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Although it is possible to construct a digital
clock using ordinary logic i.c.'s, there is little incen-
t ive to  do so these days.  Specia l  purpose d ig i ta l
c l o c k  i . c . ' s  a r e  c u r r e n t l y  a v a i l a b l e  a t  v e r y
reasonable prices, and their use greatly simplifies
the construction of a dieital clock as well as reduc-
ing its cost. Admittedly, employing ordinary logic
i.c.'s does offer the advantage of giving the con-
structor a greater understanding of how the finish-
ed c lock funct ions,  but  th is  wi l l  be of  minor  impor.
ran(  e l l ,  most  readers.  and is  cer ta in ly  r - ' f  l i t t le  im-
oortance here since the main reouirement was for a
very simple electronic digital clock design.

It was not difficult to select the i.c. which forms
the basis  of  th is  pro ject .  and the AY-5-1224A has
been chosen. 'fhis device is not one of the most
r e c e n t l y  i n t r o d u c e d  c l o c k  i . c . ' s ,  b u t  i t  i s
nevertheless quite advanced. It is housed in a stan-
dard 16 pin d.i.l. package, and it provides all the
necessary logic circuitry for a mains operated lbur
dicit clock. The clock which is described here is a
lfhour type which is powered from a 50Hz supply.
However, it is an easy matter to modify the circuit
for 24 hour and/or 60Hz operation, and details o1'
these modifications will be nrovided. The i.c. is
Iisted by some'suppliers, sr.ich as Maplin Elec-

lflic Sunnlles, as AY-5-1224 without the suffix

It should perhaps be explained that although
this project is relatively easy to construct in com-
parison with other clock designs, it is not really
suitable for the beginner or near-beginner and
some experience of etching printed circuit boards
ls necessarv.

An articie in the followine issue will describe an
add-on facility which cauies the display to be
automatically dimmed under very dark lighting
conditions. This reduces glare and is particularly
useful if the clock is installed in a bedroom.

O P E R A T I N G  P R I N C I P L E

The great l l  s impl i f ied b lock d iagram o1 Fig.  I  i l -
Iust rates the wav in  which a c lock of  th is  nature
operates. The tiining control signal is provided by
the 50Hz mains supply which is normally ac-
curately maintained at its nominal frequency. The
;st

I

accuracv obtained from the present clock desiS'n
certainlv seems to be better than that provided b5'
most  mechanical  synchronous c locks.  A step-dou n
transformer reduces the mains voltage ttr a level
that is suitable to drive the clock circuit input.
This transformet is also used in the power supply
section and it provides isolation from the mains
suppry.
, A schmitt trigger app€ars_at the clock input,.it.s
function beins to provide a 50Hz waveform which
has fast leadi"ng aird trailing edges. The very slow
r ise and fa l l  t ime of  the mains input  is  not  su i tab le
for  d i rect ly  dr iv ing log ic  c i rcu i t ry .  as mal funcl ions
can occur as the waveform changes slowly from one
losic atate to the other. The Schmitt trigger incor
porates hvsteres is ,  which merely  means lhat  lhe
input voltage at which the outpul goes to logic I is
h i iher  than that  which causes the outpul  lo  return
to the loc ic  0 s tate.  This  helps the Schmit t  t r igger
to operati reliably from the slowly changing input
waviform and it also reduces the risk ol spurious
triggering due to mains noise spikes. rViewing the
mains waveform on an osc i l )oscope u i l l  show thal
it can be far from a Derfect sinewave.)

The outDut  of  the-Schmit t  t r isser  is  fed to a
div ide-bv-500 d iv ider  chain,  causing the 50Hz in-
put to b; reduced to one cycle per minute A lwr,-
i l is i t  counter  is  fed f rom the d iv ider  chain output .
but this is not an ordinary 0 to 99 counter. It is
desisned to automat ica l lv  reset  i tse l f  to  zerr , , ,n  lhe
folloiwing input pulse when a counl of 59 has been

SINGLE
CLOCK

By P. R. Arthur

Fig. , . Simplified block diag@m illustrating the
stages which allow tho sOH. mdins suPPly to
control the minutes and hours displaY of a

digital clock
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I.C. DIGITAL
* Readily available components

* Attractive design * Simple circuit

quence, a system known as multiplexing is
employed to enable the display to be driven from
just ll i.c. outputs. Apart from reducing the
number of  p ins that  the i .c .  needs to have,  mul ,
tiplexing also has the advantase of reducins the
numbeiof  leads which are reqi i red to coupl i  the
clock circuitrv to the disolav. 

-

Fig. 2 il lustrates the wav in which multiolexine
funciions with four common cathode disolivs. A
the A segments in each display are ion;ected
together, as are all the B. C, D, E, F and G
segments, so that, however many digits there are,
there are iust seven inputs plus the common
cathodes. Fbr the sake of simpliiity. only the A seg-
menl wrnng ls snown ln I ts. Z. I he common
cathodes are not simply conn-"ected direct to the
negative supply rail: instead they.are connected to
lhe negative supply rail via switching circuitry in-
side the i.c. or, to be more precise, via discrete
switching transistors which ari controlled by out-
outs of the i.c.

In this example we will assume that the A
segments of displays 1 and 3 are to be switched on,
and that those of displays 2 and 4 are to be turned
off. An internal oscillator of the clock will in turn
close the switches at outputs 1 to 4, so that as one
switch is closed the previ6us one is opened. The cir-
cuit continually cycles in this minner at high
sgeed, with the switches each being closed for an
roentrcar lenctn ol trme.

Fig. 2. Demonstrating th. multiplexing techni-
que. fhe electtonic switches to ou@uts |, 2, 3
and 4 close in ordeL driven by an internel os-

cillator in th6 i.c.

reached. and it therefore orovides the minutes dis-
p lay.  Wi th a 60Hz mains supply  the c i rcu i t  as so
iar'described functions in a'riiri i lar manner. but
the f i rs t  d iv ider  chain must  d iv ide bv 360 rather
than by 300 in order to provide an output at one
cycle per mlnute.

The output from the first divider chain is also
applied to a second divider chain, and this time the
div is ion is  by 60.  Thus,  an output  pulse is  produc-
ed at  in tervals  of  one hour ,  and th is  s ignal  is  used
to feed the two-digit hours counter and display.
The signal can also be employed to provide the
automatic reset to zero after 12 for a 12 hour clock.
or after 2,1 for a 2.1 hour clock. Aeain. this is not a
r ' "nvent ional  t )  t , r  99 cuunter  c i r (u i t .

M U LTIP LEXIN G

The clock circuitrv drives four common cathode
l .e.d.  d isp lays,  Cloc l i  i .c . 's  are somet imes designed
to prov ide an ind iv idual  output  terminal  tor  ea(h
displal. segm_ent. but this would nor be possible
here.  -The 

AY-5-1224A has only  I6  p ins.  and there
are 23 anodes to be driven (5 s'egmtints ol the letl-
hand hours display are unused as this displav is
erther biank or indicates the number 'l ). In'conse-
. l t r \ l l  l9? r l

reer panel ar6 mounted the push-
which provide aaro raset, minute

chango and how chenge
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In^order to light up the segments of disqlays I
ano J, rt ls merelv necessarv to close the swltch at
the A output each time the iwitch at either the I or
the 3 outpu,t is closed. Obviously the two A
segments - will not,be powered continuously, but
they will be pulsed on and off at a rate conirolled
by rhe cycling oscillator. This runs at a relarively
hlgh lrequency. whereupon persistence of vision
causes the segments to appear to be continuallv lit
up. The other segments bf each display cari be
similarly .il luminat-ed. the appropriite' segment
swltch belng closed at the same time as is the
switch coupling to the display common cathode.

T H E  C I R C U I T

_ The circuit diagram of the digital clock appears
in Fig, 3, and foi the sake of ilaritv the diinlav
section is shown in a simplified foim with one
block representing the four dlsplays. The full dis
p lav cr rcu l t  rs  r l lust ra led in  F ie.  4 .

Wi th reference to F ig.3,  T1- is  the mains s teD-
down transformer and ii feeds a full-wave rectifier.
C 1 provides. smoothing of the d.c. output of the rec-
tifier, and this very simple power slrbply provides
more tnan adequ.ate. pertormance lor the present

lf?T"::iil 
I he roaded output voLtase is about l6

The 50Hz input signal for the clock is applied to
pin 4 of the i.c., and it is derived from one windine
of T1 via a simple RC low pass filter incorooratine
R1 and C3. The purpose ofthe filter is to aitenuatE
noise spikes and so reduce the possibility of these
causing spurious operation of the input circuitry.
. C2 is part ofthe multiplex cycling os_cil)aror. and
rts value determines the liequency of oscillation.
TR1 to TR4 are used as thb multiplex switches
between the -display -catlodes and-rhe negative
supply rail. Theyare fed from the appropriare our -
puts of the i.c. via current limitine risisiors R2 t"
R5.

Similar discrete transistor sesment drive
switches are often employed at the segment out-
puts of the clock i.c., as the seement dr-ive current
is limited bv the maximum permissible dissination
of the i.c. The AY-5-1224A ian, however, drive r he
segments directly, this being done from the ourprrl
plns concerneo vta culrent ltmltlns reslstors R6 to
R12. The display section incorpolales four hieh
brightness red Le.d. displays type DL704 with the
result that, even though a comparatively small seg.
ment current is employed, fully satisfactory resulrs
are obtqined. The DL70a displays are. inaidenral-
Iy, available from several supplilrs including Am.
Dlt lnternauonat.

---- 
:.
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The circuit of tho singlo i,c, dlgit l clock, Fot otse ol presontation the four DL7O4 displays arc
shown ts a singla display block
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2 1 6 7 8 3 4
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Fig. 4. Detailed circuit illustrating the connections to the DLTM disptays. The display pin numbers cor-
raspond with the approp ate segments lrom A to G

,?cslrlr,,rs
(All i watt 5'rl)

R l  150k0
R2 8.2kn
R3 8.2kn
R4 8.2k o
Rb 8.2ko
R6 2.2ko
R'�t 2.2ko
R8 2.2k o
R9 2.2ko
R10 2.2ko
R1 l  2 .2ko
Rr2 2.2ko

('apac itrtrs
( ' l  1 .0(X) l l , '  e lect ro lv t ic ,  25V Wkg.
C2 680pF ceramic nlate
C3 0.0d68tF polyst'yrene

Transfrtrmt,r
T1 miniature mains transformer, secondaries 0-

l2V'250mA, 0-12V 250mA (see rexr)

\

Most of tho componanta ara
.starnbted on t printcd clr-
cuit bo.rd which is moootod
on tho boatom of th. craa

Semitttndu,c htrs
I C 1  A Y - 5 - 1 2 2 4 A
TRI l tc108.I'R2 BC I 08
TRi l  BC 108
TRl  BCr108
I)1 l  N1001
I)2 l -\r.1001
l ) 3  1 \ 1 1 . 1 8
I ) 1  I  N , 1 1 4 8

,Srl ilches
Sl  prrsh-but ton,  press
52 prrsh,but ton.  press
Sl)  l t l rsh-but ton,  press

I)isp1o vs
.1-of f  I )1 ,70,1

to  make
tq make
to make

Miscellaneous
-Min i -Bec"  case,7  x  5  x  i l i n ,  (see  tex t )
Pr in ted  board  mater ia ls
I ) i sp lav  f i l te r  (see  tex t )
LC.  h r , lder ,  16  p in  d . i . l .
i l - core  mains  lead
Wire .  so lder ,  e tc .

a,

',.

t
a



7fu vttlng Li dr. g.ah-
,4.t,tut ,r/altd'et on th. tqr

panat

t

, | ;

Fig. 5. Component and copper sidos of thc main printod boad. fhe lettar and figure references cortes'
pond with the sDme references in Fig. 6
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It is necessarv to incorporate some means ol sel -
tins the clock to the coriect time, of course. and
cloiine Sl causes the hours to advance at a rate of
one nir second. Closine 52 causes the minutes to
advance at a rate of oni Der second and the hours
counter to advance at-or\e hour per minute.
Depressing 53 sets the counters to zero and.
althoueh lhis is not an essential feature, il can
often be useful and save time when readjusting the
clock.

C O N S T R U C T I O N

The Drototvpe c lock is  bui l t  in  a D. l .Y.  "Min i '

Bec" cdse havine outside dimensions of about i by
5 bv 3in. This ian be obtained from H M. Elec-
troriics, 2?5a Fulwood Road, Sheffield, S10 3BD.
The case has wooden end cheeks, an aluminium
chassis and front panel, and a steel lid with
simulated black leatherclain finish. The end
cheeks were finished with a satin type varnish. but
any other finish mav be applied.

The senera l  lavout  is  verv s imple and st ra isht -
forward, as can 6e seen froh thd photographJ. A
rectangular aperture measuring about 53 by
17mm. is made at the centre of the front panel fbr
the readout display, and this can be cut out with
either a fretsaw or a miniature round file. It is ad-
visable to use some form of display filter in order to
provide the unit with a neat fi;ish and to improve
ihe clarity of the display. A piece of red Perspex is
emnloved in the proiotipe,6ut anv filter intinded
for'usd with a red displiy should b-e satisfactory. A
suitable filter is available, for instance, from
Maplin Electronic Suppies, The filter is glued in
plaie behind the aperfure with a good general pur-
nose adhesive.- 

A hole for the 3-core mains lead is drilled
towards the right-hand side (as seen from the rear)
of the case back, and this hole must be fitted with a
srommet. The three push-butron switches are
i.rounted in a horizontil row between the centre
and the left-hand side of the back, with S1 closest
to the mains lead hole, 52 in the middle and S3 at
the left. The mains lead should be secured inside
the case with a suitable clamp.

P R I N T E D  B O A R D S

Apart from lhe three switches. the remaining
comDonents aie all mounted on two printed circuit
boards.  One contq ins the main c i rcu i t ry  whi ls t  the
other is for the diiolav section. Details of the main
board are shown in Fig. 5. and the display board is
i l lust rated in  F ig.6.  Both d iagrams are reproduced
actual size so tfrat thev can !e easilv cofied.

? 7 8 "  - l

Fig. 6. The coppe. side of the display bo.r.l'
Connections shown here es lines are, in prac-
tice, nar.ow copper ttucks. Like Fig. 5, this is

reprcduced full si.o for ttucing

The board desims are fairlv complex, and an
etching pen havini a fine nib (srlch as ihe DECON -
DALO 33 tvne) is reallv necessarv when construc-
rins these. Uirine the m6thods desiribed in the arti-
cle-"Producins Printed Circuit Boards" (Radio &
Electronics Constructor, March 1977) it is not too
di f f icu l t  to  comDlete both boards.  Mains
transformer T1 is mounted on the rnain board by
means of two 4BA bolts and nuts. The bolt heads
are below the board. The transformer must be a
sood cualitv tvDe as it will be left running in-
6efinit'ely, and'sbme cheap types will overheat if
used in this manner. The maximum supply current
is about 100mA and so a component having a
secondary rating of 250mA, as is specified in the
Components Lisi, will be run well wilhin its ratings
and will provide trouble-free operation provided it
is of reasbnable qualitv. Suita6le transformers can
be obtained fror; Maplin Electronic Supplies or
Doram Electronics. In the case of the component
suoolied bv the latter. there mav be two 115 volt
oririrarv windings which must be series connected
ior use on the normal U.K. mains supply. Both
tvDes have two 12 vol t  secondarv windines which
must be series connecled to p;oviile what is then, in
effect, a 12-0-12 volt winding. Secondary connec-
tions are as indicated in Fig. 3.

Fig. 6 shows the copperside of the display printed
boar"d. this beine the'side which will laie ih'e main

ztiti

rho conn@tions h aha dir-
ptry prtntcd bo..d. Tto
coppar ida of thlt bo.rd ls
aowards tIr. lntld. ol tt c

oaaa
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Thh _ photaCftph lthtt a6 the .lumlntu n
bttc*at oD whlch tha d&W borrd tE fiouat d

pr inted board when rhe d isp lay is  f iued in  p lace.
I he drsplay .lead-outs pass through the holes and
are then soldered to the corresponding..copper
a,reas. The.only. ho.les which need to be dn ed are
rnose ror the dlsllay lead-outs and the two 6BA
mountrng bol ts .  ' l  he. remain ing b lack points  in  rhe
olagTam merely lndrcate connecting points which
are made on the copper side of the board. Inter_
connectlons between segment lead_outs and to the
segment connecting poinls are shown as single
t lnes:  ln .pract tce they consis t  o f  narrow copper
tracks a llttle less than 0.05in. wide-

The display board is mounted on an L-shaoed
mourrting bracket which is constructed from'1g
s.w.g-a lumin ium. This  ra ises the lower edse of  the
board about-6-mm. (or  as is  requi red)  aSove the
base panel of the case in order to brine rhe disolav
into alignment with the display winaori. St orr 6Ei
Dotts wlth nuts are used to secure the board to the
bracket, and the bracket to the case.

The- main printed circuit board is mounted
towards the rear of the case by means of r hree 684
bol ts  and nuts.  Spacing washers about  j in .  long are

passed.over. the mounting bolts to hold the board
unoers lde c lear  ot  the meta l  case bot tom. The bol theads are, ot course, on the Inderside of the case.
l ne spactng washer at the hole near transformer
I t must be a m,eta I type as it takes the mains earth
connectro_n to the metal chassis. Before the main
ooard ts  l lna l ly  mounted.  however ,  lhe mains ear th
wrre and-insulated. flexible leads about l00mm.
long are solder€d to lt. the latter at the points which
connect  19.  the d isp lay board and the three
swrtches. I hen. when the main board has been
mounled the .wiring can be compleled. the ln-
surareo -teads belng cut to length as required and
soldered into position.-The live and neutial wires of
rne malns lead can also be connected.

It will be evident from what has alreadv been
stated that the leads which connect to the riisoiav
board are not soldered to this in the usual fasiiori.
They are soldered direct to the copper side of ihe
panel ,  ra ther  in  the same wav as i6nnect ions are
made to a "Blob Board"-

The unit is then complete and is ready for
Iesnng.. I he malns wtring is accessible before the
case lld rs secured in position, snd so the usual

Ddtailed vLrY df tlw tnmpo-
nent side ol tha maln

pit tod Eirvuic b.rd
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precautions against shock must be observed. Apart
irom correctly setting the time using the pish-
buttons mounted on the rear panel, the finished
clock requires no further adjustment.

6OHz/24 HOUR OPERATION

In areas of the world where the mains freouencv
is 60Hz it is stil l nossible to use thc clock'as thi
necessary circuitry is incorporated in the i.c. It is
merelv necessarv to add a 1N4I48 diode betgeen
nins 6 and t2 oi the i.c. as shown in the skeleton

circuit diagram of Fig. 7. In practice, probably the
easiest wav of carrvine out this modification would
be to simily soldir tJre additional diode in posi-
tion on the underside of the printed board. Care
must be taken to ensure that no accidental short-
circuits can result.

If a 24 hour version of the clock is preferred, this
can be accomplished by adding a iNataS diode
between oins 6 and 13 of the i.c. This modification
is also shbwn in Fig. ?. Again, in practice the diode
can be soldered into position on the underside of
the nrinted board.

I C r

AY -5 t2244

Fig. 7. An additional diode is connected to the circuit if it is desircd to have 24 hour operction, or if the
clock is to function with a 6OHz fiains supply

A rectangular apefturc on tho front panal ot tho
electrcnic clock provides a window fot the

digitel reddout

I . C .  H A N D L I N G
The AY-5-1224A i.c. is a PMOS type and can

therefore be damaged by static charges. It should
be suoolied in some form of Drotective packagins
such as conductive foam, aird it shou'ld noi bi
removed from this packaginguntil it is time to con-
nect the device into circuit after all wiring has been
completed. As indicated in Fig. 5. an i.c. socket is
recommended, and it is essential to ensure that the
i.c. is plugged into this the right way round. Do not
handle the i .c .  more than is  absolute ly  necessar ] .

B R I G H T E R  D I S P L A Y

The brightness of the display should be salisfac-
tory for most requirements. although under very
bright ambient lighting conditions slightly in-
creising the brightniess rii l l improve legibili ly: This
can be achieved by reducing the values of the
current limiting resitors, R6 to R12. These should
all have the same value, and it is recommended
that thev should not be less than 1.8k n. With these
resistors at the specified value of 2.2ko, or reduced
to 1.8ko, the i.c. will run warm but it should not
become hot to the touch.

A U T O M A T I C  C O N T R O L

A modification which automaticallv reduces the
hr ightness of  the d isp lay under  dark ambient  con-
ditions will be described in next month's issue.

t
595
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NEWS AND

PUBLIC VIEWDATA SERVICE -  G.P.O. 's  'WORLD FtRST,

A massive e23m has been earmarked bv the Post
Of f ice to  establ ish the wor ld 's  f i rs t  publ ic  Viewdara
service - enabling people to call up infbrmation
orer lheir lelephone line and have it displayed on
tnerr lelevrslon sets.

The public service will start early in 1979, a year
sooner 

-l 
han oricinallv envisased.

Up to r5m wJll be-spent irimediatelv to ser uD
ten Viewdata cent res, 

- 
locat ed in London and ar

least two other cities. A further e18m has been
made avai lab le to  extend and develoo th is
revolut ionary serv ice dur ing 1979.

Plans now being drawn up are for Viewdata cen-
tres in London, Birmingham, Cardiff, Edinburgh,
Leeds, Manchester and Norwich.

