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OMP POWER AMPLIFIER MODULES EEEVEHIREEEHTELEREIEY
OMP POWER AMPLIFIER MODULES now enjoy a world-wide reputation tor quality, reliabiity and
performance at a realstic price Four models available to suit the needs of the professional and hobby market. 1.e . Industry
Leisure, Instrumentat and Hi-Fi etc. When comparing prices, NOTE all modeis include Toroidal power supply. Integral heat sink
Glass tibre P.C.B.. and Drive circuits to power compatible Vu meter. Open and short circurt proof

THOUSANDS OF MODULES PURCHASED BY PROFESSIONAL USERS

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

NEW SERIES Il MOS-FET MODULES

into 4 ohms, Frequency Response tHz - 100KHz

~3dB, Damping Factor, >300, Slew Rate 45V/uS,

THD. Typical 0.002%, Input Sensitivity 500mV, S.N.R.
125dB. Size 300 x 123 x 60mm.

PRICE £39.99 + £3.00 P&P.

OMP/MF200 Mos-Fet Output power 200 watts R.M.S.

into 4 ohms, Frequency Response 1Hz - 100KHz
-3dB, Damping Factor >300, Slew Rate 50V/uS,

T.H.D. Typical 0.001%, Input Sensitivity 500mV. SN.R
130dB. Size 300 x 155 x 100mm.

PRICE £62.99 + £3.50 P&P.

OMP/MF300 Mos-Fet Output power 300 watts R.M.S.

into 4 ohms, Frequency Response 1Hz - 100KHz
3dB, Damping Factor >300, Slew Rate 60V uS,

TH.D. Typical 0.0008%, Input Sensitivity 500mV,

S.N.R. —130dB. Size 330 x 175 x 100mm.

PRICE £79.99 + £4.50 P&P.

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

Vu METER Compatible with our tour ampiifiers detalled above. A very accurate visual
disptay employing 11 LE.D. diodes (7 green, 4 red) plus an additional on/off indicator
Sophisticated logic control circurts for very fast rise and decay times. Tough moulded pastic
= case, with tinted acrylic front. Size 84 x 27 x 45mm

PRICE £8.50 + 50p P&P.

OMP VARISPEED TURNTABLE CHASSIS

LOUDSPEAKERS

LARGE SELECTION OF SPECIALIST LOUDSPEAKERS
AVAILABLE, INCLUDING CABINET FITTINGS, SPEAKER

“" GRILLES, CROSS-OVERS AND HIGH POWER, HIGH FRE-
QUENCY BULLETS AND HORNS, LARGE S.A.E. (30p
STAMPED) FOR COMPLETE LIST.

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,B0Hz. FREQ, RESP, TO 14KHz SENS, 99dB PRICE £28.59 + £2,00 P&P.
10" 100 WATT C10100GP GUITAR, VOICE, ORGAN, KEYBOARD, DISCO. EXCELLENT MID.

RES, FREQ, 70Hz. FREQ, RESP, TO 6KHz SENS, 100dB PRICE £34.70 + £2.50 P&P.
10" 200 WATT C10200GP GUITAR, KEYBOARD. DISCO, EXCELLENT HIGH POWER MID

RES, FREQ, 45Hz. FREQ,RESP, TO7KHz SENS, 103dB PRICE £47.48 + £2.50 P&P.
12 100 WATT C12100GP HIGH POWER GEN, PURPOSE, LEAD GUITAR, DISCO

RES.FREQ, 45Hz. FREQ, RESP, TO 7KHz. SENS, 98dB PRICE £36.66 + £3.50 P&P.
12" 100 WATT C12100TC TWIN CONE) HIGH POWER WIDE RESPONSE F’ A . VOICE, DISCO
RES, FREQ, 45Hz. FREQ, RESP, TO 14KHz SENS. 10048 RICE £37.63 + £3.50 P&P.
12" 200 WATT C12200B HIGH POWER BAS5, KEYBOARDS, DISCO. PA

RES, FREQ, 40Hz. FREQ, RESP, TO 7KHz SENS. 10008 PRICE £64.17 + £3.50 P&P.
12 300 WATT C12300GP HIGH POWER BASS LEAD GUITAR, KEYBOARDS, DISCC, ETC

RES, FREQ, 45Hz. FREQ, RESP, TO 5KHz. SENS, 100dB PRICE £85.79 + £3.50 P&P.
15" 100 WATT C151008BS BASS GUITAR, LOW FREQUENCY. P.A_ DISCO.
RES, FREQ, 40Hz FREQ RESP, TO5KHz SENS, 98dB PRICE £53.70 + £4.00 P&P.
15" 200 WATT C15200BS VERY HIGH POWER BASS
RES, FREQ, 40Hz FREQ. RESP, TG 4KHz SENS, 99dB
15" 250 WATT C15250BS VERY HIGH POWER BASS
RES.FREQ, 40Hz. FREQ RESP, TO4KHz SENS 9948 .PRICE £80.53 + £4.50 P&P.
15" 400 WATT C15400BS VERY HIGH POWER. LOW FREQUENCY BASS.
RES. FREQ, 40Hz. FREQ. RESP, TO 4KHz. SENS, 102dB PRICE £94.12 + £4.50 P&P.
18" 400 WATT C18404BS EXTREMELY HIGH POWER, LOW FREQUENCY BASS

RES, FREQ, 27Hz. FREQ, RESP. TO 3KHz. SENS. 9948 PRICE£167.85 + £5.00 P&P.
EARBENDERS:— HI-FI, STUDIO, IN-CAR, ET

ALL EARBENDER UNITS 8 OHMS EXCEPT EB8-50 AND EB10-50 DUAL 4 AND 8 OHM.
BASS, SINGLE CONE, HIGH COMPLIANCE, ROLLED FOAM SURROUND

8" 50 WATT EBB8-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS, HI-FI. IN CAR.

RES. FREQ, 40Hz. FREQ, RESP, TO 7KHz. SENS, 97d8 RICE£8.90 + £2.00 P&P.
10" 50 WATT EB10-50 DUAL IMPEDENCE, TAPPED 4/8 OHM BASS. HI- FI IN-CAR

RES.FREQ, 40HZ FREQ, RESP, TO 5KHz. SENS.99dB PRICE £12.00 + £2.50 P&P.
10" 100 WATT EB10-100 BASS, HI-FI, STUDIO.

RES, FREQ.35Hz FREQ, RESP, TO3KHz. SENS, 96dB

12" 60 WATT £B12-60 BASS, HI-F), STUDIO

RES, FREQ, 28Hz. FREQ, RESP, TO 3KHz SENS

12 100 WATT EB12-100 BASS, STUDIO. HI-FI, EXCELLENT DISCO
RES. FREQ, 26Hz. FREQ. RESP, TO 3KHz SENS. 93dB. RICE £32.00 + £3.50 P&P.
FULL RANGE TWIN CONE, HIGH COMPLIANCE, ROLLED SURROUN

5%" 60 WATT EB5-60TC (TWIN CONE) HI-Fl, MULTI-ARRAY DISCO ETC
RES, FREQ, 63Hz FREQ. RESP, TO 20KHz SENS, 9208

6':" 60 WATT EB6-60TC (TWIN CONE) HI-F), MULTI- AHRAY DISCO ETC.
RES, FREQ, 38Hz. FREQ. RESP, TO 20KHz. SENS. 94d

8" 60 WATT EBB-60TC (TWIN CONE) HI-FI, MULTI- AHRAY DISCO ETC
RES FREQ, 40Hz FREQ. RESP. TO 18KHz SENS, 89d8 PRICE£12.99 + £1.50 P&P.
10" 60 WATT EB10-60TC (TWIN CONE) HI-FI, MULTi-ARRAY DISCO ETC

RES. FREQ,. 35Hz FREQ, RESP, TO 12KHz. SENS, 86d8 PRICE£16.49 + £2.00 P&P.

e

PRICE £73.26 + £4.00 P&P.

PRICE £27.50 + £3.50 P&P.
PRICE £21.00 + £3.00 P&P.

PRICE£9.99 +£1.50 P&P,
PRICE £10.99 + £1.50 P&P.

PIEZO ELECTRIC TWEETERS-MOTOROLA

STEREO DISCO MIXER

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 £14.43 + £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

3 watt FM
Transmitter

POSTAL CHARGES PR ORDER £1.00 MINIMUM OFFICIAL ORDERS WELCOME FROM
SCHOOLS. COLLEGES. GOVT BODIES. ETC PRICES INCLUSIVE OF VAT SALES COUNTER
VISA ACCESS ACCEPTED BY POST PHONE OR FAX

£8.62 + £1.00 P&P

i || BARCLAYCARD
| e
: e —

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

* MANUAL ARM % STEEL CHASSIS # ELECTRONIC SPEED CON-
TROL 33 & 45 % VARI PITCH CONTRCL % HIGH TORQUE SERVO
DRIVENDCMOTOR # TRANSIT SCREWS % 12°DIE CAST PLATTER %
NEON STROBE # CALIBRATED BAL WEIGHT % RIMOVABLE HEAD
SHELL # 5" CARTRIDGE FIXINGS # CUE LEVER % POWER 220 240V
5060Hz % 390x305mm * SUPPLIED WITH MOUNTING CUT-OUT

TEMPLATE
PRICE £59.99 + £3.50 P&P.

STANTON ALS500
PRICE £16.99 + 50p P&P

GOLDRING G850
PRICE £6.99 + 500 P&P

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

All power ratings R.M.S. into 4 ohms.

FEATURES:  independent power supplies with two Toroidal Transformers & Twin L E.D. Vumeters % Rotary
indended leve! controls + llluminated on/off switch * XLR connectors * Standard 775mV inputs * Open and shont
circutt proof * Latest Mos-Fets for stress free power delivery into virtually any load * High slew rate * Very low

distortion * Aluminium cases * MXF600 Fan Cooled with D.C. Loudspeaker and Thermal Protection.
USED THE WORLD OVER IN CLUBS, PUBS, CINEMAS, DISCOS ETC.
SIZES:— MXF 200 W19"xH3%" (2U)x D11’
MXF 400 W19 xH5%" (3U)xD12
MXF 600 W19 xH5Y" (3U)xD13"
MXF200 £171.35
PRICES: MXF400 £228.85
MXF600 £322.00
SECURICOR DELIVERY £12.00 EACH

NET LOUDSPEAKERS

THEVERY BEST IN QUALITY AND VALUE

OMP SLIDE DIMMER
1K WATT & 2.5K WATT

CONTROL S LOADS UP TO 1KW & 2 5KW,
SUITABLE FOR RESISTIVE AND INDUC-
TIVE LOADS BLACK ANODISED CASE
READILY FLUSH MOUNTED THROUGH
PANEL CABINET CUT-OUTS ADVANCED
FEATURES INCLUDE:—

MADE ESPECIALLY TO SuUIT
TODAY'S NEED FOR COM-
PACTNESS WITH HIGH QUTPUT
SOUND LEVELS, FINISHED IN
HARDWEARING BLACK VYNIDE
WITH PROTECTIVE CORNERS,
GRILLE AND CARRYING HANDLE,
INCORPORATES 12" DRIVER PLUS
HIGH FREQ. HORN FOR FULL
FREQ RANGE. 45Hz-20KHz BOTH
MODELS 8 OHM, SIZE H18" x W15
D2

* FULL 85mm SLIDE
TRAVEL

* NEON
MONITORINDICATOR
* FLASH OVERRIDE
BUTTON

+ HIGH & LOW LEVEL
PRESETS

-~ » FULLY SUPPRESSED
Z 710 8BS 800

SIZES:—

TKW H128x W40 x D55mm
2 5KW H128XW76 x D79mm

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

PRICES: — 1K WATT £15.99
2.5K WATT £24.99 + 60p P&P

PIEZO ELECTRIC TWEETERS — MOTOROLA

Join the Piezo revolution. The low dynamic mass (no voice coll) of a Piezo tweeter produces an improved transient
response with a lower distortion level than ordinary dynamic tweeters. As a crossover is not required these units can
be added to existing speaker systems of up to 100 watts (more if 2 put in series) FREE EXPLANATORY LEAFLETS

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

TYPE ‘B’ (KSN1005a) 3'~" super horn. For general
purpose speakers, disco and P.A. systems etc. Price
£5.00 each + 50p P&P

TYPE ‘'C' (KSN6016A) 2" x 5" wide dispersion 1orn. For
quality Hi-fi systems and quality discos etc. Price £6.99
each + 50p P&P

TYPE 'D’ (KSN1025A) 2"x6" wide dispersion horn.
PE Upper frequency response retained extending down to
mid range (2KHz). Suitable for high quality Hi-fi systems
and quality discos. Price £9.99 each + 50p P&P
TYPE ‘E’ (KSN1038A) 374" horn tweeter with attractive
sitver finish trim. Suitable for Hi-fi monitor systems etc.
Price £5.99 each + 50p P&P

LEVEL CONTROL Combines on a recessed mounting
plate, level control and cabinet input jack socket
85x85mm. Price £3.99 + 50p P&P

STEREOC DISCO MIXER with2 x Sband L & R
graphic equalisers and twin 10 segment L.E.D
Vu Meters. Many outstanding features 5 Inputs
with individual faders providing a useful com-
bination of the following
3 Turntables (Mag). 3 Mics. 4 Line including CD
plus Mic with talk over switch Headphone Moni-
tor. Pan Pot L. & R. Master QOutput controis
Output 775mV. Size 360x280x90mm. Supply
220-240v. S
Price £134.99 -— £4.00 P&P

B. K. ELEC RONICS Dept ETI

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




MAKING ELECTRONICS C.A.D. AFFORDABLE

— THAT CAN BE USED FOR SURFACE MOUNT COMPONENTS?

— WITH THE ABILITY TO LOCATE COMPONENTS AND PADS ON
GRIDORTO .002" RESOLUTION?

— WITH AN OPTIONAL AUTO-VIA FACILITY FOR MULTILAYER
BOARDS?

— WITHTHE ABILITY TO CREATE AND SAVE YOUROWN SYMBOLS?

— THAT IS AS GOOD AT CIRCUIT DIAGRAMS AS IT IS AT PCB's?

— HAVE YOU BEEN PUTTING OFF BUYING PCB CAD SOFTWARE? [ |7
— ARE YOU STILL USING TAPES AND A LIGHT BOX? —_— o o
— HAVE YOU ACCESS TO AN IBM PC/XT/AT OR CLONE? BRITISH o o (S
— WOULD YOU LIKE TO BE ABLE TO PRODUCE PCB LAYOUTS UP SEEEs————— o o o
TO 17" SQUARE? o o o
— WITHUP TO 8 TRACK LAYERS AND 2 SILK SCREEN LAYERS? DES'G N ; ° o o
— PLUS DRILL TEMPLATE AND SOLDER RESIST? P o o o
— WITH UP TO 8 DIFFERENT TRACK WIDTHS ANYWHERE IN THE AWARD » o o o
RANGE .002 10 .531"7 © o o
— WITHUP TO 16 DIFFERENT PAD SIZES FROM THE SAME RANGE? 1989 F!
— WITH PAD SHAPES INCLUDING ROUND, OVAL, SQUARE, WITH o o o o
OR WITHOUT HOLE, AND EDGE CONNECTOR FINGERS? o o o
— WITHUP TO 15001C's PER BOARD, FROM UP TO 100 DIFFERENT o of\¢ o
OUTLINES? o o o
— WITHAUTO REPEAT ON TRACKS OROTHER FEATURES — IDEAL S o
FORMEMORY PLANES? :
o [ 2

S

— THAT CAN BE USED WITH EITHER CURSOR KEYS OR MOUSE? { \

— WHERE YOU CAN LEARN HOW TO USE IT IN AROUND HALF AN coleécdoooocaafafefefo|c[cfofc oo clofe|e
HOUR?

— WHICH WITHEASY-PLOT AND EASY.GERB CAN OUTPUT TO PEN- o covococo0co soc ey
PLOTTER OR PHOTO-PLOTTER (VIA BUREAUX)

_THAT ONLY COSTS FROM £49 INC VAT? Il |

WRITE OR TELEPHONE FOR FULL INFORMATION EXCELLENT QUALITY FROM DOT MATRIX PRINTER

TINY-PC, EASY-PC, TINY-PC, EASY-PC, TINY-PC, EASY-PC, TINY-PC, EASY-PC

Number One Systems Ltd

Ref: ETI, HARDING WAY, SOMERSHAM ROAD
STIVES, HUNTINGDON, CAMBS PE17 4WR Telephone: 0480 61778 (4 lines)

CRICHLIEWOUT

ELECTROMNICS

100 PAGE COMPONENT
CATALOGUE

SEND OFF FOR YOUR COPY TODAY ...

® WE STOCK AN UNRIVALLED RANGE
® ALL OUR COMPONENTS ARE FIRST CLASS BRANDED ITEMS

® WE OFFER A SAME DAY SERVICE ON ALL STOCK ITEMS

®NO MINIMUM ORDER - IF YOU NEED ONE COMPONENT WE SEND OFF FOR YOUR FREE
CAN SUPPLY ONE COMPONENT CATALOGUE AND VOUCHERS TODAY
® WE HAVE ADOPTED A NEW LOWER PRICING POLICY + 1l ?1;8‘1“;5» 161 SIFC &(L)PR\ESE)IIY pEn' ” TCR%% ((:(;‘()PIES) OF
SCOUNTS {LEW SLEC S
el L L L 0 COMPONENT CATALOGUE.
JUST FILL IN THE COUPON OPPOSITE OR PHONE US ON NAMTE
01-452 0161 FOR YOUR FREE COPY! ME i
ADDRES S e o bt s Ll X A m T kv s ivoms

CRICKLEWOOD ELECTRONICS LTD
40 CRICKLEWOOD BROADWAY, LONDONNW23ET | e
TEL: 01-4500995/4520161 b
FAX:01-208 1441

. ) 7 I S " I ... .. ... .. cocecoie oo e s s s e s e e e e e e s
b [WOULD LIKE TO RECEIVE A FREE COPY OF YOUR
1989 CATALOGUE.
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Under
Surveillance 1:

The Circuits

Paul Chappell puts his ear to
the wall and picks up some
interesting designs for first-time
spyers

oAk .

Under
Surveillance 2:
The Inside Story

Helen Armstrong talks to the
surveillance experts who
supply the industry with
concealed equipment for
private eye or industrial
espionage

“Io_o

And Then There

Were Transistors
John Linsley Hood closes the
gate on his two part look at the
evolution of the transistor

The Good IC
Guide

Paul Chappell announces the
merits of the L1656V power op-
amp and puts it through its

paces
Less Logic

Andy French invites you to
join the exclusive OR club
as he wades his way through
Boolean simplification and
finds that theres really very
little to be scared about

36

Testing Testing

Mike Barwise returns to the
pages of ETI with this first part of
a major new series examining
the problems associated with
basic and advanced test gear
and the often simple solutions
that can set your results to rights

PROJECT
Polybel

Tuneware

Trevor Skeggs dumps his digital
ditties into last month’s poly-
phonic programmable doorbell
with ‘Tuneware' and ‘PBOS’ —
the Polybel Operating System

PROJECT

MIDI Mapper

Robert Penfold crosses the
channel in the twinkling of a
clock period with this stand-
alone unit to filter your musical
data stream

53

PROJECT
Multimeter

Douglas Kennedy presents a
beginners’ project for a budget
DC meter

_ 40

PROJECT

Intruderbeam

If there are burglars at the bottom
of your garden, you can stop
them getting any closer with
Geoff Phillips’ infra-red warning/

24
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NO SALE

he privatisation of the electricity

industry will not include the sale
of Britain's Magnox nuclear reactors,
because of the huge costs associated
with decommissioning.

The announcement came as the
billapproachedthe end of its passage
through the House of Lords and forced
an embarrasing U-turn on Baroness
Hooper. ajunior energy minister and
representing the Government in the
House.

A proposal was made by Labour
Energy Spokesman Lord Williamsthat
the entirebillbe held untilthe autumn
session, in the hope that the Govern-
ment might more reliably finalise its
plans. “After all” he said, “we aretalking
nuclear power stations, not tiddly-
winks”.

The wisdom of including nuclear
power in the sell-off equation has
always been in doubt. The enormous
costs of building nuclear plantsand the
inconceivable costs of compensation
in case of accident would make it
unlikely that private enterprise would
ever commission new power stations.
This would seem to directly contradict
the Governiment’scommittment to the
nuclear industry.

The Magnox decision only partly
solves the problem. As Lord Ezra,
former chairman of the National Coal
Board, was quick io point out in the
House of Lords, there has been no
reason given asto why the exemption
should not be extended to all nuclear
stations.

His questions were later echoed by
the Confederation of British Industry,
which urgedthe removalof allnuclear
power until the ¢osts are more clearly
realised

There are fearsin the industry that
troubles with advanced gas-cooled
reactors {AGRs) may extend many
years beyond the anticipated run-in
period. The costs of decommissioning
and of reprocessing fuel are also
expected to climb rapidly. Unless the
Government makes firm guarantees of
support, or removes nuclear power
from the sell-off altogether, private
industry and the free market s likelyto
spell the end of the British nuclear
industry and the general concern will
adversely affect the entire privatisation
scheme.

It would appear that doubts over
the nuclearinclusion are not limited to
thoseinthe industry. Arecent National
Opinion Poll commissioned jointly by
Greenpeace and Friends of the Earth
indicated that while 17% of inter-
viewees were considering buying
electricity shares, only half that number
would do so if nuclear power formed
part of the offer.

he much awaited Digital Audio
] Tape machines will be generally
available to the public throughout
Europe by Christmas.
An agreement comes after
argument between therecording and
| consumer electronics industries over
the infringement of copyright issue. It
now clears the way forthe consumer to
make near perfect copies of live or
recorded material using DAT, but as a
concession the manufacturers agreed
that the tape machines will only be able

to copy originals once — a condition
therecordingcompanies asked of the
manufacturers before the boycott
could be lifted. How this is to be
achieved is not yet clear.

The recordingcompanies will not
receive a rovalty for every DAT
machine sold ascompensation for the
infringement of copyright. However.
talks will have to start all over again
when it comesto discussing the newest
technology — the recordable compact
disc.

AIR-SEA POWER

f the electricity privatisation bill is

passed in its present form, one
positive result should be the promotion
of renewable energy sources such as
wind and sea.

The Government has specified
that within ten years of privatisation,
some 600MW of the power fed to the
grid from nonfossil fuel should come
from renewable sources.

As a prelude to this, three
experimental wind turbines are to be

built under a £28m scheme announ-

cedbythe CEGB, andtobe funded by

PowerGen and National Power (the
two generating companies that willbe
formed from the CEGB) together with
the Department of Energy.

The three sites are at Capel Cynon
inDyfed, in North Cornwallandinthe
northern Pennies. It is hoped that the
first of these will be operational by
1991, using 25 turbines to produce
between 7.5MW and 12.5MW.

SPEAKER TECHNIC

l atest in the world of outrageous
|

speaker systems are these two
units from Technics. They have been
| designed by Mr Technics himself, Mr
Obata, using complex space simula-
tion programs to glve the designs
| shown here.
| The SST-1 Sound Space Twin
Load Horn appears more likea musical
| instrument than a speaker system. It
| uses two different sized horns folded
and mounted on the back of the
| speaker with an acoustic filter for mid-
| range detail. The price isas spectacular

asthe appearance — not yetfinalised
but expected to be around £1000 a
pair.

The SST25Hz and SST35Hz must
be approaching the ultimate in sub-
woofer systems, a horn is folded back
atthecentre of its length with acoustic
coupling in the upper portion. The
tentative prices are £1000 for the 35Hz
version and £1400 for the 25Hz.

Forfurther details and sales contact
Technics. Panasonic House, Willough-
by Road. Bracknell. Berkshire RG12
4FP. Tel: (0344) 853205.

i ‘ well. each getting its own *hundred’

TOUCH TECH

new company hasbeen formedto
meet the demands of the hi-tech
touch screen industry.

- Based at Eastleigh in Hampshire,
Touch Screen Technologies Ltd will
design and supply touch screensand
interfaces, complete with software. It
has entered into a joint venture with
Gunze Ltd of Japan, to manufacture
tOuch screens for the European
market. )

‘The conductive éqlted t'd-rh_;s a
?ﬂ'&ahmc- oxide coated polyester, i
manufactured in the US and Japan.
With an overall thickness of only
0.75mm. the resistive touch screen is
simple to use and has already been
appliedto the medical, process controt
and bankingindustries. They are also
considered ideal for airlines, tour
operators, hotels and any situation
requiring general public access to
computers. Touch screens in all shapes
and sizes are finding their way onto
calculators, personal organisers and
into diaries.

For further information. contact
Touch Screen Technologies Ltd on
(0703) 629545.

FAX CHANGE

Finace .

wather ad
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Ceefax, the BBC's teletext system,
isaboutto commence arelaunch
operation — or perhaps more appro-
priately a metamorphosis as the
changes are taking place slowly.

An estimated six million viewers
haveteletext setsin thiscountry and the
process of finding what you want can
be painfully slow at times. This is
because dataissentseriallythrough a
few lines on the top of the screen of
your TV set. Ceefax isnow goingto use
more of these lines to convey the
information a little faster. This will be
done by increasing the number of
pages available and reducing the
number of subpages.

ltisinthe subpage area where access
to information can take the time. At
present 99 subpages are available. but
only eight are used at any one time.
You can imagine the eternity it would
take to cycle through 99 pages!

Part ofthe changeisthat only three
subpages will be used. to reduce
waiting time. Subject areas of the
magazine are to be renumbered as

catagory. The travel section. for
{ example, is to be expanded and
updated more frequently by the new
{BBC Travel service.
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TV GRAPHICS

Ccan now be combined withcom-
puter graphics on a fully interactive
scale, thanks to a breakthrough in
image processing from Videologic, a
‘British company based in Hertford-
shire.

It is nothing new to overlay
computer text onto a full-screenimage
displayed on a standard television
screen. There has also been some
success in digitising a continuous TV
picture for display on a conventional
computer monltor.

But the DVA4000 (Digital Video
Adapter) goes further. It allows real-
time processing of the signal asabinary
array, enabling windowing. fades,
layering and so on. An entire image
could be reduced to icon size, to be
selected when required and ‘pulled’to
the desired size. This form of video
integration requires very fast process-
ing — some 25Mbits per second when
used with an IBM PS/2 machine.

The development of the DVA4000
has involved £1.5m research and
design using the custom chip CAD
facilities of VLSl in the US, and 8-layer
PCB manufacturing in the Nether-
lands.

It supports all 17 VGA modes so
needs no extra graphicscard and uses
asingle expansion slot.

For more details contact Video-
logic. Home Park Ind. Estate, Kings
Langley. Herts WD4 8LZ. Tel- (09277)
60511.

Cogem Technology's modular
speech synthesis system can give
you amicrochip thatcan add ahuman
voice to your products.

The system interfaces to machine
1/0 ports producing any number of
different speech output combinations.
It can give single words or sentences
and react to real time situations. A
simple systemn, using 10 to 20 key-
words in different combinations will
cost a few tens of pounds when pro-
duced in quanitities of a hundred or
more.

The speechisstoredon EPROMin
the form of digitally recorded and
compressed speech. The intonation
and inflection of the male or female
voice can be changed if required. As
the package is miniturised it can be
used in anything from a hand held
meter to a large machine tool.

Contact Cogent Technology Ltd.

| Dock Lane, Melton, Suffolk P12 1PE.

o
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INDUSTRIAL CAMCORDER

SONY

Anew Video 8 recorder/player is
now available from Sony’s new
range of industrial 8mm audio and
video products.

A growing number of Video 8
camcorders are being used in areas
such aseducation, training, raveland
research. With the growingacceptance
of 8mm formatandthe ever ncreasing
base of 8mm camcorders, Sony
believes the new recorder/player will
find a niche in non specialist areas
within industry and commerce.

In the industrial sector, Video 8 is
now being used for test bed rzcording,
production line monitoring and

operational analysis.
| S— g

Its chief advantage is its small size.
The Video 8 tape is no bigger than an
audio cassette.

The EVO 520P is a rugged
industrial version of its consumer
counterpart and being a front loader.
it can be rack mounted. The machine
has an auto repeat function and in
search mode, recognisable colour
pictures can be followed with ease. a
usefulfunction. The player operates on
AC or DC. and the low voltage DC
gives the flexibility of usage in field
work. The price tag on the EVO 520P
is £795.00.

Further information from (0256)
474011 ext 3603.

LASER WORM

Mitsubishi is introducing a new
optical disc storage system into
the UK.

The MW-5U1 is a laser action
WORM drive (Write Once Read Many
times) and comes complete with the
standard small computer system
interface (SCSI) for your PC.

Mitsubishi wants to target the
package at placeswhere high volumes
of permanent storage are required.
These include CAD graph cs, data-
base storage and archival systems for
legal, financial. scientific and medical
organisations. The disc drive can store
300MB on each side of the ostical disc
cartridge and the software allows
standard DOS or MS-DOS read /write
access to any PC.

The drive is said to be the fastest
available anywhere with random
access times of 80ms, track to track
times of 1ms and average pasitioning
times of 63ms. Data transfer rate is
5.5Mbits per sec.

The MU-5U1 package comes
complete with a 600MB ortical disc
cartridge and retails at £25C0.

For further informatior contact
Mitsubishi Electric UK Ltd.. E ectronics
Division, Travellers Lane., Hatfield,
Herts AL108XB. Tel: (07072) 76100.

AUDIO PARTS

Graham Nalty, the man that gave
you the Virtuoso Power amplifier
way back In 1988 can supply you with
alist of upgraded componentsfor your
JLH Audio Design amplifier through
Audiokits Precision comporents.

A list of components is available
from Audiokits, 6 Mill Close,
Borrowash, Derby DE7 3GU. Tel:
(0332) 674929.

CAD CIRCUITS

machine code utility for designing

and printing circuit diagrams for
the Sinclair Spectrum (48k, 128k, +2)
is now available from BESoft.

The software package offers
facilities for drawing, editing. storing
and printing of diagrams. The user
friendly system includes 50 standard
circuit symbols and associated logic
gates with 400 more user-definable
symbols. The symbols can be rotated
or flipped to give the correct orientation
and then moved into the correct
position.

Labelling of text includes Greek
characters and a magnifying facility
givesfour timesthe normalsize around
the area of the cursor. The printer
interface options are ZX or Alphacom
32 type. Centronics Interface and
Interface 1-RS232 output.

Prices are £17.50 (cassette
version) £19.00 {microdrive). Both
include postage and packing.

Further information from BESoft.
20 Ashfield Road. Leytonstone.
London E11 4DT. Tel: 01-588 3469.

GIANT LEP FOR MANKIND

he Large Electron Positron

collider, LEP. built in Geneva, is
about ready to shoot its load. The
accelerator has a 17-mile circumfer-
ence and is 11ft wide. burrowing
through the border between France
and Switzerland — atrulyintemational
project funded by the 14 member
countries of CERN, the European
Centre for Particle Physics.

Rock Circus. a new permanent
exhibition of static and animated
rock stars, opened in London last
month.

The Tussauds Group, famous for
its wax figures, decided there was a
need for an exhibition of rock music
history.

Todisplay such a vibrant part of our
culture was a challenge, so they
developed and patented the robotics
or audio animatronics section of the
show. Their movements, lighting,

High on the list of priorities for LEP
is a systematic study of the particlesthat
transmit the weak nuclear force, the so-
called Z particles.

These have been seen before but
not in sufficient quantities to allow
analysis.

There is also, as always. the hope
of spotting new particles such as the
elusive Higgs boson.

sound and effects are allcontrolled by
two powerful computers.

Walking around the show, you can
hear the full hi-fi sound through
cordlessinfra-red headphones. Many
spectacular effects await you on your
journey through pop history. A full
review of this and the exhibition willbe
given in next month's ETI.

The show is open daily 10am to
10pm at the London Pavilion,
Piccadilly Circus. Prices are £4.20 for
adults and £3.15 for children.




YOUR GHANGE
10 WiN!

Subscribe to ETl and win a John Linsley Hood 80W
MOSFET POWER AMPLIFIER.

What better way is there

of making sure you never miss another

copy of ETI than by ordering an annual subscription
for only £18.00*?

Each issue is delivered direct to your door at no extra cost. For a limited period you now have the chance to win,
in our exclusive competition.

To win this complete kit, order your subscription using the coupon provided and study the four pictures below.
Each is taken from the cover of ETl in the last six months. Simply write in the correct cover date next to the
relevant letter on the coupon and you could be the winner of this spectacular prize.

John Linsley Hoods 80W Audio Design MOSFET Power Amplifier was featured in the May 1989 issue of ETI and
the kit is produced by Hart Electronics as the flagship of its pedigree audio range. It combines the excellent
performance one expects from a Linsley Hood design, with a versatility unusual in power amplifiers. The passive
input stage with gain and balance allows direct imput not only from a pre-amp but from CD and tape decks
direct.

This offer is also open to current ETI subscribers who wish to renew or extend their current subscription but they
must do so using the order form provided. The lucky winner will be the first correct form drawn. A photocopy of
the order form will be acceptable is so desired.

*All prices refer to UK
subscriptions only

These fOL;‘T Dr:Cthes TERMS & CONDITIONS
were each shown on This offer closes on Friday 29th September

the front covers of: and is open to UK residents only. Subscriptions
received using the order form provided and
showing the correct competition answers will
be entered into the DRAW. No cash aiternative
will be available to the winner. The winner will

- 5 . be announced in a future issue of ETI. The
Please commence my subscription to ET| with the issue. | enclose my iudges decision s final. Full details of the

Cheque/money order for £18.00 made payable to ARGUS SPECIALIST PUBLICATIONS terms and conditions of entry into this

. promation are available on request.
Or Debit my Access/Barclaycard number i i ] L l 1 I [ [ l | ] L T ] LJ
Valid from

PoStICQAEN watinmes AR ek !
] New subscriber [] Subscription renewal/extension (delete as applicable}

Return this order with your remittance to: The Subscription Manager,
ll AS.P. Argus House, Boundary Way, Hemel Hempstead, Herts HP2 7ST. ETH4
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PLAYBACK =2

ver the last couple of months |

have introduced the concepts of
Pulse Density Modulation (Philips)
and Pulse Width Modulation (Tech-
nics) as applied to D/A reconstruction
in modern CD players

Well the pace of technology has
not let up since. for no less than two
new D/A convertors have been intro-
duced in the last few weeks

The first of these is a new 16-bit
DAC from Philips who. for the time
being at least, appears to be covering
both multi and single-bit bases! First
seen in the sub-200 CD610 CD player,
this new ‘economy DAC has been
integrated down to an 8-pin DIL
package. Imagine. a dual-channel
16-bit convertor no larger than an
NE5532 op-amp!

Technically the TDA1543. as it is
known. fallsbehind the standards set
by their top TDA1541 convertors yet
some of its specs are quite remarkable.
THD and noise typically fall in the

-80dB range at peak level (as
opposedtothe TDA1541's< —100dB)
yet in terms of amplitude linearity its

-90dB error of just —2.4dB repre-
sents tough competition

Oddly enoughifthe linearity of the
TDA1543 were assessed in terms of
s/n. asisthe SAA7320 bitstream chip.
then a figure of 13 bits would seem
most appropriate. Howeverinterms of
amplitude its moderate low-level error
implies a practical linearity of some
15.6 bits

Expect to see this new DAC crop
up in a number of budget players. lts
low 5V supply rating also makes it an
ideal candidate for portables and the
like.

Of greater surprise this month was
NAD's announcement of two new CD
players. the 5320 and 5325. which
have been designed around a new
hybrid DAC from Sanyo. The LC7881
is another low-cost chip yetitcombines
the virtues of multi-bit operation with
the simplicity of a PWM glitchless
output.

The LC7881 incorporates two
independent D/A convertors which
latch the incoming 16-bit data stream
and sub-divide it into three distinct bit-
words. Specifically the first 9 Most
Significant Bits (MSBs) are separated
to control a series-ladder of 512
resistors (2° = 512). Acting as a 9-bit

switch this DAC generates two output
voltages. V1 and V2. that correspond
to levels slightly above and slightly
below that described by the 9-bitword.

Fortruly monotonic conversion the
resistance chain of a 9-bit DAC
demands an accuracy of lessthan one
part in 512. In a conventional 16-bit
DAC the 65536 available quantisation
levelsrequire anaccuracy 128times as
great for monotonic conversion. This
isallwell and good but there is little to
be gained by truncating the 16-bit code
for simplicity of operation if the original
98dB linearity is still desired.

Sanyo has solved this problem by
employingthe 4 Least Significant Bits
(LSBs) to controltwo variable resistors
that are connected in series with the
twoendsofthe 512R chain. These are
used to trim the R-string 9- bit convertor
outputs such that the total voltage
across both variable resistors remains
constant but thatthe unit resistance of
the main R-string alters in steps of
1/128.

Having accounted for the nine
MSBs and the four LSBs the remaining
three intermediate bits are employed
togenerate eight different pulse widths

(2% = 8) within the PWM output
DAC. These eight different pulse
widths determine the percentage of
time occupied by each of the V1 and
V2 voltages. necessitating a clock
frequency able to accommodate upto
16 different widths.

The maximum data rate is there-
fore 16 x 176.4kHz (the latter derived
from a 4x oversampling filter) =
2.8224MHz. However. as with pre
vious PWM systems, each 176.4kHz
conversion sample must be subdrived
into nine equal time slices. This is
necessary to accommodate the maxi
mum pulse width {equalto 8x the least
pulse width) plus one wait cycle {also
equalto aleast pulse width). Therefore
the clock edge accuracy has to be
within 9 x 7.8224MHz or 25.4016
MHz. Sanyo actually specify
8.4672MHzbecause they claim atotal
of 3clock cycles per PWM conversion
cycle.

