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Take home

a world

champion.
£ 7 2 _ Es(tjsczglljjta technical.

The Fluke 70 Series.

Winners of the digital vs. analog battle.

Since their debut, they've become the
worldwide champions of the industry.

Never before have such tough meters
offered so many professional features at
such unbeatable prices.
300mV == Each comes with a 3-year warranty,
2,000+ hour battery life, and instant
autoranging.

You also get the extra resolution of a
3200-count LCD display, plus a responsive
analog bar graph for quick visual checks of
continuity, peaking, nulling and trends.

Choose from the Fluke 73, the ultimate
in simplicity. The feature-packed Fluke 75.
Or the deluxe Fluke 77, with its own
protective holster and unique "Touch Hold”
function™ that captures and hold readings,
then beeps to alert you.

So don't settle for just a contender.
Take home a world champion.

For your nearest distributor or a free
brochure, please call or write.

73 MULTIMETER

FROM THE WORLD LEADER
IN DIGITAL MULTIMETERS.

Fluke 73 Auke 75 Fluke 77
== ——

£ 72 £88 £10

Analog/digital display Analog'digital display Analog/tigital display

Valts. ubms. 10 A Volts ohms, 10 A, mA,  Vaits, ohms 10 A, mA,

diode test diode test g tist

Autorange Audible continuity Audible continuity

0.7% basic dc accuracy A range hold “Touch Held" function
FIUke (GB) Ltd 2000-+ hour battery life 0.5 basic dc accuracy  Autorange/range hold
Colonial Way 3-year waranty 2000+ hour battery life  0.3% basic dc accuracy
WATFORD Herts WD2 4TT 3-year warranty 2000+ hour battery life

H f 3-year warranty

UnItEd ngdom Multi-purpose holster
Tel.: (0923) 25067 * Patent pending
TEIEX' 93 4583 Prices are exclusive V.AT. at current rate

FLUKE

®
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Designing small transformers

by D. Baert

A step-by-step approach to the calculation of
small power transformers.

17

Robots for learning — and fun 41
by Nigel Clark

Small robots can be used to teach the principles

of industrial types.

Video displays — 2

Supplementmg last month’s survey, this part
gives more on text and graphics displays and
includes a short product review.

22

Optical communications — 1935 style

by D. Rollema 46

Line-of-sight light communications were used by
the German military before the war.

Vehicle electronics

by R.E. Young 29

Using the development of automotive electronics
as an example, R.E. Young discusses the
relative merits of large and small development
teams.

52

comRact disc players
by J.R. Watkinson

Details of CD player circuitry.

Electronic mailbox

by M. Allard 33

A high-speed, reliable electronic message system
for private use.

Cali-cost calculator

by S.A. Cameron

Construction details for this Z80-based design,
which can save its cost in a matter of months.

59

Radar in retrospect

by Tom Ivall

A report from an IEE seminar held to celebrate
50 years of radar development.

74
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First international-standard

Software on tv
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Leukaemia and radiation
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Up/down counter with alarm

Buoy flasher

network Kraus’s antennas
Feedback
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British invention
Logic symbols
Circuit ideas 62

Soldering thermometer
Low-cost plotter
Single-chip controllers

perseonal electronic mail
system, designed by Martin
Allard, which is described in
the article starting on page 33.
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" RADIOCODE CLOCKSLTD |

SPECIALISTS IN ATOMIC TIME, FREQUENCY AND SYNCHRONISATION EQUIPMENT

( NEW PRODUCTS )

@ MINIATURE RUBIDIUM
OSCILLATOR MODULE
Lower power, fast warm up, optional
output frequencies, programmable
frequency offsets.

@® RUBIDIUM FREQUENCY
STANDARD
High performance, compact and
rugged instrument. 2U rack or '/, ATR
case options.

® INTELLIGENT OFF-AIR
FREQUENCY STANDARDS
Microcomputer controlled
instruments, directly traceable to
N.P.L., precision ovened local
oscillator, comprehensive monitoring
and status information, real time
synchronisation.

® LOW COST MSF
FREQUENCY STANDARD
Instant operation, directly traceable
to N.P.L., self-contained portable unit,,
no scheduled frequency changes,
24 hr transmission, real time

K synchronisation )

@ Off-air frequency
standards

clocks & oscillators
® Master/slave systems

# Intelligent time systems
@ Caesium/Rubidium based

@ Time code generators/readers
@ Record/replay systems

@ Intelligent display systems

@ Precision ovened oscillators

@® Time/frequency distribution

systems

Radiocode
Clocks Ltd*

Unit 19, Parkengue,
Kernick Road Industrial Estate, Penryn,
Falmouth, Cornwall. Tel: Falmouth (0326) 76007

(*A Circuit Services Associate Co.) J

L
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SMALL SELECTION ONLY LISTED
RING US FOR YOUR

REQUIREMENTS WHICH MAY BE
IN STOCK

Portable Battery or Mains Oscilloscope. SE Laborato-
ries 111 Oscilloscope — Solid State — General pur-
pose — Bandwidth OC to 18/20MC/S at 20MV/CM —
Dual Channel -

Rise time 19NS — Calibrated Sweep — Calibrator —
Display 10CMSx8CMS — Power AC — 95 Volts to 100-
190 Volts to 260 or 24 Volt DC battery — Size
W.255.CM — H25.5CCMS — 56CMS Deep —
WT11.4KGS — Carrying handie — Tested in fair condi
tion with operating instructions £120 00

Latest Bulk Government Release — Cossor Oscillo-
scope CDU150(CT531/3) £150 only. Solid state general
purpose bandwidth DC 1o 35MHz at SMV/CM — Dual
Channel — High brightness display {8x10cm) Fuil
delayed time base with galed mode — Riselime 10NS
— llluminated gralicule — Beam finder — Calibrator
1KHz squarewave — Power 100 — 120V.200V — 250
voits AC — Size W 26CM — 41CM deep — WT 12.5K.G.
carrying handle — colour blue — protection cover Iront
containing polarized viewer and camera adaptor piate
— probe (1) — Mains lead. Tested in Fair condition with
operating instructions — £150.00.

Communication Recievers. Racal 500KC/S to 30MC/S
in 30 bands 1MC/SWIDE — RA17 MK11 £125. RA7L
£150. RA117E £200. New Metal Louvred Cases for

Etc £100 to £150. MA250 — 1.6MC/S to 31.6 MC/S
£100. MA1350 for use wilh RA17 receiver £100.
MA259G Precision frequency standard 5MC/S —
IMC/S — 100KHz £100 to £150. Panoramic Adaptor
RA66 £150. RA137 and RA37 £40t0 £75 LF convertors
1010 980KC/S. RA218 Independent SSB unit £50 RA9S
$SB-1SM Covertor £50. RA121 SSB-ISB converior £75.
EC964/7K Solid state — single channel — SBB —
mains or battery — 1.6 to 27.5 MC/$ and 400 to 535KHz
£100 wilh manual Plessey PR155G Soltd State 60KC/S
— 30MC/S £400. Creed 75 Teleprinters — Fitted tape
punch and gearbox for 50 and 75 bauds — 110volts AC
supply — In original iransport tray sealed In polythene
~ llk new £15EA. Redifon TT11 Audio Teleprinter con-
vertor receiver solid stale — supply 110 or 240AC —
Made for use with above teleprinter enabling print-out
of messages recieved from audio input of communica-
tion receiver £15 with circuit tested. Redifon 7710 Con-
vertor as above but includes transmit facilities £20.
Oscilloscopes — stocks always changing Tekironix
465 — 100MC/S £750. FM Recorder Sanghmd Sabre
111 14 channels £350. Transtel Malrix printers —
AF11R — 5evel Baudot Code — up to 300 Bauds — for
printouton plain teleprinter paper £50to £100. Trans-
1el AH11R — As above butalso 8 level ASC11 (CCITT No
2 and CCITY No. 5) Like new £100. Army fleid tete-
phone sets. Type F — L and J — Large guantity in stock
£6 to £15 depending on type and quantity P.0.R. Don
10 Telephone Cable — haif mile canvas containers
£20. Night viewing infra-red AFV periscopes — Twin
Eyepiece — 24 volt dc supply £100ea. Original costto
government over £11,000ea. Stalic invertors — 12 or
24 voltinput — 240 volt AC sinewave output — various
wattages P.0.R. XY Ploters and pen recorders various
— P.O.R. Ferrograph series 7 Tape recorders mono
£100, stereo £150. Signal Generators various —
TF995/A3 £60. TFB01D/8s — 10MC/S to 485MC/S £90
TF144H/A4 £90 TF1060/2 £60. HPE06A — £90 £140
HP608 £50 HPE14A £100 HP618B £100 HP620A £100.
Marconi TF1064B/5 £100 TF791 Deviation mefer £100
TF893A Power meter £50 Aerial mast assembly 30t
high complete with 16ft whip aerial to mount on top
guyropes - insulators - Base and Spikes etc., in heavy
duty carrying bag - new £30. Racal frequency counter
Type 836 £50 Tekdronix piugs-ins — 1A1 £50, 1A2 £40,
1A4 £100 ME50. All items are bought direct from H M
Government being surplus equipment. Price is Ex
works. S.A E. for enquiries. Phone for appointment
for demonstration of any items. Also availability or
price change. V.A.T. and carriage extra.

EXPORT TRADE AND QUANTITY
DISCOUNTS GIVEN
JOHNS RADIO (0274) 684007
WHITEHALL WORKS,

84 WHITEHALL ROAD,
EAST BIRKENSHAW, BRADFORD
BD11 2ER

FIELD ELECTRICLTD

3 SHENLEY RD, BOREHAMWOOD, HERTS. TELEPHONE 01-953-6009

3 /OFFICIAL ORDERS/QVERSEAS ENQUIRIES WELCOME

OPEN 6 DAY'S A WEEK 9.00am/5.00pm THUR.9.00am/1.00pm
PRINTED ARMATURE D.C. SERVO MOTORS
TYPE. G.16M4. 140 OZ IN. SPEED 2350 rev/min. VOLTS 60V.D.C
POWER OQUTPUT 244W. RATED CURRENT 5.5A WEIGHT 7 5kg
PULSE TORQUE 2700 OZ IN. C/P. £3.00 £10.00
TYPE GOM4A 2302 IN. SPEED 3700 rev/min. VOLTS 24V D.C
POWER OUTPUT 63W. RATED CURRENT 4.4A. WEIGHT 1.59kg.

PULSE TORQUE 360 OZ IN. C/P. £3.00 £10.00
YASKAWA ELECTRIC. JKPM-16. 2500 rev/min. 28V.D C. 5.7A. C/P £3.00 £25.00
SUPERIOR ELECTRIC. SYNCHRONOUS STEPPING MOTOR'S

TYPE M062-FD-3280. 1 7V 4 7A. D C 65 OZIN. 200 STEP'S

PER REV. CONT: DUTY. C/P. £1.50 £ 750
TYPE M091-FC-315C. 5.1V 1.3A. D.C. 110 OZIN. 200 STEP'S

PER REV. CONT. DUTY. C/P.£1.25 £ 850
GOULD/ADVANCE 12V 10AMP. D.C. SWITCH MODE P.S.U. C/P. £2.75 £35.00
GOULD PMA 47 12V 3AMP D.C LINEARP.S.U C/P.£2.75 £16.95
0-20V.D.C. METER 17,'DIA R=1kQ/V. M.C. C/P 50p £ 350
DOT MATRIX PRINTER'S 230V A C 17 X 127 X 47"

FRICTION FEED. INSTRUCTION BOOK AVA:

INCLUDES 3 x 12V.D.C. BI/DIRECTIONAL. STEPPER.

MOTOR'S WITH CONTROL ELECTRONICS. C/P. £4.00 £15.00
HEWLETT PACKARD C34/431C POWER METER. C/P. £5.00 £40.00
QWERTY KEYBOARD. 58 KEY ASCIt CODE. NEW IN PLASTIC CASE. C/P. £2 00 £19.95

AlLL PRICES INC VAT UNLESS STATED.

CIRCLE 16 FOR FURTHER DETAILS.

above £25. All receivers are air tested and in
our workshop — supplied with dust cover — operation
instructions — circuit — in fair used condition. Racal
Synth s (Oecade ireq g ) MA3508
Solid State for use with — MA79 — RA217 — RA1218

WANTED. REDUNDANT TEST EQUIPMENT —

RECEIVING AND TRANSMITTING EQUIPMENT

VALVES — PLUGS — SCOCKETS SYNCHROS
ETC.

ELECTRONICS C.A.D.
“ANALYSER”

PERFORMANCE ANALYSIS of LINEAR CIRCUITS using the BBC MODEL B AND
SINCLAIR SPECTRUM 48K MICRO'S.

Simulates Resistors, Capacitors, Inductors, Transformers, Bipolar and Field effect Transistors, and
Operational Amplifiers in any circuit configuration.

Performs FREQUENCY RESPONSE ANALYSIS on Circuits with up to 30 Nodes
and 100 Components, for Phase and Gain/Loss, Input Impedance and Output
Impedance.

Ideal for the analysis of ACT IVE and PASSIVE FILTERS, AUDIO, WIDEBAND and R.F.
AMPLIFIERS, LINEAR INTEGRATED CIRCUITS etc., etc.

“ANALYSER" can greatly reduce or even eliminate the need to breadboard new designs.
USED BY INDUSTRIAL AND UNIVERSITY R&D DEPARTMENTS WORLD WIDE.

VERY EASY TO USE. PRICES FROM £20 ACCESS OR AMERICAN EXPRESS
WELCOME...

For further details write or phone NUMBER ONE SYSTEMS

DEPARTMENT WAV

9A CROWN STREET, ST IVES

HUNTINGDON

CAMBS, UK PE17 4EB

TEL: 0480 61778 TELEX: 32339

CIRCLE 59 FOR FURTHER DETAILS.
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Hellermann

|Sl:atll:n:l

. "; Eliminates
T =\ { static electricity

Static electricity, a natural phenomenon, is the
primary cause of a myriad of problems affecting
industry, business and personal life.

Staticide ®is available in different formulations, in
ready-to-use sprays, wipes or concentrate.

Staticide ® has many benefits including:

® Proven effectiveness in eliminating =DP field
service problems e Specified by many industrial
users ® Effective on virtually any material

® Used in highly sensitive electronic areas.

Ask for details including

our range of

static locating
meters.

Elirminates Static Electnoity:

Hellermann Electric

Pennycross Close, Plymouth, Devon, England PL2 3NX
Tel: (0752) 701261 Telex: 45244 Helec.

CIRCLE 43 FOR FURTHER DETAILS.

CARACAL &

SINE WAVE INVERTERS
200 to 1000 VA

CARACAL’S new
range of pulse
width modulated
inverters are now
even better than
ever comparedto
oldertuned-type
inverters — with
even higher
efficiency, lower
standby current
and lower weight
than before.

CARACAL inverters have been in use around the world for
many years wherever areliable and stable source of backup
or standby AC power is needed for computers,
communications, instrumentation, and for mobile, field or
marine applications.

ASK ABOUT OUR CUSTOM/OEM
SERVICE —THEU.K.'sBEST
INVERTERS TO SUIT YOUR DESIGN —
FROM50TC 1000 VA

CARACAL POWERPRODUCTSLTD.
42-44 SHORTMEAD ST., BIGGLESWADE, BEDS.
Tel: 0767 — 260997

280 H CONTROL B 280

NEW B CARDMASTER BINEW

This month we announce a completely new system, the CARDMASTER series. CARDMASTER is a new CONCEPT.
CARDMASTER is a new way of looking at the needs and requirements of industrial control, from data logging and
reporting to testand measurement, CARDMASTER will perform. CARDMASTER is constructed on Eurocards, uses the
2ZB0A microprocessor and is C/PM compatable. The philosophy behind CARDMASTER is flexible reat-worid interfac-
ing. Umpteen channel A/Dis all very well — until you try to connect it up and find the input range does not match your
equipment. Compound the problem by asking for difterentinput ranges on each channel, add a few negative inputs,
and you finish up needing an interface card to interface to the interface card! CARDMASTER meets problems like this
head on. Each channel on the CARDMASTER A/D card may link to any one of eight user presetable input ranges. Fur-
thermore, each channel may select positive or negative inputs — all under software control. (An identical flexibility
applies to the CARDMASTER D/A card — both cards having 32 channels of 12bitresolution). The CARDMASTER para-
Itel 1/0 card has approx. 45% of the PCB free as a high density prototyping area. This means you get custom /0 on a
single card (no mofre “birds nests).

Allthe standard interface cards will be availabie for the CAROMASTER series, as well as some very new and exciting
innovations. A CPU controlled switch mode power supply to test products, muiti-channel storage ositloscope and
logic analyser cards using a graphics card for dispiay. We can also design and develop special card's to meetyour pre-
cise requirements,

To find out more about the new and exciting CARDMASTER system, and our development schedule, just circie the
number below, better still, we are onlya phone caliaway, and would be very happy to explain the virtues of CARDMAS-
TER. Call us on Diss {0379) 89831

Gerry Coe — proprietor — GNC ELECTRON!CS

CARDMASTER CPU1

© Powerful SBC or rack system

© 4MHz Z80A CPU

® CP/M compatable

® User transparent MULTI-TASKING

© All programmed tasks AUTO-RUN

©® 32K EPROM (2 * 27128)

©® 16K CMOS RAM ( * 6264)

©® Watchdog crash protection

©® RS232¢ with 8 switch selectable
baud rates

©® RS422 differential bus for high
speed communications J st

© 2 * Z80A PIO (one uncommitted)

® Z80ACTC

©® Z80A DART — serial comms link

© On board bus buffering

® Power-on jump hardware

©® Memory paging system to 512K

© 8 way CPU readable switches

® Euro-card construction

The CARDMASTER CPUI card is equally suitable as a Single Board Controller or the heart of the CARD-
MASTER system. The CARDMASTER CPUI is supptied with a powerful three way operating system.

MCP — The Multi-tasking Control Program. A software product which allows the transparent running of
up tosixteen separate programs simultanecusly. You can even program the amount of CPU time to be aflo-
cated to each task.

MONITOR/DEBUG — this is an enhanced version of the MCV monitors, which communicates with your
terminal/computer via an RS232 link. Commands include Single-Step and Break-point setting.

MIRROR — MIRROR is a totally new and unique software package. its basic function is to connect the
CPU card to your C/PM computer, via the RS232 link, in such awayas to give theillusion of C/PM running
on the CARDMASTER CPUI card. MIRROR itself is a two part program, the CCP and CM-D0S. The CCP is
much enhanced to include most of the functions of MCV-CM. CM-DOS is the two part communication pack-
age. Running both on CARDMASTER and your computer it efectively gives CARDMASTER direct access to
your disc drive. (Discs without discs!)

And the cost of this software? It's FREE! (Built and tested only)

And at only £178 the CARDMASTER CPUI is very cost-effective.

WANT TO KNOW MORE? Diss (0379) 898313

CuB MICROCONTROLLER

® Z80A CPU

®4x 280A PIO’s (64 1/0 lines)

® Z80A CTC

© 4K Battery backed RAM (2K sup.)
©® 4K EPROM (2K MCV2.0 sup.)

® Powerful monitor (MCV2.0)

® Eurocard construction

The very popular CUB microcontrolter is the ideal solution where a stand alone controlier is requnred The
CUB fuily supports the powerful Z80 mode 2 interrupt structure. Single-step & breakpoint commands in
MCV2.0 provide exceltent debugging tools. The CUB is available built & tested or as a bare PCB

Prices: Built & Tested £104.95 Bare PcB £22.50 Manual only £4.50

CMR16 MICROCONTROLLER

© Z80A CPU

® 4 x Z80A PIO’s (64 1/0 lines)
® Z80ACTC

©® 64K Dynamic RAM

© 8K EPROM

@ 4 Channel A/D converter

© Real time clock

® MCV1.0 Multitasking monitor

The CMR16 is a very powerful multitasking control system, featuring all the facilities of the CUB (except
B/Backed RAM). In addition the CMR16 has RS232 and a massive 64K RAM. Data acquisition is simple with
the 4 channel 10 bit A/D converter.

Prices: Buitt & Tested £219.75 Bare PC8 £40.00 Manual onty £5.50

Prices include carriage
Please add VAT @ 15%

gPECIAL H{.;‘,:{{ .: {{:: .

GNC ELECTRONICS OFFER J w=socannssses
Little Lodge

Hopton Road

Thelnetham 57 Keys

Diss Norfolk An excellent value QWERTY keyboard. Onboard column

decoder. Suplied with circuit diagram and connector.

1P22 1N
Tel: Diss (0379) 898313 Amazing low price: ONLY £9.95 + VAT

ELECTRONICS & WIRELESS WORLD AUGUST 1985
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RECHARGEABLE BATTERIES

Dry Fit Maintenance FREE by Sonnenschein.
A300 07191315 12v 3 AH same as RS 59

€13.95 A300 07191202 6-0-6 1.8 AH same as RS 591-
382 EX EQUIP €4.99 Miniature PCB mount 3.6v 100
Mah as RS 591-477 NEW €1.00 SAFY VR2C 12v "C"
size NICADS in 18 cell ex equipment pack. Good condition
- easily split to singte cells €10.50 + pp £1.90

‘ -
b

',V 2 iy

1

DIN'S' CAVE OF COMPUTER AND ELECTRONIC E

HOT LINE DATA BASE

DISTELO

THE ORIGINAL FREE OF CHARGE dial up data base
1000’s of stock items and one off bargains.
ON LINE NOW - 300 baud, full d;lex CCItTTtones.8 bit

1-770 NEW

word, no parity

EX-STOCK INTEGRATED CIRCUITS

2732 ex equip £3.25. 27128 - 250ns NEW
6116-200 £4.50,6116-250 £3.95,

6264LP-150 £22.00. 4164-200 £3.50, 4864-150 £4.00,

4116-300,€£1.20,2114 £1.75. 6800 £2.50,

68A09 £8.00, 68B09 £10.00, 68BOSE £14.50,

D80B5AH-2 £12.00, D8086 £20.00, Z80A

£€12.00.

6821 €1.00,

£€2.99. <ocket

MAINS FILTERS

Cure those unnervinghangups anddata glitichescaused
by mains interference

SD5A As recommended by 2X81 news letter. matchbox
size up to 1000 watt load £5.95
L2127 compact complelely cased umt with 3 pin fitted

NTa
derson Jacobson

AJB10 VIDEO
DISPLAY TERMINAL

Made by one of the USA's
Iar%est peripheral manufacturers
the AJ510 Professional VDU

terminal has too many
teatures to include in space
available - just a few are:
internat Z80 cpu control, very
readable 15" non glare green
screen, 24 lines by 80 characters,
128 ASCII character set with lower
case and graphics, standard RS232 interface, Cursor
addressing, numeric key pad etc. Supplied in good
TESTED second hand condition with full manua!
\ £225.00 + carr £10.00. Data sheet on request.

Up 1o 750 watts £9.99

Keep your hot parts COOL and RELIABLE
with our range of BRAND NEW professional
cooling fans.

ETRI 99XUOI Dim. 92 x 92 x 25 mm.
Miniature 240 v equipmen! fan complete with
?‘:'85' uard £9.95.

JB-3AR Dim 3" x 3" x 2.5" compact
very quiel running 240 v operation. NEW £8.95
BUMHLER 68.11.22. 8-16 v DC micro
miniature reversible tan Uses a brushiess
servo motor for axtremely high air flow,
almost silent running and guaranteed 10,000
r life. Measures only 62 x 62 x 22 mm.

Current cost £32.00. OUR PRICE ONLY
£12.95 compiete with dats.
MUFFIN-CENTAUR standard 4" x 4" x 1.25"
fan suppied tested EX EQUIPMENT 240 v at
£6.25 or 110 v at £4.95 or BRAND NEW 240 v
at £10.50. 1000's of other fans Ex Stock.

Call for Details. Post & Packing on all fans £1.6

At a price YOU can afford, our range of EX
EQUIPMENT video monitors defy
competition! All are for 240v working with
standard composite video input Units are
pre tested and set for up to 80 coi use on
BBC micro. Even where MINOR screen
burns MAY exist - normal data displays are

unaffected. N
1000's SOLD TO DATE

12" KGM 320-321, high bandwidth input.
will display up to 132 columns x 25 lines
Housed in attractive fully enclosed
brushed allov case B/W only £32. 95
24" KGM large screen black & white
monitor fully enclosed in ight alloy case
Ideal schc?Is shops, clubs etc

LY £55.00 Carriage £10.00

.

YA Major company’s over production problems, and a special
BULK PURCHASE enable TWO outstanding offers.

COLOUR MONITOR SPECIALS

‘SYSTEM ALPHA’ 14" Multi Input Monitor.

Made in the UK by the famous REDIFFUSION Co. for their own professional
computer system this monitor has all the features to suit your immediate and future
monitor requirements. Two types of video input, RGB and PAL Composite Video,
allow direct connection to most makes of micro computers and VCR’s. An internal
speaker and audio amplifier may be connected to your system's output or direct to
a VCR machine, giving superior colour and sound quality. Many other features
include PIL tube, Matching BBC case colour, Major controls on front panel,
Separate Contrast and Brightness - even in RGB mode, Two types of audio input,
Separate Colour and audio controls for Composite Video input, BNC plug for
composite input, 15 way ‘D' plug for RGB input, modular construction etc. etc.

This must be ONE OF THE YEAR’S BEST BUYS!!!
Supplied BRAND NEW and BOXED, complete with DATA and 90 day guarantee.
SUPPLIED BELOW ACTUAL COST - ONLY £149.00 + Carr.

DECCA RGB 80-100 Monitor.
Little or hardly used manufacturers surplus enables us to offer this special
converted DECCA RGB Colour Video TV Monitor at a super low price of only
£99.00, a price for a colour monitor as yet unheard of! Our own interface, safety
modification and special 16" high definition PIL tube, combine with the tried and
tested DECCA 80/100 series chassis to give 80 column definition and picture
guaht found only on monitors costing TIMES OUR PRICE. In fact, WE
UARANTEE you will be delighted with this product, the quality for the price has to
be seen to be believed. Supplied complete and ready to plug directo to a BBC
MICRO computer or any other system with a TTL RGB output. Other features
include internal audio amp and speaker, Modular construction, auto degaussin
34 H x 24 D, 90 day guarantee. Supplied in EXCELLENT condition, ONLY £99.
+ Carr. Also available UN-MODIFIED but complete with MOD DATA. Only £75.00.

Carriage and Insurance on monitors £10.00

DATA MODEMS

Join the communications revolution with
our super range of DATA MODEMS with
prices and types to suit all applications
and budgets!!

Most modems are EX BRITISH
TELECOM and are made to the highest
standard for continuous use and reliability
RS232 interfaces are standard to all our
modems, so will connect 1o ANY micro etc.
with an R5232 serial interface.

DATEL 2B see SPECIAL OFFER centre of
this ad

MODEM 13A, 300 baud. Compact unit only
2" high and same size as telephone base
Standard CCITT tones, CALL mode only
Tested with data. ONLY £45.00 + PP £4.50.
MODEM 20-1, 75-1200 baud. Compact unit
for use as subscrber end to PRESTEL,
MICRONET or TELECOM GOLD. Tested with
data. £39.95 + PP £6.50.

MODEM 20-2. same as 20- 1 but 1200-75
baud £99.00.

TRANSDATA 307A 300 baud acoustic
coupler. Brand new with RS232 interface
ONLY £49.95

DACOM DSL2123 Multi Standard Modem,
switchable CCITT or USA BELL 103 standard
V21 300-300, V23 75-1200, V23 1200-75 or
1200-1200 hall duplex.

Auto answer via MODEM or CPU. CALL or
ANSWER modes plus LED status indication
Dm25 x85 x9 BRAND NEW tutly
%uaranleed ONLY £268.00 + PP £4.50.

ATEL 2412 Made by SE LABS for BT this
two part unit s for synchronious data finks at
1200 or 2400 baud using 2780/3780
protocol Many features inciude Auto answer,
2 or 4 wire working etc. etc. COST OVER
£800. OUR PRICE £185.00.

DATEL 4800. RACAL MPS4800 high speed
good condition £285.00 CARR £10.00

SPECIAL 300 BAUD MODEM OFFER

Another GIGANTIC purchase of these EX BRITISH TELECOM, BRAND
NEW or little used 2B data modems allows US to make the FINAL
REDUCTION, and for YOU to join the exciting world of data
communications at an UNHEARD OF PRICE OF ONLY £29.95 Made to
the highest POST OFFICE APPROVED spec at a cost of hundreds of
pounds each, the 2B has all the standard requirements for data base.
business or hobby communications. All this and more!!

@ 300 baud full duplex “w ® CALL. ANSWER and AUTO modes

® Fult remote control N & @ Standard RS232 serial interrace

® CCITT tone standards NOW ONLYZ - @ Built in test switching

® Supplied with full data = 529,95 f ® 240v Mains operation

® Modular construction y 3 . @ 1 yearfull guarantee

® Direct isolated connection " ® Just 2 wires to comms. line

Order now - while stocks last. Carriage and Ins. £10.00

*;g;gg SUPER PRINTER SCOOP

The "Do Everything Printer” at a price that will

o _BRAND NEW
\ CENTRONICS NeVErberomestss Siancars CENTRONICS

T 739_2 ORIC. DRAGON etc. Superb pnnt quaiity with full
cotumns, single sheet, sprocket of roll

addressable graphics and 4 type fonts plus
much more Available ONLY from DISPLA'

v

n
HIGH DEENITION internat PROPORTIONAL SPACED
MODE for WORD PROCE applications. 80-132
r handhing plus
ELECTRONKCS
al the ndicutous price of SWLY £199.00 + VAT Complete with

ou\_‘ full manual etc Limited quantity -Hurmry while stocks last
‘99 Options Interface cable (specity) for BBC, ORIC,
£ DRAGON or CENTRONICS 36 way plg £12.50. Spare nbbon

£3.50 each BBC graphics screen dump utility program €860
- Carriage and Ins £10.00 + VAT

HUNDREDS OF PRINTERS
EX STOCK FROM £49.00. call sales Office for Details.

1 only large CALCOMP 1036 AO 3 pen drum plotter and
offine 915 magtape controller. Good working order.

ADD VAT T0 ALL PRICES __ £2500.00.

EX STOCK

DEC CORNER

PDP 1140 System comprising of CPU
124K memory + MMU 16 line RS232
intertace. RPO2 40 MB hard disk drive,
TU10 9 track 800 BPI Mag tape drive. dual
rack system V152 VDU etc etc Tested

and running £3750.00
BA11-MB 35 Box. PSU.LTC £385.00
DH11-AD 16 x RS232 DMA

interface £2100.00
DLV11-J4 x EIA interface £310.00

DLVI-E Serial. Modem support  £200.00

DUP11 Sych Sernal data /o £650.00
DQ200 Dilog - multi RK
controller £495.00

DZ11-B 8 line RS232 mux board £650.00

KDF11-B M8189 PDP 1123+ £1100.00
LA36 Decwriter EIA or 20 ma loop £270.00

LAX34-AL LA34 tractor feed £85.00
MS11-JP Unibus 32 kb Ram £80.00
MS11-LB Unibus 128 kb Ram  £450.0C
MS11-LD Unibus 256 kb Ram  £850.00
MSC4804 Qbus (Equiv MSVt1-()

256 kb £499.00
PDP11/05 Cpu, Ram, /o, etc. £450.00
PDP11/40 Cpu, 124k MMU £1850.00
RT11 ver 3B documentation kit €£70.00
RKO5-J 25 Mb disk drives £650.00
KL8JA POP 8 async i/o €175.00
MIBE PDP 8 Bootstrap option £75.00
VTS0 VDU and Keyboard -

current loop £175.00
VT52 VDU with R5232 interface  £250.00

1000’s ot EX STOCK spares for DEC
PDP8, PDP8A, PDP11 systems &
peripherals. Call for details All types of
Computer equipment and spares wanted
for PROMPT CASH PAYMENT.

All prices quoted are for UK. Mainland, paid cash with order in Pounds Sterling PLUS VAT. Minimum order value £2.00.
Minimum CreditCard order£/0.00. Minimum BONA FIDE account orders from Government Depts., Schools, Universities and
established companies £20.00. Where post and packing not indicated please ADD £1.00 + VAT. Warehouse open Mon-Fri
9.30-5.30. Sat 10.30-5.30. We reserve the right to change prices and specifications without notice. Trade, Bulk and Export
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SUPER DEAL? NO — SUPER STEAL!

The FABULOUS 25CPS TEC Starwriter
RANOLEW AT ONLY £499 + VAT==;,

Made to the very highest
spec the TEC Starwriter
FP1500-25 features a
heavy duty die cast
chassis and DIABLO type

77

print mechanism giving

superb registration and ) [ ‘

print quality. Micro- . Iy

riar fon DIABLO/QUME

ofter fu /! .

command compatability Q‘Bcho -

n i P
and full control via CPM Wordstar efc. of its original c
Many other features include bi directional ost, |
printing, switchable 10 or 12 pitch, full width 381 mm paper handling with upto
163 characters per line, friction feed rollers tor single sheet or continuous paper.
internal buffer, standard RS232 serial interface with handshake.
Supplied absolutly BRAND NEW with 90 day guarantee and FREE daisy wheel
and dust cover. Order NOW or contact sales office for more information.
Optional extras: RS232 data cable £10.00. Tech manual £7.50. Tractor feed
£140.00. Spare daisy wheel £3.00. Carriage & Ins. (UK Maintand) £10.00.

ROFESSIONAL K R

An advantageous purchase of brand new surplus allows a great QWERTY, ull travel,
chassis ke’ rd ofter at fractions of their original costs.

ALPHAMERIC 7204/60 full ASCII 80 key, upper, lower + control key, parailel TTL
output plus strobe. Dim 12" x 6" +5 & -12 DC. £39.50.

DEC LA34 Uncoded keyboard with 67 Euality. GOLD, normally open switct es on
standard X, Y matrix. Complete with 3 LED indicators & i/o cable - ideal mic-o
conversions etC. pcb DIM 15" x 4.5"£24.98 Carriage on keyboards £3.00.

66% DISCOUNT

COMPONENTS
EQUIPMENT
Due to our massive bulk purchasing programme which enables us to biring you the best possible
bargains, we have thousands of [.C's. Transistors, Relays, Cap's. P.C8 s, Stb-assembhes.
Switches, etc. etc. surplus to our requirements. Because we don't have sufficien stocks of any
one item 10 include in our ads. we are packing all these tems into the ‘BARGAIN ARCEL OF A
LIFETIME . Thousands of components at giveaway prices' Guaranteed to be worth

at least 3 mes what you pay. Unbeatabie vajue'! Sold by weight g
2.5kis £4.28 + pp £1.25 Skis £5.90 + £1.80 % x4
Okis £10.25 + pp £2.25 20 kis £12.50 + £4.75 ¥

A large purchase of these stand alone
terminal units offers an EXTREMELY LOW
PRICE for a professional printer for direct
connection to your micro. The printer has a
.standard RS$232 serial interface with
switchable rates of 110, 200 and 300
Ibaud. Upper and lower case characters
are printed by a matrix head with charac-
ter widths up to 132 columns. Unit accepts
standard fan fold sprocket fed paper from
4" to 9.5”. Many other features such as
numeric keypad, electronic keyboard, auto
motor on/off and FREE floor stand.
Supplied in good S/H working condition -
complete with manual ONLY £95.00
CARRIAGE & INS. £10.00

EXTEL PRINTERS

EX NEWS SERVICE compact, quality
built 50 column matrix printer, type AE11.
Unit operates on 5 BIT BAUDOT code
from current loop, RS232 or TTL serial
interfaces. May be connected direct to
micro, or comms receiver via simple filter
network to enable printing of most world
wide NEWS, TELEX and RTTY services.
Supplied in tested second hand condition
with 50 and 75 baud xtals, data sheet and
large paper roll. ONLY £49.98.

A massive purchase of these desk top
printer -terminais enables us to ofter you
these qualig 30 cps printers at a SUPER
LOW PRICE against their oriqinal cost of
over £1000. Unit comprises of full QWERTY,
electronic keyboard and printer mech with
pnnt face similar to correspondence quality
typewriter. Variable forms tractor unit
enabies full width - up to 13.5" 120 column
paper, upper - lower case, standard- RS232
senal interface, internal vertical and
horizontal tab settings, standard ribbon
adjustable baud rates, quiet operation plus
many dther features. Supplied complete
with manual. Guaranteed working £/30.00 or
untested £85.00, optional tloor stand £12.50
Carr & ins £10.00.

Dimensions 15" D x 5" Hx 10" W
CARR £6.00 Spare paper rolls £4.50 each

—
44

N

1/0 TERMINALS ', ==

FROM E£19S + CAR. + VAT !
Fully fledged industry standard ASR33 data
terminal. Many features including ASCII
keyboard and printer for data I/0 auto data
detect circuitry. R$232 serial interface. 110
baud, 8 bit paper tape punch and reader for
off line data preparation and ridiculously
cheap and reliable data storage. Suppliedin
good condition and in working order
Options: Floor stand £12.50 + VAT
KSR33 with 20ma loop interface£125.00 +

Sound proof enclosure £25.00 + VAT

20,000 FEET OF ELECTRONIC AND COMPUTER GOODIES
ENGLAND'S LARGEST SURPLUS STORE - SEEING IS BELIEVING!!

D.C. POWER SUPPLY SPECIALS

Experimentors PSU Ex-GPO. All silicon electronics. Qutputs give +5v @ 2 amps
+12v @ 800 ma-12v @ BOO ma +24v @ 350 ma and 5v floating @ 50 ma.

Dim 160 x 120 x 350 mm. All outputs are fully regulated and short circiit proof.
Supplied in NEW or little used condition. Complete with circuit.

Only £15.50 +2 £2.50 pp )

FARNELL & Volt 40 amps. Type number G8-40A. This miniature switching PSU
measures onIP/ 160mm wide 175mm deep and 90mm high, yet delivers a massive
40 amps!! Fully regulated and smoothed with over voltage protection etc. 120 or
240 volts AC input. Slgaplied BRAND NEW and boxed with circuit at a traction of
the current list price. Only £130.00 + £3,00 carr & ins.

LAMBDA LMCC 5V BRAND NEW 240v AC input with 5 volts DC at 810 10
gg\gsg!;lly regulated output. Completely enclosed unit measures only 8" x 4" x 5"

LAMDA LMCC5V 110v AC input with 5 volts DC at 8 to 10 amps fully regulated
output. Slightly smoke damaged, hence ONLY £10.85
PERIPHERAL SYSTEM SUPPLY. Runs almost any system. Fully cased unit
supplied in a brand new or little used condition. Qutputs give 5v @ 11 anps "+"
15-17v @ B amps “-" 15-17v @ 8 amps and "'+" 24v @ 4 amps. All outpits are
crowbar protected and the 5 volt output is fully regulated. Fan cooled. Supplied
tested with circuit. £55.00 + £8.50 carr.

1000’s of other POWER SUPPLIES EX STOCK -

CALL SALES OFFICE FOR DETAILS

ULTRA COMPACT 300 BAUD
AGCCOUSTIC MODEM — COUPLER

A Major manufacturer's over production and a bulk buy
special enables us to offer this BRAND NEW
TRANSDATA 307A ultra compact, BT APPROVED,

manufacturer's list price. The unit operates on the
standard CCITT V21 frequencies with R§232
interface via 25 way ‘D' skt.
Combine the adjustable cup system, which
fits almost any phone with the bene’it of
“No jacks or phone cables” and a light
' weight of only 1.2 Kg and you have a truly
portable modem!! Supplied comglete with
data, 90 day guarantee and read to use.

ONLY £49.95 + £3.00 pp

300 baud full duplex accoustic modem at & fraction of

DUAL DISK DRIVE/
WINCHESTER CASES

Very smart, fully enclosed case unit
custom made to accept two full
height 5%" floppy disk drives or two
5%’ winchesters such as the
RHODIME RO200 or TANDEM
series etc. An internal switched
mode PSU supplies all the required
voltages to enable you to plug in
your drives and go!

Other features include mains filter,
internal cables with standard drive
connectors, space for internal PCB,
standard fan cut out and mounting,
air filter. Overall dimensions
28cmWx30cmDx19cmH
ONLY £55.00 + £6.00 CARR.

PROFESSIONAL 8 FOOT
19" RACK CABINETS

LARGE 19" equipment cabinet. Totally
enclosed with locking front and rear
doors. An internal sub fram 63" high is pre
drilled for standard 19"
equipment etc. Other
features include internal
12" cooling fan, two-
tone blue and grey
finish with altoy trims.
Mounted on 4 heavy
duty castors, mains
panel etc. And ata
current cost from
IMHOFS of over

£500 A snip at ONLY
£125. Supplied in NEW
or little used condition.
Carriage £22.00.

Ext. Dim72.5"h x

~-s 23.5'wx 26"d
000 of © s O P d g PO R PP RA R 0
¢ P AB O OR ARD AR OD PHO

DR N PO o DP OP BOARDS e o A 3 C3
Qg ame O anges a 0 o b

O orge 0 P and QUA of ele Q D D ased fo

CIRCLE 84 FOR FURTHER DETAILS.
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SEMICONDUCTOR
‘GRAB BAGS'

Mixed Semis amazing vaiue contents
inctude transistors, digital, hnear. 1.C.'s triac
diodes, bridge recs, etc, etc. All devices
uaranteed brand new full spec with many:
acturer's markings, fully guaranteed,
50+ £2.98 100+E!. 8.
TTL 74 Series A gigantic purchase of an
“across the board range of 74 TTL series
1.C's enables us to offer 100+ mixed
“mostly TTL" grab bags at a price which two
or three chips in the bag would nnormaily
cost to buy. Fully guaranteed all 1L.C's full
spec. 100+ £6.90 200+ ££2.30 300+ £19.50

NORTH STAR HORIZON
Pro S100 system with dual 5" floppy
drives, software, manuals etc.
£850.00 Call sales office for details

LOGICAL KEYBOARD
Heavy duty unit in attractive satin alloy
case. 55 full travel keys are laid outin a

logical format of:

| R

Making a very usetul keyboard, ideal for
persons unfamiliar with or confused by the
standard QWERTY fayout. All keys generate
the equivalent ASCIl outputs and various
control codes shown in data. A 7 bit latched
paraltel TTL output with strobe enables
direct connection to any similar micro port
etc. Many other features such as internal
240v to 5v PSU, MAINS ON/OFF switch.
Supplied In NEW or little used condition
with data.

ONLY £25,95 Post and packing £4.50

o



NEWS COMMENTARY

Combined research
for GEC Marconi

Three different research
establishments are to come
under a single umbrella — GEC
Research Ltd. These are the
Marconi Research Centre at
Great Baddow, The Hirst
Research Centre at Wembly and
the Engineering Research
Centre at Whetstone and
Stafford. This will enable the
research efforts to be more
easily coordinated. GEC has
found that with converging
technologies, work done at the
research centres has wider
applications throughout the
organization. Another reason
has been that with the
collaborative research ventures
with other UK companies and in
Europe (especially with Alvey
and Esprit) it has been found
necessary to establish a
corporate, legal, identity. The
new company employs 2500
people of whom over halif are
graduate scientists and
engineers.

GEC took advantage of the
occasion of the launch of the
new company by displaying
some of the subjects of their

latest research. There is a very
wide range and include such
areas as compound
semiconductors, including
gallium arsenide; v.l.s.i. c.mos
and silicon-on-sapphire circuits;
computer-aided i.c. design;
many areas of materials science
including the development of
high-grade quartz, amorphous
alloys and the use of organic
material in electro-optics and
piezoelectric devices.

Telecommunications had
several projects under way
including a low cost analogue
telephone with the dialling and
speech circuits integrated into
one chip; a teletex messaging
service for several simultaneous
users; a 140Mbit/s optical fibre
trunk transmission system and
a 2400bit/s full-duplex modem.

Much research is being
carried out in computer-aided
design, particularly in antenna
design, p.c.b. and integrated
circuit design.

Perhaps of particular interest
are those long-term projects
carried out by the Chief
Scientist Unit. One of these

projects is an active matrix
l.c.d. and they plan to fabricate
a thin film, portable A4 size
display with half a million
pixels. Each pixel will
incorporate a field-effect
transistor and this requires the
development of thin-film
transistors onto glass, a
completely new technology.
The Unit is also working on an
organic liquid indicator that will
show if a frozen food package
has been defrosted after it was
first frozen. Superconducting
cryogenic electronics devices or
Squids are extremely sensitive
to magnetic fields and may be
used for the non-invasive
monitoring of heart and brain
activity. Also in the Unit is a
team investigating liquid-crystal
polymers for use in optical
memories. Liquid crystal
polymers combine the electro-
optic properties of conventional
liquid crystals with the
mechanical properties of solids.
Data points may be written
using a focussed laser beam to
heat the previously aligned,
transparent film. On cooling the
heated spot become scattered
and opaque. Subsequent
applications of an electric field
can erase the scattered regions.

Amstrad in
the US

Following the successful launch
of the Amstrad CPC464
computer in the UK, Amstrad
are now attempting to enter the
US market with a 128K home
computer. The CPC6128 is to
be available in America in
Autumn but as yet there are no
plans to sell it in the UK. The
machine is to be imported and
marketed by an established
American company, Indescomp,
and Amstrad are not making
any investment in the US.

The Amstrad CP464, a 64K
computer with a colour or
monochrome monitor and built-
in cassette player and a very
comprehensive Basic, was
followed recently be the CP664
which incorporated a disc drive.
It is likely that the 128K micro
will be available in the UK next
Spring.

Authors frequently tell us how
pleased they were with the
presentation of their work.
Some of them have said that, at
first, they were incensed that
their work had been “edited”
(the process is called sub-
editing) but that, on maturer
consideration, had decided that
it was fully justified.
It is natural to feel
'resentment when someone else
fiddles about with your painfully
composed writing and one’s
instinctive reaction is to
describe the tamperer as an
illiterate fool, particularly if one
 had slipped a merry jest of
some kind in the original which
was subsequently excised.
There are several reasons for
subbing an article. It may be
that the author stands too close
to the writing and is completely
unable to see that it contains
ambiguities, repetition,
omissions or even errors. The
algebra can be inconsistent, the
style of writing is sometimes

Every word a pearl?

almost impenetrable and often
the punctuation is of the variety
that continually finds one on the
wrong foot.

Many of our authors are very
highly qualified people who
have worked for years in a
particular discipline. They are
so familiar with it that its
groundwork is second nature to
them. Consequently, it
sometimes happens that their
writing carries the assumption
that everyone else is similarly
well versed in the subject. On
these occasions, it is essential
to modify the article simply to
make it understandable.

It is a truism that there are
literates and there are
numerates, but not very many
literate numerates. Most of the
(relatively) illiterate numerates
accept this and gladly proffer
their work, knowing that sub-
editing will polish it smooth,

« but recently a letter arrived

from a published author
complaining bitterly that routine.

subbing had made his writing
unrecognizable as his own. In
fact, his style had not been
changed excessively (we do try
not to interfere with authors’
writing style), but in this case
the author was rather more
fortunate that he realised,
because the original was so
amorphous, ungrammatical and
loaded with weird constructions
that it would not have increased
his standing had it appeared in
that form. Indeed, when shown
the original, side-by-side with
the published version, he
agreed with the decision and,
in fact, suggested that this
comment should be written.
There is no reason to feel
insulted should one’s work for
publication be subjected to
normal sub-editing. All writers,

including members of WW staff, |

have to submit to it and realise
that not every single word is a
pear], even though one might
have gone through fire and
water to write it.

Satellite
radio

A demonstration will take place
at the Montreux Television
Symposium of the simultaneous
reception of nine Wegener
subcarriers added to one video
carrier on the ECS F1 satellite.
The nine extra carriers can be
used for audio or data
reception. The same sevice was
used by the BBC during last
Summer’s Olympic Games to
carry three radio programmes
on satellite link from Los
Angeles in addition to the tv
coverage. The BBC and Capital
Radio are investigating the
possibility of using the Wegener
sub-carrier equipment, supplied
in Britain by Megasat, for
expansion of their radio
networks through Europe and
cheaper transmission within the
UK. Megasat are showing 1.1m
dishes at Montreux and the
equipment and the leasing of
sub-carriers without the video
signals is relatively very low
cost. For the reception of data
services the dishes can be even
smaller. The 1.1m dish can
accomodate data rates of up to
128Kbit/s, a 90cm dish can
cope with 56Kbit/s.
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First international-standard network

A British company, LDR
Systems of Aldershot, are
claiming the first independant
implementation of the 1SO
standard for Open System
Interconnect (OSI). Isonet is a
software package that enables
telecommunications users and
system builders to design and
install data communications
networks.

The system is portable and
may be implemented within a
very short time on the majority
of computers from micros to
mainframe. The system works
on the IBM PC and those
computers compatible with it. It
also runs on the Burroughs B20
range, the VAX-11 and the
Apricot and Sirius computers
from ACT. There are CP/M86,
MS-DOS and Concurrent DOS
versions and many other
implementations are in

preparation.

The system is written in 1SO-
Pascal and also in “C”. The
package comprises a number of
building blocks which provide
the various services and
protocols defined in the ISO OSI
standard. It can be used over a
wide variety of communications
media for both local and wide-
area networking and can enable
the interconnection of l.a.ns
and w.a.ns using X.25
protocols.

Isonet will also form the basis
of a range of applications
facilities, including an electronic
mailbox system and for file
transfer.

The system was developed
with the assistance of a grant of
£244 000 from the Software
Products Scheme of the
National Computing Centre.
The managing director of LDR

Systems, John Divers, believes
it to be a major breakthrough
for the future of computer
networks and explained that it
had taken 15 man-years to
develop which would be a large
amount of effort for any
competitor to catch up with.

® In a completely different
announcement, IBM has
announced its increase in
support for all European
customers who are considering
implementation of the OSI
standards. IBM participated in
the national and international
standards committees that were
involved in the development of
the standards. They have
several products that support
OSI-related standards and tests
are to begin this year on
software that will provide
support for selected functions of
OSI layers 4 and 5.

Breadboarding on silicon

Texas Instruments have
developed electron-beam
lithography to a stage where
they can write the metallisation
pattern on to individual
integrated circuits within a
slice. This enables them to
provide individually
programmed arrays in a very
short time, i.e. down to a week
from a customer's data base

design to a tested product.

The process eliminates the
photomask which is both costly
and time-consuming to
produce and requires large
numbers to be manufactured to
make it worthwhile. Using the
E-beam technology it is
possible to have number of
different circuits on the same
slice of silicon and so enable the
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production of small numbers,
down to, say, ten integrated
circuits. This in turn allows the
designer to experiment, follow
hunches or second thoughts
before being committed to full
1.c. production. This process
has been dubbed by TI
‘breadboarding on silicon’. The
new facility is at TI's plant in
Bedford.

Medusa is a complex of
heaters and coolers which
can offer a satellite under
test all the temperature
changes that it is likely to
encounter in space. It is
shown here with a mock-up
of the Olympus
communications satellite
from BAe which will be
tested in this way. Medusa
comes from Dynam
Engineering in Blackburn.

Talking
Wireless
World

Electronics & Wireless World is
included amongst the
electronics and radio magazines
recorded onto tape for use by
blind radio hams. QTI
(Questions of Technical
interest) is a talking newspaper
that is now five years old. Each
issue takes the form of three
hours of readings from the
technical pages of the
magazines. The main emphasis
is on the new and most
interesting ideas in equipment
and electronic design.

Advertisements are scanned
and any item of particular
interest to the blind is picked
out for special mention.
Originally free to subscribers,
lack of funds have forced QTI to
charge a joining fee of £3.50
and an annual subscription of
the same amount. Subscribers
are sent two C90 cassettes with
the latest issue which they must
return to get the next issue.
QTI have fast copiers to prepare
the editions.

The fast copiers are a retired
outfit from the Harrow Talking
Newspaper who kindly let them
have the equipment at a knock-
down price which still
exhausted their funds. QTI has
had generous contributions
from the electronics industry,
and from individuals but they
are in need of help. Whether it
be reading into a tape recorder,
assisting by providing a stall at
the many ham rallies that take
place or just cash.

All contributions gratefully
received by QTI Talking
Newspaper Association, 2
Cartmel Walk, North Anston,
Sheffield S31 7TU. Telephone:
0909 566301.



NEWS COMMENTARY

“Anyone, anywhere”
— communication goal

The world’s future mobile
communications should be
organised to enable a traveller
anywhere on the globe to
communicate with any other
person or place. This objective
was expressed by Inmarsat
Direcor Olof Lundberg, at the
Spacecom conference in Paris.
Satellites would, of course,
play a big part in this aim. The
maritime community had solved
its problems by forming the
Inmarsat co-operative but the
same need for remote
communication apply to
aeronautical and land-mobile
travellers. In highly populated
areas the cellular radio network
provided the best economical

solution and the most efficient
user of the spectrum. Satellites
for land mobile communications
would however be of particular
use to the wide-area roaming
units such as trans-continental
travellers, in low population-
density areas and as a high
capacity back-up to relieve
congestion in cellular or other
terrestrial systems, caused by,
for example, adverse weather
conditions.

The existing Inmarsat
network can be used for
aircraft, both for air to land
communication and for air
traffic control. But Mr
Lundberg pointed out the
shortage of available spectrum

for mobile satellite
communications. He also made
a plea for standardization;
“Today’s user is not interested
in fitting a plethora of
communications devices. We
can assume that a driver would
not wish to fit a different
cellular set for each country
driven through. Similarly, the
farmer outside the town in the
US would not like to use an
expensive satellite system when
in a town where an inexpensive
cellular system is available. The
airline flying around the world
certainly protest very loudly if it
were forced to fit electronics
compatible with a multitude of
international, national and
regional satellite systems.”

Expert systems are a compilation of the knowledge of specialists in a particular field. Under
computer control, they can offer diagnosis, analysis and can offer remedial action. Adept,
developed by Marconi Instruments and Allen & Hanbury, is used to diagnose suffers

from asthma. It has a touch-sensitive screen for input.

Open up-dates

The Open Tech Unit of the

Manpower Services Commission

has signed a contract with the
institution of Electrical and
Electronics Incorporated
Engineers (IEEIE) to produce
open learning matenial aimed at
supporting an up-dating
technician engineers and
technicians in industry. The
need for this was identified by
an extensive preliminary study,
and the MSC is to fund £0.5M
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of development work for the
first two years. A feature of the
project is the participation by
major electronics companies
which will be providing support
and expertise, working in
partnership for the common
good of practising engineers and
the industry at large.

Learning matenial produced
will asume a good standard of
professional education and will
attempt to strike a balance

between courses for career
enhancement and advanced
application techniques. The first
modules are due early next year
with emphasis on electronic
structures, systems and
testing. The steering committee
is chaired by Dr John Brown,
President of the Institution and
the project is to be managed by
G.T. Richardson, formerly of
the Royal Navy Weapons
Engineering Branch.

Dead in
a flash

Photographic flash guns can
damage UV eproms. That’s the
conclusion of work just
published by British Telecom’s
Research Labs at Martlesham
Heath Electronics Letters Vol.
21 No. 13. The nature of the
damage can vary from an
unwanted output pulse (soft
failure) at low light levels to
destructive latch-up at more
than 4 X 10 lux, the sort of

“illumination produced by a

direct flash from a close-range
gun. Moreover, it seems that
the usual stick-on labels to not
always provide adequate
protection from this sort of light
intensity.

The most critical parameter,
it seems, is peak visual
illumination, not ultra-violet
radiation which in the case of
flash guns is low. The
accumulated UV output of
several hundred flashes from a
typical gun was shown to be far
below the levels normally
needed to erase data. The BT
research found that the degree
of damage varied between
different chips; a p-well c-mos
device was the most seriously
affected of the various types
they tried. The extent of soft
failure was also shown to be
dependent on the chip logic
levels at the time of the flash.
Additional experiments showed
that above 4 X 10° lux,
permanent destruction of the
chip can occur at any logic
level. So a memo, perhaps, to
any budding David Baileys in
the Computer Room?

In Brief

Although it has not been
necessary to have a licence for
metal detectors and pipefinders
for the past four years, the DTI
is continually receiving
applications and fees for the
renewal of such licences. The
only regulations that now apply
are related to frequency ranges,
field strength and spurious
emissions and may be found in
the Schedule to the Wireless
Telegraphy (Exemptions)
Regulations 1980 (SI 1980 No
1848).
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TURN YOUR BBC MICRO INTO

A PROFESSIONAL MICROPROCESSOR
DEVELOPMENT SYSTEM

THE OPERATING SYSTEM
@ FLEX—The Professional Operating System

@ Versatile, Flexible & Powerful, the ideal operating system
forindustrial control

previously only offered by larger, more expensive systems

THE HARDWARE
@ 6809 Advanced 16 Bit Processor

@ Choiceof Industrial Interfaces for Target Applications:
— High Resolution Colour Graphics
— Industrial input/output boards
— IEEE communications
— and many more

THE TOOLS
@ PL9— Afast, efficient control language

@ CMSFORTH Interpreter & Compiler
@ Cross Assemblers for most 8 bit & 16 bit micro's
@® 'C’,BCPL,PASCAL

THE SUPPORT
@ Toprate after sales technical support

@ Systems/Hardware Design

@ Provides the power, sophistication and ease of development,

Cambridge
Microprocessor
Systems Limited

44a Hobson Street
Cambridge CB1 1NL
(0223) 324141

CIRCLE 67 FOR FURTHER DETAILS.
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Designed and
manufactured in Britain

NI'A
L AN

BlackStar

FUNGTIDN GENERATOR

0.1Hz-500kHz

Sine, Square, Triangle, TTL  » Accuracy typically 1% of

output range

Typically 0.02Hz - 700kHz  + Variable DC offset

7 switched ranges with *  External A.M. facility
coarse and fine frequency * External sweep facility
controls » Short circuit protection

+ 30V output capability all outputs
JUPITER 500 (inc. P & P and VAT) £128.80

Colour leaflet with specifications and prices available from:

BLACK STAR LTD, (Dept. WW) 4 Stephenson Road, St. lves,
Huntingdon, Cambs. PE17 4WJ, England. Tel: (0480) 62440 Telex: 32339

CIRCLE 10 FOR FURTHER DETAILS.

STEREO MICROPHONE AMPLIFIER

@ 50 or 200 Ohm balanced
microphones to balanced
lines

@ Variety of low frequency
characteristics for im-
proving the clarity of
recordings

! @ Inputs filtered against
radio interference

BASS RESPONSE
sar
1

CAIN o8

'; "BTEREO MICROPHONE AMPLIFIER

WLy

"'@ Complete boxed unit or
double mumetal screened
amplifier module alone

Surrey Electronics Ltd., The Forge, Lucks Green, Cranleigh, Surrey
GU6 TBG England. Tel: 0483 275997
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METER PROBLEMS?

137 Standard Ranges in a variety of sizes and stylings available §
for 10-14 days delivery. Other Ranges and special scales can be
made to order,

Full information from:

HARRIS ELECTRONICS (London)

. Phone: 01-837 7937
138 GRAY'S INN ROAD, W.C.1 Telex: 892301

CIRCLE 9 FOR FURTHER DETAILS.