Viewdata - invented bv the British Post Ollice
-  is  the pace-set t ing communicat ion sysrem l ink-
ing the phone to the TV set .  I t  enable.s  people ro
call up information stored in a computer anil dis-
pla1, it in words and simple diagrams on their TV
screens.

Almost limitless information can be made
available, on'a wealth of subjects ranging lrom
sports results to stock market piices, and-Ir6m up-
to-the-minute news to welfare services. At the start
of public service, the system will have a capacity of

a quar ter  o l  a  mi l l ion 'pages '  o l  in l r - ] rmar ion.
One of  Viewdata 's  ch ie f  a t t  racr  ions is  thar  i t  u  i l l

make available virtually limitless inlbrmation on a
huge range of subjects from stock market prices
to sports results and from household hints to lravel
timetables. The information can be called un at the
touch of  a but ton and d isp layed in  words o is imple
olagrams on tne I v screen.

Consumer guidance will be available from the
Consumers' Association and the Denartment of
Pr ices and Consumer Protec l ion.  There wi l l  be ra i l
and air travel information, tourist information,
careers guidance, job vacancies and educational
oDDOnUnlnes.

Barclaycard and Access are also raking part so
rhat . i t  wi l l  eventual ly  be possib le to  order-goods or
servrces, or reserve rail or air seats and nav fbr
them by credit card - all throush Viewdatdl

To use Viewdata,  people at  home wi l l  need ru be
on the phone. and f-o buy or rent a colour TV set
that  has been specia l lv  modi f ied to receive Vieu -
data.  The TV receiver i  would,  in  genera l ,  be ot  rhe
more advanced type, with such fiatures as remote
picture, volume, and channel control. Thev are
suppl ied wi th the push-but ton uni ts  that  are used
to obtain Viewdata information and thev would
also enable users to receive teletext. the bioadcast
in format ion serv ices operated hy rhe Br i r ish
Broadcast ing Corporat ion and rhe Independenr
Broadcasting Autliority.
- For business users, desk-top TV sets are being

dev-eloped for Viewdata. Theie may be in blac[
and whi te or  co lour .  When ec ju ipped wi th
typewriter-like keyboards, they wotild, within the
next two years, allow users to send or receive
messages as wel l  as d isp lav Vieudata in lormat iun.

There is  an annual  fee nf  r2 l0 to  pror  ide in lor -
mat ion for  Viewdata.  p lus a s torage (harge o l  t l
per page a year. In addition, the special tirminal
used to put information into Viewdata costs f400 a
year to rent from the Post Office.

It will be interesting to see how soon the view-
data service becomes iommonuace.

HOTELS ()UIZZED ON ELECTRONIC
Hotel  managers throughour Br i ta in  are beine

asked thei r  v iews on the future needs of  the in-
dustry  for  the many forms ofe lect ronic  equipment
n o w  b e c o m i n g  i n c r e a s i n g l y  a v a i l a b l e  o n  t h e
marKei.

This initiative is beins taken bv British Relav
(Electronics) Ltd which is concern'ed at the ureent
need to plan for the future in the face ol the ripid
advances now being made in the field of elec.
tronlcs.

The company is mailing a detailed questionnaire
596
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to some 2,000 hotels having more than bC rooms.
The questionnaire deals with such electronic ser-

v ices as:  room status:  morning cal l  and message
wal t rng servtces:  the prov is ion of  enler ta inment  in-
c ludrng te lev is ion,  " in  house" muvies,  pay-TV,  and
hackground music :  the Viewdata and-Teletext  in_
tormat ion s-erv ices:  the e lect ronic  room bar ;  and
cont'erence facilities and simultaneous translation.
- .  The company wi l l  make the consol idared f in-

dlngs of the questionnaire available to the hotel in-
oustry.

RA])I0 ANI) t 'LECTR0NICS CONS'I 'RI]CTOR
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COMMENT
RCA INTRODUCE LOW-COST COMPUTER KIT

A new low-cost  do- i t -yoursel f  compuler-k i t . -  the
COSMAC VIP (Video ln ler face Processor)  has been
Iaunched bv RCA Solid State - Europe, Sunburv-on
Thames, Mlddlesex. The new system. designed lo inter-
face with a cathode-ray display or, via a suilable
modulator, with a TV receiver, allows the user to assem-
ble a complete microcomputer for creating and.playing
video games. genersting computer graphlcs and develup-
ing microprocessor control tuncl lons."the 

VtP offers a complete computer syslem on a
printed-circuit card, with .a powerlul, -unclullered
operating system using, only 4k tllts ol read'only
nie-nryl Programs can-be generated and str-'red in an
audio cassette tape recorder for easy retrieval and use.

The hear t  o f  the VIP is  RCA's COSMAC CDPIsu2
microorocessor .  incorporat ing C-MOS c i rcu i t ry  lbr  l "w
oowei consumolion and an 8-bil architeclure for ea.e "l
aDDlrcatlon.

GEOSTATIONARY SATELLITE ASSISTS IN STEMMING

CONTRABAND DRUGS

General Electronic Company of the U.S.A.'s*
researchers have demonstrated that  space
technology could ass is t  narcot ics and immigrat ion
agents in stemming the llow ol contrab.and drugs
and i l leeal  a l iens across remote st re lches o l  the
U.S.A.'s borders.

In field tests ranging across the U.S.. GETUSA t
communicat ions ex ier ts  have demonstrated that  a
seostat ionarv soace sate l l i te ,  orb i t ing at  an a l l  i l  ude
6t zS,OOO mi-les'over a fixed spot on the earth's sur-
face,'could keep field agents in constant mobile
radio contact with a base station - even lrom
isolated ooints thousands of miles apart.

Until 
^now, 

conventional mobile radio com-
munications 

'have 
been Iimited to line-o1-sight

transmissions between sender ancl receiver, a dis-
tance of usuallv no more than 30 nriles. And il the
terrain is mountainous -- as it is, for exampJe,
a l o n s  l o n g  r e a c h e s  o I  t h e  I , 6 0 l ]  m i l e  U . S . - M e x i r  r r r
bord"er 

' 
the message may be blocked.

However .  s ince  a  geos ta t iuna15 spate  ia te l l i te
s t a y s  f i x e d  i n  t h e  s k y . . i t  i s  i n . l i n e , , l  s i g h t r v r l h
a b o u r  4 3  p e r c e n l  u f  l h e  e a r l h  s  s u r l a c e .  E r t n
thoueh the  sa te l l i te  i s  thousands o l  m i les  awa1.  i t
c a n  l e  d e s i g n e d  t o  p i { k  r r p  l i r "  r e l a t i '  e l 1  * e a k
s isna l  f rom an agent ' i  mob i le  rad i ' ,  r ran : . r I l i  e r .
a ip l i f v  the  s igna ' i ,  and  re la5  i t  back  lo  car rh .

' '  r i i n c r q l  I " . l t t  t r t  t t ) n t p q n \ , ' f  t l t ,  l \ l  ' '  r r ' , t
t t tnnec ted  u ' i th  the  Eng l ish  ( ( ) t t tpQt l \  t t l  a  s in t i lu r
narr(.

TEACHING THE TEACHERS
As a magazine for the home electronics enthusiast we

feel  that  t "he 4ews we g ive of  the wider  f ie ld  of  e ler ' -
i ron ics,  as g iv in  in  the foregoing news i tems,  enable the
elect  ronics 

-enthusiast  
to  see h is  hobby in  an exc i t tng

wider context.
The gap between home electronics projects and the

sonhist ica ied pro jects  used by governmenls and com'
. i " " i t i  o"g"" isat ions is  largeiy-br idged bv teachers of
e lect ronics,  and a l l ied subjects .

We are therefore p leased to g ive deta i ls  of  lhe.annu-a l
electronics summer ichool for teachers to be held al the
Univers i ty  of  Essex dur ing the week 1O-14 July '

This  ve i r .  as wel l  as running two establ ished cours( 's
in  l ineai  c i rcu i t  des ign and d ig i ta l  c i rcu i t  des ign,  a.  lh i r ( l
course in  Elect ronics Systems is  being in t roduced'  lhe
new course is  c losely  re lated to the At t t  ts lect ronrcs
S; ; t . ; ; lA j  te"et :  t t r6  object ive being to cover  some ( ' l '
the more d i f f icu l t  mater ia l  on the AEB sy l labus as u e l -
a s  d i s c u s s i n g  t h e  t e a c h i n g  a s p e c t s  o f  t h e ' A ' l e v e l '

Teachers 
-who 

requi re fur ther  in format ion on the
summer school should contact R. J. Mack at the Depart-
.;;t.i Electrical Engineering Science, University of
Essex, Wivenhoe Park, Colchester.

"l ve head of baftery hens but this
is ridiculousl"



SUGGESTED CIRCUIT

tOW CURRENT
TIMING CIRGUIT

By G. A. French

Some electronic timing circuits
are battery operated and are in-
tended to give relatively long timing
delavs. sav from several minutes to
half 

'an 
h6ur. Typi.cal applications

are $ven by egg tl mers.. reml noer
tlmers and guard clrcutts, wnlcn
cause an alarh to be given if a tim-
inq circuit is not manually reset
wilhin a given period of t ime. Such
timing circuits can lunction quite
reliablv bv taking advantage of the
charging oi a capacitor, and with
modern electrolytic capacitors sur-
o r is ins lv  lons  t im ing  per iods  are
ieas ibJe .  For  i xample ,  the  t ime con-
stant of a 4.?00r.rF electrolYtic
capacitor and a 4?0kO resistor is of
thi nrder of 2,400 seconds, or 40
minutes.

Whi ls t  in  most  convent iona l
l latterv timins svstems it is in'
evitabie that ai appreciable current
mLlst flow from the batterY when
the timins period is at an end
because soine sort of indicator is ac-
tivated, it is obviously desirable
that the current drawn from the
battery should be very low during
the  t i rn ing  p€r iod  i t se l f . . I f  the  t im-
lng  svs tem rs  mln la tu l l seo  ano Is
supp i ied ,  say ,  by  a  PP3 9  vo l t
ha t te rv ,  even cur ren ts  as  Iow as  ha l i
a mill iamD or so become excessive if
lons and reliable battery l ife is to be
given. The ubiquitous 555 i.c. does
not satisfy this current require-
ment, since it has a typical quies-
cent  cur ren t  consumpt ion  o f  6mA
et a supplv voltase of 9 volts.

Th is  i r l i c le  d isc r ibes  a  t im ing
c i r c u i t  w h i c h  i s  p a r t i c u l a r l y
su i tab le  fo r  ba t te ry  opera ted
sJstems giving long timing periods,
the average current consumptron
dur ing  the  per iod  be ing  about
0 . lmA.

cMos c tRcu tT
When considering low current

consumption circuits one tends to
turn to CMOS logic devices which,

:)9li

Fig. l. A simple timing cir-
cu it incorporating two

CMOS inveners

with their exceptionally high gate
input resistances, are particularly
attractive for timing applications. A
possible timing circuit is shown in
l ig .1 ,  in  wh ich  there  are  two
CM0S logic inverters connected in
taodem. The oositive supolv is
applred to tne vuu termlnal ome
i.c. in which the invertels ar€ inco!-
porated, and the negative supply is
applied to the VSS terminal.

Before the start of a timing
period the switch across capacitor C
keeps the capacitor short-circuited,
so that it is in the discharged condi-
tion. The input of the left-hand in-
verter is therefore low and its out-
put is high. The output of the right-
hand inverter is in consequence
low. When the switch is thrown to
take the short-circuit off C, this
capacito! commences to charge via
R. After a period, depending upon
the values of C and R, the input
voltage to the left-hand inverter
reaches transition level and its out-
put, amplified in the inverter, sta s
to change from the high to the lor*
state. When this outDut reaches the
transition level for the input of the
right-hand inverter, the output of
the latter starts to go high at a

grea ter  !a te .  Thus  the  c i rcu i t
6perates ag a timinc device. the
funCtion of the rieht-hand inverter
being to speed up the transition of
the output voltage from low to high,

U n f o r t u n a t e l y ,  t h e  c  u r r e n t
drawn from the supply by the two
inverters incleases dramaticallv
when their input voltages go central
of the fully high and fully low
states. Fig.2. shows typical voltage
and current transfer characte!istics
for a CMOS losic inverter with a 9
volt supply. Ai will be seen, the
current drawn bY the inverter in-
creases from a negligibly low level
to a maximum of about 2mA as the
input  vo l tage approaches and
passes through a roughly central
vol tage.

Fis .  3  i l l us t ra tes  the  VDD
current characteristic to be ex-
pected from the timins circuit of
Fig. l when it has a g volt supply,
and this has been checked out bv
the author in practice. Point O oir
the  hor izon ta l  t ime ax is  cor -
resDonds to the instant when the
sholt-circuit is taken off the timine
capacitor and it becins to charse.
The current drawn trom the I v;lt
supplv bv the two inverters iB very
nehilv zeio unti l ooint A is reached.
The iurrent theri rises uD to point
B, with virtually all the cirrrerit be-
ing drawn by the left-hand inverter.
At B the risht-hand inverter also
commencea 1o draw current from
the 9 volt supply, culminating in
the Deak at point C where current
drai;r (bv tw; inverters now) is oI
the order of 4mA. The timine
period ends approximately at poini
C. after which the current drawn bv
the two inverters is of less relativ'e
imDortance since current wii l also
be probably drawn by the timed in-
dicatine device.

As cin be seen by inspection, the
averase cur ren t  d rawn in  F ig .3
betwein points O and B is ofthe
ord .er  o i  th ree-quar te rs  o f  a
mlI lamp.

RADIO AND ELECTRON-ICS CONSTRUCTOR



L O W  C U R R E N T  C I R C U  I T
' f  

h e  s i t u a t i o n  c h a n g e s  c o n -
siderablv i f  rve add a si l icon tran,
sistor and two resistors, as we do in
Fig. 1. ' l 'he 

2.?kO resistor and the
base-emitter junction of the tran-
sistor are now inserted in series with
the posit ive supply to the VDD ter
rninal for the inveters. with the
consequence that the VDD current
l lows through the 2.?kO. resisbr.

After taking the short-circuit  o11
the capacitor this commences to
cha rge ,  as  be fo re .  S im i l a r l v  as
Dc In re ,  I ne  v  t J l J  cu r ren t  l l ow lng
through the 2.7k0 resistor is in-
i t ial lv low. causing onl1, a small
voltage to be dropped across i t .

After a period the VDD current in-
creases in the manner shown in Fig.
i l  and ,  when i t  ascends tn  a  p re-
de termined leve l ,  the  vo l tage across
the 2.7k h resistor reaches ihe t 'rrrn-
on base-emitter voltage of the tran,
sistor. A further ise in VDI)
current then results in increased
collector current in the transistor,
and the latter causes the capacitor
to  charge very  rap id ly  r ia  the
current l imiting lk ft resistor. As a
result, both inverters go quickly
through their transition voltage
levels, and the capacitor continues
to charge rapidly unti l the current
passing through the 2.7O resistor
falls to a value at which the tren-
sistor turns off again,

Fig. 2. Typical supply cu ent and voltage transfer characteristics
for a CMOS invener opercting frcm a 9 vott supply

A positive regeneration loop i6 Bet
up in the circuit as soon as the tran-
sistnr commences to pass a simifi-
cant collector currerit. Incre-asing
positive voltage at the input of the
left-hand inverter causes greater
current f low in the base of the tran-
sistor, whereupon the consequently
increased collector current takes
the inverter input further Dositive
again. The addii ion ofthe transistor
and its two resistors considerably
increases the rate of change of out-
put from the right-hand inverter at
the end of the timing period. Note
also that, even if the transistor
passes a high collector current, the
VDD voltage for the inverters nevel
falls lower than about 0.6 to 0.7 volt
helow the supply voltage because it
is held at this level by the forward
biased base-emitter junction of the
transistor.

The circuit can be set up so that
the translstor turns on at any ar,
b i t ra  r i  l y  chosen va lue ,  w i th in
reason, of VD[) current. In the
author's circuit it was decided to
choose a VDD current of 0.25mA,

Fig.4. Adding a silicon trcn-
sistor to curtail the timing
period at a low level of VOD

cuffent

at which the 2.7k O resistor gives a
calculated voltage drop of 0.67 volt .
Some further VDD current must
f low in the base-emitter junction of
the transistor i f  the latter is to pass
an adequate col lector current and i t
ivas found that, in practice, the cir-
cuit  tr iggered at a VDD current ol
sl ightly less than 0.3mA.

The t iming period ior a given
value oi C and R with the circuit  of
Fig. 4 is about half  of that given by
a  c i r cu i t  o f t he  t vDe  shown  i n  F ie .  1 .
This may represint a sl ight di iad-
vantage if it necessitates the use ol a
larger and consequently more ex-
pensive capacitor, but the saving in
expenditure on batteries should
soon counterbalance any init ial  in-
erease rn component costs.

r)99

Fig. 3. Current drawn by tha circuit of Fig. t du ng and alter the
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W O R K I N G  C I R C U I T
A working version of the circuit

is given in Fig.5. For convenience
the two inverters are NAND qates
w i t h  t h e i r  i n p u t s  c o n n e a t e d
together. These have the same
transfer and current characteristics
which were shown in Fig. 2 for the
inverters, and are part of an inex-
pens ive  in tegra ted  c i rcu i t  l vpe
Cl)4011. R3 is inserted between the
positive terminal of the timing
capac i to r ,  C1,  and the  input  o f  the
first inverter. This resistbr has no
effect on circuit operation and is in-
cluded merely to l imit forward
current in the inDut protection
diodes in the i,c. in-the 6vent o1 a
fault condition. The inputs of the
remaining two NAND gates in the
Ul)4011 are taken to the negative
rail and no connections are mide to
their outputs.

Power supply switching is carried
out by the 2-Dole 3-wav rotarv
swi tc t r  S1(a) (b ) .  ln  the  'Of f  pos i -
tion Sl(a) interruDts the 9 volt
supply whilst S1(b);nsures that C1
is  ma in ta ined d ischarged v ia
current l imiting resistor R4. In the"Standby" position, S1(a) com,
oletes the 9 volt Dositive circrrit
wh i l s t  S l (b )  keeps  C l  s t i l l d ischarg-
ed. Cl is allowed to charge via Rl
when 51(a)(b) is set to "Run". Us,
ing a 3-way switch in this manner
ensures that Cl is alwavs dischare-
ed, or very nearly so, when the
power is disconnected from the
600

Fig. 5. A ptactical working version of the timer with two inverters
ancl a transistor. The length of the timing period is cont.olled bv

the values ol Rt and Cl

cD40 l t  b \  sw i rch ine  SI {a ) (b )  to"off '.
' l 'he current drawn from the 9

vo l t  supp ly  i s  i l l us l ra ted  bv  the
curve  o l  F ig .  6 .  C I  commen;es  to
charge a t  po in t  O o f  the  hor izon ta l
t  ime ax is  and cont inues  to  do  so  un-
t i l  the  cur ren t  across  R5 o f  F ig .5
rises to a l itt le less than 0.3mA
Tl r is  occurs  a l  po in l  E  o f  F ig .  6 .  As
so, 'n  aq  lhe  t rans is lo r  s ta r ts  to  pass
eu l lec to r  cur ren l ,  the  cur ren l  d rawr r
l , \ ' the  c i rcu i t  in r . reases  rap id lv  to  a
peak  o f  a l rou t  7mA a t  po in t  F .  Th i .
c r r r ren t  r ' ' r r rs is ls  la rge ly  o f  charg ing
r 'u r ren t  in tn  ( ' I  v ia  R2.  The cur renL
falls and then rises again to the
peak at pr' int G. which-is.given by
lne second rnverter changlng state.
A l le r  po in t  G rhe  cur ren t  fa l l s
rap id lv  aga in  lo  a  l i t t le  Iess  thar -
o : lmA a t  po in t  H.  and then i t  ver \ .
gradually 

-continues 
to fall as Ci

charBes lurther via RL The lene-rh
,,f the period between noints E a-nc
H depends on the value ofCl; when
this is l,000tF the length of the
period is ofthe order of 1 second on-
ly. The output from the second in-
verter chanses state at Doint G.

\\"rrkins Trnm the curies of Frss.
ti:rnd 3. the average current drain
f r , 'm the  9  vo l t  supp ly  up  to  po in t  E
is  ap | rox i rna te ly  0 . lmA.  Th is  can
be considered a satisfactory value
for.a long-period battery oferated
utntng crrculL

Apart from R5, the resistors in
F ig .5  can a l l  be  ]  wat t  10%;  R5
should be ] watt 5o.. The switch
mav he  a , l -po le  3 -wav tvDe w i th
two of the poles unusedl The values

Fig. 6. The circuit of Fig. 5 leaturcs tow VDD cuftent drcin exceot
,bt a shod period at the end ol the timing cycte

HAt)  IO ANt)  ELEC.fRONICS CO^*S.|RUCTOR
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" " 
)  actoT

( b )

Fig, 7ld. The output ol the timer can switch on a load with the did

ol an extenal transistor
(b). fwo transistots are required for a heaw load cunent

of Rl and Cl wil l depend upon the
lensth of the timing p-eriod riquired
and on spread in the characteristics
of the i. i. and the transistor, and
will need to be determined em-
oiricallv. Workins from results with
lhe or6totvpe circuit the timing
perioh wil i be about two-fifths ol
ihe time con8tant of the8e two com-
oonents,' 

At the end of the timing period
the outout of the second inverter, at
oin s ol the C D4011. coes hich. The
current caDabil ity herl is rather Iow
and it wifl be a-dvisable to switch
anv load. such as a warninc in.
didator. bv wav of an external iran-
sistor. A'circuit suitable for loaa
currents up to about lOmA i8 given
i n . F i g .  7 l a l .  F o r  h i g h e r  l o a d
c u r r e n t s ,  u p  t o  5 0 m A ,  i t  i s
preferable to-add a second tran.
i istor. emplovins the circuit given
in Fig. ?ib). A-gain, the resistors
may be + watt 1090 type8.

