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High Input impedance, greater than 1 M O

This simple amplifier is used by the author as a
piece of test equipment for audio signal tracing and
for testing newly constructed projects such as
receivers, tuners, tone generators and signal
generators. However, there are other possible
applications for it, such as a low volume guitar
practice amplifier. A general purpose unit of this
nature can prove to be extremely useful and ver-
satrle.

The circuit is basically a direct coupled Class B
design and it has the unusual feature of employing
a Jugfet input transistor. The latter enables the
amplifier to have a high input impedance, a
valuable feature when it is used for signal tracing
and experimental work.

I N P U T  I M P E D A N C E
The input impedance is a little over lM o at the

full volume control setting, the impedance in-
creasing to a maximum of some 2M o at lower set-
tings. It requires an input level of about 30mV
r.m.s. for full output. The amplifier has its own
speaker, this being a miniature type with a
diameter of less than 2|in. and having any im-
pedance between 40 o and 80 o. Output power
varies with the speaker impedance, being about
200mW with a 40 o speaker and 100mW when an
80 o speaker is used. The unweighted noise figure is
better than -60dB with the volume control at max-
imum and the input left open-circuit. Distortion
level is only a few percent provided the circuit is
not overdriven, and the performance is perfectly
adequate for a low cost audio amplifier intended
for testbench use.

The basic stage line-up is il lustrated in the
simplified diagram of Fig. 1. For the time being, it
will prove of help if we ignore the fact that TR1 is a
Jugfet device and assume instead that it is a nor-
mal p.n.p. bipolar silicon transistor with its emitter
connecting to C4 and R6, its base to the slider of R1
and its collector to the base of TR2. Thus. TR1
feeds the common emitter amplifier, TR2, which in
turn feeds the complementary emitter follower out-
put stage incorporating TR3 and TR4.

The emitter of TRl is connected to the output of
the amplifier via R6 rather than to the positive
supply rail. Due to the phase inversion provided by
TR2 there is, in consequence, 100 per cent negative
feedback under d.c. conditions. For maximum out-
put power before clipping on positive and negative

{ ; 0

audio half-cycles occurs it is necessarv for the out-
put emitters to be at half the supply voltage under
no-signal conditions, The outpui imitters ian then
swing by equal voltages in both positive and
negative directions befoie clipping occurs. Since, at
d.c., there is unity voltage iriiir fr-om the emittei of
TB1 to t_he arirplifiei "output, th; il:;i;;;i
voltage at the output emitters can be set to the half-
s,upply voltage by. the simlle pro.ce.ss of adjusting
the pre-set potentiomete-r Rl, an_d_thereby varying
the bias voltage on the base of TRl.

If, as has been assumed up to now, TRl were a
bipolar p.n.p. transistor, its-base would be about
0.65 volt negative of its emitter and it would not in
qractice be necessary to use the pre-set poten-
tiometer. This is because all the bipo-lar traniistors
likely to be used in the TRl positi6n would exhibit
the same 0.65 volt drop bet*een the base and the
emitter. R1 could then be replaced bv two fixed
resistors of suitable values, with the knowledge that
the same no-signal voltages. would appear-in all
ampllllers macle uD to the clrcult.

But - and we can now end the assumption that
TRl is a p.n.p. transistor - this transistor is ac-
lually a Jugfet device. The bias requirements for a
Jugfe! are quite different from those for a bipolar
transistor, and under normal working condilions

Fig. |. Simpllfled diagram lllustntlng thc tt.g.
linc-up of the amplfflor
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LOW COST

DESIGN

the Jugfet base is reverse biased with effect to its

$il;:Wtth ; pl"ti""n"t Jugfet,.such as.is used in

;h;;;.;";;-itih"t, the gati will be positive of its

;;t:'; Fi;tt;.i- ot",' the Sias volta ge lequi red can
varv between one Jugfet a-nd another,ol.the same
;;# ;ilb;t, trt" t"figl of variation being of the
oriler of 0.5 to 3 volts.

This variation in Jugfet bias voltagl makes it

.";;;;* i;L*plov ihE pre-set potenliometer R1

iir"-i."J,ir iri. t*; ii*.d ieiittott wtrictr would be all
;ffi*";;;;;a';e;i[ a bipolar transistor in the
TRi ;;;iti,;tt' no*"u.t, the onlv complication in-

;;.i'"#Ji;;h"; R1 il;io be sefup foi halrsupplv
;;T;c; ;; in" o"ip"f 

"-ittett 
aftir the amplifi er

has blen constructed'

*

IDEAL FOR BEGINNERS

Whilst there is 100 per cent feedback -under d'c'
conditions, the feedback situation - alters con-
.l,i"t"Uiv-"t audio frequenci^es since C4 exhibits a
io* 

- 
it"i"a"nce at tliese frequencies'- The a'f'

""it"e;-i"i" 
then becomes appioximately equal to

the v;lue of R6 divided bv that of R5.-"'-F'it"ttv, 
ihe two capaci[ors C2 and C6 provide

d.c. blocking at the input and output respcctrvely'

PRACTICAL CIRCUIT
The full circuit of the Testbench Amplifier is

eiue;- i" Fie. z. ttris is much the sam-e as the
Sit"ptin"a fhcuit of Fig. 1, although a few more
i"t"'p""""ti are includid to meef practical re-
quirements.

2N3820
L3i9 Lcod-outs

0  g s

Fig .2 .Compte tawofk ingc i rcu i to f the tes tbenchampl i f ia r .Thef .e ' t . in theTRIpos i t iona | lowsthe
aiptirier. n"Jl {,i*o';;r;:;i;;;';;' 

X;ln:ii;,!i:::,'J;:Z'' 
very tittte toadins on anv audio cir'

AI 'RI I ,  1979

o Bcroo Bclogc
BCl78

Laod-out3

471



A closa*up viqil oI trf,,
Vomboard ponet Vaqins
an anplayd rf tte porn{r
wherc c*amel egrrrnccliions

arc mdc to k

Volume control VRl has been introduced at the
i1put, t^oqelher. with X,2 to reduce the shunting
effect of Rl. Since TRl has an input impedancE
vastly greater than lM o at low freq'uenciei the in-
put impedance is determined bv thd values of VR1
and R2. It is necessary for a teslbench amplifier to
I?1" e high input impedance in order that'it places
Irttle loading on any equipment to which it is con-
nectecl.

As already-mentione_C, the voltage gain is equal
to R6 divided by R5. With the va-iue"s chosen'for
these two resistors the gain calculates at ap-
proximately 100 times.

The outpnt and input of the amplifier are in
phase, and since the input is at high impedance ani

there is, a ̂ relatively high level of gain, any stray
teedback trom output to input could cause in_
stabilitv.
. The iisk of instability is removed in the practical

circuit by the.use. of screened wire in the inpui
volume control wiring, and the provision of 

'CB
between the gate or fRt and chalssis. e5 ieduc"*
the input.impedance at high frequencies, where
stray teedback.capacitances could otherwise cause
posslDle lnstabl l l ty.

R4 is the drain load for TRI and. as TR2 re-
quires about 0.65 volt between its base and emitter.
it sets the operating current for TRl. With R4 at
680 o the current is approximatelv lmA. most of
which flows in the resistor.

1
2

Resistors

(A-ll fixed values { watt 5% unless otherwise stated)
R l  10k  n  p re-se t  po ten t iometer ,  0 .1  wat t ,
hor izontal

R2 10k rr
R3 2.2M o r0%
R4 6800
R 5  1 0 o
R 6  1 k o
R7 150 o
R8 lk r t
R9 2.2 o
R10 2.2 c)
VRl 2M tt or 2.2M 0 potentiometer, log.

Capacitors

Cl 100;zF electrolytic, 10V Wkg.
C2 0.022tF tvpe C280
C3 330pF ceramic plAte
C4 220yF electrolytic, 10V Wke.
C5 100pF electrolvtic, t0V Wk;.
C6 220yF electrolytic, 10V WkE.

Semiconductors
TR1 2N3820
TR2 BC1OgC
TR3 BC1O9
TR4 BC178
Dl 1N4001
D2 1N4001

Switch
S1 s.p.s.t. rotary

Socket
SK1 3.5mm. jack socket (see text)

Speaker
LSl 40-80 a miniature speaker (see text)

Miscellaneous
Metal instrument case (see text)
4 rubber feet
2 control knobs
Veroboard, 0.1in. matrix
9-volt battery (see text)
Batterv connecior
Screened cable
Speaker fret or fabric
Veropins (for 0.lin. board)
Nuts, bolts, wire, etc.

ITAI)I() ANI) F]LI.]CTRONIOS CONSTRUCTOR



The two silicon diodes Dl and D2 produce a
standing bias across the bases of the output tran-
sistors i'hich, under quiescent conditions, allows
the transistors to pass d small emitter current. This
prevents crossover distortion. It should be noted
that the diodes should be rectifier types and not
small signal diodes as the latter could drop too high
a voltage and cause an excessive quiescent output
current. R9 and R10 help to prevent thermal
runaway in TR3 and TR4.

The collector load resistance for TR2 consists
of R7 and R8 in series. The output signal is fed to
the iunction of these resistors via C5. This
bootitrapping technique allows the output stage. to
have the maximum possible output voltage swing
on positive half-cycles.

31 is the on-off switch and Cl is the only supply
decoupling component which is required in the
amplifier. Quiescent current consumption is about
7mA, but this can rise to some 50mA at high
volume levels with a 40 o' speaker. The rise in
current at high output levels reduces with in-
creasing speaker impedances.

TR2 is specified as a high gain BC109C, whilst
TR3 is specified simply as a BC109. Where gain-
selected transistors are available, TR3 may be a
BC109A, BC109B or BC109C. 51 is called up as an
s.p.s.t. rotary switch. A d.p.s.t. switch with one pole
unused could alternativelv be used.

CONSTRUCTION
The small components are assembled on a piece

of 0.lin. matrix Veroboard having 15 copper slrips
by 33 holes. The ten breaks in the stripd are firlt
niade, using a Vero spot face cutting tool or a small
twist drill held in the hand, after which the two
mounting holes are drilled out 68A clear. The com-
ponents are then soldered in position. Veropins-suitable 

for 0.lin. Veroboard are'fitted at the points
where connections are made to the input screened
wire, the speaker, 51 and the negative battery lead.
These external connections are made later.

It is necessarv to fit the amplifier in a metal case
so that its circuitrv is screened from sources of elec-
trical interferenc6 such as mains cables, and the

prototype is housed in a metal instrument case tyDe
C2 which is available from Harrison Brothers, F.O.
Box 55, Westcliff.on-Sea, Essex, SS0 7LQ. This has
approximate dimensions of 5 by 6 by 2|in.

The speaker is mounted on the left hand side of
the front panel and requires a circular cut-out
about 45mm. in diameter. A piece of speaker fret or
cloth is then glued in plac6 behind'this cut-out.
Most miniature speakers have no provision for nut
and bolt po-urlting and so the sp6aker is glued in
place behind the fret or cloth. Great care "must 

be
taken to ensure that no adhesive gets on to the
speaker diaphragm or its surround.-

51 and VRl are mounted side by side to the right
of the speaker, with 51 being closer to the speaker.
These require standard 10mm. diameter mounting
holes. In the prototype, input socket SKl is
mounted on the rear panel of the case. There is am-
ple space for it on the front panel, however, and it
can alternativelv be mounted here if Dreferred.
SKl must be a 

-3.5mm. 
jack socket of bpen con-

struction (i.e. not one with an insulated body) since
its mounting bush and nut provide the chassis con-
nection to the amplifier negative rail by way of the
rnput screenect wrre brarclrng.

The component board is mounted on the base of
the case with the mounting holes at the volume con-
trol end. It is secured by two 68A bolts and nuts,
with spacing washers over the bolts to keep the
board underside well clear of the metal case.

The point-to-point wiring to the remaining com-
ponents is then completed, and this is also il-
lustrated in Fig. 3. As already stated, the wiring
from the board to VR1, and from VRl to the input
socket, employes screened cable to prevent possible
stray capacitive couplings from the output.

There.is plenty of space for tlle battery to the
rear of the compon-ent board. A PP3 batiery will
offer quite a long life if the amplifier is used inter-
mittently, bqt fq_t -extended uie a larger battery,
such as a PP6, will be more economical. The auth6i
used Boetik "Blue Tack" to prevent the batterv
moving around but a probably better alternativ-e
would consist of securing it in place with a simple
home-made aluminium bracket.

*;d1#1 $#-im.,i,
t*: tfuttt*". i;

W:?!li|

iLii;).,:
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Fig.3.Thewiringupoftheamplff ier isrenderedreasonablysimptebytheuseofaVeroboardpanel.
Layout on tn" iiiJ iia tA. conn*tions to exteriat components are shown here'

The input socket is mountad on tha rear panel

inThe'prototvpe amplffier' lt can aft*natively
be mounted on the frcnt panel, if d*irad

ADJUSTMENT
After the amplifier has been completed and its

*iti"e .#.f"a,-nt should be adjusted so.that its
riia"fi. ioushlv central on its track. A -multimeter
;itJh;d io? iuitable voltage range th.en has its
;;;;tl;; i".i .tip connected to chassis and its
ii"Eiti"" t.-.t .tip 16 ttte output transistor emitters' A
5rit"Ut" t!.t poli"t is at th6 lead of R9 which passes
into hole HZt. Take care that the testmeter.cltp
ioes ;;t touch adjacent wires or metal transistor
.".".. S*it.tton with a battery connected.and then
ilirii Vni u.ttil th. meter gives a read-ing of 4'5
uoits. The testmeter clips are removed and the
amplifier is ready for use.-"il;;;;t-of 

tnir high input impedance of the

"*Jin"t. 
.creened wlre must be dsed to-couple it

fJ li" 
"qulpment 

from which input signals are be-
i"e ;"t il th" wire is connected to the. input jack

;iilil;h that its braiding is common w'ith the plug-
i"""t.l.a thereby coupl6s to the metal housing of
the amptitier. 

- t
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ILLUMINATED

Several circuits which reproduce
the action of a dice in giving ran-
domly chosen numbers from 1 to 6
at the touch of a switch or button
have appeared in these pages,
readout being by means of six
l.e.d.'s numbered 1 to 6 or bv a 7-
segment display. A project i'iving
readout bv six l.e.d.'s was con-
tributed by the author under the ti-
t l e  "E lec t ron i c  D i ce " ,  and  i t
appeared in the issue for February
1978.

It has since occurred to the writer
that a striking method of presenting
the numbers t to 6 would consist of
having l.e.d.'s light up to form the
patterns given by the dots on an ac-
tual dice itself, and the present arti-
cle describes a suitable circuit for
achieving this end. The appropriate
l.e.d.'s are i l luminated by operating
a switch, and the result is a sur-
prisingly attractive and arresting
form of display. It is possible that
the appeal ofthe project rests in the
fact that the l.e.d.'s produce a
pattern which is familiar from the
days of  ch i ldhood and which
the re fo re  i ncu rs  a  deg ree  o f
nostalgia. Added to that is the fact
that the numbers displayed are
completely random; this particular
dice can in no way be loaded!

DOT PATTERN
Before looking into circuit details

it is first of all desirable to analvse
the different dot displays which ire
needed to present the numbers 1 to
6 in the dice pattern. These are
shown in Fig. 1, where the number 1
is represented by a single central
dot, the number 2 by two dots on a
diagonal slope and so on.

The dice numbers can all be
produced by the appropriate selec-
tion of one or more of seven l.e.d.'s
laid out in the manner shown in Fig.
2. These are lettered A to G, and the
accompanying Table shows which

A I ' l t l t ,  1979
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Fis. I Dot pattems, rcprcaentcd by illuminated l.c.d.'s. for dicc
numbers from I to 6
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Fig. 2. Seven l.e.d.'s are re-
quirad, and thase are shown

here lettered A to G

Number I Lit Le.d.'s

I

2

D

AG

3 I A D G

4 I ACEG

5 I ACDEG

ABCEFGI



l.e.d.'s are lit up for each number. It
then becomes necessarv for an elec-
tronic coder to select the l.e.d.'s cor-
responding to each number.

NUMBER GENERATOR
The first requirement of the elec-

tronics in the dice is to produce the
numbers I to 6 in random fashion at
the operation of a switch, and a
suitable number generator for this
purpose is that used in the earlier
"Electronic Dice" article, which is
reproduced in basic form in Fic. 3.
Tliis incorporatei a CMOS prJset-
table divide-by-n counter tvoe
4018, a quad 2-input NAND [a1e
type 4011 and a quad 2-input NOR
gate type 4001. Onlv three of the
gates in the 4011 and the 4001 are
used,in the circuit.

The 4018 i-q preset to divide by 6,
this being achieved by returning its
not-Q3 output at pin 6 to its data in-
put at pin 1. Regularly spaced
positive-going pulses are fed to the
clock input at pin 14, advancingthe
counter bv one step at each positive
edse. Thd not-Ql,;not-Q3 ahd not-
Q5 outputs are gated by the 4011
and the 4001 to produce successive
outputs from 1 to 6. Until they are
actuated, all the outputs of the 4011
are high (i.e. close to the positive
rail) and all the outputs of the 4fi)1
are low (i.e. close to the negative
rail).

At the first positive pulse in a 6-
number cycle, jrin 3 of the 4011 goes
low. The next positive pulse returns
it to the high state and causes pin 10
of the 4001 to go high. The following
pulses successively cause pin 4 of
the 4011 to go low, pin 3 of the 4001
to go high, pin l0 of the 4011 to go
low and pin 4 ofthe 4001 to so hish.
The nexi, positive pulse takds pii 3
of the 4011 low again and the se-
quence repeats.