DISHED
WASHER
OUTER
INSULATION
The toroidal transformer is now accepted as the standard in industry,
overtaking the obsolete laminated type. Industry has been quick to
recognise the advantages toroidals offer in size, weight, lower radiated SECONDARY chAoS:réERr;E
field and, thanks to I.LL.P,, PRICE. WINDING
Our large standard range is complemented by our SPECIAL DESIGN INSULATION
section which can offer a prototype service within14 DAYS together
with a short leac time on quantity orders which can be programmed PRIMARY
to your requirements with no price penalty. WINDING
15 VA 50 VA 120 VA 225 VA 500 VA
62 x 34mm 0.35Kg 80 x 35mm 0.89Kg 90 x 40mm 1.2Kg 110 x 45mm 2.2Kg 140 x 60mm 4Kg .
Regulation 19% Regutation 13% Regulation 11% Regulation 7% Regulation 4% YW‘V a T°'°'fﬂ .
SERIES SECONDARY RMS 2x010 646 416 4x010 6+6 10.00 6x012 12412 9.38 8x016 25425 1000 Smal!er. size 8'1 weight to meet
No Volts Current 2x011 949 277 4x011 9+9 666 6x013 15415 750 8x017  30+30 833 modern ‘slimline’ requirements.
2x012 12412 208 4x012 12412 500 6x014 18418 625 8x018  35+35 7 19 *  Low electrically induced
0x010 6+6 125 2x013 15415 166 4x013 15415 4.00 6x015 22422 511 8x026 40440 625 .
0x011 949 083 25014 18418 138 Ax00 4 18418 133 6x016  25+25 450 8x025  45+45 555 noise demanded by compact
0x012 12412 063 2x015 22422 113 4x015 22422 272 6x017  30+30 375 8x033 50450 5.00 equipment,
0x013 15415 050 2x016 25425 180 42016 25425 2.40 6x018 35435 k3l 8x042 55455 454 *  High effici li
0x014 18478 042 2x017 3030 083 4x017 30430 200 6x026 40440 281 81028 110 452 igh efficiency enabling
gxg|2 §§~§§ gg; 2x028 10 045 4x018 35435 171 6x025 gg‘gg ggg 8x029 220 227 conservative rating whilst main-
x01 0 2x029 220 022 4x028 110 1.09 6x033 + 8x030 240 208 Raf A
0x017  30+30 025 2x030 240 020 4x029 220 0.54 6x028 110 204 Fean ?'"'Lgt‘lvfelfeogg::ﬂ%gf:;n e
i ; 6x029 220 102 ature.
{encased in ABS plastic} 80 VA 4x030 IG;ASA 050 2050 540 093 140 x 75mm 5Kg P
0 1 Regulation 4%
S 0.45K = ;eagurl‘;rtr:on 12% re 110 x 40mm 1.8Kg 300 VA P Why ILP?
70 "gom'l“l_ m 9 Regulation 8% 110 x 50mm 2.6Kg 9x017 30430 1041 .
egulatio bon B GG 664 o Bl o Regulation 6% P Bl R Ex stock delivery for standard
12010 6+6 250 31011 £ a4 5x012  12+12 666 7x013  15+15 1000 9x025 4545 694 240V range
1011 9+9 166 3x012 12.12 333 5x013 15415 533 7x014 18418 833 9x033 50450 625 B . .
1012 12412 25 g*g:g :g: :g ;gg 5x014 18418 444 7x015 22422 682 9x042  55+55 568 X Fast prototype service availabie
1 x 22 3 ? o i
s 0% | ds s GR | omer mz dm | qme @ ex | osem Tno swe | 3 weeks despatch for specia
1015 22422 068 3x016 25425 160 5x017 30430 266 7x018  35.35 428 o030 240 e orders
1x016 25425 060 glg;; 3?;30 (‘)33 5x018  35+35 228 71026 40+40 378 * 2 year no quibble quarantee
1%01 40+4 20 o :
017 30+30 050 30 e o gxggg otoo 2 dg ;:ggg 28428 ggg * No price penalty for
3x030 240 033 5x029 220 072 7x028 110 272 call-oft order
5x030 240 066 7x029 220 136
72030 240 125
Prices inciuging P & P ang VAT Mail Order — Please make your crossed .
= e cheques or postal orders payable to |LP Post to: |LP Electronics Ltd., Dept. 3
oo e wosT  un FISIEIED (KEL Graham Bell House, Roper Close,
30 1 7.67 225 6 13.75 Trade — We will open your credit account Canterbury, Kent. CT2 7EP
50 2 8.90 300 7 14.97 i iatel ipt of i .
80 3 006 500 B 1960 RS TR G e A Tel: {0227)454778 Telex: 965780
120 4 10.65 625 9 22.30 :
For 110V primary insert “O" in ptace of “X" in type number.
For 220V primary (Europe) insert “1" In place of “X' in type number. [ ]
For 240V primary (UK) insert “2™ in place of "X" in type number. VISA
IMPORTANT: Regulation — All voltages quoted are FULL LOAD. _
Please add regulation figure to secondary voitage to obtain off load voltage. L CTR |c S
ELE ON LTD. d

CIRCLE 48 FOR FURTHER DETAILS.

*SPECIAL Prices are as at going to press but may fluctuate.
u N G L I n QUALITY please phone for firm quotation, V.A.T. inciuded.

A1065 1.40 | EF91 160 | PLI6 110 | 1A3 140 | 6BW6 620 | 6Y6G  0.90
A2293 680 | EF92 290 | P81 085 | 1L4 0.80 | 6BW7 1.80 | 624 0.70
A2000 1375 | EF95 095 | PL82 070 | 1Rs 080 | 6C4 070 | 724 1.90
ARB 075 [ EF96 060 | PL83 060 | 154 065 | 6C6 1.20 | 906 2.90
ARP 070 | EF183 0.80 | PiLB4 095 | 1S5 065 | 6CH6 820 | 11E2 19550
B1ad 39 | EF8ts 078 | bisos 2db | 1Us om0 | ocwa 840 | 12aTs 070
M M H 3 . - . .5 .
SpeCIaIISt AUCtloneerS to the CY31 140 | EFL200 1.85 | PL509 6.85 | 1X2B 140 | 6CX8  4.60 | 12AT7 085
. R DAF96 125 | EHOO 0.8 Etgé%sai'“?. 28 280 | 6Cvs 118 12807 [
DET22 2850 | EL32  1.10 9 i 606 150 I
T et o ATy | e e | SR w e, i) we in
. . 7 55° H I 6F6GB  1.10 g
DH76  0.75 | EL37 520 | PY82 065 19.50* | 6F7 280 | 12BE6  1.25
5 Statlon Road, thtleport, Cambs. CB6 1QE DL92 0.60 EL82 0.70 Ezggo 0.60 ggs 0.60 6FBG 0.85 }%EH7 3.00"
= DY86/87 0.65 | EL84  0.80 A 210 29 19.00 | 6F12  1.50 11895
TE|eph0ne. Ely (0353) 860185 Dys02 070 | EL86 095 | 00V03/10595 | 354 070 | 6F14 145 | 12J5GT 0.55
E92C 2580 | EL90  1.00 1000 | 4B32 1825 | 6F15  1.30 | 12K7GT 0.70
E180CC 8.25 | EL9N 6.50 | QQV03-20A SRAGY  2.20 | 6F17 3.20 | 12K8GT 0.80
EA76 225 | EL95  0.80 2750 | 5UAG 140 | 6F23  0.75 | 12Q7GT 0.60
AUCTION SALES EABC80 0.80 | ELS04 2.70 | QQVO03-25A 5V4G  0.75 | 6F24 175 | 12SC7  0.65
EBSI 0.60 | ELS509  5.85 36.50 SY3GT 095 | 6F33  10.50 | 125H7  0.65
EBC33 115 | El519 690 | QQV06/40A 523 2.80 | 6FH8  17.80 | 12547 0.70
EBCI0 090 | EBZ] 820 | 28504350 s240 125 | 6GAg 195 12507 145
. EBFBO  0.60 | EIB2 9.95 0312 5.75 4 45 | 6GHBA 195 | 12S7GT 0385
Lots Include: EBF gs0 | ELLBOSEI280 | SPET 180 | 30l 090 | e 160 | 12ve” 070
i i i EBFS9  0.80 | EM80  0.85 21 <3220 | 6AB7 070 | 6JU6  5.85 2.80
R E!e?qomhc and Eclecmcz:l Eq%ﬂ";em‘ Cr?.mpogec.tj‘ TeESt Gear' Egsz 0.65 E%&? 2.50 L‘Lzzc 29.50 6:%7 1.15 | 6J4 1.35 132(5)5 0.90
1otele T EC91 4.40 1 0.95 BCB0 0.75 | 6AGS 0.60 | 6JawA 200 | 1 0.85
| PUCNER ORI I, FICUEEIEIAE Eie Uiz i EC92 185 | EY81 065 | UAFa2 140 | 6AH6 115 | 6J5 230 | 19G3 1150
also Manufacturers Plant and General Works Effect. ECC81 095 | EYB6/87 0.60 | UBFS0 0.70 | 6AK5  0.65 | 6J5GT 090 | 9G6 8.50
ECC82 060 | EYSB8 065 | UBF8Y 070 | 6AK8 060 | 6J6 085 | 19H5 3985
ECC83 065 | EZ80 070 | UCCB4 085 | 6AL5 060 | 6J6W 280 | 20D1  0.80
LARGE AND SMALL QUANTITIES ECC84 060 | EB1 070 | UCCBS 0.70 | 6ALSW 0.85 | 6JE6C 550 | 20E1 1.30
ECCES 060 | CM4 590 ggmo 130 | eAMs 420 | 6JSEC 590 | 20°1 0.6
ECC88  0.80 | GY501 1.30 2 165 50 | 6K7 1.45 ]
PI not Revised dates for forth i les t ECCI8y 095 | Gz32 105 3815; 075 | BANBA 250 | KD 550 20246 015
- ECC804 090 | GZ33 4.2 95 4 440 | 6KDE6  4.60 0.80
gase note e\{lse .a £ o onicomingisalesite ECFI0 085 | Gz¢ 275 | UFATT 13 8AQS 130 | slet 460 | BoAz1do2.sst
i ECF82 0.85 | GZ37 395 | UFB0 0395 | 6AQ5W 2.20 | 6L6GC  3.70 7 160/2.40°
be held on followmg F"days durmg 1985 ECFB01 1.05 | KT66 1450 | UF85 095 | 6AS6 115 | 6L6GT 195 | 812A  21.80
AUGUST 2 & 23 ECH 2.25 | KT81 7.00 | ULs4 0.95 6AS7G 495 | 6L18 0.70 | 813
ECH42 120 | KT88 23.00 | UMBO 090 | 6AT6 090 | 6LD20 070 | 28.50/68.50°
SEPTEMBER 13 ECH8Y 0.70 | ML4 2.80 | UMB4  0.70 6AUS 1.25 | 6LQ6 590 | 829B  24.00
ECH 080 | M6 280 | UYB2 070 | 6AV6 125 | 607G  1.30 | 832A  8.90
ECLBO 0.70 | N78 990 | UYB5 085 | 6AX4GT 1.30 | 6SA7 180 | 866A  5.05
OCTOBER 4 & 25 ECL82 075 | OA2  0.70 | VR105/30125 | 6AXSGT 130 | 65G7  1.80 | 866E 980
ECL85 0580 | OB2 0,80 | VR150/301.35 | 6BA60 65J7 180 | 931A 1980
NOVEMBER 15 ECL86 0.90 | PCLB2 0.95 | X66 1.80 0.70/1.207 | 65K7  1.40 | 954 120
EF37A 215 | PCL84 090 | X61M 170 | 6B49  3.45 | 6SL7GT 0.85 | 955 120
DECEMBER 6 EF39 150 | PCL86 075 | 2759 19.00 | 6BE6 6SN7GT 1.60 | 956 120
EFB0 065 | PCL86 0.75 | 2749 075 0.65/120* | 6507 o095 | 5763 575
EF83 3.10 | PCLB05/850.95 | ZBOOU  3.45 6BG6G  1.60 | 6SR7 4.60 | 6060 1.95
EFB5  0.60 | PD500/5104.30 | 2801U 375 | 6BJ6  1.30 | 6V6G_  1.50 | 6080 530
D2 M| OCLR g of [ Eoe R0 dem ia
: . . 1 .80° i ! 4 50 :
Catalogues available 4 days prior to sale, price £1 6XSGT 0.6 | 61468 1038
. &g f h | fy P £10 P y:ﬁ%VES AND ;I'RAINSISTORS NEW PYE Son 20
elephone enquiries for valves, tran { . etc: 3
INC. p&p Or Tor each saie 1or a year ' retai| 749 3934, trade and export 743 0899, g%%}rfyéESNT ocgl  oa
; ; ; FIELD TELEPHONE, CABLE TYPE D10 :
Entry forms on application. Although entries for D e LGS NS T nrecses  HARNESS “A" & "8 CONTROL UNITS A"
10-line MAGNETO SWITCH- b 1T J2. M h 5. 6,
cataloguing may be received up to 7 days before e et e e o fameslesrrinerorl & & & SPiaeen
R POSTAGE: £1-£3 50p; £3-£5 60p; £5-£10 80p: £10-£15 £1.00; £15- i 00,
the date of the sale, customers are advised to enter 2 o pAEO e Tag TR 15;e20/e 1SN, . IMiRTUToroer 1100
early COLOMOR (ELECTRONICS LTD.}170 Goldhawk Rd, London W12
Tel. 01-743 0899 or 01-749 3934.0pen Monday to Friday 9 a.m.-5.30 p.m.
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Electronic Brokers Test & Measurement Instrument Distribution Disvision

RUTHORISED DISTRIBUTO

For the Leading Brands of Electronic
Test & Measurement Equipment

From Philips, Fluke,
Thurlby,

OSCILLOSCOPES

£286

Philips PM 3206
15MHMz, compact portable. dual trace, SmV
sensitivity, auto and TV triggering, variable time
base speed. Z modulation

Hameg HM 203-5 £270
20MHz, dual trace, add and invert, maximum
sensitivity 2mV, automatic and normal
triggering, X-Y operation, component tester
Thandar SC 110A £1
10MHez, battery powered portable, bright line
and economy triggering for battery conservation
TVSfER/me and line triggering. Sensitivity 10mV
to

BENCH & HANDHELD

Philips PM 2519/01
47 digit, LCD with analogue bar
raph. auto/manual rangun?\,,|
requency to TMHz, true RMS, dB.
relative referente.

£299

Philips PM 2518X/11 £199
4 di?it. LCD with electroluminescent
display, auto/manual ranging, true
RMS, dB, relative reference, current
to 20A. PM 2518X/01 without
illumination £145
Fluke 8010A £243
3" digit, LCD, 10A current range, seven
functions include conductance, diode test. true
RMS. DC accuracy 0.1%. 8010A Ni-Cd battery
version £279.
Fluke 8060A £306
4" digit, LCD, ten functions include
conductance, diode test, continuity. dB.
frequency, true RMS. DC accuracy G.04%,
relative reference mode
Fluke BO62A £245
4% digit, LCO, seven functions include diode
test and continuity, relative reference, DC
accuracy 0.05%, true RMS, self diagnosis test
Fluke 80248 £220
3% digit. LCD, eleven functions include peak hold
on voltage and current, audible and visual logic
level detection, OC accuracy 0.1%.

Hameg, ICE, Thandar,
GP Industrial, Claude Lyons,

Fluke 80268 £172
3% digit, LCD, eight functions include
conductance, audible contimit\{v.‘true R/MS, DC
accuracy 0.1%. alt 20 series DMMs have 2 year
warranty

Fluke 80208 £173
3% digit, LCD, eight functions include
conductance, diode test. audible continuity, DC
accuracy 0.1%, extensive ower-load pratection.

Fluke 8021B £139
3% digit. LCD, seven functians include diode test
and high speed audible continuity, DC accuracy
0.25%, safety test leads provided.

Fluke 8022B £114
3" digit. LCD, six functions include diode test,
DC accuracy 0.25%, optional accessaries
available to enhance all DMM measuring
capabilities.

Fluke JF 77 £110
3% digit, LCD with analc(x:gue bar graph,
auto/manual ranging, DC aciuracy 0.3%, touch

and hald facility, supplied with carrying holster.

Fluke JF 75 £88
3% digit, LCD with analogue bar graph,
auto/manual ranging, DC aceuracy O 5%, seven
functions include diode test and audible
continuity

Fluke JF 73 £72
3" digit, LCD with analogue bar graph, auto
ranging, DC accuracy 0.7%, six functions
include diode test, all 70 series DMMs have 3
year warranty.

Fluke JF 25 £193

3% digit, LCD with analogue bar graph, sealed
ruggedized construction, auto ranging, DC

accuracy 0.1%, touch-hold facility, extensive
protection.

averloa

Fluke JF 27
3 digit, LCD with bar graph, ruggedized
construction, auto ranging. DC accuracy 0.1%.
touch-hold facility, min-max and relative mode
operation

Thandar TM 351 £115
3% digit, LCD, 29 ranges of measurement, DC
accuracy 0.1%, diode test, battery life typically
‘AOdOO hours, complete with batteries and test
eads.

Thandar TM 451 £195
4" digit, LCD display with function legends.
auto/manual ranging, DC accuracy 0.03%,
sample/hold facility on all ranges, audible
continuity.

Thandar TM 355 £85
3% digit, 0.5" bright LED, 29 ranges of
measurement, DC accuracy 0.25%, battery or
Imacnjns operation, diode check, supplied with test
eads

£216

ANALOGUE
MULTIMETERS

Philips PM 2505 £165
62 measuring ranges, 10Ma input impedance.,
linear resistance ranges, audible continuity.
automatic polarity indication, low power
consumption.

I.C.E. 680R £32
80 measuring ranges, sensitivity 20Ka/V, DC
accuracy 1%, 12cm mirror scale, overload
protection

Electronic Brokers are leading suppliers of electranic test & measure-
ment equipment. Our Distribution Division handles the major names in the
industry and all product’s are stocked in depth in our spacious new premises
at Camden Town, ready for prompt despatch to all parts of the country.

Electronic Brokers offer full technical support and expert advice on all
aspects of electronic test and measuring.
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Coline, Compact Instruments

I.C.E. 680G £25
48 measuring ranges, sensitivity 20Ka/V, OC
accuracy 2%, 10cm mirror scale, overload
protection.

I.C.E. M80 £19
40 measuring ranges, sensitivity 20Ka/V, DC
accuracy 2%, wide range of accessories extend
measuring capabilities.

PULSE, FUNCTION,
PATTERN GENERATORS

Philips PM 5503 £155
Pattern generator, 5 test patterns for mono and
colour, video output for CCTV and manitors, RF
output in VHF and UMF range, 1kMz tone far
sound checks.
Thandar TG 101 £110
Function generator Q.02 Mz to 200kHz. sine,
square, triangle, variable DC offset, TTL output,
%)ggrnal sweep, 10Vpp output into variable

9}

Thandar TG 102 £160
Function generator 0.2Hz to 2MHz, sine,
square, triangle, TTL output, variable DC offset,
external sweep, 20Vpp output into variable SO0
Thandar TG 105 £105
Pulse generator 5Hz to SMHz, 10nS, amplitude
0.1V to 10V into 500, free-run, gated or
triggered modes, TTL output. pulse width
variable 100nS ta 100mS.

Thandar TG 501 £295
Function generator 0,.005Hz to SMHz, sine,
square, triangle, ram)a, pulse, TTL, variable OC
oftset, variable start/stop phase. 20Vpp into
variable 50n.

COUNTERS &
COUNTER/TIMER

3 |f90333§§§'1

thoros:
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Thandar TF 200 £175
Counter, 10Hz to 200MHMz, B digit LCD, batter
powered, 10mV sensitivity. time average B‘eno !
totalize and reset. TP 60 %re-scaler. OMHz
to 600MHz available at £4!

Thandar PFM 200A £76
Counter, 20Hz to 200MHz, 8 digit bright LED,
battery powered, 10mV sensitivity, resolution
0.1Hz selectable gate times, mains adaptor and
TP 600 pre-scaler available.

POWER SUPPLIES

Thurlby PL 154 £159
0Oto 15V, Oto 4A, bench power supply, twin

LED displays meter voltage and current, high
stability and resolution, remote sense facility

Thuriby PL 320 £155
Oto 30V, Oto 2A, bench power supply, constant
current or constant voltage, precise current limit
c%nu;/ol and monitor system, ripple and noise
Am

Thurtby PL 310 £125
Oto 30V. Oto 1A, bench power suppl6. meter
accuracy 0.1%, resolution 0.01V and 0.001A,
DC output switch, load regulation <0.01% for
50% load change.

MISCELLANEOUS
PRODUCTS

Thandar TH 302 £80
Thandar digital thermometer, LCD display of °C
and °F, range — 40°C 1o 1100°C. resolytion
0.1° and 19, for use with type K probes (bead
supplied).

Thuriby OM 358 . £179
Thuriby multiplexer expands any oscilloscope to
8 channels, displays analogue or digital signals,
triggering from any channel, band width 35 MHz,
precisian calibrated attenuator

§ i
Thurlby CM 200 £89
Thurlby digital capacitance meter, 42 digit LCD,
1pF to 25004F range. accuracy 0.2%, fast
settling, battery or mains operation.

Tachoprobe £70
Compact tacho-probe for use with DMMs or
freguency counters, 2 speed ranges from 100

to 20,000 RPM, accuracy 1%, non-contact
range 1m

£7
x 1 oscilloscope probe
EB91 £10
x 10 oscilloscope probe
EB9S £13

x 1 and x 10 oscilloscope probe.

LINE CONDITIONERS
Claude Lyons LVC 250 £271
25A, BOOVA rating. line voltage conditioner
fast response (typically 1'2 cycles), isclated
input/output, compact and portable for easy
installation.

Claude Lyons LVC 65 £186
0.65A, 156VA rating. line voltage conditioner,
unaffected by frequency variations, transient
and noise suppressian. All LVC units have 2 year
warrantly.

EPROM PROGRAMMERS

GP Elsctronics UV 141 £88
EPRDM eraser, variable electronic timer,
powerful UV source, up to 14 device capacity.
convenient tray loading with safety interlock

Visitors are welcome to our showrooms where all products are on
display and demonstration. For customers wishing to order by phone, we
offer a 24 hour answering service.

All prices are exclusive of VAT and correct at time of going to press.
Carriage and packing charges extra on all items unless otherwise stated.

A copy of our trading conditions is available on request.

Electronic Brokers Ltd

140-146 Camden Street London NV 9PB
Telephone 01-267 7070 Telex 298694

] . =
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It's a whole new board game......with our 7000 Series

Many operations and tasks are now possible through BASIC which

could previously ONLY be accomplished in ASSEMBLER.

Based on the Intel 8052 (romable version of the industry-standard 8051)
single-component Microcontroller, the CPU comes complete with BASIC
Interpreter, Serial /0O and full support specifically for Industrial Control

BASIC CONTROLLER

DISTRIBUTOR ENQUIRIES WELCOME

applications. Many unique features are incorporated and the system
allows very fast interactive development of user software for super easy

deployment in the target system.

Static MOS RAM boards {to 128k), Power down control boards, Decoder boards providing
further address line decoding, watchdog, Real-time clock/calendar, plus additional output
flags and 1/0. Mass storage devices. BackplaneS. PSU and battery packs. Drive boards
or externally gated outputs.

offering, power output, puise generation,
expandable ADC, Remote switch units for power, sound or V.1.S. of vision

For Industrial Control or Data Acquisition at board, sub-system or turn-key level we

offer inexpensive solutions and professional implementation.

CPU BOARD FEATURES
* 11 MHz + Clock
* Hardware Timer Facilities.
* Full Floating Point Arithmetic.

* 9 X 8-Bit 1/0 Ports as standard.
* Very Fast Tokenised Interpreter.
* 8K RAM Plus 16K User ROM on-Board.
* Interrupts Handled by BASIC or ASSEMBLER

* Single Ended Power Supply (+ 5v Only Required).
* Complete with EPROM/Programming Facilities.

* BASIC Utilities may be called from ASSEMBLER.
* Serial Communications on Board (EIA, R$232) Plus printer Port.

Multi-channel

Cavendish Automation™_2
45, High Street, St. Neots, Huntingdon, Cambridgeshire, PE19 1BN
Telephone: 0480 219457 Telex: 32681 CAVCOM G

CIRCLE 82 FOR FURTHER DETAILS.

E.M.S. POWER
SYSTEMS

Solve all your Power Problems by contacting
E.M.S.

E.M.S. specialise in systems to eliminate your
power problems.

Products range from 35VA switched square wave
Power Packs to 1KVA fully uninterruptible sine
wave systems.

E.M.S. also manufacture chargers which range up
to 60 amps.

For further details please contact:

E.M.S. Manufacturing Limited
Chairborough Road
High Wycombe
Bucks
Tel: (0494) 448484

EXTRACTOR FANS — MAINS OPERATED
Woods extractor.

5" — £5.75, Post £1.25,

6” — £6.95, Post £1.25.

5" Plannair extractor

£6.50. Post £1.25.

47 X 4" Muffin 115v.

£4.50. 230v.

£5.75. Post 75p.

All the above ex-computer,
those below are unused.

4" X 4” £8.50. Post 75p.

9" American made £11.50. Post
£2.00.

Tangential Blower 10 X 3 air
outlet, dual speed £4.60.

Post £1.50

MICRO SWITCHES v3 type all 250V 10 amp SpST 15p
1000 — £100 Spdt 20p 1000 — €150, very low torque Spdt
30p 1000 for £200

ROCKER SWITCHES standard size fit 11.5 x 28 mm cut out.
Single pole on/off — 10p each 1000 for £75. Single pole changeover 20p
each — 1000 for £100. Single pole changeover with centre off — 25p each —
1000 for £125. Single pole on/off with neon — 36p — 1000 for £180.

MINIATURE WAFER SWITCHES
2 pole, 2 way — 4 pole, 2 way — 3 pole, 3way —
4 pole, 3way — 2 pole, 4 way — 3 pole, 4 way —
2 pole, 6 way — 1 pole, 12 way.

All at 25p each or 100 for £20.

12 volt MOTOR BY SMITHS

Made for use in cars, etc. these are very
powerful and easily reversible. Size 3'%"
long by 3" dia. They have a good length of
/" spindie —

Price £3.45 or 100 for £250.

B N.B.ELECTRONIC SUPPLIES W
34 America Lane, Haywards Heath, Sussex RH16 3QU
Phone 0444 454563 for Access or B.C.

Please add €1 if order under £20.

12
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Electronic Brokers Second User Test & Measurement Equipment Division

THE SOUR(
OF ALL GOOD USED

DIS Iay (As new) £95

4 channel p/in for 180 £1250

Timebase p/infor 180 £750

Storage Scope 100MHz £3650
Tektronix

Portable Scope 500KHz £650
2213 Scope €675
475 Scope £2750
485 Scope £6800
634/1/20  Monitor (As New) £95
4658 Scope 100MHz £1650
466 Storage Scope 100M £3500
4660M44  Storage Scope + DMM 100MHz £4500
434 25MHz Storage Scope from £1950

TEKTRONIX 7000 SERIES

7603 Scope Mainframe £1950
7613 Scope M/F Storage £3950
7854 Waveform Processmg Scope £12500
7904 Scope M/F 500M £695
74811 E F’/ £1600
7A18 l—F £80
7A19 SOOM zAmp £1600
7824 DT £1950
A26 DTP/ln £1650
7B50A Timebase £57
7B53A Timebase £585-£985
7885 Timebase £92
7887 Timebase £1435
7D11 Digital Delay £1400
7D14 5Z5MHz Ditigal Counter £850
7M11 Oelay Line £750
7511 Sampllng F’Iug In £1850
7514 DR Samlla_ £4500
7711 Samplmg imebase £4000
S1 Sampling Head £950
554 Pulse Generator Head £600
ANALYSERS
Hewlett Packard
332A Distortion Analyser £85
3580A Spectrum Analyser £3250
1615A Logic Analyser £2500
Marconi
TF2300A Modulation Meter £79
TF2330A Wave Analyser £1095
TF2331 Distortion Factor Meter £695
TFR337A Automatic Distortion Meter £295
Tektronix
308/01 Bata Analyser £2500
308 ata Analyser 1:2250
7D01/DF2 Logic Analyser 1900
491 ogt 02 Spectrum Analyser 1.5GHz+from £3000
TR50 Tracking Generator £3500
TR503 Tracking Generator £4250
7002 0pt 01 Logic Analyser £3000
PM102 Personality Module £500
PM108 Personality Module £850
RF SIGNAL GENERATORS
E HLabs
1398 Pulse Generator 5S0MHz 10V £750

Electronic Brokers are Europe’s largest specialists in quality
second user test equipment. Established 17 years ago, we have
pioneered the second user concept in Britain, and many overseas
territories. To support our growth we have a skilled team. This includes
trained sales staff, whose role is not only to sell, but provide a helpful
information service to our many customers. Backing this team is our
own service laboratory where technicians monitor each item of
equipment we sel!. Our maxim is service, and those who have dealt with
us will know that we endeavour to always live up to our reputation.

*[:*:)'U

Hewlett Packard

214A Pulse Generator 100V £750
12A UHF Generator 450-1230MHz £950
8011A Pulse Generator £625
80078 Pulse Generator 100MHz £1650
8015A Pulse Generator Dual 50MHz £1950
8018A Serial Word Generator £2000
8601A Sweep Generator £1950
8600A Digital Marker £95
B616A Signal Generator 1.8-4.5GHz £4000
Marconi
588 S| nal Source 8-12.5GHz £850
TF200EAS /EM Signal Generator £950
TF200e8 AM/FM Signal Generator £950
TF201EA+ AM/FM Signal Generator +
TF2178 Synchroniser 120MHz £1350
L ] -
Hewloett Packard
4204A Decade Osc (New) £595
Marconi
TF2000 Signal Source 20Hz-20KHz £450
TF2120 Waveform Generator £650
Wavetek
185 Sweep Generator £650
184 Sweep/Function Generator 5SMHz £750
166 Pulse/Function Generator 50MHz £1950
KTRONIXGPT& M JIPMENT
501 Op Amp £300
DC508A Counter 1.3GHz £995
DC508 Counter/Timer 135MHz £995
D501 Digital Delay £500
DM 50 /02 DMM £200
FG501 1MHz Function Generator £325
FG502 41MHz Function Generator £565
FG503 3MHz Function Generator £395
FG504 40MHz Function Generator £1650
MRS01 X-Y Display £200
PG501 Pulse Generator £330
PG502 Pulse Generator £1650
PG505 Pulse Generator £45
PG506 Calibration Generator £1950
PG508 Pulse Generator £1250
BRG501 Bamp Generator £250
SC501 Scope £500
SC502 Scope £900
SC504 Scope £995
SGS502 Slgnal Generator £5
SG504 Signal Generator 245-1050MHz £2100
SW503 Sweep Generator 1-400MHz £950
TG101 Time Mark Generator £1750
TM501 Mainframe £275
TM504 Mainframe £375
TM515 Mainframe £400
COUNTERS & TIMERS
Fluke
7220A Communications Counter 1.3GHz
(Quantities available) £595
1900A Counter 80MHz £150
Hewlett Packard
5341A Microwave Counter 10Hz-4.5GHz £1500
5300B+
53058 Counter 1 3GHz £650

2431A 200MHz Counter £295
2437A 100MHz Counter/Timer £395
%438' 520MHz Counter/Timer £650

acal

14 100MHz |EEE Counter/Timer £750
»

ewlott Pac
42718 D|g|tal LCR Meter £3950
4342A Meter £2100
Marconi
TF1245A  'Q Meter £1200
TF1246 Oscillator £650
TF1247 Oscillator £650
TF1313A LCR Bridge €775
TF27OO Brldge £350

Diff. Voltmeter £1500
7318 Std Cal £750
8318 Diff Voltmeter £850
Hewlett Packard
410C Voltmeter £950
4815A Vector Impedance Meter £3950
3437A Sﬁtems MM £1750
3465A DMM £35
3406A Sampling Voltmeter £1500
8405A Vector Voitmeter £2000
467A Amplifer £72
116820 Dzrect Coupler £1500
Marconi
6460/1 RF Power Meter £1500
F2603 RF Millivoitmeter £650
TF2805/8 Pulse Generator £750
TF2333 Trans Test Set £850
TF2356
TF2357A SLMS £3600
TE2807A PCM Tester £1350
230 Colour Gain Test Set £49
TF2850/5  Radio Test Set £1550
TF280 Data Line Analyser £95!
TF2828 Simulator £1250
TF2828 Digital Analyser £1250
TF2815 Data Monitor £1200
Tektronix
8540/03 Integrating Unit £8500
576 Curve Tracer £9000
178 Fixture £1500
AB301 Ground Isolation Mgnitor
| HEW| PACKARD CO MPUTERS
26318 Printer
72218 Plotter 51200
85A Processor £1250
82160A Interface £55
82161A Dig(tal Cassette £250
82903 16K Mod £100
82336A ROM Orawer £25
82337A HPIB Interface £200
8825A Oesktop £2950
B862A Plotter £750
a872C Plotter £750
98855 Disk Drive £950

Electronic Brokers Guarantee

Unless otherwise stated, all test equipment sold by us carries a 12
month warranty. When you buy from Electronic Brokers you know the
equipment is in ‘top notch’ condition. It is refurbished in our own service
laboratories and checked to meet the original manufacturer's sales
specifications. And it's serviced by our own highly qualified technicians.

All prices exclusive of VAT. Carriage and packing charges extra on
all items unless otherwise stated.

A copy of our trading conditions is available on request.

E 'Electronic Brokers Ltd

-140-146 Camden Street London N1 9PB
Electronic Brokers [ Telephone 01-267 7070 Telex 298694
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BBC Micro Computer System
BBC Computer & Econet Referral Centre

BBC Computers:

Model B: £299 (a) B+DFS: £346 (a)

Model B+Econet: £335 (a) B+Econet+DFS £399 (a)

BBC B Plus (available from stock): £409 (a)

ACORN 2nd Processors: 6502: £175 (a) Z80. £348 (a)
TORCH UNICORN: 780 Card: £275 (a) Z80 Disc Pack: £550 (a)
TORCH Graduate G800/2 £899 (a)

20 Mbyte Hard Disc+400K Floppy: £1950 (a)

We stock the full range of ACORN hardware and firmware and a very wide
range of other peripherals and firmware for the BBC. For detailed specifications
and pricing please send for our leaflet.

PRINTERS

EPSON: RX80T £210 (a); RX80FT £220 (a); RX100 £345 (a);
FX80 £315 (a); FX100 £430 (a); JX80 Full Colour Printer £499 (a)
EPSON LX80 special introductory price £242 (a)

KAGA TAXAN: KP810 £255 (a); KP910 £359 (a)

BROTHER: HR15 £340 (a); JUKI 6100 £340 (a).

GRAPHICS PLOTTER WORKSTATION Complete £490 (a)

Basic Plotter £270 (a); Hi-Plotter £399 (a)

ACCESSORIES
EPSON Serial interface: 8143 £28 (b); 8148 with 2K buffer £57 (b)
EPSON Paper Roll Holder €17 (b); FX80 Tractor Attach £37 (b); RX/FX80 Dust Cover
£4.50 (d). LX80 Tractor Unit £20 (c); Spare pens for H180 £7.50 (d).
BUFFALO 32K Buffer for Epson printers £99 (d).
EPSON Ribbons: MX/RX/FX80 £5.00; MX/RX/FX100 £10 (d).
JUKI: Serial Interface £65 (c); Tractor Attach, £99 (a); Sheet Feeder £182 (a); Ribbon
£2.50 (a).
BROTHER HR15: Sheet Feeder £199; Ribbons — Carbonor Nylon £4.50; Multistrike £5.50 (d);
2000 Sheets Fanfold with extra fine perf. 9.5in. — £13.50; 14.5in. £18.50 (b).
BBC Parallel Lead £8; Serial Lead £7 (d).

DISC DRIVES

TECHNOMATIC drives are fitted with high quality slimline Mitsubishi mechanisms and are
available with or without integral mains power supply. The dual drive power supplies are switch
mode type and are generously rated. All drives with integral power supply are fitted with a mains
indicator.

Alldrives are supplied with all the necessary cables, manualand a formatting disc. All drives
are capable of operating in single or double density modes.

Single Drives: With integral psu.

1 X 100K 40T SS: TS100 £85(b) PS100 £120(b)
1 X 400K 80/40T DS: TS400 €125(b)  PS400 £145(b)
Duai Drives: (with integral psu)

Stacked Version: Plinth Versions:

PD200 2 X 100K 40T SS €190(a) PD200P £215(a)
PD800 2 X 400K 80/40T DS £265(a) PD80OP £289(a)

3.5" Drives: TS35 1 X 400K 80T DS £99(b)
TD35 2 X 400K 80T DS £175(b)

Authorised Distributor
Data Recording Products

3M FLOPPY DISCS
Industry Standard floppy discs with a lifetime guarantee Discs in packs of 10
40 Track SS DD £€13(c) 40 Track DS DD £€18{c)
80 Track SS DD £22 (c) 80 Track DS DD £24 (c)
3;" discs. Pack of ten €38 (c)

FLOPPICLENE DRIVEHEAD CLEANING KIT

FLOPPICLENE Disc Head Cleaning Kit with 28 disposable cleaning discs ensures continued
optimum performance of the drives. £14.50 (b)

DRIVE ACCESSORIES

Dual Disc Cable £8.50 (d)
10 Disc Library Case £1.80 (d) 30 Disc Storage Box £6 (c)
30/40 Disc Lockable Box £14 (c) 100 Disc Lockable Box £19 (c)

Single Disc Cable £6 (d)

BT Approved Modems
MIRACLE WS2000:
The ultimate world standard BT approved modem covering
all common BELL and CCITT standards up to 1200 Baud.
Aliows communication with virtually any computer system in
the world. The optional AUTO DIAL and AUTO ANSWER
boards enhance the considerable facilities already provided
on the modem. Mains powered. £129 (¢) Auto Dial Board/
Auto Answer Board £30 (d) each (awaiting BABT approval).
Software lead £4.50
BUZZBOX:
This pocket sized modem complies with V21 300/300 Baud
and provides an ideal soiution for communications between
users, with main frame computers and bulletin boards at a

SOFTY II

This low cost intelligent
eprom programmer can
program 2716, 2516,
2532, 2732, and with an
adaptor, 2564 and 2764
Displays 512 byte page on
TV —hasaserialand par-
allel I/0 routines. Can be
used as an emulator, cas-
sette interface.

MONITORS

MICROVITEC 14in. & 20in RGB
1431 Std Res £166 (a); 1431 Ap std Res PAL/Audio £205 (a);
1451 Med Res £240 (a); 1441 Hi Res £389 (a);

Swivel Base for Plastic 14"Microvitecs €20 {c)
2030CS Std Red £380 (a); 2040CS Hi Res £685 (a)
Plinth for 14in. Monitors £8.50.

Microvitec Monitors with TTL/Linear inputs also available.

KAGA TAXAN 12in. RGB
Vision Il Hi Res £225 (a); Vision Il Super Hi Res £325 (a)
Green Screens; KAGA 12G £99 (a); SANYO DM811 112CX £90 (a);
Swivel Stand for Kaga Green £21 (c)
BBC Leads: KAGA RGB £5 Microvitec £3.50; Monochrome £3.50 (d)
SANYO CD 3125 NB t4in. RGB Std Res £169 (a)

UV ERASERS PRINTER BUFFER

UV1T Eraser with built-in timer and mains indicator This printer sha_velr/buﬂer provides a sitr)nple way to
b idental exposure upgrade a multiple computer system by providing
2“:::;1:?::8"3\712(;: Joavidaccidentallexp greater utilisation of available resources. The buffer

. offers a storage of 64K. Data from three computers
tcaghandleliniosepromsatatimelwiinanaverage can be loaded into the buffer which will continue
erasing time of about 20 mins. £59 + £2 p&p.

accepting data until itis full. The buffer will automati-
UV1 as above but without the timer. £47 + £2 p&p. cally switch from one computer to next as soon as
For Industrial Users, we offer UV140 & UV141 era- that computer has dumped allits data. The computer
sers with handling capacity of 14eproms. UV141 has then is available for other uses. LED bargraph indi-

very economic cost. Battery or mains operated. £62 (¢) Softyll ... £195.00(b) abuilt in timer. Both offer full built in safety features cates memory usage. Simple push button control
Mains Adaptor €8 (d) BBC to Modem data lead £7 Adaptor for 2764/ V140 £61, UV141 £79, php £2.50. frovides JUERE AT RAUSE and[RE SET lunctions’
2564 £25.00 D ' Integral power supply. £205 (a).
’ : ’ Cable set £30.
ATTENTION CONNECTOR SYSTEMS
All prices in this double page advertisment are
subject to change without notice. AMPHENOL TELEPHONE
ALL PRICES EXCLUDE VAT 1.D. CONNECTORS EDGE B 2 AECIOE ] CONNECTORS
Please add carriage 50p unless o Gremetieblirnela v CONNECTORS (solder 500p (IDC) 475p 4-way plug 110p
indicated as follows: ways  Plug "acle Conn 36 way sk! Cengomcs 6-way plug 180p
! 90p p  120p 01 0156 (solder) 550p (IDC) 500 6-way rt ang.skt 160f
{a)£8 (b) £2.50 (c) £1.50 (d) £1.00 2 w1z ;38: 2 oy commodorer " *356p édoway)plug‘l)E(EE ()soldgr' Fl:lxiLIe 2;2'2 P
ACORN IEEE INTERFACE 38 gggu :ggn gfgv §x :gj:g; vic 20) ] 350p ;vaa()'los% I4E7E5£\'solder) 4-way 50p/m
A fullimplementation of the IEEE -488 standard, pro- 50 235p  200p  390p | 2353 yan i e 500 {I0C) 500p 6-way 72p/m
viding computer control of compatible scientific & 2% 25-way 225p  220p PCB Mtg Skt Ang Pin RIBBON CABLE
technical equipment, at a lower price than other sys- D CONNECTORS g:ggi::y (Spectrum) ggg: i 24 way 700p 36 way 750p e
tems. Typical applications are in experimental work Nty . 43_“,3; 2600 — 10-way W deway  160p
in academic and industrial laboratories. The inter- o 15“525 a7 2x22way 90— GENDER CHl:NGERS ehay w5 Maom  sop
face cansupport a network of up to 14 other compati- MALE: ‘:7;":3 - 25 way D type 20-way 85p  Soway  200p
ble devices, and would typically link severai items of Ang Pins 120 180 230 350 | 2x50way(S100conn; 600p = Male 1o Male £10 26-way 120p  Bd-way 280p
test equipment allowing them to run with the opti- Solder 60 85 %gs 170 Male to Female £10 DIL HEADERS
ici il i I 175 275 325 —
;r::g;“gfdeggzency. The IEEE Filing System ROM is }PECMALE: EURO CONNECTORS Female 1o Female £10 v -
i StPin 100 140 210 380 14 pin 40p 100p
AngPins 160 210 275 440 | DINAI612 Plug Sk RS 232 JUMPERS 16 pin 50p 110p
Solder 90 130 195 290 X 32 way St Pin 230p 2750 25 way D) 18 pin 60 -
INDUSTRIAL PROGRAMMER DG 195 325 375 — 2 X 32 way Ang Pin 275p 320p 24" Single ersd Mwaai; ! £5.00 20 S:n 752 =
EPBOOO StHood 90 95 100 120 3 X 32 way St Pin 260p 300p 24" Singte end Female £5.25 24 pin 100p 150p
This CPU controlied Emulator Programmer is a pow- Screw 130 150 175 3x32way AngPin  375p 400p 24" Female Female 0% 1 pn 160p 200p
erful tool for both Eprom programming and develop- Lock IDC Skt A + B 400p aTveiele e ca50 | Anopin 2000 225p
ment work. EP8000 can emulate and program all DC Skt A +C 400p
eproms up to 8KX8 byles. can be used as stand TEXTOOL ZIF For 2 X 32 way please specify DIL SWITCHES MISC CONNS
alone unit for editing and dupticating EPROMS, as a SOCKETS 24-pin £7.50 spacing (A + B, A + C). 4-way 90p 6-way 105p 21 pin Scart Connector 200p
slave programmer or as an eprom emulator £695(a) 28-pin £9.00 40-pin £12.00 8-way 120p 10-way 150p 8 pin Video Connector  200p

TECHNOLINE VIEWDATA SYSTEM. TEL: 01-450 9764
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ALo2e8 0.60
74 SERIES ;:g;g igg ;4@3;3 é;g 74C SERIES o LINEAR ICs COMPUTER (of0])" PONE NTS
7400 0.30 i 4 8 o=
7801 030 | veve ey | 745280 tep | TAC00 070 A cp 8287 425 EPROMSs MC14a1i 9.00 NS
7402 0.30 i 7418283 0.80 : i ADcasoel Pt 1802CE  6.50 | 8288D  11.00 MC14412 7.50 ENCODERs
74283 1.05 4069 035 | aM7910CC 2500 | LM7I 1.00 2650A 87755, 25165V 350 | 75107 0.90
7403 74742 320 080 | Lic08  0.70 120 | anioa 200 | (M723 080 i : A 18.00 g b AY52376 11.50
7404 ' 9,00 b 055 | av-1-5050 100 | LM7245CN  3.00 3 6502 . TMS990325.00 | 2516-35 550 [ 75108  0.90
) e 080 | 74G10 070 055 | Av:3135) 350 | (M733 065 | teei0s oo | 65C02 12 TMS9911 18.00 | 2532 450 | 75109  1.20 Avsaéaoo 730
4295l (090 140 | 74C14 050/ oss [ avsado %0 | wvar oz | ISR 3% | 65024 550 | Tmsosiiteco | 2532 550 | 7510 090 | sa8322 5.00
74298 1.80 9'00 40106 4584 150 AY-3-891) 400 LM747 0.70 TCA220 180 65028 . 280810 5'00 2564 B.00 75112 1.60 74C923 6.00
74351 2,00 ' 74020 0.70 T | Avseer: s00 | ks 30 | tCao 330 | 6800 i y 2708 4.00 ; BAUD R
030 | 74365A 0.80 1.00 190 | cAowA 100 | Lwmioit 420 | rcaga 7S z80P10 2.50 75113 1.20 UD RATE
030 d 220 | 7432 100 055 | GAzsa  to0 | Lwiole  1so | ToAMO 17 | 6802 . Zs0cTC 250 | 2716+ 5V 350 | 75118 1.40 PRI
- 74366A  0.80 74C42 1.50 2.20 CAI046 070 LM1801 3.00 4.00 6809 . 2716—35 5.50 5115 4
ot ; TDA1022 280ACTC 275 7511 140 | MC1aan 7.50
030 743674 0.80 i 74C48 1.50 g-;; g:gggz 325 tm:g? gg TDA1024 110 6809E i Z80DART 6.50 2732 4.50 75121 1.40 COMB116 6.
030 | 7agen 070 300 | 74C73 100 as | Chxose 70 | e see | Tommer 3% : 780ADART7.00 | 2782A-2 9.00 | 75122 140 | 7008 7
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PLEASE ADD 50p p&p & 15% VAT

Tecunomatic Lo SE/ATT) soRgse I

AlL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 1ED Orders from Government Depts. & Colleges etc. welco

SHOPS AT: 17BURNLEY ROAD. LONDON NW10 Detailed Price List on request. .
(Tel: 01 208 1177 4 lines) Telex: 922800 Stock items are normally by return of post. ‘
305 EDGWARE ROAD. LONDON W2 Minimum Telephone Order £5
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B. BAMBER ELECTRONICS

RADIOTELEPHONE EQUIPMENT

Pye Base Station Type F30 AM High Band & Low Band. ... .. e . .. £220
Pye Base Station Type F401 AM High Band. . . e . £350
Pye Base Station Type F4001 AM High Band . A . £550
Pye Reporter Type MF6 AM High Band & Low Band. . ... .. . . £90
Pye Europa Type MFSFM High Band ......... ... . . P - ]
Pye Olympic Type M201 AM High Band . T o . .. E65
Pye Mototone Type MF5AM High Band & Low Band. . . .. £45
Pye Westminster Type W15AM ngh Band & Low Band . . .. a . £50
Pye M294 FM High Band. .. .. . ) il £200
Pye Base Station Type FOU UHF . . . P R . A ... £90
Pye Base Station Type FSAM High Band . . . . .. . . £90
Pye Base Station Type F17FM High Band .. .. .. .. o . .. £250

e Base Station Type F412 UHF .. .. =y - .. . - €200
ITT Base Statlon Type 30LRU43A UHF. . . ———— - £150
Pye Pocketfone Type PF2FM High Band & Low Band ’ 200t £80
Pye Pocketlone Type PF2AM High Band & Low Band . B ... £80
Pye Pocketione Type PF2UB UHF . . . .. £80
Pye Pocketfone Type PF5 UHF . e B — y .. E40
Pye Pocketfone Type PF8 UHF .. . R . . . £80
Pye Pocketfone Type PF9 UHF . e 0 AL . o 8 8 p g £80
Pye Mains Power Unit Type AC15 - . . £25
Pye Mains Power Unit Type AC200 . x . .. 0 =X €120
Pye Power Amp. Type A200 High Band . . L - " . .. £50
Pye Controliers Type PC1 . . Je— R . ... £85
Pye Controllers Type M81 . . . . .. £195
Pye Westminster Type W30 AM ngh Band & Low Band . . .. e . £25
Pye Westminster Type LW15 FM High Band 2 . £40
Pye Base Statlon Type F30FM Mid Band .. . . X 3 [ £200
Pye Europa Type MF5FM Mid Band . £60

PLEASE NOTE all sets are soid less crys(als mikes, speakers power leads etc. unless
otherwise stated.
CARRIAGE on RT equipment —
available at cost.

Mobiles £2.00 each, Base Stations 115.00 each. Red Star

LOGIC ANALYSERS
Fluke Model 3010A Programmable PCB Logic Tester. .
Fluke Model 3020A Programmable PCB Logic Tester

.. .£1,500
-£2,500

PYE POCKETFONE PF1 UHF RECEIVER

440-470 MHz, Single Channel, int. speaker and aerial. Supplied complete with
rechargeable battery and service manual, £6 each plus £1 p.p. plus V.AT.

P. & P. or Carriage and V.A.T. at 15% on total must be
Pr— added to all orders.
] Callers very welcome, strictly between 9 a.m. and 1
L p.m. and 2 and 5 p.m. Monday to Friday inc.
Barciaycard and Access taken. Official oders welcome

WWwW27

5 STATION ROAD LITTLEPORT, CAMBS CB6 1QE
PHONE: ELY (0353) 860185

CIRCLE 81 FOR FURTHER DETAILS.

nombrex

MODEL 41
R.F. SIGNAL GENERATOR
Price £106.95

PLUS VAT,

150 KHz — 220 MHz on fundamentals + £1.50 P4+P

8 clear scales — Total length 130mm

Spin-Whee! Slow Motion Drive 11 — 1 ratio.

Overall Accuracy — 2:%.

Modulation, Variable depth and frequency.

tnternal Crystal Oscillator providing calibration checks throughout all
ranges.

Mechanical scale adjustment for accurate alignment against internal
1MHz crystal oscillator

Powered by 9V Battery.

* %% % % %

*

*

Export enquiries welcome
Send For Details Of The Nombrax Range Of Battery
Powered Test Instruments.

NOMBREX LTD. BRIDFORD EXETER
DEVON EX6 7HT
TELEPHONE 0647 52594

CIRCLE 71 FOR FURTHER DETAILS.

DRYFIT BATTERIES

Bnnd m un-used, Sonnenschein Dryfit A300 sealed
gasble batteries at a surplus price. 12V
RS No.:581-966 £17) OUR PRICE £8.50 inc vat.

Nso uvdiab‘e small quantity of automatic standby units
ncorpor the above battery. Inbuilt mains-failure
change-ovor charger, ideal for burglar alarm systems etc.
£25 eech (ppL2).

« » 4.PHASE STEPPER MOTORS NEW STOCK » =

in stock — used, but excellent condition, 4-phase steppers. 50
steps/rev motor with (removable) gearbox giving a 300: 1 reduc-
tion, 6V DC operated. Compliste with a driver board requiring justa
singls 6V rail and pulse input. Motor measures 1° x 27 diameter,
gearbox ¥,” x 2% output e

shatt 3/16°. Sold com-

plete with connections.

CCT diagram ot motor, ;

CCT details of halt-T

stepping etc. And pulse Mo R

generator.  Complete £8.58 inc. vat. (pp 50p).

*0SCILLOSCOPES’

Re-conditioned, calibrated & guaranteed.
TEKTRONIX T9 32A 35MHz. Dual Trace, £350.

£450.

TEKTRONIX 454 150MHz dual-trace delay £650.
PHILIPS PM3240 50MHz dual-trace, delay. £450,
TELEQUIPMENT D63 3-trace 15MHz. £250.

AOVANCE 0S 1000A 20MHz dual-trace £200.

FE - ELECTRONICS

10 CHAPEL STREET, LONDON, NW1 TEL: 01-723 8753

TELEQUIPMENT D83 S50MHz dual-trace, delay

WOW & FLUTTER METER PM6307. £275+vat,
Frequency Counter 80MHz PM6661. £125+vat.
BOTH ITEME UN-USED. CARRIAGE « £3 each.

DYNAMCO 07100 30MHz dual-trace delay. £200,
TEKTRONIX 475. 100MHz dual-trace, delay. £2K.

8" SHUGART.DISC DRIVES

“5™ GENUINE SKUGART MODEL

B% 54800 Soft-sectored single-
sided industry standzrd 8°
Flopy disc drives. BOCKB
starage. Supplied in excellent
condition, little-used. Removed
from tully functional equipment
Price including VAT, carriage
and Zerox of handbook — £95.

* MULTI-RAIL LINEAR PSU’s

Recent stock of brand new COUTANT ESM-Series Power Supplies at
surplus prices. Mode! ESM15.2 giving regulated. stabilised OC
outputs 5V @ 15A and +12V to +15V @ 1.5A each and an un-
stabilised 24V @ 2A. 240V AC input. Measures 5x8x11°. Fully
enclosed. In original cartons with handbooks. £45 each + VAT [t

carriage £5)

Swiss-made precision 6¥ OC motors with 70:1 reduction gearbox
givmu tinal drive speed of 16rpm © 6V. Oiameter 2} cms x 4cms
PRICE INC. VAT 8 CARRIAGE. £5.25.

TF2905 Sine squared P& B Generator £200.
TFB893A Audio power meters to 10W £85.

TF2000 Audio frejuency sig gen/attenuator. £200.
TF2700 Universal Bridge £

TF1313 [% Universal Bridge £

MARCONI

EMERGENCY POWER INVERTERS

12v. DC Battery input to 230V AC Output @ 125W 50Hz (Square Wave)
crystal controlied. Fully enclosed in blue case with integral 13A output

TEST
EQUIPMENT

guaranteed).

CIRCLE 60 FOR FURTHER DETAILS.

socket. Dims approx: 9x5x5°. Brand new £65 inc vat. Carriage sach + £3,

16

VIDEO TERMINAL BOARD

* 80 characters X 24 lines *

Requires ASCIl encoded keyboard and monitor to
make fully configurable intelligent terminal. Uses 6802
micro and 6845 controller. Program and character
generator (7 X 9 matrix with descenders) in two 2716
EPROMs. Full scrolling at 9600 baud with 8 switch
selectable rates. RS232 interface.

Bare board with 2 EPROMS and program listing —
£48 plus VAT. Assembled and tested — £118 Send
for details or CWO to:

AMElectronics Tel: 0242 510525
A Wood Farm, Leiston, Suffolk IP16 4HT
ELECTRONICS | Tel: 0728831131 y 8 Skillicorne Mews - Queens Road - Cheltenham - Glos - GL50 2NJ

LOW COST UNIVERSAL PROGRAMMER
EPROMS EEPROMS MICROS

@ Completely self contained unit. ® Eproms:

® No personality modules required. 2508/16/32/64

& Controlled via R§232 serial interface. 2758

® Supports Intel, Motorola and Ascii 2716/32/32A/64/64A/128/

hex data formats. 128A/256/512/513
® Easily controlled by most computers. 27C16/32/64/128/256/512
® Fast and standard programming modes. 68732/64/66
® Low and high byte programming for 16 bit data.
® Byte, block and chip erase for Eeproms. ® Eeproms:

EN

Price uncased £295 plus VAT.

2816A/64A 52B13/23/33 48202

® Micros:
8748/48H/49/49H

Micro Concepts

CIRCLE 56 FOR FURTHER DETAILS.

CIRCLE 28 FOR FURTHER DETAILS.
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Designing small
transformers

The design of power transformers reveals one
or two interesting observations

Although power transformers are
plentiful, it is often necessary to
design and construct a transfor-
mer to suit one’s own needs. It is
also very tempting to reuse the
materials many amateurs already
have, not only with conservation
in mind, but from the cost point of
view.

Winding transformer coils is
not as difficult as one would
think, since it can be performed
with a simple drill and a lot of pati-
ence: mechanically or electroni-
cally counting the number of
turns is necessary in order to
avoid errors. The average ama-
teur should be well able to solve
all the practical problems.

I will describe a method for the
calculation of small transformers
which I have used for several
years and which, in my view,
gives more satisfaction than the
methods commonly in use. Fur-
ther, I will call attention to certain
facts about transformers which
are not well known.

In general, the design of small
transformers departs from that
derived from the VA product to be
delivered by the transformer.
The VA product determines
approximately the cross-section
A of the core by means of formu-
las 2 of the form

A(sq cm) = C |/ VA (watt) (1)

withC=1.0—1.25. Ifaguessis
made of the transformer effi-
ciency it becomes possible to
determine approximately the pri-
mary and secondary turns, etc.
The constant C has something
to do with the ratio of the weight
of iron to the weight of copper. It
has to be changed according to
the application, for example 1.2
for constant full-load transfor-
mers to 1 for intermittent use.
The formula gives an approxima-
tion of the core size and it is
therefore useful. From the cross-

section A it is possible to deter-
mine the number of primary turns
n,

E,=/2 nfAnB=an, (2)

where f is frequency and B the
maximum induction in the core
material: a generally accepted
value for Bis 1 — 1.2 Tesla. For
low-quality or unknown iron it is
safe to take 0.8 Tesla to avoid
excessive zero-load losses. Once
B has been chosen, the constant
a in (2) is fixed; a is the induced
voltage in one turn of the pni-
mary. Equation (1) suggests that
A is solely determined by the VA
product, but one feels that this
cannot be true, since in this case
it would not be worthwhile to use
high-induction materials.

The next step is to calculate
the number of secondary turns n,
n, = E,/a 3)
Since the primary and secondary
currents cause an internal voltage
drop in the windings, it is normal
practice toincrease n, by a certain
percentage, depending on the
dimensions of the core or the VA
product. A further step is to
choose an allowable current
density ] in the coils. In general, J
lies in the range 3.5 to 4 A/mm?
for small transformers and it is
taken smaller as the VA product
increases.

Table 1 : current density

VA 0 50 100 200 500
J 4 35 3 2.5

Once] is chosen it becomes poss-
ible to calculate the wire gauges
d, and d,. The final step is to
make an estimate of the total area
that will be occupied by the wind-
ings with their insulation. If this
section is larger than the effective
window space, a bigger core is
necessary. Eventually it is poss-
ible to calculate the coil resist-
ances.

