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UL ER IS oWV JEGS:T] THOUSANDS PURCHASED
HIGH POWER, TWO CHANNEL 19 INCH RACK BY PROFESSIONAL USERS
=

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 with two loroidal translormers % Twin L.E.D. Vu melers %
Level controls * Illuminaied on/off swilch x XLR tonnectors * Standard 775mV Inputs * Open and shorl circuil
proof % Lalesl Mos-Fets lor stress free power delivery into virtually any load * High slew rate % Very low
dislorlion * Aluminium cases * MXF600 & MXF90{ fan cooled with D.C. loudspe and thermal profection.
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.

SIZES:- MXF200 W19"xH3'2" (2U)xD11”"
MXF400 W19"xH5"." (3UxD12"
MXF600 W18 'xH5"+" (3UxD13”
MXFI00 W19 'xH5 %" (3U)XD14%”
PRICES:-MXF200 £175.00 MXF400 £233.85
MXF600 £329.00 MXF900 £449.15
SPECIALIST CARRIER DEL. £12.50 EACH

OMP VARISPEED TURNTABLE CHASSI

-
v

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

SRR IS RGPS STANTON AL500mMkii GOLDRING G950
PHICEE16.95 - SOPPAP _PRICEL7.15 - 50P P&P
ISTEREO 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 Monilor. Useful combination of
the following input: (mag), 3
mics, 5 Line for CD, Tape, Video etc.

Price £134.99 + £5.00 P&P SIZE: 482 x 240 x 120mm
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POWER AMPLIFIER MODULES-TURNTABLES-DIMMERS- TD
LOUDSPEAKERS-19 INCH STERED RACK AMPLIFIERS

PIEZO ELECTRIC TWEETERS - MOTOROLZ

]

E

Join the Piezo revolution! The low dynamic mass (no voice coil) ol a Piezo weeler produces an improved
transient response with a lower distortion level lhan ordinary dynamic tweeters. As a crossover is not required
these unils can be added to existing speaker syslems of up to 100 watts (more il two are put in series, FREE
EXPLANATORY LEAFLETS ARE SUPPLIED WITH EACH TWEETER.
'“‘x_e‘, TYPE ‘A’ (KSN1036A) 3" round with proteclive wire mesh, Ideal for
S bookshell and medium sized Hi-Fi apeakers. Price £4.90 + 50p P&P.
A TYPE ‘B’ (KSN1005A) 3" super horn lor general purpose speakers,
.| discoandPA.systems elc, Price £5.99 + 50p P&P.
. TYPE'C’ (KSN1016A) 2"x5" wide dispersion horn for quality Hi-Fi sys-
© tems and quality discos etc, Price £6.99 + 50p P&P.
TYPE ‘D' (KSN1025A) 2"x6" wide dispersion horn. Upper frequency
response retained extending down to mid-range (2KHz). Suitabl& for high
quality Hi-Fi systems and quality discos. Price £9.99 + 50p P&P.
TYPE ‘E’ (KSN1038A) 3%" horn tweeter with attractive silver linish trim,
Suitable for Hi-Fi monitor systems eic. Price £5.99 + 50p P&P.
LEVEL CONTROL Combi onar d ting plate, level control
and cabinet input jack socket. 85x85mm. Price £4.10 + 50§ P&P.

DSPEAKERS)

THE VERY BEST IN QUALITY AND VALUE

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

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

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

SPECIALIST CARRIER DEL, £12.50 PER PAIR

[ AR STEREO BOOSTER AMP

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

RIES + FRIENDLY
STAMPED FORCATALOGUE »

el AT LU T ]IV SUPPLIED READY BUILT AND TESTED

These modules now enjoy a world-wide reputalion for quality, reliability and perlormance al a realislic price Fou
models are available lo suil the needs of lhe prolessional and hobby market i.e. Induslry, Leisure, Instrumenlal and H—=
etc. When comparing prices, NOTE that all models include loroidal power supply, inlegral heat sink, glass tibre P.C 8 z~
drive circuils to power a compalible Vu meler. All models are open and short circuil prool

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP/MF 100 Mos-Fet Output power 110 wars
R.M.S. into 4 ohms, frequency response 1Hz - 100K+
-3dB, Damping Factor >300, Slew Rale 45V/.2
T.H.D. typical 0.002%, Input Sensitivity 500mV, $.N &
-110 dB. Size 300 x 123 x 60mm.
PRICE £40.85 — £3.50 P&P

OMP/MF 200 Mos-Fet Output power 200 watts
R.M.S. into 4 ohms. frequency response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 50V/u$
T.H.D. typical 0.001%. Input Sensitivity 500mV. S.N.R
-110 dB. Size 300 x 155 x 100mm
PRICE £64.35 — £4.00 P&P

y OMP/MF 300 Mos-Fet Output power 300 watts
R.M.S. into 4 ohms, requency response 1Hz - 100KHz
-3dB, Damping Factor >300. Slew Rate 60V uS
T.H.D. typical 0.001%, Input Sensitivity 500mV. $.N.&
-110 dB. Size 330 x 175 x 100mm
PRICE £81.75 + £€5.00 P&P

} OMP/MF 450 Mos-Fet Output power 450 watts
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, SN F
-110 dB, Fan Cooled, D.C. Loudspeaker Protection. z
Second Anti-Thump Delay. Size 385 x 210 x 105mm
PRICE £132.85 + £€5.00 P&P

NOTE: MOS-FET MODULES ARE AVAILABLE IN TWO VERSIORS
STANDARD - INPUT SENS 500mV, BAND WiDTH 100KHz.

PEC (PROFESSIONAL EQUIPMENT COMPATIBLE) - INPUT SERS
775mV, BAND WIDTH SOKHz. ORDER STANDARD OR PEC.

Vu METER Compatible with our four amplifiers detailed above. A very accurs=
visual display employing 11 L.E.D.s (7 green, 4 red) plus an addilional o
indicalor. Sophisticated logic control for very fasl rise and decay times. Touss
moulded plastic case, with acrylic tinted fronl. Size 84 x 27 x 45mm.

PRICE £8.70 + 50p P&P

LOUDSPEAKERS)

LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKEF
GRILLES, CROSS-OVERS AND HIGH POWER, HIGF
FREQUENCY BULLETS AND HORNS, LARGE (A4) S.A.E
(50p STAMPED) FOR COMPLETE LIST.

P - From McKenzie Professional Series
8- From McKenzie Studio Series

McKENZIE:- INSTRUMENTS, P.A., DISCO, ET

ALL McKENZIE UNITS 8 OHMS IMPEDANCE

8" 100 WATT P C8-100GP GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID, DISCO,

RES. FREQ. 80Hz, FREQ. RESP. TO 7KHz, SENS 96dB. PRICE £31.45 + £2.00 P&*
10" 100WATT[§C10-100GP GUITAR, VOICE, KEYBOARD, DISCO, EXCELLENT MID.

RES. FREQ, 72Hz, FREQ. RESP. TO 6KHz, SENS97dB. PRICE £38.89 + £2.50 Pé=
10" 200WATT [§ C10-200GP GUITAR, KEYB'D, DISCO, EXCELLENT HIGH POWER MID.

RES. FREQ. 69Hz, FREQ. RESP. TO 5KHz, SENS 97dB. PRICE £53.21 + £2.50 P&*
12" 100WATT P C12-100GP HIGH POWER GEN. PURPOSE, LEAD GUITAR, DISCO.

RES_.FREQ. 49Hz, FREQ. RESP. TO 7KHz, SENS 98dB. PRICE £40.35 + £3.50 P&~
12" 100WATT [P C12-100TC (TWIN CONE) HIGH POWER, WIDE RESPONSE, P.A., VOICE, DISCZ

RES. FREQ 45Hz, FREQ. RESP. TO 12KHz, SENS 97dB. PRICE £41.39 + £3.50 P&~
12" 200WATT § C12-200B HIGH POWER BASS, KEYBOARDS, DISCO, P.A.

RES. FREQ, 45Hz, FREQ, RESP, TO 5KHz, SENS 99dB. PRICE £71.91 4 £3.50 P&:
12" 300WATT § C12-300GP HIGH POWER BASS, LEAD GUITAR, KEYBOARDS, DISCO ETC.

RES. FREQ. 49Hz, FREQ. RESP. TO 7KHz, SENS 100dB. PRICE £95.66 + £3.50 P&~
15" 100WATT P/ C15-100BS BASS GUITAR, LOW FREQUENCY, P.A., DISCO,

RES. FREQ, 40Hz, FREQ. RESP. TO 5KHz, SENS 98dB. PRICE € 59.05 + £4.00 F&>
15" 200WATT P/C15-200BS VERY HIGH POWER BASS,
RES. FREQ. 40Hz, FREQ. RESP. TO 3KHz, SENS 98dB.

15" 250WATT §C15-2508BS VERY HIGH POWER BASS.
RES. FREQ. 39Hz, FREQ. RESP. TO 4KHz, SENS 99dB. PRICE £90.23 + £4.50 P&°>
15" 400WATT §C15-400BS VERY HIGH POWER, LOW FREQUENCY BASS,

RES. FREQ. 40Hz, FREQ. RESP. TO 4 KHz, SENS 100dB. PRICE £105.46 + €£4.50 P&*
18" S00WATT §/C18-500BS EXTREMELY HIGH POWER, LOW FREQUENCY BASS.

RES. FREQ. 27Hz, FREQ. RESP. TO 2KHz, SENS. 98dB. PRICE £174.97 + £5.00 P&>

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

ALL EARBENDER UNITS 8 OHMS (Excepl EB8-50 & EB10-50 which are dual impedance lapped @ 4 & 8 ohm)
BASS, SINGLE COME, HIGH COMPLIANCE, ROLLED SURROUND |
8" 50watt EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR. 1
RES. FREQ. 40H2, FREQ. RESP. TO 7KHz SENS 97dB. PRICE £8.90 + £€2.00 P&P
10" SOWATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, Hi-FI, IN-CAR.

RES. FREQ. 40H2, FREQ. RESP. TO 5KHz, SENS. 99dB, PRICE £13.65 - £2.50 P&P
10" 100WATT EB10-100 BASS, HI-FI, STUDIO.

RES. FREQ. 35Hz, FREQ, RESP. TO 3KHz, SENS 96dB

12" 100WATT EB12-100 BASS, STUDIO, HI-FI, EXCELLENT DISCO.
RES. FREQ. 26Hz, FREQ, RESP. TO 3 KHz, SENS 93dB PRICE £42.12 - £3.50 P&P
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND

5%," 60WATT EB5-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC
RES. FREQ. 63Hz, FREQ. RESP. TO 20KHz, SENS 92dB

62" 60WATT EB6-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC
RES. FREQ. 38Hz, FREQ. RESP. TO 20KHz, SENS 34dB

8" 60WATT EB8-60TC (TWIN CONE) HI-FI, MILTI-ARRAY DISCO ETC
RES. FREQ. 40Hz, FREQ, RESP. TO 18KHz, SENS 83dB

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

RANSMITTER HOBBY KITS

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

PRICE £80.57 - £4.00 F&=>

PRICE £30.39 - £3.50 P&P

PRICE £9.99 - £1.50 P&P
PRICEC10.99 - 1.50 P&P
PRICE£12.99 - €1.50 P&P

PRICE £16.49 - €2.00 P&P

i

3W TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL %4
PERFORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm. SUPPLY 12¥ i 0 SAMP
PRICE £14.85 + £1.00 P&P

e

FM MICRO TRANSMITTER 100-108MHz, VARICAP TUNED, COMPLETE WITH
VERY SENS FET MIC, RANGE 100-300m, SIZE 56 x 46mm. SUPPLY 9V BATTERY.

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

* Slereo, bridgable mono * Choice of
high & low Jevel inputs * L & R level
controls « Remote on-off & Speaker &

tharmal nr

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

POSTAL CHARGES PER ORDER E1.00 MINIMUM. OFFICIAL
ORDERS FROM SCHOOLS, COLLEGES, GOVT. BODIES, PLCs ETC.
. SALES COUNTER. VISA AND
ACCESS ACCEPTEDBY POST, PHONEORFAX.

PRICES INCLUSIVE OF V.A.T.

UNITS1& 5§COMET WAY, SOUTHEND-ON-SEA,
ESSEX.SSEG&TR.
Tel.0702-527572 Fax:0702-420243



TREAT YOURSELF . . .

ubscribe to

E.T.l. And
Choose One Of
These Superb Gifts
Absolutely FREE!

That’s right take out a
subscription to E.T.I. for
either yourself or as a gift
for a friend, and not only
will we make sure its
delivered to you each
month at no exira
charge*®, but you or the
recipient of your gift
subscription can choose
one of these superb gifts
with the compliments of
BTl

Just fill in the coupon below and
send it to the address given with a
cheque, money order or credit
card instructions to cover the cost
of the subscription. Please also
indicate in the space provided
which option choice — 1 or 2 you
would like.

We'll do the rest!

 SUBSCRIPTION BATES

umagzoposrmsa 2u

‘Europe £24.10 o .

Middie East£24.40 i'i
‘Far East £26.80 s
Rest of World £25.85 e

*UK only post free : .
Overseas rates mclude postage .
Airmail rates upon request -

- TERMS AND CONDITIONS

Thas offer closes 30 December 1991t
and is open to current ETI
subscribers who wish to renew or

extend their current subscription, but

must do so using the order form
pro
raceipt(gfgft.m‘i” L .

To guarantee your glft lfef;)re
‘Christmas orders MUST be received
by F‘ma.w BTH Decemsen 1991.

L i
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ed. Please allow 28 days for

TREAT A FRIEND!

CHOOSE YOUR GIFT
FROM 00

OPTION 1 How many

times do you wish you had a
third hand to hold
components together whilst
soldering the joints? Helping
hands, with gripper support
and magnifying glass can ]
help you perform this task
with ease. Whether it is on
the work-bench or out on
site, this handy little jig
can help you through the
awkward moments in

OPTION 2 The 12-piece
soldering. WORTH £6.00

Black & Decker Carving and

Engraving kit is a must

The tools are ideal for
enlarging and cleaning
burred holes on PCBs
and finishing-off front
panel slots. The disc can
be used for cutting
square holes and
shaping PCBs to fit into
cabinet housings.

WORTH £10.00

Why not telephone or fax your subscription to us on:
TELEPHONE 0442 66551 EXT 210 (office hours only)
Please quote ETI/IfI. Fax: 0442 66998

[} I would like to subscribe to ETI and receive a free gift
[ ] 1 would like to send ETI gift subscription and free gift

| . -

! [] New Subscriber [ ] Renewal [ _| New Subscriber [ ] Renewal

1 [/ QPTION 1 [ ] OPTION 2 ] OPTION 1 | OPTION 2
]

: Please commence with the ...........ccccocoeennn. issue

1

: | enclose my cheque/P.O. for €.....ccccevvvvvvvnnnee. payable to ASP or please debit my

I 1 1 T = i

! Access/Visa | | | l i HEER ‘ ‘ |

I

: SIGNAtUIE.......oocviiicie it o] et R R S R
: Please return to Subscription Department, Argus Spegcialist Publications, Argus House, Boundary Way, Hemel

: Hempstead, Herts. HP2 7ST ETI/14

for any home constructor.
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hanges to the school

curriculum over the last few
years to provide a broader.learning
base for our state children has been
encouraged to keep abreast of
developments in life. Sadly, as a lot
of parents know and indeed
children also know, the system
lacks the resources and
knowledgable staff to take on some
of the new subjects now on offer. A
crucial area of concern is of course
electronics coming as it does under
the technology hat.

I predicted a few years ago,
coming from education, that we
editors ‘in the business’ would
begin to see the following arrive on -
our desks:

Dear Sir,

[ am a sixth/fifth-year pupil
studying A level/GCSE technology
etc... Please can you design/
modify/send/help me in any
circuits relating to . .

As much as it is frustrating for
the pupil in not getting the
information from school, it is also
frustrating for us in not being able
to spend the time on such
investigations.  Our  younger
citizens are trying to learn from a
very narrow academic foundation
and if we are not careful it could
end in rejection of the subject.

We all know the lack of
investment into science and
technology in Britain puts us in the
bottom league for scientific
development but this deep rooted
problem finds itself reflected in our
dichotomous education system,
and in a way is self perpetuating.
Breaking traditional ‘safe’ values
and investing in new horizons is too
much of a risk-taking adventure
according to the ‘old greys’. It
would have a better chance with
younger minds in positions of
parliamentary power with a
scientific bakground, something
that is presently lacking.

Maybe the British Euro-child of
tomorrow should receive their
science and technology education
across in mainland Europe where
greater importance is placed on
such matters. T'll pass on the
practicalities of such a move but
various exchanges in other areas
have been operating for many
years.

Now the bandwagon of
environmental issues is truly
underway it might seem opportune
to get ‘people power’ onto making
the importance of science a
politically important issue.

Paul Freeman




- vl - .-

OPEN CHANNEL

hy, oh why can’t we (I use the term we loosely to

mean the whole world) get our act together and
stop doing things in a multitude of ways: duplicating
research and development efforts; manufacturing
many different types of products which all do the same
thing; offering a whole range of goods all-but-a-
smidgin identical in what they do; then expecting
everyone to make a fortune and be happy?

It may be a bit naive and simplistic of me (and no
doubt Her Majesty’s current Government will tell me it
is) but I'm sure the spirit of competitive materialism
which has pervaded the UK over the last twelve years
(and the rest of the world, for that matter) doesn’t
always produce the best results for us poor plebs who
use the goods, services and products which are thrown
at us. Don’t get me wrong! I'm not saying competition
isn’t a good thing. Regular readers will know I argue for
competition whenever competition is warranted.

But surely there has to be a case to answer when
too manycommodities are available in a given market-
place. In a simple example, take the town where I live.
For argument’s sake let’s call it Mytown; a small Uni-
versity town of less than 50,000 residents. We've got a
Macdonalds, a Wimpy, five pizza houses, umpteen
Chinese takeaways, about ten curry houses and count-
less great British chippies. On top of this there must be
well over twenty conventional sit-down-and-eat res-
taurants and dozens of pubs selling bar food. Unre-
markably, there are almost weekly reports in our local
rags about one or another eating outlet closing down
due to lack of custom.

Now, as | say, I'm all for competition. But compe-
tition of this sort does no-one any good. No-one makes
a good profit because sales averaged out between this
lot don’t add up to much. Customers don’t see the real
benefits of competition (that is, cheaper meals)
because none of the eating outlets can afford to lower
prices. Lower prices can ,only result if companies
increase turnovers; and that can’t happen because
Mytown is a fixed size.

Where is all this relevant to electronics? Well, con-
sider telepoint, that da¥ling of the DTI which was to
revolutionise personal® communications. Two years
ago, the Government thought we'd all be walking
round with a telepoint ‘phone in our pockets, brief-
cases or handbags by now. Then, allwe need to dois to
be within eyesight of a receiver/transmitter station and
we can hook into the public telephone network when-
ever we want.

What happened? The DTI licenced four opera-
tors to do what two, or at most three, could easily do
and so the system got out of hand. Handsets were too
expensive, the four operators couldn’t agree on a com-
mon standard, potential users couldn’t be bothered,
and operators started dropping like flies. Now there
are only two operators left at the time of writingand the
time is passed for the system. No-one wants it any-
more, preferring to rely on real telephones or cellular
carphones if they want to look cool.

Competition of this sort is self-defeating. It’s hap-
pened in the computer business, of course. Larger
companies take the lion’s share of sales, while smaller
fish are eaten or drown. Good ideas are stifled, prices
remain high, customers are confused, fat cats get fat-

ter. Yet still we don't learn.

Competitiveness should be monitored and con-
trolled by governments. This way, consumers benefit
by cheaper and better products and services, manufac-
turers and service providers benefit through increased
profits, employees benefit by being in work. Chaotic
competitiveness, unleashed and uncontrolled, is not a
happy state of affairs.

The Big, Big Blue

Talking of large computer manufacturers, over the last
few months IBM has been signing agreements with a
number of companies worldwide, and it's interesting to
speculate what it’s all leading to.

These companies (including: Apple, Inmos,
Motorola, Novell, Siemens and Wang) are all major
players —if notleading players - in their own fields, and
in one way or another have niches for themselves
which even IBM has not yet been able to penetrate.
Apple, for example, has its niche in graphics-orien-
tated computer systems, Siemens niche is in commu-
nications, and so it goes on.

[s IBM looking to get a foothold in the few remain-
ing corners of the computing market it doesn’t already
control? Is itwanting to be an even bigger blue whale in
the sea of small fish it already controls? Are there going
to be any small fish left at all in a few years, or is the big
blue whale going to eat the remaining few all up?

DCC vs MD

It looks like Philips’ digital compact cassette is going to
win the impending war against Sony’s mini-disc, sim-
ply because manufacturers want to make DCC and
not MD. In alphabetical order, companies going to
manufacturer DCC machines currently include: Bang
& Olufsen, Blaupunkt, Grundig, Kenwood, Matsush-
ita, Tandy, Thomson, Sanyo, Sharp, Sony (yes, that’s
right) and Yamaha. On the cther hand, manufacturers
who are to make MD machines are: Philips and Sony!

Maybe the impending war is really just a storm in
a teacup.

Something To Be Nervous
About

Siemens, Bull and Olivetti are going to produce a com-
puter network, provisionally called the European Ner-
vous System (don’t blame me, I only report this rub-
bish!), which is to be pan— European and according to
the European Commission’s commissioner for
research and development, Filippo Pandolfi, is essen-
tial to the future of the computer industry.

Of course it is. Building something like this will
take years of research, years of development, and
years of maintenance. [t will cost millions upon milli-
ons of pounds and keep thousands if not millions of
people in work. Companies throughout the continent
will rush to use it, and be charged excessively high
prices for the privilege.

Apparently IBM and Bull are in negotiations.

Apparently IBM and Olivetti are in negotiations.

IBM and Siemens have already negotiated.

Keith Brindley

ETI DECEMBER 1991



ET
NEWS

K Electronics has an-

nounced the launch of the
new Sub-Woofer Satellite System
from Studio Power.

At £129.00, including VAT, for
two satellite speakers and one
bass bin, BK Electronics believes
this price level to be the lowest in
the UK for a true sub-woofer sys-
tem.

The design'is targetted tow-
ards the customer who would nor-
mally choose a small, traditional
pair of loudspeakers and, for a

T

similar outlay, will be able to ben-
efit from the addition of a single
bass bin, giving a non-directional
sub-bass sound, which may be
hidden behind the sofa, curtains,
or even under the coffee table!
True stereo imagery is provided
by the small satellite speakers.

All three units are finished in a
deep grey, smooth metallic finish,
with the satellites having contrast-
ing black grilles.

The bass bin contains 2 X 6”
bass units, in a push/pull configu-
ration. Ve

The satellite units each con-
tain a 1” tweeter and a 3” mid-
range unit. The system’s power
handling is 60 Watts RMS (90
Watts Peak Music Power).

The price, including VAT, is
£129.00 plus £6.00 Postage and
Packing, and is available from BK
Electronics, Tel: (0702) 527527

very year, 50,000 people are
killed on the roads of the
European Community. More are
seriously injured. Both the Euro-
pean Commission and the var-
ious governments are committed
to reducing these figures substan-
tially. Lucas Automotive is playing
a key role in developing safety-
related technologies for improved
safety and traffic efficiency, with
other car component manufac-
turers throughout Europe, under
the PROMETHEUS programme.
Two demonstration systems,
developed by Lucas with Jaguar,
cover Collision Avoidance and
Autonomous Intelligent Cruise
Control.

Collision Avoidance

As part of the PROMETHEUS
programme, a team of engineers
at the Lucas Advanced Engineer-
ing Centre in Solihull, UK., and
other Lucas divisions, has been
collaborating with major Euro-
pean companies, including
Jaguar, to develop collision
avoidance systems suitable for fit-
ment to the majority of road vehi-
cles.

The systems use various sens-
ing methods — optical, infra-red
and radar — to detect where the
road is and the location of other
objects (vehicles, people, station-
ary objects) that are likely to cross
the path of the vehicle equipped
with the system. The system then
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assesses what threat these objects
could represent and assists the
driver in selecting the safest
course of action.

There is an enormous amount
of research and development to
be done to achieve results. The
driver has to learn to trust the sys-
tem and not generate an unjusti-
fied sense of security. Indeed, the
driver will remain responsible for
the actions of his vehicle for the
forseeable future.

Machine systems have to be
programmed to reliably detect
hazards. They must also support,
not distract or interfere with, the
driver. For example, a system
which automatically applied the
brakes when the driver was trying
to accelerate in order to overtake
a hazard would increase the risk
of a collision.

A single method of sensing is
not capable of generating all the
information necessary to produce
an acceptable collision avoidance
system.

Current work indicates that a
vision system will be effective in
good conditions but it will be
necessary to use infra-red
cameras before systems can oper-
ate in poor visibility or darkness.

The use of infra-red cameras
was vividly demonstrated in the
Gulf War but are extremely expen-
sive. The Lucas collaboration with
Pilkington, who are also partici-
pating in PROMETHEUS, will
enable the company to benefit

from improvements in this area at
the earliest opportunity.

Other methods being investi-
gated include vehicle mounted
video cameras and microwave
radar systems.

Autonomous Intelligent
Cruise Control

Whilst practical Collision Avoid-
ance systems are a longterm goal,
there are spin-offs from that tech-
nology which can be applied to
produce products in the medium
term. The technologies asso-
ciated with advanced sensors
developed by Lucas Advanced
Engineering Centre is being
applied by the Lucas Chassis divi-
sion in the development of an
Intelligent Cruise Control system
which provides the driver with

vehicle speed control in all traffic
situations as well as enhancing
passenger comfort and reducing
driver fatigue. The system gives
the driver the option of having the

car automatically control its
lateral position relative to the
vehicle in front.

The Jaguar demonstration car
has a prototype Lucas system
using a millimetre wave radar sen-
sor linked to electonically con-
trolled actuators which maintain a
set time interval of vehicle separa-
tion using automatic brake and
throttle control. Development
work is continuing aimed at pro-
viding the potential for improved
tracking control under cornering
conditions and further improve-
ments in control algorithms that
will refine the system even more.
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hermal cut-outs, the latest

new product from Quiller,
provide a reliable method of iso-
lating supply lines in applications
where dangerous over-heating
must be avoided.

Typically, the devices are
installed in temperature sensitive
areas of equipment — in-line with
electrical supplies where they
monitor the temperature. In the
case of equipment failure, over-
heating is accurately detected,
based on a pre-determined cut-off
temperature, At this point the
device goes open circuit. Once
‘blown’ the component has to be
replaced, after the problem has
been rectified.

Application areas include the
protection of fuel-pumps, trans-
former and battery pack systems,
and in domestic appliances such
as washing machines and irons.

Six ranges are available, with
temperatures ranges from 60°C to
240°C. Maximum recommended
operating currents range from bA

to 25A, with voltage from 240V to
277V (AC resistive).

For further details, contact
Quiller
417744,

Limited, Tel: (0202)

ry’s Metals has launched

Aquatrak solder paste. It
includes a formulation which
helps avoid the use of organic
cleaning solvents on circuit
boards.

Aquatrak provides the overall
performance of a rosin based
paste, in a water soluble form, giv-
ing excellent cleaning results.

Residues left after soldering

are minimal and are removed by
cleaning the circuits in water.
They create no environmental
hazard if they are washed into the
main drainage system.

Aquatrak combines techni-
cally superior solder powder and
flux for consistent bonding.

For further information con-
tact Fry’s Metals Limited, Tel: 081-
665-6666.

he UK mobile phone indus-
try, in conjunction with Doug-
las French MP, are seekingways of
promoting greater road safety
amongst mobile phone users.
The campaign, was launched
by the mobile phone industry’s
representative trade body the
FCS at the national mobile com-
munications exhibition at the
Wembley Conference Centre.
The FCS will seek to press mobile
phone users who use their com-
munication links whilst driving, to
adopt more stringent safety meth-
ods while telephoning from their
car.

In particular, the campaign will
endeavour to persuade users of
portable equipment to -install
properly approved car kits with
hands free microphones and per-
haps even the new generation
voice activated systems. The
object of the campaign is to eli-
minate the familiar scenes of driv-
ers attempting to cagntrol their car
whilst trying to tap put telephone
numbers — an act which necessi-
tates one, if not two, hands.

According to David Savage,
Chairman of the Cellular Service
Providers Committee within the
FCS, and which represents the

major air time suppliers to over
95% of the country’s cellular
users:

“Whilst there is evidence to
suggest that the correct and
proper use of a mobile phone in a
moving vehicle is no more dang-
erous than tuning the car radio
the industry is concerned about
the mis-use of hand-held portable
telephones amongst its car driv-
ing subscriber base.

“The most potentially distract-
ing action by any car driving user
is that of manually dialling a num-
ber. This is clearly compounded
when a portable is used by a driver

without an approved car kit.

“We will also be urging the
manufacturers to reduce the cost
of the necessary car kits to be pro-
portionally more in line with the
cost of handheld portable cellular
telephones” he said.

