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RI & EDEI; E LEC I RONICS Tol 0 1maTa 09
Telex No 312242
SERVING THE COMMUNICATIONS AND ELECTRONICS INDUSTRIES MIDTLX G.
102 PRIORY ROAD, SCRIBERS LANE, HALL GREEN, BIRMINGHAM, B28 OTB. ENGLAND.
TRANSISTORS : !
TYPE: LIST: TYPE: LIST: TYPE: LIST: TYPE: LST: TYPE LIST: TYPE LIST. TYPE LIST:
£ £ £ £ £ £ £
2N3375 10,90 25C1978 640 AH211A 137 50 £F94 200 0A3 2 50 6AUSGT 370 813 30 00
2N3553 1.60 25C2053 0.80 AH2511 90 00 EFO5 160 082 250 6AZ8 380 934 18 00
IN3632 12 95 28C2237 6.00 AH2532 3150 EF183 190 0B3 250 6BA6 150 935 4120
IN3733 12 95 5962287 9.60 875 52 50 EF184 180 0c3 250 6BE6 195 2050 480
IN3866 120 5302250 20,00 BT5B 52 50 EK90 140 2C39A 39 90 6BH6 275 2050A 480
SNA416 09 TIRF240 5070 BT17 142 00 EL34 390 2C39WA 42 00 6BJ6 2.00 5644 8100
INaa29 a0 MRF 245 53.00 BT17A 13000 EL36 230 2021 200 68K4C 450 5545 95 00
VRS 1099 Riaa 5800 BT95 125.00 EL84 160 2626 7 50 6BN8 350 5557 24 50
5 MRF247 500 c3J 3000 EL86 210 2K25 114 00 6826 2 50 5559 52 50
2N5109 1.95 MRF433 . C3JA 30.00 EL519 770 3-4002 78 Q0 6C4 1.95 5727 295
2N5160 3.00 MRF449A 1015 ESS5L 56.00 EL803S 395 3-500Z 85 00 6CB6A 180 5867A 140 00
2N5589 7.60 MRF450 11.50 E8OCC 19.00 EL821 1375 3828 15 00 6CJ3 230 5879 615
2N5590 790 MRF450A 13.80 £80L 21.00 EN32 1625 3C45 24 50 6CW4 630 5965 220
2N5591 950 MRF454 17.25 £88CC 390 ENO1 200 3CX100A5 3500 60C6 245 599 3200
IN5641 6.95 MRF454A 1725 E9S0CC 7.50 EZ80 160 4.65A 52 50 6E5 420 6130° 24.50
IN5642 930 MRF455 16.50 E130L 2125 281 150 4.125A 60 00 6EAS 225 6146A 9.40
5N5643 1185 MRF458 1720 EBYT 135 EZ290 150 4-250A 76 00 6GK6 250 61468 9.40
IND913 250 MRF475 2% €BCY1 110 FG17 24 50 4-200A 80 00 6HF5 425 6360A 495
SNoaaa 788 MRF478 PRt EBF89 135 FG105 160 00 4-4008 8000 6HSE 3.95 65504 725
NP 1633 RF EC90 125 GXU1 15 00 4-400C 2000 6JB6A 420 68838 870
5 MRF644 2250 ECC32 325 GXU4 45 0Q 4832 3030 6JE6C 625 6973 395
2N5946 1080 MRF646 27.00 ECCB1 160 Gz34 2.10 4C35A 13500 6JS6C 470 7027A 650
2N6080 6.65 MRF648 3270 ECCB2 160 KT66 9.50 4Cx2508 EK7 2.50 7199 420
2N6081 8.40 MRF901 275 £CC83 160 KT77 10.95 EIM/AMP  5500- 6K11 225 7247 320
2N6082 10.50 SD1013 975 ECC85 185 KT88 24.95 4CX250B 6KD6 5.90 7262A 26.00
2NB083 11 20 SD1019-STUD 23.10 ECC88 200 ML8536 27500 NAT 48.00 6KD8 2.00 7360 13.20
IN6084 12.00 SD1019-5 2280 ECCO1 200 M(8741 265 00 4CX350A 87.00 6L6GC 4.45 7586 1150
25C1729 9.00 SD1127 310 ECC189 200 NL SERIES 4X150A 3370 6LQ6 6.25 7587 35.00
53C1945 345 SD1134.1 225 ECF80 150 QQV02-6 2200 SAR4 210 6Q11 225 75314 4.65
58C1946A 1860 301136 11.20 ECF86 165 QQv03-10 530 5AS4A 210 6SL7GT 225 7815AL 48.00
oc1945 o3 2b1143 020 ECF801 180 Qv03-12 700 5RAGYA. B 350 6SN7GTB 3.05 7815R 53.00
RN 5 ECHB81 230 QY3-65 5750 5U4GB 210 6UBA 200 8122 113.00
25C 1.80 SD1219 14.70 ECL82 190 Qy3-125 63 00 5V4GA 250 12AT6 150 8906AL 55.00
25C1970 1.40 SD1272 10.95 ECL86 160 Qv4-250 69 80 6AHE 230 12AU6 1.70 15082 6.50
25C1971 3.50 SD1278 13.75 EF80 1.70 RG1-240A 1000 SAKEW 250 12AV6 2.00 5728 52.00
25C1972 6.00 EF85 3.00 RG4-3000 9000 6AKE 195 12BA6 180 807 9.00
EF86 230 XG1-2500 5250 6ALSW 1.80 12BA7 235 810 75.00
INDUCTION AND DIELECTRIC HEATING SPARES | g9 230 XG5-500 24 50 6AQ5A i 12BE6 200 8124 36.85
EF91 2.95 XR1-3200 7250 6AQ5W 1.80 128Y7A 270
INCL. EF92 220 XR1-6400 12000 6AS6 2.40 12826 370 WE ALSO SUPPLY
CERAMIC CAPACITORS SOLID STATE RECTIFIERS | EF93 1.50 0A2 200 BAS7G 5.00 120w7 3.75 i'g"c“ecsggSFEiAND
VACUUM CAPACITORS RECTIFIER VALVES 7000's of VALVES/TRANSISTORS/IC'S IN STOCK. PLEASE ENGUIRE ON 1VPES NOT LISTED.
RID LAMPS OSCILLATOR VALVES = PRICES - CORRECT AT TIME
G BACKWARD WAVE OSCILL.  KLYSTRONS SOLID STATE REPLACEMENTS OF GOING TO PRESS
CARBON FREE HOSE COOLING FANS/FILTERS ;
WATER FLOW SWHCHES . CRT's MAGNETRONS THYRATRONS TERMS — PLEASE ADD £1.90
A S ete. etc. IGNITRONS RECEIVING TUBES TRANSMITTING TUBES P&P AND VAT @ 15% to orders.
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PINEAPPLE SOFTWARE

Programs for the BBC model ‘B’ with disc drive with L NEPTUNE I
FREE updating service on all software Hydraulic iSZ 'ég at
sing mm
ARE YOU GETTING THE MOST FROM YOUR water & ""]'i”:to“
DOT MATRIX PRINTER AND DISC DRIVE? _ 42%mm

DIAGRAM is a new program which really exploits the full potential of
the BBC micro and will enable you to obtain printouts of a size and .

quality previously unobtainable from your system. DC servos
ROBOTS

FEATURES from only
£435!

UK’'s WIDEST
Range of low cost

robotic & FMS equipment
@ ACCess any part of the diagram rapidly by

enterng an index name, eg. TR, RS etc, to
aisplay @ specific section of the diagram, and . T il .
then scroll around to any other part of the - 'b'l'lll ic

@®Draw diagrams, schematics, plans etc., in
any aspect ration, eg. 10#3, 212 screens

diagram using the cursor keys ’ a lications

®Up to 128 Icons may be predefined for each WORKCELL COMPONENTS PP

diagram, eg. Transstors, resstors etc, n ful indexing table West Portway Ind. Est.
mode 0O defimition, up to 32 pixels expandable conveyor Andover, Hants
horizontally by 24 vertically sensors gauges SP1° 3IWW

eHard COpy printouts IN varying print Sizes etc ’

up to 18 mode O screens on an Ad size sheet,
compatible with most dot matrix printers.

DIAGRAM SOFTWARE

MARCONI TRACKER BALL

5 60 eMany other features including, selectabie
PLUs VAT P65 e A AN display  colours, comprehensive e drawing
wove oo e pectyore P facilities, TAB settings, etc. _ water hydraulic/
d ¢ DC servc/
®The latest verson of DIAGRAM is now fully 5
MAI%%ONNII\;$GEKKSETRES‘I"&J‘S‘ND compatible with the Marconi Tracker Bal, p : pneumatc
which allows 'scroling’ of the screen and
D|AGRAM SOFTWARE many of the editing features to be carried k 500gm
out using the tracker ball g
£76.50 serpenTrn L soom
®DIAGRAM 15 supplled In an attractive hard g 2Kg at 400 or 650mm with
PLUS VAT P8P £1.75 backed disc wallet with keystrip and i see through

comprehensive instruction manual. perspex

DC servo/pneumatic cylinders
SCARA

ALL ORDERS SENT BY RETURNOFPOST

39 Brownlea Gardens, Seven Kings, liford Essex IC3 9NL

= Tel 01-5991476
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MARCONI INSTRUMENTS HEWLETT PACKARD TEKTRONIX TEKTRONIX
R.F. Millivoitmeter TF 2603 Digital Oscillator 4204A High Voltage Probe General Purpose
Frequency Range 10Hz-1TMHz P. 6015 500MHz Scope.
50KHz-1500MHz 0.2% Frequency Accuracy 40KV 1000X 7904
Voltage Range 80dB output attenuator LARGE VARIETY GF
TmV to 3V (R.M.S.) 8 ranges 0.01% Freq. repeatability UNUSED SUITABLE PLUG INS
QUANTITIES AVAILABLE IN QUANTITIES AVAILABLE AS M.LP. £650 AVAILABLE
SUPERB CONDITION NEW CONDITION e MAINFRAME ONLY
ouRr sPECIAL PRICE £495 | | ourspPeciALPRICE £395 | | ourspeciaLprice £400| |ourspPeciaLprice £5500
This is just a sample of our huge inventory SIGNAL SOURCES ;‘éﬁgﬁouwg é0%2 klé]a Plotter g:ggg
H i Hewlett Packard opt isk Drive
—contact us with your requirements. 214A Puise Generator £750  82913A 12inchMornitor £125
OSCILLOSCOPES 80078 Pulse Generator £950 82937A HPIB Interface £250
Hewlett Packard 8011A Puise Generator 20MHz £550 82838A HPIL Interface £225
1715A opt 101 200MHz Scope £1950 8015A0pt 02 Pulse Generator £1500 823939A SeriaInterface £200
Philips 8116A-01 Pulse/Function Generator £1850 82840A GPIOInterface £350
PM3540 Logic Analyser/Scope £1500 8614A Signal Generatar £3950 858 Microcomputer £1950
PM3285 350MHz Scope £4455 8616A UHF Signal Gen. 1800-4500MHz  £2750 868 Microcomputer £1000
Tektronix 86260A SweepGen. Plug-in12.4-18GHz  £3500 91210 Single-sided Disc Drive £600
465B8/DM44  100MHz Scope DMM £2000 86408 001-002 AM/FM Signal Generator £4500 91220 Double-sided Disc Drive £750
100MHz Scope £1450 6908 Sweeper Mainframe £950 98165 Personal Computer £3500
475A 200MHz Scope £2350 331 4Aopt 01 FunctionGenerator £2500 9826A Desktop Computer £2625
475 150MHz Scope £2000 3325A Function Generator £1950 9862A Plotter £500
475A/DM44  200MHz Scope/DMM Eg;gg Marconi 9915A Computer £750
485 350MHz Scope TF 20028 AM/FM Signal Generator £995
608 MonilmrM Eggg TF 2008 AM/FM Signal Generator 1 GHz £1950 EE!\I!ERAL PURPOSET&M
634 0pt 1,20 DisplayMonitor Wavetek
5223 Scope Mainframe (Mint) £3600 166 SOMHz Puise/Function Generator  £1500 15520 + TTS 520 Transmission Test Set. £4275
5441 ScopeMainframe (Mint) 184 5MHz Sweep Generator £650
Aran Qb2 Mainfrema fao 0 HEWLETT PACKARD COMPUTERS G. P. Industrial
A large selection of 7000 series plug-ins available at up to 110 (45710BU) ‘The Portable’ £1750 MFL 373 Fault Locator MINT - £395
B00% saving on list. Please call for quotations. erortable auftLocato
150A Touchscreen £600 Hewlett Packard
ANALYSERS 1508 Touchscresn £750 3437A High SpeedD. V.M. £1250
Hewlett Packard 2225A Thinkjet Printer £225 3465A 4720igitD.M.M. £350
332A Distortion Analyser £600 2631Bopt005,017.019 Printer £650 Marconi
8557A 350MHz SpectrumAnalyserP.In  £4500 2673A Thermal Printer £925 TF1313A LCRBridge0. 1% £750
Marconi 3497A opt 001 DataAcquisition Unit £1500 TF 2702 Inductor Analyser £950
TF 2330A Wave Analyser £850 69408 Multiprogrammer £1200 TF 2807A PCM Tester £1350
TF 2337A Aytomatic Distortion Meter £450 7470A0pt001/002 A4Plotter £600 TF 2905/8 TV Pulse Generatar £750
TF 2803 Dataline Analyser £650 Tektronix
Radiometer : 1 148 TV Insertion Signal Generatar £4250
BKF 10 Automatic Distortion Analyser . . 520A Vectorscope (NTSC) £3750
+RECB1 Plotter £1500 521A Vectorscope (PAL) £4250

Tektronix ; B80SR
7L14 SpectrumAnalyserP. In £10500 5786
308 DataAnalyser £1750 ! S1

Colour Monitor £1500
Curve Tracer £7500
Sampling Head £850

A/5TRONIC BRURS

/0 THE SOUR

All prices are exclusive of VAT and correct at time of going to press @ Carriage and packing charges extra@ A copy of our trading conditions is available on request

! Electronic Brokers Ltd, 140-146 Camden Street, London NW1 9PB
Telephone: 01-267 7070 o Telex: 298694 ¢ Fax: 01-267 7363
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Oasis Instruments

Now avs
for the

Sinclair Sdlls
and R

Ruy

Precision MADC 12 module interfaces featuring:

— 12 bitreadings in 30uS to 0.02% accuracy.

— 6 precision ranges. + 10V down to 1V unipolar. N

— 16 high impedance inputs with S.E. or differential modes>

— All functions sofware controlled, 1 Mbyte per sec

data transfer.

Price — systems for; QL — £499/ IBMs — £749/

Apple Il - £449/BBC — £399 (+VAT).
Includes calibrated MADC12, interface H/W, manuals and software.

Modules from stock — reliably solve your digitising or logging

problems NOW.

Enhanced versions for maximum flexibility provide:

— High speed for 12 bit readings in 15uS, 8bitin 10uS (option S15 - £95). Q
— Full accuracy and speed with input isolation to 500V RMS (option 105 — £240).

- 32 channel systems (option C32 — £250) and versatile, wide range. multipiexers

Also available: Low cost Apple |l analogue interfaces, supporting boards and
industrial computers. Order directly or contact us for further information.

The Street, Old Costessy, Norwich NR8 SDF

Tel: 0603 747887

x

Home, laboratory and industrial applictions.
Full software support supplied:

— General purpose acquisition package with easy
user interface and interactive scan control and
data file generation.

— Comprehensive product description to allow the
hardware to be driven from your own software,
either using the routines supplied or from your
own low level routines to operate the analogue to
digital process directly.

— Data file generation for export to existing
spreadsheet or other post-processing software.

Custom hardware, software and systems solutions
on a consultancy basis.

Peter Nelson

‘3‘3‘:5“'

]

Design Consultancy
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3" HITACHI DISK DRIVES

Single sided 250k; Double sided 500k, Double density — 100 tracks per inch.
3 ms Track access time. Shuggart Interface.
Plug compatible with 5% inch drives.

PRICE:
£29.95 + VAT

Single sided
£39.95 + VAT

Double sided
LPostage 98p second class, £1.28 1st class
FOR FURTHER DETAILS SEND S.AE. TO:
MATMOS Ltd., Unit 11, Lindfield Enterprise Or Computer Appreciation,

Park, Lewes Road, LINDFIELD,
West Sussex RH16 2LX. Tel. 0444-73830

111 Northgate, CANTERBURY, Kent CT1 1BH.
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Telequipment D75 50MHz Dual Trace Oscilloscope £275
Telequipment D83 50MHz Dual Trace Osciltoscope £295
Tektronix 465 100MHz Dual Trace Oscilloscope £895
Tektronix 465/DM44 100MHz Dual Trace Oscitloscope £1.096
Tektronix TM504/ps503A/DM502/FG502/DC502 £995
Tektronix 521 PAL Vectorscope £825
Tektronix 521A PAL Vectorscope £1.195
Tektronix 7603 100MHz Mainframce £1.095
Tektronix 7A18 Vertical Amplifier £400
Tektronix 7B53 Time Base Plug in from £400
Tektronix 7L12 Spectrum Analyser Plug in £3.550
Tektronix 5L4N Spectrum Analyser Plug in £2.000
Tektronix 7A11 Vertical Plug in £450
Tektronix 148 Insertion Singla Generator £2.250
Tektronix 1421A PAL Vectorscope £1,000
Tektronix 1411 Series Generators. Various configurations POA
Tektronix 5111/56A18N/5B12N Oscilloscope £995
Hewlett Packard 141T Display Mainframe £1.650
Hewlett Packard 8552B Spectrum Analyser IF Section £2.000
Hewlett Packard 8553B Sepctrum Analyser RF Section £1.750
Hewlett Packard 8443A Tracking Generation £1.100
Hewlett Packard 214A Pulse Generator £350
Tektronix 1420A NTSC Vectorscope £1,100
Hewlett Packard Computer Type 85 £400
Hewlett Packard 8303A Modulation Analyser £2.250
Macroni TF2920 Interval Counter £995
Ex. Demonstration Hitachi V-1050 100MHz 4 Chan Scope £880
Hitachi V-098 Video Waveform Monitor (Unused) £695
Hitachi V-212 20Mhz Duel Trace Scope (Unused) £250
Hitachi V-6041 40MHz Digital Storage Oscilloscope £3.000
Flue 80228 Hand Held DMM £60
Racal-Dana 5000A DVM 52 Digit £125
Honeywell Bull 20MB Disk Drive £150
Philips PM3233 10MHz Dual Tracel Oscilloscope €175
Philips PM3234 10MHz Real Dual Beam Storage Oscilloscope £295
Tektronix T925A 36MHz Dual Trace Oscilloscope £295
Sorensen DCR600/.75B 600V/750mA metered power supply £75
Sorensen DCR300/1.5B 300V/1.5A Metered power supply £75
Hewlett Packard 3701/3702/3703 Link Analyser £275
R. & S. ZDD Diagraph £100
Hewlett Packard 6521A 1,000/200mA Metered Power Supply £250
Telequipment DM64 10MHz Storage oscilloscope £195
Marconi TF2600 Millivoltmeter £35
Marconi TF2604 Electronic Voltmeter £75
Hewilett packard 16800A/16830A Bar Code Reader £150
Avo Component Comparator CZ457/6 £95
Tektronix 3A7 Differential Plug in £55
Datalab DLS05 Transient Recorder £195
Philips PM5548 Video Level Meter £125
Philips PM5539 TV Colour Analyser £175
All equipment working and calibrated. Prices exclusive of
VAT and carriage
VISA
TIMEBASE @L[E@ ™
Unit 6, 28 Botley Road, Hedge End, Southampton, Tel: 04892 81487
Callers welcome, Access/Barclaycard: Telephone your order.

KESTREL ELECTRONIC
COMPONENTS LTD.

« All items guaranteed to manufacturers spec.
» Many other items available.
‘Exclusive of V.A.T. and Post and Package’

1+ 50+ 1+ 501 1-
74L.S00 13 12 74L8273 46 42 2716 2.10
74L.504 13 12 7418373 43 45 27C64 3.50
741508 15 13 7415374 48 45 2764-250 210
741514 19 17 7415393 65 45 27128-250 2.40
6502 330 280 74LS541 45 35 27256-250 350
6522 330 280 8155 150 130 6116LP-3 140
74L5138 30 25 8251 150 130 6264LP-3 240
7415139 30 25 8253 150 130 4164-15 1.00
7415157 27 24 8255 150 1.30 41256-15  2.40
TLO71 30 26 6810 1.30 1.10 Z80ACPU  1.40
LM324 23 20 6821 140 125 Z80ACTC  1.50
74LS240 50 42 6850 150 125 Z8OAP10 1.50
74L5244 48 45 4 meg Xtels .70 .55 Z80ADMA  3.00
74L5245 50 .43 6 meg Xtels 70 .55 Z80A DART 3.00

All memory prices are fluctuating daily. please phone to confirm prices.

178 Brighton Road,
Purley, Surrey CR2 4HA
Tel: 01-668 7522

50+

3.00
1.90

3.10
1.25

0.90
210

1.10
1.20

2550
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- NEWS COMMENTARY

Industrial control

from BT

Process control and
instrumentation applications
can be automated with the use
of Martello, a control system
developed by BT Research
Labs, Martlesham.

Martello has claimed for it
independence from any
specific manufacturer; with
many single-board control
computers, the purchase of a
proprietary system locks the
user into that manufacturer’s
range of products. As well as
the modules provided, users
canincorporate hardware from
any manufacturcer aslong as it
is compatible.

Compatibility with a wide
range of equipment is assured
by the use of the STE bus
(IEEE P1000). The bus works
on a master/slave concept in
which a master terminal can
control many slaves. The
slaves can also communicate
with each other by means of an
asynchronousinterlocked
protocol. The particular
advantage of this system is
that it enables communication
between devices of widely

varying speeds. STE busis
supported by more than 15
manufacturers.

Software for the system uses
Forth-83, which is particularly
suited to control applications.
Multi-tasking and
communication with other
computers is incorporated into
this version of the language.

