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THOUSANDS PURCHASED
BY PROFESSIONAL USERS

OMP MOS-FET POWER AMPLIFIERS
HIGH POWER, TWO CHANNEL 19 INCH RACK

THE RENOWNED MXF SERIES OF POWER AMPLIFIERS
FOUR MODELS:- MXF200 (100W + 100W) MXF400 (200W + 200W)

MXF600 (300W + 300W) MXF900 (450W + 450W)

ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN
FEATURES: *independenl power supplies with iwo toroidal Iransformers * Twin L.E.D. Vu melers %
Level controls * llluminated on/off swiich % XLR connectors * Standard 775mV inputs * Open and short circuit
proof % Latesl Mos-Fets lor siress free power delivery into virtually any load * High slew rate * Very low
distortion % Aluminium cases * MXF600 & MXF900 fan cooled with D.C. loudspeaker and thermal protection.
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.

SIZES:- MXF200 W19"xH3"2" (2U)xD11"
MXF400 W19"'xH5"4" (3U)xD12”
MXF600 W19"xH5"." (3U)xD13”
MXF900 W19"xH5"." (3U)xD14%.”
PRICES:-MXF200 £175.00 MXF400 £233.85
MXF600 £329.00 MXF900 £449.15
SPECIALIST CARRIER DEL. £12.50 EACH

lOMP VARISPEED TURNTABLE CHASSI

* Manual arm * Steel chassis * Electronic speed
control 33 & 45 R.P.M. % Vari pitch control * High
torque servo driven DC motor % Transit screws *
12" die cast platter * Neon strobe * Calibrated
balance weight * Removable head shell * %"
cartridge fixings % Cue leverk 220/240V 50/60Hz
* 390x305mm * Supplied wilh mounting cut-out
template.
PRICE £61.30 + £3.70 P&P

STANTON AL500Mkii GOLDRING G950

POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS-
LOUDSPEAKERS-19 INCH STEREO RACK AMPLIFIERS

S ST SV NS PSS SUPPLIED READY BUILT AND TESTED.

These modules now enjoy a world-wide reputalion for qualily, reliabilily and perormance at a realis:
mudels are available o sull the needs ol the prolessional and hobby marke! Le. Indusiry, Leisure, Insirw
etc. When comparing prices, NOTE thal all models inciude loraidal power supply, inlegral heal sink, glass ¢
drive circuits to power a compalible Vu meler. All models are open and short circuil proot

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP/MF 100 Mos-Fet Output power 112
R.M.S. into 4 ohms, frequency response 1Hz - *
-3dB, Damping Factor >300, Slew Rate <42
T.H.D. typical 0.002%, Input Sensitivity 500my 3 N R
-110 dB. Size 300 x 123 x 60mm.
PRICE £40.85 + £3.50 P&P

OMP/MF 200 Mos-Fet Output power 200 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 50V uS.
T.H.D. typical 0.001%, Input Sensitivity 500mV. S.N.R
-110 dB. Size 300 x 155 x 100mm.

PRICE £64.35 + £4.00 P&P

i OMP/MF 300 Mos-Fet Output power 300 walts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 60V/uS
T.H.D. typical 0.001%, Input Sensitivity 500mV. S.N.R
-110 dB. Size 330 x 175 x 100mm.

PRICE £81.75 ~ £5.00 P&P

OMP/MF 450 Mos-Fet Output power 450 walls
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 75V S
¥ T.H.D. typical 0.001%, Input Sensitivity 500mV. S N =
-110 dB, Fan Cooled, D.C. Loudspeaker Prolecticn. 2
Second Anti-Thump Delay. Size 385 x 210 x 195mn
PRICE £132.85 + £5.00 P&P

NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO iERSsCNS:
STANDARD - INPUT SENS 500mV, BAND WIDTH 100K =z,

PEC (PROFESSIONAL EQUIPMENT COMPATIBLE - INSLT SENS
775mV, BAND WIDTH SOKHz. ORDER STANDARD O& PEC

Vu METER Compatible with our four amplifiers delailed accve
visual display employing 11 L.E.D.s (7 green. 4 red) pius
indicalor. Sophisticated logic control for very fasl rise an:
moulded plastic case, with acrylic tinted front. Size 84 x 27 x
PRICE £8.70 + 50p P&P

PRICE £16.95 + 50P P&P PRICE£7.15 + 50P P&P

STEREO DISCO MIXER DJ650C * WITH ECHO *

STEREO DISCO MIXER with 2 x 7 band
L & R graphic equalisers wilh bar graph
LED Vu melers. MANY OUTSTANDING
FEATURES:- including Echo with repeat &
speed control, DJ Mic with tone control
& talk-over switch, 7 Channels with
individual faders plus cross fade, Cue
Headphone Momlor Useful combination of
the g 3 tur (mag), 3

mics, 5 Line for CD, Tape, Video elc. G

Price £134.99 + £5.00 P&P SIZE 482 x 240 x 120mm

e
_ LARGE SELECTION OF SPECIALIST LDUCISPE,AKEHS
SILES KEARERS AVAILABLE, INCLUDING CABINET FITTINGS. SPEAKER

GRILLES, CROSS OVERS AND HIGH POWER, HIGH
FREQUENCY BULLETS AND HORNS, LARGE (44) S.A.E.
(50p STAMPED) FOR COMPLETE LIST.

P - From McKenzie Professional Series

8- From McKenzie Sludio Series

McKENZIE:- INSTRUMENTS, P.A., DISCO, ETC]

ALL McKENZIE UNITS 8 OHMS IMPEDANCE

8" 100 WATT [P|CB-100GP GEN. PURPOSE, LEAD GUITAR, EXCELLENT MiD
RES. FREQ. 80Hz, FREQ. RESP. TO 7KHz, SENS 96dB. PRICE £
10" 100WATT§ C10-100GP GUITAR, VOICE, KEYBOARD. DISCO. EXCELLENT W
RES. FREQ. 72Hz, FREQ. RESP. TO 6KHz, SENS97dB. PRICE £

£2.00 P&P
£2.50 P&P

PIEZO ELECTRIC TWEETERS - MOTOROLA

Join the Piezo revolution! The low dynamic mass (no voice coil) of a Piezo Iweeler produces an improved
transienl response with a lower dislortion level than ordinary dynamic tweelers. As a crossover is not required
these units can be added lo exisling speaker systems of up lo 100 watts (more if two are put in series, FREE
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER.
"~ », TYPE 'A' (KSN1036A) 3" round with protective wire mesh. Ideal for
i,_, “1.# bookshell and medium sized Hi-Fi apeakers. Price £4.90 + 50p P&P.
. %P TYPE ‘B’ (KSN1005A) 3'%." super horn lor general purpose speakers,
8 disco and P.A. systems etc. Price £5.99 + 50p P&P.
TYPE ‘C' (KSN1016A) 2"x5" wide dispersion horn for quality Hi-Fi sys-
tems and quality discos etc. Price £6.99 + 50p P&P.
TYPE ‘D’ (KSN1025A) 2"x6” wide dispersion horn, Upper frequency
response retained extending down to mid-range {2KHz). Suitable for high
quality Hi-Fi systems and quality discos. Price £9.99 + 50p P&P.

) TYPE ‘E’' (KSN1038A) 3% horn tweeter with attractive silver finish trim.
1 £___ Suitable for Hi-Fi monilor systems etc. Price £5.99 + 50p P&P.

| LEVEL CONTROL Combines, on a recessed mounting plate, #ivel control

) \j and cabinet input jack socket, 85x85mm. Price €4.10 —~ 50p R&P.

10" 200WATT § C10-200GP GUITAR, KEYB'D, DISCO, EXCELLENT HIGH FOW
RES. FREQ. 69Hz, FREQ. RESP. TO 5KHz, SENS 97dB. PRICE €&
12" 100WATT P/C12-100GP HIGH POWER GEN, PURPOSE, LEAD GUITAS =3
RES,FREQ, 49Hz, FREQ. RESP. TO 7KHz, SENS 98dB, PRICE €4
12" 100WATT P C12-100TC (TWIN CONE) HIGH POWER, WIDE RESPCNSZ =4
RES, FREQ 45Hz, FREQ. RESP, TO 12KHz, SENS 97dB. PRICE €4+
12" 2OOWATTSC12 -200B HIGH POWER BASS, KEYBOARDS. DISCO = &

RES, FREQ. 45Hz, FREQ. RESP. TO 5KHz, SENS 99dB PRICE €7«
12" 3OOWA'I'|'§C12 -300GP HIGH POWER BASS, LEAD GUITAR KEYBCA=D

- £2.50P&P

.50 P&P
0IsSCO,
3.50 P&P

23.50 P&P

RES, FREQ. 49Hz, FREQ. RESP. TO 7KHz, SENS 100dB, PR\‘CE 23.50P&P
15”7 100WATTEC1 5-100BS BASS GUITAR, LOW FREQUENCY P A DISCT

RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS 98dB PRICE S 5505 - 2400 P&P
15" 200WATT[P C15-200BS VERY HIGH POWER BASS

RES. FREQ. 40Hz, FREQ. RESP. TO 3KHz, SENS 98dB. PRICE £3:2.57 - £4.00 P&P
15" 250WATT S C15-250BS VERY HIGH POWER BASS

RES. FREQ, 39Hz, FREQ, RESP, TO 4KHz, SENS 99dB PRICE £22.22 - 24,50 P&P

15" 400WAT'I'.C15 400BS VERY HIGH POWER, LOW FREQUENCY BASS

RES. FREQ, 40Hz, FREQ, RESP, TO 4 KHz, SENS 100dB. PRXCE £
18" 500WATT § C18-500BS EXTREMELY HIGH POWER, LOW FREQUENC™
RES. FREQ. 27Hz, FREQ. RESP, TO 2KHz, SENS, 98dB,

EARBENDERS:- HI-FI, STUDIO, IN-CAR, ETC

{4 50 P&P

57 - 22.00P&P

DMP LINNET LOUDSPEAKERS)

THE VERY BEST IN QUALITY AND VALUE

Made especially to suit today’s need for compactness with high output
sound levels, finished n hard wearing black vynide with protective
corners, grille and carrying handle Each unit incorporates a 12" driver
plus high frequency horn for a lull Irequency range of 45Hz-20KHz,
Both models are 8 Ohm impedance. Size: H20" x W15” x D12,

CHOICE OF TWO MODELS
POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET

OMP 12-100WATTS (100dB) PRICE £163.50 PER PAIR
OMP 12-200WATTS (200dB) PRICE £214.55 PER PAIR

SPECIALIST CARRIER DEL. £12.50 PER PAIR

IN-CAR STEREO BOOSTER AMPS

THREE SUPERB HIGH POWER
CAR STEREO BOOSTER AMPLIFIERS
150 WATTS (75 + 75) Stereo, 150W
Bridged Mono
250 WATTS (125 + 125) Stereo, 250W
Bridged Mono
400 WATTS (200 + 200) Stereo, 400W
Bridged Mono
ALL POWERS INTO 4 OHMS
Features:

ALL EARBENDER UNITS 8 OHMS (Excepl EB8-50 & EB10-50 which are cua —zs= e )]
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND

8" 50watt EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS_ HI-Fi IN-C

RES. FREQ. 40Hz, FREQ. RESP, TO 7KHz SENS 97dB, 'n CE £33 - £2.0C P&P
10" SOWATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS HI-FI .

RES. FREQ. 40Hz, FREQ. RESP, TO 5KHz, SENS. 99dB. PFNCE £5 - £2.5C P&P
10" 100WATT EB10-100 BASS, HI-FI, STUDIO.

RES. FREQ. 35Hz, FREQ. RESP. TO 3KHz, SENS 96dB. RICE £3:2.35 - £3.50 P&P
12” 100WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO

RES. FREQ. 26Hz, FREQ, RESP, TO 3 KHz, SENS 93dB. PRICET4Z 12 - £3.50P&P
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND

5% GOWATT EB5-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC

RES. FREQ. 63Hz, FREQ. RESP, TO 20KHz, SENS 92dB. RAICE £5.99 - £1.50 PAP

6'2" 6OWATT EB6-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC
RES. FREQ. 38Hz, FREQ. RESP. TO 20KHz, SENS 94dB.

8”7 6O0WATT EBB-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC
RES. FREQ. 40Hz, FREQ. RESP. TO 18KHz, SENS 89dB.

10" 6OWATT EB10-60TC (TWIN CONE) HI-FI, MULTI ARRAY DISCO ETC
RES. FREQ, 35Hz, FREQ. RESP, TO 12KHz, SENS 98dB,

PRICE £10.33 - 1.50 P&P
PRICEL12.99 - €1.50 P&P

PRICE €16.49 - £2.00 P&P

PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
COMPLETE WITH CIRCUIT AND INSTRUCTIONS
dW TRANSMITTER B0-108MHz, VARICAP CONTROLLED PROFESSIONAL
PERFORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm, SUPPLY 12V @ 0 5AMP
PRICE€£14.85 - £1.00 P&P
FM MICRO TRANSMITTER 100-108MHz, VARICAP TUNED, COMPLETE WITHK

VERY SENS FET MIC, RANGE 100-300m, SIZE 56 x 46mm, SUPPLY 9V BATTERY

* Slereo, bridgable mono * Choice of
high & low level inputs % L & R level
conlrols * Remole on-off * Speaker &

PRICES: 150W £49.99 250W £99.99
400W £109.95 P&P £2.00 EACH

POSTAL CHARGES PERA OADEA £1.00 MINIMUM, OFFICIAL
ORDERS FROM SCHOOLS, COLLEGES, GOVT. BODIES, PLCs ETC.
SALES COUNTER. VISA AND

PRICES INCLUSIVE OF V.A.T,
ACCESS ACCERTEDBY POST, PHONE OR FAX.

EN

PRICE £8.80 + £1.00 PAP PHOTO: 3W FM TRANSMITTER

B.K.ELECTRONICS

UNITS1& 5 COMET WAY, SOUTHEND-ON-SEA,
ESSEX.SS26TR.
:0702-527572 Fax.:0702-4202493



FREE ISSUES

A subscription to your favourite magazine is the best way of making sure you never miss an issue.

And from now until 28th February 1992 you can get extra copies ABSOLUTELY FREE, by taking
advantage of our special subscription offer. With a monthly title for example, this means you get 14
issues for the usual price of 12.

Order your subscription today using the coupon below and you will receive the best in reading
entertainment right into the 1990’s. This offer is also open to subscribers wishing to extend/renew their
current subscriptions.

Standard subscription rates p> P> P>

K- Eirobe Mt East  Werd

Archimedes World £35.40 £45.70 £46.30 £49.30 £51.30
Aeromodeller £23.40 -~ £28.20 £28.40 £30.20 £28.70
Citizens’ Band £19.20 £23.40 £23.70 £25.70 £24,90
Clocks £28.80 £35.60 £38.65 £37.40 £37,40
ETl £19.20 £24.10 £24.40 £26.80 £25.85
Film Monthly £18.80 £22.60 £22.90 £25.10 £24.25
Ham Radio Today £19.20 £24.00 £24.35 £26,70 £25.75
Military Modelling £21.00 £28.30 £28.80 £32.30 £30.90
Model Boats £19.80 £26.20 £26.60 £29.65 £28.40
Model Railways £19.80 £24.65 £25.00 £27.60 £26.60
Photography £23.40 £30.50 £30.75 £33.45 £31.25
Popular Crafts £19.20 £24.80 £25.80 £27.90 £26.80
Radio Control Model Cars £19.20 £24.45 £24.30 £27.30 £26.30
RCM&E £19.20 £29.40 £30.10 £35.00 £33.10
Radio Modeller £19.20 £25.30 £25.70 £28.65 £27.50
Scale Models International £18.00 £22.60 £22.80 £24.55 £23.10
Steam Classic £19.80 £26.40 £26.80 £30.00 £28.70
Video Today £19.20 £24.75 £25.10 £27.80 £26.70
Woodworker £21.00 £29.50 £30.00 £34.00 £32.50

Alternate monthly titles (8 for the price of 6)
Radio Control Boat Modeller £9.60 £12.35 £12.50 £13.90 £13.30
Radio Scale Aircraft £13.50 £16.65 £16.80 £17.95 £17.00
Practical Wargamer £11.70 £14.80 £14.90 £16.10 £15.10
Model Engineers’ Workshop £15.00 £18.90 £19.20 £21.10 £20.30

Fortnightly title (26 for the price of 24) P
Model Engineer £33.60 £44.80 £45.55 £21.10 £48.80

f 3 R ¥

Quarterley Title (6 for the price of 4) — negative J
Silent Flight £10.00 £12.05 £12.20 £13.20 £12.80
| Please commence my subscription to ............c.c.ccorriiriiincie, withthe .......c...ooooioiiiiiiee, issue. |
I I enclose my cheque/money orderfor £....................coeeeneee. made payable to ARGUS SPECIALIST PUBLICATIONS I
: or debit my access/Barclaycard number | | ] | | | | ! | l | | | ] | | | Card expiry date .............................. :
I SIENAUNE ... e Name .............ccoeeeneneeen. |, sl sl " I
| Address .......... sob0a005Ba05000000 IR RN v hinineeesmeseeseeereenseseesseener S It Rl i
I .............................................................................................. Postcode.........c.ooniiiiiiiiiiie I
I UK subscribers may pay for their subscription using Direct Debit — for futher information telephone: 0442 876661 during office hours. I

I Please return this coupon with your remittance to:
Lfelect Subscriptions Ltd. (ETI/16) 5 River prk Estate, Billet Lane, BERKHAMSTED, Herts. HP4 1HL, UNITED KINGDOM
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Features & Projects
An Introduction To Audio Mixers 2 16

Mike Meechan looks at how digital circuitry has infiltrated the mixing desk for control, effects and audio circuits.

Comets 24

With the recent space mission to investigate Halley’s comet still fresh our minds, Douglas Clarkson provides us with some
interesting facts about the many comets in our universe.

Bootstrapping 30

An o circuit idea revived by S D Waddington.

Mains Switched Timer 32

A useful mains timer for a variety of control applications by David Ponting.

&

Thevenin and Star-Delta Transforms 40

If you have problems in finding the voltage, current or tofal resistance from a omplex circuit then maybe this article is for
you. A P Stephenson highlights an established method of simplifying circuits.

Circuit File 45

We present the second part on Instrumentation And Test Gear Basics by Ray Marston.

Intuitive Electronics . 48

Mike Barwise is back with a new series. This month he provides us with an introductory concept, analagous to water flow,of
how electricity behaves.

The Acousdix Amplifier ' 51

A 20watt integrated amplifier for you to build by John Dix.

Tech Tips 57

The column for reader circuit ideas is here once again
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Introduction to Audio Mixers Page 16  ~

By Paul Freeman
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Mains Switched Timer
Page 32

Spreadinz the word -

new series called Intuitive electronics by

Mike Barwise starts this month. In his
introduction, he makes several points about the
clear divisions existing between the theoreti-
cians whose distilled knowledge seems to be
disseminated between a small number of in-
dividuals ‘in-the-know’ with hardly any notion
of the practicalities of the subject compared to
those that handle and develop circuits by a
certain feeling.

It is true that in delving into a specific
research area one has to create new termin-
ology to explain new phenomena. The danger
is that it can alienate the outside world who feel
increasingly shut out, fearing the con-
sequences. It’s no wonder the public envisage
research workers as mad eccentric professors.
The tendency for the scientific community to
push themselves further and further into ever

tighter comers and risk isolation should be
strongly resisted. Isolation could spell political
suicide resulting in funds dwindling even further
as politicians no longer understand the point of
financing something that seems completely
irrelevent to them.

Scientists have to publicly and loudly make
their case in simple terms to take the will of the
people with them. The lack of scientific news
agencies and news dissemination makes the
point clearly. The infrastructure does not exist
to spread the good but simple word. Such
agencies should be sponsored or financed by
government money because pure research
does not contain a profit motive and tradition-
ally has not been commercially backed. If it is
financed from industry then the public would
also like to know about the original ideas as well
as the final product.




OPEN CHANNEL

Our Government has recently licensed quite a
number of operators to deliver television chan-
nels via multi-point video distribution services
(MVDS), in a national trial. In case you haven’t been
avidly following my column over the months, I'll
explain what MVDS is. In essence, it's a system
whereby high-frequency (microwave) links are used to
carry several television channels on a point-to-point
type basis, between a central transmitter and outlying
receiving dishes. | use the expression dishes here with
reservations, though, because the normal image of a
dish is usually thought of in satellite terms — that is, a
60 c¢cm or so whopper, stuck on the side of a house.
MVDS dishes, or at least those planned here, are much
smaller — only 15 cm — and so can easily mount on a
small chimney stack. Manufacturer, Marconi,
describes these dishes as something like ‘old-fash-
ioned car headlamps’ in appearance which, I've got to
admit, doesn't fill me with much of a desire to have
one,

MVDS has been discussed in one form or another
for awhile now, and previously it looked as though the
frequency to be chosen was to be much higher than
that in this trial (12GHz). But as I've argued in the past
a higher frequency, although more elegant and allow-
ing more channels to be transmitted, isn’t necessarily
the best choice. At say, 30GHz, equipment is not easily

-available and is expensive anyway. A frequency of
12GHz, on the other hand, allows existing and cheap
satellite receiver equipment to be adapted. In fact, not
only does it mean satellite equipment can be used, but
it can be used for the dual purpose of receiving both
MDVS and satellite transmissions. So you don’t need
an extra box of tricks on top of your telly to receive
from both sources. Great!

However, there is a slight element of doubt in all
this. It's as yet unproven that using the same frequency
range isn't going to cause intetference with existing
satellite services. Hence the trial.

¥

Quite naturally, MVDS i§ not seen as a supple”
ment to services like cable, but more of a direct compe-
titor. Because MVDS links are going to be substantially
cheaper than a cable network it can only be expected
that it will become very popular in areas where cost of
cabling is too high. Indeed, MVDS may make the idea
of cable unnecessary altogether.

I'll be reporting further in later issues of ETI.

In The Picture

Avid photographers will probably already know about
two advances in photo-to-television technology. First,
which is not so much of an advance, more an adaption
and coming together of previously disparate technolo-
gies, is a fairly straightforward camera stand. An inte-
gral video camera and slide holder are held in a conve-
nient unit which allows slides to be easily photo-
graphed by the video camera. A simple video output
links the camera to a videocassette recorder and, hey

presto, you've recorded your photographs to videocas-
sette for later display on your television.

There’s nothing particularly new in the idea
except that in the unit I'm considering (the Tamron
Photovix) you can videorecord slides and negatives. It
also allows a selected part of your image to be enlarged
by upto three times. Both are‘nice features which will
interest many users, I'm sure.

Primarily a unit like this is aimed at amateur
photographers who just want to fit together selected
photographs onto videotape to present on their TV
screen. It's a nice idea and I'm sure it will become very
popular with photo-amateurs. However, it could have
uses in some electronic publishing systems, too. It has
limitations of course — it’s a fairly’ low definition sys-
tem (well, video cameras are low definition, aren’t
they?), and a video grabber system is needed by the
computer. But it’s a start and people who require such
low definition images (newspapers, estate agents, col-
lectors wanting a record catalogue and so on) will be
overjoyed by the Photovix’ ease-of-use and possibilit-
ies.

Electronic publishing users and professional
photographers who need higher definition, on the
other hand, will be even more pleased to hear about an
application of compact disc which has been developed
by Kodak and Philips. Resultant Kodak’s Photo CD
promises to be extremely popular and important in
both areas.

Using CDs containing up to 100 high-definition
photographs in digital format, photo CDs can be
played in new CD players which are dual standard —
they can play conventional audio CDs as well as photo
CDs. Players are expected to be around the same price
as current mid-range audio CD players, and will con-
nect to a television for photographic replay, and ampli-
fier for audio replay.

After developing your film in the usual way, you
simply send the negative or slide to a photofinisher,
who scans the image and records it onto disc. You
don’t need to fill a whole disc in one go, as discs can be
returned to the photofinishers as often as you need,
until the disc is full with its 100 images.

But, if some of you are awake, you'll be wonder-
ing how (without use of a video grabber system; com-
plete with its inherent low definition) is this of any use
to electronic publishing. Well, photo CDs will be play-
able on CD-ROM XA drives, too. So the digital image
can be output directly as a TIFF file, say, into your
favourite page layout software, at a high definition
(around twice that of high definition television!).

Photo CD players are expected to be launched
around the middle of the year, and will have features
such as random access viewing (I presume this means
you can keyin the number of the photograph you want
to look at), zooming, panning, cropping and so on.

Keith Brindley
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NEWS

mitec Electro-Optics is the

first UK company to offer
ion beam sputtering technology
on a commercial basis.

Electro-Optics’ new technol-
ogy is used for manufacturing
extremely low loss laser mirrors,
specialised thin films for fibre
optic and sensor applications or
as a subcontract development
facility.

Comments Derek Read,
Operations Director for Omitec:

“Using our ion beam deposi-
tion techniques, we can produce
very low loss high damage thresh-
old laser mirrors as used in avia-
tion ring laser gyros. RL.Gs
require laser mirror performance
serveral orders of magnitude
greater than that produced by
conventional thin film deposition
techniques.”

For this kind of highly specia-
lised coating, ion beam technol-
ogy is the only known process to
satisfactorily achieve the follow-
ing requirements: low losses (less
than 80 parts per million),
extremely stable optical charac-
teristics independent of tempera-
ture and environmental condi-
tions.

The optical and mechanical
properties of thin films are deter-
mined by a number of factors
including the electrochemical

ION BEAM SPUTTERING AVAILABLE

COMMERCIALLY

nature of the material, its atomic
or molecular structure, the pro-
perties and condition of the sur-
face onto which they are depo-
sited and the method of deposi-
tion.

In conventional thermal eva-
poration, the film structure is
dependent on the energy of the
molecules depositing onto the
growing film which is related to
substrate temperature and the
evaporation temperature of the
material.

Within the last decade akterna-

tive methods have been deve-
loped to increase this energy by
orders of magnitude. Ofthese, ion
beam sputter deposition and ion
assisted deposition techniques
have been targeted by Omitec as
the emerging technology for the
next generation of thin films.

lon beam deposition is a mate-
rials based technology which
imparts kinetic energy to growing
films to produce materials of
highly ordered structure which are
virtually defect-free. With ion
assisted techniques, the energy is

applied directly to the growing
film and with ion beam sputter
deposition the energy is applied
to the target material itself. Omi-
tec uses the latter technique to
produce its low loss, high damage
threshold laser mirrors.

Ring laser gyros are just one
application of ion beam deposi-
tion, other applications include:
ultra stable thin films, tribological
coatings, supermodulus coatings,
durable protective layers and
abrasion resistant coating.

A new DOD FX-54 Attacker
pedal for guitarists is now
available. This device is the first
with a single-switch pedal giving
two simultaneous effects.

The FX-54 Attacker combines
smooth compression with a
wide range distortion. This
i ives the guitarist an enor-
mous variety of sounds
to choose from. By
lowering the distor-
tion and increasing
the compression, a
tight bluesy sound like
Eric Clapton or Larry
Carlton can be achieved. Or
7 increase the distortion and
compression, a wide searing solo
sound like Joe Satriani or Nuno
Bettencourt appears. The com
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NEW DOD FX-54 ATTACKER PEDAL

pressor adds the sustain needed
to simulate the feedback control
found in tube amplifiers. Com-
bined with the distortion, almost
any modern or classic electric gui-
tar tone can be had.

The pedal’s controls consist
of: a distortion control for varying
the amount of internal gain, a
tone control for simple equaliza-
tion, a compression control for
adjusting the amount of signal to
compression ratio, and a level
control which sets the amount of
effect signal. Retail price is £69.

For more information contact
John Homby Skewes & Co Ltd,
Tel: 0532 865381




RECORDED VOICE COULD BE QUEEN VICTORIA

fragile = Graphophone
recording, which could
include the voice of Queen Vic-
toria; is ‘currently being examined
by the Science Museum and the
Natioral Sound Archive.

- Cireumstantial evidence indi-
cates that this recording is the one
that was made by Sydney Morse
at Balmoral Castle in 1888. It is
know that on this occasion Queen
Victoria was prevailed upon to
utter a few words into a Grapho-
phone. If the voice is that of
Queen Victoria it will be the only
known recording of her voice in
existence.

The sounds are very scratchy

and only a few words can be made
out with any certainty. Approxi-
mately 40 words are apparent on
the recording but only “Greetings
... the answer must be . . . I have
never forgotten . . .” can be distin-
guished.

The Graphophone cylinder is
a rare example of an early wax-
coated cardboard record of the
type which competed for a time
with the Edison solid wax Phono-
graph cylinders. Sydney Morse’s
son, Esmond, presented the cylin-
der to the Science Museum in
1929. The author Paul Tritton
became aware of the cylinder’s
possible Roval connections while

researching his book on the Brit-
ish audio engineer, Henry
Edmunds.

Early attempts to discern evid-
ence of voices on the recording
using microscopy techniques
were inconclusive. Recently the
cylinder was played on the
National Sound Archive’s electric
phonograph which, in order to
hear the recording, had to be
modified by the Science
Museum’s workshops.

The exercise has demon-
strated the progress made in
audio technology in recent years.
Perhaps one day further adv-
ances in enhancement will help

give a positive identfication but
for the moment ,despite circum-
stantial evidence, it is a case of
‘not proven’.

A special display, now on at
the Science Museum includes the
original Graphophone cylinder,
the National Sound Archive’s
electric phonograph on which the
cylinder was played, and a replica
of the Bell-Tainter Graphophone.

Facilities are available for visi-
tors to listen to copies of the
recording at the National Sound
Archive, 29 Exhibition Road, Lon-
don SW7. For an appointment
please telephone: 071 589 6603.

VM PORTABLE POWER PACK

O ne of the most useful pieces
of general purpose equip-
ment to pass through our hands is
the LV Motors Portable Power
Pack. It solves all sorts of prob-
lems where a long lasting, power-
ful electricity supply is wanted in
an akward place, or with long life
portability indoors and out in the
field . It can be connected to a flat
car battery and left for a couple of
hours, after which time it will put
enough in to get the car going.

You could certainly not do this
with ordinary over the counter
cells.

The VM Portable Power Pack
is switchable between 12v and 6v
DC, has a capacity of 8 amp
hours, recharges in 3 to 4 hours
from the mains, the car battery,
any other 12v source with over
1,000 recharges and weighs
1.8kg. It costs £72.00 incl VAT

Contact LV Motors Ltd, Tel:
0462 896095

WALL MOUNTED CONTROL -

M 302 is a new wall mount-

ing solid state electricity
meter with RS 232 Communic-
ations that is designed and manu-
factured by Northern Design in
the UK. Ideal as a kw/kwh, single
‘or dual tariff and Import/Export
meterthis latest unitalso operates
in a maximum demand mode for
load shedding and control. All
readings are shown on a two line
liquid crystal display of 16 charac-
ters per line with a wide viewing
angle.

Wall mounted, the WM 302 is
suitable for 3 and 4 wire 3 phase
unbalanced loads as well as single
phase. Unaffected by input wave-
fb_rm distortion the accuracy is

better than 1%. Complying with
all current safety standards this
new product from Northern
Design is housed in an envjron-
mentally protected case to 1P54.
Current sense is via intermal ring
or external split core, ring or
clamp-on CTs at 5A BMS per
phase. Standard output$ are volt
free pulse and optical data.

Useful options include 1 Amp
input current or other, 4 to 20mA
output, balanced loads and RS
232 Communicatons.

Prices of the WM302 (exc.
VAT) start at £249.00.

For further information please
contact Fred Hutchinson of Quis-
wood Ltd on (0756) 799737.

CIRCUIT AND APPLICA

hilips Semiconductors has

" opened an Integrated Circuit

& Application centre at South-
ampton, the first of its kind to be
established within the company. It
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was formally opened by Kevin
Kennedy, Chairman and Manag-
ing Director, Philips Electronics
(UK), on Tuesday 22 October
1991.

The centre employs some 360
staff, the majority of whom are
graduate engineers or equivalent.
It represents an investment by Phi-
lips of some £6.8M and is one of

the largest single concentrations
of electronic engineering exper-
tise in the UK.

The centre combines on one
site the design, marketing and

.
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logistics operations for micro-
chips used in all types of con-
sumer electronics equipment —
television sets, VCRs, compact
disc players etc. It also looks at

how new developments in chip
technology will enhance and
improve the performance of such
equipment.

Senior executives from lead-

ing UK based customers of Phi-
lips Semiconductors were invited
to attend the opening ceremony,
and to tour the centre, where a
number of technical present-

ations were made. Also invited
were senior managers of Philips
who had been involved in the past
with either the Integrated Circuit
or Application laboratories.

ffering the best of both

worlds, the Tektronix 2210/
02 digital oscilloscope is available
from Carston for £1250.

Combining digital sampling
with familiar full bandwidth ana-
logue operation, the two channel
unit samples at 20 megasamples
per second, with 8-bit vertical res-
olution and 4k record length per
channel. In non-storage mode the
instrument offers a 50MHz band-
width — or 2MHz useful storage
bandwidth for single shot or
repetitive signals.

The 4k record length provides
the time resolution for viewed
waveforms. The 2210/02 dis-
plays all 4k points on screen, and
so the waveforms look conven-

tional analogue displays. One
screen of information can be
saved in a reference memory for
later evaluation or waveform
comparison.

Display modes on the 2210/
02 are record, roll, and triggered
roll. Trigger modes include peak
to peak automatic, normal, TV
field, and single sweep.

The fully portable 2210/02 is

supplied with two P6103 voltags™

probes. Supplied ex-rental, all
units are fully tested to the manu-
facturer’s specification before
delivery.

For further information con-
tact Graham Harris, Carston
Electronics Limited. Tel: 081-977
0078.

ANALOGUE AND DIGITAL SCOPE

he Pico ADC-10 is a self con-

tained analogue to digital
converter for use with IBM PCs
and compatibles. It is connected
to the printer port and required no
extra power. Input is through a
standard BNC connector. The

-
ADC-10 has many uses, firstly
using the integrated software
package it can in many situations
replace both an oscilloscope and
a digital voltmeter. Additionally
the ADC-10 can perform any
functions that are only currently

available on an expensive digital
storage oscillscopes such as sav-
ing waveforms to disk, or sending
them to a printer. It is particularly
suitable for displaying very low
frequency trends (such as a bat-
tery discharge) which cannot be
displayed on an oscilloscope due
to the limitations of a CRT.

The main market is expected
to be with electronic enthusiasts
and educational establishments
who tend to use the ADC-10 with
the supplied software. In addition
to this ADC-10s are being put to a
wide range of uses in industry
where users are customising the
software, or writing their own.

ADC-10 ANALOGUE TO
DIGITAL CONVERTER

Typical examples of its use are in
monitoring temperature, pressure
and strain gauges. Many commer-
cial sensors have 0-5V outputs so
can be plugged straight into the
ADC-10, this is particularly useful
for remote monitoring of sensors,
since the ADC-10s small size
makes it ideal for use with port-
able computers. Another popular
application is digital voice record-
ing.
The ADC-10 sells for £49,
including the software and
instruction manual.

For further information con-
tact Pico Technology Ltd, Tel:
0954 211880.

4-CHANNEL 12-BIT ATO D

New from Burr-Brown is a 4-
channel monolithic sampling
12-bit analogue to digital con-
verter (ADS7803), designed for
applications which require low-
power, wide input bandwidth: and
exceptional dynamic perform-
ance.

The ADS7803 works from a

single 5V supply,consumes only
10mW, and a low-power standby
mode consuming just 50pW,
makes it ideal for portable applic-
ations. With a fast maximum con-
version time, including acquisi-
tion and multiplexer settling, of
8.5psec, the device is fully micro-
processor controllable via an on-
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chip special function register. This
allows it to be placed in lowpower
mode between conversions.
Maximum channel-to-channel
mismatch is +0.25LSB, and
dynamic characteristics are tested
and guaranteed at input frequen-
cies to 50kHz. Typical specific-
ations include a signal to noise

ratio of 70dB, and total harmonic
distortion of —75dB. Channel
separation at 500Hz is typically
92dB.

Applications will include circu-
itry requiring wide input band-
width, low power, excellent
dynamic performance and multi-
ple channels, such as in general

purpose spectrum analysers and
mobile data acquisition systemns.

Conversion results are avail-
able in two bytes through an 8-bit
tri-state output bus. The two bytes
can be read in either order, allow-
ing the use of the ADS7803 in
both bigand little-endian system:s.
Output latches are provided, giv-

ing two alternartive data-availabil-
ity schemes: in transparent mode,
the high data byte can be read as
soon as it is available: in latched
mode, data can be read onlywhen
the conversion is complete, but
stays valid until the end of the suc-
ceeding conversion cycle.

Portasat is a lightweight, port-
able antenna which enables
the owners of caravans, mobile
homes and pleasure craft to con-
tinue to receive satellite TV pro-
grammes from Astra, ECS Il and
all higher power satellites, whilst
on holiday. Deployed on a bal-
cony or patio, Portasat also offers
an alternative to occasional view-
ers who are unable or unwilling to
have a permanent, wall-mounted
antenna installation.

The antenna consists of a flat,
lcm thick, circular zone plate of
60cm diameter which is mounted
within a rectangular, tubular
frame. Erection requires no spe-
cialist knowledge or tools. With

PORTABLE TV ANTENNA

the assembly lying flat on the
ground, one edge of the frame
can be raised; the antenna then
pivots within the frame and can be
secured at the correct angle for
signal reception by a support
strut. The assembly is then
pointed in the direction of tire
satellite and any final adjustment
made by a screw on the strut.

The total assembly weighs less
than 4kg and folds away flat to a
size of 75 X 62 X 2cm.

4MBYTE FLASH MEMORY CARD

;’“i:i:@ﬂ%w% C ﬁ‘*%i} "
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M itsubishi ~ Electric  has
announced the launch of its
4Mbyte Flash memory card. The
card will be generally available
early 1992 in 68 pin JEIDA Stand-
ard format although Mitsubishi
has the, technology to produce
custom versions to any pinout
requirement,

According to the latest In-Stat
survey into the fast developing
memory card marketplace, the
company was responsible for
more than 41% of worldwide
memory card sales in 1990.

