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CHAPTER ONE

ADVANCED S.W. RECEIVERS

Although there is a tendency for short wave listeners and
Radio Amateurs to use ready made equipment these days,
greater satisfaction and enjoyment can be gained from the
hobby by using home constructed equipment. Using ready
made S.W. gear does not give any insight into the way in
which the apparatus functions, and by building ones own
equipment it is virtually inevitable that a reasonable under-
standing of the techniques involved will be grasped. Such
an understanding is very helpful when it comes to actually
using a finished receiver, and it enables the operator to
obtain optium results from the set.

The reason that commercially produced equipment has
increased in popularity is probably largely due to the high
standard of finish that is achieved. It must be admitted that
it is difficult for the home constructor to equal commercial
standards in this respect, but if due care and attention is
taken, it is possible to obtain a standard which. will satisfy
even the most critical.

As far as performance is concerned, there is absolutely no
reason why a home constructed receiver should not have a
level of performance which is at least equal to that of a
commercially built receiver of similar complexity. Further.
more, the home constructed receiver is likely to cost very
much less than its ready made equivalent.

Superhet Principle

The receiver circuits which are featured in this book are all of

the superheterodyne (usually abbreviated to superhet) type,
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and circuits of the simpler T.R.F. type will not be considered
here. These circuits do not really make good projects for those
who have no or only very little experience of S.W. Receiver
construction, with the exception of the first project that is
described.

Anyone who has tackled a simple T.R.F. S.W. receiver should
be able to construct and align this set without too much
difficulty, and the primary reason for its inclusion is that it
makes a good introduction to superhet designs.

Once some experience has been gained with this set, the con-
structor should be fully competent to go on and build any of
the more advanced designs which are described in subsequent
chapters of this book. Apart from providing a good introd-
uction to S.W. superhets, this set also makes a very interesting
project in its own right.

Before going on to consider some practical circuits, some
back ground information will be given. It must be stressed
that while some of this is of purely an academic nature, some
of this is really essential knowledge for anyone undertaking
construction of a superhet receiver. This is particularly the
case when it comes to the basic principle of the superhet.
Having an understanding of the function of each stage of a
superhet makes it easy to put together a practical circuit with
confidence. Perhaps more importantly, it takes the guesswork
out of aligning and using a finished receiver,

A superhet differs from a straight or T.R.F. receiver in that in
the case of the latter, all processing of the signal prior to
detection takes place at whatever frequency the signal happens
to be at. In the case of a superhet the input signal is converted
to an intermediate frequency (I.F.) where it is considerably
amplified prior to detection. In a conventional superhet the

I.F. is fixed, and no matter what the frequency of the input
signal is, it is converted to the intermediate frequency using
the heterodyne principle. It is from this that the name

superhet is derived.
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A block diagram which illustrates the basic arrangement of a
simple superhet is shown in Figure 1. The aerial signal is
coupled to a tuned circuit which tunes the desired frequency
and rejects all others. The selected signal is then coupled to
one input of a mixer, and the other input of the mixer is fed
from an oscillator.

There will be four output signals from the mixer, and these
are as follows:-

1. The aerial signal.

2. The oscillator signal.

3. The sum of these two frequencies.

4, The difference frequency of the two input signals.

It will be apparent from this that two new frequencies are
produced, apart from the original input frequencies. Either
of these can be used to provide the I.F. signal, but conven-
tionally it is the difference signal which is used.

A simple mathematical example should help to clarify the
function of the mixer and oscillator stages. Suppose that the
receiver is required to tune over the range of 5 to 10MHZ,
and that an intermediate frequency of 470kHZ is used (the
standard intermediate frequency for British transistorised
superhets). In order to achieve this it is necessary to arrange
the input tuned circuit to tune over a range of 5 - 10MHZ,
with the oscillator tuning over a range of 5.47 to 10.47MHZ.
In other words the oscillator is always .47MHZ (which is the
same as 470kHZ) higher than the input signal frequency. It is
not only necessary to have this relationship at band limits,
but it must be maintained throughout the tuning range.

Thus if the set is tuned to receive a signal at, say, 7.5MHZ,
the oscillator will be at a frequency of 7.97MHZ. This pro-
duces the following four output frequencies from the mixer:

1.  75MHZ.
2. 7.97TMHZ.

3. 15.47MHZ (7.5 + 7.97TMHZ).
4. 470kHZ (7.97 - 7.5MHZ).
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It is obviously the last of these which is used as the I.F. signal,
and the I.F. amplifier will reject the other three signals which
are well outside its passband. The I.F. amplifier provides a
considerable level of gain, and unlike a T.R.F. set, only a
relatively low level of audio gain is required. The detector is
a conventional diode type usually.

At first sight the superhet may appear to be a rather overcom-
plicated setup which offers little advantage, if any, over a
T.R.F. design. In fact this is not the case, and even a fairly
simple superhet can usually out perform a good T.R.F. design.

The reasons for this are quite straightforward. The two main
requirements of a S.W. receiver are for high sensitivity and
good selectivity. In order to obtain high sensitivity it is
necessary to employ a high degree of R.F. amplification. In
order to obtain good selectivity it is necessary to use several
tuned circuits.

This is rather difficult to achieve with a T.R.F. design since
every tuned circuit will need a tuning capacitor. This, coupled
with the fairly high frequencies involved makes high gain
rather difficult to achieve, as extensive screening would be
required in order to eliminate stray feedback and the instab-
ility which would accompany it. Tuned circuits operating at
frequencies in the region of tens of MHZ tend to have rather
wide bandwidths, and so even by using a number of tuned
circuits a very high degree of selectMty would not be
obtained.

These difficulties are overcome by using the superhet
technique. High gains are not involved at the signal frequency,
since the purpose of the early stages of the set is merely to
convert the signal to the I.F., and not to provide any signifi-
cant gain. Obtaining good stability is not, therefore, too much
of a problem. It is only necessary to use a twin gang tuning
capacitor, with one section being used for the tuning of the
aerial tuned circuit, and the other one for the oscillator tuning.
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It is when we come to the I.F. amplifier that the main
advantages of the superhet become apparent. The compara-
tively low frequency means that even using only a few tuned
circuits results in quite good selectivity. It is a simple matter
to achieve high gain and stability, this again being aided by
the comparatively low frequency. It is necessary to screen the
tuning coils and their tuning capacitors if a very high level of
gain is used, but since this amplifier only operates at a single
frequency, the tuning capacitance is provided by a fixed
capacitor. The coil and capacitor can therefore be a single
component which is contained in a metal screening can.

Another advantage of having this single frequency amplifier
is that a very high degree of selectivity can be obtained by the
use of crystal, mechanical, or ceramic I.F. filters. A common
factor to all three of these types of filter is that they can only
be used at a single frequency. This makes them completely
unsuitable for use with a T.R.F. receiver.

Drawbacks

As one would probably expect, the superhet is not without a
few drawbacks. One minor one is that aerial signals at a
frequency of 470kHZ can sometimes break through to the I.F.
stages. However, this rarely causes any significant trouble,
and it can be eliminated by using a wavetrap in the aerial lead.
This merely consists of a simple L - C circuit which has a high
impedance at and around the I.F., but which has a low imped-
ance at other frequencies. Thus it does not hinder the S.W.
aerial signals, but it blocks the interfering signals at the
intermediate frequency.