Either way this is a cost-effective
method of avoiding the non-mono
tonicity, zero-cross distortion and
glitches suffered by conventional
DACs. Perhaps other hybrid systems
are on the horizon Paul Miller

('

N

THE VFM TOTAL KIT

Wilmslow Audio’s new VFM speaker kit is remarkable
VALUE FOR MONEY! The design uses an Audax bass
unit and a Peerless dome tweeter integrated by a multi-
element crossover and gives excellent results for it’s
modest cost.

The kit contains all the cabinet components (accurately
machined from smooth MDF for easy assembly),
speaker drive units, assembled crossovers, grille foam, |
wadding, binding post connectors, screws, assembly

SURVEILLANCE

PROFESSIONAL QUALITY KITS

A range of high quality kits as supplied lo leading UK security companies, all in-house designed
and produced. not 1o be confused with cheap imports. All kits come fully documented with
concise assembly and setting-up delails, fibreglass PCB and all components. All iransmitters
are fully luneable and can be monitored on a normal VHF radio or tuned higher for greater
security. All units available ready built if required

MTX Micro-miniature audio transmitter. 17mm X 17mm. 9V operation. 1000m range £12.95
VT500 Hi-power audio transmitter. 250mW outpul. 20mm X 40mm. 9-12V operalion 2-3000m

: t ti t range £15.95
Instructions, etc. VOX75 Voice activated Iransmitter. Variable sensitivity. 30mm X 40mm. 9V operation. 1000m
range £18.95

CTX900 Sub-carrier scrambled audio transmitter. Cannot be monitored without decoder fitted
to radio. 30mm X 40mm. 9V operation. 1000m range £21.95
DSX900 Sub-carrier decoder unit for monitoring CTX900. Connects to radio earphone socket

Provides output for headphones. 35mm X 50mm. 9-12V operation £21.95
HVX400 Mains powered audio iransmitter. Connects directly to 240v AC supply. 30mm X 35
mm. 500m range £18.95
XT89 Crystal controlled audio transmitter. High performance. 100mW output Supplied with
xtal for 108MHz. Others available 10 116MHz. 85mm X 28mm. 9V operation. 2-3000m
range £36.95
TKX900 Tracker/Bieeper transmitter. Transmits conlinuous stream of audio pulses. Variable
tone and rate. Powerful 200mW output. 63mm X 25mm 9V aperation. 2-3000mrange £21.95
ATR2 Micro size telephone recording interface. Connects between telephone lines{anywhere)
angd cassette recorder Tape switches automatically with use of phone. All conversations
recorded. Powered from line. 10mm X 35mm £12.95
TLX700 Micro minialure teiephone transmilter. Connects 1o line {anywhere) swilches on and
off with phone use. All conversations transmitted. 20mm X 20mm. Powered from line. 1000m
range £12.95
XML900 RF bug detector. Variable sensitivity. Triggers LED and bleeper when in presence of
RF field. Detects MTX 15-20 feet. 55mm X 55mm. 9V operaiion £26.95
XL7000 Professional bug detector/locator. Varable sensitivity. Twin mode ten segment LED
readout of signal strength with vanable rate bteeper. Second mode AUDIO CONFIRM
distinguishes between localised bug transmission and normal legitimate signal such as pagers

cellular etc. 70mm X 100mm. 9V operation £54.95

Dims: 310x206X240mm
Amp. suitability:

10-50 watts.

Impedance: 8 ohms
Response: 70hz-20Khz

PRICE:
£69.95 per pair
plus carr/ins £8

EN

telephone credit card orders
WILMSLOW AUDIO LTD.
35/39 Church Street, Wilmslow, Cheshire
SK9 1AS Tel: 0625 529599
Call and see us for a great deal on HiFi
(Closed all day Mondays)
L DIY Speaker catalogue £1.50 post free (export $6)

UK customers please send cheques, PO’s or regislered cash. Please add £1.50 per order for
P&P. Goods despalched ASAF allowing for cheque clearance. Overseas customers send
sterling bank draft or Eurocheque and add £5.00 per order for shipment. Credit card orders
accepted on 0827 714476. Full catalogue available on receip!t of 28p stamp. Trade enquiries

welcome.
R i R S
DESIGNS 0827 714476

THE WORKSHOPS
95 MAIN RD, BAXTERLEY
NR. ATHERSTONE

WARKS CV9 2LE

J
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BLUEPRINT

/[

his Blueprint and the one or two

following are to be somewhat
different from usual. ETI has received
an enquiry from the Dyfed Wildlife
Trust for help in providing an amplifier
to play amplified recordings of bird
callsin the hope of attracting migrating
birds to re-establish a colony. The
project is larger than would be normal
for a Blueprint, but it is technically
interesting and A Good Cause so |
decided to see what can be done.

There is limited technical backup
at the wildlife trust, so the plan is for
ETl to provide the parts and for me to
assemble the necessary modules,
while explaining in print the rationale
behind the design

Shearwaters

Manx Shearwaters are sea birds which
land only to breed. and they seem to
do this at night. They nest in burrows,
as a result of which the colony on
Cardigan Island were exterminated in
the 1930s when rats escaped from the
wrecked steamer Hereford. Now that
the rats have been eradicated from the
island the Dyfed Wildlife Trust
(sponsored by Cresta Holdings of the
Isle of Man) are trying to encourage
anew colony of Shearwaters to form.

Previous attempts have involved
taking birds too young to fly and
transporting them to the island in the
hope that once they can fly they will
return in the normal migration pat-
tern. This has not worked apparently
because the lack of a flourishing
colony on the island has meant that
the island is quiet and hence not
attractive for their return.

The strategy now is to play record-
ings of the call of the shearwater in the
hope of attracting birds to the island.
If it works this would eventually

become self sustaining, but some time
might be required for the colony to
build up to this point.

Power

The island is uninhabited and has
difficult access. Itis just about possible
to land by boat, but impossible armed
with tools and electronic equipment.
Consequently any electronic equip-
ment installed must be very reliable
and able to function without inter-
vention for long periods of time. The
use of any power source requiring
periodic attention is ruled out, which
leaves wind or solar power as the two
obvious choices. Power from such
sources can vary greatly due to our
renowned British weather.

The equipment will initially be
delivered by helicopter but mainten-
ance visits could be a problem!

A solar power system by BP Solar
is being used. This can be guaranteed
to provide 10AH/day at 12V over the
period from January to October, with
more available in practice over the
middle part of the year if the weather
is good. The original request was to
provide 60W audio output for the
whole night, ademand clearly beyond
the capability of the power source. In
addition it was initially thought that the
signal source was to be a highly
reliable environmentally sealed
automatic tape machine provided by
Racal Recorders, consuming 24W.
Erk alors!

Subsequently they have provided
a CMOS RAM store. The power
consumption of this unit is too small
to consider, so that what power is
available will be able to be fed to the
amplifier. Even so, it is quite possible
that over 100W will be required to
provide an output of 60W. The

|

he Blueprint column is a service to our

readers to provide electronic designs to
order. Many a project never gets further than
the drawing board because of difficuties with
one small part. If you're stuck for a circuit or
technique, let the ETl expert help you out. The
requests that are selected for publication are
likely to be of possible general use or interest
to other readers. Enquiries such as ‘my
oscilloscope is broken, how do I fix it?’ are not
really suitable for Blueprint. If you have an
enquiry, send it with as much detail as possible
to ETI Blueprint, Argus House, Boundary
Way, Hemel Hempstead HP2 7ST.

average power consumption depends
on the waveform of course, and the
current consumption will not be as
much as if the output were a 60W
continuous sinewave.

The exact time for which the unit
canrun over each period of 24 hours
depends on the efficiency, but at least
an hour should be possible. The
ornithologist confirms that short
periods of sound rather than
continuous bird calls is likely to be
effective, so that the project is now
possible within the constraints of the
laws of physics.

Now we get to the electronic
questions. A pair of 8R horn loud-
speakers are available, each rated at
40W. If these were connected in
parallel the voltage required to provide
a power of 60W would be 155V
RMS, which translates to 43.8V peak
to peak. Any practical amplifier which
is to provide 43.8V peak-to-peak will
need approximately a 50V supply to
do it. As an alternative, one might
deliver the required power to the
loudspeakers by using a step-up
transformer on the output of the
amplifier and running the amplifier on
the 12V supply.

The disadvantage of running the
amplifier on a 12V supply is that,
using tried and tested circuit tech-
niques, one is unlikely to swing the
output closer to the power supplies
than within 2V. The waste of a total of
4V out of a possible output swing of
12V would lower the efficiency of the
circuit too much.

Various compromise solutions,
using bridge amplifiers for example,
were considered and rejected. Some
of the solutions considered were
technically interesting but the prime
requirement is that the equipment
shall be reliable. It is simply not
practical as an amateur project to
design fancy circuits from scratch and
be confident of leaving them to run
unattended for months on end. For a
project of this nature well known and
understood technology is needed

Inversion

The design stateqy which | am
following is to adapt, with his kind
permission, a design done by John
Linsley Hood. The April and May
1986 issues of ETI published his
design for the 55W power ampilifier to
run from 12V. This has been carefully
designed for the purpose and. has
probably had more design time ap-
plied to it so far than is available before
the equipment isto be installed. John
Linsley Hood makes the point that the
sensible designer will look through his
files of other people’s designs to see
what has been done in a particular
area, and perhaps thereby avoid re-
inventing the wheel or falling foul of

an unobvious snag. This is a case in
point.

JLH’s amplifier design is in two
parts. First of all there is an inverter
which increases the battery voltage to
55V, then in a separate module is a
simple but sturdy single rail power
amplifier. The modules could almost
be used as they are designed but
certain alterations can improve their
applicability to the specific project. At
the time of writing this [ am hoping to
be able to use the PCBs originally
designed for the project courtesy of
the ET] PCB Service.

One special requirement is that
the amplifier system must be capable
of being switched on and off auto-
matically, perhaps at intervals of five
minutes, without making any sort of
power up thump which may startle
the birds. It may therefore be neces-
sary to add a slow startup circuit to the
55V inverter. Further, it is preferable
if the volume rises over a period of
several secondsrather than the sound
starting abruptly. again to avoid start-
ling the birds and defeating the object
of the exercise.

The frequency range of the bird
calls is rather limited, so a full
bandwidth is not required from the
amplifier. The range is 400Hz to
1.2kHz and for such a narrow range
there may be some advantage to be
gained by limiting the response of the
amplifier. This should become clear
on careful examination of the circuit.

As well (if it can be done simply),
it might be a good idea to sense the
battery voltage and to shut down if it
falls too low. Deta/Leda batteries (DJ
Batteries in Stoke) donated the solar
batteries which are rated for deep dis-
charge, but it would still be possible to
damage them if they were utterly
flattened and kept that way by too
heavy a load. Lead acid batteries,
used here for power storage, are
vulnerable to the formation of lead
sulphate, which is insoluble once
formed. Thisremoves lead and active
electrolyte from any utility. In severe
cases the crystals of lead sulphate can
buckle the plates and cause a short
circuit. Temperature cycling a partially
discharged battery accelerates this
process.

Wide temperature swings may be
expected, and it is unrealistic to expect
the batteries to be fully charged all the
time, so they are specially designed to
survive this kind of treatment. Never-
theless, their long term utility could be
impaired if, due perhaps to a corroded
connection to a solar cell, the batteries
were flattened and left that way.
Hence the consideration of a cutout
circuit.

Next month [ hope to cover such
design adaptations as were necessary,
and to report on tests of the modules.

Andrew Armstrong
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(PEN CHANNEL

f all accounts are anywhere near

true. British Telecom is about to
forge ahead with a revised method of
applying videotex. BT's own Prestel —
the videotex originator designed and
developed by BT long before anyone
else had even considered videotex —
has never even scratched the surface
of potential in the UK.

Prestel is ten years old this year
and hasn't changed much since it
started. When it opened for service,
it was the golden goose of the nation
— but now it's more a lame duck. But
P've argued this before | hear you say.
Yes, back in the November 1988 issue
of ETl! gave a lengthy sermon. aimed
specifically at BT, showing it how to go
about revitalising videotex.

In that text | showed how videotex
can make good and indeed has in the
French videotex system known as
Minitel. The French equivalent of BT
known, would you believe, as France
Telecom, has more than four million
Minitel terminals in use. Contrasted
with Prestel's meagre eighty thousand
terminals, this looks fairly impressive.

So what makes Minitel so much

better than Prestel that fcur million
French people want to buy it. Well, for
starters, they don't have to buy it!
Minitel terminals are given away by
France Telecom — the terminals are
a loss leader, which presumably can
be written off against tax anyway.
Terminals earn their real worth by
increasing the the usage of the French
telephone system. bringing in many
more times their value in revenue
created by the extra telephone calls
which are generated. In more mone-
tary terms, France Telecom has esti-
mated that every terminal pays for
itself in extra calls within a year. With
everyone in the country expected to
have a terminal by the end of the
century. this means steady growth in
telephone traffic {currently growing at
over 20 per cent a year) and enot-
mously increased revenue through-
out

Just to contrast with this situation.
even BT’s boss lain Vallance has said
that he expects the growth of British
telephone traffic to slow down to nil
over the near future. Something must
be done to counteract this.

BT is currently in negotiations with
a number of companies, including
Alcatel (manufacturer of Minitel ter
minals) and Tandata (manufacturer of
current Prestel terminals). all of which
bodes well for UK videotex. Rumours
abound that these terminals will be
subsidised by BT to be a giveaway or
at least very cheap. They'll need to be.

But giving terminals away is not
the only thing required if Prestel is to
be the figurehead for increased
revenue. Even if the terminals are free,
who would want to use Prestel? Its not
a particularly nice videotex system. for
a number of reasons.

First, the videotex services cur-
rently provided are virtually irrelevant
to the majority of the British public
Minitel has many more services not
yet found on Prestel. For example, the
computerised French national tele-
phone directory is available via Mini-
tel. BT is always struggling to keep Its
dialled directory services up to the
level of demand — particularly inthe
cities — so why not put it on Prestel?
What about bus. plane and train time-
tables — local, regional, national and

international? What about home
shopping, home banking. business
information? True Preste! does supply
some of these services but it still hasn't
got it right!

Second. technically Prestel is a
page-based system which is extremely
slow and unwieldy to get around
Minitel. in comparison, is menu
based

Historically, Prestel has suffered
because it was the first videotext
system. Everyone else learned from
our mistakes. Now it looks as though
we're about to get a second chance.
Please Mr Vallance, can we learn from
everyone else’s mistakes and make
ours an even better system than theirs.

If we get it right. the public and BT
will benefit. But getting it right means
having the desired services and the
terminals to use those services eco-
nomically. If the services aren't the
ones we need and the terminals are
expensive, we'll end up with another
useless videotex system. The phoenix
arising from the ashes of Prestel may
just be another lame duck!

. Keith Brindley

Practical Digital

As0
ANOLAV % Electronics Handbook
Toolev

1988 - 208 pages * 216 x 138mm
ISBN 187077500 7 * £6.95

= For enthusiasts, technicians and
students

* Nine test gear projects

# CMOS and TTL pinouts

* Tables of reference data

Introduces digital circuits, logic gates,

bistables and timers, microprocessors,

etc. With nine constructional projects.

‘A very useful book’ Elekior

‘A useful low cost guide’ REW

Electronics — Build and Learn
second edition + RA Penfold

1988 + 128 pages - 216 x 138mm
ISBN 187077515 5+ £5.95

* For beginner and student
* Combines theory with practice
» Practical tests and experiments

Gives full constructional details of a
demonstrator unit that is then used to
introduce resistors, capacitors, diodes,
transistors, etc. Describes how to build
these up into useful circuits.
‘Recommended’ Prac Elec

Introducing Digital Audio:

CD, DAT and Sampling - Ian R Sinclair
1988 - 112 pages * 216 x [38mm

ISBN 1870775058 -+ £5.95

 For technicians and students

* Non mathematical introduction

* Covers CD and DAT

The principles and methods of digital
audio are explained non-mathemarically.

Computers and Music

An introduction
RA Penfold

184 pages - 216 x 138mm - ISBN 1 870775 07 4

£7.95

* Explains the basics of
computing

*» No computer knowledge
needed

* Covers music software

This book will help you learn the
basics of musical computing,
running applications programs —
like sequencers, notation
programs, voice filers etc —
wiring up a MIDI system and
using it to good effect, in fact just
about everything you need to
know about hardware and the

* Set up a MIDI based
computer music system
* Glossary of terms

programs, with no previous
knowledge of computing needed
or assumed. It describes the best
computers for musical
applications, and will help you
choose the right components for
a system to suit your personal
needs, as well as equipping you
to fully exploit that system.
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Please supply

Comps and Music (£7.95)
Prac Dig Elec Hbk (£6.95)
Elect Bld & Lrn (£5.95)
Intro Digi Audio (£5.95)
Prac MIDI Hbk (£5.95)
Dig Log Gates (£8.95)
Short Wave (£4.95)

[ enclose a cheque/postal order for £

forn,

Please add sop to the
total cost of your order
to cover post and
packing (£1.50
overseas).

Quantity

made payable to

PC Publishing, at 4 Brook Street, Tonbridge, Kent TNg 2PJ.

Name

Address

New\
book.

‘Readable and informative’ HSR
“Well worth a read’ Gramaphone

Practical MIDI Handbook

RA Penfold

1988 - reprinted 1989 * 160 pages

216 x 138mm - ISBN 187077510 4 - {595

« For enthusiasis, students, technicians

* 'gables of MID! codes and reference
ata

Explains what MIDI can do, how 10

exploit it to the full, and how to connect

up a working system.

‘Recommended’ HSR

‘Excellent’ Yamaha XPress

‘Excellently informative book’ Prac Elec

Digital Logic Gates and Flip-flops
[an R Sinclair

1989 - 208 pages - 216mm x 138mm
ISBN 1870775 06 6 - £8.95

* For technicians and enthusiasts
* Design and troubleshoot

Treats gates and {lip-flops from basics.
Boolean algebra and Karnaugh mapping
explained and used extensively. Also
explains microprocessors as used in digital
logic.

Short Wave Frequency List

Cor Both

1987 - Paperback - 96 pages

175 x 120mm - £4.95

* Pocket sized reference book

 Lists the world’s short wave stations

Enables radio enthusiasts to identify
stations from all corners of the globe.
Includes stations on 2260 kHz to 21810
kHz at 1kW or more.

11



BOOK LOOK

Electronics Engineers
Handbook 3rd Edition
Edited by Donald G Fink &
Donald Christiansen
Published by McGraw Hill
ISBN 0-07-020982-0

Price £79.95

he Electronic Engineers Hand-

book, revised in 1989, is a
weighty tome covering everything
from the basic physics and maths
relevant to electronics to applications
such as digital audio. It is written in
twenty nine sections, grouped in four
parts under the general headings:
Principles Employed In Electronics
Engineering.
Materials, Devices, Components and
Assemblies.
Electronic Circuits and Functions.
Electronic Systems and Applications.

Each section commences with a
detailed contents list, which supple-
ments the brief description at the front

of the book. The book is well indexed
and arranged to enable the reader to
locate any topic quickly, a necessary
point rendered more so as there is
more in the book than in several
ordinary textbooks.

It is not possible to do full justice
to such a work in a short review, so |
will examine sections which exemplify
the standard of it. Section 1 starts by
defining the subject of electronics and
carries on to cover relevant aspects of
particle physics. It also gives good
coverage of electrostatics, magnetism
and electromagnetic waves among
other items. The derivations of formu-
lae, so beloved of college professors,
are not included. If you have some
familiarity with a subject area then you
will be able to use this book for
reference. It will not, however, serve
to teach a subject area from scratch./

Clearly some sections have been
more thoroughly or more recently up-
dated or rewritten than others. There

are a couple of valve circuits in the
subsection covering audio amplifiers.
This said, most of the information is
either of a fundamental nature and
thus becomes out of date slowly (if at
all), or is up to date at the time of
publication. Examples of the former
would be the sections on mathematics
or radio wave propagation, while the
section on computer softwave is as up
to date as is plausible for a book rather
than a magazine. Even in this section,
more weight has been placed on
general concepts likely to remain valid
even after specific programming lan-
guages have evolved or fallen out of
use.

Who would ben®fit from this
book? The beginner in electronics is
unlikely to be able to make enough
use of the work to justify its cost. There
are no simple designs which the con-
structor can build or adapt easily. At
the other end of the scale, the expert
in one narrow field is unlikely to find

the book of any use in his or her field
of expertise, because it does not go
deeply enough into individual topics
to teach the experts.

Serious students of electronics,
people who produce subtle and com-
plex project designs, and above all
engineers working over a wide range
of disciplines are likely to find the book
valuable. [t is clearly designed as a
reference book for the professional
who may not to able to remember
necessary information about a subject
area which is only occasionally
necessary to his work. The book has
already proved its worth to me in this
manner, though it contains some sec-
tions to which [ shall probably never
need to refer. | would recommend this
book for committed students or for
engineers who want a reference book
covering almost everything they need
to know and may otherwise have diffi-
culty in finding out.

Andrew Armstrong

Lightwave Technology,
An Introduction
ChaimowiczJ C A
Butterworths Press
Price £27.50
eldom, in this age of book after
book after book on technology,
do | wax evenfaintly lyrical about any
new title. I mostly find them very
similar and somewhat lacking. It is
most refreshing to discover a new
book which breaks the mould.
In this case the mould has been

well and truly smashed. The field of
modern optics is generally considered
to be abstruse and beyond the average
man’s comprehension. Here then is
the antidote. In little more than 300
pages Mr. Chaimowicz takes us from
basic concepts of light rays and lenses,
via optical semiconductors, lasers,
holography and fibre optics into the as
yet uncharted fields of integrated
optics. Throughout, he provides a
wealth of real-world example, and the
mathematics is mostly not even

beyond me.

What makes this book specially
exciting however, is the breadth of
scholarship the author has brought to
bear: not only are we presented with
technology (fascinating though it is),
but here and there we find derivations
of terminology in half-a-dozen lan-
guages and notes on photosynthesis,
plus historical background and indus-
trial applications, all expressed in a
delightfully readable manner which
constantly challenges one to look

further. What can one do but read on
when presented with the initial propo-
sition that “all light rays are invisible™?

All in all, an excellent book for
interested amateurs and students to
BSc level. Well worth its price, and
guaranteed to stimulate further in-
terest in modern optics. My only re-
servation is that for a couple of quid
more, hardback binding would have
stood up better to the use this book is
likely to get — on my bookshelf at
least. Mike Barwise

The PSR3500 and PSR4500, top of Yamaha's new home keyboards
using the DAS synthesis system. DAS combines AWM (Advanced
Wave Memory samples) for the attack and CWM (Customised Wave
Modulation — advanced FM) for sustain.

12

t the 1989 British Music Fair,

Olympia was packed to the gal-
leries with exhibitors bringing
increasingly complex music tech-
nology to the marketplace at decrea-
singly frightening prices.

Nowhere was this more apparent
than the arena of the budget
keyboard. This is a market once held
almost exclusively by Casio, more
recently joined by Yamaha's tumbling-
priced FM units. Yamaha now has
some well turned-out units at most
reasonable prices. The YS100 (£349)
and YS200 (£449) have velocity
sensitive keyboards and ten on-board
digital effects to plump up those
4-operator sounds.

Those who have not yet rushed
odut to buy Yamaha's remarkable
EMT-10 AWM sample expander
{£250) might wish to examine the new
AVS-10 before they do so. This has
been produced to slot into the
Electone Home Keyboard and
consequently looks dreadful. The
samples, however, are close to
perfection — piano, choir, strings and
timpani ruling the roost. The AVS-10
has 3-channel multitimbral operation

and retails at £399.

But perhaps the most remarkable
performances were handed in by
Kawai. The technology that brought
huge success last year to Kawai's K1
keyboard {and sons) has been blown
wholesale into preset sound chips and
released in a range of home
keyboards.

The PH50 has some 200 of the
KT's best sounds and allows you to
layer them in the manner of the K1's
multi-sounds — at a price of £299.
And the technology has even gone
into the kid’s toys — press the big blue
buttons and you can come out with an
impressive string sound.

Lastly Roland deserves a mention
for its computer-orientated
expanders. Designed in ‘IBM beige),
the CM32L (£369) is similar to the
MT32 but bigger, with 128 sounds,
32-voice polyphony and 9-channel
multitimbrality. The CM32P (£445)
contains 64 PCM sampled sounds
and takes U110 ROM cards. It has
31-voice polyphony and 6-channel
multitimbral operation. The CM64
(£789) has both in a single rather
understated box. Colin Cat
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THE RTC MONITOR i

100 WATT SPEAKER KIT £60.00 +£3.50 P&P (pair)

RESPONSE: 55Hz - 20kHz
BASS POLYMER CONE D: 22cm
DOME TWEETER: 14mm

OVERALL SIZE
{HWD): 382,252,204mm

RECOMMENDED AMP POWER:
10-100 watts per channel

The performance stan-
dard achieved in this
compact design is distinc-
tively superior to any-
thing else available at the
price. The drive units
used are of sophisticated
design and have been
carefully integrated with a
Complex Crossover.
Stereo performance is exceptionally good with a
well focussed sound stage and sharp resolution
of detail. Distortion throughout the frequency
range is low even at quite high power input and
this gives a great sense of dynamic range and
openness especially when used in bi-wired
mode.

Supplied with:— 2 READY CUT BAFFLES, ALL
CROSSOVER COMPONENTS, 2 BASS MID-
RANGE, 2 DOME TWEETERS, HOOK UP WIRE,
GRILLE CLOTH, SCREW TERMINALS AND
SCREWS.

CROSSOVER KIT. To build 2 sets of crossovers
£11+£1.75 post. (Featured in Everyday Elec-
tronics—May 1989 issue). Reprint Free with Kits

AMPHONIC 125+ 125 POWER AMPLIFIER

e

125 watt per channel stereo power amplifier
with independent volume controls, professional
19" rack mount and silent running cooling fan for
extra reliability.

Output power .... 126W RMS max. per channel

Output impedance .................. 4to 16 ohms

{max. power into 4 ohms)
Sensitivity ... 450V at 22K ohms
Protection ... Electronic short-circuit and fuses
Power . ... 220-240V a.c. 50Hz
Chassis dim ... 435x%125x280mm
Weight ... ... PO 10kg approx

£124.99+£7.00 p&p

& S— M
J.B.L. BOLIVA NENT SPEAKERS
10" HI-FI BASS UNIT VOICE COIL, HIGH COM-
PLIANT, RE-INFO!I LDED PAPER CONE, ROL-
LED FOAME BIG 412" MAGNET 64} IMPE-
DANCE £18.73

NGE 1" VOICE COIL, PAPER CONED
ICEDGE FITTED WITH A 32" MAGNET.
C £5.33

ETER % VOICE COIL, 1%” CONE WITH FOAM
"MAGNET, 6¢) IMPEDENCE £6.33
POSTAGE £4.70 PER ORDER

£1 BARGAIN PACKS
BUY 10 GET 1 FREE

Please state pack(s) required
No=Order No.  Qty =Quantity perpack

No Qty
BPO10 2

64" Speaker 8(2 10 watt

30+30 WATT AMPLIFIER KIT

An easy to build amplifier with a good specifica-

tion. All the components are mounted on the

single P.C.B. which is already punched and

backprinted.

® 30Wx2 {DIN 4 ohm)

@ CD/Aux, tape |, tape ll, tuner and phono
inputs.

® Separate treble and bass

8 Headphone jack

Size (H.W.D.) 75x400x195mm

Kit enclosed: case, P.C.B., all components, scate

and knobs £36.80. post £3.50

{Featured project in Everyday Electronics April

1989 issue). Reprint Free with kit.

TV SOUND TUNER

In the cut-throat world of consumer electronics,
one of the questions designers apparently pon-
der over is "Will anyone notice if we save money
by chopping this out?” In the domestic TV set,
one of the first casualties seems to be the sound
quality. Small speakers and no tone controls are
quite common and that really is quite sad, as the
TV companies do their best to transmit the high-
est quality sound. Given this background a com-
pact independent TV tuner that connects direct
to your Hi-Fl is a must for quality reproduction.
The unit is mains operated. This TV SOUND
TUNER offers full UHF coverage with 5 pre-
selected tuning controls. it can also be used in
conjunction with your video recorder.

£29.50 +£2,50 p&p

As above but with built-in stereo head-
phone amplifier for the hard of hearing
You can tune into the TV channel you wantwhile
still receiving the picture on your TV set. In fact it
is rather like a second television, but without the
screen. So that the ordinary TV can be placed for
everyone to see, and the volume on it can be
comfortable for others, while the sound tuner
can be placed where you can control it. You will
need to plug in one of your own listening aids
such as headphones or aninduction loop to hear
the sound. The tuner is mains operated, has 5
pre-selected tuning controls and can be used in
conjunction with a video recorder.

Size: 270x192x65mm. £35.90 +£2.50 p&p

52W 2-WAY COMPONENT SPEAKER
SYSTEM £3.95

Comprises’ 8in rolled surround bass unit and 2%in
tweeter for In-Car or Hi-Fi use. 4 ohm. Madg by S;mvo.

8 OHM Hi-FI COMPONENT SPEAKER £4.95
6%in. Audax 60w. Res freq. 45Hz bass-mid
8in SOUND LAB 60W £12.95
Res freq. 38Hz full range
12in DANTEX 100W £21.75
Res freq. 23Hz bass unit
Postage £3.20 each order

v SPECIAL PURCHASE
Batteries C size NiCad 2.2 Ah EVERY-READY AN220
£1.98 each

T e
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BP012 2 61%2" Speaker 41) 10 watt
BP013 3 8"x5" Speaker 4{) 6 watt made by E.M.1.
BPO15A 1 5" full range 12 watt 4€) speaker with matching
grill, For small p.a. or in car use.
BP015B 1 30 watt, dome tweeter. Size 30X 66mil
JAPAN made
BP016 6 2200uf can type Electrolytic 25V d.c computer
grade made in UK by PHILIPS
BP017 3 33000uf 16V d.c. electrolytic high quality
computer grade UK made
BP018 3 2000uf50V d.c. electrolytic high quality
computer grade made in USA
BP019 20 20 ceramic trimmers
BP020 4 Tuning capacitors, 2 gang dielectric a.m. type
BP021 10 3 position, 8 tag slide sw?tch 3 amp rated
125V a.c. made in USA
BP022 5 Push-button switches, push on push off, 2 pole
change over, PC mount JAPAN made
BP023 6 2 pole 2way rotary switch
BP024 2 Right angle, PCB mounting rotary switch,
4 pole, 3 way rotary switch UK made by LORLIN
BP025 4 3pole, 3 way miniature rotary switch with one
extra position off (open frame YAXLEY type)
BP026 4 4 pole, 2 way rotary switch UK made by LORLIN
BP027 30 Mixed controi knobs
BP028 10 Slide potentiometers {popular values)
BP029 6 Stereo rotary potentiometers
BP030 2 100k wire wound double precision
potentiometers UK made
BP031 6 Single 100k multitune pots, ideal for varicap
tuners UK made by PHILIPS
BP032 4 UHF varicap tuner heads, unboxed and
untested UK made by PHILIPS
BP033 2 FM stereo decoder modules with diagram
UK made by PHILIPS
BP034 3 AMIF modules with diagram
UK made by PHILIPS
BP034A 2 AM-FM tuner head modules.
UK made by MULLARD
BP034B 1 Hi-Fistereo pre-ampmodule inputs for CD, tuner
tape, magnetic cartridge with diagram.
UK made by MULLARD
BP035 6 All metal co-axial aerial plugs
BP036 6 Fuseholders, panel mounting 20mm type
JAPAN made
BP037 6 Inlinefuse hoiders 20mm type
UK made by BULGIN
BP038 20 5 pin din, 180° chassis socket
BP033 6 Double phono sockets, Paxolin mounted
BP041 3 2.8m lengths of 3 core 5 amp mains flex
BP042 2 Large VU meters JAPAN made
BP043 30 4V miniature bulbs, wire ended, new untested
BP044 2 Sonotone stereo crystal cartridge with 78 and
LP styli JAPAN made
BP045 2 Stereo cassette record and play heads
JAPAN made
BP046 4 6-0-6 4VA mains transformers, P.C. mount
UK made
BP047 1 24V 750mA mains power supply. Brand new
boxed UK made by MULLARD
BP049 10 OC44 transistors. Remove paint from top and it
becomes a photo-electric cell {or P12}
UK made by MULLARD
BP050 30 Low signal transistors n.p.n., p.n.p. types
BPO51 6 14 watt output transistors. 3
complimentary pairs in T066 case
(Ideal replacement for AD161 and 162s)
BP052A 1 Tape deck pre-amp IC with record/replay
switching No LM1818 with diagram
BP053 5 5watt audio ICs. No TBA80O (ATEZ)
BP054 10 Motor speed control ICs, as used with most
cassette and record player motors
BP0OSS 1 Digital DVM meter I.C. made by PLESSEY
as used by THANDAR with diagram
BP056 4 7segment 0.3 LED display (R.E.D.)
BP057 8 Bridge rectifiers, 1amp, 24V
BP058 200 Assorted carbon resistors
BP059 1 Power supply PCB with 30V 4V/A transformer.
MC7818CT IC & bridge rectifier: Size 4"x2%"
BP060 1 Transcription record player motor 1500rpm
240V a.c.
BP061 5 6.35mm Mono jack plugs
BP063 5 6.35mm stereo switched jack sockefs
BP064 12 Coax chassis mount sockets
BP06S 1 3mtr Euro-mains lead with a matching
chassis socket
MULTIBAND RADIO
VHF 54-176 MHz + AM CB BANDS 1-80
Listen to: AIR TRAFFIC CONTROL,
- AIRCRAFT, RADAR
oy PUBLIC UTILITIES
@ RADIO AMATEURS AND

s | £15.95 MANY MANY MORE

POSTAGE £2.85  50UELCH CONTROL
“RUBBER DUCK AERIAL"

RADIO and TV COMPONENTS ACTON LTD

21HIGHSTREET, ACTON LONDON W36NG
MAIL ORDER TERMS. POSTAL ORDERS and or CHEQUES
with orders. Orders under £20 add £3.00 service charge. Nett

monthly accounts to Schools, Colleges and P.L.C. only
ACCESS +VISA. Phone orders between 9.30 & 12pm please
Phone: 01-723 8432 or 01-992 8430
Callers 323 Edgware Road, London W2

A.M. FM. STEREO TUNER
KIT -

*SPECIAL OFFER!*

£8.95 Pius £2.50 p&p
This easy to build 3 band stereo AM/FM tuner kit
is designed in conjunction with Practical Elec-
tronics

For ease of construction and alignment it incor-
porates three Mullard modules and an I.C. |.F.
System.

FEATURES: VHF, MW, LW Bands, interstation
muting and AFC on VHF. Tuning meter. Two
back printed PCB’s. Ready made chassis and
scale. Aerial: AM-Ferrite rod, FM-75 or 300
ohms. Stabilised power supply with 'C’ core
mains transformer. All components supplied
are to strict P.E. specification. Front scale size:
10%:"x 2Y2" approx. Complete with diagram and
instructions.

Hi-Fi stereo cassette deck transport
mechanism, complete with 3 digit rev counter
and tape heads, 12V d.c. operation. Unused

manufacturers surplus JAPAN made
£6.20 +£1.50 P&P 2 for £10 +£2.50 P&P

EXTRACTABLE HOUSING FOR YOUR CAR STEREO * SIZEDINE
* HANDLE INCLUDED * SPACE FOR MEMORY BATTERY # 4 OR
2 SPEAKER SYSTEM.

ENABLES YOU TO REMOVE YOUR VALUED STEREQ FROM YOUR
CAR (WITHOUT THE AID OF A HAMMER AND CHISEL, CHAINSAW
ETC). £9.95 postage £2.50
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Paul Chappell lifts the
blinds surrounding the

problems and

solutions In electronic

surveillance

14

oURVEILLANCE

A selection of off-the-shelf surveillance equipment available from Lorraine Electronics Surveillance.
1-3 discreet transmitter housings; 4,8,9,13-15,18 telephone surveillance devices; 5.12 amplifiers;

6,7,10,11,16,17 transmitters.

1: Electronics Bugs:

efore the clamp down on the sale and
use of bugging equipment in the USA,
there were over sixty companies
supporting themselves entirely by the
sale of such things. It couldn’t happen
here, could it? To find the answer you won't need to
join some underground organisation — look no
further than the pages of the Exchange & Mart, for
heaven’s sake! There it all is, openly advertised for
anyone to buy.

In this and the following articles I'll be looking at
some aspects of the surveillance industry and, since
this is a practical magazine, giving you some circuits
to try out for yourselves. You should be aware that,
according to how you use them, you may fall foul of
the law. A Pauls eye view of the current legal position
follows but although the facts are basically correct,
there’s no way we can help you if you do something
silly and get caught doing it. Let's face it, most people
don't take at all kindly to being bugged and if you plant
one in your boss’s office, he'll give you the boot and
have every right to do so. You may end up in court too.

On the other hand, if you use the circuits for a
bit of fun, as long as you don't Interfere with anyone

theory and circuits

else’s reception of VHF broadcasts, nobody will bother
you — legally they could, but they’ll be unlikely to do
so (this again is Pauls opinion, you understand).
Enough of the lecture. You're all big boys now, so off
you go and enjoy the rest of the article.

The Legal Position

Although the planting of bugs and tapping of phones
theoretically contravenes all manner of rules and
regulations, hauling the ‘buggers’ through the courts
doesn’t seem particularly high on anyone’s list of
priorities. This can be attributed to a very low public
awareness of the subject — the general consensus
seems to be that you have to be Russian, a member
of CND or a brewer to qualify for a bugging. Since
most people are none of these, they don't feel
paricularly threatened by the prospect.

For room bugs, the current situation seems to be
this: as long as you enter the premises by some
legitimate means (that is, you don't resort to breaking
and entering), plant your bug and then retire to a safe
distance to listen, the naughtiest thing you have done
so far is to contravene the Wireless Telegraphy Act.
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If anyone is insistent enough to have you up in court,
it's a slap on the wrist affair. A small fine and you're
away.

