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
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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,
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| Total =60 turne Ferrite rod 4”1 J:IIEF
Fig, 2. Winding details of the ferrite rod aerial coil
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- 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.
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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
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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. | |




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




SUB-MINIATURE RECEIVERS g1

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
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- 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



g2 INSTRUGTIONS TO RADIO QONSTRUCTORS

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,
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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
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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.






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

RADIO & ELECTRONICS CONSTRUCTOR




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
[
|
il
1;# TR
T SFIIS 2
Ly EEI ) Sy —a
¥
PRl La TRa — I
it BCI69C o o (Jid
-:;/{ (o | !
= R 4 L b =q
2 : Ry f TE‘ Cs e =75
boe bee
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

DECEMBER 1972
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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
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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,

||
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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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Fig. 2. Cireuwit of the recefver. TRT presents & high impedence to the serial tuned circuit. which s connected
directly to its base

g
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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Tinmed copper wire bus-bar
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Tinned copper Wire bus-bar Panel pins
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Fig. 3. How the recelver is assembled. The baseboard is & plece of plywood
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.

RADIO & ELECTRONICS COMNSTRUCTOR



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. »




Sepatats conizols bor keeing and reqenerotion allow signals ba be peaked far b secopticn.

OCKET radios are nol mew, yob
Pﬂ-p:- deign of & truly pocket-slzed

set which combines cesl perform-
ance with simplickty of conatruction
and extrems batiery economy 5 new
and this auther belleves that he has
achieved such a desipn In-the little
radle deseribed in this article,

The current drain of the set is only
140 pg. on the "B battery and 30 ma.
oo the "A" battery. Under these eon-
ditions  the “B" battery gives prac-
tically shelf life {about 1000 hotes or
one year of normal wsel while the "A”
battery, o ten cent penlite cell will
pive abont 100 Hours' servies, This
shpuld set an all-tlme low for cokt-per-
hour of listening as the "B battery
practically mever wears out and the
A" cell, which will Tun the set two
hotrs 8 dey for o month; costs 8 dime:

The output voltage is ample Tor com-
firtable earphong woelume on the Rver-
aze local (35 miles distant or less)
elation.  For all = econdomy: of plate
current, thiz little radio | capable. of
dellvering a "rattling the cans' signel
o nearty stationd,  The over-all i
mensiong of the set are; B inches long,
4 inchaes wids, and % inch thigk—a size
that will fit emaily info the avérage
sairt pooket.

The antenna 15 8 self-contained foop
wound on the gutsids af the case to
provide spproximately 18 - squere
inches of loop pickup area. This is
equal to the size of the Ioops found in
mo st commercially-built “personal”
portables

Thus, we have a persanal radip
which may be worn, pot cacrled. If

a4

tie pocket is barge enaugh for copenal-
ment and a hearing ald type earphona
te used, the wearar may ligten to he
radic in & public place and noe one will
b the wiser! Other places for use ol
\his &et #re; sporlts. events. beaches,
plenics, or one may do os the author
did—eatch -a morniaE newseast while
riding to worlk on A stroetear!

Enough of this idle chlt-chat, Just
what s this Httle marvel, you say, and
how da T s about building 117 Which
hrings usto w dizeussion of the cireull
To be brief, it |8 5 pontodds Pegeliaera-
tive detector feeding a dne-stage pen-
tode awdic amplifier.  The main loop
winding i3 In tha grid circuit of the
getector, and conventlonz] plale (ecd-
beck is applied through a small
“jakler” winding, wound on top of the
joop over o laver of Scetch masking
tepe, Bath the detsctor snd amplifier
tubes are Rogiieok type CIKS1ZAZ fiat
hearing xid type voltage amplifier pen-
tades,  They are designed Jor-a. max-
imum plate voliage of 23w, and each
tute's pominal filarpent reiing i G255
velt mt 20 milliamps. Thus tha tubes’
flamenis are cpnnected In seTiEk
nerase 8 single L3 wolt dry cell for
vaA™ supply. The B supply 1= a Bur-
peza type UISE 224 voit battery, Tun-
ing of the sat over a Tange of 5401500
ke, it done with o standard 9-180 safd.
pompression mbea trimmer. This is
easily modified from screwdriver o
aob tuning s will be described later
Conteal over the regeneration is. acs
cotnplished by varyving the ameunt of
r.f bypass in the plate eircult of the
detector, and another 9-180 pufd. con-

GEONGE L. JOHNSON, .