Martello can be used asa
development system and be
embedded into target products.
Physically it consists of arack
of standard Eurocard boards,
an 8085 c.p.u. card and twin
3.5in disc drives. Four modules
are available at present;
development system, c.p.u.
card, disc controller and floppy
disc sub-system. The disc filing
system, screen editor,
assemblers and debugging
tools are written entirely in
Forth. Many more modules
introduction in the near
future. Full documentation
and customer support are
included in the package, which
is distributed by Dean
Microsystems.

Mark Brownfield has passed his Radio Amateurs’ Exam:
no mean feat for a boy who is both blind and deaf. He
receives all messages through his Casio portable computer,
linked to a morse transmitter which sends a highly
amplified signal to the headphones. He doesn’t so much
hear as feel the signals. He has also passed the
International Telecommunications Morse Examination.
No concessions were made to Mark for the examination
and he had to achieve the same standard as any other

candidate.

Just back from the finals of
the Philips European
Young Scientists Contestin
Oslo are Andrew Randle of
Hewett School, Norwich,
with a merit certificate
worth £350 for his A-level
satellite tv receiving
equipment, and Stuart
Quick and Andrew
Johnson, both of Dr
Challoners Grammar
School, Amersham, with
their high-speed cellular
radio data processing
system, also awarded a
merit.

Andrew Randle’s initial
problem was finding a
suitable alternative to glue

and aluminium foil for the
dish covering. With the help
of the school’s microwave
system, he tested various
surfaces for relectivity,
finding a nickel-based
aerosol still worked well
after subjecting a sample to
alternate boiling and
freezing water
temperatures for 15 cycles
and then exposingittoreal
weather. Base for this skin
was glass-reinforced
plastics moulded over a
concrete paraboloid,
shaped using a computer-
generated profile, and topped
with a 5mm layer of plaster,
french polish.

Adjustable aluminium skin
aids maser mapping

An improvement of an order of
magnitude in surface flatness
of Jodrell Bank’s Mk II radio
telescope antenna allows the
telescope to map water-vapour
masers in regions of star
formation. Each of the 206
panels was required to follow a
paraboloid shape to within
1mmr.m.s. to achieve
sufficient sensitivity at 14mm
(22GHz); in fact the panels
have turned out to be accurate
to within 0.5mm r.m.s. Racal
Antennas, who installed the
panels, say this is due to their

new manufacturing technique:

“We can now make panels
quickly and accurately at
much lower cost than before”
says m.d. John Hirst, though
the company won’t divulge
their method. “It obviously
opens up new areas for usand

we see Jodrell Bank asbeing
the first of many to take
advantage of this new
technology”.

Researchers at Manchester
University’s radio astronomy
department have already used
the dish at 6GHz where most of
their work is done with
noticeable improvement.

“What is important” Professor
Sir Francis Graham Smith told
us “is that the dish deflects
under gravity, and detailed
measurements for difficult
elevations are needed. When
the surface profile over a range
of elevations hasbeen
determined using microwave
holography, we can then adjust
the profile and assess the
antenna at the 14mm (22GHz)
wavelength.”
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D.J. Standen, North East Satellite Systems.

A clear view to the Eastern
horizon and a Ku-band
satellite receiver could
allow four further stations
to bereceived from the g.s.o.
(further, that is, to those in
last November’sissue, page
61). Four German stations
are transmitted on the 57°

Intelsat V to cable networks
atalook angle of around 6°
in Eastern England: ARD1,
WDR, BR3 and the German
Music Box. Off-screen
photograph was taken
using alow-noise block of
2.2dB noise figure and a
1.6m dish antenna.

Factory and technical networks

A new initiative from the DTI
will enable a large number of
manfuacturing plants to
communicate technical
information between
computers. Two branches of
the scheme are planned; MAP
(manufacturing automation
protocol) and TOP (technical
office protocol). Over 45
companies are taking part.

The work will concentrate
on interconnecting locally
many different types of
machinery such as machine
tools, cad installations and
robots.

There are US models for
these systems. MAP is being
installed by General Motors;

TOP comes from Boeing. MAP
is a communications system
using broadband taken bus
local area networks and the
Open System Interconnection
model established by the [SO.
TOP is a comparable
specifically protocol using a
base-band, local-area network
and is concerned specifically
with technical office activities.

The systems and their
associated equipment are to go
on show at a DTI-sponsored
exhibition—Factory
Communication in the 1990’s —
to be held in December, so the
companies have only until
then todevelop working
models of the systems.

In brief

The tape levy row grumbles on.
The Tape Manufacturers’
Group commissioned a survey
from National Opinion Polls
that showed that over half of
all blank tape purchasers used
them to record their own
records. They make'back-up
copies to preserve their discs
and to be able to listen in the
car or on their personal
cassette players. A further
18% record broadcast music. In
both cases copyright fees had
already been paid. If the

proposed 10% levy on audio
cassettes were be raised, 70%
of tape buyers would be paying
twice for the same music. Of
the remaining 30%, a high
proportion use the tapes for
dictation machines and for
recording lectures. So the
proportion remaining, those
who pirate recorded material,
isvery small. The survey also
showed that those who bought
the most tapes alsobought the
most recorded music. So the
levy would penalize those who
are already contributing more
than average to the copyright
owners.
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Electronic nose fordrugs

A new device could help in the
prevention of drug smuggling
and terrorism. British
Aerospace have announced the
production of an electronic
detector which can be tuned to
be sensitive to particular
substances, especially illegal
drugs or explosives. Condor
(Contrabrand Detector)is an
electronic sniffer which uses
mass spectroscopy to detect the

vapour given off by the
substances and is sensitive
enough to find them even when
wrapped in polythene
sheeting. The spectroscope is
programmed to detect specific
chemicals by their spectral
characteristics and will find
them even in the presence of
other strong smells.

Condor can analyse the
sample within two minutes.

Alternative energy

Following the accident at the
Chernobyl nuclear power
station in the Ukraine,
interest has been re-aroused in
alternative sources of energy.
Perhaps a leaf can be taken
from Sweden’s book: 100,000
households in Sweden are to
have district heating supplied
from a floating heat pump with
acapacity of 100MW.

Heat pumps work like
refrigerators in reverse.
Instead of using energy to
extract heat from an area, they
gain energy by extracting the
latent heat energy from the
environment, in this case the
sea.

The structure is 100M long
by 20M. Eight to nine cubic
metres of sea water will be
pumped into the station’s

machine and evaporation
rooms. Thermal energy from
the water is transferred to the
refrigerant in the heat pump
evaporators, the temperature
and pressure of the refrigerant
being raised with the aid of
two-staged turbo compressors.
The refrigerant subsequently
heats the waterin the
condensersto 60 to 80°C. The
sea water isreturned to the
sea.

This heat station follows
many others that have been
installed in the Stockholm
areathat use lake water.

The pump station is
expected to cost about £36M to
put into operation but will save
about 230M gallonsof oil in a
year.

Does this home-made electrostatic speaker jog any
memories? Itis beautifully constructed from wood, mica,
and foil taken from condensers. It was donated to the
Wireless Museum on the Isle of Wight, but nothing is known
of its origins or design. Quad engineers deny all knowledge
of it! Any information that can throw light on it would be
gratefully received by Douglas Byrne, 52 West Hill Road,

Ryde, Isle of Wight PO33 1LN.
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Terms of business: CWO. Postage and packing valves and semiconductors S0p per order. CRTs £1.50. Prices excluding VAT, add 15%. Telephone 01-677 2424/7
Price ruling at time of despatch. Telox 946708
In some cases prices of Mullard and USA valves will be higher than those advertised. Prices correct when going to press. elex
Account facilities available to approved companies with minimum order charge £10. Carriage and packing £1.50 on credit orders. E.&0.E.
Over 10,000 types of valves, tubes and semiconductors in stock. Quotations for any types not listed. S.A.E. Open to callers Monday-Friday 9 a.m.-5 p.m. wwi1
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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, programmabie
frequency offsets.

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

@ INTELLIGENT OFF-AIR

FREQUENCY STANDARDS
Microcomputer controlied
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

@ Intelligent time systems

@® Caesium/Rubidium based
clocks & oscillators

® Master/slave systems systems

® Time code generators/readers
©® Record/replay systems

@ Intelligent display systems

@ Precision ovened oscillators

® Time/frequency distribution

Radiocode
Clocks Ltd*

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

(*A Circuit Services Associate Co.) y

=

CIRCLE 24 FOR FURTHER DETAILS

BEST PRICE MEMORIES

ALL THE LATEST FASTEST DEVICES AS USED BY INDUSTRY.
DO NOT CONFUSE WITH SLOWER OLD STOCK OFFERED
ELSEWHERE.

WE ONLY STOCK MEMORIES PRODUCED BY ESTABLISHED
MANUFACTURERS WHOSE COMPONENTS HAVE BEEN
SUBJECTED TO LONG-TERM UK TESTING. BEWARE OF
CHEAP FAR EASTERN MEMORIES THAT MAY BE UNRELIABLE.

DRAM 5v.NMOS 150nS EPROM 5v NMOS 250nS
(not Samsung or Texas) 2716 2k x 8 £2.85
4164 Bk x 1 £1.10 2732 4k x 8 £2.65
41 56k x 1 £2. 2764 8k x 8 £2.50
44526 2161( i 4 ngg 27128 16k x 8 £2.40
41464 64k 4 ¢590 27256 32k x 8 £3.90
MSM37$64 128k x 4 £5.90 g’gg‘M 5v CMOS gﬁmsa £8.50
1BM at x :
(IBM at upgrade) 27C256 32k x 8 £15.00
gRAMPSV NMOS 15;(ins o EEPROM
1141 x4 50 9306 16 x 16 250KHz £4.40
2128LP 2k x 8 £2.50 9308 64 x 16 500KHz £8.50
- SRAM Sv CMOS 150nS 2816A 2k x 8 250nS £13.50
6116LP ok % 8 £1.40  2864A 8k x 8 250nS £45.00
6264LP 8k x 8 £2.65
62256LP 32k x 8 £49.50 10% DISCOUNT
NVRAM Xicor/NCR 300nS On orders over £25 regardless of
X2210 64 x 4 £5.25 mix. Add 15% VAT p&p free.
X2211 128 x 4 £9.50
X2212 256 x 4 £9.90 DESPATCH BY RETURN
X2001 128 x 8 £11.50
X2002 256 % 8 19,00 FROM LARGE STOCKS

OUR EXTREMELY POPULAR EX-EQUIPMENT MEMORIES
GUARANTEED UV ERASED, CLEANED & TESTED. 1.000's soid to delighted

customers.
4116 16k x 1 DRAM 60p 10 for £5.50
2716 2k x 8 EPROM £1.50 10 for £14.00
2732 4k x 8 EPROM £1.50 10 for £14.00
2764 8k x 8 EPROM £1.50 10 for £14.00

Orders under £25 add 15% VAT plus 50p p&p UK. Overseas orders welcome add £2.00
p&p no VAT (payment in £ sterling please).

I SEND S.A.E. FOR FULL LISTS, 74HC CMOS LOGIC, DISK CONTROLLERS, ETC. ]
TELEPHONE 0933 626420 (24 hour service)
MICROKIT LIMITED

MANOR PARK, RAUNDS, NORTHANTS NNS 6PD

CIRCLE 53 FOR FURTHER DETAILS
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CARACAL

SINE WAVE INVERTERS
200to 1000 VA

CARACAL produce the U.K.'s best range of sine wave inverters
up to TOOOVA. Our latest pulse width modulation inverters out-
date older tuned-type inverters by giving much higher efficien-
cy and low standby current drain.

CARACAL inverters have been in use around the world for
many years providing highly reliable backup AC power for
computers, communications and instrumentation. They are
also widely used to provide AC power in mobile applications.

For full details contact
CARACAL POWERPRODUCTSLTD.

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

CIRCLE 34 FOR FURTHER DETAILS




1000's OF

BARGAINS
FOR CALLERY

v

HOT LINE DATA BASE .

: y)i, Py 2;1 : DON’T MISS THE CPM Deal

: pAd : OF the CENTURY

.ghe ORIGINAL FREE OF CHARGE dial up data The FABULOUS CPM TATUN

*base. Buy, browse or place D for

+goods or services to sell. 1000's of stock items, . » PrOfeSSIOHal Busmess SyStem

* spares and one off bargains. Updated daily. . % sox A cancelled export order and months of negotiation enables us to offer this professionar
* ONLINE NOW. CCITT, 8 bit word, no parity. . PC.CPM system. recently onsale at OVER £1400. at a SCOOP price just over the cost of
: For 300 baud modems call 01-679 1888 . ¥ the twe internal disk drives! Or less than the price of a dumb terminal”

e For1200-75 baud modems call 01-679 6183 : Not a toy. the BIG BROTHER of the EINSTIEN computer, the DUAL PROCESSOR
8 000000000000 000000ns0 00000000000 PC2000 comprises a modern stylish three prece system with ALL the necessities tor the

. : SMALL BUSINESS. INDUSTRIAL. EDUCATIONAL or HOBBYIST USER. Used with
Your monitor from its computer!! For the THOUSANDS of proven, tested and available CPM software packages such as

FREE only £24.95 it becomes a SUPERB WORDSTAR, FAST, DBASE2 etc. the PC2000 specihication. at our prices, CANNOT

5 I
HIGH QUALITY * COLOUR* TV SET BE BEATEN

The fabulous TELEBOX. an INVALUABLE MUST for the owner of ) The central processor piinth contains the 64K, ZBOA processor. DUAL TEAC 55F 5Va’
ANY video monitor with a composite input, colour or monochrome. Double sided 40/80 track disk drives (1Mb per drive). PSU, 4K of memory mapped screen RAM, disk controller, 38232,
Made by a major UK Ca as a TOP QUALITY, stand alone UHF CENTRONICS and system expansion ports. and if that's not enough aready to plug into STANDARD8' DRIVE portforupto FOUR
tuner and costing OVER £75 to manufacture, this opportumt¥ to 8 diskdrives either in double density or IBM format The ultra slim 92 key, detachable keyboard features 32 user definat ie keys,
give your monitor a DUAL FUNCTION must not be missed! numeric keypad and text editing keys. even its own integral microprocessor which allows the main Z80A to devote ALL its time to
TELEBOX consists of a compact. stylish two tone charcoal USER programs eliminating “lost character’ probiems found on other machines The attractive, detachabte 12° monitor ccmbines
mosﬁ'r'gg@%?fg'.f.%nrfg'ggﬁ,%é\,ﬁl;§fﬁ%{g;‘l§j§§“§;-d$§;;géscuo%ﬁgu$;§ agreen. antrglare etched screen. with full swivel and tilt movement for maximum user comfort Supplied BRAND NEW with CPM
monitor into 2 HIGH QUALITY COLOUR® TV SET. giving a real 2.2, user manuals and full 30 day guarantee Full data sheet and info on request PC2000 Wordprocessor System

benetit to ALL the family!! Don't worry if your monitor doesn't have PC2000 System PC2000 Bustness System with CPM  with CPM and TEC FP25 daisywheel
sound- THE TELEBOX even has an integral4 watt audio ampliifier with CPM Etc. and ‘Ready to Run’ FAST Sales and printer

fordriving an external speaker, PLUS an auxiliary output for superb COST OVER £1400 Purchase {edger. supports up to O on|y £7 99
uu

quality television sound via your headphones or Hl Fl system etc 39000 Accounts, VAT etc
Other features inctude: Compact dimensions of only 15.75° w x COST QVER £1700
75" d x 35" h latest technology. BRITISH manufacture, fully

tuneable 7 channel push buttontuner, Auto AGC circuit, SAW filter, y £499
Carriage & Insurance!

LED status indicator, fully isolated 240v AC power supply for total
safety, Mains ON-OFF switch etc. Many other uses
LIMITED QUANTITY - DON'T MISS THIS OFFER!!!
Joir the communications revolution with our super

ONLY £24.95 OR £19.95 if purchased with ANY of our 1 DATA MODEMS, pri d ificati
video monitors. Supplied BRAND NEW with full instructions and 2 YEAR PRESTEL - VIEWDA {0 sunt a Ugats . oo

to suit all appllcamonsfand budgets ...
: BRAND NEW State of the art products.

DB SSEY UL, il Comp Sk DACOM DSL2123 Multi standard 300-300, 1200-75
than a telephone features A STAN D DT ~
TELEPHONE (tone dia) with 5 CRT mo"'lor and gttjltgca)nMSWDeSrS?ZGAQ Auto dial. sman modgénswsw?t?\
integral modem etc. for direct connection to PRESTEL multi standard AUTO SPEED detect, and datz. buffer

warranty. Fost and packing £3.50 *When used with colour crt. htly lar er

COLOUR & MONOCHROME

VIEWDATA etc. Designed to sell to the EXECUTIVE at
' with flow control etc £365.00
MONITOR SPECIALS e oo " Prce BRAND NEW AND BOXED al | pACOM DSL2123GT The CREAM of the intaligent
‘SYSTEM ALPHA' 14° COLOUR MULT! INPUT MONITOR DECCAFAX VP1 complete Professional PRESTEL | Modems —aulo dal. auto call  index.  bufler

Made by the famous REDIFFUSION Co. for their own professional computer | system 1n shimline desk top unit containing Modem. | EIG &l .
system this monitor has all the features to suit your immediate and future Nyumenc keypad. CPU. pSS elc. Connectsgdlrect to | Steebeck 58121(2 v%z 12%0 Ibaud FULL DUGPSL%
requirements. Two VIdeo inputs: RGB and PAL Composite Video, allow direct | standard RGB Colour monitor Many other features | PRANSDATA SO7A A auto dia ler 300 bana fult
connection to BBC/IBM and most other makes of micro computers or VCR'S, | include: Printer output. Full keyboard input, Cassette coustic COLrIf er aud fu
including our very own TELEBOX An internal speaker and audio amp may be | port etc BRAND NEW wih DATA A FRACTION OF | duplex originate only, RS232 interface £49.00
connected to computer or VCR for superior sound quality. Many other features: | COST only £55.00

PIL tube, Matching BBC case colour, Major controls on front panel Separate | ALPHATANTEL. Very compact unit with integral FULL
Contrast and Brightness - even in RGB mode Separate Colour and audio | ALPHA NUMERIC keyboard. Just add a domestic TV RS ool e Roas data,
controls for Composite Video input, BNC plug for composite input 15 way ‘D' | recewver and you have a superb PRESTEL system and an&DEM 130A g%soet;gmg S23: 12 ehachef e und
plug for RGB input, modutar constiuction Slcets via PRESTEL the cheapest TELEX service to be ua unil. only <= high Bt A 50

ust Be ONE OF THE YEAR'S BEST BUYS. PC USER found!" Many features: CENTRONICS Printer output. - &hgg%ﬁAz%‘m%dse’ozn&') baud. Compact unit ‘grsuosg_

as subscriber end to PRESTEL, TELECOM GOLD,

Ex BRITISH TELECOM full spec, CCITT, ruggadised,
bargain offers. Sold TESTED with data. Will work on

is
Supplied BRAND NEW and BOXED, complete with DATA and 9G day | Memory "'a”'”& etc. Suppiied complete with data and

uarantee. ONLY £149.00 as above OR IBM PC Version £165.00 DIY mod for RGB or Composite video outputs. AS -
75 Day'D’ skt £1.00, BNC skt 75p BBC interface cable £5.50 NEW only £125.00 : mgggﬁg;g‘% 200-75 baud Sanﬁggésggc;$‘gi$'?g
DECCA 80 16" COLOUR monitor. RGB input. Post and packing on all PRESTEL units £8.50 ‘ computer end £65.00 +pp £6.50

Little or hardly used manufacturers surpius enables us to offer this special :
converted DECCA RGB Colour Video TVpMonnor at a su?er low price of only EX-STOCK l”TE‘R‘ TED ﬂRﬂlIT Brﬁ;riEstg?liﬁc'\r?raodneogé ggt;ﬁisk'sora?}'ggg 3}"’25’88
ggfge'toorhc?di‘f)irtl:g(teio‘r?raﬁdcg:)%‘garln?g"’mr:;r? eftmt;!t?g:zgldL ?ﬂb?‘éﬂ;ﬁﬁgdmﬁmﬁi 4164 200 ns D RAMS 9 for £11 4116 ns baud using 2780/3780 protocol etc. Many features
EA 80 series TV chassis give 80 column definition and quality found only £1.50 2112 £1000 2114 £250 2102 £2.00 88§$eozv°sndgvé'6% wé"k'"g- Segltue& g*g)ga?w%raeég
on monitors costing 3 TIMES OUR PRICE. The quality for the price has to be | 8116 £2.50 EPROMS 2716 £4.50 2732 £3.00 | p227 Q¥et te M BLes o e heud T EX
seen to be believed! Supplied complete and ready to plug direct to a BBC | 2764 £4.95 27128 £5.50 6800 £2.50 6821 £1 BT good working order, ONLY £295.00 +pp £8.00
MICRO computer or any other system with a TTL RGB output Other features | 68A09 £8 6BB09 £10 8085A £550 8086 £15 9 9 ; .

are: interna! speaker, modular construction, auto degaussing circuit, attractive | 8088 £8 NEC765 ©8 WD2793 £28 8202A SPECIAL OFFER
TEAK CASE, compact dimensions only 52cm W x 34 H x 24 D, 90 day | £22 8251 £7 8748 £15 Z80CA DART £6.50 MODEM TG2393. Ex BT, up to 1200 baud full
uarantee. Although used, units are supplied in EXCELLENT condmon Z80A CPU £2.00. Thousands of IC's EX STOCK duplex 4 wire or half duplex over 2 wire line. ONLY

NLY £99.00 + Carriage. send SAE for list. £85.00 PER PAIR +pp £10.00

DECCA 80, 16° COLOUR monitor. Composite video input. Same as above For more information contact our Sales Office.
model but fitted with Composite Video input and audio amp for COMPUTER, v »
VCR or AUDIO VISUAL use. ONLY £99.00 + Carr.