Douglas French MP has long
been an active campaigner for
some form of legislation or safety
guidelines to be introduced to eli-
minate the dangerous use of
mobile phone equipment
amongst car drivers.

Highly encouraging cleaning
performance results have
been achieved by ICIwith a clean-
ing pracess the company has
developed as a cost effective
replacement for CFC 113 solvents
in the electronics industry.

The new cleaning process,
which has no potential to deplete

the ozone layer, uses a unique

hydrocarbon alcohol formula-
tion, called ‘Evolve’. The formula-
tion is specially developed to work
in a novel multi-stage cleaning
plant, which ICI has designed spe-
cially for use in flux removal
applications.

Following customer trials, the

product and process will be intro-
duced to the UK market in 1992.

The development of the new
process is part of ICI's £100mil-
lion overall CFC replacement
programme. The benefits of the
new process have been extens-
ively assessed against a number of
key production criteria. These

include high cleaning perform-
ance, inherent worker safety, ease
of use, minimal process time, zero
ozone depletion potential (ODP)
and minimal overall environmen-
tal impact.
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ears over possible health risks

from exposure to electromag-
netic fields are greatly exagger-
ated, and have little basis in fact
according to a report published
today by the Institution of Electri-
cal Engineers.

The IEE report comes in
response to increasing concern
over the possible biological
effects of magnetic fields from
overhead power cables, house
wiring, electrical appliances and
VDU’s. Recent claims have
attempted to link cancer, suicide,
miscarriage and  personality
change to exposure to electrom-
agnetic fields.

An I[EE Working Party, chaired
by Dr Tony Barker, Consultant

Medical  Phuysicist,  Sheffield
Health Authority, spent a year stu-
dying reports of laboratory tests,
and medical investigations from
around the world. It's Report con-
cludes that there is no evidence to
show a firm link between expo-
sure to low frequency electromag-
netic fields and damage to health.

Public concern, the [EE report
claims, has been fuelled by media
sensationalism and had led to
unnecessary alarm and wides-
pread ‘electrophobia’ — the irra-
tional fear of electromagnetic
fields.

Epidemiological reports stud-
ied suggest a very slight increase
in the risk of brain cancer and leu-
kaemia for workers in some elec-

trical areas. However, they do not
provide a definite connection with
electric or magnetic field expo-
sures and may be due to other
occupational factors, such as
exposure to solvents or other
chemicals.

Laboratory studies reviewed
by the IEE Working Party have
also proved inconclusive. Most
have been conducted on an ad
hoc basis and have lacked inde-
pendent confirmation. As a result,
there is no widely accepted exper-
iment which can demonstrate any
biological effect of low level elec-

“fromagnetic fields.

The report says there has been
no national or international co—
ordination of either medical or

laboratory experiments, nor_is
there any universally accepted
technique for measuring levels of
exposure to electromagnetic
fields. Both issues, it claims, must
be addressed before any definite
conclusion can be reached.

Speaking on the IEE findings,
Dr Tony Barker said, “The Work-
ing Party was faced with numer-
ous fragmentory, isolated and
often contradictory reports. Atthe
present time we must conclude
that there is insufficient evidence
to make a health risk assessment,
or indeed, even to determine
whether there is any hazard to
health from electromagnetic
fields”.

he ES650 Powerful Scientific

IC Card is one of two new IC
Cards recently introduced by
Casio for their top-range SF-9500
Digital Diary.

Plugging the ES650 Powerful
Scientific into the SF-9500's
expansion port, the Diary
becomes a powerful programm-
able scientific calculator based
closely on the Casio FX4500p,
with all its functions plus a mem-
ory expanded almost fourfold to
4,095 steps.

The ES650 Powerful Scien-
tific offers a selection of 112 scien-
tific functions from basic arith-
metic like fractions and percen-

tagestoadvanced integration, sta-
tistical and base-n calculations,
and regression analysis. The
ES650 also incorporates 128
scientific constants.

The Card’s programming
function enables multiple pro-
grams to be stored under their
own filenames for recall.

Jump and sub-routine func-
tions allow files to be linked
together to conserve memory,
while frequently used formulae
can be stored in memory for one-
touch recall. i

The ES650 Powerful Scien-
tific IC Card is priced at £49.99.

@
[
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wo new products from elec-

tronize, a key-ring transmitter
and a dash top receiver, are said to
offer high security, with a digitally
encoded remote control for the
company’s existing alarms. With a
range of 59,046 possible codes
the user can set the code. This has
advantages for fleet operators,
who may want the same code for
more than one vehicle, or people
who want several key sets for one
vehicle.

The transmitter uses a high
power multiple pulse infra-red
system to give a range up to 5
metres whilst making it difficult to
‘crack’ with electronic scanning
devices. The low profile receiver is
designed to sit in full view on top

of the dash. To warn off intruders,
it has a high intensity red LED
which flashes continuously when
armed. A green light flashes once
as the correct code switches off
the alarm, so the owner always
knows whether the alarm is on or
off.

The transmitter and receiver
are priced separately at £17.95
and £26.55 respectively. With an
alarm and siren the complete
coded system costs around £77
with D.LY. fitting. Self build parts
kits are also available, bringing
the system cost down to about
£62.

For information contact:

Elecironize Design Tel: 021
308 5877.




honepoint, the consortium
comprising BT, France
Telecom, Deutsche Bundespost
Telekom, Nynex International
and Northern Telecom Europe, is
to suspend its telepoint oper-

ations with immediate effect.
The parties in the Consortium
have taken this decision because
of what they see as adverse mar-
ket conditions for a telepoint ser-
vice in the UK. However it is

hoped that a telepoint service
may be made available by Phone-
point in the future should condi-
tions become more favourable.
Phonepoint will be contacting
all customers direct and will offer

them a full refund on equipment
purchased from Phonepoint. In
addition BT will offer an alterna-
tive option to upgrade customers
to the Cellular service on favour-
able terms.

modules in the Imatronic
range now have an added modu-

Iaton option. Modulated versions
offer 1kHz to 100kHz modulation
with a 1ps rise time and can be

driven from any TTL compatible
source. The small modules are
suitable for replacing He:Ne

lasers giving the advantage of rug-
gedness.

An infra-red version operating
at 820nm has been added to the
range and packaged in the same
compact 49 x 16mm diameter
housing. Units in both ranges
include all the focusing optics and
require 4-5.25V DC to drive them.

The new IR diodes are avail-
able with outputs set to 1 or 3mW.
Units operating in the visible
spectrum from 660-685nm offer
outputs of 0.5, 1, 2 or 3mW
dependent on model. All units
come as a complete package with
two colour coded flying leads for
the connection of DC power.

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

M itsubishi Electric is
announcing the launch of
its: MTH301/302 S-band high
output silicon transistors, putting
silicon applications into the
higher realms of 40W power out-
put performance for 3.2GHz
applications.

Silicon bipolar transistors are
now replacing Klystron or travell-
ing wave tube amplifiers through
the demands for higher reliability
and more compact designs, Fur-
thermore, through more wides-
pread demands to increase trans-
mitting capacity in radio commu-
nications and radar, high fre-
quency and high output are now
essential.

To meet these increasing
demands, Mitsubishi has deve-
loped its silicon bipolar transistors
based on the company’s develop-
ments in high frequency, high out-
put transistors for radio receivers.
The devices operate at 28V pulse,
with a pulse width of 1ms and
50% duty cycle.

Output for the MTH301 is
16W, with a 40W output proc-
laimed for the MTH302, both at
3.2GHz and both with a collector

10

efficiency of 30%. The base
ground design devices measure
20 x 16mm overail x 5, 5mm high

for the MTH301 and 22 x 16mm
overall x 55mm high for the
MTH302.

For further information con-
tact: Mitsubishi Electric UK Ltd
Tel: 0707-276 100.
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Integrated
opto-
electronic
systems

tandard field-effect transis-
tors could form the basis for
integrated opteolectronic systems
in an approach that integrates the
FETs with asymmetric super-
lattices, according to scientists at
AT&T Bell Laboratories.
The compound lattices are
formed from alternating layers of
indium gallium arsenide, indium

SHEDDING LIGHT ON FETs

An asymmetric superlattice acts as the FET's gate

Asymmetric

superlattice —

Source &g

Drain

aluminium arsenide and indium
phosphide and respond to light in
the same way that capacitors

respond to electric charge. Light's

stimulation causes the energy
bands to tilt so that electrons and
holes separate in each layer of the
superlattice, storing the light
energy in an electric field. Since
FET gates operate as capacitors,
the new superlattice could be eas-
ilyintegrated into the gate site of a
standard FET, generating the
same switching effect as an elec-
tronic gate. The resultwould be an

optically switched transistor that
might be surprisingly easy to
manufacture.

~+» While many designs for photo-
transistors have been proposed
and tried, the current design is
unique in its direct integration into
standard VLSI circuits.

“We have verified the oper-
ation of single FETs controlled by
photonic gates, but the true test
will be how well they integrate into
actual circuits. The usefulness of
this approach will be determined
by the noise properties of the

devices when they are operating
in specific circuits,” said Serge
Luryi of Bell. The superlattice can
switch between charged and neu-
tral states in only 2ps, and experi-
ments with a superlattice com-
bined with a state-of-the-art FET
show switching speeds on the
order of 200 Ps.

The fact that crystal defects
actually enhance the operation of
the new device may be a boon for
practical applications.

Making 2-D

holographic

slices

An organic dye called proto-
porphyrin is enabling scien-

tists at the University of Southern

California to record images in pre-

cise time slices.
The new technique, called

‘time-resolved holography,’ lets
researchers capture a specific
two-dimensional slice from a
three-dimensional image projec-
tion. The technique could be
applied in medical imaging,
where .an image at a specific
depth is required for analysis.
Conventional holograms
encode an image as an interfer-
ence pattern in photographic
film. In place of the film, the scien-

tists dope the face of a polystyrene
block with protoporphyrin. The
surface is a plane of vibrating dye
molecules, each with a slightly dif-
ferent resonant frequency. When
light reflected from the object
strikes the polystyrene, the proto-
porphyrin  molecules  absorb
energy at their fundamental reso-
nant frequency, preserving a brief
frequency profile of the image.
Because the molecules con-

tinue to vibrate, light arriving
slightly later can retune the fre-
quency profile. By slightly delay-
ing the reference beam pulse, an
interference pattern is recorded at
a specific time out of the total
interval, during which reflected
light arrives at the image plane.
However, a permanent image
requires continuous repetition of
pulses timed at precisely the same
instant.

Increasing
current
density of
yttrium-
barium-
copper oxide

method of improving the
current-carrying ability of
single crystals of the yttrium-
barium-copper-oxide #gh-tem-
perature superconducfor has
been developed by scientists from
IBM’s Thomas J. Watson
Research Centre at Oak Ridge
National Laboratory, Argonne
National Laboratory, Ames
Laboratory and lowa University.
The superconductor is bom-

barded with tin ions, at 580, to
introduce defects into the mate-
rial’s crystal structure in the form
of columns, 20 atoms wide. The
defects inérease the maximum
current by improving the ‘pinning’
phenomena — preventing the
motion of magnetic field lines that
would otherwise produce electri-
cal resistance.

At 77 Kelvin, the critical cur-
rent density was 450,000 amps/

cm? in a magnetic field of 1 Tesla.
A proton-bombardment tech-
nique provides similar results, but
only in low magnetic fields. The
strength of the pinning and the
values of the critical current dens-
ity for these crystals are the largest
ever observed in bulk Y-Ba-Cu-O
at liquid-nitrogen temperatures in
high magnetic fields. The critical
current density also increases with
the dosage of ion bombardment.

Liquid
crystals

A new liquid-crystal switch
activated by laser light may

improve large area displays and
optical memories. The effect has
been demonstrated at Hercules
Inc’s Research Centre in an
experiment with a slightly modi-
fied standard liquid-crystal cell.
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Liquid-crystal cells are formed
by sandwiching the liquid crystal
between two glass plates coated
with transparent polyimide which
has microscopic grooves that
cause the liquid-crystal molecules
to line up in the same direcfion.

Molecules are switched into a
different alignment with the appli-
cation of electric or magnetic
fields, depending on the type of
liquid crystal. The Hercules ex-

periment is a simple variation on
this method, where the polyimide
is doped with a dye called diazo-
diamine. The dye causes a re-
alignment of the liquid crystals
when illuminated with laser light,
and the effect is fully reversible.
Illumination of the same area with
light that is polarized at right
angles to the original beam will
realign the crystals and erase the
image.

Laser-activated switching
means that very small areas of
microns or less can be switched,
leading to applications such as
adaptive optics. The Hercules
researchers demonstrated the
effect bywriting a 10-micron-pitch
diffraction grating in a liquid-
crystal cell. The same technique
could produce read/write holo-
grams or dense read/write optical
memories.
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am intrigued by the idea of

being able to exercise while
relaxing, as described in the box
here from a mail order catalogue.
Any idea how it works? I'm sure it
must be possible to come up with
a more affordable version. It
might make an interesting project.

[ bave another problem. My
car radio is a mid-eighties Ford
3-Waveband model. The FM
reception is fine with the engine
off, but sounds muffled when the
engine is running (no interfer-
ence, just as if someone has
turned the treble right out). The
mediurm and long wave are very
strange- they give no reception at
all to start with, but I have found
that if I drive under high tension
grid wires, it suddenly gives a
crackle and bursts into life! The
reception is then fine until the
engine is turned off again. Then |
have to look for more power lines
to drive under to get it going
again. ['ve had the radio out and
apart on my test bench, where it
seems to work fine. Put it back
into the car and it is the same as
before! I'm baffled. I could always
buy another radio but I"d rather
like to know what is going on —
have you come across anyhting
like it before?
Gary Smith,
Heworth, York

Firstly the Lean Machine, I can
understand and suggest the
mechanism but I'm not so sure
about the concept. It sounds like a
good old case of electrical nerve
stimulation to twitch the muscles
(remember Galvani and his frogs
legs) A movement of muscle
tissue expends energy and so on.
Well this little box of tricks
produces electrical pulses of vary-
ing frequency and amplitude to
stimulate nerves via electrodes.
Believe it or not there is an
established side to these
machines and they are used for
pain releaf. If you have known a
pregnant mother in labour then
vou might know about a “TENS’
machine. Electrodes are placed
on the back either side of the
spine and the pulsing nature of
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the box sends messages to the
brain to stimulate the production
of endorphins, the bodies natural
pain killing drugs. It’s a non inva-
sive way to dull pain. If ETI had
appeared in Victorian times you
might have seen adverts--for
various  dangerous electrical
therapies in air and in water!

As for sitting down to try to
loose body fat, I've never heard so
much nonsense — what’s wrong
with a walk or jog in fresh air!

Your other problem with the
radio, the gremlins do seem to
have creptin. From whatyou sayit
must have something to do with
the car-body shell and/or aerial
system being affected by the
engine running. Is your car shell at
the same potential as the negative
terminal of the battery when the
ignition switch is on? Do you have
good aerial connections? Is your
engine  suppresor  capacitor
working? Will there ever be
another radio like it? If listeners
are tuned in to this hum of
intrique, why not write in and
reveal all? — Ed.

Lean Machine
now with 10

toning pads

While our old LeartMachine
had eight toning pads, this
new model has #n, mean-
ing you can now &ffortlessly
exercise up to five different
muscle groups at once! Lie
back and relax while the
machine stimulates muscle
activity and gently pulls your
figure back into shape. It's
especially good for firming
thighs, tightening the waist
and reshaping hips. New
‘Soft-Start’ facility ensures a
gentle increase in the
impulse before reaching full
frequency. Lean Machine
comes in a smart briefcase
and is either mains-oper-
ated {240V AC) or, for com-
plete portability, alsoruns on
6 HP2 batteries (not sup-
plied). 10-pad Lean
Machine £99.95.

As a college lecturer in engi-
neering I, along with the stu-

dents, use PCs and associated
peripherals a great deal. With
respect to this, would it be possi-
ble to increase the number of pro-
jects you publish that are
designed in the form of a standard
8-bit or 16-bit IBM PC expansion
board.

Suggestions include:
o A Serial/IEEE convertor board.
(This would allow the PC user
access to the IEEE standard and
easy instrumentation control. Fur-
ther external devices could then
be connected to this IEEE port
allowing a great deal of potential
expansion (for future ETI pro-
jects). A total of 16 devices, with
their own addresses, could be
connected in a daisy chain to a
single expansion port of a PC!, all
under software control.) Possible
devices using the board could be:
® A voice recognition card.
® A burglar alarm with software
monitoring.
® Robot control.
® Domestic environment control
with software monitoring.

® An electronic lab — allowing
computer control of experiments
(very useful for practicals in
GCSE).

® Shortwave radio under software
control.

® A weather station where the
computer monitors and records
changes in temperature, pressure
and humidity. (Could use this for
psychic investigations for the
brave of heart!)

[ realise that many of these
cards are available commercially
(at high cost), but I think it would
be more instructive to build these
projects from scratch since this
would not only save money, espe-
cially important in education esta-
blishments, but would provide a
valuable insight into software con-
trol of hardware. I hope you can
consider some of the ideas.
Kevin Molby,

Leeds.

We certainly will, ETI is open to
anybody who has such a project
for us to feature.

PCBs iy

Redérding Colin Long’s letter
(October), [ use Easy PC,
print out artwork (X1 scale) using
a 9-pin dot matrix printer, and
then have this photocopied onto
acetate sheet at a cost of about 45
pence.

Using this method, I have pro-
duced a number of PCBs, both
single and double sided, with
enough detail to allow tracks to
pass between IC pins easily.

As for the optical diffraction, if
you arrange the artwork so that
the toner side of the copy is in
contact with the board during
exposure, this is not a problem.

You may find that the copy is
not sufficiently dark — experiment
with the copier’s contrast control
and with exposure times to rem-
edy this (or use a pen to darken

the tracks).

You will also discover that
photocopiers tend to produce
copies which are slightly
‘stretched’. The actual difference
in size between the original and
the copy is very small, and is not a
problem as component leads still
reach the necessary pads. How-
ever, if the PCB is to be double
sided, make sure both sides of the
layout are stretched along the
same axis!

Lastly, am [ to understand
from Paul Shlackman’s article
that the PIN number is stored on
the cash-card itself? CSE Compu-
ter Studies taught me that the PIN
isn’t stored on the card!

Daniel Brook,
Mill Hill, London.
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hope that I may be able to
answer the question that Mr
Carstens posed in the September
issue of ETL I am assuming that
he wishes to produce the positives
in house from EasyPC based on
an IBM compatible, as I need to
do when | am preparing a manu-
script for publication. The positive
is also used to produce the proto-
type PCB for testing and this
again is done at home. The
system [ use has produced boards
for both standard wired and
surface mount components so |
am quite happy that the output is
reproducible and accurate on the
1:1 scale. The main problem is
that output from a computer is
not cheap by any means and the
answer may not suit Mr Carstens.
Theway I achieve the outputis
using a plotter with the necessary
software in the PC. Whilst for
paper output the choice of pen is
simple, when you need to get the
output on an acetate film then
things get very difficult. A local
analytical laboratory carried out
some tests for me on the use of
acetate film, drafting film (which is
opaque) and on tracing paper.
Only acetate film lets through

nearly 100% of the light that falls
on it at the wavelength of the UV
lamps in the exposure units. In the

others it is about 1 to 2% so there.

is no choice but to use the glossy
film.

The plotter that I use is the
Roland DXY1100, the lowest cost
version of the range but I suspect
that any other plotter will do pro-
viding it will accept a pen of the
only type that I find will work. Also
the plotter must be able to draw
accurately on the acetate sheet.
The DXY1100 is good in this
respect as the acetate is held
firmly down on a baseplate and

and lifting one of the already
drawn items. 748 ink does not
seem to dry too quickly, but if you
use it on a hot summer afternoon
then you do get the same problem
as with the 747 ink. Staedtler are
well known world-wide so there
should be no problem with getting
the ink.

The pen comes from Dia-Niel-
sen a German company whose
UK office is at Lonsto House, 1-3
Princes Lane, London N10 3LU.
01-444 7108 but they do not sell
direct although they may be able
to help with offices outside the
UK. In Southern England where |

the pen is moved over it by the 's+ive they can be obtained from

drive system. Plotters that grip the
acetate and move it in one direc-
tion whilst the pen moves per-
pendicularly may have problems
if the acetate slips in the drive.
The only pen/ink system that I
can get to work consists of a
0.25mm tungsten carbide plotter
drawing point with a cross groove
and Staedtler 748 ink in black:
Staedtler makes a high density
black ink called 747 but every
time I have tried to use it the ink
dries too quickly and the drawing
is destroyed by the pen blocking

Artworker Ltd and my local
branch Artworker Southampton,
Frobisher House, Nelson Gate,
Southampton SO1 0GX holds
them in stock. The type used is the
F73142.

Flat tipped wet ink pens do not
work as they cannot get enough
ink onto the acetate film to get
sufficient density into the tracks
and pads, neither do ceramic
tipped water based pens as the
tracks end up as a line of dots.
Overhead oil based pens should
work but don’t because the oil

based ink creeps before it dries
and all the sharp edges disappear
and closely drawn tracks merge
into a large fussy blob.

The pen needs an adapter/ink
supply unit to fit the plotter to be
used. At just under £30 for the
plotter point you can see that they
are not a disposable item so you
must also get hold of a cleaning kit
and Rotring come to the rescue
with their Pen Cleaning Unit
which includes 10 sachets of
special chemical to dissolve the
remaining ink out of the pen once
it has been washed quickly under
the cold tap to remove the unused
ink.

As I said it is not cheap but the
system [ use works well for me and
gives the advantage that high
quality drawings can be produced
on paper as well.

David Silvester,
Southampton.

Some helptul tips from David. It
seems to me that what is required
is a clear plastic sheet with a matt
surface and a roughness of paper.
Only then will ink pens take to it
easily. — Ed.

Video Niceties

We have received many replies to
the video ‘life’ problem. From the
letter, it became obvious that I do
not have a home video and there-
fore had no cause to ask the same
question. Here are a couple of
replies.

ith reference to the letter

from M. P. Scotford in the

Read/Write column of the
October 1991 issue.

The answer to his video prob-

lem is quite simple (when you

know), if the record prevention

tab is removed from the back of
the tape (as with most pre-
recorded tapes) the recorder will
automatically playitas soon asit’s
inserted, whilst if the tabis in place
the recorder will wait for you to
press Play or Record or whatever.
Some manufacturers make {uite
an issue of this in the manual
calling it an Automatic Playback
System or something!

If only all lives little problems
could be solved that easily!
Paul Stenning,

Hereford.

ith regard to Mr Scotford’s

letter concerning cash
machines and video tape, [ think
can throw some light on the latter.
Video machines these days are
very intelligent beasties. Whilst
loading the tape against the
heads, they have a quick look at
what is recorded. Then they do a
quick scan round the house and
start to play the pomo tapes just
as ones wife/girlfriend/mother/
lodger is about to walk into the
room. This is all designed to cause
maximum embarrassment to one-

. self and the videos then sit there

with a smug grin on their faces.
Seriously though, it is all to do
with having the ‘no record’ tab
broken off. If the video machine
thinks the tape is a pre-recorded
one, it tries to save you the bother
of finding the remote control
because it knows that you are
probably the worse for drink any-
way.
Steve Marland,
Wigan.
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; Parﬂy cleaned
copper-clad board

A beginners guide to
home produced PCBs by
Geoff Martin.

PCBs

16

Cleaning board with block eraser

n response to demand, we present some infor-
mation on making a printed circuit board at
home. There are a variety of ways of acheivinga
‘one-off” or indeed a few PCBs for home use
and this article sets about giving a few tips.

Board types

Copper-clad board is available in several varieties. The
board presented free with this issue of ETI is of the
SRBP type. ltis a reinforced bonded paper with a thin
copper sheet and should be strong enough for many
purposes. It can be cut, filed and drilled very easily. The
other common type of board is the fibre-glass one.

Although more expensive it is more durable than the

SRBP version. Double-sided copper clad boards are
usually made from epoxy glass or fibre glass as it is
usually known. The only small disadvantage to using
fibre glass boards is that drill bits have to replaced

more frequently. I say replaced because nobody in
their right minds would try to sharpen a 1mm diameter
drill. ' n A
Now before you do anything else to any copper
clad board, check the condition of the copper surface.
If boards have been lying around for years they will
have oxide on the surface and will therefore need
_ cleaning. A clean and grease free surface is
s important to the processes which come later.
Highly recommended for ease of cleaning
is the little block cleaners that look like an
eraser. They contain abrasives in a silicon rub-
ber base. Otherwise household abrasive powders,
a cloth and water will do the job making sure not to get
your finger prints on it. So even though your free PCB
may look clean, it has to be shining bright.

Photosensitivity ‘

To get any form of professional reproduction on the
surface of the copper, it has to be firstly coated with a

photo-sensitive chemical. An important aspect here is
that the coating should be even over the surface. That
is why the photo-resist chemical is usually sold in an
aerosol form for home use. Greater users of the chemi-
cal will buy the liquid in bulk containers and then spray
on using some other form of aireated spray. Aerosol
cans of positive photo-resist are available from many
component suppliers and if used regularly and moder-
ately they will give good value for money.

Spraying in a darkened room with an aerosol will
give an even coating
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Placing foil on prepared board

expensive and less fun.

The next stage is to mask the
surface with our foil, Details on the
various ways to make foils will
appear next month. Most foils
either clear acetate sheet or photo-
graphic film will not adhere to the
.photosensitive surface and on

o these it iswise to have corner mark-
. ers on the foil to align with the cop-
. | per-clad board. Our free sticker foil
given away with ETI next month
with not suffer from any misalign-
ment owing to adhesion. More

about this next month.
IT IS ESSENTIAL THE COR-

A UV exposure unit

To spray our clean board requires a darkened
area with just enough light to see what you are spray-
ing. [t would also be wise to spray in a clean workshop
area. Paper towels or old newspaper must be placed
down first before spraying and it is advised that itis car-
ried out in a ventilated but not draughty area as the
smell is quite considerable.

The amount and the distance you spray comes
with experience and very often overspraying is com-
mon. This results in excessive developing solution
being used to remove exposed areas, As a rough guide
spray at a distance of about 9 inches sweeping back-
wards and forwards until an even coating can be seen.

Drying time depends upon temperature and if the
room happens to be in the high twenties Celcius it
might take only 15-20mins to go tacky but a few hours
to dry. If you have a small oven to hand the drying time
is a matter of minutes.When handling the board make
sure not to touch the surface. Using a pre-sensitised
board instead of spraying is an easy option but is more
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Exposing the board face down

RECT SIDE OF THE FOIL IS PLACED ON THE
BOARD. . Not paving attention at this stage and pro-
ceeding to the etched board with the wrong side will
resultin a useless board and a few heated quotes about
yourself like “You incompetant imbecile” or words to
that effect. We only have to do it once!

As we have to expose it to some sort of light
sotree it is well to consider the various ways at this
stagg: The most obvious is natural sunlight. It is bright

Materials for development
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A developed but un-etched board

and when shining is uniform over the surface of the
board. The disadvantage is the variable brightness
owing to cloud and this gives an unknown exposure
time. So the next thing to do is to turn to predictable
artificial light. Using a single household light bulb suf-
fers from the effect of giving uneven illumination over
the board and hence uneven development. The next
best thing is a reflector lamp like the sort in used in
downlighters or at discos. Again the problem here is
that they can only be used for small area boards. We
need some way to spread the light. An ideal solution is
to use a plastic Fresnel lens and place the lamp at the

focal point. This gives a flat surface to place the board
on and provide an even illumination. Those who have
access to an overhead projector can expose the board
and film on the top where one normally puts the dis-
play. Exposure time will have to be experimented with
but 5-10 mins may prove sufficient.

The standard but more expensive home method
of exposure is the use of the UV timer box. This con-
sists of an electronic timer and a couple of mini fluores-
cent UV tubes. The use of UV will speed up exposure
time. The logic of this is in the Physics. UV wavelengths
have a higher energy per photon to provide the chemi-
cal changes on the surface. The emitted radiation has
to be contained in a box to protect your eyes.

Now we have exposed our board it needs to be
developed. That means we have to remove the areas of
photosensitive coating that has ‘seen the light’ so to
speak. The liquid to do the job is a solution of Sodium
Hydroxide or caustic soda. For convenience this
chemical comes in pellet form and when transported
through the postal system or by any other means has
to be sealed from water. Moist Sodium Hydroxide can

Etching board in orange solution of Ferric Chioride

be just as dangerous as acid spills, so it has to handled
with care. The concentration for the development of
our board is a dilute solution (in the order of 7
grammes of pellets to 1 litre of water). You soon know
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Drilling the holes with drill in stand

if it is too concentrated when you see
all the photosensitive layer disappear
from the copper. Developing the
boards will require a tray, the best
being one of the normal plastic
photographic trays.