The main problem with superhets is what is known as the
image signal or the image response. Superhet receivers actual-
ly operate on two frequencies at once, the main response and
the image response. In our previous mathematical example the
main response was 7.5MHZ, and was produced by an oscilla-
tor frequency of 7.97MHZ and an ordinary I.F. of 470kHZ.
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The 470kHZ I.F. signal was produced by the oscillator and
aerial signals difference frequency (7.97 - 7.5 = 0.47MHZ). If
an aerial signal at 8.44MHZ were to break through to the input
of the mixer, this would also produce a 470kHZ I.F. signal
(8.44MHZ - 7.97MHZ = 0.47TMHZ). It is this signal which is
the image response.

As may already be apparent, the oscillator does not have to be
above the aerial signal frequency, but it can be below the input
signal frequency. In either case the difference between the two
frequencies is equal to the I.F. It is the current convention that
the oscillator frequency is the higher of the two however, and
it is thus usually the case that the lower response is the main
one while the higher response is the image one.

Of course, although the superhet receives on two frequencies
simultaneously, this is not to say that it is equally sensitive on
each response. The purpose of the aerial tuned circuit is to
peak the main response and reject the image on. When using
an ordinary I.F. of 470kHZ the responses are 940kHZ apart
(twice the 470kHZ I.F.), and if only a single tuned circuit
ahead of the mixer is used, the image response rejection will
not be very high. This is simply because a single tuned circuit
operating at frequencies of around 20 - 30MHZ has a fairly
wide bandwidth, and if it is peaked at the main response it
will still provide a fairly easy passage for any signal at the
image response.

Below about 20MHZ the bandwidth of a single tuned circuit
is usually enough to give a reasonably high level of image
rejection, but even at these frequencies things could be better.

Therefore, the basic arrangement of Figure 1 is often modified
in various ways in order to give improved image rejection,
and in order to improve other features of performance such as
selectivity. This aspect will be covered in subsequent chapters,
but the remainder of this chapter will be concerned with the
circuit operation and construction of a simple S.W. superhet
receiver based on the simple arrangement of Figure 1.

13



Jaaeaey jeysedng ‘M's ojsog eyj jo woubolp ¥ooig 2 "9ld

Jotydwp
aY

ioeds

oosvEL

I
pouny
|ousy

_._Il.

:
doo] "3y
oY ‘250
h-m__m._.m__.ﬁ | e
9N
KEY0 8idd Skk4d
odd

eoiog

14



This set obviously has its limitations, but it will nevertheless
provide worldwide reception on both the amateur and com-
mercial broadcast bands. Full constructional details will be
provided, and it is well worth studying this section even if no
attempt to construct the receiver is to be made, since the
general method used for this set can be applied to the more
complicated designs which are covered subsequently.

As mentioned earlier, the set has been designed so that it is
simple to construct and it should not prove to be too difficult
for anyone of limited experience. It provides a good and
relatively inexpensive introduction to superhet designs, and it
is strongly recommended that anyone who does not have any
previous experience with superhet sets should tackle this
design before attempting to construct any of the more ad-
vanced designs.

Basic S.W. Superhet Receiver

The block diagram of Figure 2 shows the various stages of the
design, and it also gives details of the semiconductors em-
ployed in each stage. There is basically very little difference
between this and the block diagram of Figure 1, but there are a
few differences which will be discussed before proceeding
further.

The first difference is that separate mixer and oscillator stages
are not used, but instead a single stage employing one transis-
tor is used to carry out both functions. This practice is not un-
common in simple superhet designs, and in fact many quite
advanced receivers use precisely the same basic circuit that is
utilized here.

Another difference is the addition of a B.F.O. stage, and this
is necessary to permit the proper reception of C.W. (morse)
and S.S.B. (single sideband) signals. With a T.R.F. design of
course, the detector can be used to provide a sort of B.F.O.
action by adjusting it to beyond the threshold of oscillation.
Superhet receivers usually employ an ordinary diode detector,
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and so this is not possible, and a separate oscillator stage is
required.

It is more convenient to inject the B.F.O. signal into the I.F.
stages rather than at the aerial, since the I.F. stages operate at
a single frequency, and it is therefore only necessary for the
B.F.O. to operate at a single frequency. Using the other
method it would be necessary to use an extra gang on the
tuning capacitor so that the B.F.O. would always be at the
input signal frequency.

The third and final difference is the addition of an A.G.C.
circuit. A.G.C. stands for ‘Automatic Gain Control’, and
sometimes the alternative term A.V.C. (Automatic Volume
Control) is used.

There are two main reasons for incorporating A.G.C. In
receivers. The primary one is that there are verywide varia-
tions in the levels of received signals, with the strongest
signals being something like 10,000 times the amplitude of
the weakest signals which can be resolved. Having to continu-
ously alter the gain of the circuit manually so that weak
signals could be received, and to prevent overloading on
strong signals, would soon become rather tedious. The pur-
pose of the A.G.C. circuitry is to automatically reduce the gain
on strong signals so that a virtually constant output level is
obtained without the need for manual adjustments. The second
reason for including A.G.C. circuitry is that it makes station
fading less apparent.

As will be seen from Figure 2, the set uses just five semicon-
ductor devices (three silicon transistors, one germanium
diode, and one I.C.), but the set nonetheless achieves a fairly
high level of performance. The I.C. audio stage provides an
output power of about 500mW to an 8ohm speaker, and it can
be used with any speaker impedance of 8ohms or more. Note
however, that the higher the speaker impedance used, the
lower the available output power. The set can also be used in
conjunction with any normal type of earpiece or headphones.

16



The set has a frequency coverage of approxImately 1.6 to
31MHZ in three bands, with the approximate frequency
coverage of each band being as follows:-

Range 3T 1.6 to 5.3MHZ.
Range 4T 4.8 to 15MHZ.
Range 5T 10 to 31MHZ.

The range numbers quoted above are those used by the coil
manufacturer (Denco). Plug in bandchanging is used for the
sake of simplicity, although it would be possible to modify
the unit for bandswitching. This is a general topic which
will be covered later.

The Circuit

The circuit diagram of the receiver, less the Audio and B.F.O.
stages, appears in Figure 3. Looking at this in fairly broad
terms, Trl is the basis of the mixer/oscillator stage, Tr2 is the
basis of the I.F. amplifier, and D1 is the detector/A.G.C. diode.

Looking at this in greater detail, the aerial signal is coupled to
VR1 which is an input attenuator of the volume control type.
This control is useful for the reception of S.S.B. signals,
where the B.F.O. Is easily swamped by strong signals. The
output from the slider of VR1 is fed to the primary winding of
the input transformer, T1.

VC1, VC2, and the main winding of T1 form the aerial tuned
circuit, with VC1 being the main tuning control, and VC2 the
aerial trimmer. The aerial trimmer is included in order that
the aerial tuned circuit can be kept peaked at the correct
frequency. This avoids the need for proper alignment of the
aerial and oscillator tuned circuits in the conventional manner,
and it probably gives slightly improved results since there
should never be any misalignment. It does have the slight
disadvantage that there is an extra control to adjust, but this
is not really a major drawback, and this arrangement is
becoming increasingly popular.

17



FIG. 3. The circult di of the Basic Superhet Receiver.
(Less oudio and B.F.0. stages).
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Trl is really used in two amplifying modes; as a common
emitter amplifier as far as the aerial signal is concerned, and
as a common base amplifier as far as the oscillator circuitry is
concerned. The aerial signal is fed to the base of Trl via the
low impedance coupling winding on T1. One end of this
winding is earthed at R.F. by way of C2 while the other end
couples direct to the base of Trl.

R1 and R2 form a potential divider which produce the bias
voltage for Trl. This voltage is fed to Trl base through the
coupling winding on T1. R4 and C3 are the usual emitter bias
resistor and bypass capacitor respectively. The amplified
aerial signals appear in the collector circuit of Trl.