The 4Mbyte Flash Memory
card is made up of Flash
EEPROMs, housed in TSOP, the
packaging technology pioneered
by Mitsubishi, providing high
speed, non-volatile memory
capabilities, for low power con-
sumption applications. ‘

Typical applications include
replacements for floppy disk sys-
tems and to hold systems and
applications software in palm top,
notebook, laptop and other small

computers, providing savings of
weight and space, with greater
resilience, increased ruggedness
and higher reliability. Flash mem-
ory card technology is reckoned
to be a big contender to eventu-
ally replace floppy and hard disk
storage techniques. The ability of
Flash devices to hold their mem-
ory content after power has been
switched off also makes the cards
suitable for use in industrial equip-
ment.

Mitsubishi has also
announced paper-thin packaging
(PTP), the 0.5mm thick IC pack-
aging technology which will make
it possible to retain its leadership
and manufacture cards with even
higher memory capacities. DRAM
cards of up to 96Mbytes, for
example, will be available based
on the technology using 16Mbit
DRAMs.

For further information, con-
tact Mitsubishi Electric UK Ltd,
Ltd, Telephone:0707-276 100.
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stateside

New
approach to
welding
flexible
substrates

new approach to forming
metal contacts in electronic
circuits could result from a novel
elastic substrate. Using a new
method, gold films have been

welded together under normal
room conditions by pressing them
together with small applied loads.

With  current technology,
extreme physical conditions of
one kind or another are required
for bonding metals; soldering and
welding require high ‘tempera-
tures while room-temperature
welding requires extremely high
pressures.

The key ingredient in the new
process is a material called poly-
dimethylsiloxane (PDMS), which
can be formed into thin elastic
membranes. When exposed to
oxygen at high temperatures,
PDMS forms a silicon dioxide
layer suitable for electrical isola-
tion. Metals do not adhere very
well to the silicon dioxide layer,
requiring the application of an
exotic process called ‘self-assem-
bled monolayers’ developed at
Harvard University’s chemistry
department.

Chemists have found that cer-

tain complex organic compounds
can ‘self-assemble’ into complex

FLEXIBLE-SUBSTRATE WELDING APPROACH

Self-assembled
monolayer
-

I [ Silicon dioxide
Polydimathylsiloxans

it allows metal welding at room temperature

20-nm
gold film

structures on the molecular level
~=with a wide range of useful chemi-
cal and physical properties. A self-
assembled structure is able to
form a strong bond between the
silicon dioxide and a thin gold
layer vacuum-evaporated on top.
The resulting composite material
is s6 flexible that the gold layer

‘flows’ around surface impurities
that normally prevent metal
bonding, allowing two gold/
PDMS films to weld together on
contact. The composite material,
developed by Dow Corning of
Midland, Michigan, could be the
basis for novel electronics
devices.

New
notebook
computer

sing a conventional note-
book computer in the office
is often uncomfortable and con-
fining because the keyboard

cannot be separated from the
monitor. With a new computer,
the screen and keyboard interface
through a cable, as on a desktop.
Normally, the two halves are
joined together and the cable is
kept hidden. In the new version,
they can be separated, allowing
users to spread out their work
area. The keyboard can also be

completely removed and at-
tached to another CPU if a user
wants to use the same keybaord
for all computing activities.
Lunar Design Inc., of Palo
Alto, designed the computer
housing for Trigem Corp., cf
Santa Clara. The housing, made
of thermoplastic polyester and
polypropylene components, is

both strong and lightweight. The
only metal part is an aluminium
shield for the CPU electronics.
Plastic clutches and latches hold
the screen firmly and keep it from
falling over when it is used while
going over bumps. The 386-SX-
based computer runs con-
tinuously for three hours on a
rechargeable battery.

Electronic
drawing pad

hildren can draw directly on
to a TV screen using an elec-
tronic drawing pad that hooks up
to any colour television. The pad
also connects to a VCR, so images

can be animated and recorded.
The micro-processor is similar to
those used in adult-sized graphics
programmes, but without being
capable of storing designs. The
wire-grid input pad is also similar
to conventional graphics-input
pads. -~
Called the Video Paintey, it has

a 12-colour pallete and five draw-
ing tools, including a pencil and
crayon. A library of over 50 colour
objects includes vehicles, drag-
ons, people, and animals, as well
as three background scenes which
can be animated. There are also
six pre-programmed patterns,
and outlines can be filled in with

one touch, either with a pattern or
a colour. The system permits
artists to copy pictures as well as
move and zoom in on them.
There is also a tangram puzzle,
where shapes are rearranged to
create objects.

Source: V-Tech, Wheeling, Illi-
nois.

Recharge-
able battery
system

ew laws may force US manu-

facturers of products such as
cordless shavers with recharge-
able batteries to redesign their
products. The laws come into
effect in 1993 in some states, and
require all built-in, rechargeable

batteries to be easily r@ovable
so consumers can recyclg the bat-
teries.

Batteries are often soldered
into rechargeable products, so
meeting legal requirements will
require some complete product
redesigns. Manufacturers will also
have to consider that consumers
may replace rechargeable bat-

teries with non-rechargeable
ones.
A recently introduced

rechargeable-battery system,
called IntelliLink, from Gates
Energy Products, Gainesville,
Florida, allows manufacturers to
design removable, rechargeable
batteries into their products.
IntelliLink uses special bat-
teries that have a dimple in the
cap on the positive terminal. The
positive connector has two con-
tacts, a centre contact point and
an outer contact ring that mate
with the battery. The outer ring

allows the battery to be recharged
when the device is plugged into an
electrical outlet. When a non-
rechargeable battery is used, its
flat terminal touches only the
centre point and not the outer
ring, so the charging circuit is
bypassed and only the battery is
discharged. If a conventional
rechargeable battery is used, it
also will only discharge and must
still be recharged externally.

New
insulation for
aircraft
cables

n a recent investigation it was
found that fibreglass batting
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that surrounds wire bundle cables
on airplanes was breaking down
from hot engine air and
vibrations. Without the batting,
the electrical system experienced
short circuits and sensor mal-
functions. To eliminate the prob-
lems, it was decided to change to
an insulating wrap made of silicon
foam laminated with silicon-

coated fibreglass. The new insula-
tion was chosen because it is
flameproof, fire retardant, virtu-
ally non-toxic, and light weight. In
addition, it resists compression set
and maintains integrity through-
out vibration testing.

The fibreglass lamination
adds durability and the foam can
easily be bonded to other fabrics

or substrates. This COHRlastic
silicon foam, from the CHR Divi-
sion of Furon Co., New Haven,
Connecticut, can also be used for
gasketing and sealing because it
resists chemicals and moisture
penetration. The foam s available
in thicknesses ranging from 0.062
to 0.5 in.
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UV Go-ahead Through Paper On Draught

was interested in the various

letters in the ETI December
addition relating to PCB produc-
tion at home.

Asafreelance designer in elec-
tronics, | make PCBs quite often
for prototypingwork. The artwork
is produced on PC using Board-
maker Il software, and printed out
via a Mannesman Tally 905 laser’
printer in HP emulation mode.

For a long time I used to pro-
duce the artwork on paper and
have a local printer make a dia-
positive copy for about £2. This
gives a fully transparent acetate
copy with very dense black image.
However, as it involved a 20 mile

drive each way, [ experimented
with various options ta produce
my own transparancies. Acetate
was the first option, but | was
unable to obtain a dense enough
printout from the laser printer and
large areas were not evenly black.
I then switched to draughting
paper, which contrary to Mr Sil-=
vester's analutical laboratory’s
findings, is in fact UV transparant.
The laser printer gives very good
and even reproduction on it and
the end result is both sharp and
consistent. The same should
apply to pen & ink drawings,
although I gave up that method
long ago. A good dot matrix

printer will also vield usable
results with a new ribbon. The
software allows for reversed print-
ing, so the image side is in direct
confact with the unexposed PCB.
The exposure time for the RS
photoresist boards is 2 minutes. A
critical factor not mentioned is the
temperature of the sodium
hydroxide  developer  which
should be around 25°C. Too cold,
and the board doesn't clear prop-
erly, too hot and the whole coat-
ing may come off.

The drafting paper is RS part
number 561-448 (A4 — other
sizes available up to AQ). [ have to
date made very many boards with

consistent results and saved a lot
of time and fuel in the process!
Gerry Taylor,

High Humbleton,
Northumberland.

Mr Taylor sent in a laser printed
example of a PCB design on
draughting film and it is indeed a
very good reproduction. We also
tried it out on photoresist board
with UV light exposure and had
no problem in getting a board out
of it. Thank vou for your very
helpful suggestions Mr Taylor, no
doubt others will benefit — Ed.

The Window —

An Open

And Shut Case? R

he Blueprint article by

Andrew Armstrong in the
November issue of ETI addressed
the problem of remotely sensing
whether each of a number of win-
dows were open or closed, usinga
single cable to connect the win-
dows in a chain.

The published solution used a
reed switch at each window to
switch the output of a tone gener-
ator onto the common supply
line. The frequency of each tone
generator was different from the
others and a detector for each was
built into the base unit to drive the
display.

The alternative solution pro-
posed here, whilst returning to
reed switches, has the advantages
of a much reduced component
count in the remote circuits. Fur-
thermore all of them are identical
and need no setting up.

The system operates by sens-
ing the state of the switches in
sequence. The base unit supplies
a pulse train to the chain of
remote circuits, each of which
routes the first pulse it receives to
its switch. All subsequent pulses
are sent to the next circuit in the
chain (see figures 1&2).

In this way, the first pulse goes
to SW1, the second to SW2 and so
on. The state of each switch is
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read by monitioring (in the base
unit) the current in the power line
to the chain.

A circuit for the base unitis not
shown here, but the monitor out-
put could be fed to a serial in/par-
allel out shift register, clocked by
the pulsetrain and displayed as
required.

Each remote circuit can be
implemented using only ong IC
and very few other components
as shown in Figure 3. A dual 2 line
to 4 line decoder is cross coupled
to provide the required @vitching
and latching functiorfs. The
network R1-Cl is needed to
remove glitches and ensure the
correct state after powering up.
The time constant should be a
small fraction of the pulse period.
Nigel Smith,
Weston-Super-Mare

Andrew Armstrong replies:

Well done for thinking it out
Mr Smith. It looks like a very sensi-
ble idea. If you can provide more
details, maybe ETI will run it as an
article.

OUTPUT
TO SWITCH
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t last a project that has fired

and held my interest for four
months. 1 refer to the excellent
series about the Nightfighter light
show units by Mike Meechan.

As a regular reader of ETI
since 1973, I have felt ‘left out’ in
the last few years as the content of
your magazine has changed.
Where have the humourists
gone? There are no cartoons or
articles that poke fun at the insti-
tutions (Anyone  remember
Adzap?). There has been a dec-
line in analogue circuits bands/
disco/PA uses. Now is the time to
redress the balance, so how about
the following:

1,2/3,and 1/3 Octave equa-

liser with balanced/non balanced
inputs.

Real time analysers for these
with internal pink noise and Mic/
Line inputs 2,34 way 6,12 and
18dB/octave crossovers, in fixed,
switched range and fully variable
crossover frequencies.

Digital delay lines that can be
linked for stereo effects with 1
second delay.

Music/voice sample and hold
with 10 second sample time.

Stereo Amplifiers 100, 200,
300watt. All into 4R. With MOS-
FETs,open and short circuit pro-
tected, Anti thump, over tempera-
ture and DC protection. Optional
fan cooling switched by heatsink

»

temp.

Mixing desks and disco mixers
with all the usual facilities (the list
was too long to print — Ed).

So after all that, less of the
Brainwave monitors, computer
controlled didgeridoos etc and
more of the above.

Finally if someone could write
a simple article on the operation
of 2,34 and 5 way Parametric and
graphic equalisers, I would be
grateful.

D A Howard,
Brixton, London.

Your comments are welcomed.
Would vou believe we intend to
feature a project on mixing desks

vety soon. Most of the items you
suggest have appeared in ETI
over the years in some form or
other, including the excellent
‘Business Bass Amplifier’ The
heyday for audio effects modules
seems to have been in the early
eighties, before the Japanese had
a grip on the market with the ‘all-
in one’ FX box. The price factor
and lack of any further ideas is
probably the reason for scarcity in
this field unless of course, you the
reader, knows otherwise. — Ed.

The Plot Thickens |SlsBRNEEEEs o w EEREEEE

Further to recent correspond-
ance about PCB plotting, my
own experiences may be useful.
We have the ‘Pads’ Professional
System with an HP 7475A (A3)
plotter. This will give prints for
photographic use, but for ‘kitchen
sink chemistry’ one-off’s, the

standard films are not dark
enough. Contact with Ardale
computer supplies (051 639
7878) produced fast results and
samples with the usual disclaimer.
The medium supplied was either
translucent paper or Vellum. Both
are equally good. The pen was a

Staedtler (757PL- GS) with cross
groove nib and dense black ink
(747). Excellent results are
obtained but the plotted speed
must be under 20cm/sec - [ use
5cm/sec. A 2 line program in
DOS is required to slow the sys-
tem down from its default level of

38cm/sec.

A processing time of 3 minutes
on Farnell copper board gives
excellent results.

Ed Dinning,
Durham

Solution crosswoRrbD No. 1

Across: 1 Sable. 4 Ammeter. 8 Band-gap. 10 Nifty.
11 Boolean algebra. 13 Calvados. 16 Nonce.

18 Hotel. 19 A-flutter. 21 Integrated D-to-A.

25 Usage. 26 Mailman. 27 Testing. 28 Array.

Down: 1 Strobe. 2 Baboo. 3 Ernie. 4 Argand
diagram. 5 Tunnel-net. 6 Reference. 7 Maya. 9 Pole-
splitting. 12 FET. 14 Attendant. 15 Valve-less.

17 Ohm. 20 Valley. 22 Dumka. 23 Tenor. 24 Null.

DIN41612 connector

Manual & Diagrams.

* 8031 CONTROL CARD
* QASM51 ASSEMBLER

For more information:
MEC MICROSYSTEMS
Mountbatten House
Fairacres

Windsor

Berkshire SL4 4LE

* APRIL 8 ROM EMULATOR
* APRIL 16 ROM EMULATOR

8031 CPU BASED CONTROL CARD

Why not give your next project computer control!

* Small Physical Size (HALF EUROCARD)

* 32 Bidirectional 1/0 Lines

* High Speed (CPU RUNNING @ 16MHz)

* Full Expansion with all important signals from mini

* Supplied with 8K RAM, 32K ROM with hexloader,

£ 39inc P&P
£ 39inc P&P
£ 65inc P&P
£140 inc P&P

Tel: 0753 857181 - Fax: 0753 860696
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ELECTRONICS PROJECT
TODAY INTERNATIONAL l INDEX

S

Month Page Month Page
Alarms Anti theft February 21 Model railway controller August 36
Freeze October 14 Model railway controller Pulsed width August 47
Mains failure October 42 Modulated LASER Transmitter May 30
Active Direct Injection Box April 15 Opto receiver June 29
Active loudspeaker The Consort July 29 Nightfighter Light show Part 1 September 16
Anti-theft alarm February 21 Part 2 October 32
Ariennes Lights Light Show March 30 Part 3 November 22
Consort active loudspeaker July 29 Part 4 December 20
Constant current generator circuits May 40 Passive Direct Injection Box March 47
Designing a testmeter Part 1 March 38 Prototype designer power supply October 46
Part 2 . April 46 Pocket geiger counter September 48
Digital tachometer l April 58 Pulsed width train controller August 47
Digital code lock November 50 Radio calibrator April 52
Direct Injection Box Passive March 47 Regulator discrete component December 46
Active April 15 Remote control timeswitch Part 2 January 37
Document Saver October 42 Part 3 February 30
EPROM Emulator 64k March 56 Update May 56
EPROM Eraser April JSZL SBC 09 computer firmware Part 1 January 46
Five-in-one remote sensing switch January ‘58 Part 2 February 50
Foot-tapper guitar control July g 47 64k EPROM Emulator March 56
Four-track cassette recorder Update July ® 36 SSB Receiver March 21
Frequency plotter May 58 Switched mode power supply November 47
Freezing Alarm October 14 Switched mode power supply Lab Pack December 32
Geiger counter September 48 Tachometer digital April 58
Guitar volume pedal July 47 Temperature sensor circuits June 43
Hemisync Machine Part 1 August 22 Temperature controller Part 1 June 46
Part 2 September 52 Part 2 July 42
Hybrid Audio Pre-amp November 32 Thyristor Tester May 45
K2 speaker kit February 57 Twenty metre receiver SSB March 21
Laboratory power supply Part 1 December 32 Video Test-card generator Part 1 December 48
Light chaser Ariennes lights March 30 Voltage reference generator circuits April 38
NICAM Stereo TV conversion April 33

20 YEAR PROJECT INDEX COMING SOON
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e ECTRONCS FEATURES
TODAY INTERNATIONAL INDEX

Month Page Month Page
Amateur microwave equipment July 38 How’s Your Image? The Physics of hearing May 22
Approach and Landing January 22 Lasers April 22
Back To Basics Pt 1 February 17 Laser Diodes ’ July 22
Pt 2 March 17 Light,Vision, Colour and Perception September 28
Pt 3 April 26 Local Operating Networks June 38
Pt4 May 16 Loudspeaker damping August 54
BPH5 June 18 Magentron The October 48
Pt 6 July 17 Making PCBs at home Pt 1 December 16
Pt 7 August 42 Medical Laser Systems August 57
Pt 8 October 21 Mixing Signals April 14
Pt9 November 54 Nano-technology Towards Tomorrow June 17
Behind the Hole in the wall (cash machines) October 52 Negative Feedback December 36
Cookers and Micros Alive, alive-o (Local Op-Amp parameter display chart December 40
operating networks) June 38 Piezo Film technology June 57
Cosmic Rays October 16 RIAA characteristics March 51
Digital pulse transmission November 17 RIAA further discussion June 60
Electromagnetism and man December 52 Repairing Oscilloscopes January 29
Fault-finding in electronic equipment Pt 1 August ~ 29 Sony Dat Recorder January 52
Pt 2 September 40 Sony Minidisc system September 35
Field Programmable Gate Arrays Augustg 51 Supercomponents June 52 i
Fire Detection Systems Pt 1 June s 14 Test Gear Basics Pt 1 November 40
Pt 2 July 58 Testing Testing Pt 10 January 55
Pt 3 August 62 Pt 11 February 34
Pt4 October 56 Pt 12 March 42
High Definition TV Pt 4 January 42 Towards Tomorrow
Pt 5a February 42 Examining close stars at high definition March 36 |
Pt 5b March 26 Nano-technology June 17
Pt 6 April 17 Virtual reality August 14
Pt 6a May 52 VLF Earth Loop Antennas Pt 1 April 30
Pt 7 June 37 Pt 2 May 37
Pt 7b July 52 Wasted Energy February 38
Pt 8 August 18 Waves and particles November 44
Pt9 September 12

20 YEAR PROJECT INDEX COMING SOON
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EFFECT OF 'ALIASING' °
WHEN NYQUIST CRITERION
IS NOT MET AND WAVEFORM
IS UNDERSAMPLED
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Fig1 Effect of undersampling

SAMPLE POINTS

‘/\/ INPUT WAVEFORM |
|

N b

~. ALIAS WAVEFORM |

I e

~

Aike Meechan looks at
e compulerised and
wgital aspects to mixing.

16
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ast month, we logked at the basic elements

which comprisg an average mixing

console. This month, we'll delve into the

aspects of the console which lend them-

selves readily to digital or computer
control.

Should one ask a person not intimately involved
with the music industry what their initial impression of
a mixer is, a likely response might be that it looks very
complicated because of all the controls. Ask an engi-
neer and he might say that initial impressions are
deceiving and it is basically a series of simple controls
replicated many times. (This isn’t quite true as [ have
struggled for some time to get a test tone out of a mixer
with which Iwas completely unacquainted!) Itis in this
region that some kind of automation might be most
useful. We shall consider a large desk with perhaps 64
inputs and 48 group outputs.

Assignable Desks

Each of the 64 inputs will have an associated gain con-
trol, EQ system, Aux Mix system, Group Routing sys-
tem etc. We have only two hands with which to make

adjustments of the various controls, so at best he/she
can alter only two controls simultaneously. In order
that the desk size is kept as compact as possible, all of
the controls by necessity must be made small and posi-
tioned close to one another, thus increasing the risk of
operational error and reducing the relative ease with
which a particular function can be quickly located. If
only one or two control settings can be altered simul-
taneously, this makes the 3000 or so other controls on
the desk somewhat redundant.

It is this philosophy which forms the basis for the
design of a so-called assignable desk. In a sound desk
of this sort, we have one set of controls which can be
assigned at a particular time to any one channel (by
pressinga CHANNEL ASSIGN button adjacent to the
relevant fader) and a set of channel faders, one per
channel, which set the channel! level. What we do to
operate the desk is to set the operating parameters of
each channel using this one set of controls. These con-
trols will consist of all those normally found on an input
channel (gain, EQ, routing, pan etc). We assign these
control settings to each channel in turn, gradually
working along the console channel by channel until
each is set. The setting for each channel will normally
be stored in battery backed-up RAM so that the chan-
nel configurations are memorised even when desk
power is removed. In this way, the settings of one parti-
cular channel can be altered without affecting other
channel control settings. This approach means that
quite significant economies can be made in the num-
ber of pots, switches and indicators which are fitted to
the desk, with consequent reduction on the complexity
and cost. The drawback is that now we no longer have
any visual feedback of the control settings for a parti-
cular channel because there are now only one set of
control knobs whose setting may no longer bear any
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Fig.2 Fader automation using non-motorised fader

) Mixers

relation to those present, as each of the controls must
now take the form of a shaft encoder. This problem is
circumvented by the inclusion on each channel of LED
displays which show the relevant control settings. An
update function allows any control setting to be
changed and the new value to be stored in the system
memory.

An assignable desk is thus an analogue desk
under digital control. Figure 1 shows a typical assign-
able desk. The desk control surface contains no audio
circuitry, all control signals being derived from
switches, faders, pots etc which are then sent to a rack
mounted crate of audio control circuitry. The faders
are also assignable, there being one fader per source
and there is one set of controls on the desk, these alter-
ing all of the normal control parameters such as gain,
tonal content and so on.

The controls on the desk surface are uniquely
identifiable through a system of addressing, the same
being true of the channel cards and mixer board. When
a fader is assigned a channel, a software link between
the two addresses is made and subsequent fader
movements after assignation control a VCA in the
audio crate. There are separate control and data
busses carrying information between the desk and the
audio crate. The memory can be used to store conve-
nient or preferred set-ups.

The second application of computers as related
to mixingis in whatis known as computer-assisted mix-

ing.
Computer-Assisted Mixing

This is different from the previous example in that we
actually do use a proper sound desk in the conven-
tional sense whilst coupling it to a computer, using this
digital addition to take the drudgery out of some of the
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more boring tasks which have to be undertaken and
using the computer’s speed and memory retention fac-
ilities wherever these can be applied to improve per-
formance.

There are four main areas in which a computer
can be put to good use in the environment of studios
and mixing consoles. These are:

Secretarial
Tape Machine Control
Total Retall
Assisted Mixing
We shall look at each in turn.

Secretarial

This is more or less what the title suggests. The compu-
ter is used to store lists of what is recorded on each
track, for example snares on track 1, hi-hat on 2, bass

18 BIT DIGITAL
2 AUDIO SAMPLE
4 BIT
POTENTIOMETER
- 12 BITS
Hvpc
AD
. CONVERTER
DIGITAL
e MULTIPLIER
CHANNEL
FADER
KNOB
Fig.3 Typical Fader system in a digital desk

TO DIGITAL
PANNING
CIRCUITRY

on 3 etc etc. The system is word processor orientated

.'so that lists of titles, cue-points, retakes etc can be

stored and edited, altered, deleted and supplemented
at any time and virtually any information which other-
wise would have been on pieces of paper can now be
stored on floppy disk.

Information such as titles and timings of musical
pieces, cues and tracklists (which may already be
important for auto-locate functions) can also be
stored.
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Tape Machine Control

This is obviously of great use in a multi-track recording
situation where, as discussed in Part 1,it is unlikely dur-
ing the Recording part of the process that more than
one or two tracks will be ‘laid’ at any one session and
vetall 8, 16 or 32 tracks must be recorded exactly time
coincident with one another and in exact synchrony.
The ubiquitous SMPTE (Society of Motion Picture and
Television Engineers) Timecode is recorded on one
track of the multitrack and the computer can then con-
trol all aspects of tape transport control to an accuracy
of within one frame of the timecode. This allows tape
drop-ins and drepouts of great precision.

orientation may or may not bear any resemblance to
its electrical effect in a circuit, they must also incorpor-
ate some means of easy and quick discernment of their
actual setting. Again, LED’s are the usual choice,

Digital Desks

A truly digital desk is one where, apart perhaps from
the Mic Inputs, all signal control, routing and manipu-
lation is done in the digital domain. One must ask the
question, “Why go to the trouble of having a digital
desk at all?” when many analogue desks perform
admirably well.

FADER KNOB

CLUTCH IS NORMALLY ENGAGED AND FADER IS
DRIVEN TO PRESET POSITION BY DC MOTOR
UNDER SERVO CONTROL. A LIGHT TOUCH BY THE
OPERATOR DISENGAGES THE CLUTCH AND THE
FADER IS FREE TO MOVE UNDER MANUAL
CONTROL. OUTPUT FROM POSITION POT IS SENT
TO POSITION PRHOCESSING CIRCUITRY WHICH
CONVERTS IT TO DIGITAL FORM AND STORES THE
NEW FADER POSITION AS AN UPDATED VALUE.

Fig.4 Typical fader automation system

i o - By I P Y B L CONTROL
IR AL | e s
LB B R ) SRR i e LOOP EROMIE DT
WORM DRIVE * 3 POSITION
b AUTOMATION
I Y = CIRCUITRY
Y
/ N Vret
SPRING FADER MY
OPERATED PINION N MECHANICAL LINK
CLUTCH \ TO POSITION POT ;8 sF#FoEr?
CIRCUITRY

Total Recall

No, not a sci-fi movie or even a hint of Arnold Schwar-
zenegger! The computer scans all of the controls (pots,
switches et al) and remembers the settings. These can
then be displayed on a VDU and individual control set-
tings more readily scrutinised although the desk must
be reset manually.

Assisted Mixing

Here, the computer remembers any movement of the
fader during track starts by scanning the fader at the
start position. It notes down the changes and can then
make adjustments. TRIM on replay then adjusts the
fader relative to an absolute value and so it mimics the
first mix. One notable disadvantage is that the fader
position does not reflect the gain through the system.
(Other systems use different agproaches, either moto-
rised, servo-controlled faders which give control from
machine to operator whe® manually touched or
moved or a system where anyfader movement is inter-
pretated as relative to the previous setting although the
fader may be in the same physical position).

Consequently, at any time and for each control
there must be some sort of indication of the settingofa
particular control since the physical setting of it does
not necessarily reflect its electrical effect. This indica-
tion normally takes the form of LED’s which show
information normally available by inspection of its
physical setting, ie a bargraph arrangement of LED’s
which may show gain.

Although the desk is in essence still an analogue
desk because all the signals present in the console
remain in the analogue domain and are processed and
manipulated and mixed in this domain, no analogue
signals pass through anv of the controls. The outputs
from the controls will be DC control voltages or pulses
used to clock up/down counters, and will be pots or
shaft encoders respectively. DC voltages will be used
to control VCA’s and related devices. Since these con-
trols too can now have no pointer since their physical

To justify the extra cost and complexity of going
digital, the desk must have a performance, in terms of
noise, distortion, crosstalk and ease of use, better byan
order of magnitude than its analogue counterpart.
The original question still remains unanswered.

To understand the answer, most readers will have
to look no further than the corner of their own living
rooms. Yes, the gleaming, usually black, always-more-
expensive-than-we-ever-imagined, domestic  hi-fi
stack. the present-day proliferation of high fidelity for-
mats such as R-DAT, compact disc and the like means
that the paying public — upon whose custom the
record companies and artists depend for survival — is
much more critically aware of noise and distortion and
all of the other factorswhich spoil or impair their listen-
ing enjoyment. Gone are the halycon days when
record company executives could rest smugly on their
laurels, content in the knowledge that noisy recording
or other sonic imperfections are unlikely to be noticed
by Mr or Mrs Average on whose Fidelity Radiogram
Mkl the recordings were likely to be played. Since this
age of the digit has heralded the need for previously
unheard of quiet between tracks, there is now a tireless
and impossible quest for aural perfection as manufac-
turers of sound equipment strive to out-do one
another in terms of facilities and performance!

Digital desks give the designer and engineer
much greater scope to improve noise, crosstalk and
distortion performance while making it more opera-
tionally friendly. Allowing electronics to do the tedious
and repetitive tasks frees the mixing engineer to allow
his or her creativity full rein. Mixes need not be ruined
by one careless mistake. They can be stored real-time
or snap-shot, allowing the engineer to endlessly exper-
iment, without losing the inspiration of the original.
Pause to consider the vast number of ‘different’
remixes available of any chart song. . . .

If we can digress briefly and explain about Ana-
logue/Digital conversion (and its complement), the
wonders of digital desks will become more readily
apparent.
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Analogue to Digital Conversion
Sampling Frequency

The frequency response of the ear is readily accepted
to extend from 20Hz to 20kHz, although most peo-
ples’ hearing starts to roll off above about 15kHz
(especially in those people of more mature years).
With reference to the Nyquist’s criterion, we must sam-
ple the audio signal at more than twice the highest fre-
guency present if any aliasing problems are to be
avoided. For audio extending to 20kHz, this means a
sampling frequency of more than 40kHz. The two
sampling frequencies used in digital audio are 44.1
kHz and 48kHz.

The former is used for compact discs and also in
digital recording systems where the audio will be
recorded on video tape, making use of an adaptor
such as the Sony F1 which formats the audio in such a
way that it is compatible with the process used to store
video information on magnetic tape. The 44.1 kHz is
mathematically locked to this concept and relates to
the way in which the audio is inserted into the active
lines of a television picture. We shall avoid digressing
further and accept that there will be 3 samples per line
for 588 lines of a 25Hz (PAL UK) picture.

48kHz is the standard used by professionals since
it readily lends itself to both the EBU (European
Broadcasting Union) standard for the 32kHz used in
VHFE FM transmitter chains (a 3:2 ratio) and for PAL
UK recording (using the system outlined above). 1920
samples per picture can be fitted. The ratios are also
correct for recording using the NTSC 60Hz standard.

Bits and Pieces

Now that we have chosen a sampling frequency, how
many bits resolution do we want? Really, it depends
upon what dynamic range is necessary at a given point
in the signal path.

It is easily shown that dynamic range equates to:

where n is the number of bits per sample. The multipli-
cand is 6 since there is a 6dB increase in range for a
twofold increase in the number of bits. Therefore a 12-
bit digital signal will have a 72dB dynamic range. This
is an over-simplification since we have assumed a per-
fectly noise-free signal, which, even in the digital
domain, is a practical impossibility. It is accepted that
the weighted signal/noise ratio of a digital signal is:
(6 Xn)—11dB

We can now consider all of the above in the context of
a digital sound desk. A microphone input may need to
have an effective sensitivity down to —120dBu or
thereabouts. This equates to 22-bit resolution, which is
far beyond the capabilities of any analogue to digital
converters on the market. Instead of direct conversion
of the analogue Mic signal, it is amplified and this
higher level signal is then converted to a 16-bit digital
sample. 22-bit accuracy is maintained by incorporat-
ing a 3-bit range code into the sample, this effectively
compressing the signal to 13 bits with the three range
bits indicating.in what one of eight possible ranges the
sample lies in. This is similar in manyways to the digital
companding used in systems such as NICAM.

As previously noted, all of the facilities available
on an analogue desk should be available on the digital
counterpart: These facilities must include EQ, Rout-
ing, Fading, Gain Control, Special FX and Mixing. We
shall deal with each in turn.

EQ

This is performed using digital filters. Even a very brief
discussion on the workings of digital filters would
involve a multi-part article on its own, and besides, it is
beyond the scope of an article such as this to tread
such deep water. In any event, there are numerous
good books available on the subject, packed to the
coverswith complicated maths and analysis, and inter-
ested readers may wish to delve more deeply into the
subject. As far as this introduction is concerned, it is

(6 X n)dB sufficient to say that transversal or finite impulse
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reponse filters are normally employed for the task,
since these are more inherently stable than infinite
impulse response types, and, as with their analogue
cousins, various filter responses can be achieved by
cascading different sections, different sections in this
context meaning adders, multipliers and delays. The
diagrams show a very simple digital filter function.
Routing i :

This is achieved using Time Division Multiplexing tech-
niques wherein samples are allocated unique timeslots
for source and destination, and so a change in the
ordering of the bitstream of these timeslots effects a
change of routing for a given sample. This is a more
satisfactory and reliable method of routing than in an

CONTROL
KNOB

Fig.6 Shaft encoder
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TYPICAL SHAFT ENCODER ARRANGEMENT
SHOWUNG CIRCUITRY USED TO CONVERT
FROM ANNULAR POSITION TO UP/DOWN
COUNT. CIRCUIT SHOWN OUTPUTS PULSES
ON EITHER UP OR DOWN Q OUTPUT AT A
FREQUENCY PROPORTIONAL TO SPEED OF
ROTATION.

analogue desk, where the multitude of switches and
connectors are prone to wear and consequent noisy
operation.

Fading

Fadingis achieved using multiplication techniques. We
shall assume for all instances that it is a multiplication
process and consider that for co-efficients of less than
one that the process is still multiplication and not divi-
sion, as is the usual convention. The fader output is a
DC voltage proportional to its relative position. This
analogue voltage is converted to digital form and the
resultant number used to multiply the digital audio
sample. For a unity output fromthe fader, the audio
sample value will remain unghanged after passing
through the multiplier.

Gain Control P

This is identical in all respectsdo fading, with the ouput
from the gain control knob being converted to digital
form and used to multiply the sample.

Special FX

This may encompass effects such as reverbration,
delay, pitch-changing etc. In delay, the samples are
simply written into fast memory, and read out of this
memory when needed.

Mixing

This is simply the binary addition of samples and is
similar in many respect to the way that sources are
mixed in an analogue desk.

The major problem in a digital sound desk is not
in the implementation of any of the above functions
{most of which can be done with relative ease) but in
completing the processing task in the very short time
available. If we consider gain control where a typical 16
bit audio sample is to be operated on (multiplied) bya
12 bit gain setting sample number, k. This multiplica-
tion of 12 bits by 16 bits renders a 28 bit product. The
mixing bus must therefore be capable of handling 28
bit numbers. It must also do all of the processing

required in one period of the sampling frequency, ie
1/48,000th second and we must also consider that
there may be 30 or 40 different operations to contend
with at any one time on a typical input channel. This is
further complicated by the number of input and out-
put channels present in the console, all of which are
contending with one another for the processor’s atten-
tion. It should be easy to see that any processor must
perform millions of complex calculations everysecond
that the console is in use. This is beyond the capabilit-
ies of almost all processors and so a dedicated maths
co-processor is allocated the task of number-crunch-
ing while another processor does the house-keeping.

Finally, no article on mixers would be complete
without the mention of MIDI or Musical Instrument
Digital Interface. This is a Yamaha-proprietary asynch-
ronous serial data interface protocol, similar in some
aspects to RS 232 but operating at 19,200 baud and
using different methods of handshaking etc. As far as
mixers are concerned, it is used on some, via an inter-
face connection, to control all of the desk automation
facilities which will normally include Channel Mute,
Fader Level and Group Routing. Control is instigated
from a central sequencer which may also control a
tape machine with a MIDI interface card and musical
instruments such as synthesisers.

Doing It Yourself

There are numerous occasions now where some form
of audio mixer would come in handy, be it for creating
a soundtrack/commentary for video recorded mate-
rial using a camcorder, for house parties or for aspiring
bedroom mixing engineers/musicians. There are a
wealth of units available, but now that we have dis-
cussed in simple terms some of the ins and out of mix-
ers, | would hope that some of our readership will
attempt the challenge of designing one from scratch.

The apparent complexity of a desk is minimised if
we try to keep uppermost in our minds that any con-
sole, no matter how large or small, is simply a collec-
tion and vast repetition of small, inter-connected ana-
logue circuits (I think that I can rightly assume that no-
one is likely to attempt to construct a digital desk!)

Once the basics of an input channel module are
understood, for example, it becomes much easier to
analyse, understand and even design other modules
such as monitor, group and master, since these
modules will also use many of the circuits and concepts
already apparent in the unit already scrutinised. Again,
as we mentioned earlier, there may exist more elegant
or higher performance techniques of circuit design to
implement a giver function, but the overall philesophy
remains the same, any radical deviations from the
norm usually involving expensive custom-designed
IC’s or cunning circuits which themselves are probably
the subject of patent protection,

Whatever the circuit, it should perform well, oper-
ate reliably, preferably use a minimum of mechanical
or electro-mechanical components, and use a mini-
mum of expensive or difficult to get hold of hardware.
If this sounds reminiscent of normally-employed good
electronic design practise, well it is although it takes on
new significance if we remember especially that any
extra cost incurred in the implementaion of one func-
tion will be replicated many times over when the con-
sole is considered as a whole.

It is very tempting to think, “Ah, using such-and-
such a switch or component orwhatever gets me out of
a jam, looks better, performs better or whatever . . .7,
when another. approach, although more difficult in
terms of time, slightly less expensive ete may suffice.
This is a very difficult temptation not to succumb to,
especially since the said item may only add perhaps
£1.00 or so to the cost of that particular circuit. Multi-
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plied, as we said, perhaps some 50 or 100 times, this
small increase in cost becomes slightly more signifi-
cant, and again, this is for just one circuit. A similar
scenario may be re-enacted 100 times in the design of
awhole desk. The ideai design is always a compromise
between what is best for the job, what can [ accept,
what do I really want and most importantly, what can I
afford, A bit Jike everydaviife really. . . ., Itis also simi-
lar in marny aspects to hi-fi, sports, photographic or any
hobby equipment where even a slight increase in per-
formance in terms of durability, reliability etc usually
brings a twofold increase in cost.