Assuming you have removed
the foil and all is well, the board
should be placed in the tray and
rocked gently within the solution.
Gradually you will see the outline of
the trackwork appear. This is the
most fascinating part of the process
and has similar parallels to seeing a
normal photographic picture appear
in solution. This action has to take
place in a room with a low level of
light. If you happen to be a photo-
grapher the best place to be is in the
darkroom illuriinated by a safelight.
Wait until the copper is visible on the
exposed areas before removing.
Wash under a tray of clean water and
pad it dry with a paper towel.

One way of cleaning the trackwork with abrasive
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Using a 12V hand-drill

Etching Process

Various copper dissolving chemicals can be
used but the most popular is Ferric Chloride
crystals which turn the copper into copper
ions in solution with a green colour of Cop-
per Chloride. The main problem is one of
etching time. But if we remember our chem-
istry from school, we can make good use ofa
rule of thumb that the rate of reaction dou-
bles for every 10° rise in temperature. So hot
Ferric Chloride solution will do the job
much better. Find an old Pyrex glass beaker
to heat it up in, not a metal container. It is
well to leave the board in the hot etchantina
plastic tray for a few minutes fo get the reac-
tion going. Then it requires some form of
agitation. This can be acheived by rocking
the tray to and fro. A quicker method is to
quickly pour the etching solution back into
the glass beaker so the solution can be
poured over the board tilting the tray and

board at an angle of about 30-40 degrees.
Hot etching solution moving at great speed over the
surface will have the greatest impact.

If fou want to spend money on etching tanks they
are ayailable. These will heat up the liquid and will also
agitate the board or the solution. Some would even
adgpt ultra-sonic agitation.

Cleaning Up

When the last dregs of copper have been eaten away, it
is time to remove and clean it up. Firstly wash away any
traces of Ferric Chloride solution under a shallow tray
of water. It is worth stating here that it is unwise to pour
Ferric Chloride solution down the drains.

There are three ways to remove the photo-resist
material on the copper trackwork. Firstly by an abra-
sive powder and pad or by using a stronger caustic
soda solution than previously used for development or
an organic solvent like Acetone.

. The PCB should now be drilled ideally using a
12V modelling drill or a drill in a stand that can take a
pin chuck. The hole sizes will vary according to the
component lead diameter buta 0.8-1.0mm will be suf-
ficient for most holes.

Finally an optional extra but sometimes worth-
while if the board is going to sit on the shelf, is the use
of an aerosol lacquer. It protects the trackwork from
oxidation and will take solder in the normal way.

Next month we look at making a foil pattern.

Protecting the circuitry
with a lacquer
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In this fourth part, Mike
Meechan constructs a
sensor swilch to zone the

light displays.

20

ROJECT

he final part of the series covers the Sensor
Switch peripheral unit. Part 1, 2 and 3
showed the design and construction of the
Master Controller and Dimming/Switch
Packs respectively — this final featured unit
interfaces between the two, allowing the operator to
select, via a touch sensitive ‘keyboard’, which zones of
lights are on atany one time. Some explanation of the
terminology might be of interest to those readers not
actively involved in nightclub lighting.

Almost all nightclubs — and some of the more
upmarket mobile discos — will have more than one
type of lighting effect fitted eg strobes, pinspots, neon,
stage lights (Parcans), UV lamps, kinetic effects such
as scanners (a sweeping searchlight effect) and per-
haps even a laser. If all of the effects and lights were
switched on all of the time, for one thing the venue
would be flooded with hundreds of thousands of can-
delas of light and for another, the lightshow would
have no dynamics or excitement whatsoever.

Instead, each effect is switched, sometimes using
ordinary multi-gang lightswitthes. We start to run into
problems when we want to switch on or off something
of more than two gangs eg a bank of four channel light-
ing. We can of course switch the Neutral line but that
means the switch contacts handle the combined cur-
rents of all four channels (this switching of the Newutral
can be used for special effects, some of which we'll dis-
cuss later) or alternatively we can allocate a separate
controller for each bank/zone — of different lights.
This, too, has its merits, but is obviously expensive and
different zones will never be synchronised to each
other. Better to have one Master and a number of
slaves under central control, as in the Nightfighter
systemn.

If the central control is now in the form of a touch
sensitive keyboard, we can enable whole zones of
lights very easily and in time with the music — playing
the lights rather like a rhusical instrument.

We now have the design criteria for a touch
switch. It should have the following features:
® Latch on/Latch off and Flash facility.
®  Memory function allowing preselection of chan-

nels for next selection whilst present selection is

still running.
¢ Inbuilt chaser with CHANNEL IN CHASE/OUT
CHASE facility.

®  Optional sound activation of chaser.
® Easily expandable up to 8 channels.
®  Option of zero-switched mains outputs.

The basis of most touch switch designs is decept-
ively simple. The touch switch relies for its operation
onthe fact that it has a very high input impedance, this
also being true of the CMOS gate input.

This high impedance (typically in excess of
100M), low capacitance combination means that only
avery low charge is required to influence the voltage at
the input. The human body itself acts as a reasonable
aerial for the 50Hz hum fields radiated by the electrical
mains distribution system, so that the contact between
body(hand) and high impedance input can form the
basis for the trigger for a switch.

| HOW IT WORKS
CHANNEL BOARD

TP1 and TP2 are the LATCH ON and LATCH OFF touch panels
respectively. R1 and R2 limitinput current to IC1d, IC1e Schmitt inverter
gates which have their inputs held at a voltage determined by the
SENSITIVITY pot and R3 and R4. Touching either touch pad causes the
- associated inverter to output a 50Hz square wave which then clocks the
I relevantdiscrete retriggerable monostables formed from IC2b, IC3b and
+  associated components, the Q.outputs of these remaining high until the
r 50Hzinputsignalis removed, since C8or C91s discharged everytime the

Schmitt inverter output goes low, thus preventing the one-shot from
| resetting, Once this clock signal is removed, C8 can charge viaR7and the
* monostable resets. This signalis used to control bistables 122 and IC3a
- depending on whether MEMORY, LATCH/FLASH or CHASE mode is
| selected.In LATCH/FLASHmode, TP1setsand TP2 clearsthe bistablelC,
| thistouchpadalso forcing the output high for the duration of the touch. In

this mode, the LED is made, {via gates of IC6, IC7c, IC4c and IC1a), to

show green for channel ON and off for channel OFF.

(nMEMORY mode, IC3a is implemented as a D-type latch with the

- data input controlled by the Q output of ICZs which is routed through
I IC4c. TP1 and TP2 set or clear the latch respectively. The MEMORY
~ button on the Master Control Board s used to clock the data throughthe
| latchtothe output. The LED in this mode is made to convey one of four
| states:
GREEN ~ channel ON.
FLASHING GREEN — channel presently OFF but will switch ON at next
selection.

1
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Fig.1 Sensor switch master control circuit
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FLASHING RED — channel presently ON but will switch OFF at next
selection.
LED off — channe! presently OFF, no new selection.

The last mode, CHASE, cascades all of the latches on each channel
board to form either a Johnson code or ring counter, depending on
whether the Q or Q output of the last stage is used as the code
regenerating element.

The Qoutput of channel 1 bistable is used asthe Dinput for channel
2,Qoutputof channel 2used asthe Dinputofchannel 3and soonandso
forth. The CHASE CHANNEL SELECT switch, SW1 on the Master board,
determines whether or not that particular channel is to be incorporated

ETI DECEMBER 1991

the right time.

into the chase sequence. If it is set to OFF, that channel operates as in
LATCH/FLASH mode, the Q output from the previous stage bypassing
this channel via IC7b and IC7a cascaded SPDT analogue switches and
beirg routed to the D input of the next stage selected for CHASE.

The LED shows GREEN — channel ON, RED — channel presently
OFF but selected for CHASE routine and OFF, channel OFF and under
manual LATCH/FLASH control.

Other gates on the board merely control the routing of the histable
input and output signals for the purposes of switching lafch data, clock
signals or the LED scillator signal tothe appropriate LED or gate inputat
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Some of the more sophisticated (and expensive)
touch panels rely on change of capacitance at the
input rather than change of voltage as in this design.

These types are inherently less prone to some of
the problems associated with so-called inductive
switching, such as spurious operation and liability to
damage by static etc., and the capacitive design allows
the switch to be sealed behind a waterproof mem-
brane, thus protecting the delicate electronics from the
ingress of beer, coffee etc. Unfortunately, the elec-
tronic implementation of this version calls for a rea-
sonably complex circuit, too complex in fact to repeat
four times on each channel! board in addition to the
other circuitry.

However, the simplicity and low cost of the fea-
tured design more than compensates for any compro-
mises or shortcomings in its performance.

The design is implemented using one Master
Control Board, one optional Sound Trigger Board (a
pared down version of the Bass Beat Trigger in the
Master Controller) and up to 8 Channel boards. Con-
trol signals from the Master Board are daisy-chained
along to all of the channel boards. Qutputs from each
Channel board are fed back to the Master Control
board and to a Connector board which then parallels
connections to all low voltage rear panel connectors
and a Triac Switching board if fitted.

The unit can be configured in one of three ways;
as a low voltage control panel deriving its power from
another unit (usually a Dimmer Pack fitted with an
18VA PSU), as a low voltage controller with integral
6VA PSU or as a controller with both low voltage and
zero-switched mains outputs. The unit constructed will
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Fig.2 Sensor switch master control overlay
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HOW IT WORKS

MASTER CONTROL BOARD
The Master board selects mode of operation for the channel boards,
- PB1-4each generate a unique two bit code from the Q outputs of IC2a,
1 i quad Set-Reset latches. The code addresses 1C3a and IC3b, a dual
analogue multiplexer/demultiplexer. IC3a is used as a multiplexer to
select which of the three differently generated clock signals s routed to
the CLOCK output pin on PL5, Clock signals can originate from the
internal CHASE oscillator comprised of IC1b and associated
components, from the MEMORY pushbutton {debounced by IC1c) or
from the Sound Trigger board if fitted, IC3b is configured as a
i demultiplexer to switch one of four LED's on at the appropriate time.
IC1eisconfigured asa low frequency CMOS oscillator andisused to
pulse the channel LED's when in standby mode.
3 The function of SW1 was explained in the Channel section. The Q
- output of each channel board is inputted via PL3 and PL4 to an 8-input
| NORgate, IC5.LK1islinked towhichever Qoutput has comefrom the last
channel board fitted and will normally be connected to Position 1 whena
fullcomplement of channel boards s fitted. IC5 outputis only high when
allof its inputs are low le when CHASE is first selected and so pre-loads
the Dinput of the first channel selected for Chase as the first step of the
sequence. This logic highis rippled through each of the selected stages
. until the last stage where upon itis fed back to the first stage D input via
- 1C4a,D¥4andIC4c. When ALT. CHASE is elected via PBS, IC2cisset, IC4a
enabled and IC4d disabled sothat the Qoutput of the last stage, inverted
by IC1d, is now used as the D input of stage one. We now have a Johnson
code or ‘fill and empty’ chase pattern. We can utilise this to create
. different chase patterns in the NORMAL chase mode as the ring counter
| will circulate however many logic ones there are present at the point in
| the ALT. CHASE where we change to NORMAL CHASE.

R —

|
L'

T T

depend totally on individual requirements — the
author’s own unit features four channels of mains out-
puts and four of control.

Construction

The construction of this unit is probably the most diffi-
cult of all three featured as it required many intercon-
nections, some involved metal-bashing and the careful
cramming of many PCB's into a rigidly defined space.

If reasenable metalworking facilities are available
to the reader then the casing is probaby best home-
constructed since most readily purchased enclosured
of this ilk are rather large in depth dimensions, being
anything up to 15" deep and more intended, one
would think, for housing amplifiers, heavy duty PSU’s
and the Nightfighter controller. (However, since the
prototype was first constrircted, it has come to the
attention of the author that one manufacturer of this
type of enclosure now features cabinets of the size
required — details are given in the Buylines section of
this part of the series).

Ifitis intended that the Sensor Switch unit be ver-
tically rack-mounted, cases of these sizes will provide
no problems.

However it is envisaged that this unit be mounted
horizontally or inclined at some angle, keyboard-style,
where rear overhangs of these sorts of sizes may prove
problematical.

If no facilities are available, most sheetmetal
workshops will put the four or five bends required into
a piece of aluminium for the price of a round of beers!
ALL of the cutouts shown on the drilling diagram
should be made unless the unit is to be completely
without mains switching facilities. The triac mains out-
puts are wired, via rear panel mounted fuseholders to
6A IEC shuttered mains outlets. Colour coded and
suitably rated wire should be used to connect between
these fuseholders and the triac board PC terminals,
looping the cable bunch from one end of the casing to
the other as before. Parallel connections of these out-
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puts are made to the Bulgin sockets, using the same
pinouts as in Part 2. Each Neutral and Earth connec-
tion to these sockets should be wired individually to the
Mains Input terminal block and neatly loomed and tie-
wrapped, one earth connection beingused to bond the
chassis to Mains earth. All exposed mains connections
should bé sleeved and the fuseholders shrouded with

ETI DECEMBER 1991

rubber boots.

Drilling and cutting of the front panel should be
commenced at this stage. In the author’s prototype, a
large, rectangular cutout of size shown in the drilling
details diagram was made. A piece of clear Perspex
was then cut so that it was of exactly the right size to fit
this cutout. A piece of sheet aluminium, very slightly

1)Ai04d
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Fig.4 Sensor switch channel control overlay

larger all round than the Perspex was then cut. Holes
for the touch pads were then drilled in both, the holes
in the aluminjum being of larger diameter. The touch
pads are then mounted using insulating bushes, wash-

- ers 6BA nuts and the whole assembly offered up tothe

front panel cutout and glued around the perimeter
using Araldite or similar.

Connection between the touch pads and the
channel board is made using Minicon plugs with short
flying leads terminated with M3 solder tags. Each
touch pad should be chefked for complete insulation

between it and the front ‘panel metalwork.

All of the PCB’s are mounted (in the time-
honoured Nightfighter fashion) on 1/2” X 1/8” alumi-
nium bar fastened transversely inside the case, These
strips are bolted on either side of the case to more alu-
minium strips running vertically inside the case. The
photographs and diagrams show this more clearly,
Should the unit be a powered version, the PSU and
Switch board are mounted on a second set of centrally
located transversely mounted bars, any cabling
between front and rear panel being tucked neatly
under or around the boards, depending on how many
boards are fitted. Each Channel board is mounted at
right angles to the front panel, being secured to the
transverse mounting bars using lcm wide strips of
angle aluminium. Once again, a picture paints a thou-
sand words and the diagrams show this far more elo-
quently.

Construction of the electronics is again very
straight-forward, through-board pins, resistors and IC
sockets being mounted first and the foil side compo-

nents (LED's, switches) mounted last. However, it
should be noted that the very cramped layout of the
channel board necessitated some slightly unorthodox
design features, all decoupling capacitor legs being
soldered on each side of the board and thus providing
the ground connection for the adjacent IC concerned.
There is a requirement for eight, 3" long 6 way
and 3 way plug to plug ribbon wire assemblies these
providing connection between each of the channel
boards and the Master, and also two rather unusual
plug to plug assemblies which are shown in the dia-
gram. Parallel connection between the rear panel
CONTROL OUT D-type, triac board and each of the
channel boards is made using a Connector PCB.
Finally, the optional Sound Trigger board is
mounted piggy-back fashion on the Master board.

Setting up

The link on the Master board should be soldered into
position such that it connects the Q output of the last
channel to IC1 pin 9 (the other end of the link).

If the optional Bass Beat Board is fitted, the
power supply and Audio Input connections are made
via PL1. A short three way Minicon plug to plug con-
nector is then used to provide power and the audio
clock from PL2 to the Master board.

Should no Sound Trigger board be fitted, power
supply connection is made directly from the PSU (or

(® = THROUGH BOARD CONNECTIONS

Fig.6 Sensor switch sound trigger overlay

the rear panel D-type if the unit is unpowered), no con-
nection being made to the 10V terminal on the PSU
board.

Mains input connections are made using a small
piece of 30A terminal block which is mounted adja-
cent to the 20mm cable gland and behind the PSU.

Operation

Mains connection to the unit should be made using
13A cable or for powering from another unit, a 15 way
D-type plug to socket lead should be constructed. It is
left to' the individual to devise some sort of splitter
arrangement so that the channel outputs on pins 1 to 8
of the D-type are still readily accessible when using this
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HOW IT WORKS

SOUND TRIGGER BOARD

This board is identical in all respects to the circuitry ince; porated on the
Master Controller Bass Beat Trigger for detection of the beat of the music.
It differs only in that there is no oscillator section, no AGC wideband
music section and that the Time Constant of the monostable section is
much larger and is User variable via the front pane! SPEED control.

approach. If ten core cable is used, the OV connection
should be made to the screen (braid) since this leaves
the necessary two cores free for the plus and minus
10V connections. The unit which is being used as the
remote power source will of course need to have the
410V and —10V connections made on the EXT.
CONTROL OUT socket between pins 14 and 15 and
the PSU plus and minus ten volt terminals.

The checking procedures for the triac and PSU
boards follow exactly those given in parts 1 and 2
respectively.

Preset PR1 on the bass beat trigger board is
adjusted for a voltage of 2.5V on pin 7 of IC2. Next,
press each pushbutton in turn to ensure that its asso-
ciated LED lights. Select LATCH/FLASH and verify
that each of the touch pads on the upper row latches
the relevant channel ON and that the lower touch pads
turn the channel OFF or hold it ON for the duration of
the touch. If there is no switching action or it is indeter-
minate, some adjustment of the SENSITIVITY pot
may be necessary. The LED’s on the triac board
should be mimicking the front panel LED’s.

Now clear all of the channels and select MEM-
ORY. All of the LED’s should be off. Run a finger along
each of the upper LATCH ON pads and each LED
should be flashing green. Pressing the MEMORY
pushbutton again will cause the LED’s to be a steady
green and LED'’s on the triac board to be on. Pressing
the MEMORY button again should have no discerni-
ble effect and all channels should remain on. Running
a finger along the row of LATCH OFF touch pads will
cause all of front panel LED’s to flash red but the LED’s
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on the friac board will remain unchanged. N
Pressing the MEMORY button once more will i
;witcg a“ffOf the LED’s, including the LED’s on the triac A | 2
oard, off. i
Ensure that all of the CHASE CHANNEL —— 3 —t
SELECT switches are in the ON position, turn the - Ué 5 4
' ¥ ot 2
- I+ g
= ox
b iz bia s 3 fige 2 300
(=] (] = ¢ Z23 biw £ 333
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Fig.5 Se;sor switch sound trigger circuit
— e | SPEED pot fully clockwise and
press the CHASE button. All
LED’s will show red. After a
short time, channel 1 LED
o R LT LB should show green, then it

Fig.7 Connec.ior board mrc.uit

. shéuld change to red where-
upon channel 2 will show green
until all channels have been
cycled through in this manner
and channel 1 again switches
on. Now select ALT. CHASE
and the chase routine will now
be a fill and empty one, with
channel 1, channel 2 etc all
coming on sequentially until all
channels are on. The channels
will then sequentially switch off.
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Fig.8 Connector board overlay

tional. All that remains is to connect it to the other units
in the Nightfighter range. Figure 14 shows some possi-
ble configurations and permutations of the Master
Controller, Switch/Dimmer Packs and Sensor Switch.

Faultfinding

The PSU is of course the first port of call in this unde-
sirable exercise. Much has been said already about the
testing of this item and [ wor’t bore you with further
prose pertaining to it.

Next in line is the Master Control Board. Check
that the correct voltages are reaching all of the IC’s,
that the bistables are toggling correctly when each of
the buttons is pushed and that the multiplexer IC, once
correctly addressed, is switching the correct output to
input or vice versa. Checks for the Sound Trigger
Board are as for the Bass Beat Trigger of the Master
Controller. Once the Master board has been verified as
working correctly, one can mave on to any individual
Channel boards which may be exhibiting problems. In
the first instance, check that all of the Minicon socket-
to-socket assemblies have been correctly fabricated
and are plugged into the relevant sockets. Should
faults persist at this stage, a wise investment mightbea
Logic Probe as further trouble-shooting involves tedi-
ous checking of individual logic levels on the pins of
IC’s. A comprehensive faultfinding quide for the dual
channel board would consist in the main of reams of
truth tables for each of the possible logic permut-
ations. The one consolation for the reader is that it is
statistically unlikely, but for a very foolish construc-
tional error, that two channel boards will exhibit ident-
ical faults and that once cne channel board is up and
running, faultfinding can consist of comparing logic
levels at identical points on good and faulty boards.

If we now revert to narmal CHASE, the number of
channels which are recycled in the routine (it was orig-
inally one) is determined by the number of channels
which were on in ALT. CHASE at the time that we
selected CHASE, This is useful for selecting chase rou-
tines of more than one channel. If a one channel chase
is all that is required, either change modes when only
one channel is on or select NORMAL as an intermedi.
ate mode and clear all channels before selecting nor-
mal CHASE. Finally verify that all of the channels can
be switched in or out of the chase routine using the
CHASE CHANNEL SELECT switches and thatanyso
switched operate as in NORMAL mode. This facility
should only be used infrequently as the CHASE
CHANNEL SELECT switch hasa very finite life (about
3000 operations),

The Sensor Switch is now fully set up and opera-

o e vt L

Further Development

As mentioned at the start of this section. there are
some special effects to be had when we switch the Neu-
tral connections as well as the Lives. Displays utilising
this type of connection are known as Matrix displays.
The Live connections are known as the X connections
because they lie along the X-axis of the display and
similarly the Neutrals are called the Y connections, To
make the display chase along the Y axis ie a vertical
column of lights sequencing along, we must switch all
of the Neutrals on and chase the Lives. Similarly to
chase along the X axis we must switch all of the Lives
on and chase the Neutrals. We can do this using an
8-way triac board with four of the triacs switching Neu-
tral and four switching Live. It would necessitate re-
programming the EPROM such that the first forty pro-
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grams are on X-axis and the second forty on Y-axis.
Thus toggling address line A10 would switch axes.
Sample lines of EPROM addressed for a one lamp
chase are given below.

X-axis chase starting at EPROM address 00, ie
sequence No 1.
00F1F2F4F8F1F2F4F8F1 F2F4F8F1F2F4F8

Y-axis chase starting at EPROM address 40,
Y-axis chase No 1.
40 1F 2F 4F 8F 1F 2F 4F 8F 1F 2F 4F 8F 1F 2F 4F 8F

The STROBE button could become the axis
change pushbutton as it controls the A10 address line.
D1 on the Qutput Mode board would need to be omit-
ted so that the unit is no longer placed in Standby
mode when PB4 is pushed, and the GO pushbutton
would then select the other axis. EPROMS with con-
tents suitable for a matrix-style display are available
from the author, as is the EPROM necessary for the
Master Controller. Any orders dispatched for the spe-

cial edition EPROM will be accompanied by more
detailed wiring diagrams of the alterations required.

The triac boards can also be used to control
voltages other than 240V mains because the triac
supply is directly accessible via the 2.5mm tails. This is
useful where we want to control low-voltage lamps eg
24V Tubelight without wishing to purchase four or
eight 24V transformers. The triac supply is simply con-
nected to the secondary side of a suitably rated 24V
Transformer and the triac outputs will now be at 24V
for direct connection to the lamps. These low voltage/
high current outputs will be more susceptible to
voltage drops caused by I°R losses in connecting
cables which should be kept as thick and as short as
possible.

It is a sad fact that the cost of the actual elec-
tronics is far outstripped by the cost of hardware such
as connectors, enclosures, knobs, switches etc.

The cost of the project could be reduced by using
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Fig.11 Interwiring diagram of sensor switch

less or cheaper mains cornectors, hard-wiring all of
the inter-board connections, chassis mounting fuse-
holders, less robust cases etc. This can prove to be a
false economy as the units will be inherently less
reliable, less professional-looking and the rig will take
much longer to set-up, and dismantle when using
terminal blocks.

Finally, the author is currently designing a stage
lighting desk which will allow crossfades between two
sets of presets, a memory facility for storing scene light-
ing levels, direct interfacing with the Nightfighter
Dimmer packs, and an external control input which
could be connected to the Nightfighter Master
Controller.

BUYLINES

Keyboard switches (Alpha style) avallable from STC Components

Switch Base {Stack No. 073528
Alpha-style Keycap (Stock No. 028859C)
Bleck anodised 19" front panels, plastic encapsulated PCB-
mounting transformers from RS Components

1U Panel {Stack No. 502 455)
2U Panl (Stack No. 502 461}
3U Panel (Stock No. 502 477)
18 VA 12-0-12 Transformers  {Stock No. 208 349
6VA 12-0-12 Transformers  (Stock No, 208 844)

Touch pads, Minicon Connectors, Heatsinks, Opto-triacs,
Interference Suppression Capacitors Toraidal Chokes and
Miniature Pots all available from Maplin. Rack-mounting cases
available from Rackz Products.
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- PARTS LIST
SENSOR SWITCH MASTER CONTROL
. RESISTORS
~ R123458M, 100k | 7T ;;
141720 “ ¥ S = -
LY M _ ]
R8 6M8 i Y .
OR9NIEI2 10k . A : . ®
R1215,18,21,23 1k "
VR1 2M2 dual finear pot " g
VR2 1M linear pot i
- SILt 100k SIL resistor array ;
- CAPACITORS ¥
o3 220n 1| K b © ®
C2 100y non-polarised i |
C4-8 100n -
* SEMICONDUCTORS ! = .
| 40106 il
12 4043 : ¥ .
Ic3 4052 il Qe o © |
IC4 4081 i == g
IC5 4078 ‘? i
Q16 BCB47C ) 2
D1-14 ING148 I
LED1-4 01" yellow LED ) !
© LEDS 01" green LED = @w
MISCELLANEOUS &
PB15 Click Switch & cap {Maplin FF87C, FF94C) z3
LW 8-way DIL Switch (Maplin XX27E) 2 5L -
FL1 2-way Minicon plug : <z P
 PL28 3-way Minicon plug . v g .
PL34 8-way Minicon plug =y <’ © |
PL5 10-way Minicon plug . L
SK1 2-way Minicon socket-lead assy _
. SK2 3-way Minicon socket-socket assy . g .
 SK34 8-way Minicon socket to four 3-way and one %
4-way socket assy (see text and diagrams) . .
K5 10-way Minicon socket-socket assy ¢ —]{— @e (6 @ §
SKé 3-way Minicon socket-lead assy. b .
IC sockets to suit, PCB, veropins |
~ CHANNEL BOARD il e .
RESISTORS 551
R12 M2 v
-~ R34 22M . 'S o ) @ %
. Ro8 39 . i
R78 560k ’ -
~ R910 100k ' =
R1112,15 10k J
R13,14 680R :
R16,17 470R : _::_ & @
SEMICONDUCTORS I g | & . | 3 | =
n© 40106 #| = R >
1023 40 (| e | <
- Ic4 4081 : 3
Ic5 40m : I °l 5%
ICé 4073 i w | .
o 4053 | =y |8&s —~ %8 8
a3 BCS47C i =2 Eﬁ __ 8% w d &
D1-7 1N4148 i [ g w
BI-LED1 0.2" Tricolour LED i = £ - | £
CAPACITORS ; v @ &S i
17 100n disc ceramic N E = 24
- (89 100n polyester ; ¥ | 2F L % % 3z
MISCELLANEOUS 1 A e
PL1 2-way Minicon plug A | @ ; o
PL25 6-way Minicon plug : g [T %
PL346 3-way Minicon plug : = o
SK1 2-way Minicon socket-lead assy. 4 v = .
SK2 6-way Minicon socket-socket assy. : :
. SK3 3-way Minicon socket-socket assy. ] *j"i";“<'-_>|<——>|"|":’|‘—v*
- TP14 Triangular Touch Pads (Maplin HYO18) ; = ey 4 = i
. [Csockets tosuit, PCB, Veropins. .| Figa2 Sensor switch front panel details
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Fig15 Corrected zero crossing detector and ramp generator
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SOUND TRIGGER BOARD j
_ RESISTORS ]
R1217 43k .
~ R3710,23 22k K
R4,5,6,28 100k |
R8 680k 1
. R9 180R il
R111314,21 10k )
R12%5 &7
R16 %7
R18,19,27 1k
R20,22 120k
- R24-26 M3 I
R29 6M8 i
PRI 20k horizontal presst i
SEMICONDUCTORS i
- LM324
IC2 TLO72 9
. Ic3 4047 .
Q1 YN1210L s
Q2 BC549C ;
. D14 1N4148 1
_ CAPACITORS i
€12 407 16V radial electrolytic =
C34 " 5n6 polystyrene |
i C5 1001 16 radial electrolytic ?
6 47y 16v radial electrolytic i
W) ’ 470n polyester -
8 110 polyester
C9 47y axial non-polarised electrolytic o
C1o 100n disc ceramic
MISCELLANEOUS
PL1-3 3-way Minicon plug .
PL4 2-way Minicon plug
SK1 3-way Minicon socket/screened lead/stere0 -
1/4" jack socket assy 'f
- SK2 3-way Minicon socket to socket assy
SK3 3-way Minicon socket to flying lead assy
- SKd 2-way Minicon socket to lead assy 5
- MISCELLANEOUS TO COMPLETE SENSOR SWITCH
8Kt 15-way D-type mounting socket i
JK1-4 1/4" mono jack socket .
JK§ 1/4" switched stereo jack socket 8

- 3U black anodised front panel, matching case (see text), 6BA and M3
nuts, bolts, washers, solder tags, spacers, IEC 6A shuttered mains

- Sockets to suit, Bulgin octal mains sockets to suit, 5%20mm panel
mounting fuseholders to suit, 304 terminal block, BA connecting wire )
of various colours, 20mm cable gland, 6VA PSU, Triac Switch board to

 suit, terminal block, mounting hardware as described in the text,

s T

Error Round-up Part 1
Fig.2 PL2 'Bass Clock’ is not connected to pin 9 ‘SW',
Pin 9°SW'should be conneced ta IC15 pin2Al’.IC18
and IC19 Pins 4 and 10 on both chips should be
labelled N’ not Vdd0 and Vdd1 respectively. Vdd1 on
IC’s 18 and 191s pin 16 and is connected to +5V. Vdd0
onlC’s 18/19 s pin 1 and is connected to +10V. D4 is
omitted from Main Processor Board Parts List and is
1N4148. PL5 Pin 9 should be labelled STROBE EN.
Fig.3 C1.2 should be 100n disc.

