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

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

BY PROFESS'ONAL USERS These modules now enjoy a world-wide reputation lor qualily, reliability ana

grformance F 3 s=aiatie price. Four

maodels are available to suit Ihe needs of the professional and hobby market | Cusiry. Larsate marusental and Hi-Fi
: = #lc. When comparing prices, NOTE thal all models include toroidal power supply, ifiegral nea: son glass fibre P.C.B. and
4 L i o drive circuits lo power a compalible Vu meter. All models are open and shom circuit proct
ol i

. ' THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP/MF 100 Mos-Fet Output
A.M.S. into 4 ohms, Irequency r= 1Hz - 100KHz
-3dB, Damping Factor 300 w FRate 45V/uS,
T.H.D. typical 0.002%, Input Sensitivity S00mV, S.N.R.
-110 dB. Size 300 x 123 x 60mm
PRICE £40.85 + £3.50 P&P

wer 110 watts

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

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

ALL POWER RATINGS R.M.S. INTO 4 OHMS, BOTH CHANNELS DRIVEN
FEATURES: *independent power supplies wilh two loroidal franstormers Twin L.E.D. Vu melers *
Level controls * liluminated on/off switch * XLR connectors * Standard 775mV Inputs * Open and shorl circuit
proof % Latest Mos-Fels for slress free power delivery into virually any load % High slew rate # Very low
distortion % Aluminium cases * MXF600 & MXF900 fan caoled with D.C. loudspeakar and thermal proieclion.
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.

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

OMP VARISPEED TURNTABLE CHASSIS|

* Manual arm * Steel chassis * Electronic speed
control 33 & 45 R.P.M. * Vari pitch control * High STANDARD - INPUT SENS S00mV, BAND WIDTH 100K He

torque servo driven DC motor * Transit screws % Y PEC (FRO L EGL ENT COMBATIELE) - INEUT SENS
12" die cast platter % Neon strobe * Calibrated T76mV, BAND WIDTH 30K Hz. ORDER STANDARD OR PEC.
balance weight * Removable head shell % %"
cariridge fixings * Cue lever® 220/240V 50/60Hz
% 390x305mm * Supplied with mounting cut-out
template.

PRICE £61.30 + £3.70 P&P

STANTON AL500mkni GOLDRING G950

P £16.95 -+ P&P _PRICEL7.15 + 50F PP

STEREO DISCO MIXER DJ6500) * WITH ECHO *

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

OMP/MF 200 Mos-Fet Cutput power 200 watls
R.M.S. into 4 ohms, Irequency response 1Hz - 100KHz
-3dB, Damping Factor 300, Siew Rate 50V/uS,
T.H.D. typical 0.001%, Input Sensitivity 300mV, S.N.R.
-110 dB. Size 300 x 155 x 100mm
PRICE £64.35 + £4.00 P&P

y OMP/MF 300 Mos-Fet Outpul power 300 watts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor ~300, Slew Rate 50V/uS,
T.H.D. typical 0.001%, Input Sensitivity 300mV. S.N.R.
-110 dB. Size 330.x 175 x 100mm.

PRICE £81.75 + £5.00 P&P

OMP/MF 450 Mos-Fet Outpul power 450 walts
R.M.S. into 4 ohms, frequency response 1Hz - 100KHz
-3dB, Damping Factor =300, Slew Rate 75V uS.
T.H.D. typical 0.001%, Input Sensitivity 500mV. S.N.R.
-110 dB, Fan Cooled, D.C. Loudspeaker Protection. 2
Second Anti-Thump Delay. Size 385 x 210 x 105mm.
PRICE £132.85 - £5.00 P&P

NOTE: MOS-FET MODULES ARE AVAILABLE 1N TWO VERSIONS

Vu METER Compatible with our lour amplifiers delailed above. A very accurate
visual display employing 11 L.E.D.s (7 green 4 red) pius an additional on off
indicator, Sophisticated logic conlrol for very fasl rise and decay times. Tough
moulded plaslic case, with acrylic linted fronl. Size 84 x 27 x 45mm.

PRICE £8.70 + 50p P&P

S I NI LARGE SELECTION OF SPECIAl ST LOUDSPEAKERS

el AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER
GRILLES, CROSS-OVERS AND HIGH POWER, HIGH
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E.
(50p STAMPED) FOR COMPLETE LIST.

P - From McKenzie Prolessional Series
/- From McKenzie Studio Series

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

ALL McKENZIE UNITS 8 OHMS IMPEDANCE
8" 100 WATT P CB-100GP GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID. DiSCO

\WM
-

mics, 5 Line for CD, Tape, Video otc, F——— ?gs. FREQ. aoﬂé._ gREQ. RESP, ‘rr;% :TK“I;z. sENi Qﬁxél\!’ W ik mrEcs £31.45 - £2.00 PAP
; S " 100WATT S C10-100GP . VOICE, ARD, 0. EXCELLENT MiD.
Price £134.99 + £5.00 P&P SIZE: 482 x 240 x 120mm AES. FREQ. 72Hz, FREQ. RESP, TO 6KHz, SENSS7dB. PRICE £38.89 - £2.50 PAP
10" 200WATT S C10-200GP GUITAR, KEYB'D, DISCO, EXCELLENT HIGH POWER MID
PIEZO ELECTRIC TWEETERS - MOTOROL/ RES. FREQ. 69Hz, FAEQ. RESP, TO SKHz, SENS $7d8, PRICE £53.21 - £2.50 PAP
Join the Piezo revolution! The low dynamic mass (no vaice call) ol a Piezo tweeter produces an improved f§ 12" 100WATT P C12-100GP HIGH POWER GEN, PURPOSE, LEAD GUITAR. DISCO.
fransient response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not required J| RES.FREQ, 48Hz, FREQ. RESP, TO 7KHz, SENS 5848, PRICE £40.35 - £3.50 P&P
these units can be added lo exisling speaker systems of up 1o 100 watls (more il two are put in series. FREE ] 12° 100WATT P C12-100TC (TWIN CONE) HIGH POWER. WIDE RESPONSE B4 VOICE, DISCO.
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER, RES. FREQ dSHzB.lFREO. RESP.TO l?KHv:.ESENS 97dB. PRICE £41.39 - C3.50 P&AP
- = Vi ” i i 12" 200WATT 5/C12-200B HIGH POWER BASS, KEYBOAADS, DISCO B A
e [ = T“:Eh‘:‘ ‘“:m:.a“? a % r?g?d "‘“': ""‘ff""i:gz el '::3; "o R REs FREQ. d5Hz, FREQ. RESP. TO SKHz, SENS 894D, PRICE £71.91 - £3.50 PAP
(e ~—% |11 books vell ane medium sized Hi-F) apeakers. Price £4. p F&P. 12" 300WATT S C12-300GP HIGH POWER BASS, LEAD GUITAR, KEYEOARDS DISCO ETC.
- Y L TYPE 'B' (KSN10054) 34 _Super horn for general purpose speakers, § REs FREQ. 49Hz, FREQ, RESP. TO 7KHz, SENS 10048 PRICE £25.66 - £3.50 P&P
S TYPE BTN disco and P.A. systems etc. Price £5.99 - 50p P&P. 15" 100WATT [PC15-100BS BASS GUITAR, LOW FREQUENCY, P.A.. DISCO
S\ ¥ TYPE 'C’ (KSN1016A) 2'x5" wide dispersion harn for quality Hi-Fi sys- | RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS 9848, PRICE € 55.05 - £4.00 P&P
ipmasnd qually dacasuic Pripe £9.08 + 805 PAD, RES. FREQ. 40HE, FREG. RS, T0 DKo SEne s ASS PRICE €50.57 + £4.00 PP
in " o T H . " Z, . Iz, . o + a
TYPE 'D' (KSN10254) 2 ": ""‘:e r:l_;persian ;‘::'“‘ Lép*_’f’bl"'-‘}“”i':‘ﬁ 15" 250WATT 5/C15-2508S VERY HIGH POWER BASS.
ponse r g cown lo mid-range (2KHz). Suitable for high l < “rREQ, 30Hz FREQ. RESP. TO 4KHz. SENS 9908, PRICE £90.22 | £4.50 PEP
quality HI-Fi systems and qualiy discos. Price £9.99 - 50p P?"g 15" 400WATT §/C15-400BS VERY HIGH POWER, LOW FREQUENCY 2ASS
TYPE ‘E' (KSN103BA) 3% horn tweeter with attractive silver finish trim. | RES. FREQ. 40Hz. FREQ, RESP, TO 4 KHz. SENS 10048 PRICE C105.46 - £4.50 P&P
Suitable lor Hi-Fi monitor systems etc. Price £5.99 + 50p P&P, 18" 500WATT S C18-500BS EXTREMELY HIGH POWER, LOW FREQUENCY BASS
LEVEL CONTROL Combines, on a recessed ing plategavel conlrol | RES. FREQ. 27Hz, FREQ, RESP. TO 2KHz, SENS. 98dB. PRICE £174.97 - £5.00 P4P

and cabinef input jack socket. 85xB5mm. Price £4.10 + 50p P&P. ARBENDERS:- HI-FI, STUDIO, IN-CAR, ETC

ALL EARBENDER UNITS B OHMS (Excep! EBS-50 & EB10-50 which are dusl imssszrcs seed | 44 B ohm)

BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED SURROUND

DMP LINNET LOUDSPEAKERS) ) 8" 50watt EBB-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI. IN-CAR
. RES. FREQ. 40Hz, FREQ. RESP. TO 7TKHz SENS 97dB. PRICE £8.90 - £2.00 P&P
THE VERY BEST IN QUALITY AND VALUE 10" SOWATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS. HI-FI IN-CAR

RES. FREQ. 40Hz, FREQ. RESP. TO 5KHz, SENS. 954d8. PRICET13.65 - C2.50 P&P
Made especially to suil today's nesd for compaciness with high output 10" 100WATT EB10-100 BASS, HI-FI, STUDID.
sound levels, finished in hard wearing black vynide with protective RES. FREQ. 35Hz. FREQ. RESP. TO 3KHz, SENS 96d8. PRICE £30.39 - £3.50 PAP
corners, grille and carrying handie, Each unil incorporates a 12” driver 12" 100WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO
plus high frequency horn for a full frequency range of 45Hz-20KHz. RES. FREQ, 26Hz, FREQ. RESP, TO 3 KHz, SENS 93dB. PRICE£42.12 - £3.50 PAP

Both models are 8 Ohm impedance. Size: H20" x W15" x D12". FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND

CHOICE OF TWO MODELS 5'" GOWATT EBS-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC

RES. FREQ, 63Hz, FREQ. RESP. TO 20KHz, SENS 92dB, PRICE €3.99 - £1.50 P&P
A 6':" 6OWATT EB6-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC
POWER RATINGS QUOTED IN WATTS RMS FOR EACH CABINET RES. PREQ. St PAED) Rom s S ok MUL L W e FER
OMP 12-100WATTS (100dB) PRICE £163.50 PER PAIR 8° 6OWATT EBB-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC
OMP 12-200WATTS (200dB) PRICE £214.55 PER PAIR RES. FREQ. 40Hz, FREQ, RESP. TO 18KHz. SENS 89dB. PRICE £12.99 - £1.50 PAP
10° SOWATT EB10-80TC (TWIN CONE) HI-FJ, MULTI ARRAY DISCO ETC
SPECIALIST CARRIER DEL. £12 50 PER PAIR RES. FREQ. 35Hz. FREQ. RESP. TO 12KHz, SENS 98dB, PRICE £16.49 - £2.00 PP

THREE S B HIGH POWER
N-CAR STEREO BOOSTER AMP I STERE(‘)’:EO‘;STE“ AMPVIYIFIERS ANSMITTER HOBBY KIT

150 WATTS (75 - 75) Stereo, 150w [|PROVEN TRANSMITTER DESIGNS INCLUDING GLASS FIBRE

Bridged Mono PRINTED CIRCUIT BOARD AND HIGH QUALITY COMPONENTS
250 WATTS (125 + 125) Stereo, 250W COMPLETE WITH CIRCUIT AND INSTRUCTIONS
Bridged Mono 3W TRANSMITTER 80-108MHz. VARICAP CONTROLLED PROFESSIONAL
400 WATTS (200 - 200) Stereo, 400W [ PERFORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm, SUPPLY 12V @ 0.5AMP.
Bridged Mono PRICE£14.85 - £1.00 P&P

# ALL POWERS INTO 4 OHMS FM MICRO TRANSMITTER 100-108MHz, VARICAP TUNED, COMPLETE WITH
Features:

'St VERY SENS FET MIC, RANGE 100-300m, SIZE 56 x 46mm, SUPPLY 9V BATTERY.
* Slereo, bridgable mono * Choice of PRIC + £1,00 PAP PHOTO: 3W FM THANSMITTER
high & low level Inpuls * L & A level

controls * Remote on-off * Speaker &

PRICES: 150W £40.95 250W £95.99
400W £109.95 P&P £2.00 EACH O e

Mgl oro o

PRICES INCLUSIVE OF V.A.T. SALES COUNTER. VISA AND ESSEX.SS26TRH.
) ACCESS ACCEPTED BY POST, PHONE OB FAX, ] Tel.: 0702 = 527572 Fax.: o702 - a2024a3

@ CROELRS FROM SCHOGLS, COLLESES, BOVY Donig, mice Srt UNITS 1& 5 COMET WAY, SOUTHEND-ON-SEA,
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[ Design Single sided, Double
sided and Multilayer boards.

® One software package for
Schematics and PCB's.

® Standard output includes
Dot Matrix / Laser / Inkjet
Brimers Pen Plotters,

holo-picmers and NC Drill.

® Award Winning EASY-PC is
in use in over 11,000
installations in 70 Countries
World-Wide.

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

® Optional libraries include
S.M. Components etc. etc..

@ At last! A full featured Digital
Circuit Simulator for less
than £1000!

® Pulsar allows you to test your
logic designs without the
need for expensive test
equipment.

® Catchglitches down to a pico
second per week!

® Includes 4000 Series CMOS
and 74LS Libraries.

@ Runs on PC/XT/AT/286/386/
486 with EGA or VGA.

Hard disk recommended.
®74HC / HCT Libraries
optional at £48.00 each.

® NEW powerful ANALYSER IlI
has full graphical output.

® Handles R’s,L's,C’s, Bipolar
fransistors, FET"S, dp- mp’s,
Tapped and Untapped
Transformers, and Microstrip
and Co-axial Transmission
Lines.

® Plots Input and Output
Impedances, Gain, Phase and
Group Delay.

® Covers 0.001 Hz to >10GHz

® Runs on
PC/XT/AT/286/386/486 with

@ Very fast computation.

®Z-MATCH Il takes the
drudgery out of RF matching
problems and includes many
more features than the
standard Smith Chart.

@ Provides quick accurate

solutions to many maiching
roblems using transmission

ine transformers, stubs,
discrete components etc.etc..

@ Supplied with comprehensive
user instructions including
many worked examples.

@ Runs on PC/XT/AT/386/486,
CGA,EGA,VGA.

@ |deal for both education and
industry.

For full info’ please Phone,
Fax or Write to:

Number One Systems Ltd.

The Electronics CAD Specialists

REF: ETI, HARDING WAY, SOMERSHAM ROAD, ST.IVES, HUNTINGDON, CAMBS, PE17 4WR, ENGLAND,
Telephone: 0480 61778 (7 lines) Fax: 0480 494042 International: +44-480-61778 Fax: +44-480-494042

EGA or VGA displays.

Technical support free for life!
Programs not copy protected.

ACCESS, AMEX, MASTERCARD, VISA Welcome.

ETI MARCH 1992
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tis my eslimafe that digital radio brogdcast-

ing could if the conditions are right,be in our
homes within five years. It would make sense
judging by the speed of technological change. If
it can overcome the problems inherent in FM
and provide high quality reception from a sim-
ple box placed in any direction just about any-
where with easy tuning, the public will go for it.
Theywill not be sold on reception quality alone.

It has taken nearly 40 years for the public to
accept the higher quality of FM broadcasts.
Most of the blame for that should be due to the
lack of media publicity and promotion in not
putting FM first.

FM is not without its problems though. Con-
ditions for the best reception have always been
more ergonomically critical and as a result FM
lacks the flexibility over AM. Mr Average has
never really quite worked out the object of hav-
ing flexible or stiff protrusions from a box on the

kitchen shelf or the more delicate process of
tuning by numbers. Having to wiggle the teles-
copic antenna every time to get the best recep-
tion has always been a pain for portables to say
nothing of being stabbed in the eye, the cat from
pulling the radio off the shelf, or junior wrapp-
ing the steel around their fingers. Mind you, the
back room boffins have tried their hardest at
improving reception with different transmitter
polarisation techniques, AFC, PLL and mini-
mal noise for stereo reception.

The ideas to emerge from conservative
developmnet of FM and its accesories like RDS
giving us amongst other things visual readout of
station identity should all be combined into our
newest method of transmission called DAB.

But if DAB remains the plaything of the tech-
nologist in the never ending search for quality
sound, it will surely take the backshelf for
another 40 years.




OPEN CHANNEL

Computer? What computer?

The future of personal computers is my first topic
this month. Generally speaking, they are getting
smaller. The rash of notebook computers, with the
power and performance only dreamt of in a mini-com-
puter a few years’ ago, begs the question; when is it all
going to stop? Well, the answer is; not for a while yet.

[ have reason to believe that before long, say, the
turn of the century if not before, we'll all be walking
around with a personal computer the size of a calcula-
tor or less in our pockets. S

What’s led me to prophesy this is the recent
agreement made between Motorola, Apple and Sony,
with a small company called General Magic (yes, that’s
right magic) for licence to produce Magic’s design of a
caleulator-sized computer. This is no ordinary compu-
ter, mind you. It combines computing power with com-
munications ability, as well as pen-based and touch-
screen operation. The idea is that your personal
pocket-sized computer doesn’t have to be all that
potent in its own computing ability, provided it can
communicate easily with you, and with a larger host
computer elsewhere. In effect it's a go-between, com-
bining you with your desk-based powerful personal
computer. If you need simple computer-ability use the
pocket computer; if you need anything else (say, infor-
mation from a database, or high-powered number-
crunching) use your pocket computer to access your
host computer. Obvious, really, isn’t it?

If you think it’s all too much of a dream, bear in
mind who the licencees are. Motorola currently makes
the chips used in all Apple’s other computers. Sony
currently makes the PowerBook 100 notebook com-
puter for Apple. Apple is simply the one in the middle
tying up the loose ends.

If you still think it’s a pipedream which, even if it
works, will take years to come To fruition; just bear in
mind that GM already has aworking prototype!

Have You Got A HD — Mac? -

You only have to read Open Channel for a couple of
months’ to realise that HDTV is one of my pet topics.
Particularly so when people start telling me it’s going to
take such-and-such a route, when it’s patently obvious
that such-and-such a route is, for the sake of a better
phrase, blinking ridiculous.

For example, ['ve argued long and hard for a bit of
sense when it comes to the acceptance of an analogue
stance for high definition pictures. For years compan-
ies like Philips, Thomson, Philips, Thomson and, er,
Philips and Thomson have been telling us that high
definition television should be a natural progression
from their satellite transmission system called MAC
(multiplexed analogue component). When this was
originally voiced way back in 1984 or thereabouts it
looked reasonable. But now, in 1992, it looks stupid.

Let me explain. By upgrading their MAC system
(known as D2MAC, because it’s the second variation

of DMAC, which is the fourth variation — A, B, C... and
so on — of MAC itself. Yawn, does this ever end?) to
HDMAC, they assume everyone will want to follow
and will want HDMAC. After all, it is a high definition
system which is compatible with D2MAC systems. So
people who have invested in D2MAC systerns won’t be
forgotten. Their D2MAC televisions will be able to
receive and display HDMAC signals; albeit just in
D2MAC format. This logic is inescapable; it’s true; and
it makes sense.

What doesn’'t make sense, though, and what I
have been arguing for a long time now, is that D2MAC
television systems are unnecessary. Who wants them?
Not the consumer, who is happy enough with his
cheap and nasty PAL system. Not the broadcaster, who
is satisfied with PAL and doesn't like the look of costly
high definition equipment, anyway. But, ves you've
guessed it, it’s just Philips and Thomson, who've
invested millions upon millions of pounds’ worth of
research and development into D2MAC and now
HDMAC systems.

Finally, the EC has come to this realisation, too, A
recent vote by MEPs at the European Parliament in
Strasbourg virtually flattened any idea Philips and
Thomson may have had in hurriedly introducing
HDMAC through the back door, before anyone with
any clout had a chance to notice.

Now instead of all satellite transmissions having
to be broadcast in D2MAC alone from 1994 (the EC’s
original proposal) significant changes have been
made. For instance, all existing stations have until
1995 to go over to D2MAC. Non-scrambled stations
have until 1996. Even then they can be simulcast in
both DZMAC and PAL — not just in D2MAC.

Thisis, hopefully, just the beginning. By then digi-
tal HDTV systems will be up and running — Philips and
Thomson must have realised this — which will give a
much better service. Current PAL systems then only
have one upgrade step to go through, not the two steps
proposed in the DZMAC-to-HDMAC upgrade.

In support of this argument, HDTV systems
already are being developed, to a fairly late stage. Gen-
eral Instrument has already displayed its digital HDTV
system, in which pictures are converted into digital sig-
nals, compressed and then transmitted, before being
deciphered and produced on-screen. This has not
been transmitted over-the-air, but it can only be a short
time before it’s possible. There are four similar digital
HDTV systems in development in the US, all of which
could produce equally good results.

I'm usually reticent in giving politicians credit for
having much sense. But in this case, | have to say |
agree with MEPs in the European Parliament. Philips
and Thomson my have to swallow their losses in terms
of wasted development, but this is far better than con-
sumers being foisted with something they don’t want
and being told to take it or leave it.

Keith Brindley
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NEWS

he International Maritime

Organisation requires all ves-
sels over 300 tonnes to be fitted
with at least one radar system.
While the value of recording the
radar data has been long recog-
nised, most operators have not
been able to justify the costs tradi-
tionally associated with the tech-
nology.

Now Walton Radar Systems,
an independent UK-based com-
pany, whose military radar recor-
ding technology has been used
on-board Royal Nawy vessels
since 1981, has developed a sin-
glechannel recorder for merchant
marine applications. The price is
about half that of the ruggedized
military system.

Designated ~ Hindsight-Wit-
ness, the system provides a per-
manent, objective record of radar
and navigation data, invaluable in
incident investigation, insurance
claims, law enforcement, radar
operator training and traffic man-
agement; and could be of signifi-
cant assistance in search and and
rescue operations. ]

Utilising helical scan recording
techniques similar to those found
in conventional Video Cassette
Recorders (VCR), Witness pro-

vides recording periods of three
hours in real-fime mode or 150
hours- in Walton’s time-lapse
mode on each cassette.

Technical Specification

The basic unit possesses a single
processor board which contains
all the electronic systems necess-
ary for the recording and replay of
a single radar using ACP azimuth.

The unit provides, as standard,
interfaces for all radar trigger,
video and antenna bearing sig-
nals, together with a heading mar-
ker. A number of optional inter-
faces on plug-in cards are avail-
able, or planned, to meet the need
for different radar formats, par-
ticularly for antenna azimuth, and
to allow additional navigation
information such as speed and

compass bearing to be recorded.

Innovative features
Stemming from its military and Air
Traffic Control (ATC) radar recor-
ding experience Walton has
developed a number of proprie-
tary systems.

Dynamic  System  Quality
Monitoring (DSQM™) continu-
ously monitors the essential radar
signals and circuitry within the rec-
ording and replay system, includ-
ing the coded signal sent to the
cassette recorder. The results of
DSQM are displayed on record
and replay ‘health’ indicators
mounted on the front panel.

Time-Lapse recording extends
a standard three hour cassette to
provide 150 hours recording
capacity. When Time-Lapse rec-
ordings are replayed using Fast-
play the scenario is speeded up,
condensing the replay time and
facilitating rapid review.

Walton is optimistic about the
market potential of Witness. Mike
Jones, Chief Executive of Walton
Radar said, “the easy understand-
ing of the important aspects of
radar information, and the impact
in seeing a situation unfold in real-
time gives radar recordings an
immediacy which makes it a
powerful presentation tool to any
audience.”

Contact: Mike Jones, Walton
Radar Systems Ltd, Tel: 0252
812800

he CADET II is a Complete

Analogue and Digital Elec-
tronic Trainer for teaching basic
AC/DC, linear and digital electro-
nics. With one operation the large
central breadboard area, normally
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used for design work and projects,
can be replaced by a number of
complete training boards. This
eliminates the need for bread-
board circuits and component
packs until they are once more

required. Full supporting course
books and instructor’s guide are

supplied. =

The basic CADET trainer is a
heavy duty rugged unit with built
in features that include: a multi
waveform Function Generator —
3 DC voltages and one low volt-
age AC supply — a Logic Probe
with pulse capture —BCD to 2x 7
segment decoder/display — an 8
channel Logic Monitor — logic
switches — Debounced push but-
tons — SPDT switches and
Speaker O/P. 3300 uncommitted
tie-points are available on the
large breadboard which can
accommodate 32 ICs and offers
unlimited design and project
possibilities. Due to the high
quality and reliability, the bread-
boarding area carries a lifelong
guarantee.

Dedicated trainer boards
which simply replace the bread-
board areas at present include an
AC/DC trainer that uses 7 boards
to give 100 hours of training in
basic electronics with 59 labora-
tory experiments and the correct
use of test equipment. Five boards
in a digital trainer give 150 hours
of training and cover TTL and
CMOS logic families with 45
hands-on experiments. A linear
version uses 6 boards and teaches
Op-Amp circuit design during 40
hours of training. Other boards
are already being developed by E
& L Instruments to expand this
trainer, which is designed by edu-
cators for the education market.

For further information please
contact: Fred Hutchinson of Qui-
swood Ltd on (0756) 799737.




Ferguson is to launch in
December a top of the range
Super VHS VCR capable of recor-
ding and playback in 16 by 9
‘widescreen’ mode. Priced at
around £799.99, the Ferguson
Videostar FV59S is a fully speci-
fied, state-of-the-art Super VHS
machine with NICAM hi-fi stereo,
8-hour long play and a sophisti-
cated ‘Jog Shuttle’ control on its
remote handset providing the pre-
cise frame control of a video edi-
ting machine.

Widescreen capability

A principal benefit of the FV598’s
widescreen capability is its ability
to play back pre-recorded 16 by 9
format tapes. As it senses a ‘wide-
screen’ tape, the VCR will also
automatically send a code to
switch a widescreen compatible
TV to 16 by 9 mode. Ferguson is
working closely with a number of
major software companies to en-
sure that a comprehensive supply
of video titles will be available in
widescreen format in the near
future.

In addition to playback of
widescreen tapes, the FV59S is
also fully capable of recording and
playback from 16 by 9 broadcasts

when they commence.

Other key' features on the
FV59S include 4-head dual azi-
muth operation, an automatic
head cleaner to maintain opti-
mum picture quality, on-screen
timer programming, real time
tape counter, comprehensive
indexing facilities and Fastext pro-
gramming compatibility with an
optional adaptor.

Editing facilities

The jog shuttle remote unit sim-
plifies cueing and invisible editing
by providing variable tape speed
control for editing purposes. In
addition, a ‘Retake’ function
which shuttles videotape back-
wards or forwards whilst in record
pause mode can also be accessed
from the jog shuttle, allowing edi-
ting without having to return to
tape playback search modes. An
assemble edit control allows
accurate tape editing when re-rec-
ording or assembling footage
from a camcorder or perhaps
another VCR, and is usef‘ul when
editing out commercials whilst
recording a film. .

The provision ofﬁ%nt cam-
corder connection sockets also
makes the FV49S an ideal cam-

order editing deck.
On-screen programming
With the increase in programme
choice available, the 8-event over
1 year timer is an asset, as is the
ability to program over a long
period. Programming could not
be simpler, with timer information
input directly into the VCR from
the remote handset, a full on-
screen display guides the user with
the screen colour changing to
green when programming has
been completed correctly.
Advanced Indexing and
Search Facilities
The Videostar FV59S has an
indexing capability with mark and
erase for fast access to indexed
points on any given tape — the
index marks effectively allowing
the user to bookmark the tape
wherever desired. The marks are
automatically inserted on the tape
when a recording is made or can
be manually added or removed by
remote control. Indexing facilities
also include repeat index play-
back, a useful feature that, by
marking the start and end points
of a partigular section of a recor-
ding, allows the user to pro-
gramme that section (perhaps a

favourite music track) to play back
repeatedly up to five times.
Other features include skip
search and blank search. Skip
Search allows set periods of pic-
ture search in up to four multiples
of 30 seconds, thereby allowing
the user to quickly skip through,
for example, a recorded commer-
cial break. ‘Blank Search’, is a
helpful index facility which can be
used to automatically locate the
end of a recorded section on a
partially recorded tape. Even
when a fully recorded cassette is
used for rerecording new
material, this system can be used
to locate the end of the latest rec-
ording.
Audio features
A major benefit of the FV59S is its
ability to decode and record
NICAM digital stereo transmis-
sions, as well as being able to rec-
ord up to eight hours of hi-fi stereo
sound. ‘Audiophile’ features
include a hi-fi stereo record level
indicator with level and balance
adjustment controls, an audio-
dubbing facility with mono micro-
phone input and level control for
mixing, and stereo headphone
socket with volume control.

Lucas Automotive Electronics
are providing Rover cars with
an innovative computer that con-
trols many of the features on the
new Rover 800.

These include familiar items,
such as intermittent wiper control,
programmed wash wipe and
headlamp delay control. A novel
feature is the automatic electronic
control of the high intensity fog
lights which will help reduce
accidental use in good weather.

Lucas's commitment to help-

ing  vehicle manufacturers
improve their security systems is
demonstrated through the Body
Computer which has overall con-
trol of the Rover security system,
bringing together control of cen-
tral locking, auto window and sun-
roof closing, full alarm protection
and remote control.

With the launch of the new
R800, Rover have introduced a
new system for minimising stock
and providing a rapid build to
order service for custormners. Their
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order service for customers. The
Body Computer supplied by
Lucas helps make this possible.
The unit is supplied to Rover as a
standard item and Rover are able

to use their ROSCO (ROver Serial
Communications) system to pro-
gramme the Body Computer with
all their various market/trim/
body requirement on their pro-

Pentica Systems has an-
nounced the Tango/e suite of
electronic design software, aimed
at introducing university and col-
lege students to real-world elec-
tronic design tools.

Tango/e is a complete suite of
electronic design software
developed for educational course
work, labs and individual study.
The five programs are specially
modified educational versions of
the Tango professional design
programs. They are priced at
about one-eighth of the retail
price of their professional equival-
ents, to allow greater opportunity
for students to be exposed to tools
of professional standard.

The Tango/e programs offer
the functionality of their profes-
sional equivalents, with some limi-

ollowing an  agreement

between Siemens and IBM 12
months ago to develop jointly the
64 Megabit generation of memory
devices, the two companies have
now unveiled the first silicon for
their 64 Mbit DRAM chips.

With over 137 million compo-
nents, the memories are capable
of storing 67,108,864 bits of infor-
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tations on the size and complexity
of the projects they can handle.
They include Tango Schematic/e,
the schematic capture tool, for
loading, creating, plotting and
postprocessing, and working with
component libraries. Tango-
PLD/e the programmable logic
designer supports popular 16V8
GAL and 16L8 and 16R4 PAL
devices. TangoPCB Plus/e, for
PCB layout, can create aRd plot
multi-layer boards of anysize, and
includes complete through-hole
and SMT pattern libgaries. The
high performance Tango-Route
PLUS/e auto-router can auto-
route any size of board up to 30 sq
inches, and the Susie Digilab II
logic simulator includes a library
of PLDs, memory, microproces-
sor and TTL components.

mation — equivalent to more than
3000 A4 typewritten pages. Mass
production is expected to begin in
the mid 1990s.

The pilot line for the 64 Mbit
DRAM is in IBM’s Advanced
Semiconductor Technology
Centre in East Fishkill, New York.
The joint development team
utilised research resources from

duction line in seconds.

Lucas are also supplying other
equipment which includes ‘brak-
ing systems, switches, wiring-har-
ness, battery and leads.

Ungar, the soldering and de-

soldering  specialist has
announced a special offer based
on its ESD-safe, electronically-
controlled 2110 solder station.
Not content with simply pro-
viding a value-for-money package
(normally at just under £80.00)
for a high performance station (tip
leakage below 2mV, ceramic 60W
24V heater for rapid heat-up and
recovery, adjustable temperature,
soft, cool-grip handle, etc), Ungar
has decided to make their 2110

For further information please
contact: Don Hiett at Lucas Tel:
021-627 3939

available on a three-for-the price-
of-two-basis, for a limited period
only.

Ungar will send you three.
Write to Ungar first for full details
but act quickly, the offer will not
last for ever.

Enquiries about Ungar’s 2110
Solder Station Special Offer to:
Eldon Industries (UK) Ltd, Clifton
Pond, Shefford Beds SG17 5AB
Tel: 0462 814914

the

At £80 per module,
Tango/e series is priced for the
education market.

For further information, con-

Siemens’ Munich facilities and
IBM’s Essex Junction plant, with
development, testing and housing
carried out at Essex Junction.
Commented Juergen Knorr,
president of Siemens AG’s Semi-
conductor Group and a member
of the company’s management
board: “The chip technology
derived from this joint effort will

tact Sarah Westley, Pentica Sys-
tems Limited, Tel: (0734) 792101.

be made available to Europe, thus
strengthening its competitive posi-
tion in the world of microelectro-
nics.”

Today, DRAM devices account
for some 25% of the $55 billion

market for semiconductor

devices.




Harmonizers are being
increasingly used to
enhance recordings.