The idea of a ‘noise budget’ is also worth some
contemnplation as using 0.01% resistors, for example to
create a front-end noise performance which far
exceeds that of the remainder of the desk (because it
uses devices such as the 741 as Mix Amps) is obviously
somewhat wasteful of effort and resources and very
bad practise. If this sounds elementary, my dear Wat-
son, it is intriguing to ponder why. some years ago, one
commercial manufacturer produced a mixer excellent
in all aspects but for the fact that it used said low per-
formance devices in critical parts of the circuitry.

With the present abundance of readily obtain-
able, inexpensive, custom audio IC’s, careful consider-
ation must be given to whether or not the designer
uses these in his/her design. Time and effort spent
designing circuits using discrete components can be
saved in enormous quantities if a no-nonsense, cus-
tom IC is used in place, perhaps with the added bonus
of performance equal to or surpassing that of the dis-
crete approach. If this sounds contradictory to what
was said not three paragraphs back, it is because we as
amateur designers have the freedom to design purely
for performance, with little or need for commercial via-
bility. Indeed, the author suffered a similar quandry
when the recent introduction of just such an IC ren-
dered his burningthe-candle-at-both-ends-discrete-
component-job obsolete since it needed just a handle
of ancillary parts and out-performed it to boot. Audio
circuit design is fascinating in that nothing is ever cut
and dried and whereas with- the design of digital cir-
cuits, it is invariably possible to dispense with the
breadboarding stage, analogue circuitry has endless
scope for tweaking and experimentation which can
sometimes realise a design which is very close to text
book specification.

Any serious investigation of audio mixer design
would, of necessity involve much complicated mathe-
matics and analysis. It is obviously beyond the scope of
an article such as this to delve as deeply into the sub-
ject, and in any case, if this were not so, any text would
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P4
DIGITAL

BITSTREAM
INPUTS

MIXING (ADDITION) OF DIGITAL AUDIO

Fig.8 Digital implementation of mixer functions

serve merely to scratch the surface since there exist in
print many good and lengthy volumes on this subject.
IC manufacturers’ Data Sheets also provide an invalu-
able source of information and inspiration and no
design work should be undertaken before the contents
of these have been thoroughly digested. I hope that
this series of articles has served to whet the appetites of
budding audiophiles and perhaps will inspire some of
our readers to experiment and pursue his/her own
designs to completion.
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A method which Thave found to be of great use is
firstly to study mixer manufacturers’ information
sheets which detail the facilities available on a given
console within their range and then to devise circuitry
fd# the functions which are of interest. This is better
tlan having a circuit ancthen trying to fit it to a func-
tion. Iused this philosophy to great effectwhen design-
ing the Nightfighter (ETI September ‘91) There is
immense satisfaction to be had from pursuing a con-
cept through circuit design, prototyping and develop-
ment to fruition.

[ mentioned in Part 1 that there would be a listing
of the different kind of mixing consoles available, their
functions and the use to which they are normally put.
We shall conclude the series with that list.

Multitrack Consoles

- We have looked at these extensively, but for compiete»

ness, we shall say that these are used in the creation of
multi-track recording, with some of the cleverer desks
able, through the use of Channel Flip buttons which
bypass the Group Routing Matrix, to be used directly
as stereo consoles. Consoles are extremely flexible,
with many of the Tape Returns and Monitor Inputs
able to be used as Mix Inputs during mixdown. This is
done using Subgroup switching. Stereo desks are also

21




DATA BITSTREAM I/P FROM LEFT

# ﬁﬁ?@-
DIGITAL DELAY ELEMENTS
— yl+3 PO e BT A S— il wl=1 al=2 ¥i=-3
h-3 h-2 h-1 ho h h2 h3

DIGITAL KEY:
ADDER
1is = DISCRETE INPUT SIGNAL SAMPLE
1 hk = WEIGHTING (MULTIPLIERS)
: FOR LOW PASS FILTER, WEIGHTING = SINy
1 X
Fig.9 Typical digital filter FILTERED OUTPUT

produced in similar formats and may be used for houses the consale and all other studio equipment and
stereo drama productions or for the recording/broad- the desk eperator deals with all technical aspects of
casting in stereo of a concert. the programme. adjusting lévels, starting record decks
Q& etcto cue, switching mikes on, dealingwith any outside
Transmission Consoles contributors like phone-in guests, outside sources such
This type will be used in radio statiens and may be as reporters, and newsroom feeds. The desk will be
either self-operated or used in a Control Room/Studio well-equipped with outside source selection panels,
environment, Theself-operated deskissimilarinmany  cue and clean-feed mix facilities, talkback facilities and
respects to the disco mixer with which many of you will studio monitoring facilities (which control studio and
be acquainted, the presenter (or DJ) using the console  cubicle loudspeaker feeds and cut or dim thesewhen a
himself, adjusting levels and doing the programme microphone is live, thus preventing howlround).
presentation. There may be studic operators assisting . 2 3
him by cueing and starting records, tapes and jingle  Live Music Mixers

cartridges or these may be remotely-started by himi/  These will be used extensively by bands and musicians.

her using remote-start buttons on the desk control sur- Again, they are similar in many aspects to a multitrack
face. or stereo desk, with Pan, EQ, etc all available although
The second type is more prevalent within profes- the desk will be similar, too, in manyways to the trans-

sional broadcasting organisations, the presenter or mission desk in that it will have extensive monitor and
presenters seated in a sound-proofed, miked studio cue mix facilities for the origination of foldback and
adjacent to the control room. The control room stage monitor mixes.
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Cost-effective speaker upgrade kits

AUDAX TITANIUM TWEETER UPGRADE Change your 1" dome
tweeters for these Titanium units and enjoy crisper, cleaner response.
Suitable for replacing tweeters up to 91db sensitivity. Kit includes constant

BIG,BIG

impedance level controls so that you can adjust for £43.90 s s
optimum results without any crossover modifications. +p&p £4.00 AVING .
ELAC METAL DOME TWEETER UPGRADE As kit above but using 32 Range 3'/2 digit mm HU RR i 19 range 32 digit mm
the Elac tweeter which has had such rave reviews. To replace units up to 12mm Display LI M ITE D ﬁ%ﬁ&“ﬁ&?“ﬁ#%%ﬂ"e
89db sensitivity. order METAL 25DT30 (104mm round plate) £63.5 FEATURES: 5 Copatncs anges s O chor e . 5
or METAL 250729 (120x30mm plate) +p&p E4.00 Diode and fransisior fesl. AC/DC Wil "‘M_j]s; i ol

: =W STOCKS i
SEAS METAL DOME TWEETER UPGRADE (H400/417) e il W ooebeomo b ONLY & il bt
As the above it but having a sensitivity rating of 91dB £57.00 £23 QF Uk pos e 52,00 pos e fe e R T
as opposed to 89dB of the Elac unit. +p&p £4.00 L] free when you Buy Two! PR

STA0C AL Clormp mesar wih coss V600, (/3000 01K
o 29,85 M265 At on Clamp mater for Dmim's
010004 £12,95 DWEDED, Tru power digital watl
eyl Offikw, 1000 VDE, TR Vg £35.81
T ———

Instrument stockists for @ Hameg Scopes
W Black Star @ Thuriby B Thandar M Test Lab
Always special offers for callers.

SEAS METAL DOME TWEETER UPGRADE
Direct reptacement for the 3/4 (19mm) unit used in so £41.90
many small speakers. Sensitivity 88db (94mm round plate) +p&p £4.00

N 5
sreakers RSN OPEN 6 DAYS
1w

CONCERTO UPGRADE CROSSOVER Replacing the DN12 network FOR PA, ws"gfl‘lﬂ ; A WEEK FOR 15/ 7H
in speakers employing the Kef B139, B110, T27 combination, . D\SC%H 34z e mﬂe?"ﬁs CALLERS OR I7J
this crossover greatly improves detail and definition. £58.95 pair. AND\E"ER %3‘;:;;‘3 95
(Screw terminal connections) +p&p £2.50 P% AR @ -_.i_r,dw;‘n]lt‘ %»{5;_"3;“

1S R
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Malne sonpr

YOI 3 75 oo TPUL Gy

0.4 amp |I.[£k'_;3 12 vait | 5!.:” Otonst 5
A2y R0V g0

oney £72 it Sgg /2

cabinet-induced colouration. (Foam sandwiched between :
two layers of bitumin.) Selif adhesive. Size: 270x200x16mm. £16.00 set.
Set of 8 (will treat pr. of small/med. speakers). +p&p £4.00

Ox53
(UK
i -95 ofc sg%g)
Wellington Close,

)
Wi I ms I ow Parkgate Trading Estate . T

° ; Knutsford, Cheshire ’ RAUDIO ELECTRONICS TE SOPPL MY

WA-‘16 80X 404 EDGWARE ROAD, LONDON W2 1ED Callers $2 00

uail Tel: (0565) 650605 SEesOT o e
Fax: (0565) 650080 -724 3564/071-258 1831 Fax: 071-724 0322 Trade/Educution
ax: (0565) [R5 OR QUANTITY AND EDUCATIONAL CWTIOL R, ce)

DIY Speaker catalogue £1,50 Telephone credit card @
post free (export £3.50) [@L‘l orders welcome

Open Tuesday to Saturday, 4 demonstration rooms available.
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TELEPHONE
ORDERS
may be made on
TODAY INTERNATIONAL ! tode (e,
code (inc.
VAT)
(o} £1.80
E9202-1 Timer — Counter Driver (double sided) . ED :ggg
E9202-2 Timer — Time Base (double sided) ...0m=m e F £4.00
E9202-3 Timer — Power SUppPIY ..o G £4.75
. ) ) y &N ) H £5.50
PCBs for the remaining projects are available from the companies listes in Buylines. J £6.62
Use the form' ora photqcopy Ior your order. Please fill our all parts of the ‘formI Make sure you use_the board reference K £7.20
numbers. This not only identifies the board but also tells you when the project was published. The first two numbers are .
the year, the next two are the month. L £8.80
Terms are strictly payment with order. We cannot accept official orders but we can supply a proforma invoice if required. M £10.60
Such orders will not be processed until payment is received. N £13.10
o £15.80
P £17.90
Q £21.80
E9103-3 SSB Radio Receiver E9112-3 Nightfighter Sensor Switch Sound Trigger ...... H R £23.90
E9103-4 Active Loudspeaker board .H E9112-4 Nightfighter Connector Board S £95.90
E9104-1 Testmeter VOIS .....icvcvcuncrisineiiciiccesienicineees E E9112-5 Nightfighter Sensor Switch PSU ... K T £29.00
E9104-2 Active Direct Injection Box .......ccciocorviiciiiinnnne. E9112-6 Nightfighter 8-Channel Input Interface U £32'20
E9104-3 EPROM Eraser ............ % {double sided) ...t P N
E9104-4 Digital Tachometer E9112.7 Power On and Overload Regulator ............. P v £35.80
E9104-5 Radio Calibrator U LT e Wy Sk s A E w £37.90
E9105-1 Modulator Laser (2 boards) "H  E9201-2 Test Card Generator Board M X £40.70
E9105-2 Thyristor Tester.......... g - F E9201-3 LED Star (double sided) -.....cocccorererirr it
E9105-3 Frequency Plotter .....ccoorevivviirivinssiiniiioniines E9201-4 Enlarger Timer Main PCB (double sided) ...... N
E9106-1 : E9201-5 Enlarger Timer Selector Board (double sided) K
E9106-2 . E9201-6 Enlarger Timer Switch PCB ..ooo.ooooooovovnerienns E
E9107-1 Tempe.ature Controller — Main Board ............. K
E9107-2 Temperature Controller — Probe PCB ............ F
E9107-3 The II):oot Tapper — Volume Control I ____________________ ‘%g_ x|

(double sided) dJ

E9107-4 The Consort Loadspeaker ..... . H
E

F

TO: ETI PCB SERVICE, READERS SERVICES,
ARGUS HOUSE, BOUNDARY WAY,
- HEMEL HEMPSTEAD HP2 7ST

E9108-1 Pulsed Width Train Controller ..............
E9108-2 Model Speed Controller — Main Board .. ;
E9108-3 Model Speed Controller — Power Supply ........
E9109-1 Geiger Counter ........cccirieimmimesmirssonssenin
E9109-2 Hemisync Waveform Generator Board
E9109-3 Hemisync Pulse Generator Board ....................
E9109-4 Hemisync Power Supply Board .. .....
E9109-5 Nighfighter Main Processor Board
E9110-1 Freeze Alarm ......... N -
E9110-2 Document Saver ... !
E9110-3 Proto-type Designer ...
E9110-4 Nightfighter — Sound to Light (double sided)
E9110-5 Nightfighter — Ramp Generator Board ..........
E9110-6 Nightfighter — Cyclic Crossfade

I
I
t Please supply:
|
I
I
|
|
(double sided) ....... o L e M I Post and packing £0.75
|
|
I
|
|
I
I
|

Quantity Ref. no. Price Code Price Total Price
¥

% -

E9110-7 Nightfighter — Strobe Board (double sided) ....
E9110-8 Nightfighter — 8 Channel Triac Board ............
E9111-1 Digital Code Lock ......... L L
E9111-2 Switched Mode Power Supply ..o
E9111-3 Nightfighter Mode Selection (double sided) ...
E9111-4 Nightfighter — Display Board (double sided) .
E9111-5 Nightfighter — Bass Beat Trigger (double sided)

Total enclosed £

Please send my PCBs to: (BLOCK CAPITALS PLEASE)

E9111-6 Nightfighter — Sequence Select (double sided)

H
E9111-7 Nightfighter — Master Controller PSU .............. K
E9111-8 Nightfighter — Output Switch (double sided) . M
E9112-1 Nightfighter Sensor Switch Master Control
(double sided) ........coovseceeeererereeieecieanr s S
E9112-2 Nightfighter Sensor Switch Channel Control '

(double sided) .............. TR o oo e A AT e L L | _
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The nature of comets by

Douglas Clarkson.

24

COMETS

or a variety of reasons comets have always
caused humanity to speculate about their
origin and what they may portend. While
most of the phenomena of astronomy fit
nicely into known and measurable cycles,
and some comets take on the characteristic of an ‘old
faithful’, other comets of the so called “wild’ tupe can
enter the solar system in a totally unpredictable way.
This greatly upset the ancients who preferred to be
able to predict the appearance of any skuward pheno

© menon.

Theword comet comes from the Greek ‘kometes’
meaning ‘hairy one’, derived presumably from the tail
observed with such visitors. In the clear and unpolluted
skies of the ancient world, comet gazing with the naked
eye would have been easier than in today’s modern
world where there is so much light pollution.

Within the world of science, comets have always
had their great enthusiasts who have observed new
comets and proposed theories for their origin and
lifecycles. It is only recently that aspects of their
research have been seen to be directly relevant to the
development of life on earth. One theory suggests that
the greater part of the water on planet earth originated
from vast numbers of comets which collided with the
earth since its formation. There are also revolutionary
theories that comets over longfife cycles round the sun
and in deep space can syijthesise complex organic
molecules which are important building blocks in the
evolution of carbon based,life forms. There are even
theories that comets cany distribute self replication
organisms such as bacteria and viruses between star
systems

Newtonian mechanics

While aspects of these ideas will be considered later,
comets can be relatively well understood on the basis
of objects subject to Newtonian mechanics. The domi-
nant influence on comets while in the solar system is
the gravitational attraction of the sun. Figure 1 shows
the different tupes af orbit which comets can occupy
while either "passing through™ or lodging within the
solar system. While the planets occupy elliptical orbits
which are usually close to circular, comets can travel
along elliptical (short and long period), parabolic and
hyperbolic orbits.

Kepler reviewed the extensive and highly accur-
ate observational data of Tycho Brahe in order to for-
mulate his three laws relatirig to planetary motion. The
first of these was that planets move in an ellipse with
the sun at one focus. His second law indicated that a
straight line connecting the planet with the sun (the

Comet Halley on 10 March 1986‘,(pw|1ﬁ9to reproduced by kind permission of Royal Observatory, Edinburgh)

radius vector of the planet) sweeps through equal
areas in equal intervals of time. In figure 2 the various
sectors C1-C2, C3-C4 and C5-C6 which are of equal
areas are swept out in equal times. This implies that
objects in elliptical orbit travel more rapidly when they
are closer to the sun, The law also applies to comets in
elliptical motion round the sun.

His third law states that the squares of the periods
in which the planets describe their orbits are propor-
tional to the cube of their mean distance from the sun.
This third law can be simply shown for an objectin a
circular orbit.

PERI-HELION

Fig1 Possible orbits of comets round the sun,

The gravitational force acting on the planet or
comet of mass m at radius R from the sun mass M is:
GmM
RZ

where G is the gravitational constant.
This in turn is equal to the centripetal force expe-
rienced by the planet/comet in its orbit:
mV?
R
Equating these two forces:
GmM  mVv?
R T R
Since the period T, of the planet is given by
2nR
=
T? = const X R?
Thus for T=1 year and R=1 AU for earth, the
period of rotating objects‘in the solar system is:
T=R!S ‘
Table 1 indicates how the value of T changes with
value of R in AU.
It is possible, based on simple consideration of
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Fig.2 Equal areas C1-C2, C3-C4 and C5-C6 are swept
out in equal times for masses in elliptical orbit
round the sun.

energy, to determine whether a comet will be bound
within the solar system or be able to escape from it

The energy per unit mass can be described as:
0.5 V? (kinetic energy) — GTM

where V is the velocity of the comet, M the mass of the
sun and r the distance of the comet from the sun. I this
value is greater than zero the comet is unbound and its
path is a hyperbola. If it is zero then its path is a para-
bola. If its value is negative, the comet is bound and it
moves around the sun in an ellipse. If therefore a
comet interacts with the gravitational fields of planets
it can gain or lose ‘energy’, resulting in modification of
orbits accordingly.

Value R{AU) Value T (earth years)
1 1
2 283
3 52
4 8
8 226
10 {Jupiter Orbit) 36
12 416
15 581
20 (Uranus orbit) 894
25 125
30  (Neptune orbit} 164
40 (Pluto orbit) 253
50 3536
60 464.8
70 585.7
80 7155
90 853.8
100 1000

Comet Trajectories

Modern computers can readily calculate the orbit of a
comet from a set of observational data. The problemis
significantly complicated by perturbations arising
from interaction from the major planets of the solar
system. Some interactions will act to speed them up or
slow them down in their cycles or even perturb their
path significantly. While comets such as Halley’s may
have cycles of the order of 76 years, perturbation dur-

v

SLINO)

ing each cycle require to be
determined before the
exact appearance of the
comet can be predicted.
Figure 3 shows the
interaction between
Brook’s comet and Jupiter
in 1886 which changed its
period or revolution from
29 to 7 years. There is in
facta ‘Jupiter set’ of comets
which have been perturbed
by Jupiter so that they
occupy orbits around the
sun within its orbit. (Jupi-
ter’'s mass is approximately
300 times that of the earth.)
In the description of
elliptical orbit comets, the

Jupiter's orbit

Earth's orbit
N

NEW ORBIT
OF COMET

N\

\\

ORIGINAL
ORBIT OF
COMET

Fig.3 Diagram showing how the orbit of a comet can
be perturbed by Jupiter.

value of the perihelion gives the ‘closest’ distance from
thé®un, the aphelion being the ‘furthest’ distance from
the*sun. Table 2 below gives values of a range of a
selection of ‘famous’ periodic comets to give an indica-
tion of their general characteristics.

Table 1; Values of radius of orbit (AU) and

computer value of orbital period.

Name firstseen period {yrs) perihelion (AU) aphelion (AU)
Halley 240 BC 76.09 059 3533
Lexef 1770 56 067 5.65
Encke 1786 33 0.34 409
Flaugergues 1811 3094 1.04 42366
Pons-Winnecke 1819 6.34 125 561
Great Comet 1843 51257 0.006 128.09
Donati 1858 1950 0.08 31155
Tebbut 1861 409.11 082 1094
Cruls 1882 75837 0.008 166.32
Humason 1962 3000 2133 40691
lkeya-Seki 1965 879.88 0.008 18364
Bennet 1970 1680 054 28186
Note: AU = 1 astronomical unit = distance of earth from sun
{Pluto is approximately 50 AU from the sun)
Table 2: Details of some ‘famous’ comets.
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COMETS

The periodic comets which pass close to the sun
and suffer sublimation of their materials, are of necess-
ity transient phenomena in the life cycle of the solar
system.

Origin and Distribution of
Comets

As to number of comets in the vicinity of the solar sys-
tem, ie within several hundred AU, values of between
100.000 to 150,000 have been postulated though the
number may be several millions. Comets not anly
occupy the zone of volume as far as the outer planets
of the solar system but also extend far otit to where the
sun appears only as a faint star in the crowded firma-
ment.

Comets only become visible when the heat from
the sun sublimates particles from their surface. This
usually happens at a distance of 3 AU. Thus comets in
orbit round the sun which do not venture closer than
this value corresponding to between the orbit of Mars
(1.5 AU) and Jupiter (5.2 AU) cannot at present be
detected. Their distribution is unknown.

It has been suggested that a vast reservoir of com-
ets exist in the region of the solar system which, owing
to perturbations, either pass through relatively
unscathed or are ‘captured’ by planetary interactions,
The so called Oort-Opik cloud is believed to be a vast
reservoir of ancient comets which have remained out-
side the orbit of the main planets of the solar system.

This cloud margin is considered to extend out as
far as 50,000 AU or 1000 times greater than the
known extent of the solar system. Little is known about
these comets in terms of distribution and trajectories.
When comets from this region are perturbed and fall
towards the sun, they are as it were messengers from
the time of the birth of the solar systemn,

Perhaps there is some intuitive awareness that
comets do play an intriguing role in casmic cycles and
that this accounts for their aura of mystery. As to what
the perturbing effects could be which gives rise to the
inward flight of such material towards the centre of the
solar system possible agents are passing stars or
clouds of gas and dust. Comets could in fact be the left-
over material from the evolution of the solar system.

In terms of distances in the solar systern, it is use-
ful to describe this in terms of light years. One AU is
approximately 9 light ‘minutes’ (time taken for light to
travel from the sun to earth), The distance to 50,000
AU is approximately 0.8 light years. The distance to
the nearest star Alpha Centaur i5 4.3 light years. The
perturbing material in this regien is highly unlikely to
be observed directly and so probably will remain a
mystery. ¥
What must be obvious from the orbit and period
data is that comets in orbit in this external region of the
solar system must have exceedingly long orbital peri-
ods. An object orbiting at 10,000 AU will have an
approximate period of a million years and one at
50,000 at the probably extremity of the Oort-Opik
cloud of 11 million years.

Influence of Comets on
Planetary Bodies

The effect of comets on the major planets of the solar
system is an issue of scientific debate. Data from the
Dynamics Explorer 1 satellite indicated that each year
as many as 10,000,000 mini comets weighing as much
as 100 tons vapourise in the earth’s atmosphere each
vear. (A comet of 10tonnes mass assuminga density of
300kg/m? has a diameter of about 4 metres.) This rate
of collision would produce in a period of 10,000 years
an approximate increase in the world’s ocean depth
25mm. Moreover, in an assumed lifetime of 4.5 billion
vears of the earth, this mechanism could account for

all the water in the world’s oceans. Thus water, the life
giving element on planet earth, could have an alto-
gether cosmic origin. :

The planets Neptune and Uranus are thought to
have extensive amounts of ice/water due to the come-
tary impact theory over a prolonged time scale.

High flying aircraft such as the U 2 have heen
able to detect so called Brownlee particles in the upper
atmosphere which are thought to be produced by
comets which graze the upper atmosphere and melt
‘gracefully’, releasing their burden of embedded dust
particles in the process.

Cormet tails are known to contain a tange of solid
particles as frozen material sublimes as a result of solar
radiation incident on its surface. Where. for example,
the earth passes through the path of such cometary
debris, this can lead to significant meteor activity,
Table 3 outlines the major meteor showers associated
with previous comet transits in the vicinity of the earth.

Showername  Average date of maximum associated comet

Lyrid April 22 1861 I(Thatcher]

Draconid October 9 Giacobini-Zinner

Perseid August 12 Swift-Tuttle

Leonid November 17 Temple-Tuttle

Geninid December 14 3200 Phaetan
Table 3: Terrestrial meteor showers associated

with cometary tails,

The activity of a particular shower depends onan
extensive number of parameters and may vary consid-
erably from year to year. Also meteor showers asso-
ciated with a comet are likely to be brightest during the
first encounter.
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Fig.4 Diagram showing rates of repetition of
biological extinctions.

Interest has centred recently on the miri planet
Lhiron which occupies an orbit between Saturn and
Uranus. It is considered that this object, with an icy
nucleus of some 350 kilometers, could in fact be a
giant comet. Calculations show that several thousand
years hence its orbit could be perturbed by Saturn so
that it could fall towards the sun as a spectacular
comet.

Figure 4 shows an estimation of the frequency of
extinction of biological species. A cycle of 26 million
vears appears to be evident. Is this due to perturb-
ations in the cloud of comets in the solar system? For-
tunately we do not appear to be close to a ‘natural’ bio-
logical extinction,

Famous Comets

Halley’s comet s certainly the best known comet in the
solar system. Being first observed in 240 BC by the
Chinese, it has been a faithful companion in its orbit
which is shown in'Figure 5, extending out between the
orbit of Neptune and Pluto. In its orbit, Halley’s comet
moves in a direction about the sun, that is counter to
the motion of the planets. The photo at the start of the
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article shows a picture taken during the 1986 transit.

Halley had observed the bright comet of 1680
while in Paris and also the appearance of what was to
be Halley's comet in 1682. These observations were to
trigger a keen interest in comets for the rest of his life.

When in 1684 Halley ventured to Cambridge to
seek out the wisdom of Sir Isac Newton in an attempt
to predict the nature of the gravitational force exerted
by the sun on bodies in its orbit, Newton indicated that
he had solved the problem some 17 years previously
but had not bothered to tell anyone of his discovery of
the inverse square law of gravity. It was in many ways
the enthusiasm and the ability of Halley to find suffi-
cient funds which led to the publication of Newton’s
Principia by the Royal Society in 1687. Thus celestial

ley’s comet in 1301

Figure 7 shows details of Giotti flight path and
how it nearly intersected with Halley's comet. Thus the
comet was winging its way out of the solar system and
the two were closing with their combined velocities,
rather like two express trains travelling in opposite
directions.

" The surface of the comet consisted mainly of a
black inactive crust. Vapour was seen to stream from
two volcanic-like vents on the comet surface and from
a number of smaller fissures. This was presumably
water vapour sublimating from its core. The cometwas
‘peanut’ shaped approximately fifteen by eight kilome-
tres long and appeared to be tumbling in space with a
period of either 2.2 days or 7.3 days.

[nstruments on board Giotti were
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P S~ %
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earth’s orbit around the sun.

Fig.5 Projected orbit of Halley's comet on the plane of the

able also to analyse the chemical com-
pounds present in the emerging tail.
Water vapour accounted for over 80% of
the emission, with additional contribu-
tion from carbon monoxide (10%), car-
Bon dioxide (5%), methane (1%) and
ammonia 1%.

The Giotto mission, taking place
amid the acclaim of the Voyager mis-
sions to the outer realms of the solar sys-
temn, was perhaps not fully appreciated
at the time. Not to have attempted such a
mission would have left a considerable
gap in the knowledge and understanding
of the solar system — a gap that would
not have been filled until around the year
2061.

In many ways the Giotti spacecraft,
shown in Figure 8, was a revolutionary
spacevehicle. In the final brief encounter

comets in many ways led to the Newtonian Model of
the universe gaining acceptance and heralding the
mechanistic era of Newtonian Science.

In 1986 the European Space Agency (ESA) suc-
cessfully undertook a close encounter mission using
the Giotti satellite with Halley’s comet. The soviet
VEGA spacecratft also sent back valuable information,
Figure 6 shows how the Giotti spacecraft fly past took
the satellite across the so called ‘bow wave’ of material
sent out by the solar wind from the comet. The dis-
tance of closest approach was of the order of 500 km.

The Giotti mission was so called after the painter
Giotti di Bondone who around 1303 painted the Ador-
ation of the Magi, showing a comet over Bethlehem.
He probably was influenced by an appearance of Hal-

Earth

4435

SPACECRAFT
TRAJECTORY

BOW SHOCK WAVE DUE TO
SOLAR WIND INTERACTION

Fig.6 Diagram of Giotti's close encounter with

Halley’s comet.
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with the comet lasting a few minutes, the
spacecraft had to compute and navigate its own trajec-
tory since the return time for ground control signals
was around 17 minutes. In the ‘close encounter’ the
comet and Giotti were moving in opposite orbital
directions.

One novel experiment on board Giotti was a
piezo-electric dust particle counter which consisted of
a PVDF piezo-electric film which registered a voltage

HALLEY ENCOUNTER

(POST PERIHELION)
13/311986
& h\
2 _______—«—-\ﬁ
\ Launch s
1i7/1965 -

\
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T _‘_‘_‘—'—-—r\-
72 801 orbit

Fig.7 Diagram of orbit paths of Giotti and Halley’s comet within the
solar system.

‘pulse’ when impacted by minute dust particles. This
experiment was able to count not only the number of
impacts per second but also the distribution of signal
values which in turn was a function of the impact ener-
gies of the dust particles. Thus it provided a valuable
running commentary on the nature of dust particles
thrown off in the advancing bow wave of the comet.

Itis planned to use the Giotti craft to intercept the
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comet Grigg-Skjellerup on 10th July 1992. The craft
has already been sent into an orbit that will enable a
close encounter to take place.

Tails and Head of Comets

The nucleus of comets which may typically be no more
than 10 to 100 km in size, cannot be observed from
earth, In fact the Giotti mission determined in the case
of Halley’s comet that the surface of the nucleus was as
black as soot and therefore would reflect very little
light. It is only the ‘head and tail’ of a comet that can be
observed, as previously indicated this usually begins to
be observed at a distance of about 3 AU from the sun.
The head or ‘coma’ of the camet s that part immedi-
ately in front of the nucleus while the tail is that part
which streams out behind it. Different mechanisms are
thought to give rise to the light given off by the coma
and the tail.

Figure 10 shows the simplified interaction of the
solar radiation in driving back gas and dust driven off
from the comet. It should be stated there are still
aspects of the complex interaction between the solar
influences and the comet which are poorly under-
stood.

Frozen gases which ‘sublime’ escape into the vac-
uum of space and in the process freed dust particles
are driven out into space. In the case of Halley's comet,
the visible bow wave extends out a distance of about
30,000km from the nucleus.

The brightness of the tail of the comet is deter-
mined by a range of factors. The major ones include
the closeness of the comet to the sun, the closeness of
the comet to the earth and the volume and nature of
the material cascaded by the process of solar heating
into the coma and tail.

So called ‘Sungrazer’ comets produce highly visi-
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ble tails as they approach the sun. The great comet of
1843 approached the sun as close as 0.006AU —
about half a million miles which is less than a solar
diameter. Such comets, daring to venture so close to
the sun must be a short lived phenomenon. They could
only survive a few such close transifs.

Halley’s comet which has been seen to make 28
returns since it was first observed in 240 BC by the
Ancient Chinese, is known to have a ‘conditioned’
outer surface which acts to ‘insulate’ the core of the
comet from the sun’s activity. ‘Wild’ comets, which
have not experienced a close solar transit are more
susceptible to losing aggregated material and there-
fore tend to produce more luminous tails. These new-
comers, therefore, put on a better show for us.

‘Wild’ comets which have lodged in deep space
for long periods of time (perhaps billions of years) are
understood to consist of amorphous ice formed by the
consolidation of tiny grains or snowflakes. Such struc-
tures are exposed to cosmic ray energies and stellar
light. Laboratory experiments have shown that when
such structures are heated from low (deep space) tem-
peratures to those experienced within 2 to 3 AU from
the sun (about 150°) stored energy in the ice structure
was suddenly released. This would in the vacuum con-
ditions of space cause a sudden blow off of material
from the comet’s tail.

Separate experiments have also shown that
damage to ice crystal structures caused by simulated
cosmic ray radiation can be released when ice is
warmed from 20 Kelvin to about 30 Kelvin. Thus this
release of energy would presumably take place at dis-
tances greater from the sun than 3 AU when the tail
usually becomes visible. It is thought, that the Kohou-
tek comet of 1973 which brightened at unusually great
distance from the sun was one of these ‘primordial’
comets.

Under exceptional conditions, comet tails can be
observed over vast distances. The great comet of 1843
was estimated to have a tail 300,000,000 km iong.
Light produced in the tails of comets can essentially be
produced from the reflection of light from dust parti-
cles and from fluorescence of ionised atoms and mole-
cules. The process of light scattering from particles is
relatively straightforward. Some of the dust particles,
however, are exceedingly small like cigarette smoke
particles. Some are indeed too small to reflect light.

In the process of fluorescence, photons of light
are absorbed by discrete ions, atoms or molecules in
the tail of the comet and radiate in turn photons of
lower energy. While the origin of the light is essentially
straightforward, the direction of the tail of the cometis
subject to a range of complex factors, Previously
comet tails were described as types I, [Lor [l where type
[ was the most straight and type 1l showed the most
‘bending’. This classification was initially introduced by
the Russian scientist Bredikhin in 1903. This model of
classification is gradually passing out of use as addi-
tional modes of comet tail formation and evolution are
being discovered.

Solid dust particles which are initially travelling
outwards from the comet are bombarded by photons
of light which in time transfer their momentum to the
particles and reverse their direction, sweeping them
behind the comet.

The tail of ions given off by the comet appears to :

line up with the direction of the Solar Wind — a stream
of positive ions sent out by the sun at speeds of 400
km/second. The sun and its associated solar wind is
responsible for establishing a magnetic field through-
out the solar system. The interaction between this field
and the solar wind particles tends to bend round the
ions of the comet into the direction of the solar wind
particles.
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The sun is itself rotating with a period of 26.9
days. This causes a rotation in the trails of solar wind
particles sent out into the solar system and it also
causes the rotation,of magnetic field vectors in the
solar system. When th tail of a comet passes through
such a boundary, a discontinuity will be visible in the
comet tail.

Thus comets are useful ‘windsocks’ for determin-
ing the path of the solar wind and detecting magnetic
field boundaries in the solar system. While these large
magnetic sectors change slowly in time over months,
changes can also take place in the tails of comets due
to extreme changes in the activity of the Solar Wind.

The coma of the comet is that area opposite from
its tail. It is an area where clouds of material blown off
from the comet interact and become dissociated,
releasing light energy in the process. The paths of ions
are then swept round the nucleus and into the come-
tary tail. Dust particles released into and around the
coma area will also reflect light.

If the“tiltraviolet spectrum of the coma is
observed, this is usually observed to extend out consid-
erable distances from the comet — as much as
10.000,000km. This effectis produced by ionisation of
Hydrogen which being a very light atom escapes from
the comet with greater velocity and forms its larger
interaction cloud. Usually visible comas vary in size
between 100,000 and 1,000,000km.
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Fig.10 Classical concept of generation of comet’s coma and tail.

Conclusion

The recent encounter with Halley's comet has pro-
vided valuable new insights into the realm of comets.
There are many points about them which still remain a
muystery. Perhaps the greatest of these is their origin
and distribution within the solar system and indeed
other star systems.

Also, the role of comets as catalysts in the evolu-
tion of carbon based life in the solar system is a subject
of considerable but tantalising debate. There is no
doubt that the ‘chemical soup’ of a deep space comet
is fundamentally different from that of the earth’s pri-
mordial oceans. If the earth’s oceans originated from
comet bombardment, then the old adage all life began
in the sea needs a subtle re-interpretation.
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Bootstrapping

VOLTAGE APPLIED
TO THE X-PLATES

Fig.1 CRT sawtooth timebase

OSCILLOSCOPE
SCREEN

RAPID FLYBACK FROM
POINTETO A

—1

T ke

" NEXTSCREEN
CYCLE

SAWTOOTH WAVEFORM

ing the use of a RC combination or such like.

Browsing through my limited assortment of text
books, provided little explanation of how a sawtooth
waveform might be generated. A telephone call to an
elder compatriot however, revealed a very neat and
simple solution to my dilemma — the use of a boot-
strap; a rather capricious but highly appropriate term
used to describe a technique used in a variety of applic-
ations, in which a capacitor — the bootstrap capacitor
— is used to provide one- hundred percent positive
feedback for sinusoidal currents across an amplifier
stage of unity gain or less,

. D. Waddington recalls
n old but simple
chnique.

DESIGN

30

n undergraduate friend recently asked
me to examine a rather archaic cathode
ray oscilloscope which had belonged to
her Grandfather and had remained con-
fined to a cupboard since his death;
wishing to restore it to working order, she sought my
opinion.

Removing the case revealed over four decades of
dust — indeed the cathode ray tube might have been a
cast off from one of Kaufmann’s elm experiments.
Close inspection, revealed that the fault lay within the
timebase circuitry — everything else appeared, rather
surprisingly, to be completely operational.

Atter locating the precise defect, it was quickly
realised that many of the components required toresu-
rect the oscilloscope were now obsolete. The instru
ment represented a piece of scientific history and was
too marvellous to dispose of; presented with the chal-
lenge I decided to attempt to replace the faulty circuit
with a contemporary equivalent.