The thing that is technically illegal is to make use
of any information you acquire in this way. Thisis quite
a tricky one because one of the semi-legitimate uses
of bugging equipment is for internal investigations. If
itis suspected that someone in a company is, let’s say,
giving away marketing plans to a competitor, the only
way to prove it might be to bug his office or his home.
The trouble is that if the information is used, even in
court, there’s the embarrassing question of where it
came from. Those who use it are on the wrong side
of the law too. The strategy of the good guys will
probably be to confront the bad guy with the evidence
and persuade him to pack his bags and go. It seems
to work

Tapping phone lines is another matter altogether.
This comes under the 1985 Interception of Com-
munlcations Act which protects letters, telephone calls
and various other services licensed by the DTl —
Vodaphone, for instance. The very installation of the
equipment in the first place is illegal in the case of
phone taps.

Having said that, the prospect of suffering the
rigour of the law doesn't seem to deter those who
make a living from such activities. One or two have
even given blow by blow accounts of their activities
for the TV cameras. No public outrage, no calls for
a tightening of the law or the prosecution of the
offenders. Just a mild curiosity at the wacky old things
that some people get up to.

A recent development has been the attempt by
James Cran to introduce a bill to control electronic
surveillance devices. The yawns of his Conservative
colleagues have been overwhelming, and although
at the time of writing theré’s still the possibility of a
second reading in a few weeks’ time, for my money
the whole thing will be gone and forgotten by the time
you read this.
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Room Bugs

These are the devices with the Hollywood superspy
image — tiny microtransmitters, totally invisible if
planted by the good guys, always leaving some telltale
sign if planted by the bad guys. Somehow the
Hollywood versions only pick up relevant information
too. None of this ‘What's for dinner? or ‘Have you seen
the new Batman movie yet? kind of chit chat. Always
‘Right, let's talk about the secret plan. You know, the
one where we drive into the nuclear widget plant at
exactly ten dclock tomorrow morning disguised as
plumbers in the blue van, registration number ETI
1989 . . You know the kind of stuff.

Real life ain't like that. The first difference, often
quite disappointing to those with romantic notions
about the business, is that most bugs aren't all that
small. The reason is obvious when you think about
it. If the bugging operation is going to be worth the
aggro, the transmissions have to carry for a reasonable
distance. If they only carry to the next room, you might
as well just put your ear to the wall or use a simple
microphone and tape recorder set-up. If the trans-
missions are to carry for any worthwhile distance, the
bug needs to poke out 10mW or so, which requires
a fair sized battery to supply the juice. And if you need
a big battery, there’s not a lot of point in going all out
to miniaturise the electronics.

Tiny bugs do exist — all kinds of ingenious
methods have been devised to overcome the power
problem and to some extent the deficiencies of the
transmitter can be overcome by using a super-sensitive
receiver — but they tend to be temperamental,
expensive (by which | mean very expensive) and
unreliable. Those who earn their beans on toast from
planting the things will, for choice, go for the more
substantial and reliable ones every time.

Having said all that, Fig.1 shows a circuit that
gives scope for being made as small as you could ever
want it, simply by virtue of having very few
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components. The RF oscillation is sustained by D1
which is a tunnel diode — it won't work with a
1N4148: R1 and R2 serve to bias the diode into the
negative resistance region and the microphone
modulates the signal by, in effect, shifting the bias point
at audio frequency. The whole thing runs from a 1.3V
mercury cell.

For the smallest possible size you could try
tracking down a hearing aid microphone. These
sometimes can be had from surplus component
suppliers — if not, you'll have to go to a hearing aid
manufacturer and pay the price of a new one. The
tuned circuit C3/L1 can be made in a variety of ways.
If you're building the thing into a fountain pen, for
example, it may be possible to wind L1 around a
former that slips into the body of the pen. At 3sin
diameter you'll need about five or six turns to hit the
FM broadcast band. The rest of the circuit can be built
long and narrow to slip inside L1. Otherwise, you can
save a little space by making C1 a fixed ceramic
capacitor of about 6p8 and using a small coil with a
ferrite tuning slug for L1.

The antenna may need some experiment. A
straight piece of wire will be fine — the output power
will vary with the length, generally increasing as the
wire gets longer but hitting various maxima and
minima on the way as the ratio of wire length to
wavelength varies. A few inches will do for a start. If
you're going all out for small size, you can’t worry too
much about the niceties of tuning the antenna — you'll
have to rely on any available metal surface to radiate
the RF. The metal pen cap, for example.

If you decide to go for a longer antenna, begin
with a piece about 2Y/2ft long and snip small pieces
from the end until you hit maximum output. Use an
ordinary FM receiver for the test — tune it to a clear
spot on the dial, then adjust C3 until you hear a
feedback whistle. Because the circuit is very crude, it
will radiate to some extent at multiples of the C1/L1
resonant frequency, so keep checking for better results
even after hearing the first whistle.

When installing the long antenna version, try to
keep the antenna straight and vertical if at all possible.
If not, don't curlit around. Tape it in a zig-zag. For best
range, don't plant it close to the floor — the higher the
better. And, if possible, put it near an external wall of
the building — the less masonry the signal has to travel
through, the stronger it will be. One last thing: bear
in mind that anything you can pick up on an FMradio,
everyone else in the area can too — including the
buggee. It might just give the game away if he tuned
across the FM band and heard . .. himself' Best
modify the receiver a little and use a frequency just
outside the broadcast band.

Although the circuit of Fig.1a will work, a lot of
improvements can be made without increasing the
component count unduly. Buffering the microphone~
increases the modulation and so the sensitivity — a
circuit for this is shown in Fig.1b. There are several
ways of attempting to increase the output by tweaking
up the matching between diode, tuned circuit and
antenna. Figure 1c and onwards show various ways
and means. They increase coil winding complexity but
needn't increase the size of the bug unduly if you're
careful. In each case the basic winding of L1 remains
the same. Extra turns are wound over the top of the
cold end for the antenna in variations one and three,
and L1 istapped at one to two turns in variations two
and three. If you really want to go to town on the
output stage, you can even add another variable cap

Fig. 4 Simple crystal controlled bug
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across the antenna coil. The mods will all give varying
degrees of improvement to the basic circuit, but if
you're not an experimenter at heart, just stick to la
or 1b. The circuit can be, and often has been, used
in earnest.

Having gone into some detail over the tunnel
diode circuit, here are a few transistor ones. For setting
up, selecting an antenna and placing the bug, all the
same comments apply.

First of all, Fig.2a shows the simplest possible
circuit. Almost the simplest anyway — if you are
willing to choose R1 by trial and error to suit the
particular sample of Q1 you use, R2 can be missed
out! The microphone has to be a dynamic of similar
type — low impedance and low DC resistance — the
latter because all Ql's current passes through the
microphone itself. Atthe cost of an extra resistor and
capacitor, Fig.2b is almost as simple.

Figure 2c shows a circuit that was commercially
available in the USA until the hoo-hah over Watergate
put a stop to such things. Legend has it that the whole
thing, including battery, was packed into a volume not
much larger than a sugar cube, which just goes to
show how small components were in those days. With
surface mount components it would just about be
possible, although you'd need delicate fingers to wind
yourself a tiny 10mH choke. Stick to the tunnel diode,
I say.

With the higher voltage transistor circuits, you
can do away with the antenna altogether by winding
L1 around the edge of the PCB, or even by etching
it onto the board. Two square turns about ain on each
side will do the trick. The range won't be as good, but
you'll avoid the problem of where to put the dangling
wires.

Although pretty basic, circuits similar to the ones
already described probably account for over 90% of
the bugs that are ever used. Most of the time nothing
more complex is required. There are those odd
occasions, though . . .

For long term monitoring, the power supply
problem raises its ugly head again. Every house and
office has at least two sources of endless power: the
mains wiring and the telephone line. If either of these
can be tapped, the bug is there for good. The phone
line I'll put aside for the moment. For the mains, Fig.3
shows a convenient way to derive power. A capacitor
can be smaller than the smallest mains transformer.
The basic bug can be any of the circuits shown so far
and the complete circuit can be built into a plug
adaptor, a light fitting or whatever. If you have access
to the mains, there’s no need for radiated RF: the
wiring can carry the signal for you. Just use any of the
mains intercom circuits that are published from time
to time, or get hold of a data sheet on the LM1893
carrier current transceiver (National Semiconductors
Linear Databook 3).

For those with sufficient money and resources to
develop exotic and impractical devices, all kinds of
power sources can and have been tried. As an
example, one source of power is the output of
commercial radio stations. [n most areas you can suck
enough power from the air to drive a crystal earpiece,
so why not use that very same power to drive a bug?
Because it will have a transmission range of about six
inches is as good a reason as any not to bother. But
suppose you incorporate a very low current standby
switch, store up the power when the bug is not in use
and turn it on when the sound exceeds a certain
threshold. In conjunction with a highly sensitive
receiver this might just be on the borderline of
feasibility. The next stage is not to rely on the
background RF but to generate a strong RF field
yourself. Then you have the great holy grail of the
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surveillance industry: a completely passive bug.
Undetectable because it sits there doing nothing unless
activated from outside. No batteries to run down, so
it's there for good. Worth the bother? That's not for me
to say. '

The other problem with-long term surveillance
is that the simpler bugs will drift off tune — either of
their own accord, or because of a change in their
environment.

The effects of somebody walking past might be
enough to have you reaching for the tuning dial.
Unless you have the patience of a saint and a massive
coffee budget, you're not going to sit there with the
headphones on just in case somebody speaks. Far
better to have a tape recorder with voice operated
switch and let the thing take care of itself. In this case
a crystal controlled bug is called for — about the
simplest circuit you can get away with is shown in
Fig.4. Modulation is from a variable capacitance diode
driven directly by a crystal microphone — not
designed according to the highest standards, but it will
work! R1 is best chosen on a trial and error basis (or
select-on-test as we say in the trade — sounds much
better, doesn' it?). Just pop a meter in series with the
battery and select for a current of around 5SmA. The
battery can be any voltage from 1.3V upwards — the
only component you'll need to change will be R1.

Beyond this you get to the real high tech stuff.
Given access to any device known to man or the
facilities and finances to develop bugs as complicated
as you choose, there’s no end to what might be done.
There are very few occasions when anything more
sophisticated than a plain radio microphone is really
needed — the stakes are only raised when the buggee
is aware of the possibility of being bugged and is likely
to know how to track and destroy the things, or at least
to detect their presence. In this case the battle can raise
itself onto ever higher technical planes, with the bugs
perhaps encrypting the sound — ideally to make it
appear to be noise if picked up on an ordinary receiver
— or perhaps lying dormant until activated by one
event or another. Maybe it will transmit on a frequency
which coincides exactly with that of a broadcast
station, so that an RF frequency analyser in unskilled
hands will not show anything out of the ordinary. The
bug sound could then be recovered by subtracting the
broadcast signal picked up by a second receiver from
the sum of broadcast and bug picked up by one within
range of the bug.

Next time around ['ll be looking at the other side:
how to detect and locate bugs if somebody is
unfriendly enough to try bugging you.
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2: The Inside Story

Helen Armstrong

ankind has been eavesdropping on its
neighbour since long before the eave
was invented. A hollowed-out mam-
moth tusk pressed to the party wall of
_ & the cave in 20.000 BC perhaps. or a
hand-picked _slave planted as a bathroom-suite
accessory In ancient Egypt. The first true eaves-
dropper peobably fell out of the rafters onto a far
: ave of Hittites. doubtless to face a decisive
ptssioning by their counter-surveillance feam.
nd si to the present day, when several tons of
screaming at Mach 3 through the troposphere
nics theachievements of stealth and silence — get
get the guff and get out before they see you

ETlis grateful to Lorraine Electronics Surveillance and Suma Designs for their
help in Jroducing this article. Photographs are courtesy of Lorraine.

For further information contact Lorraine at 716 Lea Bridge Road, London
E10 BAW (tel: 01-558 £226) and Suma at The Workshops, 95 Main Road,
Baxterley. Warks CV'9 ZLE (tel: (0827) 714478).
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More convenient ways of finding out what foes
and relations are up to are available over the counter
— available as you have seen in this very ETlindeed.
Whether or not you wish to actively partake, covert
surveillance devices — ‘bugs’ — have entered legend
as surely as the Trojan horse and Watergate.

Where would a spy be without his briefcase of
miniature radio transmitters, where foreign policy
without its regular expulsions of diplomatic personnel
for undiplomatic behavour?

All this is in the hands of Governments and not
for the likes of us, but then the likes of us still have our
targets, say those in the business. For the business is
in erring spouses and conniving associates.

Lorraine Electronics Surveillance develops and
markets both ‘surveillance tools’ plus counter-surveil-
lance tools and services, a combination which director
David Benn is quick to rationalise. Not, you would
think, that much rationalisation is needed for
producing bugs and de-bugs (nobody is surprised
when a computer programmer carries out a similar
process, after all) but surveillance has an air of heroes
and villains about it, and offering both services can
look like wearing the black hat and white hat at the
same time.

Suffice it to say that any de-bugging consultancy
is likely to be looking for rival bugs, as well asits own.

“Contrary to common belief,” says David Benn,
“surveillance as such is rarely used for espionage or
‘spying’ Industrial espionage has been going on since
the year dot, mostly by bribing someone — say a
secretary or a junior manager” Somebody who is
under pressure to live up to a career image but doesn’t
earn enough and might weaken in the face of abrown
envelope full of used fifties. Sound familiar? — “It's
perhaps more prevalent today, when people in very
responsible jobs need more money and where
financial information is valuable. Loss of information
is more dangerous than money or stock. Stolen
information is invisible until your competitors have it”

Result: managements suspecting that confiden-
tial information is going astray need to know where,
how, and by whom. In other words, businesses are
more likely to bug their own premises than the
opposition’s.

Home Guard

“Out of thousands of customers, about 30% are large
PLCs checking on the loyalty of their staff; Benn
reckons. “Junior staff are the least of the problem.
They may have directors leaving to set up indepen-
dently and taking company secrets with them, or there
may be corrupt buyers taking bribes”

He breaks operations down into three areas:
“recording conversation under difficult conditions” —
meaning without being observed; “environmental
recording” — or monitoring whole rooms or offices;
and telephone monitoring.

The concealed portable tape recorder is a spying
staple. Let’s callit a classic case: Lorraine’sis built into
a ‘recording briefcase’ Eschewing the obvious false
base or sides, the briefcase has most of its electronics,
including a microphone and automatic level con:
trolled ampilifier, built into the frame. The owner can
then choose between a small standard micro-format
cassette recorder which tucks out of sight behind the
document compartment, invisible to casual observa-
tion and standard security checks. Tapes are easy to
get hold of that will record for up to three hours,
attended or unattended, open or closed, before the
tape needs turning. Recording can be started
discreetly from outside the case by radio control, or
by sound activation.
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In other words, the executive to look out for is
the one who takes his briefcase to the gents during the
second coffee break to turn the tape over. ltis a handy
alternative to relying on the Minutes to record what
was actually said.

Monitoring conversations that you are not
supposed to overhear iseasy if you can get access to
the room in question. Small recorders can be hidden
easily but there are maintenance problems, especally
for long-term eavesdropping. Tape recorders can click
orrumble, tape needs collecting and changing. Radio
transmitters have the advantage that once in place
they can be left almost indefinitely. Most bugs
‘discovered’ in buildings are long dead and aban-
doned, found by accident when the place is
refurbished.

Lorraine supplies VHF and UHF transmitters
built into solid-state desktop calculators, fountain
pens, 13A mains sockets and adaptors, indeed any
device which does not generate noise of its own (such
as a typewriter). If hardware provides its own mains
or battery supply. so much the better. The devices use
typically around 5mW and, although ‘domestic band’
transmitters are available, these could be picked up
on passing car radios.

“We advise clients to go up on the air bands
where nobody will hear them. says Benn. VHF
transmitters are available in the range 129.448 to
139.97 MHz and UHF transmitters are available in the
range 390 to 450MHz.

Domestic band devices typically use the FM
broadcasting band. The advantages are that the
transmitter circuit will be very simple and receivers
readily available. The disadvantage is that it is easy
to check whether this sort of bugging is taking place.
Also the transmitted signal occupies a wider
bandwidth, making it more susceptible to detection,
so it could appear on a local household radio set.

The air band transmitters have the advantage of
being narrow band FM, and since the aircraft FM
signals are only an echo, you can hear the planes but

they can't hear you.
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No Jam Today

One hears about radio stations and other transmis-
sions being jammed by hostile agencies, but jamming
is not used by respectable security agents, for good
reasons. Besides being highly illegal and very
antisocial, it'’s a dead giveaway.

“If you know what frequency you are jamming
on, it is very easy”, says Benn, “but if you are being
bugged, the chances are you don’t know what
frequency and can only jam broadband, which will
interfere with anything in the area. We would not do
it, or allow our customers to do it”

Phone tapping is another area surrounded by
myth, some of which is true. If you have arash of calls
which are wrong numbers, or have no apparent caller
when you pick up the receiver, or a sudden apparent
increase in the number of engineers or telesalespeople
on the line, you may be being bugged. It is more likely
that the lines are playing up, or the double-glazing
world is having a sales push. Crackles or buzzing is
unlikely to mean bugging, at least not by the police
or government. On the contrary, official bugging is
likely to guarantee you the cleanest line in the
neighbourhood.

Tapping usually means an interface which
switches on a tape recorder whenever the phone is
in use. The tape recorder itself can either be triggered
by the change in line current or voltage when the
receiver is lifted or by vox — the voice itself.

‘Bugging’ implies a transmitter connected to the
line, or mounted in the telephone socket itself.
Drawing a significant current from the line to operate
the transmitter would interfere with the proper
operation of the telephone — doubly so if the current
drain continued when the receiver was down. ltis for
this reason such devices must be very low powered.
This, says Lorraine, restricts their range to about 100
feet (worst case). On the plus side, once installed they
can be left to get on with it, and only operate when
the telephone is in use. No batteries, no tapes.

An infinity device can operate over international
line distances by holding the line open once the
handset has been replaced, allowing the room beyond
to be monitored without the occupant’s knowledge.

A similar means of holding open the line for telephone
lines serving high-sensitivity buildings is mentioned
in certain recent ‘spy-and-tell’ memoirs.

The actual method and site choser for a bug will
depend much on whether the premises belong to the
client (giving free access) or to an adversary where
bugging must be done by stealth and with a minimum
of after-sales service.

There are other ways of getting information. RF
emissions from computer monitors, peripherals and
cabling has received a lot of publicity recently. A van
equipped with a fibre-glass top (or some other
structure transparent to radio frequencies) and
appropriate receiving equipment parked outside an
office block can frequently pick up the exact image
displayed on a computer inside the offices. This is a
leak which has only come to light with the proliferation
of desktop terminals.

‘Tempest attack’ is a name adopted for this
actually non-invasive method. It usually involves
picking up harmonics of the line and frame syncs from
a monitor on a low frequency receiver, and picking
up harmonics of the video on a VHF or UHF receiver.
Sync frequencies of 50Hz and 15625Hz do not
transmit far, but their harmonics interfere with radio
reception, like it or not. Similarly baseband video,
covering 50Hz to 5MHz typically. contains high
frequency harmonics which transmit over a consider-
able distance.

Lorraine provides an EMDAR (Electromagnetic
Data Analysing Recovery unit) which is not used for
stealing information of course. It consists of a scanning
receiver covering 25MHz to 2GHz with 100 memories
which automatically store the frequencies of the
strongest signals. There is also a display on which the
strongest received signal can be displayed. In this way
the offending computer can be identified. Itis handy
for demonstrating to customers that data can seep out
in ways unthought of. The device costs £15,000.

“This is something that can only be used either
for espionage or to prove espionage can be effected,’
says Benn. “We market it on restricted sale. All the
customers who have bought this from us are bona fide
security services or public bodies”

Theideais to find RF leaks, trace the source and
then provide screening — from individual compo-
nents to the whole room — to stop them. Companies
can also hire the EMDAR and do a check on their own
computers, and then call in the security company to
carry out screening.

Tempest-proof terminals and PCs are available,
according to trade press, but only to Government
approved companies. The rest must devise their own
security measures or risk data theft. Preventing
unwanted radiation from a display is not as simiple
as it might at first appear. The electronics can be
housed in an earthed metal case and all wires in and
out of the case screened. The screen for the cathode
ray tube is a mesh — about the best protection possible
without preventing anyone from seeing the display.

Other obvious means to minimise radiation
would include band limiting signals to minimise
harmonics and transmitting antiphase signals to
cancel such radiation as remains. There must be more
to it than this, or the availability of such terminals
would not be restricted.

Debugging is an industry in its own right. William
Parsons, who runs Lorraine’s counter-surveillance
service, reckons that there is no easy way to find the
hidden ear.

“Counter-surveillance consists of going in with
the correct equipment and looking for devices,
checking for unusual cables, testing telephone wires
and looking for transmitters or hard-wired micro-
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phones. The attitude of the person who heads the
team — ours and the clients’ — is crucial. For instance,
we probably carry more equipment than the average
counter-surveillance company, and | don't trust in
equipment alone,-so we do a full physical search as
well” Finding electronics devices by electronic means
is not straightforward at the professional level.

When high-level meetings are involved, the CS
team will do a sweep first as described, and then
monitor the location for RF signals during the meeting.

Many types of unauthorised device get attached
to the telephone system. Lorraine now uses a
telephone line analyser which was developed to try
to detect or imply the presence of every kind of
telephone tapper and bug known to Parsons, in one
box.

“Most analysers are not geared to find everything
accurately. This one has tests which people say don't
find things, such as time domain reflectometry — they
don't use them. | know it does: with the 500 metre
version, a time domain used in the building will see
any series device and 50% of parallel devices
connected”

A time domain reflectometer sends a pulse down
a line and looks for reflected echoes. A perfectly
uniform transmission line which is properly terminated
will give only a very low level echo, but if anything is
attached to the line its impedance at that point will be
changed, and a more obvious reflection will be
generated. The time between the sent and received
pulses gives an indication of how much cable is
between test instrument and tap. This is only an
indication, because the rate of propagation of a signal
along a transmission line is influenced by the line
characteristics, and may be about 70% of the speed
of light.

The way to avoid a tap from being detected by
a time domain reflectometer is to load the line very
lightly with a very high impedance parallel load taking
an indetectably small voltage and current, as a pure
audio lift-off. Bearing in mind that a telephone line
is not a uniform transmission line but has built in
irregularities, such a load applied to the line will not
be detectable. Of course, a series connected tap will
almost certainly disturb the line enough to be detected.

The telephone bug detector also has a function
for measuring line capacitance — an increase means
that extra cable has been added. It also has a low
frequency receiver, an active line test and a line sweep
test. The receiver is to detect carrier signals transmitted
along the line, and the active line test measures the
line voltages with the phone on and off hook. A bug
powered from the line may disturb these voltages. The
line sweep test applies a voltage to a disconnected line.
The voltage is varied from 0-10V and accurate voltage
and current meters indicate if any devices start drawing
power.

Export

Much of Lorraine’s equipment is sold for export only,
as most RF surveillance devices are not type
approved, putting them beyond the necessary
licensing required for RF in the UK. Likewise,
attaching listening devices to the telephone system is
in breach of various acts covering everything from
interception of communications to interfering with BT
wiring. It is not illegal to supply the stuff, only to use
it. But clearly much is destined for home use. Do Benn
and people like him get aggravation from The
Authorities on this front?

“Authorities are among our customers as well,
he emphasises. “We provide an excellent service for
industry and commerce and this is recognised by
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certain people. There are certain situations in which
electronic surveillance is the only option available” He
can't be specific, only saying “I think there is a general
recognition that we benefit managements rather than
harm them?”

Why isn't this stuff type approved? The answer
will be familiar enough to anyone developing RF or
telecomms equipment. “Because it would be horrific-
ally expensive” But there is a simpler, more poetic
explanation in the nature of the goods. RF equipment
is restricted by law because it can cause catastrophic
interference to other services. Bugs, by definition,
must be invisible.

“If someone knows you're using it, you're not
using it correctly,” says Benn. “Surveillance devices,
including those for telephones, are typically narrow
band, about 5SmW — nuisance-free. We sell devices
across the board, but customers are strongly advised
not to use broadband FM products. We advise
customers never to use domestic frequencies”

What about the legality of eavesdropping?

“There are no privacy laws in the UK” — another
subject of much public debate in recent months
“although the situation is different in the United States,
Benn points out.

So you can eavesdrop to your heart’s content,
if you can get away without prosecution under the
various Wireless Telegraphy and Communications
Acts. And if you conceal a wholly'legal tape recorder
in arival's premises, there is always Theft of Electricity
and possibly Trespass. In practice, prosecutions rarely
happen, for reasons we will shortly see.

Tim Jinks of Suma Designs provides design and
consultancy on covert surveillance. He looks on
international spying with a practical eye.

“It goes on. Ministries won’t admit it, but it goes
on in a big way and it's good for national security. It's
mostly propaganda — we like to hear that everything’s
OK”

But the person in the street, he says, feels guilty
about using bugs and doesn't like the idea until they
have a specific problem which they are desperate to
solve.

“It’s like contraceptives. They won't come in and
say [ want to bug my business partner or | think my
wife's doing this and that, but they do end up telling
you quite a lot” If the company suspects unethical use,
he says, they will decline to supply by winding the
price up or claiming that their services are unsuitable.

Telephone conversations are best for monitoring,
says Jinks. People feel vulnerable in the open and
reom systems must be voice or remote activated with
the risk of noise from the machinery. People say more
on the telephone — “most bad deals are done on the
phone”. Likewise RF transmitters are more trouble-free
than local tape recorders, much easier to conceal and
can be left for ever.

How easy are bugs to detect? | asked. “When was
the last time you looked under your desk?” he
countered, adding that | should be looking upwards
under the rim, not downwards into the floor filing
system.

Touché. This is the low end or cheap and
cheerful approach — people are always talking about
being bugged, but they rarely suspect it. In that
respect, he says, people are gullible.

“The low end is easy to find visually, but the target
is unlikely to try and find it. On the other hand, taps
can be done in varlous positions along the line. In
theory you don't have to go into the building — up
atelegraph pole or into the street junction box” Yes,
in theory, the chaps in overalls and hard hats poking
about in the street junction box could be tapping your
phone. “In that case, you have no chance visually”

JINVTIIEAHIS
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Lorraine’s less than innocent
calculator and pen set

oURVEILLANCE

Open Door

On the other hand, most people at the ‘high end’ in
the professional bugging category are wise to the
possibilities. Many companies have their own counter-
surveillance officers. Concealing room transmitters
from people who are likely to be suspicious must be
done with care. Cavity doors are a gift — just knock
a piece out of the top rail, weight the aerial wire to that
it hangs straight down, fix the thing in and leave it.
There's an air gap at the top, acoustics are usually
perfect. There is no real need to stop up the hole
unless the housekeeper is going to check the top of
the doors for dust.

Plasterboard ceilings could be called the modern
equivalent of eaves where eavesdropping is con-
cerned. Roll up the carpet, rip up a floorboard, gouge
out the plasterboard until about 1/16in is left
{something of an art) and leave the device. A
transmitter could be on a board the size of a postage
stamp, including batteries — it won't drop through the
ceiling. Ideal. Coffee tables with false bottoms are
good for meaty long-life battery packs, skirting boards
are almost purpose-built for concealing extra wiring
{especially when tack-down carpet-fixing strip is
added), and clock radios provide not only their own
mains power but aerials as well. Not so good when
the radio is on, but otherwise ideal.

The home and office would seem like an audio
paradise for the potential secret-snatcher. Except the
bathroom. Running water is pure white noise, the
perfect, no-nuisance, all-purpose jammer. Perhaps
the most successful bad deals are done in the WC.

Ripping up floorboards is only a reliable option
if the customer owns the building — even then, access
can be a problem. “I've never been given a disguise
other than a corporation name tag,” says Jinks. “We
say give us free time to install it. We mustn’t be seen
and we mustn't be working against the clock”

Sometimes the ethics have to be viewed at an
angle.

“We were asked to do a house of ill-repute —
saunas, solaria, the lot once,” he admits. “We thought
the client was the vice squad, but it turned out to be
the owner checking if the girls were doing a bit of
private business”

Recorded information will not be accepted as
evidence by courts unless the recording was done on
a sealed tape provided and signed for by a solicitor.
Clients and targets rarely meet in court.

“Once somebody is confronted with the fact that
somebody else knows what he's up to, they usually
. +back down;” says Jinks.

“They could probably prosecute the person who
bugged them, but people don’t know the law inside-

to keep hidden”

out and if they do, there are usually things they want

He tells of a man who bugged his wife and later
confronted her with his findings. “She phoned the DT
and he was done under the Wireless Telegraphy Act.
He got a stiff fine but the information he got enabled
him to carry out investigations which saved him
thousands of pounds in a divorce case”

A Hard Life

De-bugging premises is the real challenge.

“The bugger has it much easier than the de-
bugger,” Jinks says, once challenged by a television
company to hide some bugs and then have a counter-
surveillance company locate them — all on camera.
The debugger failed.

Even when devices are activated, the power
involved is very low and the frequencies in a
sophisticated device are obscure, although 100 to
140MHz FM remains popular — “up to 90%”.

A good commercial bug tracer uses a phase
locked loop high frequency receiver to sweep across
a comparatively narrow band, searching for har-
monics of the lower frequency bands. If a signal
exceeds the detection threshold, it gives a numerical
code which the operator can then enter, locking the
device in on the signal. Once locked on, the receiver
can analyse the signal and demodulate AM or FM,
and check for subcarrier.

Another device tunes slowly through the lower
bands searching for the signal rather than its
harmonics. It gives a click like a bat, which can be
picked up and re-transmitted by a bug. The timing of
the return click indicates how near the bug is to the
tracer.

But Jinks has higher ambitions than installing his
own bugs, “hard, dirty, boring, down-on-the-knees
work,” and winkling out other people’s — he wants
a better bug.

“Frequency hopping is the real challenge. Every
time a transmitter is about to make a frequency jump,
it sends a signal to lock its receiver on to a new
frequency. You'd have a job catching that”

The real love of his drawing board is ‘time slot
transmission’, where the transmitter monitors for 30
seconds and then compresses the information and
transmits it in a millisecond. Properly synchronised,
the receiver would hear a smooth conversation.
“Nothing on earth can detect that”

What are the chances you are on the right
frequency and, if you are, what do you hear?

“You still have to decode it. The idea’s still on the
bench” He adds that the battery size will have to come
down, as well. Of such things is electronic develop-
ment made.

Like it or not, listening to other people’s secrets
clearly has a social role. Benn {who may be being
optimistic) reckons that about 1% of products sold are
mis-applied — used for theft of information that does
not rightfully belong or appertain to the client. This
provides a useful justification for the counter-
surveillance consultancy, if any justification were
needed. Company managements are more likely to
be searching for outsider bugs than their own — the
massed staff of ETI, for instance, have yet to march
on Argus Towers searching for management bugs. In
an open-plan office you can hear every blessed thing
everyone says anyway.

This didn't stop me asking David Benn whether
he would sell bugs to people like me. “Fleet Street?”,
he said (kindly), “they certainly rank among our more
interesting customers. What would they do without

us?”
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Wizard Kit-Packs

THIS MONTH'S WIZARDRY
100 Linotronix ‘The Lights Fantastic’ RL4850 5mm Red LEDs at

GEC STEREO CASSETTE UNIT
Record/Playback. Dolby. Speed 4.75cm {17sin) per sec. 40-12, 500Hz. Twin VU meters. With
service manual. Brand new! Price £12.00 or 2 for £20.00 p&p £3.00

WIZARD PSU KIT

13 8voits d¢ at up to 10amps. Contents of the kit. 1 off main PCB. 1 off 12v dc fan. 1 off 15V
Zener. 1 oft 25 amp bridge rectifier. 2 off 10,000 uF electrolytic. 1 off 100 ohms wiw resistor.
2 off capacitor clips. 2 off fuse holders. 1 off mains transformer. 1 off mains filter. 1 off mains
switch. 1 off heatsink. 1 off set of data sheets Price £25.76

IN THE WIZARD'S DEN
We have, from time to time, the following new and s/h stock: Printers, Monitors (Mono/Cotour),
PSUs Valve Amps, Lots of odds and ends.

MORE DATA — Send a 19p Stamp for Latest List
Ring the Wizard on 0225 706886 Fax 0225 708594 for more information or a visit ta the works.

£8.50

PAYMENT
Access, Cheque. PO and Cash. Post and packing on components £1.50 or £1.00 for orders
over £20.00. Please add VAT to total

MERLIN SYSTEMS

Merlin Way, Bowerhill Trg Est, Melksham, Wiltshire SN12 6TJ

8031

64180 80188
LOW COST CONTROL MODULES

METEX & TEST LAB INSTRUMENTS

YOU PAY
TRADE PRICES!

ALL WITH CONTINUITY TEST {% With Capacitance + With Hfe O With Freg)
PRO SERIES METEX STANDARD SERIES

3% & 4% DIGIT 3% DIGIT 12 mm DISPLAYS

ANl With Case. 20A AC/DC 23158 17 Range 10 ADC £19.43
17mm Display [3800 12mm) 23188 23 Range 10ADC (*) £22.78
3800 32 Range 0.5% (+) £29.40 233531 Range 10A AC/DC (+) £26.80
3610 30 Range 0.3% (+) £38.86 232532Range 10A AC/DC (++) £29.40
3630 30 Range 0.3% (++) £46.90 2355 32 Range 10A AC/DC (++©) £33.50
3650 30 Range 0.3% (++0) £50.00 2365 38Range 10A AC/DC (++) £36.00
36508 as 3650 with Bargraph £57.60 Plus Logic Probe

ﬁg%ﬁéﬁ'glm e £69.68 p150 Metex M8O 21mm Display

4650 as 4630 Plus Range Freq £72.36 3% Digit Autorange. Datahold (°) £59.92

Module CPU RAM EPROM 1/0 Costfrom
uE31 8031 32k 32k 40 £45.95
uE180 64180 32k 32k 48 £69.95
uE188 80188 32k 32k 48 £79.95
uE — BPS 5 volt P/S — Backplane — RS232 £49.95
uE — OPTO 8 channel Optically isolated input  £59.95
uE — RLY 5 Channel Relay board £39.95
SB51 8031 Cross Assembler — PC Host  £39.95
GNC ELECTRONICS N =
Tel: 0379 644285 [E—
Unit 2B Gilray Road Diss Norfolk IP22 3EU

HOBBYKIT introduces

The smart kit range of over
120 electronic kits

Each smart kit has been tried and tested
having been available in europe for the
last 8 years

SMART KITS ARE EDUCATIONAL
SMART KITS ARE RECREATIONAL

- NO PRIOR ELECTRONIC &
KNOWLEDGE IS NECESSARY

All you need is a soldering iron everything
else is provided in each blister packed
smart kit

Comprehensive catalogue available
including special introductory offer

Please send 28p s.a.e. to:

HOBBYKIT LTD

UNIT 19 CAPITOL INDUSTRIAL PARK
CAPITOL WAY LONDON NW9 OEQ
FAX: 01-205 0603
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F20 Dual Scale Sound Level Meter

302K LCD Temperature Two 1/P
120dB £33.87

390070 LCD Dmm With Dweil And

3000 LCR AC Bridge £93.80 TE220 1 MHZ Audio Generator £87.00
M30024 AC Millivoit Meter 1MHZ £80.40 3300 Autorange Digital Cap. Meter ~ £64.00
2020 500 KHZ Function Generator ~ £85.76 6100 Signal Tracer/Injector £52.30
4162AD0 150 MHZ Fr Gen. Plus 6 Digit 5250 150 MHZ 7 Digit Frequency

Counter £15400 Counter £64.50
2603A0 1 MHZ Af Gen. plus 6 Digit 0ST5M 5 MHZ Bench Scope £144.00
Counter £159.00 2430724V 0/3A Variable PSU £50.65
TE200 150 MHZ Rf Gen. 245 0/24V 0/5A Variable PSU £63.65
(350 MHZ Harmonic) £80.00 154 4/15V 0/4A Variable PSU £36.05

£34.74

225V VHS Video Head Tester £30.38 Tach Ranges £49.58
1085 Digital Lux Meter - 3 Ranges £47 78 K750 LCD 8 Range Capacitance Meter £33.50
07 Logic Probe 6.10 6060 LCD Digital True Power Meter

M625 Logic Probe/Pulser CI 474 6KW19 64.00
300/310 AC Clamp Meter 600A/300V/ 2070 19 Bange Multimeter t0ADC +

Resis £3283 Buzz 1135
M265 Add on AC Clamp Probe 2030ET 27 Range 10A AC/DC. Cap

for Dmm’s £16.48 Hte Temp. Buzz £35.30
501 Electronic Insufation Tester 500V £53.00 5050E 41 Range FET mm £25.33
504 Eiectronic Insulation Tester 1000v£65.00 OM5 Waliet Autorange Dmm £17.95
KOMB TR Dip Meter 1510250 MHZ ~ £45.02  YF120 Pen Type Autorange Dmm £29.21
1062 LCD Temperature & datahold ~ £35.50

AUDIO-ELECTRONICS ARE
INSTRUMENT DISTRIBUTORS FOR
HAMEG o FLIGHT o BLACKSTAR

o ALTAl » THURLBY e THANDAR

‘@3@-

Q.ogns.8

PHONE FOR BEST PRICES.

o CROTECH o LEADER AND HITACHI

ADD 15% VAT
(UK ONLY)

TELEPHONE YGUR ORDER WITH VISA/ACCESS
OPEN 6 DAYS A WEEK FOR CALLERS

RUDIO €LECTRONICS

301 Edgware Road, London W2 1BN
Tel: 01-724 3564 Fax: 01-724 0322

Sales office 01-258 1831

TRADE/EDUCATION ORDER ACCEPTED.
EDUCATION AND QUANTITY PRICES AVAILABLE
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John Linsley Hood
continues his
semiconductor
analysis with the
evolution of the

transistor
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THANGISTURS

. AND THEN THERE WERE

TRANSI STORS

aving dealt with the range of

semiconductors and how they are

produced, we now move on the basic

p-n junction technology and how this

has been extended to provide a whole
family of amplifying and switching devices.