SHIRT POCKET
RADIO

Baili of sitandard paris, this receiver

featnres a loop antenna and fow drain.

By

WHELEX

densor 1% used here.  The contrél 1=
very smooth and gradoal Lo the polmt
of mmaximum feedback, and the de-
vpotar finally breaks into cscillation
bt with no “plap™ or instability. As
with all regonerative sais, maximmim
gensitivity s secured with the max-
imum_amount of feedbeck obhiainable
without oseillation.  Selectivity of the
got i5 pood. me 15 local stations in the
Chicapo sres werbe sasily tuned Inand
separated.  This includes one nlty
kilowetter anly t=n miles away.

Enrpluneis

The sarphone of the original st isa
prewar vintage Brush singla umit erye-
tal headset, The efficioncy of this
type of phone is quite good, and whal
i rpic e [rmportant, the high Impedance
of & crystal phone meatches the notpul
Joad impedsmce of the tiny CHELZ
tube;, With guch A small pover outs
put stage It iz absolutely necessary
not to lose any usefol swdio power
through poor limpedance matching.
Any ervatal type phone; single o
double writ, may be used in the set
with no circuit changes. A good gual-
ity maznetis phone may olso-be ams
plowed with good results [f the phooe
has high Impedance.  Ome word of cau-
tion on this. Thera are certain types
of cheap heedsets on the markel now
whizh have very low efficiency. They
may réqulre as much s thres or four
valte of signal meross theic ferminals
in erder 1o deliver a guod, usahle sig-
nal 1o the ear, whereas with the crydial
type one velt 18 plenty. Bewnre of the
'OF pent-specinl’ photies when buying
for this set. They are OH for bigger
radiok, it not this ane. When using
a magnetic type phone, the 1
ahm resigtor in the aodio plate Sirtull
miay be omitied

Ehould 8 hearing aid “ear plug™ Typs
phone be used? Admittedly, for &
pocket radio, the appeal of this type is
high. It -is of course the lightest in
weight &f all phones.  The air szal
irom the dipphragm of the phone 1o

nARIO & TELEVISION NEWS



the ear drum iz perfect, and so the
maximum transfer of sound energy
jnte the ear is possible, This means

. an apparent increase in loudness when
compared to an earphone that does
+ not plug into the ear. All this is well
and good, however, hearing aid phones
~ have certain disadvantages which it is
““well to consider before dec1d.|.ng on
. this type. First of all, there is the

- price, which may easily run double the

cost of even a first class single unit
crystal phone, Second, is the problem
of fitting the phone to the ear of the

_ individual concerned. In fitting a per-

- of the individual’s ear.

son with a hearing &id, a mold is made
From this a
custom fit plug is made, and of course,
it fits well and is comfortable to the
one person for whom it is designed.
Howevei, this is very expensive and
hardly practical for pocket radio use,

.- The average bullder who tries to use

a hearing aid earpiece will have fo get
along with a so-called “universal ear

mold." These are just about as “uni-
versal” as a “universal” hat or “uni-
versal” pair of shoes would be. The

. phone is likely fo be too loose or too
tight or be uncomfortable. It may
fall out at just the wrong time. It is
certain to become messy due to the
natural secretions of the ear, and can-
not be readily passed around to

" friends, as one would like to do with a
novel radio such as this, For these
reasons, this author says of hearing
aid phones—"Not recommended for
the average builder.” Should you de-
cide to use one anyway, a crystal type
iz preferable, and if a magnetic type
is used, a matching transformer to
match the phone to the CK512 plate
must be used. Most magnetic hearing
aid plugs have about 125 ohms im-
pedance. The CK512 operates best
with 100,000 to 200,000 ohms in the
plate circuit, hence the need for a
matching transformer. Such a trans-
former is small, and may be easily
incorporated into the set as there is
extra space.

The Keceiver Chassis

The major component parts of the
receiver are mounted on a 3"x6"x3/32"
bakelite board which also serves as
the front panel of the cabinet. Two
such boards are required, for the front
and back, and together they form all
the cabinet that is necessary as the
sides are formed by the loop antenna
and its protective cover, The corners
of the plates are rounded off just a bit,
1o permit easy insertion into a pocket.

