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Preface

This is in the form of an autobiography of the author who has spent many hours as
a shortwave listener as well as making receivers of all kinds. “Shortwave listening!
How dull”, I hear you say, but it is not so. There is tremendous satisfaction to be had
from just listening to other people transmitting, especially if that listening is carried
out with equipment which you have made yourself.

Way back in 1927 I ventured into the world of amateur radio by attempting to
make a simple radio receiver — a crystal set. It did not work, possibly because there
was some built-in fault, but more likely because the nearest transmitter was too far
away. They were few and far between in those days and the aerial (antenna) I was
using was not very good, but unfortunately there was no one around who could tell
me that it mattered — as a nine-year-old I was convinced that it was something I had
or had not done. The early failure did not put me off and a little later a second
attempt worked, not very well but at least I could hear voices. By this time I was
reading the latest publication Popular Wireless and found in one of the issues an
article relating to an imminent RSGB field day for 5 metres. In addition to informa-
tion on where and how to find competing amateurs, there was a design for a suitable
receiver. It was very basic and virtually every component had to be home-made.
The coils were about Scm in diameter, almost self-supporting and as far as I remem-
ber had about five turns each. One triode valve occupied pride of place in the centre
of the wooden baseboard and the tuning capacitor and reaction control were at the
back of the board with very long spindles to ‘connect’ the capacitors to the control
knobs on the front panel. All this was to keep the hands as far away as possible from
the parts which mattered. Amazingly enough it worked, but with hindsight I suspect
that it was a better transmitter than receiver. Great was the excitement when two
amateurs were heard discussing the equipment they were using. It sounded a bit like
the description just given for the receiver.

From then on there was no stopping me. A three-valve shortwave receiver was
undertaken and, after many hours of improvisation to stretch the meagre pocket
money, the thing started to work. With headphones clamped on my head I twiddled
the tuning control, heard voices, listened carefully and then emitted an ear-piercing
shriek. Both my mother and elder brother came running to see what all the fuss was
about. “I’ve got a station from Australia”. It was in fact an early broadcast station
which even gave its callsign. “Let me hear”, said my brother. Reluctantly I handed



over the headphones. Even after all this
time I can still hear his deflating com-
ment, “It’s a bit weak isn’t it”, and my
equally stinging retort, “If you had
come half-way round the world in less
than a tenth of a second you’d be
weak!” It is a source of sadness that the
QSL card which was received some
months later has got lost. These are just
a few of the early experiences of a
shortwave listener but as you can see
are never to be forgotten. Even now
when a new piece of equipment is com-
' pleted and starts to work I still feel that
“I hear no ships!” The author with the original  jhner excitement and satisfaction.
10GHz receiver .
From that time on 1 became totally
‘hooked’ but strangely, at the time, felt no desire to tackle transmitters. There seemed
so much to learn about receivers — and there still is! Many people think that the
receiver is the easy part of an amateur radio station but I can assure you that most of
the challenge of making equipment is in the design and completion of a good re-
ceiver. Perhaps that is why the book Practical Transmitters for Novices got written
first. I have lost count of the number of receivers which have been built since those
early days but I do remember that there has been at least one for virtually every
band in which it is possible to receive signals. At the lowest frequency, about 16kHz,
was one which received signals from the Rugby transmitter which is still opera-
tional and, among many other interesting things, sends out coded time signals. To-
gether with another transmitter on 60kHz, it is reputed to be the most accurate time
signal in the world. Incidentally, if the signal from the Rugby transmitter was an
acoustic wave (a wave motion in air), many people would be able to hear it as it is
about the same frequency as the whistle from the line-output stage of a colour tel-
evision receiver. However, it is an electromagnetic wave and therefore inaudible.
All the broadcast bands were covered and many specialised ones such as that
used by shipping for direction finding; all the way up through the spectrum to a
simple receiver for 10GHz to ‘listen’ for ship’s radar while messing about in a boat
in Southampton water, where the majority of the users were very much bigger than
my little craft. Incidentally it was this other hobby, boating, which led to my first
experiments with transmitters and to an amateur radio licence. Morse code came
much later, but that is another story. As you will have seen, most of my efforts were
prompted because I wanted to explore more and more of that mysterious world of
radio. The magic is still there after all those years and I hope that the reader may be
encouraged to follow a similar route. The very best of listening.

John Case, GW4HWR
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Chapter 1

Basic requirements of receivers

Any radio receiver must have three basic properties:

1. There must be a means of receiving energy from a
transmitter.

2. The energy must be converted to a frequency which
can be ‘understood’ by:

3. Something which will enable the operator to ‘read’
the data which was sent out by the transmitter.

Now let’s look at each of these requirements in detail.

There is nothing extraordinary about radio reception:
itis just that. Energy must be received from the transmit-
ter — there is a direct connection although there is no
wire, hence the early name ‘wireless’. A transmitter cre-
ates a disturbance in space, rather like a stone thrown
into a pond makes a disturbance and produces waves.
The transmitter makes waves but they exist in a vacuum
and of course cannot be seen. The waves spread out and,
if we are lucky, may reach the place where our receiver
is to operate. It is necessary to collect as much as possi-
ble of the energy contained in the wave. As the amount
collected increases so the work to be done at the receiver
gets less.

The wave contains an electric field, the result of volt-
age existing between two points, and a magnetic field,
the result of current flow. Either of these fields will gen-
erate voltage if they occur in the correct situation. Fig
1.1 shows how a voltage/current may be created from a
magnetic field and Fig 1.2 similarly demonstrates the
effect of an electric field.

The antenna is designed to ‘capture’ as much energy
as possible from the transmitter. A simple example of
this occurs in the case of a ferrite rod antenna like the
one commonly used in a medium-wave and long-wave
broadcast receiver. It consists of a rod of magnetic mate-
rial which works well at medium frequencies (MF) — fer-
rite is the most common one in use, with a coil of wire
wound over it. When a varying magnetic field exists in
the rod, voltages are induced in the coil. Fig 1.3 illus-
trates this. Note how the magnetic field is distorted by
the presence of the iron — this occurs because it is easier
for a magnetic field to exist in iron than in free space.

-

Fig 1.1. A moving magnetic field generates an EMF

The antenna does not just accept what is there but actu-
ally drags the field in from around itself.

All antennas should do the same sort of thing but it is
not always easy to see how. Don’t worry about the de-
tails, just accept the fact that the job of the antenna is to

g
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Electronic
electroscope
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Fig 1.2. An electric field between the plates of a capacitor
generates a voltage
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Fig 1.3. A ferriterod offers an ‘easy’ path to the magnetic field
from the transmitter

perform the first of the three basic requirements of a ra-
dio receiver — to collect as much energy as possible.

So far nothing has been said about the sort of energy
that is sent out by the transmitter except that it is electro-
magnetic. Theoretically any electromagnetic wave will
propagate but in practice the amount of energy which
leaves the transmitter antenna is very small if the fre-
quency is less than 15kHz. The frequency of the trans-
mitter at Rugby, mentioned in the preface, is 16kHz. As
the frequency increases the efficiency of the antenna sys-
tem also increases so that the wave from the antenna tends
to travel further. All of this only emphasises the fact that
the energy received is at a high frequency and, even if it
was in the form of mechanical vibration, it would not be
audible to us.

The second task of any radio receiver must be to con-
vert the energy to a lower frequency, normally one which,
if in the form of mechanical vibration, could be heard if
received by the human ear. This is almost always carried
out by the part of the radio known as the ‘demodulator’
and in its simplest form is the crystal detector of a crystal
receiver. In rather more sophisticated equipment the
demodulator may be a diode or a combination of compo-
nents. These will be explained in a later chapter.

The statement “if the energy was in the form of a me-
chanical vibration” has appeared several times earlier in
this chapter and identifies the third of the three basic needs
of our radio receiver. We cannot hear either electrical or
electromagnetic energy. The human ear has a diaphragm
which responds to mechanical vibrations, that is changes
in the pressure of the air surrounding it. It is therefore
necessary to convert the electrical energy from the
demodulator into mechanical energy. This is often done
by means of loudspeakers or headphones and a full de-
scription of these items will be given later. Sometimes
we do not wish to hear the data which is sent out by the
transmitter — for example, when the signal comes from a
television transmitter it will be necessary to convert the
energy into a visual form. This will be done by the use of
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Fig 1.4. Basic radio system

a cathode-ray tube and a host of supporting components
which we do not need to worry about at this stage.

The very simple, basic system described so far can be
summarised in the simple diagram shown in Fig 1.4. The
three basic components listed at the beginning of the
chapter are labelled 1, 2 and 3. It must be emphasised that
if any one of these items is missing, even in sophisticated
equipment, the device will not operate as a radioreceiver.

Limitations

A simple system such as that described above cannot
normally be considered as a practical receiver. A number
of desirable functions which will help make the device
work properly will be described but it must be born in
mind that these are still basic and in a practical receiver
there will be many more refinements.

Selection

The antenna will probably absorb energy from more than
one transmitter in spite of the fact that it is often designed
to favour the signal from one transmitter. If energy from
more than one source reaches the demodulator the data
contained in all such signals will be passed to the output
and a “Tower of Babel’ effect occurs. If each transmitter
sends out electromagnetic energy of a different frequency,
it is possible to select the energy from one source by the
use of frequency-selective circuits. The most common
of these is the tuned circuit which has a natural frequency
determined by the values of inductance and capacitance.

Two arrangements are used to give different charac-
teristics. A parallel circuit as shown in Fig 1.5 offers a
high impedance to current having the same frequency as
that of the circuit and the series circuit shown in Fig 1.6
offers a low impedance to current at the natural (reso-
nant) frequency. Fig 1.7 shows how these two circuits



could be added to the simple circuit
of Fig 1.4 to reduce the problem of
unwanted signals reaching the
demodulator. L2 and C2 have val-
ues which makes the circuit a high
impedance at the frequency of the
wanted station, while L1 and CI
could be arranged to offer a very
low impedance to the signals from
a transmission having a frequency
different to the required one but
close enough to cause interference.
The low impedance acts as a partial
short-circuit across the coupling coil
L3 and reduces the amount of sig-
nal passed to L2 and to the de-
modulator D1. There will be many
variations of this idea in the projects
which follow later.

Another component which is of-
ten used to act as a selecting device is the quartz crystal.
See the section describing the piezo-electric effect at the
end of this chapter. By combining a number of crystals
of slightly different frequencies, as shown in Fig 1.8, a
highly selective filter which will pass a very narrow band
of frequencies can be produced. Unlike the combination
of L and C these circuits have the disadvantage of a fixed
frequency whereas the L and C circuit can be adjusted to
any frequency simply be changing the value of either (or
both) L and C.

cosoq
O —

Fig 1.5. A parallel
circuit

]
:i

CD806

Fig 1.6. A series
circuit

Types of modulation

Earlier the need for a demodulator has been mentioned
but no explanation was given. It was stressed that the
energy from the transmitter must be of high frequency
(15kHz or above) in order that a reasonable amount of
signal be radiated. This is normal throughout virtually all
radio transmitting techniques and the radio frequency
energy becomes known as the ‘carrier’. In other words the
radio frequency energy is used simply to get the signal
from transmitter to re-
ceiver—it hasno other
job to perform. In
some way or other the
data (voice or music,
= picture information,
computer data etc)

T must be impressed
= onto the carrier so that

ow | it also gets carried to

L - | the receiver. The ac-
tion of impressing the

data onto the carrier is
called ‘modulation’

Fig 1.7. Frequency-selective
components added to the circuit
of Fig 1.4
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Fig 1.8. A band-pass crystal filter

and at the receiver there is a demodulator which separates
that data from the carrier.

The simplest way of modulating the carrier is by
switching the transmitter on and off. This method is usu-
ally used in morse code transmitters. It has a number of
advantages including the ability to get information
through very difficult conditions where there is a consid-
erable amount of interference from other signals. A good
morse code operator can read the message while all sorts
of other noises are occurring, and the transmitters are of
simple design and are much more efficient. The disad-
vantage of the system is that the signal received is all RF
(radio frequency) and therefore cannot be heard without
some additional circuitry. The actual way in which this
done will be described later, but for the time being think
of it as a circuit which changes the frequency of the sig-
nal to a new value, one which falls in the range 100Hz to
10,000Hz, all of which can be heard if they are in the
form of a mechanical vibration.

Most of the transmitters which operate in the medium-
wave and long-wave bands make use of a method of
modulation known as ‘amplitude modulation’ (AM). In
this the audio frequency (AF) signals are used to make
the amplitude of the RF carrier signal rise and fall in
time with the AF. This is illustrated in Fig 1.9. The re-
sulting signal is still completely RF (there is no AF actu-
ally present) but it carries the AF component in what is
referred to as the ‘envelope’. When this type of signal is
received it is the job of the demodulator to ‘extract’ the
AF from the composite carrier. More details of how this
is done later but it is important to note that it is the diode
D1 which carries out this task in the simple receiver
shown in Fig 1.7.

Frequency modulation is another method which is
commonly used to make the RF carry the information to
the destination receiver. With this technique the AF is
used to cause the frequency of the carrier to change — a
large value of AF (loud noise) will make the frequency
of the carrier change a great deal and the frequency of
the AF will determine how quickly the frequency of the
carrier changes. Fig 1.10 will help you to understand this
idea. The advantage of this type of modulation is its abil-
ity to reject the type of interference caused by electrical
machinery as this is mainly AM, and the FM receiver
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(a)
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(b)

(c)

Cosog

Fig 1.9. Amplitude modulation. (a) RF carrier. (b) AF. (c)
Modulated carrier

should not respond to the interfering signal. The disad-
vantage of FM lies in the wide band of frequencies needed
for the system to work well, especially if the system is
used in broadcast transmitters where very good quality
audio is expected. The bandwidth required by an ama-
teur FM station is between 12 and 25kHz whereas a
broadcast transmitter such as those used by the BBC
needs a bandwidth of up to 150kHz. FM receivers need
an entirely different type of demodulator which will also
be described in a later chapter.

A rarer form of modulation is pulse modulation which
is used mainly for computer-type data transmission. In

(a)

(b)

(c)

cos10

~O +12V

/ j——oo0ut
c2

)

(b) cosn

Fig 1.10. Frequency modulation. (a) RF carrier. (b) AF. (c)
Modulated carrier

Fig 1.11. (a) A simple amplifier. (b) The effect of overdriving
an amplifier

some ways pulse modulation is very similar to morse
code modulation except that it is not usual to switch the
transmitter off completely between pulses as occurs in
morse code transmissions.

Amplification
Because the amount of energy received by the antenna is
very small it is difficult to make a receiver which is ca-
pable of operating a set of headphones and quite impos-
sible to drive a loudspeaker. The task of the amplifiers in
a radio receiver is to provide bigger signals which are
able to drive loudspeakers or television cathode-ray tubes.
Amplifiers do not make the received signals bigger but
make a ‘big copy’ of that signal in the same way as a
photographic slide projector makes a big copy of the pic-
ture on the slide. It is possible to amplify the signal be-
fore demodulation while it is still RF, in which case we
call the device an ‘RF amplifier’, or after demodulation
when the signal has been ‘changed’ to AF — the ampli-
fier is then called an ‘AF amplifier’. There are various
advantages of both methods which will become clearer
later but for the time being look at the diagram in Fig
1.11(a). This shows the arrangement of components for
a very simple general-purpose amplifier. The frequency
at which the amplifier will operate is determined by the
transistor type and the way in which the components are
laid out. A transistor such as the BC108 (a general-pur-
pose type) is only suitable for audio and low radio fre-
quencies while a 2N2222 could be used in amplifiers up
to 100MHz.