The problem then, to design

&1

Fig.2 Standard emitter-follower circuit

Academic definition aside; suppose an emitter-fol-
lower circuit is required with a high AC input imped-
ance. A normal unmadified circuit such as that shown
in Figure 2, has a rather low input impedance because
of the shunting effect of the bias resistors, R1 and R2.
The circuit presented in Figure 3 overcomes this prob-
lem, a bootstrap capacitorwith a value large enough to
act as an almost short circuit at the lowest frequency

and calibrate a varjable timebase

oscillator suitable for driving the. o
x-plates of the cathode ray tube. At
first such an exercise appears trfvial,
however the fact that the timebase
has to be of a sawtooth forfation
prompts further reflection. *

The characteristic shape of a
sawtooth waveform is responsible
for the horizontal movement of the
electron beam in all forms of
cathode ray tube utilizing a raster
technique. In a cathode ray oscillo-
scope, the waveform generates a
uniform sweep from left to right fol-
lowed by a rapid flyback, as

i
INPUT O—!
c1

H3

— AN

L x

rl;z u—-"—o OUTPUT

c3

depicted in Figure 1. The test wave- %
form to be displayed is fed via
necessary shunts or amplifiers to
the y-plates and thus the two fields

-ﬂ% +—0

Fig.3 Bootstrapping an Emitter-follower

form the resultant waveform on the screen.

Clearly, a wander through the semiconductor
section of any electronics catalogue, provides a whole
array of customised integrated circuits suitable for the
chore. Animpoverished student though, | am reluctant
to part with money and besides rudimentary intuition
told me that there ought to be a simpler method involv-

required is connected from the output node to the bot-
tom end of the additional bias resistor R3. This pro-
vides positive feedback, but because the gain of the
emitter-follower is less than unity, the circuit will not
oscillate. The R3 — C 1 combination will however, act
asamuch higher impedance to AC signals. As one end
of R3 changes in voltage, the opposing end moves by
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an almost identical
amount in the same
direction. The effective
AC signal across R3 is
thus very small and it
appears, quite neatly,
as if R3 is pulling itself
up by its own boot-
straps.

I was correct in
trusting my initial con-
jecture, a basic saw- INPUT Oy A
tooth generator con- | A1
sists simply of a capaci-
tor which is charged by
means of an input load
resistor and then dis- .

L=}

2 Vee:

TAVAVAVS |
B3

BOOTSTRAP

]

AVAAY
a

| : /F\_y)—w—' ouTPUT
S /

charged by a periodic
step voltage. As the

Fig.4 Simple bootstrap sawtooth generator

capacitor is charged,
the voltage across it increases exponentially. Corre-
spondingly, the voltage across the input load dec-
reases. The output is approximately linear, provided
that only a small portion of the charging signal charac-
teristic is utilized. Consequently a square wave input is
introduced to discharge the capacitor periodically.
Such a signal is generated with ease using a simple ast-
able multivibrator.

A simple sawtooth generator employing a boot-
strap is shown in Figure 4. The output is derived from
an emitter-follower capacitively coupled via the boot-
strap capacitor C2 to the input load resistor R2. As the
output voltage rises, the voltage at the node between
R2 and R1 also rises; the voltage-across R2 and hence
the charging current is therefore maintained substan-
tially constant, consequently a near linear sawtooth

waveform is produced.

Astute readers may by now bemoan the fact that
it has takefi several paragraphs to realise a relatively
primitive circuit which with hindsight, I should have
produced readily. This fact apart, by discussing boot-
strapping, a brief but interesting excursion has been
made into an area of electronics which many text
books neglect, contributing no real explanation of
function or purpose.

After the addition of a linearing network, appro-
priate amplifier and calibration, a variable version of
the simple sawtooth generator was implemented in
the cathode ray oscilloscope with a high degree of suc-
cess and [ understand that a thrilled student is using it
as standard piece of her laboratory kit. A full commis-
sioning has been arranged in the student bar!
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| handy mains control
y David Ponting.

Mains Switched
- Timer

e LIS
-

T

ooner or later all of us who are involved in

this hobby of electronics, will want to

make printed circuit boards by the

‘photographic’ method; and those of us

who have already tried will soon tell the
rest that getting the correct exposure for the pre-sensi-
tized circuit board is an absolute must.

[ have been making printed circuit boards by this
technique for many vears now and during that time |
have looked for an accurate timer which had certain
features [ needed; and I have searched in vain.

What I wanted was a small device which could be
set to count down very accurately and repeatably a
given number of seconds, preset in advance: [wanted it
to turn on a mains socket when the timing couritdown
started, and turn it off at the end of the preset period,
and [ wanted the alternative of not furning the socket
on until after the preset time hag elapsed; [ wanted a
‘hold” function so that the timer could be stopped in
mid countdown, with the sockgt on or off, as desjred;

&

.

and [ wanted a reset button which could bring the
countdown to an end while the timing period was in
progress.

Nothing on the market met the above require-
ments: [ could buy egg-timers, whose accuracy was
very doubtful; I could buy photographic clocks, which
had some of the features | wanted, but not all. And in
any case, they were expensive.

So, the allernative was to make a timer. (And
incidentally, this timer not only serves to time the expo-
sure of printed circuit boards. but is equally invaluable
in the darkroomwhere itwill accurately and repeatedly
time the exposure of photographic enlarging paper,
So if your interests are under the red light in the dark-
room, or even boiling an egg to an accuracy of 0.1%,
then this project is also for you!) :

It is possible to obtain some pretiy esoteric inte-
grated circuits that will perform many of the functions |
wanted to build into this circuit, but. like most of vou
reading this article, rarely do [ have access to anything

12V O l —{) +12V
c4 J. 1 cs cs
22% + 100n smYUN /;L- 100n ; 100n
VT me ‘ 7
T &3 froco
16 16 16 16
Sa [ 13 |13
2 7 13 13
b G c3 . c4 s Ic5 \ Ic6 12 N
MAING ot 14 [ 2 m 14 K =
LIVE 3 4 8] i5] 1 8] 15 8] 5] 1 8] 15 :
R1b . swz | sec
5Mo D1 D3
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D1-4 = 1N4148 D2 ._H_l
g —oc¢
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100k 100k 10k 10k
0V O— 00V

Fig1 Circuit of the time base section
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other than standard, off-the-shelf components. So [
wanted to use only those which were easily available to
everybody. In consequence, with 13 integrated circuits
in this project it may seem a little over designed. How-
ever, all the components are standard, off-the-shelf,
and inexpensive. So don'tlet the component count put
you off.

The Time Base Circuit

Since this timer was going to switch a mains socket on
and off, it seemed obvious that the circuit should be
mains (rather than battery) driven. In consequence 1
decided that the time base pulses to drive the clock
should be derived from the mains frequency of 50Hz.
by dividing this down until a one second pulse was
achieved.

‘Time Base Circuit

Be careful! Each of two principal circuit boards has live
mains applied to it, in this case to point A. Resistors
Rla and R1b (use two of 5M each rather than one of
10M since the voltage limit of a single resistor is
exceeded by the 240 volt mains) ensure that the cur-
rent flow is strictly limited into the inverting input of
IC2, a standard 741 operational amplifier. The non-
inverting input is held at 6 volts by the voltage divider
R2 and R3. Used in this way the 741 is just a voltage
comparator and, as the sinusoidal input from the
mains passes through the 6 volt level on each wave, the
output switches sharply between about 2 volts and 11
volts, providing a precise square wave at pin 6.

This is the kind of input that the next IC likes to
receive and the 50 Hz. square wave is fed into pin 14,
which is one of the clock inputs of IC3. This, and the
next three ICs in the chain are all CMOS type 4017
counters.

In general, as each pulse is counted, one of ten
pins on the 4017 goes high. The no-pulse-counted, or
‘zero’ pin is 3. This is high before any clock pulses are
counted; and, while it is high, all the other nine ‘num-
ber’ pins are low. As soon as the counter detects the ris-
ing edge of the first square wave, the ‘zero’ pin 3 goes
low and the ‘one’ (which is pin 2) goes high.

Don't forget that one clock pulse includes both
the high, and the adjacent low section of the square
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" and a single-pole/double-throw switch would allow

wave, and the next clock pulse does not start until the
next rising edge. When that happens, the ‘one’ pin 2,
goes low and the ‘two’ pin 4, goes high. And so on.

But in our Time Base Circuit, diode Dl effectively
joins pin 1, which is number ‘five’ in the count, with pin
15, which has the special function of re-setting to low
all the counter outputs except ‘zero’ pin 3, which re-
sets high. Pin 15 is normally held low by resistor R5.
From the timing diagram, it is possible to see that after
the fourth wave is counted, ‘five’ pin 1, goes high very
briefly, taking reset pin 15 high as well; this resets to
low all counters (including ‘five’ pin 1 — this is the rea-
sonwhythis pulse is so short), with the exception of the
‘zero’ pin 3, which re-sets high during the fifth wave;
and the cycle repeats itself.

[n other words, (by which [ mean that if you find
my poor explanation totally meaningless, don’t worry

1+ 2 3 4 5 6 7 8 9 10 11 12 13 14 15
CLK INTO +—>

i igligigigigigigigigigigigigigiyl
0PN3 L= 1 il |
1TPINZ [ | = |

2 PING B [im=h 1

3 PINT = ==, ‘T |

‘4’ PIN 10 1 1 1

'5'PIN 1 n n |
MASTER RESET

PIN 15 n n It

1. COUNTER ADVANCES ON EVERY RISING EDGE OF THE CLOCK, PROVIDED PIN 13 IS LOW
2. WHEN PIN 13 GOES HIGH ('HOLD'), THE COUNT STOPS EXACTLY WHERE IT IS UNTIL PIN
13 GOES LOW AGAIN, WHEN THE COUNT CONTINUES FROM WHERE IT WAS.

Fig.2 Timing diagrams

about it), although 50 clock pulses are going into the
counter IC3 every second, the output from ‘one’ pin 2,
provides only one pulse for every five going in, i.e. ten
every second; and the original frequency has been
divided by five.

Consequently the frequency into the clock input,
pin 14, of IC4 is 10Hz. This IC is also a type 4017 but
now used in a different way. None of the ‘zero’ to ‘nine’
pins is connected to the reset pin 15, and the output is
taker from pin 12. This is the IC’s ‘carry-out’ pin. If, for
example, you were going to add up thirteen separate
pulses, the answer would be: three units, carry forward
ape ‘ten’. And that function is exactly what ‘carry-out’
pin 12 provides: one pulse out for every ten counted.

So, with the frequency into IC4 being ten pulses
per second, the frequency out of pin 12 is one pulse
per second, ie very accurate pulses of one second
duration.

All we need now is a down counter which can be
set to start at the time required in seconds, feed this
counter with our one second pulses, arrange for the
counter to stop when it reaches zero, and we are well
on the way to achieving our design goal.

However, when [ was working on the design, and
having got as far as this jn my thinking, it occurred to
me that the addition of only two more 4017 counters

minutes to be counted as well as seconds. So IC5
merely repeats the functions of IC3, except that it now
divides by six the 60 pulses per minute coming out of
IC4, out-putting 10 per minute to IC6, which divides
them by ten, to produce its output of one pulse per
minute. And you now have two timers for almost the
price of one. The first will count down in seconds, and
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the second will count down in minutes.-Now the func-
tion of switch SW2 should be obvious: with the switch
in position S, pulses one second long are fed to the rest
of the circuit; when this switch is in position M, pulses
which are one minute long go forward.

The only other components [ have not yet
explained in the Time Base Circuit are the de-coupling
capacitors C5 and C6 (which are there to take switch-
ing spikes out of the power supplied to these four ICs),
the diodes D2 and D4, and thase components around
the commoned pins 13 on each of the counters,

In general, when pin 15 on a 4017 is taken high,
all the counters on the chip are ‘zeroed’ and held that
way as long as pin 15 is kept high. In our circuit, pins 15
on IC4 and IC6 will follow whatever value the control
input C has. The same pins 15 on IC3 and IC5 are nor-
mally kept low by resistors RS and R6, but will always
go high via diodes D2 and D4 when input C goes high
{as well as being switched by the other diodes D1 and

D3).
SECEMINS =
CS/M
CONTROL SIGNAL
A R SicH TO RESET AND HOLD
MAINS HOLD s T ALL 4017 COUNTERS
LIVE SWITCH SECS  MINS ATO

& &

12V

oV -

R e R s e

= PIN OR COMPONEN
SOLDERED ON BOTH SIDES
OF THE BOARD

Fig.3 Component overlay for time base diagrams
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Consequently we want to arrange the logic driv-
inginput C so that itis taken and held high at the end of
each timed interval and then, whenever a new timing
period is required, all the counters start from zers. So,
logic in the rest of the circuit is used to take point C
high (that is pins 15 on IC4 and IC6 directly, and on
IC3 and IC5 via diodes D2 and D®) so that the clock
stops at the end of the timed interval and is always
ready to start from zero when the next timing period is
started. ¥

Pin 13 on the 4017 is an alternative clock inpugt
allowing the 4017 to count pulses startingwith the fall-
ing edge of each wave. This pin can also be used (asitis
here) as a clock-enable control when the 4017 will only
count clock pulses into pin 14 if pin 13 is held low. In
this circuit, ‘low’ is the ‘normal’ state of all pins 13 via
resistor R4, switch SW1 being open. When SW1 is
closed, each pin 13 is taken and held high, causing all
the counters to stop exactly where they were in their
count. Releasing SW1 allows the counters to continue
their count from exactly the position they were in when
SW1 was closed. The capacitor C4, is there to take
some of the ‘bounce’ out of the operation of this
switch, so that spurious pulses are not counted. This is
the ‘Hold’ function.

The printed circuit board for the Time base Cir-
cuit and the positions of its components are shown in
Figure 3.

The three printed circuits illustrated in this article
are all designed to be made on double sided board.
Making full, double-etched boards with through con-

nections is really quite difficult and so the three in this
project use the second side of each board only as an
earth plane. Points showing where pins must be used
to join the earth plane to the etched side are indicated
in each diagram. Where links are to be fitted, dotted
lines are drawn and care must be taken to see that
these links are not shorted to the earth plane.

On the Time Base printed circuit board, there are
two positions where pins (just short pieces of wire such
as those trimmed from resistors and capacitors when
they are fitted into the boards) are soldered to both
sides: one is where the ground supply joins the board
and the other is at the ‘top” end of IC3, earthing pin 8.
The components R3, R4, R5, R6, C5 and C6 have one
of their leads soldered to both sides of the PCB. There
is one wire link, allowing pin 16 of IC5 to be connected
to the positive supply.

The rest of the circuit, shown as Figure 4, drives
the counters and displays. It may seern rather compli-
cated but it really is not. If you are like me and tend to
be put off when you see a project where the resistors
are beginning to be numbered in the forties, do not
despair. Most of the resistors are grouped either in
three lots of seven and simply current-limit each indi-
vidual LED segment of the displays, or in three lots of
four, serving the purpose of holding low until other-
wise switched, the various sections of the thumbwheel
switches.

The central part of this circuit s built around three
CMOS integrated circuits, type 4510. The 4510 is a
counter which will count up or down. It has a binary
coded decimal (BCD) number input and a similarly
coded number output which increments up or decre-
ments down (depending on which direction the IC has
been set to count) on each pulse sent into the clock
input, pin 15.

BCD thumbwheel switches are special switches
which have either ten positions with numbers 0 to 9,0r
sixteen positions with numbers 0 to 9 and AB,CDE,
and F, showing individually on the front face of the
switch and depending on its position. Any particular
number or letter can be reached by rotating the switch
to the digit desired. :

For the purposes of this circuit, only ten position
BCD thumbwheel switches should be used. Each
switch has five contacts, usually labelled ‘8,4, 2,1,
and C. All the digits from 0 to 9 can be represented
using only 4 binary digits.

The following table gives the codes.

Number ‘g 3 s '
0 0 0 0 0
1 0 0 0 1
2 0 0 1 0
3 0 0 1 1
4 0 1 0 0
5 0 1 0 1
6 0 1 I 0
1 0 1 | 1
B I 0 0 0
9 1 0 0 1

For a thumbwheel switch to output these codes,
the C, or Common on the switch is connected high (to
the 12 volt rail in this circuit). Now, for example, with
the switch in the number 5 position, contact ‘4’ is con-
nected to 12 volts, asis contact ‘1’. So, whenever there
is a 1in the right columns of the above table, that con-
tact is switched to the 12 volt supply, Unfortunately
where the table shows a 0, that contact is just an open
circuit. So each of the four contacts ‘87, ‘4", '2". and ‘1'
on every switch has to be held low using four resistors. |
had enough room on the contact boards of each of the
three thumbwheel switches to mount four, 1/8 watt,
100k resistors there. (See photograph ).
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The four-digit binary codes produced by each
thumbwheel switch are fed into pins 4, 12, 13 and 3 on
the corresponding 4510 counter IC. Be very careful
that these pins are each wired to the correct ‘8, ‘4’, °2’,
‘1’ contact on each thumbwheel switch.

When the coded input number is loaded into the
counter (see later) the same coded numeral is output
from the 4510 at pins 2, 14, 11 and 6. This number can
only be revealed when its BCD is decoded into a seven-
segment code by a special IC: in this case the 4543.
This IC will not only decode the four binary digits into a
seven-segment code to light up the correct form of the
numeral on the display, but has enough current capa-
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Fig.4 Counter and display circuit
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bility to drive this seven-segment display directly. With
appropriate wiring the same IC will drive commion
cathodeaswell as commion anode displays. The circuit
diagram shows the correct wiring for use with the com-
mon anode displays [ used, Not all seven-segment dis-
plays have the same pin outs as one another. so do
check the pin outs on the ones vou have chosen to use
before wiring-in the current-limiting resistors.

Incidentally, do not make the mistake [ did and try
to build this device in a box too small, I just happened
to have a box 3 1/2x5x 1 7/8 inches (see the various
photographs) but with my clumsy fingers and quite a
lot of fairly large components, this was really too small.
the construction producing considerable anguish and
sucking of teeth before it was finished. Nevertheless, it
isa good plan not to include the current limiting resis-
tors (R11to R17, R22 to R28, and R33 to R39) on the
printed circuit board itself, but use them instead as the
way of connecting the board to the individual seven-
segment displays.

See Figure 5 for an enlargement of the intercon-
nections from a 4543 drive/ decoder IC to the seven
segmentdisplay used. Note that pins14 and 15 on the
4543 have to be reversed if the straightrun of each seg-
ment, a, b, ¢, d, ¢, {, g, is to be achieved. :

Se, when any digit from 0 to 9 is set up oneach of
the thumbwheel switches, its BCD code will appear at
pins 4, 12, 13, 3 on the associated 4510 IC and this
number can be loaded into the counter by briefly tak-
ing pin 1 high. In this circuit, all the pins 1 are usually
held low by resistor R40, but pressing the LOAD
switch, SW3, will take them all high, loading each
thumbwheel digit into the corresponding counter. The
IC will then reproduce this same digit on pins 2, 14, 11
and 6. Thence it will appear on the seven segment dis-
play via the 4543,

Pin 10 determines whether the 4510 counts up or
down, and when it is held low, as here, it only counts
down. Pin5 is a count-enable cantrol, which must also
be kept low.

When the first pulse enters a counter through the
clock pin 15, its output is decremented by one. With

- each succeeding pulse, the display will show one less.

When it reaches zero, the next display will be 9. but
before that happens and while displaying 0, a *borrow-
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Fig.5 Seven segment display connections

one’ pulse (high to low to high) will appear at pin 7,
This allows the three 4510 counters.to be cascaded
using the pin 7 output of one as the clock input of the
next. With two, three or more of these counters cas-
caded, you can set up any number on the thumbwheel
switches, load that number into the counters and
thence the displays. When the clock is set going it will
count down from that number all the way to zero; and
unfortunately continue on through 999, 998, 997
etc., ifyou do not stop the clock at 000... That is one of
the reasons for IC13, - _

When the ‘hundreds’ counter reaches 0, the out-
put from pin 7 on IC12 goes low, and stays low while
the number being displaved is 0. Some time later, the
‘tens' counter, IC 11, counts down to 0, when the out-
put from its pin 7 also goes low and stays there while
displaving 0. At this time only the ‘units’ display has
any figute other than zero and this counter continues
to count backwards to O when its pin 7 goes low, Now
for the first time all three inputs into pins 3,4, and 5 of
the first NOR gate of IC13 are simultaneously low and
so its output at pin 6 goes high. This is the ‘C’ connec-
tion on the Time Base circuit which takes all the 4017
master reset pins 15 high, thus zeroing and holding at
zero the three counters, IC3,4, 5 and 6.

With 1C13 pin 6 high, all the inputs into the sec-
ond NOR gate (here used just as an inverter) are high,
soits outputis low. Hence, in this state, field effect tran-
sistor, Q1 is off and so is the relay. Depending on the
position of the ALTERNATIVE switch SW5, power is,
oris not, stpplied to the mains socket, indicated bythe
neon being lit or not. The diode across the coil of the
relay is to short-circuit any potentially dangerous vol-
tage {(damaging that is for the FET, Q1) which will be
back induced in its coil when the relay is switched off.

IC13 has a third, friple-input NOR gate which is
unused in this project. To stop it ‘floating” and switch-
ing randomly (a state which can produce the strangest
of spurious outcomes in the other two gates) the input
pins 1, 2 and 8 should all be fied low or high via either
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voltage rail as convenient. Only when the displays are
showing 000 will the relay be off. For all other displays
the relay will be on and the timer will be counting down
towards 000, unless the HOLD switch has been oper-
ated, when the timer will ‘freeze’, but leave the relay on.
At this time, power to the socket can be turned off or
on as required using the ALTERNATIVE switch.

If you wish to bring a timing sequence to an end,
without waiting for the timer to reach 000, then the
END button SW4 can be pressed. This is connected to
all pins 9 on the 4510 ICs, and to resistor R41, which
normally holds these pins low. But when SW4 is
pressed, all the pins 9 are taken high, zeroing the 4510
counters. Simultaneously, point C will go high, zeroing
the 4017 counters.

Figure 6 shows the printed circuit board and the
layout of the components for the Counter and Display
Circuit.

On this PCB, there are 13 places where pins need
to be used to join etched tracks on one side to the earth
plane on the other. There is one each for the joined
pins 7 and 8 on IC7, IC8 and IC9, three for pins 5, 8

ious digits, enough spikes appear on the secondary
supply at the transformer to make clock pulses gener-
ated in this way highly unreliable.

The NEUTRAL side of the mains is not only con-
nected to the primary of the transformer butalso to the
Neon and the neutral terminal of the Mains Socket.

The 14 volt AC output from the transformer (you

.can probably get away with using a 12.6 volt transfor-
mer if it will supply at least 1 amp) is bridge-rectified
and then smoothed by C1 to about 16 1/2 volts DC.
This is connected to a volt regulator IC, type 7812,
which will supply a constant 12 volts at up to 1 amp.
This design does not require as much as 1 amp but itis
surprising how much current the displays consume, so
reckon that you will need at least 1/2 amp to run the
project and that means that the voltage regulator IC1
will get quite hot and needs a heatsink. The printed cir-
cuit design that | have shown uses the copper on the
ground plane of the double-sided board to provide the
necessary heatsinking.

Capacitor C2 is there to make certain that high
frequency,gsﬁgillations which can occur when using this
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and 10 on each of IC10,1C11 and IC12, and one at the
point where the O volt lead is connected to the board.
In addition, the components C7, C8, C9, C10 and Q1
must have one of their leads soldered to both sides of
the board. There are eight links; one joining pins 1 and
6 on each 4543, two joining the pins 9 on the 4510ICs,
one joining pin 15 on [C11 to pin 5 on IC13, one join-
ingpin 15 on IC12 to pin 4 onIC13, and one joining all
the power supply pins 16 on the 4510s to the 12 volt
supply.

The Power Supply.

The power supply used in this project is absolutely
standard in design and needs little explanation.

The incoming mains is connected to the primary
of the transformer, T1. The LIVE side of the mains is
also connected to the common contact on the ALT-
ERNATIVE switch and to point A on the Time Base
PCB. In your design of this project you may feel that it
would be safer to mount resistors Rla and R1b directly
on the mains transformer where they can probably be
well insulated, rather than have a LIVE connection
straight onto the Time Base PCB. Either way, BE
CAREFUL’

You may think it safer and simpler to produce the
50Hz. square wave directly from the transformer’s sec-
ondary. This is certainly safer but will give very poor
time-keeping. As the ICs switch the displays of the var-
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type of voltage regulator are decoupled to earth. If the
power supply board in your design is a long way from
the other boards (more than 6 inches, say) then the
Couriter and Display Board should also have a reser-
voir capacitor of about 220 microfarads connected
between the supply voltage at its entry point and earth.
Agsimilar capacitor is already included on the Time
Base PCB. e

There are no pins or links needed on the power
supply PCB, but the middle pin of IC1 and one lead of
C2 can be soldered to both sides of the board. IC1
does not need to be insulated from the earth plane of
this board because its tab is connected to the middle

pin anyway.
Building And Setting Up

Building this project should present few difficulties and
no setting up is required.

It is good technique to check out the power sup-
ply before connecting it to the other circuit boards.

" Make sure that the output is a clean, ripple-free 12

volts, and then connect the supply to the two other
PCBs. At this stage none of the chips should be
plugged into its socket. First check that each IC socket
is receiving the 12 volt supply at the appropriate pin,
(pin 7 for the 741, pin 14 for the 4025 and pin 16 for
the rest) and check that all the other pins which should
be ‘high’ are, and those which should be ‘low’ are.
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When those tests are completed, fit the integrated
circuits.

All the text books peint out the dire warning that

CMOS devices expire maliciously and silently unless
they are handled with great care. My own experience is
that CMOS chips seem rather more difficult to destroy
nowthan they did some years ago when there were no
internal protection circuits to discharge the static
charges that build up on the user’s bedy. However,
these ICs should be treated with respect and not taken
out of their protective sleeves or conducting foam plas-
tic until they are to be plugaed in and used: and trynot
to over-handle their pins.
Check first the Time Base PCB. If you have an oscillo-
scope you should find that pulses of exactly one
second duration are reaching
the S position of switch SW2
and if your oscilloscope has two
channels, check that the signal
at the M position of SW2
changes from high to low and
then low to high every 30
counts of “tle one-second
pulses reaching S.

Now make the inter-board
and display connections.

Because the circuit boards
do most of the work of wiring
up, the biggest potential error is
in  misconnecting the BCD
coded inputs and outputs to
and from the 4510 ICs. One
misplaced connection can pro-
duce such strange figures on the
displays that it is difficult to trace errors. So in carrying
out this wiring up it is better not to copywhat you have
done with the previous 4510 but to work out the con-
nections afresh for each of these counters.

Onceallthe inter-connections are complete, take
your courage in both hands and plug in to the mains. If
the earlier checks have been carried out there should
be few problems. There are no setting up procedures,
nor potentiometers to adjust.

When first switched on the displays should regis-
ter 000 and therefore the relay should be off. The
mains socket may be on or off (check the neon),
depending on the position of the ALTERNATIVE
switch, SW5. Set the thumbwheel switches to some
convenient three digit number, say 123, and press the
LOAD button, SW3. You shoulgl hear the relay close
and the displays should now show 123, The timer will
start counting down towards Zero if the HOLD switch,

SW1, is in its open position. If the timer is not counting

down, operate the HOLD sWitch when timing should
begin. Pressing SW4 should bring the timing sequence
to a premature conclusion, and you should hear the
relay drop out when the display shows 000. Alfernat-
ively, allowing the timer to count all the way down to
000, should produce the same result: the relay will
drop out, and the display will hold at 000.

Some Final thoughts

This timer is particularly suitable for darkroom work
where, during enlarging, the experienced photogra-
pher will often use the same exposure time for each
negative, varying the iris to ‘achieve correct exposure.
With the enlarger plugged into the timer's mains
socket, simply pressing LOAD each time a printisto be
made will repeatedly turn the enlarger on for the num-
ber of seconds set. But changing the time period as
required is just as easy.

Using a double pole double throw ALTERNA-
TIVE switch and a second changeover set of relay con-

tacts would enable the timer to turn on the enlarger
light (and the safe light off) while timing out, and turn
the enlarger off and the safe-light on at the end of each
timed period.

One other relatively minor modification that my
photographic friends have suggested to me as a useful
feature for them is the possibility of the timer being set
up to time periods to one tenth of a second.

Making this change is rather simple. Just take the
time base output from pin 2 on IC3 as the input into
the Counter and Display Circuit at point B, and the
third digit of the display will now represent tenths of a
second. Now by lighting the LED decimal point
between the second and third digits (simply connect
the appropriate pin on the display to earth via a 470R
resistor), the timer can be set to display and time any
period up to 99.9 seconds.

Although I think this design meets all the require-
ments | had for my purposes, [ suppose the major dis-
advantage of a fimer set up in this wayis thatit does not
decode and display time in the way we normally
expect, in minutes and seconds. Specialist chips are
available to do this but they are not easily obtainable
and they are expensive. So, in consideration of my
intention to make this project with off-the-shelf com-
ponents; [ decided that the difficulty of calculating, for
example, that 4, minutes was 270 secands, was not
too high a price to pay for construction simplicity and
component availability. | hope you agree.

PARTS LIST
RESISTORS
R1a, R1b 5M
R2-47-1018-21,29-32 100k
R5,6,40,41 10k
R11-1722-2833-39  470R
CAPACITORS
C1 1500y 25v Elect,
C24-10 100n
3 220 25v Elect,
SEMICONDUCTORS
IC1 7812 volt reg,
IC2 741 op.amp.
IC3-6 4017 CMOS
IC7-9 4543 CMOS
IC10-12 4510 CMOS
Q1 IRF 511 Power FET.
D1,2,34 1N4148 signal diodes
D5 1N4002 power diode
BRIDGE RECTIFIER
40PV 1amp
MISCELLANEOUS
SWITCHES
Sw1.2 SPDT lever switches
SW34 press-button N.O.
SW5 SPOT lever 240V 6amp
SW6,78 10 position BCD thumbwheel
IC Sockets one at 8-pin

one at 14-pin

ten at 16-pin
T 240v PRI 14v SEC 1/2a
7-Segment Displays  three common anode
Relay 12V coil C/0 contacts switching 240V 64 35
Standard Mains
Socket . Three-pin
Neon 240v, integral resistor
Case and Hardware, etc.
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HART AUDIO KITS give you the opportunity to build the
very best engineered hifi equipment there is, designed by
the leaders in their field, using the best components that
are available
Every HART KIT is not just a new equipment acquisition
but a valuable investment in knowledge, giving you guided
hands-on experience of modern electronic techniques.
In short HART is your friend in the trade' giving you, as a
knowledgeable constructor, access to better equipment at
lower prices than the man in the street
You can buy the reprints and construction manual for any
kit to see how easy it Is to build your own equipment the
HART way The FULL cost can be credited against your
subsequent kit purchase
Qur list will give you fuller details of all our Audio Kits,
components and special offers

AUDIO DESIGN 80 WATT POWER AMPLIFIER.

This fantastic John Linsley Hood designed amplifier is the
flagship of our range, and the ideal powerhouse for your
ultimate hili system. This kit is your way to get £K perfor-
mance for a few tenths of the cost!. Featured on the front
cover of 'Electronics Today International' this complete
stereo power amplifier offers World Class performance
allied to the famous HART quality and ease of construc-
tion. John Linsley Hood's comments on seeing a complete
unit were enthusiastic:- The external view is that of a
thoroughly professional piece of audio gear, neat elegant
and functional. This impression is greatly reinforced by
the inlernal appearance, which is redolent of quality, both
in components and in layout Options include a stereo
LED power meter and a versatile passive front end giving
swilched inputs using ALPS precision, low-noise volume
and balance controls. A new relay switched front end op-
tion also gives a tape input and output facility so that for use
with tuners, tape and CD players, or indeed any other ‘flat’
inputs the power amplifier may be used on its own, without
the need for any external signal handling stages. 'Slave’
and ‘monobloc’ versions without the passive input stage
and power meter are also availabie. All versions fit within
our standard 420 x 260 x 75mm case to match our 400
Series Tuner range. ALL six power supply rails are fully
stabilised, and the complete power supply, using a toroidal
transformer, is contained within a heavy gauge aluminium
chassis/heatsink fitted with IEC mains input and output
sockets. All the circuitry is on professional grade printed
circuit boards with roller tinned tinish and green solder
resist on the component ident side, the power amplifiers
feature an advanced double sided layout for maximum
performance. All wiring in this kit is pre- terminated, ready
for instant use!

RLH11 Reprints of latest articles_, ...
K1100CM HART Construction Manual

COMPUTER CORNER

The following are a selection of ocur new range ol VERY competi-
tively priced, High Quality, computer sysiems. Due to our long
experlence of importing we have the necessary contacts in the
Far Easi to buy al very advantageous prices and can pass the
savings on to you, All hard disc machines ordered with DOS are
fully formatted and ready lo use.
HART MODEL AT-286/16WP COMPUTER

Fully fledged AT286 machine,
cheap enough to use as the
fastest wordprocessor in the
west! Only a few years ago
the AT-286 machine was the
fastest standard office com-
puter known. Now we can offer
the superfast 16MHz version
{earlier ones were only 10 or
12MHz) at such an incredibly
low price that it can be used
in any office or home. Not
only that but ours comes with
ultrafast memory so that
the machine can run in
‘zero wait state’
Advanced features are:-
Full 1MB of memory (Ex-
pandable to 4MB), 102
key UK keyboard, compact desktop case, 1.2MB 5% High
Density Disk Drive and interface card for extra drive,
Graphics/Printer Card, built in Hard Disk Interface
HART AT-286/16WP : : ..., ONLY £277 25
14" FST Hercules monitor, Amber . .....£83
14" Paper White Hercules Monitor. (Both have T/S
Base)...
Trust Writer W/P Software uses Wordstar commands £18 50

40MB AT-286/16UG Hard Disk Computer
Specification as above but with 45MB 25ms hard disk, VGA
Colour Graphics Card with 512K RAM, parallel printer port, 2
serial ports, 1 game port. .. ...£523.50
14" VG A Mono Monitor, Amber £86 70 Paper Whne £89

.£180
£4.50

223 HART AUDIO KITS - YOUR VALUE FOR
MONEY ROUTE TO ULTIMATE Hi-FI

HIGH QUALITY REPLACEMENT
CASSETTE HEADS

LINSLEY HOOD ‘SHUNT FEEDBACK' R.LA.A.
MOVING COIL & MOVING MAGNET PICKUP
PREAMPLIFIER

Modern, ultimate sound systems are evolving towards a
built-in RIAA preamplifier within the turntable unit, keep-
ing noise pickup to a minimum. This new circuit by John
Linsley Hood uses latest generation integrated circuits in
the sonically preferred shunt feedback configuration to give
an accurate and musical sound, with the ability to use both
moving magnet and moving coil cartridges. Power comes
from two 9v PP3 size batteries or a mains power supply
This HART kit is exceptionally easy to build with detailed
instructions and all the specially selected components fit-
ting directly on to the roller tinned fibreglass printed circuit
board. Even the gold plated phono sockets mount directly
on the board

This Kit now comes with latest generation low-noise front
end IC and onboard power stabilisers for any DC input volt-
age between 9vand 30y.

K1500 Special Discount Price for complete Kit... .. £67 99

ALPS PRECISION LOW-NOISE STEREO POTS.

S y«@

To fulfil the need for higher quality controls we are now
importing an exciting new range of precision audio pots in
values to cover most quality amplifier applications. All
in 2-gang stereo format, with 20mm long 6mm dia. steel
shafts, Now you can throw out those noisy ill-matched
carbon pots and replace with the real hi-fi componenis
only used selectively in the very top flight of World class
amplifiers. The improvement in track accuracy and match-
ing really is incredible giving better tonal balance between
channels and rock solid image stability. Motorised versions
have 5v DC Drive motor.

2-Gang 100K Lin
2-Gang 10K, 50K & 100K Log
2-Gang 10K Special Balance
2-Gang 20K Log MOTORISED..
2-Gang 10K Special Balance, M
crosstalk and < 10% centre loss with near
Log/Antilog Tracks)................. T

HART 40MB AT-386/165X EL

Entry level 386 machine for demanding applications at
moderate cost, Spec as our AT286/16WP with 1MB Dram
memory, Mini Tower case, 45MB 25ms hard disk drive, VGA
Colour Graphics Card with 256K RAM

40MB AT-386/16SXEL is..........cc.covvnrein ONLY £634.30 (Ex Vat)
¥ HART 52MB AT-386/20SX UG
A= -

Luxury version of the above with higher processor speed and

amazing 9 millisecond access time hard disk. 2MB SIMM

RAM, Compact Tower Case, VGA 1024 x 768 card with 512K

RAM, upgradeable to 1MB of Video memory.

40MB AT-386/20SX UG...._......cooiiiiiiiiiiiiains ONLY £853.10
OPTIONAL EXTRAS

HART Computers can be ‘custom made' to fit your personal

Send or 'phone for your copy of our List (50p) of these and many other Kits & Components. Enquiries from Overseas
customers are equally welcome, but PLEASE send 2 IRCs if you want a list sent surface post, or 5 for Airmail
\ Ordering is easy. Just write, telephone or fax your requirements to sample the friendly and efficient HART

‘ service. Payment by cheque, cash or credit card. A telephoned or faxed order with your credtt card number will

get your order on its way to you THAT DAY

Please add part cost of carriage and insurance as follows:—INLAND Orders up to £20 - £1.50
Orders over £20 - £3.50 Express Courier, next working day. £10 (For salety all computer parts

are only sent by courler) OV S — Plea

MANUFACTURERS OF QUALITY
AUDIO KITS AND COMPUTERS
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Do you tapes lack treble?. A worn head could be the
problem. For lop performance cassette recorder heads
should be replaced every 1,500 hours. Fitting one of our
high quality replacement heads could restore performance
to better than new! Standard inductances and mountings
make fitting easy on nearly all machines (Sony are special,
see below) and our TC1 Test Cassette helps you set the
azimuth spot on. As we are the actual importers you get
prime parts at lower prices, compare our prices with other
suppliers and see!. All our heads are suitable for use with
any Dolby system and are normally availabie ex stock. We
also stock a wide range of special heads for home
construction and industrial users

HM120 Standard Mono R/P Head AR M) |
HC15 Standard Quality Stareo R/P £2 49
HC66 High Quality Stereo R/P'Head Permalloy £7 98
HS16 Sendust Alloy Stereo Head. .. £16.85

‘HCB0 NEW RANGE High Beta Permalloy ‘Stereo head.