When the push-to-break button in
series with the clock input is press-
ed the flow of positive pulses'to the
476

Fig. 3. Numb.r gencrator drctft. This giv* successiyo outputs
f r c m l t o 6

Another "one-off ' situation is
given with the number 6, this being
the only number which requires
l.e.d. B and l.e.d. F. These can be
fed by a common emitter n.p.n.
transistor coupled to pin 4 of the
4001. This pin goes high only at
number 6. See Fig. 5(a).

Only two Le.d.'s are now left,
Le.d. C and l.e.d. E, and these light
up at 4, 5 and 6. Numbers 4 and 6
can be catered for by coupling a
common emitter n.p.n. transistor to
pins 3 and 4 of the 4001, series
diodes being added to prevent
short-circuits between outputs. At
number 5, the n.p.n. transistor is
non-conductive and the two l.e.d.'s
are dr iven by a p.n.p.  emi t ter
follower coupled to pin 10 of the
401 l. The diode in series with the
base of the p.n.p. transistor ensures
that its maximum base-emitter
reverse voltage rating is not exceed-
ed when the base is high and the
emitter is low. The arrangement is
shown in Fie. 5(b).

The circuits of Figs. 4(a) to 5(b)
provide all the coding that is re-
quired to drive the seven dice
l.e.d.'s. It wil l be noted that the out-
put at pin 10 of the 4001 is not used,
whereupon the gate connecting to
pins 8, 9 and 10 of this i.c. can be
excluded from the final circuit.

COMPLETE CIRCUIT
The complete circuit of the

illuminated dice project is shown in
Fig. 6. The positive-going pulses for
the clock input of the 4018 are ob-
tained from a standard 555 os-
cillator running at approximately
150H2. The pulses are fed to the
4018 via 31(a) and cease when this
switch is set to position 2. At the
same t ime ,  S1 (b )  app l i es  t he
positive supply to the dice l.e.d.'s.
Thus, when Sl(a) (b) is in the
"Shake" position the l.e.d.'s are ex-
tinguished. Putting the switch to
"Throw" causes the appropriate
l.e.d.'s in the dice display to be l it.
The effect is far more striking than
is given if the l.e.d.'s are left on all
the time to give a flickering display
which changes to a fixed pattern
when the pulse input to the 4018 is
interrupted. There is, also, much
less current drain from the 6 volt
batterv.

The coding circuitry has already
been described in detail, and Fig. 6
gives the component values and
transistor types. TR1 is in the cir-
cuit of Fig. 4(a), and TR3 in that of
Fie. a(b). Fig. 5(a) is given by TR2
and its immediate components,
whilst the two transistors of Fig.
5(b) appear as TR4 and TRS.

L.E.D.H is not part of the dice
pattern, and is included to act as a
reminder that the unit is switched
on. It extinguishes when 51(a) (b) is
put to "Throw" and the other
l.e.d.'s are i l luminated, and also of
course when the circuit is switched
off at 52. L.E.D.H should have a

AN I ) I.]LICCTRONICS CONS'I'R I.IC'IOR

4018 ceases, and the circuit rests in
the state it held at the instant of
breaking the push-button contacts.
In "Electronic Dice" the 4011 and
4001 outputs then lit one of six
l.e.d.'s by way of emittpr followers
or  common emit ter  t ransis tor
amplifiers. The dice was "thrown",
in consequence, by pressing the
push-button.

T h e  m a n n e r  i n  w h i c h  t h e
numbers 1 to 6 are extracted from
the not-Ql, not-Q3 and not-Qb out-
puts of the 4018 is rather complex,
and interested readers will find an
explanation in the "Electronic
Dice" article together with an
earlier article in the Suggested Cir-
c u i t  s e r i e s ,  " C D 4 0 1 8  T r u t h
Tables". The latter was published
in the June 1977 issue of Radio &
Electronics Corwtructor.

OUTPUT CODING
For the present application it is

necessary to code the outputs of the
4011 and 4001 in order that the
l.e.d.'s be illuminated, and this can
be carried out with the aid of dis-
crete transistors. If we return to the
Table we see that l.e.d. A and l.e,d.
G are lit for all numbers except 1. It
follows that the simplest method of
driving these two l.e.d.'s is to have
them normally lit and inhibited in the
presence of a 1 output. The ap-
propriate circuit is shown in Fig.
4(a). Here, the common emitter
n.p.n. transistor is conductive for all
the numbers except 1, when pin 3 of
the 4011 goes low.

The Table also tells us that l.e.d.
D lights up for 1, 3 and 5. A suitable
c i rcu i t  for  l ight ing th is  l .e .d.
appears in Fig. 4(b), in which the
t rans i s to r  i s  a  p .n .p .  em i t t e r
follower. The l.e.d.- lighis up when
either pin 3, pin 4 or pin 10 of the
401t goes low. The three diodes pre-
vent short-circuits between anv-low
output and the remaining higli out-
puts.
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Fig.4(d. Coding circuit for driving l.e.d.'s A and G. (U.

( b )

The circuit raquired for l.e.d. D

different colour from the other
Le.d.'s. L.E.D.A to I.e.d.G could,
for instance, all be green whilst
l.e.d. H is red. The l.e.d.'s are nor-
ma l  sma l l  t ypes  w i th  pane l -
mounting bushes.

A suitable front panel layout is
shown in Fig. 7, the dimensions be-
ing approximately 4|in. high by 4in.
wide. Sl(a) (b) and 52 are small
slide switches and l.e.d. A to l.e.d. G
are laid out in the same manner as
in Fig. 2. When the unit is switched
on with Sl(a) (b) at the "Shake"
posi t ion,  only  l .e .d.  H becomes
alight. The dice number is shown
when Sl(a) (b) is set to "Throw".
For the next number it is returned

to  "Shake"  and  then  pu t  t o
"Throw" again.

Current consumption is around
1OmA with S1(a) (b) in the "shake"
position. In the "Throw" position
the current drain depends-mainlv
upon the number of 

-l.e.d.'s 
which

are lit, each l.e.d. drawing about
15mA. When the number 6 is dis-
played the l.e.d. current rises to
some 90mA. The 6 volt suoolv
could consist of two No. 800 clvcli
lamp batteries in series or four SP2
cells. Battery consumption can be
reduced by increasing the values of
the 270O current limiting resistors
in series with the l.e.d.'s, but the
author feels that the most im-

pressive effect is given when the
l.e.d.'s are lit really brightly.

As a final point, the circuit can be
slowed down for testing purposes by
connecting a 22pF electrolytic
capacitor across C2. The 555 then
completes a cyc le in  about  3
seconds. If the positive rail is tem-
porarily connected to the l.e.d.
anodes, thus bypassing S1(b), the
l.e.d.'s go slowly through the dice
numbers from I to 6 and then start
again when S1(a) is in position l. If,
with the circuit in this condition,
Sl(a) is taken to position 2 the 4018
will probably hop through several
numbers. This is merelv the result
of contact bounce in Si(a) and is

4001
pin 3

4001
prn 4

Fig. 5(a). A simpla circuit is adequcte for l,e,d.'s I and F. (b). A more complex arrangement is nccdcd for
C a n d E
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not a fault condition. Immediately
after switch-on the circuit goes
through two nt'rn-standard steps

before starting the I to 6 cycle. This
is due to the 4018 outputs settl ing
into their f inal repetit ive states and

LED
H

LED
G

the effect, which is only noticeable
when the circuit has been slowed
down, can be ignored. I

Fig. 7. The itfuminctcd dicc
may bc housd in t xmall
cate hring tha *olnt p.nd

lawut shawn htc

FINGER TROUBLE
l te : rders wi l l  have been myst i f ied bv the fac l  that

l ; r s t  r non lh ' s  "Sugge ' s ted  C i r cu i t "  had  the  m is -
lorr l ing t i t le  " l . ] lect ronic  'Hangman'  " .  The correct
t i t lc  s l rould have been "The Finger  Pinger" .  We

rnuch regret the error and can only plead the extra
work involved in br inging our  publ icat ion date
firrwtrd after the delaved Februarv issue.

UNDERSTAND DATA
PROCESSING

DATA PROCESSING,  by  O l i ve r  &  Chapman,  i s  now in
i ts  Th i rd  Ed i t ion  -  f i r s t  pub l i shed 1972.

2OO pages sf" x 6f," PRfCE f2.75
P.&P.35p

PUBLISHED BY D.  P .  PUBLICATIONS

The pr imary  a im o f  th is  ou ts tand ing  manua ' l  i s  to  p rov ide  a  s imp l i f ied  approach to

the  unders tand ing  o f  da ta  p rocess ing  -  (p rev ious  knowledge o f  the  sub jec t  i s  no t

n e c e s s a  r y ) .

The 40  chapters  and append ices  cover  the  fo l low ing  top ics :  In t roduc t ion  to

Data  Process ing ;  Organ isa t ion  and Methods ;  Convent iona l  Methods ;  In t roduc t ion
to  EDP and Computers ;  Hardware ;  Computer  F i les ;  Data  Co l lec t ion  and Cont ro l ;
Programming and Sof tware ;  F lowchar ts  and Dec is ion  Tab les ;  Sys tems Ana lys is ;
App l ica t ions ;  Management  o f  EDP,  e tc .

Avai lable f rom: DATA PUBLICATIONS LTD.,
57 MAIDA VALE,  LONDON W9 1SN.
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NEWS AND
A HELPING HAND

One of the pleasing aspects of our hobby is the
number of enthusiasts who are prepared to spend
their spare time in helping others. In some cases it
is a case of helping the community by using a
knowledge of electronics in organisations such as
the Radio Amateur Emergency Network, or, in

HAND-HELD SOMHz
FREOUENCY COUNTER

Continental Specialties Corporation announce
the introduction of a low-cost, hand-held frequency
counter with a guaranteed operational frequency
range of 100H2 to 50MHz.

Known as the Mini-Max, this 6-digit battery-
powered instrument has a crystal controlled time
base accurate to 3ppm, with iutomatic compensa-
tion for changes in battery power. It is capable of
accurately measuring the frequency of sigaals with
peak amplitudes as low as 30mV, and is fully
protected against input transients up to 100V.

The Mini-Max incorporates a 6-digrt LED dis-
play with magnified 0.1in. characters. Decimal
points for KHz and MHz are automatically in-
serted when the instrument is switched on, and all
zeros to the left of the first non-zero character are
blanked. Other features include auto-ranging and
auto-polarity, and no switching is required to cater
for changes in input frequency.

Operational characteristics include a resolution
of 100H2 throughout its frequency range, input im-
pedance greater than 1 megohm, peak input of
100V. and maximum sensitivitv of 30mV. The dis-
play is updated six times per iecond.

Priced at t54.00, the Mini-Max is suppl ied com-
plete with antenna and input lead.

helpine others with a common interest in elec-
troiric; in such organisations as The British
Amateur Electronics Club (B.A.E.C.). From time
to time we will give some information and
background on the activities of societies like the
foregoing. This month we give some information on
the B,A.E.C.

The B.A.E.C. started out as a local amateur club
in Penarth, Glamorgan. In 1966 the members
decided to open their membership to anyone in-
terested in electronics irrespective of where they
lived. It was appreciated that many electronic
enthusiasts do not have the opportunity ofenjoying
the help and companionship that membership of a
club can bring. By means of a regularly published
Newsletter (40 large pages in the last issue) con-
taining not only technical articles but also topics of
interest, correspondence columns, news, requests
for technical help, arrangements for exchanges and
borrowing of equipment etc., a club atmosphere is
created. At the same time help is readily available
for members living near each other to form
themselves into groups where they can meet per-
sonallv.

The main base of the club is still in Penarth
where once a year the club organises a very
successful exhibition of projects built by members,
both as joint activities and as individual exhibits.
Each year from the proceeds a substantial sum is
donated to Cancer Research.

We congratulate all who work so hard and un-
selfishly for B.A.E.C., and we wish it growing
success in the future. Any reader wishing to know
more about it should write to the Honorary
Secretary, J. G. Margetts,42 Old Vicarage Green,
Kevnsham. Bristol.

,TELEVISION & RADIO 1979'
Technical innovation is highlighted in the new

e d i t i o n  o f  t h e  I n d e p e n d e n t  B r o a d c a s t i n g
Authority's handbook, 'Television & Radio 1979'.

A key section of the book, 'Better Viewing and
Listening' outlines the pace-setting work of. IBA
engineers. Amongst their achievements described
in 'Progress in Engineering' have been the develop-
ment of ORACLE - the IBA's teletext service, the
portable communication satellite groundstations
and the progress in developing digital studio equip-
ment.

The first full year of operation of the advanced
Regional Operations Centre at Croydon, from
which an engineer can supervise by remote control
the  te lev is ion  t ransmi t te rs  serv ing  a lmost
20,000,000 people from the Wash to Dorset, was
marked during 1978. The success of this centre
foreshadows three more centres to be built in the
f'uture which will significantly improve the efficien-
cy and reliability of the IBA's transmitter network
throughout the rest of the country.'Television & Radio 1979', is a comprehensive
guide to the workings of Independent Television
and Independent l.ocal Radio and has 224 pages,
9in. by 7fin., with over 300 illustrations, many of
them in colour. It is published by the IBA, price
c2.50 from newsagents and booksellers.
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COMMENT
PORTABLE FIELD SERVICE KITS FOR

A portable field service kit which can prevent
electiostatic charge from damaging sensitive elec-
tronic components during service operations is
now available from 3M U;ited Kingdom Limited.
Its handy size and contents have been designed for
use bv service engineers.

This is the "Velostat" 8005 Field Service Groun-
dine Kit. which provides an effective method of
draining' electroslatic charge from the service
engineer to ground before i t  can destroy
sop-histicated components, such as MOS, bi-polar
devices and micro-processors.

Research has shown that thousands of volts of
electrostatic charge can be generated and stored in
a technician's body by simp-ly walking across floors
and sliding on and off stools. When a technician or

STATIC ELIMINATION

The new 'yelostat" 8OO5 Ficld Sclicc
Grounding Kit

venient storage pockets and can be rol led or folded
to f i t  neatly in tool cases.

engineer handlesa printed circuit.board, the elec-E r r l i r r r L w r  u q r r s . v u  q  
l / ^

trd'static charge flows from him through the cir-
cuitry, literally blowing components or da-magingcuitry, literally blowing components oi da-maging^
them to create a more difficult service problem of
intermittent malfunction. For instance, a straight
90-volt electrostatic discharge from a handler can
blow devices.

The "Velostat" Portable Service Kits have been
desimed to give compactness with portability for
servicing personnel. A kit consists of a "Velostat"
Table Top (24 inches square), a conductive wrist
strap and a ground cord. The Table Top has con-

I

EXH IB ITIONS

Exhibitions for the electronics hobbyist seem to
be growing apace. Following the great success of the
gre'adboaid 

' '78 
exhibit ion at fhe Seymour Hall

(attended by more than 10,000 people!) we are
iearning of idditional exhibit ions to be held this
year.

A newcomer, of which we can give some early
news. is to be called 'The Great Brit ish Electronics
Bazaar'. It is to be held at the Alexandra Palace
from 28th to 30th June 1979.

This exhibit idn is being mounted by The Evan
Steadman Communications Group, well-known as
oromoters of exhibit ions for the electronics in-
hustrv. The Electronics Bazaar wil l cater primarily
for the amateur and hobbyist. Exhibitors wil l fall
into the following main citegories - makers of
electronic kits (from radios to electronic organs),
personal computing kits, printed circuits, .bread-
boards, componenf and low-cost test equipment
suppliers.

i ir addition to exhibitor's stands there wil l be
talks and lectures. The well-known technical
author and occasional contributor to our pages,
I)avid Gibson, wil l, for example, be conducting an
important session when he wil l lecture c,n 'How to
choose and use a microprocessor'.

A lexandra Palace is  an ideal  exhib i t ion centre
with its large area, easy access to t.he North Cir-
< ' r r l : r r  Rond : rnd ext t 'ns ive car  pnrk ing lac i l i t ies.

' l ' l rc  wl ro l t '  pro jec l  sounds vt '11"  cxc i l ing and j t ts t
the t l r i r rg l i r r  our  renders.
A l , l i l l ,  t l ) 7 1 1

COMPON ENT BARGAINS
O Home Radio (Components) L!4'' of -234-240

London Road, Mitchani,  Surrey CRa.3HD, are
reorganising their  stocks as thev move them into a
new'warehouse. This gives Home Radio the oppor-
iuni tv to dispose of lsubstant ial  i tems of surplus
stock at barghin Prices.'-'Tii.... 

.peii"t price. are available to callers only
clur ins the perioi l  24th to 3lst  March next and al l
iti. iti.t oifered is new. A call at their premises
Juii"e the above period could be very rewarding'

O In our February issue we gave preliminary
nnti.. of a rather intiiguing offerby Messrs' Brian
J. neea of 161 St.  John's Hi l l ,  Battersea, London
SWrr r fQ. On 22nd March the business wi l l  not
n.r lv celebiate 2l  vears of serving the electronics
*ni ta but also the personal bir thday of the

otll,i"tl'31;er 
who sends a birthdav card with his

orcler' will receive, in addition, a packet of com-
nonents. at  the choice of the proprietor,  to the ap-
proxi tnate value of 20' 'c of  the order '

ffi\\ /,2

"Anrl now for all You Punk rockerc"



F.M. TUI\TING
N\TDICATOR

O Inexpensive design,
suitable for quadrature f.m.

detectors

O Employs two l.e.d.'s and
dispenses with a costly

When tuning in a signal on an f.m. receiver there
is normallv a rlnge of tuning control settings which
allow a r6asona6ly good audio output to be ob-
tained. With weak stations the tuning range may be
limited whilst with strong stations it can be quite
wide. In both instances it ls desirable for the signal
to be tuned to the centre of the i.f. and detector
responses, and considerable distortion at high
modulation levels mav occur if this is not done. It is
fairlv easv to judge the central tuning position with
weali sigials but-.it is more difficult to do so with
strong slgnals and their consequent wide tuning
range.