The transistor in the diagram is biased by R1, R2 and
R4 so that with no signal applied to the input the voltage



from the collector to ground (chassis) is about 6V. If a
small AF voltage is applied between input and ground,
capacitor C1 will allow most of the voltage to be applied
between base and emitter of TRI. The collector current
will rise and fall in step with the input voltage, and the
voltage drop across R3, due to the collector current, will
also rise and fall. If the component values have been cho-
sen correctly, the change in voltage between collector
and ground will be much bigger than the input voltage.

Note that the output waveform is out of step (phase)
with the input. A transistor connected in this fashion
(known as ‘common emitter mode’) will always cause
the input and output waveforms to be 180° out of phase.
Note also that the function has not been referred to as a
‘phase shift’ which normally occurs in networks such as
resistor/capacitor combinations. If all is well with our
amplifier the only differences between the input and out-
put waveforms is in the size and phase relationship (the
input signal may be positive-going while the output sig-
nal is negative-going or vice versa).

The shape of the input waveform has not been altered
by the amplification process — in other words there has
been no distortion. This is an ideal state and normally
some slight distortion will normally occur but this is eas-
ily corrected by other circuitry. For example an RF am-
plifier will often have a tuned circuit in the place of R3
and, if this is tuned to the same frequency as the input
signal, any distortion caused by the amplifier will be ‘re-
paired’ by the oscillatory action of the circuit.

With any amplifier it is important to avoid overload-
ing by applying an input signal which is too large. In the
circuit of Fig 1.11(a) it should be easy to see that the
output voltage cannot vary either up or down by more
than 6V. If the gain of the amplifier is 100 times then the
biggest theoretical input voltage is only 60mV. In prac-
tice it is likely to be much less. Fig 1.11(b) shows one
effect of applying too much input signal to the amplifier.
With RF amplifiers the distortion takes the form of har-
monic generation which may cause problems with inter-
ference but may also be put to good use in a process
known as ‘frequency multiplying’.

Output devices

Our receiver now begins to look much more practical
with selectivity provided by tuned circuits and bigger
signals because of the ‘big copy’ as a result of the ampli-
fiers. However, the bigger signal at the output is still in
the form of electrical energy and as such cannot be heard
or seen. The task of the output device is to convert the
signal to a form which can be ‘read’ by our own input
devices — ears and/or eyes or by some computing device
such as a packet network set-up.

Telephone earpieces, headphones and loudspeakers all
serve the same purpose — to convert electrical energy into
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Fig 1.12. The construction of a moving-coil loudspeaker

mechanical energy which the ear and brain will interpret
as sound. They differ only in the manner in which this
result is achieved. Sometimes earpieces and headphones
are merely small loudspeakers so the construction and
operation of the latter will be considered first. If current
flows through a conductor which is lying in a magnetic
field a force will be exerted on the conductor so as to try
to move the conductor out of the field. Moving-coil loud-
speakers (and moving-coil meters) make use of this ef-
fect. Fig 1.12 shows the construction of a typical loud-
speaker. The coil attached to the point of the cone lies in
a very strong magnetic field. When an AF current flows
through the coil it moves in alternate directions and car-
ries the cone with it. The large surface area of the cone
causes waves to be set up in the surrounding air and these
waves spread out and influence any ear drums within
range. In order to allow maximum current to flow the
coil is wound with rather thick wire and is normally just
one layer which will fit in the gap of the magnet with
sufficient clearance so that it can move without touching
the sides of the gap. The construction of the coil means
that its impedance is rather low — between 42 and 16£2
is normal for large loudspeakers while very small ones
may have an impedance as high as 50Q.

In order to get maximum power transfer from the out-
put stage of an amplifier and the loudspeaker the output
impedance of the output transistor must be approximately
equal to that of the loudspeaker. It is necessary to match
the loudspeaker to the amplifier in the same way as the
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antenna of a transmitter must be matched to the output
stage.

It was mentioned earlier that headphones are often a
pair of very small loudspeakers arranged on a headband
but an alternative type is sometimes used. A slice of piezo-
electric crystal, if correctly cut, will expand and contract
when alternating voltages are applied to it. The effect is
used when it is necessary to make an earpiece which has
a high impedance. The quality of the audio produced by
these devices is not as good as the moving-coil type but
is quite satisfactory for speech.

Yet another type of earpiece is shown in Fig 1.13(a).
This style was very common in the early days of the
telephone and radio, and a more sophisticated version is
still in use by some domestic telephones. A strong perma-
nent magnet has two soft-iron pole pieces which support
coils, normally wound with many turns of very thin wire.
A soft iron thin sheet, known as the ‘diaphragm’, is
supported so that it is just clear of the magnetic poles. The
magnet pulls the diaphragm towards the poles so that it

Pointer

Currentin Hair/spring
— /ig/

. | - Balance weight
X 0 /

Unitormiy v L
divided (

scale

Magnet =

tormer

Pole piece

Moving coil

-
Currentout

('l@ ——— Hair/spring

U—— Pivot
co

Fig 1.14. The construction of a moving-coil meter

takes up a bowed shape. Current through the coil in one
direction increases the magnetic field and the diaphragm
is pulled towards the magnetic poles, but a current in the
opposite direction will decrease the magnetic field and
the diaphragm moves away. AF currents passing through
the coil will cause the diaphragm to vibrate at the same
frequency. The large number of turns gives the device a
moderately high impedance and the earpiece was a fa-
vourite with the early radioreceivers when it was difficult
to match the output of an amplifier to a low impedance. It
is almost impossible to get a crystal radio to work with
modern magnetic headphones but because of the high
impedance the other type — ‘crystal’ earpieces — work
well. ‘Crystal’ here relates to a quartz (piezo-type) crys-
tal; the crystal receiver uses an entirely different type,
which in radio’s early days was often a piece of galena.

Sometimes it is necessary to know how much signal
is present at the output rather than to hear it. In this case
a meter capable of measuring AC voltages may be con-
nected in place of the loudspeaker or headphones. The
absorption wavemeter used to check the output of a trans-
mitter is nothing more than a receiver with an AC meter
used as the output device.

Like the moving-coil loudspeaker, most meters make
use of the effect of current flowing though a conductor
in a magnetic field. The coil in this case is wound on an
aluminium former which is pivoted so that is free to ro-
tate (between limits) in a strong magnetic field. Fig 1.14
shows the general arrangement. Light springs at either
side of the coil are used to return the coil to its zero posi-
tion when the current though the coils falls to zero and
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Fig 1.15. A bridge rectifier converts a DC meter to ‘read’ AC
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also to act as the connections to the ends of the coil. As a
refinement, the springs are arranged so that when the coil
is turned, one spring winds up and the other unwinds so
that tension on the coil is constant and the movement of
the coil is directly proportional to the current. In other
words the scale is linear. By precision engineering, me-
ters can be made which are extremely sensitive and in-
struments which will give full-scale deflection for a cur-
rent as low as SOUA are quite common.

Because the direction of the current flow through the
coil determines the direction of rotation of the latter, in
its present form the meter can only be used for indicating
DC (or very-low-frequency AC when the needle will
swing backwards and forwards). The addition of a bridge
rectifier will overcome this problem but it must be ap-
preciated that the action of the rectifier will cause the
scale to be non-linear. Fig 1.15 shows how the bridge
rectifier is connected.

When a visual output is required a cathode-ray tube
(CRT) is normally used although in some very special
applications light-emitting diodes (LEDs) may be used.
Fig 1.16 shows a simplified picture of a CRT. The heated
cathode emits electrons which are focussed into a thin
beam, either by means of a focussing coil around the neck
of the tube (as shown) or by an arrangement of electrostat-
icelectrodes which form
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behave like a current-carrying conductor and if it passes
through a magnetic field a force will be exerted on it to try
to move it out of the field. By making use of this effect the
coils on either side of the neck of the tube can be used to
bend the beam and cause the spot on the screen to move.
A second pair of coils (not shown) at right-angles to the
others will allow the beam and therefore the spot to be
moved in the other plane. The brightness of the spot can
be controlled by altering the voltage between the control
grid and the cathode or it can be switched on or off by
swinging this voltage above and below the value known
as ‘cut-off’. A large number of supporting components
are needed to make use of the CRT in an oscilloscope or
a visual display unit (VDU), and an even greater number
if it is to be used in a colour television receiver. These
details are outside the scope of this book and may be
found elsewhere.

The piezo-electric effect

If a slice is cut in a particular way from a natural crystal
of quartz it exhibits the following characteristics:

1. When the slice is deformed by pressure, such as when
it is bent, a voltage occurs between the opposite flat
faces. The voltage falls to zero when the slice returns
to its normal, flat state and reappears with the oppo-
site polarity when it is bent in the opposite direction.

2. If a voltage is applied between the flat faces, the slice
becomes deformed and again returns to the original
flat state when the voltage is reduced to zero. If the
voltage is reversed in polarity the deformation is also
reversed.

3. Like many other ‘devices’ the slice will have a natu-
ral frequency at which it will vibrate if mechanical
stimulus is applied.

Fig 1.17 shows a familiar household item which ‘rings’
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Fig 1.17. A wine glass ‘rings’ at a constant frequency

when it is tapped. The important feature is that the
frequency of the note emitted will be the same next week
or next year (unless the glass is altered in some way).
The natural frequency of the quartz slice is determined
by its dimensions and of course the frequency of the vi-
bration (oscillation) will be much higher —typically from
1 to 20MHz. By using overtones (similar to but not ex-
actly the same as harmonics), higher frequencies can be
achieved.

A quartz crystal can be used where a tuned circuit
comprising capacitor and inductance might be used. Two
differences are that the frequency is remarkably constant
(it can be varied only a little by the use of a series
capacitor) and the losses of the crystal are very low —it is
effectively a tuned circuit with a very high Q.

Similar effects occur with a number of other materials
which allow the ‘crystal’ to be used as a microphone (see
paragraph 1) and as an audio sounder or crystal pick-up
(historical) (see paragraph 2).



Chapter 2

Types of receiver

The receivers to be described in this chapter are intro-
duced to enable the function of various types to be ex-
amined and the functions to be explained. They are not
practical circuits and there may be omissions and slight
inaccuracies in order to make the underlying theory easier
to understand. Please do not try to make any of these
circuits unless you have enough knowledge to spot these
simplifications. Practical versions of these circuits will
be described in later chapters, commencing with Chap-
ter 3.

A crystal receiver

This type was the subject of one section of Chapter 1 and
will receive limited cover here. Fig 2.1 shows a basic
receiver in which you should already be able to identify
most of the component parts. L2 and VC1 form a reso-
nant circuit which is responsible for the selection of the
required transmitting station. For the mathematicians —
if the inductance of the coil and the capacitance of the
capacitor are known, the frequency of the circuit (the
frequency at which maximum absorption of signal will
occur) can be calculated by substituting those values into
the formula:

10°
2nVLxC

where L is in microhenrys and C is in picofarads. The
frequency will be given in hertz and will usually be a
large number with many zeros.

To receive stations having different frequencies it is
necessary to change the value of either the coil (L) or the
capacitor (C). In the circuit shown in Fig 2.1 the capaci-
tor is shown as being variable so in the practical circuit
the tuning control knob would be fitted to the spindle of
the capacitor.

Selectivity — the ability of the receiver to accept sig-
nals from one transmitter and to reject the signals from
others — is determined by the ‘goodness’ of the tuned
circuit. The technical term for this is Q, and if the losses
in the circuit are high, the Q is low. Fig 2.2 shows the

fo

D1

‘( High
=VvC1 a1 impedance
-[ headphones

u% L2 3

- coa1?

Fig 2.1. A simple crystal receiver

effect of losses on a tuned circuit. Curve (a) is that of a
circuit with high losses — the curve is flat and the band-
width, represented by the distance xx, is high which in-
dicates rather poor selectivity. Curve (b) shows the ef-
fect of moderate losses and curve (c) very low losses and
the resulting selectivity (bandwidth represented by the
distance zz) is very good.

So what causes losses? In general it is the effect of
resistance. If any of the oscillating current in the tuned
circuit has to flow through resistance, heat is generated

- -: ---- 071 of peak

---- 071 ot peak

impedance -Z

---\--N&--- 071 of peak

» costs

Fig 2.2. The effect of resistance on a parallel tuned circuit
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Fig 2.3. The effect of D1

and energy is lost from the circuit. Where is this resist-
ance? The coil is wound with copper wire which has re-
sistance, and this is kept as low as possible by using the
thickest wire possible in the space available. Sometimes
when the frequency is very high the surface of the wire
is silver plated because at very high frequencies the cur-
rent tends to travel on the surface of the conductor. This
process is called ‘skin effect’. Silver is a better conduc-
tor than copper and also does not tarnish (oxidise) as
quickly as copper. Any oxide increases the resistance as
the current will try to flow through it. The capacitor in
parallel with the coil also contributes to the losses if the
dielectric is not perfect (and it never is).

Also, any other items connected to the

Loud
speaker

'

€D820

Demodulator

RF amplitier [— (detector}

amplitier

Fig 2.4. Block diagram of a TRF receiver

frequency, there are in fact two components which are
of opposite phase and would therefore cancel each other.
The diode D1 solves this problem by removing one half
of the signal as shown in Fig 2.3. The components no
longer cancel and the telephone earpiece can respond to
the audio-frequency component. Capacitor C1 is included
to remove most of the RF signal and therefore to increase
the amount of AF presented to the telephone earpieces.

A TRF (tuned radio frequency) receiver

The name is slightly misleading as it includes quite a
number of similar but yet different configurations, but all
have one thing in common — any tuned circuits will be
adjusted to the radio frequency of the signal received by
the antenna. At this stage you may wonder how it could
be tuned to anything else but as other circuits are consid-
ered the choice of name will become clear. The block
diagram shown in Fig 2.4 and the circuit diagram equiva-
lent in Fig 2.5 depict what can be considered a typical
TREF receiver — an RF amplifier followed by a diode
demodulator which is in turn followed by an AF ampli-
fier. There are a number of important features included in
the circuit diagram and these will be examined in turn.
The antenna is shown as a ferrite rod and it must be
assumed that the receiver is intended to work in the low-
frequency (LF) and/or in the medium-frequency (MF)
bands which are generally known as the ‘long-wave’ and

radio will place resistance in parallel with
the coil. The antenna is one of the main Ll
causes of ‘damping’ losses and the other
is the demodulator and the telephone ear-
pieces. There are various ways in which
these losses may be minimised but un-
fortunately every method results in loss
of signal and in a crystal receiver there V)
is very little signal to lose.

