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80 METRE AM
BAND RECEN\

By M. V. Hastings

Expressly designed for
s.s.b. and c.w. amateur
- signals.

This easily built and fairly inexpensive receiver has
been specifically designed for beginners who want to
get started on amateur band reception. Unfortu-
nately, most broadcast receivers having one or more
short wave bands are not suitable for reception on any
amateur bands which fall within their frequency
coverage. This is because the two modes of transmis-
sion most commonly employved on the amateur bands
are single sideband (5.5.b.) and morse (c.w.), neither
of which can be resolved with an ordinary a m.
receiver, Communications receivers are obviously
ideal for amateur bands reception but these are rela-
tively expensive even when home-built. Quite good
results can be obtained employing a much simpler
recetver using the “homodyne” or ““direct conver-
sion™ principle, Such a receiver is described here and
it will provide reception of British and other Euro-
pean amateur stations, as well as reception of stations
from further afield when conditions are suitable. A
considerable simplification in design is given by hav-
ing the receiver operate on a single band only, this
being the popular 80 metre band,

In most countries, including the U.K., the 80 metre
band extends from 3.5 to 3.8MHz. In the U.5.A, and
a few other countries it extends from 3.5 to 4,0MHz,
This set covers slightly more than the second of these
two ranges whereupon little diﬁ'icul}y will be experi-
enced in aligning it for the required frequency cover-
age. Alignment, in any case, merely consists of adjust-
ing the cores of two coils, one to give the correct
frequency coverage and the other to give maximum
sensitivity over this range. No test equipment of any
type is needed for the alignment. The receiver is not
intended for the reception of ordinary a.m. signals,
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Minimal aligni

Power is obtained from an internal @ volt battery
type PP, and the output is suitable for high impe-
dance magnetic headphones (2k{} or 4kfl) or a
crystal earphone. An external aerial is required,
However, a short indoor aerial will give reasonably
good results, and an outdoor aerial 15 by no means
essential.

DIRECT CONVERSION

An s5.5.b. transmitter is basically an a.m. transmit-
ter with the carrier and one sideband removed. If the
s.s.b. signalis to be resolved the missing carrier must
be re-inserted at the receiver and this and the signal
passed through a suitable detector. Normally, a
product detector will be used. In a superhet receiver
the locally generated carrier can be inserted into the
i.f. amplifier. With a receiver of the type described
here, the lncallf generated carrier has the same fre-
quency as would the carrier of the received signal,

The transmitted signal can be upper sideband
(u.s.b.) or lower sideband (1.5.b.). If a 1kHz audio
modulating tone were fed to a u.s.b. transmitter tuned
to 3.6MHz, the corresponding upper sideband of
3.601MHz would be transmitted, wliuiist withan Lsh,
transmitter it would be the lower sideband of
3.599MHz which would be radiated. In either case
the modulating tone of 1kHz can be resolved at the
receiver by injecting a locally generated carrier fre-
quency of 3.6MHz, When the 3.6MHz s.5.b. transmit-
ter is modulated by a speech signal, the speech can
similarly be resolved by injecting the local carrier of
3.6MHz. It is important, however, that the local oscil-
lator be tuned as precisely as possible to 3.6MHz or
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Simple homodyne design

for the

requirements.

all the components of the speech signal will be raised
or lowered in frequency. Only slight detuning can
make the received speech signal difficult to com-
prehend.

A c.w. signal merely consists of a radio frequency
signal which is keyed on and off. A local oscillator at
the receiver can then be adjusted to beat with the
signal and produce an audible heterodyne note. The
locally generated signal used for s.5.b. Teception can
also be employed here, its frequency simply being
adjusted to produce a comfortable tone,

The basic line-up of the receiver is shown in Fi%,l,,
The aerial is connected to an r.f. amplifier with a
tuned output filter, the latter being set to the centre of
the 80 metre amateur band. This filter stops break-
through from signals outside the band. The r.f. amp-
lifier output is fed to a product detector, as also is an
output from a variable frequency oscillator. The v.f.o.

beginner.

provides the missing carrier with s.5.b. signals or gives
a heterodyne with c.w, signals. A second function of
the rf. amplifier and filter stage is to prevent signals
from the v.f.0. being passed to the acrial, where they
would be radiated and cause intérference with other
receivers,

The product detector couples into an r.f. filter
which passes the detected audio signal to the a.f.
amplifier whilst removing the r.f, signals present at
the detector output. These r.f. signals, consisting of
the received signal and the v.f.0. signal, are at a much
higher frequency than the audio signal and can easily
be filtered out by a single RC circuit.

The audio output from the product detector is very
weak, and a considerable amount of audio amplifica-
tion is required to bring it up to headphone level. The
majority of the gain in the receiver is provided by the
high gain a.f, amplifier which follows the r.f, filter.

Praduct High gain
- > RE fliter S |
detector AF. amp. Headphanes
F
VFD

Fig.1. Block diagram representing the stage line-up of the receiver
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The receiver is tuned by adjusting the v.f.o, fre-
quency. This selects the s.s.b. signal to be received by
inserting the missing carrier. The tuning here is much
more critical than is given with ordinary a.m. recep-
tion because, as was just explained, a slight inaccu-
racy in v.f.o. frequency can make the detected signal
incomprehensible. With c.w. signals tuning is similar
Lo a.m, reception, however, as it is merely necessary
to set the v.f.o, to a frequency which produces an
acceptable heterodyne note.

THE CIRCUIT

The full circuit of the receiver is shown in Fig.2.
TR1 s the r.f. amplifier and is used in the common
emitter mode with an untuned base input circuit. Two
aerial sockets, SK1 and SK2 are provided. SK2 cou-
ples direct to TR base and is used with short indoor
aerials. SK1 couples to the base via trimmer TCI and
is employed with longer and more efficient aerials,
which could cause the r.f, amplifier to be overloaded
by strong signals if the aerial were connected direct to
the transistor base. TC1 is adjusted to suit the particu-
lar aerial used.

The collector of TR1 connects to a coupling wind-
ing of coil L1. The winding between pins 1 and 6 is
tuned by C2, and the core of the coil is adjusted so
that this tuned circuit is resonant at the centre of the
80 metre amateur band. A second coupling winding
on the coil connects to the product detector, consist-
ingof D1, D2 and R2. The v.f.0, signal is introduced,
via capacitor C3, at the junction of the two diodes. R2
is & jiusted to minimise breakthrough of out-of-band
sigrials,

The variable frequency oscillator is provided by
the circuitry around TR4. This is a Jfet device used in
the source follower mode. The gain from gate to
source is somewhat less than unity, but there is a
voltage step-up from the source coupling winding to
the tuned winding of L2., which ensures that there is
sufficient positive feedback to produce strong and
reliable oscillation. Tuning is controlled by VC1 and
VC2. ¥CI is the bandset capacitor and VC2 the
bandspread capacitor. Because of its low value and
the fact that C11.is in series with it, VC2 can tune over
only a small part of the band, but fine tuning is much
easier to carry out with this capacitor. The oscillator
signal is taken from TR4 source and passes to the
product detector through C3,

R4 and C4 constitute the low pass r.f. filter which
follows the product detector, and the remaining audio
signal is coupled via C5 to the high gain low nose a.f,
amplifier given by TR2 and TR3. These are both
employved in the conventional common emitter con-
figuration. C6 and C8 provide negative feedback of
the higher audio frequencies, and thus roll off the
high frequency response of the receiver. This is bene-
ficial as it gives an improved signal-to-noise ratio and
decreases adjacent channel interference. A good
audio frequency response is of no benefit at all in a
receiver of this nature since s.s.b. amateur transmit-
ters normally incorporate filtering which limits the
audio frequencies to a range suitable for good com-
munications quality speech, with frequencies above
3kHz being virtually eliminated. C9 couples the out-
put of the amplifier to SK4, the phones socket.

On-off switching is provided by 51, and C1, R3 and
C10 are the only supply decoupling components
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Fig.2. The circuit of the 80 metre amateur band receiver. Reception of s.5.b.
signals is achieved by “direct conversion” with the output of oscillator TR4
inserting the missing carrier at the product detector stage
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which are required. Current consumption from the 9
volt battery is approximately 7mA only.

A few notes need to be made concerning compo-
nents. SK4 should be a 3.5mm. jack socket of open
construction, i.e. it should not have an insulated body.
This is because a chassis connection to the front pane]
of the receiver is made by way of its mounting bush
and nut. If difficulty is experienced in findin 24 source
for the coil specified for L2, this may be obtained (as
may also L [{Jdirect from the manufacturer at Denco

(Clacton) Limited, 355-7-9 O1d Road, Clacton-on-

Sea, Essex, CO15 3RH. The coil has
incidentally, which connects
This winding has no effect on
not shown in Fig.2.

Trimmer TC1 can be any small trimming capacitor
having a maximum value of about 20pF. The BF244B
specified for TR4 is available from a number of Sup-
pliers, including Greenweld, 443 Millbrook Road,
Southampton, S01 OHX.

a third winding,
between pins 8 and 9,
circuit operation and is

COMPONENTS

4

Resistors
(All fixed values § watt 5% unless otherwise stated)

R1 1MQO

R2 4706} pre-set potentiometer, 0,25 watt, horizon-
tal

R3 47002

R4 3.9k}

R5 1.8MO 10%

Ra 4.7k}

R7 1.2MQ 109 2

RE& 2.2k} .

RY 3.3k()

Capacitors

Cl 100uF electrolytic 10V Wkg.

C2 56pF ceramic plate or polystyrene
€3 27pF ceramic plate

C4 0.01uF polyester type C280

C5 0.1pF polyester type C280

C6 1,000pF ceramic plate

C7 0.1uF polvester type C280

C8 390pF ceramic plate

€9 10uF electrolytic, 10V Wkg.

C10 100uF electrolytic, 10V Wkg.

C11 3.9pF ceramic plate

C12 22pF ceramic plate or polystyrene
C13 4,700pF ceramic plate

VC1 25pF variable type C804 §Jacksnn}
VC2 10pF variable type CR04 Jackson)
TC1 20pF trimmer (see text)

Coils

L1 Dual purpose, coil, transistor usage, Blue, Range
AT (Denco)

L2 Dual purpose coil, valve usage, Green, Range 3
{ Denco)

Semiconductors

TR1 BC109
TRI BC109
TR3 BC1749
TR4 BF244B
D1 OA9]
D2 0OA91

Switch
51 s.ps.t, toggle, rotary

Sockets

S5K1 insulated socket, red
SK2 insulated socket, red
SK3 insulated socket, black
SK4 3. 5mm. jack socket

Miscellaneous

Verocase type 75-1411-D
3 control knobs
Veroboard, 0.1 in. matrix
9-volt battery type PP6

Battery connector

2B9A valveholders

High impedance (2,0000 or 4,0004)) headphones or
crystal earphone with 3. 5mm. jack plug

Wire, solder, ete.
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CONSTRUCTION

A Verocase type 75-1411-D with dimensions of
205 by 140 by 75mm. makes an excellent housing for
the receiver.

This has a metal front panel which screens some of
the circuitry and prevents hand capacitance effects on
the tuning.

The general layout of the set can be seen from the
photographs, On the front panel, from left to right,
are SK4, 51 VCZ and VC1. On the rear panel are
mounted L1, L2, the two aerial sockets and the earth
socket. Looking at the receiver from the front, L1 is
to the left, with SK2 next to it, followed by SK1, SK3
and, at the right, L2. Each of these coils requires a {in.
mounting hole and is held in place by a plastic nut
provided with it. It is important that these nuts be
tightened by hand only as excessive force here could
easily strip the plastic thread onsthe nut or the former.
Soldered connections can be made directly to the pins
of the two coils, but these are held in plastic which
melts readily when heated. In consequence, a BO9A
. valveholder is passed onto the pins of each coil and
connections are made to the valveholder tags.

A Veroboard panel of 0.1in, matrix having 28
holes by 16 copper strips takes most of the compo-

Looking into the receiver from the L2
end. Each of the coils has a B9A val-
veholder fitted over its pins, and con-
nections are made to the valveholder

nents, and this is cut down from a larper panel. The tags
Veroboard layout is shown in Fig.3. The two mount-
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Fig.3. The component and copper sides of the Veroboard assembly. Wiring to
components on the rear and front panels is also shown in Fig.4
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Battery clip

Component pangl

ing holes have to be drilled out, and the two breaks
made in the copper strips before soldering COTPO-
nents to the board, Note that there is a link wire near
the centre of the board. The two diodes should be the
last components to be soldered to the board. The
soldering of these diodes should be carried out fairly
quickly as they are germanium types which can be
damaged by excessive heat,

The panel is mounted on the base of the case just in
tront of the aerial and carth sockets. The two mount-
ing holes are to the front. Two 6BA bolts and nuts are
employed here, with spacing washers to keep the
panel underside clear of the case bottom.

JULY 1980

Before it is finally mounted in place. the Vero-
board panel must be wired up to the components on
the front and rear panels. The point-to-point wiring is
shown in Fig.3. and 4. All the wiring sgnu]d be kept
reasonably short and direct. TCl is connected
directly between SK2 and SK1, being supported here
by two stout pieces of tinned copper wire soldered to
the socket tags. Some of the oscillator circuitry is
connected to the valveholder fitted over the pins of
L2. Pins 1 and 6 of this valveholder are used as anchor
tags and do not connect to any coil windings. The
letter and number references in Fig.4 apply to the
corresponding Veroboard holes in Fig.3,
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AERIAL AND EARTH

The set can be used with an ordinary long wire
aerial consisting of some 10 to 40 metres of insulated
wire strung as high as possible between any two
convenient anchor points. This type of aerial must be
plugged into socket SK1 to avoid overloading the
input stages of the receiver. Overloading manifests
itself in the form of a high background noise level,
together with a number of stations being received
simultanecusly with the tuning controls having little
effect.

An indoor aerial will give quite good results and
can consist of some 3 to 10 metres of wire strung
around a room or in an attic. Satisfactory results will
be obtained by plugging this aerial into SK2, but
overloading may still occur at times, making it neces-
sary to connect the aerial to SK1 instead.

An earth connection can considerably increase
signal strength on low frequency bands such as 80
metres, However, in this case, an earth is only likely
to be of benefit when an inefficient aerial is in use.
The set does not require a very strong input signal and
can be overloaded by such a signal. The best type of
earthconnection is provided by a metal pipe buried or
pushed into moist earth, with a lead which is as short
as possible connecting it to the receiver.

Ll

ADJUSTMENT

As supplied, the cores of L1 and L2 are fully
scréwed into the formers, The cores should be un-
screwed so that about 10mm. of metal screw thread
protrudes from the end of each coil.

With an aerial and headphones connected it should
then be possible to tune in a number of stations of
some kind by means of VC1 and it should be possible
to peak these stations by adjusting the core of L1. The
stations may not be amateur ones, and it will then be
necessary to adjust the core of L2 in order to locate
the 80 metre amaiteur band signals. When some of
these have been found, the core of L2 should be
adjusted so that they are tuned in with ¥V C1 at around
half maximum capacitance. The coverage provided
by VC1 should then be sufficiently wide to ensure
that all or nearly all of the 80 metre band is covered.

After a little experience with the set the limits of
the 80 metre amateur band should become fairly
abvious. During the evenings, and at weekends, the
band is wvsually crammed from end to end with sta-
tions, and the band limits can then be located quite
easily, If necessary, the core of L2 can be given a final
slight adjustment to centralise the band in the range
covered by VC1, VCI is then adjusted to the centre of
the band and the core of L1 finally adjusted for max-

i

RADIO AND ELECTRONICS CONSTRUCTOR



The coils and aerial and earth sockets

are assembled on the rear panel. The

coils are held in position by plastic

nuts which are supplied with them,

and care must be taken not to over-
tighten these nuts

imum sensitivity. The bandwidth of the L1 tuned
circuit is wide enough to give good sensitivity over the
entire band,

During daylight hours the 80 metre band provides
reception over a relatively short range of about 200
miles, but after darkness has fallen the range becomes
very much greater and quite distant stations can often
be received.

Two remaining adjustments concern R2 and TC1,
The set will work perfectly well with R2 at any setting.
It may occasionally be found that strong broadcast
signals or possibly other transmissions are breaking

On the front panel socket SK4 is to the
left with the on-off switch next to it,
followed by VC2. VC1 is to the extreme
right. The panel legends are taken
from Panel-Signs Set No. 4. It will be
found convenient to fit VC1 with a
larger knob than is employed with the
other two controls

through whereupon R2 should be adjusted in an
attempt to null the interferring signal. Adjustment of
R2 may not always remove the signal. whereupon it is
necessary to change the aerial input to SK1 if it is at
SK2, or to reduce the capacitance of TC1.

When only a modest outside aerial is being used,
TC1 will probably give best results when set for max-
imum capacitance. However, with longer aerials the
set may be overloaded unless the capacitance of TC1
is reduced somewhat. This is really a matter of finding
a setting which gives good sensitivity without over-
loading problems.



REGENERATIVE

The regenerative v.h.f. recelver iz asseambled in a ready-
made cass, with a consequent eesing of constructional dif-

This simple receiver uses three transistors
(including one f.e.t.) and provides full coverage of
the normal 88 to 108MHz f.m. broadeast hand.
The set is completely self-contained as it incor-
porates a 9 volt battery supply and a telescopic
aerial. The output is [ntendedy to feed a crysial
earphone, but in practice it seems to work into any
normal type of headphones perfectly satistactarily.

The circuit is rather unusual in that il uses s
regenerative detector which demodulates the
received f.m, signal using slope detection. While it
15 possible to resolve quite weak stations with this
receiver, it is only rezﬂly intended for use in areas
where f.m. reception is reasonably good. Adjust-
ment of the set 15 then not toe critical, and a high
signal-to-noise ratio with good volume should he
ohtained. With weak stations it is rather difficult
to get optimum results and what are normally only
slight hand-capacitance effects become con-
sicﬁerahly more apparent,

The output guality of the sel is very acceptable,
and is better than that which is normally produced
by a simple a.m. receiver, or by more complicated
ones for that matter. This is due to the relatively
wide bandwidth which ean be used at v.h.{., and
which enables a good treble response to be ob-
tained. Also, except under exceptional conditions.
reception will be of a fairly local nature and so in-
terference from foreign stations is virtually non-
existent, On the deficit side, it is abviously impossi-
hlle to receive foreign stations on a receiver such as
this,

a4

ficeiting

By
R. A. Penfold

CIRCUIT DETAILS

Fig. 1 shows the complete cireuit diagram of the
receiver, The aerial is coupled to the detecior stage
hy C1, this capacitor being needed to reduce the
lnading effeet of the aerial on the detector. Without
this low wvalue series capacitance the deiecior
would be so heavily damped that it would he
prevented from functioning at all.

TRI1 is in the detector stage and is connected in
the common gate Colpitts oscillator mode, with
feedback being prnvidl;d by C12. The operating
frequency of the cireuit is determined by the tuned
circait given by L1, C11 and VC1. The last COmMpHI-
nent 1s the tuning capacitor of the receiver. L2 is an
r.[. choke which ensures that there is a fairly high
impedance at v.h.f, in the source cireuit, whilst
maintaining a low impedance at audio frequencies.
R1 is the source bias resistor as well as the source
load, and €4 hypasses this at v.h.f. The audio out-
put is developed across R1. C2 and C3 are decoupl-
ing capacitors. :

Although, as was just stated, the detector tran-
sistor is connected in the Colpitts oscillator maode,
the cireuit is adjusted in practice such that there is
just not gquite enough feedback to cause oscillation,
This is normal practice with a regenerative a.m.
detector, and the feedback level causes the circuil
to offer maximum gain and selectivity, In conse-

uence the tuning response curve of the receiver
eatures a sharp peak with steeply falling skirts an
either side. When a frequency modulated signal is
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applied to one of these tuning response skiris the
result is a detected signal whose amplitide varies
with the frequency maodulation, The closer the
detector is hrought Lo the pseillation point the
arpater 15 the detected a.f. output for a given fre-
quency modulated signal. Since the background
noise level does not vary greatly with different
levels of regeneration, there is an increase also in
sipnal-to-noise ratio. The linearity of the deteclor
is found, in addition, to be at its best when it 1= ad-
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justed just below the threshold of oscillation.

VH1 provides the regeneration control by vary-
ing the supply voltage applied to the drain of TR1,
and hence the gain offered by this transistor. 11 can
therefore he adjusted to a point where the gain of
TRI is just insufficient to cause oscillation, This=1s
a more convenient method of regeneration control
than would be given by varying the value of the
feedback capacitor, C12, and the control is in prac-
tice smooth and relatively easy 1o set up.
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Fig. 1. The circuit of the regenerative v.h.f. recaiver, The use of slope detection makes this a very simple
receivar which requires no alignment
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Hesistors
{All fixed values  watt 10%)
Rl 1ko
R2 1.8Mo
Ra 5.6kn
R4 1k
R5 1.2M 0
R6 4.7kn
VR1 5kn potentiometer, log, with switch S1

Capacitors
C1 3.9pF ceramic
2 10 uF electrolytic, 10V. Wkg.
3 0.022uF dise ceramic
4 0.01uF disc ceramic
Ch 0.22uF type C280 (Mullard)
6 330pF ceramic plate
07 0.29uF type C280 (Mullard)
8 270pF ceramic plate '
C9 0.047uF disc ceramic
C10 100uF electrolytic, 10V, Wkg.
C11 6.8pF polystyrene or silvered mica
C12 6.8pF ceramic
V(1 25pF variable, tvpe C804 (Jackson)

COMPONENTS

fﬁductam
L1, L2 see text

Semiconductors
TR1 BF244B
TR2 BC10aC
TR3 BCY71

Switeh
51 s.p.s.t., part of VR1

Socket
SK1 3.5mm. jack socket

Miscellaneous
Verohox type 65-2520.]
Telescopic aerial (see text)
2 control knobs™
Plain perforated s.r.b.p. board, 0.1in. matrix
Iron dust core, 17 x Bmm. (see text)
Enarrimelled copper wire, 0.9mm. dia. (20
5.W.2.
9 vrﬁt battery type PP3 (Ever Ready)
Battery connector
Wire, solder, etc.

A.F. STAGES

TR2 and TR3 are both high gain low noise com-
mon emitter a.f. amplifiers, and they provide b
far the majority of the receiver’s overall gain, Rutﬁ
stages are quite conventional, C5 couples the a.f.
signal across R1 to the base of the n.p.n. TR2, and
C7 eouples the output of TR2 to the hase of the
pn.p. TR3.

It i= important that both the a.f. stages have a
reduced response at the higher audio frequencies,

since the twe transistors are both capable of

operating at v.h.f. If any v.h.f. signal were to find
its way into the a.f. section and be amplified there,
the result would be instability and a loss of perfor-
manee. The reduced response at the higher audio
frequencies also provides de-emphasis, which
counteracts the treble premphasis present on the
transmitted signal. The combined effect of pre-
emphasis and de-emphasis is to give an improved
signal-to-noise ratio. The reduction in high fre-
quency response is effected by C6, R4, C8 and (9.

The receiver audio output is taken from TR
collector by way of jack socket SK1. A direct con-
nection without a series d.c. blocking capacitor is
employed here, since a crystal earphone has an ex-
tremely high resistance and does not upset the
voltage conditions at TR3 collector, The earphone
is not affected by the standing direct voltage at the
output socket. Even when magnetic headphenes
are used it is still unnecessary to have a blockin
capacitor, as the headphones simply form a load,
in parallel with RE, for TR3 collector.

10 is the supply decoupling capacitor. The on-
off switeh, 81, is ganged with VR1, Power is ob-
tained from a PP3 9 volt battery, and the current
consumption of the receiver is approximately
3.5mA only. The battery will thus have quite a long
life, even if the set is used frequently,

The BF244B specified for TR1 is available from
several suppliers, including Electrovalue Limited.
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BUILDING THE SET

The receiver is housed in a plastic Verobox tvpe
6:5-2520J, which has dimensions of 150 by 80 E
Amm. The two controls and the 3.5mm. jac
socket, SK1, are mounted on the lid of the case,
which now becomes the front panel for this par-
ticular application. Details of tﬂ drilling required
are given in Fig. 2 The diameter of the hole re-
quired for 5K1 should be checked from the compo-
nent itself.

The telescopic aerial is mounted vertically at the
extreme left of the case, looking at the front of the
set. As can be seen in the photograph of the in-
terior, it is ri:fht against the %ﬂ&tif_‘ mountin
pillars moulded into the case. The type emplu}fes

o
Dig, to suit socket

l..._g',r__.._._ T s 1] At
L

R ol a8

5K VR, Ve,

Fig. 2. Three holes are required in the front panefl
of the plastic case. Thess are positioned as shown
here
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in the prototype has an extended length of 976mm,
and a hinged base section, and is available from
Doram FElectronies. A 9mm. diameter hole is
drilled in what is now the top of the case. and a
4BA clear countersunk hole exactly below it in the
case hottom, The body of the aerial passes through
the S9mm. hole and it 1s secured at the bottom with
a 4BA countersunk screw, A 4BA solder tag is
fitted over this screw between the hottom of the
aerial and the case inside surface, and connection
to the aerial is made by way of this tag.

COMPONENT PANEL

With the exception of C11, all the small com-
ponents are assembled on a plain perforated
s.r.hop. panel of (L1in. matrix and having 31 by 13
hales, '["he component layout and the underside
wiring on this panel are illustrated in Fig. 3.

First. the panel has to be carefully cut out from a

L

The battery is positionsed betwesn the end of
the componant panal and the tefescopic aerial,
A piece of foam pfastic gived fo the inside of
i the case rear is sufficient to keep it in place
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Fig, 3. Wiring of the components on the perforated s.e.b.p, panel
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larger piece. The components are then fitted, their
leads being bent flat under the panel so that they
may he 5ﬂ§dered together in the wiring pattern of
Fig. 3. In some cases the component lead-outs may
he too short for the required connections,
whereupon tinned copper wire of around 22 ERU
can be used to extend any wires where necessary.

Both coils are home-made and are wound using
enamelled copper wire of 0.9mm. diameter (about
20 s.w.g.). L1 is self-supporting and is wound on a
temporary former of &in. diameter such as the
shank of a twist drill of this size. It has precisely 4
turns equally spaced and its length is 0.4in. The
lead-out wires project downwards and are trimmed
to a length of about 5 to 10mm. The enamel insula-
tion is then scraped off and the lead-outs are tinn-
ed with solder. These operations should be carried
aut before the coil is removed from its temporary
former. When the coil has been completely
prepared, its lead-outs pass through the ap-
propriate holes in the component panel and are
connected into eircuit.

L2 is wound on a dust iron ecore having a
diameter of Bmm. and a length of 17mm., this com-
L:“nem being available as “Dust Core type 8" from
Maplin Electronic Supplies. The winding consists
of 13 turns of the same 0.9mm, enamelled copper
wire wound in a single layer around the dust core:
these turns will cover most if not all of the core. As
with L1, the wire ends are bent down, scraped
clean and tinned, before being passed through the
holes in the component panel. L2 is not a tuned
winding, and its inductance is not particularly
critical.

The moving vanes tag of VCI is soldered 1o the
panel underside wiring at the position indicated in
Fig. 3, using a generous amount ol solder. This
joint provides the actual mounting for the compo-
nent panel and eauses it to be held in position when
VIC1 is fitted in the case. C11 is soldered between
the moving vane tag and one of the fixed vane tag-
of YC1. The few remaining connections external tn
the panel may next be completed, employing (lexi-
ble insulated wires. These connections should he
fairly short and direct, as long leads trailing
around in the ease could eause hand-capacitance
eftects and may also affect performance in other
wiys, The lead from hole A19 connects to the track

B8

tag of VRI eorresponding to full anti-clockwize
rotation of its control knob. 1f the lead from the
panel to the negative terminal of the battery con-
nector is kept fairly short, this will assist in ' main-

taining the battery in position between the end of
the bnard and the telescopic aerial.

USING THE SET

The set has purposely been designed to cover
somewhat more than the normal f.m. Band IT so
that stray caﬂﬁcitances and small errors in the con-
struetion of L1 will not result in part of the band
being lost from the coverage of the set. Therefore,
no alignment of any kind is necessary,

In order to obtain good results it is essential that
VR1 be adjusted properly. By radually advancing
this control while ﬂéjusting ﬂgli' tuning control it
should eventually be possible to receive a few
stations., Further advancing VR1 should result in
an increase in quaiity and volume, but care must
he taken not to adjust the detector beyond the
threshold of oscillation. This will result in signals
being unintelligible, with the set radiating in-
terference which could upset reception on other
f.m. receivers nearhy.

For those who are unfamiliar with slope detec-
tion of an f.m, signal, it should perhaps he explain-
ed that the receiver is not tuned to the centre of the
signal’s bandwidth, as it would be for normal a.m.
or f.m. reception. Instead, the tuning is adjusted
just off-centre, and it does not matter on which
side of the centre the tuning is off-set, In practice,
the effect is not excessively noticeable as there is
quite a wide range of tuning settings which will
produce a satisfgctﬂry output with any given
s;fgrml, and there is only an extremely narrow range
of settings at the centre where a completely dis-
torted audio signal is given,

In order to obtain best results it will probably he
necessary to tilt the aerial at 45 degrees. Also, the
strength of f.m, broadcast signals often varies con-
siderably from one part of a room to another, and it
might be necessary to change the position of the set
itself in order to obtain optimum reception,
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Intended for a crystal earphone or
crystal headphones, this simple re-
ceiver can be initially constructed in
the form of a single transistor circuit.
If desired, a I-transistor a.f. amplifier
may then beadded onthesame chassis.

HIS LITILE RECEIVER 1A% A FREQUENCY COVERALL

extending from arownd 1.5 1o 36MHz in three bands,
and it thus covers virtually the complete short wave
frequency spectrum. The approsimite: coverige for
Range 35 1.5 10 . 5MH2 (200 10 54,5 metres), for Runge
4 3.0 to0 [TMHz (60 to 17.5 metres), and for Range 3
10t A6MHZ (30 1o 8.5 metres), These Range numbers
correspond 1o the Denco Blue plug-in coils type 3T,
4T and 5T respectively, and the bund required is
selected by merely plugging the appropriate Dengo coil
into jts holder. The complications which would arise il
bundswitching were used are thus avoided.

The basic receiver employs only a single transistar in
a reflex circuil having controlled regeneration. An op-
tional single transistor af, amplifier can be added 1o
give the sel a degree of exira galn. The outpul, either
with or without the a.f. amplifier, is inended Tor a
ervstil enrphone or crystal headphones, As with any
small short wave receiver, an efficient outdoor aerial is
requited (o oblain good results,

THE CIRCUIT

The circuit disgram for the bosic single transistor
version of the receiver is shown in Fig. 1. Signals
received by the aerial are coupled vin L1 1o the tuned
winding. L2, This is tuned by VCI and VC2 and selects
sighals at the desired frequency, these being coupled
to the hase of the ransistor by way of coupling winding
L3 C2 bypasses the carthy end of L3 10 chassis for r.l.
signals. OF the two twning capacitors. YOI is the muin
tuning control, whilst the lower valie V2 is the band-
spread control,

TR operates as an r.0. amplifier. and the amplified
r.f. signils appear at its collector. The r.f. choke, L4,

presents a high impedance to .1 signals whilst C4 offers
4 low impedanee al these frequencies. In consequence,
the ¢l signals pass via C4 and DI back to the base
coupling winding. L3. Although it has no d.c. reiurn,
diode DI lunctions in practice as a non-linear device
Fll'tl_ii the sllgn.ul now passed 1o 13 consists of the detected
r.l. signal.

TR functions this time as an a.l, amplifier. L4 offers
i low impedance at audio frequencies und the amplified
i.f. signal passes through this choke and the d.c. block-
ing capocitor o the volume control, YR, The signal
from this control is then fed 1o the juck socket SK4 and
thence to the eurphone or headphones, C8 filters oul any
restdusl r.l. component in the outpul signal which is
still present after the r.0. choke. B2 is the collector load
fir the transistor, bath at r.0 and at .0, and R is the
huse bins resistor,

Two nerial sockets are provided, one coupling direct
iy LI, and the other coupling to that winding via C1,
The aerial is normally plugged into SK2, but it can be
plugged into SKI1 under conditions of high signal
strength which could cause overloading of the receiver.

In order 1o increase gain and selectivity, regenération,
or rf, positive feedback, s incorporated in the circufi.
The signuls at the collector of the trnsistor and the
non-carthy end of L2 are in phase, whereupon C3 and
VR are employved 1o provide a controllable level of .1
feedback. VR (unctions as a coarse control of regener-
ation, fine comral befng given by VR2 which varies the
supply voltage applied 1o the transistor. This arrange-
ment enables an extremely smooth contral of regenera-
tiom 1o be provided,

It will be noted that the ends of winding L3 are
designated *5 or 7" and *7 or 5. This is because it was
found that the colls for Ranges 3 and 4 had this winding
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SHORT

WAVE

RECEIVER

connecied one wity round to s pins i relation o L2,
whilst the Range 5 coil had the winding connected the
ather way round. The two methods of connection are
accommodaied by providing two coil holders, ane for
the Ranges 3 and 4 coils, and the other for the Range 3
conl

Of the componenis, the only ones that require special
comment wre VO wnd VO2 YOI can be any small air-
spuged copacitor having o maximum capacitance of
around 365pF and a Juckson 1ype 0" or 00" would be

AEI AEZ
oI5K |

suttizble, VOC2 reguires a maxamum copacitance of S0pk
anid ciun be a Jadkson iype CRO4. VI is provided with a
scile aken from  *Panel Signs’ Set No. 3, and this
causes its spindle to be 24 in. from the iop of the froni
pancl. Belore cutting out the front panel ascertmin that
there will be suificient space above the chassis (o nceom-
modaie the body of the particulnr component used for
VCL T not, the helght of the panel should be increased
or g capacitor of smuller size emploved, *Punel Signs®
are uvailable from the publishers of this jouemal,

—:!""'rn— W
™
BF B4 € .
=240 7 -
\ == Vi3
[ 4 k"
Cy = 54
Cs = 2 ey u
) Viy n -
Cutput
'L b, £
(LI Sy by C BF 184
i 5:_?-0 . ’ Lead-outs
. 4 ik

Shaeia

Fig. 1. The pirewit of the single transistor réfiex short wave receiver
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Resiztors
RI 470kL2, § watt 107,
R2 4.7kEY, § wan 109,
VR1 100k} potentiometer, linear
YR2  25ki) potentiometer, linear

VR3  25kil potentiometer, log, with swilch S1

Capacirors
Cl 10pF ceramic or silvered mica
2 DOIuF plastic foil
3 8.2pF ceramic or silvered mica
C4 0.022uF plastic foil
C35 001 pF plastic foil
o 0.01pF ceramié or plastic foil
7 2or 2.2uF clectrolytic, 16 V. Wkg.
VOl 365pF variable (see text)
VIC2  50pF variable (see text)

Inefiicrors
L1, 2,3 Miniagture Dual Purpose coils, Blue,
trunsistor usage, Ranges 3T, 4T and
ST (Denco)

L4 2. 5mH r.1. choke, type CH1 (Repanco)

Semicondueiors

TRI BFIE4
D1 0AS0
Swirch

51 s.psl., part of YRI

Sockers
SK1  Wander plug socket, red
SK2  Wander plug socket, red
SK3  Wander plug socket, black
SK4  3.5mm jack socké

Miscelinneous

Crystil earphone or headphones with 3, 5mm
Jack plug

PP3 battery (Ever Ready)

Battery connector

2 B9A valveholders

5 control knobs and sciles (see text)

165.w.g. aluminium chassis, 7 by 4 by 14in.
50w text)

18 s.w.g aluminium for front panel

}in. grommet

Componenits for Add-On Amplifier

Rexlstors
(AT wate 10%;)
R3 2.2k}
R4 13m0
RS 6.8k}
Capuritors
CB 0. 1uF plastic foil, side wires
) 1 30pF polystyrene or silvered mica
Transistor
TR2 BCI&IC

Miscellaneouy
0.1 in, matrix Veroboard.

Jg'wia | Moo | 484 clear 2
e —, adile i _' 1
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VE) |
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Fig. 2. Dimensions and drilling detaifs for the
front panel

CHASSIS AND PANEL

The front panel is home-made from 18 s.w.g alus
minium sheet and it has the dimensions shown in Fig. 2.
This diagram also gives drilling details.

IT the capacitor employed for VC1 s a Jackson type
0" or "00' component, it is mounted to the front panel
by three 4BA countersunk bolts which pass into tapped
holes in the front plite of the capacitor, Spacing wash-
ers, which could consist of 2BA nuis, are fitted between
the panel and the capacitor front plate to provide clear-
ance for the raised centre section, The bolts must be
short and their ends must not pass bevond the inside
surfuce of the capacitor front plate or they muy damage
the fixed or moving vanes. The capacitor is mounted so
that its fixed vanes are towards VC2, as illusirated in the
photograph showing the rear of the recefver, A picce of
paper placed against the front plate of the capucitor ean
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6BA clear
1S
i Ye'dia -
i‘__ e —— O —
w | s wevs v W,
|
L:’n‘ilu
LE L A

Fig, 3 Tap view of the chassis. The flanges are
shown opened out for clarity
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be marked with the positions of the three holes, The
paper can then be used as a template 1o mark out the
corresponding holes on the front panel.

The aluminium chassis measures 7 by 4 by 13 in.. and
can be obtained ready-made from H. L. Smith & Co.
Lid., 287-289 Edgware Road, London, W2 1 BE. Fig. 3
gives a top view of the chassis, with flanges opened oul
for clarity, and shows the drilling details.

The two § in. holes on the deck of the chassis are for
the two BYA wvalveholders which take the coils. These
are miost easily cut out with the aid of a chassis punch or
cutter. Alternatively, a series of small closely spaced
holes miay be drifled inside the periphery of the cut-out,
and the centre picce then snipped or punched out, The
rough edges of the holes can be finally smoothed oul to
the correct dinmeter with the aid of a small half-round
file, The positions of the two 6BA clear holes for each
vialveholder are marked out with the aid of the valve-
holder itsell. When they are mounted, the valveholders
should have the orientation shown in the wiring dia-
gram of Fig. 4.

The front flange of the chassis and the front panel
are held together by the bush mounting nuts of SK4,
VR3, VR2Z and VRI. It is therefore important that the
mounting holes for these components are drilled
accurately in the correct positions in both the chassis
and the front panel. The § in. hole in the deck of the
chassis in front of the valveholder holes will later allow
severd] leads to pass through, and should be fitted with
a rubber or p.v.c, grommet, Its precise positioning is not

Onceall thedrilling has been completed the chassisand
panel can be assembled, and the controls, sockers und
valveholders mounted in the appropriaie positions. A
solder tag is secured, below the chassis, under the vilve-
holder mounting nut 4t the hole marked *A’ in Fig, 2.
Make sure that the lower fixed vane tag of VCI1 does not
touch the upper surfuce of the chassis deck.

WIRING

The wiring below the chassis I8 shown in Fig. 4,
Valveholder 1ags which do not connect 1o coil pins are
used as anchoring tags. This assists in easing the process
of wiring.

Make sure that the lead-outs of TR1 do not touch
ench other (except for the emitter and shield lead-outs
which are both connected 10 chassis) and if necessary
insulate the lead-outs with short lengths of sleeving, A
lead from pin 6 of the right-hand valveholder in the
diagram passes through the § in. hole in the chassis to
the fixed vane tug of VCI. This lead should be kept
short. Above the chassis, the fived vane 1ag of VCI is
connected 1o the fixed vane tag of VC2. Also passing
through the § in. hole are the two leads 1o the batiery
connector. There is no other wiring above the chissis,
and the moving vanes of ¥CI and VC2 ke their
chassis connection by way of the lront panel,

As stated earlier, one valveholder is used for the
Runge 3 and 4 eoils, whilst the other is used for the
Ringe 5 coil. When the set is viewed from above the
chassis and from the front, the Range 3 or 4 coil

impartant,
“i 5K il1
La
LY ® ____;____1
™ |
i Cs |
e i | Aidia i
' Q Q) = omphifier l
Cg - beard !
i
PP3 |
Battery @ b
above 2
thonsm T VE ke Battery
fiwed vanes k neg. clip
= 2 {
! Battery pos
elip
J) “
| l |
I ] I ’ |
VA vy L 1,

Fig. 4. Wining and component layout under the chassis. The féw connactions neaded above the chasyis ara
discussed in
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occupies the holder on the right and the Range 5 coil
occupies the holder on the left-hand side, Tt should be
mentioned that the regeneration circuit used in this
receiver is not one for which the coijls are specifically
designed, and it is possible that the connections 1o pins
5 and 7 may differ in some coils: Whilst this would not
upsel operation when the coil is used in its normal cir-
cuit application it could prevent regeneration taking
place in the present receiver. The coils should be initinlly
fitted 10 the valveholders in the manner just described,
Should it be found that a coil does not allow regeneri-
tion to take place, the effect of fitting it 1o the other
valveholder should be checked.

AERIAL AND EARTH

A long wire aerial is reguired, and this should be o
proper outdoor Lvpe os very few stotions will be received
under average conditions when using & short indoor
nerinl. For best resulis the serial should gonsist of S0
feet or more of wire strung between any two convenient
points which plice the aerfal at & reasonable height, and
preferably clear of buildings or other large obstructions,
The wire should be reliohly insulited m 18 securing
points in order to prevent received signuls from being
earthed.

Normally, the aerial will be plugged into socket SK2.
When using a very long aerial, however, or when
conditions are very good, the receiver may be over-

Anather viow of the ;:nm"l.rw as seen from the
it

210

Rear visw of the recaivar with & coll inserted

loaded, (hverloading will result in stations in parts of
the Band being inseparable. (ogether with a loud
hissing sound in the background. This Is due 10 cross-
modulation.

Under these conditions it s necessary to reduce the
signal input from the aerinl. and this is achieved by
plugging the acrial into SK1.

An earth connection can be plugged into SK3, but
this will probably have little effect on the performance
of the set except, perhups, on the 80 mere and. more
particularly, on the 160 metre amateur bands,

An carth can consist of a length of metil pipe witha
lead connecied to it. The pipe 18 buried in moist earth,
and the lead wken 10 the receiver, The earth Jead-in
ghould be as short as possible, The effectivencss of the
earth is lurgely dependent upon the aren of metal which
is in contmet with the ground, and therefore the larger
the pipe the better.

USING THE RECEIVER

The set is very simple 1o operute. although a littde
experience with the regenerstion controls may need to
be gained before optimom results ire obtmined. VCI s
the main tuning control, bul as each eoil covers a wide
range of frequencics, unmg is likely 1o prove rather
difficult using this an its own, especially on Ranges 4
and 5. Therefore VO s set 1o the part of the band which
is 10 be covered, and the uning is carried out by the

RADIO & FLECTRONICS CONSTRUCTOR



bandspread control, VO2, This has o much lower value
thin VCI, and so covers only a small portion of the
band,

VR is the combined a.f, volume contral and on-off
switch, and in the single ransistor version of 1he
receiver will need o be kepi at maximum all the time,

The settings of VRI1 and YR2 are very critical if
maximum sensitivity Is 1o be oblained. Sturn with VIRR1
adjusted fully anti=clockwise, and VR 2 ndvanced about
twio-thirds 1o three-gquarters of full iravel in the clock-
wise direction. IT ¥R1I is now advanced there should be
a small incrense in sensitivity. Continuing 1o advance
VR will cause the sensitivity to steadily inerease until a
point is renched where the set bregks into oscillution.
This will be heard as a reduction in background hiss and
us whistles when the set is tuned across Irunsmissions,

VRI1 should be backed off 10 a poimt just below thar
ut which oseillation oeccurs. VR2 Is then advanced in o
clockwise direction as far as is possible without the set
oscillating, [t is at the seiting just below the oscillation
point that the sensitivity und selectivity of the receiver
fre at their greatest. In order to obtain good results it is
important o ensure that the regeneration controls are
adjusied uccurately 1o this setting,

Do not try (o obtain fine adjustment of regeneration
by means of VR as this s only the coarse control, A
much more precise seiing can be obtained by using VR
Always ensure that VR2 is well advanced in a clockwise
direction, as if this control is advanced less than about
half-way u serfous loss of gain may result. The required
settings for VR 1 and VR2 will vary with the settings of
the wning contrals and the coil which Is in use.

The specific coverage of each coil depends upon the
position of its adjustuble core, dnd this should be set so
that about § in. of its metal thread proirudes from the
top ol the coil former. The Range 4 coil is likely to prove
of most use since this range contains most of the popular
broadeast bands. It also contains the 40 metre amuteur
band. The Range 5 coil gives coverage of the h.f,
broadeast bands and amateur bands, Coverage with the
Range 3 coil includes the 80 and 160 metre bands, os
swell a8 numerous maritime trangmissions.
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Fig. 8. Circuft of the add-on amplifier stage
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The front punel hos one of the medium size tuning
scales in “Panel Signs” Sct No, § affised o it and this
appears belind VIO contral knob, It may be marked up
i terms ol the mamn fregquency bands after these have
been located and identified. A home-mide cursor is
fitted 1o the control knob by means of adhesive. A small
seile, also faken from “Panel Signs” Sel Nol 5. is
positioned behind the knob for VO With the proto-
tvpe, white wording, taken lrom *Panel Signs” Set No. 3,
wias positioned alongside the controls 1o indicate their
lunctions,

ADD-DON STAGE

The maximum volume and gain of the bisic receiver
are not very high, and resalis are considernbly enhanced
by the addition of an o.f, ampliflér stage. The creuit of o
suitable amplifier is shown in Fig. 5, This is a straight-
forward high gain common emitler stuge.
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Fig. & Component side of the Veroboard panel
an which the amplifiar stage is assembled

It is assembled on o 0.1 in. motrix Veroboard panel
having 9 by 14 holes, Fig. 6 shows the layvout on this
panel as viewed from the companent side. The copper
strips have 1o be cul at three points, as indicuted in the
dingram. The only magor wiring modifications required
to the single transisior version consist of disconnecting
the lead from VR slider 1o SK4 and of making the
altermative conpections between these circuit points and
the amplilier which are shown in Fig. 6. A 6BA clear
hale his also to be drilled in the chassis to take @ bolt
for mounting the amplifier board. Its position., under the
chasals, i indicated i Fig, 4. The board is mounted by
means of o single 6BA boh 1 o long, an insulated
sparcing washer about | in thick being placed over this
between the chassis and the boara.

As o finul point, the currenl consumption of the
receiver is very low, It is approximately 2mA for the
single transistor  version, and 2.6mA for the two
transistor version, [ ]
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THREE TRANSISTOR
REGENERATIVE

RECEIVER

By
A. P. Roberts

A self-contained transistor portable giving loudspeaker or earphone
reception on the medium wave band.

HIS 15 A SIMPLE PORTABLE 3-TRANSISTOR RECEIVER

covering the medium wave band, and providing
loudspeaker reception. Due to the simplicity of the
circuit the available volume is not great, but the sel
makes a good bedside receiver. An output socket is
provided for a magnetic earphone,

CLASS A OUTPUT

A Class A output siage is used, and the total current
consumption of the receiver is approximately 12mA,
This is economically provided by four 1.5 volt cells
cennected in series (o give 6 volts, The set is completely
self-contained, having an internal ferrite aerial, and it
can be made up in reasonably compact form. The
author’s receiver was housed in a case measuring
approximately 6 by 4 by 2 in.

With the prototype a number of stations can be
received at a reasonable volume level, including B.B.C.
Radios 1, 3 and 4 during daylight. Additionally, Radio
Luxembourg and several other Continental stations can
be received after dark.

The circuit diagram of the receiver is shown in Fig. 1.
The circuit consists of a single transistor regenerative
detector, TR, feeding a 2-stage audio amplifier incor-
porating TR2 and TR3.

VCI is the tuning capacitor and L1 is the tuned wind-
ing on the ferrite aerial. L2 is a coupling winding, and it
couples the received signals into the low input imped-
ance of TR1 base via the d.c. blocking capacitor, C1.
TRI is biased by R, and has L3 and YRI &s its col-
lector load for r.f., whilst R2 actsasitsa.f, collector load,
C2 is an r.1. bypass capacitor,

8

The way in which this type of circuit detects the signal
is quite simple. The transistor is bigsed so that it is
conducting only a low current between its emitter and
collector. Negative r.[, half-cvcles at the base cause a
larger collector current to flow, The gain of the tran-
sistor increases with increasing collector current, and so
these halfcycles receive a higher degres of amplifica-
t1on,

Positive r.f. half-cycles have the opposite effect, and
cause a smaller collector current to flow with, in conse-
quence, & lower degree of amplification. The overall
non-linear amplification thus given by the transistor
results in detection of the received signal,

The use of controllable regencration, or positive
feedback, increases the level of the input r.f, signal_ and
also the difference in the amplification which is given to
half-cycles of opposite polarity. Detection is therefore
more efficient as also is the amplification provided by
the transistor,

In Fig. 1, L3 is the regenerative feedback winding,
and it couples the amplified r.{. signal at TR collector
back to its base by way of L2 Potentiometer VR
controls the level of feedback, If VR is set to insert
minimum resistance into eircuit, L3 on its own forms
the r.f. collector load for TR1. There will be a relatively
high r.f, current in this winding and a similarly high r.f.
signal fed back via L2 to the base, The feedback, under
these conditions, will be such as to cause the stage to
oscillate, 1If VR is next adjusted to insert an increasing
resistance into circuit, there will be a lower r.[. current
flowing in L3 and the level of feedback will reduce. At a
certain seiting of VR1 the feedback will be insufficient
to maintain oscillation in TR, although the feedback

RADIO & ELECTROMICS CONSTRUCTOR
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Fig. 1. The circuit of the 3-transistor regeneralive receiver
COMPONENTS
Resistors Fransisiors
(Al fixed values § watt 10%) TR1  2M3702
Rl 1.5MUE (see text) TR2 BC|a9C
R2 5.6k TR3 BCIe9C
R3 ki
R4 2.7ki2 Switeh
RS 4. Tki} 51 Slide switch
& 1 50kL2
R7 B262 Socker
¥YR1 5kl potentiometer, lingar SK1  3.5mim jack socket with break contact
Capacitors Speaker
Cl (022uF plastic foil L& 30 speaker, Yin. square
ci 0.01 5uF plastic foil
3 0.22uF plastic foil, side wires Miscellaneons
C4 100pF electrolyric, 10V, Wk, 8Ll magnetic earphone with 3. 5mm jack plug

5 100 F electrolytic, 10 V. Wke.

e 4D0UF electrolytic, 4 V. Wkg,

c7 LO0D0pF disc ceramic

VET  Value tosuit ferrite aerial (see 1ext)

fnducrors i
L1, 2,3 Medium wave ferrite aeriul (sce text)
I Output transformer tvpe LT700
(Eagle)

{if required)
Plain Yerobeard, .13 in. matrix
4 cells, 1.5 volt type HP7 or equivalent
{Ever Reudy)
Battery holder (see text)
PP connector clip for batters holder
Case (see text)
Speaker mesh material
2knobs

will still boost the signal applied to TR base, The feed-
back reduces Turther as YR inserts vel more resistance
into circuit, Mormally, VR is adjusted such that the
feedback is just below the point at which oscillation
takes place.

2 has a low impedance at r.f. and a high impedance
at audio frequencies. In consequence il bypasses the r.f.
signal at the junction of VR1 and B2 but allows the
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appearance of the detected a I. signal across R2,

The value of bias resistor B is a little criticdl as it has
to enable TR1 to have a collector current which s
sufficient]y low (o allow non-linear amphfcation, and
hence detection, to take place, but which ianat o lowas
to give too small an overall amplification. Some tran-
sistors of the type specified may function better with a
slightly different value in the R1 position. The receiver
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should be assembled and checked our with R1 at
1.5MLL, as  specified. Experimentally-minded con-
structors can then, if they wish, try the effect of different
values in place of the 1.5M{ component to see if any
improvement in performance resulis,

The audio stages are guite straightforward, using two
high gain silicon transistors in a d.c. coupled circuir. C7
is a stablilizing capacitor which gives negative feedback
at higher frequencies and prevents the circuit from
breaking into oscillation. Transformer T1 provides the
necessary impedance step down to allow a low imped-
ance speaker or earphone (o be driven from the output,
SK1 hasa break contact which disconnects the speaker
when the earphone plug is inserted.

COMPONENTS

Maost of the components are readily available, but a
few of these need some comment.

The lerrite aerial can be any ready-made mediim
wave type with a 5 in. ferrite rod and having a transistor
base coupling winding. The component employed in the
prototype was obtained as part of a set of inductors
intended for & medium wave superhet, 1t came complete
with a suitable 2-gang tuning capacitor. The 2-gang
capacitor is used in the present receiver, connection
being made to the aerial section of the capacitor only.
The author tried other ready-made medium wave ferrite
aerials with complete success, these including the Denco
ferrite aerial type MW/SFR. If the Denco ferrite aerial
is employed, VCl should have a value of 208pF. A
single gang 208pF capacitor (Jackson type 01), or the
208pF section of a 208 — 176pF 2-gang capacitor can
be used. In some cases, and particularly if a 2-gang
component is employed, the tuning capacitor may be
fitted with an integral trimmer. This trimmer is initially
left at about half maximum capacilance.

It is important to ensure that the lead-outs of the
aeridl are connected properly, and Fig. 2 shows the
correct connections. It also gives details of the addi-
tional winding, L3, which is made from a length of thin
p.v.c. insulated single core wire. L3 is positioned away
from L1 and L2, as illustrated.

Most ready-made aerials have a base coupling wind-
ing consisting of about four or five turns of wire, Ideally,
this receiver should have a coupling winding with about
ten turns, It is an easy matier (o use one of the lead-outs
of the coil (the one furthest from the tuned winding) to
add another five or six turns to the winding, the extra
turns being taped 1o the coil former. A piece of thin

rail TR collector

Fig. 2. Hustrating how the ferrite rod aerjal
windings are connected info cirouit

The fayout insfde the case. There /s adeguats
space for the componants without crowding

insulated wire is then used to extend the lead-out back
Lo its original length.

It is by no means essential to alter the ferrite aerial in
this way, but the modification will give a worth-while
INCTease in sensilivity,

The speaker in the protolype was a 3 in, square type
with an impedance of 361, Smaller speakers of the same
impedance could be used, but these will probably have a
lower efficiency.

The four 1.5 volt cells are fitted in a battery holder of
the type illustrated in the photograph of the interior.
This is an Eagle type BH4N or, alternatively, the
Bulgin tvpe 2/CB/4U7 can be used.

The author’s receiver was housed in a plastic case
measuring 6 by 4 by 2 in. Any non-metallic case of
similar dimensions may be used., or could be con-
structed from plywood, but first make sure that it will
be large enough to take the particular speaker and
variable capacitor employed, in company with the
Veroboard assembly and the other components. The
space needed by the Veroboard assembly will be ap-
parent from Fig. 3 and the photograph of the case
inferior. !

CONSTRUCTION

Construction starts with the preparation of the main
component panel, This is a plece of plain Veroboard
(i.e. without copper strips) having a matrix of 0.15 in.
and 33 by 10 holes, This takes all the small components,
and a component layout and wiring diagram is given
in Fig. 3.

First drill out the two 6BA clear mounting holes in
the positions shown. Mext drill out two 7% in, holes to
take the mounting lugs of T1, In Fig. 3 these holes
appear in the first and fifth row of holes from the top,
If the transformer does notl i comfortably into holes
with this spacing, drill out the lower hole in the sixth
row of holes from the top.

The components are then mounted in the positions
indicated in the diagram, which shows the board from
the component side. The underside wiring is illustrated
in broken line. In many instances, the component lead-
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Fig. 3, The smaller components are assembled on 8 plain Veroboard panel, shown hers as viewed from the
companent side 3

outs will be long enough to reach their connection
points. Additional lengths of wire carry the positive and
negative supply connections, and it will be found help-
ful to carry out this part of the wiring first. Where
adjacent leads pass very close to one another, one of
these is insulated with sleeving, When connecting L3 1o
the board it should be borne in mind that its connections
may have to be transposed during the setting up
procedure, ’

The finished panel is later mounted on the inside
bottom of the case by means of two | in. 6BA counter-
sunk screws, with suitable spacing washers between the
underside of the board and the inside surface of the case.
TT is near the left hand end of the case, as scen from the
front. The board may be used as a template to mark out
the positions of the two countersunk holes required in
the case. The panel will be mounted when the con-
nnc;iﬂ‘nns between it and the other components have been
ma

The general layout inside the case can be seen from the
photographs, With the author’s receiver, a matrix of
25 1 in. diameter holes, with 4 in. spacing, was drilled on
the left front side of the case, alter which a square of
speaker mesh material was glued behind this, The
speaker was, in turn, glued o the mesh. Allernatively,
the speaker could be mounted to the front panel by four
bolts and nuts, with the mesh sandwiched in between.
The ferrite aerial is mounted at the top of the case, as
far away [rom metal objects such as the speaker, VI
and-the battery, as possible, A piece of { in. square wood
was glued o one end of the rod to give a total length
equal to the inside width of the case, and both were then
glued in position in the case.

V1 is mounted on the front panel next to the speak-
er, whilst ¥R, 51 and SK1 are mounted on the left
WOVEMBER 1974

hand side of the case, as seen from the front. YR is at
the bottom, 51 in the centre and SK1 at the top. Ensure
that clearance exists between VRI and the Veroboard
panel. VC1 will probably have a construction which
allows it to be mounted by three 4BA bolts passing
through tapped holes in its front plate, A piece of paper
can be used as a templaie for m&rEing out these holes on
the front panel by initially pressing it against the
capacitor front plate, The 4BA bolts used to secure the
capacitor must be short, If their ends pass beyond the
inside surface of the capacitor front plate they can
damage the fixed or moving vanes,

When all these parts have been mounted, the remain-
ing wiring can be completed. Most of the wiring is
illustrated in Figs. 2 and 3, and the few connections
which are not are shown in the circuit diagram, VR is
wired so that the resistance il inserts into cjrcuit de-
creases as it is turned clockwise. (When the photographs
were taken it was wired to insert increasing resistance.)
All the interconnecting leads must be insulated,

The battery holder fits behind ¥YC1 and can be held
in position by a piece of foam rubber or plastic glued 1o
the inside of the cabinet back.

SETTING UP AND USE

Before switching on the completed receiver, set L
and L2 towards one end of the ferrite rod, and L3 at
about the centre. YR1 should be adjusted to insert
maximum resistance into circuit,

Upon switching on the set, a rushing sound should be
heard from the speaker. Adjusting VC1 will probably
not cause any stations to be received until YR is ad-
vanced clockwise, If VI should be advanced too far
the set will break into oscillation, and proper reception
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This view shows the regeneration control the
on-off switch and the earphaone Eocket, alf of
wihich are mounted on the faft side of the case

will not be possible. The most sensitive setting for YR
is immediately below the point al which oscillation
oceurs, and not when it is [Ully advanced, For all but the
strongest signals YR will need very careful adjustment.
The best setting for VR 1 will vary with the setting of the
tuning control, and it will need readjustment each time
the tuning is altered,

If oscillation cannol be obtained, the connections to
L3 should be reversed. Should the frequency coverase
not extend fully to the ends of the band, L1 and L2 can
be moved along the lerrite rod to alter the range
covered and so correct this. If YOI has an inlegral
trimmer this can be adjusted to conlrol coverage 4t the
high frequency end of the band. In the unlikely event
that there is any tendency towards instability at the
extreme high frequency end of the range when the
trimmer is s¢t for minimum capacitance, then the trim-
mer capacitance should be increased to avoid this, If
V1 does not have a trimmer, a 10pF capacitor may ‘be
connected across it in this eventuality,

L3 can be moved along the rod so as to find the best
position for regeneration, but this is likely 1o be very
uncritical,

As a finishing touch, legends from “Panel Signs® Set
Mo, 4 can be added at VR, S1 and SK1, together with
suitable indications of station positions behind the
conirol knob of VCI, ]



THREE TRANSISTOR REGENERATIVE RECEIVER

In Fig. 3 of this article, which appeared in the November  the lower lead-out of R2, There should be no connection
issue; the lower lead-out of C1 is shown connected to - between these two points,




MEDIUM WAVE
TUNER-RECEIVER

by R. A. Penfold

Employing three inexpensive tran-
sistors, this receiver can be coupled
to an external amplifier or tape re-
corder, or it can be used as a complete
receiver in conjunction with a crystal
or high impedance magnetic earphone

"

AT

The tuner-receiver coupled fto the lnpui of a
cassette (WPE recorasr

RADIO & ELECTROMNICS CONSTRUCTOR APRIL 1974



Tha tuner-recaiver 15 housed in 8 case which
givas it an atiractive appearance

HIS PROJECT 15 A SIMPLE 3=TRAMSISTOR MEDIUM WAVE

tuner-receiver which is self-contained with its own
internal lerrite aerial and battery supply. The a.f.
output is at low impedance and has a fairly high ampli-
tude, this Being as much as 2 volts peak-to-peak with
strong signals. The unit is therefore capable of driving
virmally any amplifier. Ahernatively, it can be used to
feed a crystal or high impedance magnetic earphone of
10008 or more, whereupon it makes a very useful
persongl portable receiver,

For simplicity a t.r.f, circuit has been employed, with
the result that the unit is both inexpensive and casy to
construct. It is reasonably compact and its case mea-
sures 6 by 3 by 2 in,

THE CIRCUIT

The cireuit of the tuner-receiver is shown in Fig, 1.
TR isin a reflex stage with pre-set regeneration, TR2
is-a high gain common emitter amplifier and TR3 15 an
emitter follower with the volume contral in its emitter
{.'i.l'ifl.iil. All three stages are directly coupled to each
other,

Drescribing the circuit in greater detail, 1.1 is the tuned
aerial coil and 15 wound on u ferrite rod. Signals
sglected by LI and the tuning capacitor YOI are
induced into the low impedance coupling winding, 1.2,
Chie end of this winding is bypassed 1o the lower supply
rail via C2 whilst the other end connects to the base of
TR1. This transistor now functions as an r.f, amplifier
andl the signal appears, greatly amplified, at its collector.

Resistor B2 presents a relatively high impedance o
the r.lL signal and a much lower impedance is offered by
C3, In consequence, most of the amplified r.f. signal
passes through C3 to D1 and thence 1o the hase of TR,
Despite the lack of a resistive return for D/ cathode the
whole eircuit offers, in practice, detection of the
amplified r.f. signal and C2 bypasses the r.f. ¢content of
the detected signal. TR1 then carries out its secondary
function of a.l ampliier and the detected signal
undergoes further amplification, to appear at TRI
collector.

A small amount of the amplified r.l signal at TR
collector is fed back to the aerial tuned circuit via C1,
and this gives the stage a certain amount of regenera-
tion, It would seem betrer, theorctically, to use an r.[.
choke rather than resistor R, However, a choke here
causes the circuit to become over-sensitive and rather
difficult to control.
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Herg the ltuner-recefver fs feeding into an
external amplifier

TR2 operates as a straightforward common emitier
audio amplifier. B4 is the collector load resistor and R3
the emitter bias resistor, RS stabilizes the bias condi-
tions for both TR and TR1. Since the base of TR1 is
1807 out of phase with the emitter of TR2 the circuit
provides negative feedback but, due to the presence of
C4, the leedback is of a d.c. nature only, Capacitor C8,
connected between the collector and base ‘of TRZ,
reduces its high frequency response. 1t also fully attenu-
ates any r.f, signals which may find their way 1o TR2
base via B2,

TR3 iz an emitler [ollower and gives no voltage
amplification, merely ensuring a low output impedance.
This may seem a little unnecessary, but it is just as casy
ter use this circuil as it would be to couple TR 2 collector
to YR1 by way of a capacitor. There is very little
difference in cost, either, ¥R 18 the volume control and
it also forms the emitter load for TR, The outpul is
l?;cen from YRI slider via the d.c. blocking capacitor,

Current consumption ffom the battery is very small
unid there is no need for any supply decoupling compao-
nents, 51 is the on-off switch, and it is ganged with VREL

COMPOMNENTS

In the prottype, VO was one section of a 2-gang
250 250pF ar-spaced variable capacitor. However,
any reasonably small component of 250 to 300pF
maximum capacitinee may be employed, the main
proviso being that it fits into the 1§ in. depth of the case
and does not project backwards from the front panel by
more than 1 in, There are many variable capacitors
which meet these requircements and @ soitable tvpe
could be, say, a 192 T8pF capacitor with both sections
in parallel or & single gang 300pF Jackion Brothers
‘Dilemin’ capacitor,

Mimiature disc ceramic capacitors are ideal for ©2,
C3 and Ca, but there are other tvpes available which
could also be used provided they are minialure tvpes.
Construction will be much easier il these alternatives
have side wirg lead-ouls, as for printed circuil board
mounting. C1 is not a physical capacitor and is given by
twio lengths of insulated wire twisted together,

The ferrite aerial is a ready-made component in-
corporating a 4! in. rod complete with windings L1
and L2, and s available from Amatronis Lid,, 39
Selsdon Road, South Crovdoen, Surrey, CR2 0DE, The
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Fig. 1. Circuit disgram of the tuner-receiver. Current conssmption from the 3 volt battery is af the order of
25 mA only

L1, L2 Medium wave ferrite aerial (see text)

COMPONENTS 4

Rexizrors
(Al fixed values 4 wartt 1095)
Rl 4 Tk}
R2 27K
B3 1.5k
R4 3.6ki1
R3 270k02
VR  5killog, with switch 81,
Capacirors
Cl Twisted pair (see text)
C2 4, 700 or 5.000pF disc ceramic
C3 1, 000pF disc ceramic
C4 30uF miniature electrolytic, 10 V. Wkg.
C5 LOpF miniature electrolytic, 10 V. Wkg.
Ca 470 or S00pF disc ceramic
Y1 250 or 300pF variable (see text)
Trduciors

Semicondiietors

TR] BRCI68C

TRZ BCI169C

TR BCIOY

Dl 0OA9
Socker.

bt | 3. 5mm. jack socket
Barrery

BY 1 9voll battery type PP3 {Ever Ready)
Swirch

51 Part of VR.1
Miscellaneous

2 control knobs

Battery connector

Connecting lead with plugs ( tuner to amplifier),
if required

Crystal or high impedance magnetic carphone,
if required

Materials for case

Paxolin for component panel

larger coil is L1 and the smaller coil L2, The lead-out
from L1 which is closer to L2 is that which connects to
the negative supply rail, and the lead-out of L1 which is
further from L2 is that which connects to the junction of
Cl and ¥C1. The connections to L2 are found by trial
and error; initially, L2 lead-outs are connected into
circuit temporarily as il may be necessary to transpose
them to obtain the correct phase relationship for regén-
550

eration. -

The potentiometer used for VR1/51 should be a small
component whose switch tags do not project more than
1+ in. behind the panel on which it is mounted,

The socket SK1is a 3.5 mm, jack socket. This type of
socket usually has an additional contact which breaks
when the jack plug is inserted. The additional contact is
ignored here,

RADIO & ELECTRONICS CONSTRUCTOR
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Fig. 2 [fustrating the assembly of the case

THE CASE

The case is home-made and, as mentioned earlier,
measures 6 by 3 by 2 in. It 18 made from material § in.
thick, and this may be hardboard, plywood or Paxolin,
Fig. 2 shows the method of assembly, In this diagram
the panel on which are mounted VR1, VCI and the
culput jack socket is referred to as the front panel. The
panel not shown is the cover. The front, rear, end and
side panels of Fig. 2 are secured logether with a strong
adhesive such as Araldite. Fig. 3 shows the holes re-
guired in the front panel, Mounting requirements for
variable capacitors vary considerably, and the hole or
holes required for fitting VC1 must be made (o suil the
particular component employed,

The cover is removable and is held in position by
three wood screws passing into the wooden blocksshown
in Fig. 2. The two smaller blocks in the corners are
approximately & in. by § in, and the larger block is
approximately 1 in by § in. All three blocks are § in.
deep only, and they are glued in position with adhesive,
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R |
Fig. 3. Compaonent positioning an the front panel.
APRIL 174

The case of the prototype unit was finished by being
covered with a plastic vencer having a wood grain
effect, but any other desired finish can be given accord-
ing to mndividual taste,

CONSTRUCTION

Apart from the battery and the parts fitted (o the
front panel, all the components are mounied on a plain
Paxolin panel of & in. thickness, as illustrated in Fig, 4.
A panel measuring 5 by 2§ in. is first cul oul from a
larger piece, and then two pieces are cut from this to
give the shape shown in the diagram.

Fig. 4 is reproduced actual size, and the positioning
of the component mounting holes can easily be traced
from this onto the panel. All holes for component lead-
outs and the four holes for the ferrile rod serial mount-
ing are 7% in. or ¢ in. diameter. The ferrite rod is held
in place by two loops of thin single core insulated wire
passed over the rod and through the appropriate holes.
The two ends of each loop are twisted together on the
reverse side of the board so that the rod 1% held down
firmdw. Tt is essential that the wire used here be insulated
and that the core ends of each loop do not touch each
other, as this will then constitute a “shorted turn’ and
will preveat the ferrite aerial from working correctly.

A view of the components inside the case

Components on the panel are mounted by passing
their lead-out wires through the holes indicated in Fig,
4, the wires then being bent over at right angles on the
reverse side, These are then soldered together as
represented by the broken lines in the diagram. There
are three external connections from the panel to the
positive battery terminal, to the high volume end of VR
track and Lo the negative supply rail. A flexible insulated
lead about 3 to 4 in. long can be used for each of these
connections, A further single core lead of about the
same length is connected to the collector of TRI on the
reverse side of the board. This is one of the leads which
form €1 and it is not shown in Fig. 4. The non-sarthy
lead-out of L1 (the lead-out further away from L2) will
also connect, later, to the fixed vanes of VCI1.
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Fig. 4. The wiring fayout on the component panel, For efarity the body of TR2 /s omitted, The panel is
reproduced Tull size faf tracing

Three blocks of wood, each | in. by | in. and § in,
thick are next secured to the inside surface of the case
side, as shown in Fig, 5. They are positioned such that
they take wood screws passed through the three large
holes in the component panel, thereby allowing the
panel to be mounted in the case, Posilioning need not
be precise bul the dimension marked ‘X should be such
as to allow the PP3 batiery to be gripped, on its side,
between the block of wood and the adjacent case end,
The blocks arc secured in position with adhesive. The
panel should fit quite neatly into place, the large 33 by
1% in. cut-out allowing space for Y1 and VR, when
these are fitted, and the small cut-out allowing space for
the output jack socket. The component panel is not
finally fitted vet.

The components on the front panel are next mounted,
and these are then wired up as illustrated in Fig. 6. The
leads to the battery connector should be sufficiently
long to reach the battery when the latter is fitted later.
The positions of the tags for 51 may differ, with some
components, from those shown in the diagram, [t will
save possible trouble later if the requisite tags are traced
through with an chmmeter or continuity tester before
wiring up. The jack socket should be wired such that the
sleeve of the plug, when inserted, is connected to the
negative supply rail. An ohmmeter or continuity tester
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3 blacks %1% 38 thick

fl T

Fig. 5. The three wood blocks to which the

camponent panel is secured fake up tfhia positions

shown here. Again for clarity  the wooden
blocks of Fig. 2 are omitted here
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Component panel

Twisted with wire from TH|
callecior to farm cj

Batiery
conneciar

Fig. 8. Wiring af the components at the front penel. The terms ‘sleeve” and ‘tip"at SK1 refer to the correspond-
fng sleeve and tip of the fack pluf which fits into it

Fhe unit with the comporent board and battery

remaved from the case. The three square blocks

to which the board iz screwed can be seen on the
inside surface of the case side

may be helpful here also in delermining the socket tags
to which connections should be made.

The wire from YOI fixed vanes which forms one
section of Cl should be single core insulated.

The component panel may next be screwed in position
and the interconnections between this panel and the
components of Fig. 6 completed. The two insulated
wires which form C1 are twisted together very loosely
at this stage,
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TESTING

The unit is now complete and ready for testing, A
testmeter switched to a high currént range is inserted in
the positive supply lead and the unit is switched on. If it
appears that no excessively high current is flowing the
testmeter should be set to progressively lower ranges
until it is capable of giving useful readings of currents
up to SmA. With & new batterv fitted, the current
consumplion of the unit should be roushly of the order
of 2.5mA. If the current reading is considerably differ-
ent from this figure the unit should be switched off
immediately and checked for wiring faults. If a correct
eurrent reading is given, a crvstal carphone, a high
impedance magnetic earphone or an amplifier can be
connected to the output. Adjusting VCI should permit a
few stations to be received.

The effect of 1wisting the two wires which form €1
more closely together can then be checked. If the
constructor s lucky this will cause the received stations
to increase in volume and number, Should the opposite
occur the commections from L2 must be reversed. The
two wires which form Cl should be twisted together as
tightly as possible without the set bresking into oscil-
lation al any setting of VCI1. Oscillation is evident as a
loud ‘pop’ followed by a hissing noise. With the unit
adjusted in this way it should be possible in the daytime
to receive B.B.C. Radios 1, 3 and 4 in most parts of the
LK. plus two or three Continental stations. After dark
maty more stations will appeur.

If the unit is to be used as a tuner for an amplifier or
tape recorder it will be necessary to provide a lead to
connect the two items of equipment together. If this
lead is short it will probably not need 1o be screened. but
if it is more than a foot or so in length it will be essential
to use screened wire. The outer braiding of this Jead
connects, of course, to the jack plug slecve at the tuner
and, thence, to its negative supply rail. It may be found
that using the unit close 10 a mains powered amplifier
will cause an excessive muins hum to be heard. This is
due to magnetic pick-up of the field around the ampli-
fier mains transformer by the ferrite rod aerial, If
trouble of this nature is experienced the tuner should be
sited a few feet away from the amplifier.
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REFLEX RADIO

By A. Sapciyan

A low cost medium wave local stations receiver incorporating
three inexpensive transistors.

HIS SIMPLE MEDIUM WAVE REFLEX RECEIVER GIVES

good results with three transistors. The output is
sufficiently high for personal listening in a room where
background noise is at average ‘level. The receiver is
intended for reception of local stations only, although
in practice it should be possible to pick up a number of
foreign transmissions after dark. With a circuit em-
ploying as few components as does this set, performance
cannot of course be compared with that given by a
superhet.

REFLEX OPERATION

The input stage uses an AF127, TRI, connected in
the reflex mode. In common with other reflex amplifiers,
TR1 provides amplification both at radio frequencies
and then at audio frequencies. Initially, r.f. signals
picked up on the ferrite aerial coil, L1, are applied to
the base of TR1 and they next appear, in amplified
form, at the collector of this transistor. The r.f. choke
L2, offers a high impedance at r.f., and the r.f. signals
are passed via C4 to the voltage doubling detector
given by D1 and D2. The demodulated signal, which is
now at a.f., is applied to the base of TR1 and this
again provides amplification. Choke L2 offers only a
low impedance to a.f. signals and these are in con-
sequence built up across R3. C5 ensures that any r.f.
signal still present after the choke is bypassed to
chassis and does not enter the following a.f. stages.

R1, in series with R2, controls the base current of
TRI1 and, hence, the amplification it gives. When R1
is set to insert a low resistance into circuit the resultant
high gain in TR1 produces oscillation. R1 can therefore
be employed as a reaction control, it being adjusted
to the point which is just below that at which oscilla-
tion occurs. Under this condition the receiver exhibits
optimum selectivity and sensitivity.

The tendency towards oscillation is increased by C1.
This is a home-made trimmer and the manner in which
it is assembled and set up is described later. The value
for R2 given in the Components List should be satis-
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factory with most transistors and diodes in the TR1,
D1 and D2 positions. In some occasional instances,
however, it may be necessary to alter the value of R2
and this point is also discussed later. No connection
is made to the shield of TR1, and this factor improves
regeneration.

The a.f. signal at the junction of L2 and R3 is
passed via C7 to the base of transistor TR2. This
functions as an audio amplifier, its collector connecting
directly to the base of the output transistor, TR3.
The collector of TR3 feeds the primary of output
transformer T1, whilst R7 and C8 provide emitter
bias.

TR2 and TR3 appear in a d.c. negative feedback
loop. If, for any reason, the emitter of TR3 were made
to go more negative this would cause TR2 to be
biased harder on. The collector voltage of TR2 would
then go positive as also would the base of TR3, thereby
counteracting the original change in voltage at TR3
emitter. There is no corresponding feedback at audio
frequencies due to the presence of C8.

Output transformer T1 should present a primary
impedance of around 600 and, to drive a 3Q speaker,
it requires a step-down ratio of 14:1. The Eagle LT700
output transformer, which has a centre-tapped primary
and a ratio of slightly higher than 15:1, may be used
here. No connection is made to the primary centre tap.
1t is desirable to use a fairly large and sensitive speaker,

The total current drawn by the receiver from the
6 volt battery is approximately 10mA.

The AF127 and AC128 specified for TR1 and TR3
are readily available. The transistor type ACIS51
needed for TR2 can be obtained from a number of
suppliers, including Electrovalue, Ltd.

HOME-MADE COMPONENTS
The ferrite aerial coil, L1, consists of 70 turns of 30
s.w.g. enamelled wire wound side-by-side on a ferrite
slab measuring 6 by 3 by 5/32in., as illustrated in Fig. 2.
The chassis tap is made 10 turns from one end. Due
RADIO & ELECTRONICS CONSTRUCTOR
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Fig. 1. The circuit of the reflex receiver.
C O I»ﬂ pO N E N o Resistors
8 ot s (All fixed values 1 watt 10%,)
R1 100k potentiometer, linear
R2 330k (see text)
Semiconductors R3 1kQ
TR1 AFI127 R4 1kQ
TR2 ACI51 R5  5.6kQ2
TR3 ACI28 R6 15k
D1  0A91 R7 47Q
D2 0A91
Capacitors
Switch Cl Trimmer (see text)
S1 s.p.s.t., toggle C2 300pF variable, solid dielectric
C3 0.001pF, plastic foil or ceramic
Speaker C4 100pF, ceramic or silvered mica
LS1 3Q speaker CS 0.01uF, plastic foil
C6 100uF electrolytic, 6 V.Wkg.
Battery C7  4pF electrolytic, 6 V.Wkeg.
Bl 6 volt battery C8 100pF electrolytic, 6 V.Wkg.
Miscellaneous Inductors
Ferrite slab, 6 by 4 by 5/32in. (Henry’s Radio) L1  Ferrite aerial (see text)
2 knobs L2 R. F. choke (see text)
Battery connectors Tl Output transformer (see text)

to differences in slab permeability, it is desirable to
initially wind on a few too many turns at the end which
connects to C1 and the fixed vanes of C2. These turns
can then later be removed, as required, to give more
precise coverage of the medium wave band after the
set has been completed. Some control of inductance is
also given by sliding the winding along the ferrite slab.

The r.f. choke, L2, is also home-made and consists
of 200 turns of 36 s.w.g. enamelled wire pile-wound
on a }in. former.
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Fig. 2. The ferrite aerial winding. Further details
are given in the text.

An unconventional but quite satisfactory method
of assembly is employed for trimmer capacitor Cl.
This is shown in Fig. 3, and it consists of one enamelled
wire twisted around a second. A straight piece of 16
s.w.g. enamelled wire lin. long has one end cleaned of
enamel. This end is tinned and connects to the fixed
vanes of C2. It can be soldered direct to the tuning
capacitor tag. One end of a length of 36 s.w.g. enamelled
wire is also cleaned and tinned, and this is connected
to the junction of L2 and the collector of TR1. The
36 s.w.g. wire is then close-wound over the 16 s.w.g.
wire, the two ends of the wires being left open-circuit.
Only the enamelled surfaces of the two wires are in
contact with each other and so they do not short-

16 swg enamelled wire 36swg wire close-wound
| on 16swg wire

Wire end cleaned /
and tinned { /
~

No connections
to these ends
L

36swg enamelled
wire

Junction L2 and
TR collector

Fig. 3. This unconventional but quite practicable
assembly forms the trimmer [

A\

. circuit together. The trimmer capacitance is adjusted

later by untwisting the 36 s.w.g. wire as necessary.

Construction and layout are not particularly critical
provided that lead lengths are kept reasonably short.
A good plan consists of mounting the components,
apart from C2, R1, S1 and the ferrite aerial, on a per-
forated piece of plain Veroboard (i.e. \ i.hout copper
strips) measuring about 4% by 2%in., the component
leads passing through the holes and being soldered
into the circuit underneath. The components should
be positioned along the board in roughly the same
order as they appear in the circuit diagram of Fig. 1.
This ensures that the output stage is positioned well
away from TRI1 input circuit. C2, R1 and S1 may
then be mounted on a small front panel at right angles
to the board. However, any other method of assembly
favoured by the constructor may be used provided
that the general approach to layout which has just
been described is observed. L2 and T1 should not be
mounted close to L1. Also, R1 should be wired such
that the resistance it inserts into circuit reduces as its
spindle is turned clockwise.

ADJUSTMENTS

When the receiver has been completed, a new 6 volt
battery should be connected and the set switched on
by means of S1. There should be a noticeable hiss from
the speaker, this increasing in intensity as R1 spindle is
turned clockwise. It should be possible to take the
set into oscillation by means of R1 over all the tuning
range offered by C2. The setting of R1 at which
oscillation occurs varies with the capacitance given
by C2.

If oscillation is too fierce and cannot be reliably
controlled by R1 the capacitance inserted by C1 should
be reduced by removing some of the turns of 36 s.w.g.
wire. It is in order for oscillation to occur when R1 is
only partly advanced, because this allows the receiver
to continue operating after battery voltage falls with
use, in which case R1 can be advanced further to
provide regeneration. Initial setting up should be carried

- out, nevertheless, with a new battery.

