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

OMP POWER AMPLIFIER MODULES QEETEESC R FE S S

OMF FOWER AMPLIFIER MODULES Now enjoy a world-wide reputation lor quality, reliability and
performance at a reaiistic price. Four models avalable to suit the needs of the protessional and hobby market, i e, Industry,
Leisure, [nstrumental and Hi-Fi elc. When companng prices, NOTE all mogeis include Toroidal power supply, Integral heat sink,
Glass fibre P.C B, and Dnve circuits to power compalible Vu meler. Open and short circuit prool

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP100 Mk 11 Bi-Polar Output power 110 watts
A.M.S. into 4 ohms, Frequency Response 15Hz —
30KHz —3dB, T.H.D.0.01%, S.N.R. —118dB, Sens. for
Max. output 500mV at 10K, Size 355 x 115x65mm
PRICE £33.99 + £3.00 P&P.

NEW SERIES Il MOS-FET MODULES

OMP/MF 100 Mos-Fet Output power 110 watts R.M.S.
into 4 ohms, Frequency Hesponse 1Hz — 100KHz
—3dB, Damping Factor, =300, Slew Rate 45V/uS,
T.H.D. Typical 0.002%, Input Sensitivity 500mV, S.N.R.
-125dB. Size 300 % 123 x 60mm,

PRICE £39.99 + £3.00 P&P.

OMP/MF200 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.
-130dB. Size 300 x 155 x 100mm.

PRICE £62.99 + £3.50 P&P.

OMP/MF300 Mos-Fet Output power 300 watts R.M.S.
into 4 ohms, Frequency Response 1Hz — 100KHz
—3dB, Damping Factor >300, Slew Rate 60V/uS,
T.H.D. Typical 0.0008%, Input Sensitivity 500mV,
SN.R. —130dB. Size 330 x 175 x 100mm.

PRICE £79.93 + £4.50 P&P.

NOTE:— MOS-FET MODULES ARE AVAILABLE IN TWO VERSIONS, STANDARD — INPUT SENS; 500mV BAND WIDTH 100KHz
PEC (PROFESSIONAL EQUIPMENT COMPATABLE) — INPUT SENS, 775mV, BAND WIDTH 50KHz, ORDER STANDARD OR PEC

Vu METER Compatible with our four amplifiers detailed above. A very accurale visual
display employing 11 LE D diodes (7 green, 4 red) plus an additional oniaff indicator.
Sophisticated loi dguL cantrol circuits for vary fast nse and decay imes. Tough moulded plastic
case, with tintad acrylic front. Size 84 x 27 x 45mm.

PRICE £8.50 + 50p P&P.

* PRICES INCLUDE V.A.T. * PROMPT DE
LA

LIVERIES * FRIENDLY SERVICE -
RGE S.A.E. 30p STAMPED FOR CURRENT LIST.

OMP VARISPEED TURNTABLE CHASSIS.

Jr MANUAL ARM + STEEL CHASSIS % ELECTRONIC SPEED CON-
TROL 33 & 45 % VARI PITCH CONTROL * HIGH TORQUE SERVO
DRIVEN DCMOTOR # TRANSITSCREWS % 12" DIE CAST PLATTER %
NEON STROBE ¥ CALIBRATED BAL WE(GHT % REMOVABLE HEAD
SHELL # 15" CARTRIDGE FIXINGS % CUE LEVER % POWER 220240v
50:60Hz Y 390x305mm % SUPPLIED WITH MOUNTING CUT-OUT

TEMPLATE.
PRICE £59.99 + £3.50 P&P.

OPTIONAL MAGNETIC CARTRIDGES
STANTON AL500
PRICE £16.99 + 50p P&P

GOLDRING G850
PRICE £6.99 + 50p P&P

OMP MOS-FET POWER AMPLIFIERS,
HIGH POWER, TWO CHAN

THOUSANDS PURCHASED
MRS NAE®US BY PROFESSIONAL USERS

NEW MXF SERIES OF POWER AMPLIFIERS
THREE MODELS:— MXF200 (100w + 100w)
MXF400 (200w + 200w) MXF600 (300w + 300w)

All power ratings R M.S. into 4 ohms

FEATURES: r Independent power sunplies with two Taroidal Transformers + Twin L.E.D. Vumeters % Rotary
indended level controls # llluminated onvoff switch  XLR connectors # Standard 775mV inputs * Open and short
circuit proof * Latest Mos-Fels for stress free power delivery into virtually any load # High slew rate % Very low
distortion % Aluminium cases % MXFA00 Fan Cooled with D.C. Loudspeaker and Thermal Prolection.

USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.

SIZES:— MXF 200 W19"xH3%%" (2U)xD11”

MXF 400 W19"xH5%s" (3U)xD12"

MXF 600 W19"xH5%" (3U)xD13"

MXF200 £171.35

PRICES: MXF400 £228.85

MXF600 £322.00

LOUDSPEAKERS

LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH FRE-
QUENCY BULLETS AND HORNS, LARGE S.AE. (30p
STAMPED) FOR COMPLETE LIST.

McKENZIE:— INSTRUMENTS, P.A., DISCO, ETC.

ALL McKENZIE UNITS 8 OHMS IMPEDENCE
8”100 WATT CB100GPM GEN PURPOSE, LEAD GUITAR, EXCELLENT MID DISCO
RES, FREQ, 80Hz FREQ, RESP, TO 14KHz SENS, 99dB RICE £29.30 + £2.00 P&P
10" 100 WATT C10100GP GUITAR, VOICE, ORGAN KEYBOARD, DISCO EXCELLENT MID
RES, FREQ, 70Hz, FREQ, RESP, TO 6KHz SENS 100dB PRICE £35.58 + £2.50 P&P
10" 200 WATT C10200GP GUITAR, KEYBOARD, DISCO, EXCELLENT HIGH POWER MID
RES, FREQ, 45Hz, FREQ, RESP, TO 7KHz SENS 103dB RICE £48.67 + £2.50 P&P
12" 100 WATT C12100GP HIGH POWER GEN, PURPOSE, LEAD GUITAH DISCO
RES, FREQ, 45Hz, FREQ, RESP, TO 7KHz SENS, 98dB RICE £37.59 + £3.50 P&P
12" 100 WATT C12100TC TWIN CONE) HIGH POWER WIDE RESPONSE P A, VOICE, DISCO
RES, FREQ, 45Hz FREQ, RESP, TO 14KHz, SENS, 100dB CE £38.58 + £3.50 P&P
12 200 WATT C12200B HIGH POWER BASS, KEYBOARDS DISCO, P A
RES, FREQ, 40Hz FREQ, RESP, TO 7KHz SENS, 100 PRICE £65. 79+£3 .50 P&P
12" 300 WATT C12300GP HIGH POWER BASS LEAD GUITAR 'KEYBOARDS, DISCO, ETC
RES, FREQ, 45Hz. FREQ, RESP, TO5KHz SENS, 100 PRICE £67.51 + £3.50 P&P
15" 100 WATT C15100BS BASS GUITAR, LOW FREOUENCY P A, DISCO

RES, FREQ, 40Hz FREQ. RESP, TO 5KHz SENS, 98dB PRICE £55.05 + £4.00 P&P
15" 200 WATT C15200BS VERY HIGH POWER BASS.
RES, FREQ, 40Hz FREQ, RESP, TO4KHz SENS, 99dB .. PRICE £75.10 + £4.00 P&P
15" 250 WATT C15250BS VERY HIGH POWER BASS.
RES, FREQ, 40Hz FREQ RESP, TO4KHz SENS, 99dB PRICE £82,54 + £4.50 P&P

15" 400 WATT C154008S VERY HIGH POWER, LOW FHEOUENCY BASS

RES, FREQ, 40Hz FREQ, RESP, TO 4KHz SENS 102d| PRICE £96.47 + £4.50 P&P
18" 400 WATT C18404BS EXTREMELY HIGH F‘OWEF! LOW FREQUENCY BASS,

RES, FREQ, 27Hz FREQ, RESP, TO 3KHz. SENS, 99dB PRICE £172.06 + £5.00 P&P
EARBENDERS:— HI-FI, STUDIO, IN-CAR, ETC

ALL EARBENDER UNITS 8 OHMS (Evcapi EB5-50 4 FB 1which are dual impedence tapped ¢+ 48 8ohm )

BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED FOAM SURROUND

8" 50 WATT EBB-50 DUAL IMPEDENCE, TAPPED 48 OHM BASS, HI-FI, IN-CAR

RES, FREQ, 40Hz. FREQ, RESP, TO?KHZ SENS, 97dB.
107 50 WATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 HM
RES, FREQ, 40HZ. FREQ, RESP, TO 5KHz. SENS, 99d8 .
107 100 WATT EB10-100 BASS, HI-FI, STUDIO

RES, FREQ, 35Hz. FAEQ, RESP, TO'3KHz SENS. 96dB
12" 60 WATT EB12-60 BASS, Hi- Fl, STUDIO

RES, FREQ, 28Hz. FREQ, RESP TOSKHZ SENS, 92dB. .
12° 100 WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLEN
RES, FREQ, 26Hz. FREQ, RESP TO3KHz. SENS 93dB
FULL RANGE TWIN CONE, HIGH COMPLIANCE, R [o]V]

SYa" 60 WATT EB5-60TC (TWIN CONE) HI-FI, MULTI AHRAY DISCO ETC

RES, FREQ, 63Hz FREQ, RESP, TO 20KHz SENS PRICE £9.99 + £1,50 P&P
6" 60 WATT EB6-60TC (TWIN CONE) HI-FI, MULTI AHRAY DISCO ETC

RES, FREQ, 38Hz FREQ, RESP, TO 20KHz SENS . PRICE£10.99 + £1.50 P&P
8" 60 WATT EB8-60TC (TWIN CONE) HI-FI, MULTI- AHHAY DISCO ETC.

RES, FREQ, 40Hz FREQ, RESP, TO 18KHz. SENS, 89d| .. PRICE£12.99 + £1.50 P&P
10” 60 WATT EB10-60TC (TWIN CONE) HI-FI, MULT- AHHAY DISCO ETC

RES, FREQ, 35Hz FREQ, RESP, TO 12KHz SENS, 86dB PRICE £16.49 4+ £2,00 P&P

FHt-CE HIZ 00 +£2.50 P&P
PRICE £27.76 + £3.50 P&P
PRICE £21.00 + £3.00 P&P
PRICE £38.75 + £3.50 P&P

SECURICOR DELIVERY £12.00 EACH
OUD R

THEVERY BEST IN QUALITY AND VALUE

MADE ESPECIALLY TO SUIT
TODAY'S NEED FOR COM-
PACTNESS WITH HIGH OUTPUT
SOUND LEVELS, FINISHED IN
HARDWEARING BLACK VYNIDE
WITH PROTECTIVE CORNERS,
GRILLE AND CARRYING HANDLE,
INCORPORATES 12" DRIVER PLUS

HIGH FREQ HORN FOR FULL TWO SUPERB HIGH
FREQ RANGE: 45Hz-20KHz BOTH POWER CAR STEREO
";‘%22}3 BLOURLIS ZElCB WS BOOSTER AMPLIFIERS

150 WATTS (75+75) INTO 4 OHMS

300 WATTS (150+150) INTO 4 OHMS

FEATURES.—

* HIGH & LOW INPUT IMPEDANCES

* HIGH & LOW INPUT SENSITIVITIES

+ VARIABLE INPUT GAIN CONTROL

* SHORT CIRCUIT QUTPUT
PROTECTION

+ POWER REQUIREMENT 12V. D C

PRICES: 150 WATT £43.00

300 WATT £95.00 + £3.00 P&P EACH

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

OMP 12-100 (100W 100dB) PRICE £159.99 PER PAIR
OMP 12-200 (200W 102dB) PRICE £209.99 PER PAIR

SECURICOR DEL.:— £12.00 PER PAIR

PIEZO ELECTRIC TWEETERS-MOTOROLA

PIEZO ELECTRIC TWEETERS — MOTOROLA

Join the Piezo revolution The low dynamic mass (no voice coil) of a Piezo tweeter produces an improved transient
response with a iower distortion level than ordinary dynamic tweeters. As a crossover Is not required these units can
be added lo ex-qtln%iaeaher stems of up to 100 watts (more 1f 2 pul in series). FREE EXPLANATORY LEAFLETS

SUPPLIED WITH EACH TWEETER, TYPE A’ (KSN2036A) 3" round with protective wire
mesh, ideal for bookshell and medium sized Hi-fi
speakers. Price £4.90 each + 50p PEP

TYPE 'B' (KSN1005A) 3'%" super hom. For general
purpose speakers, disco and P.A. systems etc. Price
£5.98 each + S0p PAP

TYPE 'C’' (KSN6016A) 2 = 5 wide dispersion horn. For
ystems and quality discos etc. Price £6.98
D&_S

TYPE 'D’ (KSN1025A) 27«6 wide dispersion hom
Upper frequency response retained extending down fo
mid range (2K Suitatie for high quality Hi-f
and qualm discos Price £9.89 each + 50
TYPE ‘E’ (KSN1038A) 3=-" horr tweatar w
silver finish frim. Suitable for Hi-h e
Price £5.99 each ~ 50p P&P.
LEVEL CONTROL Combines on a recesses
plate. level controi anc cabine:
85x85mm. Price £3.99 = 30¢ P&F

STEREQ DISCO MIXE

STEREO DISCO MIXER with 2 x 5 band L & R

TRANSMITTER HOBBY KITS

PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE
PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
COMPLETE WITH CIRCUIT AND INSTRUCTIONS ;

3W FM TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL PER-
FORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm, SUPPLY 12V @ 0 54MP,
PRICE £14.49 + £1.00 P&P
FM MICRO TRANSMITTER (BUG) 100-108MHz VARICAP TUNED COMPLETE WITH
VERY SENS FET MIC, RANGE 100-300m, SIZE 56 x 46mm, SUPPLY 9V BATT. PRICE
8,52 + £1.00 P&P
SSptR S

3 watt FM
Transmitter

graphic equalisers and twin 10 segmant L.E D
VuMeters. Many outstanding features 5 Input
with individual faders providing a useful com-
bination of the following —
3 Turntables (Mag}. 3 Mies. 4 Line includi ng CD
plus Mic with talk over switch Headphone Man
tor. Pan Pot L & R. Master Qutput controls
Output 775mY. Size 360 280:x90mm. Supply
220-240v.

Price £134.99 — £4.00 P&P

POSTAL CHARGES PER ORDER 10 MINMUM CFFICIAL CROERS WELCOME FROM
SCHOOLS. COLLEGES. GOVT. BODIES. ETC PRICES INCLLSIVE OF VAT SALES COUNTER,
VISA ACCESS ACCEFTED BY POST. PHOME OR FAX

B. K. ELECTRONICS o.;.e

UNIT 5, COMET WAY, SOUTHEND-ON-SEA, ESSEX. SS2 6TR
TEL: 0702-527572 FAX: 0702-420243




MISSING ISSUES?

Then The Electronics Today
International Back Issue Service
May Be Able To Help

- ~Back numbers of Electronics Today International cost cover
price plus 60p postage and packing from Electronics Today
International Back Numbers, Select Subscriptions, 5 River
Park Estate, Berkbamsted, Herts HP4 1HL. Cheques should be ¥
made payable to Argus Specialist Publications. £

Back issues are available for the
Drevious twelve montbs only. As
some issues are in very short
supply, you should check availability on
0442 876661 so as to avoid disappointment.

ORDER YOUR COPY NOW -
WHILE STOCKS LAST!

ELECTRONICS

TODAY INTERNATIONAL

AND
SPARE TIP

Complete with its own flint lighter it can be fired up in seconds ready for use. Re-filled w
simply with gas lighter fuel, the PORTASOL will last ages. Replacement tips are also

available at £5.95 each. Please quote ROMG/26 for Portasol and spare tip. o
Z Please supply ......ccccovrvene ROMC/26 @ £19.99 EROMC/27 for tlpS.
Please supply .......cccooveneee. ROMC/27 @ £5.95 : A PORTASOL IS ONE OF THOSE
o | enclose my cheque/P.O. for £................ payable to ASP or :
please debitby Access/Visa | [ [ [ [ [ [ [ [ [ [T [TT]! TOOLS WHICH EVERY TOOL/
m Signature (o 1T i HOBBY BOX SHOULD CONTAIN “
D VNI T 'cphone orders — 0442 66551
O .................. - . (24 hrs)
.................................................................................... ]

! ASP Reader Offers, Argus House,
< > .................................................................................. i Boundary Way, Hemel Hempstead’

Please allow 28 days for delivery U.K. only — overseas upon request (Sept 91) | Herts. HP2 7ST
=
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James Archer takes a final glimpse into the future where digital computing power and TV
technology could merge.

The Nightfighter 16

A light show to beat all others. Mike Beechan introduces the first instalment to this versatile
modular lighting display. The master controller is presented this month.

Light, Vision, Colour And Perception 28

Douglas Clarkson provides us with a fascinating insight into the science of vision.

The Sony Minidisc 35

A portable record/playback disc system will be available in British shops within two years. Eric
Kingdon describes the workings of this remarkable achievement in technological design from
Sony.

Fault Finding In Electronic Equipment 2 40

Andrew Chadwick provides some examples of commercial equipment failures and shows how to
deal with them.

Pocket Geiger Counter 48
Build this hand-sized Geiger counter and find out about the radiation hazards that exist around
us. Malcolm Plant provides us with the constructional details.

The Hemisync Machine 2 52

Aubrey Scoon continues his description in this, the final part to a machine that tries to emulate
brain-wave patterns.
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Editorial

Radical or
conservative design

It has been stated before that ETlis a
testbed for any new design or idea in
the field of our technology. Making
the design fit your requirements is all
part of that pleasurable experience to
give it that certain amount of individ-
uality.

Component parts and circuit
modules like oscillators, filters, com-
paritors and the like are available for
the designer to bring about a gadget
that performs as expected. But an
electronic designer, equipped with
the knowledge of how the parts or
modules fit together through conser-
ative development is not there to
think of the design in the first place.
This is where the ‘ideas person’ can
perform his or her part in a Lateral
thinking process. After having
identified the need or the approach
to an answer, the electronic designer
can do the rest. Most initial ideas
come from an event or series of
events known to be an annoyance in
our routine daily lives and nearly
always results in the newly designed
piece of equipment performing an
operation in a more efficient manner.
Very often if a process is working,
there is less reason to question
whether another route to the same
goal needs to be acheived. The side-
ways look could produce a risky but
radical alternative to perform the
same job.The rewards for such offer-
ings are very attractive particularly to
industry as in nine cases out of ten it
results in the company saving money.
In some cases, though not so popu-
lar, it can help the persons well-being
and make their job easier within the
company.

Arguably, electronics has brought
about increased production speed
and reliability through automation
within a company but it could be at
the very expense of cutting out the
employee who designed it.

Mathematical aids like computers
and calculators have reduced mono-
tonuos processing time in scientific
research. Electronic communication
through radio, TV, telephone, faxand
spy satellites has increased the dis-
emination of knowledge to reduce
misunderstandings and  surprise
events. It also has to be said in the
wrong hands, these communication
channels can supply misinformation
and so supply incorrect information
equally at the same speed.

On balance the benefits given to
society from the electronics revo-
lution must lead to a safer world
where human races operate in har-
mony with each other. We have yet to
live in harmony with the natural
resources of the planet however.

Paul Freeman
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OPEN CHANNEL

As you might expect, | have to start this month with
a comment on recent happenings concerning the
future ot satellite television broadcasting over Europe.

Filippo Maria Pandolfi, the Eurcpean commis-
sioner for technology, research and development has
proposed that leading variant to the multiplexed ana-
logue component (MAC) format for television trans-
mission systems DZMAC becomes the standard for
such services. Through this, high définition television
services will be introduced in the future using MAC's
high definftion extension known naturally enough as
HDMAC. This has a number of far reaching implic-
ations on satellite television, particularly in the UK.

For instance, while he’s proposing MAC is a new
standard, he has not seen it fit to suggest existing
broadcasters using other formats must change to a
MAC service immediately. This is, perhaps, welcome
news to the two million or so dish owners across
Europe (three-quarters of them in the UK) and, more
specifically, to broadcasters such as Brttish Sky Broad-
casting which runs many existing channels.

Prior to MAC, most channels used the PAL for-
mat, in a broadly similar form to terrestrial television
broadcasts in the UK. Use of PAL as a broadcast stand-
ard ensures that compatibility with current televisions
is simply engineered into satellite receivers. For this
reason there are still many more PAL channels broad-
cast from satellites than any other type. Of the 16 main
television-transmitting satellites 69 channels are in
PAL, 14 are in D2ZMAC, 9 are in DMAC, 9 are in
SECAM and 2 are in BMAC. These figures put the mat-
ter of satellite television into perspective and [ suspect
they will surprise many casual observers.

Even now with the commissioners proposals
however, this situation is unlikely to change greatly
because existing non- D2ZMAC channels aren’t imme-
diately being forced to change. True, all new services
from the beginning of next year must be in DZMAC for-
mat but that’s not going to make a lot of difference -
most channels which want to be up are already there;
and any on the horizon with much sense will probably
get their acts together before that deadline arises.

It’s not that broadcasters don't see the technical
advantages of D2MAC — everybody knows picture
and sound quality is improved using the system — but
it’s not yet proven it can be a commercial success. Fur-
ther, it’s not yet proven users actually need or even
want DZMAC.

Manufacturers like Philips and Thomson have
pushed hard for the D2ZMAC format to be both stan-
dardised and imposed on existing broadcasters, but
the commisioner has seen it necessary to do only the
former, leaving existing broadcasters with the option
to change as and when they want.

A second part of the proposal is to enforce that
D2MAC facilities be incorporated into all new satellite
television receivers from 1993. This in itself will natu-
ralry cause the changeover from PAL transmissions to
D2MAC, and it does make sure any such transition is
controlled, gradual and occurs only as the user wants,
Last thing anybody should desire is an instant change-
over date after which two million users need to either

scrap their current equipment or upgrade by buying
expensive external decoder boxes.

In the end, D2MAC is still only an analogue sys-
tem, only one step better than the current PAL system.,
It could be superseded within 10 years by a new digital
HDTV system currently in early development stages.
This is effectively incompatible with both PAL and
D2MAC, so it’s not as though D2ZMAC would give any
advantage in the long-term except for the promotion
of widescreen services. PAL itself has been shown to be
capable of providing widescreen services in an
extended format. For whatever reasons, Mr Pandolfi’s
proposals are the right ones.

Moving Data

For anyone working external to a central base, tele-
communications is often vital. Originally land-line tele-
phones were the only realistic means of communicat-
ing with the office for salesmen, delivery personnel,
field service engineers and so on. True, radiophones
used to be available but they can’t by any stretch of
anybody’s imagination be called reliable. Radlopagers
gave some small communications possibilities but
were always pretty restrictive.

It wasn’t until cellular telephone services came
into being that mobile communications of any true
reliability and quality were obtained. Their rapid
growth over the years upto the current time gives testa-
ment to how much they are required.

But mobile voice communications is only part of
the solution to business communications needs.
Mobile staff need to have computing facilities too,
usually in the form of laptop notebook computers.
Because of this, there is a need for data communic-
ations between terminals and centralised computers.
Even where data users aren’t mobile, data communic-
ations at a distance is a vital area in business. Valida-
tion of credit card transactions, telemetry of remote
plant and so on also require reliable data communic-
ations. A fascinating range of uses can be envisaged
for comprehensive data communications networks.
Electronic tagging of vehicles is just one potentially
useful scenario. While no-one suggests it’s necessary
to monitor all vehicle positions at all times, such a sys-
tem would pinpoint position of, say, a stolen vehicle
instantly. It doesn't take the imagination long to come
up with many more potentially useful data systems
either.

Because of these data needs, a new breed of port-
able communications device is becoming available,
comprising radio-modems or complete data termi-
nals. In the minimum, modems can be used over exist-
ing cellular networks to allow computerised equip-
ment to inter-communicate. At the other extreme,
complete radio data terminals could have their own
radio networks. It is becoming increasingly likely that
the Government could legislate to allow this possibil-
ity. In etfect. provision of such networks could well cut
down the requirements for a cellular voice network —
because many more users can communicate per chan-
nel over a similarly specified radio data network.

Keith Brindley
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Salt was first taken from the
salt mine at Winsford in
Cheshire some 150 years ago.
Now it's the only salt mine still in
production on the UK mainland
— but that’s not its only claim to
fame.

ICL, one of Europe’s informa-
tion systems companies, has
taken the innovative step of sett-
ing up a computer test centre 200
metres below ground in a worked-
out region of the salt mine.

This highly automated test
facility will be used by ICL to mea-
sure the electromagnetic confor-
mance (EMC) characteristics of
its range of computer systems. [t
will enable ICL to meet its own
high standards for quality and to
comply with new European Com-
munity regulations due to come
into force in 1992.

Tests will be carried out on all

ICL’s products — including per-
sonal computers, disc files, print-
ers and mainframe processors -to
ensure that they do not cause
excessive electromagnetic inter-
ference, and are immune from it.
ICL has invested over £1 mil-
lion in the new underground EMC
test facility which is among the
most advanced in the world.
This investment includes the
installation, within the subterra-
nean cavern, of a large air-condi-
tioned tent in which the tests are
conducted; the provision of labor-
atory and office facilities; and the
construction of a screened room

n‘kﬁbusing an ICL Series 39 Level

35XP mainframe computer. This
can be linked to the products
being tested to simulate opera-

tional conditions.

The selection of the salt mine
for this work means that much
higher signal levels can be gener-
ated to test products for immun-
ity, without creating electromag-
netic pollution which could other-
wise interfere with normal tele-
communications.

The salt mine eliminates radio
frequency signals from unwanted
sources which could interfere with
testing. Because of the absorption

qualities of the salt walls, the need
for highly expensive shielding and
absorption material is greatly
reduced. This means that testing
can be automated and completed
quickly.

As a result of establishing this
underground test facility, ICL
expects to be among the first
European electronics companies
to meet the new standards for
electromagnetic ~ conformance
being established by CENELEC,
the European Committee for
Electrotechnical Standardization,
and thus have the right to carry
the ‘CE’ label on its products.
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anon is entering the audio

market with the introduction
of a new domestic loudspeaker
system, called Wide Imaging
Stereo.

This new systemn is said to offer
the listener one distinct advan-
tage — a much larger stereo area
than that produced by conven-
tional box loudspeakers.

In a conventional set-up, two
speakers fire sound waves dia-
gonally across the room in an X’
pattern. At the centre of the
‘X' the ‘hot spot’ — the listener is
able to appreciate the stereo
effect; however outside of this
tightly defined area, the stereo
effect is likely to disappear alto-
gether.

The new Canon $-50 loud-
speakers operate in an entirely
different way. Instead of firing
sound in a diagonal pattern, the
sound is directed downwards
from the driver onto a unique
acoustic mirror, producing stereo
images across a much broader lis-
tening area — ideal for group or
family listening.

Wide Imaging Stereo is the

result of six years intensive acous-
tic research, carried out by the
Canon Research Centre Europe
— based in Guildford, Surrey.

The concept is the brainchild
of one man — Mr. Hiro Negishi —
Head of Canon Research Europe.
Bringing the idea to the finished
product has involved a team of
British acoustic engineers and the
services of the Institute of Sound
and Vibration Research at Sou-
thampton University.

The new S-50 loudspeakers
are the very first Canon products
to be both designed and manufac-
tured outside of Japan. They are
being manufactured in the UK
and the sales and marketing will
be handled on a global basis by
newly formed company Canon
Audio Ltd based in Woking, Sur-
rey.

Canon’s new S50 speaker
draws on a brand new set of
design rules, offering a fresh look
at the design and manufacture of
domestic loudspeakers; demon-
strating both aesthetic and tech-
nological innovation.

The ‘hot spot’ has traditionally




been considered a technical prior-
ity in conventional loudspeaker
design but with Wide Imaging
Stereo the priorities of loud-
speaker design have been re-
organised. The system provides
the means to control ‘dispersion’
— the pattern of sound radiated
into the room — and the parame-
ter, vitally important to off ‘hot
spot’ listening. Canon has found a
way of controlling dispersion by
increasing the quantity, and con-
trolling the quality, of ‘early reflec-
tions’ from the listening room
walls. For the first time, ‘true’
stereo sound is able to effectively

work over an extensive listening
area.

In the majority of conventional
loudspeaker designs, dispersion
is either left unattended, or
degraded, by the search for ‘bet-
ter’ hot-spot performance. In con-
trast to natural sound sources
such as musical instruments and
voices, conventional loudspeaker
dispersion often changes sud-
denly over the frequency range.
This is thought to be the funda-
mental reason for the unnatural
sound of many speakers. Wide
Imaging Stereo however pro-
duces a smooth dispersion char-

acteristic.

Conventional speakers use
multiple forward facing drivers.
The drivers physical size, mechan-
ical characteristics and the cross-
over between them have been
optimised to achieve ‘hot-spot’
performance goals.

The system controls disper-
sion by substantially removing it
from the influence of the driver
and instead uses a carefully pro-
filed off-centre ‘acoustic mirror’
which has been postioned to con-
trol the way the sound is radiated
into the listening room. Stereo to
the left, to right and in the middle.

The S§-50’s full range driver, in
combination with the acoustic
mirror, overcomes the difficulties
normally associated with such
units — and removes the need for
the troublesome passive cross-
over circuits of conventional sys-
tems.

Materials used in their con-
struction are as radical as their
design, no wood cabinets, instead
zinc diecastings and modern ABS
plastics.

The suggested guide price is
£349.95 (inc.VAT).

With the launch of the
SV1481/82 14in Super
VGA colour monitor, Southern
Peripherals is introducing to the
general computer market a multi-
frequency monitor that can sup-
port all VGA configurations up to
1024 X 768pixels with 256
colours for £240 plus VAT. All
that is required is the appropriate
video adaptor card, also supplied
by the company.

Rapid changes in technology
now allow the company to offer
screen resolution and colours that
were once the sole domain of
CAD/CAM and high technology
engineering applications.

Technical specifications for
the SV1481/82 include: a 14in
90° CRT with 0.28in dot pitch;
horizontal frequencies of 31.467,
35.16 and 35.52kHz; vertical fre-
quencies of 60, 70, 56 and 87Hz

(interlaced); a bandwidth of
50MHz; maximum screen mis-
convergence of 0.3 and 0.5mm at
the centre and corner, respect-
ively; and an operating tempera-
ture range of 0° to 40°C.

The Super VGA colour moni-
tor has been designed to be fully
compatible with IBM PS/2s and
PC-compatibles.  offering as
standard 640 X 350 resolution,
which increases to 640 X 480
when used at 31.467kHz, the
SV1481/82 will automatically
switch modes by decoding an
upgraded Super VGA video card
to provide 800 X 600 and 1024 X
768 resolutions at 31.16 and
35.52kHz frequencies, respect-
ively.

Further information, contact
Derek Southern at Southern Peri-
pherals. Telephone: 0256-819
221.

Rendar has expanded its
range of high quality audio
connectors with new loudspeaker
terminals to suit the most dem-
anding applications.

The speaker terminals are
gold plated spring-loaded con-
tacts and push-open action for
convenience and speed of load-
ing. They are designed to make
good contact with all types of
speaker cables, and are large
enough to accommodate thick
heavy-duty conductors, including
high quality oxygen-free copper

(OFC) cables.

Configurations are available
from two to eight poles, for use on
all types of equipment from con-
sumer products to large scale pro-
fessional audio systems. The
terminals are available in surface
mounting format for use on
equipment, and recessed for use
on wooden loudspeaker panels.