The last part of the circuit to be exam-
ined is the demodulator. First it must be
emphasised that this type of receiver is
only suitable for the reception of ampli-

© +9V

R6
D R4 , [']

TR2

C3:L C4a L]RS -

tude modulation. Reference to Fig 1.9 in

Chapter 1 will show that although the
signal contains a suggestion of the audio

Fig 2.5. The circuit of the TRF receiver
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‘medium-wave’ bands respectively. The fer-
rite rod antenna works best at these frequen-
cies and is rarely used at HF. The RF ampli-
fier (TR1) is biased by the conventional
resistor network consisting of R1, R2 and
R3. Capacitor C1 decouples R2 (it effec-

tively connects the top end of R2 to earth as
far as RF is concerned). This is very com-
mon practice and you will find the term
‘decoupled’ employed in many situations

where there are different frequencies and/or
DC involved. L1 is the main tuning winding
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i Regeneration SR Fig27
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on the ferrite rod while L2, with only a few
turns, matches the high impedance of L1 to
the low impedance of the input to the transistor. This in
turn reduces the damping of the antenna tuned circuit and
so improves the selectivity as explained previously. R3,
part of the bias circuit, is decoupled by C2. L3 and VC2
form the collector load of TR1 and it should be noted that
once again the damping of the tuned circuit is reduced by
two things — the supply is connected to a tap on L3 so that
the output impedance of TR1 is connected only across
part of .3 and the feed to D1 is by means of a secondary
winding L4 which has just a few turns and so reduces the
damping on L3 by DI and the immediate following
circuits.

One of the problems of this circuit becomes apparent
when is necessary to change from one station to another.
Both VC1 and VC2 must be adjusted so that each of the
tuned circuits is tuned to the frequency of the required
signal. To make the operation easier the two variable
capacitors are normally mounted on the same spindle and
are made identical. A pair of capacitors of this type is
referred to as a ‘twin-gang capacitor’.

The demodulator becomes a little more complex with
the addition of C3, R4 and C4 which comprise an RF
filter to remove almost all of the RF — only AF appears
across the diode AF load resistor R5. This ensures that
no RF is passed to the AF amplifier where it might cause
many undesirable effects such as the type of oscillation
which is known as ‘motor boating’. This takes the form
of a ‘pop pop pop’ noise superimposed on the normal
audio output.

The AF amplifier is entirely conventional and will not
be discussed further at this stage. The receiver just de-
scribed is suitable for amplitude modulation only.

TRF with regeneration

The block diagram in Fig 2.6 is almost identical to that
in Fig 2.4 and differs only in the control from output to
input of the demodulator. This is the regeneration con-
trol. Fig 2.7 shows the section of Fig 2.6 which is en-
closed in a circle, drawn as a circuit diagram.

Fig 2.6. A TRF receiver with regeneration

As this is almost a museum piece it is felt appropriate
to introduce the device which would have been used when
the circuit was widely used. The triode thermionic valve
is a relatively simple device. It has three electrodes. A
heated cathode, which emits a stream of electrons, is sur-
rounded by an anode, in the form of a cylinder, which
attracts the electrons because the supply makes the an-
ode positive with respect to the cathode. In between the
anode and the cathode is a wire mesh known as the ‘con-
trol grid’. It is normally at the same potential, or nega-
tive to, the cathode so that electrons are repelled by the
negative charge and by varying the voltage between con-
trol grid and cathode the current through the valve may
be controlled. In the circuit shown in Fig 2.7 the control
grid and the cathode replace the diode in Fig 2.5 and
together with R1 and C1 demodulate the AM signal. The
RF choke (RFC) stops the RF from appearing across the
AF load R2. Because the control grid of the triode is
almost always negative with respect to cathode there will
be no current flow in the grid circuit and consequently
the input resistance is very high. It is for this reason that
an ordinary (bipolar) transistor is not used in the circuit.

CD623

Fig 2.7. The circuit of the circled portion of Fig 2.6
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A field effect transistor (FET) would work well if it was
necessary to dispense with the thermionic valve. The ef-
fect is used in the ARDF (amateur radio direction find-
ing) receiver described in Chapter 5.

The process of regeneration is provided by the com-
ponents RFC, VC2 and L2. As the value of VC2 is in-
creased the RF current flowing from the anode of the
valve through L2 will also increase. The connections to
L1 and L2 are such that the energy injected into L1 is in
phase with energy already there; in other words it pro-
vides positive feedback. Some of the losses in L1 are
cancelled out and the bandwidth is decreased. If VC2 is
carefully adjusted a state will be reached when almost
all of the losses are cancelled and the efficiency of the
circuit becomes very high. In practice VC2 behaves as a
kind of volume control which not only increases the sig-
nal but improves the selectivity of the receiver at the same
time. Any further increase in the feedback will cause the
circuit to become an oscillator. An oscillator can be de-
fined as an amplifier which provides its own input by
means of feedback which exceeds the losses of the cir-
cuit.

With the regeneration control adjusted so that oscilla-
tion does not take place the circuit will perform in ex-
actly the same way as the one in Fig 2.4 and will receive
amplitude-modulated signals only, but if the regenera-
tion is advanced just a little more the demodulator will
become an oscillator (indicated by increased background
noise) and the receiver will now respond to continuous
wave (CW) or morse code signals and probably a differ-
ent type of amplitude modulation known as ‘single
sideband’ (SSB) which will be explained later.

The heterodyne principle

When alternating voltages are mixed together they will
continually get in and out of step unless they are of ex-
actly the same frequency. A simple example occurs when
three cycles per second are mixed with two cycles per
second. Assume them to be in step at the beginning of
the first cycles. See the diagram in Fig 2.8(a). After one
and a half cycles of the three cycles per second wave-
form, the two are exactly out of step and after another
one and a half cycles they come back into step again.
When the two are in step they add together to produce a
big voltage but when they are out of step one cancels the
other and the resulting voltage is low — zero if the two
signals being mixed have equal values. The rule is sim-
ple: when AC voltages are mixed together, a new fre-
quency equal to the difference in their frequencies is pro-
duced. It takes the form of a variation in amplitude as
with amplitude modulation. Fig 2.8(b) illustrates the ef-
fect. If the mixer is non-linear (in other words, if it is a
demodulator as with a diode or the triode in Fig 2.7) the

Time \/
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Fig 2.8. (a) Different frequencies go in and out of step. (b)
Mixing different frequencies. (c) The effect of non-linear
treatment (demodulation)

modulation frequency will appear at the output of the
mixer.

Fig 2.8(c) shows the waveform at the output of the
mixer. There is also another frequency produced during
the process which has a frequency equal to the sum of
the two signals being mixed. This frequency is not shown
in the diagram but it will also appear at the output of the
mixer. The two frequencies are known as the ‘sum and
difference’ frequencies and play a very important part in
many of the applications which will be described later.
The effect is called ‘heterodyning’.

The direct-conversion receiver

A block diagram of the simplest form of this type is shown
in Fig 2.9. The antenna is connected directly to the mixer
— there is no tuned circuit as with the TRF. In practice
there will be a wide-band circuit (the ‘pre-selector’) which
will cover all required frequencies with no adjustment to
the circuit. The selectivity is such that all required sig-
nals will be allowed to pass but those outside of the band
will be attenuated (reduced) or perhaps stopped alto-
gether. Station selection does not take place in this part
of the circuit as it did in the TRF receiver. A variable
frequency oscillator (VFQO) will generate any frequency
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Fig 2.9. A direct conversion (DC) receiver

within the band in which reception is expected. Suppose
the receiver is intended to cover the amateur 20m band
(14.000MHz to 14.350MHz). The pre-selector will then
have a bandwidth covering all these frequencies. In or-
der to receive a CW signal of 14.050MHz the VFO could
be adjusted to generate a signal having a frequency of
14.051MHz. This will react with the incoming signal
within the mixer and the difference signal (0.00lMHz =
1kHz) will appear at the output. As this is in the range of
frequencies which can be heard, it will pass into the au-
dio amplifier and operate the loudspeaker where it will
appear as a continuous, fairly high-frequency AF note.
The mixer has converted a radio-frequency signal into
an audio-frequency one. It must be noted that if there
happened to be another signal with a frequency of
14.052MHz this will also mix with the output of the VFO
and again produce an output of 1.0kHz. This cannot be
separated from the required signal and interference will
result. However, a signal with a frequency of 14.053MHz
or of 14.047MHz will produce outputs from the mixer
with frequencies of 3.0kHz — if the audio amplifier can-
not respond to frequencies above 2.5kHz, the interfering
signal would not reach the loudspeaker. The selectivity
of the DC (direct conversion) receiver is therefore that
of the audio stages which precede the loudspeaker.

The superheterodyne

So far nothing has been said about the problems which
come with the very weak signal normally received from
the required transmitter. Radio amateurs often have to
be content with less than one microvolt (1uV) at the in-
put to their receiver. This is too weak for a crystal re-
ceiver but all other types try to make up for the lack of
signal by providing amplifiers. In order to provide rea-
sonable output power for the loudspeaker the output stage
of an average amplifier requires an input signal of be-
tween 0.5 and 1.0V and therefore the receiver must give
a voltage gain in the order of one million times.
High-gain amplifiers suffer from a tendency to become
oscillators. Signals at the output cause a little radiation,
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and if any of this radiated energy is picked up at the in-
put of the amplifier it is most likely to cause oscillation.
Remember that an oscillator was defined as an amplifier
which provides its own input. Capacitance between in-
put and output provides the path and, as the frequency of
the signals gets higher, so the impedance of that feed-
back path falls. To sum up, feedback will always occur
to some extent with any amplifier — as the frequency rises
so does the feedback. AF amplifiers are less likely to go
into oscillation but as the frequency rises so does the
danger of instability (oscillation).

The direct-conversion receiver has all of its gain at
AF and a gain of one million times is just possible. The
TRF receiver gets over the problem by amplifying at two
different frequencies — oscillation will not take place if
the feedback has a different frequency to that at the in-
put. A TRF receiver with an RF amplifier with a gain of
one thousand followed by an AF amplifier also with a
gain of one thousand will give an overall gain of a mil-
lion. Each amplifier could oscillate at its own working
frequency but is less likely to as the gain is low; the com-
bined amplifier is not likely to oscillate because the in-
put and output frequencies are different. A TRF operat-
ing on 3.5MHz would probably be quite successful, but
if it was to operate on a frequency of 50MHz there would
almost certainly be problems because of the lower im-
pedance of the feedback path from output to input.

The superheterodyne solves the problem of obtaining
high gain by using the principle used in the direct-con-
version receiver except that the output frequency is some
other radio frequency, normally (but not necessarily) of
a lower value. For example, a receiver intended to re-
ceive signals with a frequency of 145MHz might use a
mixer which provided output signals of 10.7MHz. It is
easier to provide stable (freedom from oscillation) gain
at the lower frequency than it would be if the amplifica-
tion had to take place at 145SMHz. A block diagram of a
very basic superheterodyne receiver is shown in Fig 2.10.
The frequency given to each block is the operational value
when an input signal with an input frequency of 145MHz
is being received. If it becomes necessary to receive a
new station with a frequency of 145.2MHz the frequency
of the BFO (beat frequency oscillator) would be changed
to 155.2MHz. The difference between the frequency of
the BFO and the incoming signal is still 10.7MHz. This
means that the ‘radio frequency’ amplifiers can be tuned
to a fixed frequency of 10.7MHz. To distinguish the new
RF amplifiers from others they are referred to as ‘inter-
mediate frequency’ (IF) amplifiers.

You may feel that as no RF amplifier is used in the
diagram there is no advantage in changing the frequency
but it should be remembered that stable gain is more likely
at a lower frequency than at the higher one. In early
superheterodynes it is likely that an RF amplifier would
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enough to overload the stage. Ultra-
linear amplifiers cannot normally han-
dle strong signals and this is one of the
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reasons that RF amplifiers are not used
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One of the major advantages of the
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superheterodyne lies in the fact that all
wanted, received signals which appear
at the output of the mixer have the same
frequency and consequently all follow-
ing amplifiers have a fixed frequency
L of operation. Their tuned circuits do not
have to be adjusted when the receiver

Fig 2.10. A simple superheterodyne receiver

have been used but we will see later that there are a
number of disadvantages of doing so. The other advan-
tage is that the following amplifiers have a fixed operat-
ing frequency. If the gain available is not enough there is
no reason why the process should not be repeated. A sec-
ond mixer and BFO could be arranged to change the fre-
quency to something like 455kHz, the second IF. This
double frequency changing is quite commonly used when
the received frequency is very high.

As with many good ideas there is a snag. Mixers tend
to be noisy, generating more noise than most other cir-
cuits. When we are hoping to amplify a signal of less
than 1V any noise introduced by the early stages of the
receiver may make the difference between a readable and
non-readable output. An ordinary transistor which we
may have to use in our simple superhet is rather noisy as
a mixer and this is a good reason to use an RF amplifier
before the latter. A gain of 50 times.would increase the
14V signal to SOUV and if the mixer then introduces 2uV
of noise it is not nearly so disastrous as it would have
been if the same amount of noise was introduced when
the signal was only 1uV. Later we will look at the rea-
sons for not using the RF amplifier in spite of the appar-
ent advantage. Much research has been done on very-
low-noise mixers and there are now some excellent de-
vices which can be incorporated in sophisticated designs
— unfortunately these are outside the scope of this book.

Mixers are easily overloaded. If a fairly weak signal is
being received and there is a rather strong station operat-
ing on a frequency just a few kilohertz different to that of
the desired station, a large signal from the strong station
will be applied to the input of the mixer. If this causes
overloading, the two signals will modulate one another
and the signal at the output of the mixer will contain the
audio modulation of both signals —no amount of selectiv-
ity following the mixer will be able to separate the two.
This effect is called ‘cross-modulation’ and will occur
whenever two signals (or more) reach the input of any
stage which is non-linear and where one signal is big

is adjusted to receive a signal on a dif-

ferent input frequency, and crystal fil-
ters can be used — in fact all of the amplifier from the
output of the mixer onwards is a fixed-frequency ampli-
fier. This makes it possible to introduce many frequency-
selective circuits and to ‘tailor’ the response curve of the
receiver to suit particular requirements.

Reference has been made to intermediate frequencies
of 10.7MHz and 455kHz — what determines the value of
IF which should be used in particular receivers? There
are some simple rules which need to be followed when
an IF is selected. The change in frequency given by the
mixer should not be too great — a reduction (usually) of
between 10 and 15 times is about right. The frequency
chosen should be one which is relatively quiet — in other
words there should be no powerful stations using it. A
strong station using the frequency of the IF is likely to
‘break through’ into it and once it is there no subsequent
selectivity will be able to reject it. A frequency which
makes it easy to get the required bandwidth is useful.
10.7MHz is chosen for the IF of VHF FM broadcast-
band receivers as the natural bandwidth of the IF ampli-
fier is close to 150kHz which is required for high-quality
sound reproduction. On the other hand, 455kHz lends
itself to a bandwidth of about 10kHz which is the ap-
proximate bandwidth of LW and MW broadcast receiv-
ers. There are also some rather complex considerations
which avoid spurious signals being introduced into the
IF amplifier but these are outside the scope of this book.

Another problem which arises with superheterodynes
is a peculiar form of interference known as ‘second chan-
nel’ (or ‘image frequency’) interference. This occurs if a
station with a frequency of twice the value of the IF away
from the required one manages to reach the input of the
mixer. Using the example of the station on 145MHz with
a BFO working on 155.7MHz which gives an IF of
10.7MHz, an unwanted station with a frequency of
166.4MHz reaching the mixer will also give an IF of
10.7MHz which will pass through the remainder of the
circuit with no problem. It will be noted that in this ex-
ample the required and unwanted stations are separated
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Fig 2.11. A slope detector — frequency discriminator
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by 21.4MHz and the circuits before the mixer should be
able to separate them. It should also be easy to see that
the problem of second-channel interference will get less
as the IF becomes higher. Second-channel interference
with an IF of 455kHz will occur with two stations sepa-
rated by only 910kHz. The simple rule is use the highest
IF which will allow the required gain to be achieved. For
this reason occasionally we may find an IF which is higher
than the input to the mixer.