For this reason it is common for some form of
tunins indicator to be fitted to f.m. tuners and
receivlrs, one of the most frequently employed
types being a centre-zero meter .  Al ternat ive

methods use an indicator I ight or l ights. Tuning
meters tend to be diff icult and relatively expensive
to obtain and they often have awkward mounting
arrangements. The alternative indicators employ-
ing l ights become more attractive therefore so far
as the home-constructor is concerned.

1'he simple tuning indicator described in this ar-
t i c l e  uses  two  l . e .d . ' s  i n  p lace  o l  a  l un ing  me t t r .
When the tuning is correct both l.e.d.'s are switch-
ed off, If the tuning is off centre one of the l.e.d.'s
wil l l ight up to indicate the direction in which the
tuning is in error. AIso, the greater the tuning error,
the brighter the Le.d. wil l l ight up. The indicator is
thus analagous to a conventional centre-zero tuning
meter, anii is used in precisely the same way.
Results are of the same order as those given with
the centre-zero meter.

By John Baker

meter

T,lil unhry lndlastor oon-
$ct d r tt rt lfttlo Ntcd
be.N.g{,d/',ry. Paws ,t
p,d|k:d M tlf f,m. tu,w
w t#ttwt hr tdd6,, ft It

nt.fild "r t , l f  ,
,: "'""tt.,,,.,,.,.
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T H E  C I R C U I T
The indicator is intended for use with a

ouadrature f.m. detector, the voltage output of
*nicn is approximatelv central between the supply
rails whend signal is c6rrectly tuned in, or when no
input signal is present. Adjusting the tuning to one
side of the correct setting causes the detector out-
out to swins positive up to a few hundred millivolts,
ind adjustirig the turiing to the other side of the
correct setting results in the output swlnglng
nesative bv a Jimilar amount. The greater the tun-
ini error. 

-the 
larger is the change in the output

potential. The author's prototype tuning indicator
is fitted to a home-madei.m. reCeiver incorporating
an SN76660N i.c. detector.

What is nrobablv the most obvious configuration
for the tuning indicator is a simple window dis-
criminator tipe of circuit using a couple of
onerational ainplifiers as comparators, as shown in
biock diagram form in Fig. 1. The values of RA, RB

and RC in the potential divider are chosen such
that the voltage-at the junction of RA and RB is
fractionally above the correct detector output
voltage, and the voltage at the junction of RB and
RC is fiactionally below. Whenthe input voltage is
correct, or very nearly so, both comparator outputs
must obviously be high,'and the l-.e.d. indicalors
driven from these outiuts will both be turned off.

If the input tuning- voltage goes too high by a
simificant amount, lhe inverting input of Com-
parator I will become positive of the non-inverting
input and the comparator output will go low, caus-
ini LED1 to light up. The non-inverting input of
Comparator 2 is stil l positive of its inverting input
and LED2 will remain extinguished. Should the in-
out voltage eo simificantlv negative of the correct
ievel it ii tTre iiput poldritiei of Comparator I
which remained' unihanged, with LED1 ex-
tinguishe_d, whilst the non-inverting.input of Com-
paiator 2 goes negative of its inverting input. The

Fig. l. A basic approach for indicating input
voltages which go posiiive or nagativa of the

supply cantre voftage

Resistors
(All fixed values I watt l0%)

Rl  8.2k O
R2 22kOpre-set potentiometer,-0.1 watt,
R3 lkopie-set potentiomet€r, 0.1 watt,
R4 15kO
R5 1.5kO
R6 5.6Mo
R7 180kO
R8 180k O
R9 5.6Mo
R10 1.5kO

Semiconductors
ICI  741 in 8-Pin d. i . l '
lcz 74r in 8-bin d'i. l .
LED1 TIL209 or similar
LED2 TIL209 or similar

MLscellaneous
2 l.e.d. panel mounting bushes
Materials for printed circuit board
Wire. solder, etc.

horizontal
horizontal

I
I
I
&
I
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hDut trcm
R5 dct.cttr

LED2
TtL209

output of Comparator 2 goes low and LED2 lights
up.

, Th" arranFement o^{ Fig. 1 provides the required
basrc actlon but it suffers from the practical disad_
vantage that there are no intermediate levels of ii_
lumination in the l.e.d.'s. Due to the hish open looD
g11n o{ th_e _operational amplifier" on? l.;.d: ;fi
elther be tully on or totally extinzuished.

ln the working circuit of Fig. f this problem is

Fig. 2. Thc comptstc clrc-t it
of th. tuning indicetor,
\cgative fccdback toops
limit the voltage gain of
each op-amp to about gl

timcs

Fig. 3. The tuning indicator is assembted on a
small printed circuit board. This is reprcduced

full size here

/G\ nL2oe
LiJ Lcod-outs

c

overcome by adding discrete negative feedback
loops to each comparator to l imit the voltage eain to
about 31 times. The feedback network for-Idl con-
sists of R6 and R7, and that for IC2 consists of R9
and R8.

R2 enables the circuit to be adjusted to suit the
particular input voltage given by the detector to
whlch the lndlcator is connected. R3 controls the
limits of the central voltage range over u,hich botli
l .e.d.'s are extinguished. The loiwer the resistance
inserted into circuit by R3, the smaller is this cen-
tral voltage range.

ASSEMBLY
. All the components are assembled on a printed

circuit board measuring 64 bv 4bmm.. an'd both
sides of this board are i l lustrat6d actual size in Fin.
3. No mounting holes are provided since the boar:d
will be supported by LEDI and LED2 when these
are fitted into their panel mounting bushes.

The audio output lrom the f.m. detector is nor-
mally taken via a d.c. blockine capacitor. The in-
put for the tuning indicator musi, of course be
taken from the detector side of this capacitor. The
po-sitive and negative supplies for the iirdicator are
taLen tiom the supply rails which feed the detector.

R3 is init ially set to insert minimum resistance
(adjusted fully clockwise) and the f.m. tuner or
receiver is switched on. One or other of the Le.d.'s
should then light up. The tuner is adiusted so that
no station is received and there is only background
noise from its output, whereupon R2 js adiu-"sted to
the setting where both Le.d.'s hre l it at the .same in-
tensity. R3 is then set to insert sufficient resistance
for both l.e.d.'s to extinguish. It mav be found thal
this results in the indJcator beinf a l itt le over-
crit ical, with the slightest tuning er"ror causing one
or other of the l.e.d.'s to l ight up dimlv. The eifect
can be cured by adjusting RS foi a small further in-
crease tn reslstance.

, With.a l2 volt lupply the current consumption of
the indicator  is  about  2mA only when both l .e .d. 's
are turned off, and is approxihatelv Z.bmA with
one l.e.d. at full brightnes-s. Virtuall i anv tuner or
receiver  should be able to supply th is  ;ddi t ional
cur.rent without any diff iculti-ei arising. The unit
wrll also work satisfac-tori ly o! aly other supply
voltage between about 9 anil t8 volis, with propor-
tional changes in the current drawn. r

RAD t (J , \N D t i [ .U(" t 'R0N I ( ]S CONSTR t  rC' t ,OR

$.u.!'fifu.!'firA
pryF

484



FOR DX LISTENERS

By Frank A. Baldwih

Times * GMT Nt*-5*ffi

O COLOMBIA
Radio Colosal, Neiva, on 4945 at 0300, OM with

identification followed by a newscast in Spanish
then into a programme of local pops on records.'fhe schedule is on a 24-hour basis and the power is
2.5kW. This is one of the easiest Colombians to
receive here in the UK.

Radio Guatapuri, Valledupar, on 4815 at 0210,
OM with a sports commentary in Spanish. The
schedule is from 0930 to 0600 and the power is
1kw.

Emisora Nuevo Mundo, Bogota, on 4755 at
0428, OM with a talk about Colombian affairs in
Spanish, many mentions of place-names. The
sihedule is on- a 24-hour basis and the power is
1kW. Sometimes also identifies as "Radio
Caracol".

Radio Rucaramanga, Rucaramanga, on 4846 at
0330, OM with identification then local pops on
records. The schedule is from 1000 to 0400 and the
power is 1kW.

Radio Surcolombiana, Neiva, on 6OlO at 0320,
OM announcer with local pops on records. The
schedule is around the clock'and the power is
2.5kW.

Ecos del Atrato, Quibdo, on 5O2O at 0314, YL
with love songs, 0M announcer with Colombian
place-names. The schedule is from 1100 to 0400
and the power id lkw.

Ondas del Meta, Villavicencio, on 4885 atO245,
OM identification in Spanish, Latin American
type music.

Radio Santa Fe, Bogota, on 4966 at 0250, OM
with announcements, guitar music in a programme
of local-style music.'The schedule is around the
clock and the power is 5kW.

There are, of course, many other Colombians on
the 60 metre band, why not try one of the most dif-
ficult to receive - LaYoz del Caqueta, Florencia,
on 5O35? The schedule is from 1000 to 0500 but
the power is only 0.5kW.

CURRENT SCHEDULES
These schedules are correct at the time of

writing but some are subject to change, both with
respect to times and frequencies, at short notice.

O SOUTH KOREA
"Radio Korea", Seoul, broadcasts in English to

APRI I ,  I979

Europe as follows - from 0530 to 0600 on 987O;
from 1330 to 1400 on 987O and 11966; from 2000
to 2030 (also directed to the Americas) on 755O
and on 11860 and from 2300 to 2330 on 755O and
on 964O.

O TURKEY
"The Voice of Turkey", Ankara, presents

programmes in English for Europe, the Middle
East and North America from 2130 to 2255 on
6185,  7170,9516 and on  11966.

O SPAIN
"Radio Exterior de Espana", Madrid, has

programmes in English to Europb from 2030 to
2tg"o on ?155, 9565 and on 1i84o with alter-
native channels on 6O45, 6lOO and 7276; from
2130 to 2230 on 7165,95O5 and on 1184O with
an alternative channel on 7275.

. ALGIERS
"Radio of the Democratic People's Republic of

Algeria", Algiers, lists a programme in English for
Eulope, North Africa and the Middle East from
1900-to 2000 on 95lO and fl076 but these
channels are subject to short notice variation.

. LIBYA
The External Service from Tripoli is relayed by

the Cyclops station in Malta. Entirely in Arabic,
the transmissions are from 0700 to 0800 on 5960
and on 7135 and from 1800 to 2000 on 596O.

O FINLAND
Transmissions in English for Europe are as

follows - from 0800 to 0930 (Sundays only) on
11755 and on 21496; from 0930 to 1000 on
11755, 16270 and on 2L496; from 1300 to 1330
on 11755, 15105 and on 15265 (extended to
1430 on Sunday); from 1430 to 1500 on 6120,
11755, 15210 and on 1787O; from 1930 to 2000
on 9575. 11756 and on 15265; from 2130 to
2200 on 9575 and on 1527O.

O FINLAND
Helsinki on 1527O at 0932, OM with English

programme to Europe and North Africa, scheduled
from 0930 to 0955. 
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O HUNGARY
- R.adio Rudapest on 15225 atLg22, OM with the
llqlr^an pro_gramme for Europe, scheduled from
1800 to 1830.

O ECUADOR
.IIpJB Quito on 15296 at 2000, OM. with arellgrous ̂programme in English intended for

.rjurope atter 4 pips time-check and identification.
I he programme is scheduled from 1g00 to 2030.

o u.s.A.
WINB-Red Lion on fbfSb at 2086, OM with

:!3tlg" identification and programme i" E;sii;i;
Ior .EiuroDe.

O SOCIETY ISLANDS
. Papeete, Tahiti on lblZO at 0480, OM in Tahi_

giill:_]:.."1-type music, yl,'s wilh' .oii,--iilti"g,
rolvneslan songs.

. COSTA RICA
Emisora Radio Reloj, San Jose, on a measured

4832 at 0141, OM with a love songin Spa"isf,. Tire
schedule is around the clock and the power is 1kW.

O YEMEN
San'a o,n a measured 4g68 at lglb, Arabicmusic with OM announcer. The scn"a"id is fi;0300 to,"0700 (Friday until 1000) and fiom 1100 tozl lb (Saturday unt i l  2080) and the power is100kw.

. SURINAM
SRS, Paramaribo, on 4gbo at 0809, yL with

p9p-song j.n Qutch. The schedule of this one is fiom0815 unt i l  0330 and the power is tO[W.-

O SAO TOME
^lqdio Nacional de Sao Tome on a measured

48O7 at 192_Q, local-style folk -u.i", zuiiu, musicwith songs. The schedrile is from OS-gO"to igOO ana
the power is 10kW.

O USSR
_ R.qdjo Moscow on lblbO at 1248, OM with the
P,t41.\ p,rosramme to_ $;!a f 

'peacJi"a-'Frogress')
scneduled here trom 1230 to 1800.
-_ Radio Moscow on lbl4O at 1gb0, OM with theHa_u^sa programme to Africa, scneauiea fiom lg30
to 1900.
. Radio Moscow'on lb46b at 0b1b, OM and yL

alternate with the English progrr--" i"r-ei.i"i
scheduled from 0400 lhroult t"o ozO-O-o" ihis andmany other channels.
, Archangelsk,on bolb.at O2bL, OM announcer,
tocat musrc an_d songs. This station relavs Moscow
2 from 0200 through to ZZOO.

. CHINA
.Frdto Peking on gg44 at 1b30, yL announcer

wrrn tne Vletnamese_p^rogramme to Vietnam,
scheduled here from 1b60 6 1600-
.  Radio Peking on t f6b0 at lb1b, OM and yL

alternate with the English programme to SouthAsia, scheduled from 1"SOO t6 t6OO.- 
- - -"

. - .Radio Peking on t t69b at t l ib,  yL wirh rhe|t_ln^dl programme to South Asia, scheduled lrom1500 to 1600.
^ R.qdjo Peking on tbo4b ar 16b0, yL with thetlngush programme for East and Sr_ruth A{rica.
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scheduled from 1600 !o !?00. Also at 1A10, OM
),vjl\ the p-r_ogramme in Malay, scheduled'from
1300 to 1400.
^ Re{io Peking on 9920 at 1640, OM with the
swahilt ^progralrlme for East Africa, scheduled
fiom 1630 to 1730.

Radio Peking on 1lt0o at 2040, yL with the
plggramr_ne for Taiwan, scheduled-from 0gB0 to
1500 and from 2000 to 0600 (Sunday until OiOSj.
^-Radio.Peking on a-measured t lgO2 at 2049,
9Y ,*it\ .the 

-English 
p"ogr"m-e-fol Er;;;;,

scrrecluled trom 2030 to 2130.
. Rrdtg Peking or I IBBO at 20b2, yL with songs
ln tne Uomestlc Service I programme, scheduleld
here from 2000 to 173b.

O W. GERMANY
..Deu-tsche Welle on 1627d at 0930, OM with
identification and programme in Enslish to Asia
and Australia, scheduled here from 0930 to 1080.

O VENEZUELA
Radio Maracaibo on 4860 at 0128, local pops on

records rvith OM announcer i" Spanish,-1he
schg_dule being from 0900 to 0400 and ili" po*ei ii
1kw.
^F-rdto_ _Rolivar, Cuidad Bolivar, on 477O at

020^2,.OM with heartrending love song tti"* itev
sufferl); wilh local announcements "in Spr;i;fr
after identification. The schedule is from 1000 to
0300 and the power is lkW.
. Radio Continente,. Caracaq_on 5OBO at 0217,
local-pops on records with CjM announcer. The
schedule is trom 090,Q_t9- 0500 (Sunday until 0400)
lnd,.thg pgyqr is.lOkW. Sometimes "identifies as
fi,aoto Keloj Uontrnente.

_._B"diq Popular, Maracaibo, on 4glO at 0442,
OM with identification, two 

"tti-".-, 
ttln a local_

style mr-rsic.programme. The schedule of ihis one is
trom 0900 (Sunday from 1000) until 0b00 and thepower is 2kW.

Radio Barquisimeto on 4gg0 at 0014. yL with
pop so!g, local-style dance music. The sbhedule is
trorn 1000 to 0400 and the power is 1bkW.
^^$^adio- 9r.Ig, Cumana, on a measured 4gbg at
0338, OM with commercials in Spanish, series oI.
chimes between announcemenis then inio apr.ogramme - of local-style dance music.  The
schg_dule is from 1000 td 0400 and ine power is1kw.
^-Brd:g Lalar.Baraq:risime-to, g-n 4gOO at 082b,
OM with a ballad in Spanish iollowed Uv a planci
solo. The schedule is from 09bg throuet to-O+OO
and the power is 10kW.

Fudlq-Juventud, Rarquisimeto, on 4gOO at
0120, OM with pop.song iir Spanisli, ;i i";6M a;:
noqncements. The schedule is from 1000 to 0400
and the power is 10kW.
^-F:dto- Universo, Rarquisimeto, on 4EgO at
9I(2,-local-pops on records with OM announcer.
Scheduled tiom 1000 to 0400 this one has a power
of 10kW.
^^E_lor^3-"I T-orbes, San Cristobal, on 4ggo at
025O OM with announcements and commercials
in, Spanish, Latin American-sryi; ;;;i". The
schectule rs tiom 1000 to 0400 (Sunday until 2400)
and the power is 10kW.

