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PREFACE

HE modern type of personal and portable receiver is well to the forc

in popularity compared with other types of recciving set, but many

amateur constructors avoid it. The chicf reason is apparently that the
majority of thcse receivers are superhets., so home constructors without
signal generators fear there will be insuperable difficulties in lining-up the
tuned circuits. The problem of winding and adjusting frame aerials is alsp
a deterrent. For these rcasons both the alignment of superhet. circuits and
the adjustment of frame aerials, using only the simplest apparatus, are dealt
with quite fully in this book.

Personal and portable receivers are rather like televisors in that the
constructor must be prepared for a little * trouble-shooting” on the
completed sct if best results are to be obtaincd. Not every set will give
trouble, but when “ trouble-shooting ™ is necessary it is usually a simple
matter when the- various stages and circuit operations in the receiver arc
thoroughly understood. The chief purpose of this book is to describe and
explain the functions of the various circuits used in portable receivers, and
to show how the constructor may cither design his own set to suit his
purpose and pocket, or improve the performancc of ‘an existing set that
fails to give satisfaction.

For all complete receiver circuits given, the reception areas where the
receiver will perform well is indicated, and advice is given as to whether
the set is suitable for construction by the beginner or novice.

E. N. BRADLEY.
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Chapter 1
AERIALS

O be really portable a receiver must contain not only its own voltage

supplies, but also a whole signal pick-up system completely independent

of a normal aerial and earth. The desngn of all portable receivers is,
therefore, influenced by the greater sensitivity required to deal with small
inputs.

The higher and longer the aerial 1s made for normal reception, the
more effective its interception of the wave-front, and so greater are the signal
voltages set up. In a portable receiver the aerial must either be an untuned
sheet of metal or an open wire loop, or else a tuned, and thus closed, wire
loop having small effective dimensions. As a result it is essential to use as
large a sheet or loop as can be accommodated within the receiver cabinet.
In a wire loop similar voltages are induced in opposite sides of the loop
which tend to cancel out each other, so the resultant signal i1s very small.
The loop must be aligned in the direction of the transmitter for best
reception. When a tuned loop is used, the “ Q™ or goodness of the loop
serving for the first tuned circuit of the receiver in place of a normal coil,
must be made as high as possible to produce a strong signal. Also, the
receiver should be readily rotatable 1n order that the loop may be posmoned
correctly. This last requirement, however, i1s no drawback, for it can also
ald the receiver in rejecting unwanted stations from other directions.

UNTUNED AERIALS

A simple untuned aerial is generally as that shown in Fig. 1. It is a
spiral winding arranged on the back of the receiver case so that it takes up
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FIG.1. UNTUNED LOOP AERIAL

very little space. The winding, which should be of well-insulated wire, is
supported on brads or panel pins, and should be as large as possible: the
number of turns i1s not important. One end of the wire goes to the first
tuned circuit of the receiver; the other end of the open loop can be anchored
without further connection, or taken to an extension aerial socket.” An
external aerial can then be plugged into this socket when convenient.

A metal plate aerial can be arranged in the same way. Sheet metal or
metal foil can be mounted on the back panel of the receiver case and
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14 PERSONAL RECEIVERS

connected in to the first tuned circuit of the set. Again, a further lead from
the metal plate to a socket on the case will allow an external aerial to be
coupled 1n.

An untuned loop or metal plate aerial should be coupled to the receiver
by trial, various methods being shown in Fig. 2. The tuned circuit shown
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FIG. 2. ALTERNATIVE COUPLINGS FOR UNTUNED AERIALS

1s suitable for all types of superhet. (an untuned loop or plate aerial cannot
be recommended for t.r.f. receivers), and consists of a normal aerial. coil
either single or, as shown, double wave-range type, with ‘an aerial coupling
winding. In good reception areas the aerial may first be tried connected to
the aerial coupling winding (Fig. 2 (a)); this will provide selectivity, but
relatively poor signal transfer. In medium reception areas bottom coupling
(b) can be tested; but in some cases where long wave coverage as well as
medium wave reception is required this may be found to give poor results
on the long wave band. The effect of connection (¢) may be tried; this
gives bottom coupling on the medium wave band, but a tapped-in direct
acrial connection on the long waves. For normal open loop and plate
aerials this should cause no trouble in the alignment of the long wave range.

Finally, in poor reception areas the “top end” (d) coupling from the
aerial through a capacitor to the grid side of the tuning coil should be tested.
This provides good signal transfer, but reduces selectivity. because the
acrial damps the tuned circuit; the value of the coupling capacitor must be
found by trial to allow good tracking between the signal and oscillator
circults. |

Another type of open or untuned loop which can be tried with both
t.r.f. and superhet. receivers is the open “sling ” aerial. This aerial consists
of a short length of wire contained within a shoulder strap or sling of
leather or fabric, by which the receiver is carried. When the receiver is to
operate at rest it may be hung up by the sling, which is thus extended for
best signal pick up. A loose coupling between an open sling aerial and the
first tuned circut 1s desirable, because the.aerial characteristics are subject
to.considerable changes due to body capacitance, etc., which would cause
detuning through a tight coupling. Connections (a) and (b) of Fig. 2 are
most suitable, for preliminary tests at any rate. This type of open sling
aerial 1s not suitable for poor reception areas.