In some instances it may be found that C1 does not
provide sufficient control. If regeneration is weak and
can only be obtained when R1 is at, or very near, its
maximum position, the value of R2 should be reduced.
Values of 220kQ2 and 150k(, etc., should be tried until
the desired operation is obtained. If, on the other
hand, regeneration is too fierce, the value of R2 may
be increased, and performance checked with values
here of 470k and 560k(2, etc.

As was stated at the start of this article, the receiver
is intended mainly for reception of local stations only.
R1 should be.adjusted for optimum sensitivity with
each station tuned in. >
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A low cost medium wave local stations receiver incorporating
three inexpensive transistors.

HIS SIMPLE MEDIUM WAVE REFLEX RECEIVER GIVES

good results with three transistors. The output is
sufficiently high for personal listening in a room where
background noise is at average ‘level. The receiver is
intended for reception of local stations only, although
in practice it should be possible to pick up a number of
foreign transmissions after dark. With a circuit em-
ploying as few components as does this set, performance
cannot of course be compared with that given by a
superhet.

REFLEX OPERATION

The input stage uses an AF127, TRI, connected in
the reflex mode. In common with other reflex amplifiers,
TR1 provides amplification both at radio frequencies
and then at audio frequencies. Initially, r.f. signals
picked up on the ferrite aerial coil, L1, are applied to
the base of TR1 and they next appear, in amplified
form, at the collector of this transistor. The r.f. choke
L2, offers a high impedance at r.f., and the r.f. signals
are passed via C4 to the voltage doubling detector
given by D1 and D2. The demodulated signal, which is
now at a.f., is applied to the base of TR1 and this
again provides amplification. Choke L2 offers only a
low impedance to a.f. signals and these are in con-
sequence built up across R3. C5 ensures that any r.f.
signal still present after the choke is bypassed to
chassis and does not enter the following a.f. stages.

R1, in series with R2, controls the base current of
TRI1 and, hence, the amplification it gives. When R1
is set to insert a low resistance into circuit the resultant
high gain in TR1 produces oscillation. R1 can therefore
be employed as a reaction control, it being adjusted
to the point which is just below that at which oscilla-
tion occurs. Under this condition the receiver exhibits
optimum selectivity and sensitivity.

The tendency towards oscillation is increased by C1.
This is a home-made trimmer and the manner in which
it is assembled and set up is described later. The value
for R2 given in the Components List should be satis-
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factory with most transistors and diodes in the TR1,
D1 and D2 positions. In some occasional instances,
however, it may be necessary to alter the value of R2
and this point is also discussed later. No connection
is made to the shield of TR1, and this factor improves
regeneration.

The a.f. signal at the junction of L2 and R3 is
passed via C7 to the base of transistor TR2. This
functions as an audio amplifier, its collector connecting
directly to the base of the output transistor, TR3.
The collector of TR3 feeds the primary of output
transformer T1, whilst R7 and C8 provide emitter
bias.

TR2 and TR3 appear in a d.c. negative feedback
loop. If, for any reason, the emitter of TR3 were made
to go more negative this would cause TR2 to be
biased harder on. The collector voltage of TR2 would
then go positive as also would the base of TR3, thereby
counteracting the original change in voltage at TR3
emitter. There is no corresponding feedback at audio
frequencies due to the presence of C8.

Output transformer T1 should present a primary
impedance of around 600 and, to drive a 3Q speaker,
it requires a step-down ratio of 14:1. The Eagle LT700
output transformer, which has a centre-tapped primary
and a ratio of slightly higher than 15:1, may be used
here. No connection is made to the primary centre tap.
1t is desirable to use a fairly large and sensitive speaker,

The total current drawn by the receiver from the
6 volt battery is approximately 10mA.

The AF127 and AC128 specified for TR1 and TR3
are readily available. The transistor type ACIS51
needed for TR2 can be obtained from a number of
suppliers, including Electrovalue, Ltd.

HOME-MADE COMPONENTS
The ferrite aerial coil, L1, consists of 70 turns of 30
s.w.g. enamelled wire wound side-by-side on a ferrite
slab measuring 6 by 3 by 5/32in., as illustrated in Fig. 2.
The chassis tap is made 10 turns from one end. Due
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R1 100k potentiometer, linear
R2 330k (see text)
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TR1 AFI127 R4 1kQ
TR2 ACI51 R5  5.6kQ2
TR3 ACI28 R6 15k
D1  0A91 R7 47Q
D2 0A91
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Switch Cl Trimmer (see text)
S1 s.p.s.t., toggle C2 300pF variable, solid dielectric
C3 0.001pF, plastic foil or ceramic
Speaker C4 100pF, ceramic or silvered mica
LS1 3Q speaker CS 0.01uF, plastic foil
C6 100uF electrolytic, 6 V.Wkg.
Battery C7  4pF electrolytic, 6 V.Wkeg.
Bl 6 volt battery C8 100pF electrolytic, 6 V.Wkg.
Miscellaneous Inductors
Ferrite slab, 6 by 4 by 5/32in. (Henry’s Radio) L1  Ferrite aerial (see text)
2 knobs L2 R. F. choke (see text)
Battery connectors Tl Output transformer (see text)

to differences in slab permeability, it is desirable to
initially wind on a few too many turns at the end which
connects to C1 and the fixed vanes of C2. These turns
can then later be removed, as required, to give more
precise coverage of the medium wave band after the
set has been completed. Some control of inductance is
also given by sliding the winding along the ferrite slab.

The r.f. choke, L2, is also home-made and consists
of 200 turns of 36 s.w.g. enamelled wire pile-wound
on a }in. former.
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Fig. 2. The ferrite aerial winding. Further details
are given in the text.

An unconventional but quite satisfactory method
of assembly is employed for trimmer capacitor Cl.
This is shown in Fig. 3, and it consists of one enamelled
wire twisted around a second. A straight piece of 16
s.w.g. enamelled wire lin. long has one end cleaned of
enamel. This end is tinned and connects to the fixed
vanes of C2. It can be soldered direct to the tuning
capacitor tag. One end of a length of 36 s.w.g. enamelled
wire is also cleaned and tinned, and this is connected
to the junction of L2 and the collector of TR1. The
36 s.w.g. wire is then close-wound over the 16 s.w.g.
wire, the two ends of the wires being left open-circuit.
Only the enamelled surfaces of the two wires are in
contact with each other and so they do not short-
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Fig. 3. This unconventional but quite practicable
assembly forms the trimmer [
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. circuit together. The trimmer capacitance is adjusted

later by untwisting the 36 s.w.g. wire as necessary.

Construction and layout are not particularly critical
provided that lead lengths are kept reasonably short.
A good plan consists of mounting the components,
apart from C2, R1, S1 and the ferrite aerial, on a per-
forated piece of plain Veroboard (i.e. \ i.hout copper
strips) measuring about 4% by 2%in., the component
leads passing through the holes and being soldered
into the circuit underneath. The components should
be positioned along the board in roughly the same
order as they appear in the circuit diagram of Fig. 1.
This ensures that the output stage is positioned well
away from TRI1 input circuit. C2, R1 and S1 may
then be mounted on a small front panel at right angles
to the board. However, any other method of assembly
favoured by the constructor may be used provided
that the general approach to layout which has just
been described is observed. L2 and T1 should not be
mounted close to L1. Also, R1 should be wired such
that the resistance it inserts into circuit reduces as its
spindle is turned clockwise.

ADJUSTMENTS

When the receiver has been completed, a new 6 volt
battery should be connected and the set switched on
by means of S1. There should be a noticeable hiss from
the speaker, this increasing in intensity as R1 spindle is
turned clockwise. It should be possible to take the
set into oscillation by means of R1 over all the tuning
range offered by C2. The setting of R1 at which
oscillation occurs varies with the capacitance given
by C2.

If oscillation is too fierce and cannot be reliably
controlled by R1 the capacitance inserted by C1 should
be reduced by removing some of the turns of 36 s.w.g.
wire. It is in order for oscillation to occur when R1 is
only partly advanced, because this allows the receiver
to continue operating after battery voltage falls with
use, in which case R1 can be advanced further to
provide regeneration. Initial setting up should be carried

- out, nevertheless, with a new battery.

In some instances it may be found that C1 does not
provide sufficient control. If regeneration is weak and
can only be obtained when R1 is at, or very near, its
maximum position, the value of R2 should be reduced.
Values of 220kQ2 and 150k(, etc., should be tried until
the desired operation is obtained. If, on the other
hand, regeneration is too fierce, the value of R2 may
be increased, and performance checked with values
here of 470k and 560k(2, etc.

As was stated at the start of this article, the receiver
is intended mainly for reception of local stations only.
R1 should be.adjusted for optimum sensitivity with
each station tuned in. >



REFLEX

%l SELECTIVE

RECEIVER

by J. B. Jobe

The medium wave receiver described here combines two of our
earlier designs to obtain an enhanced overall performance.

HE AUTHOR TEACHES AT A SCHOOL FOR BOYS WHERE
he runs a radio and electronics club, Most of the

boys start off by building the ubiquitous crystal set and #
some of them eventually graduate to the construction of
G. W. Short's “Silicon Transistor Reflex T.R.E.™

This is, in the writer’s opinion, the best set of its type
yet published, being virtually fool-proof, almost
guaranteed to work first time and extremely tolerant as
regards transistor types, component values and lavout,
There is, however, one comment which is frequently
heard from boys who have completed the set, and this
concerns its rather low selectivity. In the writer's region
the local Radio 4 programme is on 285 metres and, with
the reflex receiver, this signal interferes with the weaker
Radio | programme on 247 metres,

MODIFICATION

It was therefore decided to see what could be done to
improve the selectivity of this otherwise excellent set.
Any modification which was to be made had to con-
form to the following rules: it must not detract from the
basic simplicity of the receiver, the set must be reliable
and sure to work after completion, and the modification
shiould add as little as possible to building costs.

The original design has a single tuned circuit with the
coil being wound on a ferrite rod. A second coil on the
same rod couples the tuned winding to the first tran-
sistor, It was considered that the low input impedance
of the first transistor was damping the tuned circuit,

The idea of adding a second tuned circuit to increase
selectivity was discarded as this would not adhere to the
requirement that the modification must not detract from
the simplicity of the receiver. The possible use of an
fet. input stage was also ruled out as it was felt that
f.et.'s were expensive and too delicate to be handled by
young newcomers to radio.

Dutput

Fig. 1. A high to low impedance ‘convarter
efreuit

What was needed was a simple high impedance unity
gain buffer stage incorporating a bipolar transistor, this
stage being easy to construct and requiring as few
components as possible. The basic circuit eventually
chosen is shown in Fig. 1. This has heen described
before, also by G, W. Short, bul for a.f, applications
only, It was subsequently found to function very well at
r.f. as well.?

The voltage gain of this circuit is approximately RC
devided by RE and the input impedance is given roughly
by the parallel combination of RE multiplied by the
small signal current gain, and RB. Since RC had to
provide a reasonable match to the following stage a
value of 10kf) is chosen for it, this offering a useful
compromise. A high gain transistor is emploved, en-
abling a high value to be used for RB and, consequently,
giving the circuit a high input impedance.

LGy W, Short, “Silicon Transistor Reflex TR.F.", The
Radie Constructor, January 1968,
406

3 G. W. Short, “Simple ‘Impedance Converter’,” The
Radio Constructor, April 1969,
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COMPLETE CIRCUIT

The complete circuit of the new receiver may be seen
in Fig. 2. The circuit to the left of C2 is the same as that
of the “Impedance Converter” previously published,
and that to the right of C2 is virtually the same as the
refex t.r.f, receiver. The resistor values are unaltered.

The signal from the tuned circuit given by L1 and
Yl is applied via C1 to the high impedance buffer stage
incorporating TR1 and thence, by €2, to TR2 where it
is amplified and fed to the directly coupled transistor
TR3, TR3 operates as an emitter follower at r.f., and the
r.[. signal is detected by diode D1 and fed back to the
base of TRI, The detected signal is again amplified, this
time at a.f, by TR2 and TR3, and is finally fed to the
headphones or earphone connected across RS,

R35 is only strictly necessary if a crystal earphone is 10
be used and it may be omitted if magnetic earphones are
employed. However, it is worth including RS, as it
increases the versatility of the set and enables it to be
goupled up, also, to an a.f. amplifier.

EDITOR’'S NOTE

The Janusry 1968 and April 1968 issuss of
‘The Radio Constructor” referred to in Bhis
article are now out of print and cannot be
be obtained from us: Thef ara not, of course,
necessary for the building of tha recefver
described hera, as the present article givas all the
assembiy and constructional information that is
! reguired

COMPONENTS

Resistors
(Adl values dord mtt‘],ﬂ‘f'{;]
Rl 10N
R2 100y
R3 10kEr™
g
RS K
R6 6800
Capacitors
Cl 1,000pF ceramic
C2 1,000pF ceramic
3 0.01uF paper or plastic foil
C4 32pF electrolytic, 4 V. Wka.
S S0uF electrolytic, 10V. Wkg.
Yl 300pF wvariable, solid dielectric,
“Dilemin™ (Jackson Bros.)
Inducrors
Li Ferrite slab aerial — see text
L2 B_.F. chole — see text

Semiconduciors
TR1, 2,3 BC169
D1 OAR]

Miscellaneds
Headphones, 200002, or crystal earphone
8 volt battery
Battery connectors
Knoh
Plywood baseboerd
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CONSTRUCTION South Croydon, Surrey, CR2 0DE. Longer ferrite rods

The method of construction favoured by the author's
pupils is shown in Fig. 3. This extremely economical ®
approach involves the use of a plywood baseboard
measuring 6 by 23in., into which cheap panel pins are
driven ai the appropriate connection points, Compon-
ent lead-outs are then soldered to these pins, The general
layout of the components is shown in the diagram, and
il is by no means critical. The tuning capacitor, VI,
may be secured by a suitable bracket made from scrap
aluminium sheet, or similar,

A little experimenting is required with the ferrite slab
aerial to obtain precise coverage of the medium wave
band, The author's version consists of approximately 65
trns close-wound of 30 s.w.g enamelled wire on a
2iin. ferrite slah, as shown in Fig. 4. However, ferrite
slabs of this size are not generally available, and a
stuitable alternative would be the 2}in. slab that is
obtainable from Amatronix Lid., 396 Selsdon Road,

252" ferrite slab

Loyer of Sellotape

Bpprok. 65 ums of 3 smg
enamelied close-wound

Fig. 4. Details of the ferrite aerial ernployed with
the prototype

could also be used and these would require fewer turns,
The best approach is to purposely wind on too many
turns, say 75, at first and then remove these as required
after the receiver has been brought into working order.
Choke L2 simply consists of 150 turns of thin wire
arpund 36 s.w.g, pile-wound on & match-stick or an
insulated ‘former’ of similar small dimensions. Lead-out
wires of 28 sow_g. tinned copper may be secured 1o this
former” fir connection into the circuit, These lead-outs
should be some 3 to 4in, long so (that the choke can be
moved around the board until the best position is found
for it. The choke inductance is of the order of 1mH,

TESTING

A wide variety of transducers was tried with the pro-'
lotype, best resulis being obtained with high impedance
headphones, as specified in the Components List, Good
results were also given with u crystal earphone and
balanced armature headphones ; even a 302 speaker BAVE
andible - albeit faint - results!

To test the completed receiver, connect up the head-
phones or earphone and a4 9 volt battery, Tune in a
station and rotate the set horizontally for maximum
volume. ( The ferrite aerial is highly directional.) L2 may
now be moved around. It will be found that some
positions of this component will cause the set (o oscil-
late whilst in others signal strength will decrease or the
signal will disappear completely. The choke may be
experimentally turned, to alter its coupling with L1,
whilst finding its optimum position. The best position
for L2 will probably be found to be perpendicular to L1
and as far away from it as possible, Some regeneration
can be obtained, it desired, by allowing L1 and L2 to
interact, but this can be a finicky business and should
not normally be necessary as selectivity and sensitivity
are quite adequate without it. To give an idea of per-
formance, good signals arc received from Radio
Luxembourg on the prototype, which is sited in the
Midlands.
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COMPONENTS

The components are not very critical. Any small
tesistors or capacitors of the stated values may be used.
C4 and C5 can have high working voliages than those
specified. It is desirable for the transistors to be high
rain silicon types, and BC169%s were used in the author’s
version. The “'Dilemin™ capacitor specified for VC1 is
available from Home Radio under Cat. No, YC40B,

CONCLUSION

Lip to the time of writing, about a dozen samples of
this receiver have been built by club members and all
have worked first time with very little trouble being
experienced in the constructional work. The sensitivity
of these sets has been very good and there have been no
complaints about lack of selectvity. »
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Fig. 1. The circuit of the v.h.f. receiver. TR1 is a
regenerative detector and TR2 an a.f. amplifier

COM PONEN TS Inductors

L1, L2, L3 See text

Resistors
(All fixed values } watt 102) Semiconductors
R1 330kQ TR1  2N2369A
R2 3.9kQ TR2  2N3708
R3 2.2kQ
R4 560k Socket
RS 4.7kQ2 SK1 3.5mm jack socket
R6 1.8kQ
VRI1 10k potentiometer, log, with switch S| Miscellancous

Telescopic aerial type TA 10 (Eagle — see text)

Capacitors 9 volt battery type PP3 (Ever Ready)

Cl 1,000pF disc ceramic

Cc2 0.022pF polyester

3 0.01puF disc ceramic

C4 4uF electrolytic, 10 V.Wkg.

Cs 220pF ceramic plate

C6 1.8pF tubular ceramic

C7 6.8pF tubular ceramic

YC1 5 or 6pF variable, miniature (see text)

Battery connectors

Crystal earphone with 3.5mm. jack plug
2 control knobs

Plain Veroboard, 0.15 in. matrix
Aluminium sheet

Formica

Grommet (see text)

4 rubber feet
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REGENERATIVE

by R. A. Penfold

This unusual receiver, intended pri-
marily for areas where f.m. reception -
is reasonably good, employs only two
transistors. It draws an extremely low
current from its internal 9 volt battery

HIS IS A SIMPLE 2-TRANSISTOR REGENERATIVE RECEIVER

suitable for the reception of B.B.C. f.m. trans-
missions in the 88 to 108MHz band. Apart from the
ordinary Radios 2, 3 and 4, this band also provides local
radio stations in appropriate areas. The set is com-
pletely self-contained, having an internal 9 volt PP3
battery and a telescopic aerial. The output is suitable
for driving a crystal earphone. The case measures
approximately 4 by 2} by 24 in., excluding the knobs
and telescopic aerial.

Although the set has some advantages over simple
medium wave receivers, such as superior treble response
and freedom of interference from foreign stations, it
does have a few disadvantages. Firstly, as the receiver
uses an extremely simple circuit it is only suitable for
use in fairly strong reception areas. It should be borne
in mind that_there are still certain parts of the country
which are not effectively covered by v.h.f. f.m. trans-
missions and there are local black-spots in otherwise
good areas of reception. The set should not be built
unless the reader resides in an area where v.h.f. recep-
tion is reasonably good. The prototype set is operated
25 miles from the Wrotham transmitter and gives
satisfactory results. As is explained at the end of this
article an improvement in sensitivity can be given by a
different type of telescopic aerial, but this improvement
cannot be guaranteed to overcome the limitations of the
circuit in a poor reception area.
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A second disadvantage is that the receiver is slightly
more difficult to build and adjust than a simple medium
wave set. Thirdly it cannot, of course, receive foreign
stations. Nevertheless, it does make an interesting
alternative to medium wave receivers and, when
properly built and adjusted, is capable of a very high
quality output.

CIRCUIT OPERATION

The circuit of the receiver is shown in Fig. 1. TR1 is an
inexpensive v.h.f. transistor type 2N2369A, and is used
here as the regenerative detector. Basically this circuit
consists of a grounded base oscillator with capacitive
feedback, the regeneration being set to a point just
below the level at which oscillation occurs.

R1 biases the transistor, whilst Cl bypasses the base
for radio frequencies. L2 is the v.h.f. tuned winding and
VYCl1 the tuning capacitor. L1 is a choke which provides
a d.c. return to the negative supply rail for the emitter
and offers a high impedance at the signal frequencies.
In the grounded base configuration the emitter and
collector are in phase, whereupon C6 introduces
positive feedback. The supply for TR1 is obtained via
the potentiometer VR1 which, in consequence, controls
the gain of the stage. VRI1 acts as the regeneration
control.

The aerial currents are loosely coupled to the tuned

RADIO & ELECTRQNICS CONSTRUCTOR
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Fig. 1. The circuit of the v.h.f. receiver. TR1 is a

regenerative detector and TR2 an a.f. amplitier

COMPONENTS

Resistors
(All fixed values } watt 109)

R1 330k

R2 3.9kQ

R3 2.2kQ

R4 560k

RS 4.7kQ2

R6 1.8kQ

VR1 10k potentiometer, log, with switch S|
Capacitors

Cl 1,000pF disc ceramic

C2 0.022pF polyester

C3 0.01uF disc ceramic

C4 4uF electrolytic, 10 V.Wkg.

Cs 220pF ceramic plate

C6 1.8pF tubular ceramic

C7 6.8pF tubular ceramic

YC1 5 or 6pF variable, miniature (see text)

Inductors

L1, L2, L3 See text
Semiconductors

TR1  2N2369A

TR2  2N3708
Socket

SK1 3.5mm jack socket

Miscellaneous
Telescopic aerial type TA 10 (Eagle — see text)
9 volt battery type PP3 (Ever Ready)
Battery connectors
Crystal earphone with 3.5mm. jack plug
2 control knobs
Plain Veroboard, 0.15 in. matrix
Aluminium sheet
Formica
Grommet (see text)
4 rubber feet
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circuit via L3. The detected audio signal is developed
across R2, whilst C2, R3 and C3 form an r.f. filter. C4
provides a.f. coupling and d.c. blocking. TR2 operates
as a straightforward common emitter a.f. amplifier,
with R5 as the collector load and R4 as the base
biasing resistor,

A certain amount of treble cut is applied in order to
compensate for the treble boost given to the signal at
the transmitter. The r.f. filter components give a small
amount of treble cut and the rest is provided by C6.
No output coupling capacitor is required as the
receiver is designed for use with a crystal earpiece,
which does not allow the passage of direct current. A
series coupling capacitor of suitable value would be
required if the receiver were coupled to an a.f. amplifier,
and this should be positioned at the amplifier end of the
screened lead coupling the two units together, There is a
very slight possibility that a small amount of v.h.f,
signal may still be present in the receiver output.
Should this cause any problems in the amplifier a
series 2.2kQ resistor in the non-earthy output lead
followed by a 1,000pF ceramic capacitor to earth
should be added, these components again being fitted
at the amplifier end of the screened cable. But it must be
emphasised that the receiver is essentially intended for
use with a crystal earphone only, and that it should be
initially put into working order with an earphone of

‘this type.

The receiver demodulates by reason of the fact that
the received f.m. signal is converted to a.m. on the
sloping skirts of the sharp selectivity curve given when
regeneration is just below the oscillation point. Because
of this method of detection there is a central tuning
point for each station received where the signal is
applied to the peak of the selectivity curve and is
effectively nulled. The signal distorts when the set is
tuned next to the central point. The central range over
which these effects occur is extremely narrow, and it is
not at all difficult to receive the signal properly on
either side of it.

The current consumption ‘of the receiver is a mere
2mA, with the result that even a small battery such as
the PP3 will have an extremely long life.

The component employed in the VCI position in the
author’s receiver is a surplus type which is not generally

available. A Jackson Brothers variable capacitor type
‘C804 will fit quite well into the layout, and this capacitor

is available with a value of 5pF. Potentiometer VRI
should be a reasonably small component, with a body
diameter of 1} in. or less. The ‘ceramic plate’ capacitor
specified for C5 is a miniature low voltage component
having a square outline and side wires. A suitable
component would be Cat. No. C87N from Home Radio.
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| :: 4—‘ 7'-,34 =4
'Ir QC Ca. | L
5 | 1 f L
il 17849 R cpuminiamVE o’ END
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& h . 3 B e . | sy 2, 1
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if ‘ | 2 ‘ Yaldia 3¢8'dia | l
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Fig. 2, Details of the parts which make up the case. The panels are aluminium sheet or Formica, as indicated
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MAKING THE CASE

The case used to house the receiver is made from
aluminium sheet of around 18 s.w.g., and Formica.
Fig. 2 shows the individual parts and indicates the
manner in which they are assembled together. The case
is bolted or screwed together by fastenings which pass
through the holes which have the same lettered mark-
ings. For example, the two holes marked ‘a’ on the

flange of the top panel correspond with the two holes

marked ‘a’ on the aluminium side.

The top and base panels are each bolted to the
aluminium side plate by two 1 in. 6BA bolts and nuts.
Thus, all the holes *a’ and ‘b’ should be drilled out
6BA clearance. The Formica side is secured to the top
and base flanges with self-tappingscrews. [nconsequence,
holes ‘¢’ and ‘d” on the aluminium flanges should be
drilled out tapping size for the self-tapping screws and
holes ‘¢’ and ‘d’ in the Formica side should be drilled
out clearance size. The two Formica ends are also
secured with self-tapping screws, whereupon holes ‘e’,
‘f°, ‘2’ and ‘h’ are drilled out tapping size in the
aluminium flanges and clearance size in the Formica
ends. The finished case is quite attractive and is in-
.expensive to make. With the Formica side and ends
removable, there is easy access to the inside. The
Formica employed should not, incidentally, be the heat-
resistant type. This type of Formica may have a metal
shim laminated inside it, and this might conceivably
alter receiver performance.

Two points need to be noted concerning the holes in
the top panel. It is assumed that the hole for the tele-
scopic aerial requires a diameter of § in. It is possible
that some aerials may require a hole of different
diameter, and this should be checked before drilling
the hole. As can be seen from the photographs, the hole
accepts a p.v.c. grommet through which the aerial
passes. In the prototype the grommet had an inside hole
diameter of v in. The second point concerning the top
panel is that one of the dimensions relating to the holes
for VR1 and VCI1 bushes is the decimal 0.8 in.; all the
remaining dimensions which are not in whole numbers
of inches are fractional.

Returning to the telescopic aerial, this has a threaded
portion at its bottom which fits into a hole drilled in the
aluminium base. The hole is drilled slightly too large
and insulating washers are placed over the threaded
section of the aerial on each side of the panel. Also, a
solder tag is fitted over ths threaded section above the
upper insulating washer to enable connection to be
made to the aerial later, The aerial is positioned so that
the threaded section is central in the hole and its
mounting nut is then tightened. An ohmmeter or
continuity tester is then used to ensure that the aerial is
insulated from the aluminium chassis.

Socket SK1 and potentiometer VRI can be mounted
at this stage. VCI1 forms part of the main component
assembly and is fitted later. Four small rubber feet are
mounted on the aluminium base. The holes for the
screws which secure these feet in position are not
shown in Fig. 2.

COMPONENT ASSEMBLY

All the small components including the coils are
mounted on a plain 0.15 in. matrix Veroboard panel.
This has 12 by 14 holes. Fig. 3 shows the component
side of the panel, together with the connections to VRI,
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Fig. 3. OUne side of the component panel, with
parts fitted and wired in place

A cfoser view. Note that the side of the component
board on which L2 and L3 are fitted is towards
the viewer
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SI, SK1 and the battery. The chassis connection to SK1
is given automatically via its mounting bush and nut.
The potentiometer switch will very probably be a 2 pole
type, and only one pole is needed here. If necessary the
appropriate tags can be identified with the aid of a
continuity tester or ohmmeter.

The component board is very easy to assemble, the
components being mounted in the positions shown with
their leads bent over at right angles on the reverse side
of the board and then cut to length. The leads are
soldered together as indicated by the broken lines in
the diagram.

Fig. 4 shows the underside of the board and the
additional wiring needed to complete the assembly. A
piece of thick tinned copper wire, of around 16 s.w.g.,
passes along the bottom of the board, and ensures that

Moving vane tag of V()

Fig. 4. The other side of the panel, on which are
fitted C6, C7, L2 and L3

all the components which run to earth make a good
connection. The moving vane tag of VC1 is soldered to
this wire, and it is through VCI! that the board is
earthed to the aluminium section of the case. This
soldered connection also provides the physical mount-
ing for the board.

L2 consists of 6 turns of 16 s.w.g. enamelled copper
wire wound on a 15 in. diameter former. It is important
that the coil is exactly 6 turns, as if it is even a quarter
of a turn out the set will have an incorrect frequency
342

coverage. Initially, the coil is given a length of 0.6 in.
It has a centre tap for the collector of TR1. Any round
object of the required diameter can be used for the
former, and this is removed after the coil has been
wound and the centre tap point has been scraped clean
of enamel and tinned, ready for connection. The ends
of the coil are also, of course, scraped clean and tinned
before connection. These ends are positioned and
soldered in the manner shown in Fig. 4. The lead from
the junction of L2 and C7 to the fixed vanes tag of VCI
should be kept reasonably short.

The component board removed from the case.

The tuning capacitor is befow the board and was a

little out of position when this photograph was
taken

L3 is merely two turns of wire, again with an inside
diameter of % in., which are wound in the lead which
travels from aerial to earth. When the component board
is mounted, this lead runs across the surface of the
board. The wire is ordinary p.v.c. covered connecting
wire with a single core for stiffness. The turns are
closely wound and the coil is pushed close up to the end
of L2, as illustrated.

L1 is wound on a 100kQ } watt 109, or 209 resistor,
and consists of 40 turns of enamelled or rayon covered
wire of around 34 s.w.g. The coil is scramble-wound and
its ends are anchored by being soldered to the lead-outs
of the resistor. The resistor lead-outs also provide a
convenient means of connection to the coil. (Do not use
a 59, resistor here. Close tolerance carbon composition
resistors are occasionally subjected to a ‘copper spray’
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at the factory, and this constitutes a short-circuited
turn. — Editor.)

VC1 may now be fitted, whereupon the component
board takes up the position shown in the photographs
of the interior of the receiver. The battery fits in the
space between the component board and the aerial. 1t is
secured in position when the Formica side panel is
screwed on. If necessary, a piece of plastic foam may be
fitted between the panel and the battery to hold it
securely.

RECEIVER OPERATION

With the prototype it was found necessary to have the
telescopic aerial fully extended for best results. It is
therefore not recommended that an aerial be used
which is shorter than that specified. This has an
extended length of 120 cm.

With the set turned on and VRI1 advanced slightly,
background noise should be heard in the earphone,
If VR1 is advanced further a point will be reached
where the noise suddenly becomes greatly diminished.
Any further advancement of VR1 will probably cause
an extremely loud hissing noise to be heard. The set is
at its most sensitive when VR is adjusted to the point
where background noise is just beginning to be
diminished. When the set is in use, VRI should not be
advanced beyond this point as this will cause the set to
oscillate and radiate interference. When the receiver is
actually tuned to a station it is easy to accidentally turn
VRI too far, and this may not be noticed because the
first stage of the set will then be operating as a super-
regenerative detector. Great care should therefore be
exercised when tuning the receiver.

It may be found that the receiver does not quite
cover the desired range, making it impossible to tune in
all three main B.B.C. stations. In such a case a little
experimental alteration of the inductance of L2 by
either stretching or compressing the winding should put
matters right. However, if L2 is made accurately in the
first place subsequent adjustment of its inductance
should not normally be necessary.

With the prototype, Radios 2, 3 and 4 can all be
received with good volume and quality, and with a
reasonably low noise level. In the author’s area there is
no local radio station, but signals from the Radio
Medway transmitter were just perceptible above the
noise level of the receiver.

ALTERNATIVE AERIAL

Since the B.B.C. uses horizontally polarised signals
and the receiver has a vertical aerial, the author tried
the effect of a swivel base telescopic aerial, since this
could be oriented to a 45° position or to the horizontal
position. This gave quite a large increase in sensitivity,
and tuning and regeneration adjustments became less
critical. Since the author lives in a fairly good reception
area the modification has relatively little advantage to
him, as the volume level and signal-to-noise ratio were
not much different. However, the point is mentioned
because, in a poorer reception area, the use ol‘a swivel
base telescop:c aerial would probably give an improve-
ment that is more worth-while. The aerial is fitted to an
insulated mounting at the top of the case and should '
have an extended length of around 40 in. or more.
A 40} in. swivel jointed aerial appears in the Henry's
Radio catalogue under Type No. TA12A.

=
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HIGH-GAIN SILICON
REFLEX RECEIVER

by
G. W, Short

A sensitive 2-transistor receiver which requires few components
and which can be adapted for a wide range of speaker impedances
and battery voltages.

the writer's design for a simple but effective reflex

t.r.f, receiver using silicon planar transistors. This
proved to be a reliable circuit with a good performance.
Several modifications have appeared, including a low-
consumption version for use with a crystal earpiece and
a version with an fe.t. input stage.*

The receiver described here is & new and improved
version of the original circuit. Like the original, it has
been kept very simple and straightforward. MNevertheless,
it has proved possible to obtain a very useful increase
in r.f. gain, and to provide encugh audio output for
low-yolume loudspeaker listening indoors. The new
circuit works from a 3 volt battery and is easily adapted
to other voltages,

CIRCUIT DETAILS

5. FEW YEARS AGO THE 'RADID CONSTRUCTOR PUBLISHED

Referring now to the circuit diagram, which is shown
in Fig. 1, the heart of the receiver 15 a 2-stage amplifier
with direct coupling between stapes and d.c. negative
voltage feedback to stabilize the operating conditions of
the two transistors. Each transistor operates as a
common-emitter amplifier to both a.f. and r.f. signals,

giving very high overall gain.
R.F. signals picked up by the ferrite rod aerial L1 are

* (. W. Short, “Silicon Transistor Reflex T.R.F.”, The
Radio Constructor, January 1968; G. W, Short, * Milli-
walt’ Silicon Reflex T.R.F. Receiver”, The Radio
Consirucior, September 1969; A W. Whittington,
“F.ET. Reflax Receiver”, The Radiv Consirucior,
August 1971,
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stepped down and applied to the base of TR1 via L3 ,J
whose lower end, in the circuit diagram, is earthed tdu
r.f. by C2. At the output of the 2-stage amplifier ther.f,
signals are picked out and stepped up in voltage by an
r.f. transformet (L3, L4) and applied to the detector I}i.q
this being a point-contact germanium diode, The audia
signals wh?bh appear across the detector load R4 {w-hg:hri
is also the volume control) are fed back to TR1 amd are
then amplified by both transistors before application ta’
the directly driven 75{} loudspeaker.
A d.e. bias is applied to the diode by RS, which bleeds
a little of the emitter current of TR2, Negative feedback
at t.c. is taken via R4 from the emitter of TR2 to ti'&f
base of TR1.

CONSTRUCTION g

There is nothing special about the ferrite rod aerial
and tuning capacitor Cl. The prototype emplmrad i
300pF Jackson Bros. ‘Dilemin’ tuning capacitor. Thi
covers the medium wave band when L1 consists of
about 70 turns of 5/46 litz wire close-wound on a paper
former at the centre of a 4in. by %in. ferrite rod, The
secondary winding has 4 turns of insulated wire wound
over the earthy end of L1, The precise gauge of wire Fe
not important. (A suitable rod is available from Amn-.i
tronix Lid,, 396 Selsdon Road, 8. Croydon, Surry,
CR2 0DE. Tl:tﬂ same company also stocks wound md.g‘
to suit a 300pF (uning capamlance but the secondan’
has too many turns for this receiver and six turns should
be removed. )

The 1.f, transformer L3, L4 is made by winding 50°
turns of 32 s.w.g enamelled, silk or cotton insulated
wireon topof the existing winding of a 2.5mH r.f. ch
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Resistors
(Al fixed vahues < watt 109%,)
Rl 3.3k
R2 1.2k
R3 6BL1
R4 10kL) potentiometer, log track
RS 22k
Inductors

o texE)
L3 Overwind on L4 (see text)
L4 R.F. choke type CHI1 {Repanco)
Semicondwetors
TR1 SFi15
TR2 BC169C
Dl OAS0

L1, L2 Windings on 4in, % #in. ferrite rod (see

Capacitors
Ci

5y
2 .3- &ama
o
[
|
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1;# TR
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¥
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it BCI69C o o (Jid
-:;/{ (o | !
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SFIS BCISRC
Leod-outs Lead-outs

Fig. 1, The circuit of the high-gain sificon reffex receiver

COMPONENTS

Tuning capacitor, to suit L1 (see text)

C2 OlpF

c3 0.1 puF (see text)

C4 320uF electrolytic, 2.5 V.Wkg.

5 0.01pF

C6 1 25pF electrolytic, 4 V.Wkg. (see text)
Switch

Sl s.p.8.t. switch (may be ganged with R4)
Loudspeaker

L51 750 approx. (see text)
Baitery

BY1  3volt battery
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Overwind : 50 turms
33 swg 55 wire

4 L_:ﬂ'

Original R choke winding
7 fLka)

.- Ferrite core

I._zln:hh dressed for connection
Fig. 2. Making up the r.f, transformer L3, L4 )

Repanco type CHI. See Fig. 2. Do not use a different
kind of ¢hoke — it may not be suitable for the present
purpose. The gauge of wire used for the added 50-turn
winding is not important and any moderately fine
insulated wire may be used. The winding may be
‘scramble-wound’.

A wiring diagram is given in Fig. 3. Apart from L1,
L2, all the components may be fitted to a small piece of
insulating material fitted with a front panel, on which
are mounled Cl, R4 and 81, The components may be
anchored to metal pins or tags at the positions indicated,
For clarity, the transistors are omitted, The layout of the
circuit should follow the circuit diggram and it is most
important, in view of the high r.f. gain, 10 keep theée
cutpul clear of the input or else screen the relevant
portions.

A convenient means of providing the 3 volt supply
consists of employing an Eagle battery holder type BH2,
in which are fitted two U7 cells,

OVERCOMING INSTABILITY

The receiver is wide open to two quite distinct forms
of instability, fortunately both easily cured. First, there
is a chance that af will break through the r.l. trans-
former and set up a continuous howl, This is cured, if it
occurs, by reversing the conngctions to L3, Secondly,
it is inevitable, unless the r.f. transformer is put into o
screening box, that it will couple with the ferrite aerial,
This may cause positive feedback and instability or
negative feedback and loss of sensitjvily, depending on
the winding directions, Toe minimise such undesirable
interactions, the transformer should be kept as far
away from the rod as possible, and it should be so
oriented that the ferrite core of the CHI choke is
pointing broadside off 1o L1 (like the down stroke of a
capital ). Before connecting up L3, L4, dress the leads
of the r.f. choke as shown in Fig, 2, so that the twoends of
the leads can be soldered into circuit close together.
This enables the choke to be twisted 50 as to re-orient it
with respect to the ferrite aerial rod. In this way a
position can be found where the coupling is zero or
perhaps just slightly positive so that a useful improve-
ment is obtained in seleclivity. Varving the position of
the ferrite aerial can also be helpful.

Mo other setting up adjustments are required. Tt will
be found however that a sort of false instability ocours
when the receiver is tuned in 10 a strong station with the
volume too high. This is merely an overloading efTect
and the remedy is obvious = turn down the volume,

A simple test thal the d.c. conditions are correct ¢an
be made by measuring the voltage drop across B3, This
should be in the range 0.65 to 0,75V,

If desired, the on-off switch, 81, may be ganged to the
volume control.

Cwnuglhn points

aw

Fig. 3. A suitable component fayout

anz

RADIO & ELECTRONICE CONSTRUCTOR




LONG WAVE RECEPTION

The circuit will work on long waves given a suitable
ferrite rod with long wave windings. {There is not room
on 4 din, rod for both medium wave and long wave
windings,) Aliernatively, a single long wave station
could be received by switching a suitable fixed capacitor
across L1 and using Cl for fine tuning, as shown in
Fig. 4. For reception of the Radio 2 transmission on
200kHz the added capacitor should be 2,200pF. A
pglaistrmne film or silvered mica capacitor should be
L , e

Lw

Added
capacilor

Fig. 4. Recoption of a s;‘n;r!é‘.fang wave frans-
misgion s possibfe by switching an added
capacitor across C7

OTHER SUPPLY VOLTAGES AND LOADS

It this direct-drive circuit it is essential to use a high
impedance loudspeaker. The preferred impedance is 70
to 80Lk bur speakers of somewhal different impedance
may work: it depends upon how sensitive they are, A
!ransfunmr may be used to match speakers of low
impedance,

he voltage across B3 is stabilized at about 0.7 volt
irrespective of the battery voltage, This makes it easy to
sel TRZ to take some particular collector current. At
present, with B3 al 680, TR2 takes a little over 10mA,.
If it were required to set the current at 1mA to suit an
earphone of around 5000 impedance in place of the
speaker, B3 would be 680402,

With a 7501 speaker, some increase in volume is
obtainable by using the present resistor values but
increasing the supply voltage to 4.5 volts, The circuit
will go on working quite happily at higher voltages, up
1o 9 volts, but 75(} is not then the optimum speaker
impedance. (This rises to about 80002 at 9 volts,)

Some constructors will want to use 311 speakers,
which must be matched with a transformer. It is then
useful to tailor the current in TR2 and the supply
voltage to suit the load and transformer ratio. Allowing
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I volt for the drop across B3 plus the d.c. drop across
the translormer primary, we are left with 1 volt Tess than
the battery voltage across TR2. This voltage, divided
by the transformed speaker impedance, should egqual
the collector current. Suppose we have a 301 speaker
and a 10:1 transformer, giving a load impedance of
0L, With a 3 volt supply, the eptimum current in
TR2 is then 2 volts divided by 3000k, which is 6, 7TmAs
The required value of R is 0.7 volt divided by 6 7mA,
Ol'] 10661, and we could use 10082, the nearest standard
Vaile,

Again, if we have a 20:1 transformer and a 500
speaker, the transformed speaker impedance is then
400 = 5=200011, With a 3 volt supply the optimum
current is 1mA, but since the power input to TR2
would then only be ZmW the audio power output
cannot exceed ImW, which may well be inadeqguate,
The remedy is to use a higher batlery voltage, With a
9 volt supply, the oplimum current becomes & volts
divided by 2,0000, or 4mA, and the d.c. input power 1o
TR2 3ZmW, giving a possible 16mW of audio output
tand a likely 8BmW, assuming 50%, transformer effici-
ciency), The value of R2 for dmA is 0.7 volt divided by
4mA, or 1750, so the appropriate standard resistor in
this case is 18042,

When a high load impedance is used it may be
necessary to reduce the value of the r.f, bypass capacitor
C3, 1o avoid cutting the treble. Yalues down to 0.01pF
may be used.

When working with supply voltages much above 3
volts it may be helpful, in the interests of battery
economy, to reduce the current in TR, This is done by
inreasing the value of R2. The voltage drop in R2 is
held, by the d.c. feedback, at 1.4 volts less than the
bittery voltage, and a current in it of 1 to 2mA is
adequate.

The working vollage of C6 must be increased for
supply voltages greater than 3 volts. Constructors who
intend experimenting with different supply voltages will
find it useful to initially fit a capacitor here of 10 V. Wig.

SEMICONDUCTORS

It is essential to use silicon planar transistors. The
types specified have been carefully selected to give a
good performance. (The SF115 transistor can be ob-
tained from Amatronix Lid., as can the other semi-
conductors and components.) Other transistor Lypes
wil probably work, but less well, The input transistor
must be an r.f, type with a low feedback capacitance and
the SF115 specified has the added advantage of low a.f,
noise as well. It should be possible to substitute BF115,
which is the same transistor in a metal case, The BF167
will also work in this position,

The requirement for TR2 is rather different. This
transistor may have to handle peak currents of 20mA
or moré, which rules out some r.f. types. It should have
g low input capacitance and a fairly low feedback
capacitance as well, to avoid putting too great a stray
capacitance across R2 and so reducing the r.f. gain,
Fortunately the BC169C has these features, and also
the added one of very high hfe: some other high-gain
audio types are much worse in the matter of capacit-
ances,

In principle any peointcontact diode will be satis-
factory for D1, but here again some are better than
others, and the QA90 is very suitable,

||

303



Bedside Reflex Receiver

by
A. Sapciyan

Circuit desigh for a low-cost 3-transistor

IMPLE RECEIVERS ARE AMONG THE MOST INTERESTING
projects for the home constructor. Receivers of this
type frequently use the reflex principle, which

provides a high gain with the minimum of components.
The reflex receiver to be described in this article is
capable of giving adequate loudspeaker volume for
bedside listening without the need for an external
aerial or earth. The sensitivity and selectivity are
sufficient to enable several foreign stations to be tuned
in after dark.

CIRCUIT DETAILS

The circuit is shown in Fig. 1. This has a variable
resistor, VR1, which enables the set to be brought
just below the oscillation level, thereby offering best
sensitivity and selectivity for the reception of local and
foreign transmissions. L1 is a ferrite aerial coil and is
tuned by VCI1. The signals picked up are passed to TR 1
for r.f. amplification, the amplified signals being largely
prevented by r.f. choke L2 from passing to the later
stages. These r.f. signals then pass through C2 and are
detected by D1, the resultant a.f, being reapplied to the
base of TR1 via the electrolytic capacitor C9 and the
lower end of L1. TR1 now functions as an a.f. amplifier
and the amplified a.f. signals at its collector pass readily
through the r.f. choke for application to TR2. C4
functions as a bypass capacitor for any r.f. signals that
may still be present after the r.f. choke.

The a.f. signals next pass via C5 to TR2 and then via
C7 to TR3. In the prototype, TR3 feeds a high imped-
ance speaker directly but, as will be explained shortly,
it may also couple into a 3€) speaker via a step-down
transformer.

The transistor in the first stage is an AF117 or AF127.
The shield connection for either type is left open-circuit
as this assists in providing regeneration. The current
consumption of the first stage should be about 1.5mA.

The second stage uses an AC126 whilst the output
stage employs an ACI128. In the prototype, the output
transistor coupled directly into a 1502 speaker. How-
ever, speakers of this impedance are not widely avail-
able, and an alternative arrangement consists of coup-
ling the collector of TR3 to the primary of a 9.2:1
step-down transformer (R.S. Components type T/T4),
the secondary of which connects to a 3Q2 speaker. The
circuit incorporating the transformer is given in Fig, 2.

The total consumption of all three stages should not
exceed 15mA, which is quite reasonable.

Sensitivity depends on the first stage providing a high
gain, This stage can be checked for gain, if necessary, by
714

medium-wave receiver

5

9-2:1

3n

TR3

Fig. 2. Alternative output circuit employing a
step-down transformer

connecting a pair of high impedance headphones in
parallel with the load resistor, R2. R1, in series with
VR1, controls the setting of the latter which allows
oscillation to occur, and it may require adjustment in
some cases for best results. R4 and C3 are decoupling
components, and prevent motor-boating as the battery
ages.

AERIAL COIL

The aerial coil is wound on a ferrite rod 4 in. long by
£ in. in diameter, and consists of 75 turns close-wound
on a paper sleeve that is free to slide along the rod. See
Fig. 3. A tap is made at the 9th turn for the connection
to the base of TR1, and the wire is 30 s.w.g. enamelled.
Different grades of ferrite may give slightly varying
values of inductance to the coil, and the constructor is
advised to commence with 85 turns overall, still keeping
the tap at the 9th turn. After the set has been completed
and brought into working order, turns can then be

—75T
9T 4l-.r-r
|

Paper sleeve

To C| and R Ferrite rod

To VC,

To base of TR

Fig. 3. Details of the ferrite rod aerial
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il
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Shield Shield

AFI17 AF 127
Lead-outs Lead-outs

ACI26 ACI28
Lead-outs

Fig. 1. The circuit of the reflex receiver

COMPONENTS

(All fixed values } watt 109%,)

Inductors

L1 Ferrite aerial coil (see text)

R1 68k 2 (see text) L2 2.5mH r.f. choke type CH1 (Repanco)
R2 1kQ
R3 4.7kQ ;
R4 1kQ Semiconductors
RS 10kQ TR1 AFI117 or AF127
R6 68k TR2 ACI26
R7  5.6kQ TR3 ACI28
R8  10kQ DI OAS85
R9  680Q
Ko
RI2 1500 Sl s.p.s.t., toggle or rotary
VR1 100k potentiometer, linear
' Speaker
Capacitors LS1 Miniature speaker, 1500, or 3Q2 with
Cl 0.01uF paper or plastic foil R.S. Components transformer type T/T4
C2  330pF ceramic or silvered mica ‘
C3 5%1117 electrolytic, l10 V.\:_Vklg. Battery
C4  0.01uF paper or plastic foi
C5  5uF electrolytic, 10 V.Wkg. Bl . 9-voltbattery
C6 50uF electrolytic, 6 V.Wkg.
& 5uF electrolytic, 10 V.Wkg. Miscellaneous
C8 100uF electrolytic, 6 V.Wkg. Slow-motion drive and knob
Cc9 10uF electrolytic, 2.5 V.Wkg. Chassis, as required
VC1 300pF variable, solid dielectric Tagstrips or tagboard.
JULY 1972
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taken off at the end remote from the tap until the
desired medium-wave coverage is obtained.

The receiver may be constructed on tagstrips or’'a
tagboard mounted on a small metal chassis having a
front panel for VC1, VR1 and, if desired, the speaker.
VCI should be provided with a simple slow-motion
drive, such as is given by an epicyclic drive. VRI1 is
wired such that the resistance it inserts into circuit
reduces as it is turned clockwise. The components
should be laid out in roughly the same order as they
appear in the circuit diagram, keeping the circuitry
around TR3 well-spaced from that around TR1. The
ferrite rod must be kept well away from the metal
chassis or panel. The r.f. choke should not be connected
permanently at this stage, as it may be necessary to

alter its position with respect to the ferrite rod. It should
be positioned about 2 in. from the rod.

When construction is complete, a battery may be
connected and the receiver performance checked.
After switching on, it should be possible to receive local
stations by adjustment of VC1. VRI1 functions as a
reaction control and sensitivity is increased as it is
turned clockwise, maximum sensitivity being given
when it is set just below the oscillation point. VR will
require different settings as the tuning is adjusted across
the range. It may be found that the position of L2
relative to the ferrite rod affects the reaction and L2
should be rotated, if necessary through 180°, for best
reaction performance.

As already mentioned, the value of R1 affects the
setting of VR1 at which oscillation occurs, and R1
should have a resistance which enables VR1 to offer
adequate control both with a new battery and with one
whose voltage has fallen to some 7 volts or so. The value
of 68k() employed in the prototype should be satisfac-
tory in general, but it may need to be varied in some
instances.

IIQ

0 »= IOkn

-log

L

Fig. 4. In areas of very high signal strength R8
may be changed to an a.f. volume control, as
illustrated here

No overloading problems were evident with the
author’s receiver, but they are feasible if the set should
be employed close to a powerful station. Should over-
loading occur, resistor R8 may be replaced by a 10kQ
log potentiometer, connected as shown in Fig. 4. This
will function as an a.f. gain control. It should be
remembered that VR1 is a reaction control and is not
a gain control, as such. VR1 should always be kept at a
setting which provides adequate selectivity and sensi-
tivity.
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A MODERN HOMODYNE

RECEIVER

Part 1

By
G. W. Short

Recent interest in ‘direct conversion’ receivers
has prompted our contributor to offer his own
design. In this month’s article he discusses the
background to homodyne reception, leading up to
the basic mode of operation employed in his
receiver. In the concluding article, to be published
next month, the receiver will be described in full.
W

IRECT - CONVERSHIN  RECEIVER'
D is @ fuirly recent term though,

strictly speaking, it might be
applied 10 any Lype of receiver which
converts the incoming signal directiy 1o
audio, On this basis even g crysial sel
would gualify, butsp Fact the term is
usually resteicied 1o receivers in which

the audio is pecovered with the help of

an oscillator.
REACTION CIRCLUIT

The simplest and carliest of this type
af direct conversion receiver was the
“homodyne’. In Qs onginl firrm,
described in 1924 by F. M. Colebrook,
who becume Director of the Nutional
Physical Laborutory, il was jusl @
{ricde dedector with ‘reaction’ (Fig. 1),
The reaction was st 10 make the cir-
cuit oscillate stronely, As many readers
will have discovered Tor themselves,

when w signal i= tuned in with such an
oscillating detector there is first of all
an ear-splitting bowl cavsed by the
incoming careier beating with the logul
ascillation. Then, -as  the circeit is
adipsted  closer and  closer  towards
‘zero beal’, g point is repched where the
Beat note suddenly disappears, and the
incoming programme is heard, rather
fuintly and with background hiss bul
otherwise with good guality,

What has happened is that the local
cscillation has become locked o the
incoming carrier. The combined signal
is then an ordinary a.m, signal with an
abnormally sirong carnier - the resull
of the tocal oscillation which, being
pow synchronised, adds o the signal
carrier, The net result is an a.m. signal
with 4 low depth of modulation, which
mukes for low distortion of the detected
audien, The background hiss  arises
From the same ciause as the background

hissof g cow. receiver when the bufo, s
swilched on Or dny sensilive receiver
tuied 1o an unmodulated carrier, That
ia, 1the carrier or local oscillation beats
with any r.f. nomse close 1o it in fre-
guency, giving u.L. noise at the outpul
ol the detectir,

Culebrook’s homadyne was a very
simple affair, but it did embody the
important principle of o Tocal oscilla-
fion leckes in freguency te an in-
coming carrier. Al modern  direct
COMVERsION .M.  Teceivers use this
prinziple, though the means by which
synchronism s oblained muy be very
differem  from  Colebrook’s  direct-
injection methaod,

The knowledze that an LC oscillator
cun  be synchronised in this  wiy
predates Colebrook’s homodyne by
srad]l period, A Dittle over a year
garlier, Appleton  (the ivnosphere
researcher) had written adearned paper

with regction, as thustrated in basic form here

Fig. '.r.l.ﬂn early approach te direct conversion’
reception consisted of using & triode detector

5o
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amplifier could be used instead, For
compleieness, nevertheless, the present
amplifier will next be described.

The amplifier circuit is given in
Fig. 7 and it has the advantage of
offering a low battery consumption,
the cfuicsocm current being approxi-
mately 0.8BmA only. The input signal
i% applied to the base of the BC169C,
whose collector couples to the base
of the first 2MN4289. This drives the
BCIGEE and 2N4289 in the com-
plementary Class B output stage. Two
silicon ‘bias diodes’ (available, as is
the BC168B, from Amatronix Lid.)
keep the output transistors conductive
for the zero signal condition, and these
couple to the speaker, which may be
7301 or 0L The speaker employed
in the protolype was a 7503 2din.
unit (which is also available from
Amatronix  Lid.), Feedback to the
BCI16%C is taken from the junction of
thee 1kl and 1002 resistors dcross the
speaker, and it will bé noted that this
particular part of the circuit exhibits
a congiderable economy n compon-
ents. It is desirable that the 230uF
16V capacitor be a Mullard miniature
electrolytic component, g5 its internal
SETies resistance was taken into account
when the feedback component values
were calculated. As all:rady stated,
the 1,000uF capacitor across the
supply lines is only required to reduce
the risk of feedback to the homodyne
receiver. If the amplifier were usedl on
its own for a different application the

1,000pF capacitor could, in most
instances, be omitted.
In the present design the lifier

is assembled on a piece of hardboard
messuring 24 by 3din., and uses
domestic pins for anchor points
4n the same manner as with the homo-
dyne receiver board. Components
are laid out along the board in roughly
the same order as they appear in the
circuit, The 1000eF capacitor is not
mounted on the amplifier board, but is
external to both this board and the
homodyne board. It appears between
the homodyne board and the battery,
and is clearly visible in the photographs
showing the interior of the overall
receiver.

Close-up of the a.f smplifier board. The BC169C is at bottom

left, whilst the two oulput transistors are to the right

OPERATION

Operating a ]'tDmndgne. takes a little
getting used to. The background hiss
and the howls during tuning-in- may
be rather off-putting at first, but do
not be discour | You will be
surprised at the stations it can pull in
once you have learned to use it, Here
are a few general tips and guide lines:
1, If the circuit is detuned z little, but
not far eno 1o lose synchronisa-
tion, the audio ouiput falls and be-
comes distorted, The best tuning point
is usually nearer one edge of the lock-
ing ‘t:ua,relcly than the other,

2, Loss of sync, may occur momen-
tarily during deep modulation troughs,
EM"% i rasping quality, This i5 a
sign that the circuit is slightly off tune
or that a.l signals are getting back
mto the r.f, amplifier.

3. Loss of sync. may occur if the signal

00 400350 300 250 1561
Lu : I 1 I I 1 1l I L il I i | 1 I L i | Il I 1 : kHz
2000 (500 fODD 900 800 700 ' B0 500
HH :I Al 1 I L Ll L I I | 1 | | : kHI
4 35 L 2 I
SL'HIJ..—I 1 ] | TSI O A A Mo | 1 i I I‘,HH;
g e B 7 & 5§ a 28
swa | L] | ] | | 1 ] | MHy
Ir T L] L 1 ¥ T :
o 0 0D 3D 4D 5O & 7O 80 %0 IoC
Fig, 8. The frequenm‘a.g received with the protatype. plotted against
the 0 700 calibration of its slow-motion tuning drive
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fades. The best strategy is usually to

let well alone until the signal fades up

again.

4. It is an advantage to use the lowest
racticable level of oscillation, If you
ave to increase the level to override

a strong signal in the next channel
turn up the reaction.until the intel-
ligible breakthrough turns into unin-
telligible ‘monkey chatter’. This is as
far as you need go. However, when
receiving s.5.b. signals the question
of synchronization doesn’t arise, so in
this case the best level of oscillation is
get by other factors. First, the level
must be at least high enough always
to exceed the incoming signal, other-
wise intelligibility will suffer, Secondly,
it turns out with this receiver that it is
possible go to set the regeneration that
4 ugeful increase in signal amplification
can be had even with the receiver
oscillating. On weak signals this s
what dictates the maximum level
which can usefully be set up. (If
strong s.5.b. signals are being received
you may as well turn the regeneration
ri?ht up and so get the maximum
selectivity from the outset).

As a final point, Fig. 8 shows re-
ceived frequencies corresponding to
the 0 - 100 scale of the slow-motion
tuning drive employed with the
prototype. It must be emphasised
that this diagram, which applies to a
S00pF tuning capacitor, is intended
for guidance only, and it should not
be assumed that receivers built up o
the circuit will exhibit exactly the
same frequency scale relationship,
MNevertheless, the diagram will still be
of assistance since it gives the con-
SUFUCtOr  an approximate idea of
received frequencies on the four bands
covered, =
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operation

Fig. 2. Demoanstrating typical synchradyne

L
#— Demodulatar o AF,
Tliter out

e Daciliotor

on the subject. Some of his co-workers
had actually used Colebrook’s method
of reception, : .

Despite this promising beginning,
the homodyne never became popular.
This may seem strange in the light of
preseni-day interest, but it should be
remembered that the superheterodyne
method of reception had already been
invented and seemed 1o be the answer
to all the problems of the day, since it
gave high gain, good selectivity, and a
simple method of automatic gain
control.

In any cuase the domestic Lr.f
receivers of the twentics and thirties
were often operated as homodynes . .
and very unpopular they were when
this was done, In those days of long
outdoor wire acrials, an ascillating
detector first stage acted as a local c.w,
transmitter producing, when off tune,
annoying whistles in  neighbouring
sets, The ouldoor aerial also brought
with it a particular disadvantage, When
3t swaved in the wind, the resulting
VAriatons in  capacitance 1o earth
tended to throw the receiver out of
synchronism,

THE SYNCHRODYNE

As Colebrook had realised, the
homodyne method of reception  can
give greatly enhanced selectivity, The
wiy n which it does so is nol very
obvious from the original circuit, bu
it becomes clear when one examines
the much improved form of the tech-
migue known as the ‘synchrodyne’
(Fig. 2,

In the synchrodyne the path of the
incoming signal is split into two
separate branches, One branch goes
straight to the demodulator, that is, the
circult which carries out the direct
conversion to audio, The demodulator
is driven by an oscillator, and the other
branch of the signal path goes Lo this
oscillator: this is the synchromising
path and its job is 1o injection-lock the
oscillator to the incoming carrier of the
wanted station,

MNow, the demodulator, although
usually regarded as a detector (and
cerlain_ forms  called o “‘product
detector’), is in reality a kind of
frequency changer. The unorthodox
thing about phis frequency-changer,
however, i« that, unlike the one in a
MARCH 1972

superhet where the oscillator is on a
completely different frequency from
the signal, here the oseillator is on
exactly the same frequency. The ‘i.f)'
output s at the diference frequency
between signal and loca oscillation,
but the difference frequency is wero!
This docs not mean that there is no
output but that the output is al zero
frequency, or d.c.

Mot very useful, you may think, Butr
this is where the nature of an a.m.
signal comes into the picture, An a.m.
signal has a carrier and sidebands, The
oscillator in & synchrodyne is locked 1o
the carrier frequency, so it is the carrier
frequency only which gives a d.c, out-
pul. The sidebands, being on slightly
different frequencies, give beat-fre-
quency outputs. It just happens that
the beat frequencies are the original
maodulation frequencies, so that the
output of the demodulator consists of
the original audio modulation fre-
quencies which constitute the pro-
gramme,

To take an actual example, suppose
the carrier frequency 15 200kHz
modulated by af. at 1kHz, There are
in consequence the usual two sideband
frequencies, one at 199kHz and the
other at 201kHz, Both these beat with
the local oscillation on 200kHz to give
1kHz, i.e. the original modulation. The
same thing happens with any other
modulating frequency, and for any
mixture of frequencies which form a
voice or music signal.

Cai o e hL

The panel fayout of the author's ho

What happens o unwanted fre-
quencies on  other channels? The
carrier of an adjacent channel, say
AWkHz, gives an output from the
demodulator of 9kHz, This is a
whistle at a relatively high audio
frequency, and is rejected by the low-
pass filter which follows the demodu-
lator, whose cut-off frequency can be
sel at, say, SkHz [t will be clear that
signals on channels above 209k Hz,
such as Z18kHz, come out at still
higher frequencies and  are  slso
rejected. What about unwanted chan-
neis on lower frequencies? IF the next
lower channel is at 191kHz it gives a
beat at 9kHz, which is also dealt with
by the low-pass filier. Any stll lower
channel comes oul, once again, at a
figher difference frequency and s
likewise climinated by the filter,

We therefore have the delightfuily
simple situation that, so long as the
local oscillator stays locked 1o the
wanted carrier, unwanled signals on
any other frequency are climinated,
There is no possibility of ‘second
channel’ (image frequency) break-
through as in a superhet, Note, ton,
that the selectivity comes from the
demodulation process; even r.f. tuning
can, in theory, be dispensed with !

OSCILLATOR STABILITY
The problem, of course, is to keep

the oacillator synchronised, and we
must now losk at this requirement

el A

A e

modyne receiver. Details of this

will be given in the article to be published next month
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more ¢losely, Common sense suggests
that the stronger the synchronising
signal the easier it should be to lock the
local oscillator. This s true, and it
provides a starting point for an esti-
mate of the stability neaded from the
ascillator.

Careful tests will show that even
when the tuning is shified a litfle to one
gide or other of the correct point the
pscillator remains locked. The stronger
the signal, the more detuning can be
tolerated. This would be great if all one
needed 1o do were 10 tune i 10 Strong
stations, but in the real world it is
necessary 1o pluck a weak signal from
a surroundiog array of strong ones,
euch eager to jump in and take over
In theory, it is indeed possible o stay
locked fo the wanted wesk carrier
when there are stropg unwanted ones
nearby. To dio il, you must increase the
amplitude of the Tocal oseillation. This
ma£cs‘. it harder to lock, bul it turns out
that u weak signal uned in ‘right on
the nose' can then dominate a strong
one shightly off wne. The price de-
manded for this performance is great
slability of freguency.

If the local oscillator were absolutely
stable it would not be necessary (o lock
it at all, One would just set 01 to the
right frequency and sit back, Unless
the transmitter frequency drifted the
receiver would stay tuned indefinitely,
Unfartunately, absolutely siable oscil-
lators just do nol exist, so locking is
necessary, 1f drift is very low, the lock-
ing signal need only be small, which is
what we wanl.

How stable must the oscillator be?
Suppose, to begin with, that we are in
the rather favourable situation of
having to lock 1o dpe signal when
another, of exactly equal strengih, is
10kHz away, Now let the oscillator
drift, but without loss of sync. I it
drifts towards the unwanted carrier, &
point will be reached at the hall-way
mark betwesn the two stations where

there is an cven chance that the un-
wanted carrier will take command. In
ather words, the natural, onlocked
frequency must not drift by more than
half the channel spacing, in this case by
SkHz.

S0 far we haven't specified what the
carrier frequency is. When we do, we
find we have come to the ¢runch. If the
wanted carrier is 300kHz, then the
allowahble drift in this case of SkHz
amounts {0 one per ¢ent = | part per
100, Mot o very difficult stubility to
achieve. Bul what if the carrier were
ShHz? A drift of SkHz is now 1 parl
in 1.000, And at 30MHz, ' stability of
1 in 10,000 is required, or 0.01%.
Clearly, life gets harder as one goes up
the frequency scale,

Mext, look at the unfavourable
situstion where the unwanted carrier is
not equal in strength to the wanted one
but 100 times stronger, The oscillator
mmust be 100 times more stable than
belore, and this calls for a drift of less
than | part in 10,000 at 500kHz, | in
100,000 at EMHz, and 1 in a million at
50MHz. Clearly, the synchrodyne is
receiver for lowish frequencies, or
guick hands on the tuning control, or
oscillators of exceptional stability,

The original synchrodyne designs,
published in 1947, were for mediam
wive receivers. Their originator, D G.
Tucker (now P;ufe—gsnr of Electrical
Engineering al® Birmingham Univer-
sity) had a background in ling commu-
nicaliors engineering and a special
interest in the rectifier types of modu-
lators and demodulators, such as the
ring modolator, used in  carrier
telephony, These have the degree of
linearity belween inpul signal and
output which is required in the syn-
chrodyne, and were used in the most
successful version, though Tucker did
also produce a simple version using &
triode-hexode frequency  changer in-
stead, The synchrodyne created a sur
when it first appeared, but subsequent

A view fnside the homodyne receiver. Signal pick-up on medium and
fong waves, and on two short wave bands, is provided by & ferrite rod
aerial

research by Tucker showed that be-
tween 1924 and 1947 there had been
number of patented circuits which
embodied the essential principle of
separating the synchronising path from
the main signal path.

INTEREST REVIVES

The most obvious attraction of the
synchrodyne {and homodyne, which
can be regarded as a synchrodyne
whose funcions are all mixed up in one
circuit) is its ability to provide high
selectivity without the use of a lot of
tuned circuits. There 15, however,
another less obvious attraction. It can
be called in as an ally against what
many communicarions enginesrs have
come 1o regard as the last great enemy
- intermodulation, In & shortwave
receiver, the aerial tned circuil
cannot be made selective enough to gel
rid of strong inlerfering stations some-
where in the band w which it is wined,
The result is that the frst stage of the
receiver, usually an r.f. amplifier, is
presented with a mixture of weak and
strong signals. Since no amplifier is
perfectly linear the conseguence is that
the weak ones have the modulation of
the strong ones impressed upon them,
and no amount of subsequent fillering
{in i.f. stages, for example} can then
get rid of the interference.

In a direct-conversion receiver, all
the selectivity is obtained in one stage,
the demodulator, And in the demodu-
lator the strongest signal, the signal
which overrides all others, is of course
the local oscillation. By dispensing
with r.f. amplification and feeding the
input signals straight to a demodulator
supplied with a good swrong local
oscillation there is a sporting chance
that cross-modulation will be greatly
reduced, This is of particular inlerest
un Lhe amateur bands, where there may
be very strong interfering signals from
broadeast transmilters or the amateur
in the next street. Another encouraging
fact is that for single-sideband suppres-
sed carrier reception, now popular
with amateur transmitters, a small
frequensy érror at the local oscillator
is permissible. Given a stability which
confings drift 1w a few tens of cyeles |
during a ‘contact’ there is no need to
attempt precise synchronisation, which
is just as well, since in a suppressed-
carrier system there is no carrier to
provide & locking signal, (It is possible,
at the expense of great complexity, to
derive one from the audio output, but
that's another story).

IMPROVING THE HOMODYNE

In general, however, we are
interested in recetving wrdinary dunble
sideband a.m. signals with carrier and
and all. In this case it is absolutely
necessary Lo synchronise the oscillator.
For most purposes we need some r.f,
amplification as well,

The origing] homodyne did give
some protection against cross-modala-

THE RADIO CONSTRUCTOR



Fig. 3. The homodyne methad
of reception employed in the
authar's design

w Limiter
1

amplitier

AFE Detector
{demad)

Low pass
Tiler

AF out

+

tion, by making the local vscillation
the strongest ‘signal’ around. But it
provided no r.f. amplification, What is
necded, then, % a  circuit  which
preserves the simplicity of the homo-
dyne but §ives r.[. amplification as well,
A way of achieving this is shown in

Fi%, 1

n Fig, 3, signals are tuned by an
aerial circuit, amplified by an otherwise
untuned r.f. amplifier, and passed to a
detector. 5o far all we have is a simple
trl. receiver. This is lurned into a
homadyne by introducing regenerasve
feedback (reaction) from amplifier
output 1o the aerial circuit. This feed-
hacﬂ takes place vig a limiter. The job
of the limiter is twofold: o suppress
the modulation of the fed-back carrier
and o prevent the amplitude of

oscillation from  getting too large.
What is fed back, when the circuit is
vscillating strongly, i a more or less
unmodulated carrier of fixed ampli-
tude.

Frovided that the fed-back carrier is
not so strong. that it overloads the
amplilier uny other signals present will
still be amplified in the normal way,
excepl that cross-modulation may be
discouraged by making the oscillation
stromger than any other signal.,

Mo means of controlling regenera-
tion {other than the limiter} are shown
in Fig. 3, but it is very easy to add an
attenuator between the limiter and (he
tuned circuit, Onee this s done it
becomes possible 10 ser the circuit so
that it aces either as a simple non-
regenerative receiver with no ‘reaction”,

or a3 a normal reacting Lred., or as a
fully oscillating homodyne, For mest
purposes. the ordinary  regenerative
t.r.f. conditon s adequare. sinee
provides enhanced gain and selectivity
withwoul the need for the eritical tuning
of 4 homodsne, But when conditions
are bad, with a strong  interfering
station or ‘stations in the band. the
superior selectivity of the homodyie 15
worth  the trouble of the carcful
adiustment  which  this mode  of
reception calls * for,  Single-sideband
Iransmissions can alse be received, il
the tuning s fing enough, ance the
knack of hitting the right tuning point
is acquired, Readers who have not
tried  ss.b. recoption  belore  are
witrned thal it takes some practice!
{ T b coneluded)



A MODERN HOMODYNE

RECEIVER

Part 2
By

G. W. SHORT

In this concluding article our contributor deals
with the construction of his homodyne receiver,
Also described is a suitable a.f. amplifier, together
with details showing how this amplifier and the
homodyne receiver may be assembled to form a
complete receiver with loudspeaker output.

COMPLETE CIRCUIT

homodyne receiver on the lines

diseussed last month is shown in
Fig. 4. This is busically u lwo-slape
r.f, amplificr, tuned at the mput only,
and driving a double-diode detector,
23, D4, which agts as a demodulator
when the receiver is made to behave as a
homodyne. A single a.f. stage com-
pletes the circuit as shown here, but
of course a separate power amplifier
must be lised for loudspesker reception.

In Fig. 4 the aerial tuned circuit is
given' by Cl, C2 and whatever in-
ductdnce s selecled by wave-change
switch 51, LI and L2X are medium
and short wave coils onoa ferrite
aerial rod offering, with -a 500pF
tuning capacitor, rangss of 500 (o
2000kHz and 3.5 to 10MH:z re-
spectively, When 81 is set to the
LW, position, loading coil L3 i
inserted in series with L1, whercupon
the range covered is 130 to 500kHz,
Similarly, sefting 51 to “S.W.L'
causes loading coil L4 o be inserted in
series with the ferrite rod short wave
coil, L2, whersupon the range covered
is 1.6 o SMHz Cl is a 'fine tuner’
with a capacitunce of 35pF, and is
helplul for final tuning of short wave
sigrials, The aerial wmed  circuit
arrangements are discussed in more
thetai] lager,

The r.f. amplifier (TR1, TR2} calls
for a little explanation. A junction
et is used in the input stage. This
produces fittle v.f. gain in itself, but
gimplifics  the band-switching by
making it possible to dispense with
the usual tapping on the input coil
-and to connect the whole aerial tuned
circnil direéctly 1o the amplifier. Most
of the actual gain comes from TRZ,
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Y I THE COMPLETE CIRCUIT OF A MODERN

Resistors

COMPONENTS

{All fixed values + watt 10%, or
closer tolerange)

Rl 220RL2

R2 1ki2

R3 1k

R¥4 500601 polentiometer,
pre-sel, miniature
skeleton

RS Ik

R6 10k

RYT  10kL) potentiometer, log,
with metal case (see lext)

k& 10k

B9 10k

RV10 25k} potentiometer, log

Rl 1042

R12  2.7MiId

R13 1B0LCY

Capacitors

Cl 5pF variahle

c2 365 or 500pF, variable

C3 2.5uF electrolvtic, 6Y.
Wkeg,

C4 0.00uF metallised
polyester

3 OOk F metallised
polyester

Ch 0.01pF metallised
polyester

7 Q.01uF metallised
polyester

CE 0.1 ¢F metallised
polyester

Lo 0.1 pF metallised
polyester

€10 0.00pF meallised
polyvester

Cll 125uF electrolytic, 10V,
Wkg,

Cl2

10uF electrolytic, 10V
Whg.*

* Dmitted when af. amplifier of

Cx See text
Fig. 7 is used.

Tnductors

L1, L2 Medium and short wave
ferrite aerial assembly
(Amatronix)

L3 25mH r.f. choke tvpe
CHI {Repanco)

L4 Short wave loading coil
(e LeaL)

Semiconductors
TR1 2N381%
TRX AF2I¥9
TRI BC169C
D1-Dd4 GASD

Switches
81 |-pole 4-way, Tolary
52 d.p.s.t., slide awitch

Loudspeaker
LSt 750 or 800 loudspeakert
tRequired only when a.f. amplifier
of Fig, 7 is used,

Hattery
Sevolt  battery
Ready)

type PP2 (Ever

A. F. Amplifier
ALF. amplifier of Fig. 7 or suitable
alternative

Miscellaneous 3

Slow-motion tuning drive

4 knobs

Transistor holder

Battery connectors

Material for panel, chassis and
cabinet
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The ingide rear of the complete recelver, The homodyne board is

to the right of the tuning capacitor, and fts serean and the fransistor

holder {gr TR can both be seen. The 1.OOOWF capacitor is to the

immediate right of the homodyne board. The af. amplifier board

appears between the battery and the front panel being obscured
here by the battery

a wh.f. p.np. germanium type which
works well in this  direct-coupled
‘qumpl:mcnmry-cascade'
gircuit.

The limiter (D, D2) is a simple
back-to-back pair of diodes, drivén
by & high enough resistance {RA) 10
ensure good clipping and at the same
time prevent the limiter from loading
the inpul to the detector, The regencra-
tion control s RYT, an  ordimary
carbon  track _putn_:nlmrnct::r with a
metal case which is earthed to ‘keep
the r.f. inside’.

Al lowish frcql.tcncr;.i the amplifier
has 360" phase shift, because there
are two inverting stages, and so the
output is in phase with the input,
This means that the feedback path
should not introduce further phase
sh]ft since this would begin (o bring

f’ed back signal lowards an out-of-
ph:l!.e condition, and give nesative
instead of positive fesdback, For this
reason the regenerative path on long
and medium waves is completed via
a resisior, BRI, which introduces no
E]‘I.mit shift, This resistor is given a
igh value o avoid dami:ung the input
tuned c:rcun excessivel On short
waves there is an appre,cmble amount
of phase shift in the amplifier, and the
output is no longer in phase with the
input. Above about 2MHz, therefore,
feedback is faken increasingly by way
of & small capacitance, given by Cx,
which bypasses R1, It is convenient
o use for Cx a twisted-wire capacitor,
i.e. the capacitance 1s provided by two
picces of insulated connecting wire
twisted together. The capacitance is
then easily preset by lwisting ot
untwisting to achieve the reguired
eondition of just enough feedback 1o
enable the circuit to be brought into
pacillation at all points in the tuning

TR, i
The function of RV4 is to set up
the current in TR2Z for optimum
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type  of

results. In the prototvpe, this is given
{(with BV7 adjusted 1o give zero re-
generition) when TR2 passes ImA, as
indicated by a drop of 3 volis across
RE5 However, it may be found de-
sirable to experiment a little and try
results with different values of current
in TR2, RV4 should be mitially  set
up for the 3mA current then, after
experience with the receiver has been
obtained, the effect of differcnt cur-
rents in TR2 between the limits of
I and 4mA can be checked., It is
necessary o provide some means of
adjustment here because the current
taken by different  specimens of
2M3819 in the TR position will vary.
The voltage drop across B2 and hence
the base voltage of TR2 is dependent
upon the current drawn by TR,

The audio frequency low-pass filter
e a wvery simple RC affair whose
components are C6, RY9 and C7, The
d.c. load for the detecmr_-'dcmodulamr
is RE, This resistor has been deliber-
ately given a rather low value (10kL)
for the type of detéctor used here
The effect 15 to increase the damping
of the amplifier output as signal
strength builds wp, which is the right
condition Tor smooth reaction.

Volume control RVI0 s followed
here by one stage of af voliage
amplification, TR, It is intended that
the a.f, output will be used to drive a
conventional - londspeaker  amplifier.
It is, however, possible to uvse the
audio output of TR3 for headphone
reception, provided that sensitive high-
impedance phones are used. (Rather
greater volume will be obtained by
connecting  high-impedance magnetic
phones in place of RIL).

The total current consumption of
the receiver, with RV4 set for 3maA
current in TR2, is of the order of
4mA, However, this is linble to vary
& little with different specimens of
the 2N3E1Y,

FREQUENCY COVERAGE

It will be clear to experienced con-
structors that the circuit lends: itsell
e the receplion of any luning range
within reason by the simple process of
switching in appropriale ferrite acrial
coils.

Ordinary grades of Territe are not
much good above about 2MHz, but
special hf. rods are made which
operate well up e about 20MHz, The
prototype uses a4 specigl hot. rod,
Gdin, by din. in diameter, which is
suitable for medim dnd fong waves
as well as the short wave ranges
covered. The ferrite rod coils (L1 and
L2in Fig. 4} are designed to be tuned
by 363pF, but by using a 500pF
luning capacitor the coverape can be
extended down 1o nearly 450kHz on
medium waves, which makes it possible
to use the receiver as part of the if
chain of a conventional superhet.
When L3 is in circuit, as is given by
setting 51 to “L.W.", the receiver can
also tune through the conventional
superhet intermediate freguencies.

Short-wave coverage, as is given
by L1 on its own, is some 3 o | I MHz
with 365pF funing and 3.1 to [OMHz
with 300pF, but in both cases the high
frequency limit depends entirely on
the minimum capacitance of the
tuning capacitor and the circuit strayvs,
and will wsually extend well beyond
the conservative 10 or 11MHz limit
just quoted. At the high frequency end
of the "5, W.2" band it is possible, in
the London arca at least, to receive
a number of broadcasting stations.
Towards the low frequency end
v[r:mplo:.r a F00pF tuning capacitor)
it is also possible to receive ss.b.
amateur (ransmissions on the 80
metra band.

The ferrite rod assembly, ready-
wound with L1 and L2 ftted, 15
available from Amatronix Lid,, 396
Selsdon Road, South Crovdon, Surrey,
CHRZ ODE, The ferrite rod for the
‘5.W.1" loading coil, L4, is also avail-
able from this source. It consists of
20 turns close-wound of 22 sw.g
enamelled wire on a 14 by 4in. piece
of rod. Loading coil L3 is simply a
Repanco r.f, choke type CHI,

CONSTRUCTION

The complete receiver, as illustrated
in the photographs, consists of the
homodyne receiver proper plus an
additional a.f, amplifier feeding a small
spealker. It is not neceszary to use this
particular a.f. amplifier, since the
homodyne section will work into any
suitable amplifier. The homodyne
receiver ig built on its own circuil
board, this coupling by wires 1o the
external components, which consist of
51 and the aerial tuned circuits, RI1,
Cx, RVT and RV10, The complete
receiver could, if desired, be built on
a smaller baseboard and with a smaller
panel with the a.f  amplifier and
speaker omitted, Other variations are

I'HE RADIO CONSTRUCTOR



possible, provided that the homodyne
circuit board layoul is retained and
connections to the external compon-
ents gre kept short,

In the photograph, published last
month, which geve a top view inio
the receiver, the a.f. amplifier board is
between the loudspeaker and the
battery, The homodyne receiver board
is between the amplifier board and the
tuning capacitor, and it extends from
the back of the front panel lo the rear
of the baseboard, The centre of the
homodyne board is obscured by a
screen, which lays over il horizontally.
This particular version of the receiver
uses the rear section of a 2-gang
300 + S00pF tuning capacitor, but a
singfc-g;mg 300pF, or 365pF, capacitor
could have been employed just as well,
A slow-motion tuning drive is essential
and that used here 15 the Jackson Bros,
tvpe 4489, which has a ratio of 6:1
and is calibrated 0 = 100, Any similar
slow-motion drive could, of course,
be used. The wave-change switch is
on the other side of the luning capaci-
tor, and L3 and L4 are soldered 1o its
tags, L3 being partly hidden, in the
photograph, by L4, The ferrite aerial
rod, with L1 and L2, is at the rear,
and is mounted on a wooden support
eolumn, to which it is lashed with

lastic sleeving passed through holes
i the column, Thick wire is emploved
for all aerial tuned circuit connections,
including in particular those which
appear in the short wave circuits,

Also visible in the photograph is
R1, which connects between the slider
of RVT and the fixed vanes tag of the
tuning capacitor. Cx may be seen
across this resistor, The insulated
wire forming this capacitance is
anldered o the resistor lead-out
connecting to the tuning capacitor
fined vanes tag, its other end then
being twisted several times round the
resistor lead-out which connects o
EVT.