Point Contact Diodes And
Transistors

The point contact diode is a device of venerable age,
dating back to the ‘crystal and cat’s whisker types of
early radio receivers, and coming into commercial use
with the small silicon and germanium diodes used in
war-time radar gear.

The physics of its operation had been worked out
during the 1930s and it was known that a metallic
point in contact with the surface of a semiconductor

1

a— WIRE CONTACT

® ®\;, v~/ @ » ®
® ) SLICE OF P’
® @EB ® & &

SEMICONDUCTOR

‘ { a ) DEPLETION ZONE
IN ‘POINT-CONTACT" DIODE

FROM -VE TO +VE POTENTIAL
SOURCE {COLLECTOR)
(EMITTER) e

] ® @&
® @ @ ® @ \«—PTYPE (BASE)

{ b)) EARLY POINT
CONTACT ‘TRANSISTOR®

e
SYMBOL

Fig. 1 Point contact devices

S

would cause a ‘depletion zoné), especially if reverse
biased. This is shown in Fig. 1a.

This led Bardeen, Brattain and Shockley of the
Bell Telephone Labs to try the experiment of bringing
another sharp edged conductor in contact with the
base semiconductor slab, as shown in Fig. 1b, which
happened to be next to a reverse biased probe. Lo and
behold, the current which was injected by the emitter
probe into the depletion region was swept up by the
collector.

This has given us both the terms we use for the
electrodes (emitter, base and collector) and also the
circuit symbol we use. Point contact transistors were
never much more than museum pieces, but once the
idea had registered, better devices were soon made.

Junction Transistors

Although we use the same names for its electrodes
and the same circuit symbol in drawings, the modern
bipolar junction transistor is a very different device,
and will usually be made as shown in Fig. 2, starting
with a very high purity single crystal slice of silicon.

In the case of an npn transistor, the crystal slice
will contain a carefully controlled proportion of an n-
type impurity, usually either phosphorus or arsenic,
and a further dose of n-type impurity will then be
diffused into the rear surface too provide an n+ layer
for the collector contact.

A thin p-type layer will then be ‘epitaxially’ (one
sided) grown on to the upper surface. By a process
of masking, etching and vapour phase diffusion, a
series of fairly heavily doped n+ patches will be
diffused into this upper face, which after metallising
and slicing up into tiny dies (0.5mm square for a
typical small signal device), will give individual
transistors that look like Fig. 3.

If the collector is biased positively with respect
to the p-type base region the depletion region will
extend all the way through the base layer and because
itis a reverse biased junction, only a very small leakage

T ——

EMITTER

A

BASE

sLicING poinT | CONTACT

SILICA
PASSIVATION

METALLISING//

e —

\~N+.>:>—'.P,{'.__P, =S ST A T ]
— ol T . N B N '
N+ { N+ 3 N+ 5 N+
0.25mm T COLLECTOR
THICK _0.5-1mm | CONTACT

Fig. 2 Typical construction of modern epitaxial base npb transistor (prior to slicing)
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current will flow.

However, if the emitter is made negative with
respect to the base, or if the base is made positive with
respect to the emitter (which amounts to the same
thing once the forward voltage exceeds the pn
junction potential barrier) electrons will flow from the
emitter into the base, and nearly all of them will
promptly be swept up by the collector.

With good geometries and careful control of
impurity levels, upwards of 99% of the emitted
electrons will be captured by the collector. Looking
at it another way, less than 1% of the base current will
control 99% of the collector flow. If the base is not
forward biased with regard to the emitter, neither
emitter nor collector current.can occur.

The same argument will apply for pnp transistors
if one substitutes the concept of *holes’ for electrons.

The way that the collector changes as a function
of base voltage and collector voltage, for a typical
junction transistor is shown in Fig. 4.

Junction Field Effect Transistors

In principle, this is just about the simplest
semiconductor device there is. lts action depends
upon the way the depletion zone at a pn junction will
grow wider or narrower as the reverse voltage is
inceased or respectively decreased.

So, if we take a thin slice of n-type silicon,
connect a terminal at either end and diffuse a couple
of p-type (gate) regions on either side of it, as shown
in Fig. 5. The possible channel of non-depleted silicon

(the only kind through which current can flow), can
be made either wider or narrower by changing the
negative bias applied to the gate.

This allows the current flow through the device
to be controlled by the gate voltage, in just the same
way as the anode current of a valve can be controlled
by the grid voltage. Also like a valve, the gate electrode
is normally non-conducting, unless it is biased in a
‘forward’ direction.

The only minor complication in this device is that
the voltage at the ‘drain’ electrode will increase the
reverse bias on the gate with respect to the drain, and
make the shape of the depletion zone lop-sided,
increasing in thickness at the drain end Fig. 5.

If more than a few volts is applied to the drain,
the gate depletion regions will tend to increase so that
they ‘pinch off the channel entirely. When this
happens, the voltage drop due to current flow at the
source end of the channel will disappear leaving only
a narrow neck of channel as shown in Fig. 6, and then
electrons will tunnel through this.

Because of the way in which the pinch-off
becomes tighter as the drain voltage is increased, the
drain current remains constant with increasing voltage,
as shown in Fig. 7a. A fairly typical drain current vs
gate voltage characteristic for an n-channel junction
FET is shown in Fig. 7b.

Two final points about junction FETs. Firstly, the
gate region is just a pair of quite normal junction
diodes, they are not prone to damage due to static
electricity any more than any other PN junction. Static
is a problem only with insulated gate type MOSFETs.

GHOISISNVHL
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Fig. 3 Section through npn epitaxial base transistor
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Fig. 4 Junction transistor b/c voltage characteristics

GATE (-VE}

P

v /' DRAIN (+VE)
SOURCE
o N CHANNEL
Au==]

—I *‘)
GATE (-VE)

Fig. 5 Schematic layout of n-channel junction FET

‘PINCH OFF" REGION IN

-
§ e CHANNEL THROUGH WHICH
L — ELECTRONS WILL TUNNEL

| GATE (-VE)
SOURCE (0V)

off’ conduction

DRAIN (+VE)

SYMBOL

Fig. 6 Shape of depletion zone when FET is operated in ‘pinch-

=

ta)

1d (mA)
Id {mA)
10— Nor= OV
f 15
/ Vi 1w /
/ o= E
* / Vg = -2V
— s
/
Vg = -3V
Vg - -4V -
| g vé i L) = |
! T T T - -4v -3V -2v -1v 0 +1tv
0 10V 20 30v GATE VOLTAGE

LFig. 7 Drain current/gate voltage characteristics of typical small signal junction FET

(b}

ETI OCTOBER 1989

25



26

) TUHS

ol

AN

==

Secondly, the capacitance between gate and
drain will be a few picofarads, but rather more between
gate and source because the depletion zone width is
less at this end. Like any other pn junction the
depletion zone, which acts like the insulating dielectric
layer in a capacitor, will vary with voltage — and so
will the capacitance across it. This is a phenomenon
which occurs in all reverse biased p-n junctions and
is exploited in ‘varicap diodes.

Owing to the relatively long and thin conducting
path from source to drain, the conducting resistance
of junction FETs is fairly high. This varies from a few
hundred ohms typically in the ‘on’ state, to many
megaohms when turned ‘off. They can be used as
switches in an audio channel but it is prudent to put
a ‘swamping resistance’ in series with the source-drain
channel to minimise the possible audio distortion
which could be introduced, shown in Fig. 8.

Insulated Gate FETs (MOSFETs)

This is the most recent type of transistor and one
which is growing in importance betause of its very
high input {gate) impedance, its very good linearity,
and its high operating speed. Ironically, it was also one
of the first types of transistor which the early
experimenters tried to make. They were defeated
because they were unable to produce semiconductor
material of adequate purity, or surfaces adequately
free of contamination.

The way these devices are made, in principle, is
to take a slice of very lightly doped n-type silicon, and
diffuse a couple of p-type zones into it at either end,
to serve as ‘source’ and ‘drain’ connections, shown in
Fig. 9. Normally, the source connector metallising is
extended so that it connects to the substrate as well.

A thin layer of a good insulator, usually either
silica or silicon nitrade, is then formed over the region
between the source and the drain. A further metallised
region {the gate) is applied on top of this insulator.

If the drain is made positive with respect to the
source and substate, no current will flow, because the
drain/substrate connection is a reverse biased p-n
junction. However, if a sulfficient positive voltage is
applied to the gate electrode, it will induce a layer of
negative charges {electrons) immediately underneath
the gate electrode and these electrons will move, just
like any other electrons would, towards the drain. So
current will flow.

The very good linearity of this type of device
arises because there is a direct relationship between
the voltage applied to the gate and the amount of
charge induced in the channel between the source
and drain.

They are fast in action because the charge under
the gate insulator will appear instantly the gate voltage
is applied and will disappear again as soon as it is
removed. The only practical problems are that if the
gate insulation is too thick, it will take a lot of applied
voltage to induce electrons in the source-drain
channel, whereas if it is too thin it could easily break
down if the gate voltage is too high — even briefly.

Also, the conducting path between source and
rain is very thin, and consequently its ‘on’ resistance
is very high indeed. The device has to be designed
so that there are a lot of drain-source channels
connected in parallel.

The sort of gadget shown in Fig. 9 would be
described as an n-channel lateral enhancement
MOSFET. ‘n-channe! because the current flow is due
to electrons (n-type carriers), ‘lateral’ because the
current flow is from side to side across the chip, as
distinct from downwards through the chip as would

ETI OCTOBER 1989



be the case in a junction transistor, and ‘enhancement’
because the current starts off at zero and increases as
the gate is made more positive.

Finally, the ‘"MOSFET’ term, which has now
become almost universal as the type name for these
devices, is derived from ‘metal-oxide-semiconductor
FET, because of the way that the early devices were
made.

If a thin layer of more highly doped (n +) silicon
is formed as a channel before the gate insulating layer
is grown, this will conduct electricity from source to
drain even without any positive voltage being applied
to the gate. The current can then be turned off by a
negative gate voltage which will repel the negative
charges (free electrons) away from the channel. Such
a device is shown in Fig. 10, and this is called an ‘n-
channel depletion MOSFET. Comparative drain
current vs gate voltage curves for a normal small-signal
n-channel junction FET, an n-channel depletion
MOSFET, and an n-channel enhancement MOSFET,
are shown in Fig. 11. The junction FET will usually
have the higher slope.

Both junction FETs and MOSFETs can also be
made in ‘complementary’ p-channel versions by
reversing the types of doping, as shown in Figs. 12a
and 12b. However, because of the rather slower
movement of holes compared with the motion of
electrons, they are not quite as fast in operating speed.

Dual Gate MOSFETs

The very good high frequency response of MOSFETs
makes their use as RF amplifiers an attractive
proposition. Unfortunately, the gate/drain
capacitance is much too high, ata few pF, for stability
in RF applications.

A dual gate MOSFET with another gate junction
interposed between source and drain, shown in
Fig. 13, has therefore been introduced. In this, the
gate/drain capacitance is only of the order of 0.02pF.
These MOSFETs are always of ‘depletion’ type.

In addition to their usefulness as RF amplifiers,
these transistors are very convenient as signal mixers,
or signal switches, for both radio and audio
applications.

Power MOSFETs

Because of their growing use in high quality audio
amplifiers — for which, in my opinion, they beat
junction transistors hands down — the actual
construction and characteristics of these transistors has
received quite a lot of attention in recent years, and
I don't propose to add to this.

The only comment | would make here is that
with the growing skills of manufacturers in making
very precise diffusion and etching masks, the ‘T-MOS’
type of power MOSFET of the kind shown in Fig. 14,
is becoming much more widely used. Here, the
channellength is controlled as in the standard ‘lateral
MOSFET by the spacings between the surface
diffusion regions. The drain region is placed below the
gate, so that the current flow is in a ‘T’ shape. Hence
the name ‘T-MOS’. The very lightly doped n-region
which separates the gate from the drain proper is
called the ‘drift’ region, and it is essential that the bulk
of the source-drain voltage drop appears across this,
otherwise the gate-drain voltage would exceed the
breakdown voltage of the thin gate insulating layer.

This condition may not be met at very high drain
current levels, because the drift region may contain
secondary carriers due to collisions. So the com-
bination of high drain currents and high drain voltages
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may cause gate breakdown, and the circuit designer
should take care to avoid this possibility.

The big advantage of the T-MOS’ design is that
it allows both n-channel and p-channel devices to be
made, though the higher voltage one are still more
commonly of the n-channel type. ‘T-MOS ' transistors
are a bit slower in operating speed than the original
4-MOS or ‘U-MOS’ types because of the time it may
take the current carriers to get through the drift' region.

However, they are still a great deal faster than the
best of the junction power transistors, and this shows
in the clarity and transparency of the upper treble
region in audio amplifiers in which they are used, in
comparison with those based on bipolar junction
transistors.

Thyristors And Triacs

Allthe devices discussed so far have been essentially
linear amplifying components,though they can be
used as switches. There is a wide range of useful
components based on the same semiconductor
technology. They are used as fast acting electronic
switches in power control applications.

The first of these to come into widespread use
was the ‘silicon controlled rectifier’ or SCR as it is most
commonly known. [t is also called a ‘thyristor’ — by
analogy with the ‘thyratron’ valve which operates in
a similar manner.

The SCR is basically a pair of transistors, one
npn, the other pnp, connected as in Fig. 15. Clearly,
if Q1 isn't conducting, no current flows from its
collector into Q2 base and so Q2 doesnt conduct
either. No current flows from its collector into Q2 base

and so Q2 doesn't conduct either and no current flows
from its collector into Q1 base.

If either transistor should be turned on, however
briefly, then each will drive the other into conduction
and both will then remain ‘o’ until either the supply
voltage is removed or the base of one or other
transistor is connected to its emitter to bypass its input
drive.

This little circuit makes a very useful ‘trip
mechanism, which can be put together from any
available pnp/npn transistor pair. With norm al
transistors the cumulative loop gain will be so high that
itis liable to trip inadvertently, so the resistors R1 and
R2 are needed to tame its ‘hair trigger’ qualities.

Commercial SCRs are effectively two separate

low-gain transistors merged together into a four-layer *

device, in the manner shown in Fig. 16a and 16b. The
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actual construction of the device is more like that
shown in Fig. 16c¢.

This is normally non-conducting in both
directions but can be triggered into conduction in its
forward mode if a brief pulse of input current is fed
into its gate. This results in the kind of conduction
curve shown in Fig. 17.

There is an AC version of this, which can be
triggered into conduction in both directions, called a
‘triac’ This is just a pair of SCRs joined together as
shown in Fig. 18a and 18b, which results in the

practical structure shown in Fig. 18c, and the type of

conduction curve shown in Fig. 19. Triacs are very
useful for light dimming and other forms of AC current
control, but they are not available in quite such high
power versions as SCRs.

Also, because the component ‘transistors’ within
the triac or SCR are driven hard on, a lot of minority’
carriers (holes in the n-type region and electrons in
the p-type) are produced, and current flow will not
stop until all of these have recombined. This means
that the high frequency switching performance of both
types of these devices isn't very good — perhaps
15-20kHz at the most.

I St A

Yes. you too can afford the very best in real hi-fi equipment by building
a HART kit. With a HART kat you can avoid the hilanous prices and magical
claims of the ‘oxygen Iree grain oriented copper’ brigade and the flashy
exterior and mundane interior of the mass market products. With every
HART kit you get the benefit of circuit design by world leaders in their field,
men of the cahbre of John Linsley Hood for instance who has been in the
forefront of audio design for many years. This circuit expertise s hamessed
to reahise its fuli potentiai by HART engineering standards which have
been famous i the kit tield since 1961. The HART approach is simply
to five you the best value in hi-fi by combining the best circuit concepts
with the latest and best companents within a unit carefully designed to
bring out your hidden skills as an equipment builder.

Units in the HART audio range are carefully designed to form matched
stacks of identiaily sized cases, in many cases even the control pitches
are also ined up from unit to unit for a cohesive jook to your customised
ensemble.

Flagship of our range. and the ideal powerhouse for your ultimate system
Isthe new AUDIO DESIGN 80 WATT POWER AMPLIFIER, described in
Ihe May issue of ‘Electronics Today International’ This complete stereo
power amplifier has so many features that your really need our list to
browse through them all. Glossing over its technical merits, which its
pedigree guarantees anyway. It is a power amp with the extra versatility
of a built-in passive input stage giving three switched inputs, volume and
batance controls. Tape or CD players may therefore be directly connected
along with a standard pre-amp output, indeed your system may not need
apre-amp at all with the well balanced output of competent CD players,
Send for our new FREE Spring '88 List. It has full information on this new
amplifier as well as details of Improvements to other kits in our range.
Our 300 SERIES ampiifiers lor tnstance now feature optional phone input
sockets and double size LCR power supply capacitors.

The 400 SERIES John Linsley Hood Audiophile Tuner range now
incorporates the very latest updated stereo decoder circuit which can aiso
be retro-fitted to existing tuners with our “Tuner Enhancement Package’
Also histed are many exciting new products for the serious audiophile such
as our Gold ptated phono and XLR plugs and sockets and ultimate quality
connection leads for CO audio or digital signals

HART AUDIO KITS —

YOUR VALUE FOR MONEY ROUTE TO ULTIMATE HI-FI

ALPS PRECISION LOW-NOISE STEREO POTS

Just arrived in stock. Exciting new range of precision audio pots in values
to cover most quality amplifier applications. All in 2-gang stereo format.
Throw out those noisy ill-matched carbon pots and replace with the reat
hi-fi companents only used selectively in the very top flight of World class
amplifiers.

Values available are 10K and 100K Log, 100K Lin and 10K Special Balance
(Zero foss in centre position). Our prices are incredibly low for pots of this
quality due to large purchases for our quality kits.

2-Gang Lin .. £6.30
2-Gang Log ... £7.20
2-Gang Special Balance, zero crosstalk and zerocentre loss £7.80
We are soimpressed with these new controls that we will include them
in our new 80 watt power amplifier kits AT NO EXTRA CHARGE until
November 1989.

SOLENOID CONTROLLED FRONT LOAD CASSETTE DECK TN3600

High quality (0.08%W&F) successor to our very popular SFI25F, A very
useful high quality cassette mechanism lor domestic or industrial use.
Offers all standard facilities plus cue and revue modes all under remote,
logic or sohware control. The power and control requirements are very
simple with 12v solenoids and 12v Motor with built in speed control. Deck
is supplied as standard fitted with a very nice 10KHz R/P head and a 1 5mH
erase head.

TN3600 Deck with stereo head
INF340 Full manufacturers data

certrneeien. £48.63
..... - £2.90

HIGH QUALITY REPLACEMENT CASSETTE HEADS

n f

Do your tapes lack treble? A worn head could be the problem. Fitting one
ol our replacement heads could restore performance to better than new!
Standard inductances and mounting make fitting easy on nearly all
machines and our TC1 Test Cassette helps you set the azimuth spot on.
As we are the actual importers you get prime parts atiower prices, compare
our prices with other suppliers and see! All our heads are suitable for use
with any Dolby system and are normally available ex stock. We also stock
a wide range of special heads for home construction and industrial users,
HS16 Sendust Alloy Stereo Head. High quality head with excellent
Irequency respanse and hyperbolic face for good tape to head contact
£17.86
HC40 NEW RANGE High Beta Permalloy Stereo head. Modern space
save design for easy fitting and lowe cost. Sultable for chrome metal and
ferric tapes, truly a universal reptacement head for hi-fi decks to car players

and at an incredible price 100! ... ... . £6.65
HX100 Special Offer Stereo Permalloy Head .. £2.86
HRP373 Downstream Monitor Stereo Combination Head .. £44.39

HQ551 4-Track Record & Play Permalloy Head lor auto-reverse car
players or quadraphonic recarding e £16.79
H524 Standard Erase Head ... £2.59
SM166 2/2 AC Erase Head, Standard Moum . . £12.60
HS9510 2/4 Stereo DC Erase Head ... £8.70
HQ751E 4/4 AC Erase Head, tracks compallble with HO551 . ESIOS
We can supply card reader heads for OEMs at very keen prlces‘

REEL TO REEL HEADS
999R 2/4 Record/Play 110mH. Suits Stuart Tape Circuits ...
998E 2/4 Erase Head 1mH. Universal Mount. Suits Stuart ...

TAPE RECORDER CARE PRODUCTS

HART TC1 TEST CASSETTE Our famous triple purpose test cassene
Sets tape azimuth, VU level and tape speed ... ... £536
DEMI Mains Powered Tape Head Demagnetiser, prevems nmse on
playback due to residual head magnetisation . .. £4.08
DEM115 Electronic, Cassette Type, demagnetiser .. £8.61
Our new SPRING '89 List 1s FREE. Send for your copy now. Overseas
customers welcome, please send 2 IRCs to cover surface post, or 5 for
Airmail.

Please add part cost of carriage and insurance as foliows:

INLAND: Orders up to £10 — £1; Orders £10to £49 — £1.50; Orders over
£50 — £250; Exprass Courier —£3.
OVERSEAS: Please ses the ordering
information with our lists.

£13.34
£1.96

" QUALITY AUDIO KITS |

24hr SALES LINE
(0691) 652894

| ALL PRICES INCLUDE VAT




M & B RADIO (LEEDS)

DEALERS IN SURPLUS ELECTRONIC EQUIPMENT,
TEST EQUIPMENT AMATEUR RADIO

OSCILLOSCOPE’S

PHILIP'S PM 3232. T0OMHZ TRUE DUAL BEAM

COSSOR CDU 150. COMPACT 35MHZ DUAL BEAM SCOPE’S
DELAYED SWEEP. LARGE 8CM X 10CM DISPLAY + X1 AND X10
PROBE KIT IN FRONT COVER. SPECIAL PRICE
FULL SERVICE MANUAL £10 EXTRA

TELEQUIPMENT D755. 50MHZ DUAL BEAM SCOPE’S. SOLID
STATE DELAYED SWEEP (EX MOD VERSION OF D75)
TELEQUIPMENT D83. 50MHZ AS ABOVE BUT HAS LARGE 8CM
X 11CM DISPLAY . =

TEKTRONIX 466 100MHZ STORAGE SCOPE .....

TEKTRONIX 475 200MHZ DUAL BEAM SCOPE'S.

SWEEP. HIGH SPEC. SPECIAL PRICE .......

SIGNAL GENERATOR’S

MARCONI TF995 “EX MOD” VERSION 1.5MHZ to 220MHZ AM
FM CW WITH (LEAD’S 50Q + 75 PAD’S) SPECIAL PRICE ........ .
MARCONI TF 2002 10KHZ TO 72MHZ GENERATOR'S
MARCONI TF 2012 UHF GENERATOR 400MHZ TO 520MHZ ........
MARCONI TF 2008 AMFM 10KHZ TO 510MHZ WITH BUILT IN
SWEEPER HIGH SPEC. WITH RF TEST LEAD KIT ...
MARCONI TF2015/TF2171 AMFM 10MHZ TO 520MHZ WITH
SYNCHRONISER
RACAL RA17 RECEIVER'S 500KCS TO 30MHZ . - s
DATONG FL1 AUDIO FILTER'S e
RF DUMMY LOAD’S EX MOD. 50Q NTYPE CONNECTOR 300
WATT'S CONT’ 0 - 250 MHZ
BRADLEY ELECTRONIC TESTMETER’S RF TO 1200MHZ ...,

ALL PRICES PLUS VAT + CARRIAGE

Tel: (0532) 435649
Fax: (0532) 426881
Mobile: (0836) 288580

86 Bishopgate Street
Leeds
LS 4B8

Interak 7--j

g
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SINGLE BOARD COMPUTER “SBC-1”

A computer doesn’t have to look like you'd expect a computer to look.
It doesn't have to have a keyboard and a screen and floppy disks and
S0 on.

The SBC-1 has the bare minimum of chips a Z80 computer can have
and still be a computer: A 4MHz Z80A-CPU chip, an EPROM chip (up
to 32K), a static RAM chip (up to 32K) and a pair of 8255A /O {input
output) chips giving 48 individual lines to waggle up and down. There
are one or two additional “glue” chips included, but these are simple
“74LS" or "HC" parts.

A star feature is that no special or custom chips (ie PALs, ULAs, ASICs
efc) are used — and thus there are no secrets. The Z80A is the fastest
and best established of all the 8-bit microprocessors — possibly the

v5528

Bare Board
£17.50
(plus postage and VAT)

NdD-vesZ

v§s29

cheapest too!
Although no serial interface is included, it is easy for a Z80A to waggle
one bit up or down at the appropriate rate — the cost is a few pence
worth of code in the program: why buy hardware when software will do?
Applications already identified inciude: Magnetic Card reader, mini
printer interface, printer buffer, push button keypad, LCD alphanumeric
panel interface, 40-zone security system, modem interface for auto
sending of security alarms, code converter (eg 1BM PC keyboard
codes to regular ASCII), real time clock (with plug in module),
automatic horticultural irrigation controller.
By disabling the on-board Z80A-CPU this card will plug into our
Interak | CP/M Plus disk-based development systems, so If you
don't fancy hand-assembling Z80 machine code you don't have to!
The idea is (if you are a manufacturer) you buy just one
development system and then turn out the cheap SBCA
systems by the hundred. If you are really lazy we can write
the program for you and assemble the SBC-1 cards so

you can get on with manufacturing your product,
{eaving all your control problems to us.
Greenbank

For more details write or phone us:
Greenbank Electronics, Dept. (T10E), 460 New Chester Road,
Rock Ferry, Birkenhead, Merseyside L42 2AE. Tel: 051-645 3391.
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Paul Chappell
announces the ETI
Chip Of The Month
Award and sees what
this power op-amp can
do

THEURY

CIRCUIT

30

THE GOOD
IC GUIDE

V+ (PIN5)

NON-INVERTING .
INPUT

(RIEN) ouTePuT

INVERTING (PIN 4}
INPUT L168Y
{PIN 2)

Fig1. V- (PIN 3)

FRONT VIEW

—» 0.15in -—
—| 0.15in |-—

SUI: #BLE HOLE SPACINGS
ON 0.1in GRID

Fig. 1 L165V pin connections and spacing

—r

he L165V power op-amp is the IC for this

month. Of all the power op-amps currently

available, the L165V probably represents

the best compromise between price and

performance for a general purpose device.

Its output current capability of +3A makes it beefy

enough to cope with most situations, and the price

tag of a few pounds means you wont have to re-
mortgage your house to buy one.

First of all, what's the competition? On the cheap

‘n’ cheerful side there are devices like the Fairchild

uA759 with an output current capability of about

+300mA, general specifications similar to a 741 and

a price tag not much smaller than the L165. On the

upmarket side, you could have a National Semicon-

Q0 —rr

10 Rg - 10k
RL = 8RO
g Vs = +18V i
30 | A
o
40+ L@l‘ g |
I Vs ”’

ittt
50|

60| | )]

= L — |
10 102 103 104 f{Hz)

Fig. 2 The slew rate required to reproduce a sine
wave depends on the amplitude of the wave |

FAST RATE OF
VOLTAGE CHANGE IN
HIGH AMPLITUDE |
SINE WAVE

SLOWER RATE OF
VOLTAGE CHANGE IN
SMALLER AMPLITUDE
SINE WAVE OF SAME
FREQUENCY

Fig. 3 Large signal frequency response of L165V

ductors LM12 for around £25. This will give you the
means to make an audio amp of hi-fi, though not
super-fi, specifications. Downhill with the wind behind
it, it might touch 150W RMS. What you have to weigh
up is whether you could, by using discrete compo-
nents, do the same rather cheaper, or do better for
the same outlay. At the moment I'm sure you could,
but the LM12 is relatively new and if it proves popular
in industry the price is bound to fall. Keep an eye on
that one!

The Data

An op-amp needs five connections: two for the power
supply, two for the inputs and one for the output. The
L165 has exactly that. no more and no less. The pin
connections are shown in Fig. 1. The pin spacing,
which you’ll want to know for laying out PCBs, is
illustrated in the side view of the [C. Pins 1, 3and 5
are in a row about 0.15in ahead of pins 2 and 4.
The actual spacing between adjacent pins doesn't
work out to anything sensible in any scale of
measurement that | can discover, but the pins can be
bent just a little without stressing the 1C and the hole
spacings shown will work out fine if you're laying out
on a0.1in grid. The pins are all bent towards the front
of the IC so that it can be mounted at the edge of the
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Fig. 4b Matchbox Amplifier

18V}

circuit

board with the tab bolted to a vertical heatsink
possibly the wall of the case if youre using a metal one.

The first thing you'll find on the data sheet, after
the obligatory ‘Hey! Look what this IC (or some
samples of it, anyway) can dof, is a list of absolute
maximum ratings as in Table 1. These aren’tintended
as a guide to operating conditions, they’re more by
way of warning; exceeding these figures may damage
the IC’s health.

To some extent the figures are fairly arbitrary. The
36V rating for absolute maximum supply voltage, for
instance, doesn’t mean that at 35.9V everything is
tickety-boo, but at 36.1V the IC smokes. What it does
mean is that at anything over 36V the strain on the
IC’s insides rises very rapidly and is likely to cause an
unacceptably high failure rate. Some ICs will fail if you
stick exactly to the 36V, some will still fail if you never
exceed 30V but it willbe a darn sight fewer in the later
case. Go up to 40V and you may find that, say, 10%
pop immediately, and a large proportion of the rest
fail within a fairly short time. Some may soldier on for
the usual life of the equipment.

The point is, there isn't really any totally safe level.
It's all a matter of statistics and the reliability level you're
prepared to accept. Having said all that, exceeding
the maximum ratings is asking for trouble and unless
you're prepared to replace a lot of ICs, stay well within
the quoted figures.

The differential voltage rating is, for most
purposes, a technicality. The action of op-amp circuits
is normally to maintain the two inputs at the same
voltage, so unless you're using the IC as a comparator
there's not much chance of the inputs being anything
like 30V apart. It's possible to envisage situations
where this has a chance of occurring: if you were to
feed a very high amplitude signal at a frequency too
high for the feedback circuit to deal with properly, the
inputs just might end up being 30V apart. But you're
not going to do that, are you?

On the next line you see that either input can go
as high as Vs (which means to either supply rail)
without harming the IC. As long as the other input
is within 30V of it, that is.

The next line speaks for itself: if you try to take
more than 3Y2A from the IC the internal limiting
comes into operation and begins to remove drive from
the output transistors. The IC has safe operating area
protection, which means that it tries not to allow
conditions which would lead to overstressing of the
IC. Lest this should give you a false sense of security,
let me say now that it's a good safety measure but by
no means certain to keep the IC from harm no matter
what. Under static conditions you can put just about
any load on the IC, even a short circuit, and it should
be OK. But under dynamic conditions it’s possible for
a situation to arise that the protection circuit can't cope
with — bye bye IC.

ETI OCTOBER 1989

The last two lines give an idea of the maximum
power and temperature the [C can survive. Note that
the 20W figure refers to the dissipation of internally
generated heat, not to how much power it will deliver
if used as, say, an audio amplifier. The 20W figure
could, in fact, be derived from other information: the
absolute maximum junction temperature is 150°C,
the junction case thermal resistance (from Table 2} is
3°C, so for a case temperature of 90° you would
calculate a maximum junction to case temperature
difference of 150290°. The thermal resistance figure
tells you that for each 3° temperature difference, 1W
will pass from junction to case, so with a 60°
temperature difference the dissipation will be

60+3=20W. And there you have it.

Table 2 is a different matter. The figures here are
mostly measured at the recommended operating
condmons 50 you can take them as a guide to how
*to use the IC comfortably within its limits. The first line
is self explanatory: if you use a supply of less than 12V,
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Fig. 6a Power supply for Matchbox amp
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Parameter Test conditions Min | Typ | Max | Unit

Vs Supply voltage +6 [V

ls  Quiescent drain current 40 | 60 | mA

lp  Input bias current s=+18V 02 1 | A

Vos  Input offset voltage +2 [ £10 | mV

los  Input offset current +20 |+200| nA
SR Slew-Rate Gy=10 ’ 8

Go=1 6 s

Vo Output voltage swing f=1kHz lp=0.3A 27 v

h=3A 2% ”

f=10kHz  ,=0.3A 21 ‘

lp=3A 2 "

R Input resistance (pin 1) 100 | 500 KQ

Gy Voltage gain (open loop) i 80 dB

en Input noise voltage 2 wv

iv  Input noise current Bvi0apdes0ia 100 pA

CMR Common mode rejection| Ry<10KQ G, =30dB 70 8’

SVR Supply voltage rejection | Rg=22k%; Vipe=0.5Vems | Gy=10 60 d8

Fippe =100Hz G,=100 40 d8

n  Efficiency f=1kHz Ip=1.6A; P,=5W 70 %

R =40 lp=3A; P,=18W 60 %

Tsg  Thermal shut-down case| Py =12W 110 o
temperature Por=6W 130

CIRCUIT

THEURY

NOTE: Vs =415V, Tj=25°C unless specified.

Table 1 Absolute maximum ratings for L165V

Parameter Max Unit
Vs Supply voltage +18 Vv
V5Vy Upper power transistor Ve 36 Vv
VeV3 Lower power transistor Ve 36 v
Vi Input voltage Vs
Vi Ditferential input voltage £15 v
b Peak output current (internally limited) 35 A
Pt Power dissipation at Tesse=90°C 20
Tsig, T; Storage and junction temperature -401t0 150| °C

Table 2 Electrical Characteristics of L165V

the IC won't perform too well (it won't stop working
altogether — I've had one operating at 9V with
tolerable results — but the results won't be too good).
Usually, the maximum supply voltage in this table is
also the absolute maximum supply voltage. It's more
usual to specify a recommended operating voltage
range and to put the maximum somewhat less than
the absolute maximum to leave a safety margin for
supply spikes and ripples, and so on.

Quiescent drain current comes next. This is just
the current the IC takes to operate its own internal
circuitry when it's not doing any amplifying or
supplying any current to the load. The typical figure
can be ignored: if you reckon up the size of your
heatsink or the capacity of the power supply, or
whatever, on the basis of typical figures, you’ll wish
you hadn’t when you discover that the devices you've
used are all above the ‘typical’

Now the bias and offset section. Once again,
unless you belong to the groundless optimism school
of design, you can ignore the typical figures. Take the
worst case, assume that the actual IC you've got is as
bad as they come and all your surprises will be nice
ones! The bias current is the current supplied from
outside to bias the input circuitry of the op-amp. In
this device it actually flows out of the terminal. It's
useful to know because you can immediately estimate

the voltage drop across the bias resistors: if you're
using resistors of the order of 1MO for instance, they
could drop about 1V each. The significance of the
offset voltages and currents [ delved into with the op-
amps series last year, so go look it up!

Slew rate. This tells you how fast the output
voltage can move if it’s really in a hurry. Suppose you
apply a voltage step to the input. In an ideal world
thered be a corresponding step at the output, but in
a real L165 the output will move at a certain speed
set mainly by the time it takes the output transistors
to get their act together. In the case of a step resulting
ina 10V difference in voltage between input terminals,
the ‘typical slew rate will be 8V per micro-second.
That is, if the output begins by being hard against the
lower supply and has to make it all the way to the
upper supply voltage, it could take 4us to get there.
Interestingly there are no minimum slew rate figures
specified. I'm not sure whether this is because they are
so embarrassingly low, or whether the production
spreads are so wide that the manufacturers don't want
to commit themselves.

The slew rate has a bearing on the large signal
frequency response. Let’s suppose we're trying to
amplify up a 100kHz signal and really wham it out into
the load at maximum voltage. Let’s suppose the
headroom is 27V (from the next line down in the table
it would seem to be a reasonble figure). OK, so we're
going to try our darndest to pump out 100kHz at 27V
p-p into the load.

Justtake a look at Fig. 2 if you've forgotten what
a sine wave looks like. Where it crosses the axis its
moving at one helluva rate, and the higher the
frequency, the higher that rate will be. It'’s a simple
matter to calculate: for a sine wave of amplitude A and
frequency f, the fastest voltage change anywhere on
the wave is 27fA. In this ¢ase, bearing in mind that
the p-p voltage is twice the amplitude, it works out to
be about 8.5V per us. Assuming that the slew rate is
indeed 8V per us, it's not quite going to make it.

Now, look at Fig. 2 again. The second sine wave
is at a lower amplitude but still at the same frequency.
And it doesn't shift quite so fast in voltage as it crosses
the axis. So although the L165 can't quite cope with
the 27V 100kHz wave, it may well manage one of the
same frequency but slightly smalleramplitude. In fact,
we should bet about 2512V maximum at 100kHz,
which is in fact in fairly good agreement with the
published large signal frequency response graph
(Fig. 3), which is quite surprising bearing in mind all
the assumptions I've made! You get the generalidea,
though. The large signal frequency response can be
worse than the small signal one, and can vary with the
load too.

| hardly need comment on the input resistance
and open loop again. Noise voltages and currents I've
had my say about quite recently. Which brings us to
the common mode rejection. Ideally an op-amp
should amplify differences in the voltage between the
two inputs. Any voltage common to both should be
ignored. The common mode rejection figure gives an
indication of how well the IC manages it — there will
always be some amplification of common mode
signals, but the less the better. The figure of 70dB is
quite respectable for an op-amp, although only a
typical figure is given (very naughty) and, more
worrying still, there’s no indication of the frequency
at which the measurement was made. A lot of ICs can
turn in good figures at low frequency, but they're often
pretty dire at any practical audio-type frequency.

