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

OMP POWER AMPLIFIER MODULES Supplled ready bullt and tested.
OMP POWER AMPLIFIER MODULES Now enjoy a world- wide reputation for quallty, reliability and
perfarmance at a realistic price. Four models available to suit the needs of the prulessmnal and hobby market, .., Industry,
Leisufe, Instrumental and Hi-Fi etc. When comparing prices, NOTE all medels include Toroidal power supply, Integral heal sink,
Glass libre P.C B, and Drive circuits lo power compatible Yu meter Open and short circuit prool

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

OMP100 Mk 11 Bi-Polar Output power 110 watls
AM.5. Into 4 ohms, Frequency Response 15Hz -
30KHz -3dB, T.H.D.0.01%, S N.R. —=118d8, Sens. for
Max, output 500mV at 10K, Size 355 x 115x85mm.
PRICE £33.99 + £3.00 P&P.

NEW SERIES Il MOS-FET MODULES

OMP/MF 100 Mos-Fet Output power 110 watts R.M.S.
into 4 ohms, Frequency Response 1Hz - 100KHz
—3dB, Damping Factor, >300, Slew Rate 45V/uS,
T.H.D. Typical 0,002%, Input Sensitivity 500mV, S.N.R.
— 12508, Size 300 x 123 x B0mm,

PRICE £39.99 + £3.00 P&P.

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

PRICE £62.99 + £3.50 P&P.

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

PRICE £79.99 + £4.50 P&P.

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

; Vu METER Compatible with our four amplifiers detailed above. A very accurate visual
dlsulay emplaying 11 LE.D. disdes (7 graen, 4 red) plus an additional anioff indicator
Sophisticated loglc control circuits for very fast nise and decay times. Tough moulded plastic
. case, wilh finted acrylic front. Size 84 « 27 x 45mm.

PRICE £8.50 + 50p P&P.

OMP VARISPEED TURNTABLE CHASSI

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

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

ALL McKENZIE UNITS 8 OHMS IMPEDENCE
8”100 WATT C8100GPM GEN. PURPOSE, LEAD GUITAR, EXCELLENT MID DISCO.
RES, FREQ, 80Hz. FREQ, RESP, TO 14KHz. SENS, 99dB. CE £29.30 + £2.00 P&P
10" 100 WATT C10100GP GUITAR, VOICE, OFIGAN KEYBOARD, DISCO EXCELLEN T MID
RES, FREQ, 70Hz, FREQ, RESP, TO 6KHz. SENS, 100d8 PRICE £35.58 + £2.50 P&P
10’ 200 WATT C10200GP GUITAR KEYBOARD, DISCO EXCELLENT HIGH POWER M
RES, FREQ, 45Hz. FREQ, RESP, TO 7KHz. SENS, 103 RICE £48.67 + £2.50 P&P
12" 100 WATT C12100GP HIGH POWER GEN, PURPOSE LEAD GUITAR DISCO.
RES, FREQ, 45Hz. FREQ, RESP, TO 7KHz. SENS, 98dB. RICE £37.59 + 23 50 P&P
12 100 WATT C12100TC TWIN CONE) HIGH POWEFI WIDE FIESPONSE P A., VOICE, DISCO
RES, FREQ, 45Hz. FREQ, RESP, TO 14KHz. SENS, 100d RICE £38.58 + 23 50 P&P
12" 200 WATT C122008 HIGH POWER BASS, KEYBOAFIDS DISCO, P A
RES, FREQ, 40Hz FREQ, RESP, TO 7KHz. SENS, 100dB RICE £65. 79+£3 50 P&P
12" 300 WATT C12300GP HIGH POWER BASS [EAD GUITAR, KEYBOARDS DISCO, E

: dB RICE £87.51 + £3.50 P&P

0

ESP, PRICE £55.05 + £4.00 P&P
15" 200 WATT C152008S VERY HIGH POWER BASS.
RES, FREQ, 40Hz. FREQ, RESP, TO 4KHz. SENS, 99dB. . . PRICE £75.10 + £4.00 P&P
15" 250 WATT C15250B$ VERY HIGH POWER BASS

RES, FREQ, 40Hz. FREQ. RESP, TO 4KHz. SENS, 9 . PRICE £82.54 + £4.50 P&P
18" 400 WATT C15400BS VERY HIGH POWER, LOW FREOUENCY BASS

RES, FREQ, 40Hz, FREQ, RESP, TO 4KHz SENS, 10 RICE £96.47 + £4.50 P&P
16" 400 WATT €18404BS EXTREMELY HIGH POWER Low FREQUENCY BASS.

RES, FREQ, 27Hz. FREQ, RESP, TO 3KHz. SENS, 99dB. PRICE £172.06 + £5.00 P&P

EARBENDERS:— HI-FI, STUDIO, IN-CII!\FII E¥G:

ALL EARBENDER UNITS 8 OHMS (Excep! £58-50 & £810-50 which are dual impedence lapped @ 4 & 8 onm)
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED FOAM SURROUND
B" 50 WATT EB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI, IN-CAR.

RES, FREQ, 40Hz FREQ. RESP, TO 7KHz, SENS, 97dB. . . PRICE £8,90 + £2.00 P&P
10" 50 WATT EB10-50 DUAL IMPEDENGE, TAPPED 48 OHM BASS HI-F) IN-CA

RES, FREQ, 40HZ. FAEQ, AESP, TO5KHz. SENS, 988 ... .. PRICE £12.00 + £2.50 P&P
10" 100 WATT EB10-100 BASS, HI-FI, STUDIO

AES, FAEQ. 35Hz. FREQ, RESP, TOKHz SENS, 8608, . ... ... PRICE £27.76 + £3.50 P&P
12" 60 WATT EB12-60 BASS, HI-FI, STUDIO.

RES, FREQ, 28Hz. FREQ, RESP, TO 3KHz. SENS, 8208, , ..PRICE £21.00 + £3.00 P&P
12 100 WATT EB12-100 BASS STUDIO, HI-FI, EXCELLENT DISCO.

RES, FREQ, 26Hz. FREQ, RESP, TO 3KHz. SENS, 23dB. . PRICE £38.75 + £3.50 P&P

FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUND
5" 60 WATT EB5-80TC (TWIN CONE) HI-FI, MULTI- AFIFIAY DISCO ETC,
RES, FREQ, 63Hz. FREQ, RESP, TO 20KHz. SENS, 82dB PRICE£0.89 + £1.50 PAP
6% 60 WATT EBE-60TC (TWIN CONE) HI-FI, MULTI-ARRAY DISCO ETC,
RES, FREQ, 38Hz, FREQ, RESP, TO 20KHz, SENS, 94dB. .. ... ... PRICEE£10.98 + £1.50 PAP
8" 60 WATT EBB-60TC (TWIN CONF} HI-Fl, MULTI-ARRAY DISCO ETC
RES, FREQ, 40Hz, FREQ, RESP, TO 18KHz. SENS, 8848, PRICEE£12.98 + £1.50 P&P

ET

...PRICE£16.49 4 £2.00 P&P

107 60 WATT EB10-60TC (TWIN CONE) HI-FI MULTI-ARFA
AES, FREQ, 35Hz. FREQ, RESP, TO 12KHz SENS, 8648

PIEZO ELECTRIC TWEETERS-MOTOROLA

STEREQ DISCO MIX

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

* M-'n.‘"J-I ARM or

PRICE £59.99 - £3.50 P&P.

STANTON AL500
PRICE £16.99 + 50p P&P

GOLDRING G850
PRICE $8.36 — 50p P&P

THOUSANDS PURCHASED

HIGH POWER BY PROFESSIONAL USERS

TWO C}

NEW MXF SERIES OF POWER AMPFIERS
THREE MODELS:— MXF200 (100w + 00
MXF400 (200w + 200w) MXF600 (300w +— 300

All power ratings R.M.S. into 4 ohms
FEATURES: x independent power supplies with two Toroidal Trans‘ormes
indended leve! controls % llluminated on/off switch % XLR connectors  $:
circuit proof o Latest Mos-Fets for stress free power delivery into vinua
distortion * Aluminium cases * MXF600 Fan Cooled with D.C. Loucspeass
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC
SIZES:— MXF 200 W19"xH3%" (2U)xD11"

MXF 400 W19"xH5"4" (3U)xD12"
MXF 600 W19"xH5%" (3U)xD13'
MXF200 £171.35
PRICES: MXF400 £228.85
MXF600 £322.00
SECURICOR DELIVERY £12 .00 EACH

OMP LINNET L SPEAKERS

THE VERY BEST IN QUALITY AND VALUE

MADE ESPECIALLY TO SUIT
TODAY'S NEED FOR COM-
PACTNESS WITH HIGH OUTPLT
SOUND LEVELS, FINISHED !N
HARDWEARING BLACK VYNIDE
WITH PROTECTIVE CORNERS
GAILLE AND CARRYING HANDLE
INCORPORATES 12 DRIVER PLUS
HIGH FREQ HORAN FOR Fill
FREQ RANGE: 45Hz-20KHz BOTH
MODDELS 8 OHM. SIZE H18' x W13
x D12"

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

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

SECURICOR DEL..— £12.00 PER PAIR

PIEZO ELECTRIC TWEETERS — MOTOROLA
Jain the Pieza revolution. The low dynamic mass (no voice coill of
response with a lower distorbon leval than ordinary dy: e
ge added to existing speaker systams of up to 100 wat
UPPLIED WITH EACH TWEETER. TYPE ‘A’ (KSN2035A

mesh, ideal for booxsne
speakers Price £4.90 each
TYPE 'B' (KSN1005A) 3
purpose speakers cscc 2nC S A
£5.99 each + 50p P&P
TYPE'‘C’ (KSN6016A)2 X35 wige gispers.on nom For
quality Hi-fi systems and quality discos etc. Price £6.99
each + 50p P&P.

TYPE 'D' (KSN1025A) 2'x 6" wide dispe:
Upper frequency raspense refained extan
mid range (2KHz), Suitable fer high gua!

and guality discos. Price £8.88 sach —
TYPE'E {:KSN1U!8A}3%" harnm twe
silver finish trim. Suitable for H-4 mo

Price £5.99 each + 50p P&P.

LEVEL CONTROL Combines on a "scesser —uiu
plate, level control and cabine! =or =ce 52
85x85mm. Price £3.99 + 50p P&

\7
TYPE D \I

STEREO DISCO MIXER with 2 x 5 band L & R
graphic equalisers and twin 10 segment L.E.D,

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

3W FM TRANSMITTER 80-108MHz, VARICAP CONTROLLED PROFESSIONAL PER-
FORMANCE, RANGE UP TO 3 MILES, SIZE 38 x 123mm, SUPPLY 12V @ 0.5AMP,
PRICE £14.49 + £1.00 P&P
FM MICRO TRANSMITTER (BUG) 100-108MHz VARICAP TUNED COMPLETE WITH
VERY SENS FET MIC, RANGE 100-300m, SIZE 56 x 46mm, SUPPLY 9V BATT. PRICE
£8.62 + £1.00 PAP

3 watt FM
Transmittar

Vu Meters. Many outstanding features 5 inputs
with individual faders prnwdmg a useful com-
bination of the following:

3 Turntables (Mag). 3 Mics. 4 Line including CD
plus Mic with talk over switch Headphona Mani-
tor. Pan Pot L & R. Master Output controls.
Qutput 775mV, Size 360 x280x80mm. Supply §
220-240v, s

POSTAL CHARGES PER ORDEA [1 00 MINIMUM OFFICIAL ORDERS WELCOME FROM
SCHOOLS. COLLEGES, GOVT BODIES. ETC. PAICES INCLUSIVE OF V.AT SALES COUNTER,
VISA ACCESS ACCEPTED BY POST. PHONE OR FAX.

Price £134.99 — £4.00 P&P

B. K. ELECTRONICS Dept €

UNIT 5, COMET WAY, SOUTHEND-ON-SEA. E

= S

TEL: 0702-527572 FAX: 0702-420243
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BUILD YOUR OWN COMPUTER
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INTERAK can be commanced with the minimum of outlay. Bare
boards from £10.95; beg borrow or steal the components, or buy
from us - all parts available separately. No special or custom chips
(ie PALs, ULAs, ASICs elc) used - no secrets.

Go as fast or as slowly as your funds and enthusiasm permit,

Made for those who must know what goes inside. Full circuit
diagrams and descriptions are provided. And honeslly, can you
really use a computer etfectively if you don’t know what's inside and
nobody will tell you?

Solid engineering construction — something to be proud of. 19” 3U

rack mounting, plus in circuit boards and modular construction
keeps obsolescence at bay.
Flourishing Independent Users Group, and newsletter. Hundreds of
programes on disk at littie or no cost from the Users Group.
Program in machine code (Assembler), Basic, “C", Forth, etc.
Database, Word Processing, Scientific applications.
Cassette tape operation or disk (up to 4 drives, 1 Megabyte 3.5"
available from us, but you can add 3", 5.25", 8" if you want). Disk
operating system CP/M Plus.
64K RAM, ZB0 based at present with potential for expansion to a 16
Megabytes address space and Zitog's latest 280280 in lhg future..
Needs no specialised knowledge to construct. and we will happily
get you out of a jam if you get into one.
Availability of personal and individual after sales service, impossible
to obtain from large companies, who are only after your money.
Security of supply — from Greenbank Electronics, established

in 1970.

L Greenbank

For more details write or phone us:
Greenbank Electronics, Dept. (ETI 04), 460 New Chester Road,
Rock Ferry, Birkenhead, Merseyside L42 2AE. Tel: 051-645 3391.

SURVEILLANCE

PROFESSIONAL QUALITY KITS

Arange of high quality kits as supplied o leading UK security comparies, all in-house designed
and produced, not to bie confused with cheap imports. All kits come fully documenited with concise
assembly and setting-up details, fibreglass PCB and all campanents. All transmitters are fully
tuneable and can be manitored on a narmal VHF radio or tuned higher for greater security. Build-
up service available if required.

MTX Micro-minialure audio transmitter. 17mmx 17mm. 9V operation. 1000m range ... £12.95
VT500 Hi-power audio transmitter. 250mW oulput. 20mmx40mm. 8-12V operation. 2-3000m

L€ 11T L OO PP PO O TR T PRI £15.95
VXT Voice activated lransmitter. Variable sensitivity. 20mmx67mm. 9V operation. 1000m
ranas £18.95
FARGB eciiivinis iy £18,95

SCRX Sub-carriesscrambled audictransmitter. Cannot be monitored without deeoder fitted to
radio. 20mmx67mm. 8V operation. 1000M FARGE ..o EA195
SCDM Sub-carrier decoder unit for monitoring SCRX. Connects to fadio earphone sochket,
Provides output for headphanes. 32mmx 70mm. 8-12V oparation ... £21,95
HVXA400 Mains powered audiotransmitter. Connects directly to 240v AC supply. 30mm = 35mm
BRI BTV ovyromiosossssssmisssntmmanasssssns s btnsssbacontrssetfissasssssasrassasms st sy ragseny rose ey e £18.35
XT89 Crystal controlled audiotransmitter. High performance. 100mW output. Supplied with xtal
for 108MHz. Others availableto 116MHz. 85mmx28mm. 9V operation. 2-3000m range £36.95
QTX180 Narrow band FM crystal controlied audio transmitter. 180MHz frequency. Requires
Scanner receiver orour QRX180 kit (see Cat) 20mmx 67mm. 9V operation. 1000mrange £39.95
TKX900 Tracker/Bleeper transmitter. Transmits continuous stream of audio pulses. Variable tone
and rate, Powerful 200mW output. 63mmx 25mm. 9V operation. 2-3000m range ....... £21.95
ATR2Microsize telephona recordinginterface. Connacts batween telephone lines (anywhere)
and cassette recorder. Tapa swilches automatically with use of phone. All conversations recorded.
Powerad from ling, 1OMMXBBMM ..o esscssonsesins £12.95
TLX700 Micro miniature telephone transmitter. Connects toline (anywhere) swilches on and off
with phone use. All conversations transmitted. 20mmx20mm. Powered from line. 1000m range
CD600 Professicnal bug detector/locator. Variable sensitivity, Multicolour bar graph readout of
signal strength with variable rate blesper. Second mode AUDIO CONFIRM distinguishes between
localised bug transmission and normal legitimate signal such as pagers, cellular elc
TOmmx 100, GV OPEFAON ..ocoovrorieririnimsmns s bbb it i £48.95

UK customers please send cheques. PO's or registered cash, Please add £1.50 per order
for P&P. Goods despatched ASAP allowing for cheque clearance. Overseas customers
sendsterling bank draftor Eurocheque and add £5.00 pérorder forshipment. Creditcard
orders accepted on 0827 714476. Trade enquiries welcome.

Send 2x1st class stamps for the new 1991 Catalogue.
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Mixing Signals

Why do audio signals mix
differently when combined
electronically and acoustically,
J Asbery will attempt to tell you

LASERs

The start of a three part
investigation, construction and
application on this highly
illuminating subject by Kevin
Kirk.

the answer.

Active Direct
Injection Box

Peter Kunzler describes the
construction of another handy
little box to integrate
instrument, amplifier and
mixer.
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Devices

A company view on the
problems of static in electronics

by Magnus Cooke.
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With a whole variety of
American ideasin the advance
towards a better viewing
medium, James Archer dwells
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American market.
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within the ground? George
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description of how to emulate
them and to receive them.
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A TV conversion to digital
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decoder board by Geoff Cox.
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Ray Marston is back with a mini
series and a multitude of circuits

to keep you experimenting for
months. =

Designing An
Electronic

Testmeter

The second part of this article
sees the construction of an
accurite multi-voltmeter by
John Smith.
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A review of DTP package for
electronic engineers by Herbert
Ward.
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Calibrator

David Silvester describes the
construction of a calibrator to
operate with last months SSB
receiver.
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EPROM Eraser

Mike Bedford pays particular
attention to the construction of
atimed UV light source to wipe
old information from your
chips.
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A Digital
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Harbanse Deogan constructs a
compact RPMindicator for the
car dashboard.
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Loudspeaker Port

was very interested to read the

article for the construction of a
high quality loudspeaker by Mr
Mike Fox. [ agree that for someone
whoisableto do some woodwork
and soldering then constructing
your own hi-fi loudspeakers can
be rewarding and produce
excellent results.

The design described would
seem to be such a design.
However it does appear that
intending constructors willneed to
have some testingfacilities of their
own because Mr Fox does not give
details of the drive units he uses.
Drive units will more than pro-
bably have different character-
istics, particularly the resonant
frequency, and experimentation

will have to be carried out. I also
agree with Mr Fox’s statement that
the length ofthe porttube mustnot
be altered in his design. Apartfrom
the fact that he does not give a
length, making his statement a
little pointless, this dimension will
be different for differing drive
units.

[tseemsanonsenseto describe
a design that has obviously been
so well thought out and re-
searched for home construction
and leave out data so the pro-
verbial wheel has to beinvented all
over again.
A. Lillie,
Middlesbrough.

Mike Fox replies:

Regarding the type of drive
units employed in the K2 loud-
speaker kit (ETI Feb 91) and also
the lack of dimensionsforthe port
tube which is of course critical to
the design.

It was intended that the
potential constructor would have
to purchase the complete kit from
Kord Audio Products, these
details were not considered
necessary as allthe components,
less the woodwork are included in
the kit, also since the bass/mid
drive units had to be carefully
doped to produce the correct
characteristics, this cannot be
done by the home constructor.

Toproduceatruly professional

hi-filoudspeaker. requires a long
period of development and ex-
tended listening to produce a unit
worthy of use in a high quality
systemn. To ensure that end, it
makes sense to produce a kit
which ensures that all the
parameters are correct

Acoupleof errors creptinto the
article. Our telephone number
should be 0522 595261 not
585261. Thegrille frame in Figure
3lacks dimensions, they are from
top downwards 153, 102, 152
and a total height of 407mm. In
Figure 2, the back panel should
read 186 (185.9).

Mike Fox,
Kord Audio Products.

The Answer lies in the soil AN

would like to compliment you

on your February Energy
article. | refer especially to the
ideas regarding heat extraction
from hot waste water, being both
informative, practical and prob-
ably very cost effective. However,
I'd be very wary of releasing water
containing biological type sub-
stances into the garden soil. The
bacterial breakdown of manure
and humus in the soil is inhibited

by biological washing powders
that such waste water would
inevitably contain. [ believe the
cumulative effects of this regular
treatment of the soil could be
quite serious as proper soil
nourishment depends upon the
breakdown of organic nutrients.
To end, thanks again for the
article, when’s the next one?
Rohan Barnett,
Co. Cork, Eire.

Thank you for your comments. |
agree, persistent use of chemical
nasties running into the soil could
kill the organic nature of the
compost until such time that rain
could dilute and precipitate the
elements alien to organic growth.
So what do we do? Stop using the
chemical nasties and switch to
agro-friendly detergents or
maybe feed the liquid output
through a filter.

LCD Moduled

Some readers interested in
constructing the Remote
Control Timeswitch have said
they have experienced difficulty
in obtaining the LCD module
Type EA-D16015AR. They can
be sourced from STC Electronics.
Tel: 0279 626777 quoting part
no. 029662B or from Hawke
Components Ltd. Tel: 081 979
7799.

Kevin Browne,
Huddersfield.

New Chips for
old

understand constructors of the
Infra-switch and Infra-lock
(Nov/Dec 90) are having diffi-
culty in obtaining the ML924

chip. Itlooks as if Plessey have just
stopped making these (Murphys
Law) and they have now swit-
ched to a new chip series. The
nearest compatible is the MV601,
but is not pin compatible. I am
working on an alternative design
with some interesting variations in
the use of infrared coded signals.
Watch this space!

D Banham,

Romsey.

HDTV Praise

must congratulate you on the

most superb series of articles on
HDTV. Please pass on to James
Archer my appreciation of this
timely treatment — a subject that
is changing at a rapid pace both
technically and politically.

I do hope that in some future

edition you will be adressing the
‘hot’ subject of digital transmission
and data compression which is
being undertaken by companies
like General Instrument and
Tellestra. And that you will
describe in the same easy to
understand style of the rest of the
series some of the concepts and
algorithms particular to this new
type of television - namely digital.
Full marks again for such an
interesting and useful series.
Tony Salmon
TV Producer
Bristol

I'm glad you like the series. I'm
afraid I cannot reveal whats to
come but rest assured with a
subject so new andtopical, we will
aim to bring you everything there
is to know on the subject — Ed

My thoughts at the time of
writing that section was to prin-
cipally transfer the cool, less
polluted bath or shower water to
the garden. Perhaps two storage
tanks are required for each type
of water. The next instalment is
when [ can get the time — Ed.

Transformer 4

was interested to read the
articles by Simon Russell on

Repailing Oscilloscopes in
Dec 90/Jan 91.

Having started my electronic
hobby in the days of Octal valves,
I had no hesitation in buying an
old valve ’‘scope; a Solatron
CD1400. With a copy of the
manual, [ set about bringing it to
life, but to no avail. The mains
transformer had blown.

Please thank Mr Russell for his
article and I wonder if he or
anybody else knows the source of
transformer for this ‘scope.

D Lacey,
St Helens.

This sounds like a plea (I'm feeling
charitable) for a possible
replacemant. If you have any
suggestions telephone Mr Lacey
on 0744 53072 — Ed.
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51 N POPPY ROAD Callers by

AUTONA LTD | B i

= 2 : TEL: (084 44) 6326 FAX: (084 44) 7102
UK's leading module manufacturer since 1972 Add VAT +£1 50 on all orders, Exportadd 10% ot

MODULES AND EQUIPMENT

ruveuranotestes  |For Projects & Applications in: [comprenensve wstauctions

*AUDIO * SECURITY x INDUSTRIAL x DIGITAL VOLTMETERS

*x SECURITY *xx% *x AUDIO **
. MINIATURE PASSIVE INFRA-RED SENSOR-RP33 }§ AL 12580~125W POWER AMPLIFIER

Switchable Dual range, detects intruders up 1o 6 or 12 metres [l A rugged, high powered module that is ideal for
| This advanced sensor operates by detecting the body Jll use in discos & P.A. Systems where powers of up
heat of an intruder moving within the detection field. [l to 125W, 4 ohms are required. The heavy duty
Slow ambient changes such as radiators, etc. are il output transistors ensure stable and reliable
ignored. Easily installed in a room or hallway. Providing [l performance. Itis currently supplied to a large
reliable operation from a 12V supply, it is ideal for use [l number of equipment manufacturers where
oW with the CA 1382 or equivalent high quality control unit, [l reliability and performance are the main :
£19.95 . Supplied with full instructions. ll considerations. whilst for others its low price is the
- VAT Size 80x 60 x 40mm o - G discounts start at 3 units [§ major factor. Operating from a supply voltage of ~ 4

40-80V into loads from 4-16 ohms
B, DIGITAL ULTRASONIC DETECTOR-US 5063 N AL 5070-ULTRA LOW DISTORTION

at 50kHz with an effective range up to 20ft. Suitable for [l 5OW AMPLIFIER

oparation in household or vehicle security systems. 12V Provides sound reproduction of the highest quality with

opeiationlandbliyy timir)g [pakesytsHliaticlions distortion levels below 0.02%, this module offers
widehiangelofiapplications: superlative performance in all types of audio equipment
ADVANCED CONTROL UNIT_CA 1382 Full aver-load protection is incorporated ensuring
reliability of the highest arder. Supplied with its owr & of & 86 K-}
. heat sink, it opertes from a 40V-65V supply rail into VAT
Automnatic Loop Test & Switch On #* Automatic Siren [l |oads of 8-16 ohms.
Re-Set * Audible Entry/Exit Warning Buzzer * Two
Separate Loop Inputs +24-hr Circuits *
Easily Installed, Full Instructions Supplied.
This advanced control panel provides effective and
reliable control for all security installations, yet its
operation is sheer simplicity for all members of the
family, and is supplied with two keys. Housed in a steel

£44.95 : case with an attractive moulded front panel, it compares
with units costing twice the price

LOW-COST CONTROL UNIT-CA 1250

Thig tried and tested control unit provides the finest
value for money in control systems, with many
thousands protecting houses all over the country.
A suitable steel enclosure is available separately

The unit offers the following features: Built-in electronic

= Gnly siren, drives two loudspeakers incorporating exit&
£21.35 Gl delays * Anti-tamper and panic facility * Screw
VAT

AL 2550-COMPACT LOW-COST 25W AMPLIFIER

One of our most popular audio modules with tens of
thousands installed. |deal for domestic applications
where low distortion and compact size are

the prime requirements. Used with supply £6.55
rails of 20V-50V into loads of 8-15 ohms - VAT

AL 1030-RUGGED 10W AMPLIFIER

This low cost unit provides a powerful 10W output making it
ideai for ail medium power appiicaiions requiring qualit
reproduction with rugged performance. Repre-
senting excellent value for money it operates
from a supply of 18Y-30V into loads of 8-16 ohms.

MM 100-BUDGET 3-INPUT MIXER

With a host of features including 3 individual level controls, a master volume and
separate bass and treble control, it provides for inputs for microphone,

magnetic pick-up and tape, or second pick-up {selectable), and yet costs
considerably less than competitive units
This module is ideal for discos and public =& fir i 1+]
address units and operates from 45V-70V.

MG 100G

As MM 100 with two guitar +1 microphone
input intended lor guitar amplifier applications

50FT INFRA-RED BEAM-IR1470

£25.61
The IR1470 consists of a separate transmitter i
and receiver providing a beam of up to 50ft &
which, when interrupted, operates a relay in the receiver which

in turn may be used to control external equipment. The system
requires only 65mA from a 12V supply. Size: (each unit) 82 x 52 x 57mm

TIMER SWITCH & POWER SUPPLY-DP3570

The DP3570 consists of an adjustable timer switch and 12V
stabilised power supply designed to provide switching of loads
up to 4A at 240V A C. for a preset time between

10 secs and 6 mins, the timed period being initia-
ted by the normally open or normally closed inputs

GENERAL PURPOSE ULTRASONIC
MOVEMENT DETECTOR US4012

This module uses ultrasonic techniques to detect movement at
distances up to 5 metres with an operating range of 60°. Supply £11.72
voltage 10-14V (12mA), Size: 147 x 52.5 x 15mm. AT

STABILISED SUPPLY & SWITCHING UNIT-PS1265

The DVM 356 is a low-cost module offering The PS1265 provides stabilised 12V output for current levels up to 700mA. Addition-
3-digit performance with an FSD of +999mV and ally it incorporates a high

—99mV. 8§ i ith ' i i itchi
ﬁl%nt\,g:zer;erligi’:\lll{l()::vtvansr?eet £17.83 ATTRACTIVE DISCOUNTS :?;Fiiesdi;(:t:Iﬂ?\ll\jltafgéj(\)h\’;mhmg
o avete v AVAILABLE FOR QUANTITY USERS IRl

connector for ease of installation, elc. efc.

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

DIGITAL VOLTMETER MODULES
DVM 456 HIGH PERFORMANCE sersitviy 0.2 1999

Accuracy Within 0.1 1 digit
3', DIGIT PANEL METER Input Impedance  100M ohm
E Supply Voltage av-12v
Dimensions 955x55x 1Tmm

This exciting new module provides a
large, bright digital read-out with an
accuracy within 0.1%. Itincorporates a
built-in regulator which allows it to be
used from an unregulated supply of
between BV-12V. Full over-load
protection is included and the unit is
supplied with a mounting bezel and
filter, together with full application
instructions showing how to extend its
range and measure resistance, current
and temperature.

DVM 356 VERSATILE DT10 TEMPERATURE MEASUREMENT MODULE
A simple, thy h effecti dule which wh
3'DIGIT PANEL METER co:;rl?ﬁc?ed S:Jogvidee:; Ili\lneeraﬁootlxit:ufoll%()rv;v?%
over the lemperalure range — 10 lo +100°C
£3.95 + VAT

PS209 DUAL POWER SUPPLY
Fully buill mains power supply providing two 9V
outputs of up to 250mA each. Suilable for use wilh
either DVM modules and other equipment.

£6.65 + VAT
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OPEN CHANNEL

Death Knoll

Last year’s merger between Sky TV and British
Satellite Broadcasting leaves a big problem
somewhere upin the stars, to which thereisno obvious
solution. However, I am about to suggest an answer
which could suit all parties.

British Satellite Broadcasting (BSB), for all its
faults, had an advancedtelevision transmission system
which looked set to become the system of the future.
What's more, Britain had the system last year, daring
to tread where others dare not. For one reason or
another BSB chose to develop andmarket a unique
system known as DMAC. This was, and stillis, inits bog-
standard form capable of higher-quality audio/visual
transmission which could improve the standard living-
room pictures and sounds we've all had to suffer since
the present 625-line terrestrial television system was
developed. By transmitting luminance and
chrominance video signals separately, coupling them
with digital stereo audio transmission, an immediate
improvement in picture and sound quality was
available to those users with a BSB satellite dish and
receiver, together with a suitable television. (A
television set with RGB inputs via a scart connector,
and stereo sound circuits was all that was needed to
realise the improvements DMAC offered.)

Technically, picture quality isimproved with such
an arrangement simply because luminance (bright-
ness) and chrominance {(colour) signals which your
television setneedsto produceits picture are separate.
In conventionalterrestrial systems such as PAL they are
transmitted side-by-side, almost separately but
overlapping to some small extent. Thus, it becomes
impossible for the television set to distinguish between
high frequency luminance signals and low frequency
chrominance signals. Result is spurious colour
patterning on areas of fine detail — such asfine checks
on clothing materials and so on. Transmitting these
signals totally separately using one of the MAC systems
overcomes this problem allowing much higher picture
quality. (MAC s an acronym for multiplexed analogue
components, which succincily describes how the two
analogue signals are kept separate, by multiplexing,
while being transmitted.) Digital audio transmission
means much improved sound — in stereo, too —
although development of NICAM digital stereo sound
accompanying terrestrial television transmissions has
negated this benefit to a small extent.

Allthis aside, the biggest benefit of usinga MAC-
based television system isits potential for the future. So
much has been argued about MAC’s potential,
especially in this column, that it hardly seems necessary
to point out high-definition television (HDTV) systems
can result: with 1250-line pictures, on a wide-screen
(16:9) basis. Use of a MAC-based system rather than,
say, the Japanese HDTV system maintains current
compatibility with existing television sets, while giving
allthe future HDTV benefits — and keeps the system
in European hands. What more could we want?

Itappears BSB's choice (persuaded by a forceful
IBA,) of DMAC, rather than D2MAC, together with an
insistence that BSB-licensed equipment (dishes,
receivers, LNBsand decoders) mustbe used toreceive
BSBsignals fromits satellite, became BSB’s downfall.

In retrospect there are other reasons for BSB’s
demise. Its late entry on to the satellite recejver
marketplace (more than a year after Sky TVs launch
on the Astra satellite) is one.

Another is BSB's own marketing {or rather, lack
of marketing). Ifsbenefits were never properly extolled
and, coupled with this, there seemed to be almost a
conspiracy of silence to prevent people finding out! As
a journalist [ found it extremely hard to get relevant,
meaningful, information out of BSB — what chance
had Joe Public? Sky benefitted once again

Disappearingrapidly up its own back end. BSB's
DMAC now looks as though it will be defunct within
months. European satellites using the DZMAC systemn
(aclose derivative ofthe MAC format), are buildingup
forces in a colocated position in the satellite belt (19°
west of south). These willensure the future of D2MAC,
and theresultant HDTV format, in a way promoters of
DMAC could only have dreamed of.

Pigin a Poke

Meanwhile, the two Marcopolo satellites franchised to
BSBhangoutat31° west. A complete satellite control
centreisbased at Chilworth, too. Rumours are, they are
all extremely cheap to rent. Any takers?

Pigs Might Fly

It willbe interesting to see whatis to happen when the
new Astra satellite is launched and becomes
operational (atthe beginningof April). Tests should, in
fact, be under way as you read this. Astra 1B (asis the
original Astra 1A) satellite is perfectly capable of
transmitting signals to whatever system standard is
required. Indeed, two channels on Astra 1A have
always been transmitted in D2MAC. Its notimpossible,
therefore, that certain channels may use DMAC and
BSB receivers may not be totally defunct, yet. By
coupling two or three transponders on the satellite, a
transmission power not dissimilar to BSB’s marcopolo
satellite transponders could be approximated. Those
unfortunate souls who thought BSB was the nextbest
thing to sliced bread, then need only reposition their
dishes towards the Astra satellite colocation angle to
enjoy superior quality pictures again.

Unless this scenario takes places, the whole BSB
drama from initial concept, through development,
manufacture and eccentric marketing, must be seen
simply as aglorious bubble which has finally burst. That
would be a great pity. Like many other British ideas (the
hovercraft, the jet engine, the bouncing bomb, the
computer, pogo sticks, crisps and so on) DMAC seems
likely to highlight our brilliance in conceptual matters
and dismalfailure in the hard business matters of getting
those ideas off the drawing board

They've Flown

The IBAisno more, and if the Government had
seen them off a year or so ago, BSE might not have
been forced down the DMAC route; stead have
been able to develop itsreceivers ooperation
with European D2MAC receive ersayear
earlier; might have sold millio i might
now be the only choice for British sazellitz television. It's
afunny old world, isn't it?
Keith Brindley
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NEWS

itachi has developed

technology that makes it
possible to detach individual
atoms from the surface of a solid.
In one experiment, Hitachis
researchers formed characters of
record-breaking smallness on a
crystal by selectively removing
atoms from its surface. The
method can be conducted atroom
temperature — something not
possible with other techniques
developed up to now.

The technology was developed
using scanning-tunnelling micro-
scope (STM) techniques to ‘see’
the atomic-scale surface.
Observation of the formed
patternswith an STM showedthat
the individual atoms had been
excised with high precision.

This ability to detach specific
atoms can be expected to be highly
useful in atomic manipulation, a
field that has recently been
attracting wide attention for its
potential to enable the fabrication
of atomic-scale devices and
memories.

Observation of atomic-scale
topography with an STM involves
bringing a metal probe near the
surface of the specimen and then
scanning the specimen surface
while applying a prescribed
voltage between the probe and the
specimen. During scanning, the

USING ATOMS TO WRITE WORLD'S

TINIEST MESSAGE

distance between the probe and
the specimen surface is main-
tained at about 10 Angstroms (10
hundred-millionths of a centi-
metre). For conducting their
experiments, Hitachi scientists
fabricated a processing device
based on the principle of the STM.