The potentiometers visible in the
photograph interior both have integral
swilches, This s an incidental point
and i% merely due to the fact that these
components happened o be on hand,
No connections are made to the
switches.

The receiver has an aluminium front
panel whose dimensions, together
with control Tunctions, are shown in’
Fig. 5. The baseboard is 4in. particle
board measuring 12in. by 44in., and is
coversd on the top with aluminium
foil which is wrapped over the front
edge so a3 to make good contact with
the panel, The tuning capacitor is
}wlhud‘ to the foil via its four fixing

eel,

Aller fixing the capacitor the ex-
poged foil is covered with thin card
10 insulate it from the circuitry on the
teceiver and amplifier boards, the
latter being made up on pieces of
hardboard. ‘Earth® connections are
made by laking lengths of siranded
finned copper wire, with the strands
spread out, between the foil and the
gard, These ‘earths’ are positioned so
APRIL 1972

that when the circuit boards are
screwed down to the baseboard the
strands are sandwiched firmly in place,

Constructors who  prefer to  use
conventional metal chassis for their
projects cam, of course, adapt the
metheds shown here for this type of
construction. A metal panel, common
to the chassis, will still be necessary, to
counteract ‘hand capacitance’ effects.

The top, sides and back of the
cabinel are made in one unit, using
article board for the sides, plywood
or the top, and hardboard for the

back, the assembly being strengthened

by corner braces glued in place.

RECEIVER CIRCUIT BOARD

The r.f. amplifier has a gain of
several hundred at the lower fre-
quencies and it s necessary to con-
struct it carefully 1o avoid unwanted
feedback which, even if it does not
cause instability, will spoil what
should be a wvery smooth reaction
control. Unwanted feedback can take
place from the amplifier to the tuned
circuit. This is avoided by a combina-
tion of screening and distance, the
latter being satisfied by keeping the
base of TR1 reasonably well spaced
from the collector of TR2Z and all
associated components. In the receiver
in the photographs the ‘danger area’
of the circuit board is in effect sand-
wiched between an ‘earth plane’,
given by the aluminium foil covering
the baseboard, and a top screening
plate which is just a piece of tinplate
closely covering TR2 and associated
components, including the diodes.
The screen appears, in the component
layout given in Fig. 6, between the
dashed lines AB and CD. The screen-

ing plate is ‘earthed’ (o the negative
supply line by soldering it to two of the
pins which support the negative line
wiring. MNote that the itioning of
the circuit board relative to tuning
components and regeneration potentio-
meter RYT has besn chosen so as o
minimise stray couplings. The com-
ponent layout also enables resistor R1,
with its attendant capacitor Cx, to be
suspended in the air, making as direct
& connection as possible between RVT
and the tuning capacitor.

The receiver board measures 43
Zin. and has the layoul given in Fig. 6.
It should be noted that the a.f. output
coupling capacitor, C12, is omitted in
the layout, since the loudspeaker
amplifier used here already has an
equivalent component. If in other
designs incorporating the homodyne
receiver it is desired to retain CI12
on the board, this can be done by
increasing the length of the board by
{in. to accommodate it.

Anchorage points to which com-
ponents lead-outs may be soldered
are made by driving in bright new
domestic pins (plated type, available
from stationers) into the board (which
consists of hardboard) at each con-
nection point, The heads are cut off,
leaving about $in. of stem projecting,
and the pins are then tinned before
wiring-up begins,

Constructors are advised not (o
depart from the layvout shown, which
has been designed for stability. The
easiest method of construction is to
trace the lavout, lay the tracing over
the circuit board, and drive pins
through the junction pointd on the
diagram. The diagram then forms
an on-thespot wiring guide.

Construciors who prefer to use
perforated board should select a piece
with 0.1in. hole pitch.
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Fig. 6. Layout of the components on the homodyne receiver board, C12 is omitted in this varsion. The board
fayout is reproduced full size here, and the diagram may be traced

A transistor holder (Eagle type TS10)
was used for the et in the receiver
in the photographs, the fed, being
ﬁtugged into this after soldering had

completed. This protects the
fet from the possibility of hi
voltages on the soldesing iron  bit
breaking down its internal gate
insulation. However, the fet. could
be wired in directly if precautions are
taken during soldering. A suitable
precaution consists making the
soldering iron metalwork common
with the negative line of the receiver
(say, by carthing both to the same
point)  and  keeping the receiver
swil off whilst soldering.

If & mains power unit is used, make
sure that the output is really smooth.,
If further a.f. stages are driven from
the same supply watch out for audio
feedback, which can cause the receiver
to ‘moan’ as the reaction is turned to
the critical point. A 1,000uF elec-
trolytic capacitor across the 9 volt
supply prevents this from occurring.
in & present design such a capacitor
is added externally to the boards,
being connected between the negative
line of the homodyne board and the
positive line of the amplifier board. It

%ppears in the amplifier cirewit of
ig. 7.

A.F. AMPLIFIER

The a.f. amplifier employed in the
overall receiver is, as already men-
tioned, not a part of the homodyne
circuit proper, and any other a.f.
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Fig. 7. The cirouit of the a.f. amplifier. This picks up fts 8 volt supply
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the homadyne receiver and the ampiifier. The 1,000WF capacitor may
not be nesded if the amplifier is employed for other spplications
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TR - 2 REFLEX
RECEIVER

By

A. SAPCIYAN

A simple 2-transistor receiver intended for personal earphone medium wave
reception

'.g UILDING RADIO RECEIVERS MIGHT SEEM, TO SOME

muplu to be a very complicated hobby, However,
br?mn« often starts by tackling 5imple
T then graduates to more complicated ones,
: &b‘m: him to recognise radio components and to
{he best way of handling them. Many commence
mple diode plus a.l. amplifier circuits, But, alter
:, these seem to be unsatisfactory since they

To satisfy beginners at this stage, 4 reflex circuit
becomes atiractive, provided that a miraculous per-
formance is not expected. A reflex circuit will usually be
able to hold its own in most areas without an externsl
aerial and earth and, in addition to this, should bring in
foreign stalions alter dark. The receiver to be described
can bé built easily from readily available components
and it will play almost anyvwhere, 1s sensitivity control

require & Jong aerial and a good carth, and also enables regeneration to lake place, with a
vity and selectivity may still not be really adequate.  consequent increase in selectivity,
|
-“""-—
| 5
SRy |
T =Rg
R
e L
) 0T
Svolt ulm
TRz s
oCTs
rf crystat
earphone
Ry 3

dm

QC44.,0C75
Leod-outs

I Fig. 1. The circuit of the reflex receiver
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THE CIRCUIT

The circuit is given in Fig. 1. As with all reflex
receivers of this nature the first stage amplifies 4t (wo
different frequencies, with the resull that the receiver
offers greater gain than would be given by two transistors
in a conventional circuit, The lerrite rod aerial coil, L1,
is tuned by Cl, and the selected signals are then
passed to the base of TRI1, This transistor functions
first as an r.f. amplifier, the amplified signals at its
collector being passed to the diodes D and D2 for
detection. These signals cannot pass to the subsequent
seclion of the receiver since their passage is hlocked by
the r.f. choke RFCI, The detected signals are now
returned to the base of TR as an audio frequency, and
this transistor once more provides amplification, this
time at a.f. The amplified a.f. signals pass through the
r.f. choke and appear across R4. The base hias for TR
is controfled by R1, R2 and R3. RI is the sensitivity
control and is adjusted for hest reception conditions.

The second stage is a straightforward a.f. amplifier
using feedback resistor RS for stabilisation. The a.f.
output -at the collector of TR2 is coupled to the crystal
earphone vid electrolvtic capacitor €2, R7 is included
to ensure that C2 has a polarising voltage and to prevent
the appearance of a direct voltage across the carphone.

COMPONENTS

Resistors
(AN fixed values | watt 10%)
Rl 100k L2  potentiometer, linear, with
switch 51
R2 100k 02
B3 10k £}
R4 38K
R5 300k
R& 5.6kil
R7 100k )
Capacitors

Cl I0pF variable, solid dielectric
c2 duF electrolytic, 10V, wkg.
C3 0.01puF paper or plastic foil
C4 200pF stlvered mica.

C5 0.01uF paper or plastic foil
CH 4uF electrolvtic, 10 Y. wkeg.

Inductors

Li See text
RFC] See text
Semiconduerors
TRI OCd44
TR2 ©OC75 t
D1 OARS
D2 OARS
Switch

s1 5.p.5.1., part of R1

Barttery
Bl S-volt battery type PP3 (BEver Ready)

Miscellaneous
Crystal earphone with jack plug
Jack socket (to suit earphone plug)
2 knobs
Battery conneclors
Material for chassis and panel

TEL—=— Foper ke
[L#1} _"r: /

To Cx and F|.-3 To l.‘.',| Fasrote rod

Ta bose of TR

Fig. 2. Winding detaifs of the farrite rod asrial
coil, It 15 advized that & few extra turms
are put on initially, as described in the
text, sa that the colf inductance may be
adiusted for the deslred tuming rangs

after the receiver is completed
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The total current consumption of the receiver is
ahout 2.5mA,

COMPONENTS

The 1wo transistors are inexpensive and easily
obtainable types, [t may be necessary to make slight
changes to component values if either of the transistors
is at an extreme of its gain spread. With TR it may he
necessary to shightly increase or decrease the value of
R2. Whether this is necessary will be indicated by the
performance offered as VRI is adjusted, IT TRZ2 is a
low gain specimen the value of RS may need to be
slightly reduced.

The ferrite aerial coil consists of a total of 75 turns of
30 sowem enamelled wire close-wound on a lerrile rod
4in. long with a diameter of §in. The tap is made at the
1O0th turn, o8 shown in Fig, 2, and the coil is wound on g
paper sleeve which is ree to slide along the rod. It is
possible that different grades of ferrite rod may give
slightly varying values of inductance o the coil and the
constructor is advised to commence with BS (urns
overall (the tap still being made at the 10th turn).
After the set has been completed turns are then, il
necessary, taken off at the end remote from C3 until
the desired medium wave range i3 covered.

The r.f. choke is a home-made component and is
wound on a polvstyrene coil former of ln, diameter
fitted with a dost core. Cat, Nos. CR4 and CRS
respectively, from Home Radio, would be suitable,
The winding consists of 200 trns pile-wound of
38 sow.g. enamelled wire. The inductance of the choke
i5 not critical and a few turns more or less will nat
make any difference,

ADJUSTMENT AND OPERATION

The receiver may be built up on a small piece of
perforated insulated board fitted with a front panel for
Cl and R1. If metal, this panel should be connected
to the positive supply line. Alternatively, the com-
ponents may be mounted on tagstrips or on & taghoard
fitted to a small metal chassis and panel, which should
similarly be connected to the positive supply line; L]
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should be kept well away from eilther the metal panel or
the metal chassis, if these are used, as i1 will otherwise
lose efficiency. Layout is not eritical provided wiring is
kept reasonably short and the collector circuit of TR2
i5 spaced away from the base circuit of TR1. An
carphone jack socket may be positioned on the [ront
panel at the end remote from Cl. R should be wired
up such that the resistance it inserts into circuit reduces
as its spindle is rotated clockwise, The leads to the
battery should not be longer than about 6in, RFCI
should not be fitted permanently in position during
wiring, as it may be necessary to rolate it when setting
up. N should be spaced away from the ferrite rod by
about 1 to 2in.

Set L1 winding near the centre of the ferrite rod,
switch on and turn R1 fully antictockwise, 1T all is well
the receiver should then pick up signals, it being at its
maost sensitive if R spindle is turned clockwise to the
setting just below that at which oscillation commences.
A different setting of R1 is required for each station,
although a single setting will suffice for two stations
which_are close together in frequency. IT oscillation is
excessive and cannot be controlled by K1 slide L1 coil
towards the end of the ferrite rod. The position of
RFC] relative to the rod may have an effect on oscilla-
tion and this component should be oriented, il necessary,
to see if this reduces or otherwise alters the degree of
feedback., In extreme cases, particularly where the

transistor used in TR1 position has a high gain, R2
may need o be increased in value, as was mentioned
earlier, Suitable alternative wvalues are 120kl and
150k i1, Tt should be noted that the regeneration effect
reduces as the battery ages so that, if B2 is increased to
an unnecessarily high wvalue with a8 new battery, the
hattery mayv have to be discarded at an earlier time as
its vollage reduces.

The frequency range can be checked by identifving
recéivied signals, whereupon the final number of turns
required on L1 can be ascertained. The process of
finding the lrequency range can be made easier if a
standard medium wave transistor radio s available
singe, il VR is advanced beyond oscillation point,
the reflex receiver acts as a small transmitter whose
signal can be picked up by the standard receiver,
However, do not allow the reflex receiver to remain in
the oseillating condition for more than shorl periods
as It could interfere with other radios. Also, avoid
tuning the standard receiver incorrectly 1o harmonics:
the best plan is to set both receivers to an easily
wentifiable transmission, such as Radio | on 247
metres, advance VR 1 bevond oscillation point, and then
adjust the tuning capacitors of both receivers across the
medium Wave band, keeping them in step with each
other. The range covered by the reflex receiver will then
be shown on the tuning scale of the standard
receiver. [ |
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MEDIUM AND

SHORT WAVE

REFLEX REGEIVER

by
A. SAPCIYAN

This simple regenerative reflex receiver provides reception on the medium
wave band and on short waves from 5.7MHz to 18MHz

OONER OR LATER THE NEWCOMER TO RADIO
S construction becomes attracted by short waves

and starts looking for a circuit capable of tuning
the various bands satisfactorily.

A superhet is a must for a serious listener, but
this type of receiver tends to be expensive and, in
addition, its construction is rather complicated. In
consequence, most home-constructors use simple re-
generative receivers, which are nevertheless capable
of giving good results. A reflex circuit with regenera-
tion is quite satisfactory and offers a good perform-
ance without any difficulty. It may seem rather un-
likely that short wave stations can be tuned in with
a simple receiver of this nature, but such sets can
perform better on the short wave bands than on
medium waves,

SHORT WAVE RECEPTION

The receiver. to be described in this article gives
continuous coverage of the short wave bands from
5.7MHz to 18MHz in two ranges. A, telescopic aerial
is employed having a length of 3ft. No earth con-
nection is necessary. In addition to this, medium
wave reception is possible by means of a separate
ferrite aerial. Range changing is carried out by a
rotary switch and the use of plug-in coils is avoided.

The circuit, which is reproduced in Fig. 1, uses the
reflex principle. Signals picked up by the telescopic
or ferrite aerial are tuned by Cl and are amplified
at r.f. by TR1. The diodes D1 and D2, which are
in a ‘voltage doubler’ rectifier configuration, provide
detection, and are coupled, for r.f. signals, to the
collector of TR2 via C6. The detected signals then
pass once more to TR2, this time for a.f. amplifica-
tion. The collector current of the first stage should, for
best results at r.f. and a.f., be around ImA. VRI1
enables this current to be provided and it controls
the degree of regeneration and sensitivity. There is a
certain level of automatic gain control since the
diodes are d.c. coupled to TR1 base via the coupling
coils of L1 or L2, Stronger signals cause the base of
TR1 to go more positive.
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The trimmer capacitors C3 and C4 are the feed-
back components. The former controls regeneration
on the short wave bands and the latter controls re-
generation on medium waves. It is necessary to use
two different trimmers as the degree of feedback
required will not be the same for short and medium
waves. Both capacitors need only be adjusted once,
after which they are left alone. Variable capacitor
C2 is the bandspread component (i.e. it gives ‘fine
tuning’) and is very useful while tuning short wave
stations, particularly at the higher frequencies. For
TR1 an AF125 is employed, this being the best
amongst a wide range of types checked. It was pre-
ferred because of its better regeneration performance.
The shield of TR1 is left open-circuit, this assisting
regeneration. The value of R1 is very critical and
that specified proved to be satisfactory with most
diodes and transistors checked. It may possibly be
necessary to adjust the value of R1 to obtain best
results from VRI.

The signals, after being amplified at both r.f. and
a.f. by TR1, pass to TR2 via a.f. coupling capacitor
C8 and then to TR3 via C9. These two coupling
capacitors should not be electrolytic types as these
would affect the performance considerably. TR2
could be an OC44 instead of the OC75 quoted in the
Components List, and it might be found that it
gives better frequency response. TR3 is an OC75.
The total consumption for all three stages is
around 2.5mA.

The output is suitable for a low impedance mag-
netic earphone having a resistance around 1500;
crystal earpieces are not recommended.

AERIAL COILS AND R.F.C.

The coil for the short wave band is wound on a
normal Bakelite former of the ‘Aladdin’ type, with
a diameter of approximately 4in. and a length of
lin. The total number of turns for the tuned winding
of L1 is 20 close-wound, being tapped at the 8th
turn from the earthy end. The wire gauge is 32
s.w.g., silk covered. The coupling winding of L1 con-
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Fig. 1. The circuit of the reflex receiver. This provides coverage -on medium waves and two
short wave ranges

COMPONENTS

Resistors
(All fixed values + watt 10%)
R1 68k (see text)
R2 3.3kQ
R3 820k
R4  5.6kQ
R5  820kQ
R6  5.6kQ
VR1 100kQ potentiometer, linear, with
switch S2
Capacitors
Cl1 150pF variable, air-spaced
C2  25pF variable, air-spaced
C3  60pF trimmer, Philips concentric
C4 - 30pF trimmer, Philips concentric
C5 0.01pF, paper or plastic foil
C6  250pF, silvered mica
C7 0.005pF, paper or plastic foil
C8 0.25pF, paper or plastic foil
C9 0.25uF, paper or plastic foil

C10 0.01pF, paper or plastic foil

Inductors

L1  Short wave coil (see text)

L2 Medium wave coil (see text)

RFC1 R.F. choke (see text)
Semiconductors

TR1 AFI125

TR2 OC75 (see text)

TR3 OC75

D1 OA70

D2 OA70
Switches

Si(a)(b)(c) 4-pole 3-way rotary, miniature
$2  s.ps.t., part of VRI1

Battery
Bl  9-volt battery
Miscellaneous
Telescopic aerial, extended length 3ft. approx.
Low impedance earphone, 1500, with jack
plug
Miniature jack
2 slow-motion drives type 4511/F (Jackson
Bros.)
3 knobs
Material for chassis and panel
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sists of 1} turns of the same wire. The coupling
winding is wound first and the tuned winding imme-
diately after, the two windings being side by side
without any spacing between them. For efficient dust
core adjustment the winding should end close to the
top of the former. The coil is not screened.

The writer used a ferrite slab with a length of
4in. and a width of 2in. for the medium wave coil,

L2. The tuned winding consisted of 73 turns of 30 ,

s.w.g. enamelled wire and the coupling winding em-
ployed ten turns of the same wire. Both coils were
close-wound and, as with the short wave coil, posi-
tioned side by side. The ferrite slab employed is not
standard and constructors could alternatively use a
4% by %4 by 5/32in. ferrite slab, as available from
Henry’s Radio, Ltd, Some slight adjustment of the
number of turns in the tuned winding may be neces-
sary to obtain precise coverage of the medium wave
band. The coil is positioned approximately at the
centre of the slab.

In both L1 and L2 the earthy end of the coupling
winding should be adjacent to the earthy end of the
tuned winding, as indicated in the circuit diagram.

A rear view of the wave-change switch and its
wiring is given in Fig. 2.

To L
oLzand C4 To L

(coupling winding)
ToLjand Cq

2/] \3 2

(c) \’ To Ly
"/(:.:PHHQ winding)
LS
i To base TRy
S

To L tap

ToC I

To C3 and aerial

Fig. 2. Connections to S1, the wave-change
switch. One of the switch poles is unused

The r.f. choke is a home-made component wound
on a 1IMQ 2 watt resistor having a diameter of ap-
proximately }in. and a length of approximately 1Zin.
The wire gauge is 36 s.w.g. silk covered. The total
number of turns required is 900, this being given by
random winding three pieces of 300 turns each. The
number of turns need not be exact, and a few turns
more or less will not make any difference. The coil
ends are soldered to the lead-outs of the 2 watt
resistor.

CONSTRUCTION

Construction is not critical, and the components
can be laid out on a small chassis in much the same
. order as they appear in the circuit diagram. A metal
front panel is required for Cl1, C2, VR1, SI and the
phone jack. C1 and C2 may each be fitted with a
small epicyclic ball drive having a flange to take a
piece of wire which functions as a tuning scale cursor.
Suitable tuning scales are available in the Data Pub-
lications ‘Panel Signs’ series,
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ADJUSTMENT AND OPERATION

In order to facilitate adjustment, the bands should
be set up separately. There are two switch positions
for the short wave band and one for medium waves.
After all connections have been made and battery
polarity checked, the receiver is switched on and set
to one of the short wave ranges. The sensitivity con-
trol VR1 should be turned until oscillation starts.
The most sensitive point is just below oscillation
level, and 'VR1 should be capable of adjusting the
regeneration level comfortably as it is turned towards
maximum, which is given when the slider is at the
upper end of its track in Fig. 1. If no oscillation
occurs with VR1 at its maximum setting increase
the amount of feedback by adjusting C3. If this does
not produce satisfactory oscillation, try reversing the
connections to the coupling winding of L1, The final
setting for C3 is that which gives the best range of
control in VR1 for both short wave ranges.

It should then be possible to tune in stations very.
easily. The degree of regeneration should be readily
controllable by VR1, but if control is ‘fierce’ R1 can
be increased to 82kQ or higher. However, such a
change should rarely be necessary,

The process is then repeated on the medium wave
band, but in this case it is C4 which is adjusted. If
the value of R1 has to be altered it will be necessary
to choose a final value for this resistor which suits
both medium and short waves.

Frequency coverage can be checked very easily
on the short wave ranges by a signal generator, the
output of which is very loosely coupled to the re-
ceiver aerial. If no signal generator is available a
short wave radio could be used for coverage checks.
The reflex receiver is put near the short wave radio
and sensitivity control VR1 is advanced until the set
oscillates. The oscillation can then be picked up on
the radio. If will be found that the setting of C3 has
an effect on coverage at the high frequency end of
the short wave band. ;

The meditm wave band does not require any
coverage checking as the number of turns is approxi-
mately correct for the band. As already mentioned,
it may be necessary to add or take off a few turns
depending upon the slab employed.

The telescopic aerial is not employed for medium
wave reception and this, together with bandspread
capacitor C2, is left open-circuit by the wave-change
switch when the medium wave band is selected, It is
possible to use an external aerial but, since this may
affect the degree of feedback and cause damping, it
should be coupled to the receiver via a 100pF vari-
able capacitor, the latter being adjusted for best
performance. ; [}
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LECTRONIC "LIRCLOTS CAN HE
made o provide guite 1I1n1ﬁua.]
performances, these being far

removed from  the functions for
which they were initially conceived,
The tuner unit which 18 described
in thizs month's “Sugeested Circuit’
provides & gund example of an un-
usual application since iL  incor-
porates a filter circuit, normally
associated  with awdio [reguency
work, which allows station selec-
tion to be achieved without any
funed circuil whatsoever!

The tuner is intended for single-
station reception of the Radio 2
programme on  200kHz (1,500
metres) and is presented primarily
uy an inleresting exercise for con-
structors who like (o experiment
with unfamiliar circuits. The tuner
is, nevertheless, capable of offering
guite a uwseful  performance  in
practice, and in areas where the
long wave Radio 2 transmission is
received at reasonable strength and
where other signals are nol excess-
ively atrong it can  offer good
service as a high quality am. tuner.
The prototype gave a satisfactory
performance: in this respect when
checked at a location on the West
coast, where the local medium wave
signal is significantly stronger than
the long wave Radio 2 fransmisaion.
The af. output level from the
tuner is of the same order as that
given by a 'crystal pick-up and the
subsegquent  afl. amplifier  should
have an inpot tesistance of 250k
0T more,

PARALLEL-T FILTER

The flter employed in the re-
ceiver s A parallel-T Lype, and jts
circuit 5 given 1 Fig, 1, When the
76

conditions shown by the equations
in this diagram are satisfied, and
rovided that the output of the
filter is not loaded, the circuit ollers
infinite attenuation at the appro-
priate  frequency. This ability (o
provide infinite attcnuation makes
the filter extremily useful in af.
distortion measuring equipment, in
which it can cause a fundamental
frequency Lo be suppressed so thar
ita harmonics become available for
measurement.

The circuit of the tuner is given
i Fig. 2, i which diagram the
parallel-T lilter appears as the net-
work Rl to BRI and C2 ta C4. The
values specilied for these compo-
nenls cause the theoretical attenu-
ation frequency to be 200kHz

In Fig 2, signals picked up by
the aeral are applied sia Cl 1o the
base of TR, a silicon planar n.pon.
transistor type BC107. Capacitors
C1 and €2 in the filter circuit
apply heavy negative Teedback from
the collector back to the base of
TR1 al all frequencics except those

frequency of 200kHz. At this fre-
quency there is virtoally no feed-
back at all since the attonuation
provided by the filter approaches
infiinity, and the transisfor {lrm'ulr:s
the maximum amplification of
which it is capable, (The filter docs
nol offer its full infinite attenu-
ation becavse ils oulpul §s loaded
by the input impedance at TRI
base.) Thus, the circuit around TR1
is frequency-selective, and [avours
the required 200kHz signal only. The
diserimination against unwanied sig-
nals is roughly equal to the gain of
the transistor, since unwanted yig-
nals receive neglipible amplifica-
tion whilst the desired signal re-
ceives almost the full amplification
which TR can ofter, This discrimi-
nation is not as hiph as that offered
by a tuned circuit with regeneration,
but it is still high enough to enable
interference-free reception of the
Radio I transmission to be oblained,
in localities where other Lransmis-
siong are nol excessively strong.
The rf signal at the collector of

al and very close Lo the allepuation  TRI s fed vin CF 1o TRI, another
L= Cy
-1
R R
P s Rx = Ry = 2Ry
L WY A
oy rEy=liag
Input. Sutput h ! &
|
g -] R —
Copm Rz i 2T By Cy

Fig. ¥. The parallel-T filter, together
equations

with the appropriaig l
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BC107. This [unctions: &5 an r.f one would imagine thut one was COMPONENTS

amplificr and the amplified signal at
ils collector is passed to the- shunt
detector diode, 131, by way of C7.
31 detecta in normal manner and
the resulting af. signal iz fed via
CE to the output coaxial socket. RY
and O act a5 o low-pass filter to
rermove T.f. from the detected signal.

Because  the  parallel-T  filter
coupled to TR is operating at a
much higher frequency than that

actually operating such a reaction
control if one did nol already know
that there were no tuned circaits
in the tuner. Since thers s positive
feedback just below (he oscillation
peinl, it 1% feasible alse that some
siznal  magnification  also takes
place in the present design, There
15 8 small amount of hacklash in
the adjustment of R10, but this
does not introduce any difficuloy in

for which it is normally intendad, ils setting up, It is intentional that
stray capacitances in  the arcuil R 10 also cont rols the supply voltape
cause allered phase  relatonships for TR2.

which would nol be present al The 7 et =

audio frequenecies. In consequence iy ;" tuner requires a very short
TR1 poes into oscillation when ils k_“'l,?al.' about . of wire b"’*'”ﬁ
collector supply current rises ahove  Sufficient. - Alernatively, a small

a certain  level. This collector
current is controlled by the polen-
tiometer R0, which Tunctions s s
spnsitivity contral. As the slider of
R10 approaches the upper end of 115
track the pain offered Lo the Radio
2 signal  increases progressively,
reaching a  maximum just belore
the circuit goes into oscillation.
Operation of RI10 s reminiscent of
the operation o a  conventional
reaction control 1n a receiver in-
corporating a luned circuit; indeed,
DECTMERR (97

telescopic serial could be emploved.
Large aerials are not recommended
s they merely increase the strength
of ounwanted signa's, and thereby
increase the risk of their breaking
through.

The current drawn from the 9
volt battery by the prototype was
dmaA under wvon-oscillating  condi-
tions, This current rosc to MmaA
when the circuit went into oscilla-
tion with R0 slider at the top of
its track.

The two transistors in the circuil
are standard tvpes, and no diflicully
should be experienced in obtaining
them.

All the fixed resistors are guarler
watt and, with the exceplion of R1,
RZ and R3, 10% in I.uln::mnr_q, R1,
B2 and R3 are discussed in o detail
later when constructional informa-
tion is given. The value of B6 may
need o be adjusted to suit particu-
ler transisiors in the TR2 position.
The potentiometer, R10, shoold he
* Rmnd.ird component and not a
miniature  type.

C2, C3 and C4 are silvered mica
capacjwrs with a tolérance of 2%
or bertter, Cl, C7 and C9 are also
silvered mica bul they do not, of
course, need (w have a close toler-
ance on value, C5 and CI0 could
be high-value non-electrolvtic types,
but the electrolyvtic capacitors speci-
fied for these two components are
smuller in size and function just as
well al the freguencies involved.
Ch oand CB arc standard paper or
plastic foil components.

On-oll _switch 81 should not he
ganged with R10 but should be a
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separate component. This is because,
when local reception conditions en-
able the tuner to be used as a pér-
manent item of equipment, it will
be found convenient to leave R10
set to the pesition of optimum
sensitivity, and to adjust it occa-
sionally  only as battery  vollage
falls, Output level may be con-
trofled by the wvolume conmtrol in
the following amplifier,

CONSTRUCTION

The layout of the tuner is. not
viery eritical provided that the com-
ponents  around TRI1  are kept
reasonably well spaced from those
around TR2. In particular, BT and
the subsequent deteetor components
should be kept well clear of the
circuitry around TR1. The best
plan is 10 lay out the components
in three separate groups. The first
group consists of all the compo-
nenls to the left of C6, including
C5. The second group, positioned
about 2in. away, consists of TR2.
R&, R7, and CI0. Capacitar Ch
bridges the pap betwesn (hese two
groups. The third group, again
several inches further along the
chassis, consista of D1 and the other
d_f.incf.o; components, with C7 posi-
tioned in between. The meneral idea
is shown in Fig. 3. Thére is no
necessity to screen the TR2 cireuit
from the TR1 circuit. R10 can be
posilicned at any convenicnt peint,
since the connection to its slider is
bypassed for rf. by Ci0.

. A= several unusual processes are
involved in setting up the receiver
it is best to proceed in stapes,
cheeking each stage after ity witing
has been completed. An af ampli-
fier is required to enable the tuner
eu;pgut to be tested.

irst, Wire up TR2, C§ to CI0,
Eﬁ_ to RID. 531 and the battery,
Swilch on and set R10 slider to the
top of its track. Measure the volt-
age between the negative supply
rail and the collector of TR2 If
this is approximately half the sup-
ply valtage within o volt or so, all
i3 well. If the collector voltage
differs considerably from half supply
voltage adjust the wvalue of R6 to
correct it.  Increasing R6  canses
collector voltage 1o rise and de-
creasing R causes collector voltage
to fall. It is very probahble that
there will he no necessity to alter
Rﬁlhut, at the same time, it iz still
desirable to check that the autput
transistor is working under the
conditions required by the circuir,

Switch off the tuner and next
wire in TR1, Cl, C5, R4 and RS,
Temporarily wire a B30k resistor
between the base of TRI and the
positive plate of C5, Switch on and
ensure thal TR1 collector has a
valtage, with respect to the negative
supply line, thit is roughly hall of
that on the positive plate of C5. If
it"is not, alter the value of the tem-
porary resistor aceordingly.
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Mext, connect the ad. amplifier
to the output of the tuner, ‘and
connect @ Aft, length of wire, to
act as an acrial, to C1. If both
tramsistors are operating correatly,
the amplifier will reproduce the
modulation of At least one local
station. Probably, several transmis-
sions will be reproduced ar the
same  time, the strongest signal
predominating.

The tuner is now ready. afler
removal of the temporary resistor
between the base of TRI and C5,
for the addition of the parallel-T
filter components. Capacitors 2,
C3 and C4 are, as already specified,
close-tolerance components. It
might be thought advisable to use
close-tolerance resistors for R1, R2
and K3, but the expense of such
components is not really justified
beoause some slight adjustments (o
their value may still be necessary
to make the filter attenuation fre-
guency exactly 200kHz, As has al-
ready  been mentioned, the filter
output is not unlpaded, az iz Te-
quired by the filter equalions: this
point could make the actual resis-

tance wvalues required in praclice

slightly different from those caleu-
lated theoretically, For the proto-
type the author simply selected re-
sistors faken from stock by measur-
ing their values with an ohmmeter,
and was fortunale enough to find
that the filter responded at the first
attempt 1o a frequency very slight-
Iy lower than 200kHz. A slight
readjustment to one of the resistors
then caused the Radio 2 signal to
be correctly received.

An  alternative approach, not
checked by the writer, could con-
gist of using three 1ki2 skeleton pre-
set potentiometers in place of R,
R2 and R3, these being imitially set
to give resistances of 8000, E000

Fig. 3. The tuner companents should be [aid ouf along the
chaszsls In three separafe groups in the manner shown hara

and 400{F respectively. They can
then be finally adjusted for opli-
mum reception of the Radio 2
signal, maintaining the correct
ratios between their values. A de-
Ccrease in resistance corresponds to
an increase in frequency. Final sci-

ting is best carried oul using a
very short aerial consisting  of
about 6in. of wire, as this enables
reception conditions to be more
readily assessed.

If available, & modulated signal
enerator will be found very help-
ul. This should be wery loosely
coupled to €1 and its output fre-
quency adjusted around 200kHz It
will then indicate the frequency at
which the circuit offers  greatest
amplification,

As stated  earlier, the author’s
circuit was al its most sensitive
just before the onset of oscillation,
The process of oscillation iz de-
pendent upon a number of random
factors, including the gain and r.f.
performance of the transistor in the
TR1 position. It is possible that
some tuners made up to the circuit
will not oscillste even with RI10
slider at the top of its track, but
this [act need not impair the use-
fulness of the tuner if Radio 2
reception i8 otherwise satisfactory,
Again, it is possible that oscillation
may commence at a low position of
R1% shider, This should not detract
from the performance of the tuner,
but it might be advisable to slightly
increase the value of R4, so that
oscillation  commences with RI10
slider at a higher position. TR2
will then have an adequate supply
voltage at the point just below os-
cillation. In the prototvpe, oscil-
lation commenced when RI1G spin-
dle was about 207 removed from
the maximum wvoltage end of the
potentiometer travel.

THE RADIO CONSTRUCTOR



F.E.T. REFLEX RECEIVER

by
A. W. WHITTINGTON

Adding an f.e.t. input stage to a well-tried reflex circuit improves selectivity
and offers a wide latitude in ferrite aerial design

HE CIRCUT T0 BE DESCRIBED 15 A MODIFICATION
to a very successful Radio Constructor design,
and it takes advantage of an felt. to increase

selectivity.

Anyone who has built the silicon reflex circuit
described by G, W. Short in the January 1368 and
September 1969 issues® will have been amazed at
the sensitivity of this receiver. The writer has carried
out a number of experiments with the circuit, includ-
ing the use of coils for coverage up 1o aMHz.

Since [et's are now available to amateur con-
structors at reasonable prices, it was decided to em-
ploy one of these devices to provide an aerial input
stage preceding the basic reflex circuit due to G. W,
Short. The chief advaniages conferred by an Let
are low noise, high mput
modulation. The high input impedance is of particu-
"G, W. Shod, Reflex T.R.F.', The Halio

Congtracior, January 1963 ° ‘Milliwntt’  Silleon  Reflex TR.T.
Recelver’, The Radio Construcior, Septeaiber 19649

‘Bilicon  Trandistor

impedance and low cross-'s

lar importance here since there is then less damping
of the aerial tuned circuit, which becomes capable
of offering areater selectivity. Also, the ust of an
fet. allows a panel-controlled reaction circuit to be
incorporated.

MODIFIED CEIRCUIT

The circuit of the complete receiver appears in
Fig. 1. the circuitry to the right of C4 which incor-
porates TR2 and TR3 being based on the receiver
design previously published. In the original, D1 was
returned to the earthy end of a coupling winding on
the aerial ferrite rod, this winding being by-passed
to the lower supply rail via a 0.01uF capacilor. The
non-garthy end of the coupling winding connected
to the hase of what is now TR2, In the present
circuit the diode couples direct to the base of TR2.

The fet, TRI, is a 2N3819 operated in the
common source mode, Crate-source bias is provided
by R2 and C3. The ferrite rod aerial tuned circuit

= N = T — — = - -
Ay 3 ey
bk "‘—
Raz
Sio
Cx TRz THy
BT 09 BF 167
Cirain |:4
=) K
A Source
THY
2M3818
Lal F-
d TIY
E __l oy
e
B . i
| Drain Gate
1 - - b
L2 '|:I A \@v
a1 “Bource {
2n 3819 BCIOY, BF 167
Leod-outs Leod -outs
Fig. 1. Circuit of the reflex receiver with the fe.l. asrigl input stage
e e = — e — e — s e

10

THE RADIO CONSTRUCTOR



is applied directly to the gate via C2, The relatively
low value drain load resistor, R3, provides adeqguale
matching to TR2. Regeneration is obtained from the
drain and is controlled by capacitor C6. ‘|'rimmer
C5 is incorporated to provide neutralisation.

The aerial coil is wound on a 4in, length of 3in.
diameter ferrite rod as shown in Fig, 2. The winding
wire was Radiospares ‘Miniature’ pve, covered
flexible wire with a 7/0.0048 (or 7/40 s.w.g.) stranded
core and an  insulation wall thickness of 0.00lin
Similar thin pwv.e covered connecting wire should
work equally well. Start din. from one end and
elose-wind directly onto the rod. The section of the
coil between points A and B is the regeneration
winding, and that between points B and E the mned
winding. This gives a range of 2.5MHz to 620kHz
with the tuning capacitor specified. Taps C and D
can be used for the conection of a shorl acrial, if
desired, This should only be a few feet in length
and is applied via a 100pF variable capacitor, the
latter being adjusted for best results,
CONSTRUCTION

The author's protoiype was assembled an a per-
forated matrix board of (0.15in. hole pitch MEeasuring
7in. long by 2din. wide. Layvout follows the cirenit
diagram. with the tuning capacitor at the left and
the on-off switch to the right. The ferrite rod lies
longitudinally at the back and the negative supply
rail wire along the front of the board, There is lin,
spacing between the centre lines of the core of L3
and the ferrite aerial rod, the two cores beitg
parallel with each other. Components are connected
by means of terminal pins'passed through the holes
in the board as required. ”H??twn variahle capaci-
lors, the headphone output jack and the on-off
swilch are mounted on & small Paxolin front panel,
Tuning capacitor C1 is fitted with a slow -motion
drive,

— 'l
1
| Total =60 turne Ferrite rod 4”1 J:IIEF
Fig, 2. Winding details of the ferrite rod aerial coil
e == etz e B = s

- To avord damage to the fe.t resulting from static
voltages on soldering irons, etc., this device must be
fitted in a transistor holder. All connections in the
receiver, including those to the holder, are soldered
before the fet is inserted. It is necessary to drill
out the matrix board in order that it may take the
transistor holder, If desired, TR2 and TR3 can also
be fitted in (ransistor holders, whereupon it becomes
possible to check a number of transistors for operi-
tion in the receiver,

When the assembly and wiring have been com.
pleted and carefully checked, the current COnsunmp-
tion from the 9 wvolt battery should be measured.

ALNGLIST 1971

Resivtars
CAIL & watr 1005
Rl 2.2M12
R2 13k
R3 1.BkEL
R4 | kit
I B3 39k
Rf HE0L
RY 2200
Clapacitory
Cl1 365pF variable, Type (1 |
1 i fackson Bros,)

C2 [00pF silver-miica
C3 0.022uF paper or plastic foil
C4 220pF silver-mica
Cs J0pF irimmer [ |
1 Ch M0pF variable, solid dielectric
3 100 F electrolytic, 3V wkg.
8 (LO22uF paper or plastic foil
o B8uF electrolytic, 10V wke,
C10 01 oF paper or plastic foil
| nductors
L1, L2 Home-wound aerfal oil on ferrite
rod, 4in. by $in. dia. (see text)
I3 2.5mH r.f. choke Tvpe CHI
(Repanco)
I Senvonductors
TR1  2N3s19

TR2 BCIO9

TR3 BFI&7

(81 OAR]
Swirch
g -8t
Sockear
i | Headphone jack
Miscellaneons

Headphones, 2 0000 10 40000 with jack
| plug
Slow-motion drive
2 knohs
Material for chassis, fronl panel. el
A T i FEE

sst oggle

—

This should be of the order of 2 to 3mA. A strong
local signal at the high frequency end of the band
15 then tuned in and C5 adjusted to eliminate any
instability that may be present. Some r.f, feedhack
is provided by the inductive coupling between L3
and the ferrite rod. If necessary, this feedback may
be adjusted by rotating 1.3,

TRAWLER BAND

Because the tuned circuit only has two connec-
lions it is possible o experiment with a wide variety
of different aerial inductances.

The ‘trawler band’ can offer hours of interesting
listening for those who live in coastal locations. This
band was tuned in with an aerial coil wound on a
Gin. length of fin, diameter ferrite rod, and employ-
ing 40 tums of 0.032in. (21 sw.g) solid core PV.C
covered connecting wire. The winding commences
about 4in, from one end and the tumns should he
spread over the greater length of the rod. An extra
four turns for regeneration will be adequate. An
aerial, of 20, only, may be conmected to the non.
earthy end of the tuned coil. | |




THE "MINISETTE’
Cover Feature TWO-TRANSISTOR
RADIO

by
H. WILLIAMS

A simple little medium wave receiver employing two readily obtainable
transistors. The earphone jack is modified to swilch off the receiver when
its plug is removed

LTHOUGH MOST CONSTRUCTIONAL ARTICLES 0N
A radio receivers describe superhets or sophisticated

t.rf, sets, it is possible to build a small radio
operating an earpiece using only a dozen components,
and from which perfectly satisfactory reception is
available over the complete medium wave band,

The ‘Minisette’ receiver described here is built
into & small plastic box and is small enough to be
carried in a pocket or handbag. Although small, the
various components are far from crowded and with
a little care the size could easily be reduced,

Before starting the prototype it was decided to use
& PP3 battery. Batteries for small Teceivers are
always a problem . and although mercary cells or
other hearing aid batteries can he used, these are

expensive and difficult to mount.

BCIOg |
Lead-outs

I Fig. 1. Circuit diagram of the ‘Minisetie'
two-transisiar radio

e e = -
412

Reflexing the first stage was rejected: it is fairly
easy lo use the first transistor for both rf, and af
but this can introduce instability, Also, the cost of
the two diodes and associated components needed
equals the cost of a second transistor which can,
unlike a reflexed transistor, be operated for maximum
performance,

r.'. - ——

1 Resistors

(AIL 4 watt 102
Rl GEOk |
R2 2.2k}
B3 27 (Heg2

Il Ri 27%n

Capaciiors
Cl 0.01uF, miniature plastic foil
| 2 M pF, miniature plastic foil

C3 0.01 o F, miniature plastic foil
¥C1  250pF variable, miniature salid
dielectric (see text)

Inducior |
L1 Ferrite aerial (sec texp)

Semiconduciors
TR1 BC10% 1
TR2 BCI9

| ek
I 3.5mm closed-circuit jack

Battery
9-volt battery type PP3 (Ever Ready)

Miscellaneowus

| Plastic case (see text)
Plain Veroboard, .15in. matrix |
Battery clips

e = = s == = =
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{a}

Fig. 2{a}. The closed-circuit fack in Its normal
condition

). The modification which causes it to cloze

a cirouff when the phone fack plug s inserfed

| S——
THE CIRCUIT

TR1. a BC109, is a high gain, low noise transistor.
Although designed for audio usage it has a high
frequency cut-off peint and is ideal in the present
type of circuit. The tuned circuit, L1 and YCl,
couples to the base, The tapping on L1 earths that
point of the ceil via Cl, so that only the section
above it operates as the tuned inductance.

The lower section of L1 transforms the r.f. signal
{0 a suitable impedance to feed TR1. Base bias for
TR1 s provided by Rl, and & small measure of
positive feedback is coupled from TRI collector
back to the tuned circuit by VC2. RI acts as the
collector load.

C2, a 0.01pF capacitor, couples the r.f. signal to
thie base of TR2 which is biased as a detector so that
only the positive-going pesks are amplified. (1t is
possible also that some detection takes place in TR1,
whersupon TR2 provides a.f. amplification.) C3 is
necessary to bypass r.f. from the signal which is
finally developed across the collector load, R4.

In small radios, switches are a nuisance to fit and
so the output jack is altered to perform this function;
Fig. 2 shows how this is done, This “trick™ was
widely used at one time and has applications in
other types of equipment,

A crystal earpiece is used by the author but high
impedance magnetic types, about 20000, can be
substituted, in which case R4 is unnecessary.

CONSTRUCTION

First the ferrite rod aerial should be wound, the
rod itself being 2in. long by }in. diameter. Initially
wind a few tums of Sellotape about lin. wide
around one end of the rod. Using 32 s.w.g. enamelled
copper wire, trap one end in the tape and wind 72
turns then wind on more narrow strips of tape,
leave a loop and continue with seven more turns. Final-
Iy trap the end in further layers of Sellotape. The wire
loop should be twisted so that it can be soldered
into circuit as one wire, Both the 72 and seven turn
sections are close-wound. (If a 2in. by in, ferrite
tod cannot be obtained, it could be broken from a
longer rod of the same diameter. Alternatively, a 2in.
by frin. rod—Home Radio Cat. No, FR1A—could
be used instead. This slighily larger rod may
necessitate removing several turns from the 72 turn
winding to obtain the desired range.—Editor.)
FERRUARY 1571

The layout inside the plasiic case ol the
‘WMiniseHe' receiver, Alternative transisiors ware
wired in when this photograph was teken

The components are mounted on a piece of plain
0.15in. Veroboard approximately Zin. square, with
a small piece ¢ut away to avoid fouling the earphone
jack, See Fig. 3. The component leads are bent to
allow connections (o be made on the underside, these
being soldered afterwards.

The wning capacitor employed for VC1 was a
miniature 250pF solid dielectric component. In case
of difficulty in obtaining this value a 300pF com-
ponent may be employed instead.

I - |M""__ l

Fized vames I

= Plain
Yeroboard

Battery
+

Fig. 3. Layout and wiring. Wiring befow the
Veroboard is shown fq broken fine

413



The dimensions of the case depend mainly Lo
the size of the capacitor employed for YVC1, The
plastic case used by the writer measures 3 by 2} by
#n. and is fitted with a hinged clip-on Lid, It is
made by the Plastic Box Company, The writer has
found it a very simple maller to obtain boxes of
this nature from chemist’s shops, as they have plenty
of samples supplied in them. A PP3 battery with
clips fits nicely across the internal width, and the
boxes are very useful for a variety of purposes.

Holes should be drilled in the plastic case to take
the spindle of VC1 and the earphone jack,

VU2 needs to be very low in value and usually a
length of insulated wire connected to the collector
of TR1 and laid near L1 will suffice. If not. a
second insulated wire can be connected to the non-
earthy side of VC1 and iwisted with the first wire
o provide the capacitance required,

The regeneration should be set so that oscillation
just fails to occur at any point on the dial. When
this has been done correctly, good receplion should
be possible from all local stations and a number
of Continental stations after dark. - ]




LOW-COSNT
REGENERATIVE
RECEIVER

by

A. SAPCIYAN

This simple little medium wave receiver can be buiit

as a 24ransistor sel driving an earphone, or as a

3-transistor set driving a speaker at moderate volume

level. Few componenis are required, and there Is

opportunity for experiment with some of these to

obtain best resulls with the particular transistors
employed

ideal for those who wish (o
build simple and reasonably
sensifive sets. 1t has (o be re-
membered, however, that they
are rather tricky to operatc when
compared with commercially made
acta, afd that their performance can
never match a superhet in terms of
sensitivity and atttﬂivil%}, MNeverihe-
less, satisfactory resulls can  bhe
obtaingd in areps of good signal
srength and local stafiohs can be
tumed i withoul interference, which
is what most people want. Provided,
therefore, that their Fomitations are
apprecialed, receivers of thia cluss
can be instructive to build and ean
offer o very useful performance.
The teceiver deseribed in this
article uses a simple circult and may
be ‘buift in either & 2-fransistor or
o 3-tranxiztor version. Il desired, the
2-transistor  version ecan: be ‘cons
structed first and the third slnge
mdded al o Ister date. The 2-triansis-
tor receiver  drives an  earplece,
whilst the Ftransistor receiver
ﬁﬁ"f" a londspeaker al moderata
vel,

L-TRANSISTOR RECEIVER

The cirouit of the 2-trmnsistor
receiver sppears in Fig. 1. The fer-
rite rod nerinl coil, L1, is tuned by
Cl, its tap being coupled o the
base of TRI. Delection takes place
due to non-linearity in TR1 . and
THR2, with the resuly that the primary
function of TRI is to amplify at
radio frequency. The tranwstor in
the first stage 1% an AFI26, which

TANLUARY 1970
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has a refatively high gain at medium
wave Irequencies. K.F. tmnsistors
such a5 the OC44 huve also been
tried, ‘but lhl:lg did not offer the
same degres of -seasitivily, particu-
Iarty of the high frequency end of
the band, When =sel up  for best
amplification, the colleclor current
for TRI iz around ImA.

COMPONENTS

Rosistors
(AN fixed values | watt 1058)
Rl 4Tk
RZ I M poteniiometer,
g?mr. with switch

R3 1.9kn

R4 S(kn

RS S0k

Capacitors
M| I65pF varinble, alir-
S

C2z  0.0IxF, paper or
lastic foil

Ci 01 gF, paper or
lastic foil

4 5uF electralytic, 10W
whe. (see text)

Inductors

L1, L2 Sco text
Transixtors

TRI AF126

TR2 OCTs

I Batiery

1] Qovalt hattery
Switch

51 a.paL, part of R2
Miveellaneous

1,000 magnetic exrphong
with jack plig and sockel
(oot needed with 3-transis-
fior version)

2 knoba

Earphang
Jack

e
]
_———

Vo

0 m
==

Ln
-

5

—

Shield

s s

L eh L
b= M
€ k
AF I8 oC7s
Leod-outs Laod-oiits

Fig. 1.

The 24ransistor version of the regenerative racalver
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Coil 12 provides rogencrative
feedback. The swarianble resistor R2
controls the base curreat to TRI
and hence o tes both as a volume
control and nd n reaction control,
It is adjusted normally so that TR
in qust below the osallntion it
R2 hon o high walue in order to
accommadate  transistors having
both low and high gnin figures.

The second sthige ncorpornies an
OC?5 nnd drives a high impedance
(10000} magnetic  earphone.  The
miniaiuore enrphones wicd with com-

1 here since they have low im-

ced, of the order of 106 Their
use will cause illslfpﬂiﬂlm_ml- A
measire of stnbilisation, which has
proved adequate in  practice, is
given by taking the base bias cur-
rent for TRZ from ils collector vin
R4. The total current consumplion
of the first two stages s approxi-
mately 2 SmA.

If the constructor wishes (o add a
third stage of amplification, the cir-
cuit shown in Fig. 25 employed
The eomponents (o the right of the

mircially made sels sre not satisfac-  dashed lme in Fig. | (including the

H it lE'l
L
——

Ce 8
- 4= ov S5
ﬁci 5) rl'
=
1]
AE 28
¥ ©  Leod-auts

Fig. 2. Thiz exlra stage is added lo provide the
J-ransizlor varsion

COMPONENTS

Revixtors
(Al fixed values 4 wait 1030)
R 1kf

R7 il

RE 3.0k
RS 1500
= 5 ‘M_;ﬂ F ol Tyt
; electrolytie,
lu‘:’ whg.
ChH SuF glectrolytie, 10V
whe, (see text

€7 1004F electrolytic,
6V whg

Indictar
T See text

Transirtor
TR3 ACI28

Ly
P text

Battery
Bl Included with Fig. 1
Components List

Switeh
51 Inchided with: Fig. 1
Components List

carphone and jack socket) ame not
then required, mnd the circuit of
Fig., 2 couples w that of Fig. | at
plaints X, Y and 2. TR3 is an ACIZS
and its base couples to the eollecior
af TR vin Ch R6 and C5 arc
decoupling components, and

ventl unwanled couplings to the pre-
ceding staged vin the negative supply
line, Without theie componenls
there would he instnbility, ewvident
as “motorboating”, when the batiery
gges und it imlernal resistance rises.

olnl current consiumption of the 3-
transistor version is approximately
10mA.

It is desitable to uie a fuirly large
speaker, n;f din. in diameler or
more, to mke grentest advnntage of
tho fairly low aodio outpul  svail-
ahle. The oulput transformer, TT,
should have a mtio which presents
an impedance of some 135082 (o
2500 to TRI A suituble type, for
use with o 30 speaker, wounld be the
Radiospares tramsformer Type T/T4,
{Radiospares components may onl
be obtained vmhjﬂlnl:l“ﬁ;iu.mmr.
H & speaker with an im noe
1300 or §o can be obained, this
may be connected direct in the col=
lector cireult of TR3, whereupon no
output transformer is required.

witch 51, in both the 2-transistor
and Itransistor versionsa, i4 the on-

oll switch and is panged with R2
R2 should be wi up sich that it
inseris maximum resistance inlo ar-
cuit when 51 s switched oiL
When the receiver has been coms
pleted and the adjustment procedure
ito be described lnter) carried ouf,

it is worth experimentally mﬁ%ﬂiﬁ
C4 for n 0.25:F ecapacitor. ‘Wi
some AFI26 ransistors it may be
found that this gives n vory useful
increase in sensitivity. Il 1t does not,
the electrolytic enpacitor should, of
course, be rotained in circuil. It moy
even be found, in the 3-transistor
version, thal there is an imﬁrmrc-
ment in performince when o U.25:F
eappeilor iz similarly connected into
gireuit in place of E:ﬁ.

FERRITE AERIAL WINDINGS

The aerinl ¢oll, L1 may be Wound
on a ferrite rod din. long and with
f  dismelter of  fin  using 28

Bw.p. enumelled copper wire. The

tolal number of wms (5 72 closes
wound. with the tap at nine turns
from the end which connmedts o C2
Be prepared 1o add or take off a
fiew trmes at the end remote from C2
in order o wet the rinpe exaetly
right. In this respect, it will prove
Itelpfal to wind thie coil on o paper
slecve which ean be moved along
the roil to provide small changes in
inductance, if desited. In poneral,
best rosults will be plven with 11
at, or near, the céntre of the rod.

Cither ferrite rods of about the
same dimensions may. be employed,
remembering that a longer rod will
require Tewer torns, as also will o
thicker rod. The wriler checked the
receiver with a4 ferrite slab which
was din. Jong. 1in. wide and ' {in.
thick, Thiz alab required 64 furns
with u tp eight turms from the C2
erd. The position of the fap in the
coi] is not very critical and accopl-
nhle résulis ire given when the num-
ber of 'turns hetween the dap and
the CX end of the coil is approxi-
mulely ane-eighth of the totul hum-
ber of turns.

The beginner will find it guile
easy to adivst the number of lurns
on L Provided that approaimately
the correct number are  imitially
wound on, he will find it possible
to receive siations near the: middle
of the medivm wave hand. He may
then, Tater, seirch for sations ol the
high and low I'tl:tl|ui:nl-'jf ends, 1
stations a1 either of these ends are
outside the tuming range, the nom-
ber of tums can be adjusied pecord-

inglll_i:'l.
e [feadbnck coil L2 is also
wound on the ferrite rod (or sla;g
and consists of three turns of
awp enamelled copper wire. It
should be wound on a paper sleeve
or former which is free to slide
along the rod.

General constroction of the re-
ceiver presents few problems, and
the staget of cither the 2-transistor

THE RAHNCO CUNSTR UCTOR



or Firansisior version moay proceed
along the board or chassis on which
they arc assembled in the same order
ny they appear in ithe circuit din-
FET. The wirinig around TR and

2 should 'be kept reasonably
short. In the I-trunsisior version,
transformer T1 should be farthest
away from the ferrite rod, and its
taminations should be at right angles
o the rod

ADJUSTMENT AND
OPERATION

When all wiring has been come-
pleted and checked, the baltery
shoulil be connected with correct
polarity and the receiver switched
o, It should be possible, with either
version, to receive @t least one
station by adjusting ClL. 1T no
stution is received, adjust RZE to-
wards ity “maximom™  position
(minimum resistance in eirenil) untl

oscillation occurs. Should there be
no odcillation with R2 at “maxi-
mum”, move L2 towards LI until
oscillation commences. If there is
still no oscillation, oven when L2 ix
very close 1o L1, réverse the connec-
tions o L2, whercupon the oscilla-
tion should commence.

If oscillations ave too sirong they
may be reduced by adjusting R2
towardd “minimum” andjor moving
L2 wway from LI. L2 should be
finally Euaitmaml so that oscillation
is available over all of the band at
a seiting in R2 which gives best
rcrfnnmnw with received signals,
n penernl, oscillation should begin
with B2 about a quarter of the way
from the “minimum” end when a
new battery is fitted. However, much
depends on  the specific transistor
sed fok TR, and final adjustments
in the position of L2 should be for
the bhest overall rmul!a‘u ndjudged
on Teccived signils, The sensitivity

of the receiver is af ils greptest when
B2 is just below the oscillstion
int & howl is evident io the
transistor version when the re-
ceiver goes into  oscillation, trans-
pose the connections 1o Tl peimary.
Should the constructor so desire,
i short aerial may be coupled (o the
recelver via o 100pF trimmer as
shown in dotied line at the left of
Fig. 1. This trimmer and L2 posi-
tioning are then adjusted experi-
mentaily for the compromise
between sensitivity nnd selectivity.
The external acrial can, incidentally,
be the springs of the bed if the set
is to be used as o bed-side receiver!
As o finnl point, R2 & udjusted
to its optimum position for each
wintion received. [t will noed (o be
advanced further townrds ita “maxi-
mum” sciting as the battery npes

and ity volinge falls,
mw
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This month’s special Christmas pro-
ject describes a three transistor radio
which is highly selective together
with a good output level. By careful
‘shopping around’ among the adver-
tisers the complete radio may be built
for under 20s; as usual less than
tweanty components are used

sistor radio which did not require an exiernal

aerial and operated a loudspesker, however this
design did have limitations—especially volume which
wis mentioned in the text, With Chrisimas just
around the corner there must be many readers who
would like 1o take advantage of their interest in elec-
tronics and knock up something for the children, and
it was with this specifically in mind that this month’s
project was planned.

First, the radio had to have decent selectivity wnd
volume, and as it is intended primarily for children it
had to be able to get Radio Luxembourg well. The
circuit had to be reliable and quickly built. (To this
end three prototypes were built to énsure the circuil
was relinble.) Building of the prototype shown in the

& FEW months ago our project was o one tran-

WL d=pm taxt

Ehntngrnphﬁ took under three
purs including the cabinet,
Alo the radio had to have
a presentable but cheap case.

The Circuit

There is nothing particu-
larly uwnusual about dhe cir-
cuit, The first tramsistor aois
as an r.d, amplifier with VRI

as ity collector load, Posi- —

tive r1.f. feedback (rcgenera-
tion} is taken from the slider
of VRI nnd connected via
V2 o the top of the aerial

No. 9
THREE TRANSISTOR RADIO

Fas
RO

Tive Taka 20 three trengistor radio.

LT

simple 1o wind vour own, For this L1 should consist
of about 70 turns and L2 of 5 turns on a four to six
inch length of ¢in. or 4in. ferrite rod. VOl may be
any Iype of tuning capacitor between 200pF and
50pF. For economy the loudspesker should be u
fi ® 4in. size removed from old TV sels.

Construction

All companents apart from the speaker, VRI, VTl
and the battery are mounted on an eleven-way minia-

- + * - JM_|
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100k |
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|
|
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The rd. signal is fed to
the bese of Tr2 which is y
bissad in such o way as to detect the r.f. signal, the
output is smoothed by C3. The audio output is de.
connected to Trl, the output transistor. ermitier
resistor is bypassed by C4, the base bias for Trl being
taken from this circuit via R3, 100k{: The Zﬂi}gr
capacitor, C3, decouples r.f and af. from the posi-
tive rail.

Components

Care will have to be taken in the purchase of com-
ponents (o come within our 2(k. maximum. Whereas
acrial coils can be bought, it is far cheaper and very

Fig. 1) The circwit of the three transistos racho,

A vacancy exists on the editorial staff of

PRACTICAL WIRELESS

Required to prepara articles from authors
capy through ta final printing. Knowledge
of modern slectronics and editorial procedure
essantial. Applicants are invited to write 1o
the Managing Editor, Practical Wireless,
Tower House, Southampon St, London
W.C.2 giving full detalls.
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Fig. 2: The componants arg motnted on e slaven way lag-
board. Compare this weith the photegraph.

ture tag board as shown in Fig. 2. The ferrite rod s
secured 1o this board by tying one end 1o the lop of
the tag board as shown in the photograph.

The cabinet front is made from a piece of hard-
board % % Sin. to which are fixed the sides mude
from M x din. planed softwood. These sides should
be glued and nailed together and nailed with hard-
board pins to the side framework., Holes must of
cowrse be drilled for the speaker and the lwo eon-
trols. The tag board is held inside the case by making
a small bracket. one end of which is bolted to one of
the hales in the tag board nnd the other serewed to
the inside of the case ensuring that the ferrite rod is
nol too close 10 the speaker magnet.

The cabinet fronl can be coversd with speaker
fabric or any reasonably strong material. This should
be cut exactly to size and glued. The sides and the
back of the cabinet are covered in self-udhesive
plastic covering such as Fablon. The junclion of the
speaker fabric and plastic covering may be hidden by
using black plastic tape.

v components st

Resistors:
AT 100kLE R3  100ki2
A2 100kik R4 B6LY

Al Y ar 3 weatt, 10% miniature types
VA1 Gkillog pot with switch

Capac|tors:
C1 01uF C4  200uF 8V
C2 2.000pF C5  200uF 12V
C3 CMpF
WO 260pF varakle—ere 1810
WC2 see text

Miscellnneous:
Tel, Tr2, TAr BC168C; Ferita rod with sind ings—
soe 1exr; T1, transistor output transformer, appros,
4'5:1; Loudspeaker 311 Battery PPT or equivalent;
Elewan-way tag board, Hardboard and softwood for
case— 526 toxt; Spasker fabric, Salf-adhesive plastic
COVERNG.

At anlegior view of the profotioe

Conclusion

Assuming everything has been wired up correctly
the only adjustment is that of VC2 and this, being
frequency selective, should be peaked so that the set
just fails to break imto oscillation on Radio Luxem-
bourg, VC2 consists of wo lin. lengths of wire
twisted together, Incidentally the gain of the first
stage is sa high thatl unless the general layout is care-
fully followed there is o danger of the set continually
oscillating. Becauvse of the fairly high eapscitance of
Veroboard it is not 1o be recommended for this parti-
cular project.

P—
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. EXPERIMENTAL
BEFLEX RADIO &

This simple reflex medium-wave receiver offers good sensitivity and selectivity,

yet requires only a small quantity of components. It is a particularly attractive

design for the constructor who wishes to experiment with a working receiver
having a reliable circuit

but efficient radio using transistors he always

thinks in terms of the reflex principle, with
which most amateurs and home constructors are
familiar. The reflex receiver should never be confused
with. the superhet as the latter is a more efficient
design. However, building a superhet can be difficult
for beginners or home constructors who are not con-
versant with the superhet mode of operation.

The receiver described in this article gives good
results so far as sensitivity and selectivity are con-
cerned. After designing and experimenting with vari-
ous forms of reflex receivers, improved detection and
controlled regeneration was obtained with the circuit
to be described. The output is in excess of 250mW,
which is more than sufficient for normal listening.

WHENEVER THE AUTHOR WISHES TO BUILD A SIMPLE

THE CIRCUIT

The circuit of the receiver appears in the accom-
panying diagram. Signals are tuned in by the ferrite
aerial coil and C1 and are amplified at r.f. by TR1,
which then passes the signal to diodes D1 and D2
for detection. At the same time, the r.f. choke, L2,
prevents the amplified r.f. signal being passed to the
second stage. The detected a.f. signal is returned to
the base of TR1, which, then amplifies this also. In
consequence TR1 functions as a reflex amplifier.
It does the job of two transistors and a semiconduc-
tor is saved.

C2 is the feedback capacitor for regeneration, the
main regeneration control being R2. A critical value
in this stage is that of R1, which depends upon the
diodes and transistor used for D1, D2 and TRI
respectively. To give an example of what is involved,
R1 was 68kQ when two Mullard OA70’s were em-
ployed, but had to be increased to 150k with two
Philips or Valvo OA70’s. Because of this, the best
value for R1 has to be found by experiment.

Despite the lack of stabilising components in its
emitter circuit, the first stage is quite satisfactory on
its own for earphone listening. The stage 'can be
checked by connecting a magnetic earphone having a
resistance of 500Q or more in parallel with R3. The
omission of stabilising components saves a resistor
and an electrolytic capacitor. Potentiometer R2 func-
tions as a base bias potentiometer and, at its normal
setting, causes the collector current of TR1 to be
about 1mA. -

486

A number of transistors were checked in the TR1
position, best results being given by an AF114. Its
miniature version, the AF124, may also be used. No
connection is made to the shield lead-out in either
case.

The amplified a.f. signal at TR1 collector is passed,
via L2 (which offers negligible impedance at audio
frequencies), to the volume control R4 and, thence,
to the base of TR2. TR2 is the driver transistor and
provides the requisite signal for the two output
transistors, TR3 and TR4. Its collector current is of
the order of 2 to 3mA.

After checking a number of transistors of different
type in the driver stage it was found that good results
were given with an OC75, and this is specified in the
Components List. The a.f. coupling capacitor, CS5,
may have any value between 0.25pF and 5uF, and
should be paper or plastic foil, and not electrolytic.
It was found that the use of an electrolytic capacitor
affected sensitivity, although it resulted in an increase
in a.f. output. (Experimenters may find it of interest
to try a low-leakage tantalum electrolytic capacitor
for C5.—Editor.)

The two output transistors should consist of a
matched pair of the same p.n.p. germanium type, and
a suitable choice is given by a pair of OC72’s or a
pair of OC81’s. It is necessary to have a matched
pair since the output stage operates in Class B, with
each transistor amplifying alternate half-cycles of
the applied signal.

The performance of the output stage depends upon
the output of the first two stages. The latter may be
checked, if desired, by temporarily connecting an
earphone of around 100 across the primary of TI.
The output in the earphone can be uncomfortably
loud when tuned to a local station.

by
A. SAPCIYAN

SN E NS ESEEEESESAN
l.l.l’l.l.l.-.l-I.i-..l.l.l,l
-I-I-I..-I-I-..I...-..-I.I.l.
B EBREEEREREE R B B N ]

THE RADIO CONSTRUCTOR



Sy

-9V
Ferrite 2 >R3 4
aerial 3 :;_ Re
A
! TRy
Ly ”Lg £
h
T2
: 4R 2x0C72
C S or _g
N j1 2x0C8I .
AF 114 or C ,
AF124 G
14 >
D *I '
: g P A
) Do -C C7T E,:_R6 =R
F- T +
Ry Shield Shield
A ~

AF 114 AF124 0C72.0C75
Lead-outs Lead-outs ocs
Lead-outs

The circuit diagram for the experimental reflex radio

c
b fc -] ebc
00d o o o o |dot
0o
()

Resistors
(All fixed values  watt 10%)
R1 68k (see text)
R2 100kQ potentiometer, linear

R3 2.2k

R4 10kQ potentiometer, log, with
switch S1

RS 47kQ

R6 3300

R7 330

R8 5kQ potentiometer, linear,
preset, skeleton

R9 5.622
R10 470Q
Capacitors

Cl1 365pF variable, air-spaced
2 15pF trimmer, mica

C3 10,000pF ceramic

C4 470pF ceramic

C5 0.25uF (see text)

C6 10,000pF ceramic

C7 100uF electrolytic, 6V wkg.
C8 100pF electrolytic, 10V wkg.

Inductors
L1 See text

COMPONENTS

L2 R.F. choke, 2.5mH (see text)

Tl Driver transformer type T/T1
(Radiospares)*

TE Output transformer type T/T7
(Radiospares)*

*Radiospares components may only

be obtained through retailers.

Semiconductors
TRI1 AF114 or AF124
TR2 0C75

TR3  OC72 or OC81 ;
TR4  OC72 or OC81 }mmhed pad
DI  OA70

D2 OA70
Switch

S1 s.p.s.t,, part of R4
Loudspeaker

30 loudspeaker
Battery

9-volt battery

Miscellaneous
3 knobs (for Cl1, R2 and R4)
Connecting wire, etc.

R8 varies the quiescent current (i.e. the cufrent
under no-signal conditions) for the output transistors
and is adjusted for minimum quiescent current con-
sistent with lack of distortion. The quiescent current
may be measured by inserting a meter between the
centre-tap of T2 primary and the 9-volt negative line.

MARCH 1970

A simpler approach is possible when the current
drawn by the first two stages on their own is known,
and consists of inserting the meter in series with the
lead to the negative terminal of the battery. The cur-
rent drawn by the output transistors will then be
additional to the current for the first two stages, which

487



is already known. R8 must always be initially set to
insert maximum resistance into circuit when current
checks are being carried out on the output stage. The
resistance it inserts into circuit should then be care-
fully and slowly reduced until the required quiescent
current and distortion level is obtained. Too low a
resistance in R8 can result in the output tran-
sistors passing excessive current, with consequent
damage. '
The current drain from the battery when the
receiver is operating at full volume is around 30mA.
A final circuit note concerns C8 and R10. These
decouple the first stage and the input of the second
stage from the remainder of the receiver, thereby
preventing motorboating which could otherwise occur

when the battery ages and its internal resistance
increases.

- COILS AND TRANSFORMERS

L2 can either be a standard 2.5mH r.f. choke (such
as the Repanco type CHI1) or it can be home-wound.
When home-wound, the total number of turns is 400
of 34 s.w.g. enamelled single rayon covered wire
scramble-wound on a }in. diameter former fitted with
an iron-dust core.
. The aerial coil for the prototype was wound on a
5in. ferrite rod having a diameter of tin. The total
number of turns was 72 close-wound, these being
tapped at the 9th turn to give 9 and 63 turns in each
section. The wire was 30 s.w.g. enamelled single
rayon covered. Slight variation of the turn numbers
may be necessary for precise coverage of the medium
wave band, this being done by adding or taking off
a few turns at the C2 end of the coil. (A suitable
alternative rod—which may also necessitate a slight
readjustment in the number of turns—is the 6in. by
3in. diameter rod available from Home Radio under
Cat. No. FR2.—Editor.)

The a.f. transformers T1 and T2 are standard
driver and output transformers respectively. Suitable
types are listed in the Components List.

LAYOUT

Layout is not critical but it is necessary for the
inductive components to be well spaced out. In
particular, L2 and the two transformers should be
at least 24in. to 3in. from the ferrite rod. The circuit
does not lend itself to a miniaturised layout, Provided
the spacing of inductive components is catered for,
the actual dimensions of the receiver may be left to
the wishes of the constructor.

The prototype receiver was wired up on an eye-
letted insulated board with the stages proceeding
along the board in the same general order as they
appear in the circuit diagram.

SETTING UP

After wiring is completed and all connections have
been checked, R8 is primarily adjusted to insert
maximum resistance into circuit. The receiver is then
switched on and R8 is slowly adjusted to produce a
quiescent current in the output transistors of around
ImA, as already described. Again, it must be em-
phasised that R8 must nor be allowed to insert into
circuit too low a resistance or the output transistors
will pass excessive current. The quiescent condition

THE RADIO CONSTRUCTOR




can be ensured by keeping R4 to minimum whilst
carrying out the adjustment to R8. Also, the slider
of R2 should be at the positive end of its track.

Volume control R4 is next set to maximum and
the slider of R2 advanced from the positive to the
negative end of its track until oscillation commences.
The setting just below oscillation point corresponds
to the receiver being at its most selective and sensi-
tive. If no oscillation occurs, increase the capacitance
inserted by C2. It should now be possible to tune in
signals with C1. Finally set C2 so that regeneration is
possible over all the band by adjustment of R2.

If oscillation occurs continually with C2 at its
lowest capacitance, and cannot be controlled by R2,
it will be necessary to increase the value of RI.
This is carried out experimentally until satisfactory
control is achieved with a new battery. The value
finally chosen for R1 should enable regeneration to
be maintained as the battery ages.

If, on the other hand, oscillation cannot be ob-
tained with C2 at full capacitance and R2 slider at
the negative end of its track, the value of R1 needs
to be experimentally reduced until satisfactory re-
generation is obtained. As was explained earlier, the
value of R1 is critical and depends upon the partic-
ular transistors and diodes employed in the first
stage.

Next, check that correct medium wave coverage is
obtained and, if necessary, vary the number of turns
in L1. Incidentally, if this coil is wound on a thin
sleeve capable of sliding along the rod, quite a use-
ful range of adjustment is available by merely
changing the coil position.

The final process consists of setting up R8 for the
desired quiescent current and distortion level, bearing
in mind the precautions already mentioned with
respect to this component. Normally, it is adequate
to advance R8 slowly until distortion at low signal
levels just clears.

The prototype gave good results on the medium
wave band, with adequate selectivity and sensitivity
for a receiver of this class. Also, there was no
evidence of overloading, even with strong local

signals.
]
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JULIAN ANDERSON

A series of simple transistor projects,

each using less than twenty components

and costing less than twenty shillings
to build

CLEARLY remember the first project 1 ever

tackled—a 'one wvalve short wave receiver, it

took hours to build, especially the coil winding,
but the final résults were worth it. With the intro-
duction of transistors things have become very
much easier and the short wave receiver described
here is the transistor eauivalent of the frequently
published “one-valve receiver” of a few vears ago,
The performance, though not comparable to a
superhet, is guite ﬁc}ud enough for the beginner and
it will sort out the closely packed signals in the
short wave hands with a 10ft. aerial, On the proto-
type 10 countries were logged in an hour and of
course there were dozeéns of other signals that
could have been identified with a little more
patience,

In the pubhsh:d form the receiver should provide
hours of fun but it is primarily designed as a start-
ing point for experiments and at the end of the
article I will give some clues on where to start.

THE CIRCUIT

The circult may at first seem rather bewildering
to the less experienced constructor. The transistor
Trl is connected in the common base mode, an
arrangement not often used outside v.h.f. tuners,
The characteristics of this type of arrangement are
low impedance nput (about 350M}), high autput
impedance (about 1M}, no current gain but high
vnltage gain, Additionally, the input and output are
m the same phase and we make use of this in apply-

the regeneration.

The antenna is connected to Lhe emitter via C1.
The radio freguency choke (r.f.c) connects the
emitter to earth potential without losing any af
the r.f. signal which cannot pass through it. The
base of Trl is supplied with its bias by the polential
divider R1 and R2, C2 smoothes the voltage The
tuned circuit comprises L1 and VC1. R3 and VRI
act as the audio lead and the output i5 taken from
dcross this to a crystal earpiece,

The unusual feature of this design is the method
of feedback. Since the amount of feedback should
be the same irrespective of freguency il must be

* components list

R1  82ki} 109,  watt VC1, VC2 250pF - 250pF
RE' 47Ok ganged
R3 . 1kE2 RFC 2.5mH choke, minia-
VR1 25kE lim. pnt with ture

swilch " Trl 2NRIEG
C1  1000pF L1 Seetext
C2  1000pF J1  Earplece autpul jack
C3  500pF

No. 15

SHORT WAVE RECEIVER

RFEC
2-8mH

A1 -
B2KIL3

(e 2
100pF
=\

Fig. T: The circeit of the one transistor shorl wawe radio

o
Ta warth

arranged thal the value of the c¢apacitor gets less
with the increase in frequency. This is usually done
by using a separate variable capacitor but here we
are using a dowble-ganged capacitor and we obtain
the correct value of feedback level by paddimg it
with S00pF. This will mean that the level of
regeneration will be roughly correct whatever the
frequency. However, since the level of feedback has
to be exactly correct for maximum performance in
this type of receiver, a fine adjustment iz obtained
b}.?- varying the collector load resistor, VR achieves
this.

CONSTRUCTION

We are limiting ourselves to 20s. in this series and

- > .
| 2 : |
| |
\ ! — small hales drilled
/ Y through former
.f 30 turns I|

Fig. & The consfruction af L1,

VC1 and VIC2 will take a handsome section of this,
so if we don't want to go over the limit we shall
have to wind our own coil. This is a very simple
business and all we need is the plastic housing from
an old “Bic"” ball-point and a couple of feet of wire.
Two holes should be drilled through opposite faces
of the hexagonal (six-sided) body and thirty turns of
wire wound around it using the holes as términal
anchoring points, The type and gauge of wire matters
very little, anything between 20 and 36 sow.g. will do
—oeven plastic covered hook-up wire will do for
those without a supply of énamelled copper wire.
Figure 2 shows the construction of this. Coverage
with this coil will be from 5 to 15MHz but this will
depend on the actual capacitor chosen.

MNote that the common connection of VCI/VC2
i5 not at earth potential, it is connected to the
collector end therefore it will have to be isolated
if a metal chassis i3 used,

Lavout. should not be too critical but do not try
crowding the components—construction on ag-strips
would probably be the easiest.

continued on page 222
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Take 20—conifnued from page 203

EXPERIMENTATION

The value of C3:should be chosen so that the
tracking of V2 pives the best possible resulls over
the band. It will also be found to wary with aerial
length and if an earth is used, YC2 and C3 can be
rep%acm:l by a separate control and various types
can be tried: where this is done R3 should be made
2:2kf) and VRI omilled.

Since the coil should cost virtually nothing to
wind there is plenty of room for experiment in this
direction. ™

Also try varying R2 by replacing it with a 500k}
pol, with 47k} in series.

The value of CI also bears experimenting with
and the optimum value may well be less than 20pF
depending on aerial characteristics, Other transistors
can also be tried but some will be found to be
unsatisfactory in that it will be hard to conirol the
regeneration—this was found especially with the

109. The f: of the transistor should be at least
50MHz for satisfactory operation.

It is not an easy matter to add an amplifier to
this set—though of course it can be done, since the
amplifier could affect the operation of this very
simple circuil. In the near future 1 will deal with this
by describing a suitable amplifier in this series. |



5 is well known, a tr.f. type recciver is capable

A of surprsingly good results, when correctly

operated and circuit design is very much
simpler than with a superhet.

The receiver described here covers approximately
1-3MHz to 20MHz or 230 to [5 metres, in three
switch selected wavebands. The OCS1D output stage
gives very good headphone volume, from a large
number of transmissions. Coverage includes the 160m
and £0m amateur bands, ship and other frequencies,
as well as the more usual short wave bands.

A push-pull output stage can be added to boost

A2 Al

i éﬁ%-@ :
i e % i :
volume for loudspeaker reception. This stage is in
the form of an optional module which can be
plugped into the receiver output socketl

Circuit

This is shown in Fig. 1, with the coil for one band
only. The remaining two coils are wired in the same
way as that shown.

VCI is the main tuning or band-setting capacitor
and the small capacitor VC2 is for bandspreading.

T it

‘LR

AT ATAT : “ - 3=
R7
2R

. RID Phones s
§41rm o T-lnon

|
Y o7 cln
2uF 01UF

RB - 11
Thkih = G800
+lca
160 51

# {Inductor for one band only shawn)

b ¢ —a\"‘u—--'-

Fig. 12 Circoil of recefver. The circuil of the additional audio module s shown in Fig. 7.




Its full rotation covers only a narrow band of
frequencies. In use, Wl is set for a band required,
such 2s the 25m or 31m band, and this is tuned
with ¥C2. The tuning “rate” with VC2 is about
the same as that which would be obtained with a
20: 1 reduction drive on VCl, and this method is
inexpensive, convenient, and easy from the building
point of view. These capacitors need not have the
exact values shown.

o' 2‘.{\,.&

Each inductor has a tuned section C to E, base
coupling E to B, and #@zrial conpling A to E and
J-pole 3-way switch brings in the coil required.
Alternative aerial sockets are-fitted, Al is better with
a reasonably long aerial and when an earth is avail-
able. A2 is used in other circumstances, and has a
small series capacitor TCI. -

An OCI70, Trl, is used as a regenerative deteclor,
with feedback through TC2 and regeneration control

] CH

L b

¥
oc
Tr3 ’,.z

____‘\ To VRZ L

K0, r
5 B
: 3 TrF

O

? -9

lv l Oc8ID nCTl OC170 ¥
Batt.— Headphones Ta TC itch
sothet g Sw._;;;:
Red Red b-e
5 & c
b c b L] -

Fig. 2= Top viow of circuit beard and fdenlification of transiafor connactions.
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VR1. For proper results with a t.r.f. receiver, praper
regeneration on all frequencies is absolutely essential,
and this circuit was found to perform well,

The output of the deteetor is coupled to an OCTI,
Tr2, first audio amplifier, and VRZ is the audio
gain control. Tr3, an OQCEID, 15 intended for use
with medium impedance (500£}) headphones. A single
earpiece or miniature personal earphone nol being
very suitable for regular s.w. listening.