More about modes of modulation

CW and amplitude modulation have already been ex-
plained and so has the method of demodulation in each
case. Frequency modulation has been mentioned and sim-
ple waveforms were shown in Fig 1.10. Actually any
receiver can be made to receive FM and in fact any other
mode. Everything depends on the demodulator but a crys-
tal receiver would need a very strong signal from the
antenna in order to operate an FM demodulator (frequency
discriminator).

Perhaps the simplest FM discriminator is the slope de-
tector. This is inherent in the TRF receivers already de-
scribed. The response curve of the receiver is shown in
Fig 2.11. Normally the receiver would be tuned to point
A but if the tuning is adjusted to point B, which is ap-
proximately half-way up the slope of the curve, and an
FM signal is applied, a conversion to AM will take place.
When the frequency decreases the operating point will
move to the left and the output signal will increase but
when the frequency increases the operating point will
move to the right and the output will decrease. It should
be noted that if the left-hand side of the slope had been
used the effect would be almost the same except that the
rise and fall in amplitude will occur with the opposite
change in frequency. This type of demodulator does not
give very good audio quality because the slope of the

° O +12V

AF output

Frequency
modulated
input

/# cD828

Fig 2.12. An Armstrong-type frequency discriminator

response curve is rarely straight and there is some diffi-
culty in tuning the receiver so that the operating point is
half-way up the slope. However, the quality is good
enough for the reception of speech.

A much better discriminator is shown in Fig 2.12. It is
known as an ‘Armstrong’ circuit and has been chosen
because the operation is easy to understand. In practice
setting up is rather difficult but that does not have to con-
cern us. The transistor TR1 may be considered to be the
last IF amplifier and L1 and C1 are tuned to the interme-
diate frequency in the absence of any input signal. L2
and C2 are tuned to a frequency several kilohertz higher
than the IF while L3 and C3 are tuned to a frequency
exactly the same amount lower than the IF.

When an unmodulated signal is being received both
L2 and L3 are off-tune by the same amount and so have
equal voltages developed across them. These voltages
are rectified by D1 and D2, and equal but opposite
voltages are developed across R1 and R2. The resultant
voltage from the top of R1 to ground is therefore zero.
When a modulated signal is received and the frequency
rises the voltage across L2 goes up and that across L3
goes down. The rectified voltages across R1 and R2 are
also unequal and because R1 has the larger voltage the
top end of R1 becomes positive. As the frequency falls
below that of the carrier the voltage across L3 becomes
the larger and the voltage across R1 plus R2 reverses,
that is to say the top of R1 becomes negative. The AC
voltage developed across R1 plus R2 has a frequency
which is the rate at which the carrier frequency rises and
falls; furthermore the amount of the voltage is propor-
tional to the amount of deviation of the carrier. The AF
quality obtainable from a correctly set up circuit is ex-
tremely good.

A discriminator which is more commonly used is
called the ‘ratio detector’ — it is much easier to set up but
is rather more difficult to understand. A typical circuit is
shown in Fig 2.13. The quality of the AF is not so good
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Fig 2.13. A simplified ratio detector

as from the Armstrong. Both tuned circuits comprising
L1, CI and L2, C2 are tuned to the carrier frequency
which makes the circuit easier to set up than the Foster-
Seeley. At resonance these circuits are resistive and cur-
rent and voltage will be in phase. The voltage across L3
will be 90° out of phase with the voltage across L2 and
the voltages applied to D1 and D2 will be equal. Equal
currents will flow which will serve only to charge C3.

When the frequency of the carrier varies, the tuned
circuit L2, C2 will become either capacitive or inductive
and the phase shift will be more or less than 90°. The
voltage across L3 will cause the voltage applied to one
diode to increase and reduce the voltage to the other. The
two diode currents will no longer balance and the excess
current will charge C4 (or discharge it) — the voltage
across that capacitor will rise and fall as L2/C2 goes in
and out of resonance as the frequency of the signal rises
and falls. The voltage across C4 will vary as AF; in fact
C4 is the AF load for the circuit. This is a rather unusual
condition — it is expected that a load should be a resistor.
C3 is also an important component — as already men-
tioned it is charged by the current through D1 and D2 and
because of its high value

carrier receivers’ but the term ‘SSB receivers’ is com-
monly accepted.

We have already said that when voltages having dif-
ferent frequencies are mixed together new voltages are
produced with frequencies equal to the sum and the dif-
ference of those mixed. Amplitude modulation was ex-
plained as the result of audio signals causing the ampli-
tude of the RF (the carrier) to rise and fall in step with
the AF but this involves mixing the AF with the RF.
Hence sum and difference frequencies will be produced.
These new waveforms are called the ‘upper sideband’
and ‘lower sideband’. This is not a contradiction of the
previous explanation but another way of viewing the same
thing.

The waveforms shown in Fig 1.9 could have been pre-
sented as those shown in Fig 2.14. A little thought should
convince you that if the waveforms of (a) the upper
sideband and (b) the carrier are mixed together the modu-
lation envelope of Fig 1.9 will be the result. Exactly the
same output would be obtained if waveforms of (b) the
carrier and (c) the lower waveform were mixed together.
All three waveforms are radiated by long-wave and me-
dium-wave broadcast transmitters. If the highest audio
frequency to be radiated is 4.5kHz then, in addition to
the carrier, two sidebands will be radiated. The upper
sideband is 4.5kHz higher than the carrier and the lower
sideband 4.5kHz lower than the carrier — the whole trans-
mission will occupy 9kHz. This is the allocated band-
width for those stations on MW and LW. If one of these
sidebands was suppressed at the transmitter and just the
carrier and one sideband radiated, the bandwidth occu-
pied would be only 4.5kHz.

If we are only concerned with the transmission of
speech or low-quality music still greater savings can be
made by suppressing the carrier as well. At the receiver
the single sideband does contain all of the data from the
original but the audio can only be demodulated if the

the voltage cannot change
quickly. This prevents the
circuit responding to

AF /-\ 7,

changes in the amplitude
of the input signal, provid-
ing a self-limiting action
and eliminating the noise
which is caused by ampli-
tude modulation.

S
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Fig 2.14. The production of sidebands during modulation
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amplifier, and if the receiver is correctly tuned the
signal which gets through consists only of the
sidebands of the required station. The output of
the last IF amplifier is applied to one input of a
product detector which is just another form of
demodulator. It makes use of a dual-gate FET and
a simple circuit is shown in Fig 2.17. The second
gate of the FET is fed from one of the two carrier
insertion oscillators. These are usually crystal
controlled and the crystals (one 1.5kHz higher
than the IF and the other 1.5kHz lower) are often
supplied as a package with the SSB filter. Two
oscillators are needed to cater for the two modes
available with SSB — upper sideband (USB) and

Fig 2.15. A simple SSB receiver

sideband can be heterodyned by a carrier of the original
frequency. This carrier can be put in at the receiver by
means of a ‘carrier insertion’ oscillator. In this way much
better use is made of the power available at the transmit-
ter and the occupied bandwidth is reduced to a minimum.
Strictly speaking, this mode should be called ‘single
sideband, suppressed carrier’ but it is usually referred to
as ‘SSB’, and is one of the favourite modes employed
by amateurs

SSB signals can be received by TRF receivers with
regeneration and by direct-conversion receivers —in both
these cases the heterodyne principle will result in the AF
appearing at the output in the same way as CW is de-
modulated but the output will rise and fall as the fre-
quency of the sideband goes up and down.

Fig 2.15 shows a simple arrangement of an SSB
superheterodyne receiver but it is important to remember
that the practical circuit is much more complicated. There
are some similarities between this and the diagram shown
in Fig 2.10, and only the additions will be described now.
Between the mixer and the IF amplifier is a special filter
made specifically for SSB. It is a band-pass type, centred
in this case on 10.7MHz, and has a bandwidth of 3kHz
and a response curve with very steep sides. Fig 2.16 gives
the general shape.

The filter greatly improves the selectivity of the IF

| o832

10-6985MHz 10-7MHz 10-7015MHz J

Fig 2.16. The characteristic of an SSB filter

lower sideband (LSB). As a general rule, amateur

stations make use of LSB for the 7MHz band and
below and USB for 14MHz and above. The sideband and
the re-inserted carrier heterodyne one another within the
product detector and the AF signal appears at the output
of the FET.

Automatic gain control

As the name implies this is a system in which the gain of
the receiver is controlled by the signal which is being
received. A strong signal generates a voltage which is
used to bias one or more of the earlier stages in the re-
ceiver, so reducing its gain. If the strength of the signal
increases the control voltage rises and reduces the gain
of the receiver still more but if the signal strength de-
creases the control voltage falls and the gain of the re-
ceiver rises. This enables the signal strength to be kept
constant if fading of the input signal occurs. The control
voltage is often obtained by rectifying the IF signal im-
mediately before demodulation takes place but in some
special cases it is the AF signal from the demodulator
which is rectified. The overall result is the same. With
CW reception and also with SSB the rate at which the
control voltage can change is slowed down so that the
gain of the receiver does not leap up and down as dot or
dashes are separated by spaces (no carrier). A similar
effect can take place with SSB signals as the amplitude

USB and LSB
iNSer tion Om—— —oaF

oscillators
IF input 3| § I .|.
-[ A

777 D833

Fig 2.17. A product detector
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Fig 2.18. Part of a reflex receiver circuit

of the sideband depends on the strength of the audio at
the time.

Keep referring to these notes while any particular
project is being examined — they should help you to un-
derstand what some of the parts of the circuit are ex-
pected to do.

To complete this section two types of receiver which
will be considered historical have been included to dem-
onstrate principles rather than practical circuits. Of course
fashions in old electronics ideas can sometimes become
resurrected.

The reflex receiver

This makes use of an economy measure — it uses a stage
twice. Fig 2.18 shows part of a TRF radio in which TR1
is an RF amplifier. The RF signal is developed across
RECI, an RF choke in the collector circuit, and is ap-
plied to a diode demodulator D1. The AF output is de-
veloped across R1 and applied to the base of TR1. The
RF choke has almost zero resistance to the lower fre-
quency, and the AF signal is developed across R2 and
applied to the AF amplifier via L.2. A single transistor is
therefore used as both an RF and AF amplifier.

A super-regenerative receiver

In the section describing the TRF with regeneration it
was said that the use of regeneration increased the gain
of the stage by reducing losses in the tuned circuit and
consequently increasing the circuit Q, hence improving
the selectivity. The super-regenerative receiver arranges

Fig 2.19. A super-regenerative receiver

that the positive feedback is greater than the amount which
would normally cause oscillation but the oscillation is
prevented by sweeping the feedback above and below
the critical level at a high rate. In this way the losses of
the tuned circuit are reduced virtually to zero and the
gain and selectivity of the stage increased to quite an
amazing level. Very simple receivers were designed us-
ing one thermionic valve in the early days of radio con-
trol of models. A typical circuit is shown in Fig 2.19. L4
and L5 are called ‘quench coils’ which cause a low-fre-
quency oscillation and provide the sweeping action just
described.

A simple analogy may assist understanding of the prin-
ciple. When a milky food such as custard or porridge
oats is being cooked the temperature of the ‘hotplate’
must be carefully controlled to prevent the food boiling
over. Instead of adjusting the heat, the temperature could
be adjusted well above boiling and the saucepan lifted
off then replaced, lifted off again and so on. The excess
temperature of the hotplate is similar to too much regen-
eration and the lift-off-and-replace action equivalent to
the quenching action. In this way the food can be kept
boiling in a way that would be almost impossible by a
fixed-temperature hotplate.

Although the super-regenerative principle is generally
regarded as a museum piece, the author discovered a prac-
tical circuit described in the RSGB publication Amateur
Radio Techniques (third edition), dated about 1970. The
circuit used an IGFET (insulated gate FET) so it is pos-
sible that a similar circuit may turn up again in the future.



Chapter 3

Some simple ‘fun’ projects

In this chapter a number of projects are described — they
are intended to be an introduction to home construction,
to give some experience in the use of tools and simple
techniques and at the same time provide the reader with
some devices, all of which should work and provide fun
although they are not intended to be quality receivers!

The first two projects have been included for the ben-
efit of absolute beginners or perhaps for younger mem-
bers of the family of a more advanced reader. Both re-
quire little or no soldering and the language has deliber-
ately been made very easy to read. The simple receivers
were designed with Novice Licence students in mind,
especially the younger ones, but that need not deter any-
one from having a go.

An old-fashioned crystal receiver

This project (Fig 3.1) uses very simple constructional
methods and no soldering is necessary. The only tools

Fig 3.1. The crystal receiver

required are a small screwdriver, often referred to as a
‘terminal screwdriver’, a pair of wire cutters and some-
thing to make a few suitable holes. Step-by-step instruc-
tions for assembly are given later but first let’s look at
the things you will need.

The coil

For this you will need some thin insulated copper wire.
The diameter of the copper inside the insulation is less
than 0.5mm. If you are buying from a shop such as Maplin
ask for 0.4mm or
28 SWG (Standard
Wire Gauge). The
insulation is some |
form of enamel. ‘
The coil is made |
by winding a num-
ber of turns of the
wire onto a card-
board tube which is
known as a ‘form-
er’. The tube from
the inside of a toilet roll is ideal. The coil has about 80
turns but the actual number can be varied after the
receiver is complete. Fig 3.2 shows the prototype coil.

Fig 3.2. The coll

The variable capacitor

Variable capacitors come in a variety of shapes, sizes and
values. The physical size is not important as long as it can
be fitted onto the baseboard. The value of a capacitor is
measured in units known as ‘farads’ (after Michael Far-
aday) or small parts of
afarad knownas ‘pico-
farads’ (pF). This re-
ceiver requires a ca-
pacitor which has a
value of 100 to S00pF
and is a compression
type. See Fig 3.3.
‘Proper’ variable
capacitors, as used in

Fig3.3. Thecompression trimmer
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commercial radios, are rather expensive, costing £5 or
more, so the cheaper compression type is used in this
design. It has a screw as a tuning control rather than a
metal shaft and therefore cannot be fitted with a control
knob. However, if you can afford a ‘proper’ capacitor
you may be able to get one fairly cheaply at a radio rally.
They come in two different types: solid dielectric and air
dielectric which is more common but usually costs more.
Chose whichever looks easier to fix or is the best price —
it does not make any difference to the performance of
this radio.

When you examine the capacitor you will see that it
has several connecting tags or terminals. Some are con-
nected to the moving plates of metal and the others to the
fixed ones. The spindle enables the moving plates to be
moved in and out of the fixed ones and in so doing change
the capacitance from 100pF to 500pF, thus tuning the
coil to the various stations. Some variable capacitors have
a nut on a thread around the spindle to enable it to be
fixed through a hole in the front panel of the radio. Oth-
ers have some means of bolting the capacitor to a base-
board.

With a proper variable capacitor a knob can be fixed
to the spindle to allow the plates to be turned without
touching the metal with your hands — which can upset
the tuning. Some of these knobs are fixed by being pushed
on to a ‘flat’ on the spindle, while others have a small
‘grub’ screw which is tightened to hold the knob in place.
Be warned, these tiny screws are very difficult to find if
they are dropped, especially on a carpet.

Fixed capacitors

In principle these are similar to the capacitors described
above — they have two sets
of plates separated by an in-
sulator but of course they
have a fixed value and are
usually encased in some in-
sulating material. In this cir-
cuit both capacitors have a
value of 100pF. Fig 3.4 shows a typical fixed capacitor.