REDIFFUSION MARK 3, 20" COLOUR monitor. Fitted with standard 75 ohm Japarese 5% half height, 80 track double sided disk SPECIAL BULK PURCHASE of these compa<t, high

composite video input and sound amp. This large screen colour display is ideal speed matrix printers. Built in Japan for the Hazeltine
or SCHOOLS, SHOPDS. DISCOS GLUBS and other AUDIO VISUAL appir drives by TEAC, CANON, TOSHIBA et v £85.00 Corporation this unit features quality consiruction
cations Supplied in AS NEW or little used condition ONLY £145.00 + Carr. TEC FB-503 Double s»dgdgHH 40 TRK NEW £75.00 gving 100cps twdirectional. full pin addressable
BUDGET RANGE EX EQUIPMENT MONOCHROME video monitors. SUGART SA400 SS FH 35 TRK £55.00 (grraacct’g'rcs aGEf[vr;f; nfgms lg)séi 29 gnds‘g ';ngzf.cosf
Al units are fully cased and set for 240v standard working with composite video | S{EMENS FDD100 SS FH 40 TRK £65.00 el ngdace Mangolher Toatores BRAND NEW
inputs. Units are pre tested and set up for up to 80 column use. Even when | carriage on 5% drives £5.50 P d BOXED. COST s:aéo o Only £199.00
MINOR screen burns exist - normal data displays are unaffected 30 day | Brand NEW metal 5% DISK CASES with internal PSU. | a0 ur price Yy
uarantee. DSKC1 for2 HH or 1 FH drive £29.95 +pp £4 00
?2 KGM 320-1 B/W bandwidth input will display up to 132 x 25 lines £32.95 | DSKC 2 for 1 HH drive " £22.95 +88 £3.50 RE‘”‘RGE‘,LE s‘ TrERlE:
12" GREEN SCREEN version of KGM 320-1. Only £39.95 DKSC 3 As DSK1 LESS PSU £12.95 +pp£2.50 Dry Fit MAINTENANCE FREE by Sonnenschein
9" KGM 324 GREEN SCREEN fully cased very compact unit. Only £49.00 DSKC 4 As DSK2 LESS PSU £10.95 +pp£2.00 & Yuasa
Carriage and insurance on all monitors £10.00 8" IBM format TESTED EX EQUIPMENT. ;
et SHUGART 800/801 55 £175.00 +ppeaso | A30007191315 12y AN NEW £13.95
) Ty rr » ] WY v , g SHUGART 851 DS £250.00 +pp £8.50 | v ) TESTED .
TWIN SHUGART851 32 Mb total capacity in smart case, | A300 07191202 6-0-6v 1.8Ah TES Ex
gom lete with PSU £595.00 Equip £5.99
GOULD OF443 enclosed compact switch mode supply with DC regulated | MITSUBISHI M2894~83 8" DS 1 Mb equiv. toSHUGART |
outputs of +5v @ 5.5a, +12v @ 0.5a, —12v @ 0.1aand —23v w 0.02a. DIm 18 x | gAB50R. BRAND NEW at £275.00 £8.50 4
11 x6cm. 110 or 240v mpul BRAND NEW only £16.95 DYSAN 8" Alignment disk £29.00 + ppC\ 00
GOULD G6-40A 5v 40 amp switch mode supply NEW £130.00 Various disk drive PSU's Ex Stock SEE PSU section. Standard VDU data entry terminals

AC-DC Linear PSU tor DISK drive and SYSTEM applications. Constructed on a | HARD DISK DRIVES ive away prices!!
rugged ALLOY chassis to continuously supply fully regulated DC outputs of +5v | pRE/DIABLO Series 30 2.5 Mb front load £525.00 |QUME QVT108. Su,rem product, state of the art
@ 3 amps, —5v @ 0.6 amps and +24v @ 5 amps. Short circuit and overvoltage | Exchand 8eab|e version £295.00. ME3029 PSU £95.00 {terminal with detachable keyboard, 12° Greer: screen,

orotected 100 or 240v AC input. Dim 28 x 12.5 x 7 cm NEW £49.94 DIABLG 44/DRE4A000A, B 5+5 Mb from £750.00 2 page RAM, TVI 925, Hazeltine, ADMSA emulations,
Carnage on all PSU's £3.00 CDC HAWKS +5 Mb€79500 CDC976280 MbRMO3 |software setup. 25 x 80. Clock, Swivel and ‘ilt base,
£2500.00. |Printer port. Function keys etc. BRAND NEW and
A M PERTEC D3422 5+5 Mb 5495-00 BOXED AT ALMOST HALI PRICE Only £425.00
’ Manufacturers BRAND NEW surplus. | RODIME 5v4” Winchesters ex-stock from £150 CALL AJ510 - EX RENTAL, Z80 controlied, 15 green
DEC LA34 Urcoded. keyboard with 67 quality gold plated switches on x-Y | Clearance items - Sold as seen— No guarantee. screen 24 x 80 display. graphics, cursor_addressing,

matrix - ideal micro conversions etc £24.95 ICL 2314 BRAND NEW 14" Mb Removable pack hard | printer port etc. Very good condition TESTED complete

i disk drive, cost over £2000 with data  ONLY £99.00 |with manual only £225.00

evrtnhKﬁvﬁ'\Ic:;:Ktv};r%/ fs:a’zs:gsv;%?hgg‘gsst%a(r:gar\iftl:?qk%)rr?gg%vo?ail?glleAg%ﬁ BASF 6172 8" 23Mb Winchesters £199.00 (ADDS 520 - Dumb terminai, used, 12" b/w screen
coded character set with 31 tunction keys, numeric keypad, cursor pad Unless stated all drives are refurbished with 90 day |RS232 interface and printer lp,g?OOJEST

and 9600 baud SERIAL TTL ASCII OUTPUT! Less than half price guarantee. Many other drives and spares in stock call |ONLY £125.00. Cam?ge on terrrgr/\ii ; + details

Only £69.00 with data Carriage on Keyboards £3.50 sales office for details. 100's of other terminals in stock, ‘or mor2 details.

All prices quoted are for U.K. Mainland, paid cash with order in Pounds Sterling PLUS VAT. Minimum order value £2.00.
Minimum Credit Card order£ 10.00. Minimum BONAFIDE account orders from Government Depts., Schools, Universitiesand
established companies £20.00. Where post and packing not indicated please ADD £1.00 + VAT. Warehouse open Mon-Fi
9.30-5.30. Sat 10.30-5.30. We reserve the right to change prices and specifications without notice. Trade, Bulk and Export

32 Biggin Way, Upper Norwood, London SE19 3XF

Telephone 01-679 4414 Telex 894502 Data 01-679 1888 .=
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ERS — PRINTERS — PRINTERS — PRINTERS

SUPER DEAL? NO - SUPER STEAL
THE FABULOUS 25 CPS “TEC STARWRITER”
w I

Made to the very
highest spec the TEC
STARWRITER
FP1500-25 features a
very heavy duty die cast
chassis and DIABLO
type print mechanism
giving superb
registration and print

quality. Micro-processor @\fra(:tlon of its Ol‘iginal cost /
electronics offer full o

'DIABLO/QUME command compatability ana tult control via CPM WORDSTAR

ETC. Many other features include bi-directional printing. switchable 10 or 12 pitch,
full width 381 mm paper handling with up to 163 characters per line, friction feed
rolters for single sheet or continuous paper. internal buffer, standard RS232 serial
interface with handshake. Supplied absolutely BRAND NEW with 30 day guarantee
and FREE daisy wheel and dust cover. Order NOW or contact sales office for more
information. Optional extras R§232 data cable £10.00. Tech manual £7.50. Tractor
Feed £140.00. Spare daisy wheel £3.50. Carriage & Ins. (UK Mainland) £10.00.

NOW ONLY £499 + VAT

DIY PRINTER MECH

Brand New surplus of this professional printer chassis gives an
outstanding opportunity for the Student, Hobbyist or Robotics
constructor to build a printer — plotter - digitiser etc, entirely to their
own specification. The printer mechanism is supplied ready buiit,
aligned and pre tested but WITHQUT electronics. Many features
include all metal chassis, phosphor bronze bearings, 132 character
optical shaft position encoder, NINE needle head, 2 x two phase 12V
stepper motors for carriage and paper control, 9.5 Paper platten etc.
etc. Even a manufacturer's print sample to show the unit's capabilities!!

TELETYPE ASR33

DATA I/0 TERMINALS

Industry standard, combined ASCII
110 baud printer, keyboard and 8
hole paper tape punch and reader.
Standard RS232 serial interface.
Ideal as cheap hard copy unit
or tape prep. for CNC and NC
machines. TESTED and in good
condition. Only £250.00 floor
stand £10.00. Carr & Ins. £15.00.

EX NEWS
SERVICE PRINTERS

Compact ultra reliable quality built umt
made by the USA EXTEL Corporation
Often seenin major Hotels printingup to
the minute News and Financial inform-
ation, the unit operates on 5 UNIT
BAUDOT CODE from a Current ioop.
RS232 or TTL serial interface. May be
connected to your micro as a low cost
printer or via a simple interface and filter
to any communications receiver to
enable printing of worldwide NEWS.
TELEX and RTTY services.
Supplied TESTED in second hand
condition complete with DATA, 50 and
75 baud xtals and large paper roll.
TYPE AE11

50 Column
Spare paper roll for AE11
TYPE AF11R 72 Col.

ONLY £49.95
£4.50

+ Ribbon £65.00
TYPE AH11R 80 Col.
ASCIi/BAUDOT £185.00

GE TERMIPRINTER

A massive purchase of these desk top
printer terminals enables us to offer you
these quality 30 or 120 c¢ps printers
at a SUPER LOW PRICE against their
onginal cost of over £1000 Unit
comprises of full QWERTY. electronic
keyboard and printer mech with print
face similar to correspondence quality

typewriter. Variable forms tractor unit
enables full width - up to 135 120
column paper. upper - lower case.

standard R§232 serial interface. internai
vertical and honzontal tab sethings.
standard  rnbbon. adjustable  baud
rates. quiet operation plus many other
features. Supplied complete with manual
Guaranteed working GE30 £130.00.
GE1200 120 cps £175.00

Untested GE30 £65.00 Optional floor
stand £12.50. Carr & Ins. £10.00

SEMICONDUCTOR
‘GRAB BAGS'

Overall dimensions 40 cm x 12 cm x 21 cm.
Sold BRAND NEW at a FRACTION of cost ONLY £49.50 + pp £4.50

Carriage and Insurance £7.50

20,000 FEET OF ELECTRONIC
AND COMPUTER GOODIES

ENGLAND'S LARGEST SURPLUS STORE - SEEING IS BELIEVING!!

DEC CORNER

MAG TAPE DRIVES

PDP 1140 System comprising of CPU, 124k
memory & MMU 15 line RS232 interface.
RP02 40 MB hard disk drive.

TU10 9 track 800 BPI Mag tape drive, dual
track system. V152 VDU, etc. etc. Tested and

running. £3,750.00
BA11-MB 3.5” Box, PSU, LTC £395.00
DH11-AD 16" x RS232 DMA

interface £1,900.00
DLV11-J4 x ElA interface £350.00
DLV11-E Serial. Modem support  £190.00
DUP11 Synch. Serial data i/o £650.00

DQ200 Dilog - multi RK controlier £495.00
DZ11-B 8 line RS232 mux board £650.00
KDF11-B M8189 PDP 1123
PLUS

£1,100.00
LA30 Printer and Keyboard £80.00
LA36 Decwriter EIA or
20 mA loop £270.00
MS11-JP Umbus 32kb Ram £80.00
MS11-LB Unibus 128kb Ram £450.00
MS11-LD Unibus 256kb Ram £850.00
PDP11/06 Cpu Ram, i/o etc £450.00
PDP11/40 Cpu, 124k MMU £1,850.00
RT11 ver 3B documentation kit £70.00
RKO5-J 2.5 Mb disk drives 50.00
KL8 JA PDP 8 async i/0 £175.00
M18E PDP 8 Bootstrap option £75.00
VTS50 VDU and Keyboard
-20 mA £175.00
VT52 VDU and RS232 interface  £250.00

Give your VT100 a Birthday!!

Brand New VT100 Keyboards
only £85.00

1000's OF EX STOCK spares for PDP8, PDPS8A
PDP11, PD P1134 etc. SAE. for list. or CALL
sales office for details.

ALL TYPES OF COMPUTER EQUIPMENT AND
SPARES WANTED FOR PROMPT CASH
PAYMENT.

AR ERERR R

Many EX STOCK computer tape drives and spares by
PERTEC, CIPHER, WANGO, DIGIDATA, KENNEDY
etc. Special offer this month on DEI Cartridge tape
drives ONLY £450.00 each.

CALL FOR DETAILS

COMPUTER/SYSTEM CABINET & PSU

All in one quality computer cabinet with integral p

switched mode PSU, mains filtering, and twin fan

cooling. Originally made tor the tamous DEC PDP8

computer system costing thousands of pounds.

Made to run 24 hours per day the psu is fully

screened and will deliver a massive +5v DC at 17 amps, +15v DC at

1 amp and -15v DC at 5 amps. The complete unit is fully enclosed

with removable top lid, filtering, trip switch, power and run leds

mounted on ali front panel, rear cable entries, etc. etc. Units are in

?ood but used condition - supplied for 240v operation complete with
Il circuit and tech. man. Give your system that professional finish

for only £49.95 + carr. 19" wide 16" deep 10.5" high. Useable area

16" w 10.5"h 11.5"d.

Also available less psu, with fans etc. Internal dim. 19w, 16“d. 10.5"h.
£19.95. Carnage £8 7

ELECTRONIC
COMPONENTS
EQUIPMENT

Due to our massive bulk purchasing programme. which enables us to bring you the
best possible bargains, we have thousands of ICs, Transistors. Relays. Caps, PCBs.
Sub-assemblies, Switches etc. etc. surplus to OUR requirements. Because we don't
have sufficient stocks of any one item to include in our ads we are packing all these
items into the BARGAIN OF A LIFETIME. Thousands of components at giveaway
prices. Guaranteed to be worth at least 3 times what you pay. Unbeatable value and
perhaps one of the most consistentty usetul items you will every buy!" Sold by
weight.

2.5kls £5.25 + pp £1.25

10kls £11.25 + pp £2.25

5 kis £€6.90 + £1.80
20klIs £19.50 + pp £4.75

Mixed Semis amazing value contents
include transistors digital. linear. IC's.
triacs. diodes. bndge recs. etc etc
All devices guaranteed brand new full
spec with marufacturer's markings, fully
guaranteed

50+ £2.95 100+ £5.15

TTL 74 Series. A gigantic purchase of an
“across the board” range of 74 TTL senes
IC's enables us to offer 100+ mixed
“mostly TTL" grab bags at a price which
two or three chips in the bag would
normally cost to buy. Fully guaranteed all
IC’s full spec. 100+ £6.90,

200+ £12.30, 300+ £19.50

MAINS FILTERS

CURE those unnerving hang ups and data
glitches caused by mains interference with
professional quality filters. SDSA match-
box size up to 1000 watt 240 V
Load ONLY £5.95. L12127 compact
completely cased unit with 3 pin fitted
socket up to 750 watts ONLY £9.99.

EPROM COPIERS

The amazing SOFTY 2 The “Complete
Toolkit” for copying. writing. modifying and
listing EPROMS of the 25186,

2532, 2732 range. Many other functions
include integral keyboard. cassette inter-
tace. serial and paraliel i/o UHF modulator
ZIF socket etc.

ONLY £195.00 + pp £2.50.

“GANG OF EIGHT" inteligent Z80
controlled 8 gang programmer tor ALL
singte Sv rail EPROMS up to 27128. Will
copy 827128in ONLY 3 MINUTES. Internal
LCD display and checking routines for
IDIOT PROOF operation. Only £395.00 +
pp £3.00.

“GANG OF EIGHT PLUS" Same spec. as
above but with additional RS232 serial
interface for down line loading data from
computer etc. ONLY £445.00 + pp £3.00

Data sheets on reguest

COOLING FANS

Keep your hot parts COOL and RELIABLE with our range of
COLING FANS ETRI 126LF21 240v 5 blade equipment fan
0. 80 x 80 » 38mm £9.95 ETRI 99XUOI 240v Shmline
Dim. 92 x 92 = 25mm eqummem g'ar\ NEW £9.95
GOULD JB-3AR Dim. 3" = 3’ 2.5 mpact very quiet
running 240v operation. NEW SG 95. MUFFIN CENTAUR-
BOXER standard 120 x 120 x 38mm tans QOrder 110v OR
240v. 3 or 5 blade. NEW at £10.50 or tested EX EQUIPMENT
£5.50. Low Voltage DC Fans. BUHLER §9.11.22, 8-16v DC
micro minaiature reversible. Uses brushless servo motor,
almost silent running. guaranteed 10,000 hr fife. Measures
only 62 x 62 x 22mm. Current cost £35.00 QUR PRICE
ONLY £13.95 complete with data. 120 ~ 120 ~ 38mm {4’
DC fans). PANSONIC FB-12C12H 12v DC 5 blade £18.00
PAPST 4124X 24 — 28v DC 5 blade £18.00.
100’s of other fans Ex Stack
Cali for Detalls. Post & Packing on all fans £2.00

1000’s of other EX STOCK items including POWER SUPPLIES, RACKS RELAYS TRANSFORMERS, TEST
EQUIPMENT, CABLE, CONNECTORS, HARDWARE, MODEMS TELEPHONES VARIACS VDU’S,
PRINTERS. POWER SUPPLIES, OPTICS, KEYBOARDS etc. etc. Give us a call for your spare part —

requirements. Stock changes almost daily.

Don’t forget, ALL TYPES and QUAN'_I',_IT!ES of electronic surplus purchased for CASH

ELECTRONICS & WIRELESS WORLD JULY 1986
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LOW COST C.A.D.

ATTENTION ALL ELECTRONICS CIRCUIT DESIGNERS!!
IBM PC, BBC MODEL B and SPECTRUM 48K

ANALYSER | and Il compute the A.C. FREQUENCY RESPONSE of
linear (analogue) circuits. GAIN and PHASE INPUT IMPEDANCE,
OUTPUT IMPEDANCE and GROUP RELAY (except Spectrum version)
are calculated over any frequency range required. The programs are in
use regularly for frequencies between 0.1Hz to 1.2GHz. The effects on
performance of MODIFICATIONS to both circuit and component values
can be speedily evaluated.

Circuits containing any combination of RESISTORS, CAPACITORS,
INDUCTORS, TRANSFORMERS, BIPOLAR AND FIELD EFFECT
TRANSISTORS and OPERATIONAL AMPLIFIERS can be simulated — up
to 60 nodes and 180 components (!BM version).

Ideal for the analysis of ACTIVE and PASSIVE FILTER CIRCUITS,
AUDIO AMPLIFIERS, LOUDSPEAKER CROSS-OVER NETWORKS,
WIDE-BAND AMPLIFIERS, TUNED R.F. AMPLIFIERS, AERIAL
MATCHING NETWORKS, TV I.F. and CHROMA FILTER CIRCUITS,
LINEAR INTEGRATED CIRCUITS etc.

STABILITY CRITERIA AND OSCILLATOR CIRCUITS can be evaluated
by “breaking the loop”.

Tabular output on Analyser . Fuli graphical output, increased circuit

size and active component library facilities on Analyser I1.

Check out your new designs in minutes rather than days.

ANALYSER can greatly reduce or even eliminate the need to breadbord
new designs.

Full AFTER SALES SERVICE with TELEPHONE QUERY HOT LINE and
FREE update service.

Used by INDUSTRIAL, GOVERNMENT and UNIVERSITY R & D
DEPARTMENTS worldwide. IDEAL FOR TRAINING COURSES, VERY
EASY TO USE. Prices from £20 — £195.

DRAUGHTING
BBC MODEL B

"DRAWER I" enables quality drawings to be created, and modified,
quickly, easily and with the minimum of hardware. All of the major
program elements are written in machine code giving exceptional
speed of operation.

o7 0 a1 con

A

MINIMUM HARDWARE REQUIRED:

¥ BBC Model B.

> Single or Dual 5.25" Disc Drive —
40 or 80 track.

¥ T.V. or monitor.

¥+ Games Joystick, Mouse or
Trackerhall.

¥r Dot Matrix Printer (Epson 80 series
or Epson compatible — BBC default

FEATURES

# Rubber Banding for drawing lines.

# Solid or Dotted lines types.

+ Circles, Arcs and partial or complete
Ellipses.

¥ Vertical or Horizontal Text

x Pan and Zoom.

“ Merging of drawings and library
symbols from disc.

vz Snap to a user defined grid.

% Absolute or Relative cursor co- mode preferable).
ordinates displayed on screen.

# Input from analog Joystick, Mouse or
Trackerball.

% Qutput to standard dot matrix printer.

% Prices from — £45 ex VAT.

For further details please write or phone quoting Dept W.W.

Number One Sys

Crown Street, St Ives, Huntingdon, Cambs. PE17 4EB.

tems ILitdl l

Telephone: St lves (0480) 61778 Telex: 32339

CIRCLE 38 FOR FU

RTHER DETAILS

A BREAKTHROUGH IN CIRCUIT TESTING

THE A.B.l. IN-CIRCU

Combines in-circuit and functional testing into
one bench-top self-contained unit

No programming or special jigs or fixtures
required

A cost-effective solution to the pcb test and
repair problem

IT DIGITAL IC TESTER

A.B.l. Electronics Ltd., Unit 21 Aldham Ind. Est., Wombwell, Barnsley, S. Yorks. S73 8HA

Telephone: (0226) 751639

Telex: 547376 CEAG G (for A.B.I)

CIRCLE 23 FOR FU
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BROADCAST MONITOR RECEIVER 2
150kHz-30MHz

We have taken the synthesised all mode FRG8800 communications receiver and
made over 30 modifications to provide a receiver for rebroadcast purpcses or
checking transmitter performance as well as being suited to communications use
and news gathering from international short wave stations.
The modifications include four additional circuit boards providing: * Rechargeable
memory and clock back-up * Balanced Audio line output * Reduced AM distortion
* Buffered IF output for monitoring transmitted modulation envelope on an
oscilloscope * Mains safety improvements.
The receiver is available in free standing or rack mounting form and all the original
microprocessor features are retained. The new AM system achieves exceptionally
fow distortion: THD, 200Hz - 6kHz at 30% modulation — 44dB, 0.6% (originally
20dB, 10%). Reviewed by Angus McKenzie, Amateur Radio, December 1985,
Stereo Disc Amplifier 3 and 5 * Peak Deviation Meter * Programme and Deviation
Chart Recorders * Stabilizer * Frequency Shift Circuit Boards * 10 Outlet
Distribution Amplifier * Peak Programme Meter llluminated Boxes. Circuit Boards
and Ernest Turner Movements * PPM5 Dual in-line Hybrid * Stereo Microphone
Amplifier * Advanced Active Aerial * Stereo Coder Boards.