The Loop Antenna
One of the major problems in pocket
radio design is petting the signal into
the set. Conventional wire antennas
are practically useless for a radio
Which must be carried on the person.

Attempts to use the earphone cord as °

the antenna have been made, but the
amount of signal such an antenna can
deliver across the primary of an an-
tenna coil is very small for two rea-
£ons, The most obvious is that the cord
18 very short. The second reason, and
Just as important, is that there is no

-laulmry. 1052

e
2 W res.
. “compression mice trimmer

Ry—180,000 ok,

Gy, C—2-180 uf
(See text)

Ce—200 pufd. plate or dise ceramic cond.
£ 20%

Cy, Co—.005 pfd. plate or disé ceramic cond.

Co—.002 pfd. plote or dise ceramic cond.
= 200

Lonp -memw {Sge text)

K3124% vabe (Raytheo
vl R Gy Bucgain, Ty

[#5]
115 volt " A" battery, pencell

Fig. 1. Complete schematic diogram and parts list for the “Shirt Pocke!” radio.

ground return for a tiny chassis car-
ried on the person. There is certainly
no direct ground, and very little ¢a-
pacitive ground as the capacity of the
person to the set and that of the per-
son's body to the ground are effective-
ly in series, and so the resulting ca-
pacity path is high Impedance. Also,
wire antennas are even less desirable
for regenerative receivers, as the mov-
ing antenna causes detuning and gen-
eral instability. For these reasons, the
loop type of antenna, which reguires
no ground, is used in the majority of
portable receivers.

The loop antenna L, is wound on a
form consisting of four pleces of %"
dia. dowel rod %" long which are
nailed into place on the four corners
of the main chassis with 4" earpet
tacks. The main winding, which con-
sists of 50 turns of £30 double éotton
covered wire, is wound directly on the
four dowels, There is not sufficient
room to wind 50 turns in a single
layer on the %" long dowel, so the
author resorted to a form of “bank

_would  decrease the

winding." First, three turns are
wound on the form. Then the next
two turns are wound in the two
grooves directly on top of the first
three turns. Then the next three
turns are wound on the form; the next
iwo on top of them, and so on, Thus,
the winding is composed of ten little
groups or “banks" of five turns each.
But only a linear winding space for
thirty turns is reguired. This method
of winding gives as low a distributed
capacity as a single layer winding, yet
permits almost twice as many turns
to be wound in & given space., Too
much distributed eapacity in the loop
tuning range,
Should your local stations fall in the
1300-1650 ke range, wind the loop
with eight turns less, This will make

| the tuning range approximately 600-
| 1630 ke. =
‘“ After the loop is wound, a coat of

quick drying cement is applied to give
the required rigidity. DModel cement
may be used for this purpose, After
this cement has dried, wrap a layer

Fig, 2, Correct pl

of the

s HlE 4 in rear view of sel.
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Flg. 3, Front view of the roceiver {Inff) shewing loeation of the warlous coenirole.
Mechanical drawing indicaies how the various componen! paris should be ploced.

of Zcofch masking tape around the
loop to serve as additional protection,
and as a base for the tickler winding
Is. Thizs may now be wound at the
filament end of the loop using 20 turns
of #36 plain enameled wire, close
gpaced, The loop shoitld be connected
so that the end nearest the body (when
the =et Iz worn) comnects to C.  This
minimizes detuning effects [rom the
sel swinging back and forth away
fram the body. After the tickler
winding is wound, coat it with a layer
of cement, and then a strip of leather-
gette may be wrapped sround the fin-
ished loap both for protection and to
give a decorative touch to the cabinel

Modifving the Condensers

The next step in the construction of
the s6t i3 to change over the screw-
driver adjustment compression mica
trimmers to knob tuning: First, pre-

pare the shafts, Take a §-32 bolt, and
cut twa %" long pleces from it. Flle
the ends flat and remove the burrs.
Next make o center punch mark in
one end of each plece, belng as care-
ful gs possible to get it in the center.
If & lathe iz avaflable to do this, so
much the better, but & fair job of con-
tering can be done by hand. Now drill
a %" deep hole with a #44 drill on
the center punch marks, This hole
just fits the small unthreaded end of
the #3 screw in the trimmer, Place
a small dab of soldering paste in the
hole and a small chunk of solder
fabout 1/16" squars) on top of the
paste, Using a small hammer, gently
drive the little shafts on to the ends
of the trimmer serews. Place 5 tiny
drop of oil (lght machine oil) on the
threads of the trimmer. This guards
agalnst any solder running down into
therm. Holding the trimmer in a vise,

Fig, 4. A delollad under chossis view showing the detector-omplifier subchossia,

carefully aligzn the shaflt, Then apply
8 hot soldering iron to the froe énd of
the szhaft, If all the previous steps
have been followed, the flux and solder
will melt and just “sweat" the shafi
into place.