Circuit Board Module

Most of the components are assembled upon a
ready perforated insulated board about 443 21in.
which 15 later fixed to the chassis by three bolts, two
of which provide earth reiurms.

Fig. 2 is the top of the board. The casiest method
is= probably to insert the resistors and capacitors a
few at a time, spreading the wire ends so that they
do not fall out. The board is then turned over,
and the leads are cut to suitable length, and soldered.
Check all component values as they are fitted, and
note that the larger canacitors have their polanty
indicated, as shown.

Fig. 3 is the underside of the board. Where wire
connections are necessary, some 22 sow.pe tinned
copper or similar wire is used. Insulated sleeving
is put on all leads which may touch other bare wires
or joints, Two taps are placed as in Fig. 3, and are
common to the positive; or earth circuit and chassis.
These tags are tightly held by nuts or 4in. long bolts.

When the circuit board 15 fixed to the chassis, put
an extra nut on each bolt, so that the board is
about tin. clear of the chassis, The bolts then pass
through holes in the chassis, and further nuts are
put on and locked tight. Bare joints and wires should
be clear of tha metal chassis, but a piece of card
can be put under the circuit board, to avoid any
possible short circuit.

‘Transistor connections are shown in Fig. 2, and
it may be found helpful to put thin coloured sleeving
on the wires to help identify them. Red may be
used for the collector, black for the base, and some
other colour for emitter leads. The wires are left
at such a length that the transistors are about lin.
clear of the circuit board. ;

A number of flexible leads run from the crcut
board, for connections to the volume control and
elsewhere. It is helpful to identify these wires by

using coloured sleeving, or by employing thin

coloured flex.

A lead from Cl passes directly down throuagch
the chassis to the bandswitch, Fig. 4. Leads from
VRI go down through a common hole, as do leads
from VREZ. Take a flexible lead from C2, for battery
negative, and solder on a negative battery fastener.
Run leads from C% and QCSID collector which go
to the headphones socket.

Chassis 7°x 5% 2'-\‘

Headphones Te
facket
Battary
space a2 @
x Circuit

EIT
=) ;
wug Switeh witch

a1

2
Ve2 R : . LIl :
ey FJMI
Bandspread Main tuning 10 % &°

Fig. 4 : Tap view of chassls and clreull board,

O

b ]

+ ¥
Headphones Batt=
socket

Flg. 3 Boltom view of cireuit board showing fnterconnection of companents.
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Chassis

The chassis has flanges to which the panel is-

bolted as in Fig. 5, and Fig. 4 shows how the circuit
board is fitted. The rotor connections for both VCl
and VC2 run to a tag MC, in Fig. 4. A further tag,
under the chassis on this bolt, is the earth return
point for the coils, Fig. 5.

TCI is soldered to the insulated tags of a tag-strip,
Fig. 4, and TC2 is soldered directly to one of the
stator tags of VCI1. A lead from the other stator tag
passes directly down through the chassis to the band-
switch.

The tags of YR and YR2 are lettered, and must,
of course, be correctly connected to the circuit board.
The metal chassis is the common positive or earth
return. A lead with a positive batfery fastener is
ch:Edcjrad to the switch incorporated in VR2, as in

ig. 5.

Headphones
Al A2 iEar‘th socket
T
[ (u MC
cio Collector
)| ME

Batt.
c +
il - ool
Stamfc T LT MR T VR
| - 2t o
Bandswitch Regeneration Valume/
on-off

Fig. 5: Botlom view of chazsis and wiring of cails and eantrals.

The cabinet listed has an inner flange, so the
chassis has to be mounted a little high, as in Fig. 6,
to clear this. With a receiver of this Kind, a metal
case is helpful in avoiding hand-capacity effects.

Coils and Calibration

The three coils are wound in the same way, except
for the numbers of turns. L1 and L2 are on din.
diameter insulated formers, 14in. long, and L3 is
wound on a ferrite rod 2in. long and $in. in diameter.
Paxolin tubes can be mounted by cutting discs of
insulating material, and cementing these in one end.
A =mall belt will then fix the eoil to the chassis.

All windings for L2 are of 32 sw.p enamelled
wire, turmns wound side by side. Fix the wire at C,
Fig. 5, near one end of the tube by passing it
through small holes. or cementing it. Wind on 34
tums. Bare the wire and form a loop E, continue
for a further 4 turmns in the same direction, and
finish at B. Leave the wire ends long enough to
reach the switch. Solder the wire on at E, leave
about }in, space, and wind 7 turms, finishing at A.

With all coils C goes to V1 (via switch), E to
chassis and earth line, B to transistor base (via
switch and C1), and A to aerial, again via the switch,

The highest frequency coil L1 has 15 turns from
Cto E, and 3 turns from E to B, of 22 swp.
enamelled wire. E to A is 4 turns.

The lower frequency coil L3 is wound on a ferrite
rod to reduce the number of turns required. C to E
is 27 turns, and E to Bis 14 turns, of 24 sw.g. double

Aerial Al

Fanel

Chassis

1]
Vel ci

Flg. & : Pasition of chassis relalive la panel and bandswiteh connaclions

cotton-covered wire. E to A is 7 tums of 32 s.w.g
enamelled wire, The end of the ferrite rod is a tight
push fit in a hole in a strip of paxolin, and is
cemented here. It is then mounted with two bolts,
as in Fig. 5.

Fig. 6 shows the rotary switch connections, as
seen. from behind. (This is actually a 4-pole switch,
with one pole unused. To avoid any chance of a
mistake here, 12 only can be wired in, and the
receiver tested with the switch in its central position.
If the wrong tags are used for any coil or connection,
the receiver cannot function.

VCI and VC2 are fitted with large Knobs and
dials ealibrated 0-100. VC1 is secured with three
bolts, whichh must be very short to avoid fouling
the plates. A small bolt was fitted above each dial,
with its slot vertical and filled with paint, so that
the dial numbers can be logeed. Dial readings of
V{1 for the various bands are pgiven below. These
are only a guide, because the home-wound coils and
other factors will influence coverage.

Frag., Dial
Band . 20MHz 10
15 20
10 ik
] 55
] a0
Band 2. 8MH=z 12
] 20
4 40
3 70
Band 3. 4MHz 15
3 25
2 50
1:6 68
1-3 a5
Operation

With a tr.f. receiver, adjustment of the regenera-
tion is of the preatest importance. If there is little
or no regeneration, almost no signals will be heard,
and tuning will be very flat, but as regeneration is
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increased, a point is reached where sensitivity and
gelectivity improve enormously. This shows that the
detector is approaching the point where it will begin
to oscillate. Optimum results are with regeneration
so adjusted that the receiver is just failing to oscillate.
Advancing regeneration further will cause whistles
when tuning through signals, and an almost complete
loss of signals.

Initially, TC2 is almost wholly unscrewed. When
VR1 is rotated slowly in a clockwise direction, back-
ground noise should bepin to increase, and signals
heard, If oscillation occurs when tuning through a
signal back off VR very slightly. If regeneration
up to the oscillating point cannot be obtained on
some frequencies, screw down TC2 a little.

TC1 should normally be fairly well open, except
for a very short acrial. If TCl is screwed down,
and a long aerial attached, the damping introduced
may prevent regeneration, and may cause flat tuning.

Current drain is about 6-8mA or so, and any 9V
battery is satisfactory.

Push-pull Amplifier Module

Thiz amplifier, Fig. 7, can be plugged-into the
t.r.f. short wave receiver, to obtain speaker reception.
Mo chanpes are needed to the receiver. The jack plug
is put in the receiver headphones socket, audio
signals being taken to the primary of the driver
transformer Tl. The plug also provides the supply
voltage for the output stage.

% components list

Resistors
R1 10kE2 RE 1k}
R2 2Tk} R 18k11
Ra 1k R0 47ki}
R4 33kl R11 GBOLL
R5  47kO) R12  1s5R(}
RE 10K Ri3 502 WW (Homa
RT 22k} Radio VR 101)

Rid 4-T0)
All IW 1025 except R13
VR1 5kl linear pot. WR2 5k0 linear pot with switch.

Capacitors
c1 004 uF 150V C6  100uF 12V
c2 B01uF 150% €7 2uF &Y
C3 AuF 12V CB  100uF 6V
C4  D-5uF 150V ca  100uF 12V
C5  32uF 6BV C10  0-0uF 150V

YC1  365pF (Home Radio No. VC1A)
VC2 15pF (Home Radio No. VCZ6D)
TC1 &0pF pre-set (Home Radio)
TC2 30pF pre-set (Home Radio)

Semi-Conductors

Trl  OCI70 Trd OQCBID
T2 OCT- Trd4/5 OCB1 matched palr
Miscellaneous

S1a-b-c, 3P3W rotary switch (Home Radio WSIT).
Transformer T4 (Weyrad LFDT4). Transformer T2
(Weyrad OPT1). 2 Dials, 23in dia. {(Home Radio
KMN2). Chasis components, aluminfum plate 7 x 5in
{Home Radio CU1ER), 2 sldes 5 x 2in (Home Radlo
CU134), 1 side 7 x 2in (Home Radie CU138). Minla-
ture R.F. choke 2.5 mH. Case 10 % 6x Gin (Electron=
iques 'Dinklcase’), Headphones jack and plugs.

Paxolin panel 3 x 2%in. Eyelet board.

R12 and R13 set the base operating conditions for
the pair of output transistors, and B13 is a4 miniature
pre-set resistor. This allows easy adjustment for best
results with any pair of output transistors of the
type shown, or similar type.

The amplifier meodule is mounted on two small
brackets which form the positive or chassis returm.
‘This connection is essential. If the amplifier is not
fixed to the chassis in this way, a lead must be
provided here to complete the circunit. In this case,
the amplifier could be in the speaker cabinet.

OC' R12 Trd
Jack 1-5k0} OCAl
dug Tl
T2
gg Speaker
RI3
500
Chassis
O L

Fig. 7 : Circuit of amplifier module,

The components are mounted on an insulated
bhoard about 3% 24in., Fig. 8. Provide a short flexible
lead from the slider of E13, to one end, as shown.
One tag of the driver transformer T1 is identificd
by a preen dot, and this should be placed as in
Fip. 8. Flexible leads run from the primary to the
jack plug. Connect the plug is such a way that the
negative circuit is correctly made when it is inserted.

R12

o 1
T
Trl- -1 1 12

b B —
CIMENNE ‘3
Lk

Jack plug

: Speaker

t—hsp K
ar
L

Eig, 8: Views of ampiifier clrcuit board, Care must be taken lo ensure
correct wiring of jackpiig,



Flexible leads from T2 run to the speaker, which
should be a reasonably large 200 or 301 model, fitted
in & cabinet, or attached to a baffle board., The
amplifier is attached to the receiver by the two
brackets, and stands wvertically behind the receiver
circuit board.

YWhen the amplifier is in use, a PPR or similar
large 9% battery is more suitable. Temporarily, place
a 100mA or similar meter in series with one battery
lead. Set R13 to minimum resistance and plug the
amplifier plug into the receiver headphones socketl
When the receiver is switched on, the meter should
show about B-10mA. Move the slider of RI13 1o
increase its resistance until the current rises about
2mA to 4mA above the original fipure.

Subsequently R13 may be re-adjusted, if necessary,
for best results with a signal tuned in, Current
should not be over 15mA or so with no signal,
rising to 30-40mA with good volume. The best
sellin_g for R13 depends somewhat on the individual
transistors.

Headphones can be used as before, when wanted,
by withdrawing the amplifier plug, and inserting the
headphone plug. This puts the push-pull amplifier
completely out of use, ||




SIMPLE F.E.T.
REGENERATIVE RECEIVERS

by
A. S. CARPENTER, G3TYJ

Junction field-effect transistors are now available at quite

low prices, and they are suitable for a number of receiver

applications. In this article our contributor describes three

simple f.e.l. receivers, concluding with constructional details

for a 2-iransistor receiver incorporating an f.e.l. and an a.l.
amplifier stage

W THAT FIELI-EFFECT TRAMSISTOES ARL
N.wal]ublu to constructors at reasonable prices

it becomes possible to try out some interesiing
eircuit configuralions.

The junction feld-eifect transisior (JFET) is a
three-terminal, solid-staie  device offering a high
impedance input when connected in common-source
form. In some respects a JFET can be compared 1o
a triode valve: the transistor terminations are
designated Gate, Source and Drain, and as shown
in Fig. 1 may for a N-channel type be considered
as comparuble to the grid, cathode and anode re-
spectively of a thermionic valve. Even tiny thermionic
valves are physically enormous when compared 1o
feL’s, the ‘shells’ of which are little larger than the
*hot’ end of the familiar matchstick! Since fel's are
happy to work from guite low d.c. polentials ning
to 15 volts - they are obviously greatly to be pre-
ferred to valves in many instances.

Field-effect transistors may. be used as oscillators,
radio-frequency amplifiers, mixers, et and in
Amuteur radio circles they frequently  [eature in
“Two' and *Four’ metre converter designs: they also
work well as regenerative demodulators,

The consiruction of simple regenerative receivers
is in fact o pleasant and painless way of geiting one's
‘feet wel' with fet’s and some surprises may be in
store for anyone who has not yel tried oul the
devices! Strong heandphone signals can be obtained
when using but a single f.et. and a handiul of small
components,

SOME ‘LEAKY-GATE' CIRCUITS

An ensily tried receiver circuit is shown in Fig. 2
Here TR performs both as signal demodulator and

Anode
Dratin
Crid Cate N ehannel
Cathede | ol Source
{al 3]

Fig. 1. An N-channel JFET Is comparable with
a triodo valve

T4

audio amplifier. Brielly, demodulation s effected by
the gate and source acting as a diode, with the com-
plete transistor functioning thereafter as a simple

{ CEI Fhones
Ca
Ry
o d
Cy 3 +d
-]
'I'RF
L=

=

VI :
< :-
n
"]
l
=

Ly

e
|

D56
MPF W32

@ Lead-outs

Fig. 2. A simpla Lol recelver with regeneration

COMPONENTS

(Fig. 2)

J Resivtors
Ki

VRI
Clapacifor
ph

IMO 10 4 wail
0k} poteatiometer, linear

5
| 1pF ceramic

c2 5.000pF ceramic

C3 100pF electrolytic, 15V whke.
4 100pF trimmer

WipF  warinble, air-spaced
IWavemaster)
Transistor
T MPFI02

Phones

20000 headphones

THE RADIO DOMNSTRUCTOR
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audio amplifier. Signal selection is obtained by means
of the tuned circuit, L1 and VCI, in the usual way,

Simple receivers of this sort need a regenerative
peaking sysiem to improve their performance and
this may be accomplished by feeding some of the
r.f. present in the output circuit back to the input.
In Fig. 2 positive feedback from transistor drain to
gate is effected by connecting the source not to the
negative supply line bul (o a tapping on coil L1,
Under certam conditions the circuit will oscillate
continuously when switched on and in this state will
be useless for the reception signals, However. by
fitting a varinble control, VRI, oscillation can be
Eruw:nml from tuking place and the system can be
rought to the point of maximum sensitivity, ic.
o the brink of oscillation. Under these conditions
wuning is sharp. Unfortunately, control VRI. can.
not be made a preset {tem for it needs to be ad-
justed each time the vanes of VOl are moved,

COMPONENTS

{Figs., 3 und 4)

Rexistors
Ri 220k 1000 1 watt
VRI 10k potentiometer, linenr
VR2  10k4! potentiometer, miniature
presel
{..u'ﬂ'h.'r'l.fr-n.
Cl 10pF cerumic
2 SA00pF ceramic

C3 100uF electrolytic, 15V wke.
C4 100pEF trimimer
47l paper or plastic foil
Ch M-250pF trimimer
I W <KpF  variable, air-spaced |
(Wavemuaster)

RE. Choke (Fig. 4 anly)
RFCI 25mH rf. choke type CH

t Repanco)
T rannivtar
TRi1 MPFI02
Plhiemex
20002 headphones J
— —

Wevertheless, by carefully manipulating both con-
trols simultaneously the circuit may be kept at
maximitm sensilivity over the whole twning range.
Trimmer C4 is normally preset for best results in
connection with the aeril used.

An alternative arrangement s depicted in Fig. 3.
where a double-wound coil is emploved. In this L1
gnd 1.2 are wound on the same former, the windings
being placed close 10 each other. For improved
selectivity the aerial may be inpped down the coil
at the expense of received .-¢ign;|1fl strength. Positive
feedback is arranged by lelting r.f. present at the
transistor drmin pass through coil L2, which is
appropristely.  phased 1o produce  regeneration,
Feedback is then inductively coupled into the gate
tuned circuit. The degree of feedback may be con-
trolled coamely by means of C6 which, if set to too
high a capacitance, will pass all rf. present to
chassis. With €6 set up correctly. fine control of re:
genenition can be given by YR1. Preset control
VR2 is fitted to ensure that the maximum transisior
current does not excesd about SmA,

Yet another variation is shown in Fig. 4 and here

SEFTEMBER 1970
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Fig. 3. Am sifernative design emplaying
inductive feadback

r.f. is again coupled back inductively into the gate
circuit; it is roughly controlled by trimmer CH, now
placed in series with the feedback coil. Capacitor C6
must not be omitted or the do. supply will be
short-vircoited. Since ri. is not wanted thereafter it
1% ﬁ“ll'jrtl-i out by means of choke RFCI1 and capaci-
ey C2.

REGENERATIVE PHASING

In circuits such as those depicted m Figs. 3 and
4 it is important o have the two coil windings cor-
rectly phased to provide the necessary positive feed-
back conditions. Since many experimenters like to
try winding colls of their own it is always a good
rule to consider the windings ns a single coll. Think-
ing in terms of 4 single coil wound on a suitable
former, il one end of the winding is connected to
the gate circuit and the other to the drain circuit,
phasing will be correct. The coil may then be *snipped

} Prones
v
L
¥ VR
E;H
J_ —

Fig. 4. A variation an the circuil of Fig. 3



Fig. 5. Demonstrating the phasing required in

eoils LT and L2

e =L

open,’ as it were, a few tums from the drain end 10
provide the other two connections. Usually 1t 1%
satisfactory if the regenerative winding turms are
made approximately one-fifth of those used for the
tuned winding. Remiember: ‘for positive feedback
the coil outer ends go to gate and drain” Fig. 5
shows the idea pictorinlly. What could  originally
have been o continuous winding has been opened at
points "X’ and ‘Y"; these points correspond to the
similarly identified points in Figs. 3 and 4.

A -TRANSISTOR RECEIVER

A slightly more complex circuit is depicted in Fig.
6 and this may be used either as 4 headphone
receiver providing good ‘punchy’ signals or as a

simple tuner for use with a valve or transistor audio
amplifier.

Using the components specified, the test model
tuned over a froquency range of approximately
1.8 to 4 MHz, this embracing both Lhe 80 and 160
metre Amateur bands plus shipping. A ready-made
eail from the Denco Miniature Dual:Purpose (Valve)
series simplified construction. The numbers along-
side the coil in Fig. 6 apply to the pin numbers of the
B9A valveholder into which this coil is plugged. As in

= =

T :\HL I':

Coil winding details using 30 sw.g. enamelled copper
wire, din (10mm) diameter dust-cored coil formers
and a 200pF tuning capacitor,

Tuned winding Feedback winding  Approximate
turns turms* frequency
range - MHz
17 4 5.2 =23 dust-cored
7.6 =32 air-cored
25 6 4 - 18 dust-cored
55-25 alr-cored
32 7 - 16 dust-cored
4 - 24 air-cored

*Spaced approximately stin. from ‘earthy’ end of
tuned winding.

All turns should be ¢losewounid. For lower frequency
ranges, use of a ready-made commercinl coil s
recommended,

e

the earlier circuits, controlled regeneration is incor-
porated (o increase sensitivity and sharpen tuning.

The common-source connected [el performs as
already described and audio signals filtered of ri.

:n:’

T ooy
‘H“‘-—l—.—ﬂ | ]

THz

ocaln = VR

'Cué |
=
Phanes
[=Ta 1] -
Lend-puts I
A 2-trapsistor receivor incorporating an f.e.l. detector and
an a.l. amplifier stage
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are presented to the base of transistor TR2 for
additions] amplification. The audio frequencies are
developed mainly across low frequency choke, LFCI,
which additionully becomes part of the transistor
base potential divider in conjunction with R2. Choke
LFCI may be the primary winding of a transistor-
tvpe  driver-to-push/pull  transformer  and i its
measured d.c. resistance is around 2500 it will be
satisfactory, The choke used in the test model was
the primary winding of a Weyrad type LFDT4.
Types JOT or JDT, available from Henry's Radio,
are also-suitable and are less expensivi. )

Transistor TR2 operates as 34 common-cmitter
amplifier and output 15 available at the collector. If
phones are preferred they should be connected as
shown: alternatively a resistor of approximately
3.9k8} may be used in their place and, with capacitor
77 left in xitw the output laken from the collector
circuit o a suftable audio amplifier via o capacitor
of 0.01pF. See Fig. 7. A prp. OCRD works well
in the TR2 position but other similar audio Lypes
miy be used successiully. Regeneration can  be
smoothly controlled by means of VRI,

CONSTRUCTIONAL NOTES

The complete receiver can be constructed easily on
‘breadboard’ hines using 2 section of 6 by &in.
18 sow.p. aluminium sheet bent o provide a panel
and base, each measuring 3 by Gin. It is essential
10 use a reduction drive for the shaft of VCI; the
other panel contrals will be YR1 and 81. A phone
or audio outlet socket is required. Aerial and earth
sockets may be placed at the rear.

To avoid making soldered connections to the coil
spills, the coil may be mounted on the base plate
vii its threaded stem and polvstrene nut with spilis
tlfwnrd. A B9A valveholder can then be inverted and
plugged on (o the coil spills, This approach also
allows spare tags W be uwied for anchoring com-
pOnEnLs.

It is a good plan to obtain a pair of transistor
holders which can be appropriately wired prior to
plugging the transistors in o them: this affords com-
plete protection for the transistors

A suitable layout with some of the wiring in-
cluded is miven in Fig. 8: components nol shown can
he placed ax 5 most convenient.

TESTING

Initially the slider of VR1 should be set to the
end of the track connected to R4 and that of VR2
set to approximately half-travel. A testmeter switched
to read 0-10mA should be inserted at point *Z°, With
phones and battery connected the receiver can next
be switched on and the current at *2' checked: a
reading of SmA approximately is to be aimed at by
adjustment of VR2Z If the fixed vanes of VI are
now touched with a penknife blade or similar piece
of metal a healthy crackle should be heard in the
phones, whereupon an aerinl - and an earth if
possible — should be connected up. Thereafter it is
but pecessary to adjust C4, C5 and the core of LI
in such a way that it is possible 1o bring the unit 1o
the ch of oscillation at any setting of VCI1 with
control VRI1. It will be found that as VRI s
advanced noise in the phones increases as sensitivity
SEFTEMBER 1570
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Fig. 7. The outpul clrcuwit of Fig. 8 may ba modi-
fiad, as shown here, to enable the receiver
fo foed a subsequent a.f. amplifier

COMPONENTS

(Fig. 6)
Resiitors
(All fixed volues 1095 { watt)
Rl 220k
R2 15k}
R3 20101
R4 1kii
VRI 10k potentiomeler, lingar
VRE2 10kQ potentiometer, miniature
preset
Capacitors
Cl 100pF ceramic
Cc2 047uF paper or plastic foil
C3  0.0IpF ceramic
C4 100pF  trimmer
Cs S6pF trimmer, Mullard concentric
Ch 100uF electrolyvtic, 6V whke.
C7  5000pF ceramic
CH 100pF electrolyvtic, 15V wkg.
() 50pF ceramic
VC1 200pF wariable, air-spaced
(Wavemaster)
Inducrors
L Two Miniature Dual-purpose
{Valve) Range 3, Blue (Denco)
RFC1 25mH r.f. choke type CHI
( Repanco)
LFCl See text
Transistors
TR1 MPFI02
TR2 OCBID (see texi)
Sockets
Two transistor holders type
H14/15 (Henry's Radio)
B9A wvalveholder
Phone jack
| Aerial socket
Earth socket
Phones
200082 headphones
Battery
S.volt battery
Mivcellomeons
Vemier drive tvpe T502 (Eagle)
Knob
Tagstrip (See Fig. 8)
Aluminiom sheet, 6 by 6 in., 18
Lw.g.
Connecting wire, nuts, bolts, etc.
e e e ———
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improves, and any signals heard will rse dramati-
<ally in strength. If however VR s advanced over-
much signals will disappear completely and leave
sustained whistle; in this conditon the receiver is
useless and the control must be retarded immediately.

A short time speni experimenting with the controls
will soon reveal the best method of opernting - 1t
will also be found that the various controls interpct
and that the merial also has @ large effect on per-
formance. Control YR2 can bé rendjusted for en.
hanced performance as necessary compatible with a
source current of .'Lrprm.ln'-.tltly SmA; once setl it
should need no further adjustment

All regenerative receivers of the type described
are apl 10 be lemperamental and adjustments have
to bhe made carcfully il best resulis are w be
obtamed; this' i the prce that must be phid for
simplicity. Mevertheless surprisingly good reception
can be expected from what ix, alfter all, but & hand
ful of components!

If the reader wishes to ry winding his own coils
the accompanying Table will be uselul as a guide
Precise freguency ranges obtained will, of course,
depend a great deal upon the position of the iron
dust core in the ¢oil, the aenal employed, and stray
capacitances, etc,
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THE “AIRLANE"
7-TRANSISTOR
AIRCRAFT BAND

RECEIVER

by
C. H. G. MILLS

Intended for the more advanced constructor who is capable of working from

a circuit diagram and general layout details, this article describes a super-

regenerative receiver designed expressly for reception on the v.h.f. aircraft

band. Coverage is from 108 to 140MHz. There is no necessity for padding

and tracking adjustments, since tuning is carried out by a single variable
capacilor

orginally coneeived o satisfy the demand of a
younger member of the family [or a simple set
with which 1o listen-in on the Aircraft Band. The ¢om-
ploted receiver whs found to perform very satisfae-
torily and was, if anything, more suitable for its
particular purpose than some of the superhots that are
available. Its construction should be within the capa-
bilities (and the purse) of young alrcraft enthusiasts
and., with slight modifications to the tuned circuit,
could ilso be uked on the [44MHz Amatcur Band.
Using a 30in, whip aenal, al a location enly some
200 feet nbove sea-level in the Midlands, alreraft can
regularly be heard at about 100 miles range, and same
ground stations are regoiarly heard at pood strength
although same 50 to 70 'miles distant, The feature of
viariahle band-width porticolardy facilitates: station
senrching, so important when the tronsmissions. gre
relatively transient, and the broad-tuned i stape,
coupled with careful streening, mitigates the problem
of radmtion from the super-regenerative detector,

T HE “AIRLANE" RECEIVER TO HE DESURIBED Was

@ Cover Feature

AMAAAMN

THE DETECTOR

The choice of a sell-quenching super-regenerative
detector was dictated basically by the need for simplic-
ity, but it does have certain positive ndvantages pro-
vided that it can be made stable and relinble, Extreme-
ly high sensitivity ean be achieved using anly one
transistor and, although sclectivity is incvitably not as
good as with a superhel, it can be made quite adequate
by keeping the quench frequency and the gquench
umplitiode a5 low as is practicable, In fadl, extremely
high selectivity can make the task of searching for
signals of short duration quite tedious. On the other
hand. variable selectivity, giving a wide bandwidth for
scarching and adequately sharp tuning for adjacent
channel refection, can be achieved very simply by con-
trolling the amplitude and frequency of the quench.

The supei-regenerative detector also gives a level of
amplitude limiting and thus exhibits some digree of
B.g.c. action; some distortion of the signal is inevitable
with this type of detector, but not such that intellig-
bility Is impaired, and is of little consequence for the
service for which the receiver Is intended.

The trapsistor employed as the detector, TR2, is a
Texas T1407, formerly ZN3983, an n.p.n. silicon planar
device in encapsulated form, and with an f: of 500
MHz. It js ovailable from LS.T, Elecironic Com-

THE RADIO CONSTRUCTOR



ponents, Ltd, Much experimentation was carried out
with varions transistors in this stage, checking np.n.
and p.n.p, silicon and germanium, and the particular
type specified was found to be the most satisfactory.
Using the T1407 no selection was found to be neces-
sary, mor was any adjustment of the collector-emitter
capacitance required to nchieve osclllation. Since
supér-regenerative cirenits have o reputation for being
& little “touchy” it is not recommended that an alter-
native type of transisior is used in this stage,

The eircuit is basically o collector-emitter feedback
oacillator, the tuned circuit consisting of 1.2, 5, and
C6 in the collector circuit and positive feedback belng
applied by a small capacitor C8 connected between the
emitter and collector. The rf. choke L3 presents a high
impedanoe at the frequency of oscillation, so that the
feedback current flows into the emitter. Base bias is
provided by the chain R4, VR, and 15, By the correct
choiee of the tmé-constant of the emitter load, deter-

mined hy VRZ and Ré in parallel with C9, the oscilla- The exceptionally neat and sym-
tor will be self quenched, the quench frequency and mg:::: '.iﬂi:f;ﬂ ﬂmmr:ﬂgwbﬁ
amplitude being adjustable by V2. Ttic audio signal this photograph. To the feit of the
appears at the junction of L3 and R6 and is fed to the funing soa'e is on-off switch S1.
w.f. pre-amplifier through CI10, Tha three controls fo the right are
The rf. input iz coupled to the detector at a tap (fram tap to bottom) fuming, re-
close to the earthy end of L2 to aveid damping the generalion and &4, gain

tuned circuit. A padder capacitor C6 is provided in
series with the tuning capacitor C5 to achieve the re-
quired covernge of 108—40MHz using o readily avail.
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able tuning cipacitor with integral slow-motion drive.
5 15, in fact, one gang of a two-gang unit currently
used in many Lm. uner Kits.

The whole of the detector and the a.f. pre-amplifier
circuit is contained within a s¢reening box, whic
conveniently be o metal socket outlet box, 3 by 3 by
Ldin. desp, 45 used in domestie electrieal installations.
The socket outlet box used by the author was an
M.EM. Type 7402,

THE R.F. STAGE

Complete sereening of the detector and the addition
of an r.f. stage I% essential in arder to minimise the
radation from the detector, but this does not signifi-
cantly improve the signal to noise ratio. Broad tuning
i% nchieved by L1 in the emitter of a germanium pa.p.
pensistor with an [ of 180MHz, The choice of 1.1,
transistor is not cratical, a Texas 2G102 was employed
in the original circuit but suiteble equivalents such as
the Mullard AFINZ should be equally satisfactory.
(Check results initinlly with the AF102 shield lead-
out not connected 1o chassis.—Editor.) Although un-
conventional, the pnp. rf, stage feeding the npn.
detector hus the ndvantoge of having the common
earth line at the cold end of both coils, this overcoming
probioms of stability that hed been umr:mmd with
other experimental configurations, 1t is also partic-
ularly convenient to use this arrangement with a con-
ventional complementary power amplifier having a
centré-carthed power supply .

AF. PRE-AMPLIFIER

The af. pre-amplifier stage, incorporating TR3, is
conventional, being notable only because it is housed
within the detector sereening box, thus providing a
compact front end with ample output voltage to drive
any desired output stage, The af. gain control, VR3,
is. placed at the output of the pre-amplifier, rather
than at its input, to allow the 3u::|u:h cirouit of the de-
tector (o feed a constant impedance. This arrangement
alsd ensures that any noise originating in the pre-

—'-hﬁnr

amplifier is attenuated by the guin control. A Texns
"l.'."r 71 was employed in this stage, but any similar
device could be substituted.

LOW-PASS FILTER

In order to reduce the detector noise in the absence
of u ciurrier, the a.f. respanse of the receiver Is limited
to about 4kHz by n simple T-section L-C filter com-
prising L4, C13 and LS. The inductors employed
originally 1 this filter were Fortiphone 470 mH iron
cored chokes, €13 having a value of 0.001uF,. How-
ever, these chokes may be difficult for the hnmv:-cnn-
structor to obtain and the writer has since rLdt:slj;m:d
the filter using the primary windings of Radiospares
transformers type T/T6 for L4 and L5, No connec-
tions: are made to the secondarics. With these new
inductars, CI3 has the value of 0.005.F shown in the
Components List (1t should be noted that Radiospares
componenis may only be obtained through retailers).
The filter given by 14, €13 and L5 i5 a refinement
ruther than a necessity, and although the reduced
nose bandwidth is well warthwhile, the filter could
be omitied or replaced by a single R-C top-cul circuit,

QOUTPUT S5TAGE

In the original receiver o conventional complement-
ary power amplifier was incorporated, giving an outpit
of 1 warlt to drive 2 35 ohm, din. i:mmf.nrluud;pﬂnkcr.

- h
L]

Rear visw ol the prololype re-
caiver. At top lall is the seroonod
box containing the detecior [TR2)
and aJ. ampliftar (TR3I) slages.
Sedured, on the oulside, fo iha
back cover of the box fs the rl.
ampifftar (TRT) and & J-way lag-
sirin for nogalive and posifive
supplies, A.F. galn contral VR3 is
mounted on a Gracke! fived fo fhas
bottam adge of the scroening bok,
the a.l, oulpul Irormn thelatier paso-
ing through an adjacent hole in
thi bottom odge. L4 and LS aro
&l bollonr left (e phelegraph
shows tho Fortiphone chokes used
origingtly] whilst the power ampll-
flar fs at lop right. Exlernal ol
feads prior o the powar amplifiar
are:-acreaned

Additional top-cut is provided by feedback capacitor
C15. This amplifier was described in more detail by
T. Snowball in earlier issues of this journal ®
The type of construction which was adopted {or the
front end results in o virtually self-contained unit that
can be used to drive any type of output amplifier; a
very compact unit has, for instance, been constructed
by employing a miniafure packaged power amplifier
driving a 3in. speaker. There is, however, much to be
b Sensltivity Tnl.ruillnr "r" FLF. Forble®, Tha
bruary and April
‘I'.I!E unnm CONSTRUCTOR

* T, Snowball, Hl.&-!‘
Radfo Comsrrieror,




b o i e e

et R A——— .

E’

'_'ﬁ" | . ".'-'.- b"_‘;'Tf'|

T —— e s e ————
Rextviors
(AN fixed volues § watt 10%)
Rl Tidke2
R2 ATkIE
B3 1kQ
R4 33k}
RS 2.2k12
R 1511
R7 22002
RE 12k1}
RY 9k
RI1D  1ki2
R1l 27k
R1Z2 10k
Riz 22k0
Rl4 22042
R15 5600
Ri6 |3
R17T 2200
RI1§ 13k
R19 560
R2 | Sk
B2l 220
R22 224
VR1 10k polentiometer, preset miniEiure
YVR2Z Sk potentiometer, linenr
VRI 10k(} potentiometer, log .
VR4 10k potentiometer, presel miniature
VRS 10062 potentiometer, presct mingture
Capacifors
'l 0001 1uF coramic

2 0001 1 F ceramie
C3 0001 wF eceramic
4 0.001pF caramic
[ 5] Oniesection of 13 -+ 15pF voaruhle
capacitor type 00 with slow motion
drive (Henry's Radio)
Ch 68pl cefnmic
s 1) 10, F electrolvtio, 6V wka.
-8 4.7pF ceramic
4  4%0pF cernmic
Cl10 2.k electrolytie, 6V wky.
Cll  30uF electrolytic, 8V whke-
Cl12 2uF electrolytic, 9V wkg.
C13  000SpF paper
Cl4 2.l electralytic, 6V wkg.
15 O005pF cernmic

L s

gnid for the larper version described in this article; it
allows room for batteries of ample capacity as well as
4 relatively Jarze spenker, and it permits & tuning
seale of rensonable length in a cabinet of well bulanced
external apperrance.

CONSTRUCTIONAL DETAILS

A general view of the completed receiver is shown
in the acmmrmnying photograph. The cabinet
measures 9+ by 6 by 3}in. and is constructed
from 5 mm plywood pinned and gloed at the
comners and finished in a wood-grain -material

HOVEMBER 1960

COMPONENTS

Cl6 0001l eeramie

CI7  100uF electrolytic, 12V whg,
CIB  100pF electrolviie, 12V wke.
€19 100xF electrolytie, 12V wh.
C20  200uF electralytic, 12V wkg.
€21 100uF electralytio, 12V whe.
C22  250pF electrolytic, 12V whke:
€23 500pF clectrolytie, 25V whg

Fnduciors

L1 See Table and text

L2 See Tuble

L3 See Table

L4 Ridiospares transformer type T/T6
(se¢ text)

LS Ruadicspares transformer type T/ TG
faee lext)

Semicondietors

TRI 2G102 (or AF102)
TR2 INIGEI (T1407)
TR3 2G371
TR4 ACI2T
TR OCBID
TRE  ACI2T
TRT OCE]
B OAS
Swirch
51 double pole rocker switeh (or toggle
if desired)
Barteries

B1, B2 9-volt batteries type PPY
{Ever Ready)

Eondypeaker
35 din, round loudspaaker

Mispellaneoiis
18 sow.g. aluminiam sheet
Plain Veraboard with terminal pins
3 knobs |
Ontlel sockel box (seo lext)
Whip aerinl (see text)
il drive components (seg text)
Cabinet (see text)
Battery connector clips
Screcned wire, cle,

{e.g. Fablon). The front panel s of melumine
laminate, drilled to take the contral spindles; and
with rectangitlar holes cut for the on-off switch, the
tuning scile and the loudspeaker fret. The plastic loud-
speaker fret is simply glued to the front panel with
Araldite: a picce of thin Perspex id glued behind the
chamfered opening for the scale; and the whole front
panel is glued o wooden strips, fin. square and fixed
to the instde of the cabinet such thar the panel is re-
cessed slightly from the sides of the cabinet. The back
of the cabinet is simply made from thin ply-wood or
hardbosrd covered with wood-grain material; the
handle is cut from a leather strap and fixed with
woodscrews and bent aluminium finish piates.

nr
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The mefamine laminate just referred to may be
Wareite or Formica plain silver aﬁm?' and 18 avail-
able Trom most do-it-yourself shops. The pinstic
speaker prille was oblained from a local retailer, and
appears to be generally avpilable, Also, a suitable

tic grille in bluck, cream, grey or white i listed
in the Home Radio catalogue under Cal. Mo, LS1A.

The aerial may be any whip acrial having o length
of 3in. The writer used o TAIL telescopic aerial
abthined from Henry's Ruadio, This is swivel jointed,
with & maximum extended length of 36in.

It is not intended to give dimensioned drowings
since construciors may wish 10 use components differ-
ing from those specified, and may need to vary the
dimensions accordingly, Little difficulty should be
experienced in the construclion of a cahinet with a
pleasing finish if the accompanying photographs are
referred lo.

Also illustrated is a rear view of the receiver with
the buck of the cabinet removed, The screening box
housing the detector and the a.f. pre-amplifier can be
seen in the top left of the picture, with the rf. ampli-
fier mounted on the rear of the screening box, The
cails of the low pass filter cun be séen ol the Boltom
left, these belng the Fortiphone chokes in round
cans which were employed originally. The a.f. gain
contral is nmrnts.l:an:lf' behind these coils, At the top
right of the cabinet N mounted the power amplifier
and the batteries are housed to the right of the loud-
speaker.

The whole receiver is mounted on & sub-panel of
18 sowee. aluminium sheet a8 illustrafed. The appro-
priate photogruph also shows the assembly of the
tuning scale and pointer drive mechanism. The scale
is cut from a serap of white melaming laminate and
mensures 4 X lin: lines can be drawn with indian
ink and figures and letters applicd by means of pres-
sure sensitive stencils or transfers. The drive-cord
pulleys can conveniently be made from the wheels
of mininture toy maoltor-cars, with the tyres removed.
Suitable pulleys, as well as a drive drum, may also

The whola recaiver is mountad on
the atbminium sub-panel shown
here. Swilch 51, 1o (e loft, /s a
double-pale  rocker componant.
The tunfng drive drum s Kitted
over the rear seciion of the tuning
capecitor shalf, this coupling
directly fo the moving vanes. The
forward section of this shalt is
coupled o the moving vanes by
way ol the infegral slow mollon
drive of the capacitor

be obtained from radio component sources, such as
Home Radio.

A piece of 18 s.w.g. aluminium is bent into a shal-
low channe! and screwed to the front of the sub-
panel to house the scale. The top fange acts as a
guide for & U-shaped runner bent from a piece of
tin plate, to which a piece of 16 sw.g. copper wire
is soldered to form o pointer. The drive cable is
fixed to o loop formed in the pointer wire above the
gulde, and the pointer proper is covered with red
pyve sleeving,

The coils L1, L2 and L3 are home-wound. Wind-
ing details are given in the accompanying Tahle. [t
will be noted that 14/44 Litz is specified for L1, this
being chosen for its mechanical, not electrical proper-
ties. The wire used by the author was taken from an
old 1.1, transformer. It is very flexible and makes the
comstruction of L1 extremely simple. with the appli-
cation of just n spot of wax to hold the winding n

o, As an altermative, 36 sw.g. tinoed copper wire
s perfectly satisfactory clectrically, but is a little
springy. for o small dinmeter coil. MNevertheless, 36
sw.g wire could be used for L1 if the spares box
doed not yield a suitable Litz wire. A suitible coil
former and core for L1 would be the Cat. No, CR26
Em:rf,‘hL Z87 respectively, obtainable from Home

a0,

The sockel outlet box, which forms the séreenin
box for the detector stage, i& first ftted with an |
sw.g pluminium cover, cuot soch that it fits snugly
in the box and rests on the four lugs which normally
take the fixing screws of the socket outlet. 4BA
clearance holes are drilled in the cover to mate with
the tapped holes in the upper and lower lugs: the
other two lugs are removed. The whole of the detec-
tor and af. pre-amplifier stages are built up on the
cover plate as illustrated.

The tuning capacitor is first fited to the eover
plate by means of the three tapped holes in the rear
of the capacitor frame; $in, spacers are emploved on
the 4BA fixing screws. Care must be taken in

THE RADID CONSTRUCTOR



positioning the tuning capacitor to ensure thal the

moving vanes do not foul, but just clear, the top of
the screening box. A bracket. bent from 18 sw.g.
aluminium, is fixed to the base of the capacitor frame
by means of the two 4BA tapped holes provided
here, to carry the regeneration control VR, Clear-
ance holes nte cut in the screening box Lo take the
tuning and regencration control shafts,

A small picee of plain Veroboard (i.e. without
copper strips) is cut to fit around the regeneration
eontrol and sécured to the cover plate with a small
bracket; this board carries most of the delector com-
ponents, vizz R4, RS, R6, VRI, L3 and C9. Con-
nections are made with the aid of terminal pins in
the Verobosrd, VRI1 should be mounted oo the
underside of the Yeroboard and a hole cut in the
sereening box to allow screwdriver access for adjust-
ment. The tuning coil L2 is soldered between the tun-
ing eapacitor frame and a small stand-off insulator;
the laiter carrying the collector lead of TR2 and one
side of C6 and CB. The Jead from the r.f. stage o
the tap on the coil is carried through a grommet in
the cover plate.

The wl, amplifier stage is also housed within the
sereening box and is constructed on a small -piece
of plain Veroboard, mounied on the side of the
tuning capacitor. Again, terminal ping are ssed as
required. gain control, VR3, 15 mounled on o
bracket beneath the screening box and feeds the
filter incorporating L4 and LS which is mounted on
the base of the cabinet.

The r.{. amplifier is constructed on a small piece
of piin Veroboard, about 1} by lin. and, after
completion, is mounted on the back of the detector
unit. The method of construction needs no specinl
mention since it is obvious from the various photo-
praphs. All r.f. leads should be kept as short as
possible and the earthy end of components taken to
one earth point, It is of particular importance to Keep

Side viaw of the components on
the: cover plate, lestrating n par:
tfeular the r.l. ampiitter siege. Coll
L1 s visible aflixed 1o the under
side of the Veroboard (facing the
cover plale). The woppar disc
capacitor is CF and the lower C2,
with TH1 betwoen, Note the lead
lram G3 1o the tap in L2
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TABLE
COIL WINDING DETAILS
Coil| Turns Wire Former S{ﬂgfhw
Ll 3/ 16in.
1444 former,
4 Litz with dust | }in. long
(sco text) core
(see text)

3, topped Turns
2| wtd IE "‘:&5' Air eored,| spaced by
turns from| :'" LD. din. wire

earthy end PREF dinmeter
16 swg. . .
L] 25 ﬂ'lnmu“t‘d i‘l“: CI“!E-'
copper former wound

the leads of the decoupling capacitors, C2 and C4,
as short as possible. Terminal pins are omitted in
view of the simplicity of the eireuit.

The power amplifier is assembled, using terminal
pins, on a plain plece of Verobourd measuring 4 by
1}in., so as to fit in the top of the aluminium sub-

nel. The layout of this section of the receiver
is in oo way critical and is left to the diseretion of
the constructor. As mentioned earlier, a small gom-
mercial amplifier, with an input sensitivity of about
100mV, could be used in place of the amplifier

shown in the circuit disgram.
ALIGNMENT PROCEDURE

If the power amplifier shown in the circuit diagram
is used, it s recommended that Cl4 be initially dis-
connected and the power amplifier adjusted first,




Check all connections, then connect o millismmeter
in the collector eircuit of TRA, and switch on. A cur-
rent of not more than about 20mA should How; if
the current significantly exceeds this figore, switch
oll immaediately and check for incerrect polarity of
the battery supply and any other faulis. Assuming a
reasanable current flows in the output transisiors,
adjust VE4 until the voltage at the junction of R21
and R22 s exactly mid-way between Lhe itive
and negative supply ruils, then adjust YRS for a
gulescent current of SmA in the collector of TRAG,

Reconnect C14 and conpect the milliaomometer m
the negative supply line to the detector and a.f. ampli-
fier stoges, If the current excoeds SmaA, disconnect
immedintely and check wiring: if the current i less
than SmA, remove the meter and connect the supply
line directly. Repedt the above procedure with the
positive supply Tine to the r.f. amplifier.

Extend the neral, set the luning capacitor to a
pasition in which the vanes pre hall engaped, set the
regeneration control to its mid-pasition and advance
the gain contral shghtly, Typical regeneration noise

This photograph shows the general layouf
employed [n tho scrppnad box containing the
datector and al. amplifier slages. Oireotly
below' the luning capacitor iz regonoration
control VR2, this being straddied by & plece
of pein Veroboard. At fop right is eoil L2,
with TRZ and CF balow. Undarneath tha Voro-
bogrd la choke L3, A second piece of Vero-
board, fo the left of the luning capacifor,
carripg the_of. amplifier components. CGonnecs
tion is made o the front fived venses only of
the tuning capacitar

should now be heard as o lowd hissing, Adjust VRI,
if necessary, to ensure that regeneration OCCurs over
the whole of the range of the regenerztion control.
NWow tune to the high frequency end of the scale
{minimum capacitance jn C5) snd check that re-
generation occurs it all settings of VR2, If it does
not, the tapping on 12 should be ndjosted slightly
until satisfactory repeneration occurs over the wholo
of the tuning range at all settings of VR

Tone in & signal at about the centre of the funing
band ond, with VR2 in the hig[‘l-ﬁnll.-cr'wfl.:r position,
adjust the core of L1 for maximum signal strength;
this adjustment is not erftical,

Calibration of the tuning seale and alignment can,
of course, be more conveniently carried out with a
suitable signal generator, but the procedure outlined
above will yicld pood resolis with patience. Patience
i necessnry in order to calibrate the seale which,
without o x{g:r_ml penerator, must be done by listening
1o an mireraft announce o change of freguency. and
retuning to the same sircraft oi the new froguency,
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THEN it comes to v.hf, most fixed amateur

N stations use either a transceiver, a crystal

controlled superhet converter (with the sw.
receiver as i.f. and a.f. amplifier), or a de-luxe triple
conversion receiver,

However, these units are usually quite expensive
or difficult to build and align, unless one has con-
siderable experience of v h.f. techniques.

This super-regenerative Lr.f. design will satisfy
the needs of many s.w.ls and prospective G8s, as
there is only one tuned circuit o adjust; it can be
easily built in one evening. and is not difficult to
set up. Having only one tuned circuit, it is also Very
easy to change the frequency coverage.

The fel tuner is the heart of the device and if
80 desired could be used on its own ‘with & jack
plug to feed into the input socket of a ready-made
amplifier, In this case the tuner could be made
quite small. This set-up was in fact used by a local®
G8 for his first QSO. Tt will not do for DX, but
at least it's a start. Many readers will have dahbled
around with the regenerative tr.f. type of receiver
but in the super-regenerative design, feedback is
introduced (via the source to drain capacitor C3
in the author’s designy beyond the point - where
oscillation just occurs, and the stage is in continuous
oscillation until this state is distarbed by an incoming
signal. The super-regenerative stule brings about a
condition of extremely high sensitivity to the circuit:
there is also a high level of circuit backeround
noise, commonly referred to as “slush™,

The complete circuit of the receiver is shown in
Fig. 1. Even without an aerial the réceiver has

NOQMOSDTIN

received -good signals from aircraft, radio amateurs
ang ether services up to a distance of approximately
6 miles. Because the prime purpose of building the
receiver was to receive local amateur radio traps-
missions in the Taunton area, the extra encumber-
ance of an elaborate aerial argay has not been tried.
It is supgested that for :i:n:mtnj purposes an
18in, length of I8 s.w.g, ti copper wire is simply
fitted to the centre of the coax sockel. Vertical
orientation of the aerial will normally bring forth
oplimum performance.

The author has built more than one version of this
receiver, but that shown in the photograph was
built into a wooden cabinet already on hand, This
was approximately 8 % 8 x #in. deep.

As an alternative fo the loudspeaker, a low im-
pedance (80M1) earpiece could be used.

Layout and Construction

Although lavout is important at v.hi, and the

effects of extra-long wires and  inter-electrode
acitances undesirable, the circuit allows consider-

able latitude, even on 2 metres. The original mock-
up was in fact, buill up on a 14 x 2%ip, paxolin
board. Layout will depend on the cabinet and com:
ponents wsed, but VR should not be more than
Gin. from the coil.

VCI1 was actually an Eddystone 35pF variable
with brass vanes in the prototype. Al these were
removed except for one stator and one rotor, biit
a SpF C804 (Henry's Radio) is a suitahle ready made

Regeneration %F‘E
VR
F5 Ok
Wi i e3 20k 3
o HE e

alal

B200

—ve line I’ g

Fig. 1: Cirouit of the coumplate recelver. If only the turier is required {as depicted fn Fig. 2), the sudio ouiput should be taken from the
! slider of VA2, 51 shoufd be shown wired in the -9V supply tead.
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Fig. 2: Layout of the tuner section of the receiver. The audio ampiifler stages are not shown, C3 may siternatively be of the “twisted
wie" varlety {sea toxt). The feads of L2 should ba kept as short as possible, one end being sofdered directly to the fixed plate of
VC1 (5pF type CBO4 shown in the sbove disgram).

component. The stator was cleaned and tinned, and
direct soldered connections were made to it.

The coil L2 consists of 3% turnz of 18 sw.p.
tinned copper wice close wound to }in. diameter.
Tightly spaced this will get aircraft, and stretched
over din. it will cover the 144MHz Amateur band.
Maturally, the coil is sensitive to the effects of hand
capacitance. The aerial coupling coil L1 should be
a half turn of the same wire placed near to the
earthy end of L2.

10pF feedback capacitor C3, if preferred, can
be feplaced by a conventional tubular variable type,

would also provide a good anchorape for
the drain and source of the fet, Alternatively, the
unconventional variable “twisted wire” variety may
be used. About 4in. is sufficient to get the circuit
“started”.

The 18uH rfc. in the prototype was filched
from a turret-type v.h.f./uhf. tuner, but this may
be difficult to obtain, and about 25 turns of very
thin wire on a 1 megohm 1 watt miniature resistor
works equally well.

Wiring should be kept as short as possible, and
the same tag should be used for all earth connec-
tions 1o the first stage.

2NIBS MPF102 OQOCTYPES

iRiiNiRe

ga g 'p & & EB € CBEEC.B

EQVTS. -;

Fig. 3. Transistor fead connections.

Distinguish carefully the leads of the fet and
if using the 2M3819 remember that the lead-out is
different from that of the MPF102. Although the
feit is silicon and should stand up to about 10
seconds heat from a 15 watt iron, it is best to use
a heat shunt when soldering, such as long nosed
pliers with a rubber band wound around the les.
An earthed soldering iron should be used, as the
fet. can be damaged by mains-derived. capacitive

P

% components list

i
Rasistors:
R1 1k R7 1ML "
RZ  10kL} R8  220k0l
R3 15k RS 47041
R4 220ki} R10 6200
RE  10kD R11 820
RE  220k0}
All 10% W miniature
Capacitors:
c1 1000pF ceramic
C2  EpF ceramic
C3  10pF (see text)
C4  4700pF ceramic
C5  0-01uF ceramic
C6  0+1uF miniature
C7  BuF 12V electrolytic
CB  8uF 12V electrolytic
C9  01pF miniature
C10  5OuF 12V elsctrofitic
C11  BOuF 12V slectrobytic
V1 'EpF variable (see taxt)
Semiconductors:
Tr1  MPF102 or 2N3819
Tr2 2N2926
}’3 gg;': ar equivalents
5 0OC81
Inductors:
L1  “&-1 turn, near earthy end of L2, 22 sw.p.
insulated copper wire.
L2 3 turns, 18 s.w.g. tinned copper wire, din.
diametar, air cored.
rfe. 1:8pH rf. choke (see text)
Miscellaneous:
VA1, VR2 5KIl potentiometer, 51 single pole onjoff
switch {(may be combined with VR2), 8001 loud-
speaker, paxolin board, tagstrip, coax socket, battery
clips, PPS battery, wire, mldar.’mg,
—=
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voltages. As a further precaution, all the fe.. leads
could be shorted together by the “heat shunt™ whilst
being fitted.

Operation

Check the polarity of the battery, and the wiring
before switching on. If the circuit of Fig. 1 is used
the current drain on a 9V battery should be about
35-40mA. Check that none of the fet leads are
shorting and switch on, with VR1 at mimmum. A
lively background hiss will indicate that the fe.t.
is oscillating. If it & not, advance VR1 towards
maximum, The hiss should be extremely loud, much
louder than ordinary background hiss with which it
should not be confused. Experiment with various
settings of VR to produce optimum results.

The photograph shows the author's pgrototype.

When a station is tuned-in there will be a reduc-
tion in the circuit background hiss, this depending
upon the strength of the received signal. Tt is usually
best to adjust 12 for the desired band on Sunday
mornings or evenings as radio amateurs are usually
more active on v.h.f. at these times.

The only likely cause of trouble may be Cl work-
ing loose or fracturing as a result of the manipula-
tion of L2.

The amount of radiated interference, once the
scourge of this class of receiver, appears to be
negligible.

BINDERS AND INDEX

Don't fet your copies of PRACTICAL WIRELESS bacoms
1Eﬂurn and dirty: hard-cover bindets are available at 14s, 6d.
TQim

BINDING SECTION,
IPC MAGAZINES, LTD.,
SOUTHAMPTON STREET,
LONDON, W.C.2.

Indexes to Vol. 43, 1967-8, are also avallable at1s. 64,

Thess prices include post and packing.
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“MILLIWATT” SILICON REFLEX
T.R.F. RECEIVER

by

G. W. SHORT

Power consumption in this simple but effective receiver design is reduced to less
than 2 milliwatts by operating the transistors at the lowest practicable current.
The result is greatly enhanced battery life

receiver described here was an enquiry from a
friend whose daughter is at a boarding school.

Hllicit listening to pop music in bed, after “lights out’,
is very much the done thing at this school—and per-
haps at many others, The trouble is, as my friend
explained, that the listener tends to fall asleep, leaving
the set switched on all night. Rather bad for the bat-
{Er.:ri%s. this, so could I suggest a way round the prob-

m

My first idea was to modify an existing set by
adding a sort of ‘dead man’s handle’ in the form of
a push-button switch which would turn off the set
when the sleeper’s hand relaxed, This was rejected
on the ground that the user was more than likely to
find some way of keeping the button pressed by lying
on it

The altternative was to reduce power consumption
0 much that an occasional overnight run became
tolerable. This approach was adopted, and the result-
ing circuit is shown in Fig. 1,

CIRCUIT DESIGN

T”E STARTING POINT FOR THE DEVELOPMENT OF THE

Beaders may recognise the circoit as a development
of one of the writer's earlier designs, the ‘Silicon
Reflex TR.F. described in the Tanuary, 1968, issue.*
This proved to be a wvery reliable design, and it
seemed better to stick to a good thing for the present
pu;pnse rather than start on something quite different
and possibly less satisfactory.

For the benefit of readers unfamiliar with the
original, this type of circuit maximises overall gain
by making all two transistors contribute to both rf.
and a.f. amplification. TR2 acts as an emitter fol-
lower to 1.f. and presents a high input impedance to
TR1, thus maximising the r.f. gain of the first stage
and providing a relatively low impedance drive to
the detector diode. TR2 can thus be regarded as an
impedance matching device which, while it produces
no voltage amplification itself, nevertheless serves to
increase ‘the overall rf. gain.

The a.f. output of the detector is passed to TRI
and thence to TR2 in the usual way, At aodio fre-
quencies, therefore, the ecircuit is a straight-forward
two-stape amplificr.

- *G. W, Bhort, ‘Sillcon Transisior Reflex T.R.F.°, The Radio
Condiriictor, January, 1968,

.

LOW-CURRENT OPERATION

The original circuit was not at all fussy about
transistor types. Practically any silicon n.p.n. lransis-
tors worked in it, though naturally some worked
better than others. In the present ‘Milliwatt’ version,
the choice of transistor types is much more restricted.
The gain and, more especially, the cut-off frequency
of transistors fall off as the collector current is re-
duced below the normal operating value, but in this

. circuit the transistors must provide high r.f. gain and
slow r.f, and a.f. poise at collector currents of 100A

or less, Very few transistor types meet all these re-
quirements,

Fortunately, the new epoxy encapsulated planar
transistor type SF113 has the nccessary characteris-
tics, In particular, it has low internal capacitances,
a prime need in circuits with high-value resistanee
loads operated as wideband r.f. amplifiers, as occurs
here. The SF115 is eguivalent to the metal type
BF115, but is much cheaper. Its one disadvantage is
that it will not work well at very low collector volt-
ages. This is why the delector diode specified iz a

~ silicon planar type instead of the usual germanium

point-contact diode, The voltage drop across a silicon
diode when just biased to conduction is 0.5V, whereas
the corresponding voltage for agermanium diodeofthe
OAT0 class is only about 0.1V, In the present circuit,
the drop across the diode forms part of the collector-
emitter voltage of TRI. (This iFﬂiDt may not be very
obvious at first, but a study of Fig, 1 will show that
the collector-emitter voltage of TR1 is the sum of the
base-emitter voltages of the two transistors and the
drop in DT}, Using a silicon diede raises the total from
about 1.3V to about 1.7V, and this provides a useful
margin for reliable operation. It is important to use a
high-speed planar diode for D1, An ordinary silicon
rectifier type will not do because it will not work at
radio frequencies. (The specified 1544 diode and the
SF113 transistors are available from Amatronix, Ltd.)

The receiver consumes about 170uA at 9V, and is
not unduly dependent on the battery voltage, which
can fall to 6V or less without impairing the perform-
ance badiy.

EARFPHONE

The set was designed for use with a crystal earpiece
THE RADIO COMSTRUCTOR
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Fig. 1. Circuit diegram of tha 'Miliwait' Silican reflex recelver

because these are suited to low-current high-voltage
circuitry, It is, however, possible to use high-impe-
dance magnetic earphones. The writer does not know
of any miniature earpieces with the reguired im-
pedance (4,000 or maore), so for clandesting listening
magnetic earpicces may be out. For normal purposes
a good pair of magnetic phones, such as government
surplus type CHR, with the earpieces connected in
series can be connected in place of B3, It is also pos-
sible to use g step-down transformer to match low-
impedance earpieces. For an 8L earpiece the turns
ratio should be about 60 to 1. The primary induct-
ance must be high (20H with TOpA d.c. flowing),

CONSTRUCTION

It is wital to keep the stray capacitance at the col-
lector of TR1 and the base of TR2 as low as possible.
This means that TR1, TR2, and R1 should be posi-
tioned close together so that leads can be kept short,
and it also means that if a printed circuit or Vero-
bipard base is used then the area of copper involved
in joining the relevant three leads must be as small
as possible. A pin-board base following the layout
of Fig. 2 was used in the prototype, with all three
leads on one small pin.

(For "the benefit of readers who have not experi-
enced the joys of this cheap and simple form of
construction, here is a short description. The layout
diagram 18 placed on a piece of dry wood. Ordinary
domestic pins of the shiny plated type obtainable at
office stationers are driven in at every junction point.

The heads are then cut off, leaving enough stem to
act as solder tags for the leads. Perfectionists tin the
stems first before attaching anything., The resulting
wiring board is wvirtually self-checking and com-
ponents are easily removed. Since everything is on
one side of the board testing is easy, and the board
can ultimately be made part of a case for the set)

For reasons which are explained later, the lead-
outs of choke L3 should be a little longer than is
necessary for connection, in order that it may be
orientated relative to the ferrite rod. Imitially, its
former should be at right angles to the rod.

In trf. receivers, where the r.f. gain is always
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COMPONENTS

(N.B.—Some of the components may have
values differing from those listed here.
Dretails are given in the text)

Registors
(All fixed values + or § watt 10%)
Rl 6Ek
R2 10k potentiometer, log, with
switch 82
R3 47k
R4 10052
Capacitors
Cl 001 pF
c2 1.000pF
3 10uF electrolytic, 2V wkg.
C4 125, F electrolytic, 2V wkg.
5 1,000pF
o see text
CT see text
Inductors

L1, L2 see text

L3

1.5mH choke type CHS (Repanco)

Semiconductors

TRI
TR2
DI

Switches

51
a2

Kocket
I

SF115
SR115
1544

s.p.st., rotary or toggle
d.ps.t., part of R2

phone jack socket

Miscellangous
Crystal earpiece with jack plug
9-volt battery

Knobs,

as required
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Fig. 2. Layout and wiring of the main componants of tha receiver.

Identify the tags of 52 with a confinuily tester before wiring to this

component, as tag positioning with different swilches may vary
from that shown here

limited compared with superhets with their hi,,
mixer, and if. stages, it is always advisable to keep
the ferrite aerial rod well clear of everything else,
in order to maximise signal pickup. In this design,
the rod should also be kept at least 1iin. from L3.
(See below under ‘Reaction’.) The mning capacitor
and long-wave components S§1 and C6 should be
clear of the main circuitry, to reduce stray coupling
which might cause instability. These considerations
lead naturally to the sort of constroctional layout
slcetched in Fig. 3.

The front panel and base dimensions are not
critical, and the constructor may select these to suit
the components he is employing. With the ferrite rod
used in the protolype, the front panel may be some
5in. wide by 3in. to din, high. The base can be about
lin, deep, and could then accommodate a PP3 bat-
tery.

AFERIAL CIRCUIT

The aerial tuned circuit should have a high Q, and
a ferrite rod of reasonably large size should be used
to provide a good input signal. In London, good
results have been obtained with a 4%in. x 4in. round
rod of Plessey NW25 ferrite (obtainable from
Amatronix Litd.). -

The wvalue of tuning capacitor C7 is nob very
critical and any standard air-space or solid dielectric
variable capacitor offering a4 maximum valoe of
about 200pF or more will be satisfactory. (A 300pF
Jackson Bros. 'Dilemin’ capacitor was employed in
the prototype.) C7 tunes L1 over the medium wave
band. Reception of one selected long wave station is
provided by switching capacitor C6 across the tuning
capacitor by means of 51. In the TLK., the long wave
station is likely to be Radio 2 on 200kHz, and in
this case 6 should normally Be seven times the
maximum capacitance of C7.

84

WINDING THE AERIAL ROD

Amateur constructors often have in their posses-
sion tuning capacitors salvaged from old sets. Un-
fortunately, the capacitance is not usually known,
and even if it is the constructor is often discouraged
from making his own ferrite aerial by the absence of
information about the characteristics of the ferrite
rod. Nevertheless, the winding of a rod for a set like
the present design is not at all difficult if the con-
structor goes about it the right way., All that is
needed is patience -and a good supply of wire,

The method described here calls for no equipment
other than the receiver itself. plus the usual tools.
glue, and plastic sticky tape. To begin with, the rod
15 kept detached from the rest of the circuit, so that
changes can easily be made. Only after the windings
have been got nearly right is the rod installed and
the final adjustment made.

First make up the rest of the dircuit, providing in
the process a pair of easily accessible tags for con-
nections o L2 and one tag for making an ‘earth’
(i.e. supply negative) comnection for L1 and C7.
Check that the set is working by short-circuiting the
L2 tags and listening in the earpiece with the volume
control turned up. A gentle hiss should be audible.
The constructor may then proceed with winding the
coil for the rod.

First prepare the rod by wrapping a few turns of
brown paper round the middle two inches or there-
gbout. Fix the paper with sticky tape or ghie to
prevent it unwinding, but if possible allow it to be-
have as a paper tubc loose enough to be slid along
the rod to provide fine adjustment of inductance.
This paper tube is the coil former, Readers may have
seen ferrite aerials in which the windings are directly
on the ferrite, This is not good practice for all grades
of ferrite; and some work better if the coils are
spaced away from the surface. (The spacing reduces

THE RADIO CONSTRUCTOR
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Fig. 3.‘,& suitable layout for the front panel and base of the com-
pleted receiver. The rectangle designated 'main parl of elrcull’
may enclose the components (apart from R2} shown in Fig. 2

certain r.f. losses.) L1 can be wound with any kind
of litz wire {which can often be salvaged from old
iLf. transformers) or wilh solid wire of around 30
§.w.2., 8ilk or cotton covered. L2 can be wound with
ordinary plastic covered hookup wire. Both coils are

single-layer, close-wound. L2 can be wound on top

of the earthy end of L1, *©

The number of turns needed depends on the
capacitance and characteristics of the rod. As an in-
dication, the rod just mentioned needs approximately
57 turng of 7/46 litz wire to tune over the medium
wave band with a 300pF tuning capacitor. In finding
the right number of turns by trial and error, it is
best to bepin with too many and then remove turns
rather than to begin with too few and add them, If,
on the other hand, plenty of wire is available, il
may well be best 1o scrap the initial trial winding
when the correct number of turns has been feund,
and then finally re-wind. In the latter case, it is a
[airly safe bet that 50 turns will tune to some point in
the medium wave band. If coverage down to the low
frequency end at about 530kHz is not obtained, turns
can be added. Should the set tune to lower [requen-
cies than are needed, turns are removed. To make
the initial trials, put on a temporary 3-turn winding
for L2 with about %in, of loose wire at each end,
Twist the loose wire into flex and connect the ends
up to the L2 tags on the circuit board, removing the
short-circuit which was put on for the earlier test,
The rod can now be kept well away from the circuit
while L1 is adjusted. During adjustments, L1 and C7
may be connected with fairly long loose leads and
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the ferrite rod and variable capacitor can be placed
on 4 wooden table top or other instulating support.
It is not necessary to ‘earth” the moving vanes of C7
to the negative supply line of the receiver at this
stage,

Lsing a trial coil of 50 to 100 twrns for L1, tune
in and identify stations, and add or remove turns
as required to tune to the low frequency end of the
mediom wave band. When the correct number re-
quired is beginning to become clear, slide the coil
along the rod so that L1 is central, Readjust the turns
slightlv if necessary.

The ferrite rod and C7 can now be mounted. The
best position for the rod 15 behind the top of 4
front panel of Formica or similar insulating board.
Eeep it away from metal, including the volume con-
trol and C7. If possible, mount the rod on stand-offs
{pieces of cork or dowel) so that the winding can
be easily adjusted in sirn. Trim off excess leads and
connect up apain to the circuit. Also complete the
‘earth’ connection to C7 and L1. There should be no
marked change in performance. If there is, adjust
L3 as described later under *Reaction’, A slight final
adjustment of inductance, if required, can be made
by sliding the coil along the rod, If it has to be put
right at the end of the rod, remove a couple of turns
and start again. :

So far, nothing has been said about the tumnog at
the high frequency end of the medium wave band.
In general, if the low frequency end is all right, so
also is the high frequency end. The only exceptions
are, first, that if the tuning capacitor has a built-in



trimmer this may have to be set to minimum to
obtain full coverage and, second, that if the tuning

capacitance is too small the self-capacitance of the
coil may be so large that it prevents full high fre-
gquency coverage. In the latter case there is uaﬂung
much to be done about it. As a guide, tuning capaci-
tors of less than about 150pF maximum are in the
‘danger area’,

The final job consists of fitting and wiring C6 and
51. If necessary, slightly alter the calculated value of
Cf to bring in the Radio 2 transmission comfortably,

REACTION .

Preset réaction is adequate to pep up the perform-
ance of this receiver. It iz obtaiped in two simple
ways, at no expense. Should L3 be near enough to
L1 and L2 for there to be an appreciable amount of
mutual coupling, then feedback is introduced be-
tween the input and output of the r.f. amplifier.
If this feedback is negative, gain and selectivity
both suffer, If it is positive, gain and selec-
tivity are improved, and if the coupling is too high
the circuit oscillates. The sense and magnitude of the
coupling are adjusted by pesitioning L3, Initially, it
should be placed so that it is approximately uppcaitﬂ
the centre of L1 and at |1ght angles to the rod; i.e.
the former of L3 is pointing straight at a point near
the middle of the rod. This is the position for mini-
mum coupling. If L3 is now turned away from the
right- ang!es position coupling with L1 is increased,
There is no easy way of telling beforehand whether
the result will be negative or positive feedback, buke
this becomes obvious when the receiver oscillates.
L2 is finally positioned so that the set just fails to
oscillate with a new battery.

The second method is to connect a short stiff
insulated lead to the non-earthy side of L1 and place
the free end near to or touching L2. If the sense of
the windings on the rod is right, oscillation is obtain-
able. If not, reverse the connections to L2 and try
again. Either or both of these methods of oblaining
reaction may be used, There is some advantage in
using both, since the 13 coupling method is usually
most effective at the low frequency end of the band
and the reaction wire method at the high freguency
end. With both, the performance can be optimised
over the band.

If necessary, an extra reaction wire can be con-
nected to the non-earthy end of C6 to provide a
separate adjustment of reaction for the selected long
wave station,

GENERAT NOTES

The receiver is casily built, and a small battery
lasts a long time. Apart from the tuning, there are
no critical adjustments, and no critical component
values. The volume control 15 a necessity in this low-
consumption circuit, because it is essential to be able
to turn down the volume on strong transmissions to
avoid serious distortion caused by overloading on
audio peaks; on the other hand its value is not
critical and anvthing from 5k} to 100kS2 can be used.
The electrolytic capacitors need not have the exact
value specified. C3 can be 5 to 50uF and C4 50 to
S00uF, hoth with any working voltage above the 2V
specified.
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N HIS receiver wses a owell tested circun enploy -
ing three transistors and two diedes in o five-
stage reflexed circuit which gives very pood

headphone volume. The receiver, with a miniature
9V battery, occupies a case having internal dimen-
sions of only 14 ® 2§ ® Ilin, External dimensions
are of eourse & little greater depending on the thick-
ness of material used, Tt could be accommadated in a
box of different size and shape allowing something
already (o hand to be used; a metal box is unsuitable,
Figure | shows the circuit, with Trl acting as
r.f. amplifier and also as audic amplifier after signal
detection by DMl and D2, Trl and Tr3 are directly
coupled audio stages, with Tr3 giving adequate out-
put for all ordinary lislening with & personal phone.

VR aliows full contral over regeneration which
is very important for best sensitlvity, The on/off
switch is incorporated with VR1. VOl is a compres-
sion lype capacitor for smull size. lls capacitance
range is obtained over several turmis of a small
knob. A midget solid dielectric variable capacitor
could be used instewsd.

Current drain s about ImA from an ordinary
miniature 9% battery, easily obtainable. The receiver
also works satisfactorily with a 6V supply

All the components except VC1, the aerial, L1,
VRI and C2 are assembled and wired on a small
paxolin panel. When compleied the panel is inserted
in the case and connected with flying leads ta VCl
and the other items jusi mentionéd.

Ferrite Aerial

The asrial input winding L1 is wound with 34 s.w.g.
enamelled wire on & ferrite rod aerial 14in. long and
Jin. in diameter. A single layer of paper is first
wound on the rod. The wire is secured near one end
ut point A, using adhesive. Fifty-four turns are
wound side by side and 2 small loop is then twisted
for the tapping. A further |2 turns are wound, con-
tinuing in the same direction, and the wire is fixed
4t B. The loop and coil ends are scroped and
tnned.,

If the case is not as shown (Fig. 4) and a longer
rod can be accommodated this will increase signal
pickup. Ferrite rod material cannot be sawn by
ordinary means but is brittle and snaps easily: L can
thus be gripped lightly in & vice with a little padding
at the point where the break is wanied.

Reydy-made windings (for superhet receivers) can
generally be employed, The existing base coupling
winding usually has very few torns and is removed
or ignored. The main winding then furnishes the
seetion from A to the tap and some thin insulated

wire (s uwsed (o add the turns
e required for the tap to B section,

tlmek
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¥ These turns may if necessary be
on top of the existing eoil, but
must be in su¢h a direction that
A A 1w B is effectively one con-
Prhones tinuous winding.

Receiver Panel
mT-_;‘:D The paxoli.p punel is only 1§ =
I+in, so resistors ete, must be of
the smull size commonly used for
small  transistor  receivers.  The
paxolin is +in. thick und the heles
for leads were made with a tain,
drill. The resistors, capacitors and
diogles stund wertically, One lead
passes down through a hole
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i
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directly under the components, the
other  lend being covered with
Imm. sleeving and benl over to
reach a second hole as shown in

Fig. 1: Clreult diagram of the Mimi-3. R3 iz 56&60 nor S651,
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- Fig. 2. D1, D2 and C4 are mounted
with their positive ends on top so
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Elp. 2: Tap wiew of prxokin board and connections (o FEmaraiely ouniel comonanis.

the negative ends emerge immediately under these
components. C35 has its negative end uppermost.

Sleeving is also necessary on the transistor leads.
The tops of the transistors aré about fin. above the
upper ends of the resistors ete, TC] tags pass through
slots made by drilling holes closely together, 4 central
haole clearing the adjusting serew.

The panel is wired by turning it over and con-
necting as in Fig. }. As there is little free space
sleeving is used on nearly all wires, Transistor and
diode connections must be soldered rapidly 1o avoid
overheating. Unnecessary and lengthy heating of
capagitors and resistors is also best avoided.

Pieces of thin insulated flex are soldered 1o the
points indicated and will later be connecled 1o
VRI1, VCI, and the aerial, If different colours are
provided, ns shown, this helps easy identification of
the connections 1o be made later.

Phones

Excellent results are obtained with a full-sized
headset but a miniature personal phone is casily
carried in the pocket with the receiver. Short wire
ends were left projecting at the phones points as
shown in Fig, 2, the receiver is in its case,
pass the phone leads through a small hole and
solder them to these points, covering the joints with
sleeving.

If the phones may be changed from time to
time a mindature jacket socket can be fitted 1o the
case. The circuit is suitable for medium or high
impedance phones, but not for crystal earpicces,

Other Components

VRI is fixed w the outside of the box with an
8BA bolt, its five tags passing through holes. Should
the material used for the hox be too thick for the
tags to pass right through, solder leads to the lags
first, thrend them through the holes, then fit VR
in place,

VO2 s u compression type capacilor with fixing
bush threaded for a 6BA bolt and is normally
adjusted from the plates’ side with a screwdriver.
The bolt wos removed and a longer one screwed in,
the insulation and metal washers being kept as
originally. A small disc or knob was then fixed on tha
free end of the bolt with lock nuts (2 toothpaste tube
cap can be used). Rotating the knob compresses or
releases the plates of VCI to alter its capacitance.

The ferrite rod was slightly shorter than the
inside dimension of the box and was held with glue
and a shaped slip of wood pushed between the
box and one end of the rod,

The connections between the panel and other
ilems in Fig. 2 can then be made. Figure 4 shows
V] and VRL in position: however, the various
items could be rearranged to occupy different posi-
{ions if this were more suitable for a box already
avaifable.

leads were soldered directly to the batlery.
Alternatively the snap fasteners of an old battery

Fva ling
red

=
L
white ¥ Ta VA1 B

Fig, 3 Wiring on the underside of the D&,
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could be used as connectors. If
s remember to observe polarity

Opjolt snd Regensration VR

as marked on the battery itself.

2

If a meter is placed in one buat-

S '?C_-Siéﬁ?gi:éﬁ':: SRR

tery lead the current drain should
be zero with the receiver switched
off and about 3ImA when it is
switched on, rising a little as VRI
is rotated, Tf a large current flows
switch off at once and look for
i wrong connection or short

Adjustments

Regeneration arises more easily
towards the high frequency end
of the waveband but should be
possible over the whaole band when

TC1 is suitably adjusted. Unscrew
TCL, set VRE1 about one-third
from zero (off) and screw down
TCI slightly until oscillation arises
on tuning through @ station near
the h.f end of the band (VC1
[+ itance).

f TC1 in screwed down too far oscillation arises
with only a small rotation of YR1 and best volume is
not obtained, But if TC1 iz not screwed down suffi-
ciently no regencration can be obtained at the Lf
end of the band (VC1 at full capacitance).

For normal use only rotale vRﬂ%{El!H as proves

Phones or

near minimum

necessary for the volume regui Turning VRI
too far (as if it were a volume comirol) will cause
ozeillation or loss of signals. VRI1 should not be
rotated more than about one<half to two-thirds of
its movement from the off position, If VRI1 is used
for critical control of regeneration, in the usual way
for a trf, receiver with adjustable reaction or
regeneration, the receiver will be very sepsitive to
weak signals,

An external aerial should not normally be neaded.
However & few feet of thin insulated wire ay a
throw-out aerial can be clipped to A.

Case Construction

The box was made from clear Perspex, the ends
being 14 = 14in, and %in, thick, The sides were tin.
material, each I x 3#in, Top and botlom were
both 34 = Zin. This gives a case with internal
dimensions of 2} ¥ 14 % 1}in. The top was held with
four small screws passing through clearance holes
into the ends.

Tuning Range
With the ferrite-rod aerial described tuning covers
the most important part of the medium wave band.

Full coverage of this band is not achieved because
the minimum capacitance of the 30pF compression

B T

periahdl phans

——=JT T

Ferrite rod asria
Fig. 4: Cage dimansions and gensrsl assembly,

J components list

H

Resistors:
A1 470k} RS  1kil
R2 10k RE  1kil
R3 Bk All ministure 10%
R4 10k VRY 26ki) with ewitch
Capecitors:
c1 001 uF munisture
cz2 2uF 8V electrolytic
c3 300pF miniature
Cc4 2uF BV slectrolytic
C8 BuF 4V slactralytic
VC1  300pF compression capacitor
TC1  30pF wrimmar
Samiconductors:
T NKT152 o1 GDE
Tr2 oc™M D2 GDo
Tr3 OCas1b
Miscellansous:
R.F.C, GmH or similar
L1 See text
Paxolin board, wire, battery, st

capacitor is higher than the minimum capacitance
of a conventional tuning capacitor.

In some parts of the country it may be felt desir-
uble to tune 1o the low frequency end of the band. Tf
5o some turns should be added to the aerial winding.
On the other hand should tuning to the hi
frequency end of the band be required a few tumns
can be removed from this winding.




REFLEX-3
PORTABLE
RECEIVER

by
ARMAN SAPCIYAN

receiver using 3 transistors only. The set to be described

employs 3 transistors in an inexpensive and reliable
circuit design, and it readily falls into this category. Like
other home-constructor designs of similar type, however,
it has one or._two tricky points which affect the overall
performance; but if these are properly catered for
construction raises few difficulties.

REFLEX CIRCUIT

The circuit of the receiver appears in the accompanying
diagram. In this, L, is a medium wave ferrite aerial, with
a coupling coil which feeds the base of TR;. The aerial
coil is tuned by C,.

IT IS QUITE EASY TO OBTAIN GOOD RESULTS FROM A SIMPLE

TR, in conjunction with diodes D, and D,, functions
as a reflex amplifier. It first amplifies the r.f. signal applied
from the ferrite aerial to its base, the amplified signal
appearing at its collector. The choke RFC, prevents this
signal passing to the second stage and it is applied instead,
via Cj, to the voltage doubler diode circuit given by D,
and D,. These detect the signal which is then re-applied, as
af, to the base of TR, for further amplification. The
amplified a.f. signal now passes through RFC, and is next
fed via Cg; to the volume control R . Capacitor Cs bypasses
any residual r.f that may still be present after RFC,,
whilst R, and C, decouple the TR, stage from the rest of
the receiver.

Resistors R, and R, in series provide base bias current
for TR, and it will be found that if this current is increased
above a certain point the transistor oscillates. R, is in
consequence adjusted so that TR, is just below the
oscillation point over most of the band received, where-
upon the resultant regeneration considerably improves
the overall selectivity and sensitivity of the receiver. In
some previously published designs using this type of
reflex circuit it has been common practice to specify a
single fixed resistor in place of R, and R, the constructor
being advised to find the best value by experiment. Such
an approach is time-wasting and can lead to the accidental
damage of other components whilst different values of
resistor are being soldered in. The present circuit is much
simpler and enables the receiver to be set up without
difficulty.