Two techniques were par-
ticularly crucial to the success in
removing individual atoms —
variation of the applied voltage at
the site of the atoms to be detached
and use of a probe tip the size of a

single atom. During scanning for
observation, the tip of the probe
was kept atthe usual 0 Angstroms
fromthe specimen surface. Then
when it had come directly over an
atomtobe detached it wasbrought
to within 3 Angstroms of the
surface and an electrical pulse of a
higher voltage than that used for
observation was applied.

The experiments were con-
ducted using a molybdenum
disulphide (M052) specimen and
a tungsten probe. By applying

voltage pulses between the probe
and specimen, sulphur atoms
could be detached from the
specimen surface one by one with
high precision.

Althoughfurther studies willbe
necessary to work out the atom
detachment mechanism, Hitachi
researchers believe that the atoms
are removed by field evaporation,
aphenomenon in which atomsfly
into the surrounding space when
the interatomic binding energy is
overcome by a strong electric field.

The mainstream of progress in
the semiconductor field has been
towards the realisation of finer and
finer devicefeatures. ltisgenerally
accepted that further advancesin
this direction will eventually
become possible through atomic
manipulation — the ability to work
freely with individual atoms. Once
technology for manipulating
atoms one by one hasbeen estab-
lished, the realisation of atomic-
scale devices and memories will
no longer be merely a dream.

By making it possible to excise
individual atoms with high pre-
cision, the new technology is
expected to serve as an extremely
effective tool in the implementa-
tion of atomic manipulation.
Through further research based
on this technology, Hitachi willbe
working to develop technologies
for selective insertion of specific
atoms, in this way accelerating
R&Din thefield of atomic devices
and memories.

SELF CHARGED SECURITY

or those who have ever been

worried about leaving a
caravan, lock-up, garage or boat
unattended, then a new product
by Multiple Connections Ltd,
specialists in solar powered
security products, will be
appreciated.

The Vanguard Solaire
Security System has a minia-

urised passive infra-red detector
(PIR) to sense unauthorised
movement, which is kept fully
charged all year round by a highly
efficient solar panel. The alarm is
therefore suited to unattended
caravans, boats and sheds which
have no power source.
Removing the key, the alarm
systemn has a full 60 second exit

delay and an 8 second re-entry
delay. Its full microprocessor
control guarantees virtually no
false triggers.

The alarm system comes
complete with an internal 150 X
150mm solar panel, an 85 dBA
siren and external weatherroofed
90dBA siren, and a compact
single unit housing the integral

PIR sensors and rechargeable
battery. The solar panel can be
fixed to an inside window with a
strip of velcro.

The Vanguard Solaire is
priced at £99.95 including VAT.

Further information contact:
Multiple Connections Ltd on
(0458) 210743.

elicate electromechanical

disc drives can be ruined by
hostile environments and re-
placing disc drives with a totally
electronic disc file system reduces
susceptibility to damage or con-
tamination. Compared with a
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floppy disc, the Star Card system
from I?T Cannon, Santa Ana,
California, is 1,000 times faster.
The card is an internal memory
device composed of bare poly-
amide flat-flex circuit with surface-
mount components and a PVC

REDUCING DAMAGE TO DISC DRIVES

frame.

This disc file system consists of
a control board, adapter box,
cable, and software, and offers up
to 8Mbytes of memory on 8
cards. Supplied software emu-
lates either a hard or floppy disc

and allows an XT/AT or compat-
ible user to access data. The
software works with DOS ver-
sions 2.0 and higher. The disc file
system fits inside a half-height
5.25-in floppy disc drive.




ow available from The
Instrument Centre is a digital
multitester with a single recessed
rotary switch and colour coded
frontpanel. DM 310 comescom-
plete and ready for use with a
battery, test leads, operating
instructions and a sturdy carrying
casethatcan be used asatiltstand
and enhance the extra wide view-
ing angle liquid crystal display.
The 0.5 inch high 3.5 digit
display provides the usual infor-
mation. Alternating and direct
currentareto 10Ain 7 ranges with

0 to 20uA as the lowest.
Resistance isto 20M together with
an audible continuity buzzer for
circuits of less than 30R. A
separate socket is used to indicate
automatically the gain of both
PNP and NPN transistors. Other
featuresinclude Diode Test, Data
Hold, aninputimpedance greater
than 10M on all voltage ranges
and abasic DC voltage accuracy of
0.5% ofreading. Further informa-
tion contact TIC, Tel: 0633
280566.

- WORLD DEMAND FOR
ELECTRONICS TO

_ INCREASE BY TWO THIRDS
BY 1995

WOrld demand for electronics
equipment is expected to
increase by over 66% between
1990 and 1995, reaching
$1000bn and making the elec-
tronics industry the largest single
branch of industry in many coun-
tries in the 1990s, according to a
new Special Report published by
the Economist intelligence unit.
Theindustry is considered to be of
great strategic importance as
microchips, sensors, lasers and
other components are at the heart

10

of computers, telecommunica-
tions, consumer electronics and
automated factory production
equipment. The computer sector
is expected to continue to
dominate the market throughout
the 1990s.

In the 1980s the industry was
transformed by major advancesin
semiconductor technology, fur-
ther improvements in production
processes and a growing reliance
on the semi-skilled low cost labour
of East Asia. [tis already the largest

single industry in Japan, South
Koreaand Taiwan where govern-
ment policy fostered its develop-
ment in the 1980s. In these
countries it is likely to contribute

' 7% of GDP by the year 2000 com-

pared to 5% in West Germany
and 3% in the USA.

Japan’s increasing dominance
of the world marketistraced back
to strategic government support
from the 1960s onwards. This was
based on aclear vision of evolving
electronics technology and a co-
herent policyto focus on key areas
such as optoelectronics and
microchips and bringing products
to the market much fasterthanthe
US or European industries. By
1988, theresult of this strategy led
to an $80billion surplus in
electronics equipment and
components with the rest of the
world.

The electronics industry in the
USA remains the largest in the
world with substantial exports of
computers, peripheral equipment
and components. However, it
faces the 1990s with a heavy
reliance on imports of consumer
electronics and is no longer in
control of the semiconductor
device production equipment
industry that US companies first
invented.

In western Europe, the elec-
tronics industry’s strength lies in
telecommunications, industrial
and medical equipment. Govern-
ment support for research and
development was varied, but
generally lacked the coherence
and focus of the Japanese pro-
gramme, being particularly weak
in semiconductor component
technology, and slow to switch to
digital technology.

This gap in Europe’s industrial
base will be filled in the early 1990s
asaresult of areorientation of the
strategy of the few remaining
European owned diversified
electronics companies and plans
by Japanese and American
companiesto manufacture locally
forthe largest single marketinthe
world,

The report examines the cor-
porate strategy of 30 major inter-
national companies and identifies

12 major trends affecting the
industry’s development during the
1990s, these are:

Computers and peripherals will
continue to account for one third
of the industry’s output, increasing
in power and speed while decreas-
ing in size and cost;

Demand for software and
systems engineering skills will
grow rapidly causing a skills
shortage;

Demand for telecommunica-
tions equipment will grow steadily.
Movbile telephones and other new
technologies may threaten the
viability of existing networks in
some countries;

World markets for semicon-
ductors willincrease fourfold in the
1990s, the key growth areas willbe
memory chips and ASICs (custo-
mised chips);

The industry preoccupation
with miniaturisation of electronic
components will continue;

High Definition TV (HDTV) will
arrive by 1995 but with three
different transmission standards;

Optoelectronics will receive
much more attention and bring
some major advances in tech-
nology;

Government support for R&D
will move from defence to non-
military uses or dual-purpose
projects;

Governments will become
more sensitive to foreign
acquisition of high-technology
companies;

The use of electronic com-
ponents in automobiles will grow
rapidly, doubling by 1995;

The international and co-
operative nature of the industry
will be developed by more
strategic alliances between
companies;

Growing overseas production
by Japanese companies will
reduce Japan’strade surplus with
the USA and Western Europe.

The report concludes that,
despite are-orientation of strategy
in Europe and the USA, Japan will
continue to produce more than
half the world’s output of con-
sumer electronics and increase its
share in computer and industrial
electronics.

lectronize now offer a Micro-

pressure trigger module
which can be added to any car
alarm system using the volt drop
triggering method. This small
device provides an easy way to
upgrade any existing volt drop
type alarm to the standard of their
system. Itcan also befitted with the

_CARALARM UPGRADE

company’s volt drop alarm in
order to combine the benefits of
both systems.

The micro-pressure system
sensesthe changesin air pressure
inside the car. As a door catch is
released air is drawn out, causing
aminute drop in pressure whichis
detected by the trigger module. All
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doors and the tailgate can be pro-
tected without the need for addi-
tional sensors or switches. The
trigger module has a sensitivity
adjustment and can be set to
operate even with a window partly
open. An LED indicator is in-
cluded to make sensitivity
adjustment easy. Therisk of false
alarms is minimised by an elec-
tronic filter making the device
immune to loud noises and sensi-
tive to the very low frequencies
produced by door opening.

The trigger module requires no
direct connection to the existing
volt drop alarm, that normally
detects loads on the electrical
system such as the courtesy light.
The trigger module simulates such
a load, requiring just two supply
wires.

The trigger module costs
£14.90 including postage and
VAT. Also available for the
electronics enthusiast is a build it
yourself parts kit at £10.85

e

—————

With hobby electronics
continuing to grow at a fast
pace, Maplin Electronics hasintro-
duced avideo starter kit to unravel
the mysteries of electronics.

The kit is a complete educa-
tional ‘Build-ItYourself kit with full
step-by-step video instructions
and is designed to assist the
inexperienced hobbyist, and
school pupil to construct a work-
ing loudspeaker radio receiver.

The video gives information on
component identification, circuit
board construction, solderingand
testing.

The price is £11.95. (inclvat).

e

Also available from Maplin is a
starter tool kit for the home
hobbyist and school pupil. The kit
includes: A snip cutter, a pair of
long-nose pliers, a light-duty flat
blade 75mm long screwdriver, a
crosspoint screwdriver, a de-
soldering tool and a soldering kit
containing a CS Iron, stand and
pack of solder. Price £19.95
(including VAT)

Apology

Maplin Electronics are still
awaiting delivery of the plier set
featured in ETI News last month.
They apologise for the delay.

K electronics engineers are at
asignificant disadvantagein
terms of education, training and
job opportunities, compared to
their counterparts in Germany
and France. They also tend to be
less highiy rated than their
continental colleages.
These are the findings from a
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UK INDUSTRY LACKS
TRAINING

survey of 135 electronic engineers
in the UK, France and Germany.
The survey was conducted at
Nepcon Europe, an electronics
exhibition held at the NEC,
Birmingham.

The findings confirm that the
UK may lose the skills which
would help itcompete on an inter-

national scale, asits engineerstake
advantage of better training,
increased job opportunities and
enhanced social status in a more
mobile labour market post 1992.

Germany leads the field in
education and training, followed
by France. The survey showed, for
instance, that German and French
engineers are more likely to have
a first degree or equivalent than
their British counterparts. Onein

five ofthose questioned in France

. and Germany reported that over

50% of their senior staff had a
degree, compared to only one in
ten in the UK.

Only German companies are
heavily geared to providingformal
apprenticeships, (78%), while the
French and UK tend to stick to ‘on
the job' training, (91%) and (67 %)
respectively. However, both the
French and UK respondents were
more likely to involve staff in
external courses on company time
than the German respondents.

Only 10% ofthose questioned
gave no training whatsoever but,
disappointingly, over half of these
were British. In addition, only
13% of all respondents were
aware of the availability of any
government or trade, training
incentives or grants for foreign
graduates. The highest awareness
was among French companies,
which generally quoted the tax
deferrentscheme whereby 1% of
taxes due could be spent on

training instead.

When asked about the main
problems faced in moving to work
abroad, by far the most common
answer was the language barrier.
This was considered particularly
disruptive for the family of the
employee. Differences in the
working environment, such as
holiday entitlement, ‘adapting to
the local mentality’ and ‘integrat-
ing into society’ were also fre-
quently mentioned as barriers to
mobility.

Despite the problems, however,
a resounding 74% of the those
questioned recognised thatthere
will be greater job mobility in the
Single European Market. Onlyin
the UK did engineers feel that
there would be a net loss of
qualified staff. In Germany there
was a strong feeling that there
would be an influx of engineers
from the UK, France, southern
and eastern Europe, whilst the
French were indifferent on this
issue.

The popularity of Germany as
a place to live and work was
endorsed by 75% of the UK and
French engineers because of the
perceived quality of its engineers,
its strong emphasis on trainingand
its commitment to research and
development. The social standing
and status afforded to engineersin
Germany was also feltto be higher
than in the UK or France.

FIRST NICKEL-METAL

HYDRIDE Cs CELL

introduced the world’s first
NickelMetal Hydride Cscell.

By the end of this year the com-
pany will offer a family of Nickel-
Metal Hydride cellsin key sizes for
the portable computer and port-
able communications markets.

The Gates Nickel-Metal
Hydride Cscellprovides 2.3 Ah of
capacity and by the end of this year
the company will also have a
Nickel-Metal Hydride AA 1100
mAh cellanda7/5Af2.3 Ahcell
in limited production.

Nickel-Metal Hydride has been
heralded as the rechargeable
technology of the future for it
provides twice the run-time of
standard Nickel-Cadmium batt-
eries of the same size and allows
designers to create smaller and
lighter portable products The
alternative is to provide signi-
ficantly longer runtime without
increasing the size and weight of
the existing battery pack.

Gates Energy Products has

The cell sizes were chosen for
their use in the high-growth areas,
such as cell phones and laptop
and notebook computers as
market research has found that
consumers want productsthat are
smaller and lighter. Consumers
also express a desire for longer
run-times between charges.

Samples are being provided to
the leading portable computer
and communications companies.
Initially, Nickel-Metal Hydride
batteries will cost about twice as
much as Nickel-Cadmium batt-
eries of equivalent amp-hour
capacity butin time the prices will
become competitive with Nickel-
Cadmium types.

Gates are said to be the firstand
onlyfull-scale producer of Nickel-
Metalin America andintend to be
one of the first suppliersinthe UK
and Europe. Their current Ultra-
max line is said to offer the highest
capacities available in Nickel-
Cadmium today.

11



itachi has successfully pro-
duced a 1-chip digital
camera using LSl technology.

Inthe pastit has been difficult to
produce such a small-scale
camera with a digital signal output
because of problems relating to
cost and power consumption.
Hitachi has now made the camera
cicuitry digitaland as aresult, can
be realised on one chip.

The company hopes this new
technology willmake the camera-
recorder even smaller and
improve the picture quality.

The company has demon-
strated the latestin video cassette
recorder technology. The proto-
type laptop VCR has a 10inch
colour LCD display-monitor with
a high resolution of 920k pixels
and willrecord and replay S-VHS
tapes. Intheracetoproduce high
quality colour flat display systems,
the Hitachi screen willreproduce
400lines on screen. The proto-
type uses the NTSC television
system but no doubt will be
reproduced in other TV standards
asitgoesinto production. Initially,

LATEST HITACHI
DEVELOPMENTS

itsintended use will be for business
presentations.

Still on the audio/video front
Hitachi can claim to be up front
with their proto-type portable CD
player thatgives a combination of
audio, video and data. Using the
latest compression techniques,
there seems to be no end to the
amountofinformation thatcan be
accommodated on a compact
disc. With a 5inch colour screen
and a 16bit micro-processor, the
machine could offer up to
16hours of audio with varying
degrees of bandwidth, 2000
pages of full colour picture
information or 600MB of pure
data. The player/viewer has two
basic functions, the first is still
picture presentation with a
synchronised sound streamrather
like a slide presentation or
secondly an audio-visual card
type data base retrieval system
using cursor keys and a graphic
menu.

Hitachiintend that this product
would be highly suitable for
business, education and
entertainment.

MEASURING FLUX NOISE

A new instrument for
measuring a phenomenon
as “flux noise” in high-

temperature superconductors in-
corporates a superconducting
quantum interference device, or
Squid. This is an electronic device
that uses a quantum mechanical
phenomenon known as the
Josephson effect to convert
magnetic flux to voltage.

The new flux noise instru-
ment, called a McDLT incorpor-
ates a low-T. super-conductor
(warm on the other), separated
by a 100-um gap.

A super-conducting com-
pound emits a magnetic flux
(known as the Meissner effect)
when cooled below its transition
temperature. Flux noise is a
random disturbance caused by
the motion of magnetic flux in a
sample. It is related to the
magnetic properties of materials.
Detecting and measuring flux
noise reveals details of a materials
micro-structure that may be
crucial to our understanding of
high-temperature super-con-
ductivity.

In the McDLT, the Squid sits
on a sapphire substrate that is

cooled by liquid helium to a
temperature of 4°K. Across the
gap, the sample of high-T,
material is kept at temperatures as
high as 125°K. To minimise heat
transfer from one side to the
other, the entire apparatus is kept
in a vacuum which limits heat
transfer to radiation. Because the
sample and Squid are so close to
each other, they remain
magnetically coupled, allowing
flux noise from the sample to be
recorded and measured in the
Squid.

Developers of the McDLT
probe, a joint research team from
Lawrence Berkeley Laboratory
and Stanford University, hope it
will lead to a lightweight,
nitrogen-cooled Squid instru-
ment that can be carried into the
field.

Applications of a practical
Squid instrument include
measuring tiny changes in
magnetic fields that presage
earthquakes, helping geologists
pinpoint where to look for
minerals or oil, and finding a
material’s critical current which is
the amount of electrical current it
can carry without losing its
super-conductivity.
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An innovative IC is claimed to
improve the performance of
conventional DC-restoration
techniques, many of which intro-
duce their own distortion, and cut
PC-board space. Called the
EL2090, it holds a video ampli-
fier and a sample-and-hold
amplifier. The chip is expected to
help designers of electronic cir-
cuits for recording and broadcast-
studio equipment.

DC restoration of video signals
in these studios is mandatory. A
typical signalis routed through as
many as two dozen separate
amplifiers and/or gain-control
blocks before reaching its final
destination: magnetic tape or the
airwaves. Each point along that
route represents a potential
source of distortion. With so
many of these sources in series,
the output signal at each point
must be exceptionally clean.
Gain-control circuits, in particular,
can be distortional. Therefore,
extreme measures must be taken

Sample and hold amp helps
broadcasting equipment

Videoinpui &

Feedback resistor
___________________ .
Current-feedback 1
Wamp 1
: o- o Video output
/ |
|
Sample-and-hold amplifier : }
1 i
|
Bipolar switch + l ©
0§ |
| 1 DT .
=
Operational | Black(-'::;eéﬁs;ence
transconductance |
amplifier |
___________ =]
EL2090

to optimize their performance.
The Elantec chip is built on a
complementary bipolar dielect-
rically isolated process. Its video
amplifier employs a current-feed-
back architecture and offers a 3dB
bandwidth of 100MHz. Once per
video line, during the back porch),
or black period of the signal, the
sample and hold amplifier com-

pares the video amplifier's output
level against a DC clamp (black-

level) reference applied to the

minus input which then stores the
correction voltage that offsets the
‘back porch’ to the clamp level on

the Hold capacitor. It restores a

1.4V output offset to zero in
under 10us.
The chip is basically an auto-

zeroed, video bandwidth DC
amplifier. It can be used for that
purpose in various applications
and this is said to be the first time
auto-zero techniques have been
applied to a video or current-
feedback amplifier.

Manufacturer of the EL2090
is Alantec Inc., of Milpitas,
California.

Improving
X-ray
pictures

x—ray pictures are normally
produced on a film placed

close to the object so that the
‘shadow’ from a point radiation
source produces an image with-

out the need for focussing. A
drawback of this arrangement is
that secondary radiation scattered
from the object clouds the film
and reduces clarity.

An improved method places
the object close to the radiation
source with an imaging detector
placed some distance away. With
this arrangement only minimal

scattered radiation reaches the
detector, making the image
sharper.

Because it is close to the object,
the radiation source cannot be a
point source. Instead, it is a raster
scan that illuminates the whole
object. A low-sensitivity imaging
medium is replaced by a point
electronic detector synchronized

with the raster scan radiation to
produce a digitized image not
degrated by radiation scatter.

When beta testing is
completed, Digiray Corp., San
Ramon, California, plans to sell
Neoscan systems.

Coating
printed
circuit
boards

waterproof or conformal
coating is sometimes applied

to printed circuit boards to reduce
problems from moisture or
humidity. When this coating is
sprayed on, parts of the board
that must remain uncoated have
to be masked. A flat-pattern
nozzle has now been developed
that applies a coating without an
atomized spray. This all but
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eliminates overspray so that
masking is no longer necessary.

Called the Select Coat film
coating process it uses a cross-cut
nozzle with an orifice that pro-
vides airless coating. The
designer reduced the dispensing
pressure and altered the nozzle-
to-board angle to eliminate
splashing and thickness varia-
tions. Combining the nozzle with
robotic equipment automates the
coatind process. The workeell
model coversa 14.5 x 14 5inch
area at 20 ips with a Z-axis travel
of 3.5inches.

Nordson Corp.,
Ohio.

Ambherst,

Old way

B
B

O

Atomized
spray

27 ,00g"

New way

E
Leaf-shaped
film
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J Asbery shows why
tones mix differently
electrically and
acoustically.

Mixing Signals

any people find modern electronic
organs musically unsatisfactory. This
is because the tones for all the notes
and all the steps come from one
single master oscillator. This usually
runs at about 4 or ZMHz. An IC called a top octave
generator simply divides the frequency to produce the
tones for the top octave and highest register. Other
ICs divide the frequency successively by two to
provide the tones for the lower notes and registers.

When two stops are drawn and one note is
pressed, the two signals are locked in phase as they
come from the same source. Instead of sounding like
two stops it sounds like one stop part way between
the two. When two notes an octave apart are pressed,
for the same reason it does not sound like two notes
but rather like a different stop. The paired note
frequency which are 19 semitones apart has an exact
ratio of three to one and is phase locked, so that even
when they are pressed it does not sound like two notes
but like a different stop, one stop and one note.

In a good classical electronic organ there is a
separate oscillator for every note and banks of
generators for the different stops. When you draw two
stops or press two notes it sounds like two stops
and/or two notes. These organs are called free phase.

One problem with free phase organs is the
mixing of the tones before passing to an amplifier and
speaker. If two stops are drawn and one note pressed
there will be a slight difference in frequency between
the two oscillators. They will slowly change in phase
and the sound will slowly decrease to the difference
between the two. It will then increase to the sum of
the two — a useless situation. The solution is to use
two separate amplifiers and speakers. These are called
channels. The resulting sound level then remains
almost constant.

When only one stop is drawn and two notes an
octave or 19 semitones apart are pressed the same
slow beating effect of the fundamental upper note and
the harmonic of the lower note occurs. Some free
phase electronic organs have several hundred
channels. One in Philadelphia is reported to use over
900. In the home organ it is not practical to have more
than about four channels, and in the past one simply
tolerated the beating between harmonies, the separate
channels necessarily being used for different stops.

The reason why signals will not mix electrically

is well known but the reasons why they will mix
accoustically does not appear to be known amongst
home builders nor even surprisingly amongst the
organ building profession. The reason is that voltage
and current are scaler quantities. that is they have
magnitude and polarity only, and add or subtract
arithmetically. Acoustic sound is a vector quantity, it
has direction as well as magnitude. A vector can be
considered as having three components mutually at
right angles, in this case for example vertically,
horizontaly along the room and across the room. The
three components add or subtract the different sounds
separately. The division between the three
components statistically will be different for different
sounds. One component will have a large contribution
from one sound and only a little contribution from the
other. There will be little cancelling or reinforcing to
reduce the variation in sound level. In some cases one
sound component will be of opposite phase to the
other. When one component has maximum
cancellation, the other will have maximum
reinforcement and the total variation of sound level
is further reduced.

Now that we understand the mechanics of
accoustic mixing we can take advantage of this
knowledge. We can simulate accoustic mixing by
three channels each having a direct and a phase
reversing input. In the case of home organs instead
of feeding the whole of the keyboard on one stop into
one channel and from another stop wholly into
another channel, we can divide the keyboard into four
semitone sections and feed different proportions into
the three channels in some cases using one of the
phase reversing inputs. In the case of very large organs
we can replace many lower powered channels by
considerably less higher powered channels using the
above technique.

When choosing mixing resistors it is easier to
work in conductance values. This is the reciprocal of
resistance, and the unit is the mho. As power is
proportional to the square of volts or current, the
square root of the sum of the squares in mhos of the
three resistors is the total ‘sound’. For example to
replace a 10k resistor to one channel = 100
micromhos with two equal resistors to two channels
each should be

70 micromhos = 14k (\/7—027+7(§)

—
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Active Direct

Injection Boxes

_____________________ =
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Fig.1 Circuit diagram of Active Injection Box

LAI04d

he active DI box does away with the need

to use a transformer. Of course you can

use a transformer if isolation is required,

but an op-amp will give good common

mode rejection at lower cost. In order to
get the DI box to produce balanced outputs, there are
many ways to do this. Some circuits even compensate
for the loss in signal strength when one of the outputs
is shorted to ground. For most applications, a simple
buffered anti-phase pair will suffice. If we use a dual
op-amp package, this will save space and reduce
costs, The signal is fed into the non-inverting input of
the first op-amp via a DC blocking capacitor. Each op-
amp works as a unity gain buffer, with the second half
working 180 degrees out of phase with the first. Each
half of the dual op-amp IC drives one of the balanced
outputs via a 300R load resistor to provide a 600R
source impedance. This circuit has the advantage that
it provides a small amount of gain. The main dis-
advantage is that it will distort the signal as the battery
runs low. One big advantage is that the circuit can have
a very high input impedance, preventing loading of
the music signal. In addition, the circuit is relatively
immune to magnetic interference.

Phantom Power DI Box

If buying batteries bores you, a phantom DI box is the
answer. Just plug in and forget! Many audio mixers
provide a 48V phantom power supply from the
microphone inputs. Although this voltage is far too
high for many small signal circuits, a three leg regulator
can be used here to good effect. The LM317L can
provide very good regulation when used properly. It
is convenient that it already runs from a DC source.
The LM 317L regulator has the job of reducing 48V
to a more acceptable voltage for op-amp circuits, say
24V {which you can adjust according to preference)
but bear in mind that the maximum voltage across the
supply rails of most op-amps is 34V. The phantom
power DI box works on the same principles as the
battery DI box, with more thorough DC blocking on
the balanced outputs and higher rated capacitors all
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round. Use the 48V supply carefully, or you might
damage your mixer. Most of you are going to wonder
why we dont recommend a 78 series regulator. Well,
we are reducing 48V to 24, and that is too high a
voltage differential for the 78 series. You have been
warned! [t is not easy to provide an effective ground
lift because the DI box obtains its power via its output
socket. As hum loops may occur, a switch is inserted
at the input end of the ground line.

+ 9V sty

T

= D)

OV -—t—t

e

BALANCED
o OUTPUT
3
o

Fig.2 Component overlay for ADIB
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A company view on
protecting sensitive
electronic components
by Magnus Cooke.

Static Sensitive
Devices

s modern electronic devices become
smaller and more sophisticated, many
become more sensitive to electrostatic
charges and fields. A sensitive device
when exposed to an electrostatic event
may be immediately rendered nonfunctional or latent
damage may occur which is not apparent on testing,
and affects the lifetime and reliability of the device. The
electrostatic voltage sensitivity levels are well defined
for the majority of commonly available devices and
can be as low as 20V for the most sensitive types.

Electrostatic charges are generated and
discharged all around us and can give amusing and
harmless phenomena such as the crackling of a nylon
shirt when itis taken off. However, a direct discharge
of this magnitude, to a sensitive device can easily
degrade it, and even being in a transient electrostatic
field can degrade some devices. Most materials tend
to generate charge when rubbed or pulled apart, and
people generally are the major generators in the
vicinity of sensitive devices. Walking on a nylon carpet
can charge a person up to 30kV, or moving about on
a chair, 10kV.

So when sensitive devices are handled openly,
special precautions should be taken to minimize the
risks of electrostatic damage. It is common practice
in the electronics industry to observe certain
fundamental precautions which could be considered
as being the minimum requirements. The first element
of a statie protected work area is the working surface
on which the devices are laid or handled. It should
have certain electrical properties which allow them to
be held at a certain potential, namely earth. In practice
the working surface materials have a finite con-
ductivity which enables any charges placed on the

surface to flow to earth. The working surfaces are
commonly supplied as mats and are connected to
earth via a cord. Connection to the mat is usually
made by press studs, which enable the cord to be
removed if necessary. The earth connection can be
made to a water pipe or similar, but it is recommended
to use the 13A ring main power supply earth, and
convenient plugs are available to do this.

The next element of the protected area is the
person who must work within its boundaries. The
operator must be held at the same electrical potential
as the working surface, so he or she is also connected
to earth. This connection is achieved by a conductive
wrist band and coiled cord, which is connected to
earth. The wrist bands are normally elasticated and
give a snug fit around the wrist, providing good
electrical contact with the skin. The cords are coiled
to allow them to extend with the movements of the
operator. The cord must contain a IMQ current
limiting resistor for safety reasons. With the working
surface and the operator connected to earth they are
both held at this potential, and any charge generated
or introduced to these elements will be discharged
safely. Hence sensitive devices can be handled openly
within the boundaries of this area.

If the sensitive devices must move from this area
into uncontrolled conditions for example during
transit, they should be enclosed in protective
packaging. This packaging will protect the devices
mechanically and electrostatically from external
conditions and does not itself present a risk to the
devices, (the majority of plastics like polyethylene and

polystyrene are prolific charge generators). Common
forms of protective packaging are electrically
conductive bags, boxes, pinning foams or various
combinations. If you receive a device which is not in
protective packaging (which will be marked as such),
the device may be damaged even before you open it
These simple precautions are easy to implement
and generally very effective. Obviously it is hard to
justify any expense on precautions if you believe that
you have never had any static related problems
However, if you have experienced problems like
unexplainable circuit faults or operational errors then
static precautions are worth considering especially as
device replacement can be very expensive these days,
More information on static precautions can be found
in BS5783:1987 “Code of practice for handling
electrostatic sensitive devices”. available from the BSL.
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The ZENITH Secm C ompab]e

HDTYV system

nother frontrunner in the race to provide
a compatible HDTV system for the
United States of America is the Zenith
Electric corporation, whose ‘Spectrum
Compatible HDTV System’ adopts a
different and original approach to the subject.
According to the company’s claims, its HDTV
transmission and encoding system enables a 30MHz
bandwidth HDTV signal to be transmitted through
parts of the spectrum that are currently unusable
because of the ‘taboo channel problems that were

represents the average of an NTSC energy spectrum
over a one-hour period (courtesy Zenith).

The Zenith system therefore separates the
spectrum to be transmitted into two frequency bands,
a low frequeney band with a bandwidth of under
0.2MHz, and a high band containing most of the
spectrum above 0.2MHz. From Figure 2 it can be seen
that the low frequency band will contain virtually all
the signal components with any significant power,
whereas the high frequency band, although

Continuing the
American theme,
James Archer delves
further into the ‘
multiplicity of
technical ideas for an
ATV system

discussed earlier in this series. This could result in a
second 6MHz wide channel being made available for FkL HoTY FULL HOTY
every existing NTSC station to use, the extra channel
being capable of carrying the HDTV information, 30MHz [
whilst the existing channel continues to carry the
q e = = VIDEQ VIDED

standard NTSC signals, so giving a fully compatible ENCODER ENCODER
HDTV system. &Mk § [

The energy spectrum of a typical television signal . BMMz NTSC
is most uneven, and virtually all the energy is ey — TAROD CRANNEL RECEIVER
concentrated in regular peaks around harmonics of PR
the line frequency.

These peaks of energy could cause interference R e CEE S ART O
to other fransmissions, and the amount of interference
is proportional to the peak picture and sound carrier NTSC
powers. Much of the interference is due to the high HRELEY
peak powers transmitted during the sync periods, et T
whilst some is also related to the level of the radiated BMHz NT5C
colour subcarrier. Zenith's engineers have designed i titing
anew type of t?leyisio.n transmission system which has Fig.1 Zenith Spectrum Compatible HDTV System
a more even distribution of energy over the complete

picture signal, allowing peak energy levels to be vastly i
reduced, as compared with NTSC. This allows o) YN REFERENORLEVEL ]
transmissions to be carried in ‘taboo channels that l
would normally be quite unsuitable for the carriage
of standard NTSC signals, because of generated
interference. The energy within these new trans-
missions is so evenly distributed that the overall mean
level can be extremely low compared with NTSC, and
Zenith claim that the average transmitter power
needed for the extra HDTV channelis only 0.2% of
that required by an NTSC transmitter with the same
service area,

Figure 1 shows how the Zenith system would be
compatible with existing NTSC systems, and the extra
HDTV channel can be carried on otherwise ‘taboc
channels makes this system practicable. It is most
unlikely that the available spectrum would be sufficient
to allow every NTSC transmitter in the USA to be
given an extra 6MHz of bandwidth if the normal
taboos have to be complied with. !

The key to the Zenith idea is that if the energy 2 ! FREQUENCY (MHz) ’ ¢

. . " £l OFF-AIR NTSC VIDEQ
spectrum of the signal is examined, it is found that Fig.2 Power spectrum of an NTSC signal averaged over one hour.
most of the energy is concentrated within the first half

SOUND CARRIER

_ZOL_ —4

-40 —

POWER (dB)

—-60

-80

megahertz from the carrier frequency, except for
peaks which occur at the sound carrier and colour
subcarrier frequencies. Figure 2 shows this clearly; it
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containing most of the spectral detail of the television
picture, will have hardly any of the total video signal
power. By treating the two bands separately with

{Courtesy Zenith)
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Fig.3 Basic Zenith transmission and reception processing system
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different types of processing it is possible to generate
a signal for transmission with an even spread of energy
over the spectrum, and a much lower average level
of spectral energy.

Figure 3 shows the basic traisthission processing
system and the receiving system used by Zenith. The
video signals are first passed through a temporal pre-
emphasis filter, a sort of combfilter which is designed
to reduce the amount of redundant transmitted
information, ie. the amount of stationary picture
information; this should lead to a reduction in the
potential co-channel interference between the HDTV
and NTSC signals. The signal is then subjected to
another filtration process which separates the low
frequency part of the signal from the high frequencies,
and different processing is then used for each of the
two signals.

the synchronisation information is transmitted during
the vertical blanking interval, in a similar manner to
which teletext information is carried with conventional
television pictures.

The result of separating the two parts of the signal
gives a flatter energy spectrum and a lower average
level.

Figure 4 shows the basic principles of the picture
encoding and decoding system used by Zenith.