Supply voltage rejection is a similar kind of
animal: if ripple or noise appears on the power lines,
the IC should ignore it. These figures tell you how well
it manages it. Once again, a figure for a single
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Fig. 6b Motor speed control circuit

frequency doesn't tell the whole story: at higher
frequencies the rejection can fall off quite dramatically.
Always decouple (my boy) no matter what those
crafty IC manufacturers may tell you.

The efficiency figure essentially gives you an idea
of how much power you can deliver to the load
without overheating the IC. If it's popping out 18W
at an efficiency of 60%, you can reckon on about two
thirds of this figure (12W) for internal heating and
arrange your heatsink accordingly. It also tells you
how much extra coomph the power supply needs over
and above the power delivered to the load. If the IC
is going to get warm, somebody has to supply the
power to heat it! In the 18W output case, it means you
need a minimum of 30VA available from the supply,
once you've added the extra 12W of heat.

The thermal shutdown temperature is once again
something you need to know for choosing a heatsink.
Let’s do a rough calculation for an 18W audio amp.
The IC has to get rid of 12W of heat and since wed
rather not have the thermal shutdown coming on let’s
keep the junction temperature to less than 100°C. At
ajunction to case thermal resistance of 3°C per watt,
the case must be kept to 36° below the junction
temperature — that is, to not more than 64°. Let's
assume quite a high ambient temperature (it's been
hot this summer!) of 28° We need the whole
heatsinking assembly to give a temperature difference
between the IC cases and the surrounding air of not
more than 36°. That is, we want a thermal resistance
for the whole works of not more than 3°C/W.

That rules out any of the small PCB fixing heat
sinks but, even allowing for a mica washer, should be
adoddle for any of the larger heatsinks or areasonable
thickness of case metal. And were being rather
cautious anyway, unless you use your amp to
reproduce maximum power sine waves, the heating
will be very much less.

Circuits

The basic amplifier circuit, straight from the
manufacturer's data, is shown in Fig. 4a. There's not
much more to it than an ordinary op-amp non-
inverting amplifier. R1 and R2 are the usual feedback
resistors, C1 and C2 decouple the supply rails at
higher frequencies than the rejection can cope with,
D1 and D2 prevent the output from going beyond the
supply voltage if an inductive load is connected, R3
and C3 serve to make an inductive load look more
resistive and to smooth out impedance changes, and
LS is the loudspeaker. That's all there is to it.
Figure 4b shows a practical version of the same
circuit — ETI's Matchbox Amplifier from way back in
April 1986. With a 32V supply and four ohm speaker,
it will pump out about 20W and makes an excellent
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bench test amplifier of hi-fi module. And ves, it can
be made to fit in a matchbox if the IC is bent parallel
to the board!

A suitable power supply for the amplifier module
is shown in Fig. 5a. This will allow the full 20W to be
used and will power two modules, but if you're not
interested in going to maximum power just about any
old supply from 12V to 36V (if you want to risk it) will
do. If you use an unregulated supply, bear in mind
when you doyour sums that the smaller transformers
will give a substantially higher voltage than you expect
— perhaps 15 to 20% higher — under lightly loaded
conditions: The output voltage will usually be
specified for full load, and the difference between this
and the lightly loaded voltage will be much greater for
a small transformer than for a large one. Just to
complete the picture, a simple flat response pre-
amplifier is shown in Fig. 5b. Now you've got a
complete audio amplifier. Go for it!

Figures 6a and 6b are both borrowed from the
data book, to give an example of some non-amplifier
applications. There’s an oscillator, not much different
from the standard op-amp one that appears again and
again. This one does have the added sophistication
of a duty cycle control, which works by putting a
different resistance in the charge and discharge paths
of C1.

Then there's a motor speed controller. The idea
is that RV1 provides a voltage to the inverting input
of the IC which slams the output against one or other
of the supply rails. The motor then accelerates smartly,
or shudders to a halt and zips back the other way
depending on what it was doing previously and carries
on accelerating until the tacho output cancels out the
RV1 voltage and everything settles down to a nice,
steady speed. Or so goes the theory. It looks to me
like one of those circuits that works fine on the bench
and oscillates like crazy if you try to do anything useful
with it. Do remember to connect the tacho the right
way around or the motor will go screaming off into
ultrasound!

Although the L165 has been around for some
time, there still doesn't seem to be that many
enthusiast suppliers willing to supply it. To make things
easy we've arranged a little deal with Specialist
Semiconductors: they will supply the IC, with a data
sheet too, at £2.90, which includes postage and VAT.
Their normal all-in price for the IC is £5.40, so this
sounds like a bargain to me! A complete parts set for
the Matchbox Amp module is available from the same
source at £8.40 inclusive. Orders to: Colette Marshall,
Specialist Semiconductors, Founders House,
Redbrook, Monmouth, Gwent NP5 4LU. Tel: (0600)
8715.

Maplin do the L165 as well at a catalogue price
of £3.10. Tel: (0702) 554161.
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SPECIAL PURCHASE

V22 1200 baud modems
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to be by Canon. Brand new and packaged - mint conditionl 40 § others.30-70vdc npuL.Pants alone valuel
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80 column resolution, features which are only normally seen on ] y). ,e(
colour monitors costing 3 times our pricet ﬁl's absolutely ready CHOOSE YOUR 8 INCH! FLASH' y
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Interface etc. " 8
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n EX(':'EL ENT litde use'<'i condition with 1u|§'90 day guarantee. " 7 ONLY 269_00 EACH [E) 5 Converts your colour monitor into a
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20 Black & white monitors by Aztek, Cotron & National, All 12 v g et o amera™S e 8l tYpe A0, os(a) Supplied BRAND NEW with full 1 year guarartee.
solid state, fully cased monitors ideal for all types of AY or CCTV g'yofta 6 volts3 amp/hours € 9.95(A) Telebox ST for composlte video input monitors.........£29.85(8

applications. Standard composite video Inputs with Irtegral g 0.6 voits Centre tapped 1.8 amp hours £ 5.95(a) Telebox STL as ST but with integral speaker...
audio amp and speaker. Soldin goodused condition- fully tested 13 yolts 12 volts 24 amp houvs? A200. RFE. mno&e Telebox RGB for analogue RGB monitors. ..............
with 90 day guarantee. £85.00(F)
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- . ) . ld ey =l | 43
E8807-6 Breath Rate Display Board ol E8907-1 MIDI Patch Bay . y06
E8808-1 Breath Rate Main Board . H E8907-2 Priority Quiz Switch ! . E
E8808-2 Breath Rate Switch Board C  E8907-3 Camera Trigger Infra-reds (2 boards) 16
E8808-3 Telephone Recorder ............................ D E8907-4 Aerial Amplifier main board wy E
E8808-4 Analogue Computer Main Board (2 de) .M E®907-5 Aerial Amplifier power supply ........ E
E8809-1 Spectrum EPROM Emulator ........... .M E8908-1 Intercom master station L
Eggggg ;—‘_requlency Metelr (ZAbdsic e . P E8908-2 Intercom slave station SE
-3 Travellers’ Aerial Amp ... E  E8908-3 Intercom power mixer ... E
E8810-1 Gerrada Marweh Bikebell ....................... E  E8908-4 Digital joystick-to-mouse conversion . .. H
Egg%gz ?«z}ak Pétégéagme Meter (Zde) T T I; E8909-1 Twin Loop Metal Locator o \c
5 -to- onverter ... - E8909-2 Trembler movement detector .. D
E8810-5 Electron RGB Buffer ............................ (@ E8909-3 Field power supply {spec 3) wie
E8811-1 NiCd Charger .................... . ..E  E8909-4 Micro monitors active filter F
E8811-2 Chronoscope (3bds) .......................... 2 E8909-5 Chronoscope auto-reset .. C
E8811-3 Digital Transistor Tester ... G ~.
Eggglz gopplerS&eedGun(Zbds)...‘ g |___——____——————_—__7{_1
E - mall Fry Mini Amp ............. J s
E8812.3 Thermostat ... ... . . . . e |  TO: ETI PCB SERVICE, READERS’ SERVICES, |
Eeed GnoRnBytaFios BB -y =R ARGUS HOUSE, BOUNDARY WAY, |
E - urglar Buster Power/relay Boar ;
E8812-6 Burglar Buster Alarm Board .............. .. C | HEMEL HEMPSTEAD HP2 7ST |
E8812-7 Burglar Buster Bleeper Board ............ L (& Please supply:
E8901-1 EPROM Programmer mother board -M | Quantity Ref. no. Price Code Price Total Price |
E8901-2 Variat-lon updated Main Board H | |
E8901-3 Variat-lon Emitter Board . E |
E8901-4 In-car Power Supply .C | |
E8901-5 Granny's Hearing Booster hiE
E8902-1 Compressor/Limiter/Gate L | I
E8902-2 Ultrasonic Horn .............. .D | |
E8902-3 Stepper Motor Driver Board L
E8902-4 Quest-lon (2bds) . ............... ... K| |
E8903-1 Intelligent Plotter Solenoid Board .. . H |
E8903-2 MIDI Programmer . i | Post and packing £0.75
E8903-3 Balanced Disc Input Stage .. -3 I I
E8903-4 Digitally Tuned Radio ... . ¢
E8904-1 Camera Trigger .. E [ Total enclosed £ |
E8904-3 Intelligent Plotter Main Board o 1 |
E8904-4 Kinetotie Tie Board ... ................ N | Please send my PCBs to: (BLOCK CAPITALS PLEASE)
E8904-5 Kinetotie Control Board . E I |
E8905-1 Guitar Tuner ... ... ... ... H INAINE 1 Cr s aabix e ol 2wk e Wb olaiisin =du) » o Qs. 5w os i = o AEETRRL "
E8905-2 Camera Trigger Ultrasomcs (2 boards) Lo |F | |
E8905-3 Bench Power Supply (2 boards) .............. H ALANCSS T R 3 R e 8 TR A & bl o 4 = wehi R o o6 W e 2 'l ATg T |
E8906-1 PC edge connector > 1 |
E8906-2 MIDI converter CPU . . N | ............... |
E8906.3 MIDI converter keyboard N L e e e |
E8906-4 MIDI converter control M | |
8565 AF Signal genssdtar G | ...................... Postcode . ..................... |
E8906-6 Mini bleeper T . C CHEQUES SHOULD BE MADE PAYABLE TO ASP Ltd
E8906-7 Caravan Boatar contmtan < 1 . G Rl i et S LY Sl s e i) S ), ISR WS PR S
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Andy French takes his
NAND i1s his hand and
NORs his way through
to the simplest
solutions

LOGIC
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LESS LOGIC

ombinational logic is the wonderful
world of AND, NAND, OR and NOR
where Boolean algebra is king.
Whereas sequential logic produces
outputs that are a function of time,
combinational logic outputs are purely a function of
the input values and change immediately the inputs
change. If you get up to enormous speeds, things get
tougher as gate propagation delays get involved, but
otherwise things are eminently easy to handle.

As a result of its relative simplicity, most
enthusiasts adopt an ‘intuitive’ attitude to design,
building up gate by gate. The outcome of such cob-
bling will rarely be the optimum or cheapest solution
to a problem. Here we will look at the techniques that
can check a circuit’s operation and minimise the num-
ber of gates used.

Boolean Algebra

Don't worry! Boolean algebra is really no more difficult
than ordinary arithmetic, although as with ordinary
arithmetic there are a few symbols to be learned first
— four of them to be exact.

These symbols are best described in terms of the
logic gates that they represent, as shown in Fig. 1.
There is nothing magical about the symbols used, they
are just a convenient form of logical shorthand.

In a digital logic system there are only two valid
states, high or low voltage. We choose to represent
these two states with a 1 or a O respectively.

Now looking at the truth tables of Fig. 1 you will
see that there are columns on either side of a vertical
dividing line. Those on the left represent the input
information and those on the right the outputs. So for
the OR gate you will see that the output is low when
both inputs are low, and high when either input A or
Bis high. The OR function is exactly the same as the
ordinary English language or, and is sometimes called
‘inclusive’ OR.

The other type of OR is the ‘exclusive’ OR, often
abbreviated to XOR. With this, the output is high when
either input goes high but you exclude the case where
they are both high. Because of this, the XOR gate is

often used as a comparator to test if two inputs are the
same.

Boolean expressions can represent only one of
two values — TRUE or FALSE — so don't confuse
the symbols with those used in ordinary arithmetic.
ltis convenient to write the Boolean valuesas 1 or 0,
representing logic high (true) and logic low (false)
respectively, giving the familiar truth tables of Fig.1.
Using our Boolean signs with variables A, B and so
on, we can write equations to represent digital logic
systems.

For example, the circuit of Fig.2 can be described
by the equation:

Q = AB + CD.

Note that it is common to omit the AND dot, just
as the multiplication dot is often omitted from ordinary
arithmetic. Note also that the Boolean operators have
a strict order of priority, so all NOT functions should
be interpreted first, followed by AND and finally OR
and XOR (equal priority).

So, is AB+C the same as A.(B+C)? Noitisn't.
If in doubt, use brackets — purists may raise their
noses but at least your equations will be correct.

It’'s The Law

So we can now express logic systems in terms of
Boolean equations. This is where the clever bits come
in. Using the list of laws in Table 1, equations can be
reduced to use less Boolean signs (which implies less
gates, less space, lower power consumption, less cost
and so on).

It should be noted that the laws are not all
independent — some are implied by or may be
derived from others. The laws in the right column are
said to be the ‘duals’ of those on the left and may be
obtained by replacing 1 with 0, Owith 1 and + with ..

Communication Law A+B=B+A AB=BA }
Identity Law A+0=A Al=A l
Idempotency Law  A+A=A AA=A |
Inverse Law A+A=1 AA=0

Universal Bounds ~ A+1=1 A0=0

Associative Law  A+(B+C)=(A+B)+C ABC)=(ABIC
Absorption Law A+{A+B)=A AlAB}=A
Distributive Law ~ A+({B+C}=(A+B)+(A+C) ABC)=(AB).[AC)
De Morgan's Law  [A+B]=A.8 ABI=A+B
Involution Law A=A

Negation Law 0=1 1=0

Table 1 Boolean laws

Most of the laws are quite obvious and easy to
prove. De Morgan’s law is less so but is a very useful
law to know and it is worth working through the truth
tables as shown in Fig.3.
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INPUT | __ _ | _ _ ——
A B |AB| AB A+B ! ATB
0 0 1 1 1 I 0 ] 1 r
o 110 o | 1 | O
1001, 0 1 0
1 1/00 o0 1 | 0
i — ==
lRP%T A B A+B A.B AB
00 11 1 0] 1
0o 1 11 1 0 1
10 01 1 0 1
1 1 00 0 1 0]
Fig.3 Truth table proof of de Morgan's law

The best way to become familiar with these laws
and manipulating Boolean algebra is to practise. A
sound understanding here will help you understand
what is going on later.

Try following my example simplification in Table
2. 1f you think you can understand how | obtained the
result, then try covering up my working and deriving
it for yourself.

As you can see, the end result is far less complex,
and is in fact just the exclusive OR function. You can
prove it by drawing the truth table.

Getting On The Map

Boolean algebra is fine for proving the validity of a
solution system but it is not very practical as a method
of reducing logic systems. For a start, as the number
of variables (inputs) increases, it becomes more and
more likely that that an error will be made. Also, how
do we know when we have got the simplest solution
and can stop seeking further reductions?

Karnaugh mapping is an ingenious technique
which takes the hard work (and algebra!) out of
simplification. The Karnaugh map is a pictorial
representation of the Boolean equation, similar to a
truth table. The empty grids for two, three or four
variables are shown in Fig.4.

For each square or ‘cell’ of the map, the required
result with that particular set of inputs is inserted. This
is made easier if a truth table is drawn first. (Beware
of transposing the inputs when you fill in the map, a
common error with disastrous consequences').

AB

0 1 c 00 01 mnm 10

TWO VARIABLES THREE VARIABLES

AB
co\ 00 01 11 10

00

01

11

10 Fig.4 Empty

Karnaugh Map

FOUR VARIABLES grids
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Now that you've got your nice two dimensional
map, you should think of it as a three dimensional
surface! All this really means is that the right most
caolumn should be thought of as being next to the left
most column. Likewise, the top row is next to the
bottom row. This ‘edgewise adjacency’ isimportant to
remember.

Now groups of cells can begin to be made into
clusters. Where ever there is a group of 1s together,
they should be circled in groups of one, two, four or
eight (powers of two). The idea is to circle all of the
ones into the largest groups possible. The example in
Fig.5 should clarify this.

The actual minimisation has now been per
formed and all that remains is to form the resultant
Boolean equation for the Karnaugh map. Each of the
groups of circled ones can be represented as an AND
term, which are ORed together to give the function
In the four variable examples of Fig.5, the circled
group in the top row has the variable values B=1,
C=0,D=0, and A can be either. The AND term for
this group is therefore BCD.

l

Q=ABA ABB
By de Morgan's Law Q=ABA +ABB
Nowexpandthebrackets Q= AA +AB + AB + BB

And finally cancelling the
redundant terms using _ =
the Inverse Law gives Q=AB +AB ]

Table 2 Example of de Morgans calculations.

AB ]
CD 00 01 11 10

00| 0 ED 0
01} o m oo
11| 0 U 0|0
10 :) o| 0 (1

Q = BCD + ABD + BCD

Fig.5 Demonstration of Karnaugh grouping

In some applications, ‘don’t care’ values occur
where the circuit specifications dictate that either a
particular set of input values cannot occur, or the
output state is irrelevant. An example of thisisa BCD
to 7-segment display decoder. Input values above
nine are illegal and so the output is meaningless.
When ‘don’t care’ values arise, a ‘d’ is initially inserted
into the appropriate cell of the Karnaugh map. As the
1s are grouped, it will become desirable to change this
to either a one or a zero, whichever produces the least
number of groups.

Also it sometimes happens that there are many
more ones than zeros in a Karnaugh map. If the zeros
are then grouped instead of the ones, the resulting
function will often be much simpler. Because the zeros
are grouped, the resulting function will be the
complement of the required function. An inverter will
be required at the output to obtain the valid function.

It is advisable, initially at least, to draw a truth
table of the simplified function and compare it with
the original to check the validity. A few moments
longer with pencil and paper can save hours with a
logic probe. Finally, note that the Karnaugh mapping
technique minimises the number of gates used in a
design, but that gates are usually packaged with
several others on a single chip. Therefore, unless
designing custom chips, the resulting design may
leave redundant gates. These gates can be put to good
use in reducing the chip count as we will see later.

JII0T
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The Quine-McCluskey Method

The Karnaugh map is a simple and powerful method
of reduction which should be adequate for the needs
of most hobbyists. However, as the number of input
variables increases the size of the Karnaugh map
increases rapidly making the chances of errors
occurring also increase. For those of you planning to
build your own microprocessors from discrete TTL,
there is another method.

The Quine-McCluskey method is a tabular
technique based upon the inverse laws. It is
methodical, but tedious and error prone and so makes
ideal computer fodder. Describing the process is, as
with many things in life, more difficult than. actually
performing it, but once understood you will have a
very powerful design tool so here we go. .

ABCD | Q 00000v 00-0Ov -0-0
10010¢ -000 -01-
0000 | 1 R
L 1 0001 |0 1000v 001-v --10
1 0010 | 1 20011v 0-10V
| 0011 | 1 0101 10-0¢v 1--0
o0 |0 0110¢ 1-00¢ 1-1-
L] 0101 111 1010v 011 11--
A IET 1| 11007 101-v
.| om o 310117 -101
| | 1000 |1 1101V 110-v
1001 | 0 110 110
101€ | d 411117 1-10V
101 | d .5
© 1 1100 | d S
101 | d It
110 | d 1.4
M | d 1.4

Q=BCD +BCD+BCD +BCD +BD +BC +CD +AD
+AC+AB

| Fig.6 Tabular example of the Quine-McClusky

| method

First of all, draw up a truth table for the function
you wish to simplify. Pick out all of the input
combinations that result in either a 1 or a don't care
at the output and sort them into groups according to
the number of 1s they contain. Write these in a vertical
list such that any combinations with no 1s go into
group zero, those with one 1 go into group one and
so on. Each group should be labelled and separated
from each other by horizontal dividing lines as in Fig.6.
Don’t worry if any group has no entries — just leave
it blank.

Now for every entry in each group compare it
with all of the entries in the group immediately below.
If any pair of entries differ by just one digit then they
are combinable. The terms are combined by replacing
the differing digit by a dash, so that 0010 and 0110
would be combined as 0—10.

Anew column is made for the combined terms,
again in groups according to the number of ones. As
the two terms are combined a tick is made nextto their
entries in the original list. If two identical entries arise
in the new column then one of them may be crossed
out.

In a similar way the second column entries are
now compared with each other, but remember that
the dashes must be in the same place if the entries are
to be combinable. Make a third column of combined
entries and tick those that were combined.

Continue this procedure creating new columns

[

0000 0010 0011 0%1 0110 1000
¥

= T 1
BCD| X | | X
_ T —
BCD X
(- & il
, seo| ]

= ¥ 1
el E .y .

iyl (N 1 —1
BD| X X |

BC x | x|

cd x L [ X _1
AD ! ~1 x |
{ 4 = = _ |

AL l r

4

AB. :
| . ! i or L1 |

BCD

0010 0011 0110 1
T 1
BCD

1 + m——
i | X
BCD ]%T
'I_B_D—_K )
ge| T [ x| 1

cD

x

I I

a8 | | |

0410 odh1 0110
BCD Lk 'L
Bcﬁ_ | x |
'st |
| | x|

{c

oo
BCD
* cD

Fig.7 Reducing the prime implicants

until either only one group exists in a column or none
of the terms are combinable. Now for all of the entries
that have not been ticked a Boolean term must be
formed. This is done in much the same way as it is
with the Karnaugh map, but a dash means the term
is missing. 01-0 would therefore become ABD.

The Boolean expressions so obtained are called
prime implicants and some may be redundant terms.
To obtain the fully minimised ‘irredundant polynomial
we use diagrams known as prime implicant tables
which enable us to find and eliminate the redundant
terms.

These tables (see Fig. 7) are square grids with a
horizontal line for each of the prime implicants and
a vertical line for each input combination that is
required to generate a 1 at the output (taken from the
original truth table — do not include the ‘don’t care’
combinations}.

Go through the table row by row and at each
intersection of a row and column, check if the input
combination is covered by the associated horizontal
Boolean term. Hf itis, then mark the intersection with
a cross (Fig. 7a).

The bottom two rows have no crosses, so we can
delete them as redundant.

Now select a column with just one cross (if there
aren’t any then move on to the next stage). The prime
implicant associated with that cross is said to be
essential and will appear in the final minimised
irredundant polynominal, so mark it with an asterisk.

You can delete the column with the cross (Fig.
7b) plus any other columns that have a cross in the
row belonging to that essential prime implicant (there
are none of these in our example).

Repeat this procedure for any other columns
with a single cross. It is not necessary to redraw at
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every alteration unless you feel the table is too messy
for reliable interpretation.

The next stage is to take the row with the most
crosses, mark this with an asterisk as an essential, and
delete all the columns implicated by the crosses (all
these input combinations are covered by this binary
expression).

Note in our example we could have picked
several rows — it doesn’t matter. As a rule pick the
simplest Boolean expression first. Note also that
picking BD leads to the deletion of the left and
right columns. This leaves two rows without any
crosses — BCD and AD. These rows can also be
dumped, leading to Fig. 7c.

Here we repeat the procedure, picking this time
BC, taking out the left two columns, emptying the top
row also, giving Fig. 7d. We choose the simpler term
and empty the table, completing the analysis.

Collecting up the prime implicants we have
asterisked as essential gives us the simplified result:

Q=BCD+BD+BC+CD

Checking this with a truth table proves that the
result is correct.

Having explained the process it is worth
mentioning the property of domination, particularly
useful if you intend to program a computer with
limited memory to perform the process. A row is said
to be dominated by another if all of its crosses are
duplicated in another single row. Likewise, a column
is said to be dominated if all of its crosses are
duplicated in another single column. If a row or
column is dominated then it may be crossed out
immediately. This can reduce computer array sizes,
making computation much faster.

I

TO MULTIPLE
INPUTS
FROM
DRIVING O——¢ - -
ouTPUT

NAND/NOR LOGIC ‘

Fig.8 Buffering to avoid fan-out problems

the resulting Boolean expression. Next, redraw it
replacing all of the AND and OR gates with their
NAND equivalents. Wherever two inverters are
immediately in series they may be cancelled.
Redrawing again omitting the cancelled gates will give
the final circuit.

Doing It Discretely

Other tricks can also reduce the number of packages.
These days most people leap to ICs when it comes
to logic, but discrete component logic gates can also
be useful. For instance, inverters generally come in six
packs but Sod’s law states that the number required
for any design is a multiple of six plus one left over.
A common emitter stage (Fig. 10a) can be employed
to good effect as an inverter, though the savings will
probably be in space only since the cost of a 7404 is
roughly the same as that of a transistor and the two
resistors.

JII0T
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Fig.9 Making any gate from (a) NAND gates and (b) NOR gates

Real Gates

It should be noted that all of the above methods of
logic design assume that we are using ideal gates. In
practise there is a limited fan out. When assingle gate
is trying to drive too many other gates, the excessive
load pulls the output voltage towards ground and into
the illegal range between logic high and logic low.
Most logic probes will not be able to diagnose the
problem correctly and extensive voltage checks with
a high impedance voltmeter, or better still an
oscilloscope, will be required.

It is better not to try driving too many more inputs
than the manufacturers recommend. Instead use a
buffer stage consisting of two inverters to drive half of
the inputs, as shown in Fig. 8. Of course, other gates
could be used in place of the inverters, depending on
what are left over from the main design. Waste not,
want not!

Waste Not, Want Not

Using the ‘left-over’ gates to implement different types
of gates to be used in the main circuit can result in a
dramatic reduction in the number of packages
required for a circuit. Any logic system can be
implemented using NAND or NOR gates alone. All
of the common combinational logic elements are
shown in Fig. 9 and could easily be extended to
provide more inputs if required.

To implement a function using NAND logic, first
reduce it using either a Karnaugh map or the Quine
McCluskey method, then draw a circuit diagram for
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Need a multiple input AND gate? A fist full of

diodes (Fig. 10b) can be cheaper than using many | (
integrated AND gates in cascade and they don’t draw
any power. OR gates can be constructed in a similar
manner (Fig.10c). One caution though, the passive
gates should be used to drive active ones or else the
logic levels will sink into the illegal region. Also, use
diodes with a fairly low forward voltage drop such as
common or garden 1N4148s, definitely not rectifier
diodes as these tend to have forward voltage drops
in excess of 1V and will almost certainly cause
problems. Diode gates were used quite extensively in
days gone by when logic ICs were still very expensive,
but the two-a-penny cost of TTL and CMOS logic
today makes the financial savings less of a
consideration except in very high fan-in applications.

An even cheaper AND gate can be constructed
if you're using open collector gates. It only requires
a single resistor, you just connect all of the inputs
together and connect them to the output, using the

e.g. BC107

+VE
A
resistor to pull the output up to the positive supply rail gm

— phantom AND gates (Fig. 10d). Don't try this with ®
ordinary totem pole output gates or else the circuit’s a r
life will be short if not spectacular! | ok AT

So to sum up this article, although standard
procedures can help you achieve a correctly working |

logic circuit, a little extra time spent trying to achieve el (d}

tl'}e bgst possible ut?lisatiqn of the available gates can Fig. 10 Discrete gates
give rise to dramatic savings. (a) inverter (b) AND

m {c) OR (d} multiple AND
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TESTING TESTING

1: THE BASICS

n this series | will be describing electronics test

gear and how it is used, together with any

pitfalls or special techniques for getting reliable

results. Far too frequently the assumption is

made (even by highly trained specialists and
research workers) that all their equipment is 100%
accurate, reliable and transparent to their experimental
data. WRONG!

The first, second . . . and last point to note is that
no test gear is infallible. If there were letters gleaming
gold twenty feet high on the front, this could not be
emphasised enough. It is not sufficient to be able to
take readings when using instruments, you must know
how to interpret the readings. Time and time again
we will come across situations where the test gear con-
tributes to an error in your results and it is vital to be
able either to quantify the error or to find a way of
cancelling it out.

The generic name for experiment-induced error
is artefact. This term will crop up with boring regularity
as we proceed to discuss measurement techniques.
However [ don't mean to put you off — artefact can
be cancelled out very successfully using a wide variety
of techniques. Most of them are tricks of the trade
which you won't find in the majority of textbooks,
which are biased towards theoretical principles. The

|

9 ([

]

Fig. 1 Car mechanics lamp probe

general assumption in theoretical work (in order to
simplify problems) is that components are perfect and
test gear transparent. This is right and proper when
you are learning background theory for exams and
so on, but in the real world things are never quite that
neat.

Defining Terms

Before we start, there are two or three terms we must
define: resolution, accuracy and precision. These all
relate to sources of error inherent in even the very best
instruments.

Resolution is the number of divisions on your scale.
It is normally expressed as a percentage: 100 marks
between zero and maximum equals 1% resolution.
Good resolution has nothing inherently to do with
high accuracy or high precision.

Accuracy amounts to how much of the resolution you
can ignore: if your needle wobbles a total distance
equal to two divisions at 1% resolution then it is
accurate to 2%, more normally expressed as +1%.
Precision is a measure of how reliably your instrument
reading accords with the truth. If your meter reads
99mV when the input voltage is 100mV, its precision
is —1%, so long as it always reads 99mV. Precision
is the least troublesome of the three sources of error
in instrumentation — so long as it is constant and not
grossly deficient.

You will commonly find these terms used at
random in mail order adverts: the most common
being the use of accuracy where resolution should be
used. This tends to make very ordinary gear sound
more attractive, so watch out!

Common among cheap and bad instruments
(not always the same thing!) is variability of any or all
of these parameters with age, temperature and other
outside influences. You are lost if the variation is
significant, as your results will always be unpredictable.

—

Fig. 2 Back to back LED probe

Maplin’s range of multimeters
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Thus, rule one: never assume new test gear is
good. Check it! Neither should you assume that
borrowed test gear is good — even if the guy you
borrowed it from tells you so, even if he is an incredibly
experienced engineer. He is most probably just used
to its idiosyncrasies and automatically compensates
for them mentally. Thisis one of the tricks | am going
to show you.

Nothing For Nothing

Step two in understanding test gear artefact is the
fundamental principle that you get nothing for
nothing. Detection of signals is detection of energy,
and you can only detect energy by stealing a bit of it.
The amount you steal and how you steal it determines
whether you significantly alter the signal you are
testing or not.

Remember that every time you apply a test
probe, even a non-contact probe like a compass
needle beside a wire carrying a current, you draw a
bit of energy from the thing you are investigating.

Let us take a very crude example (perfectly
realistic though!) to demonstrate how things can go
wrong. The gear in question is the automotive
engineers’ test prod. This consists of a 12V lamp
(about 2W or 180mA consumption) connected to a
pair of flying leads (Fig. 1). ltis used to test for open
circuits and live terminals among the guts of your car:
you connect one lead to either the battery positive or
negative and then the lamp lights when the other lead
contacts a point of opposite potential. The mechanic
is very happy because his test probe is reliable, robust
and simple to use.

Now you come home to find that your computer
wont talk to your modem and you can'’t get onto your
favourite bulletin board service. OK, whip round to
your friendly mechanic and borrow his test probe.
After all, you have a hazy memory (head, not micro!)
that RS232 works at 12V. You disconnect your
modem cable, connect one lead of the test probe to

' Fig. 3 Zener/LED probe

a good ground point and probe around the RS$232
connector with the other. Nothing . . . nothing . . .
nothing at all! You are convinced your R$232 port has
blown up and you go out and spend lots of hard
earned loot on a new one. However . . .

The real problem lay with your choice of test
gear. It's perfectly true that RS232 works at 12V
(+/—12V nominal to be precise), but any output can
only supply about 50mA and still remain at +12V or
~12V. Drawing any more current than this causes the
output voltage to fall towards OV. By the time the
outputis trying to cope with the 12V lamp (about 30R
cold thus a little over 300mA) its voltage is very low
indeed and the output is just incapable of lighting the
lamp.

This does not mean that current is not flowing:
just that you can’t detect it. Fortunately, although you
have not done any good, you have done no harm
either (this time). RS232 outputs are designed to with-
stand continuous short circuit. Now, if you had tested
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your hard disk controller in this way, you would have
finished up with a bit of smoke and a very big bill
indeed.

What does this silly example tell us? Quite simple:
when you take your measurements, you must take
out much less energy than is in the system. Quite apart
from any consideration of damage, a 10% drain into
your test gear will produce at best a 10% error in your
reading (probably more). It is normally considered
reasonable to draw not more than a thousandth
(10-3) of the power in the circuit under test. As most
affordable general purpose test gear resolves to about
1%, you are always one order less intrusive than you
will notice. In special cases this criterion can be
tightened. In many modern instruments, tested signal
drain {probe current) is vastly less due to advances in
technology.

Your next step is to give the lamp back to your
mechanic and look for a more suitable test probe. You
can cheat a little, because I have just told you that
RS232 works at +12V and can deliver about 50mA
without problems. Yes — an LED! I you substitute an
LED for the lamp, you just might be on the right lines.
An LED will light up at a current of 5-25mA
depending on the flavour: lime and lemon mostly
need more current for a given brightness than cherry.
50mA will blow most of them up, so a series resistor
will be needed (say 1k0) which will pass about 10mA.

A refinement would be a second LED back to
back with the first (Fig.2) as LEDs are diodes (they
only conduct one way round). This would indicate
whether the RS232 line was high (LED1 on), low
(LEDZ2 on) or dead (neither on). Thisis in fact the basis
of the majority of cheap (here | mean overpriced)
RS232 testers. Well done! However . . .

The functional RS232 tester we have just
developed has a major limitation. It only registers top-
notch signals as it is a representative RS232 load. A
good output (insufficient voltage swing, low current
or a host of other faults) just registers as dead. You can
go further: in order to establish what is wrong in more
detail, we must think up something a little more
sophisticated!

A first line of attack could be to design a monitor
which shows at least approximately the voltage swing
of the RS232. An obvious solution would be a set of
zener diodes (defined reverse breakdown
characteristic) and a set of LEDs (Fig.3). This circuit
has just one minor problem. It doesn’t work.

The zener diodes are fine — not very accurate,
but fine. What screws up the performance is the LEDs.
An LED has a threshold voltage {minimum for con-
duction and light output) called Vt of about 1.2 to
more than 1.7V, depending again on the type (this
is a very variable value from device-to-device). The
Vit of each LED would have to be added to the zener
voltage, and each pair would need individual testing
and tuning. Also, even if you got this right, the higher
the RS232 voltage the more LEDs are on, so the
higher the current drawn from the circuit under test,
the greater the voltage drop at the point under test (the
old problem again).

A much better solution (it actually works) is
shown in Fig.4. Here, the zener diodes drive transistors
which carry the LED current when they are in
conduction. Only half the circuit (the positive-going
detector) using npn transistors is shown for simplicity
but obviously a similar circuit using pnp devices
(conducts when base negative) would be included for
testing RS232. This test probe will show not only
whether the RS232 is functioning but also how good
its voltage swing is, with limited precision.
Furthermore, the probe draws less than 1/100th of
the power from the circuit under test compared with
the simple LED of Fig.2.

dVdd L5dl
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This is about as far as you can go with simple
probes with lights on. Mostly people build probes
themselves, but the next step in test gear is the meter
(multimeter, DVM, DMM and so on). These, you buy.
There are two main categories: the analogue and the
digital. It is a common idea that since the invention
of the digital meter, the analogue meter is dead and
useless. This is not so. Each has its uses, and the
experienced electronics engineer usually has a couple
of each to hand.

The Analogue Solutions

In the old days, before the advent of cheap A to D
converters (the guts of the DVM), people used moving
coil and moving iron ammeters and voltmeters and
valve voltmeters. Clever engineers still use them
sometimes.

They all work on the principle of electro-
magnetic attraction and repulsion between a coil of
wire and a piece of magnetised iron against the
restoring force of a small spring: in some the coil, and
in others an iron armature, moves. Over the years, a
considerable level of sophistication has been reached

in their design and they are remarkably accurate under
the right conditions.

Firstly, let us look at the difference between an
ammeter (Fig. 5a) and a voltmeter (Fig. 5b). The
ammeter measures current passing through it and so
does the voltmeter. The only difference is that the
voltmeter has a very precise known resistor in series
with it, and its scale is calibrated in terms of the voltage
required to pass specified currents though it. The
resistance of the ammeter has to be negligible in
comparison with the circuit it is connected in series
with (see Fig. 5¢) and the resistance of the voltmeter
plus its resistor must be very high compared with the
circuit it is connected across (Fig. 5d).

Both these requirements fulfil the rule we have
just learned — take as little energy from the system
as you can. The ammeter in series with the circuit
dissipates energy proportionally to its resistance, and
the voltmeter in parallel with the circuit, in inverse
proportion, to its resistance.

Moving coil ammeters are sold as 0-5A,
50-0-50mA and so on but in most cases, the actual
coil in the meter has quite a high resistance and a
significant needle deflection is caused by quite a small
current passing through it. The range selection is
accomplished by adding a substantial wattage resistor
in parallel with the meter coil (Fig. 5e). If the coil
resistance is N ohms, and the resistor has a value of
0.11N ohms (N/9), the current range of the ammeter

will be multiplied by 10. The advantage of this
approach isthat it is much easier to produce a reliably
sensitive delicate mechanism than one chunky
enough to carry the whole current you are measuring
once you get above about 100mA or so. The best
ammeter movements have full scale ranges in the
region of 50-100uA.

Moving coil volt meters are classified in terms of
the current they draw in ohms-per-volt. This is a
measure of the total resistance of the meter and its
series resistor in terms of the full scale deflection of the
meter. Thus a typical value of 20,000 R/V (a good
quality general purpose voltmeter) would have a total
resistance of 20k for a 1V range, 200k for a 10V range
and so on. The current drawn by the meter will vary
over its range with the applied (measured) voltage but
this specification assures us that the maximum current
which can be drawn from the circuit under test is
50uA.

