity large in relation
to the inductance. However, carefully designed and operated
within its limits it makes a very fine oscillator.

Another type which has world-wide popularity is the
E.C.O. or electron-coupled oscillator. In this circuit a tetrode
valve is so employed that the screen grid is used as an anode
in conjunction with the grid and cathode in an ordinary triode
oscillator circuit, the screen being by-passed to earth for radio
frequency by a suitable capacity in order that it may act

+HT

-

L

Fig. 6. The Basic Electron-coupled Oscillator or E.C.O.

N.B. The filament leads should be by-passed to earth and the voltage
regulation on the screen should be good.
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as a shield between the oscillating circuit and the actual
anode of the valve. A further tuned circuit is incorporated
in the anode circuit from which the output is taken and
this may be tuned either to the fundamental frequency or
to a harmonic. Fig. 6 illustrates the basic circuit of the E.C.O.
Properly handled this circuit can be very effective; but, judg-
ing from some of the notes heard on the air emanating from
stations employing these oscillators, they are not so straight-
forward as might at first appear.

+HT
350v

R2 R3 R4

L—(i 3 mﬂ’u‘f

[—

e

Cl
el
X
KEY
I Lo d
e 1 c2

Rl

Fig. 1M The Pentagrid Transitron Oscillator.
CIRCUIT CONSTANTS

R1; 470 ohms. R2; 100,000 ohms. R3; 10,000 ohms. R4;
47,000 ohms. Cl1; C2; -0l mfd C3; -002mfd C4; 100 pFd variable.
Valve 6A8. L/C combination according to frequency.
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A type developed and used extensively by the author with
considerable success is the Pentagrid Transitron oscillator,
which is one form of negative resistance oscillator. A pentode
valve is used in the simple Transitron and a pentagrid in the
type illustrated in Fig. 7. If the suppressor grid of a pentode
is made negative in respect to the cathode it will return
electrons to the screen which would otherwise have passed
through the suppressor to the anode. This increases the screen
current and produces negative resistance between the screen'
and suppressor grids to an extent which will permit the tuned
circuit to oscillate readily up to relatively high frequencies
of the order of 15 mcs. It also has excellent keying charac-
teristics and appears to be not at all critical in its requirements
as regards components. In fact, with one possible exception,
the author considers it the best of a wide range of types which
have been tried from time to time.

The exception is a circuit which has recently gained wide
popularity in this country, largely owing to its extreme sim-
plicity. It is known as the Clapp oscillator, but it is be-
lieved that the circuit has been known for some considerable
time. Fig. 8 shows the basic circuit from which it will be
seen it is built round a single triode, the internal capacities
of which are isolated from the tuned circuit by virtue of the
capacity bridge. It is very stable; very economical in con-
sumption; simple to build and operate; keys well and is quite
indifferent to the type of triode utilised. It will be noted that
output is taken from the cathode.

It should be borne in mind that whatever form of V.F.O.
is decided upon, basic design considerations apply to them
all. They have to fulfil the function of producing oscillations
of the highest possible stability, so that every care should be
taken in designing to avoid vibration and the effect of local
heating on any tuned circuit. This calls for very rigid con-
struction: thick connecting wires for the coil or coils; firm
suspension for any components and the avoidance of any
long leads to avoid mechanical vibration; careful placing of
the valve in relation to the tuned circuit to avoid heat trans-
ference; careful screening of the entire circuit from any out-
side effect; and adequate ventilation around the valve to
allow the heat to dissipate readily.

The question of screening is very important. Operating

L



24 INTRODUCTION TO HAM RADIO

in very close proximity to the V.F.O. may well be a high
power r.f. amplifier working up to 150 watts input. The field
from such an amplifier is quite considerable apart from any
possible radiation from aerial lead-in. Unless the V.F.O. is
adequately screened both as regards the circuit itself and its
supply leads, there are considerable chances of a phenomenon
known as radio frequency feedback taking place and should
this occur it is impossible to achieve a nice, clean, chirp-free
note.

All V.F.O.s and most crystal oscillators require at least one
isolating or buffer stage between the oscillator and the final
amplifier and it is good practice to build the V.F.O. with its
associated buffer or buffers, together with its own power
supply into a self-contained metal cabinet with screened input

_+HT
(o0
(o)
I e
et C 2
Ca
L]
Ry
Cl
-HT

Fig. 8. The Clapp Oscillator.
CIRCUIT CONSTANTS

C1; 150 pFd variable. C2; C3; 001 mfd C4; 100pFd. C5 and
C6; 01 mfd R; 100,000 ohms. Valve; any triode. The fixed
condensers C2, C3 and C4 should be of good quality mica construction,
otherwise frequency drift may be experienced. v

















































































































































