The number of scanning lines per picture is the
somewhat peculiar number of 787.5, ( 525 x 1.5)
which provides a display with 720 active lines,
generally regarded as perfectly adequate for an ATV
system. The video source is a 787.5 line, 59.94 FPS
progressively scanned picture, which uses a horizontal
scanning frequency of 47.2 kHz. This is exactly three
times the NTSC system, and Zenith have shown that

| 787.5 LINE -
PROGRESSIVE : 63us PER PAIR 787.5 LINE
59 94Hz PRl 59,94Hz FIELDS DEDED . G PROGRESSIVE
LINE SCAN RATE &Mz CHANNEL COORR | 59.94Hz
47.2kHz
SOURCE
28 92 TRANSMISSION FIELDS ranuy
BANDWIDTH BANDWIDTH

Fig.4 Principles of Zenith HDTV picture coding system

240 PAIRS OF
ANALOGUE COMPONENTS
PLUS DIGITAL DATA

High Frequencies

the 787.5 line signal can readily be obtained from a

The average power of the video signal is much 1050 line 59.94 FPS source picture, as used in some
reduced by removing low frequency information, but  of the other proposed ATV systems. Zenith say that
high instantaneous power levels will still be generated  there are no problems in designing the system to cope
on picture amplitude peaks. A compressorisusedto  with wide aspect ratios.
reduce the level of high amplitude signals and increase The principle of the Zenith video encoding
the low level signals. This limits high amplitude signals ~ system is to split the spectrum of the source signal into
and gives a narrower spread of levels over the picture. components, and to analyse them in order to
This has the incidental advantage of improving the eliminate those which the eye doesn't actually need
signal to noise ratio, since the level of the lowest in order to recognise a satisfactory picture. The video
amplitude signals is increased before transmission. encoder converts the HDTV 787.5/59.94 source
The high frequencies are then passed to a linear filter ~ signal into 480 analogue sampled components every
which disperses the energy of any remaining signal  frame period of 1/59.94 seconds. Each of these
peaks over a period of time, a technique which again  components occupies 63.56us and has a nominal
reduces the peak power of the signals, To improvethe  bandwidth of 2.675MHz. The coding scheme is
high frequency signal to noise ratio, pre-emphasisis arranged so that parts of a picture which contain
applied. The raised level of high frequency movementare sentatafastrate, 59.94 FPS, whereas
components are then transmitted as suppressed the static parts are sent less frequently, at only 11.988
carrier modulation on two carrier signalsin quadrature  FPS, a technique that we have encountered in other
at the centre of the channel. HDTV systems,

s The 480 components are divided into 240 pairs,

£ = equivalent to 240 lines of an NTSC picture, and the
Low requencies pairs are eventually transmitted sequentially as
After being filtered the low frequency signal has a suppressed carrier amplitude modulation on two
narrow bandwidth, and itis digitally encoded atalow  carriers in quadrature, at the centre of the 6MHz
bit rate before transmission. The digitised signaland HDTV radio frequency channel. Suppressed carrier
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operation is necessary so that the amount of
interference produced will be small enough to allow
the signal to be transmitted on ‘tabod’ channels. The
various frequencies used in the Zenith system have
been chosen to relate to the NTSC scanning
standards. This allows the HDTV signals to use
precision frequency offsets to be interleaved with the
standard NTSC signals.

The processed video signals and the digital data
carried in the frame blanking period are time-division
multiplexed and then modulated onto the two carrier
signals in quadrature. As the data is only transmitted
during blanking, it should be completely invisible to
anyone with a standard NTSC receiver.

The receiver has the complex task of decoding
the analogue components and of using the incoming
digital signal to restore the low frequency parts of the
luminance signal. The analogue components are
interpolated so they appear again on 720 lines, and
the motion compensation circuitry in the receiver is
controlled by additional data transmitted during the
vertical blanking interval

Other Applications of the Zenith
System

Zenith claim that the reduced peak and average power
requirements of its system will enable the 6MHz wide
HDTV signals to be carried over standard cable
systems, and since such a signal should be recordable
using standard FM recording techniques, they feel that
Super VHS recorders should, with small
improvements in technology, be able to provide
domestic viewers with the means of recording and
playing back HDTV signals. The ideas which led to
the reduced power requirements of the Zenith signal
could have applications for many other future
television transmission systems; anything that allows
the massive power consumptions of the broadcasters
to be cut back must be of interest, at a time when
energy costs are rising and the environmental benefits
of reducing energy consumption are becoming more
apparent each day.

HD-NTSC The Del Rey Group
HDTV System

The HD-NTSC system is designed to provide
widescreen HDTV pictures to new ATV receivers via
a standard NTSC 6MHz wide radio frequency
channel, whilst still providing a compatible picture on
standard NTSC receivers, without any form of
adaptor. It uses a technique called ‘TriScan
Subsampling. Although called HDTV, the basic
proposal is for the transmission of a 525/60/2:1
picture, although this can be derived from a 1125/60
studio source if required. A straight forward method
of understanding the Tri-Scan technique is to begin
with the picture elements that can been utilised on a
standard NTSC picture. Ignoring the interlacing that
normally takes place there are 483 active lines
available, so it is reasonable to say that the smallest
vertical picture element will have a height equal to
1/483 of the screen height, The maximum horizontal
luminance bandwidth of an NTSC signal is 4.2MHz,
which means that 220 cycles of a sine wave would be
displayed during the 52 5us active line time. If we
assume that a complete cycle of a sine wave.can carry
two picture elements, one black, one white, perhaps,
then a maximum of 440 pixels can be squeezed into
a horizontal line, or to put this another way, each pixel
will have a width of /240 of the screen width. The Tri-
Scan system effectively uses an original luminance
signal of three times the horizontal resolution and
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twice the number of lines as the standard NTSC signal
that we have been considering. To do this, the pixels,
just described are subdivided into smaller elements
that are known as sub-pixels, and each NTSC pixel
is divided into three sub-pixels. Although pixels are
usually considered to be rectangular, as in Figure 5a,
the actual pixel shape displayed on a cathode ray tube
is likely to have a Gaussian form, and for the purposes
of our explanation of the system it is convenient to
consider them as triangular, as shown in Figure 5b.

Figure 5¢ shows how in the Tri-Scan process
each of the NTSC pixels s divided into three subpixels,
numbered one, two, and three. If the scanning spot
in the camera could be made to scan only the
subpixels numbered one on its first pass,ie. as it scans
the first frame, and then on the next pass 1/30th
second later, to scan pixels numbered two, and then
on the third pass pixels numbered three, the amount
of information transmitted through the system would
be equivalent to that from three times as many pixels
as the standard NTSC transmissions.

When these signals are received by a standard
NTSC receiver, it cannot cope with subpixels, since
it was never designed to do so, and it will therefore
merely display subpixels one two and three on top of
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PIXEL PIXEL \

NTSC DISPLAY

NTSC NTSC
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{a) RECTANGULAR PIXELS
(STANDARD NTSC PICTURE)

NTSC NTSC
PIXEL NTSC PIXEL
PINEL
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(b ) TRIANGULAR PIXELS
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DIVIDED INTO THREE SUBPIXELS 1,2,3

Fig.5 Pixel shapes for NTSC and for the Tri-Scan subpixel

concept

each other as they are received from subsequent
frames, the end result being a picture that looks no
different from a normal NTSC display.

If a special HD-NTSC receiver were used
however, it could be constructed in such a way that
the phosphor elements on the display tube were
divided into three to correspond with the subpixels on
the camera scanning tube, and thus could make use
of the extra detail that has been transmitted. The
scanning spot in the receiver must obviously have
some means of synchronising its position with that of
the scanning spot in the camera tube, and the normal
line-sync pulses will not give enough information to
synchronise to a third of a pixel, one subpixel. In order
to overcome this problem a special TriSync pulse is
transmitted every third frame, so that the receiver will
know which of the three scans it is dealing with. This
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pulse could be transmitted in the vertical blanking
interval, or as part of an extended VBI known as the
Auxiliary Data Window. An incidental advantage of
having the TriScan pulse is that its presence can
indicate to receivers that HDTV signals are being
transmitted; this could be useful in enabling HDTV
receivers to switch back to standard NTSC processing
when the pulse is missing.

Movement interpolation

We saw earlier that it takes three frame periods to
actually transmit all the three subpixels that make up
each pixel. These are necessary to build a complete
high definition picture. Any movement in the HDTV
image will cause problems as there is effectively a loss
of temporal resolution because it takes three frame
periods to transmit a complete HDTV picture. The

does not display more than about 435 out of the total
of 483 active scanning lines transmitted. A reduction
to 414 lines would only represent a vertical height
reduction of less than 5%, evenly distributed as a black
strip at the top and bottom of each picture.

The Auxiliary Data Window

The reduction in the number of active scanning lines
in the NDNTSC system provides an extra 69 lines per
frame which can be used for other purposes than
transmitting video information. The extended vertical
blanking period is called the ‘auxiliary data window’
The data to be sent during this period, about
600kbit/sec, will be used for the transmission of
several channels of digital audio, for teletext, and for
digital assistance’ to tell the decoder how to make the
best of the transmitted picture.

Fig.6 Simplified block diagram of MITV-CC encoder
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standard NTSC picture rate of 30 FPS will take
3/30ths or 1/10th of a second before the screen
image is completely refreshed. A frame store in the
receiver can easily be used to recover the complete
signal, but if moving parts of the image are not to
appear smeared and blurred some form of motion
correction must be applied. The blurring in the Tri-
Scan system will be present on both vertical and
horizontal motion. The system uses a motion adaptive
processing system called Dual Resolution Processing
(DRP), and other methods of improving the
performance of the TriScan system are currently being
worked upon.

Wide Aspect Ratio

The HD-NTSC system utilises a somewhat unusual
method of providing a wider aspect ratio, 5:3 at
present, although it may be possible to go to 16:9
using the same techniques. The idea is to keep the
width of the pictures the same as with the normal 4:3
display, but to reduce the number of lines in the picture
display from 483 to 414, thus giving a widescreen look
to the display. In addition the visible NTSC picture is
increased slightly by reducing the duration of the front
and back porch of each line. A very slight horizontal
compression, called an ‘anamorphic squeeze’ is also
used. There is no question that the standard NTSC
viewer will lose some of the picture, top and bottom.
It might be thought this would rule out the proposed
system on grounds of compatibility. Del Rey claim the
average NTSC receiver is already overscanned and

MITV-CC and MITV-RC - two
‘channel compatible’ systems from
the Massachusetts Institute of
Technology

MITV-CC and MITV-RC are two ATV systems that
have been proposed by researchers at MIT, and
although they both claim to be ‘channel compatible’
meaning either signal can be transmitted within the
bounds of a standard 6MHz NTSC channel, only
MITV-RC, the RC stan ding for ‘receiver compatible’
can actually provide signals that are compatible in the
sense that we have used before, in providing the
ordinary NTSC receiver with a watchable picture and
better pictures on ATV receivers,

MITV-CC

MITV-CC, the CC standing for ‘channe] compatible,
claims to have resolution similar to the versions of the
MUSE system that have been put forward for use in
the USA, but it is not compatible with standard NTSC
receivers in any way. The researchers seem to have
looked for a method of making better use of a standard
television channel, carrying the extra information
necessary for HOTV. It might be thought compatibility
with NTSC had not entered their minds, except that
the MITV-RC system described in the next section can
be used in conjunction with MITV-CC. Using double
sideband quadrature modulation of a single carrier in
the middle of the radio frequency channel makes
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better use of the channel. Further information is
transmitted through sub-band coding. In a similar
manner to other systems such as the Zenith system
that has been described, the video spectrum is divided
into several components which are selected according
to the amount of movement information contained
in them, and this ensures a better balance between
spatial and temporal resolutions, at the cost of a lower
frame rate for higher spatial frequencies, that is on fast
moving parts of the image. Even more revolutionary,
the sound carrier and the flyback periods are
eliminated, wasting as little of the channel as possible,
and the various picture, sound, and data components
are modulated onto the single carrier at the channel
centre. Yet another difference between the MITV-CC
system and more conventional systems is that the
usual wideband luminance and narrowband
chrominance component signals are not used.
Instead, a narrowband RGB signal carries the low
frequency parts of the picture, and a luminance ‘highs’
signal, the luminance detail. Adaptive modulation of
the various components is used, and this causes any
noise in the channel to be suppressed, and advantage
is taken of the better noise performance to allow the
picture resolution to be improved.

The protagonists of the system claim that it has
much better performance than existing television
signals under conditions where the signal to noise ratio
is poor.

Figure 6 shows the basic idea behind the MITV-
CC coding system. Pictures from a high-definition
source are digitised and then fed to a bank of filters
which produce a number of components, up to forty-
five, each one of which has a different spatial and
temporal frequency content. RGB information is
transmitted with a resolution of 400 pixels wide by 254
lines high, at arate of twelve frames per second. The

resolution of the luminance signals ranges from 1200
pixels wide by 762 lines at 12 FPS to 400 pixels wide
by 254 lines at 60 FPS. Nine of the components are
then selected, six of which are fixed, and three
depending upon the content of the particular scene
and the amount of any movement which it contains.
The six fixed blocks correspond to the lowest
resolution signals in R, G and B, and to the next
highest horizontal, vertical, and temporal com-
ponents. The three further components which are
selected are signalled to the receiver by means of
digital codes transmitted in the vertical interval These
components are then multiplexed together with digital
audio and data signals, and then read into a buffer
memory store. The data is read out from the store in
two separate streams, one for odd lines, the other for
even lines, and is then converted back to analogue
form. The two signals are then filiered and quadrature
multiplexed onto the carrier.

The MITV-CC system is the product of a research
department that has tried to develop a completely
new design of television system which attempts to
extract the maximum possible picture and sound
quality out of a standard NTSC 6MHz wide channel.
Although we have seen that it cannot be considered
technically compatible with existing NTSC receivers
or video recorders, it can under the somewhat
peculiar regulations for compatible HDTV that have
been laid down in the United States, still count as a
compatible system. This’is because, as we saw eatlier,
the ATV rules allow for an extra 6MHz channel to be
used alongside an NTSC channel, which would allow
MITV-CC to be carried on one channel whilst the
other 6MHz channel carried a standard NTSC picture
to keep existing NTSC viewers happy. Somehow this
seems almost cheating!
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A three part series on

the theory, the
practical and the

- application of LASERs

by Kevin Kirk
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Fig. 1 Atomic structure showing electrons at
different energy levels.

asers form an important and ever

increasing role in today’s world, yet the first

successful laser was not developed until

the 1960s. This article is intended as a

practical insight into this emerging tech-
nology.

It is split into three sections, the first deals with
how a laser works and we see‘it's-application in the
modern world, for example Laser Printers and CD
players.

Part 2 describes a practical project to build a small
lower power laser, which is ideal for experimentation.
ETI has secured a source of low cost Laser tubes for
use in this project.

Part 3 gives a series of practical uses of the laser,
complete with circuit diagrams, such as a perimeter
intruder alarm, light telephone etc.

The Theory

The term LASER is an acronym for Light
Amplification by the Stimulated
Emission of Radiation. In actual
fact it is not strictly true, it
should be Light Oscillation
by the Stimulated Emis-
sion of Radiation but the
scientists developing the
systern didn't feel that calling

the emerging technology a LOSER would help much
in assisting it to become accepted so it became a
LASER. It could have been called the Photon
Originated TransmissioN Or pOwer Delivery by Light
Emission (go on work it out!) which probably describes
its function a little better but sadly the acronym was
already taken.

Prior to this century, light was always regarded
as a wave with experiments by Young, Huygens,
Fresnel and quantative equations by Maxwell backing
these theories up. [n fact in many respects light may
well be regarded as a wave as it exhibits many of the
properties of an eleciro-magnetic wave. which we
know so well. In fact Maxwell proposed that it indeed
was an electro-magnetic wave having a speed of
300,000,000 metres per second with frequencies
around 500,000,000,000,000Hz.

On the face of it, this just about wrapped it up
for light, if certain niggling little problems were ignored.
Einstein came along and messed this up by proposing
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Fig. 2 Practical He Ne Laser.

that light was made up of little packages of energy in
the form of particles which he called photons. This
helped to explain such problems with wave theory as
the absorbtion and emission of light or the photo-
electric effect. You canimagine all the wave scientists
(?) of the day muttering about interfering so and so's
and how does he explain what happens when light
interacts with light.

In fact both camps are right, when light reacts
with light then it can be regarded as being wave theory
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and when it reacts with matter it becomes particle
theory. This particle theory dove-tailed neatly into
Planck’s work on quanta of light which he introduced
when trying explain the emission of radiation by black
bodies. This then became known as quantum theory,
which says in effect that all atomic systems have
different and discrete energy levels. So now you know
all about quantum mechanics, particle physics and
wave theory; we will now press on.

As you all know an atom consists of a nucleus
and a number of free electrons which orbit the atom
at a given distance. Each atom type has a different
number of electrons, for example hydrogen has 1 and
oxygen has 8 (the number of electrons is represented
by the number in the periodic table and also represents
how ‘heavy’ a material is, for example lead is 82).
These electrons can't all orbit at the same distance.
Only 2 electrons may orbit at the lowest level closest
to the nucleus, with 8 in the next level or orbit and 8
in the next and so on.

These orbits may be regarded as energy levels
(as in Quantum Mechanics). so that if an electron can
be induced into leaving it's present level and orbitting
at the next higher one it can be regarded as being at
a higher energy state. It can't be stable at this level
though and must be kept there by the application of
energy. lf it is allowed to decay back then it releases

the energy in the form of a photon. In most lasers, the
electrons will go up by 3 or 4 energy levels, but we
can ignore this at this stage as we have created our
photon, which is what we have been after.

Well there we have it, a photon! As it stands it is
not a lot of use, it neéds to be induced to form up with
others in a coherent manner to perform work.
Coherent light is basically light (photons) of one
frequency and in phase. Incoherent light is a mixture
of different frequencies, white light is the prime
example.

To produce this coherent light we introduce the
photons into a cavity which has mirrors at each end.
Thus the light oscillates backwards and forwards (see
it is a LOSER!) picking up more energy as it goes. One
of the mirrors is a near perfect reflector and the other
allows a certain amount of light to pass through, which
can be used to do some work. Obviously to keep the
laseing action going then energy must be continually
fed into the cavity to ensure the electrons are con-
tinually stimulated into going to higher levels,
dropping back and producing photons. This may be
done in a variety of ways such as an external flash
tube, but usually it is achieved using a (high) voltage.

Types Of Laser

The first successful laser was the ruby’ laser which was
made of aluminium oxide and was operated by
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obtaining it's energy from an external light source,
usually a high pressure mercury lamp. It operates at
a wavelength of 694nm and it is seldom used today.

The YAG or yttrium aluminium garnet laser is
used in commercial cutting and engraving operations
as it can yield over 1000 watts. It is usually stimulated
using a quartz-halogen lamp as the peak output of this
lamp at 1um is fairly close to the frequency of the laser
which is 900nm. ltis very inefficient with a maximum
output of less than 2% of the input power.

The Helium Neon laser or HeNe is probably the
most common laser at present (laser diodes are
rapidly catching up). The laser consists of a small bore
glass tube containing a mixture of helium and neon
in aratio of 10:1. It is electrically excited by raising the
voltage across the tube to around 5kV, when it ‘strikes,
the voltage should be reduced to allow an operating
current of a few milliamps. If too high a current is used
then the laseing ceases, which effectively ensures that
only low power levels may be achieved. However this
is not regarded as too much of a problem as it'’s beam
quality and reasonable stability coupled with its
relative ease of use and it's output in the visible light
spectrum make it an ideal laser for use in low power
applications.
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Fig. 4 Representation of Audio signal in digital.

The CO, Laser is probably the most efficient
laser at present with efficiency levels of up to 30% and
power capabilities of several kilowatts. It consists of
a mixture of 3 gases, helium, nitrogen and carbon
dioxide which are continually replenished as a rule
because the CO, tends to break down to CO (in
small lasers water may be added to help restore the
CO, thus making sealed systems a possibility), so if
it was not replenished it would stop laseing after a few
minutes.

It is excited by a high voltage and may be current
modulated. It is used for metal cutting and welding
and for industrial engraving, as well as in medical
applications.

It suffers from one major drawback in that it
operates at 10.6um which is not in the visible
spectrum. Therefore it requires special optics such as




silicon, germanium or zinc sulphide as it would burn
through a glass lens. It would use an aluminium metal
mirror (a good reflector) that is usually water or forced
air cooled. The optics being special are normally
expensive,

There are other types of laser, which use different
types of excitation from the laser stimulated by another
lower powered laser to the ‘star wars’ laser which
explodes a nuclear warhead in the cavity to create a
‘once and for all stream of photons (how do they test
this?), but the ones mentioned above cover most of
the common lasers.

The exception is the Semiconductor laser, 've
left this until the last because it is possibly the type of
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laser you will become most
familiar with over the next
few years and also because
itis the most difficult one to
explain the operation of.
The main problem is that
they follow different rules
~ to the rest of the laser
society . (like Electronic
Engineers really). For a
start, instead of individual
atoms having enhanced
energy levels, semi-
conductors’ electrons
occupy broad bands of
energy levels, so they can't

ROTATING
POLYGONAL
MIRROR

\\ 0/P BEAM
Ny

LASER/MODULATOR

be associated with any
single atom but with the material as a whole. For a start
[ must assume that you know and understand how
a semi-conductor PN junction works and that under
certain circumstances it may emit light (AKA an LED).

If a semi-conductor junction is forward biased
then carriers may pass through the junction fairly
easily. Once through they become minority carriers
and will recombine with the opposite carriers which
will give rise to a change in energy levels. This action
takes place in a very small area of the diode junction
(about 1um out of a total size of 200-400um) so at
present the laser powers will be small, less than 1 Watt
generally.

The ends of the diode are formed into mirrors
to permit the laser action — not very efficient mirrors
it has to be said but good enough for the purpose.

Certain semi-conductor materials make very
poor emitters of light, for example silicon and
germanium are very very poor emitters. Usually they
have to be heavily doped with other materials to
increase the efficiency such as gallium and arsenide.

One area where the semiconductor laser differs
greatly from conventional lasers is that the beam
diverges, which I was always lead to believe was a
benefit of lasers, to the tune of 40% on some lasers.
Gallium Arsenide operates at a wavelength of 0.9um
which is not ideal for fibre optic communications so
compound lasers are used such as lead salt lasers but
this is straying into heavy physics so we will discretely
draw a veil over the further goings on in the semi-
conductor laser family.

Applications

After denigrating our friend the semiconductor laser,
the first couple of applications are using this type of
laser as any other type would be impractical.

The Compact Disc Player

As | write this | am sitting listening to my CD player
(Fleetwood Mac if you must know), this has revolu-
tionised music reproduction in the home and incident-
ally radically increased the poor old record companies’
profits as they are re-releasing all the old records. The
same basic technology is used in the optical discs for

storing huge amounts of data on Computer Systems.

Figure 3 shows the set up for a typical optical disc
system, the information (or data as audio is in fact a
digital system, whereas video, curiously, is analogue
as digital requires too much bandwidth!) is stored as
a series of ‘pits’ in the surface,

The information is abtained by scanning’ the
original audio at a rate of 44.1kHz (at greater than
twice the frequency of the original audio to avoid
aliasing in the A/D convertor!), the resultant level is
converted to a 16 bit binary number by an A/D
convertor (see Figure 4). This is then added to various
error correcting bits and stored on the disc at a rate
of 4.3218MHz.

When reading this information a low power laser
is used to ‘light' up a very small area (something like
0.29um is typical) if this areais not a pit then we will
get areflection which is freated as a digital ‘I a pit on
the other hand will produce a ‘0’ This stream of 1s and.
0Os is converted to an analogue signal suitable for
listening to by a Digital to analogue convertor.

Note the use of a lens to both focus the beam and
to ensure that scratches on the protective surface do
not effectthe sound. All seratches and dustis actually
out of focus and so will not effect the output.

This is basically the same system as used in
computer systems, although eraseable discs are now
available. These use a ferrous material which uses a
laser to heat a spot up above the materials curie point
so it loses it's polarity. This can be read magnetically
so it can beregarded as a sort of cross between optical
and magnetic disc technologies, This whole area of
optical discs is a fairly large and interesting one and
really needs an article devoted solely to it.

Laser Printers

These are the products that made the word laser
famous (with the possible exception of sci-fi movies).
They offer a faster printing speed (although a very
slow page make up time) and lower noise than impact
printers with a high quality output. They have helped
to transform printing from a complex, capital and
labour intensive industry to something that may be

PARTIAL
BLOOD CLOT
LASER OUTPUT
P OPTICAL FIBRE

VIEWING
\ OPTICAL FIBRE

b N
ARTERY WALL RUMOLE

Fig. 6 Medical Laser burning away bicod clot.

performed using virtually any desk top computer.

The operation is not complicated if you know
how a photocopier works! Essentially it consists of a
selenium coated drum which is highly charged using
a corona discharge (lots of ezone, good for the
environment, chop down allthe trees and replace with
laser printers!). When the laser beam strikes the
surface, then the charge al that time bleeds away (in
a photocopier itis the reflection off the paper that has
this effect, using the powerful light s it scans across
the page to be copied! This is basically the only
difference between a copier and a laser printer, so why
can't we buy combined laser printer/copiers?)

So as the drum rotates an image is formed on the
drum of either charged or not charged areas. Mean-
while a box of black plastic partities {called toner) is
charged up in the same polarity as the drum, When
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the drum rotates these particles are attracted to the
area where no charge remains and are repelled by the
charged area. The image is now a real’ black and
white image.

The paper is charged to an opposite polarity and
when it comes into contact with the drum at the
transfer station, the toner is highly attracted to it and
leaves the drum’ The particles are now fixed onto the
paper using a combination of heat and fuser oil. The
paper passes a ‘tinsel’ arrangement on the way out to
disipate the charge on it.

The laser image is scanned across the page using
a polygonal mirror and is switched on and off
{modulated) by using an acoustic/optic modulator as
HeNe lasers can’t be switched on and off as quickly
as required. Maybe some enterprising reader can
come up with a way of modifying a photocopier,
which if used with our project can be made into a laser
printer. | wait with bated breath.

These are not the only lasers used in the printing
industry, laser scanners also used to scan artwork
produced by graphic artists and laser engravers are
used to engrave printing plates from hard rubber and
ink transfer (anilox) rollers from high tech ceramics
such as chrome oxide.

Medical Lasers

This is probably one area where lasers are actually
contributing greatly to the quality of human life. CO,
lasers are the ones you are most likely to find in
medicine, this is because the wavelength of 10.6um
is absorbed by the water molecules found in human
tissue. This water then evaporates with the subsequent
destruction of the tissue, it also has the effect of sealing
the cut and of course it is totally hygenic unlike a
conventional scalpel. The downside is the fact that

BEAM TUBE

LASER

LENS — =< >
EXTRACTION (OF PARTICLES) —»(— ]

\ MIRROR
\‘ /!WQTEP COOLED)

LEAD SCREW FOR
LINEAR MOVEMENT
OF ENGRAVING HEAD

aniy

MOTOR

BEARING
~a
I= ]

ROLLER TO BE ENGRAVED
Fig. 7 Typical Laser engraver.

10.6um cannot be carried on conventional fibre-optics
as it tends to melt both plastic and glass. So a system
of mirrors is used in some form of arm which tends
to be a little cumbersome. YAG lasers may use con-
ventional fibre optics and may be used for intra-artery
work (see Figure 6) and for removing blood clots etc.

An exciting development is the destruction of
cancer cells using lasers. There are various ways of
doing this but the method that is finding most favour
is by injecting the tissue with a dye (usually HpD)
which is absorbed by the cancerous tissue but rejected
by the healthy tissue. The laser wavelength is then
tailored to destroy any tissue containing the dye.

Eye surgery (like that practised by the hospital
‘factory’ ship currently in Cyprus, doing eye surgery
on a production line basis) uses argon ion lasers which
emit a green light which is strongly absorbed by the
red blood cells and the resultant heating re-attaches
the retina.

There are of course many other applications for
lasers but they are too numerous to describe in a single
article.
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This month, Paul
Coxwell looks at
series/parallel
resistance
combinations

Back to Basics

BY OHM'S LAW

_||+
>
N
Xim

1 eV
v 24R 24R

Fig 1 A simple circuit

o far, we have seen how chemical or

magnetic energy may be used to generate

electricity, and that~there are two

important conditions that must be met in

order for electric current to flow: There
must be a source of EMF and there must be a
complete loop, or circuit.

The way in which resistance affects the current
flowing in any circuit has been examined, and you
should now have a good knowledge of Ohn’s Law.
Itis now time to look at DC (direct current) circuits in
more detail.

E
4BV __|

%R Vi Rtotal = A1 + R2 — 24R
I=E=48v=2a
R 24R
V1 = IR1 = 2 x 20 = 40V
t  v2a-iR2-2x4-8v
R2 o
4RO NOTE THATE = V1 + V2

Fig.2 Simple series circuit

be used to calculate the current flowing in the circuit.

Also shown are two voltmeters, measuring the
voltage appearing across each of the two resistors, The
voltages can be calculated by applying Ohm’s Law to
the part of the circuit of interest. Remember that in a
series circuit the same current flows through every
component, so the current through both R1 and R2
is 2A. The voltage across each resistor can therefore
be found by multiplying this current by the value of
the resistor in question, and the results are shown in
the diagram.

The results of these calculations lead to Kirchoffs
Second Law, which states that the sum of the voltages
across each resistance in a series circuit is equalto the
total voltage applied to the circuit. In any series circuit,
the total voltage will divide between each resistance
such that the sum of each individual voltage equals
the total voltage applied. Figure 3 shows some
examples of series circuits.

—
I
A1 Rt = R1 + R2 = 15 + 15 = 30R
V1| 18R
I1=E=3 =01
o e R 30
V| w V1 =IR1 = 0.1x 15 = 1.5V
V2 = IR2 = 0.1x 15 = 1.5V
sl
15R Vt=V1+V2=15+15=3V
Y

lha

6Y
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The Series Circuit

The current, resistance, and voltage in a simple circuit
consisting of a battery and one resistor are easily
calculated (Figure 1). The examples in this article will
show different resistors, but in practice, circuits use
lamps, motors, and many other devices. Because
these devices all exhibit a certain amount of resistance,
they can be considered to be resistors for our purposes
at present.

The circuit consists of a battery delivering an EMF
of 12V and aresistance of 24R. Application of Ohm’s
Law shows that the current flowing will be 0.5A. As
there is only one path for the current to take, the value
of current flow is the same in all parts of the circuit.
An ammeter inserted at the point marked ‘A would
show the same current as a meter inserted at point ‘B’

When a circuit consists of more than one
resistance, as most practical circuits do, the calculation
of current flow requires a second step. Figure 2 shows
two resistors connected in series across a battery. Once
again, there is only one path for the current to take,
so the same value of current must flow through every
part of the circuit. The current meets two sets of
resistance — the 20R resistance of R1 and the 4R
resistance of R2, Both these resistances reduce the
flow of current, and the total resistance may therefore
be calculated by simple addition. Once the overall
resistance (often represented as Rtotal or Rt in
calculations) has been determined, Ohm’s Law can

Rl=R1+R2+H3=200+150+250:600R

I=E= _B6Y = 10mA
R ®00R

V1 = IR1 = 0.01A x 200R = 2v

V2 = IR2 = 0.01A x 150R = 1.5V

V3 = IR3 = 0.01A x 250R = 2,5V
Vt=V1+V2+V3=2+15+ 25V =gV

Fig.3 Series circuits and Kirchoff's Second Law

The Parallel Circuit

A parallel circuit (Figure. 4) provides more than
one path for the electric current to take. Because the
ends of each resistor are joined together, whatever
voltage appears across R1 must also appear across
R2. Both resistors in the example therefore have a
potential difference of 10V across them. Ohm’s Law
can be used to calculate the current flowing through
each resistor (I1 and 12),

The parallel circuit gives rise to Kirchoffs First
Law, which states that the sum of all currents flowing
into a junction is equal to the sum of all currents
flowing out of that junction (Figure 5). In the parallel
circuit shown, the total current | splits two ways
through R1 and R2. Total current is therefore equal
to the sum of 11 and 12, and Ohm’s Law can be used
to determine the overall resistance of R1 and R2
combined.

Itis not necessary to determine the current flow
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)

= Rl R2
_;_‘ oM § 100R 200R

n= _REZ = TO%VE = 0.1A {100mA)

12 = kii = 21093% = 0.05A (50mA)

It =11 + 12 = 100mA + 50mA = 150mA
Rt = E = ]gV = 66.67R (TO 2 DECIMAL PLACES)
E 150mA

Fig.4 Simple parallel cicuit

to calculate the total resistance, however. Figure 6
shows how Ohm’s Law and Kirchoff’s First Law can
be used to develop a formula for calculating parallel
resistance. This formula can be employed to calculate
the total resistance of any number of parallel resistors.
A useful point to remember is that if several resistors
of the same value are connected in parallel, the total
resistance is equal to the value of one resistor divided

CURRENTS FLOWING INTO JUNCTION:

M+12+13=2+1+4:7A
CURRENTS FLOWING AWAY FROM JUNCTION:
14+15=6+1=7A

Fig.5 Kirchoff’s First Law

by the number of resistors. Two resistors of 100R
connected in parallel, for example, give an overall
resistance of 50R. Three resistors of 30R each would
give a total resistance of 10R, and so on.

The key points to remember about series and
parallel circuits are summarized in Figure 7,

R1 —
12

R2 e
13

R3 —

It = 11 + 12 + 13 (KIRCHOFF'S FIRST LAW)

It=¥_“ " =%I2=¥_2{ I3=%(0HM‘SLAW)

BY SUBSTITUTING OHM'S LAW EQUATIONS IN KIRCHOFF’S FIRST LAW:

Vi= Vt + Vt + Vt
Rt R1 R2 R3 b~

THEREFORE:

1=1+1+1
Rt AT A2 R3

Fig.6 Calculating parallel resistance combinations
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A Practical Application

Last month it was mentioned that a micro-
ammeter is often used to measure voltages by using
a series multiplier resistance. The laws we have seen
in this part of the series are all that are needed to
calculate such resistances, and Figure 8 shows an
example.

The meter itself registers full scale when 50uA of
current flows. The coil has a resistance of 4000R
which because it is inside the meter movement is
called the internal resistance of the meter (Rinternal).
Rm represents the multiplier resistance, the value of
which must be calculated.

1 12 13
R1 R2 R3
A A L A
L I_J
“ 1 V1 v2 V3
b= Vi
=
¢ It
-

{ & ) SERIES CIRCUIT

Vi = V1 +V2+V3
It=011=12=13
Rt = R1 + A2 + R3

It

T

| el

ll

ln |12
¥
)

At |v2 azE

Rt = 1
{1/R1)+ (1/R2)+ (1/R3}

(b ) PARALLEL CIRCUIT

Vt=V1=Vz=V3
It=11+12 +13

Fig.7 Series/parallel circuit summary

Ohm’s Law is used to determine the total
resistance that the meter and Rm must offer in order
that 50V at the positive and negative terminals causes
50uA of current to flow. You have learned that the total
resistance of two resistors in series is equal to their sum,
so the required value of Rm is the difference between
the total resistance required and the internal resistance
of the meter.Another example is shown in Figure 9,
this time using a 1mA meter instead of a 50pA type.
This meter will indicate voltages up to 50V just as
effectively as the circuit of Figure 8, but there is an
important factor which gives the first circuit better
sensitivity. You have seen that when a resistance is
placed in parallel with another, the overall value of
resistance is lowered. A voltmeter using a series
multiplier resistor looks just like another resistance to
the circuit under test, so the meter’s resistance can
affect the circuit be tested, The total resistance of the
first voltmeter is 1MO; the resistance of the second
meter is only 50k.

Figure 10 shows how the low sensitivity of a
meter can give misleading results. R1 is a resistor in
a circuit which must be tested, and has a value of
100k. To measure the voltage across R1, a meter is
clipped to each of its wires. The 50V meter using a
50uA movement has a total resistance of 1M0, which
is effectively placed in parallel with K1, This resistance
upsets the normal resistance of 100k, and actually
results in an overall resistance of slightly under 91k.
The circuit under test should have a resistance of 100k
between points ‘A and ‘B’ on the diagram, but the
presence of the meter changes this value.

ALDIGLAT
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[fthe meter using a ImA movement is used, the
meter resistance is 50k. When this is combined with
R1 the overall resistance is only 33k, or one third of
the value it should be. With such drastic changes to
circuit resistances, it is quite probable that the voltage
across R1 will drop much lower than its normal value,
and the meter will therefore give a misleadingly low
reading.

Voltmeters, being connected in parallel across
existing circuits, should therefore be designed to have
as high a resistance as possible so they do not
adversely affect the circuit being tested. Voltmeter
sensitivity depends upon the FSD current rating of the
meter movement used, so the lower the current
needed for FSD the better. Sensitivity is usually
specified as so many Ohms per Volt. The 50uA
movement always has a sensitivity of 20,000 Ohms
per Volt, for example. This means that a 1V range on
the meter would give a total resistance of 20k, a 2V
range would have a fotal meter resistance of 40k. and
so on. The figure of 20k/V for sensitivity is typical of

50uA FSD 2 s
Rinternal = 4,000R

A R
O

l ——

Rm IS MULTIPLIER RESISTANCE

METER TO READ FULL SCALE WHEN 50V APPLIED TO TERMINALS
FOR FSD:

| = 50uA = 0.05 mA

USING OHM'S LAW, TOTAL RESISTANCE:

At = 50V = 1,000k {1MO)
0.05mA

At = Rinternal + Rm

THEREFORE:

Rm = Rt - Rinternal = 1,000k — 4k0 = 996k

Fig.8 Multiplier calculations for a voltmeter

many good multi-range meters.