The Eventide H3000SE Stu-
dio Enhanced Ultra Harmonizer
has become an invaluable tool for
top US producer Bob Clear-
mountain, owner of three
H3000SEs. He has recently been
using them while recording a new
album by Californian-band
Altered State at London’s Mayfair

Studios, and for enhancing Paul
McCartney’s vocal performance
on his Tripping the Live Fantastic
live album.,

Gil Griffith, Sales Manager of
Eventide says: “Some of Bob's sig-
nature effects and sounds
wouldn’t be possible today with-
out the H3000SE.”

The Harmonizer has also
found favour with top UK produ-
cers. Mutt Lange, who owns two,

ey

has been using them on the new
Def Leppard album, while Rupert
Hine used them on the new Roll
the Bones album by Rush.
Meanwhile Queen’s Brian
May, choosing to record his latest
album in home comfort, has
upgraded his studio by adding an
Eventide H3000SE along with
BSS and Summit units from HHB.
The Eventide H3000SE is not
only restricted to studio use; Dire

Straits engineer, Robert Collins
has taken one on their 21 month
tour. Mick Hughes, Metallica’s
sound engineer was using two
H3000SEs on the Monsters of
Rock tour and is now on their
world tour for the next 15 months.
Lastly, Robbie McGrath will be
using three H3000SEs on the
forthcoming Simply Red world
tour.

ascar Electronics have intro-

duced an LED backlit version
of their most popular meter. The
new DPM 700 gives a clear display
in all lighting conditions with an
extremely low current consump-
tion. Features include Auto-zero,
Auto-polarity, Low battery indica-
tion, 200mV FSR, 12.7mm digit
height and programmable deci-
mal points. On-card pads for
essential interconnections make
selection of Operating modes a
quick and convenient operation.

Calibration is by a 20-turn poten-
tiometer allowing sensitive adjust-
ment of the instrument. A version
with negative rail generator (DPM
700S) is also available allowing
single rail power supply operation
[nput low can then be connected
to system ground. With its high
accuracy and simple connections
this meter is particularly suited to
high volume applications. The
DPM 700 is supplied with a
mounting bezel incorporating a
clear moulded window.

10

he combining of a top Digital
Multirfeter and an easy to
operate Digital Storage oscillos-
cope has resulted in the Sco-
pemeter. Now available from
Alpha Electronics, this new instru-
ment will have applications in a
wide range of disciplines and
industries. It is battery operated
and contained within a rugged,
sealed package.

Ease of operation has been
given priority in a unit which will
capture, display, store and print
out hard copy at a later date for
detailed examination, measure-
ment, analysis or comparison.
Parameters  viewed simulta-
neously on the 84 x 84mm super
twist liquid crystal display as a
waveform or alphanumeric func-
tion include: Noise — Waveform

Distortion - Int. Failure -Signal
Quality — Pre and Post Trigger —
single Shots - Transients — Power
Spikes — Glitches — Low Speed
Phenomena Autoranging —
Auto Set Up — Touch and Hold —
Min/Max Average and Audible
continuity. [n fact, all of the prob-
lems which elude conventional
'scopes and with many invisible to
just a multimeter.

Built to survive, the Sco-
pemeter is helped by being sealed
against water, dust and contami-
nation and EMI shielded. Internal
rechargeable NiGad batteries or
standard C-cells give up to 4
hours’ test time away from an AC
or DC power supply.

Further information contact
Fred Hutchinson of Quiswood Ltd
on (0756) 799737.
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‘Intelligent’
battery
charger

A new single-chip, battery-
charging subsystem
promises to bring a significant sav-
ings in cost, space and effort in
charging NiCd or Ni-hydride bat-
teries. The chip is designed to fit
between a 50-60-Hz AC source
and a battery, and to provide all
the control and intelligence
necessary for the safe quick-
charging and maintenance of the
cells.

Reversible chemical reaction
driven by the conventional charg-
ing current undergoes a fun-

damental change when the cells
are over- charged. Once all the
cadmium in the cell has been
reduced to its metallic state, fur-
ther charging begins to work on
the electrolyte, thus releasing
oxygen gas, with potentially hazar-
dous results.

To prevent this, designers of
rechargeable equipment and of
standalone battery chargers have
resorted to trickle-charging, in
which the battery is charged at
about one-tenth of the full one-
hour charge current. Or they have
monitored the baftery tempera-
ture, looking for the tell-tale
release of heat that indicates a full
charge.

The trickle-charge approach is ©

relatively safe, but it can take from
12 to 14 hours. Quick-charging
takes only about an hour, but you
have to stop in time. That means
monitoring the temperature.
One complexity in tempera-
ture sensing s that it is not enough
to just sense the battery tempera-
ture. You need to sense the dif-
ference between the battery tem-
perature and the ambient. In addi-
tion, there are upper and lower
ambient temperature bounds
beyond which the battery should

$

not be charged in the first place.

The new chip, from Teledyne
Corp. of Mountain View, Califor-
nia, provides two charging current
levels, so batteries of two different
sizes can be handled safely in the
same charger. When the chip
decides that the battery is
charged, either by temperature
rise or by expiration of a 1'% hour
fail-safe timer, it switches to a
trickle-charge mode. This pre-
vents the battery from discharging
before itis used. There are two ver-
sions of the chip, the TC675 and

TC676. On the 676 version, an
input pin can force the chip to
restart the quick-charge cycle even
if the failsafe timer has expired.

The Teledyne charges have a
rather elaborate network of con-
trol logic for detecting the
presence of a battery in the
charger, working around the pro-
tection diode that is present in
many batteries, and compensat-
ing for the time it takes a tempera-
ture sensor outside the battery to
accuratelyreflect the cell tempera-
ture.

Basis for new
type of solar
cell

esearchers at Oak Ridge
National Laboratory are
building nanometer scale
optoelectronic devices that could
form the basis for a new type of
solar fuel cell. The new solar cells
would produce hydrogen directly

from sunlight and water.
At the heart of the photosyn-

thetic process is a molecular opti-
cal device that turns photons into
electrons. Molecular biologists
have also mapped out the elec-
tron-driven molecular machinery
that extracts hydrogen from water
and carbon to build the hydrocar-
bon chains the fuel plants use to
grow. A way has been found to
deposit platinum electrodes onto
membranes that contain the light-
conversion molecules  and
research is now being concen-
trated on ways to wire many mem-
branes in parallel to build solar-
activated fuel cells.

Helping
tumour
detection

Results from a picosecond
imaging system developed at
the City University of New York
indicate that ultrafast optoelectro-
nics could dramatically affect the

detection rate of tumours in
future.

The major source of noise in
laser-transmission images is scat-
tered light, but it can be easily
eliminated with a picosecond
shutter because the scattered light
takes longer to arrive at the image
plane. The elimination of that
noise source has made it pdésible
to detect objects less than 200
microns in diameter. Laser-
imaging systems cag detect

S

objects down to 1 centimetre in
diameter in human tissue.

Current laser-imaging systems
were introduced because X-ray
techniques cannot find tumours at
the early stages of formation.
While laser-based imaging has
improved the early detection rate
of tumours, pushing the resolu-
tion down to 1 millimetre diame-
ters could raise the cure rate for
breast cancer to 80%.

The experimental system uses

Ead

a neodymium-glass laser as an
optical source and a Kerr optical
gate as a shutter. Images were cap-
tured with a charge-coupled-
device camera connected to a
personal computer with videopro-
cessing capability. Eight picosec-
ond pulses were fired through test
systems consisting of polystyrene
spheres floating in water, verifying
the ability of the fast shutter to
screen out most of the light scat-
tered by the water.

New form of
carbon

uckminsterfullerene, a new
form of carbon, may play a
crucial role in future electronic
devices. With proven semicon-
ducting and superconducting
properties, new data reveals ful-
lerene compounds as likely candi-
dates for epitaxial growth, a
necessary process for VLSI inte-
gration.
Recent work with fullerene epi-
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taxy is producing highly uniform
films on semiconductor sub-
strates. The next step will be intri-
cately layered circuits built from a
host of new compounds. “A whole
range of fullerene structures are
emerging, and right now the big-
gest task is simply trying to deter-
mine how broad the field is,” said
Richard Smalley, a chemist at Rice
University of Houston.

Fullerenes are large spherical
aggregates of carbon molecules,
the carbon bonds connecting in a
network of a shape first described
by engineering visionary R. Buck-
minster Fuller. A carbon atom sits
at each vertex of a buckyball,

bonding with three of its neigh-
bours. The resulting molecules,
containing 60 or more atoms, are
turning out to be versatile building
blocks for a new class of materials.
The most stable form, C60, are
uniform spheres that stack like bil-
liard balls to form a semiconduct-
ing crystal that has a direct band
gap, like gallium arsenide.
Under normal conditions, car-
bon atoms tend to form planar
hexagonal = structures that link
together to form planar hexago-
nal sheets, the structure underly-
ing graphite. The bonds between
these horizontal sheets are not
strong, which explains why gra-

phite is a soft, structurally weak
material. But at high temperature
and pressure, carbon atoms are
forced into a threedimensional
structure that is very hard, result-
ing in diamond. Smalley expects
buckyball bonding to follow the
same pattern. “When compressed
to 70% of its volume, the carbon-
carbon bonding between C60
molecules should take over, pro-
ducing a material harder than dia-
mond,” Smalley explained.

The current task for fullerene
researchers is to clarify basic
issues such as chemical bonding
and fundamental physical proper-
ties.
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Another new year and
another very interesting pro-
ject ‘The Bridge Amplifier’(Feb
‘92) and to this I refer. Having a
general interest in RIAA equalisa-
tion, it is somewhat surprising to
findin the text RS is chosen at 1.8k
to give a —3dB point of 40Hz as
part of the RIAA recommended

RIAA Adjustment

pick-up playback response.

There are many myths about
the RIAA requirements and much
correspondence last year as to
what they do or do not include in
which I have no wish to join. Lest
any reader gets a wrong impres-
sion, 40Hz has no place in the
RIAA recommendations.

R st

It appears to me that John Dix
has used the non-standard R6/
R7/C5 network hopefully to bal-
ance the R5/C3 pair but the result
unfortunately is a reduction in
response between 100Hz down to
30Hz of up to 3dB at least. How-
ever, if anyone feels this is unac-
ceptable, it can be generally rem-

edied by using two 2y capacitors
in parallel for C3. I realise that the
pre-amp is but a minor part of the
whole unit but it seems a shame to
ignore this point.

W Harms,

Bexhill,

East Sussex

Longer Lasting Freeze Alarm .

l n the Dave Bradshaw article on
a Freeze Alarm (Oct '91), the
circuit needs to be powered for
long periods of time, in fact for all
the cold months of the year and
the only practical solution is to
use a mains powered unit.
There is another solution

where the measured variable
changes slowly, and does not jus-
tify continuous monitioring and
that is to sample it breifly at long
intervals. A micro power timer
can be used to power up the cir-
cuit for say, 1 second every 15
minutes. This would add up to 2%,

hours over 3 months. A battery
that could supply 10mA for 2
hours continuously would suffice,
because a carbon-zinc cell works
best on intermittent discharge.
Several years ago there was an
article on micro power CMOS cir-
cuits and this included examples

of ‘sleeping’ power supplies.

Is there some unwritten rule
about not using another author’s
ideas? After all, one can always
give an acknowledgment to the
originator of the idea.

H Hodgson,
South Wirral.

EPROM Service Required

l s there any company or person
that you know of that can pro-
gram EPROMs, or give me the
information on how to program it
using the Hex dump?

C Graham, Liverpool.

We have had several letters on this
point of programming EPROMs.
Very often, if projects contained
programmed  EPROMs, the
author would offer the service,
but for a limited period of time

from the publication of the pro-
ject.

If you want to do it yourself,
there are companies selling
EPROM programmers with all the
information on how to enter a

Hex dump. We featured onein the
sept ‘91 news pages. Ohterwise if
there is anybody out there offer-
ing programming services, let us
know at the ETI office and we will
publish a listing -Ed.

64 Page EPROM B

Regarding the publication of
my Test-card/Test Pattern
generator project, unfortunately |
have had to withdraw the offer of
sending constructors a copy of the
Hex listings of the EPROMs since
these listings extend to 64 pages
of A4, which is rather costly to
photocopy, impractical to post
and would take somebody a rid-
iculous amount of time to type in!

The offers of supplied
EPROMs programmed for £5 or
an Intel Hex dump on a supplied
disc for free still stand, and will
continue to do so indefipjtely,

I would like to apolggize for
withdrawing this offer, unfortu-
nately I didn’t realize what was
involved when I made it.

P Stenning,

Hereford.

Acute Problem N

With reference to the article
in Jan "92 issue on making
PCBs at home, may [ point out
two essential rules when design-
ing PCRBs:

Never have corners of less
than 90 degrees because they act
as acid traps.

Keep lines straight where pos-
sible.

On a different subject, hereis a

suggested project. Convert a
radio/cassette player so that it
can be used like a video recorder,
recording pre-programmed
broadcasts for playback at a later
date. It must be possible with
servo controlled decks.

P Ward,

Haywards Heath.

Those Without Loudness B YRR

l have seen numerous amplifier
projects published in your
magazine and others, but not one
it seems was designed with a loud-
ness facility. Perhaps this facility is
aimed at the commercial market
only. It does enhance the overall
sound of the amplifier! Please edi-
tor, I hope a feature on this will
appear in your magazine.

G Daniels,

Johannesburg, SA.
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I have always considered the
loudness control as a ‘bass boost’
at low volume — handy for those
of us who prefer a heavier bass
without necessarily upsetting the
neighbours. In which case a
switched filter or change of tone
control will do much the same
thing. It may be that the apparent
avoidance of the use ofa loudness
control in project designs is that
the ‘purist’ would not want to

introduce any further jrregularties
to an otherwise flat reponse. They
would say listening must always
be at a decent level thus making
the loudness control ineffective —
Ed.

An Apology |

he article entitled ‘Introduc-

tion to Audio Mixers’
published in the January isssue of
ETlcontained a number of similar
drawings first published in Elec-
tronics World + Wireless World,
April 1991 as part of an article
entitled ‘Inside Mixers’ by Douglas
Self. We wish to apologise to the
author and publisher of ‘Inside
Mixers’ for any possible breach of
copyright.
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CITIZEN’S BAND is the only
British CB magazine and
covers a wide range of topics
of interest to the newcomer
and the experienced user. In
each issue the latest
equipment is reviewed, useful
practical projects are detailed
and all the national and
international band news is
featured. Of particular
interest to overseas readers
are the QSL pages, articles on
shortwave listening, and
reports on UHF CB.

Cover Price £1.60

Order
your copy
NOW!

B

CITIZENS'BAND

'O THE
RESCUE!

Published: 3rd Friday of each Month

Why not subscribe?
Telephone 0442 66551 ext 210
for further information

AIOUS

SPLCIALIST,

; l ALL UNITS SUPPLIED WITH
FULLY BUILT AND TESTED M o D u Es COMPREHENSIVE INSTRUCTIONS

HAM RADIO TODAY
caters for both the
experienced user and
newcomer to amateur
radio. With generally
informative features, the
latest news and practical
projects this magazine
covers all aspects of this
growing field; an
invaluable complement
for any licenced radio
amateur worldwide.

Cover Price £1.60
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UK's leading module manutacturer since 1972

AL 12580-125W AMPLIFIER

A rugged high powered module that is ideal for
use In discos & P.A. Systems where powers of
up to 125W, 4 ohms are required. The heavy
duty output transistors ensure stable and

reliabie performance. It is currently supplied tc a
large number of equipment madfacturers where
relability and performance are the main
considerations, whilst for others Its low price is
the maijor factor. Operating from a supply '
voltage of 40-80V into loads from 4-16 ohms

AL 2550-COMPACT LOW-COST 25W AMPLIFIER

One of our most popular audio modules with tens of
thousands installed. ldeal for domestic applications
where low distortion and compact size are £6.5
the prime requirements. Used with supply s 5
raids of 20V-50V into loads of 8-16 ohms. +VAT

MM 100-BUDGET 3-INPUT MIXER

With a host of features including 3 individual level controls, a master volume
and separate bass and treble contral, it provides for Inputs for microphone,
magnetic pick-up and tape, or second pick-up (select . and yet costs
consicerably less than competitive units. )
This module is ideal for discos and public
address units and operates from 45V-70V

MM100G

As MM100 with two guitar + 1 microphone
input intended for guitar amplifier applications.

MINIATURE PASSIVE INFRA-RED SENSOR-RP33

Switchable Dual range, detects intruders up to 6 or 12 metres

' Quantity This advanced sensor operates by detedting thebody
.discounts heat of an intruder moving within the: det n filel.
!startat 3 Slaw ambient changes such as radigtors, etc. are

units. ignored. Easlly installed in a room or falway Pravicing
reliable aperation fram a 12\ supply deal for use
with the CA 1382 or eguivalent hi_qr'. guality control unit.
Supplied with full matructions.

Size 80x60x40mm

_ DIGITAL ULTRASONIC DETECTOR-US 5063
'wadll .  Crystal controled movement detedtion module operating
at 50kHz with an effective range up to 201
operation In housenoid or veniicie sec
operation and bullt-in timing ma

widla range of applicetions

“Easily Installed  ADVANCED CONTROL UNIT-CA 1382

Automatic Loop Test &Switch On # Autornatic Siren
Re-Set * Audible Entry/Exit Waming Buzzer * Two
Separata Loop Inputs -+ 24-r Circuits *

Easlly Installed. Full instructions Supplied

THis advanced comtrol panel provides effective and
reliable control for all secunty nstallations, yet its
operation is sheer simplicity for all members of the
tamily, and is supplied with two keys.Housed na siegl
‘case with an attractive moulded front panel, It compares
with units costing twice the price.

LOW COST CONTROL UNIT-CA 1250

This tried and tested control unit provides the finest

value for money in control sustams, with mant
thousands protecting houses alll over the country.
5 + VA A suitabla stesl enclosure = available separately

50FT INFRA-RED BEAM-IR 1470 g¥ryT)
The IR1470 consists of a separate transmitter \.'.;I
and receiver providing a beam of up to 50ft B

raquires only 85mA from a12V supply. Size:each unit) 82 x 52 X 57mrm '

which, when interrupted, operates a refay in the racaiver which
in urm may be used to control gxternal egquipment. The systam

FULL RANGE OF SECURITY ACCESSORIES STOCKED PROVIDING
EVERYTHING YOU NEED TO PROTECT YOUR HOME

SEND OR TELEPHONE FOR FREE LITERATURE

DEPT ETI 3 == ; Callers by
51 POPPY ROAD mE=aT appointment
PRINCES RISBOROUGH only

BUCKS HP17 9DB

TEL: (084 44) 6326 FAX: (084 44) 7102
Add VAT + £1.50 on all orders. Export add 10%
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Blueprintisacolumn intended ta provide suggested answers
to readers’ electronics design problems. Designs are on ly
carried oul foritemsto be published, and will not be prototyped
by the columnist: Circuits published in Blueprintare believed [ ]
to work, but may need minor aheration by the reader after
prototyping. Individual correspondence will not be entered
into, save as riecessary to prepare iters for publication

e

R9 FS1
22R 1A
NOTE: RVA +12¢
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1 = Boase Sk R6 201 ELECTRICAL
A2 Q2 = SEE TEXT 10M SYSTEM
M0 D1,2 = 1N4148 SEE TEXT
ZD1 = 16Y ZENER
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1o
2 IC1e
1%0 R4 e Icid
1 B
H a¥ig
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12v
SURROUNDING Ra ez A +l e cetl LAMP
T = METALWORK 1MO T~ 100n T 140 4.7 =
GROUNDED LDR1 RE 25y 285V
= 47k o
!
. TERMINAL ENERGISED
ONCHISENSOR = WHEN IGNITION IS ON

his month's Blueprint query is from Lindsey

Suthetland, who asks: “Can anyone help me to
design a circuit that will sense a small current leakage
to ground and respend by lighting an LED for a preset
time. This would help me to find the kevhale of my
front door or my car late at night.

The circuit of Figure 1is a design suitable for use
with a car electrical system. Certain parts may be left
outifitis to be used in a domestic location. It works by
detecting when a high-frequency signal is shorted to
earth by hand-capacitance.

IC1a forms a high-frequency squarewave oscilla-
torwhose frequency is set by the values of R1 and C1.
With the component values given, the frequency of
oscillation will be approximately IMHz. Normally, the
1MHz signal will cause IC1b to produce a squarewave
which will keep C4 charged close to the positive supply.
This switches the output of IC1c to logic 0, forcing the
outputofIC1d to logic 1, which switches off the P chan-
nel power MOSFET controlling the lamp.

If anybody touches the touch sensor most of the
signal will be capacitively shorted to ground. With little
or nosignal appearing on the input of IC1b via C3, the
voltage on this input is pulled up to logic 1 by RZ. This
switches the output of IC1b to logic 0, allowing C4 to
discharge. This switches the output of IC1¢ to logic 1.

If the other input of IC1d is close to the positive
supply voltage, then its output Will switch to logic 0,
turning on the lamp. There are two mechanisms by
which this input of IC1d can b¥ pulled to logic 0 (or ag,
least below the lower sw':tchingclevel of the Schimitt trig-
ger). A light leve] detector is provided to prevent the

lamp from switching on in daylight, and an inhibit cir-
cuit prevents the lamp from operating when the igni-
tion is on. This part of the circuit, comprising R8 and
Q1, Is only required for automotive applications.

The light level detector comprising LDR1, RV,
and R5 should be adjusted to prevent operation of the
lamp in normal daylight. This part of the circuit is
optional, but may be of value. If it is not required, then
LDR1 and RV1 should be omitted. and the top end of
R5 should be connected to the positive supply. In these
circumstances. a more suitable value for R5 would be
10k,

It neither the light level detector or the inhibit cir-
cuit are required, then the two inputs of IC1d may be
joined together, or one of them may be connected to
the positive supply.

If the unitis to be powered by a mains power sup-
ply rather than by a car electrical system, FS1, R9 and
D2 may be omitted. R9 and D2 are there to protect the
cireuit (which will be connected to the supply all the
time) from high voltage spikes on the car electrical Sys-
tem. FS1 is there to prevent the wiring from melting if
the lamp is short circuited, but this should not be
needed if a mains power supply incorporating a volt-
age regulator and a mains input fuse is used.

The time for which the lamp remains illuminated
is set by the values of R6 and C5. The period will be
approximately 1 second per megohm if C5 is a I
capacitor as shown on the circuit diagram. The exact
value required should be found by experiment, but a
suggested starting value would be 5M6.

Andrew Armstrong
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A four by four MIDI
router by G. Parris.

16

_J:' 4017 DECADE |=———"\ 4052
BANK FOUNTER Cﬁ:ﬁh;L
8
SELECY DUAL 4 BIT ANALOGUE
LATCHES SWITCH 40244
OCTAL g!ﬁi
2 QFF 4 OFF BUFFER
4060 BINARY | - WITH 3 STATE
COUNTER + OUTPUTS . oPTO WD
OSCILLATOR K soliors K iN
4 OFF
PROGRAM i
SET
— 4013
—0 < BLSTABLE 2 1 BATTERY

BACKED UP
STATIC RAM

PROGRAM
SELECT

> 16 LEDS

CONTROL BUS

Fig.1 Block Diagram

PROJECT

flexible way of connecting together a
number of musical instruments and a
computer for playing and recording pur-
poses was required for the studio.The
MIDI standard for this type of data trans-
fer has been explained in a number of magazines and
books but the following is a short description for those
not familiar with it now follows.

MIDI stands for Musical Instrument Digital Inter-
face. Every action of an electronic instrument may be
converted into a digital form consisting of 1’s and 0's.
This signal is then converted to a serial format enabl-
ing it to be sent along a coaxial cable. The opposite
takes place for receiving which means an instrument
can respond to this MIDI data. Each instrument can
both transmit and receive MDI data and so MIDI
OUTPUT and MIDI INPUT sockets of the 5-pin DIN
tupe are found on virtually alffnodern electronic musgj-
cal instruments. Not only cah electronic instruments
respond but computers as well. Although sometimes
the MIDI serial converters are built into them, as in the
ATARIST or fitted as an extra as in the IBM compliters,

Design Solution

This 4X4 MIDl switcher unit is one method of connect-
ing the MIDI in and MIDI out of up to 4 devices, one of
which can be the computer. With a small number of
devices ordinary switches are suitable but if the combi-
nation of connections differ by more than 3 or 4 then
these switches become complex and expensive. This
unit has the facility to switch up to 10} such combin-
ations but if the constructor so wishes this may be
increased. The combinations can be programmed
while the unitis in use and these are stored even when
itis switched off. It was also required that the IN/OUT
routing was clear and visible at the front panel as some
of these types of units even commercially onlyindicate
the program number

To further simplify the project it was decided to

e T S | T

keep away from a computer based approach even
though a computer memory was used.

Construction

Main PCB

The PCB diagram shown in Figure 5 requires careful
production as some of the tracks are very narrow. The
board was etched in a Ferric Chloride bubble etch unit
after being exposed under a UV lamp and developed.
Any shorted tracks were then separated using a scal-
pel. Correct size holes are required for the various
components and the medium sized pads shown in
Figure 4 are for terminal pins. The three largest are
support locations. The IC holders to be used must not
be so large as to obstruct the fitting of other compo-
nents. The SIL (Single In Line) resistor R28 should be

HOW IT WORKS

The circuit is based around the 4052 dual 4 channel analogue switch
shownin Figure 3. Note that subircuits Aand Bin Figure 3containingthe
eutputand input interface details are shown in Figure4, The main board
supply connections are also shownin Figure 4,

The tircuit diagram in Figure 2 shows the control and memory. The
block diagram is shown in Figure 1 with a computer layout flavour, Note
the Use of an B-bit bus system for conn ecting the 4052 switches, 48202
memory and 4508 latches. A control bus is shown containing the
connections for operating each portion of the gircuit,

The 4 MIDI inputs are taken to 6N 138 opto isolators Figure 44 for
isclation and conversion to 5 volt digital levels as is normal practice for
MIDL It will be observed that IC15 Figure 4 s used 1o isalate the MIDlin
and out terminals at digital level so that the external devices connected
arenot affectedby the changes inthe 4052 switches whilsttheyare being
set up. Each 4052 IC contains two switches which are controlled by 2
Inputs at pin 8 and 10 Figure 3 and both switches will be identical. Gne
switchineachICis usad forthe LED's and the other for the MIDI, As there
aredinputsand outputs there ared analogueswitehC's each requiring 2
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Fig.2 Control and memory

binary inputs for switch selection so 8 binary inputs are used in 4
pairs.They are connected as an 8-bit bus system o the RAM IC4 and
LATCHESIC5-6 Figure 2 Only 2 bits of each half of IC5-6 are used and the
store latch STa and STb and the output isolation EQa and EOb are
connected for switching.

The memory chip IC41s a 2K 8-bit CMOS static RAM with builtin
battery backup facilities, This means thatthe memory data isstoredeven
when no 5 volt supply is connected. lts internal battery is charged when
the external 5 volts is applied.

Only 4 address lines are switched by the PROGRAM SELECT
thumbwheel on the memory and data combinations are fed from the 8-
bit data bus.

The PROGRAM SET circuitis built around IC3 Figure 2, a 4013 dual

bi-stable but only one half is used. The three components D1-C4-R6
makes sure the bi-stable starts at power up in the read condition. For
bounce free operation R-R7-C3 produce aclean inputtothe clock pulse
connection. The circuit IC1is used to count up pulses in binary by means
of the push SW1 and shaping companents C1-R1and R2.

Circuit IC2 s an oscillator and divider combination. The oscillator is
setto434 Hz by means of R3-Rd and C2. Pins 13 and 16 feed eachof thed
halves of 1C5 and 6. When mains is applied the circuit is in the READ
condition so the latches IC5 and 6 are isolated by pin 1 of IC3 being at 5
volt. The memory IC4 is set to output data DO to D7 and IC7-8-9-10
switches respond, The buffers IC15 (Figure da-b) are switched on from
pin20fIC3being at O volisoMIDI datals routed through according tothe
switch combination as is alsa the LED supply.
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Fig.3 Switch and MIDI interface

PROJECT

a4 resistor unit buta 5 resistor one with the pin farthest
from the common pin cut short, was used.

lfyou use a type greater than 4 make sure you cut
the excess pins from the end that is NOT the common
connection and when fitting it the common pin must
be nearest the link. Also the thumbwheel switch has its
common or earth pin farthest awdy from the link.

It is advisable to use 1/4 watt miniature resistors
as space is at a premium.

Power Supply PCH g
Anytype of power supplyis adequate providing it gives
*+5vand +9v. If dirty mains is a problem then a more
sophisticated one would be required,

For adequate LED brilliance a higher voltage
than the Svolt for the logic was required. In this case 9
valts was obtained unregulated directly from the out-
put of the bridge rectifier as shown in Figure 10.

This meant that the power supply has three out-
put connections with terminal pins (Figure 6). The
PCB was constructed in the same way as the main
board with two terminal pins for the 240 volt mains
supply connections. If required the DIL bridge rectifier
could be mounted directly to the board and notinthe 8
pin DIL socket but watch both the position and rota-
tion for correct operation, If the DIL bridge type is not
available the equivalent is shown in the ‘BUYLINES'
section.

The transformer was a FARNELL 149-975 type
but CIRKIT do a version PO309 which means that pins
notlocating in a hole must be bent flat. Those needing
connection should be linked with insulated wire.

Everything eise should be straight forward.

LED Readout

The LED matrix consists of 4 red and 12 green wedged
shaped types mounted on 0.1 inch stripboard. The
wedge shape was the nearest to arrows that could be
obtained and it will be noted that wheye the input Is
routed to the same devices ouftput a red LED is used.
This connection is possible and can be handy but is not
regularly used The MATRIX construction i shown in
Figure 7 and it must be noted that the height of the
stripboard assembly must not prevent the top and bot-
tomn covers of the cabinet from being slid into place,

The appropriate holes for each LED are drilled
through the matt black sheet as are the two M2.5 screw
holes. The copper strip runs vertical which is used to
short all the cathode connections of the LEDs
together.

Ashorting link is soldered from each of these ver-
tical strips to a common pointwhichis taken to 0 volts
on the power supply board. These cathode leads can
now be cut short. The anode connections which are
the longest wires on the LEDs need to be isolated from
each other by means of 2 stripboard cutter and then
soldered,

They must be cut to 5 mm lenath to ease the con-
nection of the 4 way cable froni the main board. Note
that these wires are interchanged in a particular way at
the main board for correct operation.

Internal Wiring.

The switcher is mounted in a 19 inch 1U high rack
cabinet and the layout for the PCB'sand other compo-
nents are shown in Figure 8 Front panel design is not
critical except to note that it may well be warthwhile to
use a safer switch for PROGRAM SET (SW2)suchasa
biased off short toggle type rather than the push var
iety used. This is because accidental operation would
result in resetting the program that the unit was
switched to.

Markings on the front and back panels are white
rub on transfers coated with a transparent spray lac-
quer. The front panel is showr in Figure 9 and the rear
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Fig.4 Sub circuits

panel is shown in mirror image in Figure 8 as it is so
simple.

No measurements are given for the position of
the panel components as they are not critical.

Operation

To set up a program for memory storage the PRO-
GRAM SET push is activated. This toggles IC3 so pins
1 and 2 reverse state which makes IC15 isolate the
MIDI sockets from the external devices and puts the
memory IC4 to the write condition. Also IC5-6 outputs

are enabled by the EO pin going to O volt connecting it
to the 8-bit bus and the circuit IC2 is switched on as pin
12 MR goes to O volt. The counter IC1 stays at a parti-
cular setting activating one latch of IC5-6 but as IC2 is
continuously counting from pins 13 and 16 the 2 bit
input to one of IC7-8-9-10 is making one bank of
switches to switch on and off from left to right. This is
indicated by the LEDs as one row will light up left to
right.

The left to right switching of the LEDs is slow
enough so that at the point when the chosen one
lights, the BANK SELECT push SW1 can be activated

1)Al04d
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Fig.5 Component Overlay of main board
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Fig.6 Power supply component overlay

thus stepping to the next row of switches and LED:s,
The next row will be stepping left to right and again at
the appropriate moment the BANK SELECT push is
activated. This is done until no LED stepping is
observed. The chosen combination of switch settings
can now be stored by operating the PROGRAM SET
push SW2. Bi-stable [C3 toggles causing [C2 to reset,
the memory IC4 to output data, the latches IC5-6 to be
isolated and the buffers IC15 to reconnect the MIDI
sockets. The complete LED MATRIX flashes on and

off at 13Hz with a signal from pin 5 of IC2 which feeds
pin 6 of IC7-8-9 and 10. This is done to indicate that
the circuit is in the programming mode.

Testing

The power supply may be tested first by disconnecting
the output connections and switching on the mains.
Check the correct voltages are supplied. Connect the
front panel 9 volt lamp feeds and test. They should
light. Use an chmmeter to check for any short circuits
between the 5 and 9 volt feeds and 0 volts. Now con-
nect them to the power supply board and when the
mains is switched on the front panel LEDs should light.
Operating the thumbwheel switch should now pro-
duce a change in the LED readout pattern. These pat-
terns will depend on the stored memory data. Note the
thumbwheel position and combination of LED:s.
Switch off the mains, wait a few seconds and then
switch 'on, The same LED pattern should be seen,
Change the thumbwhee| position for a different LED
combination and again switch off the mains, Alter the
thumbwheel switch to the first position noted and
switch on the mains. The combination of LEDs should
be as before,

Go through the operating proced.re for sefting
up and storing a program combination and carry out
the above tests, The unit is ready for a MIDI test. Con-
nect the MIDI OUT of a keyboard or MIDI producing
device to the No. 1 MIDI INPUT socket. Next take the
No. 1 MIDI OUT socket to a MIDI device like a compu-
ter with indication or a sound module.

Either switch to a program with the thumbwheel
that has the top left RED LED illuminated or set upa
program to produce this result. Play the keyboard and
there should be response from the output device. Each
IN to OUT combination can be checked this wayand if
working you are in business.