SURREY ELECTRONICS LTD, The Forge, Lucks Green, Cranleigh,

SATELLITE TELEVISION

Buy direct from the manufactuers, low cost full
band satellite TV systems.

Full band system £650.00 + VAT & carriage.

Write of telephone for details, or call in at our
factory showroom.

NETWORK SATELLITE
SYSTEMSLTD
Units 7-8
Newburn Bridge Industrial Estate
Hartlepool, Cleveland TS25 1UB
Tel: (0429) 274239 or 869366

Surrey GU6 7BG Tel. 0483 275997

CIRCLE 12 FOR FURTHER DETAILS
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TYPE 9006

30-1000MHz. Masthead or local use.

TYPE 8034

Complete modular system

PLEASE ADD 15% V.A.T. ONTOTAL

TYPE 9006 N.F. 0.6dB. Gain 10-40dB variable. In the range of 30--250MHz
TYPE 9006FM As above. Band I 88-108MHz .
TYPE 9002 Two stage Gasfet preamplifier. N.F. 0.7dB. Gain 25dB ad;ustable High Q
filter. Tuned to your specified channelsinbands IVor V... £85
TYPE 9004 UHF two stage Gasfet preamplifier. N.F. 0.7dB. Gain 25dB adjustable. High Q
fiiter. Aligned to your specified frequency in the range 250-950 MHz €8

TYPE 9035 Mains power supply unit for above units
TYPE 9010 Masthead weatherproof unit for above amplifiers ...

TYPE 9087 As above with integral mains power supply un

DESIGN, DEVELOPMENT AND MANUFACTURE
OF RF COMMUNICATIONS EQUIPMENT

RESEARCH COMMUNICATIONS

UNIT 3, DANE WORKS, GORDON ROAD, CANTERBURY, KENT CT1 3PP
TELEPHONE: CANTERBURY (0227) 456489

TYPE 9002

GASFET RF PREAMPLIFIERS. Aligned to your specified frequency in the range

... £65 ~ £2 p&p
£65 + £2 p&p

+ £2 p&p

5 + £2 p&p
24.50 + £3 p&p
..£9.50 + £2 p&p

TYPE 9105

TYPE 9113 PHASE LOCKED LOOP FREQUENCY CONVERTER. Converts your specified
input channel in the range 30-1000MHz to your specified output channel in the range
30-1000MHz. 1mV input, 10mW output (+10dBm) Gain 60dB adjustable —30dB. Will
drive transmitting amplifiers directly.............. s
TYPE 8034 PHASE LOCKED SIGNAL SOURCE using low frequency reference crystal.
Specify output in the range 1-600MHz. Output 10mW. (+10dBm) B

TYPE 9182 FM EXCITER +75KHz deviation. Output 10mW
TYPE 9086 FM TRANSMITTER 88-108MHz. 50 watts RF output. 24V,

£295 + £5p&p

9.50 + £2 p&p
.£205 + £5p&p
+ supply.
.. £680 + £30 p&p
.. £800 + £40 p&p

TYPE 9252 TYPE 9259
TELEVISION LINEAR POWER AMPLIFIERS Tuned to your specified channels in
bands I. lll, IV or V (or in the range 45-950 MHz). Power 24V. + DC.

TYPE 9261 100mV input, 10mW output ...
TYPE 9252 10mW input. 500mW output .
TYPE 9259 500mW input. 3 watts output
TYPE 9263 2/3 watts input. 15 watts output...
TYPE 9235 Mains power supply unit for comp

.. £180 + £12 p&p
£210 + £12 p&p
£240 + £12p&p
£330 + £20 p&p
. £120 + £15p&p

TYPE 9158 WITH P.S.U.

TMOS RF LINEAR POWER AMPLIFIERS. Tuned to your specified frequency in the
range 10-250MHz. Power 24V. + DC.
TYPE 9105 10mW input. 1 watt output
TYPE 9106 100mW input, 10 watts output .
TYPE 9155 1 watt input, 30 watts output .
TYPE 9158 5 watts input. 70 watts output ..
TYPE 9235 integral mains power supply unit for above ampiifiers. ...

... £190 + £12 p&p

...£235 + £15 p&p
£270 + £15 p&p
£370 + £20 p&p
.. £120 ~ £15p&p

TYPE 9051 TYPE 9046

TMOS LINEAR WIDEBAND POWER AMPLIFIERS 4/20 watts RF output.
tuning. Power gain 13dB ( x 20) 24V. + DC supply.

TYPE 9046 100KHz-100MHz. 4 watts.
TYPE 9051 20-220MHz. 4 watts ...
TYPE 9174 20-220MHz. 20 watts....
TYPE 9235 Integral mains power supply unit for above amplifiers.

Without

...£89.50 + £3.50 p&p
£89.50 + £3.50 p&p
...£255 + £20 p&p
.. £120 + £15 p&p
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Z80 B CONTROL W 280

CARDMASTER CPU

® 4/6 MHz Z80 CPU

& CP/M compatible

® User transparent MULTI-TASKING
® Upto32K EPROM & 16K RAM

® Watchdog crash protection

® RS232 & RS422 Comms

® 2*780a PO (one uncommitted)

® On board bus buffering

@ Power-on jump hardware

® Euro-card construction

NOW FROM £99 + VAT

OSCILLOSCOPES COMMUNICATION RECEIVERS
1P 1755A Duzl Trace 200MHz Delay Sweep 1500 Racal RA 17 500KHz-30MHz wih manual only £140 each
TEKTRONIX 465 Dual Trace 100MHz Delay Sweep £900
TEKTRONIX 454 Dual Trace 150MHz Delay Sweep £550 MULTIMETERS
TELEQUIPMENT D75 Dual Trace 50MHz Delay Sweep. £350 PHILIPS DMM Iype PM2517X {LCO). 4 digil. Audio ranging. Complete with
GOULD 0S300A Dual Trace 40MHz Delay Sweep £350 Batteries & Leads (p&p £5} ONLY £75
TELEQUIPMENT D67 Dual Trace 25MHz Delay Sweep. £250 AVO 8 Mk4 (identical o AVO 8 Mk4 but scaled differentlyy Complete with
CQOSSER CDU150 Dual Trace 35MHz Delay Sweep £200 Batteries & Leads £55
S.E.LABS SM111 Dual Trace 18MHz AC or Exlema\ OC Operaton . . £150 AVO 8 Mr2 Complete with battenes & leads £45
TEKTRONIX 547 Dual Trace SOMHz Delay TB. Delay Sweep £140 | Above ilems m GOOD WORKING ORDER - appearance nol Al hence the
TELEQUIPMENT D43, Dual Trace 15MHz £100
TEKTRONIX 434 STORAGE Dual Trace 25MHz £500 AYO Model 73, Pockel Muttimeter tAnaloguel 30 ranges Complete with
GOULD 054000 with Cutpul Unit 4302 Dual Trace 10MHz £400 balteries & leads £18
PROFESSIONAL 9" GREEN SCREEN MONITORS made by KGM for Reuters

GENERATORS Gives Quality 80 column . 24 line Display. Composite Video in Cased Good
HP. SWEEP OSCILLATOR 691D 1.2GHz £400 | Condion NOWONLY £32¢ach
Other frequencies avarlable:
HEWLETT PACKARD 6168, 1.8-4.2GHz £350 ) 5'2" FLOPPY DISK DRIVES
MARCONI TF2008 AMIFM 10KHz-510MHz 01200 | TANDON'zheght Single Sided Double Densiy Brand New £45 each
MARCON) TF10668/1 AMFM 10MHz-470MHz £350 MP1 Doutle Sided. Double Density 80 Track Un-Used £75 each
N o xco 2 Harw Dealon 28 | oiskorvEPsu 200vinsv 1648 12V 154 0ut Szewizsmm  ttdea
ADVANGE type 5G628 AM 150KHz-220MHz £45 Ip&p L2
MARCONI TF144H410KHz-72MHz £65 P
WAVETEK FUNCTION GEN 162 0 001Hz-300Hz gsgg [ CWERTYKEYBOARDfas mLYNXMICRO) Pushiomate Cased . ONLYES ea
H.P. TEST OSCILLATOR 651A 10Hz-10MHz £100 irdp
RADIOMETER SMGA40 STEREQ GEN £300 [ 500 TRANSISTOR TESTER TT169
FARNELL Moidular Pulse Generator system 1Hz-10MHz £50 wﬂp it
H P, DISTORTION ANALYSER 331A £400
HP 4342 Q' Meter £1.250 NEW EQUIPMENT
MARCONI'Q Meter TF1245 with TF 1246 or TF1247 HAMEG OSCILLOSCOPE 605, Dual Trace 60MHz
Hp ?S&ER METER 431C with Thermistor Mount {0MHz-10GHz or Delay Sweep. Component Tester...
MARCONI RF MILLIVOLTMETER TF2603 50KHz1 500MH2 s159 | HAMEG OSCILLOSCOPE 2035 Dual Trace 20MHz
MARCONI VALVE VOLTMETER TF2600 {0Hz-10MHz 1my-300V FSD :40 Component Tester ...« £270

MARCONIINSITU UNIVERSAL BRIDGE TF2701

All other models available

CUB MICROCONTROLLER
® Z80CPU
® 4 280a Pi0's (64 0 lines)
® 780aCTC
© 4K Battery backed RAM (2K sup.)
® 4K EPROM (2K MCV2.0 sup.)
® Powerful monitor (MCV2.0)
® Eurocard construction

NOW FROM £86 + VAT

MARCONI UNIVERSAL BRIDGE TF2700 Battery Operated . 2250

MARCONI UNIVERSAL BRIDGE TF8688 5 BLACK STAR COUNTER TIMERS (p&p £5)

S MEASUIING BRIDGE ye ! .. £5¢ | APOLLO 10-100MHz. RatioPeriod/Time Interval etc ... £219

HPVECTORVOLTMETER & £950

1P BHGAOBANS SAUPLING VOLTWETER 1ioon 101 iGie 530 | APOLLO 100-100MHz (AS above wih more functions) £285

MARCONI AF SIGNAL SOURCE TF2000 20H2-20KHz £200 BLACK STAR FREQUENCY COUNTERS (p&p [4)

HP RF MILLIVOLTMETER MCIA gegﬁﬁgggﬁ;zmg §§° Meteor 100-100MHz ..........

LEVELL TRANSISTOR AC MICR 5

KE{THLEY ELECTROMETER Iype 610B with Adaptar 6105 £500 Meteor B00-GOOMHZ .. : £126

SOLARTRON TRUE RMS VOLTIMETER VM1484 050 eteor 1000-1GHz.......... £175

H.P. TRUE RMS VOLTMETER 34004 10Hz- 10MHz £400 BLACK STAR JUPITOR 500 FUNCTION GENERATOR

FEEDBACK ELECTRONIC WATTMETER EWB04 DC-20KHz £175 Sine/Square/Triangle 0.1Hz-500KHz p&p £4 e £110

R&S MICROWAVE POWER METER BN2413:30 0-4GHz £150

H P.DAMM 3470 SYSTEM £150 :

FARNELL FUNCTION GENERATOR FG3 RN mgNgnCI:grxg DwD%m’ 84 digit Hand held 28 ranges

FEEDBACK VARIABLE PHASE OSCILLATOR VPO230 1Hz-100KHz . . £75 uding P

HP WIDE RANGE OSCILLATOR 200C0 5Hz-600KHz 100 | Complete with batteries & leads p&p £4... £33.50

RACAL 32MHz UNIVERSAL COUNTER TIMER type 836 £50each OSCILLOSCOPES PROBES. Switched X1, X10 m

wilh manual p&p L2
ISOLATING TRANSFORMERS THIS IS A VERY SMALL SAMPLE OF STOCK, SAE or

240V input-240V output Telephone for LISTS. Please check availability before
500VA £15each php £5 ordering. Carriage all units £12. VAT 10 be added to lotal on
200VA £8 each pép £3 Goods and Carriage.

Used Equipment - with 30 days guaranlee Manuals supplied f possible This 15 a very small sampie of Stock SAE or lelephore for LISTS Please check avalab ity
belore ordenng Carriage aflunits £12. VAT to be added fo totaf on Goods and Caimage

STEWART OF READING Telephone: 0734 68041
110 WYKEHAM ROAD, READING, BERKS RG6 1PL
Callers welcome 9am to 5.30pm. MON-FRI. (UNTIL 8pm. THURS)
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STARBURST V1.31 CMR16 NOW FROM
A CROSS ASSEMBLER FOR £165.00

CP/MB80 covers four major Bare PCB's Available
families of single chip uP’'s and 1+ 10+
uC's C/MCPU  28.50 25.65
* 8048 inc. 8741/2 8748/9/50 C/M 11O 28.50 2565
= 8051 inc. 8031/2 8751 8744 CcUB 23.50 21.15
* 6801 inc. 6800/1/2/3 68701 CMR16 40.00 36.00

* 6805 inc. 68705 63705
Supplied with a complete set of
demonstration files. GNC ELECTRONICS
STARBURST V1.31 £95.00 Little Lodge, Hopton Road.
+ VAT Thelnetham, DISS IP22 1JN.
Requires Z80 CPU Tel: 0379 898313