ELECTRONICS & WIRELESS WORLD AUGUST 1985

The procedure for voltage-
drop correction looks a bit like
putting the cart before the horse
because it is not very likely the
result will be correct. The power
in equation (1) is an average
power and therefore, in systems
with nonsinusoidal currents (rec-
tifiers) or with intermittent cur-
rent (filaments of gas-discharge
tubes, impulse relays), the real
voltage drop will be higher.

A different approach. The
method I will demonstrate here is
valuable, since it gives a more
correct insight in the problem. As
already noticed equation (1) is
not exact. For intermittent
operation, it is clear that (1)
gives too big a tranformer. The
question following from this is :
what is the maximum power that
can be delivered by a given core
on the assumption that heating is
not important?

Surprisingly enough, one finds
that the most important part of
the transformer is its window and
not the iron.

Transformer design formulas

This method has been developed
for the standard E-I laminations,
but there is no reason why it
might not be adapted to other
core forms. As can be seen from
Fig. 1(a), the dimensions of an
E-I core are entirely determined
by the width k of the central leg
and the height h of the lamination
stack. In order to get an idea of
the process involved we calculate
the total transformer resistance
R’,, referred to the secondary

;= n,

R, =R, +R, (nl) @
4P Inyl, nl rnyye
= [dg T (nl) ®)

where n, and n, are the number of

primary and secondary windings,

d, and d, the respective wire

gauges, 1, and |, the mean length

of turn (m.l1.t.) and o the specific

resistivity of the wire (1.72 X
10—8 Qm at 20°C for copper).

by D. Baert *

If the lamination window is
completely filled with the wind-
ings, one can obtain a transfor-
mer with minimum resistance.
However, there is always a part
of the window area lost because
of the insulation and the winding
former. Therefore, we introduce
a filling factor V which takes
account for these losses

V = total wire section/window
area

=, d+n,d%)/ ik (6)

It is assumed that the wire
behaves as having a square sec-
tion, since it is difficult to obtain
winding configuration showed in
Fig. 1(c). From (5) it follows:

4P L,
R, = x né(SJILSZ) (7

where S, = n,d? and S, = n,dZ.
Dueto (6) we can say that S, +35,
= S is constant for a given win-
dow area.

If it is assumed that m.l.ts of
primary and secondary are equal,
it follows that the minimum resis-
tance occurs for S, = S, : the cop-
per areas of the primary and sec-
ondary coils have to be equal.
The conditions of S, = S, also
means that the current densities
in both windings are equal. The
minimum resistance follows from
this fact 6o 1 s 1

’ — p 2 Y — 2 2
Rarin T S Ik T k¥ i

8)
From Fig. 1(b) it can be seen that
m.l.t. is |, = 2 (h+2k), if the
rounding-off at the corner of the
coil is neglected. If the corners
were rounded-off with circles this
would become 1, = 2(h + 1.785
k). Since neither formula is cor-
rect, the coefficient of k will lay
somewhere between 1.8 and 2,
but we have chosen 2. Mostly,
transformers are wound with

* University of Ghent.
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Fig. 1. Typical E-I stack of
laminations at (a).
Calculating mean tumn
lengths shown at (b), and at
(c) are the ideal and practical
lays of tumns.

copper and eq. (8) becomes

, . h+2
R 2min 2.34.10 k'z'v n; (9)

AKn} (10)

For the more general case where
we want to reckon with different
m.l.ts |, and 1,, it can be proven
that the primary and transformed
secondary resistances have to be
equal, so that S, has to be slightly
greater than S, . It appears, how-
ever, that the results only slightly
differ from those obtained with
equal m.l.ts. Equation (10) gives
us a means for calculating the
exact number of secondary turns
that gives the required secondary
voltage at a full-load secondary
current [,.

The secondary output voltage
E, follows from the open-circuit
voltage E,, = an,

E,=an, — KnZl, (11)
The o-factor for the EI lamina-
tion is

« — 2 n Bikh (12)

One way to deal with a lamina-
18

tion stacking factor is by simply
multiplying B with a constant fac-
tor. For instance, for 0.36 mm
(14 mil) lamination, the stacking
factor is about 0.92 and therefore
we put 1.1B into (12). Note that
B has to be expressed in Tesla or
Wb/m?.

The effect of n, on E, can easily
be visualized (Fig. 2). For agiven
secondary current I,, the output
voltage is a quadratic function of
n, with a maximum at n,,, = &/
2KI, and this maximum has a
value of a2/4Kl, volts. This is
also the greatest possible output
voltage that can be obtained at a
current I, with the given core.
However, the efficiency
n=EL/E,l,=1 Kl,/a(13)
is extremely poor under this con-
dition, i.e. only 50%. Equation
(11) determines the number of
secondary turns needed for
obtaining the voltage E, at a load
I, by the intersection of the hori-
zontal line E, with the parabola.
For the two possible solutions for
n,, the one with the smallest n,
also has the highest efficiency and
therefore we take:

2E,
= =————

a + Ja? — 4k,E,],
From Fig. 2 it is seen that E, can-
not be higher than «2/4KI, volts
i.e. the ultimate output power P,
is a?/4K

(14)

Tt3 BZ k4h2
Py 256 P th+2k

The induction B and the spe-
cific resistivity O are material
constants of the iron and the cop-
per; the frequency is an operation
parameter; k and h are dimen-
sions. The maximum found
above is an absolute maximum
and it neglects factors such as
heating. It is the output that can
be obtained from a generator
under matched conditions.

In practice, the current density
will be limited and this deter-
mines the core cross-section.
The only unknown factor is the
value of V. The filling factor
depends on the amount of insula-
tion, wire gauge, wire insulation,
winding formers, wire tensions,
etc. In practice, V lies between
0.45 and 0.6. The smallest value
holds for small transformers
(e.g. k = 3 cm), because the
amount of window area needed
for the insulation etc. is relatively
smaller for large transformers. It
is wise not to overestimate V
since, in that case, the window
area could be too small for con-
taining the windings. From a
guess of V it is possible to deter-
mine approximate values of n,,
n,, d,, d,. This gives a better
guess for V since it becomes pos-
sible to determine the number of
layers, the amount of wire insula-
tion, etc. and the value of V will
give better results.

The minimum resistance R’,
follows from the fact that the
available window area has to be
filled completely, so that n,d% =
S,Vandn,d?=S,Vand, withh, =
hZ = k/4v

[3V
d’1=k
‘ 8n,

d] = d2 v n2/nl

As already mentioned, the cur-
rent density in the wires is equal
for both windings and therefore it
has the value

(15)

(16)

41

-y i,
J T (17)
Example. Suppose E, = 220 V,
E,=79V,1,=3A,B=1.1T,f=

50 Hz. Chooseh=10.03m, k=
0.035 m and a filling factor V=
0.5. Thenn, =857, n,— 368, R,
=494 Q,E, =938V,d,=
0.79 mm, d,=0.52mm, ] =5.2
A/mm?. Without the need for
iteration the wire gauges can be
rounded off to 0.8 and 0.5 mm.
This will barely change the filling
factor, since a variation d of a
diameter in (6) will give the varia-

tionin V:
8V = 2:(n,d;dd, + n,d,8d,).

If, for example, d; = 0.52 mm
were rounded-off to 0.50 mm, we
obtain a variation

8V =i X 857 X 0.52 X 0.02 =
0.0194.

This means that the only effect of
the rounding-off is a small
increase in primary resistance.
However, for the transformers
with very small wire sizes the 6V
is large since &d is comparable
with d. Further on it becomes dif-
ficult to fulfill the second equation
(16) and thus the departure from
the minimum resistance case will
also be larger.

In this example the current
density is too high for continuous
operation, hence a larger core is
necessary.

Transformer with leakage inductance

It can be shown that for the type
of winding under consideration
the leakage inductance L,,
referred to the secondary (Fig.
1(b)), is

=t (1) (043

where | = m.l.t. and p, = 4 X
107, the permeability of free
space. Although the amateur sel-
dom reckons with leakage induct-
ance, it is possible to extend the
previous theory. It is interesting
to note that both R’, and L, are
proportional tonZ. One can there-
fore define a time constant L,/R’,
for a given E-I transformer core

L, .,
R, ct.ke.

The equation explains why L, is
neglected for small transformers:
L, is proportional to the square of
the central-leg width. High-
power transformers are therefore
specified by their short-circuit
impedance which is always induc-
tive. The same reasoning holds
for the inductance to resistance
ratio of pot-cores and other
inductors. It seems thatthe time-
constant is in fact a fundamental
quantity of transformers, coils,
relays... Since in some way the
same reasoning is true for
straight filaments one can see
that the smaller a system becoms
the faster it operates.

Since the current density is the
factor that determines the nomi-
nal transformer power it is poss-
ible to increase the transformer
output for the same core cross-
section by using a larger window.

* ELECTRONICS & WIRELESS WORLD AUGUST 1985



It is well-known that the E-1lami-
nation is used because it is gener-
ated by an economical cut of the
iron sheet. But if we depart from
this requirement it should be pos-
sible to make laminations with a
very large window which allows a
high current density. The cooling
surface of the coil can be suffi-
ciently increased by using a small
but long window. There are of
course practical limits : the mag-
netizing current increases since it
is inversely proportional to the
magnetic path length. In combi-
nation with a greater core volume
this gives bigger zero-load
losses. Otherwise, from the
same reasoning, it follows that it
should be possible to use a very
small core-area with a large win-
dow area for a given power. The
drawback here is that the leakage
inductance increases because a
lot of lines of force close the mag-
netic path through the air (espe-
cially for the part of the coil out-
side the window). The question
that now arises is : “what is the
real function of the iron”? At a
first sight one is tempted to say
that the power is transferred from
the primary to the secondary
through the iron, but since the
lamination window seems to be
more important it is doubtful if
this is true. Equation (2) partly
gives an answer : the induction in
the iron is only determined by the
primary voltage, frequency and

turns number. This means that

BOOKS

the conditions in the iron are
independent of the loading condi-
tions of the transformer! In other
words, no power at all is trans-
ferred through the core. The only
reasonable way to get out of the
problem is to accept that the
power is transferred outside the
core in the air between the coils.
As strange as this seems, it can
be explained by referring to
Poynting vectors and the electric
and magnetic field outside the
core. It has several times been
stated in W.W. that the electric
energy transported by wires is
found between the wires and not
in the wires and the transformer
is the magnetic analogue for this
situation.

Muitiple secondaries

Frequently, the transformer has
multiple secondaries. It is diffi-
cult to perform the calculations as
before because each secondary
current has its effect on the
others through the common pri-
mary resistance. By neglecting
the effect of the currents on the
secondary output voltages the
following rules can be found:

® the total primary copper cross-
section has to be half the window
areaor S, = ; Sy,

® the secondary cross-sections S
are taken proportionally to their
powers : P
§=S5,. PJ .

1

A £,(n) i
I,=Ct
2 100%
50
E -
2
i \"

Y

In the same way as before the
secondary turns can be found by
imposing secondary output vol-
tages at the given currents. Itis a
pity that the more practical cases
of transformers used for rectifiers
cannot directly be handled in this
way. First, the currents are only
partly sinusoidal and the conduc-
tion angle of the rectifier depends
on the load, ripple capacitor and
the transformer resistance. Sec-
ondly, if several secondaries are
used, each with different rectifi-
ers, the conduction angles are
different. The amateur using
steady-state transformer data is
often disappointed by the results
in stabilized rectifier circuits.
The experienced amateur knows
that choosing a transformer rat-
ing based on the sum of the d.c.
powers is not sufficient. In many
caes, the minimum value of the
ripple voltage is too low in order
to obtain good stabilization and
increasing the ripple capacitor is

Fig. 2. Variation of secondary
turns on secondary voltage,
for a given secondary
current.

of no help. These effects are of
course due to the transformer
resistance. The design of a trans-
former for such pulsed wave-
forms can only be correctly done
by using the rectifier design
curves of O.H. Schade?®. It is pos-
sible to combine a part of the
method above with the rectifier
curves in order to obtain the cor-
rect number of secondary turns.

References

1. Langford-Smith : “Radio Engineers
Handbook”, lliffe, 4th ed., p. 233-241.
2. ITT Reference Handbook, 4th ed., p.
273-282.

3. Schade, O.H., “Analysis of rectifier
(l)gi%ation", Proc. IRE, pp. 341-361, july

Lisp, the language of artificial
intelligence by A.A. Berk. Col-
lins, 160 pages, soft covers,
£9.95. A useful introduction.
Examples are based on the
Acomsoft implementation for the
BBC Micro.

Assembler routines for the
6502 edited by David Barrow.
Best of PCW series, Century
Communications, 180 pages,
soft covers, £7.95. Easy-to-use,
documented assembly-language
routines contributed by readers
of Personal Computer World.
Topics include mathematical rou-
tines, delays, extra instructions,
searching and sorting, check
sums and parity coding, data
compression.

Assembler routines for the
780 edited by David Barrow.
Best of PCW series, Century

Communications, 192 pages,
soft covers, £7.95. The mixture
as above but in Z80 code and with
some extra graphics routines.

Introducing Amstrad CPC464
Machine code by Ian Sinclair.
Collins, 184 pages, soft covers,
£8.95. Getting started in Z80
code on Amstrad’s home micro.

Introducing MSX Assembly
Language and Machine Code
by lan Sinclair. Collins, 184
pages, soft covers, £8.95. Same
again but adapted for the Japa-
nese MSX micros, thanks no
doubt to the search-and-replace
facility on the author’s word-pro-
cessor.

The Amstrad CPC464 Disc
System by lan Sinclair. Collins,
120 pages, soft covers, £7.95.
Discs for beginners, using
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Amstrad’s DDI-1 3-inch drive,
with details of the AMSDOS and
CP/M operating systems. Pro-
gram examples include a selec-
tion of disc utilities and a data-
base. A chapter on printers
shows how to use some popular
models.

The Century Computer Pro-
gramming Course for the Com-
modore 64 edited by Peter
Morse and Brian Hancock. Cen-
tury Communications, 340
pages, soft covers, £10.95. Tho-
rough treatment of Commodore
Basic from a team at the Central
London Poly. Attractively pre-
sented, with many useful exam-
ple programs and exercises.

Commodore 64 Omnibus by
Peter Lupton and Frazer Robin-
son. Century Communications,
502 pages, soft covers, £9.95.

Omnibus edition of the authors’
two previous C64 handbooks,
covering Basic, sound, graphics
and disc storage.

Principles and Practice of
Multi-frequency Telegraphy by
J.D. Ralphs. Peter Peregrinus on
behalf of the Institution of Elec-
trical Engineers, 205 pages, hard
covers, £25 (abroad £32).
Designing and using multi-fre-
quency-shift-keying communica-
tions systems, by the leader of
the design team of the first Pic-
colo equipment. Chapters cover
history, basic principles, theory,
design procedure, synchronisa-
tion, practical matched filters,
error coding and special m.f.s.k.
systems.
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Also supplied by: RCS MICROSYSTEMS LUNITED 01-979 2204
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Happy Memories

Part type 1 off 25-99 100 up
41M6200NS. ... 1.25 115 1.10
4164 150ns Not Texas ................. .99 .89 .84
2114 200ns Low Power ... ............ 175 1.60 1.55
2016 150N 5.+ 26w s wiywres swpam preterzoms s 47 2.45 2.30 2.20
6264 150ns Low power ............... 5.00 4.45 4.00
2716 450ns5volt ... . 3.85 3.45 3.30
2732 450ns Intel type... .............. 4.75 4.25 410
2732A350NnS ... 5.25 4.69 4.50
2532 450ns Texas type................ 3.85 3.45 3.30
2764 300ns SuitBBC.................. 2.95 2.65 2.50
27128 300ns SuitBBC................. 3.95 3155 3.35
Low profile IC sockets: Pins 81416 1820242840

Pence 12131416 18242738

Available now — The ROAM BOARD for the BBC Micro. Reads
Roms via a Low Insertion Force Socket and saves their
contents as files, then reloads a file into its sideways Ram as
required. Full details on request.

74LS series TTL, wide stocks at low prices with DIY discounts
starting at a mix of just 25 pieces. Write or ‘phone for list.

Please add 50p post & packing to orders under £15 and VAT to total.
Access orders by ’phone or mail welcome,
Non-Military Government & Educational orders welcome., £15 minimum.

HAPPY MEMORIES (WW),
Newchurch, Kington,
Herefordshire HR5 3QR.
Tel: (054 422) 618

Micro-tel is a system of integrated UHF radio/modems ruggedly
constructed and suitable for a wide range of ‘line of sight’ data
communications applications.

Features:

® UHF Home Office type approved radio (MPT 1309)
® 5 Radio Channels

® 1200 BAUD INTERNAL MODEM

® 12 Volts/250 m A

® RS232 Data Input/Output

® Small size 145 x 210 x 60 mm

® SPECIALS TO CUSTOMER SPEC.ALSO AVAILABLE
Micro-tel offers a simple and reliable solution for:
® Building to building computer comms

® Instrument to computer data links

® Industrial systems data links

Dealer and OEM enquiries welcome.

MEASUREMENT DEVICES LIMITED
\/ Silverburn Crescent, Bridge of Don Industrial Estate, Aberdeen,
— AB2 8EW Telephone: (0224) 824141 Telex: 739506 (MDLAB)
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& RAEDEK ELECTRONICS

102 PRIORY ROAD, SCRIBERS LANE, HALL GREEN, BIRMINGHAM, B28 OTB. ENGLAND.

Telex No 312242 MIDTLX G.

8
J

»
J’?

- A
AV sTocKIST W

A\
l’ Rich;c:":ison A\

. L3
Electronics - syt
/4 Electron f

AMPEREX TI.IbeS AMPERITE 2’?222;

; CETRON CTC Du MONT . EIMAC
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Tel 021-474 6000

ALL-TIME CP/M MICROCOMPUTER SYSTEM BARGAIN!

Fantastic bulk purchase of a major European manufacturer’s entire stock of this top-quality
machine enables us to retail it at far below its manufacturing cost. ALL FEATURES LISTED
are INCLUDED as STANDARD:

® COMPLETE with EITHER single or double (as #® Exceptionally high quality styled keyboard with

illustrated) TEAC half-height 5" double-sided, numeric keypad & 6 function keys

double-density floppy disc drives. Formatted # Centroni llel interf

capacity: 320Kb per drive. entronics parallel interface -
® 4 MH2 Z80A CPU ® FBKSS(C;ZNM serial interface selectable 300-9600 . : .;' ~~~~~ B
N B A RGPS ® UHF Modulator for TV & composite video output
® 28Kb EPROM containing monitor & MICROSOFT . .

BASIC ® gtoeh:t?ao:. (3 Word-Processor ROM is available PRICES (monitor not included):
® CP/M Version 3.01 OS] With DUAL floppy: £347.00 (£399.05 incl. VAT)

: @® 6 month full guarantee & option to return With SINGLE floppy: £250.00 (£287.50 incl. VAT)

@ 80 x 24 display with colour block-mode graphics within 14 days if not absolutely delighted CARRIAGE: £9.50 (incl. VAT) Visa & Barclaycard accepted
Available ONLY from:COMPUTER APPRECIATION, 16 Walton Street, Oxford OX1 2HQ. (0865) 55163 TELEX: 838750 E

MATMOS Ltd., 1 Church Street, Cuckfield, W. Sussex RH17 65JZ. (0444) 414484 454377 (0444) 73830

CIRCLE 61 FOR FURTHER DETAILS.

Console oniy, £145. 12C watt, £199, carr.£10

Tel: New Milton 0425 621195

NEWRAD INSTRUMENT CASES LTD NEW DISCO ELECTRONIC CENTRE
New Milton, Hants BH25 6SJ BAKER LOUDSPEAKERS Postczenen | 130 OAT] DIRER rarcsrsior e
MODEL INCHES OHMS WATTS TYPE PRICE

Orsco/Grovp 10 816 50 pa £18
Hiorager Y o A . PA CABINET SPEAKERS. 4 0r 8 or 16 0hm 75 walt 24X 17X 1110, £56
Suveiy 2 dir LS e e 90 wall I2X17X11in. £75. 150 watt £84. Carr. £10 Black vinyl
Wooter 1 H 3 i B covered with handles
HEIGHT DEPTH PRICE e b S o0 - B RACS SOUND LIGHT. Ready Built Deluxe 4 Channel 4,000 watt with
—_ —_— Dico/Crouy 2 histiel b A 29 chaser - speed — progiamme cantrols £69. Post £2. New Mode
- ¢ 1 U 250 £1 8 84 Disco/Grovp 2 516 100 on 56 MKil with spacial 16 programmes 4 channel 4,000 watl £89. Post £2
o . Disco/Group 5 816 100 PA £39

PA 150 walt 4 channe mixing, 8 Inputs, dual Impedance, S0K-600

DELUXE STEREO DISCO MIXER/EQUALISERL.E D.V.U dispiays5

T band graphic equaliser, left/night fader, switchable inputs for phono!
1 U 300 21 . 35 BAKER MICROPHONE YOCAL and GROUP AMPLIFIER £129 line. mike/ine. Rocording Output €129, DELUXE €145 Pos £3

\ 2 . 2U 250 2205 ohm. volume, treble, bass Presence contrals on each channel. PROJECT CASES Black vyl top amd ses

2 U 30 0 24 6 9 r’gslm volume control, echo, send return socket. Slave sockets, Post
3.

£5.50 13X8X4) £11.

6X4x1, £3.60 BX5X2inE4. 11;X6X5 £9. IX5X2)in £4.80 11X6X3

. BAKER 150 Watt MIXER AMPLIFIER 4 Inputs £59

- ALUMINIUM BOXES. 4X4X1; £1.50; 4X2)X2 £1.20; 3X2x1 €1
e T 5 2] 3 I
3U 250 2522 Discotheque. Vocal, Public Address Speaker outlets for 4, 8 or 16 BX4X2 £1.90; 7X5X2; £2 80, BXExE €3, 1007x 0360, BN 5w

£3.60; 12X8X3 £4.30; $X4X4 £2.20; 4X4X2; £1.60.

ohms. Four inputs, 20 my, 50K ohm. Individual volume controls "F gur

channel” moing. Slave output 16"X8"X5;". Wt —14ib Master volume X X " )
19 inch Rack Mounting enclosures 3u 3 2799 e e o R A PANCLS oS B g 13 o 037 15
complete with chassis and top and bot- Heaey Duty Motir £155. pasr ca 7o CPANe! (300 watt Wono) 1000w mona, 500w stares auainy smpiers 55000
tom COVerS. Front, Side and Rear pan el S . BAKER MOBILE PA AMPLIFIER. All fransistor, 60 wati RMS, 12v DC ,hH e S o teTipe 9 j
arealuminium and flatfor easy machin- 4 U hIELQI hts frirf]‘l(rj] i?n euprtnh S u%fnégigr:g; 1369 e S oaT o eAZE S Alho o oudsesakeriOtin! RADIO COMPONENT SPECIALISTS
ing. These pan8|5' are located .Wlth ayaranielin q ’ LATERPROOF HORNS 0 onms 25 walt £20. 30 walt £25. 40 want 337 WHITEHORSE ROAD

plus valt line . Posi
heavy duty aluminium extrusions. - CROYDON, SURREY, U.K.
Front and Rear paneis are satin ano- Moia 6w 2400 A + oatary wov <0 T IO SPKeIS 20 [AteEss) TEL 01-684 1665 .
. Al 8 MKI} 150w, 240v AC, complete £249 carr .£20 ACCE

dised. Covers are finished in cream. PRICES ARE EXCLUSIVE OF VAT. P&P £2.50. s Ty DenpartY e i wad Lists S4p vt o toc
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The cathode ray tube’s broad |

range of resolutions and
screen sizes, high luminous
efficiency, and proven
performance and reliability,
competitive pricing per
character, as well as the
capability of both full colour
and grey scale, give it a
position so strong that it will
be difficult to dislodge. Also,
anti-aliasing and windowing
techniques are much more
effective with cathode

ray tubes.

Leeds University’s 3D viewer
can produce stereoscopic
images from c.r.t. displays,
and in principle could be
used for television if flicker
were not such a problem.

G o v r_=1.,‘ﬁ':'_-' 4‘_

Video displays —

More on text/graphic displays together with a
brief product selection.

The trouble with computer gra-
phics is that its images are only
two-dimensional. A variety of
computer-driven  applications
would benefit from the additional
realism of a third dimension, not
least the modelling of engineering
components, flight simulation,
medical imaging, scanning elec-
tron microscopy, computer
games and the representation of
large molecules. It was this last-
mentioned  application  that
brought authors Harris, Geddes
and North of Leeds University’s
department of biophysics to a
recent JERE conference on the
latest developments in colour
research to describe their tech-
nique for 3D visualization of insu-
linoid proteins. This uses a con-
ventional display, a pair of special
switching spectacles and a box of
electronics.

Three-dimensional graphics

Stereoscopic vision involves the
brain perceiving depth cues from
several sources — the focusing
and binocular  convergence
mechanisms, perspective and
illumination of the object, image
behaviour under object rotation,
obscuration of parts of the scene,
and binocular disparity. Nor-
mally, a weighted combination of
these cues is used to construct a
three-dimensional representa-
tion, but in viewing a near planar
screen the focus cues are absent
and other cues must be used to
give an impression of depth.
Monocular intensity cueing,
which works by simulating a light
source in front of the observer
and increasing the image intens-
ity along the z-axis, is simple to
apply on equipment with an

intensity control. But some
observers see an ‘enantiomeric’
image, with the brightest parts
farthest away. Dynamic depth
cueing, achieved by rocking or
rotating the object, can give
front-to-back ambiguity (though
intensity cueing would resolve
it). In the perspective approach,
where the size of the image is
reduced with object distance,
judgement of distance is difficult
and not very accurate. And the
most powerful of the depth cues,
obscuration, is far too time con-
suming for interactive graphics.
Though all these monocular
effects can be useful, the conflict
between cue and the binocular
information that the image is
really flat limits their utility.
Clever tricks can reduce the con-
flict, but the effects produced by
binocular techniques are more
powerful.

The thing to do is to emulate
stereoscopic vision by generating
two images and rotating one
through an appropriate angle,
contriving to have each viewed by
the respective eye. One method
is to separate the two images
laterally on the screen and to
direct light from each onto the
appropriate eye using one of a
variety of optical systems. But
besides the possible inconveni-
ence of attaching these to the
screen, it is difficult to cater for
more than one observer, and only
half the screen is available for
each image.

The popular way around these
difficulties is to use the two-
coloured images — usually red
and green — and view through
two-colour spectacles. With this
the whole of the screen area is

available for both images.
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But the information content of
a full colour image is clearly lost,
whilst at the same time requiring
a system colour capability.

A frame-sequential technique
called tachistoscopy doesn’t suf-
fer from this snag; the left and
right images are displayed alter-
nately while the unwanted image
for a given eye is suitably
blocked. Mechanical devices
were originally for this purpose
but they are generally much too
slow. The alternative is an elec-
tro-optic shutter. The first kind
tried, based on the birefringence
of lead-lanthanum zirconate-
titanate, suffered from low trans-
light transmission (17%) and an
uncomfortably high operating
voltage of 500V. But authors
Harris, Geddes and North
described a fluid crystal cell that
operates from only 30V and
which doubles light transmis-
sion.

A twisted nematic liquid crys-
tal is sandwiched between two
crossed polarizers so that inci-
dent light polarized by the front
polar is transmitted by the rear
one, having been rotated by 90°
by the cell. An alternating voltage
pulse applied across the cell
switches it to its opaque state, (a
direct voltage would discharge
the cell), the pulse being initiated
by a photodetector attached to
the screen. Two photodetectors
operate on alternate cycles, one
triggered by a symbol that
accompanies one view and the
other by a second symbol that
accompanies the other view. This
opto-coupling avoids the need for
access to the screen circuitry;
apart from a few lines of software,
the method is independent of the
v.d.u.

One of the problems with the
rapid switching rate of once per
refresh, or once per interlace
cycle, is the relatively long relax-
ation time in returning to the
clear state, brought about by a
kind of kick-back in molecular
orientation in the opposite direc-
tion. A technique called dual-fre-
quency addressing, developed by
Clark & Shanks at RSRE, Malv-
ern, helps out here, increasing
speed of recovery by forcing the
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long axes of molecules perpedi-
culartothe field with an h.f. pulse
applied at a suitable time. This is
made possible by choosing a
material having a permittivity in
the direction perpendicular to the
molecule greater than that in the
parallel direction. (The material
actually used, supplied by RSRE,
had a Ae of 2.95 at 200Hz and
—1.8 at 100kHz, crossing over at
5kHz.)

This idea*®, currently being
exploited commercially by Mille-
nium of Stevenage, lends itself to
multiple viewing — up to four
pairs of spectacles can be con-
nected to the somewhat expen-
sive electronics box — but the
suggestion of using a single
screen-sized cell with polarizer
and viewing through passive
spectacles fitted with orthogon-
ally polarized glasses is interest-
ing, if impractical at present.

Colour displays from ‘mono’ tubes

Another use of the switched
liquid crystal technology has
been pioneered by Tektronix for
multicolour field-sequential dis-
plays from high resolution ‘mon-
ochrome’ tubes. The tube for use
in this scheme is a single-gun
type with no shadow mask but
has a phosphor with two emission
peaks that are typically, but not
limited to, red and green. The
resulting yellow light is passed
through two colour polarizers
arranged to transmit only red
polarized light on one axis and
only green on the other, ortho-
gonal, axis. The liquid crystal cell
that follows rotates the polariza-
tion plane by either zero or 90°
depending on which colour field is
selected by the synchronizing cir-
cuitry. A linear polarizer is finally
required to provide the blocking
ability.

The resulting alternating red
and green fields integrate in the
observer’s eye and can create any
colour on the red-green line. A
different colour-polarizer pair
and phosphor mix could produce
other colours, though still only
based on two primaries rather
than three.

Tektronix’ cell is different from
the earlier kind; called a pi-cell,
(it derives its name from a 180°
twist during relaxation) its chief
benefit is in the simpler driving
waveform (no h.f. pulse is
required), but it does have tighter

* The same idea has also been suggested
for use in television, see IEEE Trans vol.
CE-31 1985, pp. 82-87, though its not
clear how the problem of flicker is over-
come.
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manufacturing tolerances. The
technique is still only used in the
model 5116 colour display oscil-
loscope and could clearly be
applied in other traditionally
‘mono’ display situations; how-
ever Tektronix say their shutter
is not available for use outside the
USA.

Versatile touch screen

Interactive displays, in the form
of touch-sensitive screens, are
especially useful in situations
where a simplified man-machine
interface is required. A new touch
screen, called the Transkey, has
been jointly developed by British
companies Perdix Components
and Global Engraving, a London-
based specialist in screen print-
ing. The screen has been initially
developed using a Densitron
plasma panel that displays 25
lines of 80 characters perline, but
its developers say it can be used
with wide variety of display tech-
nologies, and can be easily cus-
tomized for specificrequirements
in the space of about two to three
weeks.

Transkey is a trensparent-
membrane touch panel mounted
in front of the display consisting
of a normally-open transparent-
membrane switch. The basic
switch is made of two layers of
optical-grade polyester film, with
a coating of electrically conduc-
tive indium oxide sputtered
across the surface of the film.
Sputtering of the oxide ensures
an even coating, essential, says
Rodney Tietjen of Perdix, both to
give arepeatable resistance mea-
surement and a good optical fin-
ish. Indium oxide has a high
transparency and a typical Trans-
key panel is 85% transmissive.

To manufacture a given switch
separate rows and columns are
formed onto two sheets of the
polycarbonate film by a method
devised by Global Engraving. (At
this stage is it of manufacture
possible to specify the switch
operating pressure). The two
halves of the switch are separated
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by a unique system of transparent
dots; silver ink tracks are
screened onto the polycarbonate
film to form the conductors from
the switch matrix to the flexible
tail connectors. The two halves of
the switch are now laminated
together, forming the complete
Transkey.

The switch can be unsup-
ported, or laminated onto an
acrylic substrate, which can form
the colour filter for the display.

Recent reading

e Colour in Information Technol-
ogy and Visual Displays, IERE
Conference, University of Surrey,
1985. (Results of recent research
in colour perception and applica-
tions).

e Dictionary of Computer Graphics
by John Vince. Francis Pinter,
1984. £15 hard cover. That's 7.5p
per entry. . .

e VDU Health & Safety. Tape/slide
programmes on health, safety and
ergonomics, Audio Visual
Services, Loughborough University
£395.

® Health Hazards of VDTs?
Loughborough University of Tech-
nology conference proceedings,
1980 & 1981, edited by B.G.
Pearce. Wiley, 1984. (Health
hazards, ergonomics, rediation
emission, stress, ion generators.)
e Hazards of Visual Display Units,
GLC London Hazards Centre at
the Polytechnic of the South Bank,
London SE1. Information pack £1.
e VDUsers, ROSPA, Birmingham
£0.70.

e New Technology: a health and
safety report, APEX, 1985. 22
Worple Road, London SW19.

e Health effects of VDUs: a bibli-
ography, Health and Safety Execu-
tive, 1984.

¢ Visual Display Units, Health and
Safety Executive, 1983. HMSO £5.
e Limits and measurements of
spurious signals generated by data
processing and electronic office
equipment, BS6527:1984.

surface.

Non-multtiplexed fiuid crystal displays

Increased use of multiplexing as display size is raised results in
reduced contrast and restricted viewing angle in plasma and twisted-
nematic phase displays. This has resulted in many laboratories,
Britain’s GEC-Marconi included, persuing the active matrix approach,
with the need to deposit thin-film transistors directly onto glass.

STL, Harlow, are developing an alternative bistable smectic-phase
760 by 420 display in which the crystals do not degrade back to the
liquid but remain in place almost indefinitely. This means that
elements are written only once, that contrast is good, and that viewing
angle is almost hemispherical. As with other liquid crystal and plasma
panels, the driver chips can be cemented directly onto the glass
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VIDEO DISPLAYS

Switch encoding can be simply
carried out using standard row/
column multiplexing techniques,
and de-bouncing by means of a
simple RC filter and c-mos buf-
fers. A purely resistive analogue
Transkey is now under develop-
ment.

Tube developments

A new graphics display designed
for 64kHz-based computer-aided
design and manufacturing sys-
tems features Matsushita’s
‘overlapping field-gun tube.
Available from Cameron Commu-
nications, who import Barco
equipment from Belgium, the
display is a high resolution RGB
monitor with 0.31mm dot pitch
aimed at graphics workstations
costing up to £35,000, where
typically the user can specify the
monitor.

According to Barco, the start-
ing point for this design was reso-
lution — dependent on c.r.t.
technology, memory chip prices,
availability of and fast c.r.t. con-
trollers. Controllers scanning at
1065 lines and a non-interlaced
rate of 60Hz, chosen to give
improved resolution in windows,
flickerless pictures and increased
light output, dictated the scan
rate of 65kHz (variable from 43 to
77kHz).

With a target of 1280 address-
able elements per line (1440 for
the higher resolution 0.26mm
pitch version) a video scan time of
12us means a pixel time of 10ns,
putting clock rate at 100MHz,
and which led to Barco setting
bandwidth at a conservative
120MHz, achieved by using class
— A u.h.{. transistors, generally
well-defined modularity with a
floating output amplifier on sep-
arate boards, minimal intercon-
nections and d.c.-controlled con-
trast and brightness, and asharp-
ness booster that allows optimi-
zation of risetime to clock rate.

The display’s performance is
further enhanced by the useof the
‘0.1.f." in-line tube. This tube fea-
tures an overlapping field gun,
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Screen-centre drawings of a
typical range of colour tubes
all to the same scale (35
times actual size). Top is of
33cm consumer-type screen,
next is a 33cm medium
resolution line centre, next a
48cm medium resolution
centre, and bottom, a high
resolution centre, all from
RCA’s 1984 industrial and
office range.

developed to improve the resolu-
tion of in-line guns whose beams
were more spread out than in
delta guns. The lens structure
chosen has a single aperture of
overlapping circles rather than
three separate holes, allowing
the main lens to be effectively
enlarged without widening the
beam separation. Edge resolu-
tion is also improved by adding an
amount of astigmatism to the
main lens as a pre-correction for
yoke astigmatism, with the result
that overall resolution has been
was improved by 20% over its
predecessor. Since then, the lens
has been simplified with the help
of computer-aided simulations,
and is now an elongated circular
aperture, and the gun has also
been simplified by making the
third and fourth electrodes ident-
ical.

The Matsushita tube is also
used in Panasonic-brand displays
of course, and no doubt others
too, as the company claim to be
the world’s largest maker of dis-
play tubes.

Hitachi and Nippon Electric are
also at the forefront of high reso-
lution colour tube technology.
NEC claim to have the world’s
first super-high resolution tube in
production with a dot pitch of
0.21mm, following its ultra-high
res. tube of 0.25mm. The tube,
which can display 40 kanji
characters per line in a 24 by 24
dot matrix, contains phosphor
dots of only 80pm — so small
that at a viewing distance of 40cm
they are beyond the limits of
visibility. Therefore, argue the
tube’s developers, the ultimate
limit in fine-pitch tubes has been
reached: tubes with finer pitches
would be ineffective besides
incurring extremely high cost.
The achievement is largely due to
the use of a ‘tilt array’ mask, in
which only the vertical pitch is
pre-distorted so avoiding the
moiré interference with displayed
vertical lines that would occur
with NECs earlier variable pitch
mask. Meanwhile Hitachi have
produced a super-high res. tube
with a shadow mask of an aston-
ishing 0.15mm pitch. Details are
not available but a preliminary
spec. for a monitor using it indi-
cates a bandwidth of 240MHz and
a resolution of 2448 by 2046.

Product briefs

® In excess of 1280 by 1024 lines
in a non-interlace mode can be
displayed on Mitsubishi’s C-9918
monitor. At the forefront of their
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range of high resolution moni-
tors, the C9918 has a 0.31mm
dot pitch and in-line gun. Prob-
ably with the highest resolution
achived for a colour display in
mass production, and have high
hopes that it will soon become an
industry standard. Though it’s
not the end of their line: models
with resolutions of 2000 by 2000
lines and a video bandwidth of
200MHz are scheduled for intro-
duction in the near future.

But there is more to monitor
quality than simply resolution, as
Ralph Zariah of Mitsubishi puts
it, which should only be taken asa
means to an end. Two other areas
where Mitsubishi have made
inroads are with focus and con-
vergence. A ‘multi-step’ focus
feature, which uses two focusing
potentials 28 and 33% instead of
one of 20% claims to give notice-
ably better focus. Convergence
error of the 9918 model is quoted
as 0.3mm in a central circle equal
to the picture height and 0.5mm
outside, but a second option uses
a digital convergence technique
that offers 0.3mm all over the
screen. The digital approach to
accurate beam positioning allows
either factory setting or user sett-
ing of convergence: a small key-
board and processor generates
the convergence test patterns.

® By now Grundig’s new range of
FST/Euroconnector monitor/tv sets,
to which a 66cm model has recently
been added, will no longer be news.
But what may be new to many readers
is the availability of Grundig’s profes-
sional and industrial monitors in the
UK. The monochrome range includes
video monitors with 31 to 6lcm
screens for 625 or 875-line operation,
and 3lcm t.t.l.-input o.e.m. data
monitors with up to 416 lines per field
and 25MHz bandwidth. As well as 51
and 66¢m standard-resolution indus-
trial monitors for RGB and composite
video inputs and a colour receiver, the
colour monitors feature the 36cm PM
series for computer use (t.t.l.
inputs). The series has 12MHz band-
width at three resolutions — using
tubes of 0.53mm-pitch slot mask and
FST, 0.39 medium res. with dot mask
for 80-character lines, and 0.31mm
high res. for 132 characters. One ver-
sion (PM0O50AV, £374), is equipped
with a fine array of sockets — 12 inall
— whilst another (PM415) features a
high res. FST and will be available
later in the year. These monitors,
most of which are available in cabinets
or as o.e.m. chassis, are not handled
by Grundig International, but by tele-
communication engineers J.O. Grant
& Taylor (London) Ltd of Potters
Bar, amember of the Cray Electronics
Group.

® Data Distributors Ltd of Ascot are
sole UK distributor for Taxan-brand
monitors made by Japan's Kaga Elec-

tronics. Their range includes stand-
ard composite video mono in three
phosphors, IBM plug-compatibles in
two phosphors, three general-pur-
pose RGB monitors in three resolu-
tions, and IBM and QL-specific mod-
els. In addition a number of colour
graphics cards are available for Apple.
® The Manitron division of Ficention,
an independent company founded six
years ago, produces quality highreso-
lution monitors and boasts one of
Europe’s leading design teams. In
addition to making a range of standard
products, e.g. the VLR series, the
company offers a service of consul-
tancy and custom design. The stand-
ard units include both portrait and
landscape monitors with sizes from 5
to 26 in, and line rates up to 125kHz
and frame rate to 120Mz. Manitron
also supply the Indesit range, includ-
ing an Apricot-compatible AP1200.
® Flat-square high resolution tubes
are now supplied by Mullard in deve-
lopment sample form. There are
three tubes: a 15in 110° type similar
to M38-328, a 12in 90° tube with P31
phosphor resolving 1200 lines, and a
14in 90° type resolving 1300 lines.
® Philips Consumer Electronics have
four models in te 8500 series of 14in
colour monitors, starting at £200.
One model is medium resolution (the
rest standard) for 80 character use
and the range features adjustable
stands and anti-glare screens on
some models.

® Radec-brand monitors, presently
available only in monochrome, will
shortly be joined by colour models.
Marketed by Citadel Products of 50
High Street, Edgware, their 12in
model 101 has a 1100-line resolution
(screen centre, 900 at the edge), a
bandwidth of 22MHz, and sells for
£70.

® Digisolve specialize in custom
design and modification of v.d.u. and
graphic display controllers, and
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Computer monitor range from
Grundig Electronic has
models of three resolutions,
one with an FST, another
sporting 12 sockets,
including Scart, BNC, AV,
DIN, Japanese standard,
and, later this year, a
0.31mm FST monitor. Shown
is the PM050. Monochrome
monitors are also available
for video use and for t.t.1.
input. From J.0. Grant &
Taylor (London) Ltd. of
Potters Bar, not Grundig
International.

Prototype colour monitor designs

Laboratory reports that include printed circuit layouts are availabie for
a range of new designs developed in Philips application labs. For
those who wish to build only a few or assemble a prototype quickly,
complete kits for some designs will be available from Hawnt
Electronics at Firswood Road, Garretts Green, Birmingham, (021-784

3355).
Code Dot pitch Tube Scan rate  Video  Report
(mm) (size)  Line Field "$&UmMe et
€165 042 (in-linet  M34EAQ 16 50,60 375 i
16 0-28 M25-100 16 60 40 EDS 8203
164 0-29 M37-103/8/n 16 50,60 30 EDS 8051
22 029 M37-103/8/n 26 50,60 125 EDS 8402
(32 029 M37-103/8/1 22 60,70 =
33 03 Mu2-106 * 32 60,70 125 EDS 8306
(452 029 M37-103/8/M 45 60,70 95 =
Ceu1 032 M68JFI/IGN 64 64 60 S EDS 8401

*Also M51-107

VDU-I board has formed the basis of a
number of terminal designs. The
board requires a parallel or serial key-
board, a 15MHz monitor and power
supply and with double-Eurocard for-
mat fits conveniently on a 12in moni-
tor chassis. Screen format is 80 or 40
by 24 or 12 using an 8 by 12 matrix for
96 acsii plus 32 block characters.
Video output is either CCIR or t.t.1.
drive and the board accepts current
loop and RS232 inputs up to 19,200
baud.

Another standard for which we
have to thank IBM is the inter-
connection between monitor
and source, via 9-way D-type
plugs and sockets.

Pin

intensity

not used
horizontal sync
vertical sync

Allthe signals aret.t.|.-driven, so
the length of cable used must be
kept down. The intensity bit
extends the number of coloursto
16.

©CONOO A WN =
w
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The Archer 780 SBC |

The SDS ARCHER — The Z80 based single board
computer chosen by professionals and OEM
users.

* High quality double sided plated through PCB
* 4 Bytewide memory sockets — upto 64k

* Power-fail and watchdog timer circuits

* 2 Serial ports with full flow control

* 4 Parallel ports with handshaking

* Bus expansion connector

* CMOS battery back-up

* Counter-timer chip

* 4 MHz. Z80A

OPTIONS:

* SDS BASIC with ROMable autostarting user code
* The powerful 8k byte SDS DEBUG MONITOR

* On board 120 / 240 volt MAINS POWER SUPPLY
* Attractive INSTRUMENT CASE — see photo.

* 64k / 128k byte DYNAMIC RAM card % NEW *
* 4 socket RAM — ROM EXPANSION card * NEW *
* DISC INTERFACE card * NEW *

Sherwood Dataystems [td

Sherwood House, The Avenue, Farnham Common, Slough SL2 3JX.Tel. 02814-5067
AFFORDABLE ACCURACY

CIRCLE 66 FOR FURTHER DETAILS.
- ;W QUALITY MULTIMETERS FROM ARMON
> 2 £13.

ANALOGUE DIGITAL

HM-1028B2

10ADC Range, 20K{/VDC, Buzzer, Banery Tas( £33.50
Scale 3.00 HC—5010T 0:25% Accuracy. TR Test Facility

HC—6010.0.45% Accuracy. Standard Model

19 measuring ranges £39.50
HM-102R All models have full functions and ranges and
. Low end voltage & current ranges Jack for teature:

Audio o/p Voltages...... £11.00
20 measuring ranges. 32 digit 0.5 LED display
HM-1018 Low battery indication
Rugged, Pocket sized meter, for general Auto zero & Auto polarity
purpose use. £7.50 ABS Plastic Casing & Tiit Stand
16 measuring ranges DC AC 10amp Range
Battery, Test Leads and Manual included with Overload Protection on all rangus.
i! each model. Battery. Spare Fuse, Test Leads and Manual

FULL DETAILS ON APPLICATION FROM:-

=%  ARMON ELECTRONICS LTD

mAmM|mmmmn WEMBLEY, MIDDLESEX HA® 8AQ
TELEPHONME 01-902 4321 THLEX 923088

PLEASE ADD |5%|oyouvonhr!o'VAT P&P Free of charge. mwm-nnm

Ofter mppl

icable to mainland UK onl
Trade enquiries invited Mumzemt«um

CIRCLE 45 FOR FURTHER DETAILS.

BRAND NEW ELECTRONIC COMPONENTS PRINTED CIRCUIT BOARDS FOR

N ELECTRONICS & WIRELESS WORLD PROJECTS
- (e varey gt PROJECT DATE No.ofBoards  PRICE
QUALITY .25W CARBON FILM RESISTORS I /1 B £.00
. - oo .
E SC84 COMPUTER (MAY 84 ISSUE) 3. Wk £39.00
Price 4-25 3-95 3-70 3-45 3-25 SC84 POWER SUPPLY (SEP 84 ISSUE) 1- e £5.00
Price per 1000. Sold in multiples of 1000. %ﬁgggﬂ:&gg%&gw& gr[v)(E)\C/ gi :ggﬂg ? :o %1473)(?
Small quantity prices available. PRINTER BUFFER (MAY 85 ISSUE) - % £14.00
CALL COST CALCULATOR  (AUG 85 ISSUE) 2. % £23.00
LEAD-FORMING SERVICE AVAILABLE BOARD CODE # PLATED THROUGH HOLE ®SINGLE SIDED
. . AIP.CB’ lied with tinsertion di Pri inclusive of
Save assembly time and money with pre-formed leads. e B s Daing ang VAT, grams. Prices are inclusive o
Size setting £2-00 plus £1-50 per 1000. CWO. TO-
Combe Martin

Write or Phone for full Details

HARRISON ELECTRONICS

ELECTRONICS

22 MILTON ROAD, WESTCLIFF-ON-SEA, ESSEX SS0 74X Tel: (0702) 332338

KING STREET, COMBE MARTIN, NORTH DEVON EX34 OAD. TEL: 0271 88 2346
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£
) AREN _NANLE TRANSFORM EX-STOCK veTERs
v v v MAINS iSOLATORS 50/25V or 25-0-25V 30/15V or 15-0-15V 100W £65.15
Pri/Sec 120V x2 2x25V Tap Secs Volts | 2x15V Tap Secs. Volts | 250w £198.00
(60-1000VA Tap Secs) | available 5,7, 8,10, 13, | available3,4,5.6,8,9, | soow £260.00
VA Price pap | 15,17, 20, 25, 30, 33, 40. | 10,12, 15,18, 20, 24, 25.27 | 1000w £414.00
‘20 6.1% 1.70 | 20-0-20 or  25-D-25v | 300r 15-0-15V 2000w £620.00
I e I B R
200 647 236 |00 1A% a7y 2 w54 14| CONSTANTVOLTAGE
250 1982 277 ) 2 528 1501 5 4 734 169| TRANSFORMERS1%
350  2ees 24| 2 A 4 8121841 5 6 850 145 Spike-treestablemains
500 30.69 310 3 M g }ggg I gg 4 A g 1015 1.99| 250vA £148.000/A
1000 5565 470 ¢ p 5 480 222 S M0 1235 210 soova £201.930/A
1500 71.79 5.95 g : 1 b ) 50074
2000 aes 63| 0 S 10 WT 2861 g B o6 1w 230 gan  csenssoia
3000 12112 oA |9 20 nn 320, 8§ 0 2192 246 :
8000 25677 o |12 24 3799 336| (5 26 243 263| KA £951.050/A
i : i : AKVA £1173.000/A
115 or 240V sec only 15 30 27.96 3.20 SKVA £1470 000/A
4007440 10 200/240V CT T 20 40 K5razl Sall| =8 1697 550/A
oo el 2x1zov05x:‘4]6‘\]/-7£: AuTOS TKVA . S1796.750/A
100 188 270 | Secs. Voits available 105, 115, 220, 230, 240V 10KVA £3480.000/A
200 16.47 536 | 6. 8 10, 12. 16, 18, For step-up or down
250 1992 252 | 20,24, 30, 36, 40, 48, 60, | YA Price  P&P A
350 2464 284 | 24:0-24 or 30-0-30V. CON QFFERS
500 3069 310 ) 150 1.3 1.69 | DA117 £105.00
1000 55.65 400|680V 30V Price P&P | 250 8.96 1.76 | pa211 40.00
B 2000 3638 550|053 1493 158 500 13.96 2.34 | pa2000 65.00
- N O I R T
6000 25877 OA1 5 A & 139 2102000 e +2p | Full range AVO & MEGGERS
4 M g 1591 231 | 3000 75:22 510 available.
5 102091 2365000 11311 0A
24/12V or 12-0-12V 6 T 12 2295 278
2x12V Secs. Pri. 240V 8 S 16 3226 320 CASED AUTOS WW MODEM PROJECT
12V 24V Price Pap |10 20 3755 3.47 240V Cabie Inpul Transformers T1, 72
03A 15 253 9012 24 4328 368 USA socket gutlets £6.90 pair inc VAT, P&P
i 05 345 1.30 VA P P&P ,
- o 2 e rm TS TS5 s nesistons £ioo
. 4 2 515 170 : 80 981 169( ..
p 5 807 176 MINIATURES 12, 20, 33, 47,75, 390, 430
g A0y ey eV Amp Price paP | 130 R2I0 O g eeh ik ik, 13,
) : 0 M5 oaom o205 203 02 326 % 500 253 290 1K6. ThB. 2, 3k 3k, 15k,
. that there is a real difference at Cricklgwood Electronics. 12 P 6 1143 215 0_‘0_9 0 1"2 272 96| 1000 3543 3.97 | 16k, 24k, 27k, 39k, 56k,
That's why you should never be without the FREE CRICKLEWOOD ELECTRONICS 16 g 8 1362 2335 0332253 96 | 2000 63.49 4.76 | 82k, 100k, 110k, 120k,
COMPONENTS CATALOGUE, for sheer variety, competitive prices and service 20 10 ‘3-:7‘3 266 |90 5%z 3531730 | 3000 9114 0A | 130k, 150k, 200k, 220k,
from the U.K.’s number one 100% component shop. No gimmicks, no gadgets or gg 58 %67 fgg 8-9x2  1Ax2 448231 | g (s unmTs (s0g) | 210k 300K P&P 20p
computers, Just components, millions of them, ail easily avaitable by mail order, 83 41 5376 550 | 1972 2x2 253 .96 SPECIAL OFFER BRIDGE RECTIFIERS
calling or credit card telephone orders. Just pick up the phone (or a pen) to get your . ;3;02"2 ?gxz g;;‘ gg £140/1000m UK Man 1A 400V .32
FREE copy now (no SAE required}. You have nothing to lose. 58‘3/5;)'('316"‘;5“ 20x12 - While stocks last 24 200v 52
d . 35A 100V £3.00
60.72,84.96.36-0-36 :g%g:g gA ggg:;g PLEASE ADD 15% VAT T0 1254 500V £3.62
CRICKLEWOOD ELECTRONICS LIMITED ordbodey 13370 4 7' a0 | ALCks ik e
g 72/96 36/4BV Price  P&P |(-CTx15V 5 2.66 96
40 Cricklewood Broadway, London NW2 3ET 1 2938 152|0-CcT-15v4a 728108 M ¥.Y']* R( |
2 a4 1542 23 sdadlil 1IN
Tel: 01-450 0995/01-452 0161 3 g 6 e 252 WINDING SERVICES Unit 21 atford Workshor
Telex: 91 4977 g 8 2384 280 | 3vAtg15KVA 2/3 phase 2 R 3
. - _ s P10 3384 338 Plus Toreidals 010 nOal, LONUOT
S 12 4238 368 | | g
z‘ g = bzl Stock Items By Return . .
- ____ e EWW . ; 6
CIRCLE 42 FOR FURTHER DETAILS. ——m™W—— CIRCLE 26 FOR FURTHER DETAILS.
TRIO, quality PMR  AOR itoring
' nt veill
equipment. surveillance.
Now from TRIQ, the eagerly awaited range of high quality. purpose designed, VHF and The AR2001 monitor offers low cost. high performance receiving facilities over the fre-
UHF mobile radio transceivers. quency range 25 — 550 MHz (no gaps). All normal reception modes are included. and a
Buitt wilh uncompromising quality in mind, these fully synthesisaed transceivers use a wide variety of scan and search facilities under microprocessor control, make the AR2001
completely diecast backbone chassis for reliability and ease of use. Upto 32 channels are a versatile tool tor many applications.
held in PROM and frequency changes or additions can be carried out withcut deiay to the ® General off air monitoring ® Spot frequency monitoring/measurement @ Selective
cuslomer multi frequency analysis ® Spectrum surveillance @ Detection of unwanted transmis-
The transceivers will handle ali current frequency allocations including URF community sions ® {Bug hunting ® . . . and much maore!
repeater channels and. plug in CTCSS modules allow 5 minute installation time with no Frequency coverage is continuous tfrom 25 to 550 MHz, in selectable increments of 5,
Wifing necessary 12.5, or 25 KHz, and modes of AM, FM (wide), or FM (narrow). Any mode can be used at
CTCSS encoder/decoder units are available with 37 tone BIP switch pragramming, or any frequency or channel spacing. A further facility is the ability to search between two
PROM programming when you wish to allocate different tones on different channels, user programmed limits with high to fow or low 1o high searching
1f you geal in radiotelephones, the TRIQ range is designed tor you. Remove your installa- AR2001. . .monitor receiver. .£300.00 plus va!.
tion and service headaches by contacting the sole distributor nght now for further details.
You will not be disappointed
Chesterfield Road, Matlock, Derbyshire DE4 SLE
Telephone: OB8R9 2817, 2430, 4057, 4995 Telex: 377482
—— " 55 A X
CIRCLE 25 FOR FURTHER DETAILS.
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AVO multimeters embody decades of experience
to meet virtually every electrical/electronic servicing
requirement. From the analogue Model 8 mk 6
and the hand-held 1000 and 1001, to the digital
2000 Series, it's easy to see why AVO multimeters are

world famous,
for decades
of reliable
and accurate
*  performance.

Tayl O instruments represent outstanding value for money,
with a range of digital instruments built to our uncompromising
standards to meez: BS requirements and spanning a complete range
of usage. From the compact, prob=-style volt-ohm meter to the

3Y2 digit TD23, ycu'll find the Taylor range lives up to our
reputation for simplicity and pe -formance.

The choicest instruments are ours. The choice of them is yours.
Contact us today

for further

detailed information.

‘ THORN EMI Instruments Limited,

Archcliffe Road, Dover, Kent CT17 9EN
Telephone: 0304 202620. Telex: 96283

CIRCLE 5 FOR FURTHER DETAILS.




Vehicle electronics
and development

British innovation in the development of electronics in road
vehicles illustrates the use of high-calibre all-rounders in small
teams, rather than the relatively high-cost ‘mass-attack’

approach.

With the gathering dusk of
autumn, the decline in the car’s
performance began. Switching on
the headlamps with overdnve in
produced not only a drop in speed
but also a tendency for the head-
lamp beams to become little more
than a dull red glow. Clearly the
electrics had detenorated, but
fortunately a threshold in the
deterioration seemed to have
been reached; and the journey
was completed with headlamps
and without overdrive and its
demand for solenoid operating
current.

Such an incident is within the
experience of many motorists;
but, as will be shown later, was
not a simple matter of battery,
generator or even charging con-
trol. It did, in fact, open up a
piece of investigation which
formed an early part of the private
venture work to be described in
the next section.

Some years before, another,
but comparable, car suddenly
stopped; but after a few minutes,
started again and then continued
to run without trouble for some
thousands of miles before the
fault recurred.

Fig.2. Campbell’s
Bluebird at record
breaking speed in

Australia.

In this second case, the stop
condition was maintained for a
period long enough for a passing
road patrol to join in and suggest
that almost beyond doubt it was
“the Condenser” — the capacitor
across the ignition contact-
breaker. Moreover, he extended
advice into practice (the engine in
the meantime having restored
itself to life) and pcinted out a
garage just down the road where
apparently they had extensive
experience of the problem, and
were almost certain to have the
correct replacement. This indeed
proved to be so: the substitution
was made, the engine started
instantly, the car moved happily
off; and some four hundred yards
further on, stopped dead. This
time it became quite evident that
it had stopped, and that the inter-
mittent fault with a one-shot peri-
odicity of about two years had
become ‘solid’.

Again, such events are not
unknown in the motoring world;
but usually the car has either
been disposed of or all compo-
nents in the suspect area changed
before any iinvestigation could be
carried out. Such investigations
— essentially long term — are,
however, necessary if the funda-
mental cause of these obscure-
faults is to be determined and
something done about them.

Thus, one ofthe main factorsin
the choice of these two case his-

tories is that they both proved to
be examples of design shortcom-
ings best described as being elec-
tro-mechanical in nature; but
which — as will be seen — were
completely unavoidable in the
circumstances.