A convenient form of construction for a sling aerial is a length of
rubber covered flex threaded through a shoulder strap made by sewing the
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edges together of a strip of leather-cloth or suitable fabric, so making the
strap tubular in shape. - The wire can be sweated on a spring clip at one
end of the strap (a similar. clip at the other end being insulated from the
wire), and the aerial connection from the first tuned circuit of the receiver
brought out to a metal eye or loop into which the aerial clip i1s connected.
The other end of the sling may also clip on the opposite side of the receiver
case. A second socket can provide for an earth connection to the receiver
chassis, so the set can readily be coupled to a conventional earth and aerial
system used in the home. Some means of identification should be provided
so that the strap will only be fixed in the correct way round, i.e., connecting
with the aerial socket. :

" A further and uncommon type of untuned aerial, applied effectively
in the small reflex receiver designed for use with headphones (described 1n
a later chapter) uses the headphone lead, the receiver resting on the ground,
or being directly earthed in some other way. When the receiver 1s totally
supported above the ground the metal case combines with the headphone
lead to serve as an efficient aerial.

TUNED AERIALS

By far the most common type of aerial used in portable and personal
receivers is the tuned medium wave loop, which is a coil of wire as large as
the receiver case will allow and which, when tuned by one of the ganged
tuning capacitors, will cover the normal medium wave range. For long
wave coverage a further locp may be wound on the same former. It is,
however, more usual to switch a coil in series, so the loop and coil combine

‘to give the required long wave inductance.

The type most used is shown in Fig. 3, where the winding i1s a spiral
held in slots cut from a card or fibre former. This provides a thin yet
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FIG. 3. FRAME AERIAL WOUND ON A CARD, IN THE LID OF THE RECEIVER

rigid coil which can easily be mounted in the lid of the receiver. This
mounting has the advantages that, in use, the aerial 1s swung clear of
unavoldable metal (transformers, etc.) within the chassis, and that it 1s
supported in the vertical plane for easy alignment on the required station.

In larger portable receivers the tuned loop is usually as shown in
Fig. 4—the *“ frame aerial,” so called because the loop 1s wound on a light
frame. This form of tuned loop 1s probably the most efficient and, when
combined with any reasonably efficient superhet. circuit, should give good
results at almost any point of the country. An efficient short wave loop
can be added (provided the frame is not too large and, therefore, a single
loop does not have too much inductance), so that an *“ all wave ” portable
may- be built.

The frame aerial can be slightly improved by constructing it as shown
in Fig. 5, where the turns of the winding do not lie along a former but are
supported only at the corners of a rectangle. A suitable former can be
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FIG. 5. FRAME AERIAL WITH REDUCED LOSSES, BY USING CROSS-STRUT CONSTRUCTION

made from wooden strips, with i1nsulated spacers and supports fitted at the
ends, made from fine tooth-combs. Such spacers provide uniform and
rigid spacing of the turns. Double sided tooth-combs are purchasable,
each comb providing two spacers when cut in half along the centre line.
This type of aerial must be mounted clear of the chassis (generally at the
rear); the open frame of Fig 4 is readily fixed within the receiver case and
can surround both the receiver and batteries.

Whichever type of aerial used it must be ganged with the tuned
circuits 1n the rest of the receiver (whether trf. or superhet.). It is this
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matching that bothers the home constructor, particularly in a set of his own
design where data about the aerial winding are not available. Obviously,
it 1s 1mpossible to list aerial sizes and windings; the frame or former
size must depend on the cabinet dimensions, and the number of turns must
depend on the dimensions of the former used. As a general guide, and as
a basis for tests, on a former as illustrated in Fig. 3 7” long and 4” wide,
with semi-circular ends of a radius of 27, 20 turns of wire should be close-
wound 1In slots 1” deep. On a frame type of former 11” high by 83” wide,
with sides 17 deep, 15 turns of wire matches in very well with the Weymouth
HO3 medium oscillator coil.

. Wire gauge i1s not of greac importance. Enamelled copper wire 24 s.w.g.
Is satisfactory for the loop shown in Fig. 3. For the winding in Fig. 4,
32 's.w.g. enamelled wire, with space betw:en the turns equal to the
diameter. of the wire, is suitable. In some cases the spacing betweén the
turns provided by the type of former shown in Fig. 5, together with the
low self-capacitance of the winding, allow an extra turn to be used, with
slight improvement.

These windings are for medium wave coverage; for long wave tuning
1t 1s suggested that a coil be switched in series with the loop. For use in
the home an auxiliary winding of four or five turns of wire can be placed
on the former, {” or so from the main winding, to serve as a coupling
between a normal aerial and earth system and the loop. This small

coupling winding also provides-a simple means of injecting a test signal
from a signal generator into the receiver.

