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M POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS-
LOUDSPEAKERS-18 INCH STEREO RACK AMPLIFIERS

OMP POWER AMPLIFIER MODULES Supplied ready built and tesied.
OMP POWER AMPLIFIER MODULES now enjoy a world-wide repulalion lor qualty, reliability and
performance at a realistic price. Four models available to suil Ihe needs of the prolessional and hobby market. 1 Induslry,
Leisure, Inslrumenlal and Hi-Fi elc When comparing prices, NOTE all models include Toroidal power supply, Inlegral heal sink
Glass fibre P.C.B., and Dnive circuits lo power compatible Vu meter Open and short circuit prool

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP100 Mk 11 Bi-Polar Output power 110 watts
RMS. 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 « 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 Response 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 x 123 x 60mm

PRICE £39.99 + £3.00 P&P.

OMP/MF200 Mos-Fet Qutput power 200 watts R.M.S.
into 4 ohms, Frequency Response 1Hz — 100KHz
—3dB, Damping Factor >300, Slew Hate 50V/uS,
T.H.D. Typical 0.001%, Input Sensitivity 500mV, S.N.R.
—130dB. Size 300 » 155 * 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,
TH.D. Typical 0.0008%, Input Sensitivity 500mV,
S.N.R. —130dB. Size 330 x 175 x 100mm.

PRICE £79.99 + £4.50 P&P.

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

Vu METER Compatitle with our four amplifiers detailed above. A very accurate visual
display employing 11 LE.D. diodes {7 green, 4 red) plus an additional oniaff indicator
Sophisticated lugit cantral circuits for very fast rise and decay limes. Tough moulded plastic
case, with linted acryhc front. Size 84 x 27 x 45mm.

PRICE £8.50 + 50p P&P.

*PRICES INCLUDE V.A.T. * PROMPT DELIVERIES * FRIENDLY SERVICE *
LARGE S.A.E., 30p STAMPED FOR CURRENT LIST.

OMP VARISPEED TURNTABLE CHASSIS.

& MANUAL ARM % STEEL CHASSIS * ELECTRONIC SPEED CON
TROL 33 & 45 % VAR| PITCH CONTROL % HIGH TORDUE SERVO

DRIVEN DCMOTOR # TRANSITSCREWS “ 12 DIE CAST PLATTER %
NEON STROBE “ CALIBRATED BAL WEIGHT * REMOWVABLE HEAD
SHELL # 15" CARTRIDGE FIXINGS  CUE LEVER # POWER 220,240V
5060z % 300« 305mm % SUPPLIED WITH MOUNTING CUT-OUT

TEMPLATE
PRICE £59.99 + £3.50 P&P.

STANTON AL500
PRICE £16.99 + 50p P&P

GOLDRING G850
PRICE £6.99 + 50D P&P

THOUSANDS PURCHASED
BY PROFESSIONAL USERS

HIGH F'CJW[FI TWO CHANNEL 19 INCH FIA("I-.

- - € a

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: * Independant pawer supglies with two Toroidal Translormers » Twin L.E.D. Vu meters % Rotary
indended level controls * lluminated onioff switch # XLR conneciors * Standard 775mV inputs * Open and short
circuit proof * Latest Mos-Fets for siress free power delivery into virlually any load % High slew rale * Very low
distortion * Aluminium cases * MXFBOD Fan Cooled with D.C. Loudspeaker and Thermal Protecnon

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

SIZES:— MXF 200 W19"xH3%" (2U)xD11"

MXF 400 W19"x H5%" (3U)x D12"

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.A.E. (30p
STAMPED) FOR COMPLETE LIST.

— INSTRUMENTS, P.A., DISCO, ETC.

ALL McKENZIE UNITS 8 OHMS IMPEDENCE

8”100 WATT C8100GPM GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID .. DISCO

RES, FREQ, 80Hz FREQ, RESP, TO14KHz SENS,99dB . . .. ... .. PRICE £29.30 + £2.00 P&P
10” 100 WATT C10100GP GUITAR, VOICE, ORGAN, KEYBOARD, DISCO, EXCELLENT MID

RES, FREQ, 70Hz FREQ, RESP, TO6KHz SENS 100dB PRICE £35. 58+ £2.50 P&P
10" 200 WATT C10200GP GUITAR KEYBOARD, DISCO, EXCELLENT HIGH POWER M

RES, FREQ, 45Hz FREQ, RESP, TO 7KHz SENS, 103dB PRICE £48. 67+ £2.50 P&P
12" 100 WATT C12100GP HIGH POWER GEN, PUHPOSE ‘LEAD GUITAR, DISCO

RES, FREQ, 45Hz FREQ, RESP, TO 7KHz SENS 98dB PRICE £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, 10 P \CE £38.58 + £3.50 P&P
12" 200 WATT C12200B HIGH POWER BASS, KEYBOAHDS DISCO PA

RES, FREQ, 40Hz FREQ, RESP, TO 7KHz SENS, 100d RICE £65. 79+ES 50 P&P
12" 300 WATT C12300GP HIGH POWER BASS LEAD GUITAR KEYBOAFIDS DISCO

RES, FREQ, 45Hz. FREQ, RESP, TO 5KHz. SENS, 100dB E £87.51 + £3.50 P&P

15" 100 WATT C15100BS BASS GUITAR, LOW FFIEOUENCY P A DISCO
RES, FREQ, 40Hz FREQ RESP, TO 5KHz SENS, 984d| PRICE £55.05 + £4.00 P&P
15" 200 WATT C15200BS VERY HIGH POWER BASS
RES, FREQ, 40Hz, FREQ, RESP, TO 4KHz SENS, 99dB
15" 250 WATT C15250BS VERY HIGH POWER BASS -
FIES, FREQ, 40Hz, FREQ RESP, TO4KHz SENS, 99dB PRICE £82.54 + £4.50 P&P
15" 400 WATT C15400BS VERY HIGH POWER, LOW FREQUENCY BASS

RES, FREQ, 40Hz FREQ, RESP, TO 4KHz SENS, 102dB PRICE £96.47 + £4.50 P&P
18" 400 WATT C18404BS EXTREMELY HIGH POWER, 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 (Lxcep! EB8-50 & EB10-50 which are dual impedence /apued (1 4&§ohm

BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED FOAM SURROUND

8" 50 WATT EB8-50 DUAL IMPEDENCE, TAPRED 4/8 OHM BASS, HI-FI IN-CAR

RES,. FREQ, 40Hz FREQ, RESP, TO 7KHz SENS, 87dR PRICE £8.90 + £2.00 P&P
10" 50 WATT EB10-50 DUAL IMPEDENCE, TARPPED 4 8 OHM BASS, HI-FI IN-CAR

HES, FREQ, 40HZ FREQ, RESP, TO 5KHz SENS S9dB PRICE£12.00 + £2.50 PAP
107 100 WATT EB10-100 BASS, HI-FI, STUDIO

RES, FREL. 35H2 FHEO,HEEP.TOSKH? SENS, 9608 PRICE £27.76 + £3.50 P&P
12" 60 WATT EB12-60 BASS, HI-FI, STUDIO

RES FREQ, 28Hz FREQ, RESP, TO3KMz SENS, 92dB ..-PRICE £21.00 + £3.00 P&P
12" 100 WATT EB12-100 BASS, STUDIO, HI-FI, l')(LI:I LENT DISCO

RES, FREQ, 26Hz. FREQ, HESF‘ TO3KH: SENS, 8348 PRICE £38.75 + £3.50 P&P
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND

5v4" 60 WATT EB5-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC.

RES, FREQ, 63Hz. FREQ, RESP, TO 20KHz. SENS, 92dB! 3y e PRICE£9.99 + £1.50 P&P
6" 60 WATT EBE-60TC (TWIN CONE} HI-FI, MULTI- AFIFIAY DISCO ETC
HES, FREQ, 38Hz. FREQ, RESP, TO 20KHz. SENS F4dl

8" 60 WATT EBB-60TC i'I'WIN CONE) HI-FI, MULTI-, ARFMY I?ISCO ETC.
RES, FREQ, 40Hz FREQ, AESP, TQ 18KHz. SENS, 89dB PRICE £12.99 + £1.50 P&P
10" 60 WATT EB10-60TC (TWIN CONE) HI-F), MULTI- ARRAY [}iS"G ETC
RES, FREQ, 35Hz FREC, RESF. TO12KHz. SEN‘:‘» BEdR ... PRICE£16.49 + £2.00 P&P

PRICE £75.10 + £4.00 P&P

PRICE£10.99 + £1.50 P&P

PIEZO ELECTRIC TWEETERS-MOTOROLA

SECURICOR DELIVERY £12.00 EACH
OMP LINNET LOUDSPEAKERS

THE VERY BEST IN QUALITY AND VALUE

INCAR STEREO
BOOSTER AMPLIFIER

MADE ESPECIALLY TO SUIT
TODAYS NEED FOR COM-
PACTNESS WITH HIGH OUTPUT
SOUND LEVELS  FINISHED [N
HARDWEARING BLACK VYNIDE
WITE PROTECTIVE
GRILLE AND CAFIJHIN HANDLE
INCORPOSA

TWO SUPERB IIIGH
POWER CAR STEREQ
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 OUTPUT
PROTECTION

* POWER REQUIREMENT 12V D C

PRICES: 150 WATT £43,00

300 WATT £95,00 + £3 00 P&P EACH

HORN FOR FULL
“45Hz-20KHz BOTH
W SIZE H1B" x W15"
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
Join the Pieza revolution, The lo
response with a lower disto
be added to ewisting speaker
SUPPLIED WITH EACH TWEETER

mwester produces an impeoved transient
er is not required these units can
= FREE EXPLANATORY LEAFLETS

KSN2038A) und with protective wire
3 and medium sized Hi-fi
= 90 each + S0p P&P

KSN1003A) 3 per hom, For general
= P A zystems eic Price

on horn. For
 Price £6.99

Price £9.99 each ~

graphic equalisers and twin

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 5AMP,
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

£8.62 + £1.00 PAP

3 watt FM
Transmitter

VuMeters. Many outstanding fea‘hrec
with individual faders providing & us=!
bination of the following
3 Turntables (Mag) 3 Mics_ 4
plus Mic with talk cver switch H
tor. Pan Pot L. & A Mastar
Output 775mV. Size 360~ 280
220-240v,

Price £134.99 — £4.00 P&F

POSTAL CHARGES PER ORDER £100 MiVIMLIM OFFICIAL ORDERS WELCOME FROM
SCHOOLS, COLLEGES, GOVT BODIES, ETC. PRICES INCLUSIVE OF V.AT SALES COUNTER.
VISA ACCESS ACCEPTED BY FOST, PHONE OR FAX

B. K. ELECTRONICS o

UNIT 5, COMET WAY, SOUTHEND-ON-SEA, ESSEX. S52 6TR

TEL: 0702-527572 FAX: 0702-420243
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WHY .
NOT niatazine in town

WHEN — what about NOW

— just complete the coupon

HOW

or telephone our
hotline

Please commence my subscription to E.T.l with the issue

| enclose my cheque/money order for £
or please debit my Acess/Visa

payable to ASP

SUBSCRIPTION RATES (I LI LTI TITT] vaiarom 0
UK. £19.20 EUROPE £24.10 MIDDLE EAST £24.40 _
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BINDERS
BOHM ORGAN STUDIOS

66 Ashchurch Drive, Wollaton, Nottingham, NG8 2RA
Telephone / Fax: 0602-284766

BOHM High Speed Eparom Programmers

256 Kbit Micro-Prom

1 MBIt Micro-Prom 2000

4 Mbit Micro-Prom 2001

Eaprom Erasers LG05 5 Eaproms
LG10 10 Eaproms (With Timer)

Specialist ICs d

BOHM E510 Touch-Sensitive Keyboard Controlle
supplied with full DATA (Available Separately). #
TDA 1024 Bucket Brigade. -

Specialist Components

Palladium Bus-Bars.
Palladium Wire.
Contact Systems for Pianos and Organs.

BOHM Kits

MIDI Keyboard Kit for up to 96 Notes (Uses E510).
MIDI Retrofit kits for most organs.

MIDI Pedal Kits — 13 /18 / 25 / 30 Pedals.

MIDI Controller with all MIDI features.

Disc Drive for MIDI Controller.

MIDI Mixer 4 x 'IN’, 4 x ‘OUT".

Selection of adjustable Organ Stools.

High Quality Amplifiers and Loudspeakers.

Full range of high quality, full specification

Organs, Keyboards and Expanders

Please write or phone for further information and Prices

THE BOHM SPECIALISTS

ETI OCTOBER 1991

Keep your copies in first class condition
Keep your collection of
ELECTRONICS TODAY INTERNATIONAL
in mint condition with
these specially
commissioned binders.
The price is just £6.95
which includes postage
and packing.

How to order

send cheque/p.o. to ASP
BINDER OFFERS, Argus
House, Boundary Way, Hemel
Hempstead, HP2 7ST

TELEPHONE ORDERS (24 HRS)

| Please supply ETI BINDERS @ £6.95 each inc. p&p 1

l Total £ .. ... (Please make cheques/postal orders payable to A S.P.) ]

ACCESS/VISA Signature : :

Please allow 28 days (or delivery
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Editorial

There has been a growing de-
mand once again for technology
to offer a helping hand in the pro-
cess of bettering or maintaining
ones personal welfare. 'm think-
ing of electronic machines to
releave pain on the one hand and
pocket electronics that hope to
alter our state of consciousness
on the other. Our recent Hemi-
sync machine along with many
other projects in the past are
prime examples. But one thing in
common with these ‘specialist’
machines available commer-
ciallyis their disproportionate
cost to any other electronic
equipment of equivalent size on
the market today. As to why this
is, [ will leave the decision to you,
but at a self-constructional level
within the confines of magazines
like ETI, it has to be an area of
project construction that for
once, is financially attractive to
build.

Using electricity and mag-
netism to banish ailments is not
radically new despite its infancy
in the electro-technological age.
One could call it a rediscovery in
some cicumstances for Tesla that
genius ahead of his time, experi-
mented many decades ago with
high frequency currrents for the
purposes of healing wounds.

It is true that Biofeedback, a
technique of conscious control
over ones bodily regulatory
mechanisms enhanced by elec-
tronics has only emerged more
recently with the use of sensitive
operational amplifiers. Indeed
electronics may only be a tem-
porary helping hand in achieving
total body control.

Whatever the ultimate aim,
provided the demand is there
and it appears that it is, the elec-
tronic forces in nature will con-
tinue to help provide a support
for our well-being.

Paul Freeman

PS Twin Worlds

By the way, do let me know if you
come across another human
race. Last month I seem to have
slipped into the plural in the edi-
torial column.




telepoint networks.

that out for yourself.

the swanee.

hall is doubtful!

rate has fallen by 10%.

K, I'hateto sayit, but told you so, didn't1? Wasn't
it yours truly who, in these very hallowed pages,
prophesied doom and gloom in the personal commu-
nications sector? If you cast your minds back to the
June 1990 issue of ETI, in this very column, [ warned
about potential problems in the cellular telephone and

Well, all the chickens are starting to come home to
roost now, and many of these networks are obviously
having economic problems. You’vé”bnly to look at
what's happened over the last few months to figure

First, Callpoint - one of the four licensed telepoint
operators has effectively collapsed, and will be out of
business by the time you read this. Callpoint had three
equal shareholders: Cable and Wireless (parent com-
pany of Mercury Communications), Shaye Commu-
nications and Motorola. There had been rumblings for
months before the collapse, and rumours were rife
about what was going to happen to Callpoint. Indeed,
Mercury’s chairman had indicated back in June there
was a possibility of Callpoint merging with Mercury’s
personal communications network operator Mercury
Personal Communications. In retrospect, it would be
hard for Mercury to deny it didn't know that telepoint
was, and still is, a more-or-less dead duck.

Incidentally, in a not entirely unrelated move,
Motorola has sold its 40% share in Mercury Personal
Communications back to Cable and Wireless. I'll get
back to Motorola and its current fortunes in a while,

Creditphone, the telepoint operator ownedin the
main by Ferranti may have closed, too, by the time ETI
hits the streets. If Ferranti can find a buyer of its 68%
share in Creditphone, it might have managed to save
itself, but if no buyer is found; there’s another one up

That only leaves two telepoint operators cur-
rently functional. Phonepoint and Hutchison Personal
Communications. Hutchison, incidentally, bought out
Philips’, Barclays' and Shell’s share of the original
license holder BYPS Rabbit. But that's not all: British
Aerospace has bought a 30% stake in Hutchison Tele-
communications, the parent company of Hutchison
Communications. This is where the going gets hard to
fathom. In the deal, British Aerospace handed over
control of its personal communications operator Mic-
rotel to Hutchison. Meanwhile, Hutchison already
owns Millicon; a radio-paging operation and is one of
the existing cellular operators. There’s got to be a mes-
sage in this situation — essentially that there’s probably
too many communications operators across too many
types of services — but whether anyone’s taking any
notice of this message up in the ivory towers of White-

Inthe cellular sector things are getting a bit sticky,
too. Recent financial interim results announced by
Securicor show it's share of profits in Cellnet fell by
nearly 40% from last year. Cellnet’s growth in new sub-
scribers had fallen dramatically, and the service’s call

Now we're all aware there’s a recession and we
haven’t seen the worst vet, but there’s got to be an

underlying reason for all these problems, takeovers,
buyouts and collapses.

The chips are down?

It’s not unfair to say that Intel, developers and manu-
facturers of the microprocessor chips which have pow-
ered the majority of the world’s personal computers
for the last ten years or so, are about to go through one
of their toughest fights ever,

Despite always championing the world over
recent times with their 8080, 8086, 80286, 80386 and
now 80486 personal computer microprocessors, and
despite always developing ‘souped up’ chips, just to
satisfy power hungry computer and car users and
market-led computer and car manufacturers, it looks
like their experience in the Garden of Eden isn’t going
to help them in the wilderness.

There are two reasons why this is so. First, Ford
has recently adopted Motorola as its development
agent for engine management microprocessors and
systems. For the last eight years, Ford used Intel.

Second reason is a bit more subtle. You see, IBM,
whose computers most others have to be compatible
with to even stay in business, is set to form an alliance
with the most unlikely partner you could ever think of:
Apple.

For years, the only computer which could ever
sustain significant sales while not being IBM-compati-
ble has been the Apple Macintosh. Not only is it not
directly compatible with [BM (it uses a totally different
operating system to IBM’s PC-DOS) but it laughed
directly in IBM’s face with a much friendlier yet just as
powerful computer system. Consistently, Apple has
never licensed its computer software to any other com-
puter manufacture with the result that Apple compu-
ters were, and still are, unique. Even Microsoft’s Win-
dows 3, the front-end system designed to give PC-
DOS computers just a hint of Apple’s user-friendliness
isn’t a patch on the real thing

Now though, IBM and Apple are in bed to design,
develop and manufacture a totally new generation of
computers based on reduced instruction set computer
(RISC) chips. Apple has now licensed its software to
[BM, and because Motorola has consistently backed
Apple with its 68000 series of microprocessors for the
Macintosh, Motorola has the exclusive licence to
manufacture these RISC microprocessors.

This is all rather a slap in the face for Microsoft,
too. They are in the midst of legal action taken by
Apple against certain features of Windows 3 which are
said to infringe the Macintosh user interface so drasti-
cally that they represent a breach of copyright.
Whether Apple wins or loses this legal action, they
can't lose in the longer term. Microsoft is effectively
being elbowed out as an operating system supplier.
Committed IBM and IBM-compatible users can now
look forward to an authorised Apple user interface,
without all the hassles of PC-DOS.

Paraphrasing my favourite TV personality of the
time, Bart Simpson; Intel, eat Motorola’s shorts! Micro-
soft, eat Apple’s.

Keith Brindley
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A new £250,000 high-voltage
research laboratory was
opened in July at Southampton
University by Mr Arthur Walsh,
chairman of Northern Telecom
Europe Limited. The lab has been
funded in full by Northern
Telecom as part of its investment
programme in European-based
research and development.

“This new laboratory at Sou-
thampton University will be a
major centre for high voltage
research in the United Kingdom,”
Mr Walsh said. “It will offer new
opportunities in the training of
undergraduates while providing
specialised testing facilities forthe
cable industry.”

Northern Telecom, through its
subsidiary STC Submarine Sys-
tems, has been associated with
Southampton University through
the department of electrical engi-
neering for several years. Much of
the collaboration has been in
research programmes relating to
the design and behaviour of
underwater cables. A year ago, a
teaching programme was deve-
loped to complement the
research initiatives.

The department of electrical

engineering at Southampton Uni-
versity has an established reputa-
tion for high voltage research,
focusing primarily on the electri-

cal propetties of solid dielectrics
and the long term ageing and
breakdown processes in
polymers. All these areas are of

special importance to manufac-
turers of cables. STC has collabo-
rated on a number of projects at
the university.

MICROWAVE SWITCHED

MODE POWER SUPPLY

ETI OCTOBER 1991

horn Microwave Devices

Limited has intfroduced a new
range of compact, lightweight,
low noise, switched mode power
supplied for modern coherent
radars, including multi-mode,
pulse compression and doppler
systems. They are also well suited
to Electronic Warfare (EW), com-
munications and instrumentation
applications.

Designed for operating in a
harsh airborne environment,
Transpax power supplies offer
high efficiency and reliability.
They will drive helix, ring loop,
coupled cavity travelling wave
tubes {TWTs) and extended inter-
action klystrons (EIKs), operating
from 1-60 kilowatt peak RF out-
put power with average power up
to 1.6 kilowatt.

The high efficiency of the
Transpax range is achieved by the
extensive use of high voltage solid

state technology. A very low
phase noise of only 0.1 degrees
rms (—95dBC/Hz) is specified on
current units; this wilt be improved
still further on future models.
Transpax power supplies fea-
ture: a choice of modulators for
operating tubes with intercepting,

“non-intercepting grids, or focus

electrode electron guns; short
pulse performance for high defin-
ition radars; and continuously
variable pulse lengths up to 45
microseconds.

For applications up to 25 kilo-
watt peak RF output power, the
HT modules are of potted con-
struction and conduction/air
cooled. Above this power, up to
60 kilowatts, liquid cooling is nor-
mally required, depending on
application.

Further information contact:
Tony Smart, Thorn Microwave,
Tel: 081 573 5555.
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NEW VEHICLE ALARM

ucas Automotive, through its

Electronics Division, have
reached an agreementwith Cobra
Enterprises for the subsequent
exploitation of a unique vehicle
alarm technology. Cobra, the Tor-
onto and Vancouver based adv-
anced electronics company, has
developed an intelligent vibration
sensing system using sequential
digital interpretive filtering to dif-
ferentiate  between  specific
attacks on the vehicle like a
smashed window and normal
interferance such as nudges and
bumps or passing heavy traffic.
The system has undergone rigo-
rous tests by Lucas and found to
be totally immune to vigorous
rocking of the car yet able to
detect the removal of a wheel or
forcing of a lock.

The essence of the technology
is contained within a ‘golden ball
sensor’. The SDI software deve-
loped over many years, has had

many thousands of hours of tests
in which a range of vehicles from
mini cars up to station wagons
and light trucks were subjected to
motion and vibration analysis.
This form of vibration sensing and
filtering has been used for some
time in the defence industry, parti-
cularly in anti-tank land mines
where the technique is used to dif-
ferentiate between heavy
armoured fighting vehicles and
light or so called soft targets. This
is believed to be the only success-
ful application of this technology
to vehicle security.

The Cobra system is currently
an OE fit on the SAAB range of
vehicles and discussions are at'a™
very advanced stage between
Lucas and several European
Vehicle manufacturers for the use
of this, and other technologies in
comprehensive vehicle protection
systems currently under develop-
ment by Automotive Electronics

Division.

Vehicle securityis probably the
fastest growing sector within the
automotive electronics market

i

place at the moment because of
the epidemic levels of car thefts
and break-ins throughout Europe.

Novice Licence, which was
proposed by the Radio
Society of Great Britain, is the big-
gest change to UK amateur radio
in 25 years. It is intended to bring
more beginners into the hobby,
especially young people. The
Novice Licence will involve a short
training course, a straightforward
multi-choice examination and an
optional Morse Test. It allows the
world of amateur radio to be
entered more easily than ever
before. It is hoped and expected
that most Novice Licensees will go
on to study for the full Amateur
Radio Licence.
The introduction of a Novice
Amateur Radio Licence in the UK

marks a significant step forward in
therecognition of the educational
value of amateur radio. The
Novice Licence allows low power
operation on certain designated
amateur bands as a workable and
pleasurabe stepping stone to a full
UK Class A or B Licence.
Training for the Novice is
based on the principle of ‘learning
through doing’. Emphasis is on
practical training and the encou-
ragement of constructional and
operating skills. Training progress
is continuously assessed dﬁring
the course and understanding
and retention checked and rein-
forced by means of agmultiple
choice examination which is

NOVICE LICENCE TRAINING SCHEME

taken after completion of the
course.

To obtain the Novice B Ama-
teur Radio Licence one must first
successfully complete a practical
training course run by the RSGB
and then pass the Novice Radio
Amateur Examination (NRAE —
subject number 773) conducted
by the City and Guilds of London
Institute.

To obtain the Novice A Ama-
teur Radio Licence, the above
qualifications are required plus a
pass in the Novice Morse Test (5
wpm), conducted by the Radio
Society of Great Britain.

Existing full Class B radio
licensees can be given access to

novice frequencies below 30MHz.
Full Class B licensees are also eli-
gible to become Class A novice
licensees, if they pass the 5 wpm
Novice Morse Test. Such a licen-
see will hold both a Novice and a
full Class B Licence with both
Novice and full Class B call signs
and pay fees for both licences.

Nevertheless, it is expected
that the UK Novice Licence will
attract people from all walks of life
and all age groups. The Licence
may well be particularly attractive
to disabled people where in many
cases amateur radio could be
their doorway to the world.

MULTI-POINT THERMAL CONTROLLER/MONITOR

he SR630 can monitor 16

independent input channels,
each separately configurable for
seven different types of thermoc-
ouple. The front panel digital
reading can be displayed in
degrees Fahrenheit, Celsius or
Kelvin as well as millivolts and
volts — all with a 5-digit resolu-
tion.

Each thermocouple input is
scanned 12 times per second.
Built-in digital filtering reduces
noise while all 16 channels can be
sequentially scanned with dwell
times user-variable from 0.5 to
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9,999 seconds.

Audible alarm limits may be
preprogrammed for each channel
setting the upper/lower limits of
tolerance before the alarm
sounds. Additionally, a relay out-
put is part of the alarm facitility
allowing any systems or parts of a
system to be instantly closed
down or switched to a fail-safe
mode. Isolated differential inputs

have a 250V breakdown level
allowing the SR630 to be used in
difficult applications such a tem-
perature profiling of electrically
live equipment.

A printer output suppotts two
forms — continuous graphic strip
chart and a data printout which
logs the important parametefs
such as time, date, temperature,
voltage and channel number.

In remote stand-alone moni-
toring applications, the SR630
time stamps and logs 2,000 mea-
surements in its internal non-vola-
tile memory. Data is easily
accessed by connecting a printer
or computer. In addition, nine dif-
ferent instrument settings can be
stored and recalled for convenient
and accurate instrument set up
offering instant and reliable

repeatability.

When used in control applic-
ations or with analogue recorders,
four rear panel outputs provide
analogue voltages proportional
to temperature of the correspond-
ing input channel.

Contact Lambda Photomet-
rics Ltd, Tel: 0582 764334.

HIGH PERFORMANCE DMM

he Thurlby-Thandar

TM3487B is a high perform-
ance auto-ranging hand-held
DMM with large display. The
digits are supplemented by a 41
segment analogue bar graphs.

The high measurement accu-
racy (0.3% basic) with a 4000
count resolution is combined with
a wide range of features including
True RMS AC, Data Hold, Min/
Max storage, Relative display and
Frequency measurement. Auto or
Manual ranging is selectable.

This combination of high per-
formance in a lightweight and
portable DMM (162 X 80 X
30mm and 200g approx.) is
unique and the TM3487B will find
applications in many different
areas from field service to product
development.

The TM3487B is supplied
complete with probes and batter-
ies at a price of £89.00 plus VAT.

Further  details contact:
Thurlby-Thandar Lid, Tel: (0480)
412451.

hat is Neuro-Computing

/W and how can you get into
Visual Reality? What is a Chladni
Plate and how does a microphone
work? What is an electron gun
and how does it help a television
work? These are just a few of the
question to be answered in the
1991/92 IEE Faraday Lecture,
co-presented by Philips Electron-
ics and Imperial College, London.

Entitled ‘Years Ahead’ the
Lecture will visit 16 towns and cit-
ies throughout the UK and be
seen by an audience of over
85,000. The six month tour will
begin in Brighton on 9 October
and end in Sheffield on 18 March
1992.

The one hour presentation will
look at the development of such
high technology products as TVs,
computers, stereo systems and
compact discs and trace their
origins back to the work of
Michael Faraday, the ‘father’ of
electrical science. The Lecture will
also provide a glimpse of the
future by looking at how these

technologies might develop in the
twenty-first century.

The Lecture will include stage
demonstrations and film re-enact-
ments of key experiments per-
formed by Faraday in the 1830’
and 1840’s.

The Faraday Lecture was
inaugurated by the Institution of
Electrical Engineers (IEE) in 1924
to promote public interest in Elec-
trical Engineering and to com-
memorate the life and work of
Michael Faraday. In 1991, the
bicentenary of Faraday’s birth, the
aims of the Lecture remain the
same.

Admission to the Lecture is
free but by ticket only. There are
usually three performances at
each venue, with the morning and
afternoon performances being
attended by local schools.

Applications for tickets should
be made to: The Faraday Officer,
IEE, Michael Faraday House, Six
Hills Way, Stevenage, Herts SG1
2AY. ’
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HIGH RES CAMERA

he Pulnix TM6CN series

monochrome cameras offer
the highest resolution interline
transfer, %" CDD imager avail-
able to date. The compact pack-
age eliminates the need for a
remote imager camera in all but
the most confined spaces. The
camera fits both physically and
functionally, into all types of
machine vision, automated pro-
cessing and related applications.
Other wuses include remotely
piloted vehicles, miniature inspec-
tion devices, surveillance, micro-
scopes and medical equipment.

The standard TM6CN
includes the following features:

.High resolution 570H X 460 TV

lines

C-mount

1/60 to 1/10000 sec shuttering
Asynchronous reset

1 lux sensitivity (F1.4)
12 volt DC-220mA
Sync and pixel clock output

The TM6CN offers the indus-
trial user easy access to the most
commonly needed adjustments
on the rear panel of the camera.
They are GAMMA 1 or 045, AGC
ON/OFF, and Manual gain con-
trol.

The TM6CN also allows the
external selection of eight shutter
speeds (1/60 to 1/10000 sec).
This is achieved by attaching the
SC745 shutter controller to the 6
pin connector. Auto iris outputs
are also available.

Other  functions including
asynchronous reset, pixel clock
and sync output are obtained via
the 12 pin connector on the rear
of the camera.

PATCHY EFFORTS TO

PHASE OUT
OZONE DESTROYERS

O nly one in four British com-
panies surveyed intend to
phase out use of ozone depleting
chemicals faster than required by
EC law. Despite availability of alt-
ernatives, and new scientific evid-
ence that ozone depletion is wors-
ening at an alarming rate, the
industry response has been
patchy, concludes a survey
launched by Friends of the Earth.

British companies use large
quantities of two ozone depleters
— CFC 113 and 1,1,1-trichloroe-
thane — as solvents in electronics,
precision and general engineer-
ing. Tough ozone protection laws
have already banned used of
ozone depleting chemicals in
some countries, but in Britain the
Government’s  voluntary  ap-
proach leaves ozone protection
decision to individual companies.