One of the incidental advantages given by this class of
reflex circuit is that R, and R, provide a small forward
bias for diodes D; and D,, with the result that their
detection efficiency is enhanced. Again, the rectified output
from D, is positive-going, so that strong signals cause the
base of TR, to go slightly positive whereupon its gain is
reduced and it becomes partly removed from the state
where it is just short of oscillation. The circuit therefore
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AF124 oc7s ACI28
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The circuit of the Reflex-3 Portable receiver
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Fig. 1. The circuit of the 3 volt recaiver. The ferrite sarial coils, L , Lo are intended for medium wave reception

arly.



3-VOLT T.R.F. RECEIVER

by
G. W. SHORT

Operating from a 3 voit supply only, this neat receiver design offers-
loudspeaker reproduction either on medium waves only or on medium
and long waves. It is assumed that the constructor is able to find the
required turns on the ferrite aerial rod experimentally; this process is
quite simple and detailed information is provided.

HE MAIN ATTRACTION COF OFERATING A RECEIVER  The receiver described here was therefore designed to
T from a low vollage battery, as far as the writer is operate from 3 volts. With pen-cells at less than sixpence

concerned, is simply that 1-5 volt cells are so cheap,  each, compared with hall 4 crown for the usual “transistor
compared with the usual 6 volt or 9 volt batteries. The  batteries™, the economics is still very favourahle. It is also
logical conclusion to- this argument would be to use a  possible, nowadays, to buy from component retailers neat
single 1-5 volt cell to power the receiver. However, it turns  little plastic holders which take a pair of pen-cells. By
out that in this case, as in others, it is dangerous to take  using one of these instead of a makeshift holder a significant
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Iig BoieBC|  GETAE BCI6EE R
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|=| A3 o
il iR
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# ; L 3 optianal
[=ee tant)
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L b
i : det
b-green , A

e=white
BCisaE 25072
BCI6BC GETE93 258405
Lead-outs Lead=outs Lead-auts
Fig. T. The circuit of the 3 volt receiver. The ferrite asrial codls, L, L., are intended for medium wave recepifon
: . oy,
things straight to their logical conclusion. When increase in reliability is obtained, 4
loudspeaker reception is reguired, and one of the “CIRCUIT BLOCE" DESIGN i
now-popular “transformerless class B™ output stages is The design shown in Fig. 1 is really a combination of
envisaged, the efficiency of a 1-5 volt' circuit is too low. (continged on page 163)

tol) i THE RADID CONSTRUCTOR



3-VOLT T.R.F. RECEIVER
{Continued from page T60)

two basic “'circuit blocks™ either of which may be used
on its own. The first three transistors form a two-stage
wide-band r.f. amplifier and detector: this part of the
cireuit (Lo the lell of the dashed line) may be used as a
radio tumer unit to drive an existing amplifier. The al
output is guite large {up to about 025 volt peak), and is
sufficient to drive most types of amplifier, The remainder
of Fig. 1 is a complementary class B transformerless audio
amplifier, capable of being built into a small space, and of
delivering 100mW into a speaker of 3 to 800 impedance.

The “tuner” part of the circait consumes only lmé,
while the amplifier has a standby {no-signal) consumption
of 3mA, and both will operate from fairly run-down cells.
TUNER SECTION

This is designed to give a good performance on medium
or long waves even if “reaction™ is not used. Many t.rf
designs rely on reaction for their sensitivity, but good
performance can then only be obtained at the price of
critical adjustment of the reaction control. This circuit
operates quite well without any reaction; selectivity on
medium and long waves i3 quite good with a ferrite rod
aerial, particularly if this is wound with Litz wire or fairly
thick solid wire and the coupling to the first transistor is
optimised, The only region in which better selectivity is
then likely to be needed is the high frequency end of the
medium-wave band, and a bit of preset reaction tlakes
care of this.

The imput stage uses a very-high-gain silicon planar
transistor type BC168C. This is an epoxy-encapsulated
transistor electrically identical to the metal-cased BC108,
but selected for high gain (h;, = 450 to 900). Use of a high
gain input transistor means that, with a two-stage r.[
amplifier, the input impedance is high. This in turn enables
the tuned circull to be coupled to the base of the input
stage with rathér more turns than usual, which is equivalent
to increasing the signal strength,

It should be noted that, in the case of a single-stage
amplifier, the input impedance remains low even when a
high-gain transistor is used. This effect is due to "Miller
feedback™; i, voltage negative feedback from collector
10 base via the inlernal capacitance of the transistor. The
higher the collector load, the lower the input impedance.
In a two-stage r.f. amplifier like the present one, the
Miller feedback in the second stage has the effect of
presenting the collector of the first stape with a
low-impedance load, This reduces the Miller feedback in
the first stage and restores the inpul impedance to
something like the no-feedback value, More turns can
then be put on the coupling winding.

The use of “complementary cascade” circultry (mpn. —
pop. — np.n) enables the three transistors of the tuner
section to be coupled directly, thereby saving a handful of
coupling capacitors and bias resistors. D.C. negative
feedback via the one bias resistor, R., establishes the
correct operating conditions for the complete tuner, and
also provides a certain amount of ago action. (The
collector potential of the detector tramsistor TR, falls
when a station is tuned in. This reduces the bias of TR,

DCTORER 968

and the resulting fall in collector current reduces the
drop across Ry, which causes the collector current of
TR to fall rather sharply.)

IT desired, the gain of the r.l. amplifier can be increased
by inserting an c.f choke of around 1:5mH [not critical)
in series with Ry, the collector load resistance of TR..
This choke is shown in the dizgram as L. (IT L, is omitted,
the lower end of Ry connects directly to the negative
supply line.} The inclusion of L; also adds one possible
way of introducing “reaction™. If L, is anywhere near
the ferrite rod there will be enough inductive coupling
between the lwo Lo cause an appreciable amount of
feedback between the output and input of the r.f. amplhifier, .

Resistors

(All fixed values } watt 10%) Cc
R, 22k0 8]
R; 15MQ M
R, k02 P
Rs 10k QO
R, 47kQ N
R, 4700 E
R~ 10kL} potentiometer, log track N
Ry 1000 (sce text) T
Ry 6800 S
Rio  330k0

Capacitors
c, See text

C;  2:5uF electrolytic, 3V wkg,
C, 125uF electrolytic, 3V wkg.

Cy 001 pF
Cs 01 uF
Ci O-1uF
C- F22uF
Cy 320uF electrolytic, 2:5V whkg
Inductors
L;. L, See text
L, Optional, type CHS (Repanco)
Semiconductors
TR, BCI168C
TR, GET693
TR, BCI16EB
TRy BCI6EC
*TR., 25D72
*TR; 25B405
D, Germanium bias diode
*Complementary matched pair.
Switch
5y s.p.5.1 on-off (may be ganged with R}
Speaker
3 to 80 impedance

Miscellaneous
2 1-5-volt “pen-light"cells
| Battery holder type BH2 (Eagle Products) or similar,

If this feedback is negative, sensitivity and selectivity are
reduced, If the feedback is positive, sensitivity and
selectivity are increased, very possibly to the extent that

{continued on page 166)
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3-VOLT T.R.F. RECEIVER
{Continued from page 163)

the receiver oscillates. What governs whether the feedback
is negative or positive is the relative direction of the
windings, and reversing any one winding reverses the
feedback. Rather than attempting to work out the
approprigte directions of all the windings it is simpler in
practice to connect Ly with loose leads so that the choke
can be twisted round through 180 degrees. It can then be
oriented 10 produce just the right amount of feedback,
whereupon it provides a preset reaction contral,

An aliernative simple way of introducing reaction does
not require the presence of L, Connect a short stiff
insulated wire to the base of TR,, and bring the frec end
near Ry This causes capacitive coupling, and it is always
in the eorrect direction to produce positive feedback,
irrespective of the direction of the windings on the aerial
rod. (This is, incidentally, another advantapge of two-stage
rf amplifiers) Il simply placing the wire near to or
touching the body of R, is insufficient to produce
oscillation, wrap it round R, two or three times. If this
does not do the trick then there is something wrong
somewhere (e.g. not enough turns on the base winding, or
of course a genuing fault In wiring or components),
Osscillation occurs first ncar the hf end of the medium
wave band, and the “reaction probe” wire should be
positioned so that oscillation just fails to ocour when ﬂw
battery is new.

The last two paragraphs assume that reaction is needed.
In many cases performance will be adequate without it,

DECOUPLING AND FILTERING

Omne very important item in the general circuitry of the
tuner section has not so far been mentioncd. This is the
decoupling and filtering. In the collector supply line, R,
and C; prevent af. signals from the output stage getting
back to the tuner circuil, whete they could cause instability
or distortion, At the same time, the RC |ow-pass filter
formed by C,, R, and C, removes rf signals from the
af output of the detector. These signals might otherwise
get back to the input and cause h.f. oscillation, a fault very
common in home-made receivers but apt to be puzzling
to the constructor since it usually shows up as vielent af.
oscillation of the “molor-boaling’” variety. (The circuil
becomes: a squegeing oscillator, the rf oscillations
choking themselves periodically at an audio or very low
frequency.} This type of oscillation is apt to be expensive
as well as puzeling, since it often destroyvs one of the
Iranssiors.

Another important part of the receiver - probably the
most importanl — is the ferrite aerial, It is rather difficult
1o give precise winding  instructions because the
charactenistics of ferrite vary somewhal, as do the size of
commercial rods and the capacitance of the associated
tuning capacitor. In general, with ferrite acrials as with
boxers, a good big *un is betler than a good little 'un.
Performance is  always improved, barring some
unpredictable effect caused by stray feedback, if the rod is
well clear of all wiring and metal parts such as the
loudspeaker magnet or tuning capacitor. As a guide, the
rod aerial in the prototype was as follows (the data
applving for medium waves):
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44 by fin round rod, in Plessey NW25 ferrite,

Tuned winding; 60 turns, 5/46 sw.g Litz, close-wound.

Base winding: 10 turmns of thin hookup wire,

close-wound.

This rod was used with a 300pF Jacksen “Dilemin”
tuning capacitor. (Some further points concerning the
ferrite aerial appear in the Note at the end of this article—
Editor,)

Before winding the aerial coils, the rod was wrapped
with two turns of thin cardboard (the kind used for
postcards). The use of a cardboard wrapping under the
windings means that the coils have a former which is
capable of being slid along the rod, and this is very useful
for fine adjustment of the inductance, For long wave
operation any of the conventional arrangements may be
cmployed. The best is 1o have a long rod with the medium
wave coil near one end and the long wave coil near the
other, each with its own coupling winding. A two-pole
two-position switch with one moving contact connected
to the live side of the tuning capacitor and the other
to the base of TR, can then be used to switch the live
sides of the appropriate coils into circuit. See Fig. 2. The
presence of the long wave tuned winding on the rod, even
when it is nominally switched out of arcuit, affects the
medium wave tuning, If the rod i5 too short (less than
about 6in) it may be almost impossible to achieve two-band
operation ; the medium wave circuit will be pulled right
off tune and the selectivity reduced. In this case it is better
to dispense with [ull long wave coverage and settle for
one long wave station only, Radio 2 on 200ke/s (1,500m) is
the obvious choice in Britain. This can be tuned by
switching a fixed additional capacitance across the medium
wave coil after the latter has been satisfactorily set up for
medium wave reception, the tuning capacitor being left
in circuit to serve as a fine luning control. The value of
fixed capacitance required is approximately 7 times the
maximum value of the medium wave tuning capacitance ;
in the case of a 300pF tuning capacitor the nearest standard
value would be 2,200pF. A little experiment may be
required to find the value which tuneés the Radio 2 signal
correctly. The additional fixed capacitor should he
silver-mica, and nol ceramic. A single-pole on-off switch
is all that is required for switching the extra capacitance
into circuil, as is shown in Fig. 3.

LW tuned III LW coupling
coll :I ceil

I|I
|
Long L

i i TR

wed .I Med
Ligiiy e
1]

Fig. 2. If the ferrite rod is sufficiently long, tuned
and coupling windings for fong waves may be
added A double-pole double-throw switch s
wsed far selectinng wavehands
THE RADID CONSTRUCTOR

Y.




AUDIO AMPLIFIER SECTION

The audio amplifier section is quite conventional and
the only point that needs watching is the biasing of the
output pair. Diode [ is & permanium junction diode, or
# gold-bonded diode (not a point-contact type). These
diodes have a forward voltage drop of around 250mV at
low currents. This is slightly greater than the base-to-base
voltage needed 10 bias the output pair into conduction
(I. = ImA}, and it is reduced by shunting the diode by
Ry Variations in diodes and transistors may dictate
values in R, slightly different from the nominal 1000
guoted mm the Components List, if the quiescent current
of the output pair is to be set at exactly 1mA, Too low a
resistance causes crossover distortion, and too high an
excessive quiescent current. The current may be checked
by a meter in series with TR, collector,

The collector current of the driver has the rather low
value of 2mA in this circuit because the output transistors
are high-gain types (hgp at least 100 at I, = 200mA),
requiring only a small base drive current from TR,.

Loudspeakers with impedances over B may be
connected, but the oulput power will be reduced. The
amplifier consumes about 30mA during loud passages of
pop music when the peaks are lightly clipped.

CONSTRUCTION

Construction presents no special problems. The
prototype was made up in “pin-board” form: ie, the
components were soldered to anchorage points made by
driving ordinary bright new domestic pins into a wooden
bascboard and then cutting off the heads, leaving about
#in for use as solder tags.

Keep the rf wiring short and direct to reduce stray
capacitance. Run the negative supply lead from the battery
first to the collector of TR, and then to the tuner section.
This reduces the risk of instability from stray coupling in
the “earth” lead, a common fault in power amplifiers of
this type where the large circulating currents in the output
stage can set up appreciable voltages even across a few
inches of plain wire.

It is a good idea to mount the ferrite rod, speaker,
tuning capacitor, volume control, and any switches on a
front panel, which can be made of Formica or other
insulating board.

As a final point, this circuit is a variation on a design
which has been in use in various parts of the world for
some years now and it has proved to be simple to construct
and reliable in use.

Med
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Additanal
capacitor W

&,

Fig. 3. With this simpler approach, the switch

connects an addittonal capacitor across the tuned

circedt for pre-ftuned reception of Radio 2 on
1,500 metres,
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EDITOR'S NOTE

Az stated in the article, the number of turns on the
ferrite rod depend on rod dimensions and ferrite grade.
Any of the ferrite rods offered through home-constructor
retail channels will be satisfactory here and it would b
best to start with the medium wave band, using the %
turns recommended by the author and reducing these
nccessary until the desired medium wave coverage is
obtained. Modern Litz wire is normally of the
solder-through type and the soldering iron can be applied
directly to the enamelled strands without previous
stripping. A tuning capacitor, either air-spaced or with
“Dilemin” insulation, of 300 or 310pF maximum
capacitance will be satisfactory. The medium wave
coupling winding (the author used hookup wire] can be
of 20 to 16 s.w.g. in thickness. For maximum coupling it
should be wound over the earthy end of the tuned winding,
the end connecting to C, being over the end of the tuned
winding connecting to the negative supply rail.

In general, the long wave tuned winding will require
slightly less than 4 times the number of turns needed for
medium waves. A suitable wire for both tuned and
coupling windings on long waves is 36 s.w.g. double rayon
vovered enamelled copper, or similar, The tuned coil may
be wound in a single pie, with the coupling winding close
alongside, Again, it will be found easiest to wind on a few
too many turns, then take these off until the desired range
is achieved,

The coupling winding, on both medium and long waves,
should have about one-sixth of the turns in the tuned
winding.

A range of Litz wires, including 5/46, is available from
Home Radio (Components) Lid. E




provides a degree of a.g.c. action and ensures that greatest
regeneration is reserved for weaker signals.

The TR, stage is sufficiently sensitive to operate a pair
of high resistance headphones connected across R ;.

AF. STAGES

- AF. amplification is provided by TR, and TR ;. Direct
coupling is employed from the volume control Ry right
through to the speaker transformer primary, thereby
enabling a good performance to be obtained with a
minimum of components. R, provides d.c. feedback and
keeps the two stages stabilised. Capacitor C, functions asa
bypass for the higher audio frequencies and, as is described
later, may require adjustment to suit the particular
speaker employed.

If a high impedance speaker, of around 150€), is available,
this can be connected directly in place of T; primary,
whereupon this transformer is not required. For lower
impedance speakers, T; should present a primary
impedance of around 150 to 2509 to the collector of TR ;.
(A suitable component for T, is the Radiospares
Transistor Transformer type T/T4. This will match TR,
to a 3Q loudspeaker. The T/T4 transformer is readily
available from component mail order houses.—Editor).

TRANSISTORS
The transistor specified for the first stage is an AF124,
which is intended for v.h.f. operation. Alternative choices

N.B. Some of the components listed below may
require adjustment. Details are given in the text.

Resistors
(All fixed values & watt 10%)
R, 250kQ variable, skeleton preset

R, 100kQ
R; 47kQ
R, 1kQ
R;  10kQ potentiometer, log, with switch
Rs 47kQ
R, 33kQ
Ry 150Q
Capacitors

C, 365pF, variable

C, 001uF, paper or plastic foil
C;  330pF, ceramic

C, 30uF, electrolytic, 10V wkg.
C; 0-005uF, paper or plastic foil
C¢  5uF, electrolytic, 10V wkg.
C,  0-05uF, paper or plastic foil
Cg  100uF, electrolytic, 6V wkg.

Inductors
All inductors are described in the text.

n=ZmMmZ071V200

Semiconductors

TR, AF124

TR, OC75

TR, AC128

D,,D, OA70
Switch

S, s.pst, part of Rg
Battery

B, 9 volt battery
Ioudspeaker

See text
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for TR, are AF126 or AF127, but the writer found that
these did not provide quite as much gain as the AF124.
When compared with a medium wave transistor like the
0OC44, the AF124 is much to be preferred. Its shield
lead-out is ignored, and is not connected to chassis.

TR, is not very critical and a number of high gain a.f.
types were tried with roughly equivalent results. An OC75
functioned well and this is specified in the Components
List.

The output transistor, TR 5, should preferably be a high
gain type also, although fairly adequate results would be
obtained even with an OC72 or similar. (The author tried
both an AC153K and an AC117, with equal results, in the
prototype. These are not readily available in the U.K., and
an AC128—“‘comparable” with the AC117—is quoted in
the Components List.—Editor.).

The diodes D; and D, were OA70’s in the prototype.
Other germanium diodes should be satisfactory, but they
may require changes in the value of R,.

INDUCTORS

The aerial coil, L,, is wound on a ferrite slab 3in long,
3in wide and §in thick, and the total number of turns is 62,
with the earthy tap 8 turns from the end which connects
to TR, base. The coil should be close-wound on a paper
sleeve which permits: it to be slid along the slab for the
required frequency coverage. Slabs of approximately the
same dimensions as that used by the author (such as the
43 by } by 5in slab available from Henry’s Radio.—Editor)
will be satisfactory, although it may be necessary to add,
or take off, several turns at the end which connects to C,
to provide the requisite range. The wire is 26 s.w.g.
enamelled copper.

In the prototype, choke RFC, consisted of the primary
of a miniature transistor if. transformer with its internal
parallel capacitor (200pF) disconnected. (Any internal
capacitor across the secondary should also be dis-
connected.). The secondary winding and any taps in the
primary are ignored, no connections being made to these.
Some advantage was provided by the fact that the dust
core position could be adjusted for best regeneration. The
can was earthed to the positive supply line. However, the
use of an if. transformer in this manner is put forward as
an experimental approach only, and constructors may
employ a standard r.f. choke instead. (A 2-5mH choke
such as the Repanco CH1 would be satisfactory.—Editor.).
A home-wound choke could also be made up by winding
about 450 turns of 36 s.w.g. single rayon covered enamelled
wire on a 1 watt 20%; resistor of 1IMQ or more, the ends |
of the winding being soldered to the resistor lead-outs.

ADJUSTMENT AND OPERATION

With the prototype, current consumption was 10mA
from the 9V battery, and the output power from the
speaker was of the order of 50mW. A PP3 battery is
satisfactory for running the receiver under these con-
ditions. Output power may be increased by reducing the
value of Rg to 100, whereupon the total current rises to
17mA. A PP3 battery is not recommended for this higher
current since its life will be reduced by more than half, and
a larger battery should be used.

The function of C, is to remove distortion at the higher
audio frequencies, such distortion being most noticeable
with small diameter speakers. With some speakers, it may
be preferable to use 0-02uF or 0-03pF in the C, position or,
even, to omit the capacitor altogether. The reader i
advised to build the receiver and bring it up to worki
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REFLEX
FRONT END

REFLEX circuits have a reputation for being

gimmicky and unstable, This one has proved

relinble in various applications and the unit
deseribed should present no difficullies provided the
layout is strictly adhered to and the coil wound
exactly as detailed.

The output can be fed into a conventional trins-
istor a.f. amplifier with volume control, a four
transistor push-pull type having proved adequate in
sensitivity and gain. Space is awvailable behind the
panel for an additional paxelin board or verohoard
on which an af. seclion can be mounted if desired.

Circuit Description

The aerial is fed via a 250pf trimmer capacitor
to an aperiodic windingson the: coil, loosely coupled
to the tuned secondary winding, which in turn passes
the tuned r.f. signal to the transistor base via a third
inductive winding. The rf. signal is amplified by
the AF118 and then passed to the diode where the
signal is demodulaied and the resultant af. fed back
to the base of the transistor via the (-1 wF capacitor,

The signal is again amplified and being a.f. passes
through the 2-5mH choke and buffer capacitor to
the output,

=G

Ll RS CH
180K 2:2%0 SELF

LS 2:5mH Output

e

Fig. I: Circuft of the reflex front end.

Regeneration is accomplished by a pesitive feed-
back logp (r.f) from the collector to the tuned
circuit and controlled by the 100pF  variable
capacitor,

The rransistor is stabilised by the potential divider
resistors in the base circuit and the resistor/capacitor
network in the emider line. A 10k{} resistor gives
bias to the diode.

for
1:6 to bMc/s

by V. S. EVANS

It will be seen that the theoretical diagram coin-
cides closely to the layout drawing showing the
reverse side.

The tuning capacitor can for convenience be one
section of a Iwo gang, or the two sections in parallel
provided this equals about 300pF. The one used
by the writer was a surplus 196 +110pF having a
slow molion spindle, thus aveiding an expensive
slow motion dial. The panel is aluminium to ming-
mise hand capacity effects.

The coil is made from a 2in. ferrite rod +%in.
diameter, around which is glued & sleeve of thin
card. A further sleeve 11in. long is made to fit loosely
over the previous one and is the coil former. The
clear, quick setting glue sold in tubes is best for this
job, The wire used may be 26 sw.g. enamelled (or
cotton covered) and the windings should also be

TﬂSﬂﬁT

AF1TIE

+we to WCI,vC2
and 51

ebsc

Fig.-2: L ayout ahd wiring diagram. Components shown dottad,
are on the revorse side,



Y~ components list -

| Resistors:

Rt 1 Bmifl R4 10k0

‘A2 10k RE. 2-2kQ}

R3 Tkl

all 10% W

Capacitors:

C1 0-005uF

€2 DAuF

C3  25uF 12V electrolytic

C4  GOpF

C5  25uF 25V electralytic

WC1  300pF air spaced

VC2 100pF solid dielectric

TC1  250pF compression trimmer
Inductors:

L1, L2, L3, L4 see text and Fig. 3 for winding details
L5 2-BmH r.f, choke
LE  7-5mH r.f. choke

J| Miscallanaous:

B x Bin, 18 s.w.g. aluminium; 5 x 4in. <rin. paxolin;
AF118 transistor; DABE diode; 51 on/off togale
. switch; battery clips; PP3 9V battery; transistor

Above chassis view of the assembled receiver.

-
smearcd with glue to keep them in position. The
ends are taken through holes made in the former to
the inside and brought oui through the ends as per
diagram.

It will be seen that leads 1 and 2 are kepl away
from the others as they are “lively"” and carry the
r.f. feedback.

The wsval precautions should be observed when
soldering small compenents to avoid overheating.
The layout ensures that all leads are kept short and
direct. In most instances the actual component wire
ends can be used for wiring up. Where extra lengths
of wire are n:qﬂircd it will be found that 18 sw.g

tinned copper wire will meet all requirements, Before
%

Ta ¥WC2

Ferrite rod
Sig dia, x 2lang

|
% [}
20 turns 4| Fturns

h\l
3
4 turns
s PR |

G |

Ta Ta
Trik

Ta
C1CRand R2

Ta +we
T line

Fig. 37 Coil winding, see text for further detalls.

connecting the battery, make sure that all wiring is
correct, as the transistor can become damaged.

Ensure that the callector iz not in any way shorted
to earth in connecting the regenerative capacitor,
A solid dielectric type has been chosen as @ prolec-
live measure, but if an air“®paced type is to hand it
is as well to connect a 000 uF capacitor in serics as
an added precaution.

Tuning Procedure

Tuning is best carried out by bringing the circuit
to the threshold of vscillation, with the regenerative
capacitor, and then rotating the tuning capacitor
through the frequency range. It is important nor to
let oscillation actually take place (whistles or
squeals from the loudspeaker) as in this condition
the aerial is radiating and may cause interforence to
other listeners. The 230pF (rimmer will help to match
the aerialfearth system used and balance sensitivily
with selectivity,

For the experimenter the range of frequencies
covered may be altered to suit personal requirements
by adding or sublracting to the number of turns on
the main winding of the tuning coil. Up to ten turns
off will bring in the 49 metre band whilst adding
ten turns will bring in Radio Luxembourg, ]

IMPORTANT

DON'T BUY PRACTICAL WIRELESS and then
allow it to become tarn and dirty. Don't search frantically
thraugh your back issues for that particular afticle sither,

Treat yourself, snd your muagazines, to a Precticsl
Wirglezs Binder and Index. & complete vear's issues all
in ane place with an indsx for quick reference. The
Binder is available for just 148 6d., and the Index costs
only 1e. Bd., postage and packing included, State which
volume number you want on the hinder, it you don't,
we'll send you a blank one, ’

Avwifatie from the Binding Section, George Newrmes
Ltd., Tower Howse, Southampron Street, Londan, W.C.2

-



order with C, at 0-05uF. The value of C, may then be
changed experimentally, if necessary, to suit the particular
speaker employed.

When the receiver has been completed it is first of all
necessary to set up R,. A new battery should be fitted for
this process. Initially adjust R, such that the receiver is
Jjust below oscillation point over most of the band covered.
If oscillation cannot be obtained, reduce R, to 68kQ.
With the prototype it was found that the 100kQ value
specified for R, was satisfactory for a wide range of
transistors in the TR, position. Remember that if RFC, is
unscreened the onset of oscillation will depend to some
extent upon any inductive coupling it may have to the
ferrite aerial coil. RFC, should be mounted several inches
away from L, and with its axis at right angles to that of
L,. Some control of the oscillation point may then be
given by orientating it relative to the ferrite aerial coil, and
this factor may be helpful in some cases. After R, has been

initially set up it does not need to be touched again.

A suggested alternative method of using R, is to fit it to
the front panel as a normal 250k} linear potentiometer
and employ it as a sensitivity control. It may then be
adjusted for optimum sensitivity on each received station.
In this instance, Rs is not required in variable form and
may be replaced by a fixed resistor of the same value, with
Cs connecting direct to its upper end. The on-off switch
may then be provided by a separate slide or toggle switch.
However, this alternative scheme is offered as a suggestion
only, since the circuit gives excellent results as it stands.

As a final point there is a very slight risk of inductive a.f.
feedback coupling between the output transformer and the
ferrite aerial. If this occurs the connections to the output
transformer primary should be reversed. There was no
trouble on this score at all with the prototype, and it is
only mentioned in case the constructor encounters the
snag and does not know how to deal with it.




HIGH
PERFORMANCE
T.R.F.
TUNER UNIT

by
J. MORLEY

The simple medium and long wave tuner

unit incorporates an unusual r.f. amplifier

circuit to obtain a high level of selectivity
and sensitivity

HE MAIN DISADYANTAGE OF SIMPLE “STRAIGHT™

receivers is their lack of selectivity, The inherent low

input impedance of a transistor in the normal common
emitter configuration loads the preceding tuned circuil
and reduces the effective Q" of its coil. The result is poor
selectivity and, at worst, the overlap of signals, Tertiary
windings on the coils help but are not, at any rale in the
writer's experience, a successful answer to the problem.

LONG-TAILED PAIR
In order to produce a simple high performance tuner

that could really separate stations withoul the use of
field ellfect transistors, the writer looked again al the
long-tailed pair configuration, fts basic use in the present
application is illustrated in Fig. 1.

In this diagram the first iransistor, because of current
feedback, has a reasonably high input impedance —
enough, anyway, not to drastically load the type of coils
the writer would use. The second transistor is effectively
n grounded base, being driven by the common emitters,
and the output impedance would also be reasonably high.

With these factors in mind some experiments were
carried out, these culminating in the complete tuner unit
circuit shown in Fig. 2. Here, TR, and TR, are the long-
tailed pair, these appearing between standard Denco
Miniature Dual Purpose Transistor coils. The coils are
Range 1T for long waves and Range 2T for medium
waves, and may be plugged into B9A valvcholders as
required. The "numbers alongside the windings in the
circuit diagram indicate the valve pins to which
comnections should be made. The two coils should be
screened [rom each other.

The ¢oals ure tuned by the 2-gang capacitor C,C,, with
trimmers C; and C,, Normally the trimmers may be set
up for best results at the high frequency end of the medium
wave band.

The output from the second tuned circuit is fed into
transistor TR, which is biased back on the lower part of
its characteristic curve to work as a detector in rather a
similar manner to the old anode-bend IZ].-p-E The al
outpul is obtained via Ly .

In practice, the circuit works extremely well, with very
effective selectivity and good audio quality.

Before concluding, some points need to be made
concerning components, An OC170 i specified for TR,
and 1t was found that this was the only type that would
function as an efficient detector with the component
values given for the circuit, Its shield lead-outl can be Teft
unconnected.

It may bg found of advantage (o experiment with R, 1o
meet the requirements of specific transistors in the
long-tailed pair. The value of R; may be raised or lowered
until the selectivity and sensitivity are at best proportions.
TR, and TR, may be OCd4, GETS74 or OCI70. If the
last, the shield lead-outs, should preferably. be connected
to :hassis.

The value specified for Cy, is applicable il the tuner
output feeds into a subsequent transistor stage. IM the
following amplifier has a high impedance input, as would
occur with a valve amplifier, C,, may have a value of
005uF,

Fig, T, The bagic long-taifed pair r.f. ampiifie

Ly

Base bias

PR
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ITHE EADK) CONSTRUCTOR
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Fig. 2. The complete am. luner incorparating the 5
fong taifed pair. TR is the detector
Resistors Cy 0.04uF
(Al § watt 10"5) Cc C,  4uF clectrolytic, 10V wkg,
R, 47k O C,, 1,000pF :
: 5.6k0 M C,, S0pF electrolytic, 10V wkg. (see text)
R, ‘!?1% P Inductors ;
Rs 0 O L, Miniature Dual Purpose Transistor Coil,
Rs i g N Blue, Range 1T and 2T (Denco)
Rs i%ﬁ E L, Miniature Dual Purpose Transistor Coil,
R N Yellow, Range 1T and 2T (Denco)
R, 22M0 T
| 1k Transistors
S TR, TR, GETS74, OC44 or OCI70
Capacitors : " 0OC170
Cy, 2 2-pang variable, 3104 310pF 3
Cy 30pF, trimmer Switch
C, 30pF, trimmer 5, sp.st on-off
C. 0.1uF Bartery
Ce  DIpF 9-yolt batt
C.  100uF electrolytic, 6V wkg, gy £




POCKET REFLEX
RECEIVER

by
ARMAN SAPCIYAN

Arman Sapciyan is resident in Istanbul,
and regular readers may recall his
previous design, ‘““Short Wave Three'’,
which appeared in our February 1968
issue. He now presents a neat and simple
2-transistor medium wave receiver which
combines good sensitivity with low
battery consumption.

RANSISTOR RADIOS STILL CONTINUE TO BE ONE OF THE

most interesting constructional projects for the home

constructor. However, a great variety of transistor
radios described in the home constructor magazines use
a.f. transformers to couple the first stage to the second
and this can make them rather bulky, as it is not possible
to find subminiature transformers in every country in
which these magazines are read.

The present design has only one a.f. transformer,
between the output stage and the speaker. With a high
impedance speaker it is possible to dispense even with
this, whereupon the design represents a radio using no
transformers at all.

Today, the reflex principle is widely in use with cheap
Japanese portables which are sold in most countries.

24

These incorporate at least one a.f. transformer. The
receiver described here is not only simpler than these
radios but provides a better performance. With the
prototype it is possible to tune in at least ten foreign
stations after dark in addition to two strong local ones in
the medium wave band.

THE R.F. STAGE )

The circuit of the receiver is given in the accompanying
diagram. It employs two transistors, and the first stage,
TR, consists of a reflex amplifier. A reflex amplifier is one
that amplifies at two frequencies, usually at r.f. and a.f,
Any home constructor who is familiar with this sort of
receiver knows very well that in such a circuit everything
depends upon the gain of the first transistor. Therefore, it
1s necessary to get maximum gain from the first stage,
since the second stage will only amplify the signal received
frort the first stage. If the reader fails to get a satisfactory
result from the first stage it is obvious that the performance
will be disappointing (so far as sensitivity and selectivity
are concerned) no matter how efficient the output stage is.

In the TR, stage, L, is a medium wave coil wound on a
ferrite slab and tuned by C,. The base of TR, couples into
this coil by way of the tapping at “B”, and it initially
amplifies the received r.f. signal. This signal is detected by
D, and D, and re-applied, as a.f., to TR, base. TR,
amplifies once more and the amplified a.f. signal appears
across R 3, being passed to TR, via C, and volume control
VR,. Resistor R, has a value which ensures that TR, is
Just below oscillation point over most of the band covered,
without actually breaking into oscillation at any point.

Constructors may find it of advantage to initially build
the first stage on a relatively large chassis so that the
process of experimentally finding the value of R, can be
carried out more easily. This value should be between
IMQ and 150kQ, and will vary for different transistors.
Regeneration increases as the value of R, reduces.

(Continued on page 27)
THE RADIO CONSTRUCTOR
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The simple circuit of the pocket reflex receiver

In the prototype, R, had a value of 220k} when used
with an AF124. It is necessary to use a new battery when
finding the required value of R,, and Cg should be in
circuit across the supply lines. (As some experimenting
with coil turns may be needed, this could also be carried
out at this stage.—EDITOR).

The writer checked a number of transistors in the TR,
stage, including AF114 to AF117 and AF124 to AF127.
In general, the AF114 and AF124 gave best results,
particularly at the high frequency end of the band, and
these types are specified here. No connection is made to
the shield lead-out.

If desired, the TR, stage can be employed as a complete
receiver on its own, an earpiece with a resistance of about
100€2 being connected between the positive side of Cq and
the positive supply line, and all components after Cgq
(including Cy in this case) omitted. It will then be possible
to tune several foreign stations in addition to local ones
with good volume. The total battery consumption of the
first stage will be around 2.5mA from a 9 volt supply.
The earpiece can also be used for checking the performance
of the TR, stage whilst finding the value needed for R,.
The first stage will make a good front-end, incidentally,
for any r.f. amplifier.

THE AERIAL COIL

Coil L, is close-wound on a ferrite slab measuring
6cm by 1.5cm by 4mm, the wire being 28 s.w.g. enamelled
copper. The tuning capacitor may have a value lying
between 250pF and 365pF, a 260pF component being
used in the prototype. With this capacitor the total
number of turns, from “A” to “C”, should be 73 tapped
at § turns (“C” to *“B”). In the prototype this number of
turns gave a coverage of 540 to 1,900 kc/s. With a 365pF
capacitor in the C, position, the number of turns from
“A” to “C” may be reduced to 63, the tap again being at
8 turns (“C” to “B™). (The metric figures for the ferrite
slab correspond, approximately, to 23 by % by {sin.
AUGUST 1968

COMPONENTS

Resistors .
(All fixed values 4 watt 10°%)

R,  See text

R, 22kQ

R, 220kQ

Ry 2.2kQ

R, 33kQ

R, 100Q

VR, 5k potentiometer, log track, with switch
Capacitors

C, 260pF variable, air-spaced (see text)

C, 0.01pF, paper or plastic foil

C, S50uF, electrolytic, 6V wkeg.

C, 470pF, ceramic or silver-mica

C,  0.01pF, paper or plastic foil

Ce  SuF, electrolytic, 12V wkg.

C,  100pF, electrolytic, 6V, wkg.

Cy  100uF, electrolytic, 12V, wkg.
Inductors

L, Ferrite aerial (see text)

RFC,; 2.5mH r.f. choke

T, Output transformer (see text)
Semiconductors

TR, AFl114 or AF124

TR,  OC72 or similar

D, 0A70

D, OA70
Switch

S,  s.p.s.t., part of VR,
Battery

B,  9-volt battery type PP3 (Ever Ready)
Speaker

Miniature moving-coil (see text)
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Should readers have difficulty in obtaining a slab of these
dimensions, an alternative would be the 4§ by $ by 4 in
ferrite slab available from Henry’s Radio. Slightly fewer
turns from “A” to “C" would be required with this slab,
although the 8 turn tap, “C™ to “B”, need not be altered.—
EDITOR.).

Some variation in the regeneration effect is given by
moving coil L, along the ferrite slab although, normally,
it should be in the middle. Should the constructor wish to
provide a physical feedback path, a small adjustable
*“‘capacitor”, made up of two insulated wires twisted
together over a short length, could be added between the
collector of TR, and end “A” of L,. From the writer’s
experience, this addition should not be necessary.

TR, STAGE

The output transistor, TR,, may be an OC72 or any
similar type of p.n.p. transistor. The output impedance is
not very critical, and the prototype employed an output
transformer whose ratio caused an impedance of 6009 to
be presented to the collector of TR,. If a high impedance
speaker of around 150€ is available, this may be connected

directly in place of T, primary, causing the whole receiver
to be transformerless. (For a 3€) speaker, T, may be any
output transformer intended to match an OC72 to a
3Q load, such as the Radiospares T/T4.—EDITOR).

The battery consumption of the complete receiver,
with TR, and TR,, is approximately 9mA from a 9 volt
supply. This is quite reasonable, and a PP3 battery can be
used.

CONSTRUCTION

The receiver may be finally assembled in a small
plastic case, that used by the author measuring only 1lcm
by 7em by 3.5cm (approximately 4% by 23 by 13in). The
most important point is to ensure that adequate spacing
is provided between all inductors. Thus, neither the r.f.c.
or the output transformer should be close to the ferrite
slab or to each other.

If, on tuning very strong signals, a motor-boating effect
is observed, this may be cleared by slightly increasing the
value of R; to 2.7kQ or 3.3kQ as requjred to remove the

effect.




plicated circuils and alignment  ditficulties o

the superhet, vet will normally give good lToud-
speaker volume plus o reasonable selection of sta-
tions. This cirewit has Hve transistors m oa d-slape
reflexcd  arrangement  which 15 sensitive, easy 1o
build, amd provides excellent volume from an eco-
nomical single-ended push-pull vutput stoge.

Figure | shows the circuit, and a personul phone
or headphones may be used o fesi it in three
ﬂ:el:“!inm during construction. This ensures thal pro-
gressive wiring i correct. Trl acls as r.f. amplifier,
with  regeneration Llnnugh TCT controlled by the
polentiometer VR R.F. is blocked by the r.f. choke
and passes (o diodes D1 oand 12, the demoduiated
signal passing throwgh L1 ow Trll which furnishes
audio signdls wcross R, tken through Co toe Tr2
When the cireuit 14 wired as for as Ui, phones from
Ch o battery posilive pive moderale phone volume
from some lacal stations, while tuning and regenera-
tion will be found in order if this section is working

FF HE Lil type of receiver avoids the more com.

correctly,
Tr2 and Trl wre awdio amplifiers. conpected 1o
ebiwin d.c. stabilisation of their working conditions,
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R.F.GRAHAM

For example, assume Tr2 collector current is too
high The voltage drop across R4 rises, moving Trd
hase positive and Trd emitler corrent falls, redncing
the wvolluge drop across Re, and moving Tr2 base
positive through R3, o restore working conditions.
Should Tr2 collector current be too low, the reverse
arses. Wilth T3, excess collector and emitier cur-
rent increases the vollage drop across K6, shifting
Tr2 base negative, mereasing Tr2 collector current
and the voltage drop across R4, which in furn moves
Trd base slightly positive, o restore conditions,

With Tr2 and 173 added, phones from Trd collec-
tur to battery negative should give more than enough
volume, with good guality of reproduction, therehy
showing this section 15 m order. Transformer T1
deves Trd and TrS an a popalar and  economical
push-pull - corcunt,  operating  direcily amlo a 75
speaker.

Components

There is come latitude in frunsistors and some
other dems, bol miniolure fransslor receiver Dy
components have o be used throoghout. All resis-

tors are 04 (silver
band) except R7, RE,

biind ) or selected with
i relinble meter  for
acerwy, YRI s on
midpeer pot with switch
and  aetual results are
the same with 10k or
20R4E. WO s o mikdgel
solid-dielectric (3pE)
bui therg is space for o
et ar-spaced capa-
citor, if to hand, and
MSpE or other farger
wialive can be firted,
Variows transformers

| l_|..'= K Jil‘ld_ RIU‘. which
J miest be either 5% (gold

for =sinple-ended push-

Eig, I' Complete circwlt of the TRES pockat porfatie, I,
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o s pull, for mse with OC7|
g and 22007, or OCRID
=Haan aned 2aCHCBL, or similar
| AR Iransistors, are satisfhe-

Dhing tory for TI, The ratio

LaAont sswiten

is penerally abowt 7004
1 35041, Tags are



numbered in Fig. [ and 3 wiring plan shows localion
of tags or pins and must of course be for the actual
transformer, if different from that listed.

The speaker is a T5-80{1 2in, or similar unil, bui
35(1 units are also in order, while 2 25 or 350
speaker is particularly soitabibe Tor 220081 or simi-
far trunsistors. The recewver 15 easily accommaodated
in & plastic case which is approximately 51 x 3} x
[1im, external dimensions,

Chassis and Case

This is § x 3in., Ain. paxolin, with all components
except VRI and the speaker mounted on the back
as in Fig. 2. Cases of the type mentioned have
three projections inside, tapped 6 HBA. Bolis in
holes X, Fig. 2, secure the finished receiver in its
cuse, These three holes can be positioned by cutting
thin card 5 x Jin., placing il in the case, piercing
ower the tapped holes, then using the card as a
templute for drilling the paxolin, Should any holes
be imaccurately  pliced,
they ¢an be clongaled with
a sl round file, The

side by side om u § x gin, ferrite rod. Gloed paper is
wound round the rod, and the wire fxed at A with
tape, adhesive, or cotton, After winding 76 turns, the
small loop B is made, and winding continosed in the
same direction for a further 12 turne, the wire being
fixed at C.

A loop of some insulating material, such as card-
board, lesther or plastic is col to go round the rod,
aned drawn tight with 2 boll, which alse goes through
the panel. Extra nuts or a spacer lifts the rods so that
the winding clears the trinmmer TOCL WNote that a
wire afsn passes from the moving plates of VI
through the panel o the “earth™ or battery positive
circuils the other side.

If the receiver is fo be fesled In sections  as
mentioned, insert components up to Ch,

The underside of the panel (or frent when the
receiver 15 in iy cased is shown in Fig. 3. VRI s
fixed with a small bolt. The simplest method of
wiring is (o wse 26sw.r or similar bare finped

e holes marked S are
for balts with extro nuts,
which secure the speaker.
Somewhtal similar cases are
made with tapped holes to
fix a speuker inside, and
o fexible leads can then
run  from  spenker to oy
TECEiVEr

The  speaker  opening,
Fig. 2. s about 1{in. n
dizzmeter, to clear the 1T
spenker. As many holes as
possible shouwld be drilled

before  Alling  any  com- @ Battery
ponents o the panel, W il
ame Pyl drermiang
. contral Slleny, Swlge
Ferrite Rod F e

Aerial

I

O

~ This has BB lurns of
2oaow g, enamelled  wire,

Fig. 2 Componeni layoul. The vofume control VR T is o unied on the reverse side

{Fee Fig 34,

Leign praker
canreclinns

copper wire, with lmm red
sleeving for “ecarth” and
black sleeving for negutive
line. Joints tespecially for
transistors and diedes) are
soldered rapidly, the iron
haing  removed  immedi-
ately the joint s formed,
To test the first stape,
connect phones from the
free end of O6 W batlery
positive and unscrew 1O,
Sel VR ot about half its
travel, Tume in o signal
wilth ¥VCI and screw down
T vl the receiver just
begins to oseillite, bucking

off VEREI slightly should
then control regeneration.
A meter in one buallery

Fig. 3 Undergide wiring of the paxolin panal.

lewed should show o current
of sboul 1 —15mA, fulling
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by about 0-2mA on funing
in a strong sigmal, dug to
increased base hias from
the diodes. Regeneration
hecomes less easy towards
the low frequency end of
the waveband, so TCI can
be readjusted slightly fater,
for best over-all reception,

Muring normal wae, VR
sl be adjusted as a re-
generution control, mor as
n simple oudio volume
control. Kotting VR to-
wirds maximum builds up
volume, until  oscillation
begins, Sensilivity is very
high just below this oscil-
liting int. Should no
reanlts obtained, con-
nections in this part of the
circuit should be checked.

When Tr2, Trd, and
associnted components
have been added, it s worth checking results by con-
necting phones between the collector of Trd and the
hattery negative line, This corresponds to points 35
and 6, Fig. 1. Yolume on local signals should be very
great, and maore stations may be heard. There should
be no audio distortion, I results are poor or distor-
tion has arisen since adding Tr2 and Tr3, check
resislor valoes and connections here,

Currest drain with Trl, Tr2 and Trd in use
depends somewhat on transistors, but can be ex-

v components list

Roslstors: Capacitors: |
R1 4-Tkil 1 0-0TuF 160V
R2  AT0KD C2 330pF 180V
R3 33k6 10% C3  4uF 28Y electrolytic
R4 B2kQ | €A 0:01uF 150V
RE  1kii CH  100uF 12V slectrolytic
RE Tki) C8  0:26uF 160V
R7 2:Tki1 c7 30uF BV electrolytic
RE 1000 E% CBE  100xF 12V electrolytic
R 2 7kdl VC1  300pF miniature
R10 1000 i~ ;En?:hia
R11  4:7ik pF trimmer
R12 470 }‘”“‘
VR1  2Bkilpat. with
swilch Induetors !
L1 se8a taxt
Samiconductors: RFC -nuni&&ira 7-BmH
Tl QC44 cho
Tr2 MKTZE2 T1 Sing leBnded push-pull
Trd  MNKTZSZ transformer ?;.11& 1
Trd  METZET {Fotiphona L tar
TG NKT261 } mAtChed  gimilar) soe text
o1 0AR1
o2 OA1
Miseallanaous:
Farrite rod, wirs, solder, paxolin 5 & 3 x {fin., 750
speaker, cEse o suit, knob, dial, 8Y battery. -!

a2

Internal wew of assembied rocaiver (less loudspesker)

pected to be around 3—4mA. Should there be any
fault, correct this before wiring the outpul stage.

Output Stage

As mentioned, connections to T1 in Fig. 3 are for
the listed transformer, and tag 1 is red, Other 1rans-
farmers have tags in different positions, bul are
equally suitable,

Resistor values B7 ta B12 are suitable for OCT72's,
OCE s, and many similar transistors, in addition (o
those listed, The outpul transistors are best pur-
chased us o malched pair. Tt should then be found
that the voliage al the junction of RE and RY is about
half the supply woltage. This will nol ke so with
unmatched transistors in Trd and Tri positions o
with an error in wvalue in R7, RE, RS or RIO. In
practice, it is usually found that results are satis
factory if transistor voltages lie within about 20% of
each other, if the transistors are otherwise matched.

Currend teken by the whole receiver should be
about B—I10mA, nising tw 12—20maA peaks with
good volume, Should current be sround B—10mA
but extreme distortion spoil results after adding the
output stage, check connections 1o T1. In particular,
leads to one half secondary may need lo be reversed
Should current be much wnder 8mA, with wedk,
distorted reception, check that a mistake is not made
in rending the valves of R7—HRI11. Shouwld current
be much over 10mA, with no signals tuned i, but
regeption nevertheless good, RE or RI0 may be foo
high in valee, or RT or B9 o0 low. This is nol
expected with 57 resisiors,

Loudspeaker Mounting

There is space for the uswal %Y miniature battery,
and receiver leads showld have correct positive and
pegative clips. If the speaker is bolted to the paxolin
panel, a piece of thin felt, thick blotting paper, or
similar material with a central hole can be placed
between speaker and cabinet, 1o prevent vibralion
sounds, The tuning scale is drawn on card, after-
wards cemented lo the case front. A knob of fairly
large diameler is most suitable for tuning.



SHORT WAVE THREE

by Arman Sapciyan

Our contributor, resident in Istanbul, gives details of a simple but efficient

3-transistor reflex receiver capable of operating from a telescopic aerial 3ft 9in

long when extended, and without an earth connection. The design is based on

the “Two | Two Receiver” described by Wallace Studley in our January 1966
issue

ideal design for those who want to get satis-

factory results with the minimum number of
components. If thiz receiver is carefully built the
constructor will be able to tune in many distant
shorl wave stations, as well as local ones, with a
good level of volume.

THE SIMPLE RECEIVER DESCRIBED HERE I8 AN

Telescope
Y agrial

The Circuit

The circuit appears in Fig. | and consists of a
reflex design in which TR functions both as r.f
and a.[. amplifier. Detection is given by dicdes
Dy and Dz TR; and TRy are a.f. amplifiers.

Rz is the sensitivity control, whilst Cy is a trimmer
providing regeneration. A fixed capacitor of 30pF

A
LLLL

>

FYETTY
Lk

AAAAA
vy

RAA Ak

e
R 3
b Shigld € Shield T b
[ ! Y £ !
L L AL _,.—:,{ l-\.
< AR S T
o J
[ -]
AF1IS AFIIB AF |26 A4
lead-outs lend -outs. lead=outs

Fig. 1. The circuit of the Short Wave Three

1964
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TR,
TRz

3
8

By

Drive

Battery

Resistors
(All fixed values { watt 109}

R, 3.5k02

B: 100k} potentiometer, linear track

Ry 150kL2 (sec text)

Ry 1kf?

Rs 100kl

Rg 5.6k}

R; 68k}

Rg 10k potentiometer, log track, with
switch

Rg 1ki}

Capacitors

Cy 100pF electrolytic, 6V wkg.

C:  165pF variable, air-spaced (Wavemaster
160pF, Cat. Np, ¥VC75, Home Radio,
will be suitable)

Cy  0.02uF

Cy  40pF mica trimmer

Cs 220pF ceramic

Cs (Q.IpF

Cy;  0.01pF

Cz Q.pF C

Cp  001pF 0

Cip  0.005uF

Cyy 50uF electrolvtic, 68Y wkg. M

Cjz  100pF electrolytic, 6V wkg. P

fnductors ﬂ

L, sée fexl E

Ls  see text

RFC; 2.6mH r.f. choke (see text) ¥

Semiconductors S

(See text for alternatives)

AF118 or AF115
AF126

25A30 or OC44
OAT0

0ATD

Swirches

single-pole 3-way
s.p.5.t., ganged with Ry

G-volt battery

Headphones
I pair low impedance headphones (total
resistance approx. 10041)

Vernier dial, Medel T302 (Henry's Radio
Lid.)

Miscellaneous
Miniature jack plug and socket for head-
phones
Former and dust-core for Ly, La
Knobs
Telescopic aerial

410

could be employed for Cy, but the trinimer is more
convenient since it allows a regeneration level to be
obtained which gives best overall results, The
tuning capacitor is Cs, and this is connected across
the section of L, which is selected by range switch
8. The nominal coverage is from 4.7 to I8 Me/s
with the dust core centrally in the coil but this can,
if desired, be changed to 5.5 to 22 Mcfs with the
dust core some way out of the coil.

_After experimenting with a wide range of tran-
sistors it was found that an AF118 gave best results
in the TR; position. An AF115 may also be used,
with R altered to 120k03, although the performance
is slightly inferior to that offered by the AF118.
(Since the AF118 is listed as a video amplifier,
the performance of different transistors of this
type in the present circuit may vary, We would
class its use here as experimental, as compared
with that of the AF115 which is specifically intended
to give r.f. amplification up to v.h.f—EDiToR.)
For TR; an AFI26 provided best results, whilst
nearly as good a performance was given by AF116,
AF117, AF127 and AF115.

Although TRj is only a simple af. amplifier,
by far the best performance was given here with
a 25A30, this being a near-equivalent to the OC44,
Since it may be difficult to obtain the 25A30 in the
LK., an OC44 may be employved in its place.

The performance of the receiver also depends
on the type of headphones used and it iz highly
recommended that these be low impedance types.
An earpiece with a resistance of 704 also gave
satisfactory results.

The total battery consumption from the 6-volt
supply is about 1.BmA only. Since a telescopic
agrial is sufficient and no earth connection is
required, the receiver can be carried anvwhere,

Caoil and R.F. Choke

The aerial coil, Ly, consists of 18 turns of 34
sw.g. silk covered wire close-wound on a former
of 0.3 in diameter fitted with a dust-core. Taps are
taken at the 4th and 11th turns, as shown in Fig. 2.
The former should have 6 eyelets or tags at the
base to take the ends of Ly and the 4 connections
from Lj. (This is a normal Bakelite former of the
“Aladdin™ type, and it could have a length of lin
or more.—EDimor.) Ly consists of 13 turns of the
same wire and should be wound close to Ly, La
should be wound first and 1Ly second, coil position-
ing being such that the upper end of L is close to
the top of the former. This enables the dust-core
to offer a wide variation in inductance, giving the
range of frequency coverage referred to carlier.

The r.f. choke can be either a standard 2.6mH
choke with four pies, such as the Denco RFC.5,
ar it may be home-wound., The writer obtained a
satisfactory choke by random-winding four separate
pies of 200 turns each on an 820k 2 watt resistor,
using the same wire as was employed for Ly and Ls.

Cahinet

The prototype was constructed on an eyeletted
board fitted in a cabinel measuring 8 x 44 1 3in

THE RADIO CONSTRUCTOR



This mayv seem rather large for a receiver of this
nature. However, the panel has to accommodate
two potentiometers, a switch and a variable capacitor
with its drive, and it is desirable to mount these
compaonents so that a reasonable amount of space
exists between them. Since an aerial is always
necessary it is best to screw the panel to the cabinet.

Setting Up

After the components are mounted and soldered,
double check all connections and battery polarity,
then switch on. First, check to see whether the set
iz oscillating or not by turning the knob of R;
towards maximum (minimum resistance in circuit)
and adjusting Cs if necessary. If it iz not possible
to obtain oscillation, reverse the connections to L,
Apply a signal generator set to 4.7 Mcfs and very
loosely coupled to the aerial, and tune in this signal
with Cp, adjusting the dust-core if necessary. 5
should be in position 3. MNexat, put §; to position
I and check whether 18 Mcg/s from the signal
generator may be tuned in by Ca. C4 has a noticeable
effect on the frequency of reception and it may be
necessary to adjust this component to enahle the
I8 Mefs signal to be received. When Cy4 is at its
final position it should be possible to obtain oscilla-
tion on all ranges with a frequency coverage of
the order specified earlier. It should be noted that
the 4.7 and 18 Mgfs frequencies just quoted apply
to the extreme ends of the coverage given by the
prototype coil for one setting of the dust-core.
Other coils may offer a similar coverage but with
the end frequenciés slightly shifted.

S1POSITION3

51 POSITION 2

v Ty B S1POSITIONT
| Chassis

‘BASETR4

T T =

Fig. 2. Details of the coil. Ly is immediately below L,

If a signal generator is not available, adjust Cy
80 that it is about three-guarters towards maximum
capacitance., Obtain the desired coverage by finally
adjusting this capacitor and the dust-core, working
from received signals.

R; will require different settings for each band
selected by S;. As is to be expected, adjustment is
more critical at the higher frequencies, and a little
skill is needed at first to obtain optimum results.

Performance

The writer has found that this receiver gives
very satisfactory reception. At Istanbul he can tune
in BB.C., V.OA, Kol Israel, Cairo, Moscow,
Vatican, Prapgue, Deutsche Welle, and a lot of other
distant stations at a very high volume. Even Peking
comes in at satisfactory level. Although not an
extraordinary performance, this still represents a
remarkable achievement for so simple a receiver,



Silicon Transistor
Reflex T.R.F.

by G. SHORT

By taking advantage of the properties of silicon transistors this circuit offers a high

performance with an extremely small

uantity of components. The design is not critical and

a number of modifications can be incorporated

HE TWO-TRAMSISTOR REFLEX RECEIVER WHOSE

circuit is given in Fig. 1 was designed with simpli-

city and component economy in mind, but per-
formance has not been sacrificed. In fact, the sensi-
tivity is much greater than that of most two-transis-
tor receivers. The measurcd sensitivity of the proto-
type, without using any reaction, was about 20dRB
better than the sensitivity of a conventional two-
transistor reflex receiver using an OC44 and an
OCT1, The current consumption is low—about
1.5mA.,

Exploiting Silicon Transistors

This good performance is obtained by making use
of the characteristics of modern high-lrequency
silicon planar transistors, These transistors work
well as r.l. amplifiers at low collector currents.

In the usual type of reflex circuit, TRy feeds the
detector, often of the double-dicde type. The
impedance presented by such a detector 1o low-level
r.f. signals is typically about 1.5k£1. This rather low
impedance severely limits the gain of TRy:; and
increasing the value of its collector resistor is of

-]

TR|.TRg lead-outs

5
H"H_
F!rritll: aerial %E“I :EI Earphone
'H ISmA 4
[
il
|=I
i:: ™ TRz i¥
H -
L FisSes By
1ty Ly ‘;"u'_l_
IH
I i: M ==
2
o

Fig. 1. The basic circult of the reflax transistor receiver. A magnetic earphone is used, Note the economy In components
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Ferrite oerial

I
i ’
Hi=T% I

|'-1q hf 2a TR
|,! hAW.
i
I
ihe LW,

Lw mwe|
“ il Lop

Lo il .

I 5 |H_
TC2

Lig MW tuned caoil
Lip LW tuned coil
Lza 5 turns coupling
Lap 15 wrms coupling

Fig. 1. Suggested modification for @ medium and long
wave version of the recejver

very little help. Inm the present circuit, howewver,
TR; does not feed the detector directly, Instead,

COMPONENTS

{N.B. Some of the componehits listed below are
altered if the modifications described in the text
are made.)
Resistars

By  13kL0, L watt, 207

Ra  6B0MY, 1 watt, 20%

Capacitors
C;  Tuning capacitor, to suit Ly
C: 0.01uF
Ciy  125uF electrolytic, 3V wkg.
Cy 0.01pF

Inductors

Ly  Ferrite agrial for medium or long waves
L Sec text
L; R.F. choke (zee text)

Semivonductors
TR; HE30]
TR: HEI10 HE3I0 or HEA601
Iy Any germanium diode
{The t;ﬂ.usisturs are available from Amatronix;
Ltd,

Switch
51 s.p.8.1. switch

Batitery
B;  S-wolt battery

Earphone
Magnetic earphone, resistance 25000 to 4k0

IaNuUARY 1968

TR; acts as a unityv-gain buffer. T2 is an emitter-
follower as far as the r.f. signals are concerned, and
its input impedance is high. The full advantage of
using a high value for R, (the collector resistor for
TRy) is thus oblained.

Dvirect Coupling

A further feature of silicon transistors which is
put to good use in this circuit is their relatively high
base-emitter voltage. This is about 0.65V in the
present case. How this is useful can be seen by work-
ing out the collector emitter voltage of TRy, This
is made up of the sum of three voltages: the base-
emitter voltage of TRa (0.65V), the drop across the
forward-biased detector diode (D.1V), and the base-
emitter voltage of TR itsell (0.65V). The total is
1.4¥, and is well above the “*bottoming” voltage of
TR, which is about 0.5V in the present instance.
If germanium transistors, with base-emitter voltages
of about 0.2V had been used, the collector voltage
of TR; would have been only 0.5V, Good r.f.
germanium transistors such as the AF117 will not
work well with such a low collector voltage, and in
consequence the simple form of direct coupling
from the detector used here is not practicable with
germanium transistors.

4
| Em—
.‘:I-?kng: To crystol
= farpiece
e
TRz
)
o
i.a-m
TRz
Couplirg
capacitar
all
2uF To following
AF stage
.Cd — -

1]

FF%, 1 {a). If @ cryseal earpiece is wsed, op additional
3.9kLY resistor is fitted between the collector of TR
and the positive supply line
(b). An additional 3.9kL1 resistor Is also required if the
receiver (s to feed @ following o.f. omplifier



Frant view of o receiver mode up to the circuit of Fig. 1
and incerparating . valume cantrol

Andio Circuit

The a.f. circuit is perfectly straightforward. The
detector [, which can be almost any tvpe of
germanium diode (& gold-bonded “computer diode™
was used in the prototype) feeds the base of TRy,
and TR, 1s dircet coupled to TR,

Adding Reaction

If Ly is parallel to Ly and close to it, positive o,
feedback is produced, provided that the turns in
Ly, Ls, and Ly are in the appropriate direction.
Alternativelv—or  additionally—reaction can be
obtained by capacitive coupling between the collec-
tor of TR; and the “hot™ end of the aerial tuned
circuit. The best way of obtaining this is to connect
a wire to the *hot™ side of Cy and wrap the other end
of it round Ry. This end should of course, be insula-
ted, With correctly adjusted fixed reaction, guite
weak stations can be received.®

Coil Ly may be anv ferrite aerial tuned coil
intended for medium or long waves, and tuning
capacitor C) should have a value to suit the particu-
lar ferrite aerial coil employed. With a medium wave
ferrite aerial, L» consists of 5 turns of wire around

®For regeneration o ocour with the capacitive coupling, the upger
end of L in Fig. I should be in anti-phase with the end of L; which
connmgels o TRy base. This differs from the ¢oil phase relationship
apparent in the d-inﬁu.';nm. which is primarily nteaded Lo ilusirate the
baszic nperation of the receiver circuit. I satisfuctory regeneration does
gﬂi oceur al the first allempt, try reversing the connections at Li.
o

N+

hatehing
Lransfarmer

H Speaker

Ty

Fip. 4. Coupling a loudspeoker to the receiver

o]
Lz 14
L]
£R gﬁLa
E I
=]

ke,
¥

Fig. 5. Showing how a volume contrel may be odded 1o
the circuit

ARAAA
Lidid

22 sow.g wound over the earthy end of Ly ar on the
ferrite rod close to the carthy end of L,. The gauge
of wire and its positioning are not critical. With a
long wave [errile aerial, L; should consist of 15
turns of the same wire wound on the ferrite rod close
tor the tuned coil, The prototvpe was made for single
waveband working only. However, should the reader
desire to use a medium and long wave ferrite rod
aerial, two coupling coils may be fitted, with wave-
change switching along the lines suggested in Fig. 2.
In this diagram, Laju} is the medium wave coupling
coil and Lapy) the long wave coupling coil. The two
gwilches in Fig. 2 are ginged.

The r.f. choke Ly has an inductance of approxi-
mately ImH, It may be made by scramble-winding
100 turns of 36 s.w.g. single silk covered wire on a
bin length of Yin diameter ferrite rod.

Maodified Sccond Stage

As it stands, the receiver will operate a magnetic
earpiece or headphone with a resistance between
2506) and 4k12, If it is desired to use a crvstal car-
piece, substitute a 3.9k resistor for the magnetic
earpiece and connect the crystal carpicce across it.
See Fig. 3 (a). If it is desired to use the receiver as a
radio feeder or as a “front end”, 1o be followed by an
audio power stage, similarly fit the 3.9k} resistor
and couple to the following stage via a capacitor,

Rear view of the recelver, Component detoils are
discussed in the text

THE RADNO CONSTRIUCTOR



as shown in Fig. 3 (f), If the following stage employs
a transistor the coupling capacitor may have a value
of 2uF electrolytic (as in the diagram); if it employs
a valve the coupling capacitor may be 0.02LF.

In favoured localities it may be possible to obtain
enough power from TRa to drive a sensitive loud-
apeaker. To increase the power, the collector current
of TRz may be increased, within reason, by using a
lower value for Ba. The voltage across Ra is about
0.7V, and is more or less independent of the value
of Ri. Thus with Ry = 680%, the collector current
of TRz is about 1mA. Reducing R; to 1008 makes
the current rise (0 about TmA, and so on. If this
modification is made, TR2 should have a current
amplification factor of 90 or more. With the car-
phone output, transistors from any of the available
gain groups may be used, though the sensitivity of
the receiver will, of course, be increased somewhat
if high-gain transistors are emploved in either or
both stages. (The question of gain in available
tranzistors iz covered in the Mote at the end of this
article,)

For maximum output to the speaker a matching
transformer is reguired. The oplimum turns ratio is
Vee
Ic. R
where RL is the loudspeaker impedance. For example,
if Yo = 8V, Ic = 10mA and Ry = 44}, the re-
quired turns catio is 14:1, The maximum output is
theoretically Vo.Io, but in *:w':u:tice it is nearer

Voo 2

T which in this case is 20mW. The speaker is

connected as in Fig, 4.

Volume Control

There is no means of turning down the volume
in the circuit of Fig. 1 except of course, by orienting
the ferrite aerial so that less signal is picked up. A

volume control may be added as shown in Fig. 5.
It is placed immediately afler the detector. This is
the best circuit position from the point of view of
signal-handling capacity, since the a.f. inputl o the
transistors can be minimised, The resistance of the
volume control is not eritical, but it should not be
too high or the d.c. working conditions of the
transistors will be disturbed al inlermediate settings.
On the other hand it should not be too low or sensi-
tivity muy be impaired, A potentiometer with a log
track and a value of 5 or 10k} is suitable, and i1 may,
if desired, be combined with the on-off switch.

Built-Up Circuit .

The accompanying photographs show two views
of a receiver built up in a perspex case to the circuit
of Fig. 1 {with the cxceptions that a ¢rystal earpiece
is employed, as in Fig. 3 {(a), together with a volume
control, as in Fig. 5}, Regeneration is obtained by
way of an insulated lead from the “hot™ side of
Cy to Ry, as described earlier. The ferrite aerial
covers the medium-wave band and is home-wound
on a 4in length of §in ferrite rod, and consists
af 46 turns of 20 s.w.p. insulated wire close-wound.
It is tuned by a variable capacitor of the tyvpe used
in' TV timchases, although any normal variable
capacitor of around 300pF could be used instead.
The battery is an Ever Ready PP4,

MNote: Transistor Gain

The HKIO!l and HE3IDl transistors available
from Amatronix Ltd, are in the following grades
for hp. HEI01: 30-60 (red); 50-100 (purple);
GO-180 (blue): 150-450 (green). HK3I0: 20-60
{black); 50-100 (purple); 90180 (orange): 150450
{green), The HK60L is available with a minimum
hs of 20 at S0mA.




10-BAND REFLEX RECEIV.

by reflexing two r.f. trans
fixed regeneration circuit which

By S. Short

This neat miniaturised receiver, which can be fitted in a
case measuring only 2 x 2 x fin, obtains a high performance

stars and by incorporating a

is operative at all

frequencies. It gives full coverage of medium waves,
together with switched reception of the Light Programme

on ke/s

IV wkg.
Cs  0.1pF paper
Cs  0.02pF ceramic disc

Cy  50uF electrolytic,

Reslstors IV wka,
(Al resistors § or — & watt 10%)
1 1.BkLi: Inductors
R: 47k0 L33 Acrial assembly on fer-
C gj a}%?ﬂ rite slab (see text)
0O Rs 1kt Semiconductors
M Ry  1ki} b TRy OC44
Ry 220} (zee text) TR, OC44
P TR OCI139 or OCI40
D Capacitors Dy OATD or QAR
N {M.B. The Radiospares trim-
E mer may only be obtained Switeh
through retail sources) 5 apst wavechange
N C,  250pF, single compres- switch
T sion trimmer (Radio-
S spares) Mizcellaneous
E; é,?@.;l_'pl: ilver mica Earphone with jack plug (see
3 L1V paper text)
Cq  220pF milver mica Jack socket, modified (zee
Cs  50pF clectrolytic, text)

3-volt battery, type as required
Veroboard 0.15in matrix,
1 x 1in (see Fig. 3)

Lz Lz L
Lz-3wrns L -B5Wrns Lo-Tturns

Fig. 2, How the coils are wound
on the ferrite slab. The earthy
end of Ly Is wound over L.
The position of Ly showld be
adjusted for eptimum reaction
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Cover Fealure

small transistorised reflex  re-

ceivers many factors must be
taken into account, and the result is
alwovs a compromise depending on
the requirements of the construcior
and wzer, In the design discussed here
the most imporiant  requirernent,
after obtaining adequate sensitivity
and selectivity on medium  waves,
was that the instrument should be
capable of receiving the Light
Programme on 200 ke/s. Normally,
adding a long wave band to ths
tvpe of receiver adds substantially
fo the size and complexity, but the
method wsed here solves the problem
in a simple manner and results ane
good.

Other important aspects. of the
design were that the circuit should be
simple and reliable, uwsing only
easily obtained components. Also,
to keep down size and weight and to
improve stability, chokes and (rans-
formers were precluded.

IN COMNBIDERING THF DESIGHN OF YERY

TH

Circult Analysis

The circuit finally evolved s
gshown at Fig. 1, The tuned rf.
gignal is amphificd by TH; and TR,
developed across Ry and passed via
Cy to the dinde detector, which is
loaded by Ra After demodulation
the audio signal is fed back to the
base of TR via La, decoupled by
Ca and amplified again by TR; and
TRz The audio signal developed
across R is fed direct Lo the base of
the n.pun. transistor TRa. Use of an
np.a.  trangistor in this position
enables one to dispense with the
normal coupling and  bias  com-
ponents that would be required if &
pp. type were used. This effects s
useful saving in cogt, as well as
improving stability and efficiency,
Tt will be noted from the circuit
that, with the exception of C4 the
receiver is entirely direct coupled,
R~ is used to bins TR; and, since it
is not decoupled, rates @ small
amount of negative feedback. Further

-(.J'_'\-\.‘I
E_E'« § fdat
TR TRy TRy -
Lead-outs 4 y
E':'RI Rﬁi‘.':'-: Ch
1 R
A t
B=cCa
5
TRz THy
g7
i
| a
z Phone
Jack
ER4
+

Fig. 1. The complete circuit of the twe-band receiver



negative feedback is introduced by
C7. This reduces transistor hiss,
which may otherwise be rtather
annoying due (o the very high gain
of the circuit, and improves the bass
response,

For best results it is essential that
the diode be connected with the
polarity shown. IF incorrectly wired
in there will be a marked loss of
gain. 1t may be necessary Lo reverse
the connections to L for maximum

X

signal; the best way will be immed-
iately obvious in terms of gain.
Long wave reception is obtained
by switching in an additional
capacitor across Ly and the valoes
shown enable the Light Programme
to be received in aboul the middle
of the swing of the tuning capacitor.
The L/C ratio is not the optimum
and the O soffers somewhat, but
nevertheless output is similar to that
from a local medium wave station

| 134" -
i) (o] s [ |® o] [e o o] |8 |= f
2] |= s| fo| |o o e (o |o| |*
3| o ol |e| |ef |e s Je| le| |o |

i’
L] L] L] L] |
Ll L] -] L]
= o o L] !

Phone
L [k ¥

jack W

Fig. 3. The copper and compaenant sides of the Veroboaord used by the author.

Mote that one lead of C; and one Jead of Ly share the same hole, Components

are not drawn to scale ond seme of those shown flat here may need (o be

mounted vertically. The wires designated X and Y connect to the similarly

lettered contocts of the phone jock illustrated [n Fig. 1. Contact £ of the

jack connects to the positive termiral of the battery. The circuit around 5
is external to the board
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a)

(bY

Fig. 4 {ug. Showing, in simplified
form, the phone jack before
modification. The contacts are
normolly closed, opening when
the jack plug is inserted
{b). The jack iz modified by
bending the cenire contoct
upwards. Inserting  the plug
then pushes the top  contoct
down on to the upper surfoce of
the centre contoct

and selectivity is adequate. The
use of this method greatly simplifies
aerial design. On a small [lerrite
glab interaction between coils [or
different wavebands is a problem, and
a swilched-out long wave coil can
cause damping and dead spots on the
medinm wave band.

The aerial coils were wound on a
ferrite alab measuring 2 x 4 x Ain
and, to achigve maximum signal
transfer whilst retaining reasonable
selectivity, the turns ratio between
primary and secondary was made
about [2:1. The actoal turns were
7 close-wound for the secomdary
(Lz) and B5 close-wound for the
primary {L;}. The latter was wound
in a single layer so0 that the carthy
end of the winding covercd the
secondary. The gauge of wire is not
important and 30 to 32 s,
enamelled  single rayon  cowvered
was found convenient. This winding
gave full medium wave coverape
with the 250pF trimmer used in the
Cy position. Approximate dimensions
are given in Fig. 2. The reaction
winding, Lj, is discussed in the next
gection.

Rexction

~ With small receivers' of this type
it is advantageous to introduce some
form of reaction to improve sensitiv-
ity and selectivity. Any surplus
¥am can be used up by negative
cedback in the audic siapges to
u'npmve. quality. Capacitive coupling
was tried between collector and
base of TR; by connecting short
lengths of insulated wire to the

L]

collector and the “hot™ end of L,
and these were (wisted together
forming a small variable capacitance,
This was not very satisfactory as,
being frequency dependent, different
capacitances were requircd fo pro-
duge reaction on each medium wave
station for optimum gain and no
significant gain was produced on
long waves.

The best resulls were obtained by
winding a coil of two or three turns
round the ferrite slab and inserting it
in series with the emitter of TR,
By sliding the coil up and down the
slab an optimum position could be
found and the coil fixed. This coil i
shown as L in Figs. 1 and 2, and it
will be noted that it appears at the
non-earthy end of Ly. The type of
reaction emploved here was virually
independent of frequency and p ]E::M-
ded substantial gain on both bands
as well as improving station separa-
tion on medium waves. Ensure that
the n:,gwncmﬁ{rn winding is conmnected
into circuit right way round; the
meorrect way will, of course, result
in no resction hemg obtained. Tn
the author's model three turns were
used, positioned as shown in Fig, 2.
This positioning is intended purely
as a guide to what is to be expected
in practice, and constructors should
adjust the position of L for optimum
reaclion in their own receivers. In
S0me cases, it may be necessary lo
use only two turns for Li It may
use the same wire as L, and La.

The receiver proved to be very
stable in operation, giving good
reception over all the medium wave
band and on long waves around
200 kefa. Good results were obtained
on local stations using a 1.5 wvolt
supply, but mcreasing to 3 volis
livened up the performapoe con-
siderably on  the medium wave
band, enabling many Continental
statiomns to be received including
Luxembourg. Mo adjustment to
component valoes was necessitated
by this wvoltage increase. Current
comsumption at 3 wvelts was 11mA
(uzging an OCI140 in the TR3 pos-
ition). This may seem rather high but
it gives a reascnable earphone out-
put with good quality. As an econ-
omy measure, and il the constructor
is prepared (o accept a lower oulpul,
B7 could be replaced by a resistor of
5652 Consumption at 3 volts is then
SmA.

Mechanical Detail

The layout was not critical, the
components being mounted on Vero-
board of 0.15in matrix, and details
are shown in Fig. 3.

The earphone used was a magnetic
type having a resistance of approxi=
mately 1004, However, Lhe set

B B4 screw

Bush—™ —

: hiounting nut
LY

GBA screw

(b}

Fig. 5 (a). The Rodipspares
trimmer before modification
(B),  The trimmer  after
modificotion. A longer 68A
screw is ficted, this projecting
beyond  the mounting  bush,
Lock nuts are then fixed on
this to make o hond control

functioned satisfactorily with ear-
phones having resistances varving
from 30 to 25000 A crvsial earpiece
could be used by connecting a
resistor of suitnble walue between
TR1 collector and the positive
supply rail with the earpiece in
parallel.

The set is switched on by inserting
the earphone plug in the jack. Most
miniature phone jacks have com-
tacts which open when the plug is
inserted, but it is a simple matter to
modify them so that the contacts
close on insertion and open when the
plug 15 withdrawn. 5See Fig. 4.
A Zmm plug and socker were used,

The tuning capacitor s a Radio-
spares trimmer modified by removing
the adjusting screw and replacing
with a longer screw which protrudes
beyond the ceramic base of the
trimmer. Lock nuts were then fitted
which formed a “knob™ for hand
adjustment. The modification is
shown in Fig. 5.

The case used by the author was a
plastic box measuring approximately
2 x 2 x fin, bur other suitable
arrangements could be used to fit
any box of convenient dimensions,
As mav be seen from the photo-
graph, C; and wavechange switch
51 were mounted on one side of the
case, the swilch being a small slide
type. The author's receiver is powered
by two 16 cells, connected in
Zeries,

THE RADIO CONSTRUCTOR
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Fig. 36. A three-stage reflex circuit which uses only one transistor—a simple and easy to
construct receiver capable of excellent performance in areas of moderate to high signal strength

L1, Le—transformer coupled C8—o-009 to -01pF
aerial coil R1—47 kilohms
C1—o-250 pF tuning capacitor R2—3g-g kilohms
C2—220 pF (may be omitted and Rg—22 kilohms
direct coupling of aerial tried) R4—1 kilohm
Cg—o-o1uF R5—22 kilohms
C4—47 pF L3—RF choke (see Fig. 37)
C5—o-005uF TR—Mullard OC44, OC45 or equivalent

C6—32uF (15 volts D.C.) electrolytic D—Mullard OA81, OAg1, or equivalent
Cy7—10uF (6 volts D.C.) electrolytic

- s

| T P

B

(D ¥ %

1

DUST CORE i |

K COMPLETED RF CHOKE
WIND FULL WITH 38 SWG WIRE

Fig. 37. Construction of an RF choke (L3 in the circuit of Fig. 35)
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Fig. 38. A four-stage reflex circuit. This should have enough output to operate a loudspeaker
via a step-down transformer (replacing the phones); or an additional stage of amplification
could be added for loudspeaker reproduction

I1, L2—as Fig. 32

Lg—as Fig. 37

Lg—as Fig. 37

C1—o-250 pF tuning capacitor
C2—220 pF (may be omitted)
Cg—o-o1puF

C4—47 pF

Cs5—o-005uF

C6—32uF (15 volts D.C.) electrolytic
Cy7—10uF (6 volts D.C.) electrolytic
C8—8uF (15 volts D.C.) electrolytic
Cg—38uF (19 volts D.C.) electrolytic
C10—0-005 to 0-01pF

R1—47 kilohms

R2—3-3 kilohms

Rg3—a22 kilohms

R4—1 kilohm

R5—47 kilohms

R6—22 kilohms

R7—10 kilohms

R8—4-7 kilohms

Rg—22 kilohms

D—Mullard OA81, OAg1, or equivalent

TR1—Mullard OC44, OC45, or
equivalent

TR2—Mullard OC71, or equivalent



Eﬁ

THE

explorer
AM/FM VHF RECEIVER

GOVER

by WEBARDGETT [ f COVR,

A Four Transistor unit covering 65-170 Mc/s

NUMBER of readers have indicated in recent

correspondence  an inlerest in constructing

receivers which will explore the v.hi ranges,
including the 2 and 4 metre amateur bands. A valve
receiver employing inexpensive surplus valves was
described in the June, 1964 issue, and one advertiser
offers & simple kit for a mains valve super-regenera-
five receiver employing the Flewelling eircuit which
requires few components, yel provides a means
of cxploring the vh.f. bands at low cost. These
receivers are, however, dependent upon mains power
supplies. Very high frequency transistors are mow
available at reasonable cost® which permil the
construction of a tuner/receiver which can be
entirely portable or can be used in a molor car feed-
ing into the amplifying stages of a car radio. :['hc
receiver described may be fitted with coils of various

sizes allowing coverage of the 2 and 4 metre amateur
bands, the B.B.C. Band Il Em. transmissions and
many others. The v.h.f. Explorer is a detector of
amplitude modulated signals but can also receive
f.m. transmissions althongh not at hi-fi quality.

SKILL REQUIRED

The construction of the receiver described should
not be attempted by the absolute beginner, as the
building requires a certain amount of skill. V.H.F.
circuits must be leadless in the sipnal circuils, so
that the components have to be soldered directly to
each other with the shortest possible connections,
The layout of the components must facilitate this
lead-less construction and the proximity of the com-
ponenis concerned must take precedence over any

W

ADT140 1" zzj;FC@

I

N

i
cs
om0

Fig. 1: Circuit diagram of the “Explorer™ recelvar,



claims for symmelry, or even accessibility. The need
for this ultra short wiring cannot be too strongly
stressed: without it, the losses in the signal circuits
would be so great that the receiver would not work
al all. To achieve successful results demands
intricate construction, good soldering, patience and
persistence, as well as an electric so ng iron with
a small bit and pair of tweezers. On the other hand,
the sense of achievement when results are finally
obtained at vhif is akin to that experienced by
earlier generations when it was an event to receive
radio transmissions at all.

V.H.F. transmissions have a relatively short range,
and the amount of traffic picked up on a receiver
of the type described will vary considerably between
different parts of the country.

These are the two main warnings to thoss
considering the construction of the receiver.