!

NEW TOKO I,F. FILTERS
Ambi t  In ternat ional ,  o f  2  Gresham Road,

Brentwood, Essex, CM14 4HN announce the
availabilitv of a new ranse of Toko i.f. fi lters for
455 to 470kHz. There are two types in the new
series, a four section microminiatuie ladder filter,
tvne LFY. and a two element mechanical filter, the
CFUz. ftre LFY units are exceptional for their k-rw
cost, and the typical shape factor of 6/60dB 2:1 for
two units in cascade.

The CFM2 lvpes are the same s ize as the widely
used CFS ser ie i  t , f  10.7MHz f .m.  reramic i . f .
fi lters, and can be obtained in a wide variety of
bandwidths and centre frequencies. They are par-
ticularlv well suited to replace the usual capacitor
found in manv i.f. bandpass filter designs, to im-
orove i . f .  shaoe and to s impl i fv  i . l .  a l imment .  As
iu i th  the LFV ser ies,  these ' f i l t i rs  maybe d i rect ly
cascaded,  and can be combined in  i . f .  des igns to
provide a variety of i.f. responses for all modes

from n.f.b.m. to s.s.b.'
The LFY filters have a 6dB bandwidth of plus or

minus 3kHz, an insertion loss of 6dB maximum
and inout  and output  imDedances of  2ko.  The
a0dB bandwidth is nlus or itinus gkHz maximum.

One of the featuies of the CFM2 is its excep-
t i , rna l ly  smal l  phys ica l .s ize.  The.  f i l ter  compr ises
two ceramic resonator elements wlth a mechanlcal
coupling in the form of a specially developed alloy.
Irrput imrredance is 1k o and output impedance is
t .5k o, Bbth the CFM2 and the LFY filters are 3-
terminal devices.

Ambi t  In ternat ional  a lso announce a new
catalogue timed to coincide with the expansion of
thei r 's tocks of  the Toko ranges of 'co i ls ,  i . f .
transformers. I unerheads, ceramii and mechanical
filters, and this will be provided free of charge to
bona fide industrial users.

I

Spoctrum analyEer taace
lust@ting the bandp.ss
two Toko LFY filters

cascdde



A. P. Foberts

Easy-to-bui ld unit  gives stabi l ized outputs of 6, 7.5 and 9 volts
at currents up to l  OomA.

,  A  s imp le .  ma ins  opera ted  power  supp ly  o r
ba t te ry  e l im ina tor  hav ing  d .c .  ou tpu ts  o t  6  vo l ts ,
/ . i  vo l rs  and 9  vo t ts  a t  cur ren ts  up  to  about  I00mA
can be.extremely useful when buildinq or servicine
smalt batt^ery powered equipment. and a unit ot
rn rs  rype lo rms the  sub jec t  o f  th is  a r t i c le .  . l r  ob_
vlates. the need lor a supply of batteries to be ma in _
larned ln the wo-rkshop. and with their relatjvelv
nrgn  pnce these days  the  in i t ia l  cos t  o f  rhe  un i t  ca ;
soon De _recovered in  saved expend i tu re  on
nat tenes .  t t  i s  a lso  poss ib le  lo  use  th i  e l im ina tor  as
the .  normal  supp ly  fo r  smal l  ba t te rv  opera ted
e.qurpment such as transistor radios. Heri asain
the.co€t o-l the unit can be quickly recovered, es_pec la l l y  t t  lhe  equ ipment  i s  used ex tens i r .e lv  and
rrequent oattery changes would otherwise be re_
qur red .  I  he  e l im ina tor  descr ibed here  is  des imed
to be_used as an external unit, and so no mlaior
mpdltrcations. nee{to be made to the equipment
wh lch  rs  supp l ied .  Th is  makes i t  an  easy  mai re r  lo
revert to ba r tery-operati on if. at some firture time,
rne. portabllrtJ. allorded by independence from the
malns snould be leourred.

, 
Tlre output voltage, is well regulared and drops

Dy onllr about_tjumV between zeru output current
ano ru l t  load .  I  he  ou tpu t  i s  a lso  very  we l l  smooth_
ed_.  wr lh  the  no ise  on  lhe  ourpur  be ing  t ,n ly  ahou l
u :DT y .  a l  low outpu t  cur ren ts ,  r i s ing  to  ahr , r r r  2mV
aI  lu  .  load . .  Uutpu t  cur ren t  l im i t ing  is  incor_
pora ted-  ln  the  c i rcu i t .  wh ich  a lso  has  rhermal
over load pro tec t ion  in  i t s  vo l tage regu ia to r .

MONOLITHIC  REGULATORS
.  Many readers  w i l l  be  aware  o f  the  ava i lab i l i t v  o t
ln tegra ted  c i rcu- i t  mono l i th ic  vo l tage resu la to r r .
and. rt ls one ot these devices which forms ihe basis
of this project. For fairly low curent urrpii""i lo""
such,  as  the  present .one-  the  smal les- t ' t ypes  n l
r€gu la to r .a re  a lmost  idea l .  These are  3- t i im ina l
devrces whtch a.re.contained in TOg2 style encap_
s u l a t l o n s - .  , a n d  l n  a p p e a r a n c e  t h e v  a r e  i n _
drstrngurshable l iom TO92 transistors.
. Voltage regulators of this type are emploved in

tne .  manner  shown in  F ig .  I  {a .1 .  For  a  nbrmal
pos l t l ve  type  regu la to r  the  common te rmina l  i s
connected  to  the  negat ive  supp ly  ra i l ,  the  un-

Fig. ,(a). A monoli.thic voltage rcgulator can employ the circuit shown here. An unstabjlized supptyvoltage is appried to the input and the fegutated uohage ippears at the output(bl rhe regurated output vottage may be increased by insening a ziner aiiae n series with the common
(c). rhe zenet diode mav be ,.r,'..iT13,"!liir,::; ;:I::iT," orrers a stabirized vottase which isctependent on the values of RA and RB

RAI)I0 ANI) ! ] I , ! ]( ] ' fRONICS CO\S1'RI;C.I 'OR
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On the front ponel of the
bdttery el iminator ere
mountad the two outqut
sockets, the voltega selec-
to, switch and tha mains on-

off switch

resulated suonlv connects to the input terminal,
an? the outoiri tirminal supplies the iezulated out-
out. Caoacitors CA and CB are needet to ensure
ihat the circuit has both good stability and tran-
slent resDonse.

Virtually all monolithic voltage regulators have
some form of output current limiting, and small
devices of the tlrre snecified for the eliminator have
:onventional criireni limrtins at a nominal level of
1COmA. Most devices of thisirature also have ther-
mal overload protection circuitry so that, if the dis-
s ioat ion in  the device becohes excessive,  a
teinperature sensing element reduces the output
current to a value which produces an acceptable
dissipation level. Thus. thi devices are not-easily
damaeed in normal use.

Whin one considers the level of performance
and the facilities offered by these regulators, they
obviously provide very useful electronic building
blocks. Alsb, they are [uite modestly priced. Theii
one main drawbick when used in iihple circuits
such as that  of  F ig.  l {a)  is  that  they are only
designed to provide a single output voltage. lhe
mosi co-mon voltages being 5. i2 and 15" volts.
Nevertheless, the devices can be easily adapted to
produce rezulated output voltages which are higher
ihan those"for which ihey are 

"primarily 
designed.

One simple theoretical wav of doins this is il-
lustrated'in Fig. 1( b). Here ir zener diode has been
connected in series with the common terminal of
the device, and'it has the effect of raising the
voltage at the comrnon terminal by a level equal to
the zener voltage. The zener voltage appears
because a small quiescent current flows through
the rezulator. and'this provides the zener diode
with the necessary operriting current. The output
voltase of the renilat6r is theln subilized at its own
fixed-level abovi the Dotential at the common ter-
minal. In other words, by raising the voltage at the
common terminal the output voltage is raised by
a similar amount.

Output voltages of 6 volts, 7.5 volts and 9 volts
can be provided by a 5 volt regulator if three zener-
type devices having.voltages of 1.,2.5 and 4 volts
resDectivelv are switched into the common ter-
miiral circiit. In oractice. zener diodes cannot be
used at the low vdltage of 1 volt, and zener diodes
oDeratins at around 2.5 and 4 volts are not verv ef-
fii ient. ;ith the conseouence that alterndtive
devices which eive the sa;re effect as zener diodes
need to be employed instead.
JL]NE 19?8

A M P L I F I E D  D I O D E

Low stabilized voltages are usually obtained by
means of either forward biased silicon diodes or a
hieh eain silicon diode emploved as an "amplified

di6de'', and the latter is tlie irethod which is used
in the eliminator. The basic idea of an amplified
diode is shown in Fie. 1(c).

Resls lors
(AIl I watt 5%)

R1 4.7kn
R 2  l k o
R3 1.8ko
R4 8.2ko

Capacitors
CL 470uF electrolytic, 25V Wkg.
C2 O.lpF type C280 (Mullard)

Transformer
T1 mains transformer, primary 240V, secon-

dary 6-0-6V at 100mA.

Semiconductors
TRl  BClOgC
IC1 pA78L05WC
Dl-D4 1N4001

Suitches
Sl d.p.s.t. rotarv mains switch
52 4-bole 3-way rotary switch.

Sockets
SKl insulated wander socket, red.
SK2 insulated wander socket, black.

Miscellaneous
Metal case (see text)
Veroboard, 0.15in. matrix.
2 control knobs.
3-core mains lead.
Nuts, bolts, wire, etc.



Fig. 2. Typical cu^/e showing the rclationship
between fo.ward base emittet voltage and

collector cu cnt in a silicon tansstor

I f  a  g raph sh , r rv ing  base r .o i tage versus  co l lec to r
cur ren i  t i ) r  a  h rgh  ga in  s i l i con  l rans is to r  were  lo  he
drawn the result would be along the l ines i l-
lustraled in Fig. 2. With base-emitpr voltases ot uu
t o  a b n u t  0 . 6  r  o l t  o n l 5  a n  e x t r e l n e l v  s m a l l  c o l l e c l n r
cxrrent f lows. Above about 0.6'volt (the exact
f ig r re  ta r ies  s l igh t lv  be tween ind iv idua l  i ian-
s is to rs  and u i th  changes in  lempera ture)  the
co l lec to r  cur ren t  r i ses  rap id ly  w i th  very  smal l  in -
c reases  ln -hase-emi r te r  vn l tage.  I f  in  the  c i rcu i t  o f
t  rg .  l  (c  l  r  he  va  lues  o f  RA and R B a  re  equa l .  abour
1.2 volts rvii l  be needed at the collector oi TRA
befnre  th is  t rans is to r  beg ins  to  conduct .  Ra is ins
the  input  |o i tage lo  rhe  r . i rcu i t  we l l  ahove th is  leve l
rn  an .a l l ( 'n )p t  t t ,  Ib rce  the  co l lec to r  vo l rage h iqher
uou ld  no t  be  very  success fu l  as  i t  wou ld  me"re lv
resr r l t  in  

- fRA 
pass ing  more  co l lec to r  cur ren t ,  w i th

a  Frea le r  ru l tage drop  across  RC.  The co l lec to r
vn l tage o f  TRA r r "u ld  r i se  b1 .  nn ly  a  very  smal l
amount_

When -RA and .RB are equal, the collector
voltage of TRA is rherefore stabilized "i ,b;ri-i.i
votts. {Jther stabilized collector voltages can be ob_
tained, of course._ by altering the ratio" of RA to RB.
lncreaslng KA \,vith respect to RB will increase the
collector voltage and decreasing it will reduce rhe
co[ector - vottage. It is possible to obtain anv
sl.abllrzed collector voltage, within reason, which is
ngner tnan the base turn-on voltage of the tran-
sistor, but in. practic€ the circuit- becomes- Gs
ellectlve e! hlgher voltages because the losses in
KA and KIJ trecome too great in comparison with
l.he garn ol the transistor. In the present anolica-
tron the amplified diode circuit works extiemelv
well over the range ofstabilized voltages it is calleil
upon Co provlde.

P R A C T I C A L  C I R C U I T
The complete circuit of the batterv eliminalor

appears in Fig. 3. Transformer Tl stebs down the
mains voltage to the requjred level a-nd provides
isolation from the mains. Sl is a rotarv 2-oole on-
off switch. The secondary winding ofTl'feeds a
Dndge. rectrtrer. and the output from this is
smoothed-by Cl. Note tha_t T1 sicondary is actual-
lv a 9-0-6, volt winding. but the centre-tap is ig-
noreo ano^ tne secondary ls ueed as a straight_
rorwaro lz volt wlndlns.

Apart from providing smoothing. Cl is the
equivalent of CA in Fig. 1(a), anld C2 is the
equivalent of CB. ICl is ihe voltage regulator in-
tegrated circuit.

TR I is in .the amplified diode circuit, and R I
carnes out the same function as did RA in Fis.
l(c). RB is now represented by one of the threi
swl tched res is tors,  R2 to R4.  These enable
ellmrna.tor. output voltages- of 9. 7.5 and 6 vohs
respectlvely to. be Fven, the appropriate resistor
Delng selecteo bv Jz.

. In the inset f6r the lead-out layout of ICl, the
pins are. shown -pointing towaids the reader.
Layout dlagTams tor the i.c. concerned frequentlv
give a view from above, with the lead-outs nbintin!
away from the reader, and will in conslouencE
differ from the presentation given in Fig. 3. The i.c.
is available from Maplin Electronic S"upplies.

The mains ttansfomtet aDri the Vercboard com
ponent module arc both bolted to the bottom

of the netal  case

C O N S T R U C T I O N

The battery eliminator may be housed in any
metal case whtch_ h,as adequate room for the coml
ponent parts. and that emplcyed for the protolvDe
was a cabinet type BVJ which is availabli from Bi_
Pak Semiconductors. This has dimensions of 6 bv
1* Fv J i*, A smaller _case could be employed, 

-if

oeslreo. Ihe general layout ol the DrototvDe is
quite straightforward, as is demonstiared bi the
photographs. As can be seen, 52 is mounted
toward-s the cenlre of the front panel, with Sl on its
right. Sockets SKI and SK2 ale to the tefi of 52,
ano a. pteastng appearance is given if the four holes
lor^all these items are on a straight horizontal line.
- A nole lor the J-core marns lead is required in

the rear of the case and this must be ririiJ wlit '"
grommet. A- suitable plastic or plaslic covered
clamp shoxld secure.!he mains lead on the inside of
the case. l l is positioned to the rear of Sl and is
bolted to the bottom of the case by means of two
68A. or- 4BA bolts and nuts, as aiplicable i; i l;
partlcular transformer employed. 

-The 
nuts are

above the case bottom and a solder taq is secured
RAI)IO AND ELEC.TRONICS CONSTRUCTOR
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Fig.3. The circuit of the 3-voltage battery eliminatot. No connection is made to the centre taD ol the
mains transforme, secondary, Output voltages are setected by 52

under one of  them, t  h is  prov id ing the ear lh  connec-
t ion to the meta l  case.  The fact  [hat  T1 is  mounted
directly onto a metal surface assists in enabling it
rc run cool.

Most of the other components are assembled on
a 0.15in. matrix Veroboard which has 14 holes bv 9
copper s t r ips.  When a board of  the appropr iare s ize
has been cut out, the two 68A clear mounting holes
are drilled out and the single break in the copper
st r ips is  made before the var ious component i  bre
soldered in to posi t ion.  Deta i )s  of  the board are
prov ided in  F ie.  4 .  The completed board is  wi red
Lp tn the rest of the unit beftjre it is secured to the
bottom of the case. to the rear of SK1 and SK2. It
is mounted using two 684 screws about 1in. long.
Meta l  spacers on ihe bol ts  are used to hold rhe
board about ]in. clear of the case bottom surface,
so as to prevent short-circuits. Note that the
spacers must not be too wide in case they approach
str ip  F of  the board too c loselv

Before wiring up to S1 it is'advisable to check
the tass to which connections should be made with
the aid of an ohmmeter or continuitv tester. since
tag posi t ion ing wi th some swi tches n iay vary l rom
l h a t  s h o w n  i n  F i g . 4 ,  I t  i s  s i m i l a r y  a d v i s a b l e  r o
Iocate the inner and corresponding outer tags of 52
as, again, tag positioning may vary. The three
resistors, R2, R3 and R4, are soldered directly to
the switch tags, as shown. Note that 52 is a 4-iole
3-wav rotarv swi tch wi th 3 of  the ooles unused.

I t  ihould be borne in  mind that  t le  wi r ins to  Sl
and to the t ransformer or imarv is  at  mainsboten-
tial and that this wiriire is accessible when the
cover of the case is removed. In consequence. all
precaul ions against  acc identa l  shock-must  he
observed.
J l r \u  t  9?r i

,/'----q
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\

The Vercboard lavout is neat and uncluttered.
The board is mounted by maans of two 68A

bolts and nuts with spacing washers



Fig. 4. Layout of cofiponents on the Veroboard and the genercl wiring of the battery eliminatot

O P E R A T I O N  A N D  U S E

The three output voltages are nominal onl5 and.
due to soread in i he turn-on base-emit t er voltage o f
the transistor and tolerances in the values of the
resistors. mav be up to 0.5 volt away from the
values speci f ied.  This  is  not  real ly  of  great  impor-
tance so'far as battery operated.equipment i.s con-
cerned.  For  instance,  the actual  vo l tsge del lvered
bv a 9 volt batterv will usually vary from about 9 6

to 7.5 volts during its working life. Constructors
who wish to have the output voltages close to the
nominal values may select resistors for R2. R3 and
R4 on an experimental basis. Alternatively, the
fixed resistors could be replaced by miniature pre-
set variable resistots, suitable values being 2.2k r)
for R2, 4.7k o for R3 and 10ko for R4. However, for
nearlv all applications it should be more than
adequate -to irimply employ the same resistors as
were used in the irototype and accept any small

Tha wtrlng to ,t. cotn-
pot an t md$tod ott the
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discrepancies in  the output  vo l tages which mayresult-
The connection between the batterv eliminator

ano the powered equipment  can be made v ia arwln, tead termlnated at one end in a red and aoracK wander ptug lor  inser t ion in  SKI  and SK2.rn most  cases the other  end of  lhe twin lead can berermlnated tn a bal tery c l ip  or  connectors of  thesame rype as rs  used in  the suppl ied equipment .

Take tare to ensu_re that connections are madewrrn, rne correct polarity and that the metal parts
or rne Dattery cllp or connectors cannot slort_
crrcutt to any paft of the supplied equipment.

I r. rne battery ellminator is to be employed on asemr-permanent basis with the supplied eouiD_
ment ,  the la t ter  wi l l  requi re a sm" l l ' ; ; ; ; t ;h ;Te
ln,lrs case t^o provtde.access lbr the power lead. Noother modrllcation should be necessary. f

Secondary electron
camera tube

By Michael Lorant

New camera tube takes advantage of secondary emission to
provide a very wide range of i l lumination sensit ivi t ies.

West inghouse E lec t r i c  Corpora t iun  has  in -
t roduced -a  1 .6  in .  d iagona l  image,  . . secundar r
ts lec t ron  (  onduc t ion ' - rSECt .  cami ra  tube.  Us in i
magnet lc  scanntng  and hav ing  an  e lecr rus ta t i ( . im_
age sec t ron .  th is  new rube is  des ignated  rhe  \4X_
30654. It has a larger format and provid", g.e"f".
sens i t i v iw .  he t te r  res , ) lu l inn  and a ' la rger  s igna l  to_
norse  ra t lo , t  han t  he  company s  p rev ious  W L_ j t06g I
I u D e ,  a n d  l h e s e  l m p r o v e m e n t s  a r e  a c h i e \ ' e d
w r t h o u t  c o m p r o m i s i n g  o t h e r  p e r f o r m a n c e
para meters.
.  Because o f  i t s  un ique SEC ta rge t .  lhe  WX_306 i4
ls  ah te  tn  , , l j e ra te  nver  I  verv  w ide  range o f  scene
l l l u , m r n a l r , , n s  r ( r l h  .  h i g h  s e n s i t j v i t v .  L o c a l i s e d
reg lons  o l  a  scene wh ich  are  su f f i c ien t lv  b r ieh t  t , ,
cause sa tura l io -n  do  no t  p roduce ha la t ion , , r  b loom_
lng .  so  tha l  r  n  to rmat  ion .  f rom sur round ing  reg ions
ls  no t  o t rscured.  I  he  lube per fo rms a t  s l , ,u  i can_
n lng  ra les^as  we l l  as  a t  the  nurmal  scann inp  s r rced
In  the  U.5 .  o l  30  f ie lds  per  second.
"  I  he  e lec t ros ta t i c  image sec t ion  remains  in  lu ( .u r
to^ r  a l l  pho tocathode vo l tages .  S ince  the  sens i t i r  i t r
o l  the  tube var ies  w i th  phorocathode vo l tage,  rh i ,
Iea lu re  p rov ldes  a  con\ 'en ien t  means o l  ga in  con_
trol.. There are four grids, connections tn it """'6e-
lng brought out to pins at the base.