Friends of the Earth’s survey of
over 300 UK companies finds
that while some companies are
working hard to eradicate use of
these chemicals, similar compan-
ies are making little or no effort.
Almost half of the companies
made a phase out commitment,
with one in three setting a date
ahead of legal requirements. Most
car manufacturers are beginning
to respond to pressure. Eleven of
the nineteen companies con-
tacted made a commitment to
phase out in advance of the 1997
EC deadline, Volvo has already

10

stopped using ozone-depleting
solvents, as they are banned
under Swedish law. Jaguar, Peu-
geot, Landrover, and Vauxhall
failed to specify phaseout date,
and Skoda (GB) Ltd alone
offered no commitment whatso-
ever.

Companies in General Engi-
neering lag even further behind.
Fewer than one in five of compan-
ies specified an early phase out
date. Almost half the companies
in the General and Precision
Engineering categories failed to
reply to the survey. More than a
quarter (28%) of Precision Engi-
neering companies wgre pre-
pared to set an early phase out
date.

Recent US reports that ozone
depletion is occurring twice as fast
as previously predicted have
fuelled calls for more decisive
action to eliminate use of ozone
depleters. The US Environmental
Protection Agency (EPA) esti-
mates that the new data could
indicate an extra 200,000 deaths
from skin cancer in the US alone
over the next 50 years.

Fortunately, many EC coun-
tries have responded to public
pressure for action to protect the
ozone layer by adopting national
strategies to phase out ozone
depleters ahead of the EC dead-
line. The UK currently has no
such plans.

L

he new HY60P audio ampli-

fier module has been
launched by ILP Electronics. It is
particularly suitable for OEMs in
applications which include sound
backing systems, small public
address systems and Hi-Fi equip-
ment.

A 30 watt single channel
amplifier measuring 80 X 40 X
26mm, the HY60P’s input sensi-
tivity is 500mVrms and total dis-

NEW AUDIO AMPLIFIER
FOR OEMs

tortion is less than 0.015%.

The unit requires five electrical
connections and the only addi-
tional components needed are a
heatsink and power supply.

Designed and manufactured
in the UK at ILP’s Canterbury
headquarters, the HY60P carries
a two-year guarantee and is the
latest addition to a wide range of
audio amplifier modules available
from the company.
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NEWS

stateside

Advqnced
semiconduc-
tor

he National Advisory Com-
mittee on Semiconductors, a
US government-industry group
charged by Congress to develop a

plan to keep the US competitive
in semiconductor technology, has
forecast that by the year 2000
advanced semiconductor facto-
ries will produce memory chips
that can store more than 1 billion
bits of information. But these
plants will also cost about $2 bil-
lion each, and the world will have
only 25 of them, with 10in the US.

The plan, MicroTech 2000, aims
to develop by the end of this
decade all the technology to pro-
duce the 1-Gigabit-SRAM (static
random-access memory) chip.
This would require new technol-
ogy capable of etching lines 0.15
micrometers wide on the chips,
about one-fifth the width that is
possible today.

No-touch switch

Housing meets NEMA 1, 3, 4,

4x, 12, and 13.

Emitter

LEDs indicate when
power is on and when
switch is activated.

No touch

ars repeatediv

buttons.  on

[ ALK

iking the IR

infrared beam

Maximum output
currentis 7 A.

Receiver

Optical flame
detector

he incorporation of surface
mount technologies into the
U7652B optical flame detector
enables the sensing, signal-pro-
cessing and output components
to be enclosed in a single housing.
The unit continuously monitors
both the ultraviolet and infrared
sensors, activating separate LED
indicators if a malfunction occurs.
Advanced signal processing
gives this unit the ability to detect
fires that may be partially
obscured, either by other objects
or their own smoke. The manu-
facturer claims a response time of
one to five seconds with a hydro-
carbon fire, and says that the sen-
sors will ignore intense UV
sources, such as arc welding. The
unit's modular design allows
maintenance while it is still online.
Detector Electronics Corp.,
Minneapolis, Minnesota.

Micro-
processor
needs only
low power

microprocessor that moni-
tors and controls tempera-
ture is said to be a more accurate
alternative to vapour-tension con-
trollers” The chip’s low 10uA
power draw allows if to operate
off a battery, solar cell, or external
15VDC supply. The controller
has a -40 to 230F range, with a
+/-05F accuracy. It also
measures in degrees Celsius.

For HVAC applications, the
temperature confrol microproces-
sor, slows the fan as temperature
approaches the set point. It then
runs the fan several minutes after
the heater or cooler has been
turned off, to push the remaining
hot or cold air through the ducts.
The chip also has a 6 or 8 minute
cycle time delay, which eliminates
rapid on/off switching.

Other applications include
thermostats on recreational vehi-
cles, and control on water-
sourced heat pumps on boats,
where low power draw is import-
ant.

PSG Industries Inc., Perkasic,
Pennsylvania.

High
temperature
diamond
transistor

thin-film diamond transistor
fabricated at Pennsylvania
State University is said to be the
first that operates at temperatures

ETI OCTOBER 1991

as high as 300°C. The transistor
was built to demonstrate that it is
possible to use diamond as a
high-temperature semiconductor
material.

It is believed that thin-film dia-
mond semi-conductors  could
form the basis of integrated cir-
cuits that work at around 600°C
and these could eliminate the
need for bulky cooling equipment
now used in high-temperature
applications such as unmanned

spacecraft.

The single-crystal, diamond-
film transistor was fabricated on a
natural diamond substrate using
silicon-dioxide lithography and
epitaxy. A highly-pure diamond
substrate was used because crys-
tal imperfections limit the temper-
ature at which the transistor oper-
ates. Presently, diamond films can
be grown on other materials, but
single-crystal diamond films can-
not.

The company is currently try-
ing to grow single-crystal dia-
mond films on other substrate
materials. Experiments are being
made with different chemical
compounds and substrates to
solve this problem. When a solu-
tion is found it will be a major
milestone because most other
substrate materials are much less
expensive than high-quality natu-
ral or synthetic diamonds.
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The Not So Easy PC on your
Read/Write page, Septem-
ber issue, complains about the
high cost of creating photoposi-
tives for PCB construction. Has
anybody ever considered or tried
using a conventional photocop-
ier. The original can be drawn on
paper, and then by using the cop-
ier’s reducing facility, create a

L RS S e e e e )

photopositive on an overhead
projector transparency (com-
monly called viewfoils). Any High
Street photocopying  specialist
should be able to provide this
facility, I doubt if the local comner
shop’s copying service could
cope.

Itis probably that the thickness .

of the viewfoil material will nof

allow fine detail to be achieved
due to optical diffraction, but the
achievable limits could be deter-
mined by experiment. Would any-
body like to try?.

Colin Long,

Chigwell, Essex.

We have used this idea in the
office to obtain a quick visual ref-

erence of the reverse side of a
paper foil. It is fine for graphical
design work but we consider the
dark areas too transparent to be
used as a mask for the production
of PCB’s. One could of course
enhance the contrast with a black
marker pen — Assumingan v High
Street shop will allow you to put a
transparent sheet through — Ed.

Life, Cash Machines And Everything BEiairSasia Tess

l am doing some intensive
research into the meaning of
life and I have come across two
problems which I am unable to
solve, maybe you can help.

How do those ‘Hole-in-the-
wall’ machines know that you are
putting a card in the wrong way
round. Even before the card has
had a chance to reach the magne-

tic read head, the card is refused
entry into the slot.

Secondly, why does my VHS
Videorecorder (and my brother’s)
start playing some tapes straight
away, without having to press the
play button whilst other tapes do
not?

Help me please, I'm starting to

need it.
M P Scotford, London.

Taking a guess at the first answer, |
would suggest the default setting
of the shutter must be closed and
either using a close range magne-
tic proximity detector or some ref-
lection technique, detection of the
strip in the correct position will

cause the shutters to open. I will
leave the overall explanation to
the people that build the
machines. NCR, the cash register
people have offered us an article
on Hole-the-wall machines. (See
within these pages.) Any sugges-
tions on the second ‘ife’ problem
from any reader would be grate-
fully received. — Ed
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CATALOGUE

PLUS Test Instruments.

Security, and Component

Supplement

WiTH

£90.00
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(Export £6) to the address below.
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CC technology drive units
for optimum performance.

The kit contains all the cabinet
components (accurately
machined from smooth MDF
for easy assembly).

Pictured here the Force 6,
a large floor standing design.

Dimensions:

800 x 275 x 335 mm
Response:

32 HZ - 20 KHZ

AMP Suitability: 30 - 120w
Impedence: 8 ohms

carr.fins
£15 pr.
£15 pr.
£18 pr.
£18 pr.

Price

Force 2
Force 4
Force 6
Force 8

£167
£190
£210
£265

All kits are available in Plus and
Basic forms.

DIY Speaker catalogue £1,50
post free (export £3.50)

This new range of four kits utilise

Wilmslow
Audio A

Wilmslow Audio's NEW range of
speaker kits from Peerless.

Wellington Close,
Parkgate Trading Estate
Knutsford, Cheshire
WA16 8DX

Tel: (0565) 650605

Fax: (0565) 650080

Telephone credit card
(Accoss | orders welcome
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20 MEG IDE HARD DISC DRIVE

CONNERS -

(P 3024

COMPACT - 4.00” x 5.756” x 1.00”
LIGHTWEIGHT (1.1 Ibs) - LOW POWER

CP 3024‘ { 20 MEG IDE DRIVE)
IDE CARD { INCLUDING CABLE)

XT“512“640 CARD (SUITABLE FOR XT/1512/1640)

£41.00
7 £20.00
£24.00

MOUNTING KIT {INCLUDING WHITE & BLACK BEZEL & LED) 'E q 00

20 MEG + IDE CARD £12

40 MEG + IDE CARD

roTeTe X .
D R Tt

Eq 0

20 MEG + XT CARD

 TTENTION AMSTRAD 1612/ 1640 USERQ *

WOULD YOu LIKE To Uuge 1.2M OR 1.44M
DRIVES ON YOUR COMPUTER. YOU CAN NOW
WITH HOBBYKIT'S FLOPPY DISC CONTROLLER
CARD. WILL ALLOW Z EXTRA DRIVES

OF ANY FORMAT IN YOUR COMPUTER

SPEGIAL PRIOE £3 00

20 MEG MF_ { OR

MODEMS - V22 BIS - 2400 BPS

AUTO DIAL - AUTO ANSWER - FULL DUPLEX
AUTO REDIAL - TONE & PULSE DIALING

BT APPROVAL - BABT APPROVAL

QUPPLIED WITH EAZILINK COMMS PACKAGE
MC2400 - INTERNAL £ 65.00

SM2400 - EXTERNAL £ 43.00

8" - 80K EXT FLOPPY DISC DRIVE
REVERSIBLE - FDI BY AMSTRAD - BLACK
COMPLETE WITH POWER SUPPLY

SPECIAL OFFER PRICE £ 30.00

35" - 720L EXT FLOPPY DISC DRIVE
NEW - GREY CASE - BY WELL KNOWN OEM

SPECIAL OFFER PRICE £ 26.00

36" - |.44M INT FLOPPY DISC DRIVE
BLACK ONLY - BY WELL KNOWN OEM

SPECIAL OFFER PRICE £ 34.00
5.25" - 360K INT FLOPPY DISC DRIVE

ADD ON CARDS -

FDD CONTROLLER - Z¢FDD - ANY FORMAT
VGA GARD - 16 BIT - 256K

TRIDEHT SUPER VEGA - 16BIT - 512K

2 SERIAL / 1 PARALLEL [ | GAMES PORT
4 MB RAM CARD FOR AT WITH EMS

USES 256K OR IM - WITHOUT RAM £ 63.00

MOTHERBOARDS

AMI BIOS - ZERO RAM - SUPPORTS
EMS 4.0 & SHADOW RAM

286 -12 L[S 16 MHz £ 70.00
286 -16 L[S 21 MHz £ €4.00

3 STATION NETWORK SYSTEM

ALL PARTS FOR 3 STATIONS SUPPLIED
INCLUDING DRIVER SOFTWARE AND DATA -
USES TWISTED PAIR CABLE - EXPANDABLE
EASY INSTALLATION - APPROX 30 MINS.
BY WELL KNOWN NETWORKING COMPANY
| MB TRANSFER RATES

£ 57.00

SPECIAL OFFER PRICE

£ 25.00
£ 39.00
£ 60.00
£14.00

EIZZ NEW - GREY OR BLACK - WELL KNOWN OEM
PECIAL OFFER PRICE £ 24.00
C&A CARD - FULL LENGTH -
40 MEG + KT CARD  E197 | COMPOSITEORTTL £ 12.00
12” VEA PAPER WHITE MONITOR
FLOPPY DISG DRWES TlLT 8 SWIVEL BAsE £ 15. oo
35" 144M INTERNAL 2
35" 720K INTERNAL
5.25” 12M  INTERNAL
525" 12M  EXTERNAL
5.25" 360K EXTERNAL _ {
. SOFTWAR
ACCESSORIES OFTWARE
WORDSTAR 2000 LANVOL 182 £35.00
5 25" ADAPTOR KIT FOR 3,57 FDD  £8.00 |  ACCOUNT MASTER LAN £ 30.00
575" TRAY FOR 85" FDD - £5.50 ﬁgl"ﬁfﬁtﬁg LAN ﬁgggg
POWER LEAD FOR 3.5" FDD £3.00 | oawaerer Sl
DG PIN TO EDGE CONNECTORPCB  £400 | |\ MacTER 500
GHORT F D D CONTROLLER CABLE 2' £4.00 |  qupgR CALC 2 FOR CP/MPLUS £ 25.00
LONG F D D CONTROLLER CABLE 4" £7.00 |  {0cOMAIL FOR PCW £ 25.00
POWER SPLITTER £450
HARD DRIVE CABLES £6.00 PRINTER
MICRO "T’ SWITCH - RS232 £7.45

10.3500 24 PIN DOT MATRIK PRINTER

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx

HOBBYKIT

CREDIT CARD HOTLINE
7= 081- 205 7485

CAPITOL WAY, LONDON, NW4 OEQ

iy

g0 COLUMN - LETTER QUALITY
QERIAL OR PARALLEL INTERFACE

TRACTOR OR FRICTION FEED £120.00

UNIT 1d CAPITOL INDUSTRIAL PARK ¢

{ %A ALL PRICES
_FAX NUMBER : 081 - 206 0603

e
-

_PLEASE ADD £ 3.00 TOALL
~ ORDERS TO COVER POSTAGE

INCLUDE V A T %%
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Burst pipes in winter can

be an alarming
oxperience. Dave

Bradshaw builds a
circutt to warn of an

mpending freeze.

14

PROJECT

Freezi

very cold winter can lead to a
large number of burst pipes
and floods, due to the very low
temperatures. The
described here should help
stop your household suffering that fate in winters to
come.

The device is based on an integrated circuit tem-
perature sensor, the LM3911, which also contains a
voltage regulating zener diode and an op-amp as well.

common line). The + terminal is attached to the
anode of another zener diode, at the extreme left of the

4 circuit inside the [C block, but this one is made so as to

be very insensitive to temperature changes.

This second zener is, as the circuit diagram
shows, connected across the positive and negative
supplies ta the whole IC, so resistor R1 is used to sup-
ply the positive volts to the IC and the zener stabilises
the voltage to 6.8 volts. Also attached across the sup-
ply connections of the IC is a potential divider circuit,
R2, RV1 and R2, which is used to provide a reference
voltage for the op-amp inside the IC.

The inverting input to the op-amp is attached to
the output of the potential divider, which is adjusted by
RV1, and should be set to give 2.73 volts between the
input of the op-amp and the top-end of R2 (the end att-
ached to the positive supply to IC1 and R1.

When the output of the voltage sensor is greater
than 2.73 volts, ie the temperature is greater than
freezing point (0°C or 273° absol ute), the inverting
input of the op-amp (connected internally to the sen-
sor's output) will be Jowerin voltage than the inverting
input, so the output of the op-amp will be near to the
common supply voltage. When the voltage from the
sensor is lower than 2.73 volts, the voltage of the non-
inverting input will be above that of the inverting input,
so the output from the op-amp will be near the positive
supply rail; in fact the op-amp has an ‘open-collector’

D1
= +VE

140 suppry
i

Fig. 1 Circuit diagram of Freezer Alarm.

c3
104
T 18v
R
NOTE:
IC1 = LM3911
IC2 = 4093
IC3 =7812
i D1 = 1N4001
X !
\ SEN !
! |eva !
i
o3y © COMMON
[ 4 i &Y

The way this is used in the temperature alarm is shown
in the circuit diagram of Figure 1. The circuit divides
into three main sections: the sensor itself. a compara-
tor which detects when the voltage from the sensor
goes below a certain preset level, arid the bleeper cir-
cuit which the comparator then sets off: is alsoasimple
voltage regulator which supplies the sensor as well as
the op-amp and the potentiometer circuit which is
used by the comparator as a reference.

The sensor is based on a device similar to a zener
diode, but is made to have a breakdown voltage which
varies with temperature. In fact, the breakdown vol-
tage is proportional to the absolute temperature the
temperature scale which takes absolute zero, —273°C.
as its zero. The voltage output from the sensor is 2.73
volts at zerc degrees C (or 273° absolute); however,
this voltage appears between the positive and out
points of the sensor (not between the output and the

output, and R4 ‘pulls’ the output voltage up to nearly
the main supply voltage.

The output from the op-amp is used to turn on or
off the bleeper circuit, which has already been
described briefly in the ‘Mains Alarm’ project in this
issue; this section of the circuit uses CMOS logic ICs.

This circuit needs to be powered for long periods
of time, itwould have be on forall of the colder months
of the year. lts standing current of about 10 milliamps
will use up several batteries a week. The on ly practical
solution is to use a mains supply of some sort, and for-
tunately here are devices known as mains adapters or

battery eliminators which are cheap to buy and which

take the trouble out of building a mains power supply.
However, most are not regulated, so allowance has
been made on the PCB for the inclusion of a voltage
regulator IC in the circuit; in most cases this will be
unnecessary.
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Construction

Making up the printed circuit board is very straightfor-
ward in general, but there is one slightly awkward
point. The most sensitive part of the IC sensor, IC1,is
the underneath of the IC’s body, so for maximum
responsiveness, it is this part of the IC that must be
placed in direct contact with the pipe or whatever is to
have its temperature monitored; this can be done by
bending back the leads on the IC package and then
soldering the IC the same way round as shown on the
overlay diagram, but on the reverse copper track side
of the PCB, However, at the cost of a small decrease in
temperature sensitivity, the IC can be mounted on the
top side of the PCB in the normal way, except that to
make it easier to bring the IC into contact with the pipe
or whatever, the IC should be mounted using an IC

Fault Finding Guide

Symptom: current drawn by the PCB is much larger or much less
than expected

Check firstly that the power supply s connected theright way round
(it D isused, checkthatthisis the right way roundtoo). Look or breaksin
the PCB tracks, or solder bridges. Check that (C1 and 2 are the right way
round — note that they are opposite ways round.
Symptom: Bleeper does not sound when IC1 cooled

Firstly, checkthevoltage on IC1 pin;if, on cooling IC1 andadjusting
RV1, this voltage can be made to go to nearly the supply voltage, and the
bleeper dogsn't work, then there is 8 fault somewhere in the bleeper
cireuit. If1C1 pin 2 will not ga tonearly the positive supply voltage, check
that Rd is OK, before following the suggestions in the next paragraph.

Check thevoltage atiC1 pin3, itshould beabout 41volts, adjustable
by up to 0.2 volts by RV1{note down the exact voltage range which pin3
can be adjusted over). f this is not then check the voltage of IC1 pin 4,
whichshould beapproximately 6.8 volts. fthisis OK, lookforafaultinthe
potential divider, R2/RV1/R3. f the voltage atIC1 pin 3is OK, disconnect
the wiper of RV1 from the PCB (you may well have to remove RV1
completely o do this) and connect together pins 2 and 3 of ICY, then
feapply power. The voltage on pin 2 (or3, whichmustnowbethesame)is
the voltage output by the sensor. At room temperature, this should be
approximately equalto V{pin 4)—3.0 (whereV(pin4]isthe voltage atIC1
pind];ifitisn't there s something wrong withIC1. Ifthisis OK, re-cool IC1
to freezing point and re-measure the voltage on IC 1 pin 2 or 3. This
should now be within the range of voltages which IC1 pin 3 could be
adjusted tobe RV1 before it was removed. If itis just outside this range,
then adjust R2 and/or R3 until RV (re-inserted| can give this voltage to
pin3, now disconnected from pin 2. fthevoltagesarevery different, then
there s either some faultwith1C1 orthe values of resistors R2 and R3are
wrong.
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Fig. 2 Component overlay for the alarm.

socket, so that it is above the surface of the board.

As usual, start the assembly of the components
on to the board by positioning and soldering the resis-
tors, the preset potentiometer, the capacitors and
finally the two ICs. [ would suggest not bothering with,
the voltage regulator, IC3, unless it is found to be
negessary, so leave it off for the moment and insert
diade D1 between where IC3’s inputand output termi-
nals would be (this prevents accidentally connecting
the power supply the wrong way round doing any
damage).

Finally attach wires to link the board to the power
supply and the sounder; on the prototype, four-cored
burglar alarm wire was used to connect the PCB in the
loft attached to a pipe to the PSU and sounder in the
room below. Before installing the PCB in its final posi-
tion, link up the board to the mains adapter and the
sounder as shown in the overlay diagram — but leave
off the connection to the positive supply. Apply power
to the adapter and, using your multimeter switched to
a DC voltage range, check the voltage output of the
adapter; it should be between 12 and 15 volts (when
switched to the 9voltrange, for switchable types), but if
it is slightly above this, take a 1k resistor and put this
across the output to see if this brings the output down
to 15 volts or under. If it does not, either the power sup-

ply must be switched to a slightly lower voltage, or 0
some component values mustbe changed, oravoltage Con tlnued
regulator IC must be used. on page 25
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Fig.1 Typical energy spectrum of cosmic ray protons

ilelife on terra firma unfolds its not-
mal course of events, so too an age
old phenomenon continues in the

Douglas Clarkson
investigales that elusive
radiation from outer

space earth from outer space. Research

into cosmic ray particles has been undertaken in order

to provide clues about some very fundamental aspects

of Astronomy. As more and more information has

been obtained about these silent invaders, it has

provided much valuable information, but at the same

\ time raised other questions about the nature of the
© - universe.

The early investigators of radioactivity were
puzzled by the apparent contradiction that no matter
how well they lined their ionisation chambers with
lead, there was still a residual ameunt of activity able to
be detected. It soon became apparent that the source
of this radiation was not ‘earth based' but came from
outer space as ionisation chambers sent aloft in bal-
loons and placed on mduntain peaks detected
increased amounts of radiation.

It is now known that the source of this ionising
radiation is a constant stream of fast moving charged
particles — atomic nuclei — which continually bom-

guise of cosmic rays bombarding the

bard planet earth. The patterns of ionising radiation
observed by numerous cosmic ray investigators from
the 1930’s onwards are the result of the complex inter-
action of such fast moving particles with the atoms and
molecules in the earth’s atmosphere.

Such ‘cosmic particles’ provide important infor-
mation about the greater universe. Itis considered that
the bulk of such particles originate within the Milky
Way, the galaxy to which planet Earth belongs. So not
only is planet Earth bombarded by photons from the
electo-magnetic spectrum in the ranges of radio
waves, infra red, visible light, ultra violet, X-rays and
gamma rays, it is also showered by physical atoms of
matter from all corners of the Milky Way and possibly
beyond. Over the considerable time that planet Earth
has been in existence a significant mass of such cosmic
particles has fallen onto it,

Energy Spectrum

A feature of prime importance which scientists have
investigated is the so called ‘energy spectrum’ of such
particles. The bulk of cosmic ray particles are in fact
hydrogen nuclei or simple protons. Figure 1 shows the
typical energy spectrum of such particles incident from
outer space. In general there are fewer and fewer parti-
cles at higher and higher energies. It is difficult to
appreciate however, the exceedingly high energies
which the fastest particles possess. Energies are typi-
cally described in electron volts where one electron
volt is the energy picked up by an electron when it
passes through a potential difference of onevolt. Units
of MeV (10° electron volts) and GeV (10%)electron
volts) are commonly used. The energy of 102 electron
volts corresponds to the energy that would raise the
temperature of 1ml of water by4° Celcius. This a single
ultra fast cosmic particle can be imagined to deliver
quite a ‘whack’ to any physical object which it encoun-
tered. In fact some impact marks made by cosmic ray
particles have been detected in the space suits of the
Apollo moon landing astronauts.

Understanding of cosmic ray particles and asso-
ciated phenomenon have matured considerably with
the advent of space research. One of the vital factors of
long term exposure to outer spacerelates to the nature
of radiation hazard which cosmic ray particles may
present. Important studies have been undertaken not
also to measure the relative energies of such particles
but also to evaluate the type and the flux of such parti-

COSMIC RAYS

Fig.2 Computed flight path of high energy proton interacting with the earth’s magnetic field
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Fig.3 Variation of radioactivity levels detected at sea level as a function of

cles bombarding the earth. Table 1 indicates values
obtained for the incident flux of such particles at the
top of the atmosphere for energies greater than 1.5
Ge V/n arriving from directions within 30" to the
vertical.

Type of Nucleus Flux (particles/metre?/sec)
Hydrogen 640

Helium 94

Lithium, Beryllium, Boron 15

Carbon, nitrogen, oxygen 6

Iron (Z=26) 0.24

Cobalt, Nickel (Z=27.28) 0.01

All nuclei with Z > 28 0.003

Table 1: Incident flux of nuclei

The total energy with which the earth is continu-
ally bombarded is around 100,000 kilojoules/sec —
comparable to the total amount received in starlight.

Interaction with the Earth’s
Magnetic Field

Charged particles which move in a magnetic field
experience a force which tends to deflect their path

from a straight line. The magnitude of the force is pro-
portional to the speed of the particle, itscharge and the
component of magnetic field at right angles to its path.
The earth has a relatively strong magnetic field which
has the property of significantly deflecting the paths of
cosmic ray particles incident upon it. This magnetic
field can be considered to be created by a large ‘imagi-
nary’ bar magnet embedded within the earth about
200 miles from its centre. One set of field lines emerge
from the earth near lattitude 79°N, 69° north of Green-
land (north magnetic pole) and another set emerge at
79° south, 110° east (south magnetic pole).

This locally strong magnetic field around the
carth distorts the paths of even the most energetic cos-
mic ray particles. The typical flight path of a cosmicray
particle passing around the earth can often be ex-
ceedingly complex as revealed by computer simul-
ations of the flight paths of cosmic rays particles of spe-
cific types and energies approaching the earth from
various directions. Figure 2 shows the computed path
of a cosmic ray particle as it interacts with the earth’s
magnetic field. It is therefore quite difficult to predict
the point of origin of a specific cosmic ray which col-
lides with the earth. The effect of the earth’s magnetic

the earth’s magnetic field

__——INNER RADIATION BELT

“OUTER RADIATION BELT =

/

Fig.4 Outline of the Van Allen radiation belts surrounding the earth, showing how the solar wind deforms
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field is to deflect particles away from the equatorial
zones of the earth towards the poles. Figure 3 shows

~ the result of a survey of cosmic ray intensity under-

taken at sea level as a function of. geomagnetic lati-
tude.

The field of the earth tends to trap cosmic ray par-
ticles in zones above the earth. Such radiation belts
called the Van Allan Radiation belts were discovered
by the early American Expfore; I and II satellites
launched in 1958 in the wake of the earlier launch of
Sputnik 1 by the Soviet Union..Previous high altitude
rocket experiments had shown that radiation levels
increased up to about 24km and then decreased to a
steady value at around 150km. The early Explorer 1
mission, however, indicated that zones of considerably
increased radiation existed beyond the previously
mapped areas. Such radiation zones have been
mapped out by numerous subsequent space probes
and satellites.

Figure 4 shows the sets of radiation belts sur-

rounding the earth. The radiation is primarily due to

concentrations of high speed electrons and protons
which are trapped in orbits by the earth’s magnetic

field. The inner belt is centred at approximately 1.5

earth radii from the earth’s centre and the outer belt at
4.5 earth radii from the earth’s centre. Particles travel
backwards and forwards within the magnetic field of
the earth acting like a magnetic mirror. bouncing the
particles from one end limit point to another. In the
inner belt, the typical residence time of protons is of
the order of years. Typically the radiation belts contain
electronswith energies of a few MeV while protons can
typically have energies of a few tens of Mel/ uptoa few

hundred MeV.

Thelevels of radiation in the radiation belts poses

- aproblern for satellites and space craft which have to.

pass through therm. The maximum levels of activity
detected for protons with energies above 0.5 MeV in
theinner belt is about 200 million particles per second
passing through a square centimetre per second. The
comparable figure for protons in the inner belt with
energies greater than 15 MeV is some 2000 times
smaller. The maximum flux of elecirons in the inner
beltis about 60 per square centimetre, risingto abouta
maximum of 1 million per square centimetre in the
outer belt. Such high energy electrons will tend to
release gamma rays and ‘hard’ X-rays when they are
suddenly decelerated by colliding with atoms in their
path.

Cosmic Ray Showers

A high energy cosmic ray particle which eventually
passes into the earth's atmosphere will vield up all its
energy in a series of collision processes. Initially
mesons (mainly pions) are produced which in turn
rapidly decay to muons and neutrinos. Musns in turn
produce electrons and more neutrinos. High energy
electrons in turn produce lonisation and gamma rays.
In thisway it is possible fora cascade or shower of radi-
ation to propagate through the atmosphere which is
due to the impact of a single high energy cosmic ray
particle, :

The highest energy particles produce what is
known as extensive air showers (EAS) which contain
many millions of sub particles. Such a shower can be
imagined as a disturbance which at ground level can be
tens of metres ‘thick” and hundreds of metres in diame-
ter. The predicted energy spectrum would indicate that
particles with energies above 10%° eV should be
detected at the rate of about 5 per century per square
kilometre, Assuming an effective area of 400 sguare
kilometres for central London, this would indicate an.
extensive air shower somewhere within London once
every six months. Even though this rate of incidence
would seem vanishingly small, various research groups
have active programmes to detect such EAS events.

The early phase of understanding the nature of
the ionising radiation created by cosmic rays lasted
around 50 vears and during this time the radiation pro-
duced by such particles was extensively studied using
ground based observation and also high altitude

Kot M
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Fig.6 Indication of sudden onset of solar cosmic
ray activity associated with a large solar flare.
The neutron activity increase is associated with
interaction of energetic solar particles in the
atmosphere

balloons. Space research has since revolutionised the
understanding of such particles. The vast amount of
work undertaken by previous sets of earth-based
observers should always be appreciated,

The very esistence of such cosmic ray particles
means that electronic and computing systems can be
expected in their lifetimes to be subjected to radiation
triggered by cosmic ray particles. With continuing

frends for miniaturisation of electronic cireuits the
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Fig.7 The large 100,000-gallon tank of
perchlorethylene in the Homestake Gold Mine in
South Dakota is used to detect neutrinos (courtesy
Raymong Davis Jor and Brookhaven National
Laboratory)

nature of such potential risks will become more acute.

The Sun’s Activity

While cosmic ray particles originate primarily from
outside the solar system, the sun is a finite source of
enexgised particles. Theso called solarwind isa stream
of relatively slow moving particles which escape from
the sun’s surface. Such actjvity is heightened by the
emergence of so called solar flares when vast arcs of
matter are ejected from the sun's surface. Such par-

ticles which escape from the sun reguire sufficient

energy to escape from its gravitational field. It is esti-
mated that the sun looses 300,000 tons of material
(mainly hydrogen) each second though this amounts
only to one part in 10" of the solar mass per vear.

The typical speed of the solar wind in the vicinitu
of the earth is 2450 km/second though specific higher
energy streams can reach speeds of around 1000 km)/
sec. The typical energy of such a solar wind proton is
arotind 3000 eV. In terms of particle flux, thisis in the
region of 100 million particles per square centimefre.
As shown in Figure 4, the earth's magnetic field distorts
considerablythe pattern of flow of the solarwind inthe
vicinity of the earth.