Further information contact
Mike Gasper, Rendar Limited Tel:
(0243) 866741.
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OP Electronics Ltd have

recently introduced the
Model 200A EPROM Program-
mer with an option available to
connect the Programmer to the
parallel port of a PC instead of the
serial port. This combined with
enhanced software gives signifi-
cant increases in programming
speed, for example a 1 Mbit Flash
devices can be blank checked,
programmed and verified in one
minute.

Along with the Model 200A, a
new range of adapters is now
available. These allow the pro-
gramming of the 8051 family der-
ivatives from Intel and Philips in
both standard and surface mount
packaging.

The Model offers a compre-
hensive programming system
supporting nearly 900 devices
including EPROMs up to 4 Mbit,
EEPROMs and all popular micro-
controllers.

Further information phone
MOP Electronics on 0666
825146.

E chelon Corporation
announced that it has sold its
Lonbuilder Developer’s Work-
bench to over 50 customers
around the world. It enables com-
panies to design and build low-
cost intelligent distributed control
applications into products for the
first time.

Echelon introduced the con-
cept of intelligent distributed con-
trol, along with its new Lonworks
technology platform last Decem-
ber. With this technology, pro-
ducts from multiple manufactur-
ers (such as lights, switches, secur-
ity sensors and thermostats) can
interoperate and communicate.

The Lonbuilder Developer’s
Workbench gives users the ability
to- develop intelligent distributed
control applications quickly with
inexpensive, off-the-shelf technol-
ogy. It provides developers with
an integrated hardware and sof-
tware environment for building

the technology into products or
systems. It uses object-oriented
techniques and a high-level pro-
gramming language to simplify
the design and development of
distributed control applications.

Each application contains one
or more nodes. Nodes can take
the form of basic elements like
switches and circuit breakers, sen-
sors or actuators, or user interface
devices like keypads and liquid
crystal displays. Each node con-
tains an integrated circuit called a
Neuron chip, that can be pro-
grammed to sense and monitor,
count and measure time, manage
switches and relays, respond to
conditions reported from other
nodes and report system status to
other nodes.

Each node also contains a
transceiver that provides the phy-
sical connection to the communi-
cation media, including electrical
power lines, radio waves, optical

fibre, coaxial cable, infrared and
twisted pair. The technology sup-
ports communications over any
combination of media with a com-
plete seven-layer communication
protocol contained in the firm-
ware of every Neuron chip. The
LONTALK protocol supplies the
‘rules of the road’ for linking
nodes together in a network.
“By integrating programming
and network management tools
into a single development plat-
form, we have significantly
reduced the amount of time and
money required by designers to
develop their distributed applic-
ations”, said Dr Michael Gilbert,
Echelon’s Vice President of Engi-
neering. “In the past, people deve-
loping intelligent distributed con-
trol applications not only had to
write their application in a micro-
controller, but also had to create
their own protocol system
software and networking tools.

Now with the integrated tools pro-
vided in the workbench, compan-
ies can write their application
quickly and develop their network
simultaneously.”

The tools, run on a standard
IBM PC/AT or compatible com-
puter, combine three develop-
ment products — a multi-node
development system, a network
manager and a protocol analyser
— into a single integrated hard-
ware and software platform.

Echelon Corporation was
founded in 1988 to develop a new
technology to enable implemen-
tation of the first practical, low-
cost intelligent distributed control
products. Echelon is a privately
held company with headquarters
in Palo Alto, California, with 100
employees and two subsidiaries;
Echelon Europe Ltd., located in
Londonand Echelon JapanKKin
Tokyo.

he man who invented liquid
crystals, has been awarded
the CBE.

Professor George Gray of
Merck Ltd, pioneered the use of
liquid crystals in state of the art
technology from digital watches,
calculators and computers, to all
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domestic appliances with elec-
tronic displays.

In cooperation with the Royal
Signals Research Establishment
(RSRE), George Gray and Merck
Ltd are also instrumental in the
production of Thermochromic
inks. These incorporate heat sen-

sitive liquid crystals which react to
changes in temperature. The inks
have already been successfully
printed onto fabric and recently
paraded on the London catwalks
creating a new fashion craze.
Professor Gray spent 43 years
at the University of Hull during

which time he gained many
awards for his work includitig a
Fellowship of the Royal Society
(FRS). For the last 20 years he has
collaborated with Merck, contri-
buting to their Queens Award for
Technological Achievement.




T’s massive programme to
modernize its telephone
network reached a milestone
today when it hit the half-way
stage in switching over its local
exchanges from electromechani-
cal to digital technology. To date,
more than £15 billion has been
spent on supporting, modernising
and expanding mainstream ser-
vices in the UK.
Last year, BT’s trunk network
— the backbone of Britain’s tele-
phone system — became the first
in any major industrialized coun-
try to become fully digital. Now,
with the modernization of half of

BT’s local exchanges, telephone

users have access to one of the

most sophisticated networks in
the world. The half-way stage was
reached when the BT exchange
which serves the St Paul’s area of
the city of London became the
3,319th digital exchange to come
into service.

Benefits of digital technology
include:

— Features such as call diversion,
call waiting, three way calling,
repeat last call, call barring,
charge advice, code calling and
reminder call.

— Access to BT’s Integrated Ser-

vices Digital Network (ISDN).
BT’s ISDN2 and ISDN30 ser-
vices allow customers to send
and receive high speed, high
quality voice, data, image, and
text, or any combination, over
the UK network and to 12
countries around the world,
including France, the USA and
Japan.

— A powerful high speed signall-
ing system which enables fast
call set-up.

BT’s network now has more
than 1.5 million kilometres of opt-
ical fibre which means that voice,
image, data and text can be trans-

mitted across the network at high
speed. The current technology
employed allows more than
7,600 simultaneous phonecalls to
be transmitted and received over
a pair of fibres.

In addition to converting more
than 15 exchanges to digital oper-
ation each week (the equivalent of
6,500 new digital lines every
working day), BT is continuing to
extend its fibre network by more
than 10,000 kilometres every
single week.

EP Modular Computers
have added the V386 to their
extensive range of 3U VME
boards for Industrial Automation.
The V386 hosts the popular
and powerful Intel 803865X pro-
cessor and costs less than F100.
1MB and 4MB DRAM versions
are available with an 8MB version
planned. For communication pur-
poses 64kB of this memoryis fully
dual ported to the VMEbus and is
supported by an OS-9 SCF driver
from PEP. The on-board Cirrus
VGA graphics controller also
gives downward compatibility for
EGA, CGA and Hercules. If flat
panel displays are specified an
LCD interface is also provided
with 640 X 480 resolution, 64

grey scales and uses a 32kB trame
buffer for flicker free operation.

For easy connection to popu-
lar PC peripherals the front panel
carries standard PC compatible
‘D’ types and DIN connectors for
VGA, keyboard, two serial ports
and one centronics port. IDC
headers are provided on-board
for floppy and hard disks as well
as the LCD interface.

Complete with battery backed
real time calendar/clock and a
socket for 803875X co-processor
the V386 provides a cost effective
solution for an easily programm-
able man/machine interface
which is fully compatible with IBM
PCAT-386SX software.

Live working is to be discou-
raged and the Electricity at
Work Regulations 1989 make this
very clear. But how do you know if
the circuit is live?

Intek  Instruments  have
designed and manufactured low
cost products to overcome this
problem. The use of their noncon-
tact voltage indicators could save
lives. A simple check is required to
detect the presence of’ voltage
prior to cutting a cable. Alpha
Electronics have these products
available to indicate and detect
live or dead cables, blown fuses,
breaks in conductors and the
presence of magentic fields.

TEK 100 is a low cost non con-
tact Voltage Indicator for conduc-
tors energised at voltages in the
range of 100V to 600V AC. Both
audible and visual warnings are
given via a 3kHz tone and a red

LED. Other useful features on this
hand held battery operated unit,
include a safe self-test facility.
Model TEK 200 is similar but has
the added ability to determine
and display the polarity of magne-
tic fields found with inductors,
relays, solenoids and transfor-
mers operating at both low and
high AC and DC voltages. TEK
600 is a Buried Cable and Pipe
Detector that reliably locates live
and dead cables through a variety
of building aggregate and sub-sur-
faces, including foil- backed plas-
terboard. Cables situated in close
proximity to ferrous and non-fer-
rous metals, framework and
boxes can also be located, an
application not normally avail-
able with conventional methods.
Prices (exc. VAT) are: TEK 100
£19.99;, TEK 200 £29.99 and
TEK 600 £59.95.

ETI SEPTEMBER 1991



ET
NEWS

stateside

Measuring
shock waves
in solids

Explosive shock waves are
often used to study the pro-

perties of solids. It is, however,
necessary to calibrate instruments
frequently when measuring waves
with current 20-year-old devices.

Sandia National Laboratories
of Albuquerque, says it has solved
the problems encountered with

older instruments by building a-

new set up based on optical-fibre
technology. The new system is
safe, more compact, and less
complex than earlier systems.
The Velocity Interferometer
System for Any Reflector (VISAR)
measures high-pressure shock
wave phenomena in solids. It
gauges velocities ranging from
tens to thousands of metres per
second using a modified Michel-
son interferometer. The inter-
ferometer determines the Dop-
pler shift of light reflected by fast-

moving objects.

The VISAR consists of an
intricate system of beam splitters,
mirrors, and optical delay ele-
ments all mounted on a table. The
‘breadboard’ arrangement, which
occupies about 12fi, allows the
VISAR to be reconfigured to
measure a wide range of velocities
and accelerations. However, this
flexibility can also be a dis-
advantage because the compo-
nents require frequent precision
adjustment to maintain align-
ment.

Sandia engineers have de-
veloped a VISAR with all key parts
incorporated into a single unit
that occupies only 1t>. The ‘fixed-
cavity’ VISAR does not require fre-
quent readjustments, and is easier

¥ use and less expensive than the

breadboard system.

In the fixed-cavity system, light
beams are routed from laser to
test target surfacer to inter-
ferometer through optical fibres.
Besides allowing engineers to
reduce the VISAR in size, it lets
them locate the interferometer,
photodetectors, amplifiers,
recording equipment, and laser
far enough away from the test
target and any large electrical
noise sources to prevent elec-
tromagnetic waves from inter-
fering with measured data. In
addition, the fibre- optic arrange-
ment reduces an eye hazard by
confining highpower laser beams.

Energy
efficient
metering

pump

n electronically  driven

metering pump is claimed to
be more energy efficient than a
motor-driven one because the sig-
nals used to govern the dia-
phragm are easily computer con-
trolled and counted. The pump is

also powered for less than 0.1
second, using current onlywhen a
stroke is produced. Total power
consumption is said to be less
than that of a similar-size motor-
driven pump.

Called the SysteMatic pump it
is driven by a solenoid. Control
circuits switch the solenoid onand
off. When the solenoid is on, the
magnetic field generated attracts
a large steel component called a
clapper. When the solenoid is
switched off, springs return the

clapper to its original position.
The back- and-forth movement of
the clapper controls the pump
diaphragm through a connecting
rod. Stroke length, and hence
pumping volume, is adjusted by
limiting clapper return.

Models in the SysteMatic
Pump line vary in capacity. One
has a maximum discharge pres-
sure of 300 psi, higher than the
100-psi maximum of most other
metering pumps. Another has a
delivery rate that ranges to 20 gal/

hr. Strokes/min on some models
ranges to 100. All pumps operate
with a +1% precision.

Applications for the pump
include water chlorination and
pH neutralization, as well as
pharmaceutical processing. By
changing the diaphragm, the
pump can handle reagents, sol-
vents, and a variety of suspen-
sions.

Luft Instruments Inc., Lincoln,
Massachusetts.

Possible
replacement
for super-
conductors

A new composite of ceramic
powders and polymers has
magnetic- levitation properties
similar to superconductors. Un-
like hard superconducting cera-
mics, however, the material can

be machined, moulded,
extruded easily. It also does not
have to be fired at high tempera-
tures. Such parts could replace
superconductors in applications
such as magnetic-levitation trains.

The composite, developed at
the National Institute of Stand-
ards and Technology, is a mix of
superconducting ceramic parti-
cles and polyvinylidene fluoride.
The material itself does not con-
duct electric current, but when a

and

magnetic field is applied at super-
conducting temperatures (below
-297F), current flows around the
surface of each ceramic particle
embedded in the polymer. Each
current creates an opposing mag-
netic field. The sum of all the cur-
rents produces a field large
enough to levitate the composite.

According to NIST, the com-
posite’s levitation forceis less than
that produced by a pure super-
conductor of the same size. How-

ever, because the density of the
polymer is much lower than that
of the ceramic, parts made from
the composite will be lighter and
require less force to levitate.

Another benefit is the compo-
site’s thermal and mechanical
properties, which permit repeated
cooling and warming without
physical damage.

Streamlining
robotic
welding

t is often necessary for process

engineers to spend up to eight
hours studying and designing a
robotic line for welding.

A new software package pro-
mises to streamline these tasks
and reduce engineering time to
minutes per welding point. The
package, from Technomatix,
Novi, Michigan, is an extension of
its Robcad robot simulation soft-
ware.

To use the welding software,
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process engineers must have
access to CAD data for the work-
piece. The programme gives the
engineer a means to define each
weld point then automatically
assigns cross sections of the weld-
ing robot to help determine how
the robot gun will approach the
workpiece. The programme also
automatically checks for col-
lisions between the gun and work-
piece or fixtures.

Software allows users to deter-
mine robot placement in three
ways. First, users can lock the gun
on the welding point, and position
the base. Second, users can
locate the base, and the software

will show each welding point that
can be reached. Finally, welding
points can be assigned, and the
system will indicate the exact
range of possible base locations.

Thin film
coating
process

thin film coating process
permits fully-automated
deposition of precisely controlled
metal or dielectric coatings at
high rates. The cold process
allows flat and irregular shaped

substrates such as glass or plastic
to be coated at or near room tem-
perature, eliminating the need for
heating and cooling cycles.

Lenses, lamps, reflectors,
cylinders and even optical fibres
can be coated with precise optical
uniformity. Temperature-sensitive
substrates, not easily coated with
other processes, are suited to the
MetaMode process.

Possible applications may also
include the field of electronic
components, high-temperature
superconductors and semi-con-
ductors.

Optical Coating Labortory
Inc., Santa Rosa, California.
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James Archer takes a
glimpse into the future
where perhaps no HDTV
standards will be
required.
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s we enter the twenty-first century, many
of the problems and difficulties which
are today regarded as basic to the whole
subject of HDTV may well disappear or
become insignificant and unimportant
as changes in the various technologies surrounding
electronics, computers, and broadcasting open up a
whole new range of possibilities.

Spectrum Utilisation

All existing broadcasting systems have been designed
to make the best use of a limited amount of frequency
spectrum; whether transmitted over air, via cable, or by
satellite, the limited bandwidths available in the relat-
ively low frequency bands that are currently used have
meant that it was essential to make any television sig-
nal occupy as little bandwidth as possible. During the
next few years it will become possible to build con-
sumer equipment that operates in frequency bands
much higher than anything currently possible, and the
advantage of using these higher frequencies is that
since they are currently virtually unused it should be
possible to provide much larger portions of the spec-
trum at these frequencies for broadcasters to use. A
good example is the band of frequencies that has been
allocated by the UK government for the provision of
Microwave Video Distribution Systems; the band from
40-42.5GHz is 2, 500MHz wide, which could allow for
dozens of different conventional television signals to
be transmitted, or even for the transmission of a num-
ber of wideband HDTV transmisions, each of which
might take up perhaps 100MHz in its radio frequency
form. The availability of such large amounts of band-
width should also make possible the transmission of
digital television pictures; we saw when considering
the digital studio standard, CCIR Recommendation
601, that some 216 Mbit/s of data were required, need-

ing over 100MHz of radio frequency spectrum if no bit
rate reduction techniques were to be used, depending
upon the modulation system. Digital transmission at
frequencies above 40GHzwould therefore be possible
— there are already international frequency alloc-
ations for television use between 41 and 43GHz and
between 84 and B6GHz, and as manufacturers
improve their ability to produce, in quantity, equip-
ment that works at higher and higher frequencies, at
prices which appeal to the domestic consumer, digital
transmission and reception could be become practic-
able.

Spectrum Conservation

Just because larger amounts of the spectrum will
become usable, however, it does not mean that we
should begin to treat the spectrum in a profligate way;
our current thrifty habits of only using as much of the
spectrum as absolutely necessary should be retained.
The spectrum is a finite and very valuable resource,
and in aworld where conservation is now verymuch in
fashion,spectrum conservation and the avoidance of
‘pollution’ -interference to and from other users of the
spectrum — should be avoided. It is therefore import-
ant to note that although a single digital signal can take
up more radio frequency channel space than its ana-
logue equivalent, if a completely digital broadcasting
network is carefully planned it is possible to interleave
digital signals and to use bit rate reduction techniques
which permit the overall usage of the spectrum to be
extremely efficient. Other advantages of digital trans-
mission could include an improvement in coverage
and signal quality — so longas the digital signals can be
received with an acceptable number of errors it is pos-
sible for the receiver to rebuild perfect pictures, even
though the actual field strength of the incoming radio
frequency signal is low.
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Once a television signal is in digital form it may be
regarded as any other digital signal, merely a set of
numbers appropriately placed in a large computer
store, and such signals can be processed by computer
circuitry which was originally intended for ‘number
crunching’ applications. As we have seen already, the
numbers to be ‘crunched’ when dealing with digital
television are large, but modern computer chips can
cope with the data rates involved. Treating digitised
television pictures as numbers in a computer allows for
the generation of the many special effects that seem to
be indispensable to today'’s ‘withit’ programme direc-
tor by the application of mathematical processes to the
numbers in the field stores, but it is the wider implic-
ations of this type of treatment that are likely to affect
the future of HDTV as we know it.

Digital Storage—The Frame Store

Throughout the 1980s the possibility of using complex
signal processing in the receiver in order to provide
improved displays was well known, but the cost of the
necessary field stores proved too great to allow for
their incorporation in domestic receivers. As the fabri-
cation skills of the semiconductor manufacturers con-
tinue to improve, with line thicknesses down to 0.5
microns now feasible, the amount of digital storage
that can be squeezed onto one chip continues to
increase, year by year, with 1990 seeing single chips
containing 16 Megabytes being developed in research
laboratories, and X-ray fabrication promising line
widths of less than one tenth of a micron in a year or
two’s time. As the amount of storage per chip rises so
the cost per bit stored falls. Although the ‘ten dollar
frame store’ has become somewhat mythical in the
industry because it has been promised for so long, the
early 1990s are likely to see the cost of frame stores
reduced sufficiently that manufacturers can afford to
incorporate them into the ‘top of the range’ television
receivers, and already a few receivers of this type are on
the market.

HDTV — Already Passe?

As we have studied the various possibilities for provid-
ing HDTV in the next few years we have seen that virtu-
ally all the different proposals are merely extensions
and developments of existing methods of creating and
fransmitting television signals; indeed, when discuss-
ing the European EUREKA EU95 approach to HDTV
and some of the American proposals, we made a posi-
tive virtue out of the fact that the systems were step by
step developments of current systems. The trouble
with this approach is that any new system is likely to
retain some of the basic disadvantages of its predeces-
sors. Since present day colour television systems are
virtually all based on systems that first saw the light of
day in the 1950s, there is a certain amount of truth in
the allegation that most current HDTV plans are
merely replacing the technology of the 1940s with that
of the 1980s, whereas we shall be well into the nineties
before HDTV reaches our homes, and probably well
into the next century before HDTV becomes the norm.
Every scientifically inclined schoolboy knows that the
current method of sending television signals is wasteful
and that the picture signal contains much redundancy;
if we were starting completely from scratch we would
surely not send virtually the same picture every twenty-
fifth of a second, we would merely send the small
amount of information needed to update the changes
that occur in the picture from one frame to the next. It
is this type of thinking that is leading to the adoption of
computer techniques in attempts to provide the HDTV
systems for the next century, and it may well turn out
that the HDTV systems we are currently having such
trouble in sorting out are quickly overtaken by these
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new techniques as we move through the next decade; if
the curmrent HDTV systems have not become well
enough established by then some of them may never
reach the market.

HDTV - Just Another
Computer Program?

No matter how we dress up the ideas for new HDTV
systems, we cannot get away from the fact that they all
require computer storage and processing circuitry in
the receiver if HDTV images are to be displayed, and
this means that the dividing line between television
engineering and computer technology is now becom-
ing blurred. The computing power to be found inside
current HDTV receivers is substantial when compared
with the small amounts that have previously been
required, for teletext and the like, but it is still small
when compared with advanced computers. Engineers
who have grown up in computing, rather than in
broadcasting, are now starting to think about adopting
a different approaeh to HDTV; why not forget the exist-
ing television receiver circuitry, which has over the last
fifty years evolved from its prehistoric (well, almost!)
predecessors which had glowing valves and turret tun-
ers , and instead consider the television receiver as a
powerful computer with a high quality display? We saw
in an earlier article in this series that researchers from
the Massachusetts Institute of Technology favoured
‘smart receivers’, having an ‘open architecture’; they
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saying ‘the TV set 6 | Presentation COLOURIMETRY Presentation
will probably have | SCREEN FORMAT

50 Megabytes of Y |
random access | ° |  Session PICTURES PER FRAME Session A
memory and run at i i
40 iy 5,0 il o 4 | Transport CODING AND FORMATTING Transport
instructions per sec- I A
ond’. This is basi- ‘* i
cally the equivalent 3 Il F N staork e
of today’s ‘super- |

computers’, such as v |
the Cray, and 2 | Datalink INTERFACES Data link
although such | A
figures might seem ¥ |
incredible it is gen- 1| Physical Physical

erally accepted that !
within the next five e e N e
or six years this level PHYSICAL MEDIA INFORMATION PATH

of computing power
will be available for

may be applied to a digital HDTV system

Fig.2 How a layered architecture using the ISO seven layer model

image processing in
receivers, and that the cost could be within the reach of
many consumers.

Consider what happens if such computing power
is put into the central stage of the MIT ‘smart’ receiver
discussed in the previous article. As well as being able
to deal with incoming signals from the usual sources
the receiver would be able to take digital transmissions
directly into its computer section, and would be able to
provide sufficient processing power to synthesize a
high definition picture from many different input sig-
nals. Digital compact disc video players which hold
their data in a highly compressed form could again be
connected directly to the digital bus, and the processor
could provide cinema quality pictures on the screen.
HDTV pictures could be produced from a wide range
of ditferent input sources, the appropriate computer
program being used to turn the incoming signals into
the best possible displayed images; the viewer select-
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ing an HDTV programme could have his actions mir-
rored by the receiver automatically selecting the
appropriate computer program in the processor!

Telecommunications And HDTV

We have so far considered various possible sources of
digital television signals, from satellite and wideband
cabled distribution networks to compact discs, but
there is an even more likely contender lurking in the
wings. In many parts of the world the telecommunic-
ations authorities are currently upgrading the existing
analogue telephone networks to digital form, which
will not only improve the quality of the received signals
but will also allow for the introduction of many new
services and facilities. One of the first stages is the
introduction of ISDN, the Integrated Services Digital
Network, which can generally provide two telephone
channels and a limited amount of data transmission
(typically 64 or 128 Kbit/sec) using the standard cop-
per telephone cables to bring the services into the
home or office. There is insufficient data capacity in
the ISDN to transmit standard television signals, but
already plans are being laid throughout the world for
the eventual introduction of digital broadband
networks which would be capable of carrying digital
HDTV signals as well as all the telephone based ser-
vices. The organisation of data for use in transmission
networks such as these broadband ISDN networks has
already been well documented by the International
Standards Organisation OSI, and the architecture for
information transfer is expressed as a seven layer
model. An advantage of using a layered model is that it
enables the various parts of the transmission and pro-
cessing system that will be required for HDTV to be
separated so that any particular difficulties may be iso-
lated and dealt with separately.

The transmission of HDTV signals can be seen as
just another application which needs data to be trans-
mitted from one place to another, in our case, from stu-
dio to veiwer’s home. Figure 2 shows the various layers
as they are defined for telecommunications use, on the
left and right hand arms of the diagram, whilst the ways
in which each of the layers might be seen to corre-
spond with an HDTV system are shown in the centre of
the diagram. This apparently rather abstract approach
allows us to deal with digital HDTV signals that may be
transmitted in many different formats, and which, after
processing may be turned into several different types
of display, making use of the open architecture
receiver techniques that were discussed earlier.

The seventh layer of the model is concerned with
the use of information at application level, effectively
the output from the system, or the input from the
source, depending upon the point of view; it is called
the ‘application’ layer, and this represents HDTV in our
case.

The sixth layer, called the ‘presentation’ layer, is
the layer which is concerned with the conversion and
presentation of information. For our purposes this
includes such things as the number and layout of the
pixels which will make up the eventual display (i.e the
active pixels), the number of lines in the picture, the
colorimetry of the display, and its aspect ratio.

The fifth layer, known as the ‘session’ layer, is
concerned with the selection of information and
access to it; for us this means the rate at which pictures,
as defined in level six, pass through the system. Since
in television similar pictures will often occur one after
the other, which allows some spatial/temporal pro-
cessing to be carried out, it is usual in this context to
consider pictures as though they were grouped in
‘frames’, although it is important to note that this use of
the word ‘frame’ is subtly different from the normal
usage, which can lead to confusion. In the present case

a frame may be made up of any whole number of pic-
tures, and if we take the case of a standard 2:1 inter-
laced picture as an example, we would consider this as
having two pictures per frame, each one coded so that
only every alternate line was transmitted.

The top three layers, five, six, and seven, are
essentially transparent to the data, ie data transfer
takes place in the same manner, whatever the type or
source of the original data. Any standards conversions
that may be necessary take place in the lower levels,
which can be considered as interfaces which define the
logical and physical ways in which the information will
be carried from transmission source through the trans-
mission path to the eventual display.

As Figure 2 indicates, the fourth layer, transport,
is concerned with the identification of groups of data,
which for our television application means concerned
with coding and formatting the video information. It is
in this area that any bandwidth reduction that is
needed, for instance to convert a high bandwidth stu-
dio signal to a signal which can be transmitted over a
network of lower bandwidth, is carried out; another
way of looking at this layer is as the area where the
matching of the video bit rate to the channel band-
width is carried out. We mentioned in the previous par-
agraph the concept of pictures being transmitted in
‘frames’ with regard to the session layer, but it is inter-
estingto consider that level four can be used to provide
bandwidth reduction, and since the use of interface
can be considered as a simple form of bandwidth
reduction, vertical subsampling of a progressively
scanned picture in level four could be one means of
achieving an interlaced picture.

The lowest levels, three (network), two (data link),
and one (physical), represent interfaces between
source, transmission and display, and different inter-
faces can be defined for different transmission require-
ments, whilst the transparent nature of the higher
levels means that a common studio production stand-
ard or at least a common studio interface standard
could be achieved. This idea would enable different
scanning formats, such as 50Hz and 60Hz television to
beused, so longas the information in the sixth (presen-
tation) layer could be agreed upon, so that appropri-
ate data formatting could take place in level four.

This necessarily brief overview of the use of the
ISO seven layer model and its possible applications to
television is not meant to be anything more than an
introduction to the idea that the coming of truly digital
television could enable huge strides to be taken tow-
ards world standardisation.

The Ultimate Goal — HDTV
Without Standards.

The basic concept of the television system of the future
being all digital and utilising computer data transfer
methods and receivers which are totally different from
today’s, should allow for the dream of a universal tele-
vision system to be realised. If tomorrow’s receiver is
‘merely’ a supercomputer on a few chips with a vast
choice of separate or integrated high quality displays
available to suit every living room and pocket, then no
matter what type of digital data is fed into it the compu-
ter will be able to sythesize the best picture possible
from the available data. Taking this scenario we are
effectively letting technology carry out the work that
has so far failed to be satisfactorily achieved by the
world’s standards committees; in a world where we
have become used to allowing the computer to carry
out repetitive tasks so that people can be freed for
more cerebral activities, surely this computerised
approach to HDTV, rather than interminable argu-
ments about whose system is best, represents the real
way forward.

ETI SEPTEMBER 1991



i

= (LETTERS

i

i

L= o T Do Sl SR e iR

With reference to Geoff Heys’
article on Amateur Micro-

wave Equipment (ETI July 91),
may [ first thank him for a concise
introductory article on some
aspects of amateur microwave
activites. A veritable ‘quart in a
pint pot’ effort — well done, [
wouldn’t have attempted it.

[ use some aspects advisedly.
Accepting that it is impossible to
comprehensively review such a
wide radio-spectrum allocation in
four pages of text and figures,
there are inevitably unintentional
omissions. This is particularly true
at a time when amateur experi-
mentaition is burgeoning because

CQ On Video

B eing early retired but still very
young at heart, it seems that

people with hobbies similar to my
own are somewhat thin on the
ground. In fact the people that [
already know, regardless of their
age, have no creative hobbies or
interests whatsoever; this applies
whether they are in paid occup-
ations or not. Now that [ have
more time to spend on hobbies,

of new, inexpensive devices, such
as surplus GaAs FETs, satellite TV
dishes and LNBs, to say nothing
of amateur-generated, advanced
technology = microstrip  PCB
designs.

Two questions 1 often get
asked are: “Where can I get infor-

are available from the American
Radio Relay League and the Ger-
man Amateur Radio Club. There
is also a ten-issues per year infor-
mal ‘Microwave Newsletter’ avail-
able from the RSGB. Naturally I
recommend the UK information,
since there may be difficulty in

mation on microwave designs?™. -obtaining some American or

and “Where can | get microwave
components?”. May | be permit-
ted to answer these questions via
your column?

The first is easy to answer.
There is now a comprehensive
three volume Microwave Hand-
book published by the Radio
Society of Great Britain. Others

European parts, particularly semi-
conductors.

The second is reasonably easy
to answer. The RSGB Microwave
committee runs a limited service
to resource many of its own
designs and also maintains a list
of other suppliers prepared to sell
on a ‘one-off’ basis. Whilst these

services are intended primarily for
RSGB members, we are always
willing to assist wherever we can.
If any of your readers are inter-
ested, | would suggest they drop
me a line (with an SAE please)
and I will try to ensure that the
information required is made
available.

Mike Dixon G3PFR,
Chairman, RSGB,
Microwave Committee,
‘Woodstock’, Gaze Bank,
Norley, Warrington,
Cheshire WA6 SLL

Too SRR A R

which have expanded since my
retirement, it would be more satis-
fying and stimulating to exchange
ideas and experiences with other
people who have hobbies of mut-
ual interest.

My main hobbies are radio
and electronics, with particular
emphasis on DX (long.distance)
reception of radio and television
signals; I am also very active with

creative tape recording, both
audio and video.

It would be nice to correspond
with like-minded people, initially
by letter but subsequently on C60
cassettes through the post; aver-
age inland postage for a C60 is
only about 35 pence, and airmail
postage to North America about
£1.00. Even home videos (VHS-
C) using EC30 cassettes can be

exchanged in this way. If inter-
ested readers would care to write
to me, initially, I would happily
compile the first tape (stereo) and
start the ball rolling.

Ivor Nathan,

40 Orchard Ave,
Southgate,

London N14 4ND

Not So Ensy PC Gl s s

lthough we receive your

magazine later than most
being overseas, we would like to
thank you for an excellent maga-
zine.

In the advent of PC board
design CAD systems it is now easy
to design a PC board layout. One
problem though is how do you
make good quality positives chea-
ply? If they are made commer-
cially they cost a fortune. How can
it be made cheaply? Could you
please publish an article on the
topic. [ would build a lot of pro-
jects if I could make the photo-

positives cheaply.
A D Carstens, South
Africa

A very good question Mr Carst-
ens. There are a few suppliers of
special positive making kits but
alas they too tend to be expensive.
The problem centres around
obtaining lithographic film (the
sort that develops to give com-
pletely dark and transparent
areas)in small quantities. The
individual does not want and can-
notafford to buya box of 100xA3
or A4 size sheets. One or two

sheets is more than adequate for
proto-typing needs. If you happen
to know a nearby printer or type-
setter you might be able to negoti-
ate with them for small amounts.
From then on the rest is easy. The
great bags of developer will last a
cosiderable time. I used to cut up
a piece of film, put into my 35mm
SLR camera, take the shot of the
paper positive, develop into the
negative, put into an enlarger and
enlarge up to the same size for the
final positive.