THE CIRCUIT

The receiver circuit is shown in Fig. 1. It consists
of a toned rf. stage Trl, with a neutrnlising
capacilor and a self-quenching super-regenerative
detector (Tr2); both employing alloy diifused tran-
sistors capable of operation up to 200Mc/s in the
circuits shown. These two stages are followed by two
conventional stages of audio amplification with an
output capable of driving headphones. This is also
suitable for feeding into a transistor or valve ampli-
fier for loudspeaker reproduction. Whilst a sensitive

pair of headphones may be driven directly, much im--

proved results are obtained if the output is fed into
n  packape transistor amplifier such as many
advertisers offer, or into the amplifying stages of a
car radio. The author has fitted a jack and socket
before the amplifier section of his Practical Wireless
“Autoeral™ car radio (described in the November
l!ﬂﬁai issue), so that the v.hif. tuner can be fed into
L 1

CONTROLS

The aerial input socket Skl js a television-type
co-axial sockel for use with a dipole aerinl. The
second socket Sk js the oulput to headphones or
amplifier. The on/off switch is of the toggle type.
This was preferred to the type incorporated in the
volume control as it is possible 10 see at a glance
whether the tuner is switched on or not. The main
tuning capacitor requires a 180" scale and knob/
pointer, but as tuning is fairly broad a reduction
drive is not necessary. The other controls consist of
a volume control VR2, especially important if the
output is to be fed into a transistor package
amplifier without jts own volume adjustment, a
base binz potential adjuster VR1 which controls the
regeneration of the super-regenerative detector and
a quench frequency control VC2.

CONSTRUCTION

As super-regenerative detectors are radiators which
would cause illegal interference if connected directly
to an aerial or operated unscreened, an r.f./buffer
singe musi be used and the receiver must be con-
fained in &8 metal ease. All components, controls and
sockets are fitted directly or by means of flanged
panels to the front ; of aluminium measuring
6 % 4in. This is then housed in a commercially pro-

Fig. 3: Rear view of screening box.
Hote - Translstor Tr2 hoider ls secured fo fixed plates of VOLVC2

Eig. 4; Layout of components on rear of front panal,

duced metal screening box measuring 6 x 4 x 24in,
being attached to it by four self-tapping serews which
go into the commer flanges on the box. The layout
of controls and sockets on the front is shown
in Fig. 2. The r.f. stage is not merely a buffer: it
improves the signal/moise ratio sufficiently to make
listening pleasant and makes selective what would -
otherwise be very broad band reception.




COILS

Details of the coils are given in Table 1. They are
positioned and permeability tuned by two Aladdin
plastic coil formers with dust cores, Coils L3 and
L4, although on the same former, each have a
separate dust core cnt:ring the former from opposite
ends. A hole may be drilled in the rear of the
screening box opposite the coil former of L3 and
L4 us shown in Fig. 3, to permit adjustment of L3
core by means of a plastic trimming tool. The cores
of L1, L2, and L4 may be adjusted in a similar way
through the holes opposite the Aladdin formers on
the front panel.

The positioning of the main components at the
rear of the fromt panel is shown in Fig. 4, which
also shows the wiring of the super-regencralive
detector stage. The r.f. stage is constructed on a
2 x l4in. paxolin shelf, held at right angles to the
front panel by a narrow aluminium flange. The
wiring and connection of components for the r.f.
panel is shown in Fig. 6. All wiring should be com-
pleted on the shelf before it is fitted close to the
Aladdin formers mounted on the front panel. The
coils on these formers should be cut to give, by
trinl, the shortest and most direct connections to the
transistor holder of Trl and to the wvariable
capacitor VIC1. Thick wire is highly desirable for
v.hf. and 16 s.w.g. is suggested. As the v.hi. signals
flow on the outer surface of the wire, tinned copper
wire should be chosen. The tuned choke LS is spuce-
wound and self supporting being mounted directly
on the quench frequency variable capacitor vCL
It should be at right angles to the other coils. The
usual v.hf, practice is followed of bringing all earth
connections of each signal stage to a common point.

‘The a.f. stages are constructed on a 12 position
tag board (two lines of 6 tags), which in turn is
mounted on the front panel by means of an
aluminium bracket in the position shown in Fig. 4
The wiring of the af. panel is shown in Fig. 5.
Transistors Tr3 und Trd4 mounted on the tag board
are hent back on their leads (which should be
covered in pv.c. sleeving), so that they are close to
the board, and so permit the essy insertion of the
receiver into its screening box. A heat sink must be
used when soldering leads of trunsistors Tr3 and
Tr4 to their tag connections: a pair of pointed
nosed pliers will suffice. Transistors Trl and Tr2
should not be inserted in their transistor holders
antil all soldering is completed, and they must be

Fig. 5: Wiring of the a.f. panef.

|
L=
Fig. 6. Wiring -of the rf panel Below—Coll winding
dlata,

Table 1—Coil Details

Range 1
11010
170Mc/s

L1. 2 turne 22 sow.g. tinned copper pav.c.
coverad on iin, Aladdin former with dust
core (without screening can) interwound
with L2.

LZ. 3 turns 18 sw.g. tinned copper on
same 1in. Aladdin former with dust core
and imtarwound with L1,

L3and L4, 3turnseachof 16sw.g. tinnad
copper adjacent to aach other on same
%in. Aladdin former with 2 dust cores. 1 1o
egach coil, withoul screening. can.

L5, 28 tumns 30 s.w.g. enamelled copper,
self-supporting wound in screw thread of
08A bolt and then removed

Range 2 L1, AsinRangel

65 1o L2. 6 tuns 16 sw.g. tinned copper on

120Me/s  cama in. Aladdin former as L1 and inter-
wound with L1 with dust core. without
SETRENING CAN,
L3 end L4- 5 turns each of 16 sw.ag.
tinned copper adjacent lo each other on
same Jin. Aladdin former with 2 dust cores,
1 1o each coil, without seresning can.
L5 Asin Range 1.

removed when any subsequent soldering (e.g2. for
coil changing) takes place.

AERIAL

The usual long wire domestic aerinl is virtuall
uséless at whif. Plugging in the home television
perial will probably give some results, bul it is
advisable to construct & half-wave dipole aerinl for
the frequency range to be explored. The length
across both arms of the dipole in inches is found
by dividing 5616 by the frequency in megacycles. A
telescopie quarter wave whip aerial may be con-
nected as an alternative to a tapping point about
the centre of L2




TESTING AND OPERATION

All wiring: should be checked carefully apgainst
the theoretical circuit dingram before a battery is
connected to the receiver. A PP7 battery supplving
9 wvolts fits neatly into the case and is held in
position by an aluminium fAange bolted to the rear.
Ensure that the correct battery connectors are fitted
to the sppropriate Jeads, as reversal of the battery
polarity could ruin all the transistors,

Connect n dipole aerial to the aerizl socket and a
pair of headphones to the output socket or alter-
mitively connect the output, preferably by a short
length of co-axial cable, to the input of an ampli-
fier, Switch on the receiver and advance the valume
control VR2 as required. Rolate the regeneration
control VR1 until the characteristic super-regenera-
tive hiss is heard. If regeneration does not take
place, adjust VC2 and/or move coils L3 and 1[4 a
little further apart. Search for signals with the set
just regenerating:. The dust core of L3 and L4
should at first be well out towards opposing ends of
the coil former in order to avoid increasing the
the coupling and damping the regeneration. Set the
iimmers and cores initially as follows, and adjust
for best results when a signal is heard.

TCl just fully out; TC2 jost fully out; TC3
quarter closed; L1 and L2 core fully into eoil; L3
m‘rlc almost fully into coil; L4 core end just entering
coul,

All final adjustments should be made on signals
found by rotating VC1 slowly, and if necessary
adjusting the core of L4

By installing the coils for L1, L2, L3 and L4
of the size given for Range | in Table 1, it is
possible on the prototype to pick up taxis and
other mobile transmissions in the 165 to 174Mc/s
allocation und even Band Il television sound trans-
missions, but at this height in the frequency scale
the receiver is approaching its limit and regenera-
tion may be difficult 1o obtain over the full range
of tuning of YCI. In appropriate areas there should
be no difficulty, however, in hearing on Range |
coils, the air to ground transmissions between 118
and 136Me/s as well as the 2 metre amateur band

Rear of front panel, showing Range 1 cells fifted.

v components list

Resistors: Capacitors:

R1 33kil C1 00 uF coaramic
R2Z 4-7kil €2 0-001aF ceramic
R3 1k C3 200pF ceramic
R4 10002 C4 2-2pF ceramic
RG 120k0Q C5 001uF coramic
RE 47kl C6 BuF elsctrolytic
R7 240k02 C7 2uF electrolytic
RB 4:7k0 CB 100pF electrolytic
R3S 2400 C9 B5uF electrolytic
R10 240k €O BuF electrolytic
R11 4-7k01 C10 8pF elactrolytic

Variable Capacitors:

YC1 1BpF air spaced bolt fixing insulated from panal
VC2 BpF alr spaced spindle lixing

Transistors:

Tri ADT140 (Sinclair)
Tr2 ADT140 (Sinclair)
Tra OCT1 (Mullard)
Trd OCT1 (Mullard)

Potentiometars:
YR1 GOk

Miscellanecus:

6 x 4in. aluminium front panel, 6 x 4 % 21in. metal
screening box, 2 x 13in. paxolin panel, 13 x Fin.
alumintum for panel flange, 2 x 2in, aluminium for
battery flange, 1% x 14in. 12 position tag board,
1 s=ingle pole toggle switch, 1 aluminium bracket,
wire, nuts. bolis, etc., 2 co-mlal sockets, 2 trensistor
holdars (Eagie Products), 2 battery connectors,
2 coll formers Jin. Aladdin, 3 dust cores for formaors,
3 smoll knobs, 1 luning pointer knob with scale,
4 rubber feet, 1 carmrying handie.

Trimmer Capacitors:

TC1 3-BpF bashive trimmar
TC2 3-BpF beehive trimmar
TC3 3-BpF beahive trimmei

VR2 Bkil

(144Mc/s). Range 2 coils as described in figure 7
will allow the BBC fm. band to be heard with
mobile radio allocations on either side of it The

lower one between 71 and BTMe/s is  easily
recognisable by the Ffrequent
Motoring  Associalion  transmis-

sions aboul vehicle breakdowns.
Mot far from this on Range 2 is
the 4 metre amateur -allocation.
Initin]l success js more likely if
Range 2 coils are tried first,

CONCLUSION

When signals are tuned. they
should quench the super-regenera-
tive hiss, so that the background is
clear of noise. Super-regenerative
receivers have the advantage of
possessing  boilt-in - automatic
volume control and noise limiting
action, whilst the relatively broad
tuning characteristics make band
spread or reduction drives un-
necessary. The gain of this type
of receiver appears to be pro-
portional to the frequency, so thal
at v.h.f. levels its performance can
be quite phenomenal B
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Correction:
The Explorer VHF Receiver

It has been brought to our atten-
tion, by the author, that four of the
component values: given in-the circuit
dingram and onc of the items in the
componenls list for The Explorer
(Yanuary 1967 issue) are incorrect. To
put matiers right, the circtuil diagram
{(page 6461 should be amended as
follows: R4 should read 10081, C4—
2-2pf, TC2—3 to 8pf, and ‘R9 should
read & TkiY, To correct the com-
ponents hist (page 649), the value of
R9 should read 4-TkiL




more about -

THE
explorer
AM/FM VHF RECEIVER

By W.E.BARDGETT

Published in the January 1967 issue

f.m, receiver employing a self-quenching

super-regenerative detector and covering 65 to
170Mc/s in the v.hf band, was described in the
Yanuvary 1967 issue of this mapazine, It occasioned
considerable interest and was built successfully by a
number of readers, although some had difficulty
with the rf. stage adjustments. More recently
several comstructors have been unable to make the
teceivgr work at all, and this has now been traced
to thet [act that the Sinclair transistor marketed
currently as the ADTI40 is different from the
ADTI4) marketed by the same firm about a year
ago, when the prototype V.H.F. Explorer was built,
The early tvpe of ADTI140, which works outstand-
ifigly well in this receiver, has the same gold-
eoloured capsule and leads of the later type, but
may be identified by the off-white or polythene
colour of the insulation through which the leads
pass into the capsule. The later ADTI140, which
works in many applications for which it was
designed but which will not, unfortunately, operate
in the super-regenerative circuit of the Explorer, has
a brownish-red insulating material, bul is otherwise
similar o the earlier type.

THE V.H.F. Explorer, a four transistor a.m. and

Transistor equivalents

With the help of a number of readers who have
built the Explorer, it has been ascertained that the
circuit will work with the following Mullard tran-
sistors in place of the ADTI40% for posidons Trl
and Tr2: AFI118 -AF117—AF115—0C171--—0C170.
~~, The only essential change to the original circuit
is an adjustment of the base bias control VR, whith
initiates regenerative action at quite a different. set-
ling from that required by the early ADT140,

A transistor which might have been expected to
work well at v.h.f. but which does not appear (o
funclion at all in the super-regenerative ecircui
described is the AF183.

Circuit improvements

As was explained in the April 1967 issue of
PRACTICAL WiRELESS, four of the component values in
the original circuit diagram and one in the com-
ponent list were incorrect. To put matters right R4
should be [00f, C4—22pF, TC2—3 to 8pF and
the value of R% should be 4-7k11,

The values of R1 and R2 should also be trans-
posed so that R1 is 47k and R2 is 33k Whilst
the above are the only necessary corrections, further
experiment with the receiver has shown that its
lunctioning may be improved by a number of ather
circuit variations.

Firatly, the feedback capacitor C4 on the SUpEr-
regeneralive detector stage Tr2 may be repliced
with advantage by an adjustable 3 to 8pF beehive
trimmer, This is’ mounted from the fxed vanes
of VCI to the fixed vanes of VC2 across which the
transistor holder for Trl is soldered as well. Adjust-
ment of this trimmer allows an oplimum setting to
be found which is something which will vary slightly
when dillerent transistors are employved.

Secondly, the use of a single batiery to energise
both the r.f. stape and detector and the audie stages
has resulted in some interaction between VR2 and
YR so that, particularly when a haltery is partly
discharged, the increase in volume for the audio
stages by VR2 may stop the super-regenerative
detector operatling at all. This can best be overcome
by emploving two separale batteries for the audio
scetion and the rf, and detector section. If both
these are 9 voll batteries the negative lead to the
detector stage should continue to be fed through =z
4Tk resistor, Both a PP7 battery and a PP4
battery (the latter for the r.f. and detector stape)
may be housed within the original case but improved
resulls have been obtained from having two PP7
or even two PP batteries in a separate case fixed
to the back of the receiver screening box,

Thirdly, performance is improved by including a
second choke in the super-regenerative detector
circuit,  This iz inserted between the 47kl resistor
coming from the negative supply line to this stage
and the end of L4 and side of ¥C1 which are remote
[rom the collector of Tr2, The choke should be the
same size as L5, ie. 28 turns of 30 s.w.g cnamelled
copper wire wound in the screw thread of an OBA
bolt and then removed. Alternatively, as with L3,
it may be wound around a short length of plastic
tuning spindle and the ends fixed with cellulose tape.

Fourthly, & modification which may improve work-
ing consists of the replacement of C3, the 200pF
capacitor linking the base of Tr2 with the positive
line, by a 47pF eeramic or disc capacitor linking the
buase of Tr2 with the end of L4 and side of ¥l
which are remote from the Tr? collector. If the
original physical lavout & followed this is a con-

441



nection with very short leads, It appears to intro-
duce a measure of neutralisation to Tr2 in the same
way as this is provided by TC2 for the r.f. transistor
Trl,

Loudspeaker operation

A number of readers have fed the output of the
Explorer into transistor amplifiers to provide loud-
speaker reception, Most have unsed English or
lapanese package amplifiers for this purpose, the
author having used o I} watt transformerless pack-
age amplifier. With most such amplifiers the audio
stages included in the original receiver circuit will
be unnecessary and the inpul to the amplilier may
.be taken from either €9 (dispensing with the last
audio stage Tr4) or from C7 (dispensing with both
audio stages Tr3 and Trd), The volume control YR2
should, of course. be retained.

Getting the receiver going

For those who have made the essential circuit
corrections mentioned earlier, the following pro-
cedure should be used to get the receiver going. Tt
is based on the experience of a number of readers.

Ensure that the proper size of v.h.i, half-wave
dipole or A whip aerial is attached to the aerial
sockel. The length in inches is found by dividing
5616 by the frequency in megacycles, This gives the
dipole = length  across  both  elements: the
appropriate quarter-wave whip aerial would be half
this length. A long wire aerial js quite useless, but
some results may be obtained from a TV or fm,
aerial array.

Having connected an amplifier or headphones,
advance the volume control ¥YR2 and then adjust
the super-regeneration control VRI until a fierce
fuirly high-pitched hissing noise is heard. There may

be some other less fierce hissing at other settings of
WVRI1. If the fierce hissing is not heard, unbaoltl the
r.f. panel, maintaining a lead to chassis for the
positive power supply, and move L3 away from L4.
If regeneration then commences at some selling of
VR1 bring L3 close to L4 until it just fails to quench
the oscillations. Alternatively, dead spols in the
regenerative action may possibly be eliminated by
adjusting VC2—this is its main funclion.

Tuning by V1 should then resolve some signals
but if this does not happen several readers have
overcome the difficulty by temporarily cutling out
the r.f. stage and connecting the aerial coil LI
directly to the supcr-regenerative detector tuning
coil L4, It must be emphasised, however, that this
will ‘cause at least some local radiation and possibly
interference. Builders of the set who have done this
have brought L1 close 1o L4 until it gquenches the
super-regenerative hiss and have then moved it away
again until the hiss just begins. The set is then
most sensitive to signals. By tuning in a fairly strong
signal and leaving the detector stape tuned to it some
builders have found that the r.f. stage may then be
re-inserted and the trimmers and cores adjusted on
the signal which is breaking through.

A number of experimenters have tried other r.f.
stage circuits including those employing the common
base configuration—often considered more suitable
for v.h.f. work. These have included the circuit of
the 70cm preamp described by 1. L. Oliver in the July
1967 issue of this magazine, and the pre-amplifier
deseribed by J. W, Thompson in the July 1967 issue
of PracTicar. TeELEVISION, both with appropriate
adjustments in the size of the coils. It has to be
admitted, however, that there is relatively little
improvement obtainable from any r.f. stage in the
Explorer_circuit, but it is essential to retain it as a
buffer stage to prevenl radiation from the super-

regenerative detector via the aerial.



transistar local-programme m.w. radio with an

internal forrite rod acrial, suitable for working
g orystal carpices, and thavcould be built essily
from readily obtainable parts,

While the set could have been made somewhat
smaller than the final version, measuring . ahout
24 x 24 x din, including the battery, this represents
about the smallest size thal can be achicved by the
use ol easily obtainable components,

A smaller ovecall size could probably have been
ebtained by the use of o PPS batery instead of the
PP3 psed, bt the latter was eventoally decided on
because this s obleinable anywhere.

Moreover, for lair performance the Terrfile rod
gorial should not be towo shorl, amd the dimen-
sions - referred to above allow the use of 4 2lin
lengsh of %in, dia, Territe rod upon which the
m,w, acrial coil 15 wound, The pick-up efficiency
and the “ 0" (eoodness factor) of a Fferrite rod
aerial deteriorate as the length and the diameter of
the rod are reduced.

Most pockei-sized scts use a single=pang tuning
capacitor, sometimes with & stage of * untuned ™
r.f. amplification, The set to be described pses two-
ganged tuning, one scetion for the ferrite rod aerial

THE cxercise was to oreate 'a pocket-sized twa-
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and the ather for the r.f. stage. This improves the
cfficiency a little above that possible by the vse of
an untuned stage.

The Circuit

Belfore the construction of the set is desepibed,
let us have a fook al the circuit, which 1% given in
Fig. 1. It will be seen that twao transistors and fwo
dindes are used, marked (Trl, Tr2, D1 and D2 res-
peotivel vl

Now, the first fransistor Trl is arranged in a
*reflex ™ circuit so that it performs two funstions.
Firstly, it acts as an r.l, amplifier. That is, it has
coupled 1o 15 hase signals from the fersite rod
aerial L1, tuned by YOI section of the tuning gang.
These sipnals are developed in amplified [orm
avross the collector coil L2, tuned by V2 section
of the gane, From the collector of TR1 they are
coupled to the detector circuit through C2. The
detéctor comprises the two diedes ] and 2 n
conjunctivn with the input impedance of Trl,

Thus, auwdie signal acts in the basc-emtter
junction of Trl, and this s how the transistor does
its section job, That is, it acls as an audio amplifier,
This time, however, the amplified audio signals are
developed  across  the collectar
resisior B2, From  the awdio
azpect, L2 and its associated

Regenerative
conpling (0 )
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components  have wirtually no
effect while from the r.f. aspect
R2 is isolated by the |low
impedance presemted  to - these
signals by C4 and the base
circuil of Trd. We thus get andio
‘at the junciion of B2 and L2 yet
very little r.f, signal.

At the collector proper  of
Trl we get both aodio and rk
5ignaj.ﬂ'[h|: apdia 15 somewhat
attenupated hy the rf. coupling
1o the detector dindes, but there
ooeurs - a certain degrec.of nega-
tive feedback which tends to
reduce the efficiency of a single
transistor eirewit . so  reflexed

e

=

# See fext

[

Fig. 1; Cireuit of the Reflex 2.

below that possible by the use
of separate  transistors  and
properly isolated circoits. Mever-
theless, the ex(ia gnin possibie
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by the reflexed action'is well worth while in smull
FECSIvVEers,

Mow, the uudio signal at the [unction of B2 L2
Is.applied e the base of Tr2 through the alectro-
lytic coupling capacitor 4, Tr2 is urranged as a
low-level secomd audio amplifier for working the
cerystal earpicée, The audfo signal i3 develeped
aurass the collector load R3S and is directly coupled
o the edrpiece via the juck socket, at terminals 1
and 3. Terminal 3 on the jack socket serves us u
switch, so that & switch contact in the jack makes
when ‘the jack plug is inserted, therchy connecting
the-battery supply circpit from hattery negative 10
the mepative line of the circuit, via juck socket
terminals 3 and 1,

Switched jack

Miniature * switched 7 jacks are available, bt
those invéstigated by the author are arranged Lo
that the switch . opens when the eqrplece jack. is
inserted, This action can be reversed, so thal the
switch closey when the jack plog is inserted, oy
easing the spring switch contact <o that it is nhove
the jack confact (conmet 3) which is uctivaled by
the plug, Fig. 2 shows at {a) the juck socket in i
ordinary state and at (b) the socket with the con-
tacl rearranged in the manner described above.

Bolh  transistors run with very smali emitter
ewrrent, and this current is delermined by the
values-of, R1 (tor Trl) and B4 (for Te2y B3 and
C3 serve to decouple the two staces and NP
the stability margin,

Tl is & Mullard AF127, which is o smaller ver-

Criginal Switch actian
BH.:'J‘tr.h Fe-arranged to
action

rrake on phig
s e

Fig. 1: Modifications for the phone socket.

sion af the AF117. The latter can be used Bt its
lirger size takes up most of the room between the
tuning gang und the ferrite rod aerial. T is a
mediom gain OO71. The diodes 131 and D2 pre
mintatifre Mullard OA1's of eguivalents, It is
imporiant. e make sure that they are connected
round ‘1he righs way in the circuit otherwise the
sensitivity will be impaired,

The receiver s built on a laminate o’ bakelite
panel of spproximalely 23 x 24in, Mast of the
components are secured 1o the panel and connecied
in cireuit by the use of small eveleis fitted in holes
drilled in the punel. In.gddilion 1o the eyelet holes,
the panel carries 3 “ln digmeter hole  for
maunting the luning gang, two holes far L2 coil
former, two hales for the rubber hand that fixes
arcamd: the ferrite rod aerigl mounting gremmets,
twa holes (or the ballery securing ruhber hand.

Drilling details for the panel are mven in Fig 3,
and the holes marked with ¥ ™ are those o
accomumoddate the eyelets, of which there ace
twenly-four, These haoles should he of & sizs (hat
provides: the evelets with u fairly tisht fit, the
atlual size, however, being determined by the Ly pe
of eyelet employed, A recdy drilled chassis Board
is svailable plus rwenty-faur push-t evelets (see
componenls list). A No, 48 drill is osed for the
former fixing holes of 12, while o lin, drill iy sed
fur the rubber band holes that sre used  for
securing the ferrite rod grommets and baliery,

Fig. 4 shows how the holes in the panel are
employed, and this alio incorporates o point=io-
poit wiring diagram, The eyelets, il will he SoeM,
carry the oapacitors and vesistors on the lefrhand
side of the panel, alse the lead-ouf wires of Tr
and Tr2 (the letter in the top Jefi-hand corne:) in
addition 1o the rwo diodes and capacitor ©1 [near
the ferrite rod acriall. The broken lines: on this
disgram correspond Lo point-to-point conneciions
made beneath the panel, while the foli-line connee-
tians are those made on the Lop of the panel,

When the holes are drilled in the panel and the
cyelels fitted, the next move shauld be to solder
the components Lo the eyelets, afier which the
lalger components can be more easily fitted, ' As
cach component s soldered o the appropriszte gye-
k2L the ‘above- or  bhelow-panel intercomnecting
Wite or wires should also be soldered: These wire
inlerconmections can either consist of thin, foxible
P coverad stranded wire or about 26 sw.g
Unned copper wire covered with imsulated slecving,
Stranded minialore pov.c wire was found to be the
hedt for the job by the author,

The eyelel-cannseted éomponents on the lefi-
lianed side of the panel are monnted verticatly, and
it is this kind of mounting that enables all the com-
ponents (of " standard ™ size) to be accommodiled
aft the hoisd. The idea is 1o dress one of the lexd-
out wires from resistor or capacitor buck along ifs
length, so thut the two ends can then be mushied
inte the adjacent evelets. It is.a good plan fo pul
a short length of insolared slecving over the wire
running by the side of the component to prevent
any passibility of shorf-circuiting.,

A minialure soldering iron will greatly Faeilitats
the various joins and prévent hurning the insulated
sleeving aud components. It is important, thangh,

continued overleaf



1058 PRACTICAL WIRELESS

Y

: =20
o el

¥ Sen text

April, 1966

1tin. allowing for two turns
round the rod, giving a winding
length of 1{in.

The winding is made of a total
of 72 turns of 28 sw.g. enamel-
led-covered copper wire, tapped

o

e

e
Vg S w5 g

T
e “Eu!"'- *¥" heles cpaced 3

X |
[ 1&,#5.'

&l teni turns from one end. Close
T gpaced, the turns oceupy almost
%, the whaole length of the card

leaving a little margin at each
_,_j_ end, as shown in Fig. 5. The
k turns are finally secured in posi-
tion by means of Sellotape. The
eard former allows the winding
easily to be slid along the ferrile
rod 1o provide a small adjust-
ment of inductance, maximum
inductance being with the wind-
ing midway along the rod,

The coil (L) is alsa made on
a puper or thin card former but
this time it & cut to measuré e
ﬂ. x 14in. with two turps round the

former. It is best -io hold the
former in position with Sellotaps
before commencing the wind-
ing, and this technique can also
be used for the aerial winding.

L2 consists of a total of 136
turns of 39 sw.g enamelled-
1 ‘goversd copper wire in  four

7
Fig. 3: Drilling details for the pahel,

that the tip of the iron be clean and nicely tinned
ind —of course—as hot us possible, When solder
]nlf te the eyelsts, the author found it best first to
fill the eyelet holes with solder, to cul compa-
nent lead-out wires to the correct length, tin the
ends and then plug them as it were, into the eyelets
after making the solder molten with the tip of the
soldering iron. This technique also makes it simple
to change components and to cxperiment with
eomponents of different valpes,

‘After the syelet components have been soldered
in position and the intercomnecting wiring
completed ns far as ossible, the two-gang tuning
capacitor should be fitted, The large centre thread
of the pang spindle bearing fits in the }in. diameter
hole on the panel, and the gang is secured to the
panel by the large hrass nut. At this stage, make
dire that the protruding 6BA thread on one of the
gang bolts appears at t{m top lefi-hand side of the
chasgis board.

The next item to position is the former for L2

This is an ordinary bakelite or Tulwh:ne typa of
component. It is secured in position by twa " self-
tapping * or “ binder * screws from the top of the
panel. The coll winding is put on later.
Sy then fipally remains for the ferrite rod aerial
to be wound and mounted, for L2 to he wound
and put on to the former and for the witing to be
completed.

Agrial and Coll Windings

The ferrite rod winding is made on top of a
piece of thin brown paper or card itself wound
round the rod, The card should be-cot te 1 x

layers of 34 urns, ca layer
heing separated fram its parinet
by two thicknesses of Sellotape.

~ COMPONENTS LIST
Resistors:
Rl 1-5M10 R4 1-5M01
R2 4:-Tkil RS« 6-Bkil
R3 2-2kid
Al 209, miniature.
cEI II:T:?EIF S000pF
005
€2 0-001 &impl-}l
C1 Suf 11V, elecerolytic
4 5pF 12V, elactrolytic
Al miniature types. '

O F I3 Mullard (or AFI7, larger siaé)
r il ar # ]
Tra ocﬁnuuw

Dl OASI D1 OA% (Mullard)
Miscellanaous:

Miniature .‘HI}EF twin gang, PW/0I. Drilled
chassis board with 24 push-fit ayelets, rubber band
for battery, PW02, 2% x 5/18in. dia. ferrive rad—
paper former—quantity ¢f 28 s..g. snam. wire—
mounting grommecs—rubber flxing band, FW03.
0+3in, coil fermar—dust core—paper former—
two binding screws ﬁﬂMippingl—qumtltr of 39
$.W.g. enam. wire, 104,
niature battery clips, PV 08,
Ready drillad case and back—dlal-~knob, PW/06.
’l.‘:r-_.rmflllht sarpiece with lead, B5mm. jack plug and
socket. :
PP3 battery of equivalent
Small quantity of wiring wire.
feams: PW 01-=PW /06 may in cases of difficulty
be ordered directly from R.C.5. Produces Lid..
|| Oliver Road, Walthamstaw, Londen, E7.
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paints  indicated in Figs. 3
and 4 to the jack socker
Extreme caution should be
taken owver this lalter exer-

Trt

cise o ensure that the con-
ductors are lerminaled to
the correct taps or termin=
als on the jack socker {see
Fig. 2 It i3 also wvery
important, of course, 1o
avoid reversing the batiery

1]
<

polarity, for while this may

not  completely ruin  the
franzistors ot - could reduoce
their efficiency and aller

their characteristics,

There is sufficient room
to accommusdate  the jack
sockel between the ferrite
rod aerial and R1 (see Fig
4, for instance), but since
the jack socket terminals

carry the full negative vol-
tage of the battery, inad-
vertenl  contact  between
one of these [erminals and

the base end of K1 conld
immediately  destroy  Trl.
For thiz reazon, an msule-
ting  sleeve should  be
dressed over the ferminal
end of the jack socket,

Tuning Up
L1 former should be fir-

Ferrite'rod secured by efastic bands round grommets and theough mw{d
Fig. 4: Component fayout and wiring details.

It is hest to produce this winding either on a
separate former or on the fofmer to be used
hefore it is finally fitted to the panel, The card
former can then easily be slid over the Tormer once
the ldtter is in position and screwed down,

The ferrite rod is held clear of the panel by two
{in. rubber grommets, one at each end, These are
also used for securing the rod a thin rubbel band
passing round them and through the holes at each
side of the panel, A similar rubber band is nsed
(o hold the PP3 battery to the panel (see Fig, ).

Finally, & thin fexible twa-conductar lead
shiould be made up for the batlery connections, the
ends - of the conductors lerminated in suitable
connectors for the PPY battery and a three-
conductor flexible lend should be processed for
connecting  from the panel at the wvarious

Ferrite rod E/a;tur-_-,-

Elastic band

Fig. 51 Method of connecting battery and ferrite rod.

ted with a dust-iron  core
and initiafly this should be
adjusted s0 that it embracas
the whole of the winding
width, With 12 w0 adjusted and with
the werial winding in the centre of the
ferrite. rod, there should be no difficulty in
receiving  the local muw. slation, To peak
reception on this programme, L2 core should he
re-adjusted while slowly turning the tuning gang a
little either side of the station for optimum gain,

While it is impossible for a receiver of this kind
ta track accurately over the whole dial, reasonable
tracking is achieved owing mainly o the fiar
tuning of L2, However, il the set is required fa he
peaked 1o a more distant station the station should
be tuned as near as possible on the gang and then
L2 should be re-adjusted at this new setting for
aplimum gam -

A degree of feedback occurs in the rf. stape,
especially towards the higher frequency end of the
band automatically due to siray capacitance. How-
ever increased feedback can be applied simply by
flexing a pair of thin, insulated conductors between
the two * live " terminals of the tuning gang. This
is shown as the " regen coupling ™ on the circuit
(Fig. 1) and the coupling in physical form is clearly
shown in Fig. 2 On no account should & d.c
connection exisl between the two fexed condue-
tors, for their purpose is simply to provide a small
variable capacitance, In the protoivpe, the fve

—continued on page (081
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—continued from page 1059
twists on this coupling were sufficient to put the
r.f, amplifier in oscillation over the entire band. 1t
was found that jusi a single 1wist s sufficient for
most purposes, depending upon the nature of Trl.

Capacitor Cl in the wmed circuir of L1 consti-
rutes a form of pwddln’ﬁ capacitor, as well as serving
ps an rf. bypass, Thus, the teacking can be
influenced by warving the valuz of this MENL
Unforrunately, there is not available a mumismure
presct capacitor of sufficiently high value 1o permit
ensy adjustment here, The author found that an
005uF fixed capacitor satisfied the tracking for his
reception area, but values above or below this could
be tried since C1 is not difficalt o chanze.

It iz as well 1o remember thit a simple set of
this kind employving a sub-mimiature ferrite rod
aerial and only rwo transistors cunnot be claimed
o have super-sensitivity | Nevertheless, the proto-
1ype gave good volume on local gtations, while after
dark the more powerful European siations were
received.

Housing the Recaiver

The complete recelver is fitted in a small ready
drilled plastic case mx shown in the pholograph
which comes with back, tuning knob and paper

dial hwnumuim;ntbdn’ﬁdmmh
assembly 1o the front panel and a hole in the ride of
the box to enter for the jack socket which, agum, is
held secure by s locking nut The long 6HA bolt
on the rear of the twning gang is used 10 hold the
back of the case in position.

The battery will have many months of nseful lifle
provided the earpiece jack plug /s removed [rom
the sogket whien the set is not in use
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AMAAAN

THE
“TWO-+TWO” RECEIVER

By WALLACE STUDLEY

Framsmio:

lead-outs

r

Fig. 1. The circuit of the receiver. The screen of TRy is left disconnected

A miniature short and medium wave receiver which fits into a cabinet measuring some 6 x 3+ x

28in, and which draws a current of only 1mA from an Internally fitted 4.5 volt torch battery,

represents an aitractive proposition. Tuning Is carried out by a twin-gang copacitor and

maximum frequency coverage Is offered by connecting its two sections in parallel. If, hawever,

there is a particular interest in part of a band only, it is possible to obtain reduced coverage by
using either the front or rear section of the capacitor on its own

HIIS RADIO RECEIVER USES FOUR SEMICONDUCTORS
and is capable of tuning over a frequency
range of 480 kcfs to 15 Mefs whilst drawing s

current of only ImA from a 4.5V supply! Two
transistors, two diodes and a handful of small
components make it possible; and the circuit of the
simple receiver is illustrated in Fig. 1. Here, TR,

e

provides r.f. and a.f. amplification simultaneocusly,
whilst diodes Dy and Ds give demodulation.
Transistor TRy gives additional audio amplification
and any signals initially presented by the aerial may
be clearly heard in high impedance headphones
connected in the collector circuit of the transistor.
The receiver is easily duplicated and no alignment

THE RADIO CONSTRUCTOR



problems whatsoever present themselves. Ready-
made plug-in aerial transformers are used, three in
all being required.

Frequency Changing

The actual frequency coverage obtained depends
partly upon the wishes of the contructor, for not
only is it possible to vary within limits the inductance
values of the aerial transformers but it is also
possible to utilise the tuning capacitor VC; in
different ways.

The r.unmg capacitor is, in fact, the popular
Jackson “00" twin-gang unit, the front section of
which has a maximum capacitance value of 208pF.
The other section has a value of 176pF and either
section may be used alone. Alternatively, the two
sections may be strapped to provide a maximum
capacitance of 384pF. Considering these three
values and allowing some 40pF for circuit “strays™
we can calculate coverages. These are detailed in
the accompanying Table.

Band changing is effected by plugging the
required transformer into a BY9A valveholder and
since each transformer is fitted with an inbuilt *pip™
{see inset diagram and key in Fig. 1) incorrect
positioning is unlikely, Each transformer carries
three windings and these are identified in Fig. 1 by
circled numerals corresponding to their pin numbers.

Sensitivity, and Some Circult Considerations

Simple receivers of this type can never approach
communications receiver sensitivity; they can,
however, be “pepped up’’ somewhat. In the present
circuit, enhanced sensitivity is achieved by returning
part of the r.f. present at TRy collector to the base
circuit, in order to provide regeneration. Fixed
capacitor Cz performs this duty and effectively
connects the tuned winding between collecior and
base. The degree of regenerative feedback depends
partly on the setting of YR, which can be adjusted
for maximum sensitivity by maintaining the tran-
sistor at the brink of oscillation. To assist in the
regenerative action the screen lead-out of TRy is
left open-circuit.

Both transistors derive the necessary bias poten-
tials from resistors which are simply connected
between base and collector. In the case of TRy the
value of the appropriate resistor (R3) is made rather
low to increase collector current sufficiently for
oscillation 1o take place when VR; is set to “Min".
By moving the slider of VR; towards “‘Max",
however, additional resistance is effectively added
to R; and a point is eventually reached where
oscillation just ceases. At this “peak point™ sensi-
tivity is at its greatest but will fall off rapidly if VR,
slider is further adjusted in the direction of *Max".
Keeping VR, set to the “peak point” is of great
importance, and it must be emphasised here that
if “Min" is approached cxcessively signals will be
replaced by whistling, whilst if “Max" is approached
excessively no signals whatsoever may be heard.
Unfortunately, VR; cannot be pre-set and left; it
must be reset whenever tuning is varied for the
circuit constants are then being changed. This
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Components List

Resistors
(All fixed values 4 watt 105)
Ry 3.9k
R; 68kl
Ry 1kf2
Ry 100k(2
Rs 5.6k} (sce text)
VR; 100kil, potentiometer, linear track

Capacitors
(All capacitors modern miniature types)
C;  100uF, electrolytic, 6V wkg.
Cs  6pF, ceramic or silver-mica
Cy 0.02pF, paper
Cq4 O.IpF, paper
Cs  XXNpF, silver-mica
Cs 0.01uF, paper
Cy  100uF, electrolytic, 6V wkg.
*V(C; 2084-176pF. Type “00" twin-gang (Jackson
Bros. Lid.)

Semiconductors
TR; AFI115
TR; AFI117 (see text)
Dy OATD

Coils -
Ty  Aerial transformer. Transistor Dual Pur-
pose Coils, Blue, ranges 2T, 3T and 4T

{Denco) -
RFC R.F. choke type RFCS (Denco)

Sockets
1 BOA socket
1 Aerial-earth socket strip
1 Phone jack

Miseellaneous

29 hole x 9 strip (including end strip—see text
and Fig. 3) piece of Veroboard, 0.2 x 0.2 in
hole matrix

Paxolin, 6 x 3} x &in

Vernier dial, Model T502 (Henry's Radio)

Miniature slide switch, s.p.s.1.

4,0000) headphones with jack plug

{in knob

4.5 volt battery type 1239 (Ever Ready)

" If supplied with trimsmers, teese should be set to minimum capac-
Hance.

feature is common to all such simple circuits. Please
note that the terms “Min" and “Max" refer to the
amount of resistance in circuit. Note also that, due
to its very low d.c. resistance, the r.f. choke plays
no significant pari in the bias arrangement for TR;.
To clarify this latter point it can be said that TRa
receives base bias simply from Ry, whereas base bias
for TR, base is provided via R; and VR, the choke
having negligible d.c. resistance.

The prime purpose of the r.f, choke is to obstruct
the passage of the received radio frequency signals

3



TABLE

Approximate frequency coverages obininable in Me/s using 00" twin-gang tuning capacitor

Coverage— Coverage— Coverage—

Maker's range L{uH) Rear Front Both sections
No.—T; Tuned winding section, YCi section, VO, strapped
T 271.0 0.65- 1.5 0.615- 1.5 0.48- 1.4
T 2712 2.10- 5.0 1.90 - 5.0 1.50- 4.3
4T 2.9 6,50-15.0 60 =150 4.50-13.5

Nore: An approximate +15% variation of tuning inductance is obtainable via core adjustment.

appearing at TR; collector. These can more readily
pass via Cs to the diodes where demodulation takes
place. The audio frequency resulting from de-
modulation is then re-introduced to TRy via the
low impedance winding of the acrial transformer
{pins 7 and 5) and reappears amplified at the
collector. The audio signals now see Cs as a high
impedance and the choke as a low one and are thus

employed for r.f. work is of small consequence; it
could, perhaps, be exchanged a OC7l. Use of
the specified types is8 recommended, however, and

Gwitch alide cut-out d'x 12"

this applies particularly to TR;.

Re-considering the  demodulation process
momentarily, it is interesting to observe that due
to the way the diodes are connecied a d.c, potential
is developed across Ci that is dependent on the
strength of the received signal. Slight irregularities
are smoothed out by Ca to leave a potential which
tends to drive the base of TR;. The result is that
a simple automatic gain control system is set up
which assists lo some extent in counteracting fading;
at the sama time the need for a blocking capacitor
is removed

Since thc receiver is to be used mainly for short

I | g |
N [
1 \ | |
13
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Fig. 1. Essentlal drilling dimensions for the frant
these moy be marked out from the dmme-l&

panel, Extra mou holes will be required for the tuning drive, and
The dimensions ﬁm the siide mﬂ:?nw . .

vary with some types, ond

this point should be checked before drilling and cutting out. The moterial Is {gin polished Poxolin
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Fig. 3. Wiring on the conductor side of the Veraboard. Mote that a connection from D28 to D19-22 is carried over by the

metal frame ond mounting nuts of the coil holder. The nuis should not short-circuit against strips C or E

wave listening an serial is essential. An earth is also
beneficial but not absolutely necessary. It should
also be noted that a direct tuning drive is entirely
unsatisfactory—hence the inclusion of a vernier
reduction drive unit. Decoupling is adequate and
the test model is 100%; stable, Simple Lr.f. receivers
dn, nevertheless, tend to be tempernmental, and
this point should be borne in mind. Resistor Rs
iz not really essential but it is interesting fo note
that, if it is retained in circuit, the receiver can be
used to drive a separate transistorised audio amplifier
merely by removing the headphones and lifting the
“eald™ end of Cg, connecting this to the amplifier
input. In this case Rs is left in situ; an additional
lead is also used to interconnect the positive supply
lines of the two uniis.

Construction

Mechanical detnils are given in Figs. 2 to 5.
Briefly, a piece of #in thick Paxolin forms a front
panel (see Fig. 2) which carries the various controls
and to this is affixed a rectangle of Veroboard,
Verohoard is made of pre-fabricated Paxolin which
is fitted with parallel copper conductor sirips on one
gide and is plain on the other. The strips are pierced
with small holes in a regular pattern and enable low
woltage circuits to be rapidly constructed to form
what are virtually “printed circuit™ assemblies.

The section of Veroboard required, together with
all details relating to the conductor side, is shown
in Fig. 3. As may be seen, twenty-nine holes over
each of the nine strips are needed. These have been
given imaginary letter and numeral designations 1o

Fig. 4. The |
bolts to strip G. Enswre that the mounting
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above the board, The tuning capacitor frome is earthed vio its metal brocket and mounting nuts and
ts pass through the board at positions G12 ond G17 and that nuts do
not contoct strips For H
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. 5. A rear view above the chossls, The layout of switch

switch employed. As s explained in the text, the connection from

may vary from that shown here, cccording to the
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the rear section, or bath sections connected

aid construction. Strip “I" is slightly wider than
the others and is found at the edge of a new section
of the board. The holes in strip 1" are larger and
if two thin “butts” of wood are glued firmly to the
inside of the front panel small screws may be passed
through these holes to provide a rigid assembly.
A eut-out for the B9A valve-holder is made as shown
and a slit made across seven of the strips (to break
their continuity) as indicated. Two resistors and a
diode are also soldered to this side of the board.
The majority of the items are fitted to the plain
side of the board however as may be seen from
Figs. 4 and 5. *A small L-shaped bracket of 16 s.w.g.
aluminium is also needed with which to mount the
tuning capacitor. This should have dimensions
which enable the capacitor spindle to pass centrally
through the appropriate hole in the front panel,
and these may be taken from the component itself.
Position the bracket as indicated, with the mounting
holes at “GI2" and “G17", The frame of VC; is
then automatically earthed., via the bracket and
mounting nuts, to strip “G1-18", Four linking
wires are also necessary. Some care is needed to
ensure that the moving vanes of VIC; cannot foul
transistor TRy. In any case the transistors should
be the last items to be soldered in, their lead-out
wires being held firmly with stiff tweezers or pliers
to shunt away the damaging effects of heat from the
iron. In the diagrams C; is shown displaced for
clarity and the metal casing appears unconnected
—although this can be connecied to the positive
supply line at hole “D21™ if considered beneficial.
An Aerial/Earth socket strip may initially be
connected via flying leads and later fixed to the
cabinet side. For these leads use blue and vellow
wires, or any other colours except black or red.

Completing and Testing the Receiver
After connecting a flying lead with red insulation

s

to hole “G2", solder a similar lead, but with black
insulation to the tag of §; as indicated in Fig. 4.
To prevent accidental damage, check with a meter
set to read 0-10 volts d.c. the polarity of the 1289
battery terminations, whereupon it should be found
that the long one represents negative and the short
one positive,® Label these clearly then fashion a
pair of clips from brass or tin which will slide over
the terminations. Keeping them free of the battery,
solder one each to the red and black flying leads
already fitted. Fit the positive one to the battery
then set the testmeter to read 0-10mA and connect
its negative lead to battery negative. Connect the
testmeter positive lead to the black flying lead from
the receiver.

At switch-on and with one of the transformers
plugged in approximately ImA should be indicated;;
if much higher, say 10mA, switch off and investigate
for a fault. If all is well, careful manipulation of
the tuning knob and sensitivity controls will enable
transmissions to be heard immediately the head-
phones, aerial and earth are connected. VR; should
be adjusted to maintain the first transistor on the
brink of oscillation for normal a.m. signals; for
listening to c.w. it will be found beneficial to allow
a small amount of oscillation to occur.

Finally the meter may be removed and a simple
cabinet constructed. This must have a lid I:ﬂ.pﬂgll:
of being raised in order to allow bandchanging, and
it should be just deep enough to allow the battery
to stand upright against the back. It may be held
in place by a simple clamp or, since the low current
consumption means that it will rarely be replaced,
even glued in position!

‘:mmkwmﬂrw“hwdlmm.
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Mullard
OUTLO0K

The accompanying
circuit was published
at - last year’s Radio
Show, and is for a
simple thres-transistor
radio suitable for con-
struction by students
and CXperimentcrs,
It 18 an improved
version of the circuit
described in the MNov-
ember 1962 issue of
OurtLook: the biasing
ATTANZCMEnt now
adopted for the audio
output  stage  affords
better stability against
changes in tempera-
re.

A full description
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of the circuit was given
in the earlier article.
Briefly. in this circuit

Ly
1GuF

the first  transistor

OpeTEles In AN arrangement that acts 45 a
regenerative r.f. amplifier and an audio
pre-amplifier simultaneously, The out-
put from the acrial coupling winding
Lig is amplified by the transistor and
developed across the choke L. Part of
the amplified signal is reurned o the
aerial circuit via G and Lo, causing
regeneration. The rf, signal output is
applied o the OATD detector diode,
whicl is slightly forward-biased to im-
prove efficiency, and the resulting a.f.
signal 18 fed back to the AF117 basc
via Oy and:Lig,

At audic  fregquencies, the wvolume
comtrol Ra is the load im the collector
circuit of - the AF117.  The amplificd
gudio signal is fed wia Cs to the OCT1
driver stage. This i9 @ low-current audio
amplifier which drives a class A ontput
SHAgC.

To reduce the cost of the set, a high-
impedance loudspeaker is used o form
the load in the collector circuit of the
autput stage, thereby eliminating the
need for a transfocmer,

Whila the eircaty described #n OUTLOOK
are desicned by Mullard  engineers, it
shonld be mored rﬁarkMuHm‘_d Lrd, -Iiﬂ;':yi
mupnifacture or marker equiprent or kit
af  equipwent based  on  the  eivcuifs.
Mudiard Ltd, wHll not consent to the we
af the ‘Mullard® trademiark fn velagion
10 oquipment bated on the civewdts des-
cribed bt will mor obfect To appropriare
veforances to Mullavd civenes, specifica-
tiores or desfgns, | Alsa, the fnformarion
contained t thizs publicarion does aor
?m;y aryt authority or leenee far the

jsation of any parented frature,

COMPONENTS LIST
Resistars

Ry 5L} lin. pot.
Rz 560k

Ry 5kil log. pot,
Ry 4-Tlefl

R | 5062

Re |02

Rz E2kiL

Ra I3k
Ry 4Tt
Riag ! F=5ltd
Ri 47000
Rz 6B00)
Riz long:
Riya ({15

c
o}

Ca

Ca
Cs

S

Capacitors
I2pF
3&5pF

0-02F

100pF
AT

330pF
(AT

40uF, 16Y
| 00, 4.
40.F, 16V

30pF2-53Y

Jacksen
type O

Mullard
CI96AMTATIK

Mullard
CA26AM/EID

Mulfard
C436AMJEID

Mullard
CAI6AME4D
Mullard
A16AM/BIOD

HMullard
C426AM/E4D

Mullard
C426AM/A320

Inductars

Lya 60 turns of |2 % 46 s.w.g, Litz
Lig  Fturnsof 3 x 46 s.w.g. Litz
Lic dturns of 3 x 46 sow.g. Litx

Lip should be Interwound with the
earthy end of Lja, and Ly should beinter-
wc:dund with Lypa, %in from the earthy
end,

The Ferrite aerial shb should be
llard FX2367,

Ly consists of 100 turns of 3 & 46 s.w.g.
Litz wound on 2 tunlng slug frem a 470ke/s
I, transformer.

Transistors and Diode
Try Mullard AFIIT  Try Mullard OCEI
Trg Mullard OCTI Dy Mullard QATO

Copies of the leaflet describing this circuit,
construction circuirs that have appeared in

other leatlets describing the home-
t issues of OvTLOOK, are available

free of charpe from Central Technical Serviges, Mullard House,

-.-8_
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TOP POCKE
TRANSISTOH RADIO

By G. Jeffries

LITTLE TRANSISTOR RADIO 15 INTENDED FOR
fitting into the top pocket, and it was designed
after most of the bus and coach companies

had barred the use of loudspeaker sets.

The circuit employs the minimum number of
components to obtain the desired performance, and
its overall dimensions are only 44in Iongte? 2¢in
wide with a cabinet depth of approximately lin.
The receiver incorporates two transistors, operates
over the medium waveband, and drives a
impedance earphone. It can also be used to feed
a push-pull amplifier when operated at home,
thereby giving loudspeaker reception.

The Circuit

The circuit diagram of the two-Lransistor receiver
appears in 1. In order to achieve the desired
sensitivity with a ferrite rod whose length is limited
to 24in, the first stage is a reflexed r.f and a.f.
i.iﬂcrwil.hrqmemtluu.,

The required signal is tuned in by the ferrite rod
gerial, Ly, in conjunction with Cy, and is fed to the
of TR; via Ci. An amplified r.f. signal appears
mllectur of TR, and is prevented from being
to the following a.f. stage by the r.f. choke,
A portion of the amplified signal is fed back
o the ferrite rod winding by C; in order to provide
n.

=2

i

§

“TE

E

The collector of TRy is coupled via Cy to the
detector circuit given by the diodes Dy and Dj.
These allow the detected signal to appear at the base
of TR, which then carries out its secondary function
of a.l. amplifier. The polarity of the two diodes is
such that the base of TR; tends to go positive with
increase in signal strength, with a result that a
rudimentary form of a.g.c. 14 oblained.

D

Mﬂﬂm:lruﬁt 1 10
ors tt 107
R, 300kQ e
Rz kil
Ry 270k0d
Ry 5kQ potentiometer, log track, miniature,

rlmudﬁut. tMayhcpnpdmsl—

Capacifors

F variable, miniature, solid dielectric
2—3pF concentric trimmer
0.01uF

S500pF
BuF electrolytic, 12V wkg.
100uF electrolytic, 12V wkg.

Inductors
(A L;  Ferrite rod aerial (see text)
Lz R.F.choke, 2.5mH (Elpico)

Semiconducrars
TR; OC44

Ly

TRz OC71
Dy  0ABR]

8) D;  OASI

Switch
5;  s.p.a.t onfoff (see text)

Earphone
0062 to 1k impedance

Battery
9V, type PP3 (EverReady)

@

Fig. &= The circuit of the 2-transistor recelver

Miseellansons
Groupboard, cyelets, cn,htnﬂ. etc,
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List
fFig. 2) A oty
Resistors £
(All resistors 4 watt 105) T %
Rs 1004
R 4.7k0
Ry 102 -
Capacitor
Cy OIpF
TREW{E':ETIH
3 ;
TRy ﬂErm} Miwiched pair 5 %
Transformers 2. The obti T
T B unstormer e LT Glenys "2 QIR T L
io Ltd,
Ty OQutput transformer type LT700 (Henry's  from this disgram for ease of presentation, and it
Radio Ld.) connects between the centre tag of the volume
control Ry and the base of TR, the positive end
Switch connecting to the transistor. .
8  s.p.s.t onfoff switch The onfofl switch, 8, is not shown in Fig. 1.
This component is inserted between the negative
Batrery supply terminal on the groupboard and the negative
9 volt (see text) terminal of the batiery. 5; may be a miniature slide
type fitled to the side of the cabinet, or a swiich
Loudspeaker which is incorporated in Ry. In the latier case, the
30 impedance wiring to Rg may vary from that illustrated in

The amplified a.f. at the collector of TR, passes

through the r.f. choke Ly, and is applied to the
volume control Ry The slider of Ry taps off the
desired a.f. level, which is then fed to the base of
TR3. The latter functions as a high gain common
emitter stage, driving the high impedence earphone.
A small amount of feedback is applied via Ra.

There is no stabilising circuit for TRa, which
passes a relatively low current of about 1.5mA.
In the writer’s experience, and after a considerable
period of use, there has been no evidence of thermal
runaway using the circuit shown.

Fig. 2 gives the circuit of the additional a.f.
amplifier. This is quilec optional and is only
emploved when loudspeaker reception is required.
The circuit is quite conventional and consists of two
transistors in push-pull offering an output of the
order of 300mW, The amplifier couples to the
receiver circuit of Fig. 1 by way of the terminal
points indicated as A, B and C.

Constroction

A very convenient method of construction for the
Fig. 1 circuit is given by the Paxolin groupboard
technique, and the layout employed in the prototype
is illustrated in Fig. 3. This diagram also shows
the outside dimensions of the groupboard.

The groupboard should initially be marked out
and all the holes drilled. Holes required for connec-
tion points may then be fitted with eyelets. With
the exception of Ry, the components are all mounted
on one side of the board and take up the positions
shown in the diagram. Capacitor Cs is omitied

QCTOBER 1964

Fig. 3, which shows the connections applicable to &
potentiometer without a switch.

The Ferrite Rod Aerial
Details of the ferrite rod aerial are given in Fig. 4.

—TE
L "qu"ll Jm__lll |

alng’

8 .“"\‘-Tbm
1 -
Fig. 3. The layout employed with the prototype
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Fig. 4. Detolls of the ferrite rod oerigl. The total

number of turns is 50 tapped ot 5 turns, and the wire
is 36 s.w.g. enamelied rayon-covered wire

simply, by tying it in place with suitable thread.
It is important to ensure, when clips are used, that
these do not cause an effective “shorted turn™ to be
formed around the rod.

The Cabinet

The prototype cabinet was made from +&in
Perspex, made up to the outside dimensions shown
in Fig. 5, These allow a clearance of &in on all
four sides of the groupboard. The depth of the
cabinet, shown provisionally as lin, depends partly

side of the board by the volume control, and on
the size of the components around TRa It is
necessary to fit the PP3 battery at the TR2 end of
the board, and the cabinet depth must be sufficient
to enable it to be accommodated comfortably.
Cabinet depth will also depend upon the manner in
which the back is fitted, this point being left to the
individual constructor’s ideas.

The cabinet is glued together by means of a
suitable Perspex adhesive, after which a hole has to
be drilled to take the tuning capacitor spindle, and
a slot cut for the rim of the volume control. Also

Fig. 5. The outside dimensions of the cabinet used

with the pro . The depth, shown here as
approximately 1in, may vary occording to the
nmju_:umuﬂn in the recelver
158

required are a hole for the earphone j
aperture for the on/off switch (if
with the volume control).

With the prototype, the groupboard was
in the cabinet by a single nut fitted over the tuning
capacitor bush. The final appearance of the com-
pleted receiver in its cabinet s shown in Fig. 6.

2k
RE

maximum pick-up by the ferrite rod aerial. Trimmer
Cz is then adjusted until the iver is j

ggﬁr into gﬂ]ﬂtiﬂg.m pmoudm;d iunfl.h:n

repeated at uency

working preferably with Radio Luxem-
Tuning controd

Vilume contml

Earphone

2

-
Fig. 6. The oppeorance of the completed recelver

Using the Additional Power Siage

If desired, the receiver may be employed from
time to time with the optional power output stage
shown in Fig. 2. In this instance, it i necessary
to provide a simple means of interconnection
between the two sections. It is also desirable to
disconnect the small receiver battery and to employ
a larger battery installed in the power amplifier
umnit.

A simple means of interconnection for terminals
A and C consists of fitting battery clips at the power
amplifier, whercupon the batiery leads in the receiver
may be clipped to these. Connection to terminal
B may be achieved by inserting a jack plug h.nvlng
a single wire soldered to its appropriate contact,

In the writer's case, the additional power unit
was built into an extension speaker cabinet, and
fed to a 30 10in loudspeaker,

THE RADIO CONSTRUCTOR



problem can be extremely elegant, but there

are occasions when incomplete data can Jead
to a discouvraging conclusion. In particular, much
of the available information about transistors
suggests that they do not make cfficient simple
-“ ftont ends ™ for receivers, and perform best as
superhets. Having tried out many published circuits,
the writer must sadly agree that, despite consider-
able ingenuity in their design, reflex circuits tend
to be unstable and to lack sensitivity in weak
signal areas.

By prolonged trial and error, the writer has
evolved a simpler circuit which is stable, smoothly
controllable and gives excellent sensitivity over the
medium wave-band. It may seern to fly in the face
of accepted transistor practice, but its efficiency
has been confirmed by several specimens piving
congistent performance over a period of four years,
throughout freezing and summer cenditions alike,

Perkaps it should here be explained that the
writer’s principal interest in this ﬁF::ld lies in really
tiny receivers, dtiving an earpiece and working off
a single cell, yet providing good volume with casily
adjusted and szable controls, Using the basic circuit
in question, the smallest complete set (sa Far} fits
in a case considerably smaller than a matchbox,
Yet with its ferrite rod aerial just over an inch long,
it can get as many stations and as clearly as a
t.y%ica] commercial superhet,

‘robably the most striking feature of this cirenit
Is that #ts aerial does mot have a step-down tapping
into the base: the entire winding is used. This—
contrary to expectations—provides a much stronger
signal than the conventional tapped winding (which

THE— mathematical approach to a practical

is designed for the different function of feeding

‘into crystal, reflex or superhet circuits).

However, when the whole aerial is shunted in
this way, tuning can be completely  upset by
changing transistor characterics; especiaily those
due to thermal drift or variations in . the supply
woltage, This is very marked with the early types
of rf. transistor—such as the familiar red and
wvellow spot—but much less se with the more
recent suarface-barrier or micro-alloy types (e.g.
&B 305 ar MAT 101),

However, -with. direct coupling, even these Iast

give far more thermal drift than is tolerable in a
practical receiver. Not only does tuning alter;, the
gain varies so the regeneration (¥ reaction ™) cannot
be set with any degree of stability,

The immediate ecssentials therefore are: (a)
thermal compensation, and (b) vallage constancy.
The first can be prowvided by a thermistor in a
suitable voliage-dividing circuil to control the: base
bias. Thermal compensation is probably the most
vital necessity for a * high compression ” set to be
carried in the pockel. Supply voltage can be kept
adequately constant either by using an ardinary
dry cell with capacity farge in relation te the load,
ar by using a mercury cell. :

To obrain adequate sensitivity, without recourse
10 complex circoitry or to a second tuned stage,
old-fashioned * reaction™ proved to be far and
away the most rewarding. It gives at the same time
enormously increased gain and ample selectivity.

The reporied failure of other experimenters to
obtain useful degrees of regenmeration with tran-
sistors may well be due to their use of step-down
coupling of aerial to base. The writer has found a
variety of control circuits, either using a variable
Tesistor or a variable capacitor, to give excellent
gain and thoroughly practical performance.

The regeneration characteristics can be varied
over a wide range by adjusting and balancing the
values of the components: the most important
desiderata being “non-ploppy™ action and
uniform setting over at Jeast the greater part of the
tuning range. In addition, there should be no de-
tuning as the reaction is varied.

The stronger the signal that can be obtained
from the “ detector * stage, the less the a.f. amplifi-
calion  necessary, and the less the background
noise. However, if the * front end * is too complex,
the bulk of the components makes a compact con-:
struction difficull or impossible, and stray capacity
and induction effeets make placing much toe criti-
cal. This is especially true if more than otie tuned
circuit is involved, or if 1.f. chokes are used.

This brings us to the next essential feature of the
circuit—a Lransformer output. This provides an
adequate impedance to rf, signals, so allowing
these to be by-passed into the reaction coil, It also
effectively blocks the passage of r.f. into the ampli-
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fier stages and allows one to reverse polarity so
that a.f, feed-back car be kept negative overall, no
matter how compact the set. (This eliminates the
need for deconpling in multi-stage amplifiers, so
keeping the number of components to & minimum.)
By no means least of its virtues, a transformer
gives a much stronger af. signal than resistance
capuacity coupling with limited supply voltage, A
suitable transformer—such as the Ardente D 1001
—is only slightly balkicr than the smallest effec-
tive r.f. choke, which would otherwise be an
essential companent,

Regeneration control can be provided in two
ways, depending on the particular needs. For maxi-
mum? ¢ompaciiess, and combining on-of with
valume control, a sub-miniature polentiometer
with switch seems 1o be ideal. Taking a little more
8pace, a variable capacitor (eg, a 30pF trimmer)
and a sgparale switch should give greater freedom
from crackle over the years!

The process of adjusting the base bias and the
reaction capacitors for aptimum performance must
be set about in a methodical fashion, It is well
wortth the seeming delay of assembling the entire
circuit on & “bread board™ (or shonld one say
“bis¢uit block *?) befare attempting te fir it into
the eventual case, It takes only minutes to do s0,
and it.is quick and. easy to substitute various values
of resistor or capacitor—with full-length wires and
using tag-boards as anchorages—but tedious and
wasteful to perform the same operation with
]torimr_ned and shaped component wires inside a tiny

ox. ;

The resistors shown are -z good starting point,
but individual transistors may give even better per-
formance with slightly different valnes. The degree
of thermadl stabilization is controlled by the shunt-
ing resistor R3; without it. the thermistor would
“overcompensate ™. If, with the values shown,
regeneration is stronger in a warm room than in
the cold, R3 should be,increased in value: if the
converse, reduced, The thermistor—a Brimar CZ

10—has a resistance of about 15k at room
temperature; when colder the resistance is higher,
and when warmer it is lower, thus altering the
bias vollage. If R3 has to be less than half or more
than double the value shown, Rl may alse have
to be aitered correspondingly to maintain the same
average value of bias. i :

When the bias is correct, regeneration id free
from * ploppiness * and sensitivity is at a maxi-
mum. For sensitivity, the voltage is not critigal, hut
for smoeothness of control it is well worth spend-
ing a little time on preliminary checks.

The next requirement for practical regeneration
is that it should be substantially uniform’ gver the
tunahle range. This makes it possible to bring in
all stations at the same setting of the gain control,
hear o the oscillation point. ]

Incidentally, one need have no fear of oscillation
being a muisance to neighbours: the very low
power involved and the tiny size of the aerial limit
the range of possible interference to a few feet.

It is usually enough to make regeneration equal
on Light and Home, aithough local conditions may
make a different arrangement preferable, For
example, if Light—or Luxembourg—has a- much
weaker signal than Home, a greater sensitivity at
the high-frequency end will give similar volume on
each station without re-setting the control.- With
an 8B 305 or MAT 101, uncompensated ‘fagenera-
tion is strenger at the high frequency end, and this
is reduced by the shunt resistor R2: if too high in
value, Home will require a higher setting than
Light or Luxembourg; if too low, the converss,

Depending on individual layout, it may. be found
thal the regeneration coupling capacitor C2 may
have to be larger or smaller than shown—due tn
stray feedback. This will be indicated by hatsh
control if it is too large, and inability to produce
oscillation if tos small, The thermistor should be
mounied close to the transistor, so that they are
warmed or cooled together. If there iz a rapid
change in temperature, the thermistor respofds the
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Fig. 1 (left)1 Windings 1-2==70-80t. 36s.w.g. enomelled wire; 3-4=25t. 36s.w.g. or 30t. 40s.w.g. depending ¢n rod
length, Fig. 2 (centre): Temperature—compensated regenerative receiver. With a good signal, it will drive o high-
rajistance magnetic earpiece, or it may be fed into an o.f. amplifier. Fig. 3 (right): Single-stage o.f. amplifier.

more quickly. This is most noticeable when solder-
ing in trial components: radiant heat from the
iron can knock the balance out for a full minuze,

Patience is particularly called for in making
adjustments to resistors R1 and R3, which have
metallic links with the thermistor, and it may take
two or thres minutes for thermistor and transistor
to drop back to the general temperature of the

The aerial is in no way critical as to dimensions
or the placing of its windings, other than that they
must be in the relationship shown in Fig. 1. With
the gmallest zerial rod—+&in, x 1iin.—the windings
occupy the full length, in the form of a single
laver, close wound, of enamelled wire.

. The aerial winding congisis of B0 turns of gauge
36, and the reaction of 30 turns of gauge 40, With
& rod of betwesn 2 and 3in. in length, about 70
and 25 turns, respectiyely, of gauge 36 are sujtahle.
These cover a range of at Ieast 200 to 500 metres
with a 230pF tuning capacifor,

The a.f. requirerments depend upon Iocality and
the volume required. The basic unit will happily
feed into any form of amplifier, whether with one
“ garthed ” input terminal or with both terminals
* live”. For most needs, a single stage is ample;
that shown in Fig. 3 adds only a transistor, one
capacitor and one resistor to the basic circuit.
Using an earpiece of 250 to 16000, good quality
and volume to spare can be obtained with less than
half a milliamp of battery current. _

Audio pegative-feed-back is provided by biassing
the base ¢ gh & "high resistance from the
collector, as shown. This is probably the simplest
practical circoit for an amplifier, and gives an
excellent performance, -

In favpoured localities, fair volume can be
obtained from the basic circnit alone, with a 250
to 1600{} -earpiece across the transformer secon-
dary. The consumption then is only about one fifth
of a milllamp, and this naturally fimits the undis-
tarted power output.

Por really generous reserve—giving 2 daylight
signal which is clearly audible even in high wind,
and at mapy miles from the station—a two stage

amplifier (Fig 4) takes about onc milliamp. A
25011 earpiece takes a little more current and gives
rather less volume than a 1600L2, '
The physical size of the finished set depends
mostly on the components one can obtain (or
make¢) for tuning, switching and reacilon control.
The writer’s three models are: Mk 1, occupying
the popular black-and-white plastic case measuring -
2in. x 3in. x }in. with %}in. square tuner ahd
trimmer reaction control; Mk II, literally in a
matchbox, with a compression-trimmer for tining
and resistance reaction control: Mk IIT, ‘in a
plastic box as sold for storing watchmakers
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Fig, 4: Two-stage a.f. om-puﬁer. Resistors between base
and collector give negative-feedback and help to keep gain
constant despite temperature voriations,

materials, measuring 14in, x 13in. x 4in, (iin,
square tuner, “pared down®, and hearing-aid
volume-control-and-switch), The first is powered
by single penci! cell, the second by a _Malf?ry 625
and the third by a 675.

As an alternative to the variable resistor gain
eoniro] VR shown in Fig. 2, the fixed capagitor
C2 may be replaced by a 30pF variable, ind both
capacitor C3 and VR omitted,



EXPERIMENTAL BATTERY REGEIVER

and probably the most interesting is the
construction of miniature radio receivers for
broadcast band receplion. Many younger (and not-
so=young) members of the fraternity spend countless
hours comstructing and  discussing the various
merits of performance of their handywork.
Another interesting field of experiment lies
in the construction of the power supply that operates
the receiver. Construction of a battery or cell is
gimplicity itself, and when one can boast that
Radio Luxembourg was received with a home-made
cell offering 1 volt at a current of 30pA (although
the cell is capable of a lar greater current) then
prestige rises.

PERHAFS OME OF THE MOST ' ABSOREBING HOBBIES

The Receiver

Reference to Fig. | shows the very simplest of
crystal-transistor receivers. In the writer's home
this is capable of reception of the Home and Liglht
frequencies, together with shipping broadeasts
and several Continental radio stations.

The aerial. was slung round the picture rail,
and consisted of about 35t of 30 sw.g copper
wire: An earth connection was found to be very
essential, and was taken from a 3-way mains socket,

No layout diagram is given, and it s possible
that the experimenter will want to try various
other circuits, The transistor in the circuit of Fig. |
was interchanged with other types, but little dif-
ference was noticed.

AUGUST 1964

By C. MORGAN

The Cell

Cell construction should present no problems,
and the one in use al the time of writing has been
in constant operation, day and night, for several
months without any sign of deterioration or loss of
voltage.

It was constructed with the following items.
(1) A medium sized glass test tube, (the flat bottom
type is ideal), together with a tight-fitting cork.
(2) A small piece of thin (0.01in) copper foil. (3)

High resistance
phones
=
Wearite type ":H_ A
PHF&{see OAS @ =
tet) oo o e
f% o7 | Experimental
- = oF cell
Coupfing D000 ocTa
winding HF
{net used)
¥
Fig. 1. The circuit of the experimental receiver and
cell.  Most permanium  diodes should function

sotisfactorily in place of the OAS shown. Several
further points concerning the circuit are discussed in
the text



Fig. L. The assembly of the cell

A similar piece of aluminium of the same thickness.
{4} A guantity of wvinegar, sufficient to three-
quarters fill the test tube.

The cork should have a “V™ slot cut in one
side of it to allow the gas which the cell gives off
to escape. However, the amount of gas is so small
that it will never be evident. The test tube can
be of any size, and no increase of voltage.
result from having a larger volume, a]r.hoggh
there will be an increase of available current directly
proportional to area if the electrodes are increased
in size also.

Reflerence to Fig. 2 and 3, which show the shape
of the electrodes, will assist in the construction
of the cell. Wo dimensions are given as this is
left to individual experiment. It is important to
make sure that the two electrodes do not come
into contact with each other, or this will cause
a short-circuit.

If after several weeks of continual use the elect-
rodes show signs of corrosion, all that is required
i5 to remove the cork, lake out the plates, give
them a gentle clean with a piece of soft rag, and
replace them in the tube again. If the vinegar
has evaporated slightly it can be “topped up”
with a little water, whereupon it will be once

og—

™~

Fig. 3. The shape of egch electrade. The lower
section is bent round to fit the inside of the test tube
employed

again ready for several more months' wse. The
battery will also operate if a mixture of water and
salt is used instead of vinegar, and the results are
almost as good.

It might be thought that several of these cells
could be linked in series to form a battery of
higher voltage. A small amount of advantage
will result froun two cells so joined, but the internal
resistance becomes so high that there is no great
improvement when used with the circuit of Fig. 1.

If the resistance of the circuit driven by the cell
is kept high, the cell will continue to function
indefinitely,

It should be noted that the copper electrode
is the POSITIVE, and that the aluminium is the
MEGATIVE connection of the cell,

Enrrow’s  Mote.—The writee's ;;.rlm.ual

pral emplo
Wealte PHFG co i ot

1, which covers 91 to "6] metres. He has since

checked reception with o PHF2 coil, which covers the meslivm wave

!--uTcl e of 200 to 357 metres, with aatisfactory resalta. There would

5 dampling and capacitive loading of the tuned circuit i the

aorial and earth wers applisd o the coupling codl instead of the
tuned coil.

Mo bias is applied (o the base of the Lransistor (apart from any
smiall biag cucrecnt which muy flow, due to leakage in Cs, _|,|"a SITONE
signal is received) and the writer states cthat he bas found no improve-
ment in performance i Cy 18 short-circaiied, or i a biss resistor is
connecisd belween the base and the negative supply line.




The Sinclair

“Slimline”’

Micro-Radio Receiver

MOST POPULAR CONSTRUCTIONAL PROJECT
amongst amateurs is the small pocket radio
and, as long as there is no loss of performance,

the smaller the receiver is the more popular it
will be. In the past, the design of really small
high performance receivers has been hindered by
the lack of sufficiently small components and by
the expense of high grade transistors. These
problems have been overcome in the “Slimline”,
which is the result of an intensive effort to produce
the smallest possible radio design with full scale
performance and still to retain simplicity of con-
struction,

Clrcuit Description

The high performance of the “Slimline” has
been made possible by the introduction of Micro-
Alloy transistors on to the amateur market. These
transistors are the first to combine excellent a.f,
performance with cut-off frequencies in the region
of 100 Mefs. The r.f. power gain of a conventional
r.f. alloy transistor in a reflex circuit is only about
20dB or 100 times whilst a micro-alloy transistor
(MAT) can provide a gain of 40dB or 10,000
times. Furthermore the af gain of a MAT is
much higher than that of an ordinary alloy tvpe,

Circuit of the “Slimline™
transistor recefver

By combiniog MAT's with careful design it
has been found possible to achieve really remarkable
performance with only two transistors and relatively
few associated components, The sensitivity compares
well with that of many superhets and the volume
is sufficient to enable the set to be used in a car
or train. The “Slimline” is free from noise or
distortion and gives excellent fidelity of reproduc-
Hiom.

The “Blimline™ circuit is shown in the accompany-
ing diagram. L; is a miniature ferrite rod aerial
which picks up the signal and, with Ci, tunes to
the required station. A secondary winding on L;
couples the signal to TR;, MAT 121, which
then amplifies at r.f. The r.f output from TR,
is fed to a voltage doubling detector via Cy Iy
and Dy demodulate the signal and feed an af
voltage back to the input of TR;. Any residual
r.f. voltage is removed by C;.

In addition to detecting the signal, Dy and Ds
provide an automatic gain control voltage for
TR;. This prevents overloading on strong slations
and is an important [eature not normally found on
simple receivers,

The base bias for TRy is provided by resistive
feedback from the collector via R; and Rj. Taking
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the bias from the collector ensures adequate d.c.
stabilisation but would normally result in unwanted
negative feedback at af This is prevented by
decoupling the junction of Rz and Ra with Cj,
an electrolytic capacitor. The addition of Cj,
another novel feature of the circuit, results in a
considerable ificrease in the a.f. gain of the stage.

The r.f. gain of TR; iz increéased by positive
feedback or regeneration applied via Cy from the
collector to the top of Ly, Cy consists simply of
two short lengths of insulated wire twisted together.
Its main purpose is to enhance the performance
of the radio at the high frequency end of the band,
where Radio Luxembourg is situated, thus over-
coming the poor sensitivity in this region which is
a feature of many reflex sets.

Onee the set is constructed C, does not have
to be adjusted because the r.f. gain is automatically
controlled by the a.g.c. system.

TR; provides about 35dB gain at a.f. and the
output is fed to TR, and MAT 120, via R4 and Cs.
The circuit around TR; is designed to obtain the
maximum possible voltage gain from the transistor
because the earpiece used, a pierzo-electric crystal
type, requires a voltage drive for good quality.
Crystal earpieces normally give higher sensitivity
at high frequencies than they do at low frequencies,
This is compensated for by € which provides
frequency selective negative feedback from the
collector to the base of TRa.

The total current consumption of the circuit
is only 1mA making the battery life several hundred
hours with the type specified.

Practical Details

The “Slimline” receiver uses a printed circuit
board and the case employed, besides being remark-
ably small, is both elegant and carefully designed.
The case and the dial are both made specially for
this receiver.

Particular attention was paid to small details
when the layout of the “Slimline” was considered,

Thiz illustration shows the extremely small size of the
“Slimiing" receiver

For example battery clips are provided making it
unnecessary to solder the battery into the circuit.
The receiver is automatically switched on when
the earpiece plug is inserted and switched off again

. when the plug is removed. Thus it is virtually

impossible to leave the set on unintentionally.

The “Slimline™ operates in the vertical position
with the dial at the top. The tuning capacitor
provided gives full coverage of the Medium wave
band and may be detuned slightly to give control
over the volume. Alteration of the volume may
also be achieved by rotating the receiver, because
the aerial is directional.
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MODIFYING

By
J. C. FLIND

the May 1961 issue of Tihe Radio Constructor,*

the writer had for a long time been looking
for a pocket transistor receiver to meet a special
need, What was wanted was a really personal set
employing a deaf-aid type earpiece, so that it could
be used in bed or in a deck-chair without annoyance
to others, and with sufficient sensitivity to ensure a
worthwhile signal of good entertainment value on
both long and medium wavelengths, Several
published L.r.f. circuits had been tried but only with
moderate success, usually because of instability or
poor sensitivity, while superhets were “out” because
of high cost and complexity,

The “*Super-3", whose circuit is shown in F ig 1,
looked mbre hopeful, as it featured two r.f, tran-
sistors in a regencrative circuit which seemed Lo
promise adequate pick-up from the internal fertite
acrial. Accordingly the very reasonably priced kit
was purchased and assembled. Assembly was an
BASy proposition, thanks to the printed-circuit
chassis, which offered a greal help towards néatness
and small size.  First trials came up 1o expecrations,
50 the next step was to modify the design o meat
the requirements stated above, at the same lime
taking the opportinity which the use of an edrphone
output offered 1o improve certain features of the
original kit.

Unrnr_ THE "SUPER-3"" DESIGN WAS FEATURED 1N

New Tuning Capacitor

Removal of the loudspeaker unit left a spuce
large enough to accummodate a standard Radio-
spares. S00pF solid-dielectric tuning capacitor—this
type, while inexpensive and not an ultra-miniature
womponent, occupies only a little over a square inch
of area. A picce of thin aluminium sheet cut Lo
3 x din—a useful protection against hand-capacity
effects while tuning— was bolted inside the lid,
using the two holes aiready drilled for fixing the
discarded speaker, and a central hole drilled in it
to take the capacitor bush, The bush itself and the
4in spindle were trimmed down o the minimum
possible length.

The use of a rotary luning capacitor instead of
the compression-type trimmer supplied with the kit,
i an important improvement. Not only does the
rotary capacitor make for easier handiing but it

* "The Super-, & -Tranaisior Pocker Beceiver”, described by
R, A, Langis, The Rudis Converactor, May 1961,

6ifid

Front panel view of the modiflad ''Super-3*' receiver
with headset attached

also makes it possible to provide a tuning seale, thus
greatly simplifying sgarching for the desired pro-
gramme,

Experiment now showed that the tuning range
had shifled towards the low-I requency end of the
scale, so thalt Luxembourg and the Medium wave
Light Programme were no longer tuneable. To put
matiers right some turns were cautiously removed,
a lew at a time, from the primary or acrial coil of
the ferrite rod—in all about 18 turns has to be taken
off, and the coverage then extended from Just under

. 200 metres 1o around 600 metres. The removal of

so many turns affected the ratio between the aerial
and the coupling coil, with the gratifving result that
signal transfer noticeably improved. A less happy
effect was that the B.B.C, Long wave transmitier
now lay outside the tuning range, A new value lor
Cy had to be found by experiment, and this turned
oul to be 2.500pF,

It should be noted here that in the Long wave
position of the control switch the tuning capacitor
uperates more as a frimmer than as & true funer:
Cyand TC) are in parallel so that their total Capacit-

Rear viaw of the receiver showing the new tuning
capaciter and regeneration control

THE.  RADIO CONSTRUCTOR



Components List
Rexivtors

Ry 22k0 Fwant
R: 4.7k L waitt
Ry 6BOLY & wall
Ry k&1 } watt

Rs 4.7k § watt
Rs  10KL) § watt
Ry 22k L watt

Uy
=
J‘f::‘.n‘.n
%
i
-I:I I
+

Capacitors
Cy 1,500pF ceramic
Ca OWIuF tubular, 150WY
C1 16pF, electrolytic, 6WY
Cy4 2uF, electrolytic, 6WY
Cs  560pF, ceramic
Cs  01nF, tubular, 150WY

2 HIl:

-
THy I 2
| Cs
Fred i
. ,QA._,; % e
A=
°F -l |G s

7 2pF, electrolviie, 6WY
TCy 250pF wanable trimmer

Tramsistors
TRy Suorface bammer rf. type (R & TV Com-
ponents Ltd.)
TRz Surface barrier of. type (R & TV Com-
ponents Ltd.)
TR; VI3 (R & TY Components Ltd.)

Fig. 1.