Fig 3.4. The capacitor

The diode

Early crystal radios depended on a ‘detector’ which was
very tricky to adjust. A small piece of crystalline mate-
rial — hence the name ‘crystal set” — was held in a holder
and was tickled with a fine piece of springy wire. This
was called the ‘cat’s whisker’ and it always seemed to
have a mind of its own. Sometimes it found a good spot
on the crystal and provided superb detection of the weak
signals and at other times it simply did not work. Listen-
ers would spend hours adjusting their detectors for the
best results.

Detection can now be
accomplished easily by us-
ing a tiny diode which will
work without human aid!
There are many different
types, most of them cheap, and they come with wire ends
ready to be fitted onto a terminal strip. Fig 3.5 shows the
general form. Suitable types for use in a crystal radio are
AAl19,0A47, OA71 or OA9I.

] D

Fig 3.5. The diode

The resistor

This small component ‘resists’ the flow of current through
it, hence its name. Electrical resistance is measured in
‘ohms’, named after another famous scientist, Georg
Ohm. In this circuit the re-
sistor has a value of 100,000
ohms (100 kilo-ohms or =®I[D=
100k€2 for short). Resistors
Fig 3.6. The resistor. In this
circuit the first three bands
should be coloured (left to

have many shapes but a
common one is shown in

right) brown, black and
yellow

Fig 3.6. The valueis marked
by means of coloured bands
as indicated in the caption.

The earpiece

Earpieces or headphones are essential in order to listen
to weak signals. Unlike a loudspeaker, they require little
energy or power to produce a sound in your ears. For use
with a crystal set
they must have a
high ‘impedance’
(opposition to AC)
and therefore crystal
types, as in Fig 3.7,
are most likely to be
used. Don’t confuse
the crystal in ear-
pieces with the crys-
tal used for the de-
tector. For more in-
formation on this
subject refer to Chapter 1 under ‘output devices’. Older
types of magnetic headphones can still be found in radio
rallies and in second-hand shops. Hi-fi or personal stereo
headphones are not suitable and will not work with this
receiver.

Earpieces and headphones come with a plug on the
end of the lead which is called a ‘jack plug’. Two types
of plug are in common use, the “in diameter type used
for ordinary headphones, or the miniature 3.5mm diam-
eter type used with earpieces and personal stereos. You
will also need a matching jack socket to include in your
circuit so that the earpiece can be simply plugged in. Just

Fig 3.7. A crystal earpiece



ask for a 3.5mm or a %in jack
Coil socket depending upon the type
SLETEE of headphone plug you have.

Fixed The circuit

LI It would be very difficult for de-
signers of radio and TV receiv-

o ers if they had to show pictures
of all the components when de-
signing the circuit of a new

Resistor

model. Instead they use symbols
as a type of shorthand for every
Diode different component, which are
recognised internationally. Fig
3.8 shows the symbols which are
used in this circuit.

Using these symbols, Fig 3.9
shows the circuit of the crystal
set. It shows the components and
the wiring connections which will

make the circuit

- come to life when
the antenna (aerial)

j: and earth are con-

Earphone

—EL—slz-c:}-—\N;—n—M

Fig3.8.Symbols ofthe
components used in
the receiver

Bt—y nected.
J_ The symbols for
g ;:’ antenna and earth
-I- are given in Fig
} 3.10.

By adding these
to the original we
end up with the cir-
cuit diagram shown
in Fig 3.11 which

all experienced
TAerial J_Earth amateurs will rec-
= ognise immediately

as a basic crystal
Fig 3.10. More symbois radio receiver.

Fig 3.9. The simple circuit

C1 D1
100pF T AAI19

L1
coil

Jxc c3
- SOOpF'[ 100pF

1

Fig 3.11. The complete circuit diagram
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Table 3.1. Components list - crystal receiver

One four-way 2A terminal block (see text)

One 100 to 500pF compression trimmer

One diode, type AA119. Other suitable types are OA47, OAS0,
OA91 or OA95

One 100k, 0.5W resistor

Two 100pF capacitors

One miniature jack socket

One crystal earpiece

5m of 0.4mm (28 SWG) enamel-covered wire

A few pieces of PVC-covered wire

A small bracket for the jack socket

A wooden block

Two drawing pins

Two thin buttons (shirt)

Four thin screws or nails (12mm)

Sticky pads or Blu-Tack™

Four miniature crocodile clips

Buying the parts

The components can be obtained easily if you are lucky
enough to be able to attend an amateur radio rally or else
you can order through the post from Cirkit or Maplin
(they have branches in many big towns).

Tandy stores can be found in most towns and have a
good supply of components.

Try to get the advice of an assistant with some knowl-
edge of amateur radio and be prepared to accept equiva-
lent or near-equivalent components as the values are not
critical.

A shopping list appears in Table 3.1.

Building the set

Note that in this and later projects the leads of some re-
sistors and capacitors may have to be shortened. Keep
some of the longer off-cuts as they will be useful later.
Carefully examine the photograph of a completed re-
ceiver in Fig 3.1 and notice how the components are built
onto the baseboard. Wire up your circuit using clips or
soldering iron and odd pieces of wire by following these
10 easy steps. Read all the instructions before you start
and then go back to the beginning and follow the steps.

1. The baseboard

Almost any piece of soft wood at least as big as the full-
size drawing shown in Fig 3.12 will do. Sandpaper and
paint the board with any household paint left over from
the last decorating job. Leave to dry and while you are
waiting you could carry on with step 2.

When the board is dry, trace the outline and crosses
from the diagram in Fig 3.12, then transfer to the top
surface of your board. This can be done quite simply by
pricking the corners and the crosses with the point of a
pair of compasses or something similar.

Drill a hole at ‘A’ using a 4mm drill. The hole should
be at least as deep as the length of the thread on the back
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2. Constructing the coil

As described before, this is wound using 0.4mm
enamel-covered wire. The former is the cardboard
tube from a toilet roll. Choose one which is not fall-
ing to pieces and has a diameter of about 40mm.
Make two holes about 20mm from one end for the
start of the winding. Thread the wire through these
holes, leaving at least 100mm free, and then wind
on 80 turns. These turns should be an even layer with
the turns touching but not on top of one another —
take your time. Finish with two more holes, again
leaving a ‘tail’ of 100mm. If you have wound your
coil carefully and with the correct-size wire, the
length of the winding should be about 30 to 32mm.
Give both the coil and the tube a coat of clear var-
nish. Leave to dry for at least 24 hours, then care-
fully cut the tube so that it is 70mm long, with the
coil approximately in the centre. See Figs 3.1 and
3.13.

3. The terminal block

Fig 3.12. Marking the baseboard. Shown full-size

of the trimmer capacitor. Try to find someone who has a
drill of the correct size and get them to drill the hole. If
this is not possible make a fairly deep hole with the point
of the compasses and enlarge it with a small screwdriver,
then follow with a larger one. Prick fairly deep holes at
positions ‘B’ and ‘C’.

Wash Washer

3-5mm dia jack
socket mounted
onbracket

N
Tuning Earth Antenna Earphone
capacitor Resistor 100k§2
1=brown, 2=black, 3=yeliow 0836

Fig 3.13. The layout of the components

Examine it carefully. Inside the plastic there are four
metal tubes with a terminal screw at each end. In
Figs 3.13 and 3.14 these

tubes are labelled ‘1°, ‘2°, ‘3’ ]
and ‘4’. It makes no difference
if a connection is made at one
end or the other but having two
ends makes it easier to arrange
the wires and components.

Mark here

4. Marking the base again

Place the terminal block on
your baseboard with the termi-
nal screws facing up. Move it
about until you can see the hole you pricked at ‘B’ through
the right-hand fixing hole in the block. Put one of the
nails into the hole and push it down gently. Move the
block again and you should be able to see the cross
marked ‘D’ in the left-hand fixing hole in the block. Get
it to the centre of the hole or as near as possible, then put
the second nail into the left-hand hole and press. Remove
the block; the dent made by the second nail should be
very close to the cross marked ‘D’. Prick this dent fairly
hard, again using the compass point.

Fig 3.14. The terminal
block

5. Preparing the terminal block

Note that the components list specifies a four-way ter-
minal block. This may not be available and you could be
offered a 12-way block. This can easily be cut into three
four-way pieces by the careful use of a ‘Stanley’ type
modelling knife. One for you and two for your friends!



Take great care with this step. Spread out a sheet of
newspaper or something to catch a screw if it should fall.
Hold the terminal block so that you are looking into the
tubes and with a thin screwdriver carefully unscrew the
terminal’s screws until you can see through the tubes.
You may have to buy a suitable screwdriver (called a
‘terminal screwdriver’) but don’t worry as they are quite
cheap — about 20p. Don’t unscrew too far as the screws
may fall out and they can be very difficult to find — espe-
cially in a deep pile carpet.

6. Fitting the components

Keep referring to Fig 3.13 which shows the overall lay-
out. Start with the two capacitors; they are the same so it
doesn’t matter which you use first — look at the diagram.

The capacitors C1 and C2 are fitted as follows. Pass
the two leads of C3 through tubes | and 2, and press the
component gently up to the plastic. Both leads will stick
out on the opposite side of the block. Mark one lead where
it comes out of the block. Refer to Fig 3.14. The arrow in
the diagram indicates the point where the lead should be
marked. A felt-tipped pen will be useful for marking the
wire. Remove the capacitor and cut the lead at the mark
using a pair of side cutters or an old pair of scissors. Put
the capacitor back into the block but this time don’t push
it up to the plastic. Tighten the screw in tube 2 which is
nearest to the capacitor. Note: the other lead of the ca-
pacitor must not be cut as it will form the earth terminal.
Repeat the process with C1 and fit it to tubes 3 and 4.
The long lead should come out of tube 4 and will be the
antenna terminal.

The resistor is fitted to tubes 1 and 2. In this case both
wires should be cut to 20mm, bent at right-angles to the
body of the resistor.

Remove about Smm of the plastic covering from one
end of a 60mm length of wire and insert it into the end of
tube 2, with the lead of the resistor. Tighten the terminal
screw at the resistor end of tube 1.

The diode is a small glass tube which must not be
confused with the resistor. Cut the leads to 20mm. Take
great care as the snap when the wire cutters cut them may
cause damage to the delicate junction inside. To avoid
this, hold the wire in the jaws of a small pair of pliers and
cut the wire on the side away from the diode (the pliers are
being used as a mechanical shunt which will absorb the
mechanical vibration, so preventing it reaching the deli-
cate junction within the diode). Fit the diode to terminals
2 and 3. Tighten terminal 3 (nearest to the diode).

Remove Smm insulation from another piece of wire,
also 60mm long. Fit the bare wire to terminal 2 and tighten
the screw. All terminal screws on the side of the block
against the diode should now be tight. Terminals | and 3
(on the other side of the block) should not be tightened
yet.
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7. Fitting the tuning capacitor

Remove the nut and washer from the back of the trim-
mer capacitor. If you managed to get the hole drilled to
the correct size you will find that the capacitor will screw
into hole A. If the hole was made by ‘other’ means, prob-
ably the capacitor will not screw in. In this case make
the hole big enough to allow the capacitor to ‘sit’ on the
board and use a dab of glue to fix it. Don’t use too much
or the capacitor will not work correctly. If you can sol-
der, fit two leads to the terminals of the capacitor and
connect them to tubes 1 and 3 of the terminal block. If
not, connect the wires to the capacitor terminals using
small crocodile clips. To connect the wire to the clip,
undo the little screw, thread the wire through the neck of
the clip, wind it around the screw and tighten up.

8. Fitting the jack socket

Ideally, the jack socket should be mounted on a small
aluminium bracket which is screwed to the baseboard as
shown in the photograph in Fig 3.11 and Fig 3.13. The
terminals of the jack must be facing up. If you don’t have
a bracket, use sticky pads or Blu-Tack™ to fix the socket
to the board. Again, if you can solder, fix the two pieces
of wire from terminals 1 and 2, to the solder tags as shown
in Fig 3.13. Probably the jack socket will have three sol-
der tags — if so, do not use the tag on the left-hand side. If
you can’t solder, use the crocodile clip method to fix the
wires to the socket.

9. Connecting the coil

Fix the coil near to the edge of the baseboard using two
drawing pins so that the wires come out of the coil near
the terminal strip. Look at Fig 3.13 once again. Put a
small washer around each pin under the coil so that the
winding does not touch the board. If washers are not avail-
able, two small shirt buttons will do nicely. Cut the wires
so that they will easily reach the terminal strip, then scrape
off the enamel insulation from the last 10mm using a
modelling knife or sandpaper so that the copper under-
neath shines brightly. Connect the wires to sockets 1 and
3 on the terminal strip and tighten the screws. Check that
all eight screws are tight. The receiver is complete.

10. The antenna and earth

Ideally your antenna should be out of doors and as high
as possible. Look at Fig 3.15. The picture gives a gen-
eral idea but probably many other arrangements would
be suitable. For a medium-wave receiver the length and
height should both be as great as possible. The simple
rules — more wire, more signal and higher wire, more
signal. However, with this simple circuit, more wire also
means less selectivity — that is the ability of the tuning to
separate one station from another, although many of you
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o837

Fig 3.15. A small hook in the window frame can hold one end
of your antenna and a post on the garden fence, the other

will be glad to receive just one station with no worries
about separating two! Your location will dictate the ‘size’
of your antenna. About 15m of wire should be enough
but be prepared to experiment with shorter or longer
lengths. The location of the nearest transmitter is also
important. If it is within five miles it may be possible to
receive a good signal with a relatively short piece of wire,
even indoors!

To make a reasonable earth, you will need to run a
wire from your receiver to a copper or brass earthing rod
which is driven into the earth (outside the house, not under
the floor boards or in a flower pot) at the nearest point.
Don’t use an iron rod, as it will rust — a piece of copper
water pipe about 400mm long would be ideal. Make sure
that both the wire and rod (pipe) are scraped clean before
you connect them together with a nut and bolt or a small
‘jubilee clip’ of the type sometimes used to join hose
pipes. Wrap the joint with some PVC insulating tape to
try to keep the weather out; copper rapidly oxidises and
a bad connection could result. If you are in a flat or are
too far up from the garden, try clipping your earth wire
to a radiator or metal water pipe, choosing a point where
bare metal is exposed. Get permission before you scrape
off paint!

Testing the radio
Plug in the earpiece, connect the antenna to the wire com-
ing from terminal 4 and the earth to the piece from termi-
nal 1, again using crocodile clips for the connections.
Listen very carefully as the screw on the tuning capaci-
tor is adjusted. The signals are very weak so it is impor-
tant to listen when there is no other noise.

If you hear nothing, count the number of wires going
to each tube of the terminal block and compare with those

shown in the layout diagram in Fig 3.13. Check that all
other connections are correct. Look at the wires from the
coil — make sure that the enamel has been scraped off
where they go into the tubes of the terminal block.

If one or two stations can be heard but the screw of
the capacitor is almost completely out, remove about five
turns from the coil, being careful to remove the enamel
from the new end before reconnecting it to the block. If
the stations are still only heard with the tuning capacitor
screw still very loose, remove a few more turns from the
coil but not more than 10 in total.

It works? Great! Your first home-made radio and we
hope that your very first signals will be remembered as
long as those of the author!