Simple moving coil meters have one drawback
— you can only use them to obtain sensible readings
of DC systems. If you apply AC, the needle will jitter
about, changing direction with the AC polarity, and
you may shake the movement to pieces. There are
solutions using additional external components (more
later) but for general purpose chunky AC signals
(power supply monitoring and so on) the moving iron
movement is most suitable.

This consists of a fixed electromagnet formed of
the coil wound on an iron core and an armature made
from magnetisable material (carbon-free iron) which
does not retain its magnetism well. This, like the
keeper on a toy magnet, is attracted to the
electromagnet in proportion to the strength of the
field, but it does not care about the polarity of the fields
the armature has no north or south pole. Even in the
presence of an AC magnetic field, the armature will
be attracted in proportion to the field strength.

This has an interesting spinoff. In the presence
of an AC field, the moving iron voltmeter will tend to
display the AC RMS voltage (a measure of the average
power capability) rather than the peak-to-peak swing
of the AC. For a sine wave, RMS is about 0.7 times
the peak voltage and is actually a more useful
parameter in many cases. [t amounts to the theoretical
DC potential you would get if you integrated the AC
via a lossless full wave rectifier.

Moving iron meters are, however, rather crude.
They are much less linear than moving coil meters,
and are remarkably insensitive. In order to improve
measurement at low AC signal levels, the valve
voltmeter was invented. Thisis what we shall start by
examining next month, in the second part of this
series.
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PHONE
0474 560521
FAX
0474 333762

P. M. COMPONENTS LTD

SELECTRON HOUSE, SPRINGHEAD ENTERPRISE PARK
SPRINGHEAD ROAD, GRAVESEND, KENT DA11 8HD

TELEX
966371
TOS—PM

A selection from our stock of branded valves

VALVES

BRIMAR — COSSOR — FEPAND — GEC
— HIVAC — MAZDA — MULLARDS — RCA —
SIEMANS — SELECTRON — TEONEX — ETC

Over 3 million valves available from stock. Please
phone for a competitive quote.

We offer: specially selected pre amp valves; a wide
range of matched power valves; high quality CV
and ruggedised valves; transmitting, receiving,
industrial and rare vintage wireless valves and
sockets.

We also offer: Semiconductors; Video Heads and
Belts; Integrated Circuits;n Diodes; Industrial
Cathode Ray Tubes.

How to buy: You may phone our sales desk 0474
560521 (24 hour answering service) and order by
credit card or send your order with cheque/postal
order and we will despatch all ex stock items the
same day.

UK orders p&p £1.00 per order.
Please add 15% VAT to prices shown.
Export orders welcome, carriage at cost.

2A3

5R4GY
5U4G

6CA7

6CG7
6CW4

60J8
60K6
6EJ7
6FQ7
6GK6

6JB6A
6JS6C

6KD6
6L6G
6LQ6

6SN7GT

6UBA

6Y6GT

6X4

12AT7
12AT7TWA
12AU7
12AX7
12AXTWA
12AY7
12BH7A
12BY7A

12E1
N

18.50
25.00
25.00
3.25
0.95
1.75
6.95
0.95
0.75
4.50
4.50
500
9.00
15.00
15.00
7.00
795
5.50
6.50
1.25
4.95
45.00
QQvo310 550
QQv03.20 25.00
QQV06.40A 27.50
u19 9.50
UCH#1 2.50
uLs4 1.95
VR15030  2.50
2759 15.00

16.50 5728 59.00 m9 9.00 EF8048
4.95 805 59.00 7247 8.50 EFB05S
4.50 8N 15.00 7551 8.50 EF806S
3.50 812A 35.00 7581A 1.95 EL34
4.50 813 2750 7586 15.00 ELB4
8.50 845 59.50 7587 19.50 EL86
1.35 8724 20.00 7591A 8.95 EL519
1.50 5636 5.50 7868 8.50 EY88
0.85 5642 9.50 8417 8.95 EZ80
4.50 5751 2.95 E81CC 5.50 GZ32
395 5814A 3.25 £82CC 4.50 GZ34
9.50 5842 11.00 E83CC 4.50
9.50 5881 9.95 E88CC 350

10.50 5899 4.50 EBBCCO1  6.95
3.50 5963 175 E182CC 9.00
9.50 5965 2.15 E188CC 7.50
195 6057 375 EC8010  12.00
1.50 6136 2.50 ECC81 1.50
2.50 61468 9.50 ECC82 0.85
1.50 6189 4.50 ECC83 0.95
1.50 6201 6.45 ECC83SP 350
2.50 6267 5.00 ECCB01S  6.95
0.85 4.50 ECCB02S  6.95
0.95 8.95 ECCB03S  6.95
2.50 13.95 ECF82 1.50
395 11.50 ECF804 650
495 9.95 ECF805  2.50
3.50 8.95 ECL82 1.00

19.50 2.50 ECL86 1.50

25.00 10.00 EF86 2.50

c

PPV TP

$ AND THERE’S MORE .

4
4

TOP QUALITY M SAGE A HIGHEST POSSIBLE
AUDIOPHILE NEW FRO SAG UDIO TECHNICAL
COMPONENTS ( 100W 10 5nnw) PERFORMANCE
50V 10 £75V

THE MOST ADVANCED HI-Ft AMP IN THE WORLD
Following the success of the original SUPERMOS we now launch a higher powered
version with many new exclusive sound improvements not available on any other
amplifier, kit, board, module, or ready made.

FEATURES:-

o Highly efficient distortionless PURE CLASS A
throughout {low heat generation)

o Top audiophiie components inc. best SMD's.

@ Exclusively made matched custom semiconductors.

¢ Minimal capacitor design (without DC servos).

® PSU sound colouration eliminated. ]

® Advanced PSU feedforward ripple elimination including
internally separately regulated voitage AND current to
ALL stages using SAGE Super-Supply circuitry.

o Total reactance (difficult speaker) drive capable.

SIZE 240 x 100 ®» 100mm

THD 0.0001%, Slewrate 685v/us, {-3dB 0.5Hz-350kHz, O/P Current 80amps,
Damping factor 940, transient power (2o0hms) up to 1800W max.

b PLUS By innovative technical design we have eliminated 5 individual sound colouration components
p found in all other conventional amplifiers.

sy ELIMINATED 1) Emitter resistors 2) Zobel networks 3} HF pole compensation 4) Fixed bias
b Vbe multiplier and temp gen distortions 5) Capacitor sound.

P AND THERES MORE . .. Sage exclusive CLEAN CLIPPING (not to be confused with soft
clipping} eliminates PSU ripple from reaching the output even when severely clipped, this together with
 individual regulated supplies to all stages {Super-supplies) TOTALLY eliminates PSU component sound
b colourations, {A World first!)

} Supermos £70, Supermosi £85, Supermos2 £140 each

. We can't possibly describe this amp fully in this ad. To receive
p an 8 page glossy brochure describing these modules inc description of our class A operation and all our products
D send £1.50 cheque, PO, coins plus a 9" x 12" 28p SAE (note we no longer send information without the above
y money and SAE or 6IRC's overseas) to:

Access L_ — _J

BINDERS

FOR YOUR VALUABLE COLLECTION

Please supply

Binders £6.20 inc. P&P
Total £
Years Required:

(Please make cheques payable to ASP
198

[m lﬂﬁ!l

i Please allow 21 days for delivery.

Y
1
’

OF ELECTRONICS TODAY oy
INTERNATIONAL MAGAZINES " £6.20
*SMART -EASY TO USE ' TOP QUALITY inc.

To ASP Readers Services, PP
Argus House, Boundary Way, ‘~ y
Hemel Hempstead HP2 7ST (0442 66551) am? |

Electronic Today International 1

BRIAN PRICE — BOHM ORGAN STUDIOS
389 ASPLEY LANE, NOTTINGHAM NG8 5RR _ Telephone/Fax: 0602-296311

32 years’ expenence in high quality Organ and Keyboard design bemnd every BOHM
product.  Equipment for Home and Professional use.

» Latest from BOHM

# Portable or Spinet

# 49 note keyboards. Touch Sensitive

» 16 Bit Sampled voices

# Stereo Sounds

* 22 Sampled Rhythm Instruments

# 16 Live Rhythms, Fills, Intros, Breaks & Endings

» Tempo Readout

#* User Programmable voices, Rhythms &
Accompaniments

» Soundcard Programming

# 15000 note Sequencer

» Fuil MIDIINVOUT/THRU

* 160w Stereo HI-FI Amplifier

BOHM MUSICA FUTURA 520 Kit form Price £2230 inc. Stool. Built Price £2563
BOHM DOUBLE KEY 520(P) Kit form Price £2069 inc. Stool. Built Price £2275
Loudspeakers extra for Double Key 2xB100 £474.00 100 watts if required.

]

Supplied in Kit form or Built by:
THE BOHM SPECIALISTS

Part Exchange welcome. Please write or phone for full illustrated literature and price list
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Fig. 2 Operating arrangement for the intruderbeam

Fig. 3 Component overlay for the
circular transmitter PCB N
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Fig. 4 Component overlay for the
circular receiver PCB

Felons should think
twice before crossing the
path of Geoff Phillips, thanks
to his active infra-red alert system

4.4

n these days of high crime figures a burglar
alarm for the home is a sound investment.
Most alarms however operate on the principle

whereby the felon has to actually break into

your home before the alarm is triggered. He
may be frightened off or a brave burglar may grab
something before he runs. Meanwhile costly damage
has been done to a window or a door, leading to
drawn out insurance claims and the hastle of arrang-
ing for the repairs to be carried out. Your property may
be in an insecure condition in the meantime.

The intruderbeam system utilises a pulsed active
infra-red beam which is installed outdoors to monitor
the most vulnerable areas around the doors and
windows of your property.

Hf, during the hours of darkness, the infra-red
beam is broken by a prowler the system switches on
an internal house light to fool the burglar into thinking
he has been spotted and the householder is coming
to investigate. In addition, an audible alarm may be
sounded to scare the prowler away further. The
audible alarm channel is selected manually when
required but the internal house light channel is
arranged to self-prime at dusk — the householder
does not have to remember to switch it on.

Itis highly probable that most burglary attempts
will be thwarted by the light channel in which case the
householder sleeps through the whole event. The
system is completely tamper-proof in that any
attempts to mask off the transmitter or receiver or to
cut any of the wires will trigger the alarm.

Transmitter And Receiver

The system comprises an infra-red transmitter and
infra-red receiver and a control unit. Short pulses of
infra-red of 900nm wavelength are used for the beam
rather than a continuous signal which would be
wasteful on energy and difficult to differentiate from
the relatively constant infra-red content of daylight.
Both the transmitter and receiver are fitted with LEDs
to aid alignment.

The control unit is designed to be mounted
indoors but as the infra-red beam is outdoors it is
essential that the transmitter and receiver are
completely waterproof. A perfect solution to the
problem was to mount the transmitter and receiver
electronics in 1V/2in plastic waste-water pipe fittings on
the principle that if they are designed to keep water
in, the pipe fittings will certainly keep water out.

Small circular printed circuit boards are used for
the transmitter and receiver circuits which fit into a
pipe end blank of the type used where a kitchen sink
waste pipe emerges from the outside wall of the
house. (The end blank is screwed and allows a
plumber to gain access to the section of pipe which
leads to the qully grate if a blockage in the pipe occurs.}

The collimating lens for the transmitter or
receiver is mounted in a section of pipe which is joined
to the end blank section by an in-line pipe join (see
Fig. 1). The complete unit can then be mounted to

a wall with the operating arrangement as shown in Fig.
2.
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PARTS LIST

CONTROL UNIT
RESISTORS {all %W 5% unless stated)

“R1 100k
R2 330k
R3 15k
R4 8k2
R5 820R %W

“RV1,3 1MO horizontal skeleton preset

RV2 100k horizontal skeleton preset
LDR1 ORP12
CAPACITORS
C 4.7 35V aluminium electrolytic

- C2 2.2y 35V aluminium electrolytic
€346 100u 16V aluminium electrolytic
C5 220u 25V aluminium electrolytic
SEMICONDUCTORS
IC1 LM324 quad op-amp
IC2 4011 quad NAND gate
IC3 7812 12V regulator
o BCYTN
Q2,3 BC107
BR WO1 1A bridge rectifier
D1-4 IN4148
D1 BZY88 C5V1
LED1 5mm red LED
LED2 5V flashing LED
MISCELLANEOUS
T 3VA transformer 12V, 12V
RL1,2 Vertical format 12V DC relay dua! changeover

contacts

SW1 DP toggle switch

Plastic case. Mains plug and socket. 3-pin 180° DIN plug and chassis
socket. Audible alarm.

TRANSMITTER
RESISTORS (all %W 5%)
R1 100k

R2:3 100R

R4 10R

CAPACITORS

C1 4,7 35V aluminium electrolytic
C2 100416V aluminium electrolytic
SSMICONDUCTORS

I CMOS 7555 timer

0] BC640

LED1 5mm red LED

IR1 TIL31 IR transmitter
MISCELLANEQUS

PCB. 1.5in plastic pipe fittings. Bland end. Pipe (approx 80mm.
Straight coupler. Watchmaker's eveglass 3imm focal length.

RECEIVER

FESISTORS (alt %W 5%)

F1 k7

F2 k0

F3 10k

R4 M7

RS 820R

CAPACITORS

C14 22y 16V aluminium electrolytic
C2 100n polyester 5mm lead pitch
C3 100u 25V aluminium electrolytic
SEMICONDUCTORS

Ci 78L12 12V 100mA

C2 741

oy TIL81 IR receiver

ED1 5mm red LED
VISCELLANEQUS

3CB. 1.5in plastic pipe fittings: blank end, pipe {approx 80mm),
straight coupler. Watchmaker's eyeglass 31mm focal length.

Control Unit

The control unit is designed to supply the necessary
DC power to the transmitter and receiver and to
process the voltage pulses from the receiver. The unit
is powered from 240V AC and must be mounted
indoors away from rain and moisture.

The unit constantly monitors the voltage pulses
from the receiver and if the pulses disappear (the
beam is interrupted) then one or two alarm channels
may be activated — the light channel and the audible
alarm channel.

The light channel may be used to power an
outside floodlamp to really throw light on the scene
of the crime or the channel may be used to turn on
an internal house light to fool the burglar into thinking
someone is coming to investigate.

During the hours of daylight a light dependent
resistor senses the ambient light level and inhibits
operation of the light channel. This has the advantage
that the householder does not have to remember to
turn on the alarm at night and off next morning. When
24-hour protection is required, the audible alarm
channel may be activated by means of a switch. Either
a mains powered alarm may be used or a 12V DC
piano sounder. {The weirder the alarm sounds the
better. If the brain does not recognise a sound it Is
thrown into confusion and this adds to the deterrent

ETI OCTOBER 1989

aspect of any burglar alarm.)

The control unit is fitted with an LED which
indicates when the beam is established so that the
householder can confirm that there is nothing block-
ing the beam before he activates the audible alarm
channel. A flashing LED is also fitted to remind the
owner that the audible alarm channel is set to avoid
him accidentally setting off the alarm himself.

Construction — Transmitter

Ensure that the circular PCB (see Fig. 3) will fit into
the plastic pipe blank end before fitting the resistors,
capacitors and semiconductors. Solder the positive
and negative supply leads to the rear of the PCB. The
leads should be of a suitable length to run from the
required location of the transmitter outdoors to a
junction box indoors. Supply cables can then be run
from the junction box to the control unit.

Connect the leads to a 12V DC supply to confirm
that the circuit operates correctly and the LED is seen
to flash at about 3-4Hz. The circuit can then be fitted
to the blank end by drilling a hole in the rear of the
blank end, passing the leads through the hole and
then sealing the whole blank end assembly with
silicone rubber or other suitable potting compound.

The PCB may be held in place with adhesive
tape while the compound is solidifying. The

LJd[0dd
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Fig. 5 Component overlay for the control unit PCB
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completed assembly can then be screwed into the
other section of the blank end which in turn can be
inserted into the straight coupler.

A watchmaker’s eyeglass of focal length 31mm
is used as the collimating lens. Choose an eyeglass
which has an outside diameter which is slightly larger
than the outside diameter of the plastic pipe (cut
according to Fig. 3). The eyeglass is secured to the end
of the pipe with sealant or adhesive and when the
adhesive is dry, the eyeglass body may be filed until
it is flush with the outside diamter of the pipe. The
whole assembly can then be inserted in the straight
coupler.

HOW IT WORKS

The position of the collimating lens with respect
to the infra-red sensor can be adjusted by sliding the
pipe/lens assembly in and out of the coupler until the
infra-red sensor is at the focal point of the lane. It may
be necessary to smear the rubber O-ring in the coupler
with Vaseline to make this operation easier. The final
position of the lens may be set when the complete
system is commissioned.

Construction — Receiver

Construction of the receiver (see Fig. 4} is similar to
the transmitter. Only the LED is fitted so as to protrude

Control unit

Transistor Q1 and associated components (see Fig. 6} are connected
as a missing pulse detector. As long as OV going pulses are being
received at C1, C2is repetitively discharged by Q1. The output of IC1
is normally OV and thus the ‘beam established’ LED is illuminated via
R5.

If the pulses at C1 cease then C2 charges up to 12V viaR2. When
the voltage at C 2 exceeds that set at pin 2 of ICTaby R3 and R4, the
output of IC1 goes high. This causes C3 to be quickly charged up via
D1 thereby triggering the 'light channel’ alarm circuit.

IC1b, RV1, R6 and C3 function as a monostable circuit which
dictates how long the light remains on once the alarm has been
triggered.

Thelight is only turned on during the hours of darkness however
and this function is controlled by the quad NAND gate IC2. At dusk,
the resistance of the LDR starts to increase. When the voltage at the
junction of the LDR and RV 2 falls below the switching threshold of
IC2a pin 2, then pin 3 goes high and so the two logic 1s at pins 5 and
6 of IC2a causets output to go low and the light is turned on via IC 2¢,
Q2 and RLY.

IC 2d prevents the light from being turned off again when its own
light falls on the LDR. The time the light remains on once triggered
may be adjusted by RV1.

If the audible alarm channel is required then SW1 must be placed
in the Armed position. If the infra-red beam is interrupted and IC1a
goes high, then the monostable formed by RV3, R8, C4 and IC1c is
triggered and the audible alarm is energised via Q3 and RL2. A 12V
DC audible alarm may be connected between the emitter of Q3 and

PROJECT

OV, but if a mains powered unit is used then the normally open
contacts of RL2 may be used.

A second pole of SW1 is used to connect the 5V supply at D1
to a flashing LED. This reminds the user that the audible alarm channe!
has been activated. If the alarm is triggered when the householder
is at home, the quick discharge of C4 by SW1a when the switch is
operated ensures that the alarm is quickly silenced and does not
continue for the time period set by RV3, R8 and C4.

Receiver
The circuit diagram is shown in Fig. 7.

IC1 provides a stabilised 12V supply for the infra-red receiver Q1.
Pulses from the receiver are AC coupled by C2 to IC2 which is
connected as a comparator. When the amplitude of the pulses
exceeds the offset between pins 3 and 2 produced by R2, R3 and R5,
the output of IC2 goes from positive to negative saturation. An
indication that a pulse of infra-red has been received is given by the
LED driven by Q2. This is a very useful facility when attempting to
align the receiver to the transmitter.

Transmitter
The circuit is as shown in Fig. 8.

IC1 is connectd as an astable multivibrator which produces
narrow OV going pulses at pin 3 of a repetition frequency of a few
Hz. Current gain is provided by Q1 so as to drive the infra-red
transmitter in series with the LED. The LED gives a brief pulse of light
in synchronism with the infra-red pulses and is useful to indicate
operation of the transmitter when commissioning the system.
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IC3 - 7812

Q1 =8cYn

Q2,3 - 8C107

LDR1 = ORP12

D1--4 = 1N4148 .

ZD1 = 5V1 ZENER

BR1 = BRIDGE
RECTIFIER

through a second hole in the rear of the blank end.
The receiver can only be checked by lining it up to the
infra-red pulsed beam produced by the transmitter
and checking that the LED on the receiver flashes in
sympathy with the transmitter pulses.

Control Unit

The component overlay is shown in Fig. 5.

Fit the power supply components first and test
this section before fitting the remainder of the
components. ltis wise to fit sockets for the integrated
circuits so that they may be inserted one at a time.

The control unit PCB should be tested before it
is fitted in its case as follows. Temporarily connect the
receiver and the transmitter to the control unit and
align them so they point directly at each other. Insert
IC1 into its socket and check that the “beam
established” LED on the contro! unit is lit. Interrupt
the beam and check that the LED extinguishes.

Insert IC2 and simulate darkness by masking off
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The Intruderbeam Active Infra-red Alarm is
available in kit form from G P Electronic Services,
87 Willowtree Avenue, Durham City, DH1 1DZ.
Tel: 091-384 9707.

Control unit

Full kit including PCB, transformer switch and
sockets {but excluding case and audible alarm)
£19.50.

PCB only £8.95.

Transmitter

Fult kit including PCB {excluding case and lens)
£4.50.

PCB only £2.75.

Receiver

Fuli kit including PCB {excluding case and lens)
£4.50.

PCB only £2.75.

PROJECT
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the LDR with dark-coloured tape or Plasticene. Check
that the relay RL1 operates when the beam is broken
and remains energised for a time period adjustable
by RV1. The relay should fail to operate if the masking
fromthe LDR is removed and the ambient light level
is above the threshold set by RV2. The audible alarm
channel may be tested by connecting a link on the
PCB to simulate SW1 being in the armed position.
RL2 should operate when the beam is broken and stay
operated for a time delay adjustable by RV3.

Installation and Commissioning

The installation should only be started when all three
units have been thoroughly tested on the workbench.

The transmitter and receiver should be sited so
that the beam covers the required area close to doors
and windows as the psychological effect is greater if
the alarm is triggered when the prowler is close to your
property.

The mounting brackets for the transmitter should
be adjusted in two planes. This is to enable the receiver
and the transmitter to be aligned for maximum signal.
The cables should be passed through holes in door
or window frames to junction boxes indoors (in case
one of the units develops a fault and has to be replaced
or repaired).

An ideal siting for the control unit is above an
entrance door in the room where the light fitting is to
be coupled up to the light alarm channel. The live
neutral and switched live will be available at the ceiling
rose of the light and these three connections are all
that is required to both power the control unit and
facilitate the light alarm channel.

Power up the control unit and align the
transmitter to the receiver by eye. Confirm that the
transmitter is functioning correctly by observing the
flashing LED through the collimating lens. Adjust the
angle of the receiver for maximum brightness of its
flashing LED at the back of the unit. It may then be
necessary to adjust the position of the transmitter,
although two people may be required for this step —
one to watch the receiver LED and the other to adjust
the transmitter. If an oscilloscope is available, the
amplitude of the pulses at the control unit may be
monitored while fine adjustments are made to the
positions of both the receiver and transmitter until the
pulses are at their maximum amplitude.

Once their positions have been optimised the
transmitter and receiver should be securely clamped
so that they cannot be easily moved. Check that the
‘beam established’ LED is lit on the control unit and
is seen to extinguish when the beam is interrupted.

The light alarm channel may be tested by
temporarily masking off the LDR with tape. After
testing, remove the tape, turn RV2 fully anti-clockwise
and interrupt the beam with an opaque object. When
the ambient light at dusk has reached the level at
which operation of the light channel is required, turn
RV2 slowly clockwise until the room light being
controlled, illuminates. The audible alarm channelis
simply tested by throwing the switch to the ‘armed’
position. By experimentation, set RV1 and RV3 to the
desired time delay periods for the light channel and
the audible alarm channel.

Remember than any burglar alarm is only
effective if someone responds when it is triggered.
Many people leave their homes protected by an alarm
system while on holiday and assume that someone
will act if the alarm is triggered. In reality not many
people can be bothered and alarms are heard to ring
for hours until a neighbour can't stand the noise any
longer and telephones the police. By then the thieves
could have made off with the entire contents of the

house. The Intruderbeam resets after the time period
set by RV3 so incessant noise from the alarm is less
likely, nevertheless it is wise to ask a friendly neighbour
to at least have a look over the fence at your property
is they hear your alarm sound when you are away
from home.

R1 NOTE:
100k 8 4 IC1 = CMOSS555
) Q1 = BC640
IR1 = TIL31
R2
100R . Ic1
A*ca
TP 100u 2 1 TIL31
L 2] PIN VIEW
2
oy X
au? 1 3
T \\: :
CATHODE
; S - ANODE
Fig. 8 Circuit diagram for the transmitter
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No. 1 LIST BAKERS DOZEN PACKS
All packs are £1 each, If your order 12 thenyour are
entitled to another free. Please state which one
you want. Note the figure on the extreme left is the
pack ref number and the next figures is the quantity
of items in the pack, finally a short description.

BD2 5  13Aspursprovide afused outiettoa ring main where device
such as a clock must not be switched off

BO7 4 inflex switches with neon on/off lights, saves leavingthings
switched on

BD9 2 6v. 1A mains transformers uprighl mounting with fixing
clamps

301 1 6% speaker cabinel ideal for extensions, takes your
speaker. Ref BD137 + 50p.

8013 12 30 watt reed switches, it's surprising what you can make
withe these — burglar alarms, secret swilches, relay etc. etc

BD22 2 25 watt loud speaker two unit Cross-overs

BD29 1 B.O.AC. stereo unit is wonderful breakdown valug

BD30 2 nicad constant current charges adapt to charge almost any
nicad battery

BD32 2 humidity switches, as the air becomes damper the mem-
brane and operates a mi itch

BD42 5 13A rocker switch three tag so on/off, or change over with
centre off

BD45 24hr time switch, ex-Electricity Board, automatically adjust
for lengthening and shortening day.

BD49 S neon valves, with series resistors, these make good night
lights

BDS6 mini uniselector, one use is for an electric jigsaw puzzel, we
give circuit diagram for this. One puise into motor, moves
switch through on pole

8059 2 Hat solenoids — you cloud make your mutti-tester read AC
amps with this

8D67 suck or biow operated pressure switch, o itcan be operated
by any low pressure variations such as water level in water
tanks

BD103A 1 6v750MA power supply, nicely cased with inputand output
leads

80120 2 stripper boards each contains a 400v 2A bridge rectitier and
14 other diodes and rectifiers as well as dozens of conden-
sers efc

BD128 10 very fine drills for p.c.b. boards etc. Normal cost about 80p
each

80132 2 plastic boxes approx. 3" cube with square hole through top
5o ideat for interrupted beam switch

BD134 10 motors for model aeroplanes, spin to start so ngeds no
switch

BD139 6  microphone inserts — magnetic 490 ohmalsoact as speak-
ers

80149 4 reedrelay kits you get 16 reed switches and 4 coil sets with
notes on making ¢/o relays and other gadgets

BD149 6  safety cover for 13A sockets — prevent those inquisitive
littie fingers getting nasty shocks

80180 6  neon indicators in panef mounting holders with lens

8D193 &  5amp 3pin flush mounting sockets makes a low cost disco
panel — need cable clips

80196 inflex simmerstat — keeps your soldering iron etc aiways at
the ready

8D199 mains solenoid very powerful has 1° pull or could push i
modified

80201 8 keyboard switches — made for computers but have many
other applications

80211 electric clock mains operated put thls in a box and you need
never be late

80221 5 12v alarms make a noise about as foud as a car horn.
Siightly soiid but OK

80242 6" X 4” speakers 4 chm made from Radiomobile so very
good quality

BD252 1 panostat, controls output of boiling ring from simmer to boit

BD259 50  leads with push on '4” tags — a must for hook ups — mains
connections efc

BD263 2 oblong push switches for bell o chimes, thes can mains up
10 5 amps 50 could be foot switch ff fitted into patiress

BD268 mini 1 wattamp for record player. Will also change speed of
record player motor

80283 mild steel boxes approximately 3° X 3" X 1" deep ~ stand-
ard electrical

80293 50  mixed silicon diodes

80305 1 tubular dynamic mic with optional table rest

80667 2 4.7ul, non-polansed block capacitors, pcb mounting

BD400 4 Books. Useful for beginners. Describes amplifiers, test
equipment and kit sets

BD653 2 Miniature driver transformers. Ref LT44. 20k to 1k, centre
tapped

B0553a 2 3.5volt operated refays, each with two pairs CO contacts

Most other packs sill available and you can choose any as your free one.
CAMERAS. Three cameras, all by famous makers. Kodak,
elc. One disk, one 35mm and one instamatic. Altin first class
condition, believed tobe in perfectworking order, butsold as
untested. You can have the three for £10 including VAT,
which must be a bargain — if only for the lenses, flash gear,
etc. Our ref 10P58,

675 VOLT MAINS TRANSFORMER. PCB mounting, 20va. A very well
made (British) transformer. ideal for laster power supply, etc. Price £4. Our ref
4P38.

PRETTY CASSETTE PLAYER. In handy carrying pouch with silk type
shoulder cord. Ideal present for a young girl. New, tested and in perfect order.
Just needs headphones and batteries. Price £4. Qur ref 4P35.

EXTRA SPECIAL CROC CLIPS. Medium size, just rightfor most hook-ups
Normally selfor around 10p to 15p each. These are insulated and have alength
of wire connected to them but this is very easy tosnip off if you do notneed it. 20
for £1. Our ref BD117A.

IONISER FOR YOUR CAR. Experts say that positive ions predominate in a
car and can cause you to feei sleepy so we now offer a car ioniser to counteract
this. It plugs into the cigarette lighter socket. Price £12 for the complete kit. Our
ref 12P8. Qur famous transformer operated room ioniser is stilt available at
£12.50. We claim this to have ten times more output than the ETI, the Equaliser
and in fact most other popular kits and ready built ionisers.

COPPER CLAD PANEL. For makeing PCB. Size approx 12in fong X 8'%in
wide. Double-sided on fibreglass middle which is quita thick {about %¢n) so this
would support quite heavy components and could even forma chassis toholda
malns  transformer, etc. Price £1 each. Our ref BD683.

POWERFUL IONISER
Generates approx. 10 times more IONS than the ETI and similar circuits.
Will refresh your home, office. shop workroom etc. Makes you feel better
and work harder — complete mains operated kit, case Included £12.50 +

£2 P&P. Qur ref 12P5/1.

v

CANEE €08 (v

MODERN TELEPHONE. Two-piece push-button desk or wall mounting tele-
phone. Fitted with standard 8T flat ptug for immediate use. Standard model £8.
Our ref 8P31, Or similar but with 10 memory feature £10. Our ref 10P68. f not
coliecting add £2 for special packing.
ELECTRONIC SPACESHIP. Sound
and impact controlled, responds to claps
and shouts and reverses when it hits any-
thing. Kit with really detailed instructions.
Ideal present for budding young electrician.
A youngster should be able to assembie but
you may have to help with the soldering of
the components on the pcb. Complete kit
£8. Our ref 8P30.
DATA RECORDER FOR COMPUTERS. For playing games or listening to
music cassettes. It has a built-in condenser microphone and foud speaker
(muted if you use the extension socket. Has thefollowing controls: pause, stop/
efect, fast forward, rewind, play and record. Also has built-in tape counter,
extension headphone and microphone socket and volume control. Bulit-n
power supply enabies it torun from the mains but proviston also for battery oper-
ation. In‘as new’ condition, but customer returns so may have fault. Price only
£10 and if you order 4 you get a fifth one free. Our ref 10PES5,
BUSH RADIO MIDI SPEAKERS. Stereo pair. BASS reflex system, using a
full range 4in driver of 4 ohms impedanice. Mounted in very nicely made biack
fronted wainut finish cabinets. Cabinet size approx 8'%in wide, 14in high and
3%in deep. Fitted with a good length of speaker fiex and terminating with a nor-
mat audio plug. Price £5 the pair plus £1 post. Our ref 5P141.
3%in FLOPPY DISC DRIVE — DOUBLE SIDED, DOUBLE DENSITY,
80 TRACK. Shugart compatible, has 34 way IDC connector and will interface
with almost any computer. Made by the famous Japanese NEC Company. Price
£59.50 plus £3 insured post.
e ATARI 65XE COMPUTER. At 64K this
Is most powerful and suitable for home and
business. Brand new, complete with PSU,
TV lead, owner's manual ans six games.
Can be yours for only £45 plus £3 insured
delivery.
65XE COMPENDIUM. Contains: 85XE Computer, its data recorder XC12
and its joystick, with ten games, for £62.50 plus 14 insured delivery.
AGAIN AVAILABLE: ASTEC PSU. Mains operated switch mode, so very
compact. Outputs: +12v 2.54, +5v 6A, +5V .54, £12v .5A. Size: 7%in long X
#inwide X 2%in high. Cased ready for use. Brand new. Normai price £30+, our
price only £10. Our ref 10P34.
VERY POWERFUL 12 VOLT MOTOR. rd Horsepower. Made to drive the
Sinclair C5 electric car but adaptable to power a go-kart, a mower, a rail car,
model raiway, etc. Brand new. Price £20 pius £2 postage. Our ref 20P22,

PHILIPSLASER
This is helium-neon and has a power rating of 2mW. Compietely sale so
long as you do not look directly into the beam when eye damage coutd
result. Brand new, fult spec, £30 plus £3Insured delivery. Mains operated
power suppty for this tube gives Bkv striking and 1.25kv and SmA running.
Complete kitwith case £15. Ditto for 12v battery, aiso £15. Ourref 15P22.

ORGAN MASTER. Is a three octave musical keyboard. Itis beautifully made,
has full size (piano size) keys, has gold piated contacts and is complete with rib-
bon cable and edge connector. Can be used with many computers, request
information sheet. Brand new, only £15 plus £3 postage. Our ref 15P15.
FULL RANGE OF COMPONENTS. Atvery keen prices are available from
our associate compnay SCS COMPONENTS. You may already have their cata-
logue, if not request one and we will send it FOC with your goods.
HAND-HELD VIDEO L AMP. Mains operated and willenabie you totake pro-
fessional standard videos. Made by the famous Ferguson Company, this usesa
1000W halogen lamp in afan cooled, hand-held andhand-switched metal hous-
ing. Comes camplete with optional bam-door assembly and camera bar. Obvi-
ously intended to retail at over £60, we offer these at £30 each plus £3 insured
delivery. Our ref 30P3.

HIGH RESOLUTION MONITOR. 9in black and white, used Philips tube
M24/306W. Made up inalacquered frame and has open side. Made for use with
OPD computer but suitable for most others. Brand riew, £16 plus £5 post. Our
reference 16P1.

12 VOLT BRUSHLESS FAN. Japanese made. The popular square shape
4%,in X 4'%in X 1%in). The electronically run fans not only consume very littiecur-
rentbutalso they donotcause interference as the brush type motors do. Ideal for
cooling computers, etc., or for a caravan. £8 each. Our ref 8P26.

MONO RADIO CASSETTE RECORDER. AM/FM with all the normal con-
trols. In ‘as new’ condition but customer retums or shop rejects, $o may need
attention. Price £10. Order 5 of these and get a sixth one free. Our rel 10P6.

FDDBARGAIN
3'in made by Chinon of Japan. Single sided, 80 track. Shugart compatible
interface, interchangeable with most other 3%in and 5'drives. Com-
pletely cased with 4 pin power lead and 34 pin computer lead. £40 plus£3
ins del. Our ref 40P1

MINt MONQ AMP. on p.c.b. size 4° X 2° (app). Fitted
volume control and a hole for atone control should you
require it. The amplifier has three transistors
and we estimate the output to be
3W rms. More technical data will be
included witn the amp. Brand new, per-
fect condition, offered at the very
fow price of £1.15 each or 13 for £12.00

J & N BULL ELECTRICAL

Dept. E.T.l, 250 PORTLAND ROAD, HOVE,
BRIGHTON, SUSSEX BN3 5QT.

MAIL ORDER TERMS: Cash, P.O. or cheque wilh order. Orders under £20 add
£1.50 service charge. Monthly account orders accept from schools and public
companies. Access & Barclaycard orders are accepted — minimum £5. Phone
{0273) 734548 or 203500

MOSFETS FOR POWER AMPLIFIERS AND HIGH CURRENT
DEVICES. 140v 100w pair made by the famous Hitachi Company. Reference
25K413 and its compliment 25J118. Only £4 the pair. Our ref 4P42.
HI-VOLT CAPS. Not ceramic but the much more reliabte foil type. Good range
from 1nf to 35uf at voltages 1kv to 2.5kv. Keen prices, good quantity discounts.
Request list.

AGAIN AVAILABLE — THE SOLID STATE RELAY. will switch up to
10A AC load and can be triggered by very small current from photo cell, compu-
ter, etc. £2 each. Our ref 2P183.

BATTERY OPERATED TRAVEL MECHANISM. On a plastic panel mea-
suring approx 9in X 3%in, Is driven by a reversible 12v battery motor, fitted with
pulley and beft which rotates a threaded rod and causes a platiorm to travel
backwards and forwards through a distance of approx 5in. Price £5. Qur ref
5P140.

MAINS OPERATED WATER VALVE with hose connection lor inlet and
outlet suitable for low pressure. Auto piant watering, etc. Only £1 each. Our ret
BD370.

20 VOLT 4 AMP MAINS TRANSFORMER. Upright mounting with fixing
feet. Price £3. Qur ref 3P59.

12VOLT SOLENOID. Has good '%in pull o could be made to pushif fitted with
arod. Approx 1'%in long by 1in square. Price £1. Our ref BD232A

16 OHM PM SPEAKERS. Approx 7in X 4in. 5 watts. Offered at a very low
price so youcanuse two in parallel togive you 10 watts at 8 ohms. £1 for the two.
Qur ref BD684.

EHT TRANSFORMER. 4kv 2mA Ex-unused equipment. £5. Our ref 5P139.
4 CORE TINSEL COPPER LEAD. As fitted to telephones, terminating with
flat BT plug. 2 for £1. Our ref BD§39.