STRIPBOARD 0.1in
24 HOLES WIDE

4 RED LEDs
THE REST
ARE GREEN

13 HOLES HIGH

L

STRIPBOARD
e A

—

MATT BLACK SHEET —— g 1—

SPACERE AT =

(][]

L

LED DEPTH ]j
J__FJ . —— =
CLEAR OR / \\ /
TINTED SHEET .
19in CASE FRONT PANEL

Fig.7 LED Readout construction M2.5 COUNTERSUNK SCREWS
P ARTS LIST R28 3.3k SIL (see note)
RESISTORS (all ";watt 5% unless stated) CAPACITORS
R1 4.7k C1 10 16Y electrolytic
R2 100R 2 10n polyester
R3 ™ €3567 100n polyester
R4 100k C4 Tu 16V electrolytic
R5 100R (8 1001 16V electrotytic
R6 0k
R7 4.7k SEMICONDUCTORS
R8,9,101112,1314,15, IC1 4017
16,171819,20,2122,23  220R IC2 4060
R24,25,26,27 470R
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Fig.8 Cabinet wiring
IC3 4013 ifluminated push
IC4 48202 RAM SW3 Thumbwheel 0to 9 BCD switch
IC56 4508 4 8-pin IC sockets
IC7-10 4052 1 14-pin IC socket
Ic1-14 6N138 Opto isolator .6 16-pin IC sockets
IC15 40244 1 20-pin IC socket
D1-5 IN4148 3 24-pin IC sockets
D6-21 Wedge shaped red and green LEDs 8 5-pin DIN 180deg sockets
1 19-inch 1U high rack mount case
MISCELLANEOUS 23 0.04 inch terminal pins
SW1,2 1-pole momentary-action normally open 3 Adhesive backed supports
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Fig10 Power supply circuit o

PARTS LIST rower SUPPLY SWa4 1-pole ON/OFF illuminated mains switch
1 8-pin IC socket
CAPACITORS 5 0.04inch terminal pins
C9 4700y 16V electrolytic 3 adhesive backed supports
cion 100n polyester
SEMICONDUCTORS
RECT TADIL bridge rectifier BUYI'INES
IC16 7805 regulator Most of the components are readily available. The 3k3 SIL resistor R28
may be a MAPLIN type 47 8 way is (RA29G}. IC4 memary is available
MISCELLANEOUS from ELECTROMAIL type MK48Z02B-25 (301-016). Wedge shaped leds
T 9-0-9volt 3va PCB mounted transformer (see arefromMAPLINand the DIL 1.0 amp bridge rectifieris from RS MAPLIN
note} type W005,
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Multicore's Copperset is a remarkable new process . .
plain holes in PCB§ to

which instantly converts selected
plated through-holes.

@ No tooling charges, no
waiting

® Invaluble for prototyping
and repairs

©® Dramatically reduces cost
compared with
alternative systems

@ Portable kit for fast,
on-the-spot hole
" conversion

g e
A ey

Find out more by calling
Multicore's Sales Department on
0442 233233 or fax 0442 69554,

MULTICORE SOLDERS
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ARGUS BOOKS PUBLISHING
FOR THE SPECIALIST

THE FULL
RANGE OF
ARGUS BOOKS

is available
fromall good
book and hobby
shops or
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Argus books
direct for

a 1991/2
catalogue.

CATALOGUE OFFER, Argus Books,
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OMNI ELECTRONICS

174 Dalkeith Road, Edinburgh‘EH16 5DX - 031 667 2611

A COMPREHENSIVE RANGE WITH
Do SERVICE SECOND TO NONE

you have

OUR MUCH EXPANDED, BETTER ILLUSTRATED
CATALOGUE WILL COST £1.50 — TO INCLUDE
your VOOCHERS TO USE AGAINST FUTURE
copy PURCHASES. TO RECEIVE A COPY, PLEASE
£ SEND YOUR REMITTANCE WITH YOUR NAME,
yet: ADDRESS AND TELEPHONE NUMBER
REQUESTING A COPY OF THE 1990/91 OMNI
CATALOGUE.

Open: Monday-Thursday 9.15-6.00
Friday 915-5.00 Saturday 9.30-5.00

Millions of quality components
| at lowest ever prices.
Pius Tools, Watches, Fancy Goods, Toys.
Mail order only. UK only.

Allinclusive prices
NO post, or VAT etc to add on.

Write or phone for catalogue/clearance list.
At least 2,100 offers to amaze you.

Brian J Reed Electrical
6 Queensmead Avenue, East Ewell
Epsom, Surrey KT17 3EQ
Tel: 081-393 9055

Send £1.50
(P.O./cheque) PN
for your EV 1992 catalogue.

Includes £1.50 voucher spendable on
orders upwards of £10.

The CATALOGUE g

— 120 pages, A4. Expertly presented and illustrated.
Easily referred to. Packed with valuable information.

The COMPONENTS

As wide a choice as you could wish —
semiconductors, surface mounting, opto-electronics,
Rs & Cs, etc. etc. Top quality; fairly priced.

The SUPPLIERS

Siemens, Boss, Cliff, Omeg, Lorlin, R.S, Uniross —
to our top quality standards.

The SERVICE

Prompt, personal with customer satisfaction
guaranteed. Access/Visa facilities

Eleu::trol/a'“e

28 (B) St. Jude’s Road, Englefield Green, Egham, Surrey TW20 OHB
Phone - 0784 433603  Fax - 0784 435216
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Peerless CC FORCE

J Wilmslow Audio's NEW range of
speaker kits from Peerless.
This new range of four kits utilise

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

Price carr./ins
Force 2 £167 £15pr.
Force4 €190 £15pr.
Force 6 £210 £18pr.
Force 8 £265 £18 pr.

All kits are available in Plus and
Basic forms.

Wilmslow
Audio

DIY Speaker catalogue £1.50 Telephone credit card ,_]
[Access | =]

post free {export £3 50) orders welcome | _‘ ac

Wellington Close,
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Fax: (0565) 650080

BIG,BIG
SAVINGS

12mm Display 5
./ pazilunce IangEs e
2a rangas fo 20M ghm i
Ding ansisior tes| AQIDC I ilh iter
vol\ls ranges, 5 ranges AC/DC S o C K S instructions oalery and
currenl fo 10 omps. Also confinuity £1 0
ONLY .95

buzzer With leads, baflery and
UK post etc £2 00 Post free when you Buy Two!

Inslructions

UK post elc £2 00 Posl
£23-95 free when you Buy Two!
instrument stockists for @l Hameg Scopes

W Black Star I Thurlby B Thandar B Test Lab
Always special offers for callers.

Further Speciol Instruments Otters - while stocks last
ST300 AC Clomp meler wilh case 0/600v, 073004, 0 -1K
ohm £29.95 266 Add on Clamp meler for Dmm’s
0110004 £12.95

B
OPEN 6 DAYS [

a5 5
eI
att B a5

8 S E15
o T €1

V0 Wil

7z oNes
D Buss.

meda ﬂ“?é’s

5. & T 290 | 0, 12 ya

WUHSE?N S‘Igc“ FOR 11 VAL gyt it 7 '7‘!"[5_.1

ND IN-CA 2 (UK ¢

N «95 (Ko,

A St o
1153 12 v0lt 15 i O 45

COLOUR
CATALOGUE
PELEMENTS
404 EDGWARE ROAD, LONDON W2 TED ;
' Tel: 071-724 3564/071-258 1831 Fox: 071-724 0322

DISCOUNTS FOR QUANTITY AND EDUCATIONAL




by A. P. Stephenson.

24

ENERGY

High Ener
Discharge Systems

Average versus Peak Power

DC -
SUPPLY SW1 / .
UNIT : R

Fig.1 Basic energy discharge system

ENERGY
STORE

i

power unit for a system which operates
continuously at some fixed high power
level is costly, massive in weight and may
need water or forced air cooling. For
example, a device operating at 40 kilo-
volts and demanding a continuous current of 50 amps
requires a unit capable of supplying at least 2 mega-
watts average power. Design of such a brute force pow-
er unit is_conventional and mainly concerned with
choosing components of sufficiently high power rat-
ing.

In contrast, supplying 2 megawatts to a sustermn
which only operates at intermittent intervals deserves.
in the name of efficiency, a more sophisticated design
approach. For example, if a one megawatt device is
switched on for one microsecond and switched off for
one millisecond, the average power required is
reduced by a factor of one thousand. These figures
suggest that the unit need only be powerful enough to
supply an average power of ongkilowatt.

Energy Discharge Systems

The power supply, instead of being directly connected

to the load, can be used to clirge a capacitor or some

alternative form of energy stofage system, After a time,

sufficient to ensure the system is fully charged, the

stored energy can then be released into the load.
Figure 1 shows the essential components of such

a system. The action is best explained in terms of

charge and discharge cycles:

The Charging Cycle

With the switch (SW1) open, the DC power supply is

free to charge the energy storage device via the high

resistor (R) and the load (RL) It can be assumed that

the load cannot operate during this cycle because the

voltage across it is too low and of an incorrect DC

polarity. &

The Discharge Cycle

When SW1 is suddenly closed, the stored energy is dis-

charged rapidly into the load.

A Homely Analogy

The essential advantage of the system is based on the
difference between the power delivered from the pri-
mary DC supply during the slow charging cycle, and

the much higher power delivered to the load from the
energy store during the rapid discharge cycle,

An almost perfect analogy, although not in the
best of tastes, is provided by the traditional lavatory
flushing systern shown in Figure 2. Assuming that the
ornamental knob on the chain has just been pulled,
the cistern will begin to fill slowly from the water mains
via the small bore pipe. This is the low power ‘charging
cycle’,

At any time later, providing sufficient time has
elapsed for the cistern to refill again, a sudden pull on
the chain will allow the cistern contents to discharge
rapidly via the relatively wide-bare outlet pipe. This is
the high power ‘discharge cycle’.

Provisional Calculations

For simplicity, assume in the first instance that the
energy storage device is a single 0.01 capacitor (C),
the voltage (V) of the DC charging source is 20 kilo-
volts and R is a resistor of 100k.

Average power during discharge

The stored energy (W) in a capacitor is given by W =
(CV?)/2 Joules. With the above values for C and V, this
works cut to 2 Joules. The relation between energy
(W), power (P)and time (t} is P = W/t so if we assume
that the 2 Joules are discharged into the load in. say, 1
microsecond, the power turns out to be 2 megawatts!

(R

;] WATER
= INLET

CHARGING

SUPPLY

CISTERN
(ENERGY STORE)

5W1

Fig.2 Flushing system analogy

Peak current delivered by DC supply

The capacitor is charged via the 100k resistor, so
although the initial current will be 20kV/100k = 0.2
amps, it will fall exponentially towards zero as the
charge proceeds.

Time taken to charge

The time taken to fully charge a capacitor via a resistor
is usually taken to be 5CR seconds which, since C =
0.01pand R = 100k, works out at 5 milliseconds. This
suggests there must be at least a 5 millisecond gap
between discharge actions which, in frequency terms,
means that the pulse repetition frequency must be
greater than 200Hz.

ETI MARCH 1992



Pulse Forming Networks

An energy storage system employing a single capacitor
suffers from a major disadvantage — the exponential
nature of the discharge curve. An ideal storage system
should deliver its energy at a constant power level for a
finite time. In other words, the discharge pulse should
be straight sided and flat topped rather than falling off
exponentially. Figure 3 shows a popular pulse forming
network. It is sometimes called an Artificial Delay Line
because it is has properties similar to a length of coax-
ial transmission line except that the L. and C values are
in the form of ‘lumped constants’. Depending on the
number of individual sections, the network is capable
of delivering a pulse of reasonable shape.

Such a network is an improvement on simple cap-
acitor storage because of the cascading action from
one capacitor to the next along the chain. At the
beginning, all capacitors are charged to the same vol-
tage but as soon as the first one starts to loose voltage,
the one behind it is then free to discharge into it. This
topping-up action, which ftrickles down the network
from capacitor to capacitor, is the mechanism by
which the voltage across the output terminals tends to
hold onto its original level. The action, of course, ends
abruptly when the stored energy is finally exhausted.

The inductors in between each capacitor cause a
slight delay between each topping-up action during
the discharge cycle. During the slow charging cycle,
their inductive reactance is negligable so all capacitors
are effectively in parallel.

In a real transmission line, such as coaxial cable,
the L and C values are uniformly d1strlbuted along 1ts
length.

Intheory, areal line could be used but would be of
prohibitive length because the line would discharge at
the speed of light (c) = 3 X 10® metres/second. For
example, if the discharge time is to be 1 microsecond
the line, and air spaced, it would have to be 300 metres
long? If the line was polyethylene filled, which has a
permittivity constant (Kr) of 2. 26, the discharge speed
would be reduced by a factor of /Kr and so the line
would only have to be 200 metres long — still too long
for comfort!

Action: Assume the input terminals have been
connected to a charging source for a time sufficient to
ensure that all capacitors are fully charged to a voltage
(V). During this relatively slow charging action, the
inductors have little effect and can be ignored so all the
capacitors can be treated as if they were in parallel with
each other.

If the terminals are now connected to a ‘matched’
load, the energy will be released in the form of a
reasonably straight-sided flat-topped pulse for a time
depending on the L and C values on the network and
the number of sections. The quality of the pulse
improves as the number (N) of L, C sections is
increased.

Pulse Width

The time (T) taken for complete discharge (the pulse

width) is given by:

T = 2Ny/L.C seconds .....c...ccoccvverennnn. Equation 1
Note that if, for pulse quality reasons, N is to be

large, then the LC values must be correspondingly

small to maintain a given pulse width.

Characteristic Impedance

Because the pulse forming network is simulating a real
transmission line, it should not come as a surprise to
learn that it also has its own ‘characteristic impedance’
(Zo), given by: Zo = /L/C ohms ......... Equation 2

Theideal pulse shape is only guaranteed if the Zo
of the network is matched to the impedance of the
load.
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Example: According to the above equations, a
network with ten sections, each of L = 10pH and C =
1n would have the following properties:

Pulse width = 2 microsecond
Characteristic impedance = 100R

Applications in RADAR

A pulse modulated Radar employs the principles of
high energy discharge for supplying power to the
transmitting device. After delivering a short burst of
microwave power, the transmitter is switched off and
the receiver is activated, ready for detecting any echoes
which return from the ‘target’. Because the velocity of
electromagnetic waves is a known constant (c), the
time which elapses between the transmitter pulse and
the returned echo is proportional to the range of the
target.
The Radar Mile
The velocity (c¢) is 186,000 miles per second so a pulse
to travel one mile takes 1/186,000 seconds = 5.38ps.
But before the echo returns back to the receiver it has
travelled twice this distance, so a useful term, the so-
called ‘radar mile’ is defined as follows:

One Radar Mile = 10.7us
Minimum Radar Range
The pulse width of a radar system represents the time
the transmitter is operating. Since the receiver is inop-
erative during the transmitter pulse, the pulse width
indirectly determines the MINIMUM target range.
Example. If the pulse width is 1ps, the minimum
detectable range is about 1/10th of a mile.

Fig.3 Pulse forming network

Maximum Expected Radar Range
The absolute range of a radar is dependent on the
transmitter pulse power, the receiver sensitivity and, to
some extent, the reflecting properties of a target. Apart
from these eonsiderations, the time allowed between
transmltter pulses sets the limit on the maximum
range. ” Time must be allowed for an echo to return from
the gwmmum expected range before the next trans-
mitter pulse. If. for example, the time allowed between
pulses is 1 millisecond, the maximum range is:

1 ms/10.7 ps = 93 miles approx.
Transmitter Requirements
Good discrimination between adjacent targets is only
possible with a high directivity aerial system, that is to
say, one with a narrow beam width. To achieve this, a
large antenna ‘mirror’ is necessary but how large
depends on the wavelength of the transmitted pulse.
There is a useful empirical formula for beam width ()
in terms of scanner diameter (D) and wavelength A: =
70%/D (degrees). Note that, for a given diameter mir-
ror, the shorter the wavelength the narrower the beam.
This calls for a transmitting device which combines
very high power with very short wavelength. The reso-
nant cavity magnetron is capable of powers approach-
ing a megawatt at centimetre wavelengths and so is
admirably qualified for the job.
Basic Radar Pulse Modulator s
Figure 4 shows the bare essentials of an energy dis-
charge system suitable for pulse modulating a magne-
tron. The individual components function as follows:
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The DC Charging Supply

Although required to deliver many kilovolts, the aver-
age current requirement is low so half wave rectifica-
tion is normally adequate.

The Pulse Forming Network (PFN)

As explained above, this must be designed to deliver a
high power pulse of a width determined by the mini-
mum expected radar range. It must also have a known
characteristic impedance (Zo),

The Pulse Transformer

The primary purpose for its inclusion is to match the
impedance of the PFN to the input impedance pre-
sented by the input terminals of the magnetron. Maxi-
mum power transfer between the PFN and the magne-
tron, and also the quality of the pulse, depend crucially
on cotrect matching.

An important, but less obvious, reason for having
the transformer is to provide a DC path for the charg-
ing current — the magnetron is open circuit in between
pulses!

The design of a transformer capable of passinga
narrow, steep-sided pulse with negtigable distortion
was notan easy task way back in the pioneering days of
the art.

The Magnetron

Theintimate details of the magnetron appeared in the
October *91 issue of ETI. For our present purposes, it
can be treated simply as a pulse operated diode which
happens to require several kilovolts between its anode
and cathode and is capable of passing an anode cur-
rent of several amps. In return, the magnetron
responds by disgorging extremely high power centi-
metric waves into the scanner via the waveguide
plumbing system for as lor g as the energy store in the
PEN lasts.
The Discharge Switch
This is the end-component of what is best described as
the ‘Master Control Unit’.

In the non-conducting state, the PFN is free to
charge up slowly via the DC power unit.

R1

When it is triggered to

AAN—

DC
PRF
POWER
SUPPLY [mn

conduction, it behaves as a
virtual short circuit. This
places the output of the PFN
in parallel with the primary
of the pulse transformer and
S0 energises the magnetron.

The.time (T) between

PEN

LOAD
MAGNETRON

CENTRIMETRIC
OUTPUT

Fig.4 Simple radar pulse modulator

conduction trigger pulses is
arrantied in accordance with
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the maximum expected
range. The pulse recurrence®#requency (PRF) is simply
1/T. =6 3

A high voltage, high current thyristor is shown as
the discharge switch and is triggered by a low level
pulse waveform generated by a ‘master oscillator’.
Modern thyristors with truly impressive credentials are
now freely available — state-of-the-art specimens think
nothing of handling 5,000 volts and currents of 2,000
amps.

Range Switching

Long range working requires a high energy pulse.
Since energy = power X time, it fallows that the pulse
width (T) should belong. However, as mentioned earli-
er, the pulse recurrence frequency (PRF) must be low
in order for the longest range echoes to return in time.

Short range working demands a narrow pulse
width but the PRF can be increased in order to gainthe
advantage of reduced flicker.

So, for long range working, extra LC sections are
switched in to increase the pulse width and an extra
chargingresistor can be added in series to allow for the
longer time between pulses.

Average Power Equation
The average power in a pulse operated system is:
Average power = Peak Power X Pulse width X PRE

Example: Let Peak power = 100kW

Pulse width = 2ps

PRF = 1kHz

Then average power = 200 watts

(The product of PRF and Pulse width is some-
times called the ‘Duty Cycle’).

When designing range switching, it is advisable to
arrange the wvalues such that the average power
remains the same during long or short range working.
If the pulse width is increased by, say, a factor of ten
and the PRF is reduced by ten, the average power
remains the same.

Design Example:

The following attempt to design a simple radar pulse
modulator based on Figure 4 may help to consolidate
much of the previous material. To avoid filling the
pages with tedious arithmetical steps. rounded figures
are used and the use of a calculator has been assumed.
The radar is to have a minimum range of about
1/10 mile and a maximum range of 10 miles. The mag-
netron in use requires an EHT voltage of 30kV and
presents an input impedance of (Zin) of 900R.

Calculations:

Design of PFN
1radarmileis 10.7ps so. for 1/10 mile, the pulse width
must exceed 1.07us — which rounds to 1ps.

The Zo of the PEN can be chosed arbitrarily
because the turns ratio of the pulse transformer can be
calculated to provide the correct matching between
the PEN and the magnetron. Letting Zo = 100R would
be a convenient choice. From Equation 2 above,

Zo = /L/C, s0 102 = |/L/C
or L SR N oo Equation 3

The number of sections (N} is arbitrary so we
shall use the value, N = 5 )

Pulse width is to be 1us, so substituting in Equa-
tion 1 above gives:

10° =2 X 5 /(10°C)C = 10 X 102C = 10°C
which gives the value of C as 109 = 1n,

Since L = 10°C, then L = 10° = 10pH.
Pulse Transformer
To match Zo of the line to the magnetron Zin, theturns
ratio of the transformer (Tr) must obey the equation,
Tr = JZin/Zo so, Tr = J/900/100 = 3:1

The magnetron requires 30kV but the transfor-
mer ratio will step up the voltage by a factor of 3 so the
primary voltage must be 10kV, The voltage across the
PEN drops by half when feeding a matched load, so it
must be charged to twice the primary voltage so the
power supply must provide 20kY.

The Charging Resistor

The maximum range is to be 10 miles so the interval
between pulses must be 10 % 10.7ps = 107us or long-
er. The inductors in the PFN can be ignored during the
slow charge so the total capacitance ({Ct)isNXC=5
X 1n = 5n,

It will take 5R seconds to charge up the PFN and
this time (T) must equal. 110ups so,
T=5XCtXxR R=T/(5 X Ct)

Plugging in the figures,

R =(100 X 10°)/(5 X 10%) = (110/5) X 10%) = 22k
(In practice, instead of the simple resistor shown, a
more sophisticated charging system using resonant
choke techniques would probably be used).
Summarizing:

Pulse forming Network: N =5, . = 10uH, C = 1n
Pulse Transformer: 3:1 voltage step-up

DC Power Supply: 20kV

Charging Resistor: 22k

ETI MARCH 1992



HALCYON

= SERVICE MANUALS EN
ELECTRONICS

Available for most equipment. TV, Video, Audio, Test,
Amateur Radio, Military Surplus, Kitchen, etc. Any Video

Recorder, Video Camera or Oscilloscope Manual £15.00 Test equipment, video monitors, amateur radio gear, printers,
(subject to stock). power supplies, _comr_numcahons, disk drives, multlmeters7
All other Manuals £10.00 (subject to stock). I os'cnloscopes, scientific mst_ruments, connectors, component

Over 100,000 manuals available for equipment from 1930's bridges, frequency counters, signal generators, computers.
to the present. H.P. 1340A X-Y CRT DISPLAYS ‘ £145  MARCOI TF2337A AUTO DISTN METER £495
Circuit sections supplied on full size sheets up to A1 size H.P. 1610A/B/1615A LOGIC ANALYSERS £99  MARCONI TF2331 DISTN FACTOR METER £175
(33" x 24") if applicable I TEK 2210 DIGITAL STGE SCOPE LIKE NEW £995  LIGHT BOXES 230V 1012 AREA 249
. ; : i CALIBRATION STANDARDS CAV/L/R POA  DECADE RC/V BOXES FROM £15
Originals or photostats supplied as available. VALRADIO FCB230/20050HZ TO 60 HZ 200 WATT  £95 KAY DEE PNEUMO UY EXP UNIT 390:260mm £175
FREE Repair and Date Guide Catalogue with all orders or WANDAL/GOLTERMAN SPM-2 SEL LEVEL METER  £169  VACUUM PUMPS TYP 100MBAR (28LIMIN) £95
GAUGE BLOCKS [SLIP GAUGES) VARIOUS From£5 RHODE & SCHWARZ PZN PHASE METER £125
send SAE for Y°”r°°F’V today. I SCR LEAD PTFE 19/.15 SILVER PLTD. 50YDS £2 R&S SDR UHF SIG GEN 290-1020MHZ £175
MAURITRON (ETI), WAYNE KERR RA200+ADS DISP STORE £1995  R&S SCR UHF SIG GEN 50-1900MHE 1%
A ) HONEYWELL 612 HUMIDITY/TEMP RECORDERS £95  R&S SMLM POWER SIG GEN 30-300MHZ £165
8 Cherry Tree Road, Chinnor, Oxfordshire OX9 4QY TEK SLEN 1COKHZ SPECT ANAL 5110MF,ETC  £1750 R&S SMLR POWER SIG GEN 1-30MHZ £420

R&S LSV LIKF TEST RCVA 280-940MHZ (4.66) £150

) . SIEVENS XTC1012 2PEN CHART SECORDER 2395 RS ZBK ADMITTANCE BRIDGE f 5-30WHZ €125
Tel: (0844) 51694 Fax: (0844) 52554 JJ GOULD BRUSH 260 6CH CHART RECORDER £33
Lo i

— RUSH RT2 EN G W/STRIPPER 24-45AW/3 £245  COSSOR GAM 5334 VHF NAV/COM RF SIG GEN m
RUSH DCFAs (AR SPEED CONT S-298W £195 COSSOR CAM 511 ILSVOR AUDIO SIG GEN
— — — = B&K 1013 BFD, 2305 LEVEL RECORDER £195  TOPAZ 1007-11 7 5KVA 120/240-120/240 £249
Visit our bargain corner in shop.
I TEST EQUIPMENT MAINTENAN CE l Many valuable items at knock-down prices.
AND TECHNICAI CONSULTANCY Il | pATALAB DL912 TRANSIENT RECORDER POA  KINGSHILL NS1540 15V 40A PSU CASED £295
BBC-B & MASTER COMPUTERS FROM From£138  Hp 6168, 613C, 6208, 6264, 626A SIG GENS £35 EA
[7] Service manuals We support scientific, RECHARGABLE SEALED LEAD ACID BATTS TEKTRONIX 7403N, DFI, 7001 LOGIC ANAL POA
||~ Spare parts commerical and industrial 6V 10AH LONG LIFE, EX NEW EQUIPT £650 210 SCILLOSCOPES DUAL TRACE SISTATE From £110
| Comprehensive repair equipment manufactured by HAMEG K408 40MHz DIGITAL STORAGE SCOPE MARCONI TF2303 AM/FM MOD METER 520MHz £245
service including complete wer 100 different 2 TRACE WITH HMB146-2 GRAPHIC PRINTER £995  ROBIN 4112 PHASE EARTH LOOP TESTER &5
instrument refurbishment at companies, FARNELL E350 PSU's 0-350 100mA 6.3V's £49  ROBIN 5402 DIGITAL RCCB (ELCB) TESTER £75
highly competitive rates for New and second-hand MARCONI TF2300 FA/AM MODULATION METER £195  BATLAB OVENS 12x3x14 INTERNAL 210°C £195
racgiiuyamatgurs test equipment also TEK 5454, 5458, 585, 5354, 551, 535 From €49 REDPOINT 6E-1 HISINKS 1 5°CW. (QTY POA) £150
Dlitbntors for e ol e s AT TEKTRONIX 834 PAOG DATACOMMS TESTER £395  STAG PP41 EPROM PROGRAMMER £495
VJZ[?GE iC)l\IrSTE{jMENTS AYBLSINES pe VARIABLE OUTPUT PSU's HY & LV From €35 MARCONI TF2330 WAVE ANALYSER £150
I RAMTEST LTD P?Ees' onts. valves and TEKTRONIX 520 5214 PAL V/SCOPES From €475 GOHU 301 0-500¥ DC VOLTAGE ST, INT REF £125
NICS S 9_1?90?“” SRE NS WAYNE KERR CT492 UNIV LCR BRIDGES €55  LEADER LBO-9C ALIGNMENT SCOPE £249
KRENZ ELECTRONICS MISCEHATCLLITHETIN RACAL DANA 9341 DIGITAL LCR BRIDGE £295  SIGNAL GENERATORS. AF TO 21GH: From £15
.
I I I I h l gy LIST AVAILABLE, BUT 1000’s OF UNLISTED BARGAINS FOR CALLERS
eSlng eC no O QUALITY ELECTRONIC EQUIPMENT BOUGHT. ALL PRICE EXC. OF P&P AND VAT
41 Bushmead Road, Eaton Socon, St. Neots, Cambs PE19 3BT

Telephone and fax: (0480) 214488. 423, KINGSTON ROAD, WIMBLEDON CHASE, LONDON SW20 8JR

L—

READER OFFER

SHOP HOURS 9-5.30 MON-SAT. TEL: 081-542 6383

(Don’t miss the LARGEST single day show in the U.K.)
Ideal for all hobby C
enthusiasts N Radio, Electronics and N
Set contains sid R i A
et contains sidae H thhiti
cutters, pincers, long $ Computing Exh‘lblthn S
nose piiers, radio by the Northern Amateur Radio Societies Association at the
pliers, combination NORBRECK CASTLE HOTEL
pliers and flat nose
pliers EXHIBITION CENTRE,
The pli d igh
g u:ﬁ%ﬁ% :r"'gl;;“rgg QUEENS PROMENADE, NORTH SHORE,
rubber s, they are st
tor yourtéznrclzlb%x HEERAE i BLACKPOOL
on Sunday, March 15th, 1992
Coupon to: ASP Reader Offers, Argus House, Boundary Way, y
Hemel Hempstead, Herts HP2 7ST Doors open at 11 a.m.
Pt ReN | RADIO TALK-IN ON S22
! COUPON :
E Please SUPPIY ...coovrveriniunnns ROET/21 @ £6.95 inc | o | ereloys * Over 100 trade stands
i | enclose my cheque/P.O. for £.............. made payable to ASP or E I ;;t: P g’"b s;agds y
- : ) Scale (i * Brin, uy stan
! please debit by AccessVisa [ [ [T T [ [ [ [ [ [ [ [[]]]} i ki ‘Amageur Cz,mputer stands
i i i : o
i | e oo™ | « RSGB stand and book stall
i I * Constructlon competition
: ; orth * Organised by over 50 clubs
] : * Facilities for the disabled
. ! Ly B * Free car parking
I . Pth | o + Overnight accommodation at
: OSHIG O (1C P .. THUSIOINRI. L, S ooty : e BLACKPOOL reduced rates - contact hotel
| Please allow 28 days for delivery U.K. only — overseas upon request. ASP a3 Admi 50 (OAP' '
| Reader Offers, Argus House, Boundary Way, Heme! Hempstead, Herts HP2 7ST. | P Ex:; :::;n;;na:ir ép Ry under 1 e fee)
Possoro i e o ey e eel e g o | i e Do 5 1070

ETI MARCH 1992 27




Ray Mayston continues

Attenuator Circuit

®
his ‘test gear’ mini-series - l) eSl n
by looking at the design

of ‘L-type attenuators.

R1
Y Q 7 Vour = Vin (R2/Ry)
I\. G a (attenuation) = Viy/ Vour
Vin é R2 Vourr o Ve <: R2=FR/a
/ =Rr-R2
| - iv"‘” R1=RA;-R
», 6, O
ﬂJﬂ o ﬂJﬂ o
{a) (b) (c)
Fig.1 The basic ‘L’-type attenuator (a) is really a simple E;z}ential
divider ¥
(b); its design is controlled by the formulae in {c)

ttenuators are widely used in modern

instrumentation and test gear circuits to

correctly condition or adjust the ampli-

tude or quality of signals reaching the

inputs of indicating instruments or com-
ing from the outputs of generators. This and next
month’s article looks at practical versions of these
basic circuit elements.

Attenuator Basics

Attenuators are used to reduce an awkward value of
input signal to a lower and more convenient output
level. The simplest attenuator is the ‘L-type (so named
because of its diagram’s resemblance to that letter),
which (as shown in Figure 1) is really a simple potential
divider and consists of two resistors (R1 and R2) wired
in series. The degree of attenuation (a) is set by the
ratio of R2/(R1 + R2), as shown. Note that the output
of this type of attenuator must be fed to an impedance

Fig.2 This ‘pot’ attenuator is that is very large relative to the R2 value, so that the
a fully-variable version of the load does not significantly shunt R2 and thereby
‘L'-type attenuator increase the overall attenuation of the circuit. Also

Fig.3 The design of th_is note that the attenuator’s input impedance equals R1
switched attenuator is fully +R2 (=R,)
1)

described in the text

The method of designing an ‘L'-type attenuator
with desired values of attenuation ‘a’ and total resist-
ance Ry is to firstwork out the value of R2, and then the
value of R1, on the basis of:- (i) R2 = R;/a, and (ii) R1
= R; — R2. Thus, to design & basic ‘L.’ attenuator that
has an R, value of 10k and art‘a’ value of 10 (= 20 dBy),
R2 needs a value of 10k/10 = 1k0, and R1 needs a
value of 10k-1k0 = 9k0

Thessimplest type of variable attenuator is the var-
iable ‘pot” type shown in Figure 2, which may be used
as a volume control in an audio system or as an output
level controlin a simple audio generator, etc. Note that
this pot has upper and lower arms, and is merely a var-
iation of the ‘L'-type attenuator.

Another variation of the ‘L’ attenuator is the
switched variable type shown in Figure 3, which can
provide a selection of values of attenuation. The
procedure for designing this type of circuit is similar to
that already described ( using obvious variations of the
(i) and (ii) formulae), except that a separate calcula-
tion is made for each attenuation position, starting
with the greatest. Thus, the Figure 3 attenuator has an
R value of 10k, so the first step in the design is to work
out the R3 value needed to give ‘+100’ attenuation,
which works out at 10k/100 = 100R. Similarly, the
‘lower arm’ (i.e., R2+R3) value needed in the ‘=10’
attenuation position equals 1k0, but 100R of this is
already provided by R3, so R2 needs a value of 1k0-
100R = 900R. R1 needs a value of 10k-1k0 = 9k0. as
shown. This basic design procedure can be expanded
up to give as many attenuator steps as are needed in
any particular application.