Pholocorhod. -

j

I

Dimensions of the new camera tube, The Dins
at the base cater for heater, cathode and four
gtids. Pin 9 js a short pin for location puryoses

' I ' h e  
. W X - 3 0 6 5 4  h a s  b e e n  d e s i g n e d  I o r

applications where limitations nf "o;;e;iio;;l

An overcll view of the Westinghouse Etectric
WX-30654 SEC camera tube wlth etectrcstatic

image section
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camera  tu t res .  { fo r -example .  the  pers is lence and
rower ,sens t t l v t ty .  o t  lhe .  v id icon  or  the  opera l iona l
complex l tv  and lower  dvngmic  ranoa  ̂ f ih -  ; ' . - . , ^complex i ty .and lower dynamic ranee ot ' ihe imase
orth lcon)  er ther  compromise per fo imance or  i r i i -
complexity

ca mera  tubes  ( fo r  exam
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A u.h.f. television sound channel is theoreticallv
capable of high fidelity performance, bur few
televigion seta even come close to such a level of
reproduction. This is rather a pity, especially when
one congtoers the number ot musrcal Drosrammes
which are transmitted by the various'Tf stations
tnese davs.

It is possible to overcome the shortcomings bv
feeding the television sound channel to a lli-fi
system via some form of adaptor, and then turnine
back the volume conuol on the TV set to iG
minimum setting. There are several wavs of tan-
ping off the televlsion sound signal, but ii mosr iir-
stances it is not possible to use; direct link. Thjs is
due to the facf that nearly all TV sers have a
chassis which is connected t6 one side of the mains
supply, whilst Hi-Fi systems have an earthed
chassis connection. Connecting the two chassis
together would be a dsngerous undertakine to sav
the least, snd could lead io the possibility of .eu"ti
shock. Some form of isolaiine ciriuit must
therefore be used.

The most obvious solution would be to use an a.f.
isolating transformer, or a modern equivalent such
as a circuit,employing an opto-isolatbr. The draw-
back to such systems is that thev must pick up lhe
sound signal not only after ir has been piocessid br.
the sound detector in the TV set but probablv als'o
by the audio stages as well. Thus, the signal may
not be of a very high quality once it reaches rhi
adaptor. which obviates the point of usine rhe
adaptor in the first place. Another method is io use
a. high quality.TV sound tuner to provide all the
srgnal processlJlg trom aerial to audio. output.
vvnlle rnls wlrl produce optrmum results. il 's
rather a complex and expensive solution,

The system used in 
-the 

TV sound addDlor
described in this article is in effect a comoromise
between the two approaches just outlined. The unit
consis ts  of  a  6.0MHz ampl i f ier  and h ieh oual i tv
f.m. detector which is fid from a niik-uo "nil
situated inside the TV receiver neai the'inrer-
carrier sound circuitry. It thus picks up the inrer.
carner slgnal, belore delectlon. and Drocesses it to
produce an audio output .  Prov ided- the te lev is ion
receiver -is n-ot lqdly out of alignment, the inler-
carrier siqnal will be at a high quality.level. as will
r,nen De tne audlo output Irom the adaplor.
608

ADA
Bv R.

A unit which oxtracts the
direct connection to givo in

T H E  C I R C U I T

Fig. 1 shows the complete circuit diasram of the
TV sound adaptor. Ll is the pick-up coil. and this
forms a 6.0M[lz tuned circuit in criniunction with
trimmer capacitor 'l ('1. 'I 'he latter ia adiusted to
peak the tuned circuit at the correct freqiencv. In
practice the pick-up coil is connected to ihe rest of
the unit by way of a length.of coaxial cable-. and the
capacltance ln this cable also fbrms part of the tun-
ed circuit.

G BC 09

Fig. t . The circuit of ths television sound adaDl
cenier signal frcm the TV set. This is amotilieo

RAI)IO ANI) I ] I , !)CTRONICS CONSTRT]CTOR
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A unit which oxtracts the telovision sound channel without
direct connection to give improvod sound reproduction.

T H E  C I R C U I T

_.Fig. 1 shows the complete circuit diagram of the
TV sound adaptor. Ll is the pick-up co-il. and this
forms a 6,0M[lz tuned circuit in conjunctign with
trimmer capacitor '1 Cl. 

' l 'he 
latter is adjusted tr,

peak the tuned clrcuit at the correct freeuencv. In
practice the pick.up coil is connected to ihe rest ol
the unit by way of a length of coaxial cable, and the
capacitance in this cable also forms part of the tun-
eo clrcult.

A common source Jugfet amplifier aDDears r
the input of the adaptor, this beiirg TRI. tr1 mair
tarns the gate at chassis potential if Ll is not olusr
ed in, R2 is the source bias resistor and C3'is il
source bypass capacitor. The output of th
qmplifier is developed across drain load resistc
R3. This amplifier piovides little in the wav of vol:
age gain and is mainly used as a buffer between th
pick-up coil and the second 6.0MHz amolifie
stage, which incorporates TR2.

TR2 is connected in the common emitter con

acro9

Fig. t. The circuit of ths television sound adaptot. Lt is a pick_up coit which picks up the 6.OMHZ inter-
canier signal from the TV set. This is amptified by TR |, IR2 and tcr, the tast atso p.oviding detection
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rlarieion sound chann€l without a
rovod sound reproduction.

hA is a pick up coit which picks up the 6.OMHz inter
by{Rl, TR2 and lC r. the tast also providing detection
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The completed adaptor with the pick-up coil
plugged in and raady for use

A common source Jugfet amplifier aDDears at
the input of the adaptor,lhis beiire TR 1. Iil main-
tains the gate at chassis potential ii Ll is not pluee-
ed in, R2 is the source bias resistor and C3-is th''e
source bypass capacitor. The output of the
amplifier is developed across drain load resistor
R3. This amplifier plovides little in the wav of volt-
age gain and is mainly used as a buffer bet-ween the
pick-up coil and the second 6.0MHz amnlifier
stage. which incorporates TR2.

TR2 is connected in the common emitter con-

Resrstors
(AIl I watt 5%)

Rl 100k o
R2 820 n
R3 330 o
R4 180 o

R5 220k n
R6 100 o
R7 330 o
R8 330 (r
R9 18k o

Capacitors
C1 0.1pF plastic foil
C2 0.lriF plastic fbil
uJ u.ul!-r dtsc ceramlc
C4 0.1y'F plastic foil
uD u.r!.rr qlsc ceramlc
C6 0.1pF disc ceramic
C7 33pF ceramic plate
C8 33iF ceramic ilate
C9 |0pF electrolytic, 10 V. Wkg.
C10 68pF ceramic plate
C11 0.015tF plasti; foil
TCI 10-60pF ceramic trimmer

Inductors
L1 see text
L2 quadrature coil, Toko tvpe KACS K586HM
(Ambit International)

Filters
CFl, CF2 6.0MHz ceramic filters type SFE6.0
(Ambit International)

Semicond,uctors
TR1 BF244B
TR2 BC109
IC1 SN7666ON

Switch
S1 s.p.s.t. toggle

MiscelLaneous
Aluminium box tvpe AB8
Coaxial socket
3.5mm. jack socket
9 volt battery type PP6 {Every Ready)
Battery connector
Coaxial plug
1 metre coaxial cable
Materials_for printed circuit board
4 rubber leet
Wire, bolts, nuts, etc.
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figuration with R7 as its collector load resistor and
R5 as, its base bias resistor. Ceramic fiite. CFi
R1:idj. interstage coupling between TRI ;;a
l  KZ.  L eramlc l i l ters  - requi re no a l ignmenl ,  un l ike
oro lnajy  1. .1 .  t rans lormers,  and th is  grear lv
srmptr l res the set t ing up of  the f in ished adantor .

.A .second .ceramic f i l ter  couples TR2 ro ' ICl ,
which prov ides most  of  the vol tage qain in  the c i r_
cult Al -6,0M.H2 this is typicalit of the order of
ttudu.- t(6 ls a bias resistor and it also sets the inDUt
impedance of the i.c. at the required level.
, - {s  wel l  as incorporat ing a h igh gain ampl i l ier .
r\ l also. contarns a htgh qualitv quadrature detec_
tor, Lz .ls the detecto.r crrjl. this component beingp r r  m a r r  t y  I  n t e n d e d  l o r  u s e  w i r h  I 0 . 7 M H t
quadrature demodularors.  C10 shunts the in ternal
capaci lor  of  rhe coi l  un i t  and reduces rhe opeia i ine
lrequency to the required figure of 6.0MFIz.
. I he ayjtlo outpul is obtained from pin g of the
r-c . .  and (  I  provrdes d.c .  b lock ing here.  Cl  1  g i r  es
de-emphasln,  which is  merely  a degree of  t ieb le
cut ,  I  hrs  compensates tbr  a s imi lar  amount  o l  t  re_
t,le boost .or pre-emphasis applied to the audio
9lg l la l  a t  lhe t ransmit ter .  The resul t  is  an overa l l
flat frequency response together wirh a inmewhai
rmproved s lgnal - to-noise rat io .  The audio output
level  rs  above 250mV r .m.s.
.  T,he supply  needs to be wel l  decoupled due ro the
ra lny h lgh.  gatn and operat ing f requency of  rhe
aoapror .  t .h ls  d^ecoupt ing is  prov ided by R4.  R6,
r  l .  (  z  and (  4 .  5 l  is  the on-o{ fswi tch.  The current
consumpl ion of  the adaptor  is  tvp ica l ly  about
17mA. Power is  obta ined f ru-  a ?pO 

" la t reru.

whlch has a reasonably l r rng work ing l i le .

C O M P O N E N T S
Three of  the componenls used in  th is  pro iec l  are

ol  a . rather  specia l ised nature and are i ro t "widelv
avarlable. I hese are the two ceramic filters and the
quadrature coil, all of which can be obtained from
Ambit Inte-rnatio_nal, 2 Qresham Road, Brentwood,
Essex, CM14 4HN. The i.c. is available fiom
severa l  .component  suppl iers .  inc luding Ambir
l n t e rna t l ona  I

The t r immer capaci tor ,  TC1,  used in  the
prototype is a 10-60pF ceramic component Tvne
A, which can be obrained from Doram Electroriics
Ltd. ,  P.O.  Box TR8,  Wel l inqton Road Industr ia l
Estate,  Wel l ington Br idge.  Leeds,  LS l2  2UF.

However, any small trimmer having a similar
lqp-acitance swing should be equally suitable. The
bl2448 transistor specified for TRl and the
aluminium box rype AP8 in which the adaptor is
noused are avallable lrom several suonliers. in-
clud.ing .Electrovalue. Ltd., Ze St. Jidei Road,
Englefield Green. Egham, Suney, TW20 0HB.

C O N S T R U C T I O N

Most of the components are mounted on a
printed^circxit. board. which is il lustrated full size
tn trg. z. I he board is made up in the usual way.
but note that the two holes for the mounting lugs 5i
L2 must be somewhat larger than the othe-r h;le;.
Lrrmenslons here are best taken from the coil unit
itself. The project is housed in an aluminium box
whrch measures about  102 bv 102 bv 38mm. t4 bv
4, by llin.) and the general layout ian be seen in
tne accompanytng p-hotogTaphs.

I ne two ceramtc lllters are symmetrical devices
with identical input and output impedances, and
tests_carned out by the author indicate that thev
may be connected either way round with, of course,
the centre lead-out connecting to chassis.

The.input socket is_ a standard panel-mounting
coaxlal type, and a solder tag is secured inside the
case under one of its 68A mounting nuts. TCI is
soldered directly across the centre iontact oi rhe
socket and this solder tag. The solder tas also
provides a connection for the negative ba ert lead.
A slngre wrre connects the centre contact of the
coaxial .socket to tlre- ap_propriate point of the
Doard. Another slngle. lead connects to the output
socket. a 3.5mm, jack type of open conslructjon
wnlcn allows lts bush contact to be automaticallv
connected to the metal case when it is fitted iit
place.

The printed circuit board is mounted usine a
couple of 684 bolts about lin. Ions, and me-tjl
spacers are used over these bolts to h6ld the board
a little way clear of the metal case. The chassis
conne{tibn to both th-e input and output sockets is
completed by way of these sDacers.
, Finally, four.rubber feet are bolted or glued to

the bottom of the box.

P I C K - U P  C O I L
The pick-up coil consists of8 turns ofthin multi-

strand p.v.c. covered connecting wire, and it has a

The coaxial input socket is on the reat panel of the box

RAI )IO ANI] EI,t . ]CTRONICS CONSTRUCTOR
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diameter of 2in. Four bands of insulating tape are
used to Drevent the coil from unwinding and make
it self-supportine. The coil is connecled to the
adaotor 6v a lead which consists of a 1 metre
Iensih of siandard TV coaxial cable terminated in
a coaxial plus. The soldered connections which join
the coil io the coaxial cable must be very well
covered with several layers of insulating.ape. The
coil will eventuallv fit inside the TV set cabin€t,
and it is absolutelj essential that there is no risk of

JUr-E 1978

anv direct connection between the coil and any
oait of the TV receiver occurring.' 

If the television 8et and the Hi'Fi amplifier-are-
some diEtance apart, do -not use a longer length ol
coaxial cable to enable the adaptor to be sltuated
near the amDlifier, as this would make it impossi-
ble to oeak the pick-up coil ptoperly' The adaptor
should be Dlacea neaf the TV set and a long out-
out lead uied instead. The output lead must be I
icreened type.



ADJ USTM ENT
Assuming that no suitable test gear is available.

the easiest wav of adiusting the unit is to first con-
nect everlthiis up and switch on all the equip-
ment. Bv-olacins the pick-up coil near the inter-
carrier iiriuits df the- televiiion set it should be
oossible to Dick up the sound chsnnel, although
irerhaps nof very well at this.stage. TCI is rhen
Deaked tor best results, whlch correspono lo
ininimum background noise. After this, the core of
L2 is adiusted 

-for 
maximum audio output. Use a

propertrimming too-l when adjusting L2. as there is
otherwrse a nsk ot damagrng tne core. rlnally.
move Ll awav from the television intercarrier cir-
cuits to a point where only a rather poor signal is
received,  and then peak TCI for  min imum
back$ound noise once again.

In-use the pick-up coifis placed in the position
which eives the mosi noise-free signal and its exact
oositio-nine will nrobablv not be-too critical, this
being espeliallv irue if the TV set is a valve lype.
Thes,"e n6rmall! provide quite a large amount of in-
tercarrier radiation. It may be necessary to make a
smell entrv hole in the rear of the set for the coax'
ial lead, but it is more than likely that some
suitable access point will already be available

Aut erct lalout s, com-
pohcnas

It may be possible to obtain satisfactory resulls
with the coil-completely outside the TV set case,
but this is only l ikely if the TV intercarrier circuits
happened to be close to the sel back. The necessity oI
poiit ioning the pick-up coil fairly close to the,TV
intercarrier circults ts not prlmsrlly due to tnere
beins a lack of suitable 6.OMHz signal slren$h
seveial inches awav. Instead. it is due to the lact
that the 6.0MHz fiequency coincides with the 49
metre short wave broadcast band, which normally
orovides verv strons simals after dark. It is in con'
iequence neiessary to-have a fairly t ight coupling
to t}e TV intercarrier simal so that lhis is sul
ficiently strong to swamp out the broadcast signals.

All precautions sgainst shock must be fully observ-
6d whon working wilh the t€lovision receiver. It the
pick-up coil doos have to ba positionod insids th€ TV
recaiuer, do not touch dnything inside the set while it
is ptugged in to the mains supply. Doing so could
r€sult in a gsverg or dang€ious electric ahock being
obtained. lt is sdvisabl€ to woar rubbar gloves when
positioning tha pick-up coil.

Finally, it should bo pointsd out that the unit is only
suitabl6 tor use with u.h.f, 825 l ine TV sets, es the
necessary 6.OMHZ intercarrier signal is only prosont
with this typ€ of receiv€r. I

\

:l
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T H E  B A N G  &  O L U F S E N  B O O K  O F  H l - F l .  B y  D a n  E v e r a r d .  l 3 4
pages,  180 x  11Omm. (7  x  4 f , in . )  Pub l ished by  Woodhead-Fau lkner
(Pub l ishers )  L td .  Pr ice  f  1 .25 .

Although the publication of this book has been sponsored by Bang & Olufsen, this well-known
manu{acturer of high fideli iy equipment has in no way intluenced the content of its text The book is
simDIy a well-written introduction to high l idelitY, having a general approach with no bias whal-
soever towards the products of any one company.

In his preface the author states that he has been approached over the years by non-technical
people seeking advice on quality audio equipment, and has found that their unwitting purchase of
incorrecl i lems has proved to be costly in terms of expenditure He telt that someone ought to
write a book" on the subject, and the publication under review is the result.

The book explains in simple terms how the various sections of a hi-f i installation work in con-
junction with each other. Dealt with in detail are the overall system, records and record players,
radio tuners, amplif iers, loudspeakers and tape recorders. The book then proceeds to the setting up
and maintenance of high fidelity equipment, carrying on to chapters describing the nature of sound
and recording techniques. There is f inally a 21 page glossary of the terms encountered in audio
sound recording and reproduction.

110  INTEGRATED C IRCUIT  PROJECTS FOR THE HOME
CONSTRUCTOR. By R.  M.  Marston .  127 pages,215 x  13Omm. (8{  x
5in.) Published by The Butterworth Group. Price f2.95.

This is a comglelely rewrit len second edition and follows the successful f irst edition which was
published under the same tit le, The integrated circuits dealt with in lhe present volume are amongst
the  la tes t  ava i lab le .

The book is divided into five chapters, each of which describes projects incorporating a panicular
integrated circuit. The firsl chapter deals with 741 op-amp projects, these including amplif iers,
voltage followers, phase splitters, f i l ters, square wave and Wien bridge generators, and instruments
lor lhe measurement of current, voltage and resistance. Chapter 2 is centred qn the 555 limer ic '
and again there is a wide range oI applications, including lhree imaginative circuits which are
capable of reproducing the sound of the Brit ish two-tone police siren, the "wail ing" American
pofice siren and the "Red Alert" alarm heard in the Star Trek TV seraes.

The third chapter is devoled to projects buil l around the XR-2206 function generator' This is a
very versati le i.c. which, with l itt le external circuitry, can produce sine, square, triangle, ramp and
pulse waveforms at frequencies from considerably less than I Hz to several hundred kHz The out-
put frequency, which is RC controlled, can be modulated in amplitude or trequency, and can also be
subjected to phase or frequency shift keying. The chapter gives circuits which take advantage of all
these capabil it ies. In the founh chapter we find 2 watl audio amplif ier circuits incorporating the
LM380, and in the fifth chapter power supply projects employing the 723 vollage regulator i.c.

MODEL ENGINEERING. By Mar t in  Evans.  224 pages,  245 x
190mm. (9!  x  7{ in . )  Publ ished by Pi tman Publ ish ing Ltd.  Pr ice €7.95

There is an art ist ic and almost creative grati f icat ion in the bui lding of a working model of

machinery. This is given not only by the exercise of ski l [ in deal ing with the materials employed bul
also by the dimensional accuracy with which the work must be made, the fact that the model is in-

tended to function and, f inal ly, the overal l  appearance of the completed model ln this hard cover
book, Mart in Evans successful ly captures al l  these facets of the world ot model engineering

Dealing I irst with the text, the volume covers the entire f ield ol practical model conslruct ion, giv-

ing ful l  delai ls of al l  the tools required from the humble hammer to the screw-cutt ing centre lathe.

Also given is very helpful and down-to-earth advice on the home workshop, together with descrip-

t ions of the materials incorporated in working models and the ioining of metals.
And that is jusl the text. Accompanying the words are an exceptional ly large number of clear and

attract ive photographs of aclual models, including steam locomotives, tract ion engines, internal
combustion engines, clocks and scienti t ic instruments.

The experienced wil l  f ind this book a continuing pleasure to browse through, and the newcomer
wil l  t ind i t  an excel lent source of information on successful model bui lding. l t  is certainly a del ight to
review a work which is so exceptional ly well  set up both in i ts pictorial and in i ts textual subiect-
maIIer.



FOR DX LISIENERS

By Frank A. Baldwin

nrnes : GMT

As most of this article is devoted to the HF bands
(see Around the Dial). some LF loggings are
presented here; we commence with -

O SWAZII ,AND
TWR Mpangela on 4?60 at 0403, religious ser-

v ice,  hvmns in  Afr ikaans.

O AFGHANISTAN
Kabul  on 3390 at  0146,  re l ig ious chants in  the

Home Service 1. scheduled from 0130 to 0330 for
th is  t ransrn iss ion.

.  PAKISTAN
Is lamabad on a measured 506l  at  0125,

religious chants and programme.

.  CONGO
Pointe Noir  on a measured 4843 at  1938,

c lass ica l  p iano.solo,  OM announcer  in  French.

O COI,OMBIA
Radio Bucaramanga on 4845 at 0330, OM with

identification in Spanish, LA pops.

.  BRAZII ,
Radio Ol inda,  Pernambuco,  on 3285 at  0137,

OM with an excited sports commentary in Por-
tuguese.

a CAMFiROON Radio Ber toua on 4750 at  1828,
Yl, with English programme followed by that in
French at  1830.

. PERII
Radio Qrr i l labamba on 5025 at  0133,  local  pops

on records, ()\.{ in Spanish.

CURRENT SCHEDULES

. SPAIN
"Radio Exterior de Espana", Madrid, presents a

6 t 4

service in English to Europe (not Sundays) from
2030 to 2230 on 7155 and 95O5.