The surface activity of the sun has a cycle which
lasts approximately 11 years. Sun spots on the sun's
surface are associated with increased outpouring of
matter into the solar wind and by their interaction with
the earth’s magnetic field produce perturbations in the
carth’s finely balanced mechanisms within the radia-
tion belts and ionosphere. Figure 5 shows the variation
of the number of visible sunspots observed since the
discovery of the telescope in 1609.

The sun is also a source of cosmic ray particles.
Energies associated with such particles are in the
region of several MéV and such particles tend to be
associated with particularly active solar flares. The sun
is not identified as a source of high energy cosmic ray
particles. Figure 6 shows the sudden increase in neu-
tron activity detected at earth following the emission of
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a large solar flare and the interaction of such higher
energy particles within the earth’s atmosphere.

Flusive Neutrinos

While particles such as protons and electrons are relat-
ively easy to observe by their interaction with matter,
not all cosmic particles are as easily detected. Theneu-
frino (little neutral one) is particularly elusive. Neu-
trinos are created in vast numbers by the sun, At the
distance of the earth’s orbit the flux of neutrinos is
about 10" per square centimetre per second. Thevast
majority of neutrinos pass directly through the earth
without any interaction whatsoever.

Various reseachers have developed systems to fry
and detect neutrinos. Information obtained from such
observation systems allows comparison of predicted
neutrinos flux from the sun with measured values. One
system, shown in Figure 7, for detecting neutrinos is
installed in the Homestake Gold minein South Dakota
and consists of a tank containing 100,000 gallons of
perchlorethylene. When a neutrino interacts with an
atom of chlorine in the fluid, a radicactive isotope of
Argon with a half life of 35 days is created. Every 100
days the system is flushed with Helium gas and the
radicactivity of the Argon atoms measured. Based on
the assumed flux of neutrinos through the tank system,
the expected rate of production is about three atoms a
week. In practice, however, less than a third of the
expected rate is observed. This result would seem to
question the assumed flux of neutrinos from the sun
and throws a spanner in the works of the accepted
models of stellar theory.
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Fig.8 Energy spectrum of cosmic ray electrons
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The importance of the neutring lies in the accur-
ate estimation of their vanishingly small mass.
Although their mass is very small, they derive import-
ance from the fact that their contribution to the mass
of the universe could be significant due to their great
abundance. In theories of cosmology, a key question
relates to whether the universe is ‘closed’ ie if there is
enough mass for gravitational attraction to bring
about an eventual ‘great crunch’ or whether galaxies
which continue to fly out from an initial ‘big bang’ will
continue to do so and the unjverse expand for ever.

Supernova explosions tend to release their catac-
lysmic energy in a relatively short time period during
which a super pulse of neutrinos is released. By
observing the time period over which such supernova
neutrinos can be detected on earth, astronomers can
estimate the rest mass of such particles. In 1987 a total
of 19 neutrinos between two sites were detected which
were associated with the supernova explosion of

Fig.9 Typical spiral path of electrons travelling in a magnetic field,
radiating electromagnetic energy

4

20

SN1987A. The time spread of detected events put a
lower limit on the neutrino mass of 1/50,000 of that of
an electron. Such a value of rest mass is considered not
sufficient to create a ‘closed’ universe though the
debate on the neutrino is surely far from over.

Cosmic Electrons

While high energy electrons do represent a portion of
the types of particles which make up cosmic rays parti-
cles; they tend more readily to lose energy in their out-
ward flight from their places of origin. Figure 8 shows
the typical energy spectrum of cosmic electrons. The
solar wind tends to alter significantly the energy
distribution observed below about 10 GeV.

Because of the smaller rest mass of the electron
(1/2000 of that of a proton), electrons are more sub-
ject to acceleration when interficting with other parti-
cles or spiralling in a magneti¢ field. When electrons
are spiralling in a magnetic field, this acceleration will
tend to make the electron emit photons of a frequency
determined by the energy of the electron and the mag-
netic field through which it is passing. A 1GeV electron
travelling through a galactic magnetic field of 3 micro-
gauss would typically emit at a wavelength of 48 MHz.
Figure 9 shows the typical spiral path of such an elec-
tron in a magnetic field.

ltis also possible for electrons to lose a significant
portion of their energy by so called ‘brems-strahlung’
or ‘braking radiation’ as they suffer sudden dramatic
accelerations as they interact with physical matter.
Thus interactions with hydrogen and dust particles will
tend to cause significant energy losses detectable as
gamma ray emission,

Origin of Cosmic Rays

ltis assumed that all but the most energetic cosmic ray
particles originate within the Milky Way — our home
galaxy. Astronomers are fond of estimating the value

of energy density per unit of volume of specific modes
of energy. In the case of cosmic ray particles, the value
is around leV per cubic centimetre. Multiplying this
value by the volume of the Milky Way and assuming
that this energy is replenished every 10 million years,
then an energy input of 5 x 10% Joules per second is
required. This amount of energy could be transferred
into the galactic system by a supernova explosion
every 50 years.

While the numbers look attractive on_paper,
astronomers are keeping an open mind as to the orig:
ins of cosmic rays. By their very nature they must orig:
inate by means of cataclysmic scenarios. Also, the
most energetic cosmic ray particles probably cannot
be contained within the magnetic field of the Milky
Way. The vastly improved scope for acourate observa.
tion from space of ultra violet, visible; infra red, X-ray,
radio and gamma ray emissions allows theories of cos-
mology such as that of the origin of cosmic rays to be
evaluated against much better experimental data than
was available previously.

Life Cycle of Cosmic Rays
While it is always difficult to verify theories abouit the
origin of cosmic ray particles, valuable ‘nsight can be
obtained into their life cycles by examining the ‘mix’ of
atoms detected in their streams and comparing this
with the known constitution of steliar produced mate-
rial such as that found on earth. The incidence of Lith-
ium, Boron and Beryllium in cosmic raystreams is con-
siderably higher than would be expected from the pro-
cess of nucleosynthsis in stars. [t is considered that
these jons could be produced by interaction between
cosmic ray particles of Carbon or Oxygen and inters-
tellar Hydrogen atoms. Also, by determining the rela-
tive abundance of isotopes of Boron which are
observed at Earth in the cosmic ray stream, the typical
time of flight of cosmic ray particles can be estimated,
Such a value is typically several millions of vears.
Charged particles moving through a magnetic
field tend to enter into circular orbits. Table 2 below
indicates the typical sizes of orbits which cosmic ray
protons of various energies will tend to experience in
the weak interstellar field of 3 microgauss,

Proton Energy (aV) Radius (km)
10° IRVl
10" 1110°
10% 11 1om
L0R 1110%
10" 1110%
10° 11107

Table 2: Radius of paths of high energy protons in
interstellar space as a function of energy.

The diameter of the Milky Way is of the order of
10* km, so particles with energies greater than about
10 eV cannot be held within the galaxy. Itis likely that
the highest energy particles come from sources out-
side the Milky Way.

Thus in terms of life cycles, cosmic ray particles
below a given energy will typically remain within the
Milky Way, and slowly interact with physical matter
over periods of millions of years,

Summary

Itis not surprising that cosmic ray particles have been a
subject of extensive investigation. Understanding of
their cycle of birth and death within the Universe pro-
vides insight inte many of its fundamental laws. Is it not
alsa inferesting to consider that numerous atoms of
Lithium within the human body may have originated
from interactions experienced by heavy cosmic ray
particles in remote corners of the Milky Way?
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Back to Basics

1. Plate area increases

2. Dielectric thickness decreases

CI=C'I+(22|
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Parallel connection
increases plate area
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Series connection
increases dielectric
thickness

Figa Series and parallel capacitance

ast month we saw the effect of capacitive

reactance on an AC circuit. Just as induc-

tors can be combined in series or parallel

combinations to create higher or lower

values of inductance, so capacitors can be
used in combination.

Connecting inductors in series results in a higher
value of inductance; parallel connection gives a lower
inductance. In this respect, inductors behave in the
same way as resistors. Capacitors, on the other hand,
work the opposite way around. Parallel connection of
capacitors gives an increase in total capacitance and
series connection gives a lower capacitance.

Recall the basic laws for determining capacitance

c2
c1 ]
2uF
O__.il’_— c3 —°
10uF

Parallel C2/C3 combination:
Ca=C2+C3 = 6+10 = 16uF
Series C1/Ca combination:
_Cica  2x16
CT=Cl+Ca=2+16 = 1.78uF

Or

1 a
Cr = Cl1+Ca = 2+16 = 0.5625

Fig.2 Total capacitance calculations

and you will see why this is so (see Figure 1). If two
capacitors are connected in parallel the overall plate
area has been increased, which increases total capaci-
tance. If two capacitors are connected in series, there
are two separate dielectric materials, which gives the
same effect as increasing the thickness of a single
dielectric.

As the formulae shows, the rules for calculating
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total capacitance closely resemble those for induct-
ance and resistarice, but with series and parallel formu-
lae switched around, Parallel capacitors can simply be
added together to obtain the total capacitance: for
series connection you can use the product-over- sum
method for two capacitors or the reciprocal method
for any number of capacitors. Figure 2 shows theappli-
cation of these formulae fo a circuit comprising both
parallel and series capacitance.

LC Circuits

We have seen the effects of capacitance and induct-
ance upon an AC circuit only when one type of react-
ance Is present. The next step is to examine the results
of combining capacitors and inductors, but it is essen-
tial to understand everything presented so far before
continuing. Remember the following important facts:
inductance opposes changes in circuit current and
causes current to lag voltage; capacitance opposes
changes in circuit voltage and causes current to lead
voltage; inductive reactance is directly proportional to
frequency; capacitive reactance is inversely propor-
tional to frequency.

Figure 3 shows a series circuit coritaining induct-
ance and capacitance: In any series circuit the current
must be the same at all points, so the current curve, lis

Paul Coxwell
investigates resonant
circuits this month.

J- %= 2nfl

=i
Ec c Xec = 2niC

| = Xe

Ec Iags | by 90°
EL lags | by 90°

-. E¢/EL phase shift = 180°
~
+10

0 45 90 135 180 225 270 315
DEGREES

Fig.3 LC Series circuit

Xe = X —Xecor Xc—XL

380

used as a reference. In the capacitive portion of the cir-
cuit E lags the current by 90" and in the inductive por-
tion E, leads the current by 90°. Notice that these two
phase shifts place E¢ and E 180° out of phase with
each other.

As can be seen from the diagram, the inductance
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ELECTRICITY

‘Series Resonance o
Atfirst sight it may appear pointless to use a capacitor -

- tion can be put to very good use, however, and is to be

 This principle is put to good use in radio and television

_ through the set.

- decreases. It should be clear from this that at some fre-

and eapacitance tend to cancel each other out,

X, is the larger of the two reactances, the circuit wiil

_ behave asan inductor; If X, is the larger, it will behave
asacapaciior. ... o deoe WS B
Recall the vector diagrams we used when dealing

with RC and RL series circuits and refer to Figure 4.

total reactance is the difference between X¥ and X, If

The values of L and C are given, so their respective
reactances can tee__r_;a‘_lcl.;xla‘;tad_;fronith_é ftgciﬂ_ency-'ef.&;g% o
supply. The two vector diagrams below the schematic
show voltage and impedance in the circuit; notice that
E, and E, are 180° out of phase; so X, and X are
drawn in the same fashion. In this particular circuit the

inductive reactance is greater than the capacitive

Eo e

andthe | .

reactance, so t@e éﬁcﬁitbehaminducmeiy Oncethe E At resonant frequency, fo: |
.effme 'm_ﬁct?ﬁce; vxE.‘ has beeh i c&’[eulatad, t}{é { v XL = Xc, 80 XE = 0Q - {
remainder of the circuit can be analyzed with the for- ' o a
rmzlae you have a]mqyw]ea:med" PO]]OW the caleul- i Frequency t; b o
ations and be sure you understand them fully. fo P n
Em— S— ' At 60Hz: A
e . Xc = 26,540Q
A i C = )y
V= s S5 5 X. = 94Q So Xe = Xi- Xc = 26,4460 _ .
3 q | At 1,007Hz -
WF  Xc = 2dC = 6630 . Xc = 1,581Q .
XL = 1,581Q SoXE = Xu-Xe = 0Q
E Xo = 2nfl = 754Q o -
120 L] At 8,000Hz e
S0l Xc = 1900 e
L X. = 12,5600  SoXe = XL-Xc = 12,3610 A
2H e ; .
| Fig.5 Series resonance
EL (270°) XL 7540 Sl Fhbibia
cancelling out the effective rea
Is called the reson d is w
’ Belowthe resonant frequency X is gre
En(0°) raooa| the cireuit itively; a IOV
. endent upo
.| Ee (80%) Xc 66301 o % ;
Effective reatance, Xe = XL~ X¢ = 91Q (Inductive) - ance detemmtkﬁ t\imp;‘ . % ~is e %ﬁg% s § i
Soeq 1t vector dlagram b i ORI e e e e el B
tfgeﬁ-ﬁnmmr;t-x;nnc_lgslqng%@ the Impedance of a
e R . Z3140 _ series LCcircuit is lowest atits resonant frequen equenc -
, T s s
: L £ L
b O—T— e
—> R 3000 .
2 = VRZ4 Xe? = V3007 + 917 = 3140 “ANPUT I R OUTPUT
Tan 8 Xe =0.3033, 30 0 = 16.9°
R o —0
E 120v
| =2 = 3140 = 392mA # - 'm":F'"“
Q .
Fig.4 RLC Series circuits .
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and inductor in the same circuit when one partially
cancels the effect of the other. The series LC combina-

found in much electronic equipment. A capaci ;fa:]ﬁ
inductor together form a tuned circuit that is capable
of passing some frequencies while rejecting all others, -

receivers where only one station must be allowed

Refer to the series circuit shown in Figure 5. The
graph shows how capacitive and inductive reactance
vary with frequency. Recall that as frequencyincreases

creases but capacitive reactance

inductive reactanc

quency the two reactances will be equal in value. Try

; -
i — e g
fo Fraquency il

caleulating the values of reactance at the three fre-
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A 5001
—AAAS -
400V @ Iil. = 2,00002
Tov Yo
400V @ T ‘K:c = 2,000{1

Xe = XL-Xc = 0Q
SoZ = R = 50Q
ET 10V

| = Z = 500 = 200mA

EL = | x XL =0.2 x 2,000 = 400V

Ec =lx Xc = 0.2 x 2,000 = 400V

Fig.7 Reactive voltages in series resonant circuit

increases above and below that frequency. Impedance
determines total current flow, so it can also be said that
current will be maximum at the resonant frequency.

In Figure 6 the circuit has be redrawn to represent
the coupling between one part of a radio receiver and
the next. We have seen that the current through the
series circuit is highest at the resonant frequency, and
because the voltage dropped across a resistor is
directly proportional to current, we can also say that
the output voltage will be highest at the resonant fre-
guency. Input signals above or below the resonant fre-
quency result in a reduced circuit current and a lower
voltage across R. This circuit acts as a filter, allowing
only a small range of frequencies around f, to pass.
Such a circuit is called a band-pass filter. The formula
for calculating the resonant frequency of a tuned cir-
cuit is shown in the diagram.

One other important aspect of the series tuned
circuit is that at resonance the coil and capacitor vol-
tages increase greatly (Figure 7). We have already seen

It lags E by 90°
Ic lags E by 90°

-, IWIc are 180° out of phase

+10

0 45 90 135 180 225 270 315 360
DEGREES
Fig.8 Parallel LC circuits
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that at resonance the total impedance of a series cir-
cuit is equal to the resistance alone. The circuit current
in the example shown can be calculated as 200mA. If
Ohm's Law is applied to the coil and capacitor individ-
ually, a value of 400V for each is obtained. Although
these values do not seem to be consistentwith a supply
voltage of only 10V, they are correct.

 Kirchoff’s Law regarding the sum of voltage drops
in a series circuit being equal to the source voltage
appears to have been violated, butit should be remem-
bered that the capacitor voltage and coil voltage are
not in phase. Indeed, they are 180" out of phase,
because E. lags the current by 90" and E, leads the cur-
rent by 90°. E;. and E, are each 400V, but the phase
shift causes them to completely cancel each other. A
voltmeter connected across the coil and capacitor in
series would indicate zero.

Remember that in any series tuned circuit the coil
and capacitor voltages increase greatly at resonance,
but they are always 180° out of phase, leaving the
resistance to drop the source voltage.

) .
& LS

Cir g
current

fic = 300mA and IL = 200mA, then
It = Ic—1IL = 100mA

F
[}
2m

1
Zim

4 LT

e
)
I

it XL = Xc, thenl. = Icand It = L-lc =0

ﬁ}'g.s Circulating currentin a parallel LC circuit

Parallel Resonance

In a series circuit we think of current as the reference
vector and work with voltages that vary in phase. When
dealing with a parallel circuit the voltage across each

-component must always be in phase with the source

voltage, so we must think in terms of currents varying
in phase (Figure 8).

In the diagram shown, total circuit current, I is
split between the resistive, capacitive, and inductive
branches of the cireuit. Although the current is alter-
nating in nature, whenever the current is flowing up
through the coil, current will be flowing down through
the capacitor, and vice versa. This is because the capa-
citor current and inductor current are 180° out of
phase. The current flowing around the coil and capaci-
tor can, therefore, be greater than the current drawn
from the supply (see Figure 9).

The. situation is complicated somewhat by the
fact that the current is alternafing, so start off by

ALDIALA T
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into coil
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All magnetic field energy
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g.10 Mechanism of
oscillating
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examining the circuit during one half-cycle of AC. If a
current of 300mA is flowing downward through the
capacitor and a current of 200mA is flowing upward
through the coil, then Kirchoff’s Law regarding the
sum of currents at a junction tells us that 100mA must
flow from the power source. During the next half-cycle
the direction of all three currents will be reversed, of
course.

The second circuit in Figure 9 shows what hap-
pens at the resonant frequency. Ohm’s Law shows that
the current through the coil or capacitor can be deter-
mined from the supply voltage and the inductive or
capacitive reactance. The voltage across each compo-
nent is the same, so if X and X, are equal the current
through each component must also be the same. The
currents I and I, cancel each other out at the junc-
tions, resulting in no current being taken from the
power supply. Even though I, is zero, there is still a cir-
culating current flowing through the parallel LC circuit.

Tank Action

The coil and capacitor combination. shown is some-
times called a tank circuit, because it stores energy.
Figure 10 shows the way in which the circuit operates
at the resonant frequency.

Start by assuming that the capacitor is fully
charged with the polarity shown (A). The coil forms a
path through which the charges on the capacitor’s
plates can flow, so electron current flows as indicated.
As the capacitor discharges, a magnetic field starts to
build up around the coil (B). This field continues to
expand until the capacitor is fully discharged (C). At
this point, current drops to zero and the magnetic field
starts to collapse. This induces an EMF in the coil,
which flows to the capacitor plates (D). When the mag-
netic field has collapsed completely, current drops to
zero once more and the capacitor is fully charged
again (E). Notice that the plates are now opposite in
polarity when compared to the original charge. With
the capacitor charged, the process starts to repeat itself
(F). The tank circuit, therefore, stores energy by pass-
ing it back and forth between the capacitor and the
coil; in the capacitor it is stored as an electrostatic field

and in the inductor it is stored as an electromagnetic
field.

ov C\P e T ‘-Fﬁoon ozsH é l"

At 60Hz:
E 1ov

Xc = 26,5400 solc = Xc = 26,5400 = 0.377mA
E 1oV

XL = 940 solL = XL = 94Q = 106mA

At 1,007Hz
E 10V

Xe = 1,581 sole = Xc = 1,561Q = 6.325mA
JER 10v

XL = 1,581Q solL = XL = 1,561Q = 6.325mA

At 8,000Hz:
E 10V

Xc = 1990 solc = Xc = 199 = 50.25mA
E 10v

XL = 12,560¢ sol = XL = 12,5602 = 0.796mA

Fig.11 Parallel resonance

It would appear that the tank circuit provides a
form of perpetual motion because it keeps circulating
energywithout requiring any external power source. In
practice this is not the case, because there must always
be a certain amount of resistance in the coil and wiring.
Without a power source the resistance in the circuit
would soon cause the oscillation to die out completely.
The practical tank circuit, therefore, draws just enough
current from the power supply to overcome the cir-
cuit’s resistance.

Use Of The Parallel Tank Circuit

We have seen that when the capacitive reactance
equals the inductive reactance, the coil and capacitor
currents cancel. This means that, as far as the power
source is concerned, the circuit draws no current and

L |
o— | +—0
““INPUT c 1 %R QUTPUT
e 1 -0
Impedance
A

U
I
1
1
Ll
i
i
i
i
1
i
I
'
I
|
L
1
i
0

fi Frequency
Current
A
I
U
t
; _—
fo Frequency
1
fo = 2n VLC

Fig12 Parallel LC circuit as a filter

represents an infinite impedance.

Figure 11 shows how this works. The same com-
ponent values have be used as were given in the series-
resonance description earlier. Below the resonant fre-
quency, most of the current flows through the coil due
to its low reactance compared to the capacitor. Sim-
ilarly, above the resonant frequency the capacitor’s
reactance is much lower than the coil’s, so most cur-
rent flows through the capacitor. At resonance, the
reactances are equal, which results in equal {but oppo-
site phase) currents.

Just as the series tuned circuit can be used as a fil-
ter, so can the parallel tuned circuit. Figure 12 shows
onesuch application. Atthe resonant frequency, f,, the
impedance of the coil and capacitor combination rises
to its highest value, which reduces circuit current to a
minimum. As the voltage drop across R is directly pro-
portional to the current, this also reduces the output
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voltage to a minimum. Either side of the resonant fre-
quency the tank circuit's impedance starts to drop, giv-
ing an increase in current and a corresponding
increase in voltage across the output resistor. The filter
is called a band-stop filter, because it prevents any sig-
nals at the resonant frequency from being passed on to
the next stage.

Note that the same formula is used to calculate
the resonant frequency of any series or parallel tuned
circuit. It is the method of connection that determines
how the filter behaves.

Filters

Figure 13 shows some other ways in which coils and
capacitors can be used to select arange of required fre-
quencies and reject all others.

At A a series tuned circuit has been connected
across the output terminals. This presents a low
impedanceat the resonant frequency, shunting the sig-
nal to ground, so a band-stop filter is produced. At Ba
parallel tuned circuit presents a highimpedance across
the output at resonance and a lower impedance at
other frequencies. The result is a band-pass filter. This
latter arrangement is cornmonly employed in radio
and television receivers. Diagrams C and D representa
low-pass filter and a high-pass filter, respectively. The
former blocks frequencies above a certain value and
the latter blocks frequencies below a certain value. It
will be left to the reader as an exercise to determine
how these two filters operate. Start off by assuming
some values for the coil and eapacitor (say 0.1uF and
250mH), then work out the reactances at different fre-
quencies.

Next month we examine transformers.

FAesponse

INPUT OUTPUT

L

BAND-STOP FILTER

-

(b) A

Frequency

BAND-PASS FILTER

=

Once the problem of the voltage output from the
adapter is solved, if is arises at all, it is time to apply
power to the board itself, but via the multimeter
switched to a current range. The Current drawn by the
board should be around 10 milliamps; if it is very much
more than this or very much less, there is something
wrong, so switch off and look for an obvious fault; if
none can be seen, look under the fault finding section
later.

1 all seems OK, test the device either by spraying
IC1 with a freezing spray, if you have one, or by putting
it into the freezing compartment of a refrigerator and
wait a few minutes, after which it should be possible to
get the bleeper to sound by adjusting RV1 (using the
freezing spray, the bleeper will sound whatever the
adjustment of RV1), provided IC1 is made cold
enough). Warming IC1 with a finger (after remuving
the board from the freezer!) should make the bleeper
stop quickly.

Finally, before being installed in its final position,
the device must be callibrated, and this is done by plac-
ing ice and water in a metal container, and attaching
IC1 to this. for example, with an elastic band round the
whole circuit board. The water/ice mix will, after 15
minutes or so, be within a degree of zero Celcius in
temperature, so RV1 should be adjusted so that the
device just bleeps, ie moving the setting of RV1 very
slightly will stop the bleeps.

The board can now be placed in position, and it
can be attached to the most vulnerable pipe in the
house (ie the one furthest away from the warm main
part of the house) usinga simple metal clip; on the pro-
totype this was modified from a plumber’s clip. Some
thought needs to be given to the routing of thewire and
to the placing of the adapter and the sounder, but, pro-
vided the interconnectinglead is no more thanabout 5
metres, there shouldn’t be any problems.
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1\ LOW-PASS FILTER
(d) HIGH-PASS FILTER
o—
Fig13 Other filters
PARTS LIST Freeze Alarm
continued

RESISTORS {all "W or more power dissipation, 5% or less tolerance)
R1 %7

R2 1

R3 18k

R4 6k6

R5 M

R6 470k

R7 MO

Rl 47k

R9 %8

RV1 1k0 sub-miniature preset pot, horizontal mounting.
CHPACITORS

C1 100n, any type

C2 2n2, any type

C3 10p electrolytic, 16V {or more), single-ended

{reduce to 100w non-polarised of IC3 is used)

SEMICONDUCTORS

IC1 LM3911

IC2 4093 CMOS quad two-input NAND with Scmitt
trigger inputs

IC3 7812 (may not be necessary — see text)

D1 1N4001 {remove if IC3 used)

MISCELLANEOUS

Piezo-electric soundet (not the type with its own internal oscilator);
mains adapter unit, 9 volt (or adjustable DC output, fow current {only
10mA required, but these units will typically supply 300mA or mare,
which s not a problem); PCB; four core wire (eg, burglar alarm wire};
solder; IC holder for IC1 if required (8 pin DIL, see text).

from page 15
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Fig.2 Basic UJT relaxation
oscillator.

Modern UJT And
PUT Circuits
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SILICON 3
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Taz
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Fig1 (a) UJT symbol, {b) UJT construction (c) UJT
equivalent circuit.

Ray Marston looks at
Unyunction Transistor
and Programmable
Unigunction Transistor
"PUT) principles and
“Wycuts.

VBB (+VE})

Fig.3 Alternative version
of the UJT oscillator.
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he Unijunction transistor (UJT) is one of

the oldest and simplest of all active semi-

conductor devices. It first became com-

mercially available in 1952, and for many

vears was widely used as a general-pur-
pose timer, oscillator, and high-energy pulse genera-
tor. Then, in the early 1970, many of these tasks were
taken over by readily available low-cost ICs such asthe
555 timer and the ubiquitous CMOS range of gates,
and the UJT slowly fell out of favour, eventually being
relegated to only the high-energy pulse generating
role. A similar fate also fell on its hopeful replacement,
the PUT (Programmable Uhijunction Transistor),
which is now little used, Both of these devices are still
quite versatile however, and are readily available. This
article describes their opergting principles, and shows
how to use them in practical circuits.

UJT Basics

The Unijunction transistor is a simple device that con-
sists of a bar of n-type silicon material with a non-recti-
fying contact at either end (base 1 and base 2), and
with a rectifying contact (emitter) alloyed into the bar
part way along its length, to form the only junction
within the device (hence the name ‘unijunction’).
Figure 1 shows the symbol, construction, and equiva-
lent circuit of the UJT.

Base 1 and base 2 form contacts with the ends of
the silicon bar, and a simple resistance appears
between these two points‘and measures the same in
either direction. This ‘inter-base’ resistance is given the
symbol Ry, and has a typical value in the range 4k0 to
12k.

In use, base 2 is connected to a positive voltage
and base 1 is taken to zero volts (see Figure 1c), so R,,
acts as a voltage divider with a division or ‘intrinsic
stand-off’ ratio (1) that has a typical value between
045 and 0.8. A ‘stand-off’ voltage of 1.V,, thus

appears across the lower (r,,) half of the bar under
quiescent conditions. The UJT's emitter terminal is
connected to this voltage via junction D1. Normally the
emitter input voltage (Ve) is less than NVeg.so D1 is
reverse biased and the emitter appears as the very high
impedance of a reverse biased silicon diode.

If V¢ is steadily increased above NVys @ point is
reached where D1 becomes forward biased, and cur-
rent starts to flow from the emitter to base 1. This cur-
rent consists mainly of minority carriers injected into
the silicon bar, and these drift to base 1 and decrease
the resistance of ry;. This decrease in 1y, lowers the
NVgg voltage, so the emitter-to-base current increases
and makes the ry, value fall even more. A regenerative
action thus takes place, and the emitier input imped-
ance falls sharply, typically to a value of about 20R.

PARAMETER 2N2646 TIS43 —‘
EMITTER REVERSE VOLTS (MAX) 30v 30v
Ves (MAX) 35v 35v
PEAK EMITTER CURRENT (MAX) 2 AMPS 1.5 AMPS
POWER DISSIPATION (MAX) 300mwW 300mwW
INTRINSIC STANDOFF RATIO, n 0.56-0.75 0.55-0.82
Res 4k7-9k1 4k0-9k1
Ip (MAX) 5uA 5pA
Iv (MAX) 4mA 4mA
82
E| B1

OUTLINE o

g1 | B

l (TO-18 CASE) | (TO-92 CASE)

Fig.4 2N2646 and TIS43 UJT data.

+9-12V

Fig.5 Wide-range pulse generator.

) +9-12V

< ov
Fig.6 Wide-range non-linear sawtooth generator.

The UJT thus acts as a voltage-triggered switch
that has a very high input impedance (to its emitter)
when the UJT is off and a very low one when it is on.
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the precise point at which triggering occurs is called
the ‘peak-point’ voltage, Vp, and is about 600 mV
above the {1V value.

The UJT Oscillator

The most basic application of the UJT is as simple
relaxation oscillator, as shown in Figure 2. Here, C1 is
fully discharged when the supply is initally connected,
so the emitter is at ground potential and presents a
very high impedance. C1 immediately starts to charge
exponentially towards Vg via R1, but as soon as the
emitter reaches Vp the UJT fires and rapidly dis-
charges C1 into the low impedance of the mitter. Once
C1 is effectively discharges the UJT switches off, and
C1 then starts to charge up again viaR1, and the whole
process repeats add infinitum and generates a non-lin-
ear sawtooth waveform across C1.

{3 +9-12V

Q3
2N3904

<V

{2 OV

Fig.7 Wide-range non-linear sawtooth generator
with variable-amplitude ground referenced

output.

Fig.9 25Hz to 3kHz generator produces a non-linear
sawtooth or a rectangular waveform with fully
variable M-S ratio.

- #9-12V

A4
3k3

AV3
10k
M-S RATIO

1 +12V
100R
TOTAL
Rx
Q2
2N3soa
0 0V
Fig.11 Metronome giving 20 to 200 beats per
minute.

In this circuit the switch-off action occurs in each
cycle when the total emitter current (the C1 discharge
plus the R1 current) falls to a ‘valley-point’ value, v
(typically several mA). A minimum ‘peak-point emitter
current’, Ip, is needed to initiate the UJT switch-on
action, and typically has a value of several pA. Thus
R1’s maximum usablevalue is limited by the Ip charac-
teristic, and the minimum value is limited by the Iv
characteristic.
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0 +12V
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SYNC
INPUT
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BLANKING
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oscilloscope timebase generator.

Fig.8 This linear sawtooth generator can be used as a simple

The oscillation frequency of the Figure 2 circuit is
given approximately by f=1/(C.R), and is almostinde-
pendent of Vgg (typically, a 10% change in Vg causesa
change of less than 1% in ). The R1 value can typically
be varied from about 3k0 to 500k, enabling the circuit
to span a 100:1 frequency range via a single variable
resistor. The C1 value can be varied from a few hun-
dred picofarad to hundreds of microfarad, enabling
the circuit to be used over a very wide frequency range
(from less than one cycle per minute to hundreds of
kHz).