EHT TRANSFORMER. 8kv 3mA. £10. Our ref 10P56

DOUBLE MICRODRIVES. We are pleased to advise you that the Double
Microdrives which we were offering at about this time last year as being suitable
forthe‘QL’, 'DPD’ and several other computers are again availabie, same price
as before namely £5. Our ref 5P113.

VERY USEFUL MAGNETS. Fiat, about 1in long, 'in wide and "in thick.
Very powerful. 6 for £1. Our ref BD274{a).

ACORN COMPUTER DATARECORDER. Ref ALF03. Made for the Elec-
tron or 8BC computers but suitable for most others. Complete with mains adap-
tor, teads and handbook. £10.00. Ref 10P44. Add £2 special packing.
SOLAR CELLS. will give a good current (depending on size} from sunlight or
bright daylight. Module A give 100mA. Price £1. Our ref BD631. Model C gives
400mA. Price £2. Qur ref 2P199, Model D gives 700mA. Price £3. Our ref 3P42.
SOLAR POWERED NI-CAD CHARGER. 4 NI-CAD batteries AA (HP7)
charged in eight hours or two in only 4 hours. It is complete, boxed ready to use
unit. Price £6. Our ref 6P3.

METAL PROJECT BOX. Ideal size for battery charger, power supply etc:
sprayed grey, size 8° X 4'," X 4” high, ends are louvered for ventilation other
sides are flat and undrilled. Order ref 2P191. Price £2.

4-CORE FLEX CABLE. Cores separately insulated and grey PVC covered
ovarall. Each copper Core sized 7/0.2mm. Ideal for long telephone runs or simi-
lar applications even at mains voltage. 20 metres £2. Our ref 2P196 or 100
metres coil £8. Order ref 8P19.

6-CORE FLEX CABLE. Description same as the 4-core above. Price 15
metres for 12. Our ref 2P197 or 100 metres £9. Order ref 9P1.

13A PLUGS. Good British make complete with fuse, parcel of 5 lor £2. Order
ref 2P186.

13A ADAPTERS. Takes 2 134 plugs, packet of 3 for £2. Order ref 2P187.
20v - 0 - 20v, Mains transformers 2" amp {100 watt) loading, tapped primary.
200-245 upright mountings £4. Order ref 4P24.

BURGLAR ALARM BELL. 8" gong OK for outside use it protected from rain.
12V battery operated. Price £8. Ref 8P2.

CAPACITOR BARGAIN. Axial ended — 4700uf @ 25v Jap made. Normally
50p each, but you will get 4 for £1. Ref 613.

SINGLE SCREENED FLEX. 7.02 copper conductors, pvc insulated then
with copper screen, finally outer insulation. In fact quite normal screened flex.
10m for £1. Our ref BD668.

M.E.S. BULB HOLDERS. Circular base batten type fitting. 4 for £1. Our ref
D8127s.

SPRING LOADED TEST PRODS. Heavy duty, made by the famous Bulgin
company. Very good quality. Price four for £1. Ref BDS97

3 CORE FLEX BARGAIN No. 1. Core size 5mm so ideal for long extension
leads carrying up to 5 amps or short leads up to 10amps. 15mm for £2. Order ref
2P189

3 CORE FLEX BARGAIN No. 2. Core size 1.25mm so suitable for long
extension leads carrying up to 13 amps — or short leads up to 25A, 10m for £2.
Order ref 2P190.

ALPHA-NUMERIC KEYBOARD. This keyboard has 73 keys with contact-
fess capacitance switches giving long troubte free life and no contact bounce.
The keys are arrangedin twogroups, the main areafield isa QWERTY array and
on the right 1s a 15 key number pad, board size is approx. 13" X 4° — brand new
but offered at only a fraction of ts cost namely £3, plust £1 post. Ref 3P27
', THHORSEPOWER 12 VOLT MOTOR. Made by Smiths, the body length
of this is approximately 3in, the diameter Jin and the spindie ¥4th of an inch
diameter. 1t has a centre flange for fixing or cna be fixed from the end by means of
2 nuts. A very powerful little motor which revs at 3,000 rpm. We have a large
quantity of them so if you have any projects in mind then you could rely on sup-
plies for at least twoyears. Price £6. Our ret6P 1, discount for quantities of 10 or
more.

3 VOLT MOTOR. Verylow current so should be very sultable for working with
solar cells. £1 each. Our ref BD681.

MINISPEAKERS. To use instead of headphones with your personal stereo —
simply plug into earphone socket. Excellent sound quality. only £4 per pair. Our
ref 4P34.

INNER EAR STEREO HEADPHONES. Ideal for lady listeners as they wil
not mess up your hair dot Come complete in a neat carrying case. Price £3. Qur
ret IP56.

STEREOHEADPHONE AMPLIFIER. Very sensitive. Amagnetic cantridge
or tape head will drive it. Has volume control and socketfor stereo headphones.
3v battery operated. £1 each. Our ref BD680.
FETCAPACITORMICROPHONE EAGLE C1.200. Outputequivaienttoa
high class dynamic microphone while retaining the characteristics of a capacitor
microphone. Price £1. Our ref 8D646.

SUB-MAN TOGGLE SWITCH. Body size 8mm X 4mm X 7mm SBOT with
chrome dolly fixing nuts. 4 for £1.00. Order ref BD649.

SUB-MIN PUSH SWITCH DPDT. Singie hole fixing by hexagonal nut. 3for
£1. Our ref BD6S0.
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Trevor Skeggs
explains the Polybel
Operating System —
PBOS — and teaches
his polyphonic
programmable
doorbell to sing

a new tune

POLYBEL TUNEWARE

HOW TO SERENADE IN HEX

he September issue of ET] saw (heard?)

your Polybel Programmable Music Gen-

erator built and tested (I hope) and now

you find you're no longer inviting people

around on any excuse merely so that they
can press your door-push and go gosh. You're bored!
Or perhaps the music is too square/hip/sedate/
brash? Time to re-program!

There will be three categories of owner amongst
you. Firstly those who, as long as it plays a ‘toon)
couldnt give a damn . . . these may as well proceed
to the next article. Then there is the EPROM owner
who wants to ‘have-a-go’ — you may either skip to
the encoding section, or read the next bit jealously.
Lastly there is the lucky EEPROM owner, anxious to
find out why he’s paid extra for it . .

IC6-PSG - PB7[8
o 8
2 Ci DATA
= =
W PBOfa ’ o
e
2 z
4
—4% paz 4odlausy ) =
;‘ TP1 3
16 3
E—- GND 3
Oy~ =
el AR |
IS S Al NM| {~=-0—1STRE
£ ] TP2
] [ p—
'g I
- h SKT2
B CONTROL <
£ IC5-CPU
Fig. 1 Transferring data from computer to Polybel

Printing to Polybel!

As stated last month, Polybel accepts data over an
8-bit bus from a home computer. This means that
Polybel must try to impersonate a printer. This
masquerade is exposed in Fig. 1.

The data from your computer arrives at the
Centronics socket over a standard cable (Fig. 2). Here
the 8-bit data bus is wired (via the rotary switch —
which must be open-circuit — and the DIL header
SKT1) to the Programmable Sound Generator
(PSG). The active-low strobe is taken via a separate
wire to the Non-Maskable Interrupt of the Z80 (test-
point near C11 on supplied boards or if not fitted then
on the lower-end of R12).

The acknowledgement busy is taken, via a
separate wire, from test-point TP1 near SKT1.

PIN 1 - STROBE | PIN 13 - SELECTED | PIN 28 - (oV> |
PIN 2  DATA O 1 PIN 14 PIN 26 - (OV)
PIN 3 - DAVA 1 PiN 15 PIN 27 - (OV)
PIN 4 - DATA 2 PIN 16 - GND PIN 28 - OV
PIN 5 - DaTa 3 PIN 17 PIN 29

}PIN 6 - DATA 4 PIN 18 PIN 30
PIN 7 - DATA 5 PIN 19 - tOV) PIN 31
PIN B - DATa 6 PIN 20 - (OV) PIN 32 FAULT
PIN 9 - DATA 7 PIN 21 - (OV) PIN 33
PIN 10 ACK PIN 22 - (OV) PIN 34
PIN 11 - BUSY PIN 23 - (Qv) PIN 33 |
PIN 12 - NOPAPER | PIN 24 - (OV) PIN 36

PHOJECT

Fig. 2 Connections on the Centronics socket SK2 {rear)
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Procedure

How you enter programming mode on the Polybel
is dictated by the characteristics of your computer.

Most computers will check online, no paper and
error via the fault line. Sometimes this will float high
(no fault) if not connected whilst others may require
sourcing to +5V. This may be checked by attempting
to print a character with the printer disconnected. In
the event of an error, it may be possible to link this to
+5V at the computer socket, else to +6V at SKT2
via a diode and resistor.

Similarly, most computers will check busy, and
this may or may not require an active current. If it
does, then the printer will appear ‘ready’ when dis-
connected — when Polybel is off it will accept the first
byte. Again, you can test this (having solved the fault’
problem) by seeing if you can print into free space.

Polybel enters programming mode by either a
negative-edge on NM1 after having powered-up (that
is printing to it when it is active), or by a zero byte on
Port B at power-up (that is sending a null byte before
it becomes active).

Here then is a possible procedure. Firstly write
a data file by any means available to your computer,
using the codes detailed in the next section. Preface
this file with:

(a) One or more null bytes.

(b} Start-code byte, &AA.

(c) The start addressin hex divided by 8 (eg &BO for
&580).

(d) The length, from 1 to 256 (represented by zero)
bytes.

The operating system in pages 0 and 7 must not
be overwritten, so keep the address code between
&20 (buffer 1) and &CO0 for safety.

Connect the printer cable to Polybel, which
should be off. Set all switches open-circuit (position
C). Send the first (null) byte of the data file, probably
with PRINT CHR$(x). Trigger the unit. Polybel should
respond with a ‘peep. Send the data file. Polybel
should respond with a ‘peep’ if the start and address
bytes are acceptable, or a raspberry if not.

Tuneware

The operating system interprets buffer codes and
manipulates the PSG accordingly. Like a micro-
processor instruction set, these codes may be one, two
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or three or more bytes in length. Again like a micro,
most instructions are single-byte and explicit. The
tinted box of instructions lists them all and what
they do.

Pitch

The AY-3-8910 PSG chip has one major shortcoming:
the clock is pre-scaled by 16 before being divided by
the divisor of our choice. In practice this renders the
top octaves (smallest divisors) too inaccurate for
serious work, especially at IMHz.

To circumvent this problem, the unusual step of
using the §ust scale’ has been taken. This means that
all notes have a relatively simple numerical ratio to
each other and some musicians do not like this
because, for example, the note ‘G’ would contain the
same frequency as the 3rd harmonic of ‘C’. The look-
up table at &0DO0-0DF (Listing 1, September) may be
replaced by any scale you wish — such tables are often
to be found in home-computer BASIC manuals.

Figs. 3 and 4 show the codes for setting the most-
used pitches. They are not called ‘notes’ here because
they do not necessarily by themselves create sound
(the channel volume or envelope must be enabled)

INSTRUCTIONS

Sharps, flats, higher and lower octaves are obtained
by direct manipulation of the PSG registers.

Channel A is usually reserved for the bass
because of its extra filtering. Channel C therefore
carries the treble or melody line, and Channel B the
alto (stop me if [ get too musical for you). Although
Channel B can descend into the bass regions (codes
&30-&3A), these tend to sound raspy because of
insufficient filtering.

Timing

Benefitting from experience of other music programs,
where tempo is a matter of trial-and-error and triplets
are out of the question, Polybel's Operating System
(PBOS) has very precise timing.

The tempo is expressed as beats per quarter-
minute (converted to hex) if the meanings of Fig. 5
are to be used (where 1 beat = code &57, &67 or
&77). Thus the code for atempo of 60 beats/minute
is 60/4 = 15 = &OF (preceded by &FE, the ‘set
tempo byte). One beat will then give a precise delay
of one second.

In practice this is too slow even for a death march
A more practical list of tempo codes is given in

SINGLE-BYTE CODES

&00 and These do precisely nothing — they are ignored!

&FF Strangely enough, this makes them invaluable
for EPROM users as the NOP code {&FF) can be
liberally sprinkled throughout your code wherever
uncertainty exists (tempo or envelope period etc).
Then when changes are required, the original code
can be rubbed-out (&00) and the blank codes re-
programmed without erasing the PROM under UV
light. (Do remember, when apparently getting the
wrong tune played that the operating system will
scan through blank buffers!)

&01-84F These codes select various notes for channels A, B
or C. See Pitch in the main text.

&70-&7F Produces one of sixteen tempo-related time-delays.
See Timing in the main text.

&50-&5F A special tremolo (mandolin-like) version of code 7x
{only for channels enabled in auto-envelope mode).

&60-&6F Initiates auto-envelope then behaves as delay-code
7x.

&80-&8F Manual volume of channel A.

&90-&9F Manual volume of channel 8.

&AQ-&AF Manual volume of channel C.

Cancels auto-envelope mode for that channel and
forces volume from off {&x0) to maximum (&xF).

&CO-&CF Sets the envelope period for the auto-envelope
Has a restricted range from short clunk (&C1) to
medium (piano/guitar). Longer envelopes are obtained
by manipulation of register 14.

&D0-&DF Initiate certain attack/decay envelopes. See
AY-3-8910 data manual for full details.

&E0-&E3 Set the bits of Port A which control the filters. For
example &E2 sets pin 20 high to turn on the bass
filter. Codes &E4 and &E8 are free for you to
experiment with (setting spare pins 19 and 18).

&F8-&FA Put channels A, B or C into auto-envelope mode. The
envelopeis triggered by delay-code 6x, provided that
a suitable envelope period has been set.

DOUBLE-BYTE CODES

&Brdd Put data byte dd into PSG register r. Direct
manipulation of any PSG register serves as a general-
purpose fill-in when no shorter code will suffice. The
AY-3-8910 handbook is essential for this.

&F0nt Amplitude decay on channel A.

&F1nt Amplitude decay on channel B.
LF2nt Amplitude decay on channel C.
&F4nt Frequency sweep on channel C.
&F6nt Noise-frequency sweep (flange).

The PSG has only a single auto-envelope, which
cancontrol the decay of any or all channels together
{for achord). For polyphonic {non-chordal) music the
software must provide additional envelopes. This is
done by decrementing the volume register after each
minimum time interval (% beat) for the duration t
specified. Function nt takes any of the forms defined
for codes &50-&7F.

&F5 Or This specifies a second register to be simultaneously
decremented, allowing any two of the above
functions together, such as afising pitch of decaying
amplitude. Cance! with &F5 80.

&F7 aa Next buffer-code to be interpreted is at address aa
within the same page. A sort of ‘jump’ instruction.

&FB 76 Stop - all buffers must end with this code if you
value your batteries!

&FC aa QOptional ‘jump’. If the option switch is open, this
command is ignored; eise behaves like ‘jump’ code
&F7.

&FE 1t Set tempo. See Timing sectionin main text. Caution;

if deleting a tempo, ensure both codes are deleted —
a tempo of zero will hang you up forever!

MULTI-BYTE CODES

&F3aabb  Define User Function {advanced users only).

&FDaabb  ‘Recall’ Repeat the buffer-passage from address aa
up toand including address bb within the same page.
The passage recalled cannot itself contain a recall,
ora ‘jump.

&FB 21a3p ‘Leap — the next buffer code to be executed is at
address aa within page p (&0paa where p=1-7).

Code &FB actually causes the CPU to quit the
QOperating System and to start executing Z80 code,
Advanced users only! The stop command &FB 76is
in fact the Z80's halt instruction.

The monitor mode uses this technique to break
outof the buffer and increment the ‘number of callers’
location in EEPROM.

Similarty, the tefl-tale mode breaks out to check
this location before deciding whether to sound a
number of peeps or a raspberry!
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Fig. 6, where 112 beats/minute is represented in
‘normal tempo’ as &FE 1C. If the music we were
transcribing had an awful lot of tails’ on the notes we
could just as easily use double-tempo (&FE 38) and
let code &67 represent one half-beat.

Triplet Timing

A triplet is a group of notes with the number ‘3’ over

them. They are to be played at the rate of three notes

per two beats. Whereas other music programs give
up on this problem, PBOS has three solutions.

1. Use the approximation for a tripleted beat (&66 in
Fig. 5).

2. Use the normal codes for a beat or half-beat (&67,
&63) to represent the tripleted notes. Use code
&6B or &65 for their ‘normal versions {see Among
Triplets’ in Fig. 5).

3. Temporarily up-rate the tempo to one-and-a-half
times (Fig. 6).

Method — Making Music

First catch your music!

Legally one should be careful of pinching
copyright music, but since The Performing Right
Society has, as yet, no special tariff for charging
polyphonic programmable doorbells and is on the
whole more concerned about rounding up Britain’s
coach companies and breweries, it is unlikely you'll
get a licensing officer appearing on your doorstep!

So, pick your tune. It should ideally have no
sharps or flats in the key signature. Else the scale will
not sound right {one sharp is acceptable). The music
chosen should not be chordal (clumps of notes), but
one voice should move with another stationary. The
relevance of this was discovered when the original

recipients could hardly tell that Polybel was
polyphonic!

A dummy example is shown in Fig. 7. This will
be allocated as Tune 5, Bank 2, so at start address
&580. Divide the music up into horizontal events —
bar-lines are irrelevant

Event zero starts by setting-up control register 7.
Your should always use the code as given, until you
can learn not to output to the switches! Event zero
continues with setting tempo, pitch, channel modes
and so on until the first code that produces sound.

The tempo is given here, which we look-up in
Fig. 6. Ifitis not given then you hum the tune whilst
counting (in hex) the number of times you tap your
foot in 15 seconds!

The ‘rest’ of event 2 implies sudden quiet, so we
kill everything by allocating all channels a manual
volume of zero for one beat.

Event 3 shows that we need separate envelopes,
since the channels take-on different timings. Here we
will arbitrarily allocate channel C to the automatic
envelope of the PSG. We will ‘assign’ register 9
(channel B volume) asthe second register for software
decay and use the timing-codes that control decay of
channe!l A (& FO 5x or FO 6x).

Event 4 shows a requirement for a note not
shown in Fig. 3. This is ‘between’ codes &4D and
&4E. Listing 1 (last month) shows the look-up at
&0DD and &ODE to contain &50 and &48; we
average these and inject the value directly into register
4 (frequency control for channel C).

At event 7, we end if the ‘option’ switch is set.
Events 7, 8, 9 are the same as events 2, 3, 5 and so
we use the ‘recall' function before ending.

Best wishes as you encode into the wee hours

.. send me your best masterpiece and Fll send you
the current library!

§ ” $
D, L. A B, . F‘ F ;k B,
} J 2P fp £ o o
3 v pp 1 } —
e ® ? ' ¢=120 P .ivﬁ |
Channel €1 40 41 42 A3 &4 45 A6 4T 48 49 4&A AB  4C AD AE AF £= . TE e = = =
Channet B: 20 21 22 23 24 25 2 27 28 29 24 2B 2C 2D 2E 2F - 5 i 7 — e —= - — =
Channel A 01 0 03 04 05 06 07 08 09 OA OB ©OC OD OE OF EZL’ = —— I
Fig. 3 Treble pitch codes EVENT 1 3 4 6 7 8 9 10 11
- _’ p— T T
== = J =— :
=t =3
=8 D =8 5
i v Fa T s T 2 Eo Fg Gy =&z By - T T -
Event Addr| Hex Code | Comment
1 : i ! a1
‘)5 e e e Ll o o580 B7 78 Configure ports. Noise off
B 0582| FE 1E Tempo - 120
- ¥ 0584 | FF FF Spare for tempo change
Channel A 10 1t 12 13 14 1% 16 17 18 19 1A 1B 1C 1D 1E 1F 0586/ F8 F9 FA | All channeis on Auto
Channel R: 0 31 32 43 5 36 37 38 39 3A 3B 3C 3D 3E 3F 0589 CF E3 { Medium decay. Filters on
058B 1E 28 4 | Notes A2.C4,E4
= - %3 OSBE| 67 One beat with attack
Fig. 4 Bass pitch codes 2 058F| B0 90 A0 | Silence.
0592l 77 ! for one beat
0593; FaA Channel C on Auto again
0394 F5 09 Ch. B allocated so
0596, 1A Bass E2 for Channel A
T 0597| 2A 4F E4,B4 for Channeis B & C
ﬁ J\ J ﬁ l ﬁ ) 3 0599 BF 9E volumes for Bass & Alto
J oo J, j y : 3= Y| 0598 FO 65 Auto attack & Soft decays
AuLo Attack nl 63 67 6B 6F B5 L1 62 b0 69 66 (Note 19 059D B4 4C G-sharp in Channel C
As lTremolo 5 SK SF 5% 59 059F| FO 61 Re-start Auto envelope
Among Triplets xz x5 xB (Note 2) (x = 5.6. or 7» X7 X3 O5ALIMB2] 94 9F | nG3prl New! .s0ft genvelliope
As Rest Dela o 7= NER el | . 05A4| 4A FO 63 E4. Restart Auto envelope
SEES ! 1 E Note 1: approximate timing 05a7| 27 9E B3 . New soft envelope
' ‘ Note 2: use multipie codes 05A9| FO 73 All 3 decays continue
:1 g 3i_$‘_ {1i> 05AB| FC B2 Optional jump to Event 11
X . 7 05AD| 17 8F Else new Bl bass, otherwise
Fig. 5 Useful timing codes €10) OSAF| FD 97 AA | Repeating 3-6 ($597-$5AA)
08B2, F8 F9 | All Channels auto agaln.
05B4| 16 28 4E Final chord
11 05B7| 6F FB 76 2 beats, then shut-down
Beats Per Minute B8 92 96 100 104 108 112 116 120 124 (28 132 (34 =
Even' .Addr. Hex Code Comment
6F (Double Tempo?r 2C 2F 30 32 34 136 38 3A 3C 3E 40 42 b i
ﬁ 67 ¢Tempo X 1.5 21 X 27 2A 2D 30 33
J 67 tNormal Tempv® 16 17 I8 19 1A 1B 1C 1D 1E fF 20 21 22
Tl= 63 tHal! -Tempo) oB oc an UE OF 10 11 5
Fig. 7 A worked example of Tuneware
Fig. 6 Tempos
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MIDI MAPPER

n an ideal MIDI world [ suppose there would
be no need for add-ons such as a MIDI
mapper. In the real world there are plenty of
MIDI instruments and other MIDI equipped
equipment which have what is only a fairly
basic MIDI specification. These days manufacturers
of electronic music equipment give most of the current
equipment a fairly comprehensive specification —
mode 4 operation with multi-timbrality is now the
order of the day even on budget synthesisers and
samplers. There is usually a great deal of control over
which voice of an instrument operates on which MIDI
channel.

This contrasts with many instruments of the past,
including some of the most popular ones. A common
failing of these is the ability to transmit data only on
MIDI channel 1, which can be a bit limiting especially
if your setup contains more than one instrument of
this type. A simple way around this problem is to feed
the output of the instrument through a MIDI mapper
such as the unit featured in this article. The basic action
of this device is to pass most MIDI data unaltered.
However, data received on a certain MIDI channel can
be retransmitted on a different channel. Both the input
and output channels are user selectable via a couple
of switches. In our example of a synthesiser restricted
to transmission on channel 1, by setting channel 1 on
the input selector switch, the data would then be
output on any desired channel, as set on the output
selector switch.

There are other ways of using the unit, but a
certain amount of care needs to be exercised as things
might not always work out as you might expect.

The unit can be used in what is effectively the
opposite way to the one described above, where it is
added at the input of an instrument which can only
operate on channel 1, so as to make itrespond to data
sent on a different channel. Bear in mind though, that
this unit only provides channel switching, it does not
give MIDI filtering (which is a rather more complex
function than one might think). Although it will
convert messages on channel to any other desired
channel, messages received on channel 1 will be
passed straight through to the output, still on channel
1. This might not matter, but it could prevent the
desired action from being obtained. If, for instance,
you have two mode 3 instruments which are restricted
to operation on channel 1, adding this unit ahead of
one of these instruments would not permit them to
be sequenced separately. However, building a
doubled-up version of the unit with two mappers
would permit independent operation of the units on
any desired channels, except channel 1 which would
become a ‘no-go area’

The lack of filtering could be used to good effect
with a little ingenuity. With two instruments on
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channel 1, and the mapper being added ahead of one
of them, both instruments would respond to messages
on channel 1. If the mapper was set for channel 2 as
the input channel, then messages sent on channel 2
would only be received by this instrument. This would
permit solo operation using channel 2 or layering of
the instruments by using channel 1. Not fully
independent operation but a definite advance on
having only layered operation of the instruments.

There are other possible ways of using the unit.
As explained in the How It Works section, it can be
set up to effectively filter out certain types of MIDI data.
However, it would be naive to expect a simple device
of this type to provide all the functions as a highly
sophisticated micro-based design costing hundreds
of pounds.

Construction

Refer to Fig. 5 for details of the printed circuit board
Apart from IC4, all the DIL integrated circuits are
CMOS types and require the usual anti-static handling
precautions. [ would recommend the use of a socket
for IC4 as well — it is not a static sensitive device but
it is not particularly cheap either. 6-pin DIL holders
can be a bit difficult to obtain but it is not too difficult
to saw an 8-pin type down to size.

When fitting the integrated circuits, note that IC8
has the opposite orientation to the other DIL devices.
FS1 is mounted on the board via a pair of fuse-clips.
Use plenty of solder when fitting the clips into place
so that they are given a very firm mounting. Note that
FS1 should be an anti-surge type and not a quick-blow
because of the initial surge current as C7 charges up
at switch-on.

A number of link-wires are required and for most
of these trimmings from resistor leadouts are perfectly
adequate. Some 22 swg tinned copper wire will be
needed for the longer wires though. The wire must
be quite taut on these longer links, or else insulated
with PVC sleeving so that there is no risk of them short
circuiting together. Crystal XTAL1 must be aminiature
wire-ended type (such as an HC-49/U cased crystal)
if it is to fit into the layout easily. Printed circuit pins
are fitted to the board at the points where connections
to off-board components will be made later, so that
these connections can easily be made once the board
has been installed in the case.

[ used an inexpensive 19-inch (one unit high)
rackmount case. This is actually somewhat larger than
is really necessary and it could easily accommodate
two or three boards if necessary. Even if a single board
is used, a 19 inch rackmount case is still a good choice
as this should make it easy to fit the unit into an existing
MIDI system with the minimum of fuss. A light-duty
type is perfectly adequate for this application (heavy-
duty types can be extremely expensive).

LJA[0dd
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HOW IT WORKS

The block diagram of Fig. 1 helps to explain the way in which the unit
functions. It is based on a UART {Universal Asynchronous
Receiver/Transmitter} which converts the incoming serial MID1 signal
into paraltel form and then retransmits it in serial form again. However,
onappropriate bytes the signal is retransmittedin slightly altered form.

The MIDI standard calls for opto-isolators at all inputs. This is
necessary in order to eliminate any problems with high voltages
causing damage to equipment, to reduce the risk of hum loops and
to prevent digital noise from being coupled into the audio stages of
instruments. MID! outputs are a form of current loop stage and must
provide a nominal output current of SmA.,

The MIDI baud rate is 31250, set using a 4MHz crystal oscillator
and a divide-by-eight circuit. This gives a clock signal at sixteen times
the required baud rate which is what the UART requires. Only one
waord format is used for MIDI systems — one start bit, eight data bits,
one stop bit and no parity. This word format is programmed into the
UART by cannecting certain of its inputs to the appropriate logic
levels. Unfike many serial interface chips, UARTS are perfectly suitable
for simple stand alone units and do not have to be programmed via
the data bus and suitable software.

In order to understand how the unit provides channel switching
you need tounderstand a few basics about the nature of MIDI signals.
Each MIDImessage consists of a header byte which contains the code
for the type of message concerned (most significant nibble} and the
channel number {least significant nibble}. These channels messages
include such things as note onfoff instructions, pitch bend
information, and soon. There is another form of MID! instruction in
the form of system messages. With these the most significant nibble
has the system message code (1111 in binary) and the least significant
nibble contains the code for the particular type of message involved
{clock signals, system exclusive, and so on). Many of the header bytes
are followed by one or more data bytes.

The unit only needs to process header bytes for channel
messages that are on the appropriate channel. System messages
must not be altered. Similarly, data bytes for channel messages must
not be changed — their channel number is that of the header byte
that precedes them and they do not carry any channel information
themselves. As the channel number is contained in the least
significant nibble, only this nibble is ever processed. The most
significant nibble is always passed straight though to the transmitter
section of the UART without undergoing any changes.

The least significant nibble is checked for the right channel
number using a magnitude comparator which compares the received
nibbles with the binary code set using the input channel selector
switch. If amatchis detected, the comparator sends the appropriate
logic level to one input of a 5-line decoder. The other four lines of this
circuit are fed with the most significant nibbles. The decoder only
provides an output pulse if it detects that the correct logic fevel is

being provided by the magnitude comparator and that the most
significant bit is set to 1 (which means that the received byte is a
header type and not a data byte) (it will not provide an output pulse
if all four bits of the most significant nibble are set to 1, a system
message header type).

If a channel message header byte is detected, the decoder

produces an output pulse that triggers a monostable. This controls
two tristate buffers, one fromits Q output and one fromits Q output.
Normally the upper tristate buffer of Fig. 1 is active and the signal
passed through to the output unprocessed. When the monostable
is triggered, s outputs momentarily swop states and the other
tristate buffer is activated. it then couples through to the transmitter
UART the binary code setusing the output channel selector switch.
This code replaces the channel nibble of the received byte on the
transmitted signal.

Figure 2 shows the main circuit diagram for the mapper the
comparator, decoder, and monostable circuits are shown separately
inFig.3 and the mains power supply circuit appears inFig. 4. Transistol
Q2 generates the clock signal to be divided by eight in IC1 {where
only three of its seven binary counters are used). Q1 is the output
stage.

IC4 and Q3 provide a high speed opto-isolated input. The TIL111
specified for IC4 is not a particularly fast device but by using its output
transistor in the emitter follower mode together with an external
amplifier (Q3} it can handle the relatively high frequencies involved
in a MIDI application. Q4 is used to reset the data received flag of
UART IC2, and it also produces a pulse to initiate transmission of
received bytes.

IC3 and IC5 are the two tristate buffers. These are 8-bit types
butin this circuit only four buffers of each one are used. SW1-4 plus
R12 to R15 form the output channel selector circuit.

IC6 is the magnitude comparator, a 74HC85 four bit type. SW5-8
plus R16 toR19 are the input channel selector circuit. IC8is the 5-line
decoder, actually a 74HC138 3-line type. The extra two input lines
are provided by the positive enable terminal and one of the negative
enableinputs. The latter is driven from IC6 via an inverter formed by
one gate of IC7.

The positive enable input of IC8 is fed from the most significant
data bit. The other three most significant bits of data drive the normal
inputsof IC8. Sevenof its outputs are ANDed by a simple diode gate
circuit and any one of these {active low} outputs going low will trigger
the monostable. The latter is based on IC9 which is a 4047BE
astable/monostable connected in the negative edge triggered
monostable mode. SW9 can be used to disconnect the gate circuit
from the monostable so that the channel shifting is disabled.

Output 7 of IC8 is not connected. This is activated when a
system message header byte is received. {these must not be altered).
A form of MID! filtering can be obtained by removing some of the
diodes in the gate. Some classes of message would then be passed
through unaitered while others would be shifted to an unused channel
and effectively filtered out. Each output of IC8 represents a different
class of message. For example. output 5 {pin 10} is the channel
pressure output. By including a diode on this output but not the
others, channel pressure messages could effectively be filtered out.

The power supply circuit is unspectacular, just a standard
regulated 5V supply using push-pult rectification. As the current
consumption of the circuit is only a few milliamps it is quite in order
to use battery power if preferred. Omit T1,08, D9, FS1 and C 7, then
connect the battery across C8, fitting one pole of the onjoff switch
in the posttive battery lead.
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The general layout of the unit is not critical but
position everything sensibly so that there are a mini-
mum of crossed wires. SK1 and SK2 should be 5-way
180° DIN sockets, the standard type for MIDI equip-
ment. Switches SW1-8 could be two sets of four minia-
ture toggle or slider switches but you would then need
to set up the right binary patterns in order to select the
desired input and output channels. The extra expense
of hexadecimal switches is probably worthwhile, and
it is switches of this type that | used on the prototype.
A lot of hex switches are printed circuit types which
are only intended for preset use. Switches of this type
can be wired in if the unit will always be used with the
same input and output channels. A few wire links are
much easier and cheaper if preset operation is all that

is required.

If selection of the input and output channels via
the front panel is required, thumb-wheel style hex
switches are probably the best option. I used the
miniature RS type. These require one pair of end
cheeks if the two switches are to be clipped together
to form a single unit, or two pairs of end cheeks if they
are to be mounted separately.

The panel cutout can be made using a fretsaw
or similar implement. A good way of getting it really
accurate is to cut just inside the line marking the
beundary of the cutout, and to then carefully file out
the hole to precisely the required size. The correct size
for the cutout is 31mm x 17mm for a single switch,
or 31mm x 24.5mm for a twin switch assembly.

PARTS LIST .

BUYLINES
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Mount the PCB on the base panel of the case
using stand-offs or use long spacers over 6BA
mounting bolts. Most of the hard-wiring is straight-
forward but the wiring to the thumbwheel switches
and IN/OUT sockets needs to be completed with care
if everything is to work first time. ‘Rainbow’ ribbon
cable is probably the best type to use for the point-to-
point wiring.

Note that there is a link wire from pin 2 of SK1
to the chassis tag of this socket but this link must be
omitted from SK2 (otherwise the opto-isolator at the
input of the unit will be effectively bypassed). Take due
care with the mains wiring. The case must be earthed
to the mains earth lead and a soldering fitted on one
of T1’s mounting bolts is an easy way of providing a
suitable connection point.
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In Use

Assuming you use the specified type of socket con-
nected in the manner shown in Fig. 5, standard MIDI
leads can be used to connect the unit to the other items
of equipment.

The main point to bear in mind when fitting the
unit into a system is that it must not be connected
ahead of any item of equipment which must receive
the undoctored MIDI signal. For example, if you are
using the MIDI THRU method of connection and only
one piece of equipment must be fed with the doctored
signal, then the processor should be the penultimate
unit in the chain of connection, and the equipment
to receive the doctored signal connected as the final
unit. If the unit is used with a synthesiser that willonly

transmit on MIDI channel 1, simply connect the OUT
socket of the synthesiser to the IN socket of the
mapper. The OUT socket of the mapper is then used
to drive the other items of equipment in the system,
and the output channel selector of the mapper is used
to effectively select the output channel of the
synthesiser.

Unfortunately the hex switches are calibrated
from O to F, whereas MIDI channels are conven-
tionally numbered from 1 to 16. Obviously a little
mental arithmetic is all is needed in order to convert
switch settings to their corresponding MIDI channels.
SWO can be used to switch out the channel shifting
if desired, (setting the same input and output channel
provides the same effect). In either case the unit will
only pass the MIDI signal if it is switched on.

SW1-4

1no
L3S

=
R aanial

.
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Fig. 5 Component overlay and off-board wiring for the MIDI Mapper
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| AUDIOKITS Precision Components
\ *

B "
THE VIRTUOSO POWER AMPLIFIER
AUDIOKITS top of the range power amplifier kitand still the number one power amplifierinterms
of sound quality and ease of construction and testing. At £325 complete, the standard 100W/
Channel version is excellent value for money whilst the 3U upgraded version at £840 offers the
kind of sonic performance expected of the world's best power amplifiers.
THE VIRTUOSO PRE-AMP
The ideal constructors preamp. Excellent sonic performance and simple but effective circuitry
make it one of the most popular preamp designs published. And its modular construction,
including separate power supply regulator board makes it ideal for anyone requiring an MC
Stage. Disc Amplifier, Tone Control or Basic Low Levet Amplifier on its own. Now even further
sonic improvement are possible through better components. For details send now for:
ACN19 VIRTUOSO PREAMP — THE SECOND UPGRADE £5.00
ACN20 REMOTE PREAMP POWER SUPPLY £1.50

AUDIO DESIGN POWER AMPLIFIER

Many ET/ readers have substantially improved the sound quality of the original audio design
power amplifier by fitting higher grade recommended and supplied by AUDIOKITS. Whether
you are building the latest version as published or making your own version in your own case,
AUDIOKITS component note and price list offers many useful ideas on improving sound quality
at low cost. Send now for:

ACN 22 AUDIO DESIGN POWER AMPLIFIER £2.00

For further details of Audiokits, Audio Amplifier Kits, Electronic Components and Cables,
send 9°X4° SAE (overseas 3 IRCs) to Audiokits Precision Components, 6 Mill Close,
Borrowash, Derby, DE7 3GU, England. Tel: 0332 674929.