The voltmeter provides a practical demonstration
of asimple series circuit, and the ammeter can provide
an example of a simple parallel circuit put into practice,

Figure 11 shows how a shunt resistance can
extend the range of an ammeter. The example shows
a ImA meter which must be converted to read
currents of up to 10mA. The meter cannot carry more
than 1mA, so aresistor is shunted across so that some
current bypasses the meter movement. If 1mA flows
through the meter then Kirchoffs First Law tells us that
9mA must flow through Rs. In order to use Ohm's Law
to calculate the value of Rs, we must also know the
voltage that appears across it at full scale. A 1mA
meter with an internal resistance of 200R requires
0.2V for full-scale deflection, and because R, is in

1 1

METER TO READ FULL SCALE WHEN 50V APPLIED TO TERMINALS

ImA FSD
Rinternal = 200R

N S
D

FOR FSD:
1= TmA
USING OHM'S LAW, TOTAL RESISTANCE:
At = 50V = 50k
1mA

Rt = Rinteivial + Rm
THEREFORE:
Rm = Rt - Rinternal = 50k - 0,2k = 49,8k

Fig.9 A less sensitive voltmeter

R1
A 100k B
NA— -

PART OF CIRCUIT
BEING TESTED

A1
A 100k B
(b} AAAA
r P R k)
Rt R Rmeter
Rmater = 1M0 1=y 2
= Rt T00 7,000

R1 !
A 100k B
[ &) — ANAA ) b
s £ 1is)
Rt R1  RAmeter
Ametor = 60k
1=_1 +1
Rt 700 50
A

S0, Rt = 33.33k

Fig.10 Effect of meter Sensiti\ii’ty

parallel the same voltage must appear there. R_can
then be calculated by dividing the voltage across the
meter by the current (9mA) which must flow through
the shunt.

Because an ammeter is connected in series with
an existing circuit, it should have as low a resistance
as possible so as not to affect the circuit under test too
much. When the meter is not connected, the two
points in the circuit are joined together, and have a
resistance of zero ohms (or as near to zero as possible).
Any resistance in the ammeter is therefore resistance
which is not normally present, and may reduce the
current which flows in the circuit.

z

ImAFSD i,
It ; i} l';r'!_t‘e\rr.lal=‘zooﬁ It
G
12
—
A
i r He = SHUNT RESISTANCE

METER TO READ 10mA AT FULL SCALE

it = 10mA AND 11 MUST BE 1mA

12=1t - 11 = 10mA - 1mA = 9mA (KIRCHOFF’S SECOND LAW)
Vt = 11 Rinternal = Im & x 200R = QV2 (OHM'S LAW)

FROM OHM'S LAW:

Rs = Vt = OV2 = 22 22R (10 2 DECIMAL PLACES]
12 8mA

Fig.11 Shunt resistance calculations for ammeters

Series and Parallel Combinations

Most circuits do not conveniently fall into a simple
series or parallel category, and consist of many
branches of each type. Figure 12 shows a simple
combination.

The key to calculations in such combination
circuits it to analyse each section of the circuit
separately, Start with the parallel combination of R2
and R3, If we call their combined resistance Rx, the
parallel resistance formula can be used to give an
overall value of 600R. The paralle] branch has now
been simplified, and the circuit becomes Rx (value
600R) in series with R1 (value 400). The total
resistance is therefore 1,000R.
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AAM
vV Vv

B It L iz
i 2. Vi A3
: 10 ' 5 165

CALL COMBINED RESISTANCE AT RZ/R3 Rx

b e AL, e +

o Rs e W

Ax = 600R

H‘lﬂ!n_l = Ak + A1 = G00R + 400R = kO
S o

VOLTAGE Vx = h = Ax = 9mA x 600R = 5.4V
n-= ﬁ" % w B.dm

=142

$0,12 = — 1 = 9mA ~ 5.4mA = 3.8mA

Fig.12 Series/Parallel combinations

ks

With the total resistance known, [, can be
calculated (9mA). Suppose that the current through
each of the resistors R2 and R3 needs to be
determined. We know that the 9mA of [, must split
between I1 and I2. If we call the voltage across the
resistors Vx, Ohm'’s Law can be used to calculate this
voltage from the total current [, and the parallel
resistance, Rx. It is then a simple matter to calculate
the value of I1, as shown. The value of 2 must be the
difference between the total current and I1 (Kirchoffs
First Law). The same results could have been
achieved by using Ohm's Law to calculate 12 and then
taking 12 from the total current to give I1. In many
practical circuits you will find that there are several
routes to the same answer These examples
emphasize the importance of learning the basic
electrical laws, particularly Ohm’s Law.

POWER = VOLTAGE x CURRENT

'S0 VOLTAGE ~_POWER AND CURRENT = %

LET E = VOLTAGE, | = CURRENT, AND P = POWER IN WATTS

P=1IxE |-—-E E-.?

Fig.13 Caleulation of power

Power

So far, you have been dealing with three main
electrical quantities: voltage, current, and resistance.
Power is the actual amount of work that is done in
moving electrons along a conductor. Much power is
dissipated as heat, sometimes intentionally as in an
electric fire. The primary purpose of a lamp is to give
off light, but it also radiates a certain amount of heat.
However, the power is consumed, be it light, heat or
motion, it is measured in Watts (written as the symbol
‘W) and is directly proportional to both the voltage
and the current flowing in a particular circuit. The
formula used for calculating power is very similar to
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that used for Ohm’s Law, and a triangle arrangement
may be used to aid calculations (Figure 13). Just as
with Ohm's Law, the formula may be applied to an
entire circuit or just a section of it. Figure 14 shows
how to go about calculating the power dissipated by
a circuit.

By rearranging the formula it is possible to
calculate voltage or current when given the power.
The current drawn by a 48-watt, 12-volt bulb, for
example, may be calculated by dividing the power by
the voltage (the answer is 4A).

It is important to be able to calculate the power
dissipated by each part of a circuit, for many
components can only handle a certain amount of
power. If that power rating is exceeded, the
component overheats and may be damaged.

In Figure 14b the resistance of the bulb was
known, but not the amount of current of passing
through it. The power triangle requires voltage and
current to be known. By simple formula
rearrangement it is possible to write two further
formulae (Figure 15) to aid calculations. Power can
be calculated directly so long as two out of three
quantities {current, voltage, and resistance) are
known. Try the new formulae in the examples and
confirm that the answers are the same. Note that in
a circuit with constant resistance, if the supply voltage
is doubled the power is quadrupled, because the
current is also doubled.

Next month we examine AC circuits and
phase.

ALDIALA T

I = 0.5A

——
(a1 P=IxE
l P = 0.5Ax3V
WT qsm = 1.5W

Ibl

i 18R

LET AL = RESISTANCE OF LAMP
Vi Bt =R1+ AL =18 + 6 = 24R

£ i “‘[Ei"fq.yﬁﬂojﬂ

i | vz LP1
AL = 6R)

i
—

¥

Ptatal = E x It = 6V x 0.25A = 1.6W

V1 = ItR1 = 0.25A x 18R = 4V5

SO POWER DISSIPATED BY R1 = ItVi = 0.25A x 4V5 = 1.125W
AND POWER DISSIPATED BY LP1 = It x (Vt - V1) = 0.25A x 1V5 =
0.375W

‘NOTE THAT Ptotal = PinR1 + PinLF1

Fig.14 Power combinations in simple circuits

P=IxE
OHM'S LAW PROVES THAT | = E2, SO BY SUBSTITUTION:
R

P=ExXxEORP = E2
R )
OHM'S LAW ALSO SHOWS THATE = | x R, SO BY SUBSTITUTION:

P = Ix{ixRA}ORP = IR

Fig.15 Some more power formulae
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What are these
mystery earth signals?
George Pickworth
returns to report on
his investigations with
VLF communication

q

30

YLF Earth Loop

Antennas

TO RECEIVER

IMAGINARY
CURRENT
STREAM LINES

Fig. 1 A ‘Penisular’ VLF/ELF Sea Antenna.

uring experiments with simulated
World War 1 untuned earth current
signalling equipment, the author
encountered interference from strong
earth currents which subsequent
experiments confirmed as originating as VLF
electromagnetic (Hertzian) waves on 80kHz (naviga-
tion), 60kHz (time), and 16kHz (MOD submarine
communication signals). In addition, signals of
unknown origin were found to be present as earth
currents, from 3.3kHz down to 250Hz, the lower limit
of the authors tuner, but there is no evidence of the
signals below 3.3kHz being present as Hertzian waves,
Signals on 3.3, 2.2 and 1.8kHz were particularly
interesting as their waveform sometimes appeared to
be frequency modulated, sometimes amplitude
modulated, and other times an almost perfect copy
of a damped wave generated by a spark transmitter.
In these articles we discuss the philosophy of earth
current loops and how these could possibly explain
the phenomena of naturally occuring, man-made and
Hertzian waves being converted into earth currents.
The articles also include notes on my equipment,
some of the experiments conducted, and my thoughts
on the subject. It is a field wide open for investigation
by amateur scientists.

The study of earth loops and currents involves
a ‘base’ formed by inserting a pair of earth rods, spaced
30 to 150m apart, into the soil and connecting these
to a simple receiver. Having said that, | am fortunate
in having a moderate size garden adjoining open
farmland into which [ can extend the experiments.
Those not so fortunate should not dispair, as the
equipment can be made completely portable and is
therefore well suited for ‘field day’ experiments.

However, experience has shown that an oscillo-
scope is the only device that will give meaningful
information by displaying waveforms, moreover, it
allows frequency measurements to be made, A battery
powered oscilloscope is therefore required for field
experiments. Other desireable, but not essential

instruments include an audio signal generator and a
multi-purpose DMM. The actual tuners were home
made from variable capacitors and ferrite rods
salvaged from valved, high quality domestic radios.

A simple inductance/capacity tuner, used in
conjunction with an oscilloscope, has the advantage
over the usual heterodyne converter type receiver as
spurious signals are not generated. Indeed, a single
tuned stage was found adequate and be so selective
as to limit reception of modulation sidebands unless
its ‘Q’ was reduced by a loading resistor.

Natural And Man-Made

Strange sounds, originating as naturally occuring
electromagnetic waves, had been heard over tele-
phone lines, especially those employing an earth
circuit, since Bell invented the telephone receiver and
were discussed by Sir William Preece during an
address given to the Society of Arts on February 23rd
1894 when he gave rein to his imagination, and said:
‘Although this short paper is confined to a description
of a simple practical system of communicating across
terrestial space, one cannot help speculating as to
what may occur through planetary space. Strange
sounds are heard on long telephone lines when the
earth is used as a return, especiaily in the stillness of
night. Earth currents are found in telegraph circuits
when the aurora borealis lights up our northern sky

IMAGINARY
CURRENT
STREAM LINES

RECEIVER
EARTH BASE
PROVIDES
ALTERNATIVE
PATH FOR
CURRENT

J

Fig. 2 DC Earth Current Signalling (After Steinheil).

when the sun’ photo-sphere is disturbed by spots. The
sun’s surface must at such time be violently disturbed
by electrical storms and oscillations are set up, and
radiated through space in sympathy with those
required to affect telephones, it is not a wild dream
to say that we may hear on this earth, thunderstorms
on the sun.”

During the First World War, when earth current
signalling played a very important role by maintaining
communication with the men in the trenches when
land-lines were destroyed by shellfire, operators
frequently heard sounds which originated as naturally
occuring electromagnetic waves; they were described
by Barkhausen in 1919, and subsequently named
after him, although the most common sounds are
generally refered to as ‘whistlers. However, triode
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valve amplifiers made WW1 earth current receivers
infinitely more sensitive than the passive telephone
earpiece employed by Preece.

Around 1950, ‘Barkhausen Sounds’ aroused
considerable scientific interest. Investigation of this
phenomena was mainly with elevated antennas
although ‘sea loop’ antennas were used occasionally.
‘Sea Loops were most successful on peninsulars
where salt water, having a lower resistance than the
land, resulted in the incoming ELF Hertzian waves
inducing current stream lines around the peninsular,
which effectively created a very large closed loop
antenna (Figure 1.)

Natural electromagnetic waves are a subject in
their own right, so in these articles the author
considers principally man-made Hertzian waves, but
the conversion of both naturally occuring and man-
made Hertzian waves into earth currents is the same.
Indeed, during WW1, in addition to interference from
naturally occuring Hertzian waves, spark transmitters
also caused, considerable interference with earth
current communication. As no elevated wires were
used with the earth current system, the inference was
that the earth itself acted as an antenna and picked-
up the Hertzian wave signals,

Notwithstanding the ‘sea loop, information on
how electromagnetic waves are converted into earth
currents is not readily available, so, let us follow the
sound scientific approach of first going back to basic
principals, and having said that, there is no better start
than with earth current signalling. Steinheil, the father

CURRENT
STHEAM LINES

\\\//

b

% N, _/// t\\\‘
N

LOOPS OVERLAP TO
GIVE INDUCTIVE COUPLING

TRANSMITTER

Fig. 3 AC Earth Current Signalling (After Stanley).

of the system, demonstrated in 1838 that a current
does not take a direct route between two distant earth
rods but that the stream lines spread out in a pattern
similar to the lines of force of a bar magnet to form an
infinite number of loops on each side of an imaginary
line, connecting the two earth rods. The earth base
of the distant receiver, aligned along a stream line
provides an alternative path and thus intercept some
of the current (Figure 2).

Inductive Coupling

With DC earth current systems, coupling can only be
by conduction, however, Rupert Stanley, chief wire-
less instructor to the British Army in France during the
First World War, came to the conclusion that with
1.0kHz AC, or pulsed DC generated by a ‘Power
Buzzer communication was not simply by conduc-
tion, but also by inductive coupling between the
transmitter and receiver earth loops. This made
signalling possible at distances up to 8.0km. Indeed,
Stanley's own calculations indicated that long range
earth current signalling would be impossible by con-
duction alone and this may help to explain why AC
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earth current communications systems were found to
have much greater range than DC systems. Having
said that, one may ask how a receiver earth base forms
an earth loop when no current emanates from the
receiver: it is analogous to an ordinary transformer
where no current flows in the secondary winding
unless the primary is energised (Figure 3).
Stanley’s philosophy was however forseen by
Preece as early as, 1880, by his demonstration during
‘wireless’ communication experiments with earth
currents and magnetic induction. Preece showed that
a current was induced in either of the earth loops by
an elevated, large diameter and completely insulated
horizontal wire loop, located over an earth loop, and
energised with AC or pulsed DC. By the same token,
Preece found that by energising the earth loop, a
current could be induced in the elevated loop. As both
the earth loops and the elevated loop responded to
a changing magnetic field is reasonable to assume that

ELEVATED LOOP

y -
B0m
AMP “l
L" 100m

Z 100-200R

Fig. 4 Small Scale Replication of Preece’s Experiment.

TUNER

an earth loop will similarly respond to the changing
magnetic field component of an electromagnetic
wave, as is the case with a ferrite rod antenna.

[t would seem that the magnetic field component
of an Hertzian wave induces a current in an earth loop
and, as the earth loops extend to infinity, their circum-
ference would theoretically allow standing waves to
develop and become resonant. Moreover, if the loops
are resonant, they may well respond to the ‘total
electromagnetic wave, similar to a resonant elevated
horizontal loop antenna generally known as a ‘Sky
Loop and not just their magnetic field. This is
discussed in Part 2.

Tuned Earth Current Receivers

It was logical to adopt and modify the receiver used
with the earth current signalling experiments for the
study of earth loop antennas, but let us first briefly look
at how the tuners evolved. My original earth current
experiments with simulated WW1 untuned equip-
ment were inconclusive because of interference from
50Hz leaking from power lines and VLF electro-
magnetic waves. However, a simple inductive/
capacity tuner was found to eliminate both 50Hz
pollution and interference from VLF transmitters. The
first tuner was designed for a frequency of 1.5kHz, so
that the asynchorous 20W DC to AC power converter
used to replicate a WW1 ‘Power Buzzer' could con-
tinue to be used as the transmitter. The advantage of
an inductance/capacity (LC)tuner over earlier trials
with resistance/capacity type filters was immediately
apparent in that it responded to square waves
generated by the DC/AC power converter and gave
an output to the oscilloscope, or amplifier, that was
virtually a pure sine wave.

Subsequent earth current communication
experiments involved a 150W audio amplifier, driven
by an audio frequency signal generator acting as the
transmitter, and matched to the typical 150R DC
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Fig. 5 Schematic diagram of Replication of Preece’s Experiment.

resistance of a base by means of 220/30-50V 2VA
mains transformer. To take advantage of the wider

" range of operating frequencies possible with an

- amplifier, a bank of selectable capacitors were
incorporated in the tuner to give 5 spof frequencies
between 1.5 and 9.0kHz; actual frequency was not
critical as the transmitter frequency could be readily
adjusted to correspond to any selected frequency.
'Spot’ frequencies were employed simply because of
the difficulty in simulating a Zapacitor that was
infinitely variable from 1.0uto 15n to give continuous
coverage from 10kHz to 10kHz with a 20mH
inductor. The experiments showed that frequencies
up to 10kHz can be used for earth cutrent signalling
and with 150W a range of 15km is feasible. Sometime
in the future, the equipment will be used to confirm
Stanley’s coupled earth loop philosophy.

Replication

Of more immediate interest were the author’s small
scale replications of Preeces experiment which
involved a 100m earth base and a completely insula-
ted horizontal rhombic wire loop with sides 60m long
and elevated about 1,0m. When the earth base was
energised with audio frequencies, a current was
induced in the elevated loop, Conversely, by ener-
gising the elevated loop, it was found that a current
could be induced in the earth loop.

In the former mode, the earth base was con-
nected to the 150W amplifier via matching trans-
former employed for earth current signalling while the
elevated loop was connected to the tuner and a
battery powered amplifier, or alternatively a DMM. In
the latter mode the elevated loop, which had a DC
resistance of about 4.0R, was connected directly to
the amplifier’s loudspeaker terminals, while the earth
base was connected to the tuner and battery powered
amplifier. A battery powered amplifier was used to
eliminate the possibility of mutual coupling with the
transmitter amplifier through the power supply line.
(Figure 4}, S

In the unlikely event of either of the loops
generating electromagnetic waves, experiments were

. |

restricted to frequencies below 10kHz. However, a
Hertzian wave can only be efficiently generated by
causing standing waves to develop linearly along a
conductorand at 10kHz this would need to be about
15km long. Such waves are very difficult to create.
Nonetheless for experiments with earth loop antennas
a stable Hertzian wave was essential,

VLF Transmitters

As the 2.2 and 3.3kHz signals were not reliable or
consistent enough to be used as signal source, the
logical approach to was to employ the powerful and
consistent VLF Hertzian wave transmitters. So, a
second tuner was constructed with a 15mH inductor
tuned by a double gang 500p tuning capacity with
both gangs in parallel. The tuning coil is in two
sections, one to cover the 200 to 100kHz sector,
which includes Radio 4, but with the two sections in
series, covers 90 to 40kHz and was therefore also used
for reception of the 80kHz navigation, and the 60kHz
time signals. This is referred to as tuner ‘B’

Meanwhile, the matter of adapting the original
tuner A to give continuous coverage received atten-
tion, and was solved by employing a capacitor decade
box to provide unbroken coverage from less than
1.0kHz to more than 15kHz and thus include the
16kHz MOD ‘submarine’ communication transmitter:
it was calibrated with the aid of the audio signal
generator. However, capacity boxes are expensive
and not readily available to experimenters, moreover.
to accentuate the problem, ‘decade’ capacitors are not
available either. By careful choice of ‘preferred’ values,
there is no reason why a suitable capacity box cannot
be made from 5% polystyrene capacitors.

In addition, a separate portable ferrite rod
antenna/tuner ‘C’ covering 200kHz to about 40kHz
was constructed as a direction finder, to give some
indication of signal strength obtainable with this type
of antenna,

In part 2, the equipment is described in more
detail and the results of some experiments are
reviewed.
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Nicam Stereo

he last few years have seen tremendous
changes in Television. Satellite and cable
transmission, teletext, specific audience
broadcasting and now the prospect of high
definition and wide screen television. Most
of these changes have affected the picture quality. The
latest change is to provide high quality stereo sound.
The UK stereo sound system is called NICAM 728,
In this article we look using one of these boards to
convert a recent vintage TV set to receive the latest
digital sound broadcasts. The receiver is based on the
Philips K35 chassis. This chassis was used in some
‘Stereo televisions sold in the mid 1980s under the
Philips and Telefunken labels. Similar receivers were
sold under the Ferguson and Baird labels.

Safety First

The inside of a television set is a dangerous place so
unless you are very confident about what you are
doing get your local TV dealer to make the
modifications for you. If you wouldn't know a line
output transistor if it got up and bit you, it probably
will, so leave it to an expert.

If you still feel confident about proceeding
contact the manufacturers service department who
will be able to supply you with a service sheet.
Alternately you may find the circuit diagram in the
reference section of your local library. It is vital that you
ensure that the chassis is isolated from the mains. Most
isolated chassis receivers have large transformers fitted
somewhere but the presence of a transformer does
NOT mean an isolated chassis, it could be an
autotransformer,

Basic Television Layout

Figure 1 shows a basic television layout. In this case
the NICAM IF signal will be available at point A
following the video trap. Digital Audio can be
reinjected into the system by making a break at point
B and using a switch or relay to select either FM or
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NICAM audio source.

The availability of low cost integrated circuits led
to the development of the Quasi parallel IF amplifier
used on better quality receivers. Figure 2 shows a
typical Quasi parallel receiver with appropriate
NICAM connection points. The K35 receiver falls into
this class.

The NICAM decoder

The NICAM decoder board used in this project was
the Maplin Electronics device. This is available in kit
form or ready built and aligned.

(RY

AERIAL

SOUND

TUNER == IF AMPLIFIER —— TRAPS !

l VISION

_@_ VIDEQ
DETECTOR PROCESSOR

VISION

Fig.1 Basic Television receiver
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AMPLIFIER
AND SPEAKER

The NICAM board has a number of connections
to the outside world, see Figure 4. The function of
these connectors is detailed in the documentation
accompanying the decoder so we won'’t go into too
much detail here. At present only the standard ‘sterec
mode is being broadcast so it was decided to hard wire
the mode selector for the time being. Pins 2 and 3 of
PL4 were thus linked with a 1k resistor to provide two
mono channels if bilingual mode signals are broad-
cast. The receiver in question had a mute on the audio
output so the NICAM mute was left unconnected.

The four mode LEDs were connected to PL3 by

Geoff Cox

VISION __@_ VIDEO
DETECTOR PROCESSOR

Fig.2 Quasi parallel receiver
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R SOUND SOUND IF
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l SOUND
DETECTOR

VISION IF

AMPLIFIER

SOUND
AMPLIFIER
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short leads and left inside the set. At present they serve
no useful purpose but this may change in the future.
At present the stereo and C4 LEDs are permanent
illuminated in NICAM mode.

The receiver has a row of five LEDs on its front
panel, only three of which are ever used. the other
two were isolated by removing the appropriate panel
and cutting the correct tracks. Four conductors of a
six way ribbon cable were used to connect the isolated
LEDsto PL7. The broadcast Stereo LED being used
to indicate NICAM reception, the [-Il LED was used

A TV Conversion
using the Maplin
NICAM Decoder by
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Fig.3 Simplified IF cicuit
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to indicate External Audio (FM) reception. The
recejver also has a redundant front panel switch
mounted close to the LEDs, There were two spare
contacts on this which were used to provide a
NICAM/ External audio switch. This was wired to pins
1 and 2 of PL7 via the two remaining conductors of
the ribbon cable.

Finally a 11-13v supply capable of providing
300A was needed. The set under conversion had an
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Fig.4 NICAM decoder connections

auxiliary power supply which filled the bill nicely but
almost any stabilised supply will do. A 5W 47R resistor
is useful here, Measure the voltage from the power
supply. clip the resistor across the supply and check
there is no significant drop in voltage. If there is look
again. If you've got a choice use a power source as
close to the NICAM board as you can get. If all else
fails you should be able to fit a small transformer and
voltage regulator into the case somewhere. There
have been many circuits published for this type of
simple power supply so | won't describe one here.
Remember to take the mains power for the trans-
former primary from a point in the circuit after the
main fuse.*

Locating the NICAM signal

This is definitely the hardest part of the conversion.

If we look at the circuit of Figure 3 we can see that the
output of the Sound IF amplifier would be a good
place to extract the NICAM signal, Unfortunately this
is probably inside a screened box. If the receiver is not
of the quasi parallel type The sound part of the circuit
shown in Figure 3 will be missing. In this case you may
have to drill the screening case to take the NICAM
output from the output of the combined IF amplifier,
especially if ceramic filters which can attenuate the
NICAM carrier are used.

You might find that the input of the sound
demodulator is a more convenient tapping point. This
is true of the K35 receiver which is modular with the
demodulator and unused stereo matrix decoder on
a single plug in board marked U7. All the NICAM
connections can be made to this board which can be
removed from the set to make life much easier. Figure
5 shows a simplified version of the first half of this
board. The LY channel is redundant.

SW1, SW3 and SW5 form a 6.242MHz filter but
there is usually enough adjustment to realign these
to peak at the NICAM IF frequency of 6.552 MHz.
You can do this with an oscilloscope, signal generator
and frequency counter, or you can obtain a 6.552
MHz signal from CV1 on the NICAM board. If you
don't have an oscilloscope don’t worry the adjustment
is not critical.

Remove C4 and solder a short length of high
quality video cable between the junction of SW1 and
SW3 and pin 1 of PL3 on the NICAM board. Connect
the cable screen to pin 2 of PL3 and the Qv line of the
demodulator board. The most convenient 0V points
are the screening can of SW5 and pins 1 and 12 of
IC2. This IC can be removed and discarded if you
wish.

Other Receivers

If you are converting a standard TV the NICAM signal
could be tapped from the junction of C1 and C3. In
this case the rest of the circuit should remain intact.
Many mono receivers use ceramic filters which may
attenuate the NICAM signal and make it unusable.
Better results are often obtained by taking the [F signal
directly from the IF amplifier [C.

There is one final pitfall which may apply to some
mono receivers, especially those which do not use the
quasi paralle! approach, Surface Active Wave (SAW)
filters. These are electromechanical devices with a
frequency response which is designed to match the
required IF profile. Some SAW filters have very sharp
cut off points and thus can make the NICAM signal
unusable. In this case you may find it better to replace
the whole IF amplifier. More on this later.
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The Audio Link

The Audio link connections depend on whether the
television receiver is a mono or a Stereo type. Mono
types will need a stereo amplifier and two speakers
either internally or externally mounted. In either case
an Audio and/or a speaker connection to the outside
world will be required. Some means of turning off the
internal audio will also be needed. The volume control
can be used if you dont want to fit a switch, You should
take the audio from a point in the circuit before the
volume control. The output of the sound
demodulator is the probably the best place. A
screened cable is used to connect the audio take off
point to pin 2 and 4 of PL5 on the NICAM decoder
board.

Stereo televisions are somewhat easier to convert
as they have amplifiers, speakers and, usually, audio
output connectors, Figure 6 shows the audio
arrangement of our K35. This circuitis also found on
the U7 board. The grey area to the left of the circuit

is the stereo decoder matrix with left and right channel
outputs on pins 18 and 19 respectively. To the right
is the audio output to the on board stereo amplifier,
Audio output DIN socket, Peritel and Headphone
sockets. All we need to do in this case is to break into
the circuit between C23 and R11 and C24 and R10.
High quality audio lead is used for the connections
to the NICAM board. C23 and C24 go to pins 3 and
1 respectively of PL5. PL6 pins 1 and 3 are connected
to R11 and R10 respectively. If a suitable Audio outlet
does not exist on the television receiver, now is a good
time to add one. Use a 5 pin DIN socket with pin 5
going to the left and 3 to the right channel. The use
of a good external amplifier and speakers makes a
tremendous difference to the quality of the sound
produced, even in mono. There is little point in having
a CD quality sound source and passing it through a
2 watt amplifier into a three inch speaker in a
acoustically terrible enclosure such as the inside of a
TV set!.

Fig.6 Part audio detector cicuit
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Fig.7 Board Mounting

Mounting the
NICAM board

PLASTIC SHEET _ The NICAM board
o —— must be securely
SCREW mounted, preferably
on the extreme left,

= looking from the rear,
of the cabinet well

NICAM BOARD

6mm SPACER

160mm

away from HT and
other noise sources.
The set being converted had a teletext decoder
mounted on the left wall, this was removed and
mounted a couple of inches higher, leaving room for
the NICAM Decoder to be fitted at the bottom of the
cabinet. A piece of 3mm plastic sheet was used for
this purpose. Four holes were drilled to match the
decoder mounting holes. M3 screws, spacers and nuts
Wooden wedges were glued to the case and the
plastic sheet to angle the decoder board slightly away
from the wall of the cabinet to allow the shaped rear
cover to clear the board.

Alignment -

Before starting alignment you should contact a local
TV dealer or the BBC and IBA engineering
departments to confirm that your local transmitter is
operating digital audio. You should also check that
your aerial is correctly aligned for the local transmitter.
The NICAM board should be either ready aligned or
roughly aligned using the instructions supplied with
the board.

If you are not converting a ‘sterec’ TV you can
ignore the following paragraph which deals with
setting up the IF filters on the audio detector board.

Adjust SW1 and SW3 on the Audio detector
board for maximum 6.552 MHz signal at TP1 on the
decoder board. If you do not have an oscilloscope use

a short piece of wire to short circuit S1. Tune the
television to a strong local station that is transmitting
digital Audio. The NICAM LED should illuminate. If
it does not adjust SW3 so that it is. Find the range of
adjustment over which the LED is illuminated and set
the core to this position. Remave the short circuit from
SW1 and repeat the operation.

Adjust RV2 and RV3 on the decoder board so
that there is no change in sound volume when
switching between digital and FM sound using the
switch connected to PL7.

Check that digital audio is available on all four
local TV stations. If you find that one or more station
is not available adjust RV1 followed by T1T2 and
CV1. If you still cannot get digital sound on one or
more channel you may have a suitable SAW filter in
the TV IF amplifier. The easiest way to deal with this
is to replace the whole amplifier with a unit such as
that supplied by Maplin Electronics.

The exact mechanics of the conversion will very
much depend on the television receiver being
converted, butit is unlikely that any serious problems
will arise. You may need to obtain a ventilated
aluminium box to house the tuner board if you see
any patterning on vision or buzz on EM sound.

Converting a television receiver to receive
NICAM broadcasts is well within the capabilities of the
average amateur. The resultant sound quality is
remarkable both in Mono and Stereo.

Component sources:

NICAM IF Decoder Maplin Electronics £60 —£129
NICAM Tuner Maplin Electronics £40

0702 554161

Philips Croydon Surrey 081 689 2166

Thorn (Ferguson) Service Enfield Middlesex 081 363
5353

Amstrad (CPC) Preston Lancs 0772 555034

HART AUDIO KITS — YOUR VALUE FOR MONEY ROUTE TO ULTIMATE Hl-Fl

HART kits give you the
opportunity to build the very best
engineered hifi equipment thereis, designed
by the leaders in their field, using the best
components that are available

With a HART kit you not only get more performance for your money
but also the added free bonus of your own hands-on experience of
madern electronic assembly. The HART combination of innovative
circuit techniques, sound engineering design and professional grad
components is your recipe for success in the quest for affordable
ultimate audio ficefity.

Telephone or write for your FREE LISTS giving full details of all our
Kits, components and special offars. Featured this month is the:—

AUDIO DESIGN 80 WATT POWER AMPLIFIER

This fantastic John Linsley Hood designed ampiifier is the flagship
ofourrange, andthe ideal powerhouse for your ultimate hifi system.
Thiskitis your waytoget £K performarnice for afew tenths of the cost!

Featured on tha front cover of ‘Electronics Today International’ this
complete stereo p plifer offers World Class performance allied
tothe famous HART guality and easa of construction. John Linsley
Hood's comments on sesing a completa unit were enthusiastic;—

“Theextarnal view Is that of a tharoughly professional piece of audio
gear, neat elegant and functional, This impression is greatly
reinforced by the internal appearance, which is redolent of quality,
bath in components and in fayout”

Each power amplifier channel has its own advanced double sided
PCB and no less than four power mosfets, directly mounted on the
board for consistent predictable performance. The sophisticated
power supply features not less than six separate vollage rails, allfully
sirabilised, and the complete unit, using a toroidal transformer, is
contained within a heavy gauge aluminium chassis/heatsinkfitted
with [EC mains inputand output sockets, To make assembly very easy
all the wiring is even pre-tarminated, ready for instant use!

The standard amplifer comes with tha option of a stereo LED power
meter and a versatile passive front end giving switched inputs, and
using ALPS precision, low-noise, volume and balance controls, All
inputs are taken lo gold plated Phono sockets and outputs to heavy
duty 30 amp binding posts, These are also available gold plated as
an optional extra.

Anathernewoption is the relay switchad front end stage which even
gives a tape input an t facility. This m that for use with
tuners, tapeand CD i
amplifier may be used
signal handling stages. For

‘Slave’ and ‘monobloc’ versioi
power meter are also availabie.

our
5 ut ssive inp
r
All amplifiers fit within our standard 420 caseto ﬁ dable :
£ i
f S

0 NEW
. 421 sgun

- Degfie30581 @ PR
y e ° decl ap
K1100G Option with Gold plated speaker terminals ....., d& 00
£382785

ished i
ecision jig-

our 400 Series Tuner range. The case and fr
textured matt black with white lettering and all parts,
punched for accuracy,

K1100 STANDARD Amplitier Kit. Total cost of all parts is £5i
SPECIAL DISCOUNT PRICE ONLY .
If Bargraph Power Meter not required
If Relay Input System required

K1100S SLAVE Amplifier Kit. Total cost of all parts is ....
SPECIAL DISCOUNT PRICE ONLY .. ... £325.42

K1100M MONOBLOC Amplifierkit. Total cost of all parts is £297.65
SPECIAL DISCOUNT PRICE ONLY ........ccoccooovecon... .. £253.00

AIIHART kits are designed to the very highest standards for easy
home construction, and ean be built by anyane with reasanable
manual ability. If you are still not convinced how sasy itis o build it
yourselfwith a HART kit you can order the Instruction Manualto read
for yourself and we will refund the cost when you buy your kit!

1100CM Construction Manual. 20+ pages of step by step assembly
instructions, circuit diagrams and full parts identification list £5.50
RLH11 Reprintsof the latest 1989 articles ...................... £1.80
OurFREE LIST has further details of this kit as well as our range of

super quality tuners, ALPS precision pots and tape recorder circuits.
Send for your copy.

HIGH QUALITY REPLACEMENT CASSETTE HEADS

Doyourtapes lack treble? Aworn head could be the problem. Fitting

ne of our replacement heads could restore performance to better
%ﬁwi Standard inductances and mounting make fitting easyon

it on. As we are the actual importers you get prime parts

4 pare our prices with other suppliers and see! All

Su ruse with any Dolby system and are normally

stock a wide range of special heads for
ial users.

ad. High quality head with excellent
liciace for goodtapeto head contact

rl machines and our TC1 Test Cassette helps you set the

eta Permalloy Stereo Head. Madern
yrig and low cost. Suitabte for chrome
replacement head from hi-fi

price too! .. ... £6.60

Head ......... ...£2.85
mbination Head £44.39

551 4-TRAC|

O My Permalloy Head for auto-reverse
ar playars or quadrdp EBTAING .. £16.79
TAPE RECORDER CARE PRI
HART TC1 TEST CASSETTE® mBe triple purpose te
cassette. Sets tape azimuth, VU | ndbShged . ........ .

DEM? Mains Powered Tape Head D revents noise
on playback due to residual head magneti i
DEM115 El , Ci Type, d g LR ) |

Ournew AUTUMNIWINTER '80 Listis FREE. Send foryourcopy now.
Overseas customers welcome, please sand 2 IRCs to cover surface
post, or 5 for Airmall,

We now accept inland and oveseas orders by post or telephone on
all Access/Mastercharge and Visa credit cards,

Please add part cost of carriage and insurance as foliows:
INLAND: Orders up to £20 — £1;

Orders over £20 — £2.50; Next day — £9
OVERSEAS: Piease see the ordering
information with our lists.