Fig.7 Q3 FET, there should be no connection between
gate and pin 3 of IC1d. Instead it should connect to the
positive end of C6. The node of R34 and PR1 should
connect to pin 13 IC2d.

Part 2

Fig.1 Q1-4 should be NPN transistors ie BC549.
Fig.2 C2 should be 750p and PR4.5 are 5k presets.
Fig.3 Wiper to RV101 should be labelled Point 2/.
Fig.7 Board (0-12V) supply is made via PL2 as in
circuit and point to left of Link 1 should be labelled To
Triac Supply.

Fig.8 PR1 was wrongly positioned and without R1. See
amended diagram Fig.15 left.

Part 3

Fig2 C1 positive at lower end, C2 uppermost and C5
to the left. C11 should be aligned vertically under R42
and connecting to R44.

Fig.3 PB1-8 and PB1-6 (Fig.4) should be highlighted
as being mounted on the other side of board.

Fig.4 Foil should be turned vertically to line up.



UNPOWERED

CONFIGURATIONS FOR THE NIGHTFIGHTER UNITS
Fig.14 Schematic of possible configurations

ZERO-VOLTAGE SWITCH PACK 'PINSPOTS ON'
AL REMOTE TO (LIMITED FACILITY
- DISABLE PAR38 MAINS DIMMER PACK)  AEMETE -
S POWER & JK1 SPOTLAMPS
CONTROL IN LIN
Lo ‘SPOTLAMPS ON'
CONTROL OUT
& POWER REMOTE TO 300W (FULL FACILITY REMOTE
10 / DISABLE E] PARKANS BHIRERTACK), DISABLE=I=
SPOTLAMPS & (SOUND TOQ JK2 i
LIGHTBOARD  sinio iy .
FITTED) 2
MASTER CONTROLLER
(POWERED WITH ZERO- i NG CONTROL OUT
OLTAGE SWIT
) el Al Rewore
(STROBE AND 1K
10 gTROBE CROSSFADE
BASIC CONFIGURATION (SUITABLE FOR SMALL MOBILE) STRUBES JK101-108 AU, AUD'%’:
MASTER CONTROLLER
(POWERED WITH ZERD-
VOLTAGE SWITCH PACK)
LIMITED FACILITY i ;
DIMMER PACK PARKANS ON
REMOTE ]
To
DISABLE |
PARKANS A
CONTROL IN CONTROL CONTROL CONTROL AUDIO
o » CHS5O/P CH6O/P CH7OP IN
3 JKi JK2 JK3  JK101
e T PINSPAYS ON' SENSOR SWITCH, INBUILT PSU S
BEMGTE SOUND TRIGGER, CHANNELS 1-4 O
HEMOTE ARE MAINS SWITCHED :
TO /
£ SOUND TO JK2 MIXER
PINSPOTS AR il
CROSSFADE  AUDIOIN e MAINS  MAINS MAINS  MAINS
FITTED) JK1 Tl % CH1O/P CH20/P CH3O/P CH4O/P
MASTER CONTROLLER 1ECT IEC2 IEC3  |iECa
(POWERED WITH ZERO-
VOLTAGE SWITCH PACK)
TO SCANNER TO
BANK ETC. HELICOPTER
TO SMOKE TOUV. ;
INTERMEDIATE CONFIGURATION (SUITABLE FOR LARGER MOBILE) s R,
SCHEMATIC OF SEVERAL DIFFERENT SYSTEM ETC. ETC.

FULL FACILITY CONFIGURATION FOR LARGE
UP-MARKET MOBILES OR SMALL NIGHTCLUBS

DREMEL® USA
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Grinding point
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PCB PRECISION DRILL KIT
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Wire brush

Soft felt polishing mop

Rotary Drum sander & polishing compound

Telephone orders ... call now on

0442 66551 (24 HRS)
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Switched Moc
Laboratory Power

Supply

e

ecently [ used my old laboratory power

supply to attempt to restore life to a

nickel-cadmium batterywhich had failed

in such a manner that it had an internal

short circuit. What sometimes happens
is that crystals of cadmium grow across the separator
causing a short circuit. If the battery is charged at the
time, a current will flow through the crystal and melt it
back onto the plate.

What had happened in fhis case was that the bat-
tery had been left unused for too long, all its charge
had leaked away and it had become short circuited. To
attempt to restore it, I tursed the voltage on the power
supply well above the nortal cell voltage for a NiCad,
and proceeded to dab the power supply connections
onto the NiCad in an attempt to melt the internal short
circuit. Unfortunately, my power supply, which I built
almost 20 years ago, gave way before the short circuit
did. Itwould no doubt have been possible to delve into
the Veroboard and messy soldering and carry out a
repair, but [ decided instead that this was an omen, and
that it was time for me to start again from scratch and
design a new power supply using up to date technol-
ogy.

The current output at lower voltages had proved
inadequate in the past, and was to some extent limited
by thermal considerations. Therefore, [ resolved to
design and built a laboratory grade switched mode
power supply which would be able to deliver at least 1
amp at 30 volts, 2 amps at 15 volts and, if possible, a
maximum current of at least 5 amps at 5 volts.

The advantages of using switched mode technol-
ogy are that little heatsinking is required, and that at
currents below the maximum rating of the supply the

output power is more or less constant. It really is possi-
ble to supply much more current to the load than is
drawn from the main reservoir capacitor.

Topology

I considered a number of different types of circuit for
the job. My first decision was that would use a conven-
tional mains transformer to isolate the supply from the
mains to avoid the difficulties of having to design a safe

switching/isolation transformer. This decision simpli-

fied the design of the supply considerably, because a
circuit topology employing a single storage inductor
could be used.

My choices were then between the well known
configurations of flyback, buck-boost (a kind of invert-
ing flyback converter in which the output valtage can
be above or below the input voltage), series buck regu-
lator, or the less well known Cuk converter. One
requirement from a laboratory power supply is that it
shall provide a substantially noise-free output. The

Fig1 Voltage-current characteristic

MAX
VOLTAGE

. ik
A 1
MAX CURRENT
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high ratio of peak current to average current in flyback
converter designs makes low noise and ripple harder
to achieve, so the first two configurations were ruled
out.

The Cuk converter was a serious possibility. In
theory it is possible to reduce both input and output
ripple in a Cuk converter to zero, so that a very low out-
put noise and ripple should be possible. U nfortunately
the complexity of a Cuk converter is greater than that
of other converter types, and the requirements for
near-zero output ripple are difficult to achieve. The

tage regulator. The current limiter module is planned
as a future project.

Circuit Design

When designing a buck regulator, one naturally thinks
of the switching element in the positive line. The
LT1070 does not readily lend itself to this, however,
because it's switching transistor is connected to the
ground pin of the IC. It is possible to design a positive
buck regulator using the LT1070, but because the
operating current of the chip must flow continually in

= ] VAV I
ov ov
O—1 oPmioNAL [ + OUTPUT o
== NT
e CURRENT = GHIRREN VOLTAGE it OUTPUT
O—  LIMITER = SENSE —
—40v -VE
S
y
o
- -‘ CONTROL I @ -
SWITCHED MODE A
POWER SUPPLY
CHIP - .
Fig.2 Block diagram of PSU

need for a replacement power supply precluded the
use of a topology which is not et widely known, and
aboutwhich there is little conventional wisdom. There-
fore the series buck topology was chosen.

The next requirement was to choose the detailed
method of designing the power supply. Many
approaches are possible; a completely discrete design
might be tried, or a standard switched mode control IC
might be used to control discrete circuitry. The reliabil-
ity and precision demanded from a laboratory power
supply precluded the use of a simple discrete design,
so an integrated circuit was chosen.

After careful consideration, the LT1070 switched
mode IC , which incorporates a switching element on
chip, and which provides cycle by cycle switch current
limiting, was chosen. This IC appears to offer the best
characteristics suitable to a laboratory power supply,
consistent with a reasonably simple circuit design.
These include being proof against short circuits and
overload, and providingaccurate output control under
a wide range of load conditions.

Constant Power

There are two approaches to avoiding overloading the
mains transformer. One s to limit the output current of
the unit to the maximum DC which can be supplied
using the transformer with a bridge rectifier and reser-
voir capacitor. This has the disadvantage that at low
output voltages only a fraction of the total available
power is utilised. If power rather than current can be
limited, then more current can be made available at
lower output voltages. This power limit is of course
subject to the maximum voltage available, and the
maximum current which the regulator can control. An
output current and voltage characteristic such as that
shown in Figure. 1 would be the ideal. I considered the
possibility of doing this entire control using the control
loop of the switched mode regulator IC, but I decided
that because power limiting can be provided by input
current limiting (given a more or less constant output
from the transformer) a separate current limiter circuit
may be preferable. This would provide a useful extra
short circuit protection for the power supply. It also
permits a modular construction so that units not
requiring power limiting need not incorporate the
input current limiter. The design of the system incorpo-
rating the input current limiter is shown in Figure. 2,
but this project is to produce the switched mode vol-
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the output, this would not be suitable for any power
supply in which the load can approach zero.

There is no good reason not to regulate in the
negative supply, in which mode the LT1070 functions
very well, so that is the approach taken in this design.
The development circuit diagram which may be sub-
ject to minor modifications before part 2 next month,
is shown in Figure. 3.

Starting at the input, a substantial electrolytic
capacitor C1 is provided on the PCB to limit the need
for substantial circulating currents off the board. A lin-
ear voltage regulator, IC1, is provided to supply the
operating current for the LT1070,1C2. This is because
the maximum voltage rating of the LT1070 for its
power supply input js 40 volts, and a nominal 40V sup-
ply cannot be relied upon never to exceed 40 volts.
Accordingly, a 35-volt regulated supply is supplied to
IC2. The switch transistor of the LT1070 is rated at
60V, which is more than adequate to cope with var-
iations in the DC input voltage.

The LT1070is a current mode control chip which
incorporates an internal oscillator whose frequency is
set to approximately 40kHz by on-chip components.
Internal circuitry monitors the current through the
switch transistor, and it is this measured current which
is fed back internally to adjust the mark:space ratio of
the s#itch. External feedback adjusts the aiming point
of the switch current rather than adjusting the
mark:space ratio directly. This is what is meant by cur-
rent mode control, Feedback loop stability is set by R3
and C3.

External feedback applied to the FB terminal and
is compared internallywith a 1.24V bandgap reference
to generate an error voltage. In the design shown in
Figure. 3, this input is protected from excessive voltage
under fault conditions by the zener diode D1. R4 forms
part of a potential divider referred to the output vol-
tage. More about this later.

When the switch output is on, the negative supply
is fed to the left-hand end of L1. When the switched
current reaches the aiming point, the switch turns off
and the input of L1 (connected to the Vsw terminal of
[C2) rises to one diode drop above 0V, and the current
in L1 starts to decline. Under most load conditions, the
current in L1 exhibits triangular-shaped ripple but
does not decline to zero. C4 substantially smooths this
ripple, giving a more or less constant voltage.

The output current is fed through R5 to provide a

04
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IC1 = LM317 £

iC2 = LT1070 <2298
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signal to use for variable output current limiting. The
voltage drop across R5 is used to turn on Q1, which
provides a positive current into R4 raising the feedback
signal and therefore reducing the sWitch current aim-
ing point. If the base of Q1 were simply connected to
the output side of RS, then current limiting would take
place at approximately 6A, which corresponds with
0.6V across the base/emitter junction Q1. This could
be increased but not reduced by adjusting the current
limit potentiometer. To compensate approximately for
the base/emitter drop of Q1, a biasing diode D3 is sup-
plied. The diode is forward-biased by means of a cur-
rent flowing through R7 and R8. This current is made

Inductors

The inductors used in this power supply must be able
to handle an average DC of 5A without either saturat-
ing or overheating. To keep the current ripple within
bounds, the inductance of L1 should exceed 150 mic-
rohenries at no load to allow for the reduction of
inductance that occurs even before saturation as cur-
rent increases. L1 may be made by winding 50 turns of
1mm (or preferably 1.25mm) wire on a T104-40 core
available from Cirkit — alternatively, a ready-made
inductor available from Maplin (type JL73Q) may be
used. L2 should consist of 30 turns would an a Cirkit

substantially ripple-and rise-free by the addition of
C5. This arrangement petmits the current limit o be
adjusted almost down to zero.

Voltage control

The feedback input of IC2 is referred to the negative
supply, which is not either of the output supply con-
nections. In order to refer the output voltage to the
negative supply, Q2, R9 and the voltage adjustment
potentiometer are used to inject a current into R4 pro-
portional to the output voltage. Clearly the voltage
across R9 and the potentiometer is less than the out-
put voltage by the base-emitter junction of Q2.
Because the base/emitter junction of a transistor is
affected by temperature, the output voltage is also
temperature dependent to some extent. This in only
significant when the output voltage is low. The value of
R9 is chosen so that the minimum output voltage is
approximately 1.5V,

Because this is a laboratory power supply, extra
output filtering to remove ripple and switching noise is
provided to L2 and C6.

T94-40 core.

Initial experiments have shown that this filtering
arrangement provides a very clean output, save that
there are spikes at the switching frequency of a very
short duration, and of approximately 20mV peak to
peak amplitude symmetrical about the DC output vol-
tage. The filtering does not completely remove the
spikes, because there is stray capacitance between the
inputand the output of the inductors, while the capaci-
tors C4 and C6 possess an unwanted equivalence
series inductance and resistance. To make the output
still cleaner, it is planned that a low value inductor and
a ceramic or polyester capacitor are incorporated at
the output terminals of the unit.

The use of a metal case, and a mains filter, should
keep all radiated interference within the box. giving a
supply as interference-free as a linear design.

Details of the final circuit design and construction
will be provided next month, The PCB sticker provided
free with next months issue will be to the final design,
which may differ slightly from the circuit shown in
Figure 3.
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A P Stephenson looks at
the standard ways of
improving op-amp
performance

36

Negative Feedbhack

heap voltage amplifier ICs with enor-

mous gain have been with us long

enough for them to be taken for granted.

Except in certain specialised fields, the

days of designing and building a voltage
amplifier from discrete components to bump up some
weak voltage, have long since gone. Instead, we simply
bung in one of these off-the-shelf ‘op-amps’ and sit
back — at least, that’s the theory!

In practice, it is not quite so simple because the
enormous gain and low cost have only been achieved
by sacrificing stability and predictability. The gain (A)
of an op-amp may be specified as 40,000 to 200,000
so a particular specimen, even of the same type num-
ber taken at random, could have-a gain anywhere
within these two extremes.

Apart from the actual gain variation, even the
lower figure is probably far higher than required so
something must be done to tame down the gain to
some desired figure and to ensure that the tamed-
down gain is predictable.

This is where feedback or, to be more precise,
where negative feedback comes in, In fact, the design
of a voltage amplifier using one or more op-amps is
now reduced to the relatively straightforward problem
of designing a suitable negative feedback system,

Although the above discussion has been primar-
ily concerned with its effect on op-amps, feedback in
some form or other pops up in various — and some-
times unexpected — areas of design so a sound knowl-
edge of the underlying principles is essential.

Advantages of Negative Feedback
The most important design parameters of an amplify-
ing system are:

e Voltage gain.

® [nput resistance.

®  Output resistance.

®  Frequency bandwidth.
®  Distortion.

®  Noise.

Theapplication of negative feedback to an ampli-
fier will, in addition to ]oweriné'and stabilising the gain,
increase the frequency bandwidth and reduce distor-
tion. The signal to noise ratio is not improved but noise
and hum in the output stgge can be reduced.

A less obvious, although equally important,
advantage is its ability to modify the input and output
resistances of an amplifier. In short, gain is sacrificed in
return for control over essential design parameters.

Aout
Vout

(LoAD)

Fig1 Four terminal amplifier

The Open-Loop gain (A)
Figure 1 shows any four-terminal amplifier which may,
or may not, be an op-amp. The input signal, Vin, is
amplified and appears as Vout. The ratio, Vout/Vin is
defined as the open-loop gain. Thus:

A = Vout/Vin

The input resistance, R,,, is what the applied sig-
nal ‘sees’ and the output resistance, R, is what the
final load ‘sees’ looking backwards into the amplifier
output terminals.

The Feedback Fraction (B)

Feedback can be applied to any amplifier and consists
of a network which taps off all or some fraction of the
output and feeds it back to the input. The amount
tapped off is defined as the Feedback Fraction, B.

Example: If one fifth of the output is tapped off,
then B = 0.2

R2

Fig.2 Tapping off a feedback fraction

Figure 2 shows how a simple divider network
across the output can produce any desired value of 3
by suitable choice of resistors. This method of obtain-
ing B is called voltage feedback. An alternative way of
obtaining B, called current feedback, is treated later.

The General Feedback Equation

Ta simplify the discussion, the method of obtaining the
feedback is not considered and the amplifier shown in
Figure 3 is drawn with the input and output ground
terminals omitted.

Fig.3 Schematic view of feedback

Vout

Since the voltage fed back is B X V, . the com-

bined input to the amplifier, V., is given by:
Va =3 vin + Bvou!

The black box has an open loop gain A = Vi

s0,
va W vout/A

These two equations allow V, to be eliminated

from the contest to leave,
Voul/A L. an + Bvout

A bit of algebraic juggling rearranges this into a
more convenient form:

Vout/vin oy A/(l‘BA)

The ratio, V,,,/V,, is the new gain resulting from
the application of feedback. It is called the Closed.
Loop Gain, distinguished from the open-loop gain by
the symbol A'. The final feedback equation becomes:

Al = A/(1-BA)

To summarise, an amplifier with open-loop gain
A will have a closed loop gain of A/(1—BA) when a
fraction B of the outpuit is fed back to the input.
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The Phase Relationship of B

The equation derived above has not taken into
account the sign of B because of the need for a solu-
tion which catered for either positive or negative feed-
back.

In general, B should be written as a vector quant-
ity, having the polar form, B = B] B

where Bl is the modulus and @ the phase angle or
argument. The most frequently encountered values of
@ are:

a) @ = 0°, in which case B is a simple positive frac-
tion rendering the polar form superfluous.

b) ¢ = 180°, in which case, B is a simple negative
fraction, again rendering the polar form superfluous.
The general equation can therefore be split into two
versions:

Positive feedback: A = A/(1-BA) (B is positive)

Negative feedback: Al = A/(1+BA) (B is nega-
tive)

The term BA, sometimes called the loop gain, is
important because it determines the quality of the
feedback and is why the open-loop of an amplifier
should be high.

Positive Feedback

This is considered first to get it out of the way. Note
from the above positive feedback equation that the
closed loop gain will be greater than the open-loop
gain! Although this may seen an attractive way to
increase the gain still further, it is seldom used in ampli-
fiers because it is inherently unstable and will increase
distortion instead of reducing it.

In the special case when BA =1, the denominator
would fall to zero and the closed loop gain would rise
to infinity! An input signal would be quite redundant
because the output would be an enlarged version of
the input noise — in short, it would be oscillating.

It could be argued that positive feedback would
be useful if there was not so much of it. To test this out,
assume the open-loop gain isamodest 10,000. For AB
to be less than 1, B must be less than 1/10,000. This
means that if the output is 10 volts, only one millivolt
fed back will cause the amplifier to go over the top. It
should be clear from all this that positive feedback,
although having no worthwhile role in amplifiers, can
still earn its keep in oscillator design.

Negative Feedback

The equation for negative feed back is repeated here
for convenience:
Al = A/(1+BA)
Example 1:[fA—1,000and B=1/100thenA' =
1,000/(1+10) = 1,000/11 = 90.9091.
Example 2: If a = 600 and B = 1/20 then A' =
600/(1 + 30) = 600/31 = 19.3548
Example 3: If A = 1,000 and B = 1, then A’ =
1,000/(1001) = 0.9990.
Example 4: If A= 50,000 and B=0.5then A’ =
50,000/(25,001) = 1.9999
Four examples to explain such trivial arithmetic
may seem excessive but they draw attention to a rather
unexpected relationship between B and A";
When A was 1,000 and B was 1/100, A! was
nearly 100.
When A was 600 and B was 1/20, A® was nearly
20.
When A was 1,000 and Bwas 1, A' was nearly 1.
When A was 50,000 and Bwas 0.5, A was nearly
2
These figures suggest that in the above four cases,
the approximate value of Al is 1/B. To show that this is
no coincidence, the negative feed back equation can
be re-arranged into the following form:

ETI DECEMBER 1991

1
++B

It follows that if 2 is < B (which it usually is) the
equation can be simplified even further to the approx-
imate form: Al — 1

B

This is a remarkable result! [t shows that providing
we have an amplifier with a reasonably large open loop
gain, the closed loop gain is virtually independent of
the ampilifier!

Providing multifigure accuracy is not required, to
know that B is 0.2 allows A! to be taken as 5 without
working through the full equation or knowing anything
much about the actual amplifier.

Examples:

If B=0.1 then Al =10

[f B = 0.01 then Al = 100

If B = 0.002 then Al = 500

The following bit of arithmetic provides addi-
tional confirmation that the closed-loop gain depends
very little on the open-loop gain:

[f A= 1000, and B = 1/10, then according to the
full feedback &guation, Al — A/(1+BA) = 1000/101
=9.901.

Now suppose, due to age or substitution of
another specimen, A falls to 500 (half its previous
value) then Al = 500/51 = 9.804.

Thus, even though Awas halved, A only changed
from 9.901 to 9.804.

Distortion reduction

Transistors, providing they are correctly biased and are
not overdriven, are reasonably linear amplifiers. That
is to say, the output is a fairly authentic replica of the
input. Nevertheless there is some distortion because
the collector/base transfer function is slightly curved.
An amplifier is judged, amongst other things, by the
percentage harmonic distortion introduced.

Owners of cheap transistor radios, blaring out
pop with the wick turned full up, seem to tolerate 15%
or more distortion with a surprising degree of equa-
nimity. In contrast, the distortion oozing out from one
of those tall impressive looking ‘music centres’ will
probably not exceed 1%. But any hifi system churning
out Vivaldi with a distortion figure greater than 0.1%
should blow its fuses with shame.

Negative feedback is a powerful weapon for com-
bating distortion as can be seen by the following rough

and ready rule:

Negative feedback reduces distortion in the
same ratio as the gain is reduced.

Example: Assume an amplifier with an open-
loop gain of 1,000 has a distortion figure of 10%. If
feeffback reduces the gain to 100, the distortion
will'fall to 1%. '

The ability of negative feedback to reduce
gain is easily understood but why it reduces distor-
tion may not be so obvious. The following intuitive
approach avoids a page full of algebra:

Assume a perfect signal enters the amplifier
but, due to transistor imperfections, the output is
distorted. The output will contain an enlarged ver-
sion of the signal and an additional packet of

IDEAL
RESPONSE ,*

.

unwanted harmonics that were not present at the
input.
Because the feedback is negative, the actual

Fig.4 Cancellation of distortion by

feedback

input to the amplifier will be the difference
between the signal and the feedback voltage. Because
the feedback voltage contains the additional distortion
components, the actual input to the amplifier must
contain this distortion. But — and it is a big but — the
input distortion is opposing the output distortion, so
the overall effect is self cancelling. Figure 4 shows
some curves which may help in following the argu-
ment.
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A1

Fig.5 Spotting the gain

OP-AMP

Unravelling circuitry
Figure 5 shows a three stage amplifier circuit in block
form with a two-resistor divider generating the feed-
back fraction. Although the actual amplifier circuit
may be quite complex, the overall gain of the stage can
quickly be traced by remembering it is, for all practical
purposes, equal to 1/B. The feedback fraction is
clearly R,/(R, + R,) s0 1/B = (R, + R.)/R, which is
indeed the closed loop gain. Once this feedback loop
is spotted there is no need to worry about the individ-
ual gains or wade through complex circuit detail in
order to calculate gain. a )

Example: If R; = 9k and R, = 1k then the total
gain of the amplifier is 10k/1k = 10,

VOLTAGE FEEDBACK
)
?s%\ g
O
CURRENT FEEDBACK
fo!
Vin r
o 5

PARALLEL INJ ECTIDN’

s

Vin

—

SERIES INJECTION

Fig.6 Feedback variations

Feedback variations

Only the basic principles of negative feedback have so
far been discussed but there are, in fact, two distinct
categories of feed back (Figure 6):
a) Feedback type
Voltage feedback lowers R_,.
Current feedback increases R,,.

b) Injection method

Series injection increases R,
Paralle| injection decreases R,,.

Output Resistance (R

out)

Using voltage feedback

If the load demands more current, the tendency is for
the output voltage to fall due to the increased voltage
drop across the output resistance. But, because the
feedback voltage is proportional to output voltage,
this will drop as well causing the gaintorise. Therisein
gain tends to offset the tendency of the outputto fall so
the effective Rout is reduced.

Using current feedback

If the load demands more current, again the tendency
is for the output voltage to drop. However, the feed-
back voltage is proportional to the output current so
the feed back voltage rises, the gain is reduced and so
the output voltage falls even lower. The effective Rout
is thus increased. -

The Input Resistance (R,)

Series injection

The current which the amplifier demands from the
input signal will now be less because the feedback vol-
tage, Vfb and the input signal are in opposition. The
amplifier input current is now (Vi Vi, )/R,, instead of

Vi/R,, so the effective R,, is increased.

Parallel injection

There is now an additional load across the input termi-
nals. The greater the signal, the greater the feedback
voltage so the input tends to drop still further. The

effective R, is therefore decreased.

How much is R,, and R,..
changed?

To know that feedback can change R, and R , is all
very well but it raises the question — by how much?
Mathematics can, of course, provide the answer but
the manipulations can become tedious, Providing a
little accuracy is sacrificed, the following rough and
ready rule is quite useful:

Change of R, or R, = ratio of open loop gain to
closed loop gain

Example: Assume an amp has an R, of 10k and
Rout of 1k with an open loop gain of 100.

Ifthe closed loop gain is 20 (1.5th of its openloop
value) the resistances will change by a factor of five. If
voltage feed back is used with series injection, this will
cause R, to increase from 10k to 50k andR_, to dec-
rease from 1k to 200R.

Itis worth mentioning at this point thatamplifying
voltages demands a high Rinand a low Rout so voltage
feedback with series injection is indicated. Also ampli-
fying currents demand a low R, andahigh R, so cur-
rent feedback with parallel injection is indicated.

Multiple Feedback Loops

Feedback is not always applied in one main loop from
output back to input. There may in fact be intermedi-
ate loops within stages instead of, or in addition to, the
main outside loop. Figure 7 shows one possible
arrangement. To calculate the overall closed loop gain,
proceed as follows:
1. First find A! for stage 1.
2. Find A! for stages 2 and 3.
3. Multiply the two results together to find the ‘open
loop"'gain before the final loop is closed.
4. Find the final total closed loop gain.
Example:IfA! of stage 1is 10, A’ of stages 2and 3
is 20, The intermediate open loop gain is therefore 10
X 20 = 200. Assume the feedback fraction, B, is the
main outside loop is 0.1. The final closed loop gain is
therefore 1/B = 1/0.1 = 10.
It may seem that the intermediate loops are
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superfluous because the above figures show that the
final closed loop gain is dependant only on the outside
loop. However the designer’s reasons for the appar-
ently useless inner loops may be due to R, and R,
requirements rather than gain. It may be, for some rea-
son, that the loop from stage 3 back to stage 2 has used
series injection to lessen the load on stage 1 output.

It should be clear from all this that the ability of
feedback to modify R,, and R, is a powerful weapon
in any designer’s armament.