O PAKISTAN
"Radio Pakistan", Karachi, has an External

Service in which a newscast in Enelish read at slow
speed is  d i rected to Europe f rom I100 to 1 l15 on
I  5 t  l5  and on 17665.  A proqramme in Urdu for
the U.  K.  is  f rom 0830 ro I  1-00 on the same f reouen-
c ies.  From l9 l5 to  2 l  l5  a t ransmiss ion in  Urd i  and
from fl15 to 2145 in Sylheti for the U.K. may be
heard on 471a,6235 and on ?O95,

. TURKEY
"The Voice of Turkey", Ankara, operates an Ex-

ternal  Serv ice in  which an Engl ish programme for
Eurnpe.  Nor th Afr ica and North Amer ica can be
hearr i  on 7 l?O and on g515.

.  AUSTRIA
"Radio Austria", Vienna, radiates programmes

in English for Europe from 0830 to 0900 on 6156,
15105,  f54f0 and on 17815;  f rom 1230 to 1300
on 6155,  9770,  I  l79O and on l77 lo;  f rom 1830
to 1900 on 6155,9725,  15335 and on 1777O.

.  LEBANON
"Radio Lebanon",  Bei rut ,  has an Engl ish

programme for Africa from 1830 to 1900 on I1766
and tirr North America from 0230 to 0300 on 9680.

. PORTUGAL
"Radiodifussao Portuguesa", Lisbon, offers a

programme in English for Europe from 2030 to
2100 (Sundays 2030 to 2050) on 6O25 and on
9740.

VATICAN CITY
"Vatican Radio", Vatican, beams programmes

in Enelish to the U.K. and Eire from 1345 to 1400
on 619O, 7250,9645 and on 1174O; from 2030 to
20.15 on 619O, 725O and on 9645.

RAI)IO AN*l l  ELECTRONICS CONSTRUCTOR



O HUNGARY

,.  
' 'Ba.d io 

9udapesr"  schedules programmes in
{ .ns l ]sh r , )  l . ,urope I rom I200 to I220 (not  Satur_
n a y s  n r  s u n d a y s )  o n  6 O 4 0 ,  Z I b b , 9 5 9 b .  l l 9 f 0 ,
r5160,  17785 and on 2t i2 \ ;  f .d-  ZrOOio Z i r i j.n 9999,^6! lo,7200,96bb, I  l9lo, rs2zo;;a
{ rn  |  /  /6u_dat ty .  A  prngramme fo r  l )xers  i s  to  be
hcard  , ,n  tuesdays  and Fr idays  in  Eng l ish  f rom
I s lr^ro I 530 0n 5680. 72 I 5. 9885, I l9"r o and onr  5160 .
.  BUI,GARIA

,  
'Rad, i , ,  S , r l ia "  d i rec ts  p rogrammes in  Eng l ish  ro

r re  r  . t r .  anr t  L l re  l rom l9 l0  lo  2000 on  6OiO and
ryy  7  70  and f rom 2130 to  2200 on  bg lb  and on
7 1 1 5 .

. I R A Q

.  
"Rad io  Baghdad_ l i s ts  a  p rogramme in  Eng l ish

l , ) r  r , r r r o l ' e  t r o m  2 1 3 0  l o  2 2 j J 0  o n  g 7 4 b .

.  POI ,AND

-  lo .d i "  Warsaw"  hroadcas ts  p rogrammes in
r ,ng l tsh  t , ,  F ,u rope l rom 0630 ro  0 ;00  nn  613F.
727O and on  9675:  f rom 1200 to  t230 on  609o
anr l  7285:  f rom t r j0o  ro  I630 on  6 l3b  and 9840:
l r , , rn  l ' ]  l r r  I , r  l9 (10  on  6O95 and 7285;  f r r rm 2O3e
to2100 on 6O95 and 728b and from 2i30 to 2300
on 5995,  7125 and on  727(J ,

.  MONGOLIA

,  I 'hn_ l la to r  r ransmi ls  p rogrammes in  Ene l i ,h  to
r \ , ru l  h  t - ,a : - t  Asra  and the  Far  Eas t  f rom 1220 to
l : i 0  i n o r  S u n d a y s r  , , n  6 3 8 b  a n d  o n  1 2 O 7 0  a n d
l r , , r n  l ; 1 . - ,  t ( '  1 7 4 5  {  n , , t  S u n d a v s t  t o  t h e  s a m e  t a r g e t
areas  on  7262 and on  gb7b l

AROUND THE DIAL

_  I r t  s h i c h  l r e  r e p o r t e d  . , , m e  r r l  t h e  i n l . r { . : l i l l !
. l  r l l , , n .  l ( , s g e r l  r e ( . p n t l v .  t h c  l i r , r  h e i n r :

.  CLANDESTINE
" \ - , , i c e , , f  A r a h  S y r i a "  o n  6 0 6 0  a r  l g l 9 ,  O M  w i r  h

exh, '11 .1 l ion  in  Arah ic .  The schedu le  i s  f rom Ig00 t r r
l l l l l l  r lur i fs Winrer & Sp.r ing and from t?00 t , ,
l r ! , , '  rn  )ummer .  ts roadcas ls  a re  an t i_Svr ian
r e s r m e  a n d  t h e  i d e n t i l i c a t i , , n  i n  A r a b i c  i s . i S a w t
: r l r r v a  a  l - A  r a  l ) i v a .  "

.  
"Vo ice  o f  l ,ebanon"  on  6bbo a t  1946,  OM in

Arabic interspersed with short excerots of local-
r \pe  mu- ic .  

- fh is  
p ro-Pha lang is r  r ransmi t te r  iden

tif ies as "Huna Sawt Lebnan, Sawt al-Hurrivah
wa al-Karamah" ("This is the Voice of Lebanon,"the
\ o r c e  o t  t  r e c d o m  a n d  l j i g n l t y " ) .  l h e  s c h e d u l e  o f
l h r .  t r a n s m i s . i o n  i s  f r o m  1 9 0 0  t o  2 1 0 5 ."Popular 

Front lor the Liberation of Oman" on
96_5-0 qt 2008, OM with world news in Arabic,
p n l  j t i r ' r l  h r r a n z u e  2 0  j 5  r o  2 U 2 0  w i r h  - " n v  - " n l
l r o n \ , , 1  ( ) m a n .  I " r ' a l - t v p e  m u s i c .  T h e  . i h e d u l e
would aJ)pear to be from 2000 to 2025.

.  SWEDEN
Stockh, , lm on  I  1950 a l  2036,  OM in  Swed ish  in

the  l . ) i ,mest ic  Ser \ i ce  l s t  Programme rad ia led  in
Inp  l  s f t  mode lo  embass ies ,  f i rms.  sh ips  and
5\vFdes ahr , ,ad .  rh is  r ransmi<s ion  be ing  t rom lx { r0
to  2130.

Stockho lm on 2169O a t  123?,  OM wi th  wor ld
new{  in  Ens l i : .h  in  a  p rogramme fo r  A f r i ca ,  the  Fa i
Ers t  and Nor rh  Amer ica  schedu led  f rom 1230 to
t l l00 .  A lso  in  para l le l  on  9715 and lbBOb.

. l t iNE 19;8

.  U.S.A.

. .yYqR Ukeechobee.  F lor ida,  on I  lZg0 ar  2048,
urvr  wt lh  a ret tgrous programme in Engl ish.
. JAPAN

T, 'k io  on I  5325 ar  0800.  OM wirh idenl i f icar ion
I n  f , n H t r s h  a n d  a  n e w s c a s t .  L i s t e n  f o r  t h e
programme in French then musical box interval
signal prior to 0800.

.AUSTRALIA

_ Melbourne on ll770 at 1840, OM with theErrr l i , .h  programme^to Europe rC"*r" t  S. i " i . " )\che.tule.i trom 11100 to 1900.
_.,Melbourneon 9b8O at 2000, identification and\-L wi t  h  w.r ld  news in  Engl ish ln  a General  SerJ ic !
l ransmrsslon scheduled t rom 2000 lo  2030.

Lvndhurst  nn 11870 ar  l8+0.  yL wi th a poo
- ' n g  i n  E n g l i s h  l r a n s m i l t e d  i n  t ' S B  m o d e .  

-  ' " '

.  PHILIPPINES

. R a r l i o , V e r i t a s .  M a n i l a .  o n  I  l g b b  a t  t 4 1 0 ,  y L
wr l  h  i i  ta lk  about  the Moslem fa i th  and a for thcom_
ing flower festival on Mindanao, a larse isia;d
s , , u l h  n n d  p a r r  o f  t h e  P h i l i p p i n e s .  i n  t h F  E n g l i s h
i ) r , 'Hmrnme 5cheduled f rom 1,100 lo  1500.  L is ten
lbr the identification and various adar""""i i- .t"_
t ron repof ts  at  1400.
I N D O N E S I A

. .hkar la  , 'n  I  l79O at  l )830.  . ,Voice of  Indonesja. ,
r d e n r r l l ( a l i , i n  r h e n  Y L  w i t h  w o r l d  n e w s  i n  E n s l i s h
ard; r  prngramme in lended for  South Eu. i  n . i l%nJrhe I , j rcr t r ( .  schcduled f rom 0R00 to 0900.
.  GUAM

,  K ' l  \ \  R ,  A g a a a  o n  I I Z 3 O  a t  I 1 0 0 ,  m u s i c a l(  l ) lmes.  l . lcn l l l icat inn in  Engl ish.  organ music  and
hvmns. .  lhrs  , ine may he heard aTter  rhe VOA
transmtt ter  c loses at  1059 on th is  channel .  A lso on
967O al  l t t59.  mrrs ica l  ch imes.  idenr i f icar ion ania
l l e l r t  s (  i t \ [  l n  E n g l l q h .

.  C H I N A

, , .  Rrd io  I )ek ing  r rn  6bb0 a l  1605.  Ch inese mus ic .
. r  l .  !n l  n  * ing  ln  (  h tnese in  the  Eng l ish  programme
r , , r  l . .a . t .and sou lh  A l r i ca .  schedu led  f rom I600 to

J , ,n l " .  
no , , ,n t "O rn  the  suppresred  car r ie r  LSB

O TAIWAN
' fa ipeh ( " ' fhe  Vo ice  o f  Free  Ch ina" )  on  I  lg lb

: i  r . r l { r ; .  I i ve .ch imes in te rva l  s igna l .  chnra l  an t t remlr  l v t  rn ,U le-Amov pmgramme to  South  Eas t  As ia ,\ (her i | | led  t r , r rn  Qaf ,11  te  1p611.

. EGYPT

. .  
C r i r " . o n  6 2 3 O  a 1  0 2 1 7 ,  y L  w i r h  a  n e w s c a s t  i n

r .ng lsn  ln  the  \o r th  Amer jcan Serv ice ,  schedu led
trom 0200 to 0330.

. I R A Q
R , r d i . , , B a s h d a d  n n  9 7 4 5  a r  2 t 4 9 .  A r a b i c _ t v D e

r r r l l s lc .  yL  wr th  annourcements  then a  ta lk  abbut
nar )v ron  and recent  . l rnds  in  the  area .  A l l  in  ther , r fg l r .h  l . , rngrarnme .chedu led  f rnm 2130 to  Z23O
on th is  channe l .

NOW HEAR THIS

^  
S R S  r S t i c h r r n g  R a d i o  O m r o e p  S u r i n a m e )

l ' i r r r m a n n , , . .  s u r r n a m  o n  4 8 5 O  a t  0 1 4 4 .  G I e n
. \ l l l l c r  r c c o r d i .  t ) M  a n n o u n c e r  i n  D u t c h .



THE
. .MAINS

MICRO-AMP''
By Si r  Douglas Hal l , K.C .M.c .

Concludlng

In Iast month's issue the circuit of the "Micro-
{mp" smplifier was described, as also were the
firsf conetiuctional steps. We proceed next to the
wiring.

W I R I N G  U P
The wirine for the sinele innut version of the

amplifier is ihown in Fiq:4(8).'The wiring of the
dodble input version is ihe same apart f;om the
componenis on the panel shown in Fig.2(c), which
was 

'published 
last'month, Also, VR"1 requires a

modification before wirins commences with the
dual input version of the amplifier, and this will be
described shortlv.

At this stase ihe section of Fie.2(a) will now be
assembled to-that of Fig.z(b), thls being desirable
to ensure that the parts fit together correctly. It is.
however, necessary to remov-e the Fig.2ta)iection
whilst wiring is being carried out, as ihis eases the

lntefnal appeafance of the dual input version of
the amolifier

The type P20 potentiometer recommended for
VRI has a Dlastic extension of the spindle passins
throush a cinnal hole in the rear. This exiensioi
shoulii be filed flat. A piece of thin tinplate is then
cut out with scissors as illustrated in Fig.5(a), and
this is bent along the dotted lines to form a clamp
for transformer T2. This clamo is then soldered to
the case of VRl in the mannei shown in Fis.5(b).
The orientation of the transformer with resfect to

RAI)IO ANI) ELI]CTRONICS CONSTRUCTOR

Part 2 (Conclusion)

process. The wiring is then completed as in
Fie.4(a) .- In  

th is  d iagram, both VR2/S1 and the
valveholder have been turned through 90 degrees
to illustrate the connections more clearly. Pin 4 ol
the valveholder. which corresponds to an "NC" pin
of the valve, is used as an ;rnchor tag. Confiim,
with the aid of an ohmeter or continuitt tester, the
tass of S1 which correspond to the two switch Doles
beTore wirinc in the mains lead. This is because the
tas positioning mav vary with some switches, with
th"e'result thi't thir ma-ins input could be short-
circuited when the switch is closed. Similarly con-
firm the mains transformer tags aBainst the
maker's information to ensure that connections
here are correct. Note that the mains transformer
clamp is earthed by way of the solder tag under
one oT its securins nuts. When the 120(r speaker is
used. a wire nailes from this solder tas to the
sDeaker frame t g. The mains lead is secured in-
side the case bv i small plastic or plastic-covered
clamp fixed bvl 684 bolt and nut it hole T ofthe
sectidn of Fii.2(a). This clamp is not shown in
Fie.4(a). The 

-3-core 
mains lead ihould be correctly

terminated in a 3-way fused mains plug.

DUAL INPUT VERSION

If the dual input
different assembly is
Fie.2(c) .

verSlon
needed

made, a
panel of

is to be
on the
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the potentrometer tags can be seen in Fig.4(b).
The second jack socket is then fitted and wirins

is  carr ied out  as i l lust rated in  F ig.4(b) .  The. . laree"

Fig.4(a). whing up the amplifier. The connec-
tions around SK, are for the single input vet-

sron.
(b). lf the dual input version is being built, two
hput sockets afe fifted and are wired as shown

here

and "small"
those which
tivelv.

windings
have higlr

indicated in Fig.4 ( b ) are
ano low reslstances respec,

3ta' 
a- 

slA" - 
tt4" -

s o r a . r c d  t o . o s .  o r  V R

I

I

Th.ee-quaner viaw. Here tha two input jack
sockets of the dual input vdrsion may be seen

on the control panel

.Jt iNFj l9;8

.._______j_
t\___l I
I I '.1 | ," l-r
I  i  t t  l f -

t/___4
(  b )

Fig.Sla) A piece of tinplate is cut out to fom a
mounting clamp fot T2

(b). After bending. tha ends of the clamp arc
soldered to the body of VBt

'i---, 
.L

i
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modifv tuner operation should this be a simple
t.r.f. desim.

Low rmoedance inputs can s imi lar lv  be aopl ied
to the low imoedairce iack socket .  A ZN4l4
receiver  wi l l  maich in to the low impedance input
nicelv, though it may not fully load the amplifier.
Wheie it i i necesiarv to Tit a d.c. blbcking
caoacitor between the 6utput of the tuner and thi
low imoedance input. an electrolvtic capacitor of
around l00uF will be satisfactoiv. It ihould be
connected with a polarity suitable for lhe par-
ticular d.c. conditions existing.

CASE
A case is necessary, and this may be made up as

shown in F ie.6.  The-sect ions of  F igs.6 (b) ,  ld)  and
te)  are madi  of  * in .  s . r .b .p. ,  whi ls i  those of  F igs.6
(a) and (c) are +in. plywood. The latter piece-s can
be covered with Fablon, or painted to match lhe
s.r.b.o. sections. The assemblv is held together
with imall thin woodscrews which paT, through
holes in the s.r.b.p. pieces, into the edges ol the
plvwood. There should be room for a piece ol melal
ioiaker eauze to be placed in front of the "chassis"

bifore it ' is slipped into the case. The "chassis" is
held in  p lace 'by the two knobs on the potenl io-
meter spindles. More secure methods may readily
be devised. if preferred.

The dimensions shown in Fig 6 are intended lbr
zuidance onlv. as thev assume ttat lhe receiver has
Seen made 

-exactlv-to 
size, and they offer no

clealances. The actiral case should be made to suit
the "chassis" as built. At least some of the dimen-
sions in Fie.6 will need revision to allow this to be
done and to enable the "chassis" to be a comfor-
table sliding fit.

(Concluded)
I iAI)I0 ANI) I i I ,F]C'IRONICS CONSTRT]CTOR

tT le '

t5ro"

Fig.6 A case may be made up in the mannet shown here with items la) to ld inclusive The rinished
assemblv appeers as in (fl. Dimensions are for guidance only

TESTING
After completion in either single or dual input

form. the amolifier is readv to be tried out. No set'
ting up adjus'tments are req.uired and it is simply
necessary to plug in the valve, connect up to the
mains and switc-h on. It should be remembered
that at this stage the amplifier is not fitted in a case
and that connections carrying dangerous mains
voltages are accessible. All precaulions against
shocli must be observed.

The h ieh impedance input  can be coupled to a
crystal ca;tridge of the type.described in Part 1. or
to a tuner unit having a mediurn or high impedance
outout. The connection should be via screened
cable with the braiding connected to the amplifier
ear th,  i .e .  to  i ts  nqat ive supply  ra i l .  This  wi l l  mean
that  anv tuner  uni t  used wi l l  automat ica l ly  be con-
nected io earth via the braiding, a fact which mav

The valva is positioned on one side of the
speaker magnet with the 'xtended spindle of

VR2|S| on the other side

til ll
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G E N E R A L  P R I N C I P L E S
'['he requirements of a simple position control

are shown in Fig. 1. We have two dials; the "user"
turns one to a desired angle and the "black box,,
turns the other to th€ same angle.

The first building block we need is some device

A DEMONSTRATION
CONTROL SERVO

By E.  A.  Parr  and J .  Ash

A comprehensive demonstrat ion system incor-
porating control lable options for servo gain, inert ia,
tacho and tacho gain.

' fhis unit was designed as a visual aid lbr a lec-
ture on elementary servo systems and position con-
trols. It contains ihe maioiitv of features found in
an industr ia l  servo system tsuch a.  err t , r  l inr i t  and
tacho feedback)  and i t  can be made to demunstrate
the idiosyncrasies of a real life system (such as
hunting, sluggishness and general instability).

Tho complete seNo system. The transmittet pointer and diat are in tha separate unit coupled by a tength
ol wire to the main rcceiver section

RAI)IO ANI) I . ]LEC'I 'RONICS CONS'IRUCTOR



Fig. | . Block diagrcm illustrating a simple posi
tion contfol system

PROPORTIONAL SERVO SYSTEM
Instinctively we want the motor to go fast when

we are a long way from the correct poiition and to
slow down as we come near the cotrecl Dosllton.
This can be done by making the motbr volts
proportional to the error voltage. A servo along
these lines is shown in Fis.3.

The substraction of the two posilion signals is
carr ied out  by IC1.  This  is ,  you wi l l  say.  an adder .
bul  the two p.m.d. 's  are arranged so thal  the t  l2
volts are reversed on the rece-iver potentiometer.
This  means lhat  i f  the fansmit ler  is  s i t t ins at  sav
' 3 volts, the receiver should be at -3 volts and th'e
sum (error) is 0. The error signal then feeds a
prrwer ampl i f ier  to  dr ive the motor .'The 

oower amol i f ier  consis ts  of  the lhree
amplifiei's, IC3 td IC5, and the four emitter
fo l lowers,  TRI  to ' l 'R4.  The ampl i f iers  operate as
s imDle inver lers wi th uni tv  eain to  s ive a push-pul l
outout across the motor. Noie that ihe feedbacl< on
IC3 and IC5 is taken from the transistor emitters
to compensate for the 0.8 volt base-emitter voltage.
(The FNP3055 specified for TR3 and TR4 is a
p.n.p. power transistor having virtually the same
characteristics as the 2N3055. lt is available liom
R.S. Comnonents Ltd.. and readers who do not
have accesi to this company will have to order the
transistor throush a retailer. - Editor).

The eain of  [he svstem is  set  bv VRl ,  which
determilnes the relationshin belween motor volts
and error volts (i.e. positioir enor). The setting of
the eain is  importa i t .  I f  i t  is  too low we havi  a
s lugi ish dr ive ihat  does not  reach posi t ion.  I f  i t  is
loo h igh we wi l l  have instabi l i ty  again.

A sihple servo like this will work, but its perfor-
-r.,"" i '" l imited bv the eain that can bi used
before instability r6ts itr. 