Another trick but by no means
anywhere near as satisfactory is

by the use of thermal transparen-
cies. The paper positive is fed into
a thermal copier machine with
heat sensitive celluloid and out
comes a useable positive film.
Combining two exposed sheets
will give a greater contrast.

It has been suggested that ETI
publishes the foils on acetate
sheet. This is a great idea and
would save a lot of work but again
the cost is too high for us in pro-
duction terms. — Ed

Mathe — Mo Problem s s

have in front of me, the June

1991 issue of ETI. [ would just
like to say that it is most refreshing
to see an electronics magazine
prepared to tackle the more
mathematical side of the subject,
when so many of your competi-

ETI SEPTEMBER 1991

tors are simply turning into listings
of projects.

In particular, I am referring to
the article regarding the design of
RIAA equalisation networks.
Although the article consisted of
only a double page spread, it

managed to cover the use of
Laplace variables to solve the
design of C-R networks for a given
response. As a student of elec-
tronic engineering, | found this
most interesting — the mythical ‘s’
variable is useful after all!

All in all, a very well balanced
magazine; not frightened off by
mathematics!

m
1
|

M J Pomeroy, Lichfield.
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fike Meechan describes
S very powerful
odular lighting control
Stem

PROJECT
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tthe time of writing, there are in exist-
‘ence'a great many mobile discotheques
which boast variable-speed turntables,
 VCA-controlled mixing desks, digital
delays and sound processing equipment
which when coupled with the latest in compact disc
t’echnqiogy and powerful but compact PA systems

- bring concert hall realism to the mobile roadshow.
. Sadly, luminaxres and lighting controllers, as far
asthe mobile Dd is cencemed seem in the main to be
locked in the seventies era of flared trousers, platform
shoes and three or four channel ‘modulators’ as they

7

industry. evolves new effects on a monthly basis (albeit

based on the humble PAR 36 pinspot or involving the

use of waggling mirrors), the mobile DJ is offered what
~ the author considers to be obsolete equipment in the
- light of current tecbaology {if you'll pardon the pun!).

e

~ Despite this, all is not doom and despondency

. balance and bring the quality and dynanﬁc‘.s of the
| 113htiﬁ§ centml eqmi?ment used in- t?];z rncmup magket

.vemll System And Mczster Sl
- Controllers

% = i i i

ate sometimes po‘mpousiy kriown. Whilst the disco -

_ since this series of articles wiH xhopaﬁ.zi]y redress the . ophy and arealso housed in rugged

i
e

- and state- Qfﬁse art mghi(;lub% within the grasp ofthe
mobile DJ for a capital outlay of litte more than 1hat .
necessary to buy commemally preduced run-of: the-
mill controliers. -

The circuits dest:rlbed here are of a madular e
nature, caterkng for a multitude of differ«entmnﬁgux
ations and aiving absolute flembzlity, since it allows: ihe .
system to be expanded and improved asand when this. =~
becomes desirable and/or ecomommaliy viable. .

Recent developments in commercial lighting
contrel almost exclusively feature physlcaﬂy separate
but electrically-linked control and mains switching _“ x
electronics, promoting flexibility and pewer hamdlfng
capability since extra power packs can be added at a

later da:e and the original dasplapgupplenzented wim .
out the risk of initially purchased control equipment
being made redundant. The improved safely aspect
. cannot be too overstated either,

The featured units all embo

e

; »«Q --w

ﬂ}:sdeétgnpkﬂos .

I

19" rackmounting
cases which should be more thagl ab]a to ené&reétim, 3
ﬁgﬁm 01' mobile work.

o
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CONTROL OUT i
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(OPTIONAL)
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SEQUENCE &

= CLO oD
e e OUTPUT MODE

Fig. 1 Block diagram of Nighfighter
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HOW IT WORKS

Mmeessoa Foued)
: sequences are stored inC13, a 2716 2K EPROM. Address hnesAAto
“determing which program (sequence) is running and AQ to A3

?
o
i

The EPROM s addressed on the upper address fineshy |C's9

* soquer
. ané%&andbyimdmﬂ‘mmwe(address&nesby IC14.1Cisaduel binary

gﬁgﬂt&r@%}&d by the bass beat trigger nuitput, theintarnalclockorbya

Gt

& SOUND AUTO signal and on the other by the: switch
ed jnto the SPEED control.
- Adto A0 are addressed by two cascaded, pressttable, upfduwn

Seésndiﬁg upon whether MAN. or AUTD, SEQ. SELECT is operating. In
-mode the clock signals generated by the dual timer IC1 on the
SELECT board are routed via IC5e, IC5, 1C7a and IC7b to the
i {ﬁm}; Count up or down is determined by the Q-output Jf IC8

sble which is set or eleared by these same clock pulses. The pulses
re inverted by 1020 5o thatthe leading ecge of the originalpulss sets the
30 before the traifing edge clocks the counter 110 up or down, i
SEQSELECT the Q4 output of 014 s used to clockon the traifing
another dual binary counter 1C8. G0 to O3 of this IC are then

@ﬁnpﬁtiaﬂ {akang with the original Q4 signal} to 5 inputs of IC11,2 10f8

. 'Lsﬂplexer The demultiplexer outputis switched viaIC7aand1C5dto
he I6H) clack input. AD to A2 select which of the divided-down clock
alsis outed throughiC11, these lines being addressed by the other

REPEAT key onthe SEQSELECT board, The counter ismadetoreset
onbinary 101 byIC7c. AQ to A2 are alsoused o address another decader,
iﬁﬁgﬂﬁ@o Q4 of this IC go highin turn as we incrament the addressand
50 pmMa 3 1-3-4:8 cods for the REPEAT RATIO BCD-T segment
decoder 101 on the Channel Monitor board, An ORed version of these
address lines Is used as @ blanking signal when no repeat is selected.
C3h resets|C9tozero after a count of 791s detetted when coufiting
nd paralletloads 79 after zerowhen counting DOWN. IC3¢ forces AT0
when STROBE ENABLE is low; thus restricting the avallable
ncés to the lower 40 when STROBE s selected.
 [C16andIC 17providethe CHASE-BURSTfunction, ANDing the s
“beatwith the EPROM outputs DO-D7 when CHASE-BURST is selected.
ther imes, these second AND fnputs ae held atloglc ane by ICfb
logie multiplexer
nally, IC18 and 19 provide level-smftmg from 8V to +10V for
ta the OUTPUT SWITCH board.

SEECTION BOARD {Figure 3

selection via 01-04, LED1-LED4, .
10 PBS mcluswe are the controlfer OUTPUT MODE ‘switches.
witch controls both IC2 bistables, the combination of SET and

outptts, This code addresses the 4-input muliiplexer IC's 1 to4 on the

uted 1o the STANDBY/GO bilateral switches, ICs & snd 7. A2 to dline
coﬂerfl(:‘la tsrcuated on the Processor Board) lights the appropﬁate

@1 and FRiaremc@‘poratedJnmadualdebnuncerwcmtmmpresadot
- -ﬁﬁ&daﬁﬁmaandhmﬁamdemntsRE -R10andC1,C2 Both
? &ebmmes gm‘t; are denfical s0 0:11\,' one wil be described. PB1 s

i ”%rﬁ:gt‘tif the ﬁme: mmmsnds a high output [since feset is no longer
W@!ﬁlﬂ%!s was ihe case with PB1 closed). The timer then begins a
- monosta ehmmg cycie"mch will b of conventional width, T=11RIC.

 Should PRI botince during the high oltput state of th fimer it has
- ﬁéﬁlﬂlﬁem since both the reset input and the output are now high.

ichif any, fights loutputs| are on at 2 particular partofthe

ation of both, the bass beat enabling the oscilletor The clock
is selected by IC15, & dual 4 input multiplexer addressed on one

168 binary counter. This fs clocked by the debounced version of

P&kam“?ﬁz -and PB4 and PB3 set or clear|C1h and | C1a respectvety .
selecting MAN or AUTOSEQSELECT or SOUND o AUTO CLOCK. The Q.
- outputsofthese bistables are bussed tothe main processorboard, while
@dﬁ@e@tfons {o these and the Q outputs provide: wsua! indication of

GLEAR for each switch setting & unique 2-bit binary code on the @

% . ?gzgadigtal};ﬂ]p pu&ﬁwayainc&m pullsthe resefinputhigh and thalow :

- the aireuitis a simplified astable and will repeatat arai&setbyﬁtah&fﬁ
such that = 0.721Rt as in the standard astable of thistype.

é i ~ hbistable 2 thus forcing the STANDBY/GO fine high and enabling the
mﬂow&m which are clocked either manually or automatically B

When the monostable periodends, t?lsouipmawsmtema{sm ol
tostandoy (assuming PB1 released and closed again) 1 PBisheld

PB3 simply provides 8 pulse for the REPEAT“HA?IQ@OEIWE .

desoding circuitry mounted on the Main Processor Board. PB4, PBémﬂ

PB6 work in conjunction with 1C2 dual bistable to provide STROBE and
STANDBY/GO signals. PB4 cears istable 1 st seting bistable 280
that the main output fights are blacked out when STROBE mode s
invoked, Only by pressing PBA ‘60 can this staiabs;eiaa’sedaﬂém
apzratlon resumed. Pressing PBS when riot w STﬁQBEm sﬁ

 STANDBY LED oseilator, The Q and Q signals. of IC2a ﬁn&%

 lsin turn fed from IC12 on the Main Processor Board.

- QUTPUT SWITCH baard prior to the STANDBY/GO bi

. :stm mpm anean ds@und mhgm is emnptﬂ‘lbreéj Theaddressli

. Qfmmﬁ-ﬁyDCmB mvncmlﬁﬁlawtéhlgbiranslam{

- multiplexers which route ane of four inputstome output depending
what 2 bit address is presentad to A0 and A1, This it address is

{especmiv provide the drives: far the SHBDBE%nd GOLED'S.

CHANNE]. MONITOR AND DLSPLAYBOARD éFtQUfeE} . ;.

 The display board consists of three BCD — wmmmﬁﬂm&&’
9 threemnsegmemdispiavsandatgﬂﬁﬂsandmnc:afeﬂh‘%m

drivers. The seven upperaddressi:nesofthe&ﬁﬁ%srep&allglaﬁﬁﬁto
PL1 snd then f0TC¥and IC2 which convertthe 1-2-4-8BCD o atmégg% %
SEQ, RUNNING displa. The REPEAT RATIO dislayisfed rom Cwhich

The, CHANNEL MONITOR LED's derive thei drives Eg xha;

Ic 5 5.and § so that a valid display is atways prasen;ahhougﬁﬂm i
output may not be enabled. These LED's do notreflect e true stats of
the output channels when in CROSSFADE mode because of the ;um@a

drive techniques employed. Some |ndlaatmn nf fad‘mn is appfafeht@ M
GUTPUTSWTFCHBGARB{FigqreSJ o
The output switchis basically thres pole, algh‘iwayéwmhm swith.
an eight pole on/off switch. IC’s 1 10 4 are dual d-input 3@&&@%3 .

generated hytha MODESELECTION board and dgterrrﬁné&;\’ﬁﬁcheﬁhﬁ

output enable fnes from the Master Control Board are level converted

g apﬁmun
to the address fines of each multiplexer IC. Tha outputs of these IC
used to drive the CHANNEL MONITOR LED's. These signals are &
applied to 1C6 and 7 switches which are enabled by the STANDBY/GO
‘control fine, This control fine s sent off-board and returns via . Ji@“ :

" REMOTE DiSAELE;acksocket Inserting & jack: plugmtemizregkstﬁa

. Thestereoinputsignal i:ommemammlﬁmt@ INE@T aeksotkeﬁ}!(

QUTPUT SWITCH board and selects which of the three signai sourcesis -~ -

. ssgnal away from the contacts and releases control of the switching

wave rectified by 1C24 and IC2b before passing through
~ constant network/shaping circuit of R18, C7, R30 and C8 and f
.. 1C2d, a Schmitt mgger!cumparamrwhosa threshold level s se

action of JC's 6and 7 to an external com:rol voltage {thie Sensof
touch panel) v

\\\\\

BASS BEAT TRIGGE? :any(e 7

Isappliedto|C1a, avirtual earthsumming amp}‘merwhha gainof 3.1C11 ,'

- IsaSallen and Key low pass fiter which derives the bass content of the

signalandpasses ;tma:hAGCampliﬁafICia{wBstaﬂtcmﬁfmm .
charges capacitor C5 1o 8 DC voltage proportional to the magnitude of
the output signal. This va}tagaaltarsthﬂ dramfsourca résnsméwm
MOSFET and thus the gain of the amphfler]
This gain-controlledhass companent of the musicsignatjs the

Ra5,36,and 37 provide positive feedbackandsoa measureof hyste

The signal then charges C3 and is used to frigger monostable IC5
prodiice s pulse of approximately 0255 long whichcan nowbe usedas
clock for the digital system and less importantly to drive the SOUND
on the MODE SELECTION board. The Trigger board afso provides a ga

controlid, precisior-tectifiad version of the wideband music signalvia
IC1d, 5, ﬁﬁandlﬁaaand b whldtlsusad%egmldea dnuaslgmifn‘tﬁei:
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four remainin
 ing the star
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~ Construction efﬁxeseimrqls i airlysta
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_board which has to be
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~ outputs of the LED drives/external contr pchagesv -
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. The intarcon rxec@ng Jggds w be r .
']'"ne ribbon wire should bgﬁcmm lan%hsa'ﬁé bends
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rail monitor LED’s are still illuminated, the front panel
should be awash with glowing or flashing LED’s.
Press each pushbutton in turmn, except the
CLOCK ‘SOUND’ and check that the associated LED
lights or flashes. Select MAN.SEQ SELECT on the
MODE SELECTION board, CHASE and AUTO
CLOCK. Now press the UP or DOWN SEQ.SELECT
buttons on the right hand panel until the SEQUENCE
RUNNING display shows 00 (there is no reset-on-
switch-on circuitry). All eight LED channel monitors
should be on. Pressing UP or DOWN SEQ.SELECT
pushbuttons should advance the SEQ. RUNNING dis-
play one step if the button is released and at a rate of
about 4Hz if the button is held down for more than
about a second. The LED should flash for the duration
of the keypress. Select one of the lower sequences (1-
10) and advance the SPEED control ensuring that the
sequence steps correctly at all speeds. Turning the
speed control fully anticlockwise should halt the dis-
play. Check that pressing the STROBE button forces a
sequence between 00 and 39 and that the output is in
STANDBY mode. Select AUTO SEQ SELECT and
the UP or DOWN LED will be constantly on. The
SEQ.RUNNING display will alter in this direction.
Pressing the REPEAT SEQUENCE button will enable
the REPEAT display which will show 1,2,4,8 and blank
on consecutive keypresses whilst causing the present
sequence running to repeat the same number of times.
Pressing CROSSFADE or SOUND TO LIGHT
will cause the display to blank. Finally connect an
audio signal source of nominal line level to AUDIO

INPUT jack socket JK1 and adjust the multi-turn trim-
mer on the Trigger board for a voltage of approxi-
mately 2.5V on pin 13 of IC2 on this board. The
SOUND CLOCK LED should be pulsing to the beat of
the music — if this is not the case, PR1 should be care-
fully adjusted for a satisfactory response.

Now, with the speed control turned fully anti-
clockwise until the switching click is heard, select
SOUND CLOCK on a sequence between 01 and 10.
Now adjust PR3 on the trigger board until the sequ-
ence advances neatly (on the bass beat) one step at a
time with no tendency to double-step.

The final trim is for the flash rate of the
STANDBY LED, PR2 being adjusted according to per-
sonal preference. The unit is now fully set up.

Next month we shall deal with the front and rear
panel details, interconnections and with the Triac
Switching Board which enables us to improve the pres-

HOW IT WORKS
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transformer and two bridge | rectifiers —thE i5s0

posiive, fulwave ecified but unsmoothed verson nmé%&éu}ﬁ '
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ent power-handling capability of the unit from 8LED’s
to 6kW of mains powered lighting. We shall also look
at the bolt-on goodies for the Master Controller,
namely the Sound to Light board and the Cyclic Cross-
fade. The final part of the article will feature the Sensor
Switch touch panel and a few hints on how to confi-

gure the separate units as a working system.
The author has let it be known that patents have
been applied for on the Nightfighter system.
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MONITORS

MONOCHROME MONITORS
THIS MONTH'S SPECIALI
There has never been a deal like this onel
Brand spanking new & boxed monitors
from NEC, normally selling at about £1401
These are over-engineered for ultra
rellabllity. 9" green screen composite Input
3 with etched non-glare screen plus switch-
able high/low Impedance Input and output
for dalsy-chalning. 3 front controls and 6 at rear. Standard BNC
sockets. Beautiful high contrast screen and attractive case with
carrying ledge. Perfect as a main or backup monitor and for
quantity usersl  £39 95 each (D) or 5 for £185(6)
CALL FOR DISCOUNTS ON HIGHER QUANTITIES!
COLOUR MONITORS
Decca 16" 80 budget range colour monitor. Features a PIL tube,
beautiful teak style case and guaranteed B0 column resolution,
features usually seen only on colour monlfors costing 3 times
our pricel Ready to connect to mast computers or video oulputs.
7562 composite input with integral audio amp & speaker. Fully
tested surplus, sold in little or hardly used condition with 90 day
full RTB #m“' ldeal for use with video recorder or our
Telebox ST, and other audlo visual uses.  ES8(E) 3EZT5(G)

20", 22" and 26" AV SPECIALS
Superbly made UK manufacture. PIL all solid state colour
monitors, complets with composite video & sound inputs. Attrac-

five teak style case. Perect for Schools,Shops,Disco, Clubs,
In EXCELLENT little used condition with full 90 day guaraniee.

20"....£135 22"...€155 26"....£185

HI-DEFINITION COLOUR MONITORS
Brand new 12" mutilinput high definition
colour monitors by Microvitek. Nice tight
0.31" dot pltch for superb clarity and |
modemn metal black box styling. Operates
from any 15.625 khz sync RGB video
source, with either individual H & V syncs
such as CGA IBM PC’s or RGB analog "
with composite sync such as Atarl, Com- #
modore Amiga, Acomn Archimedes & BBC. Measures only 14" x
12" square. Free data sheet Including conneclion Information.
Wil also function as quality TV with our RGB Telebox.

Only (E)

Brand new Centronic 14* monitor for IBM PC and compatibles
at a lower than ever pricel Completely CGA equivalent. Hi-res
Mitsubushi 0.42 dot pitch giving 669 x 507 pixels. Big 28 Mhz
bandwidth. A super monitorin attractive style moulded case.Full
90 day guarantee. Only £129 (E)

MEC CGA IBM-PC compatible. High quality ex-equipment fully
tested with a 90 day guarantee. In an attractive two tone ribbed
grey plastic case measuring 15"L x 13"W x 12"H. A tenific
purchase enables us o pass these onatonly... £79 ©

9cl7J7r278 14" Colour
Multisync/Multifunction

Never before has such a deal been struck to bring you this
quality Jap manuf. d multisync, multifunction
professional grade monitor at an unheard of low pricell The
Electrohome ECM1311 with its host of inputs will connect to
most computer systems Including: IBM PC/XT/AT/PS2 (CGA,
EGA, PGA, VGA modes) Alar, Archimedes (up to SVGA),
Commodore, BBC and many mare. Many other features incude:
AGB analog & TTL Inputs, separate horizontal, vertical, com-
posite and sync on green Inputs; auto 15 to 36khz operation;
0.31mm tube dot pitch; tinted non glare etched screen & 30 mhz
bandwidth makes this item an absolute snipll Current makers
list price over £900 ! Each supplied with connection data, fully
tested In used good condition, some may have screen
blemishes. Complete with full 90 day RTB guaraniee. Full Tech-
nical Manual £15. é
Only (E)

No Break Uninterruptable PSU’s

Brand new and boxed 230 volts uninterruptable power supplies
from Densel. Model MUK 0565-AUAF is 0.5 kva and MUD
1085-AHBH is 1 kva. Both have sealedlead acld batteries. MUK
are Imtemal, MUD has them In a matching case. Times from
Interrupt are 5 and 15 minutes respectively. Complete with full
operation manuals............MUK......£249 (F) MUD.....E525 (G}

V22 1200 BAUD MODEMS

Master Systems 2/12 mici sor controlled V22 full duplex
1200 baud modem. Fully B n‘mvvad unit, provides standard
ich at 120 , CAn save your

vaz speed dala comm,

phone bill and connect time by a staggering /5%l Ultra slim 45
mm high. Full featured with LED staius indicators and remote
emor diagnostics. Syne or Async use; speech or data switching;
built in 240v mains suﬂﬂon 2 wire connection to BT. Units
are in used but good col . Fully tested prior daspatch, with
data and a full 90 day guarantee. t more can you ask for -
and at this pricell

ONLY £69 (D)

LARGE QUANTITIES OF OSCILLOSCOPES AND TEST GEAR ALWAYS AVAILABLE - CALL NOWI

B Il el d
P Y

All prices for UK
waloome-minimum

-ELECTRONICS -

MAIL ORDER & OFFICES
Open Mon-Fr 9.00-5.30

without prioe notics, Orders accepied subject to stock. Quotations

A

IBM KEYBOARD DEALS
ybo

acement or backup Keyboand, switchable for IBM PC,
PC-XT or PC-AT. LED’s for Caps,Scroll & Num Locks. Standard
84 keyboard layout. Made by NCR for the English & US markets.
Absolutely standard. Brand new & boxed manual and kay
template for user slogans on the function keys. Aftractive
berl?:.grey and cream fnish, with the usual retraciable !-aﬁ
undemeath. A genenus T-an%: of curly cord, terminating in t
standard 5 pin DIN plug. A al.rllluleimgm of manufac-
all (B) 5E175 (D)

turers surplus. What a

Brand new and boxed 84 key PC/XT type keyboards in standard
IBM grey with very attractive mottied finish and "clicky” solld teet
keys. 10 function keys on side. English layout and £ sign. Green
LEDs for Caps, Scroll & Num locks. £29.95 (B) 5/£135 (D)

CALL FOR DISCOUNTS ON HIGHER g

FLOPPY DISK DRIVES
BARGAINS GALORE !
NEW 54 Inch from £29.95]
Massive purchases of standard 514" drives enables us to
present prime product at Industry beating low 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 & + c, are of standard size
and a the standard 34 way connector.
TAN TM100-2A I1BM compatible DS £30.95(C
CANON,TEC etc.DS half height.State 40 or B0T m.gic
TEAG FD-55-F.40-80 DS half height BRAND NEW £78.00(C

# Sgeccals! *

TEAC FD-55 half helght serles In your choice of 40 track

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

ment fully tested in excellent condition with 90 day wamanty.
r TE-36 for 360k £29.95(C) or TE-72 for 720k £39.95(C

CHOOSE YOUR 8 INCHI
Shugart 800/801 SS refurbished & tested £150.00 3
Shugart 851 double sided refurbished & ftested 228.@5
Mitsubiehl M2894-63 double sided switchable
£250.00(E)

hard or soft sectors- BRAND NEW
SPECIAL OFFERSII
Dual 8" drives with 2 megabyte capacity housedin a smart case
with bullt in power supplyl Only £499.00 (F)

Ideal as exterlor drivesl

End of line purchase scoop! Brand new NEC D2246 8" 85
megabyle of hard disk storagel Full CPU control and Industry
standard SMD interface. Ultra hl speed transfer and access ime
leaves the good old ST506 interface standing. In mint condition

and comes complete with manual. Only.... £309(E)

MAINS SUPPRESSORS & FILTERS

Roxburgh SDC 021 2 amp mains RF1 filter. Has an extra wide
frequency range of 160 khz to 30 mhz. Can type, solder lug
connection. Quallty manufactured to BS 613 standards. Dims
1-1/2"D x 1-3/47H........... £3.95 or 3 for £10 (A) 10 for £28 (B)
Roxburgh SDA 013/28. Simliar to above rated at 1-1/2 amps.
Dims 1-1/2°D x 1-3/4"H....£3.25 or 3 for £8.50 (A) 10 for £25(B)
Suppression Devices SD5 A10. Extra compact general pur-
pose suppressor. Plastic moulded case with single boll fixing
and snap connectors. Rated at 230 vac 5 amps. Dims 1-3/4"L
x 1-1/8"W x 5/8"H.. ...£3.95 or 3 for £10 (A) 10 for £29 (B)
Befling-Lee L2127 3 amp mains RF1 fliters. Has a built in
mains cable (English coding}, and a three pin minlature non-re-
versible socket and a mating plug, to go to the equipment. ideal
for those who are bugged by RF Interference. Very compact.
Dims 3-1/8" x 2.6" x 1.6"................ £3.95 each or 3 for £10 (A)

RECHARGEABLE BATTERIES
Maintenance mLﬁeDd ﬁ%"gu Type A300.
12 volts 12 voits 3 amphours £13.95(A
6volts 6 volts3 amp/hours
12 volts Centre 1.8 amp hours. RFE.
12 volts 12 volts 38 amp hours.7-1/2"L x6"S.RFE £35.
EXTRA HI-CAPACITY NICKEL CADMIUM

Super high capacity Chioride 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 case. Each cell
measures B"H x 1.75"L x 4"D. Can be easlly separaled, Ideal
for all standby power applications. Ex MoD, like new..£49.95 (E)

SPECIAL INTERE.

Tektronix 1751 Waveform/Vector monitor
Trio 0-18 wdc bench PSU. 30 amps. New

DEC VAX11/750 Inc. 2 Meg Ram DZ and full docum-
entation, In brand new condition

Fujitsu M23041 600 LPM band printer

€ 595(A)
B)

E2750

DEC LS/02 CPU board " ot Egg
Calcomp 1036 large drum n plotter

Thuriby LA 1608 logle ana!y‘;:r £ 375
1.5kw 115v 60hz fpruwer source £
Tektronix R140 NTSC TV test signal standard. £ 875

Sony KTX 1000 Videotex system - brand new £ 650
ADDS 2020 VDU terminals - brand new £ 225
Sekonic SD 150H 18 channel Hybrid recorder £2000
Trend 1-8-1 Dala transmission test sel £ 525
Kenwood DA-3501 CD tester, laser pickup simulator € 350

LONDON SHOP
100's of bargains|
Open Mon-5at9-5.30
215 Whitehorse Lane.
South Narwo

Londan, S

DISTEL @ The

081-679-

Msinkend, UK custome s add 17 5% VAT to TOTAL order amournt. Minimum order £10. PO orders from G
account order £25. Carringe
standand Conditions of Sale and uniess }

w2 00, 50, (Ch=fB.50. (
chagee (2200 B850, G

on

€ 9.95() SY

950 ¢PS

Free dlal-up databasel
000's of tems+info On Lin
V21, V22 8 V22 bis

Superb Quam 6 foot 40u
19" Rack Cabinets
Massive Reductions

Virtuaily New, Ultra Smart!

Less Than Half Price!

Top quallty 19" rack cabinets made In UK
by Optima Enclosures Lid. Units feature
designer, smoked acrylic lockable front
door, full helghtlockable half louvered back
door and removable slde panels. Fully ad-
° Jusiable internal fixIlng struts, ready
punched for any configuration of equipment mounting plus ready
mounted Integral 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 therefore
require only two slde panels or stand singly. Overall dimenslons
are 77-1/2"H x 32-1/2"D x 22"W. Order as:
Rack 1 Complete with removable side panels...... £275.00 (G)
£1 (G]

Rack2 Less side panels 45.00
POWER SUPPLIES

Power One SPL200-5200P 200 watt (250 w peak).Semi open
frame giving +5v 35a, -6v 1.6a, +12v 4a (Ba peak), -12v 1.5a,
+24v 4a (6a peak). All outputs fuily regulated with over voltage
protection on the +5v output. AC Input selectable tor 110/240
vac. Dims13” x 5" x 2.5". Fully guaranteed RFE. £85.00 (B)

Power One SPL130. 130 watts. Selectable for 12v (4A) or 24 v
{2A). 5v @ 20A. £ 12v @ 1.5A. Switch mode. New. £50.95(B)
Astec AC-8151 40 walts. Switch mode. +5v @ 2.5a. +12v @
2a.-12v @ 0.1a. 6-1/4" x 4" x 1-3/4" New £19.95(B)
Greendale 19ABOE 60 walts switch mode.+5v @ 6a,+12v @
1a,+15v @ 1a. RFE and fully tested.11 x 20 x5.5cms. £24.95(C)
Conver AC130. 130 watt hl-grade VDE spec_Switch mode.+5v
@ 15a,-5v @ 1a,12v @ 6a.27 x 12.5 x 6.5cms.New.
£49.95(C)

Boshert 13090.Switch mode.ldeal for drives & system. +5v@ 6a,
+12v @ 2.5a, -12v @ 0.5a, -5v @ 0.5a. £29.95(8)
Famell G6/40A. Switch mode. 5v @ 40a.Encased £95.00(C)

COOLING FANS
Please specify 110 or 240 vo . fans.

3 inch  AC. 112" thick

312Inch AC ETRI slimiine.Cnly 17 thick.

31/2inch AC 230 v 8 watts, Only 3/4" thick

4 Inch AC 110/240v 112" thick.

10Inch  AC round. 312 thick. Rotron 110v

10inch  As above but 230 volts

60mm  DC 1" thick.No.812 for 6/12v.814 24v.

80mm  DC5 v. Papst B105G 4w. 38mm. RFE.

92mm  DC 12v. 18 mm thick.

4inch DC 12v. 12w 112" thick

4inch DC 24v Bw. 1" thick.

THE AMAZING TELEBOX!

TV SOUND
& VIDEO
TUNER!

Brand new high quality, tully cased, 7 channel UHF PAL TViuner
system. Unit simply connects to your TV aerial socket and colour
video monitortuming same into a fabulous colour TV, Dot worry
If your monitor does’nt have sound, the TELEBOX even has an
Integral audio amp for driving a speaker plus an auxillary ou

for Headphones or HI 1 system etc. Many other features: L|
Status Indicator, Smant moulded case, Malns powered, Bullt to
BS safely specs. Many other uses for TV sound or video etc.
led B| D NEW with full 1 year guarantee.

E32.9!

T x ST tor composite video input monitors.
Telebox STL as ST but with Integral speaker.
Telebox RGB for analogue RGB monitors.. DSéB
RGB Telebox also suitable for IBM multisylnc RG
analog and composite sync. Overseas versions VHF & UHF call.
SECAM / NTSC not available.

BRAND NEW PRINTERS

TEC Starwriter Model FP1500-25 dalsywheel printer renowned
for Its reliability, Diablo g“pe prim mechanism gives superb
registration and quality. board mic cessor glves full
Diablo/Qume command capabllity. Serlal RS-232C with full
handshake. Bidirectional 25 cps, switchable 10 or 12 pitch, 136
cpl in Pica, 163 In Eiite. Friction or tractor feed. Full ASCH
Including £ sign. Font and ribben Diablo compatible....... £199(E)
DED D miniature ball point pen printer plotter mechanism
with full 40 characters per line. Complete with data sheet which|
Includes circuit diagrams for simple driver electronics......E49(B)
Centronics 150 series. Always known for their rellablity in
continuous use - real workherses In any environment. Fast 150
with 4 fonts and cholce of interfaces at a fantastic pricel
158-4 Serial up 10 §.5” paper, fan fold tractor.............. £99.00
150-4 Serial up to 9.5" paper, tractor, roll or sisheel.... £129.
152-2 parallel up to 14.5" paper, tractor or s/sheel...E149.