The more straightforward
illustration of how design faults
arise and how they fail to come to
light, is afforded by the second
example quoted. In this instance,
once the failure stayed on, it was
traced to a break in the connec-
tion between two terminal posts
on the distributor base and was
cleared by putting in a conducting
link between the two terminals.
This was not quite the simple
matter it might appear, since this
link had to be made of flat strp;
thin enough for the distributor
rotor arm to clear it. Possibly in
order to give this mechanical
clearance, the link had been
made of a piece of soft copper
wire moulded into the distributor
base. Assembly presumably
depended on the equivalent of a
cold weld being produced when
the terminal posts were screwed
in to the threaded holes to give an
‘interference-plus’ fit with the
ends of the wires where they pro-
truded through the walls of the
holes.

That this was not entirely suc-
cessful as a permanent form of
connection is somewhat surpris-
ing; and it says much for the mak-

by R.E. Young,
B.Sc.(Eng.),
F.LE.E., M.R.Ad.S.

ers that some twelve months
later they were found to have sub-
stituted a flat (external) link for
the moulded-in wire in produc-
tion distributors, i.e. they had
located, and cleared, a fault
which, on the face of it, could not
have happened.

This question of obscure fault
which, technologically speaking,
can be dismissed as utterly triv-
ial, but which can be literally
catastrophic in effect, runs
through the whole of develop-
ment engineering. An extreme
example was seen recently (April
1985) in the failure to bning a
multi-million-dollar communica-
tion satellite into operation, and
its total abandonment, because
of a single faulty switch. At a
somewhat different level (but
with  correspondingly  large
amounts of money being ulti-
mately at stake), the British car
industry has demonstrated how
far-reaching the effects of the
trivial, but obscure, fault can be.

An account of advances made
at Jaguar Cars in quality control
deals with reliability problems
encountered with components
obtained from outside suppliers.
A large proportion of these fall
either into the category of elec-
trics or that of electrically asso-
ciated electronics. A particularly
apt statement is that a new con-
nector had been developed for
“. .. Iinking two wires together

ELECTRONICS & WIRELESS WORLD AUGUST 1985
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VEHICLE ELECTRONICS

that cannot shake loose and so
lead to those infuriating inter-
mittent faults that are so difficult
to trace”. Other examples of low-
level design faults and their clear-
ance included the changing of
contact ramp angles to achieve
full reliability of winker/wiper
control stalks — not an obvious
solution. Neither was the ident-
ification and replacement of a
switch as the cause of the unser-
viceability of electric window
operation, obvious.

The inherent intractability of
so many faults encountered in
complex systems has already
been brought in at several points
in this series of articles, notably
in the first of them?, where it is
stressed how long and involved
the process can be of solving this
kind of obscure, effectively intan-
gible, problem. Furthermore, in
stating that the difficulties of
reaching a solution are almost
invariably under-estimated, it is
submitted that one cannot put
staff of too high a calibre on such
work.

In the end, as with any form of
R and D management, which
really it is, this comes down to a
question of money. Money, in
this case, means not only the
economics of the operation, out-
standingly in terms of the overall
time scale but also, in the final
analysis, of survival itself. Thus
when survival comes into ques-
tion, assessment of the position
has to be carried out as a joint
exercise between the technical
and financial sides to establish
likely future cost — money. The
onus here rests entirely on the
various sub-project (technical)
managers to determine future
time scales and effort required.
This depends, of course, on all
the sources of trouble having
been identified and acceptable
methods of tackling them arrived
at. There is no need to stress the
immensity of the problem this
represents, particularly as with
the motor car, where several
technologies meet and interact.

Nevertheless there are meth-
ods which can be claimed to give
some control of an "untenable
position where no solutions are in
sight: methods which even make
it possible to anticipate, at least
in part, some of the problems
which do arise. Such methods,
centred on tthe use of an activity
chart, become increasingly appo-
site as the multi-technology con-
dition is reached where, finally,
electronics and electrics come
together with automobile engi-
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neering to form an R and D team
which depends for its ultimate
strength on having a number of
all-round engineers in each of the
constituent groups. This need for
all-rounders has already been
well ventilated earlier in this
series; but in the automobile case
it takes on a special significance
with the need to avoid false trails
and, even more difficult, to
obtain an accurate breakdown of
the areas where trouble is being
encountered. In an extreme case
it will become evident that in one
or more of these areas, the time
required for solution is com-
pletely unpredictable; and this is
where upper management may or
may not be able to fund the work
for such an indefinite period.
From the project manager’s
point of view, the assessment of
the extent of individual areas of
trouble is a continuous process,
assuming that activity chart
methods or their equivalent, are
being used; and it is from this that
he should be able to build up a pic-
ture of action being taken that
justifies further support. In prac-
tice the position is usually far
from being so clear-cut. Thus,
specifically in the car industry,
vehicles and equipment may be in
full production and the R and D
problems that have to be tackled
arrive with no time for evaluation
or checking on what is almost
bound to be incomplete second
hand evidence. Thus the investi-
gators are in a disadvantageous
position where there is no possib-
ility of establishing, within an
acceptable time, the likely causes
of any one of the troubles. Taking
this to the ultimate leads to the
conclusion that the commercially
based (and constrained) British
car industry could not be
expected to set up an organiza-
tion with multi-project capability
— and on the scalerequired — to
cope with the system engineering
needs of full project develop-
ment. As the electronic content
of the project increases so does
the technical spread demanded of
the management organization.
This build-up can be thought of
as being in three phases, the first
being to ensure that the maxi-
mum compatibility will be
achieved between the basic vehi-
cle and the electronics; while the
second is an extension of the first
with electronics and secondary
electronics being covered. The
third — the establishment of
electronics as the predominant R
and D type activity — involves a
major change in technical empha-

sis and viewpoint generally. That
such a change is well within the
capability of British Industry and
its underlying resources has been
shown by the private-venture
programme mentioned earlier.

Private-venture programme

As indicated, this programme has
demonstrated that there is a suc-
cessful alternative to the setting
up of a huge organization to deal
with the move by the car industry
into electronics. The establish-
ment of a mass-attack organiza-
tion can be seen to be virtually
impossible on the score of fund-
ing alone, certainly within an
acceptable time scale; quite apart
from the equally insuperable diffi-
culties of acquiring staff of the
standard required.

Clearly, in the face of such a
‘no-future’ position, one has
every reason to say that it is just
not possible to produce an altern-
ative to the mass attack organiza-
tion, particularly an alternative
which is low-cost.

This indeed would be so, were
it not for the hidden technological
strengths of the British as exem-
plified by the concept of the ‘clus-
ters’, and as already treated in
this series in other connections.
Also, as in those instances, these
strengths are not far below the
surface; and in a sense, the work
of this programme has been to
bring together small, innovat-
ively minded, groups who still
operate in the automobile and
associated fields, admittedly on a
small, localized basis. A funda-
mental part of the work has
stemmed from the original clus-
ter of Coventry and the West Mid-
lands, with much of the develop-
ment centred on that unique pro-
duct of the cluster, the Rover ‘P4’
range of cars. These cars, prob-
ably best known in the Rover 100
version of the 1960s® were far
ahead of their time, so that they
respond to electronically-based
updating today. That this can be
done carries a number of implic-
ations, all of particular interest in
the context of providing a source
of proven know-how and techni-
cal thinking which represent sub-
stantial assets not readily avail-
able elsewhere.

Before showing how advantage
has been taken of these inherited
assets, it is necessary to give
some account of the original
Rover base.

In terms of performance, this
ton and a half car, with its 2,625
c.c. engine, is shown in the
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instruction manual as being cap-
able of “... sustained, high-
speed motoring at speeds in
excess of 80 m.p.h.” (Road tests
give a maximum of 100m.p.h. for
the ‘110’ version). The key word
here is ‘sustained’, and this takes
on a much wider connotion for the
Rover 100 as a car which become
the symbol of British leadership
in this particular prestige field.
Thus, in this wider connotation,
one synonym for ‘sustained’ can
be given as high technical
dependability. The evidence
behind this statement (and
others in the same vein) can per-
haps be best summed up by quot-
ing the senior public utility engi-
neer who was operating his Rover
100 under the “Highlands and
Islands” conditions of the North
of Scotland. He told the writer
that he was going to keep that car
until “It fell to pieces round him”.

This then is the atmosphere
which existed with these cars
when production was brought to
an end in 1964; and although this
decision to stop was almost cer-
tainly justified by all the evidence
available, it did not, and could

.not, take into account either the

significance or the extent of the
electronically orientated features
which had been built into these
cars. There are two clear divi-
sions of these features. The first
consisted of components whichin
their original (physical) form
could be used in principle today
without fundamental modifica-
tion being required. The out-
standing example here is the 10V
regulator placed in the vehicle
12V supply to give a (maintained)
10V line for current-operated
transducers. Apart from the fact
that the stabilizing action was
provided by a bi-metal strip cir-
cuit, this was a conventional
series stabilizer unit as known
today; and it is relevant to com-
pare this anticipation with the
electro-mechanical computer —
‘fruit machine’ — of the early
radar days (article 2), and with
the electro-mechanical digital
techniques developed by the
CEGB in the 1930s (article 5).
The other example to be
quoted here, and coming into this
division, is the installation on the
engine of a small aluminium heat
shield under the distributor and
between it and the exhaust mani-
fold. At first sight this is an
insignificant, even trivial point of
design, but it represents a funda-
mental way of thinking which
becomes of overriding import-
ance when electronic equipment
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is introduced into the high-tem-
perature conditions of the engine
compartment.

This question of way of think-
ing assumes a specal significance
for the second division of features
which are found in the Rover P4;
and which only need electrical/
electronic updating (in the deve-
lopment sense) to enable them to
be used in advanced new systems
now. Such a system is the fuel
supply which was evolved round
the SU electric petrol pump,
which even today has to be
regarded as a remarkable deve-
lopment on several counts, not
least as a closed-loop, self-regu-
lating (to demand) sub-system.
Its progress over the years to its
final status is of special interest in
the present context, particularly
in terms of detailed engineering

development.
The SU pump depended on an
interrupted electromagretic

(electric bell) drive to the pump-
ing chamber diaphragm. Ana-
lysed, say for computer control,
it is a fuel delivery system which
gives a metered supply to the
engine, which is automatically
adjusted to demand; i.e. fuel is
fed to the engine only when
required and at a rate which can
be accurately measured from the
drive rate.

These properties were, of
course, the objectives which
were achieved with the original
innovative concept but evolved in
the non-electronic world of the
time. The advantages were such
that a large proportion of British
cars were equipped with these
pumps over a period approaching
some 20 years. This was despite
the fact that, as with a mechanical
ignition circuit breaker, the
(diaphragm) drive assembly only
had a restricted life due to the
burning away of its circuit-
breaker contacts.

Thus in meeting the conse-
quent demand for increased life,
metallurgical research  was
required; but it is of interest that
another requirement existed in
the field. This was with regard to
the mechanical stiffness of the
back contact as a cantilever arm.
It had been found that in many
instances, apparent contact life
proved to be much less in practice
than would be expected from
burning away. Inspection of the
contact pair suggested that an
appreciable improvement might
be achieved by reinforcing the
back contact arm. This did indeed
prove to be so. An auxiliary pres-
sure member made from flash-

lamp battery brass (strip) and in
the form of a leaf spring with a
helical loop end, was brought to
bear on the back contact arm.
With the consequent positive
contact thus established, greatly
extended service life was
obtained. It is a tribute to the
makers’ basic engineering that
this problem was apparently
solved by changes on the materi-
als side without any modification
to the original physical arrange-
ment of the drive mechanism
having to be brought in.

A similar unobtrusive, but suc-
cessful, redesign can be assumed
to have been carried out with the
‘throw-over’  (toggle) pump
operating linkage assembly. This
piece of mechanism, with its
unique action, was made to close
limits; but in the early days suf-
fered from an intermittent ‘top
dead-centre’ effect which caused
momentary, or even longer peni-
ods of failure. That this fault was
largely eliminated in later models
is again a tribute to the engineer-
ing ability that was shown in
detecting and in analysing this
fault with its obscure, almost elu-
sive, charactenistics.

In the light of modern elec-
tronic techniques, it becomes
evident that the contact life prob-
lem could be solved by fitting the
pump with a power transistor unit
as in a switchable transistorized
ignition system and using the
breaker points purely for trigger
signal generation. In parenthesis
itmay be pointed out the Wireless
World has maintained an authori-
tative information service on
such circuits. An early article
appeared in 1970%, with others,
for' example, in March and
August 1982.

Thus, reverting to the elec-
tronic updating of the SU petrol
pump, this possibility was rea-
lised in practice near the beginn-

earlier. This confirmation of the
continued existence in Britain of
what may be called the model-
engineering spirit and drive was
especially welcome in ralation to
‘climate of confidence’.

Climate of confidence has
several facets; and the case histo-
ries in this article, and particu-
larly the amount of detail given in
them, have been chosen to show
the importance of ensuring as far
as possible that all the elements
being incorporated in a new sys-
tem development have been engi-
neered and tested out. The
increasing difficulty of doing this
as the electronics content is made
larger has also been brought out
in these examples. The picture is
perhaps best completed by refer-
ence to the way in which the
underlying causes of trouble were
eliminated, i.e. the way in which
system faults were cleared
despite their obscure nature.

Thus, taking the first of the
case histories seen as an inexplic-
able deterioration in perform-
ance, the solution, withheld until
now, was found to lie in the esta-
blishment of a very low resistance
path between the engine and the
battery in the rear of the car. This
entailed not only the installation
of a heavy cross-section copper
cable to replace the earth-return
chassis frame, but also improve-
ment of the metallic connections
to the supply by changing the
thimble-type connector on the
battery terminals to a clamp ver-
sion. With regard to these modif-
ications, it may be added that the
performance of the car was more
than fully restored by them.

This case is, of course, the
classical example of the multiple
fault, obscure to the point of not
being recognisable, but which,
once found, is simple in the
extreme. It is, in fact, a micro-
cosm of R and D investigations or

itself comes into question. The
build-up of such a situation has
already been examined in relation
to the British car industry and its
increasing adoption of electronics
and electronically based equip-
ment (its entry into the Phase 3
condition as defined earlier).

The almost overwhelming ext-
ent of the difficulties that are
likely to arise in consequence is
made clear; but it is submitted
that Bntish industry, with its
underlying resources, has the
capability to deal with them, part
of the supporting evidence com-
ing from the private-venture pro-
gramme. The whole submission
depends, of course, on full and
effective use being made of “the
hidden technological strengths of
the Brtish”, and which demon-
strably exist in other fields. That
they do exist, and can be called
upon for the car industry, has
been indicated for the specific
cases already covered; and it is
proposed to round off this section
with a short survey of a crucial
area, vix. that of the operation of
electronic equipment at high
temperatures, where it does
seem that electronic experience
and know-how available in Great
Britain have yet to make their full
contribution.

The linked issues of reliability
and equipment cooling take on a
special significance with the
abnormally high temperatures
that can be reached in the engine
compartment of a car. In design-
ing for them, allowance must be
made for the build-up of heat
which takes place under traffic-
jam conditions, and for the much
higher hot-spot temperatures
within the confined engine space.

This assessment does not
mean necessarily that unreliabil-
ity of electronic equipment trace-
able to high temperatures cannot
be countered; and it can be said

ing of the private venture pro- the equivalent where the intrac- that the introduction of, for
gramme; but it should be added tability of the problems encoun-
that at least one individual had teredinthe developmentofanew Fig.1. Vehicle telemetry
developed a successful versionof and complex system reaches system — sender block
this particular system some years such proportions that survival schematic.
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example, heat shields and cold air
ducting does help to reduce these
effects. Nevertheless it has to be
accepted that precautions must
be taken in design, as a jointexer-
cise between automobile and
electronics engineers, to reduce
these hazards.

In this context, and to give per-
spective, advantage can be taken
of information given recently that
cooling still represents a major
source of delay in the engineering
development of airborne radar.
The size of the problem was
brought out some little time ago
as areminder, by amember of the
industry, of the working rule that
U — the unreliability of silicon
devices — is given by Uecc T*
where T is the absolute tempera-
ture. The parallel between air-
borne radar and car electronics is
perhaps not close, but it will be
seen that experience and know-
how exist here which are more
than relevant in this connection.

It should be pointed out also,
that the release of the state-of-
the-art information quoted above
represents a service to industry
comparable with that given by
Jaguar with their Survival/Quality
article. Once of the more note-
worthy points in the article is the
speed with which quality-control
methods  were  apparently
brought into operation. Both
German and Japanese practice
was involved, together with the
adoption of Japanese Quality
Circle approach. Quality-Circle
groups are set up with selected
members from shop-floor level
upwards and offer a formal
method for reporting faults and
for putting forward suggestions
for clearing them. Now from
experience it can be stated that
this kind of interchange used to
go on almost as a matter of course
in most British engineering
firms, certainly in the smaller
ones, and that this was one of the
foundation strengths of the clus-
ters. However, it has to be admit-
ted that such interchange does
seem to have diminished over the
years and it emerges that, in the
Jaguar case, it had ceased to be a
continuous process and much
vital information failed to reach
the design and development
staffs.

Seen over the UK, it does seem
that this reduction in interchange
can be associated, at least in part,
with the specialization that
usually comes with high technol-
ogy and the tendency for individ-
ual groups to become isolated
from each other. With all defer-
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ence it is suggested that with the
adaptability and general flexibil-
ity of the British, the position
could be reversed almost over-
night, and the fully coordinated
overall approach — shown to be
more than desirable — could be
brought to bear on Phase 3. The
capability and the will are there.

Telemetry in vehicle development

In general, with world markets in
view, the carindustry hasto carry
out its development testing in
every kind of climatic condition
and over every kind of road sur-
face likely to be encountered in
the countries concerned. This
entails road testing with a num-
ber of vehicles and for extremely
protracted periods, and although
it is possible to simulate these
environmental conditions, the
cost of providing all the facilities
required is prohibitive.

Nevertheless a variety of work
can be effected, within certain
limits, on the test track. It was
with this application in mind, that
vehicle telemetry equipment was
developed and was evaluated for
commercial use in the UK in
1960°. This time-division ana-
logue system followed standard
aerospace practice in having 24
channels, but a special, high-
speed, mechanical sampling
switch was used, running at
12,000 r.p.m., to give a channel
sampling speed of 200 per sec.
Discussion with the car industry
indicated that this rate of sampl-
ing and the number of channels
matched their requirements; and
this was also found to be the case
in a more spectacular application
— Donald Campbell’s car Blue-
bird for his attempt in 1960 on the
world land speed record, made in
the USS.

Campbell was able to achieve
his aim in July 1964 at the Lake
Eyre Salt Flats in Australia,
where he established a new land
speed record of 403.1 m.p.h.
(648.7 k.p.h.). This was, how-
ever, after his 1960 attempt had
been made abortive as the result
of the car having hit a patch of
loose salt on the Utah Flats,
going into a mile-long skid and
eventually overturning.

Plans to build a new Bluebird
were apparently made immedi-
ately after the accident; and the
success ultimately achieved with
it stands as a monument to Camp-
bell and his team.

Further comment on this
would be more than superfluous;
but in terms of high technology,

the Campbell team should be
given much more than a passing
mention. They — with the
unique backing organization set
up behind them — represented a
formidable high-technology clus-
ter basically as up to date as any-
thing seen today. The foundation
for this claim lies in two areas; the
first being found in the advanced
nature of the car itself: a record
attempt of this kind is, in many
respects, a development testing
project.

The second, in a sense part of
the first, is the way in which the
new technology of telemetry was
absorbed immediately into this
engineering endeavour. It will
have been made clear that this
can be a very difficult process,
especially when the two technol-
ogies being brought together are
widely different in character.

Finally, it is felt that although
full documentation exists to jus-
tify the inferred statement that
the telemetry system used then
would still qualify for high-tech-
nology rating, some of its salient
features should be listed.

First of all, with many of the
data signals being d.c., precau-
tions were taken against drift,
both short and long term. In the
sender, a second bank on the
sampling switch provided a d.c.-
restoration action at the output
of a transistorized a.c. amplifier;
while in the receiver, a comple-
mentary action was given by
clamping to earth on the receiver

output.

Transistors were used in much
of the equipment, the main
exceptions being cases where
significant power was being han-
dled and thermionic valves had to
be employed, e.g. the output
stage of the transmitter was a
double-beam tetrode.

Considerable attention was
also given to data display and
recording, ultra-violet equip-
ment being adopted for graphical
presentation; while major deve-
lopment work was put into dem-
ultiplexing and ‘strobing’ of indi-
vidual data signal channels.

Both transmitting and receiv-
ing equipment were given com-
prehensive environmental test-
ing, the latter for ensuring that it
would stand up to transport to
various testing sites, as with the
first Campbell record attempt
where a fully equipped receiving/
recording van was taken over to
the US.
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Intarlec is a microprocessor-based controller
which functions as a burglar alarm and house-
light controller able to deduce when a given

DigiPoly — a musical keyboard instrument —
generates a composite audio output entirely
digitally under the control of an 8088. The sound
generator is in the form of software running on a

Prototype kit BPK72A from Intel is used as a
1Mbit bubble memory for the SC84

Signal analyser provides an oscilloscope
display of input, peak or r.m.s. voltages of a
waveform, simultaneously, on a single trace.
Long-tailed pair. First of two articles by John
Lidgey on characteristics and applications in op-
amp and h.f. circuits reviewed.

Fast Fourier transform. A program, running on
a BBC micro, to display spectra of periodic




ELECTRONIC MAIL

Electronic mailhox

Using a three-class mail concept, this
independent electronic mailbox has the
potential for drastically reducing telephone
bills in small and large businesses, but it is
also cheap enough for home use.

This communication system was
designed to serve two independ-
ent purposes. It is an error-proof
high speed duplex data link
between a computer and a remote
terminal or second computer,
and it 1s also an electronic mail
service with off-line message
entry and automatic delivery.

When used as a modem the
unit provides auto-dial and auto-
answer, and the protocol which it
uses offers error-free communic-
ations even over bad lines. The
only trade-off is that the speed
falls if the line is of poor quality.

Conventional electronic mail
systems depend upon the use ofa
central computer, accessed by
simple dumb terminals over an
unprotected asynchronous link.
This system requires no central
computer, and the messages are
delivered directly from one mail-
box to another, where they are
held in battery-backed semicon-
ductor memory.

A flashing led indicates that
mail has been received, There is
never any need to call a central
bureau to find out whether any
messages have been left; the rec-
ipient has the message there in
his mailbox and the sender has a
reliable acknowledgement of the
delivery.

Furthermore a message is not
marked as ‘delivered’ in the sen-
der’s unit until every character
has been checked and confirmed
correct in the destination mail-
box. Several levels of error
recovery procedures, acknowl-
edgements and interlocks are
used to make the system very
reliable.

The sender and recipient of
mail both interact with their mail-
boxes off-line, Fig.1. Actual
transmission of the mail is nor-
mally performed fully automati-
cally at night. For a typical short
message the telephone call lasts
only a few seconds, which at
cheap rate means that the cost is

less than that of a second class
letter. The total capacity avail-
able for storage of message text is
52Kbyte.

Apart from being fun to use,
this system has considerable pot-
ential for business communica-
tions, and it could also be a great
help to people with impaired
hearing in that it allows long mes-
sages to be sent using a short
telephone call.

All telephone lines are liable to
be noisy, and so all simple
modem standards are prone to
errors which make terminal use
frustrating and file transfer diffi-
cult, without running special pro-
tocol software in the host compu-
ter at each end of a link. Elec-
tronic mail is a most useful and
habit-forming facility to have
access to, but it usually depends
upon the use of either a central
computer or compatible hard-
ware and software at each node.

The philosophy behind this
project is pragmatic. One must
accept that people have all sorts
of different computers and termi-
nals which they would like to
communicate between. The only

facility they may have in common
is an RS232 interface.

If an economical means could
be found by which the modem
could eliminate the transmission
errors, then a distant terminal
would work just as reliably as a
local one and files could be trans-
ferred without special precau-
tions. Furthermore, if the mail
system was built into the modem
itself, and if it was cheap enough,
then the differences between
computers would not matter
because they would all simply be
used as terminals for mail pur-
poses.

Given the desirability of such a
unit, it must be said that no satis-
factory overall standards exist for
the services which it provides.
This lack of standards is the elec-
tronic mailbox’s main disadvan-
tage at present. Possible candi-
dates are either much too simple
of much too complicated for the
purpose.

I hope that my arguments for
the choice of 1200 baud and
HDLC (high-level synchronous
data-link communication) as the
lower levels are convincing. Both

by Martin Allard
B.Sc.(Hons)

Fig.1. Mailbox functional
diagram. Outgoing messages
are entered into the mailbox
from a terminal or computer
through an RS232 link.
Software in the mailbox
makes entering the message
very simple. One may send
the message immediately or
leave it to the mailbox to
send it later on, when calls
are at cheap rate. Using
‘third-class’, the sending
mailbox only sends its
message when the
destination unit makes
contact — which is even
cheaper.

MAILBOX
OFFLI'NE
i Command
TGl inter preter Command interpreter permits mail to be originated and read
Incoming mail
Outgoing mail
MAILBOX MAILBOX
Online Online
Terminal terminal terminal Terminal
server - server
Incoming mail >< Incoming mail
Ouigoing mail Outgoing mail

DONLINE  Any mail addressed to the other node is delivered
Aduplex circuit exists between the two terminals
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User terminal
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inferpreter

/

—
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On-line

Off-line mail creation

Off-line mail reception

terminal server Automatic

mail sender Automatic mail receiver

l__ﬁ

[_J

Packet tevel
multiplexing

Transport protocol
{error control}

HOLC formatting

nrzi
1200 baud fs.k.
modem

coding

1

Telephone line

Fig.2. System hierarchy. The
1200 baud modem is an
integral part of the mailbox.
Careful choice of protocols
and error-checking methods
results in efficient and
reliable communication.

* Any apparatus for connection to the
public switched network must be approved
by the appropriate telecommunications
body. In the UK, this is BABT — the Brit-
ish Approvals Board for Telecommunica-
tions — Ed.
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of these are CCITT standards.
The higher levels of the system
were designed specially for the
project, and this article is not
long enough to completely cover
all their intricacies; but they are
potentially a  public-domain
standard, or at least a suggestion
for one, which is simple and
effective and has built-in compa-
tibility with future more sophisti-
cated versions. Nevertheless the
hardware to be described can also
run any other protocol using the
same lower levels, simply by
extending the firmware.

Design

Physically, the system consists of
a single printed circuit card which
contains a microprocessor with
64Kbyte of memory, a battery-
backed real-time clock and a
1200-baud modem. External
connections of the unit are mains
input, telephone line*, and an
asynchronous RS232 line to
which either a terminal or a com-
puter can be connected.

Several methods of originating
and answering telephone connec-
tions either automatically or
manually are provided. When-
ever the mailbox is on-line to
another such system there is a
duplex link open between the two

terminal connections which is
independent of the mail system.
When off-line, the terminal line
can be used to enter messages (or
even binary files) for later deliv-
ery to another node, and to read
incoming electronic mail.

Each mailbox is given a unique
name, and the mail delivery sys-
tem is based on these names
rather than on telephone num-
bers. Three levels of delivery ser-
vice are provided. First class mail
is sent at once, second class mail
is sent overnight, and third class
mail is sent only when the oppor-
tunity arises.

Whenever two units are con-
nected they exchange names,
and each scans its list of mail to
see if it has anything to send to
the other one. Any opportunity to
transmit mail is always taken
advantage of.

Standards

Several possibilities were consid-
ered before the rather unusual
choice of modem standard was
arrived at. I rejected the common
300/300 baud standard because
higher speeds can easily be
obtained using quite simple
modem circuit designs. It is not
widely realized that British
Telecom only guarantee the Datel
200 service at up to 200 baud,
and whereas it works well at 300
over short distances, those of us
who live out in remote areas find
that their caution is justified.

Experiments with a number of
different types of modem have
suggested that the 1200/75 baud
standard is actually more reliable
over long lines than 300/300
baud. An asymmetrical-rate
standard such as this is suitable
for use in a simple terminal-to-
computer link in which the data
rate in one direction is limited to
manual typing speed. It is not so
suitable for a general purpose link
between two computers or for a
two-way mail system, becauseno
such simple assumptions can be
made about relative data rates
required in the two directions.
Even if provision is made for
switching the direction of the cir-
cuit, it is not easy to decide when
this should be done.

Full-duplex communication at
1200/1200 baud over dial-up
lines is possible, but the com-
plexity of modem required is
significantly greater than for
lower speeds, and the reliability
doubtful. '

I decided to use a 1200 baud
half-duplex standard (CCITT

V23) with provision for fast direc-
tion switching but no low speed
reverse channel. Provided that
sufficient buffer capacity 1s avail-
able in the modem, there is no
noticeable difference between
this and a full-duplex system
except that the time taken for
characters typed to echo back
from a distant computer in-
creases to about half a second.
This could be avoided, if neces-
sary, by providing a local echo
facility in the terminal.

Advantages of this choice are
twofold. Firstly it permits the
design of a very simple modem
without critical filters. The grea-
ter part of the function of modem
filters is to exclude the high-level
signal from the reverse channel.
Ifthere is noreverse channel then
the filters are merely to remove
line noise in the unused part of
the channel bandwidth.

Since this standard uses most
of the available bandwidth, the
improvement in performance
gained from filtering out the
unused portion is small. Experi-
ence has shown that it is far more
effective to make the link tolerant
of errors that to try to reduce
them.

The second advantage of half-
duplex operation is that it permits
the relative channel capacity in
each direction to be dynamically
adjusted to suit the rate of data
sent.

From the start it was clear that
a link which was to be immune to
line noise bursts should use an
interlocked line protocol with a
powerful method of error detec-
tion and retransmission. Asynch-
ronous start-stop data transmis-
sion as commonly used for termi-
nal lines has only one real advan-
tage which is its simplicity.
Against this is the inefficiency of
using 10 or 11 bit periods to con-
vey only eight bits of information,
and the sensitivity of the system
to loss of character synchroniza-
tion through noise.

The various types of synchro-
nous transmission in use all
require some form of phase-
locked loop to recover clock
information from the data
stream, but this in turn provides
immunity from loss of synchron-
iztion through short line disturb-
ances. Figure 2 shows the system
hierarchy.

Performance

The HDLC link-level protocol
chosen, with a variable packet
size of up to 64 bytes, is
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described later. For the purposes
of this introduction, only per-
formance is analysed.

It is difficult to make a general
comparison between this and a
simple asynchronous data link
because the approaches are so
different. The most common
situation to be considered is that
of a terminal operator interacting
with a remote computer through
the system. In this case the
requirement is for the fastest
possible transmission of data
from the computer to the user,
with a relatively negligible data
rate in the return direction.

Our  half-duplex  system
requires an extra 32 bytes in
order to transmit 64 bytes of user
data. This may seem a lot, but it
includes the time spent in switch-
ing line directions, locking up the
receiver clocks, and sending the
necessary error detection and
link housekeeping information.

In return for this reduction in
data rate to two-thirds of the line
bit rate, one is guaranteed that
the data will be received with an
error rate which is independent of
line quality, and which is so low
as to be for all practical purposes
non-existent.

This statement would seem to
suggest that the 1200-baud line
will give the equivalent of an
asynchronous link running at
only 800 baud. In fact, perform-
ance is better than this by a factor
of 10/8 because no start and stop
bits are sent; so the link is equal
to a conventional asynchronous
link running at 1000 baud.

Of course these figures assume
that there are no line noise
glitches, which cause retrans-
missions. The worse the line is,
the slower the link will become,
but errors will not be introduced.
This is a far more useful guaran-
tee to have than a fixed high
speed with the likelihood of
errors.

Since the rate at which data is
sent depends on the demand for
line time in the opposite direc-
tion, and also to a lesser extent on
the quality of the line, some
means of controlling the supply of
data from a computer source is
needed.

Standard XON/XOFF charac-
ters are used, which are recog-
nized already by most operating
systems. Separate provision is
made in both the real-time link
and the mail system for the trans-
parent transmission of arbitrary
8bit binary files. Under all normal
circumstances there is no detect-
able limitation on the speed at

which a terminal user is allowed
to type into the system.

Using the mail service

Dialogue which takes place with
the mail system is designed to be
self-explanatory. The unit is nor-
mally in standby mode, in which
it is ready to accept incoming
calls. In order to enter the dia-
logue one must first type <return-
(i.e. press the return key) twice
on the terminal. The system
responds with its own name, the
date and time, and a prompt.

If incoming mail has been
received, or if there has been a
power failure since the mailbox
was last used, a message will
indicate the fact. The system
returns to standby mode if an ‘x’
command is given, or if nothing is
typed for three minutes. When
entering text the time-out period
is extended to 30 minutes, but
the system will always return to
standby mode eventually to allow
incoming mail to be received.

All nodes have identical hard-
ware and firmware except for the
name, which is contained in the
first 16 bytes of the rom. The
name can be up to 16 lower-case
letters, left-justified and space-
filled. I strongly recommend that
names should be easy to spell,
because mail will not be delivered
if the name of the destination
mailbox does not match the one
specified.

Following this is a directory of
known node names and their tele-
phone numbers. This is for con-
venience, and does not prevent
communication with previously
unknown nodes or with known
nodes on the wrong numbers.
The directory contains up to 10
entries, each consisting of a 16-
character name field (as above)
followed by a 16-character Ascii
string which is the telephone
number padded with spaces. An
asterisk in the number is inter-
preted as a two second pause dur-
ing dialling, which may be needed
on some PAB exchanges.

The command ‘c dent’ opens a
connection to the node called
dent. The name can be replaced
by a number if the node is not in
the directory. The ‘0’ command
merely puts the system on-line
without dialling a number. This is
useful when a connection has
been established manually.

The ‘I' command lists a sum-
mary of the incoming and outgo-
ing messages stored. Each entry
consists of the source and desti-
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Incoming mail received.
dent 6 Dec 12:08 anmt

c name or © rnumber -ori
1 - list all mail
r - read mail
s - send mail
o - open connection
¥ - exit to standby mode
dent 6 Dec 12108 amt
from marvin to dent 4 Dec 0
My poor state of health.

123 chars received

r - read, o

I have this terrible pain 1n all
€ut I kriow you don’t care.

dent 6 Dec 12109 amt .
subject > About gyour diodes.
Enter text, *Z to finish.

Keep taking the tablets.
destination - marvin

123 or h for help * h

row

class
1 - deliver

2 - deliver overnight

3 -~ deliver when next connected
class - 123 or h for help &
dent 6 Dec 12109 amt

from marvin to dent 4 Dec
My poor state of health.

123 chars received
from dernt to marvan 6 Dec
About gour diores.

24 chars overniaght
dent

6 Dec 12140 amt

=4

delete, space nes

clrsox or h for hele = h

~ call rode

clrsox or b for help z
142 gmt
ok
t entry =
side.

the diodes down my lefi

clrsox or b for help s

clrsox or h for hele 1

00142 amt
ok
12109 amt

ok

clrsox or h for help

nation node names, the date and
time of origination, the subject of
the message (up to one line of
text), the number of characters,
the message status, and the mes-
sage checksum status. The mes-
sage status may be any of the fol-
lowing

O received

O delivered

O overnight (to be delivered)

O 3rd class (to be delivered)

O rejected  (by the destination
node)

Messages are normally rejected
only because the destination
node has run out of space. In this
case further attempts will be
made to deliver the message
later. The mail system is heavily
protected against transmission
errors; the checksum on mes-
sages is only to guard against the
possibility of the data being cor-
rupted in memory due to alpha-
particles. This does not appear to
be a significant problem in prac-
tice, even when long messages
are left in memory for several
weeks.

Mail is sent and received by use
of the ‘s’ and ‘r’ commands. Typ-
ing ‘s’ to the main prompt
initiates a dialogue which first
asks for a subject heading for the
message. Then the main body of
the text is entered, terminated by
a «control-Z> character. This is
followed by a request for the des-
tination-node name and the class

Example of dialogue between
the user and mail system
(user input underlined).

A double-sided plated-through
printed circuit for this design will
be available from Combe Martin
Electronics, King Street, Combe
Martin, North Devon EX34 0AD,
telephone 027188 2346.

A set of three programmed
roms is available from Mallard
Concepts Ltd., 13 Southdown
Avenue, Brixham, Devon TQ5
0AP for £34.50 including v.a.t.
and postage. A user guide giving
more detailed information on the
use of the system is also available
free of charge from the same add-
ress on receipt of a large s.a.e.
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Clock run-in
010101010101

Flag
01111110

Link | Packet
control | control 0 -64 bytes user data
byte byte

Flag

16-bit CRC | 64191910

Fig.3. Packet format. High-
level synchronous data link
communication, HDLC, is a
bit-oriented serial
communication protocol. A
transmission packet is
recognized by a flag at its
start.

Fig.4. Data coding example.
There are never more than
six bit periods in the
transmission sequence
without a binary zero. A
requirement of this system is
that there are regular
transitions from which the

of mail (with help if required). If
the node is unknown a telephone
number is also requested.

To send mail to a known node
which has moved, the name is
terminated with an asterisk. This
overrides the directory and forces
an explicit number to be entered.
First class mail will be sent at
once; other mail is stored and
may be examined with the ‘I’ and
‘r commands.

The system will store up to ten
messages. The ‘r' command is
used to step through them,
examining their headers in the
same way as for the ‘I’ command,
but with the option of reading the
full text of each message or of
deleting it before moving on to
the next one. At any time within
these command sequences a
«control-C> character will abort
the operation in progress and
return to the main prompt.

The example of a dialogue with
the mail system shows first of all
the automatic notification that
new mail has been received, then
the prompt line and the main help
message. The incoming message
is read by use of the ‘r’ command,
and a reply is sent with the ‘s’
command, illustrating the deliv-
ery options available. Finally the
‘" command is used to list both
incoming and outgoing mail.

Link level protocol

HDLC is a bit-oriented serial
communications protocol. This
means that character synchroni-
zation can always be unambi-
guously achieved by searching
the bit stream for a known unique
pattern which indicates the start
or end of a data ‘packet’. The cod-
ing rules prevent this bit pattern
occuring in any other place.

A transmission packet begins

01111110, known as a flag, see
Fig.3. The next two bytes contain
link housekeeping information.
After this there is the user data
field, whichin this caseis variable
in length from 0 to 64 bytes. At
the end of the packet thereis a 16-
bit cyclic-redundancy-check field
for error detection, followed by a
closing flag.

The simple coding procedure
which permits arbitrary binary
data to be transmitted without
accidentally producing the above
pattern is this; the HDLC trans-
mitter inserts an extra zero after
any five consecutive binary ones
within a packet. The HDLC
receiver ignores any zero which
follows five consecutive ones.
Thus it is guaranteed that there
will never be more than six bit
periods in the transmission sequ-
ence without a binary zero, see
Fig.4.

One of the requirements of this
system is that there should be
regular transitions in the data
stream from which a bit rate clock
can be recovered. To consider
the two degenerate cases, the
above rule assures regular transi-
tions in the case of data which is
all ones, but not in the case of all
Z€ros.

If a secondary coding rule of
n.r.z.i. is added, this problem is
solved. The n.r.z.i. rule is that
the serial data remains in the
same state to send a one, and
changes state to send a zero.
Thus the case of all zeros
becomes a square wave at half the
bit rate, and the case of all ones
becomes a square wave at one-
twelfth of the bit rate. This
assures at least one transition for
clock synchronization in every 6
bit periods.

In this system the receiver is
programmed to accept only a

clock may be recovered. with this special pattern, packet withavalid firstbyteanda
. 1711111111111 0000000000001010
Original data -[ 1
After bit-stuffing | ] | Y LM

After nr.zi. coding w
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correct c.r.c. It simply ignores all
other bit sequences, and does not
discriminate between an invalid
packet and noise.

Transport level

Above the V23 physical level and
HDLC data-link level is a trans-
port level protocol which is pur-
pose-designed to be the simplest
way of implementing a two-way
error-proof path over a half-
duplex point to point link. The
state transition table of this pro-
tocol is shown in Fig.5.

Most real communication sys-
tems, or at least small ones, fit
somewhat uneasily into the ISO
seven-layer reference model. In
this case there is no network level
because at any time thereis only a
single point-to-point link in the
path.

The link control byte, Fig.6, in
each packet contains a function
code which is one of the following

CR - connection request

DATA - normal user data packet
DR - disconnection request

DA - disconnection acknowledge

In addition to the function code,
the link-control byte contains a
two bit sequence number field,
which is only used in DATA pack-
ets. When a connection is first
established between two of these
systems they both send connec-
tion-request packets, CR, at ran-
dom intervals and listen for either
a connection-request or a DATA
packet with asequence number of
zero in response. In this way an
interlocked handshaking protocol
is set up which cannot get out of
synchronization despite the loss
of packets through line noise.

The problem with simple
acknowledgement protocols is
that when a message has been
sent, and no acknowledgement
has been received within a rea-
sonable time, the sender does not
know whether it was the outgoing
message or the acknowledge-
ment which is lost. In the latter
case, if the message s sent again,
it may be received in duplicate.

The solution is to number the
packets. For this system, a mod-
ulo-three sequence count would
be adequate, but modulo-four is
used for convenience. When a
DATA packet has been sent with
number N, only a reply with num-
ber N+1 will be accepted. The
original packet is retransmitted
until the correct response is
received. When this occurs, N is
incremented twice (modulo-
four).
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It can be seen from Fig.5 that
there is no way that the two ends
can get out of packet numbering
sequence however bad the line
may be. If either end sends a dis-
connection-request packet, DR,
the recipient will send a discnnec-
tion-acknowledge packet, DA,
and cut the connection. The dis-
connection-acknowledge packet
is not acknowledged, but is sent
twice as a precaution.

The DR packet is repeated a
few times before aborting if no
DA is received, and so the DA
packet type serves only to make
closure of the connection more
efficient. In fact it is an essential
part of the fail-safe nature of the
system that all operations even-
tually time-out if unsuccessful,
and separate numbers of retries
are permitted before aborting in
the cases of CR, DATA, and DR
packets.

I have already said that the
receiver ignores invalid packets
and that the packet length is var-
iable, so the problem arises that
the two ends may get into step,
transmitting packets of the same
length at the same time on top of
each other, and thus neither
would ever be received.

This hazard is avoided by intro-
ducing a random element into the
timing of retransmissions. The
delay between repetitions of the
same packet consists of a fixed
minimum period plus a small ran-
dom element which is accumu-
lated on each retry. So the delay
becomes longer by an unpredict-
able amount on each attempt
(until it eventually aborts).

Usually the protocol recovers
from any short noise burst within
one or two attempts. It 1s inter-
esting to listen to the two ends
handshaking backwards and for-
wards and then to disturb them
by speaking into the telephone.
The smooth interchange is heard
to stumble and then quickly
resume.

The second byte after the flag
in each DATA packet contains
higher level information about
the significance of the following
data field, Fig.7. Potentially, this
byte could be used to control the
statistical multiplexing of a large
number of separate applications
onto the one physical circuit. At
present it indicates either a null
packet, a terminal-data packet,
or one of several types of mail
packet. This byte also contains
some individual one-bit flags,
each of which is a simple commu-
nication channel for a special pur-
pose in its own right.

End to end

Consider this implementation of a
terminal-to-computer link from
one end to the other. Input is
stored in a circular interrupt buf-
fer until it can be transmitted, and
flow control is exerted on the data
source if the buffer becomes
more than half full.

Each time this system is ready
to send a new packet it examines
the terminal input buffer, and
sends as many characters as are
available up to a maximum of 64.
If there is nothing to be sent the
system will call the mail sender,
which always takes second place
to terminal traffic. If the sender
has nothing to send, the packet
will be an idle one.

When the user data has sur-
vived transmission over the line it
is passed from the packet
receiver routine to an output buf-
fer. The process which empties
this buffer into the distant termi-
nal line runs at a low priority and
is called whenever there is noth-
ing more urgent for the processor
to do. This process responds to
flow control applied by the receiv-
ing terminal equipment. If the
process causes the output buffer
to fill up, it applies backward res-
traint upon the link using a special
‘stop sending’ bit present in every
packet to inhibit the sending end.
If the input buffer at the trans-
mitting end 1s filling up when this
bit is set, it will cause the data
source to be inhibited.

Thus an effective means of flow
control exists from end to end,
and this allows the terminal line
speeds of the two ends of the link
to be completely different, and
unrelated to the actual link rate if

Entry

(Protocol restart)

|

Send (R

Response:

Other | DRJ R loam(m

J

N=0 yN=1

Link still required ?

N=N+2 N

I

l

Send data (N)

Response:

DRI Data (N+1) [ R | Other

=

Send DR
Send DA Response:
{twice) pa | other
Exit Exit
required. Fig.5. State transition table

Flow control characters sent
from the terminal through the
system perform two functions.
They immediately switch the
local output on or off, and they
are also transmitted through to
the far end in a way which does
not conflict with any more urgent
constraints imposed by the link
itself.

Use of the flow control charac-
ters «control-s> and «control-q to

i 1 1

L ]

Function

(R - Connect request
Data
DR - Disconnect request

DA - Disconnect acknowledge

N—
Sequence number N
{Moduto -4)

Terminal flow

L1 |

control bit _‘ I_ DCT bit

.

Mait system {Acknow[edge_j I
flags Reject

Packet function code
—Idle

~Terminal data
—Mail start

—Mail continuation
—Mail end

—~Node name
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of the transport protocol,
designed to be the simplest
way of implementing a two-
way error-proof path over a
half-duplex point-to-point
link.

Fig.6. Link control byte. This
byte in each packet contains
one of the function codes
shown and a two-bit
sequence number field which
is only used in data packets.

Fig.7. Packet control byte.
The second byte after the
flag in each data packet
contains higher-level
information about the data
following.
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Entry

Send local name

Yes

- Mark message

Any
mail for that
node ?

Send header

More data?

Send data

delivered

Exit

Send
end-of- message

Acknowledge
received ?

Reject
received ?

Mark attempt failed

Exit

Fig.8. Simplified flow
diagram of the mail sender,
which is activated each time
that the system is ready to
send a new packet and has
no terminal information to
send.

Fig.9. The mail receiving
process is activated when an
incoming packet with the
right function code in its
second byte is delivered.

regulate the data source is conve-
nient and directly compatible
with many terminals and operat-
ing systems. But it means that
these characters must not occur
in any data file being transferred.

To pass arbitrary 8bit binary
data through the system the
‘data-link escape’ character «con-
trol-p> can be used. Any charac-
ter following this loses its special
properties, and is passed through
the system without being inter-
preted.

The terminal interface DCD
(data-carrier detect) line is avail-
able as a signal intended to switch
a remote computer on and off. It
is asserted when an incoming call
is received which was originated
manually by a ‘c’ or ‘0’ command.
It is not asserted on calls which
were originated just for mail
delivery.

Mail transmission

The mail delivery system can be
considered to be a one-way com-
munication channel with just a
simple method of sending posi-
tive or negative acknowledge-
ments of messages in the reverse
direction. When two of these
units are connected, each pur-
sues its own mail delivery objec-
tives independently without any
interference to terminal traffic or
to mail being delivered in the
opposite direction. So long as
adequate space remains in the
receiving-unit memory there is
no need for flow control because
data can be accepted as fast as it
can be sent.

Figure 8 represents the mail
sending process activated each
time the machine is ready to send
a new packet and has no terminal

Packet function code received:

Node name

Mail

Mail start continuation

Mail end

Record
remote name

Free
space in message
table ?

Free
message
space?

Byte count
& checksum
ok ?

[ Store header \|

’ Store message |

Mark message
as received

Send acknowledge
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traffic to send. The first action
when a connection has been
opened is to send the name of the
local node, and then to wait for
the name of the remote node to
come in. Using this information
the mail sender scans the list of
outgoing messages for any
addressed to the currently con-
nected destination.

The mail system reverse-sig-
nalling channel consists of two
flag bits in each packet —
acknowledge and reject. The
sender waits for both of these to
be clear before starting to send
the message header. This header
contains Ascii strings showing
the origin, date, time and subject
of the message which appear in
the message list display, and also
some binary information such as
the character count and check-
sum.

The header is sent in three
stages and is followed by the mes-
sage text. After this an end-of-
message signal is sent, and the
sender waits for the acknowledge
bit to be set. When this happens
the status field in the original
table entry for the message is
changed to ‘delivered’. The mail
sender scans for any more mail to
be sent to the same destination;
but waits for the acknowledge
flag to clear again before starting
the next message header. If at
any time the reject flag becomes
set, the delivery of mail is aban-
doned.

The mail receiver is a process
which is activated whenever an
incoming packet is delivered with
afunction code in the second byte
which is one of those allocated to
the mail system. Figure 9 shows
the way in which it is driven by
this function code.

The reject flag is set if there is
no more space in either the mes-
sage table or the message text
area, or if the number of bytes
received or the check-sum do no
agree with the information in the
header. The acknowledge flag is
set only after these tests have
been passed, and then an entry is
made in the message table of the
recipient  machine  marked
‘received’.

If the connection is lost, or
anything else goes wrong during
transmission of a message, no
change is made in the message
table of either machine, and
another attempt will be made at
the next opportunity according to
the class of delivery specified.

Hardware is discussed
inthe next article.
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‘RUR’ DESIGNER APPROVED KITS

HOBBY ROBOT AVAILABLE FROM

A complete kit of approved parts for the construction of
the RUR HOBBY ROBOT as featured in PE
is available as follows:

BASIC KIT £249
plus 15% VAT

ADD—ON ARM & ELEVATED

TRAY £280
plus 15% VAT

CARRIAGE EXTRA Piease write for a quotation
OFFICIAL ORDERS accepted from approved industrial or educational
establishments, otherwise terms strictly CASH WITH ORDER

REEKIE ROBOTS

Beaufort Works, Beaufort Road, Richmond Road,
East Twickenham, Middlesex, TW1 2PQ.

Please allow 28 days for delivery

CIRCLE 35 FOR FURTHER DETAILS.

ROBOTS
for
EDUCATION
TRAINING
and
INDUSTRY

featured in
Practical Electronics
Sept. issue

NEPTUNE

System
from
£2195

. SERPENT .2
Still the most outstanding, single board S — System from
computer with thousands of satisfied
. . MENTOR DC servo desktop robot. 8 bit Robots may also be taught by ‘lead by the
users in |ndustry and the home_ control system: 300gm capacity, 420 reach.  nose’ method
. ” x | Extensive software Is supplied free with
Full range of extensions and add-ons e St oy T earapor.
: SERPENT I/II 5 axes ! 2 bit control system g(ags:c\;?ﬂ?:l;forlgﬁgﬁggt::rgégggca
also available. 2 kg capacity 400/650mm reach. andWic 20 0
'Phone or write for further details now! SobeRlco e ok eai . TR o e

Robots available as kits of ready built
Lucas Control Systenis
o Please phone for brochure: 0264 50093.

1

Lucas Control Systems Limited “r“(t;‘ West Portway Industrlal Estate, Andover SP10 3w/
Welton Road, Wedgnock Industrial Estate, Warwick CV34 5PZ %i:'““".“ A private and independent company giving prompt,
Telephone: 0926 497733. Telex: 312333 ———————— personal service
CIRCLE 6 FOR FURTHER DETAILS. CIRCLE 20 FOR FURTHER DETAILS.

ELECTRONICS & WIRELESS WORLD AUGUST 1985 39



CT1000K8" Clock Timer 1700 | 3mm red 9 Smmred 5] % 21 MUI% 1.90
CT6000" + Programmable Inmgreen 12 Somgreen 12| 56 0 M7 1.0
Timer 3900 §3mmyeow 12 Somyelow 12 | 74t 2 Mezs 1.9
XK114 Relay Kit for above 390} Rectanguiar, squate, arrow or 4 0 MR 1.80
XK101 Electronic Lock 1150 [ toanguiar tat lace) ADSN0 330 MM7C911 650
XK102* 3Note Door Chime 550 | Rog 15 Green 18 Yellow 18 ] AT38910 390 MM74CI15 96
XK104 Solid State Switch 280 | geotour 85 Aashing Red 50 CAXBD  BS  MMICSZ 380
XK 112 Mains Wiring Remote Teicolous Red CA3130 85 MM74CI% 4.90
Control 71 0 N Contowous 6§ CAI &0 NESET 125
XK113 MW Radio 550 | Rectanguiar 45 IL07 900 SS668 220
XK 126 OVM Thermometer 1550 § gy 5ami1il 55 mMocx0 1qgf CL71Z% 800 S5760 20
DL1000K 4 Ch Light Chaser 1595 )00 170 MOCI40 150 | 'CMI555 55 SABZ 350
DLZ1000K &Ch Light Chases 895 | grpy2 % MEL 3| cMEE 300 SaBoe 250
DLA/1 Opto input for above 70 Seven Segment LEO Displays LF3%1 & S0 1.9
DL30OOK 3h sound tohght  12.96 § 110073 ¢ 75 4Dig 18 cc LF383 Sl 1.3
TO300K t 300W Touchdimmer 775 § ¢pocos c, a5 OWRECT ORIVE P36 80 S 185
TS300K + 00W Touchswitch 775 & puocn s © we poi jopf M3 50 SU® 205
(D300K t 300W Lightdmmer  3.95 : LM334Z B5 TBABN ]
TOR3D0K t IR Remote Controlled 400V TRIACS (MI%Z 120 TBASI0AS 90
Lightdimmer 14.9%5 M3 40 TDAIDA 120
MKB* IR Transmitter for ‘A 49 8A 58 1 1mug 5 T0M0 138
TOR300K & MK? 4.50 . 124 BS | Im3%8 48 TLOGY 0
TOEIK t Touchdimmer Ext 250 | BAisolated 65 164 %51 IMB0 120 TLOR? 72
TSA300K + Time Delay Touch ) 254 210 § (M3 140 TLOBA 130
Swatch (300W) 500 | BAsensve 66 Diac By M L0 TN *
MK1 Thermostat 4.60 LM386 88 T2 T
MK2 Solid State Relay IT'l | SPECIAL OFFERS I I IR TR E |
MK4 Proportionat Temperature 2116 310 Z80APID 199 LM1458 u T k]
Controller Rl 7n 320 zs0aceu 199 J U TERRT T (V% 8
MK5 Mains Timer Wl 76 420 682 1.40 [ RS L) T84 100
MK7 Single-channel IRl Receiver 2128 1501 LM3908 80 TLITR 50
(240v) 1050 MBI 175 TL0C 120
MK 2-way Keyboard 1.90 OMPONENT PACKS mg:; g.gg mg: (liz]: :g
MK10 16 way Keyboard 540 1 l .
MKIT ol |- 3amaogie T B . UNED LI e
. f o/p IR Receiver 13. . ul
Why is ‘Hand-On’ traiming so - Arm HRA34 with five axes, plus Kzl T ket Z;gmlzvmileclromnts 10 mowm om0 27 UNDR 7S
important? gnp. a safe low-pressure {120psi} MIK13 11-way Keyboard 435 1 350 Palyester Capacags C s 260 M %0
‘ R 0 - K14 AC Power Controtier 5.20 MF10C 291 NS 10
It provides ‘real-world buiit-in power source and ‘Teach D01 1uF 250V 5 values 555
N g MK15 Dual Latched SS Relay 450 | & 46 procore 1007 1hA Jo | Mez 3w My sm
experience of complex engineering  Pendant’ is the ideal educational MK16 Mainspowered IR 3 e o o) . M4 250 M8 450
theories used in the ‘new’ robot station ;a’(n‘s;“gev‘ - 350 | g 1456 p0 2 r&ﬁm m?;c‘: é’:{;gﬁu 150
technologies Send for a comprehensive data e e 1050 | © 25 Red LEDs (ommi . 415
Feedback’s approach 1s to sheet. MK18 Coded IR Transmitter ~ 6.80 |  Wa stock: VERO, s
design hardware and courseware  Feedback Instruments Ltd., ot e catalogue send 9x6 SAF today!
packages that combine theoretical  Park Road, Crowborough, “Inctudes box. 1 includes frontpanel. ANTEX IRONS. Twmws Access& Barciay Card
< - ‘ Ab kits include PCBs, components BODKS FROM 01-567 BIN0{ 24 Hrs)
assignments with "Hands 'On Ea;r Sussex, TN6 20R, Engia3nd‘ D T e B et e
experience, enabling the student to  Tel: Crowborough (08926) 3327 For further details send SAE AND ELEKTOR.
gain a thorough understanding of " - T
the concepts being studied. © FEEDBACK CTRONICS 8{'35?"351"1?3?"%1'3? ordtvl.s m,cso (Eux
The Feedback Hydrau“c Robot LRIRKH:TO RO LN i) otherwise add 750« VAT. Overseas PGP, Eutooe

(Ko L\Ialo LRV YW RCIWIN ©275 Bsewhere (650 Send che&i/"a?adamd)
1 - Access No. with order. Giro No_ 5.
;'503.':&';%', ?779?7‘9': LOCAL AUTHORITY AND EXPORT OROERS
O I SPEYSO I WELCOME. GOOOS BY RETURN SUBJECT TO
Sat 10am dpm AVAILABILITY.

CIRCLE 69 FOR FURTHER DETAILS.

Leaders in Hands-On training

CIRCLE 21 FOR FURTHER DETAILS.

The POWERTRAN Robotic Work Cell System
complete robotics education and training package

New from Powertran — fully integrated hardware, software and coursework for the IVAX SCARA Robot.

The benchtop IVAX SCARA Robot operates on a closed-loop system to simulate aimost any industrial application. The 4,
axis robotic arm with gripper is operated with programmable controller to run scaled industrial accessories. 32 I/0 lines
control sensors and signals to model a complete industrial workcell. Rugged and reliable, the IVAX SCARA’s open frame
construction allows full visability of all moving parts.

Powertrans complete package of hardware, software and teaching materials make the IVAX SCARA system the most vers-
atile and cost-effective teaching-training-research tool on the market today. So, if you're thinking robotics, phone or write
today for more details on how Powertrans IVAX SCARA system can meet all of your instructional program’s requirements.

B

To Pewertran Cybernetics Limited, Portway Industrial Estate, Andover, Hampshire SP10 3WW Telephone (0264) 64455
Please send me your Colour Brochure and Price List.  NaMe ... e
AGAIESS ..o e e

CIRCLE 34 FOR FURTHER DETAILS.
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Rohots for learning and fun

Some of the cheapest toy robots can respond
to light, sound or touch and illustrate the
principles of operation of ‘real’ robots. Nigel
Clark looks at small robots used for pleasure

and education.

Robot servants have been the
dream of fiction for centuries.
Most took the form of
mechanical people but attempts
for fact to meet fiction has met
with little success. However,
once it was decided to limit
expectations somewhat, it has
been possible to produce
machines with limited
intelligence and suited to
specific tasks. The use of
microprocessors helped to cut
the cost and made possible the
appearence of robots in
industry. Similar developments
have taken place in small robots
producing a growing number of
increasingly complex machines
at affordable prices.

Robots are finding a ready
market amongst children,
electronics hobbyists and
educationists. Children are
attracted by the toys which are
capable of increasingly
complicated manoeuvres. Toys
also interest the hobbyist who
can adapt them for their own
designs and can also use them
as building blocks. Some of the
toy robots are available as kits
and are especially useful for
this. The most use for small
robots can be found in
education: training for those
who may use robots; as an aid
in teaching a wide range of
subjects involved in the whole
concept of robotics; and in the
teaching of abstract ideas, such
as mathematical theories.

In industry, managers need
to know the capabilities of
robots, engineers need to know
how they work and technicians
need a detailed knowledge of
the machines to ensure proper
maintenance. Models and toys
enable these aims to be carried
out without the wasting of time
and use for the robots on the
factory floor.