Now that it is working, don’t be afraid to experiment
— what you have done once, you can do again. Try dif-
ferent antennas, reverse the diode and, if you are very
close to a transmitter, even try to receive with the an-
tenna disconnected - if you hear anything, try turning
the receiver for the loudest sound. You will find that sig-
nals often get louder after dark but tend to fade in and
out. Later you could make the AF amplifier described in
this chapter. Connect the crystal radio to it and those very
weak sounds could become a ‘roar’! Information on the
method of connecting the two units together will be found
at the end of the amplifier section on p29.

If you can’t get your circuit to work it may be worth-
while paying a visit to the nearest radio club — you may
already know where they meet, but if not then get in touch
with the Radio Society of Great Britain and ask for a list
of nearby clubs. See Appendix 3 for the address and those
of many firms who can supply everything you need to
carry on with your radio work.

A MW TRF receiver

This design (Fig 3.16) is very simple and can be built at
home in an hour or so. With the exception of the tuning
capacitor, the parts are all very easy to obtain and many
of them will be found in someone’s junk box. As with
the crystal radio receiver, most of the circuit is connected
on an electrical terminal strip, the coil is wound on a
cardboard toilet roll tube and the whole project mounted
on a block of wood.

To complete the radio you will need the parts shown
in Table 3.2.

One of the attractions of this receiver is that it can be
completed with very few tools. You will need a small
terminal screwdriver to tighten the screws in the termi-
nal block and also a soldering iron to solder six pieces of
PVC insulated wire.

A suitable tuning capacitor (30 to 300pF or 50 to
500pF) may be a problem. They are rather expensive to
buy but if you are able to visit a radio rally you will



almost certainly find one for about one or
two pounds. You may find a tuning ca-
pacitor in an old LW/MW radio which has
ceased to work. Try to get the help of a
radio amateur or a radio repairer — they
may suggest that a two-gang capacitor
connected together to make up a 500pF
capacitor be used in the place of a single
one.

1. Start by connecting the components
on the terminal strip as shown in Fig
3.17, carefully checking the position
and value of each one. The three ca-
pacitors are all the same and should
not present a problem. The resistors
are small cylinders with a wire com-
ing from each end and the value will
be coded by means of several coloured
bands. Look at the first three bands —
you should find:

Brown, black, yellow 100k  RI,R5 and R6

Green, blue, brown = 560R R2
Red, violet, brown = 270R R3
Brown, black, orange = 10k R4
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Fig 3.16. The medium-wave radio

scrape the enamel from the ends of the wire before
putting them into the terminals. You will find it easier
to remove the enamel if each end is held in the flame
from a match for a moment or two — but please take

It is most important to note the exact position of the
IC (integrated circuit) marked ‘ZN414Z’ and the tran-
sistor marked ‘BC548’. They look alike so check the
numbers carefully.

. Now wind the coil. A standard toilet roll tube is about
42mm in diameter and 110mm long. Don’t worry if
yours is not exactly this size! Make two small holes in
the tube about 40mm from one end. See Fig 3.18.
Thread the enamel-covered wire through these holes,
leaving about 100mm sticking out for the connec-
tions. Now wind on 80 turns of wire. Keep the turns
close together but not on top of each other. This is one
of the most important parts of the receiver so try to
keep the winding tight. Be patient! When finished
make two more holes and thread the end of the wire
through them to hold the coil in position. If you have
some clear varnish, give both the coil and the tube a
coat and leave to dry.

. The base can be any piece of soft wood about 1 50mm
square and at least 10mm thick (an off-cut from a
piece of floor board supplied by a friendly builder,
perhaps). Look at Fig 3.18. Fix the terminal strip to
the base with two small wood screws or, if you can’t
get any small enough, with double-sided sticky pads
or even Blu-Tack™.

Fix the coil near one edge of the base using two
drawing pins and then connect the ends of the coil to
the terminal strip as shown in Fig 3.18. Carefully

great care and don’t burn yourself!

Fasten the battery box to the wooden base — small
wood screws, double-sided sticky pads or Blu-Tack

will do.

Now you need six pieces of PVC-insulated wire,

Table 3.2. Components list for the MW radio

RESISTORS

R1,5,6 100kQ

R2 560Q

R3 270Q

R4 10kQ2
CAPACITORS

C1-C3 100nF

Variable capacitor 300-500pF

SEMICONDUCTORS
ZN414Z
BC548

MISCELLANEOUS

Crystal earpiece

12-way, 2A terminal strip

22m of 0.4mm or 0.375mm diameter enamel-covered wire
A few short pieces of coloured PVC insulated wire
Miniature 3.5mm jack socket

1.5 battery (AA cell) and box

Toilet roll tube

A few double-sided sticky pads

Soldering iron and a little cored solder

Two drawing pins

A small screwdriver
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two each for the
tuning capacitor,
the miniature jack
socket and the bat-
tery box. (Use a
piece of red wire
for the battery box
positive terminal,
marked ‘+’, and a
black piece for the
negative one,
marked ‘-’. To
connect one end of
each piece you will
need a soldering
iron or a friendly
amateur to do it for
you (just this once
— you must learn to
solder!)

Testing

4. Put the battery into the box (it must be the right way
round — check Fig 3.18) and plug in the earpiece; you
should be able to pick up some stations by altering the

IN4142Z

Out —f o—— 6nd

/

In

ZN414Z

Flatup

BC548

Flatup €0 I O ©
b

coz3z

Fig 3.17. Terminal strip — position of components

tuning capacitor. You may need to turn the whole
radio to find the position which gives the strongest
signal.

Drawing
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Fig 3.18. The layout of the parts on the wooden base



The receiver should work without any
extra antenna but, if you live a long way
from a medium-wave transmitter, try a
long piece of wire, hung up as high as
possible and connected to terminal 1 on
the connector strip. If you do this it will
be necessary to connect another capaci-
tor (another 100nF one) between termi-
nals | and 2 on the connector strip.

A crystal earpiece will give a reasonable out-
put (no other type will work in this circuit).

When you have completed the audio am-
plifier project, the output of the radio can be
fed into the amplifier and then everyone will
be able to listen. Instructions for connecting
the two units together will be found at the
end of the AF amplifier section on p29.

The circuit of the radio is given in Fig 3.19
but you do not need to understand it or even
to refer to it in order to complete the receiver;
it is there for those who like to have a bit
more information.

If you know a local radio amateur he or she may be
able to help you to get the parts but if there is any prob-
lem, almost everything can be bought from:

e Maplin Electronic Supplies Ltd, PO Box 3, Rayleigh,
Essex, SS9 8LR. They have branches in many big
towns where you will be able to browse through the
catalogue but if you wish to order by post you will
need to buy one. They are normally on sale at W H
Smith or of course, their own shops.

e Cirkit Distribution Ltd, Park Lane, Broxbourne, Herts,
ENI10 7NQ.

e Tandy. Shops in most medium and big towns.

e JAB Electronic Components, The Industrial Estate,
Rear of Queslett Motors, 1180 Aldridge Road, Great
Barr, Birmingham, B44 8PB.

R1
100k
-
T}
gol INLILZ ﬁ
In Out
Gnd -
L 500p
Tcr Re
100n 100k
3

Fig 3.19. The circuit of the medium-wave radio
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Fig 3.20. The audio amplifier

An AF amplifier

You will no doubt have noticed that this is not a receiver
but a fairly-high-gain AF amplifier. You may already
have a similar amplifier and in that case, provided that it
is battery operated, you could use it instead of the one to
be described. If you have attended a Novice Licence
course you will have already made an identical amplifier
as it is one of the projects in that course. It is a well-tried-
and-tested design and there should be no difficulty in
getting it working. In addition a kit of parts or just the
PCB is available from Kanga Products at a very reason-
able price. The address is to be found in Appendix 3.

Table 3.3. Components list for AF amplifier

RESISTORS

R1 180R

R2 4k7

R3 1M2

RV1 25/47k log
CAPACITORS
Cl.2 47

Cc3 47u

C4 220u
SEMICONDUCTORS
TR1,2 BCS548
TR3 BC558
D1,2 1N4148
MISCELLANEOUS

One PP3 battery clip and leads
One small loudspeaker, 35Q or more
One PCB
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Fig 3.21. The foil pattern of the PCB - track side

It is a useful amplifier which can be used with many
other projects such as a crystal radio or the MF receiver
and will convert them into quite ‘noisy’ devices. As this
is your first project it is important that you do not rush to
get the amplifier finished. If you have not done any sol-
dering before, a little time spent practising on any scrap
materials will be well spent. You should not start work
on the PCB until you are confident of your ability to sol-
der well.

Make a start by examining the components — you
should have:

and will be marked ‘4.7uF’ or ‘4u7’ with a ‘+’ above
one lead. Then there is one large tube with a wire
coming from each end (axial) which is marked ‘220uF’
witha *+’ ora ‘-’ atoneend. The last is a tube with two
wires coming from the same end (radial) and this will
be marked ‘47uF’. All these capacitors are said to be
‘polarised’ and must be connected the correct way
round so it is important to find those ‘+’ or ‘=’ marks.

e Twodiodes. These are small glass devices with a black
band at one end and may be marked ‘1N4148’.

¢ Three transistors. Two of these will be marked
‘BC548° or ‘BC182’ and the other ‘BC558° or
‘BC212’.

¢ One potentiometer (volume control).

¢ One loudspeaker - be careful with this and don’t let
anything press against the cone.

¢ One PP3 battery clip with two leads, one red and the
other black.

Important — In some Kits the capacitors Cl and C2 may
be replaced by ceramic types with a lower value and
somewhat smaller. These will work just as well and will
fit under the volume control (potentiometer) with less
trouble. They are not polarised and can be fitted either
way round. The volume control may be marked ‘47k log’
instead of ‘25k log’. Again this will be perfectly satis-
factory.

The kit and/or the PCB can be obtained from Kanga

e One PCB. The plain

sideis called the ‘com-
ponent side’ and the
other the ‘track side’.
Fig 3.21 shows the
track side full-size.

e Three resistors. Look C3
for a gold or silver
band — turn the resis-
tor so that this band is
on the right-handside.
Now look at the three
coloured bands at the
left-handend. Yellow,
violet, red stands for
4700 ohms or 4k7.
Brown, grey, brown
stands for 180 ohms
or 180R. Brown, red,

¢, .
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green stands for
1,200,000 ohms or
1M2.

¢ Four capacitors. The
two small ‘beads’ are

F

RV1 25k log

tantalum capacitors

Fig 3.22. Position of the components on the printed circuit board (PCB)



PP3 battery clip

on PCB
+9V

Fig 3.23. Connections to the switch on the back of RV1

Products at Sea View House, Crete Road East, Folke-
stone, CT18 7EG.

Construction

Lay the PCB on the track side so that the ‘D-i-Y RA-
DIO’ lettering is at the top but hidden from view. Now
compare the holes with the dots in Fig 3.22. Bend the
wires of the three resistors at right-angles to the body (do
not use pliers) so that they fit the holes in the board. When
you are sure that they are in the right holes and that the
value is correct push the resistors down so that they lie
flat on the board. When you are satisfied that everything
is correct, bend the wires apart on the track side of the
PCB (just enough to stop the resistors falling out when
the board is turned over) and solder each of the wires to
the PCB. Cut off the surplus wire. If you are good at
soldering you may cut the wires before soldering them.

Now fit the four capacitors. These must be connected
the right way round — note the ‘+’ and ‘-’ signs on the
component and on the drawing in Fig 3.22. Again the
components should be close to the board, not standing
up on stilts!

Note that C3 is mounted with the leads
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Connect a piece of red insulated wire to the pad marked
‘4+9V’ and a black piece to the pad marked ‘-9V’, then
solder these to the switch on the back of the control.
Connect the two leads from the battery clip to the other
two tags on the switch as shown in Fig 3.23.

Finally, connect the loudspeaker using two pieces of
insulated wire about 100mm long and twisted together.

Later you may wish to put the amplifier into a box.
There is no problem — almost any box that is big enough
will do. All that is needed is one hole big enough to ac-
cept the bush on the control. Pass the control through the
hole, tighten the nut and the PCB will be supported by
the control. The prototype was not put into a box but
mounted on a piece of aluminium which was screwed to
a piece of wood to form a right-angle. The loudspeaker
was fitted to the aluminium by means of two small pieces
of aluminium with 3mm holes drilled in them. These are
used as clamps, just holding the edge of the speaker. To
allow the sound to get out, a few holes will need to be
drilled in the panel (before the loudspeaker is fitted!)
within a circle of about 40mm.

The signal to be amplified can be connected to the
two input ‘pads’ by means of two short pieces of wire
but if the connection needs to be a long one, then screened
wires must be used.

If you decide to use a different loudspeaker make sure
that it is at least 35Q (35 ohms) impedance — anything
lower will probably damage the two output transistors
and even if it doesn’t, it will cause your battery to run
down rather quickly.

Just for interest the circuit diagram of the amplifier is
shown in Fig 3.24.

For the benefit of those who have made either the

down. They are shown on top in the diagram
to ensure that the positive one is put into the
correct hole.

If an axial-type capacitor is supplied for
C3 it must be fitted ‘on end’ — see the inset
in Fig 3.22.

The two diodes can be fitted next but make
certain that they are the correct way — note
the band on the components and in Fig 3.22.
Try to solder these components quickly as

they can be damaged by excessive heat. ,i',
The three transistors should be mounted —X

so that the body is about Smm above the

surface of the PCB. It is most important that L

the wires of each transistor go into the right log

holes and that the correct type is used in each

R2 speaker
4k7

D2
IN4148
R1
180R

D1
IN4148

\
M2 e [
BC558 si
on rear
C2 of RVI1
Lp?

position. If the flat on the body is in the same
position as shown in Fig 3.22, there should be
no problem. Fit the control so that the spindle

pe

sticks out from the front edge of the board.

Fig 3.24. The amplifier’s circuit diagram
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crystal radio or the MW
TRFreceiver, the connec-
tions between the AF am-
plifier and these units are
shown in Figs 3.25 and
3.26. Theinput lead to the
amplifier should be of
miniature, screened cable
and it is most important
that the braid of this cable
is connected to the earth
point on the receiver
board/s—this isespecially
important when the MW
TREF radio is being con-
nected. If preferred the
unit described in the next
section could be used.

An alternative AF
amplifier using
an integrated
circuit

This project has been in-
cluded for the following
reasons:

o Itis an example of the
simplicity of projects
using integrated cir-
cuits. In addition to the
IC there can be as few
as three peripheral
components plus vol-
ume control and loud-
speaker.

e It can be very small -
the prototype panel is
only 25mm % 37mm.

e Unlike the previous
amplifier it will oper-
ate with loudspeakers
in the range 4 to 16,
with 82 being the opti-
mal value.

The IC is a LM386N-1
manufactured by National
Semiconductor and more

information can be found in Chapter 6 where it is used as
the AF amplifier for the SOMHz FM superheterodyne

receiver.

The IC is in what is known as an ‘eight-pin DIL’ (dual-
in-line) package, and the pin connections and circuit
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Fig 3.25. Connecting the AF amplifier to the medium-wave radio

diagram are given in Fig 3.28. In the simplest form C1 and
C2 may be omitted although both are used in the project
described here. To enable the decision to be made, C1
determines the amplifier gain. If it is not used the gain is
set at 20 times — this rises to 200 times if C1 is included.
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Fig 3.26. Connecting the amplifier to the crystal set

C2 helps to reduce noise from the power supply and is
important if the amplifier is to be used with a mains
operated power unit.