Instability

So far, the virtues of negative feedback have been
rather over-stated so, to set the record straight, it is
only fair to point out that too much of it can actually
cause, instead of curing, instability! The trouble is due
to certain circuit elements which have been so far igno-
red in the interests of simplicity. For example, it has
been assumed that the phase angle of the feedback
fraction was either zero of 180°. However, there will be
several coupling capacitors and stray shunt capacit-
ance in most amplifiers which, in conjunction with
resistive elements, function as frequency, and there-
fore phase shift, filters. At extremes of frequency,
either at the lower or the upper end of the band, the
phase shift caused by each of them can approach 90°.
In a multi-stage amplifier, these phase shifts can be
cumulative and effect the phase angle of the feedback
fraction. At the extreme frequencies of the band when
large amounts of feedback are acting, the additional
phase shift could swing the feedback angle from 180°
right round to 360°. In this situation, the feedback
becomes positive instead of negative so the amplifier,
quite rightly, decides to change into an oscillator! Such
a disaster can be prevented by either reducing the

[

Vin O—=

=N

3 O Vout

—{s)

Fig.7 Multiple feedback loops

amount of feedback, or reducing the internal phase
shifts in the amplifier. If the amplifier behaves itself
over the expected frequency range when B =1 (100%
feedback) it can be given a complete bill of health.

Summary

1. Feedback is positive or negative according to
whether the open-loop gain is increased or
decreased.

2. Positive feedback is used in oscillators but hardly
ever in amplifiers.

3. Negative feedback reduces the gain but in return:

a) ensures the gain is virtually independant of the

internal amphfler parameters and

b) reduces distortion and

¢) modifies R, and R,

Providing open loop gain is high, closed loop

gain is 1/B approximately.

Voltage feedback lowers R, .

Current feedback increases R .

Series injection increases R,

Parallel injection decreases R,,.

The changes brought about by negative feedback

are in the same ratio as the gain is reduced.

10. Too much negative feedback can sometimes
cause instability.

-
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741

An Op-amp

200,000

OR, 200V/mV
OR, 106dB
FOR
R_>2kQ

imV
N.G

arameter

COMMENTS
OPEN-LOOP VOLTAGE

GAIN.
IVos!, ONLY, SPECIFIED

DIFFERENTIAL GAIN;
SHOWN, ARBITRARILY,
AS POSITIVE

LARGE SIGNAL GAIN;
DC GAIN;

ALSO KNOWN AS:

R.P.

TCVos = AVog/AT

isplay :
a

By Bryan Hart

SLOPE A

he accompanying chart has been devised with two
main objectives: to make the definition of Opera-
tional Amplifier parameters more appetizing and
informative than is possible with the mere word-
statements in textbooks and manuals; to produce as
a pictorial check-list for assessing the likely effect of device par-
ameters in a ‘new’ op-amp application. Most of the chart is self-
explanatory, but bear in mind the following points.

D
IDEAL O.A.

DEFINED ABOVE, 1D

The DC bias and peak-amplitude quantities are repre-
sented by upper case letters with upper case subscripts, if
required. Thus V¢, specifies the more positive of the two op-
amprail supplies. Small-signal quantities representing changes
about bias conditions are shown by lower case letters with lower
case subscripts, egi, for increment in bias current. The symbol A
indicates a change that is not necessarily small. &)

Total instantaneous quantities are represented by a lower
case symbol with an upper case subscript (egvg for signal gener-
ator output).

A given parameter is sometimes specified in manufactur-
ers’ data sheets and application notes by a variety of symbols.

L

—>Vom

0
(SEE DIRECTLY ABOVE)

IDEAL O.A.
Vo
0

Vos

While it is not claimed that all possible choices have been
exhausted, the common ones are listed in Column A.
~ Rail supplies are shown for reference in B1. However, V.,
Ve are omitted for clarity from Column B where they are not
directly involved in parameter definition. S
Column D shows straight line (‘piece-wise linear’) approx- m
imations to characteristics that are not always precisely linear.
Any practical departure from linearity is only likely to affect criti-
cal, state-of-the-art, applications. .
All the parameters are to some degree temperature-
dependent but only those whose temperature sensitivity is likely

DEFINING
CONDITIONS
Vees

A AV,, /AVDM for
specified R (min)

Vom=Vos; Vo=0; R_

oo

to cause application problems are normally specified in data
sheets by a temperature coefficient (TC). For an arbitrary par-
ameter X, TCX = AX/AT for a specified AT. Relevant TCs are
shown as Related Parameters (RP) in the boxes of Column E.

Typical parameter data for the op-amp type 741 are listed
in Column F because of the widespread popularity of this indus- <
try standard. The data refers to V., = +15v, Vee. =—15v, T=
25°C, unless otherwise stated.

NGS means not generally specified.

Since integrated amplifiers first became available over
twenty-five years ago, special op-amps have been developed to

PARAMETERS
& SYMBOL(S)
A, Ay, Ayo, Ayoy,
(INPUT) OFFSET
VOLTAGE

Vos, Vio, Vis

VOLTAGE GAIN
Ap, Apm, Avp

optimize groups of related parameters, i.e. to produce charac-
teristics resembling those in Column C. This helps to explain the
wide variety of op-amps available. It is not possible, with current v &N
monolithic IC technology to optimize all parameters simultane-
ously.
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UNIDEN SATELLITE RECEIVER Brand new units (model
8008) £80.00 ref 60P4Y also some 7007s also £60.00 ret
60PSY
SPECTRUM +2 COMPUTER Built in data recorder, 128K, psu
and manuals £59.00 ref 59P4Y
SPECTRUM +3 COMPUTERBuilt in disc drive, 128K, psu and
manuals £79.00 ref 79P4Y
AMSTRAD CPC464 COMPUTER No manuals but only
£79.00 ref 79P5Y
AMSTRAD CPC6128 COMPUTER Again no manuals but only
£149.00 ref 149P4Y
AMSTRAD GT65 Green screen monitor £49.00 ref 49P4Y
AMSTRAD PORTABLE PC'S FROM £149 (PPC1512SD).
£179 (PPC1512DD). £179 (PPC1640SD). £209
(PPC1640DD). MODEMS £30 EXTRA.NO MANUALS OR
PSU.

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

HIGH POWER CAR SPEAKERS. Stereo pair output 100w each
4ohm impedance and consisting of 6 1/2" woofer 2" mid range and
1*twester. Ideal to work with the amphfier described above. Price per
pair £30 00 Order ref 30P7Y

2KV 500 WATT TRANSFORMERS Suitable for high vokage
experiments or as a spare for a microwave oven etc. 250v AC input
£10.00 ref 10PQ3Y

MICROWAVE CONTROL PANEL Mains operated, with touch
switches. Complete with 4 digit display, digital clock, and 2 relay
outputs one for power and one for pulsed power (programmable)
Ideal for all sorts of precision timer applications etc. £6 00 ref 6P18Y
FIBRE OPTIC CABLE. Stranded optical fibres
sheathed in black PVC. Five metre length £7 00 ref >
7P29Y ﬁ
12V SOLAR CELL. 200mA output ideal for
trickle charging efc. 300 mm square. Our pnce
£15.00 rel 15P42Y 4
PASSIVE INFRA-RED MOTION SENSOR. /\
Complete with daylight sensor, adustablelights </
on fimer (8 secs -15 mins), 50' range with 80~ u»““'- 1 "’(
deg coverage. Manual overide facility Com- s

plete with wall brackets, bulb holders etc. Brand new and guaran-
tead £2500 ref 25P24Y

Pack of two PAR38 bufbs for above unit £12.00 ref 12P43Y
VIDEO SENDER UMNIT Transmit both audic and video signals
from either a video camera, video recorder or computer to any
standard TV sel within a 100’ range! (tune TV to a spare channel)
12v DC op. £15 00 ret 15P39Y Suilable mains adaptor

£5.00 ref SP191Y A

FM TRANSMITTERhoused in a standard working 134 % %
adaptar {bug is mains diven). £26 00 rel 26P2Y

MINATURE RADIO TRANSCEIVERS A par of || | |)
walkie talies with a range of up 1o 2 kilometres Units -

measure 22x52x155mm. Complete with cases. £30,00 ref 30P12Y
FM CORDLESS MICROPHONE.Small hand held unit with a 500’
range! 2 iransmit power levels reqs PP3 battery. Tuneable to any FM
receiver Our price £15 ref 15P42AY

10 BAND COMMUNICATIONS RECEIVER.7 shon Eﬁaﬁ
bands, FM, AM and LW DX/local switch, tuning 'eye' mains #225 = |
or battery Complete with shoulder strap and mains lead

NOW ONLY £19.00!! REF 19P14Y.

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

CAR STEREQ 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 25P21Y

LOW COST WALIKIE TALKIES Pair of battery oper- _l l
atad units wih a range of about 150" Dur price £8.00a 1
pair rel BP50Y _

7 CHANNEL GRAPHIC EQUALIZERbIus a 80 watt g E
power ampl 20-21KHZ 4-8R 12-14v DC negative earth.
Cased £25 ref 25P14Y

NICAD BATTERIES. Brand new top quaiity 4 x AA's £4 00 ref
4P44Y. 2 x C's £4.00 ref 4P73Y, 4 x D's £9 00 ref 9P12Y, 1 x PP3
£6.00 refl 6P35Y

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

CABLE TIES. 142mm x 3. 2mm white nylon pack of 100 £3 00 ref
3P104Y. Bumper pack of 1,000 ties £14.00 ref 14P6Y

VIDEO AND AUDIO MONITORING
SYSTEM_

£99.00

Brand new units consisting of a camera, 14cm monitor, 70 metres of
cable, AC adapter, mounting bracket and owners manual 240v AC
or 12v DC operation complete with builtin 2 way intercom £99.00 ref
ogP2Y

1981 CATALOGUE AVAILABLE NOW IF YOU DO NOT§

HAVE A COPY PLEASE REQUEST ONE WHEN ORDERING
OR SEND US A 6"X9" SAE FOR A FREE COPY.

GEIGER COUNTER KIT.Complete with tube, PCB and all compo-
nents to build a battery operated geiger counter £39 00 ref 30P1Y
FM BUG KIT.New design with PCB embedded coil. Transmits to
any FM radio. 9v battery req'd_ £5 00 ref 5P158Y

FM BUG Buikt and tested superior Sv operation £14.00 ref 14P3Y
COMPOSITE VIDEO KITS.These convert composite vides into
separate H sync, V sync and video 12v DC_£8 00 ref 8P39Y
SINCLAIR C5 MOTORS 12v 294 (full load) 3300 pm 6"x4" 1/4"

O/P shaft New. £20.00 ref 20P22Y

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

SINCLAIR C5 WHEELS13" or 16" dia including treaded tyre and
innertube Wheels are black, spoked one piece poly carbonate. 13"
wheel £6.00 ref 6P20Y, 16" wheel £6 00 ref 6P21Y
ELECTRONIC SPEED CONTROL KiTor c5 mator. PCB and all
components to build a speed controller (0-95% of

speed) Usespulse width modulation. £17.00 ref 17P3Y

SOLAR POWERED NICAD CHARGER.Charges 4

AA nicads in 8 hours. Brand new and cased £6.00 ref

6P3

AT 286 MOTHERBOARD
640K RAM
UPGRADABLE TO 4M
AT CASE

AT POWER SUPPLY
AT KEYBOARD
MANUAL
NO I/O CARDS
£139

JOYSTICKS. Brand new with 2 fire buttons and suction feet these
units can be modified for most computers by changing the connector
efc. Price is 2 for £5 00 ref 5P174Y

GAS POWERED SOLDERING IRON AND BLOW TORCH
Top quality tool with interchangeable heads and metal body Fully
adjustable, runs on lighter gas £10.00 ref 10P130Y

ANSWER MACHINES BTapproved remote message playback,
intergral push button phone, power supply and tape Exceptional
value at £45 00 ref 45P2Y

CAR IONIZER KIT improve the air in your car! clears smoke and
helps to reduce fatigue. Case mequired. £12,00 ref 12P8Y

BV 10AH LEAD ACIDsealed battery by yuasha ex equipment but
in excellent condition now only 2 for £10.00 ref 10PSSY

12 TO 220V INVERTER KITAs supplied it will handle up to about
15 wat 220v but with a larger transformerit willhandle 80 watts_Basic
kit £12 00 ref 12P17Y . Larger transformer £12 00 ref 12P41Y
VERO EAS) WIRE PROTOTYPING SYSTEMIdeal for design-
ing projects on etc. Complete with tools, wire and reusable board
Our price £6.00 ref 6P33Y

MICROWAVE TURNTABLE MOTORS. ideal for window dis-
plays etc. £5 00 ref 5P165Y

STC SWITCHED MODE POWER SUPPLY220v or 110v input
giving Sv at2A, +24v at 0. 25A, +12v at 0.15A and +90v at 0 4A £6.00
ref 6P59Y

HIGH RESOLUTIO!ﬁ 2" AMBER MONITOR! 2v 1.5A Hercu-
les compatible (TTL input) new and cased £22.00 ref 22P2Y
VGA PAPER WHITE MONO monitors new and cased 240v
AC. £59.00 ref 59P4Y

25 WATT STEREO AMPLIFIERc. STK043. With the addition of
a handful of componants you can build a 25 watt amphﬁer £4.00 ref
4P69Y (Circuit dih included)

LINEAR POWER SUPPLY Brand new 220v input +5 at 3A, +12
at 1A, -12 at 1A, Short circuit protected. £12 00 ref 12P21Y
MAINS FANS Snail type construction. Approx 4"x5" mounted on a
metal plate for easy fixing New £5 00 5P166Y

POWERFUL IONIZER KIT.Generates 10 times more ions than
commercial units! Complete kit including case £18 00 ref 18P2Y
MINI RADIO MODULE Only 2" square with ferrite aerial and tuner.
Superhet Req's PP3 battery. £1 00 ref BD718Y

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

BARGAIN NICADS AAA SIZE 200MAH 1.2V PACK OF 10
€4.00 REF 4P92Y, PACK OF 100 £30.00 REF 30P16Y
€8 CONVERTORS.Converts a car radio into an AM CB receiver
Cesed with circuit diagram. £4 00 ref 4P48Y

FLOPPY DISCS. Pack of 1531/2' DSDD E10 00 ref 10P88Y Pack
of 10 51/4" DSDD £5 00 ret SP168Y.

SONIC CONTROLLED MOTOR One click to start; two click to
raverse direction, 2 click to stop! £3.00 sach raf 3P137Y
FRESNEL MAGNIFYING LENS 83 x 52mm £1.00 ref BDB27Y
LCD DISPLAY. 4 1/2 digits suipplied with connection data £3.00 ref
3P77Y or 5 for £10.00 ref 10P78Y

ALARM TRANSMITTERS. No data avaliable but nicely made
complex transmilters 9v operation £4 00 each ref 4P81Y

100M REEL OF WHITE BELL WiREfigure 8 pattern ideal for
intercoms, door bells etc £3.00 a reet ref 3P107Y.
TRANSMITTER RECEIVER SYSTEMoriginally made for nurse
call systems they consist of a pendant style transmitter and a
receiver with telescopic aenal 12v. 80 different channels. £12 00 ref
12P26Y

CLAP LIGHT. This device turns on a lamp at a finger 'snap’ etc
nicely cased with builtin battery operated light ideal bedside light etc
£4.00 each ref 4P82Y

ELECTRONIC DIPSTICK KIT.Contains all you need to build an
electronic device to give a 10 level liquid indicator. £5 00 (ex case)
rel SP184Y.

UNIVERSAL BATTERY CHARGER.Takes AA's, C's, D's and
PP3 niceds Holds up to 5 batteries at once New and cased, mains
operated. £6 00 ref 6P36Y

ONE THOUSAND CABLE TIES!75mm x 2 4mm white nylon
cabie ties only £5 00 ref SP181Y

PC MODEMS 1200/75 baud modems designed to plug into a
PC complete with manual but no software £18.00 ref 18P12Y
ASTEC SWITCHED MODE POWER SUPPLY80mm x 165mm
(PCB size) gives +5 at 3.75A, +12 at 1.5A, -12 at 0 4A Brand new
£12 00 ref 12P39Y

VENTILATED CASE FOR ABOVE PSUWwith IEC fittered socket
and power awitch £5 00 ref 5SP100Y

IN CAR POWER SUPPLY.Plugs into cigar socket and gives
3,4,5,6,7.5,9, and 12v outputs at 800mA Complete with universal
spider plug £5.00 ref 5P167Y

CUSTOMER RETURNEDswitched mode power supplies Mixed
type, good for epares or repair. £2.00 each ref 2P292Y

DRILL OPERATED PUMP:Fits any drili and is self priming. £3.00
ref 3P140Y

PERSONAL ATTACK ALARM.Complete with built in torch and
vanity mirror Pocket sized, req's 3 AA batteries £3 00 ref 3P135Y
POWERFUL SOLAR CELL 1AMP .45 VOLTbnly £500 ref
5P192Y (other sizes avaliable in catalogue)

SOLAR PROJECT KIT.Consists of a solar cell, special DC motor,
plastic fan and turntables etc plus a 20 page book on solar energy!
Price is £8.00 ref 8P51Y

RESISTOR PACK. 10 x 50 values {500 resistors) all 1/4 watt 2%
metal film £5 .00 ref SP170Y

CAPACITOR PACK 1.100 assorted non elecirolytic capacitors
£2 00 ref 2P286Y

CAPACITOR PACK 2. 40 assorted electrolytic capacitors £2 00
ref 2P287Y

QUICK CUPPA? 12vimmersion heater with lead and cigar kghter
plug £3.00 ref 3P92Y

LED PACK .50 red leds, 50 green leds and 50 yellow leds all Smm
£8 00 ref BP52Y

FERRARI TESTAROSSA. A true 2 channel radio controlled car
with forward, reverse, 2 gears plus turbo Working headlights
£22 00 ref 22PsY

ULTRASONIC WIRELESS ALARM SYSTEMTIwo units, one
a sensor which plugs into a 13A socket in the area you wish 1o
protect. The other, a central alarm unit plugs into any other socket
elsewera in the building. When the sensor is triggered (by body
movement etc) the alarm sounds. Adjustable sensitivity. Price per
pair £20.00 ref 20P34Y. Additional sensors (max 5 per alarm unit)
£11.00 ref 11P6Y

WASHING MACHINE PUMP Mains operated new pump Notself
priming £5 00 ref 5P18Y

IBM PRINTER LEAD. (D25 to centronics plug) 2 metre parallel
£5 00 ref SP186Y

COPPER CLAD STRIPBOARD 17" x 4" of 1" pitch "vero” board
£4 00 a sheet ref 4P62Y or 2 sheets for £7 00 ref 7P22Y

STRIP BOARD CUTTING TOOL£2 00 ref 2P352Y

3 1/2" disc drive. 720K capacity made by NEC £60 00 ref 60P2Y
TV LOUDSPEAKERS. 5 watt magnetically screened 4 ohm 55 x
125mm_ £3 00 a pair ref 3P109Y

SPEAKER GRILLS set of 3 matching grilis of different diameters.
2 packs for £2 00 (6 grilis) ret 2P364Y

50 METRES OF MAINS CABLE £3.00 2 core black precut in
convenient 2 m lengths. [deal for repairs and projects. ref 3P91

4 CORE SCREENED AUDIO CABLE 24 METRES £2.00
Precut into convenient 1.2 m lengths, Ref 2P365Y

TWEETERS 2 1/4" DIA 8 ohm mounted on a smart metal plete for
easy fixing £2 00 ref 2P366Y

COMPUTER MICE Originally made for Future PC's but can be
adapted for other machines. Swiss made £8 00 ref 8P57Y. Atari ST
conversion kit £2 00 ref 2P362Y.

6 1/2" 20 WATT SPEAKER Buitt in tweeter 4 ohm £5 00 ref
5P205Y

5" X 3" 16 OHM SPEAKER 3 for £1 00Il ret CD213Y
ADJUSTABLE SPEAKER BRACKETS lIdeal for mounting
speakers on internal or extemat corners, uneven surfaces etc 2 for
£5 00 ref 5P207Y

PIR UGHT SWITCH Replaces a standard light switch in seconds
lightoperates when anybody comes within detection range (4m)and
stays on for an adjustable time (15 secs to 15 mins). Complete with
daylight sensor. Unit also functions as a dimmer switch! 200 watt
max, Not suitable for flourescents £14 .00 ref 14P10Y

2 MEG DISC DRIVES 3 1/2" disc drives made by Sony housed in
a 5 1/4" frame 1.2 meg formatted. £66 00 ref 66P1Y

CUSTOMER RETURNED 2 channel full function radio controlied
cars only £8.00 ret 8P200Y

WINDUP SOLAR POWERED RADIO! FM/AM radio takes NICAD
batteries complete with hand charger end solar panel 14P200Y
240 WATT RMS AMP KIiT Stereo 30-0-30 psu required £40.00 ref
40P200Y

300 WATT AMS MONO AMP KIT £85.00 Psu required ref S5P200Y
ALARM PIR SENSORS Standard 12v alarm type sensor will inter-
face to most alarm panels. £16 .00 ref 16P200Y

ALARM PANELS 2 zone cased keypad entry, entry exit time delay
etc. £18.00 ref 18P200Y

36MM CAMERAS Customer returned unite with built in flash and
28mm lens 2 for £8.00 ref 8P200Y 3
STEAM ENGINE Standard Mamod 1332 ﬂ
engine with boiler piston etc £30 ref 30P200Y e

SOME OF OUR PRODUCTS MAY BE UNLICENSABLE IN THE UK



Power On And

Overload Indicators

JR Nowicki reports on
the discrete component
stde of regulation

D

Fig.1 Two transistor series
regulator

Q2

Fig.2 Improved series regulator

46

lthough discrete component regulators
are considered to be out of date by many
in the electronics world they still repre-
sent an attractive method of providing
the supplies for a number of electronic
equipment and experimental circuits. The basic regu-
lator is shown in Figure 1. Its continued popularity in
spite of the many integrated regulators readily avail-
able, stems from the design simplicity and the ease of
construction for power supplies, which are often
required for non standard voltage or current levels, for
which standard integrated circuit regulators are not
available.

Figure 1 shows a two transistor series regulator.
The circuit consists of a zener diode reference Dzand a
transistor comparator amplifier Q2 controlling the
series transistor regulator Q1. This basic circuit suffers
from the disadvantage that the output voltage is
affected by the output current and input voltage var-
iations, so the circuit has pogr regulation. The regula-
tion can be greatly improved by feeding the zener
diode from the regulated output. This is achieved by
connecting the resistor R1 to the emitter side of the
series regulator transista# Q1 and replacing the resis-
tor R2 by a constant eurrent source as shotwn in
Figure 2.

Figure 2 highlights an improved series regulator.
Both circuits shown can easily be damaged byacciden-

tal overloads or short circuit and therefore a form of
protection circuit is usually incorporated into the
design. In addition to over current protection some-
times an over voltage protection is also included, but
more often some kind of indication is required for
power on and for overload condition. This can easily
be fulfilled by the use of light emitting diodes (LEDs) as
shown in Figure 3.

This circuit was designed to provide a constant
output voltage of 5V at 500mA. The 2N3055 power
transistor, Q1, is used as a series regulator together
with a 2N3053 (or equivalent) transistor, Q2, con-
nected as a darlington pair. The combination reduces
the current on the control circuit and allows an LED to
be used as a reference in place of a zener diode. The
advantage of usingan LED is that it can provide both, a
good reference and at the same time it provides the
power on indication. This function is performed by
LEDZ2, a green LED which provides areferencevoltage
of about 2V when operating at 12mA. The transistor
Q4 is the usual comparator/error amplifier controlling
the base current of the darlington pair. The transistor
Q3 together with an LED1 and resistors R1 and R2
form the constant current feed for the series regulator.
A red LED is used this time. The LED operates at
about 150pA, therefore practically extinguished,
nevertheless provides about 1.5V reference for the
constant current transistor Q9.

The transistor @5, diode D1 and the resistor R5
comprise the overload protection circuit. Finally, the
resistor R3 together with LED1 provide an overload
indication.

Normally, only the green LED is on when the
power supply is in operation. Applying progressive
overload the red LED begins to glow and the green
LED is dimmed. Finally, as the progression to the short
circuited output is complete the green LED turns off
and the red LED is turned fully on. The short circuit
current is approximately given by the base emitter sat-
uration voltage V. ..,/R5, thus

Isc = Vi es/R5=0.7V/1R=700mA

It is worth mentioning that the series transistor
requires a heat sink since under the short circuit condi-
tion, with an inputvoltage of 10V there is about 7 watts
power dissipation in the device. If the supply voltage is

+0v O O & S00ma
LED1
RED - A2
OVERLOAD wima 1500 NOTE:

INDICATOR Q1 = 2N3055
e Q2 = 2N3053

Q3 =BCY71

Q3 | Q4 = BC107

Q5 = BC108

D1 = 1N4148

. c1
'_'VHSVV 1o == 100y
5600 04 @—
A1 LED2 R7
47k GHREEN 5kB
REFERENCE W -
AND POWER wims
ON INDICATOR
ov O— Q ov
Fig.3 Series regulator with power on and overlad indicators
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increased to 20V the dissipation rises to 14 watts. Also,
from the reliability point of view, the power rating of
the load current monitoring resistor R5 should be of
the order of 3W even though the maximum power dis-
sipation is only about 0.5W.

The effectiveness of the LEDs as reference
devices in regulator circuits is demonstrated in the load
current (I, ) and input voltage (Vin) regulation curves
shown in Figure 4a and 4b.

In order to enable an investigation of the circuit
operation a printed circuit board artwork including the
component layout are given in Figure 5.

A modified version of the series regulator circuit
described above is shown in Figure 6. Here the com-
parator amplifier is in the form of a differential ampli-
fier, transistors Q4(a) and Q4(b). The circuit has an
advantage over the previous arrangement in that the
reference diode current is kept constant and independ-
ent of the load current variations thus enabling further l

M
g ey
-
«5 gf« %?; % e

Fig.5 Cémpﬁﬁefit layout

improvement in regulation for both the load current

— i o +12V
and the input voltage variations. RO al v&:‘? ©'e s00ma
In addition to the above improvements the over- LD *{n 1500
load circuit is of the foldback type. The short circuit 10001 : AR2AEEES
current is limited to approximately 100mA thus reduc- o § i Dedliiay
ing the power dissipation in the series transistor under e 4 b
the overload condition. AAAN Di-1Na1a8
Another variation of the series regulator incorpo- 2k2
rating power on and overload indicators is outlined in : dan e .ml | as A
Figure 7. This time an op-amp is used as a compara- AAN 5 -'=|- Lo d
tor/error amplifier, This circuit was designed to pro-
vide an output voltage of 18V at a load current of ) (y
50mA. 22k
Although the above circuits were designed for LED W S ﬁw:‘b 1k
specific voltage and current levels the circuits can be GHREN ¥‘
easily modified for other voltages and currents. The . avO— : Oov
output voltage can be adjusted by suitably altering the Fig.8 Modified series regulator
value of the resistor R6 and the current limit can be set I
by changing the value of the current monitoring resis- DAVO — SAAAN oV
tor. ‘ & Aoy @ 50mA
All the above circuits provide useful ideas for AR A3 R NOTE:
monitoring power on and overload protection which ICt =741
can be extended to include an indication of over é X G2 = BevT
voltage protection. Qe o = = ?&Hs
1 -
ic1
- +
e i
BV
AAAP—]
1ks
<
b %&‘ Eﬁ%";gn % 41
Vo
ov Cr ¢ O ov
Fig.'l' Series regulator for 18V at 50m
PARTSLIST
RESISTORS
(8) R1 47k
R2 150R
R3 560R
R4 1k
R5 1RO, WW,3W
R6 &7
R7 5k1
CAPACITORS
¢ 100p/16V Electrolytic
SEMICONDUCTORS
D1 1N4148 or equivalent
i LED1 Red
LED2 Green
ey Qi 2N3085 or equivalent with heatsink
Fig-4 Output voltage regulation curves (4/] 2N3053 or equivalent
a) load regulation b) Input voltage regulation Q3 BCY71 o equivalent
0’} BC107 or equivalent
a5 BC108 or equivalent
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comprehénsive is really required. The instrument
featured here provides an impressive range of patterns
including a full colour Test-Card. colour bars, cross-
hatch, grey-scale; focus grip, colour purity patterns
and more — for considerably less cost than a
commercial unit of lower specification!

The unit also features a basic sine-wave audio
oscillator, set at 800Hz. The audio oscillator, set at
800Hz. The audio and video outputs are available
from the audio and video output sockets and, for more
modern  equipment. the SCART socket. An RF
modulator is provided for connection to the aerial
socket of UK standard Televisions and Video

Video Test Card And

Test Pattern Generator

Paul Stenning

mtroduces an invaluable

aid to TV servicing.

here have been several designs of test pat

tern generators published in the past,

invariably they produce the standard

cross-hatch pattern, possibly horizontal

and vertical lines, and may-be a grey-scale.

Most current designs are based around the ZNA234E
monochrome test pattern generator IC,

This is adequate for monochrome (black and

white) equipment, however for servicing colour tele-

visions and video recorders, something a little more

Recorders (readers in other countries using the PAL
standard may need o obtain a suitable type of
modulator locally). The audio and video signals to the
modulator are individually switchable to either the
internally generated signals or to the external audio
and video input and SCART sockets.