Figure 4 shows how modified versions of the
Figure 2 and 3 circuits (with greatly reduced resistance
values) can be combinedto make a fully-variable wide-
range attenuator that can serve as the output of an
audio sinewave generator, etc: RV1 should be pro-
vided with a hand-calibrated scale,

Voltage Ranging

One popular application of the multi-step ‘L’ attenua-
tor is as a 'voltage ranger’ at the input of an electronic
voltmeter, as shown in Figure 5. Here, the actual
voltmeter has a fixed FSDvalue of 1 volt, but the instru-
ment is ‘ranged” to indicate other FSD voltage values
by feeding them to the voltmeter via a suitably scaled
switched °L’ attenuator. The attenuation ratios (Vi
Vour) are chosen on the basis of:- ‘a’ = Desired FSD/
Actual FSD. Thus, the Figure 4 attenuator is designed
to give output ranging of 1-10-100 volts, which in this
case correspond to attenuation values of 1, 10 and
100. Note in the diagram that the meter’s range is
extended to 1000 volts FSD by connecting the high

f?ln av

etc

ATTENUATOR

? ) x1 RV (1) .
= 6% 1M5
L2 ( RESISTORS
-2048 e
A
S0R | a00k 1w
AV1 HIGH-IMPEDANCE
Vi 1ko§""" S4B ¥ DU S/ —— BUFFER/AMPLIFIER @
/ GIVING 1V FSD
9RO Vin S0k 100V PSS
~60dB
1RO 10k
Y
o O o -

Fig.4 This fully-variable wide-range attenuator can be used in the output of a simple sinewave generator,

Fig.5 This attenuator is used for ‘ranging’ an electronic voltmeter

:7%'}' oV
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i‘ -1V ) 1V 5; OV 01V
u ? \
667k 680k 600k 500k
av av 2Vs 2v
233.3k 240k 300k 300k
10V 10V 10v 5V
66,67k 68k 50k 100k
Vn  TOTAL o Vi ToTal A0¥ Y  ToTaL FaY Vn  totaL L
23.33k 24k 30k 50k
100V 100V 100V 20V
667k 6kB 6k0 a0k
300V 300V 250V K S0V
3.3k k3 ako 20k
Y ¥ \
) Cr —_— 0, O
o— 20R
:‘TJW ov 4 =2 1"7)77 ov .-’7‘]7? ov
O 0]
(a) ffIﬂ ov L {a) (B}
(b) Fig.7 These 1MO0 attenuators give (a) 1-2.5-10, etc., and (b) 1-2-5-10,
Fig.6 These attenuators give 1-3-10, etc., voltage ranging; the one in etc., voltage ranging. For alternative total resistance values,
{a) uses ‘odd-ball’ resistor values, which total 1MO0; the one in simply multiply or divide all resistors by a proportionate
(b) uses standard values, which total 1,022 M amount (e.g., divide by 100 for 10k total)

voltage via a separate input terminal (marked ‘1kV’
and ‘+10’) and a 9MO resistance chain made up of six
series-wired 1M5 resistors, thus ensuring that (at FSD)
a maximum of only 150 volts appears across any resis-
tor or pair of switch contact; when inputs are con-
nected to this terminal, the meter’s sensitivity is effect-
ively reduced by a factor of ten on all ranges.

SE 0 0dB
206k
-2dB (+1.259)
163.4k
~4d8 (+1.585)
130K
—6dB (+1.995)
103.2K
-8dB (:2.512)
81.83k
~10dB (+3.162)
Vn  tomacy oK
~12dB (-3.98)
516k
~14dB (+5.01)
41121
~16dB (+6.31)
32,5k
—18d8 (-7.94)
25.9k
~20dB (-10)
100k
Y
[ —— ”Jn 8]
ov
(a)
Fig.8 The output of this 1MO0 attenuator is
variable in 2 dB steps
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Figures 6 to 8 show some useful variations of ‘L
type voltage— ranging attenuators. Figure 6 shows two
versions of an attenuator designed to feed a 1V FSD
meter with 1-3-10-30-100-300 volt ranging. The ver-
sion shown in (a) has a total resistance of 1MO and
calls of odd-ball values of resistance; the version
shown in (b) uses standard resistors and generates
maximum ranging errors of less than 0.4%, but has a
total resistance of 1.022 Megohms.

Figure 7 shows two more 1MO attenuators
designed to give 1 volt FSD outputs; that in (a) gives
1-2.5-10-25-100-250 volt ranging, and that in (b) gives
1-2-5-10-20-50 volt ranging. Finally, Figure 8 shows a
1MO attenuator that gives an output that is variable
from OdB to —20dB in 2dB steps.

Note that all the attenuators shown in Figures 3 to
Figure 8 can be made with alternative total resistance
(R;) values by simply multiplying or dividing all resistor
values by a proportionate amount. Thus, any of the
‘IMO’ designs can be adapted to give an Ry value of
10k by dividing all resistor values by 100, etc. Odd-ball
values #f resistance can be created by wiring two or
more lstandard resistors in series or parallel.

Frequency Compensation

‘Lf-@pe attenuators of the types shownin Figures 1t0 8
are accurate only at DC or low frequencies or when
made up of low— value resistors. Stray capacitances
invariably shunt all resistors and make their imped-
ance decrease as frequency increases, and in the case
of the ‘L attenuator this may affect its attenuation
ratios. This effect is particularly acute when high-value
resistors are used; a mere 2p of stray capacitance rep-
resents a reactance of about 800k at 100kHz and can
thus have a significant effect on any resistor value grea-
ter than 10k or so. This problem can be overcome by
deliberately shunting all resistors with correctly chosen
values of capacitance, as shown in Figure 9.

Here, each resistor of the chain is shunted by a
capacitor, and these have reactance values that are in
the same ratios as the attenuator’s resistive arms. The
smallest capacitor {largest reactance) is wired across
the largest resistor and typically has a value in the
range 15 to 50p, which is large enough to swamp strays
but small enough to present an acceptably high imped-
ance to input signals. The attenuator’s frequency
compensation is set up by feeding a good square wave

JOLVINHLLY
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O -1
Ji >
c1 -L (a
10
+100
| | IN (b
+1000 out
(e
Y
O —()

J’}Jﬂ v

Fig.9 A basic ‘compensated’ wide-range ‘L’-type attenuator, showing square wave

output waveforms when the C1 trimmer setting is (a) over compensated,
(b) correctly compensated, and (c) under compensated

on each range. Figure 11 shows a variation of one of
these sections; in this case C1 is used to set the sec-
tion’s frequency compensation, and C2 is used to
adjust the section’s input capacitance so that the “Y’-
channel attenuator presents a constant imput imped-
ance on all ranges. .

Figure 12 shows how a 2-range compensated
‘primary’ attenuator and a low-impedance uncompen-
sated 6-range ‘secondary’ attenuator can be used
together to help make an AC millivoltmeter that spans
ImV te 300V FSD in 12 ranges. The primary attenua-
tor gives zero attenuation in the ‘m\/’ position and
+1000 attenuation in the 'V’ position, The secondary
attenuator is a modified version of that shows in Figure
6b, with all resistor values reduced by a factor of 1000,
Note that if readily-available metal film resistors with
values greater than 10R are to be used throughout the
construction, the 6.8R and 3.42R resistors can be

millivoltmeter

/7%0\!

E AC
g v C2 b Al RS J..‘-ca R7
; INPUT 50p 7T 500k 200k T 25p <950k
(o e 5 A2 RE oL C9 RE
¥ 50p *T* 500k 100k T a70p < 50k
’ o,
ﬂJn
ov
b L
ouTPUT
TO 'Y
AMPLIFIER
Q
< Fig.10 Part of a typical ‘scope ‘Y’ amplifier attenuator
1N O—>- I 1mviv
A ¢ mv
100n 1)
‘ UNITY-GAIN
ST & ~o——  VOLTAGE Smvisy
A FOLLOWER
= R1 {+1000)
2 10M
o T sp 10mvitov
mlnw ¥ QUTPUT TO
a o~ 1mV FED
Fig11 Alternative type of 'Y’ amplifier AC METER
attenuator section; C1 sets INPAT 30mV/3ov
frequency compensation: C2
sets input capacitance
L e R2 6R8 = 1501501750 Teamyieoy
T S8n 10k 3.42R = 1O/ UHIQH510
300mV/300V
Fig12 Use of primary and secondary ¥
attenuators in an A.C. o o

gram,
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to its input, taking its +100 or +1000 output to the
input of a 'scope, and then trimming C1 to obtain a
good square wave picture, as shown in (b) in the dia-

Oscilloscopes invariably use compensated ‘[’-
type attenuators at the input of their ‘Y’ amplifiers.
Figure 10 shows part of a typical example, in which an
individually trimmed 1MO attenuator sections is used

made by wiring three or four resistors in parallel, as
indicated in the diagram.

An ‘L’-Type Ladder Attenuator

One snagwith the basic ‘L'-type attenuator of Figure 1
is that it needs two greatly different resistance values if
used to give a large amount of attenuation, for exam-
ple, for 60dB attenuation R1 must be 900 times grea-
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ter than R2. In this example. if R2 has a value of 10R  ilarly. the middle attenuator shunts the lowerleg of the
minimum, R1 nees a value of 9k0 or greater, and must first (100mV) attenuator and reduces its effectivevalue
be frequency compensated if used above 20kHz orso.  to 91R. Thus, each stage effectively consists of an
An easy way round this snag is to build the attenuator ~ 820R/91R 20+dB attenuator that is accurate within
by cascading several lower-value attenuator stages,  +0.2%. The odd-ball 101R resistors are made by
with sensibly restricted resistor values, as showninthe  series-wiring 33R and 68R resistors.
practical circuit of Figure 13. Such a circuit is known as The Figure 13 attenuator is an excellent design
a ladder attenuator. that can be used as the output section of a variety of
The Figure 13 ladder attenuator consists of three  audio and pulse generator circuits, Its output is fully
cascaded 20dB attenuator stages, each with a maxi-  variable via RV1. The attenuator’s output impedance,
mum resistance value of 820R and with a useful  onall but the ‘1V range, is less than 90R, so its output
uncompensated bandwidth extending to hundreds of  voltage is virtually uninfluenced by load impedances
kHz. Note that the right-hand (1mV) stage has ‘R1-R2”  greater than a few kilohms.
(see Figure 1) values of 820R and 91R, and that these The series will continue next month with an in
shunt the lower ‘R2’ 101R leg of the middle (10mV )  depth look at matched resistance attenuators.
attenuator and reduce its effective value to 91R. Sim-

SW1 y >
(COARSE) A
- .
W imv
100mV 10mV
820R a
Fig.13 This fully-variable attenuator uses
§9'“ an ‘L’-type ladder network and
makes an excellent wide-band
Y output section for audio and pulse
& generators, etc.
v
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Geoff Martin relates to a
simple but pleasing

The Golden Ratio

sn’t Mathematics wonderfull Used as a tool, it
aftempts to model nature and predict the aes-
thetically pleasing proportions of evolution be
they within the shapes of animals, plants or by
artifacts created by the human hand. Natural
shapes appear to be exceedingly complex at first sight
but under closer examination we often find that nature
reveals a replication of a simple shape and so time con-
scious formulae can produce examples which are a
close approximation of the truth, Increasingly, beauti-

proportion found in
nature.
A
L

B c
| |

AB
BC = AC = 0.618034

| !

BC

OR 1.618:1

Fig.1 The Golden Ratio created on a line in mean
and extreme ratio

RATIO
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fully simple formulae emerge as the most likely rep-
resentation of natural events.

Historically, the invention of numerical symbols
to represent size or incremental moves in angular or
linear fashion was the first step to giving us a link with
nature. Since then, Arabic numerals have almost
universally been used to get closer to nature.

Take a chap like Fibonacci, an Italien mathemati-
cian of the thirteenth century, he produced = simple
series of numbers that relates closer to nature than per-
haps he had initially thought, Here is part of the series:

0,1, 1,2.3,5,8, 13, 21, 34, 55, 89, 144, , .

It is part of, because it can go on and on forming

an infinite series. But how do these successive terms
relate?

The next term in the series is the sum of the pre-
ceeding two terms. [t is a very simple series.

If we gaze at these numbers for a moment and
take pairs of numbers in sequence, an interesting con-
vergent decimal appears out of the two groups of frac-
tions. Here they are:

1/1=1.00 1/2=05
2/3=0.6666 3/5=0.6000
5/8=0.625 8/13=0.615385

13/21=0.619048 21/34=0.617647

34/55=0.618182 . 55/89—0.617978

89/144=0.618056  144/233—=0.618026

Now you can go on doing this as much as you like,
but the significant point is the decimal on either side is
converging to 0.618034 to the first six significant
figures. The left hand column decreases from one and
the right hand column increases from 2 half of one.

This figure or ratio if divided into one, is classical ly
called the Golden ratio, a term first used by Leonardo
da Vinci. The ratio was also known to the ancient
Greek geometers. Although no documentaary evi-
dence exists, it seems it was used to proportion their
buildings. Here is the ratio.

1:0.618034 or 1.618:1

Turning this into a ratio on a line, we can see from
Figure 1 where this dividing point appears spacially.
The golden section is described as a ratio of lengths:

AB/BC = BC/AC

It has a numerical value of (/5—1)/2 or

0.618034

The Shape To Stand The Test
Of Time

Turning the ratio into a Golden rectangle is simple as
shown in Figure 2. The ratio of the width to the lengthis
0.618034. This particular rectangle is said to have the
most pleasing proportions to the eye and consequently

L

w !l‘_’— =¥618034

(a)

(c)

Fig.2 The Golden Rectangle and subsequent divisions to form a logarithmic spiral

LOGARITHMIC
SPIRAL

(d)
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has been used by many painters and artchitects
thoughout history for the outline of a landscape pic-
ture, within the pictureitself, or to proportion buildings.
The technique of using ‘dynamic symmetry’ within
many paintings, sculpture, pottery and buildings must
have had a profound affect upon local communities
because the architectural and artistic merit of such a
geometrical arrangement has ensured their partial
preservation throughout wars and the ravages of pollu-
tion. This is exemplified within some Grecian monu-
ments, for the Greeks must have known all about the
ratio as the Golden rectangle is incorporated into The
Parthenon and also into the Grecian way of life.

Another shape of symbolic significance is the
pentagram seen in Figure 3. An archaic symbol of
health, and now an important national symbol of the
USA, this regular ‘star’ has golden proporttions.

For AB/BC=1.618034 and BE is cut into the
same ratio BD/DE=1.618034 by the chords of the
regular pentagon.

Returning to the rectangle, an interesting devel-

stem. Figure 6b shows 3/5 of a turn to the next leaf and
finallyin 6¢ 5/8 of a rotation is taken up to the next leaf.
These are simplified diagrams, but it shows a trend.
Why do plants twist as they grow up anyway and do all
plants twist the same way? Could it be affected by the
rotation of the earth and rather like the spiralling of
water down the plughole, whether the plant is twist
direction sensitive in the northern or southern hemis-
phere. What an intriguing thought! While on the sub-
ject of bean shoots and seeds, we digress here — which
ever way one plants a runner bean seed (remember
from your school days), the root always knows which
way to grow. Has the seed an in-built gravity detector?

The Shape of Things To Come

Back to pleasing proportions, today’s world has a host
of rectangular ratios ranging from A4 paper (1.41:1),
Laptop LCD screens (1.58:1) and TV screens (1.33:1).
Whether these shapes provide us with a degree of sub-
conscious satisfaction within our brains remains debat-

able.

c
Fig.3 The regular five-pointed star and pentagon
with golden proportions

GOLDEN RATIO:
AB

Be = 1.618034
8D

BE = 1.618034

Fig.4 A sunflower seed

opment can be seen if we now divide this shape up into
a square and rectangle shown in Figure 2b. The result-
ing rectangle is also ‘golden’. Continued further as in
Figure 2¢ until no more rectangles can be produced a
shape called a logarithmic spiral can be drawn within
the squares and rectangles (Figure 2d}. Nature has pro-
duced logarithmic spirals in ‘snail-type’ creatures in the
sea and on land.

The most striking occurence of this is within the
head of the sunflower (Figure 4). The seed head
arrangenent follows logarithmic spiral patterns and the
number of clockwise spirals to the number of anti-
clockwise spirals are two successive terms of the Fibo-
nacci series. One might have expected from a sym-
metry in nature that the number of spirals would be
equal in either direction!

Is there a consistency in nature to produce the
higher Fibonacci number of spirals in one direction?

The same effect occurs in a pine cone and is
somewhat easier to count. Examination of the base
should verify this (see Figure 5) and the photograph.

Returning to the original Fibonacci series of num-
bers, there is the same curious mathematical connec-
ton within plant growth. A shoot will twist as it grows,
producing leaves on the stem. The twistingand number
of leaves produced relates to this series. Figure 6 shows
some possible arrangements. Looking from the top, 6a
has half a turn anticlockwise to the next leaf up the
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arrangement of
logarithmic spirals

LOCUS OF POINTS
JOINING SEEDS
ON A SUNFLOWER
HEAD PRODUCING
LOGARITHMIC
SPIRALS

Regarding the latter, discussions have taken place
over the aspect ratio of future TV screens. Present
screend tse 4:3 and the proposed wide-screen TV
looks as if it is settling around 16:9. Based on cinema
pictures it is in fact a wider rectangle compared to the
Gajlen rectangle {14.56:9). Given the choice, most
subjects when asked optedsor a picture ratio of 15:9 as
the most pleasing but 16:9 has been chosen to keep the
film industry happy.

In conclusion, it would be interesting to know
whether the Golden ratio through creations crafted by
man has been and will be ‘a timeless shape’. If it does
remain, will it be because we like to mimic some natural
shape with golden proportions not discovered yet, a
shape that came before us, perhaps an evolutary guide
for us to hanker after our roots”?

Afterthoughts
What about all the other similar series where the next
number is the summation of the previous two terms,
like:

0224610162642 .....ccoiriiiiiiiiii i
0,3,3,6,9,15,24,39,63,102,165 .......oococviriiinneinnn, ii
044812,20325284.........c.......... 3 oo 0090000
0,5,5,10,15,25,40,65,105,............ i
2,5,7,1219,31,50,81,131,212 .......
1,3,4,7,11,18,29,47,76,123,199
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Fig.5 A Pine cone
arrangement of spirals

We can forget series i and F{%[?:';RN
iii as they are double and quad-
ruple the Fibonacci series
respectively. But if we take the (2)

other series and find the series

3/5 TURN 5/8 TURN
| 216°) J (225°)
(b) (c)

Fig.6 Shoot growth in relation to the Fibonacci series

o

of fractions as before, we find

the same decimal (0.618034) arises from the converg-
ing pairs. Which makes you think, why did Fibonacci
pick the series he did, instead of the others? Is this Fibo-
nacci series unique to nature or do the other series of
numbers have any significance? Further, we might con-
sider the beginings of these sequences, One might ask
the question: what about any numbers before zero like
-..—169-54,-1325712, ..

... —24,15-96,-33,0,33,69, ...

... 25-1510,-5,5,0,55,10 . ..

... 743-12134,711,18 ...

You'll notice that some have numerical symmetry
but all have alternating signs and are again infinite in
length. Are these just creations of the mind or are do
they relate to the real world?

Why not do some investigations yourself to find
out some of the answers?

RATIO
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Fig.7 The Parthenon designed with the Golden Ratio in mind
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Ultra Violet
Radiation

Violet wavelengths below about

290nm. Thus although there may be
significant amounts of this radiation

0.217

04

present in space around the earth, itis
not allowed to penetrate to ground
level.

Ultraviolet radiation is conveni-
ently broken down into convenient

SPECTRAL IRRADIANCE (mW cm-2 nm-1)

/]

wavelength extents, being described
| as either UVA, UVB or UVC in
|=*increasing order of photon energy.
Table 1 outlines the wavelength
bands corresponding to the regions
of radiation.

300 400 1000 2000
WAVELENGTH (nm)

Fig.1 Spectral irradience produced by the sun at the earth’s orbit
{upper curve outside atmosphere: lower curve at sea level)

UVA and UVB are present in
normal sunlight and UVA is typically
produced by artificial sun tan equip-

he sun is a source of a broad range of elec-

tromagnetic radiation. Figure 1 shows the

distribution of radiation from the sun in

terms of spectral irradiance in units of mW

per square centimetre of power per nm
step in wavelength. The higher the value of this term
then the greater the amount of radiation at the cor-
responding wavelength. Two graphs are in fact shown.
The upper curve is that outside the earth’s atmosphere
while the lower one is that relating to radiation at sea
level. G

The shape of the curve is basically derived from
the so called ‘black body’ radiation emitted by the sun.
For a surface at a specific temperature, there is a cor-
responding spread or distribution of wavelengths or
emitted radiation. Figure 2 shows the distribution of
radiation for surfaces at a range of temperatures. The
hotter the surface the more radiation of shorter wave-
lengths is emitted.

For surfaces below 1000 K, no ultraviolet radia-
tion is produced, while a surface at 2000 K will
produce a small amount of radiation down to 200 nm.
The shape of the upper curve of Figure 1 is character-

ment. UVC radiation is only generally
encountered from artificial lamps since it is totally
absorbed by the earth’s atmosphere. UVA and UVB
tend to interact with the skin in different ways. UVA is

NOLLYVIAVd

by Douglas Clarkson
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SPECTRAL RADIANCE (W m-2 sr-1 pm-2)

&

10-4
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WAVELENGTH (um)

ORI
Fig.2 Spectral irradience produced by a black body radiation
- of a specific temperature. With increasing temperature,
more energy is generated towards shorter wavelengths

100

istic of a surface at =
6000 K. If the sun’s 5500 o W)
|

temperature ~was | Region Wavelength Limits
considerably higher, | _ 499 | ,
therefore, there |£ 4200 | Y UVA 400-320nm
would be a higher § l uve 320-280nm
proportion ofi | £ 3% :“.. uve 280-200nm
energy emitted in E 2800 !;l | | | Table 1: World Health Organisation Classification of
the ultraviolet range | % (f | Ultra violet regions.

! < o100 i —
of wavelengths. This | & '| || | |
‘temperature of a |Z 1400 :|| !
surface’ is also | L L | |
described as the L --__I-'l" T LY, A | more  penetrating
colour temperature 250 265 a0 295 310 425 340 355 370 380 400 than _UVB though
of a light source. An WAVELENGTH (nm} UVB is more dam-
ordinary  tungsten aging to the skin in
light bulb has a | Fig.3 Relative spectral power of UV treatment lamp with terms of response
colour temperature UVA and UVB contributions per unit of absorbed

of 2600 K.

While there are specific ‘dips’ in the lower curve of
figure 1, in the visible and infra red wavelengths, ozone
in the atmosphere acts to block out the shorter Ultra
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energy. On a clear
summer’s day the maximum intensity of UVA will be
about 5 mW/cm? while the corresponding figure for
UVB will only be 0.2 mW/cm?
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PROTECTIVEFACE
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PHOTODIODE

Fig.4 Main elements of a UV detector
incorporating a photodiode

Uses of UV Radiation

Ultra violet radiation is used in a broad range of medi-
cal, industrial and leisure activities. Where artificial
sources are used, these should be used with appropri-
ate caution.
Medical

In the medical sphere, the main activity is that of whole
body UVA therapy for Psoriasis. This is a distressing
condition where skin the normal mechanisms of skin
metabolism become disturbed and large areas of the
body become covered in unsightly skin scales. A

e

therapy introduced in the 1970’
called the PUVA treatment

10-2

RADIATION PENETRATION
DEPTH IN SILICON {mm)
3 3
e c B

10-41

| - | involves the sensitisation of the

patient’s skin to UVA radiation
by means of the drug such
as 8-methoxypsoralin (8-MOP)

|| | either by oral tablets or body

immersion in a bath or applica-
| | | tion of creams. This particular

drug was initially mainly extracted

200

Fig.5 Radiation penetration depth in a
Silicon photodiode as a function of
incident wavelength

400 600

WAVELENGTH (nm)

a00 1000 from papyrus reeds

Use is also made of UVB treatment lamps for
treating various skin conditions. Figure 3 shows the
typical relative spectral output of such equipment, in
this case a low pressure mercury vapour lamp.

UVC radiation has been used as a germicidal
lamp to kill bacteria. While the use of such radiation
will act to decrease numbers of bacteria. it is not a
trusted method where absolute sterilisation is
required. Preferred methods would in this eventuality
be heat, Ethylene Oxide or exposure to high levels of
Gamma radiation.

Industrial

The use of ultra violet radiation in industry is primarily
for acceleration of chemical reactions such as in the
curing of epoxy adhesives. UVB radiation is mainly
used and this is often passed down optical fibres to
produce a high intensity of radiation at the site where
the reaction is being accelerated,

Ultra violet radiation is also used in etching pro-
cesses such as in the manufacture of printed circuit
boards. A range of other photochemical processes uti-
lise the property of ultraviolet radiation to trigger
photolithographic processes.

Laboratory Equipment

Extensive use is made of the measurement of the rela-
tive absorption of visible and ultraviolet radiation as it
passes through samples being analysed. Specific tupes
of analysis utilise ultraviolet radiation where optical
wavelengths cannot provide the required level of selec-
tivity.

Detection of Art Frauds

Ultraviolet light has been extensively used to detect art
forgeries. The mechanism used is that of fluorescence
where photons of ultraviolet light ‘excite’ atoms on a
picture surface to emit visible photons of light. The dis-
tribution and colour of the photons observed is char-
acteristic of the age and composition of the paint and
varnish layers of the picture.

grown in the region of

RADIATION

the Nile Delta, though 0.7~ | [ 1
subsequently other | ‘ ‘ |
sources of supply have 06— —|— — . —f
been obtained. New ‘ | | ‘
types of photosensitising drugs are con- 05| | =S| (S
stantly being investigated to try and find a g |
more effective treatment. =i I ‘ N
After the skin has become sensitive, the £ | -1 X
patient stands in a whole body cabinet | & . | ' —\
termed a PUVA cabinet (Psoralen plus UVA) é ' | ‘ L~ | | =
for a specified treatrment period. A series of 0nl | | |
such treatments usually on a twice weekly ; | | |
basis typically leads to a cantrol of the condi- | |
tion in two or three mopths. Patients are ' / ' } T
treated on the basis of a specific dose of ~— ‘ I '
energy for a specific treatment. 200 300 400 500 600 700 800 900 1000 1100 1200

Table 2 shows the values of absorbed
dose for specific treatment times for a range
of typical UVA intensity values. Tubes have
to be replaced so that treatment times do not
become to long,

WAVELENGTH (nm)

Fig.6 Sensitivity in A/W for a Silicon diffused photodiode as a
function of wavelength

An old marble surface such as that of an ancient

Energy Dose (J) Treatment mW/cm? Time to deliver dose (mins) Greek statue will tend to fluoresce a yellowish-green
11 5 33 colour while a more modern cut surface will vield a
1 10 17 bright violet colour.
2 5. 67 Leisure
2 10 33 Evervone will be familiar with the use of sun beds for
5 5 167 ~skin ‘tanning’ utilising the UVA region. While it is
5 10 83 unlikely that skin with normal sensitivity will experi-
10 5 16.7 ence an adverse reaction with such freatment. skin
10 10 333 specialists remain cautious about extensive exposure

Table 2: Treatment times for specific values of
Energy Dose and treatment intensities.

to such radiation. Extensive work has been undertaken
to try and assess the possible benefits and hazards
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associated with this type of therapy. Details of the
effect of ultraviolet radiation on the skin will be given in
a later section.

Detecting Ultra Violet Radiation

Figure 4 indicates the main elements of an ultraviolet
radiation detector element. There is initially some ele-
ment of protective cover required. In addition a filter
response element is used to select a specific wave-
length band. The actual sensing element, such as a sili-
con or Ga-As detector will also have its own wave-
length sensitivity. The principal used in such semicon-
ductors is that of the photoelectric effect where an inci-
dent photon raises electrons to the conduction band of
the semiconductor, resulting in net flow of current. The
actual response of the detector with wavelength will be
influenced by all three components of the system.
Usually, the main factor is the wavelength response of
the filter element. Silicon based detectors tend to have
a response which extends into the infra red though Ga
-As devices have the advantage of being much less sen-
sitive in this region.

The short wavelength limit of ultraviolet sensitiv-
ity of silicon is determined to a large extent by the radi-
ation penetration of ultra violet photons in silicon. UV
radiation tends to be absorbed in the first 0.1 micron
thickness of the detector and often due to surface
deposits on the semiconductor surface, the response
to UV radiation is correspondingly degraded.

The radiation penetration depth of silicon as a
function of wavelength is shown in Figure 5.

Figure 6 shows the response of a typical ‘UV-blue’
silicon photodiode. Such wavelength responses are
specific to particular manufacturing processes. The

into current.

The recent development of semiconductor tech-
nology has favoured the use of Ga-As devices for
detection of UVA and UVB radiation. Figure 8 shows
the spectral response of two devices produced by
Hamamatsu which include a Ga-As photodiode and a
separate filter element. One device, the G3614 is pri-
marily a UVA device while the G3614-01 senses

100 = ! —i—
===
i [ A
g = | ; ==
g //7\/
g jﬁﬁ =
—
) | | G3614.01 |
L]

200 300 400
WAVELENGTH (nm)

G3614-01 (UVB) photodiodes

500

Fig.8 Spectral response of Hamamatsu G3614 (UVA) and

mainlyin the UVB. The active area of the device is only
0.8 by 0.8 mm while the filter element is approximately
3.6x3.6 mmin size. The UVA detector has some sensi-
tivity in the UVB range, through this would not be a

problem for measuring UVA in sunlight or
from UVA tubes since the UVB contribution

would normally be relatively small. Figure 9

shows a typical circuit used with the photo-
diode sensor to measure UV radiation. It is

i
= uve uvB UVA
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Z 80 5y
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x 50 7l \
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important when using such photodiodes to
. shield the sides of the sensor since the
—F photodiode itself will be sensitive to optical
' wavelengths.

Figure 10 shows also a UV radiation to

200 250 300 350 400
WAVELENGTH (nm)

typical commercial UV measurement unit

Fig.7 Spectral response in UVA, UVB and UVC ranges for a

frequency conversion circuit using the
G3614 type devices where the output fre-
quency is modulated by the input UV level.
In order to structure a circuit where the out-
L put frequency was proportional to the input

450

‘window’ on such devices is usuallymade of fused silica
since a standard glass window would absorb wave-
lengths shorter than about 300 nm.

As indicated previously, it is essentially the filter
element used with a specific detector that determines
the wavelength response of the detection system.
Figure 7 shows the specific set of filter responses used
for UVA, UVB and UVC. Table 3 indicates the corre-
sponding peak response wavelength and bandwidth
(FWHM) for a specific commercial unit.

Response Peak Wavelength FWHM

UVA 365nm 37nm
UvB 310nm 34nm
uve 254nm 10nm

Table 3: Data for UVA, UVB and UVC filters uses in a
specific commercial UV meter.

The filters used for this ‘building block’ approach
to UV sensor construction are in fact a subset of a
much more extensive set of commercially available
interference filters covering the ultraviolet, visible and
infra red ranges of radiation. The cost of such filters
can often be considerably more than that of the silicon
or GaAs photodiode used to convert incident photons
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) level of UV radiation, a specific V/F chip
such as the Teledyne TC9400 series would be more
appropriate.

> These types of sensgr are designed for high
volume applications, such as personal ultra violet dose
meters or for educational science equipment. Where a
more specific wavelength response is required, other
combinations of semiconductor detector and filter
outlined previously would be selected. This solution
would certainly be more expensive than the Hama-
matsu devices which cost only about £8.00 (4 VAT)
each.

The circuit of Figure 10 is acting as a simple cur-
rent to voltage generator where current flowing from
the photodiode to ground passes through the resistor
R1, raising the potential at the output of the opera-
tional amplifier accordingly.

Part of the problem of using such devices is the
need to provide physical protection to the specific
sensor in the housing of the sensor probe. The prob-
lem has typically been in relation to UVB detection.
Recent developments in materials science, such ‘as the
Schott product Ultran 30, whose absorbtion spectrum
is compared in Figure 11 with material BK7, provides a
convenient new material to shield UVB sensors, The
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figure shows the absorbtion for a 5 mm thickness of
material. At 300 nm, the mid point of the UVB range,
the Ultran 30 absorbtion is only about 4%, while itis at
least 50% for the BK7.

The sensitivity of UV detectors is often described
in terms of values of Amps per Watt of incident radia.
tion. Typical values for photodiodes are in the region
of 0.5 A/W.In the case of a small photodiodewitha 0.5
mm square active area and an incident radiation level
of 5 mW/em? (the upper range for natural UVA) | the
current flowing will be approximately 6 micro amps.

10-100p
3-8V Rf

——) Vp=RixlIsh

™

NOTE:

Gas4 OP AMP = TLC271

Fig.9 Simple photovoltaic circuit used with G3614
photodiodes to measure levels of UVA/UVB

thermocouples to measure it. One commercial design
uses a front absorbing disc which is bonded to a ring of
discrete thermocouples which in turn are bonded to a
large copper heat block. Under steady state condi-
tions, a given incident power level will generate a stable
temperature difference across the array of thermocou-
ples. This in turn generates an output voltage which
can be measured and displayed.

The manufacturing costs of such detectors, how-
ever, are relatively high and photodiode detectors, with
all their problems of wavelength sensitivity are more
economical and practical,

Interaction of UV Radiation
Production of Vitamin D

Ultraviolet light, particularly the component around
280 nm, acts as an agent to synthesise Vitamin D in the
body. A daily intake of 400 International Units (IUs)
per day is recommended and clinical symptoms are
evident when daily intake fall below 70 International
Units. Chronic lack of vitamin D results in the disease
known as rickets. Exposure to UVB radiation over a
vearly cycle acts to top up the body’s reserves of the
vitamin.