In most practical UJT oscillator circuits an addi-
tional resistor (R3) is wired between base 1 and
ground, as shown in Figure 3, either to control the dis-
charge time of C1 or (more usually) to give a brief high-
energy positive output pulse from C1’s discharge. A
resistor (R2) may also be wired in series with base 2,
cither to enhance the oscillator’s thermal stability or to
enable a low-energy negative-going output pulse to be
generated via C1’s discharge.

— 1 T D+18V
swi | SwW2 swa |~ NOTE:
750Hz § . 1.4kHz L 3kHz § D1-3 = 1N4148
.] |
o D2 D3
R4
180R
RA R2 R3
39k 22k 10k
- Y at
» k TIS43
& cl J_ - s
22n Ls1
T 8-25R
—O W

m

Fig12 Simple multi-tone signalling system.

Practical UJTs

The two best known and most readily available types of
UJT are the 2N2646 and the TIS43. The latter device
is the most modestly priced of the two, and is used as
the basis of all practical UJT circuits presented in these
pages. lt can be used with supplies up to a maximum of
30V, and has maximum Ip and Iv ratings of 5pA and
4mA respectively, thus allowing a wide range of timing
resistor values to be used. Figure 4 lists basic details of
both types of UJT.

Practical Waveform Generators

The TIS43 can be used in a variety of pulse, sawtooth,
and rectangular waveform generator applications,

0 oV

Fig10 Simple ‘code-practice’
oscillator; tone is variable
from 300Hz to 3kHz.
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Fig.13 Simple rising-tone siren.

Figures 5 to 9 show a selection of practical circuits of
these types.

Figure 5 shows a wide-range pulse generator
circuit. A high-energy positive pulse is available across
R3, and a low-energy negative -going one is available
across R2. Both pulses are of

network and its amplitude is variable via RV3. With the
component values shown the oscillation frequency is
variable from 60Hz to 700Hz via RV1; alternative fre-
quencies can be obtained by changing the C1 value.
The circuit can be used as a simple oscilloscope time-
base generator by taking its sawtooth output to the
‘external timebase’ socket of the ’scope and using the
‘positive flyback pulses’ from R5 for beam blanking.
The generator can be synchronised to any external sig-
nal that is fed to the SYNC INPUT terminal.

Figure 9 shows how a UJT can be used to gener-
ate either a non-linear sawtooth or a rectangular wave-
form with an infinitely-variable mark-space ratio. The
LF356 op-amp used here is “fast’ device with a very
high input impedance. When SW1 is in the SAW-
TOOTH position this op-amp acts as a simple voltage
follower, and C1’s sawtooth appears across output
control RV2. When SW1 is set to the RECTANGLE

049-18V similar form, but are in anti-
phase. With the component
values shown the pulse width
is constant at about 30us
over the frequency range
25Hzto 3kHz (adjustable via
RV1). The pulse width and
frequency range can altered
by changing the C1 value;

—{+12V

RV1
47k
SENSITIVITY

LDR

reducing it by a decade
reduces the pulse width and

Fig.16 Light-sensitive AC power switch.

() OV

raises the operating frequency

~

N e N
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A non-linear sawtooth is generated across C1 of
the Figure 5 circuit, but is at a high impedance level and
is thus not readily available externally. Access can be
gained to this sawtooth either by wiring a simple PNP

LOAD O 12V

115V AC
230V AC

— 0V

Fig15 Isolated-input AC power switch* Select the triac
voltage and current rating to suit the supply and load.

emitter follower across the

byafactorof 10;C1 can have any value from 100p to  position the op-amp is configured as a fast voltage
Fig.14 Light-sensitive oscillator. 1000p.

comparator, with the sawtooth fed to its non-inverting
input and a variable (via RV3) DC reference voltage
fed to its inverting input; this simple arrangement con-
verts the sawtooth waveform into a rectangular cutput
that has its mark space ratio fully variable via RV3.

Gadgets And Novelties

Figures 10to 14 show a variety ofways of using UJ Tsin
handy gadgets and novelty circuits. Figure 10 is a sim-
ple morse-code practice oscillator; it generates a fixed
tone (adjustable from 300Hz to 3kHz) directly in a
small speaker whenever the morse key is closed,

Figure 11 shows a musicians metronome with a
beat rate variable from 20 to 200 per minute via RV1;
the UJT's output pulses are fed to the speaker via Q2,
producing a distinct ‘click’ each time the UJT com-
pletes a timing cycle.

Figure 12 shows a multi-tone signalling system
that consumes zero quiescent current and generates a

timing resistor network, £s O -
shown in Figure 6, or %y B
wiring an NPN Darlington LOAD

emitter follower across Cl1,
as in Figure 7. Note that the |
Figure 6 circuit gives a fixed
amplitude output that is

RV1
SENS,
zo tLca
12v 4704
15V

I

230V AC ;
referenced to the positive ‘UEHE
supply rail, but that the s
Figure 7 design gives a 400V
variable-amplitude  output o—
that is referenced to the zero

Fig.17 Alternative light-sensitive AC power switch.

volts line.

The UJT oscillator can be made to generatea lin-
ear sawtooth waveform by charging its timing capaci-
tor via a constant-current generator rather than via a
simple resistance. Figure 8 shows a practical version of
such a circuit. Q1 and its associated network form the
constant current generator, and the current magnitude
(and thus the oscillation frequency) is variable via RV1.
CU’s linear sawtooth waveform is made externally
available via the Q3-Q4 Darlington emitter follower

CIRCUITS

tone that is unique to each one of its three push-button
operating switches; each switch connects the oscilla-
tor’s supply via an isolating diode, but selects a unique
value of tone-generating timing resistor.

Figure 13 shows a simple rising-tone siven, which
operates as follows. When power is first applied C1 is
fully discharged, so the UJT operates at a frequency
set only by R3 and C2. As soon as power is applied,
however, C1 starts to charge exponentially via R1, and
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its voltage causes the charge current of C2 to increase

via D1 and R2, raising the UJT frequency. Thus, the AAAA Thiagoa

UJT’s oscillation frequency slowly rises as C1 charges a8 i |

up, as shown by the diagram’s exponential graph, and LoAD 5W

the circuit generates a distinct rising tone. A6
Finally, Figure 14 shows the UJT used as a light- f2< a1 A%

sensitive oscillator, with an LDR acting as its main tim- | 115}AC ] TRac | 100R0 Ts4s fri i

ing resistor. This LDR is a cadmium sulphide photo- | 230 Ac

cell: under dark conditions it acts as a very high resist- Jons i

ance, so the operating frequency is low and is deter- c1 c2

mmined mainly by R1; under bright condition the LDR 1000 Ra T"‘z" s,ri\g;"-
9

400V T 100R
O

Fig.18 Auto-turn-off AC power switch with 5-minute delay.

s cadmium sulphide photocell LDR) falls below a pre-

set level, RV1 and the LDR form a light-sensitive pot-
ential divider which has its output taken to the VJT’s
timing resistor via D1. Under bright conditions the

SAWTOOTH
OUTPUT

A3
1kS

Fig.19 Transistor equivalent of the UJT oscillator.

resistance is very low, so the operating frequency is
high and is determined mainly by R2. At intermediate
light levels the UJT frequency is set mainly by the LDR
value and thus by the light level. This circuit can thus be
used as a simple musical instrument that is played by
the light of a torch or by shadows cast by the hand.

Fig.20 PUT symbol and basic oscillator circuit.

AC Power Control Circuits

The most important use of the UJT is in AC power
control applications, where its high-energy time-
delayed output pulses can be used to trigger SCRs or
TRIACs and thus control the power feed to AC lamps,
heaters. or motors. Figures 15 to 18 show four simple
ways of using UJTs to control triac power switches.
Note in these circuits that the triac’s voltage rating
must be chosen to suit the AC power line used (400V
rating on 230 VAC, 200V rating on 115V AC), and that
its current rating is chosen to suit the load.

The Figure 15 circuit is a simple on/off unit in
which the DC-powered UJT circuitryis electrically iso-
lated from the high voltage triac system via pulse trans-
former T1 (this tupe of transformer is available from
many component suppliers). When SW1 is closed the

[a)

Fig.21 (a) SUS symbol and (b and c) equivalent circuits.

DR resistance is low and the divider's output voltage
is too low to enable the UJT to trigger, so the triac is
off. Under dark conditions the LDR resistance is high
and the divider's cutput voltage is highand enablesthe
UJT to oscillate, so the triac turns on and applies
power to the load. The DR can be any type that pres-
ents a resistance in the range 2k0 to 47k at the desired
‘dark’ turn-on light level.

Figure 17 shows an alternative version of the
above circuit in which the UJT is not electrically iso-
lated from the triac. Here, the UJT output pulses are
fed directly into the gate of the triac, and the UJT is
powered from a 12V DC supply that is derived from
the AC power line via the R5—D1—2ZD1—C3 network.

Finally, Figure 18 shows a time-controlled varia-
tion of the above circuit. Here, the UJT and the triac
are-swtiched on via the IC1 555 timer as soon as SW1
is briefly closed, but turn off again automatically aftera
pre-set delay of about five minutes as IC1 completes its
tirfthg cycle. The circuit’s timing period can be made
varfable by replacing R7 with a 10k resistor and a 47k
variable wired in series.

Note in Figures 17 and 18 that, to generate an
adequate 12V DC supply, the RS value may have to be
reduced when operating from 115V AC power lines.

PUTs And Kindred Devices

The action of a UJT oscillator can be simulated by the
circuit of Figure 19, in which PNP transistor Q1isin
series with NPN transistor Q2; R1 and C1 control the
cireuit’s timing action, and R2-R3 apply a fixed voltage

(=) (b)

Fig.22 (a) SCS symbol and (b)
transistor equivalent
circuit.

c

UJT oscillates and feeds high frequency (several kHz) <& RooE e e ATHODE VALTAGE (HAR) = 30y

trigger pulses to the triac gate via T1; thus switchingthe A Ge ANODE CURRENT, DC, MAX A% 2 Ssoma

triac on shortly after the start of each AC powerline = 22,?3:;:&“533:2‘;" A
* . A =1

half-cycle and effectively applying full power to the AC (G CONNECTED TO GASE)

load.
PIN CONNECTIONS

Figure 16 shows how the above circuit can be
modified to act as a light-sensitive power switch that Fig.24 Basic details of the BRY39 (equivalent to the 2N6027 and D13T1)
turns on automatically when the light level (sensed by thyristor tetrode device, which can also be used as a PUT or SCS.
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(a) (b)

Fig.23 (a) Thyristor tetrode symbol and (b)
transistor equivalent circuit.

{the equivalent of a UJT’s intrinsic standoff ratio vol-
tage) to the base of Q1; R5 shunts Q2’s base-emitter
junction, so that Q2 is not driven on by Q1’s leakage
currents. At the start of each timing cycle the R1-C1
junction voltage is low, so Q1's base-emitter junction is
reverse biased and both transistors are cut off. C1 then
charges via R1 until Q1% base-emitter junction
becomes forward biased, at which point both fransis-
tors switch on regeneratively and rapidly discharge C1
via current-limiting resistor R4, until the discharge cur-
rent flows through their base-emitter junctions. This
defect can be overcome by replacing the three compo-
nents within the dotted lines with a PUT, which is the
direct thyristor equivalent of Q1-Q2.R5 and uses the
symbol and basic application circuit of Figure 20; it is
so named because it acts like a Programmable
Unijunction Transistor, in which the intrinsic standoff
ratio and Ry values can be ‘programmed’ by selecting
the external R2 and R3 values.

Note that the PUT symbol of Figure 20 is similar
to that of an SCR (silicon controlled rectifier), except

that the gate is related to the anode rather than the
cathode; the PUT s in fact sometimes called an anode
controlled SCR, and is one of four very closely related
PNPN thyristor devices. Details of the other three
members of the family are shown in Figures 21 to 23.

The SUS (Figure 21) or Silicon Unilateral Switch
acts like a PUT with a built-in zener between its gate
and cathode. The gate pin is normally left open, and
the device acts as a voltage-triggered self-latching
switch that turns on when the anode voltage rises high
enough (above 8V) to make the zener start to break
down via Q1's base-emitter junction. Once the SUS
has latched on, it can only be turned off again by reduc-
ing its anode current below the minimum holding
value.

The SCS (Figure 22) or Silicon Controlled Swich
has the same symbol as an ordinary SCR, but differs
from it in one important respect; it acts as a self-latch-
ing swtich that can be triggered on by applying a posi-
tive trigger signal to its gate, but can be turned off again
either by reducing its anode current below its mini-
mum holding value or (unlike an SCR) by brieflyshort-
ing or reverse biasing its gate-cathade junction,

Finally, the most versatile of all these devices is
the thyristor tetrode which, as can be seen from Figure
23, can also be used asa PUT or SCS. This device has
two gate terminals (G and G, ), and can be turned on
either by driving G.. positive to the cathode or by driv-
ing G, negative to the anode, and can be gated off
either by driving G- negative to the cathode or by driv-
ing G, positive to the anode.

The best known practical versions of the thyristor
tetrode are the BRY39, the 2N6027, and the D13T1,
which are virtually identical devices, Figure 24 shows
the basic detail of the BRY39, which is housed inaTO-
72 case. It can easily be used as a PUT or SCS.
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CH1 WP
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—() CHANNEL 1 OUTPUT
R4 AS PC
s 180R 100R forg TERAM1
w 1000 |
c1 250VAC ==
c1
4 100n
250VAC

TRIACT

PL2 TO NEXT TRIAC BOARD

Fig.1 Basic zero crossing Triac switching circuit

NOTE:
——O CHANNEL 2 OUTPUT ZERO CROSSING
PC SWITCH BOARD
TEAMZ
1€1-4 = MOC3041
Q1-4 = BC549C
TRIAC1-4 = TIC2250
LED1-4 = 0.1in
or 0.2in RED (SEE TEXT)
L1-4,C2,C4,C8,C8 OMITTED
DIMMING BOARD
IC1-4 = 3020
" C1-4 = BCS49C
L3ty TRIAC1-4 = TIC2260
—C) CHANNEL 3 OUTPUT LED1-4 = 0.2in RED
Py L1-4 = 5A TOROIDAL CHOKE
cer TERM3
100n |
250VAC ==
cs
100n
250VAC
TRIACS
x Las oy
. ——0) CHANNEL 4 OUTPUT
PC
=54 TERMA
100n
250VAC
1]
250VAC -'-
TRIACS i L
TRIAC
SUFPLY IN

This month Mike
Beechan provides the
ugh power interface for
1igh power output
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o recap and elaborate on what we said last
month, the ‘Nightfighter' modular lighting
control system was originally developed
because at the time that the author
required a control system, those available
on the market seemed to fit into two distinct catego-
ries, namely the budget-priced affairs offering four or

50 simple sequences with distinctly suspect filtering cn

the sound to light and at the other end of the prce
scale, the all-singing, all-dancing microprocessed sys-

tern whiﬁh .__rgtg'i'lé:_:frp'm% about £300 up@ards but yef

does not offer any painless or cost-conscjous method

of upgrade or alteration at a later date,

Problems arise when the prospective purchaser
Wishes to buy at that time a controller from manufac-
turer Xwith facilities A and B, At a later date, he orshe
then purchases some strobes, for example, and now
needs facility C, strobe control. Manufacturer X sells
dedicated strobe controllers or a new controller with
facilities A, Band C. The DdJ now faces the problem of
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- NOTE:
. IC1 = NE5532
o IC2 = LM317
- IC3 = LM337
- Q1-4 = BC549C
- Q5 = BC109C
L D1-3 = 1N4148
g 2v
o
.
| s
e A1z M2V g
: “ﬁg 100k s 100N - +12V
E AAAL = £
: gf% 1 >t RAMP
E | e 7 —1ov
o PR2 PR3 =
- -12v ov
E 50k 200k [
E PRA o | 12V
i §; SNEJU 10¥ (og %Tanun'nvs -12v o e
- INPUT SENSITIVITY) PL2 TO INPUT
. SET RAMP LINEARITY/
- SETRAME/EINES INTERFACE BOARD
. (EQUAL TO INPUT SENSITIVITY)
‘:‘g@
- Ic3 ov -
. 4 2N outi2 =
A
i | £ON 12V
. -12v
2
S
.
= PRS
. SET -10V (OR -VE VOLTAGE
. EQUAL TO INPUT SENSTIVITY)
Fig.2 Zero crossing detector and ramp generator circuit

é?a’yj(:@nh?eﬂer which will leave him/
f pocket and with a perfectly good
ed redundant. 5
dilertima occurs when we wish to

sers of computer equipment and RS232 inter-
be well acquainted with the problems of try-
' rerals with supposedly internationally
ards to communicate intelligibly. It seems
 rule of design that each manufac-
e },g%:face with equipment of-ar;gthejmﬁnu«_
fo e .
 The ‘Nightfighter’ system has no commercial
oya ﬁ%&?gﬁd so is readily compatible uﬁtﬁ;a}é}.ﬁegﬁ%ar .
~ branc pgft:’qgﬁfoﬁer. It can be purchased initially as a
: idget systermn and improved and altered when circum-
§ é?_' ﬁﬁ cné' . v/\ o = i i

e ohie major snag of a system of this !
‘all eggs in one basket’ syndrome wherein if the Master
Controller fails, the whole system is rendered useless.
This happen-stance can be circumvented if the opera-
‘maintains a supply of spare boards which can be,

d in quickly and easily should a failure occur, -
e best of the author’s knowledge, there are -

mowledge, there
ommert ollers in ANY price
%;ﬁ

y-produced contro
‘This philosophy also allows easy improvement of the
original design — future boards presently in the pipe-
fine include 2 ‘Super-Audio’ board which will allow
tomatic, pseudo-random. cycling of ‘the vatious
tions, an improved Sequence Selection which will
the operator to pre-select the next sequence
\e present one is running and a new interface

o
L

.
.

S
=

~ board which will allow the superimposition of a back-
' ground lighting level on a individual channel.

the Master Controller.
onth e onto the peripheral unit
gﬁﬁlﬁ Nightfighter to flash, sequence, and
i e e 5 ..g S i o _' e,

e month e ove
ey

-

i L

t of different manufacturing orig- - x@mtroiler-,..as a self-contained remote zero-voltage

kes his equipment as difficult as possible to

~ Switch Board

isthe ~ The cireuit in its simple state consists of a transistor

' offer this instantly upgradeable feature. -

- the addition of L1 toroidal choke and another capaci-

control countless kilowatts of lights, namely the
‘remote switch/dimmer packs.

These ‘power packs’ are stand-alore units which

 are designed to be configured in one of four ways:— as

_azero-voltage switch pack contained within the Master

switch pack, or as a self-contained full wave phase-
control dimming pack with either individual channel
dimmers, a master dimmer or a combination of both.
The last two options require the construction of an
additional control interface board.

- Low voltage control signals from the Master are
 daisy-chained to each of these peripheral units via 15
way D-type plug and socket assemblies and each hasa
 separate Remote Disable Facility which overtides any
. control signals present.

Basic Zero Crossing Triac

buffer/opto-trisc/optional LED indicator driver cir
cuit, giac and interference suppression circuitry. The
optodriac not only provides<complete isolation of the
- control and power-switching circuitry but will also only
' switch on oroffatthezero-crossing points of the mains
.cycle, thus almost completely eliminating any RFL
When switching inductive loads {which int a disco
_environment will mean low veltage pinspot lamps,
neon transformers or the motor circuits of kinetic
effects), the triac must be triggered when conditions
are optimum for a latching current to be established
within the period of the gate pulse. To aid latching,
‘ additiona} (and short duration) triac load current can
be provided by a parallel RC ‘snubber’ network com-
.~ prised of R5 and C1. The snubber network also offers
 some protection from dV/dt triggering of the triac due
1o noise spikes, back EMF and the like.
~ Thedimmableversion requires the substitution of
the zero-crossing opto-triac with the ordinary type and

tor, C2 which provide a measure of suppression of the
~ RF which is inherently generated when dimming by
- phase control.
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lated rubber boots.
The PCB’s are again mounted on ;" X'%" alumi-
nium bar and once the front panel has been drilled in

regarded as satisfactory although stage dimmer units
do use McMurdo or similar connectors.
The pinout for these connectors is as follows:—

Pin 1 Earth places appropriate for the unit constructed (the only
Pins 2,3,4,5 Switched Live Outputs holes common to all three variations being the eight
Pins 7,8 Neutral Channel Monitor LED holes).

It should be noted that the guidelines given here
apply equally to the housing and wiring of a Switch
Pack inside the Master Controller casing.

Each variation necessitates a slightly different
approach in construction. The differences for each are
outlined as follows.

Zero Voltage Switch Pack

This variation requires one triac board and one con-
nector board (fitted with Remote Disable transistors
Q1, Q2) to be constructed. Zero-crossing opto-triacs

Each Neutral and Earth connection to the Bulgin
sockets should be made individually with each set of
eight wires being brought together at the terminal
block end, NOT one or two wires distributing earth and
neutral to all of the sockets.

The cables should be tie-wrapped together into
neat looms and the loom containing wires from the
Bulgin channel outputs looped to the right hand side
of the case. Each wire should then be terminated at its
respective triac board PC screw terminal. The loop

Fig.4 Cyclic crossfade circuit
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enables facilitates removal of the board from its fixings
without straining any connections and provides a neat
and professional looking internal layout.

The wiring of the unit is the main bugbear of the
construction process principally because there are so
many interconnections between rear panel connec-
tors, fuseholders and the triac boards, and the mains
voltages involved mean that any mistakes are both
expensive and potentially dangerous! The most
methodical way of making the connections is to adopt
the resistor colour code for Channel 1 to Channel 8
wiring, black for all connections relating to channel 1,
brown for channel 2 etc. The cable should be suitably
rated for the load to be controlled-maximum of 5A per
channel. The solder tags of the Bulgin sockets should
all be sleeved and the fuseholders sheathed with insu-
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are used and interference suppression components
1.1-8 and C2,4,6,3,10,12,14,16 are omitted. Each of
the eight LED’s is mounted at right-angles to the PCB
so that it can protrude through the appropriate front
panel hole. The connector board is mounted adjacent
to the triac board on the left-hand side of the casing
and power is derived from the rear-panel mounted
EXT. CONTROL IN 15-way D-type socket. The two
way power supply ptug PL1 on the triac board mates
with the plug on the connector board.

Full Facility Dimming Pack (Master and
Channel Dimmers c/w Standby/Remote
switches

For this version, an 8-way, fully suppressed triac board,
PSU, input interface board, ramp generator board and
connector board need to be constructed. The input
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interface board is fitted with 8 channel dimmer pots,
two override switches and a master dimmer pot. The
ramp generator board is mounted piggy-back fashion
on the right-hand side of the interface board. Care
should be taken that the through-board pins marked Z
and Z" on the component overlay are NOT inserted in
this version as they will short together the control vol-
tages from the master dimmer and channel dimmer
pots with the consequent destruction of one or more
pots and possibly some PCB tracks. PL1 on the triac
board plugs into the PSU board. Also RV1 derives its
power from pins AA to AA’ and from BB to BB’ NOT
through XX and YY.

o

Master Controller Optional Plug-in
Boards

The plug-in boards can ngw be tested in the Master
Controller. Ensure that each board occupies its correct
slot on the board as although the signal pins are com-
mon to each unit, some power rails are omitted and
replaced with, for example, an audio input signal.

Limited Facility Dimming Pack (Master
Dimmer only)

This requires all of the above boards to be constructed,
omitting only the 8 channel dimmer pots and the two
override switches. The through-board pins at Z, Z’ and
XXand YY are inserted on this version. There are also
links to be inserted in place of the override switches.
These will be shown on the component overlay next
month,

Setting Up

The PRI bias preset control on the crossfade board
should be set about mid-position — the setting isn’t cri-
tical — but extreme adjustment affects the low fre-
quency linearity of the triangle wave — a 'scope or an
analogue voltmeter are the best instruments to have to

hand for this adjustment. PR2 should be set for 5V and
PR3 for 10V — again if the waveform is viewed on a
'scope it should fall to 0V and rise to 10V, Any marked
deviation from these two extremes obviously affects
the smoothness of the fading action between lamps;

Strobe Board

The adjustments on this board are PR2 which set the
Mark time of the oscillator waveform and PR1 which
sets the maximum strobe flash rate. PR2 should be set
using a 'scope according to the strobe manufacturer’s
specification. If this is not readily available, RV2 should
be set for a long space and PR2 for a short mark.
Should the strobes fail to trigger, increase the mark
length until they do so. PR1 should be set according to
personal preference and with reference to the maxi-
mum flash rate attainable at maximum light output
from the strobe units to be used — most strobe units
trade-off light output against flash rate. It should also
not be forgotten what was mentioned earlier about
flash rate and the incidence of dis-orientation and
epilepsy.

Sound to Light

PR1-4 are the only adjustments to be made on this
board. The bestway to adjust these is by using an audio
frequency generator to ‘squeak’ through the normal
audio frequency range, adjusting each preset so that
there is equal response from each associated filter
within its passband. Failing this, each filter should be
adjusted for reasonable ‘response with normal
programme material.

Ramp Generator

A dual trace 'scope is a most useful instrument to have
to hand for precise adjustment of the Ramp Generator
so that the mains inputwaveform and the output of the
zero-crossing detector can be viewed simultaneously
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although PR1 can be set reasonably accurately using a
DMM. PR1 should be set for 3.5V on an AC range or
for an narrow a 12V pulse as possible. PR2 sets the
ramp linearity and its final voltage — for use with the
circuitry in these articles and for most dimming equip-
ment in the commercial world, it will be set for 10V
although one manufacturer does use a 0-6V DC con-
trol signal. PR3 is set such that the resistance which it
presents to IC1 pin 3 is equivalent to the combined
resistance of R12 and PR2. PR4 should be set such
that IC2 output voltage is equal to the ramp final vol-
tage and PR5 for an equal and negative voltage at [C3
output.

There are no adjustments to be made on the
Input Interface board. All that is now needed is to plug
all of the previously set-up boards and the External
Control In socket into the board, leaving the connec-
tion to the triac board for the present. With power
applied and the two Standby/Remote switches (if fit-
ted) in the Out ie Remote position there should be no
front panel LED’s lit. Advance all of the pots fully
clockwise and press SW1 and SW2 in turn. LED’s 1 to
4 and then 5 to 8 should come on at full brightness.
Turning the Master Dimmer anticlockwise should
smoothly dim all eight LED’s simultaneously while
turning a Channel Dimmer down should smoothly
dim that channel only.

Disconnect power and connect a 15" piece of
insulated wire bared at both ends to the +12v terminal
on the PSU. Reapply power and touch the bared end
in turn to each channel input pin on the triac board —
this should cause each LED to light in turn. If this is the
case, connect the interface output plug to the Connec-
tor board — the LED’s on the triac board should now
mirror exactly the front panel Monitor LED’s.

Switch off again and connect the triac supply
wire(s) to the Live terminal in the terminal block. Beg,
borrow or steal a 100W light-bulb, holder and some
connecting wire and connect one tail to the Neutral
terminal and the other to the PC screw terminal of
channel 1. Reapply power and the lamp should be
glowing if none of the front panel controls had been

HOW IT WORKS

ZERO CROSSING DETECTOR & RAMP GENERATOR

A fullwave rectified but unsmoothed version of the AC secondary
waveform is applied via PR1and R2 to Q1. Every time the inputfrom the
bridge drops below about 1V, Q1 is biased off and the collector swingsto
+10V. When the collector goes negative again, 02 is biased hard off fora
very short period defined by the C1/R5 combination. This pulse is
applied to the leading edge detector comprised of C2, R6 and Q3. The
outputwaveform at Q3 collector is a narrow, negative-gaing putse which
is exactly coincident with the zero crossings of the 50Hz waveform. Itis
inverted by Q4 and applied to the trigger input of the sawtaoth generator
of IC1 and associated components. IC1 is basically an integrator with &
clamping transistor Q5 added, this resetting the capacitor 1o zero volts at
the end of each timing cycle. When the trigger inputis high, the circuitis
in hold mode, R11 holding Q5 in saturation with R13 in parallel with C3
causing the output to be essentially zero volts. When the trigger pulse
goes low, D1 steers the current in R11 away from Q5 by reverse biasing
D2and D3, turning Q5 off and preventing any “sneak path” current flow
$rom the summing point {which would alter it).

The circuit then integrates at t/C3 V/s until the frigger voltage
swings high again. PR2 and the R12/C3 combination are chosen to aflow
the output to ramp to 10V in the required 10ms (half mains cyele). PR2
thus sets the output voltage at the top of the ramp, and unfess the reader
is interfacing the dimmer with commercial control equipment with
control sensitivities different from 10V, it will normatly be set for +10V
output.

IC2and|C3 generate plus and minus 10V supplies from the plus and
minus 12Vrails of the PSU, as the ap-ampsontheinterface boardoperate
on different supply rails from the rest of the boards in the series.

touched in the meantime. It should be possible to
smoothly alter the brightness of the tamp from off to
fully on using the front panel pots. Any flicker means
that the gain of the opto-triac is low and necessitates
lowering the value of R2 drive resistor.

This routine should be followed for each channel.
The switch board should be tested in a similar manner,
powering PL1 temporarily from the Master PSU and

using a +10V feed from the PSU output terminal to
fire the triacs. Once the triac board is verified as com-
pletely working, it should be installed in either the Mas-
ter Controller or Dimmer cabinet as appropriate.

All that now remains is to make upan 18" 15-way

PR1 SET MIN SPEED Q3
PR2 SEj' MARK
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. . .
HOW IT WORKS._
CONTROLINTERFACE _
e ramip from tha zero crossing detector isapplied to the non-inverting
terminals of eight identical comparator circuits, IC101d-801d. The
 reference voltage for these comparators Is derived (in remote control
. made] from the extemal control voltage for that channel and from the
 voltageoutputfrom the channel dimmerpotititted.In STANDBY mode,
~ thacontrolvotage s derived from the MASTER DIMMER pot, RV, and
.~ fromthe channel dimmer pots f fitted. - .
~ Eachehannal consists of4 op-amps contained within IC101 to1CB01
 whichare used to buffer, add, subtract and compare the various control
 voltage sources avallable to dim the channel, iy
ne f Tounderstand the operation of the circuit, we shall assume that the
El & unit s fitted with both MASTER and CHANNEL DIMMER controls, that
 the EXTERNAL control voltage for the channel under scrutiny Is 10V, ie
-~ channelfully ON, 4 & STANDBY/REMOTE switch is in the REMOTE
~ position and that the CHANNEL DIMMER is setfor 50% brightness level.
- The extemal control passes through bilateral switch ICT (no disable
~_ signal present), through the STANDBY/REMOTE switch SW1a to the
nverting input of IC1b. The non-nvertifg input s derived from RV101
s presently +5V.(IC1a voltage follower isused simply to ensure that
: t?i"*and:Enput'sufmed_i_ffeiénﬁalaﬁpliﬁararaafihe_aame&ssemialb(
very high impedance, The output of IC101b s V2:V1 whers V2=5V and
V1= 10V, The-5V s passed to C101c, another diffrential amplifier D101
i3 taverse-biased and so of no cansequenca). The inverting input is
- permanently connected to-10V, so V2V1 = 510V = +6V. This is the
 reference voltage for the comparator, which will filp positive half way up
 the ramp, firing the triac 90" nto each mains half cycle,
© Wersthe CHANNEL DIMMER s setto offie 10V at ts wiper and a5V
 sigralpresentfrom the EXT, CONTROL, we cansee IC101b outputwillbe
V21 = +BV. This is shunted to earth by D101 which is now forwerd
_ biased and the + input of IC101c fs OV. 1C101c output will be +10V. The
| comparatorwillthen never changesstates, ie always OV and the trac will
| The STANDBY/REMOTE pushbuttons switch the input voltages to
-~ RVIO1, V201 et rom the EXTERNAL control to a voltage derived from
BV MASTER DIMMER which controls all channels simultaneously
© The CHANNEL DIMMERS and the STANDBY/REMOTE
- pushbuttons may be omitted and the RV1 wiper voltage at Z connected
| to point Z, the input 1o the voltage fallowers on sach channel. The
- MASTER DIMMER becomes & display brightness control used in
n withithe EXT. CONTROL VULTAGES. Sothe pot operatesin

s
-

o

=
S

its correct sense ie fully clockwise is ‘fully on’, the OV and +10V
connections to RV1 are reversed by connecting it thraugh pins XX and
YY.