CALL FOR THE MANY OTHERS IN STOCIKC

VISIT OUR SHOP FOR BARGAINS

ALL ENQUIRIES
081-679-4414

Fax- 081-679-1927
Telex- 894502
g2l

Orlginal

1888

is & Local Authorities

D)=E11.50, (E)=£14.00 (F)uE18.00 (G)=Cal . Al goods supplied subject to our

‘williegly given for higher quantities than thoss staied. Bulk surplus always required for cash.

base basis We reserve the right to changs prices & specifications
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Fig1 Typical spectrum of daylight and incandescent lamp

"he Physics of how we
ee by Douglas Clarkson.

28

ithout light from the sun the world’s

agriculture would fail. Light provides

appreciation of colour and form.

Light is therefore very important to

life but is so often taken for granted.
This article reviews a broad range of topics related to
light and vision generally and looks at current so called
‘artificial retinas’ to get a flavour of where current
research in this field is heading. The subject matter,
covers a range of disciplines including those of physics,
optics, biology and neurobiology to name but a few.
No single branch of science has a monopoly of interest
in this specialty.

About Light

Light is made up of small bundles or packets of energy
called photons. While the light from some sources is
mainly of one colour, such as in neon signs or in
sodium street lights, light from the sun or from a light
bulb contains photons of all colours, although in nor-
mal conditions the light appears white.

In the rainbow or by the action of a prism, ‘white
light’ is revealed to be a spectrum or spread of colours

ranging from blue to red. The blue photons are asso-
ciated with more energy (shorter wavelength), and the
red photons with less energy (longer wavelength). We
cannot see the photons with slightly more energy than
the blue photons (ultra violet radiation), though our
skin is sensitive to them as those who sunbathe will
know. Neither can we see the photons with slightly less
energy than the red photons (infra red radiation),
though these rays give the feeling of heat, Light radia-
tion therefore represents only a very small portion of
the so called ‘electromagnetic spectrum. Table 1
describes typical data of the visible spectrum.

colour wavelength {nm}  photon energy {sV)
red {limit) 700 177
red 650 191
orange 600 206
yellow 580 214
green 550 225
cyan 500 248
blue 450 275
violet {limit) 400 310

Table 1: Typical Data of the visible spectrum

The visible spectrum is, as it were, sandwiched in
a very small space within the electro-magnetic spec-
trum. While the terms wavelength and photon eneray
are essentially equally valid for describing the charac-
teristics of light, it tends to be the wavelength which is
used to describe its features.

Towards the high energy end of the photon range,
photons exist with energies in excess of millions of
electron volts (gamma rays) while towards the lower
energy range, photons have energies of millionths of
electron volts (ultra long wavelength radio waves).

Figure 1 shows the typical spectra of daylight and
an incandescent lamp. The spectrum of daylight, how-
ever is not itself entirely constant or static. The exact
spectrum will be influenced by the time of day and
direction of light, eg if from the north or south. This is
why sensitive colour differentiation, for example of
textiles, requires to be undertaken in association with
careful reference lighting conditions. Traditionally
daylight from a north facing window has been a pre-
ferred option. The spectrum of daylight is essentially
the output spectrum of the sun plus absorption by
some elements of the earth’s atmosphere. The spec-
trum changes around sunset, for example, as refrac-
tion or bending of shorter wavelengths takes place and
the light has a greater dominance of red.

Light reflected from surfaces produces a modi-
fied spectrum of light where for a given broad range of
incident wavelengths, a specific pattern of wavelengths
is reflected, so thatwhile the eye sees the colours of ref-
lected surfaces, the ‘mix’ of light photons in any envi-
ronment is likely to be influenced considerably by the
‘decor’. The eye’s sense of colour shows a remarkable
degree of colour constancy, where colour appreciation
is relatively independent of the spectral content o
incident light. ‘
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The blue of the sky is caused by scattering of light
by molecules of the atmosphere. This scattering effect
is greater for shorter wavelengths of light such as the
blue. In fact if an observer looks at the blue sky, all the
blue light that he sees is scattered light. An observer on
the moon which has no atmosphere, looking up would
only see a black ‘sky’ and the bright disc of the sun.
There is a broad range of subjective feeling about the
psychological effect of colour on the individual. Most
of this is not given very much in the way of scientific
importance. Some investigators have claimed to have
determined a direct link between a lighting environ-
ment and physiological factors such as blood levels of
calcium. There is an indication, for example, that too
much artificial fluorescent light is not healthy. No
doubt a lot more work still needs to be done in this
area.

Perhaps in the future, colour schemes will be
selected not purely on the basis of social fashion but
according to some as yet undetermined colour ther-
apy code. This is an area where such research has still
to become respectable. It is a curious point of view
however, to allow pre-judging of areas of scientific
investigation. In the past this has consistently been
shown to slow the process of the development of a
broad scientific understanding of the world around us.

It is quite true to say that people see colours
because the eye detects the different mixes and con-
centrations of colours reflected from objects. The
actual mechanisms which bring this about are still
poorly understood but this area of research is one of
the most interesting since it is providing clues about the
way in which the brain itself is functioning. This topic
will be explored in a later section in more detail.

Rods and Cones

The eye as shown in Figure 2a is very much like a
camera where the retina is the light sensitive ‘film’.
Figure 2b shows the structure of the retina. Light has in
fact to travel through the outer layer of cells before it
reaches the photosensive area. Nature has designed
these cells to be transparent.

Theretina consists of up to ten layers of which the
first three, photoreceptor (rods and cones), horizontal
and bipolar cells (in inner nuclear layer) are better
understood. The function of the amacrine cell (in inner
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Fig.3 Relative response of rod and cone cells to
wavelengths of light
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b) Structure of the retina

nuclear layer) and ganglion cells layers are as yet
something of a mystery.

The photoreceptor cells are of two distinct types
— rods and cones. The rods are used for low level
vision (night vision) and have no perception of colour.
The cones are less sensitive than rods but provide the
sensation of colour.

Figure 3 shows the relative response of the rods
and cones as a function of wavelength of light. The
daylight sensing (photopic) cones have a maximum
sensitivity at around 555nm and the night vision
(sctopic) rods a maximum sensitivity at around
512nm. The rod cells are approximately 2.5 times as
sensitive as the cone cells at their respective peak
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LIGHT

sensitive wavelengths. This shiftin sensitivity of the eye
can be detected under conditions of fading lightandis
termed the Purkinje effect after it was first reparted by
the Czechslovakian physiologist Johannes Purkinje in
the early 19th century. Under conditions of fading
light, the red objects appear less bright while blue
objects can appear brighter as rod based vision
becomes dominant. Green colours often appear
bright under conditions of fading light.

Lighting designers can often use the distinct
visual functions of rods and cones to advantage. On
the control bridge of a ship, for example, a saturated
red light can be used to illuminate the bridge instru-
ments. Since only the cones are adapted by this light,
the rods can readily adapt to the task of generalised
night time vision, for example scanning the horizon.

FEEDBACK
RESISTOR

VAV
O OUTPUT
+ <
LOAD
PHOTODIODE i RESISTOR

PHOTODIODE CIRCUIT

Fig.4 Typical circuit of photodetector

Light Measurement

There are two main divisions of light measurement —
radiometric measurements which relate to absolute
values of energy or power and photometric measure-
ments which relate to perceived brightness and illumi-
nation.

Attention will be directed primarily to the photo-
metric quantities since these are most often involved in
light measurement in the human environment.

The Lumen

The Lumen is basically a definition of an
‘amount’ of light. In 1979 the Lumen was redefined as
‘the amount of light of monochromatic radiation
whose frequency is 540 x 1012Hz and whose power is
1/683 watt’.

It can probably be inferred that the definition of
the Lumen has undergone may changes in its history.
The initial definition of the Lumen related to the
amount of light incident upon a one square metre sur-
face at a distance of one metre from a standard candle
made from the oil of the sperm whale. In very simplistic
terms, a candle can be imagined to be a source of
approximately 12 lumens (surface area of sphere at
one metre = 4m).

Thus if a single point source can be imagined to
radiate out light of this frequency and power, then the
amount of light is one Lumen. When such a definition
is adapted to air, one watt of monochromatic radiation
of 555nm is equivalent to 683 Lumens.

Recalling the data of Table 1, the energy asso-
ciated with a green photon is approximately 2.25eV or
2.25x1.6x10" Joules. In one second, therefore such
asource of one lumenwould radiate approximately 5 x
10" photons. (This calculation is just the total energy
radiated in one second divided by the energy of a
single photon,) The human eye, however, has sensa-
tion of brightness which is wavelength dependent
according to the curves indicated in Figure 3 where
both the cone cell sensitivities and rod cell sensitivities
are indicated.

Measurements of the relative brightness of light
sources need to involve consideration of the relative
spectral sensitivity of the eye. Normally the cone

response (photopic response) for day vision is used.
Thus measurements of say the total power output of
light source in watts between the wavelengths of
400nm and 700nm will not necessarily provide an
indication of the relative brightness of the source.

Table 2 outlines some relative values of the so
called spectral luminous efficacy curve where each
curve has been ‘normalised’ to give maximum value of
1 at the most sensitive wavelength,

Wavelength ~ Cone Daylight ~ Rod Night vision
{nm| response response
400 0.0004 00093
420 0.0040 0.096
440 0.0230 0.3281
460 0.0600 05670
480 01390 0.8390
500 0.3230 09820
520 0.7100 09350
540 09540 06500
560 0.9950 0.3288
580 08700 0.1212
600 06310 00312
620 0.3810 0.0074
640 01750 00015
660 00610 00003
680 0.0320 0.0001
700 0.0041 0.0000

Table 2: Spectral luminous efficacy values of
normalised rod and cone responses

Luminous Efficacy

Where the light output of a source spans a range of
wavelengths, which is typically the case, then the effec-
tive output of the source has to be modified by the
response curve,specific values of which are indicated
in Table 2. For daylight vision, the cone response curve
is used, Even for a ‘flat’ source of light of equal radiom-
etric output per unit of wavelength, the average lumi-
nous efficacy or ‘efficiency’ is only 187 lumens perwatt
compared with 683 lumens per watt for a perfect light
source at 555nm. A 100 Watt incandescent bulb has a
typical luminous efficacy of 17 lumen per watt due to
the large amount of energy dissipated as heat in wave-
lengths greater than 700nm.

In fluorescent light sources, short ultra violet
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Fig.5 Absorption curves for pigmented cone cells

wavelengths released by the gas discharge process sti-
mulate emission of longer wavelengths due to excit-
ation of special phosphors. Radiation in the infra red
part of the spectrum cannot, however, be converted in
this way to visible light.

In the era of awareness of the greenhouse effect
there is increased drive to improve the luminous effi-
cacy of light sources. It also improves the domestic
budget.
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The Lux

While the lumen is a useful measure of the total
amount of light output of a light source, most local
measurements of light refer to the illuminance where
this is expressed in lumens per square metre — a unit
called the lux. Taking the example of a point source of
light of strength 1000 lumens, if this is distributed over
a surface area of 10 square metres, then the average
illuminance will be 100 lux. The lux therefore refers to
levels of perceived brightness through linkage to the
Lumen.

Table 3 outlines typical values of illuminance cur-
rently recommended in the UK.

Visual Task Lux value
little difficulty (eg stores) 200
ordinary tasks (eg general offices) 400
some difficulty (eg business machines) 600
fine detail (eg taloring) 900

very fine detail (eg gem cutting) up to 3000

Table 3: Typical values of illuminance currently
recommended in the UK

The human eye can adapt over a broad range of
values of illuminance. Values of illuminance as high as
60,000 lux can be experienced in direct sunlight. Even
an overcast but bright sky can have a value as high as
10,000 lux. Even the rods begin to fail when light levels
fall to around one lux.

A range of instruments can be used to measure
light levels. Light sensitive materials such as cadmium
sulphide and selenium have been extensively used. It is
important that such devices have an appropriate wave-
length response to match that of the cone receptors.

Photodiodes are finding increasing application in
the measurement of light. So called ‘eye response’
diodes are now available which provide the required
wavelength sensitivity. This is implemented by use of a
specific filter in association with a standard character-
istic photodiode. A typical circuit is shown in Figure 4.
When light photons are incident on the detector, cur-
rent is induced in the diode. In the circuit shown, the
non-inverting input of the operational amplifier is
grounded and this ties the inverting input to ground. A
trimming element is usually required in order to cancel
the ‘dark current’ flowing in the diode. Current gener-
ated in the photodiode passes to ground and after
passing through the gain resistor the voltage at the out-
put rises. A range of gains would be necessary to cover
the typical ranges required for light measurement.
Photodiodes are very linear over a broad range of out-
put intensity levels.

Colour Perception Theories

The trichromatic theory of colour perception was first
expounded by Thomas Young in 1801 and developed
by the German scientist Hermann von Helmholtz
some 50 years later. Young proposed that the percep-
tion of colour arose from the eye having three basic
types of colour receptor — blue, green and red. The
theory has been essentially proved experimentally by
direct observation of retinal function although it is
understood that the eye can also show sensitivity to
colour opposites like green and not red or red and not
green.

The magnificent ability of the eye to detect colour
should, however, never be underestimated. It is consid-
ered, for example, that the eye can discern over
10,000,000 separate colours.

Colour vision is principally derived from the fact
that cones have certain wavelength specific pigment
filters. Figure 5 shows what is considered to be the typi-
cal wavelength absorption of three sets of cones. There
is a blue type absorption (peak 445nm), a green type
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absorption (peak 535nm) and a red type absorption
{(peak 565nm) which has also a strong contribution in
yellow. These are described also as the S, M and L sets
for their sensitivity to short, medium and long wave-
lengths. On the basis of these curves, the eye would
appear to be better at resolving say blue from green
than green from red.

This selective absorption is determined from pig-
ments within the cone cell. The absorption curves
indicate how much light is being absorbed by the cone.
The response of the cone to any absorbed light is not
specified but can be expected to be proportional to
amount of light absorbed. By contrast, the rods which
come into play in conditions of low light, have no dif-
ferent pigment filters and provide no colour sensitivity.

The process of establishing that there are cones
with specific spectral sensitivities does not immedi-
ately solve all problems of colour vision. For a specific
individual cone being struck by a particular photon, in
terms of the excited signal, the cone does not know if it
has detected a weak signal in a sensitive part of its
spectrum orastrong signal in a less sensitive part of its
spectrum. The sensation of colour must be about rela-
tive perception of signal among groups of cones with
different colour sensitivities. This perception must also
take place independent of overall changes in intensity
over such specific areas. The distribution and neural
linkage between the cones must therefore a key ele-
ment in colour perception.

The problem of colour blindness is related to the
nature of the cone pigmentations. About 8% of the
population, mostly male, is colour blind to some ext-
ent. This is caused by variations in the spectral
responses of the cone pigments. In some cases the M
or L set of cones may be missing altogether. Such indi-
viduals are said to have dichromatic vision. Loss of the
S cones is quite rare.

It is often stated that an individual with normal
trichromatic vision is discarding a great deal of per-
ceptual information. The world of colour as perceived;
while rich and varied, may in fact be much richer thanit
appears. Some species in nature, for example, have
quadchromatic vision where four separate colour
responses are used to encode colour information.

The analogy is often made that while in auditory
perception, sensory detection allows discrimination of
individual frequencies of sound, in colour perception a
great deal of information is being lost. Is this a result of
some economy of scale where it is more important to
be aware of the approach of a predator than become
dazzled with a true appreciation of its luxuriant striped
coat?

Modern instruments such as the spectropho-
tometer can undertake an accurate analysis of the
spectral output of, for example, an artist's pigment as
shown in Figure 6. This is as it were a fingerprint of the
photons emerging from the source. The trace, how-
ever, does not give a subjective appreciation of colour.

The German physiologist Ewald Hering;pro-
posedwhat is termed the opponent theory of colour in
1878. This theory anticipated that colours were also
specifically sensed as opposites such as light-dark, red-
green and blue-yellow. It is generally accepted that
while the majority of colour perception is determined
by the trichromatic theory, the opponent theory also
plays a part in determining colour perception where
neural connection in the retina are sensitive to specific
colour differences.

Verification of this mode of visual sensing has in
fact been observed experimentally. The lateral geni-
culate nucleus (LGN) is a small region in the brain
where the optic nerve terminates before information is
transmitted into the visual cortex. Using animal stud-
ies, it has been possible to determine the response to
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individual cells in this structure as a.function of the
wavelength of light. For this work an extremely fine
probe (diameter about 0.0001 cm) is required. While
there are a range of cells which can be observed —
those for example which have a broad spectral sensi-
tivity — a class of so called spectrally opponent cells
can also be identified.

Figure 7 shows the typical responses of so called
+R—G and +G—R cellswhere the +R—G is excited in
red light and inhibited in green light and the +G—R
cell is as it were a mirror image of this activity. The
+Y—B and the +B—Y cells show similar characteris-
tics for vellow and green. The mechanismwhereby the
responses of the three photoreceptors are translated
into such a four colour system are the subject of con-
siderable on-going research, It is likely that the answer
lies in the complex patterns of connection between the
neural cell of the retina.

The Chromaticity Diagram

In the manyvaried divisions of commerce and industry
there has always been considerable need to be specific
about colour and calour matchings. In 1931 in Paris
the International Commission on lllumination drew up
a system for classification of colours. Central to its
approach was the construction of the Chromaticity
diagram. This took place before the finer details of the
possible functioning of colour perception were ident-
ified. The Chromaticity diagram relates to additive

VALUES OF y

Y

VALUES OF x
Fig.8 Chromaticity diagram
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colours from direct light components. It does not apply
to mixing of colour pigments.

In accordance with the trichromatic theory of
colour, it was assumed that any colour could be
formed by a combination of the primary colours such
asred, green and blue. A given colovir can be described
as a combination of fractional components x + vtz
where x +y -+ z = 1 and x is the red contribution, yis
the green contribution and z is the blue contribution.
The z contribution is not used in the Chromaticity dia-
gram since its value can be deduced if x and y are
known.

Atypical Chromaticity diagram is shown in Figure
8.Its form is that of a horse shoe with white in the mid-
dle, green at the top blue in the lower left and red in the
lower right. The diagram also allows estimations of the
purity of a given colour to be determined. The point E
for example, in the figure which is distance n from the
central white point and distance m from the periphery
of the curve is said to have a purity value of :—

100n/{m-+n)

The purer colours lie therefore towards the peri-
phery of the curve.

The white or achromatic point is conventionally
located at co-ordinate x=1/3; y=1/3.

The Chromaticity diagram is of direct use in
determiningthe various colourswhich lie between spe-
cific end points on the diagram. In the case of moving
from red to green, for example, as the mixture of
colours changes fromi saturated red to saturated green
along a specific line, a desaturated vellow will be
created at an intermediate point.

The Chromaticity diagram can also be used to
determine so called complementary colours, For a
specific colour on the periphery of the diagram, if a
line can be drawn through the achromic point, this will
intersect at the periphery of the diagram to indicate
the so called complementary colour — that colour
which if mixed with the original will in the correct pro-
portions produce white.

Whileit is stated that all colours can be created by
mixing three primary colours, when specific pointsofa
triangle are drawn into the Chromaticity diagram to
represent these colours, not all hues can be created.
Certainly all those within the triangle can but some
colours outside the triangle cannot. A suitable choice
of vellow/green primary can vary the degree of satura-
tion of key colours required. With the base of the tri-
angle fixed along the purple red axis as shown in Figure
9, the locus of an infinite number of friangles can be
imagined to be swept round the diagram, so that all
colours can be created with specific starting points for
their respective colour triangles.

Itis veryimportant to appreciate that the Chrom-
aticity diagram is a process of addition of light. It would
be of value, for example, in determining the range of
possible colours which could be achieved by exciting
red, green and blue pixels on a colourtelevision tube or
independent beams of light projected onto a surface.

The processes of colour mixing in painting is
mostly a subtractive process where pigments which
absorb light are mixed together. A red pigment, for
example, will absorb all colours in white light except
red. Similarly a green pigment will absorb all colours in
white light except green. When the two pigments are
mixed, little light will be reflected back — a brown will
be produced and not the yellow as predicted from the
Chromaticity diagram.

The Chromaticity diagram does not therefore
apply to such subtractive methods of achieving differ-
ent colours. Itis possible to predict the colour mixing of
pigments on the basis of their superimpased absom-
tion spectra, Itis probably more convenient to make up
colour mixing charts at first hand. A lot of confusion
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has been caused by imprecise references to the separ-
ate processes of additive and subtractive mixing of
colours.

Understanding the Retina: Sili-
con Models

While systems for classification of colour have been
established for some time, there is still a longway to go
before a complete understanding of vision is obtained.
In particular, it is the degree of local processing which
takes place ‘within the various layers of the retina
which is considered to hold the key to understanding
vision. The retina has special processes for enhancing
edges of structures, for determining local contrast so
that features can be discerned both within shadows

Fig.9 Colour generation using three primary
colours

and brightly lit areas in the same field of view. Also, it
has mechanisms for highlighting moving edges.

Many of these features have been developed to a
high degree within the natural world for both the hun-
ter and the hunted as the excellent BBC book ‘Super-
sense’ superbly describes. These mechanisms cannot
be understood within the context of individual cell
types operating independently. These functions are
derived from complex interaction between retinal cells
within specific layers — and across layers. The essential
first levels of signal processing are therefore under-
taken close to where the signals are initially detected.

While the general principles of natural neural
connected systems had been appreciated for some
time, the very considerable complexity of such systems
had distanced practical modelling of such systems
even on a much humbler man-made scale. During the
1980’s the study of artificial neural networks has made
considerable progress — so much so that there has
arisen a new feeling of confidence about developing
artificial systems to mimic (ever so crudely) the superb
designs of natural systems.

This confidence has given encouragement to var-
ious researchers to mimic natural neural networks
using VLSI circuits. The development of such hard-
ware based systems is, however, in its infancy.

The work of Carver Mead in the USA in the field
of vision research has succeeded in simulating in a
crude man-made silicon neural network the basics of
vision. This approach gives a more satisfactory
approach than modelling of such artificial networks
using even the most powerful computers. For the class
of networks investigated, the ‘training’ of the network
is as it were ‘fixed’ - learning is not taking place.

A range of different photodetector arrays has
been developed using techniques of VLSI integration.
A specific array of 50 by 50 photoreceptor elements
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has been constructed using a basic hexagonal local
structure where the value sensed by a single photore-
ceptor is compared with the weighted average of six
nearest neighbour sensor elements. This gives the
function of local adaption where the relative bright-
ness of a signal is referenced to the local average value
of brightness. Also, the system has been designed to
respond to changes in signal level. Thus a static signal
area will eventually fade out as the signals in a specific
area become uniform. Increased information content
will therefore be associated with changing structures.

The typical design of the photoreceptor, which
has a logarithmic response, is shown in Figure 10. This
function allows large variations in input light level to be
translated to a much smaller range in output.

When an initial image, is presented to the array,
the elements will initially reflect the maximum contrast
across the static picture. In time and according to the
time constant of the amplifiers, the differences
between the individual photoreceptor elements will
decrease as the process of adaption is undergone.
Eventually the picture will fade. A favourite trick is to
display an image of Abraham Lincoln to the array. An
initial sharp image progressively fades. When this
image is replaced with a uniform white background, a
negative image is produced where the greatest signal
corresponds to areas of previous low illumination.

Another party trick is to present the image of a
rotating windmill. The greatest contrast is presented at
the leading moving edge of the rotating blades.

It is interesting to note that one common form of
optical illusion can be observed with the crude silicon
retina. Where a lattice of black squares is observed
against a white background, grey spots can be
observed in the white ‘cross roads’ area of the array.
This is because the retina estimates relative brightness
of an area as a function of the brightness of its back-
ground. This illusion is in fact also picked up by the arti-
ficial retina.

It is estimated that before any practical use can be
made of such technology, the number of pixels would
have to beincreased by a factor of about 100 — equiva-
lent to an array of 500 by 500. Also, these results with
an artificial retina of this type are only demonstrating
specific attributes of the real retina — that of adaption
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of vision and accentuation of moving objects. The real
retina has many surprises still in store. The various the-
ories of colour perception are, for example, still have to
be resolved in terms of neuron connection and interac-
tion. It is likely that for some time to come, even the
most advanced artificial retinas will not implement
colour vision, although models of how attributes of
colour vision may be implemented will be constructed.

The economy of energy which Nature is able to
bring to bear on the function of the retina is remark-
able. Modern electronic technology has reduced the
energy required to implement a single digital opera-
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tion to about 10 of a Joule. A single operation in a
neuron within the retina will typically only expend
about 101 Joule.

There is at present considerable activity in deve-
loping artificial neural networks ‘in silicon’. These
implement either analogue circuitry, digital circuitry or
a combination of both. Nature does not use binary cir-
cuits for its complex compittations which is something
that conventional digital electronics engineers find
runs contrary to their training in exact representation
of data. The natural solutions are eminently successful
and considerable research is being undertaken to
implement new technologies which will allow more
effective copy of Nature’s designs to be undertaken.

What the development with the silicon retina
demonstrates is that processing of images is best
undertaken at the direct interface where the photode-
tection is taking place. In this way edge enhancerment,
local adaption, can be undertaken without the need
for massively powerful digital computers.

The initial 50 x 50 element photosensor array
with local signal processing can be cénsidered to the
first step in the development of smart vision systems of
the future where chip fabrication methods incorporate
the functionality such as photodetection,independerit
local adaption and moving edge detection.

A significant part of the brain is understood to
provide a connectivity function — the cabling as it were
between message processing centres in the cortex. The
cortex can be mapped out according to specific func-
tions, but it is difficult to anticipate mechanisms of lin-
kage of neurons of the higher sensory regions. This is
why the study of the retina which is in effect a very
sophisticated visual pre-processing system, is valuable
to achieve insight into the problem. The actual process
which allows individuals to see, is poorly understood.

In manyways the solution is like a jigsaw puzzle where
all the pieces have been identified ,but where putting
the pieces together is a very complex task.

Summary

The sense of re-discovery of natural sensory systemns
such as vision has helped refocus thinking on how to
tackle some very basic problems in information pro-
cessing. Instead of building increasingly powerful
serial computers and developing vet more complex
computer software, the emphasis is now changed to
processing at the point of data creation as demon-
strated by the work of Carver Mead and his associates.

While so much has been found out about light
and perception, no doubt many more surprises await
discovery.

Further Reading:

Seeing and the eye: an introduction to vision; Hugh
Begbie.

Lightand colour: a brief survey, Francis A, Jenkins and
Harvey F. White.

Light and colour in nature and art, S. J. Williamson
and Herman Z. Cummins.
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A New Proposal Jfor Digital Music

Entertainment

s co-inventor of the Compact Disc (CD),
Sony has been the driving force behind a
music medium that, for the first time,
provided consumers with high-quality
digital sound reproduction in a wear-
resistent, fast-access, convenient format. Since its
introduction in 1982, in less than a decade, the CD has
grown to become the preferred format for the home
music enthusiast.

Moreover, as the needs of home music enthu-
siasts continue to evolve, the CD format has the capa-
bility of evolving to meet those needs. For example, the
industry has already seen dramatic improvements in
digital encoding, which have resulted in higher-resolu-
tion CD master tapes. Additional enhancements to the
CD format are also being realized, as witnessed by
expansion of the medium from a pure audio format
into a multimedia product like CD-ROM and CD-I.

But intoday’s highly segmented music market, no
single audio format can meet every consumer’s needs.
Hence, since 1986, Sony Corporation has been work-
ing on a new digital format designed to meet the needs
of the personal audio marketplace, The result of this
research and development effort is the new digital Mini
Disc (MD). Targeted for market introduction in late
1992, the MD offers consumers the sound quality,
quick random access, and durability of optical media,
such as CD. At the same time, it offers the portability,
recordability, and shock resistance associated with the
analogue cassette.

In short, the MD format has been created to meet
the needs of personal music entertainment in the
future. Based on an array of new technologies, the digi-
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Fig.1 Disc within Caddy

tal Mini Disc is poised to become an important new
product.

A New personal Music Format

The SonyMD system is the result of efforts to synergize
the appeal of the CD with those features traditionally
required in successful personal music formats. There-

A technology overview by
Eric Kingdon
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fore, the MD system will provide the following features

and benefits:

@ The MD system is based on a 2.5-inch optical disc
that utilizes adaptive data compression technology
to store up to 74 minutes of digital music, with
sound quality approaching that of CD.

@ The disc is housed in a caddy that protects it from
physical damage. Together, both.caddy and disc are
approximately half the weight of an analogue cas-
sette.

® The MD system offers both record and playback
capability for maximum versatility.

® The MD system uses separate operations for
recording and playback functions: magneto-optical
heads for recording needs; CD-type optical play-
back head for prerecorded software.

® The MD system provides random access to any
music selection in less than 1 second.

@ [t is resistant to shock and vibration under both
record and playback conditions and uses a Serial
Copy Management System (SCMS).

The Technological Foundations
of the MD System

The prodigious capabilities of the Sony Mini Disc for-
mat can be attributed to the successful development of
four new technologies, they are: ‘ATRAC’ Digital
Audio, Magneto-Optical ‘Over-Write’,Dual-Function
Laser Pickup and ‘Shock-Proof’ Memory.

ATRAC Digital Audio Compres-
sion Technology

The 2.5-inch disc used in the MD format is capable of
storing virtually the same amount of music as the

standard 4.72-inch CD as aresult of a newly developed
digital audio compression technology called ‘ATRAC’
{Adaptive Transform Acoustic Coding). With ATRAC,
signal encoding efficiency is 5 times greater than with
the non-compressed 16-bit linear technique currently
used in the CD and DAT formats.

In 16-bit linear encoding with a sampling fre-
quency of 44.1 kHz, the analogue signal is sampled
approximately once every 0.02 milliseconds. Each
sample is quantized at 16-bit resolution into one of
65,536 (216 possible values). Therefore, with CD and
DAT, when the analogue signal is converted to digital
data in real time, 16 bits of data are used every 0.02
milliseconds regardless of the amplitude of the signal
and whether or not signal is even present.

ATRAC starts with the same 16-bit digital data but
analyses segments of the data for waveform content.
Based on this analysis, ATRAC extracts and encodes
only those frequency components that are actually
audible to the human ear. This methad of encoding is
far more efficient than the linear coding technique
used for CD and DAT, yet sound quality remains com-
parable.

The actual record/playback sequence of events
using the MD system can be described as follows:

During the recording process, the analogue sig-
nal is quantized at a sampling frequency of 44.1kHz
and converted into digital data in the usual manner via
a 16-bit A/D converter.

The ATRAC encoder divides this data into seg-
ments in intervals of up to 20 milliseconds (approxi-
mately one thousand samples). After applying Fourier
transform analysis to the digital waveform in each seg-
ment, approximately one thousand changes in ampli-
tude are analysed as single frequency (sinusoidal)
components.

During this analysis, each frequency is assigned
bits by amplitude (sound level), using psychoacoustic
principles such as threshold of hearing and masking
effect, to identify only those components in the seg-
ment that are audible to the human ear. As a result,
overall coding efficiency is greatly increased (by a fac-
tor of approximately 5). This data is then format
encoded with additional EFM and CIRC (error correc-
tion) data, then recorded onto the disc.

During the playback process, the numerous fre-
quency components recorded on the disc are recom-
posed by the ATRAC decoder, and the 20 millisecond
segments are reconstructed into digital waveform
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data. This data can then be processed by a 16-bit D/A
converter in the conventional manner.