QUALITY AUDIOKITS |
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24hr SALES LINE
(0691) 652894

| ALL PRICES INCLUDE VAT &

wee i
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TELEPHONE
ORDERS
may be made on
TODAY INTERNATIONAL ‘Z ‘ l ll o -l
code (inc.
VAT)
C £1.80
D £2.50
E £3.25
E9104-1 Testmeter — Volts.............coovemenniiiii. E F £4.00
E9104-2 Active Direct Injection Box................ooooiiii. F g gggg
E9104-3 EPROMEraser...........cooiiiiii i F J £6.62
E9104-4 Digital Tachometer ................cocooiiiiiiiiinan ., F K £7.20
E9104-5 Radio Calibrator ................coooeiiiiii, F L £8.80
M £10.60
PCBs for the remaining projects are available from the companies listed in Buylines g Eig;g
Use the form or a photocopy for your order. Please fill out all parts of the form. Make sure you use the board reference numbers. This P £17.90
not only identifies the board but also tells you when the project was published. The first two numbers are the year, the nexttwo are the Q £21.80
month °
Terms are strictly payment with order We cannot accept official orders but we can supply a proformainvoice if required Such orders R £23.90
will not be processed until payment is received S £25.90
29.
E9003-5 Business power supply board ... ............ E9101-4 SBC Micro-Controller Board .................. F {J %32 (2)8
E9003-6 Business pre-amplifier board ................. E9101-5 SBC Practice Interface Board .................. F v £35.80
ES003-7 Water h91€ NI RN NS E9101-6 5 in 1 Remote Sensing Switch ................ E w £37'90
gggggg 3”??; Sdlren s O 1Oy -t e Eh E9102-1 Remote Control Timeswitch — receiver board F X £40.70
71 VIS DACHE suivs St G e e o s E9102-2 Anti Theft Alarm (2bds) .....ccccovvveveernn.. H =
E9004-1 Bass Amplifier DC Protection ,,,............,. E9103-1 Ariennes Lights L
E9004-2 Bass Amplifier Graphic Equaliser ............. E9103-2 64K EPROI\%[ Err;;l'alt(.);r N
E9004-3 Bass Amplifier Micro - N B - ) - — 1 | e
F9004.-4 Quad Power Suppl E9103-3 SSB Radio Receiver ............................ G
- a wer y S B aaa0 ol 1 [
E9005.1 Business Display ) E9103-4 Active Loudspeaker board ..................... H
E9005-2 Phone Lock and Logger

P i

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

Please supply:
Quantity Ref. no. Price Code Price Total Price

E9006-1 Dark Room Timer ..
E9006-2 Telephone Extension Bell
E9006-3 Telephone External Bell
E9006-4 Fecko Box .....

E9006-5 Bug Spotter ...,

E9007-1 Guitar Practice Amp
E9007-2 Digital Frequency Meter ...
E9007-3 Footstep Alarm ... .
E9007-4 Transistor Tester s ase e e i
E9007-5 Decision Maker ......................
E9008-1 AC Millivolimeter ... il
E9008-2 Temperature Controller ..
E9008:3" EM Genlerator .:s=am: cifzriris, v il
E9009-2 Slide Projector Controller .....................
E9009-2 Ultimate Diode Tester ... .............
E9009-3 The Entertainer ..............
E9010-1 Component Tester ..., ..................
E9010-2 Active Contact Pickup ................ ...
E9010-3 R4X Longwave Receiver ... ... .............
E9011-1 The Autocue (2 boards, 1 double sided) .
E9011-2 Infra-lock transmitter (2 boards) ..

Post and packing £0.75
Total enclosed £

Please send my PCBs to: (BLOCK CAPITALS PLEASE)

I X ZOmMmOUmMFZXeOmZO0OmO0O00mMO0Zr mmO0— e

E9011-3 Infra-lock receiver R R Name .. ... ...t ittt ittt et titenaenann :

E9011-4 Four-track cassette recorder (record/playback ;
onechannel) ... ... g... F Address). 35 e s2mtn o7 s et sl e 4k S o8l atie et e e erenade I

E9011-5 Four-track cassette recorder {Bias/erase oscillator
board: ... : ; ; e AR ) I (T oy N T o S e o |

E9012-1 Infra Switch .. . ; b, o by e 0, IS |

E9101-1 Remote Control — Main Board

E9101-2

E9101-3
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Yoltage-Reference

Generator Circuits

Ray Marston takes an
in-depth look at
modern voltage-
reference generator
principles and circuits.

CIRCUITS

38

+V

Vout (Ve

Fig. 1. Basic zener voltage reference circuit.

he electronic voltage-reference generator
is a vital element in many modern pieces
of test and measurement gear and
A-to-D converters, etc. Medium-accuracy
voltage-reference generators can
be easily and cheaply built using nothing more than
one resistor and an ordinary zener diode, and high-

o —

ﬂ?IﬂDV -

Fig. 2. Basic zener voltage regulator circuit.

accuracy versions can be built by combining a zener
diode with an op-amp and a constant-current
generator. Alternatively, generators with very high
accuracy and excellent long-term stability can be built
by using a dedicated voltage-reference generator IC.
This article looks at the various options, and shows
practical versions of each type of circuit.

TEMP_ | DYNAMIC TEMP | DYNAMIC
vz COEFF | IMPEDANCE | vz COEFF | IMPEDANCE
(VOLTS) | {mV/°C] | (OHMS) (VoLTS) | (mv/°C) | (OHMS) |
2.7 -18 |[120 6.8 +27 | 15
30 -1.8 |120 75 +3.7 | 15
33 -1.8 |110 8.2 +45 | 20
36 -1.8 |105 9.1 +6.0 | 25
39 -14 |100 10,0 +7.0 | 25
43 - 1.0 90 11.0 +80 | 35
4.7 +0.3 85 12,0 +9.0 | 35
5.1 1.0 75 13.0 +105 | 35 |
56 +1.5 55 15.0 +1256 | 40
6.2 +2.0 27 16.0 +14.0 | 40 '

Fig. 3. Typical parameter values of 500 mW, 2.7V
to 16V zener diodes.

Zener-Based Circuits

The easiest and cheapest way of generating a
reasonably accurate and stable reference voltage is to
use an ordinary zener diode and a series resistor in
the configuration shown in Figure 1. The zeners
output voltage is not greatly influenced by modest
variations in zener current (I}, which is normally set
at about 5mA; the R, value is found from the
formula;

R, =(Vin/ Vol

Note that this circuit can be made to act as a simple

voltage regulator, which can supply a few milliamps
of output current, by selecting the R, value on the
alternative basis shown in Figure 2.

Practical zener diodes are available with a variety
of voltage values and power ratings, and usually have
abasic voltage tolerance within +5% of their specified
value. Figure 3 lists the typical major parameter values
of a popular 500 mW range of zeners with standard

— +15-20V

~J oramp
+

BmA ¢

Zm Vour = Vref x AV1481
6v2 1
Vel = BVA = BV9-13v8
D1 m [
1N4148 K7 \

O
I

Fig. 4. Precision variable-value voltage-reference
generator.

voltages between 2.7V and 16 V. Note that all except
the 4.7V device have significant temperature
coefficients (causing the zener voltage to vary with
temperature), and that all devices have a substantial
dynamic impedance (causing the voltage to vary with
changes in zener current). Thus, the basic Figure 1 and
2 circuits give a performance that is adequate for many
simple applications, but can not be relied on to give

VBE = VBE1 - VBEZ

Y

Fig. 5.Basic AVg; voltage-reference generator.

good accuracy if used in a hostile environment in
which the supply voltage, load current, or operating
temperature vary significantly.

The best way to generate a high-precision zener-
derived reference voltage is to drive a zero-
temperature-coefficient zener diode via a constant-
current source, to generate a basic reference voltage
that is independent of variations in temperature and
supply voltage, and to take this reference to the

700

@

(=3

o
N
L

VBE (mV)

|

500

0.01 01 1.0 10
IE {mA)

Fig. 6. Typical Vgg/I; transfer characteristics.
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Fig. 7. Typical Vg thermal characteristics.

outside world via a non-inverting buffer stage that has
its gain set to give the precision reference output
voltage that is required. Note that the basic zener
reference voltage can be derived via either a single
4.7 V zener diode or via a 6.2 V zener plus a series
1N4148 silicon diode (thus giving a 6.9 V reference
in which the +2mV/°C coefficient of the 1N4148);
Figure 4 shows a practical circuit using the latter
option.

Note that the Figure 4 circuit gives a low-

output of about 6.9 volts with excellent long-term
stability, or it may be of the ‘band-gap’ type, which
generates a stable low-noise output of (usually) about
1.22 V. The output buffer acts as a current-boosting
(and sometimes voltage amplifying) regulator, and
may be of either the shunt or the series type; ICs with
shunt outputs can normally be used in exactly the
same way as a simple Zener diode, and are often
represented by a zener diode symbol.

Note that the poor long-term stability of the
conventional discrete zener diode is caused by the field
effects of the semiconductor material's mobile surface
ions; in the modern zener-based voltage-reference IC
this effect is eliminated by siting the zener below the
die’s surface, ie., by using a sub-surface zener. The
subsurface zener is usually combined with a series
diode, to form a voltage reference that has a
temperature coefficient of less than 100 PPM/ °C (ie.
below 0.7mV/°C). :

The basic operation of the second type of
precision voltage reference, the ‘band-gap type, can
be understoodwith the help of Figures 5-8. Figure 5
shows the first stage in the development of the circuit.

SLl[l[)}lli)

+VE

2 1m.ﬂl

o]

O--

Fig. 8. Simple band-gap voltage-reference circuit.

+9-40V

ov

POSITIVE REFERENCE

Fig. 10. LM329B outline and basic reference
circuits.

BOTTOM VIEW u_a.zumnl
ouT (+6V8) ouTt
O.E-anﬁl LM3298 Rs
OUTLINE
ov -9.40V

NEGATIVE REFERENCE

T T
! VOLTAGE DRIFT EFERENCE
| DEVICE TOLERANCE | PPM/°C | OPERATING | QUTPUT
NUMBER Vrel AT +20°C (MAX) CURRENT TYPE
LM3298 6V9 T +5.0% 50 0.6-15mA SHUNT
LM3SGB -2.5| 2v48 +2 0% 54 0.4-10mA o
-5.0| 5V0 | =4.0% 54 0.4-10mA
LM368 -25| 2V5 | =0.2% 30 | 0,55mA(IQ) | SERIES OUTPUT CAN
. -5,0| 5V0 ~0.1% 30 0.35mA(IQ) | SUPPLY UP TO 10mA
" -10.0 | 10V | x0.1% 30 0.35mallQ)
LM385 ADJUST. | £+2.0% 54 13uA-20mA | SHUNT
(1.235- | |
5V3)
x 2N LM385 -1.2| 1V235 +2.4% 150 15uA-20mA | ' SHUNT
BE o -2.5| 2V5 +3.0% 150 20uA-20mA | o
+5

LM3999 | 6v95 -5.0% | s 0.6-10mA

Fig. 9. Voltage reference IC selection chart {Natio
Semiconductor ‘commercial grade’ devices, with
0°C to +70°C operating range).

+15V

Ek8§
ov 2

9k

ouT i+1

“eva) I
! Lmazoe

47
CAL

o

nal

ov}

Fig. 11. Buffered 10.0V reference with single-ended

supply.

impedance output voltage that is variable over a 2:1
range via RV, and that the circuit has two important
defects that are common to all conventional zener-
based designs, but are not obvious in the diagram. The
first is that all zener diodes inherently act as white noise
generators, and thus produces a ‘mushy’ output; this
defect can easily be overcome by wiring a low-pass
filter between the zener output and the input of the
op-amp in Figure 4. The second defect is more
serious, and can not be overcome; it is that all
conventional zener diodes have poor long-term
voltage stability. If long-term stability is important, the
easiest way to get it is to replace the Figure 4 circuit
with a design based on a special ‘Reference Vo tage’
IC.

Voltage-Reference IC Basics

Voltage-reference [Cs are simple units that, in essence,
house a precision voltage reference device and an
output buffer stage. The reference may take the form
of a ‘subsurface Zener' that generatees a precision

ETI APRIL 1991

Here, Q, is used as a diode that is forward biased at
1 mA via Ry, and Qy’s V3E voltage. Figures 6 and 7
show the typical Vge/lg transfer and VBE
temperature coefficient (TC) characteristics of these
two transistors. From Figure 6 it can be seen that @,
and Q, develop Vi values of 600 mV and 550 mV
respectively, and that a set reference voltage of 50 mV
is thus generated across R;. From Figure 7 it can be

+85Y

ov 5y

POSITIVE REFERENCE NEGATIVE REFERENCE
Fig. 12. LM336B-2.5 outline and basic reference
circuits.

ov
BOTTOM VIEW LM336B-25
ADJ + =
ouT [+2V5) OuT |~
LM3368B-2.5 2k2
DUTLINE

2VE)
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LM336B-2.5

oV

(TRIM RANGE = +120mV)

Fig. 13. LM336B-2.5 ‘trim’ circuits to give (a)
voltage and (b) temperature coefficient
compensation.

Vi

Rs

Rs

OUT (+2V5) OUT (+2v4ag)

TN4148

10k
CAL

LM336B-2.5

1N4148

ov
(TRIM RANGE = ~70mV)

lal

(b}

seen that Qy’s Vg has a TC of -2m\V/°C and Q; has
one of -2.2mV/ °C; consequently, the R, voltage has
an aggregate TC of +0.2mV/°C. Figure 5 shows that
the circuit’s final output voltage istaken from across
Ry, and is Ry/R times greater than the R, voltage.

Practical Voltage-Reference IC

Several companies manufacture excellent voltage-
reference ICs, but the most widely available types are
those manufactured by National Semiconductors.
Figure 9 gives basic details of ten popular commercial
grade’ voltage reference ICs manufactured by this
company; most of these devices are also made in
‘industrial  and ‘military’ grades, with greratly
enhanced specifications. Some of the listed [Cs use
a subsurface zener reference, and others use a band-
gap reference.

Details of these ICs are as follows:

The LM 329B

The LM329B is a low cost Zener-based precision
6.9V reference that can operate over the 0.6 mA to
15 mA current range; it is usually housed in a 3-pin
plastic package; as shown in Figure 10, which also
shows basic ways of usingit as a positive or negative
6.9 V reference: the R value is chosen to set the
desired operating current, as in a normal Zener diode.
Figure 11 shows a simple way of boosting the
LM329B output to make a 10 V reference generator

LM336B- 5.0

(TRIM RANGE = +500mV}

{a)

OuUT [+5V0)
+ O

N4148
N4ata8

LM3368-56.0

TN4748

Na148

fTHT OV 7
{TRIM RANGE = +500mV)

tb)

Fig. 14. LM336B-5.0 ‘trim’ circuits to give (a}
voltage and (b) temperature coefficient

compensation.

V+ (30V MAX)
}4V5-30V
Rs o)
OUT (+2V5

2n3904 ? OR 5V0 PEAK) 2

10k I | LM368-2.5
LM336B §CAL

J d

77777 0V
ov

Fig. 16. LM336B-2.5 or -5.0 square wave calibrator

circuit.

Fig. 17. Basic LM368 voltage-reference application
circuits.

V+ {30V MAX)

LM33a

Vout (+2V5
OR +5V0)

Fig. 16. LM336B-2.5 or -5.0 voltage reference,
using wide supply voltage range.

+B:30v

+13-30V

Vout
=+10V1

Thus, if Ry/R; have a 10:1 ratio, the final output
voltage has a value of 500 mV and a TC of
+2mV/°C.

Figure 8 shows, in simplified form, the complete
band-gap reference circuit, which is similar to the
circuit in Figure 5 except for the addition of Qs and
also that the entire circuit is driven via a 2.1 mA
constant current generator that ensures Q; operates
with a 1 mA collector current. The final output (Vigr)
voltage is equal to the sum of the R, voltage (which
has a positive TC) and the Vi voltage (which has
a negative'TC); in practice the R,/R,-controlled gain
is set during manufacture to ensure that these two TCs
cancel out and give a Ve output of about 1.22 V,
Practical band-gap reference generators give output
voltages that are very stable, have nearizero TCs, and
generate riegligible noise.

.| Fig. 18. Low-noise version of the voltage reference

(a precise 10 V can be set by trimming the CAL
control).- <R e ]
The LM336B-2.5.

The LM336B-2.5 is a low-cost band-gap based

WV

Vout

oV

circuits.

ETI APRIL 1991




Vout
(+2V5]

AT oV

Fig. 19. Narrow-range trimmable ( +1%) version of
the voltage reference circuit.

v+
2
6
Vout
368
t 5 20k
TRIM
F
MINIMUM Vout
IC TYPE “TRIM’ RANGE
LM368 —-2.5 | 2v2 TO 5V0
o
7Y " _5.0| 4V5TO 6V0
-10.0 | 6V0 T0 15.5V |

Fig. 20. Wide-range trimmable version of the
LM368 voltage reference circuit.

Ve
o]
2
Ic1 & +Vrel
imses [ Cour
4
/Jn 2
ov
Ic2 ]
Lmase
A . ~Vraf
ouT
1-10mA l R1
V-

Fig. 21. LM368 dual-polarity voltage reference.

V+

0
2
Ic2 B V2 ouT
LM368 —0R€F2 {= REF1+REF2)
2 4
Ic1 6 o V1out
LM368 REF1 (= REFD
4 .\mml R1
1777 OV

Fig. 22. LM368 multiple voltage reference.

precision 2.5 V (nominally 2.49 V) reference and is
housed in a 3-pin TO-92 plastic package; Figure 12
shows its outline and basic usage circuits. The IC’s third
pin can be used to either trim the output voltage by
about +120 mV, as shown in Figure 13a, or to trim
the IC for minimum temperature coefficient (in which
case the output must be set to 2.490 volts), as shown
in Figure 13b (where D, and D, must share the same
thermal environment as the [C). o

The LM336B-5.0.

Thisis a 5.0 V version of the above IC; it has the same
outline and basic usage connections (allowing for
variations in circuit voltages) as already shown in
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Figure 12, its third terminal allows voltage or thermal
compensation to be made (see Figure 14).

Note that the LM336B-2.5 or -5.0 can be
operated from widely variable supply voltages (up to
30 volts maximum) by feeding it via an LM334
constant-current generator IC (to be described next
month), as shown in Figure 15 (where R; sets the
constant-current value at 1 mA). Figure 16 shows how
these LM336 ICs can also be used to make a square-
wave calibration generator, for use in oscilloscopes
and the like.

wide range supply.

O +2¥3-30V
1 1VE +aV
LM3a4 —"‘—I
BOTTOM VIEW 3k0 500k
4k3
ouT ouT
{+1v235) {+1V236) | ouT
I+1v235)
LM385-~1.2 LM385-1.2
LM386-1.2
[al
7 OV 77 oV av

{h}) le) id)

Fig. 23. LM385-1.2 outline (a) and basic circuits showing (b) reference from 1.5 V
battery, {c) micropower reference from 9 V battery, and (d) reference from

+3V7-30V
+9V
200k
43
ouT
[+2V§) ouT
1 (+2V5)
LM385-25 -y
LM385-25
ov 7 0V
{a) (b}

Fig. 24. Basic LM385-2.5 circuit showing (a)
micropower reference from 9 V supply and (b)
reference from wide range supply.

1.24(82)
GE]

L9V 2 Vout =

500k

5V0 REFERENCE
Fig. 25. LM 385 outline and basic application circuit.

ouT
BOTTOM VIEW SUT (+5V0)
§ +1va4)
FB =
F8
U | oo |2
OUTLINE =1
I??I” ov
124 REFERENCE 777 OV

The LM368- Series

The LM368 series of ICs combine a band-gap
reference and a fixed-gain series-pass booster stage
that can supply output currents of up to 10 mA, to
make a precision 2.5 V, 5.0 V, or 10.0 V voltage
reference, as indicated by the Ics suffix number. The
LM368 is available in 8-pin DIL or metal can
packages, but only pins 2 (V+), 4 (V-), 5 (ADJUST),
and 6 (OUTPUT) are used. Figure 17 shows the basic
way of using each version of the IC, and Figure 18
shows how the circuit can be modified for minimum
noise generation.

The LM368 is provided with a TRIM terminal
(pin 5), to adjust the output voltage over a useful
range, as shown in Figures 19 and 20. Another useful
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2 3
S feature is that the IC can be operated in the ‘shunt’ adihaillag T T
— mode (like a normal Zener diode) by shorting pins 2
i and 6, as shown in IC2 in the dual-polarity voltage @j
_ reference circuit of Figure 21. Finally, Figure 22 shows
3 2 (+BV3E) how a pair of LM368 ICs can be used to make a OUTLINE
multiple output reference in which V, is equal to the o1
LM3999 sum of the two reference voltages. BLOCK DIAGRAM
;L The LM385-Series [ TYPICAL SPECIFICATION
The LM385-series of ICs combine a band-gap REFERENCE VOLTAGE = 6V95 +5%
Fig. 27. Standard LM3999 reference and a shunt booster to make ‘micropower’ N aE NTARAN G e OmAT
application circuit. devices that can operate at currents ranging from a o ey e < AV ATE2ERCIATEsON)
; few microamps to 20 mA. There are three basic [CIARMIUEATIME :s

SECONDS (TYPICAL|
INITIAL PIN 3 TURN-ON 40mA (AT 25°C)

devices in the series; the LM385-1.2 is housed in a | CURRENT J
TO-92 package and generates 1.235 V; Figure 23 | £y 26 Basic details of the LM3399 precision
shows the ICs outline and basic application circuits. voltage reference IC.
The LM385-2.5 is housed in the same TO-92 package
and generates a fixed 2.5 volts output; Figure 24
shows two basic usage circuits. Finally, the plain The LM3999
‘LM385’ is a 3-pin version that can be adjusted, via  The LM3999 is a precision temperature stabilised
its FB terminal, to give a precision ‘micropower  voltage reference that houses a conventional shunt-
reference in therange 1.24V to 5. 3V ; Figure 25 gives  type Zener reference and a heater circuit in a single
details of the device. 3-pin package, giving a reference temperature
coefficient of better than 0.0002% /°C. The Zener
section of the IC generates 6.95 volts and can be used
over the 0.6 mA to 10 mA current range; the heater
1ok a8 section can operate from supplies in the 9 Vto 36 V
range, draws an initial switch-on current of about
0k e 140 mA (to give rapid IC warm-up) but this rapidly
reduces (within about 5 seconds) to a niminal value
of 12 mA. Figure 26 shows basic details of the device,
3k0 A . 4 3
- TRIM “oi and Figure 27 shows its basic applicatiion circuit.
Finally, to complete this look at voltage-reference
e ”] generator circuits, Figure 28 shows how the LM3999

" can be used in conjunction with an op-amp to make
an ultra-high-precision 10.00 V reference that can be
used as a calibration laboratory standard.

+16-18Y O

3 2

ouT
LM3999 + 0V}

Fig. 28. Precision 10 V reference.

E.T.l. Reader Offer

21 piece toolset

This superb 21 piece toolset offers an
invaluable selection of screwdrivers,
wrenches and nut drivers in all the useful,
smaller ‘'modelling’ sizes and will be in
constant use around the workshop.
Here's what you get!
Five crosspoint hex key wrenches/screw-
driversin 4, 4.5, 5, 5.5 and 6mm sizes.
Five precision wrenchesin 3, 3.5, 4, 4.5
and bmm sizes.
Five Hex nut driversin 1.5, 2, 2.5mm,
No. O and No. 1 sizes.
Six slot screwdriversin 1, 1.4, 2, 2.4, 3
and 3.5mm sizes.
And each tool is individually labelled in the

ASP Readers Offer, Argus House,
Boundary Way, Helel Hempstead, Herts HP2 7ST

I
|
. - |
handy plastic container for easy access. | Pleasesupply ..., RORM/14 @ £7.99
You'll wonder how you every managed | lenclose my cheque/PO. for £ ........... payable to A.S.P. or
| | debitmy Access/Visa............ joeidc soRER {} ossamtsen00s {| seeBassaBans
without them! | SIGNATUIE «ovveeeeiieaiiiicevcneraniaenes Expiry date ......cocvvveeeieenne
- I NamMe .o o —— |
TE'ephone orders. .. just call 4GRS haoonaosstenasobbancasaasbsanbdonasaniboBons aachdBanns - 40000a30000605000
I

uson 0442 66551 (24 hours)
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MONOCHROME MONITORS
THIS MONTH'S SPECIALI

There has never been a deal ltks this onel
Brand spanking new & boxed monitors
rom NEC, normally selling at about £140]
These are over-engineered for ultra
rellabllity. 9" green screen composite input
with etched non-glare screen plus switch-
able highlow Impedance input and output
for dalsy-chalning. 3 front controls and 6 at rear. Standard BNC
sockets. Beautiful high contrast screen and atiractive case with
carrying ledge. Perlect as a main or backup monitor and for
quantity userst  £39.95 each (D) or 5 for £185(g)

CALL FOR DISCOUNTS ON HIGHER QUANTITIES]

Zenith ZVM-1240-EA brand new & boxed 12" amber flat screen
with optional swivel and tiit base. Sunflex filter with dark tint.
Standard TTL PC campatible. 18 mhz bandwidth. Very attractive
“state of the art” tapered grey case. Standard 9 pin D plug
(supplled) on 1 metre cord and mains cord terminated with IEC
connactor. 240 volts complete with operations manual. Free

| swiveltiit base. An absolute gift at: £50 (D) 10/£500 (G).

COLOUR MONITORS
Decca 18™ 80 budget range colour monitor. Features a PIL tube,
beauliful teak style case and guaranteed B0 column resolution,
features usually seen only on colour monitors costing 3 times
our pricel Ready to connect to most computers or video s.
756 composite Input with Integral audio amp & speaker. Fully
tested surplus, sold In littie or hardly used condition with 90 day
full RTB guerantee. ldeal for use with video recorder or our
Telebox ST, and other audio visual uses. E96(E) 3/E275(G)
20", 22" and 26" AV SPECIALS

tbly made UK manufacture. PIL all solid staie colour
monitors, complete with composiie video & sound Inputs. Attrac-

five leak style case. Perfect tor Schools,Shops,Disco, Clubs.
in EXCELLENT litle used condition with full 90 day guaraniea.

20"...£135 22"....£155 26"...£185 P
HI-DEFINITION COLOUR MONITORS

Brand new 12" mutllinput high definition
colour manitors by Microvitek. Nice tight |
0.31° dot pltch for superb clarity and
modermn metal black box styling. Operates
from any 15.625 khz sync RGB video
source, with elther Individual H & V syncs
such as CGA IBM PC's or RGB analog
with composite sync such as Atar, Com-
modore Amiga, Acom Archimedes & BBC. Measures only 14" x
12° square. Free data sheet Including connection information.

o £149 o

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

NEC CGA [BM-PC compatible. High quality ex-squipment fully
tesied with a 90 day guaramtee. In an aftractive two tone ribbed
grey plastic case measuring 15"L x 13"W x 12"H. A tenific
purchase enables us lo pass these on at only.... £79 (5]

Srlzlr=78 14" Colour
Multisync/Multifunction

Never before has such a deal been struck to bring you this
quallty Japanese manufactured multisync, multifunction
professional grade monitor at an unheard of low pricell The
Bectrohome ECM1311 with its host of Inputs will connect to
most computer systems including: IBM PC/XT/AT/PS2 (CGA,
EGA, PGA, VGA modes) Atar, Archimedes (up to SVGA),
Commodore, BBC and many more. Many other features Include:
RGB analog & TTL Inputs, separate horizontal, vertical, com-
posite and sync on green Inputs; auto 15 to 36khz operation;
0.31mm tube dot pltch; tinted non glare etched screen & 30 mhz
bandwidth makes this item an absolute snipll Current makers
Bt price over £900 ! Each supplled with data, fully tested In
used good condition with full 90 day RTB guarantee. Quantity
discounts avallable. Wil also function as quallty TV with our RGB

Telebox. -, £1 75 o

Master Syslems 2/12 mlcmgmoessor controlled V22 full duplex
1200 baud modem. Fully BT approved unit, provides standard

va2 N%t; speed data comm, which at 120 e?s, can save your
phone

Il and connect ime by a staggering 75%! Ultra slim 45
mm high. Full featured with LED status indicators and remote
emmor diagnostics. Sync or Async use; speech or data switching;
bullt in 240v malns supply and 2 wire connection to BT. U
are In used but good condition. Ful‘lzies'!ed prior despatch, with
data and a full 90 day guarantee. What more can you ask for -

and al this pricell ONLY £69 (D)

LARGE QUANTITIES OF OSCILLOSCOPES AND TEST GEAR ALWAYS AVAILABLE - CALL NOWI
e il
LH=FLHY

-Electroni

Al

MAIL ORDER & OFFICES
Open Mon-Fri 9.00-5.30
Dept ET, 32 Blggin Way,
Upper Norwood,
London SE19 3XF.

IBMKEYBOARD DEALS

A repl t or backup keyboard, switchable for 1BM PC,
PC-XT or PC-AT. LED's for Caps,Scroll & Num Locks. Standard
84 keyboard layoul. Made by NCR for the English & US markets.
Absolutely standard. B new & boxed manual and key
template for user slogans on the function keys. Attractive
beige,grey and cream finish, with the usual reiractable legs
undemeath. A generous length of curly cord, terminating In the
standard 5 pin DIN pdl.‘lg A beautiful clean place of manufac-
turers surplus. What a deall (B) 5E175 (D)
Brand new and boxed 84 key PC/XT type keyboards In standard
1BM grey with very attractive mottled finish and "dicky” solid teel
keys. 10 function keys on side. English layout and £ sign. Green
LEDs for Caps, Scroll & Num locks.  £29.95 (B) 5/£135 (D)

CALL FOR DISCOUNTS ON HIGHER QUANTITIES!
FLOPPY DISK DRIVES

BARGAINS GALORE !

NEW 5% inch from £29.951
Massive purchases of standard 514" drives enables us to
present prime product at Industry beating low prices| All units
{unless stated) are removed from often brand new equipment
and are fully tested,aligned and shi to you with a 90 day
guaraniee an£ o&gmm from +5 &+ , are of standand size
5

mﬂ { ndard 34 way connector.

TAN TM100-2A IBM compatible DS £39.95(C

CANON,TEC stc.DS hall height.State 40 or BOT mm’ci

TEAC FD-55-F.40-80 DS half height. BRAND NEW _£79.00(C
k Sgeecatls! %

TEAC FD-55 half height serles In your cholce of 40 track
double slded 360k or 80 track double sided 720k. Ex-equip-
ment fully tested In excellent condition with 80 day warranty.

roer TE-36 for 380k £28.85(C) or TE-72 for 720k £39.95(C

CHOOSE YOUR 8 INCHI

Shugart 800/801 58S refurbished & tested £150.00
Shugart 851 double sided refurbished & fested ~ £225.00;
Mitsublshl M2894-63 double slded switchable
hard or soft sectors- BRAND NEW £250.00(E)
SPECIAL OFFERSI!

Dusl 8" drives with 2 megabyte capacity housedin a smart case
with bullt In power supplyl ol'lly £499.00 ®

Ideal as exterior drives|

End of line purchase | Brand new NEC D2246 8" 85
megabyte of hard disk storagel Full CPU control and indusiry
standard SMD Interface. Ultra hi speed transfer and access ime
leaves the good old ST506 Interface standing. In mint condition

and comes complete with manual. Only..........c.ccuee..... £399(E)

MAINS SUPPRESSORS & FILTERS

Roxburgh SDC 021 2 amp malns RFI fiiter. Has an extra wide
frequency range of 150 khz to 30 mhz. Can type, solder lug
connection. Quali faciured to BS 613 standards. Dims
1-1/2'D x 1-3/4"H........... E3.95 or 3 for £10 (A) 10 for B)
Roxburgh SDA 013/25. Simllar to above rated at 1-1/2 amps.
Dims 1-1/2"D'x 1-3/4"H....£3.25 or 3 for £8.50 (A) 10 for £25(B)
Suppression Devices SD5 A10. Extra compact general pur-
pose suppressor. Plastic moulded case with single bolt fixing
and snap connectors. Rated at 230 vac 5 amps. Dims 1-3/4"L
X 1-1/8"W x 5/8"H............£8.95 or 3 for £10 (A) 10 for (B)
Belling-Lee type L2127 3 amp malns RFl fliters. Has a bullt In

malns cable (English coding}, and a three pin minlature non-re-
varsible socket and a mating plug, to go to the equipment, Ideal
for those who am bugged by RF Intert
Dims 3-1/8" x 2.5"x 1.5"..

Very compact.
£3.85 each or 3 for £10 (A)

RECHARGEABLE BATTERIES

LEAD ACID
free sealed long life. Type A300.
12 voits 12 volis 3 amp/hours £13.95(A

6volts 6 voits3 am s £ 9.95(A
12 volts Centre tapped 1.8 amp hours, RFE. E 5.95(A
12 volts 12 volis 38 amp hours.7-1/2"L x6"S.RFE £35.00(8!
NICKEL CADMIUM
Quallty 12v 4ah cell pack. Originally made for the Technicolalor
video company. Contalns 10 GE top quallty D nicad cells In a
smart robust case with a DC output connector. ldeal foer_rorlable
equipment. Brand new. 9.95(B)
Ex-equipment NICAD celis by GE. Removed from equipment
and in good, used condition: l'):gze 4ah
ze

€ for £8(B

Tektronix 1751 Waveform/Vector monitor

Trio 0-18 wdc banch PSU. 30 amps. New

DEC VAX11/750 inc. 2 Meg Ram DZ and full docum-
emntation, In brand new condition
Fujitsu M3041 600 LPM band printer
DEC LS/02 CPU board

E2750
£ 470

£2950
€ 150

Calcomp 1036 large drum 3 pen plotier £ 650
Thuriby LA 160B logic analyser £

1.5kw 115v 60hz powar source £ 950
Tekironix R140 NTSC TV test signal standard. £ 875
Sony KTX 1000 Videotex system - brand new £ 790
ADDS 2020 VDU terminals - brand new £ 225
Sekonle SD 150H 18 channel Hybrld recorder £2000
Trend 1-8-1 Data transmisslon test set E 525
Kenwood DA-3501 CD tester, laser pickup simulator € 350

LONDON SHOP DISTEL @ The
100's of bargalns|
Open Mon-Sat 9-5.30
215 Whitehorse e,
South Norwood,
London, SE25.

4for £5(8) JE

Free dlal-up database!
1000’s of items+info On Line
300 bd 0B1-679-1888,

1200/75 bd 081-
1200/1200 bd 081-679-8764
ices for UK Mainland. UK customers add 16% VAT to TOTAL onder amount. Minimum onder E10, PO orders from G
inimum account order £25. Camiage charges (A)=£2.00. (B}=£4.50. (C)=£3.50. (D)=£11.50. (E)=£14.00 (F)=£18.00 (G)=Call . All goods supplied subjedt to owr
standard Conditions of Sale and unless otherwise siated gusrantsed for 80 days. All guarantess on a retum fo bass basis We resarvs the right t changs prices & specifications
without prior notice. Orders accepted subject to stock. Quotations willingly given for higher quantities than those stated, Bulk surplus always required for cash.

Superb Quality 6.foot'40u
19" Rack Cabinets)|

Massive Reductions
Virtually New, Ultra Smart!

Less Than Half Price!