JK1isthe REMOTE DISABLE jack whichopensor closesthe bilateral
switch IC's and aflows the EXT, CONTROL signals through fo the
STANDBY/REMOTE switch when the signal on the ‘fip’ contacts is +10V.

The CONNECTOR BOARD was used on the Master Controller to
parallel together the CHANNEL MONITOR LED drives and the Jow
voltage CONTROL GUTPUTS, It is used in the ‘Power Packs’ to connect
the triac board channel inputs and the Input Interface board outputs
together and also to mount two transistors Q1, Q2 and associated
components which provide the REMOTE DISABLE function for the zero-
voltage switch pack by controlling when the +10V is switched to the triac
board, +10V is provided via PL1 from the PSU. The darlington transistor
configuration, Q1, Q2 is powered from the 15 way EXT. CONTROL N
socket on the rear panel and controlled by the voltage on the REMOTE
DISABLE jack, providing drive only when unit is enabled.

There are three optional lighting effect boards which pfug inta the
Master Contraller, namely a 4 Channel Sound to Light board, an 8
Channel Cyclic Crossfade board anid an 8 Channel Strobe board, These
mount piggy-back fashion over the three principal conteol boards and
plug into the output switch board and main processor board
respectively,

The Sound to Light board takes the gain-controled music signal
from the Bass Beat Trigger board and splits it into four octave-spaced
frequency bands, the signat from each band being rectified and used to
charge 2 capacitor to the mean OC level of the signal at that frequency.
The octave-wide 'holes' in the spectral spacing of the filters mean that
dropoutsoccurwhenan instrumenthitsthe guardbands between fiters,
adding considerably to the liveliness of the display, It also means the
harmonic content of music doesn'tturn all thelamps onatthe sameftime.

The Crossfade board provides a dipless crossfade, dimming ane
lamp whilstdimming up the adjacent lamp, the sequence repedting ina
cycle. The speed is adjustable via the front panel SPEED control. It can
only successfully be used with an external dimming pack. =~ -

The Strobe board usesthelower40ofthe 80 patterns available from
the Procassor EPROM, none of these 40 containing fill or empty routines
which lose effect when used with strobe lighting. .

it s unlikely the reader will wish to construct ail three of the holt-on
goodies, rather that he or she build those which best apply to the display
to be contralled.
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HOW IT WORKS

CYCLIC CROSSFADE

The Crossfade board consists of two main sections — a very low
frequency function generator which provides the square and triangular
waveforms and a CMOS analogue multipexer which route the
waveforms to the appropriate channel outputs at the correct time.

The function generator comprises IC1a and IC2, IC1a forming a
comparator with hysteresis and IC2 an ‘ideal’ integrator which
simultaneously generates ultra-linear triangle waveforms and
symmetrical square waves. The timing components, R5 and C1 set the
integration and hence positive and negative ramp rate and the two zener
diodes set the positive and negative voltage limits of the waveform.
Thereis also b network, R4 and RV1. The problem in our application of a
circuit of this type is in the very long time constants involved which
would normally involve impracticably large non-polarised capacitors
{for long fade rates) and very hard-to-find (impossible?) high value
variable resistors. The B network placed between the clamping diodes
and the timing resistor R5 varies the fraction of + Vz thatis fedto R5, and
thus the input current to IC2 which consequently increases the dynamic
range very easily to 1000:1. With the components values shown, the
ramp rate is variable from about 2Hz to 0.01Hz.

IC1d and IC1c are both differential amplifiers used to shift the
bipolar outputtothe 0-10V DC swing required by the dimmer circuits and
IC1c providing an inverting function of the triangle wave whilst
preserving the 0-10V DC swing.

The square wave is used to clock the two binary counters of IC3,
IC3a advancing on the rising edge of the clock and IC3b on the trailing
edge. C4, R26 combination reset both binary counters on power up. The
Q outputs of each counter address IC's 4 and 5 eight input analogue
multiplexers, IC4inputbeing the inverted rampand IC5 input the original.
IC4 outputs comprise channels 2 to 8 (even) and IC5's are the odd
channels, 1to 7

We shall consider the case where both sets of address lines are 00
and the ramp voltage outputted to channel 1 is almost 10V, ie lamp
almost full brightness. At the instant that the ramp voltage reaches 10V,
the clock afters state and the rising edge clocks IC3a changing the
address lines of IC4 to 01. The ramp input, now connected to output
channel 20nIC4is at OV and ramping upwhile IC5 rampinputis falling. At
the instant that IC5 input reaches OV, a falling edge clock is generated,
IC3b clocks and the now-rising ramp input of 15 is outputted to channe!
3. This sequence of events continues ad infinitum. IC6 and IC7 simply
buffer the multiplexer outputs.

SOUND TO LIGHT

The Sound to Light board consists of four octave-wide two pole filters
covering the ranges 50 to 100Hz, 200z to 400Hz, 800Hz to 1600Hz and
3.2kHz to 64kHz Each filter has a 1dB passband dip. The filter is
implemented using amultiple-feedback section for each of the two poles
and the filter has a Q of 32. The centre frequency of each filter is
determined by {f2 x 1} {f1 x £2) where f2 and 1 are the upper and lower
frequencies respectively,

Each filter input is first amplified by IC1a to IC1d, the gain of the
amplifiers being set by PR1-4. The four filter outputs charge capacitors
(17 — €20 via diodes D1-4 and so a DC voltage representative of the
mean level of signal at that frequency is outputted to the Qutput Switch
board.

STROBE BOARD

The Strobe Board is an optional extra which plugs into the Main
Processor Board and from which it derives its power and control signals.
Itconsists of an oscillator whose frequency is user- variable fromabout 1
— T7Hz via the front panel STROBE/CROSSFADE SPEED pot, a series of
AND gates enabled on one input by the datalines ofthe EPROM (0/P 1o
0/P 8) and on the other by the LFO.

The oscillator itselfis enabled by the STROBE/ENABLE line whichis
switched by the STROBE pushbutton on the Output Mode board and
which also limits the sequences available to those held in the lower 1K of
the EPROM.

The outputs are buffered by transistors Q1-8 before connection to
strobe jacks JK3-10 on the rear panel. PR1 sets the max. flash rate
attainable as it has been proven that prolonged exposure to strobe light
inthe frequency range 15Hz causes break-up of vision, or more seriously,
fits in those who suffer from epilepsy.

female D-type to 15-way male for testing of the remote
driving facilities of the Master Controller. Pinout con-
nections given in Table 1 will be later. The lead should
be connected to CONTROL OUT on the Master and
to EXT. CONTROL IN on the remote unit. The remote
unit should mimic exactly the Channel Monitor display
(if no override buttons are depressed and no Remote
Disable jack is inserted).

Inserting a 1/4” jack plug into the Remote Dis-
able socket will disable the remote unit.

Next month we will present more constructional
aspects of the two units described so far including the
case, front panel and board interconnections. The six
overlays for the master controller will also be pre-
sented,
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Fig.8 Zero crossing detector and ramp generator overlay

PARTS LIST

TRIAC BOARD

RESISTORS

R16,1116 10k

R2,71217 470R

R381318 . Tk

R4,9,4419 180R

R5,10,15,20 100R, 1W

CAPACITORS

C1,3,§7 100n 250VAC WORKING Interference Suppression
N Capacitors

C24568 *same as above, fitted only to dimming version)

SEMICONDUCTORS

-4 TIC226D 8A Triacs

IC1-4 MOC 3041 Zero crossing opto-triac

*MOC 3020 opto triac

Q14 BC549C

LED1-4 01" 0r 0.2" red LED (SEE TEXT}

MISCELLANEOUS

L1-4 *1501H 5A Toroidal Choke

PL12 2-way Minicon latch plugs

PC TERM1-4 2-way PC screw terminal (Maplin FT38R)

4 off high power vaned heatsinks (Maplin FL58N), SIL socket strip {see
text), Triac PCB, Heatsink mounting hardware, Quantity of 25mm?
stranded insulated wire (see text), Insulating sleeving, SK1, 8 way
Minicon Socket-lead assy

SK2, 2 way Minicon Socket-Socket assy

Parts list above is for four channel version-double the quantities of
components shown for an eight channel version.

Parts denoted thus (*Toroidal Choke] are fitted to the dimmer version
only.
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RV201
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RV101
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RV1

THROUGH BOARD CONNECTIONS

MASTER
DIMMER

LED1
‘POWER'

}

Fig.9 Control Interface overlay showing only two channels

PARTS LIST
RAMP GENERATOR
RESISTORS &
R1-4,6-10 10k e
R5 15k
R11 47k
R12 100k
R13 100R
R1415 240R
PR1 20k horizontal preset
PR2 50k horizontal preset
PR3 200k horizontal preset
PR45 5k horizontal preset
CAPACITORS
C1 12n polyester
2 750p polystyrene
SEMICONDUCTORS
IC1 NE5532
IC2 LM317T
IC3 LM337T
Q-4 BC549C
@5 BC109C
D13 IN4148
MISCELLANEOUS
PLI, 4 way Minicon latch plug

PL2, 6 way Minicon latch plug

SK1, 4 way Minicon latch socket-assy
Sk2, 6 way Minicon socket-socket assy
IC socket to suit, PCB, veropins

CYCLIC CROSSFADE

RESISTORS

R14,67 12k

R2 &7

R3 680R

R58-15,8-2526 100k

R16 47k

R17 10k

PR1.2,3 10k horizontal preset

RV1 2M2 linear pot

CAPACITORS

C1 10p non-polarised electrolytic
€234 100n disc ceramic

(85 100n polyester
SEMICONDUCTORS

IC16,7 LM324

IC2 NE5534

IC3 4520

IC45 4051

] BC549C

D12 5V1 300mW zener
MISCELLANEOUS

PLY, 3 way Minicon latch plug

SK1, 3way Minicon Socket lead assy
IC sockets to suit, PCB, veropins

4 CHANNEL SOUND TO LIGHT

RESISTORS

R1-4 2k

R5-8 43

R9-12 43k

R13-16 2ka

R17-20 2k

PR1-4 100k horizontal miniature preset
CAPACITORS

C1,2910 220n Polyester

C3ann2 56n Polyester

(561314 18n Polyester

781516 3n6 Polystyrene

C17-20 447 16V Radial Electrolytic
SEMICONDUCTORS

1C123 LM324

D14 N4148

MISCELLANEOUS

IC Sockets to suit, PCB, Veropins, 12 way Minicon plug
STROBE BOARD

RESISTORS

R1-18 10k

R9-16 270R

R17 680k

PR2 100k miniature horizontal preset
PR1 1M miniature horizontal

RV1 2M2 linear pot

CAPACITORS

C1 100n polyester

C2-4 100n disc ceramic
MISCELLANEOUS

PL1 3-way Minicon plug

PL2 12-way Minicon plug

SK1 3-way Minicon socket-lead assy
IC sockets to suit, PCB, veroping

JK1-8 1/4” mono jack sockets-panel mounting
MISCELLANEQUS TO COMPLETE SWITCH/DIMMER PACK
SK1 15-way D-type socket

SK2 15-way D-type socket

JKi 1/4" mono switched jack socket
FH1-8 5x20mm panel mounting fuseholder
BULGIN1-4 Bulgin octal socket

1U black anodised front panel, case to suit (see text), 20mm gland,
30A terminal block, 6A connecting wire 6VA PSU.
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Dauvid Bradshaw builds
a mawns failure alarm to

warn of possible data

loss.
Y

Document Saver

ower cuts are frequently preceeded by

mains voltage reductions, so a device that

lets you know when the mains voltage

drops significantly below its normal level

can be an invaluable ‘early warning’. This
is particularly important to computer users, who may
loose a lot of valuable work, but many others would
find warning of any power cut useful.

The heart of this device is a voltage comparator,
which uses an op-amp with no feedback. Other sec-
tions of the circuit include the power supply, which
also is used to provide a reference voltage to the com-
parator, a potential divider which reduces the mains
voltage down to a level which the comparator can deal
with and rectifies and smogths it into DC, and finally a
bleeper which usinga piezp-electric sounder produces

the warning tone.

The power supply uses a capacitor to reduce the
mains voltage; because capacitors have pure react-
ance and no resistance, the capacitor C1 does not dis-
sipate any heat, but still acts as a ‘voltage dropper’.
ZD1 limits the positive voltage at point A to 10 valts,
and the diode D1 limits the negative voltage to-
0.6volts. So C1 and ZD1/D1 can be thought of as act-
ing as a sort of potential divider. D2 allows the voltage
atpoint A to charge up capacitor C2 while A isat a pos-
itive voltage, but disconnects A from C2 while A is at a
negative voltage (or any voltage less than that on the
capacitor).

The potential divider uses D3 to rectify the
incoming voltage, then resistors R1 and R2 form the
upper arm of the potential divider and R3 and R4 form

FS1
LIVE OF—3-4

D3

100n

NOTE:

IC1 =741
IC2 = 4093

01,2 = 1N4001
D3 = 1N4005
ZD1 = BZX61C10

Fig.1 Circuit of Document Saver

:

NEUTRAL O—

! ~ A3
i 3k8
L 8w
| TEST
J ! RA !
c2tl ., 33ks c3tl
470 T. a7 T
' ! { . ic2
POWER | POTENTIAL h COMPARATOR BLEEPER PINT
SUPPLY DIVIDER/ i
RECTIFIER !
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the lower arm. The reason why two resistors are used
for the upper arm is so that if one resistor fails, there is
still the other to prevent a dangerously large current
from flowing (which could lead to a fire). The lower
arm is divided so that the smaller resistor, R3, can be
shorted out by a switch to simulate a drop in the mains
voltage. The voltage given by the voltage divided is not
a simple function of the two resistance arms, because
the input is AC but the output is DC. If the mains vol-
tage in your area is different to those for which compo-
nent values are given in the Parts List, you can calcul-
ate the required value of R1+R2 needed from the for-
mula:
R1+R2 = 4.05xV, —21.2 (kQ)

where V, is the RMS mains voltage (the figure usually
quoted). Choose two resistor values for R1 and R2 that
when added together get fairly close to the required
value, say within 25k, using an E12 value. Try to make
the two resistor values fairly similar, if this isn't possible
then do keep them both above 100k.

The comparator is a simple open-loop op-amp,
with one voltage coming from the potential divider/
rectifier and the other from a simple resistive potential
divider between the positive supply and the common
line. This uses a preset potentiometer so that the vol-
tage from it may be adjusted. Because the voltage from
the potential divider/rectifier goes to the inverting
input, the output of the op-amp wili be low as long as
the mains voltage is above a certain value determined
by the resistor values in both potental dividers

The final stage is the bleeper which uses some
CMOS logic gates. There are in fact awo oscillators,
one around IC2a/IC2b which is a slow oscillator, (fre-
quency approximately 3 Hz}, is off until the output of
IC1 goes high, and a fast osciliator around IC2¢/1C2d,
(frequency about 3 kHz) which drives the sounder via
R11. It can only operate when the output of IC2b is
high. The result is that the tone cumput is interupted
several times a second

Construction

Because this circuit is live t¢ the mains, there are a
number of important point n must be observed
with the design of the case for the unit and during con-
struction. The most impo i points are:

® Make sure that nothing live can be touched with the

box closed

® Never operate the unit s ut a suitably rated fuse
® Use components as specified for C1, D3 and SW1
® Where available, use a special ‘plug in’ case.

As this project is connecied to the mains, I would
strongly recommend ne PCB shown in Figure 2.
Start by positioning the fuse holder and capacitor C1
to check that they will fiz. Then fit the PCB pins for the
off-board connections to the switch. Then fit and sol-
der all the resistors. all the capacitors except C2 (mak-
ing sure you get C3 the right way round), then preset
potentiometer and the fuse holder. Fit the diodes D1-3
and the zener diode, ZD1. raking great care to get them
the right way round. The ICs can be inserted and sol-
dered at this point. and then C2, which may have to sit
a bitabove the board because of its width. Solder wires
for the connections to the mains supply and to the
switch, and also conrect the wire to the piezo-sounder.
Note the polarity on the connections to this.

Borrow a 9 volt battery, and using your multi-
meter check that its voltage is not much over 9 volts
(sometimes very new batteries can have voltages quite
a bit above their nominal voltage). With the battery
negative terminal to common connect the positive
terminal to point A. This should make the unit start
bleeping. The wire soldered to point B (for the connec-
tion to SW1) should be tacked to the battery positive
and this should silence the bleeper. Switch the mul-

A~
O
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timeter to the current range, connect it between the
battery positive and point A and measure the current
the unit draws-it should be a milliamp or so with or
without the bleeper going.

The next step is to fit out the case: if possible, use
the type of case the prototype was built in, which has
the plug connections built in; make sure there is
enough roominsideto fitall the components. The case
the author used, from Maplin Electronic Supplies, has
an internal plastic frame which the PCB fits into. The
sounder has to be fixed and a hole drilled to let out the
actual sound. The hole must be very small so that even
a child’s finger cannot touch the sounder itself. In the
prototype, the sounder was glued to the case behind
the hole using epoxy resin adhesive.

If you cannot use a case with built-in plug connec-
tions, then you will have to use a twin-core mains cable,
and provide some way of clamping the cable in the box
so that even a strong pull will not loosen it; there are
special cable clamps available.

MAINS
LIVE

Fig.2 Component overlay for the Document Saver

Ahole will be needed for the test switch SW1: this
should be mounted in such a way as to prevent the
back of the switch coming into contact with the com-
ponents on the PCB. On the prototype, this was
achieved by pushing a short length of heat-shrink
sleeving over the back of the switch once it was
mounted with the leads attached to it, then using a
hair-drier to get the heat shrink sleeving to actually
shrink on to the switch, to cover the contacts com-
pletely. (A soldering iron can also be used to shrink the
sleeving, but this tends to be quite tricky as touching
the sleeving scorches it, so you have to place the bit
right next to the sleeving without touching.) The con-
nectiong for the mains should be made next, if the spe-
cial casg is used it will probably.be better to remove the
plug pins to solder the connecting wires to them.

The time has now come to try out the unit by con-
necting it to the mains. Close up the case and plugit in.
The unit should start to bleep immediately, possibly
falling silent after a ten to twenty seconds. If the unit
doesn’t bleep at all, there is something wrong so
unplug it and try to discover what is wrong from the
fault-finding chart.

[f this test is OK, disconnect the unit and open the
case. Now find some way of adjusting the potentio-
meter RV1 without risking an electric shock. If the pot-
entiometer has a plastic case and a plastic adjustment
point, then you can use any screwdriver with a plastic
handle to adjust it. If, on the other hand, the adjust-
ment tool is metal, it will be connected to the mains via
the circuitry and you must use a screwdriver with an
insulated shaft as well as an insulated body (a mains
tester screwdriver would be suitable or you could
improvise a suitable screwdriver by covering the shaft
up to nearly the tip with heat-shrink sleeving). Alter-
natively, there are plastic trimming tools which you can
buy for very modest cost.
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FAULT FINDING GUIDE—

It & fault develops, look first for & simple mistake - it's surprising how
‘often & very obvious error can bie the problem, Check particularly for
reversed diodes, capaciors, ICs, and any connecting leads mreé ,g
vimngiv Check also for solder bridges or damaged tracks on the PCB

symptom, No bleeps when hattery connected between A and :
common

Checkvaltage on 1C1 pin6; if this s high (fe nearly battery voltage) therz .
there is a fault n IC2 or associated circuitry; ifthe problem isnotdueto
wrongly positioned companents, then C2 is probably damaged and
needs 10 bereplaced.ffICT pin 61 low [nearly zero volts), check input
voltageson pins 2 (whichshould bie 0] ancl 3{which shouldbe %voiashf
-these are OK, the faultisin IC1 itself so replace.

i

Symptom: Bieeps do not stop when poifit Bis connected tobattery
+fermina

- Checkyaltage onIC1 pin;iflow, then faultis inC2:if high, checleTpm ;
2voftage which should be equal o the battery voitage; if¢is 101 istaulty:.

Symptom: Unit doesn't hleep when first connegted to the mains

This is almaost certainly due to a faultin the power supply. Openthe Unit
and connect a muftimeter switched to a 10 VOC (or sfightly higher)
voltage range betwesn the + and- terminals of C2 (soldering extrapieces
— . of wire o the underneath of the board if necessary. Then, with the unit
RESISTORS (sl 1/4W 5% of lower tolerance R1 and R2 must be of wellaway from youand one hand behind your back, apply the mains toit,
types which have a maximum working volfage of at least 250 volts - The meter should read between 85 and 10 volts. If not, disconnect the
ACH mains and check the fuse, the correct orientation of the diodes and the -

PARTS LIST

R2 4 2ener diode and the correct orientation of C2.

R3 38

R 33k Symptom: Unit cannot be adjusted to stop bleeping

RS 15k Attach multimeter leads between point B and commaon, soldering on
R6 10k smallengths of wire fnecessary, switchmultimeter to 10YDC rangeand
R? M conrect nit 1o the mains, with one hand behind hack. The voltage.
R8 390k shouldbe .1 volts{3.7voltswith SW1 closed) Ifitis muchless,checkyou
Re: MO are using the correct value components for the two potential dividers
R10 3% and that D3 is the correct way round. f voltage at B is OK, perform the
:g ;kk? same checkfor the voltage at C" pin 3, which should be adjusted by RV

. . . ) from about 3to 4 5valts.
RV1 4k7 subminiature preset potentiometer, horizontal mounting

_ L Symptom: Unit cannot be adjusted to start bleeping
CAPACITORS (eapacitors must be 4t least the minimum voltage stated;

there fs rio harm in having @ Iarger rated voltage but tbls usua!%

As above, but this time the voltage at B will be too high, Disconnect
immedistely if over 16 volts. As above, look for a fault in the potential

PROJECT

inoreasas size}. e dividers. ,z
£ mm“zsumgmrmv ﬁC) i
92 . &70p76Y electrolytic
a3 ﬂ?pﬁ@\( electrolytic

G4 1000 Y . A Now for the bit that requires a great deal of care to
(5 mey avoid getting a shock. Find some way of connecting

‘ the unit to the mains whilst still open. If there is a separ-

SEMICONDUCTORS ate mains plug, this is not a problem. If the plug is part
ICt JAMT ® of the case, use an extension lead and plug in the

Ic2 4093 {quad CMOS NAND gates with Schnitt trigger inputs)
»2 1N4001 (low-voltage rectifier diodes, 50.PIV)

extension lead plugwhen required. Check that you can
adjust the potentiometer using the screwdriver with
B3 NADDS (high-voltage rectifier diode, 600 PIV} just one hand, then put your other hand behind your
2N BZXB1C10{10 Y zener diode; 1-3 W max dissipation] back and keep it there (this is a precaution to stop an

e - . accidental shock being a serious shock). Using your
one free hand, plug in the unit and then adjust the pot-
entiometer until you find the point at which the bleeper
begins to go all the time (if this isn’t possible, discon-
nect the unit then go to the fault-finding table). Discon-
nect the unit from the mains, then find some way of
keeping SW1 pushed in (you could use some masking
tape, for example; you can use both hands for this bit!).
Reconnect the unit (with your other hand behind your
back) and now the bleeper should be on all the time;
readjust RV1 so that the bleeper just stays on, ie adjust-

MISCELLANEQUS, v
ES1 80-100 mA fuse, 20mm length, and holder
Swt Pusbutton switch, rated for 260 V AC, push to make 8
181 Piezo-electric sottnder {without built-in oscillator)
- Printed circult board; case; wire; heat-shrink slegving.

FOR 220V OPERATION .
 R1 should be made 390k e o
ail other values stay the same

FGR i?BVOPERATIQN ing it slightly clockwise will take the bleeper off. Dis-
Rt should be made 270k connect the unit from the mains and re-close the case.
R2shoyld he made 150k The unit is now set-up and ready to use. Plug it in
C1 should become 220n 190 Y {min) AC or 500V DC where you will hear it should the alarm go off. Pushing
- 5Wicanbe l'atecfai*mv%‘ : in SW1 periodically will check simulates a 10% reduc-
al{gtherva_%ueg staythe same tion in the mains voltage and will make the bleeper

start making its noise if the unit is working correctly.
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TRUE HI-FI

MAB/MAM Power amplifier kits

Audionics are proud to infroduce a new range of top quality BRITISH
Bipolar and Mosfet amplifier units.

ese amplifiers have been desi%ned from the stort fo meet the very
hiF?cl: standards of British audiophile ears, and yet, still remain
affordable to the mid priced HI-FI buyer

These are the typical specifications of the Mosfet and Bipolar units.

MOSFET
Response, 15-100,000Hz. Distortion, 0.005%. 8ohm. S.N.R., 100dB.

BIPOLAR
Response, 15- 50,000Hz. Distortion, 0.01%. 8chm. S.N.R., 100dB.

The amplifiers are available as stand alone monophonic units which
simply plug into a centrol/pre-amplifier or the Audionics HI-FI switch
x and a good pair of speakers.

The amplifiers start at just £80 for the exceptional 16 Watt 40-140kHz
Bipolar unit and all are available os a KlTeE;r the moderately talented
hobbyist upwards at a 15% price reduction. -

AUDIONICS . . . Pure sound that won't cost the earth! .

n

AN AUDIONICS Hi-Fi

If you would like a free catalogue containing all
AUDIONICS products including security, portable, in car
and disco equipment, send S.A.E. fo:

AUDIONICS Hi-FI

55 GREEN END
WHITCHURCH, SHROPSHIRE
SY13 1AJ or telephone
(0948) 72552
and ask for enquiries

. TEST EQUIPMENT MAINTENANCE
AND TECHNICAL CONSULTANCY

71 We support scientific,
| commercial and industrial
equipment manufactured
by over 100 different
companies

"' New and second-hand
test equipment also
available at competitive
prices

— Components, valves and
miscellaneous items

Hesing Technology &

l 41 Bushmeade Road, Eaton Socon, St. Neots, Cambs PE19 3BT

 Service manuals

[1 Spare parts

| Comprehensive repair
service including
complete instrument

|| refurbishment at highly
competitive rates

Telephone and fax: (0480) 21448)

SPECIAL DISCOUNT
- TO SCHOOLS AND COLLEGES

NOW AVAILABLE
PROTOTYPE DESIGNER

Grey case, blue sloping top,
panel incorporating +5 Volts at
500mA and + - 5to + — 15 Volts.
At 1A independently adjusted to
improve regulation. All supplies
are short circuit protected.
PRICE £85 +£4.50 P&P. Schools and Colleges £78
+£4.50 P&P. (Photocopy of Studend Union card required as proof)
Please allow 28 days delivery

WRITE TO Audio, Video, Design Services,

26 Levishaw Close, Buxton, Norwich NR10 5HQ

SURVE ICE

PROFESSIONAL QUALITY KITS

Arange of high guality kits as supplied to leading UK security companies, all in-house dasigned
and produced, not to be confused with cheapimports. All kits come fully docurmented with concise
assembly and setiing-up details, fitireglass PCB and all components. All transmittars are fully
tuneable and can be monitorad on & normal VHF radio or tuned higher for greater sacurity. Build-
up service available if required.

MTX Micro-miniature audio transmitter. 77mmx17mm._ 9V operalion. 100m range ... £13.45
VT500 Hi-power audio transmitler. 250mW output. 20mmx40mm. 9-12V operalion. 2-3000m

range = e e M e e ... £16.45
VXT Voice activated transmitler. Variable sensitivity. 20mmx67mm, 9V operation. 1000m range
............................................................................. £19.45

SCRX Sub-carrier scrambled audio fransmitter. Cannot be monilored without decoder fitted 1o
radio. 20mmx67mm_ 9V operation. 1000M range ... e s (022,05

SCDM Sub-carrier decoder unit for monitoring SCRX, Connects to radio earphone socket
Provides output for headphones, 32mmx70mm. 8-12V 0peration ... £22.95

HVX40 Mains powered audio transmitter. Connects directly to 240v AC supply. 30mmx=35mm.
fo0l0] - U o — £19.45

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 lransmitter. 180MHz frequency. Requires
Scanner receiver or our QRX180 kit (see Cat) 20mmx67mm. 9V operation. 1000m range£40.95

TKX900 Tracker/Bleeper transmitter. Transmits continuous stream of audio pulses. Variable tone
and rate. Powerful 200mW outpul. 63mmx25mm. 9V operation. 2-3000m range. £22.95

ATR2 Micro size telephone recording interface, Connects between telephone fines (anywhere)
and cassette recorder. Tape switches automatically with use of phone.All conversations recorded
Powered from ling. 10mm=35mm i eSS

TLX700 Micro miniature telephone transmitter Connects to line (anywhere) switches on and off
with phone use. All conversations transmitted. 20mmx20mm. Powered from line. 1000m
LT S S I £13.45

©D600 Professional bug detector/locator. Variable sensitivity. Multicolour bar graph readout of
signal strength with variable rate bleeper, Second mode AUDIO CONFIRM distinguishes between
localised bug wansmission and normal legilimate signal such as pagers, cellular elc.
70mmx»100mm. 3V aperation £50.95

UK customers please send cheques. PO's or registered cash. Please add £ 1.50 per order for P&F
Goods despatched ASAP allowing for cheque clearance. Overseas customsts send steriing bark
draft or Eurocheque and add £5 00 per order for shipment Credit card orders accepted on 0827
714476 Trade enquiries welcome.
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Prototype Designer

Bill Alexander builds a
unit as a test bed for
experimental circuits

Prototype Designer is a must for all new-
comers to electronics and practising
design engineers. This simple piece of
equipment will enable the designer to
experiment and design different circuits
with the aid of an easy plug in component board and
three power supplies. The component board has
approx 880 sockets which are on a 0.1in pitch set in
rows that the components can be plugged into, This
size of board was found to be large enough for the
design of even quite large circuit modules. The power

supplies consist of a +5 volt 500mA fixed, +5 volts to
15 volts at 500mA adjustable, and —5 volts to —15
volts at 500mA adjustable making it convenient for the
use of op-amps and other components that require
plus and minus supply rails. The power supply is not
only simple but reliable and is enclosed in an attractive
grey sloping case, which makes it easier to view the cir-
cuit as you are working.

The chosen supply voltages are taken to the plug
board with the aid of single strain wires which are
plugged into the appropriate sockets. Each supply has
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short circuit protection along with output fuses
appropriately rated at 500maA.

Construction

Once the front sloping panel has been drilled as in the
photograph the panel components can be fixed in
place. The mains switch shank is a good place to fit a
large solder tag which will be in good contact with the
front panel and switch housing. This is the point where
the earth wire is to be secured. The mains neon indica-
tor should be fitted above the power switch to observe
the internal space requirements. Once the 4mm sock-
ets and fuse holders have been bolted in place the con-
nections can be made, these connections should be
made so that the fuses are wired in line with the two
plus rails and the negative rail. The two pots can have
their shafts cut to the right length to take the knobs and
can also be secured to the front panel. The plug board
should be aligned carefully to the required position
and then fixed in place with a good quality double
sided tape.

The transformer should be positioned into the
top left hand corner of the case to allow room for the
circuit board. Once the correct position has been
found the fixing holes can be drilled into the case and
the transformer bolted into position. The mains input

path. Once all the components are soldered to the
PCB the interconnections to the pots, sockets and
transformer can be made.

Testing

When the unit has been completed, check every con-
nection and component orientation at least twice, then
go have a cup of tea and return to the unit later. You
may think this is strange but is derived from experi-
ence. You may have overlooked an error in the excite-
ment of getting to the final test stage. Now check the
whole unit again.