LOW IMPEDANCE LOOPS

The tuned loops so far described may be termed high impedance loops for,
In conjunction with the tuning capacitor, they provide the high impedance to
signal currents normal to parallel tuned circuits. It is also possible, for medium
wave coverage, to employ a small loop of only two or three turns of wire,
connecting 1t in series with a coil to bring up the inductance of the complete
tuned circuit to the required amount, as shown in Fig. 6. The system, apparently
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FIG. 6. CIRCUIT UTILIZING LOW IMPEDANCE LOOP AERIAL

more popular in America than here, has the advantage that a quite large loop
could be used (e.g. in the form of a sling aerial) whose fluctuations of self-
capacitance and -inductance under different operating conditions would be
substantially swamped out by the fixed coil; but experiments in a poor reception
area appear to show that signal pick-up with a low impedance loop is decidedly
infertor to that of a full frame aerial. It is probable, too, that a low impedance
loop could be tapped across part of a normal tuning coil in the first tuned
circuit, but since this would call for a specially wound coil (unobtainable

commercially) no experiments have been made, the majority of constructors -
preferring to employ commercial coils. ;

THROW-OUT AND TELESCOPIC AERIALS

Although 1t may at first appear that throw-out and telescopic aerials should
be dealt with under the heading of untuned aerials, these are generally used
with short wave portable receivers where the aerial, if not tuned, can, with
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advantage, bear a definite relationship to the frequency in use. The throw-out
aerial, commonly rubber covered flex, can be in a * long wire . or in dipole
form, coupled to the receiver directly, or through feeders. The telescopic
aerial, used on the high frequencies, can be used on an all-wave receiver of the
more ambitious type, where a wide. coverage is provided (modern miniature
frequency changers can be made to work up to frequencies of 30 mc/s). These
acrials are not common and are generally required only for amateur operation.
Constructors intending to employ such acrials will certainly have sufficient
experience to require no further details here.

TUNED AERIAL ALIGNMENT

Rather more care is necessary in aligning the tuned circuits of a portable
receiver than in the equivalent home receiver, because the first and second
tuned circuits (in either t.r.f. or superhet. sets) are of different forms. Ina simpie
home t.r.f. receiver with two tuned circuits, the two tuning coils are wound
by the manufacturer to have identical characteristics; but in a portable t.r.f.
receiver the first coil is in the form of a large loop, and the second i1s a normal
r.f. coil. Even if the inductances were matched exactly, almost certainly there
would be a difference in self-capacitances.

The same is true for superhets; although.here the first and second tuned
circuits are variable over different frequency ranges. It 1s still necessary,
however, for the tuning ranges to * track > (a statement which means that the
difference in frequency between the aerial tuned circuit and the oscillator tuned
circuit must be constant and equal to the chosen intermediate frequency). |

It is suggested that any type of personal or portable set should be trimmed
by trial and error, adding or subtracting turns from the loop aerial winding,
until it comes into line with the other tuned circuits. The following notes are
intended to cover all types of t.r.f. and superhet. receivers, and to serve as
alignment instructions for the complete circuits in later chapters.

MEDIUM
WAVE
LOOP,

L)
) U

O
(P8
000

FIG. 7. BASIC TUNED CIRCUITS OF A T.R.F. RECEIVER

T.R.EF. RECEIVER ALIGNMENT

A source of signal is essential for aligning any type of receiver. Broadcast
stations may be used if nothing better is available, but a signal generator is
much to be preferred. For loop aerial alignment, however, even: the signal
generator can be bettered by a simple multivibrator, the circuit of which is shown
1n Fig. 8.
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ALIGNMENT, USING BROADCAST STATIONS

The basic circuit of a t.r.f. receiver’s tuned stages is shown in Fig. 7 where
the loop aerial is switched in circuit with an additional long wave coil for low
frequency coverage, 'a two band coil such as the Weymouth CT2W2 being
employed in the detector stage of thé receiver. Reaction will almost certainly
be incorporated in the circuit and the detector should be operated at its most
sensitive point throughout the tests., It is assumed that the loop has been
wound to a suitable starting point, such as the windings already indicated.

Until the loop-is-brought reasonably into tune, an external aerial and earth
should be coupled in, preferably through a small extra winding as already
described; the tests should be conducted in the evening, when plenty of signals
round the tuning range are available. Switch to the medium wave band,
set C4 at approximately half capacitance, and search with the main tuner,
C3, C6, for the Light Progtamme at 247 metres. Probably nothing will be
heard on the first trial: reaction may temporarily be increased so that even
faint carriers may be heard as heterodyne whistles.

Continue to search the high frequency end of the tuning range while increas-
ing the capacitance of C1, which should be screwed in from its minimum position.
If signals weaken as the capacitance of Cl is increased the loop 1s too large,
and a turn should be removed.

If signals increase in strength as Cl is increased to full capacitance, add
another turn to the loop. The object is to obtain an increase in signal strength
as C1 1s increased to about half capacitarice, the signal strength then falling off
again with further increase in Cl.