The growing range of small
robots can illustrate most of the

major principles underlying
modern automated production
techniques; particularly the
combination of feedback and
power actuators under the
direction of an operation
program. Robotics also involves
electronic and mechanical
engineering, industnal design
and mathematics.

Universities are using the
more expensive robots to fulfil
these aims as they provide the
more mechanical and electronic
capabilities. In school, the
courses do not need to be
vocationally basec and can use
robots as an attractive way to
stimulate interest in a wide
range of subjects. The cheaper
robots are usually aimed at this
market. They often come in kit
form and need a microcomputer
for control. Having learned the
basic principles from existing
products, school students can
g0 on to design their own
robots.

Toys

Robots in this context can be
divided into three groups; toys,
turtles and small robot arms.
The toys often have the
appearance of the fictional
robot, miniature hominids, but
are somewhat limited in their
capabilities. The price range
varies from as little as £10 up
to £200. They are all imported,
mainly from the Far East.
Their technology is limited
but still interesting. The
Dingbot from Tomy Toys costs
only about £10 but uses a
complex gearing system that
will reverse and turn 90° if it
hits something and then go
forward until it encounters
another obstacle. Several
sensory inputs are illustrated in
the Movit range distributed by
Commotion: Peppy is sound
activated and a click of the
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fingers or a clap will send it
through its routine. Avoider
uses an infra-red sensor to
avoid bumps and Navius can be
programmed by colouring in
segments on a paper disc.

Toys are all mobile and, at
their simplest, are only
collections of motors, gears,
drive shafts and wheels. They
are usually driven by two d.c.
servomotors, powered by
batteries; steering is achieved
by having the motors travel at
different speeds. The more
expensive toys, such as
Omnibot or the Memocon
Crawler, follow instructions
from the user and incorporate
feedback to report when the
routine has been carried out.
Potentiometers of varying
accuracy and optical encoders
are used for this.

Thus at the simplest level
many of the processes used by
modern robots can be
illustrated, though each
individual toy has a limited
usefulness. It is possible for
them to see, hear and touch.
Sound inputs can be clicks or
high-pitched whistles but
spoken commands do not work
very well. Verbot from Tomy
Toys claims to recognise a few
words but the system is very
crude and unreliable.

Vision can be achieved by
infra-red or visible light sensors
and it is possible to detect
obstacles or activate the robots
with these. However if vision is
needed to distinguish between
objects then a much higher
level of definition is needed.

Robot vision represents one
of the problems of producing a
complex robot. Any sort of
camera can provide an image of
the objects in sight but that
image needs to be processed for
the objects to be recognised.

There is not yet any useful
system that has sufficient

by Nigel Clark

Paul Ritson with his Cyber
robot which he controls from
an IBM PC.

i
RTX arm displays the
SCARA principle with vertical
axes and horizontal
movement.
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ROBOTS

processing power to do this.
For example, it would be
possible for a vision system to
work out that the scene in view
was a table and four chairs. The
time taken, however would
make the exercise pointless. If
there had been any change in
the scene while it was working
it out, as could easily happen in
an everyday situation, any
action the robot took, based on
the information processed,
would be incorrect.

The reason why the
processing takes so long is the
method used. The robot would
take a piece of information from
the scene and then orient it
until a match was found with
information stored in its
memory. Although it can do
this much faster than a human,
humans recognise objects more
quickly because they do not use
this process. Research into
artificial intelligence is aiming to
replicate human thought
processes in machines and this
could lead eventually to robots
being able to see.

This is still a long way away.
In the meantime vision systems
have adopted a different policy.
They restrict the range of
objects and the way that they
are presented. Thus it is
possible to recognise discrete
object on a conveyor belt and it
is possible to sort them by
outline or colour. In one
application mechanisms are
used to orient an object so that
it is presented to the ‘eye’ in
exactly the same way each
time. The system can then
recognise the outline of that
single object and reject any
deviants.

Most forms of sensory inputs
have similar problems and
restrictions. That is why the
commonest form of input is
through a keyboard from the
simple Forward and Stop
keypads on the top of toys such
as George and a pendant which
does the same for the Memocon
Crawler to the full computer
keyboard.

Turtles

Turtles are an integral part of
the Logo computer language
system developed at the MIT
under the direction of
educational psychologist,
Seymour Papert. He believes
that children who have difficulty
in understanding abstract
concepts can grasp them more
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easily if they are illustrated in a
physical form. By working out
the instructions to draw a
shape, such as a square, the
children can learn about
distances and angles and then
go on to produce other shapes.
Geometrical patterns can be
easily programmed onto a
v.d.u. screen and traced out on
the floor by a Turtle, a crawler
robot. Most turtles can be
positioned quite precisely under
computer control. They can
raise and lower a pen to draw
the design and often have other
sensors such as microswitches
to detect bumps and/or light
sensors to follow a white line on
the floor. They have greater
accuracy than the toys and can
respond to commands of a
much greater complexity. They
physical parts are basically the
same as for the toys: geared
motors driving two wheels.
They have the memory capacity
of the controlling computer and
feedback is usually through
optical encoders. Many use
stepper motors and thus
eliminate the need for feedback.
Like most computer
languages there has been a
proliferation of dialects of the
Logo language and usable
versions are available for all the
popular microcomputers.
Typical turtles are the Vaiant,
the Jessop and the BBC Buggy.

Robot arms

Arms are designed to simulate
their industrial brothers and
should, ideally, be programmed
in a high-level language. Many
only require the co-ordinates of
the points they need to reach,
and some systems provide help
by giving a graphic simulation
on the screen so that routines
may be tested before being
translated into actions on the
arm. One of the simplest
methods of input is illustrated
by the Mentor and Neptune
arms of Cybernetic Applications
where models of the arms are
moved by hand and are
reproduced by the arms
themselves. Most arms
however are governed by the
keyboard. Small arms use a
wide variety of drive methods.
While most are powered by
electric motor, the drive can be
transmitted by some form of
belt, by hydraulics and in one
case by screw shafts and
pistons. Belts are most popular.
Early robots like the Armdroid
1 used a strong nylon cord but
this proved susceptible to
stretching and slippage. A
toothed belt is used successfully
by the Atlas and MA 2000
arms.

Dick Becker, while at
Powertran Cybernetics,
pioneered the use of hydraulics,

Traditional design of the turtle is demonstrated by the
Jessop turtle. It can draw geometrical patterns.

using oil, in the Genesis range.
When he moved to Cybernetic
Applications, he designed
another hydraulic arm, using
water. The Teach robot uses
motors to power screw drives
which in tum move pistons.

As with turtles, servo motors
are commonly used in robot
arms and are provided with
feedback through potentio-
metric or optical sensors.
Sensors.

Arms are classified by the
number of axes, or degrees of
freedom, that they have. The
gripper is not usually counted
and arms can have up to six
axes which are roughly
equivalent to movements of
waist, shoulder, elbow and
three movements of the wrist;
pitch, yaw and roll. Many have
five axes with one of the wrist
movements being left out. In
general, the more expensive the
arm the more axes are
provided. The Beasty, at about
£120 has three axes while the
MA 2000 costing more than
£3000, has six.

While there is a variety of
small robot hardware, there is
still a great lack of easy-to-use
software. Arms are rarely
provided with anything other
than the operating software.
Cyber produces a small suite of
software for the 310 arm, which
allows it to execute the Towers
of Hanoi puzzle and mimic a
number of different types of
arm. Cost £150. One exception
is the recently launched
Trekker. This includes a
package of 40 programs for use
in education and also full
documentation, teachers’ notes
and much else all for £150.

For the future, there is not
much scope for mechanical
development of small robots.
New designs might be
introduced, such as the Scara
range which move in a
horizontal rather than vertical
plane; pneumatics might be
used for drive mechanisms but
the physical appearence and
cost must remain much the
same. There is much room for
improvement in the electronics.
More power for less money will
mean that the devices will be
able to accomplish more
complex routines and process
sensor input faster and more
efficiently. Research into
artificial intelligence could
result in operating systems
which will allow the robots to
react correctly in increasing
degrees of complexity.
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Some suppliers of robots and their products.

Prices quoted are approximate and are given as a guideline.

Toys

Computer Games Ltd (CGL), CGL House, Goldings Hill,
Loughton. Essex.
George the Compurobot. (programmable through a membrane
keypad on top) £25
Commotion, 241 Green Street, Enfield, Middlesex EN3 75].
Beasty Truck (controlled by BBC Micro, caterpillar-tracked
vehicle) £120
Movits
Wizard (controlled by Commodore 64) £75
Memocon Crawler (controlled through pendant) £35
Navius (programmed by coloured disc) £20
Medusa (four legs, sound sensor) £20
Piper-mouse (three wheels, whistle activated) £20
Monkey (sound activated, climbs wire) £10
Line Tracer (infra-red sensor) £18
Peppy (bump sensor) £17
Avoider (infra-red sensor) £30
Circular (remote-controlled) £30
Fischertechnik, imported by Economatics (see below)
Kit system, needs interface and micro for control. from £65
Milton Bradley Ltd., Spencer House, 23 Sheen Road, Richmond,
Surrey.
Robotix (three kits, with own control system) £20 to £80
Tomy Toys Ltd., Wells House, 231 High Street, Sutton, Surrey.
Omnobot (radio-controlled mobile with two simple arms) £190
Verbot (voice-controlled mobile, see text) £50
Dingbot (bump-sensitive mobile) £10

Turtles

Clwyd Technics Ltd., Unit 4B, Antelope Industrial Estate,
Rhydymwyn, Clwyd CH7 5JH.
Trekker (comprehensive software and documentation) £125

Economatics Ltd., 4 Orgreave Crescent, Dore House Industrial
Estate, Handsworth, Sheffield S13 9NQ
BBC Buggy (specifically for the BBC-B, light and bump
sensors, grabber) £200

IGR, Unit 208, Highbury Workshop, 22 Highbury Grove London
N5
Zero 2 (Update of the Zeaker turtle; runs under Logo on many
popular micros) Kit £80

Jessop-Ralph Ltd., Unit 5, 7 Long Street, London E2
Jessop Turtle (traditional design) £200

Penman Products Ltd., 8 Hazlewood Close, Worthing, W. Sussex
BN14 8NP
Penman Plotter (combines functions of a turtle, a plotter and a
mouse for input, three pens) £230

Robot arms

Powertran Cybernetics Ltd., Portway Industrial Estate, Andover,
Hants SP10 3NN.
Hebot II (traditional design, controlled by ZX81, amongst

others) £100

Valiant Designs Ltd., "Tnit 14, Park House, 140 Battersea Park
Road, London SW11
Valiant Turtle (Infra-red control, runs under Logo, looks like a
real turtle!) £150
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Colne Robotics Ltd., Beufort Rd, E. Twickenham, Mddx TW1
2PQ
Armdroid (5 axes, stepper motors; one of the earliest designs)
£500

Commotion as above
Beasty (3 axes, servo motors; expandable) £115

Cyber Robototics Ltd., Stone, Staffs ST15 0SA
Cyber 310 (5 axes, stepper motors; special software suite)
£650

Cybernetic Applications Ltd., West Portway Ind. Estate,
Andover Hants SP10 3LF.

Mentor (5 axes, servos; controlled by miniature model of the
arm) £500

Neptune 1 (5 axes, water hydraulic) £1600 kit, £2500 built
Neptune 2 (6 axes; touch sensor control) £2200 kit, £3200
built.

Serpent (5 axes, SCARA, Selective Compliane Assembly Robot
Arm; moves in a horizontal rather than vertical plane) £2000

Feedback Instruments Ltd., Park Road, Crowborough E. Sussex
TN6 2QR.

HRA 933 (5 axes, oil hydraulic; ready-built version of Genesis
P101) £2000

HRA 934 (5 axes, oil hydraulic; built Genesis P102) £2700
Pedro (4 axes, servos and steppers; educational workcell
SCARA design)

L.J. Electronics Ltd., Francis Way, Bowthorpe Ind. Estate,
Norwich NR5 9JA.

Atlas (5 axes, steppers; powerful teaching aid) £1750

Mitsubishi, Hertford Place, Maple Cross, Herts WD3 2B]J.
Movemaster (5 axes, servos; intended for light industrial use)
£6000

Powertran Cybernetics Ltd., As above
Genesis P101 (5 axes, oil hydraulic; first to use hydraulics)
Kit, £1000
Genesis P102 (more memory than P101) Kit, £1350
Micrograsp (4 axes, servos; one of the earliest low-cost
designs) £300
IVAX (4 axes, servos; SCARA design) “under £1000”

Reekie Research Ltd., Beaufort Road, Twickenham, Mddx TW1
2PQ
Cepek 1 (4 axes, servos; SCARA design) £4000
Reekie Arm (5 axes, steppers; similar to Armdroid) £250

Remcon Electronics Ltd., P.O. Box 81, Chislehurst, Kent BR7
6LP
Teach Robot (5 axes, servos; uses screw transmission) £400

Robot City Technology Ltd., 35 Clarke Road, Mount Farm Ind.
Est. Milton Keynes.

Alfred (5 axes, servos; many add-ons promised) £200

Robotec Ltd., & Hartley Court, Norton Street, Radford,
Nottingham NG7 3AN.

Hero 1 (company specializes in industrial robots)

Syke Instrumentation Co Ltd., 117 Station Road, Liss, Hants.
Teachmover (5 axes, steppers; early U.S. design) £2000
Minimover (5 axes, steppers; smaller version of Teachmover)

Systems Control Ltd., Perry Avenue, Teeside Ind. Est.
Thornaby, Cleveland TS17 9LN.

Smart Arm (5 axes, servos; early British design) £1500

TecQuipment International Ltd., Bonsall Street, Long Eaton,
Nottingham NG10 2AN
MA 2000 (6 axes, servos; designed for Open University
courses) £3600

Universal Machine Intelligence Ltd., Royal Victoria Patriotic
Building, Trinity Road, London SW18 35X.

RTX (6 axes, servos; modified SCARA design with software
for control from an IBM PC)

Robot arm axes (or degrees of freedom) do not include the gripper.
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Gould...Innovation and Quality in Oscilloscopes

[

CIRCLE 32 FOR FURTHER DETAILS.

THE HEART OF YOUR

The Gould 0S4040 Digital Storage
Oscilloscope.

In a measurement system the 0S4040
offers:

* Waveform analysis

* Automatic testing

* Data transfer to mass storage

* System compatibility (IEEE interface)

A large 5K memory can retain a single
transient at maximum resolution or store
up to 4 different waveforms.

The OS4040 in brief:

* 25MHz bandwidth % 10MHz A-D
sample rate * Realtime and storage
operation % Up to 50 times horizontal
expansion * Peak detector for glitch
capture * Optional IEEE interface, and
analogue output.

Ask for more information.

Gould Electronics Ltd., Instrument
Systems, Roebuck Road, Hainault, liford,
Essex1G6 3UE. Telephone: 01-500 1000.
5 £ Telex: 263785,

BRITISH MADE
TWO YEAR WARRANTY

== GOULD

PINEAPPLE SOFTWARE

Programs for the BBC model ‘B’ with disc drive with
FREE updating service on all software

DIAGRAM

® A program which allows you to store very large diagrams - up to 39 mode 0
screens - and view or edit them by SCROLLING the computer screen around over any
part of the diagram

FEATURES

® Draw diagrams, schematics, plans etc
N any aspect ratio, eg. 103 2*12
screens

@ Access any part of thediagram rapidiy
by entering an index name, e. g TR6, RS
etc., to display a specific section of the
diagram, and then scroll around to any
other part of the diagram using the
Cursor keys.

® Up to 128 icons may be predefined for
each diagram, eg. Transistors, resistors
etc,, in full mode O definition, up to 32
pixels horizontally by 24 vertically

® Hard COpy Printouts in varying print sizes up to 9 mode 0
screens on an A4 size sheet, compatible with most dot matrix
printers

£28

all inclusive
® Many other features inciuding, selectable display colours,

Suppled only on ) =
comprehensive line drawing facilities, TAB settings, etc

disc - 40T/80T

EOmoatiDie @ Disc contains sample diagrams and two versions of the

All orders program, one of which will work from a 16k sideways RAM.
sent by return

of post. ® Comprehensive instruction manual

PINEAPPLE SOFTWARE, 39 Brownlea Gdns.
seven Kings, liford, Essex IG3 9NL

CIRCLE 44 FOR FURTHER DETAILS.
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TALKING COMPUTER TERMINAL
TDS2000 FOR PRECISION DATA INPUT

IEEE488 & RS232C INTERFACES. £1611.00

Triangle Digital Services Ltd.
100s Wood Street. Waithamstow. London E17 3HX
Tel: 01-520.0442 Telex 262284 (Quote REF 775)

CIRCLE 14 FOR FURTHER DETAILS.
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BEST

CD 351 _ CDCT 5000

A frst-class -ange of colour graphic When only the best is good enough, it
disalays which not only adapt -o ycur has to be Barco. This range of high
sys-am but make ser<e of your budget. resolution colour displays provide you with

Ve-satile, Berco proven reliability. the perfect partner for todays powerful
Flexible scanning frejuencies make them graphic systems.
comg:atible with € mulfitude of computers When uninterrupted system operation
and systems (wit1 a special Hewlett allied to hairline picture detail are of the
Packard option). utmost importance the Barco CDCT 5000

Ba-co gives yau the performance you comes into its own with unbeatable
want— at the rignt price. reliability. (Mean Time Between Failure

16,000 hours).

With years of experience behind them Barco are
ma ntaining th2ir leadership in colour graphic displays whether
yoL'r2 working to & budget or demanding the best.

The specfications speak for themselves.
THE GD AND CDCT 20" (51cm) RANGE CAN NOW BE
SURPLIED WITH AN INFRA-RED TOUCH SCREEN.

g Cameronty
Communications

CD 351: A division of CW Cameron Ltd.

Fhotograph courtesy of Kent Procass Control Burnfield Road, Glasgow G46 7TH

CDCT 5351: Tel: 041-633 0077 Telex: 779469

Photograph courtesy of Gresham Lion (PPL) FAX 041-633 2879 <
Sales Service and Distribution Centre — Reading. f
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by D.W. Rollema,
PAoSR

Dirk Wietse Rollema was born at
Hengelo, Netherlands, in 1929. In 1956
he obtained his degree in electrical
engineering from the Technological
University at Delft, and is now with
Philips Telecommunication and
Information Systems at The Hague,
working as a project coordinator in the
field of maritime traffic control
systems.

He has held amateur radio callsign
PAOSE since 1951 and is active mainly
on 40 and 80 metres, operating home-
constructed equipment. PAoSE
belongs to a European group of
amateurs which uses the old
Hellschreiber system of teleprinting
over radio.

The author has a lively interest in
the history of telecommunication and
radar. Meeting several radio amateurs,
who are aiso collectors, gave him the
opportunity to analyse and describe
World War Il equipment, mainly of
German origin.

Dirk Rollema is married and has two
daughters.

A 1938 model seen from
the front.

Fig.1. Ray paths in the
80mm light telephone.

Optical

communications —
1935 style

Very effective light-beam voice communication
was in use by the German military in 1935.

During World War Il the German
forces availed themselves of
pretty advanced telecommunica-
tion facilities. The radio equip-
ment, for example, was very
effective and of exceptional elec-
trical and mechanical quality.

The optical communication
equipment that was in use by the
German army since 1935 was a
closely guarded secret, but
related documents were found
during the first German Libyan
campaign. It was not until the
Battle of EI Alamein in October,
1942, that the complete appara-
tus was found by the Bntish. It
was investigated and tested in the
laboratories of the Royal Corps of
Signals in the Middle East, in
November of that year.

The official German designa-
tion was Das Lichtsprechgerat
(80 mm): the 80 mm relates to
the size of the lenses. A larger
model also existed and we come
back to that briefly at the end of
the article. Lichtsprechgerat 80
was developed and produced by
the well known firm Carl Zeiss of
Jena. The photographs convey a
general impression of the equip-

Y
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ment, as restored by two Dutch
collectors, Messrs Arthur Bauer,
PAoAOB and Cas Caspers,
PAoCSC. An important feature of
the instrument is that it may be
operated on white, red or infra
red light, merely by selecting the
required filter with a knob. The
ranges obtainable are given in the
operating manual® and seem to be
conservative, as usual for Ger-
man wartime equipment. For
speech they are quoted as 3 km
for white and red light and 2 km
for “invisible” (infra red) light.
Gifford Hull® states the range as
five miles (8.25 km) as an aver-
age, effective range obviously
depends largely on atmospheric
conditions: rain and fog will con-
siderably reduce the range. A
great advantage over radio is that
secunty is pretty well guaran-
teed; even at five miles distance
the light eliminates the possibility
of interception and secures secret
communication in the dark,
whilst the range is not appreci-

ably reduced®. There are, of
course, operational restnctions,
apart from the limited range. The
apparatus functions only over an
unobstructed optical path, but it
could also be used as an interme-
diate link in a telephone line con-
nection, and so could be used to
bridge a river or a valley.

Transmitter

The author had access to a repro-
duction of the operating and tech-
nical manual for Lichtsprechgerit
80 from 8 September 1938:
Figure 1is taken from that book!.
The transmitter forms the upper
part of this diagram. Light from
an incandescent lamp 1is focused
on the modulator prisms 4 and 5
by means of mirror 2 and conden-
ser lens 3: thelamp (4.8V, 4W)is
run from a rechargeable battery,
good for approximately five
operating hours. After passing
the modulator, the light is
focused to a parallel beam by
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means of the 80 mm lens 7. The
beam is six yards wide at a mile
and thirty yards at five miles, as
already mentioned. The func-
tioning of the modulator remains
a bit obscure after reading the
manual but luckily Gifford Hull
gives amuch better description of
it and we will follow his words:
Fig. 2 is taken from his article.
The light from the lamp-house
strikes the hypotenuse side of a
right-angle prism. The other
angles of the prism are not quite
45 degrees, so that at the point of
first reflection the mean angle of
incidence is approximately the
critical angle for glass and air
media, and partial reflection and
partial refraction take place. The
area at which this first reflection
takes place is a small rectangle
measuring 3 X 1%, mm, the sur-
rounding glass being blackened.
The armature consists of a flat
metal strip, pivoted at its centre,
its ends being located closely
between the pole pieces of the
armature coils, which are so
phased that one pushes and the
other pulls.

A small, right-angle prism is
carried on the armature, near its
centre, and it is so positioned that
one of its sides rests in contact
with the small rectangle of the
main prism. As the armature
moves in accordance with the
voice currents, so the pressure of
the small moving prism against
the larger prism changes in
accordance with the voice cur-
rents. It will be appreciated that
since the small prism is mounted
close to the axis of rotation of the
armature, its travel is small, but
its pressure is great. It is neces-
sary, then, when considering the
analysis of the action of the
device, to bear in mind that it is
the pressure of the small prism on
the large one that alters — not so
much the air gap between the
two.

If these two glass surfaces
were truly optically flat and in
perfect contact, there would be
no change of medium at this point
and no internal reflection would
take place. Hence, no light would
pass through the main prism. But
as soon as the contact between
the prisms becomes imperfect, a
change of light media will occur,
and internal reflection will result.
In practice, the contact i1s never
perfect, for all pressures of the
prism, and most of the light is ref-
lected. But the varying pressure
brings about a varying degree of
contact, which, in its turn, varies
the amount of light reflected

through the main prism. This,
coupled with the fact that the
angle of incidence is nearly the
critical angle, makes the modula-
tor a relatively efficient device.

A device is incorporated to
control the quiescent, no-signal,
pressure of contact. The operator
is supposed to adjust this to give
maximum sensitivity and mini-
mum distortion. Gifford Hull also
provided Fig.3in his article which
shows the response curve of the
modulator.

The photographs show a built-
in telescope that is used for sett-
ing-up the optical link, Fig.1.
showing the optical rays within
the telescope, which is also used
for monitoring the modulator
action. Part of the light that is not
totally reflected in prism 4 is
passed on to the eyepiece of the
telescope via prisms 5 and 16 and

=~ i
2 |\ \
\

05 1t 15 2 25
kHz

lens 8. Looking into the tele-
scope a green lighted rectangle is
seen — the intensity of which
changes with the modulation.
Part of the light emitted by lens
7 is reflected into the telescope by
means of the tetrahedral prism 9.
The filament of the lamp is thus
seen above the just mentioned
green rectangle, and is used for
pointing the transmitter at the
opposite station. To attenuate
theimage of the filament, two red
filters'® of different transmission
can be selected at will, one for day

Fig.3. Response curve of the
modulator.

Fig.4. Circuit diagram of the
amplifiers.
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Fig.2. Diagram showing
method of modulating the
light beam.
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Fig.5. Ray paths in the
transmitter of the 250/130
mm light telephone.

At the left the detachable
cover for the photo-
conductive cell. At the right
the selector for the optical
filters in the transmitter
beam. Unsichtbar means
infra-red filter; Gestreut is a
possibility not mentioned in
the text, which spreads the
light over a wider angle to
ease sighting; Frei produces
white light without a filter;
the fourth position Rot
cannot be seen in the picture:
it selects red light.

and the other for night operation.

Since the sighting telescope
and transmitter have been set in
the factory with their axes para-
llel, it follows that the transmitter
beam will fall on the distant
object whose image is covered by
the lamp filament image. Pro-
vided that a view of the distant
station can be had, it is an easy
matter with this device to set up
the equipment.

Receiver

The modulated light signal from
the distant station enters the
istrument via the 80 mm lens 10
and it is focused on the photo cell
11. Only a very small area, about
1 mm, of this thallium sulphide
cell is exposed to the light. This is

done because the image of the
distant transmitter formed on it
by the lens 10 is also very small,
and increasing the cell area
beyond what is needed to receive
the whole image results in loss of
sensitivity. This follows since the
fractional change in cell resist-
ance on illumination is dimin-
ished by the effect of the unillumi-
nated parts of the cell®. The
“Thalofide” type cell is inferior to
a caesium cell, which has a better
high-frequency response; how-
ever, its sensitivity to red and
infra-red light is better than that
of caesium cell. The cell can
easily be changed by removing
the cover shown in the photo-
graph at the left.

Electronics of Lichtsprecher 80.

The circuit diagram of Fig.4.,
given by Gifford Hull, is better
than the one in the German
manual. The three amplifiers are
housed in a separate box, shown
in the photograph. Valves are of
the standard type used by the
German army during WW II —
high-gain, directly heated pen-
todes, type RV2P800, mounted
upside down in a tubular holder,
being supported at both ends.
The photo-cell amplifier is con-
ventional; the cell receives a
positive voltage by means of a
high-resistance  potentiometer
from the h.t. line. The anode cir-
cuit has a resistance/capacity
network that attenuates at about
4000 Hz, the purpose being pres-
umably to minimize photo-cell
hiss. This amplifier uses two
valves in cascade, resistance-
capacity coupled, and the last
valve is triode connected to
secure a low impedance for the
phones. The output is also taken
to the telephone bridge input cir-
cuit, the operation of which will
be discussed later.

The sending amplifier normally
uses but one valve, triode con-
nected, fed by the microphone,
and the anode is parallel fed by an
1.f. choke, the anode load being
the armature coils of the modula-
tor. The send-receive switch nor-
mally switches on the appropriate
amplifier; duplex operating is
therefore not possible. But for
the purpose of working into a
telephone line, the switch is
turned to “Telephone” and this
places the bridge circuit in the
sender amplifier input — and the
receiver amplifier output. The
bridge is balanced, to prevent
singing of the circuit.

Provision is also made for key-

ing the lamp filament by means of
a push button at the end of a cord,
connected to the terminals Blink-
taster in the photograph. This
provides facility for Morse trans-
mission, but reception has to be
visual. Under these conditions,
greater distances are possible.
The valve filaments are supplied
from a separate rechargeable bat-
tery, sufficient for 20 operating
hours: the —1.5V, +50V and
+60V come from an anode bat-
tery, good for 100 hours opera-
tion.

Mechanical construction

With a device of this sort,
mechanical rigidity is of prime
importance. The tripod is
strongly constructed and whilst
the head is fixed to it by a single
universal fixture, it is very rigid.
The head itself is made of alumi-
nium and optical technique has
been employed by Carl Zeiss
throughout the apparatus. The
lamp-house, whilst being detach-
able, is firmly held in position and
the modulator is mounted on a
slotted platform, so that initially
it may be located correctly with
respect to the lamp and the trans-
mitting lens. The modulator
prism is housed in a heavy
machined brass holder, located
within the permanent magnet of
the armature system. The photo-
cell clips into its holder very sim-
ply, but perfect positioning is
ensured by the holder, since it is
necessary that the incoming light
is focused dead on the centre of
the cell by the 80 mm receiving
lens. The whole apparatus has a
mass of 54 pounds.

Restoration of Lichtsprecher 80

Several specimens of Licht-
sprechgerit80, or simply Licht-
sprecher 80, as the apparatus
was also called, found their way
to collectors of wartime commu-
nication equipment and were lov-
ingly restored to original shape,
some by Arthur Bauer of
Diemen (near Amsterdam) and
Cas Caspers of Veldhoven (near
Eindhoven). After some prelimi-
nary experiments, the equipment
was given a field test on a cold
winter day in December 1983.
Cas Caspers had selected a path
of two kilometers between two
little-used bridges over the Bea-
trix Canal near Eindhoven.
Although alignment is critical due
to the narrow beam width, com-
munication was quickly esta-
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blished. Mr Caspers’ son Remco
operated a third unit. From the
behaviour of the link it became
clear that spanning a larger dis-
tance should pose no problems.

To find such a longer, unob-
structed path is a different mat-
ter. The author was lucky to be
invited for the experiment. He
noticed that the audio was rather
limited in frequency range and
both linear and non-linear distor-
tion were evident. Nevertheless,
speech was easily readable. The
non-linear distortion was also
manifest from the fact that the
light from the distant transmitter
was fluctuating wvisibly under
modulation. If the modulation
were linear (symmetrical) this
should not be possible.

Mr Caspers was standing with
his unit on an old Bailey bridge,
one of the few “temporary” left-
overs from WW 1. Occasionally a
motorcar passed the bridge and
shook it so heavily that the Licht-
sprecher had to be set up anew.

During the summer of 1983
Caspers had already tried his
instruments over a shorter dis-
tance. From time to time he
noticed a strange musical note in
his headphones, which he finally
traced to insects in the light
beam, their wings obviously
causing intensity variations in the
light striking the receiver. It
needs no comment that the
author found it a fascinating
experience to see and hear these
almost fifty-year-old devices in
action again.

Lichtsprecher 250/130

As mentioned in the introduction
the Germans developed during
WW II an improved version of
Lichtsprechgerat 80, which was
designated Lichtsprecher 250/
130. It has a receiver of 130 mm
diameter and a transmitter aper-
ture of 250 mm. The light modu-
lator was of entirely different con-
struction from that described
above for Lichtsprecher 80. The
principle follows from Fig.5%.
The light from the lamp traverses
a grid and after reflection from a
speech-controlled mirror falls on
a second grid, an image of the
first grid being formed on the sec-
ond one. It will be seen that the
amount of radiation passing the
second grid depends on the posi-
tion of the mirror, so that, by con-
trolling the mirror movement by
the microphone current, the radi-
ation beam is modulated®. A
novel feature of Lichtsprecher
250/130 was a sunlight attach-

ment for utilizing the rays of the
sunas a light sourceinstead of the
electric lamp. Unfortunately no
particulars on this intriguing fea-
ture were given in the literature
available to the author. The
photo-cell was of the lead sul-
phide type instead of thallium sul-
phide, providing a better fre-
quency response. This improved
photo-condictive cell was also
used in some of the later Licht-
sprecher 80 models. The opera-
tional features of the 250/130
mm model were about the same
as those of the 80 mm equipment,
but the range was greater, as to
be expected from the larger
optics. Tests indicated that the
equipment was capable of trans-
mission up to 20 miles, subject to
weather conditions. But adjust-
ment becomes more critical as
the distance is increased and,
because the sighting controls do
not have vernier settings, the
equipment may not have been
used over the maximum dis-
tances for which it is theoretically
capable?.
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TAYLOR

BROADBAND CABLE T.V.
REPEATER AMPLIFIERS

Application other than Cable T.V. includes C.C.T.V. (up to 26 Channels 8MHz

wide on V.H.F. Repeaters, and up to 65 Channels 8MHz wide on U.H.F./
V.H.F. Repeaters). Suitable for outdoor mounting.
FREQUENCY GAIN 0B MAXIMUM OUTPUT FREQ RESPONSE INTERNAL POWER
RANGE  MHz ADJUSTABLE dBmv FLATNESS SLOPE ADJUSTMENT REQUIREMENT
[TSC3060 40-300 1030 608 (1000mv} +or - 5d8 58 2742V 10VA -
[TSC3060SM 40-300 1030 6008 (1000w} + or- 548 548 2545V VA~
[TSCI660 40-300 10-30VHF 60dB {1000mv} - or— 548 5dB VHF 2742V 1BVA-~
470-860 16-36UHF — UMF
[TSCIBEOSM 40-300 10-30VHF B0dB {1000rmv) + or - S48 S48 VHF 7545V 1IVA-
470-860 16-IBUHF — UMF
[FSC3665 40-300 10-30VHF 608 {1000my) VHF +or- S4B Sd8 VHF 2447V 24VA-~
470-860 16-IBUHF 6508 {1800rmv) UHF — UWF
[TSCIBEESM 40-300 10-30VHE 0B {1000mv) YHF + or- 5d8 5dB VHF 7545V 1BVA -~
470-860 16-I6UHF 6508 (1800mv) UHF — UHF
Varigtions of the above are svastabie on request, i @ 240V mains powered. 54-84V ine powered; trunk
drsubution amplifier with one trunk hne snd one distnbution line out
INTERNAL PLUG IN EQUALISERS tOPTIONAL)
FREQUENCY ATTENUATION ATTENUATION FREQUENCY ATTENUATION ATTENUATION
{TyPe RANGE MMz AOMH; J00MHz TYPE RANGE MH2z 470 MH; BE0MH2
EZVe 40-300 618 168 EZUS 470-860 6d8 148
EZVe 40-300 9d8 148 [F40:3 470-860 9d8 108
Yo, bV EZ2VI2 40-300 1208 108 EZUv2 470-860 12d8 108
L S N
1 T
e | COAXIAL CABLE CONNECTORS
L 4 Af SCP14 Screw-on coaxial plug for 14mm Outside Diameter cable.
3 8 | scPio Screw-on coaxial plug for 10mm Outside Diameter cable
c | scp +Screwon coaxial plug for § - 9mm Outs.de Diameter cable
k;a |' D ‘I‘ SAC Screw-on right angled connector
TAYLOR BROS (OLDHAM) LTD BT e
I- £ T SMC | Screw-onmale line connector
_ _ |
BISLEY STREET WORKS, LEE STREET, v | ek rsorns
OLDHAM, ENGLAND. o

TELEPHONE: 061 652 3221 TELEX: 669911

CIRCLE 64 FOR FURTHER DETAILS.

You can depend on

to supply the fine
range of test &
measurement

® counters !
® muitimeters

FREE 44 PAGE

L LUSTRATED

CATALOGUE ON R
REQUEST ® signal

® Over 6000 items stocked generators etc.

ELECTROVALUE LTD 28 St. Jude's Road, Englefield Green, Egham,
Surrey TW20 OHB Phone Egham (0784) 33603. Telex 264475
North Branch, 680 Burnage Lane, Manchester M19 1NA
Telephone 061 432 4945
Please mention this publication when replying

BRITAINS FOREMOST QUALITY COMPONENT SUPPLIERS
CIRCLE 98 FOR FURTHER DETAILS.

RACKMOUNT CASES

19"Self Assembly Rack Mounting Case with lift off Covers. Front Panel 10 gauge,
Brushed Anodised Aluminium, Case 18 gauge, Plated Steel with Removeable Rear
& Side Panels. In 1U & 2U Types, a Subplate Chassis is Mounted to Bottom Cover
In3U Type the Subplate is located on two Rails Mounted Between The Side Plates

1U (1%,) height, 230m depth............. £27.00
2U (3,) height, 308m depth............. £32.00
3U(5Y) height, 230m depth............. £39.00

Width Behind Front Panel 437m (All Types).
All Prices include Postage & V.A.T. Cheques, Postal Orders Payable to:-

J.D. R. Sheetmetal, 131 Grenfeli Road, Maidenhead,
Berks. SL6 1EX. Maidenhead 29450.

CIRCLE 62 FOR FURTHER DETAILS.

ELECTRON GUNS OF THE
HIGHEST QUALITY

Available in many types and variations for domestic
T.V., camera tubes, industrial, military, scientific
research applications, and electron microscopes.
Unmatched for quality, we have 26 years experience in
the T.V. tube industry. You can have the benefit of this by
contacting:

ELECTRON EMISSION PRODUCTS LTD.,

Strangford Road, Seaham.
County Durham SR7 8QE.
Telephone: 0783 819312 Telex: 537681/2/3 ALWRLD G

CIRCLE 33 FOR FURTHER DETAILS.
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CAD-3 is a low cost easy tg Gperate system spacifizally d=signed for
cr=ating accurate two/dimens ondl mulitaye-ed P.Z.E’s Lsing high-
; / '/ resolutizn coljur graphics
Artuvcrk is prepared interactively onihe scre=n'using pre-defined
function keys arig/ tyackersa I, providing single-kzy €ommarnds
togegher with fast cirsor p@s tiofing: Output can be: deivered
through z plotter, modemar cdlour printer: To facil taze the ShELkrg
of ar-work, a point-m—poinlr wiring/list can be'sert g & ssndard
' X prirter
The CAD-8 systsm'j;,,rnicro-procasor based withwconsiderable
scope for'enlargement, upgrading and ngtvaor<ing, /,
CAD-8 _provides a/direct regacement for the tradizionzl
drewing-board and eliminates manual taping - has been
deve'oged to provide the benef ts of computer assisranze ;
without having to learn ainew way 01 working. W
Althcugh CAD-8 is specifically orentated towands P.C.B. I | j ¥
desigr, the package has consideradle potential far use in ¥
the creet'or of circuit diagrams where a fast line-draangj = MULTROARD COMPUTERS
aid with easy editing and alteration facilities to scele ére @UC}ﬂtum “
requirzd.

For furtheer CAD-8 information contact Quantum at t~e Ccmputef Syst@rﬂs

address belcw.

Quantum Computer Systems Ltd., 18 Woodsie Road, Amerst am, Euc<:., England HP5 OBH. Tel: {02403} 28321. Telex:837/88.

CIRCLE 4 FOR FURTHER DETAILS.
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COMPACT

tiSE

DIGITAL AUDIO
by J.R. Watkinson

Fig.1. Block diagram of C.D.
player showing the Data
Path (thick line) and control/
Servo systems. See text for
details.

Compact disc players

Part 1: details of compact disc player circuitry

One of the design constraints of
the compact disc and its format
was that it should allow the con-
struction of players to be straight-
forward, since they were to be
mass produced.

The essential components of a
typical CD player are shown in
Fig.1. The most natural division
here is into the control and servo
system and the data path. The
control system provides the
interface between the user and
the servo mechanisms and per-
forms the logical interlocking
required for safety and the cor-
rect sequence of operation. The
servo systems include any power
operated loading drawer and
chucking mechanism, the spindle
drive servo, and the focus and
tracking servos which have been
described in earlier parts.

Power loading is usually imple-
mented on players where the disc
is placed in a drawer. Once the
drawer has been pulled into the
machine, the disc is lowered
onto the drive spindle, and
clamped at the centre; a process
known as chucking. In the sim-
pler top-loading machines, the
disc is placed on the spindle by
hand, and the clamp is attached
to the lid so that it is operated

when the latter is closed.

The lid or drawer mechanisms
have a safety switch which pre-
vents the laser operating if the
machine is open. This ensures
that there can be no conceivable
hazard to the consumer. Actu-
ally, there is very little hazardina
CD pickup; the laser beam is
focused a few millimetres away
from the objective lens and
beyond the focal point the beam
diverges and intensity falls with
an inverse-square law. It would
be almost impossible to place
ones eye near the focal point
when the pickupis in a player, but
this should not be taken as licence
for such an attempt.

The data path consists of the
data separator, timebase correc-
tion and the de-interleaving and
error correction process, fol-
lowed by the error concealment
mechanism. This results in a
sample stream which is fed to the
convertor. The data separator is
responsible for converting the
e.f.m. channel code into a separ-
ate data stream and a clock. The
interference read-out process
produces modulation of the ref-
lected light, and the photosensor
output will contain the modula-
tion due to the disc superimposed

Controls
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on the average level of reflected
light. The first stage of the pro-
cess is to remove the average
level to leave the modulation sig-
nalonly. The caretaken to ensure
a d.c.-free channel code means
that this can be done with a sim-
ple coupling capacitor. The
resultant waveform conveys
information purely in the times at
which the average level or centre
line of the waveform is crossed.

The signal is converted to a
binary form by slicing, which is
essentially comparing the signal
with a reference. Again, as the
code is d.c.-free, integrating the
binary output of the slicer will
produce a slice level which is self
adjusting. This mechanism is
shown in Fig.2.

The binary signal is then fed to
a p.l.o., which phase compares
its own output with every incom-
ing transition. The maximum run
length of 11T ensures that the
phase comparison can be made
often enough to minimize phase
errors between the p.1.0. and the
signal. The p.l.o. runs typically
at 2T rate, and can be used to
determine the number of T cycles
between transitions. This infor-
mation identifies the channel
code patterns which can be
decoded to the original data. It is
necessary to synchronize the
data separator at the beginning of
each block so that it is possible to
discriminate  the boundaries
between 17T symbols.

Synchronization is achieved by
the use of two sequential 11T run
lengths, a pattern which is not in
the data code book and can be
uniquely identified. The 17T
symbols are stripped of the 3T
packing bits, which have served
their purpose of d.c. control and
prevention of code violations,
and the 14T symbols are con-
verted to eight-bit data in a look-
up table, which can be aromora
p.l.a. The code was computer
optimized to minimize the com-
plexity of a p.l.a. decoder. L.s.i.
chips have been developed to per-
form the data separation func-
tion; for example the Philips
SAA7010, or the Sony CX7933.
The separated data output from
both of these consists of subcode
information, audio samples and
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Fig.3. De-interleave is achieved by the use of a ring memory
which is addressed linearlty on one side and by a sequencer at
the other side. Timebase correction may also be performed by

Binary signal has
timing errors and
positive d.c content

Fig.2. Self-slicing a d.c.-free channel code. Since the channel
code signal from the disc is bank limited, it has finite rise
times and slicing at the wrong level as shown here results in
timing errors, which cause the data separator to be less
reliable. As the channel code is d.c. free, the binary signal
when correctly sliced should integrate to zero. An incorrect
slice level gives the binary output d.c. content and, as shown
here, this can be fed back to modify the slice level

automatically.

redundancy. The data stream will
contain speed variations due to
disc runout and chucking toler-
ances, and these have to be
removed by a timebase corrector.
The timebase corrector is a
memory addressed by counters
which are arranged to overflow,
giving aring structure asin Fig.3.
Writing into the memory is done
using clocks from the data separ-
ator, whose frequency rises and
falls with runout. Reading from
the memory is performed with a
crystal controlled clock, which
effectively removes any speed
variations in the sample stream,
making wow and flutter unmea-
surable. The timebase corrector
will only operate correctly if the
read and write addresses are
maintained on average 180° apart
in the ring memory. This implies
that the long term data rate off the
disc must equal the crystal clock
rate. Disc speed must be con-
trolled to ensure that this is so.
There are two contrasting
ways in which this can be done.
The data separator clock counts
samples off the disc. By phase
comparing this clock with a crys-
tal reference, the phase error can
be used to drive the spindle
motor. This system is used in
Sony’s CDP-101, where the
principle is implemented using

the motors. The data separator
signal replaces the signal which
originally would have come from
the turntable toothed wheel fre-
quency generator.

The alternative approach is to
analyse the address relationship
of the timebase corrector. If the
disc is turning too fast the write
address will move towards the
read address, if the disc runs too
siow the write address moves
away from the read address. Sub-
traction produces an error signal
which can be fed to the motor.
Thet.b.c. ram in Philips players,
which also serves as the de-inter-
leave memory, is a 2K byte
SSB2016, and this is controlled
by the SAA7020, which outputs
the motor control signal.

In these systems, the actual
speed of the motor is unimport-
ant. The important factor is that
the data rate is correct, and the
system will drive the disc at what-
ever speed is necessary to
achieve that end. As the disc cut-
ter produces constant density
along the track by reducing the
disc speed as the track radius
increases, the player will auto-
matically duplicate that speed
reduction. The actual linear
velocity of the track will be
between 1.2 and 1.4m/s
although this will be constant for
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the same unit.

177 error can be anywhere.

Only one symbol damaged
per code word

T

17T symbol | - 17T syl

CTTemor ]
\ In the worst case, an 18T error can

damage two symbols {shaded)
in the same code word

a given disc.

These speed control systems
only operate when the data separ-
ator has phase locked, and this
cannot take place until the disc
speed is almost correct. A separ-
ate mechanism is necessary to
bring the disc to roughly the right
speed. One way of doing this is to
make use of the run length limits
of the channel code. Since transi-
tions closer then 3T and further
apart than 11T are not present, it
is possible to estimate the disc
speed by analysing run iength.
The period between transitions
will thus be from 694 to 2.55 ps.
During disc runup the periods
between transitions are mea-
sured. If the longest period found
exceeds 2.55 ps, the disc must be
turning too slowly. If the shortest
period found is less than 694 us,
the disc must be turning too fast.
A correction signal can be pro-
duced to drive the disc motor.
Once the data separator achieves
p.l.o. lock, the coarse speed con-
trol becomes redundant.

The method relies on the regu-
lar occurrence of maximum and
minimum run lengths in the read-
back signal whatever the
recorded data may be. This is one
reason for the inversion of the C1
and C2 redundancy data (see CD
format article), because it injects

Fig.4. The odd-even symbol
interleave ensures that a 17T
error causes no more than
one symbol in error in each
of two code words, wherever
the error is. The worst case
for an 18T error is that two
symbols are damaged in one
code word. Thus errors in
excess of 17T must be
regarded as burst errors.
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Fig.5. Shows the l.s.i. chip
arrangement of Sony’s first
generation CD player,
contrasted with the Philips
equivalent.
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some ones into the data when the
programme material is zeros due
to muting. This will be the situa-
tion during the lead-in at the start
of the disc — the very place
where lock has to be achieved.
Owing to the use of constant lin-
ear velocity, the track speed will
be incorrect if the pickup is sud-
denly made to jump to a different
radius using the manual search
controls. This may force the data
separator out of lock, and the
player will mute briefly until cor-
rect track speed has been res-
tored allowing the p.l.o. to lock
again. This can be demonstrated
with most consumer players.
Following data separation and
timebase correction the error
correction and de-interleave pro-
cesses take place. Because of the
cross-interleave system, there
are two opportunities for correc-
tion, firstly using the C1 redun-
dancy prior to de-interleaving,
and secondly using the C2 redun-
dancy after de-interleaving.
Interleaving is designed to dis-
tribute the effects of a large burst
error among many different code
words so that errors in each are
reduced. However, the process

can be impaired if a small random
error due perhaps to an imperfec-
tion in manufacture occurs close
to a burst error caused by surface
contamination.

The function of the C1 redun-
dancy is to correct single symbol
errors, so that the power of de-
interleaving to handle bursts is
restored, and to generate error
flags for the C2 system when a
gross error is encountered.

The e.f.m. coding system,
using discrete symbols, guaran-
tees that a small random error
never corrupts more than two
symbols. The final odd-even
interleave of the CD format guar-
antees that a two-symbol random
error will always appear as single
symbol errors in two different C1
code words after the odd-even
de-interleave, shown in Fig.4.
Random errors are thus always
correctable, and the C2 correc-
tion system always has maximum
burst correcting ability. From
this it follows that the maximum
length of a random error is
defined as 17T (3.9 us or about 5
us of data track). Errors of grea-
ter size are, by definition, burst
errors.

The de-interleave process is
achieved by writing sequentially
into aram and reading out using a
sequencer. The ram can perform
the t.b.c. function at the same
time. The size of the ram follows
from the format.

The maximum delay is 108
blocks of 28 bytes, the minimum
delay is negligible, thus the aver-
age delay is 54 blocks. Since a
block contains 28 bytes, it follows
that a memory capacity of 54 X
28 = 1512 bytes is necessary.

When a little extra is allowed
for timebase error, odd-even de-
interleaves and error flags trans-
mitted from C1 to C2, the conve-
nient capacity of 2048 bytes is
reached.

The C2 decoder is designed to
locate and correct a single-sym-
bol error, or to correct two sym-
bols whose locations are known.
The former case occurs very
infrequently, because it implies
that the C1 decoder has miscor-
rected. However, the C1 decoder
works before de-interleave, and
there is no control over the burst
error size it sees.

There is a small but finite prob-
ability that random data in a large
burst can produce a syndrome
which convinces C1 that a single
symbol error has occurred. This
causes a miscorrection, and no
error flag will enter the de-inter-
leaving memory. Following de-
interleave, the error is reduced to
symbol size and C2 can correct
miscorrections. The overall mis-
correction probability of the
cross-interleave system is thus
quite minute. Where Cl has
identified bursts, error flags will
be read out of the de-interleave
memory, and will be used as
pointers to the C2 decoder which
will correct up to two symbols.
Should more flags than two arrive
in one C2 codeword, the entire
codeword is flagged bad by C2,
and interpolation is necessary.
The final odd-even de-interleave
(shown in Fig.7(b) of the ..
issue) sufficiently to allow error
concealment.

If the rate of bad C2 codewords
is excessive, the correction sys-
tem is overwhelmed, and the out-
put must be muted. Unfortu-
nately digital audio cannot be
muted by simply switching the
sample stream to zero: this intro-
duces a click. It is necessary to
fade down by multiplying sam-
ples by descending coefficients,
usually in the form of half a cycle
of a cosine wave. This gradual
fadeout requires some advance
notice in order to operate. This is
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achieved by feeding the interpol-
ator output through a further
delay before the muting multi-
plier. The mute signal bypasses

the delay, and allows the mute to
commence in advance of the
uncorrectable data. The output
samples will thus be correct,
interpolated or muted, and can be
fed to the convertor system.

The control system of a CD
player is invariably microproces-
sor based, and as such does not
differ greatly in hardware terms
from any other microprocessor
controlled device. As the subject
of microprocessors is extensively
documented, this description will
restrict itself to the features
unique unto a CD player.

Operator controls will simply
interface to processor. input
ports, and the various servo sys-
tems will be enabled or overnid-
den by output ports. Software
connects the two. The necessary
controls are ‘play’ and ‘eject’,
with the addition of at least
‘pause’ and some buttons which
allow rapid skipping through the
programme material.

Although machines vary in
detail, the flowchart of Fig.7
shows the logic flow of a simple
CD player, from start being
pressed to sound emerging. At
the beginning of the flow, the
emphasis is on bringing into
operation the various servos.
Towards the end, the disc is read
to locate the beginning of the first
section of the programme. This
relies upon the subcode data,
which is sufficiently complex to
warrant a subsequent complete
article. For now, it is sufficient to
state that subcode data can be
used by the control system to dis-

cover what is on the disc and
where, in order to locate sections
of programme. The most basic
implementation is to use the so-
called P flag (Pause), which is an
easily detected subcode bit which
becomes true between pro-
gramme sections. The player can
jump tracks forward from the
lead-in tracks, until the P flag is
first seen. Programme material is
thus about to start.

When track following, the
tracking error feedback loop is
closed, but for track crossing, in
order to locate a piece of music
the loop is opened, and a micro-
processor signal forces the laser
head to move. The tracking error
becomes an approximate sinu-
soid as tracks are crossed. The
cycles of thetracking error can be
counted as feedback to determ-
ine when the correct number of
tracks have been crossed. The
mirror signal when the readout
spot is half a track away from the
target can be used to brake
pickup motion and re-enable the
track following feedback.

The control system of a CD
player for professional/broadcast
use will be more complex because
of the requirement for accurate
cueing. Professional machines
will make extensive use of sub-
code forrapid access, and in addi-
tion are fitted with a hand oper-
ated rotor which simulates tum-
ing a vinyl disc by hand. In this
mode the CD plays the same
length of track constantly by per-
forming an inward single track
jump one per revolution. Turning
the rotor moves the jump point to
allow a cue point to be located.
The machine will commence play
at the cue point when a start but-
ton is pressed, or using a micro-
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switch on the audio fader. An
interlock is usually fitted to pre-
vent the rather staccato cueing
sound being broadcast. Even
compact discs have to be pro-
tected from fluff.

Another variation of the CD
player is the so-called Karaoke
system, which is essentially a CD
Juke Box (see picture). Theliteral
translation of Karaoke is “empty
orchestra” which means that
recordings of well known songs
are made without the singer, and
one can sing along oneself. This is
a popular pastime in Japan and
Karaoke CD Players are starting
to appear in clubs and bars.

The second part of this article
examines the converters used in
CD players, and explains the con-
troversial subjects of oversampl-
ing and channel phasing.

Below: Sony CD Karaoke.
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Fig.7. Simple flowchart for
control system focusses,
starts disc, and reads
subcode to locate first item of
programme material.

Fig.6. Illustrates the latest
mega-chip CX-23035 which
is intended for car dashboard
and Walkman-type CD
players. This replaces the
separate l.s.i.cs as shown.
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CPU/RAMFLOPPY/ card —

6 ”
zecgpnu, grfM?z;OQB KByte TELESCOPIC MASTS

Pneumatically operalad telescopic masts.
25 Standard models, ranging from S metres
to 30 metres.

RAM; 8KByte EPROM; memory
management; sophisticated flopp
interface for up to 4 drives (SS/DS;
SD/DD; 3.5”, 5.25”, 8” mixed);
buffered system bus (ECB standard);
expanded addressing (A16-A19); real
time clock; two V24/RS232 interface

GRAPHICS I/0 PROCESSOR —

“GRIP 2”

Graphics resolution 768 X 280 pixels;
text format 80 X 25 or 96X33; 8
character sets; 6 attributes; subscript/
superscript, Z80A slave CPU;
powerful command set; own 30 KByte
| printer spooler; sound generator,

| connections for system bus (ECB

| standard), V24/RS232, serial or
parallel keyboard, graphics printer,
light pen

SINGLE BOARD
ALL PURPOSE COMPUTER —

“EPAC 80”

280 CPU, 2.5—6.0 MHz; 2
bidirectional ports with handshake
(Z80 PIO); 16 latches, optionally with
high current outputs (250 mA); 8
status inputs; watchdog timer; wire
wrap field for additional hardware; two
“bytewide” RAM/EPROM sockets (2-
16 KByte); system bus connector
(ECB standard)

CMOS SINGLE BOARD
ALL PURPOSE COMPUTER —

“CEPAC 80”

NSC800 CPU (Z80 — compatible), 1-
4 MHz; 46 1/0-lines, 16 of them
optionally with high current latches
(250 mA); 5 interrupt inputs; two 16-
Bit timer; 14-Bit watchdog timer; 128
Byte RAM; two “bytewide” RAM/
EPROM sockets (2-16 KByte); system
bus connector (ECB standard)

PRICES
GRIP 2finishedcard................ccccoceeiiiee £282.00
GRIP 2 card, EPROM, handbook................. £77.00
PROF 80 finished card....................... from £313.60
PROF 80 card, EPROM, handbook ............ £56.00
EPAC 80 finishedcard......................... from £40.60
EPAC 80 card, handbook............................. £12.50
CEPAC 80 finishedcard...................... from £78.00
CEPAC 80 card, handbook.........c..cc.....c...... £15.50

we are still looking for whole sellers, who would be
interested in representing our firm and products in
their home country. If you are interested, please
contact us under the following address:

.;:ZSGC)NI e Hilomast Lid

THE STREET HEYBRIDGE — MALDON

J. H. Christian Lotter KG - Datensysteme ESSEX CM3 7NB ENGLAND
Christian Lotter KG, Box 110622 Tel. MALDON (0621] 56480
6100 Darmstadt 11, W. Germany TSl
Tel. (06151) 26013
CIRCLE 15 FOR FURTHER DETAILS. CIRCLE 12 FO& FURTHER DETAILS.
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Call cost calculator

Building and using this Z80-based design,
which can save its cost in a matter of months.

At switch-on, an introductory
message moves through the dis-
play. The user touches Reset and
the display changes to indicate a
direct-dialled local call — the
commonest call type and the sett-
ing to which the system reverts
whenever Reset is pressed. The
codes used were explained in
Fig.1. last month.

To select a different call-type,
press any select key: Dist, for
example, alters the distance.

When an operator-controlled
normal charge call is selected,
pressing the Mode key engages
the Special Service selection
mode. The current special ser-
vice is displayed. It changes if
Dist or Rate is pressed. Pressing
either Mode or Start/Stop returns
the display to the current call
type.

Total accumulated cost: if
Reset is held down for two sec-
onds, the display shows the last
distance called and the total cost,

To reset or change the cost, press
Mode: one digit will flash, a dif-
ferent one in rotation with each
press. Pressing Dist or Rate will
increment or decrement that
digit.

Costing a call

Once the required call type is
selected, the unit is ready to cost
the call.
When the call is answered, press
the Start/Stop key. The display
now shows the elapsed time (on
the left) and the cost (on the
right) of the call. Press Start/Stop
again when the call has finished.

If a further call is to be made,
press Reset, reselect the call type
if necessary and repeat the sequ-
ence.

To display the information

ELECTRONICS & WIRELESS WORLD AUGUST 1985

used in costing the call, press
Dist to obtain the number of sec-
onds per unit, Rate for the cost

per unit and Mode for the Special
Service cost. The time and cost
display returns automatically
after two seconds.

When the current charge unit is
nearing its end a warning is given
in the display and the buzzer
sounds. If the unit time is greater
than 40 seconds, the lowest bar
of the fifth digit lights up when 20

'.' ‘-. - _:' i~ ‘.' ':

terd of

rv! -

.-. '..’ . ':

seconds remain. With ten sec-
onds left, the centre bar lights
instead. At 5 seconds the top bar

lights. When it disappears the
costdisplay increases to mark the
start of the new charge unit.

If the unit time is less than 40s,

the three bars appear at half,
three-quarters and seven eighths
of the way into each unit.

The call cost is added to the
total only if the timer has been
started and stopped and the reset
button pressed. Any other opera-
tion, such as pressing Reset dur-
ing a call, will not add to the total.

Construction

Theilluminated mains switch and
the fuse-holder should be fitted
first. The mains lead should pass
into the box through a grommet
and the mains wiring to the main
board should include 100mm of
slack to allow easy dismantling.

Next construct the power sup-
ply and test it to ensure that it
produces 5V.

When fitting the remaining
components, take care to insert
i.cs the correct way round. Sock-
ets should be provided for the
ram and eprom and may also be
used for the display devices to
raise them to the level of the front
panel cut-out.

Before inserting the c.p.u.,
ram and eprom, power up and
make sure that the address and
data lines are isolated from each
other and that the supply has not

by S.A. Cameron

A variety of factors can affect
the cost of a telephone call
and this design takes
account of all of them.
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CALL COST CALCULATOR
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Fig.1. Display board. Details
of the processor board were
given in last month’s article.