T2 is the oscillator coil, and the main winding of this, together
with C6 and VC3, forms the oscillator tuned circuit. The two
tuning capacitors (VC1 and VC3) are ganged so that they are
operated simultaneously by the tuning knob.

Padder Capacitors

C4 and C5 are padder capacitors, and these, in effect, alter the
value of the oscillator tuning capacitor to the correct level. As
was mentioned earlier, the oscillator operates at a higher
frequency than the aerial tuned circuit. However, both tuned
circuits have to cover an identical range of frequencies. For
instance, if the receiver covers a range of 10 to 20MHZ and
has an I.F. of 470kHZ, the aerial tuned circuit tunes 10 to
20MHZ while the oscillator tunes 10.47 to 20.47MHZ. In
other words they both cover a range of 10MHZ.

However, the oscillator operates at a higher band of frequen-
cies than the aerial tuned circuit, and for this reason the
oscillator tuning capacitance needs to be lower than the one
for the aerial tuned circuit. Things are further complicated by
the fact that at relatively low frequencies there is quite a wide
difference between the input and oscillator frequencies, if one
looks at the figures proportionately. For example, if a receiver

20



is operating at IMHZ and has a standard 470kHZ I.F., the
oscillator frequency will be 1.47MHZ) which is almost 50%
higher than the signal frequency.

At higher frequencies percentage difference between the input
and oscillator frequencies is very much less. As a result, this
receiver (and any other general coverage superhet of this
general type) requires a different value of tuning capacitor for
each range that is covered. On the L.F. bands the required
oscillator tuning capacitance will be much smaller than that
for the aerial tuned circuit, while on the H.F. bands there is no
significance between the two values which are needed.

The padder capacitors are, in effect, added in series with the
oscillator tuning capacitor, and their purpose is to reduce the
capacitance swing of VC3 to the correct level. On Range 5
there is not a very great difference between the oscillator and
aerial frequencies, and so in this case the earthy end of the
oscillator tuned winding is connected to chassis directly.

The earthy end of the oscillator tuned winding connects to a
different pin number on each of the three oscillator coils
(which have a standard B9A valve type base). It connects to
pin 3 of the Range 3 coil, pin 4 of the Range 4 coil, and pin

6 of the Range 5 coil. This is so that where plug in bandchang-
ing is used, as it is here, by connecting the padder capacitors
to the appropriate pins of the B9A coilholder for the oscillator
coils, the correct padder is automatically selected when an
oscillator coil is plugged in. In the case of the Range 5 coil of
course, there is no padder capacitor, and pin 6 is simply
earthed.

As an oscillator, Trl operates as a simple inductive feedback
common base circuit, with the collector to emitter feedback
being provided by way of the two smaller windings on T2.
At first sight it may appear as though the base of Trl is not in
fact grounded, but as far as the oscillator signals are con-
cerned, Trl base is in fact earthed through the coupling
winding of T1 and through C2.

21



The basic way in which this circuit provides the required
mixing action is quite simple. The oscillations of Tr1 result in
variations in collector current in sympathy with this signal.
The gain of Trl varies with changes in collector current, and
broadly speaking the gain rises and falls as the collector cur-
rent rises and falls. Thus the oscillations modulate the aerial
signal and the required mixing or heterodyning is produced,
with the output appearing in the collector circuit of Tr1.

|.F. Stages

I.LF.T.1 is a double tuned I.F. transformer, and this has its
primary winding connected in the collector circuit of Trl. It
therefore receives the 470kHZ I.F. signal and passes it on to
the I.F. amplifier stage.

Tr2 is the only active device which is used in the I.F. stage,
and this is used as a high gain common emitter amplifier. It is
biased by R5 and R6, and it receives this bias via part of the
secondary winding of I1.F.T.1. C7 earths the lower end of
I.F.T.1 secondary.

Some readers may be wondering why tappings are used on the
tuned windIngs of the I1.F.T.s. The reason for this is simply
that the impedance involved with bipolar transistors are fairly
low, and this would result in heavy damping of the high impe-
dance tuned windings of the I.F.T.s if the connections were to
be made across the complete windlIngs. This would also be
rather inefficient. Therefore the low impedance tappings on
the I.F.T.s have to be used in order to obtain high levels of
gain and selectivity.

The output of Tr2 is developed across I.F.T.2 primary, and the
untuned secondary winding of this I.F.T. feeds an ordinary
diode detector which uses Di and C9. VR2 is the volume
control.

22



A.G.C. Action

Apart from the demodulated audio signal, a D.C. signal is
produced across VR2. This is generated from the smoothed
R.F. half cycles which appear across VR2, and the amplitude
of this D.C. potential is proportionate to the amplitude of

the received signal. The polarity of D1 is such that this volt-
age is negative with respect to chassis. This is important, and
unlike some simple receivers where the polarity of the detec-
tor diode is irrelevant, it is essential that D1 is connected with
the polarity shown.

The top of VR2 is connected to the potential divider which is
used to bias Tr2, by way of R7. As a result of this, when a
strong signal is received the voltage at the top of VR2 goes
negative of chassis. As this voltage goes below chassis
potential it tends to reduce the voltage at the junction of R5
and R6. This is due to the coupling between these two points
via R7.

Thus the stronger the input signal the lower the bias voltage
which is fed to Tr2. A lower bias voltage means reduced
collector current, and hence also reduced gain. Therefore the
stronger the input signal the lower the I.F. gain. Therefore a
simple A.G.C. action is provided with full I.F. gain being
produced on weak signals, and very little gain being produced
at all on strong signals. Wide variations in the input signal
amplitude produce only minor variations in the audio output
level.

Audio Stages

An I.C. audio power amplifier forms the basis of the audio
stages of the receiver, and this provides a high quality output
which contains very little noise or distortion.

It is important that no R.F. signals should be allowed to break

through into the audio amplifier since this would almost cer-
tainly result in instability. A low pass filter is used at the input
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FIG. 4. The circuit diagram of the oudio amplifier,
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of the amplifier in order to ensure that no R.F. breakthrough
does occur. This filter is formed by R8 and C10 of Figure 4,
which is the complete circuit diagram of the audio stages of
the receiver. C11 provides D.C. blocking at the input.

Briefly looking at the functions of some of the other compon-
ents, C14, C15, R12, C16, and C20 are all required in order
to suppress various form of instability. R11 and Ci3 provide
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bootstrapping between the output and driver stages and this
Increases the output drive of the circuit. R10 sets the voltage
gain of the circuit, and C12 is included in series with it to pro-
vide D.C. blocking. R9 is used to bias the input transistors of
the circuit. Finally, C17 is the output D.C. blocking capacitor.

S1 is the on/off switch for the entire receiver.

B.F.O.

The circuit diagram of the B.F.O. appears in Figure 5, and
this is a simple Colpitts circuit. Tr3 is used as a common base
amplifier and positive feedback is provided between its
collector and emitter by way of C19.

IF.T.
L :""c +9 v

ouT

cia

|

FIG. 5. The circuit diagrom of the BF.O. unit,
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COMPONENTS (Figures 3, 4, and 5)

Resistors. All are miniature ¥ or % watt 5% types.

R1 15k R9 68k

R2 12k R10 56 ohms
R3 220 ohms (see text) R11 150 ohms
R4 2.7k R12 1.8 ohms
R5 56k R13 39k

R6 15k R14 33k

R7 10k R15 1.8k

R8 12k

VR1 1k lin. carbon.