ATRAC The Underlying
Psychoacoustic Principles

Threshold of Hearing

As sound leve! diminishes, there is a level below which
the human ear canriot detect its presence. This thresh-
old varies with frequency. The threshold of audibility is
lowest for sounds with a frequency of approximately
4kHz; that is, sounds close to this frequency are most
easily detected by the ear. By analysing the frequency
components of an audio signal, it is possible to identify
those components that lie below the threshold of hear-
ing.’ Such components can be removed from the orig-
inal signal without affecting perceived sound quality.
Masking Effect

If two sounds, one loud and the other soft, are pro-
duced simultaneously and they are close to one
another in frequency, the softer sound becomes diffi-
cult or impossible to hear. Therefore, when an audio
signal has a high-level component and a low-level
component at neighbouring frequencies, the latter can
be removed without affecting perceived sound quality.
Moreover, with increasing overall signal amplitude, it
becomes possible to remove a greater number of com-
ponents without audible effect.

Magneto-Optical Over-Write Technology

In order to meet the requirements of a compact, light-
weight, record/playback system for personal audio
applications, the MD system employs a newly deve-
loped Sony magneto-optical (MO) disc that uses mag-
netic field modulation with direct ‘over-write’ capabil-
ity.

Fig.5 Cross section of MD magneto Optical disc

With MO disc technology, the recording of data
requires the use of a laser and a polarizing magnetic
field. When the magnetic laver in the disc is heated by
the laser to a temperature of approximately 400°F, it
ternporarily loses its coercive force. As the disc rotates
and the iradiated domain returns to normal tempera-
ture, its magnetic orientation is determined by an
externally applied magnetic field. Polarities of ‘N" and
‘S’ can thus be recorded, corresponding to digital data
‘1" and ‘0.

In order to record new data on an MO disc, the
previouslyrecorded signals must first be erased. This is
done by irradiating the track with a laser in a magnetic
field to change all domains to a uniform ‘0’ polarity.

In practice, two different methods have been
developed for rewriting.

The first method uses two lasers, one for erasing
and another for recording. Approximately one-half
disc rotation after the signal is erased with the first
laser, the second laser records the new signal. A single
laser is used for both erasing and recording, but in two
separate steps, Erasure takes place during the first
rotation, and recording takes place during the second.

The first method is costly because two lasers are
required. The second method results in excessive
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recording time and requires a complex servo mechan-
ism.

The over-write system developed by Sony for the
MD system adopts a new magnetic field modulation
technique for recording signals. This technology has
vastly reduced the size and complexity of MO disc
recording. Fast data recording is accomplished by
modulating the magnetic field at high speed in
response to an input signal.

Unlike conventional MO rewrite mechanisms,
the Sony MD over- write system positions a magnetic
head directly across from the laser source on the oppo-
site side of the disc. A magnetic field corresponding to
the input signal is generated over the laser spot. The
rotation of the disc then displaces the area to be
recorded, allowing the temperature at the spot to drop
back below the Curie point. At that point, the domain
takes on the polarity of the applied magnetic field
regardless of the polarity that previously existed.

The size of the spot recorded on the magnetic
layer is controlled by the reversal cycle of the applied
magnetic field, which permits accurate shortwave
recording. This is in contrast to conventional methods
where the laser beam is repeatedly turned on and off to
record the magnetic signal; shortwave recording is dif-
ficult to achieve because of heat dispersion.

Moreover, since the Sony over-write method per-
mits the laser to be continuously on during record and
playback, the structure of the optical head can be
greatly simplified. This enables the design of highly
compact and lightweight MD hardware.

A major barrier to the successful implementation
of the MD system over-write technique was the fact
that the MO disc is a non-contact medium. A certain
amount of space is required between the disc and the
head surfaces to accomodate undulation as the disc
rotates. Thus, a powerful magnetic field must be gen-
erated by the head to produce the desired polarity
reversals on the disc. The high power consumption
and heat generation associated with producing such a
strong field were prohibitive factors.

Sony has solved this problem through two break-
through developments. The first of these is where the
Mini Disc uses a newly developed magnetic layer of
Terbium Ferrite Cobalt that changes polarity with a
coercive force as low as 80 Oersteds. This is approxi-
mately 1/3 the coercivity required for conventional
MO discs. This enables stable polarity reversal using a
relatively weak magnetic field.

The second is that the MD recording system uses
a new highly power-efficient magnetic head that can
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perform polarity reversals at a rate of f approximately
100 nanoseconds per reversal. The low power con-
sumption of this head has solved the problem of over-
heating and has made it possible to de31gn a practical
battery operated recorder.

Dual-Function Laser Pickup
Technology

The optical pickup developed for the MD system has
the remarkable ability to read both MO and prere-
corded optical discs. For MO discs, the pickup reads
the polarity of the disc. For polycarbonate optical
discs, the pickup reads the amount of reflected light.
The MD pickup system is based on the design of the
standard CD pickup with the addition of a MO signal
readout analyser and two photodiodes.

During the playback of MO discs, a 0.5mW laser
is focused onto the magnetic layer. The magnetic sig-
nal on the disc affects the polarization of the light. The
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direction of polarization is converted into light intens-
ity by the MO signal readout analyser.

Depending on the direction of polarization, one
of the two photodiodes will detect more light. The elec-
trical signal from the photodiodes are subtracted, and
depending on whether the difference is positive or
negative a ‘1’ or ‘0’ signal is read. The same 0.5mW
laser is used for the playback of prerecorded optical
discs. The amount of light reflected depends on
whether or not a pit exists on the surface of the disc. If
no pit exists, a high proportion of the light is reflected
back through the beam splitter and analyzer into the
photodiodes. If a pit does exist, some of the light is dif-
fracted, and less light reaches the photodiodes. The
electrical signals from the photodiodes are summed in
this case; and depending on the sum, a ‘1’ or ‘0’ is read.

Shock-proof Memory Technology

Conventional optical pickup systems can easily mis-
track when subjected to shock or vibration. In digital
audio CDs, this causes ‘skipping’ or muting, and CD
plaver manufacturers typically go to great lengths,
using mechanical suspensions and servo systems, to
minimize such occurrences. Resistence to shock and
vibration is a virtual pre-requisite for true portable per-
sonal audio applications. And in the MD system, Sony
has solved this problem with a unique shock-proof
memory.

While the MD pickup can read information off the
disc at a rate of 1.4Mbit per second, the ATRAC
decoder requires a data rate of only 0.3Mbit per sec-
ond for real-time playback. This difference in process-
ing speed enables the use of a read-ahead buffer,
placed between the pickup and the decoder. Ifa 1Mbit
memory chip is used for the buffer, it can store up to 3
seconds of digital information. Should the pickup be
jarred out of position, the correct information conti-
nues to be supplied to the ATRAC decoder from the
buffer memory. As long as the pickup returns to the
correct position within 3 seconds, the listener never
experiences mistracking or muting.

Since signals enter the buffer memory faster than
they leave it, the buffer will eventually become full. At
that point, the MD pickup momentarily stops reading
information from the disc; it resumes reading as soon
as there is again room in the memory chip.

Using a concept called sector repositioning, the
MD pickup has the ability to quickly resume reading
from the correct point after being displaced. When sig-
nals are recorded on the Mini Disc (either record/, play
MO or prerecorded optical media), address informa-
tion is assigned every 13 milliseconds. When a pickup
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is shifted out of place, the MD player quickly recog-
nizes the disruption, identifies the wrong address, and
instantly returns the pickup to the cotrect position.

The Next Step in Personal
Audio

The MD system, a new digital audio format based on
an advanced miniature optical disc, is being proposed
by Sony for personal music entertainment application
in the consumer market. The Mini Disc offers many of
the advantages of the current CD, including high-qual-
ity digital audio reproduction, resistance to wear, and
fast random access, but also is uniquely adapted to the
needs of the personal audio enthusiast. Among the
MD system’s chief attributes are an extremely small,
easy-to-handle, cariridge-loaded disc; up to 74
minutes of record/playback time; record, playback,
and over-write capabilities; exceptional resistance to
shock and vibration; and affordable hardware and sof-
tware costs. In addition, the ability of MD players to
read both MO discs and readily mass-produced pre-
recorded optical discs makes the format a practical
music software medium.

Sony does not view the MD format as.an eventual
replacement for CD. It is expected, rather, that the CD
and the MD will peacefully co- exist in much the same
way as the LP and the analog cassette have for so
many years. Modern digital audio and optical disc
technologies have pushed the CD ahead of the LP as
the medium of choice for home music entertainment
systems. These same technologies can now be har-
nessed to meet the needs of the personal music enter-
tainment market, now being served by the analogue
cassette. The Sony Mini Disc system is a format whose

Sony Mini Disc System
= Preliminary Specifications

Channels: 2 stereo)
Frequency Response: 5-20,000Hz
Dynamic Range: 105dB
Wow-and-Flutter: Unmeasurable
Sampling Frequency: 44.1kHz

Coding System: ATRAC system
Modulation System: EFM

Error Correction System: CIRC

Disc Speed: 1.2-14msec (CLV)
Record/Playback Time: Up to 74 minutes
Cartridge Size: 72x68x5mm
Disc Diameter: 64mm

120mm
(4.7 Inch)

64mm
{2.5 Inch)

A

Fig.8 Sony mini disc (MD}) relative to compact disc (CD)
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Fault Finding

Blown Fuses

n the case of faults where a fuse has blown
neither signal tracing not voltage measurement
is applicable as the fuse has probably removed
power from the part of the circuit in question.
It is always tempting to replace the fuse
and try the equipment again. Don’t. All you usually
achieve is the death of another fuse. In 90% of cases
the fuse has blown because of a fault which will still be
present. The only exception to this is where the fuse
protects an output, such as a loudspeaker, and the
remainder of the circuit seems to be Werking correctly.
In this case the blown fuse could have been due to a
short in the wiring to the speaker or overloading of the
amplifier in some other way.

What is needed is a method of locating the fault
that does not involve powering up the circuit.

The first possibility is to measure the DC resist-
ance of the circuit after the fuse with a multimeter. If
the resistance is less than the normal voltage divided
by the fuse rating then you can assume that there is a
fault. Note that this applies to DC circuits only. If the
fuse is in an AC circuit feeding an inductive load you
need to consider the AC impedance not the DC resist-
ance which you are measuring. The usual area where
this is of concern is with a mains transformer, More
details are given in the section on component testing.

If you obtain a low resistance reading examine the
circuit diagram. If the fuse supplies more than one area
of the circuit try disconnecting each one in turn by rem-
oving connectors or unsoldering links until the resist-
ance increases. Once the area of the fault is known
look for components that could be causing the prob-
lem and check them individually with the multimeter.
Don’t assume that there is only one faulty component
as failure of one component can often cause the failure
of another. A prime example is the usual class B dis-
crete power amplifier where two or three transistors
often fail together.Unfortunately a high resistance
reading in the initial test does not necessarily mean
that the circuit is fault free. The voltage from a mul-
timeter is often not sufficient to ‘activate’ the fault.
However faulty components will still show up if tested
individually. If the fuse feeds a number of areas of the
circuit then locate the faulty area first. This can be done
rather crudely by disconnecting all areas of the circuit,
powering up the equipment with a new fuse and then
reconnecting each area in turn until the fuse blows.

If a variable current limiting power supply is avail-
able more sophisticated testing can be undertaken.

Firstly the circuit may be powered up at a suitable
current lower than the fuse rating. This will determine
the components that heat up. The nose is a very sensi-
tive heat detector but beware of high voltages!

Alternatively the path of the fault current can be
traced by measuring the voltage drop along the circuit
board tracks by means of a DVM set to the millivolt
range. The idea is illustrated in Example 3.

It may be possible to measure voltages within the
circuit with the equipment powered from the current
limited supply. However more often than not the cur-
rentrises unacceptably before sufficient voltage can be
applied to give sensible readings.

Intermittent Faults

In the case of an intermittent fault all the procedures
described for partially functioning equipment can be
used. The first problem is to make the fault appear.

From the description of the fault, symptoms you
should know if it takes time to appear are, if it affects
only one channel or one function or if it disappears
when the equipment is turned off and on again. This
will help you decide how to tackle the problem.

Many intermittent faults are caused by poor elec-
trical contact due to oxidisation of contacts. Therefore
its worth wiggling switches and connectors to try and
make the fault appear.

Another cause of intermittent faults are dry sol-
der joints. Flexing the circuit board can sometimes
help to locate them. Carefully examine the solder
joints in the syspect area. A ‘dry’ solder joint will have a
very narrow darker ring either close to the component
load or in the solder blob where the solder has not run
together. Try measuring the voltage on the track lead-
ing to the pad and on the protruding end of the lead. If
these differ, particularly when the component is
moved,then there is a bad joint. The cure is simply to
melt the joint with soldering iron and add a touch of
new solder to provide some flux.

Breaks in the circuit board tracks can also be a
problem. These often occur near the terminals of com-
ponents soldered directly to the board that are subject
to movement such as potentiometers and switches.If
you suspect that heat causes the fault try warming the
equipment with a hair drier. Remember to return the
hair drier after use or you'll be in trouble!

For really elusive faults its worth ringing the
manufacturers service department to see if they have
come across anything similar. They have far more
experience of their equipment and can often recognise
the fault from a description of the symptoms.

Iwould advise very strongly against guesswork. It
is easy to think of a plausible cause of the fault but
remember there are probably dozens of other possibi-
lities. If the fault won’t appear and hence you can’t dis-
prove your theory it becomes very tempting to take this
as proof in favour of your explanation. Resist the temp-
tation as it only leads to disappointment!

Home Construction

There are two additonal considerations when dealing
with home-built circuits.

Firstly if the circuit has just been constructed it is
quite possible that there may be one or more wiring
errors. It is wise to try and locate these before the
equipment is powered up otherwise the first indication
of a problem could be a burning smell and a wisp of
smoke. This is an expensive way of fault-finding. When
checking PCB and Veroboard layouts that you have
designed use a photocopy of the circuit diagram and a
highlighting pen. Follow the path of each track on the
layout and compare it with the circuit diagram. If it is
correct, highlight the corresponding part of the circuit.
Work through the circuit in a logical fashion for exam-
ple by starting with connections to pin 1 of the firstinte-
grated circuit, then pin 2 and so on. Eventually you
should end up with a circuit diagram with all compo-
nents and wires highlighted and you can be fairly confi-
dent that the layout is accurate.Assuming you have fol-
lowed the above procedure but still end up with a faulty
circuit don’t despair. Split the circuit into blocks and
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test each one in tum. When you find the area of the
fault simply remember to consider awrong connection
as well as the usual component failures amongst the
possible causes. The type of things to look out for are
solder bridges or splashes across tracks and, on Vero-
board, track breaks where a tiny portion of copper
remains still connecting the tracks.

The second consideration in home-built circuitry
is that there may be more than one unrelated fault. The
only advice I can offer is to cure each one and then
pass on to the next. [was once asked to sort out a faulty
synthesiser that someone had built from a kit. The final
tally was about 25 different faults!

Component Testing

The methods described so far should enable you to
quickly isolate the fault to a small area of the circuit. It is
then necessary to locate one or two faulty components
out of say ten or twenty. At this point it is feasible
though rather tedious to test each of the components
in that area individually. However with a little thought
and a few simple calculations it is often easy to narrow
the search down even further to one or two compo-
nents. This idea is illustrated in Example 4.

Whichever fault-finding procedures you use you
will eventually need to testindividual components. The
following is a summary of the normal failure modes
and test methods for each type of component.

Resistors

Resistors usually fail by significantly increasing in
resistance or by becoming totally open circuit. Modern
equipment often contains fusible resistors which look
like ordinary resistors but are designed to go open-cir-
cuit when overloaded. Unfortunately there is no indi-
cation that this has happened. A normal resistor over-
load tends to turn brown or discolour.

Measurement of resistors in circuit is not usually
conclusive due to the parallel effect of other compo-
nents. However if the value of resistance measured
across the resistor in circuit is more than its nominal
value then there’s definitely something wrong. If it’s
less then there may be a problem. Confirm this is by
unsoldering one end and measure the resistance
again.

Fuses

The type of fuse normally found in domestic equip-
ment is the glass cartridge fuse in which the element is
visible. The ceramic cartridge fuse is filled with a white
arc quenching powder and is designed to interrupt
higher fault currents. As well as the glass and ceramic
cartridge fuses you may come across sub-miniature
fuses that lurk in packages similar to resistors, capaci-
tors or even T092 transistors.

There are two basic types of fuse blowing charac-
teristics, the quick blow, abbreviated F (fast), and the
anti-surge type, abbreviated T (time delay). The char-
acteristics of each type are shown in Figure 7 (see last
month). It can be seen that for a given overload current
the anti-surge fuse takes far longer to blow. Anti-surge
fuses are used in circuits where brief periods of high
current occur in normal operation. A typical example
is in the primary circuit of a mains transformer when
there is an inrush of current every time the power is
turned on.lt can be safely said that fuses fail open-cir-
cuit. In the case of a glass fuse the manner in which
they fail can give a clue to the fault. A severely over-
loaded fuse will blow with a bright flash and a large sec-
tion of the element will be vapourised and deposited
on the inside of the glass. A slightly overloaded fuse
fails more gently and there is normally only a small
break in the element.

Even if the element is visibly intact lift one end of
the fuse and check with a meter. I have been misled
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once or twice by fuses that break at a point inside the
metal cap out of sight. In the case of ceramic fuses the
fuse will have to be tested with a meter. Note that fuses
of low rating have a significant resistance which can be
surprisingly high. For example a T100mA fuse has a
resistance of about 2R.

Switches

Switches fail either open circuit or high resistance.

They can be tested by measuring the resistance
across the suspect switch contacts with the power off.
Gradually move the switch so that the contacts close.
The reading should go from some high value, depend-
ing on the circuitry attached, to zero. There should be
no hesitation or variation when the switch is wiggled in
the closed position.

Capacitors

Capacitors have no characteristic failure mode. They
can develop low resistance or low capacitance or no
capacitance.

Electrolytic capacitors are the most unreliable. All
electrolytic capacitors have a certain amount of
leakage current but this can increase up to a virtual
short circuit. Unfortunately faulty electrolytics can also
act as Zener diodes so that the fault will not show up
with a normal multimeter. The only conclusive test is to
apply a current limited voltage to the capacitor after
removing it from circuit. Electrolytics may also lose
some or all of their capacitance. Try bridging the
suspect capacitor with a known good component if
you suspect this is the problem. Non electrolytic capa-
citors tend to fail to a short circuit caused by break-
down of the insulation between the foils. However cer-
amic decoupling capacitors can also develop high lea-
kage currents. This can cause intermittent crackling
noises.

Power Transformers

The common faults on mains transformers are an
open-circuit or shorted turns in one winding.

Open-circuits are fairly easy to test for with a mul-
timeter. The DC resistance of the windings on a typical
centre tapped mains transformer in an amplifier are
15R for the primary and 0.5R for each half of the sec-
ondary. It may not be the winding itself that has gone
open circuit. Sometimes a thermal fuse is wired in
series with the primary winding and buried in the wind-
ings. A fault such as shorted turns causing the transfor-
mer to heat up will blow the thermal fuse. However
whether it’s the fuse that is open circuit or the transfor-
mer winding you still need to replace the transformer.

Shorted turns are more difficult to test for.
Shorted turns in any winding on a transformer have a
similar effect to shorting the secondary terminals.
Large currents flow with a corresponding rise in mains
current. This results in the mains fuse blowing, often
violently, or if the fuse is over-rated, a smoking trans-
former which hopefully has a thermal fuse that will
blow. Measuring the DC resistance of the windings is
no help. Even if you know what the resistance should
be, the effect of one or two shorted turns will not be
significant. Don’t be tempted to divide the mains vol-
tage by the DC resistance and compare the current
with the fuse rating! On this basis a healthy transfor-
mer with a primary winding resistance of 15R should
have a primary current of 16A compared to a fuse
rated at 1A. The current is nothing like this as the trans-
former has mainly inductive not resistive impedance.

The best method of confirming shorted turns ona
transformer is to disconnect all secondary circuits and
connect the mains. If the mains fuse blows the transfor-
mer is faulty. Beware of condemning a transformer
when itis a fault in the secondary circuit that is causing
a high primary current.
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Tape Heads/Cartridges

Tape heads and magnetic cartridges are both basically
coils of wire. Although they don't often go open circuit
themselves, the connecting wiring and contacts do. A
typical tape record/playback head has a DC resistance
of 220R and a cartridge 600R. The resistance of the
left and right-hand channels should match to within
about 5R. Knowing these figures a check can be made
from the circuit board end through any interconnect-
ing wiring which will show up open circuits and possi-
ble high resistance contacts.

Diodes

Diodes and rectifiers can fail open or short-circuit.
They can be tested by measuring their resistance on a
multimeter. Use the diode measuring range which
gives sufficient voltage to bias the diode into conduc-
tion. With the diode forward biased you should obtain
a low reading and reverse biased an infinite reading.
Testingwith the diode in circuit can be misleading due
to paralled components. However, this is not as much
of a problem with diodes due to their lower resistance
compared to the parallel resistance.

The exception to the above is high voltage rectifi-
ers as used in microwave oven power supplies and tele-
visions. These require a higher voltage to forward bias
them which may not be available from a multimeter.

Transistors

Transistors fail in a variety of open circuit and short cir-
cuit modes so it is essential to test in all four of the ways
described below. These tests can be done with the
device in circuit but there may be misleading results if
there are parallel components. The best method is to
firstly check with the transistor in circuit. If the results
are not satisfactory there may be a fault or it could be
just other components in parallel. To confirm this
remove the transistor from circuit and repeat the tests.

The tests apply to NPN and PNP transistors. Remem-

ber that NPN refers to collector, base, emitter and so to

forward bias the base-emitter junction in an NPN tran-
sistor, you must connect the positive meter lead to the
base and the negative to the emitter. The four tests are:

1. Forward biasing the b-e junction should give a low
reading.

2. Forward biasing the c-b junction should give a low
reading similar to the above. On a digital meter this
reading can be seen to be slightly lower than the
above. Note that the warmth of a hand can increase
the readings while you are changing the test leads.

3. Measuring between the collector and emitter in one
direction should give an open circuit reading if the
transistor is out of circuit or a high resistance if in
circuit.

4. Testing between collector and emitter in the oppo-
site direction should give the same result.

Power transistors in general give lower values
whilst PNP transistors give higher values than the
corresponding NPN transistor. Table 1 shows some
typical figures.

Signal NPNPower NPN Small Signal  PNP Small Signal
bc 0527 0619 0,654
cb 0524 0614 0652

TABLE I: Typical readings for forward biased tran-
sistor junctions obtained using the diode measur-
ing range of a digital multimeter

Integrated circuits
No real testing can be performed on IC’s when unpow-
ered. When powered up check voltages against those
on the circuit diagram. As with any voltage comparis-
ons allow for errors of +10%.

Replacement Components

In the case of simple components such as fuses resis-
tors and capacitors it is usually cheaper and more con-
venient to obtain replacements from a reputable com-
ponents supplier. Mains transformers, parts desig-
nated as safety parts (shown by an exclamation mark
in a triangle) and mechanical parts usually need to be
obtained directly from the manufacturers or their
appointed spares agents. | have found most spares
departments very helpful. It's usually best to ring up
first and obtain the exact manufacturers part numbers
and prices. The goods can then be ordered on pro-
forma invoice or by cash with order. Check whether
VAT and postage and packing needs to be added to
any prices quoted.

Replacement transistors fall into a grey area.
Where an exact replacement is available from compo-
nent suppliers then there’s usually no problem. If not I
would advise obtaining replacements from manufac-
turers. Although transistor data books and lists of sub-
stitutes are available its surprisingly time consuming to
find a suitable alternative transistor. Often you dis-
cover a replacement with acceptable characteristics
but find it has a different package or lead arrangement.
More time iswasted trying to fit it to a heatsink or bend
the leads to suit the board holes.

Tips On Fitting Components

When replacing transistors or integrated circuits
bolted to a heatsink don't forget to use heatsink grease
and replace any insulating washers. Bolt the compo-
nent to the heatsink before soldering the leads to the
board. This avoids setting up any stresses in the leads
which can cause dry joints,

When removing integrated circuits I would
recommend the following procedure. With a pair of
small wire cutters cut through the IC pins one at a time
at the point where they bend at rightangles. I have a
pair of cutters which | have ground down to fit between
IC pins. With long- nosed pliers grip the remains of a
pin. Heat the soldered side with a soldering iron and
pull out the pin. If this is done slowly whilst keeping the
solder molten with the iron you should be left with a
clear hole. Remove all pins in this way. Clear any holes
that are still blocked with a soldering iron and solder
sucker. Insert and solder the new IC and scrape away
most of the flux from round the pins. Remove the rest
with circuit board cleaner. Make sure there are no sol-
der bridges between pins.

Always observe static handling precautions when
dealing with sensitive components.

Final Function Test

Havinglocated and replaced the faulty components all
that remains is to reassemble the equipment and check
that it is now working. Try all functions not just those
that were originally faulty. If you lack confidence in
your fault-finding abilities then make an additional
function check before you reassemble the equipment!

In the final section I have described six real-life
faults to illustrate how the various fault-finding proce-
dures are applied.
Example 1

The faultwas on a popular microcomputer which
would not operate a modern plugged into the exten-
sion bus socket. The relevant part of the circuit dia-
gram is shown in Figure 8. The extension bus address
and data lines are driven from the system busses via
buffers IC1 and IC2. IC1 is a standard buffer which is
permanently enabled via pins 1 and 19. IC2 s a bidi-
rectional buffer or transceiver. The direction of data
flow is determined by the logic level at pin 1. Alow level
on pin 19 enables the transceiver.

AsIC1 is permanently enabled the input and out-
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put lines should be identical. I checked this by observ-
ing each input and output pair in turn on a dual beam
oscilloscope. Simply turning on the microcomputer

A7 A7
r(
[
IS ===
| —_— ic1 e ADDRESS
—_— 745244 |_____ BUS
—_ AD
i OE1 OE2
1| 19
EXTENSION
BUS
SOCKET
D7 D7
—— Ic: fe—
74|_s§45 DATA BUS
\
i DO
o S/R CE
1] 19 5V
RW *
MEMORY
BLOCK
ENABLES
Fig.8 Part of the circuit diagram of micro-
computer (Example 1)

and leaving it idling provided sufficient activity on the
bus for this test. The results showed that some of the
outputs were not following the corresponding inputs
and so IC1 was obviously faulty.

IC2 could not be tested in a similar way as it is
only enabled when specifically addressed. One possib-
ility would have been to execute a Basic Statement
sending data to the transciever. One execution of the
statement would have given only a single brief output
from the buffer which would not have been visible on
an oscilloscope. Instead a repetive signal was pro-
duced by executing the following program.

10 ?&addr = &FF
20 ?&addr = &00
30 GOTO 10
addr is the hexadecimal address of the transceiver.

IfIC2 was working this program should have pro-
duced alternate high and low levels on the outputs. |
checked this on an oscilloscope, triggered externally
from the CE pulse on pin 19. Again some of the out-
puts were not responding and so IC2 was also faulty.
Example 2

This fault cropped up in a video cassette recorder
and illustrates the advantage of using a ’scope to mea-
sure voltages rather than a digital voltmeter. On play-
back the picture was very noisy and kept breaking up
whilst the sound was varying in pitch. The sound symp-
toms suggested a problem in the capstan motor drive
as this determines the speed of the tape through the
machine and hence the pitch of the sound. Checking
this area of the circuit revealed that the 18V power
supply measured only about 16V on a digital multime-
ter. The 18V supply is produced in the power supply
section part of which is shown in Figure 9. The voltages
shown are the normal working values. Measuring
again at the emitter of Q1007 confirmed that the 18V
supply measured 16V. Was Q1007 faulty? The base
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was low at 16.7V but the collector was not far from nor-
mal at 21V. A possible explanation was that too much
current was being taken from 18V supply thus starving
D1014 and lowering the voltage at the base and there-
fore the emitter. A nice theory but unfortunately the
voltage across C1009 was virtually the same as at
Q1007 collector and so there couldn’t be much cur-
rent flowing through R1024.

Luckily before I became more confused I looked
at the voltages on an oscilloscope and all became
clear. The voltages across C1009 and at Q1007 emit-
ter are shown in Figure 10. It can be seen that although
the average value of the voltage across C1009 is 21V
as indicated on the multimeter there are regular dips
which are too severe for Q1007 to cope with. However
there s still sufficient voltage to allow regulator Q1006

SLINVA

power supply (Example 2)

18V SUPPLY

12V SUPPLY

Fig.9 Part of the circuit diagram of a video cassette recorder
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Fig.10 Waveforms in video cassette recorder power supply

to operate as it is only producing a 12V supply. The
cause was reservoir capacitor C1009 which had lost
most of its capacity!
Example 3

This fault occurred in an audio amplifier in which
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the mains fuse had blown with someviolence. A simpli-
fied circuit diagram of the power supply is shown in
Figure 11(a). The two possibilities that spring to mind
are a faulty mains transformer or a fault on the secon-
dary circuit causing a high mains current. [ measured
the resistances between the positive, negative and
common rails and found a virtual short circuit between
positive and negative rails. The obvious components
to suspect were the power amplifier integrated circuits
IC1 and IC2. Rather than tryand disconnect the IC’s to
determine whether they were faulty I connected a var-
iable current supply across the positive and negative
rails set to give a current of 0.5A. I then measured the
voltage drop along the printed circuit board track feed-
ing each IC in turn as shown in Figure 11(b). One track
gave zero reading the other about 5mV thus quickly

TI
I:-O_1
=
=
fl
J

- 3

IC1 Ic2

s

A
£ ci
* f:

(b)

Fig.11 a) Simplified circuit diagram of an audio amplifier (Example 3)
b) Part of the track layout

identifying the faultyIC. If it hadn’t been one of the IC’s
that was faulty I could have tested other possible com-
ponents in a similar manner.
Example 4

The fault was on an amplifier which was very dis-
torted on one channel. Looking at the output on an
oscilloscope it was obvious that there was virtually no
negative drive from the output stage. The fault was

quickly isolated to the small part of the output stage
shown in Figure 12. Comparison with the good chan-
nel showed that the voltage at the junction between R1
and R2 should have been more like —45V not 1.48V
so there was a problem. My first thought was that the
voltage was low because of excessive current through
R2. Was the current passing through R1 or R3? There
was certainly not enough voltage across R3. Almost
50V dropped across R2 would imply 50 x 220/68 =
160V across R3 whereas there was only about 0.7V.
Similarly the voltage across R1 would be 120/68 x 50
= 90V. Even if the upper end of R1 was shorted to the
148V rail therewouldn’t be enough voltage. The obvi-
ous candidate was C1. Electrolytic capacitors fre-
quently fail short circuit or partially short circuit. As I
was about to reach for the soldering iron [ had another
thought. If there was almost 50V across R2 then
shouldn't it be getting rather warm? The dissipation
would be approximately 50 x 50/68 = 36W! The
other possibility was that R2 had gone high resistance.

ov

TO QOUTPUT
TRANSISTORS

c1
I 330

Fig.12 Part of audio amplifier circuit diagram

{(Example 4)

A check of the resistance across R2 gave a value far
higher than the expected 68R. When removed from
circuit R2 was found to be open circuit.
Example 5

This example is typical of the kind of fault that can
quickly be found by signal tracing, The symptoms were
straight forward — no playback on either channel of a
cassette recorder/amplifier. Figure 13 is a very simpli-
fied schematic for part of one channel. With a constant
tone tape playing I first looked for a signal at the input
of the Dolby noise reduction integrated circuit [C401
using an oscilloscope. As a signal was present [ could
assume that the circuit up to that point was working.