With the power switch in the off position, plug the
unit in, then switch the power switch on and if all is OK
the neon will come on and the DC voltage of the Svolt
supply can be checked with a meter. If this is correct
check the other supplies. However if the 5 volt supply
is not present switch off, unplug, and recheck the unit.
NOTE when dealing with mains operated equipment
and switching on for the first time it would be wise to try
the following. Place.one hand behind your back, this is
done so if you were to receive a mains electric shock
the shock path can only run down one side of your
body. If the shock runs from one hand to the other
hand it would run across your heart and you could be
in trouble.

-~

Fig.2 Photograph showing the position of the parts

fuse can then be fitted to the case. This is best done
once the transformer is fitted as some transformers of
the correct rating may vary insize, and this will avoid
placing the fuse hole in the wrong position. If all this
has been done correctly the circuit board will fit neatly
into the case fixings

The transformer must be so configured as to take
240 volt AC in and 24 volts AC out with a centre tap
(12-0-12). Extreme care must be taken to ensure that
interconnections on the ransformer are correct and if
in doubt consult another engineer. Remember we are
dealing with mains voltages.

An earth wire must be connected to one of the
transformer bolting lugs and the front metal panel sol-
der tag.

Once all the connections to and from the trans-
former are complete they should be covered up with a
plastic shield, no access to these connections should
bepossible. It is important that the layout shown is fol-
lowed to enable everything to fit properly inside the
case.

The circuit board is nice and simple and no prob-
lem should develop as long as the correct orientation
of the capacitors, regulators and rectifier are observed.
You should start by soldering the smallest components
in first and work upwards. The regulators should be
soldered in place with their leads at their full extent to
enable the heat sinks to be raised away from the PCB.
The regulator ICs require a heat sink to dissipate heat
which will be generated under short circuit and high
load conditions. Thermal heat transfer paste should
be used on all heat sinks to ensure a good thermal
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PARTS LIST

RESISTORS

R1 47

R2 18k

RV ~+  10klin
CAPACITORS

Ct 1000p/40v
@58 ¥ tow

€369 100n disc ceramic
C47 2200p/40v
SEMICONDUCTORS

BR1 Diode Bridge 3A
IC1 7805CT

IC2 LM78GCP

IC3 LM79GCP
MISCELLANEOUS

TR1 Transformer 25VA 12-0-12v

FS1 Panel mount fuse holder

Breadboard, console style case, knobs, toggle switch, mains neon, red,
black and yellow terminals

BUYLINES

A complee it of parts o ey buit an tsted s avalble fom the
author The rics butand testeds £85+£450pkp Schoolsand Caleges
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Coax output

Fig. 1 (a) Side view of early magnetron.

Magnet pole

The resonant cavity
magnetron has been
widely used for many
years. A P Stephenson
looks into the operation
of this very successful
device.

SHF
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Ithough the Spitfire and the Hurricane

were the dominant factors in winning the

- Battle of Britain during World War 11, it

should not be forgotten that without the

help of our superior radar technigues

the outcome might have been quite different. That

superiority was due in no small measure to the intro-

duction in late 1939 of a strange looking object con-

sisting of a block of copper with two glass tubes stick-

ing out of it. It was the brain child of two scientists, Dr

Randall and Dr Boot. The gadget, which revolution-

ised radar, was the Resonant Cavity Magnetron —
‘magnetron’ for short. ;

Short co-axial
output

Pick-up loop

Circulating
electrons

Cathode

Cavity
tors

r?ona
':c'_,: :

Copper block

{b) Cross-sectional view.

The Chiefs of Staff at the time were concerned
that the secret of its design might fall into enemy hands
so they decided that aircraft using the new radar must
be equipped with an incendiary system to destroy the
magnetron should the aircraft crash in enemyterritory.

It is sad in a way that the magnetron, which once
enjoyed such a privileged position, should now find
itself relegated to the ignominious task of agitating the
molecules of junk food in microwave cookers.

Although radar systems were in operation many
years before the magnetron arrived (first experiments
began in 1922), they were crude and bulky and could
only operate at relatively low frequencies in the order
of a few hundred MHz. At such frequencies the result-
ing wide radar beam, even with the largest possible
practical scanning mirror, could not achieve the accu-

racy demanded for good target discrimination. The
available technology at the time was capable of gen-
erating frequencies in the GHz region but only of relat-
ively low power. What was needed was a reliable, non-
bulky device which was easy to manufacture but cap-
able of generating powerful bursts of microwave
energy.

The magnetron provided all these features. It was
small. It was rugged. [twas disarmingly simple and easy
to manufacture. It could generate peak powers in
excess of 20 kilowatts at wavelengths as low as 3cm
{10GHz frequency). In short, it answered the prayers of
the British Military Establishment and put a smile on
the face of Sir Hugh Dowding and ‘Bomber’ Harris.

The Lure Of The Black-Box

There is an increasing tendency for lecturers and tech-
nical writers, when faced with some difficult theoretical
concept, to fall back on the ‘black box’ treatment. The
intestines of any component or sub-system which can-
not be taken apartis now considered fair game for the
‘you don't need to know this’ excuse. Admittedly, in
some fields such as the internal design of complex
logic chips, it may be justifiable for even the most con-
scientious lecturer to clutch at the black-box straw. The
trouble starts if this tendency is allowed to get out of
hand and in which case there is a danger of reaching a
position when even the humble discrete transistor is
considered too complex for the average technician to
grasp above black box level.

In the case of the magnetron, there is no reason
whatever why the internal operation should remain a
mystery just because it can't be repaired. A thyristor or
transistor cannot be repaired but, mercifully, the
theory behind their design is still taught! The magne-
tron is an extremely straightforward device, under-
standable with the minimum of mathermatics and is an
excellent guinea pig for a refresher course in basic elec-
tro-magnetic principles.

Construction

Figure 1la shows the general appearence while Figure
1b shows a cut-away cross-sectional view of a typical
magnetron in the early years which, from the DC point
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 Fig. 2 Electron paths under influence of magnetic field.
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of view, behaves as a simple diode. The copper block
itself is the anode and the heated cathode sits in the
centre busily sending out a copious supply of elec-
trons. The flux lines from a powerful magnet are
directed dewnwards through the block. The queer
shaped holes near the outside edge of the block, called
‘cavity resonators’, are the places where high power
centimetric oscillations are produced. The copper
block must be held several kilovoits positive to the
cathode but it is more convenient — and less hazar-
dous for humans — if the block is grounded and the
cathode is held several kilovolts negative with respect
to ground. The design of the heated cathode was not
easy! It was required to emit amps rather than milli-
amps of current and had to be insulated to withstand a
potential difference of many kV benveen itself and the
copper block.

Outline operation

When first switched on. the cavities. which behave as
high @ tuned circuits, are shock excited into oscillation
but without some additional help. such oscillations
would rapidly die away. This help is provided by the
shower of electrons which. under the influence of the
permanent magnet, circulate in curved paths, almost
in free orbit. Under certain conditions, some of the
electrons’ kinetic energy is wransfered to the cavities,
thereby sustaining oscillations.

The Cavity Resonators

A coil of wire with a capacitance across it is quite satis-
factory at ‘normal’ frequencies because it would
posses a reasonable circuit amplification — the Q fac-
tor. The ability of a tuned circuit to oscillate depends
on the magnitude of Q. The higher the Q factor, the
easier itisto sustain oscillations. There are several equ-
ations for Q factor but the followingis particularly rele-

vant:
_1L
Q= R/C

indicating that a low value of R and a high value for the
inductance (L) is required. The resistance of a coil
depends on the number of turns but the inductance
depends on the square of the turns so when reducing
inductance in order to increase frequency, the Q factor
is reduced at a greater rate than the resistance is
reduced. This means that in conventional tuned cir-
cuits the @ factor tends to deteriorate with frequency.
Other factors which cause trouble at very high frequen-
cies are losses due to direct radiation and coil skin
resistance.

A tuned circuit doesn’t have to be a coil of wire
and a separate capacitor. The inside surface of a hole
in a block of copper can have inductance — not much,
it is agreed but, to operate at several GHz, not much is
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required! The hole is constricted at the mouth to form
‘lips’, as shown in Figure 1b, in order to maximise the
electric field strength, thus forming the ‘capacitance’ of
the tuned circuit.

The Q factor of a cavity resonator can be very
high because the resistance of the copper walls are
very low and there is no radiation loss if the cavity is
closed at both ends.

Details Of The Electron Orbits

Under the influence of a positive anode voltage (V) an
electron would normally accelerate in a straight line
path from cathode to anode as shown in Figure 2a.
However, if a weak magnetic field is applied at right
angles, the electron would be deflected as shown in
Figure 2b. The magnetic flux density and the anode
voltage causes the electron to rotate in a closed orbital
path as shown in Figure 2c. The mathematics for esta-
blishing the correct relationship is not difficult,

An electron of mass (m) and charge (g) moving
with velocity (u}, eitering a magnetic field at right
angles to its direction of motion, is deflected by a force
proportional to the magnetic flux density B: Deflection

Force = Bqu Newtons
To maintain an orbital path, this deflection force must
be balanced by a centripetal force acting towards the
centre of orbital radius (r):
Centripetal force = mu?/r Newtons

By equating the two forces, we obtain the neces-
sary condition;

Bqu = mu?/r
or
Bag = mu/r

The electron velocity (u) is the only awkward
term. However;, we know that an electron at the
cathode has potential energy and that, under the
accelerating force of the anode potential (V), this
energyis converted into kinetic form, reachingits high-

Fig. 3 Equivalent outer orbit.

est value just prior to impact at the anode.

By the conservation of energy law:

Potential energy = kinetic energy
or qV = mu?/2
and by re-arranging, we obtain:
u=+/2qV/m

Substituting this expression for u in equation 1

and simplifying gives;

: B=‘/E-VT =

It is more convenient to use R, the full radius
between the cathode and the anode rather than r
Since r — R/2, the above equation can be rearranged
into the form:

B — VBUm/G
R

AHS
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The electron mass (m) is a standard physical con-
stant equal to approximately 9.1 X 107%! kg.

The charge (q) is also a standard physical con-
stant equal to 1.6 X 107 coulomb.

Substituting these values in the above equation
and evaluating vields a final: simple formula which
relates the value of flux density to anode voltage neces-
sary for maintaining orbital conditions:

B=6.75X 10“6%...Eqn 2

Example 1: A 1cm magnetron, operating with an
anode voltage of 10kV requires:a magnetic flux density
of about 0.07 Tesla.

Example 2: A 2cm magnetron operating at 5kV
requires a flux density of 0.024 Tesla.

It is important to note from Equation 2 that the
required flux density of the magnet depends only on
the square root of the anode voltage.

This means the orbital conditions are not too cri-
tical of variations in anode voltage, a property which is
fortunate from the designer’s viewpoint.

Sustaining Oscillations In
The Cavities

We now have to explain the mechanism behind sus-
tained microwave oscillatidn within the cavities.
The single equivalent orbit

The above treatment showed that, under certain
conditions, an electrongould be forced into a free orbi-
tal path whose radius was midway between the
cathode and the inner wall of the anode block. So
ideally, we can visualise millions of these electrons
each buzzing around endlessly in their own separate
orbits. To explain the operation of the magnetron, it is
convenient to ignore the individual electron orbits and
consider theirintegrated effect close to the anode wall.
Since all the electrons are rotating in the same direc-
tion the overall effect is equivalent ta a single large
orbit having the cathode as centre. (See Figure 3).

If we ignore the presence of the cavities, the
anode current would be zero because no electrons
would ever hit the anode wall. The device would be
operating under current cut-off conditions!
Velocity modulation

When the magnetron is first switched on, the
cavities are shock-excited into oscillation at their natu-
ral frequency. In the absence of some driving force,
such oscillations would eventually die away at a rate
inversely proportional to the resonant Q factor of the
cavities.

The mechanism for sustaining these oscillations
is known as ‘velocity modulation’. The orbiting elec-

SHF

trons, as they pass across the lips of a cavity, can have
their velocity altered by the extra kick theyreceive from
the oscillating electric field — hence the term velocity
modulation. Whether this extra kick is beneficial for
the purpose of sustaining oscillations depends entirely
on the phase relationship at the instant the electron
crosses the cavity lip. There are three possibilities:

(i) The electron is speeded up, in which case,
oscillatory energy is robbed from the cavity and trans-
fered to the electron. Such an electron is a bad elec-
tron!

(i) The electron is slowed down, in which case the
kinetic energy of the electron is transfered to the cavity.
Such an electron is a good electron!

(iii) The electron is unaffected because it encoun-
ters a zero point in the oscillatory cycle. An electron in
this case is neither good or bad — just a non paying
passenger!

The statistical advantage

The above description of velacity modulation
may lead to the conclusion that just as many electrons
would be bad as good so the overall advantage to the
cavities would be zero. However, when the effect of the
change in electron velocities is taken into considera-
tion, it will be seen from Figure 5 and the following that
there is indeed an overall advantage:

(i) An electron which is speeded up suffers a grea-
ter deflection force from the magnet and so tends to
spiral inwards towards the cathode where it can do no
damage. .

{ii) An electron which is slowed down is less
effected by the magnet and so is still maintained in
orbit, although of slightly larger radius. This means it
has a second (or even a third or more chance) of doing
good at the next cavity. There s thus a statistical proba-
bility that the good electrons have the advantage as far
as sustaining oscillations is concerned.

How The Cavities Are Coupled

The microwave output is normally taken (via a ring
probeinto a short stub of coax) from one of the cavities
and on into a waveguide. This cavity is not different in
any way from the others, apart from the fact that its
uniquness has been chosen by the whim of the
designer. To ensure all other cavities contribute to the
final output, the lid of the magnetron {which is neces-
sary to preserve the internal vacuum) is raised slightly
above the top of the cavity block so as to leave a ‘reac-

) Ot

+ - + -

Fig. 4 Rolled out view showing pi-made straps.

tion space’ which allows the electric and magneticlines
from each oscillating cavity to link with its neighbour
on either side. Electrically, this means that all cavities
are coupled in parallel, a condition which may help to
explain why it was sufficient to take the output from
any one of them.

Establishing Correct Phasing
Between Cavities

It is important to realise that each cavity is an entirely
independant oscillator in its own right. To prevent the
resulting chaos, some additional persuasion is essen-
tial in order to maintain some form of phase discipline.
There are recognised ways of imposing such a disci-
pline, such as:
Pi mode strapping

Thin copper conductors are welded into the
block as shown in Figure 4. Note that they strap altern-
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Fig. 5 Rising sun cavities.

ate cavities together. Atfirst sight, their presence would
seem to border on the ridiculous — why add copper
wires in parallel with a large block of copper? However,
it must be realised that at microwave frequencies, a
thin wire can have appreciable inductive reactance —
much higher than the copper block. {For those who
still remember their basic theory, the inductance of a
wire is dependant on its length but inverseiv propor-
tional to its diameter).

Now, if adjacent cavities can be persuaded to
oscillate with a phase different of * it follows that
alternate cavities must be in phase wust always be
at the same instantaneous potential. Since each strap
connects alternate cavities, each o if be at the
same potential so inducsve cumeniz cannot flow
through it!

If the phasing is not cor
would flow down the straps an
would tend to damp ;
means that oscillatior
magnetron behaves itse
difference between ad
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Operating Conditions

A magnetron, although physically small, operates in
the kilowatt region — even the first specimens oper-
ated at a peak power of 20kW with a DC/AC conver-
sion efficiency in excess of 50%. It should be self evi-
dent that continuous operation at that kind of power
level would quickly turn the magnetron into a molten
mass. Fortunately, radar makes comparatively modest
demands on average power because, by its very
nature, it is pulse operated. The transmitter (the mag-
netron) is switched on for microseconds and then off
again for milliseconds while it waits for an ‘echo’ to
return. Thus the average power is only a small fraction
of the peak power. {See Figure 6).

The terms used in the operating cycle are as fol-
lows:

(a) Pulse recurrence frequency (PRF) is the num-
berof times the magnetron is switched on per second.

(b) Pulse width (PW) is the time the magnietron is
on during a cycle.

(c) The duty eycle is the product of PRF and pulse
width, representing the proportion of total time in one
cycle that the magnetron is operating,

(d) Average power = Peak power X duty cycle.

Example: Assume a magnetron with a peak
power of 20kW operates with a pulse width of 10us
and a PRF of 1000 pulses per second, Duty cycle = 10
X 10~% = 1/100. Average power = Peak power X duty
cycle =20 kilowatts X 1/100 = 200 watts. It should be
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Fig. 6 Pulse modulated magnetron [not to scale).

note that magnetrons used in fields other than radar
must still use the pulsed operating system to control
power. Itis clgar from the earlier discussion on electron
orbiting conditions, that any attempt to control power
by reducing the magnetron voltage is doomed to fai-
lure. Once a permanent magnet of a particular flux
density iinstalled, there is only ane narrow band of
magnetrdn voltage which will sustain oscillations. In
the microwave cooker, the average power is still con-
trolled by varying the on/off time of the magnetron.
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Paul Shlackman from
+ NCR reveals some of the

operations behind a

modern cash dispenser.

52

'owaday's, we ko easy access to fnoney
for granted. Whenever we are in need of
some ready cash, we simply pop down to
‘the nearest ‘hole-in-the-wall’ machine
and draw out a wad of crisp new notes.

“This has becorne such a part of everyday life for
millions of people that we never give it a second
thought. Yet if you stop for a moment to consider the
size of the task involved. it becomes clear that the
achievement is an astonishing onhe.

At any time of the day or night, and from almost
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any town or city in the UK — not to mention airports,
service stations and out-of-town shopping malls - you

can have instant access to the moneyin your personal

banking and savings accounts. You can deposit

money, check your account balance or conduct any'

number of other special transactions.
, Every transaction is conducted with speed yet
with security and integrity quaranteed. Even though a

machine mayperform hundreds of fransactions in any
one day, each one is conducted quxckly, neatly and
correctly.

From the customers point of view, withdréwmg
moneyis asimple and convenient process. Butmaking
it easy for the customer is a complex task indeed.
Behind the wall is a massive array of electronic,

mechanical and computer wizardry, all playing a vital

role in the making of the modern automated teller

_machine {ATM).
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The first ATM was introduced in America in 1969,
At first, customers were a little hesitant about the new
technology, unwilling to be convinced that a machine
could be trusted to handle their finances. However, as
the advantages they offered became clear, and people
realised that they were very secure, enthusiasm grew
rapidly, so that by the end of the 1980s there are
around 400,000 machines installed world-wide.

Today there are a number of different types of
ATM machines in use throughout the UK, supplied by
various manufacturers. One of the most important of
these is NCR, which supplies machines to all the ‘Big
Five’ UK banks, as well as many other banks and build-
ing societies. In this article, we will examine an NCR
machine as a typical example of the technology
employed in the construction and operation of the
modern ATM.

The success of these devices depends upon the
efficient interaction of various engineering technolo-
gies. This interaction is an activity that has become
known as ‘mechatronics’.

Let’s consider what happens from the moment
when the customer arrives at the machine. We are all
familiar with the CRT (cathode ra display which
invites us to insert our ma:
what happens after the ¢
machine remains a m

The card is actu
writer unit, which reads
encryption of his per

ial reader/
ser and the
n number
er to enter

0 & Spec

Transport
rollers

Casselte

Fig.3 Pick module transport section-pick mode

What happens then depends on whether the
) ne bank branch where the cus-
it is, further checks can be
outer will check that the PIN
the customer has requested
host computer will check that
- ble in the account.
not on line to the bank, or for some
reason fails to o icate, local checks are made.
The number entered is checked against the informa-
tion on the card. and a nominal limit is placed on the
sum that the customer can withdraw.

The next stage of the operation is the selection
and delivery of the meney requested. Bank notes, or
bills, are held in special cassettes, each capable of
holding up to 3000 notes. Each cassette is ahle to
accommodate any currency in use in the world today,
with the size of the cassette being adjusted to suit the
notes to be dispensed.

The notes are picked from the cassette by a spe-
cial vacuum device. This extracts them orie by one
from the front of the cassette. They are then carried via

tomer's accour
made. The host

the sum require:
sufficient funds
If the ATM is

(o

o
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a series of wheels and belts to the presenter module
which actually dispenses the money. Another device
stacks the notes as they arrive in the presenter module,
and pushes them through a security shutter to the cus-
tometr.

In theory, this sounds reasonably straight for-
ward. But in practice, the need for absolute security
and integrity in every transaction necessitates some
very sophisticated techniques and controls. In this
area, interaction between the electronics, mechanics
and software elements of the system become abso-
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lutely crucial to successful operation. And as ATMs
become more sophisticated, electronics technology
plays an increasinaly important role. Currently, for
example, the vacuum pick-up mechanism which
extracts the notes from the cassette is driven by
mechanically operated pumps. These are operated via
a chain of gear wheels at the appropriate point in each
cycle.

Future mechanisms will be able to implement a
system that uses electronically controlled valves (not
the devices before transistors came along). A single
vacuum source can be piped to each pick module, with
the electronic valves controlling the timing.
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Fig.4 Pick module-transport mode
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Fig.5 Presenter module
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The use of electronics allows much greater con-
trol to be achieved. The use of solid state relays in place
of mechanical alternatives will offer better reliability
and more accurate control. In addition, low voltages
and the absence of arcing make them electrically quiet.

One of the most important tasks of the ATM is
ensuring that exactly the right amount of money is
delivered. Naturally, if even one note is accidentally
omitted, the customer is going to become very irate
indeed. Conversely, the bank cannot afford to have
more than the required amount of money dispensed.

For this reason, very tight controls are used to
ensure that the right number and denomination of
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notes are delivered. One of the most important oper-
ations in this respect is the detection of double or
folded notes.

ATMs use an optical technique to identify times
when two or more notes have been picked up by mis-
take, or when a note has become folded in the
mechanism. A bright light is shone through the note
onto a special detector behind. Double or folded bills
can then be detected by a reduction in the light intens-
ity that reaches the detector.

An improvement in differentiating between

double pick or a folded note is provided by passing the
notes through a pair of rollers. One of these is fixed,
while the other is capable of radial movement. This
second roller is designed so that its circumference
equals the length of the note.

A linear variable differential transformer (LDVT)
is used to calculate the small increase in the distance
between the rollers as the note passes between them. A
larger than expected increase indicates that one or
more notes have been picked, or that the note is
folded.

At the same time, the length of the bill is calcu-
lated by measuring how far the second roller turns. If
this is shorter than expected, then the note has clearly
become folded during the pick up.
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Fig.6 Optical position sensor

Other developments include advances in the
switching sensors used to sense the presence of cards
and bank notes, and to detect the position of moving
parts within the machine.

Infrared position sensors are arranged as a trans-
mitter/receiver pair, together with opaque elements
which interrupt the infrared beam. As well as being
more reliable than micro-switches, these offer more
accurate timing and do not require any adjustment.

These have proved useful for a number of applic-
ations. For example, infrared sensors are used in con-
junctionwith rotating discs which have a series of holes
around their edge. The disc interrupts the beam as it
rotates, except at those points where the beam passes
through the holes.
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The result is a signal that is exactly proportional
to the speed of rotation of the disc and, therefore, the
shaft on which the disc is mounted. Being digital in
nature, these signals are ideal for interfacing to the
digital processor controlling the ATM, frequently being
used as an interrupt command.

Anumber of other sensors are also used in ATMs.
These include semiconductor optical coupling ele-
ments, which can be used to preserve total electrical
isolation while transferring digital signals from one cir-
cuit to another.

Digital electronics have also had a major impact
on the motors that drive the mechanical parts of the
machine. Conventional electric motors proved less
than ideal as they were noisy and difficult to control.
They required regular servicing and maintenance, and
infroduced high voltages intc the ATM itself.

Consequently, these have teen superseded by
stepping motors which are much gquieter, more
dependable and do not reguire gearboxes or clutches.
Because they are digiz! = namure, they are ideally
s for the digital pro-

cessor which controls the ATM
In the twenty ziws yeas since the first ATM
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s advanced considerably.
s that these advances have
machines are much more
sophisticatec mizs === counterparts of two decades
ago.

Wherezs zzzz machines dispensed only cash,

usually ir: p= mw2iopes, today’s ATMs can han-
dle everythis = = payments to cheque cashing to
passbook 204 ticket issuing. Many machines

== as well as notes.
2 52s improved greatly, too. The per-
Szt machines are available for use has
moved forw=: 1 88 per cent to over 99.5 per cent.
Greater r= =5 been achieved, with the number
of service cz's 2lling from an average of 35 a year to
five or fewer

The ni==zer of transactions between replenish-
ments has oo substantially too, rising from several

centage ¢i o=

hundred = 5000. At the same time, the time
requirec Zor = mmical withdrawal has fallen from 30
seconcs 12 ws 12 seconds.

These ar= substantial improvements that have
helpec = = the modern ATM such an integral part

of our everuz=y lives. But of course, technology does
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not stand still. Already we are seeing the next genera-
tion of ATMs emerging, bringing a much greater con-
vergence between electronics and computing technol-
ogies.

NCR, for example, is now producing self-service
devices based on PC architecture to increase flexibility
and'to make the most of the very sophisticated PC
technology that is now available. As a result, we are
now beginning to see devices that offer full- colour gra-
phics with touch-screen and animation, together with
digital sound.

Dual processor configurations speed up process-
ing and support extra functions such as networking
and communications. Other new features include
increased security to control fraudulent use of cards.

Thanks to these developments, ATMs will soon
be playing an even more important role in our lives. As
the interface becomes easier and more attractive to
use, and the range of facilities offered continues to
increase, we will begin to wonder how we ever
managed before the ATM came along.

We have already reached the stage where many
people never go through the doors of the bank that
holds their account. Thanks to the ATM, we are now
entering a new era of convenience in the management

of persemal finances.
&
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Vivian Capel presents the
final part in his series.

ALARMS
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Fire Detection

Systems

Testing and Maintenance

aving installed the system, the final step
is to test it, and for a large installation
this can be rather tedigus. However, it is
essential to do so and not to cut
corners.

Most detectors are easily removed from their
wired bases, so they can be taken down without dis-
connecting the wiring. All should be removed and the
circuit of each zone should be meggered for leaks. Any
leak should be investigated and cleared before the next
step. A high resistance leak, though having little effect
if any, on the operation of the system could shunt
monitoring currents and thereby allow future faults to
pass without indication. Also leaks themselves are a
sign of a fault condition that could get worse.

Next, after replacing all the detectors, the standby
battery is connected, but the mains is not switched on.
There should be a fault indication on the panel show-
ing that there is no mains supply. The mains are now
connected, and the output of the panel switched from
the bells to the test buzzer.

Now comes the tedious part — testing every
detector. Most will probably be smoke detectors and
these can be checked by holding a piece of smoulder-
ing cord near the device and blowing the smoke gently
into the vents. Chemically generated ‘smoke’ from aer-
osols is not recommended as it can be corrosive, and
can also leave deposits inside the smoke chamber.
Smouldering cord gives the minimum of undesirable
side effects and is also kind to the decor.

The test buzzer should sound for each one, and
the system must be re-set for the next. For alarge instal-
lation it needs a two-man team with radio communica-
tors, one testing the detgstors, and the other reporting
at the control panel and re-setting. .

For heat detectors, a portable hair dryer is the
most practical method for testing. Not all dryers get to
the 135°F at which heat sensors trigger, so the dryer
should be tested with a thermometer. This may take
several minutes.

Any heater merely raises the temperature of the
surrounding air, so a hair dryer that attained the tem-
perature in mild or warm weather, may not dosowhen
it is cold.

In the case of a rate-of-rise heat detector, the
rapid increase in temperature when a hair dryer is
directed into it should produce a quick result, well
before the 135° stage is reached. This incidentally
demonstrates the faster response of this type of detec-
tor compared to the fixed heat sensor.

Manual call points can be tested by breaking the
glass — but it is not the recommended method! Some
can be opened from the front thereby releasing the
pressure on the button, while others have a special key
which moves the glass relative to the button. Spare
glasses are available from the makers if one is broken.

When all the call points and detectors have been

tested, the final detector in each chain should be
removed again. A fault indication should appear on
the panel for that zone, showing that the monitoring
system is working properly.

Finally, the bell should be switched in place of the
test buzzer, and a manual call point actuated. A check
should be made to determine that all bells are sound-
ing. If a sound level meter is available, (professional
installers should certainly be so equipped), readings
should be taken at the furthest points from the bells to
ensure that the minimum 65 dB is produced, or 75 dB
at the bedheads of residential establishments.

If all is in order, the resistor across the final bell
should be disconnected so producing a fault indication
on the panel. Reconnection of the resistor ends the
installation test. A record book should be kept for all
except small domestic systems. This contains details of
test results such as sound levels, zoning, and records
each maintenance and what was checked. Any activa-
tion of the system by a fire, by accident, or by a false
alarm of unknown cause should be entered.

Any cases of the latter should be thoroughly
investigated to try to find the cause, but unlike intruder
alarms fire systems rarely suffer from false alarms.
Most of the common causes of such with intruder
alarms are not present with fire systems.

Maintenance

Faults can occur in any system, either due to compo-
nent failure of external conditions such as damage to
wiring. With a fire alarm system, such faults must be
identified quickly and repaired as soon as possible. To
this end, a routine of regular checks and maintenance
is suggested by the BS 5839 and should be followed.
Detectors should never be painted as this could modify
their thermal characteristics.

Daily Someone should be appointed to check the
control panel at the start of each day and preferably at
the end of the day too. All that is required is to make a
visual examination of the fault indicators. If any show a
fault, a record should be made in the record book and
the matter immediately reported to the management.
If the fault has not been cleared by the next working
day, a further record should be made, until rectified.
Weekly Each week one detector or call point should
be actuated as described in the installation test and the
result and the identity of the device should be recorded
in the book with the date. A different detector should
be chosen each week, so that in time all are tested. The
bells should be sounded briefly to ascertain whether all
are operating. Any fault should be reported immedi-
ately. The standby battery terminals should be
checked for corrosion and cleaned if necessary.
Quarterly The mains should be disconnected or
switched off, and the current tests for thatweek and the
others here stipulated should be made using the
standby battery. Its voltage should be checked when all
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The first of these are the auto-diallers. These can
be either analogue or digital. With the former, the 999
number is recorded in pulse form on an endless tape
followed by a message. When activated, the number is
dialled and the message given. Several numbers and
messages can be recorded so that responsible staff
members can also be alerted. The dialling and mes-
sage is notrepeated, so if the device fails to get through
the first time it does not try again. The tapes have to be
specially recorded by the makers otherwise the num-
bers could not be recorded.

These are used mostly with intruder alarm sys-
tems, but dual-purpose ones are available that can be
linked to both an intruder and fire alarm system, and
give the appropriate message when activated.

The digital dialler has the 999 number contained
in a memory store instead of on tape, although the
message is on tape. It will only dial 999 so messages to
other nurnbers are not possible.

An alternative to the diallers is the digital commu-
nicator. These donot use tape at all and so are more
reliable and are also cheaper. They have to be used in
conjunction with a central receiving station which
sends back a handshake signal when called. If this sig-
nal is not received the communicator keeps dialling.
When it does get through, it sends a coded identifica-
tion and then a message in digital code. On comple-
tion, the receiving station sends an acknowledgement.
If not received, it re-dials and repeats the message.

Communicators are usually used with intruder
alarms, but can be used with fire alarm systems. Most
are single message types, but some can send different
codes actuated by different triggers, so could be linked
to both an intruder and fire alarm.

Thereceiving stations are commercially operated
by private security firms for a subscription plus a
charge each time the system is used. When a message
is received from a subseriber, they telephone the
appropriate authority. The subscription and use
charges must thus be set against the lower initial cost of
a communicator compared with a dialler.

In addition, due to the possibility of false alarms
in the case of intruder systems, most receiving stations
willnotaccept an installation unless it has been carried
out by an approved installer. DIY systems are thus
ruled out leaving the 999 dialler as the only choice.