Modern space saver design for easy fitting and lower
cost. Suitable for chrome metal and ferric tapes,
truly a universal replacement head for everything
from hi-fi decks to car players and at an incredible
PRICE EO0 i e e B R e
HQ551 4-Track RECORD & Play Permalloy Head for
auto-reverse car players or quadraphonic recordlng £14.90

£8 30

H524 Standard Erase Head..............oooooooeoiioas £1.90
H561 Hi Field Erase Head for METAL Tapes.................£E3.49
HRP373 Downstream Monitor Stereo

Combination Head e R ...£47 90

Many other SPECIAL cassette Heads in
stock, see our LIST.

REEL TO REEL HEADS
999R 2/4 Record/Play 110mH. Suits Stuart Tape
Circuits
998E 2/4 Erase Head TmH. Universal Mount
Suits Stuart iR s D p £11.98

TAPE RECORDER CARE PRODUCTS
HART TC1 TEST CASSETTE Our famous triple
purpose test cassette. Sets tape azimuth, VU
level and tape speed.... ... i £5 36
DEM1 Mains Powered Tape Head Demagnetizer,
prevents noise on playback due to residual
head magnetisation...............oii £4.48
DEM115 Electronic, Cassette Type, demagnetizer

requirements, at NO extra cost!. Simply select the options you
require. If replacing any item in the standard specification for
that model then deduct the cost of the part not needed
SOFTWARE
MS-DOS 5 L atest Release. Full version. 3.5 or 525" .
DR DOS 6 :yviiitise
Microsoft Windows 3,3 5" or 5 25" Disks
MONITORS
SM1421 AM TU Hercules Mono with FST Tube and Stand,

..£59
L L77
£65

SM1421 PW TU As Above but Paper White Screen —
SM1416A VGA Mono Monitor c/w tilt and swivel stand
AMDOF i ez
SM1416W As Above, Paper white..................
SM1485-00 Super VGA Multisync Colour Monitor, 28" dot
pitch, 50MHz Bandwidth, up to 1024 x 768, c/w stand
KEYBOARDS
K261 102 Key Enhanced UK Layout, Tactile Click, AT/XT
Switchable with dual siope leet (Standard Keyboard supplied
with systems).......... £31
K108 Similar to above single slope feet Alps swilches
KB6153A As above but with heavy metal base
110 and GRAPHIC CARDS
AT Super I/0 Card 2 x FDD, IxIDE, 2 Serial, 1 Parallel, 1 Game
Ports. £2120
Hercules Mono Graphlc & Pnnler card .. £11.70
16-Bit VGA Card, 256K, ..£46 .50
Trident 8900 VGA Card, 512K £67.30
Trident 8900 VGA Card with 1Mb , £86,90
DISK DRIVES
525" 1.2Mb Floppy Disk Drive.
35" 1.44Mb Floppy Disk Drive. s
Adapter to fit 3 5" drive in 525" slot, c/w power adapter .29
45MB 25ms Hard Disk Drive ., =1y
52MB Quantum Hard Disk Lnghtnlng Fast9ms Access

..£235

£36
£44

CASES
WE 611P Desktop Case, Flip Top, 200W PSU._
WE727P Mini Tower Case, 200WPSU._... .
108MP Mini Tower Case, Compact Style .
CT107 Midi TowerCase ..., ...
MOTHERBOARDS

AT-286/16 0K RAM
AT-386-168X OK RAM
AT-386-20SXOK RAM ... .

PLEASE NOTE THAT ALL ITEMS IN THIS
SECTION ARE PRICED EX VAT.

24 hr. SALES LINE

Fax: (0691) 662864

I AUDIO KIT PRICES are VAT
(0691) 652894 IINCLUSIVE. COMPUTER
PRICES EXCLUDE VAT
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Thevenin And Delta

Star Transforms

asy circuit reduction by
P Stephenson.

40

ANALYSIS

s
LoAD
F'I
E

Fig.1 Thevenin objective

oltage drops and currents in complex
networks can usually be found by apply-
ing Ohm’s and Khirchoff’s laws. College
students spend many an absorbing hour
using these two basic tools to unravel cir-
cuit diagrams which, as the course progresses, become
more and more formidable. By the time the dreaded
exams loom, over-enthusiastic lecturers may be pres-
enting diagrams which could easily be mistaken for the
work of Picasso during his middle period.

Ohms law is indispensable but relyi ng ftwo heavily
on Kirchoff alone can often lead to time cansuming,
and sometimes even unnecessary, work. There are
several othér analytical tools which can cut down the
work and, more importantly, lead to a better under-
standing of circuit behaviour. Thevenin’s Transform
and the Star/Delta Transform are two of the most use-
ful examples of such additional tools.

Thevenin’s Transform

Some circuits are easier to analgse and understand if
they can be redrawn in a way vyhich temporarily elimi-

'y. "

ORIGINAL
CIRCUIT

R2 R
10R 5RO

A1
10R

= =
= 16VoLTS

AFTER A
THEVENIN
TRANSFORM

rs 4

5RO
Ry
5R0

E |5VOLTS

Fig.2 Example transform

nates an awkward component in order to arrive at an
itnermediate solution. A powerful circuit dodge,
known as a ‘Thevenin Transform’, employs this two-
stage approach. ;

The object is to reduce a circuit, however com-
plex, to the three element form shown in Figure 1. The
three elements resulting from a Thevenin transform
are referred to as:

a) The equivalent source emf, E.
b} The equivalent source resistance, rg.
c) The load, R,.

The instructions for performing a Thevenin trans-
form, when expressed in the rigid language favoured
by academics, can bea trifle off-putting. It is easier to
understand with the aid of an example, such as the one
shown in Figure 2a, and 2b. I the load is deemed to be
the 5R resistor in Figure 2a then Figure 2b is the trans-
formed version. Three steps are involved:

Step 1. Identify the load terminals and consider the
load removed. The voltage across the open-circuited
terminals is the equivalent EMF source, E.

ORIGINAL

CIRCUIT

2R0 1RO

I H._
el
6 VOLTS
(b)
AFTER A
THEVENIN
TRANSFORM
i
43R
R
1/3R
1 voLT

Fig.3 Unbalanced bridge

Step 2. The equivalent source resistance, rg, is now the
total resistance measured across the load terminals if
the original voltage source is replaced by a short cir-
cuit.
Step 3. Redraw the circuit using only the two new ele-
ments and restore the load back to its terminals.

After the transform, the load resistance will be
unware that it now rests in a different circuit because
the current through it and the voltage across it will be
the same as before. That the process isvalid — and also
time saving — is shown by calculating the load voltage
and current in both circuits.

Using the original circuit shown in Figure 2a:
Total resistance, Ry =~ R, + (R, R/(R, +R.)=13.33
ohms
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ORIGNAL
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Fig.4 Series resonant circuit

Total current = Vg /Ry = 10/13.33 = 0.75 amps.
Voltage drop across R; = 0.75 X 10 = 7.5 volts.
Volts across load = 10 — 7.5 = 2.5 volts. ‘
Current through load = 2.5 volts/5 ohms = 0.5 amps.
Using The Transform In Figure 5
Total resistance = rg + R, = 10 ohms, so current in
load = 5 volts/10 ohms = 0.5 amp.
Volts across load = 2.5 volts/5 ohms = 0.5 amps.
Both results agree but there is no doubt that
method 2, using the Thevenin transform is simpler and
quicker. It may be argued that, although method 1 is
the longer way round, much more information about
the circuit is gained. For example, it has found the total
resistance, the total current, the voltage across R, as
well as the current and voltage across the load. This is,
of course undeniable but this is the very point of The-
venin! It can be used to find the conditions across one
particular component of interest without the drudgery
of first extracting information which may be unwanted
anyway. The resistor values in the example were, of
course, biased in favour of the Thevenin method but
the advantages would be equally evident whatever
values are chosen. It should be emphasised that the
particular resistor defined as the ‘load’ remains a per-
sonal choice — it need not be the ‘outside’ one!

Thevenin Solution Of
Bridge Network

Figure 3 shows a bridge with resistor values which
throws it off-balance. Only when such a bridge is bal-
anced will the current through R, be zero. In this case
however, some current will flow. The problem is — how
much current? The solution requires a certain amount
of juggling with Khirchoff and simultaneous equations.
As shown in Figure 3b, Thevenin again, can help. By
applying the same three steps, the equivalent EMF is 1
volt and the equivalent source resistance is %; ohms.
When the %; ohm load is restored, the total resistance is

ETI FEBRUARY 1992

2 ohms so the current through RY, amp.

Resonant Circuit Example

To emphasise that Thevenin can be used equalywell in
A/D networks, Figure 4a is showing a series circuit
consisting of an inductance, L, having resistance R in
series with a capacitance, C. When the circuit is reso-
nant, a voltage is developed across the capacitor equal
to Q times the supply voltage — where Q is the circuit
magnification factor. Unfortunately, this voltage is
little more than hot air — it is there until itis asked to do
some work! As soon as it senses a load across its termi-
nals, the voltage could plunge downwards, and
become a mere shadow of its former glory.

Although calculating the on-load voltage is not
difficult it can involve a nauseating orgy of j notation.
However, if only the load voltage is required, much of
the tedium can be avoided by employing the Thevenin
transformed version, shown in Figure 4b. Using the
same three steps used in the first example, the equiva-
lent EMF is QVs and the equivalent source impedance
turns out to be a PARALLEL resonant circuitwhichisa
pure resistanee of value L/CR (called the ‘dynamic
impedance’), Z,.

When the load is now connected, the voltage
across it can easily be found because, as Figure 4c
shows, it is the output from a simple voltage divider.
The following calculations, based on Figure 3 show the
conditions before and after the load is connected.
Open-circuited output:

Q=1/R,L/C=707
Output voltage = Q X Vs = 707 volts
Output with load connected:
Thevenin equivalent EMF E = 707 volts.
Thevenin equivalent source impedance = L/CR =
100k
Output voltage is therefore about Yith of 707 = 7.07
volts.
Anyone doubtipg the power of a Thevenin transform
should try calculating this output voltage on load with-
out it! Apart from finding the on-load output voltage, it
is usually more important to determine the lowest load
resistance permissable if the high open-circuit voltage
is to be maintained. To ensure this, the load should be
at least ten times higher than the equivalent source
resistance. As Figure 4¢ shows, this would require a
load of at least 1 Megohm.

SISXTVAY

2
(a)

o9

Ra

Fig.5 Delta to star transfer rules

DELTA EQUIVALENT STAR

The Delta Star Transform

Figure 5a shows a three-terminal ‘delta’ network, so-
called because it resembles the Greek letter of that
name. This network can be quite difficult to crack
when it forms part of a larger network. The delta-star
transform is a useful dodge for changingto the equiva-
lent ‘star’ form as shown in Figure 5b.
Rules for converting
® First add up the value of all three resistors in the
delta form and call this T. :
® The equivalent ‘star’ resistor is then the product of
the two adjacent delta resistors divided by T.

Figure 6 shows a worked example of such a trans-

41



(a)

2RO 3R0

5RO

Fig.6 Example figures

form. The value of T in the delta form is 2+3+5=10.
So, applying the rule to find the equivalent star form:
R, = (2X3)/10 = 0.6 ohm :

R, = (3X5)/10 = 1.5 ohm

R; = (2X5)/10 = 1.0 ohm

Now, if a sealed ‘black box’ contained one of
these forms. with its three terminals brought out, it
would be impossible to tell by any external testing
methods, whether the black box contained a delta or

the equivalent star form!

(b}

uﬂ:v\j
A TR0 -
O AANA o

e

UNBALANCED BRIDGE

(e)

FINAL REDUCTION STEPS

Fig.7 Unbalanced bridge example

AFTER DELTA/STAR TRANSFORM

Using Delta/Star in bridge
networks

Figure 7 shows an unbalanced bridge network and the
problem is to find the total resistance across the termi-
nals Aand B. Atfirst sight, this may seem likea straight-
forward exercise invelving parallel and series resistors.
But, after a few abortive attempts it is soon realised
that the awkward resistor in the middle is a serious
obstacle. The difficulty vanishes if ane of the deltas is
converted to the equivalent star form. Either of them
can be taken but a glance at the example reveals that
the left hand delta has the easier figures — the value of
T works out to a nice round value of ten. Figure 7b
shows the star equivalent of the left hand delta, drawn
in daotted lines for emphasis. By applving the rules
given above, the star values work out to:

R, = (3X5)/10 = 1.5 ohms.

R, = (6X2)/10 =1.0

1R4

:}O—f\fxﬂ/sv—o ohm

R, = (3X2)/10 = 0.6 ohm

Theresultant network is now free of that awkward
resistor which was in the middle. Figure 7¢ shows the
final steps — which, hopefully require no explanation —
leading to the 2.5 ohm result.

électronize
CAR ALARNM KITS

MICRO-PRESSURE CAR ALARM

This new lype of alarm is friggered by a unique pressure sensing system. As

any vehicla door is opened air is drawn out, cauging a minute drop In air

pressure. A sensor detects this sudden pressure change and seis off the

alarm. An slectronic filter, tuned 10 only 3Hz., and adjustable sensitivity avoid

false alarms whils an arrangement of timers provide automatic operation,

% Operates on all doors and tallgate - no switch ded.

# Automatically armed 40 seconds atter leaving vehicle, &

# 10 second entry delay with audible waming. ( 0.5 second avallable.)

# Sounds horn or siren intermittently for 30 seconds - then re-arms,

¥ Easy fitting - only 3 wires to connect - no holes 1o drill.

# Controlled by Ignition switch, hidden switch or coded remote control.

(The optional siren and coded remate control are supplied separately,)
MICRO-PRESSURE ALARM Parts kit £15.95 Assembled £22.35 T

NEW copep 1/ REMOTE CONTROL
Qur latest addition allows control of our alanms from outside the vehicle. Bath
transmitter and recelver use a chip designed specially for car security systems
with 58,046 code combinations, You can even set your own code, with several
vehicles on the same code or several ransmitters for one vehicle if required
“ High security, customer selected, 24 bit code,
# Key-ring transmitter with long life minature alkaline battery.
“ High power infra-red emitter with range up to 5 metres.
# Low proflle dash top receiver/decoder.
% Flashing high intensity red L.E.D. warns off Intruders,
“ Green L.E.D. shows alarm Is off.
Use the coded transmitter and receiver with our Micro-Pressure or Volt Drop
alarm to form a coded remote controlled system.
CODE TRANSMITTER Parts kit £13.95 Assembled £17.95
B CODE RECEIVER Parts kit £21.35 Assembled £26.55
Also available :-
VOLT DROP CAR ALARM Parts kit £14.90 Assembled £20.95
120dB PIEZO SIREN Assembled £11.85
MICRO-PRESSURE TRIGGER Parts kit £10.95 Assembled £14 .95
EXTENDED CDI IGNITION Parts kit £22.75 Assembled £28.45
All the above Include cable, connectors and cisar easy to tollow instructions.
All kits include case, PCB, everything down to the |ast washer, even solder,
All prices now include post. packing and VAT on U.K. orders. Same pricas
appiy to all European countries. For delivery outside Europe please add £3,
Telep orders pted with VISA or ACCESS payment.
Order direct (please guote ref. ET2) or send for more details from :-

ELECTRONIZE DESIGN Tel. 021 308 5877

2 Hillside Road, Four Oaks, Sutton Coldfield, B74 4DQ

Clayton Wood Close

DATONG lenss oee

ELECTRONICS LIMITED Tel: 0532 744822
Fax: 0532 742872

l For products you can rely
upon to give amazing results

For information on Active
Antennas, RF Amplifiers,
Converters, Audio Filters, the
Morse Tutor and Speech
Processors send or telephone
for a free catalogue and
selective data sheets as
required.

All our products are designed
and made in Britain.

Orders can be despatched
within 48 hours subject to
availabifity.

— VISA AND ACCESS WELCOME — PN

> )))))
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BBC Model B APM Board

£100 CASH FOR THE

system on large networked systems the architecture of the BBC
board has so many similarities to the reguiar BBC model B that
we are sure that with a bit of expenmentaﬁon and ingenuity many
usatul applications will be found for this boardil |t is suppiled
complete with a conneclor panel which brings all the 1O to 'D’
and BNC type connectors - all you havs o do Is provide +5 and
+ 12v DC. The APM consists of a single PCB with most major
ic's sockeled. The Ic's are 1oo mumerous to iist but indude a
6602, RAM and an SAAS050 teletexi chip. Three 27128
EPROMS contain the custom operating system on which we
have no data, On application of DC power the system boots and
provides diagnostic information on the video output. On board
DIP switches and jumpers select the ECONET address and
enable the four extra EPROM sockets for user software. ]
dims: main board 13" x 10™. VO board 14" x 3", Supplied tested
with clrcult dlagram, data and competition entry form.

Only £29 95 or 2 for £53 ®)

MONITORS
MONOCHROME MONITORS
THIS MONTH'S SPECIAL!
There has never been a deal like this onel
Brand ng new & boxed monitors
from NEC, normally selling at about £1401
These are over-engineered for ultra
rellability. 9" green screen composite Input
with etched non-glare screen plus switch-
able highlow impedance Inpul and output
for daisy-chaining. 3 front confrols and & at rear. Standard BNC
sockets. Beautiful high contrast screen and atiractive case with
camying ledge. Perfect as a maln or backup monitor and for
quantity usersl  ©£39 95 each () or 5 for £185(q)
CALL FOR DISCOUNTS ON HIGHER QUANTITIES!
COLOUR MONITORS
Decca 167 B0 budget range colour monitor. Features a PIL tube,
beautiful teak style case and guaranteed 80 column msoh.lﬁon
fealures usually seen only on colour monitors costing 3 times
our prical Ready to connect to most computers or video o is.
750 composlite input with integral audio amp & speaker.
tested surplus, sold in lithe or hardly used condition with 90 day
full RTB guarantee. ldeal for use with video recordar or our
Telebox ST, and other audio visual uses. £99(E) VEZ75(G)
20", 22" and 26" AV SPECIALS
Superbly made UK manufacture. PIL all solid state colour
maonitars, complete with composite video & sound inputs, Atirac-
tive teak style case. Perlect tor Schools,Shops,Disco, Clubs.
In EXCELLENT little used condition with full 90 day guaranlse

20"....£135 22"...£155 26"...£185 ()
CALL FOR PRICING ON NTSC VERSIONS!

HI-DEFINITION COLOUR MONITORS
Brand new 12" mutliinput high definition
colour monitors by Microvitek. Nice tight
0.31" dot pitch for superb clarity and
modem metal black box styling. Operates
from any 15.625 khz sync RGB video
source, with elther Individual H & V synecs
such as CGA IBM PC's or RGB analog
with compaosite sync such as Atari, Com-
modore Amiga, Acomn Archimedes & BBC. Measures only 14" x
12" square. Free data sheet including connection Information. .
Will also function as qualil'E‘V with our RGB Telebox.

Only (E}

at a lower than ever pricel Completely CGA equivalent. Hi-res
Mitsubushl 0.42 dot pitch giving 669 x 507 pixels. Big 28 Mhz
bandwidth. A super monitorin atiractivs style moulded case.Full
90 day guarantee.

oy £129 ¢
NEC CGA BM-PC compatible. High quality ex-equipment fully
tested with a 80 day guarantes. In an aftractive two tone ribbed
grey plastic case measuring 15"L x 13"W x 12"H. A tenific
purchase enables us to pass these on atonly... £79 )

V22 1200 BAUD MODEMS

Master Systems 2/12 mlcropmcessoroovﬂmlled V22 full duplex
1200 baud modem. Fully BT approved unit, provides standard
V22 high speed data comm, whlt:h al 120 cps, can save your
phone %III and connect time by a staggering 75%| Ultra slim 45
mm high. Full featured with LED status indicators and remote
error dlagngstics. Sync or Async use; speech or data switching;
bullt In 240v mains supply and 2 wire connection fo BT. Units
are in used but good condition. Fulutastad prior despaich, with
,data and a full 80 day guarantee. Whal more can you ask for -

and at this pricell ONLY £69 (D)

Brand new Centronic 14" monitor for IBM PC and compatibles

MAIL ORDER & OFFICES
Open Mon-Fr 8.00-5.30
Dept ET, 32 Biggin Way,
Upper Norwood,
London SE19 3XF.

IBM KEYBOAHD DEALS

replacement or backup keyboard, switchable for IBM PC,
PC XT or PC-AT.LED's far Caps, Scroll & Num Locks, Standand

WIN g100 MOST NOVEL 84 nelybaardfayout MadezyNCH for the English & US markets.
RSH‘ DEMONSTRATABLE Absolutely standard. Brand new & boxed with marual and key
template for user slogans on the function keys. Ar!ractlve

APPLICATION! beige,grey and cream: finish, with the usual relractable leg
BBC Model B type computer on a board. A major purchase Undemeath. A generous length of curly cord, !eminaungintre
allows us to offer you the PROFESSIONAL version of the BBC Standard 5 pin DIN piug. A beauliful clean piece of manufac-
computer at a parts only price. Used as a fronl end graphics Urers surplus. What a deall (B} 52175 (D}

Brand new and boxed 84 key PC/XT type keyboards in standard
I1BM grey with very attractive mottied finlsh and "dicky” solid feel
keys. 10 function keys on side. English layout and £ sign. Green
LEDs for Caps, Scroll & Num locks. £29.95 (B) 5135 (D)

CALL FOR DISCOUNTS ON HIGHER QUANTITIES!
FLOPPY DISK DRIVES

BARGAINS GALORE !

NEW 5'4 inch from £29.951

Massive purchases of standard 514" drives enables us to

present prime product at industry beating iow pricesl All units

{unless stated) are removed from often brand new equipment §

and are fully tested,aligned and shi to you with a 90 day

guarantee and operate from +5 & +12vdc, are of standard size
and acoe 1 the standard 34 way connector.

TM100-2A IBM compatible DS £39.95(C)

GANON TEC etc.DS half height.State 40 or 80T  £79.00(C!

TEAC FD-55-F. 40-80 DS half height. BRAND NEW _£79.00(C)

# Sgecials! %

TEAC FD-55 hall height series In your cholce of 40 track

double sided 360k or 80 track double sided 720k. Ex-equip-

ment fully tested in excellent condition with 90 day warranty.
rder TE-36 for 360k £20.95(C) or TE-72 for 720k £39.95(C

CHOOSE YOUR 8 INCH!

Shugart 800V801 SS refurbished & tested £150.00(|
Shugert 851 dauble sided refurbished & lested  £225.00(
Mitsubishi M2894-63 double sided swilchable

hard or soft sectors- BRAND NEW £250.00(E)

SPECIAL OFFERSI!
Dual 8" drives with 2 megabyle capadity housedIn a smart case

with built in power supplyl Only £499.00 (F)

Ideal as exterdor drivesl

End of line purchase ! Brand new NEC D2246 8" 85
megabyte of hard disk storage| Full CPU control and Industry
slandard SMD interface. Ultra hi transfer and access ime
leaves the good old ST506 interface 5tandlng In mint cordﬁun

and comes complete with manual. Only....

o AFFORDABLE 10 Mb WINCHESTEHS

A taniastic deal - 10mb (formatted) Winchester for £39.95|
Tandon TM502 full height ST506 Interface. Use it as a second

hard drive on your presenl driver card or as a starter into :

Winchester land - see the driver card listed below. In excellent
used condition, guaranteed for 90 days.... .-£39.95(C)
Hard disk driver card, enmpleie with cah!os maﬂy to plug into

A 5{A

Brand new and boxed 230 volts unimermuptable power supplies %

from Densel. Model MUK 0565-AUAF s 0.5 kva and MUD
1085-AHBH Is 1 kva. Both have sealed lead acid batteries, MUK
are Intermal, MUD has them in a matching case. Times from
irltenupt are b and 15 minutes raspedlwlv Complete with full

eration manuals........... MUK.....E248 MUD......£525 (G

LEAD ACID
Maintenance fee sealed long life. Type A300.
12 volts 12 volts 3 amp/hours £13.95(A
6volts 6 volts3 amp/hours £ 9.95(A

2vo|ts Centre tapped 1.8 amp hours. RFE.
72 voits 12 voiis 38 amp hours.7-1/2"L x6"S.RFE £35.00(8) T,

EXTRA Hi- CAPACITY NICKEL CADMIUM

Super high capacity ©hloride Alcad 12

volts refillable type XL1.5. Electrolyte is

readily avallable Potassium Hydroxide. In

banks of 10 cells per 8"H x 24"L x 5.5"D wooden casa. Each cell

measures 8"H x 1.75"L x 4'D, Can be easlly separated. ldeal
: power applications. Ex MoD, like new..£40.95 (E

SPECIAL INTEREST

Newton Derby !m(i:lency changara phase 50hz to

3 phase 400hz. 15 kva ouiput,

Trio 0-18 vdc bench PSU. 30 amps. New

Fujitsu M3041 600 LPM band printer

DEC LS/02 CPU board

Rhode & Schwarz SBUF TV test transmitter

£2900
£ 470
£2950
£ 150

25-1000mhz. Complete with SBTF2 Modulator £6500
Calcomp 1036 IarPe drum 3 pen plotter € 650
Thur|b¥ LA 1608 logic analyser £ 375

15v 60hz power source £ 950
Tektronlx R140 NTSC TV tesl signal standard. £'875
Sony KTX 1000 Videotex system - brend new £ 650

ADDS 2020 VDU terminals - brand new
Sekonic SD 150H 18 channel Hybrid recorder
Trend 1-8-1 Data transmisslon test set
Kenwood DA-3501 CD tester, laser pickup simulator

E 225
£2000

Surph.l. -Imy-
wanted for c‘d‘li

Superb Quality 6 foot 40u
19" Rack Cabinets

Massive Reductions
Virtually New, Ultra Smart!

Less Than Half Price!

Top quality 19" rack cabinets made In UK
by Optima Enclosures Lid. Units feature
designer, smoked acrylic lockable front
doaor, lull height lockable half louvered back
door and removable side panels. Fully ad-
justable internal fixing struts, ready
punched for any configuration of equipment mounting plus ready
mourted Imtegral 12 way 13 amp socket switched mains distribu-
tion strip make these racks some of the most versatile we have
ever sold. Racks may be stacked side by side and theretore
require only two side panels or stand singly. Overall dimensions
are 77-1/2"H x 32-1/2°D x 22"W. Order as:

Rack 1 Complete with removabie side panels....
Rack2 Lessside

-.£275.00 (G)
£145.00 (G

—POWER SUPPLIES

Power One SPL200-5200P 200 watt (250 w peak).Seml open
frame glving +5v 35a, -6v 1.5a, +12v 4a (Ba peak), -12v 1.5a,
+24v 4a (6a peak). All outputs fully regulated with over vollage
C} protection on the +5v output. AC Input selectable for 110/240

vac. Dims13” x 6" x 2.5%, Fully guaranteed AFE.  £85.00 (B)

Power One SPL130. 130 walls. Selectable for 12v {(4A) or 24 v
(2A). 5v @ 20A. 1 12v @ 1.5A. Switch mode. New.  £50.95(B)
Astec AC-8151 40 watts. Switch mode. +5v @ 2.5a. +12v @
2a.-12v @ 0.1a. 6-1/4" x 4" x 1-3/4" New E£18.85(B)
Greendale 19ABOE 60 watls switch mode.+5v @ 6a,t12v @
1a-15v @ 1a. RFE and fully tested. 11 x 20 x5.5cms. C)
Conver AC130. 130 watt hi-grade VDE spec.Switch mode.+5v
@ 15a,-5v @ 1a,£12v @ 6a.27 x 12.5 x 6.5cms.New.

£49.95(C)

Boshert 13090.5witch mode.ldeal fordrives & system. +5v@ Ba,

+12v @ 2.5a, -12v @ 0.5a, -5v @ 0.5a. 22.995(3)
Famell G&/40A. Swilch mode. S5v @ 40a.Encased £95.00(C)

COOLING FANS
Please specify 110 or 240 volis for AC fans.

3inch  AC. 112" thick £ 8.50(8
312inch AC ETRI slimline.Only 1" thick. £ 0.05
31/2inch AC 230 v 8 walts_ Only /4" thick

dinch  AC 110/240v 112" thick.

10inch  AC round, 312 thick. Rotron 110v

10 inch
60 mm
80 mm

As above but 230 voits

DC 1" thick.N0o.812 for 6/12v.814 24v.
DC 5 v, Papst 8105G 4w. 38mm. RFE.
DC 12v. 18 mm thick.
DC 12v. 12w 112" thick
DC 24v Bw. 1" thick.

= AMAZINGTELEBOX!

TVSOUND
& VIDEO
TUNER!

Branﬁ naw h‘igh quality, fully cased, 7 channel UHF PAL TV tuner
vﬁe m. Unit simply connects to your TV aerial socket and colour
omorﬂlurtun'lngsamlrﬂoa labulous colour TV. Domt worry
nrwr monitor does'nt have sound, the TELEBOX even has an
ral audio amp for driving a speaker pius an auxillary output
for Headphones or Hi Fi system etc. Many other features: LED
Status indicator, Smart moulded case, Mains powered, Buill to
BS safetly cs, Many other uses for TV sound or video ste.
Supplied Bl D NEW with full 1 year guarantee.
x ST for composite video inpul monitors
Telebox STL as ST but with integral speake
Telebox RGB for analogue RGB monitors.
RGB Telebox also suitable for IBM multisylne
analog and composite sync. Overseas versions VHF & UHF call.
SECAM / NTSC not available.

BRAND NEW PRI

TECG Starwriter Model FP1500-25 daisywheel printer renowned
for its reliabllity. Diablo gpe print mechanism gives superb
registration and quality. On board mlcmfmeessur gives full
Diablo/Qume command capabllity. Se RS-232C with full
handshake. Bidirectional 25 cps, switchable 10 or 12 pitch, 136
cpl In Pica, 163 in Ellte chtlon or tractor 1eed ull ASCIl
Including £ sign, Font and ribbon Diablo compatible........£199(E)
DED DPG21 miniature ball point pen printer plotier mechanism
with full 40 characters per line. Complete with data sheet which
Includes circult diagrams for simple driver electronics......£49(B)
Centronics 150 series. Always known for their reliabllty in
continuous use - real workhorsas in any environment. Fast 150
cps with 4 fonts and choice of interfaces at a fantastic pricel
158-4 Serial up to 9.57 paper, fan fold tractor... +..£ 89,00(E!
1504 Serialup to 9.5" r, tractor, roll or sisheel....£1
152-2 parallel up to 14.5" paper, tractor or s/sheet.....

CALL FOR THE MANY OTHERS IN STOCK.

LARGE QUANTITIES OF OSCILLOSCOPES AND TEST GEAR (-'II.WHYS AVAILABLE - CALL NOW!

LONDON SHOP
100's of bargains!
Open Mon-Sat9-5.30
215 Whitehorse Lane,
South Norwood,
London, SE25.

000's of lterms+in
vai,vaza Vv

DISTEL @ The Orlginal
Free dlal-up database!

081-679-1888

ALL ENQUIRIES
081-679-4414

Fax-081-679-1927
Telex- 894502

fo On Lin
22 bis

All prices for UK Mainland. UK custome s add 17.5% VAT fo TOTAL order amount. Minimum order £10. PO orders from iz & Local Authorits

welcome-minimum accourt order £25, cemagod'upon (N-£200 (B)-ﬁﬂ) {C)=£8.50. (D)=£11.50. (E)=£14 .00 (F)=£18.00 (G):Cal! Allgoods supplied subject to our
standard Conditione of Sale and une: 90 days. AB on a retum o base basis. We reserve the right to change prices & specifications
without prior notice. wwmwmkwmwhm@rﬂmhnhaw Bulk surplus atways required for cash,

-ELEE TRONICS -




AMSTRAD PORTABLE PC'S FROM £149 (PPC1512SD).
£179 (PPC1512DD). €179 (PPC1640SD). £209
(PPC1640DD). MODEMS £30 EXTRA.NO MANUALS OR
PSu.

HIGH POWER CAR SPEAKERS. Stereo pair output 100w each.
4ohm impedance and consisting of 6 1/2" woofer 2" mid range and
1"tweeter. ideal to work with the amplifier described above. Prce per
pair £30.00 Order ref 30P7R.

2KV 500 WATT TRANSFORMERS Suitable for high voltage
experiments or as a spare for a microwave oven etc. 250v AC input.
£10.00 ref 10PO3R

MICROWAVE CONTROL PANEL Mains operated, with touch
switches. Complete with 4 digit display, digital clock, and 2 relay
Sulputs one for power and one for pulsed power (programmabile).
Idealfor all sorts of precision timer applications etc. £6.00 ref 6P18R
FABRE OPTIC CABLE.Stranded optical fibres sheathed in black
PVC. Five matre length £7.00 ref 7P20R

12V SOLAR CELL.200mA output ideal for trickle ,&b
chargnnng etc, 300 mm square, Our price £15.00 ref ’
15P42|

PASSIVE INFRA-RED MOTION SENSOR.
Complete with daylight sensor, adj te ights
on timer (8 secs -15 mins). 50' range with a 90
deg coverage. Manual overids facifty. Com-
plets with wall brackets, bulb holders ete, Brand
new and guaranteed. £25 00 raf 25P24R

Pack of wo PAR38 bulbs for above unit £12.00
ref 12P43R

VIDEO SENDER UMIT Transmit both audio and vidso signals
from either a video camera, video recorder or computer to any
standard TV set within & 100° range! (tune TV to a spare channel)
12v DC op £15.00 ref 15P38A Suitable mains adaptor £5.00 ref
SP1gA

FM TRANSMITTERhoused in a standard
(bug is mains driven). £26.00 ref 26P2R
MINATURE RADIO TRANSCEIVERS A pair of g ..
walkie talkies with a range of up to 2 kilometres. Units i Fgﬁ
measure 22x52x155mm, Complete with cases, £30.00 |} 2 WA
ref 30P12R lﬂ I
FM CORDLESS MICROPHONE.Small hand held unit /’ i
with & 500" rangel 2 transmil power levels reqs PP3 battery. Tun-
eable to any FM receiver. Our price £15 rof 15P42AR

12 BAND COMMUNICATIONS RECEIVER.o shot ™~ -
bands, FM, AM and LW DXlocal switch, luning 'eye’ mains Eﬁ
or battery. Complete with shoulder strap and mains lead [tse= =
NOW ONLY £19.00!! REF 19P14R.

WHISPER 2000 LISTENING AID.Enables you to hear sounds
that would otherwise be inaudible! Complete with headphones.
Cased. £5 00 ref 5P179/,

CAR STERED AND FM RADIOLow cost steren system giving
5 watts per channal Signalte ncise ratio batter than 45db, wow and
fluttar loss than 35%. Neg earth. £25.00 ref 25P21R,

LOW COST WALIKIE TALKIES Pair of battery oper- [ ]
ated units with a range of about 200 Our price £8.00a | | ,.
pair ral BP50R b g

7 CHANNEL GRAPHIC EQUALIZERbius 2 60 wan |-

Power ampl 20-21KHZ 4-8R 12-14v DG negative sanh, Cased. £25
ref 25P1 4R

NICAD BATTERIES. Brand new top quality. 4 x AA's £4.00 ref
4P44R. 2 x C's £4.00 ref 4P73R, 4 x D's £9.00 ref 9P12R, 1 x PP3
£6.00 ref 6P35A 1

TOWERS INTERNATIONAL TRANSISTOR SELECTOR
GUIDE. The ultimate equivalents book. Latest edition £20.00 ref
20P32R.

CABLE TIES. 142mm x 3.2mm white nylon pack of 100 £3.00 ref
3P104R. Bumper pack of 1,000 ties £14.00 ref 14P6R

tking 13A adap

1992 CATALOGUE AVAILABLE NOW
IF YOU DO NOT HAVE A COPY PLEASE REQUEST ON|
WHEN ORDERING OR SEND US A 6"X9" SAE FOR A FRE|
COPY.

GEIGER COUNTER KIT.Complate withtube, PGB and allcompo-
nents to build a baltery operated geiger counter, £39.00 ref 39P1R
FM BUG KIT.New design with PGB embsdded cail, Transmits to
any FM radio. 9v battery req'd. £5.00 rel 5P158R

FM BUG Built and tested superior gy operation £14.00 ref 14P38
COMPOSITE VIDEO KITS, These convert composite video into
separate H sync, V sync and video. 12v DC. £8.00 ref 8P398
SINCLAIR C5 MOTORS 12v 284 (ful load) 3300 mpm 6*x4" 1/4"
O/P shaft. New. £20,.00 ref 20P22R

As above but with fitted 4 to 1 iniine reduction box (BOOmm) and
toothed nylon balt drive cog £40.00 ref 40P8R.

SINCLAIR C5 WHEELS13" or 16" dia inchuding treaded tyre and
innertube. Wheels are black, spoked one pisce poly carbanate. 13*
wheel £6.00 ref 6P20R, 16" wheel £6.00 ref 6P21R.
ELECTRONIC SPEED CONTROL KiTor c5 motor. PGB and all
componants fo bulld a speed controller (0-95% of speed), Usas
pulse width modulation. £17.00 ref 17P3R

SOLAR POWERED NICAD CHARGER.Charges 4

AA ricads in 8 hours, Brand new and cased £€.00 rel

6P3R.

12 VOLT BRUSHLESS FANS 1/2* square brand new ideal for
boat, car, caravan etc. £5.00 ref 5P206

ACORN DATA RECORDER ALF503 Mads for BEG computer
but suitable for others. Includes mains adapter, leads and book,
£15.00 ref 15P43R

VIDEOQ TAPES. Three hour superior quality tapes made under
licance from the tamous JVC company. Pack of 10 tapes £20.00 ref
20P20R
PHILIPS LASER. 2MW HELIUM NEON LASER TUBE.
BRAND NEW FULL SPEC £40.00 REF 40P10R. MAINS
POWER SUPPLY KIT £20.00 REF 20P33R READY BUILT
AND TESTED LASER IN ONE CASE £75.00 REF 75P4R.
6V 10A lad battery by yuasha ex equipment but
in exceilent condition now only 2 for £10.00 ref 10Pg5R.