VR2 5k log. carbon. with switch (S1).
Capacitors

C1 0.01mfd. ceramic.

C2 0.015mfd. plastic foil or ceramic.
C3 0.015mfd. plastic foil or ceramic.
C4 1100pf (see text).

C5 3000pf (see text).

C6 22pf polystyrene or mica.

C7 I0mfd. 10v.w. electrolytic.

C8 100mfd. 10v.w. electrolytic.

C9 0.0 Imfd. type C280.

C10  5.6nf polystyrene.

Cl1  47nf type C280.

C12  100mfd. 10v.w. electrolytic.

C13  100mfd. 10v.w. electrolytic.

C14  330pf ceramic plate.

C15  2200pf plastic foil.

C16  0.Imfd. type C280.

Cl7  220mfd. 6.3v.w.

C18  0.015mfd. type C280.

C19  0.015mfd. type C280.

C20  330mfd. 10v.w. electrolytic.
VC1/3 Jackson 365 + 365pf air spaced type 02.
VC2  Jackson 50pf air spaced type C804.
VC4  Jackson 15pf air spaced type C804.
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Inductors

T1 Denco Blue Aerial coils for transistor useage ranges
3T, 4T, and 5T.
T2 Denco Red Oscillator coils for transistor useage

ranges 3T, 4T, and 5T.
I.LFT.1 Denco I.F.T.18/465kHZ.
I.LF.T.2 Denco I.F.T.14/470kHZ.
I.LF.T.3 Denco I.F.T.14/470kHZ.
Semiconductors

Trl BF115.
Tr2 BF184.
Tr3 BC1009.
D1 OA91.
I.C. TBAS00.

Miscellaneous

18s.w.g. aluminium for chassis and panel.

Two B9A valveholders.

Plain 0.15in. matrix board and 0.1in. matrix stripboard.
3.5m.m. open construction jack socket and two wander
sockets.

Five control knobs.

PP6 battery and connectors to suit.

Eagle 37m.m. 8:1 reduction tuning drive (type T501).
Rotaty on/off switch (S2).

Wire, solder, hardware, etc.

27



VVC4 enables the B.F.O. frequency to be adjusted slightly
either side of the central intermediate frequency, so that upper
and lower sideband signals can be satisfactorily resolved.

The output of the B.F.O. Is very loosely coupled to the I.F.
amplifier by means of a capacitive coupling. This coupling
merely consists of a length of insulated wire which is taken
from Tr3 collector and placed near the I.F. amplifier
circuitry. It is not advisable to use a more positive coupling
since a high level of B.F.O. Injection would operate the A.G.C.
circuitry and result in a reduction in sensitivity. Incidentally,
it is because of this fairly low level of B.F.O. Injection that
the set is easily overloaded by strong S.S.B. signals, and this
is why it is necessary to include the input attenuator control.
Another reason for using a low level of B.F.O. injection is
that using a higher level can often cause problems with
microphony and instability.

Of course, the B.F.O. is only needed if the set is to be used
for amateur bands reception where C.W. and S.S.B. are the
main transmitting modes in current use. If the constructor

is only interested in broadcast band reception, where A.M. is
the only mode of transmission which is used, then all the
B.F.O. circuitry should be omitted.

General Points

Finally, one or two minor points concerning the circuit will be
considered. For example, the resistor (R3) in the collector
circuit of Trl may appear to serve no useful function; just the
opposite in fact. The reason for its inclusion is that at the

high frequency end of each band the circuit will tend to be a
little lively with instability manifesting itself in the form of
whistles as the set is tuned across stations.

R3 is included to damp down this instability, and it will
probably be necessary to experiment a little in order to find
the optium value for this component. This aspect is fully
dealt with later on.
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In common with many R.F. transistors, Trl and Tr2 have

four leadout wires, the additional one being a shield
connection. This merely connects to the metal case of the
device, and when a transistor having this extra leadout is used
as an R.F. or I.F. amplifier it is usual to connect the shield to
earth. This can aid good stability. When such a device is used
as an oscillator there is obviously little point in connecting

the shield leadout to chassis. This is why the shield connection
of Trl is not earthed, while that of Tr2 is earthed.

The value of C7 may seem to be rather high for an earth
return capacitor operating at 470kHZ. However, it also plays
a secondary role in that together with R7 it acts as a lowpass
filter. These two components thus allow the D.C. A.G.C.
bias voltage to pass, but they block the audio signal present
across VR2.

C1, C8, and C20 are the supply decoupling capacitors for the
mixer, I.F. amplifier, and A.F. amplifier stages respectively.
These are essential if feedback through the supply lines and
consequent instability are to be avoided.

Chassis and Panel

The receiver is constructed using a home made chassis and
front panel, and these are both constructed from 18 s.w.g.
aluminium. Details of both the chassis and panel are
provided in Figure 6.

Most of the drilling and cutting is quite straightforward. The
three %in. (19m.m.) diameter cut outs are made using a chas-
sis punch. When the two %in. diameter holes in the chassis
have been made the positions of the two smaller holes for the
coilholders are located using the coilholders themselves as
templates. The coilholders are actually unskirted BOA valve-
holders, and they must be high quality types. The coilholders
are orientated so that pins 1 and 9 are roughly towards the
front of the chassis. The smaller mounting holes are drilled
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FIG. €. Details of the front panél and chassls,
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for 6BA (or M3) clearance using a 3.3m.m. diameter twist
drill. The two smaller mounting holes for the tuning drive are
not drilled at this stage.

There are four small holes in the chassis which serve no
apparent purpose, and these are merely where insulated leads
will eventually pass through the chassis. These should be
about 3/16in. diameter and their precise positioning is not
critical. It is advisable to fit them with small grommets, but
this is not essential. The two mounting holes for VC1/3 are
drilled for 4BA clearance using a 4m.m. diameter twist drill.

When all the drilling has been completed the two flanges of
the chassis are bent down at right angles. Aluminium is fairly
soft and pliable, and by using a little ingenuity it should be
possible to make these two folds even if no special equipment
for this purpose is available.

The chassis and panel are, in effect, bolted together by the
mounting bushes and nuts of VR1, VR2, VC3, and the output
socket. Then the two coilholders are mounted on the chassis,
and a soldering is secured under one mounting nut of each
bolder (see Figure 7). The tuning capacitor is mounted by two
short 4BA bolts which pass through the boles in the chassis
and into threaded holes in the underside of the capacitor. It is
important that these bolts should no more than fractionally
penetrate through the base plate of the capacitor, as if this
should be allowed to happen, the mounting screws could
damage the fixed vanes of the capacitor. Either the mounting
screws must be no more than about 5/16in. long, or washers
must be used over them on the underside of the chassis in
order to reduce their penetration to an acceptable level.

When the tuning capacitor has been mounted, the tuning drive
can be placed in position and it can then be used as a template
with which the positions of the two smaller mounting holes
can be located. The chassis and panel assembly is then dis-
mantled so that these two holes can be drilled to accept 6BA
screws. It will also be necessary to carefully enlarge the two
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mounting holes in the tuning drive so that they will accept
6BA screws. The chassis and panel are then reassembled and
the tuning drive is mounted using a couple of “2in. 6BA
screws with nuts. The tuning drive is supplied with a short
screw which fits into a threaded hole at the rear and towards
the top of the drive. This mounting screw is not used here, and
is discarded.

Before tightening the screw which clamps the output of the
drive to the spindle of the tuning capacitor, adjust the drive
to read 10’ and adjust the tuning capacitor so that its two
sets of vanes are fully meshed. The adjustment ranges of the
two will then properly coincide.