IC301 Q401,402
PB EQ AMP FLAT AMP
+12v
RB802
kT

R

TAPE
S78071-1-2

OION

—o OFF

(]

80 Q408
E—-.l TAPE OUTPUT
5 MUTING

RB06

1MO R436
4k7

! A805
SW1 - 2k2 OTHER
MUTE CHANNEL

Fig13 Simplified circuit diagram for part of one channel of a cassette recorder (Examplie 5)
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Therewas a signal at the output of IC401 but not at the
tape input selector switch. The first component to
suspect was Q409. Was it shorted collector to emitter
orwas it turned on? The base-emitter voltage was 0.7V
suggesting it was turned on. Q801 emitter was also
high although it should have been low to tum off
Q409. I suspected S11 a leaf switch on the cassette
mechanism. On examining it closely I found it was
damaged and was not closing when the mechanism
was in the play mode. As is often the case it was a
mechanical rather than an electronic component that
had proved unreliable.

Example 6

Fault-finding without a circuit diagram is a lot
more difficult and it also shows how even simple equip-
ment can produce challenging faults.

The equipment was an audio amplifier which was
off on one channel. Not having the circuit diagram, [
traced out part of the circuit as shown in Figure 14.

Visual examination showed the 2A supply fuse
had blown on the faulty channel. I also noticed resistor
R1 in the Zobel network showed signs of overheating.

Taking the blown fuse first the only components
connected directly across the supply (other than high
value resistors) were Q4 and Q5. A quick check
showed that they were both short circuit. This is very
common in audio power amplifiers of this type. After
removing Q4 and Q5 from the board to avoid spurious
readings,  also checked the other transistors in circuit
using a multimeter. This is a wise precaution as failure
of the output transistors can damage other transistors
in the output stage. However there seemed to be no
further casualties. Overheating of R1 was something |
should have taken more notice of but didn't. Instead |
simply replaced R1 and checked that C1 wasn't short-
circuit. As R1 is in series with a capacitor C1 then the
overheating must have been caused by AC current
(assuming C1 is not short-circuit). More significantly a
rough calculation shows that it would need about 15V
at 80kHz to cause enough current to produce the over-
heating! The explanation was obvious as soon as [
turned on the power having replaced Q4 and Q5. The
amplifier had become unstable and [ had a tidy RF sig-
nal generator instead! The amplifier showed signs of
distress had to be turned off. Another fault had made
the amplifier unstable and caused the original failure
of Q4 and Q5.

To allow me to fault-find without further damage I
disconnected the good channel and connected the
faulty channel to a variable power supply increasing
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Fig.14 Circuit diagram for the power section of an audio amplifier (Example 6)

the voltage until the amplifier just started to oscillate.
Common causes of instability are the failure of roll-off
capacitors such as C2,C3 and C4 or decoupling capa-
citors such as C5 and C6. Bridging each of these in
turn with a capacitor of the same value made no signifi-
cant difference. Things didn’t seem to be making any
sense and so [ had another look at the board and dis-
covered the second feedback path via the tone con-
trols and C7. [ had assumed the tone controls were
before the power amplifier as is usually the case. A
proper circuit diagram would have told me immedi-
ately.

There was now another possibility that the fault
lay in the feedback path through the tone controls.
realised that feedback through R2, R3 and R4 should
be sufficient to give stability without the additional
feedback through the tone controls. Therefore I could
check whether the fault lay in the tone controls by dis-
connecting the feedback path at point A. This I did and
found that the amplifier immediately stabilised. All [
had to dowas find the fault in the tone control circuitry.
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$ :ﬂ”} A =
: F1
; 7. 401[ 1 | L g i
swo | 1.64 T 'k = S
' =— R408 < AB12 <AT13
| 150R < 560R < 100R
__/ L] 7
5 O 120 36.4
. y/—.\ .
‘.:1/;‘ Ommy 10 D404
canz SWiI g oy
100n a? i %D
120 +1BV1
10 e D405
1 ! L 1‘ -16V1
! | i —
H ; c404 1 1
o 354" 71" 2200p
z4a01
100n x 2 D408
5 5
R409
220R
) . - ~—a7v2
Fig.15 Part of the circuit diagram of an audio amplifier (Fault-finding exercise)
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Fig16 Part of the board layout for amplifier shown in Figure 17
(Fault-finding exercise)

left C7 disconnected and used it to inject a signal
into the main amplifier. This produced a signal at the
output of the amplifier and hence also at the input of
the tone contral circuit, [ disconnected the corre-
sponding capacitor on the other channel and did the
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same there. Comparing the outputs of the tone control
circuits in the faulty and working channels I found the
faulty signal level was far higher. Starting back at the
input [ quickly found that the signal seemed to disap-
pear somewhere alonga track connecting one end of a
resistor to the track of a potentiometer. Looking
closelyIthoughtI could see a hairline break in the track
just before the solder pad of the potentiometer, With
power off | measured the resistance between one end
of the track and the other and found it was definitely
high particularly if the potentiometer was rocked
slightly. Resoldering the connection to cover the crack
cured the fault.

Fault-Finding Exercise

The following exercise is designed to test your skills at
fault-finding. It is based on a real fault that occurred on
an audio amplifier. Part of the circuit diagram is shown
in Figure 15 and the board layout in Figure 16,

Start at the symptoms of the fault described in
paragraph 1 and decide which of the courses of action
A to E you would take. Move on to the paragraph
whose number is shown at the right-hand side of your
choice. This will describe the results of your action and
present another list of possible actions. Have fun!

Last month

A couple of errors crept in. Figure 1 bottom corner
block should read ‘overload and mute circuit’ Figure 5.
In (a) Actual voltage across 47k in 3.2V and in (b), the
meter reading is 2.8V. The last paragraph in the Sec-
tion on ‘Types of Fault’ should refer to Flgure 6.
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A asgmMMmmmaan

A Frt ne mpiCs

s

ETI SEPTEMBER 1991




KEF CS 3 BI-WIRE

Wilmslow’s NEW Total Kit for the very popular KEF Constructor
Series. The CS3 design is now supplied with split X-over network
plus 8 x 30 amp binding post connectors so that Bi-wiring is
possible without any modification.

Some components have been uprated and to improve this highly
regarded speaker still further. Wacoustic panels are used to reduce
cabinet induced colouration to an absolute minimum.

The kit comprises bass and treble units, assembled crossovers,
wadding, grille fabric etc. plust
flatpack cabinets.

(Accurately machined from
smooth MDF for ease

of assembly)

Dimensions:

526 x 286 x 237 mm
Response:

55 Hz-20 KHZ + 3dB
AMP Suitability: 15-100w
Impedance: 8 ohms

CS 3 (bi-wire) Total Kit
£225.00 per pair +
carriage/ins. £15.00

CS 3 Upgrade Kit
(bi-wire, crossovers and
binding posts to upgrade
existing CS 3's)

£61.00 + P&P £4.25

Wellington Close,

Wi I m s I OW Parkgate Trading Estate

- Knutsford, Cheshire

Y Audio A 12
u l o Tel: (0565) 650605
Fax: (0565) 650080

DIY Speaker catalogue £1.50 Telephone credit card
post free (export £3.50) orders welcome

ALL NEW
GOLOUR -
CATALOGUE

PLUS Test Instruments.
Security, and Component
Supplement

350 PAGES
COVERING

of PURCN\SE purchase B Components
a£200

£90 '0“83“'[:“5

irst M Fans B Relays
£21 “ﬁ' i M Public address
M Security B CCTV
Henry’s new catalogue | B Test instruments
send envelope, minimum size C4 (123" x9"), | @ Speakers M Disco
self addressed with £2.65 stamps affixed OR | @ Power supplies
send £4 ch/po with request for catalogue, B incar B Cables
(Export £6) to the address below. B Inter comms
Also available for callers. M CB B Tools etc.
Trade/Industry/Education. W Accessories
Attach notepaper request for FREE for TV-Video
catalogue with trade price lists. W Telephones,

» Computer, Audio etc.
n RV s OPEN 6 DAYS
IH€

404 EDGWARE ROAD, LONDON, W2 1ED
Sales: 071-258 1831 Fax:071-724 0322
Audio and Electronics Specialists
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Portable

Geiger
Counter

A handy radiation
detector by Malcolm
Plant.

t may be an obvious fact of biology, but one fas-
cinating aspect of seeing, heating, touchingand
smelling is that the sensing process is unique to
the individual. For example, when you look at
starlight your eyes absorb photons thatwere the
result of atomic reactions which released the photons
millions of light years ago — those photons end up in
your eyes alone and no one else's. In the same way,
your view of a rainbow is unique to you.

I'm similarly intrigued by the fact that when you
design an instrument like a Geiger Counter, the ‘click’
you hear in the headphones might be produced by a
rapidly moving cosmic ray particle originating from
some distant point in the Milky Way galaxy before life
on Earth began. That particle or photon loses its
energy in the instrument you may have designed and
you alone may have experienced its passing. Of
course, you might say there are countless millions of
photons and atomic particles, so who cares?

Zo T
[ FROMTHESKY
. About 100,000 cosmic S
L—=—" rays, neutrans and ~
400,000 secondary cosmic
rays penelrale the average
individual per hour

FROM SOIL AND BUILDING
MATERIALS

Over two thousand
million gamma
rays pass
through the
Individual
eaah hour.

FROM THE AIR WE BREATHE
+,' About 30,000 atoms disintagrate .,
each hour in our lungs and emit .
alpha and beta particles and N
SOME QaMME rays.

FROM OUR FOOD AND DRINK
About fifteen million potassium-40
and seven thousand natural
uranium atoms disintegrate Insids
each one of us each hour,

Fig.1 Natural exposure to nuclear radiation
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Nuclear radiation is a fact of life. It’s one of many
forms of radiation which have to be handled with cau-
tion. For example, too much sunlight can cause skin
cancer; over-exposure to X-rays used in dentistry and
medicine, and to microwaves used in communications
and for cooking, can be harmful. It seems that the ben-
efits of technology cannot be had unless we accept
some danger in the use of the technology, so a careful
balance needs to be made between the risks and the
benefits of the practice that causes the exposure. The
subject of radiation safety has a high profile in the
public’s mind, partly because most harmful radiation is
invisible and it is one cause, among others, of illnesses
that people particularly dread. Aware of this public
concern, the nuclear industry has responded with a
great deal of positive information about nuclear
energy and the uses to which itis put. For example, the
National Radiological Protection Board (NRPB),
which is an independent statutory body provides
advice on radiation standards, and carries out research
to improve protection.

It is useful to consider two classes of radiation,
non-ionising and ionising, when assessing the useful
and harmful effects of radiation. Non-ionising radi-
ations are the electromagnetic waves of ultraviolet
light, visible, infrared, microwave, and radio waves.
lonising radiation includes gamma rays, X-rays and
cosmic rays. Cosmic rays reach us from space and
include gamma rays, X-rays, and high-speed atomic
particles. The public seems to be less anxious about
non-ionising radiations than ionising radiations,
though evidénce is accumulating of the medical effects
of the former. These include damage to the skin and
eye and, for'those radiations that enter the body tis-
sues, damage to internal organs due to excessive heat-
ing. Undoubtedly it’s the association of ionising radi-
ations with atomic weapons and the accumulation in
ecological systems of the long-lived waste products
from nuclear power stations that makes ionising radi-
ations such a sensitive public issue. And this concernis
not eased when we read that one method under dis-
cussion for ‘de-commissioning’ a nuclear power sta-
tion is to entomb it in earth arid concrete to make it
safe from future human (and animal?) interference!

However, it's as well to get ionising radiations
from man-made and natural sources into perspective.
Figure 1 shows the contribution of this radiation from
our surroundings. There is a significant amount of
radiation from the natural environment and we can do
very little about it.

Detection of ionising radiations

There are several methods of detecting ionising radi-
ations including the photographic plate, thermolu-
minescent materials, Geiger tubes, solid-state pn junc-
tions, and scintillation counters. Of these the Geiger
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tube, is an efficient detector of the backgound nuclear
radiation, especially of secondary cosmic ray emis-
sions and gamma rays from surrounding materials.
The design of present-day Geiger tubes is still much
the same as the original Geiger-Muller tube, but nowa-
days it is available in miniaturised form for use in port-
able instruments. Different types of tube are available
depending on which atomic radiation, alpha or beta
particles, or gamma rays, you want to detect.

GAS
FILLING

ANODE IONISING

CATHODE RADIATION

ELECTRON
PULSE

PLATEAU
COUNTS
PER
MINUTE OPERATING
RANGE
TUBE VOLTAGE

Fig.2 The connections to the Geiger counter tube
and its characteristic

The Geiger Tube

Figure 2 shows the basic principle of the Geiger, or
Geiger-Muller, tube. Detection of an atomic particle
relies on the particle releasing energy by collision with
a gas filling in an almost completely evacuated tube.
The energy is released in the form of electrons and
positively charged ions which move rapidly towards
two electrodes, an anode and cathode. The further
collision of these ions with the gas releases more
energy through an avalanche effect. The sudden surge
of electric charge constitutes a small electric current
which flows in the external circuit connected to the
electrodes. The processing of this current pulse pro-
duces a ‘count’, eg a click in an earpiece or an incre-
ment on a digital display.

A drawback of the Geiger tube is that a voltage in
excess of 300V is usually needed to operate the tube
and produce the avalanche effect required for particle
and photon detection. Though semiconductor pn
junction detectors are available which operate from a
few volts, they are not very efficient for detecting
gamma rays which might be of interest to the amateur
scientist simply looking at changes in background radi-
ation in the environment.

The number of counts per minute the tube is able

to respond to rises with the voltage across the tube and .

begins to saturate at the threshold of the plateaualong
which the count rate is approximately constant. In the
design of a circuit for operating the Geiger tube, it is
essential that the tube is applied with a DC voltage
which is approximately constant and somewhere in the
middle of the plateau. The requirement for a stabilised
operating voltage is not particularly critical in the
Pocket Geiger Counter which is being used only for
monitoring not for accurate measurement or compar-
ison of counts. However the circuit to be described
does provide reasonable stabilisation of operating vol-
tage. It should be noted that while the operating vol-
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tage should place the tube on the plateau, it is import-
ant not to operate the tube in excess of a voltage that
puts it into continuous discharge without initiation by a
particle, for this will rapidly damage the tube. The
choice of gas in the tube is critical and includes a
quenching agent to ensure that the tube quickly reverts
to a neutral state after a discharge event. This precau-
tion ensures that the tube quickly recovers ready for
the next detection of an ionising particle.

The Circuit

The circuit shown in Figure 3 provides all the compo-
nent drive, detection and signal conditioning required
to operate two output devices; an LED and head-
phones. For each gamma ray or beta particle entering
the tube and causingionisation, there is a sharp click in
the headphones and the LED flashes briefly. The cir-
cuit is best described via the block diagram shown in
Figure 4 which highlights the principal functions of the
circuit.

The ‘engine’.of the circuit is the astable based on
one of the gates, ICla, of the quad 2-input Schmitt
Trigger, IC1. The frequency of this oscillator is set at
about 500Hz by means of components C2 and R1.
This provides rectangular pulses which, via the current
amplifier, Q1, drives the step- up transformer, T1. The
output from this transformer is an AC voltage which is
processed by the rectifier and voltage-doubler section
based on the high voltage capacitors and diodes, C4
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Fig.3 Circuit diagram of portable Geiger counter

and C5, and D1 and D2, respectively. T1 is a pre-
wound pot core available from the suppliers listed
under ‘Components’

In order to conserve battery power and maintain
a constant high voltage output within the limits of the
plateau voltage of the Geiger tube, a variable pulse-
width circuit based on transistor Q3 and gates IC1b
and IC1c is used. Since T1 is a ringing-choke inverter,
energy stored in T1 when Q1 is switched on is released
when Q1 is turned off. Most of this energy is passed
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into capacitors C4 and C5 via the secondary winding
of T1, but a small remainder is used to charge capaci-
tor C10 via diode D4. When the voltage across C10
rises to a value which switches on Q3, the voltage on
the gates IC1b and IClc rises and reduces the pulse
width of the signal delivered to the transformer. This
reduces the supply current and stabilises the peak pri-
mary voltage and hence the peak secondary voltage.
The voltage selected for the Geiger tube is set by RV1
which determines the switch-on voltage for Q3.

ASTABLE STEP-UP

TRANSFORMER [

VOLTAGE

GEIGER-TUBE |z
DOUBLER :

ORIVE

PULSE
AMPLIFIER

PULSE WIDTH
CONTROL
CIRCUIT

Fig.4 Block diagram of portable Geiger counter

PULSE
STRETCHER |

PROJECT

The DC voltage from the voltage doubler is
applied to the Geiger tube via resistor R5 which limits
the peak Geiger current to a safe value. In order to
detect the passage of particle through the tube, resistor
R6 is connected in series with the cathode of the tube.
A currentincrease in R6 raises the voltage across itand
switches on transistor Q2. This sharply pulls down the

voltage on the trigger pin of IC2 which is wired as a
monostable to produce a stretched pulse for operating
the light emitting diode, LED1, and the headphones.
The length of this pulse is determined by R9 and C8
andissetatabout 0.01s. This israther a long pulse and
would need to be shortened if pulse rates of more than
100 per second need to be detected. The reasons for
stretching the pulse is to ensure that LED]1 registers the
entry of a particle in the tube and to provide a recognis-
able ‘click’ in the headphones.

The Geiger tube
The Geiger tube selected for this portable Geiger

Counter was type ZP1310 available from Alrad Instru-
ments. This tube is beta particle and gamma ray sensi-
tive and is small enough to fit into the box selected for
the project. Its sensitive length is 16mm, its plateau
threshold voltage is 500V and it has a plateau length of
150V. It has a recommended working voltage of 550V
and this is provided by the circuit described above. The
maximum background count rate with this tube is only
about 2 per minute (but obviouslyis higher depending
on environment and locality) and is due to its small
active volume. The tube has a metal cathode envelope
and is supplied with a flexible metal band for connect-
ing the cathode to the circuit. The anode pin is sup-
plied with a sleeve connector for soldering to the cir-
cuit. Figure 5 shows the basic shape and connections
to this Geiger tube.
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Fig.5 Structure of the Geiger tube type ZP1310
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The transformer

This is a pre-wound pot core supplied by Maplin order
code FP78K. The pin connections to this pot core are
shown in Figure 6. Note the soldered wire link from the
metal clip round the transformer to a OV connection
on the PCB. The transformer has two primary wind-
ings but only one is used in the design. Note this trans-
former is fragile and the pins may easily become det-
ached so take care to keep it in its wrapping until you
are ready for soldering it into the circuit.

Circuit Assembly

The box chosen for this project can be obtained from
Farnell Components Ltd and is a sub-miniature case
with an integral PP3 battery compartment. The circuit
was designed to fit into this case and a push-to-make

WINDINGS

~-=—— METAL CLIP

TOP VIEW
SECONDARY
WINDING
TO PCB < METAL CLIP

PRIMARY
WINDING
TO PCB

PIN VIEW
Fig.6 Connections to transformer
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release-to-break switch was used to avoid the unit
being left on inadvertantly. Figure 7 shows the finished
unit complete with a screen printed label to give it a
professional appearance. Ordinary headphones of the
type used for a personal cassette players are ideal for
use with the Portable Geiger Counter.

The printed circuit board layout is shown in
Figure 8. The dense packing of the components and
fine tracking requires the use of a soldering iron with a
small tip.

Notes On Assembly

1 Solder a shortwire from the metal strap round T1
to the OV connection on PCB; this prevents the audio
buzz from the astable from breaking through to the
headphones.

2 The push switch, SW1, has a clip holding the two
parts together —remember to order this as well.

3 The battery clip should be threaded through a
hole in the upright panel that separates the battery
compartment from the PCB. Tie a knot in the battery

GEIGER TUBE

HEAD
PHONES

+9V oV

Fig.8 Component overlay
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Fig.7 Positioning of components in box

leads to ensure that they do not tug onthe connections
to the PCB., .

4 The PCB is held in place by means of the PCB
socket and push switch. Therefore the holes for these
two components need to be drilled with some care and
positioned as shown in Figure 7.

5 Cutasmall piece of polystyrene foam to fit inside
the battery compartment to cushion the movement of
the battery.

6 The fling nut for the jack socket is not required.
Three holes need to be drilled in the box after the PCB
has been carefully fixed in position, one for the jack
socket, one for the push switch and one for the LED.

Testing

Ideally a high resistance voltmeter needs to be used to
set the DC voltage for the tube to between 500V and
550V by adjusting RV1 - it will not be possible to initi-
ate continuous discharge in the tube. Alternatively, set
RV1 to its mid position and wait for the random clicks
and the flash of the LED — about 2 to 6 clicks per
minute depending on geographical location. Try find-
ing sources of radiation, eg some smoke alarms, old
luminous watch and clock faces, rocks and soil and
along parts of the coastlline.

RESISTORS (all 0.25w metal film)

R16 e

R2 226«

R3 4

R4.8 E0R

R5

R7

R9

R10

A1

RV1

CAPACITCRS

C1 00/ 1Y

2 22 ceramic

(] 220p polystyrene
c45 10271000V disc ceramic
6,7 10n ceramic
811 ceramic

€9

C10 §tEY
SEMICONDUCTORS

IC1 £783 quad 2-input NAND

IC2 555 timer
Q12 ZTX300 NPN
Q3 ZTX500 PNP
D12 1N4002

D34 1N4006

D1 6Y2 400mW
LED1 Red LED
MISCELLANEOUS

T Transformer pot core from Maplin, order code FP78K (see Fig.6)

SW1  Push-to-make

J Jack socket 35mm pcb type from Maplin order code FK20W

BAT1 9VPP3

Geiger tube: Type ZP1310, from Alrad Instruments Ltd, Turnpike Road
Industrial Estate, Newbury, Berks, RG13 2NS

Single fuseholder as clip for tube or glue tube to surface of PCB

Headphones: Personal radio or cassette type with 35mm plug

IC sockets:  14-pin for IC1; 8-pin for IC2

PCB: size Blmm x 56mm; use glass fibre type and cut corner
notches as shown i Figure 9

Case: Sub-miniature with PP3 battery compartment; Farnell
Order Code 148-580

Solder, insulated connecting wire
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Aubrey Scoon continues
his project to encourage
brainwave patterns.
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e are now ready to start the final
assembly into the case. Figure 5 last
month highlighted the final posi-
tions of the component boards.
Firstly, mount the I[EC socket or
cable gland as appropriate into the rear panel, and
then mount the mains switch. Before wiring the mains
connections itwill be necessary to mount IC12, the vol-
tage regulator. This is simply bolted against the rear
panel from the inside. The securing bolt (a brass bolt is
recommended) runs through the rear parel to a heat
sink which is mounted on the outside of the case. The
securing bolt will be sufficient to conduct heat from the
regulator to the heat sink. The heat sink is probably
overkill since the regulator gets only slightly warm in
normal use, however, [ prefer to play safe and use one!
Don't use a nylon bolt to mount the regulator as this
will defeat the object of the heatsink.

Flying leads should now be soldered to the pins of
the regulator IC from where they will run to the power
supply PCB. I recommend routing these along the rear
and side of the case. It is a good idea to place small rub-
ber sleeves over the regulator pins to prevent them
touching and shorting.

The next thing to do is to wire the mains leads to
the I[EC socket if used. Solder on the connections and
run the live and neutral wires to the upper poles of the
DPST mains switch. I recommend using short lengths
of rubber or preferably heat shrink sleeving to cover
the solder connections at both ends once they are
made. Additionally I strongly recommend using a
proper rubber boot to sleeve the whole IEC socket.
Remember to thread the sleeves and the boot onto the
wires before soldering both ends. Once the sleeving
and boot is in place on the [EC socket it is a good idea
to tie the cables to the boot at the neck usinga cableftie.
This serves the dual purpose of securing the cables
and the boot itself in place.

Solder two short lengths of appropriate mains
lead (sleeve the connections as before) to the middle
contacts of the switch. These will run to the transfor-
mer when mounted.

It is now time to mount the transformer. The

transformer is positioned as far back as it

will possibly go in the case, up against the
switch and the regulator. Make sure that no
exposed connections from the switch terminals
(especially any unused poles) come into contact with
the transformer case. Also make sure that none of the
exposed transformer poles touch any part of the regu-
lator or vice versa. When the transformer is in a suit-
able position, mark out the mounting holes for it on
the base of the box. Remove the transformer and drill
the mounting holes.

Solder the leads from the switch to the transfor-
mer primary terminals and flying leads to the secon-
dary terminals. The transformer is a 6VA 12V type with
either two separate 6V windings or a single 12V centre
tapped winding. If it has two separate secondaries
these should be wired together in the middle to simul-
ate a single centre tapped winding. When this has been
done there should be three output wires: two connec-
tions to either end of the secondary and one centre
tap. Again it is best to sleeve all the transformer con-
nections. The transformer may now be bolted to the
base of the case. Two eyelet connections are attached
to the transformer case by one of the mounting bolts.
One should be soldered to the Earth lead from the IEC
socket and the other should have a flyinglead attached
which will eventually run to the ground power connec-
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tion on the pulse board connector CB1.

Temporarily fix or hold the power supply PCB in
place where it will be mounted and measure out the fly-
ing leads that come from the secondary of the transfor-
mer and the leads for the regulator. Trim all the wires to
the appropriate lengths and then solder them into
their respective positions on the power supply PCB.
Tie off the wires with cable ties so they will run neatly
round to the rear of the case. Attach two flying leads to
the power supply PCB for the output connections, for
the 5V and ground lines. These two wires will onlyneed
to run to connector CB1 on the pulse board which is
adjacent to the power board. Do not attach a wire for
the 17V output as this will be directly connected to the
waveform boards. Do not secure the power supply
PCB in place at this time.

The next step is to mount the waveform boards.
Before doing so it is a good idea to secure the lower
5mm spacers under the bottom board into position as
they will be impossible to reach when the board is in
place. A small blob of hot melt glue is perfect for this, if
not available try a little polystyrene cement.

Firstly mount the two pots for the waveform
boards on the front panel in the two central holes, one
above the other. If you have decided to use both
optional switches for the waveform control you will
need to drill another hole in the front panel for the
shaft of the upper switch. [ have not given dimensions
for this hole as its exact position will depend on the
length of the board mounting spacers you have used.
When the pots are in place slide the two waveform
boards into position behind the pots. The boards
should just fit in, with their front edges against the base
of the pots. The pots should be oriented so their termi-
nals are facing to one side where they will not short
against anything on the waveform board.

The boards may now be secured in position. Take
a long bolt and run it up though the base of the case,
through the 5mm spacers underneath. and through
the 16mm spacers separating the two waveform
PCB’s. Secure the boards and spacers in place with a
nut on the top board. The PCB's shouid now be
securely mounted. The lower hex switch (and the
upper if installed) on the waveform boards will be
standing back from the front pane! by about 3” but the
shaft should protrude through the panel. You may at
this stage if you wish attach the collet knob, pointer
and cap to the waveform switch and trim the pot shafts
and secure the knobs. If you have only installed one
waveform switch you can now mount the output jack
socket in the upper left hand optional position marked
onthetemplate. If you have the second switch installed
there will not be room in the upper left position, in
which case you should have drilled the second
optional hole at the iower right hand side of the front
panel and should mount the jack socket there. Attach
the flying leads from the output terminals to the jack
socket as described earlier, routing and shortening the
wires as appropriate,

Now vou can mount the pulse generator board.
Slide it into position and secure the hex switch mount-
ing collar to the front panel. Run the two lateral secur-
ing bolts through the base of the case on either side of
the pulse PCB and tighten them into position. The
pulse PCB should now be held firmly in place.

Trim the shaft of the hex switch on the pulse
board as appropriate and attach the collet knob and
accessories.

Allthat remains is to complete the interboard wir-
ing, see Figure 6 for a schematic. Run the flying leads
for the 5V and ground power connections and the
inputs from the waveform boards to the connector
CB1 on the pulse board. Connect the two waveform
input leads to the two output poles on CB1. Either way
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round will do, the orientation isn’t critical. Now make
parallel connections at CB1 between the power leads
from the waveform boards and the two input power
leads from the power supply PCB. Additionally, con-
nect the extra earth connection from the transformer
case eyelet to the main ground connections on CB1
pin 3.

The 17 volt line from the waveform board con-
nector CB2 should be soldered directly to the appro-
priate connection on the power supply PCB. Once this
is done you can mount the power supply PCB on four
5mm spacers and secure it in position.

Trim all the leads to length as appropriate and tie
the flying cables together with cable ties.

Your hemisync machine is now complete. And
hopefully working!

Testing

The circuit is pretty straightforward to test although
ideally an oscilloscope and frequency counter should
be used. Before switching on double check all connec-
tions and junctions against the wiring schedule and
check for short circuits or contacts between compo-
nents. Take particular care to check the mains input
wiring, especially in the area around the switch and
transformer. When you are sure everything is OK
switch on.

If there are no sparks and smoke its a good sign
The first thing to check is the power supply voltages.
You should see 5V on the 5V line, nothing on the
ground and approximately 17V on the unregulated
17V line. The 17V line may vary by about 1.5V either
way without indicating any problem.

If the voltages are not correct, switch off immedi-
ately as you may damage the IC’s if you apply the
wrong voltages for any length of time. If there is a prob-
lem triple check the interwiring. Make sure the diodes
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are the right way round on the power supply PCB
(remember the stripe on the diodes is the negative end
and check the electrolytic capacitors are also the right
way round in polarity Also make sure that you have not
swapped C17 and C18 inadvertently. The 17V line will
damage C18 if you have them in the wrong places
Now check the output of the pulse generator, If
you have a 'scope, check that there are pulses at the
two output terminals on CB1. A logic probe may be
used if you don’t have a 'scope. The duty cycle of the
variable channel is very low so it may be hard to see the
pulse on a 'scope and some frequency counters may
be unable to obtain an accurate reading. The fixed
channel through CB1 pin 1 is a square wave and

Once the pulse board has been verified its time to
check the waveform generators. Place a ’scope probe
on pin 16 of the ZN559 of either wave board and you
should see an analogue waveform with a peak to peak
amplitude of about 5V and frequency around 200Hz.
The shape will depend on the programming of the
EPROM. If you have only programmed the default sine
wave then‘only one of the 16 switch positions will be
working unless you have filled the whole EPROM with
the same pattern. So try turning the hex switch for the
waveform until the trace appears. If you have multiple
waveforms you should see the trace change shape as
you turn the switch.

If the waveform isn't present, check the setting of jum-
per J1.If the EPROM you are using is a 2732 the jum-
per should be connecting the leftmost two terminals of
the jumper block when pin 1 of the EPROM is on your
left. If the EPROM is not a 2732 the jumper must be
installed so that it connects the rightmost two termi-
nals.

If the jumper is OK make sure that you have
installed the through hole wire links, LK1 through
LKe.

Ifthe problem persists check that the wiring to the
pulse generator is correct and that you have pulses and
power coming in on the appropriate terminals of CB2.
Also double check all soldering on the board and
make sure all the chips are in the right way round, and
soldered on both sides of the board where necessary.

When you manage to get a waveform from the
D/A converter its time to test the output amplifiers.
Connect a pair of stereo headphones to the output

NOTE:
IC12 = 7805
D1-4 = 1N4001

O +17V UNREG

EO-

IC12 w0 +5V DC
o cra

Fig11 Circuit of power supply

—— GND
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should be easy to detect. The frequency of the fixed
channel should be exactly 52083.33kHz. If you are
able to read the frequency of the variable channel it
should be somewhere between 51546kHz and
47846kHz, depending on the position of the pulse
board switch. Varying the position of the switch should
vary the output frequency of the variable channel.

If you see the above pulses all is well with the
pulse board. If you are getting no output then it is a
good idea to check the clock signals further back in the
circuitry and see if they are present.

The first thing to eliminate is the master clock
generator. Check the output of the crystal oscillator on
pin 8 of IC1. You should see a stable 10MHz square
wave signal. If that is not present the crystal may be
damaged internally, they are fragile and can easily
shatter if dropped.

If the 10MHz signal is OK check the output of pin
9 of IC2. This should be a 3.333333MHz signal with
33% duty cycle. If this is not present try replacing [C2,
after checking all the connections.