-The 
standard way to

overcome this is to measure the motor speed, com-
pare it with the desired speed (i.e. the erior voltage

to rneasure the position of the hand-turned dial
(called the "transmitter" in the jargon) and the
motor-turned ciial (called the "receiver"). There
are many forms this position, measuring device
(or p.m.d.) can take; common ones are synchros,
shafi encoders and the homely potentiometer.
Our simole servo uses a potentiometer. If the
r ro ten t iometer  i s  c r rnnec led  w i th  i t s  t rack  across  a
.  l2  vo l t  supp ly ,  the  vo l tage on  the  w iper  w i l l  be
depende4t  on  the  shaf t  ang le  and.  moreover .
shou ld  be  reasonab lv  l inear ,

We thus have two voltages, one representing our
desired oosition and one our actual position. A sub-
r r a c t i n n  w i l l  g i v e  u "  a  r n l l a g e  w h i t  h  r e p r e s e n l s  t h e
e r r o r  i n  n o s i t i n n  a n d  t h e  ' i s n  w i l l  t e l l  u s  u h i c h
direction 

^th-e 
error is in (i.e. more lelt or right).

A verv simnle servo svstem could then be built
along thi l ine.s ol Fig. 2. The voltage error signals
er .  fed  tU two comDara l , r rS  wh ich  ' ipe la te  lw{ ,
re lavs :  d r ive  le f t  and i l r i ve  r ieh t .  The re i i s to r  cha in
a t  lhe  comDara ln r  inpr t l s  n rov ides  a  dead band s r r
rhar  a t  the  h 'med po i i t i , ' n  the  le f t  and r igh t  re lay .
c rc  no l  con l inua l l l ,  r 'ha t le r ing .  Th is  type  oJ  servo  is
ca l le r l  a  'hang h ing"  svs tem.  l r  sh i ,u ld  be  no ted
tha t  R l  and R2 are  la rge  compared w i th  RV1 and
RV2 to  rn in i rn ise  load ine .  R3 and R4 se t  the  dead
ba nd .

f l i .  . i r n p l e  s e r \ , ,  h a s  o n e  t p r y  s e r i n t t s  s h . r t
e ' r rn ins .  The rno tor  d r i \ .es  the  po in te r  a t  a  cons tan l
s o e e d  u n t i l  - h o r t t v  h e l o r e  l h e  a l e s l r e d  p o s i l i o n  l t h c
. i r r t  , , 1  t h e  d e a d  6 a n d t .  I f  t h e  s p e e d  i i t o o  h i g h  t h e
d i a l  w i l l  n a s .  l h r u u c h  l h e  d e a d  b a n d  a n d  o u t  t h e
other side. The dial-wil l then hunt back and lbrth
about  the  des i red  oos i r ion .  Obv ious lv  lh is  can he
prevented  on ly  hy  l rav ing .a  w ide  dead band (poor
a(  c l t rac \ ' )  r r r  a  . l ' rw  speed (poor  response) .

.ltr\Fl r 9?fl

+12  v

_  t ?v

( -+ t2v

- - - t 2 v

R L R

Fig. 2, A "bang bang" seNo system fh.
trrows alongside the potentiometers indicate

clockwise rctation
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vR3

Fig. 3. A ptoportional seruo system. (No connections are made to the offset null pins of the 741's)

Rt-  Rto rookn
R|| -Rt6 47ln

vRt 5OOkn
VR2-VR3 lko

RAI)IO AND ELECTRONICS CONSTRUCTOR

N C ,
Nc.

Olls.t null Nl

NC
741

2N3O55, PNP3O55

Resls /r.rrs
( A l l  f i x e d  v a l u e s  ]  w a t t  5 %  u n l e s s

otherwise stated)
Rl  68ko
R2-R4 100k o
R5 10k o
R6-R17 100k o
R18-R24 47k o
R25-R27 10k o
R28,  R29 5.6ko
R30,  R3l  100n,  2 wat ts
VR1 500k o potentiometer, wire-wound or
celmet
VR2 500ko pre-set potentiometer, wire'
'wound or cetmet
VR3 500k n potentiomer, wire'wound or
cetmet
VRl-VRO 1ko potentiometer, wire-wound
VR7 100ko pre-set potentiometer, wire-
wound or cermet

Capacitors
C1 0.1rrF polvester
C2'C4 l0rrF polyester or polycarbonate
C5 0.01pF polyester

Sem[conrluctors
ICl - IC8 741
TR1,  TR2 2N3055
TR3, TR4 PNP3O55
ZDl, ZD2 zener diode, 5.6V 400mW
D1, l)2 see text

Sultches
S1,  52 s.p.s . t . ,  toggle
S3 s.p.d.t., toggle
LS1, 'LS2 min iature s .p.d. t .  microswi tch
(see text,

Meter
M1 15-0-15V,  centre-zero

Misce aneous
Drive motor (see text)
Tacho generator (see text)
Heat sinks
Hardware for dials, gear train, etc.
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Fig.4. 8Io* ditgt m sho*ing a tarya syswt, R.c.iv.r
with ttcho &.adback

after the gain is set) and either add or subtracl to
the  motor  vo l ts  i f  there  is  an  er ro r .  The h l , , t . k
d taFram o l  th is  sys tem is  shown in  l  ig .  4 .

: \uppose we are  approach ing  lhe  cor rec l  pns i l inn
a t  h rgh  speed w i th  pos i t i ve  motor  vo l l s ,  and ue
overshoo l .  I  he  speed re fe rence ca l l s  Io r  smal l
lneqat ive  molor  vo l l s  (because the  er ro r  i s  .ma l l1
but  lhe  tacho sees  a  la rge  speed er rn r  because rhe
motor  l s  t rav-e l l lng  Ias t  in  the  wrong d i re t . t ion . ' l  he
spced er ro r  s igna l  adds  lo  the  smal l ipeed re le rcncr
In  g rve . ta rge  nega l lve  vo l ts  to  s top  lhe  motor  qu ick -
l \ ' . ^ |  n ls  techn lque ls  ca l led  tacho Ieedhat .k .

servo  mechan isms can be  a  very  mathemat i t . c l
suh jee t .  bur  i r  i s  hoped thar  the  c i i cu i ts  d ; " ; i , ,n ; l
a rong lhe  ahove l ines  w i l l  g ive  an  in ru i l i ve  fee l  lo r
the  bas lc .  p r inc ip les .  I t  i s  years .  an ] .wa) . .  . ince
e i t h e r  a u t h o r  d i d  a  N y q u i s t " d i a g r a m .

PRACTICAL  CONSTR UCTION
There i:" much mechanical as well as electrical

wnrk  in  hu i ld ing  th€  demons l ra t ion  i " i r " - . 'on . i
mosr  peopte  wt l t  p robah ly  use  what  thev  hare  in
the l r - "come in  handy"  box .  The merhan ica l  no tes
are  there tore  a  gu ide .  no l  a  shopp ing  l i s r .

I  ne  pro lo lype  used a  s lo l  car  mn lor  l i r r  lhe  mei | )

d r ive  motor .  I t  was  lbund bv  t r ia l  and er ro r  tha l  a
gearbox ratio of about 1,000 to 1 rl,as rrceded. *e
were  lo r tunate  in  tha t  we were  ab le  to  ob ta in  two
30 to 1 gearboxes from some scrap industrial posi_
t ion  cont ro ls ,_br r t  the  in i t ia l  layout  u .ec l  " imp ie
Meccano gearboxes .

T h e  t a c h . - w a s  a  s m a l l  R i p m a x  m , , l o r  u l . p d  a s  j l
s e n e r a l o r .  l h e  l y p e  i s . n o l  I e r l  i m p n r r a n t  a n d  a
r Io lo r  t rom a  .v la lchhox  car  game \aa i  u :ed
o r i g i n a l J y .  t h i s  b e i n g c h a n g e d  r , ,  r h e  R i p m r x  m n d o l
D e c a u s e  l h e  l a l l e r  $ a s  e a s i e r  l o  m , , l l n l .  T h e  t a r h u
i s  c o u p l e d  t o  t h e  m o l o r  s h a I  h y  a  p i e c e , , f  l l c x i b l c
f l r l ) l ) e r  l u b r n g  a n d  q i \ e s  a h r , t l l  1  r ' n l t . r  w h e n  t h e  " l r r t
car . rno tor , i s  ro ta l ing  a l  I ' ,p  speed.  F ' ig  6  "h , ,u .s  the ,
Dasrc  mecnantca l  jayou t .
.. The mechanical construction should be maclc as
l ree .a . r  pn55 ib ls .  and where  misa l igament  can i , . ( .u r
l lex rh le  c , ,up l rngs  rhou ld  he  u .ed .  An ex{ ,e l l cnr  un-
r v e r s a l  J n i n t  c a n  h e  m a d e  w i t h  u  i n r l , ,  r | r . n  t r l r s h e r
je t  tub ing .

The. two p .m.d . ' s  were  ord inar - " -  1  k  o  w i re -wound
potentiometers. To allow for misalignntent. only
l30  degrees  o f  the  2?0 degree moremenr  ,ua*  u red .
a n . l  a  l e r o ' n g  c o n t r o l  a d d e d  i n  t h e  I n r n r , , l  a  t h i r d
potentiometer.

The receiver potentiometer is mounted in froht of the receive, diar. At the rcat ot the .eceiver boad isthe power supply' with the output transisto.r heat sinks to its right. ini positions or otner parts ot thereceiver section are desctibed in the text
E 1971r
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C I R C U I T  D E S C R I P T I O N
The final circuit is shown in Fig. 5. The circuit is

somewhat pedantic and uses far more op--amps
than are strictly necessary. The circuit was design-
ed. rhouqh. to siparate out each stage. ln a real ser-
vo svste"m the eiror amplifier and gain slage lnr
examrrle, would be all one stage. The separation of
stages does, however, make the system easy to
exolain and demonstrate.' lhe errot  subl rac l ion is  done by ICl  As hefore.
the voltages are inverted on the two potentlometers
so th3r  the i r  sum is  zero.  The zero potenl tomeler  ts
used to compensate for  any in i t ia l  er ror  in  ser l ing
the physicai position of the potentiometers and
pornters.'  

The gain is  set  by IC2 in  the range I  to  50 This
rvas found adequate for our system and cn\ ere'l t he
whole range f rom terv . luggi .h  l , '  dounr i lh t  ur t
stable.

IC3 allows the mechanical lnertia to be in-
creased e lect ronica l ly  by delav ing the. .peed
reference,  This  was added because lhe low lner t ra
oi our svstem meant that the oscillations obtained
with thd high gain were too rapid to observe easily'
The pseud6 i r ier t ia  g ives an osc i l la t ion of  aborr t  1
secono Derloo.

In th 'e  absence of  tacho feedback.  the speed
reference is  s imply appl ied to lC4.  IC7 and I ( '8  to
drive the motof in push-pull as before.

The tacho s ignal  
' is  

ampl i f ied by ICs wi th ga. in
set  bv VR2.  The eain is  set  such thal .  \ ' \ r lh  lhe
motoi  runnins at  top speed of f  load.  the vol tage out
of  IC5 is  equdl  in  magr l i tude but  opPosi le  in  s iEn, to
the vol tage out  ot  l (  2 ,  the speed re lerence l  ne
voltaee orit of lC6 will then be a speed error signal
(su j t ;b lv  amol i f ied)  qhich is  added in to IC4 and
iC? to buck or boost the speed reference

Note that the error signal is derived from IC2
sneed reference, not IC3. The tacho feedback will
ihu i  "orrect  for  the e lect ronic  iner t  ia  in t roduced h5 '
IC3,

The motor  used is  a 12 vol t  type.  but  under  long
movements i t  could be fed wi th 20 vol ts  l  he molr ' r
vo i taee s ienal  is  l imi ted lo .12 vol ts  by ZDI and
ZD2."The;e l imi t  the outpul  o f  lC2 to +6 vol ts .  and
hence the motor volts to i12 volts (it is driven in
oush-pul l ,  remember) .  This  c larnping of  the error
i isnal '  is  ca l led "error  I imi t ing""The 

errot limit, tacho and electronic inertia are
all switchable for demonst ration.

l . i rn i t  swi tches LSI  and LS2 are over l ravel
l imi ts  to  prevent  damage to l .he puinter . in  the evenl
of  zero mis-set t inq,  or  wl ld  osc l l la t lons.  I  nese
swi tches were R.S Components. type 33i -879
miniature s .p.d. t .  microswi tches wi th the op(  rat lng
lever  terminated in  a ro l ler ,  and operate o l l  lhe
receiver  pointer .  The normal ly  c losed conlac ls  a-re
used,  s topping the dr ive when the.p.o in ler-h i ls  lhe
swi tch.  {The swi tc-hes we.re added 3t ler  tne
ohotocraph" were taken. l  The d iodes D1 and D2
i t tn* i t rd  motor  to  dr ive out  of  l imi t  in  the. . r fe
direction. Thev are silicon rectifiers with foruard
cunent ratinqi suitable for the motor.

t t r .  tor f -  capaci tors C2,  C3 and C4 are
polvester  or  polycarbonate and n. , t  e lect ro lv t i r  '  (A

io lF ool"ca ibonate capaci tor  is  l is ted by Home
R;dio i .  Di f f icu l t t ,  may be exper ienced in  obta in ing
the 500kn wire-wound or cermet potentiometers
reouired for VR1 to VR3. Carbon potentiometers
can be used. but it is slightly bad practice tn u'e
carbon potentiometers in a feedback lnop'

The 
'circuit 

operates with long ieads and a
624

. t  rass lv  lavout .  To prevenl  i t  tak ing of f  in  wi ld  os-
c i l la i ions at  h igh f requencies,  the response o l
ampl i f iers  wi th iong leads at tached is  s lugged bv
caoacitors in the feedback.

The t12 volt supply is derived from a single 24
vol t  supplv .  This  is  sp l i t  in to l2  vo l ts  b5 the tu, '
res i ' to i iR io and R3 i .  In  choosing a su i tab le supp-
lv the motor current should be taken into account:
ours takes about 1 amp.

C O N S T R U C T I O N
The orieinal circuit was built on R.S. Com

oonents i i .  s t r ioboard,  hul  the laSout  is  r ln t
cr i t ica l  and othei  methods uf  assembly could be
used, As can be seen from the photograph-'. the
controls and motor voltmeter were mounled on a
f ront  nanel  of  the receiver  sect ion.  The rar iab le
euntro is  on th is  panel  are "Zero"  tVR5t .  "Gain"
(VR] ) and "Taclio" (VR3). The three switches are
"Error  l , imi t "  (S1) ,  " Iner t ia"  (S2)  and "Tacho"

(s3).
Behind  the  f ron t  pane l  i s  the  c i rcu i t  board  and

behind this the fouf output t lansistors. These are
mounted on heat sinks 6 protect them should the
m.) to r  s ta l l .

To the Ieft of the front panel on the main
rece iver  board  is  the  rece iver  d ia l  and-po in te r .  w i t  h
the  rece iver  po ten t iometer  in  f ron t  o l  the  po in te r .
D i rec t l v  beh ind  the  rece iver  d ia land po in te r  i s  lhe

searbo i ,  th is  be ing  coup led  by  a  rubber  band d  r i r  e
ib  the  motor ,  wh ich  is  on  the  r igh t .  A Isu  on  the
r ieh t .  and coup led  to  the  motor ,  i s  the  tach"
senera tor .  A l l  these par ts  a re  mounted on  I  he i r  own
ihass is  wh ich  in  ru rn  i s  mounted  on  the  main
receiver board. Connection to the electronics is
made bv  wav o f  p lugs  and sockets .  Beh ind  the
rece iver -d ia l . -  motor  and tacho chass is  i s  a  meta l
case conta in ing  the  po \ t -e r  supp ly .  . .  , .

The t ransmi t te r ,  w i th  i t s  own d ta l .  adJus l lng
knob and ootentiometer, is constructed on a free
chassis and connected to the receiver by about 3
metres of cable.

SETTING UP

Commissioning of the system should be done in
the following manner.

I .  D isconnect  the  motor  e lec t r i ca l l y  and se l  the
ga in  fo r  max imum.  Set  bo th .  d ia ls  by  hand lo  9 r l
degrees .  Connec l  a  me ler  to  lhe  nu lpu l .o l  l . (  z  an( l
ad ius t  the  zero  cont ro l  fo r  zero .  Set  the .  d la ls  h l
hii d to O degrees. Adjust the span conlrol for zero'
Check  aga in-w i th  bo th  d ia ls  a t  180 degrees  N ' ' le
tha t  lhe ipan con l ro l  i s  a  p re-se t .  whereas  the  zero
cont ro l  i s  user  access ib le .  I fa  zero  is  no t  ob ta lnah le
ui-O'i.-gru". ""d 180 degrees check the wiring to the
potentrometers.

2 .  Ha le  e r ro r  l im i t ,  iner t ia  and tacho ou t  Set

** i" -ia-p"lnt Set uort' dials lo 90 degrecs and
ih .erve mnfor  vo l ts .  Move I  he t ransmrt ter  o la l
" i i ' r ' " t . ;a"  i i  go d"gt"es.  Th"  motor  vo l ts  shorr ld
i i . l , '  " .a ' f r i t - i " -e? ih d i te . t ion tposi t ive and
negative) from zero.

3.  Connect  the motr r r  e lecrr ica l ly  hut  n.o l
mechanical ly .  Repeat  Step 2 and obserre that  the
-oioi atiu"J u"d ieverses'correctly. Set both dials
to 90 degrees and mechanical ly  conn€ct  lhe mol '  ' r '
Have a Fand poised over  the On-Off  swi tch in  ca 'e
oi  u  tun" tuu! .  Move the l ransmit ler  d ia l  by 45
i"*" " r ,  l t t i  receiver  d ia l  should fo l low in  the

RADIO AND ELFJCTRONICS CONSTRUCTOR
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F;9. 6. fhe mechanical lawut a, the rhotot,
tacho and drive to tha rccoivea poin,e,

sarne d i rec t ion  (do  no t  wor rv  abot r t  osc i l la l ion
a l )ou t  the  f ina l  pos i t ion) .  i f  ihe  d ia l  mr rves  the
wrong w i tv  reverse  the  lno tor  connect ions .

.1 .  \ \ r i th  the  motor  connected  the  cor rec t  wav .
, l i - i , , n n e c t  j t  m e ,  h a n i c a l l r  a g a i n .  M . v c  e i t h e r  d i i l
r i t t l t l  l h c  t n ' , l r r r  i . r  r u n n i r r g  t l  t , , p  c | e c d .  a n d  c h e t . k
I l r r t  I  l t c  r ' , , h r g e s  o u t  o f  l C 5  a n d  I C 2  a r e  o l ' l ) p i , s i l e
l ) , , r i n r r ( \ .  l t  l l t e v  j t r e  n l l l ,  r e v e r s e  t h e  t a ( , h 1 ,  ( . o n
r | c l i " r ) .  I l . r . h e r  a r o  , , 1  , , p p o s i r e  | o l a r i t y .  r r r r n  t h e
l . r . h h  g j l l l l  I  \  H  j { )  I ' r  m a x i m U m .  r r b s e r \ ' e  l h e  r r t r t o u t
o f  I ( l { i  and  se t  VR2 to  g ive  zero .  Note  tha t  VRi  l s
nr ) l  L tser  access lb lp_

5.  \Ye noq chcck  tha t  the  tacho works .  Wi th  the
nto tor  s t i l l  rnechan ica l l v  d isconnected .  se t  e i lher
, l i r r l  s "  t  h , r  t . t h c  m , ' t ' , r  i c ; u n n i n g  r t  a h n u r  o n p . 1 h i r d
< l ' , , r ' ( 1 .  \ \ l l h  I l r e  t a c h o  . $ i t ( . h p d  ( , u t .  a p p l !  l i g h t
f i l r f c r  p re . : . l r rn  1 , ,  th r .  lno tor  sha f l  r , ,  s l r , , , r ' i t  r l , ,wn.
obscnc  thc  rno tor  vo l ts  anc l  s tv i t ch  the  tacho in .' l ' hc  

rno tor  vo l ts  shou ld  r i se  to  tompensate  f i i r  the
l " r r r l  r r n , l  t l t t -  l l , , t , ) r  s l ) e e d  r . r p  a g a i n .  T h i s  m a v  r a k e
: - ' , r n o  r ' \ l ) ( . r i r n e n l i l i o n  u i r h  r h e  t a , . h , ,  g a i n  ; , r t e n -r j , , l l p r , , r  t , ,  l i n d  t h e  c , r r r e c t  s e r t i n g .  M n r e ' e i t h e r
c l ia l  u i th  the  tacho in  and ou t  an i i  cu-par "  iho
s l r r r l  n rnn ing 'charac ter is t i cs  o l  the  -u tn r .  i t  "hu , i i  l
bc  1ar  l rc l te r  u i th  thc  tacho than w i thout .  I l  there
is  a  te ,ndercv  f i ) r  the  motor  to  ' , cog"  ( i .e .  l i r r  ihe
r r r " r , , r .  l , '  l t r r r r l  h r  : . p e e d i n g  r r p  a n d  s l , , u i n g  d , , u n
r l r r r r ' k l '  . l  t l .  r , \  n  l c c , r r d l  t h e  t i l . h u  e a i n  i : -  r , , , ,  h i e h
: rn , i  - ,  , r r ld  l re  rpdr rccd  J  ) , ,  no l  con lusc  th i .  \a . i1h
, , . r ' i  L , r i , , r r .  , , r ' r  u r r i n u  l r e c a r r " c  l h e  p n s i l i o n  ( . , , n t r , , 1
t : r t t r  i -  ' , " '  h i g l r :  , , , g g i t r g  w i l l  , , c c r r r  w i r h  t h r  m r r t o r
r n l t  h r  n  i c r l l l  d i " '  i , n n c c t e d .