AScope Trigger Olitput socket is provided to give
reliable triggering on an oscilloscope when trying to
view the video signals, the output from this can be
switched to either line or frame sync,

'Z;E Fig.1 Testcard Audio
and Video circuits
zZD1 ZD2 R49
22k SW9
AUDIO FREQUENCY e AUDIO
WITH R51 & R52 = 22k — B00Hz INT/EXT
WITH R51 & R52 = 16k — 1kHz 5 ars_|s S
+ e,
n IC11a L
* AAAA= =
LLE 44
c26 R43 2 /4 :‘mu
220n 22k SKE PIN 1
c27 SK6 PIN 3
SK6 PIN 2 O———p e faz 100p e
SK6 PIN 6 O [ 22k 22k — SK5
, INT AUDIO OUT
SKa . c30 cas _[ R46
EXT AUDIO IN @t T 100n 220p T 10k
4 & & 4
+5V (- r- -
NOTE:
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Features and Specifications

Test Card: Full colour Test-card featuring colour bars,
grey scale (0%, 25%. 50%. 75% and 100%),
frequency bars (0.5, 1.0, 1.25, 1.66, 2.5 and
5.0MHz), cross hatch, low frequency blocks and
needle pulse.

Other Patterns: Colour bars 1 (black to white),
Colours bars 2 (white to black), Cross hatch,
Vertical lines, Horizontal lines, Dots, Focus grid,
Blank raster, White raster.

Colour/Mono Switch: Removes chrominance (colour
information) from Video signal, thereby con-
verting colour bars to grey scale, and removing
herringbone patterns.

Red/Green/Blue Switches: Completel y remove infor-
mation for that colour from video signal.

Internal Audio: 800 Hertz {nominal) Sine wave.

Scope Trig Output: 5V Pk-Pk at 10k, switchable Line
or Frame.

Power Input: 240V AC 50Hz at 6VA or 11-13V DC at
120mA (see text).

The PAL colour encoder (IC9) is capable of pro-
ducing 64 colours, however for this application only
10 are required. There are 2 data lines on IC9 for each
of the 3 primary colours, labeled RO and R1 for red, GO
and G1 for green and BO and B1 for blue. Taking the
red lines for example, if RO only is high a fairly dark red
(50% of maximum brightness) is produced, if R1 only
is high, the colour is brighter (75% of maximum bright-
ness), if RO and R1 are both high the colour is maxi-
mum brightness (saturated, the same brightness as
white), and if RO and R1 are both low no red is pro-
duced. The same arrangement applied for the green
and blue data lines. By applying various codes to the
data lines, the primary colours can be mixed in various
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Video Out: 1V Pk-Pk PAL Composite video from
pattern generator, BNC socket.

Audio Out: 500mV RMS, 800Hz Sine Wave, Phono
socket.

Video In: 1V Pk-Pk PAL Composite video, Input
Impedance 75R or 500k switchable, BNC
Socket.

Audio In: 500mV RMS into 10k, Phono socket, 30Hz
to 15kHz +3dB.

SCART Socket: All signal levels as above. Pins 1 and 3,
Audio out. Pins 2 gand 6, Audio in. Pin 19, Video
out. Pin 20, Video in. Pin 8, +12Vvia4K7. Pins 4,
14, 16, 17, 18 and 21, Ground. Other pins not
connected.

F (UHF) Output: UK Channel 36 (591.5MHz) with
6MHz Sound Catrier. Phono socket.
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combinations to produce an impressive range of
colours.

The truth table below shows the codes required
for the ten colours used in this application:

Colour R0 Rt G0 @& B0 Bi1
Black 0 0 0 0 0 0
-Blue 0 0 0 0 0 1
Red 0 1 0 0 0 0
Green 0 0 0 1 0 0
Magenta 0 1 0 0 0 1
Cyan 0 0 0 1 0 1
Yellow 0 1 0 1 0 0
Dark Grey 1 0 1 0 1 0
Light Grey 0 1 0 1 0 1
White 1 1 1 1 1 1
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From the above truth table it can be seen that all
the colours except black, white and grey are used at the
75% brightness level, this level is chosen mainly
because a good grey-scale is produced if the colour bar
pattern is selected and the chrominance (colour infor-
mation) is disabled. The logic levels on lines RO, CO
and BO are always the same, these 3 lines therefore
share one data line (D0O) from the EPROMs, leaving
more data lines available for other purposes, R1, G1
and B1 are connected to data lines D1, D2 and D3
respectively.

Unfortunately the TEA2000 (IC9) will only pro-
duce two shades of grey, 50% and 75%, for the test
card an additional grey at 25% is required. This is
achieved using Q1 and R19 to reduce the luminance
signal level at the luminance delay line. This transistor
is controlled by data line D4, when the 25% grey is
required, the 50% grey is selected and D4 is taken high
(a slight problem with this arrangement is that when
the test card pattern is selected, and all three colours
are switched off, a faint pattern will still be present,

E

however since the instrument would never be used in
this manner, it was not considered important).

The power supply uses a standard 12-0-12 volt
centre tapped mains transformer, with full-wave rectifi-
cation, giving about 17 volts DC across C11. This is
regulated to 12 volts a#d 5 volts using two standard
3-pin regulator ICs (IC32 and IC13).

If requird T1 could be removed, IC12 linked out,
and the circuit powered from 12 volt (+1 volt) batteries
for portable use. Current consumption at 12 volts is
about 120mA, so a small rechargable sealed lead-acid
battery would be a good choice. The maximum supply
voltage for IC9 is 13.2 volts, so ensure this is never
exceeded (disconnect the battery when charging).

Construction

All the components except the switches, sockets SK1
to SK5, mains transformer T1 and resistor R4 are
mounted on the PCB. This is a single sided board,
about 185 X 165mm in size, and will be available from
the ETI PCB service next month. There are 45 links
and it is advisable to fit these first, using tinned copper
wire, about 24 SWG. The remaining components can
then be fitted in the usual size order. Note that there are
tracks between many of the IC pins so a fine tipped sol-
dering iron and due care should be used. All the ICs
except [C12 and IC13 (the regulators) should be fitted
in sockets, and should not be inserted until the power

supply voltages have been checked — see Testing and
Setting-up next month. Veropins may be used for the
off-board connections if desired. Take care particularly
when fitting the inductors, crystals and variable capaci-
tor since they are easily damaged by rough handling
and excessive heat. When fitting the modulator, ensure
it is well down, then twist the mounting tags by about
45° and solder. Do not connect the wires from the
modulator to the board until the power supply vol-
tages have been checked.

The prototype was housed in a plastic case
approximately 170 X 70 X 190mm, however this was

2
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Most of the difficult work is done by 1C9 {TEA2000), the PAL Colour

| EncoderC, and surrounding circuitry (see Figure 2). ThisIC produces the

* luminance (brightness} and chrominance {colour) signals and combines

- themtoform the PAL standard composite video output. TheICrequires 6
bit colour data, giving a total of 64 possible colours; it also requires
composite sync and blanking signals which are produced by IC10
{SAA1043), a Universal Sync Generator IC. Various other signals are
obtained from C10 for use as clock and timing signals for the remainder

- ofthelogic circuitry. The H1 and V2 signals from this IC go to SW1, which
selects the signal to connectto SK1(Scope Trig Socket} viaRd. The colour
data required by IC9is stored in EPROMs IC6 & IC7.1C6 contains the data
for the test card whilst IC7 contains the data for the other patterns.
The address lines of the EPROMs, IC6 & C7 are controlled by two
- counter IC's, IC2 & IC3 (note that only one EPROM, either IC6 or IC7, is
. selected at any one time, depending on the position of SW2). The first
* counter, IC2 (7AHC4040),is clocked by aBMHz clock signaltaken from the
. crystal(XH1)of IC10 (vialC b}, the counteris reset atthe end of each scan
line by the composite blanking signal (B}, also from IC10. This counter
controls the EPROM address lines A0 to A7. During the non-blanked
period of a scanned line (when CB is low) there are actually 258 clock
pulses, solines AQ to A7 count up from 0 to 256 (00h to 0 and 1{00h and
01h) again. The fact that the first two “pixels” in each line are repeated
again at the end of the line is of no consequence since this has been
allowed for when planning the pattern data.
Asecond counter chip, IC3 (74HC4024), is normally clocked on each
line by the composite blanking signal (via IC5a), and reset at the end of
each frame by the V2 {Vertical Pulse 2) signal, also from IC10. Six output
| lines from IC3 control the remaining six address lines on IC6 {we will
come to IC7 later), however since there are only six address lines this
givesamaximum count of only 64 lines. Since there are about 280 visible
lines per half frame {remember the 625 lines are made up over 2 frames),
some meansof obtaining the 280 lines s required. The obviousapproach

- would have been to use larger EPROMSs (more address lines), however

. these could be difficult to obtain and get programmed, and would make
the unitmore complex and expensive than planned, The Test-Car pattern
has many sections where one line is repeated several times over, so the
following arrangement was designed, where the same data in the
EPROM could be used for several lines if required. If data line D7 goes
high the rising edge resets anather counter, IC4 (74HC4024), via C2 and
R2. Output fine Q5 of this IC goes low which switches the CB signal off of
IC3andontoIC4, vialChaand IC1b. After 16 pulses on the CBline, line @5
goes high again, switching the CB signal back onto IC3, Thereforeif D7is
high during a picture line, that line is repeated 16 times. With careful
pattern programming the 64 sets of line data produed the required full
280 line picture.

The above arrangementis fine for IC6, the Test-Card EPROM, which
only contains one frame, IC7 on the other hand contains the data for 8
patterns. However these other patterns are made up of only 8 picture

*  lines repeated several times over to make up the frame. Therefore only
. the lower 3 address lines from IC3 need to be connected to counter IC7,
| the upper 3 address lines from IC7 are connected to positions 2 to 8 of
| SW2 (Pattern Select), via diodes D3 to D11, which act as an 8 into 3 line
hinary decoder, in conjunction with pull-up resistors R6 to RS, Switch
position 1 selects |C6 and disables IC7, giving the Test-card pattern,

The dataline outputs of IC6 and IC7 are connected to an 8 hit D-type
latch, IC8 (74HC574). This latch is clocked by the 5MHz clock via IC1c. The
main purpose of this is to remove the effects of the propagation delays of

3
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a little tight for comfort. Since the instrument is mains
powered, a slightly larger earthed metal case would be
more suitable. The PCB is mounted at the rear of the
case, with cut-outs in the rear panel for the SCART
socket and the UHF output socket on the modulator.
The other sockets are also mounted on the rear panel.

All the switches are mounted on the front panel, a
suitable legend for this will be featured next month.
Switch SW2 is a rotary type, 1-pole 12-way, with the
stop set at position 10 (note that no connection is
made to pin 10, although position 10 is used). The
other switches are the Japanese type latching

1C2and ICE/IC7, which would otherwise give rise to black verticailines on
the picture, particularly at points where several address lines are
supposed to change state simultaneously. C8is alsoused to produce the
5MHz part of the frequency grating on the test-card. If line DG is high the
5MHz clock signal is applied to the O (Output Enable) pin of IC8, due to
IC5¢ & IC5d. When this clock signalis high the outputs are disabled and
are pulled low by resistors R11 to R14, when the clock is low the outputs
are enabled and high due to DO to D3 being high: thereby giving a 5MHz
signal on all the colour data lines. The outputs of IC8 are also disabled
(due toIC5.c) when SW2is in position 9, giving the Blank Raster pattern.

The colour data outputs of IC8 connect to IC9 via switches SW3 to
SW5. These switches enable each of the primary colours tobe switched
on or off independently.

{f switch SW6 {Colour/Mono) is closed, Q2 is turned on which
removes the chrominance from the signal by effectively shorting outthe
chrominance filter circuit (L2 & C10) of ICS.

The composite video output from IC3 (COVO), s attenuated by R39
and R40, and fed to SW8 (the Int/Ext Video switch}; itis also buffered by a
video amplifier comprising of 03, Q4 and surrounding circuitry, and fed
to the Video Output socket {SK3), and pin 19 of the SCART socket {SKB).
The external video input from SK2 or pin 20 of SK6 amplified by another
similar video amplifier circuit, built around Q5 & Q8. The input
impedance of this amplifier is about 500k, but can be reduced to about

switches, and are mounted in two banks of four. The
individual switch latches are left in place and the inter-
locking mechanism is not used.

Part 2 will feature more construction including
the template for the front panel, the component over-
lay, the Parts List and an interwiring diagram.

78R by closing SW7. The output of this amplifier circuit, built around Q5 &
(6. The input impedance of this amplifier is about 500K, but can be
reduced to about 75R by closing SW7. The output of this amplifier is also
fed to SW8. Either the internal or external video, as selected by SWS,
goes to the RF modulator MOD1,

The audio osciifator is built around IC11b and is a standard Wein
Bridge circuit, with zener diodes used to control the negative feedback.
The outputis connected to SW9; and also attenuated to 500mV RMS (by
R53 and R54), and fed to the Int Audio Gut socket (SK5), and pins 1&3 of
the SCART socket (SK6). The frequency is set to 800Hz, but can be
changed to TkHz if required by reducing R51 and R52 to 16K.

The External Audio inputis amplified by IC11a. The gainis arranged
such that a 500mV input gives the same drive to the modulator as the
internal audio generator. The bandwidthis limited to 30Hz- 15kHz by C26
and C27. The output also goes to SW9, IC11 is powered from the 12 volt
supply, withthe 5 volt supply used as the mid-rail. The outputs are about
8 volts peak-to-peak, centered at the 5 volt level. SW9 selects either the
internal or external audio, and R45 & R46 reduce thelevel toabout4 volts
peak to peak, centered at 2.5 volts, which is the correct level for the RF
modulator, MOD1. C28 removes the smallamount of 6MHz carrier signal -
that seems to come out of the modulator's audio input, and would
otherwise find its way onto the Audio Output socket. RV1is the 6MHz

audio carrier fine tuning control.
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How does natural
electromagnetic radiation
affect our existence?
Douglas Clarkson
nwestigales.

s silicon technology forges forward at a
never slackening pace and the electronic
age forces greater and greater levels of
dependence on its function, the true
understanding of the interaction of elec-
tromagnetic fields on individuals is only beginning to
dawn. In some ways, science has progressed along two
directions — one that of acceptable science with its set
of Nobel Laureates and another of workers not
acknowledged to be part of ‘acceptable’ science. Grad-
ually, a broad body of work in the evaluation of electric
and magnetic fields on the population which previ-
ously has been ignored is acquiring increased respec-
tability. One reason for this development is because
horizons in the scientific community are generally
expanding. Another factor can be identified in the
development of measurement equipment to confirm
effects and influences which previously remained
undetectable.

Also, additional factors have been at work which
have distorted apen investigation of electromagnetic
effects. The role of governments in presenting
entrenched attitudes towards the possible effects of
electric and magnetic fields from power lines can be
identified almost the entire world over, with the excep-
tion possibly of the Soviet Union. In this scenario it is a
government ploy to underestimate any possible risk to
the community. There has also been a linked influence
of military agencies to play down the possible risks
associated with electro-magnetic radiation both in
relation to direct exposure of military personnel and
indirect exposure of the community living around mili-
tary establishments.

There is no doubt that any developments in
understanding of such effects have taken place in spite
of this negating, damage limitation attitude. No doubt
had appropriate resources been made available since,
for example, World War II, then present understanding
of electro-magnetic radittion and its effects would be
considerably more advanced. Nevertheless, careful
integration of diverse research themes, such as for
example outlined in the landmark book ‘Electromag-
netic Man’ written by Cyril Smith and Simon Best can
bring to light a whole new perspective on such matters.

More importantly, the authors of the book make a
reasonable case for considering and evaluating
eleciromagnetic field interactions with man in a much
broader context than traditionally undertaken.
Mechanisms of interaction with the immune system
and environmental pollutants are identified as
especially relevant.

Limits to Sensitivity

While allergies to everything from house mites to E123
food additive can be demonstrated by, for example,
skin allergy testing is there any awareness of the exist-
ence of so called ‘electromagnetic allergies'? The work
of Dr Jean Munro at her facility at Breakspear Hospi-
tal, Abbots Langley, Hertfordshire has demonstrated
that such electric allergy sensitive patients do exist.

Measurements of the field signals which can be
demonstrated to induce allergic reactions under con-

‘trolled conditions provide a value of a lower limit of

human sensitivity to electro-magnetic radiation.

Studies have shown that for specific sets of
patients, such field strengths are of the same order of
intensity as those radiated by commonplace electronic
and electrical equipment such as televisions, PCs and
microwave ovens. This is very much like saying that
while the normal tolerance of say E123 food additive is
Img per typical body weight, some people react
adversely to 1 micro gram per typical body weight.

Such work indicates that mecharnisms exist which
cause the human body to be sensitive to very low levels
of electromagnetic radiation and that specific levels
which could be tolerated by some individuals would
adversely affect others.

This work would seem to indicate that even such
low level fields can produce an interaction in all in-
dividuals some individuals have a much lower level of
tolerance for any changes thus initiated. The nature of
the factor or factors which give rise to this lack of
adaption to perturbation is unclear. Clearly in view of
the increasing electromagnetic pollution in the en-
vironment, it is important to gain much better under-
standing of the relevant processes and mechanisms
involved.

Testing and Electromagnetic
Allergies
The pracess of testing for electromagnetic allergies at
Dr Jean Munro's facility provides an interesting insight
into the degree of skill required to adequately diagnose
such conditions. It is of course necessary to isolate the
patientas much as possible from stray electromagnetic
interference and chemical allergens. Patients with
electro-magnetic allergies demonstrate a range of
sensitivities ranging from hyper sensitive to sensitive.
The basic method used is to establish an electro-
magnetic field around the patient using a standard
signal generator and determine the patient's response.
Initially the generator may even be positioned outside
the clinical room where the patient is being observed if
a particularly strong reaction is anticipated. Generally
the tests commence at a frequency of around 1kHz
and a gradual sweeping of frequencies is undertaken,
with note beingmade of frequencies which bring about
adverse patient response. Typically each frequency is
monitored for 10 seconds to determine any reaction,
This. procedure might seem simple to undertake,
however it is important that the patient is adequately

screened from stray fields which could confuse the

diagnostic process. A patient may, for example be
discovered to be free from all symptoms at 8.4Hz,
450Hz, 4kHz, 25kHz, 350kHz, 20MHz, 320MHz and
sensitive to all frequencies above 350MHz.

The surprising nature of her work is not that she
has consistently been able to demonstrate electro-
magnetic allergies in patients but that no one has
previously apparently been able to effectively
demonstrate such effects,
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Limitations on Scientific
Curiosity

Such work indicates that all aspects of electromagnetic
pollution should be investigated in a more open-
minded way. The many benefits of the electronic age
are here to stay though they should not be introduced
at the expense of the general health of the population.
Where emission levels can be reduced through
expedient design and planning, then this is both
relevant and sensible. Before the process of gaining a
better insight into scientific understanding of such
matters is undertaken, it is relevant to gain a perspec-
tive on social health matters by considering the vexed
question of smoking and health.

It is understood all to well that smoking kills
approximately one person every five minutes in the
United Kingdom, yet companies are still allowed to
promote and advertise their wares. This indicates two
valid principles. Firstly, free market commercial enter-
prises, whatever the product they distribute and sell,
will never volunteer to pack up their enterprises for the
common collective good. They have generally to be
coerced by legislation and will certainly try to muddy
the waters of scientific debate. Secondly, governments
can identify their own interests too closely in the main-
tenance of the status quo. They carry the notion that it
is only by the fingers that they hold in the dyke of scien-
tific curiosity in relation to environmental health that
prevents the whole edifice of present economic struc-
tures tumbling down. This is a flawed approach to
looking after the real interests of the population.

Back to Basics

The electro-magnetic spectrum covers a very broad
range of wavelengths. It is quite appropriate to
consider a photon of light energy, or a photon of infra
red radiation interacting with matter on the basis of a
bundle of energy being exchanged in the absorbing
system. The photon can be considered to be
associated with electric and magnetic fields which are
‘bundled’ within the small area of the photon. More-
over, the fields can be considered to be oscillating
within the photon at the ‘frequency’ of the radiation.
For a photon of green light this frequency is of the
order of 10%Hz. Also, where such photons are
radiated in a random, haphazard way from a radiating
surface such as a glowing filament, the phases and
orientations of the fields within each photon will be
random. It is relevant to consider what the fields would
look like if a snapshot could be taken of them.

It is known that the E and B fields are at right
angles to each other as shown in Figure 1. The photon
can be imagined to be a region within which a ‘bubble’
of such fields is oscillating. Can any-estimations be
made of what the fields are within the photon? Intro-
ducing some very approximate calculations assuming:
i) the energy of the photon of green light is contained
in a volume of diameter equal to the wavelength of the
radiation.

ii) the formula for energy can be taken to be taken to
be: 0.5 €,E2 where €, is the permittivity of free space
and E is the Maximum electric field vector.

This gives a value of E of about 8 X 10° volts per
metre ‘in the eye of the photon’ as it were. This is
perhaps an unconventional way of considering
electromagnetic radiation. It does indicate in a simplis-
tic way that as photon energies increase and their
wavelength becomes shorter and the energy more loc-
alised, then the values of the E and B fields in the
photon increase sharply.

Conversely, as the wavelength increases the E
fields associated with a specific photon will. decrease
but they will occupy a greater volume, assuming this is
comparable with the wavelength of the radiation.
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What this analysis indicates is that there are two
factors involved in how electromagnetic radiation
interacts with the human body. One will be relevant to
individual photon events and the other will be relative
to the ability of the organism to tolerate any given level
of electromagnetic interaction. Table 1 indicates the
notional photon flux from a 1 watt electromagnetic
generator unit.

Type of Radiation Wavelength Number photons per second

Ultra violet 300nm 15 10°
Infra red 30um 15 10°
Radar 3em 15102
Radio frequency 3 metre 15 10%
Radio frequency 30 metres 15 10%

Table 1: Photon numbers produced by specific
radiation types for 1 Joule of energy.

Distance from power line (metres) Value of field (micro Tesla)

10 20
2 10
40 5
50 4
100 2

Tabie 2: Variation of value of magnetic field value
(peak) as a function of distance from power line
for a line carrying 1000 Amps current.

This indicates thatwith increasingwavelength the
number of quantae equivalent to a specific amount of
electromagnetic radiation also increases. This is what
gives a longer wavelength EM radiation its more defini-
tive ‘wave’ properties — there are more ‘photons’ to
aggregate up to a probabilistic wave front. In this situa-
tion it is possible to detect the localised E and B fields
of the electromagnetic radiation.

Electro-
magnetic
Pollution

Most of the public
awareness of elec-
tromagnetic pollu-
tion has centred on
the controversy re- [
garding = overhead

power lines where

they‘ are erected
close_to or in some
cases over populated
areas. Directly under
the lines an electric
field amplitude of
10kV/m and a mag-
netic field amplitude
in the region of 20
micro Tesla would be
expected. At a dis-
tance of 100 metres,
these values would
be expected to fall to

E

the radiation field.

Fig 1. Diagram of E and B vectors within

less 'than 1000V/m
and less than 2 micro Tesla. A typical fluorescent tube
should glow in the dark when it is subjected to a field of
2.8kV/metre, The current through the tube should be
in the region of a few hundred micro amps.

A typical power line will consist of lines at a vol-
tage of 400,000V and carrying up to around 5000
Amps maximum current. The magnetic element,
which seems to be that component most implicated in
EM pollution of this type, varies according to the cur-
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rent being carried along a specific line according to the
equation:
— M

B=om
where , is the permeability constant 41t X 107, iis the
current in Amps and r is the radius from a long straight
wire in meters. Table 2 indicates the variation in field
with distance r from a conductor carrying 1000 amps
using this equation.

This field value, however, can be modified by
patterns of current flowing in parallel supply lines on
the pylon. Also, the size of the magnetic field ampli-
tude can be expected to vary with the current trans-
mitted alongthe line. Under conditions of light loading
the current may be set at around 100 Amps while at
peak demand times it could increase by a factor of ten.
Thus a single measurement in the vincinity of a pyton
in the middle of summer could vary significantly from
the value obtained during a cold spell in the middle of
winter.

One feature of such power distribution fields is
that they are largely coherent as they interact with
individuals, while the fields of discrete items such as
domestic appliances is not uniform. Researchers
indicate that such coherent fields are likely to have
more of an effect than incoherent ones, multiplying the
associated risk factors by as much as three.

One feature which is seldom mentioned in con-
nection with power lines is the presence of harmonics
on the distribution lines, usually in the magnetic field
signal. A common harmonic frequency is that of
300Hz though the harmonic spectrum usually extends
above 3kHz. Sometimes this so called corona effect
can be heard on a car radio as a vehicle drives under a
power line, In studies of EM pollution from power
lines, it is relevant therefore not to ignore such har-
monic effects.

Estimating Power Line Risks

The saga of the uptake of ionising radiation in the form
of X-rays and Radium is estimated to have cost around
500 lives of its early users and developers. Dose limits
of such ionising radiation have progressively been
reduced as additional information has come to light.
So too with non-ionising electromagnetic radiation,
‘official’ levels of safe values are likely to be reduced as
additional information comes to light.

If asked, a UK based Power Distribution com-
pany would probably not sef*a safe upper limit of en-
vironmental exposure from power lines. Everything
would be safe, no questions asked. A well read con-
sultant in EM pollution é&rould probably indicate that
he would tolerate an exposure value of 15nT or.0.015
micro Tesla. This value would typically be observed for
dwellings greater than 200 metres from the power dis-
tribution line. The EM consultant would also conclude
that higher levels of exposurewould be associated with
increasing cancer risk. A value of 1 micro Tesla
(approximately 70 times the ‘safe’ level) would, for
example, be considered to be associated with an
increased cancer risk ratio of 23.

A member of the public would find it difficult to
identify ‘expert’ opinion in this subject area and is likely
to be targeted by conflicting sources of information
and attitudes of belief.

The World Health Organisation which dealt
specifically with Environmental Health Criteria for
Extremely Low Frequency (ELF) Fields made a
relatively cautious assessment of the situation in 1984:

Itis not possible from present knowledge to make a
definite statement about the safety or hazard asso-
ciated with long term exposure to sinusoidal elec-
tric fields in the range 1-10kV/m. In the absence of
specific evidence of particular risk or disease syn-
dromes associated with such exposure, and in view

of experimental findings on the biclogical effects of
exposure, it is recommended that efforts be made
to limit exposure, particularly for members of the
general population, to levels as low as can be rea-
sonably achieved. (WHO, 1984, p18).

It is quite clear that the sense of this directive
implies that high voltage power lines should be routed
0 as to minimise the exposure of EM pollution to the
public. It specifically does not say, however, that all is
well, there is no need to worry, which has been the view
consistently presented by the Power Distribution com-
panies.

A subsequent report in 1987 by the International
Radiological Protection Agency and the World Health
Organisation on static and time varying ELF magnetic
fields indicated that ‘significant biological effects’
could only be detected at levels around 5000 micro
Tesla. More significantly, however, it was indicated that
‘the suspected carcinogenic effects of ELF magnetic
fields occurat 0.1 to 1 micro Tesla at more than a 1000
times lower’. Basically what the report is saying is that
existing studies indicate risk factors have been demon-
strated for the lower field values around 0.1 micro
Tesla but that larger studies need to be taken to pro-
vide a more comprehensive picture before radically
lower levels of exposure are recommended.

In the United Kingdom, the National Radio-
logical Protection Board (NRPB) proposed levels of
continuous 50Hz exposure of 2.6kV/m and 174 micro
Tesla for a proposed standard in 1986 which has
subsequently been published.

A factor of 10 between two sets of safety criteria is
a matter of after dinner discussion, but a factor of a
1000 is not a topic for polite conversation.

Itis relevant to note that various states in the USA
have introduced their own legislation for the intro-
duction of high voltage power lines. This action was
undertaken when it was perceived that the process of
updating national and international standards to take
account of new research findings was excessively slow.
In Florida, for example, the field levels at the edge of
the ‘right of way’ under the line (where no buildings
would be sited) the electric field limit was set at
1.5kV/m and the magnetic field limit at 5 micro Tesla
under maximum operating condition. A typical width
of right of way under power transmission lines was set
at 190 feet.

It is obvious, that real progress in determining a
true picture requires extensive research initiatives.
There seems a reluctance on the part of governments
to resource adequately any meaningful research pro-
grammes. This can only delay the resolution of the
problem of Extremely Low Frequency fields.

The CEGB announced in 1988 that it was initiat-
ing a £500,000 research programme to study EMF
bio-effects. Areas to be investigated include an inde-
pendent epidemiological study of all new diagnosed
childhood cancer cases in England and Wales in rela-
tion to patterns of EMF exposure. Other more signifi-
cant research initiatives are being undertaken in the
USA. This work will hopefully provide additional infor-
mation regarding safe exposure limits in years to come.

The Fishpond Scenario

The authors of Electromagnetic Man became
significantly involved in investigating persistent reports
of adverse health effects caused by overhead power
lines at Fishpond in Dorset in England. What unfolded
from 1973 when such problems came to be experi-
enced by the local inhabitants has acted like a catalyst
to muster public opinion and more importantly collect
scientific evidence against the siting of high power
lines through populated areas.