Mixer Wiring

Point to point wiring is used in the construction of the mixer,
and all this wiring is illustrated in Figure 7. This diagram also
shows the other below chassis point to point wiring of the
receiver.

It is not essential to use point to point wiring when construct-
ing the input circuitry of a S.W. superhet receiver, and plain
matrix S.R.B.P. panels, p.c.b.s., etc. can be used. However, it
is usually quicker and easier to use point to point wiring, and
it has the advantage long connecting wires in parts of the
circuit which handle R.F. signals are easily avoided. It should
perhaps be pointed out that many component leads are shown
as being left quite long in Figure 7 in order to aid the clarity
of the diagram. In practice all leads are kept as short and
direct as possible.

Most of this wiring is quite simple and straightforward. When
soldering in C2 and R2 it is probably easier if these two
components are connected together before being soldered
into position. The same is also true in the case of R4 and C3.

The two padder capacitors have rather unusual values, and
some difficulty may be experienced in obtaining suitable
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components. One of the larger mall order component fims
could probably supply suitable types, or alternatively these
values can be made up by adding two components in parallel.
For example, 1100pf can be made up from a 100pf and a
1000pf capacitor wired in parallel. Similarly the value of
3000pf can be made up from two 1500pf components.

Whether these capacitors are made up from two parallel con-
nected components or single capacitors are used, they must in
either case be good quality low tolerance types such as
polystyrene or silvered mica capacitors.

I.F. Amplifier Wiring

The I.F. amplifier, detector, and A.G.C. circuitry is construc-
ted on a plain 0.15in matrix S.R.B.P. panel having 15 x 14
holes. Details of both the component layout and underside
wiring of this panel are shown in Figure 8.

When a board of the appropriate size has been cut out the
two 6BA or M3 clearance mounting holes are drilled out. It it
also necessary to enlarge the holes into which the pins and
mounting lugs of the two I.F.T.s fit. This can be done using

a twist drill of about 2.5m.m. in diameter. I.F.T.I has two
tuning cores, one of which can only be adjusted from below.
It is therefore necessary to enlarge the appropriate hole in

the board so that it is possible to gain access to this core.

After the board has been prepared the various components
are mounted and their lead out wires are bent flat against the
underside of the panel. In the case of the I.F.T.s the mounting
lugs are bent inwards at right angles on the underside of the
panel, and this should firmly secure the I.F.T.s. Then the wir-
ing on the underside of the panel is completed. In one or two
places the component leads will probably be found’ to be too
short, and it will be necessary to use approx. 22 s.w.g. tinned
copper extension wires to bridge the gaps in the wiring.
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The panel is then used as a template with which the positions
of the mounting holes in the chassis are located. The approxi-
mate position in which the panel is mounted is shown in
Figure 6. Before finally bolting the board in place, wire it

up to the rest of the unit. Spacers about 10mm. long are used
over the mounting bolts, between the chassis and the board,
so that the underside wiring is held clear of the metal chassis.

It is a good idea to drill a hole in the chassis beneath 1.F.T.1 so
that its core can be adjusted from below the chassis. Alterna-
tively, when it comes to carrying out the I.F. alignment the
panel can be dismounted, and a temporary earth connection

to the board can be made (the normal earth connection is
made via a short lead which connects to a soldertag mounted
on one of the mounting bolts of the board).

Audio Stages

The audio amplifier is constructed on a 0.1in. matrix strip-
board which has 25 holes by 18 copper strips. Details of this
panel appear in Figure 9.

Start by cutting out a panel of the correct size and then drill
out the two mounting holes. Next make the six breaks in the
copper strips and then solder in all the components and link
wires, with the I.C. being left until last.

The TBABOO I.C. is contained in a sort of 16 pin quad in line
package, but where pins 4, 5, 12, and 13 would normally be,
the device has a couple of heat tabs instead. Thus the I.C.
actually only has 12 pins.

Normally the heat tabs would be soldered to an area of copper
laminate on a p.c.b., with the copper then acting as a heatsink.
However, here the device is used well below its maximum
power rating of 5 watts, and so no heatsinking is required.
The heat tabs should therefore be bent up out of the way, or
even cut off altogether.
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The completed panel is wired up to the rest of the unit before
being mounted on the underside of the chassis in the
approximate position shown in Figure 6. it is mounted in the
same way as the I.F. amplifier panel.
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B.F.O. Unit

This is constructed on a plain 0.15in. matrix panel having 14
by 8 holes, and details of this panel together with details of
the other B.F.O. wiring appear in Figure 10. The B.F.O. is
built along very similar lines to the I.F. amplifier circuitry.
A lead about 150m.m. long carries the B.F.O. output to the
I.F. amplifier, but as was stated earlier, no direct connection
to the I.F. amplifier is made. A very loose coupling is all that
is required, and it is merely necessary to place the B.F.O.
output lead near the I.F. amplifier panel. It is advisable to
tape this lead in place, rather than just leaving it to hang
loose. Apart from anything else, this will provide a more
stable B.F.O. signal.

Alignment

When initially testing the receiver it is best to use the Range
4T coils as this range will almost invariably provide numerous
strong signals. The Blue aerial coil plugs into the front coil.
holder and the Red oscillator coil plugs into the rear one. With
an aerial and a speaker (or headphones) connected to the set,
VR1 fully advanced and VR2 well advanced, it should be
possible to tune in several stations.

For those who are unfamiliar with the Denco coil units it
should perhaps be pointed out that as supplied they have their
tuning cores virtually fully screwed down for packing pur-
poses. In use the cores are unscrewed so that about 20m.m. of
metal screwthread protrudes from the top of each coil. When
some stations are received it should be possible to adjust the
core of T1 to peak these stations.

Alignment of the set starts with the adjustment of the I.F.T.
cores. Tune to a fairly weak but consistant station, and then
adjust the I.LF.T. cores to peak this station. Do not choose a
strong station because the A.G.C. action of the receiver will
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make it difficult aurally to detect maximum signal strength.
Use a proper trimming tool when adjusting the I.F.T. cores as
a wedge shaped tool such as a small screwdriver blade could
damage the cores. Tools not specifically designed for trim-
ming applications also tend to have a detuning effect on the
I.F.T.s as they are withdrawn from them. A suitable trimming
tool for use with the specified I.F.T.s is the Denco type TT5.

Adjust the cores of I.F.T.2 first, then the upper core of
I.F.T.1, and finally the lower core of I.F.T.1. Repeat this pro-
cedure a couple of times to ensure that the cores are all
accurately peaked.

Note that very little adjustment of these cores should be
required as the |.F.T.s are prealigned. It is also worth noting
that although I.F.T.1 has a nominal operating frequency of
465kHZ while that of I.F.T.2 is 470kHZ, this difference is so
small that in practice the two are perfectly compatible.

Next the B.F.O. is aligned, and at the outset this is switched
on by operating S2 and then VVC4 is set at about half maxi-
mum capacitance. Tune the set accurately to a station and then
adjust the core of I.F.T.3 until a loud whistle is heard from

the speaker or headphones. It should be possible to alter the
pitch of this tone by adjusting the core of 1.F.T.3, and this is
given the setting which gives the lowest possible tone. Adjust-
ing VC4 either side of its central position should produce a
rise in the pitch of the whistle.

Do not be mislead by any fairly quiet whistling sounds which
might be produced as the core of I.F.T.3 is adjusted, these can
be caused by harmonics of the B.F.O. being picked up in the
aerial circuitry of the set. They are easily distinguished from
the main B.F.O. signal being received by the I.F. circuitry,
because the latter produces a much stronger signal pick up.