.Radio Rumbos, Caracas on 4gZO at 02bg, OM
with commercials, loca_l-style mlrsical programme.
l ne scnedule rs around the clock and the power is
10kw.
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AINS TABLE RADIO

Part 1

By
R. A. Penfold

Sensitive Band ll receiver

incorporating two integrated

circuits and featuring negligible

running cosfs

It is approximately one hundred times cheaper
to run a iadio receiver from the mains than it is to
use batteries as the power source. Unless the por-
tability of battery operation is of major importance
a mains powereil receiver is the more economical
choice. A mains set obviously requires some ad-
ditional components for its power supply, and these
incur increaied initial cost. However, this cost will
soon be recovered in the form of saved expenditure
on batteries.

The mains table type of receiver used to be very
popular and, after aLirost completely-disappearing
from the scene, it now appears to be returning,
frequently with the option of battery operation or
with added facilities such as clocks or cassette
recorders.

This 2-part article describes a relatively simple
home-conitructor design for a v.h.f. mains table
radio. In Part 1 we shall examine the circuit design
and the components required and will then com-
mence constiuction. Pait 2, to be published next
AI)RI I ,  I979

month, will complete the constructional informa-
tion. The radio tunes from about 88MHz to a little
over 100MHz. This is slightly less than the full
v.h.f. Band II, but is stil l in excess of the section of
the band which is occupied by broadcast stations in
the U.K. The receiver has a maximum output
power of about 1 watt r.m.s. to an internal 8 o ellip-
tical speaker, and this provides more than ade-
quate volume for normal domestic requirements.
The prototype gives good reception of the three
main B.B.C. v.h.f. broadcasts and a local radio sta-
tion using just a few feet of wire as an aerial. The
set is therefore reasonably sensitive, as the author
lives just outside the area officially served by the
local station. The receiver running costs are negligi-
ble.

It should be noted that, although this design is
quite simple for a v.h.f. set of its quality, it is not
really suitable for a beginner to radio construction
as it is stil l. in some respects, a fairly difficult pro-
iect' 
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Flg. l. Thc f.m. roclvot tt o ,rt ttvely dmplo
superhct dcslgn. Tho varlous stegos arc shown

hcro

BLOCK DIAGRAM
Fig. 1 qhgws the basic arrangement of the

receiver in block diagram form. Asinay be seen, ii
rs a supernet cteslm.
- -Tlq_qgtial sig;al is^ _goup^le{ to a dual gate
MOSFET mixer-type 4087 g.Quite good resultfare
$ven uthout the use of an r.f- amplifier to precede
the mixer and with only a single'tuned ciicuit io
p.Iovide- r.f. selectivity.- A sim-ple but stable os-
cillator incorporating d ZNSZnS f.e.t. is also coupled
to.the mixer, and the 1O.ZMHz i.f. output from'the
mixer is applied to a BCl08 i.f. amplifier.

A ceramic filter is interposed betw6en the output
of the i.f. amplifi-er.stage_ i-nd the input of 

"f*a[;;l.I. amplltler ancl demodulator stage. The ceramic

filter provides most of the circuit's i.f. selectivitv
and it has the advantagg of requiring no align;eni
or otler adjustments. This greatly eises thE atign-
ment or the llnlshecl receiver.

The combined i.f. amplifier and demodulator
stage uses an SN7666ON integrated circuit, which
provides most of the i.f. _gain- (about OOaEl. ttre
demodulator is of the-qu-adiaturb type, and t6is has
a low distortion level bf less *ai iV";;a i. v;r;
easy to adjust.
- A_slqgle i.c. is used in the audio amplifier, and

the Ll\d-380 device employed tiiiu-"i.o'iroviies a
low.distortion level. Th6 output qu"titv of ite
receiver is therefore good, and is mafnly tiiniied bv
the speaker and enclosure used.

MIXER AND I .F .  STAGES
The circuit of the mixer, oscillator, i.f. amplifier.

and demo{ulator stages is'shown in F,is. i:-fil;:
cillator,- TR1, is a Jugfet, employed Tiere in tlie
sourcg follower mode.-C4 and Cb iir series togethei
with I,1 form the oscillator tuned circuit. Tftre i;
leg.s_than unity gain from the gate to the source of
l Kl and so, to maintain oscillation, the transistor
source is connected to the junction of C4 and CS. In
consequence, the source is effectively connecting to
a tap rn the capacitive.side of the turied circuit, ind
the res.ultant step-up in the voltage applied t6 the
gate auows oscillation to take place. Despite its
sigrplicitv, this type of oscillator'is very sta6te-ana
relrable.
-.The_oscillator is tuned by means of the varicap
diode D6, which is coupledio the tuned;itdia;;

o
2N5245

L.od-outr
BCrOS

Leod -outi

Flg. 2. Thc chcuft of thc otclilctor, mhor.
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TC1. The trimmer is adiusted to sive the correct
tuning range. The tuning-control is-VRl, the slider
of which couples to D6 bv wav of R3. The
capacitance_ oi O0 reduces with inireasing tuning
ygllage,-and so the higher the tuning voltage th6
higher the oscillator (and reception) Trequency.

TR2 is used in a conventional dual gate
MOSFET mixer configuration. LB biases the gite 1
and forms the signal tuned circuit in companf with
TC2 and D7. The latter provides the aerGi ttning,

the tuning voltage being obtained from VRI slider
[y way of R4. R7 is the source bias resistor and
C23 is its bypass capacitor. R8 biases the gate 2 to
the same_voltage as that a-t the source, this being
about 0.5 volt positive of the nesative rail. Cd
couples the oscillator signal ro the Tate 2. The os-
cillator signal modulates the aerial s'imal, since the
gain from the gate 1 to the drain is"controlled bv
the gate 2 voltage. This action produces the re-
quired mixing action, and the 10.7MHz i.f. signal is

2 3 4 5 6 7

tnd dcmodulator stages of the raceiver
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Resistors
(All fixed values I watt |Vo)

Rl 4.7k o
R2 5.6k o
R3 120ko
R4 120k o
R5 lko
R6 390n
R 7  l k n
R8 120ko
R9 220 r:
R10 150ko
Rl l  330o
R12 100n
R13 330()
R14 8.2ko
R15 470n
R16 10ko
R17 5.6ko
R18 680ko
R19 470 ()
VRl 100ko potentiometer, linear
VR2 5k n potentiometer, log, with switch
S1(a) (b )

Capacitors
Cl 1OpF electrolytic, 25V Wkg.
C2 0.221tF type C280
C3 0.01pF ceramic disc or ceramic plate
C4 1OpF polystyrene
C5 39pF polystyrene or silvered mica
C6 1OpF polystyrene
C7 0.01pF ceramic disc or ceramic plate
C8 0.0lpF ceramic disc or ceramic plate
C9 0.01pF ceramic disc or ceramic plate
C10 0.033pF ceramic disc or ceramic plate
Cl1 0.01p[' ceramic disc or ceramic plate
Cl2 3.31tF electrolytic, 25V Wkg.
C13 33pF ceramic plate
Cl4 33pF ceramic plate
C15 o.d33pF type C280
C16 0.1pF ceramic disc
C17 100pF electrolytic, 25V Wkg.
C18 68pF ceramic plate
Cl9 10pF electrolytic, 16V Wkg.
C20 2,200ptF electrolytic, 16V Wkg.
C21 1,500rF electrolytic, 25V Wkg.
C22 O.luF tvpe C280
Cn 0.0;047iF ceramic disc or ceramic plate
TCl 5.5 to 60pF foil trimmer
TC2 5.5 to 60pF foil trimmer

Inductors
Ll 4| turn S18 coil type 301KN-0400
L2 sde text
L3 4* turn S18 coil tvpe 301KN-0400
L4 f.in. detector coil iipe KACSKSS6HM
IFT1 f.m. i.f. transformer tvpe KALS4520A
T1 mains transformer, secoridary 12V at b00mA
(see text)

Filters
CF1 ceramic filter type CFSEIO.Z
CF2 ceramic filter type CFSE10.7

Semiconductors
TR1 2N5245
TR2 40673
TR3 BC1O8
IC1 SN76660N
IC2 LM38O
D1-D4 1N4001
D5 BZY88C10V
D6 BA1O2
D7 BA1O2

Loudspeaker
LS1 8o 5 x 3in. (see text)

Switch
51(a)(b) d.p.s.t. toggle, part of VR2

Fuse
FSl 500mA cartridge fuse, 20mm.

Socket
SK1 wander plug socket (see text)

Miscellaneous
Metal case (see text)

^ _P_lain perforated s.r.b.p. board, 0.lin. matrix, S x
3.75in.

Chassis mounting fuseholder, 20mm.
2 control knobs 

-

Speaker fabric
Bolts, wire, solder, etc.

developed across the tuned winding of IFTl. The
lixed C,apacitor in- this tuned circuit is an integral
part- of the transformer. The oscillator frequency
can be either 10.7MHz above the signal frequency
or 10.7MHz below it; in this receivei the os6illator
frequency is below the signal frequency.

TR3 is a straightforward common emitter
amplifier. Its bias and collector load resistors have
v4lues which give good gain at 10.7MHz and which
allow a satisfactory match into the following
ceramic filter. Although the 8C108 employed lbi
TR3 is usually looked upon as an audio trairsistor,
it works well in its present role.

A single ceramic filter could be used between the
BC107 and the SN76660N, but a 2-stage filter
490

gives better selectivity and performance. The
CFSE 10.7 ceramic filters emplbyed in this design
have an input and output impedance of 330o and
so two filters can simplv be cohnected in cascade to
provide the required filter characteristic.

The impedance at the i.c. input is set at the cor-
rect level by R13. C10 and Cll are decoupling
capacitors, and are the only discrete components
required by the i.f. amplifying section-of the
SN76660N. L4 is the quadrature coil required fbr
demodulation, the cafacitor connected 

-across 
it

being integral.with the coil unit as supplied. R4
damps the resultant tuned circuit, giving a better
demodulation characteristic. Cl3 

-and--C14 
are

quadrature feed components.
RAI)IO ANI) T]LECTRONICS CONSTRUCTOR
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The audio output is obtained from pin 8 of the
i.c. and is passed via d.c. blockins capacitor C12 t<r
volume control VR2. C15 providEs d-e-emphasis oI'
the higher frequencies, to cancel the pre-dmphasis
applied to the signal at the transmittei. The overall
effect of pqe-emphasis and de-emphasis is to
produce a flat frequency response with an im-
prqv.eg signal-to-.noise ratio. C15 has a value slight-
ly higher than that needed iust for de-emohalis.
and thereby applies a small a-mount of trebl6 cut to
the .demodulated signal. This is advisable as, due
to !!q response of relatively small speakers, the
audible output of the receiver woufd otheiwise
have an excessive higher frequency content.

AUDIO AND POWER SUPPLY
The circuit of the audio amplifier and power

supply appgqr! in Fig. 3. Tha amplifier'stage
employs an LM380 i.c. and a few exteinal discrete
components. The LM380 can accept input signals
which are ground referenced, and an input is taken
direct from VR2 slider via r.f. stopper RlT.

The LM380 provides -a voltage gain of ap-
proximately 50 times (94d8), this-being set by in
internal fixed negative feedback loop in"the deiice.
As _many readers will be aware, [he gain of an
LM380 can be reduced by means of additional
negative feedback via a disciete feedback circuit. It
is probably less well known that the sain can also
be increased by using a discrete positlve feedback
loop. lt ls necessary to do this here as the a.f. gain
rn the receiver would otherwise be inadequatd.
_ The positive feedback loop is comprised of nt8,
R16 anil C18. C18 reduces the amouirt of feedback
at--very high frequencies, and the circuit will os-
cillate if this capacitor is omitted. The circuit will
also oscillate if the atte-nuation through the positive
feedback loop is less than b0 times ('i.e. the closed
loop, voltage gain of the LM380) since the positive
leedbacl( would then more than cancel but the
neg4tive feedback. With the specified values for
R18 and R16 the voltage giin of the circuii
is boosted to about two oi three times its
normal level, and this provides more than adequate

D2
tN4@l

FSr
5OOmA

240V
moins

.:,
d

i b,s
i ,
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Fig. 3. Tha remaining receiver sfrges. These consist of tha LM38O audio amplifier and the power suppty
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The front panal appeartnce is onhancod by thc
spedker fabric to the left. For ncatness this is
passed for a small distance undet the botton of

the case

output volume and power. The posit ive feedback
has the effect of increasing any inadequacies in the
frequency response of the circuit, whereupon it is
necessary to employ a high value output capacitor,
C20, to obtain a good bass response. The high fre-
quency response of the circuit is very flat, and is
therefore not significantly affected by the positive
feedback. Note that the feedback must be taken
from the negative side of C20 in order to avoid up-
setting the input biasing.

C19 decouples the internal supply rail to the pre"
amplif ier inside the LM380, and this gives greatly
improved supply ripple rejection. The circuit wil l
provide an output power of about 1 watt r.m.s. into
an 8 o speaker and, although the positive {'eedback
causes a slight reduction in the noise and distortion
performance of the amplifier, it is still very good in
both respects. The LM380 is nominally a 2 to 3
watt device, but it needs heatsinking to provide an
output at this level for more than very short
periods, and for the sake of simplicity heatsinking
has been omitted here. The device cannot be
damaged by overdriving it as thermal protection is
incorporated in its inrernal circuitry. It alsc has
output short-circult protection.

The power supply is a straightforward un-
regulated type using full-wave bridge rectification.
In order to provide good oscillator frequency
stabil ity the tuning voltage must be stabil ized, and
this is achieved by the voltage regulator incor-
porating Rl, D5 and C1. These Iast three com-
ponents are in Fig. 2. The mains on-off switch,
S1(a)(b) ,  is  ganged wi th VR2.

COMPONENTS

A few of the components are rather specialised
and are not generally available. These are the two
ceramic fi l ters, IFT1, L1, L3 and the two trimmers,
TCI and TC2. They are all obtainable from Ambit
International. Ll and L3 have ferrite cores which
are removed by the constructor. L2, incidentally, is
a single turn 6f wire which is add6d to LB duiing
assembly of the receiver.

T1 is an R.S. Components 6VA miniature mains
transformer having two 6 volt secondaries rated at
500mA, which are connected in series to give a total
secondary voltage of 12 volts. The speaker is an 8 n
type with nominal dimensions of 5 by 3in. and is
also an R.S. Components item. Its actual dimen-
sions are 5.4 by 2.l5in. and so it fits comfortably
into the case, which has a height of 3in.

Both the transformer and the speaker were ob-
492

tained from Doram Electronics but, as this com-
pany has left the component market, they now
have to be obtained from R.S. Components.
Readers who have access to R.S. Components may
order the parts directly but other readers wil l have
to obtain them through a retailer. They may be ob-
tained (subject to a minimum order value of e2)
from Ace Mailtronix Limited, Tootal Street,
Wakefield, West Yorkshire, WFl 5JR.

The case was a type BC4 obtained I 'rom Harrison
Bros. P.O. Box 55, Westcliff-on-Sea, Essex, SS0
7t ,Q,  and measur ing about  10 by 6*  bv 3 in .  Any
other metal case of similar dimensions wil l be
sat is factory.and,  as may be seen f rom the
photograph of the interior of the receiver, layout is
verv s imple.  The onlv components on the base o l
the housi r " rg are [he mains t ransformer,  the
fuseholder and the plain perlorated component
board.  (The board,  which is  of  0.1 in.  matr ix ,
rneasures 5 by 3.75in,, and this is a standard size in
rvhich it is sold.) It is preferable to use a case of all-
metal construction as this wil l screen the recetver
circuitry and prevent i.f. breakthrough.

The SN76660N i.c. is available lrorn a number ol '
suppliers including Bi-Pak Semiconductors.

CONSTRUCTION
A very simple front panel layout is employed,

w i th  VRI  a t  t he  r i gh t ,  VR2  nex t  t o  i t ,  and  the
:ipeaker mounted at the extreme left. A cut-out to
suit the speaker is required in the panel, this being
about 4 by l j in. ' lhe cut-out can be made with the
aid of a fretsaw. 'I 'he 

speaker can be bolted in place
using countersunk bolts, or it may be glued in posi-
tion by means of a good quality general purpose
adhesive. Great care-must be tafteii to en.i r" ih"t
no glue gets on to the speaker diaphracm or its cor-
rugated surround as its perfbrmance could then be
irnpaired. A piece of speaker material is glued to the
left hand section of the front panel and a neat
appearance is given if i ts lower edge is taken a l itt le
rvay under the case. (It should be mentioned at this
st,age that an optional tone control can also be fitted
to the front panel and that details of this wil l be
given in next month's issue. Readers who wish to fit
this tone control should, in consequence, undertake
no work on the front panel unti l they have read
Part  2 of  th is  ar t ic le . )

Mains transformer T1 and the fuseholder are
mounted on the base of the case to the rear of the
speaker. A hole for the mains lead is made in the
rear panel approximately behind thc transformer,
and this must be fitted with a srommet. The aerial
socket, SK1, is mounted on tl-re other side of the
rear and should be close to coil L2, L3 (the
positioning of which wil l be dealt with in more
cletail next month). The prototype receiver uses a
simple wire aerial and so SKI is an insulated
wander plug socket. However, the receiver can be
used with a more sophisticated aerial, if desired,
this being coupled to the set via coaxial cable. In
this case a surface mounting coaxial socket should
he used, and this wil l automaticallv obtain its
chassis connection by way rrf its mounting bolts and
nuts.

IF'TI and L4 are supplied with their cores fairly
close to their f inal setting. In consequence, these
cores should not be touched or adjusted unti l the
receiver is aligned after it has been completed.