Another item which is often used in conjunction
with the fire alarm system is the overhead sprinkler.
These sprinkle water over the affected area when acti-
vated by the alarm system. They do little to extinguish a
fire, but can confine it and prevent it spreading or at
least corffrol it until the fire services arrive. They really
need to Be self-contained and operated by sensors in
the same area, as the results could be disastrous if
sprinklers all over the building were activated by a
small fire in one part.

Fire doors are another safeguard. If doors are
closed in the affected area, draughts on which a fire
feeds can be prevented and also the fire itself can be
contained within its fire compartment at least for a
while. The door must be fitted with a return spring that
closes it firmly, and the back of the door s fitted with a
catch that engages with a magnetically operated hold-
ing device on the wall behind it, which is wired to the
alarm system. This normally retains the door in the
open position, but an alarm signal causes the device to
release the door so that it springs shut. The door can
be pulled shut manually from its catch if required and
of course can be opened byanyone seeking to escape.
It is not held shut by anything other than its spring,

Finally, all premises should be provided with fire
extinguishers. The correct type should be chosen for
the type of material likely to be involved in the fire. The
following table is a guide to the correct types.

SINIV'TV

Type of Fire

Type of Extinguisher

Electrical, computers

Paper, wood, straw,
textiles, furnishings

Qil, petrol, paint, tar,
spirits, inflammable
liquid

Gas, calor, propane
Metal: sodium,
calcium uranium
plutonium,
phosphorus

C0,, BCF

Water, CO,, soda
acid, foam, powder

Foam, powder, BCF,
€o,

Powder, BCF

Special metal fire
powders

C0, = carbon dioxide gas.

BCF = bromochloredifluoromethans, a vapor-
izing non-toxic liquid giving  clean vapour
free from deposits and is therefore ideal for
electronic equipment fires.
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UNIDEN SATELLITE RECEIVER Brand new units (model
8008) £60.00 ref 60P4Y also some 7007s also £60.00 ret
60P5Y
SPECTRUM +2 COMPUTER Built in data recorder, 128K, psu
and manuals £59.00 ref 59P4Y
SPECTRUM +3 COMPUTER Built in disc drive, 128K, psu and
manuals £79.00 ref 79P4Y
AMSTRAD CPC464 COMPUTER No manuals but only
£79.00 ref 79P5Y
AMSTRAD CPC6128 COMPUTER Again no manuals butonly
£149.00 ret 149P4Y
AMSTRAD GT65 Green screen monitor £49.00 ret 49P4Y
AMSTRAD PORTABLE PC'S FROM £149 (PPC1512SD).
€179 (PPC15120D). €179 (PPC1640SD). £209
(PPC1640DD). MODEMS £30 EXTRA.NO MANUALS OR
PSU.

AMSTRAD PC BARGAINIIII
PC 1512DD COMPLETE WITH CGA COLOUR MONITOR, 2
DISC DRIVES, MANUALS ETC ONLY £249.00 REF 249P4Y

HIGH POWER CAR SPEAKERS. Stereo pair output 100w each

4phm impedance and consisting of 6 1/2° woofer 2* mid range and
1" tweeter |deal to work with the amplifier described above. Price per
pair £30.00 Order ref 30P7Y.

2KV 500 WATT TRANSFORMERS Suitable for high votage
expenriments or as a spare for a microwave oven etc. 250vAC input
£10 00 ref 10P93Y

MICROWAVE CONTROL PANEL Mains operated, with touch
switches Compiete with 4 digit display, digital clock, and 2 relay
outpute one for power and one for pulsed power (programmable)

|deal for all sorts of precision timer applications etc. £6.00 ref 6P18Y
FIBRE OPTIC CABLE. Stranded optical fibres

sheathed in black PVC. Five metrs length £7 00 ref ﬁ
7P29Y

12V SOLAR CELL. 200mA output ideal for
trickle charging stc. 300 mm square. Our prics
£15,00 ref 15P42Y

PASSIVE INFRA-RED MOTION SENSOR. <,
Complete with daylight sansor, adjustableights
on fimer (8 secs -15 mins), 50' range with 2 80
deg coverage Manual ovende faciity. Com-
plete with wall brackels, bulb holders etc. Brand new and guaran-
1eed. £25 00 ref 25P24Y

Pack of two PAR38 bulbs for above unit £12.00 ref 12P43Y
VIDEO SENDER UMNIT Transmit both audio and video signals
from either a video camera, video recorder or computer to any
standard TV set within a 100" range! {tune TV to a gpare channel)
12v DC op. £15.00 ref 15P30Y Suitable mains adaptor
£5.00 ref 5P191Y A B §
FM TRANSMITTERNoused in a standard working m&a 'ﬁ
adapter (bug = mains diven), £26.00 ref 26P2Y il
MINATURE RADIO TRANSCEIVERS A pair ol[|| [ b
walkie talkies with a rangs of up to 2 kilometres. Units ()
measure 22x52x155mm, Complete with cases £30.00 ref 30P12Y
FM CORDLESS MICROPHONE.Small hand held unit with a 500'
range! 2 transmit power levels reqs PP3battery Tuneableto any FM
receiver. Qur price £15 ref 15P42AY

T~ e

el

10 BAND COMMUNICATIONS RECEIVER.7 shon |
bands, FM, AM and LW DX/local swiich, tuning 'eye’ mains
or battery Complste with shoulder strap and mans lead
NOW ONLY £19.00!1 REF 19P14Y.

WHISPER 2000 LISTENING AID.Enables you to hear sounds
that would otherwise be inaudible! Complete with headphones
Cased £5 00 ref SP179Y

CAR STEREO AND FM RADIOLow cost stereo system giving
5 watts per channel. Signal o noise ratio bettar than 45db, wow and
flutter less than 35%. Neg eanth. £25.00 ret 25P21Y

LOW COST WALIKIE TALKIES Pair of battery oper- _l ‘
ated units with 2 range of abowt 150" Our prics £8.00 2

pair ref 8PS0Y )

7 CHANNEL GRAPHIC EQUALIZERplus a 60 watt E :
power amp! 20-21KHZ 48R 12-14y DC negative earth
Cased £25 ref 25P14Y

NICAD BATTERIES. Brand new top quality. 4 x AA's £4 00 ref
4P44Y 2 x C's £4 00 ref 4P73Y, 4 x D's £9.00 ref 9P12Y, 1 x PP3
£6.00 ref 6P35Y

TOWERS. INTERNATIONAL TRANSISTOR SELECTOR
GUIDE. The ulimate equivalents book. Latest edition £20.00 ref
20P32Y

CABLE TIES. 142mm x 3.2mm white nylon pack of 100 £3.00 ret
3P104Y. Bumper pack of 1,000 ties £14.00 ref 14P6Y

VIDEO AND AUDIO MONITORING
SYSTEM

£99.00 %E!!.LV

Brand new units coneisting of a camera, 14cm monitor, 70 metres of
cable, AC adapter, mounting bracket and owners manual. 240v AC
or12v DC operation complete with builtin 2 way intercom. £99.00 ref
90P2Y

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 tubs, PCB and all compo-
nems to build a battery operated geiger counter. £39,00 ref 38P1Y
FM BUG KIT.New design with PCB embedded coil. Transmits to
any FM radio. 9v battery req'd. £5.00 ref SP158Y

FM BUG Built and tested superior v operation £14 00 ref 14P3Y
COMPOSITE VIDEO KITS. These convert composite video into
separate H sync, V gync and video. 12v DC. £8 00 rel 8P39Y.
SINCLAIR C5 MOTORS 12v 29A (full load) 3300 pm 6"x4" 1/4°

O/P shaft New. £20,00 ref 20P22Y

As above but with fitted 4 to 1 inline reduction box (800rpm) and
toothed nylon belt drive cog £40.00 ref 40P8Y.

SINCLAIR C5 WHEELS12" or 16" dia including treaded tyre and
inner tube. Wheels are black, spoked one piece poly carbonate. 13"
wheel £6 00 rel 6P20Y, 16" wheel £6.00 ref 6P21Y.
ELECTRONIC SPEED CONTROL KlTor ¢5 motor. PCB and all
components to build a speed controller (0-85% of
speed). Uses pulse width modulation £17.00ref 17P3Y.
SOLAR POWERED NICAD CHARGER.Charges 4
AA nicads in 8 hours Brand new and cased £6.00 ref
6P3

AT 286 MOTHERBOARD
640K RAM
UPGRADABLE TO 4M
AT CASE
AT POWER SUPPLY
AT KEYBOARD
MANUAL
NO I/0O CARDS
£139

JOYSTICKS Brand new with 2 fire buttons and suction feet these
units can be modified for most computers by changing the connector
sl Price is 2 for £5.00 ref 5P174Y

GAS POWERED SOLDERING IRON AND BLOW TORCH
Top quality toal with interchangeable heads and metal body. Fully
adjusisble, nuns on ighter gas £10.00 raf 10P130Y

ANSWER MACHINES BTapproved remote ge playback
intergral push button phona, powar supply and taps. Exceptional
value at £45 00 ref 45P2Y

CAR IOMIZER KIT improve the airin your carl clears smoke and
helps to reduce fatigue. Case required, £12.00 ref 12P8Y.

&V 10AH LEAD ACIDsealed battery by yuasha ex equipment but
in excallant condition now only 2 for £10.00 rel 10PESY.

12 TO 220V INVERTER KITAs supplied it will handle up fo sbout
15w a1 220v bul with a larger transformer it will handle B0 watls. Basic
kit £12.00 ref 12P17Y. Larger transformer £12,00 ref 12P41Y
VERO EAS| WIRE PROTOTYPING SYSTEMidss! for design-
ing projects on etc. Gomplete with tools, wire and reusable board.
Our price £6.00 ref 6P33Y.

MICROWAVE TURNTABLE MOTORS. Ideal for window dis-
plays stc. £5.00 ref 5P165Y.

STC SWITCHED MODE POWER SUPPLY 220v or 110v input
giving Sv at 2A, +240 a1 0 25A, +12v &t 0.15A and +90v &t 0.4A £6.00
ref 6P58Y

HIGH RESOLUTION 12" AMBER MOMNITORI2v 1.5A Hercu-
Jes compatible (TTL input) new and cassd £22.00 ref 22P2Y
VGA PAPER WHITE MONO monitors new and cased 240v
AC. £59.00%i 58P4Y

25 WATT STEREO AMPLIFIERc. STK043. With the addition of
a handful of components you can build a 25 watt amplifier. £4.00 ref
4PBAY (Circuit di included).

LINEAR POWER SUPPLY Brand new 220v input +5 at 3A, +12
at1A,-12 al 1A Shon circuit protected £12.00 ret 12P21Y.
MAINS FANS Snail typs construction. Approx 4°xS" mounted on a
metal plate for easy fixing. New £5.00 5P168Y

POWERFUL IONIZER KIT.Generstes 10 times more ions than
commercial units! Compiste kit including case £18.00 ref 18P2Y
MINI RADIO MODULE Only 2° square with ferrite aenal and tuner.
Superhet Rag's PP3 battery, £1.00 rel BD716Y.

HIGH RESOLUTION MONITOR 9" black and white Phillips tube
in chassis made for OPD computer but may be suitable for others.
£20.00 ref 20P26Y.

BARGAIN NICADS AAA SIZE 200MAH 1.2V PACK OF 10
£4.00 REF 4P92Y, PACK OF 100 £30.00 REF 30P16Y
CB CONVERTORS.Convers a car radio into an AM CB receiver
Cased with circuit diagram. £4.00 ref 4P48Y.

FLOPPY DISCS. Pack of 15 31/2" DSDD £10 00 ref 10P88Y Pack
of 10 51/4* DSDD £5 00 ref SP168Y.

o

= = A i . L
SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UK

SONIC CONTROLLED MOTOR One click to start, two click to

raverse direction, 3 click 10 stop! £3.00 each ref 3P137Y

FRAESNEL MAGNIFYING LENS 83 x 52mm £1.00 ref BD827Y

LCD DISPLAY. £ 1/2 digits supplied with connection data £3 00 ref

3P77Y or 5 for £10.00 ref 10P78Y

ALARM TRANSMITTERS. No data avaliable but nicely made

complex transmitters 9v operation. £4.00 each ref 4P81Y

100M REEL OF WHITE BELL WIREfigure 8 pattern ideal for

intercoms, door bells etc £3 00 a reel ref 3P107Y

TRANSMITTER RECEIVER SYSTEMonginally made for nurse

call systems they consist of a pendant style transmitter and a

receiver with telescopic aerial 12v. 80 different channels. £12.00 ref

12P26Y

CLAP LIGHT. This device turns on a lamp at a finger 'snap’ etc

nicely cased with builtin batiery operated light Idealbedside lightetc

£4 00 each ref 4P82Y

ELECTRONIC DIPSTICK KIT.Contairis all you need to build an

electronic device to give a 10 level liguid indicator. £5 00 (ex case)

ref SP164Y.

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 6P36Y.

ONE THOUSAND CABLE TIES!75mm x 2.4mm white nylon

cable ties only £5.00 ref SP181Y.

PC MODEMS 1200/75 baud modems designed to plug into a

PC complete with manual but no software £18.00 ref 18P12Y

ASTEC SWITCHED MODE POWER SUPPLY80mm x 165mm

(PCB eize) gives +5 at 3 75A, +12 at 1 5A, -12 at 0.4A. Brand new

£12 00 ref 12P39Y

VENTILATED CASE FOR ABOVE PSUith IEC fittered socket

and power switch. £5.00 ref SP190Y.

IN CAR POWER SUPPLY.Plugs into cigar socket and gives

3,4,5,6,7.5.9, and 12v cutpuls at 800mA Complete with universal

spider plug. £5.00 ref SP167Y.

CUSTOMER RETURNEDswitched mode power supplies Mixed

type, good for spares or repair. £2 00 each ref 2P292Y.

DRILL OPERATED PUMP.Fits any drill and is self priming £3,00

ref 3P140Y

PERSONAL ATTACK ALARM.Complete with built in torch and

vanity mirror. Pocket sized, req's 3 AA batteries. £3.00 rel 3P135Y

POWERFUL SOLAR CELL 1AMP .45 VOLTbnly £5.00 ref

5P192Y (other sizes avaliabie in catalogue).

SOLAR PROJECT KIT.Consists ol a solar cell, special DC motor,

plastic fan and turntables etc plus a 20 page book on solar energy!

Price is £8 00 ref 8P51Y

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

metal film €5 00 ref SP170Y

CAPACITOR PACK 1.100 assorted non slectrolytic capacitors

£2 00 ref 2P286Y

CAPACITOR PACK 2. 40 assorted electrolytic capacitors £2.00

ref 2P287Y

QUICK CUPPA? 12vimmersion heater with lead and cigar lighter

plug £3.00 ref 3P92Y.

LED PACK .50 red lads, 50 green leds and S0 yellow leds all Smm

£8 00 ref BPS2Y

FERRARI TESTAROSSA. A true 2 channel radio controlled car

with forward, reverse, 2 gears plus turbo. Working headlights

£22.00 ref 22P6Y

ULTRASONIC WIRELESS ALARM SYSTEMTwo units, one

a sensor which plugs into & 13A socket in the area you wish 10

protect. The other, & central alarm unit plugs into any cther socket

slsewers in the building. When the sansor is inggered (by body

movement etc) the alarm sounds Adjustable sensitivity. Price par

pair £20.00 ref 20P34Y. Additional sensors (max 5 per alarm unit)

£11.00 ref 11P6Y. \

WASHING MACHINE PUMP .Mains operated new pump Not seff

priming £5.00 ref 5P18Y.

IBM PRINTER LEAD. (D25 to centronics plug) 2 metre parallel

£5.00 ref 5P186Y.

COPPER CLAD STRIP BOARD 17" x 4" of 1" pitch "vero" board

£4.00 a sheet ef 4P62Y or 2 sheets for £7 00 ref 7P22Y

STRIP BOARD CUTTING TOOL.E2 00 ref 2P352Y.

3 1/2" disc drive 720K capacity made by NEC £60.00 ref 60P2Y

TV LOUDSPEAKERS. 5 watt magnetically screened 4 ohm 55 x

125mm. £3.00 a pair ref 3P109Y.

SPEAKER GRILLS set of 3 matching grills of different diameters

2 packs for £2 00 (B gnilis) ref 2P364Y

50 METRES OF MAINS CABLE £3.00 2 core black precut in

convanient 2 m lengths. |deal for repairs and projects ral 3P91

4 CORE SCREENED AUDIO CABLE 24 METRES £2.00

Precut into convenient 1.2 m lengths Ref 2P365Y

TWEETERS 2 1/4" DIA 8 ohm mounted on a smart metal plate for

sasy finng £2.00 rel 2P365Y

COMPUTER MICE Originally mads for Future PC's but can be

adapted for other machines. Swiss made £8.00 ref 8PS7Y. Atan ST

conversion kit £2 00 ref 2P362Y.

6 172" 20 WATT SPEAKER Buih in tweeter 4 ohm £5.00 ref

5P205Y

5" X 3" 16 OHM SPEAKER 3 for £4,00!! ref CD213Y

ADJUSTABLE SPEAKER BRACKETS !deal for mounting
poak oninternal or | corners, uneven surfaces etc. 2 for

£5.00 ref 5P207Y

PIR LIGHT SWITCH Replaces a standard bght swilch in seconds

light operates when anybody comes within detection range {4m) and

stays on for an adjustable time (15 secato 15 mins). Complete with

daylight sensor. Unit also functions as a dmmer switch! 200 watt

max. Not suitable for ourescants: £14.00 rel 14P10Y

2 MEG DISC DRIVES 3 12" disc drives made by Sony housed in

a5 1/4" frame 1.2 meg tormatted. £66.00 ref 66P1Y.

CUSTOMER RETURNED 2 channel full function radio controlled

cars only £8.00 ret 8P200Y

WINDUP SOLAR POWERED RADIO! FM/AM radio takes NICAD

b d plete with hand charger 2nd solar panel 14P200Y

240 WATT RMS AMP KIT Sterec 30-0-30 psu required £40.00 ref

40P200Y

300 WATT RMS MONO AMP KiT £55.00 Psu required ref S5P200Y

ALARM PIR SENSORS Standard 12v alarm type sensor will inter-

face to most alarm panels. £16.00 ref 16P200Y

ALARM PANELS 2 zone cased keypad entry, entry exit time deley

etc_ £18 00 ref 18P200Y

38MM CAMERAS Customer returned units with built in tlaeh and

28mm lens 2 for £B.00 ref 8P200Y

STEAM ENGINE Standard Mamod 1332 I"‘»L
angine with boiler piston atc £30 ref 30P200Y =




j{ reliabilty. 8" green screencompositeinput gpp ToR pin DIN plug, A beautiful ciean
# S with elched non-glare screen plus switch- twrers surplus. What a c%ﬂl

able highflow impedance input and output

for dalsy-chaining. 3 front controls and & at rear. Standard BNG Brand new and boxed 84 key PC/XT type keyboards In standard
socketzy. Beauﬁnmgt high contrast scrsen and atiractive case with 'BM grey with very attractive mottied finish and "diicky” salid feel

I : ; keys. 10 function keys on side, English layout
carrying ledge. Perfect as a main or backup monitor and for
LEDs for Caps, Scroll & N H E£29
quaniity usersl  £39 95 each o) or 5 for £185 RE1EH G0, Saroh & Bun ook

CALL FOR DISCOUNTS ON HIGHER QUANTITIES!

IBM KEYBOARD DEALS

MONOCHROME MONITORS A replacement or backup keyboard, switchable for IBM PC,

THIS MONTH’S SPECIAL] PC-XT or PC-AT. LED's for Caps,Scroll & Num Locks. Standard

There has never been a deal like this onel 84 keybeard layout. Made by NCR for the English & US markets.

Brand spenking new & boxed monitors Absolutely standard. Brand new & boxed with manual and ey

from NEC, normally selling at about £140] :Errnp}ate forr:ljssr siog:rl:ishonmizeﬂ::ndlo; keys. L:gracltlve
Bl e . S o grey and cream sh, wit usual refractable le

These ars over-engineered for uilra urlien-?aa{h.#\ganemus length of curly cond, i

CALL FOR DISCOUNTS ON HIGHER QUANTITIES!

19" Rack Cabinets

Massive Reductions
Virtually New, Ultra Smart!

Less Than Half Price!

Top quality 19" rack cabinets made Ir UK
by Optima Enclosures Lid. Unifs fealure
designer, smaked acrylic lockable front
door, full height lockabie hall louvered back
door and removable side panels. Fully ad-
justable internal fixing struls, ready
punched lor any configuration of equipment mou nting plus ready
maurnited inegral 12 way 13 amp socke! switched mains distriby.

terminating in the
ece of manufac-
(B) 8175 (D)

and £ sign. Green
.95 (B) 5/£135 (D)

COLOUR MONITORS FLDPPY DISK DR|VES g tion sirip make these racks some of the most versalile we have
Decc.1s"mmdgetrargamo.=rmmAFeaumsaPlebe, BARGAINS GALORE ] ever sold. Racks may be siacked side by side and therefore

beautiful teak style case and puaranised B0 column resolution,
leatures usually seen onfy on colour menitors costing 3 times
our pricel Ready to connect io most comousiers or video oufputs,

full ATB guarantes. ldeal jor use ws vides m=corder or our  and are fully tested,aligned and shi to

require only two side panels or stand singly. Overall dimensions

NEW 5% Inch from £29.95] are 77-1/2°H x 32-1/2"D x 22"W. Order as:
Masslve purchases of standard 514" drives enables us to Rack 1 Complete wilh removable side panels....... £275.00 (G)
7562 compasite input with imiagral audic =70 & speaker. Fully present prime product al Indusiry bealing low prices! All units Rack 2
tesled surplus, sold in iftis or hardly used condiSon with 50 day {unless stated) are ramoved from often brand new equipment

Less side panels £145.00 (G

POWER SUPPLIES

you with a 90 day

Telebox ST, and other audic visual uses. E99(E) 3£275(G) guarantee and operate from +5 & + c, are of standard size Power One SPL200-5200P 200 watl (250 w peak). Semi open

. - and ac the standard 34 way conneclor.
20", 22" and 26" AV SPECIALS TANDON TWHO0-25 1o campatiie 08

frame giving +5v 35a, -6v 1.5a, +12v da (Ba peak), -12v 1 53,

protection on the +5v output. AC input selectable for 110/240

E39.95(C} 124y 4a (6a peak). All outputs full lated with
Superbly made UK mansfactse. PL af soid staie colour CANON,TEC elc.DS hall height et 20 or 80T mmici* e D). Al autputs fully regulated with over valtage
C

monitors, complete with compesss woes & soung inputs. Atirac-  TEAC FD-55-F.40-80 DS half height. BRAND NEW E79.00

live teak sfyle casa. Perect for Schoois Shoos Disco. Clubs.

vac. Dims13" x 5" x 2.5. Fully guaranteed RFE. £85.00 (B)

In EXCELLENT fiftle used condifion we full 30 dzy guaranies, =] s céials / & "\ Power One SPL130. 130 watts. Selectable for 12v (4A) or 24 v
207...£135 22"..£155 26".. 0185 e S heﬁn serles In your choice of 40 track | 2 5. @20A.£ 12V @ 1.5A. Switch mode. New,  £50.95(5)

Astec AC-8151 40 watts. Switch mode. +5v @ 2.5a. +12v @

HI-DERNITION COLOUR MONITORS double sided 360k or B0 track double sided 720k. Ex-equip- | 23, 12y @ 0.1a. 6-1/4" x 47 x 1-3/4" New £19.95(8)

ment fully tested In excellent condition with

Brand new 12° muttinput high desirior rder TE-36 for 360k £29.95(C) o TE-72 fo

colour monitors by Microvitex. Nice L oa

90 day wamanty. § Greendale 19ABOE 60 watts swilch mode.+5v @ 6a,112v @
1720k £39.95(C 12,+15v @ 1a. RFE and fully fested. 11 x 20 x5.5cms. £24.95(C)

0.31" dot pitch for superb dariy arg

modem metal black box stying. Operates - Shugart B00/801 SS refurbishad & lested

CHOOSE YOUR 8 INCH! Conver AC130. 130 watt hi-grade VDE spec.Swilch mode. +5v

5150_{’]5 @ 15a,-5v @ fat12v @ 6a.27 x 12.5 x 6.5cms.New,

from any 15.625 khz s RAGE voec : Shu 851 double sided refurbished & tested E235.00 £49.95(C)
source, \!{Ith either indvid.yr; H& V symes - Mlt::bli'dﬂ double slded switchable Bosherl 13090.Switch mode.ldeal for drives & system. +5v@ fa,
such as CGA IBM PC's or RGR >z hard or soft sectors- BRAND NEW E250.00(E) +12v @ 2.5a, -12v @ 0.5a, -5v @ 0.5a. £29.05(8)
with composite sync such a2s A== Com = SPECIAL OFFERS!! Famnell G6/40A. Switch mode. 5v @ 40a. Encased £05,00{C)
modore Amiga, Acom Archimedes & BEC. Measures only 14"« Dual 8" drives with 2 megabyte capacity housedn a smart case COOLING FANS
12" square. Free data shest incuding conmection Information, "ga“" built in power Supplyl Only £499.00 (F) ) b < =
Will also funclion as quality TV wish cur BG5S Taisbox, Ideal as exterfor drives " ease spociy 110 or 240 volts for AC fans.
End of line purchase scoop! Brand new NEC D2246 8 85 3 inch  AC. 112" thick £ 8.50(8)
oy £145 = megabyte of hard disk storage! Full CPU control and Industry 312 inch  AG ETAI slimine.Only 1 hick. £ 9.95(8)
Brand new Centronic 14" marior for EM PC 2nd compatibles Standard SMD interface. Ultra hi speed transfer and access time 31/2inch AC 230 v 8 watts. On y 3/4" thick E12.95(A)
at a lower than ever price’ Commistely CGA aadvalent. Hi-res '2aves the good old ST508 Inferface standing. In mint condition 4 inch AC 110/240v 112" thick. £10.95(B)
Mitsubushi 0.42 dot pitch gving 555 = 507 irais. Big 28 Mhz and comes complete with manual. (O JT—— -] :g:m Qcﬁm'&"‘igg‘*'nﬁ"'m" 110v gi‘gs‘a’
jtorin == e e ) s above but Vol 5B
%ﬁﬁé;m’m" o “:?f*’“— “E-_I 5—3’9‘:;5’-?”“ MAINS SUPPRESSORS & FILTERS 60mm  DC 1"thickNo.812 for 6/12v.814 24v.  £15.85 A§

. Hoxburgh SDC 021 2 amp mains AFI filter, Has an extrawide 80 mm
NEC CGA IBM-PC patise. High qualty sx-equipment full
tagtgd wilth a gﬂ:ayc;uméra.ﬂt *an i:—-!-_fh«: !‘naiti:)ne rtbbeg frequency range of 150 khz to 30 mhz, Can 1¥pe, soider lug 22 m:‘n
y plastic case measunng 1L & 1TW £ 12°H. A fenific COMNection. Quality manufaciured to BS 613 standards, Dime 4 Inc

" 4inch DC 24v Bw. 1" thick
A L 1-1/2D x 1-3/47H.......... £3.95 or 3 for £10 (A) 10 for £28 (8) 4inch . 3 £
Purchiss enables us 1o pass S s at only_. -£79 i Roxburgh SDA 013/25. Similar to above rated at 1-1/2 amps. THE AMAZING TELEBOX!
m 14" C I Dims 1-1/2°D x 1-3/4°H... £3.25 or 3 for £8.50 (A) 10 for £25(8) :
(07 & 0] OU r Suppression Devices SD5 A10. Extra compact general pur- Converts your colour monitor into a

pose suppressor. Plastic moulded case with

Mrslbicouma/RE. 1328, .0n 22 and snap connectors. Rated al 230 vac 5 amps. Dims 1-3/4".
e b LVl TSI UG LIOT) (T, Sp sonmadtans: Ra £3.95 or 3 for £10 (A) 10 for £28 ()
Belling-Lee type L2127 3 amp mains RFI filters. Has a buill In
malins cable (English ceding), and a three pin miniature non-re-

Never before his such a desl Dee= =euck 1o bring you this
qualily Japanese manufeci=s muiSeyne, multifunction
professional grade monitor = 3= wrea of low pricell The
Electrohome ECM1211 & = o= o mputs will connect to
most computer systems includng B PCXT/AT/PS2 (CGA,
EGA, PGA, VGA modes; 4=r. A=—mimedes {up to SVGA),

versible socket and a mating plug, to go to the
Dims 3-1/8"x 2.5" x 1.5"..

Commodore, BBC and mary ~cre. Mery other features include: RECHARGEAB LE BATTERIES

RGB analog & TTL inputs. secarame onzomal, vertical, com- EAD
poslte and sync on greer rouss: ats 45 to 36khz operation; Malntenance 'reejiealed
0.31mm tube dof pitch: braac oor com mohed coman & 30 itz 12 volts 12 volts 3 amp/hours
bandwidth makes this S== 2= st=cie snipll Current makers 6 volts 6 volts3 am, urs
list price over £900 I Eac» sumokec with connection data, fully 12 volts  Ceriire

nical Manual £15. Ouly 21 49 &
No Break Uninterruptable PSU's

Brand new and boxed 235 vais snintermuptable power supplies
from Densei. Model MILW 2585 AUAF is 0.5 kva and MUD
1085-AHBH is 1 kva. Bet ~=ve sealed lead acld batteries. MUK

are Inlemnal, MUD ~as te= i~ a matching case. Times from SPECIAL INTEREST
Inlempl am 5 and °5 mirimee monaciunly Oamalada wdil 6o

Tektronix 1751 WavelormvVector monitor

tapped 1.8 amp hours, RFE. £ 585 .
lesled In used gcod condss. some may have screen 12volts 12 volts 38 amp hours.7-1/2"L x6°S.AFE £35.00(B ;ﬂ!aﬂo‘ %ﬁrST L, uth&ggg“?é;?:;ker..
blemishes. Compiets we= &4 30 5=+ 578 guarantee. Full Tech- EXTRA HI-€APACITY NICKEL CADMIUM analog

Super high capacity Chidride Alcad 12 analog and composite sync. Overseas versions VHE & UMF call
volts refiilable type XL1.5. Electrolyte Is

- readily available Potassium Hydroxide. In
barks of 10 celis per 8"H x 24°L x 5.5"D wooden case. Each cell AND N EW P \ S
measures 8"H x 1.76"L x 4°D. Can be easily separated. Ideal TEC Starwriter Model FP1500-25 daisywheel prinler renowned
forall standby power appiications. Ex MoD, like new..£49.95 (E) for its reliabillty. Diablo fype print mec

DC 5 v. Paps! 8105G 4w. 38mm. RFE. £19.95(A)
DC 12v. 18 mm thick. £14.95(A)
DC 12v. 12w 112" thick £12.50(8

£14.50(B

single bolt fixing QUALITY COLOUR TV

TV SOUND
& VIDEO
~_TUNER!

equipment. ldeal Brand new high quality, fully cased, 7 channel UHF PAL TV luner

for those who are bu by RF interference. Very compact. System. Unit simply connects to your TV aerial socket and colour
5 7 Eped by .Easseeac(;\eor 370, 218 A) Videomonitorturning same into a fabulous colour TV. Dont worry

It your monitor does’nt have sound, the TELEBOX even has an
integral audio amp for driving a speaker plus an auxillary output
for Headphones or Hi Fi system etc. Many other features: LED

Iﬁnqgul?fe. Type A300. Status Indicator, Smart moulded case, Mains powerad, Built 1o

£ 9.95(a) Supplied B

BS safely s. Many other uses for TV sound or video ele.
Slauoih mo NEW with full 1 year guarantee.
A} T x ST for composite video input monitors......... £32.95(B)

£68.95(8)

RGB Telebox also suitable for IBM multisylne manitors with RGE

SECAM / NTSC not availabls.

hanism gives superb
registration and quality. On board microprocessor gives full
Diablo/Qume command capability. Serial RS-232C with full

£2750 handshake. Bidirectional 25 cps, switchable 10 or 12 piteh, 136

B paan i e e e in Pica, in Elite. Friction or tractor feed. Full ASCII
operation manuss_____MIUK___£249 (F) MUD.....£525 (G) DAy bendh ZSHéSOR‘;",rg'ZT; Sl =Y s siéaf,gl—;amliggnhbcn%r:mo Eiﬂ%an&"a ........ o
i DED D! minlature ball point pen printer plotter mechanism
V22 1200 BAUD MODEMS| | eyt Ly b"f,‘,'(‘,’gm, S20k0 W AN 40 Sharathars farline, sl b sl
Master Syster= 272 memorocessor controlied V22 full duplex DEC LS/02 CPU board £ 150 Includes drcuit dlagrams for simpla driver electronics..... £49(B)
1200 baud mode=_ 7ily ST spproved unit, provides standard Calcomp 1036 large drum 3 pen plotier £ 650 Centronice 150 series. Always known for their reliabilty in
V22 high speed c== co—_ which al 120 q;s can save your Thuriby LA 1608 logic analyser £ 375 continuous use - real workhorses in any environment. Fas{ 150
phone bill anc conmect $me oy 2 staggering 75%I Ultra slim 45 1.5kw 115v B0hz power source E @50 Cps with 4 forts and cholce of interfaces at a fanlastic prics|
mm high. Full fe=sme we= LED status indicators and remote Tekironix R140 NTSC TV lest signal standard. £ 875 1584 Serjal upto 9.5 paper, fan fold tractor..... ...£ 99.00(E
arror diagnesiics. Syme o Asyne Use; speech or data swilching; Sony KTX 1000 Videotex system - brand new € 650 1504 Seralup o 9.5 paper, tractor, roll ors/sheet.....£129.00(E
built in 240y m=rs scpoéy =nd 2 wire connection to BT, Uniis ADDS 2020 VDU terminals - brand new £ 225 152-2 parallel up to 14.5" paper, tractor or s/sheet.....£149.00(E
are in used but gooe condSon. Fully tested prior despatch, with Sekonic SD 150H 18 channel Hybrid recorder £2000 CALL FOR THE MANY OTHERS IN STOCK.

data and a full 20 S=y guarartee. Whal more can you ask for - Trend 1-8.1 Data fransmiseion iest sel
and al this prics: ONLY £69 (D)

Kenwood DA-3501 CD tester, iaser pickup simulator g % V|S|T OUH SHOP FOH BAHGAINS

LARGE QUANTITIES OF OSCILLOSCOPES AND TEST GEAR ALWAYS AVAILABLE - CALL NOwW!