6 .  \1 t ' chan ica l l v  rccounect  the  motor  and cbeck
r h r r t  t l r v  e r r , r r  I i r r r i t  k e e 1 r .  r h e  n r r r t r , r  \ ' , , l l s  r l  a r r u n ( l
l l  r , , l t - . . r r r , l  r l r r r  t l r p  i n e r r i r  g i r e . ; r  - l r r g g i s l t  d r i t r .
p r )ne  to  o \e rsh i )o t  and osr . i l l a te . ' l ' he  iner t ia  shou ld
l ' ,  L , ' r r c ,  t e , l  l , \  l h r '  t r c h i ,  l e e d h r r c k . T h e o \ e r t r l \ E l
l . - r . r i r -  , r n , l  , l i , , d e s  I t l  , r n d  I r !  . h , , u l d  l r e  c h e r  k c r l .' l ' l r o  

d i , , r l e  d i r c c r i , r n s .  i . c .  p o l r r i r i c * .  r r "  h e l . r  t , , i r n , i
r ) \ '  I  n i t  I  o r t r l  e r r ( r r .' l  

l r ,  . . -n rv '  : \ ' s t .n r  i -  n , , \a  \o t  .u I  anr i  rcar j t  I i , r
, 1 - r . .  I  ' r e  7 o r t . .  t , n , l t  ( r t n  l l r ( l  t a (  h o  g f l i n  i l { l
l us l lncn ls  i ' un  be  a l te red  fo r  demonst ra t ion .

h:{ i  
I

PANTEC TRANSISTOR TESTER

a I
-

* t

Precision Instrument Laboratories, follow,
ing  the i r  recent  appo in tment  as  main  agents
{1r r  the  Pantec  ranqe o f  Por tab le  Tes t
Instruments, have released details of the new
range of Pantec multimeters etc, specifically
des igned to  meet  the  requ i rements  o f  "E IeC-
t ron ic  Ens ineers" .  

-

The Pantec transistor and diode tester
prnv ides  s imp le  and w ide  range measurement
! !  xa in  and leakaee bo th  fo r  p -n-p  and n-p-n
clevtces.

Pr ice  t26 .50  p lus  car r iage and VAT.  For
lu r lher  in fo rmat ion  contac t :  Prec is ion  Ins t ru_
ment _L_aboratories, 212 Ilderton Road, Lon-
don.  SE15 lNT.

EMI  WIN  BBC ANTENNA
EOUIPMENT CONTRACT
EM- l  Sound & V is ion  Equ ipment ,  a  d iv is ion
nt  l lM I  Indus t r ia l  E lec t - ro r i i cs  L imi ted .  has
wi rn  a  cont rac t  wor th  1438,000 f rom the
f l r i t i sh  Brnadcas t ing  Corpora t ion  fo r  the
des ign .  supp lv  and lns ta l la r ion  or  anrenna
I  l ln  rng  equ ipment .  Three o f the  Corpora t ion 's
h igh  power  M.F.  t ransmi t t ing  s ta t ions  are
covered bv the contract.' l 'he 

new tuning networks are required to
, ,pera le  w i lh  a  var ie ty  o f  new and ex is t ing
mast radiators and main feeders at the BBC'i
tr_ansmitter sites at Burghead in Morayshire,
Westerglen in Stirl ingshire and Broo'kmani
I)ark in Hertlbrdshiie. A larse scale re-
er rg rneer ing  programme a t  these and o ther
BBC r ta t i r )ns  has  been imp lemented so  tha t
t h e  C o r p o r a t i o n  c a n  a c c o m m o d a t e  t h e
c l r r rnces  wh ich  * i l l  re :u l t  f rom a  major
rc r l l , i c l t ion  o I  f requenc ies  in  the  M.F.  and
i . . f .  bands  schedu led  fo r  Europe la te r  th is
V E A I .

I I . \ I  ) IO A\I) I ] I ,F]("fRONICS CONS'fRT]CTOR
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"Ah, this wil l make a pleasant l i t-

t le job to finish off the dayl"
Bearning, the Serviceman gazed

down at the small stereo ricord
plaver and its two speakers which
he had lust carried bver from the"For Repair" rack. As he fitted the
2-wav DIN speaker plugs into their
sockets at the rear of the plaver he
heard his assistant walk to;aids the
coft Dlementary "Repaired" rack.

R H  C H A N N E L

11ave Vou nnrsned tha t  I  V
then?" calied out Smithv over his
shoulder.

"Have f in ishe d TVtha t "As  vou l i ke , "  rep l ied  { ) i ck
li ' t lesslv.

STE R EO PLAYE R

A dispirited Dick carried his stool
aver  l i ,  Smi thy  s  s ide  and f loooed
dnwn on i t .  Smi lhv  had a l r iadv
picked out the serviie sheet for thi
record player and had it open at the
c i rc r r i t  d iagram.  (F ig .  1 . )

"Yep." responded I) ick deiected,
lr  a* he deposited a m"nuChrt,me
television receiver on the rack.

Smithy glanced at his watch."The re ' s  on l y  ha l f  an  hou r  t n  go ,  '

he  remarked ,  " I f  
vou  l i ke  you  can

spend  i t  he lp i ng  me  w i t h  t h i . s  r ec " rd
I r l aYe r ,

Fig. | . One channel of an inexpensive stereo record player. The tone and votume contrcls of the left hand
channel are ganged with thd similar contrcls in the ght hand channet. Component values are represen-

tative of commercial Dractice

2 gJ)tF
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"The re  doe .n ' r  appea r  rn  be
anvthing verl '  complicated there,"
cornrnented l) ick in a despondenl
tone as he glanced at the circuit ."What's supposed to be the snag?"

Smithv glanced at a small  t ickel
attached to the record player.

"According to this," he remark-
ed. "there's distort ion in the r ight
hand  channe l . "

"Fair enough. '  responded Dick.
He gave vnice tn a heavv sigh.
Smi thv  g lanced  a t  h im  sh i rp l y

then  p lu fged  t he  reco rd  p laye r  r n to
the mains. After this he switched i t '
on and reached up to the shelf over
his bench lbr an l .p. test record. The
cha  nge r  mechan i sm caused  the
record to clatter down onto the
rotat ing turntable and the pick-up
stvlus to descend into the-outsid-e
lead-in groove. There was a sl ight
hiss from the speakers, after which
both channels were reproduced at a
comlortable volume level without
anv noticeable distort ion on either.

Experimental ly. Smithy reduced
t h e  v r l l u m e .  A s  h e  d i d  s o  a
noticeable and increasing distort ion
hecanle evident in the r ight hand
channcl. and the sound from its
spenke r  d i saPpea red  a lmos t l y  com
i , l e te l \  $hen  t he re  was  s t i l l  a  sma l l
volume level aLrdible from the left
hand  channe l  speake r .  Sm i t hy
ro ta ted  t he  ba lance  con t ro l  t o
favou r  t he  r i gh t  hand  channe l ,
whereupon i ts volume level, st i l l
distorted. increased by a small  am-
moun l ,"Well ," he remarked contented-
lv, as he operated the changer lever
to return the pick-up to i ts rest and
then switched off the ampli f ier,"there's nothing very mysierious
ahou t  t he  svmp toms  he re .  R iqh t v -
hn ,  [ ) i c k ,  pe rhaps  you 'd  l i ke  t i ,  ge t
t he  l ) r i n l ed  l ) (  ' a rd  nu l . "

"Huh ! "  g rumb led  D i ck  as  he
Dloved tr)wards the record plaver
nnd picked up a screwdrivei from
Smithv's bench. "I  thought you'd
get me over to do the donkey work.""Here. what's gett ing into you
t  h e s e  d a y s ? "  q u e r i e d  S m i t h v
irr i trblv. nl 'or the last few week-.s
vou've been gett ing more and more
m ise rab le  a l l  t he  t ime .  You ' re
lxrsit ivelv insufferable this a f ter-

' ' I t  s  mv  l uck , "  comp la ined  [ ) i c k ,
renroving the bottom cover of the
record plaver ampli f ier. "There's

nobodv, nobody, who could have
lL r ck  wh i ch  i s  as  bad  as  m ine . "" l  h a  d  n ' t  n o t i c e d ,  "  

s t a t e d
Smi thv .  " l nc i den ta l l v ,  i sn ' t  i t  vou r
birthdav in a ferv davs't ime? That
should be something to look forward

' ' I t ' s  on , t hc  scven th  o f  Ap r i l .  i f
vou nlust know.

Bv nou. I) ick had removed the
knobs from the volume, balance
and tone controls.

"Ah  ves . '  commen ted  Smi thy
knowledgeablv. "That makes vou
an  A r i es .  doesn ' t  i t ? "

" I ' l l  sav  i t  does , "  sa id  D i ck  un -
happ i t v .  "And ,  wha t ' s  more ,  I 'm
62tl

F i g . 2 ( a ) .  F  i r s t ,  S  m i t h y
m e a s u  t e d  t h e  s u p p l y
voltage applied to the out-

put transistors
(b). He next measured the
vottage at the upper end of
the 2.2!l rcsistot between

the output emitte6

(c). As was to be expected,
the same voltage reading
was given at the lower end

of the 2.2 A resistor

d re : rd i ng  m t  h i r t hdav .  When  i s
vou r  b i r t hdav? "

' ' I  i r ' r  , , i  5q1 l1p rnL . r . "  r espnnded
s ln r t hv  l ) r om[ ) t l v .  I 'm  a  V i rgo . "' ' Then  rnu  re  t he  one  who .  ge t
t ing al l  the good luck whilst I 'm the
, , ne  who ' s  ge t t i ng  a l l  r he  bad  l uck .
Oh  we l l ,  I e t  s  i e t  on  w i l h  l h i s
printed board."' I ' l r e  

pa i r  f e l l  s i l en t  f n r  . ome
n l , r ) r en t :  l :  I ) i c k  s t r ugg led  w i t h  rhe
l r , ' : r r d .  l " l cn rL r r l l v .  he  \ aas  ah le  t o
l . , r ' i t , " 1 1  , , n  t h e  b e n c h ,  c , ' u p l e d  t , ,
r l r e  p r , k - L l g r  h v  w a y  o l  a _ , t e r e n
- r ' r eened  l ead .  nnd  rn  l he  rpeake r
- , r ' ke t -  h \  2 -wav  f l ex i b l e  l ead " .  The
t r r r n , ,  c , , r r r r r ' 1 .  we re  secu red  t o  t he
l ,  ' : , r d  a n d  l ) i ,  k  r e t i t r e d  r h e i r

V O L T A G E  C H E C K S
''Shall  rve trv tbe record again?"

r t sked  I ) i c k
' ' . \_ot for the moment," resDond,

ed Smithy. " l  think I ' l l  do a few
d.c. voltage checks f irst,"

He switched on the ampli f ier,
l u rn i ng  t he  comb ined  vo lume  con -
trol end on-off switch to a central
volunre sett ing. pul led his testmeter
torvards him and set i t  to a voltage
range. l le cl ipped i ts negative lead
t() the record player chassis, then.
atier consult ing the service sheet,
l i , L . r l e ( l  t he  , , u tDUt  s tage  ( , f  t he
,  r  l l e n d  r n g  r i g h i  h a n d  c h a n n e l
an rp l i f i e r .

' ' l ' i rst cfreck." he cal led out, " is
r l |  n rp - r \ r l r e  t he  supph  l o l t age .  Te l l
me what the meter reads "

He  : r 1 rp l r ed  l hp  pos l t r ! e  t es l  D roo
r , ,  r h e  , , r l l e c r o r  , , f  l h e  A c l ? r i .  i F i S .
U ( i l ) . )

"Abou t  21  vo l t s . "  sa id  l ) i c k .
Srnithv appl ied the meter to the

emi t t e r  o l  t he  A ( ' l ?6 .  (F i c .2 (b ) . )
"And now?"
' ' 11 )  \ ' o l t s . "
"Good," remarked Smithy. "Tha1

n re . r r ) :  l h , r t  l he  ' , u t l u t  em i t t e r s  a re
. r t t i ng  . r t  r h , ' r r t  ha l f  t he  supp l r
r , ' l r i r gc  l ho  2 .2n  re - i . r n r  he rw ie i r
t hcm i s  e lmos t  ce r ta i n  t o  be  a l l
r i . ' ' t t .  l l r t  I  l l  1 r1 - t  1 r ' 111 i1p1  , 1  5 ,
r  n . r - r r r i  g  t h e  ' , . , ' l t a g e  n n  t h e
e r r r i t t r r  , , 1  r h { '  A ( -15 :1 .  \ \  ha r ' s  r he
n re le r  sav  now ,  D i ck? "

S rn i t l r r  t n r r chpd  rhe  t e . t  p roc
r t g l i ns l  t he  AC l53  em i t t e r .  i F i g .
l ( c ) . )

' ' l ( )  vo l t s  aga in . "
' ' l l i gh t . "  co rn rnen ted  Smi thy .' ' S i r r ,  c  t h l  d i - t n r t i o n , ' r r l v  a u n e a i ' .

a l  l ow  vo lume  l eve l s .  l e t ' i  see  i f  t he
r )L r t l ) L l 1  e tn l t t e r  vo l t age  va r i es  i f  I
r d j us t  t he , , o l ume  con t ro l . "

S l o w l r ' .  S m i t h v  r o t a t e d  t h e
vo lume  con t ro l  knob  an t i  c l ockw ise_' ' ' l ' he  vo l t age  i s  s t i l l  s t eadv  a t  10
vo l t s . '  announced  I ) i c k .  "Wa i t  a
l n i nu te .  t hough .  i t ' s  s ta r t ed  t o  go  up !
[Jl inrer ' .  i t 's going up al l  the t im-e;
r t ' s  r i gh t  up  t o  20  vo l t s  nou ! "

, { n , l  r h r r . "  sa id  Sm i thv ,  t ak i ng
h i r  l r a r rd  , , l l  t he  vo l r rme  con t ro i
knob  and  remov ing  t he  pos i t i ve
tcstnreter lead from the printed
h o a r d .  " i s  t h e  o u t p u t  e m i t t e r
voltage given rvhen the volume con
t ro l  l s  a t  t he  m in imum vo lume  pos i ,
t ion. I  hardlv need to tel l  you what

l i i \ l ) to  A \ j t )  ELFt ( ' f  Ro\  t ( . s  co \s . t  R t rcToR



f r ) n r l ) ( , nen t  w i l l  be  t he  mos t  obv ious
c r r r r se  o i  t h i s  snag ,  do  I ? "' ' l ) on ' t  

vou?  I 'm  da rned  i f  I  can

' ' L r x r k  a t  t he  c i r cu i t  and  t h i nk
: r l r o r r t  i t .  f he  s l i de r  o f  t he  vo lume
cr)ntrol I) i) t  has no d.c. connection to
the  l o l l o * i ng  s tages  i n  t he  amp l i f i e r ,
i l nd  ve t  i t  i s  a l t e r i ng  t he  d . c .  con ,
d i t i r r ns  i n  t hose  s tages .  How can  t h j s
ha l )D { ,n  when  the  on l v  connec t i on  i s
v i r  an  c l ec l  r r r l v t i c  capac i t o r? ""1 r , ,  \ ' i r L t  r r t ean  t he  4  7 r l  F  one
l rn l $een  l he  t ) , , r  s l i de r  ond  t he  base
o l  t he  B (  l t  { ) 8? "

' ' l  d , r .  "
' 'Oh . "  sa id  I ) i c k .  h i s  i n te res t  r i s

i ng  r l esg r i t e  h i s  g l oom_  "Pe rhaps  
i t ' s

gir ' )e -\h{rrt-clrcult  or low tesistance,
l n e n

"F l xac t l v .  
Such  a  f au l t  i s  t he  mos r

probable be<rause i t 's obvious that a
\h i ) r i  he rc  wou ld  p rov ide  t he  un ,
\ r ; ! r t ed  d . c .  connec t i on .  I f  t he  e lec
l r o l ! t i c  . \  sho r t - c i r cu i t ed ,  t ak i ns
lhe  vo l r r n re  con t ro l  s l i de r  down  to
l hc  n r i n i r num vo lume  end  o f  i t s
treck u. i l l  cause the base emitter
t . o l t age  o i  t he  B (1108  to  f a l l  be low
the 0.{ j  volt  level rvhich js needed to
tL r rn  a  s i l i con  t r ans i s to r  on .  So  t he
lt( ' l l ) t l  . ,r i l i  cLrt off .  And that,s ex-
, i r  r l v  \ r h . i t  i r  h a p p e n i n g  h e r e . '

s rn r l h \  . $ i t che ' l  , , f f  t he  rec r r rd
l ) l i v c r .  se lec t i ng  a  res i s tance  range
on his testmeter and adjusted i ts
se l  ze r r )  ( r ) n t ro l .  He  t hen  aoo l i ed
the test prods to the ,1.?! l  ; lec-
l r i ) l v t i c  capac i t o r .  The  me te r  i n
d , i i - . r t ed  r  \  ( r v  d r l j n i r e  sh , , r t . c i r ( u i t .
r f  r l  { . )

' ' \ \ ' ha t  
c l i d  I  t e l l  vou? "  sa id

S n r i t h v  t r i u r n p h a n t l v . , , A  d e a d
rh i , r t .  no  l ess l  l ) e rhaps  you 'd  l i ke  t o
l i t  e  ne r r  capac i t o r ,  I ) i i k . "' 'Oh .  u l l  r i gh t . "  r esponded  I ) i c k
g rL rn rg r i l v .  as  he  wa l ke r l  t owa rds  t he
. l ) r l r e \  f  l l l )D r )a r11 .

' ' \ ' f  g , , d . . "  s n r r  r t e d  S r n j t h y ,' ' d r )n  t  s l l v  voL r ' r e  s t i l l  a l l  cheesed
r i l .  \ \ ' h r r l  r r n  ea r th  j s  i t  t ha t ' s  ge t t i ns
l o r r  d , r \ . ' n ) '

' ' I {  \ ' ou  n tus t  know , "  sa id  I ) i c k
f c  l u  c te  n  t  l v ,  " i t ' s  t he  l ) i s f ] " i c f
.JL \ l l  l t , ; l . l

Clarion and Weehly Aduertiser.
A  gr r r r  Da-sed f lee t ing lv  nver

Snrit lr\ . l :1ce. The Districl elarion
oncl IXechly Aduerrlser was a local
i , , r l  rnd  I  , , f  * t r r rgg l ing  c i rcu la l ron ,
e r r . r t l r '  I n . i ke -u t '  l nd  i d i osvnc ra t i c
,  " ' , c r rg , ,wh i ch  suhs i . t ed  m ; l n l v  n r ,
r r " i ghh  " r rhond  c l uh  news  toee ihe r
u i rh  phn t , , 5 taphs  o f  wcdd ing " .  anc
other local events (credited. unpaid,
to the photographers concerneci) oc-
clslonal poems (anonymous and
s r rn i l  r  r l v  unpa id  I  and  a  i emarkab l l
r . r r i ed  se lec t i nn  o f  sma l l  adve i -
t l s c m e n t s  f o r  s e c o n d , h a n d
household goods.

"Ah 
ves," sLqted Smithy. "A very

I i n e  p r ,  ' g r e s . i v e  p u h l i c a t i o n ,  i
i l r r l n ' t  kn , ,w  vou  read  i t _ ""1\{v old maid aunt, Ineff ihle Eff.
r : r ke ,  i r  I  r r , ed  t , ,  qu i t e  en jov  g lan
| l ng  rh r , , u (h  i t  un t ' l  t hev  s ta r t ed
t his nerv astrologv feature of theirs a
couple ol months ago. I t 's writ ten
by, somei'ne cai led Gipsy Esmer-
a lda .

"Well?"
" l ) o  

v o n  k n o w ,  S m i t h y ,  t h a t
r t s t r r ) l ogv  co lumn  i s  send ing  me
. r : r r : r r r r i ng  up  t he  wa l l !  Eve ry  \ r eek .
she  p ruphes ies  m idd ie  o f  t he  road
. l L r f l  1o r  a l l  t he  s i gns  o l  t he  Zod iac
exce l ) t  f o r  A r i es  and  V i rgo .  She
gives marvel lous forecasts for Virgo,
ancl she foretel ls nothing but misery
and disaster for Aries. And this is
g { r l ng  on  con t i nua l l y  week  a f t e r
week... . I  tel l  vou, i t 's driving me

" \ ' oL r  shou ldn ' t  l e t  a  t h i ng  l i ke
t h e t  g e t  v o u  d o w n ,  "  

a d v i s e d
S ln i t hv .  "Anvwav ,  have  you  go t
t  h r l  r c l ) l acemen t  . 1 .?&F  e lec t ro l v t i c

EMITTER FOLLOWERS
( i r im l v ,  I ) i c k  t o re  h i s  t housh ts

ewav Irom his fbrebodings for ' thc
l u t r r r e  and  concen t ra ted  on  t he  lm-
')te(l  r i t te present.

' ' l ' \ ' e  go t  i t  he re  now , "  he  rep l i ed .
hrnci ing the component to tha Ser-
lrcenran. ' Incidental ly. 