Individuals particularly at risk from vitamin D
deficiency are for example the elderly confined at
home or in a hospital/nursing home environment. It
has been shown that the addition of a component of
UVB to the normal lighting of such an environment

Other Detection Methods

A photomultiplier tube with an appropriate win-
dow for UV radiation is typically used for detect-
ing low levels of UV radiation. Sensitivity of such
devices usuallyranges between 20 and 200A/W
ofincident energu-typically a factor of 400 grea-
ter than a photodiode detector. Devices can
also be obtained with sensitivities considerably
in excess of this value. Photons which pass
through the window of the photomultiplier tbe
sirike a photocathode which ejects electrons
which are then cascaded down through a series
of voltage steps, multiplying the pulse of current
by a given factor

While such devices can detect very low
level of UV radiation, their spectral response is
not flat across the UV range. Photomultiplier
detectors have the disadvantage.of requiring a

TRANSMITTANCE (%)

Fig11 Diagram of transmittance of Ultran 30 as a
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high voltage stabilised power supply. Their
delicate vacuum tube desigrfis also relatively fragile.

The main disadvantage of the previous detectors
described is that their sensifRity is wavelength depepd-
ent. It is possible to absorb®the incident UV radiation
and use thermal detectors such as miniature
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Fig.10 Simple circuit for demdnstrating V to F characteristics
using the Hamamatsu photodiode

results in an improvement in vitamin D status of such
individuals.

Skin Interaction

There are basically two elements to understanding the
interaction between the UV radiation and the skin.
Oneis to separate out the effect of the basic sensitivity
of the skin to UV radiation as a function of incident
wavelength. The other is to consider what constitutes a
safe exposure of either natural solar radiation or artifi-
clally produced UV radiation. Table 4 shows how the
variation of the so called action spectra, given bv1/D
where D = the minimal ertherma dose (MED — that
level which will just cause skin reddening on exposure
of white skin) as & function of wavelength. It can be
seen that significantly more UVA radiation than UVB
has to be given to achieve the same element of skin
reddening. In numerical terms, this factor is between
2000 and 3000.

When dealing with natural sunlight spread over
the solar spectrum wavelengths, the MED is approxi-
mately 1 Joule per square centimetre. This level of red-
dening is therefore the summed contribution of a
range of wavelengths with a wide variation in resulting
skin sensitivity.
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Action Spectra Wavelength
m2/J nm
000009 400
0.0001 320
0.001 350
0.05 300
0.03 280

Table 4: Values of action spectra as a function of
wavelength. The peak of skin sensitivity occurs at
around 300nm.

high equivalent protection factor. While articles such
as cotton tops can have a value greater than 1000,
values for materials such as polyester can be as low as
4. Perhaps summer beach wear should also have its
UV protection factor indicated.

The Nature of Ozone and the
Link with Levels of UVB
Radiation

It is the key crucial link between atmospheric ozone
concentrations and levels of ground based UVB which
is at present under intense scientific scru-
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melanoma skin cancer as a function of annual UV

tiny. Most atmospheric oxygen is present as
0, — two atoms bonded together. Ozone
exists as O, — three atoms bonded together.
Ozone is thought to form in the atmosphere
due to upwards diffusing O, molecules
encountering downwards diffusing singly
ionised oxygen atoms. At ground level
ozone released in car fumes converts hydro-
carbons from vehicle exhausts into irritating
siteg. Ozone is light blue in colour and very
irritating to the lining of the lung. Levels in
excess of 1 part per million are hazardous to
health.

The valuable role of ozone of absorb-
ing the shorter wavelengths of UV radiation,
is in fact achieved by a remarkably small

The tanning of the skin can be produced by UVA
exposure without ‘burning’ of the skin which is charac-
teristic of UVB exposure. This is why it is possible to
safelyreceive a given energy dose to the skin from UVA
sun tan tubes but experience serious burning from an
equivalent dose from solar radiation which has signifi-
cant UVB contributions.

UVB is, however, some 600 times more effective
in producing tanning effects than UVA.

Skin Cancer

A wide range of clinical studies have investigated the
link between skin cancer and Ultra Violet radiation.
Figure 12 indicates the incidence of male non
-melanoma skin cancer as a function of annual ultrav-
jolet exposure. Studies have also been undertaken of
the incidence of the more serious malignant mela-
noma as a function of sunspot activity. Figure 13
shows there is a steady increase in the observed incid-
ence with time but this seems also to be influenced by
the level of sunspot activity. This cancer link is asso-
ciated with UVB type radiation and current medical
advice is therefore to minimise exposure to UVB radi-
ations. The increased incidence of skin cancer is asso-
ciated with increasing social trends for ‘sun and sea’
foreign holidays where very large doses of UV with
harmful UVB components are accumulated in a short
time scale. It is suspected that the‘short sharp tan’ may
add an additional degree of risk compared with the
accumulation of the same dose over a longer time
interval.
Minimising Exposure
The key element to minimising exposure is naturally
enough not to expose too much skin or use adequate
sun screen preparations. The so called sun protection
factor (SPR) is the ratio of exposure time to produce a
given skin reaction to that of unprotected skin. Thus
the higher the number, the more effective the level of
protection. A value of 10, for example, would allow
someone to remain in the sun a factor of 10 times
longer without burning compared with the time taken
with no protection. The protection level against UVB s
the most important element of the sun screen’s formu-
lation.

Articles of clothing would be expected to have a
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amount of the gas-equivalent to a layer at
normal temperature and pressure of only 3mm. The
ozone exists mainly in the stratosphere between
approximately 10 and 50km. The maximum concen-
tration tends to occur at around 25km.

Normal diatomic oxygen tends to absorb UV
radiation of less than 242nm. The ozone molecule
tends to absorb radiation less than 320nm. Thus
ozone ‘mops up’ initially in the UVB range of radiation
while diatomic oxygen absorbs into the UVC range.

Figure 14 shows the relative absorbtion of radia-
tion by ozone in the atmosphere as a function of wave-
length and compared with conventional Rayleigh scat-
tering. Ozone is therefore more absorbing in the UVB
range.

The depletion of ozone was first discovered by
British Scientists in the Antarctic. While this is
described as a ‘hole’ in the ozone layer, it is probably
more apt to describe it as a depleted area. In October
1990 NASA reported that the level of depletion
observed matched the lowest levels observed during
1987 and 1989, so there is anxiety that the trend of
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sunspot activity
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Fig.14 Indication of the effect of ozone and Rayleigh
scattering on incident ultraviolet radiation

principal one being halogenated hydrocarbons.

The areas around the poles tend to become
depleted of ozone and periodically become refreshed
from the supplies from less extreme latitudes.

While the effects of increased levels of UV radia-

ion on the human population is one factor, scientists in
a broad range of earth sciences are investigating the
effects of raised levels of UVB radiation on plant and
marine life in general. There are indications, for exam-
ple, that plants exposed to increased levels of UVB
radiation become more susceptible to disease. This is
stimulating research into creating strains of plants with
‘immunity’ to increased levels of UVB radiation.
Research, however, into determining the influence of
increased levels of UVB on the ecosphere is only in its
infancy and it is impossible at this juncture to assess
the full environmental impact caused by the erosion of
atmospheric ozone.

Further Reading:
Non ionising radiation, Microwaves, Ultraviolet and
laser radiation by H. Moseley, Adam Hilger, 1988.
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y way of introduction [ am the technical
director of Newchapel Observatory &
Natural Sciences Centre (Ref.1). The
observatory was built about 25 years
ago, by two brothers and houses an 18
inch Newtonian reflector. Later they added a planita-
rium. All this was done as a hobby ie. they had no finan-
cial support.

About 6 years ago the site was expanded, in com-
pass not size, to become the Natural Sciences Centre
Ltd, and this is when [ came on the scene as one of the
directors. Its objective was to try to bring to the public
an understanding of science, particularly the sciences
associated with natural phenomena. This is still an
unpaid exercise (although we do now charge visitors an
entrance fee).

Having designed and built a more elegant equa-
torial drive for the main telescope | am just completing
a fully automatic recording weather station. It was dur-
ing the early work on this that | came across an article
{Ref.2) which suggested that it might be possible to
detect meteors (shooting stars) by their effect upon the
upper layers of the atmosphere.

The ionised layers of the atmosphere which
extend from about 40-200 km £25-125 miles) upwards
are positively charged with respect ta the earth, Much
nearer the earth, just a few hundred feet up, are the
clouds which often havegh negative charge at the
bottom and a corresponding positive charge atthe top.
To measure these voltages a voltmeter with extremely
high input resistance is needed.

I'saw this as a double interest to us at Newchapel.
First some more information about the weather and its
effects and second, possibly some more astronomical
information. As a consequence | have built the first
Earth Charge Recorder at mv home intending later to
install one at Newchapel. | suppose this name reallyis a
complete misnomer, it should be Atmospheric Charge
Recorder. However Earth Charge Recorder was the
name used in the first mention of the project and it's
stuck so [ will continue to use it.

The system is shown in outline in Figure 1 and I
shall discuss it now in general terms. Later | shall
describe each item in detail. The system consists of a
very high input resistance voltmeter coupled to a probe
mounted a few metres above ground. The output from
the voltmeter (although these very high resistance volt-
meters are more often called electrometers) is moni-
tored via the analogue input port of a small home com-

puter. A Dragon 32. Every hour when running this
machine dumps the data onto disc. *Then when
required the data from the Dragon disc can be passed
to an [BM PC look-alike for processing. Of course the
PC has to be called George!

The theory behind the detection of meteors goes
something like this. The earths atmosphere in propor-
tion to the earth is rather like the skin of an orange, the
earth being nearly 13000 km in diameter whilst the
atmosphere is only some 300 km thick. A meteor
entering the earths atmosphere leaves a strongly
ionised path which can be likened to sticking a needle
just a little way through the skin of the orange. The

IONISED LAYER
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Fig.2

ionised meteor trail effectively lowers the ionised layer
thus increasing the potential gradient and hence the
voltage detected at the probe. Looking at it another
way the potential of the ionosphere establishes a
potential gradient between the ionosphere and the
earth. At the point of entry of the meteor this potential
is extended down to the bottom of the ionised trail con-
sequently the same potential difference is applied over
amuch smaller distance. [ believe that this effect will be
local ie. only detectable below the meteor trail and
extending only a few kilometres either side. Probablyin
proportion to the height of the bottom of the trail. For
example if the bottom of the trail were 40 km above
ground then the effect would only be detected within a
circle of radius 40 km below.

Results from radar detection of meteors seem to
suggest that the ionisation caused by the meteor is
rapid followed by a slow decay (relatively). The whole
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exercise taking only a few seconds. The exercise there-
fore consists of looking for blips of this order in the
atmospheric voltage. Of course the difficult bit is trying
to convince oneself that the blips detected are due to
meteors! According to my theory, and again this is my
theory and consequently open to question, the
incidence of meteors penetrating the earths atmos-
phere should be greatest during the hours between
midnight and midday (sun time, not BST, GMT or any
other variety). This is the period during which the
observation point is facing the direction of earths
travel. Common sense suggests one is more likely to
run into something in the direction one is travelling,
especially when the speed is about 100,000 km/hour
{67,000 miles/hour) which is the earths orbital veloc-
ity.

The records so far taken over a few days don’t
seem to be biased in this way, although there are a fair
number of blips. They don’t seem to show any daily
pattern either which suggests they are not man-made.
This is why we intend to install two of these devices
about 5 miles.apart so that the two sets of readings can
be compared. Any blips which coincide are likely to be
natural phenomena. Man made noise is unlikely to be
identical in time and amplitude at that distance.

The Dragon micro spends most of its time whir-
ling round in a loop measuring the voltage and com-
paring it with the previous reading ie. looking for short
term differences (the blips). The maximum difference

JONISED LAYER
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for each minute is saved as well as maximum and mini-
mum values. The date and time (daynumber, hcur,
minute) is added to the record. Each entry thus consist-
ing of six values day, hour, minute, maximum value,
minimum value, maximum difference. Hourly the
entries are consigned to a file the name of which is
derived from the current date eg. TO610.ECR the T
indicates 1991 then the month and day. The suffix
identifies the source of the data, the earth charge
recorder. Each file starts at midnight.

The Dragon has no RS232 capability but it does
have a printer port which is standard Centronics paral-
lel. A special PCB converts from Centronics to R$232
at 2400 Baud for transmission to an Amstrad PC look-
alike for processing. The transfers are performed as
and when convenient (Figure 1).

The PCB in question is one which I designed
some time ago and several of them are in use both here
at my home and at Newchapel. One interface is RS232
at 1200 Baud and the others are 8 bit input and 8 bit
output with strobe and ready respectively. The board
requires plus and minus 12v and 5v.

There is no reason why the job should not be
done by a PC fitted with an analogue input board
except that it then becomes a dedicated processor and
is not available for anything else eg. analysing the data!
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High Resistance Meter Theory

So far [ have talked about the ionosphere being posi-
tive and the earth being negative, clouds being negative
at the bottom and positive at the top. It’s time to tighten
up the terminology. I shall therefore adopt the com-
mon practice of using the earth as the reference point
and consider it as ‘ground’ or 0 volts.

The device to be described when connected to a
suitable probe allows the potential gradient above the
earth to be measured and compared with actual physi-
cal conditions. For instance although the earth-ionos-
phere voltage is positive many clouds carry a negative
charge below and a corresponding positive charge
above. Because of their proximity compared with the
ionised layers™this negative charge is far more appar-

Fig.4

ent. The voltage at the probe thus wanders between
positive and negative values depending upon weather
conditions. Figure 2a suggests the cloudless situation
with Figure 2b as the suggested equivalent circuit. With
a charged cloud present the corresponding figures are
3a and 3b. To detect these voltages at all is not easy as
the input resistance of the voltmeter used must be very
high indeed. After all, the resistors in figures 2b and 3b
are the atmosphere. The effective resistance of which is
dependantamong other things on the amount of water
vapour present,

The input resistance of the device to be described
was measured as 25,000 Megohm. How this was
measured will be discussed later. The input voltage
a]lowefis +10 to —12 volts.

Now to consider the the basic circuit and its oper-
ation, the input stage is derived from a simple op-amp
bufger (Figure 4). The input resistance is that of the op-
am in parallel with the inptit resistor R. Since my cata-
logue shows the input resistance of a typical FET input
op-amp to be 1.5 T ohms (1.5 x 10'2) we can forget the
op-amp resistance as it is more than an order of magni-
tude greater than the figure being aimed at. Which sim-
plifies everything and just leaves R as the effective input
resistance. However 10,000 Meg resistors are not read-
ily available! The best one can easily do is 10 Megs. 10
of which bundled in series gives 100 Megs and still
leaves us a longway short of the target. Fear not help is
at hand!

Suppose that instead of connecting the input
resistor down to Qv itwas connected to the op-amp out-
put as in Figure 5. Since the negative terminal of the
op-amp is within a few millivolts of the positive terminal
there would only be these few millivolts across R and so
itwould look to the outside world like a very large resis-
tor. Unfortunately any voltage at the input sufficient to
establish this current would cause the op-amp to switch
completely to the supply rail either positive or negative
depending on the sense of the input. Another way of
looking at this arrangement is that there would be posi-
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tive feedback between output and input and with a gain
of 1 the op-amp would behave as a trigger.

Since Figure 4 and Figure 5 are two unacceptable
extremes how about trying a compromise? Figure 6
shows this compromise with the input resistor R tapped
between the output of IC1 and Ov by resistors R1 and
R2.

Now to see what the effect is. I will use standard
computer symbols for the arithmetic to avoid possible
ambiguity through using a typewriter. For those not
immediately familiar with BASIC or other computer
languages, an asterisk indicates multiply. Expressions
inside brackets are worked out first, otherwise * and /
are worked out first followed by + and —.

Consider Figure 6.

Let the input voltage be E

Voltage across R1+R2 = E because the gain of
IClis1

Let the input current be Iwhich is also the current
through R Let the voltage across R2 be V

Let the input resistance be Rj

Then:

[=R/(E-V)

Ri=E/I

V=E"(R2/(R1+R2))

(EV)/R
(E<(E"R2/(R1+R2))/R
E*(1-(R2/(R1+R2)))/R
=E"(R1/(R1+R2))/R

Ri=E/(E’(R1/(R1+R2))/R)

Ri=R/(R1/(R1+R2))

Ri=R*(R1+R2)/R1

If R2 is large compared with R1 (which it is) this
becomes Ri=R"R2/R1

Putting this simply into words, the input resistance
is equal to the value of the resistor R, multiplied by the
ratio between R2 and R1, always with the proviso that
R2 is large compared with R1# * -

The Reality &

Figure 7 shows the circuit yjth practical values added.
Ris a 100M and consists of 0 off 10M resistors, R1sis a
10k preset and R2 a 1M variable, The 10k preset
enables the maximum value of R1 to be set, if this is
zero then the circuit will be unstable, in practice I have
set the preset to its mid position corresponding to 5k.
This according to the formula derived previouslywould
give an input resistance of:
Ri=R*“R2/R1
=108 " 106 / 5103
= 271010 ie. 20,000 Megohm

Figure 8 shows the circuit finally adopted. Both
ICs are FET input and the portion of the figure to the
left of the broken line is the primary part of the circuit,
The portion to the right, }C2 is concerned with chang-
ingthe gain of the system, shifting the ground reference
and buffering the output for input to the Dragon, A
conventional meter can be connected to the output of
IC2 if required.

Associated with IC1 components R, R1 and R2
have already been discussed.

R3 and C1 perform two functions. They form a
simple low-pass filter to reduce 50 Hz AC, and there’s

1
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always plenty of that arround! Secondly they provide
protection for the input to IC1 from high DC voltages.
The IC has input protection in the form of internal
diodes and these in conjuntion with R3 prevent any
large currents from flowing through the IC.

Before discussing the rest of the circuit a few
words about surface leakage. It must be appreciated
that this can be significant when considering the high
resistance of this device. Notice that the input connec-
tion is shown as a socket, in fact a standard TV coax
chassis mounted socket, but the outer connection is
not connected to earth but to the output of IC1. This is
part of a general technique for measuring very high
resistances first developed many years ago when
measuring the insulation resistance of cables. To pre-
vent leakage across the surface of the insulation
between the cable conductors and the cable sheath,
which in those days was invariably lead, a piece of wire
was wrapped round the insulation and connected to
the voltage source being used to measure the resist-
ance. The piece of wire became known as a ‘guard-ring’
and the same technique is used here. Coaxial cable is
used to connect the device to the probe when used for
atmospheric measurements and the outer screen is
connected via the socket to IC1 output. Since the out-
put voltage of IC1 is the same as its input voltage there
is no voltage difference between the cable screen and
its centre conductor and hence no leakage current
between them.

C2 bypasses any AC components on the screen
to earth to prevent high frequency interference reach-
ing the probe via the screen, whilst R4 provides a bit of

fa

Fig.6

safety buffering for the IC. The low pass filter action of
R4 and C2 also attenuates 50 Hz to reduce the input
resistance to this frequency by not allowing the screen
to operate as guard-ring at 50Hz.

The second part of the figure containing IC2
enables gain adjustment, level shifting and buffering. In
my particular case the analogue input to the monitor-
ing microprocessor only accepts inputs from 0 to +5
volts whereas the output from IC1 varies from —12 to
+10V. R5 and R6 conwvert this from O to +11. A further
division by 2 occurrs between the output resistors R9
and R10.R7 and R8 allow the gain to be increased from
1 to 6. This is convenient for observations where the
probe voltage is close to zero.

Construction

There are no problems with component layout. Every-
thing is happening so slowly components can be put
where convenient! The precautions required in con-
struction are twofold. To prevent leakage, particularly
surface leakage, from affecting the input and to shield
the device from stray electric fields. The latter is easily
achieved by mounting the device within a metal case.
The former by mounting IC1 on an insulated platform
which is connected to IC1 output. A repeat of the
guard-ring technique in interposing a metallic barrier
atthe same voltage as the input between the input con-
nections and the rest. This is suggested in Figure 9
which shows the layout | have adopted.
Allinsulation associated with the input should be
plastic rather than paxolin/Veroboard as is more usual.
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In the prototype | found that the easiest construction
was to make a two part aluminium case. The bottom
flat with two turn-ups at the end, coax input socket iso-
lated on paxolin (OK here) in tum mounted at one end
of the base. The output, power connectors, and con-
trols at the other. Figure 9. Fastened to the base of the
case a small breadboard of the sort where components
just push in. These are made usually of nylon, polyester
or ABS which are more suitable because they are
moisture-proof. The secondary advantage of these is
that circuit changes are easily made. | have found thisa
considerable advantage particularly in making
changes to the scaling done by IC2

Failing a breadboard of this nature Veroboard or
something similar can be used for all IC2 connections
and for the earthed ends of the IC1 components and

m
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the output connections to [C1. However the input con-
nections will have to be birds-nested in this case. Evo-
stick or similar will stick IC1 to its platform. Resistor Ris
worth a mention. It should be constructed from ten, 10
Meg resistors mounted on a piece of plastic sheet. A
washing up liquid bottle with parallel sides can be cut
up for this, Solder the ten resistors together in a zig-zag
then support them by pushing the soldered ends
through holes made in the plastic. Make a hole to
fasten the plastic or leave it to be self supporting. The
arrangement is shown in Figure 10.

The lastimportant item is C1. Preferably it should
be air-spaced and use ceramic insulation. Concentric
trimmers of about 100p are most suitable.

Fig.7

analogue input ports 0—3. A peculiarity of the machine
is that all four inputs are digitised when, and only when,
port O is read. The value is a 6 bit number. The ports
were intended to be used forjoysticks. In my case port 0
is connected to a source of one second pulses and port
2is connected to the output from [C2. As the permitted
input to the ports is O to 5 volts the connection is via a
potential divider, R9 and R10 in Figure. 8. The 1 sec-
ond pulses are obtained from a 32.768kHz crystal and
a 15 bit divider consisting of a 4060 oscillator and
divider followed by a 4024 divider.

The Program Synopsis
Put heading and copyright on screen

Reset values max, min and difference

Input date from user and write to file ‘T=1991,
U=1992, etc using date as filename

Input comment from user and write to file

Input time hour, minute and second

Put legends on screen

Get in syng with clock input

Read “previous value” of input Do

Wait for negative edge of clock

Set internal timer to 0

Update time

[f seconds = 0 then

Save data on the minute

Write to file on the hour

Start new file at midnight

End if

Read input port 1 (requires dummyread of port ()

Update max, min and maxdifference

Put values on screen

[f jobs have taken longer than 1 second then

Update seconds count

Keep in sync with 1 second clock

Loop

The program which follows is identified by the line
numbers. The discussion and comments are not part of
the program. I should add perhaps that this early ver-
sion of Microsoft Basic doesn’t care about spaces
except when they are necessary to avoid ambiguity.
Using other machines may require the addition of

+12v

SK1

NOTE:
12V IC1,2 = CA3140
T R* = SEE TEXT

+12V

AT GROUND OV
Fig.8 Circuit of high resistance voltmeter

The Dragon Program

Fire and Brimstone?

The object is to repeatedly read the value at the input
port, comparing it with the previous value and logging
the difference. In this way sudden changes in value
become apparent, while slow changes will not be
logged. This occurs every second. The maximum value
of these differences is retained in an array and similarly
the maximum and minimum values read at the port.
Hourly the data is written to disk. The Dragon has four
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spaces. For instance GOTO2000 is quite legal in Dra-
gon Basic and saves space. Other machines may
expect GOTO 2000. Dragon Basic only allows two
characters to identify variables.

Program identity, copyright declaration, clear string space and declare
array for data,

5 DATA EARTH CHARGE RECORDER V3.02

8 DATA COPYRIGHT K GARWELL 1991

20 PCLEAR1:CLEAR5000:DIMECS{300)

1)A04d
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Setinitial values for may, minand line numberon the screen for data, The
Dragon anly knows the screen position as character positions 0 to 511,
Giving 16 lines of 32 characters.

30 MX=0:MN=70:LN=320

Constants to identify months and month numbers.

40 MIS="JANFEBMARAPRMAY JUNJULAUGSEPOCTNOVDEC”

50 MNS="01X02X03X04X 05X 06 X07X08X09X 10X 11X12X"

To skip all the subroutines and go to the start of the program. 90
GOT01000

SR converts day number DA to a string of two characters eg.03or 11 for
March and November.

200 DA$=STR$(DA|

20 IFDA< 10THENMID$(DA$,1,1)=”0”ELSEDA$=RIGHT$(DA$,2)

220 RETURN

SRwrites DN§ which s the file name to the file as an identity. Remember
these files are gaing to be transmitted to anather machine and for
safety's sake the file nameis embedded inthefile, The file name isin the
form TO305.ECR the Tindicates year 91,0915 September followed by day
5. The suffix indicates the data came from the ECR program

310 GOSUB200

320 CLOSE:DNS="T"+MOS$+DAG+" ECR"

330 FWRITE DN$;DN$ A

340 RETURN

Here be treasure ie. the program proper starts here. Read and display
heading and copyright.

1000 READPNS:READCRS

1010 CLS:PRINTPNS:PRINTCR$

Input month name and convert manth name to month number
1020 INPUT"MONTH 3 LETTERS":MO$

1030 MP=INSTR{1,MI§, MOS:MOS=MIDSIMNS, MP2)
Write date to file.

1040 INPUT"DAYNUM,HOUR":DA,HR

1050 GOSUB200

1060 GOSUB310

Add any comment to file. eg. weather conditions.

1080 INPUT"COMMENT":CO$

1090 FWRITE DNS;COS Input the time information,

1100 INPUT"MINUTE, SECOND":MI,SE

Put up headings and legend for data display.

1105 CLS:PRINTPNS:PRINTCRS

1110 PRINTZ160," DAY HOUR MIN SEC

Get into bit sync with the clock.

Read the clock input and wait till it becomes zero,

1120 IFJOYSTK{OTHEN 1120

Wait for positive going edge of clock pulse.

1130 IFJOYSTK{0}=0THEN 1130

Put up legends

1140 PRINT224,"MAX MIN CY MAXDIF"

Read Value of port connected to ECR,

1150 PY=JOYSTK(1)

The main loop starts here at line 2000«

Wait for niegative edge of clock pulse.

2000 IF JOYSTK(0} THEN 2000 ]

Set the Dragon internal timer (50ths ofs second) to zero,
2010 TIMER=0

Update and print the time on screen,

Note. £ signs should be hashes.

2020 SE=SE+1:IFSE>BITHENMI=MI+1:SE=SE-60

2030 [FMI>59THENHR=HR+1:MI=0

2040 {FHR>23THENDA=DA+1:HR=0

2050 PRINT@192," :

2060 PRINTUSING"#4 #4 ## ##":DA HR MI SE;

Check to see if a key has been pressed fe. user wishes to make a com-
ment.

2070 IFINKEY$=""THEN2100

Read comment and write to file.

2080 PRINT@96," “INPUT"COMMENT":C0S$

2090 FWRITE DN$:C0$

Jabs to be done every minute ie. seconds count = 0.
2100 IFSE<>0THEN2200

Printday, hour, minimum value of input, maximum value, masimium dif-
ference and make up data string

2110 PRINT & LN, DA;HR:MI:MX:MN:MD:

720 EC$(EP)=STH$(DA)+STHS(HR)+STR$(MI)+STH$(MX)+STR$1MN)+
STR$(MD)

2130 EP=EP+1

Hourly jobs ie. minute count = 0. Write data to file,
2140 IFMI<>QTHEN2180

2150 FORI=0TOEP:PWRITE DNS,EC$(I}:NEXT-EP=0
Write data to file.

Daily jabs ie. hour count = 0 midnight.
Open new file with new date,

2160 IFHR<>0THEN2180

2170 GOSUB310

Reset max, min, maxdif and increment screen display line number. 2180
MN=70:MX=0:MD=0

2130 LN=LN+32:IFLN>448THENLN=320

Every second.

Read the analogue input.

Zis a dummy to cause all ports to be read,

See note above.

2200 Z=JOYSTK(0):CV=JOYSTK(1}

Update max min and max difference values,

Then previous value is set to current value for next time round, 2210
IFMX<CV THEN MX=CV

2220 IFMN>CV THEN MN=CV

2230 CD=CV-PV:FCD>MD THENMD=CD

2240PV=CV Printvaiues on screen. Hash signs again. 2250 PRINT@256,"

2260 PRINTUSING"## #3# ## ##":MX MN,CVMD

Now the tricky bitls to allow far the time taken by any of the previous acti-
vities. The object s to return to the start of thie laop (ine 2000) when the
50ths count is between 46 and 48, This to ensure that the loop starts by
waiting for the clock pulse, If the timer has counted more than 50 50ths
the seconds count is incremented and the timer correction count
increased by 50,

2270 IFTIMER-CR> 46 THENCR=CR+50:SE=SE+1:G0T02270

2280 IFTIMER-CR<48THEN2280

Finally reset the time correction counter and return to start of loop.
2290 CR=0:G0T02000

PARTS LIST

Breadbaard, Any good quality breadboard. Being mean we use a Euro

Breadboard from Maplin {YRS3E) and cut it down the middle with a

hecksaw so that we have twol

MISCELLANEQUS

SK1 TV socket chassis mounting, If an insulated
one is obtained there is no need for the
insulation shown in Fig 9,

SK2.3 Connectors of type required to connect to
meter or micro. | use a 3.5mm jack socket.

RESISTORS

R 100M resistor see text,

R1 10k trimmer. See note below.

R2 M variable. See note below.

R3 10M,

R4 Tk

R5.R6 ™

R7 47k,

R8 250k variable.

RIR10 10k

R1R12 2k2

CAPACITOR

C1 47-100p. Preferably air spaced trimmer,
alternatively fixed polystyrene 47p.

2 Tumetallised polyester.

3 100n metallised polyester.

SEMICONDUCTOR

IC1,2 CA3140 FET op-amp.

NOTES

The values given for R1 and R2 allow for experiment. In our “Standard

device" the values are 5k fixed for R1{a pair of 10ks in parallel is most

convenient) and M fixed for R2.

None of the components are at all special, except if C1is air-spaced,

and are readily obtainable eg. from Maplin.
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AMSTRAD PORTABLE PC'S FROM £149 (PPC1512SD).
£179 (PPC1512DD). £179 (PPC1640SD). £209
(PPC1640DD). MODEMS £30 EXTRA.NO MANUALS OR
PSU.

HIGH POWER CAR SPEAKERS. Stereo pair output 100w each
4ohm impedance and consisting of 6 1:2" wocfer 2* mid range and
1"tweeter |dealtowork withthe amplitier descnbed above Prce per
pair £30 00 Order ref 30P7R

2KV 500 WATT TRANSFORMERS Suitable for high voitage
experiments or as a spare for a microwave oven etc 250v AC input
£10 00 ref 10P93R

MICROWAVE CONTROL PANEL. Mains operated, with touch
i sl clock, and 2 relay
war (pregrammable).
arts of precision imer ezobcationz aic £6 00 ref 6P 18R
FIBRE OPTIC CABLE. Stranded optcal fibres sheathed in black
FVC Five metie length £7.00 ref 7P20R

12V SOLAH' CELL.200mA output idsal for tnckle
charging sl 300 mm square. Our price £15 00 ref <
15P42R

PASSIVE INFRA FIED MOTION SENSOR.

Pack of two PAR38 bulbs for above unit £12 00
ref 12P43R

VIDEO SENDER UNIT Transmit both audio and video signals
from either a wideo camera, wideo recorder or computer to any
standard TV sel within a 100’ range! (tune TV 1o a spare channel).
12v DC op £1500 ref 15P39R Suitable mains adaptor £5.00 ref
S5P191R

FM TRANSMITTER housed in a standard working 13A adapter
(bug 1s mains driven} £26 00 ref 26P2R

MINATURE RADIO TRANSCEIVERS A pair of
walkia (alkees with a mnge o 12 2 kilometres. Units
messure 22x52x155mm. Com with cases. £30.00 | 7 |
ral 30P12H ‘l J

FM CORDLESS MICROPHONE.Small hand held unit

with a 500" range! 2 transmit power levels reqs PP3 battery Tun-
eable to any FM receiver Our price £15 ref 15P42AR

12 BAND COMMUNICATIONS RECEIVER.9 short "~
bands, FM, AM and LW T <+ tilting 'eye' mains
or battsry, Complete with shoulds ap and mains lead
NOW ONLY £19.00!! REF 19P14H.

WHISPER 2000 LISTENING AID.Enables you to hear sounds
that would otherwise be inaudible! Complete with headphones
Cased £5 00 ref SP179R

CAR STEREO AND FM RADIOLow cost stereo system giving
S watts per channel. Signal to noise ratio better than 45db, wow and
flutter less than 35%. Neg earth £25 00 ref 25P21R
LOW COST WALIKIE TALKIES Pair of battery oper-
1200 Curprice £8.00 a

mr

F)

ated unts with-a range of abo
pair rel BE50R =
7 CHANNEL GRAPHIC EQUALIZERblus a 60 watt
power amp! 20-21KHZ 4-8R 12-14v DC negative earth. Cased £25
ref 25P14R

NICAD BATTERIES. Brand new top quality 4 x AA's £4.00 ref
4P44R 2 x C's £4 00 ref 4P73R, 4 x D's £9 00 ref 9P12R, 1 x PP3
£6 00 ref 6P35R

TOWERS INTERNATIONAL TRANSISTOR SELECTOR
GUIDE. The ultimate equivalents book Latest edition £20 00 ref
20P32R

CABLE TIES. 142mm x 3 2mm white nylon pack of 100 £3 00 ref
3P104R Bumper pack of 1,000 tes £14 00 ref 14P6R

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

GEIGER COUNTER KIT.Complete with tube, PCB and alf compo-
nents to build a battery operated geiger counter. £39.00 ref 38P1R
FM BUG KIT.New design with PCB embedded coil Transmits to
any FM radic. 9v battery req'd £5 00 ref 5P158R

FM BUG Built and tested superior 9v operation £14.00 ref 14P3R
COMPOSITE VIDEO KITS.These convert composite video into
separate H sync, V sync and video 12v DC_£8 00 ref 8P39R
SINCLAIR C5 MOTORS 12v 29A (full load) 3300 rpm 6"x4" 1/4"
O/P shatt New £20 00 ref 20P22R

As above but with fitted 4 to 1 inlne reduction box (800rmm) and
toothed nylon belt drive cog £40 00 rel 40P8R.