When the nuniber of turns on the loop have been adjusted to give this
effect, back off reaction and check for reception on the Light Programme.
If the receiver is fitted with a tuning dial, the next step is to bring the signal to
its correct marked point on the dial by adjusting C4, this capacitance being
increased if the Light Programme is found above the correct point, and vice
versa. Cl 1s then retrimmed for best volume..
| If a tuning dial is not fitted it will be found convenient, by trimming, to
bring the Light Programme to ‘a point along the semi-circular arc described
by the tuning pointer, at a distance of approximately one-seventh of the arc
length from the low wavelength end.

. In some areas the medium wave Light Programme is not well received and
in these circumstances a check can be made on, say, Luxemburg. - Make the
reception check ‘with the external aerial and earth connections removed, to
obtain an indication of the sensitivity of the receiver. If all is well, tune over
the range towards the lower frequencies, checking reception on all signals
received. If reception falls off, try increasing and decreasing the capacjtance
of Cl in an endeavour to improve volume, keeping the reaction control at its
most sensitive point. :

q If the loop acrial and the second tuned circuit are matching well it should
not be necessary to adjust Cl to obtain good results over the whole tuning
range. If, however, the loop has more self-capacitance it will be necessary
to slacken off C1 to maintain good reception, and vice versa'if the self-capacitance
of the loop is low. As a general rule it will be found that the loop will match in
sufficiently well once it is trimmed to the Light Programme _{requency; but
if results fall off badly over the rest of the medium wave band some small adjust-
ments will be necessary. If it is found that the loop has too much self-capacitance
it will be necessary to space the turns further apart, adding a turn if necessary
to maintain inductance. If the self-capacitance of the loop is low the turns
should be rewound more closely, a turn being subtracted if this increases the
inductance too much.

In recervers where a frame aerial of the Fig. 5 type is employed, and where
the spacing between turns cannot be varied, it will be necessary to try the effect
of adding a turn instead of closing up existing turns; or of subtracting a turn
insgead of spacing existing turns further apart. After each adjustment It wiil
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be necessary to re-align the receiver at 247 metres before checking for improved
reception over the band.

With the medium wave tuning finally adjusted, switch the receiver to the
long wave band and again couple 1n the external acrial and earth for the prelimin-
ary tests. The choice of a suitable coil for L1 is not always easy, and this must
be borne in mind when trimming the long wave band. Commercial long wave
coils have rather too much inductance to match in well with the loop when
connected in series, while a medium wave coil obviously does not introduce
sufficient additional inductance to bring the circuit in gang for long wave tuning.
The effect of using a long wave oscillator coil can be tried (though generally
these have too little inductance to bring up the total sufficiently); but the simplest
method of providing the necessary inductance i1s to employ an iron cored long
wave -coil with the core removed, and to trim on the Light Programme.

Alternatively, an air cored coil (such as the Wearite PA1) can be used with turns®

removed until the total inductance with the loop In series 1s correct. Correct
alignment over the whole wave band is not important especially that, as a
general rule, 1t 1s now only required to bring in the Light Programme in areas
where the 247 metres Light Programme is poorly received. Accordingly,
the receiver need only be tuned to the Light Programme, using reaction if
necessary to find the carrier, trimming C5, then C2, for best results. Under
some conditions extra capacitance in the C2 position will be found necessary,
and the trimmer can then be removed entirely from the circuit.

If good long wave coverage is required for any purpose it will be essential
to use a coil such as the Wearite PA1 in the L1 position, and to adjust the number
of turns against standard signals from a signal generator, in the way to be now
described.

ALIGNMENT BY SIGNAL GENERATOR

The use of a signal generator provides more precise trimming between
the tuned circuits. Couple the generator into the receiver by connecting the
auxiliary coupling loop into the artificial aerial and earth sockets of the generator.
If an auxiliary loop has not been wound beside the main loop, the generator
may be coupled in by two or three turns of wire wound loosely over the frame
aerial. - Switch the receiver to the medium waves, set C4 to mid capacitance,
tune the generator to 250 metres (1,200 kc¢/s) and, using reactance if necessary,
bring in the signal on the receiver. Adjust Cl for best volume (reducing the
signal generator output to the lowest practical point as the receiver 1s brought
into alignment) and, as already described, adjust the loop winding until it peaks
at the required frequency with Cl at about half capacitance. :

Now tune both receiver and generator to 500 metres (600 kc¢/s) and compare
the output with that obtained at the 1,200 k¢/s tuning point, using an output
meter if available for a definite indication. A slight drop in output is probable
at the lower frequencies, but any large drop should be investigated by adjusting
Cl for best volume. A low self-capacitance in the loop i1s indicated if Cl1 has
to be increased. Wind the turns of the loop closer together, or add a turn,
to increase; and to reduce, try spacing the loop turns farther apart, or take
away a turn. Continue with tests at 1,200 and 600 kc/s until reasonable balance
over the tuning is reached. Check for straightforward reception with the
generator disconnected from the auxiliary coupling winding.