12 TO 220V INVERTER KITAs supplied it will handle up to about
15w at220vbutwith alargertransformeritwill handie 80 watts. Basic
kit £12.00 ref 12P17R. Larger transformer £12.00 ref 12P41R.

VERO EASI WIRE PROTOTYPING SYSTEM)deal for design-
ing projacts on etc. Complete with tools, wire and reusable board.
Our price £6.00 ref 6P33R.

MICROWAVE TURNTABLE MOTORS. Ideal for window dis-
plays etc. £5.00 ref 5P165A.

STC SWITCHED MODE POWER SUPPLY220v or 110vinput
9iving Sv al 2A, +24v at 0.25A, +12vat 0.15A and +90v at 0.4A £6.00
ref 6PSGH

HIGH RESOLUTION 12" AMBER MONITOR!2v 1.5A Hercu-
les compatible {TTL input) new and cased £22.00 ref 22P2R
VGA PAPER WHITE MONO monitors new and cased 240v
AC. £58.00 ref 59P4R

25 WATT STEREO AMPLIFIER:. STK043. With the addition of
a handful of components you can build a 25 watt amplifier. £4.00 ref
4PE9R (Circuit dia included)

LINEAR POWER SUPPLY Brand new 220v input 45 at 3A, 412
at 1A, -12 at 1A. Shont circuit protected. £12.00 ref 12P21R

MINI RADIO MODULE Only 2* squara with farrite asrial and wurisr.
Superhel Reg's PP3 battery. £1.00 ref BD716R

BARGAIN NICADS AAA SIZE 200MAH 1.2V PACK OF 10
£4.00 REF 4P92R, PACK OF 100 £30.00 REF 30P16R

%

\

£2.00

FRESNEL MAGNIFYING LENS 82 x 52mm £1.00 ref BD&27R
ALARM TRANSMITTERS. No data avaliable but nicely made
UNIVERSAL BATTERY CHARGER.Takes AA's, C's, D's and
PP3 nicads. Holds up to 5 batterias a1 once. New and cased, mains
operated, £6 00 ref 6P36R.

AMSTRAD CTM644 \1

RGB:-INPUT

£75.00 REF A75P1
metal film. £5.00 ref 5P170R.
CAPACITOR PACK 1.100 assorted non eloctrolytic capacitors
£2.00 ret 2P286R.
ref 2P287R, R
QUICK CUPPA? 12vimmersion heater with lead and cigar lighter
plug £3.00 ref 3P92R.
£8.00 ref BP52R )
FERRARI TESTAROSSA. A true 2 channel radio controlled car
with forward, reverse, 2 gears plus turbo. Working headlights.

complex ransmitters Ov operation, £4.00 each ref 4P81R
COLOUR MONITORS

RESISTOR PACK. 10 x 50 values (500 resistors) all 1/4 watt 2%

CAPACITOR PACK 2. 40 assorted slectrolytic

LED PACK .50 red leds, 50 green leds and 50 yeliow leds all 5mm

£22.00 ret 22P6R

s

MIRACOM WS4000 MODEMS
v21/23
AT COMAND SET
AUTODIAL/AUTOANSWER
FULL SOFTWARE CONTROL
TONE AND PULSE DIALLING

£29 y

Input plug disc drive and mother board fly leads. Our price is £5.00
(lmss than the tan alone would costl) ref SP208R
HIGH VOLTAGE CAPACITORS
A pack of 20 SO0PF 10KV capacitors ideal forionizers TV repairs and
high voltage expenmants etc. Price is £2.00 ref 2P3788
DATA RECORDERS
Customer returned mains battery units builtin mic ideal for Computer
or genanal purpose audio use. Price is £4.00 ref 4P100R
SPECTRUM JOYSTICK INTERFACE
Plugs into 48K Spectrum to provide a standard Atari type joystick
port. Qur price £4.00 ref 4P101R
ATARI JOYSTICKS
Ok for use with the above interface, our price £4.00 ref 4P102R
BENCH POWER SUPPLIES
Superbly made fully cased (metal) giving 12v at 2A plus a 6V supply.
Fused and shor circuitprotected, For sale atless than the costof the
case! Our price is £4.00 ref 4P 103
SPEAKER WIRE
Brown twin core insulated cable 100 feet for £2.00 REF 2P79R
MAINS FANS
Brand new 5" x 3" complete with mounting plate quite powerfult and
quite. Our price £1.00 ref CD41R
DISC DRIVES
Cust imed units mied (up t01.44M) We have not
sorted these so you just get the next one on the shell, Price is only
£7.00 ref 7P1R (worth it even as a sinpper)
HEX KEYBOARDS :
Brand new units approx 5* x 3% only £1.00 each ref CD42R
PROJECT BOX
51/2° x 31/2" x 1" black ABS with screw on lid. £1.00 ref CD43R
SCART TO SCART LEADS
Bargain price leads at 2 for £3.00 ref 3P147R
SCART TO D TYPE LEADS
Standard Scart on one end, Hi density D type on the other. Pack of
ten Ieads only £7.00 ref 7P2R
OZONE FRIENDLY LATEX
250m| bottle of iquid rubber setsin 2 hours. Ideal for mounting PCB's
fixing wires etc. £2.00 each ref 2P379R
QUICK SHOTS
Standard Atari compatible hand controller (same as joysticks) our
price is 2 for £2.00 ref 2P380R
VIEWDATA SYSTEMS
Brand new units made by TANDATA complete with 1200/75 builtin
modem infra red remote controlled qwerty keyboard BT appproved
Prastel compatible, Centronics printer port RGE colourand COMpos-
ite output (works with ordinary television) complate with powsr
supply and fully cased. Our price is anly £20,00 ref 20P1R
3 INCH DISCS
ldeal for Amstrad PCW and Spectrum +3 machines pack of 10discs
is £12.00 ref 12P1R
AC STEPDOWN CONVERTOR
Cased units that convar 240v to 110v 3" x 2* with maine input lead
and 2 pin American output sockst (suitable for resistive loads only}
our price £2 00 ref 2P381R
SPECTRUM +3 LIGHT GUN PACK
complete with software and instructions £8.00 ref 8P58R
CURLY CABLE
Extends from 8"to & feet! D connector on one end, spade connectors
on the other ideal for joysticks etc (6 core) £1.00 each ref CD44R
COMPUTER JOYSTICK BARGAIN
Pack of 2 joysticks only £2.00 ref 2P382R
MINI MONO AMPLIFIER PACK
4 ampilifiers for £2.00! 3 watt units 9-12v operation ideal for experi-
ments etc £2.00 ref 2P383R
BUGGING TAPE RECORDER
Small hand held that only when there is
sound then turn off & seconds after soyou couIJleave itina room all
day and just record any thing that was said. Priceis £20.00 ref 20P3R
IEC MAINS LEADS

lete with 13A plug our priceis only £3.00 for TWO! ref 3P148R

PIR UGHT SWITCH Replaces a standard Baht switch in saconds
ight operates when anybody comes within datection range (4m) and
stays on for an adjustable time (15 secs 1o 15 mins). Complate with
daybaht sensor. Uinit alsadunctions as a dimmar switch! 200 wall
max. Not suitabls for flourescents, £14.00 raf 14P108
CUSTOMER RETURNED 2 channel full function radio controlied
cars only £8.00 ref 8P
WINDUP SOLAR POWERED RADIO! FM/AM radio 1akes re-
h le batt plete with hand charger and solar panel
14P200R id

240 WATT RMS AMIP KIT Stereo 30-0-30 psu requirdd £40.00 ref
40P200R

300 WATT RMS MONO AMP KIT £55.00 Psu required ref
55P200

ALARM PIR SENSORS Standard 12valarm typesensorwillinter-
face to most alarm panels. £16.00 ref 16P200

ALARM PANELS 2 zone cased keypad entry, entry exit ime delay
etc. £18.00 rel 18P200

MODEMS FOR THREE POUNDS!!

Fully cased UK modems designed for dial up system (PSTN) no data
or info but only £3.00 ref 3P1458

TELEPHONE HANDSETS

Bargain pack of 10 brand new handsets with mic and spaaker only
£3.00 ref 3P146R

BARGAIN STRIPPERS

and c llent

Computer keyboards. Loads of switch
value at £1.00 ref CD40R

PC POWER SUPPUIES

These units are new but need attention complete with case, fan IEC

273 230

SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE U

©
COMPUTER SOFTWARE BARGAIN
10 cassettes with games for commodore
bargain price one pound! ref CD44R
NEW SOLAR ENERGY KIT

Contains 8 solar cells, motor, tools, fan etc plus educational booklet.
Ideal for the budding enthusiast! Price is £12.00 ref 12P2R

FUSE PACK NO 1

Fitty fuses 1 1/4" long (glass) quick blow 10 popular values £2,00 ref
2P384R

FUSE PACK NO 2

Fifty fuses 20mm long (glass) quick blow 10 popular valies £2 00 ref
2PassR

POTENTIOMETER PACK NO 1

30 pots for £3.00! ideal for projecta etc. Ref CD4SR

286 AT PC

266 MOTHER BOARD WITH 640K RAM FULL SIZE METAL
CASE, TECHNICAL MANUAL, KEYBOARD AND POWER SUP.
FLY £139 REF 139P1 (no i/o cards or drives included)

64, Spectrum etc. Our

35MM CAMERAS Customer returnad units with built in flash and¥
28mm lens 2 for £8.00 ref 89200 1
STEAM ENGINE Standard Mamod 1332 v
engine complete with boiler piston etc £30
ref 30P200
TALKING CLOCK
LCD display, alarm, battery operated
Ciock will announce the time at the,
push of a button and when the
alarm is dua. The alarm s switchabla =T
from voice to & cock crowing!£14,00 ref 14P200.R
HANDHELD TONE DJALLERS
Bmall units that are designed 1o hold over the mouth piece of a
telephone to send MF dialling tones. Ideal for the remote control of
answer machines. £5.00 ref 5P208R
COMMODQRE 64 MICRODRIVE SYSTEM
Complste cased brand new diives with disc and software 10 tmes
faster than tape machines works with any Commodore 64 setup,
The orginal price for these was £49.00 but we can offer them to you
at only £25,00! Fef 25P1R
USED SCART PLUGS
Packof 10 plugs suitable for making up leads only £5.00 ref SP200R
C CELL SOLAR CHARGER
Same style as our 4 x AA chargerbutholds 2 C cells Fully cased with
fip top lid. Our price £6.00 Ref 6P79R
K




Instrumentation &

ovember's opening part of this mini-
series began byintroducingthe reader to
modern instrumentation and test gear
terminology, and ended by looking at
basic types of ‘generator’ circuit. This
month’s episode picks up from where we left off.

‘Indicator’ Accuracy

The next major category of test gear is the ‘indicator’,
which usually consists of some type of analogue or
digital meter. Before looking at the various types of
indicator, mention must be made of the system of
specifying the accuracy of meters.

The accuracy of analogue meters (i.e. moving coil
types, etc) is specified by the statement that the actual
meter reading is ‘accurate to within + ‘x % of the FSD
value of the meter’. By convention, this statement is
usually abbreviated to the simple but rather ambi-
guous statement that the meter has an ‘accuracy of ¥’
%’, the remaining qualifying parts of the full statement
being accepted (by practical engineers) as implicity
and self explanatory. Thus, if a meter has a specified
‘accuracy’ of 3% (a typical value) and has a FSD (full
scale deflection) value of 10V, as shown in Figure 1, itis

10 |

{a) (b)

Fig 1. This 10V meter has a basic ‘accuracy’ (see
text) within 3% of FSD; its readings are
accurate to within (a) 3% at 10V, and (b}
30% at 1V.

implied that the meter has a true input in the rahge 9.7
to 10.3 volts when it reads 10V, and in the range 0.7 to
1.3 volts when it reads 1V. Note in the latter example
that meter errors may be as high as 30%.

Digital meters usually give three or more digits of
readout, as shown in Figure 2. A simple 3-digit tyge can

Test Gear Basics

abbreviated to a simple statement that the meter has
an ‘accuracy of ‘X’ percent, + X’ digits’. Thus, if a
3Y,-digit 19.99 volt meter has an ‘accuracy’ of 0.5% +2
digits (a typical value), as shown in Figure 3, it is
implied that its readings are accurate to within 0.7% at
10V, and to 2.5% at 1VO0.

Ray Marston presents
the second part of his new
Test gear’ mini-series.

Indicator Types

The following ‘Indiator’
types of test:gear are in
common use:

ANALOGUE METERS.

Lll_ll_l

Wh aln

e

1.rrn
NEINR

These are designed to give
a visual representation of a
monitored parameter value

(8]

(b)

by moving a pointer or a
dot or bar of light a propor-
tionate distance across a
graduated scale. Figure 4

Fig 3. This 3',-digit meter has a full scale sensitivity of
19.99V and a basic ‘accuracy’ (see test) within 0.5% +2
‘digits’; its readings are accurate to within (a) 0.7% at
10V, and (b} 2.5% at 1VO.

shows examples of a 7 volt

reading given on 10 volt meters using (a) moving poin-
ter and (b and C) ten-LED bar-graph and dot-graph
‘moving light’ diplays.

The reader should note that analogue meters
have two major advantages over digital types. The first
is that they give clear indications of measurement var-
iations (digital displays present a confused jumble of
numbers under this condition), making them uniquely
well suited to

applications such
as ‘peak point’and

‘null point’ indicat-

ing. The second
great advantage is
that they can be

inscribed with

both linear and
non-linear scales,
enabling, for ex-

ample, a single - .
mgter to read both | Fig4. Representations of 7V readings on 10V meters of the following
Hrﬁaar and dB vol- - types; (a) moving pointer, (b} 10-LED bar-graph, (c) 10-LED dot-
tage values. graph.

In instrumen-

tation and test gear applications, the most widely used

Fig 2. Full-scale readings on digital meters with (a) 3-digits, (b) 3'.digits, and {c) 4'/,-digits.

give a maximum reading of 999. Most general-pur-
pose digital voltmeters (DVMs) can give a maximum
reading of 1999, and are known as 3';-digit DVMs;
high-precision types can give a maximum reading of
19999 and are known as 4';-digit DVMs. Their preci-
sion is fully specified by the statement that their read-
ingis ‘accurate to within x’ percent of the actual read-
ing, + %’ digits’. By convention, this statement can be
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type of analogue meter is the ‘moving coil’ type. These
are actually current-indicating meters in which the test

: T : 'L + L (i 1k0
% 1000 ;:L'u—u‘un e @/ M N
I J 1113333 2
e aaan e SN S— 3 = : . 100j1A F.8.D.
(a) (b) (c) METER TERMINALS

Fig 5. Representation of a moving

coil meter with a FSD
sensitivity of 100pA and
1000R internal resistance.

current flows through a coil and causes the meter’s
pointer to deflect by a proportional amount. The coil
has a finite resistance, and the performance of the
meter can thus be depicted by presenting itas shown in
Figure 5; in this instance the meter has an FSD sensitiv-
ity of 100pA and an internal resistance of 1000R, and

45




Rm
(100k)

Fig 7. Series multiplier
resistor R, used to
convert the 100pA
meter to read 10V

FSD.
Rx
T
AC INPUT
VOLTAGE

&

i

Fig 8. Multiplier resistor and
bridge rectifier used to
convert the 100pA
meter to an AC
voltmeter.

TEST GEAR
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Fig 6. External shunt (R,) used to convert the
above meter to read 1mA FSD.

thus has 100mV generated across its terminals at FSD.

The sensitivity of the Figure 5 meter can be effect-
ively reduced (so that it needs a greater current to give
a FSD reading) by shunting the meter’s terminals with
a suitable resistor (Rx), as shown in Figure 6. Alternat-
ively, the meter can be made to act as a DC voltage
indicator by wiring it in series with ‘multiplier’ resistor
Rx, as shown in the '10VESD’ meter circuit of Figure 7;
here, the 100pA meter has, by definition, a basic sensi-
tivity of 10kQ/V, so Rm (which equals the sum of Rx
and the meter’s internal resistance) needs a value of
100k. The meter can be made to indicate AC current
values by feeding them to the meter via a bridge recti-
fier; Figure 8 shows how the meter can be made to
indicate AC voltage values by feeding them to the
meter via a multiplier resistor (Rx) and a bridge recti-
fier.

+10V

('R,

r"?}ﬁ

Fig 9. This voltage divider gives an unloaded
output of 5V, but this simple test meter
gives an output reading of 3.3 volts, due to
its loading effect.

ANALOGUE MULTIMETERS. These consist of a
good-quality moving coil meter with a wide span of
switch-selected AC and DG voltage and current
ranges, plus a battery-powered addition that enables
the meter to indicate a widetange of resistance values.
When using a simple multimeter, always consider its
effect on the circuit under$test; Figure 9 illustrates this
point. Here, the R;-R, divider gives an unloaded out-
put of 5V, but when the meter is connected across the
output its 100k Rm value shunts R, and reduces its
effective value to 50k, thus reducing the output voltage
to the 3.3V value indicated by the meter.
ELECTRONIC ANALOGUE MULTIMETERS.
These united a normal moving coil meter with an elec-
tronic buffer/amplifier and a high-impedance input
attenuator, as shown in Figure 10, to greatly increase
the meter’s effective sensitivity and input impedance,
etc. Such meters may typically have an input imped-
ance of 10MQ and a maximum AC or DC FSD sensitiv-
ity of 1mV. ‘ )

DIGITAL VOLTMETERS (DVMs). These are
usually 3"/, or 4'/,-digit instruments with a LED or LCD
readout and a FSD sensitivity of 199.9mV (or
199.99mV) and an inputimpedance of 100 Megohm:s;
they are readily available in ‘module’ form, and need a
nominal supply voltage of 5V (LED types) or 9V (LCD
types). They can easily be made to read various FSD
values of AC or DC voltage or current, or resistance,
etc., by connecting the inputs to the meter via simple

‘conversion’ circuitry.

DIGITAL MULTIMETERS. These combine a
DVM module and a variety of switch-selected ‘conver-
sion’ circuits, to make a highly versatile and accurate
battery-powered general-purpose test meter that can
outperform the ordinary analogue multimeter in many
respects.

DIGITAL FREQUENCY METERS. These are 6
to 8-digit instruments that give a direct readout of input
frequency or period, with crystal precision.
OSCILLOSCOPES. These are complex instru-
ments that enable waveforms, etc.,to be displayed in
real-time form on a cathode ray tube’s (CRT’s) flat TV-
like screen, which is fitted with a calibrated graph-like
graticule. The CRT is fitted with an electron gun that
enables a sharp spot of light to be generated on the
screen; this spot can be moved up and down the screen
(on the Y’ axis) by signals applied to a pair of ‘Y’
plates, or left and right across the screen {on the ‘X’
axis) by signals applied to a pair of ‘X’ plates. The spot
intensity can be varied via signals applied to a ‘Z’ grid,
thus giving ‘Z’ axis control.

Figure 11 shows, in simplified block diagram
form, the basic elements of an oscilloscope (or 'scope,
as itis usually called). The external test signal that is to
be displayed is fed to the 'scope’s high-impedance
(typically 10 Megohm) input attenuator and passed on
to the CRT’s Y’ plates via a wideband amplifier and a
push-pull driver. Part of the amplified signal is tapped
off to activate a ‘trigger’ generator, which synchron-
ously fires a ‘time base’ generator that feeds a linear
sawtooth waveform to the CRT’s ‘X’ plates via a push-
pull driver; the time base generator also activates a
‘bright-up’ generator that gives ‘Z’ axis control of spot
intensity. These elements act together to draw or
‘trace’ a graphic display of the input waveform, with
the Y’ axis tracing the vertical movements on a volts-
per-centimetre basis, and the ‘X’ axis tracing the hori-
zontal left-to-right movements on a microseconds-per-
centimetre basis.

HIGH-
BUFFER/
G—=—| sesosice ’{

N \ METER

£

o

Fig 10. Block diagram of an electronic analogue

multimeter.

In practice, the sensitivity of most simple modern
’scopes can be varied, in calibrated steps, from about
5mV/cm to 5V/cm in the ‘Y’ axis, with a bandwidth
extending from DC to 20MHz, and from 0.5us/cm to
0.5s/cm on the X’ axis. Some ’scopes have band-
widths that extend to 100MHz or more, and others
have multi-trace facilities that enable waveforms from
two or three different parts of a circuit to be displayed
simultaneously.

‘Composite’ Test Gear Types

The following ‘Composite’ types of test gear are in
common use: .

L-C-R BRIDGES. These combine a passive ‘bridge’
network and an energising generator and a balance
indicator, to form a stand-alone test set that can be
used to measure values of inductance (L), capacitance
(C), and resistance (R). Figure 12 shows the basic ele-
ments of a resistance-measuring ‘Wheatstone’ bridge
unit; the actual bridge (R1-R2-R3-Rx) is energised by a
low-frequency (typically 50 to 1000Hz) oscillator, and
the bridge’s output signal is monitored via a null-indi-
cating logarithmically-scaled meter.
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The bridge’s action is such that its output is zero
when theratio of R, /R, equals that of R,/R,, and under
this condition the bridge is said to be ‘nulled’ or ‘bal-
anced’. Thus, at balance, the R, value equals that of R,
multiplied by the ratio R,/R;. In practice, variable resis-
tor R, is fitted with a calibrated scale, and the value of
R; can be varied in switch-selected decades, to give a
‘decade value multiplier’ action; the R, value is found
by simply adjusting R, and R; until the bridge is bal-
anced, and then reading off the R, value and multiply-
ing it by the R; factor. The bridge can be adapted to
measure values of inductance or capacitance by
replacing parts of the Wheatstone bridge with reactive,
rather than resistive, elements.

DISTORTION-FACTOR METERS. These
instruments enable the inherent distortion of a sine
wave signal to be accurately measured in terms of total
harmonic distortion (THD), and are used in checking
the linearity performance of audio amplifiers, etc.
They consist of an ultra-low-distortion sinewave gener-
ator, a high-performance twin-T {or similar) adjustable
notch or ‘rejector’ filter, and an electronic millivoltme-
ter that gives a reading of true RMS values, all inter-
connected as shown in Figure 13. Here, the sinewave
generator is first set to the desired test frequency
{usually 1kHz) and its output is fed to the input of the
test amplifier; the output of the amplifier is connected
to the input of the notch filter. The output level of the
amplifier is then set to some convenient reference
value (e.g., 1V}, which is read on the built-in meter with
SW, set to position ‘1’; SW, is next set to position ‘2’ to
monitor the output of the notch filter, which is then
tuned about the 1kHz test frequency to give the mini-
mum possible meter reading. Under this condition the
notch filter totally rejects the fundamental 1kHz test
signal, and only its harmonics reach the RMS reading
meter, which thus gives an accurate reading of THD
(e.g., a reading of 1mV corresponds to 0.1% of the fil-
ter input signal, and thus represents a THD value of
0.1%).

Electrical ‘Standards’ Types

Every professional electronics laboratory should hold
a selection of electrical ‘standards’, which can be used
to check the fundamental accuracy of other types of
test and measuring gear. These are high-quality, high-
accuracy units that (ideally) carry a certificate of cali-
bration, which is periodically checked against national
or international standards. All ‘standards’ should be
held in a thermally regulated environment. Standards
are in common use for the checking and measurement
of the following parameters: ATTENUATION, CAPA-
CITANCE, FREQUENCY, INDUCTANCE, RESIST-
ANCE, and VOLTAGE. The attenuation standard
usually takes the form of a switched, precision, attenu-
ator box. Capacitance, mductance and resistance
standards can take the form of individual components
or switch-selected components in ‘boxes’. Frequem.y
standards may take the form of a thermally stabilized
crystal oscillator, or a special radio receiver that is
tuned to a dedicated ‘reference standard’ broadcast
station. Voltage reference may take the form of a
‘standard’ cell, or a modern precision voltage-refer-
ence IC circuit.

Basic Test Gear
Circuit Elements

Virtually all practical instrumentation and test gear cir-
cuits are made up one or more of the following basic
types of circuit element, which will be described in
detail in future parts of this series.

ATTENUATORS and FILTERS; these passive
networks are used to correctly condition or adjust the
amplitude or quality of signals reaching the inputs of
indicating instruments, or coming from the outputs of
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Fig 12. Basic elements of a resistance-measuring Wheatstone bridge unit.
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generators.

BRIDGES; these passive networks come into bal-
ance only under sharply defined conditions of imped-
ance matching, and can be used in a variety of test gear
applications for measuring parameters such as resist-
ance, inductance, or impedance, or as the basis of pre-
cision sinewave generators and THD meters.

ANALOGUE and DIGITAL METERS; these can
be used as the basis of a whole range of single- and
multi-range ‘indicator’ instruments, to give accurate
readings of all types of voltages and currents, as well as
frequency, resistance, and other parameters.

WAVEFORM GENERATORS; these form the
basis of many types of test gear; a vast range of wave-
form types can be directly generated or synthesised.

g Finally, POWER SUPPLY circuits have almost
undversal application; theg-can be used to provide sim-
ple ‘rough’ voltages or ones that are precision regu-
lated to provide a specific voltage, almost irrespective
of output loading conditions.
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Fig 13. Basic elements of a ‘Total Harmonic Distortion’ (THD) meter.
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Mike Barwise is back
with a sideways look at
he first principles of
olectricity and electronics.

ractically all elementary introductions to
electronics start on day (or page) onewith
the concept of the electron. Neat little dia-
grams of atoms like solar systems in mini-
ature soon alternate with descriptions of
mechanisms and phenomena such as energy bands
and holes, which cannot be observed first-hand, and
must be taken on faith in'the autharity of the tutor or
writer.

It is almost always overlooked that most of the
fundamental concepts in electronics have reasonably
usable analogies in everyday mechanisms with which
most of us are familiar. These mechanisms may oper-
ate with or on media other than the movement of elec-
trons in wires (water, gas, mechanics etc.), but their var-
ious processes can in many cases be described quite
accurately, using a small collection of very similar equ-
ations which operate equally in many branches of phy-
sics.

This series is an attempt to break out of the con-
fines of electronics in isolation by showing how it fits
into physics as a whole. We will diseuss some of the
similarities between practical electronic phenomena
and their mechanical counterparts, and demonstrate

tend to be studied in two different buildings on the uni-
versity campus’.

Breaking The Law?

When comparing systems, [ tend to consciously avoid
the use of any expression such as ‘obey the same physi-
cal laws’, because [ believe that this approach is coun-
ter-productive. The idea of breaking a Physical Law is
difficult to dissociate from the concept of robbing a
bank or mugging someone.

In reality, there is no such thing as a physical law.
All we have is a constantly shifting ground of best
guesses, each of which seems to predict the behaviour
of some natural phenomenon more or less reliably
within the limits of our observational capacity.

Not so long ago, the Earth was considered not
only flat, but to be at the centre of the whole Universe.
Very recently, it was believed that a clever enzyme
called Swivelase was responsible for the untwisting of
the DNA double helix in preparation for cell division.
Right now, in Nucleonics, we have Fermions and Bos-
ons, which can be sub-divided into Leptons, Quarks,
Photons and Gluons, which can be further sub-divided
ad nauseam, and these are not even realities you might
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how different types of syste#h can be described in the
same basic mathematical tefms. Before we dive in, itis
probably instructive to look at some historical back-
ground, and attempt to answer the questions: what is
PHYSICS anyway, and how did its current fragmenta-
tion come about? What follows is necessarily a brief
resume of an enormous and fascinating subject. [
would strongly recommend the interested reader to
follow up the references at the end of this month’s text.

Most of us tend to view the totality of Science as
including three separate subjects: Chemistry, Biclogy
and Physics. Physics in turn is seen as a set of isolated
sub-spheres: Motion, Heat, Light, Waves, Electricity
and so on. These divisions have been drummed into us
by the education establishment for longer than anyone
can remember, inculcating a viewpoint which denies
the interconnectedness of the amazingly complex real
world. I am reminded of the remark by eminent psy-
chophysiologist Robert Ornstein that, in spite of over-
whelming evidence of their essential interaction in the
living organism, Psychology and Physiology are disso-
ciated by the medical profession, solely because they

pick up with a pair of (very small) tweezers, but probab-
ilities that the reality might be there at a given instant.
There is even a revolting object called a Glueball which
is postulated under certain conditions. To me, it is rem-
iniscent of those horrid wet blotting paper missiles we
used to flick round the classroom as bored schoolboys.
The point of all this is that our models of the world
depend entirely upon our observations at a given time,
which in turn depend on our preconceptions. Even our
innate senses are highly selective, and sensory percep-
tion depends mainly on previous experience’. When
we make observations beyond the resolution of our
unaided senses, our instruments are entirely the pro-
duce of existing expectations concerning the things we
wish to observe,

dJust considering the nucleonics example, awhole
area of superpowered theoretical physics and comput-
ing, expertise is now solely concerned with mapping
the interactions of this multiplicity of theoretical ping-
pong balls, which may, or may not, even be there?. It
has however been perfectly possible to develop quite
sophisticated electronic (and other) components and
systems without recourse to such theories for a very
long time, and [ have a suspicion that Occam’s Razor
might be brought to bear on the problem with advan-
tage.

Narrow Specialisation

Occam’s Razor can be summed up as the principle that
the simplest of several alternative explanations of any
phenomenon is the most likely to be right.

In the 16th century, it was possible, with diligence,
to study the totality of knowledge of the civilised world.
To a great extent, the position remained unaltered until
the start of the Industrial Revolution. This milieu
tended to breed individuals with radically differing out-
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looks on the same body of information. The resulting
diversity of postulates allowed a healthy atmosphere
of debate in most areas of knowledge.

In our time, we have split our knowledge into such
narrow specialisms that it needs quite a large develop-
ment team to make even small advances. An indica-
tion of this is the proliferation of scientific publications:
a nominally exponential growth in the number of spe-
cialist journals from less than half a dozen around the
year 1700 to well in excess of 100,000 today. Equally, it
has been observed that the average journal doubles in
thickness every decade?, which suggests, not so much
that discovery is accelerating, but that more and more
is being written about less and less.

In spite of all this prolific paperwork, modern
mainstream science onlyveryrarely has more than one
or two alternative explanations of any phenomenon in
view at any time, so it is practically impossible to apply
Occam’s Razor. This is due, to a great extent, from the
technological bandwagon syndrome. Communic-
ations are now so good, that, at any given time, there is
one main sphere of interest which occupies the major-
ity of the brainpower available. There is a tendency to
rapidly form a consensus of opinion, and then reject

onies

conflicting input, even from within the group (a basic
attribute of human behaviour). This can even result in
the heretic being expelled from the field, or having
their funding cut!

An interesting sidelight on these changes is the
language of scientific papers over the last few centu-
ries®. Until the late 19th century, papers were written in
the everyday language of generally educated people
(mostly Latin until about 1670) and phenomena were
described by analogy with familiar objects which were
mostly observable without special equipment. Since
about 1880, the language has gradually, but at an
acceleratingrate, become more turgid and specialised,
and the descriptions increasingly mathematical, until
modern scientific papers are almost unreadable by
ordinary mortals. This has more or less kept pace with
the division of science into ever narrower specialisms
as the volume of knowledge has increased.

It would be superficially convincing to suggest
that the problem of communication of technical infor-
mation results from (a) the number of modern special-
isms, and {b) the upsurge of commercial science,
which demands an element of secrecy. However, |
think a more valid reason is the invisible nature of most
of the phenomena which bear on our current technol-
ogy. A machine with visible moving parts tends to
become more familiar than a system which performsin
secret. Even if the observers are not wholly informed,
they can make assumptions about the working of the
visible machine by application of common sense,
whereas the ‘black box’ has to be explained by an
‘Expert’ for even a marginal understanding to be
obtained.

A system consisting of several black boxes thus
has to be explained by several experts talking different
technical languages. The result can often be apparent
conflict of information. A beautiful example of this
came to light during World War II. At the time the V2
rocket sites were starting to be visible in aerial photo-
graphs, the allied rocketry development team appar-
ently disregarded the information, on the grounds that
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the only possible rockets were solid fuelled, and the
rocket— shaped things in the photos were too big to
get off the ground if they were solid fuelled. Their cal-
culations were perfect. The only error was the assump-
tion that there was no other kind of rocket motor®.
Most people now use a huge array of increasingly

. complex technologies (about which they know practi-

cally nothing) to perform everyday tasks. The user’s
need for basic operational skills, and the narrowness
of the specialisms which engender the product, have
lead to a two-tier information system: a light-hearted
superficial treatment for the ordinary reader, and the
almost impenetrable jargonesque of the inner circle of
the informed. Between these two extremes, there is vir-
tually no information available.

The upshot of this essentially cultural divide (in
our terms) is the development of two schools in elec-
tronics. The first is that of the Technically Trained, who
know exactly how to use a resistor, but haven’t a clue
how it works, and the second, the Scientifically Edu-
cated, who know exactly how a resistor functions, but
couldn't use one to save their lives.

The purpose of this series, then, is to bridge the
gap between these two standpoints: to explain the sec-
ret workings of electronics in terms of visible parallels,
and, thereby, banish the mystique. It must be remem-
bered that most of the following descriptions are com-
promises. Many analogies will work in part, and many
phenomena and mechanisms will require different
analogies for different detail.

Making A Start

There is one basic premise that has to be taken on trust
for our version of science to work at all. This is the con-
cept of ENERGY, and the principle that energy is
neither created nor destroyed by any process, but is
simply converted from one form to another. There
have been many attempts to demonstrate this princi-
ple experimentally, all of which have more or less
worked, within the fairly crude limits of experimental
error,

As to what energy is anyway, that is the $64000
question for physicists, but we don’t really care. The
ordinarynotion of ‘having lots of energy today’ is really
quite close in our terms. It means, more or less, that
you have the capacity to do lots of work. Energy, there-
fore, is, roughly, the capacity to do ‘work’ or to change
things.

For our purposes, we consider the existence of
twg types of energy: the energy transferred during
work, which we call kinetic energy {from the Greek for
“movement”), and the energy stored in something as a
rgsult of work, but nat yet being used (potential
energy). The mechanism of transactions (interactions
between ‘things’) consists of the interchange of energy
by conversion between kinetic and potential forms or
vice versa.

The normal textbook example is the raising of a
weight against the force of gravity®, which imparts to it
some potential energy. This is then converted back
into kinetic energy when the weight falls. Although this
is perfectly true, and will have to be used later in our
discussion, it is not perfectly obvious.

A clearer first insight is obtained by considering
petrol. Dead plants and animals are exposed to heat

-and pressure for millions of years, absorbingin the pro-

cess an enormous amount of kinetic energy (the
remains get hot and squashed). The energy of this heat
and pressure is converted into the potential energy of
chemical changes in the material. Thereafter, petrol
will sit around quite innocently for ages with no visible
energy exchange until you light that match. In setting
the petrol on fire, you are reversing the process, by con-
verting chemical potential energy into kinetic energy

SIINOYL)AT

49



{the emission of light and heat, and the force which
throws you across the room), but unless you do, the
potential energy in a given volume of petrol does not
‘leak away’: it cannot be lost except in a transaction
with something else (in this case with the oxygen in
air)..

If that is not enough for you, the concept is
brought home in a very familiar way by the common
school report comment: “shows great potential”,
which implies “hasn’t used any of it yet”, in other
words, kinetic energy is the energy of change and pot-
ential energy is the energy of stasis.

In most transactions, the energy is converted in
more than one way simultaneously. Assuming you
only want one type of conversion, you then describe

the system as having
losses. A filament lamp,
for example, converts
less than 10% of the
electrical energy sup-

i T plied_into light. The

S [ remainder is converted
S==asad |y to heat, which is not use-
aAnDLER. l_ ful in a lamp. The heat

Fig. 2 Potential difference maintained with unequal tank dimensions.

— — therefore represents a
loss to ws, although the
total energy of the heat
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and the light coming out still equals the total electrical
energy going in. This concept of losses will be very
important later on in our discussion.

In At The Deep End

Water is a very good analogy for the basics of electrical
energy. If you can ignore electricity’s lack of ‘wetness’,
they have many features in common at a fundamental
level. Both water and electricity are incompressible, so
a very simple water system (Figure 1) can be used to
explain some of the basic terms in electronics.

- The water in each tank has potential energy pro-
portional to the height of the water surface above
ground, which we call the head or water pressure. The
valve is closed for now, so the water is not going any-
where, but there is a difference in potential energy or
POTENTIAL DIFFERENCE between the two lots of
water in the two tanks because their water levels are
different. The absolute height above the ground of the
two tanks does not affect the potential difference
between them, which is purely a function of the differ-
ence in their water levels. In the#ame way, an electrical
potential difference can exist between any two points
at any absolute potentials with respect to ground. The
difference in depth of thewgater is what determines the
pressure difference, which is measured in N/m? or
pounds per square inch [dépending how ancient you
are) for water and in VOLTS for electricity.

As the potential difference is due solely to the dif-
ference in water levels, it is possible to produce the
same potential difference using almost any two differ-
ent volumes of water (or to alter the potential differ-
ence without changing the relative or absolute
volumes of water), simply by changing the dimensions
of the tanks (Figure 2). The volume of water is an abso-
lute quantity of matter: a finite number of molecules. In
the sameway, an electrical CHARGE is a finite number
of electrons, a quantity of electricity. The charge of
water is measured in litres or gallons, and the electrical
charge is measured in COULOMBS.

Now let’s open the valve. Immediately there will
be a flow of water between the two tanks. This will con-
tinue until the level in the tanks has equalised. Every-
one whose drains have ever blocked knows to their
cost that water finds its own level. This flow of water
can be measured in litres per second, and directly
equates to the electric CURRENT (a flow rate of elec-

trons), which we quote in Coulombs per second
(Amperes). The flow rate depends on the difference in
pressure in the two tanks. Each tankful is trying to flow
towards the other tank under the influence of an abso-
lute pressure, and they are pushing in opposite direc-
tions. The net flow depends on the sum of the two pres-
sures, one of which is negative with respect to the
other.