Manuals on request

CIRCLE 52 FOR FURTHER DETAILS
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PHQ a 01\'/140 D
0474 60 -Te N DR AD RPR DAR 966
s ole AD RD DA » N A . » M) .
STKO14 7.95 TBAS30 1.10 TDA252 1. iti 1
INTEGRATED CIRCUITS | STkoi: 758 | jeasso, 1o | Tomszz 195 | CATHODE RAY TUBES Please add £3 additional carriage per tube.
STK025  11.95 TBAS40 125 TDA2524  1.95
STK043 1550 TBAB40Q 135 TDA2530  1.95 CMEB22W 19.00 DG7 32 45.00 M38-122GW 65.00
AN124 2.50 MC1307P  1.00 STKO78  11.95 TBAS50Q  1.95 TDA2532  1.95 CME822GH 25.00 DG13.2 45.00 M38-140LA 65.00
AN2140  2.50 MC1310P  1.50 STK415  7.95 TBAS60C  1.45 TDA2540  1.95 CME 1428GH 45.00 DH3-91 55.00 M38-142LA 65.00
AN24OP  2.80 MC1327 170 STK433 595 TBA460CQ 145 TDA2451 215 CME1428W 39.00 DH7 91 45.00 M38-341P31 65.00
ANG12 215 MC13270  0.95 STK435  7.95 TBAS70 100 TDA2560 215 CME1523W 39.00 DP7 5 35.00 M3g-344P39 65.00
AN7116 150 MC1349P  1.20 STK437  7.95 TBAG5IR  2.50 TDA2571A  4.50 CME1431GH 39.00 0P7 6 35.00 Ma0-120W 59.00
AN7140  3.50 MC1351P  1.50 STK439  7.95 TBA720A  2.45 TDA2561 2,95 CME1431W 39.00 DN13 78 35.00 Ma3-12LG/01 65.00
AN7145  3.50 MC1357 235 STKa61  11.50 TBA750Q 265 TDA2593  2.95 CME202GH 45.00 F16-101GM 75.00 M44-120LC 65.00
AN7150  2.95 MC1356  1.58 TAT061AP  3.95 TBABOO 089 TDA2600  6.50 CME2054W 45.00 F16-101LD 75.00 Mad-120GR 65.00
BA521 3.35 MC1495  3.00 TA7108P 150 TBABI0AS 1.65 TDA2610 2,50 ' 21412 y ' y
p CME2325W 45.00 F21-130GR 75.00 M50-120GH 65.00
CA1352E  1.75 MC1496  1.25 TA7120P  1.65 TBABIOP  1.65 TDA2611A 1.95 ME
3218W 45.00 F21-130LC 75.00 M50-120GR 65.00
CA3086_  0.46 MC145106P7 TA7130P  1.50 TBAB2OM  0.75 TDA2640  3.50 CME3132GH 45.00 F31.10GM 75.00 M30-120GY 65.00
CA3123E  1.50 7.95 TAT176AP  2.95 TBAB20Q  1.45 TDA2680A 2.75 i 00 fditeni 7500 ME0-190LC 65.00
HAT366W 350 MC1723 0,50 TA7203 295 TBABSO 2550 TDA2630 245 CME3155W py 3 A iy " y g
HA1377 350 MC3357 275 TA7204P 215 TBA920 165 TDA3310 295 CRE 1400 25.00 31100 5.00 61-120W 7500
HAT156W 1,50 M231B 175 TA7205AP  1.15 TBAYS0/2X 235 TDAJ560  5.50 Cvag 89.00 F31-10L0 7500 MC6-16 35.00
HA1339A 295 MSM5807  6.75 TA7222AP  1.80 TBASS0 149 UPC566H  2.95 gmgg 3500 Eg: B géDR 500 gggi pan e
HA1398 275 PLLO2A 675 TA7227P  4.25 TCA270 150 UPCS75C2 2.75 5 - i - -
HA1551  2.95 gAASOOA 350 TA7310P_ 1.80 TCA270SQ  1.50 UPC1025H 1.95 gxg‘g? }:«gg Eg} gtg ;g-gg ggjgg; A gg«gg
LA1230 185 AA1025  7.25 TA7313AP  2.95 TCAG50 350 UPC1028H 1.95 . - - :
LA4031P  1.96 SAS560S  1.75 TA7321P  2.25 TCAB00 6.95 UPC1032H  1.50 Cv2193 15.00 Fa1-123LC 185.00 SE428P31 55.00
LA4102 295 SAS570S  1.75 TAT146P 250 TCA940 165 UPC1156H 2.75 Ccv5119 85.00 F41-141LG 185.00 SESFP31 55.00
LA4140 295 SASS80  2.85 TA7609P  3.95 TDA4d0 220 UPC1158H 0.75 CV5520 85.00 F41-142L.C 185.00 T937 65.00
LA4400 415 SL9178 750 TA7611AP  2.95 TDA1001 295 UPC1157C2 1.95 CVX389 55.00 M7-120W 12.00 T948N 65.00
LA4420  1.95 SL1310  1.80 TAA310A  2.50 TOA1002A 2.95 UPC1H181H 125 09-110GH 39.50 M7-120GH 15.00 T948H 65.00
LA4422 250 SL1327 1.10 TAA320A  1.95 TDA100BA 2.50 UPC1182H 295 010-210GH 45.00 M14-100GM 45.00 V4150LC 55.00
LA4430 2.50 SL1327Q  1.10 TAA3S0A 195 TDA1035  2.50 ng } :gw ?-gg D10-210GHE8B 65.00 M14-100LC 45.00 VS004GR 59.00
LA4461 395 SN76003N  3.95 TAAS70 195 TDA1037 195 : VoL D10-230GH 35.00 M17-151GVR 175.00 V5004LD 59.00
LC7120 3.25 SN76023N  3.85 TAAG61B  1.95 TDA1170  1.95 UPC1350C  2.95 D10-230GM 35.00 M17-151GR 175.00 V6001 65.00
LC7130  3.50 SN76033N  3.95 TBA700  1.70 TDA1190 215 Ugg»asse 245 D10293-GY/90 55.00 M19-100W 45.90 V6007DP31 59.00
LC7131 5.50 SN76110N  0.88 TBA120AS/BIC/ TDA1270Q  3.95 UPC1365C  3.95 ' )
UPC2002H 1.95 D13-30GH 49.50 M19-103W 55.00 V6008GW 53.00
LM324N 045 SN76115N  1.25 SA/SBT/U 1.00 TDA1327  1.70 p
555 036 D13-51GL26 85.00 M23-110GH 55.00 VE034WA 59.00
LM38ON8  1.50 SN76131N 130 TBA395  1.50 TDA2002  1.95 2
556 0.60 D13-3,GM/26 85.00 M23-111LD 55.00 V6048CAL 59.00
LM38ON14  1.75 SN76226DN 2.95 TBA396  0.75 TDA2003  1.95 723 0.50
. D13-44GH/01 55.00 M23-112GM 55.00 V60484 49.00
LM383T 295 SN76226N  1.05 TBA440N 255 TDA2004  2.95 741 03
LM390ON 350 SN76533N  1.65 TBA480Q  1.25 TDA2005 295 747 0% D13-6(0GM 59.00 M23-t126v 55.00 V60648831 55.00
M51513L 230 SN76544  2.65 TBA510 250 TDA2006 195 748 035 D13-619GH 59.00 M23-112GW 55.00 VB0BACLA 55.00
M515150  2.95 SN76570N  1.00 TBAS10Q 2550 TDA2020  2.95 7805 065 D13-511GH 59.00 M23-112KA 55.00 V60B9GH 55.00
M51521L 150 SN76650N  1.15 TBAS20 110 TDA2030  2.80 7808 060 D13-611GM 59.00 M24-120GM 59.00 V6070P31 €5.00
MB3712  2.00 SN76660N  0.80 TBAS20Q  1.10 TDA2190  3.95 7815 0565 D13-6:0GH 5%% mgg"ggb\fm gggg z;gg? - :g-%
D14-159GH 75. -1 X .
SEMICONDUCTORS BD232 0.35 BFR91 175 ACA16335 0.80 D14-150GM 75.00 M24-121GH 55.00 V7031/67A 51.00
BD233 0.35 BFT42 0.35 SKESF 1.45 D14-162GH/84 59.00 M28-12GH 55.00 V7035A 49.00
BD234 0.35 BFT43 035 TIP29 040 D14-172GR 55.00 M28-13LC 49.00 V7037GH 45.00
ﬁén 2 o.gs ggggm 0 18 ggggg 3-:3 SE;V;; g gg ;:Eggg g-:g D14-1720V 55.00 M28-13LG 49.00 VBO04GR 65.00
125 0.20 1 01 - - D14-173GH 55.00 M28-13GR 49.00 VB006GH 65.00
AC126 0.45 8C183 0.10 8D23e 0.40 BFX84 0.26 TIP31C 0.55 D14-173GM 53.00 M28-131GR 55.00 VBO10A 65.00
AC127 0.20 BC183L  0.09 8D242 0.65 BEX85 0.32 TIP32C 0.42 D14-173GR 55.00 M28-133GH 55.00 VCR139A 11.50
AC128 0.28 BC184LB  0.09 332‘5 0.75 BFX86 0.30 TIP33C 0.95 D14-181GH/98 65.00 M31-101GH 55.00 8Pl 11.50
AC128K  0.32 BC204 0.10 BD;}:? 8'32 gggg 0.25 Rﬁi“? 0.95 D14-181GJ 55.00 M31-182GR 55.00 30PI 1150
AC141 0.28 BC2078  0.13 y 021 ! o D14-181GM 53.00 M31-182GV 53.00 3HIOBM §5.00
AC142K 045 BC2088 013 B8D434 0.65 BFY51 0.21 TIP4IC 045
D14-181GMS0 59.00 M31-184W 65.00 IWPI 18.50
AC176 0.22 BC212 0.09 BD437 0.75 BFY52 0.25 TIP42C 047 . 29,00 M31-184GH 85.00 2ER 30100
ACI76K 031 BC212L  0.09 BDA36 075 BFYS0 077 TIP47 065 D14-182G! 9 jyatabion 200 51 9.00
AC187 025 BC212LA  0.09 BD520 0.65 BLY48 175 TP120  0.60 D14-200BE 89.90 31-184P31 - S -
AC187K  0.28 BC213 0.08 BD538 0.65 BRY39 0.45 TIP125 0.65 D14-200GA/50 85.00 M31-185W 69.00 SBHP1 30.00
AC188 0.25 BC213L 0.09 BDS597 0.95 BR100 0.26 TIP142 1.75 D14-200GM 75.00 M31-190GH 55.00 S5BHP1FF 30.00
AC18BK  0.37 BC214 0.09 BOS589 0.45 BR110 0.49 TIP161 2.95 D14-210GH 75.00 M31-190GR 55.00 SBHP31 30.00
ACY17 1.15 BC214C  0.09 BD701 1.25 BR103 55 TIP2955  0.85 D14-270GH/50 75.00 M31-190LA 55.00 5CPI 10.00
AD142 0.79 BC214L 0.09 BD702 1.25 BRC4443 1.1 TIP3055 0.55 D14-310W 110.00 M31-131GV 55.00 5TO1A 15.00
AD143 0.82 BC2378  0.09 BD707 0.90 BT100A0 20.85 TIS91 0.20 D14-320GH/82 85.00 M31-220W 59.00 6EP7/S 39.00
AD149 0.70 BC238 0.09 BDX32 1.50 87106 1.4 TVIOEZ 150 D14-340GHKM 45.00 M31-270GY 65.00 13BP} 13.50
AD161 0.39 BC239 012 SE: :g g.gg SH |g ;.20 2N1308  1.35 D14-340KA 45.00 M31-271P31 65.00 138PA4 17.50
AD162 0.39 BC251A  0.12 . 1 15 2N2219 028 D16-100GH 65.00 M31-271GW 65.00 170WP4 25.00
AD161/2  0.80 BC252A  0.15 BF119 0.65 BT120 1.65 2N2222 0.29 D16-100GH-65 69.00 M31-271W 65.00 32/1085 69.00
AF106 0.50 BC258 0.25 BF127 0.39 BU10S 1.95 2N2305 0.40 D16-100GH/67 65.00 M36-141W 75.00 88D/89B/89D/8IL 15.00
AF114 1.95 BC258A  0.39 BF154 0.20 BU108 1.69 2N3053 0.40 D16-100GH/79 69.00 M36-170LG 75.00 1273 39.00
AF115 2.95 BC2284  0.30 BF158 0.22 Bu124 1.25 2N3054 0.59 D16-100GH/97 65.00 M38-101GH 65.00 1564 45.00
AF116 2.95 8C300 0.30 BF160 0.27 BU125 125 2N30s5  0.52 D18-160GH 69.00 M38-103GR 65.00 1844 80.00
AF117 2.95 BC301 0.30 SE:% g-g; gﬂ‘ 26 160 a2 02 D21-10GH §5.00 M38-120W 65.00 9442E1 75.00
AF121 0.60 BC303 0.26 - 204 55 2N3703 - 0.12 DG7-5 55.00 M38-120WA 65.00 95447GM 75.00
AF124 0.65 8C3078 0,09 BF177 0.38 BU205 1.30 2N3704 012
D876 35.00 M38-121GHR 65.00 95449GM 75.00
AF125 0.35 8Caz7 010 BF178 0.26 BU208 1.39 2N3705  0.20 87 o 55.00 NPT 65.00 7709631 78.50
AF126 0.32 8Caz8 010 BF179 0.34 BU208BA  1.52 2N3706  0.12 5 - g
F127 065 8C337 0.10 BF180 0.29 BU208D  1.85 oN3708 012
AF139 0.40 BC338 009 BF 181 0.29 BU3276  1.20 2N3733  9.50
VIDEO SPARES & HEADS
AF178 1.95 BC461 0.35 BF183 0.29 BUS00 2.25 2N3792 1.35
AF239 0.42 58475 g.g SE: gg g-g: gﬂgggA 133 2N4427 1.95
AFZ12 375 527 . : . 2N444a 115
ASY27 0.85 BC547 0.10 BF194 0.1 BUSOY 2.25 oNS5234 042 VIDEO BELT KITS
AU106 4.50 BC548 0.10 BF195 0.1 BUY6SB  1.70 y Akatl VS9300:9500+
AU1%s 450 Beses Q10 i o i 2N5296  0.48 al Sanyo VIC 5500 . . 3.75
N BCaeo 014 BF197 o MIE340 040 2N5298 0.60 VIDEO HEADS 9800 375 Sanyo VTC 9300 3.75
AB: :g g-g eas 008 BF196 0.16 MIES20 048 2N5485 0.45 3HSS Suitable for Most JVC and Ferguson 3V16 4.50 Sanyo VTC 9300P. .. 3.90
BC107A 011 BC557B  0.80 BF199 014 MPSA13 029 2Nsd%6 095 Ferguson models . ... 9.50 JVCHHR 333013600 4.50 Sharp VC 6300 375
BC1078 041 BCo5s o0 BF200 0.40 MPSAS2 030 254715  0.60 3HSS(H) Sitable for Hitachi JVC HR 3360/3660 . 4.50 Sharp VC 7300 3.75
BC108 010 BOY33A  1.60 BF241 015 MRF237 495 25C495  0.80 VT5000. VT8000, VT6000. VT8500. Panasonic NV 300 4.00 Sharp VC 8300 375
BC10BA 011 BO115 0.30 BF245 0.30 MRF450A 13.95 25C496 0.80 VT7000 . .33.95 Panasonic NV 20008 3.75 Sharp VC 9300 375
BC10BE  0.12 BD124P  0.59 BF257 0.28 MRF453  17.50 25C1096  0.80 4HSS Suitable for most National Panasonic 30008 . 3.75 Sony SL 30008 375
BC109 0.10 BD131 0.42 BF258 0.28 MRF454  26.50 2SC1106 2.50 Panasonic Models 32.95 Panasonic NV7000 . . 3.50 Sony SL 8000/8080 . 4.50
BC109B8 0.12 BD132 0.42 BF259 0.28 MRF455 17.50 28C1172Y 220 4HSS{UIN) Suitable for Panasonic g’ear\g;ocg‘rivaeooef Sony SLC71J7 4.00
BC109C 0.2 BD133 0.40 BF271 0.26 MRF475 295 25C1173 115 Models 370 and 38G... .. 33.95 108/ 375 Toshiba V5470 4.50
BC114 011 BD135 0.30 BF273 0.18 MRF477  10.00 2SC1306  1.40
BC116A 015 BD136 0.30 BF336 0.34 MRF838  13.95 25C1307 175 BETAMIX VIDEO HEADS SANYO ORIGINAL VIDEO PARTS
BC117 019 BD137 0.32 BF337 0.29 oCi6W 250 25C1364  0.50 PS3B (1 Pin) Suitabie for Sony and
BC119 0.24 BD138 0.30 BF338 0.32 oca3 50 25C1443  0.80 Toshiba 5000 Series and NEC SANYO ORIGINAL
BC125 0.25 BD139 0.32 BF355 0.37 0C28 1.50 25C1678 1.25 PV2400 39.50 PART NUMBER MODEL DESCRIPTION
BC139 0.20 BD140 0.30 BF362 0.38 Oc29 2.25 25C1909  1.25 RSV-3-B Suitable for Sony SLsooo 4-529-108008 VTC5150  Reel Mator 3.6W 9.95
BC140 0.31 BD144a 10 BF363 0.65 0C32 2.25 25C1945 2.65 SL8080. SLD7ME .50 4-5277-23501 VARIOUS Motor Assy 9.75
BC141 0.25 BD150C  0.29 BF371 0.25 oc42 0.75 25C1954  0.95 DSR-10-R Suitable for Sony 5L55 4-527V-51000 5150  Capston Motor 29.95
BC142 0.21 BD159 0.65 25394 0-;9 0Oc44 0.75 25C1957  0.80 SLCe. SLCT 39.50 143-0-4904-00900 FVHP615  Gear Idler Assy 5.95
BC143 0.24 BD160 1.50 22 0.92 oc4s 0.55 25C1969  1.95 Sanyo Head for 143-2-457T-05900 VTC9455  Stopper Reel Base 0.55
BC147A 0.12 BD166 0.55 g;:g; g-gg 8%;? g gg 25C2028  1.15 VTC3300/3500 41.50 143-0-545T-01701 VARIOUS  Pinch Roller Assy 8.95
BC1478  0.12 8D179 0.72 : 2502029  1.95 Sanyo Hoad for VTG 143-0-545T-01700 VARIOUS  Pinch Roller Assy 195
BC148A 0.0 BO18Y 045 Brase 036 gcre 085 2502078 145 143-0-551T-VTC9300 foler A
BC148B  0.09 BD182  0.70 BrasT 0.68 qcrs 095 ; 5300/5000 4150 | 143.0.6617-03600 VARIOUS S A ]
BC149 0.09 BD183 0.70 BF494 0.45 ocs1 0.50 25C2091  0.85 430661 Loading Roller 0.95
focdred 012 80207 o83 BF495 045 06171 50 25C2098  2.95 143.0-662T-01201 VTC5150  Reel Drive Pulley 8.50
BC158 0.09 BD202 0.65 BF595 0.23 R2008B 1.45 25C2166  1.95 143-0-9974-00100 FVHP615  Mod Kit IC BA6304A 1.95
BC159 0.09 BD203 0.78 BF597 0.25 R2010B 145 25C2314  0.80 -
8G1174 009 BD204 070 BFR39 0.23 R2322 0.58 28C2371  0.36 Video Head Cleaning Tape (VHS Automatic wet/dry) 6.50 VIDEOQ ALIGNMENT TAPES
BC174A  0.09 BD222 0.46 BFR81 025 R2323 968 2Shaad 050 Video Head Aerosol Cleaner
BC177 015 BD223 059 BFR88 0.30 R2540 2.4 3aN211 2.95 o - $2PColourBars30mn  49.50
8C178 015 BD225 0.48 8FR90 1.50 HCA16334 0. 90 3SK88 0.95 Video Copying Lead and Connector Kit '2Z/V 7.95 S-3P Stairsteps 30 min 49.50
8Y208-800 0.33 IN4001 0.04
DIODES | 5Vitoioo oss | micos oos | LINEOUTPUTTRANSFORMERS EHTMULTIPLIERS VARICAP TUNERS PUSH BUTTON UNITS
BY223 0.90 INao0d o0 ITT CVC20 635 | ELC104305 MULLARD 865 | DECCA. ITT. CVC20 BWAY 7.95
BY298-400 0.2 - ITT CVC30 6.35 ELC1043/06 MULLARD 8.65 ITT VCV5-7-WAY 10.19
AA119 0.80 BY299-800 0.22 iNa007 006 DECCA 100 7.95 PHILIPS G8 550 696 | U321 825 | PHILIPS G (550) 6-WAY 14.49
. 0.20 IN4148 0.02 DECCA 1700 MONO 9.95 y : g
g::“zg g :Z a§§§2 150R IN4448 0.10 DECCA 3730 8.95 RANK 1208 &9 usz2 8.2
BAl4E 017 0.20 IN5401T  0.12 DECCA 2230 8.25 IO 30003500 o M e 200MA QUICK BLOW FUSES
BA154 0.06 BYX38-600R IN5402 g.:; GEC 2040 8.95 THORN 9000 200 THERMISTORS — —
BA156 0.15 0. IN5403 . GRUNDIG 1500 15.45 UNIVERSAL TRIPLER 4 1 p eacl
BA157 030 BYX55-600 0.30 INS406 0.13 GRINDIG 510-6010. 2222. 5011-6011 L £ 545 200MA - 5 AMP 5p each
BAX13 0.04 BYX71-600 1.10 IN5407 0.16 1345 VR1040 )
BAX16 0.06 BZY95C30 0.35 IN5408 0.16 ITT CVC20 8.20 REPLACEMENT VA1056S 0.23 20MM ANTI SURGE FUSES
BB1058  0.30 Cs4B 450 ITT44 0.04 {TT CVC30 825 VA1104 070
BTIST 079 CS10B 845 mTees 015 PRILIPS G2 850 | ELECTROLYTIC CAPACITORS | vassso 045 | 100MABOOMA 15p each
BY126 0.10 0A47 0.09 ITT2002  0.10 PHILIPS G& 8.99 VA1097 0.25 1A-5AMP 12p each
BY127 0.11 0A%0 0.05 PHILIPS G11 13.99 DECCA 30(400-400/350V) 285
BY133 0.15 OAg1 0.06 PYE 725 10.95 DECGA 80/100 (4007305V Y
Bviea o045 | onss  aos | ZENER REM T20A 1240 | Docensoosot ) 9 SPARE & AIDS
ore m | oem wn | DIODES | mesnes he | Geeden  ae
¥ I - 2110 (600/300V) .25 HEAT SINK COMPOUND 1.0 PUSH PULL MAINS SWITCH
BY182 055 IN238 5.00 BZX61 Senes s THORN 1590 9.50 [TT CVC20 (200/400V) 180 | FREEZEIT 095 | (DECCA GFC.RANK, THORN
BY184 0.35 IN23C 5.00 B2vEs s - THORN 8000 23.50 PHILIPS G (600/300V) 225 SOLDA MOP 0.64 ETC) 1.02
BT199 0.40 IN2JER  5.00 oo 10 THORN 9000 9.95 PHILIPS G9 (2200~ 63V) 1.19 SWITCH CLEANER 0.85 PYE IF GAIN MODULE 6.99
BY206 0.14 IN23WE  5.00 0.1 THORN 9800 22.40 PHILIPS G11 (470/250V) 2.35 D40 175 ANODE CAP (27kV) 0.69
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A SELECTION FROM OUR
STOCK OF BRANDED VALVES
A1714 24.50 EBC41 1.95 EL85 4.50
A1834 7.50 EBC81 1.50 EL86 1.25
A1998 11.50 EBC90 0.90 EL90 .75
A2087 11.50 EBCY1 0.90 EL91 6.00
A2134 14.95 EBF80 0.95 ELSS 175
A2293 6.50 EBFE3 0.95 EL153 12.15
A2426  35.00 EBFES 0.95 EL183E  3.50
A2599 37.50 EBF89 0.70 EL18P 3.50
A2792 27.50 EBF93 0.95 EL360 6.75
A2900 11.50 EBLI 2.50 EL500 140
A3042 24.00 EBL21 2.00 ELW‘ ‘-‘;0
A3283 2400 | EC52 0.75 Etg?g g- gg
AC/HIDD  4.00 EC70 1.75 Elaos e
AC/THI 4.00 EC80 9.50 ElanT 550
ACT22  59.75 EC81 7.95 lao2 1295
AH221  39.00 | EC8s 100 | o 000
AH238  39.00 EC88 100 | Eya 200
AL6D 600 | ECoo 1.10 EM80 070
ANY 14.00 EC91 5.50 EM81 070
ARP12 0.70 EC32 195 EM84 1.65
ARP34 125 EC93 1.50 EM85 3.95
ARP35 2.00 EC95 7.00 EM87 2.50
AZ11 4.50 EC97 1.10 EN32 15.00
AZ31 250 EC157  475.00 EN91 1.95
BL63 2.00 EC8010  12.00 EN92 4.50
BS450  67.00 ECC32 3.50 EY51 0.80
BS810 55.00 ECC33 3.50 EY81 235
BS814 55.00 ECC35 3.50 EY83 1.50
CIK 19.00 ECCB81 1.5 EYa4 5.95
C3E 22.00 ECC81 Special Evssig7 050
C3JA 20.00 Quality 0.65 Ev8s 0.55
C6A 2000 | ECcs2Phips Eyor 550
C1108  65.00 195 | Ev802 070

EX35 0.75
C1134 3220 ECCB3 0.65 €210 278
C1148A  115.00 ECCB83 Brimar €241 278
C1149/1  195.00 1.35 .
C1150/1  135.00 ECC83 Philips Egg? 8:;:
C1534 3200 1.95 £790 1.50
C3E 29.50 ECCE3 Siemans F606 295
CCA 2,60 : FWABO0  2.95
ccaL 0.90 ECC83 Tungsram G55/1K 9.00
CK1006  3.50 GiB02M  6.95
CV Nos prices ECC84 0.50 G240/2D  9.00
on request ECCB5 0.75 GC10B  17.50
D3A 27.50 ECC86 2.75 GC10D  17.50
063 1.20 ECC88 0.95 GC10/48  17.50
DA41 22.50 ECCI1 2.00 GC10/4E  17.50
DA42 17.50 ECC180  0.72 GC12/4B 17.50
DAS0 4.50 ECC189 195 GD8EW  6.00
DA10D  125.00 ECC801S 350 | GDT120M  5.00
DAF91 0.70 ECC803S  4.95 GN4 6.00
DAF96 065 | Eccsos o060 | GN10 15.00
DC70 175 | Ecceooo 1200 | GR10G 400
GS10C 16,50
DC30 1.20 ECF80 s |22 0o
DCX-4-5000 ECF82 s | 2200 1200
25.00 ECF86 170 | GHie 14.00
DET16 2850 ECF200  1.85 GTICS/S  13.00
DET18  28.50 ECF202 185 | Grni7sm 800
DET22 3500 ECF801 085 | GTR1sOW 100
DET23  35.00 ECF805 250 | Guzo 35.00
DET24  39.00 ECF806 1025 | Guso 17.50
DET25 22.00 ECH3 2.50 GXU1 13.50
DET29 3200 ECHa 300 | Gxus 24.00
DF91 1.00 ECH35 350 | Gxus0ss 14.50
OF92 0.60 ECH42 150 { GYs01 1.50
DF96 065 ECH81 1.00 | Gvsoz 1.50
OF97 1.00 ECH83 1.00 | GZ30 1.50
DH63 1.20 ECH84 1.00 Gz31 1.50
OH77 0.90 ECH2000  1.50 Gz32 1.50
DH79 0.56 ECL8O 0.60 Gz33 4.50
DH149 2.00 ECL82 0.79 Gz34 2.15
DK91 090 | ECLB3 250 | Gz37 4.50
DKg2 1.26 | ECL84 074 :ﬁgg‘a o ,‘J%
DL35 2,50 ECL85 0.69 HBeso 078
oL63 1.00 ECLB6 0.95 BCoT .80
DL70 2.50 ECL80S  0.69 HFS3 075
DL73 1.50 EF37A 2.50 HFaa 150
DL92 0.95 EF39 1.50 HK80 105
DL93 1.10 EF40 4.50 HL2K 295
DLO4 2.50 EF41 3.50 HL23DD  4.00
DL96 2.50 EF42 3.50 HL41 3.50
DLS10 13.50 EF50 2.50 HL42DD 3.50
DLS16  10.00 EF55 4.95 HL90 0.70
DM70 195 EF70 120 | HLe2 1.50
DM160 275 EF71 150 | HL133xDD 3.50
OY51 1.50 EF72 1.20 HT2 4.00
OY86/87  0.65 EF73 1.00 | HY90 1.00
DY802 0.72 EF80 0.55 HVR2 3.00
E80L 29.50 EF83 3.95 JPY-7A 60.00
ESIL 12.00 EF85 050 | k3118 85.00
EB2CC 350 EF86 2.25 KR6/3 45.00
EBICO 250 EF86 Mullard KT8C 7.00
E83F 5.50 450 | KT33C 3.50
£B6C 9.50 EF89 150 | KT36 2.00
£880 795 EF91 195 | KT44 4.00
E880C 350 EF92 215 | KT4s 4.00
E88CC Siemans EF93 0.95 KT61 5.00
‘ EF94 0.95 KT63 2.00
Special 595 | Ergs 195 | KT66 Osram
E;ggc ;:g EF97 0.90 15.00
- EF98 090 | KTes uUsA 9.5
E9TH 4.50 EF183 0.65 KT66 GEC 14.95
Eg2CC 3.95 F184 0.65 KT67 9.00
E99F 6.99 EF730 1.80 KT77 Gold Line
E130L 18.50 EF731 3.50 10.95
£182CC  9.00 EF732 350 | r8t 7.00
E180F 650 | EF800  11.00 | KT88 USA 10.95
E186F 8.50 | EF804S 1950 | KT88GLion
E188CC  7.50 EFB0SS  13.50 18.95
EfT 15.00 EF806S  14.50 | KTwei 250
E280F 19.50 EF812 065 | Kiwez 250
E283CC 10,00 EFL200  1.50 KTW63 2.00
E288CC  13.50 EH90 0.72 KT263 2.50
EBIOF  25.00 EK90 095 L102/2K  6.95
£1148 .00 EL32 0.95 L102/2K  12.00
E1504 5.95 EL33 5.00 LB7-20  95.00
EAsD 100 EL34 2.25 LS9B 6.95
EA76 198 EL34 Mullard/ M502A  60.00
EA79 1'95 Philips 4.50 M537A 60.00
- EL36 1.95 M5143 15500
EABCBO 070 | pig7 9.00 | M8o79 6.00
EACO1 250 | i3 475 | Msos2 7.50
EAF42 120 EL41 3.50 M8083 3.25
EQFBN f-gg EL42 2.00 M8091 7.50
34 E EL8Y 6.95 MB8096 3.00
EB41 395 EL83 5.95 M8098 5.50
EB91 0.85 EL84 Brimar 0.95 MBO99 5.00
EBC33 2.50 EL84 Mullard 2.95 M8100 5.50
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M8136 7.00
M8137 7.95
M8161 6.50
M8162 5.50
M8163 5.50
M8190 4.50
M8195 6.50
Mg196 5.50
M8204 5.50
M8223 4.50
M8224 2.00
M8225 3.95
ME1401  29.50
ME1402  29.50
ME1501  14.00
MH4 3.50
MHLE 4.00
ML4 4.50
MSa8 5.50
MU14 3.50
MZ1-100 125.00
N37 12.50
N78 9.85
OA2 0.85
CA2WA 250
OA3 2.50
OB2 0.85
OB2WA 250
oc2 2.50
QC3 1.50
oD3 1.70
oMa 1.00
QOMsB 3.00
OM8 1.75
ORP43 2.50
ORP50 3.95
P61 2.50
P41 2.50
PABCSO  0.50
PC86 0.75
PC88 0.75
PC92 3.50
PC97 1.10
PC800 1.10
PC900 1.25
PCC84 0.40
PCC85 0.59
PCC88 0.70
PCC89 0.70
PCC189 0.70
PCC805 0.70
PCC806 080
PCEB2 0.80
PCFB0 0.65
PCF82 0.60
PCF84 0.65
PCF86 1.20
PCF87 0.40
PCF200  1.80
PCF201 1.80
PCFB00  0.40
PCF801 1.35
PCF802  0.60
PCF805  1.25
PCF806  1.00
PCF808 125
PCH200  1.50
PCL82 0.85
PCL83 2.50
PCLB4 0.75
PCL85 0.80
PCL86 0.35
PCLBOO  0.80
PCL80S 0.90
PE1-100 9.00
PEN25 2.00
PEN4ODD  2.50
PEN4S 3.00
PEN45DD  3.00
PNE4& 2.00
PEG6-40N  42.00
PFL200 0.95
PL21 2.50
PL36 0.95
PL38 1.50
PLB1 0.72
PLBIA 0.72
PL82 0.60
PL83 0.52
PL8a 0.78
PL8S 1.00
PLY5 175
PL302 1.00
PL345 12.50
PL500 1.10
PL504 115
PL508 175
PL509 4.85
PL519 4.95
PLBO2T 3.50
PL820 2.95
PL5557 2950
PY32 0.60
PY33 0.50
PY81 0.70
PY82 0.70
PY&3 0.70
PY88 0.65
PY500A 1.95
PY800 0.79
PYBO1 0.79
QB3-300  54.95
QB3-1750 139.50
QB5-3500 495.00
QEQ3-10 4.95
QE08-200 145.00
QFa0 65.00
QP25 1.00
QQEQ2-5 19.50
QQE03-12 7.95
QQE03-20 35.00
QQEQB-40 45.00
QQvo2-6  19.50
QQVv0o3-10 5.50
QQV03-10
Mullard 15.00
QQV03-20 25.00
QQv03-208