1ou seem
to be traf i icking in the occult today,

Fig.3. Checking the electrclytic capacitor coupling the votume
contrcl slider to the base ot the 8C108

too. What led vou from the output
emi t le r  vo l r i ige  go ing  h igh  to  tha t
1 .  igF  e lec t rn lv t i i? '  

-
' ' Jus t  examine the  c i rcu i t , "  sa id

Smithy in replv. "There's onlv one
amplifying device, so far as i imal
voltage is concerned, in the whole
amplif ier and that's the BC108. The
three transistors which follow it are
all emitter followers. This means
tha t  the  vo l tage a t  the  ou tDut
emi t te rs  w i l l  bJ the  same,  q ive  or
take a fraction of a volt dropped in
the hase-emitter junctions, -as 

that
a t  the  BC108 co l lec to r . "  (F is .4 . )

"Yes?"
' 'So , "  con t inued Smi thy ,  " i f  the

BCl08 cuts off its collectoi eoes ful-
ly positive via the resistori which
cc,uple it tU the positive rail. Now,
the business of the BCl08 is to hold
the output emitters at a central
voltage under quiescent conditions
and it is assisted in doins this bv the
d.c. negative feedback iesistori.""Which ones are they?"

Fig. 4. The only vottage
a m p l i f i c a t i o n  i n  t h e
amplifier is given by the
BCl08.  The thtee t ran-
ststors which follow are all

emitter followers

" lhey're the 750ko and 330ko
resistors from the emitter of the
BC2I4L back  ro  rhe  base o l  rhe
IlCl08. In company with the 68k o
re5 is to r  I rom the  BCl08 base r , ,
chassis they keep that base at about
0.6 r'nlt above chassis level."

Smithy traced out the circuit
pa th  w i th  h is  f inger .  (F ig .5 ) .

"Hang on a minute," said Dick
exc i tcd ly ,  "Am I  cor rec t  in  sav ine
tha t  i f  the  upper  end o f  the  75dkd
resistor is at l0 volts positive the
base ol the BC108 is about 0.6 volt
positive of chassis?""Ynu are .  I f  you  work  ou t  the
v,' ltages from the resistor values
you'l l f ind that that is the case.""Right," said Dick decisivelv."What happens after you switch on
the arnplifier, then, is that the
emitters of the BC214L and the two

ti29
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output transistors all start to go
positive. When they reach 10 volts
or so the base of the BCl08 has
risen to 0.6 volt above chassis,
whereupon it stsrts to conduct and
prevents the emitters from going
anv more Dositive."i 'You've'got it exactly. The 0.1pF
capacitor between the junction of
the 750ko and 330kO resistors
and chass is  i s  an  a . f .  bypass
capacitor, and it ki l ls any a.f. that
would otherwise be fed back to the
BC108, making the feedback loop
purely d.c. only. And, of couise, the
shnrted 4.?4F capacitor you've just
replaced caused the BCt08 base to
go well below the 0.6 volt level at
low volume control settings.""So that's the d.c. Teedback
Ioop," commented Dick musingly."Now, when a signal is applied to
the base of the 8C108 its collector
will go positive and negative of the
centre voltage as it follows the

signai, and so aiso wil l the emitters
of the emitter followers after it.
Hallo, there's another feedback
looo. It 's the one from the outDut
emitters via the 0.04aF capacitor
and the 4.?ko resistdr to the bot-
tom of the volume control track."
( F i g . 6 . )

"That's the a.f. negative feed-
back circuit," stated Smithv. "Now.
how about wiring in that new elec-
trolytic?"

A N O T H E F  F A U L T
''All r ight, said Dick brightly. as

he seated himself in front ol the
amplifier printed board.'"Thank- goodness you've started
to cheer up a bit," commented
Smithy. "You were beginning to get
risht up mv nose with all that stuff
a  u o u t '  u i d  l u c k  a n d  G i p s y
Esmeralda."

Dick's hand. reaching for the

5,OOO
O D O S  A N D  E N D S

Mechanicat Elactrical

CAT FREE
WHISTON DEPT R .E .C .

NEW MILLS,  STOCKPORT

4 7 k ^  a  Q 4 7 ) r F

Also a Dostal scrvice

Fig. 6. A.C. negative feedback is provided vie the O.O4!!F capacitor
and the 4.7kO rosisto.

RAI)lO A.\ ' . l )  ELECTRONICS CONSTRUCTOR



soldering iron, ial tered.
' ' l ) a s h  i t  a l l .  S n r i r h r  "  

h e  c ' r m
p l a t n e d .  ' w h r t  d i d  r ' , r r  h n r c  t o  r c
n r i n d  r n e  , , 1  h e r  a g a i r r  I " r "  l t  .
no th ing  sho r t  o f  l r auma t i c  p i ck i ng
up a paper each week and l inding
l h j r l  \ ' " L r ' r e  h n , , k e d  t , ' r  p ' ,  e ' r
calanit ] '  that 's going. I 'm dreading
tbe latest issue."

"Why  s  t ha t? "
"Wcll .  vou knr,w that alter the

, r r d i n a r y  h o r ' . - , , ' 1 , . '  . h "  h a -  ; ,
special section on birthdavs during
the  {o l l ' ,w ing  wcek .  nho re  . hc  . a l c
w h a t  s  g o i n s  t , ,  h : r l , p e n  r n  t h r '  t w p l r .
r i " n t h -  t  

 

r ' ' , r r r e .  \ l v  b i r t h d r r  r .
n r x l  . ! e e k .  a s  \ 1 ' r r  k n , , $ .  i r n d  I m
t p r r i l i e r l  o f  * h r r r  - h e  -  p u r  r n  r l . c
, l d r | r t i j l  r  f o r  r r \  nex t  Yea r . '

I ) i c k  moaned  unhapp i l v .
' ' l  supp ' ' se  t he re  s  i l l , t h i ng  e l se

l n r  m e  t o  d , '  h u r  s , , l d i c r , , n .  h e
stated moroselv.

' ' A  n  r , x r ' e l l e n t . e n r i m e n l ,  j 3 i c
Smi thy  app rov ing l l - .  " l n  l ac t ,  i l  l ou
ge l  a  I n , ' \ ' e  on  p r r t t i nu  rn  rha t  neu
capac i l , , r  we .h r , r r l d  hc  ah l c  r ' ,  Be l
t h i s  r e , , ' r d  p l a r c r  l i n i she r l  L r l ' , r e
we pack up tonight."

C l u m  l r .  I ) i c k  l r u s i e d  h i m s p l r
with Smithy's soldering iron and
sn ips .  a r rd  i t  wa .  n r , t  L ' ng  he l ' , r e  t he
new capac i t , , r  was  i ns ta l l ed .  A .
Dick returned the soldering iron t( l
i ts rest, Smithy leaned over and
s w i t c h e r l  r ' n  t h e  a r n l r l i l i e r .  H e
q u i c k l v  r : h r e k e d  t h e  r , , l l a g t
between the outpl l t  emitters and
chassis, to l ind that this was now a
s teadv  10  vo l t s  a t  a l l  se t t i ngs  o f  t he
v o l u m e  c o n t r o l .  P u t t i n g  h i s
test ineter to one side he started the
rec<rrd again. 

' fhis 
t ime the r ieht

hand channel produced an outDut
wh i ch  ma tched  tha t  o f  t he  l e l t  h i nd
channe l  when  the  ' " o l ume  con t ro l
was taken irorn i ts zero sr ' t t ins to
.abou t  a  qua r te r  o f  i t s  l u l l  ou tpu t .

"  l  ha t ' s  c l ea red  up  t he  d i s to r t i on
fa r r l t , "  sa id  Sm i thv  t r i umphan t l v ." l  mus t  con less  I 'm  qu i t e  sa t i s l i ed
rvith this record plaler now. Let s
j us t  t u rn  t he  w i ck  up  a  b i t  mo re
be lb re  we  f i na l l v  dec la re  i t  o l l i c i a l -
l v  r epa i r cd . '

He  a . l \ . i a red  l h r '  \ , r l l lmc  r , n t r '  I
l i r r t h e r  u  r r t i l  r h e  \ \  ' , r k - h , . I  u a -  I i l . -
ed  w i t h  t he  s r r r r nd  l r om the  tw r ,
. 1 , g e k e r -  { -  1 , ,  l i - r " n " , i  l r i .  e r t . p s
. i , , n  ,  h c n B r . ' i  l r ,  r ' r  " n "  ' . t  I ' 1 , ; r . r . r '
l , r  , , n p  . , 1  p r a . l ) e '  r t i  , n  I ' h . .  r l m , .
q h i l s t  t h e  l e l t  l l n d  r h a n n e l  u e .
ha l l r r i r  hend l i ng  I  r gh  l eve l  - r 6 ' na l s .
t he  r i gh t  hand  channc l  was  qu i t e
clearly overloading.

' ' 1 3 1 , , - r  i r  . r r " r l c d  \ ' r u r r , ,  t r a r r
l r .  ; -  h e  t  r . r r e d  l '  ' ,  I  r h r  L , l r r r ' r .
c o n t r o l .  "  j ' h e r e  s  a n o t h e r  l a u l r
h e r e .  \ \ ' e  r e  [ (  l I i n f  ( 1 . . , . , r ' i , , r : , r r ' l - , ,
r i gh t  hand  channe l  a t  h i gh  r c l umc
Leve l s  now l "

' ' ' f h a r ' .  l ' " , : r  r . , .  " e m . r r k t r l
I ) i c k  da rk l v ,  " r ' ou  asked  me  to  he lp
vnu , ' r r  t h i s  i , , h .  \ \ ' l r a t  .  happene r l  r .
t h a t  m r  l , a d  l r r '  I  h r .  - l ' r c r d  , .  r r
on to  t h i s  amp l i l i e r . '

' 'N "n ren re .  r p ( , , r l r ' i  I  S rn  i r  n \ ' .' ' Th i .  . ec "n r l  l , , r  n l  d i s r , , r r . ,  r r  i . n  t
h r  n r l  m o l r r .  a .  n , . r r '  e a h l e  e -  r h n

.l l  \ t . t  | , ; .r

one we've just cured and I would
guess that the chap who owns this
record Dlaver onlv plavs i t  at fair lv
l , 'w  l ev i l s  anvwav . ' I t  i  a lm , , s t  ce r ' -
t a i n l y  t he  f i r s t  d i s to r t i on  snag
which caused him to bring i t  in 1br
service. Oh well .  we'd better see
what's causing this second Iault ."

[{ow do you intend to do that.
Smithy?"

"l 'm going to fol low a hunch,"
rep l i ed  Smi thy .  " I 'm  go ing  t o
rneasure the voltage on the output
emitters al l  over again, but fhis
t i r ne  w i t h  a  s i gna l  f r om the  p i ck -u l r
g , ' i n g  t h r o u g h .  l  l l  s t a r t  o f t  b y
check ing  t he  , r u tpu t  em i t t e r  vo l t age
L , r  t he  l e f t  hand  t hanne l . "" l iut the lelt  hand channel isn't
f au l t y l "

"I  know it  isn't .  But one ofthe l i t  -
t le benefi ts which are given bv
carfying out voltage ci iecks i i r
stereo ampli f iers which have only
one channel bad is that you can
first see what the correct voltages
should be with the grrrrr l  channei.
Right, keep an eye on the meter.
I ) i c k .  "' f he  

reco rd  was  s t i l l  p l ay ing  as
Sr r r i t hy  app l i ed  t he  pns i t i ve  p r . d , , 1
h i s  me te r  t ' ,  t he  nu tpu t  em i t t e r s  o f
the left  hand channel.

"The meter," pronounced l) ick," is reading about 10 volts again."
Smithy advanced the volume to

i t s  max i rnum leve l .
"I t 's st i l l  reading about 10 volts,"

cal led out l) ick above the music
{rorn the speakers, "although the
voltage is jogging a uee bit  on loud
passages. Nevertheless the general
value is st i l l  around l0 volts "

"Right," said Smithy. He reduc-
ed the volume level once morg, and
. rpp l i ed  t he  t es t  p rod  t o  t he  ou tpu r
em i t t e r s  o f  t he  r i gh t  hand  channe l .

" l t 's 10 volts again," stated l) ick.
Smithv advsnced the \olume to

max imum.
"The re ' s  qu i t e  a  no t i ceab le

difference on this channel," sang
out l) ick. "The meter needle goei
dorr,rr on loud passages, and it t}ten
hovers around the 6 or 7 volt  mark.
I t ' s  s t i l l  s i t t i ng  a t  1 t ,  vn l t s  du r i ns
the  qu ie t  b i t s ,  t h { rugh . "

BOOTSTRAP CAPACITOR
With a satisfied grunt, Smithy

turned back the volume control.
" ' [ ' h ' r se  read ings  a re  qu i t e  i n l o r -

n ra t i ve , "  he  remarked .  "Wha t  t hey
tel l  us are the at 'proge voltages on
those output emitters. I f  the two
ou tpu t  t r ans i s to r s  a re  hand l i ng
posit ive and negative signal half-
cycles at equal level the meter
reading should stay steady at 10
volts. The fact that i t  wobbles
around a l i t t le with the left  hand
channel means that the channel is
cl ipping a bit  at high signal levels.
But with the r ight hand channel the
meter reading changes by a much
greater amount. Since the average
voltage drops, i t  fol lows that the
o u t p u t  s t a g e  i s  g i v i n g  l e s s
ampli f icat ion to posit ive half-cvcles
thah i t  is to negit ive half-cycies."

" W h a t  c o u l d  c a u s e  t h a t ,
Smithy?"

"0ff-hand, several things. But
since we found that the f i ist snaq
gas  due  t n  an  e lec t ro l y t i c  I 'm  go ing
t ' ,  chance  mv  a rm  and  see  i f  t he  se -
cond snag is also due to an elec
trolvt ic. See i f  you can f ind me a
l()01rF electrolyt ic, Dick. Any work-
ing voltage above l5 volts or so wil l
clo. "

l) ick soon found a suitable com,
ponent and handed i t  to Smithy. By
now the record was nearing i ts end
and Smithy recycled the changer so
that the pick-up was once more at
the start ol the disc.' 'You hold the test prod against

Fig. 7. Smithy experimentally bridged the loopF capacitor in the
atrlplifier by anothe. of the same value. This capacito, provides the
bootsttap coupling to the top ol the 680{> resistor, causing this to

go positive as the signal output voltage goes positive



M O R S E  M A D E

METHOD !
T r , 1 ' .  . " , ' , , " (  * i , ,  r , , i , r ,  b . . f  q o l r t  r r r
, , v ,  ,  . ' l  f . , . r ' 1  r r  r r -  l , ! , ,  r  r r , ( r ! p d  n r d . y  I  r . . : 5
I o  l , e  | r e  t a s r e s t  r n e t l , . n  o l  l f r . n  n g  M o f s e
Y ' )  , n r , r  '  r l ' l  , r w , j !  t r y  1 p r , !  . 0  i h e  s o r , . a s

r r ,  l r , r s  n  i r t n r s  P t .  a r  Y o L l
r r r r . . j  \ , r r  , r  c . r  . s  o r  . l o r s . ^ r l

n r ,  1 i 1 1 , \ .  t  1 . a , r , \ <

l r .  1 r  s '  , , 1  '  I  v  ) , . r ;  , , , , 1  I  s t n , . r l  r . . i r t \

!  , , . r ' r i  l , i  r P l r ) l , r j r s f  t h P
, r  l ,  l l r i Y l r l r , i  w  I  L  r ,  r r r ' r q l . l  . i l  v . L ,

r .  i  r \ v  ' \  l , i r  r  f i l  .  r I r r r
r u  ' . ^ r  P  \ l  , 1  . ! , r r \  r t i r , r k r r r t r  l , r l

r ' , r L  ' . , r ,  I  r ) , r s  \ r \  r ) t  l h , r .
' , .  , r s l r  r ,  L , ) , r  l r l i . x s

For  Comple le  Course  send f5  OO p lus  par t
ooslage 50p iovelseas sur{ace ma I t] exlra).

Now ava i lab le  Sh.o !d€d t "4orse  K6vs
f2 .7O inc .  UK pos lage

T H E  M O R S €  C E  N T R  E
B o x  4 . 4 5  c r . 6 n  L s o . .  P u r t 6 y .  S u i i c y .
L  , . ,  i  \  l O  l ) ,  r r  t , ,  \  r  , ,  n ) r  o r l t f  . r i ) r v

l r n ) t  r r

N a m 6 . . . . . . . . . . .

A d d . o s s

BY THE BH

thb rieht.hand outDut emitters on
this oicasion," he iaid. "I 'm going
to t.y a little experiment."

Once again, he turned the volume
to full as Dick held the testmeter
lead in position. After bending the
100rF capacitor leade to sive a
suidable sbacing, he applied them
across the lead-outs oi-the 1001F
capacitor on the board which linked
tha output emitters to the iunction
of the i20o and 660o resistors.
( F i e . 7 . )

At once the overloading in the
right hand channel ceased, and the
two speakers both handled high
arnplitude signals at the same
quality level."That's it l" shouted Dick. "The

rneter needle's now gone back to 10
volts all the time, with only a l itt le
waggle on the loud bits. Just l ike the
lefi hand channel."

Pleased. Smithv took awav the
100/F capacitor ind turned 

-back

the volume control of the record-
plaver.- "And that's our second snag
located," he grinned. "The first one
was a  shor t -c i rcu i t  4 .? lF  e lec-
trolytic and the second one was an
rroen-circuit 100!F electrolvtic."' "But  

I  don ' t  unders ta ;d  i t , "
wailed Dick. "How could that open-
c i rc r r  i t  100pF capac i to r  cause
positive half-cycles to be handled at
reduced level by the output tran-
sistor?""Because," stated Smithy, "it 's a
bootstrap capacitor. It provides the
bootstrap coupling back to the
680o load resistor for the BC214L
emitter and the AC176 base.""I sti l l  don't get it."" L o o k , "  s a i d  S m i t h y .  " O n

oositive-eoing half-cvsles the out-
nur emirter lollower which is doins
il l  the work is the ACl?6, right?'r

"Well, yes."
"Then, if the 100;rF bootstrap

capacitor is oDen-circuit the base
crrirent from the ACl76 has to l lolr
from the positive rail throush the
22Oo and 680o resistors. Okav?""Yes." reoeated Dick euardedlv.' 'So, for f i igh positive-signal ei-
curs ions  wh ich  wou ld  normal l l
rake  rhe  ACl76 base near ly  up  to
r h e  p o s i t i v e  r a i l ,  t h e  c u r r e n t
availdhle fnr rhat base through.
these two res is rors  i s  no t  h ig t ,
enough to enable it to go as positive
as ir should. That s why the output
stage wasn t handling the positive
l . iena l  ha l f -cvc les  as  we l l  as  i t
h;dled rhe negative ones. Wher
we have a  serv iceab le  100pF
bontslrap capacilor, though. the up-
per end of the 680o resistor i.
caused to go positive, even above
the  Ieve l  o f  rhe  pos i t i ve  supp ly  ra i l .
"n positi le signal ha)I.cycles. This
meang that there s alwavs Dlentv ol
positive voltage availabl'e ai the up-
par end of the 680 Q resistor to give
rhe required base current for the
AC 176.  "

()osh, I can see it now! The
Af  l ;6  c rn i t te r  p rov ides  enough
pos i t i ve  vo l tage v ia  the  100uF

caoacitor to guoplv its own base
thiough the 680i'i iesistor.""That's exactly right, 'confirmed

Smi thy .  "Wel l ,  I  see  i t ' s  pas t
packing-up time so I ' l l  leave it to
you to decide whether you put in a
new I00l]F capacitor now or leave it
unti l tomorrow."

D I C K ' S  F U T U  R E
' ' I ' l l  do  i t  now, "  sa id  D ick  has t i -

ly. "Anything to put off the evi-
hour.""What evil hour?"' ' l 'm due to go to Auntie Effs
after this, and when I get there the
latest issue of the Distrirt Cloriun
and Adr', ' t is"r wil l be waiting lurk-
ing for me."

' ' l  t  b o  h a p p e n s . "  r e m a r k e d
Smithv in an off-hand tone, "thal

I've already picked up my copy of
the latest Adtertiser go I can save
you the waiting."

He reached to a drawer in his
bench, pulled out a newspaper and
f ' r ' h o . l  r h a  n a r a e

"Hele we are," he remarked
cheerfully to his apprehensive
assistant, "This is the astrology
feature. What day did you say your
b i r thdav  was on?""April the seventh," groaned
Dick."Right," said Smithy. "Gipsy

Esmeralda says: 'For those born on
the seventh of April the next twelve
months wil l be bleak indeed."'

Feverishly, Dick snatched the
paper from him.- i '  'Be warned'," he read in a
trembling voice, " ' that business
ventures wil l inevitably end in
bankruotcv. matters of the heart in
bet ravai. iournevs in unfulfi lment
and ambiiions i; total failure. Ye
gods, how bad can things get?"

"Is that all?""There's more. 'Beware of legal
entanglements. On the bright side is
lhe fact that you may well see April
rhe seventh for 19?9 but, refet-
tablv. with a personalitv so degrad-
ed rhat formei friends and acqiiain-
tances wil l shun you.' "

Smit hy's stricken assistant reel.
ed back against his stool.

"It couli l be worse," said Smithy
sooth ing ly .  " l  fo rgo t  to  pu t  in  the
bit aboul your expenditure going up
several hundred per cent."

" l'ou forgot?"' 'A  c rea t ive  se \ser  l i ke  me. '
stated Smithy, ai he stood up and
startcd walking hasti ly towards the
Workshop door, "needs an outlet
other than servicins sets and things.
Even thoush I haven t been paid for
it, I've enjoyed writing thal Gipsy
Esmeralda column over the last few
months!"

With which words the erstwhile
Gipsv Esmeralda relreated rapidly
thioigh the door, thereby^deliying
anv retallatorY Sctlon lrom nls
fuiious assistarit until the following
rnorning.

After all, a day is a long time in
astrology. I
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