SINCLAIR C5 WHEELS13" or 16" dia including treaded tyre and
inner tube Wheels are black, spoked one piece poly carbonate 13"
wheel £6 00 ref 8P20R, 16" wheel £6 00 ref 6P21R
ELECTRONIC SPEED CONTROL KlTcr ¢5 motor. PCB and afl
components to builld a speed controller (0-95% of speed) Uses
pulse width modulation £17 00 ref 17P3R

SOLAR POWERED NICAD CHARGER.Charges 4
AA nicads in 8 hours Brand new and cased £6 00 ref

6P3R

12 VOLT BRUSHLESS FANs 1/2" square brand new ideal for
boat, car, caravan etc £5 00 ref SP206

ACORN DATA RECORDER ALF503 Made for BBC computer
but suitable for others Includes mains adapter, leads and book.

VERO EASI WIRE PROTOTYPING SYSTEMIdeal for design-
ing projects on etc Complete with tools, wire and reusable board
Qur price £6 00 ref 6P33R

MICROWAVE TURNTABLE MOTORS. Ideal for window dis-
plays etc. £5 00 ref SP165R

STC SWITCHED MODE POWER SUPPLY 220v or 110v input
giving Svat2A, +24v at 0 25A, +12v at 0. 15A and +90v at 0 4A £6 00
ref 6PSSR

HIGH RESOLUTION 12" AMBER MONITOR! 2v 1.5A Hercu-
les compatible (TTL input) new and cased £22.00 ref 22P2R
VGA PAPER WHITE MONO monitors new and cased 240v
AC. £59.00 ref 50P4R

25 WATT STEREO AMPLIFIERc STK043 With the addition of
a handful of components you can build a 25 watt amplifier £4 00 ref
4P&9R (Circuit dia included)

LINEAR POWER SUPPLY Brand new 220v input +5 at 3A, +12
at1A, -12 at 1A Short circuit protected. £12 00 ref 12P21R

MINI RADIO MODULE Only 2" square with ferrite aerial and tuner.
Superhet Req's PP3 battery £1.00 ref BD716R

£4,00 REF 4P92R, PACK OF 100 £30.00 REF 30P16R
FRESNEL MAGNIFYING LENS 83 x 52mm £1.00 ref BD827R
ALARM TRANSMITTERS. No data avaliable but nicely made
complex transmitters 9v operation £4 00 each ref 4P81R
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 6P36R

BARGAIN NICADS AAA SIZE 200MAH 1.2V PACK OF 10

/

COLOUR MONITORS
AMSTRAD CTM644
RGB INPUT
£75.00 REF A75P1

%

RESISTOR PACK. 10 x 50 values (500 resistors) all 1/4 watt 2%
metal film £5 00 ref SP170R

CAPACITOR PACK 1.100 assorted non electrolytic capacitors
£2.00 ret 2P286R

CAPACITOR PACK 2. 40 assorted electrolytic capacitors £2 00
ref 2P287R

QUICK CUPPA? 12vimmersion heater with lead and cigar lighter
plug £3 00 ref 3P92R

LED PACK .50 red leds, 50 green leds and 50 yellow leds all 5mm
£8 00 ref 8P52R

FERRARI TESTAROSSA. A true 2 channel radio controlled car
with forward, reverse, 2 gears pius turbo. Working headlights
£22.00 red 22P6R
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MIRACOM WS4000 MODEMS
V21/23
AT COMAND SET
AUTODIAL/AUTOANSWER
FULL SOFTWARE CONTROL
TONE AND PULSE DIALLING

& £29

'\

>

input plug disc drive and mother board fly leads. Our price is £5.00
(less than the fan alone would cost!) ref SP208R

HIGH VOLTAGE CAPACITORS

A pack of 20 SOOPF 10KV capacitors ideal forionizers TV repairs and
high voltage experiments elc Price I1s £2 00 ref 2P378R

DATA RECORDERS

Customer returned mains battery units builtin mic ideal for Computer
or general purpose audio use. Price is £4 00 ref 4P100R
SPECTRUM JOYSTICK INTERFACE

Plugs into 48K Spectrum to provide a standard Atari type joystick
port Qur price £4 00 ref 4P101R

ATAR! JOYSTICKS

Ok for use with the above interface, our price £4.00 ref 4P102R
BENCH POWER SUPPLIES

Superbly made fully cased (metal) giving 12v at 2A plus a 6V supply
Fused and short circuit protected. For sale atless than the cost of the
case! Our price is £4 00 ref 4P103R

SPEAKER WIRE

Brown twin core Insulated cable 100 feet for £2 00 REF 2P79R
MAINS FANS

Brand new 5" x 3" complete with mounting plate quite powerfull and
quite Our price £1 00 ref CD41R

DISC DRIVES

Customer returned units mixed capacities {up to 1 44M)We have not
sorted these so you jusi get the next one on the shelf Price is only
£7 00 ref 7P1R (worth 1 even as a stripper)

HEX KEYBOARDS

Brand new units approx 5" x 3" only £1 00 each ref CD42R
PROJECT BOX

51/2" x 31/2" x 1" black ABS with screw on lid. £1 00 ref CD43R
SCART TO SCART LEADS

Bargain price leads at 2 for £3 00 ref 3P147R

SCART TO D TYPE LEADS

Standard Scart on one end, Hi density D type on the other. Pack of
ten leads only £7 00 ref 7P2R

OZONE FRIENDLY LATEX

250m| bottle of liquid rubber setsin 2 hours 1deal for mounting PCB's
fixing wires etc. £2 00 each ref 2P379R

QUICK SHOTS

Standard Atari compatible hand controller (same as joysticks) our
price is 2 for £2 00 ref 2P380R

VIEWDATA SYSTEMS

Brand new units made by TANDATA complete with 1200/75 built in
modem infra red remote controlled gwerty keyboard BT appproved
Prestel compatible, Centronics printer port RGB colour and compos-
ite output (works with ordinary television) complete with power
supply and fully cased Our price is only £20.00 ref 20P1R

3 INCH DISCS

Ideal for Amstrad PCW and Spectrum +3 machines pack of 10 discs
is £12 00 ref 12P1R

AC STEPDOWN CONVERTOR

Cased units that convert 240v to 110v 3" x 2" with mains input lead
and 2 pin American output socket (suitable for resistive loads only)
our price £2 .00 ref 2P381R

SPECTRUM +3 LIGHT GUN PACK

complete with software and instructions £8 00 ref 8P58R

CURLY CABLE

Extendsfrom 8" to 6 feet! D connector on one end, spade connectors
on the other ideal for joysticks etc (6 core) £1.00 each ref CD44R
COMPUTER JOYSTICK BARGAIN

Pack of 2 joysticks only £2 00 ref 2P382R

MINI MONO AMPLIFIER PACK

4 amplifiers for £2 00! 3 watt units 9-12v operation ideal for experi-
ments elc £2 00 ref 2P383R

BUGGING TAPE RECORDER

Small hand held cassette recorders that only operate when there is
sound then turn off 6 seconds after soyou could leave itin a room ail
day and just record any thing thatwas said Priceis £20 00 ref 20P3R
IEC MAINS LEADS

Complete with 13A plug our priceis only £3 00 for TWO! ref 3P148R

PIR LIGHT SWITCH Replaces a standard light switch in seconds
light operates when anybody comes within detection range (4m)and
stays on foran ad}us}gble time (15 secs to 15 mins). Complete with
daylight sensor. Unitalso functions as a dimmer switch! 200 watt
max Not suitable for flourescents £14.00 ref 14P10R
CUSTOMER REAURNED 2 channel full function radio controfied
cars only £8.00 ref 8P200R

WINDUP SOLAR POWERED RADIO! FM/AM radio takes re-
chargeable baﬂnes complete with hand charger and solar panel
14P200R . o

240 WATT RMS AMP KIiT Stereo 30-0-30 psu requlred £40 00 ref
40P200R

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

ALARM PIR SENSORS Standard 12v alarm type sensor willinter-
face to most alarm panels £16 00 ref 16P200

ALARMPANELS 2 zone cased keypad entry, entry exittime delay
etc £18 00 ref 18P200

MODEMS FOR THREE POUNDS!!

Fully cased UK modems designed for dial up system (PSTN) no data
orinfo but only £3 00 re! 3P145R

TELEPHONE HANDSETS

Bargain pack of 10 brand new handsets with mic and speaker only
£3,00 ref 3P146R

BARGAIN STRIPPERS

Computer keyboards Loads of switches and components excellent
value at £1 .00 ref CD40R

PC POWER SUPPLIES

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

£15 00 ref 15P43R

VIDEO TAPES. Three hour superior quality tapes made under
licence fram the famous JVEC company Fack of 10 tapes £20 00 ref
20P20R
PHILIPS LASER. 2MW HELIUM NEON LASER TUBE.
BRAND NEW FULL SPEC £40.00 REF 40P10R. MAINS
POWER SUPPLY KIT £20.00 REF 20P33R READY BUILT
AND TESTED LASER IN ONE CASE £75.00 REF 75P4R.
6V 10AH LEAD ACIDsealed batiary by yuasha ax squipment but
in excallent caridition now only 2 for £10.00 ref 10PasSR

12 TO 220V INVERTER KITAs supplied it will handle up to about
15w at220vbut with a larger transformerit will handle 80 watts Basic
kit £12 00 ref 12P17R Larger transformer £12.00 ref 12P41R

ORDER

aa :
L ORDER TERMS ASH PO OR CHEQUE|

COMPUTER SOFTWARE BARGAIN

10 cassettes with games for commodore 64, Spectrum etc. Qur
bargain price one pound! ref CD44R

NEW SOLAR ENERGY KIT

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

FUSE PACK NO 1

Fifty fuses 1 1/4" long (glass) quick blow 10 popular values £2.00 ref
2P384R

FUSE PACK NO 2

Fifty fuses 20mm long (glass) quick blow 10 popular values £2 00 ref
2P385R

POTENTIOMETER PACK NO 1

30 pots for £3 00! ideal for projects etc Ret CD4SR

gss AT PC
286 MOTHER BOARD WITH 640K RAM FULL SIZE METAL
CASE, TECHNICAL MANUAL, KEYBOARD AND POWER SUP-
\&v £139 REF 139P1 (no i/o cards or drives included)

35MM CAMERAS Customer returned units with built in flash andY
28mm lens 2 tor £8.00 ref 8P200 1
STEAM ENGINE Standard Mamod 1332
engine complete with boller piston etc £30
ref 30P200

TALKING CLOCK

LCD display, alarm, battery operated
Clock will announce the time at the,
push of a button and when the
alarm is due The alarmis switchable~
from voice to a cock crowing!€14 00 ref 14P200 R

HANDHELD TONE DIALLERS

Small units that are designed 1o hold over the mouth piece of a
talephone to send MF dialling tones. Ideal for the remote control of
answer machines £5.00 ref SP209R

COMMODORE 64 MICRODRIVE SYSTEM

Complete cased brand new drives with disc and software 10 times
faster than tape machines works with any Commodore 64 setup
The orginal pnce for these was £49 00 but we can offer them to you
at only £25.00! Ref 25P 1R

USED SCART PLUGS

Packof 10 plugs suitable for making up leads only £5 00 ref SP209R
C CELL SOLAR CHARGER

Same style as our 4 x AA chargerbutholds 2 C cells Fully cased with
flip top lid. Our price £6 00 Ref 6P79R

SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UK
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Fig1 Showing how the NICAM sound signal is added to TV
transmissions

tener could now obtain better quality sound from his
own digital Compact Disc equipment than could pos-
sibly come over the air from the broadcasters. Even
though the broadcasters soon began to use CD play-
ers for their source equipment, and the links between
the studios and transmitters have for years been carry-
ing digital signals, there is no way of avoiding the fact
that the quality of the transmitted signals must be
degraded from that of the original CD because they
must be transmitted over an FM analogue system that
was designed and built a long time ago. Neither the sig-
nal to noise ratio nor the dynamic range of the broad-
cast analogue FM signals can compare with those of
CD, and since there are already many millions of listen-
ers equipped with standard FM receivers, it would not
be sensibly practicable to change the transmission
standard; various ideas for providing ‘improved’ FM
signals have been put forward over the years, but in
general they all suffered from the disadvantage that
unmodified receivers would provide an output that
was in some way distorted.

In the first of two
articles, James Archer
lakes an in-depth look
Digital Radio
Broadcasting.

tis notso many years ago that if you wanted the
best source of high quality audio you tuned to
the VHF/FM services of the BBC, and it was
well known that Radio 3 in particular took a
great pride in providing the best of classical
music at the highest possible technical quality. Only
the real hi-fi enthusiast who was prepared to spend
hundreds of pounds on the most exotic turntable
equipment could ever hope to better the sound quality
available from FM radio, and even then it proved very
difficult to keep vinyl records in top class condition for
more than a few months. All this changed with the
introduction of the Compact Disc system, which for
the first time brought digital sound recording to any
ordinary listener who was prepared to buy a relatively
inexpensive CD-player. Compared with vinyl record-
ings, cassette tapes, or even reel-to-reel recordings, CD
gave an immense and immediately noticeable
improvement in sound quélity, with a total lack of
background hiss, due to previously unheard of signal
to noise ratios, and a phenomenal dynamic range
which could enable you tg hear the most pianissimo of
sounds as well as the losdest percussion, without dis-
tortion — provided that the rest of your system could
cope, of course!

This meant that for the first time the average lis-

at

Television introduces digital
sound

Television sound has always been of poorer quality
than FM radio, but the last three years have seen the
introduction of an extra digital sound carrier which is
added to the existing TV vision and sound signals. This
NICAM (Near Instantaneous Companded Audio Mul-
tiplex) system has brought high quality digital stereo
audio to those who choose to buy new receivers, whilst
still enabling existing receivers to receive the normal
quality FM sound. The amount of digital data that is
carried on the additional radio frequency carrier is
728Kbit/s, which is sufficient to provide two high qual-
ity audio channels, which can be used either for stereo
or for two different languages to accompany the pro-
grammes.

Introducing digital sound radio

In an ideal world it might be thought possible to use a
similar technique to add a digital sound signal on
another carrier within the bandwidth of the FM radio
signal, but in reality it turns out that there is insufficient
bandwidth available. Figure 2 shows the baseband
spectrum of a typical FM radio signal, and it can be
seen thatthere s in fact an existing additional carrier at

MONO
SIGNAL

SIGNAL LEVEL [>

RADIO
TELETEXT
(SCA)

sUB-
CARRIER

Fig.2 Baseband spectrum of an FM radio signal

FREQUENCY (iHz) [
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57kHz, which is used for the Radio Data Sustem trans-
missions which help listeners with special RDS receiv-
ers to make use of facilities such as automatic tuning
and programme identification,

The amount of data that can be transmitted on
the RDS carrier without causing interference to the
main sound signal is limited to oniv about 1200 bits/
sec, and even though it has also been found possible to
carry some additional information for a Radio Teletext
service on a third carrier at 69kHz, there is, unfortu-
nately, nowhere near enough capacity for a high qual-
ity digital sound signal to be added as well. Since milli-
ons of listeners with existing FM receivers would be
upset if they were told to replace these receivers with
new ones, the only way that a digital sound radio ser-
vice can sensibly be introduced is on a new frequency
band, using newly designed equipment. This presents

a wonderful opportunity for broadcasters to come up

with completely new sound radio services of a
quality better than anything heard before, :
and itis hoped that just as hi-fi addicts

y

rushed out to buy CD players
purely because of the improved quality which these
gave, they will also be prepared to pay for new digital
radio equipment. As with most new developments, dif-
ferent researchers and manufacturers have different
ideas as to the best methods of providing a digital ser-
vice, and there s still no agreement even on what might
be thought of as the fairly fundamental point as to
whether the services should be transmitted from satel-
lites, and if so what kind of satellite, or from networks
of terrestrial transmitters, or, as seems most likely,
from both.

Radio from Satellites

All the high powered Direct Broadcast Satellites
planned for European countries have the capability of
carrying several digital radio services in addition to the
normal MAC television pictures and sound, and the
D-2 MAC system which France and Germany use for
satellite broadcasting is capable of transmitting some
10.125 Million bits each second, in the absence of pic-
tures, 9.576 Mbit/s of this being available for radio,
which corresponds to about 13 stereo sound channels.
The usual coding system for these FCDM (the Full
Channel Digital Mode of the MAC family) transmis-
sions uses 14/10 bit NICAM coding, similar to the
NICAM sound system used for domestic TV in the UK,
so it provides high-quality sound with a maximum
bandwidth of around 15kHz, slightly less good than
CD in theory, but in practice only the most ‘golden
eared’ can hear any difference! The UK Marco Polo
satellites, which are currently spinning around looking
for a proper role in life after the ignominious failure of
the UK DBS plans, use the higher capacity D-MAC
transmission system which could provide twice as
many digital radio programmes on each DBS channel,
offering hi-fi buffs a real feast -maybe they should get
together and make the ITC an offer it cannot refuse!

As an alternative way of providing even higher
quality radio from DBS satellites, the Germans have
developed a DSR (Digital Satellite Radio) system,
which again can use some of the channels allocated for
DBS TV, purely to carry large numbers of radio pro-
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grammes. At the moment the fifth channel of their TV-
SAT carries eight sterec programmes, but DSR can
provide up to 16 separate stereo sound channels of CD
quality, which are also extremely rugged and therefore
well protected against transmission errors. This large
number of channels could be sufficient to give Euro-
pean listeners in many countries a wide choice of lis-
tening.

Listeners currently wanting to make use of the
DSR signals from the German Kopernikus satellite
have to buy special receivers, which cost around £650,
so it is not surprising that sales have been slow,
although the German equivalent of BT, Deutsche
Bundespost Telekom, feeds the digital radio signals
into all the extensive cable networks so that any homes

connected to cable systems can make

Fig.3 Flat-plate
briefcase
antenna

use of these radio services. Twelve
radio programme channels are currently
available from Kopernikus, including three com-
mercial channels, but there is much more capacity
available if public demand should eventually make it
commercially worthwhile to carry extra channels. A
new lower cost DSR tuner has recently been brought
out by a company called Technisat, and the company
hopes that this will encourage new listeners to tune in,
but even this costs around £300, so it is likely to appeal
only to fairly well-off hi-fi fans.

The European Broadcasting Union recognises
both the FCDM and the DSR standards, and suggests
that DSR should be used when the predominant con-
sideration is the transmission of a number of very high
quality sound programmes over a wide coverage area,
and that the FCDM mode of MAC should be used
when broadcasters wish to transmit a flexible mixture
of spund programmes andrdata broadcasts.

There are also several other different digital
satellite radio systems in use around the world, includ-
ing the MERIT EuroRadio system used for transmis-
sions via Eutelsat Fixed Service Satellites (FSS), and
Stanford Telecoms experimental ‘CD-Radio’, where
every radio broadcast is ‘frequency hopped’ over a
range of different frequencies at up to 2000 times per
second, a system which is said to completely eliminate
signal fading and to allow motorists to receive excel-
lent sound signals in their cars.

Broadcasting satellites and FSS satellites do,
however, suffer from one major disadvantage as far as
sound radio is concerned; the fact that they operate on
frequencies between 10.9 and 12.5 GHz in a geosta-
tionary orbit means that in general the signals will need
to be received on a fixed dish of perhaps 30cm diame-
ter. Whilst this is acceptable for television signals,
which will generally be displayed on a large receiver
and stays in one place, most radio listeners have
become used to being able to listen to radio on the
move, either from room to room in their houses, or
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when they are in the car, and the thought of lugging
around and continuously repositioning a dish aerial is
likely to deter all but the most fervent of hi-fi buffs!

Being close to the field of broadcasting research [
thought that you might be interested in my newly-
patented briefcase with inbuilt flat plate antenna,
which might just make 12GHz satellite radio reception
possible on the move!

In spite of this invention it has become apparent
to most researchers that what is really needed is a fre-
quency allocation for digital radio in a much lower fre-
quency band. It might be ideal to use somewhere
between 500MHz and 1000MHe, since good coverage
with modest transmitter powers and small receiving
aerials can be obtained — short stubby aerials rather
like the ones used for celluiar telephones would be
quite acceptable. The problem is, that other services,
including the aforementioned phones, all want a share
of this useful band, and so broadcasters have reluct-
antly had to broaden their sights to look at the practi-
calities of using frequencies as high as 2500MHz or
3000MHz, and much hard negotiating is taking place
with the European telecommunications regulators to
try to find a suitable band. A World Administrative
Radio Conference is due to take place in Geneva at the
beginning of 1992, and the European Broadcasting
Union, a professional association of broadcasters, has
already started lobbying for a worldwide Digital Audio
Broadcasting band to be allocated at around
1500MHz. [t reckons that if a band at 2500MHz were
allocated instead, then satellites would have to be four
times the power and three times the cost of those for a
1500MHz service, and believes that this would put
back the introduction of such services by ten to fifteen
years.

A new approach for the 1990s

— DAB - Digital Audio
Broadcasting

Using some new techniques for digital radio transmis-
sionwhich have been developed over the last few years
bya combination of European broadcasters and PTTs,
a system with the name of Digital Audio Broadcasting,
DAB, has recently been demonstrated, and this has the
major advantage that it could be used equally well
from satellites or from terrestrial transmitters.

As we have already mentioned, the nub of the
problem with radio is that, unlike television, where the
customer has been persuaded to accept that a fixed
antenna is necessary, people want to listen to radio

DAB {Digital Audio Broadcasting)

® A mix of new technalogies
® Digital

® Bit rate reduction

® Data compression

® Audio masking

whilst they are on the move, either about their own
homes, or whilst in their cars. Portable and car radios
are therefore restricted to having antennas only three
or four feet above the ground, which generally means
that such aerials will pick up only a moderate amount
of signal directly from the terrestrial transmitter and
they will also be unable to aveid receiving signals
which have been reflected from buildings and other
large objects in the vicinity. These multi-path signals
will have travelled to the receiving aerial over a longer
path length than the direct signals, so that they will dif-
fer in phase, and the actual signal seen by the antenna
will be the resultant of the algebraic addition of the var-
ious signals.

Normally this is a tremendous disadvantage, with
the received signal going up and down in value as the
mobile receiver travels over even a few feet, but using
the DAB system, virtually perfect reception can be
obtained under even the worst multipath reception
conditions, and the reflected signals are actually made
use of to improve the received signal. After the first
tests using a mobile receiver were carried out by the
French research organisation CCETT in Rennes in
July 1988, initial demonstrations of the system were
given to broadcasting engineers in Geneva in Septem-
ber 1988, using a UHF terrestrial transmitter. Further
tests, by BBC Research Department from Crystal
Palace at UHF, and later in Birmingham using Band [T
VHF, have confirmed that DAB can provide excellent
reception at very low signal strengths, even in the pres:
ence of severe multipath interference.

DAB uses a combination of different techniques
to provide its rugged signals, utilising the latest ideas in
digital signal processing, bit rate reduction, and digital
modulation.

Next month James Archer explains how DAB sig-
nals are put together, and shows that the latest in signal
processing techniques can result in virtually perfect
radio reception anywhere, whether at home, or on the
move.
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Fig.5 Multipath Interference

MULTIPLE
REFLECTIONS

ETI MARCH 1992

vi




l Please supply photocopies of the following articles |
i from ETI (complete in block capitals): |
Month ......... Year ... Page (if known) ............
| I
I B e s R l

- 4
| Month .......... Year ......... Page (if knewn) Xy |
| Title oo, SN, N |
| Month ... Year ......... Page (if known) ...... 2. |
| Title oo N, SR |
| I enclose a cheque/postal order made out to ASP I
| Ltd. to the value of £1.50 per photocopy ordered.

I Total remittance £ ....... Date .oooveeiiiii, I
I NAME L l
: AAAIeSS ..ot }
I ........................................................................... I
T Postcode ............ |
I Send the completed form and your remittance to: |
ETI Photocopy Service
' Argus House |
| Boundary Way |
| Hemel Hempstead I

Herts HP2 7ST

ETI MARCH 1992

Please supply photocopies of the following back-

numbers of ETI. I
Note: Backnumbers are held for 12 months only l
(complete in block capitals) |
Month ............ Year ............ Moth ............ Year |
Month ......... Year ........... Month ........... Year |
Month .......... Year .......... Month ........... Year I
Month .......... Year ... Month ........... Year :
I'enclose a cheque/postal order made out to ASP |

Ltd. to the value of £2.20 per issue ordered.
Total remittance £ ....... Date .oooeveriiviiii Il
NG o0 s i iR S e b o e et e i |
NAETESS ,ppremmpnnsipmsoai o DO B |
............................................................................ |
............................................... Postcode ........... |
Send the completed form and your remittance to: |
ETI Backnumbers Department |

Argus Subscription Services

Queensway House l
2 Queensway |
Redhill |

Surrey RH1 1QS

51



A mumiature 20Hz to
20kHz voltage controlled
signal generator using -

SMD construction by
Bill Mooney.

e Span

audio sine waves of reasonable quality. The RF source
would of course be locally generated and not off-the-
air. When the need for a scanning audio generator
arose this was a method which had to be investigated
and very successful it turned out to be.

Practical Circuit Design

The detailed schematic of the signal generator is
shown in Figure 2. As can be seen the component
count is quite low considering the complexity of the
process outlined in the block diagram. The fixed refer-
ence oscillator is a standard colpitts circuit using a high
gain FET, Q1. This is set to IMHz and a 10p capacitor
injects sufficient signal into the NE602 mixer [C1. The
active device for the variable oscillator is contained
within IC1 alongwith an internal buffer amplifier. Pin 6
and Pin 7 of this IC are connected to an external col-
pitts pair of capacitors €13 and C14 and form part of
the tuned circuit around L.2. The varicap diode D1 isa

Audio

ave Generator

constant amplitude sine wave audio
source was required which could be
swept across the entire audio spectrum
without switching and under voltage
control. This was used to ‘view’ the
response of audio filters on an oscilloscope by the
addition of a suitable scanning voltage. The resulting
circuit was very successful and the voltage controlled
audio source is described here in the form of an excel-
lent stand alone AF signal generator. It makes a very
useful piece of test gear essential for anyone involved
with the audio end of the spectrum. The quality of the
sine wave is adequate for mpst purposes with a distor-
tion level of around 1%. So how was this achieved?
As a radio amateur,“and short wave listener, [ am
used to tuning through the myriad of whistles on the
short waves, These are®aused by beating or mixing of
RF signals with the recdlver’s BFO. It often occfiired to
me that this might be a good method of generating

SCAN
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OR 5V STAB

REFERENCE |
OSCILLATOR —

1MHz |

I S |

I ——
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Fig.1 Block diagram of signal generator
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high value type and if the on board regulator is used as
a source of tuning voltage for RV1. Its minimum capac-
ity will be about 50p at 5V. Acceptable linearity was
achieved down to about 1V when the capacity, on
paper, is about 100p. With the component values
shown a frequency change of IMHz to 1.027MHz was
achieved, producing audio from zero frequency to
27kHz. With a log law potentiometer for VR1 the scale
is highly cramped at the 20kHz end but nicely spread
out around 1kHz where most of the action is. The
mixer is a balanced type and this results in very little RF
signal at the output. Nevertheless an RC filter is neces-
sary. This is effectively a 2 pole filter if the internal
resistance of the mixer coupled with C11 and R3 and
C17 are considered. An external potentiometer with a
log characteristic serves as an output attenuator (RV2)
covering over 40dB. The maximum level of audio is
determined by the level of the reference oscillator sig-
nal reaching the mixer via the 10p capacitor C4, with
values shown the maximum output was 300mV and it
was possible to set the output pot to any value down to
about 1mV. For accurate work a step attenuator could
be substituted. For testing loudspeakers and systems
which require a higher input than 300mV an audio
power amplifier will prove invaluable. An LM386, IC2
serves to produce x20 amplification of the low level
signal to a power suitable for driving an 8R loud-
speaker. This amplifier is supplied directly from the
battery supply and the level at which clipping occurs
will depend on the state of the battery. IC3 is a low drop
out, low current regulator producing 5V for the oscilla-
tors and the mixer. This will ensure stable performance
right down to the last dregs of battery life. A NiCad or
an alkaline PP3 size battery is ideal. The frequency
response achieved is shown in Figure 3, The slight drop
off at the high end is due to the closeness of the turning
point of the output filter to 20kHz. The turning point of
this filter could be increased and this device has the
potential to produce supersonic signals if required.
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Construction

Thelayout of any RF circuit should be considered care-
fully. With this circuit there is one area where great care
is needed. It is imperative that there is no coupling
between the RF oscillators. The Surface Mount layout
shown in Figure 4 works fine but if you intend to design
your own circuit .1 and L2 must be kept far apart. The
effect of coupling is to cause severe distortion in the
wave form below 1kHz and for the audio output to
drop to zero below about 300Hz. The PCB foil pattern
and component positions are shown in Figure 4. No
attempt was made to miniaturise the circuit, Standard
“1206” size SMD chips are used throughout and the
layout is generous for ease of servicing and modific-
ations. Double sided PCR is highly advised for SMD
circuits as this ensures maximurm stability. Single sided
PCB tends to warp and puts strain on the chips.
Double sided board also provides a ground plane/
screen and this should be connected to the action-side
ground tracks in one or two places, using Vero pins or

wrap round wire links.

If you have not used SMD’s before don’t be afraid
of them, they are very robust. The 1206 size resistors
and capacitors are quite easy to manipulate and are
therefore ideal for hand working. Many constructors

find chip components more convenient to work with

than leaded types since they are soldered directly onto
the PCB. There is no need to turn the board over to
solder them in or remove them. To solder a chip in
place hold it down with a toothpick or use an Assembly
Jig. Solder one end first so as to anchor it, The second
end can then be soldered without holding the chip
down. Use low melting point (LMP) silver loaded sol-
der and use the minimum quantity to hold the chip in
place. Look closely at the solder contacts at each end
of the chip and make certain that they are properlywet
by the solder. The IC’s are similarly quite simple to sol-
der in place. First ancher them by soldering any two
diagonally opposing pins. Needless to say a fine tipped
iron is needed but it should not be under powered. A
rating of 12Watts is adequate.

| | | |
SCAN /l/l/l/l Fig.2 Circuit diagram of signal generator
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HOW IT WORKS

The block diagram of the resufting generator is shownin Figure 1. TwoRF
oscillators will be noted, a reference oscilator praducing asignal Frand a
variable oscillator producing a signal of frequency Fv. When Fr and Fv
combine nthe mixer, sum (Fr+Fv) and difference [Fr-F) signals appear at
the mixer output. Here we are interested only in the difference frequency.
If TMHz is selected for Fr and Fy is tuneable from 1MHz to 1.02MHz the
difference output will be an audio signal in the range 0-20kHz. An
[ increasein the frequency of the variable oscillator of 20kHz from MHzto
1.02MHz is a relatively small change and can easily be achieved by using
a variable capacitance diode. Further the amplitude of the oscillator
signal remains constant aver such a small change and therefore the
resulting audio signal will have constant amplitude.{Figure.3.} This small
change in frequency s aiso linear with applied tuning voltage. The mixer
output will contain a residual level of RF at the frequency of the two
oscilators as welias mixer products. Inthis design therefore asimpleiow
pass RC fitter is included with a cut off frequency of 23kHz. At this stage
we have some 300mV RMS of audia but in some applications a higher
level is required so a x20 audio power amplifier is included which will
defiver 0.5Watt in to R if needed.
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PCB’s for SM constructors are produced in the
normal manner using photoresist and etchant. After
etching, washing and drying the board it is a good idea
to spray it with a light coating of solder-through lac-
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Fig.3 Low level output showing constant amplitude
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PROJECT

quer and allow it to dry completely before population,
This keeps the copper from tarnishing due to finger
prints and atmospheric attack but more important it
makes chip components easier to hold down since
they don't slip as much as on bare copper.

There is no preferred order of placement of the
SMD’s in this project as there are no tight spots. But
when placinga chip always make sure there is room for
its neighbours. Tantalum capacitors have their positive
end marked with a line, reversal will destroy them. Pin
1 on the IC is indicated by a chamfered edge. The
pointed end of the type CTZ trimmer capacitors is the
live’ electrode. Connect this to the active part of the
circuit to reduce hand capacity effects when setting up.
Resistors are marked with a 3 digit code but capacitors
are unmarked so must be kept in their marked packets
until required as they all look alike and if you mix them
up you will need a capacitance meter. The TOKO 5CD
coils have three pins on the coil side and two NC
anchorage pins on the other. It is important to solder
the screening cans to ground. Finally, the circuit may
be sprayed with a conformal or other coating to pro-
tectit onceitis up and running. Theresistor feeding the
LED is made from a 1206 chip resistor with two short
lengths of kynar connecting wire soldered to the ends,
itis thus self supporting and soldered into the circuit as
a normal leaded component might be.

frequency counter. Now get it on frequency using the
coil L1 and the trim cap TC1. Connect the stabilised
supply link to the mixer/variable oscillator, consisting
of IC1. Check that the varicap diode, D1 is receiving a
variable voltage of about 1V to 5V as the ‘frequency
potentiometer’ is rotated. Again the frequency of this
oscillator should be adjusted to 1MHz with the tuning
pot turned almost fully anti-clockwise. Now check that
the power amp, consisting of IC2, is taking about 3mA
quiescent current when connected to the unstabilised
supply. If this is the case, wire in the appropriate link.
Connect an 8R loudspeaker to the output with the
level control, RVZ, turned down. The frequency of the
variable oscillator should be adjusted for ‘zero beat’
using L2, TCZ2 at any time for scale calibration. At this
stage the frequency range should be checked by turn-
ing the frequency controlled potentiometer towards
the fully clockwise position. A good quality sine wave
should be heard ranging from a few cycles to super
sonic, setting the frequency control potentiometer to
say about 1kHz and increasing the level control it
should be possible to drive the power amp into clipp-
ing indicated by a harshness of tone, at about 100mV.
or around the 180° position. Obviously the clipping
position will depend on the battery voltage and the
device will normally be operated below the clipping
level.
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+5V ; ' i e : : .
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Fig.4 Component overlay CCL;E#EEL TO GND OUTPUT
&
The signal generatdr is boxed up in a type B3B Calibration

project box. The machine screws holding the lid on this
box have brass inserts which won’t wear out, This is
important because the internal battery will need to be
changed many times in the life of this instrument, and
self tapping screws tend to wear out rapidly. At 12mA
quiescent current an internal NiCad PP3 lasts some 10
hours at low volume which is very adequate for test
gear, where use is more often intermittent. All working
parts of this circuit are bolted to the lid of the project
box, as shown in Figure 5. This means that there are no
wires to bend and break off during setting up and
adjustment or servicing

Up And Running

With the PCB layout shown, wire links are used to sup-
ply stabilised voltage to the main functional sections,
which can thus be isolated for setting up purposes
First of all check that the stabiliser is giving 5V. Next
wire in the supply to the reference oscillator with a thin
kynar wire link. Check that it is working by listening for
the 1IMHz signal on a medium wave receiver or using a

For accurate work the device would normally be used
in conjunction with a frequency counter and milli-
voltmeter. Also there will be considerable spread in the
characteristics of varicap diodes and the frequency
control potentiometers. For this reason a detailed cali-
bration scale is not given and is probably not required
The prototype frequency scale was calibrated at
100Hz, 1kHz, 10kHz and a few interesting frequencies
in between. If a log potentiometer is used for VR1 the
interesting range around 1kHz will be well spread out
and the 15kHz to 20kHz end will be cramped. The fre-
quency change is linear with applied tuning voltage. A
constructor may therefore choose a linear law poten-
tiometer and get a linear frequency scale. Since the
x20 power output clipping levels depending on the
state of the battery it is more useful to calibrate the
level potentiometer VR2 in terms of the low level out-
put. The prototype instrument was marked at 10mV,
50mV, 100mV and 200mV. These are RMS voltages so
don't forget the power amp must cope with the peak to
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peak value which is much higner f-- ple 100mV
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Mike Barwise

encounters the problems
of electrical resistance.