Batrevies
Ever Ready Ula (2)

The original “"Super-3"" circuit #i2fa

Miveellaneous
Cuase, 3-way 4-pole switch, balanced armature
insert, printed circuit board, lerrite rod aerial
dssembly, coil La, germanium diode, knob, nuts
and bolts, etc, (R & TV Components Ltd.)

ance can be varied approximately only from 3,000pF
to approximately 2,500pF. a ratio of 1.2/1. {In the
original design the capacitance range was [,300pF
to  1L300pF.)  Accordingly the tuming range is
limited to a few kc's, but as few listeners on this
waveband will be inlerested in anything other than
the B.B.C. on 200 ke's this is not a matter of great
importance,

Variable Regeneration

The tuning deall with, there remained available
the vacant spuce occupied in the original design by
TCh, and it was decided to incorporate a variable
regeneration control: the designer’s idea of parallei-
g the leads to the base of TRy and the collector
of TRz proved rather tricky, and the optimum
setting wus not the same for all frequencies. The
maost satisfactory method found was to join thise
leads by the smallest postage-stamp type trimmer
that could be purchased (3-30pF) and to mount this
in such & way that it could be controlled by a knoh
outside the ease. The trimmer was fixed to a small
square of thin plywood, drilled 50 as to allow the
adjusting screw to project downwards, the plywood
then being mounted, with contact glue, on to the
printed circuit board between TR and Cs in such
a way that the head of the adjusting screw came
directly under the small hole already drilled in the
case for the original tuner. A short length of 4in

APRIL 1962

brass rod (or preferably, for greater strength, tube)
soldered to the head of the adjusting screw will
praject through the case ready to accept a suitable
fenob.

Fig. 2. The "'stethoscope"’ headset

665



This spindle and the one operating the on-off
switch were trimmed down as short as possible, so
a5 o reduce the overall thickness of the completed
get, and a tuning scale was added in the form of &
disc of while celluloid or ivorine, ghued to the under-
side of the tuning knob and calibrated by hand
indian ink. The leads which originally went to the
loudspeaker were taken to a miniature jack socket
mounted in the end of the case, so that a lead to a
deaf-aid earpicce could be plugzed in,

Earphone Output

The carpiece employed had a resistance of about
25061, and did not work very well with the output
transistor supplied, so this was changed for a
standard “red-spot'’ which gave excellent resulis.
{Other transistors were tried in place of TRy and
TRz, but best results came from those supplied with
the kil.) In order to facilitate these experiments
none of the transistors were soldered directly into
the circuit, but transistor holders were used, so that
they could be plugged in. Not only does this
procedure make experimenting easier, but il
protects the transistors (rom accidental damage by
heat,

The set was now operating really well—in the
Greater London area all the B B.C. iransmissions
could be made loud enough 1o be uncomfortable o
the ear (contrel of volume is easily obtained by
tilting or rotating the whole set so as to reduce
aerial pick-up). After dark under good reception

conditions and with careful orientation and adjust-
ment of the regencration control, Luxembourg and
other Continental stations came in ai good strength.

A Stethoscope Headset
Omne further improvement scemed worth while
~the provision of a “stethoscope™ headset [for
listening over long periods ar in noisy surroundings,
An inexpensive but highly satisfactory unit was
made up using as a basis an ordinary rubber door-
stop, obtained for a few pence from Woolworths,
With a tubular cork-borer, kept wet during the
operation, two radial holes, din diameter and about
75° apart, were bored from the circumference down
to the cenire, and short lengths of soft aluminium
tube plugged in. These were then bent by hand as
shown in the llustration, a piece of spring curtain-
rod threaded inside preventing the bores from
collapsing during bending, The two radial holes
and the inner ends of the tubes, of course, connect
with the axial hole thoushifully left by the manu-
facturers ol the doorstop, and the deaf-aid earpiece
is plugged into this. The whole outfit weighs just
an ounce, and c¢an be taken (o picces in 4 moment
for carrying in the pocket. The improvement in
guality of the sound, coupled with the absence of
interference from extrancous noise, has "to  be
expericnced to be believed, As an  additional
refinement, plastic earpieces can if desired be shaped
and litted over the ends of the tubes,




OHAPTER IX

SUB-MINIATURE RECEIVERS

WiLst the circuits described in the previous chapters can be
described as “miniature” in that the complete receiver, with
its batteries, can be accommodated in quite a small case,
transistor circuits also lend themselves to further cumpai:ﬁpg._
and space reduction resultmg in the sub-miniature receiver,
which is smaller in size than a box of matches. The uacofa
loudspeaker is precluded in such a small volume, so receivers
of this type invariably utilize a deaf-aid type earpiece for listen-
ing, plugging into a matching jack on the side of the receiver
case. Also, again to save space and reduce the mtmhur
components to a minimum, fairly simple circuits are :
employed and the smallest sizes of Mallory- -mercury bﬂtﬂ:ﬂ&.
The main limitation with such circuits is the rather low
acrial efficiency which can be realized in a necessarily small
size of aerial coil and ferrite rod or slab. Nevertheless, wﬂ-
designed sub-miniature receivers are capable of '
satisfactory listening in areas of good reception and
sensitivity over a wide range of broadcast frequencies. In Iw;
favourable areas reception may be marginal and variable with
conditions, In particular the final signal volume may be quite
low with a suitable level for listening dependent on fairly
precise alignment of the aerial relative to the source of signal,
Such circuits, however, are readily adaptable to a further stage
of a.f. amplication for working a speaker, although the com-
bined volume of basic receiver, amplifier and speaker no
longer conforms to the conception of a sub-miniature receiver.
In order to achieve minimum %pa.rmg of components
together with a pmr_:twal method of mounting and wiring up,
sub-miniature receivers are invariably built on a prmu:d circuit
board, The Drlglnal design of such a circuit is tricky and
demands some experience to tackle successfully. For this reason
the sub-miniature reccivers are normally best built from kits

qa
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which include a printed circuit board ready prepared and
drilled for the mounting of components. Building the receiver
then becomes a matter of simple assembly, locating each
‘component in its correct position on the printed board and

A.G.C.
| |
15t R.F, Ind R.F.
Amp. [T Amp. [ Detector ~|
l_ 1st A.F. 2nd AF. ird A.F.
Amp, | Amp. ™ Amp.
Fia. 57.

- soldering the leads in place to the copper lands. Since the
positioning of components can be quite critical—one component
assembled in the wrong order may interfere with the mounting
of a subsequent component—a definite sequence is usually
specified for building. Certain precautions may also have to be
observed, specific to the design. Thus, building from kits, the
main point to remember is to follow the instructions for that kit
specifically and not attempt what may appear to be “short
mm‘il

An outstanding example of a sub-miniature receiver of this

L WAy
a4 ;
ng,
b P

L ] Ri
Fmf &34

- type is the Sinclair Micro-6. This is designed to fit into a case
measuring only 18 x 1'3 % 05 inches and weighs less than
one ounce, complete with batteries, The circuit is ingenious
‘in that although only three transistors are employed the

wram L
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performance is generally comparable to that of a six-transistor
superhet. This is achicved by reflexing both the first and second
transistors so that each amplifies successively at both a.f. and
r.f, in the block diagram Fig. 57.

A circuit diagram of the Sinclair Micro-6 is shown in Fig.
58. The incoming r.f. signal is picked up by the aerial coil Lt
and selected by L1 and 7C1, then amplified by Tri and Tra
prior to detection. A semi-variable capacitor CW is introduced
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which considerably increases both the gain of Tr1 and the
selectivity of the receiver by providing positive feedback or
regeneration from the output of Tr1 to the tuned circuit. The
level of regencration is automatically controlled by the a.g.c.
circuit. In practice, CW is simply two pieces of single stranded
insulated wire twisted together, adjusted for best performance
merely by twisting or untwisting the “coupling” until best
performance is achieved. :
The r.f. output from Tr2 is coupled directly to the double
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diode detector D1 and Dz by capacitor C4. The output from
the detector stage consists of three parts:

(i) a D.C. voltage which is proportional to the signal strength
and which controls the collector current and thus the gain of
Tr.

(ii) an a.f, signal which is fed to the base of Tr1. This a.f.
signal is then amplified in turn by Tv1, Tr2 and Tr3.

(iif) an unwanted residual r.f, signal which is removed by
capacitor C1,

The three transistors used are of micro-alloy type, enabling
a satisfactory performance to be realized on a low battery
voltage with very low current consumption. The batteries are

AND SOLDER

Fig. 78 SHOWING FITTING
©F RESISTORS RI, R2, R,
R4, RS, A&, W7, RB and AY.

Fio. Go.

Mallory ZM312 or RMgi2 mercury cells of 1-2 volts each, In
areas of strong signals a single cell (13 volts) may be satis-
factory but for most areas two batteries (26 volts) are required
for working,

Component assembly is shown in Fig. 59. All components are
mounted on the opposite side of the board to the copper lands
and are assembled in the following order:

TC1, C1, R5, C3, R2, Ry, R1, Ry, R8, Ro, Ry, Tr1, CB,
Trz, C2, C5, Tr3, R6, D2, D1, C4, battery clips, earphone
socket, CW, L1.

It is very important that all the components used to build
this set are mounted as close to the board as possible, The leads
must be clipped to within about 4 inch from the board and then
soldered, The solder must not protrude from the board more
than absolutely necessary. To ensure a good joint the solder
should be held against the wire and the copper and the joint
made quickly with the iron at full heat. The transistors can be
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damaged by excess heat and it is wise to grip the transistor
lead being soldered with tweezers or pliers to act as a heat
sink. It is not essential to hold the solder to the joint in the case
of the transistors as the leads are gold plated.

Remove any insulation from the leads of C1, €3 and C5 as
shown in Fig, 61.

The assembly of D1, D2, and C4 is shown in Fig. 62. Take

STAGE 1 STAGE 2 STAGE 3
CRUAH HERE INBEAT LEADS
TO REMDOVE THRZ HGLES,
LXCESS INSULATION FIT SHUGLY
IHSULATION REMOVED TOBOARE,
» W " '
1 e ]
-
! ™ ciip opr
LEADS AND
THEH SOLOER

Fra, 61,

care to ensure that the diodes are inserted the correct way
round. The positive end is that which looks like a tiny front
arrow inside the glass body of the diode. Cy (250 pF) is mounted
flush to bring the top to the level of D1 and Da. The top lead
of C4 is wound round the top leads of D1 and D2 as shown in
Stage 3. Solder C4.to D1 and D2 as quickly as possible to aveid
damaging the diodes and then clip off the rest of the diode leads

T;:;E#En STAGE 1 STAGE 3
INDICATES LEave 3 LengtH WRAP C& LEAD
E“Eg';i OF LEAD OMCE ARDUND
L 1 : % D% LEAD, ARD
Dione L THER ARDUNG
03, SOLDER AND

BEMOVE SURPLUS
il

CLIF DFF
AND GCLDER

Fiz. fa.

as close to the diodes as passible. Unless the leads are clipped
close to the diodes the final assembly might not fit into the case.

Bend the transistor leads so that they can be assembled
on to the board as shown in Fig. 63. Clip off the leads after
mounting and keep them, as two are required to make the
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battery clips. Remember to make the solder joints quickly
and touseaheatsinkif possible toavoid damaging the transistors.

TC1, the tuning capacitor, must lie flat on the board as shown
in Fig. 59. The eyelet and the bush protrudeslightly into holes pro-
vided on the board. It may be necessary to bend the leadsslightly
s0 that they coincide with the copper on the board towhich they
must besoldered. Theleads, when clipped, must not extend more
than {4 inch from the board and should be soldered as in Fig, 64.

P B BASE l
|@ © COLLECTOR |
' E EMITTER |

Tr1 and Tra Tr2

REST LEVEL
OM BOARD
A5 EHOWHN

BEND
BASE LEAD
SHASPLY

DWW

s o e ! ...|
gL EC B
bz cLI® OFF / P
' LEADS AND
SOLDER

Fin, fg.

Mount L1 on to the board as shown in Fig. 59 and then fix
it to the board carefully with clear cellotape so that it cannot
move, If wished, the aerial may further be glued to the board
for extra security.

For CW use two picces of the single stranded, plastic insulated
wire just over 1 inch in length, Bare one end of each and solder
into position as shown in Fig. 59. It is not necessary to twist
these wires together at this stage. The single stranded wire is
only required for CW.

The assembly of the battery clips is shown in Tig. 50. These
are bent from the transistor leads you will have saved. The
positive clip (numbered 4 on the diagrams) requires about 4 inch
of lead. The negative lead (numbered g) extends under the
board, up through the hole numbered 2, across and down again
through hole 1. The section between 1 and 2 must be covered
with § inch of plastic sleeving taken from the 4 inches length of
singlestrand wire. Thisinsulated wirelink helps to keep the batter-
ies in position. The clips must be soldered very firmly under the
board to ensure sufficientrigidity. They must be clean atall times.
Corrosion or dirt must be removed by gently filing or scraping.

Solder the earpiece socket to the board using three § inch
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lengths of the multi-stranded, plastic insulated wire as shown in
Fig. 59. Be careful to join the tags to the correct holes.

Remove thenut and washer from the earpiece socket and fit the
entire assembly into the case passing the threaded neck through
theholeon theside, Nowreplace the washer and nut of the socket
on theoutsideofthe caseand tighten thescrew firmly but carefully.

Remove the screw and two washers from 7C1 and screw in
the dial from the front of the case until the spindle projects
through TC1. Replace the paxolin washer and fit the specially
shaped locking washer provided over this and screw the nut
provided tightly on to the end of the threaded spindle. The
whole assembly should now be as in Fig. 64.

CLIP AND
SOLDER

Fia. 64.

The Micro-6 uses two Mallory ZM312 (or RM3g12) mercury
cells. These may be obtained from Boots the Chemists, or from
most radio shops. Fit the cells between the battery clips, being
very careful to insert them the correct way round as shown
in Fig. 59. You will probably need to bend the battery clips
inwards to ensure that they grip the cells tightly enough. Make
sure the clips are always clean.

Plug the earpiece into the socket. This automatically switches
the set on and you should now be able to tune in a station or
two. Tune to the high frequency end of the band, that is with
the dial turned clockwise as far as it will go, and twist the wires
of CW tightly together until you hear a rushing or whistling
noise. Now untwist them slightly so that the noise just stops.
CW may be adjusted slightly for best performance and then
bent over so that the lid can be fitted, Two lids are provided;
one in white plastic and one in clear to give you a choice. The
lid slides into place from the end of the box.

The kit for the construction of the Sinclair Micro-6 is pro-
duced by Sinclair Radionics Ltd, Comberton, Cambridge.



The
“SUPER-3”

(A 3-Transistor Pocket Receiver)

described by R. A. LANGIS

{E PERSOMAL POCKET RECEIVER ABCUT TO

be described i an ideal design from

many points of view, Firsi—it can be
completely constructed in about an hour or
so; second—it is comparatively inexpensive;
third—it is completely portable and hes
“pocketability™, its dimensions being only
some 33 % 5 ¥ §in; fourth—it hos o “speaker™
outpat; fifth—the few componenis required
are mounted en a printed circuit board; and
sivth—it may be built with ease by the
veriest beginner. :

Using two r.l. surface barrier transistors

and one af transmior 1opether with a
germanium diode, only seven & watt resistors
and seven condensers (plus TCy) os well as
a halanced armature insert and the printed
circuit board are required to complele 1
whole cieeuit.  This, tegether with the
hatteries and the case, provides the complele
assembly.

Circuit o

This is shown in Fig. 1 fram which it will
be seen that it is a five stage reflex design.
The primary winding of the ferrite rod aerial
assembly L is tuned by the variable irimmer
TC). On the Long wave position Cp is
brought into circuit by the -pole 3.way
Yaxley switch. This functions as the on ofl
contrel also, as well as bringing Cs into
circuit on the Long wave position. The
gignal induced in the secondary of Ly is then
applied 1o the base of transister TR, the
amplified r.f. at its collector being passed to
the base of TH». The resullant further ampli-
fied r.f. at the collector of TR; is then transfor-
mer coupled to the permanium diode Iy via
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Lz, 3y rectifies the signal and passes it, as a.f-
hick to the base of TR, TH; and TRz now
function as of, omplifiers, the amplified a.f.
signal being fed, via Cr, 0 the base of the
audio transistor TR, from the collector of
which the audio signal is finally applied 10
the balanced armature insert,

Construetion

Construction of the “Super-1" recever
should commence with modifications to the
wining condenser TCi. As supplied, this is
a standard compression-type trimming con-
denser. Remove the 6BA adjusting screw
completely and replace this wilh the 1-inn 6BA
bolt provided, Ensure that this operation is
carricd ouwt without losing any of the mica
leaves and washers that are sandwiched
between (he metsl plates. Screw in the bolt
until the condenser plates are firmly come-
pressed.  Fit the condenser to tha plastic
receiver case and then, over the bolt, slide
on & washer, o coil-spring and a second
washer—in 1hat order (see Fig. 2). Having
done this, screw on a 6BA nut wnotil it ess
beging 1o compress the coil-spring, Using a
spanner, hold the 6BA nut in position and
screw om the white plastic 1uning knob
supplied up to the nut, finally tightening the
nul against the knob and locking 1t in
position. Providing this operation has been
done correctly, il should be possible to
obtain about three complete turns of the
knob, and this will be found to give an
adequate tuning range when the recciver is
complited. )

Mext, the balinced armature speaker unit
should he fitted to the receiver case, its
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Compoments List

Hesiztory
Ri  Z2KiE & wali
Ry 4.7kil § wall
Ky 6800 § wait
B 1k} walt
R 4.7ki) § watl
Re  10kI1 & wartt
Ko 22K wail

Transistory
TR1 Surface barrier r.f. vpe (R & TV
Components Ltd.)
TR: Surfaec bamrier rf. type (R & TY
Components Lod.)

TRy Y15 (R & TV Companents Lid.)

AT

Canclensers

Oy LMpE cerunue

Ca OupF wbualar, 150 w.v.

Cr 16pF, electrolytic, 6 w.v.

Cy 2pF, elecirolytic, 6wy,

Cy  560pF, ceramic

Cq {I.IFF. tubular, 150 w.v.

Cy  2uF, electrolytic, 6 w.v,

Ty 250pF variable trimmer
Batierics

Ever Ready Lil6 (2)
Mispeliameous

Case, Y-way d-pole swiich, baluneed

armature insert, primted circuit board,
ferrite rod  nerial assembly, coil Ls,
germanium diode, knob, nuts and bolis,
oic, (R & TV Compopents Lid.}

position being exactly as shown in Fig. 3,
Of the four EBA bolis holding the brass [ront
plate in position, two should be removesd and
replaced with the two longer 8BA  baolts
provided.  Che po aceownt gt the other fwo
vemainime belts be disturled, Having firmly
screwed in the two longer bolls, the balanced
armature umit may now  be placed into
position on the receiver case and two 8HA

Ta4

nuts Lsed to secure it Hemly into position.
This compleles the assembly of the receiver
case for the tme beuyy, and 11 should be
placed to one side whilst the remaining
components are soldered into ercuit on the
printed circuir board.

Mote that all the following componenis
are fitted such that their bodies appear om
the blunk side of the printed circuit board,

THE RADIO COMSTRUCTOR
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their conmecling wires protruding through
the holes provided. The wires which project
fromm the printed side of the board should be
cul to 2 length just sofficient o allow for
soldering (o the respective copper conduclors.
The wire ends should be lnned, bent flat
wpon the hoard and then soldered using 4 hot
irom applied briefty to the joint. The order
ol component assembly on the boord is as
follows:;

O/ OFF Wavechonge Switch

This 15 & 4-pole 3-way component, only
three poles of which are used in the present
cirepit,  Having first checked that all the tgs
are perfectly straight and clean, carefully
feed them through the holes in the board
{see Fig. 30 The ends of the tugs which,
alter pressing the switch body home, project
fromm the circwit side of the board are then
trimmed down to leave shout din clearance
from the board. When all the tags have been
so Lrimmed, their remaining siubs should be
lightly pressed outwards on Lo the board and
the appropriale tags soldercd. The pressing
operation must be done with care, using the
plastic handle of a screwdriver or knife as the
pressing tool. A sharp metal instrument
should, on ne areount, boe wed—an aced-
dental slip would almost certainly result in
damage o the thin copper surface of the
printed circuit board. With the switch tapgs
inow correctly in place, solder these tags (o
the copper pattern. MNote hers that it does
not matter which way round this swiich is
pressed into the circoit board-—any section
or pole can oocupy any nposition. When
solddered it will be noted that one complete
section of the switch s not used in the
circuit.

H.F, Tramsformer L.

This should be fitted o the hoard mext.
The orientation of the eoil terminal ring must
be (bt shown in Fig. 3, correct orientation
being given when the gap in the terminal ring
aligns with the pilot hole in the board, The
tags of Lz should be bent over, as in the case
of the switch, and then soldered. Some care
should be exercised here in order Lo avoid
damage to Lthe extremely fine wires of the
coil.

Resistors

Collect together all seven of the resislors
and bend their respective lead-out wires ai
right angles to the component body: then
chip off surplus wire and tin the ends hefore
insertion through the res ive holes in the
board. Before finally mmlms' cnsure that
the resistors are lnid flat aganst the plain
side of rhe board. When positioning the
resistors, note that they musi be kept chear
of the two areas shown in Fig 3
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2BA Maunting Mut

AvBa Washers

Fiz2

7€) Meunting Detal —

The positions which the resistors occupy
are shown in Fig. 3. Resistor identification,
together with that of the transistors and
germanium diode, is given in Fig. 4.

Conilensers

Having soldered all the resistors into
circuit, deal next with all the condensers
—axcept, of course, TC;. Deal with these
componcnis in the sune manner as wis
described above for soldering the resistors
into circuit. Electrolytic condensers must be
connected with due regard to their polarity
and this is shown not only in the cireuit of
Fig. | but also in the layout diagram of
Fig. 3. In most inslances the negalive pole
of the electrolvtic condensers is identified an
the case, but where this I3 not so the metal
can of the condenser should be laken as tho
negalive {—) conmection—the positive wire
being  that  which enters the condenser
thromigh an inauliting bush, When position-
ing the condensers, note again the two clear
areas of Fig. 3. Also, mount the alectrolytic
condensers such that they are clear of the
printed circuit board cdges ; these components
must not protrude over the edge of the board.

With a short length of wire, connect the
metal body of the switch to the outside edee
copper strip which traverses three sides of
the printed circuit board, This provides a
chassis connection.

Transistors and Germanivm Diogde

It is most important Lo carclolly siody 1the
diagram showing the rtransisior lead-oul
connections {Fig. 4) before attempring 1o fit
these components, MNote particularly that the
r.f.  transstor  lead-out wires are  quile
different from those of the o tronsisipr.
Should a transistor be connected into circiir
imcorrectly, immediate damage will almost
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certainly result. For the beginner, it should
ke mentioned here that damage can alsw be
eocasioned to transistors from two  other
causes when soldering them into position,
There is, firstly, damage due to excessive heat
[rom the iron. To avoid this, grip the kad-out
wire being soldered with a pair of pliers so
that most of the heat is conducted away from
the transistor—the applicition of the iron
bit to the joint being made as briefly as
posaible,  The second couse of damage is
especially applicable to surface barrier tran-
sistors because thess (transistors can

immediately damaged by any electrostatic or
resistive leakape voltages which may oxist
on the bits of mains-operated soldering

leaving the base wire projecting from the
Joint, Mexi, Ot and mﬁsn TR; and, after
soldering. leave i1s collector lead unr.rlmrmd
Dretails of the use to which these two un-
irimmed lead-oul wires will be put are
included in the lmlnﬁ(mstruc:juns. 1t showld
be noted that both THy and TR: are surface
barrier type iransistors.

Transistor TR, the a.f. type, should now
be soldered into position and oll lead-out
wires tnmmed. Follow this by connecting
into cirewit the germanium diode and cutling
its wire ends to length,

Ferrite Aerinl Assembly

Having compleied oll the component

The completed *' Super-3"" iransisior receiver,
P
[/

Compare with diggram on oppasite

irons. The most convemien! method of
avolding this risk s to disconnect the iron
from the mains during the actual soldering
Frncnss. re-connecting the iron to maintain

heat before the next soldering operation.
The foregoing precautions apply equally to

germanivm diode.

Transistor TR should be scldered Imio
position first, After soldering, trim back the
emitter and collector lead-out wires oaly,

May 1961

soldering, the wires connecting to the ferrite
rod acrinl assembly (L), the tuning condenser
and the batteries, eic., can be cut to length
and soldered into their appropriate positions.
As shown in Fig. 3, these wires should be
long enough to enable the printed circuit
board to be swung away [rom the case.

Testing and Completion
Solder the battery leads to two [.5V cells

Tar
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(see Components List) connected in scries,
carefully observing the polarity of connec-
tion {the brass cap beimng positive). The oclls
may new be tucked into the case using colton
wool for packing. [ngert Lhe printed board
assembly into e vase by feeding the swich
spindle and bush through the aperture on
t front of the case. Ensure thal the
printed circuit components do not Toul the
sides of the receiver cuse,  Secure  nbo
position with the switeh nut and washer and
tighten lirmly, The switch knob should now
be fitted to the spindle, MNote here thit with
the switch in posibon | iTully anti-cloeckwise)
the receiver i swilched off, in position 2
Medium wave operation is selected and in
position 3 Long wave operatlion is selecred.

Over each of the projecting wires of TRy
and TR slide a length of nov.c, sleeving, this
being shighily longer than the transiston wire
sir that none of the wire is exposed,

Switch 1o the Long wave position (Tully
clockwise) and tum the tuning knob about

WSTT |

two turns clockwise.  Slowly adjust the
position of Ly along the length of the ferrite
rod until the B.B.C, Light programme of
200 ks (1,500 metres) is heard. Tune for
further velume with the screw core of La,
Switch to Medium wave and adjust the
tuning control until 4 staticn is heard. The
Wi Transislor wire E'NtE‘I"IHIﬂI'I!. now COmy=
pletely sleeved, should be bent in such a
manner as o lie parallel with each other
—the effective capacity between them being
utilised for regencration purposes,  MNext
bring these twio wires closer ither, thereby
incredsing the effeciive eppacitance hetween
them. As the wires ap ch each other
yolume will increase, o point being reached
where aelual oscilkations commence,  The
presence of oscillations mdicates that  the
wires are too close 1o each other. When the
correct position of the wires has been found,
they may be fixed into peosition with pwv.c.
tupe or o suitable adhesive. As a final check
for correct repenetation the tuning knob

THE RADIO COMSTRUCTOR
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should be rotated over its full range, and it
should be ible 1o receive ol stu.u:mﬁ
without oscillation occurring,  Having made
this i'um] check, (Be plastic rear cover of the
receiver can be spapped  inlo  position
whareupon the receiver is ready for use,

tian
The Tollowing n:rnurks. with respect Lo
npsl!altm.g the “Super-3", may be lound
ugeful,

A TE

The ferrite rod aerial will exhibit highly
directional  properties, maximum reception
being oblained when the rod is in a horizontal
Fusilin-n and at right angles to the direction
rom which the transmitted signal emanates.
When the rod is pointed divectly at a trans-
mitler, reception s al a minimum, The
angle over which mininmm reception occurs
is particularly shorp, and this property may
e pui to good account in eliminating inter-
ference from unwanted stations.




A-transistor sel is a true cigarette-pack
sized radio. Printed cireuit speeds

construction,

FLIP-TOP

RADIO

By NICHOLAS A. TAX

HIS four-transigtor receiver uses a
Tregenerutj\'e detector amd three audio

mmplifiers to drive an earphone. It

into a bex from a pack of cigarettes,
ity is high and no external
antenna or ground is needed. A printed-
civeuit board is available to simplify
constyuction. The transistors ave rea-
sonably priced snd keep the total cost
dowm,

The civenit ia comparatively simple.
The AO-1 works well a2 a regenerative
detactor. Other transistors were tried,
but the AD-1 gave the best results.
You may note that its collecter load
registor  (R2)  seemsz  hizh (100,000
ohms), but lower values veduce volume
and selectivity,

Chassis assembly

A printed-civeuit board makes this
unit easy to build, If you don't care to
use one, you will need some stiff card-
board appreximately 1716 ineh thick
o make the chassis. From this cut two
pieces T x 5-1/32%, then two picces
T % 1-20/32 inches. Cement these
tegether to form a vectangle. Place the
twe short pieces on the inside so that
the outer dimensions of the rectungle
are d4-1/42 x 2-1/32 inches. This will
form the chassis of the vadio (around
which we wind our antenna and tickler
coils). Next eut a plece of cardboard
1-20/ % 1% inches (A in Fig. 2}
Cement this piece inside the chassis
1/16 inch from the outer edge and at
one end (Fig. 23, Then eut a picee of
eardboard in the shape of &8 T (see
drawing for dimensiens) and eut the
holes for the transistor sockets. Sockets
are not needed with the printed eir-
cuit; the leads ave simply soldered te
the printed wiving (if desived, sockets
ean be used). Cement this picee inside
ihe rectangle.

Flace some Duco or similar coment in
# small eontainer and thin it down to
a4 paintlike consistency  with lacquer
thinner ov nail-polish remover., Then
use @ small paint brosh to give the
entive ehassis two coats of this mixture
(let the fivat coat dry about 20 min-
utes), This moistuveproofs and siiffens
the cardbonrd,

iz

After the chassis is thoroughly dvy,
lock the sockets in the holes with the
small clips furnished, Next cut the
three holes needed for C2 on piece Al
Mount C2, using two small screws
supplied. Make a single hole on the other
side of A in line with the ecapacitor-
shaft hole. Mount the potentiometer
with its lock washer and not. There is
enough space sbove the pot for the two
electrolytie capacitors (G4 and C3).
The eapacitor and potentiometer shafts
may have to be shortened so lht knohs
can be installed,

Battery holders

Get a gerap of 1/16-inch Bakelite or
other insulating wmaterial, Cut two
pieces 1-8/16 inehes long and 13/16
inch wide. You now nesd a scrap piece
of Zh-gauge stainless steel, copper or
brass (zhim stock will do). 1T vou use
the latter, tin it with solder to prevent
corrosion, Make eight L-shape clips {ses
drawing for dimensionz), Place four of
them on a piece of lumber and give
cach one a sharp blow with an YW-inch
center punch to make a round dent in
the metal (to hold the positive end of
the battery firmly). Then, vivet the
clips to the Bakelite. Small vivets were
not readily available, so I used screen
wire tacks,

Arvrange four clips on each piece,
spaced so the hattevies will fit in firmly,
The heads of the rivets were ground
down somewhat so that the underside
of the holder will be fairly smooth, Cut
the rivets so that about 1/32 inch iz
Jeft to flatten out. T used & very small
ball peen hammer to do this. Stainless
stesl is relatively hand to drill, o use
a eenter punch to make the hole, and
smooth off the underside with a file.
Then ream out the hole with a 1/16-
inch dvill bit.

Make sure that the width across the

S S i s S

Once again RADIO-ELECTRONICS
readers o printed-circuit board for

than

batteries in each halder is less
% ineh (the width of the chassis) so
that they will slide into the eigaretts

box easily, Use aeid-core solder to tin
2 small spot on the outer side of cach
battery elip, Rogin-core solder will not
stick to stainless steel. Wipe or woash
these spols off wall because acld end
vadis porls just do wet ge together,
Now you can solder the wires 1o the
elips with rosinccore solder. The next
step is to cement the two hattery holders
1o the inside of the chassis, one on each
side. 1 cemented a piece of paper on
ench holder to indicate hattery polarity
for proper battery installation.

Wind the antenna

The antenna and tickler coils are
wonnd svound the Z-inch surface of
the chassis with No. 30 enameled mag.
net wire. Make three small holes ahoat
1/32 inch from the edge of the chassis
by pushing a needle through the card:
heard. Anchor the end of the wire

through the holes, the free end extend-

ing inside the chassis. Leave aboul
4 inches to conneet to the antenna
terminal of the tuning eapacitor. This
will be the start of the winding.

Messure off 39 feet 814 inches of wire
beforehand and wind the 46-turn an-
tenna eoil, making suve that the wind:
ings ave as close together as possible
Run the finish of the winding through
the chassis (as before) and eonnect @
to the ground terminal of the tuning
capacitor, The tickler winding is _'J
feet T inches (11 turnsy, Wind it i
the same divection and use the samé
size wire. Space the tickler coil 34 inch
from the antenna winding, the start
lead (T3 in Fig, 1) going to the centel
terminal and the finizh lead (TF) &
to the left-hand terminal of
potentiometer (shaft facing you and
terminals down).

is pleased to be able to offer its |
an interesting construction projech i

The price is $1.25 eoch, posiy

Froraysysresyrserrrrra iR

id. They are a
Electronic Corp., 13000 Capital Avenuve, Oak Park, Mich.

fram Detroit |
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Inside the

RI—;@ 10,000 ohms, with spst switeh ‘La[srcﬂc V.
i Fhilmors PC.S3 or el‘(alllc’n on
1,

& 4

s, LA watt, 163, =~

I!\}WCI Muns I'a’ln watt, |ﬂ‘}'o

2 uf, 50 valls, ceramic

C‘—IO—:&E uif, \'nrlahln [I. ala
#guivalont] [For s

alts, o olectealytic
o | Covalh NE el 5For printod-
1 ot Tovalts, Mallary TRAITE or aquivalaat)

snn ohms

Mvr m:km

0 namah-d el rell
Mi: ell.mmus hardw.

When the coils arve finished, give them
i thin cost of hot paraffin to keep out
ioisture and secure them nicely,

IEELT xF)
The TAX rodie wes
] tosted about 20 miles ||

from Mow York City. ||
ine  stefions wore
received with ample |
earphone veluma and ||
good  quality, ond
mare could no doubt ||
have been received
with careful tuning.
The loudost station,
chout 7 miles away,
come in with suffi-
ciznt velume to parmit fwo perions to
listan, with the sorphone in o small
dish on the table between them.

May, 1981

i, looking at the transistor side of the chassis.

It iz important io have the corveet
amount of wire in the tickler winding,
I the get does not vseillate (hissing or
rushing noise) at the low end of the
dial, add a few more turns of wire.

I noted a_slight vaviation among
some of the AO-1 transistors, One re-
cuived about four turns more in the
tickler winding so the set would oscii-
late at all points on the dial. If this
happens to you, add these turns even
if it is necessary to alter the spacing
between the coils (% to 3/32 inch). If
the set will not oscillate at all, you
have probably reversed the leads to the
potentiometer.

If your set motorboata when com-
pleted, add a stabilizing resistor from
the positive cnd of the battery to V3's
base. Start with about 2,700 chms and
work your way down.

Now wire the set, following the
sehematic (Fig. 1), or use the special
Rapin- ELECTRONICE printed-civeuit

Parts layout under the chassis.

The printed-civenit board with all com-

ponents mounted. Only the antenna still
has to be connected,
2NI0T(3)
S —
Ve
EAR PIECE
L%
> 55
2 100K
|

SEE TEXT

Fig., 1—Cirenit of the d-transistor receiver,
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B-1/32"

2-1/3

BATTERY SPACE

I 1-z9/32" |

148" DENT FOR POSITIVE

RIVET

' 1-29/32" -

bezr167

Fig. 2—Chassis assembly for the flipaop radio. If you use the printed-cireuit board, only parts C and B are needed,
-

bonvd. T used a piece of tinmed copper
wire as a negative bus, Solder it to ong
side of the switch and 1n it along the
transistor sockets, I used 1/10-watt
vesistors; there would not have been
space for la.watt unite.

The case

Belect a cigavette flip-top box in
good  condition. Take a razor blade
and carefully eut off the top where it
hinges. Now make two slots in the top
and two in the higher part of the box,
s0 the chassis can be slid into the hex
and the top ean be placed back on. Cut
the slots wide enough to allow the
tuning eapacitor and potentiometer
slots, and the eaze looks neat,

Now treat the cardboard box as vou
did the chassis (Lwo coats of the thinned

i
componont
side; right—
wiring side.

34

mixture, ingide and out). When thor-
oughly dry, give the ease twg coatz of
‘shafts to fit. The knobs will hide the
wyour favorite-color enamel. Let the case
dry for a fow dayz before inserting the
chassiz. The box lips should be steel-
wooled or sanded lightly to allow the
top te slip on and off more easily (the
freshly painted surface has 2 tendency
to be a little tight). The chassis can he
removed easily by grasping the two
knebs and pulling upward.

To give the set a little added touch,
calibrate the dial. The tuning-capacitor
knob has a pointer on it, After some
experience, you will know where the
wvarions stations in vour locale come in
and the dial ean be ealitvated. 1 have
marked my set 16, 10, 8, 7, 6 and 53.
These numbers can be put on by using

RADIO-ELECTRODNICS
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a toy printing or robbev-stammp sel
Hald each number with tweescrs and
press it against a piece of plass that
bas & light eoat of wet paint. Then
press the piece of type o the case.
My set is very selective and will tune
the entive broadeast hand. Late at night,
I have veceived stations 400 miles pway
and three stations some 1500 mile
distant. It is well established that
vegenerative  receivers ave distance
gotters. But, as with all regencrative
sets, carveful adjustments of both con-
trols §s absolutely essentinl If the
regeneration control is turned up tos
high, the set oseillates and veception i
spoiled. On my set, the lecal station
con be heard with the earphone 6 ‘I‘E'tt
away. Battery drain is low, so batterse?
last a long time. EXD

RADIO.ELECTRONIG? j
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A REAL MINIATURE

BY 1, M. E. SMITH

{ This article describes a pre-tuned qransiveoy receiver i wiich extreme compactiesy
By Been aohieved by the wse af simple cireritey.and By further veduetion in size
af “miindature’” standard components.—Editor,}

EVERAL ARTICLES HAYE APPEARED 1N
recenl vears describing the construction
of so-cilled. "pocket receivers”™ using

transistors, and although their bulk has been

considerably reduced compared with oradi-
tional portables, fall use has not been made
of the diminutive sige of transistors.  The
sels described have not been small enough
to warranl A permanent piche i one’s

pocket, and therefone it was decided to build
4 receiver inoas small a space <5 was reason-
ably possible,

he tesolt was § threo-transistor ong
station pre-selected set built 1nte & smaller
space; Tneluding batteries and carphone, than
that occupied by a packet of ten cigarettcs.
The small size of the recsiver may be judged
friom the accompanyving photograph.

lhe circuit uses  standard components
throughout, and R-C coupling was decided
upon 0 order to save space. 1t is built into
wsmall plastic box, sive 3 % 14 x 4in. a3 sold
by most large stores for containing needle
pins, erc, Slight modification is required ©

Thiz photograph
shows 1he compact=-
ness e exiremely
sl wize of the 3-
frangistay  receiver
Built By ke wethar
andd deseribed hives
with,

THE RADIO COMSTRUCTOR



Cireuir of the minfo-
fure fransisfor
recelver.

w773

enable the coupling condensers 1o fit into the
space allocated, This is achieved by holding
cach 0.05uF condenser in turn over a candle
flame until the wax becomes soff, when it
can be pecled off, thus leaving the condenser
itsell exposcd. Wrapping with laver of
povie. imsulating lape will then prevemt
damage,

The coil is the top sectlon of a medium
wave Osmor miniature  aerial coil, the
seclion being cut off with a small saw just
below the winding, Two 1.5 volt Mallory
RM625 batteries provide the power, and
these may be either soldered into circuit or
connecied, as in this case, by means of
pressure contacl with the battery leads, A
smiull piece of foam rubber underneath the
batteries provides the pressure and also
tetaing them in position. The box lid slides

off for battery renewal. £

Companents List (Fig. 1)

L,

(30

TRy, TRz, TR;

€1

Ca, Ca Gy
R, R Rs
Kz Ry
By, B:

5;

Osmor MW, coil, ype QAR
modified

OAT] Mullard cryvstal diode

PNP junction transistors,
“Red-Spot™

100pF pre-set trimmer

(LOSuF 150WY Hunts

EMILL £ Wt

4. 7k41 & Watt

Mallory Ra62s

On-off, minialure, slide-action
iliwifch. Bulgin 55491 or equiva-
ent

Personal earphone

External
D23g

transformer  (optional)  Ardeate

cortinued on page BSE

Fr. 2,
Fig. 3.

Connecting the optional external transformer infe the earphone feads
Llrderside view of component lavont. The an-aff’ switeh iv bolted to the

Srany pancl, away from the reader

FiG.2

Eor Plug Lead
= rfl:TT - 555 |
5 g
I == ) (&) ('
L Aerial
TRy Ry %
£ Ay o Socket
T T
E% B E CITHs 3
TRy ‘i@
FIG3 i
S |

JURE 1960

853



A Real Miniature

comtinyed fram page 853

An aecrial socket is fixed to the end of the
set next to the hole (Jin) drlled for the
earphone lead. Excellent results are obtained
with about %in of heavy guoge copper wire
plugged into the socket as an aerial. In poor
districts, however, it may be necessary to use
a slightly Tonger aerial,

Improved performance may be obtained
by inmserting an external | Inter-transistor

856

transformer in the earphone lead a5 shown
in Fig. 2, When the transformer is employed
sufficient aerial pick-up will be achieved in
some districts by merely touching the aerial
socket with a finger.

A hole drilled into the sliding lid of the
box dbove the trimmer condenser enables
screwdriver to be inserred o tune in the local
station.  In strong signal strength  areas,
overlonding of the earphone mav be oflset
by slightly detuning the receiver,

This little set has been wseéd with consider-
able success both at home and on the
Combinent.

THE RADIO COMSTRUCTOR-



POCKET PORTABLE TRANSISTOR RE-
ceiver about to be descril here is in
logical sequence to the two earher

designs. whxch were described in previ
issues of this mayzme “The Minor- One
and _“The Major-T ‘——see page 204,
om ber 1958 issue. 7Ed) ese were_one-

1\\REE
yﬂﬂm Pe \-sona‘ T Receive

Designed by D. ). French, GRAD.LEE.
of Henry’s Radio Ltd.

passed, from the collector and ia the intor-
stage transformer, to the base of TRs. From

e audio output is taken via the
collector to the deaf-aid insert. All threc
traggistors operate in the earthed emier
mode.

the “Major-Three”

whlch proved very pu pula with. the home
constructor fraternity. In the present design,
three_transistors—all Ediswan types—have
becn inclu ded the circuit being that of a five-

ge reflex

The “Ma;or Thrce" is fully tunable over
the Medium wave range, and portability is
ensured by the use of a Ferrite rod aerial
together thh the usual battery h.t. supply.

ome three to six months of life may be
expected from the battery specnﬁed*subject
of course, to the amount of usage.
whole reoe—xver weighs only some 4 ounces
and the “pocketability” may be judged by
the overall size of 4in x 3in x I13in. It is
contained in an attractive black an d white
moulded plastic case. The protruding
controls are on/off swltch and volume control
combined, and tuning kn
Circuit

is shown in Fig. 1, from which it will

be seen that it is a three-transistor five-stage
reflex design. The transistor TR; functions
primarily as an r.f. amplifier, the resultant
Lf. signal being fed, via Cr, to the crystal
diode. The signal is rectified here and then
fed back, via the volume control and Cs, into
the ferrite secondary winding and from
thence into the base of the same transistor.
The audio signal applied to the base of TRy
is now amplified by the transistor and fed,
from the collector and via the r.f. choke and
Cs, into the base- of TRp. The amplified
signal obtained from this second stage is now

112

Constructors should note particularly the
colour coding of both the ferrite rod aerial
windings and the inter-stage transformer and
ensure that these are correct—as given in the
circuit dlagram—when wiring these com-
ponents into position. The correct polarity
of both the elec!rolyuc condensers and the
bat!ery should also be noted. As received.

th the cabmm and the chassis are ready
dnlled and riveted.

With the exception of the volume control
a.nd the tuning condenser, the chassis should

be wired up outside of the cabinet, the whole
being assembled together when the chassis is
wired, exeept for the two aforementioned
components.

€1} Solder-the bare: wire to:fhoss suier
tags forming the positive bar. Deal similarly
with those tags forming the negative bar.

(2) Solder into position TR holder (centre
pin to one end of double solder tag).

(3 Connect C; (red to positive bar) and

lack/brown/red) into circuit.

(4) Ensuring that the leads of RFCy are
appmmmately lin in length, solder this

mponent into circuit, togpthcr with Rg
(yellow/mauve/red) and Cs
R( ) Solder into position c7 (@7pF), and

(6) Connect the plain end of the diode to
one ‘end of C;. Leave the red or dot end
unconnected at this stage.

(7 Solder into position both Rs (grey/

and Re

THE RADIO CONSTRUCTOR



XAlI03 Negotive Bar __ XB104 XB.104
E
3 2R
e T velow) Gz Output
2 RFCy 5 3
iE L5 5 =%
M2 Ferrite Bl Red
Aerial C7  Diode Red
R, |
i %
B =
[ Hg RRC, | ERy
1 = 2 ZRe
i 4 2R z
White RaZ ‘Tcz Fo
l Positive Bar
] Cy | White Spot Colictor
1 Tc Base
l B
cBE Enitter
E
FIGL
Cireuit of the Major-Three' Transistor Receiver M68I
Components List
Resistors Transistors
E %l %%ﬁﬂ TR, Ediswan XA103
R 10k TR, TR; Ediswan XBI04
Ry 47kQ
Rs 680kQ Miscellaneous
ﬁ«s }81(;]?“ RFC;, RFC; Henry’s Radio Ltd.
R: 4.7kQ Femte Acrial, Type M2. Henry's Radio
10kQ potentiometer w/switch
Bs potentiomster wipwl Tmnsformer type D240, Henry's Radio
Condensers
1 ;(530%1: trimmer 15v batlcry—Ever-Ready type B121
Ca wF electrolytic Crystal diode
ol Transistor holders
Cs  O.IuF Drilled cabinet and chassis. Henry's Radio-
Cs  100uF 18V wke, electrolytic Led.
C; 41F Deaf-Aid Insert. Henry’s Radio Ltd.

To the junction of these two components,
connect the other end of Cs (0.1uF).

(S) Secure R; (brown/black/yellow) in
n (one end only), and follow this by
R (brown/black/orange} into

solde

(9) On top of R3 mount C3 (0.005p.F) and
solder. Connect one end of Cs (0.1uF) to
the junction of R, C3, leaving the remaining
wire for the time being.

]

SEPTEMBER 1959

(10) Connect into circuit _and ‘join Ry
)and Rg (y /

red).

(11) Solder into position the holder of
TR; (third transistor).

(12) Secure into position the type D240
transformer and the holder of TR,. Observe
here the lead colour code of the transformer.

(13) Solder the deaf-aid’ insert leads but

113
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leave the actual earpiece unconnected in
order to prevent heat damage,

(14) Place the ferrite rod aerial assembly
into the mounting clip and connect the
secondary winding leads into position as
shown on the circuit diagram. Leave these
leads somewhat on the long side.

(15) Bolt the volume control and the
tuning condenser to the side of the cabinet.
Connect the remaining two leads of the
ferrite rod primary winding to the tuning
condenser.

(16) Connect Cg (100uF) between points
“PP” on negative and positive bars. (Black
end to positive bar.)

(17) Solder the red or dot end of the
crystal diode to “Q” tag of the volume
control.

sistors are placed the correct way round,
i.e. white dot at “C” on each holder.

(21) Thoroughly check the wiring before
inserting the battery into position, Look
especially for component wires touching each
other where they should not be in contact at
all. Ascertain that no '‘dry” joints have been
made, Carefully check with the circuit
diagram that the receiver has been correctly
wired and with the illustration that the
components occupy roughly the same
positions as those shown.

Getting the Best Results

Once the receiver has been completed and
is in working order, one small adjustment is
capable of greatly incrcasing both the
selectivity and sensitivity of the circuit. This

Inside view of the “Major-Three”. Compare with Fig. 2

(18) Solder the remaining end of Cy to
tag “B” of the volume control and connect
tags “A" and “F” of the volume control to
the positive bar.

(19) Connect a lead from the positive
battery connection to tag “D” of the volume
control.

(20) Cut the transistor leads to about half
an inch in length and plug these into the
transistor holders thus: TR;, XA103: TR,
and TR3, XB104. Ensure that these tran-

SEPTEMBER 1959

is achieved by the careful posilioning of the
choke RFC| in relation to the acrial winding
on the ferrite rod assembly. This positioning
of RFCy for optimum performance should
be carried out with the tuning condenser set
to the wavelength of strongest station
Teceivable according to the location of the
constructor. Should RFC; be positioned too
near the aerial winding, a “bubbling” will be
heard in the deaf-aid insert, in which case
the r.f. choke will have to be spaced a greater
distance from the winding.
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L=pll onough lu shp into your coal Faci:e! the Rod
and

Hot has Ieity ond
plenty of puww

I—I portable you've been looking for, Measur-
ing only 13 x 3% x 4 in, this set has

Ioudspeaker power and iz extremely sensitive

and selective, What's more, no pick-up lead of

any kind dangles from the set and ils design

iz simplicity itself,

Il you're wondering how o two-transistor sei
can pack the kind of wallop the Red Hot does,
here are the reasons. In the first place, it uses
entertainment grade iransistors. Though better
in quality than experimenter grade transistors,
entertainment grade transistors cost only a little
more, The GE 2ZNI68A transistor, for example,
has o much higher cut-off frequency than the
cxperimenter types of the AF and RF varictics,
an  important  consideration
when the transistor is to be

ANT
used as an RF amplifier. And 32 [
the GE 2N192 transistor, used

et "

ere's that cconomieal, power-packed pocket

in the output stage, has a
higher beta (current gain or
amplilying capacity) than the
experimenter grades,

With good transistors as

25

The RED HOT

A simple economical portable
that packs a BIG wallop

By FORREST H. FRANTZ, SR.

by diode D. The audio cutput of T1 is intro-
duced to the base of tronsistor T2 through the
audio driver transformer L4, The better im-
pedance maleh between T1 and T2 given by Ld
pravides considerably more gain than you can
expeet from resi
Another feature conlrubullng to lhc mm is
that there's positive feedback in the RF stage.
It's not apparent from the circuit, and it's not
enough feedback to make the set osciilate, hut
there is feedback, resulting from the relative
I of the I in the case. This
feedliack feature and the high @ of the antenna
coil (L1} make the set quite sclective in spite
of the fact that it has only one luned eireuit.
Cost of the Red Hot is about $15 (and the
four penlite cells used last a long, long time).
You can construct the set in six {o 20 hours,
depending upen your experience. An expert
might even do it in less than six hours. To make
the construction go smoothly and quickly, ob-
tain all of the parts in advance (see the Materials
List), have the required tools handy, and po
over the instructions a time or two before you
actually begin weork.
Construction, You'll nced 1) an jee pick;
2) a hand drill; 3) a %% in. dia. drill bit; 4) a
hand taper repmer; 5) o measuring scale or tape;

6) a hack saw; T) needle nose pliers; 8) diag-
onal

{cutting) pliers; 9) small screwdriver

1IDOMF Mes

basic ingredients, the design
determines how well o picee
of transistorized clectronic
gear will perform. To pget
plenty of gain in the Red Hot,
T1 (see Fig. 2) Is- used to
amplify the signal twice. With
this  “reflex” technigue, T1
amplifics the reeeived signal
while it is still in the radio
frl:'qut_'ncv form, and then
'u:run when it is in the audio
q v form after d !

*eENTER TAR
1BLACK] ROT USED

E SCHEMATIC

"
s el e i e s e s e
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MATERIALS LIST—THE RED HOT

e wall, carben reitors, 10% toleramce

270K ghmy

10K miniatare valume contrel with switeh (l.-!mtlc VC-I8)

365 mmfd tuning capacitor (Lafayetie M5-215)

100 mmid miniatuee ceramic capatitor lL‘utulah OM-101)

01 mid 75 miniature ceramic tapat apeite C 512}

4 mfd 6 miniatere alectrelytic capacitar {l.-l:r

25 mid v miniatare electroltic eapatitor (Latayette !6-:5!

100 mid, ¢ ministure electeslylic capaciter (Lafayelte CF-105)

digde (GE 1464)

RF NPN transister (GE 2N16EA)

audia PNP tramiister (GE 2N152)

fat ferrite anlemna losp (Miller 2004)

river tramformer 10K to 2K (Lafayeile TR-96)

cutpul fransfermer 2K 1o 10 ehms (Lafayrite TR-53)

205" loudipeaber {Lafayrite SK.66)

Eattery halder (Lafaypeite M5-170)

batterin (27 prnlite celly)

miniature dnsh (Lafayrite MS.185)

el pointer kned (Smith 2220)

plastle ease 105 = 24 x 4% (Lalayetie M5-298)

perforated Bakelife wiring board (Lafayeite 45.304)

7/41 litz wire® Jumble-wound on 33* length,

ferrite cove

15° 7741 Ntp wire® Jumbleowousd on b3® length, 24™ dismeier
fervite core

14" diameler

Mounting Ceil Comp 1. Fas-
ten the ]oudspenkcr in the case with
4-36 x Ye-in. machine screws and
nuts, Terminals should be along the
hinge side of the case (see Fig. 4).
Then mount the volume contrel
{R7), the tuning capacitor (C1), out-
put transformer (L5), antenna coil
(L1}, and the battery helder, Place
two thicknesses of clectrical tape
along the edge of C1 that will be
behind the edge of the loudspeaker
and be sure to slip a lockwasher on
the bushing of C1 before you mount
it. Otherwise it may short-circuit
through the loudspeaker frame.

When you fasten the battery held-
or to the back of the case, stick the
screws through from the hattery
holder side and fasten the nuts on
the outside of the case. If the nuts
arc fastened against the battery hald-
er, they may puncture the insulating

[pely 3 teal ef Duts Cement b held windiogs of L2 and L3 in plate)

“A 7% leng core (M5-331) and 1007 ef litr wiee (Belden BS17), more tham
encagh Tv IM;; eaili, my Be chtained from Lafayelte Radio. 165.08 unmr Avee
et Jamaia

paper cover on the batteries and
short circuit them through the hold-

. seurte fer all ef {he cempenents in this radie. er's framp. The connceting lugs on

CRCLT BOLED

SPLAxLR

ReLIT BOLAY LNEER TAP
AND PUSH ON OTHER GICE
BOLAD TO SR FLACT

.
u

—r ——

you've removed the turns, leave about 3 in. lead
lengths on each end, providing connections at
the lead ends by stripping off about 15 in. of
the cotton insulation. Rub the lead ends gently
with very fine sandpaper to partially remove
the enamel insulation from the individual strands,
being careful not to break any of the strands
Then, using a het iron and rosin core solder, heat
up the lead ends and apply solder while rubbing
the iron back and forth aleng the ends. Continue
until you've burned off the enamel and the coil
ends look shiny and well tinned. Replace the
coil on the Masonite mounting strip and fasten
in place with the original tape.

Next, make L2 and L3. Both of these coils
are wound on short lengths of ferrite core. Di-
mensions, type of wire and winding data are
given in the Materials List. Cut the Iengths of

&
e

L arout

the holder should be bent down to
allow elearance to close the case.

Mount L5 with the 10-chm winding connecs
tions toward the loudspeaker terminals. Don't
uncoil these leads; connect them to the terminals
of the loudspeaker before you fasten the trans-
former in place.

Finally, wire these components in the ease.
Note that the connection between the switeh and
volume control lugs is also soldered to the vol-
ume contrel frame and that the center lug on
the tuning capacitor is soldered to the volume
contrel frame, too.

Wiring the Circuit Boord., Cut and drill the
perforated circuit board according to the lnyout
of Figure 5. Use a hacksaw to do the cutting,
smoothing the edges with a file. Drill the holes
with o lg-in. drill, and use a taper reamer o
enlarge to the Y-in. hole. Try the board in
the case for fit. It should fit between the upper
edge of the case and the speaker, and the an-
tenna coil and the speaker with the antenna
coil tap above the circuit board. Insert the bonrd
as shown in Fig. 6 to check the fit. If it doesn't
fit, file the edges of the board as required. The
fit should be tight. When you're sure you have
a good fit, remove board and mount components.

When you mount the driver transformer (L4)
be sure to place the mounting flange of the

mer on the underside of the circuit board
or you'll find it impossible to close the lid on
the receiver after assembly. The other trans-
former mounting flange is bent down to allow
the circuit board to fit in the ease.
Conncetions are made by pushing lead pigtails

ferrite core from the T'4-in. length by
the core material with a hncksnw or file and
then breaking it off. Or you can try ta saw it
off all the way.

gh the perf in the board. The long
lead on the bottam of the board that runs around
most of the board is the commen return and it
is formed from the extra length of lead pigtails
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(blade about g in. wide): 10) medium size
serewdriver (blade abaut %}, in, wide); 11) small
soldering iron; 12) tin snips.

Mounting holes are required in the plastic case
for 1) the antenna coil, L1; 2) the output trans-
former, L5; 3) the tuning capacitor, Cl; 4) the
volume control, R9; 5) the battery holder; 6) the
loudspeaker (Spkr.), Sound holes are also re.
quired for the loudspeaker. Figure 3 shows the
positions and the dimensions of these holes in the
plastic ease,

Mark off the hole positions on the case, then
heat the ice pick and use it to make holes in
the case on the marked ecenters. Don't get the
fce pick red hot or It will melt the plastic too
fast and make the work difficult. Make the holes
just big enough so that the hand taper reamer
can be made to bite in without difficulty. When
all pilot holes have been made with the hot ice
pick, allow the melted plastic around the holes
to harden. To assure yourself that the holes are
properly located, place the components ever the
appropriate holes. If necessary, use the hot jee
pick to relocate centers, After you're sure of
the hole center locations, enlarge all the holes
to size with the taper reamer with the exception
of the loudspeaker sound holes, These are closely
spaced and you might get into dificulty trying
to ream them out smooth, =0 leave them rough.

When you've completed this werk, wash the
case with soap and cold water to remove dirt
and finger prints. Rinse in elear cold water and
dry.

If you want to paint the interior of the case,
do it now. Spraying will be more effective than
brushing since the paint may run—particularly
around the speaker sound hole openings—if you
brush paint,

Now, eut the volume contral (RT) shaft to a
length of 1 in. and the shaft of the tuning capaci-
tor (C1) to a length of % in. Remove fve turns
from the tuning coil (the end of L1 with many
turns), and one turn from the transistor input
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coil (the end of L1 with few turns). Remove
the coil from the Misonite mounting base to
do this. (Simply take off the tape ‘which is
wrapped around each end of the eoil). When
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that remain after the parts are mounted on the
board. The short straight lead on the bottom
of the eircuit board ta which the negative end

[ C5 is connecled is the battery negative bus.

Il parts except the transistors and C6 and €O
are mounted tight against the eireuit board. A
Y in. space is left between the transistor bottoms
and the circuit board to prevent straining the
leads and to keep heat transfer to the transistors
during the soldering process within reason.

Mount L2 by applying a small amount of Duce
cement to the eore and inserting it in the 34-in.
hole on the eircuit board. Apply a very small
amount of Duco cement to L3 and fasten it per-
pendicular to L2, Don't use too much Duco for
this beeause you'll have to loosen L3 later. Be
sure that L2 and the other compenents do not
extend more than % in. above the top of the
circuit board. If they do, you may have trouble
closing the lid of the case after assembly, None
of the components, with the exception of the
output transformer (L5), should protrude beyond
the edges of the circuit board because the cireuit
board will be held in place by the tight fit
between it, the loudspeaker, the wvdge of the
case, and the antenna coil.

Final Assembly, There are eight connections
which will have to be made from the circuit
board to components in the case. They are, in
erder of connection: 1} collector of T2 to primary
of L5; 2) negative bus to primary of L5; 3) base

T1 1o end of short winding on L1; 4) junction

C2, Kl and €9 to tap on L1; 3) common
return to switch; 6) plus terminal of C9 to center
terminal of R7; 7) K terminal of D to upper
terminal of R7; 8) negative line to nepative
terminal of battery.

The first three connections must be made be-
fore the ecircuit board is mounted in the case.
After they're made, place the edge of the cir-
cuit bourd against L1 but below the coil tap
as shown in Fig. 8 and push the beard into
place in the cose, Then, make the other five
connections.

Now elese the lid, and move parts and leads
a5 required to allow easy closing. You may find
that the back of the loudspeaker interferes with
complete closure of the lid. If it does, trace the
outline of the speaker magnet frame on the lid
of the case and make a tool from a piece of
sheet metal (which can be cut out of a tin can)
as shown in Fig. 7. Grip the hold flange of this
toel with a pair of needle nose pliers, heat the tool
slightly, and apply it to the inside of the ease lid
along the magnet frame tracing using o small
amount of pressure. This will dent the lid
slightly to allew it to close over the speaker
magnet frame without interference. It's wise to
this several times if neeessary, starting with

0

temperatures. Otherwise, vou may get the

1 too hot and damage the case.

Now you're ready to insert the batteries. Do
this eautiously with the switch in Of position
and be sure to pesition the plus and minus
terminals properly. Do not let the clips on the

holder cut through the insulating paper cover
on the hatterics.

If you have a milliameter, connect it across the
switeh terminals (plus meter terminal to battery
side of switeh) with the meter on a range of
100 ma or more. The meter deflection should
be less than 10 me. If it's more than 10 ma,
start looking for trouble, perhaps an error in
wiring, an incorrect resistor, reversal of capacitor
polarity, short circuits, or similar mistakes, (Oe-
casionally, you may run inte treuble due to bad
components; this oceurs so rarely if all new com-
ponents are used, hewever, that this possibility

CUT STRIP OF SMEET METAL AND BEND AS SHOWN

should be dismissed till the circuit has been
checked several times). If the meter reads less
than 10 ma, switch to the range ncavest 10 ma
(hut not less than 10 ma on your meter). Yeu
should get a roading of 6 ma or less. On my
set the reading was 4 n, but tolerance vari-
ations in transistors and other components might
allow variations in current from about 3 to 6
ma. You can expect long battery life with such
a small current demand.

Next, turn the set on and try it out, If it
sgueals at the high frequency end of the dial,
move CB away from L1 & small amount at a
time 1l the squeal is eliminated. Some feedback
between C6 and L1 is desirable for maximum
sensiivity, but if theres too much feedback,
squealing may oceur, The feedback is inercased
by moving C6 closer to L1, decreased by moving
Cé away from L1,

The ortentation of L3 alse affects fecdback. The
contribution is most noticeable at the low fre-
quency end of the dial. The axis of L3 should
be parallel to L1, Te find the correct orientation
for this coil, tune in a station on the low fre-
quency end of the dial and note the volume
level. Then broak the Duco cement bond be-
tween L2 and L3 and reverse the positions of
the ends of L3. Retune the set to the station
for maximum volume. If the station comes in
louder, fasten L3 in this pesition with Duce, If
the volume decreases, however, return the coil
ends to their original positions and re-cement.

Although this little set is one of the hottest
performers I've seen with such a simple cireuit
configuration, a little additional experimenting
with the orientation and positions of L2 and
L3, ean make it even more sensitive and selective.
Since no external pick-up lead §s used, this set
is highly directional. The antenna coil must
be horizontal; rotate the set in a horizental plane
far best pick-up.
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IS bitde receiver s a sellcontained wo-
rgnsistor sel having three stages ol amplifi-
cation. 10 i housed in 4 plastic container

moasuring ding = ¥ X Mine  The circuit
cmployed ensures good senstlivity and sclectivily,
and  ver withour the annoving  whistle of a
regenerntive circuit. The size and cost of lhe st
will zuit most bame constructors” pockets amd 1t
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should ke neled that there are no knobs pro-
truding from the sel, merely lwads (o the carpoce
ard the optional nerinls.

The Circuwic

The circuil employed oo “refllex ™ circnil
having o stage of R.F. amplification prior 1o the
crystal detector, Signals prcked up by the Forrite
rod acrial are led to the base of the transistor T
The gmplificd R.F, 5 then coupled w the detector
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Do facedne
Do WELEUY s
A TWO-TRAMSISTOR 3ET UTILISING A

REFLEX ARRAMNGEMEMT By W. K. Hsu
amplifeation muy be added.  RY (s the load

cornponents are distriboted on e subi-clipssis as
indicated,  An additional elose winding of 45 (pms
of 32 pavge enamel copper wine iz added on the
same [ormer. The ends of the new ool are

wocured on the edee of the Tormer with ponched

liodes sl soldered on the same termimals ds shown,

Both the panel and chassis are af 1/14in ihick
transpmrenl Perspes material. Tn Flg. 2 only Lhe
koabs are above, the rod and sub-chessis o
under the pancl.

Tor 12 and hi]ih-;m dance phones or earpiocs
should be vsed. LI prevenls

H.F. signals from appearing
poross R amd L2 allows n

fiihged. A Trommiee &ood-_

AF. 1 reach DL Boh LI
and LY are essential for the
operaiion  of  this receiver.
Ki. R2 supplies base currend
for TI, and R&. RT supplicy

tha! for T2 These affer the
atvanipge that only @& sinple
battery is reguired. K3 and
R& are the uvsual stabilivieg
emitler  resisfarice and  Cd,
9 hypass any AL, developed
across them, €7, CECH
mimy, ino certain  Ccases, bBe
ol tesl,

Construction

The whole assembly can be
built on & dejaehable pamel
wncl sel-chassis assembly, amd
] wiring mayv be completed

prinr e filting in the conlain-
g hox,  Only the volume
contral, a swrplus hearing oid
Ppee,  driimireer duimng o con-
denser and the rod  serial
minun‘ed on the mon®™ pangl;

and  swilch  ane
e rest of the

.\"“—Sﬂm SECUANIR Sub- CASESE B man ,ﬂ.:-u'\uml'-""‘r
Fie. 4—8ide wiew of the sef, amd details of the sub-paned.

The components shown ane all secured o0 Lhe
sub-chnssis by passing Lheir Tl through drilled
srmall holes of fin diameler.  RI, Ri, BR and

K2 are positoned on the other side of the sub-
= chassis. Most wirmg can be done on (he chassig
- helore holting on o the main penel. The R.F,
. a7 gw * ; chokes LI, L2 and Ferrite framc should  be
Switch positioned so thial ecach v al righl-nngles 1o the
other, A maost suitable substitute for L0 s the
i potted coll of & disused 465 ko's mimature LI,
EIH:H transformer, The coll and it lerminala Should
‘s \ - b carefully removed from the transformer, The
— LIST OF COMPONENTS
e 1, C7T 0000 G F, L1 65 Mbg St ") Bodio Clearance 1ig,,
o tmmn Elb, 1, 5, CE— LI—45NMh or Lpsky's Mindio,
= Frones)] == [LO0SF. CT - Trimwmer, voleme-comrol 10K |
1 [ '. {'3. (:Th ]!;.'F [TV ]
! iPlessey CE2XST 12 v, Ferrlio rod merlal Teleiron FORM, |
Pﬁ e=E 1O elecirdythe f TI—R.F,  transisior  dred yellaw | Frum
B P P - T S WS ) or adleers, . ! Henry
I A 1 0, elevtrnlylic, F2—OCT] or AF, Irapsisior (ped | RO S
| RI—T0 K, RI-6MK.  spot) Radio
] RI—1 K. HA—S K. IM—GEX3 !
' RE—RZe, R6-—E6 K. Transistor sockeis, cwlich, Homry
R7— 250K, RE— 180w, Redio i)pe,

ek afeserihed ahove,

R3—4.7 K.
All resistors are | owant
rating,

Al reslstors wnd capacltors sre obiginghile
from Radie Cleartnce Lid,

|
|
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pol  offers 8 pood means  of
soreenmg ond the centre hole lor
convemenlt mounbing.

The battery wused should be
placed on the other side of the
subechassia, near the switch,  An
Ever Ready type B144 hearing nid
batlery s usec

Theaverical Clroult

The switch 13 mounted near the
volume control and alongside it
the battery.

At initial tesiing o short throw-
ool menal of o vard in length
shoutd be connected ta the point
on the theoretical diagram markes!
ALY IE the coil on the aenial rod
i et fo the centre of the rod the |
Hiome Service of the BBC will be
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found on the “fight " end of the trimmer. and A view ol the receivee witfon! e veae.

Light progromme at the *sback ™ ond,




HOW IT A
The first transister (TR} Is an r.0. type used a5 a
grounded-base regenerative reflon dete

go along. They are all mounted on the non-
etched side of the board with the exception
of C1, i, and the battery holder.

Soldering. If all parts fit well, solder
them in place with hot, well-tinned, small-
tip soldering iron or gun. Use a special
printed-circuit solder such as Print-Kote
because its low melting point reduces the
danger of eoverheating the etched board
and components,

‘When soldering the parts in place, al-
ways hold the leads close to the parts with
long-nose pliers to dissipate excessive heat.
Make sure that you don’t have the transis-
tors in place when soldering the flea clips
to the conduetors, After the parts are
soldered in place, clip off the excess lead
with end nippers or a nail elipper,

Schematie diagram of
transistorized receiver.
o

the danger of accidental shorts between
the closely spaced eonductors,

Etching and Drilling. After the resist
has dried, put the boards in the etching
solution. They should be ready if you use
the cold etching method.®

Next, drill the holes for mounting the
components. All are made with a 144" drill,
except the mounting holes for the tuning
capacitor (C1), Two of these holes are 4"
in diameter and countersunk from the non-
etched side of the board. The hole for the
shaft of the same eapacitor is 4" in diam-
eter and countersunk from the etched side
of the board, Although the flea clips are
intended to be mounted in %" holss, it is
better if only the smaller bottom part is
fitted into the 145" holes.

Follow the lists of connections (two
numbers or letters indicate that a com-
ponent should be connected between these
two points, and a single letter designates a
terminal such as one of the transistor elee-
trodes or a battery terminal), and insert
all the components in their respective
positions but do not solder them in as you

* Far detailed information on making pnnl;\‘i el
# Printed Wirlng" Technigues for the E

! fn the August 1956 isue of POE
the September 1956 isue. Also ser
cuits” in the June 1957 fssue.
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insplified Eiched Cire

PARTS LIST
3!&1.8—701! mercury cell (Mallery BM-630)
Cl-—-365-uid., single-gang, midget varioble co-
paclior |, Paly.Vari-Con)

ca, cs—o,wvm subminlgture capocitor {Aera-

C&—GWH subminlature capacitor (Cen-
tralah D.H'-.Sﬂ]}

©4—30-utd., B-valt slecirolytic capa

.CB. C7, CB8.utd., Bvolt mmlrue m,pudw

J1—Miniature jack (Telex 5240}

LI--50 turas of £22 sce. wire on 1§ x 214"
torrite core (Lafayette M5-131)—see text

printed-circalt copper lami-

hmdfmfx(wmum{nm
wm—rlm. x 2" for PCl and 1'% x
2%,4* for PC3)
RI—-100,000-chm resistor, Vo-watt resisior
R2—15.000-ohm, Vo-wait resister
::—_m-, Ya-watt udmm

-25.000-0hm subminiature m.-nqmmw

tion potentiometer rr.nfnm

RS, ru‘l‘mr
S1—S.p.at. switch fon R4)
TRI—CK758 transistor
TR2, TRY, TR4—CK722 transister
I—B-cz. bottle of eiching solution (Laloyetis

I—Eoll of resist-tape or ball-point tube (La-

fayetie PRT-2 or PRTL]
12— Wgupcmrwwmm
- 10,082%

POPULAR ELECTRONICS




13 and 1513 (with prongs facing
16 gnd 18—R5
I 32—Positive terminal of
18—2" wire to G of PC2 battery holder (Part A}
13—Callector of —swa text
20—Bage of 33—Negative terminal af
21—Emitter of TH2 battery bolder (Part B}
22--CE (pos. —sae faxt

{neg. 2381 (remaining termi-
24—CI (battom terminal) aal)

Printed-circult boards PCI [above] and
PC2 [belew) aro assembled after compo-
nents are mounted [right]. The battery
holder parts (A and B, below) are cut from
sheat motal and bent as described in text;
folds should be made on the dotted lines.

CONNECTIONS FOR PC2

A—Wire from 28 of PC1
B—Wire from 25 of PCI

€ ond K—HE {meg, terminal)
D—Wire te cne ferminal (pas. terminal)

af J1 N—Collector of TR4
E—C7 {pos. termingl) O—Fase of TH4

F—C7 {neq. P—Emilter of
G—Wire from 18 of PGl  G—Remcining ierminal
H—Callector of THI - oatjl

May, 1958

Antenna coil L1 is wound on a piece of
ferrite core which measures 2%"x 14" in
diameter. This coil consists of 50 turns of
#22 single cotton enamel wire, and the
tickler coil (L2) is made from six turns
of the same kind of wire. Wind both coils
immediately adjacent to each other and
in the same direction; otherwise you won't
get positive feedback and the detector
won't oscillate,

The battery holder consists of two parts:
part A, the positive terminal, connected at
32; and part B, the negative terminal, con-
nected at 33. Trace the pattern of these
parts as shown in the diagram (below, left)
on brass, tin or copper; then cut them
out. Bend them on the dotted line toward
you while you hold the parts as shown.
Mounting holes for the battery holder are
also 14" in diameter, and terminals are
riveted to the board using small eyelets or
miniature screws and bolts.

Housing. Either a home-built or com-
mercial cabinet may be used for the tran-
sistor radio. Pieces needed to construct
your own cabinet can be cut from a clear
polystyrene sheet. The front and back of
the cagze shown measure 17%"x2%", the top

and bottom are 1"x2%", and the sides
measure 1"x1%*. Glue the pieces together
temporarily using household cement, but
leave the back off.

Place the completed “Half-Pack” inside
the case and mark the spots for the shaft
of C1 and the regencration control (R4).
Drill the %"-diameter hole for the shaft
and another one for the starting hole of
R4. With a %" chassis punch, score a
%4 "-diameter circle in the plas Cut out
the circle with a jigsaw and smooth the
edges of the hole with a round file. The
subminiature control specified in the
parts list should fit snugly. Fasten it to
the panel with small nuts and bolts
through the on-off switch tabs.

‘The pieces of the box can now be ce-
mented together permanently. Place the
radio Inside and drill the mounting holes
for R4 and earphone jack J1.




Build a "Half-Pack” (May, 1958, page 49):
Soldering points 25 and 26 were omitted
from printed-circuit board PC1. The cor-
rect positions of these points are shown
here. If the board has already been etched,

T

"

2 %" -

you can add 25 and 26 by drilling two %"
holes in the proper positions and installing
a short length of wire between them.

In the schematic diagram on page 48,
RFC1 (L3 in the Parts List) can be any
small r.f. choke or section or winding from
an r.f. coil. It's not eritieal.
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11, Commest the NEDuyelet~of the FUF merial to ;w
12,  Fis scldor tag at eithar-of points 1 and Join o  ‘tap at R, -
13, Bolt the top of tha spesker t¢ tho angle brackete ab 4 of ‘tha top paneds.

—— e

R

and the bottom of the ppeaker L: the 'U! brackat &% D of the rear panal,

' uping 6BL sorewe & nuts with a &BA weghor under the screw haada, aF
14, Insert T1 in the T1 holder snd-T2 in the T2 holder. R
15, Bt a peintar to tha spiridles of Cl & 05 and the ewitoh. = e
16. Connect the e battory cohnector o tha +ve ptud of the PP4 battery and o
tta -vo ocnnostor to the -ve stud of the battery and switeh on.
Solsct station by-uging 61 (tunins in conjunstion with 05 (resctioe) fer.

volume « e
s

- _DOMPONENT 183 ! A
REPANCO COMPONENTS. |

m‘“ Wave Fnrﬂh&ﬂ’.’tﬁ Apriel type TR veakiva Ve lll!iiili'll?/ﬁ&-
Ilms 'mrn i " " " mq--ll'lh'oil-----h.‘i'bml IT 6&‘ 4 '\
Humﬁs_mﬂﬂm&mttlltli||'I-!|.|.|---rli-l_l'l.lI'_Itvilli;nfii&'{'-,F'. i \
Top & Rear pancls with boookets.Crouwp bourd type 6/T..ivieviesdfe :

TInteratage transforger,ratio 4.5 to 1,uy ............;l?..fﬁd. H
ﬁh‘hﬁut tr‘mﬁff‘mﬁr tm -TIBEJ-I-Illl'llllllllll'lllllll'll'!il *'l-l-ll-il-li&,z-t i |

&tﬂ'jdiﬁd 'Plu'hﬁ,ﬂ,....;....-.'. ----------- IR R RN RN - id-i

m ~ DAPACITORS 1~ ? ik _ i
230K _- 01 300 pf vuriuble :aaﬁ*u Bros Dilican.

B2, 10K ! 57 0,005 nfd ; ! =

B34 10K 03 2 mfd slecwrelytic. 4

K4, 47% 64 100 pf .

n4
£5 100 ¢f varieble Jackeon Bres Piliconm,
6, 2 mfd cleectrelytiec,
i 100 pf. ‘
£8. 100 nmfd electrolytima...
= ATV AEE s =,
~ 4PA x 3" corows RH.
ARA mats. ‘
4BA gelder tage.

T S —
- 4l noldors @insh Lype ,51,!'_‘001. |
Trarsistor holder olips Oine¥ type T7/T65
1 4 polo 3 way switeh— - 30 lde:
1 Tlaa 7" x 4" eliptieal spsakor, 6B x 4" Sorews RH,
& yd dlel drive card. - AEA vuns. bl |

L Pointor 3 B . A LI washarg,
1 A battery. _ -
' TRANSTSTORS .

<y lard 0044,Bdizwan Xi104 or GBC OFT 874. .
79 - Mullard 0071,Ediswan XBi03 or GEC OFT 113,
DL lsllard OAS1. : :
w fepance desigris for the Homo Tonstructor have beon bried and
teated only with the pamponants spocificd in the component llstedny subetistution |
with other cogpongnts may sericusiy affaet the officiency of the circuit in guestion. |
We do not markot or eupply complete kits of parts,cur componcnks and '
depigne aro distributed to the radio trades.Consequrntly repalirs and esrvige
work to kite oannct be undertaken and ndvice ahould be sought from tho supp =T

hdvice will he given_in casce af aww sddronoed s o |

envolope should ba enclosed. \\,\ ~

||

I
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n__u.m vOLTS
e -n +n _
WOUND IN SAME DIRECTION : REPANCO LTD
FS3 25 turns | A5 AERJAL COlL, WITH COTTON | OBRIENS BUILDINGY
FS4 10 - COVERED ENAMEL COPPER. . . 203-269 FOLESHILL ROAD
“M WIRE. APPROX 30 awg. i COVENTRY \.m




Transistor Portable
with a Punch

Aost eryatal

13 are kit in - selectivigy

Ty ctor foads dewn the tumed
reducing its . In the antonna arrangement
e, o long qore i3 e ed to inbercept a

maximum of r.f, energy fr broaddeast stan

and the coil is tagped down to mateh the low b
3 Thus, 2 high @ i ma

good selectivity reaglts, T

e, which s made

ne - insulated wire twiste

2 number of strands
r, This type of
{ cail,

om the dstected
e awdio parses through the lase-emitter

in thix sta
stage by

Qe

1. This tr
TRL 10 1h

ut impedance

anafer,

By RUFUS P. TURNER

ERE IS something a little out of the

ordinary in a transistorized radio re-
ceiver.  Although it avoids the complica-
tions of a superhet design, it still has good
selectivity and does not require an exter-
nal antenna for quality performance. And
it provides loudspeaker operation,

Heart of the receiver is a long, high-Q,
ferrite-cored coil which serves as an excel-
fent antenna withaut any external antoy
na wire, Tuning is aceomplished by a 365-
#ufd, espacitor in parallel with the wholp
of the antenna coil, and selee

ity is main-

1957 Edition

he sudio signal selected
s passed tu TR2 through
¥ is required here be.

he bascemiter elr.
s provided by
means of resitor B2,
ched the output of TH2
pall output stage TRI-THE.
ation of the output stage s
age divider IR, T3 matehes

el stage to the volce coil of

ce of TR2, anid §
ol the outpue stay

Schematic diagram of the portable radio receivar.
Tha pictorial diagram for tho set Appears on page
182, the complelo parts fist js on page |83,




T3 TR3 TR4 T2 TRZ A2 TRI TI

Interior view of eomplole receiver, showing lacation of the majer companonts.

tnincd by connecting the crystal detecfor about poor transistor porformance in the
to a low-inpodanes tap on this eoll, Al L oF -l veglon,

of the amplification takes ploce at audio Transformor coupling s used in the
frequencies, so vou don't hiove to worry  awdio amplifier o provide maximom gain.