Top quallty 19" rack cabinets made in UK
by Optima Enclosures Lid. Unlts feature
deslgner, smoked acrylic lockable front
door, full helghtlockable halflouvered back
door and removable side panels. Fully ad-
justable Internal fixing struts, ready
punched for any configuration of equipment mounting plus ready
mourted Integral 12 way 13 amp socket switched malns distribu-
tion strip make these racks some of the most versatile we have
ever sold. Hacks may be stacked side by side and therefore
require only two side panels or stand singly. Overall dimensions
are 77-1/2"H x 32-1/2"D x 22"W. Order as:

Rack1 Complete with removable side panels......£375.00 (G}
Rack2 Less side panels £225.00 (G|

POWER SUPPLIES

Power One SPL200-5200P 200 watt (250 w peak).Semi open
frame glving +5v 35a, -5v 1.5a, +12v 4a (8a peak), -12v 1.5a,
+24v 4a (6a peak). All outputs fully regulated with over voltage
protection on the +5v output. AC input salectable for 110/240
vac. Dims13" x 5" x 2.5". Fully guaranteed RFE. £85.00 (B)

Power One SPL130. 130 watts. Selectable for 12v (4A)or24 v
(2A). 5v @ 20A. £ 12v @ 1.5A. Swilch mode. New,
Astec AC-8151 40 walls, Switch mode. +5v @ 2.5a. +12v @
2a,-12v @ 0.1a. 6-1/4" x 4" x 1-3/4" Naw £19.95(8)
Greendale 19ABOE 60 watts switch mode.+5v @ 6a,+12v @
12,£15v @ 1a. RFE and fully tesled.11 x 20 x5.5ems. £24.95(C)
Conver AC130. 130 watt hi-grade VDE spec.Switch mode.+5v
@ 15a,-5v @ 1a,412v @ 6a.27 x 12.5 x 6.5¢cms.New.
£49.95(C)

Boshert 13090.Switch mode. Ideal fordrives & system. +5v@ 6a,
+12v @ 2.5a, -12v @ 0.5a, -5v @ 0.5a. £29.95(B)
Famell G&/40A. Switch mode. 5v @ 402.Encased E95.00(C)

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

&

PRITILORERNET

As above but 230 voits
DC 1" thick N0.812 for 6/12v.814 24v.

brd i
&

62 mm

3 inch  AC. 112" thick £ 8.50
312inch AC ETHI slimline.Only 1" thick. £ 9.95
4inch AC 110/240v 114" thick. £10.9
4inch AC 112" thick 9.85
10inch  AC round. 312 thick. Rotron 110v 0.95
'4.85
85
80mm  DC 5 v. Papst 8105G 4w. 38mm. RFE. i
82mm  DC 12v. 18 mm thick. i
4inch DC 12v. 12w 112" thick
4 inch DC 24v Bw. 1" thick.

TV eniinnN
¥ SIS
& VIDEO
TUNER!
Brand new high quality, fully cased, 7 channel UHF PAL TV tuner
systam. Unit simply connects to your TV aerial socket and colour

deo monilurluming samelinto a fabulous colour TV. Donl worry
ILruur manitor does’'n have sound, the TELEBOX even has an
I a&;aj audio amp for driving a speaker plus an auxlilary ouiﬁut
for Headphones or HI A sygem atc. Many other teatures: LED
Status indicator, Smart moulded case, Malns’‘Dowered. Bullt to
BS safety ms, Many other uses for TV sound or video elc.
Supplied B D NEW with full 1 year guarantee.
T x ST for composite video input monitors.........£29.95
Telebox STL as ST but with Integral speaker. 34,
Telebox RGB for analogue RGE monitors.................065.95(B)

AGB Telebox also suftable for IBM multisylne monitors with RG

analog and composite sync. Overseas versions VHF & UHF call.
SECAM / NTSC not available.

RS

RAND NEW PRI

Starwriter Model FP1500-25 daisywheel printer renowned
for Its rellabllity. Diablo type print mechanism gives superb
registration and quallty. On board micropracessor gives full
Diablo/Qume command capabilty. Serial AS-232C with full
handshake. Bidirectional 25 cps, switchable 10 or 12 pitch, 136
cpl In Plica, 163 In Elite. Friction or tractor feed. Full ASCII
Including £ sign. Font and ribbon Diable compatibl
DED D minlature ball point pen printer plotte
with full 40 characters per line. Complete with data sheet which
Includes clreult diagrams for simple driver electronics......£49(B)
Centronics 150 series. Always known for their reliabiity in
continuous use - real workhorses In any environment. Fast 150
cps with 4 fonts and cholce of interfaces al a fantastic price!

1508-4 Serial up to 9.5" paper, fan fold Iractor.. 99,
1504 Serial up to 5.5" paper, tractor, roll or s/s g.oo E
CALL FOR THE MANY OTHERS IN STOCK.

152-2 parallel up to 14.5" paper, tractor or s/sheet.
VISIT OUR SHOP FOR BARGAINS

Q‘URUTY COLOUR TVI
S,

Orlglnal ALL ENQUIRIES

081-679-4414

Fax- 081-679-1927
Telex- 894502

679-6183,

is & Local Auth




HIGH GRADE COMPONENT PARCELS

Unless otherwise stated, all the clearance parcels we offer contain brand new, top grade
components. if some of the offers look too good to be true, all | can say is that the
optimists will get some stunning bargains, the cynics will never know what
they've missed, so everybody will be happy! All offers apply only while
current stocks |last — watch out for next month's parcels or, batter
still, be the first to hear about any new offers by

putting your name on our mailing list. (Please

write in, or ‘phone Pete Leah on

0272 522703 after

& MASSIVE y s g
CLEARANCE SALE

Once again, a general purpose parcel containing a
huge variety of components: resistors, capacitors,
ICs, transistors, efectrolytics, tants, triacs, LEDs,
diodes, thermistors, trimmers, VDR, all sorts. All new,
top quality components. This is mostly remainders from
our own stock — stuff we forgot to advertise, or have in
too small a quantity to sell individually. Guaranteed to be
worth at least eight times the price if valued from any
standard component catalogue! What more can | say?
PARCEL 2A: 1000+ top grade components for £12! + VAT
(Value £100+) :

PARCEL 2B: 5000+ top grade components for £49! + VAT

(Value £500+) ‘b—
@,.‘*: LEDs

Ali shapes, sizes and
colours of LEDs. Round ones
in various sizes, rectangular ones,
red, green, amber and yellow ones,

UNIVERSAL
EVERYTHING PARCEL

This one contains some of just abaut any component you care to name!
There are passives (resistors, capacitors, {anis. presais), opto devices
{couplers, LEDs of ail shapes and sizes, infra-red components,
7-segment displays), semiconductors (iransistors, diodes, ICs,
rectifiers), and all kinds of other odds and ends (refays, VDRs, neons,
battery connectors, mixed components packs). A stunning range of
companents — enough to get a workshaop or lab. starled — at a
ridiculously low price.
The components are of excellent quality, in packs originally intended to
sell at £1 each, Tomake sure you get a good varnigty, the 20-pack
parcel will have no more than two of any one pack, the 100 pack parcel
will have at most five of any one pack. Packs supplied as they come —
our choice.
PARCEL 1A: 20 PACKS for £10 + VAT
PARCEL 1B: 100 PACKS for £39! + VAT

INTEGRATED
CIRCUITS

This parcel contains nothing but ICs. The
mixture offers TTL and CMOS logic,
interface ICs, linear, data converters,
op-amps, special functions, and so on.
Some of the ICs are pre-packed with data
sheets, some (TTL, CMOS, op-amps) we
expect you to identify for yourself, others
will be covered by the free data pack

provided, and the rest you'll have o TANTALUM clear and tinted lenses, all sorts.
identify under your own steam. If you CAPACITORS PARCEL 7A: 100 LEDs for £5.90 + VAT
know your ICs you'll be in for a few nice

g PARCEL 7B: 500 LEDs for £24.90 + VAT
surprises.

PARCEL 3A: 100 ICs for £12! + VAT
PARCEL 3B:

500 ICs for £49!

+ VAT

A nice range of tants in values up to
47yF. Lots of useful caps, and we're
not mean with the most expensive
ones. A fine selection.

PARCEL 4A: 100 TANTS for £6.80 + VAT
PARCEL 4B: 500 TANTS for £29! + VAT

e B xR T

RELAYS

All kinds of relays: plug-in, PCB
mounting, low voltage (down to

3V coils}, miniature, reeds, heavy duty
contacts, signal contacts, you name it.
A fantastic selection.

You'll be back for more!

PARCEL 16A:
50 RELAYS for £12+ VAT

PARCEL 16B:
200 RELAYS for £38 + VAT

' CAPACITORS

An exciting selection of
capacitors. There are
ceramics for decoupling and
general use, Polystyrenes for high
performance circuits, dipped and
moulded polyesters in values from a few
nF up to 2.2uF (very expensive!), tants and
aluminium electrolytics — just about any
capacitor you'll ever need. Don't miss this
one!

TRANSISTORS

A mix of general purpose silicon
transistors, mostly bipolar NPN and
PNP, with a few FETs and unijunctions

thrown in (when available) to spice PARCEL 8A:
i the mixture. The contents vary from 1000 CAPACITORS for £6.50 + VAT
I month to month — at the moment there PARCEL 8B:
J | are BC212s, BC213s, BC548s, 2500 CAPACITORS
¥ BC238Bs, MTJ210s, and so on. Next for £14.90 + VAT

a i month — who knows? All top quality
components.

PARCEL 6A;
200 TRANSISTORS for £7.80! + VAT

UK Orders:

Please add £2.50
towards postage and
packing and 15% VAT

to the total

Europe and Eire:

Please add £6.00 carriage
and insurance. No VAT
Outside Europe:

Please add £12.00 carriage
and insurance. No VAT

HIGHGRADE
COMPONENTS LTD

Unit 107, 8 Woburn Road, Eastville, Bristol BS56TT
44 ETI APRIL 1991



AIR IONISERS

By means of points raised to a very high voltage, ionisers re-structure the air
you breathe, turning ordinary air molecules into potent negative ions. The
effects of breathing in these ions can be quite startling. Almost everybody
reports that it makes them feel good, and there is now strong evidence that it
can also improve your concentration, make you more healthy and alert, make
you sleep befter, and even raise your 1Q.

THE MISTRAL AIR [>
IONISER

The ultimate air ioniser. The Mistral has variable
ion drive, built-in ion counter and enough power to
drive five multi-point emitters with ease. Hts nine
main drive stages, five secondary drives and four
booster stages give an immense 15 billion ions per
minute output — enough to fill the largest room in
a matter of seconds.

The parts set contains everything you need to
build the Mistral: components, PCB, case, emitter
and full instructions. If you're keen to increase the
output still further, there’s an optional eight-point
internal emitter set to give extra ionising capability,
and an almost silent piezo-electric ion fan to drive
the ions away from the emitter and into the room.

MISTRAL IONISER PARTS SET £32.66 []

INTERNAL EMITTER PARTS SET
(optional) £3.22 [ ]
ION FAN (optional) £11.27 [ ]

<] PROPHET PF3

The Prophet performs its own special miracle on the dashboard of your
car. First reports are most impressive: driving becomes a positive
pleasure, easier to stay alert on long motorway journeys, a child cured
of travel sickness. The ion effect is not to be underestimated. Don't forget
the experiments either: there's the smoke trick, triffids, the living emitter,
and more. The Prophet can be used anywhere with a supply of 9V to
12V DC, so don't restrict it to the car alone!

PROPHET PF3 PARTS SET £21.39 ]

THE Q-ION [>

Check out the ion levels around your house. The Q-lon will measure
the output of any ioniser, test the air to see where the ions are
concentrating, help you set up fans and position your ioniser for best
effect, and generally tell you anything you want to know about ion
levels in the air. The readout is in the form of a bar graph which moves
up and down as the Q-lon sniffs the air in different parts of the room.
Readings up to 10'® ions per second, positive or negative.

Q-ION COMPLETE PARTS SET £21.16 D

<] KIRLIAN CAMERA

IONISER
EXPERIMENTS

* The Vanishing Smoke
Trick

Light up a cigarette and gently puff smoke
into a glass jar until the air inside is a thick,
grey smog. Carefully invert the jar over the
ioniser so that the emitter is inside. Within
seconds the smoke will vanish! This is one
of the best demonstrations of an ioniser's
air cleaning action and with a large jar the
effect is quite dramatic.

* Triffids

Connect a length of wire from the ioniser
emitter to the soil in the pot of a
houseplant. One with sharp, pointy leaves
is best. Hold your hand close to the plant
and the leaves will reach out to touch you!
In the dark you may see a faint blue glow
around the leaf tips — this works better with
some plants than with others, so try several
different types. The plants don't object to
this treatment at all, by the way, and often
seem to thrive on it.

* The Electric Handshake

Wear rubber soled shoes. Touch the
ioniser emitter for a few seconds until your
bady is thoroughly charged up. When your
hair stands on end, that's just about
enough. Then give everyone you meet a
jolly electric handshake. Just think, you
could lose all your friends in a single
evening! (A meaner trick still is to charge
up a glass of water or a pint of beer. Even
your family won't speak to you after that!)

Bioplasmic fields, auras, or just plain corona discharge? No matter how you explain them, the effects are strange and
spectacular. Can you really photograph the missing portion of a torn leaf? Can you really see energy radiating from
your finger tips? Most researchers would answer ‘yes’ to both questions.

Our Kirlian photography set contains everything you need to turn the Mistral into a Kirlian camera, your bedroom
or spare room into a darkroom, and to expose, develop and print Kirlian photographs (photographs made with high
voltage electricity instead of light). The set includes exposure bed, safelight bulb, developing and fixing chemicals,
trays, imaging paper and full instructions. A Mistral ioniser parts set is also required.

KIRLIAN CAMERA SET £19.78 [

ORDERING
All prices include VAT
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IDUIGTORS

UK orders: please add £1.15 postage and packing
Eire and overseas: please deduct VAT and add
£5.00 carriage and insurance.

Tel: (0600) 3715

SALES DEPT., ROOM 107, FOUNDERS HOUSE, REDBROOK, MONMOUTH, GWENT.
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| Phone 0600 3715 for immediate
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Designing an Flectronic

John Smith now turns
the circuit design into
a working voltmeter

46

PROJECT

TestMeter |

ast month, a final design was produced for
an active multi voltmeter. Now we turn our
aftention to the construction, but just
before that you'll notice that Figure 1 shows
the full theoretical circuit with the inclusion
of the range resistors, and the various FSD inputs,
Rmsh is placed across the meter and its value will
depend on the meter type — more of that later.

Construction

Referring to the view shown in Figure 2, looking into
the rear of the Plastic Box. Make board A from plain
copper-clad PC material, with the copper on the

upper surface. Cut a ‘U’ notch in the centre of the
lower edge as shown in Figure 3. Check that this board
is a snug fit into the lower part of the plastic box. Cut
board ‘B’ as with board ‘A’ to make a ‘U’ notch in the
centre of the lower edge. Align the two boards and
ensure that the excess width of board A is equally
13mm either side of board ‘B’

If this is satisfactory, mark and drill the two 6 BA
holes through board ‘A Again with board ‘A, drill the
3mm holes for the switch mounting, and cut the slot
for the switch ‘tang’

Assemble the two boards, using 6 BA bolts and
spacers and then add the switch, using 3mm bolts,

1/Ps

R104e |10M

ON -—— OFF

VE O—
5 COMMON NEGATIVE INPUT

T OO0 + V5
R2 \
a7k 11 :
B+ |
10 TEST |
POINT
5\5 5 Rmsh ;
om
M1 |
1

)z I Lct |
Wl T 1500p |
R3a R3b 50un |
100R 100R |

GND | T
8 |
14 |
R6 = o) |
124 as 2k2§ = 15000 I
13 |
I

0 O—0——O —1V5

Fig. 1 Full circuit of testmeter.
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to see that everything is fitting so far.

Dismantle and make the 5mm holes in board A
for the sockets, being careful with alignment, as the
appearance of the completed instrument will be
affected by this. Still with board ‘A, countersink the 6
BA and the 3mm holes on the plain side.

Mount RV1 on the copper side of board ‘B’, so
that it is a little less than 6mm proud, and set exactly
along the centre-line of the board.

Drill a pilot hole in board ‘A to coincide with
adjusting slot of RV1. Assemble the two boards and
check that this hole will give access to RV1. If this is
satisfactory, enlarge this hole. Complete the work on
board ‘B) noting that R;, and R, are mounted on the
copper side, for convenience.

Also fit and solder the IC. the chip contains only
normal silicon transistors so, although care must be
taken, it is not so easy to damage as a FET. The IC
may be mounted on a holder, if desired.

Leave all outgoing leads over-length.

Using board A as a template, make the 5mm
holes, the slot for the switch ‘tang, and the access hole
for RV1 in the front panel of the Plastic Case.

DO NOT DRILL THE 6 B.A. OR THE 3mm
HOLES THROUGH THE FRONT PANEL. The
large hole, and the four small (2.5mm) holes for the
meter may now be made. Check that the dimensions
in Figure 2 agree with the information given with the
meter. Also check that the meter will fit between the
top of board ‘A’ and the protruding plastic moulding
at the top of the box.

If all is well so far, the meter may be fitted and
held in place with the 2.5 mm nuts and washers
supplied.

Fit spacers and switch to board ‘A, remembering
to use the shortened c/s bolts for the spacers. Wire
the switch as shown in detail in Figure 5, fitting C1 and
C2 from the + terminals of the switch to the copper
surface of board A Select the value of R_, from the
chart in Figure 6 and solder the resistor(s) directly to
the meter terminal tags, this will convert any’meter to
one of ImA full scale. Connect the + meter leads from
board ‘B.

Fit board ‘A into lower part of the case, holding
it in with the socket locking nuts. Fit board ‘B’ on to
spacers,

ETI APRIL 1991
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Fig. 2 Detail inside box.

Check that the switch is OFF and temporarily
connect the battery, noting that the ‘0’ volts wire
should go between the two cells.

Switch on, and see that the meter can be zeroed
by RV1, then apply 3 or 4.5 volts to input two.
(Remember that a new alkaline cell will give more than
1.5 volts.) The reading obtained should be accurate
to 1%, but if a check meter is available — so much
the better!

If things are not going too well at this stage, switch
OFF, disconnect the battery, and check:

That the ic. is the right way round. (!)

That the correct value components are in the

correct places.

If the instrument works, but the ranges are badly
in error, check that R_, is the correct value for the
meter in use, and that the high value range resistors
are right — high value colour codes can be confusing!

Assuming that all is now OK, check that the
battery box willfit in the corner of the lid, without the

6.5mm A

Smm

3mm DISTANCE ‘X’
- APPROX 18mm 6mm
A REFER TO NOTES

|
P %ﬁ

Smm x 15mm

$ y
Fo— @ 15mm

)
|
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6.5mm

e

(GRS 1

D
N

Fig. 3 Board ‘A’ detail viewed from rear of plastic box.
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Fig. 6 Switch wiring detail.

Fig. 7

Values of meter shunt resistors R for various meter mavemens.

msh

Panel Meter | Full Scale | Internal | Shunt for | Made from Two
Maplin Code{ Current |Resistance | 1mA Resistors in
Parallgl.

FM 98 G 50uA | 4300R | 226.3R 910 & 300R
RW92A | 100uA | 3750R | 416.7R | 1600 & 560R
RW 94 C 1 mA 200R | notreq. E—

metal cases of the cells touching any components, or
exposed wiring, and then stick the battery box in place.
Make the battery connections using a solder tag under
the spring in the battery box — be careful that this tag
doesn't touch anything else. Fix the lid with the screws
provided — if you haven't lost them — and away you
go !

The instrument only take about 1Y2mA
guiescent, to 2Y2mA full scale — so you shouldn't
need to change the batteries very often. A battery
check socket has been provided, if the volts fall much
below 1.5v,, change both cells.

Values of meter shunt resistors R, for various meter
movements.

PARTS LIST

RESISTORS — Mstal Film = 1% -
R1 50k (or R1a, R1b — 100k each)
R2 47k
R3 50R (or R3a, R3b — 100R each
R4 24k
RS 2.2
R6 2.2k
RANGE RESISTORS
- Ri01 M
R102a, 102b 10M
- R103a, ¢, e 6.8M
| RI03b, df 8.2M
. R104, atoe 10M
&\ 22 horiz preset
. Rmsh Value depends on meter used (see Table)
- CAPACITORS
C12 1,500p
Eal 330p
- SEMICONDUCTORS
i CA3046
MISCELLANEOUS iAo :
Box {white). Meter (50 uA). Switch {Double Pale), Skts 2mm RED,
- BLACK Battery Holder HEfR=rene ST e
CopperBoard - 71x60mm
" 6 BA Tapped Spacers (% inch} -
6BAc/sBolts .~ {%inch)
- 8BA Rnd. Head (% inch)
‘M3cfsBolts {Bmm
- Connecting wire

- Solder tag — about 6 BA — foy extra battery connection.’
Two AAA. cells — Alkaline preferred.
* Set of Test-Prods with 2mm. Plugs.




REAL POWER AMPUIAIER Foryour car, it has 150 watts cutput
Frequency response 20HZ to 20 KHZ and a signal to noise ratig
better than 60db, Has builtin short circuit protection and adjustabld
input level to suit youe existing car stereo, o needs no pra-amp
Worksint k ref 30P7d ibed below. A real bargain atonly
£57.00 Order ref 57P1

REAL POWER CAR SPEAKERS. Stereo pair output 100w each
4ohm impedance and consisting of 6 1/2* woofer 2 mid range andg
1"tweeter. Ideal to work with the amplifier described above. Price pal
pair £30.00 Order ref 30P7,

PERSONAL STEREOS Customer retums but complete with
pair of sterec headphones very good value at £3.00 ref 3P83.
1200/75 MODEMS. Made to fit into PC,s but could be adaptabid
complete with diagrams efc. £15.00 each ref 15P46
2KV 500 WATT TRANSFORMERS Suitable for high woltags
experiments or as a spare for a microwave oven etc. 250v AC input}
£10.00 ref 10P93
MICROWAVE CONTROL PANEL. Mains operated, with toucH
switches. Complete with 4 digit display, digital clock, and 2 relay
outputs one for power and one fer puised power (programmabie)|
Ideal for all sorts of precision timer appliications etc. £6.00 ref 6714
RBRE OPTIC CABLE. Stranded optical fibres sheathed in biach
PVC. Five metre length £7.00 rof 7P29

12V SOLAR CELL 200mA output ideal for &
trickle charging etc. 300 mm square. Our price .. .
£15.00 ref 15P42

PASSIVE INFRA-RED MOTION SENSOR.
Complete with daylight sensor, adjustable ights
on imer (8 secs -15 mins), 50" range with a 90 _
deg coverage. Manual overide facifity. Com- .
plete with wall brackets, bubb holders etc. Brand
new and guaranteed. £25.00 ref 25P24

Pack of two PAR38 bubbs for above unit £12.00
ref 12P43

VIDEO SENDER UMIT. Transmit both audio and video signal
from either a video camera, video recorder or computer to any
standard TV set within a 100" range! (tune TV to a spare channsl)
12v DC op. £15.00 ref 15P39 Suitable mains adaptor £5.00 ref
5P191

FM TRANSMITTER housed in a dard working 13A adi
{bug 1= mains driven), £18.00 ref 18P10

MINATURE RADIO TRANSCEIVERS. A pair of % Iﬁ

o

walkie talkies with a range of up to 2 kilometres. Units

measure 22x52x1 55mm. Complete with cases. £30.00 !

ref 30P12

FM CORDLESS MICROPHONE. Small hand held

unitwith a 500' range! 2 tranamit power levels regs PP3 battery. Tun|
eable o any FM recetver. Our prics £15 ref 15P42

10 BAND COMMHMC&'I‘IONS RECEIVER. 7 short
bands, FM, AM and LW DX/local switch, tuning 'eye' mains [Ti]
or battery. Complete with shoulder strap and mains lead
£34.00 ref 34P1

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

CAR STEREO AND FM RADIO. Low cost stereo system giving
5 watts per channel. Signal 1o noise ratio bettar than 45db, wow and

flutter less than .35%. Neg earth. £25.00 ref 25P21.

LOW COST WALIKIE TALKIES. Pair of battery [
operated units with a range of about 150" Our price i
£8.00 a pair ref 8PS0 Sl
7 CHANNEL GRAPHIC EQUALIZER plus a 60 watt ' =

power amp! 20-21KHZ 4-8R 12-14v DC negative earth Cased £2
ref 25P14

NICAD BATTERIES. Brand new top quality. 4 x AA's £4.00 rsf
4P44 2xC's £4.00 ref 4P73, 4 x D's £9 00 ref 9P12, 1 x PP3 £6 04}
ref 6P35 also exequip AAA s at 25 for £10,00 ref 10P120
TOWERS INTERNATIONAL TRANSISTOR SELECTOH
GUIDE. The ultimate equivalents book. Latest edition £20.00 ref
20P32.
CABLE TIES. 142mm x 3 2mm white nylon pack of 100 £3,00 ref
3P104. Bumper pack of 1,000 ties £14 00

BUILD AN IBM COMPATIBLE
PC!

AT 12 meg turbo 286 mother board £11500 pet
1 meg memory for above board. £55.00 pc2
4 meg memory for above board £21400 pca
AT keyboard £4000 pc4
AT power supply and pc case (complets) £11500 pcs
AT controller card with 2 x serial, 1 x parallel

Floppy and hard controller + mono

Display driver. £74.00 pcé
1.2 meg 3 1/2" disc drive £74.00 pc?
1.44 meg 5 1/4" diive, £66 00 pc8
Amber monitor 12°. £99.00 pc9
40 meg hard disc, £27000 pcl0

100 meg hard disc. £59500 pcli

minimum system consisting of mother board, 1 meg of memory
case, power supply, 1.44 meg floppy, interfaces, and monitor i
£525.00inc VAT (single drive mono 286) pci2
£795.00 inc VAT (40 meg + floppy + mono 286) pc13

1981 CATALOGUE AVAILABLE NOW IF YOU DO NOY
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 a!l camp:
nents to build a battery operated geiger counter. £39.00 ref 39P1 |;
FM BUG KIT. New design with PCB embedded coil, Transmits
any FM radio. 9v battery req'd. £5.00 ref 5P158

TV SOUND DECODER. Nicely cased unit, mains powered
channel will drive a small speaker directly or could be fed into H! Fj:
otc. Qur price £12.00 ref 12P22 2
COMPOSITE VIDEO KITS. These convert composite video i
separate H sync, V sync and video. 12v DC. £8 00 ref 8P39
SINCLAIR C5 MOTORS. 12v 29A (full load) 3300 rpm 6”x4" 1/4];
O/P shaft. New, £20 00 ref 20P22
As above but with fitted 4 to 1 inline reduction box (800rpm) and
toothed nylon belt drive cog £40.00 ret 40P8

innertube. Wheels are black, spoked one piece poly carbonate. 13
wheel £6 00 ref 6P20, 16" whee! £6 00 ref 6P21

ELECTRONIC SPEED CONTROL KIT for c5 motor PCBand &
components to build a spead controlier (0-95% of speed)

Uses pulse width modulation. £17.00 ref 17P3

SOLAR POWERED NICAD CHARGER. Charges 4

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

6P3

MOSFETS FOR POWER AMPLIFIERS ETC. 100 watt mosiy
pair 28J99 and 25K343 £4.00 a pair with pin outinfo ref 4P51. Al
avaliable is 2 25K413 and a 25J118 at £4.00 ref 4P42

10 MEMORY PUSH BUTTON TELEPHONES. These are 'cus|
tomer retums' so they may need slight attention. BT approved. £6.01
each ref 6P16 or 2 for £10.00 ref 10P77

12 VOLT BRUSHLESS FAN 4 1/2" square brand new ideal fof
boat, car, caravan etc. £8 00 each ref 8P26.

acorn data recorder ALF503 Made for BBC computer but suitab!d
for others Includes mains adapter, leads and book. £15.00 re
15P43
VIDEO TAPES. Three hour superior quality tapes made undef
licence from the famous JVC company. Pack of 10 tapes £20 00 re§
20P20

ELECTRONIC SPACESHIP. Sound and im-
pact controlled, responds to claps and shouts and
reverses when it hits anything. Kit with complete
assembly instructions £10.00 ref 10P81

PHILIPS LASER. 2MW HELIUM NEON
LASER TUBE. BRAND NEW FULL SPEC
£40.00 REF 40P10. MAINS POWER SUPPLY KIT £20,
REF 20P33 READY BUILT AND TESTED LASER IN O
CASE £75.00 REF 75P4.

SWITCHED MODE POWER SUPPLY (Boshert) +5 at 154, +1
at3A, -12 at 2A, +24 at 2A 220 or 110v input. Brand new £20 .00 r=}
20P30

SOLDER 22SWG resin coted solder on a 1/2kg reel Top guality]
£4,00 a ree| ref 4P70

600 WATT HEATERS. Ideal for air or liquid, will not corrode, last
foryears. coiltypa construction 3"x2" mounted on a 4" dia metal platg
for easy fixing £3 00 ea ref 3P78 or 4 for £10.00 ref 10P76

TIME AND TEMPERATURE MODULE A clock, digital thed
mometer (Celcius and Farenheit (0-160 deg F) programmable 4
hot and too cold alarms. Runs for at least a year on one AA battery]
£9.00 ref 9P5.

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

ELECTRONIC TICKET MACHINES These units contain 4
magnetic card reader, two matrix printers, motors, sensors an:
loads of electronic components etc. (12'x12"x7") Good value =
£12.00 ref 12P28

JOYSTICKS. Brand new with 2 fire buttons and suction feet thes4
units can be modified for most computers by changing the connactol
etc. Price is 2 for £5.00 ref 5P174

QUALITY PANEL METERS. 50uA movement with 3 differan
scales that can be brought into view with a lever! £3 00 each ra
aPsi1

CARIONIZER KIT improve the air in your car! clears smoke an
helps to reduce fatigue. Case required. £12 00 ref 12P8.

METAL DETECTOR. Fun light weight device for bur-

ied treasure! 33" long with tune and fine tune controls

£10.00 ref 10P101

6V 10AH LEAD ACID sealed battery by yuasha ex

equipment but in excellent condition now only 2-for

£10 00 ref 10P95.

12 TO 220V INVERTER KIT. As supplied it will

handle up to about 15 w at 220v but with a larger transformer it wi

handle 100 watts Basic kit £12.00 ref 12P17 Larger transformef

£12 00 ref 12P41

VERO EAS| WIRE PROTOTYPING SYSTEM Ideal for design|
ing projects on etc. Complete with tools, wire and reusable board]
Our price £6.00 ref 6P33

MICROWAVE TURNTABLE MOTORS. Complete with weigh
sensing electronics that would have varied the cooking time ideal fo
window displays etc £5.00 ref 5P165

STC SWITCHED MODE POWER SUPPLY  220v or 110v inpf
giving Svat2A, +24vat0.25A, +12vat0 15A and +90v at0 4A £12 0
ref 12P27

CAMERA FLASH UNITS. Require a 3v DC supply to flash_ £2.0i

each ref 2P38 or 6 for £10 00 ref 10P101 (ideal multi-flash photogt
raphy)

TELEPHONE AUTODIALLERS. Theseunits, whentriggered wi
automatically dial any telephone number Originally made for alam
panels. BT approved £12 00 ref 12P23 (please state telephane n

req'd

25 WATT STEREO AMPLIFIER ic. STK043, With the addition o
2 handful of components you can build a 25 watt amplifier £4.00 rej
4P69 (Circuit dia included)

20 WATT 4 OHM SPEAKER Builtin twester hi fi quality 6 1/2"

price is £5 00 ref SP155 or 10 for £40 ref 40P7

LINEAR POWER SUPPLY Brand new 220v input +5 at 3A, +14
at 1A, -12 at 1A Short circuit prolected. £12 00 ref 12P21
MAINS FANS. Snail type construction. Approx 4"x5" mounted on §
metal plate for easy fixing. New £5 00 5P166.
POWERFUL IONIZER KIT. Generates 10 times more ions tha
commercial units! Complete kit including case £18 00 ref 18P2
MINI RADIO MODULE Only 2" square with ferrite aenal and tune|

SINCLAIR C5 WHEELS 13" or 16" dia including treaded tyre an -

Superhet. Req's PP3 battery. £1.00 ref BD716

HIGH RESOLUTION MOMITOR. 9" black and white Phillips tul

in chassis made for OPD computer but may be suitable for oth

£20.00 ref 20P26

SURFACE MOUNT KIT. Makes a high gain snooping ampllfler on

a PCB less thanan an inch square! £7.00 ref 7P15

SURFACE MOUNT SOLDER. In easy touse tube. Ideal forabove

project £12 00 ref 12P18

CB CONVERTORS. Converts a car radio into an AM CB recsiver.

Cased with circuit diagram. £4.00 ref 4P48.

FLOPPY DISCS. Pack of 15 31/2" DSDD £10 00 ref 10P88. Pack

of 10 51/4" DSDD £5.00 ref 5P168

SONIC CONTROLLED MOTOR, One click to start, two click to

reverse direction, 3 click to stop! £3 00 each ref 3P137

FRESNEL MAGNIFYING LENS. 83 x 52mm £1.00 ref BD827

LCD DISPLAY 4 1/2 digits supplied with connection data £3.00 ref

3P77 or S for £10.00 ref 10P78.

TRANSMITTER AND RECEIVER. These units were designed

for nurse call systems and transmit any one of 16 different codes

The transmitter is cased and designed to hang round the neck

£12.00 a pair ref 12P26.

ALARM TRANSMITTERS. No data avaliable but nicely made
itters 9v operation. £4 00 each ref 4P81

100M REEL OF WHITE BELL WIRE figure 8 pattern ideal for

intercoms, door bells eic £3.00 a reef ref 3P107.

ULTRASONIC LIGHT. This battery operated unit is ideal for the

shed efc as it detects movement and turns a light on fora presettime.

{light included). Could be used as a sensor in an alarm system

£14.00 each ref 14P8.

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

£4,00 each ref 4P82

ELECTRONIC DIPSTICK KIT. Contains all you need to build an

electronic device to give a 10 level liquid indicator. £5.00 {ex case)

ref 5P194

UNIVERSAL BATTERY CHARGER. Takes AA's, C's, D's and

PP3 nicads. Holds up to 5 batteries at once. New and cased, mains

operated, £6 00 ref 6P36

ONE THOUSAND CABLE TIES! 75mm x 2 4mm white nyion

cable ties only £5.00 ref 5P181

HI-FI SPEAKER. Full range 131mm diameter 8 ohm 60 watt 63-20

khz excellent reprduction. £12 00 ref 12P33

ASTEC SWITCHED MODE POWER SUPPLY. 80mm x 165mm
(PCB size) gives +5 at 3.75A, +12 at 1.5A, -12 at 0.4A, Brand new
£12.00 ref 12P39

VENTILATED CASE FOR ABOVE PSU with IEC filtered socket
and power switch. £5.00 ref SP190

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 5P167.

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

DRILL OPERATED PUMP. Fits any drill and is self priming. £3 00
ref 3P140

PERSONAL ATTACK ALARM. Complete with built in torch and
vanity mirror. Pocket sized, req's 3 AA batteries. £3.C1 ref 3P135
POWERFUL SOLAR CELL 1AMP .45 VOLT! only £5.00 ref
5P192 (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 8P51

RESISTOR PACK. 10 x 50 values (S00 resistors) all 1/4 watt 2%
metal film. £5.00 ret 5P170

CAPACITOR PACK 1. 100 assorted non electrolytic capacitors
£2 00 ref 2P286

CAPACITOR PACK 2. 40 assorted electrolytic capacitors £2 00
ref 2P287

QUICK CUPPA? 12vimmersion heater with lead and cigar lighter
plug £3,00 ret 3P92

LED PACK . 50 red leds, 50 green leds and 50 yellow leds all Smm
£8.00 ref 8P52

12 * HIGH RESOLUTION MONITOR. AMBER SCREEN
BEAUTIFULLY CASED NEEDS 12V AT 1A TTLINPUT (SEP
SYNCS). £22.00 REF 22P2,

RADIO CONTROLLED CAR. Sigle channel R/c buggy with for-
ward reverse and turn controls, off road tyres and suspension
£12 00 ref 12P40

FERRARI TESTAROSSA. A true 2 channel radio controlled car
with forward, reverse, 2 gears plus turbo Working headlights
£22.00 ref 22P6

SUPER FAST NICAD CHARGER. Charges 4 AA nicad's in less
than 2 hours! Plugs into standard 13A socket. Complete with 4 AA
nicad batteries £16 .00 ref 16P8

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

TOP QUALITY MICROPHONE. Unidireclional electret con-
denser mic 600 ochm sensitivity 16-18khz built in chime complete
with magnetic microphone stand and mic clip. £12 00 ref 12P42.
WASHING MACHINE PUMP. Mains operated newpump. Not self
priming £5 00 ref 5SP18

IBM PRINTER LEAD. (D25 to centronics plug) 2 metre parallel.
£5.00 ref 5P186

QUICK FIX MAINS CONNECTOR. Ideal forthe fast connection of
mains equipment Neon indicator and colour coded connectors
£7.00 ref 7P18.