To align the long wave band, use for L1 a coil from which turns may ecasily
be removed. A suitable coil 1s the Wearite PA1 from which, for a start, strip
off about 40 turns. (The main tuned winding on this coil i1s that connected
to the two upright tags, one of which is coded in red). Switch the receiver
to the long wave band, tune the generator to 1,000 metres (300 kc/s) and couple
it into the auxiliary loop. With the modified L1 in circuit bring in the generator
signal, using reaction if necessary. Set C5 to about md capacitance and
adjust C2 for maximum volume, backing off reaction until the signal 1s well
received 1f the detector was previously made to oscillate. ‘
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Now tune both generator and receiver towards 150 k¢/s step by steps
moving about 25 kc¢/s at a time, bringing in the signal on the. receiver at each
step. Keep the reaction at the most sensitive point. In all probability the
signal strength will commence to fall off rapidly. As soon as this is detected,
by ear or by an output meter, reduce the setting of C2.to find whether L1 still
has too high an inductance, which will be indicated by an increase in volume.
If so, further turns may be removed. v

Should the signal strength weaken further as C2 is reduced in capacitance
the indication is that too many turns have already been removed from LI,
and 1t will be necessary to restore some of them.

. Continue with the test, removing or adding turns in steps of about 10 turns

at a time after the original 40 turns have been removed, until the generator
signal can be followed from 300 to 150 kc/s, without serious falling off. The
receiver should then be in alignment over the long wave band, and can be
tested for direct reception on the Light, and other programmes available.

ALIGNMENT BY MULTIVIBRATOR

~ The tests so far described have in effect tested the alignment of the tuned
circuits one with another at certain selected points—either the tuning points of
suitable broadcast stations or suitable signal generator check points. It is
obvious that if, by some means, a continuous signal stretching right over the
broadcast band could be injected into the receiver, and the tuning capacitor
rotated, a very close check indeed could be made of the receiver alignment. At
points where the alignment between the tuned circuits was lost the signal would
temporarily fade as the tuner was turned. If the circuits became progressively
out of alignment towards the low frequency end of the range the signal would
progressively weaken. Such a check would be worth while on t.r.f. receivers,
but even more valuable in the alignment of superhets.

It is easily possible to set up such a * continuous ** signal, stretching right
across the broadcast bands, by means of a multivibrator, such as that shown
in Fig. 8. A multivibrator is an oscillator with an output having a square
waveform, which possesses a wide range of harmonics. A multivibrator
working on a fundamental frequency of 10 kc/s (an audible note), supplies a
chain of harmonics stretching up into the megacycle frequencies; and if such a
signal is fed into a receiver the effect is to give a series of signals each modulated
by a 10 k¢/s note and all 10 kes/ apart.  As the receiver tuner is rotated, therefore,
one signal comes in immediately after another giving the effect of a *“ continuous ”’
signal, and the response to successive ‘‘ carriers > should be reasonably level,
allowing for a slow falling off towards the higher frequencies. A normal
recerver has a slow falling off in sensitivity towards the low frequencies, however,
so that the two effects tend to cancel out and give a level signal over the medium
wave band, at least. -

Strictly speaking, a vibrator working at 10 k¢/s with a perfectly balanced
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FIG. 8. A SIMPLE MULTIVIBRATOR
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waveform, will possess only odd harmonics, i.e. at 20 kc/s intervals: but, In
practice, very little out of balance is necessary for quite useful even harmonics
to appear. But odd and even harmonics will differ in amplhitude somewhat,
so alternate 10 kc/s whistles may vary in intensity somewhat, depending also on
the selectivity of the circuits. If alternate * carriers ”’ maintain a reasonable
level, the drop at the intervening ones can be ignored as due to the reduced level
of even harmonics.

The circuit of Fig. 8 requires little explanation. The unit need not be
screened (though to prevent interference with other receivers it is as well to
group all the small components round the valve holder and to use a small four-
sided chassis), and the circuit has no critical points. The constants are chosen
to give approximately a 10 kc/s note; if for any reason it 1s required to control
the fundamental frequency within limits one of the 220,000 ohms grid leaks
can be made variable and placed in series with a fixed 68,000 ohms resister.
Double triodes other than the 6SL7 may be used and a battery version of the
multivibrator can be constructed round a Mullard DCC90, if desired.

The mains lead as shown in the unit.should be terminated for safety in a
three-pin mains plug, sc that the polarity cannot be reversed and the chassis
thus made “ live.” If a switch is fitted it should be of the double-pole type for
preference. Only a single output lead is required, and the chassis of the multi-
vibrator must not be connected to the chassis of the receiver under test.

To align a t.r.f. receiver with the multivibrator proceed as follows, using
the circuit of Fig. 7 as an example.

First, to set the tuned circuits on frequency when a tuning dial is fitted,
tune the receiver to the 247 metres Light Programme (coupling in an external
aerial and earth if necessary), and, with the wavechange switch in the medium
wave position, set C4 so that the station is tuned in at the correct point on the
dial, roughly trimming C1 for best results. Throughout the subsequent adjust-
ments do not vary the setting of C4.

Disconnect the external aerial and earth if used, and couple in the multi-
vibrator by running the output lead beside the loop aerial with the multivibrator
switched on. If the receiver is insensitive the output lead can be wrapped round
the loop for one or twa turns, keeping-the coupling as loose as possible. Tune
the receiver to the high frequency end of the medium wave band—to 220 metres
approximately. Adjust C1 for best volume, starting at the mid position. If
increasing the value of Cl1 up to maximum steadily increases volume add a
turn or more to the loop if necessary; if decreasing the value of Cl down to the
minimum gives a steady increase of volume, remove a turn or more from the
loop, until C1 peaks the signal up to maximum volume at about its: midway
position.