The push-pull Class B output stape will
provide about 1100 milliwatts of  aodia,
whieh is adeguate far the average fomm

Construction

Tou ¢an't wse & metal cabinet with this
receiver, us metal would shicld the antepna
cotl and groatly reduee signal plekup, Use
a plaztic box abowet 1075 long, T° high and
A" aleep, or build & wooden box about this
size and finish iU ns dogived. (One experi-
monter buailt the recelver in o cigar boxt)
Siee I8 not all eritical, exeept that the
length must e ol least 10" so that the
horisontally mounted antenna will 1t in [

Mownt the amplificy section on o strip
of plastic 1457 thick, 77 long and 2% wide.
Components are hweld b place by passing
thiie leads through smull holes drilled in
the strip, amd bending the lesds ovey on
the pther side. Fuasten the transformers in
place with a loop of wire passed around
the eore, sml through holes in the strip,
Twist the ends of the wire together under
the strip for good anchoring, Then, puass
the teapsformer lends through  separate
smull holes in the plastie stip. Make all
connectlons under the strip by soldering
appropriazte piglaits and lepds togothor,

Chieek: and  double-chieck the transistar
conneciions, bocanse wrong wiring €an rain
them. Hold the trensisior pigiuils tightly
between the jows of Tong-nose pliers when
soldering. 1o nvoid damoge due to hoat, Obe.
serve the color eading on the transformer
lemds; incorveel  conmeetions could cause
the amplilier to oscillate,

After assombly, nount the amplifior on
the Moo of the onclosure,

Now  mount  the loopstick  anlenna
lepgthavizse in the lop of the case, Use the
fiber mounting strips provided for this pur-
pose. Don't use moetal brackets of any kind.
Install the tuning eapacitor ¢ immediatos
Iy below the aelennn, and mount the disdle
detector and capacitor €2 on the {rame of
G For the tinime dinl, fHsten o whie
plastie dise 1o a skirted Bakelite koob and
inseribe it with the breadeast froquencies:
Or use a commereial dial,

Lt @ hole of the appropriate size for the
loundepes ker which you are using, and cover
inside with sultalle geille cloth, Mount the
speEiliir with 6-32 sorows,

You ean use yonr ingenulty in it g
the bidtories, The author wired them in
series, nod then secuved them in place with
a anetal strip fastened to the case ot each
ent with o 6-22 machine serew, Install the
volutie control iwith switch attsched) in
thi appraximate location shows in the phe-
to. Wire up the various eomponenis aee
cording to the sehematic and pictorial,

1957 Editian




Operation

Calibrate the tuning disl by funing in
vorious Jocnl sintiuns amnd marking their
Irequenicies on (he dial O, i you have
an ampiitode-modulated signal gemerator
avalluble, ewlibration ¢an be ensily corried
aut by Geving the “hot™ vutput Jead of the
penerator nreoss thie middle of the ontens
fa, Then st the generator sucoesilvely to
different  broadeast-hand (requencies,  set
the eecebver tuning dinl for ek output ot
ench of those frequencics, and mark the
dinl secordimely, Adjust the generator oigt-
put and receiver volume for best suslible
slgmal withoi! overhuling. S8 this sharp-
ens peceiver response amild Incronscs accu-
ruey ol the dial calibration.

Actunl battery deadn o this reeelver
varles with the soumd output. sinee ihe
final stage operates Class I but drain will
be much less than with a ube sel. ‘The
specified batlorkes shouild glve very long
Tife—nppronching shelf 1ife if the recoiver
fun't used move than o few howrs each day.

Volume of this linthe set is adequate lo
muako it uselul for the hoine, In & car, or on
the beach. The antenna is slightly dree-
tionnl. so tey rotating the roceiver Tor hoest ‘
regeption. You'll gt many hours of enjoy-
ment o a ceward for the few evenings it |
will take you 1o bulld the sel. -

PARTS LIST |

Bi—f-ralr Baiery [Fau Shie-D Sorklighe oells
(EEPCERE 8 EETEL

Cl =M o voriahly =pecvsr

O 00030, mioa eapacbid

Cl1- 1.0id. 20dowolt. minlgiure, malalized by
bwlat capetites [Asrarss PRIE

“Lﬂ“m dinde |Nayihesa CEMNI o
17+ 1]

L Ferzimreyrps possiars hop aamsag Ml

Trpe I

A 10 800:akm safeatiumater

B0 Thmegalnn " -walt railan feslaind

3 1Dk, |owealt oarhon ekl

B 51 000-ehm, | oergld estbeiin trsktor

5l Epsl swiuwh maolied on pofenticm—ier B

Tl - Transimey seiver m=uslermes: primgey,
14997 abme: antendery. 299 alme | Argensn
AR-jar*)

T3 Trenvioer Cline B dilvet Fronotarmss ik
mary, 0000 ohmy; moandory. S000 ahm,
at (Rrgaans AN-109°)

T} Fimedivtw Clac B ealpad basalosser:
priitemry, 200 A orrterbapyed; FeciEiy.,
1.3 ahma (Argenne AR-J 1)

TRI, TEZ-.CEM! wozslmves (Royiboosl

TiY, TR4- CET:} -~ wrnrsisiors [Myythrand

I=-Mloze cabinel, 101" 5 7 5 1% {ees boui)

i Plmies pirip I T 3

Misr. mrchies srrewr wire, sdiyr, ez

Aipeare vompvs; Desdormels gre obisis

able fro= pseck of Lodopette Bodie. 102 Elafh

Ave. New Yerk 1] N Y.
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PRACTICAL WIRELESS

A TRANSISTOR DIODE

HE small size of iransistors, the low power
requirements and the few components réquired
comparad with valve circuils lead inevitably to

the development of midget receivers. However, aparl
from the novelry, there ¢can be no point in producing
such & receiver unless complete portability 1s desired,
and schicved al reasonible cosl. A midget sel reguires
o midget speaker, and transistors are not ut their
best when working these, Furthermore, to eliminate
perial and carth at least two H.F. stages in a straight
circuit nre needed for only moderate resulis with
present aveilable ypes,  CHherwise, an @ven morg
costly superheterodyne cirewit {8 required, A pro-
prictary set recently lounched has 8 transisiors !
Aller many hours of experimenting and testing it
seemied o be time w produce more wngible resulis in
theghape of a finished receiver with cubined. Although
designed primarily for the bedside this linde receiver
will obyiously have other applications, and it should
be noted that it is designed for use with an aerial and
earth, For bedside use the aerial woas 30 feet of plastic
covered aerial wire fastensd fo the piciure moulding
by insulated staples. The earth wire was taken to the
cold water inlet in the cvlinder cupboard, The
Iocality mequired long wave fuming for tha Light
programme.  The power supply was to be 9 volts,
ancl the size of the speaker limited (o 6in. These
considerations, &nd the desire o keep costs down by
using & mimmom of  feansisiors, governed  the

=Fostalle—

A USEFUL RECEIVER WITH MAMY APPLICATIONS

By R V. .Mnom

The Cireude

The cirewit, as shown In Fig. 1, consists of & dlode
detector stage followed by two stages of L F, ampli-
fication using junction transistors, To obtain muaxi-
mum volume from such w combination transformer
coupling is required. Resistance-capacity coupling
glves less volume. Quality may be somewhal belier,
but il takes & very discriminating car 1o notice iy
difference.  With reslstance-capacity coupling therg
may be sufficient volume for the Hstener from a circuie
employing n diode and two junction transisiors if an
8 in. & er is used, or [T the Hstener is situated in
@ good receplion ared even with o fin. speaker, For
readers who wish (o try this an alernutive cirouit is
EBiven in Fig. J (se¢ notes luter,

The Detector Siage

This s 2 simple crvatal diode Teeder employing
iwo luped circwits, The coils are B.EP. dusl-wave
crysial coils chosen for their modest price (25, 6d,)
und reasonuble efficiency.  No single dual-wave
coil was found 10 be satisfuctory such that o fair
compromise between sensitivity and selectivity could
be attained, The coils are pretuned by trimmess C1,
C2, C3, C4, cach 250 pF, Sustion selection is by a
double-pole onfoll switch, SWI1. giving mediim-
wave Home service or long-wave Lighl programmse,
The value of the coupling condenser, 'C5, is 40 pF,
bl wny valee between 10 and 100 pF may be tried.

Any diode may be tried bul perferably a good one
such as the 0D should be |.14.||.-r":|.:-l Resulis with cheap

choice ol circuilf,

Gax

ce i

1 E_ = o M
g oy c.:# o e — JEETN T-'E“;r FHIDIN w’ui
o<1 —&i—1 J||g1 g 2o E
H -3

? - iii — +

) 1B (&)
# 1 l wg 100 _ b
GNP 7 By o i neasire 0
af | 25
I
':I."J_—. 2 3

= Fig. 1. Clrenil af the partieble deseribed i thiy orticle.
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diodes are often disappointing, giving poor quality
receplion wnd & marked diminution in volume,

The Amplifier
Brimsir junclion iransisiors are used |
in thi lirst stage followed by o 302K,
The ouiput from the crysial feeder is maiched
il the inpui of the st ransistor by & siep-down
transformer, ratic § to |

a AN/ MM

A wimilar iransformer is

have wn en/efl switch for the batlery, When operating
ihe set 1he volume control should be used judiciously,
otherwise distortion may occur due lo overloading
the trensislors.

Coupling condensers, €6 and C7, muy be any vulue
Too 8 plF, Electrolytics should ke connected wilh
polarity as shown in Fig. 1. Decoupling condenser
CF may be 25 or 50 pF, 25 ar 50 voll test,

A diode is connected in the batlery lead as @ safety
nrcasure, A cheap diode moy e vsed
provided it s tesied first by con-
neeting it in series with a volimeter,
across a9 wvoll batiery. Connected
with anode of diode 1o positive of
basttery, vollape should be abour B
volts, Reversing diede should result
in scareely any reading,  With such
a dinde nserted in the batrery lead
the minogte reverse current which
wrnhd frss Chrough the diode i the
battery were accidentally reversed
would couse no damage 10 Lhe
iramsisiors in the set,

The values of resistanees BRI, B2
B3 were found exporinenially haviig
due regard for (he measimum nalings
of the lransistors us piven i ihe
munufacivrers” lieralure, The col lec-
loreurrent of Trans, 2 isahaul 4 msg
allowing Tor (hevollage diop on (he
oulput transformer and  the diode
there will be whout 26 milliwatis oul-
pul 1o fhe speaker, This may woem

very sl incompar isan with modern

wsed 1o match into the second transistor,  Switable
tramsformers can be purchased Trom Whiteley
Electric Co., Mansfield, ar H, Ashworih, Rradfond,
Much ex-Service eguipment conlains suitable trans-
formers ;  natios & and 6 10 | sep-down can be
used a5 (the rarioas nol criticel,

Y1, across the secondary of T, conirels volume ;
it may be uny vilue 5,000 o 10,000 ohms and should

5 LIST OF COMPONENTS -+,

A view wf the companenis and wiring,

viblve owlpuls, bul & surprisingly wse-
{ull volume and tone cun be oblained
from a gn-ml guality !uudxfu.".lktr A
good outpul tensformer o match the speaker isalso o
decided asser, 17 the constructor can afford the room

o lnrger s ?(‘qlki.r than f in., preferably mounted on i
lurge bwifle board, will enhance (e sl iy con-
siderably,

Constructional Details '
Home constricted sels do nol aladvs Did Tveur
with the opposite sex,  Fow radio enihusiasts ire

i Tuzn REP. erystal el feolks 1 :.uIi :

‘I'nlr trlwmars, each 280 pl (1, I'.I
¢ U3, Udh

1 Oine: condenser 4 pF (CE, i
s Iwo cogidensers, cach 2 0 (06 gl
CTr Thewe may he uILt'LrlJljﬂn--
und @ny viakse X 1o H
s ne condensor J* #F, electenlvile, o
15 wole tesi (CH).
+ D swideh, deuble pole an lrI'I'IEll.lIuIn
1w similary, %Wl1.
Twir translormers, step-town, raio 5
o 1 (11 and F2i | Whiteley I.!Ei.-
| LR

1

i

b Irie Co, Sassticld,

F{]lm.- trumslormer, oul paf, fo I1LI.llI.‘|I
f

1

}

or I

worth, Bradfond ),
spueaker (T3

tolhme volome confrod, W -ohnn
with onofl switeh (VI

20 K., § walt (R .

MO K. | watt (B3},

Une resfsiumee,

: Une rﬂh‘lll‘llﬂ.‘

_ﬂ‘ _Tﬂh?‘u JHA N

Hasabasrs 71;'5 AR

Fle, 2 —Lavouee of Hhe eomponenids,

v —— -
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skilled cabinetmakers. Making o cabinel, stuining
and polshing 1o high smndards 2 cither bevond
maost of us ar considercd too ledious a job o give up
many hours of pure rudio work.  Thiz difficulty
i5 ovorcome by making the cabinetl of pywood

and covering with rexine cloth, resulting In a very
satisfactory finish.
The Cabinet

The dimensions are ns tollows : From [0in, = 7in,,
depth Sfin. toutside), Front and sides
e cut oul of fin, plywood ; one
front piece 10in. = Tiin., and two side

pieces Tin, = 4fin, Tup und botiom

ire two pieces ol fin, rpl_','wmsd euch
1in, « 5tin, A hole for the speaker
4fim, = 3din., sod 1 fin. from the

fop edge of the fromt and centrally
pluced s cul oul befare neiling the
pieces togelher, Two holes are
reguired at the wp Tor (he carrying
handie and two holey in ke Tron
panel o jake the control gpindles,
Ihe position of These 5 best Townd
by maunting the two conlrols on the
baseboard (see Liter), rubbing chalk
on the ends ol the spindles and press-
ing on o 1the buck of the pumr

Covering

A piece of rexine cloth 23n.
204in. is required. Rexine cloth can
be purchased 1o many shades and
is) not diffigult o oblsin b suituble

smoothed and pressed down with & cfoth, Cuts are
made in the rexing diagonally 10 the comcrs ; the
wir side pieces are stuck down and Inmmed (o the
edges, followed by the same procedure with the Lop
s botom pleces, wsing the same adhesive, The
WIAP-0VET picces are then eimmed daponally i
1he corners of the bagk and siuck down, From ihe
back =mall holes are pierced in the centre of the
lowdspeaker hole and in the centres of the Two dpindle
holes, Curs are mude from the centres o the edges

patleri o malch any desired colour
scheme,  Altermatively the cabinet
miay be covercd with Formica,

The resine is placed face dowrwards on the hench
and the cakinel placed on it centrally, face down-
wards, Pencil marks are made round 1he front edges
and roand the speaker hole ; the cabinet s ihen
removed and white Bostik applied to the pencilled
portion.  The cabinet is then ploced on op Tace
downwards, the whole turned over and the rexine

Aveothier view af the liberior,

il these hiebes and e sirips of rexine sluck down, A
reciungular plasiic grill is screwed 10 ihe [rosi
amd decorsied with IFur chromium-plaled donmes at
the corners.  Fimally, the back is cut out of jin,
plywood, size 95 in. by 6lin., drilled with several
vent hiles (three rows fin, diameter) and holes For
the wimmers and aergl and earth plugs. This is

ALY =
4
=

:
=

T | IndEN

4 r_.l

SOACE

-
b

« LIST OF COMPONENTS -,

1On0 resistance, 5 K. | wutt (H20 |
DO bing .M. lowdspeaker (W B, or |
v simmilar).
fOme $-volt G.B. type battery or mu‘
Af voli. Nashlamp butierics 1.1||1—-
necied in series,
O dinde GD3, Brimar, ad |p|y.-'
e 113, f'lﬁ i l.‘hl.-up [T |.
Ingg fest.
= Ome transdstor, 3X/3MMN,, Hr[mr.,
:?m Inilnimr?'. :liﬂ}ZN.. Brlmar, -
Sonnect ng wire, seder, plugs, ph-:
L] "lﬂ.ld l‘[“ H
H ElHllk[hhlle} umilrmiﬂt- uhiminbim
sheet, insulating mpe, wond sorews |
l{lhfnld jin.}, knote, hasdle,
¢ grill, chromivm domys, i
t!' it is desired in use ofher makes §
;of jumetinn dransisties & 5 mA fiteler |
1 shioubl he bnserted in series wilh the
"J:nlluunr Jemide wmd e values of R.1,
iHZ, RS and vieltage supply adjesied |

R R T

L]

1
v
"
1

b
fig. 3/

An wlrerntive civenif arrangernt,

1lu-tmlnrrulu llll.lnlﬁthu'ﬂ'u ratings, |
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covered with rexine, the holes cut round with acissors
and trimmed with a simdll round file. The hack is
serewed to two small triangulir corner pleces at
the top corners of the back of the cabinet, cul oul of
fin. plywood and screwed (o the baseboard ot the
botlom corners,  The canying handle holes pre
pierced und the hondle screwed in position,  IF care
is lnken before covering te ensure that there are no
projecting nails or rough edges the finished cabinel
should present o pletsing appearince,

Maomting the Componenis

The compoenents are mountad on o plywood base
bord, size BFin, = 4fin., Jin. thick. The swifch,
volume controd and two plugs fserial and earth) are
mounted on small brackets made oul of scrap pieces
of aluminium sheet, and screwed to the hasehoard
with wood screws. Two sirips of aluminium sheet
bent ewice and serewed down on the board formed
clips for the battery.  The coils and trimmers are
mounied ona piece of paxolin ¥, + Jin., bolied to
o bracket snd serewed 1o the baseboard, The
position of all these components is shown in Flg. 2,

Wiring

Care should betaken when soldering the transistors
they can he damaged by heat. The [ends showld nol
be cut short, and should be held with pliers, 1inned
and soldered to the connecting leads, using & minioum
amount of heat, and allowed (o conl before remaving
the: pliers. Then each lead should be covered with
insulating tape right up 1o the body of the transistor,
The diode leads should also be held with pliers when
soldering, Leads and plugs 1o the battery should be
of u distinctive colour, preferably red Tor positive
und blnck for negative connections. Brackets wnd
condenser cans are earthed, It s ndvisable 1o cover all
exposed joints . and wires with insulaling tape 1o
aroid amy possibility of any wires touching and cius-
Ing a reversal of the bullery connections,

Apart from Lhese precautions the wiring is stralghi-
forward. To avoid a mufed tone due to smull
cobinet size the speaker i mounted on four small
prleees of plywood [in, thick,

PRACTICAL WIRELESS
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Testing amd  Adjusting

Before switching on the wiring should be rechecked,
paving particular regard o the base, emitfer mnd
collector connections of such transistor, and abso
the baitery connections, A reversal of polarity will
uickly destray the frensistors, On this account it is
wise 1o plug in fo o low volinge—3 volis—for pre-
liminary testing. The medium-wave trimmers should
be ndissied first on o low-setiing of the volume
control, followed by the long-wave trimmers. [
everything seems 1o bein order the voltage should ke
inereased o maximum and the process repealed,
Howiing indicates a fault in the wiring.  If this
occurs the sel should be switched off and the fault
found before proceeding any farther with the testing,

The final resulr ﬁhnutl be satisfactory to the con-
structor, who should have o receiver providing nmple
volume for bedeide lstening and  presenting a
pleasing appearance,

Alternative Circuit

Fig. 3 shaws an aliernative resistance capacity
coupled circuit, This will be satisfactory only under
the Tollowing working conditions i

{1} Using & 6in, Speaker in a good receplion anea
and indoor serial,

(i) Using an Sin, speaker in & moderate reception
wrea and same aerial.

(i} Using either type of speaker with 5 good
ouldoor acrial orina few disteicts with a good indoor
acrial.

To obtuin maximum velume from o reslabance
capacily compled circuil it is necessary 1o climinate
regeneralive Teedback caused by the bissing resist-
anves connetled berween base and colieclor, To do
this the resistances are divided equally and the centre
bypassed o earth through a condenser vulue B
o 20 pfF,

This circuit is given solely for the benefit of those
readers who sre experdimentully minded.  Anyone
in doubl should keep o the transformer coupled
cironit {Fig 1), which will be satisfactory under all
but the most adverse conditions.
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build a

COVER FEATURE

SOLAR-powered
RADIO

Futuratomt: poseer supply feeds

fransdstorized receiver

By EDWIN BOHE

UST think of fl As long as the
sl shines—even a yery eloudy day
will do—this Tadio operates from
woaolar power supply, When there

iz ne sunlight, an auxiliary mercury
cell cun be switehed into operation.

Anyone ecan build this salar- |lU\erm[

radia, The solar energy converler js
a  modified  self-penerating  seleninm
photocell.  Previously deseribed solar
vadiog  and  transmitters have been
laboratery-huilt devices, very expensive
and next te impossible for the hobbyist
Lo repraduce.  Thiz solar radio, how.
ever, uses only stundard components
and ean be built for aroy “uﬁ

A high-gain transistor ( 1) pro-

\1dr“= |JJL \;. uf nm]lhﬁc.,tuun. a Sunem K-

)\ctua][\ llle cireuit is a ulslm S0t
Tollewed by o stage of transistor ampli-
fieation, but the zensitivity and selee-
tivity are very much better than wsn-
ally assovisted with this type of radio,

A ulously high Q of 350 i the
hallmirk of the new “energlzed™ loup-
stick, Detector lomding of the tuned
irenit can quickly degrade this figure,
evertheless, by wsing leose coupling
butween coil and detector, we retuin o
single tuned c: uit with exceptionally
zharp selecti

O el of Il conneets diveetly to
the antenna. The opposite emd seeniz
to float without any electricsl conmes-
tion to the remainder of the eiveuit,
Coupling does exist though in the form
of ‘stray eapueitance between L1, the
Inopstick core and L2

A padder type wariable eapacitor
with an attached knob is wsed Tor sta-
tion tuning but does not have sufficient
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Self-gencrating eell is seen at top.

range to cover the lower end of the
brosdeast band. Thus, an extra epiel-
tunce is wsed to permit low-end Erting,
(DHagram shows vaviable unit, hut 200-
uef fixed capacitor may be uﬁed.] Thiz
capacitor parallels the tuned eiveuit
through 81 and effectively splits the
bromdeast band in two.

L2 is a winding added to the loop-
stick, Neminally, this coil should be
12 turns. wound at one end of L1 gz
shown in Fig, 2. Increasing the number
of Lurns gives increased sensitlvity or
londnisss, secompanied by some Inss in
selectivity, and, of course, decrveasing

Fig. 1—Schematic of the receiver,

the L2 turns gives bettay selectivity ut
the expense of signal volume. The size
of the wire uzed to wind L2 is non-
eritieal, but gpace the turns slightly
apart,

The detector is o germanium diode.
Any of the many availuble types ave
satisfactory. The surplussilicon “radar™
crystals, bhowever, sre wol  saitable
Typieal erystals that can be useil are
the Raytheon T06, Sylvania oy Radio
Rem\inur 1NS4 and the G-E 1Ng0,
satal-detector receivers operate the
dw(ln in the fow millivolt region, In
this low-level s nge no diode i
a really good vectifi Detection tukes
place becayse the diode i= a nonlinear
resistance element passing more e

Fig. 2 Windings on the loaprstick.

RADIO-ELECTRONICS



TRANSISTOR

PADDER TUMNING
CAPACITOR

Internal view of solar-powered radio.

rent in ome direction than the other,
This is termed “sguare-law detection,”
the name being derived from the diode
charaeteristics ot low signal levels,

Crystal detectors, with no exceptions,
aperate on this principle. And despite
indieations to the contrary in some
articles, they are not distortion-free
All produce some second-harmonie diz-
tortion.

Audio output from the detector i3
coupled to the transistor by a 0.0-pf
capacitor, Thiz can be one of the
miniature 200- or 120-volt unite com-
monly found in personal radios. Since
the  ecapaeitor can  discharge  heek
through the nonlinear diede resistance,
theve iz no need Tor s diode load resis-
tor between the diede snd capneitor—
they are connected directly together.

The transistor should be o high-gain
type, the K721 for example. Using
the CK722 vesults in o cofsiderable
lowering of performance. With a OK721

/
b
-~ e
g
ISCERT LT

-5 PAOTOLTAL UNTERMATIONAL FECTIFIER DORFY
CAT INTD 4 SECTHAS

Fig. 3—Details of the zolar cell,
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and  Z,000-ohm  enarphones, the pewer
gain of the transister stage should be
at least 160, A bhermetically sealed
typo of high-gain transistor was used
in the oviginal receiver and iz visible
in the photograph. Except for the
metal case, it is almost identical to the
CET2L

Sclar power supply

A type B-15 self-generating photo-
eell, manufoetared by International
Reetifier Corp., forms the basis for the
solar power supply. This manufacturer
also  currently advertizes @ smaller
cell, of the same type, called the “Sun
Battery.

The B-15 cell iz unmounted. A ree-
tangular silver band around the per-
jmeter of the cell is the negative or
front electrode. The golid silver back-
ing is the poszitive terminal.

For our purpese, the cell must be cut

inte four equal-aren sections. A small
haeksaw i& suitable for the cutting
operation, To avoid overk } the

RADID

then gnirkly soldered to the appropriste
gilver band or back; otherwize, the
silver may melt wway Trom the solder
connection. When the eells are soldered
togethor, cheel them again by connect-
ing a voltmeter across Lhe two outpub
wires, In sunlight, the mefer reading
should be in excess of L5 volts, After
the final check, place the cells face
dewn on @ aquare pieco of clear plastic
and bind them to the plastic with cleth
adhesive tupe, The modified eell s
then ready for installztion in the re-
caiver.

Construction and ‘operation

The original receiver wis mounted
in a small aluminum ease. However, 1
digeovered the closed aluminum  box
reduced the  of the loopstick, A non-
metallic case 35 vecommended.

To attaeh a tuning knob o the
padder, take a piece of M-inch shaft
and diill & hole in its center wvery
slightly smaller than the padder shaft
Then heat the Yi-inch shaft until the
hole enlarges enough to be pushed onto
the padder. When the shaft cools, it
will be-solidly mounted to the tuning
eapacitor.

The remaining mechanical detalis are
gimple and the parts may be placed
wherever most convenient. An easy way
to mount the mercury cclis is simply
tin solder the metal extension tab {nega-
tive terminal) to the 32 termimal. To
davoid damage, soldeving to any purl
of the mercury cell must be done quickly
and the cell should be ehecled afters
ward with o voltmeter,

For an operational cheek, elip the
antennn lead to something metallie, A
sereen door, clothesline or short length
of wire, say 15 feet long, should do,
By tuning the receiver, stations should
be heard with the power switch In the
mereury cell position. ITold the receiver
facing through an open window and
flip the switeh to the solar cell posi-
tion. The station should come in just
as loud ag with the RM celll Direct
sunlight ean have an imtensity. of
10,000 foot-cundle: yet the radio
operates satisfactorily with only 100
foot-candles.

Parts far sa!ﬂr-powared radia

wdges, cut slowly, If the cell is clumped
in o vise, use cardboard buflfers fo aveid
mutilation of the cell’s surface.

Check esch of the four photocells
by connecting & milliammeter—0-1 ma
will do—arross ita terminals. The four
eells should all give approximately the
same output. For checking, each cell
can be held near a 100-wait light bulb.
If any cell gives appreciably lower
vutput, the edpe formed by the cut may
be partially shorted. This can be cor-
rected by seraping the edge with a
=erewdriver or knife blade until the
eell reads wormal.

Pieces of small, flexible, stranded
wire connect the colls in series. The
witing arrangemont is given in Fig 3.
The wires should be tinned first and

1—-200-jef mica g;. Ingwvall capacis
AE-M0uuf padder [.ﬁrr_a 02 or eguivalent
i--bKT?I Iransllfw [«a tmll), |- CHIE d:od
Batacal] ifiet
—Superex-Grayburne bype EFL Faons
ff-ur,' zoll {Mallory AM-E15.RT of dewiva-
—1p.sd, slide wwilch; IT—phone in jacis
n haaring-aid tube sacke! oo el clear
I—nanmatallic cave; | —piece of lf-inch
| —knab; |—antesna wirs and <lip.

a1t
anait;

Most people are amazed by the vol-
nme aml selectivity obtainable from
zuch a simple civeuit, Strong slotions
are loud enough to be heard with the
phones  pushed’ back from the ears
Helectivity iz good enough to separate
three stations located at 1550, 1450
and 1230 ke and it “takes =ome going”
te do this with only ene tuned circuit,
Full credit for this achievement gués
jointly to the super loopstick and the
high-gain transistor, END
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“Little Giant”
Transistor Radio

By L. M. Dezettel

SMM IN SIZE but giant in perform-
ance, this little radio makes an ideal
project for begi ! and experd
Begi will app its sim-
plicity which practically eliminates the
possibility of wiring errors, while experi-
menters will weleome the opportunity to
‘work with transistors which have only re-
cently come into general use.
For so small a set, this “Little Giant”
ffers surprising selectivity, Even stations
shich are very close together can be sepa-
ted without difficulty, and strong stations
‘will come in with sufficient power to drive
‘the built-in loudspeaker to r |
levels. A headphone jack is provided for
reception of the more distant stations,

The little radio is completely divorced
from the power line and, therefore, pre-
sents no shoele hazard. All of the necessary
operating power is supplied by a single
long-lasting 41&-volt battery.

Construetion: The simplicity of this little
set is illustrated by the schematic diagram
in Fig. 1. In order to prevent crowding of
parts and to simplify construetion, the
model was built into a commercially avail-
able aluminum case which is actually much
larger than necessary, Since the placement
of parts is not at all critical, the receiver
could be built into a much smaller housing,

Aszembly and wiring of the receiver can
easily be accomplished by following the
illustrations in Figs, 2 through 5. The spac-

174

ing and diameters of the case mounting
holes are shown in Fig, 2. Unless otherwise
marked, all hole diameters are made to
clear No. 6 screws, Before drilling the
case, all of the necessary parts should be
purchased. If it is necessary to substitute
some of the components listed in the parts
list with units by other manufacturers,
some of the hole spacings may need to be
changed to accommodate the parts on hand.

The spesker opening can be cut out with
a circle cutter or an ordinary coping saw
and file, The latter tools can also be used
for the rectangular switch cutout and far
the Y-in. holes. A tapered reamer, if avail
able, will simplify the job of making the
Ya-in. holes by enlarging No. 6 holes to the
required sizes.

After drilling the case, the large parts
can be fastened in place as shown in Fig. 4.
The hardboard bloek which mounts the
transistors should be prewired before be-
ing fastened in place by means of the two
lower speaker-mounting screws and nuts.
To prevent damaging the transistors while
soldering, the leads should be left long and,
during the soldering operation, each lead
should be held firmly with a pair of long-
nosed pliers, The pliers will conduct some
of the heat away from the transistor,

The variable capacitor is fastened to the
front of the case with two 6-32 x 14-in.
machine serews which fit into correspond-
ing holes in the capacitor frame. If these
screws are too long, so that they interfere
with the rotation of the capacitor plates,
one or more small washers can be inserted
between the capacitor frame and the case
to eliminate this difficulty.

The battery is fastened to the case cover
with a homemade bracket, as shown in Fig.
3. The positive (+) battery terminal is
grounded to a solder lug.

Final assembly and wiring are shown in
Fig. 5. The r.f. coil is soldered securely to
the grounded lug of the antenna terminal
strip. It is important that the coil be
mounted by its No. 1 lug which can he
identified from the detailed coil drawing

Operation: A good outdoor aerial and
ground are essential for proper operation
of this simple receiver, While excellent
results have been obtained with an out-
doar TV antenna (by disconnecting the
lead from the TV set, twisting the two
wires together, and connecting this to the
“antenna” terminal of the radio), recep-
tion will be even better with a good radie
aerial. A cold-water tap or a rod driven
into the earth will serve as a ground,

Broadcast-band aerials are available in
kit form from most radio-parts distributors,
These kits; some of which cost less than
one dollar, are complete with all parts and
installation instructions. * ok
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Fig. 1. The complete circuit of the Transistorette




The “TRANSISTORETTE”

by G. A. FRENCH

PART 1.

Intreducing the mtimiature transistor receiver

which created so rhuch inlerest when it was

exhibited at the last National Radie Show at
Earl’s Court

on the British market, The Radio

Constructor commenced experiments in
order to produce a practicable tramsistor
receiver which could be built at home by the
amateur. A considerable amount of develop-
ment work was undertaken, and, as & result,
we how introduce the Jittle receiver which is
to be deseribed in this .and the following
articles.

This receiver, the Transistorette, is intended
to provide good loudspeaker slrength TCUED-
tion on the medium-wave band with the aid
of a short aerial and an earth connection.
Headphones are not required. It is hoped, at
a future date, to dispense with the aetial and
earth connection and make the receiver fully
poriable; and further experimental work to
this end has already been set in progress. Inthe
meantime, it is pointed out that the present
version, requiring the aerial and earth system,
is capable of giving excellent results in its
existing form, and that it represents the near-
est approach to a really “personal” transistor
receiver yet to be described in. the British
constructional press, It is also empl
that, apart from one or two resistors and
similar small camponents, the receiver now

ﬁ S E00N A8 TRANSISTORS BECAME AVAILARLE
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under discussion will be capable of lending
ifself to the futwre modification for portable
working without the necessity of any changes
to the main chassis assembly at all. What

exira circuitry is reqmred will be accom-
modated by a gmall “add-on™ chassis assem-
bly. In consequence, constructors who built
the present receiver will not have to make
major changes when modification details-are
later published.

The Circuit

The circait of the Tra.nmsmmt‘be is given in
Fig. 1. As may be seen, the receiver consists
of a three-transistor a.f, amp[:ﬁer following a
simple detector and input tuned circuit. It
would be advisable to commence the
theoretical consideration of this circuit by
starting at the autput stage and working
backwards. 7

The output stage consists .of a Brimar
transistor type TJ3 (TR3 in Fig. 1) operated
as an earthed emitter a.f, amplifier. This
choice of operation is dize to the fact that the
earthed emitter circuit enables maximum gain
to be obtained -from the transistor. It is
probable that slightly increased power out-
put would be obtainable if the output

THE RADIO CONSTRUCTOR



transistor stage were anployed in ap earthed
base circuit, but critical listening tests did
not detect any significant difference between
the two differemt modes of operation. So
far as practical circuitry is.concerned, the
earthed emitter arrangement has the addit-
ional advaniage of enahling a very simple
biasing arrangement to be employed without
the neced for separate biasing supplies.
Since it was intended that the completed

receiver be made to function from a single

battery, this poini, whilst not of itself being
sufficient to justify the choice, had neverthe-
less to be taken into full account,

The ht. corrent flowing through the
emitter-collector circuit of the outpul trans-
istor is approzimately 2,25mA. Assuming
negligible resistance in the speaker trans-
former primary, such a current indicates
a dissipation in this transistor of some
51mW {the h.t. voltage is 22.5). The maxi-
mum toial dissipation figures quoted by
Standard Telephones and Cables for the
transistor used here is 200mW at 20°C.,
and 100mW at S0°C, Thus, the output
transistor i3 operated well within its maxi-
mum dissipation figure.
~ Due to the component values employed
in the outpui stage, & very good maich
into. the loudspeaker transformer primary
is achieved. With neghigible distortion it is
probable that at least 30mW of audio are
fed to the speaker. If distortion is allowed
to occur {due to overload) a higher power
output is available. The distortion given
by overload is not of an unpleasant nature,
fortunately, and can be tolerated without
discomfort, Overleading wonld normally
occur only during heavy peaks in, say, a
musical programme or it a programme in
which speech and music are interspersed.
The loudspeaker specified for the Transistor-
gtte is very sensitive for its size, and the
output of this little sst compares most
favourably in practice with that of a con-
ventional ‘“‘personal” portable employing
valves,

The bias for the. ontput transistor is
obtained wvia the 1M resistor Ry i
resistor plays an extremely important part
in the output stage since it limits the bias
current passed by TR3 to a safe value. If
Rz should happen to be accidentally rednced
m value, the outpul transistor bias current
would increase, thereby possibly increasing
the collector current beyond its safe maxi-
mum. Before proceeding further, it muost
be pointed out that the valug of Ry can be
accidentalty decreased by mounting it on a
“leaky” tag panel, by accidentally bridging
it with the hands or fingers, or by carelessly
applying the prods of a test meter to it
For these reasons, some care has to be taken
when handling the chassis of this receiver
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when the h.t. battery is comnected. The
golden rule with this, as indegd with almost
all other transistor receivess, is to disconnect
the h.t, supply before making internal
adjustments to the receiver.

A further precaution to limit the bias
current to TR3 is provided by the input
circuit to ity base. Fig. 2 {a) shows the
ususal method of coupling one transistor
stage to the next when earthed emitter
circuits are employed. The circuit of Fig.
2 (&), however, suffers from one important
disadvantage, This is the fact that,
whén the hit. voltage is switched off, the
coupling candenser between the two transis-
tors is discharged. As soon as h.t. is switched
on, therefore, this condenser commences to
charge, causng a momentary charging
current to pass through the collector load
resistor of the first transistor, and the internal
base-emitter path of the second tramsistor.
This momentary charging current results
in the sudden application of a high value
of bias current to the second transistor,
causing a similiarly high collector current.
At low operating vpltages such surges are
normally within the rated maximuwmz of the
transistors concerned, but at highér operating
voltages, such as ave found in the output
stage of the Traasistorette, they might
result in damage, To ignore such surges
would be definitely unwise.

Tn the Transistorefte a simiple surge
limiting circuit is provided by means of the
arrangement illustrated in Fig. 2 {(#). When
the h.t supply is switched on in this circuit
the initial charging current to Cg passes
throogh Rs and Rg. A very small momen-
tary voltage appears at the upper end of
Ry at the instant of switching on, but the
resultant charging current through C; and
the basc-emitier path of TR3 isconsiderably
smatler than that occuring in Fig, 2 {(a).
Because of this, rélatively high h.t. voltages
may be employed for TR3 without risk of
damage dup to surges.

It will be noted that the two electrolytic
coupling condensers im Fig. 2 (b), Cg and
(7, are Gtted into the circuit such that their
positive plates connect to Rg. This msthod
of connection is correct because the upper
end of R is at ¢hassis potential, so far as
d.c. is concerned, whilst both the coilector
of TRs and the base of TRy are at negative
potential,

From the point of view of a.f. amplifica-
tion, the circuit of Fig. 2 (b) gives similar
results to that of Fig. 2 {¢). The 5kid
resistor Ry causes little diminution in a.f.
voltage (the collector load registor for TRz,
Rs, has a value of 2.2k only) and the two
condensers in -~$eries replace the single
condenser of Fig. 2 (a).
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TR, apd TRy

The circuit of Fig. 2 (&) is, of course,
that employed in Fig. 1 to provide coupling
between TRz and TR3. Not shown in
Fig, 2 (b), however, is the 0.05¢F condenser
Cs. The purpose of this condenser is mainly
that of tong correctioni; although it may
help, in one or twop instances, to reduce
any possible r.f, instability which may be
caused by the relatlvely high gain of the
a.f. strip at supersonic frequencies.

TR and TR; are Brimar transistory
type TI2, and they form a conventional
two-gtage transistor af, amplifier. Both
function in earthed emitter circuits. The
two transistors are operated at a lower
hi. potential than that supplied to the
output transistor, this lower poténtial being
provided through the resistor Rg decoupled
by the condenser Cz. As a result of the
lower h.t. volage, surge precaufions as
used in the output stage arc mot required,
and the more conveniional transistor cir-
cuitry can be employed. This state of affairs
does not infer, incidentally, that component
values ¢an be alered by any large amount
from those shown in the parts list. IF
optimuny results are required, component
values in the TRy and TRz stages are still
somewhat critical, The h.t. potential applied
‘to TRy and TR (i.e. that appearing across
the decaupling condenser, Cz) lies Between
7 and 9 volts.

The input ¢ircuit for TRy is very simple,
consisting of the deaf-ald type step-down
transformer L3, L4, The secondary of this.
transformer, L4, comnects to the 5kQ
volume control Ry, the a.f. tapped off by
the slider of this potentiometer being passed
to the base of TRy via C3. (The isolating
condenser, Ca, is needed because the base
of TRz requires a small negative bias potential
with respect to chassis, and this would.
otherwise be short-circuited by Ry.)

Signal selection is provided by the tuned
circuit Lz, €. The r.f. appearing across
this circuit is applied to the primary, L,
of the step-down a.f. transformer via the
germanium_dicde Dy. The self- capacny of
Ly is sufficient to by-pass the r.f. appearing
in the rectified outpnt from Iy and no
further r.f. filtering is required. L3 is wound
on & long ferrite core as this coables a
tuned coil to he obtained with a high value
of ). The coil assembly is very similar in

raclice tg a “férrite frame” and it is, in

act, possible to abtain weak signals with
this alone. However, perfermance in this
respect can by no means. be guaranteed, and
it is pointed out again that the main reason
for using the ferrile core is given by the
high value of Q that it provides.

The coupling winding L, which is alse
wound on the ferrite core, enables anaerial

.and earth to be connected to the receiver.

Components Lisf for the Transistoretie

Reslstors
All } or ¥ watt. (See note below).
Ry 5k0Q volume control with s.p.s.t.
switch. Radiohm miniature.
(H, L. Smith, Edgware Road).

Ra, By 220k02, 1027
Ra, Rs  2.2k0, 1057
R sk, 207
By MO, 10%
Ry {0k G, 20

N.B,—Maximumm individual resistor dim-
ensions are J%in. long by #in. diameter.
These may be specified as W or W by
different supplicrs.

Condensers

C 500pF bakelite dle.lactr:c {linear
capacity). (Wavemaster)

C; 204F 12V Pk. wkg T.C.C. type
CE30B

C3, Cy,

Cg, C7 2uF lSOV Px. wkg. T.C.C. type

CE30B

Cs 0.05:F 200 W.V¥. T.C.C. Minia-

ture Metalmite (case insulated)
or equivalent wax finish
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Inductors
L), La Ferrite Frame, medivm-wave, type:

QFR1 (Osmor)

Ly Lg Bearing-aid af. transformer.
Type TI0D (Multitone)
Ls, Lg Output transformer, “‘Transistor-

ette Miniature™—7,0000, (H.
L. Smith, Edgware Road)

Transistars and Diode

TRj, TRz Junction transistor type TI2
(3X/30I1N) or T.S.2—Brimar

TRa Junction Transistor type Ti3
(3X/302N) or T.5.3—Brimar

Dy Germanium Diode type GD3—
Brimar

Loudspeaker

24in, cone diameter, type 2PfO1 (Elac)

Bartiery
22.5 volt hearing-aid battery. Type B110 or
B122 (Ever-Ready),
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The Aerial System
Due to the low Input impedance offerod
by Li, an earth connection is desirable in
addition fo an aerial. Although the hecessity
for an earth connegtion may appear at
first sight to be a disadvantage, quite the
teverse holds troe in practice. The reason
for this is that it is in many cas¢s possible
to obtain a certain effective pick-up through
the earth connection itself, whereupon only
a short aerial wire is needed. If, for instance,
the earth terminal of the Tecciver is con-
nected to, say, the mains conduit in a house
adequate sensitivity can often be obtai
with the aid of an aerial only five to ten

In another locality sirnifar resulis were given
merely by twisting the earth lead several
times around the mains fAex to a reading
lamp. The coupling in this case was provided
by the capacity existing between the two
lfeads. By the use of techniques such as
this, theére is no reason why the receiver
should not be able to give good results when
used as a travelling companion in hotel
rooms, on picnics or in similar locations.
The use of a short aerial, incidentally, assists
in reducing any damping of Ly which may
occur.

In localities where interference is wery
high, the simple tuning arrangements em-

WY~ HT=
{Ductrapled )
Cotictor S = bius reditoe Sry2m0 Sw,
ingd teststor E; = -2 i
Cy 2pF ¢y 2 T8y
| gt TRy = ﬂ*—‘——tﬂr——_
Ceén condaneer =
=l
HT+ HHH
".
FiG.2.(a) FIG. 2. {v)
TTTY

Fig. 2a). A typicel resistance-capacity coupling circuit ax fitted between two

earthed-emifter transistors. (b).

The coupling circuit used to feed the autput

siage of the Transistorette. This circuit has the advantage of ebviating bias ¢urrent
surges ai the instant of switching on the h.t. supply

feet long. The same applies to any other
effective earths which may be available
where the set iS to be used. Soch earth
connections may be given by water pipes,
wire fences and so on. To guete examples
experienced with the prototype, it was
possible to obtain excellént recepfion of
the Light Programme and Homeé Service
in the London area with a “flex’ aerial only
ten feet long. The various earth connections
employed were water pipes, mains conduif
and the metalwork of a telephone dial.
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ployed in this version of the receiver may
not be adequate for clear reception of the
local medium wave transmitters. In such
instances it may be necessary to fit an external
wavetrap in order to improve selectivity.
This point is dealt with later in this present
series of articles.

Precauiions

As readers will be aware, great care has
to be taken when working with circuits
which employ transistors. This is due to

THE RADIO COMSTRUCTOR



.he fact that, should any mistakes be made
in the apphcatlon of voltage to any transistor,
it can immediately and Jrrcvocably
ruined. This point has already been dis-
cudsed above in some defail with regard
to the hias circuit for TR3. The following
reminders may help to show some of the
other precautions which should also be
taken.

1. MNever connect an hg. battery to
transistor equipment with incorrect polarity,
or the fransistors will almost certainly be
damaged. In the Transistorette the chassis
is positive and h.t. rail negative. Connecting
the h.t. battery wrong way round will burn
out TR; and will possibly damage TRy and
TRz as well.

2. Never make any circuit adjustments
or even handle the components in the
Transistorette circuit whilst the h.t. battery
is connected. Accidental surges may easily
damage a transistor, and it is very easily
possible for one’s hands or fingers to bridge
critical components with resultant damge.

3. If testmeter readings must be taken
when the h.t. supply is connected, care
should be taken in the choice of test points.
In the construction of the Transistoretie no
test readings (apart from those given by a
milliammeter in series with the h.t, supply)
are required at all. Voltage readings at
transistor terminals should not be taken
unless il iz certain that the current flowing
thtough the meter will not' cause eéxcess
bias current to fiow in the transistor. Ohm-
meter readings, when the hit, supply is
switched on, may also cause troubls if the
internal battery in the meter happeps to
be connected such that it applies additional
bias curtent to a transistor.

4. If a transistor amplifier breaks into
violent a.f. oscillation it iz advisable to
switch off af once. Thisis due to the fact that
excessive a.c. voltages could cause damage.
The fault causing the oscillation should be
rectified by normal test procedure with the
h.t. switched off or reduced in voltage,

The above precautions may appear at
first sight to err on the side of excessive
caution, but the writer would be failing in
his duty to his readers if he did not draw
their attention to them. It will be remembered
that traasistor replacements are liable to be
somewhat expensive.

The Transistorette: Supply

In the Transistorette a fairly high hit,
potential (22.5 volts) is employed, It is
advisable, when the receiver is being tested
immediately after construction, to employ
a much lower voltage than this to guard
against possible component failutes and
mistakes in wiring, eic, One of the best
methods of checking the receiver consists
of employing two 9-velt grid bias battertes
in series to provide-h.t. for testing purposes,
these being connected to the set via a2 moving-
coil milliammeter whose fis.d is 10mA or
thereabouts. During tests, the h.t. voltage
may then be tapped up in 1.5 volt stages,
whilst an eye is kept on the milliammeter
for excess current. The Transistarette will
function reasonably well during test, incident-
ally, with an h.t. potential between 6 and 2
volts oniy.

Next Month

In mext month’s article, the first con-
structional details. of this modern receiver
will be given.



The “TRANSISTORETTE”

PART 2.

by G. A. FRENCH

This article is the second in the series describing

this madern miniature fransistor receiver, and

it discusses the chassis-work which is néeded
Jor its construction

AST MONTH WE INTRODUCED THE TRAN-
SISTORETTE, and we dealt with its circuit
from thc theoretical point of view, We

also discussed the various precautions which
should be observed during its construction
and testing in order to prevent damage to the
transistors, [t is pointed out agajn here that
these precautions must be kept in mind con-
tinually whilst the receiver is being made and
checked. They will be further referred to at
the appropriate places in the wiring instruc-
tions.

Metal-work -

Several items of metal-work are required
for the receiver, and these should not present
any scrious difficulties to the home constructor
who has the simple metal-working tools found
in the average amateur radio workshop. A
steel rule, a small vice, a centre punch, and a
hand brace are practically all that is required
in addition o the essential screwdriver and
pliers. Owing to the small dimensions of the
completed receiver a slightly unconventional
chasgis layout is used, and dimensions of
the individual parts are faicly critical if the
whole assembly is to fit together in a “profes-
gional” manner. A tolerance of +hin
should prove to be more than adequate for
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all chassis dimensions, and such a tokrance
may be obtained quite easily with the simpie
tools mentioned above. 11 should bg pointed
out that no harm will result if the chassis
assembly is made up outside these tolerances
(provided, of course, that adequate clearance
i3 maintained between adjacent electrical
connections), and the newcomer (o metal-
work need nat feel, therefore, that anything
that is at all ambitiovs is required of him.

The first metal part to make up is the main;
chassis holding the tuning condenser and
volume control. The dimensions of this are
given in Fig, 3 and kig. 4. The chassis
showa in thesc disgrams is made from
aluminium of between 14 and 18 s.w.g.

Contrary Lo the normal practice of some
amateurs, it may be found advjsable in this
instance (o drill the holes in the main chassis
afier bending. The reason for this is that
inaccuracies in bending could cause holes
drilled beforehand to appear in slightly incor-
rect positions. It is also possible that, duc to
the softness of the metal, the #in dimension
shown in Fig. 4 for the widih of the side
apron may not be maintained after beading.
A touch with a file should noymally clear any
inaccuracies here.
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The next parts to make are the two brackets
shown in Figs. 5 and 6. These are called,
respectively, the ‘“imner™ and “outer™
brackets, and they are made of the same
matertal as the main chassis. Although
rather small in size, they shonld not prove too
difficull or fiddling to make. Owing, ofice
more, to the softness of the material used, it
might be advisable to cut out these brackets
a little oversize before bending, after which
operation they may then be guickly cleaned
up with a file. As was just mentioned, and
in common with all the other parts used in the
construction of thjs receiver, a high degree of
accuracy is not essential provided that the
essential electrical clearances are maintaingd.
Nevertheless, a little care in the construction
of the metal work at this stage pays good
dividends, since it can result in a very meat
looking job when the whole recéiver is
completed.

‘miniature deaf-aid a,f, transformer,

The Transistor Tag-board

The transistor tag-board follows, #s:
dimensions being illustrated in Fig. 8. This
is a most important part of the assembly
because it mounis the various tag-spills
together with the three transistors and 'IEhhe

¢
tag-board should be marked out with reason-
able carc before drilling, this precaution
obviating any troubles at a later date due to
difficulties of component spacing, etc, The
tag-board is made from s.r.h.p. also.

As will be seen from Fig. 8 there are twa
rows of 8-BA clearance holes along either side
of the transistor fag-board, These holes are
intended to accommodate 8-BA brass nuts
and screws; these acting as the actual tag-
spills to which the various soldered con-
nections are made. B-BA~ screws are
employed for this purpose because it would
almost certainly be difficult for the constructor

e Brdchets (Fig.I0)

Inner

/Condm(a:;‘q ,;Tm strip

i

Fig.5)

Transistor tog board
(F.8)

/
~ @
k

F——chaesle {Fig384)

|_-Outer bracket (Fig.6)

|— Yolume control zarth lug

END YIEW

FIG.14.

Fig. 14. How the main parts of the chassis are assernbled

The condenser suppert strip comes next,
and its dimensions are given in Fig. 7. This
strip is a piece of s.r.b.p. which supports some
of the electrolytic condensers used in the-a.f.
amplifier. The term sob.p. stands for
“gynthetic resin-bonded paper™ and 8 a
generic term for most of the well-known
range of insulating materials described under
trade-names such as “Paxolin,” etc. The
s.r.b.p. used for the condenser support strip
should have a thickness of between 4 and
4 of an inch,
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to obtain the small solder tags which would
otherwise be required, and which might also
need to be eyeletted instead of bolied to the
tag-board. IF the constructor has access to
smali two~wag solder tags capable of being
held under 8-BA nuts, these could be used as
soldering spills instead of the scrows syug-
gested hére.  In practice, however, very little
advantage would be given by such tags as the
screws themseives form quite effictent and
practical spills. 8-BA screws are wsed instead
of 6-BA screws because the latter, being
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larger, retain the heat of the soldering iron for
‘too long a period.

After completion of the tag-board, the
8-BA brass nuts and serews may be fitted,
Before this is done, however, the individual
nuts and screws should be de-greased in order
to facilitate soldering, De-greasing can be
carried oui by standing the nutsand screws
for a time in a small coniainer of petrol,
carbon tetrachloride, or similar solvent,
{Carbon tetrachloride is available from any
chemist in the form of an inexpensive
propristary household cleaning fluid.)

The individual 8-BA nuts and screws are
mounted as shown s Fig. 9. 1{ will be seen
from this diagram that approximately }in of
each screw should project above its nut. If
long screws are used, these can be cut after
mounting. Shake-proof washers under both
nut and screw-head are desirable, as these will
help to prevent the screws working loose after
soldering. 1t will be remembered, of course,
that emce the soldering iron has been applied
to a screw its nuf will become soldered to its
threads, thereby preventing any subsequent
adjustment of fightness.

The next job is the construction of two
small brackets of the type shown in Fig. 10.
These brackets are made from thia s.c.b.p. of
approximately Jrin thickness, and they held
the grommets which, in turn, hold the ferrite
core of the aeral coil. These: brackets have
to be made of insulating material instead of
metal in order ta prevent losses in the ferrite
core material, Metal brackets could con-
stitate a single “shorted turn® around the
ferrite rod.  The grommets, incidentally, are
supplied by the manufacturers with the coil.

The Transformer Clamp

All that now remains at this stage is a
clamp for the deaf-aid step-down transformer.
The dimensions for this clamp, in its fat
state, are given in Fig. 11, and the clamp
should be made [rom very thin iinplate,
copper strip, or similar material. One of the
casiest ways of constructing this clamp con-
sists of cutting it out initially and then bend-
ing it carefully around the laminations of the
transformer itself. The greatest care should
be taken during this operation in order to
prevent damage to the transformer, this being
somewhat fragile and capable of being
damaged by a slip of a tool, The trans-
former, fittcd with its clamp, should have the
appearance shown in Fig. 12.

This completes practically all the metal-
work with the exception of the mountings fot
the h.t. battery. This mounting is dealt with
in the later atticle which describes the con-
struction of the cabinet.

Assembly

The assembly of the various chassis parts
may now commence, together with the fitting
of the volume control and tuning condenser.
Before these two compenents are mounted,
however, their spindles should be cut to the
dimension iilustrated in Fig. 13. The appear-
i::.gee ;)‘{' the complete assembly Is illustrated in

ig. 14,

Next Month
In next month’s article we shall carry on to-
the wiring and testing of this little receiver.




The “TRANSISTORETTE”

by G. A. FRENCH

PART 3.

This article is the third In the series describing

this modern transistor receiver, and it deals

Sully with the wiring amstirgg of the completed
¢ iy

various parts which go together to make
the chassis of this miniature receiver.
We ended by assembling the principal parts
and components in readiness for wiring up-
We shall now carry en to discuss that process,

Precauntions

Before proceeding further, however, it
would be very advisable at this stage to
reiterate the simple precautions which are
necessary when building & miniature receiver
employing transistors. Apart from the care
which is normally needed when wiring up any
miniaturised equipment, especial attention
hag to be paid in this case to the question of
preventing damage to the transistors by over-
heating. Amongst other things, such over-
heating can be caused by holding the iron too
long against the lead-out wires whikst
sofdering the transistors info position.

Because of this possible trouble, three
precautions are recommended in the present
design.  Firstly, the transistor lead-out wires
are cat some distance away from the body of
the transistor, even when this necessitates
folding the appropriate lead-out wire back on
itsell. Secondly, the transistors are the last
components 10 be fitted to the chassis. And,

IN LAST MONTH'S ARTICLE WE DISCUSSED THE
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gh;'rdly,. they are connected by “laid-on®™
jolnts,

These “laid-on™ joints are obtained by
previously soldering the tag-spills to which
the individual transistors are to be connected.
The appropriate length of the transistor lead-
out wire 13 mext quickly tinned and laid
against its tag-spill. A quick application of
the soldering iron then causes solder on
the tag-spill to cover the lead-out wire and a
quile satisfactory joint results. This joirt
should be just as good as that given by the
more narmal method of twisting the appro-
priate lead around its tag before soldering,
and it has the considerable advantage of
reducing any possible risk of overheating the
transistor. It also enables tramsisfors to be
remaved from the chassis in a similarty quick
mannet, should this ever be required.
Wiring

We may now commence with the wiring
details proper for this receiver. The first step
is illustrated in Fig. I5. To facilitzte sim-
plicity of presentation, the resistors and
condensers shown in this and succeeding
wiring diagrams may not necessurily be
drawn exactly o scale,

Fig, 15 shows the view looking at the back
of the recsiver chassis. The row of $-BA
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tag-spills shown are those which are closer to
the reader’s gye: The other row of tag-spills:
are not emploved in this or any sueceeding

diagram which gives this view, Note that 1:he=

miniafute deaf-mid transformer is  also
moumtesd at this stiage, s clamp being secured
by two shorf 6-BA nuis and, bolts to the
“I.;mnsfnrmm—maunnug holes™ of the tran-
sistor tag-board. (See Fig. 8 of last month’s
article.) The mansforter iz monnted such
that its green lead leaves the tramsformer
bobbin on the side shown in Fig. 15: As was
mentioned last month, the transfarmer shoyld
be handled with reasonable care in'order to
avoid damage,

Apart from the thie tags connecting to the
potentiontstet séetiof, there are three furthier
{ags on the volyre cenfrol, Two of these, to
the left in Fig. 15, are those of the on-off
switch, and the third {designated in Fig. 14 of
1ast month’s articls) is the earth lug integral
with the metal case of the volume control,
This point is mentjoned in order to stress the
importance of connegting the switch circuit
correctly. The zarth lug on the volunie
comirel also supplies the eatth comection to
the im¢tal parts of tie chassis, _

Rg and G; in Fig. 15 should be positioned
such that thev lie below the lewel of the
condenser suppert strip. This is done to
allow roem for later eomponents to be fitted.
As C3 has a metal case it is advisable io
ingulate this in order to prevent its touchitig
adjacent metal parts and, in cémseguence,
glving rise to crackics, Adequate insulation
mezy, be given by wiapping thia eelluloss fape
dver The metal part of the conden$er or by
fitting it with-a thin insulating sleeve, This
type of condensér may be. available from
some suppliers, incidentally, alréady. fitted
with an insulating sleeve. It must, of course,
be connected into circuit with corregt
polarity. Condenser Cs is mounted close to
the back of the:transistor tag-board and has
tolic only below the leve) of the bottom edge
of this- board. In practice it fits in com-

fortably between the volume contrel and the,

tag-board.

The wiring shown in Flg 15 i3 self-
explanatory and reguires little furfher discus-
sipn, Although net shown, ali leads sheould
be insulated with sleewng which must cover
the appropriate wires right up to their
respective soldered cormeetions:
bare lead, with the consequent risk of shoft-
cirguits irv the miniaturised layout used here,

is inviting Tuture trouble eor even poss:b]e_

secidental damage to the transistors, Al
Joints arked “*X” in this and successive
wiring diagrams sheuld nét be soldered, as

subsequint’ leads have o be Titted to the.

salder tags so desipnated.
The next stage in the wiring is illustrated in
Fig. 16. This stuge adds Cy, Ca, Ce, C7 gad
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Almoest any-

Rs. Cgand C7.areconngcted together at their
positive ends by means ofa twisted jDL‘I'.lt., Rs
being' connected also to this twisied joint.
The joint is, of corirse, subsequenitly soldered.
As Cy, Cg and C7 lie very close ta each other,
c:acklmg may be caused by their metial bodies
touching each other. This trouble can be
obviated by insulating fhe body of Cg in the
=ame manner 35 was described above for Cs.
The for electealytic condensers should be
mouanted such that they lic horizontally,
their ends resting on the: condenser-support
strip_as illusirajed in Fig. 16, In such a
position they should then be situatéd just
below the level of the trapsistor tag-board.

Some of the connecting léads from the four
electrolytic condensers pass over the: edge of
the tag-board te conhect with the. appropriate
tag-spills on the front. These leads should Lie:
close fo the edge of the tag-board. The
negative lead from C4 will probably not be
sufficiently long to reach the tag-spill shown
for it in Fig 16. I this oteors it may be
cxicnded, the consegquent joint being ade-
quately cnvcrad with sleeving:

Some care will be needed in positioning the
four elecirolytic cﬁnclmsers, this being due to
ihe fact that excessive strain on their wires
may cause damage at the lead-out points. It
is possible in consgquence that the condenser
lead-ont pints will everhang the condenser
support strip.  This is unlmportant so long a3
they will notfoul the Ferrits rod of the aeral
coil when it is later Atted, Tt mugt also be
pointed out at this stage thit the lead-out
wires af’ either end of the electrolytic con-
densers are anchored to metal plug-like
terminagls. It is important to ensure that, at
the transistor tag-hoard end of the individuaf
condensers, the sleeving used covers both the
lead-out wire and these anchoring terminals.
Otherwise, short circuits- to the 8-BA boll-
heads may OCcim.

After witing, the condensers are secured to
the condenser-support strip by mieams of
thréad. A léngth of this thread shoald be
lopped and fs two ends passed through the
pair of holes in the support strip which is
adjacent to the particulac condenser er con-
densers to be secured. The ends are then
brought round ‘the underside of the support.
strip, wp around the body of the condenser
and tled securely, Cp and Cy are fixed
individually in this manner, whilst Cz and Cz

‘aire secured together.  The knotd in the thréad

Ay afterwards be paiiited with varnish to
prevent their working loose,
The three “fly-leads” shown in Fig. 16 can

be from two to threa feet Tong and should

employ flexible wire. These leads-are iget for
testing the receiver and will be later cut down
for connection to the h.t. battery and speaker
transformer when the set i fistalled in'its
cabliiet. M is very advisable to use red and
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Fip, 15. First stage in wiring the receiver. Fig. 16. Fitiing the electrolytic
coupling condensers and Re. Fig. 17, The positioning of the components on the
transistor fag-board )
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' Fig. 1%, Mounting the iransistors themselves Fig. 19. The wiring connected
to the aerial coil  Fig, 20. The external circuit needed for testing the main chassis
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Black leads for the hot. fMy-leads (red connects
1o chassis).  The speaker transformer fly-lead
should be a different colour, again, from red
or black,

The Tap-Board

Fig. 17 shows the transistor tag-board and
the companents which cormect to it, with the
exception of the transistors themselves,  As
will ke seen, this diagram i quite  self=
explanatory and shows the vanous con-
nections clearly. 1t should, nevertheless, be
emphasised once more that all wires should be
imfulated with sleeving over their entire length,
[T the constructor wishes, however, the lead-
out wires from the resistors need not, with
two exceptions, be so insulated.  The two
exceptions are the lower leads of Ry and Rg
which, travelling over a relatively long roule,
might possibly cause short-circuits il not
covered with sleeving, The speaker trans-
former flv-lead shown in the diagram may be
similar in length and colour to that of Fig. 16,

Mext comes the fitting of the transistors
themselves, As may be seen from Fig. 18,
theése are supported on their lead-out wires
- and lie flat against the tag-board between the
- appropriate tag spills. To prevent shori-
cirewits, the end of the metal body of ench

{ransistor should be covered with a thin laver
- of tape, a5 shown in Fig. 18. The transistors
will mount gquite securely in position,
although it -may be necessary (o bend the
lead-out wires carefully before soldering each
tramsistor into cireuit.  Care should be taken
to ensure that the colour identification of the
transistor lead-out wires corresponds Lo that
shown in the diagram. All transistor leads
must be covered with sleeving,

As was described abowve, the transistor
connections are made by the use of “laid-on’
joints, and not by twisting around the tag
spill before soldering.

All that now remains is to fit the acrial coil
and wire it up. The Ferrite core of the acrial
coil B2 mounted as shown in Fig. 19, This
core should be handled with great care as the
material used is britthe, It should also,
incidentally, be kept well away from the
magnet pot of the speaker specitied during
tests as, otherwise, it is liable to be suddaniy
attrpcted to it with sufficient violence to
become broken, In Fig 19, reference ix
made to the inside connections of the 1wo
eoils on the Ferrite rod, These connections
may be identificd by examining the coils
themselves in order 1o see which lead appears
from the inside of the coil concerned. The
soldercd connections to the codl tars should
he made caretully to avoid damagineg the coil
wires themselves, Two more  fly-leads
taerial and earth) are fitted at this stage.
These fly-leads will be later shortened and
connected to an nerial-carth socket strip.
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Testing

The receiver should now be carefuily
exndmined to ensure that all connections have
been correetly mude, and agree with the
circuit of Fig. 1. The set may then be tosted,

l'o do this it is first of all necessary to
connect up Lhe loudspeaker and speaker
transformer.  The speaker specified has a
very small disphragm area, and it should be
mounted on a small baille 1o realise its Ml
audible output. A temporary and quite
effective baffle, or “calbinet,” may be made by
cutting 1 2}in diameter hole in a cardboard
box and mounting the speaker therein.

The werial and earth leads are next con-
nected up, Suitable aerial and earth svatems
were discussed in the first article in this serics.

S0 far as a battery supply is concerned, it
would be very advisable to check the receiver
al a low h.t. potental before applyving the full
voltage,  Any errors may then be made
apparcnt, and the low voltage will not cause
any damage. As an additional precaution, a
milliammeter should be conneeted in series
with the hl. lead. A 0-10mA meter is
specified here, although o meter with a suit-
able alternative fis.d, can be employed, il
desired. The range of readings to be expected
will be between | and 6mA. A moving-coil
meter is essential for this test, incidentally,
as the relatively high resistance of a moving-
iron meter may upset the stability of the
réceiver,

The whole set-up is illustrated in Fig, 20,
As may be seen from this diagram, it is
intended  that the negative lead from the
receiver should be tapped into the bt battery,
The most practicable and satisfactory way of
doing this would consist of using two % valt
grid-bias batteries connected in serics as a
source of test h.t, voltage. Tappings could
then be made in steps of 1.5 volts,

Afller connecting the speaker and aerial-
earth systemy, the positive hot, lead from the
receiver should be connected to the positive
end of the test battery. The set should be
switched on, and the negative h.t. lead con-
nected to the negative 3-volt tapping in the
test  battery,  This should cause a slicht
crackle in the speaker, and the milliammcter
should read 0.5mA, The negative lead should
then be taken, in 1.3 volt stéps and checkin
current at each step, up 1o 9 volts, ar whic
potential the milliammeter should indicars
approximately L.4maA. A check should be
made, at this point, for current surges at the
instant of connecting the h.t. supply.  Such
surges should be negligible, if existent at all.

An hut. potential of % volts is sufficient to
operate the receiver at reduced sensitivity,
When the b.L is connected a gentle “rushing'
noise should be audible from the loudspesker.
‘This is the hiss given by the transistors, and it
has & greater amplitude than that given by a

THE RADIC CONSTRUCTOR
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valve ampiifier of similar gatn, Turning the
volume control will have little effect on the
strenpgth of the hiss.

The tunimg condenser should nckt be

rotated, whereupon it should be possible to
pick up the local medium-wave transmitters.
The volmne control may also be chécked for
operation at this stage. It will be noted that
loud signals will cause slight deflections in the
b.t. milliammeter, and jt should be possible to
increase volume such that these deflections
are quite large before noticeable distortion
due to overloading sets in.
_ Assuming that everything is satisfactory, all
that now remains is to increase the h.t.
potential in further steps of 1.5 volts. (still
checking h.t. current at each step) until the
full potential of 18 voits available from the
test battery is given. At this potential the
h.t. current should be approximately 2.8mA,
the maximum safe current being 3.3mA,

The volume of the signal will, of cowrse,
ihcrease as h.t. voltage is mcreased The h.t.
current readings should be made both under
signal and no-signal conditions. At 18 volts,
also, the volume conirol should be checked

for smoeth operation similarly; that is, under
signal and no-signal conditions.

If everything is satisfactary at 18 volis, the
22.5 volt deaf-aid battery may now be con-
nected to the receiver, whereupon the h.t.
current should rise to approximately 3.8mA
{maximum safe current 4.5mA). It may be
mentioned at this point that it would be
unwise 1o atternpt fo operate the receiver at an
h.t. potential higher than 22.5 volts. If at any
time during the test a.f. instability oceurs, the
h.t. voltage should be reduced until the cause
has been located and cleared. Such instability
can be caused, incidentally, if the output
transformer is positioned too close (Le.
withant an inch or so) to the deal-aid trans-
former on the transistor tag-board. This
point should be borne in mind if the chassis is
housed in a cabinet of the constructor’s own
design.

Next Month

Apart from the cibinet, the receiver is now
complete, These articles wilt be concluded
riext month with a description of the ¢abinet,
and several further points concerning the
operation of the set.



PART 4.

The “TRANSISTORETTE”

In thiy article, the foweth in the series
describing the Transistorette, G. A. French
gives details af the Perspex cabinet in which
this transisior receiver was presented in the
1955 Radiv Show atl Eal's Cowrt. QOur
coniributor also discusses ome or two small

by G. A. FRENCH

points cancerned with epération.

N THE LAST THREE I1SSUES OF The Radio

Consiructor full details of the chassis of

this modern transistor receiver were given.
In this concluding article we pass on to the
gonstruction of a puitable cabinet,

When the Transistorette was ethibited
at the 1955 Radio Show it was housed in
a cabinet made of Perspex. As oy be
imagined, the effect given by this method
of presentation was most striking, since the
cebingt was very alirdctive and it also
enabled the public to obtain an eéxceilent
idea of the internal Comstruction of the
receiver. It is possible that many construc-
tors may wish to employ this type of cabinet
in their own versions,

Alternatively, it might be found preferable
to build the cabinet with-an opaque material.
In such a case the dimensions given inm this
article will etill apply, se long as provision
is made for any differences given by varying
thicknesses of material. The Perspex em-
ploved for the Exhibition cabihet had a
thickiness of 4-inch, and joints were nzade
with the aid of an adhesive, it being sufficient
to have all comners buti= }omzed A similar
technique is, of course, quite possible with
other materials. A typlwl choice for such a
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material would be plywood. Ao attractive
finishk could be given also by covering the
completed cabinet with rexine, skyver, or a
similar type of cloth.

Diimensions

The appearance and general layout of the
complsted cabinel will already have been
learned from the phatographs accomp‘any-
ing these articles, As will hava been see
a particularly compact assembly is given by
means of sinkinz the two I’.'-D’l'lthkl‘lObS
The tops of these knobs then lie slightly
above the surface of the remainder of the.
cahinet.

Apart from iheir being applicable to
materials of #inch thickness, it should be
pointed out also that the Jimensions given
in this article apply to the receiver when
it i3 used with the Ever Ready B.122 hﬁarmg—
aid battery, If a B.HO battery, which is
slightly larger, is used il will be necessary
tr extend Lhe dimengions.of the top, bottom
a:g two sides by Fminch at Lhe londspeaker
[

As we mentioned above, butt Jomtmg
is used for the cormers of the cabinet. The
adhesive employed for the prototype was
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Durafix, and this enabled a cabinet of more
than adeguate mechanical strength to be
constricted.

The dimensions of the top piece -of the
cabinet are iflusirated in Fig. 22. TIi will be
noted that a centre is shown in this diagram
for the loudspeaker cut-out. The cut-out
may be obtained either by making a clean
bole of 1+ inch rddius on this ecentre (the
hole being later covered on the undemside
by loudspeaker fabric), or by drilling a
geries of holes in the material. IT the Jatter
device is.adopted, a suitable drilling layout
is given in Fig. 21,

Fig. 26 (@) and (#) show the two side
pieces. That illustraied in Fig. 26 {a) is
purcly rectangular in form and requires no
further discussion. The side piece shown in
Fig. 26 (6) will butt against the comtrol
panel, and it has four holes drilled in it for

‘the aerial-earth panel. This laiter shotild be a

standard jtem available from an advertiser,
but the reader is advised to check the dim-
ensions of the particular panel obtained
before finally drillmg the holes for it The
-aerial-earth panel will be mounted behind
the cabinet material, the aerial and earth
plugs passing through the twe 1-inch holes

FIG.2!.
SPEAKER CUT OUT DRILLING TEMPLATE AS SUPPLIED

ACTUAL SIZE

GG

The two ends of the cabinet come bext.
These are illustrated in Fig. 23 (2) and (5).
Fig 24 (a) and (#) illusirate the two pieces

which fo;‘m the recess for the sunken con-
{ro| "
¥ panel itself is ilhustrated in Fig. 25.

There is little that requires comment here,
apart from emphasising the necessity of
marking out and drilling the two §-inch
diameter holes accurately. The chassis will
iater be mounied by fitting the bushes of
the volume conotrol and tuning condenser

through these holes.
628

illustrated inm Fig. 26 (b) before making
contact with the appropriate sockeis,

The bottom of the cabinet is shown in
Fig. 27. This diagram, together with those
showing the side end dimensions, does not
include any details for fixing the bottom to
the remainder of the cabinet. This omission
is due to the difficulty of specifying standard
parts for such a fixture, in addition to the
fact that readers’ individual ideas may vary
on this point according to their tastes and
the workability of the material ernployed.
In: the prototype, the cabinet bottom was

THE RADIO CONSTRUCTOK
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Fig. 22. The top section of the Transistorette cabinet. Fig. 23 (@) and (5). The
end sections of the cabinet. Fig. 24 (a) and (). The rwa pieces witich form the
sides of the sunken conirol panel. Fig. 25. The contral paned,
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Fig. 26 (&) and (b), The side sections. Fig, 27. The dimensions of the cabinet
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fixed by small rectangular pieces of Perspex.

stuck to the inside of the bottom, these
locating with the inside walls of the cabinet.
An alternative arrangement would be pro-
vided by the use of small hinges, or similar
fixtures.

Fitting the Chassis

Before fitting the chassis te the cabinet it

is necessary to mount the loudspeaker. Tt
is possible to employ two of its mounting
screws to hold a battery housing as well,
and a typical example of such a houslng is
shown'in Fig, 28. No fixed dimensions are
given in this diagram, since the available
tolerances are quite wide and the constructor
may wish to take advantage of what materials
he may happen to have on hand. Also
shown in Fig, 28 is the loudspeaker itself;
and this should be fitted so that its tags lie
below those of the aenal-earth panel.

The cutpyt transformer can be mounted
by bolting it to the side panel—that shown
in Fig. 26 (a) of the cabinet. In the photo-
graphs, this component is shown mounted
to-a small bracket integral with the chassis.
1t is felt that the constryction of this bracket
is more complicated than the simple overall
design of the recéiver warrants, and that the
alternative method of mounting suggested
here is preférable. The transformer will
occupy the same position as that shown in
the photographs, althaugh its axis will now
be turned through 90 degrees.

All that remains s to fit the chassis in the
cabinet. As was mentioned above, this is
‘done by passing the bushes of the volume
control and tuning condenser through the
3-inch holes of the control panel. To ensure
a snup fit, it is advisable to remove the
locking nuts and washers from the bushes
before passing the latter through the holes,
They may then be fitted and tightened
down again on the outside of the panel.
It is recemmended thali the appropriate
Panel-Sign transfers be fitted to this panel,
as these give an extremely neat finish to the
wiple assembly. For best results, the trans-
fers should be affixed to the front panel and
allowed to dry firmly before finally tighten-
ing the bush nuts.

Warning

Az it is possible that the h.t. battery may
be replaced by non-technical persons, it is
important {o ensure that the battery com-
partment is adequately marked with the
polarity of the appropriate terminals. A
dab of red paint could be used on the
pOSithe contact sprmg An effective warning
notiee is given in Fig. 2%. This notice can
be cut out and stuck in a prominent place
in the cabinet.

MAY 1956

X Copper rivet soldared
ta sring

e e

Spacing washer

Solder Lig—_ :l
_ o

Insulating materis] —c

Spucieg susher Bracket
FIG.2B. cm
Fig. 2B. A suggested houging for the

ks, battery

Selectivity

Dige to the sinple tuning circuit employed,
it Is possible that sufficient selectivity may
not be available in one or twe parts of the
British Islea where medium-wave interfer-
ence levels are wery high. Although this
fact was not considered detrimental to per-

WARNING

CONNECT BATTERY
CORRECT WAY ROUND
OR TRANSISTORS WILL

BE RUINED

Fig. 29. Warging Label. This Iabel may
be cut out and fixed in a prominent place
in the cabinet
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g g : To transistorette Fig- 30. The
~000SpF » cirewit of @ medium
wave trap. This
| should be
Earth regidred only in
tath  O— O terdnal areqs af heavy
medium-wave
- interference
FiG.30.

formance during the tests of the prototype, Teletron type HAX, and the numbers shown
it was decided that a simple wave trap circuit  in the diagram apply to the tags of this coil.
would prove heneficial to those who experi- The tuning condenser shown in Fig. 30
enced difficulty in this respeot. may be a bakelite dieloctric model similar

A suitable eircuit is shown in Fig, 30. 10 that used in the receiver itself; in which
This emplays a triple-wound coil, in which  case the external wave trap can be built
the aerial energy is passed (o a tuned coil into a very compact little onit indeed. As
and, thence, to the tertary winding. This was just stated, such a wave trap will only
tertiary windjrlg then connects to the receiver.  he required for districts which suffer from
A suitable cotl for this application is the heavy medivm-wave interference.
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engineers of the Bell Telephone Lab-
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These experimental transisior voeeive
are for the clw.LI n-the-wool experiment
Flease remember, that transistors ave still
in the experimenta] stage although they
replace tubes in some special, commercisl
applications

Set No, 1, photos A and B, Fig. 1. is a very
simple transistor recelver for headphones
only., Tt will receive lpeal
hroadeast statione with com-
fortable volume. It uses
ari-loopstick antenna eotl,
ith an added winding
wound right at the end of the
vaised cardboord evlindes
Onee the wiring s com-
pleted, check the set over
v ¢, Mark the
1 to properly
position the trans i
lation to the red dot Ii the
Lrangisto inserted in re-
verse it will be rulned. Check
and rocheck leads 1, 2 and 3
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Omit sutysal trnnsformer i hezdphonies are
useed, and connect as in Fig. 1

Truns theory represents o radicsl
depruriure fromm vaciiime. L ihe theory. Spase
diviss not permil o ur_|:|1||,||:~1r~ theoretical ex-
sianition, but skeich Fig. 8 illustrales the
L.‘:-q: idea of the point-contact Lyp. The
arrnngermnent l\.lll.l.ul.:L '] 'il'..u“ h‘a'iH:l: ol =E=mi-
eOr el |r_||_|I|,-||_..'|_] I_|_J_|.'|I1|.'|l'.'.>.I|:I|P t::-'l:\.'l:il
in elegtricol confact with i conduetlng met-
al bpse wehich = then grounded, nn nliowmn at
op of the block, spaced a few thou-
of an inch ap are the two cal
whiskers 1 nid 3. Collector eat whiskers
Mo. 1 is negntive with respect to the ger-
muiilum bloek by virtue of the high-voltage
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ar (1) to the base (2) within the semi
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this npplied bottery voltnge The electron
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VINTAGE 2008 REFLEX RECEIVER

Readers of The Radio Constructor magazine during the 60’s & 70’s will no doubt
remember some of my circuits. I recently found another of my circuits from that era
that had never been published hence the apparent contradiction in the title.

This circuit to be described is for a 5-transistor MW & SW receiver that may be built
in stages for ease of construction.

Short Wave coverage is adjt to suit the many
stations will be found using the telescopic aerial but for DX reception an external
aerial is recommended.

The Circuit

TR1 amplifies first at RF then AF in the normal reflex circuit. A panel mounted 100K
linear pot acts as a sensitivity control & a separate 20pf variable capacitor provides
bandspread to ease tuning on the SW band. The audio amplifier may be built as a 2
transistor headphone or a 4 transistor push pull output stage to drive a loudspeaker.

Components
Inductors

The SW coil is wound on a ¥4” Aladdin former with core using Litz or 32 SWG
enamelled copper wire. The 1 % turn coupling is wound first followed alongside by
the 20 tumn winding with a tap at 8 turns. Coverage will be approximately 5.7 to 18
MHz. the dust allows for some variation.

Details for increasing the SW coverage are given at the end of this article.

The MW coil is wound on a 5” X %" ferrite rod using 30 SWG enamelled copper
wire.

73 turns with a tap at 8 turns are wound on a paper or card sleeve, not too tight as the
former must be able too slide along the rod for adjustment, this being finally fixed in
place with a drop of wax when in the optimum position.

The RFC consists of 900 turns of 36 SWG silk covered copper wire wound in three
pies of 300 turns on a 1 Megohm 2 Watt resistor or similar 7mm diameter former. The
number of turns is not critical & need not be exact. Clean & tin both ends of the
winding then solder these to the resistor lead-outs.

Alternatively a 2.5 mH commercial choke may be used if available.

The original AF transformers were similar to the type used at that time in commercial
superhets, these were somewhat larger than the common 200mw LT700/LT44 &
capable of driving a large speaker at good volume but are no longer available unless
the constructor has a well-stocked junk box.

Alternatively the output stage of the Experimental Reflex published in March 1970
may be used with the smaller transformers.

At the time of writing this article (Christmas 2007) both the LT700 & LT44 are still
available at modest cost from Maplin, Sycom or N.R. Bardwell.



Semiconductors

For Trl use an AF 125 or AF115 with the screen disconnected.

For Tr2 use an AF 126 or AF116, the receiver will be more sensitive if this screen is
also left disconnected.

For T3 use an AC151.

For Tr4 & Tr5 use a matched pair of AC117’s

Both Diodes may be OA70 or equivalents.

Misc.

Electrolytic capacitors may be 10 Volt working
Resistors may be 1/4W 10%
The On/Off switch may be part of the Volume Control

Important (Fit a new battery first)
RE Stage

Separate trimmers for each band are adjusted for optimum performance of the 100K
sensitivity control. With the trimmers correctly adjusted it should be possible to keep
the receiver just below the oscillation point over the whole band using the sensitivity
control.

In extreme cases or if different transistors or diodes are used then the 82K resistor in
series with this control may require adjustment.

If regeneration is fierce or uncontrollable even with the trimmer at minimum
capacitance then the resistor value needs increased. If the opposite occurs &
Tegeneration cannot be obtained with the trimmer set at maximum capacitance then
the value needs reduced.

AF Stage

Set the 10K pre-set to insert maximum resistance, tune in a clear signal then slowly
reduce the resistance until any crossover distortion Just clears. Do this slowly &
carefully, as reducing the value past this point will result in the output transistors
Ppassing excessive current.

Options
4 Transistor Circuit

A 4 transistor version may be built by eliminating TR2 & its
then using the AF amplifier stages of the Experimental Reflex published in March
1970

Increasing SW Coverage

Coverage may be increased by adding 5 more turns to the SW coil & using a 3 pole
4 way switch to connect the extra winding, see diagram.
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