More impotantly, the effect of such electromag-
netic pollution in association with other environmen-
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pesticides has been suggested as
ignificant additional investiga-

tion. [t that such other environmentai pol-
lutants zcrease thebody’s tolerance to such
ELF # nce trigger carcinogenic efiects at

The use of pesticides has increzsed

in the zn estimated 200,0001b in 1850 <o
4,000 7 1986, though in this period the
percen crops to pests has doubled Many
researc -cate that it may be essential 1o : investg:

interactions in association with other

iz a small village with around 30t seonie
residence. By 1987 a selection of 23
pecific’ health problems had
erious of which included is:

tory of i jouble which apparently be:ar.“ more
severe afier moving to the village. The ser

specific’ protlems also included three car ncers dvar-
ious concitons such as dizziness, loss of le
strength when outside, cataracts, severslv suolien
limbs, sleeplessness and blackouts.

Specific incidents such as blacko_‘" ciscrienta-
tion and dizziness were also observec iately
after the lines at Fishponds were (withou: Knowl-
edge of the inhabitants) uprated from 275kV to
345kV.

The authors of Electromagnezc Man keep an
open mind on whether the Fishpond ex saniso-

lated episode in chronic ELF fieid on aggra-
vated by specific local problems or ii it is representative
of what is taking place over large zaciz of populated
areas overhung by power lines. It shows the signific-
ance of the case cannot be ignored

More General Exposure Patterns
While individuals are exposed o electromagnetic
fields from a range of sources, it is estimated that about
80% of domestic exposure is due o overhead and
underground power lines with the remainder being
made up by domestic appliances. The table below indi-
cates the typical magnetic field values for a TV.and a
microwave oven at different distances.

Item at3cm at 30cm at 1 metre

™ 25-50uT 004t 02uT  001to 0150
microwave oven  75-100uT d108uT 0.25 to 0.6pT

In electric distribution, the currents of three phase
systems are essentially balanced so that the magnetic
field component is largely cancelled out. Also, the
small finite field around a balanced system will dec-
rease according to an inverse square rule while the
field around an unbalanced wire will only decrease
according to the inverse of the distance. This empha-
sises the importance of ensuring that wiring systems
are installed to minimise any imbalance of currents.

Typical ‘domestic’ ELF field exposure can now be
readily measured using specific hand held meters cost-
ing a few hundred pounds. Remote from overhead or
underground power lines, the fields would be expected
to vary considerably in the domestic environment.
Measurements in high rise flats can indicate that the
degree of balancing of currents can vary considerably
between ground and upper floors. One set of measure-
ments, for example, indicated a peak ground floor
value of 0.4uT and a peak top floor value of 0.015pT
— a ratio of approximately 13.

An investigation of cases of suicide and depres-
sion bya Dr. F. Perryin Leeds provided evidence to link
such clinical conditions to exposure to ELF fields. In
high rise flats, there appeared to be higher incidence of
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depression and suicide at ground floor levels.

It has been pointed out, however, that fields in
bedrooms are more significant due to the greater
amount of time spent there. It is not unheard of on the
continent for beds to be located within rooms in posi-
tions to specifically minimise ELF exposure. Consult-
ants in EM pollution would probably NOT use an elec-
tric blanket.

Occupational Exposure

Occupational exposure in the form of working with
computing equipment is assuming increased import-
ance primarily because the use of such equipment is
becoming so widespread. ‘Officially’ according to UK
based NRPB, computer equipment such as VDUs
present no hazards and can be considered safe. A
range of studies have indicated that the problem needs
further examination with regard to exposure limits. Itis
difficult to often remove other environmental/occupa-
tional factors from such analyses. Within the EEC it is
hoped to initiate legislation to harmonise the levels of
exposure within member states. It is relevant to draw
states. It is relevant to draw attention to the very real
possibility of individuals having electromagnetic aller-
gies. Levels of EM exposure which could be tolerated
by most of the population would be problematic for
this sub-group of the population.

Researchers also indicate that in assessing expo-
sure risks from VDUs, often exposure from the sides
and rear of such equipment could be significantly
higher than from the front, so that apparent levels of
exposure would depend significantly on layout of staff
and equipment within a specific installation.

Enter The Military

The cat and mouse game centering on bombarding
the American Embassy in Moscow with microwaves is
has been public knowledge since 1972 even though
the American intelligence were aware of the bombard-
ment since 1953. Also it was only since 1976 that
defensive screens were installed to protect embassy
staff. One embarrassment for the American authori-
ties was that the level of the radiation was significantly
below ‘official’ levels for safe exposure. While a
notional 10mW/cm? was considered to provide a
measure of safety, the Moscow Embassy radiation was
about 5 micro Watts/cm?, during the period January
1973 to August 1975. The ‘hostile’ radiation was in
fact atlével a factor of 2000 lower than Western safety
limits_Additional beams came into play from August
1975 though when the defensive screens were
instgiled the level of the bombarding radiation fell to
about 2 micro Watts/cm? ~Subsequently in January
1979 the radiation essentially ceased though was
detected briefly in 1983. Subsequently from March
1988 a much weaker higher frequency band around
10GHz has been detected.

A range of studies were initiated to try to
determine the nature of any health risk. In response to
public pressure, the most detailed medical review of all
staff posted to the Moscow embassy during the time of
bombardment was undertaken in 1976. Its findings
showed that the incidence of disease was indeed
higher in specific categories. It is relevant also to note
that three ambassadors posted to Moscow
subsequently died of cancer.

The general body of opinion is that the radiation
was deliberately used to undermine the health of the
embassy staff and in particular that of the Ambassador
since the beam was centred on his office. Yet there still
seems to be missing pieces to the puzzle. Was in fact
the presence of microwaves a red herring and the
health problems were caused by an additional sub-
versive agent as yet unannounced or undetected?

Clearly detailed information of the subversive use
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of EM radiation such as microwaves is not for the
public domain in the West or in the East. There is no
doubt that considerable investigation is undertaken in
the world’s R&D community into possible military
applications of electromagnetic radiation. This was at
its height during the Cold War but it is continuing at a
significant pace. The bulk of this work will never be
made public. The secret nature of this work covers the
distinct areas of general technological function and
also the potential health hazards of such systems to
users or targeted individuals.

Conclusion and Summary

With the approach of the end of the 20th century, an
understanding of the electromagnetic nature of man
and the interaction with electromagnetic fields is
finally being achieved is manifestly untrue. This rather
disappointing state of affairs has largely come about

by restrictions on research into the adverse effects of
electromagnetic radiation on individuals.

Recently, many more interesting lines of investi-
gation are being unearthed which as yet have been
scarcely researched. Developments in sensor technol-
ogy have tended to increase the nature and scope of
research to be undertaken. This expansion is also
tending to link in concepts already identified by practi-
tioners of Alternative medicine such as acupuncture,
colour therapy, and in particular homeopathy to name
but a few. It seems likely the mechanistic model of the
human individual is too restrictive to allow a satisfac-
tory model to be determined.

The 1990’s have proved so far to be an interesting
decade. Old empires of political thought can crumble if
pushed hard enough. Is our view of electromagnetic
radiation and its effect on the individual likely to suffer
a similar fate?
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CAR ALARM KITS

MICRO-PRESSURE CAR ALARM

This new type of alarm is triggered by a unique pressure sensing system. As

any vehicle door is opened air is drawn out, causing a minute drop in air

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

alarm. An electronic filter, tuned to only 3Hz., and adjustable sensitivity avoid

false alarms whilst an arrangement of timers provide automatic operation.

¥ Operates on all doors and tallgate - no switches needed.

% Automatically armed 40 seconds after leaving vehicle.

¥ 10 second entry delay with audlible warning. ( 0.5 second avallable.)

Y% Sounds horn or siren Intermittently for 30 seconds - then re-arms.

% Easy fitting - only 3 wires to connect - no holes to driil.

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

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

NEW CODED IR REMOTE CONTROL

Our latest addition allows control of our alarms from outside the vehicle. Both
transmitter and receiver use a chip designed specially for car security systems
with 59,046 code combinations. You can even sét your own code, with several
vehicles on the same code or several transmitters for one vehicle if required.
% High security, customer selected, 24 bit code.

% Key-ring transmitter with long life minature alkallne battery.

¥ High power Infra-red emitter with range up to 5 metres.

¥ Low profile dash top recelver/decoder.

% Flashing high Intensity red L.E.D. warns off Intruders.

v Green L.E.D. shows alarm is off.

Send £1.50
(P.O./cheque)
for your EV 1992 catalogue.
Includes £1.50 voucher spendable on
orders upwards of £10.

The CATALOGUE

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.
Use the coded transmitter and receiver with our Micro-Pressure or Volt Drop

SUPPLIERS
alarm to form a coded remote controlled system.

tsleme?s, BOSIS-’ C"tﬁ’ Smgg, el s fLintiess = CODE TRANSMITTER Parts kit £13.95
0 our top quality standards. CODE RECEIVER Parts kit £21.35

S E RV | C E Also available -

VOLT DROP CAR ALARM
120dB PIEZO SIREN Assembled £11.95
Prompt, personal with customer satisfaction
guaranteed. Access/Visa facilities

MICRO-PRESSURE TRIGGER Parts kit £10.95 Assembled £14.95
==
Electrol/alue

EXTENDED CDI IGNITION Parts kit £22.75 Assembled £28.45
All the above Include cable, connectors and clear easy to follow instructions.
28 (B) St. Jude’s Road, Englefield Green, Egham, Surrey TW20 OHB
Phone - 0784 433603  Fax - 0784 435216

The
The

Assembled £17.95
Assembled £26.55

Parts kit £14.90 Assembled £20.95

All kits Include case, PCB, everything down to the last washer, even solder.
All prices now include post, packing and VAT on U.K. orders. Same prices
apply to all European countries. For delivery outside Europe please add £3.

Telephone orders accepted with VISA or ACCESS payment.
Order direct (please quote ref. ETC) or send for more details from :-

Tel, 021 308 5877
2 Hillside Road, Four Oaks, Sutton Coldfield, B74 4DQ
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BBC Model B APM Board IBM KEYBOAR Superb Quality 6 foot 40u

£100 CASH FOR THE A feplacement or backup keyboard, switchable for IBM PC, 19" Rack Cabinets

PC-XT or PC-AT. LED's for Caps, Scroll & Num Locks. Standard

0 MOST NOVEL 84 keyboard layout. Made by NCR for the English & US markets. i i
WENRSE‘{? DEMONSTRATABLE Absgm: s‘l.:l‘!“lrgalﬂ. Emnd\"m &?}ruxed :d%hsmanualf:nd :es;! P Massive Reductions
APPLICATION! template for usar slagans on the function keys. Attractive Virtually New, Ultra Smart!

benig,grey and cream finish, with the usual retractable Ieg:
BBC Model B type computer on a board. A major purchase undemeath. A generous length of curly cord, terminating int
allows us to offer you the PROFESSIONAL version of the BBC standard 5 pin DIN plug. A beautiful clean place of manufac-
computer at a parts only price. Used as a front end graphics 'Urers surplus, What a deall (B) 52175 (D)
system on large networked systems the architecture of the BBC Brand new and boxed B4 key PC/XT type keyboardsin standard
board has so many similarities to the regular BBC model B that IBM gray with very attractive mottied finish and "clicky” solid feel
we are sure that with a blt of experimentation and ingenuity many keys. 10 function keys on side. Englishlayout and £ sign. Green door and removable side panels. Fully ad-
use"geﬂ:;:ﬁons wil|dbe foat:_.r‘\; ::tclt?‘is boardal‘l:1 Ris I'Fsg,ppﬂe(;i LEDs for Caps, Scroll & Num locks. £29.95 (B) 5/£135 (D) Justable internal fixing struts, ready
€0 a connector pi ich brings all the to 'D’ FOR DISCOUNTS HER QUAN punched for any configuration of equipment mourting plus rea
and BNC lype connectors - all you have to do Is provide +5 and CALL FOf 2 L G Ik mountedintegral 12 w%y 13 ampesgclfel switched masi;r:)sl distrib(t’;)j
+12 v DC. The APM consists of a single PCB wiih mast major FLOPPY DISK DRIVES

: e : At tion strip make these racks some of the most versatile we have
c's socketed. c's are too numerous 1o fist but ude a ever sold. Racks may be stacked side by side and therefare
6502, RAM and an SAA5050 feletext chip. Three 27128 BARGAINS GALORE ! require anly two side panels or stand singly. Overall dimensions

Less Than Half Price!

Top quality 19" rack cabinets made in UK
by Optima Enclosures Lid. Units feature
desligner, smoked acrylic lockable front
door, full heightlockable half louvered back

EPROMS contain the custom operating system on which we NEW 514 Iinch from £29.95] are 77-1/2°H x 32-1/2"D x 22"W. Qrder as:

have no data, On application of DC power the system boots and Massive purchasss of standard 514" drives enables us to Reck1 Complete with removable side panels...... E275.00 (G)
provides dlagnostic information on the video output. On board present prime product at Indusiry beating low prices! All units Rack2  Less side panels £145.00 (G
DIP swilches and jumpers selecl the ECONET address and (unless stated) are removed from offen brand new equ!rmam POWER SUPPLIES

enable the four extra EPROM sockets tor user software. Appx. and are fully tested,aligned and shi to you with a 90 day

dims: main board 13" x 10". VO board 14° x 3". Supplied tested guarantee and operata from +5 & +12vdc, are of standard size Power One SPL200-5200P 200 watt (250 w peak).Sem| open
with circult diagram, data and competition entry torm. and accept the standard 34 way conneclor. frame giving +5v 35a, -6v 1.6a, +12v 4a (Ba peak), -12v 1.5a,
TAN TH100-2A |BM compaiible DS £39.95(C) +24v 4a (62 peak). All outputs fully regulated with over vollage

Only £29 J 95 or 2 for £53 B SENCIIEC DS hat hhg‘?m-ﬁa'e 40or 80T £79.00(C) protection on the +5v outpul. AC Input selectable for 110/240
TEAC FD-55°F.40:80 DS half height. BRAND NEW _£79.00(C) yac. Dims13" x 5" x 2.5". Fully guaranteed RFE.  £85.00 (8)

MONITORS Power One SPL130. 130 walts. Seleclable for 12v {4A) or 24 v
MONOCHROME MONITORS * Sﬁe G“'“ / * (2A). 5v @ 20A. + 12v @ 1.5A. Swilch mode. New.  £50.95(B)
% TEAC FD-55 half height series in your choice of 40 track | Astec AC-8151 40 watts. Switch mode, +5v @ 2.5a. +12v @

THIS MONTH'S SPECIALI double sided 360k or 80 track double sided 720k. Ex-equip- | 2a. -12v @ 0.1a. 6-1/4" x 4" x 1-3/4" New £19.95(8)

 Ihere has neverbeen a dealllke this onel | ment fully fested in excellent condition with 90 day warranty. | Greendale 19ABOE 60 watts switch mode.+5v @ 6a,412y @

Brand spanking new & boxed monitors \Qyrder TE-36 for 360k £29,95(C) or TE-72 for 720k £39.95(C
from NEG, normally selling at about £1401 95(C} SCV' 1a,+15v@ 1a. RFE and fully tested. 11 x 20 x5.5cms. £24.95(C)

: i CHOOSE YOUR 8 INCHI Conver AC130. 130 watt hi-grade VDE spec.Swiich mode.+5v
: Lmi;it;;e gor;:;:cnrg;n::or:;ogt;mi imgart SO0 At e msong @ 15a,5v @ 13,412y @ 6a.27 x 12.5 x 6.5cms.New.
| with etched non-glare screen plus switch- Shugart 851 double sided refurbished & tested  £225.00(E) £49.95(C) ] p
able highflow i input and output Mitsubishi M2894-63 double sided switchable Boshert 13090.Switch mode.ldeal fordrives & system. +5v@ 6a,
el M oo?ﬂrols m'p"‘da‘s " :;r""“ ardBNG  hard or soft sectors- BRAND NEW £250.00(E) +12v @ 2.5a, -12v @ 0.5a, -5v @ 0.5a. £29.95(B)
°"ck tsyBe ﬁfli;l.hl B s e 5 Sﬂ'a‘ dcase with SPECIAL OFFERSI! Famell G6/40A. Swiich mode. 5v @ 40a.Encased £95.00(C)
SoCt e Ioeal GIUCOMIAsHSC aftractive Dual 8" drives with 2 megabyte capacity housedin a smart case
carrying ledge. Perfect as a main or backup manitor and f0r it byt in power Supplyl o o COOLING FANS
quaniity usersl  £39 95 each (p) or 5 for £185(G)  Idsal as exterior drives| Only £429.00 () Please specity 110 or 240 volts for AC fans.
CALL FOR DISCOUNTS ON HIGHER QUANTITIES! End of line purchase scoop! Brand new NEC D2246 8" 85 3 inch  AC. 112" thick £ 8.50B
COLOUR MONITORS megabyte of hard disk storagel Full CPU control and Indusiry 3V2inch AC ETRI inmlIne.Onlr 1" thick. E 0.95(B
Decca 16 80 budge! range colour monitor, Features a PIL be standard SMD interface. Ultra hi speed transfer and access ime AC 230 v 8 walts. Only 3/4" thick - E12.95(A
beautiful teak style case and guarantsed 80 colunin resolGion.. Iar:;es the goud;ldwﬂﬁgﬁ Imeriacgsltandlng, In mint oanditi{oE}n :g 1 10:34{:;\{; m‘:‘;{m;k't G Eg:s E}
+ and comes complete w 1. Only. £399 round, . Rotron v .95
featuras usually seen only on colour monitors costing 3 times As above but 230 volts E24.95(B§

DC 17 thick.No.B12 lor 6/12v.B14 24v. E15.95(A)
DC 5 v. Papst 8105G 4w. 38mm. RFE. E19.95(A
DC 12v. 18 mm thick. £14.95 a\;
DC 12v. 12w 112" thick E12.50(B)
DC 24v Bw. 1" thick. £14.50(H

Pl i e Sl boy ol AFFORDABLE 10 Mb WINCHESTERS |
Tsnpgnmpesfgylnput with Imegral audio amp & speaker. Fully AFFORDABLE 10 Mb WINCHESTERS
tested surplus, sold In little or hardly used condition with 90 day A fantastic deal - 10mb (formatied) Winchester for £39.95|
full RTB guarantee. Ideal for use with video recordar or our Tandon TM502 full height ST506 interface. Use it as a second
Telebox ST, and other audio visual uses. £99(E) AE275(G) hard drive on your present driver card or as a starer Into
20", 22" and 26" AV SPECIALS Winchester land - see the driver card listed below. In excellent
Superbly made UK manufacture. PIL all solid state colour usedcondition, guaranteedfor 90 days...................... £39.95(C)
monitors, complete with compasite video & sound inputs. Attrac- Hard disk driver card, complete with cables ready to plug into
tive leak style case. Periact for Schools,Shops,Disco, Clubs. our PC or compaltible. Supports two Wincheste £20.85(A

In EX(':'ELLENT lite use?'candiﬂon with Tull'?() day guarantee. No Break Un errUptab'e PSU’s
207...£135 22"...£155 26"...£185 O Brand new and boxed 230 volts uninterruptable power supplies

CALL FOR PRICING ON NTSC VERSIONS! from Densel. Model MUK 0565-AUAF Is 0.5 kva and MUD

- Converts your colour monitor into a

.. QUALITY COLOUR TVII
e TV SOUND
R P! & VIDEO

HI-DEFINITION COLOUR MONITORS 1085-AHBH Is 1 kva. Both have sealedlead acid batteries. MUK . |__TUNER!
Brand new 12" mutliinput high definition are internal, MUD has them In a matching case. Times from Brand new high quality, fully cased, 7 channel LIHF PAL TV tuner
colour manitors by Microviiek. Nice tight infernupt are 5 and 15 minutes respectively. Complete with full ¥ - Unit simply connects 1o your TV aerial socket and colour
0.31" dot plich for superb clarity and operation manuals............MUK.....£249 .. deo monitortuming same Into 2 fabulous colour TV. Donl worry

modem metal black box styling. Operates
from any 15.625 khz sync RGB video
source, with eitherindividual H & V syncs
such as CGA IBM PC's or RGB analog

If your monitor dnes'nt have sound, the TELEBOX even has an

RECHARGEABLE BATTERIES Integral audio amp for driving a speaker plus an auxillary nuIEJI
LEAD ACID for Headphones or Hi F system elc. Many other features: LED

Stalus indicator, Smart moulded case, Mains powered, Buill 1o

Maintenanscs fras analad loama kda

i sl pasendn: Rl ghis s o BS safety . Many other uses for TV sound or video etc.
with composlte sync such as Atari, Com- 12 vrlh 12 valts 3 amp/hours E13.95(A) o nlied B D I"l[-:\rl"l\lf“|I wilh full 1 year guaraniee.
modore Amiga, Acom Archimedes & BBC. Measures only 14" x ?2"°:|’u (s};unss el Syl Foure REE g 2'95 ‘:) T ST for composite videa Input monitors.........
12" square. Free data sheet including connection Information. = ¥ re tapped 1.8 amp hours, : Telebox STL as ST but with integral speaker.,

. 12 volts  12Wolits 38 amp hours.7-1/2"L x6"S.RFE £35.
Wil also function as quality TV with our RGB Telet?ox. EXTRA HI-CAPACITY NICKEL CADMIUM

S0
Telebox RGB for analogue RGB monitars....... 26&95&8}
Only

RGB Telabox also suitable for [BM mulisyine monitors with RG
Super high capacity Chloride Alcad 12 analog and composite sync. Overseas versions VHF & UHF call.
Brand new Centronic 14" monitor for'IBM PC an:i :lorrr‘\lpal't'i]bles volis refillable type XL1.5. Electrolyte s SECAM / NTSC not available.
at a lower than ever pricel Completely CGA equlvalent. Hi-res readily avallable Potassium Hydroxids. In : 15"_
Mitsubushl 0.42 dot pitch giving 669 x 507 pixels. Big 28 Mhz ynue of 10 cells per 8°H x 24 x5.5D muﬁancasr:‘Eachcell BRAND NEW PRINTER
bandwidth. A super monitorin atiractive style moulded case.Full o o oc amH x 1,75'L x 4°D, Can be easlly separated, Ideal C Starwriter Model FP1500-25 dalsywhesl| printer renowned|
90 day guarantee. Only E) for all standby power applications. Ex MaD, llke new..£49.95 ( for its reliability. Diablo gpe print mechanism gives suparb|
X i - = . R registration and quality. On board microprocessor gives full
NEC CGA IBM-PC compatible. High quality ex-equipment fully r
tested with a 90 day guarantee. In an attractive two tone ribbed SPECIAL INTEREST Diablo/Cume command capabiiity. Serial RS-232C with ful
e yiguarqiee: . Newton Derby h r 3 phase 50hz o handshake. Bidirectional 25 cps, switchable 10 or 12 pitch, 136
grey plastic case measuring 157L x 13'W x 12'H. A terific y e cpl In Pica, 163 In Elife. Friction or fractor leed. Full ASCII
purchase enables us to pass these on atonly... £79 (g 3 phase 400hz. 15 kva output. As new. £2900 3 " :

Trio 0-18 vdc bench PSU. 30 amps. New £ 470 Including £ sign. Font and ribbon Diablo compatible....... £199(E)
V22 1200 BAUD MODEMS

ttsu M3041 600 LPM band printer DED D minlature ball point pen printer plotter mechanism
Master Systems 2/12 nﬂcr'ggruaessur controlied V22 full duplex

E£2950 T
C LS/02 CPU board £ 150 with full 40 characters per line. Complete with data sheel which
ghode & Schwarz §BUF TV test transmitter Includes dreuit dlagrams for simple drver electronics..... £49(B)

1200 baud modem. Full oved unil, provides standard 25-1000mhz. Complete with SBTF2 Modulator £6500 Centronica 150 seriea. Always Known for their refiabilty in
V22 high smed data cgmm.?ﬂ::h at 120 a , can save your CIIBOHIP 1036 FEI'?B drum 3 pen plotter £ 650 continuous use - real warkhorses In any environment. Fast 150
phone bill and connect time by a staggering 75%! Ultra siim 45 Thurlby LA 1608 [ogic analyser € 375 cps with 4 fonts and choice of Interfaces al a fantastic pricel
mm high. Full featured with LED stalus Indicators and remote 1.5kw 115v 60hz power source ¢ 950 158-4 Serlal up to 8.5 paper, fan fold tractor. ..

error diagnastics. Sync or Async use; speech or data swilching; Tekironix R140 NTSC TV lest signal standard. ¢ g7s 1504 Seralupto9.5° paper, tractor, roll ors/sheet..

built in 240v mains supply and 2 wire connection to BT, Units KTX 1000 Videotex system - brand new £ 650 152-2 parallel up to 14.
are in used bul good cuntltlun. Fully tested prior despatch, with ADDS 2020 VDU terminals - brand new £ 225 CALL FOR THE MANY OTHERS IN STOCK.
dala and a full 90 day guarantee, What more can you ask for - Sekonlc SD 150H 18 channel Hybrid recorder £2000 ———

and at this pricel! ONLY £69 (D) Trend 1-9-1 Data transmisslon test set € 525 IRV OUR SHOP FOR BARGA
Kenwood DA-3501 CD tester, laser plckup simulator £ 350
LARGE QUANTITIES OF OSCILLOSCOPES AND TEST GEAR ALWAYS AVAILABLE - CALL NOWI
AlL ORDER & OFFICES LONDON SHOP DISTEL @ The Original ALL ENQUIRIES
S %% 5°°° "% o 'g Mor.Frl 8.00-5.30 100's of bargains! Free dlal-up databasel
;”‘ ! “eee !.”3 osd .'i‘i Depl;nET?gz Blggin Way, Open Mon-Sat9-5.30° b o0's of ftams+info On Line 081-679-4414
Soes® § %0set 3 |  Upper Norwood, ity fifnetame Loag, V21, V22 8 V22 bis Fax- 081-679-1927

South Nerwood,
London SE19 3XF. London, SE25 . 081-679-1888 Telex- 894502

All prices for UK Mainiand, UK customers add 17.5% VAT fo TOTAL order amount, Minimum order £10. PO orders from G Uni on School &_Lm! L
welcome-minimum account order £25. Carriage charges (A)=£2.00. (B)=£5.50. (C)=£8.50. (D)=£11.50. (E)=£14 00 (_F)=E18.00 (G)nCa'II . All goods sq.’plvod sub;o.d to.o
standard Conditions of Sale and urless otherwise etated guaranteed for 90 days. All guararttees on a retum to base basis.We reserve the right to change prices & specifications

-ELECTRONICS -

without prior notice. Orders accepted subject to stock. Quotations willingly given for higher quantities than those stated. Bulk surplus always required for cash.










Nightfighter Sensor Switch
Sound Trigger

solder side

top side

DD

|- -

Hybrid audio Pre-amp Nov 91

The text makes passing references to IC1, a
regulator. This was included in an initial design
but not included in the final design for the power
supply. It should therefore be ignored.

Arrows from C2 and C13 in Fig.1 should be
ignored. A take-off wire
in Fig2 labelled Dda
should go to the indica: k.
tor LED, LED 1. The foil
was not printed on the g
foil pages as the author
wanted to retain the Bin connactions
rights to the design E88CC (bottom view)
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Power On and Overload Foil
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Nightfighter Connector Board
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Nightfighter Sensor Switch PSU
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ELECTRONICS

TODAY INTERNATIONAL

James Trott
0442 66551 Ext 252

Send your requirements to:

ETI Classified Department, ASP, Argus House,
Boundary Way, Hemel Hempstead, HP2 7ST.

Lineage: 60p per word (+VAT) (minimum 15 words)
Semi display: (minimum 2.5cms
£15.00 per single column centimetre (+VAT) per
Electromart £24.00 per Insertion (+VAT)

Ring for information on series bookings/discounts.

All advertisements in this section must be prepaid.
Advertisements are accepted subject to the terms and conditions
printed on the advertisement rate card (available on request).

insertion

¢ Two Mic. Inpuz.

ARTRIDG
LECTRO

CAST OVER BENFLEET

REPORTER

Model T26
NICS —_—"
Lo o

IT CASE UNTD
318 HIGH ROAD

ESSEX S57 5HB

SOLAR PANELS 100mm x
60mm 2.5V 0.2Wp £1.40. 6 fcr
£8. 12" x 6" 12V or 6V 1.4¥W¢c
£8.50. 12"x 12" 12V 3Wp £15.0C
36" x 12" 12V 5-6Wp £23.35

Prices include U.K. P&P. Larger

mounted panels availabie.
Orders to Bob Keyes GW4 [ED.
4 Glanmor Crescent, Newpor:
Gwent. NP9 8AX.

WANTED

Turn your surpius
transistors, ICs etc, inic
cash, Immediate settiement
We also welcome n2

opportunity to quote *
complete factory cie
Contact
COLES HARDING & CO.
103 South Brink
Wisbech, Cambs.