Also, the main B.F.O. signal will be present whatever

frequency the set is tuned to, whereas harmonics will only be
received at certain settings of the tuning control.
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The R.F. alignment is very simple, and it is merely necessary.
to tune to a station with VC1/3 at about half maximum
capacitance, set VC2 at half capacitance, and then adjust the
core of T1 to peak the received signal. This procedure must
then be repeated with the other two sets of coils in circuit.

It is quite possible that instability will occur at the high
frequency end (VC1/3 vanes unmeshed) of one or more of

the ranges. Unscrewing the core of T2 might help to eliminate
this problem, but remember that if the core of T2 is adjusted

it will then be necessary to readjust the core of T1. If this

does not completely cure the instability it will be necessary to
increase the value of R3 slightly. The correct value is found
by means of trial and error, and is the lowest value which will
clear the trouble. Do not make this resistor any higher in value
than is really necessary, because this will unnecessarily reduce
the level of performance obtained at the low frequency end

of each band.

Using The Set

The receiver is quite easy to use, and in fact superhets are
more simple to operate than T.R.F. designs. VC1/3 are the
ordinary, tuning control, and VR2/S1 are a conventional
combined volume and on/off control. VR1 is a sort of R.F.
gain control, and it is normally left at maximum (adjusted
fully clockwise). It may sometimes happen that an extremely
strong A.M. signal will overload the detector and it will then
be necessary to turn back VR1 in order to obtain a proper
audio output. This will only happen very infrequently though,
and only if a very efficient aerial is used. VC2 is the aerial
trimmer, and this is always adjusted to peak received signals
for maximum signal strength.

For the reception of C.W. or S.S.B. signals the B.F.O. is
switched in by means of S2. The setting of VC4 is not too
important when C.W. signals are being received, but for the
reception of S.S.B. it should ideally be offset from its central
position.
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For reception of upper sideband, which is used on the 20, 15,
and 10 metre amateur bands, the vanes of VC4 should be
almost fully meshed. They should be almost fully unmeshed
for reception of lower sideband signals. Lower sideband is
used on the 160, 80, and 40 metre amateur bands.

Strong S.S.B. signals will overload the set by swamping the
B.F.O. signal, and this will result in a rather rough and dis-
torted audio output. In extreme cases the audio signal will be
virtually unintelligible. In order to resolve strong S.S.B.
signals properly it will be necessary to turn back VR1 to a
point where no overloading occurs.
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CHAPTER TWO

MODULAR SUPERHET

In the previous chapter the superhet principle was described,
together with very complete details of the circuit operation
and construction of a practical receiver. A sort of modular
form of construction was used with the circuit being divided
up into four main sections (the mixer/oscillator, the I.F. amp-
lifier/detector/A.G.C., the audio amplifier, and the B.F.0.).
This modular approach was purposely adopted for two reasons.

Firstly it happens to be a very convenient form of construc~
tion, and secondly it leads up to this chapter where a number
of different superhet building blocks will be described. The
idea here is that the constructor chooses the various building
blocks which best suit his or her needs, and then assembles
these to produce a complete receiver.

This approach is perfectly feasible because superhet receivers
tend to naturally break down into such building blocks.
Provided one does not stray from standardised parameters
(470KkHZ 1.F.s, usual stage input and output impedances,
output levels, etc.), no problems with incompatibility between
building blocks will arise. These building blocks have been
designed so that they will fit together properly, without any
problems of compatibility occuring. Such problems are
unlikely to arrise anyway, and, for instance, the audio stages
of virtually any superhet receiver could be substituted for
those of the receiver described in the previous chapter with
perfectly adequate results being obtained.

Of course, it would not be a good idea to mix valve and semi-
conductor circuitry, and all the circuits in the book employ
semiconductors rather than valves. If one wants the ultimate
in performance from the early stages of the set it is possible
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to make a good case in favour of using valves in these stages,
with a beam deflection valve being used in the mixer stage.
However, most people prefer the convenience of semiconduc-
tors, which are easier to use and more readily available than
special types of valve.

It is probably true to say that there is not a great deal of
difference between the performance obtained from the best
valve and semiconductor devices anyway.

Image Rejection

The problem of image rejection was raised in the previous
chapter, and it was pointed out that the basic superhet receiver
which was described there had only a limited amount of image
rejection at high frequencies. In more sophisticated receivers
it is normal to take steps to increase the level of image rejec-
tion, and before going on to consider some practical circuits
the methods of increasing image rejection will be discussed.

There are two basic ways of improving image rejection, either
add more tuned circuits ahead of the mixer, or use a higher
I.F. in previous eras the former was the method most often
used in good quality communications receivers. These often
had two R.F. stages with a tuned circuit at the input to each
one, plus a tuned circuit at the input to the mixer. This
provides some three tuned circuits ahead of the mixer, and
this gives a level of R.F. selectivity which provides excellent
image rejection.

Unfortunately there are drawbacks to this arrangement, one
of which is the generous R.F. screening which is required in
order to prevent instability. Another is that including the
oscillator tuned circuit there are no less than four tuned
circuits which must be maintained in good alignment if good
results are to be procured from this arrangement

Another problem, and perhaps the most major one, is that of
cross-modulation which is a form of intermodulation. This
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distortion inevitably results in any amplifier since a perfectly
linear amplifier has yet to be invented. This distortion can
result in the modulation of one signal in the receivers R.F.
passband being heard on the main signal which is being
received, even though the two stations are well separated.

It is from this that the term cross moduiatlon is derived.

In a practical situation the results of cross modulation are
never likely to be heard in this way, since the R.F. passband
of a receiver is quite wide and the R.F. and mixer stages are
likely to be handling dozens or even hundreds of stations.
Cross modulation is much more likely to manifest itself in the
form of a general increase in the background noise level. This
is due to the fact that most S.W. signals consist of a complex
and changing range of frequency components, and as the com-
ponents of each signal react with the components of all the
other signals in the receiver’s R.F. passband, a vast range of
new signals are produced. Those that are converted by the
mixer to frequencies which lie within the sets I.F. passband
are heard as a jumble of noise at the output.

The reason that cross modulation is such an important factor
is simply that no matter how sensitive and selective the I.F.
stages of a set are made, it will not be possible to copy weak
signals if they are drowned in noise resulting from cross
modulation. One might think that the old system of having
three tuned circuits ahead of the mixer would give a good
cross modulation performance by reducing the R.F. passband,
and therefore reducing the number of signals handled by the
input stages of the receiver.

In practice this is not the way things work out, because the
R.F. bandwidth of the set will still be fairly wide even if
three tuned circuits are used, and in order to eliminate
problems with cross modulation noise in this way it is
necessary to have an R.F. bandwidth which is nearly as
narrow as the I.F. bandwidth. This is not really a practical
proposition in a receiver which is to cover more than a single
frequency!
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Having two R.F. stages actively encourages cross modulation
because there is inevitably a degree of distortion in each of
these amplifiers. Furthermore, the effect of these stages is to
increase the signal levels encountered in the input stages of
the set, which results in higher levels of distortion. This is
particularly so by the time signals reach the mixer, as any
really strong signals will have been boosted to a level which
will drive the mixer outside its linear operating range. Severe
cross modulation will then occur, making it impossible to
copy weak stations.

The modem approach to minimising the problem of cross
modulation is to use no R.F. stage, and a high frequency I.F.
The two |.F.s most often used are 5.5MHZ and 9MHZ. These
produce an image signal which is 11MHZ and 18MHZ respec-
tively away from the main response. Even a single tuned
circuit ahead of the mixer will then provide good image rejec-
tion right up to the higher frequency limit of the S.W
frequency spectrum.