Intuitive Ele

b6

Fig.1 Equalizing tanks of water

ast month, we defined some terms of refer-
ence common to both plumbers and elec-
tricians. These were, Potential Difference
or differential pressure, Charge or volume
{(quantity) and Current or flow rate.

While these definitions are quite crude, and could
be faulted if we were inclined to be pedantic, they will
serve for the most basic analysis of electronic systems.
However, before we can go much further in our discus-
sion of principles, we must develop a couple of addi-
tional basic definitions, LOSSES and RESISTANCE,
which are in fact quite closely tied together.

At its most vernacular level, resistance implies
that more than the expected effortis needed to accom-
plish something. For example, if your boss is resistant
to the idea of your pay rise, you will have to argue a lot
more before you get it: some of your effort is wasted or
lost.

Superficial though this example is, it encapsu-
lates the concept we are looking for; that of losses in a
system.

Perpetual Motion

Atleast aslongago as Leonardo da Vinci, and sporadi-
cally since, people have tried to design perpetual
motion machines: contrivances which operate for ever
with no energy input after the first starting impetus has
been supplied. Until the advent of the superconductor
(more later), this was never aghieved, and it is a moot
point whether even the superconductor fulfils the
brief. For now, let us consider the energy flow implic-
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Fig.2 Pressure of water against time graph

5

T e = ——iaaa a5

I T T T T

ations of the generalised perpetual motion machine.
The first point to ponder is: can such a machine per-
form any useful work?

Familiar machines range from coffee grinders
and motor cars to washing machines and chainsaws,
all of which have a fundamental property in common.
They all act on the environment to modify it in some

way. Whether coffee beans get mashed or your grocer-
ies get carried home, there must be a transfer of energy
to the beans or groceries for the result to be achieved.
This means a net loss of energy from the acting
machine. A perpetual motion machine implicitly has
no source of spare energy, so the perpetual chainsaw
could not operate. However, there is a machine which
is not required to perform any work in this manner: the
clock.

If any of us can remember the old-fashioned
clock with hands (1), we will also remember that it does
no actual work (it does not act on the environment as
does the grinder or the car). O.K,, so it does have to
find the energy to lift its hands against the force of grav-
ity when they are in the left-hand half of the dial
between 6 and 12, but when the hands are in the right
half of the dial, they are falling and should recover this
energy into the system. This means that the average
energy lost is zero.

So, why do you have to wind the clock up? In
principle, it should not need it, and it might not if the
mechanism were perfect. Viewed under considerable
magnification, every moving part of the real clock is
imperfect. Each bearing surface drags a little, because
it is rough. On an even smaller scale, the molecules at
the surfaces of mating parts attract each other with
forces which must be overcome by extra effort. The
system has losses, and the excess effort is converted to
heat. You may not believe it in the case of the clock, but
we actually harness the concept of losses in an equally

tronics

familiar system: the brakes on your car. The function of
the brakes is to extract energy from the car, converting
forward motion into something else. You've guessed it:
heat. [ don’t think anyone would dispute that brakes
can get hot, but it is a little known fact that the loadings
on the bearings of a wristwatch are of the same order
as those on the bearings of a bicycle! The absolute
forces are much smaller, but so are the areas they act
on,

While we are talking about heat, [ will take the risk
of being shot down in flames, and make a broad gener-
alisation:

No energy conversion is 100% efficient, and a by-
product of every energy conversion is heat. This
means that a little bit more energy goes into every
operating system than comes out as useful work, and
the mechanism gets a little hot. This is really why per-
petual motion cannot be attained. A continual top-up
is required to counteract losses.

Funnily enough, were it not for the losses, many
electronic systems would be impossible. However,
some clever people have been working for the last 80
years or so on superconductors. These are special
electrical conductors which exhibit no losses under
suitable conditions. They have been proven to work:
rings made of superconducting material have been
transported long distances with electric currents circu-
lating inside, and only when the current is measured is
the energy of the system extracted. But... as usual there
is a catch, Most superconductors must be kept at a rid-
iculously low temperature (in the region of absolute
zero, the lowest temperature theoretically possible) to
operate at all. In a way, this is cheating, as a very large
energy input is required to the overall system which
maintains these conditions. Such superconductors
cannot, therefore, be considered as valid perpetual
motion machines.
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Resistance And Flow For Plum-
bers And Engineers

We discussed last month the general implications of
the size of the pipe joining our two tanks of water. The
larger the pipe, the quicker the two levels equalise. It
follows that, for the same differential pressure, more
water flows per second in the larger pipe: the larger
pipe has less resistance to the flow of water. If we sim-
ply invert this argument, we see that, if the flow rate is
maintained constant, a larger pressure differential
appears across the smaller pipe. Whether the pressure
differential, the flow rate or the pipe size is taken as the
point of reference, the other two parameters remain in
this relation to it. In principle, there is a simple propor-
tionality between the three, so that pressure differen-
tial equals the product of flow rate and pipe size (area).
In the case of real fluids, there are several complicating
issues which change this a bit, but it's a good enough
approximation for our argument. If you put your
thumb across the end of your garden hose (an old gar-
deners trick), making the outlet smaller, the pressure in
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Fig.3 RC Network

the hose rises, and you can generate a spray jet for
watering the vegetables, but a smaller volume of water
will pass through the hose.

From this analogy, we can go directly to the con-
cept of the resistor in electronics. This is a device which
limits current proportionally to the potential difference
across it. The relationship between resistance, current
and potential difference (frequently called voltage
drop in this context) is just the same as for the water
system: Potential Difference (Volts) = Current (Amps)
x Resistance (Ohms). This relationship, which is funda-
mental to all of electronics, is described by Ohms Law,
named after its discoverer, who also gave his name to
the unit of resistance as a result. The current limiting
effect is produced by the conversion of some of the
input energy into heat (just like the car’s brakes). The
actual temperature rise will depend on the ratio of the
rate of heating to the rate of cooling by radiation, con-
vection and conduction. This is again no different from
the water scenario. Water happens to be a very good
dissipator of heat, and the order of pressures and flows
you can control with your thumb is small, so the heat-
ing effect is not noticeable, but it’s there all the same. In
the case of the electronic resistor, there is frequently no
doubt at all about the heating effect. The ordinary
bathroom wall heater is in fact a resistor, specifically
designed to get really hot.

Back To The Future

Returning to our two tanks (Figure 1), is there any way
to predict how long it will take for a given level differ-
ence between them to equalise? Remembering that
water is incompressible, we might think that a simple
calculation based on volumes might work. It goes som-
ething like this: Let’s suppose there is one gallon more
water in one tank than in the other. The gallon has to
flow through the pipe, which allows a flow rate of... Oh
bother: that depends on pressure, doesn't it?

Let’s start again. We begin from the assumption
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that the tanks are identical, and have parallel sides
(they are cylindrical or cuboid). This means that the
pressure difference between them is directly propor-
tional to the difference in their water content.

At the moment the tap is opened (time T,), there
is a given pressure difference (dP;) between the two
tanks, and therefore across the connecting pipe. The
resistance of the pipe is R. The instantaneous flow rate
is therefore dP,/R. However, a moment later, the pres-
sure difference across the pipe will be less than dP, (as
some water has flowed, so the levels are no longer
what they were), so the flow rate will already be a bit
less than dP,/R. At some time after water started flow-
ing (time T,), the pressure difference across the pipe
will be 1/2dP,, as half of the water will have flowed
from one tank to the other. This will result in half the
original flow rate. Later still (time T,), the pressure dif-
ference will have halved again, so the flow rate will be a
quarter of what it was, and so on. If we look at these
time intervals, we find that the interval T, , is equal to
the interval T7,. If we were to note the time whenever
the ditference in level halved, we would see that all the
time intervals were equal, and that the flow rate was
constantly reducing. This leads us to the interesting
conclusion that the levels will never equalise. How
odd! In fact, the amount of water which has flowed
between the two tanks after n intervals is the sum of the
infinite series 1/2 4+ 1/4 4+ 1/8 ... .+ 1/(2"), which
never quite adds up to 1.

Variation of the differential level in the tanks (vol-
tage), the differential volume (charge) or the pipe size
(resistance) will affect the absolute duration of the time
interval to achieve 1/2dP; and subsequent equivalent
changes (50% of previous pressure), but the nature of
the characteristic (Figure 2) is inherent in the pressure/
flow/pipesize (Volts/Amps/Ohms) relationship.

In practical terms, we can get near enough to full
equalisation for the error not to matter. Supposing we
need to be accurate to 1%, it will take seven intervals
(whatever their absolute duration) for the levels in the
tanks (the potential difference) to settle to this limit. To
settle to 0.1% (1 part in 1000), it will take 10 intervals,
to 0.01% (100ppm) will take 14 intervals, and so on.
The extra time to gain each next decade order of accu-
racy gets longer and longer.

It is worth checking back to our analysis of the
‘infinitely large pipes’ which result in constant sea level
(see pagt 1). The instantaneous equalisation of level in
that argument would seem to contradict our results
abovg, but it doesn't in fact. Given the Ohms Law rela-
tionship, the time interval for a pressure change of
50%is entirely dependent on resistance if all other fac-
tor§ are equal. An infinitely large pipe has zero resist-
ance, so the time interval is zero. Multiply this by any-
thing you like, and you still get zero. At the other end of
the scale, the closed valve has infinite resistance, mak-
ing the time interval infinite in duration, so the water
levels stay put.

Radio Active

We have jumped about a bit between the wet and the
shocking in this short tour of flow rates and resistance,
but I hope the similarities are reasonably clear. In fact,
we have done much more than immediately apparent:
we have described the charging characteristics of a
series resistor-capacitor circuit (Figure 3). Next month
we will lenk at the capacitor in more detail. In the
meantime, 1 would like to leave you with another, curi-
ously similar, idea from an apparently unrelated field.
The decay of radioactive materials (Radium, Uranium
and so on) is measured in half lives: the time intervals
required for half the mass of the material to break
down. This seems from observation to be a valid mea-
sure, regardless of the starting mass of material.
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ELECTRONICS

TODAY INTERNATIONAL

SERVICE
March

the year, the next two are the month

Such orders will not be processed until payment is received

E9203-1 MIDI Switcher — Main Board ..........cccooveiiieiimiii e L
E9203-2 MIDI Switcher — Power Supply ............ocooiiiiiiiiiiii E
E9203-3 Sine Wave Generator (surface mount) .................................. F

PCBs for the remaining projects are available from the companies lists in Buylines.

Use the form or a photocopy for your order. Please fill our all parts of the form. Make sure you use the board reference
numbers. This not only identifies the board but also tells you when the project was published. The first two numbers are

Terms are strictly payment with order. We cannot accept official orders but we can supply a proforma invoice if required.

E8802-1 Electric Fencer
E8802-2 Telephone Intercom ........
E8802-3 Transistor Tester (2 bds) ................
E8802-4 Spectrum Co-processor CPU ...........
E8803-1 Co-processor RAM board
E8803-2 Beeb-Scope (3 bds) .. 2 .
E8804-1 Spectrum Co-processor Interface Board
E8804-2 Combo-Lock . e e
E8804-3 Kitchen Tlmer
E8805-1 Virtuoso 2U PSU ..
E8805-2 Virtuoso 3U PSU .
E8805-3 Bicycle Speedometer o
E8805-4 Dynamic Noise Reductlon
E8806-1 Universal Digital Panel Meter .................cccco.c...
E8806-2 Universal Bar Graph Panel Meter
E8806-3 Virtuoso Power Amp Board ......
E8806-4 Virtuoso AOT Board ...........
E8806-5 Metal Detector ................
E8806-6 Bicycle Dynamo Backup ..
E8807-1 Bar Code Lock (2 bds) .............
E8807-2 Analogue ComputerPower Board
E8807-3 Bell Boy
E8807-4 Logic Probe
E8807-5 Updated FM Stereo Decoder
E8807-6 Breath Rate Dis#lay Board ... ...
E8808-1 Breath Rate Mat Board ...
E8808-2 Breath Rate Switch Board
E8808-3 Telephone Recorder ...........
E8808-4 Analogue Computer Main Board (2 bds) W o
E8809-1 Spectrum EPROM Emulator .............c.oiooo..
E8809-2 Frequency Meter (2 bds)
E8809-3 Travellers* Aerialt Amp ...
E8810-1 Gerrada Marweh Bikebel] ... i
E8810-2 Peak Programme Meter (2bds) ...,
E8810-4 TV-to-RGB Converter ........coouvooroviiooniens
E8810-5 Electron RGB Buffer . %
E8811-1 " NiCd\Chargen fatleiimiiimrmssiree s o mtesrmars
E8811-2 Chronoscope (3 bds) ..o ceiescsins
E8811-3 Digital Transistor Tester ...
E8812-1 Doppler Speed Gun (2 bds) .
E8812-2 Small Fry Mini Amp ...
E8812-3 Thermostat . e
E8812-4 Burglar Buater Free PCB ............ .
E8812-5 Burglar Buster Power/relay Board .....................
E8812-6 Burglar Buster Alarm Board ... ;
E8812-7 Burglar Buster Bleeper Board .........
E8901-1 EPROM Programmer mother board
E8901-2 Variat-lon updated Main Board ..
E8901-3 Variat-lon Emitter Board ... .

TEFZOmMOZRCmMMZEMmMZOZ 2~ m

MIZOO0OMUMUROUmMOMZOmo9Z2200Tnmw O

E8901-4
E8901-5
E8902-1
E8902-2
E8902-3
E8902-4
E8903-1
E8903-2
E8903-3
E8903-4
E8904-1
E8904-3
E8904-4
E8904-5
E8905-1
E£8905-2
E8905-3
E8906-1
E8906-2
E8906-3
E8906-4
E8906-5
E8906-6
E8906-7
E8907-1
E8907-2
E8907-3
E&907-4
E8907-5
E8908-1
E8908-2
E8908-3
EZ908-4
E8909-1
E8909-2
E8909-3
E8909-4
E8909-5
E8910-1
E8910-2
E8911-1
E8911-2
E8911-3
E8911-4
E8912-1
E8912-2
E8912-3
E8912-4
E8912-5

In-car Power SUPPIY .ooooovoece i
Granny“s Hearing Booster ...
Compressor/Limiter/Gate ......cccccocvoiiini,
Ultrasonic Horn ..............
Stepper Motor Driver Board R
Quest-Ion (2bds) ...
Intelligent Plotter Solenoid Board ....................
MIDI Programmer ... e
Balanced Disc Input Stage ...,
Digitally Tuned Radio ..o,
Camera Trigger ... tiie
Intelligent Plotter Main Board SR e
Kinetotie Tie Board ...
Kinetotie Control Board .
Guitar Tuner . i :
Camera Trrgger U]trasomcs (2 boards\ .......
Bench Power Supply (2 boards) ...
PC edge connector ........
MIDI converter CPU ... .
MIDI converter keyboard ..o,
MIDI converter control ...
AF signal generator .......
Mini bleeper =
Caravan heater controller
MIDI Patch Bay ...
Priority Quiz Switch . , L
Camera Trigger Infra- reds (2 boards) _______________
Aerial Amplifier main board ... .
Aerial Amplifier power supply ...
Intercom master station ...
Intercom slave station ...
Intercom power mixer ...........
Digital joystick-to-mouse conversion
Twin Loop Metal Locator
Trembler movement detector . i
Field power supply (spec 3) ..o,
Micro monitors active filter ..
Chronoscope auto-reset
Multimeter
MID! Mapper .............
Smoke Alarm main board
Smoke Alarm power supply
Frequency Meter (3 boards) ...........cooovevivinn.
Serial Logic Scope _.........
Mains Failure Alarm
Surveilance PCB ...
Slide/Tape Synch .............
Pedal Power ...
Digital Noise Generator

MO IR0 moO
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ES001-1
E9001-2
E9001-3
E9001-4
ES002-1
ES002-2
E9002-3
ES002-4
ES003-1
E9003-2
ES003-3
ES003-4
E9003-5
ES003-6
ES003-7
E9003-8
ES003-9
E9004-1
E9004-2
E9004-3
ES004-4
E9005-1
E9005-2
ES006-1
E9006-2
ES006-3
ES006-4
E9006-5
ES007-1
ES007-2
E9007-3
E9007-4
E9007-5
E9008-1
E£9008-2
ES008-3
E9009-1
ES009-2
ES009-3
E9010-1

E9010-2
ES010-3
ES011-1

E9011-2

ES011-3

E9011-4

E9011-5

E9012-1
E9101-1
E9101-2
E9101-3
ES101-4
E9101-5
E9101-6
E9102-1
E9102-2
E9103-1
E9103-2
E9103-3
E9103-4
ES104-1
E9104-2
E9104-3
E9104-4
ES104-5
E9105-1
E9105-2
ES105-3
E9106-1
E9106-2
E9107-1
E9107-2
E9107-3

E9107-4
E9108-1
E9108-2
E9108-3
ES109-1
E9109-2
ES109-3

20 metre Receiver
Wavemaker FG

Motorcycle Intercom ..

Low Voltage Alarm

EPROM Emulator ...
Superscope Mother Board
Superscope CRT Driver Board
Superscope Timebase Board
Superscope Y1 input board
Superscope Y2 input board
Superscope switch generator
Business power amp board
Business power supplu board
Business pre-amplifier board
Water hole ..

Super Siren

Val’s badge o ;
Bass Amplifier DC Protection ...,
Bass Amplifier Graphic Equaliser ...
Bass Amplifier Micro Eay

Quad Power Supply .

Business Display

Phone Lock and Logger

Dark Room Timer =
Telephone Extension Bell
Telephone External Bell
Fecko Box .

Bug Spotter .

Guitar Practice Amp
Digital Frequency Meter .
Footstep Alarm

Transistor Tester ...
Decision Maker

AC Millivoltmeter
Temperature Controller ...
FM Generator ... .
Slide Projector Controller
Ultimate Diode Tester .......
The Entertainer
Component Tester .............
Active Contact Pickup
R4X Longwave Recelver
The Autocue (2 boards, 1 double 51dedl ........
Infra-lock transmitter (2 boards) ...
Infra-lock receiver 1]l
Four-track cassette recorder
(record/playback one channel) ... . . F
Four-track cassette recorder
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K
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N
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{Bias/erase oscillator board .. ... .. K
Infra Switch ... ; i F
Remote Control — Main Board n J
Remote Control — Display Board ..., . H

Remote Control Timeswitch — Transmit board E
SBC Micro-Controller Board ...
SBC Practice Interface Board
5in 1 Remote Sensing Switch ..
Remote Control Timeswitch — receiver board
Anti Theft Alarm (2 bds) oo,
Ariennes Lights ...
64K EPROM Emulator ...
SSB Radio Receiver ...
Active Loudspeaker board
Testmeter Volts ..., P, S .
Active Direct [njection BoX .......cccooirioriii
EPROM Eraser ...
Digital Tachometer
Radio Calibrator Uy e
Modulator Laser (2 boards)
Thyristor Tester .............oco.......
Frequency Plotter ...
Laser Receiver ... i
Temperature Controller Power Supply W 4
Temperature Controller — Main Board ..........
Temperature Controller — Probe PCB .............
The Foot Tapper — Volume Control
(dotblelsided) S ——"——
The Consort Loadspeaker ........
Pulsed Width Train Controller
Model Speed Controller — Main Board
Model Speed Controller — Power Supply
Geiger Counter ...

Hemisync Waveform Generator Board
Hemisync Pulse Generator Board ...................
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ES109-4
E9109-5
E9110-1
E9110-2
E9110-3
E9110-4
E9110-5
E9110-6

£9110-7
E9110-8
EQNIS
ESI111-2
E9111-3
ES111-4
E9111-5

E9111-6

ESI111-7
ESI11-8
E9112-1

E9112-2

E9112-3
E9112-4
E9112-5
E9112-6

E9112-7
E9201-1
E9201-2
E9201-3
E9201-4
E9201-5
E9201-6
E9202-1
E9202-2
E9202-3

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

Hemisync Power Supply Board ...................
Nighfighter Main Processor Board
Freeze Alarm .,
Document Saver i i bt
Proto-type Designer
Nightfighter — Sound to l_lght (double snded)
Nightfighter — Ramp Generator Board ...
Nightfighter — Cyclic Crossfade

(double sided) ..

Nightfighter — Strobe Board (double 51ded)
Nightfighter — 8 Channel Triac Board ...........
Digital Code Lock ..

Switched Mode Power Supply
Nightfighter Mode Selection (double Slded)
Nightfighter — Display Board (double slded) ;
Nightfighter — Bass Beat Trigger

(double sided) .
Nightfighter — Sequence Select

(double sided) .. it
Nightfighter — Master Controller PSU K
Nightfighter — Output Switch (double srded) .M
Nightfighter Sensor Switch Master Control
(double sided) ..

Nightfighter Sensor SWItch Channel Control
(double sided) .................
Nightfighter Sensor Sw1tch Sound Tngger _____
Nightfighter Connector Board . g
Nightfighter Sensor Switch PSU ........................
Nightfighter 8-Channel Input Interface
{double sided) ., ;
Power On and Overload Regulator
Laboratory Power Suppy ..
Test Card Generator Board
LED Star (double sided) .
Enlarger Timer Main PCB (double 51ded) .......
Enlarger Timer Selector Board (double sided)
Enlarger Timer Switch PCB ...,
Timer — Counter Driver (double sided) ........
Timer — Time Base (double sided) ......
Timer — Power Supply {..iiiibdiiisiimminn,

"rl:—L.mrnOO
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Please supply:

Quantity

&

%

Ref. no. Price Code

-

Total enclosed

Please send my PCBs to: (BLOCK CAPITALS PLEASE)

I
I
l
I
|
|
|
I
|
i Post and packing
I
|
I
|
l
|
l
I

TELEPHONE
ORDERS
may be made on

(0442)
66551

ACCESS or VISA

Price
(inc.
VAT)
£1.80
£2.50
£3.25
£4.00
£4.75
£5.50 |
£6.62
£7.20
£8.80
£10.60
£13.10
£15.80
£17.90
£21.80
£23.90
£25.90
£29.00
£32.20
£35.80
£37.90
£40.70
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Price

Total Price

£0.75
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THE COMPLETE
REFERENCE FOR
ALL LOVERS OF
FLIGHT!

The first comprehensive guide to the fast growing hobby of
plane spotting. Packed with tips, advice and hints. The book
includes detailed information on aircraft operations and types,
avionics, optics, air traffic control, computer systems and the
complete HF — VHF + UHF airbands range. The Aviation
Enthusiast’s Handbook is the one book you can’t be without!

HOW TO ORDER BY POST Please add £1.00 for posicge and packing.

l 04267 THE AVIATION ENTHUSIAST'S HANDBOOK. .£9.95
Please make cheques payable to Eddington Hock Ltd, and send to the uddress be1ow.|

I [11 enclose my remittance of £10.95

I [] Please charge my access/mastercard/barclaycard/visa I

||||||‘||‘lll|||5ignoiure ....................... |_

Explry daote. ... 0. farmmaan NGNS S s S

ATAREES i vs 5w e 30009 3 6 R[S 55w o oS T A4 B/ANOTESe mmeitatiase by woa w el avayels ﬁmls—l
............................................................ HrG2 BOOKS
Complete details and return form to: Eddington Hook Ltd. 406 Vale Road, Tonbridge, Kent. TN9 TXR.
Please ensure that all cheques are made payable to Eddington Hook Ltd.
TO ORDER BY PHONE Telephone (0732) 357755. Please ask for the Argus Order Deporfment.l

I_Quote access/mcsfercord/borclaycard/vnso_Allow upr?Bins for cﬁ/el AT

Fully lHlustrated

256 pages

234 x 156mm.
ISBN 185486 054 2.

£9.95 Paperback

BINDERS

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
AS.P.BINDERS OFFERS,
Argus House, Boundary Way,
Hemel Hempstead HP2 7ST

“UK ONLY — OVERSEAS PLEASE ADD £1.50

JOBSEA

The nationwide careers guide

Select your next job from
the region of your choice!

Looking for a job? a8
Whether out of work'7i

e

TELEPHONE ORDERS (24 HRS) 0442 66551

change — don't

: Please Supply ... ETI Binders at £6,95 each inc.p&p : -

: Overseas please add £1,50 p&p ] give up or lose hope

i Total £ .......... (please make cheques/postal orders payable to AS.P) i JOBSEARCH UK — ThOISBﬂdS of G ~

Y | S —— i ; -

i ADDRESS : jobs and career opportunities /8 =
| . ——

| : updated every fortnight gm

| i lassified by job type and UK region

i Ordepitmy [T TTTTTTTTTTTLTT Expiny . C y Job typ g
]

| 1

FORTNIGHTLY AT LEADING NEWSAGENTS 95p

L ACCESS/VISA  Signature
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PCB Foils

Single Span Audio sine wave generator

1
D {copper uppermost)

Freeze Arlarm Oct 91
In Parts List R2 should read 12k and R3 is a 2%
resistor. R4 should be 6kS

Op-amp Display Chart Dec 91

Column D should read ‘Real OA', In 6B the
arrow for [y current should be reversed. In 18D,
fc, should read fc .

Test card and Test pattern generator &
Part 1 Dec 91

In Figure 1. the IntVideo Out signal should go to
SK6 pin 19, not pin 9 as shown,

Part 2 Jan 92

In Figure 3, the Front Panel Design , two of the
patterns around the Pattern Switch (SW2) are
incorrect. The position shown as coarse check-
erboard pattern should be a fine checkerboard
pattern. and the fine checkerboard pattern
should be solid black.

In the Parts List, C21 and C28 should be 220pF
not 220uF. and C26 should be 220nF not
220uF.

150ns 27C128 EPROMs are not too easy to
come by Texas TMS27C128-25JL 250ns
EPROMs work fine MIDI Switch — Power Supply
The Texas TM27C128-15JL as used in the pro-
totype are available from STC Electronic Ser-
vices, Harlow, Essex, Tel: 0279 626777, their
Stock No is 044704H, price £3.61 each plus
£1.90 p&p plus VAT. STC accept credit card
orders (Access, Visa, Diners and Am-Ex) over
the phone.

ETI MARCH 1992
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ELECTRONICS

TODAY INTERNATIONAL

TR

=

Rebecca Daborn
0442 66551 Ext 313

Send your requirements to:
ETI Classified Department, ASP, Argus House,
Boundary Way, Hemel Hempstead, HP2 7ST.

Lineage: 60p per word (+VAT) (minimum 15 words)
Semi display: (minimum 2.5cms)
£15.00 per single column centimetre (+VAT) per
Electromart £24.00 per Insertion (+VAT) 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

Meital detector boarcs
tuner, mode, discr
jack, on/off/voiurm
facilities

Dictaphone casseze
playback heads €
effect switch

TV/Printer stands
Bicc-Vero Eas-w =

£4.95 ea”

construction
TTL/CMOS she oef.  £4.95*
Dot matrix LCD £3.75ea*
Dol matrix LCD

with Dots £4.95*
40 character = * \ng cot matrix display

with daia €14.95 ea
20 character = 2 iire cot matrix display

with data £7.95 ea
2 digit 16 segment VF display

with data £2.95 ea”

4 digit intelligent dot matrix display £6.00*
17 segment VF display with driver

board and data .. £2.99 ea”
8 digit liquid crystal display £1.75 ea™
4 digit LCD with

7211 driver chip 3 £3.50 ea”
Digital clock display .. .. £2.50
11 key membrane keypad £1.50 ea”

Keyboard 392mmx180mm/ 100 keys

on board + LCD + 74HC05/

80C49 easily removable ... .. . £4.95
197 3U sub rack enclosures £8.95
12V stepped motor, 48 steps per rev,

7.3° step angle £3.95 ea*
Stepped motor board with slotted

opto+2 mercury tilt switches = £3.95 ea*
1000 mixed %, walt 1% resistors = £4.95 ea
250 electrolyic axial+radial caps £4.95 ea

200 off mixed polyester caps £7.95
100 Mixed trimmer caps popular

values £4.957
50 off MC 78M12CT Volt Regs £2.957
20 off WO2M Volt Regs . £1.50”

25 off mixed buzzers and sounders £4.95
. Cable box UHF modular/video preamg

transformer/R’s + C's/leads £6.95
1000 off mixed Multilayer Ceram ¢

Caps ., . €795
Solar cell modules

0.45V 700mA £235 ea"
BBC Micro to disc drive leac £1.50°

Car Burglar alarm vibration autc e~y
exit delay €595 ea”
Single zone alarm pane! auic eniry
exit delay housed in demes:
socket

Technical Information Services
76 CHURCH ST 1H#
i:r|: sy ¥

SERVICE M:

DS
REFERENCE \
0", FREE

AL AL MANCALY

sssential for the seriois
e die iacker anly
i o

LASER Diode Modules, 2mw,
670nm, water and shock
resistant, reverse polarity pro-
tected, dimensions 14.7mm x
28.5mm, £179.95. A. McKeeve, 6
Grange Farm, Kirkcaldy, Fife,
Scotland KY2 5UH.

ETI MARCH 1992

PC PSU 50 watt 115-230V input+5V

4A+12V 2 5A output with built-in fan

IEC inlet+on off £9.55 ea
STC PS.U 240V input 5V BA output

{converts to 12V 3A details

available) = £595 ea
240V input 5V 10A output (converts to

12V 5A no details) £5.95 ea
600Q line output transformers ~ £1.25 ea
240V in 0-12V 0.75A out

transiormer £275
240V in 0-28V 62VA out transtormer£2.75
Transformer+PCB gives 2x75V 32VA with

skt for 5 or 12V requlator. wili power

floppy drive £3.75 ea
Ultrasonic transducer (transmit-

receive) £1.50 pair
3 to 16V Piezoelectric sounders 50p*

9V DC electromechanica! sounder 50p*
24V DC electromechan:cai sounder 50p*
2A 250V keyswitch 3 position key

removable in two pcstions £1.50°
DIL switches PCB MT 3 4.6 way 35p*
5V SPCO SIL reed re'ay 40p*
5V 2PCO DIL minizturs relay 60p”
12V 2PCO or 4PCO centinental relay 60p*
12V 10A PCB MT i 10 maxe contact)

relay 95p*
3 to 12V elecirc mzgnetic accoustic

transducas wiin gata 75p*
24576 & 8329 217G MHz

crystals 50p ea”
Bridges 254 202V £1.00"

2A 100V ... 50p*
3Ib Mixe2 comoonents pack £4.95
25 off muxed relavs £5.95
40 off muzed icggle switches ... £9.95
58 o mixaZ switches, toggle, rocker,

micro, shde £9.95

axtai chokes. 01,018, 012, 0 33,
1.3 30H 10p ea 100 for €750
1erminal blocks £2.95
€ 22/24/40 way IC Skts  £4.95"
2% off Phono plugs (red/blk/grey) £3.50*
QUANTITY DISCOUNTS AVAILABLE — PLEASE RING

)

ALL PRICES INCLUDE VA.T,
PLEASE ADD £2.00 p&p EXCEPT ITEMS
MARKED = WHICH ARE 50p
SAE FOR BULK BUYING LIST
PAYMENT WITH ORDER TO:

Dept ETI, COMPELEC,
14 Constable Road, St Ives,
Huntingdon, Cambs PE17 6EQ
Tel/Fax: 0480 3005619

SOLAR PANELS 100mm x
60mm 2.5V 0.2Wp £1.40. 6 for
£8. 12" x 6" 12V or 6V 1.4Wp
£8.50. 12"x 12" 12V 3Wp £15.00.
36" x 12" 12V 5-6Wp £23.50.
Prices include U.K. P&P. Larger /
mounted panels available.
Orders to Bob Keyes GW4 IED.
4 Glanmor Crescent, Newport,
Gwent. NP9 BAX.

MISCELLANEOUS

HEATHKIT UK educational
products distributors — service
centre. Cedar Electronics, Cedar
House, 12 Isbourne Way,
Broadway Road, Winchcombe,
Cheltenham, Glos. Tel 0204
602402.

TRANSFORMERS

L YNIES

* New MOSFET Amplifiers
improved range of SMOS modules
30W, 30+30W, 60W, 120W
* 20 watt Class A Amplifier

* Low profile PCB Transformers
a range of encapsulated transformers
4VA, 6VA, 10VA, 18VA, 24VA, 30VA

Write or phone for data and prices...
which include details of standard range of
toroidal transformers and audio modules.