(To be concluded)

ItA I ) I0 A N I ) I.]I,F]C'TRON I(]S ('ONS'TRI.I(] ' I 'OR



A SPECIAL
SE I'ES FEATURING
S-DaCsETTER

No. 6

By lan Sinclair

DETECTOR CIRCUIT
In  .our_ci rcui t ,  TRl  and TR2 form a velv

sensitive detector. TRl is connected a. an e-it1ri
follower which acts as_ a current ,*piif i .. for any
current f lowing in its base circuit. One of tte sen-
slng wlres or plates is connected to this base
through a l50koresistor, and the other is connected
to the,positive. su.pp.l1'..Bridging the wirei o. plui"i
wlth l,he relatrvely high resistance of a finger wil l
tneretore allow a small current to flow into the base
o f  TR l .

Touc h
p lo t?

IR l -TR6 2N697or  2N22t9
or  BFy 50

Dt ,D2 tN9 l4  o r  tN4t4B DEC I

The circuit of the touch-light

APRI t .  l g rT t l

control..Tha lamp lights and extinguishes successively when the touch
plate is touched with a finger

DEC 2

TOUCH-LIGHT
CIRCUIT

To_uch plate circtrit switches
a lamp or energises a relay

In--this circuit a low voltage lamp is switched on
or off yhgtl .u pair of sensirig *ir". oi"ontacts is
roucned. I hls ls the basis of the circuits used for
such purposes as TV touch-tunerr, 

"nd 
th" circuit

g3l l" employed.to control greater' load. by repta-_
rng._the lamp with a relay. The circuit l ia. been
delrberately.d.eqigngd not to be /oo sensitive, as ex-
cesslve. sensitrvity leads to problems such as un_
wanted swrtrching when hairs or insects touch the
sensors or, in some cases, even when currents of
numld arr  reach the contacts.
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2-off S-DeC

Resisfors
(All { watt 5%)

Rl  150krr
R2l2kt t
R3 1.8k 1)
R4 22kt-t
R5 22k o
R6 1.8k Q
R7 150k cl
R8 150ko
R9 22k c)

Capacitors
C1 0.{)0lt/F polvesier or mylar
C2 0.001,rF polyester or rnylar
C3 0.001pF polyester or mylar

Semiconductors
TR1-TR6 2N697 or 2N2219 or BFY50
Dl 1N914 or  1N4148
D2 1N914 or  1N4148
D3 1N4001 (see text)

L a m p
PLI 6V, 60mA, m.e.s.

Miscellaneous

be switched on, and when the collector voltage is
Iow PLl will be switched off. Touching the sensor
wires or plates will cause the circuit to switch over.

To operate high voltage or high power circuits,
the lamp PLI can be replaced by the coil of a relay
and the connections that are needed are shown in
Fig. 2. The relay chosen should be capable of
energising reliably at a coil voltage of around 5
volts to allow for the small voltage dropped across
TR5 and TR6 when these are trirned bir, and the
current available from TR6 for the coil is up to
200mA maximum. There are. of course. a number
of suitable relays available which require coil
currents very much lower than this figure, and such
relays can lre emplr-ryed in lhe circuit. The contacts
and insulation in the relav should be suitable for
the load to be switched. When the circuit controlled
by the relay is at a high voltage, such as the main
supply voltage, it is essential that all precautions
against accidental shock be observed. Also, the 6
volt positive rail should be connected to mains
earth.

It is necessary for a diode to be connected across
the relay coil to prevent the formation of a high
reverse voltage across it when TR5 and TR6 switch
off. When the current through an inductor (and the
coil of a relay is an inductor) is suddenly in-
terrupted a large reverse voltage is induced which
can be many times greater than the previous
voltage across the coil. In the present circuit the
voltage, if allowed to appear, could cause the
breakdown of TRS and TR6. However, the diode
across the relay coil supresses the voltage and
prevents damage to the transistors. The diode does
not conduct during the time that the coil is energis-
eo.

S E N S I N G  A R R A N G E M E N T S
The simplest possible sensing arrangement for

test purposes consists of two bare wires plugged
into [he S-DeC at the appropriate points. Touching
or gripping both of these wires at the same time
shouki caule the circuit to switch over although, if
TRl and TR2 should happen to have very low
current gain figures, it may be necessary to moisten
the finger or fingers. More reliable sensing is ob;
tained if a touch plate is made up, since this will
provide a much greater contact area. The touch
plate can consist of a piece r-rf printed circuit board
bf any desired shape, as shown in Fig. 3. A dividing
line is cut down the centre using a knife, saw-blade
or Abrafile so that the two areas of copper are in-
sulated from each other. The pieces of copper can
then be soldered to the insulated wires of a 2-core
cable which terminates at points 66 and 3l of DeC
1. Remember that the strands of a flexible wire
should be lightly soldered together to produce what
is effectively a single wire before the wire is in-
serted into-an S-DeC connection point. Even if
TR1 and TR2 have rather low gains, the large con-
tact area of the touch plate should provide reliable
switching. Inventive constructors can devise other
types of touch plate having two metal surfaces in-
sulated from each other.

S-DEC CONSTRUCTION
Start by linking the two S-DeCs together, end to

end, to form one long DeC. Now plug in the wire
links, eight in all, and then the components which
also link the DeC's. These are R7, D1, D2 and R8.
Ensure that these components are correct ly

I tAI)I() ANI) ELF]C'I 'RONICS CONSTRUCTOR

6V battery
Lampholder, m.e.s.
Relay (see text)
Materials for touch plate (see text)

A small current f lowing into TR1 base wil l cause
the appearnce of a much greater current at its
emitter - the amount of gain in this stage is the
current gain, hFE, of the transistor. This greater
current flows into the base of TR2, which gives
further current amplification, so that the collector
current of TR2 is very much larger than the input
current at TRl base.

When TR2 is turned off its collector voltage is
high, at or very near the 6 volt supply voltage, but
when TR2 switches on because of the sensing con-
tacts being touched the voltage at the collector
drops. C1 prevents the change of voltage being too
abrupt, so that multiple triggering is avoided.
Without C1, an intermittent contact at the sensing
wires or olates can cause the circuit to switch on
arrd urff repeatedly. The puise that we use for
triggering is the negative-going voltage step at the
collector of TR2 when the sensing wires or plates
are touched, and it is passed via the l ink wire join-
ing point of 20 of DeC 1 to point 16 of DeC 2.

TR3 and TR4 are arranged in the now-familiar
bistable circuit which we saw in the third article in
the Double Deccer series and also in last month's
article. C2 and C3 couple the negative-going trigger
pulses to the steering diodes, D1 and D2. Each time
the sensing wires or plates are touched, therefore,
the bistable wil l switch over, so that the collector of
TR4 will switch alternately between a high voltage
of nearlv 6 volts and a low voltage ofabout 0.2 volt.

The collector of TR4 is coupled through a wire
link and the current limiting resistor R9 to another
pair of transistors, TR5 and TR6. These are con-
nected in tandem and deliver a large output
current for a very small input current. This type of
circuit is not really necessary to operate a low con-
sumption 6 volt bulb, but it has been used so that
the optional relay can be fully driven instead.
When the collector voltage of TR4 is high PLI wil l
494
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positioned before moving. on to the next step. Inpart icular, .  ensure that The t*o-aiol" i "rr .  .onlnected with correct polar i ty.
., l)9* pJ,ufl tn the .capacitors and then the tran_:rs(ors. . r l t  rne translstors arq n.p.n. types and havelhe sam_e lead-out pattern. ptug'ln thirieajs for thelamp PLl,  which ian.be mounted on a panel f i t tedto one of the DeCs. plug in the iemainiiiresistorsand the sensins wires oi'pla6,;;;;;;ih? t;a;;;t;anr l  the circui i  is ready' t"  iest."--- ' - ' "  " '^-

When the relay operi ted version is bui l t  i t  mav

be necessarv to use ,.9:"jl111i!;s pow.er*s,upply ifthe, relay chosen draws a heavy cuirent. The reravcoil connects via two insulatel i;a;';; ;;i"i. ';6and 45.of the DeC 2 sect ion 
"f  

ih; ; ; i t , ' ; i th rheprotective diode connecting to poinii SS anct 4.1.Take care to connect the.di"ode,,ii i ir .orr."t p;laii-tr'..If it is connected with incorreci pnf "*liy. .f nOw"i l l ,  pass. an excessive cu.rent- * [ . r i ' i t " iu.n., , , , .
r \ raKe qutte certain that al l  the safetv precaut ior)s
rererred to earlrer rn this art ic le are obs-erved i l . therelav is used to switch high ;r  -" i " . ' r : " f i "ges. I

D3
rN400l c/--\b

r ' I

vc

To TR6
co l  l cc to r

Pfint€d circuit
boord

2N697  2N22 t9

L cod -outs

Fiq 2. The circuit can aher-
ttatively control a relav, the
coil of which is connecited in
J>lace of the lamp. A protec_
ttve rliode is wired across

the coil

Fig 3. One way of making
ult the touch plate. A cut is
matfe in the copper of a
trrinted circuit board. giving
two adjacent copper areas
which can be bridqed by a

finger

Fiq 4.  Al l  the t ransistor
tytrtes specified hava the
learl,out layout shown hare.
The lead-outs are pointing

lowards the readet

New Products
5 NEW MODULES FROM
. .  ,RI-PAK Serniconductors recent ly added thefollowing modules to ther 

";;;i l.;T.;;;;,_. AI1f 20 AMPLIFIER: A very tow iistor-tion bo watt powe" ,-piifi""1

SPM12O POWER SUppLy:  A  f i xed
Io.lt"eq stabilised- power supply ,ritt unO/P voltage of eithbr +bv, bf,ii" Of.r.

cEIOO Mk2 EeUALISER: Ten channelmonographic equal iser.

V-PF3O POWER SUppLy: This highlyuseful  module is shown i"  t i l ; "  
"""o--panying photograph.

PA2OO STEREO PRE-AMPLIFIER: Avariat ion of the long-establ i ihea a" i ' . r r"vpopular PAf OO.
. ,  F  r r r ther  dc ta i l s  o f  . the  above and the  res t  o l .their . l i l rgc ratrge ol 'h ign qual i rv ; ; ; i ; . . ,  

"an 
besct'rr in their r,rdverri"u-eni* in'ihi.;;;;r' in" ,,.wr i te .c r r t . los ing  S.A.F , .  Io r  l r r r ther  c le ta i l s  to :_

11l. l 'AK Serniconctuctnr*,  F.O."b. l* 'A, '  Wnr",H er l  s .
, \ I ' l t I  t .  I 1 r ; 1 1

B I-PA K



EXCLUSIIrE NEtv SERIES

TUNE-IN TO PROGRAMS
Part 3

By lan Sinclair

Do You Remember...?
Memories are used along with a program sothat numbers can be kept in r6adiness fJ. u"" ,t tt 

"correct place in the program, or so that answers canbe accumulated without having to be Jisplayed.
Take a.simple example: the aodiiion oi t*o resistor
vaiues in parallel. The formula for this is l/R : t/n t+ 1/R2, so that when we calculate this we will havetwo resistance values, of R1 and R2, to fesd into thecalculator.

We could, of course, break off the calculation tofeed in the value of R2 at the righi time. fheprogram would look as in Fig. 1, with [R/S] used tostop the calculator for the entry of thl next value.This, however. rather defeats ttre wtrote iaea ot us_ing a program. The satisfactorynr*Lrl, to us€memories to hold the values until they are needed.

Ptogram

L R N
1/x

Prccedura

Enter  value of  R1 in ohms
Press R/S
Enter  value of  R2 in ohms
Press R/S
Read R(total) from disptay

Fig. I

T h c  k c y b o a r d  o f  t h c  T a x a s
trrstruments Tl-57 programmable
celculator. Most keys have e t*ond
function, whereupon facilitlcs are
nearly doubtc thc number of keys

provided

+

R/S
1/x

1/x
R/S
LRN

ENTERING A MEMORY
To place a number into a memory the number

must be on display, and the [StOl tey must then bepressed to instruct the calculator that the number is
to be stored. The [STO] key must be followed by anurDber, O to 7 for the Texas Instruments Tl _57 (O
to 9 for the CBM pRO-lOO) which instructs the
calculator which of its memories is to be used. lf you
don't.follow [SfO] Uv a number, or if you use an im_possible number such as g. for example. you willpromptly get the error signal flashing up on the dis_play. The [STO] instruction can U" ,iO 

"iif,er 
inside

a program to store an intermediate answer, or out_
A l , l l l l ,  l 9 7 e

side the program to store a figure ready for use as
part of the setting-up procedure.

Let's suppose, then, that we can store the values
of  Rl  and R2,  us inq memo' ics 1 and 2 ( just  tak ing
two nuiribers at random - it 's easier to remember
that the value of R I is stored in memory 1 and R2 in
memory 2). The program will now need to include
the instructions to recall these numbers from the
memories at the right t ime in the program, and this
i1 9qn" by using ttre [nCU key. Onie asain, the
IRCLJ key mssf be followed by a number which in-
structs the calculator which memory has to be
recalled.

A program for the calculation of resistors in
parallel might therefore look something l ike that of
Fig. 2, with each number taken out oiits memory,
inverted, and added to the next (inverted) number,
so that the final answer is found by a last ,l /x opera_
t ion.



Program
LRN.
RCL 1
1lx
+
R C L  2
1 l x

1 l x
R/S
L R N

Procedure

Enter value of R 1 (ohms) STO 1
Enter value of R2 (ohms) STO 2
CLR
RST
R/S
Read R(total)  f rom disPlaY

Fis. 2

sequence of instructions is a simple one which

doesn' t  neecl  the use of  tne [ : ]  inst ruct ion unt i l  the

end. For other programs, however, the temporary
store cannot be used like this, but we can make use
of  the [SUMI key.  When we p lace a number in to a
memory using the [SfO] fey, anything else which
may have been in that memory is erased and replac-

ed by the new stored number' When we use the

ISUMI key, the number in the display is added to

the number in  the memory,  i t  doesn' t  replace i t '  A
program for  the resul tant  of  four  res is tors in  para l le l

might therefore look something l ike that of Fig' 4 if

we make full use of the stores'

The [SUM] key does a different job when the

IlruV] fey is pressed or programmed just before it.

Using [ lNVl  ISUM] causes the d isplayed number to

be subtracted from the stored number' This is a step
we do not use vory often in electronics calculations,
but it is handy for f inding what value of resistance
has to be placed in parallel with an existing resistor
to lower the value to some required figure. A very
common use of  t f re [ lNV]  [SUM] step is  in  a count-
down.  For  example,  i f  we inc lude the steps t5 l  t lNVl
ISUMI [ ' t ]  in  a program, then 5 wi l l  be subtracted
from the contents of memory 1 on each run through.
This would be useful if memory t had been loaded
with, for example, a value of frequency and we
wanted to lower the frequency by SkHz each time.

We're not f inished with the [SUM] key, though'

because above it is written IPrd], meaning product'

and act ivated by [2nd]  [SUM] '  This  combinat ion of

keys causes the d isplayed number to be mul t ip l ied

bv the number in the memory, keeping the result in

the memory. For example, suppose we want to

calculate the resistance of Rn of a resistor at n

degrees Centigrade, knowing the resistance Ro at

."ro d"gte"s Centigrade. The formula is:

R n : R o { 1  + n t )

where t is the value of the temperature coefficient of

resistance.

This problem can be tackled by storing the value

of  temperature n in  memory 1,  mul t ip ly ing by the

va lue  o f  t ,  us ing  lP rc t l ,  and  then  add ing  1  by  us ing

the steps t1 l  [suM] [ t ] .  rne mul t ip l ic-at i .o-n by !o
can then be carr ied out  by us ing IRCLI [2]  [Prd]  [1 ] i f

the value of Ro is stored in memory 2' The whole

program is shown in Fig' 5.

I
I

In  th is  program we've made use of  another
memory, the temporary store within the calculator'
When the first f igure is inverted by the instruction

It/xl tfre value flashes on the display, but the use of

the [+]  key p laces th is  number in  a temporary store

un t i l  we  have  someth ing  to  add  to  i t '  The
"something"  is  the number we get  when the second
number has been recal led and inver ted.  The addi t ion
is carried out when the [:] key is pressed (or used in

the program).  Not  a l l  ca lculators have th is  fac i l i ty ,
and a few might require the use of brackets

between tne [+] step and the [:] step. The Texas

T1-57 wi th i ts  Algebraic  Operat ing System, is  par-

ticularly easy to use from this point of view.