The rest of the pulse board is pretty straightfor-
ward so thereis little that can go wrongif carefully con-
structed. If you do have problems I would suggest
checking carefully for solder bridges between pins on
the IC’s and make sure that wire cuttings, loose solder
and filings have not worked their way into the circuitry.
Double check that all through hole connections have
been soldered properly on both sides of the board.

jack and listen for a 200Hz tone. This will sound like a
low hum. You may hear beats between the channels.
This indicates the hemisync machine is working prop-
erly, the beats do not in fact exist they are a kind of
audio illusion that your brain creates when it integrates
the signals.

If you don'’t hear anything immediately, try turn-
ing the pots, these are the volume controls and it may
be you have the volume turned right down

Try varying the position of the hex switch on the
pulse generator. You should hear the beats speed up
or slow down as appropriate. If you have more than
one waveform programmed in the EPROM, try chang-
ing the waveform by moving the switch(es) on the
waveform boards. You should hear a change in the
tone and quality of the sound if the wave is sufficiently
different. You should also find that varying the pot
positions will alter the volume of the output signal
independently for each channel.

If you still get no output then check the wiring to
thejack socket and test the 17v input line by measuring
the voltage on pin 14 of the LM380. Also double check
the wiring to the pots.

The circuit has been designed for use with minia-
ture 8R stereo headphones. If you find the volume is
very low then it may be because your headphones
have a higher impedance. One possibility to increase
the available volume is to replace the pots with larger
ones. The volume pots may be replaced by any value
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up to 2M2 without adversely affecting the operation of
the circuit. Larger values will increase the input signal
and hence the output volume. If that fails, get yourself
some new headphones

The waveforms of the hemisync machine are
quite accurate but extreme hi-fi is not required. An
ordinary set of miniature headphones as used on a
personal stereo will suffice. They usually cost only a
few pounds and are easily obtained in many high street
stores.

Technical Specification and
Programming

The two output signals are obtained by division of the
master oscillator frequency. The fixed channel uses a
constant division ratio of 49152 (192 on the pulse
board and a further division by 256 on the waveform
generator) which results in an outpuz of 203.45Hz for
a 10MHz input signal. The variable channel allows 16
different intermediate division ragcs of 194 to 209,
which are again divided by 256 on the waveform
board. The resulting final frequencies and the differ-
ences relative to the fixed channel are shoun below in
Table 2.

Intermediate Difference
division Onepest “rom fixed
Ratio OralRete  =equendy Channel
194 49664 pigh s 210
195 49927 b K v) KAK]
196 50178 1230 415
197 50432 %R 516
198 50638 1598 6.16
199 505 b S 716
200 5126 ®31 814
201 5145 1 3.1
202 5172 333 10,07
203 51958 13243 62
204 hi2zd 191438 $1.97
205 5248 1055 1290
206 5273% 18682 1383
207 82092 8’7 1474
208 Xy Col 1565
209 535 Y 16.55

Table 2: Output Frequencies for Hemisync Machine.
All frequencies are in Hertz.

The resultant difference frequency is settable in
approximate 1 Hz steps over most of the range.

The waveform envelope is determined by the pro-
gramming of the EPROM on the waveform generator.
This is fairly straightforward. The waveform generator
cycles the EPROM address lines through 256 different
addresses per cycle of the output wave. To construct a
given wave envelope you must simply program in the
values of 256 successive evenly spaced samples of the
desired wave. The D/ A converter used has 8 bit accu-
racy and so the amplitude of the samples must be
expressed as a number in the range 0-255. A value of 0
corresponds to the negative peak of the output wave
and a value of 255 to the positive peak. A value of 127
may be considered to be the arbitrary baseline for the
envelope.

The values for the wave samples may be gener-
ated easily using a computer spreadsheet, if you know
the mathematical formula of the desired wave. If not
you will have to use a manual method. The way to do
this is to draw a grid of 256 by 256 squares (a piece of
graph paper is perfect) and sketch one cycle of the
desired wave envelope on the grid, ensuring as far as
possible that the peaks of the wave reach the top and
bottom edges of the grid. The values for the 256 ampli-
tude samples may now be read off from left to right
from the graph paper and programmed directly into
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the EPROM, one value per byte in binary.

To get you started | have supplied a hex dump of
the values for a basic sine wave pattern in Table 3 . A
square wave is easy to do also, the first 128 values will
all be 0 and the second 128 will all be 255 (or vice
versa) For those of youwho do notwant to getinvolved
in the details of custom waveform design, or do not
have EPROM blowing facilities, | will be offering a pre-
programmed set of EPROMs with 16 interesting and
varied wave patterns. See Buylines for details.

You are now equipped to try all kinds of fascinat-
ing experiments with your Hemisync machine. If you
do happen to discover a combination of frequencies
and patterns which gives an unusual result then write in
to ETI and share it with the rest of us. If anyone devel-
ops the paranormal powers claimed by some Hemi-
sync fanatics and makes a fortune on the stock market
as a result, | hope they’ll remember who made it all
possible.

HOW IT WORKS

Pulse Generator Circuit

Three gates of{C1 are usedin conjunction with XTAL', R1,R2, C1 and C2
toforma TTLoscillator at 10MHz The outputofthe oscillatoris fed totwo
independent sub circults. The first comprises|C's 2and 3.1C2is a dual JK
flip flop wiredin adivide by 3 configuration. The outputfrom thisis fed to
IC3, a dual 4-bit counter cascaded to form a single 8-bit counter. The
signalis divided by afurther 84 using B stages of thiscounter. The resultis
the 10MHz input signal divided by a totat of 3x64=192. This correspands
to a fixed output frequency of 52083.33Hz.

Thesecond subcircuitis the variable divider.IC's 4 and 5 are 74181 4-
bit binary counters connected tagether in cascade to form a composite
8-bit counter. The basic idea is to pre-load the counters with a binary
value applied externally toits load inputs and then to count down to zeto
from that velue and reload. A single output pulse the ripple carry output)
is generated every time the counter hits zero. The applied binary value
thus represents the number of input pulses required to generate one
output pulse and so forms & divider, At first sight it would appear simple
enough to cannect the ipple carry output from the counter directly toits
load trigger input. This would then cause an automatic reload. The
problem with this method is that the 74LS191 requires the load signal to
be held for a minimum of 25ns. I the ripple carry is connected directly to
load, it will cause the ripple carry to change within only a few
nanoseconds of applying the load value and sa the hold time will notbe
met.

The solution to this problem isIC6. The ripple carry output from the
counter is always generated on  falling edge of the main clockinput.In
thiscircuit, theripple carryis fedtothe asynchronousclearinputofa 7474
D-type flip flop. This results in the a output of the flip flop being driven
Jowewhichin furn drives the load trigger inputof the counter. The flipflop
will remain in the clear state even when the ripple carry changes. The
clock input of the flip flop is connected to the main clock driving the
counter, so on the next rising edge of the clock {one half cycle — 50ns
later)ahigh value atthe Dinputwillbe clocked through o the outputthus
remaving the load trigger.in this way then the load trigger lasts precisely
50ns, long enough to meet the hold time constraint of the counters.

The value to count down from is set using a hexadecimal encoded
{rotary) binary switch SW1 to vary the load inputs of IC4 between 0 and
16, The 4 most significant bits of the divide count, represented by the
inputs of IC5 are hard wired in the pattern 1100, The output of the switch
incidentally is inverted so IC7 corrects for true binary.

[ this way the count loaded can vary from 11000000 binary to
11001111 which appears to represent a ratio from 192 to 207 In practise,
the actual ripple carry pulse from the counters adds an extra 1 to the
averall countin each counterandso the actual divisionratiois always two
morethanthe binary input vatue. So the division ratios in practise are 194
to 209.

This resutts in an output pulse at a frequency variable between
51546.39Hz {10MHz divided by 134) and 47846.89Hz (10MHz divided by
209).when dividedby a further 256 inthe waveform generatorcircuitthis
gives approximate 1Hz steps around 200Hz,

The actual output pulse is taken from the min/max output of the
counter, this is simply a variant of the ripple carry.
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PROJECT

Waveform Generator Circuits

The outputs from the pulse generator circuit are fed independently to
two identical waveform generators, On each waveform generator the
input pulse is fed to the clock input of I8, a 74393 connected as an 8bit
counter, The outputs of 108 drive the lower 8 address fines of the EPROM
chip (IC9). This means that the EPROM canstantly cyoles through 256
consecutive addresses, one per input pulse. The data outputs of the
EPROM go to the data inputs of a digital to analogue convertar [C10, As
the EPROM cycles throughits addresses the corresponding data atthose
addresses causes the D/A converter to generate an appropriate
analogue voltage. This means that the D/A actually generates 256
consecutive analogue voltage steps, one per input pulse. Taken in this
way the output voltage steps appear to comprise a cyclical analogue
waveform, one cycle per 256 input pulses, with a voltage amplitude
resotution of 268 steps. In this way any desired cyclical wave envelope
can he generatedsimply by loading an appropriate set of data values nto
the EPROM.

The four most significant address lines of the EPROM {the four that
are actually used, depending on EPROM type) are connected to another
hex switch, This allows the user fo select one of 16 sets of different data
vallies and therefore, one of 16 different correspondiiig waveforms.

The analogue output from the D/A converter is used to drive an
audio amplifier C{IC11) an LM380. This in turn drives one channel of a
pair of headphones. The volume of the output signal can be varied using
RVF1.

Power Supply

The power supply is very straightforward, A transformer is used with a
12V AC centre tapped secandary. Alternatively, the Secondaries of a dual
secondary 6V transformer are wired in series to form a single 12V centra
tapped winding. The secondary output runs to a full wave rectifier
formed by four diodes. The rectified output is smoothed by C17 and
forms an unregulated DC output at approximately 17V, The centre tap is
used as an independent output and drives smoothing capacitor C18 and
a5VregulatorIC12. Inthis way, twoindependent DC outputs are available
using only a single rectifier bridge. The 5V output drives the fogic
cirguitry and the 17 volt unregulated output drives the audio output IC,

PARTS LIST

POWER SUPPLY

CAPACITORS

ey 2200/ 25v Radial Electrolytic

c18 22000/ 16v Radial Electrofytic

SEMICONDUCTORS

D1234  1N40O1 or equivalent Rectifier Diodes

1612 7805, +b voit Voltage Regulator

MISCELLANEQUS

SW3  DPST Miniature Toggle Switch, 240v 3A

TRt 6-0-Bv, VA Miniature Ma;ns Transformef

RS 207-194 :

Heatsink for 112 {recomrmend RS 401-863), IEG Malns sucket and LEG
cable or glands and cable.

PULSE GENERATOR BOARD

RESISTORS (20% tolerance ot better)

R12 330R 1/4W

Sill SIL Resistor Netwark 4k7, 6 way, ot 6 off 4k7 resistors 1/4W
CAPACITORS

€12 1n ceramic

€39 100n ceramic

SEMICONDUCTORS
IC17  7ALS04
iC2 L5112
IC3 7415393
IC45  74LS191
1C6 HLSH

Note: 74 ‘HG' series CMOS devices may be substituted for the above
1C's for lower power operation.

MISCELLANEQUS

XTAL1  10MHz Crystal

W1 Hexadecimal Coded Switch RT angle, RS 333-091
CB1 PCB mounting connector block, RS 424-305

WAVEFORM GENERATOR BOARD it ;
Note that two identical waveform generator boards are needed fOr this
aroject however some components are only mquzred on ONE ofthe -
boards. These will be marked with an asterisk*. =

RESISTORS (all 20% tolerance or better)

R34 471 /2N

R6-8 47 yaw*

RS 330R1/4W

R10 4 1/4W

A1t 1k 1/4W

R12 3A31/2W

RV1 500k Linear Pot (see text)

CAPACITORS v

10 4y7/16v Tantaium head

Clt 10/25v Electralytic Axial

cn2 470u/25v Electolytie Axial

N K 100n Ceramic 180V :

C1d-16  100n Ceramic for decoupling

SEMICONDUCTORS . v

IC8 7415393 (or 74HG393 3 HG devices usad on pg%sa board)
IC9 EPROM, any from 2732 thru 27512, 272 tecommndad
€10 ZNB53 D/A Gonverter ,

Icn L{M380 Audio Amp

MISCELLANEOUS

CB23  PCB mounting connestor blocks (as CB1 )

SW2 Hex encoded switch {as SW1) .

J1 PCB Jumper, 2 position

8K1 28 way turned pin 1€ sacket for IC9{see text]

OTHER MISCELLANEQUS PARTS

1 off Stereo 35mm panel mount jack socket for headphanes

2lengths (approx 150mm each) of twin core screened audiocable
4 off PCB spacers approx 16mm

4 off PCB spacers approx 5mm

2 off collst knobs for hex switches RS 498- 772

2 off caps for collet knobs RS 499-517

2 off Pointers for collet knobs RS 499-545

2 off Knobs for volume pots

1 off plastic Verobox (188mm * 1 10mm x 60mm) i.e. RS 509-585

Nuts and bolts for mounting boards, wire for i interconnections, rubher
or heat shrink slesving for mains connections on switch and
transformer.

BUYLINES

All the components for this project are available from Electromail, PO
Box 33, Corhy, Northants, NN1 7 9EL. Tel {0536) 204555, _
Adcitionaly, a set of EPROMs for this project, pre-programmed
with 16 different wave patterns is evailable from the author, Contact
Scoon Consultancy Services, 49 Honeyhill Road, Bracknel, Berkshire,
RG12 1YHor Tel:{0344) 868188 for details. The prices for the EPROMs are -
£8 each if bought singly or £14 per péir all inclusive, The author is also
ahleto construct custom waveform \programsto orderat addmunaioost, “
depanding on comolexitv. . o

Happy Hemnsyncmg'
Table 3:

Hex Dump for basic EPROM Sine Wave Pattern

00 — 80 83 86 83 8C 90 93 96 99 9C 9F A2 A5 A8 AB AE
10 — B1 B3 B6 B9 BC BF C1 C4 €7 C9 CC CE D1 D3 D5 D8
20 — DA DC DE EO E2 E4 E6 E8 EA EB ED EF FO FI F3 F4
30— F5 F6 F8 F9 FA FA FB FC FD FD FE FE FE FF FF FF
40 — FF FF FF FF FE FE FE FD FD FC FB FA FA F9 F8 F8
50 — F5 F4 F3 F FO EF ED EB EA E8 E6 E4 E2 EQ DE DC
60 — DA D8 D5 D3 DI CE CC C3 C7 C4 C1 BF BC B9 B6 B3

70 — B1 AE AB A8 A5 A2 9F 9C 99 96 93 90 8C 89 86 83
80 — 80 7D 7A 77 74 70 6D 6A 67 64 61 5E 5B 58 55 52
90 — 4F 4D 4A 47 44 41 3F 3C 39 37 34 32 2F 2D 2B 28
A0 — 26 24 22 20 1E 1C 1A 18 16 15 13 11 10 OF 0D OC
0 — 0B 0A 08 07 06 06 05 04 03 03 02 02 02 01 01 O1
€0 — 0101 01 01 02 02 02 03 03 04 05 06 06 07 08 0A
D0 — 0B 0C 0D OF 10 11 13 15 16 18 1A 1C 1E 20 22 24
E0— 26 28 2B 2D 2F 32 34 37 39 3C 3F 41 44 47 4A 4D
FO — 4F 52 55 58 5B 5E 61 64 67 6A 6D 70 74 77 7A 1D

ETI SEPTEMBER 1991



UNIDEN SATELLITE RECHVER Brand new uris imoded
8008) £60.00 ref 60P4 also some 7007s alsc 52 .0C ref E0P5
SPECTRUM +2 COMPUTER Built in data recoroer. = 25X psu
and manuals £59.00 ref 59P4

SPECTRUM +3 COMPUTERBUuiltindisc2=we 284 osw and
manuals £79.00 ref 79P4

AMSTRAD CPC464 COMPUTER Nc —=reas o only
£79.00 ref 79P5

AMSTRAD CPC6128 COMPUTER Agai~ = —=-
£149.00 ref 149P4

AMSTRAD GT65 Green screen montor £43 IC s £3P4
AMSTRAD PORTABLE PC'S FROM £49 {PPC1512SD).
£179 (PPC1512DD). £179 (PPC:840SD). £209
(PPC1640DD). MODEMS £30 EXTRAMC MANUALS OR
PSU.

—as oaonly

AMSTRAD PC BARGAINZ!!
PC 1512DD COMPLETE WITH CGA COLOUR MONITOR, 2
DISC DRIVES, MANUALS ETC ONLY £2¢3 00 REF 248P4

HIGH POWER CAR SPEAKERS. Sremc sa- sumat 100w each
4ohm impedance and consstng o € * 2 wocher 2° mid range and
1" tweeler |deaito work with the 2—Difer sescDec above Price per
pair £30 00 Ordex ret 30P7

2KV 500 WATT TRANSFORMERS S.=oe for high voltage
experiments or as a stae 'y 3 Iz uer exc 250V ACinput,
£10.00 ref 10P93

MICROWAVE CONTROL PAMNEL Ma-s operaled, with touch
switches Compiete wrt> £ Sigr S=b2y 392l clock, and 2 relay
outputs one for power eme one for Dosec dower (programmable)
Ideal for all sons of creczson 1er wokcarons etc. £6.00 ref 6P18
FIBRE OPTIC CA.BLE "‘a‘-:vec acm:a #bres sheathed in black
PVC Five metre megs £7 00 & T

12V SOLAR CELL.Z:&?-A oot :he_‘brtﬁckle = 3
charging etc 300 == ssua=s Onrpece £15 00 refl L&)
15P42

PASSIVE INFRA-RED MOTION SENSOR.
Complate with depio™ seesor acumabelights
on timer (8 secs -15 oSt 50 sangs wth 2 90 ,\
dbg coversge Masus sesmcs Soiy Com- » T
plate with wall bracksss Sl sosders stc Brand
new and quarsniesd 2500 wf 25524,

Pack of two PAR38 nubs for anove unit £12 00 ret 12P43

VIDEO SENDER UMNIT Tra~smit both audio and video signals
from either a wdeo camera, wdeo recorder or computer {o any
standard TV set within a 100° range! (tune TV to a spare channel)
12v DC op. £1500 ref 15P39 Sutable mains adaptor £5.00 ref
5P191

FM TRANSMITTERNcused in 2 standard working 13A

adapter (bug is mans dnven| £26 00 el 26P2 _.3“1. o
MINATURE RADIO TRANSCEIVERS A pair off iﬁ
walkia takies wih & mngs of up 1o 2 kilomatres. Units (& b
measure 22x52x155mm. Complete with cases: £30.00 r' | h)
ref 30P12

FM CORDLESS MICROPHONE.Small hand held unit with a 500’
range! 2 transmit power levels reqs PP3 battery. Tuneable to any FM
receiver. Our price £15 rel 15P42A

10 BAND COMMUNICATIONS RECEIVER.7 short™
bands, FM, AM and LW DX/local awitch, tuning 'eye’ mains
or battery. Complets with shoulder strap and mains lead &,
NOW ONLY £19.00!! REF 19P14.

WHISPER 2000 LISTENING AID.Enables you o hear sounds
that would otherwise be inaudible! Complete with headphones
Cased, £5 00 ref 5SP179

CAR STEREO AND FM RADIOLow cost stereo system giving
§ watts per channel. Signal to noise ratio better than 45db, wow and
flutter less than 35%. Neg earth £25 00 ref 25P21

LOW COST WALIKIE TALKIES.Par of beﬂe'y cvoemted

units with & range of about 150", Our price £8 0C apar st J

8P50

7 CHANNEL GRAPHIC EQUALIZERblus = 50 want H
power amp! 20-21KHZ 4-8R 12-14v DC nagative sarth

Cased £25 ref 25P14.

NICAD BATTERIES. Brand new top qualty 4 x AA's £4.00 ref
4P44, 2 x C's £4.00 ref 4P73, 4 x D's £9 00 ref 9P12, 1 x PP3 £6 00
ref 6P35

TOWERS INTERNATIONAL TRANSISTOR SELECTOR
GUIDE. The uliimate equivalents book Latest edition £20.00 ref
20P32

CABLE TIES. 142mm x 3 2mm white nylon pack of 100 £3 .00 ref
3P104. Bumper pack of 1,000 ties £14 00

VIDEO AND AUDIO MONITORING
SYSTEM

Brand new units consisting of a camera, 14cm monitor, 70 metres of
cable, AC adapter, mounting bracket and owners manual 240v AC
or12v DG operation compiete with builtin 2 way intercom. £99.00 ref
99P2

1991 CATALOGUE AVAILABLE NOW IF YOU DO NOT
HAVE A COPY PLEASE REQUEST ONE WHEN ORDERING

OR SEND US A 6"X9" SAE FOR A FREE COPY.
GEIGER COUNTER KIT.Complete with tube, PCB and all compo-
nents to build a battery operated geiger counter £39.00 ref 39P1
FM BUG KIT.New design with PCB embedded coil Transmits to
any FM radio. 9v battery req'd. £5.00 ref SP158

FM BUG Built and tested superior 9v operation £14.00 ref 14P3
COMPOSITE VIDEO KITS. These convert composite video into
separate H sync, V sync and video. 12v DC._ £8 00 ref 8P39
SINCLAIR C5 MOTORS 12v 20A (full load) 3300 rpm 6"x4" 1/4"
O/P shaft New £20 00 ref 20P22

As above but with fitted 4 to 1 inkne reduction box (800mpm) and
toothed nylon bell drive cog £40 00 ref 40P8

SINCLAIR C5 WHEELS13" or 16" dia including treaded tyre and
innertube. Wheels are black, spoked one piece poly carbonate 13*
wheel £6 00 ref 6P20, 16" wheel £6.00 ref 6P21

ELECTRONIC SPEED CONTROL KiTor ¢5 motor PCB and all
components to build a speed controller (0-95% of speed). Uses
pulse width modulation. £17 .00 ref 17P3

SOLAR POWERED NICAD CHARGER.Charges 4

AA nicads in 8 hours. Brand new and cased £6 00 ref

6P3

MOSFETS FOR POWER AMPLIFIERS ETC.!00

watt mosfet pair 2599 and 25K343 £4 00 a pair with pin outinfo ref
4P51 Also avaliableis a 2SK413 and a 25J118 at £4 00 ref 4P42
12 VOLT BRUSHLESS FAN4 1/2* square brand new ideal for
boalt, car, caravan etc. £5.00 ref 5SP206

ACORN DATA RECORDER ALF503 Made for BBC computer
but suitable for others Includes mains adapter, leads and book
£15.00 ref 15P43

VIDEO TAPES. Three hour superior quality tapes made under
licence from the famous JVC company Pack of 10 tapes £20.00 ref
20P20

PHILIPS LASER. 2MW HELIUM NEON LASER TUBE.
BRAND NEW FULL SPEC £40.00 REF 40P10. MAINS
POWER SUPPLY KIT £20.00 REF 20P33 READY BUILT
AND TESTED LASER IN ONE CASE £75.00 REF 75P4.
SOLDER 22SWGi resin cored solder on a 1/2kg reel Top quality
£4.00 a ree| ref 4P70

600 WATT HEATERS Ideal for air or liquid, will not corrode, lasts
foryears coiltype construction 3*x2" mounted on a 4" dia metalplate
for easy fixing. £3 00 ea ref 3P78 or 4 for £10 00 ref 10P76

TIME AND TEMPERATURE MODULE A clock, digital ther-
mometer (Celcius and Farenheit (0-160 deg F) programmable too
hot and too cold alarms. Rung for at least a year on one AA battery.
£9 00 ref 9P5

Remote temperature probe for above unit £3 00 ref 3P60
GEARBOX KITS Ideal for models etc Contains 18 gears (2 of
each size) 4x50mm axles and a powerful 9-12v motor. All the gears
etc are push fit £3.00 for complete kit ref 3P93

ELECTRONIC TICKET MACHINES These units contain a
magnetic card reader, two matrix printers, motors, sensors and
loads of electronic components etc (12°x12"x7") Goed value at
£12 00 ref 12P28

JOYSTICKS Brand new with 2 fire buttons and suction feet these
units can be modified for most computers by changing the connector
etc Price is 2 for £5 00 ref SP174

GAS POWERED SOLDERING IRON AND BLOW TORCH
Top quality tool with interchangeable heads and metal body . Fully
adjustable, runs on kghter gas £10 00 ref 10P130

SMOKE ALARMS lonization type 5 year warmranty complete with
battery only £5 00 ref SP206

ANSWER MACHINES BTapproved remote message playback,
intergral push button phone, power supply and 1ape. Exceptional
value at £45 00 ref 45P2

CAR IONIZER KIT Improve the air in your car! clears smoke and
helps to reduce fatigue Case required. £12.00 ref 12P8

6V 10AH LEAD AClDsealed battery by yuasha ex equipment but
in excelient condition now only 2 for £10.00 ref 10P95

12 TO 220V INVERTER KITAs suppiied it will handle up to about
15 w at 220v but with a larger transformerit will handle 80 watts, Basic
kit £12.00 ref 12P17 Larger transformer £12 00 ref 12P41.

VERO EAS| WIRE PROTOTYPING SYSTEMideal for design-
ing projects on etc. Complete with tools, wire and reusable board
Our price £6 00 ref 6P33

MICROWAVE TURNTABLE MOTORS. !deal for window dis-
plays etc £5 00 ref 5SP165

STC SWITCHED MODE POWER SUPPLY220v or 110vinput
giving 5v at2A, +24v at 0.25A, +12v at 0 15A and +90v at 0 4A £6 00
ref 6P59

les compatible (TTL input) new and cased £22.00 ref 22P2
VGA PAPER WHITE MONO monitors new and cased 240v
AC. £59,00 ret 59P4

AMSTRAD DMP3000 PRINTER New 9 pin printer, centronics
i £69.00 ref 69P4

AMSTRAD DMP 3160 PRINTER New 8 pin printer, centronics
it £79.00 ref 79P4

25 STEREO AMPLI c STK043 With the addition of
a handful of components you can build a 25 watt amplifier, £4 00 ref
4P69 (Circuit dia included).

UNEAR POWER SUPPLY. Brand new 220v input +5 at 3A, +12
at1A, -12 at 1A, Short circuit protected. £12 00 ref 12P21

MAINS FANS. Snail type construction. Approx 4'x5" mounted on a
metal plate for easy fixing. New £5.00 5SP168

POWERFUL IONIZER KIT.Generates 10 times more ions than
commercial units! Complete kit including case £18.00 ref 18P2
MINI RADIO MODULE Only 2" square with ferrite aerial and tuner.
Superhel. Req's PP3 battery. £1.00 ref BD716

HIGH RESOLUTION MONITOR.9" black and white Phillips tube
in chassis made for OPD computer but may be suiteble for others
£20 00 ref 20P26

BARGAIN NICADS AAA SIZE 200MAH 1.2V PACK OF 10
£4.00 REF 4P92, PACK OF 100 £30.00 REF 30P16

CB CONVERTORS.Converts a car radio into an AM CB receiver
Cased with circuit diagram, £4.00 ref 4P48

FLOPPY DISCS. Pack of 15 31/2" DSDD £10,00 ref 10P88 Pack
of 10 51/4" DSDD £5,00 ref SP168.

SONIC CONTROLLED MOTOR One click to start, two click to

SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE U

reverse direction, 3 click to stop! £3 00 each ref 3P137
FRESNEL MAGNIFYING LENS 83 x 52mm £1.00 ref BD827
LCD DISPLAY. 4 1/2 digits supplied with connection data £3.00 re
3P77 or 5 for £10 00 ref 10P78

ALARM TRANSMITTERS. No data avaliable but nicely made
complex transmitters Ov operation. £4.00 each ref 4P81

100M REEL OF WHITE BELL WIREfigure 8 pattern ideal for
inlercoms, door bells etc £3 00 a reel ref 3P107

TRANSMITTER RECEIVER SYSTEMoriginally made tor nurse
call systems they consist of a pendant style transmitler and a
receiver with telescopic aeral 12v. 80 different channels. £12.00 ref
12P26

CLAP LUGHT. This device turns on a lamp at a finger 'snap’ eic
nicely cased with builtin battery operated light Ideal bedside light etc
£4 00 each ref 4P82

ELECTRONIC DIPSTICK KIT.Contains all you need to build an
electronic device 10 give a 10 level liquid indicator. £5 00 (ex case!
ref SP194

UNIVERSAL BATTERY CHARGER.Takes AA's, C's, D's and
PP3 nicads Holds up to 5 batteries at once. New and cased, mains
operated £6 00 ref 6P36

ONE THOUSAND CABLE TIES!7Smm x 2.4mm white nylon
cable ties only £5.00 ref SP181

PC MODEMS 1200/75 baud modems designed tc plug into a
PC complete with manual but no software £18.00 ref 18P12
ASTEC SWITCHED MODE POWER SUPPLY80mm x 165mm
(PCB size) gives +5 at 3.75A, +12 at 1 5A, -12 at 0. 4A Brand new
£12.00 ref 12P39

VENTILATED CASE FOR ABOVE PSUwith |EC filtered socket
and power swilch £5 00 ref 5P190

IN CAR POWER SUPPLY.Plugs into cigar socket and gives
3,4,5,6,7 5.9, and 12v outputs at 800mA Complete with universal
spider plug £5.00 ref SP167

CUSTOMER RETURNED switched mode power supplies Mixed
type, good for spares or repair. £2 00 each ref 2P292

DRILL OPERATED PUMP.Fits any drill and is self pnming. £3.00
ref 3P140

PERSONAL ATTACK ALARM.Complete with builtin torch and
vanity mirror. Pocket sized, req's 3 AA batteries. £3 00 ref 3P135
POWERFUL SOLAR CELL 1AMP .45 VOLTbnly £5.00 ref
5P192 (other sizes avaliable in catalogue)

SOLAR PROJECT KIT.Consists of a solar cel, special DC motor,
plastic fan and turntables etc plus a 20 page book on solar energy!
Price is £8.00 ref 8P51

RESISTOR PACK.10 x 50 values (500 resistors) all 1/4 watl 2%
metal film £5 00 ref SP170

CAPACITOR PACK 1.100 assorted non electrolytic capacitors
£2.00 ref 2P286.

CAPACITOR PACK 2. 40 d el lytic capacitors £2 00
ref 2P287

QUICK CUPPA? 12vimmersion heater with lead and cigar ighter
plug £3 00 ref 3P92.