Now tune over the medium wave range, noting any falling off in the volume
of the audio signal from the multivibrator. If the volume is reasonably steady
no further tests need be made, but if it falls off, check by adjusting Cl1 to see
whether an increase or decrease in its capacitance increases the volume. If
an increase in C1 is required try the effect of rewinding the loop with the turns
closer together or adding a turn, and vice versa.

On the long wave range the multivibrator can assist very considerably in
matching in L1 (Fig. 7). Remove about 40 turns for a prelimmnary trial, set
C5 to the midway position and inject a multivibrator signal. Adjust C2 for
maximum volume; if C2 needs to be right open for any signal at all, or only a
weak signal, remove more turns from L1 until reasonable volume is obtained.
Now tune over the long wave range, investigating any drop in volume by varying
C2. If C2 has to be reduced in capacitance to bring up volume, remove a few
more turns from L1 and retrim at the high frequency end of the band before
tuning over the range for a further trial. If C2 has to be increased in capacitance,
too many turns have been removed from L1 and some should be replaced.
If only a few of the turns are removed at a time, it will not be necessary to replace
turns, a considerably more awkward undertaking than removing them.

When a reasonably steady multivibrator signal can be received over the
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entire medium and long wave bands, the receiver is ready for normal reception
trials on broadcast signals.

As usual, all these tests should be made with the reaction control at its
most sensitive setting. When the receiver is fitted with a tuning dial, CS is

adjusted to bring in the Light Programme at the correct point, C2 being trimmed
for best volume.

SUPERBET. RECEIVER ALIGNMENT
. The aerial and oscillator tuned circutts in a superhet. must always * track,”
i.e. must always have a difference in frequency equal to the i.f.—generally 465 kc/s

. or thereabouts, the oscillator tuning being 465 kc/s or so higher than the aerial

circuit. With an untuned aecrial, either loop or metal plate, the alignment takes
no longer than for any other type of superhet.; but a tuned loop must be adjusted
to give good tracking throughout the tuning range. This may call for careful
adjustment of the number of turns on the loop, as well as the spacing of the
turns. These adjustments are by no means difficult, but certainly a little patience
1s needed. Once the 1.f. transformers and oscillator are aligned the loop can
be adjusted on broadcast signals.

The best way of aligning a receiver using a tuned loop aerial is to ignore
the loop completely at first, and to align the i.f. stage and the oscillator against
an aerial coil temporarily connected in, in place of the loop. An aerial coil known
to match in with the oscillator is, of course, ideal (e.g. a PA2 to match in"with a
PO2 oscillator, or an HA3 to match in with an HO3 oscillator); but almost any
normal aerial coil will suit for the purpose.

The preliminary steps must be the same whatever input signal is used
for the adjustment. First the i.f. transformers must be aligned on the correct
intermediate frequency; and the oscillator coil trimmed and padded against
the aerial coil. (These steps will be explained and described in Chapter 5).

Nothing more 1s necessary in a superhet. using an untuned aerial, as the

aerial coil 1s permanently a part of the receiver and there is no tuned loop
to be adjusted.

SUPERHET. ALIGNMENT ON BROADCAST
SIGNALS

With the 1.f. and oscillator stages in order, disconnect the temporary aerial
coil and connect 1n the loop aerial. Couple in an external aerial and earth
to the auxiliary loop if fitted, or make a temporary coupling loop round the loop
aerial by two or three turns of insulated wire and connect the external aerial
and carth to that. Set the receiver tuning capacitor to the 247 metres Light
Programme tuning point and adjust the loop trimmer capacitor for best results.
If the capacitor has to be increased to maximum add a turn or more to the
loop, and vice versa. Aim at tuning the Light Programme up to maximum
volume with the loop trimmer at its mid capacitance point. ‘

Now tune over the medium wave band and endeavour to pick up the
North Home Service on 434 metres, again adjusting the loop trimmer when
the signal 1s tuned in, for best volume. If no improvement, or only a slight
improvement,” in volume can be obtained the loop acrial is satisfactory as it
stands; adjust the trimmer once more on the Light Programme, or set it to
give a balance between the two test signals, and proceed to the long wave test. .

If a considerable improvement can be made in the reception of the North
station by increasing the loop trimmer capacitance try adding another turn
to the loop, or winding its turns closer together. If the volume is increased
when the loop trimmer 1s opened out for minimum capacitance,. try removing
a turn from the loop or spacing its turns further apart. When an adjustment
is made to the loop aerial, check the effect of the operation by trimming again
on the Light Programme before rechecking the effect on the 434 metres tuning
point. Adjust the loop until the setting of the loop trimmer serves equally well
(or approximately so) for both the Light and North Home Service Programmes.