We could have t id ied up th is  program qui te a b i t ,

because we didn't really need to use two memories'

We could .iust as easily have entered the first

number into the display before starting the program'

and so used the s imple program of  F ig '  3 '

Program Procedure

LRN
l l x
+
R C L  1
1 l x

l l x
R/S
L R N

RST
Enter value of R1 (ohms) STO 1
Enter value of R2 (ohms)
R/S

"Read R(total)  f rom disPlaY

Fig. 3

I
SUM AND PRODUCT

The T1-57 a lso permi ts  each memory to be used

to accumulate numbers.  Going back to the example

of parallel resistors, suppose we have several

res is tors in  para l le l ,  so that  the formula becomes:

1 1 7  :  1 / R 1  +  1 l R 2  +  1 / R 3  +  1 / R 4  +  " '

In a program like this, we need to take each

number, invlrt it by using tne It/xl instruction and

then add the inver ted number to a l l  the other  in-

vertecl numbers. Now we could make use of the

l : loot t t "  
s tore of  the T1-57 again '  because the

Just  for  an encore,  i f  you use the sequence I lNV]

[2nd] [SUM] the number in the store is divided by

the number in  the d isplay.  Remember,  though,  that

trre ISUM] or [pro] instruction must be followed by

the number of  the memory.  When d iv is ion is  need-

ed, the keys IlNVl and [2nd] can be pressed in either

order, so that you can use 12n61 [lNVl [SUtvtl or

t lNVl  [2nd]  tSUMl.  Memor ies which can be used for

summing,  obta in ing products and d iv id ing in  th is

way arJcal led fu l ly  addressable memor ies -  the

use of memory addrossing l ike this can often save

several program steps and is therefore a good habit

to  cul t ivate.
ItA | ) I( ) A\i I ) t ' l l ' l ' l( l ' f  l toN I(ls ( '( )NS'l 'RI' i( l ' foR



Program

LRN RCL 1 1/x STO
RCL 2  1 /x  SUM O
RCL 3  1 /x  SUM 0
RCL 4  1 /x  SUM 0
RCL 0 l/x R/S LRN

Prccedure
Enter value of R 1

0 Enter value of f,2
Enter value of R3
Enter value of R4
CLR
RST
R/S
Read R(total) from

(ohms) STO 1
(ohms) STO 2
(ohms) STO 3
(ohms) STO 4

OTHER MEMORY FEATURES
Several of the memories of ths T1-57 are used

for special jobs, and some of these jobs wil l be dis-
cussed in more d€tail lat€r in this series. For exam-
ple, memory O can be used for an automatic count-
down,  us ing the [Dsz]  key,  and memory 7 (which is
referred to as the test  or  " t "  regis ter)  is  used a long
w i th  t he  [ x  :  t l ,  [ x
more deta i ls  of  a l l  these are g iven later .

lf you have a very complicated expression to
work out on the T1-57 which uses several sets of
brackets inside each other (a process called
nesting), memories 5 and 6 can be taken over as
temporary stores, so that these memories cannot be
used for anything else. This very seldom occurs,
though. because there is practically always a way of
programming which can avoid the problem i f  we
must have the use of these memories.

The main problems which inexperienced users
encounter with the use of memories are:

(a) forgetting to use the reference number,
(b) recall ing the wrong memory.

(c) forgetting to load memories before running a
program.

All of the memories (but not the program
memorv) can be cleared with no effect on the
program. Using the memor ' ) /  c lear  key IC. t ]
(operated by pressing [2ndl tCE]) clears only
memory 7 (the test register), but the sequence IlNVl
l2ndl [CE] cleags all of the memories. Switching off
and on again wil l, of course, clear everything - in-
c luding the program.

DOU BLE USE OF MEMORIES
Both the T1-57 and the PRO-1OO have a usefu l

feature that lets us use each memory for two

display

numbers subject to some restrictions. lmpossible?
Not if you remember ttre [lnt] key, which is activated
by pressing [2nd] [)]. The instruction Ilnt] means
"take the integral part of a decimal". For example, if
we have the number 36.145 in store 1. then the
sequonce IRCLI [1] [lnt] will produce the number
36, which is the integral (whole number) part on the
display. Now if we use the key sequence IlNV] [lnt],
the fractional part of the number is similarly
selected, so that for the same number [RCL] [1]
[ tNV] [ lnt ]  wi l l  cause 0.145 to appear on the disptay.
How can we use this? Suppose, for example, that
we are using the expression

f :
2n

to find the resonant freguency of a circuit containing
inductance L and capacitance C. With any luck we
shoufd be able to use L values in y,H, which wil l all
be whole numbers (integers), and C values in
nanofarads (1nF : 1,OOOpF) which for radio fre-
quency circuits wil l be fractional values.

This way we could represent the values of 751tH
and 1 SOpF as 75LtH and 0.1SnF,  and code th is  as
75.15.  Store th is  number in  memory 1,  and we can
use a programme to separste the p8rts, multiply up
(because the formula is given for C in farads and L in
henries) and give the frequency in Hz. Easier sti l l , we
can make use of the modified formula:

t - 5.03
lE

with C in nF,  L in  pH and F in  MHz.  The program

t--
I

I
I
I

i
I

t__
A l ) l l l  I

Program

LRN RCL O Prd 1
1 S U M 1  R C L  2  P r d  1
RCL 1 R/S LRN

Procedure

Enter value of t STO O
Enter value of n STO 1
Enter  value of  RO STO 2
CLR
RST
R/S
Read

Fig. 5

value of Rn from display



Program

LRN RCL 1 Int  STO O
RCL 1  INV In t  Prd  O
RCL 0 

"6- 
1/x X 5.03

: R/S LRN

Prccedurc
Enter coded numbers STO 1
Fix 2 RST R/S
Display shows frequency in MHz
E x a m p l e :  L : 7 5 p H ,  C :  l S O p F  i s
entered as 75.15 STO 1
Resu l t  i s  1 .SOMHz

chance that this gives us to program the calculator
to make decisions, by comparing the number in the
display with'a number stored in a memory. That's
the subject of the next "Tune-|n", next month.

Note the use of the step tFixl [2]. This gives all results to two decimal places only,
though the working is ' in eight placeJ._For higher accuracy, IFixl  [3]  (or larger
num5er) may be usld. The uie of [Fix] [2] makes results easier to read during a
short oause.

Fig. 6

now looks as in Fig. 6, and we can extend it to deal
wi th more than one pai r  of  va lues,  as in  F ig '  7 '

Now that  we can inc lude memory steps in to
programs, the next move is to make use of the

Program Procadure
LRN RCL 1 Int STO O Code one set of values STO 1
RCL 1 INV lnt Prd O Code another set of values STO 2
RCL O ,/x t/x X 5.03 Fix 2 RST R/S
: R/S RCL 2 STO 1 Display shows first resonant frequency
RST LRN R/S

Display shows second resonant frequency

Fig. 7

INDUSTRIAL NOTE
MULTI  PURPOSE GUILLOTINE
FOR THE PRINTED CIRCUIT
I N DU STRY

New from CuPRO Equipment is the MS-6 Multi
Purpose Guil lotine for the printed circuit industry.
TheGuillotine wil l easily cut f ibre glass and paper
based laminates up to $" thick without shattering
and burr free. It wil l also cut sheet metal up to i l"
thick. By the addition of a punch bar the MS-6 can
tre used for pilot hole punching vital for accurate
repeat registrations. A further accessory consisting
of two individual punches allows the Guil lotine to
punch two randomly located holes along a single
axis. The corner notcher attachment is particularly
useful for cutting 90" corner notches.

The Press Brake attachment makes 90" bends in
soft aluminium or sheet steel up to 22 guage, ideal
for forming front panels. The final attachment is a
dril l ing machine and routing machine attachment.
The Dril l  has variable speed control from 5,000 to
25,000 rmp suitable for stack dril l ing pcbs, four
collets are supplied and the dril l  can easily be con-
verted to a routing machine.

An air powered version, or a foot powered version
of the MS-6 is available for volume operations. The
standard guil lotine weighs 24 lb and requires a
bench space of  15"  wide by 13" deep.

Further details from Lektrokit Ltd., Sutton In-
dustr ia l  Park,  London Road,  Ear ley,  Reading,
Bcrks.  RG6 1AZ.
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APRIL
FOOL
CIRCUITS

Circuits that shouldn't
work - but they do !

@H

" l n  c l e r : t n r r r i c  c i r cu i t s , "  sa i d  Sn r i t hv .
s i l lp ing f rorrr  h is d isgraccl i r l  t in  mtrg.
'  vot t  l t lu ' r t r ' . ;  wi ln l  t ( ,  look ot t t  l i r r  the un-
expecte({ .  l )ar l icular ly  when there are
< l i o d e s  a n d  t r a n s i s t o r s  k r r o c k i n g
; t  r o I  I  t )  d . '

Sn r i t l r v  p l acec l  t he  mug  on  h i s  bench
and l r rushed er ferv crr lnbs ol f  h is knees.
l le anr l  h is assistant ,  l ) ick.  had iusl
I in ished their  lunch-t imre sandwiches,
. n ( l  l r i 'w  l t a r l  s , r r ne  t h i r t v  r n i nu tes  t , '
l rass bef i r re ret l r rn ing to iheir  labours.
I n t ' r i t : r l l l t .  l ) i c k  l u r t l  s t e ( ' r ( ' d  l ho  {1 )nve r -
silti{)n t(} nritttcrs pertaining to electrouit's
anr l ,  e<1Lral l1-  inevi tablv,  Smithy had
r isen to the bai t  and had curnmenced to
cxnound  o r r  t he  sub iec t .

t 'Why , "  asked  t l i l k ,  " do  vou  have  t o
be so carei \ r l  about d iodes and t ran-
s is iors ' /  Srrre lv vou can' t  have t 'om-
l )onents rnrrch s i rnpler  than thev are."

Bosc -col lcctor

Junction

Zen{ drcdc

( c )

Fig. l(a). A very common voftaga regulator citcuit incorporating a zener diode and an emitter follower
trensistor

(b). Tha circuit which is given if the battery is accidentally connected with incorrect polarity

(c). Effectively presented to thc bettery arc the fotward biased zener diode and base-collector iunction of
thc transistor in scries

, \ l , l i l t .  l l r ; 1 )

Z E N E R  R E G U L A T O R
"Sinrple thev may be," repl ied

Smithy. "but they can st i l l  spring
sorne surprises on you. Let 's see i f  I
can think of an example."

He uondered fbr a moment and
t,hen ieached across his bench to
pit 'k rrp his note-pad. Taking a pen
lrorn his overal l  iacket he scribbled
out a circuit .  (F' ig. 1(a).)

"Now, what is this?" he asked,
tearing off the note-pad sheet and
passing it to his assistant.

" l t ' s  a  z e n e r  d i o d e  v o l t a g e
regulator circuit ," responded Dick
promptly. "The posit ive side of the
batterv couples to the zener diode
bv wav of the series resistor, and a
s iab i l i zed  vo l tage then appears

across the diode. The base of the
transistor connects to the zener
tlirrde and it acts as an emitter
follower. The voltage at the emitter
of the transistor is the same as that
at its base, less the small voltage
dropped across the base-emitter
iunction. So you have a regulated
voltage at the transistor emitter.
too."

"Verv good. In fact, i t 's a perfect-
lv standard circuit .  isn't  i t?"'  

"Definitely."
"And so i t ls," conl irmed Smithy.

"Now what would happen i f ,  bY ac-
cident, we were to connect the
batterv to i t  wrong way round?"
(  F ' i s .  I  (b ) . )

l .) ick frowned at the circuit .

( b )( o )
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"Why, nothing would happen.
There wouldn't be any regulated
voltage from the transistor, of
course, because the supply polarity
is wrong."

"No 
-  

excess current  f lowing
anywhere?"

"Of course not."
"And that's where you're wrong,"

retorted Smithy triumphantly. "I'll
acree that this particular instance is
a -  b i t  con t r i ved .  bu t  i t  s t i l l
demonstrates the hidden perils that
can lurk in even simple circuits in-
corporating transistors and diodes.
ln bractice. one hell of a current
wil i f low!"

"Through what?"
"Throueh the zener diode and the

base-colleitor iunction of the tran-
sistor," replied Smithy. "To start
off with, a zener diode is an or-
dinary silicon diode which only ex-
hibits its voltage stabilizing effect
when it's reve"rse biased. 

- 
lf it's

forward biased it acts just like any
other silicon diode and it drops
about 0.6 volt. It becomes forward
biased in that regulator circuit
when the battery is connected
wrong waY round'"

" t i t i m 6 v . "  s a i d  D i c k .  " I ' d
forsotten a-bout that."

'?\nd the zener diode," went on
Smithv. "connects to what is effec-
t ive lv  another  forward b iased
diode, this being the base-collector
iunction of the transistor. The
iesult is that the incorrectly con-
nected battery is applied to two
forward biased diodes in series,
which is verv nearlv equivalent to a
dead short. Either-the battery wil l
be run down very rapidly or the
zener diode or the transistor will
burn out . "  (F ig.  1(c) . )

"Stap me.' '  remarked Dick.
"That's reallv somethine to think
about. But sti i l , you don't normally
desim an electronic circuit so that
it has to withstand an incorrectly
connected supply, do you?"

"Not always," agreed Smithy,
"although it can be an eventuality
which has to be borne in mind. Now
vou've got me going on unusual cir-
buit eff6cts I've been able to recall a
few really weird examples. Since we
are about to enter the month of
Apr i l ,  I ' l l  ca l l  them mY'APr i l  Fool
Circui ts ' . "

DELAY C IRCUIT
Smithv sketched out another cir-

cuit on his note-pad. (Fig. 2.)
"What on earth is that?" asked

Dick, who had now risen from his
stool and was standing beside the
Serviceman.

"lt's a circuit for energising a
relav." explained Smithy' "When
the iwitch-is closed the relay is de-
energised.  The re lay becomes
energ i sed  when  you  open  the
switch."

"Come on, Smithy. You're hav-
ing me onl"t 'No I 'm not .  I 'm Perfect lY
serious and the circuit works on

quite legitimate electronic prin-
cioles."-"I 

don't believe it!"
"Trv it out in practice. lt won't

take vbu more thin a few minutes
to solder up the few components
that are needed for the circuit."

"All right, I will," said Dick
decisively. "Incidentally, what's
the diode across the relay coil in-
tended to do?"

"lt stops the formation of high
back-e.m.f. voltages across the coil
when the relay leleases. It's the
usual diode yori have in any circuit
when a transistor drives a relay."

"Ah ves," stated Dick, "but in
anv circuit that I have ever seen the
relhv coil is driven bv the transistor
col l lc tor  or  bv the t ransis tor
emitter. Who ever heard of driving
a relay coil by way of a transistor
base?"

"Just vou make uP the circuit,
and vouill soon find out what it
does.' '  replied Smithv. "The circuit
r e q u i r e s  a  r e l a v - w i t h  a  c o i l
resistance around ihe 500o mark.
One of those little 410 n 'OPen

Relav' tvpes which are sold bY
Mapiin Eiectronic Supplies would
bE iust the iob, and I 'm certain
we've got one knocking around in
the spdres cupboard."

"Rieht," sald Dick with alacrity.
"l ' l l  have this circuit of yours wired
up in no time at all."- 

And, indeed, it was not long
before Dick announced that he was
iust soldering the last joint of the
circuit. Srnithv wandered over to
his assistant's-bench to survey his
handiwork. Dick had wired uP the
transistor and the resistor on an odd
lensth of tasboard, with flexible
leaiis to the 

'switch 
and the relay,

which lav on the bench surface. He
applied lwo crocodile clip leads to
thi circuit for the supply connec-
tion and picked up a PP9 batterY
from the back of his bench.

"The switch should be closed at
the beginning," said Smithy.

"Riehtv-ho."
I)icii ensured that the switch was

closed, then connected the crocodile
leads to the battery.

Fig. 2. How to drlvc a rclay
coil from the base of a tran-
sistorl The relay mcrgiscs
when the switch is opcnod
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Nothine happened.
"There- yori 'are," jeered Dick.

"This circuit of yours is a load of
old rubbish!" 

-

Smithy peered at him mildlv.
"Try opening the switch."
Carelessly, Dick put out his hand

and set the switch to the open posi-
tion. With a click the ielav ar-
m-ature snapped over to the en-ersis-
ed position. Incredulously, D-ick
tu rned  the  sw i t ch  on -  aga in ,
whereupon the relay armarure
released. Once more he opened the
switch and once more ihe relav
energised.
_ "Ye gods," gasped Dick. "What's

this circuit workins with - black
magic?"

"I told you that it was a perfectlv
respec tab le  c i r cu i t , "  ! r i nned
Dmltnv.

"How does it work. then?"
. "Well," replied Smithy, "con-

sider the case when the iwitch is
closed. What you have then is a
s imple emit ter  fo l lower.  wi th
emitter current flowing into the
200 o resistor. Now the emitter
current is the sum of the collector
current and the base current and it
will in practice cause some 8 volts
or more to be built up across the
resistor, so that the cuirent will be
of the order of 40mA. The base
current will be verv much lower
than the collector iurrent and it
certainly won't be sufficient to
cause the relay to energise. In any
case, the voltage across the relav
coil will only be about half a volt, if
that . "  (F ie. -3(a) . )

"Okay, so the relay does not
e-nergls!. Why does it energise when
the switch is opened?"

"Recause thi current which flows
through the,relay coil increases by a
considerable amount. With the
switch closed the relav current was
merely the base curr6nt needed to
sustain the collector and emitter
cu r ren t  f l ow ing  i n  t he  200  0
resistor. When thC switch is opened
APRIL 1979

the rrhole situation changes. There
obviously cannot now be inv collec-
tor. current and the only 

-current

which can flow in the circuit is that
in the relay coil, the base-emitter
junction of the transistor and the
200 O res is tor .  The base-emit ter
junction acts like a forward biased
silicon diode with a voltage drop
across it of 0.6 volt. The remarnrne
voltage is shared between the relai
coil and the 200 O resistor. civine L
little more than 5.5 volts acioss t"he
coil and a little more than 2.b volts
across the resistor." (Fig. B(b).)

U P S I D E - D O W N  C I R C U I T
"Hell 's teeth," snorted Dick.

"That circuit is reallv a stinker."
"Would you like to have a go at

another relay driver circuit?"
"Does it follow basic electronic

theorv?"
"Oh yes. Also, it's just as simple

as the last one."
"Show me."
Smithy drew a further circuit on

his note-pad and handed it over to
Dick. (Fie. 4.)
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'

Fig. 4. Antffror relay driver forms thc
second of Jllllthy's April Fool citcuits.
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"Corluvaduk," moaned Dick un-
believinslv, "what's fhis!"