Down To Earth

We have so far considered relative pressures as existing
between two variables: the water levels in the two
tanks. Each in reality exhibits an absolute pressure,
and it is the difference between these absolutes which
we have so far discussed. This absolute is the differ-
ence between one variable and somethingwhich never
changes (a reference). In terms of water, absolute pres-
sure (head) is measured with respect to sea level. This
works because sea level is defined to be the same
everywhere, making it an acceptable reference. Why is
this?

When we opened the valve between our two
tanks, we saw that the difference in water levels disap-
peared quickly as water flowed from one tank to the
other. The time taken for the levels to equalise
depends on the rate of flow in the connecting pope. As
we will discuss in detail later, the flow rate depends on
the size of the pipe: the bigger the pipe, the quicker the
levels will equalise. Supposing the pipe is infinitely
large, any difference in level will be equalised instantly,
so there will neverbe any difference in level. This is the
scenario which describes the condition within a single
tank: all point in the tank are connected to each other
by ‘infinitely large pipes’, so there can never be a differ-
ence in level between any point in the tank and any
other. The sea amounts to a gigantic ‘tank’, so the
same applies.

For electrical purposes GROUND is the absolute
reference point, for the same reason: it is at about the
same electrical level (potential) anywhere on the
planet. The earth’s surface is considered to offer no
impediment to the motion of electric currents (just like
the infinitely large pipe offered no impediment to the
flow of water), so the whole surface must remain at the
same potential.

We have now defined the most basic attributes of
electrical energy in very simple terms:

Potential Difference or relative pressure, mea-
sured in Volts;

Ground, an arbitrary reference potential with respect
to any other, which is the same everywhere, quoted as
0 Volts.

Charge or absolute volume, measured in Coulombs;
Current or flow rate. measured in Coulombs per sec-
ond or Amperes.

Next month, we will start to investigate the rela-
tionships between them.
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lthough amplifiers can be made with
nominally the same performance speci-
fication, there appears to the human ear
to be subtle differences between them,
which are extremely difficult to associate
with scientific measurement. Various reasons for this
have been offered and the point has often been made
that the majority of studies and measurements are
based on continuous sine wave considerations,
whereas speech and music consist of complex wave-
form components including transients. Certainly, any
amplifier design must be founded on a good under-
standing of the basic scientific/electronic principles
involved and once achieved, judicious changes can
then be made on the basis of listening tests.

Thus, if the starting point of a design is to be
based on standard recognised performance specific-
ations, how important are they to the listening plea-
sure? Harmonic distortion can be reduced to levels in
modern amplifier designs but the subjective effect of
spurious harmonic content depends on the order of
the harmonics. Higher order harmonics are more
objectionable than lower order, even harmonics and in
some instances a change in harmonic structure simply
changes the character of the sound of an instrument
slightly, even perhaps to make the overall subjective
effect more attractive to the listener. On this basis, the
writer feels that a reasonable approach is to aim to
keep total harmonic distortion below 0.1% over a
range of listeninglevels up to about 20W RMS. In parti-
cular, the characteristic,less than 0.01% at 25W RMS
and only exceeded by lower, listening levels, is very
much to be avoided. This is usually symptomatic of a
large amount of negative feedback being present
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under the high loop gain conditions at high signal
levels. This is significantly reduced at low imput signal
levels where the output devices present some non-line-
arity and a reduction in gain in the Class AB and Class
B area of operation. It has also been claimed that over
application of negative feedback can have a delateri-
ous effect on the transient response. Transients are an
important feature of speech and music, and good tran-
sient yesponse must therefore be the aim in a good
amplifier design.

Inftial approach to the design

What now emerges is a requirement for a good tran-
sient response and a reasonably low figure for the total
harmonic distortion, without the application of exces-
sive amounts of negative feedback. With a well bal-
anced push-pull amplifier design even order harmonic
distortion is minimised and this reduces the need for
large amounts of negative feedback. Transient
response is dependent on a good high frequency
response, particularly in the output devices and some
amplifier designers/manufacturers make a point of
obtaining a special, probably expensive, supply of well
matched devices with the correct frequency response.
For the impecunious constructor an alternative
approach has to be adopted. To achieve well balanced
devices and avoid selection and/or special bias adjust-
ments, there is no need to search further than the near-
est list of integrated circuit power amplifiers. Good
matching and good thermal coupling between devices
are all part of the integrated circuit manufacturing pro-
cess. The total harmonic distortion curves plotted
against output power have to be studied to select a
type that does not exhibit incredibly low distortion

A 20 watt integrated
amplifier by John Dix.
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Fig.1 Main amplifier circuit

How it Works

It can be seen from the circuit diagrams for the main and preamplifiers
{Figures 1and 2) that the circuitry is based on the standard operational
amplifier configuration shown below.

The amplifier of gain A has a differentially coupled input stage such
thatthe outputvoltagev, is Atimes the difference between the twoinput
voltages. Thus

5 - V0R1
' Af TR,
Rearranging
1
WL —r—
vV 1 + R,
1 A R +R,
and when A is very large, - is negligible
and
Vo = RZ
vl

g “
dependent solely on the ratio of two resistors.

Inserting a capacitor in series with R1 has the effect of increasing the
negative feedhack applied to the inverting input as the frequency
decreases (because the reactance increases with decreasing freq uency)
until at DC & 100% feedback is applied. This helps to stabilise the DC
operating conditions of the circuit. The point at which the amplifier gain
starts to decrease is when the reactance of the capacitor becomes
comparable with R,

A capacitor in series with R, reduces the negative feedback as the
frequency decreases and this is used in the preamplifier for the low
frequency RIAA equalisation. A further resistor connected across the
resistor capacitor combination removes the bass boost at very low
frequencies and determines the absolute value of maximum gain in this
region. The high frequency RIAA equalisation in the: preamplifier is
determined by asimple RClow pass filter sectionatthe output {R,andC,
in preamplifier circuit Figure.2). The main amplifier is based on two
operational amplifier type circuits connected in a bridge

Amplifier 1has again of 1+R,/R, and amplifier 2hasa gain of-R. R,
= -1 because the input signal is applied to the inverting input. The output
voltageacrossthe loudspeakerisV,+V,, = 2V, becauseof theunitygain
of amplifier 2. Thus the gain of the amplifier as a whola s 214R,/R,). As
the output voltage of the bridge connected amplifier is twice that of a
single amplifier then the bridged output power (proportional to the
square of the output voltage) will theoretically be four times that of 3
single amplifier.

Of course, this power will not be achieved completely in practice if
either the amplifier voltage and current ratings or the power supply
capability cannot support the required output power.
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Fig.2 Pre-amplifier circuit

figures at full power only to increase substantially at
the lower levels. Finally, the frequency response has to
be considered to ensure a good transient response.
Unfortunately a good high frequency response tends
to be associated with the lower power members of the
integrated circuit power amplifier familyand consider-
ations have to be given to ways of increasing their
power output. One quite effective way is to use two
amplifiers in a bridge connection.

Detailed Design

The first step then is to select the power amplifier inte-
grated circuit. Looking through the various options,
one that stands out in terms of availability is the TDA
2030. It is a well established design, bandwidth (up to
140kHz claimed), convenient voltage rating, power
outputand cost. This has a nominal power output cap-
ability of around 10 watts, which theoretically can be
increased by a factor of 4 by bridge connection (see
How itworks). The next step concerns the type of com-
ponent in the signal and negative feedback paths and
there is agreement among many designers that elec-
trolytic capacitors should, where possible, be avoided,
Such a consideration governs the choice of resistor
values when readily available non-electrolytic capaci-
tors have maximum values in the region of 2u2. A typi-
cal example relates to the values of R13 and C14 in the
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main amplifier circuit (Figure 1) where these compo-
nents represent part of the negative feedback network
from the inverting input down to the common line. The
reactance of C14 increases as frequency decreases
thereby increasing the negative feedback and decreas-
ing the amplifier gain. It is important to ensure that
over the required operating frequency range the ampli-
fier gain is constant and at the design value. Thus if
15Hz is the lowest frequency to be handled by the
amplifier, then a value of 4k7 for R13 will give a —3dB
point at this frequency. Similarly R5 in the preamplifier
(Figure 2) is chosen at 1k8 to give a —3dB point of
40Hz as part of the RIAA recommended pick-up play-
back response. As shown in the How it works section,
the rest of the low frequency equalisation is also based
on a capacitor in series with one of the feedback resis-
tors (R6 and C6 in the preamplifier circuit diagram,
Figure 2). A further design consideration is the desira-
bility quoted by many designers that the gain of the
main amplifier should be such that high signal level
sources such as tuners, tape recorders, and compact
disc players can be fed directly to its input terminals.
Thevalue of R14 (150k in Figure 1) was chosen so that
a power output of 20W RMS into an 8R loudspeaker
load could be achieved with not more than 250mV
input signal level.

Itis also claimed that improved sound is obtained
if there is no overall phase inversion from any input of

the complete amplifier to the output and it can be seen
from the circuit diagram that all inputs are connected
to non-inverting input terminals in the amplifier.
Another consideration is the thermal stability of the
semiconductor devices and any effect this may have
on the sound. Efficient heat sinking is important if for
no other reason than to minimise the chance of ther-
mal runaway occurring and presenting undesirable
levels of DC across the loudspeaker terminals. Effi-
cient heatsinks are provided for each amplifier in this
design and the devices are clamped directly to them.
To do this pin 3 has to be connected to OV of a single
ended +30V supply and to ensure that the device out-
put pins 4 are at mid-supply the non-inverting inputs
are connected by 100k resistors (R15 and R20) to the
potential divider R17, R18 (Figure 1). A further advan-
tage of the bridge amplifier connection gives a direct
connection to the loudspeaker load and yet adopting a
single-ended supply. A standard twin secondary mains
transformer is used to feed each amplifier from an
independent-bridge rectifier, reservoir capacitor DC
source (BR1, BR2, C1 and C2 on PSU, PCB in
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Figure3). Finally, the differential drive to the loud-
speaker provided by the bridge connection means that
there is increased isolation from unwanted waveforms
present on the supplylines. These waveforms can arise
from supply interference effects or what is even more
interesting, interaction between the output transistor
current swing waveforms and the spurious reactive ele-
ments in the power supply components. Absence of
these effects results in an audible improvement in
amplifier performance.

The Complete Circuit

Having indicated the salient features of the main and
preamplifiers the interconnection diagram between

the input signals, preamplifier and main amplifier is
shown in Figure 4.

A tape record-out facility is provided such that
any of the signal sources, excluding tape playback, can
be recorded whilst listening to the same source or any
of the others. A simple treble-cut filter, resistor R11,
and capacitors C9 ,C10, and Cl11, is provided to
reduce noise and distortion from a lower fidelity
source.

The volume control is a ganged switch with 12
positions and resistors R25 to R35 giving 6dB changes
in volume over a 60dB range from full output to zero.
This type of control was chosen after careful listening
tests in comparison with a standard ganged poten-
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tiometer. The balance of the potentiometer was far
from satisfactory at low listening levels and at more
realistic levels improved imaging, stability, and clarity
was obtained from the stepped control. To keep costs
within a budget design, the number of steps selected
corresponded to readily available switches and, whilst
an early prototype had an ancilliary switch to provide
an intermediate 3dB step, it was never used in the final
design. The mains, DC supply and loudspeaker con-
nections are shown in Figure 5. Note each channel is
earthed to the chassis via the heat sinks and the OV
connection on the power amplifier IC tabs. This elimi-
nates the possibility of internal earth loops and results
in a very low hum level for the completed amplifier. It

10 11 12 13 14 15

ES1

W~ B R -

Fig.7 Power supply board component overlay

can be seen from the photograph in Figure 6 of the
amplifier with the cover removed, that the mains input,
transformer, and power supply wiring can be arranged
very neatly at one end of the case with the remaining
wiring forming a harness assembly spaced well above
the board. The vertical wiring from board to harness
keeps power amplifier distortion to a minimum by
reducing the coupling between the high current output
pulses in the supply wiring and the sensitive input
loops in the printed circuit layout. As a result of our
considerations what is available to the constructor is
an integrated amplifier requiring no setting-up butwith
a standard of construction and performance normally
associated with equipment built to exacting profes-
sional standards.

Construction

The input sockets, selector switches, volume control
switches, preamplifiers and main amplifiers are all
mounted on the main printed circuit board the compo-
nent overlay of which is shown in Figure 6. The power
supply board is mounted separately in the case and a
component overlay is shown in Figure 7. The location
of the major components and boards in the finished
case is shown in Figure 8. The mains wiring with power
switch, neon indicator and spike suppressor can be
assembled using Figures 3,5,6 and 8 whilst the remain-
ing wiring uses the harness and spade and receptacle
connectors on the circuit boards and the loudspeaker
terminals.

Detailed board construction starts with installa-
tion of all the wire links and low profile components
finishing up with the switches and input sockets. The
printed circuit boards are held by self adhesive plastic
stand-off pillars and the power amplifier integrated cir-
cuit tabs are fastened to the already installed heat sinks
using the instructions supplied with the component
packs. Case assembly is straightforward, taking care to
ensure that all joints meet neatly before tightening the
self-tapping screws. It is important not to overtighten
these assembly screws.

ETI FEBRUARY 1992

Testing and Use

Having double checked component installation and
ensured that there are no solder bridges between
printed circuit conductors it remains to plug in the var-
ious signal sources and a pair of loudspeakers. If a test
meter is available, then the circuit can be checked for
short circuits and if all is well, the mains supply can be
switched on. The DC supply across the reservoir capa-
citors should be in the region of 30V with no signals
applied and the constructor should then be greeted by
high quality sound as the volume control is advanced
from zero. Prototype amplifiers have been built and
demonstrated to a wide sample of listeners working
through a wide variety of loudspeakers. The clarity of
sound has been appreciated by the listeners and
extremely good results are obtained from the author’s
own design of loudspeaker, the QWL.

Specification

Each amplifier driven, power outputequals 26W RMS for a 20msec tone
burstat TkHz. ™

Amplifier distortion better than 0.1% at a power output of 20Wrms,
Amplifier power bandwidth 20Hz-50kHz.

Main amplifier input sensitivity 250mV for 20W output.

Pickup sensitivity 6.2mV for 20W output.
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BUYLINES

The Acousdix BC40 Bridge Connected Amplifier can be obtainedin
complete or partial kit form from:
Martech Systems (Weymouth) Ltd.

Unit A2/3
Marabout Industrial Estate
Dorchester
DT11YA
The complete kit consisting of all the items specifiedin the parts list
. costs: £163.63 {inc. VAT and P & P}

The following partial kits are also available:

Pack A (Items 1 to 38) (Components Pack) ...
Pack R (Items 39 to 45) (Amplifier PCB Pack) .
Pack C (items 40 to 54) (PSU Pack) ...
Pack D (items 58 and 56) (Case Pack)
Pack E {ltems 57 to 63] {Ancilliaries Pack) . . £3255
Allthe above prices are inclusive of VAT and Postand Packing within
the UK.




R1,25,101,125
R2,102,103

R4,104

R5,105
R6,15,17,18,20,106,
115,117,118120
R7,107
R8,11,12,108,111,112
R9,109

R10,110
R13,23,24,113,123,124
R14,21,22,114,121,122
R16,19,116,119
R26,126

R27127

R28,128

R29,129

R30,130

R31,131

R32,132

R33,133

R34,134

R35,135

CAPACITORS

C1m
(2,18,102,118
(3,14,23,103,114,123
(5,15,22,105,115,122
(4,16,21,104,116,121

PARTS LIST

RESISTORS {All 25W Metal Film}

47k
27k
™

- 8

100k
M2
Tk
k5
220k
&7
150k
R
26k
1%
6k2
3
1k5 -
750R
360R
180R
91R
100R

22n Polyester 10%
22u 50V Electrolytic
2u2 Polyester 10%
100n 63V Ceramic
100u 50V Electrolytic

(6,106

7,107

(8,108

9,109

cnan
€12,17,19,20,24,112,
117,119,120,124
€10,110

C13113

SEMICONDUCTORS
IC1,101

1C3,4,103,104
D1-4,101-104

MISCELLANEOUS
SW1-3

Swa

SW5

Terminals PCB Mount; Soclet 8-pin DIL; Heatsinks; Amplifier PCB

3n3 Polycarh 10%
10n Polycarb 5%
Tu Polyester 10%
33n Polycarb 5%
15n Polycarb 5%

220n Polyester 10%
22n Polycarb 5%
100p Polycarb 10%

NE5534A
TDA2030
N4001

Switch-PCB Rotary 2p 5W
Switch PCB Retary 2p 12W

Wafer 1P 12W

POWER SUPPLY UNIT PCB COMPONENTS

PSU PCB; Screw Terminals; Transformer 80VA 22V: Fuseholder:
Fuse 3.16A 240V, 4700uF Cap; Bridge Rectifier: Transient

Suppressor; Neon.

CASE ASSEMBLY
Case; Pack of Screws.

ANCILLIARIES

Wiring Harness; Input Connectors; LS Connectors; PCB supports;

Earth Terminal; Rear Plate: Knobs.
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Tech Tips

Model Railway Track Section

Controller

was recently asked by a railway modeller friend
if I could design a simple circuit that would
operate as an automatic track section con-
troller. The circuit here is my solution to this
problem.

A section of track has an ‘Entrance’ and an ‘Exit’.
A signal placed at the ‘Entrance’ tells the driver if he
can or cannot enter the section. Also, the signalman
has the option of manually blocking a section so that,
for instance, track maintenance can safely take place.

The circuit to implement this design has therefore
two functions to perform: to count trains as they enter
and leave the track section and to provide a manual
control of the section.

Firstly, the counting. Since the maximum allow-
able number of trains in the section is one, only one bit
is all that is required to count with. A bistable is made
from two NOR gates (ICla,b) connected as shown.
When a train passes the signal, placed at the
‘Entrance’, the track detector SW2, next to the signal,
senses the train and sets the bistable. This de-activates
RLA1L. The track signal, connected to one set of con-
tacts of RLA1, will change to ‘Danger’; the other set
used for track isolation. This stops any further trains
entering this section. Only when the train leaves the
section, triggering SW1 placed at the ‘Exit’, will the
bistable be reset, RLA1 activated, the signal set to
‘Clear’ and allow another train to enter the section.

The manual control for the signalman is simply
effected by permanently setting the bistable via SW3,
located in the ‘Signalbox’ connected to a ‘Signal
Lever’. D1 and C1 form a simple power supply for IC1
enabling this circuit to run from eithera 12V DC or 16V
AC supply.
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} 9 1-NIC
10 1-N/O
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13 2:N/0

:§ 14 2-COMMON
- 11 1-COMMON

3

%
3

? 2 GROUND
23

The whole circuit can be built on stripboard or
purpose-made PCB. The two track sensors, SW1 and
SW2, are reed switches placed under the track and
SW3 is a microswitch operated by a signal lever. We
found that some loco’s permanent magnets were suit-
ably located to trigger the sensors while on others
small magnets had to be fixed on the under-side of the
loco’s.

Several of these circuits can be connected in
series to provide section control of a longer length of
track. Provided that all the circuits operate from the
same supply, SW1 of the first circuit can be the SW2 of
the second circuit and the SW1 of the second circuit
can be the SW2 of the third circuit and so on.

Neil Johnson,
Northiam, Sussex.

Dry Soil

Alarm

ere is a solar powered dry soil alarm. It
might particularly be useful for the blind
as well as the sighted. The circuitry is
based around a standard CMOS 4001
chip and taking a very small amount of
current. A very low frequency oscillator pulses and trig-
gers an audible oscillator, the output transducer being
a piezo sounder. If required, I have a supply of solar
panels available (see classified ads in this issue).
R Keyes,
Newport, Gwent.
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TECHTIPS

Multi-level bit computer

n the future, when computers change from
binary bits to multilevel bits, the circuit pre-
sented here can be used as a memory cell with

faster operational amplifiers. The number nine

is carried by one multilevel bit and four binary

bits will be required for the same work. Is this an ana-
logue computer? No. This is a digital one {(memory
outputis Pin 1 of IC2d. For the present time we can use
the circuit as volimeter with memory (10 volts range).
Thevoltage to be measured is applied to the input

and across the voltage divider R1 and R2 and is fed to
IC1a, an LM 324 operational amplifier. The same vol-
tage applied to the input is presented to the output of
the operational amplifier IC1a and is applied to the
voltage comparators by SW1. When the voltage at the
positive input of each comparator is greater than the
reference voltage at the negative input, the respective

output turns on for high level. The LED connected
between high level and low level output is energised.
The resistor R40 contains the sum of the currents
coming from the high level outputs and respective
resistors {R26 to R35) and the current comes from
15V by R36. The resulting voltage of R40 is applied
to IC2d. The output voltage of IC2d is 1V for each high
level output of the comparators more 0,5V approxi-
mately due R36. This output is fedback to the compar-
ators by resistor R41. In this way the voltage measured
is memorized.
Adjust R38 for stable memorization. When LED
8 is on, turn off SW1 and LED 8 must stay on. When
LED 1 is on, it indicates an input between 1 volt and 2
volts and so on.
Renato L.M. de Azevedo,
Sao Paulo, Brazil.
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Coaxial Cable Tester m
his is a useful device to have to hand wher- However, the current flow increases from a normal

ever coaxial cables are in use. The tester total value of around 10mA to about 80mA. The vol-
gives a visual indication of continuity for tage drop across R6 turns Q3 on, and thus the ‘CABLE

both inner and outer conductors, indicates SHORT’ indicator is on.

a short between the two, and also signals Transistors Q1 and Q2 monitor the voltage drop

poor conductivity for either, across the cable inner and outer respectively, together
When the test button is pressed, current flows with the associated diodes D3 and D5. If the resistance
through R6 and R7, D3, cable outer conductor, R4 and of either conductor is greater than about 20R, the

D4. D4 illuminates to show ‘OUTER CONTINUITY". appropriate indicator will illuminate.

At the same time, current also flows through R6 and Diodes D3 and D5 must be germanium, not sili-
R7,R2 and D1, cable inner conductor, and D5. D1 illu- con, for their lower forward drop. Remember, if using a
minates to show INNER CONTINUITY". conductive housing for the tester, insulate the coaxial

If the inner and outer conductors are shorted, the connectors or use isolated types.
current flows through R6 and R7, D3, from outer to S Roberts,
inner of the shorted cable, and D5. The LEDs D1 and Bude, Cornwall.

D4, and resistors R2 and R4 are effectively bypassesd.
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rinters, Pen Plotters 2o L) s .
holo-ploﬂers and NCDrill. | @ Catchglitches down to a pico
@ Award Winning EASY-PCis | second per weekl
in use in over 10,000 ® Includes 4000 Series CMOS
installations in 50 Countries and 74LS Libraries.
World-Wide. ® Runs on PC/XT/AT/286/386/
® Runs on PC/XT/AT/286/386 486 with EGA or VGA.
with Herc, CGA, EGA, VGA. Hard disk recommended.

Components etc.etc

® gﬂtional libraries include @®74HC / HCT Librarys optional.

® NEW powerful ANALYSER IlI
has full graphical output.

®Handles R’s,L’s,C’s, BJT's,
FET’s, OP-amp’s, Tapped and
Untapped Transformers, and
Microstrip and Co-axial
Transmission Lines.

@ Calculates Input and Output
Impedances, Gain and Group
Delay.

® Covers 0.001 Hzto >10GHz

@ Runs on
PC/XT/AT/286/386/486 with
EGA or VGA displays.

®Very fast computation.

@Z-MATCH [l takes the
drudgery out of RF matching
problems and includes many
more features than the
standard Smith Chart.

® Provides quick accurate
solutions to many matching
rroblems using transmission
ine transformers, stubs,
discrete components etc.eic..

® Supplied with comprehensive
user instructions including
many worked examples.

® Runs on PC/XT/AT/386/486,
CGA,EGA,VGA.

® |deal for both education and
industry.

S ul Infor Rhone; Fax.or Number One Systems Ltd. l

The Electronics CAD Specialists
REF: ETI, HARDING WAY, SOMERSHAM ROAD, ST.IVES, HUNTINGDON, CAMBS, PE17 4WR, ENGLAND.
Telephone: 0480 61778 (7 lines) Fax: 0480 494042 International: +44-480-61778 Fax: +44-480-494042
ACCESS, AMEX, MASTERCARD, VISA Welcome.

Technical support free for
litel Programs not copy
protected
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HALCYON

ELECTRONICS

- Test equipment, video monitors, amateur radio gear, printers,
power supplies, communications, disk drives, multimeters,
oscilloscopes, scientific instruments, connectors, component
bridges, frequency counters, signal generators, computers.

: WAYNE KERR RA200+ADSI DISP STORE £24%5 RHODE & SCHWARZ PZN PHASE METER £125
Send £1.50 HONEYWELL 612 HUMIDITY/TEMP RECORDERS £95 R&S SDR LHF SIG GEN 290-1020MHZ §175
(P.O.Jcheque) TEK LAN 100KHZ S/ANAL, 5T1OMF, ETC £1750  R&S SCR UHF SIG GEN 850-1900MHZ £195
i SIEMENS XTC1012 2PEN CHART RECORDER £395  R&S SMLM POWER SIG GEN 30-300MHZ £165
for your EV 1992 catalogue. GOULD BRUSH 260 6CH CHART RECORDER £305 &S SMLR POWER SIG GEN 1-30MHZ 2130
Includes £1.50 voucher spendable on RUSH RT2 EN CU WISTRIPPER 28-45AWG £215 gzg EBSKADMIHANCEB\};IDGE 1.5-30MHZ £125
: RUSH DCF4VAR SPEED CONT 8-29AWG £1%5 VD UHF TEST RCVR 280-040MHZ (466)  £150
orders upwards of £10. B&K 013 BFO, 2305 LEVEL RECORDER £195. COSSOR CAM SAVKFNAVCOM RFSIGGENY o,
Th C AT A L G E DATALAB DL912 TRANSIENT RECORDER POA  COSSOR CRM 511 ILS/VOR AUDIO SIG GEN
BBC-B & MASTER COMPUTERS FROM £130 75KVA ISOL 120/240 n 120/240 0UT £249
Ty g ; i MARCOI TF2337A AUTO DIST'N METER £495 | micR ¥
éZO,FaQ?S. Aj-tEXge”LV greiﬁntef agld |!qustratet<_i MARCONI TF2331 DIST ¥ FACTOR METER £175 | DEFRCTORS/C00EL EAS, NOIRE ROURGL SIoNAL
asily relerred to. Packed with valuable information. LIGHT BOXES 230 10x12° AREA £49 | GENERATORS, SWEEP OSCILLATORS, LP FILTERS, PIN
DECADE R/CH BOXES FROM £15 | MODULATORS, CARRIAGES, TERMINATIONS, MOVING &
I h e CO M PO N E NTS AVERY 9:1 & 99:1 RATIO SCALES POA | ADJUSTABLE SHORTS, ETC POA
KINGSHILL NS1540 15Y 40A PSU CASED £995 | HP 8614A & 8616A MICROWAVE SIG GENS £395 EA
"

As wide a choice as you could wish —
semiconductors, surface mounting, opto-electronics,
Rs & Cs, efc. etc. Top quality; fairly priced.

Visit our bargain corner in shop.
Many valuable items at knock-down prices.

RECHARGABLE SEALED LEAD ACID BATTS HP 6168, 6160, 6208, 6264, 6287
™| 6V 10AH LONG LIFE, EX NEW EQUIPT £950  SIGGENS £35 EA Ref: 6165 6208
€@ SUPPLIERS HAMEG HM408 40Wz DIGITAL STORAGE SCOPE TEKTRONIX 7403, DF, 7001 LOGIC ANAL POA
. 2 TRACE WITH HM8148-2 GRAPHIC PRINTER £995  OSCILLOSCOPES DUAL TRACE S/STATE From £110
—— Siemens, Boss, Cliff, Omeg, Lorlin, R.S, Uniross — BBC-B TWIN 40/80 SWITCHABLE D/DRIVES cqs  MARCONI TF2303 AM/FM MOD METER 520MHz £245
to our top quality standards. FLUKE 19004 §5MHZ FREC/PEAIOD IETER g5 ROBIN 4112 PHASE EARTH LOOP TESTER 4
et pgg  FOBIN 5402 DIGITAL ACCR (ELCE) TESTER g5
T h MARCON| TF2300 FIAM MODULATION METER eyg5 DT LAB OVENS 1243614 INTERNAL 210° £195
S E RVI CE beiigat] st . TEKTADNIK 4562 PLOTTERS, GPIS & AS232 579
e LEK U, S45, o8 053, 31 ol FOMESS BEDROINT 6E-1. HSINKS 1 550, TY POl
e Prompt, personal with customer satisfaction ERTRON 834 PROG DATACOMMS TESTER  E3%5 745 pbit EPROM PROGRAMMER £A%5
guaranteed. Access/Visa facilities YAFLAGKE GITRT FAs 1 6 1 FIOMESS  MARCONI TF2330 WAVE ANALYSER £150
TEKTRONIX 520 521A PAL VISCOPES From €485 GHu 301 0-500 0C VOLTAGE ST0. INT REF £125
WAYNE KERR €T492 UNIV LCR BRIDGES £55 L FADER LBO-9C ALIGNMENT SCOPE £249

- RACAL DANA 9341 DIGITAL LCR BRIDGE £299  SIGNAL GENERATORS. AF TO 21GHz From £15
I- Iectrol alue LIST AVAILABLE, BUT 1000's OF UNLISTED BARGAINS FOR CALLERS
= QUALITY ELECTRONIC EQUIPMENT BOUGHT. ALL PRICE EXC. OF P&P AND VAT
28 (B) St. Jude’s Road, Englefield Green, Egham, Surrey TW20 0HB 423, KINGSTON ROAD, WIMBLEDON CHASE, LONDON SW20 8JR
Phone - 0764 433603 _ Fax - 0764 435216 SHOP HOURS 9-5.30 MON-SAT. TEL: 081-542 6383

ET
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Please supply photocopies o.f-t'He—foTOVan—ar'tEIes from
ETI (complete in block capitals): o
Month .............. Year ....ccooeee. Page (if known) ..«......
LT ] e S 1 e - Pooren
Month ................ NEZI  oroersd dooosaas Page (if known)g. ........
(il B I WO N B B I W L e o
Month ... Year ... Page (if known) .........
i e e L s
I enclose a cheque/postal order made out to ASP Ltd. to
the value of £1.50 per photocopy ordered.

Jotal remittance £ ........ Date ...
N I I N 5B B e TR e
AAress ..

...................................................... Postcode ..........c........
Send the completed form and your remittance to:
ETI Photocopy Service
Argus House
Boundary Way
Hemel Hempstead

D e TR
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Mains Switched Timer
Power Supply
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TODAY INTERNATIONAL
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Rebecca Daborn
0442 66551 Ext 313

Send your requirements to:

ETI Classified Department, ASP, Argus House,
Boundary Way, Hemel Hempstead, HP2 7ST.

Lineage: 60p per word (+VAT) (minimum 15 words)
Semi display: (minimum 2.5cms
£15.00 per single column centimetre (+VAT) per
Electromart £24.00 per Insertion (+VAT)

Ring for information on series bookings/discounts.

All advertisements in this section must be prepaid,
Advertisements are accepted subject to the terms and conditions
printed on the advertisement rate card (available on request)

insertion

| KITS FOR SALE
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Four channels (up to 1kw each) to
drive Rope lights. Pin-spots etc.
(Resistive/Inductive loads) with 30
different eye-catching sequences.
Variable speed and sequence
change frequency AND bulit in audio
Input. |deal for mobile or perman
ent desplays. Complete KIT (less box)

XK141 26.95

Don't forget our other value for

money DISCO KITS

DLBO0O B-channel B0 programme
SEquencer 46.95

DL3000 3-channel sound to light 21.95

XK124 High power strobe with audio
input

K139 4-channel seguencer 14.50

i 5

T

e

G

i

1795}

o/ SINGLE CHAN
RED REMOTE CONTROL | {"

el A

NEL INFRA|

= 0

A simple yet highly versatile Infra
Red remote control kit with a
multitude of uses in the home or| -
car. Operates from 9-15V dc or 240v| -
ac and switches a 3A relay on and off
alternately each time the trans-| .
mitter js operated at ranges up to}
20ft (6m). Responds only to the|
transmitter frequency. Great for} -
lights, TV, alarm controls. -

XK134 11.95
Suitable transmitter complete with
box (9V PP3 battery required) L
XK135 595}
For more channels use our popular}
MK12/MK18 IR transmitter receivers

g
MKS  d-way keyboard 335] |
MK10 16-way keyboard 9.75]
MK12 16 Channel Recelver  21.95|
MK18 IR Transmitter 75|

SEND 50p and SAE for|
our latest CATALOGUE|
which includes details
on more exciting kits|
such as Progammable|
Lock, Voice Record/Playj
back, Touch Dirmmers,
Temperature Controller
and components

SUPERSENSITIVE MICROBUG

0, including built-in{
- - » - mic. SdB-‘Ic(I)O MH!':
e TR WL —2 (standar F
e ik 2 radlo). Range{
S approx.  300m
s depending on

terrain. Powered by 9V PP3 (?mAl. Ideal for| "
surveillance, baby alarms etc XK128 25

Only 45%25x15mm

divide total order by 1.175 then add PAP: E

| DRDERING INFORMATION. Frices INCLUDE VAT but please add 1.25 PEP (UK). Overseas Customers)
urope 350, elsewhere 10, Send PO/che i

/MASTERCARD Mo, with order GIRG NO. 529314002. Local Authorlty and education orders

Office Hours: Mon-Fri 3.30am - 5pm_ Shop Hours: Tues - Thurs 10am - Spm, Sat 10am - 1pm

: ORDERS: 081 - 567 8910 2aHours

e/VISA
elcoma |

e

TK ELECTRONICS 555005

=

NEW VHF MICROTRANSMITTER
KIT tuneable 80-135MHz, 500
metre range sensitive electet
microphone, high quality PCB,
SPECIAL OFFER complete kit
ONLY £5.95 assembled and ready
to use £9.95 post free. Access/
Visa order telephone 021-411
1821. Cheques/POs to: Quantek
Electronics Ltd, Kits Dept (ETI), 3
Houndley Road, West Heath,
Birmingham B31 3AL. Tel: 0214
599647. For details on this and
other Kits.

CONSORT SPEAKER KIT as
July '91 E.T.l. £188 inclusive. All
parts available separately.
Memex Electronics Ltd. 1
Icknield Close, Ickleford,
Hitchen, Herts SG5 3TD.

62

KITS. VHF/FM Microtransmitter,
15x25mm, £5.95, built £9.95.
“Stinger” Shocker, uses PP3!,
£12.99, built £19.99. Loads of
plans, kits, units, surveillance,
protection. Sae list. Cheque/PO:
Ace(ti), 53 Woodland Way,
Burntwood, Staffs WS7 8UP. Tel:
0543 676477 (24 hrs).

NEW VALVE AMP KITS! PE
Moscode amp 100W/CH DC
coupled 1194. ET| Hybrid preamp,
full facilities £92.99. PE Hybrid
Class A headphone amp, cathode
follower output £73.00. All kits are
easily built and offer audibly
superior performance. Prices are
inclusive. Hobtek, The Cottage, 8
Bartholomews, Brighton BN1 1HG.

PRINTED
CIRCUIT BOARDS
Prolotype brards made from

B's fo

produces &

da
nmrﬁmrﬂmuy Ioei

ar 1-1, Kits and boards from siéck for many,
Badger Boards, 1180
{rear of Quesist! Moot Co)
Plaasa menlian the

when making

SOLAR PANELS 100mm x
60mm 2.5V 0.2Wp £1.40. 6 for
£8. 12" x 6" 12V or 6V 1.4Wp
£8.50. 12"x 12" 12V 3Wp £15.00.
36" x 12" 12V 5-6Wp £23.50.
Prices include U.K. P&P. Larger /
mounted panels available.
Orders to Bob Keyes GW4 IED.
4 Glanmor Crescent, Newport,
Gwent. NP9 8AX.

PLANS

ELECTRONIC PLANS, laser
designs, solar and wind generators,
high voltage teslas, surveillance
devices, pyrotechnics and com-
puter graphics tablet. 150 projects.
For catalogue. SAE to Plancentre
Publications, Unit 7, Old Wharf
Industrial Estate, Dymock Road,
Ledbury, Herefordshire, HR8 2HS.

a5

SERVICE MANUALS
SERVICE MANUALS

Available for most equipment
TV’s, Video's, Test, Audio etc

Write or phone for quote
MAURITRON (HRT),
8 CHERRY TREE ROAD,
CHINNOR, OXON OX9 4QY
TEL (0844) 51694 FAX (0844) 52554

MISCELLANEOUS

HEATHKIT UK educational
products distributors — service
centre. Cedar Electronics, Cedar
House, 12 Isbourne Way,
Broadway Road, Winchcombe,
Cheltenham, Glos. Tel 0204
602402.

Tl Artwork design senice.

deaign fram your schematic. Sorme designs ars not

practical. Minimurm basic charge for 1 off PCH. £15.00. Thés would

nd entirsly on the complexdy of the board, from yoar artwark,

from component or soldes side needed. Al 241

Bﬂ;u]eqt& Send SAE for

new catalogue oul Sepl 154 Ring 021-366 BT for further infemation

Aldridge Road, Great Barr

Birmingham B44 BPE.
magazine advert

contact

Eour awn design
jpackagss send yiur dise with HPGL file for plotting and a
gueda for profatypes for multicda runs. Accept 51° and 38 high
density of low, Plotting sendce from E2 00 par plot. Film w

Technical Information Services
76 CHURCH STREET, LARKHALL, ML9 1HE
Tel: (0698) 884585 Mon-Frri 8.30am - 5.00pm
Tel: (0698) 883334 Qutwith business hours
Write now with an sae for your
FAST, FREE QUOTE AND FREE CATALOGLE
Remember, not onfy do e have EVERY service sheet
ever produced, but we also have
THE WORLD’S LARGEST COLLECTION OF

SERVICE MANUALS

& WE ARE SOLE SUPPLIES OF VARIOUS FAULT-FINDING
GUIDES, REPAIR MANUALS & TECHNICAL MANUALS
DATA REFERENCE MANUAL ..., essential for (he serious
electrician”, FREE updating and a 10% discount voucher only
£5.95. Incorporates Unique Model Identification and Chassis Data

WANTED

Turn your surplus
transistors, ICs etc, into
cash. Immediate settlement,
We also welcome the
opportunity to quote for
complete factory clearance
Contact:

COLES HARDING & CO.
103 South Brink
Wisbech, Cambs.