The components are arranged on a small piece of 0.1in
matrix Veroboard™ which has 10 copper strips and 15

holes ‘long’. Most suppliers
have Veroboard but most do
not stock small pieces. JAB
Electronics offer a piece
which has 10 copper tracks
and is 24 holes long. At the
time of writing the price is
40p. The address will be
found in Appendix 3.

For those constructors
who have not previously used
Veroboard a few useful tips
are included. Unlike a PCB,
it is not always easy to trace
the circuit because the cop-
per strips are parallel to one
another. Connections from
one strip to another are made
using ‘jumpers’ on the com-
ponentside of the board with
the result that reference has
to be made continually from
one side to the other. Also, it
is sometimes difficult to
transfer the location of com-
ponents from the layout dia-
gram (shown in Fig 3.29) to
the piece of Veroboard.

The following method
may help. The copper strips
are labelled from top to bot-
tomusing the letters ‘A’, ‘B,
‘C’ etc and the holes from
left to right with the numbers
‘1°,2°,*3’ etc. Any hole can
now be identified by giving
the row letter and hole
number. For example, in the
layout diagram in Fig 3.29
pin 1 of the integrated circuit
passes through hole C6, and
the +9V supply pin through
hole E15.

Construction

When working withany PCB
or Veroboard the various
operations will be much
easier if there is some means

of holding the board so that it does not slide about as it is
being it is soldered. This is especially important when a
very small piece of material is being worked upon.
Commercial jigs are quite cheap and often come equipped
with a magnifying lens but a simple and effective jig can
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Fig 3.27. The IC audio amplifier

be made by drilling a small hole in the end of a clothes peg
and screwing it to a lump of wood about 80mm square.

There are a number of ways in which the amplifier
might be used:

e Without a volume control. This may be the case if the
amplifier is used with the 10GHz receiver described
later in this chapter.

e With a volume control in order to use it with either the
crystal receiver or the MW TREF receiver described
earlier in the chapter.

e With a volume control incorporating an on/off switch,
as would be required if the amplifier is used in the
ARDEF radio described in Chapter 5.

Gain [1]O 8] Gain

= Input [2] Bypass
+ Input |3] 6] vs

Gnd
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50k LS
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in 8R
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Fig 3.28. (a) LM386 pin-out viewed from above. (b) An LM386
amplifier
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Fig 3.29. Layout of components

None of the above involve any drastic changes but will
require minor alterations. The remainder of the construc-
tion will assume that option 2 is to be followed with the
modifications necessary for the other options being de-
tailed at the end of the section.

Itis recommended that constructors who have not used
Veroboard before should carry out the following steps.

1. Insert the eight jumpers. These can be made with the
off-cuts of resistors or capacitors from this or earlier
projects. Carefully bend the pieces of wire into a
staple shape. The centre part must be adjusted so that
it will exactly span the number of holes indicated in
Fig 3.29 and the outside ends at least4mm long. Insert
the jumper into the correct holes from the plain side
and ensure that it lies against the board. Bend the ends
on the track side outwards a little, just enough to stop
the jumper falling out when the board is turned over
forsoldering. Solder both ends and clip off the excess.
Use a thin bit in the soldering iron (1.5mm or 2mm is

Table 3.4. Components list for AF amplifier 2

RESISTORS

R1 10R

RV1 47k log, min PCB mounting
CAPACITORS

C1,2 10u radial electrolytic

C3  47n ceramic

C4,5 220y radial electrolytic
SEMICONDUCTOR

IC LM386

MISCELLANEOUS

Veroboard, 0.1 matrix 10 strips x 15 holes
Loudspeaker, 8Q

Six pins
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Fig 3.30. Alternative positions of R1

ideal) and use thin resin-cored solder — 22 gauge if
possible and certainly not thicker than 18 gauge. Take
care to avoid solder producing a bridge from one track
to the next. It is recommended that all eight jumpers
be fitted even if capacitors C1, C2 and C5 are not
going to be used. The jumpers involved with these
capacitors will be required if the components are
fitted later and it is not too easy to put them in after all
other components have been fitted.

. The six terminal pins must be inserted from the track
side of the board and pushed down until the head is
against the copper strip. Solder the heads to the strips,
again making sure that the solder does not make a
‘bridge’ to the adjacent strip/s.

. Fit R1. The physical size of this component will de-
termine how it should be fitted. A 1/sW component
will lie flat on the board with no problems. Most 4W
resistors will fit if the leads are bent very close to the
body, rather more than 90°, and then opened out so
that the two ends are parallel. See Fig 3.30(a). Even
larger resistors must be mounted as shown in Fig
3.30(b). Solder and clip off surplus leads.

. C4 is an electrolytic type and must be inserted the
correct way round. A radial type has been listed —
that is one where both leads come out of the same
end of the capacitor. The negative lead is normally
marked by means of a stripe down one side of the
case and this sometimes has a ‘=’ sign printed on it.
Push the component down onto the board and solder
the wires as before. C3 is a small disc ceramic type
and can be inserted either way round. Again push
down to the board and solder. Clip off excess wire
from both capacitors. C1, C2 and CS5 are all electro-
lytic capacitors and should be fitted in the same way
as C4, observing the correct orientation.

. The integrated circuit (IC) should be fitted next. If the
pins are too far apart, hold the IC with the pins flat
against the bench and bend slightly inwards, then
repeat with the other four pins until the IC will fit.
Carefully check the position and ensure that the notch
and/or dot in one end is in the same position as in the
layout diagram. This is most important — the IC will
be damaged if it is reversed. Bend pins 1 and 5
outwards a little (on the track side) to stop the IC
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Fig3.31. Where to cut the tracks — use this diagram if the cuts
are to be made before components are added

falling out, check again on position and orientation
and, when you are sure all is correct, solder pin 1.
Ensure that the IC is right down on the board — if not
touch pin 1 with the soldering iron bit while pressing
the IC. Solder pin 5 followed by pins 2, 6, 3, 7, 4 and
8 in that order. This will help to avoid overheating the
IC by distributing the heat. If in doubt wait a few
seconds between soldering each pin.

. Next insert the volume-control potentiometer. It may

be necessary to increase the size of the three holes
just a little using a round needle file. Take care be-
cause the file is brittle and has a sharp point. Solder
one of the pins, then check that the control is cor-
rectly aligned. When satisfactory, solder the other
pins.

- Make the breaks in the copper tracks as indicated by

dotted circles in Fig 3.29. It is much easier to do this
operation immediately after inserting the terminal pins
but if a mistake is made and a break created where a
component lead should be soldered, things can only
be rectified by considerable invention! Those con-
structors who wish to make the breaks first can refer
to Fig 3.31 which shows the breaks from the track
side of the board. To avoid confusion when the board
is turned during the cutting process, it would be ad-
visable to start by inserting the terminal pins OV, +9V
and the two marked ‘LS’. These pins will allow the
board to be placed in the correct position when refer-
ring to Fig 3.31. Use a special spot face cutter ob-
tainable from most suppliers of Veroboard — a sharp
drill bit about 3mm will do just as well except that it
is a little more difficult to use. Apply light pressure
to the spot face cutter and a bit more if a drill bit is
used. Hold the bit in the fingers and turn in a clock-
wise direction until the copper strip is removed across
the whole width.
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When the cutting is carried out after
the components have been soldered the
drill bit or cutter will cut through the
solder with no trouble.

8. If a PP3 battery is to be used, solder
the leads of the connector to the sup-
ply pins — red lead to the positive and
the black to the negative pins.

The amplifier is complete and may now be
tested. Spend a few minutes examining the
board very carefully. Inspect the track side,
looking for any solder bridges ordry joints,
if necessary using a magnifying lens. Then
look on the component side for compo-
nents incorrectly placed, especially the IC
and the electrolytic capacitors. When satis-
fied that all is well, connect a loudspeaker
to the two pins marked ‘LS’. Almost any
speaker with an impedance between 4 and
162 will do. Use a piece of screened cable to connect
some audio signal to the pins marked ‘IN’ and ‘GND’
with the inner connected to the ‘IN” pin. The signal may
be from a simple crystal radio, the MW TRF receiver
described earlier in this chapter or any other AF source
which needs to be amplified.

Set the volume-control potentiometer fully anti-clock-
wise, connect a PP3 battery to the connector and turn the
volume control slowly clockwise. An output should oc-
cur almost immediately as the gain of the amplifier is
very high if C1 has been connected.

To fit the amplifier in a box all that is required is an
8mm hole with a 3mm hole 9mm to the right of it to
locate the spigot on the control. Fit a plain washer over
the threaded part of the control spindle, push the control
complete with the Veroboard amplifier through the hole
and fix with the supplied nut. Complete the unit with a
suitable 6mm control knob.

A very simple microwave receiver for
10GHz

Basically this is the receiver used by the author to detect
the presence of any boat carrying and using radar appa-
ratus, as mentioned in the preface. The output is just a
series of bleeps and of course these will only be found in
areas near the coast where there is plenty of shipping.
The antenna used is rather directional and by sweeping
the radio slowly in an arc it was possible to decide the
direction from which the signal was arriving. With prac-
tice, it was also possible to get a good idea of the dis-
tance from the transmitter from the strength of the sig-
nal. It is assumed that in practice, all this was done when
the visibility was rather bad!

Fig 3.32. The 10GHz receiver showing the LM386 amplifier

Although this project is given the title of ‘a very sim-
ple microwave receiver’ there are a number of things to
be considered before you start work. It is very simple, in
fact it is just another crystal radio followed by a high-
gain AF amplifier, but its construction requires consid-
erable skill in metalwork and soldering. Anyone who at-
tempts any project for the |0GHz microwave band must
expect to learn to become a ‘plumber’ but the necessary
skills are not difficult to acquire and, once learnt, will
prove to be useful in many aspects of both the hobby and
elsewhere. In addition, even when the device is com-
plete, it won’t do very much in the way of receiving in-
teresting signals. However, in spite of these warnings, it
is a worthwhile project as it gives an introduction to a
‘new’ branch of radio, and most of the work involved
will provide a number of useful modules which could
later be used for more advanced projects.

The antenna

The wavelength of a 10GHz signal is just about 30mm
so that a half-wave antenna would be 15mm. To get this
tiny antenna to collect as much signal as possible we are
going to make use of a horn which acts rather like the ear
trumpet used as a hearing aid before electronics made
things a bit smaller. Fig 3.33 shows how signal is ‘cap-
tured’ from a broad front in a similar fashion to the way
which occurs with a ferrite rod antenna as described in
Chapter | (Fig 1.3). Another way of collecting even more
signal is by means of a ‘dish’ which is a familiar sight on
many houses where it receives signals at microwave fre-
quencies from satellite transmitters.

The horn feeds the signal through a short piece of
waveguide (similar to coaxial cable but with much less
loss) to the antenna which is often the detector diode
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Output

The diode serves
as antenna
and detector

CD842

Fig 3.33. The horn concentrates a large area of the ‘energy
wavefront’ onto the antenna

itself. The output of the diode is fed to a high-gain AF
amplifier and to headphones.

Making a horn

This is not such a difficult task as it may appear at first
sight. It is mainly a lot of hard work but is excellent prac-
tice — at the end not only will you have a practical 10GHz
horn but you will have improved your metalwork very
considerably. It is important that the dimensions should
be very close to those given in Figs 3.34 and 3.35. The
method of cutting will depend on the sheet material to be
used but remember that in the case of the wide faces it is
the bending line for the flange which is the important
dimension. Ideally the horn should be made from sheet
copper — 18 SWG (Standard Wire Gauge) which is about
1.25mm thick. The second choice would be sheet brass
of the same gauge. These may be difficult to obtain and
in any case will be rather expensive — a much cheaper
material is tin-plate. This can be purchased in the same
gauge but cutting is likely to be a problem. You may be
lucky enough to find a small engineering firm which will
be able to supply the small quantity required (of any of

Table 3.5. Components list for the 10GHz receiver

100MQ resistor

10nF disc capacitor

Three 15mm 6BA screws and full nuts
One Belling Lee type socket

80mm WG 16 waveguide, brass or copper
Matching pair WG16 flanges

1N23 diode complete with 6.3mm flange
LM386 amplifier (optional)

6.3mm stereo socket

Small pieces of brass

Tin-plate biscuit tin or oil can

Co843 Smm

76mm

Fig 3.34. Dimensions for side ‘A’

CD344

o 112798

Fig 3.35. Dimensions for side ‘B’ (which differ from those in
Fig 3.34)

the three materials) and be prepared to cut it for you. If
you are so lucky, the dimensions must be submitted ex-
actly and you must stress that they are critical. A much
cheaper option is to reclaim second-hand material from
large cans of the type which once contained cooking oil,
motor oil or a large biscuit tin. The five-litre size of oil
can is ideal as the flat sides are big enough to provide
sufficient flat material but note the test in the following
paragraphs.

Warning! When working with tin-plate be very care-
ful of the extremely sharp, raw edges — in the early stages
a stout pair of gardening gloves could help to avoid some
nasty wounds.

Choose a can which has not been damaged and is free
from rust, both inside and out. Use a hacksaw or tin snips
to cut off both the top and bottom, then cut down the
four corners to give two relatively flat pieces of tin-plate
which were the larger sides of the can and two smaller
pieces which probably will not be needed for this project.
Make the sheets as flat as possible, then remove the sharp
rough edges by careful use of a fine file. Beware of the
splinters of metal left by the tin snips. Wash the metal
pieces with water and washing-up liquid, rinse and dry
them. Now carry out a very simple test — using a large bit
in your soldering iron and some resin-cored solder, try to
flow solder over the shiny side of the tin-plate. Choose
an area at the side of the sheet so that the solder will not
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Fig 3.36. Making your own template

get in the way when the parts of the horn are cut out. The
author discovered by bitter experience that some cans
are not tin-plated and will not solder. This is the reason
for the test. It is most frustrating to spend considerable
time marking out, cutting and bending the parts for the
horn, only to find that the material you have used will
not solder. If the solder will not flow very easily, cut
your losses and try another can.

Fig 3.36 shows the method of marking out the outline
of the panels of the horn. Instead of trying to mark out
the shape directly onto the metal you will find it easier to
draw the outline on a piece of fairly thick paper. Some-
thing almost as thick as an ordinary postcard would be
ideal. Either use a square to mark the wide end (1) or
place two marks equidistant from one edge of the card
and join them up. From this the centre line (2) can be
drawn by marking off equal distances at both the wide
and narrow ends (3) of each piece. Next mark 38mm on
either side of the centre line to define the wide end of the
panel (4). The narrow end is 144mm from the wide end
and this distance is marked off along the centre line (5).
The procedure just described is the same for all four pan-
els but for the next step it is necessary to determine the
width of the narrow end. This is the outside measure-
ments of the piece of waveguide (WG16) to be used to
connect the horn to the flange which will be described

later. These dimensions are normally 25 x 12mm but it
would be well to measure your piece.

Now draw lines by joining the ends of the long and
short lines to complete the flare of the horn (6). These
lines should continue beyond the short ends to allow for
the tab which will be used to solder the horn to the
waveguide. The next step is best carried out by the use
of a steel rule and a sharp modelling knife or a scalpel.
Cut out the two shapes you have drawn, being as accu-
rate as possible. To avoid the problems of marking out
the templates, two full-size diagrams are to be found in
Figs 3.37 and 3.38. Place the two templates on one of the
larger pieces of tin-plate so as to get them in the flattest
regions of the sheets. Leave at least 10mm around the
template and then, holding it completely still, mark around
the outline using a sharp point such as that of a compass.
Repeat using the other template, again using the best parts
of the tin-plate. Finally mark out the flanges on the ‘A’
side (7) and the tabs (8) on both ‘A’ and ‘B’ sides.