"It 's 
-a 

relav driver circuit,"
reoeated Smithv. "This time the
relay energises i{,hen the switch is
closed."

"Have a heart Smithy, you can't
possibly be serious aboui this. For a
start, the transistor is an n.p.n. type
and its collector is going to the
ne*atiue rail! And, for Pete's sake,
it 

-can't 
oossiblv be an emitter

follower even their because the base
goes up to the positiue rail through
lhe lk o resistor! Ye gods, Smithy,
what rs it?"

"It's a perfectlv honest electronic
circuit," iaid Sririthy calmly. "If
vou check it out in practical form
vou'll see what hapn-ens."- 

"This paeses all possible un-
derstandirig," stated Dick unhappi-
Iv. "D'vou know. Smithv. a voung
riorkini lad like'me could su'ffer d
grevious trauma to his psyche when
confronted with a circuit like this.
It iust can't work!"nTrv it."

Rebelliouslv. Dick picked up his
solderins irori and sfripped down
the  p r6v ious  c i r cu i t -  he  had
assembled. He then wired up the
new circuit. Ae he did so, Smithy
beamed at him benignly and con-
tinued to sip at his post-lunch tea.

"Well," said Dick eventually,
puttins his solderins iron down on
its resf with a crash.-"it's all finish-
ed now except for'connecting the
batterv."

" V 6 r v  s o o d . "  c o m m e n d e d
Smithy. 

-"Tthis 
time, start off with

the switch oDen."
Obedientli. Dick connected the

circuit to th6 PPg battery whilst
Smithy watched the relay. It did
not enercise. Smithv put out his
hand andturned theiwitch on. The
relav armature clicked smartly to
the energised position. Smithy turn-
ed the switch off and the armature
released. The bemused Dick grabb-
ed the switch from Smithv and
operated it several times himself.
At all times the relay energised

when the switch was closed and de-
energised when it was open.

"I-simply," wailed DiCk, "cannot
believe mv eves. We've got a tran-
sistor here which is not connectpd in
the common emitter mode, the
common collector mode or the com-
mon base mode. and vet the flam-
ing thing is arnplifyingl It must be
amplifvine because the current in
the'lki2 iesistor has got to be less
than the current flowing in the relay
coil."

"Quite a good little circuit, isn't
it?"

"Good? I reckon it's downright
malevolent. In the old days they'd
have burnt vou at the stake for
dreaming up circuits like this one."

"I've [ot an even better one for
you," said Smithy. "Do you feel
Iike'trvine it out for me?"-

Dic[< Shrugged his shoulders
helplesslv.';Whaf have I got to loee?"

CRAZY MULTIVIB
Cheerfully, Smitfv got out.his

Den once more ancl Proceedect to
draw up a further circuit. Thie was
a little'more compiicated than the
previous ones, anil several minutes
blapsed before he was able to pre-
senl it to his assistant. The latter
regarded it with unrelieved horror.
(Fie. 5.)'-What," he spluttered, "do you
call this?"

"It's an oscillator," explained
Smithv soothinglv. "Actually, it's a
multivibrator with a caliulated
running frequency of rather Iegs
than 100H2. As you can eee, you
need two 1kO resistore and two
10ko resistore. and theee can all be
10% types. The two capacitors are
lrrF polvester. And, ofcouree, there
are the iwo RC107 transistorg."

"Oh yes," intoned Dick sar-
castically, "we mustn't forget the
two transistors. Two n.P,n. tran-
sistors. iust like in vour laet circuit,
with their collectors going to the
negative supplv line."

nThat's iighi," grinned Smithy.

I
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"Incidentally, the supply voltaee is
4,5 volts this time, bu1-I don't tfiink
you'll have .any difficulty sorting
out a suitable batterv.

"I ' l l  have a stab atit," said Dick.
_ He settled down to wirins up
Smithy's new circuit, and he-sooi
nad the components assembled on
the piece of tagboard he was usins,
He tbund a 4-cell batterv holdei.
fitted four HPZ cells in it, and
tapped off 4.b volts by insertin! a
picce of thin tinplate bemeen twdof
the cclls in the holder. As lre proceed_
od with his task, Smithy walked over
to the "Repaired" raclis and picked
up a small medium wave and v.h.f.
radio that he had serviced durine
the morning. He then watched bici
as he completed the wirine.

"I am,' ' announced Dicl. as he
pu.t down his soldering iron, ,,now
going to connect this rianiacal cir-
cu i t  o f  you rs  t o  t he  4 .5  vo l t
batterv. "

He llipped two leads to his im-
provised batterv.

"At least," he went on in a tone of
mock relief, "it hasn't blown uo in a
puff of blue smoke or levitated itself
off the bench."

Smithy switched on the radio.
selected a quiet  point  on the
mecuum wave band and held it
close to the multivibrator wiring. A
faint reedy buzz became audTble
behind..the background hiss from
tne radro speaker.''It seems to be workine ouite
well," he stated compla"centlv.
"although I'm _certain t}at yourli
need evidence that's more concrete
than the picking up of its tone on a
medlum wave radio. Have vou got a
pai r .  o f  h igh res is tance-  ph6nes
knocking around?"

Dick delved into the debris on his
bench.

" I ' v e  g o t  a  l k O  m a g n e t i c
earphone here."

- "Good," said Smithv. ..Then cou-
ple it to the emitter aid collector of
oqe ofthe transistors via a capacitor
of  around 0.01 to 0.0buF."  

'

I.) ick. found a 0.022yF capaciror
and quickly rigged up the eaiphone
cl rcurr .  ( r lg .  b. )

"You're right," he said in an awe-

struck voice as he held the earphone
to his ear. This circuit rs oscillatine.
and.it's oscillating good and stronE,
too!"
^ Ilq pagsed the earphone over to
Smrthy. It was reproducing, at good
srrength, a clear tone of the same
trequency as that picked up on the
raolo.

TRANSISTOR OPERATION
"Do you believe that that circuit

works now?" asked Smithv.
"I do," said Dick. ,,But i haven't

g,ot the- faintest clue why it does,
though."

"We could, of course. have alter-
natively chec^ked it by coupling it to
an a.I. am.plltrer or to, say, a crystal
earpnone."

"Okay. Smithv, I said I 'm con-
vinced it works. But whv?,'

"The  reason  whv  i he  mu l -
tivibrator works, and also whv the
previous re-lay circuit works,- is a
property of the bipolar transistor
that is frequently forgotten. We
were uslng n.p.n. transistors in
th.ese circuits, and I hardly need to
tell you that we can represent an
n.p.n. transistor as two blocks of n.
type semiconductor material with a
thin slice of p. material in the
middle."  (F ie.  7. )
_ "That's right," said Dick quick-
ly. "One of the n. blocks is the
emitter, the other is the collector
a_nd the thin slice of p. material is
the base-"

"Exactly,"- stated Smithy.,,But,
seeing that the arrangeme-nt of n.
and p. type materials is svmmetric.
why can't we also say that the n.
type blo.ck we're calling the emitter
is actually a collector, and that the
n. .. type block we're call ing the
ct-rllector is actuallv an emitt6r?',

"Can we do tha[?"
. "Of course we can -- you've just
done it with those last trio circriitsi
Jf Vgu treat. the collector of any
bipolar transistor as an emitter ani
the emitter as a collector then
you've got another transistor."

"That means," protested Dick,
" that  the t ransis ior  is  work ing
wrong way round."

"That's right."

n ttot 
-l I Emitter (corrcctor)
t l

",'"._-=*EJ===.I I
l t

n qpc-l 
lColl?ctor 

(.mitt.r)

1 l

Fig. 7. An n.p,n. t,€nsistor
can ba repfesented as two
blocks of n. type semicon_
ductor material with a thin
slice of p. type matarial

between them

- "But the transistor isn,t even
designed to work in that manner. ' i

" I  know it  isn't ," said Smithv.
"Yet it will still work as a transist6r
i f  you connect i t  up in this wrone
way round fashion. The currenl
F_ain will be very much lower than
the current gain given when the
transistor is connected properly,
but there will almost certdinly sti"li
be some current gain. We had the
translstor connected wrong wav
round ilr the second relay driier cir"-
cqit and since the circuii only need-
ed a current gain figure of a littie
more than 2 t imes, the circuit  work_
ed. In the mult ivibrator circuit  the
base resistors were 10k0 and the
emitter-cum-collector load resistors
were lk O , and so the wrons wav
round transistors had to hive a
current gain of at least l0 times. We
got..away with i t  in that circuit ,
too I

. . - jW" l l ,  b low m.e , "  sa id  D ick .' '  I  nrs lctea ol using a transistor
wrong way round is somethine I 'd
never real ised could even happin.,,
^ ".I1 is a bit surprising," agreed
Dmrtny. "when you bump into the
etfect tbr the first time. Since we,re
u s i n g  t r a n s i s t o r s  o u t  o f  t h e i r
specification, there's no guarantee
t l r r t  .e i lher  the  re lay  d r iver  o r  the
l ) )u l ( tv rb r r t ( ) r  c i rcu i t  w i l l  work  w i th
:r l l  UCl07 transistors. But i t  wi l l  cer_
tainly work with most. If ttie ail-
lufts. don't operate with particular
BCl07's, i t 's worth tryi ire otheri
from a different batch. inciden-
ta l l y . "

BACK TO WORK
.With- these words, Smithy reach-

ed for his mug and drainei i t .  He
handed i t  to his assistant who.
w-ordlessly, went through the r i tuai
of ref i l l ing i t  from theiracked and
baltered Workshop tea-pot.

Smithy glanced- up ai the clock
and noted. with some surprise, that
he and his assistant should'have
been back at work at least five
minutes earl ier. He siehed content-
lv and decided that a 

"small  
further

inroad into off icial working t ime
wouldn't  do anv harm iust foi once.
After al l ,  i f  he and 

" 
Dick could

successful lv get transistors to work
with al l  circuit  rules broken, there
was no reason why they shouldn't
a lso  jud ic ious ly .  bend the  ru les  a  l i t -
Lle so lar as worl{ lng hours were con-
cerned. 

:-
DUi)

Fig. 6. Dick checked the multivibrator by coupling a magneticearphone and series, capacitor across-onJ'of the tnnsistors. Themuftivibrator can be.coupled to 
"iy-t 

irty niin-t^p'"i"'".i
reproducar or a.f. amplifier input 

-
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BAND !I PORTABTE
Part 2 By Sir Douglas Hal l ,  Bt. ,  KCMG

Concluding details on this
unrque and ingenious

reeeiver design

The receivar assembly without the knob frama
fitted

In this concluding article we complete the con-
structional details for this receiver. References wil l
be necessary here to Figs. 2 and 3, which were
published in last month's issue.

S P E A K E R  M O U N T I N G

To avoid microphonic feedback howl, the
speaker is f itted on a rubber mounting. As is shown
in Fig. 4(a), four small woodscrews are fixed to the
panel of Fig. 2(c) outside the periphery of the
ipeaker. Two rubber bands about 3in. Iong and ]in.
wide are next required. Pass one rubber band loop
through one of the speaker mounting holes so that it
enters from the front ofthe speaker. Hold the band
end in place by passing a bolt or a nail through it,
take thb main lehgth of the band along the front of
the speaker and pass the other end througb the
relevant speaker hole, as shown in Fig. 4(a). Keep
this end in place temporarily by means of another
bolt or nail. Repeat the proiedure with the second
rubber band and the remaining two speaker holes.
Next transfer the loop ends of the bands, one by
one, from the temporary holding bolt or nail to the
appropriate woodsctew, again following Fig. 4(a)-
When the operation is completed it wil l be found
that the speaker is held securely behind its aper-
ture in the panel of Fig. 2(c) but without its frame
touching the panel at any point, being mechanical-
ly isolated from it by the rubber bands. The edges
of the speaker frame must not touch the sections of
Fig. 2(b), upper or lower. If there is any danger of
this, part of these sections should be cut away, as
indicated by the dashed lines in Fig. 2(b).

Now cut out the sections of Fig. 4(b) to 4(e) in-
c lus ive.  Use * in .  p lywood for  F ig.  4(b) ,  (c)  and (d) ,
and {  in .  s . r .b .p.  fbr  F ig.  4(e) . -Sect ions 4(b)  and
4(e) ihould be iovered with Fablon or Contact of
the .type decided on for covering the finished
recelver.

Fit 51 to the upper FiS. 2(b) section. Fit together,
by means of woodscrews, the sections 2(a), 2(b),
2(c), the 13-way tagboard, ' l(d) and 4(e), as shown
in Fig. 4(g), but at this stage do not screw the top
end of the tagboard to the end of the upper Fig.
2(b). Figs. 4(f) and (h) show in greater detail how
some of these parts fit together.

ITAI)I0 ANI) I.]I,F]CTRONICS CONSTRUCTOR
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Fig' 4(a)' A "floating" mountlng for the spcakcr,.This.prcvcnts microphonic feedback to the tuningcapacitor lbl Thc btsc Dl',to of !-hc ncoivor-iiiigy ra'rit ,itirii"T*rn handre passes under thisbar when the case is mad3 
"?.@ 

s;;;i;;'0"r7-"i in" rra^c.itni-Jr;;;;;," receiver where the controtknobs d4pedr (f) lilustrating tn. polriitiiJ ii""itrot-spyndtes f cl fieiii;rory or tne comptete receiver(h) Detail showing titc manncr ii-iiicn. thc itcm of Fig. 4lc) is fitted in ptace

Next.fit -VCl, on its rubber mounting-, to the up_per. end of the 13 way t"iU"irJ'iii"ii,"'_"nn",which was described lait md'nth. Af*'."'ru* the up-per entt of rhe taeboard to lh:S;a-;?iil;;;p;; Fis.
J(b) i tem. Fit t i ie. i tem oi Fi l . ' l t . l , ' " ' - l"own rnF, rgs' 1(q) and (h).. Pass ttr'e tbte*cnplc aerialt h rou gh t he rou n d trole. i n qhfi i,L;i'i,ji, Iit t'iii 

"..and secure it.s base to the..loweillg. i?Li'paner *nthnt it, is, uprisht. This will ;;h;ifv iiiirire ariil-rng.n. hole in the lower Fig. z(U) lieriiin iili-,ii.raerial rnounting bolt. $rrarfte t]r-drnJ""tlle so thnta srlder tas is ivairabre a.t tle udti.iiii6ii'ne aeriarto enrble a connection.to bemali-;;'ii. iil;" f,ir rhebase p late of  F ig.  4(b l .
/ \ l ' l t l l ,  t l , 7 t l

.  * t  th is  s tage,  sect ions 4(b)  ancl  . l (e) .  both coverecl
ln  t  ablon or .Uontact ,  f 'orm par t  o l ' the case.  the rest
ot  rvr i lch wl l l  be c lescr ibed- later ,  The i tenr  0 l 'F ig.
4(c) .  wi l l  ho ld one end of  the hanci le-" ,1, .u l i i "receiver  is  f i t ted in  the ca*e.  Nnie ' i in i  t i i .  enct  of ,the. bra.ss woodscrew,yn,ff p,i...*"i'nri,r'igri ti iisoldered, as illustratea il Tirt iiill-i., i'1.,1'r,,p rng.,t.lhe.tngboard against which' l i  ; ; ; i- . '  

"" "
wlntrg.up is now cornpleted, First u, ire in VCl.rrsing. tlexible wire. Then'complet it,. u:iring rt, rlieleri l l .  ro Sl. to.the speaker aria-r i i  i t .  pp., i ' i rorr.rr, .

r rs  s t lown.  rn l ' igs.  i l (e)  and ( t ) .  A lso complete therv lnng belween the two tagboards,' l 'he 
polvstvrene extensi,i i  r i,ai-a.e nou, acldecl ro
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The inside appeardnca of tha knob frama aftar
it has been covered with Fablon or Contdct

the soindles of VC1 and VR2. Flexible couplers are
mad6 up bv sticking together two f in. grommets
with Arildile. The spind-le and extension rod ends
mav be built up with a turn or two of Sellotape to
en.ure that they make a tight f it inside the
srommet into which they are passed. Do not allow
lhe ends of the extension rods to be in contact with
the component spindle ends inside the flexible
couplers. The extension rod foi VC1 passes through
a *in. crommet fitted in the upper $in. hole in the
oi6ce i f  F is .  2(a) .  I t  should 6e a lbose f i t  in  th is

hommet aria, if necessary, the appropriate section

Thc housing, eil r*dv to be passad ovcr ths

of the rod should be filed down a little to achieve
this. This fil ing down will, of course, have to be
carried out before the extension rod is finally fitted
into its flexible coupler. There is a slight horizontal
displacement between the spindle of VC1 and the
hole in the item of Fig. 2(a), but this is more than
adequately taken up by the flexible coupler.

The knobs should now be fitted. If the specified
knobs are not used. do not cut down the extension
spindles and VR3 spindle until it has been checked
whether the knobs have to be fitted so that they are
outside the frame of Fig. a(e). If this happens, in-
cidentally, the appearance is less neat.

SETTING UP
The receiver may now be set up. Adjust the

slider of VRl to a central position and the slider of
VR4 to the negative end of its track - this i. !tl]y
clockwise in Fig. 3(0. Both the PP3 and the PP9
batteries should be new, and the PP3 battery is not
connected at this stage. Fit the edge of the PP9
battery into the cut-out provided for it in the Fig.
2(c) nanel. then suitablv position a woodscrew in
the lbwer 

'Fig. 
2(b) item'to support it in place.