NOW ESTABLISHED OVER 15 YEARS

Tel: 0945 584188
Fax Number: 0945 588844

DRAWING UTILITY

Schematic Drawing Utility
Draw your own professional circuit dia-
grams on the Amstrad CPC6128 or
PCW 8256 computer with our easy to
use design utility. Offers high quality
printout of drawings, up to 50 inches
square on a standard dot matrix printer.
Comprehensive symbol library contain-
ing many commonly used ciruit sym-
bols. Symboli library can be edited and
added to. All this and more for only
£29.99 fully inclusive. A
For further details send SAE to:
CADsoft Systems, 18 Ley Crescent,
Tyldesley, Manchester M29 7BD

ETI FEBRUARY 1992



( MANUFACTURERS ORIGINAL SPARES
FOR TEE SR RESSORIE DISCO COMPONENTS for TV - Video - Audio - Computer
Switche a2 el Gontroller with WE GAN SUPPLY A VAST RANGE FOR MANY MAKES — WRITE (send SAE please) OR
beatchese anc speed controls PHONE 0452 526683 FOR A ‘PRICE & AVAILABILITY' ON YOUR REQUIREMENTS.
PCB — Components Kit  £21.00 AMSTRAD/SINCLAIR _ COMMODORE . oTHERMAKES
Hardwore K3 £12.00 ?é“ciai'g-{;'n{am.y ez \TEasD)UasIsNg . £2ds
G 48 embrans
Multichcse 4 Channel Controller il , #2810
with beatchcse, speed and chase-select controls. e : SR Fower
PCB — Components Kit  £26.00; Hardware Kit  £13.00 st Ia‘,;c.} el b
COMPUTER CHASE 4 CHANNEL CONTROLLER, CMBELS i Marical caozs TOARND G483 L 700N CasT
A controller designed to achieve very good results from many types of This just a small sample of our stock — We are also holding Tools, Connectass, Aarial & Telephone Accs
lighting display. Perfect for pinspots, super on screens, can even and much more. For our catalogue please send 50p stamps/chq. MAIL DRDEH ONLY, Please add
revitalize spotlorrlp boxes, Fost irccking autolevel audie input and choice 95p (UK) P&P but not VAT. All items subject lo availability. Price can ahiange withoul fotice.
of sound modes ensure accurate and varied interpretation of music. MARAPET (TB), 1 HORNBEAM MEWS, GLOUCESTER GL2 OUE
PCB + Components Kit  £35.00
Hardware Kit  £15.00 Postage & packing £1.50 per order
T SPECIAL OFFERS
LT TS
HIGH POWERED SPEAKERS FOR PA AND DISCO USE
Ready made black vynide covered cabinets,
cutout ready for fitting of wide dispersion
horn and 12” 100 Watt RMS driver or 15
200 Watt RMS driver. Kit contains all
fixings, clamps, sockets, tabels etc.
Magnum 100 (1X12” + 7X3" horn)  £165 pair Tel: Newmarket (0638) 662989 - Fax: (0638) 660799
SIZE 540mmX380mmXx300mm
Magnum 200 (1X15" + 7X3" horn]  £235 pair T ID L
SIZE 635mmX460mmX330mm Carrier Delivery £12.00 pair ORO A & L A nn l NATE D
LED DISPLAY OSCILLOSCOPE with  WAVEFORM GENERATOR with TRANSFORME R
9X9 grid of high efficiency LED's sine, triangle and square wave
with trigger/freerun brightness, output. Range, frequency and MAN U FACTU RE Rs
sensitivity, Y position and timebase  amplitede.
£19.95 Paslage & packing 50p £9.95
Very competitive mail order service
FAST FRIENDLY SERVICE ALL PRICES INCLUDE VAT
98 SCHOOL STREET, WOLVERHAMPTON,
WEST MIDLANDS WU3 ONE - TEL: (0902) 23275
- —

TRANSFORMERS FROM

The UK Distributor for
lard Toroidal Transformers
~ * 106 types available from stock
= Sizes from 15VA to 625VA

tee Electronic Services

Bay, Kent CT6 6PL

Bel

ETI FEBRUARY 1992

Start training now for the following
courses. Send for our brochure —
without obligation or Telephone us on

0626 779398

ETI/10/91

Name ~ e

o Telecomms
Tech C&G 271
Radio Amateur
= Licence C&G
o Micro-
processor
- Introduction to
Television

O

Radio & Telecommunications Correspondence School
12 Moor View Drive, Teignmouth, Devon TQ14 SUN

SPECIAL OFFERS

A CAREER
IN TECHNICAL
AUTHORSHIP

There is a constant demand for
technical authors thoughout
industry. If you have a technical
background, a qualification in
technical authorship can open up
the prospect of a new and
rewarding career. For details of a
comprehensive Open Learning
Course, leading to recognised
qualifications in this field, send
for free information pack to:

TUTORTEX SERVICES ETI1
Freepost, Ulverston, Cumbria LA12 7BR
Tel: 0229 56333

CATALOGUE £1.00 + 25p P&P

fed of green fp eachyellew | 1p each
vafow Smm 30 aach
r | 000 L4l 50 per 10,000
7 & giop 51} ohing £4.85

e
4x8 Inches
8x12 Inches
12x12 inches
Special Offers
Computer grade capactors wilh screw lerminals 38000ul 20v
87000uf 10v £1 85, 6B0D0UI 15v £2 95 10000ul 18v £1 50

7 seqmen| common anpoe: 2mm.. o -
LM2331AT5.0 low drojs ol 4 rag
BS250 P channel mesle HC!
741505 hex invertor £10 00 per 100, used B748 Microconlroler €3 50
TV Mains switch 4A double pole with momenlry contacls lor remole
conlrol pack ol 10 £3 95 box of 60 £19 95

DC DC converior Reliabifity model ¥12P5 12v in Sv 200ma oul 300v
inpul Lo oulpul Isolalion wilh dafa £4.05 each or pack of 10 £39 50

.. £5.00

CWERTY keybosed with se
Wit rrge gl CMDS TTL AR nea: Transsions Kils
rechargatin baseiies capaciions loely el ahwaysinsicck Please add
95p lowards P8P val included
JPG ELECTRONICS
276-278 Chatsworth Road Chestertield S40 2BH
Access/Visa Orders (0246) 211202 callers welcome
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MISCELLANEOUS
ITEMS

Camera returns; 35mm Auto Flash
/Wind-on, minor faults ..... ..£6.00 ea
or 2 for ! £10.00

Dictaphone cassette, mech/record erase
playback heads, 6V solenoid, motor, hall

effect switch £2.00 ea*
TV/Printer stands ..£3.95 ea

Bicc-Vero Easiwire

construction kit .. .£4.95 ea”

TTL/CMOS short circuit snooper . £4.95*
Dot matrix LCD 10x2 lines .. .£3.75 ea*
Dot matrix LCD 16%1 lines

with Dots ... .. £4.95*
2 digit 16 segment VF display

with data .. £2.95 ea*

4 digit intelligent dot matrix display £6.00*
17 segment VF display with driver

board and data .....£2.99 ea*
8 digit liquid crystal display .£1.75 ea”
4 digit LCD with

7211 driverchip -.......... .£3.50 ea*
Digital clock display ....... £2.50"
11 key membrane keypad ...... £1.50 ga*

Keyboard 392mmx=180mm/ 100 keys
on board + LCD + 74HC05/

80C49 easily removable .........£4.95
19" 38U sub rack enclosures . .£8.95
12V stepped motor, 48 steps per rev,

7.3 step angle .£3.95 ea”

Stepped motor board with sloned

opto+2 mercury tilt switches . £3.95 ea*
1000 mixed Y, watt 1% resistors . €4.95 ea
250 electrolyic axial+radial caps £4.95 ea
100 Mixed trimmer caps popular

values, . £4.95"
50 off MC 78M120T Volt Hegs ....£2.95"
20 off W02M Volt Regs . £1.50"

Cable box UHF modular/video preamp/

transformer/R’s + C's/leads .£6.95
1000 off mixed Multllayer Ceramlc :

Caps 3 , £795
Solar cell modules

P.S.U.’s,
TRANSFORMERS,
COMPONENTS

PC. FSU. 50 watt 115-230V input+5V
4A12V 25A output with built-in fan,
IEC infel+on off ... .vee..£9.95 08

STC PS.U. 240V input 5V 64 output
{converts to 12V 3A detalls

available) TR O £5.95 ea
240V Input 5V 104 outpur {converls 1o

12V 5A no details) |, . £5.895ea
6004 line output transformers £1.25ea

240V in 0-12V 0.75A oul
lransformar ... .

240V In 0-28V 62VA out Iranst

Translarmar+PCH gives 2x75Y 32VA with
skt for 5 or 12V regulator, will power

foppy drive ey
Ultrasonic fransducer flr"ins'nnl

recaive) ; £1.50 pair
3 tn 16V Piezoelsctric sounders Sop'

9V DC electromechanical sounder .. 50p"
24V DC electromechanical soundar .50p*
2A 250V keyswitch 3 position key

removable in two positions | £1.50"
DIL switches PCB MT 3/4/6 way . .. .35p%
5V BPCO SIL reed relay oo 40p”
5V 2PCO DIL miniature relay . ..60p*

12V 2PCO or 4PCO continental réléy 60p*
12V 10A PCB MT {to make cantact)

retay | .95p*°
dtw 12y ﬂlEH:lI'O 'nagnellc accuust:c

transducer withdata ,_._._.__ .. 75p®
24576/B.8325/2110 MHz

crystals .. ... ..50p ea”
Bridges 25A 200V Ll E1.00"

24100V . ... _50p”
3 Mixed camrmnems pack £4.95
50 Mixed tarminal blocks .. ... ... E2.95
250 off 16/22/24/40 way IC Skis . £4.95°

100 off Phono plugs {red/blk/grey) £3.50"
QUANTITY DISCOUNTS AVAILABLE — PLEASE RING

ALL PRICES INCLUDE VA.T.
PLEASE ADD £2.00 p&p EXCEPT ITEMS
MARKED * WHICH ARE 50p
SAE FOR BULK BUYING LIST

VARIABLE VOLTAGE

TRANSFORMERS

INPUT 220/240V AC 50/60
OUTPUT 0-260V
Price P&P
0.5KVA 2.5 amp max £29.00 £ £3.75
(£38 48 inc VAT)
£4.

(48 94 inc VAT)
£5.48

1KVA 5 amp max £37.

2KVA 10 amp max  £54.01 5.
(£69 89 inc VAT)
£6.2

(£91 34 inc VAT)
£126.50

3KVA 15 amp max  £71.5

5KVA 25 amp max
(Carriage on request)
Buy direct Irom Ihe Imporiers Keenesl prices in the counlry

COMPREHENSIVE RANGE OR
NSFORMERS-LT-ISOLATION & AUTO
(110-240V il rangtat anrer cased wilh american socket and
mains (ead or apen Irame tybe. Avaiiable for immedale delvery
ULTRA VIOLET BLACK LIGHT
FLOURESCENT TUBES

4N 4G watl E10.44 {calirs sniy) (£12.27 inc VAT)
21t 27 wait £7.44 + 11,95 pp moznncvm
13N 10 will £5.80 + 75 pan (€7
12in B waitt E4.80 -+ 780 pép (6. e VA
9in & wart £3,96 + 50p pag (£5.24 nc \/AT)
6in 4 wall £2.00 + 530 pag {£5.24 Inc VAT)
230V AQ SlI.LHBT KIT

For eilher 6in, 9in or 12in lubes £6.50+55p pap

(7.1 nc VAT) -
For 13in tubes £6.00 + 75p p&p

(€7 93 inc VAT)

400 WATT UV LAMP
Only :34 00 + £2.50 pap (£42.89 inc VAT)
75 WA'IT SELF EALLASTED BLACK
IT MERCURY B
Available wlth BC or ES fiting Pnce |nc VAT
& p8p £20.27

12 VOLT BILGE PUMPS

Buy dipct rom tha imparies

500 GPH 140 head 3 ame £16.3
1780 GPH 154 nead 9 amp £26.55
BRIES INCLUDE PEP & VAT

=

'

EPAOM ERASURE KIT 13
Build your own EPAOM ERASURE lor a Iraclion of the prlce DI a
made up unil kit of paris less case includes 12 in 8 wi
Angsl Tube Ballasl unit, pair of bi pm leads, neon |nd\ca|or Gﬂ/O"
swllc: sately microswitch and circuil £14.00 + £2 00 p&p (£16.60
ne

SUPER HY-UIGHT STROBE K|T
Designed for Disco, Theatricel use, sic
Agpro 16 joules, Adustanle spesd C48.00 « €2 00 plp
J\'.SE 75 inc VAT)
Dase and raflector E22,00 + £2.00 plo 1E28 90 inc VAT
BAE for furthay datails inchiding Hy-Light and industrizl Strobe
=N

“BOFFINS SPECIAL” —
UNIQUE OFFER

Surplus Precision Medical Unit, inlernally in sxcellent
condilion. Designed primarily 1o eject a precise
controllable amount of fluid from a medical syringe (latier
not supplied) Conlains the following removabie
components. Dual Micro Processor Boards and EPROMS
Escap Precision 12 DC Motor with 300 1 Gear Box and
optical encoder coupled to a precision threaded drive
mechanism. Mains supply with 12 x 15V Ni-Cad AA cells
back-up LCD. Digital read-out 17mm high with legends
Audible waming

These are sald for the dismantling of the exceptionat
qualily components, Regret no Circuils available
Ridiculously low price £16.00 + £4.00 p&p (£2350 incl
VAT)

WIDE RANGE OF XENON FLASHTUBES

Write/Phone your enquiries

GIANT BLOWER EXTRACTOR UNIT
Twin oulpul centrifugal blower 1 HP, 240V AC molor.
Outpul approx 3800 c.tm Size. Lenth 100cm. Height
27cm. Deplh 26cm. Fixing plate 1106 x 33cm. Price £125
+ VAT, Ex-warehouse,

TORIN CENTRIFUGAL BLOWER
280V AC 2.800 RPM 0.9 amp 130mm diameter. impslior
outlet 63 x 37mm. Overall size 195 x 160 x 150mm long
Price £17.50 + £2.50 p&p (£23.50 inc VAT).

SOLID STATE EHT UNIT

[nput 230/240V AC Output approx 15KV
Producing 10mm spark. Built-in 10 sec timer. Easily
modified for 20 sec. 30 sec to continuous. Designed
for bailer ignition. Dozens of uses in 1he field of
physics and slseclronics, eg supplying neon or argan
tubes elc. Price less case £8.50 + £1.00 p&p
(£11 16 inc VAT) NMS

GEARED MOTORS
71 APM 20Ib inch lorque reversable 115V AC input
including capacitor and lransformer lor 240V AC
operation. Price inc VAT & p&p £23.50.

HEAVY DUTY MOTOR
Crouzet 115/230V AC heavy duly 1RPM motor
Anticlockwise type B2/0F5 Size 68mm. diameter x 55mm
long. Shaft 6mm diameter x 20mm long. Price inc VAT &
p&p £18.86.
RHEOSTAT

50W 2 ohm 5 amp ceramic power rheostat price inc VAT
& p&p £10.61.

MICROSWITCH
Pye 15 amp changeover lever microswilch Type 5171
Brand new price 5 for £7.05 inc VAT & p&p

NMS = NEW MANUF SURPLUS
R&T = RECONDITIONED AND TESTED

0.45V 700mA

s ..£2.95 ea*
BBC Micro to disc drive lead

. £1.50"

PAYMENT WITH ORDER TO:

SERVICE TRADING CO E.T.1.)

Dept ETI, COMPELEC,

Car Burglar alarm vibration auto entry/ f———=]
exit delay . : 5.95 ea* 14 Constable Road, St Ives, B 57 BRIDGEMAN ROAD, CHISWICK, LONDON W4 5BB VISA
Single zone alarm panel auto entry/ = . 081-995 1560
X oo ayinouged indomesticyight Huntingdon, Cambs PE17 6EQ Shomoonanen ACCOUNT CUSTOMERS MIN. ORDER £10 Ao
socket S - LY ] Tel/Fax: 0480 300819 Mcurctay © Friclay Farking Space

E L ECTROMMART

LIVERPOOL

PROGRESSIVE RADIO

87/93 Dale Street  Tel: 051 236 0982 P
051 236 0154

47 Whitechapel Tel: 051 236 5489
Liverpool 2
‘THE ELECTRONICS SPECIALISTS'
Open: Tues-Sat 9.30-5.30

LIVERPOOL
ALL PARTS

& Video spares emporium
one for best price on spares

Ferg Video Heads from £10.95, Panasonic Heads from £10.95
Vidéo Copy Kits £5.99. Amstrad Satellite Spares

All your TV & Video needs here in Liverpool
A% PARTS, 101 Rocky Lane, Tuebrook,
Liverpool 6 4BB. Tel: 051-2604825
Mon-Fri 10am-5.30pm, Sat 9am-5.30pm

Pulse/Function Generator, Thandar TG503. Range:- 0.005 to 5 MHz. Sine, square triangle, double

puise, sweep function. Unused/boxed with handbook. Normally £5645. Special
Communications Receiver. FRG-7. 0.5 to 30MHz. Working but frequency dlsplay faulty, henoe 5:69

Computers HP150. Touch-screen by Hewlett Packard. As seen, to clear £80
Printers, inkjet Hewlett Packard. HPIB Interface. As seen, to clear £65
Air-conditioned workshop. 2 metre cube container fitted bench, power, lights, rack cupboards £850
Projector, 35mm strip. Kershaw 250. in case, tested. £45
Camera, Polaroid CU5 with CRT/Oscilloscope hood. £35

Cable. Used polyethelene covered marine cable. Multicore and mains. Strainer wire. 30p/metre
Bruel and Kjar Microphone 4138 (1/8 inch) with adaptor. Unused/boxed. Normally £1100. £500
Valves of many types available, including part-used at very cheap prices Please enquire.
Desks and tables - ideal work places! Heavy grey wooden topped. Single/double pedestal.  £18-£38
Filing Cabinets, 4-drawer metal, mostly green. £35 and £40

All prices exclude V.A.T. and carriage.  Please check availability before ordering.

We also purchase equipment and components. Any quantily considered. Clearances welcome
Lists available

P.C. Box 19, Hythe, Southampton, Hampshire.

Tel:- (0703) 848 666. (Any Time)
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S04 6XQ.
Fax:- (0703) 897 079

THis Space CoulD
HAVE AD VERTISED
Your Comprany!

TeL: 0442-66551

FOR DEtAILS OF RATES

UDSPEAKERS

-~ .
Falcoi DIY SPEAKERS

/bend for our FREE price list PL20
All we ask for is a large SAE
(34p stamp) or $2 bill (alr) cverseas,
(Europe — 3 international repliy coupans)
YSTEM DESIGNS (Total Kits)!
Focal, KEF Constructor, Seas, etc
IVE UNITS:

FOCAL. KEF, Audax, Coles, Peerless,
Seas, Slare, Elac Metal Dome,
Scanspeak, elc.

Also Group/Disco Units.
CROSSOVER NETWORKS:
Active & Passive Components,

Accessories, Polypropylene Caps.
AUDIO AMATEU PU LICATIONS

Speaker Bunder Audlo Amateur & Glass
Audio & lots of books
Full details from
FALCON ELECTRONICS
(Dept ETI) Tabor House, Mulbarton,
Norfolk NR14 8JT (0508) 78272

(Proprigtors: Falcan Acoustics Ltd)

To place
your
advertisement
ih the
classified
sectioh
phone
0442 66551
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JOBSEA BINDERS

Keep your copies in first class condition

Keep your collection of

Popular Crafts
in mint condition with

these specially

commissioned binders.

The price is just £6.95

which includes postage
and packing®.

How to order
Send cheque/P.O. to A.S.P.
BINDERS OFFERS, Argus
House, Boundary Way, Hemel
Hempstead, HP2 7ST

Select your next job from
the regeon of your choice!

TELEPHONE ORDERS (24 HRS) 0442 66551
*UK ONLY — OVERSEAS PLEASE ADD £1.50

SPECIAL CHRISTMAS OFFER*
BUY 2 AND SAVE 20%

Lookmg for a job?

Please supply .... P.C. binders @£6.95 each inc. p&p
" OVERSEAS PLEASE ADD £1 S0P +P

ADDRESS

sl

C!g\\,

FOQ'\uHTLY AT LEADING NEWSAGENTS 95[.) ACCESS/VISA  Signature

L Please alfow 28 days for delivery

Total £ ................ (please make cheques/postal orders payable to A.S.P)

Ordebltmy|||||]|l||r||||]lExp|ry

ELECTRONICS TODAY INTERNATIONAL
CLASSIFIED ADVERTISEMENT DEPARTMENT

ARGUS HOUSE, BOUNDARY WAY, HEMEL HEMPSTEAD HP2 7ST

Rates: Lineage 55p per word + VAT minimum 15 words.
Semi-display £14.00 per single column cm plus VAT. No reimbursement for cancellations. All ads must be

"~ FOR SALE [JCOMPONENTS [JPLANS [ OTHERS STATE

pre-paid. Iy

I i T e s SRS U e O T S DI e b bt By o L
PRI . (o7onsiio o simsnes oo hseaimm S oo e TS Ee e e R e i TR N A S e LA A R B
.......................................................................... f Daytime Tel. NO: .......coonicciieiciicece e
SIGNATUIE ... e Date ionncntins it i,
PLEASE DEBIT MY ACCESS/BARCLAYCARDNo. [ [ [ [ [ [ [ [ T 1 T T [ 1] Expiry Date....................

ETI FEBRUARY 1992

65




ELECTRONICS

TODAY INTERNATIONAL

EDITORIAL
Editor Paul Freeman

CREATIVE
Art Editor Peter Kirby
Designer lain Houston
Technical lllustration Jerry Fowler
Photography Manny Cefai

ADVERTISEMENT SALES
Advertisement Manager
Mark Linacre
Advertisement Sales
Michele Donovan
Advertisement Copy Control
Marie Quilter

MANAGEMENT
Managing Director
Terry Pattisson
Circulation & Promotions Manager
Debra Stupple
Production Manager
Tony Dowdeswell
Group Editor

Stuart Cooke
Member of the
:)SIS;;JZZ‘) i ABC AudiF Bure.au
of Circulation

ETl is normally published on the first Friday in the month preceding the cover date, The
contents of this publication including all articles, designs, plans, drawings and programs
and all copyright and other intellectual property rights therein belong to Argus Specialist
Publications. All rights conferred by the Law of Copyright and other intellectual property
rights and by virtue of international copyright conventions are specifically raservgd to
Argus Specialist Publications and any reproduction requires the prior written cons&nt of
the Company © 1990 Argus Specialist Publications. All reasonable care is taken in the
preparation of the magazine contents, but the publishers cannot be held legally
responsible for errors. Where mistakes do occur, a correction will normally be published
as soon as possible afterwards. All prices and data contained in advertisements are
accepted by us in good faith as correct at the time of going 1o press. Mither the
advertisers nor the publishers can be held responsible, however, for anysvariations
affecting price or availability which may occur after the publication has closed for press

@ Subscription rates — UK: £19.20. Europe: £2410. Middle East: £24 40. Far East:
£26 80. Rest: £25.85 or US$48.00, Cheques payable to AS.P.

Published by Argus Specialist Publications, Argus House, Boundary Way, Hemel
Hempstead HP2 7ST. Tel: (0442) 66551. UK newstrade distribution by SM Distribution
Lid, 6 Leigham Court Road, London SW16 2PG. Tel: 081-677 8111. Overseas and non-
newstrade sales by Magazine Sales Department, Argus House, Boundary Way, Hemel
Hempstead, HP2 7ST. Tel: (0442) 66551 Subscriptions by Select Subscriptions Ltd, 5
River Park Estate, Berkhamsted, Herts HP4 1HL Tel: (0442) 876661, US subscriptions by
Wise Owl Worldwide Publications, 4314 West 238th Strest, Torrance, CA90505 USA, Tel:
(213) 3756258. Typesetting and origination by Ashford Scanning, Whitstable. Printed by
Wiltshire Ltd, Bristol

SPE{:IM.IS

I‘lll!lIEMIl]H

Argus House, Boundary Way,
Hemel Hempstead HP2 7ST
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f you have problems interconnecting all your MIDI

equipment like drums, synths, samplers and computers
then the MIDI switcher, a project featured next month, could
be the answer. .

We have another surface mount project in store. This

time its a Voltage controlled general purpose oscillator
packed into a very tiny box.

Also originally designed for atmospheric ‘measure-
ments within astronomy, we present a High resolution
voltmeter or Earth charge recorder.

Our features include the latest information on Digital
Audio Broadcasting (DAB) the proposed future of quality
radio reception, Intuitive Electronics and its investigation on
the fundamental connections between charge, potential and
current and finally more on Test-gear basics.

Why not order your copy now and collect it on 7th
February.

The above articles are in prep. but cir may prevent publication

Our January edition contained:

Introduction to audio mixers
Faraday:Thinker and Experimenter
Making PCBs at home Pt 2

Lab Power Supply Pt 2

Photo Fnlarger timer

Test-card generator Pt 2

A limited supply of back numbers are availble from
Select, address in column to left.

ADVERTISERS’ INDEX

BK ELECTRONICS ............ IFC HENRYSELECTRONICS ........ 2
CRKITHOLDINGS .............. 66 JANBULL..................... 4
CRICKLEWOOD ELECTRONICS . 31 MAPLINELECTRONICS......... 0BC
DISPLAY ELECTRONICS .......... 43 MECMICRO ................... 13
DIXON..........oo, 42 NUMBER ONE SYSTEMS ....... 59
ELECTRONIZE DESIGN ........ 42 OMNIELECTRONICS........... 3
ELECTROVALUE............... 60 RADIO& TV COMPONENTS ... IBC
HALCYON ..o, 60 REEDELECTRONICS .......... 3
HART ELECTRONICS ......... 39 WILMSLOWAUDIO............. 2
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2 x 220 watt MOSFET AMPLIFIER

MATIC s all you'lll need! Highly

== WOS-FET technolegy dramatically
'y response. separate input
5=, bullt-in protection circuitry for
rt circult with Led. indication.
w=s 2 x 220 watt maximum and 2 x 110
= THD, Bridged 440 watt mono
=== 220 watt mono at 0.5% THD

plus £3.50 P&P

184 30

0 watt x 4 CLASS A AMPLIFIER

20 waltt into 4 woofers or with the
n active cross over delivers 200
«<1a sub-woofer output and 2 x 100
0 2 speakers; thus giving you all
equire to make even traffic jams
sure. SPECIFICATION 4 x 100W
Bridged, THD .08%, S/N RATIO: 7
Z*SE 10Hz-50KHz, LOW PASS FILTER
34z 150Hz, INPUT 4 x PHONO 100-3
+ 4 HIGH LEVEL 20K, SIZE 240mm x

£Ane ‘5;3 -postage £4.50

cowerful, high efficiency amplifier,
> a number of hidden mounting
azsy connection through phono and
~out capability. SPECIFICATION 2 x 75
* x 150 watt Bridged, THD 0 130, S/N
= 2B, RESPONSE 20Hz-30KHz INPUTS;
2 100mV-3 VOLT 2 X HIGH LEVEL 2 X
z40mm X 50mm X 140mm

£43.50 postage £3.50

71 BAND COMPONENT GRAPHIC
EQUALIZER FOR CARS

: unit connects between the line output of
stereo and your power amplifiers so you
z 10 adjust the sound as in a studio com-
<) ~g for soft furnishing and sound reflec-
X som glass, also it has a sub-woofer oul-
=z crive a separate amplifier for that extra
cass sound. FEATURES 2 channel inputs
nel outputs via phono sockets, CD input
mm jack 11 band graphic. SPECIFICATION
= 20Hz-60KHz THD 0 05°- S'N RATIO 85dB
REQUENCIES 60HZ, 120Hz 250Hz, 380 Hz,
=z, 750 Hz, 1 KHz, 2KHz 4KHz 8KHz, 16KHz
st cut of +£12 dB) SIZE 178mm x 25mm x

i=mm
£32.70 postage £1.80.

EMINENCE 42 PROFESSIONAL
USA MADE IN CAR CHASSIS
SPEAKERS

All units are fitted witn oig magnets "'Nomex”
Voice coils NOT ALUNMINIUM  “Nomex' is very
light and can stand ex:remely high temperatures,
this mixture makes fcr nigh efficiency and long
lasting quality of sounc
V66 2" 200W Max

V8 8” 300W Max

V10 10” 400W Max

V12 12" 400W Max
BOSS 15" 800W Max
KING 18" 1200W

Sange 50Hz-3KHz £34.40
Range 45Hz-3KHz £39.35
Range 33Hz-4KHz £44.45
Range 35Hz-3KHz £45.95
Range 35Hz-4KHz £79.90
Range 20Hz-1KHz P.O A,

Postzges £3.85 per speaker
AUDAX JBL 40-100 watt CAR
TWEETERS

=1 advanced technology, high
dome tweeters are Ferrofluid
tve horn-loaded for high disper-
sion of s¢ very low distortions. ldeal for
tuning up vour cull sounding in-car system
SPECIFICATION MP4Q 40 watts at 5KHz, 100 watt
at 10KHz, MAGNET SIZE 5mm x 30mm, VOICE
COIL SIZE 10 3mm EIFFICIENCY 92.8 dB, 5k. SIZE
51mm x 51mm x 18 3mm_ RECOMMENDED,

1st ORDER CROSSOVER, VALUE 1.5uf-2.2uf sup-
plied,  £7.50par olus 90p post.

These state ¢
performan
coded anc

MAIL ORDER
£1 BARGAIN PACKS

BUY 20 GET 1 FREE

Please state pack(s) required

No Qly per pack

BPOISB | 30W dome tweeter Size 30x66miIl JAPAN made

BPOI7 3 33000pF 16V dc electrolytic huigh guality com-
puter grade UK made

BPOI9 20 20 ceramic tnmmers

BP020 4 Tuning capacitors, 2 gang dielectrica m type

BPO21 10 3 position, 8 tag shde switch 3 amp rated 125V
ac madein USA

BPO22 N Push-button switches, push on push off, 2 pole
changeover PC mount JAPAN made

BP023 6 2 pole 2 way rotary switch

BP024 2 2 Right angle, PCB mounting rotary switch, 4
pole, 3 way rotary switch UK made by LOR-
LIN

BP025 4 3 pole, 3 way miniature rotary switch with one
extra position off {open frame YAXLEY type)

BP026 4 4 pole, 2 way rotary switch UK made by LORLIN

BP027 30 Mixed control knobs

BP(29 6 Stereo rotary potentiometers

BPO3O 2 10k wire wound double precision poten-
tiometers UK made

BP032 4 UHF varicap tuner heads, unboxed and untested
UK made by PHILIPS

BP033 2 FM stereo decoder modules with diagram UK
made by PHILIPS

BP033A 4 6'x%" High grade Ferrite rod UK made

BP0} 3 AM IF modules with diagram PHILIPS UK
MADE

BPOAA 2 AM-FM tuner head modules UK made by Mui-
lard

BPOAB | Hi-Fi stereo pre-amp module nputs for CD,
tuner, tape, magnetic cartridge with diagram
UK made by MULLARD

BPO3S a6 All metal co-axial aerial plugs

BPO3 & Fuse holders, panel mounting 20mm type

BPO3E 2l 5pindin, 180° chassis socket

BPOX 6 Double phono sockets, Paxolin mounted

BPO41 k3 2 8m lenghts of 3 core 5 amp mans flex

BPi42 3 Large VU meters JAPAN made

BPO43 30 4V minature bulbs, wire ended, new untested

RBP4 i Sonctone stereo crystal cartridge with 78 and LP
styll JAPAN made

BP0O45SA 2 Mano Cassette Record and play heads

BPO46A 2 606 Mains transformers, PCB mounting Size
42x33x35

BPO47A | 25V DC 150mA mains adaptor in black plastic
case with flying input and output leads new
units made for famous sound mixer manufac-
turer Size 80x55x47

BP049 10 0OC44 transistors Remove paint from top and it
becomes a photo-electric cell (ORP 12) UK
made by MULLARD

BPOSO 3} Lowsignal transistars n p.n, p np. types

BPOS! 6 14 watt output transistors 3 complimentary pairs
in TOB6 case (/deal replacement for ADT61
and 162s)

BPOS2A | Tape deck pre-amp [C with record/replay
switching No LM 1818 with diagram

BPO53 5 5 watt audio ICs No TBABOO (ATEZ)

BP054 10 Motor speed control ICs, as used with most cas-
sette and record player motors

BPOSS | Digital DVM meter | C. made by PLESSEY as
used by THANDAR with diagram

BPOSH 4 7 segment 0.3 LED display (red)

BP0OST B Bridge rectifiers, 1 amp, 24V

BPO5H (W) Assorted carbon resistors

aposy | Power supply PCB with 30V 4V/A transformer
MC7818CT IC & bridge rectifier: Size 4" x
23"

BPO61 3 6 35mm Mono jack plugs

BPOR3 5 6. 35mm stereo switched |ack sockets

BPU64 12 CoaX chassis mount sockets

BPiGS | 3mtr Euro-mains lead with chassis sockel

Postaae £3 per order
ROADSTAR OF SWITZERLAND. QUALITY 13cm
40 watt CAR SPEAKERS. Fitted with dual
polypropyle‘?e cone and foam rubber surround.
Large 70mm magnet for good bass» and treble
response. Supplied complete with grills, fixing
screws and cable
OFFER PRICE £11.70 pair
They weigh nearly 1.5kg Postage £3 15 each
2 pairs for £22 POST PAID UK ONLY
UNDER 'z PRICE OFFER

AUSTIN ROVER MINI MAYFAIR. 15 watt POD
SPEAKERS. Moulded in a black housing for vertical
or horizontal use. Fitted with a good mains 10cm
speaker

£4.95 pair plus £3 pp or
2 pairs for £10.50 post paid UK only

BSR STEREO RECORD PLAYER DECK
Manual auto operation, 3 speed (78, 45, 33%), 240V
opertion, unused but store soiled

£10.50 ea Parc3.7s 2for £18.00 P&P £3.75

RADIO AND TV COMPONENTS ACTON LTD
323 EDGWARE ROAD LDNDON W2 1BN

Phone 071 723 8432 or 081 992 8430

323 Edgware Road . London

21BN C

AMPHONIC 125 +125 POWER AMPLIFIER

125 watt per channel stereo power amphfier with inde-

pendent volume controls, professional 18" rack mount and

silent running cooling fan for extra reliability

QOutput power , W RMS max per channel

Output impedance 41016 ohms
(max power into 4 ohms)

Sensifivity ...450V at 22K ohms
Pratection Electronic short-circuit and fuses
Power 220-240V a ¢ 50Hz
Chassis dim, 435 x 125 x 280mm

£170 +£7.00pp
30+30 WATT AMPLIFIER KIT

An easy to build amplifier with a good specifica-

tion. All the components are mounted on the

single PCB which is already punched and back-

printed,

o 30Wx 2 (DIN4ohm)

e CD/Aux, tape I, tape |l, tuner and phono in-
puts

e Separate treble and bass,

e Headphone jack

Size (HW.D,) 74 x 400 x 195mm

Kit enclosed: case. PCB, all components, scale

and knobs £40.00 +£350pp

(Featured project in Everyday Electronics, April

1989 issue). Reprint Free with kit

MULTIBAND RADIO

VHF 54-176 MHz + AM CB BANDS 1-80
Listen to: AIR TRAFFIC CONTROL,
AIRCRAFT, RADAR,

£17.95 PUBLIC UTILITIES,
POSTAGE RADIO AMATEURS AND
£2.85  MANY MANY MORE

’ SQUELCH CONTROL
AERIAL

ROSS PUSH BUTTON RADIO
Mains and battery operated
High quality VHF/FM,
Medium and Long Wave reception, *
6 push button selected
preset stations
Fully retractable telescopic
aenal
Headphone/earphone
jack socket
Size 230H x 150W x 65D |
Ref RE-5500 it

Brand new 5
Listed price over £30 00

OFFER £15.00 i
+£280pp Y

%

VIDEO SENDER

With this handy unit you can transmit the out-
put of your home video, video camera or satel-
lite equipment over-the-air to a receiving televi-
sion within a range of 100ft, Simply connect the
video and audio output of your equipment into
this unit and a 10-13,8V dc power supply extra
£3.755siz6 122 x 70 x 21mm

£11.50 +£2pp

VHF RADIO TRANSMITTERS
100mW mini bug. Built on a neat little fibre glass
pcb with condenser mic, Fully tunable over the
FM band. 9V DC £5.75 +£0 90 pp
2 Watt transmitter kit, supplied with fibre glass
pcb, all components, diagrams, ready for you to
build. 12-24v DC £7.50 +£0 70 pp
25 Watt Transmitter kit. Fully tuneable over the
FM band. Kit comprises double sided pcb dia-
grams and all components, including heat sink
Supply voltage 12-18V DC, £67 +£1pp
Transmitters listed on this page are not licensable
in the UK.

SPECIAL OFFER

DTMF TONE DIALLER

Suitable for remote control

of telephone answering

machines, videos, appliances
etc. requiring DTMF

EB 95 signals over
telephone lines

Please add 75p p&p when crdering

Please add 2.2% to all our prices due to the
increase of the VAT rate to 17.5%




1992 BUYER'S GUIDE TO ELECTRONIC COMPONENTS

Over 600 prodiict packed pages with
more than 600 brand new products.
On sale now, only £2.75

Available from all branches of WHSMITH and
Maplin shops nationwide. Hundreds of new products
at super low prices!