32.00
QQV0s-40A

QQV06-40A

Mullard 45.00
QQV07-50 63.50
QQz03-20 42.50
Q875120 1.50
Q575140 3.00
Qs92/10 5.00

QS95:10 4.85
QS108:45  4.00
QS15015  6.95
QS150:30 115
Q8150145 7.00
Q81200 3.95
QS1202 3.95
QS1203 4.15
Q81205 3.95
QS1206 1.05
Qs1207 0.90
QS1208 0.90
QS1209 3.15
Qs1210 1.50
Qs1211 1.50
Qs1212 3.20
Qs1213 5.00
QSs1215 2.10
Qsi218 5.00
Qua7 9.50
Qvo3-12 575
QV05-25 1.75
Qv06-20 .50
QV08-100 145.00
Qv2-2500 45.00
QY3125  65.00
Qv4-250  70.00
Qv4-400 76.00
R10 4.00
R16 12.00
R17 1.50
R18 250
R19 250
R20 1.20
R1169 55.00
RG1-125 4.95
RG1-240A 14.50
RG3-250A  3.50
RG3-1250A 35.00
RK2K25 2.50
RK-208 12.00
RL16 1.50
RPL16 12.00
RPY13 2.50
RPY43 2.50
RPY82 2.50
RR3-250  15.00
RR3-1250 35.00
RS613 45.00
RS685 54.95
RSS688 52.15
S6F17 5.95
S6F33 28.95
S11E12  38.00
A30/2K 12.00
S104/1K 10.00
S$109/1K  15.00
S130 5.59
S130P 5.95
SC1/800 5.00
SC1/1100  6.00
SC1/1200  5.00
SC1/1300  6.00
SC1/200 9.00
SP4y 5.00
SP42 3.00
SP4B 4.95
§8501 35.00
STt 1.50
STV280/40 11.95
STV280/80 19.95
Su42 4.95
T825/30C 85.00
TB2-300  45.00
TB3-2000 395.00
TD1-100A 25.00
TDO3-10F  35.00
TD3-12 4.00
TDD4 5.50
TP25 1.50
TSP4 7.00
11 1.50
TT21 45.00
TT22 45.00
TT100 57.00
TTR-31MR 65.00
TY2-125A 85.00
TY4 400 85.00
TY8-600W
TYS2/250 375.00
u18-20 2.75
u1g 11.95
uz24 2.00
uz2s 0.90
uz26e 0.90
u37 9.00
ua1 6.95
us0 2.00
us2 3.00
u1g1 0.70
ui1g2 1.00
U193 0.65
u2st 1.00
U801 0.75
UABC80 0.65
UAF42 1.00
UBF80 0.80
UBCa1 225
UBC81 1.50
UBF89 1.00
uBL21 1.75
uce2 1.20
uccs4 0.70
uccss 0.60
UCF80 1.00
UCH21 1.20
UCHa1 2.50
UCH42 2.50
UCH81 1.00
ucLg2 1.75
ucL83 2.50
UF41 1.15
UF42 1.15
UF80 1.75
UF85 1.20
UF89 2.00
uL44 3.50
uLs4 1.50
uLss 0.85
uus 3.50
uu7 8.00
uus 9.00
uy41 3.50
uys!

V235A/1K 250.00
V238A/1K 295.00
V246A/2K 315.00

V2406/1K 225.00

V339 3.50
Vas3 12.00
VLS631 10.95
VP4aB 4.50
VP133 2.00
VR75-30 3.00
VR101 2.00
V10530 1.50
VR150:30  1.15
V752 2.50
vu29 4.50
VU338 1.50
w21 4.50
W77 5.00
W729 1.00
W739 1.50
X24 4.50
XB66/X65 4.95
X76M 1.95
XC24 1.50
XC25 0.50
XFW47 150
XFWS50 1.50

XG1-2500 50.00
XG2-6400 135.00

XG5-500  22.50
X11-5V 1.50
XL628FT 7.50
XNP12 2.50

XR1-1600A 49.50
XR1-3200A 79.50

XR1-6400A
115.00
Y502 25.00
Y65 6.95
YD1100 75.00
YJ106C  265.00
YL1020 29.00
YL1070  195.00
YL1071 195.00
YL1280 65.00
z77 1.20
Z302C 12.00
2339 9.00
75058 15.00
Z520M 4.00
Z521M 8.00
Z700U 3.00
2749 0.60
2759 19.35
2800V 3.00
2803V 18.95
ZA1000 12.50
ZA1001 1.50
ZA1002 1.50
ZM1005 8.00
ZM1020 6.00
ZM1021 8.00
ZM1023 7.95
ZM1041 14.00
ZM1082 9.00
ZM1084 10.00
2M1177 9.00
ZM1202 55.00
ZM1263 4.00
ZM1612 3.00
1A3 4.50
1AC6 1.20
1AE 43.50
1B3GT 1.95
1822 10.00
1827 55.00
1B35A 45.00
1B63A 75.00
1C1 2.50
1C5GT 2.50
1FD1 2.50
1G3GT 2.50
1J3GT 2.50
1N2 4.50
INSGT 250
1P28 25.07
1P33 19.00
1R5 0.90
1Ta 1.00
104 1.75
1Us 1.00
1X28 1.40
122 8.95
2AS15A 11.50
2B7 1.50
2822 69.50
2C39A 32.50
2C39BA 39.50
2Ca0 37.00
2C42 29.50
2C43 60.00
2C51 0.75
2CY5 1.50
2021 1.95
2D21W 2.50
2£22 49.00
2E26 7.95
2J42 93.00
2J55 350.00
2K25 35.00
2K25 Raytheon
75.00
2K26 95.00
2K29 250.00
2K48 140.00
2K56 250.00
3A5 4.50
3A/1078 12.00
3A/108A 9.00
3A/1098  11.00
3A/1108  12.00
3A/141K 11.50
3A/147J 7.50
3A/167M  10.00
3A2 3.95
3A3A 395
3A4 110
31L5 0.95
3AT2 3.35
382 3.00
384 4.95
387 450
3824 10.00
3826 24.00
3828 15.00
3876 1.50
3C4 1.00
3C23 19.00
3C45 24.00

3CB6 1.50
3CN38A 2,50
3CS6 0.95
3CX3 250
3CY5 1.50
306 4.50
3021A 29.50
3E22 49.50
3EH? 1.95
3EJ7 1.95
3va 1.76
3WAGT 2.50
4B5518  115.00
4-65A 53.00
4687A 8.50
4-125A 72.50
4-250A 79.50
4-400A 87.50
4-1000A 425.00
4B32 35.00
4BQ7A 1.75
4BZ6 1.95
4cz7 25.00
4C28 25.00
4C35 145.00
4C86 1.95
4CX1000A

4CX4000A

1100.

4CX2508  49.00
4CX250B EIMAC

4D32 125.00
4CX250BN 75.00
4CX250K EIMAC

95.00
4CX125C EIMAC

125.00
4CX350A 95.00
4CX350F  78.50

4XC15008
393.5¢
4E27 195.00
4Gs7 2.25
4J52 75.00
4JC6A 295
4X150A 35.00
5A102D0 9.50
5A152M $.00
5A163K 10.00
5A170K 6.25
5A-180M  9.00
5A-206K  10.00
5AMB 215
5ANB 1.20
5AR4 2.00
5AU4 1.50
5B 110M  10.00
5B-254M  14.50
5B-255M  19.50
5B-256M  15.00
5B-257M  15.00
5B-258M  14.50
5C22 125.00
SJ180E  2500.00
5R4GB 3.50
SR4GY 3.50
5T4 5.95
504G 295
5U4GB 4.50
5V4G 1.50
5Y3GT 1.95
5Z4GT 1.50
6/30L2 .70
6A/203K 9.00
6A7 4.95
6A8G 1.50
6AC7 2.00
6AGS 1.50
6AG7 1.95
6AH6 2.50
6AJ4 2.00
B6AJ7 2.00
BAKS 1.95
BAKE 2.50
BALS 0.60
BAM4 3.25
B6AMS 6.00
6AME 1.95
B6ANS 4.50
B6ANBA 3.50
6AQS5 1.75
6AQ8 0.85
BARS 5.95
6AR8 3.95
6ASS 1.50
6ASE 2.50
B6AS7G 4.50
BAT6 0.75
B6AT8 1.75
BAU4 2.00
BAUSGT 4.50
6AUB 0.95
6AVE 0.75
BAWBA 2.50
B6AX4GT 1.95
BAY3B 1.95
6AZ8 4.50
687 2.80
888G 1.50
€810 1.95
6BA6 0.95
6BA7 4.50
6BABA 3.50
6B8E6 095
6BG6G 3.00
6BH6 1.95
6BH8 1.50
6BJ6 1.50
6BK4 4.00
6BK7A 1.95
68L& 85.00
68L8 1.15
6BM6 115.00
68M8 0.58
6BN4 165
6BN6 1.65
6BN7 4.50
6BN8 395
6BQ5 Q.75
6BQ7A 0.72
6BL7GTA  3.95
6BRS 0.70
6BR7 4.95
6BR8 2.15
6BRBA 215
6BS7 5.50

6BW4 1.50 6P28 2.00
6BWE 5.35 6Q7 1.75
68W7 1.50 6Q7GT 1.20
6BWS 4.00 6R7G 3.15
68X6 0.48 6S4A 1.50
68X7GT 3.50 B6SATGT 1.35
6BZ6 2.50 8SC7 1.50
6827 2.95 6SG7 250
6C4 1.25 BSHT7 1.35
6CS 1.95 6SJ7GT 1.20
6C6 250 B6SK7 1.35
6C8G 1.50 B6SK7GT 1.35
6C11 2.50 6SL7GT 0.85
6C18 2.50 BSN7GT 1.35
6CA4 4.95 68Q7 1.35
B6CA7 3.50 6SS7 1.95
6CB5 3.95 BU4GT 1.75
6CB6 1.95 BUBWA 3.50
6CD6GA 4.50 6U8 1.15
B8CF6 1.50 BUBA 1.50
6CG7 225 B8V6G 1.26
6CH6 6.95 6V6GT 1.50
6CL3 3.95 B6VGG 1.00
6CL6 3.25 6X2N 1.00
6CLBA 1.50 64 1.50
BCNS 1.60 6-5GT 1.00
BCM7 295 6+ 5GTY 1.00
6CS6 0.75 688 225
sCw4a 6.50 7A8 4.50
6D6 2.50 7A7 2.00
6DC6 235 7AD7 175
8DJB 0.95 7AU7 1.50
6DKe 1.50 786 3.50
80Q5 5.95 787 2,50
60068 2,50 7C5 3.50
6DT6A 1.50 7C6 250
€DW4 215 7E7 2.50
6E5 3.95 7H7 3.50
BEA4 4.95 747 5.50
6EA7 2.50 7Y4 250
B6EA8 250 888 250
6EABS 1.75 8B10 2.50
B6EMS 2.50 8805 1.95
BEM7 2.50 8FQ7 1.95
6EU7 1.95 10D2 1.26
6EUB 175 10DE7 250
6EV7 295 10EW7 2.95
BEWE 295 10F1 075
BEW7 4.50 10GK6 1.95
6F1 2,00 10P14 2.50
6FS 4.95 10P18 0.78
6F6 2.50 10LD12 0.65
6F6G 2.00 11E2R 45.00
6F7 5.50 11E3 §5.00
6F12 1.50 11R3 5.50
6F13 3.00 12A6 3.95
6F14 1.00 12A06 1.50
6F17 275 12AL5 1.00
6F21 2.50 12AT6 1.25
6F23 0.60 12AT7 1.15
6F24 1.25 12AT7WA 2,50
6F25 1.25 12AU6 1.50
6F28 1.25 12A17 0.65
6F32 1.25 12AV6 1.95
6F33 17.00 12AV7 250
8FG5 1.95 12AX7GT  1.00
6FQ7 295 12AX7 0.65
6G6G 5.50 12AX7TWA  2.50
6GES 3.95 12AY7 3.95
BGHBA 0.80 12AZ7A 1.95
BGK5 1.50 12B4A 4.50
BGK6 195 12BA6 1.50
6GS7 215 12BE6 1.95
6GV7 2.50 12BH7A 2.50
B6GW6 2.50 12BL6 178
8GY5 3.95 12BY7A 275
6H1 9.50 12C8 2.50
BH3N 2.50 12CAS 1.95
8HE 195 12CX6 1.20
BHEGT 1.95 12DQ6B 3.50
BHF5 5.50 12DW4A  3.50
BHF8 2.50 12E1 17.95
6HSE 4.95 12E14 38.00
8J4 215 12GN7 3.95
BJAWA 3.15 12HG? 4.50
8J5 250 12HG7A 4.50
6J6 2.00 12J5GT 3.95
6J7 4.15 12J7GT 3.50
6JBBA 4.50 12428 295
BJESC 5.50 12K5 1.95
6JUs 250 12K7GT 1.50
6JS6C 495 12K8 1.95
6J7G 415 12SA7GT 1.95
6K7G 2,00 128G7 4.75
6K8G 3.00 12SH7 1.85
6L1

6L15

6L19

6L6GC

BL6GC(GE)

AUDIO TAPE HEADS

MONO HEAD 1.50
-l AUTO REVERSE 350
Jll STEREOHEAD 2

ELECTRO-OPTICAL

9524H
8677M
P4231BAM

25.00
22.00
19.00

VALVE AND CRT BASES
B5D
B7G 0.25
B7G SKTD 0.25
88G 1.50
88H

5.50 | 8138 0.50
814A 3.00

12PIN CRT 0.95
070

BIA 0.35
BYOASKT 0.40
B3G 0.7

B108 0.20

CIRCLE 57 FOR FURTHER DETAILS
ELECTRONICS & WIRELESS WORLDJULY 1986

TELEX
966371
0S—PM

17028 4.50 958A 1.00
18D3 6.00 1299A 0.60
18GBS 3.50 1619 2.50
19AQ5 3.50 1625 3.00
18AU4GT  2.50 1626 3.00
19G6 9.00 2050W 6.95
19G3 17.00 2050 5.50
19H4 35.00 2051 5.50
19H4R 25.00 3534 4.00
19H5 33.50 404A 10.95
19Q6 9.00 927 15.00
20A2 10.50 1927 25.00
20D1 0.70 4212E 250.00
20LF6 7.95 4313C 4.00
20L1 0.95 43280 9.00
20P1 0.55 5636 5.50
20P3 0.60 5642 9.50
20P4 1.95 5651 2.50
20PS 1.15 5654 1.95
21Lu8 250 5663 1.95
2481 39.50 5670 3.25
25DQ68 2.95 5672 4.50
25L6GT 175 5675 28.00
25BQ6 1.75 5678 7.50
29C1 19.50 5687 4.50
29KQ6 6.50 5692 3.50
30C17 0.40 5696 3.50
30C18 1.48 5704 3.50
3F5 0.95 5718 6.15
30FL1 1.00 5725 2.50
30FL2 1.35 5726 2.50
30FL12 0.95 5727 2.50
30FL13 1.10 5749 250
30FL14 1.25 5750 1.85
30Lt 045 5751 295
30L15 0.60 5763 5.75
30L17 0.60 5814A 325
30P4MR 1.00 5823 9.50
30P12 1.00 5829WA 6.50
30P18 0.60 5840 3.50
30P19 1.00 5842 11.00
30PLY 2.50 5847 10.95
30PL13 0.60 5879 5.00
30PL14 1.75 5886 13.95
31JS6C 5.50 5894 39.50
33A/158M  19.50 5899 4.50
35A5 4.50 5963 1.75
35L6GT 2.00 5065 225
3523 1.85 6005 1.85
38HE7 4.50 6012 16.00
40KD6 5.50 6021 3.65
42 6.95 6057 3.75
47 6.00 6058 3.95
50A5 1.50 6059 3.75
50Cs 0.95 6060 2.25
50CD6G 115 6062 4.50
SOEHS 1.50 6063 2.00
50JY6 2.95 6064 3.25
52KU 2.00 6067 7.00
53CG 15.00 6072 4.20
61SPT 4.50 6080 8.50
7581 3.50 B60BOWA 9.50
75C1 2.50 6132 10.50
80 4.50 6136 2.50
83 8.50 6146B 9.50
84 3.00 6155 5.00
85A1 6.50 6156 65.00
85A2 1.95 6157 2.50
90AV 15.00 6158 3.20
90C1 3.50 6201 6.45
90CG 13.50 6205 6.95
90CV 12.50 6211 2.50
91AG 9.00 6267 4.50
92AG 19.50 6350 3.50
92AV 15.00 6360 4.50
95A1 6.50 6386 14.50
100E1 10.00 6463 7.50
108C1 1.50 6545 8.50
150B2 6.50 6550 10.95
150C2 2.50 6688 6.50
150C4 2.15 6870 11.50
155UG 25.00 6887 9.50
1858T 1.50 68838 9.95
211 33.50 6973 5.95
274A 15.00 7025 2.50
307 5.00 7027A 4.50
328A 15.00 7032 2.00
388A 17.50 7059 2.50
425A5 8.00 7167 3.95
431U 4.50 7189 3.50
5728 55.00 7193 7.50
705A 8.00 7199 7.50
708A 8.00 7247 295
715C 45.00 7360 13.50
724A 275.00 7462 15.00
7475 5.00
7486 125.00
7527 85.00
7551 6.95
7558 9.45
7586 15.00
7587 29.50
7791A 4.95
7609 47.00
7733 5.50
7788 25.00
7815 49.50
7868 3.95
8012 15.00
8950 7.50
18042 10.50
18045 10.00
18046 11.50
CALLERS WELCOME

OPEN MON-THUR 9AM-5.30PM
FRISAM-5.00PM
*24-HOUR ANSWERPHONE
SERVICE”
ACCESS & BARCLAYCARD
PHONE ORDERS WELCOME
UK ORDERS P&P £1
PLEASE ADD 15% VAT
EXPORT ORDERS WELCOME
CARRIAGE AT COST
PLEASE SEND YOUR
ENQUIRIES FOR SPECIAL
QUOTATIONS FOR LARGE
REQUIREMENTS.
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24V 15 amp Gould switch mode
PSU. New & boxed 215 - 72 «
89m/m. 240V 110V input.
£57.50CP2.75

FIELD ELECTRICLTD.

3 Shenley Road, Borehamwood, Herts WD6 1AA. 01-953 6009
Official Orders/Overseas Enquiries Welcome/TeIephone Orders Accepted Open 5 days. 9am/5pm. Please ring for C/P details not
shown. All prices inc. 15% VAT unless stated.