Oscilloscopes
TEKTRONIX 2213 Dual Trace 60MHz Delay Sweep Dual T8 £400
TEKTRONIX 465 Dual Trace 100MHz Delay Sweep £500

TEKTRONIX 258 Dual Trace 150MHz Delay Sweep £400
GOULDADVANCE 0530004 Dual Trace 40MHz Delay Sweep £300
TRIQ C$15664 Dual Trace 20MHz Delay Sweep £250
PHILIPS PM3233 Dual Trace 10MHz £200
TELEQUIPMENT D75 Dual Trace 50MHz Defay Sweep €275
KIKUSU! 55304 Dual Trace 35MHz €250

HP 12204 Dual Trace 15MHZ ..o £200
GOULD ADVANCE 0S1100 Dual Trace 30MHz £210
GOULD ADVANCE 08255 Dual Trace 15MHz 21
COSSOR CDU150 Dual Trace 35MH2 Delay Sweep Solid State
Portanie 8x10cm Display £180
Optional front cover conlaining 2 probes etc £10
SE LABS SM11t Dual Trace 1BMHz Solid State Portable AC o
external DC operation 8x 10cm Display £150
SCOPEX 4D108B Dual Trace 10MHz £150

MARCONI TF2015 AM FM 10-520MHz Sig Gen with
Synchroniser TF271 £550

MARCONE TF2015 without Synchroniser £425

MARCONI TF2016 AM FM 10MHZ-120MHz with Synchroniser
TFA73 £400

MARCONI TF2016 without Synchroniser €300
MARCONI SANDERS 5tG SOURCE 60558 850-2150MHz €500
DYMAR 1525 AM FM 0 1.18MHz Sig Gen £200
H P 964 SWEEP OSCILLATOR 712 4GHz £600
H P 620 Signal Generator 711GHz £400
H P 614A Signal Generalor 800-2100MHz £450
FERROGRAPH RT52 Recorder Test Set 275
WOELKWE Wow & Flutter Meter ME108 £100
LEADER LMV 186A Two channel Milivoltmeter SHz-50kHz
1004V-300V £100
LEVELL TG200DM 1Hz-1MHz Sine/Square €128

MARCONI Automtic Distortion Meter TF2337A 400Hz or 1kHz
Measuyres down to 001% £150
MARCONI TF2700 UNIVERSAL LCR Bndge Battery Operated

From €150

PHILIPS PMB456 FM Stereo Generator €95

ADVANCE SG628 AM 150kH2-220MHz £45 (P&P £7)

TEKTAONIX CURVER TRACER type CT7 £325

TRIO SG402 AM Sig Gen 100kHz- 30MHz Unused £75
MARCONIATTENUATOR TF2162 DC-1MHz 600 Onhm (-111dB in

0.1d8 Sleps £35 (P&P £7)

MARCONI RF POWER METER TF1152A/1 DC 500MHZ 05 25W
5000nm with manual ONLY'£45 (P&P £7)

TELEPHONES — YES'REAL DIAL TYPE TELEPHONES — that
don't slide around the desk Type No 746 supplies with stand-
ard BT plug(usedi Only £5 each {P&P£3). Quaniity discount

SPECIAL OFFER
HEWLETT PACKARD
OSCILLOSCOPE TYPE 1740A

Dual Trace 100MH2 Delay Sweep Thgger View £57S

HAMEG MODULAR SYSTEM

HMB001 Main Frame win HM8032 Sine Wave Generator
20M2-20MHz HMB030 2 Function Generaior 01-1MH2 Sine/sq
Tnangle ana HMBOH 2 Digital Multimeter &/ Dign

ONLY £400

RACAL-NORSK Keyboard CASED ASCIl Caded + Function
keys Unused Some inio €5 each (P8P £3)
FARNELL SWITCHED MODE PSU 5V 40A & +/- 12V5A

€30 each {P&P £4)
OTHER SWITCHED MODE PSUs avalladle Please enquire
DISK DRIVES 52 DS/DD 80 track from €50

MULTIMETERS (P&P All AVOs 55)

AVO 8 Complete with Batienes & Leads trom €50
AVO § MkY Compiete wih Batteries & Leads €90
AVO TEST SET No 1 (Miltary version ot AVO 3)

Compiele with Battenes & Leads £65
TEST LEADS suitable for AVOMETERS Red & Biack wih

2 Croc-Clips & 2 Prods €5 (P&P €3)
Black “Ever Ready case for AVOs Unused £15 (P&P £4)

BATTERIES 15 voii

AVO TRANSISTOR ANALYSIS Mk2 CT436 Sutcase syle.
compiete with batienes and operating nsiructions
P&P £7} ONLY £25 each

NEW EQUIPMENT
HAMEG OSCILLOSCOPE 604 Dual Trace 60MHz Delay Sweep
Component Tester + 2 Probes £575
MAMEG OSCILLOSCOPE 2036 Duai Trace 20kHz Component
Tester & 2 Probes €3
Al Other Models Available

BLACK STAR FREQUENCY COUNTERS P&P £4

£3 each. 10 off £25 (P&P extra)

Meteor 100-100MH2 €99
Meteor 600-600MHz £129
Meteor 1000-1GHz £178

BLACK STAR JUPITOR 500 FUNCTION GENERATOR
Sine/Square/Tnangie 0 1KHz P&P €4 i
BLACK STARORION PALTV/VIDEO COLOUR PATTERN
GENERATOR €209

HUNG CHANG DMM 7030 3'2 digt Hand held 28 ranges
ncluding 10 Amp AC/DC 0 1% Complete with battenes &

leads P&P €4 €39.50
As above DMM £010 0 25% £33:50
Carrying Case for above €3

OSCILLOSCOPES PROBES Switched x1 xi0 €11 each

Used equipment — with 30 days guarantee. Manuals supplied if possible
This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for fists. Please check availability

before ordering. CARRIAGE all units £16. VAT to be added to Total of Goods & Carriage
—

=  STEWARTS OF READING

110 WYKEHAM ROAD, READING, BERKS RG6 1PL
Tel: 0734 68041, Fax: 0734 351696. Callers welcome 9am-5.30pm Mon-Fr (until 8pm Thurs)

PUT YOUR
AGENT ON
THE TRAIL

You need the facts. just the
facts man. You need a
steady source 1o feed you
information. Don't settle for
asecond-rate squealér. You
need ETI and you need it
good. Put your newsagent
on the trail clip the
coupon and hand it toyour
neighbourhood shop.

I
Dear Mr Newsagent
Please order me a copy of ETI I

and reserve deliver me a copy |
every month SR

ELECTRONICS

TODAY INTERNATIONAL

Note this magazine is available to your wholesaler through:
SM Distribution. 6 Leigham Court Road. Streatham. London |
SW16 2PG. Tel: 01-677 8111 I

Narfe

| Address

e = —E————

19" RACK MOUNTING EQUIPMENT CASES

This range of 19” rack equipment cases have been designed with economy and versatility as thesr
objective. These cases are supplied as a flat pack kit with assembly instructions,

The » NEW IMPROVED DESIGN # now features a black powder coat 16SWG (1.5mm) steel front
panel with the rear box constructed from 9mm PVC coated steel.

All units are 10" {254mm) deep and are available in the following popular sizes.

TYPE HEIGHT PRICE

ul 1" (44mm) 19.55 %

u2 3" (88mm) 2300 3

u3 5" (133mm) 2185%

in 7 (178mm) 2450%

* Special Otfer Price

DELIVERY INCLUDED (UK ONLY) JPEN ]
All prices INCLUDE VAT ) _=
Blanking Panels, Racking Consoles .
and Rack Cabinets are also available. 4 »
Please send S.A.E. for details.

« TRADE ENQUIRIES WELCOME » < >
TEL: 0275 823983 FOR ACCESS/VISA SALES |

OR CHEQUE WiTH ORDER TO:- S

RACKZ PRODUCTS
PO BOX NO. 1402, MANGOTSFIELD, BRISTOL, ENGLAND BS17 3RY

19" RACK CASES

« Suitable for instruments, high quality amphfiers and many other applications that demand strength and
professional finish « New improved constructionandfinish # Black anodised alumimum tront panels # Separate
front mount:ng plate. no fixing screws visible on the frontand the side of the enciosure « Heavy gauge front panel
1sof brushed alumimumfimsh enhanced with two professional handles « With ventilatron sktsand plastic feet
+ Rear box manufactured from 1.1mm steel finished in black. Rack mounting or free standing. Comes in quick
assembly fiat package

Panel Size Rear Box Price
Order Code W H (inch) W i D Weight Iy
u101 19x175 17x1.5x10 2.4kg  26.95
U103 19%x5.25 17x50x10 3.5kg 29.95 .

u212 19x35 17x30x12  33kg
us2 19%5.25 17%x50x12  4.0kg

£29.75 ‘j
£31.95 S
£34.95 T
Please add £300 P&P for the first item and £1.50 for each additional item
Please add VAT to above prices. Overseas orders welcome.

CRICKLEWOOD ELECTRONICS LTD

40 CRICKELWOOD BROADWAY, LONDON NW2 3ET
Tel: 01-4520161  Fax: 01-208 1441
SOLE UK DISTRIBUTORS
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THE MULTIMETER

R “c\d\ vilrige / i

E M

he humble multimeter is the fundamental

piece of test gear in every workshop.

Without it, most people would not dream

of setting out to mend anything, let alone

build something. This does present a pro-
blem when presenting a project to build such a meter.
Dare one build the project without a multimeter to test
it? And if you have one, why build one?

You can sort out such arguments for yourself.
This simplest answer is to borrow a meter for the
weekend. Happily this project is reasonably simple
and there isn’t too much to go wrong.

It was originally designed as an Industrial Skills
class project for BTEC/C&G students. The design
criteria were that it should measure a limited range of
DC volts, current and resistance with a reasonable
degree of accuracy, that it should use low-cost and
readily available components. Plus it should be easily
put together with a minimum of tools and equipment.

There are four DC voltage ranges with full-scale
deflections of 100mV, 1V, 10V and 100V. Four DC
current ranges have FSDs of 100mA, 1mA, 10mA
and 100mA. There are also four resistance ranges
with ranges up to 1k0, 10k, 100k and 1MO.

Multimeters manufactured with only passive
components usually have a non-linear resistance
scale. However, this project includes an active device.
The friendly LM358 dual op-amp provides the
measurement of voltage, current and resistance using
a linear scale (ETI March and April 1986 contain more
information on the LM358).

The multimeter with its high impedance input
has nedgligible loading effect on the circuit being
measured — this is essential when, for example,
measuring transistor base voltages.

Zero resistance on most analogue multimeters is
on the right-hand side of the meter scale. With this
multimeter, voltage, current and resistance have their
zero positions on the left-hand side of meter scale.

ETI OCTOBER 1989

The multimeter should zero automatically on all
ranges once adjusted and calibrated.

The accuracy of the multimeter relies on the close
tolerance of resistor values.

Off the shelf 5% tolerance (gold band) are listed,
these will give surprisingly good results. However 1%
tolerance (brown band) resistors are easily obtainable,
except perhaps the 10M value.

Construction

If you are using the PCB from the ETI PCB Service
(see centre pages) then construction is very
straightforward. Those wishing to etch their own board

"can find the foil pattern at the back of the magazine.

The component overlay is shown in Fig. 1.
Integrated circuits are notoriously fickle things when
it comes to soldering and you may prefer to solder in
an 8-pin IC socket to take the LM358 rather than
fixing it directly to the board.

Solder in the resistors and diodes first.
Remember the diodes need to be orientated correctly.
Leave enough distance between the red LED and the
board so that you can mount it through the case later.
The prototype made use of atransparent case made
out of something similar to Perspex so that it didn’t
really matter if the LED protruded from the case or
not!

To mount the preset resistors RV1,2 you may
need to enlarge the PCB holes slightly — the legs are
a bit thicker than those on resistors.

The meter and rotary switches are mounted
directly on to the PCB. This improves mechanical and
electrical terminal connection. You'll need to cut the
eyes from the rotary switch tabs unless you want to
make huge holes in your PCB.

The on/off switch and the sockets do not go
direct onto the board. They are connected with
lengths of 1mm tinned copper wire, although you may

LJd[0dd

Dougias Kennedy
presents some wide-
ranging ideas with this
simple budget piece of
test gear
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PROJECT

| A R .

SK1 SK2 SWa SWITCH SK4 SK:!+ | ]
[ Fig. 1 The component overlay for the multimeter
PARTS LIST

RESISTORS (all %W 5% unless stated) SEMICONDUCTORS R

R1 e L L %1 LM358

R2.13 100k | & 12 N4148

R312 10k ] LED! 0.2in red LED

R4-71 w ! |_

RS ROKW | i MISCELLANEOUS 3

R9 10R % ol 5l 1 9v PP3 battery

R10 100R T 'METER! 100uA meter

R14 10M L C sK14 4mm sockets: 2 red, 2 black

R15 . . ‘i b oWl 4-pole 3-way rotary switch

R16 X208 B+ el = SW2,3 3-pole 4-way rotary switch

RV pre-set 10k - Swa single pole single throw switch

RV2 pre-set 220k - 'PCB. Knobs {3). IC sacket. Battery clip. Case. Test leads.

there is a template for drilling shown in Fig. 2. Place

N T 1l ELECTRONIC DC this over your case firmly and scribe the hole positions
|G, | & | a1 with a knife or bodger. Then drill all the holes with a
| | i 2mm bit and enlarge them to the sizes shown on the
I et ' 8p template.
: ‘ |I G} The hole for the meter is pretty big and the ideal
| o (53 | tool for the job is a 38mm hole-saw. However, panic
e e et J not if you haven't got one, you can make several small

G- OO

Fig. 2 The front panel template

prefer to wait until you've prepared the front panel and
fixed the components on that before you connect
them in. It will depend on the case you use and how
conveniently things will fit together.

The Front Panel

So that you can get a neatly arranged front panel with
the holes and switches in the right place for the PCB,

holes around the circumference and then blast your
way through with a sharp knife (shortly to become a
not so sharp knife). Happily the meter itself covers the
edges of the hole so a disastrous botch job will be quite
sufficient!

With everything wired in you can finally put the
case together. Poke the stems of the switches through
the holes you've made and trim them for the knobs.
Mark up some dials on the case with the ranges shown
in the photograph. Now connect up the PP3 battery
(with the on/off switch off), fit that somewhere in the
case with tape if necessary, and close the box. Now
you're ready to test the meter.

Setting Up And Calibration

Calibrate the voltage and current ranges first. Switch
on the multimeter and set the VmA switch (SW2) fully
anticlockwise to the 0.1V position. Get a small
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HOW IT WORKS

\"'—II

screwdriver and tweak the slot adjustment on the
meter until it reads exactly zero. Then click SW2 over
to the 10V position. Connect a 10V DC supply across
the voltage and current input sockets 3 and 4. Adjust
RV1 to give a reading of exactly 10V FSD on the
meter. And that's it. The multimeter should now give
accurate measurements of up to 100V or 100mA in
a linear manner.

Resistance Ranges

To calibrate for resistances, set the V&I switch SW1
over to the ‘ochms’ position. The meter needle should
shoot off the scale as you are presenting it with an
open circuit — more or less infinite resistance.

Set SW3 to the 10k position and get the closest
tolerance 10k resistor you can find and connect across
the resistance input sockets SK1,2. Adjust RV2 to give
you the full 10k deflection.

No further adjustment should be necessary. Of
course calibrating like this does depend on the quality
of the supply or components you are using: If you
don'’t have a DC supply (and there’s little excuse since
ETI published one not so long ago), you could check
on the exact voltage of a spare PP3 at a friend’s house
or at work/school, then rush home and calibrate with
that {(making sure not to'heat it, freeze it or use it in
your stereo on the way!). Similarly it might be wise to
get a second opinion on the 10k resistor you use to
calibrate with, it would be a terrible shame to calibrate
with a dud.

Other Things

The multimeter is also useful for basic testing of

components. To test asilicon diode simply insert the'

test leads into the resistance test sockets and put the
range on lk. Connect the positive lead to the anode
(no band) and the negative to the cathode (banded).
If you get low resistance you're OK, if you get high
resistance then the diode is open circuit (which it
shouldn’t be). Swap the leads over. You should now
get a high resistance. If you get a low resistance then
your diode is short circuit. Note that germanium
diodes normally indicate a small resistance when
reversed biased.

ETI OCTOBER 1989

You can also check transistors by regarding the
silicon sandwich as a pair of diodes and testing
accordingly. Figure 7 shows which way the diode
equivalents are orientated for NPN and PNP types.

To test a thyristor, connect the positive test lead
to the anode and the negative to the cathode. The
meter should read high resistance. Momentarily short
the anode to the gate and the resistance should go low
— even when the gate voltage has been removed.

BUYLINES
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PCB FOIL -
PATTERNS

The Intruderbeam Control Unit foil pattern

T e

| 2

Field Power Supply for the Spectrum 3 (September 1989)

ln last month’s issue, a design error led to the component overlay being published with
D the printing densities reversed, rendering it rather difficult to Interpret. The board is

reproduced here with the error rectified

—
FEEDBACK Coil Winding Data
15 1 r Coil Turns SWG Gap in inches’l Inductance at Ipc 1]
nearsiv || ‘@ R L1 30 18 0.013 200uH at 700mA |
“ohnssis | (S U creads) L2 100 | 22 0.013 2mH at 50mA
B eaeg’ 2 L3 15 18 0.013 40uH at 2.5A
AC5) a1 o T1oim 30 18 0.013 200uH at 2.5A
Q_ + |I Le @ P
ol ™ 10 | T2 | 09 2 cobg e | |
'1 (CC\)PPER ' Another omission from the Field Power Supply was the coil winding data, which is shown
l / \ SIDE} here.
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ELECTRONICS

TODAY INTERNATIONAL

CAS GILROY
0442 66551 Ext 314

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

Lineage: 50p per word (+ VAT) (minimum 15 words})
Semi Display: (minimum 2 cms)
£13.50 per single column centimetre + 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).

COURSES

MAKE YOUR INTERESTS PAY!

More than 8 million students throughotu the world have found it worth their while! An ICS
home-study course can help you get a better job, make more money and have more fun out of
life! ICS has over 90¢ ars experience in home-study courses and is the largest correspondence
school in the world. You learn at your own pace, when and where you want under the guidance
ofexpenﬂrersonal tutors. Find out how we can help YOU. Post or phone today for your FREE
INFORMATION PACK on the course of your choice.

(Tick one box onlyl}

[® \
adio. Audio
l g uelronics . and TV Servicing (@]
| Basic Electronic Radio Amateur Licence I
Engineering (City & Guilds) O | Exam (City & Guiids) [m]
I Electrical Engineering O | Car Mechanics O I
Electrical Contracting/ Computer
I Installation 0O | Programming I
GCE over 40 O and ‘A’ level subjects a
' Name S — l
Address _ - P.Code
Internatianal Correspondence Schools 312/314 High 8t., Sution, Surrey SM1 1PR ,

Tel: 01-643 9568 or 041-22 2926 (24 hrs.) Dept EBS89

— e e——

Start training now for the following
courses. Send for our brochure —
without obligation or Telephone us on
0626 779398 (Ref: ET! 9/89)

Telecomms
Tech C&G 271
Radio Amateur
Licence C&G
O Micro-
processor

O Introduction to
Television

0

Name

o

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

SPECIAL OFFERS

FOR SALE

100 WATT POWERAMPS £7 —

JPG Electronics .| NEw!. .. Fully assembled +
B om0 aoea s e o | leAdS, ¥ o 2| Direclions

content 1.000 resisior €895
LED's red or green 3mm o1 Smm  6p each. Yellow  tip each

KIA-8 Cuncliffe Road, likley . .

Cable tes 75mm 1p each €595 per 1.000; £4950 per 10000 Hearit! . . . . Free Demo-cassette
Stepping motor 4 phase 12v 75 siep S0ohms £895
SAA 1027 stepping mator drver CNIp £395 . £1.50 P&P.

Minaature FM transisior kis £794
Computer grade capaciors with screw lerminats 58000ut 60v £4,
4700u! 63v €150, 35000ut 20v £195. 87000u! 10v €150
7 segment C anode LED display 12mm £045
LM2931ATS0 low drop out Sv regulator-TO220 package COGE
85250 P channel MOSFET

PLANS

BCS58 transisior TO92 PNP £395 per IOO
T74LS05 her inveriet £€1000 per Y00
AM27502/DC memory £150
oot ¢ e ELECTRONIC PLANS, laser
f;'f:w‘iﬁ?ﬁ':,'c":.ﬂif.'m" and setting up procedure for :23;. des i g ns, SQ| ar and wind
Motor star capactons 15ul 340vac £180 generators, high voltage tesias,
40ut I0vac £595; 4uf 250vac £195 . e
LNE mains suppreasor 2x Snis 1000t toss surveillance devices,
o b lsca Bt 6570 es pyrotechnics and computer
ur " ot hai h, H H
100 iy 16 Bk st o e #%| graphics tablet. 150 projects.
Qwerty keyboard 58 key uncased good quality switches €500 FOF catalogue. SAE tO
CMOS TTL 74 HC 74F linear transistor kilg, capacitors, fesistors, b . E
i et Piancentre Publications, Unit 7,
e2se add 75p pap per order VAT inc .
e Oid Wharf Industrial Estate,
276 Chatsworth Road, Chesterfield S40 2BH Dymock Road, Ledbury,

Access orders (0246) 211202 — Callers welcome

Herefordshire, HR8 2HS.
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NEW VHF MICROTRANSMITTER
kit, tuneable 80-115MHz, 500 metre
range, sensitive electret micro-
phone, high quality PCB. SPECIAL
OFFER complete kit ONLY £5
POST FREE. Access orders tele-
phone 021-411 1821, cheques/PO's
to: Quantek Eiectronics Ltd, (Dept
ETI), 45a Station Road, Northfield,
Birmingham B31 3TE.

MISCELLANEOUS

HEATHKIT U.K. Spares and
service centre Cedar Electronics,
(HRY), Unit 12 Station Drive, Bredon,
Tewkesbury. Glos. Tel: 0684-73127.

FOR SALE

A&G ELECTRONICS LTD

If you are buying Electronic Components
elsewhere you are aimost certainly paying
too much! Write to us for a free 1989
catalogue and start saving money.
{Please send two 19p stamps lowards postage)
100 Park Avenue, London E6 2SR
Tel: 01-552 2386

SWITCHES

VOICE/SOUND ACTIVATED
SWITCHES easy to follow dia-
grams and uses only £1.00. Com-
ponents and P.CB's available
Herrington, 63 Home Farm Rd,
Hanwell, London W7 1NL.

SURVEILLANCE

SURVEILLANCE &
COUNTER
SURVEILLANCE
EQUIPMENT

WE MANUFACI'URE AND SUPPLY
TOP QUALITY
SURVEILLANCE
AND SECURITY
EQUIPMENT
mcludmg VHF Transmiters
Automatic Telephone
Recorders, Recording
= aaa - Telephone
\ C 5 {‘J CounreypTap Units
& &' " We also offer a complete
range of accessories.
CCTV AND SECURITY
SYSTEMS SPECIALISTS
Write or phone for a detailed catalogue to
ESKAN ELECTRONICS LTD.

Bnefcases Bug
Including microcassette recorders. microphones.
DEPT. ET. 172 CALEDONIAN ROAD. LONDON. NI

Detectors,
receivers, casseties and batteries
| $12781768 =

WANTED

Turn your surplus
transistors, I1Cs 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

EQUIPMENT

WOULO YOU BUY A CAR
WITHOUT A TEST DRIVE?
THEN WHY BUY A MIXER
WITHOUT A TEST DRIVE?
Thinking about a new project — from a small
Mixer to a large studio complex — come and talk

over tdeas with the people who offer manufac-
turing and user experience at our new premises

Unit D, 318 High Road, ??

Bentleet, Essex SS7 SHB
TO TAKE THAT TEST DRIVE
PHONE 0268-793381
(Weekend Committee visits :" “ ’

welcome by prior arrangement)

PARTRIDGE
ELECTRONICS

Heag Office. 56 Fleet Road. Benflest. Essex SST SN
Telephone 0268-793256
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REPRESENT
YOUR REGION
AND ATTRACT

MORE CUSTOM

LONDON

DIRECT ELECTRONICS
ELECTRONICS COMPONENT SPECIALISTS
627 ROMFORD RD,
MANOR PARK
LONDON E12 5AD
Tel: 01-553 1174
Mon-Sat 10-6 pm/Thurs 10-1pm

RETAIL OUTLETS

TO FIND OUT
THE ADVANTAGES
OF ADVERTISING
IN ETI MAGAZINE

CALL CASS GILROY
ON 0442 66551

D
e o o
SN

D
2Dy

m N

[ OMNI ELECTRONICS |

stock a wide range of electronic components at

174 Dalkeith Road,
Edinburgh EH16 5DX
Tel: 031 667 2611

Open: Mon-Fri 9am-6pm, Sat 9am-5pm
Send 2x 18p stamps for latest catalogue.

EDINBURGH

PROGRESSIVE RADIO

87/93 Date Street TYetl: 051 236 0154

47 Whitechapet. Tel: 051 236 5489
Liverpoot 2

‘THE ELECTRONICS SPECIALISTS'

Open: TuessSat 9.30-5.30

We stock a large range of TV & Video spares EXt 31 4
PLS

16 Central Road,

Worcester Park,

Surrey KT4 8HZ,

Tel: 01-330 6540.
Programmable device specialists.
(PALs, PROM’s, PLD’s etc). Many

other components in stock.

TO ADVERTISE
YOUR RETAIL
OUTLET IN

ELECTROMART
TELEPHONE:

0442 66551

TODAY

WOLVERHAMPTON

WALTONS OF
WOLVERHAMPTON
Established since 1947

Oftering a complete range — ICs. transformers.
switches, pots, capacitors,resistors, kits, speakers,
test equipment, books and lots, lots more!
Come and see us at.
55A Worcester Street, Wolverhampton

Mon-Sat: 9-6 pm Tel: 0902 22039

-|JJ>_§O:U—|0mr-m

_—_______________________________ﬂ

CLASSIFIED COUPON

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

PLEASE DEBIT MY ACCESS/BARCLAYCARD No.

Or | enclose Cheque/PO £

EXPIRY Name................

Address ......

DATE

Signature .......................

.. No. of insertions.....

.Daytime Tel. No. .....

Date ...

Rates: Lineage 50p per word + VAT minimum 15 words. Semi- I
display £13.50 per single column cm plus VAT. No reimbursements I
for cancellations. All ads must be pre-paid.
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NEXT

ONTH

NOVEMBER
ETI — OUT
OCTOBER
th

Inside the November issue he found Paul
Chappell’s study of counter-surveillance, how to
spot the bugs and have you watching them
watching you. He found an in-depth explanation
of neural networks and their development to the
cutting edge of computing. A project to make a
serial logic scope for stand-alone data stream
monitoring. A smoke-alarm to protect the citizens
from harm. The next installment of the Testing
Testing series. Plus more projects and features than
any superhero had a right to expect.

Together with the latest news, reviews and
comment on the worlds of audio, computing,
music and communications, the November issue
of ETI is indeed a superhero among its fellow
magazines.

The above articles are in preparation but circumstances (or the Pelican) may prevent publication

he superhero sat on the ventilation shaft and looked out over

the city. He adjusted’the elastic of his undies over his latex
laggings. Things weren't the same anymore. he thought. Business
was bad. Seems no-one wanted a superhero unless he was
psychologically disturbed and sinister-looking, rubber bathood and
all. Whatever happened to a friendly smile, a cheery quip and that
all-important cute hair-curl? The fist-fights and the superpowers?
Where were you when the good guys gave you worse wobblies than
the bad ones? Standards were definitely slipping in the superhero
business

He sighed and adjusted the volume in his superhero listening
device. adapted from one of the surveillance circuits in the October
issue of ETI. Just because Batman was mega-rich. it didn't mean
he had all the best equipment. For just £1.50. ETI provided all the
technical innovation that this superhero required. Why. he had
already successfully used October's Intruderbeam to capture the
legendary arch-criminals the Pelican. the Jolly Green Giant and
Bonnie Langford. as they worked together in a sinister plot to make
a new series of The Hot Shoe Show. What a publicity coup that
capture should have been — but strangely the city media baron
Bruce Wayne had refused to run the story. People wanted more
bats, he had said

Dawn broke through the clouds. filtering down through the
smog and lighting the packed skyline with an eerie orange glow.
The superhero checked the date — October 6th! Publishing date
for the November issue of ETI! He leapt from the parapet into his
Superheromobile and headed to the newsagent

ELECTRONICS

TODAY INTERNATIONAL

ADVERTISERS INDEX

AUDIO ELECTRONICS ...

AUDIOKITS ....... . - 58
BK ELECTRONICS IFC
BRIAN PRICE ELECTRONICS ... .43
CRICKLEWOOD ELECTRONICS ... ... 3
DISPLAY .. . .34
EMINENCE .. 58
GREENBANK ELECTRONICS .29
GNC ... .23
HART ELECTRONICS .28
HOBBYKIT .23
J&N BULL .. 49
M&B RADIO ... .29

MAPLIN ... OoBC
BMIEREIN] bt siecsometims et e B AL s ey 9 23
NUMBER ONE SYSTEMS ............. 3
PC PUBLISHING ... 11
PM COMPONENTS ... 43
RADIONE T Ty gy R .. 13
SAGE AUDIO ..o .. 43
SOLEX ..o e Insert
STEWARTS OF READING i O T Wil sl 15
SUMA ... R Seer e, e, ()
TK ELECTRONICS e el R e = BB
WILMSLOW AUDIO sRTREEpe  Rmm——— [ 0
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{ zero voltage switching, automatic

4 mand £3.90

| machine qun. £3.90

{ One of the best burglar deterrents is a
} quard dog and this kit provides the bark-
ing. Can be connected to a doorbell,
pressure mat or any other intruder detec-
tor and produces random threatening
barks. All you need is a mains supply,
intruder detector and a little time.

XK125 . £26.00

DISCO LIGHTING KITS

L100K 8-way sequencer kit will built into
opto-isolated sound to light input. Only
requires a box and control knob for
complete £34.60
DL-000K 4-way chaser features bi-
| directional sequence and dimming kW
per channel £21.00
DLZ1000K Uni-directional version of the
above. Zero switching to reduce
interference £11.80
DLA/ (for DL & DLZ1000K) Optional
{ opto input allowing audio ‘beat’/light
response 80p
DL3000K 3-channei sound to light kit

level control and built-in mic. 1kW per
channel £17.00

POWER STROBE KIT
Produces an intense

light pulse at a \0\ / /

1 varable frequency of

110 15Hz. Includes ’
high guality PCB, / B
| components, connec
tors, Ws strobe tube and assembly
instructions. Supply 240V ac. Size
80 x 50 x 45.

RECORD

MICROPHONE

HIGH QUAL:ITY

VOICE PROCESSOR

128X MEMORY

This simple to construct and even simpler to operate kit will record and playback
short messages or tunes. It has many uses — seatbelt or lights reminder in the
car, welcome messages to visitors at home or at work, warning messages in
factories and public places, in fact anywhere where a spoken message is an-
nounced and which needs to be changed from time to time. Also suitable for
toys —why not convert your daughter’'s £8 do!l to an £80 talking dotlt!

Size
Message time.

XK129

78x60x 15 mm

1-5 secs normal speed 2—10 secs slow speed

£22.50

TEN EXCITING PROJECTS FOR BEGINNERS

This kit contains a solderless breadboard. components and a booklet with in-
structions to enable the absolute novice to build ten fascinating projects in-
cluding a light operated switch, intercom, burglar alarm and electronic fock.
Each project includes a circuit diagram, description of operation and an easy to
follow layout diagram. A section on component identification and function is in-
cluded, enabling the beginner to build the circuits with confidence.

XK118

£15.00

1 A 15 range Autoranging multimeter with

MULTIMETER BARGAINS

A high accuracy Autoranging meter with
Display Hold, Memory features.

AC volts 0-2-200-750 1.2%
DC volts 0-0.2-2-200-1000 0.8%
AC current0-2m-200mA 1.2% 0-10A 2%
DC current as for AC

Resistance. 0-200-2K-20K-200K-2M 1%
Continuity. . Buzzer sounds at /20 ohms
Size 127x69x25mm
405 207 £31.75

4AC, 5DC and b resistence ranges. Only
8x55x108mm. Complete with wallet
405 206 £19.50

Ask for a feaflet on our range of meters

ELECTRONIC WEIGHING

SCALES ours seieco

Kit contains a single chip micro-
1 processor, PCB, displays and all elec-
tronics to produce a digital LEDreadout of
weight in Kgs or Sts/tbs. A PCB link
selects the scale — bathroom/ two types
1 of kitchen scales. A low cost digital ruler
could also be made
ES1

£7.20

SUPER-SENSITIVE
MICROBUG KIT

VARICAP TUNED

o ITTeR  PRINTED CiCuIT

AERIAL COIL
SENSITIVE
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ELECTRET e
MIC RO
~ /
@ =

HIGH GAIN
AsPL IFIER ~

i, HIGH QUAL 1TY

FIBREGL ASS PCB wiTr
SCUDER AESIST (30 » 40mmi
Only 45x25x 15mm, including built-in
mic. 88-100MHz (standard FM radio)
Range approx. 300m depending on ter-
rain. Powered by 9V PP3 (7mA). Ideal for
surveillance, baby alarm etc £5.50

VERSATILE REMOTE
CONTROL KIT

ol

4&( [ 4
NG

nciudes all components { +trans-
4 former) for a sensitive IR receiver with 16
1 logic outputs (0-15V) which with

| suitable interface circuitry {relays

triacs, etc—details supplied) can switch
up to 16 items of equipment on or off

{ remotely. Outputs may te latched to the

fast received code or momentary {on dur-
ing transmission) by specilying the
decoder IC and a 15V stabilised supply is
available to power external circuits. Sup-
ply: 240V AC or 15-24V DC at 10mA
Size {exc. transformer) 9x4x2 cms
Companion transmitter is the MK18
1 which operates from a 9V PP3 battery
and gives a range of up to 60ft. Two
keyboards are available - MK9 (4-way)
1 and MK10 (16-way)

MK12 IR Receiver

(inc transformer) £17.00
Mk18 Transmitter .£7.80
Mk9 4-way Keyboard . £2.40
Mk10 16-way Keyboard £7.00

601133 Box for Transmitter £2.60

XK124 STROBOSCOPE KIT = £15.00

SIMPLE KITS FOR
BEGINNERS
Kits Include afl components {inc. speaker

where used) and full instructions

SK1 DDOR CHIME play a tune when ac-
4 tivated by a pushbutton £3.90
| SK2 WHISTLE SWITCH switches a relay
on and off in response to whistle com-

| SK3 SOUND GENERATOR produces
FOUR ditferent sounds, including
police/ambulance/fire-engine siren and

SPECIAL OFFERS ON KITS FOR
SCHOOLS AND TRAINING CENTRES
- contact Sales Office tor discounts
and samples

KEYBOARD

_ PROGRAM PLUG & SOCKET
LOCK CHIP
OUTPUT DRIVER

~ BUZZER

QUALITY PCB

ELECTRGNIC LOCK KIT

would be prowlers. Scores of uses including area access preventing
unauthorised use of machinery or even disabling your

car. One correct 4 digit
code (out of 5000) will
open the lock. Incorrect
entries sound the atarm
and disable the keyboard
PIEZO for up to 3 mins. Kit
includes 12-way keypad
and operates from 9 to
15V (50uA) supply. Will
drive relay or 701 150
lock mechanism.

MICROPROCESSOR TIME
Kit controls 4

outputs inde-

pendently O

switching on
foff at 18
preset times
over a 7-day
cycle. LED display of time/day easily
programmed. Includes box.

CTB8000K 49.50

XK114 Relay kit for CT6000 includes
PCB, connectors and one relay. Will
accept up to 4 relays. 3A/240V clo
contacts. ..£E4T75
701115 Additional relays £1.80

ELECTRONICS

TK ELECTRONICS
13 Boston Road
London W7 3SJ
Tel: 01-567 8910
Fax: 01-566 1916

ORDERING INFORMATION. All prices exclude VAT.
Free p&p on orders over £50 (UK only), otherwise add VISA
£1+VAT. Overseas p&p: Europe £350, elsewhere £10.00.
Send cheque/PO/Barclaycard/Access No. with order.
Giro No. 529314002. Local authority and export orders  [EELEY
welcome. Goods by return subject to availability.

ORDERS: 01-5678910 24 Hours




AMAZING LOW PRICE

SOLDERING IRONS .=

FLAME MASTER
HOT GAS SOLDERING TOOL

Superb Pocket Size Portable Gas
Soldering Iron

* Interchangeable Tips %

* Powered by Butane Gas
* Simple to Refill

| * Temperature up to 400°C (750°F)
* Up to 2 Hours Continuous Use

5 IN 1 HOT GAS TOOL KIT

Complete with tough moulded to measure case and including:

MULTI-PURPOSE TOOL
* 4 Interchangeable Soldering Iron Tips
* Soldering Iron
+* Hot Cutting Knife
* Wide Area Flame Torch
* High Temperature Flame Torch
* Hot Air Blower

GREAT FOR
* Electrical and Electric Work
+* Cutting Plastics and Fibres
* Sealing, Bonding and Shrinking
* Removing Paint and Putty

The Flame Master hot gas too! kit has many uses. It can be a soldering iron,
a pencil flame torch, a hot air blower or a wide (flat) flame torch.
You can fit the soldering head with a selection of soldering tips and the hot knife, or you
can fit the flame head, onto which you can attach the hot blower or the wide flame unit.
The choice is yours!

Post Your Order Now . ..
Order Coupon Send this coupon to P.0. Box 3, Rayleigh, Essex SS6 8LR ﬂ M ] 2 ELECTRON'CS

Quantity Description Code Price '
:' CREDIT CARD HOTLINE

‘ G o
: : T prviegsl secoun ok EFII
. 555555 m
L T O SO Add Carriage 50p s ‘ et EJ‘; J

If order beiow €5 : kot Ao
AGAIESS ..ottt please add 50p
........... PostCode .. Total o 7 o 2 5 5 4 1 6 1
| authorise you to debit my Credit Card account for the cost of goods despatched.
PHONE BEFORE 5PM FOR SAME DAY DESPATCH
cregtcarsio. LI LT T T T TTTTTTTTTT]
, ' ' ALL PRICES INCLUDE VAT.
ACCESS AMEX VISE ......oiiiiiiiiiiiiiieeee Delete as required.

‘ _ ¢ All items subject to availabiiity, both items will be on sale in our shops in
If ordering by Credit Card PIEASE SIGN ..............oooowworieiiiorrooieieeeeeeseies e ; Birmingham, Bristol, Leeds, Hammersmith, Edgware, Manchester, Nottingham,
Expiry date 0f Credit Card ... ETI » Southampton and Southend -on-Sea.