For knobs, & palr of common bake-
lite “B" battery terminal nuts serve
veary well. All that is necessary Is to
drill and tap them lor a 4-40 setscrew
and scrow them into place on the
modified zhafts,

Beiecior-Ampliicr Subchassis

The two tubes and their associated
small resistors: and condensers are
mounted on a 1™ x 2" piece of 1/16"
bakelite. The holes for the fube sock-
ote are first drilled, then filed to size,
and the soclets are cemented in place
with model cement. The rosistors are
mounied by bending their leads at
right angles, poking them through

small holes in the bakelite board, and.

then erimping end clipping them off
on the oppogite gide, They malke a fine
little terminal board for this size
chassiz. The ceramic condensers are
mounted by thelr wire leads, and lie
flat next to the board. Wiring may he
done with an ordinary 100 watt lron,
but it is best to provide & small tip
for the irom to facilitate a nent job,
For hookup wire, the #30 doe. used
in the antenna serves well and iz fair-
Iy easy to handle, as the bare copper
wire tins easily., The wiring lavout is
not critical. No particolar precau-
tions must be taKen as to lead length
or dressing, and this makes the elec-
tricel end of bullding this set quite
ency, Caonventrate on doing & sound
mechanical job and the rest will take
care of [tself.

Final Assembly

After the sobehassis is finished, it
is laid In place and the leads from
the batteries, loop, switeh, and tuninog
condensers are wired In.  Then It s
fastened to the main chassis board
with a single 4-40 screw and 4°
spacer. The 4-40 screw fits into a
tapped hole in the subchassis hoard
(gee photo), The trimmer condensers
are mounted to the main chazsis by
thelir own erimp lug mountings. The
"B battery is bolted into place with
two 4-40 bolts and then the leads are
soldered to it. . A plastic ceble clamp
iz used as the holder for the “A" cell,
which makes its contacts to a pair of
4-40 gerews  faztened to the main
chassis. The earphone lead feeds in
through & smell hole in the front of
the case, Connect it up, bolt on the
“back" of the case, and the st is com-
plete.

Tuning the Recelver

The sensitivity of the set [s such
that, if it has been properly built,

+ nearby stations should be henrd at

once. Some degree of velume will be
obtailned even if the regeneration con-
trol is pot set for maximum sensitiv-
ity In fact, on the orlginal-set, station
WCFL {seven miles from the author's
home) iz so loud that no regeneration
{Comtinued on page 94)
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Shirt Pocket Radio
(Continued from page 44)

iz required. If the regeneration con-
trol i advanced to maximum, this
station mdy be heard clearly all over
the room if the headphone is held in
the cupped hand. For weak signals
and also those at the extreme low
frequency end of the broadcast band
more care is required in tuning, For
best results, first tune the station for
best reception without adjusting the
regeneration. Next, advance the re-
generation control until the detector
Just oscillates, as will be evidenced by
& shight rushing sound. Then back off
the regeneration control until the
rushing stops. Now retune the station,

which will now be at its maximum.

volume, Using this method, the author
has received (in the daytime) station
WTMJ in Milwaukee, a distance of
E5 miles, Its signal could be calied
“parely understandable,” but never-
theless audible. Station WIND whose
transmitter is in Gary, Indiana, a dis-
tance of 40 miles, can be heard easily,
At night, reception is not limited to
locals. The original set has “pulled
in" large, clear channel stations from
as far as 400 miles away! 5

It will be noted that the antenna is
bi-directional. If the set is rotated
until the signal fades completely, then
the knobs point either towards or di-
rectly away from the station being
received. This could concelvably serve
as a kind of radio direction finder for
a person lost in the woods, provided he
were able to tell general directions.
For purpeses of general reception, the
directivity of the antenna bothers us
little, ms the nulls are very sharp,
whereas the peaks are very broad,
This means that a given station can
e received over about 340 degrees ro-
tation of the set. There will be two
ten degree nulls where the station
fades put. This is not objectionable,
Az one may turn a corner while listen-
ing, and very seldom hit the ten de-
gree null!!