MAIL ORDER & OFFICES LONDON SHOP
- ‘ :m! ! = z e ! OPEH Man-Frl 8.00-5.30 100's of bangams! 0
E R’ al ot B Wl 0v! ET. 32 Bigoin Way, | Open Mon-Safe-5.30
PPN Seeee H Upper Norwood, £

s - : South Norwood,
et 1D London, SE25

mmmmrx Cam-g- uhurg:u m-fz.oq. (B)=f5.

startard Condil

DISTEL @ The Orlginal ALL ENQUIRIES m
Free dlal-up databasel
Oﬁgseof itarnps+ln1'c On Line 081 "679'441 4

V21, Ve2 & Va2 bis Fax- 081-679-1927
081-679-1888 Telax- 894502

Al prices for UK Maintand. UK customers add 17,5%, VAT o TOTAL order amowrd Minimum order £10. PO orders from Govermmernt, Unhwrsities Schools & Local Authorities

=£11.50, (E}=E14 00 (F)=£18,00 (G)=Call . All goods supplied subjoct 1o our

-ELELTRONICS -

.50. (C)=EB 50. (D),
n, AN

n & retum fo base bacis. We neservs the fight to changs pricss & spacifications

for 80 daya, All g
Mwm,mwm:omwumwmum“mmu—m.ummnwﬁwhfmh.




PCB Foils
A

The Document Saver

Fault-finding 2 (September 91)

In Figure 15, C403 and C404 should be 8200u
not 8200p and R402, a 5R6 resistor should
appear in the line adjoining the 47V rail and
R408, R612 and R713. The caption in Figure 16
should refer to Figure 15 not Figure 17. The
fault-finding exercise, option 18B should direct
you back to paragraph 1 and option 11B should
read...AtoCand AtoD.

Pocket Geiger Counter (September 91)
Diodes D1/D2 should be 1N4006 and D3/D4
should be 1N4002.

Model railway speed controller (Aug91)
In Figure 3 D7, D3 and D4 are shown orientated
the wrong way and the 1k0 R27 should be R37.
Fuse 1 should be to the right of the connection
from te lower winding of T1.

Radio Calibrator (April 91)

IC1 is a Hex invertor and should be labelled in
the parts list as 74HC14.

Consort Speaker (July 91)

In Figure 4, R8 should be 180k, C7 should be
100n. IC1 output should not be shorted to
ground. Mains input should be applied to
2X120V windings. The formula for the reduc-
tion in Q should read 1/Q(required)=. . .In How
It Works all resistor and capacitor component
identities have been transposed by one. R10
should read R9 etc. In Parts List R2,4,. . . should
all read 39k. In Figure 7, the WO output lead
goes to the red woofer terminal. To avoid a slight
DC offset problem on the woofer output,
instead of linking points B and C on the PCB,
point C should be linked to the junction of R15
and C16 by an insulated wire.
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Sound to Light top side
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ELECTRONICS

TODAY INTERNATIONAL EX %

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) [minlmum 15 words)
Semi displa\{ (minimum 2.5¢cm
£15.00 single column centimetre (+VAT) per
Electroman £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 terms and conditions
. printed on the advertisement rate card (available on request).

FOR SALE

HAVING INTERFACING

PROBLEMS?

At last the best solution you are ever likely
to find!
A COMPLETE SINGLE BOARD
COMPUTER
AT £199.00 (+VAT) for the standard unit

(The screen ana xeyboard alone are worth more than that)
This could be the mos: cost effective solution to your interfacing needs
you are every likely to find.

280 CPU Programming advice for first 3
Complete with BAS:C ROM months
Keyboard, 80 characwer, & wne Full technical manuals provided
display. Batlery backec (A Software included to connect to other
funchons computers
30 day money back guarantee

Onder direct ov contact ws for mare detacls

COVEND ELECTRONICS
32 Poplar Grove, London W6 7RE
Tel: (071) 371 6497

Two RS232 ports. Twe AD ports

#

LYS ELECTRONIC COMPONENTS

555 TIMER .. SFor£1.00 741 0P AMP ..
7805+V.REG . ..£040  7905—VREG
, 7812+VREG.., £0.40  7912—VREG
LM317 ADJREG ... o £0.50  LM337 ADJREG ...
ZENER DIODES 400m W AL AT . Ao ¥ :
HORIZVERT CARBON PRESETS ..
' W 5% CARBON RESISTORS
'» W 5% CARBON RESISTORS.
5mm RED LED £0.08 GREEN
DIL SOCKETS L/PROFILE

£0.01 each (100) £0.60 (1000) £5 50 any mix
............................... £0.02 each (100)£0.90 (1000) £7.50 anymix
LLOW £0.08
8 pin £0.03 14 pin £005 16 pin £0.06 16 pin £0.07 20 pin £0.08
DIL SWITCHES.........ccovcerionnicvsmmrenmrcnssvererisiaeassossmsaestssnssessssss erssnone 2way £0.40 4 way £0.60 10 way £0.90
LM3914 BARGRAPH DRIVER £3.40
R.F. COAX (ANTI MICROPHONIC) 75 OHM RANGE OUTER SHEATH
{normally £3.00 mlr}.........

ONLY £0.80 MTR  100MTR £60.00

DIGITAL FREQUENCY METER KIT 2 RANGES
0-30MH2/25-1000MHz COMPLETE INC 3 PCB’S
{EXC. METALWORK) £83.60

ANALOGIC PROBE KIT (EXC. CASE) £9.80
For details of any of the above contact:
LYS Electronic Components, 10 Westbrook Road, Porchester,

Hants PO16 9NS
Tel: (0705) 386550 Tel/Fax: (0705) 388303 (24hrs)

PRINTED
CIRCUIT BOARDS
Prototype beards made from your own deskgn
packages sand v, i digs: with HPGL lile for plotfing Gna a
quets for prototypes for mul|4:|la runs. Accapt 54" and 31" hagh
ting sanice mrﬂ EE‘ DD pm plest, Filen wark
i n service, We can
produce & design from your unpmahr Sume Bsigna sra not
practcal, Minimum bask: charge for 1 off PGB, £15.00. Thin woukd
depand entirely on the oomplaxdty of the beard, from your srtwork,
Artwork praforably k.\okln? from componsent of solder skde neaded, A1 241
or 1-1. Kits and boands stock for many aru;ocm Send 5.AE, for

{or further infarmation

new catplogue out Sept 151 Ring 021

Badgar Boards, 1180 Judrlnlqn Road, Groat Barr

{raer of Cussiatt Marol Go) Birmingham B44 BPE.

Flexso manfion he magazing sdvan
when making pontao

COMPONENTS

N.R. BARDWELL (€T
200 Signal Diodes iv£4E £100
50 Rectifier Dioces &I 2100 SOLAR PANELS 100mm x
75 Rectifier Dioges ih40C3 £1.00 60mm 2.5V 0.2Wp £1.40. 6 for
75 Rectifier Dooes M- £1.00 £8. 12" x 6" 12V or 6V 1.4Wp

25 Assid Hgn Brgrimess LEDs - €100
12 Assid 7 Segmert Disckans. £1.00

£8.50. 12"x 12" 12V 3Wp £15.00.
36" x 12" 12V 5-6Wp £23.50.

KITS _

CONSORT SPEAKER KIT as

75 Electrolvacs £ TUF 53 £1.00 Prices include U.K. P&P. Larger / Available at Discount Prices. Send for your FREE price list.
50 Electrotyzcs STUF 50 £1.00 mounted panels available. BRI

Prices inciuce VAT, Postage £1.00. Orders to Bob Keyes GW4 IED. HeS!stor VAW EY <ilinrsivniins .0.50/100
Sramos o iss 4 Glanmor Crescent, Newport 1NA1 0.65/100
288 ABBEYSIDE ROAD Gwent. NP9 8AX. 741 Op Arnp 0.14 ea
SHEFFIELD 57 1FL 183??—?@&; 011 ea
TEL 0742 552886 555 Timer ... 0.11 ea
FAX 0742 500689 2764 — 240ns 1.55ea

HSTFor All Your Components

Large stocks of Resistors, Diodes, Transistors, Capacitors,
Semiconductors, Connectors, LEDs and Crystals plus many more.

4164 — 150ns (64Kx1}
LEDs 5mm R/G/Y ..
25W Plug Submin. D,

KITS, plans. etc. for surveillance,
protection {sonic and HV), “007"
gear. Send 2 x 22p stamps. For list
ACE(TI). 53 Woodiand Way,
Burntwood. Staffs.

ETI OCTOBER 1991

July '91 E.T.l. £188 inclusive. All
parts available separately.
Memex Electronics Ltd. 1
Icknield Close, Ickleford,
Hitchen, Herts SG5 3TD.

Prices Exclude VAT at 17.5%. Postage £1.00
Official Orders Welcome
HST Ltd. 2a Prospect Road, Carlton, Nottingham NG4 1LA
Tel: (0602) 587225 Fax: (0602) 484530
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SPECIAL OFFERS . WANTED ARTICLES WANTED

VARIABLE VOLTAGE

TRANSFORMERS
INPUT 220/240V AC 50/60
OUTPUT 0-260V

Price P&P
0.5KVA 2.5 amp max £29.00 £ £3.75

(£38.48 inc VAT)
1KVA 5 amp max £37.40 £4.26

(48.94 Inc VAT}
2KVA 10 amp max  £54.00 £5.48
[EGQ BYinc W\'I}

[EQ1 34 inc VAT)
£126.50

FKVA 15 ampmax  E71.

SKVA 25 amp max
(Carriage on request)
Buy direct from the Imporers. Keenesl prices in Ihe couniry

COMPREHENSIVE RANGE OR
TRANSFORMERS-LT-ISOLATION & AUTO
(110-240V Autc transiar sither cased wah amnncan mdmk and

“BOFFINS SPECIAL” —
UNIQUE OFFER

Surplus Precision Maedicat Unit, internally in excellun!
pandition, Designed primanly 10 eject a preciss
conlreliable amount of fuid rom a medical syringe {lallar
npt supplied), Contaips the foliowing removable
componasts: Dual Micro Processor Boards and EPROMS
Escap Pracisgion 12V OC Motos with 300 1 Gear Box and
oplical encoder coupled 1o a precision lhreaded drive
mechanism Makng supply with 12 « 16 Ni-Cad AA cells
back-up LCD. Digital read-out 17mm high with legends.
Audible waming.

These are sold for the dismanlling of the exceptional
quality components. Regretl no Circuils available.
Ridiculously low price £16.00 + £4.00 p&p (£23.50 incl
VAT)

WIDE RANGE OF XENON FLASHTUBES

Write/Phone your enquiries

GIANT BLOWER EXTRACTOR UNIT
Twin output canirifugal blower .1 HP, 240V AC motor.
Cutput approx 3800 c.i.m. Size. Lenlh 100cm. Heighl
ZTcm. Damh 2Bcm, Fixng plate 1106 x 33cm. Price £125

mains lead o upeq Iiarne type: Awailable for i y
LTRA VIOLET BLACK LIGHT
FLOURESCENT TUBES
AN A0 watt £10.44 (cakiar only) [E12.27 Inc VAT}
281 20 walt £7.44 + £1 76 pip |E1 021 ing VAT
\din 10 walt £5.80'+ 75 pip {ET M0 e VAT,
12in 1wt £4.80 + 750 pAD £6.52 mc VAT
Bt 6 walt £3.06 + 50p pip (E5.24 Inc VAT)
B 4 walt £3.95 4 50D 08y [£6.24 inc VAT)
230V AC BALLAST KIT
Far sthar Bin. S ar 1i5n tubes £5.50+550 pAp
(BT ine h’m'; -
For 13in lbes £6.00 « 75p php
(E7T.B3me VAT)

lw\'l'll"l UV Lame
iy E34.00 + Ao {4280 inic VAT)
176 wa'rr A B aLLasTED BLAGK
Avnilublewilh BL  Fiting. Pica inc VAT
& php £20.37

12 VOLT BILGE PUMPS

Buy dimatt froen the impo

506 3PH 154 head 3 HiT ID E‘E 36
1752 GPH 15A haad & mne C26.65
PRICES INCLUDE PAP & VAT

EPROM ERASURE KIT
Buld yaur nwn EPROM EFAS for a irachion o the price of &
made 1 wilt kil of parts |ess cese includes 12 in 8 watl 2537
Anpgst Tube Ballast unil, palr of B pm leads, neon indicator, on/off
mn\r/:h sataty microswitch and crcull 14 0l + £2,00 P&p (£18.80
inc VAT)

SUPER HY-LIGHT STROBE KT
Duw ot Otsco. Thoatrianl use, sic
Bpproa 16 josas Ad|ustable speed T48.00 + £2.00 pAp
(£58.75 10 VAT)
Cane snd rsllecmor £22,00 + E2.00 {2020 inc VAT}
-.nF for furtner detalls mckiding Hy Ln;pu &nd nduntrial Stobe

+ VAT E;

TORIN CENTRIFUGAL BLOWER
230V AC 2.800 RPM 0,9 amp. 130mm diameler. impellor
outlet 63 x 37mm. Overall size 195 x 160 x 150mm long
Price £17.50 + £2.50 p&p (£23.50 inc VAT)

SOLID STATE EHT UNIT

Input 230/240V AC. Output approx 15KV,
Producing 10mm spark. Buill-in 10 sec timer. Easlly
modifiad for 20 sec. 30 sec to continuous. Designed
for boiler ignition Dozens of uses in the field of
physics and electronics, eg supplying nean or argon
\ubes alc. Price less case £8.50 + £1.00 p&p
{£11.18 inc VAT) NMS

GEARED MOTORS
71 RPM 20Ib inch torque reversable 115V AC input
including capacilor and iransformer for 240V AC
operation, Price inc VAT & p&p £23.50.

HEAVY DUTY MOTOR
Crouzel 115/230V AC heavy duty 1RPM motor
Anticlockwise type 82/015 Size 68mm, diameter x 55mm
long. Shafl 6mm diamater x 20mm long. Price inc VAT &
pap £18.86,
RHEOSTAT

50W 2 ohm 5 amp ceramic power rheoslal price inc VAT
& p&p £10.61.

MICROSWITCH
Pye 15 amp changeover laver microswitch. Type 5171
Brand new price 5 for £7.05 inc VAT & p&p

NMS = NEW MANUF SURPLUS
R&T = RECONDITIONED AND TESTED

EN

Showroom apen
Monday - Friday

SERVICE TRADING CO

57 BRIDGEMAN ROAD, CHISWICK, LONDON W4 5BB
081-995 1560
ACCOUNT CUSTOMERS MIN. ORPER £10

VISA

Ample
Parking Space

Turn your surplus
transistors, ICs etc, into
cash. Immediate settlement.
We also welcome the
opportunity to guote 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

LASER DIODES

DMM’s and Logic Probes from
£7.50 Visible laser diodes plus
optics.

Send SAE:

Access Pacific Ltd
Kymbrook School House,
Kimbolton Road, Keysoe,
Bedford MK44 2HH
Tel: 0230 62695

LAZER DIODES — ex stock.
£255 (inclusive of VAT). imW
includes British Safety Standards
and full operating instructions.
Size 75mm x 15mm diameter.
Dot size one micrometre visible
red. Cheques crossed (with
address clearly printed on back
with post code) to Redlow Elec-
tronics, 54 Esslemont Avenue,
Rosemount, Aberdeen.

WANTED

Receivers, Transmitters, Test Equipment,
Components, Cable and Electronic. Scrap.
Boxes, PCB’s Plugs and Sockets, Computers,
Edge Connectors.

TOP PRICES PA|D FOR ALL TYPES
OF ELECTRONICS EQUIPMENT
A.R. Sinclair, Electronics,
Stockhoiders, 2 Normans Lane,
Rabley Heath, Welwyn, Herts AL6 9TQ.
Telephone: 0438 812 193
Mobile: 0860214302, Fax: 0438 812 367

SERVICE MANUALS

SERVICE MANUALS

Available for most equipment
TV's, Video's, Test, Audio etc

Write or phone for quote
MAURITRON (HRT),
8 CHERRY TREE ROAD,
CHINNOR, OXON OX9 4QY
TEL (0844) 51694 FAX (0844) 52554

PLANS

ELECTRONIC PLANS, laser
designs, solarand wlndgenerators
high voltage teslas, surveillance
devices, pyrotechnics and com-
puter graphlcs tablet. 150 projects.
For catalogue. SAE to Flancentre
Publications, Unit 7, Old Wharf
industrial Estate, Dymock Road,
Ledbury, Herefordshire, HR8 2HS.

ELECTRONIC DISTRIBUTORS

CATALOGUE £1.00 + 25p P&P
LED=: 3mm of Smm fed ar giesn B mach yellow 11p each
Hh intensity rad, graon of yollow Smm . .30p each
Gabla ties 1p ach ©5.95 per 1000 43,50
Stecnirg motoe 4 phage 1ev 75 st B0 ahms,,
SAKINFT mapping maloe drveroiip .
FH Trmrsarmittar kil pood quality sound
ligh quality mintn resist copper efad epoxy glass boards

£8.60

Drmmnsions singls s double sided
Irdrches £ 85 £1.07
4x8 inches £240 £268
6x12 inches £537 =
12x12 inches £1066 -

al
Computar grade r,apacwlms with screw lerminals 38000uf 20v

E‘mul m‘m g, 6500(\! s
TN arodo dnplay \rewm ..
'M?SJ lf‘rmﬂm ot 5 h‘n[TD@?Dpam
BE280 P onanne! mostel 0045, BCS58 rarzisior £3.95 por 100
74LS05 hex inverior £10.00 per 100, used 8748 Microcanlroler £3.50
TV Mains swilch 4A double pole wilh momenlry conlacts for remole
comtol pack of 10 £3.35 box of 0 £19.95

D00 canwirtal Relabiity model VI2PS 12y in 5y 200ma out 300v
it fr extput Fsckation wit (ke £4,95 sach or pack ol 10 £38. 50

P counte Lsed 7 dign 240v a0 50Hz 45
PResision pack 2500 rassion |5-2W 50 derent vahsss 23,95
OWERTY kaybadrd 88 uadty saflohes new . £5.00
QWERTY koytioard wilh se¢ial autpet no data (used ... .. £5.00

Wi renge of CAMOS TTL T4HC TAF Linaar Transisioes iln
rchargabl Lalisnes capaciions book eic swye 1 gicck. Plaase add
Ty lowams FAP vt inclutied

JPG ELECTFIONICS
276-278 Chatsworth Aood Chester 28H
AccessiVisa Orers {L245) ?HFW ca\lers welcome

Tektronics 7603 scope. Four
channel, dual time base. 200
MHz Y amps, 500 MHz time
base. On screen readout of time
base and sensitivity. Fully
working with diagrams. £600 Tel.
(0962) 75207.

CALL JAMES
TROTT ON
0442 66551

TO ADVERTISE
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SPECIAL OFFER TO HRT READERS!
only £17,99 (inc P&P)

A must for all students and hobbyists leaming how
common electronic components work

THE VIDEO
ELECTRONICS FOR THE HOBBYIST

{#An excellent 80 minute video using computer graphic
simulations). Send cheques! Dpa,ranle fo:

ON-LINE VIDEO MARKETING (DEPT EV.3)
The Cottage, Tredown Farm, Bradstone,
Milton Abbot, Tavistock, Devon PL19 0QT

Othe litles available. SAE for lisl #ow 14 days lor delivery

RING
0442 66551
TO ADVERTISE

TEST EQUIPMENT
MICRO-LAB

Looking for low cost test gear?
Our new Micro-Lab instruments are
ready built and tested and great value!
P17 Six Audio Filtersinone  £84.95
P20 9V Battery Eliminator PP9 £14.95
P28 Short Locator for peb's etc. £99.95
P37 Signal Tracer. Faull finder! £69.95
P38 Audio Oscillator. 5 - 20kHz £74.95
P40 Audio Distortion Analyser £89.85
P41 AF MilliVoltmeter to 2MHz £74.95
add £3.00 per item p&p, then 17/2%VAT
Write or phone for a free brochure.

COLEBOURN ELECTRONICS

Dept ETI, 20 Folly Lane,  Telephone
St Albans, AL35JT. 0727 44785

_PROQGM Electronics

13 Clarence Arcade, Stamford Street,
Ashton Under Lyne, Lancashlre OL6 7PT

FM Wireless Mncrophone
Gas iron ......ccceee

Gas IronBiE s i s

25 way ‘D’ cover ...
12v Relays DPDT .
12v Relays 4PDT

3U Sub-Frame packs‘ (flat pack)

ZN3055 .

3-16V PESZD Snunders
Mercury Tilt Switch .....
LED clock module 12/24 hrs

C/W data (Mains Transformer not supphed)
12V Solenoid (Dim 20mm x 20mm) ..
Philips 9" colour monitor (SCART) .......
Hitachi 9" mono monitor (comp video) ..
CCD Colour cameras from .........

....£14.99

£14.99
599
....10 for £3.50
......75p 5 for £3.00

...95p 5 for £4.00
.£6.99 + £2.00 p&p
.10 for £4.99
o2 fOr £1.00
99p 5 for £4.00

.£2.50
.85p 10 for £8.00
£110.00 s/h p&p £10

.£49.99 s/h p&p £10
...£225.00 s/h p&p £7.00

Zomeg Hard Disk Drive MFM low level format ..£85.00 s/h £7.00

Pocket multimeter 14 ranges .

Multimeter 20k-R/V transistor check
Digital Multimeter 3"/ digit diode check 10A PC current
Top quality box jointed Japanese long nose pliers
Top quality box jointed Japanese Olique Cutters .

Stereo Headphone (Mini) ......
Hex switches (R.S. 337-093) ...

|IEC Filtered/fuse carrier chassis plug

A.A. Nicads 4 for ..

.£7.99
£19.99
.£21.99
....£6.99
£6.99
.£1.99
creerne 75D
. £2.00

..£3.60

All prices mc VAT. Post and packing £1.00

Unless otharwise stated)

Mln order £5.00

Open Mon-Sat 9.30am-6.00pm ==
l?Clt:w.ad Tuesday morning

Tel: 061-343 2782
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MAKE YOUR INTERESTS PAY!

Qwer the past 200 years more than 3 million students throughout the world have found
it worth thesir wh E-5TUdY Course can nelp you get a better job, make more
money r OF life! ICS has over 90 years experience in home-study
espondence school In the world. You learn at your own
At under the guidance of expert ‘personal’ tutors, Find out
ehone today For your FREE INFORMATION PACK on the
FSE e box aniyl)
bttt L 1 T T T T T RN I L)
— TV, Video & |
~— | Hi-Fi servicing
[ |Refrigeration &
— | Air Conditioning

Tl car mechanics

— Computer
— | Programming

| GCSE /GCE SCE over 4C examination subjects to choose from
= Dect EBSS51T 120314 bigh Street Sutton. Sy SM1 10

I Ins ForSOTE LTEnonoeE &
‘ Tesroe ISO BSior B Gt o Dept EBS91

‘ Uoooio
4 . ...

__ Address _

Start training now for the following
courses. Send for our brochure —
without obligation or Telephone us on

0626 779398

ETI/10/91

0 Telecomms
Tech C&G 271
0 Radio Amateur
Licence C&G
___ 0 Micro-
processor
O Introduction to
Television

Name

Radio & Telecommunications Correspondence School
12 Moor View Drive, Teignmouth, Devon TQ14 9UN

ELECTROMART

LIVERPOOL

PROGRESSIVE RADIO
87/93 Dale Street Ted: 051 236 0154
47 Whitechapel Tel: 051 236 5489
Liverpool 2
‘THE ELECTRONICS SPECIALISTS
Open: Tues-S&t 9.30-33C

MAKE SURE YOUR AREA
IS REPRESENTED!
CALL JAMES TROTT ON
0442 66551
FOR MORE DETAILS

DIRECT ELECTRONICS
ELECTRONICS COMPONENT SPECIALISTS
627 ROMFORD RD,
MANOR PARK
LONDON E12 5AD
Tel: 081-553 1174
Mon-Sat 10-6 pm/Thurs 10-1pm

We stock a large range of TV & Video spares

DIGITAL SIMULATICN

PCB and SCHEMATIC C.A.D.

PULSAR £195

EASY-PC £98

i e
e T T 280000 o) | imam

k_ Piv J
e At last! A full featured Digital Circuit Simulator for
less than £1000!

o 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.
e Runs on PC/XT/AT/286/386/486 with EGA or

e Not Copy protected.

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

e Design Single sided,
Double sided and
Multilayer boards.

~ | @ Provides Surface Mount

support.

1 @ Standard output includes
Dot Matrix / Laser / Inkjet

rinters, 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.

o Not Copy Protected.

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

For full info’ Phone, Fax or Write to:

VGA. Hard disk recommended.
Number One Systems Ltd. I

Telephone: 0480 61778 (7 lines) Fax: 0480 494042
International: + 44-480-61778 Fax: + 44-480-494042

The Electronics CAD Specialists

REF: ETI, HARDING WAY, SOMERSHAM ROAD, ST.IVES, HUNTINGDON, CAMBS, PE17 4WR, ENGLAND.

ACCESS, AMEX, MASTERCARD, VISA Welcome.
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ln the November issue we have a feature article on
electromagnetic waves. Are they really waves or are they
particles? Or are they particles with the characteristics of a
wave? Find out also about the techniques of Digital pulse
transmission as most of our communications down wires or
fibres are by this method.

We start a new mini series from Ray Marston on Test-gear
basics and instrumentation and Back To Basics looks at
inductance and transformers.

On the construction side, we continue with the Nightfighter
lamp controller, including the board overlay circuits from the
master controller which could not be included in this issue
owing to lack of space.

A switched mode power supply is always useful to have
around on a bench alongwith a digital code lock to give a whole
variety of containers or rooms greater security.

These are just some of the articles appearing in the
November issue of ETI. Order your copy now from your
newsagent, out on 4th October.

MONTH §

The above articles are in preparation but circumstances may prevent publication

LAST MONTH

tems featured in the September issue were:

Light, vision colour and perception — the science of
vision - Fault-finding in the electronic equipment -
Pocket Geiger counter + The Hemisync machine
Part 2. A machine to encourage brainwaves - The
Sony Minidisc — The storey of the next generation
recorders + HDTV 9 The last part in the series on
High definition TV

.. Back issues are available from Select Subscriptions

(address on page 3)
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| ysr RELEASED 2

» THE ULTIMATE <«

XV2000 Video Companion

..Keeomq youmthe prcture for the 705 in style

“CUSTOM MADE CASE EASY TO FOLLOW
IN BLACK PLASTIC |NSTRUCT|0NS

COVERED STEEL"

LOOKS EVEN BETTER
FROM THE BACK!

LOOK AT HIDDEN S o
SATELLITESIGNALS @ = ° 2T ot t B
e ¥ MODULES AVAILABLE

MODULARUS TG & CHANNELS: PICK
N’ MIX

DIRECT AUTOMATIC INTERFACE TO SKY
DECODER
JUMBO PNTEGHAL SOWER SUPPLY-3 AMP

v
FILMNET VIDEO £79.99 £36.99

FILMNET DIGITAL STERO AUDIO

vY VYV V V
o2
m
>
5

T | (NEEDED '92) £125.00 £89.99
VIDEQ LOWD® T=EOUGH OR | TELECLUB £125.00 £79.99
| CANAL PLUS/RAI
.| INC. AUDIO (DISCRETE) £155.65 £99.99
SECAM TO PAL

= CONVERTER (SECAM) £99.99 £69.99
DUAL SECAM-
RAI/CANAL PLUS (DISCRETE/SECAM)_£216.52 £149.99
RTL4 (DUTCH/ENGLISH) £79.99 £39.99
" STEREO MODULE £99.99 £74.99
IF UHF MODULATOR NEEDED
(NO LOOP THRU) £15.00 £15.00
o LEADS (Stace make of tuner when ordering)
B VIDEC 23D 2UDIC QUALITY REMAINS VIDEO COMPANION XV2000 TO TUNER £4.99
TOTALLY ®TACT AS BROADCAST
e} EROMISE-|UST PERFECTION ey =0.32
N gl SKY MOVIES DIAGRAM £35.00
p SC2RT CONNECTIONDIRECT TO
ipienr GET THAT PROFESSIONAL

LOOK AT THE FINISH

INNOVATION-HOUSE - ALBANY PARK
FRIMLEY ROAD - CAMBERLEY - SURREY - GUI5 2PL

11-TECH (I XLYIY M BUILD IT YOURSELF
iNnNovaTive EEELIER 0276-684716 RLUIMETVNARgeivl 100

ELECTRONICS MONDAY to FRIDAY - 9-00am—7-00pm . |
LIMITED UL SATURDAY - 10-00am —4-00pm i_g_‘ =}

laERIAN]|
BERESS|

k

P ALL PRICES EXCLUDE VAT P> LEADS AND DELIVERY EXTRA » SECURIOR DELIVERY EXTRA




1992 BUYER'S GUIDE TO ELECTRONIC COMPONENTS

1
v

Over 600 prodilct packed pages

with

On sale now, only £2.75

Available from all branches of WHSMITH and

Maplin shops nationwide. Hundred

more than 600 brand new products.

s of new products

at super low prices!