COPPERCLAD STRIPBOARD 17'x4"of 1" pitch "vero® board
£4,00 a sheet ref 4P62 or 2 sheets for £7 00 ref 7P22

STRIP BOARD CUTTING TOOL. £2 00 ref 2P352

3 1/2" disc drive 720K capacity made by NEC £60 00 ref 60P2
TV LOUDSPEAKERS. 5 watt magnetically screened 4 ohm 55 x
12Emm_ £3 00 a pair ref 3P109

TV LOUDSPEAKERS. 3 watt 8 ohm magnetically screened 70 x
50mm, £3.00 a pair ref 3P108

TOROIDAL TRANSFORMER. 24v 5A encapsulated 4" dia £5.00
ref 5P34
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of RAM, and the program produces
surprisingly good-looking results
from a standard 9-pin printer,
although it includes drivers for
24-pin, inkjet and laser printers too.

The Integrated Page Processor
label sounds like a piece of marketing
hype, but when you start using the
program, it does start to make sense
Unlike word-processor and ‘proper’
(ie 200) DTP programs, which deal
primarily with documents, Micro-
Design2 operates on only one page
at atime. You might imagine that this
would impose certain limits with
multi-page documents, but the

program would seem to disprove
this: about 180 AL pages, all
designed and printed using the
program

A review of a DTP
package from Creative
echnology for

ineers by Herbert

enginee

or every engineer and budding boffin,

there comes a critical moment when that

brilliant idea or clever implementation

must finally be transferred from a plate of

matrix-board spaghetti onto a piece of
paper. You may be submitting a dissertation report,
writing an exam paper or a manual, or even
documenting your latest phone-bill-fiddler for
Hacker's Monthly: whatever line of business you are
in, you will eventually have to produce some kind of
technical document which can be read and
understood by other engineers, or even by real
people.

There are a number of computer programs for
producing circuit diagrams, and some combine these
diagrams with PCB design, but a proper technical
report is not merely a set of diagrams: it is a text
document with illustrations. Yet when it comes to
adding text to circuit diagrams, it seems that existing
packages offer the ability to label components, and
very little else. Proper reports have to be compiled
using word-processor printouts with gaps left for the
diagrams, or using a very expensive WYSIWYG
word-processor with diagrams imported from an
equally expensive CAD package.

But the need for a more sensibly-priced solution
now appears to have been filled by MicroDesignZ2, a
prograrm which combines technical drafting with a
basic text processing and typesetting system. It
incorporates features of word-processing, desktop-
publishing, graphic design and CAD, and while it does
not do any of these specific jobs well enough to replace
a dedicated package completely, it does provide all
the facilities you need for writing technical reports,
What's more, it does it in a single, totally integrated
and RAM-resident program, for a very reasonable
price.

Integrated What?

MicroDesign2 calls itself an Integrated Page Processor,
and it has been a major player in the Amstrad PCW
market for some time: the new PC version was
released in December 1990. According to Creative
Technology, it is deliberately intended to be
compatible with the most basic PC hardware: the
program will run on a CGA machine with only 512K

Finding Your Way Around

The program’s different functions are separated into
six sections which can be accessed from a single main
menu. The page layout section of the program is
straightforward enough: the current page is displayed
on the screen at reduced size and detail, and any part
of it can be picked up and copied, moved or erased.
Typesetting and printing are also controlled from the
layout section: typesetting is limited by a rectangular
‘window’, but once the text is on the Page, it can easily
be moved around. Printing is simple because the
MicroDesign2 Page is assembled as a bit-image, there
are no Postscript-style disagreements between
computer and printer about what it should look like.

Text is dealt with primarily in the text editor
section. This is a little word-processor in its own right,
albeit a fairly limited one, and it can import text from
any ASCII file. It can also import some word-
processor files complete with control codes (for Bold,
ltalic, Centred text and so on): WP-packages
supported in this way include Wordstar,
Wordperfectd, Protext, and even (showing
MicroDesign2's PCW origins) Locoscript PC. This
compatibility is probably intended to compensate for
the limitations of the MicroDesign editor, which has
basic ‘cut-copy-paste’ facilities and very little else: any
text file longer than a page or two is easier to prepare
using a proper word—processor, and then load into
MicroDesign for illustrating and typesetting. The
MicroDesign2 manual appears to have been
produced in this way, and the quality is certainly good
enough for most applications.

On the drafting and design side, standard
electronic component symbols are available as sets of
‘icons”: these are small graphic images which can be
defined, edited and saved using the Icons section of
the program. Three sets totalling 66 icons can be
recalled instantly, and rotated or reflected as required.
For the artistically inclined. the icons system can also
be used to define fill patterns, and brushes for
‘painting’

The diagrams are assembled in the Design
section, where a portion of the page is shown at full
size: symbols are simply ‘picked up' from a menu and
stuck down’ on the diagram. As well as circuit
symbols, there is a good range of graphics facilities
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including circles, rectangles, ellipses and triangles, as
well as the right-angled lines which are essential for
any electronics application. Text can be ‘written’
directly onto the page in any position or direction, so
component labelling could not be easier. Graphics
files can also be imported from other packages using
a conversion utility: TIF, PCX. .IMG and .CUT are
among the formats supported.

When the diagrams are complete. the text in the
editor can be typeset above. below. around or even
over it. 25 ‘Fonts’ (or ASCII sets of characters) are
supplied with the package. and the program includes
a font design section: this is very useful if you want
to incorporate special mathematical or scientific
symbols in the text of your report. and it is a feature
which is often overlooked in budget DTP programs.
Extra fonts discs are also available, and the complete
range of typefaces is large and varied

Finally, the finished page can be saved on disc
and printed. Although each page is a complete bit-
image, data-compression keeps the file—size down
to around 50K for a full, detailed page, or about 5K
for an almost empty one. Print quality is good, but
printing time is a little painful: an A4 page takes about
15 minutes using a Star LC-10 9-pin printer, or about
10 minutes using an HP Deskjet. Both these tests were
conducted using an Amstrad PC1640: a faster
processor should speed things up

‘Not Just a Program,
More a Way of Life

One strong impression that [ have, both from using
MicroDesign2 and from talking to the authors, is that
this program was written by people who use it. (And
when 1 say that I spoke to the authors, this is not a
reviewers privilege: there is a free technical support
service for MicroDesign2 users, available between
4-7pm five days a week.) Creative Technology seem
to regard it as a point of honour that all their manuals,
catalogues, and even headed notepaper and front-
panel artwork are produced using MicroDesign2. This
means that all the little problems which might irritate
you also irritate them, and they have found ways
around them. The printing time is a case in point: if
you want to print a number of pages in sequence, you
can simply type their file-names into a ‘print queue,
press Return, and go away for the weekend.

4n?

TOP

MIDDLE

BOTTOM

Linear pot because
of loading

725Hz

725Hz

Printed on a Star LC-10 9-pin printer

Moans

There are certainly some features of the program
which are not as well implemented as [ would like
Specific moans, apart from the printing time, include
the fact that the text editor is rather slow, and that even
those lucky people with Super-VGA cards will still only
see monochrome CGA-quality screen graphics. But
these are minor drawbacks: MicroDesign2 is not
intended to replace word-processors or colour art
programs.

Summary

One aspect of MicroDesign2 which makes it very
difficult to judge is that it does not seem to have any
competitors. There is a trend in the software industry
to convince users that they need a 386 processor to
tie their shoelaces, so a technically-biased DTP-type
program which does not even require a hard disc is
something of a novelty. While | would not like to
suggest that this program is a professional-quality
publishing tool, | am genuinely impressed with the
results, especially considering the price tag of £69.95.
Moreover, the package is tailored specifically towards
an application which I need to use, and | have not seen
any other program which fits the job of report-writing
quite as well as this one. So | have to say that I like
it, and if [ hadn't acquired it for free, I would probably
go out and buy it.

Tech-Tips...

who wears soft

e

simple
originally designed to help a friend
contact-lenses!
Apparently some types of lens have to be
‘boiled” in a special appliance for about
twenty minutes each morning before they
are worn. The problem is that if they are

LML ECHMTT MARD

The delay time can be altered by
changing values of R1 and C1 (C1 should
be a low-leakage type otherwise the
charging current could be less than the
leakage current and the device will never
‘trigger’ the schmitt input of the 4093).
By experiment | found that a 30-minute
delay is about the maximum possible.

timer

The rate and pitch of the bleep can be
altered by changing R2/C2 (bleep rate)
and R3/C3 (bleep pitch); the wvalues
shown give a high pitch bleep similar to
a digital watch alarm.

The bleeper itself is a 27mm piczo
transducer available from Maplin. On the
prototype this was glued to a cardboard
washer then glued to the top ol the

are irreparably damaged.

unit ‘waits’

off again.

left boiling for too long they dry out and

The complete circuit was built into a
small potting box and hung on a string
so that it could be worn around the user's
neck whilst in use. Once switched on the
for about 20 minutes and
then bleeps continuously until switched

battery! (The piczo mounting effects the
volume of the Dbleep you can
experiment with this).

The unit draws a tiny current from the
3V lithium memory battery, and original
unit has been used every day for three

years on the same battery - 1 fully
expect it to go for another five!
This panel was designed, typeset

and printed using MicroDesign2.




David Silvester
constructs a calibrator
[for the SSB receiver
published last month
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A Radio Calibrator

mateur radio construction projects pro-
vide an introduction to both radio and
electronics. One of the first projects that
can be attempted is The construction of
a simple low cost receiver for both SSB
and morse transmissions. In a low cost receiver it is
unlikely that a frequency read-out will be fitted but a
calibrator will allow the read-out of the tuning dial to
be converted into a frequency that is being received

Whilst it is very interesting to be able to set up the
receiver frequencies no real problems will be seen if
the receiver scans outside of the range of the amateur

where the regulator would have fitted. In the
description it will be assumed that a battery supply is
used.

Initially fit and solder in all 5 IC sockets as these
give a good indication of the locations for the other
components. Take care to ensure that the solder does
not form a bridge to the tracks passing between the
pins as serious problems could occur if that happens.
If the constructor decides to solder the IC’s into the
circuit directly then this stage should be skipped at
present. Sockets are to be recommended as it is easy
to damage CMOS chips. Fit CV1, the resistors and
capacitors using Figure 2 as a guide to their location
Next install the crystal followed by the regulator chip
if used. Connect the battery or power supply and
check that 5V can be found across all of the [Cs. Pins
7 or 8 will be negative and pins 14 or 16 will be
positive. If this is OK install [C1 only or solder in IC1
if using that construction method. This will allow the
unit to produce a IMHz square wave and this can be
detected on pin 6 of [C1 using a logic probe and can
be detected as a signal on a medium wave receiver.
If this is satisfactory and wires for the output
connections and for the switch SW1. Install the rest
of the ICs. The unit can now be retested using the
receiver and the logic probe

NOTE:
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IC2.3 = 74HC160 6] 16] 1|
€4 = 74HC253 | [ Voo 4 Ve
ICS = 74HCO0 b—{ A i —1 A = = 100 ;
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- 13 ) S 13 3162
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Fig. 1 Circuit diagram of Calibrator
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band. However if the constructor moves on to trans-
mitting then the onus is on the amateur to prove that
he or she is operating within the allotted bands and
at that time the calibrator becomes essential if not a
legal requirement,

The initial aim was to build a device suitable for
providing frequency market points for a 20 metre
radio that the author had constructed. With a little
design thought it is in fact possible to extend the useful
range from the medium wave frequencies into the
VHF bands. Thus the unit will cover most bands that
the newcomer to radio will be interested in.

Construction

The only circuit components not on the board are the
selector switch SW1, an on/off switch not shown in
Figure 1. There is an optional 78L05 regulator IC6
that will be needed if a 9V battery forms supply source
but will be left out if the unit is run from a 5V supply.
In this case a link wire will be needed to short across

In the authors prototype the unit was mounted in
a ‘100 series Verobox' Holes were drilled in one end
for the two BNC connectors, the select switch and an
on/off switch. These need to be kept close together
or they will interfere with closing the box. The PCB
itself was fitted with four plastic standoffs that were
stuck into the box thus holding the board securely. A
PP3 battery was fitted to the other end of the box using
a single tywrap and a stick down strap holder.
Although the battery can move slightly from side to
side when the box is secured it will be unable to fall
out of the tywrap and rattle around in the box. When
the battery needs changing it is a simple matter to
open the box, slide the old battery out sideways and
install another in the same tywrap.

Final assembly consists of connecting the battery
wires to the on/off switch, shortening the selector
switch wires if they were made overlong during testing
and to connect the output wires to the sockets as
shown in Figure 2
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HOW IT WORKS

Fourier anaylysis of a waveform shows that if we generate a simple
square wave then this will have all of the odd harmonics in its
frequency spectrum. Now a 555 timer running at 1kHz will generate
frequencies into the low RF bands and the author has used such a
generator to locate faults in domestic radios. But as a calibration signal
the 555 timer it totally unusable as no reliance can be placed onit's
output frequency fine though it may be as an uncalibrated signal
source. For a frequency standard we have to use a ¢rystal as the
reference element so that the output will be of a known and stable
frequency.

A second problem now comes from the use of the square wave
signalin a calibrator. In this type of signal the level of the harmonics
generated falls rapidly with the frequency and at high frequency the
signal level may be too low to be of any use. The alternative is to use
ahigh speed pulse with a repetition rate controlled by the crystal. If
weuse a IMHz crystal we can produce an output with signals at IMHz
steps over the full RF bands up to VHF. If we add a pair of ten times.
dividers then signals at 100kHz or 10kHz steps can be fitted into the
1MHz steps using the divided crystal output. Thus the full circuit is
shown in Figure 1.

The crystal oscillator consists of IC1a and the associated
components X1, R1, C1 and CV1. XTALY, the crystal controls tie
oscillator frequency although there is a slight adjustment provided
by CV1. This variability is to allow the crystal to be set to oscillate at
exactly MHz if a reference better than the crystal tolerance fs
available. In some cases this will not be possible and in this situation
the capacitor CV1 is set to half capacitance with the vanes half
meshed. The oscillator stage is buffered by IC10 and IC1c before
passing to the rest of the circuit. Since all inputs to a CMOS circuit
must be connected to something or they may break into self
oscillation it was decided to use IC1c stage as a second buffer, The
input could equally have been connected to ground or positive supply,
the output left open circuit and the rest of the circuit connected to
the IC1b buffer at pin 4.

The two 74HC160 ICs are connected as a pair of divide by ten
stages with outputs at frequencies of 100kHz and 10kHz at pin T
0fIC2 and I 3 respectively. All of the three signals at IMHz, 100kHz
and 10kHz pass to the selector chip [C4, the 74HC253,

It was felt that it was extremely unwise to have three high
frequency signals floating around on wires off of the board as these
may make the unit unstable especially as we are trying to build a high
frequency signal generator, The 74HC253 allows a DC signal at TTL
levels to select ane of the three signal frequencies we have already
generated. Thus the three signals go to the selector input IC4 pins
4, 5and 6. The DC control signal comes from the single pole centre
off switch SW1 with pulldown resistors R2 and R passing to the IC's

select pins 2 and 14. Thus the three switch polsitions can select one
of the three signals, Some readers will notice that there is a fourth
input allowed by two binary inputs and this is indged provided as pin
3, However since this is not'a selection allowed by SW1 the spare
input is connected to ground. There is in fact & complete second
selector in the chip but this-is also unused. The outputs are always
enabled. Thus in'IC4 pins 1, 3, 8, 10, 11,12, 13, and 15 cofinect to
around. The output of the selected frequency is from pin 7.

One output fs taken through a buffer of IC5c and out via a
capacitor C4. Thisis a form of clock signal although it is not an exact
square wave, '

The prablem remains that the square signal does not contain the
high frequency components that will allow use at VHF. To get higher
levels of these high fraquency companents we need to produce 2 high
speed pulse at the selected repetition rate. These high speed pulses
are derived from the square wave train using a cifcuit that in normal
logic circuits produges glitches that lead to false operations. In the
calibrator these gittches are the high speed pulse that we need,

The square wave output from [C4 passes to the ‘glitcher’ through
asecond bufferIC5d. The outputis a rising and falling signal opposite
tothat of the colinter, This square wave passes to a NAND gate C5a
oninput pin 2'but to the other input on pin 1 through three buffers.

Now consider the situation where the input to IC5d is low. The
outputof IC5d will be high, one input to IC5a will be high but because
of the three inverter stages IC1 d, e and f the other inputis low. Now
with one input low IC5a output is high and thus the output of IC5h
is low. When IC5d inputis high it's output is low and IC5a output is
forced high and the transition is not seen at the output of ICba.

The interesting efféct occurs when IC5d output goes high.
Immediately pin 2 of IC5a goes high but because of the prapagation
delay in the three inverters IC1d to IC1f the output of IC1f will remain
high for typically 33 nanoseconds. At the end of this period ICbainput
pin 1 flips low and it's output rises. Thus for every clock cycle the
circuit produces a single 22ns pulse at a repetition rate controlled by
the clock. From the clack frequency we have the basic reference
signal but the high speed pulse provides the harmanics to give us
signals into the VHF region. IChb pravides a buffer for the ‘glitcher’
and the output signal goes via a capacitor C3to protect the calibrator
from any external adverse voltages.

.The only remaining components to mention are the five
capacitors, one across the power pins of all of the ICs ta keep
oscillations on the pawer supply lines to a minimum, The actual PCB
has in addition a 78L05 regulator chip to allow the circuit to be run
froma 8V battery as a self pawered unit. These components are not
needed if the calibrator is powered from a 5Y power supply.

PARTS LIST

RESISTORS (ali 0.25W metal film)

R1 MO

R23 10k
CAPACITORS

€1 68p ceramic
C2t0C3 100n ceramic
w1 6 10 60p trimmer
SEMICONDUCTORS

IC1 74HC132

IC2.3 74HC160

IC4 74HC253

IC5 74HCO0

IC6 78LOS voltage regulator
MISCELLANEQUS

Single pole change aver centre off switch

Single pole on/off switch

BNC sockets 2|

Verobox 100 series

Battery, Battery connector, tywrap, tyrap securing pad.
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As mentioned earlier if a reference with a better
accuracy than the crystal is available this should be
used to set the crystal frequency using CV1. If this is
not available the CV1 should be set to mid position
with the vanes half meshed. The unitis now ready to
be used to calibrate that receiver,
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An Electronic

Mike Bedford shows
you how to wipe out
your EPROMs
without wiping out
your eyes.
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PROJECT

n EPROM eraser is one of those pieces
of equipment which has a price tag of
such a magnitude as to make me
wonder how the manufacturers can
possibly justify it. No doubt many
electronics enthusiasts have had similar thoughts and
have accordingly bought just a replacement UV tube
for an eraser and used this in conjunction with a
miniature fluorescent fitting. To anybody who has
taken such a course of action, we now address the
warning that this is a dangerous practice. EPROMs
require exposure to ultra violet radiation with a
wavelength of 2537 Angstroms for maximum erasure

EPROM Eraser

efficiency. This is quite short wave ultra violet and
uniike the radiation of black light UV tubes found in
discos, which is of a longer wavelength, is potentially
hazardous. The eyes are the most vunerable part of
the body and can suffer great damage, resulting even
in blindness. Even exposure to the skin is potentially
dangerous, ultimately leading to skin cancer. In order
to protect the health of our readership, ETI now
presents the design of an EPROM eraser complete
with electronic timer. This follows on to the series of
articles describing the construction and programming
of the SBC-09, a 6809 based micro controller, as it
describes the construction of the final piece of
equipment necessary for firmware development.
An EPROM eraser normally consists of a small
UV fluorescent tube in a light tight cabinet. There is
aremovable drawer which, in the case of the smaller
units, can take up to 10 EPROMs. Removal of this
drawer causes the tube to be extinguished thereby
preventing accidental exposure of the skin or eyes to
ultra violet radiation. There is also a timer, usually of
the mechanical run-back type, which allows exposure
times in the range 0-60 minutes. In this design we
have kept fairly much to this basic framework but since
mechanical timers are quite expensive this has been
replaced, by a less expensive electronic counterpart.
It could be argued that the amateur could do without
a timer at all and, on cost grounds, this was the
approach taken on my last project which included a
UV tube namely a PCB exposure unit. However,
unlike photo-resist PCB laminate, EPROMs cannot
be over exposed (unless really over- doing it) and so,
unless the user is eagerly awaiting an erased EPROM,
the eraser could easily be left on and forgotten about
for long periods drastically reducing the life of the
expensive UV tube. Commercial EPROM erasers cost
in the region of £100 + VAT — the one presented
here can be built for about £35 + VAT including the
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case and tube or significantly less if using surplus
fluorescent fittings and making the case.

Construction

The electronic part of the construction is quite
straightforward, everything goes on the single PCB
except for the fuseholder on the rear panel, the neon,
push button and potentiometer on the front panel and
the fluorescent tube, choke and starter which are
positioned at various places within the case. The
majority of the time taken on this project will be
concerned with mechanical aspects and in particular
the construction of the EPROM drawer and bracket
for the tube and then the assembly of the various
components (this word is not necessarily used in its
electronic context). As always, it is much easier to
illustrate than to describe and accordingly Figures 1,
2 and 3 should be referred to for the mechanical

prevent UV light
from ‘leaking’ out.
The top surface of
the drawer has con- Wi
ductive foam at-
tached to it using
contact adhesive. | apsust HEIGHT
The foam should ;gg‘é?:'éﬁueg
only be placed on | NS CinnEcTons
that part of the | OBTAINED
drawer indicated on
the drawings as the
remaining parts do
not receive accept-
able UV exposure.
Whilst on this topic,
the recommended
case has ventilation
slots in both side

FLUORESCENT TUBE
{FRONT-BACK POSITIONING
MAY BE DETERMINED FROM
THE OVERALL MECHANICAL
DRAWING)
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Fig.3 Overall view of component parts

details. The following will be kept as brief as possible.

Both the EPROM drawer and the tube bracket
are made out of aluminjum sheet which will require
cutting to size and then bending. On the assumption
that most readers won't have access to professional
bending equipment, it is recommended that the
bending is carried out by firmly clamping the
aluminium between two blocks of wood along the line
of the bend in a vice and then effecting the bend by
use of a further hand held block of wood along the
length of the bend. Clearly this will only allow bends
of up to 90 degrees to be made so the drawer will have
to be bent by hand once removed from the vice to
create the two acute bends. The front of the drawer
is made out of a separate piece of aluminium and
attached to the main part of the drawer using Araldite.
This front piece is deliberately over-sized compared
to the hole cut in the cabinet front panel in order to
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prevent UV spillage.
Offcuts of the con- | Fig.2 Tube Bracket
ductive foam used

on the drawer are used for this purpose as limited
ventilation will then be still possible.

The bracket for the tube is quite a simple
construction but it is not made until the fluorescent
tube lampholders are obtained. The lamp holders for
the prototype had steel brackets attached thereby
requiring the aluminium bracket to be quite tall. There
is no reason to believe that lampholders are of identical
dimensions from other manufacturers and so the
aluminijum tube bracket should be made to position
the tube at the height shown in Figure 2. This bracket
requires the back right hand corner to be cut out to
allow the micro-switch lever on the PCB to spring
forward (switch open) when the drawer is removed.

The way most of the bits fit together is clearly
seen in Figure 3. The bracket for the UV tube doubles
as the right hand guide for the drawer and since the
aluminjium bending method recommended is not
super accurate, the drawer should be completed and
put in place before the tube bracket is finally bolted
to the base of the case. Care should still be taken with
the construction of the drawer since if it comes out
significantly over width, the PCB won't fit in the case.
The left hand side of the case makes up the left hand
drawer guide but the front self tapping screw used to
fix the top cover to the case would cause problems
here. This will need reducing in length using a file in
order to prevent it from fouling the drawer. Coming
now to the circuit board, this is critical in its positioning
in the front to back direction since the micro-switch
needs to switch off as soon as the drawer starts to be
removed. The best way to do this is to drill fixing holes
in the PCB and make corresponding oval holes in the
case base hence allowing some adjustment. A further
slight adjustment in the micro-switch’s trigger point can
be achieved by wrapping insulating tape around the
lever. Remember that board has mains voltages on
its tracks and if fixed too close to the base could result
in a rather loud bang.

Now a word about wiring up the constituent parts
of the fluorescent circuit, namely the lampholders, the
choke and the starter socket (and starter). The
terminals on these will almost certainly not be of either
the solder or the screw types we are familiar with on
electronic components but will be of the push-on grab
type. To make contact, insert the stripped end of the
wire into the terminal and push. It would be wise to
get it right first time as once these terminals have
‘grabbed it can be difficult to persuade them to release
although poking around with a thick needle or very
small screwdriver whilst pulling the wire usually does
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the trick eventually. This sort of terminal only works
with solid conductor wire. The stranded variety can
only be used if the end has been tinned. This can be
tricky as the remaining non-tinned portion is too
flexible to push with sufficient force.

To give a professional appearance, a few legends
are appropriate on the front panel. The push button
is labelled ‘Start’ and the potentiometer ‘Time’. It would
be a good idea to calibrate the time control by
experiment, perhaps indicating 10,15,20,25 and 30
minute positions. The labelling could be done using
transfers and then applying a protective coat of matt
lacquer.

Operation

For those who haven't used an EPROM eraser we'll
outline the steps to erase an EPROM. The drawer is
removed and between 1 and 10 EPROMs of the 24
or 28 pin variety are secured in the drawer by pushing
their pins into the conductive foam which covers the
top surfaces of the drawer. These must be lined up
with their longest dimension acrossithe width of the
drawer hence causing all the windows to be in line and
close to the tube when the drawer is inserted.

Although not designed for use with larger
EPROMs, in the unlikely event of needing to erase 40
pin devices, 2 could be accommodated but these
would have to be aligned with their longest dimension
along the length of the drawer and positioned along
the centre of the upper drawer faces. Once loaded up,
the drawer is pushed fully into the eraser. The
potentiometer is then set to the time required. If using
it for the first time, an exposure of 20 minutes is
recommended but this may be adjusted in the light
of experience. Now press the ‘Start’ push button. The
neon will light, indicating the EPROMs are being
erased, and will remain on the for time period
selected. If the drawer is removed before the timer has
expired, the light will go out and the timing will have
to be re-injtiated using the push button when the
drawer is pushed back in.

PARTS LIST

RESISTORS (all %sW 5%}

R1 Tk |
R2 10k 1
R3 560k
RV1 2M2 variable, linear i
CAPACITORS I
C1 1000y, 25V, axial electrolytic '
C2 20n .
C3 470n,
C4 10u 25v, tantalum
C5 10n, ceramic
C6 4704 25v, axial electrolytic
SEMICONDUCTORS
B1 1A bridge rectifier
D1,2 1N4001
INTEGRATED CIRCUITS
IC1 7815
IC2 NE555
MISCELLANEOUS
FS1 20mm panel mounting
SW1 Miniature V3 type microswitch with lever
PB1 Mains rated, momentary action, N.O.
RLA1 Miniature SPDT, 10A contacts, 12V/270R
Omron G2R117PV or Fujitsu FBR611
T 3JVA, 0-15, 0-15@0.1A, PCB mounting
N1 Red panel mounting neon
Flourescent tube ~ 4W, 150mm, 2537 Angstrom U, tube
Lamp holders mini bi-pin (2 off)
Choke 4W/6W/8W type

Starter socket

Case

Aluminium
Grommet
13A plug
Conductive foam high density

screw mounting, Starter 4-40W

220mm long x125mm wide x 95mm high
18 swg, 295mm x 195mm {2 off)

To fit mains cable
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HOW IT WORKS ETISBC-09 control computer test program
2 o e - equ |Oarea, X'8000 ;MO area
The unit needs an electronic timer. Furthermore, the circuitry should cou  PIA |Oarea '6821PIA
draw no mains current once the timer period has expired since it equ  PortA, PIA PortA )
q ; Il about equ DDRA, PortA ;Data direction register A
should be possible to set the unit to erase and then forget all abou equ  CRA, PortA +1  :Control register A
it wi i i N i equ PortB, PIA + 2 ;PortB
it without running thg risk of overheatlng. A!so the un!t must be forced o G Dista direction register B
off when the drawer is removed. The circuit to do this is very simple, equ  CRB, PortB + | ;Control register B
. SW1is anormally open microswitch ppsitioned attherear of the 'aqu EPROM.  X'C000 Start of 27128 EPROM
unit and will be closed when the drawer is inserted. Once closed, the . A S - —
P q 5 .equ b ;Starto
circuitis completed by pressing the momentary action push button, ,eﬂu Stack, RAM+X100 Top of stack
PB1 and applying power to the neon (which indicates that the UV tube €au  Running,  Stack+l  Countingin progress
is on), the fluorescent circuitry and the transformer. The transformer, org  XFFFO Vectors — end of EPROM
T1, together with the bridge rectifier B1, smoothing capacitor, C1 and dw Init Reserved
I ili i d C3 mak dw Init ;SWI3 {unused)
regulator IQ together with stability capacitors C2 an ‘ 3 make up s Ui SSY13 (uysed)
a conventional low current 15 volt power supply which feeds the dw Init FFIRQ (unused)
i i eting dw IRQ JIRQ
NE555 timer. Th|§ hasvan RC network consisting of R2 and C4 W I (A
connected to its trigger input and so starts timing as soon as power dw Init :NMI {unused)
is applied. During the timing period, the NE555 output goes high, __ o it cieset
enérgising the relay. The normally open contacts parallel the push org  EPROM iCode — start of EPROM
button and maintain the circuit. The timing period is controlied by C6 RQ:  TST PortA ARead PortA to clear IRQ
and the R3/RV1 combination and will allow times in the range 10-30 gTol'V' R fggmfr'fmem cotiptinglfiag
minutes. ; .
Init: LDS # Stack ;Initialise stack pointer
CLR Running ;Running not enabled
CLR CRA ;Select DDRA instead of PortA
BUYLINES CLR 3DRA ;SetPortA to all inputs
LDA X'05 ;Code for PortA instead of
STA CRA DDRA and interrupt on CAl
2 ; i i CLR CRB ;Select DDRB instead of PortB
The transformer, relay and microswitch are available from Rapid oA FXEE  SoporBie
Electronics. The case and choke are RS/ Electromail. Electromail is STA DDRB alloutputs
on 0536204855, The UV tube is from Famel under part number ST ohb T BomemorPorth instead of
170-133 but if you don't have an account this will have to be obtained CLR PortB Turn all LEDs off
from Trilogic (0274691115). Aluminium sheet comes from Maplin ) ANDCC  # X'EF :Enable interrupts
(0702554]61) as partLH12N. Conductive foamlns Maplin part FA82D. P — Running Counting flag enabled?
The PCB is available from the ETI PCB service and all the other BEQ Count ‘I not loop
' . | P .
components are available from just about anywhere, B o R
BRA Count ;Loop back to start
A . Delay:  LDY # X'2000  ;Delayloap initial val
The following test program is a corrected re-run Delayl: LEAY Gy ;Dgci;,ﬁgﬁt'"' o
from ETI Feb 91. The 64k EPROM Emulator last BN Delay1 sEeghifinctzare
month should have displayed Fig 2c 2564 pod Fig 2d : '
2532 pod. o
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and pages 45, 55, 58 among others

Simply that these are some of the pages which show how
exceptionally wide and varied are the ranges of
COMPONENTS, PRODUCTS and MATERIALS to be found
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included and it's all well presented, illustrated and easy to
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Harbanse Deogan
describes an easy-to-
read angular
speedometer for the
car

PROJECT
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very year new cars are brought out with
improvements in performance and
economy. To gain the maximum benefit
from this the driver needs to know as
much as possible about the car's
behaviour and response while driving. One of the
most useful is the speed at which the engine is turning.
Horsepower and fuel consumption are related to the
engine speed measured in revolutions per minute. On
some models a rev-counter or tachometer is fitted in
the dashboard to provide this information. These
instruments can also be brought from car accessory
shops and are almost invariably of the analogue type
(dial type) with a needle pointer. For those who want
something a little different this article describes a digital
tachometer you can build yourself. And if that isn’t
enough, you will find that it is cheaper to build too.

A digital rev-counter offers a number of advant-
ages over the analogue type. Digital readouts can be
read accurately more easily than is possible using a
dial and pointer. In digital form 2200 rpm means just
that. In analogue form same reading is merely just
over 2000. Also an average value rather than the
instantaneous value is displayed. This is because in
an analogue device the pointer used to display rpm
has some inertia which prevents it responding to rapid
changes in the input signal. The pointer cannot keep
up with rapid changes in engine rpm. At low engine
speeds another problem arises as the pointer begins
to follow the changing input signal. It is seen to oscillate
around an average value. As the revs drop lower, the
oscillations become increasingly apparent. The digital
rev-counter counts the number of input pulses over
a fixed period of time and this value is latched onto
the display. No pointer inertia, no oscillations at low
engine speeds.

The digital tachometer displays the engine speed
from 100 to 9900 rpm in multiples of 100 rpm on an
LED display. The design is compact and will fit into
aremote control case to produce a neat finished unit.

ioital
meter

Construction

Using a PCB a compact unit can be produced quickly
and relatively painlessly. When mounting the com-
ponents on any PCB a logical sequence should be
followed to avoid any difficulties with component
mounting as the assembly nears completion.
Begin by installing those parts with the lowest
profile first like the wire links, resistors and diodes.
Leave R2 to one side for now. Take care with the
orientation of the diodes. The resistors feeding the
seven-segment displays are mounted vertically to save
space. One diode is also mounted vertically. These
parts should be fitted later. Fit the IC sockets,
capacitors and the preset RV1. Use of IC sockets is
recommended as the CMOS logic chips are sensitive

[ eooispiay | l i

SELECT No
OF CYLINDERS

.i_

T ¥ o

SIGNAL

Fig. 1 Component Overlay of Tachometer.

to overheating during soldering and easily damaged
if proper handling precautions are not exercised. They
should be carefully plugged into the correct sockets
last of all, after the soldering has been checked. Then
mount the resistors and diode which are to be fitted
vertically. Again check the polarity of the diode before
you install it and snip the wires. Finally fit the two
7-segment displays. Make sure they are the right way
up by checking the position of the decimal points.
They should be positioned away from the board.
Bend the pins on the upper side so that the display
can be mounted vertically on the PCB. When cor-
rectly inserted it will be possible to read the display
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Fig. 2 Circuit diagram of Tachomster
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from the end of the board with the component side
facing downwards. The PCB assembly is completed
by soldering the wire links between the top of the
display and IC4-5. Leave the links to IC7 open and
R2 in a safe place until the tachometer has been
calibrated. Connect a red lead to the positive terminal
and a black lead to the ground terminal. Use flexible
PVC covered wire for the pickup, Make sure the pick-
up wire is about 4 feet (1.3m) in length as it must
extend from the passenger compartment to the igni-
tion coil in the engine bay. Only strip the wire at one
end, that which is to be soldered to the PCB.

=g LML

IC7 O/P =] T TS T S |M..>
=1
FUNCTION 24 we
43] 2
i =
a

Fig. 3 Timing diagram.

Setting Up

A 12V DC supply is required for testing and calibra-
tion. Read this section carefully before switching on.
For calibration a known frequency is fed to the
tachometer and the preset adjusted until the correct
reading is displayed. The mains frequency is perfectly
adequate as a calibration reference for this project.
With R2 disconnected, the input of the tachometer
is very sensitive. The pickup wire behaves as an
antenna and picks up the 50Hz mains field radiating
from any nearby power lines Now switch on. The
tachometer will display a random number between
0and 99. Connect the pickup wire to the ground rail
temporarily. The display will now read 0. The leading
zero should be suppressed. Disconnect the pickup
wire from the ground rail and note the reading. If it
is 20 then you are in luck and no adjustment is
necessary. Otherwise adjust the preset until a steady
reading of 20 is obtained. As the correct setting is
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approached the display will fluctuate between 20 and
21 or 19 and 20. Fine control of the preset will
establish a steady reading. That completes the
calibration procedure. Switch off the power and solder
in R2, which will protect the CMOS inputs from any
build up of static charge. Now program the tachometer
on the PCB for the number of cylinders in your car.
The majority of cars have four cylinders. A switch can
be installed to allow the tachometer to be used with
a very wide range of cars.