LED PACK .50 red leds, 50 green leds and 50 yellow leds all Smm
£8 00 rof 8P52

FERRARI TESTAROSSA. A true 2 channel radio controlied car
with forward, reverse, 2 gears plus turbo Working heedlights
£22 00 ref 22P6

ULTRASONIC WIRELESS ALARM SYSTEMIwo units, one
a sensor which plugs into a 13A socket in the area you wish to
protect. The other, a central alarm unit plugs into any other socket
elsewere in the building. When the sensor is triggered (by body
movement etc) the alarm sounds. Adjustable sensitivity. Price per
pair £20.00 ref 20P34 Additional sensors (max 5 per alarm unit)
£11.00 ref 11P6

WASHING MACHINE PUMP Mains operated new pump. Not self
priming £5,00 ref SP18

IBM PRINTER LEAD. (D25 to centronics plug) 2 metre parallel
£5 .00 ref SP186

COPPER CLAD STRIP BOARD 17" x 4" of .1" pitch "vero” board
£4.00 a sheet ref 4P62 or 2 sheets for £7 00 ret 7P22

STRIP BOARD CUTTING TOOL£2 00 ref 2P352

3 1/2" disc drive. 720K capacity made by NEC £60 00 ret 60P2
TV LOUDSPEAKERS.5 watt magnetically screened 4 ohm 55 x
125mm_ £3.00 a pair ref 3P109

SPEAKER GRILLS set of 3 matching grilis of different diameters.
2 packs for £2 00 (6 grills) ref 2P364

50 METRES OF MAINS CABLE £3.00 2 core black precut in
convenient 2 m lengths Ideal for repairs and projects. ref 3Pg1

4 CORE SCREENED AUDIO CABLE 24 METRES £2.00
Precutinto convenient 1 2 m lengths Ref 2P365

TWEETERS 2 1/4" DIA 8 ohm mounted on a smart metal plate for
easy fixing £2,00 ret 2P366

COMPUTER MICE Originally made for Future PC's but can be
adapted for other machines, Swiss made £8.00 ref 8P57 Atar ST
conversion kit £2 00 ref 2P362

61/2" 20 WATT SPEAKER Builtin tweeter 4 ohm£5 00 ref 5P205
5" X 3" 16 OHM SPEAKER 3 for £1,00! ref CD213
ADJUSTABLE SPEAKER BRACKETS l|deal for mounting
speakers on internal or external corners, uneven surfaces etc_ 2 for
£5,00 ref 5P207

PIR LIGHT SWITCH Replaces a standard light switch in seconds
lightoperates when anybody comes within detection range (4m) and
stays on for an adjustable time (15 secs to 15 mins). Complete with
daylight sensor. Unit also functions as a dimmer switch! 200 watt
max. Not suitable for flourescents £14,00 ref 14P10

2 MEG DISC DRIVES 3 1/2" disc drives made by Sony housed in
a5 1/4" frame 1.2 meg formatted. £66 00 ref 66P1

CUSTOMER RETURNED 2 channel full function radio controlled
cars only £8.00 ref 8P200

WINDUP SOLAR POWERED RADIO! FIM/AM radio takes NICAD
batteries complete with hand charger and solar panel 14P200

240 WATT RMS AMP KIT Stereo 30-0-30 psu required £40.00 ref
40P200

300 WATT AMS MONO AMP KIT £55.00 Psu required ret 55P200
ALARM PIR SENSORS Standard 12v alarm type sensor will inter-
face to most alarm panels, £16.00 ref 16P200

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

35MM CAMERAS Customer returned units with buitt in flash alad
28mm lens 2 for £8.00 ref 8P200

STEAM ENGINE Standard Mamod 1332
angine complate with bodler piston etc £30
raf 30P200

TALKING CLOCK

}Vhsl more can we say?7E£14.00 rel 14P200. 1




DIGITAL SIMULATION

PCB and SCHEMATIC C.A.D.

PULSAR £195

EASY-PC £98

e Runs on
PC/XT/AT/286/386 with
Herc, CGA, EGA or VGA.

e Design Single sided,
Double sided and
Multilayer boards.

e Provides Surface Mount
support.

-1 @ Standard output includes
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gital Circuit Simulator for

Dot Matrix / Laser / Inkjet

Brinlers, Pen Plotters,
hoto-plotters and NC
Drill.

e Award winning EASY-PC
is in use in over 9000
installations in 50
Countries World-Wide.

e Superbly Easy to use.

e Not Copy Protected.

Options - 1000 piece symbol library - £38.00
Gerber Import facility £98.00

The CAD Specialists

S, HUNTINGDON, CAMBS, PE17 4WR, ENGLAND.

ACCESS, AMEX, MASTERCARD, VISA Welcome.

SURVEILLANC

e At last! A full featured Di
less than £1000!
e Pulsar allows you to test your designs without the
need for expensive test equipment.
e Catch glitches down to a pico second per week!
e Includes 4000 Series CMOS and 74LS Libraries.
® Runs on PC/XT/AT/286/386/486 with EGA or
VGA. Hard disk recommended.
@ Not Copy protected.
For full info’ Phone, Fax or Write to:
Number One Systems Ltd. 1
REF: ETI, HARDING WAY, SOMERSHAM ROAD, ST.IVE
Telephone: 0480 61778 (7 lines) Fax: 0480 494042
International: +44-480-61778 Fax: + 44-480-494042
B
4
K
PROFESSIONAL QUALITY KITS
A range of high quality kits as supplied o leading UK security companies, all in-house designed
and produced, not to be confused with cheap imports. Al kits come fully documented with concise
assembly and setting-up details, fibragiass PCB and all components. All transmitters are fully
tuneable and can be monitorad on a narmal VHF radio or tuned higher for greater security. Build-
up service available if required

MTX Micro-miniature audio transmitter. 17mmx17mm, 9V operation, 100m range ... £13.45

VT500 Hi-power audio transmitter. 250mwW output. 20mmx40mm. 9-12V aperation. 2-3000m
range . ...£16.45

VXT Voice activated transmitter Variable sensilivity. 20mmx67mm. 9V operation. 1000m range
................ s £10.45

SCRX Sub-carrier scrambled audio transmitter. Cannot be monitored without decoder fitted to
radio. 20mmx67mm. 8V operation, 1000m range £22.95

SCDM Sub-carrier decoder unil for monitoring SCRX. Connects to radio earphone socket,
Provides output for headphones. 32mmx70mm. 9-12V operation

HVX40 Mains powered audio transmitter. Connects directly 1o 240v AC supply. 30mmx35mm.

19” RACK MOUNTING EQUIPMENT CASES
This range of 19" rack cases features satin black finished 16SWG (1.5mm) stee! front panels (no fixing holes visibie
with the rear box assambly constructed from 20SWG (.9mm) sleel. The standard units are 10" (254mm) deep
NEW FOR 1990 19" project cases only 4” (101mm) deep and are avaitable in the following popular sizes:
PROJECT CASES M

).

Type Height Price
PU1 1%" [44mm)  £16.50
PU2  3%"(88mm)  £18.50
PU3  5%"(133mm) £20.50
PU4 7" (178mm)  £22.50
PUS  10%"(266mm) £26.50
EQUIPMENT CASES
Ul 13" (44mm)  €20.70
u2 3" (88Bmm)  £24.15
u3 5%"(133mm)  £27.60
U4 7"(178mm)  £29.90

Delivery included (UK only),
All prices include VAT.

BLANKING PANELS, RACKING CONSOLES
and RACK CABINETS are also available.

Please send SAE for details
Tel: 0275823983 for Access/Visa Salesor cheque

with order to:
RACKZ PRODUCTS

G L T e S e L £19.45

PO Box 1402 Mangotsfield, Bristol, England, BS17 3RY

XT89 Crystal controlled audio transmitter. High performance. 100mw output. Supplied with xtal
for 108MHz. Others available to 116MHz. 85mmx28mm. 9V operation, 2-3000m range ..£37.95

QTX180 Narrow band FM crystal controlled audio transmitler. 180MHz frequency. Raquires

Scanner receiver or our QRX 180 kit (see Cat) 20mmx67mm., 9V operation. 1000m range£40.95

TKX900 Tracker/Bleeper transmitter, Transmits continuous stream of audio pulses. Variable lone
and rate. Powerful 200mW outpul. 3mmx25mm. 9V operation. 2-3000m range £22.95

OMNI ELECTRONICS

ATR2 Micro size telaphone recording interface. Connects between telephone lines {anywhere)
and recorder, Tape switches a ally with use of phone. All conversations racorded,
Powered from line. 10MMEISMM......Lvcciiriesersnsms s £13.45

I 174 Dalkeith Road, Edinburgh EH16 5DX - 031 667 2611

TLX700 Micro miniature 2lephons transmitter. Gonneets 10 line (anywhera) switches on and off
with phone use. All conversations transmitted. POmmx20mm. Powered from line. 1000m
range £13.45

CDE600 Professional tiug detector/locator. Variable sensitivity. Multicelour bar graph readout of
signal strangth with variable rate bleeper Second mode AUDIO CONFIEM distinguishes batween
locafised bug fransmission and normal legitimate signal such as pagers, cellular sto
TOMMEICOMM. GV OPEIRHON oo S 11 =

istered cash. Please add £1.50 per order for P&P.
que clearance. Overseas customers send sterling bank
per order for shipment. Credit card orders accepted on 0827

UK customers please send cheques. PO’s or reg
Goods despatched ASAP aliowing for che
draft or Eurocheque and add £5.00
714476. Trade enquiries welcome.

Send 2xlIst class stamps for the new 1991 Catalogue

THE WORKSHOPS
95 MAIN RD, BAXTERLEY
NR, ATHERSTONE

WARKS CV3 2LE 0827 714476

A COMPREHENSIVE RANGE WITH

New SERVICE SECOND TO NONE
[OUR MUCH EXPANDED, BETTER ILLUSTRATED

NGOV (IJ CATALOGUE WILL COST £1.50 — TO INCLUDE
q VOUCHERS TO USE AGAINST FUTURE
available PURCHASES. TO RECEIVE A COPY, PLEASE
SEND YOUR REMITTANCE WITH YOUR NAME,

NOW ADDRESS AND TELEPHONE NUMBER
REQUESTING A COPY OF THE 1990/91 OMNI

CATALOGUE.

| Open: Monday-Friday 9.00-6.00 (——
E Saturday 9.00-5.00 —
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Take the Sensible Route!

Boordl\/loker is a powerful software tool which
provides a convenient and fast method of designing
printed circuit boards. Engineers worldwide have
discovered that it provides an unparalleled price
performance advantage over other PC-based and
dedicated design systems by integrating sophisticated
graphical editors and CAM outputs at an affordable
price.

@ In the new version V2.23, full

% consideration has been given to
allowing designers to continue using their existing
schematic capture packages as a front end fo__
BoardMaker. Even powerful facilities such as Top Down
Modification, Component renumber and Back
Annotation have been accomodated to provide
overall design integrity within the links between your
schematic package and BoardMaker.

Equally, powerful features are included to ensure that
users who do not have schematic capture software
can fake full advantage BoardMaker.

- V2.23 of BoardMaker is still a remarkable
£295.00 and includes 3 months free
software updates.

NEW AUTOROUTER

BoardRouter is a new integrated gridless autoroute
module which overcomes the limitations normailly
associated with autorouting. YOU specify the track
width, via size and design rules for individual nets,
BoardRouter then routes the board based on these
seffings in the same way you might route it youself
manually.

This ability allows you to autoroute mixed technology
designs (SMD, analogue, digital, power switching
etc)in ONE PASS while respecting ALL design rules.

“72u» No worrying about

S whether tracks will fit
between pins. If the tracks widths and clearances
allow, BoardRouter will automatically place 1, 2 or
even 3 tracks between pins.

SESLLY

e
B

[ s
b

1.2 You can freely pre-route
MR any tracks manually using
BoardMaker prior to autorouting. Whilst autorouting
you can pan and zoom fo inspect the routes placed,
interrupt it, manually modify the layout and resume

autorouting.
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Full analogue, digital and SM support - ground
and power planes - 45 degree, arced and any
angle tracks with full net-based Design Rule

Net list input from OrCAD, Schema, etc
Top down modification

Forward and back annotation
Component renumber

Simultaneously routes up to eight layers
Fully re-entrant gridless autorouting
Powerful component placement tools
Extensive Design Rule Checking

Full complement of CAM outputs

Full support and update service
Reports generator

PostScript output

SMD support

Effortless manual routing

.

BoardMaker and
BoardRouter are priced
at £295.00 each. As a
special introductory offer, they can be
bought together for only £495.00
which puts sophisticated PCB CAD
software within the reach of all
engineers. This price includes 3
months free software updates and full
telephone technical support.

Don’t just fake our word for it. Call us
today for a FREE Evaluation Pack and
judge it for yourself.

| Tsien (UK) Limited
Cambridge Research Laboratories
181A Huntingdon Road
Cambridge CB3 0DJ
Tel 0223 277777
Fax 0223 277747

[ {7
tsien
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TODAY INTERNATIONAL

EEasiinl

PCB
SERVICE
September

E9109-1 Geiger Counter

E9109-2 Hemisync Waveform Generator Board wsan....oooiiiiiiininnnns G
E9109-3 Hemisync Pulse Generator Board ..........cccociviiiiiniicncns F
E9109-4 Hemisync Power Supply Board ............ccoooviiiiiinnnns C
E9109-5 Nighfighter Main Processor Board ............cccocoiiiiincieninnns O

PCB:s for the remaining projects are available from the companies listes in Buylines.

Use the form or a photocopy for your order. Please fill our all parts of the form. Make sure you use the board reference
numbers. This not onk; 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.

Terms are strictly payment with order. We cannot accept official orders but we can supply a proforma invoice if required.
Such orders will not be processed until payment is received,

E9006-3
E9006-4
ES006-5
ES007-1
E9007-2
E9007-3
ES007-4
E9007-5
E9008-1
ES008-2
E9008-3
E9009-2
ES009-2
ES009-3
ES010-1
E9010-2
ES010-3
E9011-1
E9011-2
E9011-3
E9011-4

E9011-5

E9012-1
ES11-1

E9101-2
E9101-3
E9101-4
E9101-5
E9101-6
ES102-1
E9102-2
E9103-1
E9103-2
E9103-3
ES1034
E9104-1
ES104-2
E9104-3
E9104-4
ES104-5
E9105-1
E9105-2
E9105-3

Telephone External Bell ...........ccoccoonnvinimrniiinnes D E9106-1 Laser Receiver

Fecko BOX oo G E9106-2 Temperature Controller — Power Supply

Bug Spotter ... ... E E9107-1 Temperature Controller — Main Board .....
Guitar Practice Amp ..o G E9107-2 Temperature Controller — Probe PCB ..............
Digital Frequency Meter M  E9107-3 The Foot Tapper — Volume Control

Footstep Alarm . Sweoew E (double sided) ............ J
Transistor Tester e C E9107-4 The Consort Loadspeaker .........oiiensions H
Decision Maker __ ... 3 J E9108-1 Pulsed Width Train Controller ........... o 12,
AC Millivoltmeter K E9108-2 Model Speed Controller — Main Board .......... F
Temperature Controller ....... o N E9108-3 Mode! Speed Coniroller — Power Supply ........ F
FM Generator L

Slide Projector Controller . E |— ___________ e
Ultimate Diode Tester ....... D

The ENter@iner ......cociiieeeeeeniesiesennns
Component Tester
Active Contact Pickup ...
Ra4X Longwave Receiver ..........coovieiniiviveannne
The Autocue {2 boards, 1 double sided)
Infra-lock transmitter (2 boards) ..............
Infra-lock Teceiver .. ...t
Four-track cassette recorder {record/playback
one channel)
Four-mack cassette recorder (Bias/erase

oscllator Board . . ...

I

I

I

I

I

I

|

Remote Control — Main Board .. I
Remote Control — Display Board I
Remote Control Timeswitch — Transmit board.E I
I

I

I

I

I

I

I

I

|

T e mix

SBC Micao-Controller Board .......cccocnivciiinn
SBC Practice Interface Board .....
5 in 1 Remote Sensing Switch ............
Remote Control Timeswitch — receiver board..
Ant Theft Alarm (2 bds) ..o S —
Ariennes Lights ......
64K EPROM Emulator
SSB Radio Receiver ..............
Active Loudspeaker board ...
Testmeter Volts _......ccccccevcenec
Active Direct Injection Box ...........
EPROM ETGSEI ...ocoovuieiriecrcimmcrreiecnmeinisssranenns
Digital Tachometer .........cc.ccccoouivienne NN
Radio Calibrator ................
Modulator Laser (2 boards)
Thyristor Tester. .
Frequency Ploter........ccccoremiircncmieicieriniiinns

7:~nI:-n~n~n~nI'nIC)2r-I~nm'-n-n
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TO: ETI PCB SERVICE, READERS’ SERVICES,
ARGUS HOUSE, BOUNDARY WAY,
HEMEL HEMPSTEAD HP2 7ST

Please supply:
Quantity

Ref. no. Price Code

Post and packing
Total enclosed

Please send my PCBs to: (BLOCK CAPITALS PLEASE)

TELEPHONE
ORDERS
may be made on

(0442)
66551

ACCESS or VISA

Price
(inc.

VAT)

C £1.80
D £2.50
E £3.25
F £4.00
G £4.75
H £5.50
d £6.62
K £7.20
L £8.80
M £10.60
N £13.10
0] £15.80
P £17.90
Q £21.80
R £23.90
) £25.90
T £29.00
U £32.20
\Y £35.80
W £37.90
X £40.70

Price

Total Price

£0.75




CLASSIFIED

James Trott
0442 66551 Ext 250

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) insertion
Ring for information on series bookings/discounts.
All advertisements In this section must be prepaid.
Advertisements are accepted subject to the lerms and conditions
printed on the advertisement rate card (available on request).

ELECTRONICS |
TODAY INTERNATIONAL EN =

(A DOT MATRIX PRINTER FOR ONLY \

LYS ELECTRONIC COMPONENTS £19.95%

555 TIMER ....cccecvevrririrn Yes! | have obtained the remaining production line parts for the

7805+V.REG...... I L *»| amazing AMBER 4000 PRINTER and can supply them to you as

78124V REG a kit complete with assembly instructions. A few small parts will

LM317 ADJ REG have to be supplied from your own spares box, but all the major
ftems including the case are included. Send me a SAE for full

ZENER DIODES 400m W ALL AT ; details.

HORIZVERT CARBON PRESETS ........oevrveemmerroeoseossooseseotoooeooeoeoeoeoeo £0.12 each This superb 40 column printer boasts many features and can be

driven from both parallel and serial signals. The SAE will tell all,
or send a cheque for £22.95 (inc. £3 P&P) for immediate
dispatch.
To avoid disappointment contact me now at:

CHIPLINK

' W 5% CARBON RESISTORS ...£0.01 each (100) £0.60 (1000) £5.50 any mix
'k W 5% CARBON RESISTORS ...£0.02 each (100) £0.90 (1000) £7.50 anymix

5mm RED LED £0.08 GREEN £0.08 YELLOW £0.08
DIL SOCKETS L/IPROFILE....8 pin £0.03 14 pin £0.05 16 pin £0.06 18 pin £0.07

20 pin £0.08

DIL SWITCHES ........ovvvvevvreesccrreenn 2way £0.40 4 way £0.60 10 way £0.90 10 Hardys Field, Kingsclere

LM3914 BARGRAPH DRIVER £3.40 Newbury Berks. RG15 8EU /
R.F. COAX (ANTI MICROPHONIC) 75 OHM RANGE OUTER SHEATH \

(normally £3.00 MHr)...ccooceveeoooereor s ONLY £0.90 MTR  100MTR £60.00

ARTRIDGE
ELECTRONICS

PRESENT g

REPORTER
Model T24

MULTI-USE

SELF OPERATING
TELEPHONE NETWORK
OUTSIDE BROADCAST UNIT

DIGITAL FREQUENCY METER KIT 2 RANGES
0-30MHz/25-1000MHz COMPLETE INC 3 PCB’S
(EXC. METALWORK) £83.60

ANALOGIC PROBE KIT (EXC. CASE) £9.80

. NO MAINS
For details of any of the above contact: UNIT D, 318 HIGH ROAD, BENFLEET NO BATTERIES
ESSEX SS7 5HB PHONE: 0268 793361 NO MANUAL CONTROLS

LYS Electronic Components, 10 Westbrook Road,
Porchester, Hants PO16 9NS
Tel: (0705) 386550 Tel/Fax: (0705) 388303 (24hrs)

SPECIAL OFFERS

CATALOGUE £1.00 + 25p P&P
LEDH 3mm ar Smm rad or grean 1 Bpeach yiow 1 1p aach
g:l_:;mmm Qien ar yallow S i 3le-zach
Say

RING 0442
66551 AND ASK
ABOUT SERIES

DISCOUNTS &

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 £28.50,
Prices include U.K. P&P. Larger /
mounted panels available.

TECHNICAL WORKSHOP
manuals for 3.5 inch disk drives,
most makes. £5.00 each. Phone
0493 441394

19-amch £5.96 par 1000 S48.50 per 10,000

High ually plhot resist sapper Glad apary giass boass .
Dieersene vk B doubje B
Tidinchis 0E £107
4x8 inches £240 £268
B6x12 Inches £537 —
12x12 inches £1066 —
Special Offers
Compuler grade capacilors with screw lerminais 38000u! 20v
87000uf 10v £1.95, 68000uf 15v £2 95, 10000ul 16v £1.50
T seomers commir aoce ed dispey 12mm . £045
LM2351AT5 ow dram out 5y regulalor TOPX package ... £0.85
BE250 P cnanna! mostet E0L4S, gﬁ!!l’r rarmisk £3.55 g9t 100
TALEGS e ryerior £10.00 pal 10, used 1748 Microcorarler £3.50
TV Mt swiich 14 dousile pole wiy momeniry coriaets lar remote
corring paok ol |0 £3 95 bew of fi0 01885
OG-0 banyriar Aglabidiy modet V1 3PS 12 0 Sy 200ma oyl 300v
Inpat I oufput cafon with duss £4.95 sach o pack of 10 £38.50
Haur counter unert 7 digt 24l 2 S0Hr i £145
Fmiiglor pach 22060 meslmom 11820 50 dfiemet wiley .£8.95
QWERTY Kiyboar 54 kaygood qualty swictes nea . £5.00
CIWERTY huyboart saih senal auphil no-dats {used) E500
Wie ratige o GO TTL M 74F Linear Trunuision kits
rechargabie batteries capacilors (ools elc always in stock Please add
95p towards P&P val included
JPG ELECTRONICS
276-278 Chatuwoath Razd Chestarfield S40 2BH

Access/Visa Orders {0248) 21 1202 callers welcome

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

64

DEADLINES

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.

T g FUTURE COPY | iers o Bob eyes Gia D

Gwent. NP9 8AX.

ARTICLES WANTED

WANTED
Recervers, Transmitfers, Tast Equipment,
Companents, Cable and Electroniz. Serap,
Boxes, PCB's Plugs and Sockels, Computers,
Edge Conngctors.

TOP PRICES PAID FOR ALL TYPES
OF ELECTRONICS EQUIPMENT
A.R. Sinciair, Electronics,
Stockholders, 2 Normans Lane,
Rabley Heath, Welwyn, Herts AL6 9TQ.
Telephone: (438 812 193

Mabile: 0860214302. Fax: 0438 812 387

ETI SEPTEMBER 1991




E L ECTROMMART

LIVERPOOL

PROGRESSIVE RADIO
87/93 Dale Street  Tel: 051 236 0154
47 Whitechapel Tel: 051236 5489

Liverpool 2

Open: Tues-Sat 9.30-5.30

‘THE ELECTRONICS SPECIALISTS’

LONDON

.

__-'_—". I'-.v'.-" 41 | ‘_. ."..-.—= S ERI Ter et '.
DIRECT ELECTRONICS ALL PARTS i
ELECTRONICS COMPONENT SPECIALISTS TV & Video spares emporium !
627 ROMFORD RD, Perg Vid Plllle‘:;:e&::r ;llﬁts R::lce o'nusel:::;:m £1095
MANOR PARK = A A -
LONDON E2 SAD Allyour T3 & Video noss here m Livoemaol
el: 081-
Mon-Sat 10-6 pm/Thurs 10-1pm
We stock a large rage of TV & Video spargs

LOUDSPEAKERS
b0V S

0 -
%endfoerREp‘be&PLZO
and Focal data sheet.
All we ask for is a large S A E_ (34p stamg)
or $2 bill (am overseas
(Totas Kaisi:
Focal, KEF Constructor. Sees. efc.

FOCAL KEF. Aadax
Coles, Peerless. Seas. Sare.
Elac Metal Dome, Scanspeak. eac
Also GroupyDesce Uris

Active & Passive Comparerts.
Accessories, Polypropyene Caps

Back Issues: Speaker Buider. Auric
Amateur & Glass Audio - iots of Boors
_ Full details from

MISCELLANEOUS

KITS, pians, etc, for surveiltance,
protection (sonic and HV). ~007"
gear. Send 2 x 22p stamps. For list
ACE(Tl), 53 Woodland Way,
Burntwood. Staffs.

SERVICE MANUALS

IF YOU ARE
CONSIDERING
ADVERTISING IN
ETI MAGAZINE,
BUT NEED MORE
DETAILS, CALL
JAMES TROTT ON
0442 66551

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.

PROTOTYPE
DESIGNER

SERVICE MANUALS |

Available for most equipment
TV's, Video's. Test. Auio et

Write or phone tor quote
MAURITRON (HRT).
8 CHERAY TREE ROAD,
CHINNOR, OXON 0X9 4QY
TEL (0844) 51694 FAX (0844) 52554

SPECIAL DISCOUNT
TO SCHOOLS AND COLLEGES

NOW AVAILABLE
PROTOTYPE DESIGNER
- . Grey case,blue sloping top,
panel incorporating +5 Volls al
500mA and + - 5 10 + - 15 Voits
At 14 independantly adjusted lo
improve ragulation. All supplies
it WSS are ghiort circull protected

PRIC! 5 +£4 50 P&P. Sehools and Colleges £78

+ £4.50 P&P iphatocopy of student union card (eguired an

proof Plessa aliow 28 days delivery

WRITE TO Audio, Video, Design Sernvices,

26 Lavishaw Close, Buxton, Norwich, NR10 SHO |

COURSES

MAKE YOUR INTERESTS PAY!

Qver the past 100 years more than 9 million students throughout the world have found
it worth their while! An ICS home-study course can help you get a better job, make more
money and have more fun out of life! iCS has over 90 years experlence in home-study
courses and is the largest correspondence school in the world. You learn at your own
pace, when and where you want under the guidance of expert 'personal’ tutors, Find out
how we can help YOU. Post or phone today for your FREE INFORMATION PACK on the
course of your choice. (Tick one box oniyt

s 00

. i TV, Video & ‘
| | Eectronics [l HI-F| Servicing O .
I Basic Electronic | Refrigeration & 0
Engineering (City & Guilds) Air Conditioning I
B [Ecctrical enginesring 1| car mechanics Il |
| RErne Contracting/ Computer B -
I Instaliation O Programming O l
l GCSE/GCE/SCE over 40 examination subjects to choose from ] =
Mame Address — '

Internationa Correspondence Scnools, Dept EBSET 12/ 314 High Streat, Sutton, Surrey SM1 PR,

‘ Iﬂs Telephone: 081645 9558 or D41-221 2526 (24 hours! Dept EBSa1

Start training now for the following
courses. Send for our brochure —
without obligation or Telephone us on

0626 779398

ETI/09/91

a

Telecomms
Tech C&G 271
O Radio Amateur
Licence C&G
O Micro-
processor
Introduction to
Television

Name

(]

Radio & Telecommunications Correspondence School
12 Moor View Drive, Teignmouth, Devon TQ14 9UN

Electromart £24.00 + VAT per insertion. Send to ETI Advertising Dept, ASP, Argus House, Boundary
Way, Hemel Hempstead, Herts HP2 7ST.

[] FORSALE [] kiTs [] PLANS [ ] courskes [] OTHER (PLEASE STATE) |
| ALL CLASSIFIED ADVERTISEMENTS MUST BE PRE-PAID. INAME) ..o SO, I e S, s o T |
THERE ARE NO REIMBURSEMENTS FOR CANCELLATIONS.
AArESS ..ot
| | enclose my Cheque/Postal Orderforg ................... for....... ; |
insertions, made payable to Argus Specialist PUDIICAIIONS.  «ooviiimimimmmmii e Postcode .............. |
(*Delete as necessary) or DAYHIME TEL NO ....vovevivvieeeeceeeieieeesetes st eseteseseseseseseseaesesensenenens
PLEASE DEBIT MY ACCESS/BARCLAYCARD NO. 1 |
| SIGNALUTE ..eoeeeiiiiie e Date..............

L] |

EENENEE

insertions

EXPIRY
DATE

= 1

I_E ...............................
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'I‘hQ Nightfightrer, the rack-mount lighting control system is
still very much in our thoughts next month. The second part
introduces a Triac switching board. This additional high-power
switching element will receive instructions from the master
controller to blitz the disco floor or party with directional light
and colour.

We also present an article on the history of the resonant
cavity Magnetron, the device that has given us microwaves to
help the war effort in the early days of aeroplane detection to its
developmental modern-day use for cooking TV dinners.

Usual features include Back To Basics on simple resonant
ciricuits, Circuit File looks at modern Unijunction transistor
circuits and we present the last part of Fire Detection Systems.

Projects include, a test bed for proto-type circuits using a
variable power supply with bread-board, a mains failure alarm,
freeze alarm and a power on and overload indication circuit.

The October issue of ETI is available at your newsagent
from Friday 6th September

The above articles are in preparation but cii may p bl

P

’l‘he August issue contained articles on:
Two projects for Model railway control

The Hemisync Machine — Encouraging brain-wave
patterns Part 1

Field Programmable Gate Arrays
Loudspeaker damping problems
Medical Laser systems

Fault-finding in electronic equipment Part 1

Back issues are available from Select Subscriptions
(address on page 3)
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| Jyer RELEASED 2z

» THE ULTIMATE <«

XV2000 Video Companion

..Keeomg youmtheplietare forthe 705s in sty

“CUSTOM MADE CASE EASY TO FOLLOW
INBLACK bLAS IC INSTRUCTIONS

COVERED STEEL™

LOOKS EVEN BETTER
FROM THE BACK!

MODULES AVAILABLE

LOOKAT HIDDEN
SATELLITE SIGNALS

» MULTE :—' AMNNEL EXPAMDABLE

2E 1P T0 & CHANNELS: PICK

¥
> i ASSEMBLED/
TESTED
> s TOmsTIC BNTERFACE TO SKY
FILMNET VIDEO £79.99 £36.99
> NTEGRAL POWER SUPPLY-3 AM FILMNET DIGITAL STERO AUDIO
P BEAUTIRALY STYLED CASE = | (NEEDED '92) £125.00 £89.99
> VIDED LOCE THROUGH OR | TELECLUB £125.00 £79.99
MO CANAL PLUS/RAI
> INTES #4507 TO ALL TUNERS INC. AUDIO (DISCRETE) £155.65 £99.99
» AD 210 ROUTING FOR SECAM TO PAL
FIL® _ PLUS_ESSENTIAL FOR CONVERTER (SECAM) £99.99 £69.99
‘72 TECH DUAL SECAM-
» AU WITCHES VIDEO RAI/CANAL PLUS (DisCrReTE/sECAM)_£216.52 £149.99
S RTL4 (DUTCH/ENGLISH) £79.99 £39.99
> AU Y SWITCHES AUDIO STEREO MODULE £99.99 £74.99
: . IF UHF MODULATOR NEEDED
> S EGNER STEREO MODULE- (NO LOOP THRU) £15.00 £15.00
. | LEADS (State make of tuner when ordering)
> D20 AND AUDIO QUALITY REMAINS VIDEO COMPANION XV2000 TO TUNER £4.99
y Y INTACT AS BROADCAST SCART LEAD £6.99
B O COMPROMISE-JUST PERFECTION SKY MOVIES DIAGRAM £35.00
> SC CONNECTION DIRECT TO

> :l-n‘f_i_‘:"’?OECc))u LES FULLY UPGRADEABLE GET THAT PROFESS’ONAL
| LOOK AT THE FINISH

INNOVATION HOUSE - ALBANY PARK
FRIMLEY ROAD - CAMBERLEY - SURREY - GUI15 2PL

11-TECH WY [RIYIYM BUILD IT YOURSELF

INNovATIVE DI 0276-684716 AU IPRYNY S {elV], [0

ELECTRONICS MONDAY to FRIDAY - 9-00am—7-00pm e (E— —
L1 ®1TED SATURDAY - 10-00am —4-00pm IE ==L E!

P ALL PRICES EXCLUDE VAT P LEADS AND DELIVERY EXTRA > SECURIOR DELIVERY EXTRA




 Over 600 product packed pages with more

1992 BUYER'S GUIDE TO ELECTRONIC COMPONENTS

*
L

Maplin shops nationwide. Hundreds of new products @ °

.

On sale |

at super low prices

Available from all branches of WHSMITH and |

from September 6th, only £2.75

than 600 brand new products.