Fig.2. Front panel cut-outs.

been shorted. The oscillator can
be tested with a d.c. voltmeter,
which should display a reading
somewhere between 1V and 4V.

Connect the ribbon cable to the
component side of the main board

All dimensions are mm
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and the track side of the display
board. Two pins may be inserted
for the reprogramming handbag
link. An additional switch could
be mounted on the box to make
reprogramming easier.

The instrument is now ready
for testing. At switch-on, a
scrolling message should appear
in the display. To obtain a read-
able scroll speed, adjust R.
Press Reset and the display
should show the initial call type,
the piezo buzzer sounding with
the flashing dots.

Now press Start/Stop. The
timer will start, but it is unlikely
to be accurate. Compare the dis-
play with a watch and adjust R,
until the two agree. The scrolling
rate should still be acceptable. If
you have access to test equip-
ment, adjust for a 1kHz signal at
the INT pin of the Z80. The bat-
tery may now be inserted and
checked to ensure that the back-
up supply is present when mains
power is off.

When installing the p.c.b. you
can use self-adhesive strips to
hold down the main board and to
secure the piezo buzzer to the rib-

bon cable side of the box. It is
important to fit an insulating
cover to the fuse-holder and to
protect other exposed mains con-
nections with heat-shrink or
insulating tape.

The display board will be sup-
ported by the p.c.b.-mounting
strips: bend the box to slip it in.
Lastly, screw the top panel on.

Key-pad expénsion

The simple keyboard of the
standard instrument can be
extended with no change in the
existing software.

The software always samples
the input port as though it were
being scanned by eight output
lines, but in our basic system it
interprets it as just the numbers 1
to 5. If scanning is implemented it
will automatically interpret the
extra keys.

The location Scmask is used so
that any of the output ports Q, to
Q; can be used for other purposes
without being toggled. For exam-
ple, if Q,_, and Q, are being used
then Scmask—00010111 binary.
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Location Prthold holds the out-
put port bits high or low. So for
the above example, to hold the
unused bits low Prthold must be
zero. To hold them high, Prthold
must be E8 .

There is'a maximum of five
input lines for the key-pad but
eight output scan lines can be
used, giving 40 keys allocated
numbers from 1 to 40. The pres-
ent software will accept any of
these key numbers but will act
only on the first five.

The user may provide addi-
tional routines in ram to interpret
the extra key-numbers held in the
Kynum byte 27ED,,. The keypad
can still be used with this expan-
sion, which allows a full alpha-
numeric keyboard to be attached.
Auto-repeat works for all 40
keys.

Component sources

A kit of parts including the box
but excluding p.c.bs and eprom is
obtainable at the special price of

£38.25 (add £1 for inland post-
age; v.a.t. is payable on the total)
from T. Powell (Electronic Com-
ponents), 16 Paddington Green,
London W2 1LG.

Software in eprom can be sup-
plied by the author at £8.50
including postage. The listing is
available separately. The address
to write tois 7 Donnington Court,
Worthy Road, Winchester,
Hampshire SO23 7BJ.

A set of two printed circuit
boards, silk-screened  and
double-sided with  plated-
through holes is available from
Combe Martin Electronics, King
Street, Combe Martin, Devon
EX34 0AD. The price is £23
inclusive for customers inland or
abroad.

To be concluded with a description
of the reprogramming procedure
and the data storage format.

Fig.3. Key-pad expansion. A
keyboard of up to 40 keys
can be used if required.

BOOKS

Keyboard

expansion

5x 10k

Projects for the Car and Garage
by Graham Bishop. Revised edi-
tion, Macmillan Educational, 115
pages, soft covers, £4.95. Over
30 attractive construction pro-
jects for the car owner, including
electronic ignition systems, anti-
theft devices, lighting, instru-
ments, audio and test gear. All
are described in enough practical
detail even for the beginner.

A Practical Introduction to the
New Logic Symbols by Ian
Kampel. Butterworths, 164
pages, hard covers, £11.50. You
saw lan Kampel's articles in
Wireless World (March, April
and May 1985): now read on.

The Primer of High-perform-
ance In-circuit Testing, Euro-
pean edition, published by Fac-
tron-Schlumberger, 96 pages,
soft covers. Available from Fac-
tron Ltd., Ferndown Industnal
Estate, Wimborne, Dorset BH21
7PP. An introduction to auto-
matic testing, how it works and
what it can do, with special refer-
ence to Factron equipment. Writ-
ten simply enough for the com-
plete beginner and liberally illus-
trated with diagrams and car-
toons. There is a useful glossary.

Television by Eugene Trundle.
Questions and Answers series,
Newnes Technical Books, 117

pages, soft covers, £2.95.
Transmission and reception tech-
niques made plain. The last chap-
ter covers some recent develop-
ments, including MAC transmis-
sion, digital processors and
memory features.

Microelectronics Systems 3
Checkbook by Ron Vears. But-
terworths, 269 pages, soft
covers, £5.95. Densely-packed
but well laid out compendium of
microprocessor wisdom covering
the Business and Technician
Education Council’s level 3 sylla-
bus; designed as a support for a
fuller textbook. Concentrates on
the 6502, Z80 and 6800 proces-
sors. Includes some 70 tested
programs, more than 140 worked
problems and 140 further prob-
lems.

Using Wordwise Plus by Paul
Beverley. Norwich Computer
Services, 94 A4-size pages, soft
covers, ring-bound, £6.50. At-
the-keyboard guide to the latest
version of the BBC Micro’s best-
selling word-processor. Deals
efficiently with such teasers as
how to underline a centred head-
ing without having the under-
lining stretch into the left-hand
margin. Later chapters cover
problems with printers, segment
programming and coping with
errors. At the end are details of
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some simple applications, includ-
ing off-beat ideas such as making
Christmas cards and embroidery
patterns. The book can be
obtained by post for £7 inclusive
from T.E.R. Roberts, Lamorna,
The Street, Bunwell, Norfolk
NR16 1NA. A disc (40 or 80-
track) containing most of the
example programs and the larger
data filesis available at £5. By the
same author and at the same
prices, The Wordwise Applica-
tions Guide applies the same
treatment to the original 8K
Wordwise.

Epson Printer User's Hand-
book by staff of Weber Systems
Inc. Century Communications,
303 pages, soft covers, £9.95.
Unless your computer speaks
Microsoft Basic, the manual sup-
plied with the popular Epson FX
and RX printers can be hard
going. This book spells out how
to get at the fancy print modes,
dot  graphics, user-defined
characters and more. A useful
chapter explains the use of
Epsons with some widely-used
software packages, including
dBasell and Wordstar. There is a
short preface for U.K. readers
with a special note on the BBC
Micro.

Macro 11 Programming by
C.C. Zammit. Adam Hilger, 119

pages, soft covers. An introduc-
tion to the DEC Macro 11 assem-
bler for student or professional
use. Covers the use of Macro 11
onthe DEC Professional Personal
computer, the Micro PDP11 and
the previous PDP11 minicompu-
ter series, supplementing the ref-
erence manuals provided by
DEC.

Teach Yourself Assembler
6502 by Paul Overaa. Best of
PCW series, Century Communic-
ations, 220 pages, soft covers,
£7.95. Developed from the
author’s series in Personal Com-
puter World. Later chapters
cover techniques for represent-
ing numbers, data structures,
sorting, searching and solving
problems. A companion volume
by the same author and at the
same price deals with the Z80.

Forth Techniques by Richard
Olney and Michael Benson. Per-
sonal Computer News Language
Library, Pan Books, 253 pages,
soft covers, £6.95. For the
reader who already possesses a
working knowledge of Forth, this
book describes techniques for
controlling hardware, handling
files and processing strings and
numbers. The final chapter
explains how to build a compiler
to produce turtle graphics.
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Now! Tek quality
and expertadvice
arejusta free
phone callaway...

N %% - Ty =

[ B e WA S

QOur National Order Desk line gets
you fast delivery of the industry’s
leading value/ performance
portables...and technical advice
from experts!

The 60MHz 2213A, 2215A |
and the 100MHz 2235 and 2236
offer unprecedented reliability ‘
and affordability, plus the
industry’s first 3 year warranty
on labour and parts, CRT
included.

All 2200 series scopes
have the bandwidth for digital
circuits and sensitivity for low
signal analogue measurement.
The sweep speeds for fast logic
families, and delayed sweep for
fast, accurate timing
measurement. The top of the
range 2236 combines a
counter/timer/DMM with the
scope to provide fast, easy
measurements for voltage,
resistance and temperature.

These UK
@& Manufactured ‘scopes are
obtainable through the

to order or obtain literature,
1 Or to talk to our expert on
% ‘scope applications.

The Company reserves the right to modify designs, specifications and change prices without notice.

# National Order Desk. Call us

THE ANSWER
BY ANY MEASURE

lalk
toPete

Dial 100 and ask for
Freefone Tek-scope

| Tektronix UK Ltd

Fourth Avenue, Globe Park,
Marlow, Bucks SL7 1YD
Tel: (06284) 6000

Telex: 847277 & 847378

CIRCLE 76 FOR FURTHER DETAILS.

Tektronix

COMMITTED TO EXCELLENCE



CIRCUIT IDEAS

( Digit drives I l
~ MULTIPLEXED LED DISPLAY
{2.g. RS 587 024)
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B
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- 10 Up
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1d 100n
T ¢ Input
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Presettable
counter with
alarm

Exploiting features of the GE-
Intersil ICM7217 four-digit
counter provides a presettable
up/down counter with high or
low alarm. Preset and alarm
values are programmed in b.c.d
by connecting diodes between
the digit drives and 4519 quad
two-input multiplexer.
Programmed as shown, the
preset and alarm values are

1a output —.l
2a output I I

controt A
2 b output I |
control B
Display [l m I
control
Load I |
counter
Load l
register

0258 and 0183 respectively.
These values are loaded into
the 7217 following a negative
pulse from IC,,, which occurs
when both inputs of IC,, go
high, i.e. shortly after switch-
on or on releasing the preset
push button, see timing
diagram. For reliability, the

the counter is first preset to the
maximum container level and
then used to count down. Alarm
latch IC,_, is set during the
presetting operation, allowing
the 555 timing capacitor to

material in it.
To convert pulses to level,

display is blanked during
loading to increase levels on the
digit-drive lines.

I designed this circuit for use
as a remote display and high-
level alarm in a depth
measurement system which,
upon interrogation, produces a
number of pulses proportional
to the distance between the top
of a container and the level of

charge. If the measured level is
greater than the alarm value set
then the alarm is not reset by
the EQUAL pulse and the timer
output goes high after a delay.
Reversing alarm latch set and
reset lines provides a low-level
alarm.

D.W. Cooper

Rochester

Kent
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Electronic piano
interface

This circuit allows the sync.
output of a Roland Piano Plus to
control the foot switch of an
analogue delay unit without
using an auxiliary power supply.
Many electronic pianos have a
sync. output so the idea should
find other uses.

Normally the sync. output,
used to indicate pressing of a
key, is low and the delay effect
inhibited. When any key is
pressed, the sync. output goes
high and the interface
effectively opens the foot switch
to allow the delay effect to
operate. The delay effect turns
off when V, is less than about
5V; Tr, is biased to normally
hold this level.

J.C. Gardiner
Bristol

AN

DGM
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Solar-panel
regulator

Most solar electric panels give
about 19V off load. This allows
for a drop of 0.6V across a
blocking dinde when charging a
12V lead-acid Lattery; the diode
stops battery current from
flowing through the panel in
darkness.

This arrangement is fine as
long as the battery never
becomes fully charged — a 12V
battery can quickly overcharge
to 16 or 17V if the charge
voltage is not regulated.

Voltage drop causad by a
regulating transistor, usually
around 1.2V, is too high to
allow most solar panels to work
efficiently. In this circuit, power
from the panel is delivered to
the battery through a relay and
blocking diode. When battery
voltage reaches 13.8V, the
relay contacts open and the
2N3055 transistor trickle
charges the battery to a
maximum of 14V.

These voltages czn be set
shghtly lower, although-most
lead-acid batteries gas freely at
13.6V. This gassing is greatly
reduced at a slightly higher
voltage. The relay contacts
close as soon as battery voltage
falls below 13.8V.

Battery power is not used to
drive the circuit. The fet acts as
a constant current source.
Nicholas Butt
Sudbury
Suffolk

[Charge indicafor]|

»l

Ll | 1]

-

INL002

77

2 K2

1

38 100V
] AN, ! 34 100V
9 =N J2N3055 10k <10k
\ I /
d
IN3819

Bmoa[_\k1 2

'in 4V3 to&V7
(select on test)

3A 100V

|
13k9 [
J

x Measured at battery with no load
set:- Ry to 13-8V

Rz for relay opening point
finally, reset Ry to 14V

Programmer
power supply

This power supply for an eprom
programmer provides all
standard programming voltages
(12.5, 21 and 25V), and is
intended as an add-on to

switchable usingt.t.l. levelsignals.
The output delivers 75mA at
25V for an iriput of 4.5 to 5.0V,
at around 85% efficiency. A
single potentiometer adjusts the
output voltages, whose ratios
are determined by the feedback
resistors. The Shottky rectifier
diode gives significantly better

the output current in leakage to
the substrate.

A similar circuit may be used
for a switchable 5/6 Volt supply
for ‘intelligent’ eprom
programming. Another
application might be as a
charger for up to 20 AA size
NiCd cells in series.

computers where the only supply ~ performance than the on-chip J.R. Hunt
available is 5V. Output is rectifier, which wastes 10% of Doncaster
+5V I -1
o200 PNt 2 ORg L
0V of 4007
11 — 4n7
10p 6V
r—_-— Y tant L .
~ 63 turns
— 3 h— 18 mm pot core
= St | vy | ey A= 250 (1mH)
¥ BYS21-45
Input Oscillator &
control logic
Vref P34
125V
R R !
Partof 12Tk 2 213K - —
4007 P——.’-_-——_ (__”8 7 6 5 .
i J& 5—] <k 1 e
s J _,:\ { i/ 12:5 to 25V
1
6 3 S0k 120k I C 2204
ot & <75 T l o LoV
(S | s 1 F] < 10n 100 35v
) o ==_

tant

Egntrol mpE Output

A | volts
o 25

o
01 n
10 | %5
i 25

Changes for 5/6V output

Ry 3% G 10 16V Tant
Ry Not fitted (3 470p 10V
Ry 3% Ly 63 turns
C mm pot core
| A 2160 (400uH)
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POPULARI.C.’S AT INCREDIBLE PRICES!!!

EPROMS

1. All prices exclude VAT and carriage
2. Carriage charge £1.00 (orders up to £100.00)

WE CHANGE OUR MINDS

—

Power Supply

~\PRICE ~~
BREAKTHROUGH

Encapsulated Linear
5 Voit 1 Amp output

6502 £349 Z280A  £1.99
6502A  £499 Z80B £6.49
6800  £199
SUPPORT DEVICES
6522  £349 Z8OAPIO  £1.99
6oBS4 899 ZBOASIO-O  £6.49 Four other models
ZBOACTC ~ £199 8271 £82.50 also available at the same price
MEMORIES A F Bulgin & Company PL.C.
Power Conversion Division
4116-15 £1.20  6116-LP3 £3.20 Bypass Road, Barking, Essex IG11 0AZ
4164-15 £1.75 §118 £2.50 Telephone: 01-594 5588 Telex: 897255

CIRCLE 7 FOR FURTHER DETAILS.

FIBRE-OPTICS MONITOR

g764-25 £3.20 27128-25 £6.00
2764-30 £3.00 27128-30 £5.50 Test Equipment for
— —— MULTIMODE FIBRES, including
DEX.
TTL 50um GRADED INDEX
SMA and STRATOS
7431 - %048 74Ls123  £0.78 Connector Options. i
74LS00 £0.20 7415163 £0.70 Examples of Applications:
74L§0Z N 1 £0.20 'ZZLS-24¢( £0.70 ATTENUATION MEASUREMENTS
—r e —= VOICE COMMUNICATIONS
741"808, o £0.20 741"8_245_ ﬁ?o CONTINUITY TESTING
741810 £0.20  74LS393  £0.90
4000 SERIES Training Equipment for use in
Industry, Technical Colleges,
4013 - £0.30 4020 i i £0.60 Polytechnics and Universities.

Applications and
Demonstrations include:

FREE (above £100.00) ANALOGUE and DIGITAL
3. Strictly cash with order or credit card Transmission over FREE-SPACE
(Access or VISA)
4. Delivery by return post. and OPTICAL FIBRES,
ATTENUATION MEASUREMENT
RING NOW BEFORE TECHNIQUES,

Showing Properties of VISIBLE
and INFRA-RED RADIATION

Comes Complete with
Accessories and Case Designed and Manufactured in the UK

For Further Details Contact:

HI-TECH

i reronesie e | ELLIVIAX
C O MPONEN" GILARY ROAD, DISS

Etloe Road, Leyton,

NORFOLK IP22 3EU London, E10 78T, England ELECTRONICS

Tel: 01-539 0136
CIRCLE 68 FOR FURTHER DETAILS. CIRCLE 18 FOR FURTHER DETAILS.
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Public-key
cryptosystems

It is now ten years since
Whitfield Diffie and Martin
Hellman of Stanford University,
(and independently Ralph
Merkle) conceived a new family
of secure “public-key”
cryptographic systems which
promised to simplify greatly the
problem of effective key
management for multi-point
communications networks. To
emphasize the advantages of
public key encryption they
published a long and detailed
tutorial paper on the techniques
of cryptography and
cryptanalysis (“Privacy and
authentication: an introduction
to cryptography” Proc. IEEE
vol. 67, no 3, March 1979,
reported in “Electronic
cryptography” Wireless World,
September 1980). It is widely
believed that this detailed
revelation of the “black arts”
greatly disturbed the American
cryptographic agency (National
Security Agency) and lead to a
tighter control in the USA on
academic publication. Diffie and
Hellman outlined public key
systems in which each user
would have two keys, one for
encryption which could be
published in a directory but also
a decryption key that would be
kept private; once a message
had been encrypted only the
recipient would be able to
decode it as nobody else would
possess the unique decryption
key. A practical implementation
of one particular public key
system, RSA, was outlined in
1977 by Rivest, Shamir and
Adleman of the Massachusetts
Institute of Technology.
Although several of the original
“knapsack” algorithms have
been shown to contain hidden
weaknesses that could make
them much less than
“computationally secure”, the
RSA algorithm appears to have
survived the most determined
efforts of the cryptanalysts.
RSA, like other public-key
systems, depends on the fact
that multiplying is relatively
easy with a computer but
factoring is extremely difficult.
For example whereas two 100-
bit factors can be multiplied
electronically in a fraction of a
second, the reverse process of
factoring them could take
hundreds of thousands of years
of computer time.

RSA has already found
practical use for high-grade
diplomatic, military and banking
applications, although J.A.
Gordon of Cybermation has
recently shown (Electronic
Letters, April 25, 1985) that it
is possible to “forge” some RSA
key certificates and thus defeat
one of the prime claims for
public key systems, the
assurance that a message has
come from a specific sender.
However J.A. Gordon shows
that there exists a simple
remedy to this problem, so
retaining the advantages of the
RSA cryptosystem.

A practical problem,
however, of all public key
cryptosystems is that
encipherment requires more
computational power than
private key systems, such as
those using the Data Encryption
Standard with its mixed
substitution/transposition
modulo addition of the key.
This tends to limit the
maximum practical rate of
encipherment with practical
v.s.L.i. devices.

In the UK, Martin Kochanski
of Business Simulations Ltd is
reportedly about to market a
Fujitsu c-mos array of 16
v.l.s.i. chips for RSA that can
encrypt at some 5Kbit/s using
512-bit keys about seven times
the rate of previous
commercially available public-
key cryptosystems.

This is still much slower than
the private key systems, which
require two identical keys for
sender and receiver, including
D.E.S. and British Telecom’s
B-Crypt which can encrypt
telephony and data at rates up
to about 2.5Mbit/s. The 64-bit
keys of D.E.S. however involve
not only the serious problems of
key management, particularly
severe for multiple-terminal
networks, but are not regarded
as secure against determined
computer attack.

While D.E.S. and B-Crypt
would be considered secure for
the vast majority of commercial
applications, large banking
networks using them are faced
with enormous problems of key
management and seek also the
assurance of ‘authenticity’.
However even unconditionally
or computationally secure
crypto-systems can be
circumvented if in some way an
outside agency can obtain
access to the message files, etc.
The Americans recently
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disclosed that electronic
typewriters in their Moscow
embassy has been ‘bugged’ over
a long period. It is recognized
that even single-channel
monitoring of the timings of a
‘golf-ball’ typewriter permits the
recovery of text written on the
machine.

As David Cornwall (John Le
Carré) has written: “The
honest-to-God steam spy is
probably in greater demand
than ever. Because of the
enormous expense and
extravagence of technological
methods, the number of linked
computers and mathematication
you need for codebreaking and
the vast amount of junk you
process, it’s obvious that if you
can buy a cipher clerk on the
other side you have saved
yourself millions... but
Intelligence finally is only as
useful as the idiots who use it.”
The alleged Walker spy ring in
the USA, specializing in
communications, appears to
bear this out.

Spreading police radio?

The long drawn out controversy
about how to prevent
unauthorized interception of
police and other emergency
mobile-radio networks has
taken a new turn in the USA
with the FCC opening the way
to use of frequency-hopping
spread-spectrum techniques in
the “industrial, scientific and
medical” frequency bands
including 902 to 928MHz, 2.4
to 2.48GHz and 5.725 to
5.875GHz.

Frequency-hopping has so far
been confined largely to military
and government
communications networks and
it is by no means certain that it
will be widely adopted for
civilian services. FCC have
already authorized American
radio amateurs to begin using
spread-spectrum techniques
above 420MHz in 1986.

A rival, lower-cost technique
for secure communications,
digital encryption of speech, has
already been chosen by the FBI
and was used at the Los
Angeles Olympics. Speech
encryption of some police
messages is already used by
some police forces. Frequency-
hopping is likely to be given a
cool reception by cost-
conscious police departments.

Frequency-hopping radios
made by Transcrypt

International offer 500 or 1000
radio channels spaced 10kHz
apart with dwell times of about
80ms, selected by
pseudorandom codes.

Software on tv

J. Billingsley and R.J.
Billingsley of Portsmouth
Polytechnic have reported
(Electronics Letters, May 9,
1985) the development of an
improved method of
transmitting software and
digital data by optical
techniques on broadcast
television transmissions, at
rates of the order of ten times
that of the simple flashing spot
system developed by Thames
Television and Channel 4.

The Plymouth Polytechnic
method, suitable for data rates
of multiples of 500 baud, uses a
simple low-cost receiver
interface and, unlike 7Mbit/s
teletext signals, can be
recorded on a domestic video
tape recorder for subsequent
decoding.

The new method permits the
transmission of a complete byte
to be transmitted in each
television field. It is suggested
that, for example, numbers of
software programs could be
transmitted simultaneously for
educational use, possibly
recorded overnight. Up to 24
light spots or more can be
displayed on the screen without
risk of crosstalk, individual
programs being selected by
positioning a phototransistor
detector over the appropriate
spot. More than a megabyte of
software could be transmitted in
a 20-minute session, with
receiving equipment of much
lower cost and complexity than
with “telesoftware”
transmission by teletext, it is
claimed.

Leukaemia and radiation

Following closely after the
Polish report of an enhanced
statistical risk of certain cancers
among military personnel
exposed to microwave radiation
has come a report from the
New Zealand Department of
Community Health (“Leukaemia
in Electrical Workers in New
Zealand”, The Lancet, April 6,
1985) that supports earlier
investigations into this
occupational hazard. The New
Zealand investigation has
concentrated on breaking down
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the electrical industry into eight
main categories and finds (on
the basis of 546 male leukaemia
patients and 2184 matched
controls) significant excess of
cases in only two of the eight
categories: (1) electronic
equipment assemblers and (2)
radio and television repairers.
The New Zealand study thus
tends to support the view that
the leukaemia risks previously
identified among electrical
workers are rather more likely
to arise from exposure to metal
fumes and substances used in
electrical components or
assembly such as
polychlorinated biphenyls
(widely used until the 1970s as
in high-voitage transformers
and capacitors) than from
exposture to non-ionizing
radiation from electromagnetic
fields. The New Zealand study
however recognizes that the
second hypothesis is supported
by another study based on
children living near power
transmission equipment.

The same issue of The
Lancet, however, also reports
an American study by Samuel
Milham of the Washington state
Department of Social and
Health Studies of 1691 deaths
of radio amateurs resident in
California and Washington
states during the period 1971-
83. These included 24 deaths
ascribed to leukaemias
compared with an expected
12.6, with the increase almost
entirely limited to myeloid
leukaemias. S. Milham believes
that occupational exposure
alone does not explain the
leukaemia excess among
amateur radio operators and
concludes that his findings
“offer some further support for
the hypothesis that
electromagnetic fields are
carcinogenic”.

Amateur

Falling off in the number of
newcomers being attracted to
amateur radio and the
proportion of people failing to
renew licences in several
countries is being ascribed to
the combination of a number of
factors including:

(1) improved world-wide
telecommunications that have
taken the thrill out of talking to
distant stations.

(2) the increasing cost and
complexity of modern
communications equipment, the
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disappearance of low-cost
specialized components, which
have made home construction
and even home maintenance
difficult and relatively rare.

(3) youngsters have switched
from radio communication to
personal computers — and drop
out of electronic hobbies when
the computers lose their
attraction.

(4) amateurs have become too
absorbed in QSL-card
collecting, “squares” and
contest operating rather than
meaningful communication with
overseas enthusiasts.

(5) the ever-present and major
problem of electromagnetic
compatibility, with amateur
transmitters blamed for causing
radio frequency interference to
the vast range of electronic
consumer appliances in the
home.

(6) the difficulties experienced
by licensing authorities in
attempting to enforce the
regulations — for more than ten
years abuse of the South
London 144MHz repeater has
reflected badly on the hobby, in
the UK.

(7) the easy availability of c.b.
licences has built up further
resentment at having to learn
morse before permission is
granted for h.f. operation.

(8) the cost and slowness of the
process of obtaining licences in
the UK compared to some other
countries where licence
examinations can be taken at
almost any time, with licences
issued to successful candidates
virtually the same day.

(9) the secrecy that surrounds
the City & Guilds licence
examinations in which the
“pass” mark appears to be
adjusted each time to fail
approximately one-third of
candidates.

Despite this depressing list it
should be stressed that the
hobby is still held in very high
esteem both by newcomers and
the vast majority of those
already licensed. None of the
main problems, however,
appears to have any easy
solution.

While some believe that in
order to appeal to younger
newcomers it is necessary to
stress new technology in the
form of packet data, spread-
spectrum, Oscar satellites and
microwaves, others believe that
the fundamental attraction lies
in the use of relatively simple
equipment for speech and

manual morse communication.
As a newly-licensed amateur
wrote recently “with just a
handful of components, a morse
key, and a wire antenna strung
up into a tree, it is possible to
converse with fellow human
beings miles away. This is, by
any reckoning, an extraordinary
and wonderful thing — too often
forgotten by the many who buy
all their ‘gear’, plug it in, switch
on and talk.”

Kraus’s antennas

Over the years many major
contributions to antenna theory
and practice have come from
professional engineers whose
interest in radio was initially
sparked by amateur radio.
Outstanding among these has
been Professor John D. Kraus,
W8JK of Ohio State University
who in 1937 built and described
the first family of bidirectional
close-spaced flat-top driven
arrays based on the theories of
Dr George Brown of RCA. This
was a few months before Walter
Van Roberts, W3CHO of RCA
described the first undirectional
close-spaced Yagi beam array
similarly based on Brown’s
Proc.IRE paper of January
1937.

Kraus, however, went on to
originate the theory and
practice of folded doublets,
multiwire dipoles and, in 1940,
the corner reflector which in a
compact structure offers high
gain, broad bandwidth and
remains easier to construct than
the parabolic reflector antenna.
In 1946, Kraus attended a
lecture on the then new
travelling wave tube and
immediately felt that the long
helix of a TWT might form the
basis of a new antenna
structure, though the lecturer
denied this, saying “I've tried it
and it doesn’t work.” To Kraus
— as he describes in “Antennas
since Hertz and Marconi” (JEEE
Trans, vol.AP-33, no.2,
February 1985) — “the finality
of his answer set me thinking.
If the helix were larger in
diameter than in a t.w.t., I felt
it would have to radiate in some
way but how I did not know. I
was determined to find out, and
that evening in the basement of
my home I wound a seven-turn
helical coil of wire one wave-
length in circumference for
operation at 12cm. I was
thrilled to find that it produced
a sharp beam of circularly

polarized radiation off its open
end. In the days and years that
followed, I embarked on an
extensive set of measurements
and published a series of
articles, with my students
Claude Williamson, Otto
Glasser and Thomas Tice
collaborating on some of them.
We showed that in its beam
mode, a helical coil is a
supergain antenna with almost
constant resistive input and
very wide bandwidth... non-
critical to an unprecedented
degree... easy to use in arrays
because of almost negligible
mutual impedance.”

Later Kraus became director
of the Ohio State University’s
famous large radiotelescopes
including a 96-helix 250MHz
array in 1953 and the 110-
metre “Big Ear” array on which
work'began in 1956.

John Kraus was first licensed
as W8JK in 1926 and as
recently as 1982 contributed to
QST an update on his original
W8JK close-spaced rotary
14MHz antenna of 1937 which
was supported by a gondola-like
structure of bamboo.

In brief

The Spalding and District
Amateur Radio Society has
published an enlarged second
edition of its useful “Digest of
horizontal wire aerials”
compiled by Dennis Hoult,
G400, containing some 91
different designs of simple
transmitting aerials and 14
antenna tuning units (46pp, £3
post paid from D. Hoult,
Chespool House, Gosberton
Risegate, Spalding, Lincs PE11
4EU)... Restricted talk-through
time during the morning and
even rush-hour periods has
been introduced on the
Grampian Repeater Group’s
144MHz repeater located about
15 miles south west of
Aberdeen... North Staffordshire
Amateur Radio Society is
participating in the Stoke-on-
Trent Festival Exhibition on
September 22 (details David E.
Morgan, G6MLI telephone
(0782) 332657... Cathy Clark,
G1GQJ has taken over the
position of honorary secretary
of the Radio Amateur Invalid
and Blind Club from Frances
Woolley, G3LWY.

PAT HAWKER, G3VA
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D e e 5P 1000 | ier '13oe | Texas ? g 7 0.72 | 7486 039 | 7412 062 | 7157 075 | 74198 270 | TCA2700 .90
Valvescreening | SKp) 1500 | VeRiss 1300 | low profile 413 032 | 747AN 117 | 7490 060 | 74123 118 | 74159 220 | 7419 230 | TCATe0A 138
40| SREL 3500 | vCRIA 1398 | Spin 10 7416 032 | 7450 018 | 7451 082 | 74125 058 | 74170 240 | TAAS0 2.30 :
IWP) 20.00 VER139A s'w 14 pin Iﬂp 7417 0.32 7451 0.18 7492 0.60 74126 0.58 74172 4.4 TAA630S 3.50
2 e p | 7420 018 | 7453 018 | 7493 060 | 74128 063 | 74173 142 | TAA700 390
1 pin  10p | 72 020 | 7454 018 | 7494 082 | 132 02 | TN 160 | TBAASOQ 1.84
Terms of business: CWO. Postage and packing valves and semiconductors SOp per order. CRTs £1.50. Prices exciuding VAT, add 15%. Telephone 01-677 2424/7
Price ruling at time of despatch. Telex 946708
In soms cases prices of Mullard and USA vaives will be higher than those advertised. Prices correct when going to  ‘ess. E&O
A t facilities available to approved P with ordar charge £10. Carriage and packing £1.50 on credit orders. 4 -E,
Over 10,000 types of vaives, tubes and icond s in stock. Qu i for any types not listed. S.A.E. Open to callers Monday-Friday 9 a.m.-5 p.m.
Wwi1
CIRCLE 52 FOR FURTHER DETAILS.
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GENERATORS

Audio
LAG-27 10Hz to 1IMHz

A complete range of generators including
audio, function, RF, pattern, etc. In each
type several models are available offering
specifications suitable for most

L LAG-125 10Hz to 1MHz
requirements and excellent value.

Function
Pattern

LCG-399A PAL. Colour Bar RF and Video
outputs. Patterns

——A> thandar

ELECTRONICS LIMITED

LAG-120A 10Hz to TMHz

LFG-1300 002Hz to 2MHz
Sine Tnangle. Square + Int. Sweep

RF

LSG-17 01 to 150MHz

LSG-215 01 to 120MHz

LSG-216 0.1 to 30MHz and 70 to 115MHz
Programmable. PLL Synthesized
LSW-251 2 to 300MHz

For further information contact

Thandar Electronics Limited.

London Road. St Ives, Huntingdon.
Cambridgeshire PE17 4HJ. England
Telephone (0480) 64646 Telex 32250 Test

THE LOGICAL CHOICE

CIRCLE 29 FOR FURTHER DETAILS.

85000 Family Boards

85000 Processor Board

bytes

connector

Field selectable addresses
Can be used as single board
computer

boards

For the Design Engineer and hobbyist alike, the 85000 family boards can save time and development costs, as
the number of potential bugs in system integration is immediately reduced. Use these boards to evaluate the
latest devices on the market, such as graphics LCD displays, 8256 MUART, 2186A iRAM, 27513 EPROMS, etc.

Fully buffered 8085 processor
User defined memory size 2K to 96K

RS232 serial interface with D

64 way bus connectors between

Single Eurocard 220 x 100 mms

(JO0) Automation
OO0 and Control
U0 Technology

85001 Display Board
Use EPSON alphanumeric or graphic

85002 Communications Board
Programmable serial interface

LCD's On board baud rate generator

Sizes from 16 x 1t0 40 x 8 Five 8-bit programmable timer/

characters counters

Local memory for message storage Two 8-bit programmable parallel 1/0
ports

Bus also directly compatible with
CS 51 8 level priority interrupt controlier

Prototyping area drilted to accept

BICC-VERO Speedwire pins

Spare 8-bit 1/0 port and 14 bit timer
Prototyping area drilled to accept
BICC-VERO Speedwire pins

Cofton Road, Marsh Barton, Exeter EX2 8QW Tel: 37190

CIRCLE 24 FOR FURTHER DETAILS.

4 +11GHz SATELLITE TV RECEIVING EQUIPMENT
LNA's LNC's RECEIVERS, FEED HORNS ETC.

Dealer enquiries welcome
For further details contact
HARRISON ELECTRONICS
22 MILTON ROAD, WESTCLIFF-ON-SEA, ESSEX SSO 7JX Tel: (0702) 332338

Toroidal
Transformers

as manufacturers we are able to
offer a range of quality Toroidal
Transformers at highly competitive
prices and fast delivery.

Mail Order Price List sl !
15VA 6.92 30VA 7.18. 50VA 8.86. BOVA 9.92. 120VA 10.59. 160VA 12.10. 225VA 13.69.

300VA 14.77. 500VA 19.20. 625VA 22.09. 750VA 26.17. 1KVA 38.82. 1.2KVA 44.06
price includes p+p & vat.

Available from stock in the following voitages: —6-0-6,9-0-9,12-0-12,15-0-15.
18-0-18,22-0-22. 25-0-25, 30-0-30,35-0-35,40-0-40,45-0-45,50-0-
50,110,220,240(max. 10 amp). Primary 240 volt.

Quantity Prices and delivery on request

(we also manufacture conventional E1 type transformers)
Sawbridgeworth, Herts. Tel: 0279-724425.
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LOGIC SYMBOLS

The chief problem with logic
diagrams, it seems to me, has
always been that the diagram is
expected to serve two different
purposes. For some, it must be
a compact functional
explanation of the circuit, but
for others it must be a
mechanical or hardware
description, and so
compromises in notation have
always been necessary. The
new system has eliminated the
need for compromise by serving
neither purpose.

McKenny W. Egerton, jr.
Owings Mills

Maryland

USA

REAL A.M.

D.M. Lauder is right to point
out the problems of the poor
strong-signal performance of
many present-day radio
receivers in making ‘the case
for real a.m.’ (E & WW May,
1985). But he goes too far in
condemning all pre-amplifiers.

We have tested untuned
commercial pre-amplifiers with
gains approaching 15 dB
designed to be inserted between
aerial and radio and we share
Mr Lauder’s concern at their
effects. So when we designed
the a.m. buffer amplifier for the
heated rear-window car aerial
(E & WW Feb., 1985) we
aimed simply to compensate for
the reduced effective height of
the heater compared with a
standard 1m whip and for the
longer cable from the rear of
the vehicle. The a.m. signal
voltage from the heater aerial at
the receiver input is never more
than 1 dB stronger than that
from the whip.

Then we tested the
performance, entertaining the
locals as we reversed the
vehicle close to the base of a 10
kW a.m. transmitter mast. We
certainly measured intermods
— but they were never worse
when on the heater than on the
whip. They arose in the
receiver, not in the buffer
amplifier.

In the Barnet area, the field
strengths of the Brookman'’s
Park and Capital Radio
transmissions which
intermodulate in Mr Lauder’s
receiver are both approximately
0.5 V/m. However, these
exceptionally strong signals

generate a 459 kHz component
of only 60 microvolts at the
output of the heater aerial unit,
which ought to be effectively
rejected by even the poorest
radio.

We sympathize with Mr
Lauder’s enthusiasm for real
a.m.; our contribution is to
reduce the gassiness caused by
correding whip. Coat-hangers
don’t give real a.m., however
good the radio!

David Last

Brian Easter

University College of North
Wales

Bangor

BRITISH
INVENTION

The photograph accompanying
the April article by R.E. Young
sums-up much of British
industry. Two men working on
the then leading edge of
technology. The approach road
unmade, uncut grass and
weeds, rubbish dumped by the
gate-or maybe it is raw material
waiting to be used. I bet there
wasn’t even a bench to put their
tools or working drawings on-
that is if they had any. Genius
and creativity there may be, but
look at the working conditions,
lack of investment and careless
management. And if anybody
thinks things have improved
since that photograph was taken
I suggest they take a look out of
any commuter train on their
way to work.

1 keep wondering about the
genius who positioned the
central gate right in front of a
largish tree-and what those two
men did when it rained — or
maybe those days were
perpetually sunny.

John Hunt
UNDP
Tehran
Iran

VALVE DISC
PREAMPLIFIER

I would like to comment in
Richard Brice’s design for a
valve disc pre-amplifier (WW,
June, 1985)

It is a pity that space was not
available for Mr Brice to
elucidate on why passive
equalization tends to sound
‘better’ than negative feedback
equalization. There is a school
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of thought that says the ear is
not sensitive to small changes
in phase relationships and 1
think that here is a case for the
opposition. A signal which is
subjected to passive
equalization does not have to
pass through the network and is
therefore not subjected to
phase shift at high frequencies.

Anyone who has tried to
record and reproduce a 1kHz
square wave on a tape recorder
will know that what goes in
does not come out even though
all the harmonics up to the 13th
or 15th are in fact there. The
fact is that the harmonics
appear at the output in the
wrong order and cannot
faithfully recanstruct the
waveform even though it may
actually sound very similar.

1 was once the proud owner
of a Ferrograph Five tape
recorder which employed
passive equalization on replay
and I was able to record and
reproduce a very respectable
squarewave at 1kHz at 3.75
i.p.s.

I have tried passive
equalization with cassettes,
too, and it seems to me that,
provided all the harmonics are
reproduced in the right order
according to Fourier’s analysis
the input waveform will be
faithfully reproduced at the
output. This fact may also
interest your contributor David
Stonebanks, in his quest to
record data.

My conclusions are that the
ear is sensitive to phase shift;
the difficulty lies in describing
the subtle, but audible,
differences.

Michael J. Lewis
Hadlow
Kent

ENERGY
TRANSFER

With reference to the energy-
transfer controversy, I agree
with Mr Catt that the velocity
of electrons in conductors is too
low for the role of the primary
transporter of energy along
transmission lines, but I cannot
agree with his contention that
the energy transport takes place
in the space between the
conductors, in the form of
“energy slabs”. It is a fact that
the electromagnetic fields (or
more precisely, the physical
phenomena that have given rise
to the concept of the

electromagnetic field) are most
intense in the immediate
vicinity of the conductors,
which strongly suggests that
the primary transporter is
concentrated in the conductors.
Accordingly, I would like to put
forward the following
explanation of the transfer
mechanism.

Conductors of electricity are
substances which contain free
electrons. Although to a first
approximation these electrons
may be visualised as a more or
less stable “electron gas” or
“fluid”, it is a well established
fact that each free electron has
only a limited lifetime, and
there is a continuous process of
electron-hole generation and
recombination. The process is
accompanied by the absorption
and emission of quanta of
energy (photons), which travel
from atom to atom at the
velocity of light, but in
theoretical studies of electrical
conductivity this elusive
“photon gas” is not considered
in any detail, and the emphasis
is on the tracks and lifetimes of
the much more tangible
electrons and holes.

My suggestion is that it is in
fact the photon gas that
constitutes the primary
transporter, since in addition to
having the correct velocity of
propagation, it can also explain
the “two superimposed slabs of
energy” concept which Catt
used to account for the fact that
when a transmission line is
charged from a d.c. source and
then discharged into Z,, the
resulting pulse is twice as long
as could be expected on the
basis of existing theory
(Wireless World, December
1980, Page 80). But the slabs
would not be concentrated in
the space between the
conductors. They would be
most intense in the conductors,
or in the outer layers of the
conductors, and would be mere
mathematical devices
representing the inntegrated
effect of the individual photons.

I must add that when the
theory of electron-hole
generation and recombination
was developed in connection
with semiconductor processes,
it was found that the rate of
recombination was much faster
than could be expected on the
basis of chance encounters
between electrons and holes —
a difficulty which led to much
work before a more satisfactory
picture emerged. This suggests
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that the photon gas mechanism
too might be rather
complicated; it might even
involve photon-photon
interactions of the interference
pattern type that has defied all
attempts at commonsense
explanations. But there can be
little coubt that if the primary
transporter of energy along
transmission lines is
concentrated in the conductors,
as is almost certainly the case,
then the most likely canndidate
for that role is the photon.
Assuming that the above
explanation is substantially
correct, another question would
arise — what would be the
physical nature of the
electromagnetic fields which
according to classical theory are
supposed to be closely
associated with conduction
phenomena? The answer seems
to be that there would not be
any physically real “fields” in
the sense of regions of space
where “pure energy” is stored
without the active involvement
and participation of physically
real particles. A “field” would
be nothing more than a purely
imaginary device for predicting
how individual particles or
aggregates of particles would
behave in the proximity of other
particles and aggregates, and
how particle distribution
patterns evolve.
G Berzins
Camberley
Surrey

Once upon a time there lived a
chap called Fleming who gave
his first name to creamed rice.
He was a handy sort of fella. A
little later a nutter called
MacHarg took both the right
and left hands of Fleming and
tied together his index fingers
so that they could interact, and
his middle fingers so that they
could interact also. He then
discarded Fleming’s lesser
fingers, two on each hand, but
left the thumbs attached.

A well known magician
hitched a funnel on to one
thumb and poured milk into the
funnel: he then milked the
other thumb into a pan, so
providing something to cook the
rice with as food for thought, if
not a lot.

At least the experiment
demonstrated that between
action and reaction there lies
interaction which occurs in the
middle of the playground, a
necessity if anything is actually
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to happen such as a transfer of
energy between dynamo and
motor, deus and machina. The
four horsemen involved in the
interaction may be worthy of
note.

However, if one wishes to
involve ¢, it may be a good plan
to first determine what c.
actually is: I suggest that
interaction is faster than ¢, but
that action and reaction might
occur at c¢. (Thank you again
Roy Hodges.)

As noted in my letter of
February 1983, this will require
a massless sensor for energy,
not only to disprove it, but also
to prove it. Doubtless the pages
of WW will continue to resonate
with arguments on the subject
until such a wondrous device is
invented, so to be ensured of
interminable life! (Thank you,
too, Providence.)

When the said wondrous
device is invented, we shall also
be able to determine whether
the interaction between a
photon and an orbiting electron
is concrete (as with a rack and
pinion) or abstract (as with
induction). It seems to matter if
c is to discover its real identity.

After all, if energy can move
faster than our senses or
anything else can react, then
apparent action at a distance
at last becomes conceivable.

That was quite a Catt you let
out of the bag, Mr Hodges!
James A. McHarg
Wooler
Northumberland

It is precisely because Ivor Catt
does not distinguish between
resistance and impedance that
his theories fail. For a step
function a transmission line
behaves like a resistor. Initially,
current and voltage are in phase
but that is the only
resemblance. Resistance has
the exclusive property of
turning electrical energy into
heat: all energy arriving at a
resistor is turned into heat. A
loss free transmission line, by
definition, transmits the
energy. To understand
transmission lines properly it is
essential to take proper account
of the vectors involved: a TEM
wave in a transmission line has
the electrical and magnetic field
vectors are at right angles to
the direction of propagation.
They are alsoat right angles to
each other. If the line is lossy
one or both of these conditions
does not hold, if the line is

correctly terminated by a
resistance, but what am I
saying? The dimension of length
is not needed to describe a
resistor, perhaps the average
quarter watt is really just
another of these transmission
lines like Catt’s capacitor,
another Dogg’s dinner of
confusing waves.

Ivor Catt may believe that
modern physics is seriously
divided over electrical theory
but he has produced no
evidence of this. He has shown
a truly amazing lack of
knowledge of what current
theory is about (does anybody
really believe that perfect
capacitors are physically
realisable?) His latest letter
(May, 1985) is another fine
example. Of course the currents
in the two conductors cancel, it
would be the same with two
batteries in series and two
resistors in place of
transmission lines. This
property of current summing to
zero is widely used in three
phase power transmission: in
some applications the three
phases have no common return,
amazing, isn't it?

It is indeed hard luck on Mr
Potter that in the same issue
(April, 1985) as his letter, there
was a very good article about
badly matched antennas (How
long is a piece of wire? — J.J.
Wiseman) I'm sorry to (try to)
disillusion him but
unterminated lines do radiate,
perhaps not very much at 50
Hz, but things can get quite
exciting if you are trying to
transmit power much above
1000 km and you don’t account
for transmission line effects at a
million volts! Yes, waveguides
radiate if left open, the
efficiency depends on the
degree of match, which is
generally quite good for
waveguides and rather poor for
wall sockets! To assume the
impedance of free space is some
sort of universal all pervading
resistance of 377 ohms is to
make the same mistake as Ivor
Catt and to display the same
degree of ignorance.

Dermod O’Reilly
Antwerp
Belgium

RELATIVITY

It is a pity that R. Priestly’s
friends Tom, Dick, and Harry
had their taproom discussion of
the lightning strikes interrupted

by that domino game (June
letters), since if they had
continued they might have
asked and answered the
question that Einstein missed.
The question is obvious to
anyone who actually gets down
to making measurements:- how
much time did Dick on the up-
train reckon elapsed between
the strike at the front of the
train and that at the back? The
answer can be determined
easily enough’; it is the time
Dick reckons light takes to
travel between the two scorch
marks on the train multiplied by
v/c, where v is the speed of the
train, and c the speed of light.

For scorch marks 200 metres
apart and a train speed of 120
km/h this works out at
7.4X1074s, so that since the
light from both strikes reached
him at the same time, Dick
reckoned that he was
2.2X107%m closer to the rear
scorch mark, several thousand
nanometres as Mr Priestly
says.

The scorch marks on the
track and on the two trains
were made coincidentally in
both time and space for each
strike taken individually. Tom,
applying a convention that
works for slowly moving
objects, assumes that because
he reckons both strikes to be
simultaneous the marks on the
track are the same distance
apart as those on the trains.
Dick knows otherwise, since
the mark at the rear of his train
was made after that at the
front, so that the corresponding
marks on the track must be too
close.

This is the essence of the
Lorentz-Fitzgerald contraction,
which is not a real physical
contraction, but the
consequence of making
measurements at different
points on a moving object which
are simultaneous in the frame of
measurement instead of in the
frame in which the object is at
rest. If Einstein had realised as
much before dashing off to
develop General Relativity an
awful lot of confusion would
have been avoided.

C.F. Coleman
Grove
Wantage
Oxfordshire

Reference
C.F. Coleman, Eur. J. Phys. 4(1983)
240-247

Given the Law of Inertia as an
experimental fact, the set of all
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possible trajectories of freely
moving particles is a ‘space’ as
mathematics construes the
word. It satisfies Newton's
specification for ‘absolute space’
exactly. Thus, if the Law of
Inertia is a fact, so also is
‘absolute space’.

In view of its importance to
an understanding of both
classical physics and relativity
and how they are related let it
be said explicitly — ‘absolute
space’ is a mandatory
consequence of the Law of
Inertia and is a rigid structure
consisting of a fourfold infinity
of straight lines created by
freely moving particles which
may be numbered by the
methods of geometry and
which, exactly as Newton
prognosticated, ‘in its own right
and without regard to anything
external remains always similar
and immovable’.

Relativists already accept the
Law of Inertia. When they
accept its consequences they
will understand why relativity
succeeds and will be able to
obtain such of its formulae as
are valid by less fanciful
arguments.

R. Berriman
Palmerston North
New Zealand

In the June letters column Mr
Wellard used the pretext of
drawing Wireless World
“readers’ attention to the
implications of E. Eastwood’s
article” to launch a misguided
and unequivocal attack on some
of the finest minds in
nineteenth and twentieth
century physics.

Most of the published
analysis of the Michelson-
Morley apparatus give
expressions for the maximum
observable fringe shift assuming
one arm of the apparatus is
headed directly into a supposed
“ether wind”. A more
generalized analysis
corresponding to an arbitrary
orientation of the apparatus will
also lead to an observable fringe
shift.

In 1881 when Michelson set
up his interferometer and
rotated it through 360° there
was no significant shift of the
fringe pattern. Undoubtedly
surprised and disappointed he
had to conclude: “The result of
the hypothesis of a stationary
ether is thus shown to be
incorrect”.

A modernized version of the

Michelson-Morley experiment
used two lasers in a test of the
basis of special relativity!. No
change of beat frequency was
detettable within the accuracy
of the measurement (about + 3
kHz). This was less than 1/1000
of the change that one would -
calculate from an ether wind
hypothesis and represents the
most sensitive test yet made of
the isotropy of space with
respect to the speed of light
signals.

Incidentally, Mr Wellard’s
statement that a theory can be
false is incorrect. A theory is in
any case relevant tc a highly
selected group of data —
usually with the recalcitrant
ones ignored — and the theory
can at best be said to be
adequate or inadequate as a
means of intercorrelating the
members of the group.

Turning to gravitational red
shift, Einstein’s first statement
on the phenomenon was: “An
atom absorbs or emits light of a
frequency which is dependent
on the potential of the
gravitational field in which it is
situated”. The gravitational red
shift has been observed in a
terrestial experiment by Pound
and Rebka? who made use of
the Earth’s gravitational field.
This fact, together with further
empirical corroboration from
the deflection of light by a
gravitational field and Einstein’s
explanation of the residual
motion of the perihelion of
Mercury, supports the General
Theory of Relativity as a sound
description of the Universe.
P.H. Spratt
Carlton Colville
Suffolk
1. T.S. Jaseja, A. Javan, J. Murray and
C.H. Townes, Phys. Rev., 133, A1221
(1964).

2. R.V. Pound and G.A. Rebka, Phys.
Rev. Letters, 4,337 (1960).

Having followed Dr Murray’s
most interesting and stimulating
articles and the relevant
correspondnece, there still
seems to be some confusion
over Einstein’s trains. In WW
May 1984, Dr Murray quotes
Einstein as defining
simultaneity by imagining an
observer (M) on a railway
embankment mid-way between
the points of origin of two
flashes (A and B). Then, “if the
observer perceives the two
flashes at the same time, they
are simultaneous”. Since each
flash may be thought of as
arising at a unique point in
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space, should not Einstein have
specified that the track,
embankment and observer must
be stationary in space for his
definition to have any validity?
In the ensuing argument, when
Einstein introduces his moving
observer (M’), we have M and
M’ coincident “just when the
flashes occur, (as judged from
the embankment)”. This could
mean that there was
coincidence either when M saw
the flashes or when they
actually occurred. I am not
clear which interpretation Dr
Murray used. If it was the
latter, it seems inevitable that
M’ would see the flash from B
first because, by the time the
light signals reached him, he
would no longer be at the mid
point. In that evemt, Einstein’s
discussion of the different
perceptions of simultaneity (by
M and M’) seems meaningless.
Perhaps Dr Murray would care
to comment.

May I raise another aspect of
e.m. propagation. Almost
invariably, discussion of e.m.
propagation velocity is confined
to velocity along the direction of
propagation. What about the
velocity at an angle to this
direction? If one could remove
gravity and air resistance and
then fire a machine gun from a
moving train at right angles to
its direction of motion, the
bullets would retain the lateral
component of velocity due to
the train and would appear to
the gunner to “propagate” away
from him in a line at right
angles to his motion. If,
however, they somehow
disobeyed Newtonian principles
and did not retain the train’s
component of velocity, the
trajectory would appear to the
gunner to lag at some angle
with respect to the normal to
his direction of motion. What
about a beam of light? If light
propagates independently of
source motion, would it not
exhibit a lagging trajectory?

If, as has been predicted from
the measured anisotropy of the
3°K microwave radiation field,
the earth (solar system) is
moving through the cosmos at
some 400 km/sec, should not a
light beam propagated from a
fixed point on earth and at right
angles to this motion exhibit a
quite perceptible deflection?
The deflection expected would
be by an angle of approximately
4.6 minutes of arc which
represents a displacement of
the beam by about 1.3 metres

at one kilometre. If this really
happens, would it not by now
have been noticed during such
activities as surveying, optical
ranging, metrology etc.? If it
does not, should we conclude
that, laterally at least, light
does behave in accordance with
Newtonian principles? In this
event, a reasonable assumption
might be that it should behave
similarly along the direction of
propagation. I cannot think of
any relativistic arguments which
make this an improper question
or which would preclude the
observation of a deflection if
one occurred. Perhaps some of
your readers can!

M.G.T. Hewlett

Midhurst

West Sussex

COMPUTER-AIDED
PROFITEERING

Since I became involved with
computers as a hobby, ina
limited way, I have become
very frustrated and disillusioned
with the whole political and
commercial dirty work of the
computer industry. The basic
concept of computers and
digital electronics has been
exploited to the disadvantage of
the consumer, in order to gain
commercial advantage.

I refer to such things as, for
example, non-standard RS232,
non-standard d.o.s., non-
compatible equipment, etc.
Also, it appears that many
manufacturers go to the extent
of holding back information so
they can sell as many
information books as possible.
From various sources we keep
getting little bits of so-called
new information on what can be
done with a machine which has
been on sale for years: for
example, poke numbers.
Surely, when a machine is
produced, all the information
can be provided for the user, in
one book, at the time of sale.
After all, the manufacturer
must know all about the
machine — he built it!

In connection with the above,
I would like someone to tell me
(a) if any disk drive, printer or
other peripheral can be modified
to be fully compatable with any
(home) computer, and if not
why not; and (b) if any (home)
computer can be modified to be
compatible with any other
(home) computer.

A.D. Tregale
Australia
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by Tom Ivall

“The myth that we entered the
war as the sole possessor of radar
has of course long since been
exploded. The Germans had been
developing radar since 1934 and
entered the war with the Freya
early wamning system on 2.5
metres, a wide deployment of
Wurzburgs on 50 centimetres, a
naval radar on 80 centimetres,
and an airborne radar on 60 cen-
timetres. Until our development
of centimetric radars the German
systems were superior to ours.”

This was Sir Robert Cockburn,
a former director of the Royal Air-
craft Establishment, on Britain’s
radar in the 1939-45 world war.
He was presenting a paper at the
IEE’s celebratory seminar on fifty
years of Radio Detection and
Ranging, “The history of radar
development to 1945”, held in
London, 10-12 June.

It was not only Sir Robert’s
comments that made it abun-
dantly clear, to anyone in doubt,
that other countries besides the
UK made important contribu-
tions to the development of
radar. Papers given by American,
Dutch, German, Italian, Japa-
nese and Swiss authors, with
accounts by Brtish authors of
French and Russian work, gave a

Radar in retrospect

Report on IEE seminar marking fifty years of
radar development

pretty full picture of what was
essentially an international
achievement.

Paradoxically, though, a large
part of this combined achieve-
ment wasn’t co-operative but
competitive — under ‘the fierce
stimulus of war. The UK’s lead-
ing work in airborne microwave
radar, for example, only became
available to Germany and its
allies when British aircraft were
shot down and their radar sets
were salvaged and studied.

The notion put about some
decades ago that Bntain
“invented” radar would certainly
not have been swallowed by any-
one with even a general knowl-
edge of radio science and engi-
neering, let alone the radar spe-
cialists.

The basic principle — reflec-
tion of electromagnetic waves
from objects — had been known
to the whole scientific world for
over half a century. After all, as
early as 1865 Clerk Maxwell had
recorded his belief that light was
an electromagnetic-wave pheno-
menon — implying the possibil-
ity of reflection — and Hertz had
rapidly shown that reflection was
indeed a reality soon after he had
demonstrated the existence of

e-m waves in 1888.

From then on, physicists and
experimenters in several coun-
tries observed the phenomenon
of radio wave echos, and a few
speculated on possible uses of
this effect. The chronological
table in this report, starting from
ahundred years ago, lists some of
the early discoveries, expen-
ments and proposals that led to
the development of radar as a
mature technology. In general it
is a story of gradual progression
from metre-waves to centimetre-
waves, as magnetrons became
more stable and powerful, and of
widening application from ground
stations to ship and aircraft
installations. Dates are largely
drawn from the IEE’s seminar but
should not be taken as necessar-
ily exhaustive, authortative or
completely representative.

The table does show, however,
at least half a dozen industrialized
nations contributing to radar in
various ways. Mr S. Swords of
Trinity College, Dublin, in an
excellent survey of the beginn-
ings of radar, listed the following
nine countries as having provided
significant technological effort:
(in alphabetical order) America,
Britain, France, Germany, Hol-

land, Hungary, Italy, Japan and
Russia.

Forgetting the crude, jingoistic
propaganda of the past, there is
no question, though, that Britain
played a very important part in
the whole story, particularly
under the pressure of war. To
judge from the seminar, the UK
appears to have made two major
contributions. One was the rapid
and highly effective develop-
ment, production and deploy-
ment of centimetric airborne
radar, following the invention of
the resonant cavity magnetron by
Randall and Boot at Birmingham
University in 1939. The other
was the early warning chain of 19
ground metre-wave radar sta-
tions built round the coast of Bni-
tain — the so-called CH (Chain
Home) stations — from Orkney
to the Isle of Wight. This chain
was built secretly at a cost of
about £10M (now roughly equiv-
alent to £200M), was totally inte-
grated with the RAF’s system of
fighter aircraft control, and was
fully operational to meet the ons-
laught of enemy bombers by the
start of the 1939-45 war.