The layout of the PCB will require a case with
a window or aperture at one end so that the LED
displays can be seen. If there is no aperture one must
be made. Carefully cut away part of the end section
and smooth down the edges with a file. A coloured
display filter is necessary for good contrast when
viewing in bright light. A remote control type of case
having sufficient height to accommodate the vertically
mounted displays would be most suitable, with the
display LEDs situated where the infra-red LEDs would
have been located. Cut or drill an opening at the far
end of the case to allow the power and pickup wires
io be taken out

Locate a suitable ground point to attach the
ground wire. This will usually be where a screw is
affixed to a metal part of the car or the ground can be
shared with equipment already fitted such as a radio/
cassette player, The positive rail should be taken to
pointin the wiring which is “live” when the ignition is
switched on. This is to ensure that the tachometer
does not remain on when the car is left parked. Just
identify the connections to the car’s electrical system
for now. Do not make any connections just yet.

Place the tachometer on the dashboard where
it can be easily read by the driver without taking
his/her eyes too far off the road. Use some sticky tape
to hold it in place temporarily. Make sure the ground
and power lines can easily reach the connection points
you have selected. The pick-up wire must now be
taken into the engine bay. Find a cable or a bundle
of wires which are carried from the engine bay into
the passenger compartment. These are usually
located under the dash. The pick-up wire can be
passed through one of the holes already made by the
manufacturers. ldentify the hole you intend to use
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from the engine compartment and make sure that it
can be reached easily. Back in the passenger section,
pass the wire through the hole past the cable or wires.
When a few cm have been pushed through, locate the
wire in the engine bay and pull it through gently. Do
not tug too hard and pull the tachometer off the
dashboard. There should be ample length of wire to
reach the ignition coil HT lead. Route the wire
carefully, avoiding the engine and any moving cables.
Following the original wiring in the car is the safest
route. Wrap the pickup wire around the thick HT lead
between the coil and distributor. Two or three turns
are sufficient. Any excess wire can be trimmed off.

From the driving seat, check that the wiring
cannot become entangled anywhere for example by
the pedals, driver’s feet or steering mechanism. With
the ignition off, complete the power and ground con-
nections. If you are in any doubt about the ground and
power points chosen then disconnect the car battery
before wiring in the tachometer. Those of a nervous
disposition can use a cigar lighter plug to terminate
the power and ground wires of the tachometer. This
is simply plugged into the cigar lighter socket.

After double checking all the wiring, turn on the
ignition but do not start the engine. The tachometer
should come on and display a single zero. Now turn
on the engine. The tachometer will display the engine
rpm in multiples of 100. Typically the readout will be
in the range of 600 to 1500 rpm when an engine is
started from cold. As the accelerator is depressed the
reading will increase as the engine speeds up. Con-
versely the revs will fall when the pedal is released.

When all is well affix the tachometer to the dash
where the driver can easily read it without casting his
or hers eyes too far away from the road. As the unit
is very light it can be fixed in place using sticky pads
or Velcro strips if you do not want to (or cannot) drill
holes in the dashboard. Otherwise use self-tapping
screws and mounting brackets for a really permanent
installation. When drilling holes in the dash or the case
check that there are no components or wires to
damage where you intend to start drilling.

TRACK SIDE

\

COMPONENT SIDE

7 SEGMENT
DISPLAYS

Fig. 4 Orientation of seven-segment display.

HOW IT WORKS

Essentially thisis a digital frequency meter whichi is calibrated to read
:ravolunons per minute directly instead of cvcles per second

CONTROL OF TIMING PERIODS

ICBis arrangedas an astable with RV used to adjust the frequency.
The output drives IC7 which is a decade ring counter. IC7 controls
the rest of the circuit. Refer ta the timing diagram. There are three
distinct stages performed in sequence,

® Thedisplay is latched.
- ® - The counters are reset.

@ Anew counting cycle is commenced
‘When IC7 s at 0 {zero) the count on IC2 is frozen and the lmernal
‘Tatches of displayidrivers IC4 and [C5.are enabled. When 107 counts
"1 |one) the latehes of IC4 and IC5 are disabled. At the same time IC2's

counters are reset, As IC7is advanced to 2, reset is released and IC2
is able to begin counting. The display shows the count which was
in ICZ when it was stopped. According to the number of eylinders
for which the unitis set, IC7 will reset when it counts 4,5,6.or 8,
time between IC7 counting 2 and resetting itself is the gate time,
a 4 cylinder engine this time is 300ms.
SIGNAL CONDITIONING :
IC1is configured as a monostable to shape the incoming pu[ses fa
the dual BCD counter IC2.R1 limits the current that can flow into IC:
ifitis connected to the low tension side of the coil directly. The tw
counters on IC2 are cascaded 5ot can count from 0 to 99. IC3isused
with D1-D4 to suppress leading zeros. This means that a count of 7
isnotseenas07 or O seen as 00. The display is much tidier this way.
How is this done? The display driver 4511 will not display anything

if it Is presented with & number greater than 9 on its inputs. IC3 is
used with D1-D4 to-convert 2.0 (zero) to a 12 so that DISP2 reads
blank. Any other number is sent to IC5 unchanged. RS and R6 are
necessary to pull down the input of IC5 which are being driven by
the diodes.

Power Regulation

A car’s power line is not steady at the best of times and
the astable’s frequency output changes with supply
voltage, some measure of regulation and protection
against voltage spikes is needed. This task is per-
formed by the PSU. This is a straightforward regulator
circuit with the output voltage set by ZD1. D5 is
included to protect against reverse polarity connection
which would damage Q1 and ZD1.

PARTS LIST

RESISTORS — min. 0.25W 5% or better

R1 1k

R2 15k

R3 33k

R4 &7

RS 100k

R6 100k

R7 390k

R8 390k

R 180R

R10-23 680R

RV1 470k horizontal preset
CAPACITORS

C1 100n

C2 100p

C3 100n
SEMICONDUCTORS

D1-5 IN40Q1 gen. purpase
D1 8V2 439mW 5%
(o} BC337

[t 4001

IC2 4518

IC3 4002

IC4,5 4511

IC6 4069

IC7 4017

DISP 1,2 13mm 7 seg. LED display.
MISCELLANEOUS

14 pin IC sockets x3
16 pin IC sockets x4
Case :

PCB ET! PCB Service

BUYLINES

A full it of parts is available from the author at £14.95 + £1.95
postage: send to 53 Croxteth Rd, Liverpool LB 3SF.
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Circuits For Free

he successful electronics engineer is the

one who is better informed about what is

possible in the present state of the art than

his colleagues and rivals. Keeping abreast

of technology is of vital importance to
us all, analogue and digital engineers alike. This
means attending seminars and conferences whenever
possible and keeping an eye open for important
papers in the relevant sections of the Proceedings of
the IEE (not forgetting Electronics Letters), the IEEE
and of course, until recently, the IERE, The pages of
ALL the technical magazines, such as ETI, must also
be religiously scanned.Even magazines aimed at the
amateur market should not be neglected — for
instance [ recently came upon a most useful article in
one of these (ref. 1), quite by chance.

However, there is another storehouse of useful
circuit techniques which rivals in importance all of the
above sources put together: I refer to published patent
applications. It is true that some of these cannot be
used without paying a royalty or risking a prosecution
for infringement, but with many others the period of
validity has expired, or the provisional application has
never progressed to a final form, or the patent has
been granted abroad and only applies to the country
of origin. In all these and certain other cases, the circuit
arrangements are now free for all to use. With the help
of a lifelong friend in the electronics department of the
Danish Patent Office, | have been following the
electronics patent scene for many years. [ am
continually astounded by the rich and varied harvest
of extremely useful but little known circuits that
circulate through the patent offices of the world and
at the editor’s request | have selected just a few of these
for inclusion in this article. They are all free of patent
restrictions in the UK, or have never been progressed
toafinal, or are now out of validity, so that any of them
may be used with confidence in desians for the home
market, and also for export except where stated.

1) Buffer Amplifier. (Inventor S McGomez,
assigned to Bovine Corning S.A.

Buenos Aires, provisional application No.
2P718281828 lodged June 1985, no final application
recejved)

This RF buffer amplifier is designed to provide

exceptionally high reverse isolation, as is commonly
required in synthesisers with high spectral purity.
It may be described as a ‘cascascode’ where the upper
pair of transistors are complementary. This latter
aspect s not new (ref 2), having appeared as long ago
as 1965. The really novel aspect is the additional
intermediate stage, the presence of which is claimed
to increase the reverse isolation at VHF to in excess
of 195dB. My friend in the Danish patent office has
constructed the circuit (see Figure 1) and measured
its performance. The forward gain was not evaluated,
but a 100MHz signal at +20dBm was applied at the
output and a sensitive receiver used to measure the
resultant signal at the input, There was no measurable
response, so the signal applied at the output was
raised to +20dBW, however the test had to be
terminated before a measurement could be taken.
Nevertheless the circuit undoubtedly provides reverse
isolation of a very high order, though another
colleague (Dr. Mustafa Berriberhi, late: of the
Bangalore Technical College) is of the opinion that this
is due at least in part to the unusual decoupling
arrangements

2) Improved switch arrangement. (Inventor G
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Sullivan, assigned to the B.S.A. Medical Co Ltd of
Rechdale, final patent no. 2236067977LRF granted
October 1959)

This patent has now expired, so the arrangement
described may be used with impunity for both home
and overseas sales in any territories. As can be seen
from Figure 2, it covers the use of a diode in parallel
with the on/off switch of an equipment powered from
a DC supply. When the switch is ON the load is
powered via the low resistance of the metallic switch
contact whilst when it is OFF, the flow of current is
blocked by the diode.

The claims section also covers the application of
the invention to particular types of medical apparatus
and in particular to life support equipment, which
must in no. circumstances be turned off. This
requirement is simply met by reversing the polarity of
the supply and interchanging terminals A and B of the

Ian March has delved
into the patent office
archives for some
interesting circuits.

load.

Interestingly, no mention is
made of use of this circuit with
an AC supply. Had this been +
covered, Mr Sullivan might

SWi

As
De LOAD

have made a fortune, for it is

universally employed in filter Fig. 1
coffee makers and other house-
hold electrical appliances to Fig. 2

provide a choice of full or half

heat. However the loss was not
his since, like most of us, he had
to assign his invention and any

rights in the patent to his
employers.

5) Fourier Filter. (Inventor
J Harrisontwistle, assigned to
Scottish Rubber and Kamptu-
licon Co Ltd, Darlington. Pro-
visional lodged April 1985, no
final application made.)
This invention demonstrates i
vividly how, in certain circum-

|
Cc

stances, an analogue-solution

AlLcC's
100n

£ -
==
|..

eV

ofe

00V

can prove more economical
than a DSP based one, such as FFT. It describes a filter
which makes available at its output all of the Fourier
components of the signal present at its input terminal.
Unlike a spectrum analyser, which provides infor-
mation only on the relative amplitudes of the com-
ponents and throws away the phase information, the
components at the output of a Fourier Filter are all
correctly aligned in phase. It took me a little while to
grasp just how simply this can be accomplished, but
on reflection it is clear that such a filter can be
constructed for not a great deal more than the cost
of a screening box and two good quality coaxial
connectors. If several of these filters were to be
cascaded, a signal could be propagated for a con-
siderable distance with minimal degradation, the
Fourier components all being available at the output
of the last filter in the chain.

REFERENCES

1) Simplified Filter Design Routine. B Sullivan.
Practical Wireless, p.28 April 1989. (CAD program
in Basic for the design of allstop filters).

2) A Complementary-Pair Cascode for H.F.
Amplification. M D Wood, Electronic Engineering
Feb. 1965, p 110 (Vol. 37, No 444).
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Tachometer foil

EPROM Eraser foil




Multi-volt testmeter foil

EASY-PC, SCHEMATIC and PCB CAD

NEW VERSION! —BRITISH
e e 1}
LASER PRINTER SUPPORT! DESIGN
B T ST S
e Runs on:
PC/XT/AT/386/486 —AWARD
CGA EGA VGA. 1989
e Design:-
Single sided,
Double sided and
Multilayer boards. 5
e Provides Surface fan
Mount support. el
e Standard output in-
cludes Dot Matrix / e ol ! g BT
Laser / Inkjet L et *']ﬂ =£¥
Printer, Pen Plotter, T e | S
Photo-plotter and Tl ppliee . 1@ s
N.C. Drill. L e R Hikn e
e Not copy protected| | '~ & 1%

Over 7000 Installations in 50 Countries Worldwide!

For full info’ Phone, Fax or use Enquiry card!
Number One Systems Ltd. I

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

See us at CAD-CAM, Stand 201

ACCESS, AMEX, MASTERCARD, VISA Welcome.
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ELECTRONICS

TODAY INTERNATIONAL

EN X

James Trott
0442 66551 Ext 250

Send your requirements to:

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

Lineage: 55p ?er word (+ VAT) (minimum 15 words)
Display: (minimum 2 cms)
214 00 per single column centimetre (+ VAT)
Electromart £22.00 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),

PC WAVEFORM GENERATOR FORSALE

PC WAVEFORM GENERATOR

FEATURES

3

Powerful complex
waveform generator
Four analogue outputs
Five TTL outputs
External trigger input
Up to 6MHz clock rate
Comprehensive
software included
Standard waveform
library

User definable
waveform library

Full graphical editor
Time delay, continuous
& single shot

Example microcode
and assembler also
included for OEM
applications.

WP

BLACKMORE
ELECTRONICS
LIMITED

| e

IS BT

b D S T

*

APPLICATIONS

* Arbitrary waveform
simulator

* Low cost ATE

* Process control

* Robotics

FREE DEMO DISK
ON REQUEST

We also supply a full range
of DIY parts for PCs and
clones. Call us for more
information or a free
catalogue.

Designed and
manufactured by us in the
UK. Full technical support
from the designers!

Unit 14A,

Sunrise Business Park,
Blandford Forum,
Dorset. DT11 8ST.
Telephone (0258) 451347
Fax (0258) 456046

Dlglhl leads,
£16.00 each
WDL’DW Mﬂdul!l. 4D chars "4 lines with drivir board
£12.00 each
3 WMUDDINB& e —..£39,00 02CH
10MByle Wincheslers, used 3monlhszy ... £42 00 each
525" Dink Drivas, 80 Tk, DSOT i £34,00 sach
5257 drten cage, room lor drive PSUL  fan | L E10.00 sach
525" Disk Drivas, B0 Tk, OSDD Usad, Mo Wiy E15.00 aach
m-(ﬁdeaﬁnrowldnhnwnly “apis” basls)
525" Diaks. D500 4B1p| bosas of 10 E3.00box
A0W PSLEN ITHA, 12 1.5 15V DA, "asa.rwu |
ank gwiich . E10.00 aach
Eirm inien mma\ﬁﬁwzl 1 1A £7.00 pac:
BV i BAPSU £4.80 sach
BV & W0APSU . £6,40 agch
Gould PSU D-SW D Mﬁ=dmed‘l.‘ CHar .  EJ0.00 anch

Uann Drlvs Diatalaad BAC Micro o Disk
Single £2.00 Dual £4.00 aach
Disk Dmn Fower lead BB Micro to Disk
Dl i Bingle £2.00 Dual £4.00 each
BBGNGPUHI‘!G 'Ivsl\.eds'sgsi |'JMH..::|IDE 5 £3.50sach
cPU £2.00 aach

ZBUA CPU, CTC PI0 €1 20 sach; DMA £2.00 450all4
74LS TTL, pick and mix, buy 10 or more for £0.12 8ach
Typesavallable ‘000204 0811 112131520 21’26

’27 '30 '32'33 '37 '38 42 74 ‘83 '85 '86 '96 107 109 '122

132 136 138 1139 145 151 '153 157 158160 162 163

Prices include postage. Add 50p (plus VAT) to orders below
Add 15% VAT to all prices. Send an SAE for our lalest list or for more info.

Dept ETI, 374 MILTON ROAD, CAMBRIDGE CB4 1SU
Tel: 0223 424602 or 0831 430496 (Please note mail order only)

CAMBRIDGE COMPUTER SCIENCE LIMITED

164 1165 ‘174 191 '193 ‘240 '253 '257 '260 ‘296 ‘353 '365
‘373’390 '399 '670

2754 EFROMS (Ex-equipmenl) .. ... £1.00 each

27128 EPROMS (E h or £5.00/5
27EE EPROMS .. £2.50 each
27C256-25 EPROM €3.50 sach
25EK Hyta Dﬂﬂ-‘-‘ Modu’u romvd from =quip .. £6.00 asch
B116 21 Byta ERA - £1.108azh
E28a-12 8K Byts SF{QM £3.80 pach
GR256-10 32K Byla BRAM ..oy 5,00 vach
55356 32K Byl rame _ . C4.00 sach
BK Byt NV ram chipe £300 nod £10.00 four
20 pin gil low profits 1€ sogkets £4.00100

24 pin il kow profile 12 sookats £ v £460100
A0 pin dil low protile IC sockata £0,60/10 £5.00100
CPU cards (Newbesin) ZBO CPU, 3 EFROMS & 60+
molly TLS IG5 22,00 sach
Cireul tester, finds faufls 0 TTL & CMOS loghs clrauits,

inclesds . E8.00 sach
Weytoard, 100 keys on board LCD & microiff ..., £8.00 sach
Eurecard sub-rche, singla Faight, 19" rack ..,£13.00 each

Malal pmject boxes drilled & painled bul unused
PANABBYELME . ooy rmpyyigymees e imeresennsennniens 25 00 each
Toroidal mains rrans!ormer 12V 4A
12-0121A & 2A. 9 £4.001 £6 00/228 00/3
Smoke detectors, small slze £7.00each
Smoks dele wilh escape lighl and pause
£13.00 each

'new Uniess stated

WANTED

Turn your surplus
transistors, ICs etc, into
cash. Immediate settlement.
We also welcome the
opportunity to quote for
complete factory clearance.
Contact:

COLES HARDING & CO.
103 South Brink
Wisbech, Cambs.

NOW ESTABLISHED OVER 15 YEARS

Tel: 0945 584188
Fax Number: 0945 588844

VIDEO

ON-LINE VIDEO

ELECTRONICS FOR THE HOBBYIST is a 90 minute
video-cassette using computer-graphic simulations
to enabte the hobbyist or student to understand the
way in which common electronic components work
and is available directly from us af only £1895inc P&P.
Other titles available. SAE for list. Allow 14 days for
delivery. Send Cheques/PO payable to:
On-Line Video Marketing (Dept EV-2)
The Cottage, Tredown Farm, Bradstone,
Milton Abbol, Tavistock, Devon PL19 0QT

TO ADVERTISE
IN ETIMAGAZINE
CALL
0442 66551
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TEST EQUIPMENT

NEW COMPACT TEST GEAR
DOES MUCH, COSTS LITTLE

Our NEW Micro-Lab instruments are ideal for tests,
repairs and experiments, and they're GREAT VALUE!

P37 SIGNAL TRACER+RFAF probes. Find fauls fast
P38 OSCILLATOR 5Hz-20Hz 0-2V. 50 Ohm

4 waveforms

P40 DISTORTION ANALYSER for P41. 6 frequencies
P41 MILLIVOLTMETER 10Hz-2MHZz 1mVv-100V.
6ranges

P37:£4450 + £3plp + VAT = £54.62

P38, 40, 41:£64 95 + £3p&p + VAT = £78,14 each
Accessories PP9 Batteries: £2 90 inc p&p & VAT
BNC toCroc-clip cable, £350 inc p&p & VAT

Reg Mains PSU replaces PP9; £1891 inc p&p & VAT

COLEBOURN ELECTRONICS
Dept. PE, 20 Folly Lane, St Albans,

Herts AL3 5JT
9x4 SAE or Tel: 0727 44785 for more details

KITS

NEW VHF MICROTRANSMITTER
KIT tuneable 80-135MHz, 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 Kkits.

FM transmitter kit, tunable
80-115MHz up to 1000m range, high
quality PCB, free PP3 battery and
solder, only £4.75, or built ready to
use £6.95 inc P&P. Cheques or PO’s
to K&N Stokoe, 118 Finchale Road,
Hebburn, Tyne & Wear NE31 2JS.

SOLAR PANELS. 100mm x
60mm, 2.5V, 0.2W, £1.30. 6 for £7.00.
6" x 6",6V,0.7W, £5.00. 12" x 6",
12V or 6V, 1.4W, £8.00. 12" x 127,
12V, 3W, £14.00. 36" x 12", 12V
5-6W, £20.00. Prices include UK
P&P. Complete panels available up
to 12V, 12W, POA. Orders to, Bob
Keyes GW4IED, 4 Glanmor Cres,
Newport, Gwent NP9 8AX.

FM Transmitter Kits
Also a Telephone Bug Detector Kit
Ready buill FM lransmilter £6 50 including Posl & Packing
These are Commercial Kits — We also slock a eelection of
Scanning Receivers, so slephone for latest stock or aek for
A free catalogue,

doyLlly)s gLerpegies

97 LEIGH RD, ATHERTON, GT, MANCHESTER
Telephone Atherton (0942) 891140 Mail Order Only

SPECIAL OFFERS

CATALOGUE £1 + 25p P&P
Rlsistr sack, 85 ditorent, €12 values + 2610 ohm Ik, otal
conlen! 1000 résistars 89!

LEDs 3mm or 5mm red or green 6p each yeliow, IIpeach

Cable lies 1p each, €595 per 1000, £48 50 per 10000
Slepping molar, 4 phase. 12v 75 slep 50 ohms
SAATD2/slepping molor drive chip £395
FM Transmiller kil, good quallly sound £860
High qualily photoresit cappar lad eposy gass boards
Dimensians dounle sided
Zes’ £107
4x8in £240 €260
6x12in 537 E
12x12in £1066 —

Specialoffers
Compuler grade capacilors wilh screw terminals 38000uf 20v
£250

87,000ul 10, £195, 68,000u! 15v, £2 95 10,000ut 16v, €150

7 segment common anode led display 12mm £045
LM2331A15 0 low drop oul 5v regulalcr, 10,220 package = £085
88250 P channel moslel €0 45, BCSS9 Iransislor £3.95 per 100,
74L805 hox mvartor £1000 par 100, used 8/48 Microconirller
Stereo LWMW/FM lunerjpreamp assy wilh volumefione conlrols
& luning scale. Brand new in makers carton £6.95, laully £3.50,
circull elc for above £0.50.

Hour counler used 7 digil 240v ac 50Hz £145
LCD display 16 digil 7x5 dols dol matrix £250
QWERTY keyboard, 58 key, good qualily swilches, new  £500
QWERTY keyboard with seral output, no dala £500

Wide range of CMOS TTL 74HC 74F Linear Transistors Kils
capacilors lools elc always in slock Please add 95p lowards P&P,
VAT included

JPG ELECTRONICS
276-279 Chatsworth Road, Chesterfield $40 2BH
Access/Visa Orders (0246) 211202 Callers welcome
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{Tick ane box anly!)

Courses |

MAKE YOUR INTERESTS PAY!

More than 8 milllon students throughotu the wiorld kave found it worth their while! An ICS,
hame-study course cin help you get 3 betrer [ob. make more money 2nd have more fun out of'
fifel |CS has over 90 yedrs experience in home-study courses an
school in the world. You learn at your own pace, when and where you want under the guidance
of expert ‘personal tutors. Find out how we can help YOU. Post or phonetoday for your FREE,
INFORMATION PACK on the caurse of yaur choice

the largest correspondence

) Radio, Audio \
l (Elasaenias o and TV Servicing [m}
J | Basic Electronic Radio Amateur Licence I
Engineering (City & Guilds) O | Exam (City & Guilds) [}
I Electrical Engineering O | Car Mechanics O | I
Electrical Contracting/ Computer
I Installation O | Programming [} I
GCE over 40°0’ and ‘A’ level subjects O
! Name l
l Ius Address__ —_P.Code__ ,
Iallt!flg‘arl‘lgg.-ﬂ; =S5l Sution, Surrey SM1 1PR cBsa

Start training now for the following
courses. Send for our brochure —
without obligation or Telephone us on

0626 779398

Ref: ETI/04/91

"I — commence at any time— work at your own pace

Name -

0 Telecomms
Tech C&G 271

O Radio Amateur
Licence C&G
Micro-
processor
O Introduction to

Television

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

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.

TECHNOLOGY \/
PACKAGED SHORT COURSES

The National College of Technology (NCT Ltd)
offers a range of packaged short courses in
analogue electronics, digital electronics, fibres and
optoelectronics and programmable logic controllers
for study at home or at work. The advantages are
that you may.

— have a tutor (optional) and there is no travelling
involved. BTEC certificates are available subject
to the conditions of the award. These highly popular
packed courses contain workbooks, a cassette
tape, circuit board and components necessary to
provide both theoretical and practical training.

Whether you are a newcomer to electronics or have

some experience and simply need updating, there

is probably a packaged short course ready for you.

Write or telephone for details, quoting ETI to:
NCT Ltd, Bicester Hall

5 London Road, Bicester, Oxon 0X6 7BU

or telephone (0296) 613067 Ext. 202

MISCELLANEOUS

HEATHKIT UK spares and service
centre. Cedar Electronics, Cedar
House, 12 Isbourne Way, Broadway

RING FOR MORE
DETAILS ON
ETI MAGAZINE
ANDASKFOR | 15 plre ot sl
L) oads oanks | ACEGTL SRSy
CALL 044266551 | Bumiwoed St 0ene Way

Glous, Tel: 0242 602402.

COME AND BROWSE BEFORE YOU BUY

0442 66551

Mon-Sat 10-6 pm/Thurs 10-1pm

We stock a large range of TV & Video spares

Road, Winchcombe, Cheltenham,

E RETAIL OUTLETS E
= - EDINBURGH LIVERPOOL LONDON L
E wE) E
L. | 2MN| EHEFTRQNlcs | . PROGRESSIVE RADIO @%&EM@@@
SRS E RS GRS E] 87/93 Dale Street  Tel: 051 236 0154 C
= 174 Dalkeith Road, 47 Whitechapel ~Tel: 051236 5489 ELE ETR ONICS
T Edinbu rg h EH16 5DX Liverpool 2 One of the largest component relailers in the UK Fastand efficien, T
031 667 2611 THE ELECTRONICS SPECIALISTS e A
BT 30am S 355081 Catatogam 120" Open: Tues-Sat 9:30-530 40CRICKLEWOODBROADWAY, LONDONNW23ET
= Tol: 081-450 0995/452 0161 =2
o SOUTH COAST LONDON o
CALL JAMES TROTT
M| semoieswoers || FORDEMILSON | pmectaecroncs | | M
are best seen at
A || FrASER ELECTRONICS RATES AND SERIES 627 ROMFORD RD,
42 ELM GROVE % SOUTHSEA x HANT
R Telephone (0705) 815584 DISCOUNTS L-gﬁ.’ggﬁsi?f,‘;f
Barclaycard Access
T
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19” RACK MOUNTING EQUIPMENT CASES

This range of 18" rack cases features satin black finished 16SWG (1.5mm) steel front panels (no fixing holes visible),
with the rear box assembly constructed from 20SWG (.9mm) steel. The standard units are 10" (254mm) deep.
NEW FOR 1990 19" project cases only 4” (101mm) dee ailable in the following popuiar sizes:
PROJECT CASES
Height Price

PU2  3'%"(88mm)  £18.50

PU3  5%"(133mm) £20.50

PU4 7'(178mm)  £22.50

PU6  10'2" (266mm) £26.50

EQUIPMENT CASES

U1 1%" (44mm)  £20.70

u2 3%"(88mm)  £24.15

u3 5%" (133mm)  £27.60

U4 7"(178mm)  £29.80
Delivery included (UK onty).
All prices include VAT.
BLANKING PANELS, RACKING CONSOLES
and RACK CABINETS are also available.
Please send SAE for details
Tel: 0275623983 or Access/Visa Salesor cheque

with order fo:
RACKZ PRODUCTS |
PO Box 1402 Mangotsfield, Bristol, England, BS17 3RY

Millions of quality components
at lowest ever prices. -
Plus Tools, Watches, Fancy Goods.
Mail order only.

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

Write or phone for catalogue/clearance list at least
2,000 offers to amaze you.

Brian J Reed Electrical
6 Queensmead Avenue, East Ewell
Epsom, Surrey KT17 3EQ
Tel: 071 223 5016
081-393 9055

ln next months thrilling installment of ETI we bring you more
on detecting the strange VLF waves within the ground, some
other ideas in America for the production of High Definition
Television in the future and more on our circuit file series on
constant current generators from Ray Marston.

How’s your image? Now we do mean stereo image and
not your face or your ego. The reason we ask is because your
acoustic image might not be as you thought it was. This feature
looks at the physics of what we hear and how we hear it. Back
to Basics looks at the analysis of some simple AC circuits.

On the construction side we build a circuit around a laser
tube to modulate the beam output for a possible 101 uses, a
thyristor tester and a frequency plotter to test the response of
audio and speaker circuits on the oscilloscope screen.

Allthis and more in the May issue out in your newsagents
on April 5th,

The above articles are in preparation but circumstances may prevent publication

EPROM EMULATORS

April 8 — 8 Bit Emulator £65 (inc p&p)
April 16 — 8/16 Bit Emulator £105 (inc p&p)

Emulates 2764, 27128, 27256 EPROM’s
viaintelligent PC link.
Price includes: PC software, cables and manual.

Please write or call for more information to:
BUSINESS INTEGRATED TEST SYSTEMS
UNIT 1, HOLMSIDE, HARROW ROAD EAST
DORKING, SURREY RH4 2AU, ENGLAND
TELEPHONE: 0306 883309

LAST MONTH

ur March issue saw projects on a versatile micro-controlled

light display called Arienne’s Lights, the amateur radio
enthusiasts took joy in seeing a construction of an SSB Receiver
and the computer freaks wallowed in the delights of a 64K
EPROM Emulator.

Features included Designing a Testmeter, RIAA
Characteristics and the last of our long running series, Testing
Testing. A limited number of back copies are available from
Select Subscriptions (address on contents page).

VELLEMAN KITS

Over 100 Project Kits in stock
Send 50p for 1991 Catalogue + Price List

RETAILERS WANTED

Why not be one of our many retailers who carry our top
range of high quality kits (Discounts to be arranged)
Send Details and Letterhead to:

HIGH-Q-ELECTRONICS
DEPTETI, POBOX 1481 LONDON NW7 4RF

et 0707 263562

FAX: 081-209 1231

SCHOOLS AND COLLEGES WELCOME

ADVERTISERS’ INDEX

BK ELECTRONICS.......oovne IFC HIGH QELECTRONICS...........cco0ne 66

BLUE ROSE ELECTRONICS............. 82 JNBULL ..o 49
BUSINESS INTEGRATED MAPLIN ELECTRONICS..... 08C

TEST SYSTEMS...ccccrtcncnnien 66 NUMBER ONE SYSTEMS..........ccon 63
CRICKLEWOOD ELECTRONICS........ 21 QUISWOOD ELECTRONICS............. 12
DISPLAY ELECTRONICS............0c.. 43 REED ELECTRONICS..........oconmren 66
ELECTRO PARTS............. SPECIALIST SEMICONDUCTORS.. 44,45
ELECTRO VALUE..... STEWARTS OF READING.........cccc 2%
EMINENCE ... 68 SUMADESIGNS....cvcvrsrsrn 3
GREENBANK ELECTRONICS 1BC
HART ELECTRONICS 2
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Take the Sensible Route!

BoordMoker is a powerful software tool which
provides a convenient and fast method of designing
printed circuit boards. Engineers worldwide have
discovered that it provides an unparalleled price
performance advantage over other PC-based and
dedicated design systems by integrating sophisticated
graphical editors and CAM outputs at an affordable
price.

In the new version V2,23, full
consideration has been given to
allowing designers to continue using their existing
schematic capture packages as a front end to
BoardMaker. Even powerful facilities such as Top Down
Modification, Component renumber and Back
Annotation have been accomodated 1o provide
overall design integrity within the links between your
schematic package and BoardMaker.

Equally, powerful features are included to ensure that
users who do not have schematic capture software
can take full advantage BoardMaker.

V2.23 of BoardMaker is still a remarkable
£295.00 and includes 3 months free
soffware updates.

| NEW AUTOROUTER “

BoardRouter is a new integrated gridless autoroute
module which overcomes the limitations normally
associated with autorouting. YOU specify the tfrack
width, via size and design rules for individual nets,
BoardRouter then routes the board based on these
settings in the same way you might route it youself
manually.

This ability allows you to autoroute mixed technology
designs (SMD, analogue, digital, power switching
etc)in ONE PASS while respecting ALL design rules.

No worrying about

. whether tracks will fit
between pins. If the tracks widths and clearances
allow, BoardRouter will automatically place 1,2 or
even 3 fracks between pins.

i

S

You can freely pre-route
any tracks manually using
BoordMoker prior to autorouting. Whilst autorouting
you can pan and zoom 1o inspect the routes placed,
interrupt it, manually modify the layout and resume
autorouting.
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FuII analogue dlgltal and SM support ground
and power planes - 45 degree, arced and any
angle tracks with full net-based Design Rule

Net list input from OrCAD, Schema, etc
Top down modification

Forward and back annotation
Component renumber

Simultaneously routes up to eight layers
Fully re-entrant gridless autorouting
Powerful component placement tools
Extensive Design Rule Checking

Full complement of CAM outputs

Full support and update service
Reports generator

PostScript output

SMD support

Effortless manual routing

BoardMaker and
. BoardRouter are priced
" at £295.00 each. As a
specml introductory offer, they can be
bought together for only £495.00
which puts sophisticated PCB CAD
software within the reach of all
engineers. This price includes 3
months free software updates and full
telephone technical support.

Don’t just take our word for it, Call us
today for a FREE Evaluation Pack and
judge it for yourself,

[~ - | Tsien (UK) Limited

TS Cambridge Research Laboratories
| 181A Huntingdon Road
Cambridge CB3 0DJ

Tel 0223 277777

ts1en rax o223 277747




Experience anew sensation. An experience that
opens up a whole new spectrum of sound.

Put yourself on stage at the Albert Hall, surrounded by a great
orchestra, Imagine the sound you wili hear, every nuance, every note;
or travel up the Nite with an intrepid explorer, a journey not only full of
breathtaking beauty and colour, but rich in the sounds of anather
continent; or capture the hidden gasps of 100,000 hardened fans at
Wembly for the F.A. Cup Final, when the ball skims the crossbar with
the last kick of the match; follow with your ears as well as your eyes,
dodging the bullets, as your favourite hera battles out of yet another
tight corner, it's just like being in a cinemal

Nicam hi-fi stereo will turn your living-room into a living room of

P 8 Cument
' NICAM
o . Coverage

Subject to availability. Prices subject to change.

..Set yoursihs on a better sound!

i sbe e, ELECTRONICS
CREDIT CARD HOTLINE

0702 554161

For a friendly welcome and the very best of service why not visit our
shops In Birmingham, Brighton, Bristol, Leeds, London (Edgware and
Hammersmith), Manchester, Newcastle-upon-Tyne, Nottingham,
Reading, Southampton and Southend-on-Sea.

sound! You don't settle for second best with television picture quality,
why settle for second best in television sound quality? Nicam sound is
the new high quality digital stereo sound system, pioneered by BBC,
ITV and TV/video manuiacturers. In fact so good is Nicam it is
comparable to the superb sound reproduction of the compact disc,
when played through your existing hi-fi arrangement. If your television
hasn't got a built-in Nicam decoder, you will need the Maplin Nicam
Tuner System. Ultimately almast all of your favourite programmes will
be broadcast in superb hi-fi quality stereo-sound. Without a Maplin
Nicarn Tuner you won't be able to capture every sound to its full.

Nicam hi-fi stereo. Catch your breath, open your eyes, and pin
back your ears! It's what your hi-fi system was made for . . . It's what
your ears are made for!

“INVIIN

Digital stereo sound companion for your TV set.

DIGITALSTEREQ TV
SOUND FROM YOUR HI-FI

The complete kit contains all the components
required to build the unit. However you will also
need: a power supply, 12V at 600mA regulated
6.0. YZ21X at£8,95; a co-ax Y adaptore.g.
FS23A at£1.20; a co-ax lead to connect to your
TV orvideo, RW36P 2m long at £1.28, JW3GN 5m
long at£1.98, or JW40T 10m long at£2.95;2
phono lead to connect to your hi-fie.g, RWSO0E at
98pora SCART/Peritel lead JW36P at£4.95. An
infra-red remote control kit is alse aveilable
LP20W at£29.95.

Complete kit LP19V only £139.95 Incl, VAT + £1
mall-order handling charge.