Kingshill linear PSU. 25V, 30A,
240V input. £30.00 c/p
Please ring

24V 4.8A Ac/Dc linear PSU
240V input. New & boxed 227 ~
123 « 70m/m. £19.95
C/P3.50

Gould Type DC379. 240V input
5V 40A-12V4A - 15V 1A
switch mode PSU. £55.00
C/P 5.00

Coutant Linear PSU. New &
boxed with data. GP sernes 15-
18V 10A 240V input. £46.00
inc. C/P

Tektronix DC504 Counter
Timer. £85.00

Farnell G6-5m. 6V 5A. 240V
input

switch mode PSU. 145 - 88 ~
33m/m £20.00 ¢/P1.75

Data Recording Fan Cooled
Linear PSU. 240V input + 15

15V 8A per output. New and
boxed. £30.00 C/P. Please
ring

Farnell Fan Cooled PSU.
switch mode 240V input -5
10A 51A +123A 121A,
£28.00 C/P2.75

Venner Digital Counter Type
7737A 1000MHz. £150.00
C/P 4.50

NCR Micro Fiche 390 ~ 279
~ 189m/m. New portable
240V Ac. 24/12V Dc input.
£69.00c/pe.00

Texas Inst. Pulse
Generator Type 6613E.

Dataava. £60.00

Gould PMA 47 12V 3A linear
PSU 240V input. £15.00 C/P
275

Tektronix Linear IC Test Fixture

178. £500.00

PC Card PSU. 240V 115V input
5V 1A regulated. 107 ~ 100 m/m.
New. £6.50 C/P 1.00

Sodeco 12V Resetable Counter 6
digit. Panel mounting. New.

£6.75CP 175

Voltex Co+ 12V 1.5A +530A

12V 10A hinear PSU
115/240V input. Rack mount 17
<14 » 44" New. £38.00
C/P 5.50

PCB 9 - 2532JL.45 EPROMS
4K - 8bits. £12.95 inc. /P
New

Wiltron 6237.2GHz 18.5GHz
Sweep generator. £500.00

Cathoden Crystal Osc 20MHz
with data inc. £2.50 C/P

Die-cast Ali: Box 4™ « tlg «

2t £2.50inc C/P

Philips Type PM 3212 Dual
Trace O'scope 25MHz.
£350.00 C/P. Please ring

Tektronix Type 454 O scope
150MHz Dual Trace Delay
Sweep. £529.00

Sonnenschein A200 Dryhit
Batteries. 12 vdc 5.7ah. New
and boxed 151.7 ~ 65.5 ~
94.5m/m. Charging volts
13.8V. Max. discharge
current 80A. High impact
ABS Case. Can be used in
any position. £16.95 inc
C/P

Heatsinks Double Fins
16'2 7 4 - 1713
2N3055 and various
comp. New ex-equip

£4.50 nc.CiP

Fairchild 8m/m Type Super 8
70/07 Suitcase Projector C/W
audio amp: Lens & case 240V

£19.95C/P3.00

Plas:Box 76 ~ 100 ~ 40 m/m.
Four for £5.00 inc. C/P

12-0-12V 2A Per Winding 230V
Prim. £3.50 inc C/P

Tektronix Type 422 O'scope
15MHz Dual Trace Fet inputs.
£300.00

Lambda Metered PSU 0.40V O-
11.£125.00

Tektronix TM506. £300.00

Lambda Metered PSU 0.40V 0-
3A.£125.00.

Meter Movement in PlasCase.
Reads 230°C/450 F 195 ~ 127 ~
500m/m case meter 88 ~ 72m/m

£9,95C/P 150

6-0-6V 20A 230V Prim.
£23.00 inc.CiP

Tektronix TM504. £300.00

Universal Coupling Arms ideal for
robotics 4" closed. £2.25
inc. C/P

9-0-9 1A 230V Prim. £1.95
C/P 50p

Tektronix SG502 Osciliator
£200.00

Gould Advance 5V 60A 240V

input switch mode. £12.00
C/P 3.00

Prestel Adaptor Model P1
Complete with remote
Cikeypad. C/W All
electronics. CPU isolation
T/x modem 1200 bauds rate
UHF modutator. PSU IC’s
AY-3-1015D. AY-3-9710HK.
PIC 1650A-532. TY16502.
AY-3-9752 & Data. New and
boxed. £15.95 C/P 3.00

High Power Ali: Heat
Sink Thermal Res

25cw6 . £25.00 or
500PT

25 Gram Tube Silicon

Grease. £1.25 inc
C/P. Min. two tubes

Woden 11V 80A 230V Prim.
£35.00C/P 5.00

120 « 120 » 38 m/m 115V Fans
New condition. £2.50 inc C/P

27V 30A 230V Prim. £25,00
C/P 5.00

Tektronix DM502 Digital
Multimeter. £60.00

Stepper Motor's 4.5V 1.4A 2
Deg-Step: Sanyo Step-Syn
1038202. £10.00 C/P 1.50

Airmec Modulation Meter
Type 409 3-1200MHz.
£200.00

AMF Potter Brumfield
230V AC. New relay
3P0 5A contacts, “w

base. £2.50 inc C/P

Bardic/Chionde Safety Handlamp C/W sealed
alkaline batt & charger pack. 24V Dc. New &

boxed. £34.50 C/P 3.75

7.6V 120A 230V

Prim. £40.00
C/P. Please ring

Tektronix AM502 Differential
Amp. £60.00

Tektronix 568 O'scope 352
sampling sweep plug in.

£200.00

12VDC Audible Warning
Device. Klamix single tone
solid state. £1,75 inc. C/P

Tektronix SG504 80MHz
O'scope. £590.00

22.000uf 25V new Computer.
Grade caps £1.50inc. C/P

CIRCLE 19 FOR FURTHER DETAILS

New Manuf!
Surplus electronic
fuel protection
system. Runs from
9V DL batteries
complete: Sensor
cable, control box
Ideal for boats,
central heating.

This system detects water in dieset fuel: 1 tank
two system 20.00. 4 tank system 35.00 only.

Supplied with sensors. Carriage and packing 3.50

Complete with installation instructions.

E M S Power Systems

EMS manufactures DC Power Supplies and
Battery Chargers both linear and switch
mode in a range from 5 VA to 3.2 KVA.

Also a complete range of Standby and UPS
Systems 35 VA to 1 KVA. EMS specialises in
the manufacture of customised products

and has a full design and development

facility.

EMS (Manufacturing) Limited,
Chairborough Road,

High Wycombe,

Bucks HP12 3HH.
Tel: (0494) 448484

details.

Analytical
Software for
Electronic
Engineers
from “Those

Engineers”

THOSE ENGINEERS,
formerly Seasim
Engineering Software,
have moved. We apologise
for the delay this has
caused in issuing details of
our products to recent
enquirers and wish to thank
them for their patience.

NEW ELECTRONIC ENGINEERING SOFTWARE FOR MS DOS
COMPUTERS (256k + RAM recommended)
(state computer type when ordering)
ECA-2’s 1986 edition expands the analytical power of the original to include Fourier
analysis and sweep commands and adds graphics output to include Bode plots, DC tran:fer
curves and transient timing diagrams. ECA-2 is now the most potent analogue circuit
simulator availabte. It offers friendly interactive control and an optional batch mode. A
proper diode model, temperature effects. bias & operating point analysis. a transmission
line modei. non-linear effects wherein polynomials (to any order) or piece-wise linear
characteristics are supported. Tolerances are used to compile worse case and Monte-Carlo
analyses. Macro-models, complex models (eg capacitors with inductance and resistance)
may be used. Voltages. currents, dissipations and power volts (a transistor secondary
breakdown indicator) may be looked at anywhere in the circuit. Similar fiexibility is offered
for the input to a circuit which may come from a file or the output of a previous run. Spars:2
matrix techniques aflow ECA-2 to model typically 500 nodes in a circuit (depending on
memory available). Price: £465 + VAT incl. p&p. Updating service available, send for

EC-Ace is a subset of ECA-2 offering the same AC, DC and transient analysis. EC-Ace also
offers graphics output at the irresistible price of £110 + VAT incl. p&p. Upgrade to ECA-2!

avialable.

For the BBC MODEL B, 8+ and MASTER
(State 40 or 80 track when ordering)

Microspice. This is a remarkable suite of programs for simulating DC and AC analogue
circuit behaviour including non-linear effects and full transistor model. It is supplied with the
most useful and educational of manuals. Price £99 + p&p* + VAT. ("£2.00 UK or £5

overseas.)

Officials orders accepted from existing customers and educational bodies. Otherwise
please send cheque with order to our new address.
Those Engineers, Unit D1, Fairoaks Airport, Chobham, Surrey
GU24 8HX. Tel: Chobham (09905) 6565
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64180

computer board

This 64180-based microcomputer board is a
significant improvement over its Z80
predecessors, and plugs directly into

SC84.

here are now 16 and
I 32bit microprocessors
but eight-bit devices can
still give high performance
and they can be far cheaper to
use. If one were to criticize
eight-bit processors such as the
780, it would be for their li-
mited address range and for
their lack of an integrated
structure. But there is now an
eight-bit processor that ren-
ders this criticism untrue.

Processors such as the 8086
and 68000 have increased
address ranges and 16bit pro-
cessing. The high-integration
concept was introduced with
80186-series devices where
peripheral and processing
functions are integrated onto
one chip. But these features
are not, as some think, intrin-
sically 16bit attributes as
Hitachi has proved by produc-
ing a high-integration version
of the Z80.

This eight-bit processor, the
HD64180, allows all of the Z80
instructions to be used, and
some new ones. It includes a
512Kbyte address range, a
clock generator, a programm-
able wait state generator and a
semi-asynchronous refresh
generator. It also has a
memory-management unit,
two d.m.a. controllers, three
serial interfaces, extra inter-
rupt lines, two programmable
timers and control signals for
interfacing both Z80 and 6800
peripheral devices.

Described here is a high-
performance replacement for
the current SC84 processor
board using the HD64180. The
Eurocard board contains so
many peripheral functions
though that it is also suitable
for use as a complete micro-
computer or as the basis of
other multi-board systems.
The core of the design is the

processor itself so before de-
tailing the circuit, I'll give you
an overview of the 64180 —
both its good points and bad
points.

64180features

Some extensions to the normal
Z80 instructions are included
in the 64180. Most of these are
associated with the extra con-
trol registers inside the 64180
which are arranged to be prog-
rammed using some new i/o
instructions. Main additions to
the instruction set are a set of
non-destructive And instruc-
tions and a group of eight-by-
eight bit multiply functions.

Actually, the total number
of instructions is smaller than
that of the Z80 as none of the
undocumented instructions
which process the 16bit index
registers as two separate 8bit
registers appears to be ex-
ecuted by the 64180. This is
unfortunate but should not
affect most software.

What is noticeably different
is the speed at which these
instructions are executed.
Some are executed markedly
faster but all benefit from the
semi-asynchronous refresh
generator. In the Z80 a refresh
operation is appended to each
fetch of an op-code. As these
may be fetched at the rate of
1.5MHz, refreshing may be
carried out 20 times faster
than is strictly necessary.

The 64180 treats refreshes
as a form of bus request such as
might be required in a multi-
processor system. A prog-
rammable counter clocked at
the processor clock rate gener-
ates refresh requests in a semi-
asynchronous manner and
these are inserted as bus cycles
between processor or d.m.a. cy-
cles.

Tests have shown a speed
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increase of approximately 10-
15% over the equivalent Z80-
based system. This semi-
asynchronous behaviour
should be borne in mind when
debugging the processor or de-
vices driven by it as the time
taken to execute a string of
instructions is not well defined
asaresult of refresh activity.

The HD64180 has a
512Kbyte (19bit) addressing
capability and yet has an in-
struction set designed for use
in a 64Kbyte (16bit) address
evironment. It is the function
of the memory management
unit to provide the means of
exploiting the full 512Kbyte.

This could be done by simply
appending three bits from an
internal register to the 16
generated by the software — a
technique called paging — so
that there would be eight
64Kbyte pages in the memory
area.

The 64180 implements a
more sophisticated system
where the entire memory is
segmented into 4Kbyte blocks
and the 64Kbyte logical mem-
ory is then made up from up to
three independent segments of
memory. Each independent
segment is a maultiple of
4Kbytes in size and can be
located almost anywhere in
the physical 512Kbyte proces-
sor address range, the only res-
triction being that if all three
segments are in use at once,
the lowest segment must start
at the bottom of physical
memory.

This technique allows
peripheral devices with on-
board memory to be inserted
into the processor’s logical
workspace under software con-
trol rather than by the hard-
ware paging system used in
SC84. As a result devices such
as the character v.d.u. or sili-

by J.H.Adams
M.Sc.

64180-board
features

Uplo32Kbyte eprom
onboard,

286K byle zero waitstate
ram,

Decoding memory blocks.
6:144MHz clock.

Two high-speed d.m.a.
channels.

Two asynchronous serial
channels:

One synchronous serial
channel.

Two programmable timers
Burocard format,

The 64-pin c-mo3 64180
runs Z80 code and despite
being an eight bit
processor, it can access up
to 512Kbyte of memory.
Picture courtesy of

Dialogue Distribution.
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COMPUTER DESIGN

{a)

Bank base register insignificant

Common/bank area register = FF

Common 1 begins
at 0F000

at OF000

[

Common 0

00000

Examples of memory
mapping with the
64180

Section (a) shows a standard
memory map. No aperture for
bank memory is allowed so
content of the bank base reg-
ister has no significant mean-
ing. Both common areas have
a physical base address of zero
and the changeover from
common-zero to common-one
occurs at FO00. In section (b)),
a monochrome display is
mapped into the memory by
defining the base of the bank
segment at physical address
40000 and then creating an
aperture between logical
addresses 8000 and 9FFF
through which the corres-
ponding part of the bank seg-
ment can be accessed.

TFEFF
o E (b)
60000 Bank base register = 40
Colour display
50000
Ccmmon/bank area register = A8

LAQO0
Mono display
48000

Common base register=00

Common1 begins

at 0A000
Bank begins — Silicon disc 40000 — Bank begins
at 08000
) Ram on cp.u L
T board i OFFFF
/% Common1
- ----10000 ~---- t'/ 08000
08000
Common 0
00000 00000
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con disc can be made to appear
anywhere in logical memory.
Memory allocation for the
new processor board is such
that the lower 256Kbyte of
memory are provided on the
processor board and that a
select line is produced for each
of the four 64Kbyte memory
pages not catered for by this
memory. Conventional 16bit
address devices such as the

character v.d.u. can use one of

these select lines with the low-
er 16 address lines for their
addressing whereas ones such
as the silicon disc can decode
the 19 bit address bus directly
and can thus be located on any
2Kbyte boundary. Software
control of the memory is dis-
cussed later.

D.m.a.

Direct-memory access (d.m.a.)
controllers are used to transfer
data between memory loca-
tions or between memory and
peripheral devices without the
need for processor interven-
tion. The advantage of d.m.a.
as a means of data transfer is
that, as no instructions have to
be fetched or executed to make
the transfer happen, data can
be transferred at a very high
rate.

The disadvantage of d.m.a.
is that, as the d.m.a. controller
has to take control of the

address, data and control buses
during the transfer, an exter-
nal d.m.a. device requires
quite a complicated interface
when fitted to a bus-oriented
system. This disadvantage dis-
appears of course when the
d.m.a. controller is actually
within the processor.

There are two d.m.a. control-
lers in the 64180, one opti-
mized for memory-to-memory
transfers and one for
peripheral-to-memory trans-
fers. Transfer rates can be as
high as 1.5Mbyte per second.

Up to 64Kbytes of data can
be transferred in one operation
through d.m.a. channel zero.
In memory-to-memory mode
the controller can be made to
transfer that data in a con-
tinuous burst or alternately
with normal processor cycles.
The controller can transfer
data from and to any location
in the 512Kbyte memory
range and so can be used as an
alternative to the memory-
management unit when it is
inconvenient to map a device
into the logical space. During
the transfer, both the destina-
tion and source addresses can
be independently set to incre-
ment or decrement.

The same d.m.a. channel can
also be programmed to pass
data between memory and
either memory-mapped or i/o

mapped devices. In these cases
the mapped device address
does not change and transfer is
controlled by a d.m.a. request
input to the processor which
can be set to trigger a sirgle
transfer on each falling edge at
this in.put or to continue trans-
ferring while the input is ac-
tive.

Direct-access offers channel
one similar facilities for i/o
mapped transfers only. Its
programming is slightly diffe-
rent to channel zero which has
source and destination regis-
ters whereas channel one has a
memory register, an /o regis-
ter and a direction register.

These two options add to the
flexibility of the d.m.a. system.
Both channels signal the end of
the transfer by a hardware out-
put, a bit in a control register
and, optionally, by a processor
interrupt.

Serial communication

The 64180 contains three se-
rial comiaunication devices.
There are two bidirectional,
asynchronous channels each of
which can work in full-duplex,
i.e. can send and receive simul-
taneously. Each has double-
buffering, which means that
there are temporary buffers
between the receive/transmit
mechanism and the bus inter-
face so that the processor does
not have to wait for the instant
when a character has just been
sent or received.

Each communication device
has its own programmable bit-
rate generator for rates be-
tween 50 and 38 400 baud.
There are facilities for select-
ing either an external clock or
output of the rate generator.
Implementation of this feature
has an unfortunate side-effect
as, despite having 64 pins, the
64180 has to share functions
on some pins. The two pins
used for clock i/o are also used
for external control of d.m.a.
channel zero.

Presumably, this combina-
tion has been chosen since
when d.m.a. channel zero is
used for memory-to-memory
transfers only, its handsheke
lines are not used. Since d.ir..a.
channel one is available for i/o
transfers, channel zero may
only be needed for memory-to-
memory transfers and so the
clash of pin functions is avoid-
able.

Each channel has parity
checking, standard frame
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structures, error flagging, a
multi-processor communica-
tion mode and programmable
interrupts. Serial channel zero
has three hand-shaking sig-
nals. Output RTSis just a prog-
rammable bit and CTS is an
input which can mask the in-
ternal flag which prompts the
system for more transmit data.
Input DCD resets the receiver,
masking the flag which
prompts the system to read
data from the receiver buffer
and holding all error flags in-
active whatever is actually
happening in the receive buf-
feritself.

Channel one has only a CTS
input line and this pin is
shared with another function
(see Timers). As such its prim-
ary application would be as a
printer port. In this mode the
CTS line would be the control
for hardware handshaking
but, being a bidirectional port,
software handshaking (e.g. by
XON/XOFF signalling) would
also be possible.

The third port is a simple
half-duplex synchronous port.
Basically, it is just a prog-
rammable bit-rate generator,
an eight bit shift register and
some control logic. If a byte is
written to the shift register
then it is immediately shifted
out and eight clock cycles
appear on the clock pin syn-
chronous with this process.

If a byte is requested then
eight clock cycles are output
and data is clocked into the
same register. Using the same
register means that transmis-
sion and reception may not
occur at the same time and, as
there is no buffering, the sys-
tem must monitor the transmit
process and not write data to
the shift register until the cur-
rent transmission is finished.

Use of this port is comprom-
ised by the sharing of its re-
ceive data input by the CTS
line for asynchronous channel
one. Nevertheless it is of some
use as a transmit channel only,
for use with peripheral devices
such as frequency synthesizers
programmed by serial input
like the Plessey NJ88C30.

Timers

Two 16bit timers are provided.
Each has a 16bit holding regis-
ter which reloads into the
counting register every time
the counter reaches zero, and
so the timer may be used to
provide a regular interrupt.

The timer may be read as it
is counting. As the 16bit timer
has to be read in two processor
cycles the timer access is
arranged so that whenever the
lower eight bits of a timer are
read. the upper eight bits are
latched into a temporary regis-
ter which can then be read
later.

This technique prevents any
errors which might occur
should the counter go through
a multiple of 256 in between
the two eight bit accesses. In-
terrupts are available for end-
of-count indication. The timers
are clocked at one twentieth of
the system clock frequency,
which gives a lowest end-of-
count frequency of about 5Hz.

One of the timers can toggle
an output pin and so act as a
programmable signal gener-
ator. Unfortunately this is
another shared pin and its
second function as an address
line is not available in this
design.

Interrupts

The 64180 includes all of the
interrupt facilities associated
with the Z80, and some new
ones — 12 in all. Seven inter-
rupts are associated with
peripheral functions already
described. Two more maskable
hardware interrupts are pro-
vided through external pins.
These nine functions operate
in interrupt-mode two, an in-
ternal register pointing to a
18byte relocatable table of
service-routine addresses in
the processor interrupt-vector
page. Two more interrupts are
the Z80-like iNT and NMm1.

The last is TRaP which is an
interrupt generated by the pro-
cessor itself. This particular
trap is triggered whenever an
undefined op-code is fetched,
the action being to make a call
to logical address zero. This
function can be used to provide
extra protection against cod-
ing errors or to provide user-
defined extensions to the in-
struction set.

When a Trapr occurs the
program counter is pushed
onto the stack and bits in a
control register are set so that
the system can determine that
this was a trap and not just a
hardware reset, and how far
into the op-code fetch that the
error was detected. This latter
feature is necessary as the
error may only become obvious
after the second or third fetch
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Bus connector signals

RowA  Pin Row C
number

GND 1 GND

+5 2 +5

D, 3 S

D, 4 INT2

D. 5 INTT

D, 6 INTO

D, 7 NMi

D., 8 HALT

Dy 9 ME

D, 10 10E

Ay 11 RD

Ay 1 WR

A, 13 WAIT

A, 14 BUSRQ

As 15 BUSAK

A, 16 RESET

As 17 LiR (MI

A, 18 E

Ag 19 DREM

Ag 20 DREQO

Aio 21 REF

Ay 22 SELTRAK

Asp 23 -

A 24 TEND1

Aga 25 TENDO

Ajs 26 PAGE4

Aie 27 PAGES

Aig 28 PAGEB

Ay 29 PAGE7

+12 30 ~12

+5 31 +5

GND 32 GND

* addresses xxEC to xxEF

Function

processor status
maskable interrupt
maskable interrupt
maskable interrupt
non-maskable interrupt
processor halted
memory enable

i/o enable

processor reading
pProcessor writing

reguest for proc. wait
request for proc. bus
processor bus relinquished
2015 reset pulse

proc. fetching an op-code

proc. is using data bus
d.m.a. requestto.cont:?

d.m.a. requestto cont. 0
memory refresh cycle
i/o strobe fromi/o board*

unused
tastd.m.a. transferonch. 1

fastd.m.a. transfer onch. .0
address 4xxxx i decoded
address 5xxxx g decoded
address 6xxxx {¢ decoded
address 7xxxx g decoded

and so some means of knowing
how far back the program
counter needs to be stepped is
required.