On the long waves, as in the case of the t.r.f. receiver, the alignment of the
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superhet. will depend to a considerable extent on the series connected coil used
with the loop (L1 of Fig. 7, ignoring the rest of the circuit). Undoubtedly the
sumplest course to take is to align the long waveband on the Light Programme
only, using small iron cored coils such as the Weymouth H series (HA1 for
the loading coil and HOI1 for the oscillator). o

Connect in the long wave coil .as an aerial coil during the preliminary
1.f. and oscillator alignments, and trim and pad the circuits so that the Light
Programme is received at the correct point on the dial. Then connect in the
loop aerial, and, by running the core of the coil out as far as possible, the Light
Programme should be received at its correct point on the tuning dial.

If better tracking between the aerial and oscillator circuits is needed the
adjustments must be made using a signal generator or multivibrator.

SUPERHET. ALIGNMENT BY SIGNAL
- GENERATOR

With the preliminary steps completed and the i.f. and oscillator coils correctly
adjusted, connect in the loop aerial. Switch the receiver to the medium wave
band and couple in the signal generator to the auxiliary coupling loop, or to a
turn or two of wire round the loop aerial. Set the generator to 250 metres
(1,200 ke/s) and tune the receiver to this point on the dial; the signal should be
audible; by adjusting the loop trimmer bring the volume up to maximum. If
the trimmer has to be at full capacitance add a turn or more to the loop; if
the trimmer has to be completely unscrewed for good reception remove a turn
or more from the loop and, as before, aim at best volume with the loop trimmer
near its mid capacitance point. _ :

Tune the generator to 500 metres (600 k/cs) and bring in the signal on the
receiver. As already described adjust the loop trimmer to improve volume
if possible; if only a small improvement can be made the loop aerial is satisfactory
and long wave adjustments can be commenced. _ .

If a considerable improvement at 500 metres is possible by increasing
capacitance, add a turn to the loop, or wind the existing turns more closely
together. If the loop trimmer has to be unscrewed, remove a turn or space
out the existing loop turns. After each adjustment to the loop retrim -at 250
metres before rechecking results at 500 metres, and continue until good results
are obtained at both ends of the tuning range.

With a signal generator the long wave aerial circuit can be correctly matched
with the oscillator circuit to give a properly tuned range. As described
in a later chapter, the long wave oscillator coil will already be trimmed and
padded, and it remains only to remove turns from the series coil.in series with
the loop aerial until the tracking is correct. Commence by stripping 40 turns
from the coil (an air cored coil such as the Wearite PA1 is best for this purpose);
connect 1t in circuit, and switch the receiver to the long wave band. The aerial
circuit will then be similar to that shown in Fig. 7 (the Ioop and coil with Cl
and C2, 1gnoring the rest of the diagram). Tune the signal generator to 1,000
metres (300 kc¢/s), couple it into the loop aerial as before and tune in the signal
on the receiver; then trim the series coil by its trimmer. Probably the trimmer
will have to be at minimum capacitance for a signal to be heard, in which case
remove more turns from the coil and continue with the test until the 1,000 metres
signal can be peaked with the trimmer across the loading coil. _

During these tests the medium wave trimmer across the loop (C1 of Fig.
7), should not be touched.

Now tune both generator and receiver to 1,500 metres, (200 kc/s) and
check for response, which should be satisfactory. If necessary, give a slight
adjustment to the padding of the oscillator to improve the volume, followed
by a retrimming of both aerial and oscillator circuits at 1,000 metres. Only
slight adjustments should be made if the tuning scale is to read correctly. If
the tuning scale is to be drawn to suit the circuit then more extensive adjustments
may, of course, be made.
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SUPERHET ALIGNMENT BY MULTIVIBRATOR

To align the superhet. by means of the multivibrator commence, as already
described, by adjusting the number of turns on the loop aerial so that the medium
wave trimmer gives good response at about 250 metres when set to mid-
capacitance.  Then rotate the receiver tuning capacitor to investigate the
tracking between the aerial and oscillator circuits. - If response falls off steadily
towards the low frequency end of the tuning range make the trimmer tests to
ascertain whether the loop requires more or fewer turns or whether the spacing
requires altering. After each adjustment retrim at abéut 250 metres, not
touching the oscillator settings and trimming only the loop trimmer. Tune
over the whole medium wave range, and listen for-dips or peaks in the response.
When response is fairly level over the band, further Improvements may be
attempted if desired or warranted by small local dips in the response. Small
adjustments can be made to the loop and to the spacing of the turns and, finally,
to the trimming and padding of the oscillator coil. Again, if a tuning scale has
still to be drawn these adjustments can be more extensive in scope.

The long wave range is adjusted as explained for alignment with a signal
generator, although it is again possible to keep a closer check on the tracking
between the aerial and oscillator circuits over all frequencies in the band.

SHORT WAVE ALIGNMENTS

Usually, short wave ranges are found only in .larger portable receivers.
In personal sets there is little space to spare for the extra oscillator components
necessary, nor is the size sufficient for a really effective short wave loop.