Litz Wire Loops

The performance of the receiver, as
outlined in this article, is good. How-
ever, there Is ane way that it may be
improved, i.e., introduce a larger sig-
nal at the input grid! The signal pick-
up of a loop ntenna is proportional
to the area thereof. However the velt-
age across any tuned elreult, loop an-
tennas included, s also proportiomal
to the “@7 of the eircuit. Q" is the
ratio of the reactance to the resistance
of a coil. To raise the “@" of the an-
tenna loop, it is only necessary to use
a heavy litz wire, By using 35-44 litz
wire, the “Q” of the antenna is ralsed
from 75 10 220. The signal delivered
by such an antenna will be almost

be able to get some. Use 20-44 14
55-44 single silk enameled for best re.
sults. If the highest possible perform.
ance is desired, the get may be rede
signed mechanically so that the “A»
eell, switch, and tuning condensers are
outside the loop. The “shorted turn”
cffect of these components will mate.
rially affect the “@" of a Joop woung
of litz reducing its efficiency as much
ds 40%. Do not use small litz wires,
such as 544 or 10-44. They are vir-
tually no better than solid wire ang
the additional di in  handling
these sizes ls not justified by any nota-
ble increase in performance,

Service Aids
(Continued from page 51)

shown in Figs, 3 and 6. Basically this
is a two-section balanced attenuator
giving a total attenuation of approxi-
mately 35 db, unshielded, up to about
220 me.  For convenlence we have
mounted the resistors on an insulating
hoard and added a set of alligator clips
in such & manner that they fit all
standard TV antenna terminals. Scoteh
tape helps keep the clips in place and
prevents them from shorting to the
chassiz, The input and output imped-
ance of the attenuator is normally
about 300 ohms, but by shorting out the
two series resistors in each lead, a 50
ohm input or output can be achieved.
The application of this attenuator
lies. mostly in checking TV receiver
sensitivity and fringe area operation,
In many instances a technician may
get strong signals at his shop, but
service recelvers in a weak signal area.
By connecting this attenuator between
the antenna lead-in and the recelver
under test, weak signals will be ob-
tained, Oecasionally a set will tend to
be regenerative under weal signals
and bench testing Is difficult because
strong signals are found at the shop.
Using only one side of the antenna is
not always permissible because unbal-
ance occurs and in many receivers un-
balanced input will greatly alter the
rezponge of the r.f. tuner. Using this
attenuator reduces the signal to any
desired level while maintaining proper
balance and impedance match. If the
eircuit shown in Flg. 3, gives too much
attenuation, remove one set of resistors
and use only one I-section. On the
other hand, if more attenuation is de-
sired, another section can be added.
Other applications of this balanced
attenuator network include signal re-
duction to aveid overloading on one
particularly strong station, demon-
strating sensitivity characteristies of
different receivers, and checking boost-
er operation. When a booster {8 con-
nected to a receiver having an efficient
sutomatic gain control civeuit, little

three times that by one
wound with £30 solid wire. The au-
thor has not specified litz wire for the
loop in this article, due to the general
unavallability of litz, h , he rec-
pmmends it highly to those who may

will be observed as long as
strong signels are received. Often a
booster is tagged as wealk for that rea-
son, To check its performance under
wealk signal conditions, connect the at-
tenustor pad between the antenna and
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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.




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,
|
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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

FEBRUARY 1972

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. [ |




	aug1971_circuit
	aug1971_page1
	aug1971_page2
	clive0162irc_circuit
	clive0162irc_page1
	clive0162irc_page2
	clive0162irc_page3
	clive0162irc_page4
	clive0162irc_page5
	clive0162irc_page6
	clive0162irc_page7
	clive0162irc_pcb
	dec1972_page1
	dec1972_page2
	dec1972_page3
	dec1972_page4
	feb1974_page1
	feb1974_page2
	feb1974_page3
	feb1974_page4
	shirtpocket152_page1
	shirtpocket152_page2
	shirtpocket152_page3
	shirtpocket152_page4
	sinclairslimline0963rc_circuit
	sinclairslimline0963rc_page1
	sinclairslimline0963rc_page2
	tr2reflex0272_page1
	tr2reflex0272_page2
	tr2reflex0272_page3