If you are using 18 SWG material, cut out the four
pieces using a hacksaw fitted with a fine blade — 22 teeth
per inch is about right. It may be easier if the blade is
turned through 90° in the frame so that the back of the
saw doesn’t get in the way as work progresses. If the
material is tin-plate reclaimed from an oil can, use a pair
of tin snips (the material is too thin for sawing to be suc-
cessful) but beware that the cutting action tends to dis-
tort the metal. This can be minimised (although it takes
longer) by making two cuts — one is made about 3-5Smm
away from the cutting line and a second one is made
along the line to remove the thin strip. Remove the sharp
edges and then remove any paint from the edges. It is not
necessary to clean the paint from the whole surface, just
the places where the metal will be soldered. Use wire
wool or paint stripper or both — it is most important that
the paint is completely removed because any remaining
traces will prevent the solder flowing correctly during
the following stages. Next the flanges on both of the ‘A’
pieces must be bent to 90°. Bending bars will be very
helpful for this operation. See Appendix 1 for details of
the method of construction of these. If you have a work-
bench of the Workmate™ type an alternative to bending
bars is obtained by using two pieces of angle (iron or
aluminium) held in the jaws of the bench. Clamp the ‘A’
pieces in the bending bars or Workmate with the flange
sticking out. See Fig 3.34. It is most important that the
bending line is just and only just visible so that the bend
is made very accurately with the correct dimension. Care-
fully bend the flange using a hammer — do not bend all
the way at one point but make it progressive by tapping
at intervals along the flange and repeat until the metal is
flat against the bending bar. Be patient with this opera-
tion — a little at a time is best and will avoid too much
distortion of the side. When one edge is completely bent
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Fig 3.37. Template for side ‘A’. Drawing is full-size — use the inside of all
lines
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the narrow ends of the pieces through an an-
gle of about 15°. The exact amount will be
decided as the pieces are soldered together.

Now compare your pieces with those
shown in the photograph in Fig 3.39 and again
inspect the edges to make sure that all of the
paint has been removed.

Soldering up

A soldering iron with a much larger bit than
the one normally used will be required for
this part of the operation. Soldering will be
much easier if all the mating surfaces are
tinned before attempting to join the pieces.
A temperature-controlled iron and a bit of
between 5 and 6mm would be ideal for this
job. A smaller iron and bit may need some
help in the form of a blow lamp to get the
temperature high enough but great care is
needed as too much ‘help’ from the blow lamp
will cause all the solder to melt and then
everything falls apart! Have some material
such as wood or chip board on top of your
work surface — this will not only protect the
bench or table top but will allow pressure to
be applied to the surfaces being soldered to
ensure a close fit. Use something that will
not solder such as a piece of stainless steel to
press the edge of the ‘B’ piece against the
flange of the ‘A’ piece when the heat is ap-
plied by means of the soldering iron (and blow
lamp if necessary). Start by making a ‘tack’
at the wide ends in the correct position and
then make a second tack as near as possible
to the narrow end. Complete the joint from
beginning to end. Make up the horn in two
pieces by joining one of the ‘A’ sidesto a ‘B’
to form two ‘L’-shaped pieces which are then
joined together to complete the horn. Do be-
ware of too much heat — it can be most frus-
trating to have everything collapse just as the
completion looks near.

Next, a short piece of waveguide is re-
quired. A second piece is required for the
detector head so obtain a piece of WGI6
about 80mm long. Choose brass or copper
and avoid aluminium or steel — one won’t
solder at all and the other is very difficult. A
matching pair of flanges is also needed — there
are two basic types, square and round. Either

remove from the bars and refit so that the opposite edge will work equally well but the round flange is generally
is sticking out. It may be necessary to use a piece of pack- more expensive.

ing material to avoid crushing the flange just bent, as the The photograph in Fig 3.40 shows both types and also
bending bars or vice is tightened. Next bend the tabs at one flange with a piece of waveguide fitted. If you are
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Fig 3.38. Template for side ‘B’. Drawing is full-size — use the inside of
all lines

waveguide in the jaws of a vice and adjust it so
that about 3mm is sticking out from the end of the
flange. It doesn’t matter which half of the flange is
used but it is important that the mating surface
should be up against the jaws of the vice. The flange
can now be used as a guide (no pun intended) for
the hacksaw which is used carefully against the
back of the flange. With care an accurate cut will
result — the end of the flange will be scratched but
as it is the back that has been used it will not mat-
ter. When the cut is complete, the same technique
can be used to finish the end of the guide with a
file, once more using the flange as a guide. This
must be done before the guide is removed from
the vice. Now adjust the guide in the vice so that
22mm are sticking out and repeat the above proc-
ess. This time it is the piece which is cut off that is
needed for the joint between the flange and the
horn.

Clean the outside of the piece with wire wool
and also do your best to clean the inside of the
flange, then tin both the outside of the waveguide
and the inside of the flange. A blow lamp will be
necessary for this operation. Place the plain part
of the flange, mating surface down, on to some
non-solderable material — a piece of aluminium
sheet or something similar — and enter the ‘tidy’
end of the piece of waveguide into the flange just
a little way. It won’t go in very far anyway. Now
use the blow lamp to apply heat and with luck the
waveguide will drop into the flange and end up
flush with the mating surface. Apply a little solder
to the waveguide and flange, using the soldering
iron while everything is hot. Leave everything to
cool without any movement.

When cool remove any excess solder and then
fit the horn onto the piece of waveguide, adjusting
the tabs as necessary. It is at this point that any
errors in measurement, cutting and bending of the
sides of the horn will become apparent. It is im-
portant that the ‘transition’ from horn to waveguide
is as smooth as possible and to help with this, the
outer edge of the inside of the waveguide should
be filed as shown in Fig 3.41.

This is quite hard work but every bit of metal
removed will improve the transition and reduce the
amount of work to be done later. Use a medium
flat file, about 20mm wide, preferably a new one
but at least one which has not been used on steel.
The length of the piece of waveguide has been

lucky one end of the piece of waveguide will have been  chosen so that the file will be at the correct angle when it
cut perfectly square but, if this is not so, proceed as fol- is just touching the opposite edge of the guide in the
lows. Remove any burrs from the edge of the guide so  flange. The horn can again be fitted to the waveguide
that it will pass through the slot in the flanges. Hold the ~ when the edge has been reduced almost to a point on all



]

i

Fig 3.39. The ‘A’ and ‘B’ pieces

four faces. Stand the assembly on the face of the flange
and by means of an engineer’s square or a stiff piece of
paper check that the horn is sitting centrally on the flange.
The distance from the edge of the horn to the edge of the
square (or paper) should be equal on opposite sides of
the horn. See Fig 3.42 for guidance.

When satisfactory, the end of the horn can be soldered
to the flange assembly. The blow lamp will again be nec-
essary and a fair amount of solder will be used. Keep
feeding solder into any gap between surfaces and make
sure that the parts do not move in relation to one another.
Allow to cool and carefully examine the joint, especially
on the inside where horn and waveguide meet. Excess
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solder here doesn’t
matter as it can be
filed away in the next
step.

Hold the flange in
the vice and repeat
the filing operation to
make a smooth tran-
sition. Remove as
much excess solder
as possible from the
faces and corners of
the horn and tidy up
the outside. Finally
give the outside of
the horn a coat of
paint (non-cellulose,
to avoid problems
with the old paint left from the original can). The photo-
graph in Fig 3.43 shows the original finished horn — it
used to be a biscuit tin! If yours looks anything like it,
congratulations are due — not too many amateurs have
made a 10GHz horn.

The detector head

The simplest possible design has been chosen for this as
it is unlikely to be used for other purposes later whereas
the horn can be used with a number of projects. Once
again the work entailed is mainly metalwork and solder-
ing. Fig 3.44 shows the layout and gives most of the
critical dimensions. The diode, which is arranged across
the narrow dimension of WG16
waveguide, acts as the actual an-
tenna and it is the distance of the
shorting end which determines the
frequency. The remainder of the
piece of waveguide should be about
55 to 60mm long which is just about
right for the detector. Square off
bothends using the method described
earlier. Solder one end into the other
part of the flange which will prob-
ably have two grooves in it — the
outer groove is wide enough to ac-
commodate an ‘O’ ring to water-
| proof the joint and the second grove
| is called a ‘choke’ which helps to
prevent mis-match and RF leakage
| from the joint. The great advantage
to constructors with limited machine
tools is that the flatness of the end of
the waveguide in the flange is not so
—— critical.

Fig 3.40. A selection of flanges

The hole for the detector diode is
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Fig 3.41. Filing the inside edge of the waveguide to produce
a smooth transition between guide and horn
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Fig 3.42. Checkingthe alignment of the horn before soldering
to flange

the most critical dimension. It should be in the centre of
the wide side of the guide and 9.5mm from the end. Mark
the position of the hole very carefully and, when satis-
fied that it is correct, make a deeper indent either with a
sharp centre-pop tool or the point of a pair of compasses.
Do exactly the same on the other wide face of the guide.
The next step really requires the use of a pillar drill or a
power drill in a stand. Use a 3mm drill bit (a sharp one)
and drill right through both faces of the guide. If no such
tool is available and it is not possible to get help from an
engineer proceed as follows. Using a hand drill with the
3mm bit, drill through one side only then turn the guide
over and drill the other side. Use a square corner to try to
keep the drill as vertical as possible.

Next a small piece of brass is soldered over one of the
holes so that the hole is in the centre. To do this, place the
piece of brass as near as possible in the correct position

Fig 3.43. The completed horn
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Fig 3.44. The detector head

and draw around it with a pencil. When the brass is
removed it should be possible to see what adjustment of
position is required. When satisfied, scribe around the
piece, again using the point, then tin the surface of both
the brass piece and the area around the hole in the guide.
Solder the brass to the guide using the scribed position
lines to ensure that it is in the right position. When cool,
again use the hand drill and 3mm bit to drill through the
piece of brass by using the hole on the other side of the
guide as a ‘guide’. Do not use too much pressure — a sharp
bit is essential. Turn the guide over once more and with
a 6mm bit increase the size of the hole in the brass piece.
Do not allow the drill to go through to the other side. The
hole is now almost large enough to allow the diode to
enter it. If you have a taper reamer (see Appendix 1) the
hole can be gently increased in size until the diode is a



Fig 3.45. Close-up of detector head

tight fit. The other end of the diode should pass through
the 3mm hole on the other side of the guide without
touching.

Remove the diode and put it in a safe place. Clean any
burrs or swarf from the inside of the guide. Stick a piece
of Sellotape™ or similar on the inside of the guide so as
to overlap the small hole and use your ingenuity to cut
the tape away from the hole. This is to make an insulat-
ing washer on the inside of the guide. Another piece of
brass of any thickness is cut to about the same width as
the waveguide and holes drilled to accommodate the
output socket to be used. Almost any type will do — tele-
vision antenna type (Belling Lee), phono-plug socket or
BNC. The plate is then soldered to close the end of the
guide. Follow the diagram in Fig 3.44 during all of these
operations.

If there is the possibility of the detector head being
used as a mixer/detector at some later date the three
matching screws should be fitted but if the detector is
only to be used to ‘listen’ to radar transmissions they are
unnecessary. If the screws are to be installed, carefully
mark three points on the centre line of the wide face of
the guide, separated by exactly Smm. Make an indent
with a centre-pop or point and then drill the three holes
using a 3mm bit. Use a fine file to remove any burr from
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the inside of the guide. Clean the area around
the three holes with wire wool and tin the sur-
face. Obtain three 6BA brass screws (tin-plated
will be just as good), thread a 6BA nut onto
each screw (full nuts, if you can find them).
Carefully file the six flat faces on each nut but
try to avoid filing the underside of the nuts,
Pass the three screws through the holes in the
waveguide and solder the nuts to the guide,
checking that the screws will still turn freely.
The reason for not filing or cleaning the un-
derside of the nut was to stop the solder run-
ning under it which would prevent the screw
turning. With all of the soldering on the
waveguide it is necessary to keep the tempera-
ture of the metalwork very near to the melting
point of solder. If this is done a medium-size
soldering iron will cause the solder to flow. Too
much heat will cause all the joints to collapse!

Finally fit the diode. If a Schottky barrier
diode is to be used great care must be taken to
prevent damage by static. Have a metal sheet
on the bench (baking foil will do), connect an
earth wire if possible, stand the detector head on the foil
and connect yourself to the sheet of metal if possible. If
all this cannot be done (it is standard practice when han-
dling static-sensitive devices), keep touching the metal
sheet to make sure that your body is kept at the same
voltage as the work. Pick up the diode but avoid touch-
ing the thin point. Push the diode into the hole in the
guide and place an insulating washer over the pin
(Sellotape™ or similar will do). Solder a high-value re-
sistor (100£2 or higher) to a small solder tag and also to
the earth point on the output socket. Place the solder tag
over the pin of the diode and hold in position with a small
wire clip. The diode is now relatively safe from damage.
Connect a 10nF disc capacitor across the terminals of
the output socket.

Fitan ‘O’ ring into the groove in the flange and fit the
detector and horn together. The method will depend on
the type of flanges used. Connect the output socket to
the input of a moderately-high-gain amplifier (battery
operated) — the one described earlier in this chapter will
do nicely, fit a headphone rather than a loudspeaker and
point the horn out to sea or, if you are lucky, at a port.
Don’texpect speech or music but you can have fun check-
ing the very considerable direction-finding properties of
the horn antenna!



Chapter 4

A direct-conversion receiver for the
20m and 80m bands

As with a number of the
designs in this book, this
project has been pub-
lished before, in this case

as a series in Radio Com-
munication. The author of

the series was Steve Price, |
GW4BWE, who was also
the designer of the 80m
transmitter which appear-
ed in the companion vol-
ume to this book (Practi-
cal Transmitters for Nov-
ices) published earlier.

There are some options
in the project. A receiver
for the 20m band which is
suitable for the reception
of SSB signals is the ba-
sic design but an addi-
tional filter can be added
to give much greater se-
lectivity for the reception
of CW. The second option
is a converter to allow the reception of SSB and CW
signals in the 80m band.

The RC14 is a simple direct-conversion HF receiver
for home construction. It will provide an exciting chal-
lenge to newcomers and is an excellent choice for a first
home-constructed project. In order to help those who
have little or no experience in the building of electronic
equipment, the RSGB has arranged for a complete kit of
parts to be made available (see below). The ever-popular
14MHz HF band covers the range 14,000-14,350kHz,
and within this 350kHz allocation amateurs can enjoy
worldwide communications using a variety of transmis-
sion modes, including morse (CW) and speech (SSB)
which are the most used. The 14MHz band is a very
crowded segment of the HF spectrum, and you could be
forgiven for thinking that only a top-flight commercial
receiver can provide the necessary performance.

Fig 4.1. The RC14 receiver
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Fortunately for the budding home-constructor, this isn’t
really the case. Nevertheless, it would be foolish to
assume that an extremely simple receiver which uses just
afew junk-box components is going to prove adequate. In
practice, such a design is unlikely to be capable of
providing the necessary sensitivity, selectivity and stabil-
ity. The RC14 therefore employs many ‘state-of-the-art’
techniques in orde