However, neither home constructed or commercially produced
receivers of this type are frequently encountered in amateur
circles. This is due to difficulties which exist with this ar-
rangement, the most major one being that of obtaining good
selectivity. I.F. transformers incorporate ordinary L - C tuned
circuits, and at frequencies in the region of 5.5 to 9IMHZ

L - C circuits simply would not produce the high degree of
selectivity that a good communications receiver must possess.
In order to obtain the required level of selectivity from a high
I.F. it is necessary to use a crystal filter, and these tend to be
rather expensive if purchased ready made. A good crystal filter
can cost more than the remainder of the parts for a receiver!

It is possible to construct ones own filter, but obtaining suit-
able parts is likely to be something of a problem. Aligning

the completed unit can also cause problems.

An alternative to using a crystal I.F. filter is to use the double

conversion approach. Here the output from the first I.F.
amplifier is fed to a second mixer where the signal is heter-
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odyned to a conventional 470kHZ I.F. Thus the high first
I.F. provides good image rejection while the low second I.F.
provides good selectivity.

This method is probably more common than the single
conversion high I.F. one, but neither are as popular as the
single conversion low I.F. type of receiver. This is the type of
set that we will be concerned with in this chapter.

A design of this type has to be something of a compromise,
but this is not to say that a very high level of performance
cannot be attained. The building blocks which are described
in the following pages can be assembled to produce an
excellent S.W. set. Whichever of the front ends the constructor
chooses (there are four alternatives) there will be two tuned
circuits ahead of the mixer. The coils used in the front end
circuits are modem ferrite cored types which have quite high
Q values. They therefore provide a fairly narrow R.F. pass-
band, and thus also a quite high degree of image rejection
even at frequencies in the 20 to 30MHZ region.

Three of the front ends which are described are active units,
and can provide a fairly high level of gain (20dB or more at
most frequencies). All incorporate R.F. gain controls though,
and the gain can be reduced to less than unity so that over-
loading of the mixer can be avoided. The remaining front
end circuit is a passive type, and it does not therefore intro-
duce any cross modulation directly, or by increasing the
signal amplitude fed to the mixer.

When using any S.W. superhet it is worth bearing in mind that
obtaining the best possible aerial signal and using maximum
R.F. gain does not necessarily provide the best results. For
examples, some time ago the author bad a quite conventional
valved communications receiver which invariably failed to
produce any stations at all on the 40 metre amateur band after
dark. This band is noted for poor reception after dark due to
its very close proximity to the 41 metre broadcast band, with
many broadcast stations encroaching into the amateur band
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allocation. The very strong broadcast stations tend to cause
severe cross modulation which obscures the comparatively
weak amateur stations.

The rather unlikely cure to the problem was to disconnect the
aerial and then place the aerial plug close to its socket. This
provided only a very loose coupling between the aerial and the
receiver, but with the A.F. gain well advanced it was still
possible to copy many stations, including some amateur ones.
In fact, stations as far away as South America were copied.

What was happening here is quite simple; although the
strengths at which stations were received was being greatly
diminished, the cross modulation was being reduced by an
even greater amount. Therefore, stations that were originally
drowned in the cross modulation noise were brought above
this noise level by attenuating the aerial signal. This feature is
something that should be kept in mind when using any S.W.
superhet receiver.

Details of the various building blocks will now be given.
Constructional information will not be provided since it is
assumed that anyone undertaking construction of these
circuits will have reached the stage where they can build
practical units from a circuit diagram. The following chapter
will describe some additional circuitry which can be used in
conjunction with certain of these building blocks to provide a
double conversion receiver. The final chapter will deal with
add on circuits such as an ‘S’ Meter, A Multiplier, etc.

R.F. Amplifiers

The circuit diagram of an R.F. amplifier which employs a
bipolar transistor as its active element is shown in Figure 11.

Operation of the circuit is quite simple with Trl being used is
the common emitter amplifying mode. The potential divider
formed by R1 and R2 provides the base bias voltage for Tr1,
while R3 and VR1 form the emitter bias resistance. C3 is the
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FIG. 11. Tha circult diagram of a bipolar R.F. Amplifier.

usual emitter bypass capacitor. VR1 enables the operating
current of the stage to be varied, and hence it also controls
the gain of the stage. Gain is at maximum with VR1 set for
minimum resistance. R3 is a current limiting resistor.
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The base of Trl is fed from the low impedance coupling wind-
ing on T1. via D.C. blocking capacitor C2. VCL1 is the tuning
capacitor for the R.F. stage. The output of the R.F. amplifier

is coupled to the mixer stage by way of R.F. transformer T2.
VC3 is the tuning capacitor for the mixer tuned circuit and
VC2 is a panel trimmer control which enables this tuned
circuit to be kept in proper alignment.

It is not recommended that VC1 should be ganged with VC3
(which is ganged with the oscillator tuning capacitor of
course) because this makeslt necessary to have the R.F.
amplifier circuitry and the mixer/oscillator circuitry in close
proximity to one another. If this is done it becomes absolutely
essential to screen off the R.F. amplifier circuitry in order to
obtain good stability. This is not as easy to accomplish as one
might imagine.

In the authors opinion it is far better to have VC1 as a separate
component with the R.F. circuitry physically well spaced from
the mixer/osclllator circuitry. Screening then becomes un-
necessary. Note that T2, VC2, and VC3 are only shown here
to illustrate how the R.F. amplifier is connected to the mixer.
These are actually part of the mixer circuit, and are positioned
close to the rest of the mixer circuitry. These last two points
are also relevant to the next two front end circuits which are
described.

T1 is a Denco Blue aerial coil for transistor useage, and T2 is
a Yellow R.P. coil for transistor useage. The following front
end circuits all employ the same two coil typed.

Jugfet Amplifier

The circuit diagram of an R.F. amplifier using a Jugfet
(junction gate field effect transistor) is shown in Figure 12.
This has a similar performance to the bipolar R.F. amplifier
circuit, but it provides a slightly lower noise level and has a
better cross modulation performance.
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FIG. 42, A Jugfet R.F. Amplifier,

The gate terminal of Trl is bias by being tied to earth through
the tuned winding of T1. There is no need to use the low
impedance coupling winding of T1 in this circuit since f.e.t.s
have extremely high input impedances, and, the tuned circuit
can therefore be coupled direct to the gate of Trl.

51



R1 and VR1 form the source bias resistance for Tr1, and C2
is the source bypass capacitor. VR1 enables the standing
current through the stage to be varied, and it thus controls
the gain of VR1. As was the case with the previous circuit,
gain is at a maximum with VR1 adjusted for minimum
resistance.

R2 and C1 are a supply decoupling network.

MOSFET Amplifier

MOSFETs (Metal Oxide Semiconductor Field Effect Transis-
tons) are somewhat more expensive than most other types of
transistor, but this additional expense is easily justified by
their superior performance when compared with bipolar and
Jugfet devices in R.F. applications. The circuit diagram of a
MOSFET R.F. amplifier is shown in Figure 13. This provides
a slightly higher level of gain than the previous two designs,
and it has a lower noise level.

Perhaps more importantly, it has a much better cross mod-
ulation performance, and MOSFETSs are able to handle quite
high signal amplitudes without producing high levels of
distortion.