The tracking between the aerial and oscillator circuits depends chiefly
on the size of the aerial frame or former, a single turn of wire usually making
up the whole short wave loop. On large formers even this single turn can have
too high an inductance, and for good results it is very desirable to use a signal
generator by .which the oscillator .can be set, and the loop aerial pruned or
trimmed as required. The form of the aerial circuit on the short wave band, makes
it unselective and coupling between the generator and receiver should be loose.
It is generally sufficient to run the output lead from the generator beside the
receiver aerial.

The short wave oscillator coil should first be trimmed and padded in the
way to be described in a later chapter. Suitable frequencies for a coil, such
as the Wearite PO3, are 15 mc/s for trimming with a check at 7 mc/s. Most
short wave oscillator coils have large value fixed padding capacitors, that for
the PO3 coil being specified by the manufacturer as 0.005 mfd, so there are no
padding adjustments.

The aerial Joop may now be trimmed at 15 mc/s, and the size of the loop
varied, if necessary, to obtain good tracking with the oscillator. If the loop
Is found to be too small (because the aerial trimmer has to be large), a part of
a turn can be put on if a solid frame former is used. If an open former similar
to that in Fig. 5 is used, the smallest possible variation is limited to a quarter
of a turn. If even a single turn is found to give too great an inductance (a
very small trimmer, or none at all, being required across the loop), part of the
turn can be removed.

It 1s important to realize that the path taken by connecting leads will have
considerable effecton timing at thesefrequencies. Sohalfa loopmay nothave much
less inductance than a whole one, unless care is taken to shorten connections.
Frequent checks should be made on actual short wave signals during the
adjustments, since it is possible to tune in harmonics and images of the signal
generator output, even if this is kept to as low a level as will give satisfactory
indications. With a little patience, however, surprisingly good short wave
results can be obtained if a modern frequency changer is used. If response
to the generator appears to be good, but signal strength on actual reception
tests 1s poor, check conditions first by tuning the appropriate short wave band

on a receiver of known performance, because conditions can vary widely and
quickly on these frequencies.




Chapter 2
T. R.F. RECEIVERS

JYHE use of t.r.f. receivers for personal and portable operation should be
limited to reasonably good reception areas if simple and inexpensive circuits
~are to be used. The high gain necessary in a poor reception area makes
r.f. stability difficult to obtain and, as at least as many stages are required as
for a superhet., the t.r.f. receiver will be no cheaper to build and offers no
saving In battery power. o .

Many constructors are attracted by the t.r.f. circuit because it is easily
aligned without a signal generator. But a straight circuit can be just as *“ tricky ”’
as a superhet. and can, in fact, show more instability unless considerable care
is taken over the layout. : - _ .

In general, a t.r.f. circuit consists of atleast one stage of r.f. amplification, fed
from a tuned loop aerial for preference, and a reacting detector which can .give
a considerable measure of useful gain. Thus, a minimum of three stages is required:
1.f., detector, and output stage. There are t.r.f. circuits which include two
r.f. stages, the first being sometimes fed from what may be termed a * semi-
tuned ”’ loop, wound to resonate approximately at the frequency of the medium
wave Light Programme, or any other required station.

A two stage receiver consisting of a reacting detector, fed from a tuned
loop, and followed by an audio amplifier and an output stage can give good
results .in the best reception areas. It is not suitable in other areas without
the assistance of an external aerial and a direct earth connection. =4

Fig. 9 shows a t.r.f. circuit for medium wave reception only. It 1s suitable
for construction by the beginner, and is for use in reasonably good reception
areas. The aerial input circuit contains only the tuned loop; the amplified r.f.
signal is passed on to the detector grid circuit by the capacitor C4, the best
value for which may be found by experiment. A further experiment is to replace
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the anode load resistor R1 of V1 by a small r.f. choke, the screen grid of V1
then being connected directly to the h.t. line, and R2 omitted.

The coil L1 should be of the Wearite PA2 type to suit the circuit as shown,
and it should be connected as denoted in the coil key. The reaction control
1s by screen voltage control of V2, which is smooth and effective. C8, R6 and
C11 filter r.f. from the audio output, and the detector is decoupled completely
from the other valves by R4 and C10. Further filtering is achieved by the grid
stopper R11. Stoppers in grid circuits must be connected directly at the valve |
holder pin by as short a lead as possible.

R10 provides grid bias for the output valve; the total current from the
h.t. battery flows through this resistor from the common earth line, setting
up a voltage making its junction with R9 negative to earth. CI13 provides
a low impedance path for L.f. and h.f. between h.t. positive and earth, and so,
in effect, by-passes R10. A capacitor across R10 itself would be as effective a
by-pass, but would not by-pass the h.t. battery as well (as the battery ages and
its internal impedance rises); Cl3, in the position shown, carries out both
functions.

The valves specified for VI and V2 (Mullard DF91: American equivalent,
1T4) are normal types for such a circuit; but the specified output valve (Mullard
DL94: American equivalent, 3V4) is not used so often as a Mullard DIL92
(American equivalent, 3S4). The beginner is advised to use a D1.94 because this
valve can have 90 volts h.t. on both anode and screen (the DIL92 screen voltage
being limited to 67.5 volts, necessitating a dropper when a 90 volts battery is
used). Also, the DL94 is more sensitive and better suited to <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>