Jaytee Electronic Services

143 Reculver Road, Beltinge, Herne Bay, Kent CT6 6PL
Telephone: (0227) 375254. Fax: (0227) 365104

Start training now for the following
courses. Send for our brochure —
without obligation or Telephone us on

0626 779398

ETI/10/91

o Telecomms
— Tech C&G 271
O Radio Amateur
Licence C&G
o Micro-
processor
O Introductionto
Television

Name

Radio & Telecommunications Correspondence School
12 Moor View Drive, Teignmouth, Devon TQ14 9UN
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WE CAN SUPPLY A VAST RANGE FOR MANY MAKES — WRITE (send SAE please) OR
PHONE 0452 526883 FOR A ‘PRICE & AVAILABILITY’ ON YOUR REQUIREMENTS.

AMSTRAD/SINCLAIR COMMODORE OTHER MAKES

40010 G Array £2063 6526 CIA £1111  Sanyo/Fisher VCR Bell Kil

CPC464 Serv Manual £849 B520 (Amiga) £1122 VTC6500/VBS3500 £249
Spec 48K Membrane £450 B701 Clock Gen €690 Hilachi VT11/14/33/34/63

+/128K Membrane £7.9¢ 901225 Char ROM £655 Replacement

QL Membrane £795  C64 User Manual £425 Video Head £2610
ULASCOGIE £1677 ATARI Toshiba S1-U2/U2L Power N
ZX 8302 (QL) £1075 'Basic ROM (XE/L) £449 Translormer £999
ZX 8401 (Spec) €794 PC713V (STE-PSU) £294 TBAS30 £114 AY38912 €574

PHILIPS EPSON TBAB1OP £140 UPC137BHE£245
CM8833 Serv Manual £380 C78010BD031 CPU £3024 TDA817¢ £353 LM733CN(L227
This just a small sample of our slock — We are also holding Tools, Connectors, Aerial & Telephone Accs
and much more For our catalogue please send 50p stamps/chg. MAIL ORDER ONLY Please add
95p (UK) P&P but not VAT. All items subject to availability. Price can change without notice

MARAPET (TB), 1 HORNBEAM MEWS, GLOUCESTER GL2 OUE

FOR SALE

REPORTER
Model T26

ARTRIDG
LECTRONICS

¢ Two Mic. Inputs + Line Input ¢
& Auto — Manual Control ¢
¢ D.T.M.F. or L.D. /Dialing ¢

EASY TO CARRY
FLIGHT CASE
BROADCAST OVER
STANDARD PHONE NETWORK

UNITD

318 HIGH ROAD
BENFLEET

ESSEX S§7 5HB
TELEPHONE: 0268 793381

o~

FOR THE SERIOUS MOBILE DISCO
SWITCHABLE 3-4 CHANNEL CONTROLLER
with beaichase and speed controls

PCB + Components Kit 7 £21.00
Hardware Kit ; €12.00
MULTICHASE 4 CHANNEL CONTROLLEH

with beatchase, speed and chase-select controls
PCB + Components Kit £26.00
Hardware Kit £13.00
COMPUTER CHASE 4 CHANNEL CONTROLLER.

A controller designed to achieve very good results from many types of lighting display. Perfect
for pinspots, super on screens, can even revitalize spotlamp boxes. Fast tracking autolevel
audio input and choice of sound modes ensure accurale and varied interpretation of music
PCB + Components Kit £35.00 e .
Hardware Kit £15.00 Postage & packing £1.50 per order

~

i

=

HIGH POWERED SPEAKERS FOR PA & DISCO USE

Ready made btack vynide covered cabinets, cutout ready for
fitting of wide dispersion horn and 12” 100 Watt RMS driver or
15" 200 Walt RMS driver. Kit contains all fixings, clamps,
sockets, labels etc

Magnum 100 (1x12" + 7x3" horn) ........ £165 pair
SIZE 540mmx380mmx*300mm
Magnum 200 (1x15" + 7x3" horn) ... £235 pair
SIZE 835mmx460mmx330mm
Carrier Delivery £12.00 pair
LED DISPLAY OSCILLOSCOPE with 9x9 grid WAVEFORM GENERATOR with

of high efficiency LED’s with trigger/freerun
brightness, sensitivity, Y position and timebase
£19.95
Postage & packing 50p

sine, triangle and square wave output
Range, frequency and amplitede
£9.95

FAST FRIENDLY SERVICE ALL PRICES INCLUDE VAT

98 School Street, Wolverhampton, West Midlands WV3ONR

Tel: (0902) 23275

\ 2
64

VARIABLE VOLTAGE
TRANSFORMERS

INPUT 220/240V AC 50/60
OUTPUT 0-260V
Price
0 5KVA 2 5 amp max £29.00 £
(£39.54 inc VAT)
40 £6..

P&P
£4.65

1KVA 5 amp max £37.
(51.28 inc VAT)

2KVA 10 amp max  £54.00 £7.81
(£72.62 inc VAT)

3KVA 15 amp max  £71.50 £7.
(£93.18inc VAT)
£126.50
(Carriage on request)
Buy direct from Lhe Importers Keenesl prices i the couniry
COMPREHENSIVE RANGE OR
TRANSFORMERS-LT-ISOLATION & AUTO

(110-240V Aulo transfer eilher cased with american sockel and
mains lead or opusC frame lype. Avallable lor immediale delivery

TRA VIOLET BLACK LIGHT
FLOURESCENT TUBES

5KVA 25 amp max

4fi 40 watl £12.00 (callers on\y)

(£14 19 inc VAT)
21t 20 watl £7.44 + £1 {

a0 wat cag0 1 75 p&p (E7 70 Inc VAT)
12i0 8 wat £4.80 + 75p p&p (6 52 inc VAT)
9in 6 walt £3.96 + 50p p&p (€5 24 nc VAT)
6in 4 walt £3.96 + 50p paj (£5 24 inc VAT)

P
C BALLAST KIT
10 hubes €5

Ear nithar fii

i
For 13in tubes £6.00 + £1 35p p&p
£8 64 Inc YAT)
0 WATT UV LAMP
Only £34,00 + £2%0 p&D (P42 89 Inc VAT)
WATT SELF BALLASTED BLACK
LIGHT MERCURY BULBS
Available wilh BC or ES liting Price inc VAT -
& p&p £20 88

EPFIOM ERASURE KIT
Build your own EPROM ERASURE for a fraction of the price of a
made up unil il of parts less case mcludes 12 in 8 walt 2537
Angsl Tube Ballasl unil. pair of bi pin eads, neon indicalor, an/ofl
swilch, salely microswilch and circult €14.00 + £2.00 p&p (E18 80
inc VAT)

pasSUPER HY-LIGHT STROBE KIT
gned for Disco. Thealrical use, elc
Approx 16 qules I Adustable speod £50.00 » £3 00 pp
(£62.28 no VAT)
Case and refiector £24.00 + £3.00 p (£31.73 Inc VAT)
SAE for lurther delais including Hy Light and ralanal Slons
ils

Surplus Precision Medical Unil, internally in excellent
condition, Deslgned primarily lo eject a precise
controflable amount of fluid from a medical syringe (latler
not supplied) Ceonlains the following removahle
componenls Dual Micro Processor Boards and EPROMS
Escap Precision 12V DC Motor with 300 1 Gear Box and
optical encoder coupled lo a precision threaded drive
mechanism Mains supply wilh 6 x 15V Ni-Cad AA cells
back-up LCD Digilal read-ocul 17mm high wilh legends.
Audible warning

These are soid lor the dismanlling ol he exceptional
qualily componenls. Regrel no Circuits available
Ridicuiously (ow price £16.00 + £4.00 p&p (£23,50 inc
VAT)

1087 rpm 5 ibs. in. TORQUE MOTOR
116V AC 28 amp exiremely powerlul, capacilor run,
sealed geared motor Fan cooled, cont. rated, in-line
gearbox Supplied with Transformer for 240V. AC
operation Reversible anly on 240V. Circuil supplied
Motor, Capac , Translormer and Carriage: £46.50 (£54 64
inc. VAT)

TORIN CENTRIFUGAL BLOWER
230V AC 2 800 RPM 09 amp. 130mm diameler. impellor
outlel 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

{npui 230/240Vv AC. Output approx 15KV
Producing 10mm spark, Built-in 10 sec timer Easily
modified for 20 sec 30 sec to conlinuous Designed
for boiler ignilion Dozens of uses n he held of
physics and electronics, eg supplying neon or argon
tubes elc Price less case £B.50 + £2 40 p&p
{£12 81 inc VAT) NMS

12 RPM SHADED POLE GEARED MOTOR
POWERFUL rated, n
rotation, supplied complete wilh auto transiormer and circ.
for 240V A C operalion Size: length 140mm. Width
65mm. depth B0mm %in dia shaft x 9/16 in long Price:
£23.50 incl VAT

HEAVY DUTY MOTOR

Crouzel 115/230V AC heavy duty 1{RPM molor
Anliclockwise type 82/015 Size 68mm. diameler x 55mm
long. Shaft 6mm diameler x 20mm long Price Inc VAT &
p&p £18.86

RHEOSTAT

50W 2 ohm 5 amp ceramic power rheostat price inc VAT
& p&p £10.61

MICROSWITCH
Pye 15 amp changeover lever microswitch. Type S171
Brand new price 5 for £7.05 inc VAT & p&p
NMS = NEW MANUF SURPLUS
R&T = RECONDITIONED AND TESTED

EN

Showroom open
Monday - Friday

=g
VISA
=

A
P;ma Brata

SPECIAL OFFERS

WANTED

CATALOGUE £1.00 + 25p P&P

LEDs 3mm or Smm rad-ge :uew'

i mach yelkaw 115 wach

30p each
m 5l ER.35
S.I.:?L::l shipgere mutor e chip . L4495
FM Transmitter k\fgood quality sound £8 60
High quality photo resisi copper clad epoxy glass boards
Dimensions single sided double sided
3xdinches £0.95 £107
4x8 inches £240 £268
6112 Inches £537 =
12x12 nches £166 =
Special Offer:

Compuler grade capaulors wilh screw erminals 38000ul 20v

87000u7 0V el 95 SBUOUM 15v£2 95 1000047 WBV ':'.1 50

7 segmenl common anode led display 12mm...... ... A 0ldE,
LMZQSU\TS 0 low drop oul §v regulator T0220 package s 4B5
BS250 P channel mostel £0 45, BC559 transislor £3 85 per 100
741805 hex invéor £10 00 per 100, used 8748 Microconlroler £3.50
TV Mains swilch 4A double pole with momenlry contacis lor remole
conlrol pack of 10 £3 95 box of 60 £19.95
D [

V‘F"Yﬁ’la’jllll’ modet VI2PS 12y iniv

jecharpatis Datterias ceacii ok B nlmasm n:ﬂ- Pirass a4
95p lowards P&P val included
JPG ELECTRONICS
276-278 Chatsworlh Road Chesterfield S40 2BH
AccessiVisa Orders (0246) 211202 callers welcome

ELECTRONIC PLANS, laser
designs, solarand wind generators,
high voltage teslas, surveillance
devices, pyrotechnics and com-
puter graphicstablet. 150 projects.
For catalogue. SAE to Plancentre
Publications, Unit 7, Old Wharf
Industrial Estate, Dymock Road,
Ledbury, Herefordshire, HR8 2HS.

Turn your surplus
transistors, ICs etc, into
cash. Immediate settlement.
We also welcome the
opportunity to quote for
complete factory clearance.
Contact:

COLES HARDING & CO.
103 South Brink
Wisbech, Cambs.

NOW ESTABLISHED OVER 15 YEARS

Tel: 0945 584188
Fax Number: 0945 588844

KITS

ACOUSTIX BC 40

The Bridge Connected Amplifier kit
with a professional finish for
discerning constructors.

As featured FEB '92 issue ETI.

Full and sub-assembly kits
available.

Write or telephone for further
details to Martech Systems
(Weymouth) Ltd., Unit A2/3,
Marabout Industrial Estate,
Dorchester, Dorset, DT1 1YA.
Tel: (0305) 265666
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KITS SPECIAL OFFERS FOR SALE

NEW VHF MICROTRANSMITTER
KIT tureztie 80-135MHz, 500
metre r2mge sensitive electet
micropncne, high quality PCB,
SPECIAL OFFER complete kit
ONLY £5.95 assembled and ready
to use £995 post free. Access/
Visa order telephone 021-411
1821. Cheques/POs to: Quantek
Electronics Ltd, Kits Dept (ETI). 3
Houndley Road, West Heath.
Birmingham B31 3AL. Tel: 0214
599647. For details on this and
other kits.

FAX YOUR
ADVERT ON
0442 66998

KITS. VHF/FM Microtransmitter,
15x25mm. £5.95, built £9.95.
“Stinger” Shocker, uses PP3!,
£12.99. built £19.99. Loads of
plans. kits. units, surveillance,
protection. Sae list. Cheque/PO:
Ace(ti). 53 Woodland Way,
Bumtwood, Staffs WS7 8UP. Tel:
0543 676477 (24 hrs).

NEW VALVE AMP KITS! PE
Moscode amp 100W/CH DC
coupled 1124, ETI Hybrid preamp,
full facilites £92.989. PE Hybrid
Class A headphone amp, cathode
follower output £73.00. All kits are
easily built and offer audibly
superior performance. Prices are
inclusive. Hobtek, The Cottage, 8
Bartholomews, Brighton BN1 1HG.

SPECIAL OFFER TO ETI READERS!

only £17.99 (inc P&P)
A must for all students and hobbyists leaming
how common electric components work

THE VIDEO

ELECTRONICS FOR THE HOBBYIST
(An excelient 90 minute video using computer-
graphic simulations).

Send cheques/PO payable to:

ON-LINE VIDEO MARKETING (DEPT EV.3)
The Cottage, Tredown Farm, Bradstone,
Milton Abbot, Tavistock, Devon PL19 DQT.

Other tilles avalable SAE tor st Allow 14 days for delivery

FAX YOUR ADVERT ON

0442 66998

100 ELECTRONIC components
+ cassette £1.50pp. Audio
modules parcel £5.00. Rack,
60w/240W, £15.00. 1 Regent
Road, llkley LS29 9EA.

To advertise
telephone
Rebecca Daborn
on
0442 66551

ELECTROMMART

THE ELECTRONIC SHOP To advertise in
Electronic components, test
PROGRESSIVE RADIO e A e Electromart
essories, computer
87/93 Dale Street  Tel: gg} ggg g?g% accesas(i)cries, micropho%es. disco te I e p h O n e

lighting, speakers, turn tables,

47 Whitechapel Tel: 051 236 5489 mixers, meters, stylus. R e becc a D a bo rn

Liverpool 2 29 Hanging Ditch,
‘THE ELECTRONICS SPECIALISTS' Manchester M4 3ES o n
Open: Tues-Sat 9.30-5.30 Telephone & Fax 061 834 1185 0442 6655 1

ET

- FOR SALE

PLEASE DEBIT MY ACCESS/BARCLAYCARD No. |
- COMPONENTS

ELECTRONICS TODAY INTERNATIONAL
CLASSIFIED ADVERTISEMENT DEPARTMENT
ARGUS HOUSE, BOUNDARY WAY, HEMEL HEMPSTEAD HP2 7ST

Rates: Lineage 55p per word + VAT minimum 15 words.
Semi-display £14.00 per single column cm plus VAT. No reimbursement for cancellations. All ads must be

~_bre-paid.
NaME ..o I, M b o o e
Address..........ccooeeiii e, P o= 00 OO 0000200000 5. 1 A RSB 20 5 - o i e o g
......................................................................................................... Daytime Tel. NO: .....oooooiiiiiiieie
Signature .............. oo DA v st

. PLANS [ 1OTHERS STATE
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N ext month we celebrate twenty years of existence. Our project
line up lies within the audio scene. We bring you the much
awaited John Linsley Hood Audio Pre-amp. This is designed to go
with his updated 80 watt MOSFET power amp we published in May
1989.

Also we startwork on our Audio mixing desk, a project that has
to be the most complex and comprehensive mixer ever produced. A
modular desk with programmable facilities the design will attempt
to bring the most up-to-date in analogue circuitry.

A handy accesory for the car is the provision of automatic car
lights, we have a circuit for that and a whole range of Solar powered
circuits under our Tech Tips column. . £

Our features include an article on the alternative keyboard to
replace the existing qwerty version and we continue our in-depth
look at digital audio broadcasting.

For those wondering what sort of projects have appeared in
ETI over the last 20 years, we are publishing a complete project
index for you to select and buy any article you may have missed
using our photocopy service.

The celebration issue of ETI appears in your stiops on Friday
6th March.

The above articles are in preparation but circumstances may prevent publication

he February issue contained articles on:
- 20W Integrated stereo amplifier
Mains switched timer
Bootstrapping
Introduction to Audio Mixers 2
Comets
Star-delta transforms

. 7 supply of back issues are available from:
Argus Subscription Services, ETI, Queensway House
2 Queensway, Redhill, Surrey RH1 1QS. Tel: 0737 768611.

ADVERTISERS’ INDEX

AUTONA ..., 13 J8NBULL ... 4
BKELECTRONICS ............. IFC MAPLIN ELECTRONICS ....... 0BC
BLUE ROSE ELECTRONICS ..... 31 MULTICORE SOLDERS ......... 22
CIRKITHOLDINGS .............. 55 NUMBERONESYSTEMS ......... 3
CRICKLEWOOD ELECTRONICS . 14 OMNIELECTRONICS............ 23
DISPLAY ELECTRONICS ........ IBC REEDELECTRONICS ........... 23
ELECTROVALUE ................ 23 WILMSLOWAUDIO .............. 23
HALCYON ELECTRONICS ..."... 27 STEWARTS .................... 3
HESING TECHNOLOGY ......... 27 MAURITRON ............c....... 2
HENRYS ELECTRONICS ... 23 NORTHERN AMATEUR RADIO .., 27
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BBC Model B APM Board

£100 CASH FOR THE
MOST NOVEL
DEMONSTRATARBLE
APPLICATION!
*yo= computer on a board. A major purchase
v=u the PROFESSIONAL version of the BBC
sats only price. Used as a front end graphics
~etworked systems the architecture of the BBC
y similarities to the regular BBC model B that
11 a bit of experimentation and Ingenuity many
ns will be found for this boardll It is supplied
connector panel which brings all the VO to 'D’
nnectors - all you have to do is provide +5 and
. Tf®e APM conslists of a singie PCB wilh most major
ic's socxated. The ic's are too numerous 1o list but indude a

allows = =

computer = =

6502, RAM and an SAAB050 telelext chip. Three 27128
EPROCH tain the eustomn operating syslem on which we
have n On application of DC power the system boots and
provige nastic Infermation on the video output. On board

=35 and jumpers select the ECONET address and
ir extra EPROM sockets for user software. Appx.
toard 13° x 10°. VO board 147 x 3°. Supplled tested
with circuit diagram, data and competition entry torm.

ony£29.950r210r £53

MONITORS

MONOCHROME MONITORS

THIS MONTH'S SPECIALI
There has never been a deal like this onel
¥ Brand spanking new & boxed monitors
from NEC, normally selling at about £1401
These are over-engineered for ultra
reliabsiity reen screen composite Input
r-glare screen plus switch-
mpedance input and output
nd 6 al rear. Standard BNC
sockets. Beautiful h screen and attractive case with
carrying ledge. Parfse main or backup monitor and for
quantity userst £33 95 each () or 5 for £185(q)

CALL FOR D¥SCOUNTS ON HIGHER QUANTITIES!

COLOUR MONITORS

r=nge colour monitor, Features a PIL tube,

able
for daisy-chaining. 3 frort

as

Decca 167 80 buc

beautiful &n guaranteed 80 column resolution,
features iy coiour monitors costing 3 times
our price ost computers or video outputs.
7582 comp gral audio amp & speaker. Fully
tested su fardly used condition with 90 day
lull RTB use with video recorder or our
Telebox 57 Ter zudo visual uses.  £00(E) AE275(G)

207, 22" and 26" AV SPECIALS
Superbly mace % —anulacture. PIL all solid state colour
monitors, comoete weh composite video & sound inputs, Attrac-
tive teak stiyle sas=  Pertect tor Schools,Shops, Disco, Clubs.
In EXCELLENT i=te Used condition with full 90 day guarantee.

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

H-DERNITION COLOUR MONITORS
Brand new *2” —_Tiirout high definition
colour mcmmcrs ow Microvitek. Nice tight
0.31" dot omcn “zr superb clarty and
modem me:a Dack oox styling. Operales
<=z sync RGB video

source, wrs e—er achadual H & V syncs

such as

C24 BM PC's or RGR analog
=™ such as Atar, Com-
medas & BBC. Measures only 14" x
sresl including connection information,
¥ TV with our RGB Telebox.

ow £145

Brand new Cet=nc 147 moniter for IBM PC and compatibles
at a lower - swer pricel Completely CGA equlvalent. Hi-res
Mitsubust © £2 oct pitch giving 669 x 507 pixels. Big 28 Mhz
bandwat=. A s_oer monitor in attractive style moulded case.Full
90 day goarzrmee. Only £1 29 ()

NEC CG2 BM-PC compatible. High quality ex-equipment fully
testec w2 3¢ day guarantee. In an attractive two tone ribbed
grey pastic czse measuring 157L x 13"W x 12'H. A terific
purcrase enaoees Us to pass these on atonly.... £79 (E)

V22 1200 BAUD MODEMS

4

Maser Systems 2/12 microprocessor controlled V22 full duplex
modem. Fully BT approved unit, provides standard
oeed data comm, which at 120 , can save your

: connect ime by a staggering 75%| Ultra lim 45
ull featurad with LED status Indicators and remote
agnostics. Syne or Async use, speech or data switching;
1 'n 240v mains supply and 2 wire connection to BT. Units
are 17 used but good conditlon. Fully tested prior despatch, with
ca‘a and a full 90 day guarantee. What more can you ask for -

and at tnis pricell ONLY £69 (D)

IBM KEYBOARD DEALS

A replacement or backup keyboard, switchable for IBM PC,
PC-XT or PC-AT. LED's for Caps,Scroll & Num Locks. Standard
84 k:rbnam layout. Made by NCR for the English & US markets,
Absolutely standard. Brand new & boxed with manual and key
template for user slogans on the function keys. Afractive
belge,grey and cream finish, with the usual refraclable legs
undemeath. A generous length of curly cord, terminating In the
standard 5 pin DIN plug. A beautiful clean %ce of manulac-
turers surplus. What a deall (B) S/E175 (D)

Brand new and boxed 84 key PC/XT type keyboards in standard
IBM grey with very attractive mottied finish and "dicky” solid feel
keys. 10 function keys on side. Englishlayout and £ sign. Green
LEDs for Caps, Scroll & Num locks. £29.85 (B) 5E135 (D)

CALL FOR DISCOUNTS ON HIGHER QUANTITIES!
FLOPPY DISK DRIVES
BARGAINS GALORE !

NEW 5'4 inch from £29.951

purct of d 5V4" drives enables us to
present prime product at Industry beating low prices! All units
{unless stated) are removed from often brand new equipment
and are fully tesled,aligned and shi to you with a 90 day
guaraniee and operate from +5 & +12vdc, are of standard size
and accept the standard 34 way connector.

TAN TM100-2A IBM compatible DS £39.95(C
CANON,TEC etc.DS hall height.State 40 or BOT £79.00(C
TEAC FD-55-F.40-80 DS half height. BRAND NEW £79.00(C

%k Sgeecale! )

TEAC FD-55 half helght series in your cholce of 40 track
double sided 360k or BO track double sided 720k. Ex-equip-
ment fully tested in excellent condition with 90 day warranty.

rder TE-36 for 360k £29.95(C) or TE-72 for 720k £39.95(C

CHOOSE YOUR 8 INCHI

Shugart 800/801 SS refurbished & tested £150.00(E
Shugart 851 double sided refurbished & tested  £225.00(F
Mitsubishi M2894-63 double sided switchable

hard or soft sectors- BRAND NEW

SPECIAL OFFERSI!

Dual 8" drives with 2 megabyte capadity housedin a smart case
with built in power supplyi Only £499.00 (F)

Ideal as exteror drives!

End of line purchase 1Brand new NEC D2246 8" 85
megabyte of hard disk storagel Full CPU control and industry
standard SMD interface, Ultra hi speed transfer and access ime
leaves the good old ST506 interface standing. In mint condition

and comes complete with manual. Only.........c..c..........E399(E)

AFFORDABLE 10 Mb WINCHESTERS

A tantastic deal - 10mb (formatted) Winchester for £39.95|
Tandon TM502 full height STS06 interface. Use It as a second
hard drive on your present driver card or as a starter into
Winchester land - see the driver card listed below. In excellent
used condition, guaranteed for 90 days... ...£39.95(C)
Hard disk driver card, complete with cabl y to plug into

our PC or compatible. Supports twe Winchesters..... £29.9

No Break Uninterruptable PSU’s

Brand new and boxed 230 valts unintertuptable power supplies
from Densel. Model MUK 0585-AUAF Is 0.5 kva and MUD
1085-AHBH s 1 kva. Both have sealed lead acid batteries. MUK
are intemal, MUD has them in a matching case. Times from
Inerrupt are & and 15 minutes mspectively. Complete with full
operation manual K.....£249 MUD......£525 (G

RECHARGEABLE BATTERIES
LEAD ACID

£250.00(E)

Maintenance sealed long life. Type A300.
12 volts 12 volts 3 amp/hours £13.85(A)
6volts 6 volts3 amp/hours £ 9.95(A)
12 volts Centre tapped 1.8 amp hours. RFE. £ 5.95(A)

12 volts 12 voits 38 amp hours.7-1/2"L. x6"S.RFE £35.00(B

EXTRA HpCAPACITY NICKEL CADMIUM
Super high capacity Chloride Alcad 12
, volts refillable type XL1.5. Electrolyte is
readily avallable Potassium Hydroxide. In
banks of 10 cells per 8"H x 24"L x 5.5"D wooden case. Eachcall
measures 8"H x 1.75"L x 4°D. Can be easlly separated. Ideal
for all standby power applications. Ex MoD, like new..£49.95 (E)

SPECIAL INTEREST

Newton Derby frequency changer 3 phase 50hz to

3 phase 400hz. mva output. As new. £2900
Trio 0-18 vdc bench PSU. 30 amps. New £ 470
Fujitsu M3041 600 LPM band printer £2950
DEC LS/02 CPU board £ 150
Rhode & Schwarz SBUF TV test ransmitter

25-1000mhz. Complete with SBTF2 Madulator £6500
Calcomp 1036 large drum 3 pen plotter £ 650
Thurlby LA 1608 logic analyser £ 375
1.5kw 115v 60hz power source £ 950
Tektronix R140 nrrosc TV test signal standard. £ 875
Sony KTX 1000 Videotex system - brand new £ 650
ADDS 2020 VDU terminals - brand new £ 225
Sekonic SD 150H 18 channel Hybrid recorder £2000
Trend 1-9-1 Data transmisslon test set £ 525
Kenwood DA-3501 CD tesler, laser pickup simulator € 350

L DC 24v Bw. 1" thick. £14.50
THE AMAZING TELEBOX!
A Converts your colour monitor into a

) Telebox RGB for analogue RGE monitors....

—_ .Sun.:lua ulmy-
wanted for cash!
ality 6 foot 40u
19" Rack Cabinets

Massive Reductions
Virtually New, Ultra Smart!

Less Than Half Price!

Top quality 19" rack cabinets made in UK
by Optima Enclosures Ltd. Units leature
designer, smoked acrylic lockable front
door, full heightlockable half louvered back
door and removable side panels. Fully ad-
juslable internal fixing struls, ready
punched for any configuration of equipment maunting plus ready
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= mountedimegral 12 way 13 amp socket switched mains distribu-

tion strip make these racks some of the most versatile we have
ever sold. Racks may be stacked side by side and therefore
require only two side panels or stand singly. Overall dimensions
are 77-1/2°H % 32-1/2"D x 22"W. Order as:

Rack 1 Complele with removable side panels....
Rack2 [ess side panels ...,

POWER SUPPLIES

Power One SPL200-5200P 200 watt (250 w peak).Semi open
frame giving +5v 35a, -5v 1.5a, +12v 4a {8a peak), -12v 1.5a,
+24v 4a (6a peak). All outputs fully regulated with over voltage
protection an the +5v output. AC Inpul selectable for 110/240
vac. Dims13" x 5% x 2.5". Fully guaranteed AFE. £85.00 (B)

Power One SPL130. 130 walts. Selectable for 12v (4A) or 24 v
(ZA). 5v @ 20A. + 12v @ 1.5A. Swilch mode. New.  £58.95(B)
Astec AC-8151 40 watts. Switch mode. +5v @ 2.5a. +12v @
2a.-12v @ 0.1a. 6-1/4" x 4" x 1-3/4" New £19.95(B)
Greendale 19ABOE 60 watls switch mode.+5v @ 6a,412v @
1a+15v @ 1a. RFE and fully tested. 11 x 20 x5.5cms. £24.95(C)
Conver AC130. 130 watl hi-grade VDE spec.Switch mode.+5v
@ 15a,-5v @ 1a412v @ 6a.27 x 12.5 x 6.5cms.New,
£49.95(C)

Boshert 13090.Swilch mode.ldeal for drives & system. +5v@ 6a,
+12v @ 2.6a, -12v @ 0.5a, -5v @ 0.5a. £29.95(8)
Famell G6/40A. Switch mode. 5v @ 40a.Encased £985.00(C)

~£275.00 (G)
.£145.00 (G

ease specity 110 or 240 volts for AC fans.

3 inch  AC. 112" thick £ 8.50(B)
3l2inch AC ETRI slimiine.Only 1" thick. £ 0.95B
31/2inch AC 230 v B watts. Only 3/4" thick £12.95(A
4inch AC 110/240v 112" thick. £10.95(B
10inch  AC round. 3% thick, Rotron 110v £10.95(8
10inch  As above but 230 volts £24.95(8
60mm  DC 1" thick.No.812 for 6/12v.814 24v.  £15.95(A
80 mm DC 5 v. Papst 8105G 4w. 38mm. RFE. £19.95(A)
92mm  DC 12v. 18 mm thick. £14.95(4)
4inch DC 12v. 12w 112" thick 212.50531

B

QUALITY COLOUR TVII
TV SOUND
& VIDEO
:  TUNER!

Brand new high quality, fully cased, 7 channel UHF PAL TV tuner
system, Unit simply connects to your TV aerial socket and colour
video monitertuming same into a fabulous colour TV. Dont worry
If your mornitor 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 leatures: LED
Status indicator, Smart moulded case, Mains powered, Built to
BS safety spacs. Many other uses for TV sound or video etc.
Supplied BRAND NEW with full 1 year guaraniee.

T x ST for composite video input monitors.
Telebox STL as ST but with integral speaker.

£32.05(B)
'£36.50(8)
£68.95(B)

RGB Telebox alsa suitable for IBM multisyline monitors with RGE
analog and composite sync. Overseas versions VHF & UHF call.
SECAM / NTSC not available.
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ECS r Model FP1500-25 dalsywheel printer renowned
for its ility. Diablo type print mechanism gives superb
registration and quality. On board microprocessor gives full
Diablo/Qume command capability. Seral RS-232C with full
handshake. Bidirectional 25 cps, switchable 10 or 12 pitch, 136
cpl in Pica, 163 in Elite. Friction or tractor feed. Full ASCH
Including £ sign. Font and ribbon Diablo compatible....... £189(E)
DED DPG21 miniature ball point pen printer plotter mechanism
with full 40 characters per line. Complete wilh data sheet which
includes circuit diagrams for simple driver electronics......£49(B)
Centronics 150 series. Always known for their reliabilty in
continuous use - real workhorses In any environment. Fast 150
cps with 4 fonts and choice of interfaces at a fantastic pricel
159-4 Serial up to 9.5 paper, lan fold tractor....... .£99.00(
1504 Serial up to 9.5" paper, tractor, roll or s/sheet.....£129.00(E
152-2 parallel up to 14.6" paper, tractor or s/sheet.....£149.00(E)
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CALL FOR THE MANY OTHERS IN STOCK.
VISIT OUR SHOP FOR BARGAI

LARGE QUANTITIES OF OSCILLOSCOPES AND TEST GEAR ALWAYS AVAILABLE - CALL NOW!
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-ELECTRONICS -

MAIL ORDER & OFFICES
Open Mon-Fr 9.00-5.30
Dept ET, 32 Biggin Way,
Upper Norwood,
London SE19 3XF,

LONDON SHOP
100's of bargains!
Open Mon-Sat 9-5.30
215 Whitehorse Lane,
South Norwood,
Londen, SE25 .

V21, va2&V

DISTEL © The Orlginal
Free dlal-up database!
000's of {tems-+info On Line

081-679-1888

Al prices for UK Mainland. UK customers add 17.5% VAT fo TOTAL order amourt. Minimum order £10, PO orders from Govermnment, Universilies, Schools & Local Authorities
welcome-minimum accourt order £25_ Carriage charges (A)=£2.00. (B)=£5 50, (C)=£8.50. (D)=£11.50. (E)=C14.00 (F)=£18.00 {3)=Call . AN goods supphed subjed! to our
etandard Conditions of Sale and unless otherwise staled guaranioed for 90 daye. All guarantees on a retum to base basis We reserve the right
without prior notice. Orders accepied subject to stock. Quotations wilingly given for higher quantities than those stated. Bulk surplus always requirsd for cash,

ALL ENQUIRIES
081-679-4414

Fax- 081-679-1927
Telex- 894502

22 bis

to change prices & specifications
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Over 600 product packed pages with . 2
more than 600 brand new products. -
~ On sale now, only £2.75 -

Available from all branches of WH. SMI l‘["-'l and
Maplin shops nationwide. Hundreds of new products &
! at super law pmes' T
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