As was the case with the Jugfet R.F. amplifier, the high input
impedance of the transistor enables the aerial tuned circuit to
be directly coupled to the input gate. Trl is a dual gate
MOSFET, and the input signal is coupled to the g1 terminal.
The voltage gain at this terminal is determined by the g2
potential of the device, and VR1 can be used to vary this
voltage from zero to about 2 volts. The gain of Trl is ata
minimum when the gate 2 voltage is zero, and at maximum
when it is at a level of about 2 volts. VR1 thus acts as the
R.F. gain control. C1 filters out any stray R.F. signals which
might otherwise be picked up at the g2 terminal, and result
in instability or loss of performance. It also minimises any
noise spikes which are produced at VR1 slider as this control
is adjusted.
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FIG. 13. A Mosfet R.F. Amplifier,

R2 and (2 are the source bias resistor and bypass capacitor
respectively, and R3 and C3 are a supply decoupling network.
MOSFETSs have a reputation of being easily damaged by static
charges due to their extremely high input impedances (which
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are usually something in the region of 1,000,000 Meg. ohms).
The 40673 transistor has integral protective diodes, and it is
not therefore easily damaged in this way. It needs no more
handling precautions than any normal semiconductor device.

Bandpass input

It is quite possible to use more than one tuned circuit before
the mixer without using any amplifying stages in this part of
the circuit. Such an arrangement is usually termed a bandpass
circuit, and the circuit diagram of such an arrangement ap-
pears in Figure 14.

Here the two R.F. transformers are merely coupled together
by way of two low impedance windings. Of course, such an
arrangement does not provide any gain, just the opposite in
fact, and there is a significant loss through the input filter.
However, this circuit produces no cross modulation of its
own, and quite good results can be obtained using this
arrangement.

FIG. 44. The circuit diagram of a bandpass input stage.
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Mixer/Osc. Stages

The mixer circuit which was used in the receiver which was
described in the first chapter is simple and inexpensive, but as
far as cross modulation performance is concerned it leaves a
lot to be desired. As was stated in Chapter 1, the gain of the
mixer transistor varies with changes in operating current.

As the oscillator signal swings positive and negative the
operating current decreases and increases, and as it does so it
therefore modulates the input signal and the desired mixing
action is produced.

The problem with this system is that the aerial signal also
causes the operating current of the transistor to vary in
precisely the same way as the oscillator signal does. This
results in changes in the gain of the transistor which obvi-
ously causes distortion, including intermodulation distortion
(of which cross modulation is a type). There is no simple way
of eliminating this distortion, but even if there was there
would be no point in doing so since if the distortion is re-
moved, so is the mixing action. This type of mixer thus has
an inherently high cross modulation level.

Dual gate MOSFETs make excellent R.F. amplifiers because,
as was pointed out previously, they can handle high signal
levels while producing only low distortion levels. It was also
explained that the gain of the device was controlled by the
voltage at the g2 terminal.

Dual gate MOSFETs make excellent mixers, as by coupling
the aerial signal to the g1 terminal and the oscillator signal to
the g2 terminal, the oscillator will vary the gain of the device
and thus modulate the aerial signal. A good mixing action is
produced in this way.

Only low levels of cross modulation are generated by a dual
gate MOSFET mixer because the gain of the device does not
vary greatly with variations in the aerial signal amplitude,
only with. changes in the oscillator signal level.
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Since dual gate MOSFETSs provide the basis of by far the best
of simple mixer circuits, only this type of mixer will be con-
sidered here, there being little point in providing details of
more complex designs of vastly inferior performance. The
circuit diagram of a simple MOSFET mixer is shown in
Figure 15, and this also shows the circuit of the recommended
oscillator circuit.

The mixer tuned circuit is fed direct into the g1 terminal of
Trl, and the tuned winding on the mixer transformer (T2)
provides the uecessaiy D.C. path to earth for Trl g1. R1 and
R2 form a simple potential divider which bias Tr1 g2 about
1 volt positive. The oscillator signal is coupled to the g2
terminal by way of C2, and by modulating the bias voltage
this signal varies the gain of Trl. R4 and C3 are the source
bias resistance and bypass capacitor. The output of the mixer
Is taken from Trl drain, which connects to the first I.F.
transformer of the I.F. amplifier. R3 and C1 are a supply
decoupling network.

The oscillator circuit may look a little familiar, and this is
because it is basically the same circuit that was used in the
mixcr/oxcillator stages of the receiver which was described
in Chapter 1. As this stage is not coupled to the mixer trans-
former this time, the base bias network (R7 and R8) and earth
return capacitor (C8) are connected direct to Tr2 base.

When used as a combined mixer/oscillator circuit it is hecess-
ary to select the circuit values to limit the amplitude of the
oscillations, as otherwise instability is almost certain to occur.
This is less of a problem when the circuit is used only as an
oscillator, and the opposite was in fact found to be the case,
with it being necessary to reduce the value of the emitter-base
resistor in order to increase the amplitude of the output signal
to an acceptable level.

It is not quite as simple to construct this mixen/osc. circuit
using a point to point wining system as it was in the case of
the mixen/osc. circuitry of the receiver described in chapter 1,
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because more component anchor points are required here, and
there are only the same number of spare coilholder pins which
can be used. Note that where some coil windings are unused,
no connections should be made to the relevant pins of the
coilholder. Thus, for example, no connections should be made
to pins S and 7 of the coilholder for T2 (Figures 12 and 13).

It is possible to solder some parts of the circuit together with-
out using any anchor points, and so overcome this problem,
but this is likely to give a rather flimsy assembly. This can
result in stability of the oscillator frequency being affected

by vibration, and it is not likely to provide adequate reliability.
The method preferred by the author is to use point to point
wiring with miniature tagstrips being mounted near the coil-
holders. The purpose of these tagstnips is to provide additio-
nal anchor points.

Alternative Oscillator

The oscillator circuit shown in Figure 15 is probably more
stable (with regard to variations in frequency) than most
people realise. It is unlikely that stability could be greatly
increased without resorting to highly sophisticated circuitry,
and this is really a complete subject in itself. Such things as
frequency synthesisers are certainly beyond the scope of this
book, and few constructors bother to go to such lengths
anyway.

One simple way of improving the stability of the circuit of
Figure 15 is to connect a 7.5 volt zener diode in parallel with
C1 (cathode to the negative supply). This will substantially
reduce any variations in the output frequency due to changes
in the supply voltage (due to battery ageing etc.). This mod-
ification will similarly aid the stability of the alternative
oscillator circuit which appears in Figure 16.

This employs a Jugfet in a simple common source inductive
feedback oscillator. Only two of the windings on the oscillator
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FIG. 16. An alternative oscillator circuit

transformer are used in this circuit. When the range 3 and 4
coils are in circuit the tuned winding of the coil does not
provide a D.C. path to earth for Tr2 gate due to the presence
of the padder capacitors (C5 and C6). R5 has therefore been
included to provide this D.C. path. The value of this resistor
is more critical than one might think, and if it is made too
low in value its shunting effect on the tuned circuit reduces
the amplitude of the output signal, or oscillation ceases all
together. On the other hand, if it is made too high in value it
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is not able to drain away the negative charge which builds up
on Tr2 gate. As a result, this charge takes Tr2 gate about a
volt or so negative of the earth rail, and oscillation is then
halted as the transistor is cut off.

This circuit would appear to be slightly more stable than the
one of Figure 15, but it does have a slight disadvantage.
This is that it is difficult to obtain a sufficiently high signal
amplitude from the circuit. The signal level of Tr2 drain (the
obvious signal take off point) is far too low, and it is
necessary to take the output from the tuned circuit instead.

On ranges 3 and 4 the circuit has a performance which is very
much the same as that of the circuit of Figure 15 with regard
to sensitivity, but on range 5 results w