When the Tizard Commission
went to the USA in 1940 — to
exchange Britain’s military tech-

Chronology of early R&D leading to radar
1885 Edison (USA) patents system discover new layer in ionos- Kuhnold (Germany) starts craft detection using BBC's
for collision avoidance at sea. phere (F) by h.f. echo sound- research on reflection technol- Daventry h.f. station.
1888 Hertz (Germany) observes ing. ogy at 2 GHz. Gutton (France) installs 16-
reflection of e-m waves. 1927 Okabe (Japan) invents split- 1934 David (France) tests 75-MHz cm scanning radar on Nor-
1900 Tesla (Serbia) suggests radio anode Magnetron. c.w. detection of aircraft. mandie liner.
detection of icebergs. 1928 David (France) suggests use Kuhnold (Germany) demon- 1936 Okabe (Japan) demonstrates
1904 Hulsmeyer (Germany) of h.f. beam for detecting air- strates 630-MHz echos from a c.w. Doppler radar.
patents and demonstrates craft. battleship. Vallauri (Italy) starts research
spark-transmitter apparatus 1930 Hyland (USA) observes 60 USSR tests c.w. 64-MHz early group on “radio detector
for detecting presence of ships MHz reflections from aircraft. wamning radar with range of telemetro”.
— the Telemobiloscope. Franklin (UK) proposes use of over 70 km. Page (USA) produces 80-MHz
1916 Marconi (Italy) and Franklin centimetre waves to obtain Netherlands armed forces pulse radar for aircraft detec-
(UK) note reflection of 2-m “wireless pictures”. group observes reflections at tion.
waves from metal objects. 1931 Butement and Pollard (UK) 240 MHz. 1937 Gutton (France) develops
1921 Hull (USA) publishes descrip- demonstrate reflection of 1935 Tiberio (Italy) formulates the- split-anode magnetron of 10W
tion of early form of magne- pulsed 50-cm waves from oretically the “radar equa- mean power at 16cm.
tron. objects at about 100m range, tion”. 1939 Randall and Boot (UK) con-
1922 Marconi suggests use of s.w. using rotating beam. Germany installs 100-MHz struct resonant cavity magne-
reflections to detect and find 1933 Philips company (Nether- radar on ships. tron.
bearing of ships. lands) produces 1-GHz split- Watson-Watt (UK) presents 1940 USA establishes civilian Radi-
Taylor and Young (USA) anode magnetrons. memorandum “Detection and ation Laboratory to develop
observe 60-MHz reflections Korovin  (USSR)  starts location of aircraft by radio military microwave radar.
from river steamer. research on radio detection of methods” to government. 1943 USSR establishes permanent
1925 Appleton and Bamett (UK) aircraft. Wilkins (UK) tests c.w. air- military Council for Radar.
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nology secrets for production
capacity — the US Army and
Navy were so impressed by these
two achievements that action fol-
lowed immeditely. According to
Dr E.G. Bowen, who related his
part in this exchange, urgent
steps were taken to put US radar
systems into operational use, and
orders for the manufacture of
both US systems and copies of
British radar systems went out to
industry. “It persuaded the top
[American] brass that radar was a
tool of prime operational import-
ance in modern warfare,” com-
mented Dr Bowen.

All this can be seen to have
started from Watson-Watt’s
authoritative and now famous
memorandum to the UK govern-
ment in 1935, “Detection and
location of aircraft by radio meth-
ods.” It was certainly this docu-
ment which provided the IEE
with an arbitrary — though justi-
fiable — date for celebrating fifty
years of radar development in
1985. And Dr C. Susskind of the
University of California, in his
provocatively-titled paper “Who
invented radar?”, seemed to sup-
port the choice. After saying
somewhat mellifluously that the
development of radar followed
upon “the confluence of several
prerequisites brought to matura-
tion in the 1930s” he expressed
the view that Watson-Watt's
memorandum stood out as the
most influential of all radar
publications because it was “the
first to lead to the development of
a system for gathering and collat-
ing radar data and acting upon
them.”

The other maritime nations
that are often compared with Bri-
tain in terms of geographical area
and population are Italy and
Japan. As can be seen from the
table, both of these countries
contributed to radar develop-
ment, though somewhat late in
the course of events.

Italy’s involvement, according
to a paper by Captain R. Palandri
and Professor M. Calamia, dated
from 1933. In that year Gug-
lielmo Marconi — while handing
over a microwave link between
Rome and Castelgandolfo —
impressed the significance of
radar on the Italian military
authonties. (He had been, after
all, a member of the Fascist party
since 1923.) Then in 1935 Mar-
coni gave demonstrations of ref-
lection phenomena and this
resulted in a report being sent to
the Italian minister of defence by
Professor U. Tiberio.

Soon afterwards a research

group was formed at the Royal
Institute for Electrotechnics and
Communications. Professor
Tiberio joined this group in 1936
and devised experiments to test
the validity of the “radar equa-
tion” he had formulated. From
1936 to 1943 various radar sys-
tems were developed, includinga
frequency modulated c.w. equip-
ment working on 200 MHz and a
70-cm pulse radar with a double
horn antenna, newly developed
transmitter triodes and ‘acorn’
receiver triodes. Manufacture of
radar sets started in 1941 but met
with difficulties due to the war
and was finally halted when hosti-
lities moved onto Italian territory
in 1943.

Japan’s contribution to radar
was outlined by DrS. Nakajima of
the Japan Radio Company and by
Mr Sword’s survey, Dr Nakajima
spoke of microwave research

work by his company and the Jap-
anese Navy’s Technical Research
Institute from 1932 onwards, but
said nobody had practical applica-
tions in mind at that time.
Research on magnetrons started
in 1933, including experiments
with 18 different types of anodes.
Continuous power outputs of
500W were obtained from water-
cooled magnetrons and wave-
lengths 0f 0.7, 2, 3, 10 and 15cm
were generated.

Dr Nakajima said that in 1953
he had visited the London Science
Museum and examined the Birm-
ingham University resonant cav-
ity magnetron on view there. He
could not see any difference
between it and the Japanese-
developed magnetrons of the late
1930s.

In 1936 Professor Okabe, pos-
sibly influenced by Professor Yagi
(of dipole fame), demonstrated
detection of aircraft by a c.w.
Doppler system. The following
year, experiments in conjunc-
tion with the Japanese Navy

ELECTRONICS & WIRELESS WORLD AUGUST 1985

achieved detection ranges of up
to 5 km in Tokyo Bay. For def-
ence of the Japanese mainland
against air attack the Navy set up
c.w. radar stations on ships and
land operating on 1.5m, 2m and
6m. The 6m sets could detect air-
craft in formation at a range of
450 km and single aircraft at
250km. Mobile ground radar for
aircraft detection went into pro-
duction.

Airborne radar development
did not start seriously until 1942,
after a captured Bntish airborne
pulseradar had been senttoJapan
from Germany in 1941. But
v.h.f. aircraft radar sets were
produced, working on wave-
lengths around 2 metres. A copy
of the German Wurzburg gun-
laying radar was put into produc-
tion in 1943 but never went into
service.

In general, commented Dr
Nakajima, Japan was not very
prominent in radar development
before 1945 because the coun-
try’s research capability was in no

Dr E.G. Bowen with the cavity
magnetron he took to the USA
as part of the Tizard Commis-
sion in 1940. The raised cylin-
der in the middle indicates the
periphery of the resonator sys-
tem; this is surrounded by cir-
cular cooling fins. On the left
are the cathode and heater
leads (the oxide-coated
cathode being connected to
one side of the heater). On the
right is the output side arm.

way comparable with those of the
USA and UK: for example, only
A-type displays were used. He
complained that he had had an R
& D of 800 people working on
radar and magnetrons at the time
Japan entered the war, but this
was cut down to a halfin the ensu-
ing years. Japanese scientists and
engineers were not fully utilized
in the Army and Navy Research
programmes.

Most of the people attending
the IEE seminar appeared to be
sexa-, septua-or octo-genarnans.
Indeed one very lively account of
radar development at the Lorenz
company came from the nonag-
enarian Dr G. Muller — but only
his recorded voice, as he had pre-
ferred to remain at home in Berlin
for his 90th birthday party.
Hardly anyone present seemed to
be under the age of fifty.

It was a pity the young appar-
ently showed no interest in what
was undoubtedly an exciting and
adventurous period of electronics
history.
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META is both an Editor and a very special Assembler.
Most of META resides on a 16K EPROM, but the tables
defining the language the Assembler is to translate Assembler
for ANY instruction set — you specify which you want to use
in your source code.

The large box on the right details all the instruction sets
that have been coded for META right now: all these are
supplied free with META. The other 4 instruction sets will be
supplied as soon as they are written and tested as A FREE
UPGRADE. We're on Freepost, so you won't even have to
pay postage

META contains a fully integrated Editor. This follows
Wordwise as closely as possible in its philosophy (ie cursor
keys used to move text — quickly — up and down about
central editing line etc), and includes Global/Selective Search/
Replace, Markers (copy,save,delete, find marked text), load
text to cursor, character count and heaps of other features.

If an error is detected during assembly, the Editor is right
there: on the bad line with a plain English error message
describing the fault.

Complex expressions are allowed by the Assembler,
including brackets to 8 levels (!). All calculations are to 32
bits.

# Complete Wordwise style integrated X
editor with special debugging aids

& Assembles for 7 different MPU families
right now — FREE updates take this up to 11

M Nestable Macros (with parameters),
E ¢ R Nestable IF/ELSE/ENDIF conditional assembly

M Specially integrated Macro Library facilities

Macros and IF/ELSE/ENDIF Conditional Assembly are fully
supported, and both are nestable. Macros may also pass
parameters, and contain local fabels. There's also a range of
£QU pseudo-ops for data setup, all of which may have a list
of arguments seperated by a comma. Disc datafiles can also
be inserted into the object code. A complex integrated Macro
Library system is also included — you can invoke a routine
and pass parameters by just giving its name

Source code is Assembled in two fast passes (we don't
use the groaning slow BPUT & BGET as do some ... inferior
Assemblers. Instead portions of the source code are
effectively *LOADed in at top speed.) The resultant object
code may be sent to disc files, sideways RAM, the user or
printer port (full details and examples in manual), or down
the RS423.

Remember that all instructions sets supported by META
have access to all the above features (Macros, the Library etc)

META comes complete with a comprehensive manual and
function key strip. 16K of source code for a 6502 BBC game
s included free and the META system disc, which
demonstrates many of the features of this assembler. (as well
as being a neat gamet)

)
M Comes in a 16K EPROM and 40tk disc 1'%%

"E'n s

Meta can Assembile all these
instruction sets right now:

65xx series incl. cmos

68xx/63xx series incl.
00,01,02,03,05

6809 65816
8048 series
8080/8085

z8

Z80

And Free updates ("Real
Soon Now") include:

68000 8088/8086
28000 Micro Nova

METR £69°

A-S-S-E-M-

B-L-E-R

updates expected

All inclusive. Free updates included in price —

Dealer enquiries, as the saying goes, are welcome.
Generous discounts to educational institutions.

to be available early July. META is available right now.

CRASH BARRIER
FREEPOST
FLITWICK
BEDFORD

MK45 1YP

No stamp required
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Sowter

hundred thousand transformers we can supply:

AUDIO FREQUENCY

YOU NAME IT! WE MAKE IT!
OUR RANGE INCLUDES

We can design for RECORDING QUALITY, STUDIO QUALITY, HI-FI QUA

stock and normal dispatch times are short and sensible.

Manufacturers and Designers

P.O. Box 36, Ipswich, 1P1 2EL, England
Phone: 0473 52794 and 0473 219390
Telex 987703G Sowter

Sweep .. ... ... £350
COSSOR COU150 Dual Trace 35MHZ Delay
Swel .£200
S. E LABS SM111 Dual Trace 18MHZACorextevn§aA
£1

With over 45 years’ experience in the design and manufacture of several DCoperation .

TRANSFORMERS OF EVERY TYPE SIGNAL GENERATORS

Microphone transformers (all types?), Microphone Splitter/Combiner transformers. :;m:’l(;oanpggg,A/gAM/FM‘ 65— 220MHZ . 5%3
Input and Qutput transformers, Direct Injection transformers for Guitars, Multi-Secon- MARCONITF144H/4 10KHZ — 72MHZ .£65
dary output transformers, Bridging transformers, Line transformers, Line transformers ADVANCEtype SG63E AM/FM 4 — 230MHZ . .£150
toB.T. Isolating Test Specification, Tapped impedance matching transfor mers, Gramo- ADVANCEtype SG63AM/FM7.5—230MHZ. . €75
phone Pickup transformers, Audio Mixing Desk transformers (all types), Miniature ég&"aN%E type SG628  AM  150KHHZ 0
transformers, Microminiature transformers for lPCB mounting, Experimental transfor- ADVANCEIypeSZ AM 150KHZ — 220MHZ £35
mers, Ultra low frequency transformers, Ultra linear and other transformers for Tran- —_ ==

sistor and Valve Amplifiers up to 500 watts, Inductive Loop Transformers, Smoothing MULTIMETERS

Chokes, Filter, Inductors, Amplifier to 100 voltline transformers (from a few watts up to UNBELIEVABLE — AVO 8 Mk IV and AVO 9 Mk IV
1,000 watts), 100 volt line transformers to speakers, Speaker matching transformers Compiete with batteriesand leads for only. . . . .£65
{all powers), Column Loudspeaker transformers up to 300 watts or more. AVO TEST SET No 1. (Simitar to AVO 8 Mk3)

QUALITY. OUR PRICES ARE HIGHLY COMPETITIVE AND WE SUPPLY LARGE OR ranges Complete with batteries & leads €25
SMALL QUANTITIES AND EVEN SINGLE TRANSFORMERS. Many standard types are in

OUR CLIENTS COVER A LARGE NUMBER OF BROADCASTING AUTHORITIES, MIXING PHILIPS DIGITAL MULTIMETERS
DESK MANUFACTURERS, RECORDING STUDIOS, HI-FI ENTHUSIASTS, BAND 4 digit. Auto ranging. Un-used. complete with
GROUPS, AND PUBLIC ADDRESS FIRMS. Export is a speciality and we have overseas batteries and leads (P&P £5)

clients in the COMMONWEALTH, E.E.C., USA, MIDDLE EAST, etc. Send for our ques- TypePM2517E(LEED.). ... . ... £75
tionnaire which, when completed, enables us to post quotations by return. TypePM2517X(L.C.D)) .. . £95

NEW EQUIPMENT
HAMEG OSCILLOSCOPE 605. Dual Trace 60MHZ
Delay Sweep. Component Tester . . . . £515
HAMEG OSCILLOSCOPE 203.5. Dual Trace 20MHZ
[ ) [ o Component Tester . )

E.A. SOWTER LTD. (Established 1941): Reg.No. England 303990 Supplied with Manual
The Boat Yard, Cullingham Road, Ipswich 1P1 2EG, Suffolk

OSCILLOSCOPES
TEKTRONIX 465 OQual Trace 100MHZ Delay
Sweep ... ...

HEWLETT PACKARD 17078. Dual Trace 75MHZ
Delay Sweep. Mains/Battery . £750
TELEGUIPMENT D75 Oual Trace 50MHZ Delay

TELEQUIPMENT S54A. Single Trace 10MHZ Sollg
State 1

TELEQUIPMENT D43, Dual Trace 25MHZ .. . €110
TELEQUIPMENT S43. SingleTrace25MHZ . .. £75

HEWLETT PACKARD 6168 1.8-4. 2GHZ £350
MARCON| TF2008 AM/FM 10MHZ-510MHZ. £1200
MARCONI TF10668/1 AM/FM 10MHZ-

Complete with Batteries, leads & carrying case. £80
LITY OR P.A. AVO Model 73. Pocket Muitimeter {Analogue) 30

AVO 72— Simitar toabovebutnoAC Current range
with Batteries & Leads .

Al above instruments in Working Order and

BLACK STAR FREQUENCY COUNTERS. P&P €4
Meteor 100 — 100MHZ £99
Meteor 600 — 600 MHZ Y £126
Meteor 1000 — 1GHZ. £175
BLACK STAR  JUPITOR 500 FUNCTION
GENERATOR Slne/SquarelTnangIe 01HZ —
500KHZ.P&PE4.. ; E110

HUNG CHANG DMM 6010. 3} digit. Hand held 428
ranges including 10 Amp AC/DC. Complete with
batteries & leads. P&P £4 oo, £33.50

OSCILLOSCOPES PROBES. Switched X1, X10. P&P
£2. T

5',” FLOPPY DISK DRIVES
TANDON ; Height. Brand New
SingleSided Double Density y £70
Double Sided Double Density £100
P&P all drives £5.

HEWLETT PACKARD LOGIC ANALYSER
16005 - 32bits

(Consisting of HP1600Aand HP1607A - can besold
separately). Specification on request

MARCONI RF MILLIVOLTMETER TF2603 50KHZ
15MHZ; 1mV-3V.FSD

MARCON| ELECTRONIC VOLTMETER TF2804
20HZ-1500MHZ;  AC/DC/OHMS AC 300mV
300V.FSD

MARCONI VALVE VOLTMETER TF2600 10HZ
10MHZ 1mV-300V.FSO .

AVO TRANSISTOR ANALYSER CT446
Suitcase style — battery operated.
(Batteries NOT SUPPLIED)

With information onty £20 each.

AVO TRANSISTOR TESTER TT169

Handheld. GO/NO GO for in-situ Testing
Complete with batteries, leads & instructions.
Now Only €42 p&p £3.

PROFESSIONAL MONITORS
COTRON 12" GREEN SCREEN UN-USED . .£60
KGM 9" GREEN SCREEN USED (Glight burns —
does not affectdisplay) £40
CHERRY KEYBOARD — SERIAL/ASCII. STANDARD
QUERTY WITH NUMERIC PAD. NEW CASED. WITH
CIRCUIT. (P&PE4) b . 215

This IS A VERY SMALL SAMPLE OF smcx, SAEOr
Telephone for LISTS

Please check availability before. ordering.
Carriage all units £12

VAT to be added to Total of Goods & Carriage

STEWART OF READING Telephone: 0734 68041
=5 110 WYKEHAM ROAD, READING, BERKS R66 1PL #-

Callers welcome 9 a.m. to 5.30 p.m. Monday to Saturday inclusive
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NEW PRODUCTS

Sine-wave
inverters

Solid-state a.c. power supplies
can provide 200 to 1000VA at
50 or 60Hz continuous power at
any mains voltage derived from
12 or 24V batteries. Pulse-
width modulation is employed
in the new range of inverters
from Caracal. This results in
high efficiency across the whole
load range and a low standby
current. In addition they are
smaller and lighter than former
inverter designs.

The output waveform is
claimed to contain only 3%

t.h.d. and the output voltage is
held to within 2% for any
combination of loading and
vanation of the d.c. input.
Frequency is held to less than
0.3Hz.

Battery protection is provided
by a low-voltage warning light
followed by an automatic cut-
out to prevent full discharge of
the battery.

Protection against overload,
output short-circuits and
reversed input are all provided.
The inverters come in rugged
welded-steel cases.

Caracal Power Products Ltd.,
42 Shortmead Street,
Biggleswade, Beds. EWW203
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Single-chip
controllers

These controllers can be built to
meet any specific control
requirement. They are based on
a Hitachi chip mounted on a
p.c.b. and incorporating a
liquid-crystal display. They can
be used to control time,
temperature, pressure etc.
Using surface-mounting
production, they are smaller
and inherently more reliable
than conventional circuit
boards.

Race Electronics, who
designed the board, can
78

programme the device to tailor
its functions to meet the needs
of a wide range of industrial and
electronic control appliances.
Typical uses are likely to be in
white goods where it can
replace the more expensive and
cumbersome electro-mechanical
controls. It can be used as a
direct replacement or be
incorporated into new designs
to take advantage of its
compactness. One successful
application has been in its use
in a meat probe temperature
sensor for a range of ovens.
Race Electronics Ltd., Lanelay
Road, Talbot Green, Pontyclun,
Mid Glamorgan CF7 8YY.
EWW207

Low-cost toroid
transformers

Research into materials and into
manufacturing techniques has
enabled Drake to reduce the
price of toroidal transformers.
The most significant change has
been in the use of polyester
tape wrappings instead of the
usual varnish impregnation.
Drake admit that this method of
outer insulation cannot compare
with vacuum varnish-
impregnated Terylene tape
(which they also supply) but say
that it is totally suitable for
many general-purpose, power
and audio applications. This PW
range of transformers offers

ratings from 50 to 900VA.
Copper foil earth screens
between the primary and
secondary windings can be
provided when safety
considerations so require.
Drake Transformers Ltd.,
Kennel Lane, Billericay, Essex
CM11 25p. EWW205

Multi-assembler
on a chip

A 16K eprom and a floppy disk
for use with the BBC Micro
provide facilities for assembling
machine-code instructions for a
wide, increasing, range of
processors. Meta is an
assembly language editor on a
rom and works very like the
popular BBC wordprocessor
Wordwise. This means that all
the Wordwise facilities are
included; cursor movement
around the text, search and
replace, loading and saving files
or marked parts of files etc.
Plain English error messages
are provided if any errors are
detected during assembly and
the editor is automatically
invoked at the point where the
error occurs.

Complex expressions are
allowed by the assembler
including brackets to eight
levels. Mathematical accuracy
is to 32 bits. There are many

facilities for macros and EQU
pseudo op. codes and a library
of macros is provided. Source
code is assembled in two passes
and the system is claimed to be
particularly fast at doing this.

At present seven families of
processor are provided for:
65XX, including 65C02; 68 and
63XX; 6809; 8080/8085; Z8;
Z80. Shortly to be added are
68000, 8088/8086, Z8000 and
Micro Nova. These are
provided as a free upgrade to
the system disc and as Freepost
is used, they are really free!
The assembly language file may
be saved onto disc. The
assembled code may also be
sent to disc files, sent to
sideways ram, user or printer
ports or transmitted through
the RS423 port. Meta has a
comprehensive manual and a
machine-code game which
illustrates the use of the
system. All for £69.95 with
discounts to educational
establishments. Crash Barrier,
Freepost, Flitwick, Bedford
MK45 1YP. EWW208
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Video imager
from Cambridge

Research Fellows from
Cambridge University have
formed a company to market
their expertise in image
processing. The result is the
Seescan RD2566 and 2567
systems. They are self-
contained microprocessor-based
systems with applications
including a wide range of uses
in scientific, industrial and
educational areas. They provide

a useful introduction to such
systems and can be upgraded.
Each incorporates a 256 by
256, 6-bit (7-bit on the
RD2567) frame store with a on-
board Z80 running at 6MHz (or
optionally, 8MHz).

The systems have R5232 and
BBC 1Mhz bus interfaces for -
use with terminals. These allow
for graphics facilities and a
software development package
for the rapid development of
programs which will customize
their system. The graphics
facilities include user-defineable

overlays and look-up tables
which can be used to enhance
the contrast and for gamma
correction. Both systems have
an 8-bit video output enabling
the display of 256 shades of
grey.

The software supplied with
the system include a Z80
monitor and a Z80 assembler.
The monitor is accessed
through the interface ports by
an RS232 or BBC micro. It
includes full screen memory
editing facilities, copy and fill
commands as well as an in-line
assembler. The RD 2566 costs
£2750 and the £2567, £2975.
An expansion board is being
developed which will add three
extra frames of memory with a
real-time clock and single-
stepping for program
debugging. The full price of a
system will be refunded if the
user wishes to upgrade to a
Seescan 512 by 512 premium
framestore within 12 months of
purchase. Seescan Devices, 25
Gwydir Street, Cambridge, CB1
2LG. EWW214

Development
boards

The 85000 series is a family of
boards for the development
engineer, college and/or
electronics enthusiast. The
Processor board contains a fully
buffered 8085 Microcomputer
with a potential on-board
memory capacity of 96Kbytes.
Peripherals are connected
through 64-way connectors.
Among the peripherals already
produced are a communications
board based around an Intel
8256 muart, and a display
board which can drive members
of the Epson EA series of liquid
crystal alphanumeric displays.
With this combination most of
the looked-for functions of a
micro-computer are provided. It
is also possible to add any
required interface on the blank

development areas of the
peripheral boards. Three
voltage planes and an earth are
provided and additions can be
easily incorporated using the
Vero Speedwire system. The
processor board also has
facilities for configuring
different systems. Many
different types of memory chip
can be acommodated. The
control signals are redirected by
shorting jacks and the memory
size and addressing range is
selected by five 8-way dil
switches. Each of the boards is
claimed to be of high quality at
a low price, though a price is
not quoted, with p.t.h. They
may be used for rapid
development of a system.
Further details from
Automation and Control
Technology, Crofton Road,
Marsh Barton, Exeter EX2
1QW. EWW213
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Now Thurlby makes loglc analysis affordable ¥ from

the new Thurlby LA-160 £395 +vat

e 16 channels, expands to 32 e 2K word acquisition merrory
e Clock rates up to 20MHz o Non-volatile reference memory
" e State and timing displays e Search and compare facilities
e Selectable display formats & Hard-copy data print-out

An oscilloscope and logic probe are not enough to unravel the complexities
of today’s electronic equipment. A logic analyser is as essential for
observing digital signals as an oscilloscope is for observing analogue
¥ signals, and now Thurlby puts one within every engineer’s reach.

- Contact us now and get the full technical data.

Th lb Ny Z Thurlby Electronics Ltd
ur y Z N New Road, St.lves, Huntingdon,

designed and built in Britain Cambs. PE17 4BG, England. Tel: (0480) 63570

CIRCLE 37 FOR FURTHER DETAILS.

Add 8 channels to your ’scope

New Thurlby OM358 multiplexer £179-vat

The Thurlby OM358 gives any oscilloscope an 8 channel display. Observing
many waveforms simultaneously can be essential when analysing sophisti-
cated equipment. Application areas include microprocessor based products,
data transmission systems, A to D converters, frequency synthesizers etc.
The OM358 is ideal for digital equipment (it can often solve problems that
would otherwise need a fast logic analyser) but, unlike dedicated logic test ' @ @ @ @
instruments, it is equally suited to analogue waveforms. ‘ Rt g
The OM358 has a bandwidth of 35MHz and 3% calibration accuracy. Each T S S
input has an impedance of IMf) - 20pF and accepts signals upto +6V. An 8
channel, 4 channel, or single channel display can be selected with triggering
from any channel. Colour data sheet with full specifications available.

{ 'k‘ %4 Thurlby Electronics Ltd
/I Thurlby 74+§ New R;ad, St.lves, Cambs.

designed and built in Britain PE17 4BG Tel: (0480) 63570

B Thuriby] OMAS8 s on s

CIRCLE 38 FOR FURTHER DETAILS.

The world’s most advanced low-cost bench multimeter!
Thurlby 1 905& £349. VAT

W - A complete high performance bench DMM
9 h . ® 5 digits; 0.015% acc; 1uV, ImQ2, 1nA.
- E’ D 9 9 9 ® Full ac and current functions as standard
1§ 2 A sophisticated computing and logging DMM

@ Linear scaling with offset; null/relative
® Percentage deviation; running average
# dBV, dBm general logarithmic calculations
® Limits comparison; min and max storage
& 100 reading timed data logging
® RS232 and IEEE-488 interface options
Thurlby Electronics Ltd A Za
New Road St Ives. Cambs. PE1748G /I Thurlby ;‘{§

Tel: (0480) 63570 designed and built in Britain

CIRCLE 39 FOR FURTHER DETAILS.

leading the way  Hitachi @

in 100MHz Oscilloscopes

The remarkable new Hitachi V-1100A is much more than just a
100MHz oscilloscope. Its built-in digital measurement unit
provides an on-screen readout of all control settings, voltage,
dBs, frequency, time, phase, ratio and even user-defined labels.

Add to that four fully independent input channels, sophisticated
triggering, an ultra-sharp trace, and a new lightweight format,
and you have the most advanced oscilloscope package available
anywhere.

Hitachi presently offer four 100MHz models with prices from
£1,190. We hold them all in stock for immediate delivery. For
full technical data, quotations, or to arrange a demonstration
ring us on (0480) 63570.

Thurlby-Reltech Instruments, 46 High Street, Solihull, W .Midlands, B91 3TB

CIRCLE 40 FOR FURTHER DETAILS.



This month we feature some fantastic

ins. Our standard range of
professional quality kits and cassette
decks is stlll expanding, along with
new lines in Video heads and power
supplies. Our FREE list qivu details

4“ A

ALL BARGAIN ITEMS INCLUDE VAT & POST.

EX PO DIGITAL TIMER TRT 340

Mains/12v DC powered precision timer with full 4-digit display. 3 ranges
up to 9999 mS. Sharp LED dispiay hoids untll reset or cancels after user
variable display time. Timing start and stop independently controllable
by any of 4 types of input. Display test button on rear. Complete unlt is
housed in an elegantcase with carrying handle/stand. These cost the PO
many hundreds of pounds, our pricetoyou . . . only£29.78

LIQUID CRYSTAL DISPLAY WATCH MODULE
With LCD display, 2 pleces of Polarising material, backlight diffuser,
micro lamp, precision crys(al timmer, banery contacts and open

TOP LOADING STEREO CASSETTE MODULES

Limitec quantity of brand new stereo cassette units, as used in hifi music
centres etc. All have auto stop.

Decktype 858B. 12v DC motor. 3- dlgl( counter. £29.32.
Deck type 811C. As above but with Dotby noise reducllon Fully wwad
with twin VU meter, level controls, pilot lights and DIN socket. . . . £44.7
Deck type 828A. Deck mechanism only asused in both above, produced
by one of Japan’s top manufacturers. Fitted high quality stereo R/P head
andFerrite grase. 12vDC electronically governedmotor. . . . ... £11.27
CassetteDoortofitanyabove. .. ... ......... £4.02
Deck type 111D. Complete modute with record and play electromcs 3
digit counter, AC drive motor and cassette door. . £21

COMPLETE STEREO TUNER MODULE
3Band. LW/MW/FM Stereo Tuner fully assembled on PCB 165 X 85mm.
Supplied with Ferrite Rod Aerial, stereo LED and band switch tully wired.
12vDC Supply. TUS60—Tuner.. . ... .. . ... . .. Price Only£7.99
Drive accessorles with2 knobs, luning drum, window andscale. . . £2.99
Specialpricefor bothitems boughlloge(her £9.70

PANEL METERS

HIGH QUALITY REPLACEMENT
CASSETTE HEADS

ol

Do your tapes lack trabie? A worn head could ba the roblem
Fitting one of our replacament heads could restore pe ormcnce
to better than new! Standard mountings make fitting easy and
our TC1 Test Cassette helps you set the azimuth spot-on. We are
the actual importers which means you get the benefit of lower
prices for prime parts. Compare us with other suppliers and seel
The following is a list of our most popular heads, all are suitable
for use on Dolby machines and are ex-stock.
HCZO Permalloy Stereo Head. This is the standard head 'l((ed as
inal equipment on most decks ..
90 High Beta Permalloy Head. A hard- wearlng h:gher per

10rmance head with metal capability 06

HS16 Sendust Alloy Super Head. the best head we can hnd
Longer life than Permalloy hlgher output than Ferrite, fantastic
frequency response .
HQ551 4-Track Head for auto-reverse or quadrophomc use. Full
specification record and playback head...... £9.73
Please consult our list for technical data on these and olher
Special Purpose Heads.
MA481 Latest verslon Double Mono (2/2) Record/Play head.

ReplacesR484 ! .£8.90
SM166 Standard Mountlng 2/2 Eruo hoad Companble with
above orHQ5514 Trackhead. .. £5.90
H524 Standard Erase Head. Seml double gap, hlgh effi-
ciency ... .£1.50

H561 Metal Tape Erau Hsad Full double gap

microcircuit. Untested.. .§forg1 gpecnal tront design that can be mounted on, or behind a front piate. HART TR'PLE-PURPOSE TEST
ront 60mm X 45mm. Two types, FSD 50v DC & 1A Di | 11
PLESSEY MAINS INTERFERENCE SUPPRESSORS supply. Boththe same price vPe v c Idegsgaﬁzgr CAssmE Tc1
Filter unit for mains borne interference. Max currenl 1.5A. Qur Price, One | jve test bles you to set up VU levei
'g'andREW s LR praaiariiaa e L Ll D“:Yg g head azimuth and tape speed. Invaluable when fitting new
ame ltem. Store soiled ... .. ... ... ... only heads. Only £4.66 plus VAT and 50p postage.

CLOCK/TIMER/FREQUENCY METER PARTS

Special offer of the fabuious MSM5524 clock, timer and frequency
meter chip. MSL2318 prescaler chip and 6L.T09 5-Digit fluores-
cent display. These are the 3 primary components for a compiete
timing and trequency display system covering the long, medium,
short and FM wavebands. Total cost of these parts is normally
over £25. OUR SPECIAL OFFER PRICE ONLY £13.68

INF23C Data on MSM5524 and MSL2318. .70p
INF26C Application Circuit . . 20p
Crystal 3276.8KHz . .. ... .. 3 £2.18

VIDEO HEADS
Heads to suit alt VHS, BETA and PHILIPS video cassette recor-
ders. Do not take chances with ‘near equivaients' there are nine
differert VHS heads and seven BETAMAX. Write or ring with the
make and model number of your recorder for quotation. Prices
start at £47.25 for VHS and £57.75 for Beta. Plus Vat

24hr SALES LINE
I (0691) 652894

10W POWER AMPLIFIER MODULE
Muliard LP1173 Amplitier module. Needs 24v DC Supply to gives 10
watts Into 4 ohm speaker Slze 112 X 70 X 29mm. Complete with heat
sink. .. ... .. Only £2.40 complete with Data.

Tape Head De-mn?nenser Handy size mains operated unit
prevems build up of residual head magneusanon causing noise
on playback. £4

Curved Pole Type 'or |naccessm|e heads £4.85

ALPS FF317U FM FRONT END
Beautitul, precision made High Quality variable capacitor tuned FM
Front End with Dual-gate MosFet. Coversfult FMrange of 87 to 109 MHz.
12vsupply. ... ... ONLY £5.15Circuitifrequired 35p.

Send for your free copy of our LISTS. Overseas please send 2
IRCs to cover surface Post or 5 IRCs for Armail
Pleace add part cost of post, packing and insurance as follows:

INLAND OVERSEAS

Orders upto £10 — 50p  Please send sufficient to cover
I “0 e \\-\' \.\\“"—

Orders £10 to £49 — £1 Surface or Air Post as
COTNNSIE
’ \'\"“1 "—Q“ S“p\\"
05\8 ot

Orders over £50 — £1.50 N
required

LONDON & HOME COUNTIES MIDLANDS & NORTH

CAR RADIO FM IF AND STEREO DECODER
Minlature PCB with 10.7MHz ceramic fiters. 2-transformer rato
detector, AX010 noise suppression IC and TCA4500A advanced stereo
decoder IC. Only needs front end to make FM tuner or car radio.
Complete withcircuit. Incredible vaiue at . Only £1.99

ALL PRICES EXCLUDE VAT “

Personal callers are always very welcome but
UNLESS STATED

please note that we are closed all day Saturday

Audio Electronics London WZ 01724 3564  Northern Instruments  Leeds 0532 791054

Henry's London W2 01-724 0323  The Instrument Centre  Brierley Hill 0384 293898

Carston Electronics Teddington 01-943 4477  Electronic Measurement Manchester 061-273 4653

Kentwood Electronics  Reading 0734 698040  Services

John Minister Folkstone 0303 41598 Radio Telephone Service Derbyshire 0332 41235
Instruments

The Instrument Centre  London N7 01-2634025 SCOTLAND

Maplin Electronics Benfleet 0702 554155 RMR Measurements Cumbernauld 02367-28170

WALES & WEST IRELAND

The Instrument Centre  Newport 0633 280566  Ejectronic Instrument  Dublin Dublin 857119

(Gwent) Brokers {IRL) Ltd. t

EAST ANGLIA

Electronic and Computer Chelmsford
Workshop

Cirkit

Crotech Instruments Limited |

2 Stephenson Road, St. Ives, Huntingdon, Cambs. PE17 4WJ
Telephone: (0480) 301818

CIRCLE 19 FOR FURTHER DETAILS.

173MHz FM TELEMETRY RADIO LINK

B Range up to 100 metres
B Modular, Wall Mounting

0245 262149

Broxbourne 0992 444111

Lynwood GD1 VDUs: Intelligent Green micro controlled,
RS232, printer port, 101 key k/b. Full Video
enhancements. .................. ONLY £149+£15P&P (S/H)

Burroughs MT686/7/TD710: IntelligentGreen 12° VDU with
3micros and 64K store. RS232. Programmable. ..Only £199

i i new or £149 S/H + £15 P&P £ i 2
T(ansmltter + Receiver OpenChassis VideoMonitorsfromaboveVDUs .............
B Direct Baseband Inputs + Qutputs. | & & | V|0 £40+7.00p&p
(3kHz B/W) Multirail Switching PSUs from above 5v4A12v+24v. ... ... .. S = S
................................................... £25+€1.50

B Operates to MPT1309

B Each Module 86x104x45mm +
requires only 30mA dc at 7.2V

B Selective base ban signaling by
by ‘add on’ modular. Available
shortly.

Data General 6012 VOU's very attractive display working RS232

with integral 73 key k/b either dumb terminal mode or page

buffered. ... . Only £120.00+£15.00 p&p

Centronics 306 Line printers: Professional fast (120 cps),

superb quality 80 column printer. Paralleli/f.. ... ONLY£99+ £15.00 P&P
Osborne Executive Portable CP/M system with oodies of software. Twin floppy

oL R ————— . . E900+E£15p&p
Diablo 630 Daisywheel printer. OEMi/f.. o NEW £599+ £15P&P
Calcomp 565 Drum Plotter, 10thou steps. .. ONLY £450+ £10P&P

Callers welcome BEGKE"HAM PER“’HERMS l.m

by appointment 01-488 5582
] 34 Rodway Road, Bromley

We also buy
redundant peripherals

ADENMORE LTD
27 Longshot Estate, Brackness, Berks. RG12 1RL Tel: 0344 52023
CIRCLE 79 FOR FURTHER DETAILS.
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NEW PRODUCTS

Sight for Nimbus

A new version of Digithursts’
MicroSight image analysis
system has been produced for
the Research Machine’s Nimbus
computer. It can capture
images up to 512 by 512 pixels
with 256 grey levels. Using
standard graphics, the image
can be displayed at 256 by 256
resolution with 16 grey levels
on the Nimbus screen.

The system uses an 80186
¢.p.u. running at 8MHz, 320K
of memory and twin floppy disc
drives. Hard discs, memory
expansion up to 1MByte and
networking are available as
options.

Image measurement software
makes counting objects possible
and sizing particles or
measuring areas. This is of
practical use in pharmaceutical
research, metallurgy,
microbiology and agriculture.

Images captured by the
system can be dumped to a
printer, stored on a disc and

may be manipulated and edited
through graphics programs for
use in art, design, advertising,
display and computer-aided
learning.

The Nimbus vision system

includes the computer, video
camera and interface, mouse
and software at a starting price
of £2950. Digithurst Ltd.,
Leaden Hill, Orwell, Royston,
Herts SG8 5QH. EWW204

Satellite software

Two discs have been produced
for the BBC Micro for satellite
tracking. The first is an orbital
prediction suite that allows the
prediction of positions of
satellites in circular or elliptical
orbit. The second is specifically
related to Uosat-2 telemetry
and allows the user to decode,
process and display data
received from Uosat. A third
disc is to be produced that will
enable the graphical display of
the data from disc 2 so that
correlations may be
extrapolated. The package is
being produced by Scarborough
6th Form College and York
University to coincide with the
launch of a nationally
coordinated package of
hardware, software, information
and texts on Satellites in
FEducation by the Micros in
Education Project and the
University of Surrey. Marketed
by Amsat-UK, 94 Herongate
Road, London NE12 5EQ.
EWW212

Music on the Beeb

When we wrote about the
Music 500 and the Music
System, we were not
completely happy with those
methods of getting music out of
the BBC Micro. Now two more
products have become available
and we are happy to
recommend either or both.
Murom is a music rom.
Music is entered by selecting
note, octave, envelope and note
length in pre-determined
columns;-one for each of the
four channels. Each note or
time beat is on a numbered line
which makes it easy to copy,
insert or delete notes. Octave,
envelope and note length are
programmed into the function
keys and are selected by a
combination of shift, control
and function. The notes are
entered by name and a shifted
note provides a sharp; there are
no flats but as A# is the same
as Bb (in modern equal
temperaments) this is not a
problem. There is no provision
for entering key signatures so
all sharps must be entered as
accidentals. It is possible to
transpose music after it has
been entered. The notes sound
as they are entered and it is
possible to scroll backwards and
forwards through the entered

82

music playing individual voices
or all of them together. Also
provided at the touch of a key is
an envelope which is very easy
to use and envelopes so created
may be used in the music editor
or saved seperately.

To enter longer compositions
it is necessary to reserve the
space needed in memory in
advance and it is possible to
have sufficient space for over
2000 notes or chords. There
are a number of pre-
programmed envelopes which
may be invoked by ‘star’
commands. And there is also a
selection of sounds; ZAP, PING
etc. which may be calied from
within other programs. As long
as Murom is present in the
computer it is also possible to
include music in programs and
examples of interrupt-driven
music are included on the
demonstration cassette. These
allow music to be played while
the computer is free to do other
things. Murom comes from the
BBC user group, Beebugsoft,
PO Box 50, St. Albans, Herts.
EWW209

The other product connected
with music is a combination of
book and software produced by
Acorn. Creative Sound on the
BBC Microcomputer by David
Ellis and Chris Jordan is an
introduction to sound

synthesisers in general as well
as being a guide to the facilities
on the BBC. As Chris Jordan
designed the SOUND and
ENVELOPE commands for BBC
Basic, he has ‘inside knowledge’
of their workings and knows
how to get the best out of
them. He and his co-author do
this very effectively through a
number of demonstration
programs listed in the book and
available on the cassette or disc
that accompanies it.

In the section on computer
composing there is a program
to play Mozart’s Musical Dice
game in which bars are selected
according to the throw of two
dice and the application of two
tables which formulate the
selected waltz tune. As there
are 380 000 million
combinations of the bars, it
follows that every time the
program is run a German waltz
by Mozart is created that no-
one, not even Mozart has heard
before! Unfortunately, because
the bars have to follow on from
each other each composition
sounds very similar to the last
one and the authors even cast
doubt on whether it was
composed by Mozart at all. It is
however an interesting example
of a program written two
hundred years before there was
a computer to run it on. There
are other examples of music

composed by the computer at
random.

One section introduces a
Music Composition Language
(MCL), Similar to, though
“somewhat humbler” than the
language used to enter music on
the Fairlight Music Computer.
This allows envelopes and
notes, duration etc. to be
entered as data statements
which are then compiled into a
compact internal code and
translated into sound
commands in ‘real time’. Key
signatures are provided for.
Again, there are some excellent
examples listed and provided on
the cassette or disc. The final
section is on the use of the
computer in the music
classroom and includes
programs that generate different
pitches, intervals, key
signatures, scales and modes,
and rhythms for study and aural
training.

It is possible to buy the book
along for £9.95, but we would
strongly recommend getting the
cassette or disc as well as there
are over 40 programs, some of
which are quite lengthy and it
would be a great chore to enter
all of them. Cassette + book,
£17.95; Disc + book, £19.95.
Acornsoft Ltd., Vector
Marketing, London Road,
Wellingborough, Northants
NN8 2RL. EWW210
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Universal_
counter-timer

There is an addition to the
range of low-cost instruments
manufactured by Black Star.
Apollo 100 is a compact mains-
operated 100MHz counter-timer
with a 8-digit led display for the
measurement of frequency,
period and period average,
frequency ratio and time
interval. Stop-watch, r.p.m.
and totalise modes are also
provided.

Full signal-conditioning
controls are provided for both

inputs, including attenuation,
edge selection, trigger level and
a low-pass filter. Other controls
include single measure, start/
stop and reset, display hold and
trigger hold-off. The 10MHz
timebase from a crystal-
controlled oscillator provides a
temperature stability of
2.5p.p.m. and this may be
improved to 0.5p.p.m. by the
optional inclusion of an oven-
controlled crystal. A rear socket
allows access to the internal
oscillator or use of an external
reference source. Price: £285.
Black Star Ltd., 4 Stephenson
Road, St. Ives, Huntingdon,
Cambs PE17 4W]. EWW215

New transmission
lines

Following the demise of IMF,
Transducer Developments, who
manufactured the drive units for
IMF, have decided to market its
own range of transmission-line
loudspeakers. They have
enlisted John Wright, the
original designer of IMF
loudspeakers to design a new
range.

The transmission-line
principle, which extends the
bass response a further octave
than conventional speakers, is
claimed to be particularly
applicable to digitally originated
material, where the signal is flat
down to 20Hz. The new design
is wedge-shaped for maximum
dispersion and employs a
double transmission line. The
mid-range is exhausted into a
tapered open line to avoid
colouration from the box. The
tweeters and super-tweeter are
metal dome, ferro-fluid cooled.
The design optimises the

transmission-line system in the
light of new materials and
manufacturing prodcedures.
TDL Electronics, Unit 11,
Hampton Lovett Industnal
Estate, Droitwich, Worcets
WR9 ONX. EWW206

Soldering
thermometer

Where the temperature of
soldering is critical it is possible
to use this soldering iron
thermometer which has a
resolution of 1°C and an
accuracy of 0.5% over a

temperature range of —50 to
+500°C. The type K (NiCr-
NiAl) sensor is at the centre of
a cleaning sponge. The
instrument will run for 1000h
on a PP3-size alkaline battery.
£39.50 from West Sussex
Instruments Ltd., 12A
Coronation Buildings,
Brougham Road, Worthing, W.
Sussex BN11 2NW. EWW201
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Low-cost plotter

An XY plotter for use with
home microcomputers is
provided by the Plotmate. It
has a bed sufficient to
accomodate an A4 sheet but can
cope with larger sizes (up to
A2) by using a composite
command. The paper is held
onto the metal plotting base by
magnetic strips.

The drawing facilities include
triangle and block filling: there
are 15 sets of shading patterns
and dotted lines. Drawings may
be drawn to any orientation and
may be repeated with new
origins, or re-scaled.

The plotter will interface
directly with the BBC Micro and
recognises most of the same
Basic commands used for BBC
screen graphics. There is also
an interface package available to
allow it to be used with any
micro that has an R5232 or
Centronics printer port.

Other software provides
facilities for drawing
complicated shapes, for the
production of bar-graphs and
pie charts and an electronics
package for drawing circuit
diagrams. The plotter costs
£299. Linear Graphics Ltd., 28
Purdeys Way, Rochford Essex
SS4 INE. EWW202
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Please ring or send S.A.E. for details.

SAMSONS

{ELECTRONICS) LTD.
9-10 Chapel Street, Marylebone
London NW15DN
21-23 Bell Street, London, NW1
01-2625125 & 01-723 7851

CREDIT CARDS
ACCEPTED FOR
TELEPHONE
ORDERS

F. N

ASCO SOLENOID VALVES
Fantastic value!! These valves are
designed for air gas water L.T. Oil nor-
mally closed. Approx ' * bore ideal for
central heating 240 ac our price £8.50inc
VAT & carr

JOYSTICK CONTROL
Joystick controls made for the video game
industry with sturdy micro switch action. 2 way
control £1.95 inc VAT & post: 2 way heavy service
type £2.95 inc VAT & carr.

SPECIAL OFFER. CLAUDE LYONS VOLTAGE
STABILISER. Input 210-270V a.c. Output 240V
a.c. + 5%lIl Rated at 2.9kVA. Ideal for stabi-
lising computer supplies
£19%inc. VAT. Carriage £12
Hurry — only a few left

GOULD ADVANCE P.S.U.s. 13.8V 30amp d.c.
supplies. Great for tinearst!! ONLY £85 inc.
VAT. Carriage £3. Limited offer

SPECIAL OFFER HIGH-GRADE
ISOLATION TRANSFORMERS
Open frame terminal block connections
£29.50, carr. £4, VAT £6.02. Pri 240V, Sec
240V, 250 watts, open frame type tag connec-
tions, £10, P&P £2, VAT £1.80. Pri 100-110-200-
210-220-230-240-250V, Sec 220-230-240V
600W, can be used in reversed open frame
type terminal block connections, £15, carr.

We are stockists of the complete range of “DOUGLAS transformers.

Preciston made Swiss D.C. motor running
on 6—9v dc these motors have a 70:1
gearbox and are extremely powerfui!
s1ze 26mm X 45mm 3mmoutput shaft nor-
mal cost over £20 our price £4.95 inc VAT
& postage.

AC 240v BLOWERS

ex computer equipment In good condition
housed in metal frame size 11"X7"X7" air
outlet 4"X3" motor spec 1300 rpm cont
rated £5.95 postage £3.00

MEMOREX V.D.U.s 1377

We do not as yet have full information on
these very attractive units which fea-
tures a 12° monitor mounted in an
adfustable cradle, and a full Alpha
Numeric Keyboard. But response to
them has been such that we feel you
shouid be told about them. Comes with
diagrams for monitor offered to you at
£85.00 inc VAT. Carriage £17.00. Ring
for details.

15AMP ISOLATION
TRANSFORMERS BY FAMOUS
MAKERS

These high grade transformers are as
new and were manufactured for a top
U.K. electronics company to extremely
high standards. Each transformer has a
large range of tappings for adjusting
inputs and outputs.

Size approx 220mmX280mmX320mm
Weight approx 37kgs. Our price £95 inc.
VAT RingFor Carriage Details

DIGITAL CLOCK MOVEMENTS
A well made clock ‘movement’ fitted with
timer mechanism and neon illumination. Size
approx 110mmX50mmXS0mm 240V a.c.
operation. A Snip At £3.95 inc VAT & Carraige

9v 800m/a DC SUPPLIES
As made for afamous microcomputer firm
these units have a mains lead and stand-
ard jack output £5.50 inc VAT & postage.

6000w CONSTANT VOLTAGE
TRANSFORMER
BY REGAVOLT
This high grade piece of equigmen( has inputs
of either 220 or 240V a.c. — 20% + 12%
Qutput 220 or 240V + — 1% Please Note This
C.V.T. Has Jsolated Sg_qgng%nes
Size 17.5"X11.5"X26" Weight 3cwt
Price £550 inc VAT Ring for carriage details
Note: this transformer is ideal for computer
PS.Us

£2.80, VAT £2.67.

PARMEKO NEON TRANSFORMERS
PRI tapped 200-220-230-240-250V. Size 7000V
65 M/A. Totally enclosed in wall mounting
steel case. Size 9'2x8V2xazin.

£17.50 inc. VAT and carriage
PRI tapped 200-220-230-240-250V. Size 5000V
20 M/A. Totally enclosed in wall mounting
steel case. Size 7x6xSin.

£12.50inc. VAT and carriage

NEW TRANSFORMER
BARGAINS
By famous makers

No. 1. Pri 115-230V Sec 21V 3A +
40V 300 M/A . . £5.25
No. 2. Pri 220-240V Sec 17.5V 1A 3
times... £5.75
No. 3. Pri 220-240V Sec 29-28-27-0-
27-28-29V 0.3A £4.00
No. 4. Pri 220-240V Sec 6.3V 5ACT
6.3V 2ACT £5.00
No. 5. Pri 220-240V Sec 40V 3A

.. £6.25

Alt prices inc. VAT and carriage

RECHARGEABLE BATTERIES
We have on olfer these fantastic long life
batteries which have alarge variety of uses.
Completely unspiilable using a special jetly
electrolyte
Type 1. Drytit 12v 5.7AH. Size 37, X6X2'%,"
Price £9.50 inc VAT & carr
Type 2 Yuasa 12v2AH. Size 5X87:X6%.
Price £24 inc VAT & carr

PAPER BLOCK CAPACITORS
8MFD 2500V WKG DC ........ £6.50
10MFD 350V WKG DC ..£15.00
8 MFD 400V WKG DC..... £2.50
4 MFD 1000V WKG DC.... .£2.00
1MFD 1000V WKGDC..............£1.25

All prices inc. VAT and carriage

FANS
MUFFIN 412" 110V . .. £4.00
WOOQODS 6 and 8" 240V ., -£9.50
Tangential Blowers 240V approx
3"x15" vent. Very powerful. £11.
All prices inc. VAT and carriage

HIGH GRADE LT TRANSFORMERS
ALL PRIMARIES 240v

OPEN FRAME TOP PANEL CONNECTIONS
No 1 tapped 2-3-4-5-6-7-8-9-10-11-12-13-14-
15v BA £10. No 2 12v 8A £7.50. No 3 tapped
13-12-10-8v 812A £9. No 4 Sec 6.3v 2A 6.3v 2A
and 32-0-32v 280 m/a £4.75. No 5 Sec 37v
154, 15v Y2A, 9v 50 m/a £3.95. No 6 Sec 14v
2A £3.95. No 7 Sec 27.5-0-27 5v 1.2A and 7-0-
7v 750 m/a £3.50. All prices include postage
and VAT.

PARMEKO LT TRANSFORMERS
Open frame type top panel connections,
prices include postage and VAT
No 1 12-18-32V 2A (DC rating) and 12-18-32V
1724 {DC) £€9. No 2 12-18-32V 1A {DC) and 12-
18-32 1/4A £5. No 3 12-18-32V 2A (DC| and 12-
18-32V 100 m/a £3.95. No 4 12-18-32v A
({DC) and 12-18-32V V4A (DC) and 12-18-32V 50
m/a (DC) £2.50. No 5 32V 100 m/a (DC) and
32v 25 m/a DC £2.50.

GPO JACK FIELDS
As new perfect condition 7 contact £6.50
inc VAT & postage

HIGH GRADE
L.T. TRANSFORMERS

By tamous makers fraction of list price all primaries

E.H.T, TRANSFORMERS
High-grade E.H.T. Tranny, PRt 240V, sec.

10,000V, 18 M/A. Probably used for boiler igni-

tion but with 101 other uses!!!
£5 inc. carr. & VAT

PARMEKO OP TRANSFORMERS
Pri 6000 or 800002 or CT Sec 3.75 or 1502 Ser/
Par for ELB4x2 12.5W £4.50. Pri 5000 for £L84
3W Sec £3.75 or 15() Ser/Par £2.50. Pri 30-45
60-90 to 1 also 30TOl for push/puil Sec 3.750
£2. All prices include postage and VAT.

240 v price includes postage & VAT No 1 43v JA
£6.99 No 2, 40v 3A £6.99. No 3. 21v 3A and 40 v
300m/A £6.99. No 4. 27.5-0-27 5v 1.2A and 7-0-7
750m/A £4.95. No 5. 17 5v/A 3 times £6.50. No 6.
27v1A 22viA 10v1A 10vIA £6.95. No 7. 60vt 5A
£4.95. No 8. 10-7-0-7-10v 500m/A 29-21-0-21-29v
370m/A £4.95. No 9. 28-27-0-27-28 350m/A £4.95.
| No 10. 24v2A £4.50. No 11, 14v3A £4.50. No 12.
6 3v2A 6.3v2A 32-0-32280m/A £4.50. No 13. 13v2A
15v1A £4.95. NO 14. 27 .5v1A(DC} £4.50. No 15 4.5-
0-4.5v 200m/A 2.2 v 600m/A £2.25. No 16. 13-
0.13v1A 12v 500m/A £3.95. No 17 65v 2.2A 30-0-
30v 100m/A 10v 300m/A £4.95. No 18, 55vi 500m/A
£3.96. N0 18. 24 30.32v 2A £4.95

AC WKG CAPACITORS
MFD  ACwkg Price MFD  ACwkg Price
0.25 1500v €150 5 360v s
075 “ov £1.00 5 440v 20
1 400v  £1.50 4 600V £20m
25 360v  £150 6 300v 20
27 00v £1.75 84 250v £1.50

All prices include postage and VAT

STOP PRESS
We have in stock a very limited number of
Epson portable computers BRAND NEW
never been used offered at fantastic low
prices. Please ring for details!!

PARMEKO HT TRANSFORMERS

AUTO STEPDOWN TRANSFORMERS
FOR AMERICAN EQUIPMENT
240/110 Volts. 80-2250 watts. Regular stock line. Types 80-1500 watts are fully
shrouded. Fitted with American two or three pin sacket outlets and 3 core 240V
mains lead. Types 1750 and 2250 watts are steei cased with two American socket
outlets. Neon indicator, three core mains lead and carrying handle. Send SAE for
price list and further details. American sockets, plugs, adaptors also available.

L.T. TRANSFORMERS
Parmeko Atlantic Series potted type. Pri
220—240v. Sec tapped 2—6v 1.6A and 14—42v
1.6A. The following voltages can be obtained 2-4-
6-8-12-14-28-36-40-42-44-48v k2
conservatlvely rated £7.50 inc VAT & carr
Repanco: Pri 240V, Sec 25.3v 3A 10.5v 2A
10.5.0.16A open frame type £6.75 inc VAT &
postage

GARDENERS 'C° CORE
TRANSFORMERS
PRI+10V, OV, 200V, 220V, 240V, (screen).
Main outputs seperate windings 29V and 3V
tapped at 1V will give 26V, 28V, 29V, 30V, 33V
at 15amps. Size 150X133x170
Price £18.00 inc. VAT & Carriage.

ELECTROLYTIC CAPACITORS
All prices include VAT & post high ripple type.
20,000mid 40v dc wkg €3.50
7100 mid 40v dc wkg £2.50
4700 mid 40v dc wkg £2.50
4500 mfd 64v dc wkg £2.50
6500 mid 60v dc wkg £2.50

PARMEKO HT CHOKES
10H 250m/a £5.95 20H 75m/a £350
5H 250m/a £5.50 10H 75m/a £2.9
5H 180m/a 4TS 75H60m/a £250
25H 500m/a £5.95 15H 120m/a £395
25H 250m/a £5.50 50H 10m/a £250
20H 120m.a ern

E475  25H60ma
All prices include postage and VAT

ALL PRIMARIES 220-240V
POTTED TYPES

No 3 No 4 Sec 400-
0-400V 150 m/a and 150-0-150V 20 m/a £6.50
inc postage and VAT. No 5 Sec 350-325.0-325-
350V 120 m/a £6.50 inc postage and VAT. Gre-
sham Pri 220-240V, Sec 250V 80 m/a 6.3V 4.5A
15V 1.2A £5.95 inc postage and VAT. Pri 230
250V. Sec tapped 190-210V 24 m/a 6V 1A
£3.95 inc postage and VAT. Pri 220-240V Sec
300V 200 m/a 30V 100 m/a 6.3V S5A half
shrouded. sub chassis mounting £6.50 inc
postage and VAT Pri 220-240V Sec 370-390-
410V 6 m/a £2.75 inc postage and VAT, WW-16
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[ts easy
to complain about

an advertisement.
Once you know how:

One of the ways we keep a check on the
advertising that appears in the press, on
posters and in the cinema is by responding to
consumers’ complaints.

Any complaint sent to us is considered
carefully and, if there’s a case to answer, a full
investigation is made.

If you think you've got good reason to
complain about an advertisement, send off
for a copy of our free leaflet.

It will tell you all you need to know to
help us process your complaint as
quickly as possible.

The Advertising Standards Authority.
If an advertisement is wrong, were here to put it right.