Connect up to the PP9 battery with a meter,
switched togive a clear current reading of 12mA, in
series with one of the leads. Switch on and slowly
adjust VR4 until the 12mA reading is obtained.
Switch off, remove the meter and connect fully to
the PP9 battery.

Fit the PP3 batterv. extend the aerial and switch
on again. There mav be a loud hiss, and adjusting
VC1-may produce distorted signals from the local
BBC transmitters. If this occurs, adjust VRI in a
clockwise direction, as seen in Fig. 3(e), until the
sigxals can be resolved in a distortion-free state
wittr VRZ advanced bv about one-third and with
the new PP3 battery. it is possible that there will
be no srgnals, or only weak signals, in which case
turn VRi clockwise until a loulder hiss denotes os-
cillation and signals can then be resolved as
described. Do not adiust VR1 anticlockwise so that
only about a fifth or iess of its track remains in cir-
cuit, as this could damage a component. The ap-
parent necessity for such an adjustment also in-
dicates a fault in the circuit. Do not adiust VRl

//;/lz'
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ggein, but there is- some advantage in re-adjusting
VR4 once more, after about 20 hofrrs use. wien thE
new PP9 battery has settled down. Do not then
Iater. re-adjust VR4 when another new battery is
fitted.

. If. ig is not possible to tune up in frequency to the
local independent station, separate th6 turns of L1
a litt le. On the other hand, should it not be possible
to tune down in frequency to Radio 2, the iurns of
Ll can be- closed up a l itt le.. In strong reception
areas results may be best with the aerial ciosed
down partially _o,r even completely. Normally, con-
trol volume by VR3, but bai:k down VR2 if th'ere is
distortion due to a very po.werful incoming signal,
or microphonic howling due to too high- an os-
cil lator amplitude. If the output appears 

-to 
contain

too much treble, increase the value of C12.
A l , l i l  l ,  1979

L Hol. tor ocriol

lig'-s(d one of the cese panels (d The casa frama which appears at the same end as the control knobs(c) Top of the casa. 4s is etglaind in the ntca thc dimqrsions'here. and in (i and (b) are for guidance ot ryH) How. the paris fit together (e) percpective view of the case (f) Deiiits of a simpla wire handla

C A B I N E T

A suggested case is shown in Fig. 5. Fig. S(d) is
the front and consists of hardboard. A second piece
of hardboard forms the back and it has the same
dimensions and the same cut-out as the front.
When  the  case  i s  assemb led  the  two  cu t -
outs are opposite each other, i.e. they are both
nearer the control knob end. The case is assembled
as shown in Fig. 5(d) and (e), and is then covered
with Fablon. It sl ips over the receiver assembly
ylth lhg open frame end, shown in Fig. b(e) on th-e
lo f t  . ! i r l i ng l l hvpgn  sec_ t i nns  F ig .2 (a )  and  F ig .4 /e )
as shown in Fig. a(g). The case wil l have to be turn-
ed through 180 degrees from the position shown in
Fig. 5(e) in order to fit i t to the rec-eiver assemblv as
i l lust rated in  F ig.  4(g) .  Both these d iagrams hive
been drawn for maximum clarity, but t ley are not
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"in phase" with each other. Two pieces of speaker
fabi ic should be placed in the appropriate
positions, in front of and behind the speaker.- 

When the case has been fitted to the chassis, a *
in. dritl should be passed through the hole shown at
the top of the franie of Fig. a(eJ. A corresponding I
in. hol-e is then made at the top ol the sectlon ot r lg'
siti. fnere is already a |in. hble in tlre.item of.Fig'
iiui. fn.r" two holeitak-e the ends of the wire han-
die'shown in Fig. 5(f), which can be made from
stout wire. such-as is used in wire coat hangers'
ttris hanille holds the case and the receiver
assemblv together.-'i i- 

mrist 6e emphasised that the dimensions
.ito*" in Fig. 5 are for guidance olly and they do
noi allow f6r any dim6nsional tolerances in the
ieceiuer assembly. In -practice the.case must. be
made up to accommodate the partlcular recelver
assembly, as constructed.

(Concluded)

.;

The rccclvar, complctc ln lts cetc and wlth the
wlrc carrylng handle ln Place.
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Radio Toprbs
By'Recorder

WELSH DEVELOPMENT
A f irm coming into the news

q - u i t e  f r e q u e n r l y  l a t e l y  i s  t h e
( iovernrnent  backed e lec t ron ics
tactory of Galatrek Ensineerine in
the  Snowdon ia  Nat iona l  park .  6ne
of their latest designs, and visible in
the  accompany ing  photograph.  i s
what  i s  descr ibed as  . ' the  p lug
which  th inks  fo r  i t se l f . "' l h is  

ingen ious  3-p in  l3  amp p lug
can r re  l l l ted  ln to  a  mains  socket
w.hereupon, by means ot neon in-
drca tors  on  i t s  l ron t ,  i t  w i l l  ind ica te
one of the fbl lowing condit ions: ( l)
the  socket ,  i s  sa fe ;  (2 )  danger ,
reverse polari ty; (3) danger,. 'no
e .ar th :  (4 )  danger .  l i ve  fau l t t  (51
danger, neutral- fault .' l 'he plug can be used bv do-it-
v o u r s e l t  b u f t ' s ,  c r a t L s m e n ,
tradesmen, householders and in-
s t a l l e r s  o f  d o m e s t i c  e l e c t r o n i c
equip:nent. Init ial ly i t  was designed
1 'o r  C & A Modes to  p ro tec t
m a c h i n e r y  i n  t h e i r  i t o r e s
throughout the U.K.' fhe 

tul l  address ol the manurac-
tu rer  i s  Ga la t rek  Eng ineer ine .
S c o t  l a n d  S t r e e t ,  L i a n r w s i ,
( iw .ynedd,  Nor th  Wales

. 
'lhe 

accent these days appears to
be on nostalgia, and this is well  ex-
ernpl i f ied by the current interest in
vintage radio sets. I  have to confess
that I  becorne a l i t t le disturbed now
and again when I find that radio
equipment which I dealt with in the
norrnal course of events not so
lnanv  vears  ago ( to  my mind a t  anv
ra le )  has  now fa l len  in to  the  s lo t  o l
"vintage" I

VINTAGE VERACTTY
( J t r i t c  a  t e w  e n t h u s i a s t s  a r e

currently act ive not onlv in the
col lect ion of vintage radio sets but
also. in the process of bringing them
hack to working order. And here a
l i t t le problem arises. I f  a comDo-
nent  in .a  v in tage rad io  has  to 'be
replaced rn order . to get i t  to work,
s n o u t d  t h e  r e p l a c e m e n t  b e  a
rnodern part or one which was made
: r l  ; r rour rd  the  same per iod  as  the
set i tselP Commonsinse suggests
that a modern component shoul-d be
e r n  p l o y e d .  b u t  t h o s e  w h o  a r e
searching for true vintage veracitv
rnnv  we l l  w ish  to  employ  com-
ponents trom the period in which
the set was manufactured.
. In one-instance, however, i t  can
be ac tua l l y  dangerous  to  emplov
real ly old components, and this i i
when the parts concerned are elec_
trolvt ic capacitors. Some of the ore-
yr, l  h. l  smoothing_ electrolyi ics.
Deueve l t  o r  no t ,  used to  occas iona l_
It , ' .yp1,41,, i f  they developed an in-
te rna l  shor t -c i rcu i t  o r  passed too
high a leakage o.r r ipple currentl  So.
l r  vou  are  t ry rng  ou t  a  very  o ld
lna lns  rac l lo  anc l  a re  connect ing  i t  to
the rnains firr the first timb for
nranv .  many vears .  keep we l l  awav
f rom the  e lec t ro lv t i cs  un t i l  you  are
satisf ied that al l ' is going well .

Mv thoughts in this direct ion are
part lv .  pro.mpted not by vintage
rad los .bu l  bv  v in tage cars .  in  wh ich
tnere  ls  an  even grea ter  in te res l .  I
had Ihe  good lb r tune to  a t tend
severa l  onen-a i r  mntor  ra ! l i cc  d r : r
rng oul '  recent so-cal led ,.summer',
and was quite fascinated by the ear-
t v  c a r s ,  t r a c t i o n  e n g i n e s  a n d
s la t ionarv  eng ines  wh ich  were  on
i ' iew, st i l l  in ful l  workinq order.' l ' here  

is  someth ing  warming to  the

heart in the sight of the owner
ol 'a 1908 stat ionary engine sit t ins
behind i t  in a deck chair and beaml
ing away at i t  as i t  happilv chues
away. And I saw one l i l [ le- i tem 6f
radio interest: a small  steam ensine
and dynamo unit.  Durins W6rld
War II these units were 

-dropped

behind the Japanese lines to eria'Ute
the batteries of clandestine radios
to be charged. An ingenious choice
of qoruer indeed; the steam engines
could be fuelled by any combusti-
ble material,  and they would be far
quieter in operation than any petrol
powereo motor.

F L A S H I N G  L . E . D .

Currently avai lable from Nor-
bain Optoelectronics Division, Nor-
b ,a in  .  House,  Arkwr igh t  Road,
Reading, is what appeais to be the
first f lashing l ight-dmitt ine diode to
appear on the electronics market.' fhe 

l .e.d. has a bui l t- in integrated
circuit which causes it to flalsh on
and off at- approximately 3 pulses
per second, and i t  can 

-be 
driven

d i r e c t l y  b y  s t a n d a r d  t . t . l .  a n d
('MOS circuits, thereby el iminating
the need for external switchins cir l
cuitry. Manufactured bv Litr"onix.
the l .e.d. has the type number FRL
4403.

' f h e  
l . e . d .  e m p l o y s  e a l l i u m

aresen ide  phosph ide  
-  

techno logy
and has a red dif fused plast ic ler is.
M . a x i m u m  d i s s i p a t i b n  i s  2 0 0
mr l t rwat ts  a t  250 degrees  Cen_
tigrade. 'fhere 

is a largi full flood
radiat ing area and a wide viewins
ang le .  and the  l .e .d .  w i l l  lend  i t se lT
part icularly well  to appl icat ions
wnere l t  can g:ve warning of poten_
tlal or actual running condit ion
fai lure in any processing system.

L E A D  F O R M I N G

Eraser International Ltd.. 2/3
-H_appton  Cour t  Parade,  

.Eas t

Molesey. Surrey, have announced
the avai labi l i ty of a new, hand
operated. high speed component
Jggd gytt ing and forming machine.' l 'he 

Wybar Model AR.-MI . .Side
Winder" is designed to cut and
hend al r ight angles the leads of ax-
lal components such as resistors,
diodes and capacitors. etc.' fhe 

ARMf is a compact bench-
r . :  r . : l t . , l  : : ; : r .  i l . ^ i .  * i , i . i ,  i "  i r r l i y
a d j u s t a b l e  t o  a c c o m m o d a t ' e
d i  f fe re nt si  ze co m po.n en ts, a nd
whlch may be set bv the use of an
Al len  key  fo r  anv-  d imens ion  o l
bend requ i red .  The mach ine  w i l l
p rocess  most  ax ia l  components
wh ich  are  mounted on  bando l ie rs .' l 'he 

components are formed and
cut by the turn of a handle - the
faster the handle is turned the
higher the production rate. Rates in
excess of 40,000 components Der
hour are possible. The machine is
ideal for both low and high produc-
t ion environments, due 1o 

- i ts 
low

cost in comparison with automatic

"The plug which thinks for
itself." When inserted into a
| 3 amp mains socket. in-
dicators on the front of
the plug show whether
the socket is wired safely or
whether there are anv of
four basic faults. The plug is
manufactured by Galatrek

Engineering
\  t , t t  I  t ,  I  1 ' ; 1 |
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eouipment.'Ali 
cutting and forming dies are

manufacture-d from high qualitY
tungsten carbide, and the cutting
blaiies are regrindable.

MOTOR SPEED CONTROL

An integrated circuit specifically
intended for dc. motor speed con-
trol is described in a release bY
Fairchild Camera & Instrument
(UK) Ltd., of 230 High Street,
Potters Bar, Herts. The i.c. has the
Fairchild proprietary type number
yA7392 and is in a 14-Pin d't.t.
package.

The  rA?392  i s  des igned  to
orovide brecision closed-loop speed
control bf a.c. motors in sYstems
where a tachometer reference signal
is available as an indication of
speed. It is particularly suited for
d'esim situations where current re-
quiriments are eittrer less than
jOOmR or greater than 2 amPs
(when dr iv l  can be Provided
throueh an external Power tran-
sistor or power Darlington). The
tachometer  f requencY c.an be
eenerated in anv manner, the onty
[onstraint being that the signal
available at the device input ter-
minals must exceed 100mV Peak-
to-oeak.

Possible tvpes of tachogenerator
which can b6-used include a multi-
ple pole motor winding, an oPtical
bick-up from the motor's shaft or
an optical or magnetic pick-up from
a tape recorder capstan or record
turntable.

On receipt of the tachogenerator
sienal the uA7392 first converts tt
in"to a oulie with a defined width
and amplitude, the Pulse being then
integrated to geneiate a sawtooth
waveform. This sawtooth is next
compared with a d.c. reference to
produce a pulse width modulated
simal, the duty cYcle of which is
related to the error signal' Average
outDut current available from the
i.c.-is up to 300mA.

The 
'motor  

' inductance i tse l f
orovides adequate smoothing, so
bnsurins that what is essentially a
direct iurrent passes through it.
'fhis requires that the tachometer
freoueniv be a sufficientlY large
multiple-of the motor sPeed.

'l'wo distinct design advantages are
offered by the YA7392 sYstem.
First. speed regulation is indepen-
den t  o f  t he  amP l i t ude  o f  t he
tachometer signal, since it depends
only on the fiequency. Second, at
higher battery voltages the system
is more effi i ient than equivalent
d.c. control systems. The result is
extended life for batterY Powered
eq ui t r tnent .-sdecilic 

design features include
rrreCision performance (frequency-
to-voltage 

- 
conversion stability is

typically 0.f i for sup_p.ly voltages
t rom l0  to  16) ,  on-ch iP  thermal
shutdown and over-voltage protec-
t ion.
it2

Axial component lead-outs ard cut and bent to pre-

formed shapes simply by turning the handle of the Model

ARMI "Side Winder" machine marketed hy Eraser
lnternational' Ltd.

I N D O O R  A E R I A L S

It is surprising how efTective
radio and television receivers can
be with the most elementarY of
aerials. For vears I have had a 405
line televisioh set working in a spare
room. and I got excellent results on
this i i th a home-made diPole con-
sisting of two lengths of coaxial
cable.each cut to about a quarter
wavelength of the local Band I
channe[ These were Posit ioned
more or less verticallY, like a trqe
dioole. in a corner of the room, the
braiding of the uPPer length co-n-
necting to the centre conductor ol a
third i iece of coaxial cable, and the
braiding of the lower length, connec-
t ing to-the braiding of the thtrd

"r6le. 
The last cable connected the

dipole to the set. Despite the fright-
fui mismatch this arrangement also
save good resu l ts  on  Band I I I
I imalJ as well .

With small  sound receivers we
are Iarselv condit ioned to use in-
door ae"rials, too. On medium and
lons waves we have become used to
the'performance given with internal
ferrite rod aerials, despite the sur-
orisinelv hieh decree of attenuation
*nicn" is Iound in large ferro-
concrete bui ldings. Some years ago
I knocked uP a very simPle t.r . l '
rece iver  fo r  1 ,500 met res  on IY
which relied for nearly all its selec-
t ivi ty and i ts sensit ivi tY on -the
ferrite aerial itself. The set worked
oerfectlv at mv house, but when I
iook it *ittt me to a large London
hotel the results were verY disaP-
ooint ine. The strongest 1,500 metre
sicnal *as given when I took the set
over to the window of the room in
which I was trying it out! The radio
worked perfect lv, later, in an or-
d i n a r v  L o n d o n  h o u s e .  T h e

attenuatins effect of large buildings
is much less noticeable, of course,
with conventional a.m. superhets
having plenty of gain. in hand.

F.M.'receirt ion-with the pul l-up
telescopic aerial provided on most
v . h . f .  s e t s  c a n  a l s o  v a r y  c o n -
siderably according to the surroun-
dines. and it is sometimes necessary
to 

'position 
the set and its aerial

quiie critically for best Perfor-
mance. For stereo recePtion an ex-
ternal aerial is, of course, well-nigh
essential.

An external aerial is also a verY
good thing for a colour TV receiver,
Eut somi friends of mine don't
ugru". e. witness. they point to their
niun colour receiver-which gives a
completely acceptable picture,on a
tinv set-top aerlal, the only snor[-
c o m i n s  b e i n g  a  v e r Y  s l l g n t
graininiss due tb backgrorrnd noise
which is just perceptlble. I  ne aerlal
eiuu. on6 odd effect, though. Th-e
TV is posit ioned close to a wall
aiuiaind the l iving room lrom the
kitchen, and when anyone- goes, to
the kitchen cupboard on the other
side of the wall-the colour drops out,
leavins a black and white Picture'
As mv fr iends remark haPPilY' theY
can i lwavs tel l  i f  the kids are
raidine tnl cuPboard!

If. i"ncidentallv, Vou are thinking
of buvine an indboi TV aerial,  don't
iore;i tfiat the higher gain u'h'f'
tvpes are graded in groups' and that
v-ou want'the correct group-tor the
ihannels in Your distr ict.  I 'or the
t"."ta. aerials in GrouP A ar! for
Channels 21 to 34, in GrouP ts for
Channel. 39 to 51, in GrouP C for
Channels 50 to 66, in Groqp D tor

Channels 49 to 68' and in Group r l
for Channels 39 to 68. 

I
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