NOW ESTABLISHED OVER 15 YEARS

Tel: 0945 584188
Fax Number: 0945 588844

ELECTRONIC COMPONENTS

RF & General Purpose
electronic components for
CONStructors projects.

Our mail order catalogue shows
it. Send 75p for your copy now.

£3.00 of discount vouchers
supplied.

Or call us today for the parts you
need, or ask about kits for your
magazine project.

J.A.B Electronic Components
Rear of Quesiett Motors
1180 Aldridge Road

Great Barr, Birmingham

B44 BPE

Tel: 021-366 6928

ETI DECEMBER 1991

BIG LONG LIST of Kits, Disk
Drives, LCD Displays, Printers
etc. Phone Jim on (0252)
518538.

PCB CAD USERS. High contrast
artwork transparencies produced
from your computer printout. For
details + free sample, send sae
to SB Electronics, 10 Peacock
Crescent, Clifton, Nottingham
NG11 8EP.

KITS

CONSORT SPEAKER KIT as
July '91 E.T.I. £188 inclusiye. All
parts available separately.
Memex Electronics Ltd. 1
Icknield Close, Ickleford,
Hitchen, Herts SG5 ST%

NEW VHF MICROTRANSMITTER
KIT tuneable B80-135MHz, 500
metre range, sensitive electret
microphone, high quality PCB,
SPECIAL OFFER complete kit
ONLY £5.95, assembled and ready
to use £9.95 post free. Access/Visa
order telephone 021-411 1821.
Cheques/POs to: Quantek Elec-
tronics Ltd, Kits Dept (ETI), 45A
Station Road, Northfield, Birming-
ham B31 3TE. S.A.E. for details of
this and other kits.

PLANS

ELECTRONIC PLANS, laser
designs, solarand wind generators,
high voltage teslas, surveillance
devices, pyrotechnics and com-
puter graphics tablet. 150 projects.
For catalogue. SAE to Plancentre
Publications, Unit 7, Old Wharf
Industrial Estate, Dymock Road,
Ledbury, Herefordshire, HR8 2HS.

PRINTED
CIRCUIT BOARDS

e the board, Irom your arwark.
ing from companant or solder side needud A1 2-1
¥ [ram sloek for many projects. Send S AE for
pt sl Ring 021-366 6047 for further information
Aldridge Road, Groat Barr

Birmingham B44 8PE.
magazine advert

when making cordact.

o ar
new calalogue out Sej
Badger Boards, 1180
rear of Quasiat Moral Go)
Please mention lhe

SERVICE MANUALS

SERVICE MANUALS

Available for most equipment
TV's, Video's, Test, Audio elc -

Write or phone for quote
MAURITRON (HRT),
8 CHERRY TREE ROAD,
CHINNOR, OXON OX9 4QY
TEL (0844) 51694 FAX (0844) 52554

LASER DIODES

DMM’s and Logic Probes from
£7.50 Visible laser diodes plus
optics.

Send SAE:

Access Pacific Ltd
Kymbrook School House,
Kimbolton Road, Keysoe,
Bedford MK44 2HH
Tel: 0230 62695

HELP
WANTED

WANTED — help on design of
programmer for Mars coin
mechs. Complete confidentiality
and good reward for success.
Phone Mark on 081-693 8200.

TELEPHONE
JAMES TROTT
ON
0442-66551
FOR RATES

This would

ARTICLES WANTED

WANTED
Receivers, Transmitters, Test Equipment,
Components, Cable and Electronic. Scrap,
Boxes, PCB's Plugs and Sockets, Computers,
Edge Connectors.

TOP PRICES PAID FOR ALL TYPES
OF ELECTRONICS EQUIPMENT
A.R. Sinclair, Electronics,
Stockholders, 2 Normans Lane,
Rabley Heath, Weiwyn, Herts AL6 9TQ.
Telephone: 0438 812 193
Mobile: 0860214302. Fax: 0438 812 387

EMPLOYMENT

SERIOUS about your future
employment? Jobsearch UK is a
newspaper with thousands of
opportunities for every trade and
profession throughout the United
Kingdom. Published fortnightly
through all leading newsagents.
Subscription details, telephone
0753 532041.

VIDEO

DISCOVER, on video, the
exciting world of clay shooting! A.
J. ‘Smoker’ Smith, twice World
Champion clay shot, takes you
round a typical shoot and gives
invaluable hints, tips and advice
on this fast-growing. sport.
Available for £24.95, postage
free, from Dept. AJ, Argus
Books, Argus House, Boundary
Way, Hemel Hempstead, Herts
HP2 7ST. Tel: (0442) 66551, Ext.
203.

MISCELLANEOUS

KITS, plans, etc, for surveillance,
protection (sonic and HV), “007"
gear. Send 2 x 22p stamps. For list
ACE(TIl), 53 Woodland Way,
Burntwood, Staffs.
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\ SPECIAL OFFERS

“BOFFINS SPECIAL" —
UNIQUE OFFER
Surplus Precision Medical Unit, internally in excellent
condition Designed primarily 1o eject a precise
controllable amount of fluid from a medu:al synnge (latter

VARIABLE VOLTAGE
TRANSFORMERS

INPUT 220/240V AC 50/60 nol supplied). Conlains the

QUTPUT 0-260V components. Dual Micra Processor Boards ‘and EPROMS
Price P&P | Escap Precision 12V DC Motor with 300 1 Gear Box and
optical encoder coupled to a precision threaded drive
0.5KVA 25 amp max £29. ?gsg 48 |nc£\?A-4') mechanism. Mains supply with 12 x 15V Ni-Cad AA cells
back-up LCD. Digilal read-oul 17mm high with legends.

1KVA 5 amp max £37.4 £4.25 | Audible warning
(48 94 inc VAT) These are sold for the dismantling of the exceptional
2KVA 10 amp max £54.00 £5.4 quality componenls. Regret no Circuits available
(269 89 inc VAT) Ridiculously low price £16.00 + £4.00 p&p (£23.50 inct

3KVA 15 amp max  £71. £6.24 | VA"

(£91 34 inc VAT)
5KVA 25 amp max £126.50 WIDE RANGR-RE XENON FL ASHTUBES
(Carriage on request)

Buy direcl from the tmporters. Keenesl prices in the couniry GIANT BLOWER EXTRACTOR UNIT
Twin oulput centrifugal blower .1 HP, 240V AC molor.
mgggﬁﬂsﬁ'gﬁ}&ﬂ’#&i",ﬂum Output approx 3800 c.f.m. Size. Lenth 100cm, Height

TR,
(110-240V Aulo transfer eilher cased with american sockel and 27cm. Depth 26cm. Fixing plate 1106 x 33cm. Price £125
mains lead or open fram frami gpe Availabla for immediale delivery + VAT, Ex-warahouse

LTHA VI LErBLACKBLIé;H
E!
4t A0 watl E10.44 icalleus mly] (£12.27 inc VAT, TORIN CENTRIFUGAL BLOWER
2L 20 wall E7.44 + EL35 (£10.21 inc VATi 230V AC 2.800 RPM 0 9 amp 130mm diameter. impellor
:g:: ;wﬁm '7572 ggf ('ng ;g :ng m;) outlet 63 x 37mm. Overall size 195 x 160 x 150mm long.
Sin ? *uug'_g: « 50p ﬁp_ (25‘24 ] Vﬁp Price £17.50 + £2.50 p&p (£23 50 inc VAT)
6i it €5,
A S b LaaT KT (Setinc VAT SOLID STATE EHT UNIT
For eilher €n, 9in or 12in mbsstsso+559p&s Input 230/240V AC. Oulpul approx 15KV
—_— (€7.11inc VAT) -~ Producing 10mm spark. Built-in 10 sec limer. Easily
orkiSiniLbee FayI0k750/pap) £7.93 Inc VAT) modified for 20 sec. 30 sec lo continuous. Designed
- AOOWATT uy LAM& lor boiler ignition Dozens of uses in the field of
QOnly :34 00 + £2.50 p. £42.89 inc VAT) physics and electronics, eg supplying neon or argon
WAT'I;ﬁE’kEHBéULA.chLDBgLACK tubes etc. Price less case £8.50 + £1.00 p&p
vl with BC or ES iing. Prics inc VAT (ENIRISIICVAT)INNS
& p&p £20.2
GEARED MOTORS

/ 71 RPM 20Ib inch torque reversable 115V AC input
12 VOLT BILGE PUMPS g including capacitor and iransformer lor 240V AC
Bay dirct ko Ine importa - operalion_Price inc VAT & p&p £23,50.
0 GPH 1 shneadaampmsss m
N Sl e TR/ E2C HEAVY DUTY MOTOR
PRIGES NELUEE Far Crouzel 115/230V AC heavy duty 1RPM motor

Anliclockwise type B2/0f5 Size 68mm. diameter x 55mm

PROBABLY THE MOST PRACT|CAL RANGE “ | long. Shatt 6mm diameter x 20mm long. Price inc VAT &
OF DISCO LIGHTING CONTROLLERS TO BE ok e ey | PP FIASS RHEOSTAT

Angst Tube Baltest unft, pair of bi pin fesds, neon Hdiotion, anell i ice inc VAT
it galaty micraswic 12 citetill £14.00 + £2 00 akp (1860 iOpVZng:l’:)rr\s’S 2zelceragicipowerimecetitiprice inc
3 .61.

MADE AVAILABLE TO THE KIT BUILDER

SUPER HY-LIGHT STROSE KIT MICROSWITCH
Designed for Disco, Thestrical use, st Pye 15 amp changeover iever microswitch Type S171
Approx 16 muias. Adiustable speed 4500 4 200 pAp Brand new price 5 for £7.05 inc VAT & p&p
(E58.75 Ing VAT)
Sasm jnd roflacior E22 00+ £2.00 1E30.23 e, VAT) -
SAE for furtnar details mckiding F&: Light i nciustral Stroe | NMS = NEW MANUF SURPLUS

RA&T = RECONDITIONED AND TESTED

SERVICE TRADING CO (E.T.I.k
\98 School Street Wolverhampton/ 57 BRIDGEMAN ROAD, CHISWICK, LONDON W4 5B8

081-995 1560 [ ]
COPE Moo oben ACCOUNT CUSTOMERS MIN. ORGER £10 Poiing Space

MENDASCOPE LTD || SHERWOOD ™ [
osaiioscores — |r Data Oystems
ALL MAKES AND MODELS g

NATIONWIDE COLLECTION
& DELIVERY 4

FREE ESTIMATES ¢

Llangollen, Clwyd, N. Wales LL20 7PB
PHONE: 069 172 597

MANUFACTURERS ORIGINAL SPARES
COMPONENTS for TV * Video * Audio * Computer

WE CAN SUPPLY A VAST RANGE FOR MANY MAKES — WRITE (encl SAE please) OR
PHONE 0452 526883 FOR A ‘PRICE & AVAILABILITY' ON YOUR REQUIREMENTS

. The single board computer people

The Archer

z '

¥ W poosl2ig m aiayndnod pmeg ofFus m poossayg @ wizndoos ps

|9J.:qndmac\ puBEC] {RuE B poonISlE m sinducd pisoq Sffus @ pookISp m sizyduco pisoq SFue B poomsye -l

VIDEQ BELT KITS
AMSTFMD VCH 4500/4700/5200 E318 COMPUTEH SPARES
3680 €279 MATHADVSINCL AR ATARI

aggu m 5922 £279 PEGA1A (PCWSdD) £30 85 'YM2149F Sound 1ST) e £10.02
VIDEO PINCH ROLLERS 40014 G Array. £20 63 COT4808 CPU 11 40
AMSTRAD VCA 4500/4800 Mod Kit £817 AN #7656 Serv Manua\ - £1389 AOM B 1= £4 49
JVC ove models €517 CPC 464 Serv Manuat ..£8 48 T HM“\IUP_F' FE, . W—E1.34
SHARP V(C381/386/388/390 £587 AY38912 .£574 POTIV [STFEUS .E294
THORN 3V00/06/16/22/23/24 £517 TEA2000 .£449 25C1384 (ST-PSU) .. £097
TV SERVICE MANUALS ULASCO01E. £1677 SWITCHResel (ST) ... ... . . £125
AMSTRAD CTV 1400 £8 95 ULA7K010/40056 £17 99 COMMODORE
BINATONE 01/977° £6 99 ZX8302 (QL) £1075 - E11.11
PHILIPS KTA/KAO CHASSIS £1000 éXBAlDI i E% g; gg gg
SEMICONDUCTORS pec + | . g, B
TBASS0  £114 URC1azeH €245 | Spec 48k AOM £869 £l 22 2 serial ports 4 counter timers 32 digital /O lines
TBABI0P  E140 ZTX213 028 guec ::5 apea;er ggg gg gg 4 I B Back Ex . b
TDA1001B  £266 ZTX650 £049 pec lembrane
by e 8 o e DSttt A B e i

68 | + ubble Mal b : a8
UNRGSS KB2sp Fas Curge lr coag | 22K Bunvle vt e Bl | Watchdog timer Powerfail interrupt
4 core Iglephone cable per/m 2015 | 28way Edge Conn £349 =2 O .
Plug-in TONE RINGER £880 | QU Membrane . E785 £3024 o pt]ons
Thia 1s just & small sample of stock AQAD &— Debug Monitor Desk top case On board mains psu
Gl e Sy, Cly SEmEEHAT ORNBEA S | Option Switches  ROMable basic Various daughter cards
MAIL OADER ONLY Please add 95p - i
(UK) P&P bul not VAT All ilems 0 - 1 aﬁ'
subject to availabilily — Prices can T | 494 4’64264
el el slenhone: 52688 2 | herwood Data Systems Ltd,, el: O
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MAKE YOUR INTERESTS PAY!

over the past 100 years more than 3 million students throughout the world have found
|t warth their while! An ICS heme-study course can help you get a better job, make more
money and have more fun out of life! ICS has over 90 years experience in home-study
courses and is the largest correspondence school in the world. You learn at your own
pace, when and where you want under the guldance of expert ‘personal’ tutors. Find out
How we can help YOU. Post or phone today for your FREE INFORMATION PACK on the
course of your choice. (Tick one box onlyh

[ ] | Tv, video & .
i ‘Electronlcs Ol micei servicing O .
1 Basic Electronic ] Refrigeration & 0
Engineering (City & Guilds) Air conditioning I
B | ciectrical Engineering {11 car Mechanics i |
B [eiectrical contractings — | Computer D— [ ]
I Instaliation ~ ! Programming e
l GCSE/GCE/SCE over 40 examination subjects to choose from '|_—_| I
I Name Address —— =
i n

intermations Corspondsnts Sonoots Deot EBISS) 12/314 han Straet. Sutton, Surrey SM1 PR '

' I“s Teiephone 0E1548 3563 o DO 2955 22 hourss! Dﬁp‘ EBS31

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
0 Radio Amateur
Licence C&G

‘O Micro-

processor
0O Introduction to

Television

Name

Radio & Telecommunications Correspondence School
12 Moor View Drive, Teignmouth, Devon TQ14 9UN

ELECTROMART

LIVERPOOL

PROGRESSIVE RADIO
87/93 Dale Street  Tel: 051 236 0154
47 Whitechapel Tel: 051236 5489

Liverpool 2
‘THE ELECTRONICS SPECIALISTS'
Open: Tues-Sat 8.30-5.30

MAKE SURE YOUR AREA IS

REPRESENTED!

CALL JAMES TROTT ON

0442 66551

FOR MORE DETAILS

ET

Rates: Lineage 55p per word + VAT minimum 15 words.

ELECTRONICS TODAY INTERNATIONAL
CLASSIFIED ADVERTISEMENT DEPARTMENT
ARGUS HOUSE, BOUNDARY WAY, HEMEL HEMPSTEAD HP2 7ST

Semi-display £14.00 per single column cm plus VAT. No reimbursement for cancellations. All ads must be

pre-paid.
NAIMIE vttt e et eeeas et s s es e en bbb < S el = e e 8 [ ey
e s LY== TP SO O P PP PP PRSP PPPPP RO
........................................................................... eerereernencenennenenns DAYIME TEL NOT
S0 [T (1] (= O PO T Tttt DBLE ..orseianerusersssssrizeimmvmnsniismmiais
PLEASE DEBIT MY ACCESS/BARCLAYCARDNo. | [ [ T [ [ [ T T T T [T [ [ | |ExpiryDate i
“IFOR SALE " COMPONENTS [ PLANS []OTHERS STATE
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ext month we will have arrived at the Christmas issue

once again and another free gift, a PCB sticker foil for
you to experiment with. An article tells you how to use your
free gift and how to make foils. «

We can offer the ultimate in enlarger timers if you are a
photographic boffin. It could even turn the kettle on to make
the tea.

To put you in the festive mood why not try making our
LED Star project for the christmas tree. It’s an ideal way to
get rid of all those surplus LEDs.

We continue with the Test-Card Generator a versatile
tool for the TV serviceman and a laboratory power supply
which uses our free foil pattern.

On the theory side we start a new series on audio mixing
desks. Also we cover Star-delta transforms and we continue
in our course on Test-gear basics postponed from this
month.

The Christmas issue of ETI will find its way on to the
newsstand on December 6th.

The above articles are in preparation but circumstances may prevent publication

The November issue contained articles on:

Digital pulse transmission
Waves and Particles

The final part'on Back to basics
Test-gear basics Part 1

The Nightfighter Part 3

Hybrid Audio Pre-amp
Switched-mode power supply

A limited number of back issues are available from
Select Subscriptions (Address shown in column to the left).

ADVERTISERS’ INDEX
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2 x 220 watt MOSFET AMPLIFIER
A top-of-the-range
performer that
will  satisfy the
most demanding
audio enthusiast. If
you're looking
for an amplifier
to power your
subwoofer, the
SPARKOMATIC s

need!
sophisticated MOS-FET technology dramatically

all  youll Highly
extends frequency response. separate input
sensitivity controls. built-in protection circuitry for
overheat and short circuit with le d indication,
output power: 2 x 22C watt maximum and 2 x 110
watt at G117 TRD Bricged 440 watt mono
maximum 2ad 220 wat mono at 0.5% THD

£164.50 plus £3.50 P&P

100 watt x 4 CLASS A AMPLIFIER
FOR CARS
Dsiivers 4 x 100 watt into 4 woofers or with the

zia of its buillt in active cross over delivers 200
watt of Bass via sub-woofer output and 2 x 100
watt range into 2 speakers; thus giving you all
the power you require to make even traffic jams
a positive pleasure. SPECIFICATION 4 x 100W
(49), 2 X 200w Bridged, THD 08%. S/N RATIO: 7
90db, RESPONSE 10Hz-50KHz. LOW PASS FILTER
SWITCHED 75Hz 150Hz. INPUT 4 x PHONO 100-3
Volts, INPUT x 4 HIGH LEVEL 20KQ. SIZE 240mm x
50mm x 400mmi

£118.50 postage £4.50
75 watt x 2 CLASS A AMPLIFIER

FOR CARS
Small but powerful. nign ampiifier
suitable for a numoer cen mounting

locations, Easy connectc gn pnonc and
high level input capabilios

watts 4Q, 1 x 150 watt B
RATIO: 7 85 dB, HESPO\SE
2 X PHONO 100mV-3 V

20k(2, SIZE 240mm X :>C'"~ X i
£48.50 postage 23.50

11 BAND COMPONENT GRAPHIC
EQUALIZER FOR CARS

This neat unit connec:
your car stereo anc
are able to adjust ¢
pensating for sofi *
tions from glass

put to drive a se

ne sutput of

cofer out-
inat extra

deep bass sounc cnannel inputs
4 channel outpu i3 CD input
via 3.5mm jack * ECIFICATION
RANGE 20Hz-60X= SN RATIO 85dB
EQ FREQUEN 230Hz. 380 Hz,

500 Hz, 750 Hz 2% Hz, 8KHz. 16KHz
(Boost cut of = i2 &5} SIFE TrSaEwm x 25mm X
140mm

£32.70 postage £1.80.

EMINENCE 42 PROFESSIONAL
USA MADE IN CAR CHASSIS
SPEAKERS

WiEl 240
LUNIUN

magnets “"Nomex’

Nomex'' is very
mely high temperatures,
nigh efficiency and long

Range 50Hz-3KHz £34.40
Range 45Hz-3KHz £39.35
Range 33Hz-4KHz £44.45
Range 35Hz-3KHz £45.95
Range 35Hz-4KHz £79.90
Range 20Hz-1KHz P.O.A
Postage £3.85 per speaker,

AUDAX JBL 40-100 watt CAR
TWEETERS

These state of the art advanced technology, high
cerformance 10 mm dome tweeters are Ferrofluid
coded and are active horn-loaded for high disper-
sion of sound with very low distortions, Ideal for
wuning up your dull sounding in-car system.

SPECIFICATION IMP4Q 40 walts at 5KHz, 100 watt
at 10KHz, MAGNET, SIZE 5mm x 30mm, VOICE

COIL SIZE 10.5mm EIFFICIENCY 92.8 dB, 5k. SIZE ||

51mm x 51mm x 16.5mm. RECOMMENDED.
st ORDER CROSSOVER, VALUE 1,5uf-2. 2uf sup-
olied £7.50pair plus 90p post.

MAIL ORDER
£1 BARGAIN PACKS

BUY 20 GET 1 FREE

Please state pack(s) required

No Qly. per pack

BPOISB 1 30W dome tweeter. Size 90x66mil JAPAN made

BPOI7 3 33000uF 16V dc electrolytic high quality com-
puter grade UK made

BPOIY 200 20 ceramic trimmers

BPO2O 4 Tuning capacitors, 2 gang dielectric am type

BPO2I1 1th 3 position, 8 tag shde switch 3 amp rated 125V
ac madein USA

BPO22 5 Push-button switches, push on push off, 2 pole
changeover. PC mount JAPAN made

BPO23 6 2 pole 2 way rotary switch

BPO2 2 2 Right angle, PCB mounting rotary swiich, 4
pole, 3 way rotary switch UK made by LOR-
LIN

BP025 4 3 pole, 3 way miniature rotary switch with one
extra position off (open frame YAXLEY type)

BP0O26 4 4 pole, 2 way rotary switch UK made by LORLIN

BP027 30  Mixed control knobs

BP029 6 Stereo rotary potentiometers

BPO3O 2 10k wire wound double precision poten-
tiometers UK made

BP032 4 UHF varicap tuner heads, unboxed and untested
UK made by PHILIPS

BP033 2 FM stereo decoder modules with diagram UK
made by PHILIPS

BPO33A 4 6"x%" High grade Ferrite rod UK made

BP034 3 AM |IF modules with diagram PHILIPS UK
MADE

BP0O34A 2 AM-FM tuner head modules UK made by Mul-
fard

BP0O34B | Hi-Fi stereo pre-amp module inputs for CD,
tuner, tape, magnetic cartridge with diagram
UK made by MULLARD

fi All metal co-axial aerial plugs
] Fuse holders, panel mounting 20mm type

21} 5 pindin, 180° chassis socket
f Double phono sockets, Paxolin mounted
3 2 8m lenghts of 3 core 5 amp mains flex
BPG42 2 Large VU meters JAPAN made

BPD4 3l 4V minature bulbs, wire ended, new untested

BPGa4 Sonotone slereo crystal cartridge with 78 and LP
styli JAPAN made

BPO45A 2 Mono Cassette Record and play heads

BP046A 2 606 Mains transformers, PCB mounting Size
42x33x35

BPO47A | 25V DC 150mA mains adaptor in black plastic
case with flying input and output leads new
units made for famous sound mixer manufac-
turer Size 80x55x47

BPO49 10 0OCA44 transistors. Remove paint from top and it
becomes a photo-electric cell (ORP 12) UK
made by MULLARD

BPO30 30 Low signal transistorsnpn,pn p types

| BPOSI 6 14 watt output transistors 3 complimentary pairs

in TO66 case (/deal replacement for AD161
and 162s)

BPN32A ] Tape deck pre-amp IC wilh record/replay
switching No LM 1818 with diagram

BP0y S 5 watt audio ICs. No TBA80O (ATEZ)

BPO34 10 Motor speed control ICs, as used with most cas-

sette and record player motors

| Digital DVM meter | C made by PLESSEY as
used by THANDAR with diagram

4 7 segment 0.3 LED display (red)

® Bridge rectifiers, 1 amp, 24V

200 Assorted carbon resistors

Hi’llw | Power supply PCB with 30V 4V/A transformer
MC7818CT IC & bridge rectifier: Size 4 x
AT

BPOA| 5 6.35mm Mono jack plugs

BPOGY 5 6 .35mm stereo switched jack sockets

BPO64 12 Coaxschassis mount sockets

BPOGS | 3mtr Euro-mains lead with chassis socket

Postaae £2 ner arder

ROADSTAR OF SWITZERLAND. QUALITY 13cm
40 watt CAR SPEAKERS. Fitted with dual
polypropyler®# cone and foam rubber surround.
Large 70mm: magnet for good bass -and treble
response. Supplied complete with grills, fixing
screws and cable.
OFFER PRICE £11.70 pair
They weigh nearly 1,5kg, Postage £3.15 each
2 pairs for £22 POST PAID UK ONLY
UNDER 'z PRICE OFFER

AUSTIN ROVER MINI MAYFAIR. 15 watt POD
SPEAKERS, Moulded in a black housing for vertical
or horizontal use. Fitted with a good mains 10cm
speaker.

£4.95 pair plus £3 pp or
2 pairs for £10.50 post paid UK only

BSR STEREO RECORD PLAYER DECK
Manual autq operation, 3 speed (78, 45, 33%), 240V
opertion. unused but store soiled

£10.50 ea PaP3.75 2 for £18.00 P&P £3.75
RADIO AND TV COMPONENTS ACTON LTD

323 EDGWARE ROAD LONDON W2 1BN

Mol ORDE POSTAL RS 5

AMPHONIC125+125 POWER AMPLIFIER

125 watt per channel stereo power amplifier with inde-

pendent volume controls, professional 19" rack mount and

silent running cooling fan for extra reliability

Qutput power 25W RMS max per channel

Outputimpedance .. ............ 41016 ohms
(max power into 4 ohms)

Sensitivity 450V at 22K ohms
Protection _ Electronic short-circuit and fuses
Power ” 220-240QV ac 50Hz
Chassis dim 435 x 125 x 280mm

£170 +£7.00 pp
30+30 WATT AMPLIFIER KIT

An easy to build amplifier with a good specifica-

tion. All the components are mounted on the

single PCB which is already punched and back-

printed.

e 30Wx2 (DIN 4 ohm)

e CD/Aux, tape |, tape Il, tuner and phono in-
puts.

o Separate treble and bass,

e Headphone jack.

Size (HW.D.) 74 x 400 x 195mm.

Kit enclosed: case. PCB, all components, scale

and knobs £40.00 +£3.50 pp

(Featured project in Everyday Electronics, April

1989 issue). Reprint Free with kit.

MULTIBAND RADIO

VHF 54-176MHz + AM CB BANDS 1-80
Listen to: AIR TRAFFIC CONTROL,
AIRCRAFT, RADAR,

£17.95 PUBLIC UTILITIES.
POSTAGE RADIO AMATEURS AND
£2.85 MANY MANY MORE

' SQUELCH CONTROL
AERIAL

ROSS PUSH BUTTON RADIO
Mains and battery operated.
High quahty VHF/FM
Medium and Long Wave reception,
6 push button selected
preset stations.
Fully retrd:tabletelescupl:
aarial }
Headphone/earphone |
jack socket
Size 230H x 150W x 65D
Ref RE-5500
Brand new
Listed price over £30.00

OFFER £15.00
+£2.80 pp

T

“
VIDEO SENDER

With this handy unit you can transmit the out-
put of your home video, video camera or satel-
lite equipment over-the-air to a receiving televi-
sion within a range of 100ft. Simply connect the
video and audio output of your equipment into
this unit and a 10-13.8V dc power supply extra
£3.75 size 122 x 70 x 21mm

£11.50 +£2pp

VHF RADIO TRANSMITTERS
100mW mini bug. Built on a neat little fibre glass
pcb with condenser mic. Fully tunable over the
FM band. 9V DC £5.75 +£090 pp
2 Watt transmitter kit, supplied with fibre glass
pcb, all components, diagrams, ready for you to
build. 12-24V DC, £7.50 +£0.70 pp
25 Watt Transmitter kit, Fully tuneable over the
FM band. Kit comprises double sided pcb dia-
grams and all components, including heat sink
Supply voltage 12-18V DC. £67 +£1pp
Transmitters listed on this page are not licensable
in the UK.

SPECIAL OFFE

DTMF TONE DIALLER

Suitable for remote control
of telephone answering
machines, videos, appliances

etc. requiring DTMF
£8.95

signals over
Please add 75p p&p when ordering

telephone lines.

Please add 2.2% to all our prices due to the
increase of the VAT rate to 17.5%




5 Over 600 product packed pages with
more than 600 brand new products.
On sale now, only £2.75

Available from all branches of WH SMITH and
Maplin shops nationwide. Hundreds of new products
’ at super low prices!
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