ASA Ltd, Dept 1 Brook House,
Torrington Place, London WC1E 7HN

This space is donated in the interests of high standards of advertising.
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If you have not heard of (R. Withers Communications) we are main dis-
tributors or agents for the following. Yaesu, Icom, Kenwood, M.Mo-
dules, Jaybeam, Toevna, Revco Antennas. Cleartone, Mutek, Drae,
F.D.K. Tonna, Welz, Zycomm, Neve Radiotelephones.

We are also stockist (British Telecom Approved) of a wide range of
cordless telephones and telephone systems. We are also agents for
hundreds of other radio communications equipment known the world
over, we also manufacture our own range of VHF—UHF beam anten-
nas which are also used by leading broadcast companies for wireless
mic applications. We supply a large range of power transistors &
modules to the trade. These we import ourselves directly from Japan.
Listed below are just some of the many services we offer.

* Supply & repair of all amateur & business radio equipment

» Complete check of your transiever on a spectrum analyser (with
comprehensive report) for the all in price of £12.50 subject to an appeintment
being made
* Supply & complete installations of business radio systems including
competitive maintainance contracts, local authorities included

* Supply of 10 metre converted radios LCL, DNT, ICOM

* Only supplier of modified Revco RS 2000 50-520 MHz continuous
coverage scanning receiver modified by (R. Withers Comms)

* Probably the largest seller of second hand radio equipment in the country
because of our commission sale agreement (3 month warranty) plus
equipment facility
* The fastest growing retail & wholesale company in the British isles. Send for
details of any of the equipment or services we offer whether you are in the
profession of just an interested party an s.a.e. will speed up your enquiry

* For all your communication needs give RW.C. a try we promise you will not
be disappointed
* The largest selection of radio allied services offered under one roof, with
no expense spared on test equipment and qualified staff.

584 Hagley Road West, Oldbury, Warley

B68 OBS (Quinton, Birmingham)

Tel: 021-421 8201/2 (24 hr answerphone)

Overseas customers welcome. We speak German & Japanese.
Import/Export no problem. Ple ase telephone during working hours

O TELEX 334303 TXAGWM-G

CIRCLE 73 FOR FURTHER DETAILS.
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AUDIO - VIDEO - DATA

A superb range of innovative loading
and duplicating technology

+ Worldwide -

theleaders

Tape Automation Ltd, Unit 2, River Way, Harlow, Essex CM20 2DN.
Telephone (0279) 442946, Telex 265871 MONREF G quoting Ref: 84 : AULOO1. :

EURORPE * USA * JAPAN * UK * INDIA

CIRCLE 65 FOR FURTHER DETAILS.
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JOYSTICKS CONTROLS

By specialisation, volume production
andtightly-controlled overheads we
are able to offer competitively-priced,
well engineered, innovative and
reliable joystick controls ranging from
£1.50 each (for TV games unitsin
quantity) to £2,000 for aone off triple
axis force feedback system, including
torque motor amplifiers. Our current
ranges cover most combinations of:—
@ 1,20r3 axes, or up to 6 degrees of
freedom.

@ Potentiometer, wafer switch,
microswitch and contactless
sensing.

@ Spring, friction or detent positioning,
or force feedback systems.

@ Press button switches in handles or
handgrips.

@ Miniature TV game units to heavy
duty types for mobile and heavy
engineering environments. In
addition we can design and build
special requirements into
standard units within days.

OVERSEAS DISTRIBUTION

@ [TALY, FRANCE, GERMANY, SWITZERLAND,

AUSTRIA: Velco SRL, Contra Fransesco 75. 36100
Vicenza, ftaly. 0444/36444. TX431075.

@ HOLLAND: Silema, Wilhelimalaan 111 2182CC

Hillegom. Holland.

AUSTRALIA: Tecnico Electronics. Lane Cove,
Sydney, NSW Australia. Sydney 4273444

® USA and CANADA: P.Q.Controlsinc. 95
Doiphin Road, Bristol. Connecticut 06010 USA
{203) 5336994 TX 643127

® SWEDEN: Svensk Telindustr, Box 5024,
9162 05 vallingby, Sweden 8 380/320.

FLIGHT LINKCONTROL LTD.

UNIT 12 THE MALTINGS, PHONE 0420 87241 (24 HRS) .
TURK STREET, ALTON, HANTS, TELEX 859623 TELBUR G

-

FORTH programs are instantly
portable across the most popular
MiCroprocessors.

FORTH is interactive and V€Y
fast.

FORTH programs are structured,
modular, and easy to maintain.

FORTH gives control of all
interrupts, memory locations, and
i/o ports.

FORTH gives full access to DOS
files and functions.

FORTH appliation programs can

FORTH Cross Compilers can

generate ROMmable code for:
6502, 6809, 68000, 8080, Z80,
8086, 6800, 6801/3, 1802, Z8,
8070, Z8000, 990, LSI-11

Tel: 0703 780084

FORTH =
TOTAL CONTROL

be converted to tumkey programs.

Application Development Sys-
tems include FORTH with virtual
memory, multi-tasking, assembler,
full-screen editor, decompiler,
utilities, and full documentation.

LMI Z80 FORTH - CPM
22

. £95
LMI 8086 FORTH -

CPM-86, MSDOS £110
LMI PC/FORTH -

PC/DOS £110
MPE-FORTH 8809 -

FLEX, 0S9 £175
LMI 68000 FORTH -

CPM 68K £225

FORTH+ has 32-bit stacks and
directly accesses the whole
address space of the processor.

PC FORTH+ £225
8086 FORTH + £225
68000 FORTH+ £225

Extension Packages include
fioating point, cross compiters,
8087 suppont, colour graphics,
interactive deluggers .. ........

We are the FORTH specialists, we also stock a large range of
books, listings, and implementations for machines ranging from
Spectrums to Macintosh to VAX.

MicroProcessor Engineering Ltd

21 Hanley Road, Shirley
Southampton SO1 5AP

_/
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X T CONVERSION KITS
FOR IBM® AND COMPATIBLES

NEW FAST CONTROLLER!
WESTERN DIGITAL 1002 SWX-2
ST-506 STANDARD.....ccooiiiiii £249

MR 521 HALF HEIGHT, 53"
10MB WINCHESTER DRIVE (FORMATTED)
2-HEADS, AVERAGE 85cms ACCESS......... £399

MR 522 HALF HEIGHT 5" 20 MB
WINCHESTER DRIVE (FORMATTED)

4 HEADS, AVERAGE 85ms ACCESS........... £579
SET OF CABLES FOR ABOVE......cccccccnne. £25
RAM CHIP SALE!!!

4164 64K DRAM 150Ns.............cccceueee £1.99 each
4128 128K DRAM 150Ns..........cceeenene £7.49 each
(for upgrade IBM AT)

41256 256K RAM 150Ns .............couce £5.99 each

(for upgrade Olivetti-M24, Compaq Deskpro etc)

Prices exclude VAT and delivery. For terms see our other
advertisements.

' TEL{O342) 246831313427
[]IBI HSH e

BUSINESS SYSTEMS LTD @ E

BE MAMLE DIIVE, TAST GAINGTEAD, WEST SUSEEX. M W81

CIRCLE 30 FOR FURTHER DETAILS.

pantechnic

m design manufacture and supply

POWER AMPLIFIERS
HIGH POWER ASSEMBLIES
CONTROL CIRCUITRY

W for application in

INDUSTRY
PUBLIC ADDRESS
HI-FI

m available

OFF THE SHELF
CUSTOMISED
C A D DESIGNED

tel. 01.361.8715
telex 266 873

132 High Road
New Southgate
PANTEC G LONDON N11 1PG.

ermsosmmmmmee. CIRCLE 74 FOR FURTHER DETAILS.
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Its easy to
complain about

advertisements.
But which ones?

Every week millions of advertisements
appear in print, on posters or in the cinema.

Most of them comply with the rules
contained in the British Code of Advertising
Practice.

But some of them break the rules and
warrant your complaints.

[f you're not sure about which ones they
are, however, drop us a line and we'll send you
an abridged copy of the Advertising Code.

Then, if an advertisement bothers
you. you'll be justified in bothering us. J

The Advertising Standards Authority.

If an advertisement is wrong, we're here to put it right.

ASA Ltd, Dept 2 Brook House. Torrington Place. London WCIE 7HN

This space is donated in the interests of high standards of advertising.

WirelesSWorld
EDITORIAL FEATURES
1985/86

PUBLICATION
DATE

ISSUE

DATE FEATURE

Sept. 1985 Aug. 16th Communications

Receivers
Modems
AtoD&Dto A
Converters
Computer Aided
Design
Equipment
Fibre Optics

For more details regarding
advertising
Contact Bob Nibbs
01—661 3130

Nov. 1985 Oct. 16th
Jan. 1986 Dec. 19th

Mar. 1985 Feb. 20th

May 1986 April 17th
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Appointments

DISPLAYED APPOINTMENTS VACANT: £21 per single col. centimetre (min. 3cm).

Advertisements LINE advertisements (run on): £4.50 per line, minimum £30 (prepayable).
accepted up to 12 noon BOX NUMBERS: £7 extra. (Replies should be addressed to the Box Number in the
August 3 for September advertisement, c/o Quadrant House, The Quadrant. Sutton, Surrey SM2 4AS).

issue PHONE: 1AN FAUX, 01 661 3033 (DIRECT LINE)

15% VALUE ADDED TAX NOT INCLUDED
Chegques and Postal Orders payable to BUSINESS PRESSINTERNATIONALLTD. and crossed.

£7,000-£30,000 + CAR

" % Where does your interest lie: Graphics; CAD; Robotics; Simulation:
Image and Signal Processing; Medical; Automation; Avionics:

Acoustics; Weapons; Comms; Radar; Opto and Laser?

% Experienced in: VLSI: Microprocessor Hardware or Software:
Digital and Analogue circuitry; RF and Microwave techniques?

* There are hundreds of opportunities in: Design; Test; Sales and
Service for Engineers and Managers

* For free professional guidance: Call: 0638 742244
(till 8pm most evenings) or write (no stamp needed) to

ELECTRONIC COMPUTER AND MANAGEMENT APPOINTMENTS LIMITED
FREEPOST, The Maltings, Burwell. Cambridge, CB5 8BR (1926)

OMAN TELEVISION

£ 25,000 - £35000 p.a.
+ excellent benefits

1. VISION ENGINEERS

Must be experienced in Television Broadcast and have a thorough knowledge of basic principles of colour television.
Experience in maintenance of all associated equipment such as Cameras, Coders, S.P.G.and mixers is desirable.
Experience of VTRand Telecine techniques would be an added advantage.

Will be required to work unsupervised and be able to demonstrate initiative.

2. V.T.R. ENGINEER

Qualified engineer with a reasonable experience in maintaining 1>’ (One inch) VTR machines such a VPR2B and BVH 2000.
Quad machine experience would be an added advantage.

Will be required to work unsupervised and demonstrate initiative.

Oman Television still offers the best contract conditions in the region and besides the salary scale indicated above, benefits
include free furnished air<conditioned accommodation, annual home leave (48 days per annum) with free air fares for

self and family (upto 3 children), free medical services etc. The entire package will be tax free.

Contracts are for ] year, renewable, with an attractive end of contract bonus after 2 years.

Oman, a beautiful country on the South East Arabian ‘Peninsula’ is an attractive place to live with superb coastline,
fine beaches and a magnificent landscape. It offers a very wide range of social and leisure activities.

Applications should include full CV’s and be sent immediately to:

Chief Engineer Oman TV

P.O.Box 600 Muscat
Sultanate of Oman

Interviews will be held in London
All applications will be treated in strict confidence. (2636)
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Appointments

levels from around £6,000 —£20,000,

of your application.

TJB ELECTROTECHNICAL
PERSONNEL SERVICES,
12 Mount Ephraim,
Tunbridge Wells,

Kent. TN4 8AS.

Tel: 0892 39388

(24 Hour Answering Service)

Electronic Engineers -

What you want, where you want!

TJB Electrotechnical Personnel Services is a specialised appointments
service for electrical and electronic engineers. We have clients throughout
the UK who urgently need technical staff at all levels from Junior Technician
to Senior Management. Vacancies exist in all branches of electronics and
allied disciplines - right through from design to marketing - at salary

If you wish to make the most of your qualifications and experience and
move another rung or two up the ladder we will be pleased to help you.

All applications are treated in strict confidence and there is no danger of
your present employer (or other companies you specify) being made aware

Please send me a TJB Appointments Registration form:

Applic EngC.C.T.V. £16.000
M/wave Product Mgr £25,000
VLS. £18,000
Des Eng Data Comms £17,000
Software Author £16.000
Chief Estimator £13,000
Q.A. Manager Electronics £17,000
PD.S.Eng's £12,000
Analoguse Design Eng's £17,000
Digital Design Eng’s £17.000
Project Manager-R&D £20,000
ThinFilm Eng’s £16,000
Production Eng's £14,000
Systems Eng's £14,000
R.F.Enginears £17,000
Tech Author £12.000
Elect TestEng's £10,000
.................... Maedical Elect R&D £16,000

TECHNICAL MANAGER

Colour T.V. Tube Re-Building Factory
Casablanca Morocco

Required to manage a colour T.V. tube re-building factory in
Casablanca. Including training local staff in production techniques.
Must have production and management experience and be conversant
with current technology. Contract is for 12 months, extendable.
Accommodation suitable for married couple is included, also use of
company car and paid holiday flight to U.K. Knowledge of French is
useful but not necessary.
Salary £12,000-£15,000 p.a.
In first instance send full c.v. to
Edicron Ltd., 1/7 Wesley Ave, London NW10 7BZ. (2647)

More
Hi-Tech Jobs

£8000 - £20,000

As a leading recruitment consuitancy we have a wide
selection of opportunities for high calibre Design, Development,
Systems and supporting staff throughout the UK.

If you have experience in any of the following then you should
be talking to us for your next career move.

* ARTIFICIAL INTELLIGENCE ¢ IMAGE PROCESSING

e MICRO HARDWARE & SOFTWARE ¢ GUIDED WEAPONS

» OPERATIONAL RESEARCH ¢ RF & MICROWAVE ¢ OPTICS
* MATHEMATICAL MODELLING ¢ SIMULATION ¢ C?

* HIGH LEVEL PROGRAMMING ¢ SYSTEMS ENGINEERING
¢ ACOUSTICS & SONAR ¢ FLUID DYNAMICS * RADAR

® SATELLITES ¢ AVIONICS ¢ CONTROL * ANTENNA

Opportunities exist with National, internationaland
consultancy companies offering excellent salaries and career
advancement.

For Free and Confidential career guidance call John Spencer
or send a detailed C.V.. Please quote
B reference WW/3.

—
Skyquip Technical Services
85 High Street, Winchester, Hampshire. SO23 9AP
Tel: Winchester {0962| 69478 {24 hours) (2579)
Specrst recrutment for Aerospace, Deferce & Communications Industries
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ACCELERATE
YOUR CAREER

With over 2000 current opportunities,
in areas throughout the UK., for

ELECTRONICS ENGINEERS

we can help you turn your career
aspirations into reality now.

The following is just a small sample
of the wide range of positions avail-
able in high technology.

For a confidential discussion,
ACT NOW call (0484} 30517
ansafone after hours,
or write to

Daton Recruitment Ltd.,
23 Easton Street,
High Wycombe,
Bucks HP11 1NY.
(2642)

4 N

ELECTRONIC DESIGN ENGINEERS
We have permmanent and contract positions for experienced
engineers based in Berkshire and Hampshire. Excellent financial
rewards.

TEST TECHNICIANS
We have vacancies for experienced Electronics Repair/Test Tech-
nicians in the local area. Minimum City & Guilds or TEC part
qualified. Salary £6K+.

o =< 14 11/12 Gun Street
. Reading 587272
I .‘—‘ € 17 years Recruitment Service  (2641)  J

RADIO COMMUNICATIONS SPECIALISTS

Service Engineer Required
For Private Mobile Radio Company

Good career prospects with expanding young business

Contact:-

Frank Stafford on 01-801 6457
Unit 7, Mill Mead Centre
London N17 9QU

(2637)
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LEEDS EASTERN

HEALTH AUTHORITY
ST JAMES'S
UNIVERSITY HOSPITAL

SENIOR
WORKS
ELECTRONICS
TECHNICIAN

(MPT 111)

Required for the servicing,
maintenance and installation of
television receivers and the
maintenance of sound
distribution equipment.
Applicants should hold a
current driving licence and
have 3 years experience in
either a Medicak Physics or
General Electronics/TV
background together with a
relevant ONC, HNC, or Science
degree.

Salary: on the scale £6408-
£8283 p.a.

Hours: 37 per week

For an application form & job
description tel (0532) 433144
ext 5851. Closing Date: 2

August, 1985.
(2643)

HOGERE TECHNISCHE SCHOOL DORDRECHT.
COLLEGE OF ADVANCED TECHNOLOGY

THE NETHERLANDS

DEPARTMENT OF ELECTRICAL ENGINEERING

LECTURERS

Applications are invited for
Lecturers in the Department of
Electrical Engineering,
available from September 1st.,
1985. The Hogere Technische
School (Higher Technical
School) can be compared with
a Polytechnic in Great Britain,
concerned, however,
principally with the various
forms of engineering. These
posts will involve teaching and
supervision of laboratory
classes and student projects
covering the following areas of
interest:

Electrical Control Engineering
(Analog and Digital)

Analog and Digital

Telecom Systems

Electrical Power Engineering
(Motors, Power Electronics).
A Master's Degree is preferable
together with three years
experience in industry.
Lectures can be given in
English.

Current salary range: 38,400 -
81,600 Dutch Guilders P.A., in
accordance with official Dutch
regulations.

Applications plus full
Curriculum Vitae should be
addressed — if possible within
a week — to the Principal,
Oranjelaan 262, P.0O. Box 231,
3300 AE Dordrecht, The

Netherlands.
(2625)

Appointments

- __ __
Radio Relay x Ground Radio
Telecommunications

However you communicate
withus, thereception

willalways be good.

If you are an Engineer or Technician who has
tried to communicate your career details recently,
you may have had a less than ideal reception.

But that won't happen if you communicate
themto us.

That's because we have a massive and
on-going commitment to assist the Royal Saudi
Arabian Air Force with the operation and
maintenance of its ground-based communications
and, at the same time, undertake the training of
local personnel in all aspects of this work.

Which means we have immediate
opportunities for Engineers (with a degree, HND,
HNC, FTC or Forces equivalent and 5 years
experience] and Technicians (with apprenticeship

Aviation Services - Manpower Services

C&Gorforces equivalent and at least 7 years
experience).

We can offer very attractive tax-free salaries
and a range of benefits including generous annual
leave with free return flights to the UK % free
accommodation % free medical and life assurance
* excellent sports and recreational facilities %
substantial end-of-contract bonus.

To find out how good the reception can be
at our end of the communications link, contact
The Recruitment Executive. Please quote Ref. G238

IAL Manpower Services, Aviation Services,
Aeradio House, Hayes Road, Southall, Middlesex
UBZ2 5NJ. Telephone: 01-574 5000.

(2631)

A MEMBER OF THE STC PLC GROUP

FIELD SERVICE ENGINEER
Suit young engineer wishing to gain
experience of PA,CCTV & paging
systems.
to £9,345 + car Berks

TECHNICAL SUPPORT ENGINEER
Z80-based office automation
systems. Extensive traval.

RECORDING STUDIO MAINTENANCE ENGINEER
# An engineer experienced in sound studio equipment
(preferably Studer/SSL) is required to join a team of three to
cover four studios in West London. The successful applicant
will have to be able to work under pressure at times and be
willing to work irregular hours.

Phone: LOLA JACKMAN on 229 1229

(2639)

¢£11,000 + car Bucks

TECHNICIAN ENGINEER
To maintain VAX PDP 11 & flight
simulation systems.
£10,500 Middx.

SERVICE ENGINEER
PDP11/70 based graphics
networks. Some printers & tape
experience.
£8,000 + car Hants

TEST ENGINEER

Fault find microprocessar based
control systems.
£8,000 + Berks

CUSTOMER SERVICE ENGINEER
Data-processing/Datacommuni-
cations equipment.
£9,500 + O/T + car Surrey &
Central London
Phone/write/call Roger Howard C.Eng
MIEE, Cliveden Technical Recruitment
Consultants, 92 The Broadway,
Bracknell, Berks RG12 1AR. Tet:
Bracknell (0344) 489489 (six lines)

(2598)
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CAPITAL APPOINTMENTS LTD
76 WILLOUGHBY LANE, LONDON N17 OSF

e ———————

F-------- ---------

CAPITAL APPOINTMENTS LTD 1

g—%  THEUK's No. 1 ELECTRONICS AGENCY

If youhave HNC/TEC or higher qualifications and are
looking for a job in design, test, customer service, technical

sales or similar fields:

Telephone now for our free jobs list

Salaries to £15,000 pa

01808 3050
(24 hours)

(291) l
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Appointments

r SEESEEENEEES

Electronics

Training

Professional

£14,000 to £18,000

Excellent benefits package,

including stock option

and relocation assistance.

This is one of those rare opportunities to move into
leading edge technology whilst combining your
skills in education and electronics.

Cadnetix is a dynamic US corporation with an
exceptional growth record. We design,
manutacture, market and support advanced
interactive systems combining CAE and PCB CAD.
The recent launch of our European operation has led
to the creation of new customer training positions
within the Head Office Team.

These key positions will demand first class
interpersonal skills and a high level of self
confidence. Your responsibilities will be developing
and presenting courses and will lead to excellent
career development opportunities in this interesting
and demanding environment.

For a confidential discussion please call Peter
Brown on 0625 530804 (24 hour answering service) or
on 06632 2747 (evenings and weekends).
Alternatively submit a detailed cv to the Wiimslow
office quoting reference number 197.

ASCOT WILMSLOW

Cathy Tracey & Sougmnparkouse. fmerson Court

Berks SL6 7SF Wilmslow,

University of London
Institute of Psychiatry

AUDIO-VISUAL
TECHNICIAN

A vacancy exists for an Audio-Visual
Technician at this postgraduate
medical school and associated
teaching  hospital.  Applicants
should be experienced in mainten-
ance of television equipment and
preferably hold relevant technical
ualifications: eg City & Guilds
ourse 222 or 224.
Salary according to experience &
qualifications on Whitley Council
Medical Laboratory Scientific Offi-
cerscale currently £5738 - £8096 pa
plus £1084 pa London Weighting.
For application form and job
description please write to the Assis-
tant Secretary, Institute of Psychia-
try, De Crespigny Park, Denmark
Hill, London SES5 8AF quoting Ref
AV/WW.
Closing date for applications: 2

RECRUITMENT CONSULTANTS

Associates Ltd [ @022

Cheshire SK9 1NX
Tel: 0625 530804
(2638)

August 1985.

(2633)

attractsthebestt HH 0 EEHEEEEEN

THE START
OF
SOMETHING
NEW

If you are leaving College and planning a career in modern

communications or if your present job lacks interest and

challenge ... why not join wus in GCHQ?
We are recruiting

RADIO OFFICERS

who are after initial training will become members of an
organisation that is in the forefront of communications
technology. Government Communications Headquarters
can offer you a satisfying and rewarding career in the wide
field of communications. Training involves a 32 week
course (38 weeks if you come straight from Nautical
College) which will fit you for appointment to RADIO
OFFICER.

Not only will you find the work as an R O extremely
interesting but there are also good prospects for
promotion opportunities for overseas travel and a good
salary. Add to this the security of working for an important
Government Department and you could really have the
start of something new.

The basic requirement for the job is 2 years radio operating
experience or hold a PMG, MPT or MRGC or be about to
obtaina MRGC. Registered disabled people are welcome to
apply.

Salaries start at £4,762 at age 19 to £5,755 at age 25 and
over during training and then £6,399 at 19 to £8,510 at 25
and over as a Radio Officer. Increments then follow
annually to £11,741 inclusive of shift and weekend working
allowances.

For full details and application form phone 0242 32912/3

or write to The Recruitment Office A/1108
EEHH Priors RO?—idAM
CHELTEN
Glos GL52 5AJ (2806)

FREE OFFER!

Clip this advert for free career guidance and help in finding
your next position. We have a wide selection of the best
appointments in Digital, Analogue, RF, Microwave, Micro-
processor, Computer, Data Comms and Medical
Electronics, and we’re here to serve yourinterests.

Call us now for posts in Design, Test, Sales or Field Service,
at all levels from £6,000 — £18,000.

@ “lechnomark .

Engineering & Technical Recruitment
11 Westbourne Grove, London ¥'2. Tel: 01-229 9239

@Eélﬁ?@@ﬁe@ (T.V.) Lid.,

Senior
Installation Engineer

Working directly for senior management, the
successful applicant will be responsible for,
installations of CCTV and security equipment
using monochrome and colour CCTV equipment.
A proven background in the field of top quality
systems installation together with an ability, when
required, to take charge of small teams of
engineers is a requirement. Overseas travel is a
possibility although the work will mainly be UK/
London based.

An excellent employment package is on offer to
a flexible, hard working person with a good
ability to communicate.

Apply in writing to

ANDROMICA (TV) Ltd,,

34 Rockingham Road, Uxbridge, Middlesex UB8 2TZ.

or ring Mr John Tucker on 0895-57971 M-

90
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TEST AND
DEVELOPMENT
ENGINEER — NORTH
LONDON. REQUIRED.

Qualified to HNC, HND or
BSC. Knowledge of VHF,

UHF and Audio Technigues.

Experience in fault finding.
Thorough grounding in PLL
essential. Must be self
motivated and capable of
working alone. Knowledge
of IEEE 488 automatic test
systems. Apply in writing to:
John Wykes
Audio Engineering Ltd.,
33 Endell Street,

London WC2 9BA.
(2645)

BROADCAST ENGINEER
Swansea Sound, one of independent
Local Radio’s longest established and
most successful station invites
applications for the post of Engineer:
The successful applicant should be
qualified to HNC/HND standard or
equivalent, and have experience in, or be
able 1o quickly adapt to all aspects of
sound broadcast engineering.

An element of relief operational work is
invoived so applicants should be able to
display an aplitude for this aspect of the
job, and be prepared to undertake a
certain amount of shift working, for which
an allowance is paid. A current driving
licence is essential.

Remuneration is on salary scale ILR2
(currently under review) and conditions of
service are based on the industry-
standard AIRC agreement.

Applications, in confidence, to

Mike Winson, Chief Engineer, Swansea
Sound, Victoria Road, Gowerton,
Swansea. SA4 3AB or telephone (0792}
893751 for turther information.

(2644)

Racal- SES Ltd. part of the world
renowned clectronics Group, have an
outstanding reputation in the design and
development of sophisticated electronic
equipment and systems. In addition to
this capability we also have
comprchensive Tempest engineering and
testing facilities along with preventive/
corrective design consultancy services.

We see the future of Tempest
protection. RFT and EMC testing as an
exciting new area of the ever expanding
ficld of electronics.

In arder that the full potential of our
expertise can be realised we wish to
appoint an expericnced clectronic sales
professional to promote and sell this
concept.

Applicants must have a recognised
electronics qualification to at least HNC
level, or equivalent. and have a
background in computer hardware. data

communications or Telecommunications.

He/She must also be a self starting.
well motivated professional who has a
proven track record in electronic sales
and will be responsible for expanding this
high potential arca of business.

For the right person there is an
excellent salary package which includes a
Company car. over 5 weeks annual
holiday and Pension with (ree Life
Assurance Scheme.

If you have the qualifications
outlined above. coupled with the drive.
enthusiasm and ambition to develop this
new business ficld. then please write
giving full carcer details and current
salary to:

Mr R Brock. Personnel Manager.
Racal-SES Ltd.

480 Bath Road. Burnham.
Slough. Berks.

Tel: (06286) 4455,

Racals people are Racals success

Professmnal Career Opportunities

The Easy Way to look for your new job from the
comfort of your own armchair. Our well qualified

requirements against
appropriate vacancies.

We have many clients seeking Engineers and Technicians at all levels and we are
particularly interested in hearing from you if you have experience in the following:-

* Signal Processing ® Technical Sales e ATE Programming
* RadarSystems o RF Development e Real Time Software

Your next step is to complete and return the attached coupon or
telephone John Prodger on 0442 47311 or one of our duty consultants on
0442 212650 during evenings or weekends.

e e

NAME. ... T e T (Mr/Miss/Mrs)

Executive Recruitment Services

NONE CG/HNC DEGREE OTHER

I SALARY

I 0-£6000 £6-10000 £10-15000 £15000+
JOB Ww2

l o bd. ¥, m . NG T e R DN RS yo—— (2630)
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Appointments

COMMUNICATIONS
DESIGN
FROMSTART...

ACH M. Government Conmmunicatons Centre
we're using the very latest ideas in electronices technology
(o design and develop sophisticated comniunications
systems and installations for special Government needs
athome and overseas.

With full technical support facilities on hand, it’s
an environment where vou can see your ideas progress
from initial concepts through prototvpe construction,
testand evaluation, to the pre-production phase, witha
chance o influence evervstage. Working conditions are

plcusanl, the surroundings are attractuive, and the career
prospects are excellent,

Ideally we're looking for men and women who
have studied clectronics orelectronics related subjects to
degrece tevel or equivalent and have had some experience
of design, whether obtained at work or through hobby
activities. Appointments will be made as Higher Scientitic
Ofticer (£7.435-£10,039) or Scientitic Ofticer (£5,909-
£8,153) according to qualifications and experience.

For further details please write to the address given
below. Towould be particularly helptul it an outline of
vour personal interesisand practical experience could
he included.

I'he Recruitment Officer, HMGCC, Hanslope Park,
Buckinghamshire MK19 7BH.

... TOFINISH

(2523)

92

Analogue Engineer

Berks  Commercial Company  c£17,000
Our client a major privately owned group of companies,
due to continued expansion, are seeking a top calibre
analogue engineer to become involved with their
successful product development programme based
around tape and cartridge systems for commercial
markets.

Involvement will cover the design testing and releasing

to production products and product sub assemblies.

Ideally you should have experience in the following:

® Several years design experience

® Design of Servos motor/tacho systems

® Low level signal amplifiers and data recovery
circuits

® Digital ability in TTL, CMOS, Pals, and Mpus
(preferably Motorola).

In return you will receive all the benefits expected
from joining an expanding and commercially aware
company (excellent salary, superior working conditions,
the use of the latest ""kit”, genuine career prospects)
and many other advantages associated with working
for a company operating at the very forefront of
technology.

For further information please telephone

Stephen Salt, or write enclosing a full CV.
2605

Management Personnel

Recruitment Selection & Search

2 Eton Court, Eton, Windsor, Berkshire.
Telephone: (07535) 54256 (ou10inours (0344 761670)

FROM
£12K

VIDEO ENGINEE

W.LONDON

An internationally known company plans to
expand their service to the professional video
industry. It is a small but increasingly
important part of their overall business.

In a small team, each person is important,
their contribution will be noticed, their efforts
appreciated. This position involves fault
finding/analysis, maintenance and installation
of professional video and AV equipment.
When fully conversant with the hardware, an
increasing amount of technical support to the
sales team will be expected.

The starting point is an HNC in Electrical/
Electronics and at least 4 years experience of
maintenance and installation of professional
video equipment. In their late 20s/early 30s
the person must be self-motivated, interested
in technical innovation - but practical!

Translate interest into action by sending a C.V. (including
current salary) to:-
Brendan P. Maguire,

Technical & Management Appointments,
MEW House, (2632)

il i T m n

London, W3 6QT
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television systems.

Newbury (0635) 48222.

calbllet

Cabletime is a member of the UEI/Micro Consultants Group
and is involved with the design and manufacture of cable

Based in pleasant offices in central Newbury, Berkshire,
Cabletime’s switched star system includes an advanced
synthesised tuner, and is controlled by a multi micro
processor real-time system. Further design and
development of this system is required and in order to meet
these requirements, Cabletime is seeking to recruit a:

RF DEVELOPMENT ENGINEER

An Engineer with a minimum of 3 years experience in the
design and development of RF circuitry at VHF/UHF.

Our interesting and challenging projects will require an
Engineer, qualified to BSc or equvalent, who is a self starter
and has the ability to follow a project through from its
concept to production. In particular candidates should be
capable of sound design, and have the ability to develop
products suitable for high volume production.

If you are interested in this position, please write or
telephone for an application form to: The Personnel Officer,
Cabletime Limited, 17 West Mills, Newbury, Berkshire. Tel:

College of Technology,

Yarmouk University, Jordan.

Faculty and technical staff positions in
EE Technology available Sep 85 and
Feb 86. Relevant educational
qualifications and demonstrated
teaching/ industrial abilities required.
Areas of interest include, but are not
restricted to Power & Machines,
Communications, Electronics,
Computers, Controls,
Instrumentation, and Manufacturing.
Responsibilities include teaching and
advisory duties in a quality
undergraduate EE Technology
program, as well as assisting in the
overall development of the Coliege.
Rank and Salary commensurate with
qualifications and experience. An
excellent benefits package. Positions
open until filled. Letters of
application, detailed resumcs, copies
of official transcripts, and at least
three professional letters of reference
should be sent to Faculty Affairs
Division, Yarmouk University, Irbid,
Jordan.

(2574)

UNIVERSITY OF LEEDS
ELECTRONICS TECHNICIAN

required 1o assist in the construction and
maintenance of electronic equipment associated
with research and teaching of biological studies
(under the supervision of the Electronics
Engincer).

Must be capable of working from circuit
diagrams and sketches.

Applicants should hold ONC or equivalent
qualification and have 3-5 years relevant
experience (including training period). Further
education possible. Salary will be Grade 3
£5,399 — £6,325 p.a. (under review).
Applications stating age, qualifications and full
experience, together with the names and
addresses of two referees should be addressed to
Mr. S. Stainthorpe, Department of Phisiology,
Medical and Dental Building, University of

(2646)

a

aaEl
campanu

Leeds, Leeds LS2 INQ.
(2623)

MEDICAL RESEARCH COUNCIL
INSTITUTE OF HEARING RESEARCH

SOUTHAMPTON CLINICAL OUTSTATION

RESEARCH OFFICER
IN ELECTRONICS

(RO/SRO)

A vacancy exists for a research officer with
experience in electronies at IHR Southampton. The post
will be based at the Institute of Sound and Vibration
Research at the University, but will also relate to the other
half of the team’s activities, at the Royal South Hants
Hospital.

‘ The research is on clinically applicable aspects of
hearing and deafness, advanced testing techniques, and
the use of signal averaging equipment by computer for
which a very high level of technical support js required.
The appointee will be required, with minimal supervision
to design and construct new equipment involving
transducers and interfaces. There will also be a little
general technical support for the research team including
calibration, repair and servicing work. A general
electronics background is needed and a knowledge of Z80
CP/M systems and of digital interface techniques would
be advantageous. For further information about the post
please contact Dr. A.R.D. Thomton (Tel: 0703 37946).

The appointment will be made on the Research
Officer grade (£6483-8492) or Senior Research Officer
grade (£8574-10,938). The MRC has a pension scheme

and generous leave allowances.
(2566)

TV BROADCAST ENGINEERING

Avitel is a small, well established and rapidly growing company,
designing and manufacturing an expanding range of equipment
for the Professional Broadcast Television Industry.

We have a modern purpose-built factory, offering excellent
working conditions, some 10 miles south of London in Kent.

As part of our programme of expansion, we have a senior
engineering vacancy for which we require an enthusiastic
individual, keen to grow with the Company.

TEST DEPARTMENT MANAGER

This post involves the training and supervision of test staff,
planning of resources to meet production workload and
specification of equipment for the department.

Close liason with our Development, Projects, Production and
Sales departments is necessary to ensure the smooth progress of
equipment from the design stage through to final production.
A good appreciation of modern analogue and digital circuit
operation is required, including microprocessor systems. A
knowledge of modern ATE techniques is also required.
Familiarity with Broadcast Video equipment is an advantage.
Qualification to degree level or equivalent is desirable, and at
least five years’ relevant industrial experience is required.
Please write for an application form, and detailed job

description, enclosing your C.V. and quoting reference TM.
(2606)

Avitel Electronics Ltd.,

Unit 6, Croydon Road
Industrial Estate,

Tannery Close, Beckenham,
Kent, BR3 4BY.

Telephone: 01-656

7027 Telex: 894360
AVITEL-G
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ARTICLES FOR SALE WANTED

CIRCOLEC Quantity of di liets, £2 h. Pack of
uantity of die collets, each. Pack of ten
THE COMPLETE ELECTRONIC SERVICE scribing/probe points £6. Industrial balance WANTED
Artwork, Circuit Design, PCB Assembly, Test & Repair Service, Q.A. ﬁ%%gg:;&:?'g?:ﬁ.2?2;';‘:6202&:&0310:;?‘)6' Bk ‘ -
Consultancy, Prototypes, Final Assembly. Full PCB Flow Soldering : o y ypes of surplus electronic
4 ‘ ‘ readout, free-run or continuous, removabie H
Ser'_C& . ) . ) head on extension lead, calibrated in RPM compone-nt.s ahd equipment.
Quality workmanship by professionals at economic prices. anld ﬂash@sl per self(or}d. £135. Mirrgr gwi;ro- We specialise in factory clearance.
d H H galvanometerers, IKc/s response, . N .
Please telephone 01-646 5686 for advice or further details. S0ea Chan recorders. Event recordars. SGS Electronics,
TAMWORTH MANOR BE WIS E e Moty ahdiTgl el . The Vineyard, Bowley Lane,
302-310 COMMONSIDE EAST, MITCHAM Ao oy, Lo Bridge. Dawe Four- Boddenham, Herefordshire
(1391) Decade Resistance Box £29. Four-Decade HR1 3LF. Tel (056) 884 532
:}‘andfavd cag:gitacnce box 0.001(-;10 (2541)
icrofarad, . Characteristic Curve Tracer
OSCILLOSCOPE QUARTZ CRYSTALS OSCILLATORS AND - diodes, thyristors, zeners, tunnel diodes,
FILTERS of all tvpes. Large stocks of standard 4-layer diodes, transistors, avalanche and
ites. Sp]ecm]a anppllc‘él to order. Personal and 5:2?:5:2:2:3;2 ‘é‘;‘;ag:;- W:;’Q"‘A’:\Q p—
xport orders welcome SAE for lists please. 5 s g
OEM 5up[§un thru:- design advice. prot:)lypu ﬁ!?é;g.')emgogvegea'ystrnS:Zir;rragq'aogillfzzlc:jg. E C COMPONENTS
?;ual‘lm[ll:’?'l;llm’?uu1-“‘“. \,slhc.?}llﬁsg set TAL6 Power Subplies. %recision cépacnance We buy Iarge and small parcels
53\‘6%,:'? 0 ey . SN "(24'72) bridge. Data Logger £75. Anemometer £35. of surplus I/C, transistors, capa-
i i REIVOImOIBIE20; (2616) citors and related electronic
DOLCH LOGIC ANALYZER LAM3250, ;
GENERATOR S0MHz. 48 channel: 32 data, 2 external stock. Immediate settlement.
RF generator 100kHz 10 125MHz, AM/FM Y e Fot: Tel: 01-208 0766
e BT IS R Ged] clocks, 6 clock qualifiers and 8 trigger qual- '
| mESERIeb e | TR A i, e cher | 940 3762 36 Telex: 8814998
output at capture. Including 6ALP88 active logic - 2491
Vm‘ﬂﬁ po%s. £2.500 ’%el: Bordon (0426’3) BRIDGES waveform/transistor analys- s
; 7104 ’ (2582)  ers. Calibrators, Stan}%&l,'d& Mllh\(/)oltme—
b ters. Dynamometers. meters. Oscillo- . )
WAVEGUIDE, Flanges and dishes. All standard scopes. Recorders. Signal generators — TURN YOUR SURPLUS i.cs transistors

any i d alloy " material only) from stock. rders. ; : 3 ;
PM 5326 £550 Senal sises o, order, Eapth o o %26 sweep, low distortion, true RMS, audio, ~ €LC. into cash, immediate settlement. We
2876 29 Tiowic Stveet. London SW 11 4AR.(2099)  RM, deviation. Tel. 040 376236. (1627)  also welcome the opportunity to quote for

complete facto clearance. Contact

RADIO CORPRBEIISEEOR LB TS TO MANUFACTURERS, WHOLESALERS Bork Aicbeen, * Camos. © 0943
- e B | BULK BUYERS. ETC. LS, (6509
e IJ LARGE QUANTITIES OF RADIO. TV AND WANTED
s vice Or pench
model. 24 x 166 ©45. Leatie: 01890 | ELECTRONIC COMPONENTS FOR DISPOSAL
7838 anytime (2558) SEMICONDUCTORS, all types, INTEGRATED CIRCUITS, TRANSISTORS, SURPLUS ELECTRONIC
DIODES, RECTIFIERS, THYRISTORS, etc. RESISTORS, C/F, M/F, W/W, etc. COMPONENTS AND
HALF PRICE ENCLOSURES CAPACITORS, SILVER MICA, POLYSTYRENE, €280, C296, DISC EQUIPMENT
Manufacturers Brand New Surplus and CERAMICS, PLATE CERAMICS, etc. We also welcome the opportunity to quote for
Seconds at aimost Half Price. 19° Rack ELECTROLYTIC CONDENSERS, SPEAKERS, CONNECTING WIRE, CABLES, T WSO G
Mounting and smaller Free Standing SCREENED WIRE, SCREWS, NUTS, CHOKES, TRANSFORMERS, etc. LT A
E&%‘?Sﬁéﬁ%??nﬂafm?é’neaat"t?.é’%yry worst ALL AT KNOCKOUT PRICES — Come and pay us a visit ALADDIN'S CAVE Phone: Ely (0353) 860185
Eend s.AT_E. for’%ist. C. Phillips ‘The TELEPHONE: 445 0749/445 2713 (2483)
aurels' Tiptoe Road, Wooton, New R. HENSON LTD.
Milton, Hants BH25 5SJ. Maii Order Only. 21 Lodge Lane, North Finchley, London, N.12
(2592) (5 minutes from Tally Ho Corner) (1613) When replying to classified

advertisements,readersare

T ECCHNICIAN ENGINEERS recommended totakesteps

OMMUNICATIONS AND ELECTRONICS toprotect their_interests
A Planned Career in Technology in the Cotswolds before sending money
Salaries up to £11,445 2519)

® VACANCIES at both TECHNICIAN ENGINEER and
ENGINEERING TECHNICIAN level.

e CHALLENGING WORK in the develcpment and support of highly

sophisticated communications and computer systems. _ WANTED
e OPPORTUNITIES for gaining experience in a wide variety of technical roles. Test equipment, receivers,
e EXTENSIVE ENGINEERING FACILITIES o valves, transmitters, com-
® CAREER PLANNING aided by regular assessments of performance. ponents, cable and
@ ADVANCEMENT opportunities on the basis of proven ability. electronic scrap and quan-
@ OVERSEAS service (voluntary). tity. Prompt service and
@ FLEXIBLE working hours with up to six weeks leave. cash. Member of A.R.R.A.
® RELOCATION EXPENSES in most cases. M & B RADIO
Applicants for the higher grade of TECHNICIAN ENGINEER should normally possess a 86 Bishopsgate Street
BTEC Higher National Certificate, Diploma in electronics or other relevant subject; ora Leeds LS1 4BB

City and Guilds Full Technological Certificate. or an equivalent qualification. An aggregate 0532 435649

of at least 8 years relevant training and experience is required. Registration as a Technician (9956)
Engineer (TEng) would be an advantage. Salary Scale: £9,113 — £11,445

Applicants with BTEC ONC or equivalent and at least 4 years relevant training and
experience are eligible for posts at the ENGINEERING TECHNICIAN level for whicha

structured training programme is provided. Salary Scale: £6,599 — £9,135 « MICROCOMPUTERS
INTERESTED? Then for either post send for full details and application form to the * PERIPHERALS
address helow. quoting Ref: T/6523/85 « INSTRUMENTATION

| ]

-:::- P A‘_‘_l For fastest, best CASH offer, phone,

= e M

e — N 2599 co OPX[::EdR(:aPGI;?EgQ;'ION

THE RECRUITMENT OFFICE, GCHQ, ROOM A/1108 TelexiBo87s0 o -
OAKLEY, PRIORS ROAD, CHELTENHAM, GLOS GL52 5A) =e%2)
OR TELEPHONE (0242) 32912/3
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SERVICES

A CAREER IN TECHNICAL AUTHOR-
SHIP The requirement for Technical
Authors with a background in electronics is
increasing rapidly. For details of a compre-
hensive correspondence course leading to
qualifications in this field, send for free bro-
chure and syllabus to Tutortex Services, 55
Lightburn Avenue, Ulverston, Cumbria

12 ODL. 0229-56333 (2640)

DOLCH LOGIC ANALYZER LAM3250,
50MH2z, 48 channel; 32 data, 2 external
clocks, 6 clock qualifiers and 8 trigger
qualifiers. TTL & ECL thresholds. 5ns
Glitch capture. Including 6ALP88 active
logic pods. £1800. Tel: Bordon (04203)
7174. (2582)

HAVING DESIGN PROBLEMS?
THEN CONTACT OUR SOLUTIONS DEPT
ANALOGUE & DIGITAL DESIGN — C.A.D.
PHONE

——n B
SecoM| ..

WRITE

tel - 021- 773 - 0913

Unit A. N.E.W. 272 Montgomery St,

Sparkbrook, Birmingham B11 1DS.
(2627)

DESIGN, DEVELOPMENT AND PRO-
TOTYPES. Digital and microprocessor
based equipment our speciality. Proto-
types and small batch production under-
taken to the highest quality and with fast
turnaround. For details of our hardware
and software services please contact: [B
ELECTRONICS 11, Broomshaw Road,
Maidstone, Kent, Tel: 0622 674192.(2635)

SMALL BATCH PCBs, produced from
our artwork, also DIALS, PANELS, LAB-

. Camera work undertaken. FAST
TURNAROUND. Details: Orbitechnic Cir-
cuits, 38 To}r}%.ua Gardens, Redbridge,
Essex. IG4 5PT. %el: 01-550 3610.(9794)

HHH

pae!

= 128885 -
Withems P.C.B. Artwork, QQIWusLb i

Honeybourne, Evesham, Worcs, WR11 5PT
o s .

SR (2537):

DESIGN, DEVELOPMENT AND PRO-
TOTYPES. Digital and microprocessor
based equipment our speciality. Proto-
types and small batch production under-
taken to the highest quality and with fast
turnaround. For details of our hardware
and software services please contact: B
Electronics, 11 Broomshaw Road, Maid-
stone, Kent. (2635)

! for your classified adverts

ring

lan Faux O1 661 3033

used in advertisement

® 15% VAT to be added.

@ Box No. Allow two words plus £5

® Cheques, etc., payable to "Business
Press International Ltd.” and cross “& Co.”

-CLASSIFIED ADVERTISEMENTS

Use this Form for your Sales and Wants
PLEASE INSERT THE ADVERTISEMENT INDICATED ON FORM BELOW

To “Wireless World” Classified Advertisement Dept., Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS

@ Rate £4.00 PERLINE. Average six words per
line. Minimum £25 (prepayable)

@ Name and address to be included in charge if

REMITTANCE VALVE...........

........................ ENCLOSED

PLEASE WRITE IN BLOCK LETTERS. CLASSIFICATION....... I et b s s

NUMBER OF INSERTIONS..................
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404 Edgware Road, London W2 01-724 0323 § OAvsy4 4 0TE FOF
ACCOUNT AND EXPORT ENQUIRIES 01-258 1831 b EEX AR

CIRCLE 11 FOR FURTHER DETAILS.

b

PAGE
Advertising Standard Authority............ 84,86
Aden — Moore Ltd ...t 81
AF BUIZIN qor sz 55-10iie 136 sy sgmmnze. < 66
Airlink Transformer Ltd .................ooi0. 70
AM Electronics ... ...cooveverviieiniieiniinnns 16
Anglia Industrial Auctions .................cc... 10
Armon Electronics Ltd ...t 26
Aspen Electronics...........cooovveiiiinns 76
Audio Electronics ........covvviviviiciiiiinnnns 96
Automation & Control Technology ........... 70
Bamber Electronics.....c......ocooviiiiiiiinnt 16
Barrie Electronics. ........ovvveeiveviniiiinennns 27
Beckenham Peripherals......................... 81
Black Star Ltd .oocvvovnieenineiiiiiiacsnnn 9
Cambridge Microprocessor Systems ........... 9
Cameron Communication (CW).........cc...... 45
Caracal Power Products.............cooooeennn. 3
Cavendish Automation ..............ccooininens 12
Colomor (Electronics).............cooovvvviinnas 10
Combe Martin ........coooeveevvnereiniiiiininnanns 26
Computer Appreciation .............ccocoevneeee 12
COMILEC « o one vt ie et et 58
Crash Barrier ........cccocovvvviiiiniiiiiiinnns 77
Cricklewood Electronics .............ccoooenint 27
Crotech Instruments ............coooiiiinninns 81
Cybernetic Applications Ltd .................... 39
Dataman Design .............. Inside back cover
Digitask Business................occoeiieiienns 86
Display Electronics ...........c.cccocoivininen. 4/5
EA Sowter Ltd s st st baimmmmesomb s abimimmaniinne 77
Electronic Brokers...............coovviuinnes 11/13
Ellmax Electronics..........ocoocvivieiiiiiniinnn 66
Electrovalue Ltd .........ccoovviiiiiiiiin. 50

o

PAGE
Electron Emission Products.................... 50
EMSMIqLtd.....ooovvieiiiiiiiiiiies 12
Essex Electronic Centre ....................... 20
European Electronic Systems....... Back cover
Electronics Wireless World Editonal
fEALUTES < s8::m mci = 6368 7 -sipmin mow poosp 0 447 T BATsamsere e 86
Feedback Instruments ...............ooooinins 40
Field Electric .......ooovvviiiiiiii 2
Flight Link Control ...............oooiviiiienns 85
Fluke (GB)Ltd................ Inside front cover
Gemini Micro Computers....................... 51
GNC EIeCtIONICS ....cuvvvnieniieneneninennnennn 3
Gould Instruments Ltd...................ol 44
Happy Memories. .........ccocooeevenneinienen 20
Harris Electronics. ......ooooevvivniiiiniiienn.. 9
Harrison Electronics..........ooooeviiiinn. 26/70
Hart Electronics........oovieveriiiiaiieiienns 81
Hellermann Electric .......ccooooeiiiiivin . 3
Henson Ltd (R) «.oooovvvniiiiiiiiens 76
Hilomast Ltd.......coimerraeeeiiiriviiiiiinens 58
Henderson Coles.........ccoovvvuivvinnciiiannns 84
ILP ElectronicS .....covvvveeeieiaeieiiiiiinnne. 10
Industrial Auctions Ltd ... 86
INEEEIEX .. ovveinieieneiiie e 76
J. Bull (Electrical) Ltd............ocoooiiiinnins 12
Johns Radio siu. . simeiwsistdumms s aiiionans s oo asne 2
JDR Metals......ccvvieiviiiiiiiiiiiiiieiiines 50
Langrex Supplies Ltd................cocooinne 69
Lowe Electronics........oooveverereiininivunnn. 27
Lucas World Service Ltd........................ 39

INDEXTO

ADVERTISERS

Appointments Vacant Advertisements appear on pages 87—95

PAGE
Measurement DevicesLtd ..................... 20
Memec (Hi Tech) ....c..oooovviiiiiiiiennns 66
Micro Concepts ......ovvveeuinincienriraniiennns 16
Micro Processor Engineering .................. 85
Newrad Instrument Cases Ltd ................. 21
NOMDBIeX ..ovoiiieniiiiiei s 16
Number One Systems.............coooevvieiinnen 2
PantechmiC .....o.ovvveieiniieiieeieiiaaen 86
PF Ralfe Electronics............coocoooiviiinnn 16
Pineapple Software ..................covienne 44
PM Components ..........ccccoeuvvinnennnn 56/57
Powertran Cybermetics......................... 40
Radio Code Clocks Ltd .............ccoooveiinins 2
Radio Components Specialists ................. 21
Raedek Electronics ..........coooovviiiiiinan. 21
Reekie Robots........covvvieiiiiiiiiiiiinann 39
Samsons Electronics .............coocoiieinnn. 84
Sherwood Data Systems ........................ 26
Stewart of Reading .............coovviiiinn. 77
Surrey Electronics Ltd ...............ooiiiiinns 9
Tape Automation Ltd ...............cocoiinns 85
Taylor Bros (Oldham) Ltd...................... 50
Technomatic Ltd ...........cocovnveiinnins 14/15
Tektronix (UK) Ltd......cooooviniiiiiiinns 62
Thandar Electronics ...........ccocoeiiiiinnn. 70
Thorn EMI Instruments ..................o.et .28
Thurlby Electronics Ltd.......................c. 80
T.K. EleCtronics ........coovvvvveiieineiiininens 40
Triangle Digital Services................c....... 44
Withers Communications (R) .................. 84
Wings Appeal .........coocoiiiiiiiiii 76

OVERSEAS ADVERTISEMENT AGENTS
France and Belgium: Pierre Mussard, 18 — 20 Place de la
Madelaine, Paris 75008.

Hungary: Ms Edit, Bajusz, Hungexpo Advertising Agency,
Budapest XIV, Varosliget.

Telephone: 225 008 — Telex: Budapest 22-4525
INTFOIRE

Italy: Sig C. Epis, Etas-Kompass, S.p.a. — Servizio Estero, Via
Mantegna 6, 20154 Milan.
Telephone: 347051 — Telex: 37342 Kompass.

Japan: Mr Inatsuki, Trade Media — IBPA (Japan), B.212. Azabu
Heights, 1.5.10 Roppongi, Minato-ku 106.
Telephone: (03) 585 0581.

United States of America: Jay Feinnan, Business Press
International Ltd, 205 East 42nd Street, New York, NY 10017 —
Telephone (212) 867-2080 — Telex: 23827.

Jack Farley Jnr., The Farley Coi. Suite 1584, 35 East Walker
Drive, Chicago, Illonois 60601 — Telephone (312) 63074
Victor A, Jauch, Elmatex International, P.O. Box 34607, Los
Angeles, Calif. 90034, USA — Telephone (213) 821-8581 —
Telex: 18-1059.

Jack Mantel, The Farley Co., Suite 650, Ranna Building.

Cleveland, Ohio 4415 — Telephone {216) 621 1919.

Ray Rickles, Ray Rickies & Co., P.O. Box 2028, Miami Beach,

Florida 33140 — Telephone (305) 532 7301.

Tim Parks, Ray Rickles & Co., 3116 Maple Drive N.E., Atlanta,

Georgia 30305. Telephone (404) 237 7432

Mike Loughlin Business Press International, 15055, memorial

Ste 119, Houston, Texas — Telephone (713) 783 8673.

Canada: Colin H. MacCulioch, International Advertising

Consultants Lid., 915 Cariton Tower, 2 Carlton Street, Toronto 2
Telephone {416) 364 2269. .

“Also subscription agents.

Printed in Great Britain by Index Printers Ltd.. Oldhill, Dunstable. and typeset by Legendary Characters, South Street, Lancing, for the proprietors. Business Press International, Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS ©
Business Press [nternational 1985. Wireless World can be obtained abroad from the following: AUSTRALIA and NEW ZEALAND: Gordon & Gotch Ltd. INDIA: A.H. Wheeler & Co. CANADA: The Wm. Dawson Subscription Service Ltd..

Gordon & Gotch Lid. SOUTH AFRICA: Central News Agency Ltd: Wilban Dawson & Sons (S5.A.) Lid. UNITED STATES: Eastern News [Disinbution Inc

14th Floor, 111 Eighth Avenue. New York, N.Y. 10011

96

ELECTRONICS & WIRELESS WORLD AUGUST 1985



DATAMAN

Lombard House, Cornwall Foad
DORCHESTER Dorset DTl 1RX

phone 0305 68066 telex 418442

CIRCLE 2 FOR FURTHER DETAILS. FAST EPROM PROGRAMMER

Copies eight EPROMS ot a pass

all 25 and 27 series up toc 27256

EPROM type is set by switches

erasure is checked automatically
control is simple - two keys
Alpha liquid crystal display
checksum facility & hex digits
FAST or NIORMAL progromming

PLUS VERSIDN alsc has:

serial RS232 program & check

CTS or DSR handshake ‘
ASCII, SIMPLE HEX, INTELHEX |
MOTOROLA S or TEKHEX

GANG—-OF—-FEIGHT £395
GANG—OF—EIGHT plusL445

[80 TUTOR

Designed for Schools Council
to teach Z80 machine code

MENTA uses TV for display

shows STACK & PROGRAM in HEX

micro engineering

(TTTORDABIT, TR

Diagnoses bus *roukles
Helps mend micro koards
780, 6502, 6800, 8085
All covered by one product
Disassemblers included
Plugs intc micro socket
Hond-held probe identifies
ADDRESS, DATA and CONTR{OL
lines at a touch.

LPROM EDITOR

Displays HEX on standerd TV
with text-editing facilities
Inserts and deletes
shifts and copies
bytes and blocks of code
EMULATES EPROM in circuit
using romulator lead supplied

Editing facility includes
direct keybocrd ASSEMBLER
RS232-output DISASSEMBLER

Prints a memory map

of an unknown system

showing ROM, RAM, 1/0
end EMPTY ADDRESSING SPACE

Used *o write & dekug
short machine-code routines
MENTA is a complete
controller with 24 bits of I/0
used for ROBOTICS
TEACHER’s GUIDE, PUPIL READER

MODULES (e.g. A tc D2 avcilchie

MENTA . £99
COMPUTER BARGAINS

-ring for our BEST 0OFFER

OLIVETTI M2Z1, M24
with 10MB hard disk if req.
AUTO-CAD & M24 created this AD

also EPSON PX8
EPROM ERASERS from ¢ 39

BUY [T AND TRY [T

REFUND GUARANTEED

Uploads and downloads
using serial and parallel
routines - RS232, Centrorics

PROGRAMS & EMULATES
2716 2732 2532
Useful for developmenrt

particularly for piggy-kack
single—-chip micros

Adaptor is available
to progrom 2764 & 27128

LOGS cll tests ond responses
on PRINTER and ALPHA LCD
Non-volatile memory
retains test sequences
CHECKSUMS, RAMTESTS,
READS/WRITES MEMORY & I1/0
Reports location of SHORTS
cn ADDRESS and DATA busses
Prints out memory contents
in ASCII, HEX or SOURCE CODE

You cannot expect to mend

“Our expensive equipment
stays on the shelf
Jor weeks — bwt SOFTY
is used every day”
— says big—budget customer

SOFTY.. £790
ADAPTOR... £ 245

microprocessor products with less postal expenses, if goods returned intact within 14 days
a meter and a scope. PRODUCT IS USUALLY IN STOCK _

ioxd byarny Ineptiis 2ol TODAY DESPATCH IS POSSIBLE

pay for your SuperDOC?

30 5| PHONE FOR A LITERATURE PACK &
VAT must be added to prices )

radint

SuperDOC.. £




Spot On!

Time his been our business since 1974.
Precision has been our aim.

We have experience in display,
code generation, off air time,

off air frequency and

frequency standards.

Single units to the largast system.

SRt R Rl
. Qurtimeis S at yOUFdISDOsal

mm~ “"‘"Em}r, T . T e

I %,
» Time Code Reader.

MSF Rugby Simulator.

| Tape Search System.

| Radio Clock (5 mSec)

Made in Engiand.
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