Timing and control

Various system timing facili-
ties are provided on the 64180
chip. First is a clock generator.
This runs at twice the system
clock frequency, the latter
being available on a buffered
output. As the system clock is
often used as the timebase for
the serial channels, it is advis-
able to pick a frequency which
provides standard data rates
on division. For a 6MHz pro-
cessor this usually means a
12.288MHz crystal.

As with the 780, an extra
walit state 1s inserted into Vo
cycles. Over and above this the
processor may be programmed
to insert up to three extra cy-
cles in all memory functions
and, independently, up to
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Refresh cycle timing
showing how ME is used as
the d-ram row-address
strobe signal.

General c.p.u. timing.

Previous articles

SC84’s original ¢.p.u. board
described in the May 1984 issue,
pp-37-40 & 51, uses a Z80
microprocessor and 64Kbit
dynamic rams. Further articles
were

Disc and i/o board, June 1984 pp.

39-42

V.d.u.board, July 1984 pp. 31-34
& 64-66

Power supply, September 1984
pp. 39-41

Construction, September 1984 pp.
51-53 & 63

Bubble memory, September
1985 pp. 32-33

Silicon disc, October 1985 pp. 35-
36 & 93

Eprom programmer main
circuit, November 1984 pp. 43-46
Eprom programmer p.s.u.,
December 1984 pp. 51-55

Eprom programmer software.
February 1985 pp. 33-36
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System
clock

Address lines

(MREQ), ust

=

ed as RAS

AL
_

|

-—»'4—»—1—1———>|<——~T

Address lines

ME (MREQ), used as RAS

i an Wiian ilian Wi

Inverted RD line,used as W during read cycle

[ |
_\

Inverted RD line, used as Wduring read cycle

Inverted E, used in derivation of CAS

—

I

I

three extra cycles into all i/o
functions.

This is one area where the
64180 and Z80 differ as, im-
mediately after reset, the Z80
runs with no extra wait states
whereas the 64180 runs with
three. This can be quite alarm-
ing if one is expecting the
64180 to outstrip a Z80B!

Refresh cycles are normally
two microcycles long but these
may also be programmably ex-
tended, or suppressed all
together. Note that the 64180
provides eight-bit refresh ad-
dresses and that refresh cycles
may actually occur in the mid-
dle of multi-byte instructions.

Note also that the refresh
address is incremented on ev- .
ery refresh cycle not on every
instruction fetch. This means
that if some condition occurs
which suppresses or delays the
granting of a refresh opera-
tion, the refreshing addresses
are still in sequence.

The R register functions as
in the Z80, incrementing on
every op-code fetch. As such it
may run out of synchronisa-
tion with the refresh address
but, more importantly, is still

available as a pseudo-random
seed for software such as Basic
interpreters which rely on it
for functions such as rRanDO-
MIZE.

Externally, the 64180 has
two extra control lines. Signal
st is driven low during the
fetch of the first byte of an
op-code, during all types of in-
terrupt acknowledge, during
iiALT and during internal
d.m.a. operations. Output E is
a signal which is driven high
during periods when the data
bus is expected to be driven. Its
intended function is to allow
6800 and 68000 peripheral de-
vices to be easily interfaced.

Several limited modes of op-
eration are possible with the
64180. The common one with
the Z80 is HALT mode where
the processor cycles waiting for
an unmasked interrupt or
hardware reset. The SLEEP
mode is a new function which
discontinues most processor
activities, except for the inter-
rupt structure and the on-chip
i/o functions.

An alternative mode is 108-
Top where the processor con-
tinues but the on-chip i/o and

timer facilities are shut dewn
Mode sysTEM srop is a com-
bination of these two modes in
which power consumptior. is
reduced from 75 to 20mW.

To exit from 10sT0r it is only
necessary to reset a bit in a
control register. To exit from
modes involving sLEEP the
usual exit is through a reset or
an interrupt. In the latter case
an interesting option is offered
in that if the global interrupt-
control bit is reset and an indi-
vidual unmasked interrupt
occurs, then execution im-
mediately proceeds to the in-
struction following the snLewp
one. This must give the possi-
bility of almost the fastest ric-
roprocessor interrupt re-
sponse.

Inside the 64180 there is a
64byte register block used to
control all peripheral and sys-
tem functions incorporated in
the processor. These are acces-
sed by i/o instructions which
output zero on the upper half of
the i/o address bus.

The register block may be
relocated into any 64byte
boundary in that i/o page, the
default being zero to 0003 F .
Single and multi-byte i/o in-
structions which implicitly ac-
cess these registers are pro-
vided. An internal i/o opera-
tion activates the external con-
trol lines but without any prog-
rammed wait states.

Not all aspects of the 64180
are positive. There are some
odd timing skews which make
the 64180 less than straight-
forward to apply in circuits
containing Z80 peripheral
chips. The first timing problem
is during the return from Z80
interrupt, i.e. during the fetch
of op-codes for the RETI inster-
uction.

Although it is not docu-
mented, it is apparently neces-
sary that the LIR control
signal (M1 on the Z80) be high
at the start of the fetch of the
second op-code byte in order
that the code will be recog-
nized. In this way, the internal
‘in-service’ flag for that par-
ticular interrupting channel
will be reset and the internal
and external priority chain
will be settled correctly.

The Z80 provides for this
whereas the 64180 uses the
clock edge which signals the
start of the fetch to drive the Lir
line low. There will be a delay
before the LIk line actually
goes low at the peripheral’s M1
pin and this may match the
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hold time of the peripheral; but
this is a close race and may
cause problems unless LIR is
actively delayed.

There also appears to be a
problem associated with the
handling of this return-from-
interrupt mechanism while
the d.m.a. controller is active.
The cause of this is not clear
but may be associated with the
interruption of the fetching of
the two byte RETI instruction
by ad.m.a. cycle. This seems to
make the peripheral device
skip the resetting of the inter-
rupt sequence.

Neither of these problems
affects the MK3801 used on
the i/0 board as it is an asyn-
chronous device which is prog-
rammable for a mode where
the in-service flag is reset im-
mediately after the interrupt-
acknowledge sequence.

Delay between the address
bus being set up and ME (the
780 MREQ) becoming active is
very short. At 6MHz it can be
as short as 10ns and after re-
setting or a return from a
BUSRQ sequence it may be
—~15ns, i.e. ME becomes active
before the address is stable.

Dynamic and pseudo-static
rams often use ME as RAS and
this close timing may cause
problems. On reset, access is
normally made to static mem-
ory (a rom) and so this does not
matter.

Experience with 4 and 6MHz
devices has shown that the
address is set up typically 60ns
before ME is driven low so with
the delay through address
multiplexers and the minimal
set-up time required for row
addresses, no correction should
be needed, even after a BUSRQ

sequence.

When asynchronous chan-
nel zero is programmed for in-
ternal clock mode and the pro-
cessor enters the sLEEP mode,
the pin which can be the d.m.a.
request input line for channel
zero functions as an output
irrespective of the program-
ming of the line.

This could result in damage
due to both the processor and
the external d.m.a. driver
trying to drive each other. It
can be avoided by connecting a
current limiting resistor be-
tween the two.

The final problem is that
when the timer output pin is
used instead of as Az, noise
spikes of various amplitudes
can occur as address lines
switch. ]

Operation of the board is dis-
cussed next month. A Eurocard
p.t.h. board for this micro-
computer will be available to-
ward the end of July at £19
inclusive from Combe Martin
Electronics, King Street, Com-
be Martin, North Devon EX34
0AD.

BOOKS

Newnes Radio and Electronic
Engineer’s Pocket Book 16th
edition, by Keith Brindley.
Newnes Technical Books, 170
pages, hard covers 95mm by
196mm, £5.50. Fact-packed vade
mecum for the engineer. A few
examples picked at random from
its contents are tables of ST units;
conversion factors; physical laws
and formulae; BS component and
diagram symbols; data on common
diodes and transistors; pinouts of
logici.cs; glossaries; the phonetic
alphabet and the international Q
code; radio emission designation;
world time differences; and details
of UK broadcasting stations.

Land Mobile Radio Systems
edited by R.J. Holbeche. Peter
Peregrinus Ltd for the Institution
of Electrical Engineers, 229 pages,
hard covers, £28 in UK, £30
elsewhere. Contributors are
drawn from Philips, British
Telecom, the DTI and the
universities. Chapters cover
fundamentalsof v.h.f.and u.h.f.,
propagation in urban areas, aerial
and base-station design,
modulation methods (including
the newer ones), data systems,
regulatory control in the UK,
paging, the telephone network and
radiophones, trunked systems and
cellular radio.

The text is reproduced from
typescript, with some diagrams
and formulae entered by hand.

The Mobile Communications
Guide 1986 edited by Adrian
Morant. IBC Technical Services
Ltd (56 Holborn Viaduct, London

EC1A 2EX), 120 A4 pages, soft
covers, £25. The current radio
communications scene in the UK
issurveyed in a score or so of
articles contributed mainly by
industry sources. Topics covered
include p.m.r., voice messaging,
data services, community
repeaters and of course cellular
telephones (with marketing men
from both sides explaining why we
should choose theirs). An
extensive directory section lists
products and suppliers.

Wiring up the Workplace by
Roger Camrass and Ken Smith,
with a foreword by Prof. Bryan
Carsberg of Oftel. IBC Technical
Services, 172 A4 pages, soft covers,
£55. Practical handbook on
implementing the new office
technologies, aimed at corporate
planners and managers. How to
assess your communications
needs, how to evaluate different
network technologies and future
trends, how to plan power supplies
and wiring schemes and so forth.
Plenty of realistic-looking advice.
Nine out of ten times, say the
authors, your network will
malfunction during initial tests,
and will take many weeks beyond
the time of going live to be sorted
out. The cost of a typical high-tech
office system is reckoned to be
about £10,000 per worker.

Advanced Signal Processing
edited by D.J. Creasey. Peter
Peregrinus Ltd for the Institution
of Electrical Engineers, 297 pages,
hard covers, £33 in UK, £36
elsewhere. Proceedings of an
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international seminar held at the
University of Warwick in
September 1984. Aspects of radar,
sonar and communications are
examined in 33 contributions from
government research
establishments, industry and the
academic world. A few examples:
diversity techniquesin
communications receivers;
acousto-optical receiver
techniques; digital filters; c.c.d.
processors for sonar; designing in
silicon; biological echo-ranging
systems; satellites; display
ergonomics; very high
performancei.cs; the Ada
language; speech processing and
recognition; real-time image-
processing.

A Practical Reference Guide to
Word Processing on the
Amstrad PCW8256 and 8512 by
F.A. Wilson. Bernard Babani
(Publishing), 181 pages 195mm by
263mm, soft covers. Amstrad’s
own user guide is notoriously hard
going and so this book should find
aready market. The text is a good
advertisement for these low-cost
systems: it was prepared camera-
ready on an PCW8256. It’s easy to
follow and explains many useful
tricks. But an index would have
been helpful.

The Radio Hacker’s Code Book
by George Sassoon. Duckworth,
239 pages, soft covers, £6.95. The
somewhat flip title creates the
impression that thisis merely a
directory of code-words, which it
isn’t. It begins with a practical
guide to receiving confidential

data transmissions on the short
waves, with much detailed
information on modulation
methods and signalling protocols,
and suggested methods of
implementing themona
microcomputer. Then follows a
consumer’s guide to codes and
ciphers, describing principal
varieties from far back into
classical antiquity and even
biblical times, via Enigma, right
up to the RSA public-key cipher of
the presentday. Weak points of
each code are pinpointed; and
possible approaches to breaking
them are in many cases illustrated
with listings in Basicand Z80
machine code. Asone reads, an
aura of mystery starts to surround
the author, who plainly knows a
good deal more even than the very
considerable amount he tells us.
What little the publisher’s blurb
says about him sounds rather
implausible.

Anintriguing and very
worthwhile introduction for the
would-be cryptographer or
cryptanalyst. There is an
extensive bibliography.

Op-Amps,second edition,bydJ.
Brian Dance. Newnes Technical
Books, 102 pages. soft covers,
£4.95. Recipe book for the
constructor, covering a variety of
i.c. types including some of the
newer fet-input devices and op-
amps for audio. Programmable op-
amps such asthe RCA CA3440 get
amention, but there is no sign of
the chopper-stabilized sort
(ICL7650 etc.) except in the
glossary at the end.
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FEEDBACK

ELECTROLYTICS
AND DISTORTION

Lam grateful to Mr PowelltEWW
May 1986) for pointing out to those
who may not have realised it that I
am silling on a fence over the use
of specific kinds of capacitors, or
none, in audio circuits. [ think that
thisis an objective attitude to
adopt in the light of what has been
published so far in magazines,
perhaps also in professional and
technical literature, to which Ido
not have access. But yes, like Mr
Self, I would require really
sophisticated listening tests to
accept the capacitor limitations
spoken of by some, though my
experience of amplifiers is neither
that of Mr Self nor of Mr Powell.
But I do know “different” from
“better”, and I can enjoy variety
and choice in sound!

Scientific attitudes and
experimental findings which
seemed unchangeable may have
their human limitations, as has
been commonly found through the
centuries. With this relatively
recent recognition it is surely
appropriate in these times to
remain agnostic until there isno
reasonable present doubt after
effective enquiry on points at
issue? And to make decisions for
practical purposes on best
available evidence, but which are
recognised and admitted tobe a
matter of personal choice, and
therefore possibly prejudiced.

My main objective in writing the
letter of February 1986 was to
make engineers aware, if they are
not already, that there are also
other criteria than engineering
technicalities in human
appreciation of reproduced sound.
So when one isdealing witha
technical manipulation of an art
form it is essential to remember
that one of the most basic human
pleasures and needs is social
communication in the widest sense
—forgive the pun! What Mr Powell
and I have both illustrated in
different ways is that perfect
received quality is by no means
essential for such communication
to occur meaningfully, as
information theory confirms.
Though I agree that the less the
imperfections within detectable
limits the easier it may be for some
to become deeply involvedin what
isbeing, perhaps unwittingly,
communicated, and I count myself
among these.

I have certainly learnt from the
contributions of Mr Self and
others, though perhaps not always
what they might have wished. Not
everybody demands or recognises
perfection, except perhaps
professionals and the luxury
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market, where self-delusion seems
widespread, and for want of
realistic appraisal and self-
criticism is too often encouraged
by those who will gain most from
it. And that is my view of the hi-fi
market, where there need be little
easily detectable difference to
most ears between an expensively
packaged and a much more
moderately priced set-up.

So to accept market criteriaasa
substitute for good fundamental
research results as Mr Powell
seems to want todo appears tome
to be setting up for the future
another one of those reappraisals
of accepted attitudes which would
be better carried out now, but
which, if market directed, will not
be until the present sale initiatives
are becoming exhausted,
incidentally causing increasingly
entrenched and bitter attitudes.

The possibly ironic aspects of the
approach to absolute perfection of
my earlier letter seem to have
bypassed Mr Powell, whois
probably obsessed with perfection,
as amplifier designers have been
for decades. Earlier salesdrives
seem to have been responsible for
the introduction of this persistence
into the public mind, fostered by
designers as well as sales staff.
Will capacitor types be equally
widely and deeply lodged? We
shall do well to examine and re-
examine attitudes, both technical
and human!

David White,
Gwynedd

I was interested toread Mr
Powell’s reply to my letter, on the
vexed subject of ‘capacitor
distortion’, in the May 1986 issue.
It is refreshing to hear from a hi-fi
manufacturer on the topic rather
than reviewers.

Ido not think Iimplied that
there was any special value in
implausible theories in this field.
On the contrary, a plausible theory
isalways a tool that can be used
with more confidence. The
disabling difficulty that the
‘Subjectivist’ schoo! of audio
labours under is that in general it
has no theories at all. It is along,
long, way from producing a
hypotheses, such as “capacitors
must affect the sound that goes
through them” to constucting a
theoretical mechanism that
predicts some effect on electrical
waveforms, an estimate of the
magnitude of this effect, and
proposes some means of
measurement that would confirm
this. One aspect that is almost
always painfully obviousin its
absence from subjectivist musing
is a before-and-after waveform
diagram, indicating just what sort
of damage a typical waveform

would suffer. In my more cynical
moments [ sometimes think that
this is because such explicit
information would render the
demolition of a cherished theory
all too easy if it happended not to
be true. Keeping your hypotheses

woolly is, sadly, an effective way of

deterring serious critics.

To deal with Mr Powell’s
detailed points in order, it would
be a nice tidy world if amplifier
manufacturers (or indeed
manufacturers of anything) could
count on profits that increased
with the quality of their product.
Inthe case of audio in particular,
this seems a claim fraught with
difficulties, bearing in mind that
the majority of the paying public
buy relatively inexpensive
systems that cause hi-fi reviewers
to shake their heads more in
sorrow than in anger. One could
even postulated that if there were
no subjective differences between
competently-designed amplifiers,
then manufacturers with aneye on
optimizing their sales might be in
some difficulty.

Asto what Mr Powell calls my
“implausible depolarization
theory,” here I must protest. It is
not implausible; it is the cold
truth. Anyone with a distortion
analyser and an oscilloscope can
prove to himselfthat the effect is
exactly as I described. Perhaps Mr
Powell hasnot tried the
experimental himself. Whether
depolarization or dielectric
absorption is the primary culprit I
leave as an open question; once
more [ invite a capacitor
manufacturer to enlighten us to
this point. It is quite true that my
view of the mechanism involved
leads me to suppose that capacitor
action at low levelsis effectively
perfect in audio coupling
applications.

Asto verifying this at microvolt/
nanoamp level. [ have a few ideas
on how this may be done, though I
am not so naive as to suppose that
even the clearest demonstration
would lay the subject torest. For
the moment [ simply remark that
the vast majority of, if not all,
microphone preamplifers use
input coupling capacitors and one
would suppose that any possible
capacitor crossover distortion, or
‘granularity’ as it is sometimes

_called, would be mercilessly

exposed by signal levels which are
often aslow as —80dBu (about 70
microvolts). am prepared to state
categorically that in my
experience such is not the case.
Finally, to the mangling of
music. [t is true, as Mr Powell
points out, that either severe
phase distortion or linear low-pass
filters will affect music without
obviously impairing a suitably-
chosen sinewave. (The filter is

actually irrelevant as my letter did
specify a sineware anywhere in the
audioband) I wasof course
discussing non-linear distortions,
and so Mr Powell’s point hardly
seems worth making. Just for the
record, it is well established that
phase distortion of speech is
undetectable until the 5-8kHz
band isdelayed by at least 5m$
with respect to the 1-3kHz band,
and the lowest octave (50Hz) zan
be delayed by more than 70m$.
Since it would be a truly
outrageous hypothesisthat
claimed that such an effect was
possible inside a capacitor, I think
that this point can be left there.
Both phase distortion and
unsuspected low-pass filters would
of course be instantly exposed by
simple square-wave testing.

In conclusion, Icanonly say that
there is still no objective evidence
that capacitors arein any way
audible. However, one last
thought. Back-to-back capac:tors
may or may not undergocyclic
depolarisation in a strict electro-
chemical sense, but they dd
generate distortion of the kind I
have described in my previous
letter. One hopes that Mr Powell
might feel impelled to try some
actual experiments on the subject.
D.R.G. Self,

Bow,
London E3.

Havingread reviews of audio
amplifiers attributing more
musicality, depth, bass control etc.
to some and not to others and now
the correspondence in this
magazine about the sound of
capacitors, I recently carried out
some practical tests. Various
amplifiers were obtained, ranging
from those classified by the hi-fi
press as ‘very good’ down to ‘cannot
be recommended’ (None of my
friends was able to lend me a really
prestigious ‘excellent’ amplifier)

A relay with four-pole, two-way,
gold-plated contacts switched the
stereo input signals and earths
between pairs of stereo amplifiers,
and potentiometers were provided
exactly to match all four outputs at
1kHz. A similar four-pole relay
was used to switch the outputs to
the speakers, which were either
Spendor BClsor Gale 401s. All
connections were of equal ler gths
for all the amplifiers and made
with good quality wire.

Listeners took the stereo seat
and at their leisure switched
between pairs of amplifiers. They
were asked: 1. can you heara
difference? and 2. what difference?
The relay switch was marked A
and B and the amplifiers 1 ard 2
and they could be swapped, but it
turned out not to matter as no one,
young or old, could hear any
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difference between competently
designed power amplifiers. A drop
of 2dB at 20kHz was just heard by
some and the difference in the
sound between the others and the
‘not recommended’ amplifier was
just audible but not marked.

Nodoubt it will be said that the
input signal, from various CD
players, and also white noise, did
not provide the subtle nuances
that excellent amplifiers pass but
others ignore, and that long-grain-
orientated wire should have been
used as well as more awkward
loudspeakers. Well, if someone
will lend me these I shall be happy
to repeat the tests and report the
results.

What I found most interesting
was that we had compared some of
these amplifiers before by
changingover all the connections
and setting the levelsby earand
had then ourselves attributed to
them different quantities of
musicality, depth, bass control
etc., so it turned out to be a shock
when they all sounded the same.
A. Halfhide,

Cambridge.

MATHEMATICAL
RAKE’S
PROGRESS

Where sine functions are
concerned, Ivor Catt behaves like
the proverbial hen with its beak to
achalk line. Witness his
statement (A mathematical rake’s
progress, January issue) that ‘the
sinusoidal wave, whichisa
camouflaged circle, is Ptolemy’s
pure circular epicycles fighting
back against Kepler’s less pure,
...ellipse’. Now if you take a plumb
bob, move it away from its rest
position, and push it in a direction
which misses the rest position, its
subsequent motion is described by
the two sinusoidal expressions

x=a.sin(wt+e¢)
y=b.sin(ot+¢)

which define, of all things, an
ellipse! Only in the degenerate
special case where aand b are
equal and the phase difference is
exactly 7/2 does thisbecome a
circle. Of course the variation of
velocity of the plumb bob round its
path doesn’t match that of a planet
round its orbit, but then the sine
functions appear because the bob
experiences a force towards its rest
position proportional to its
distance from that position,
whereas a planet experiences a
force toward the sun inversely
proportional to the square of its
distance from the sun.

Ivor Catt’s chalk line traces out

acircle round which a point moves
uniformly, so that the projection of
its motion on a diameter varies
sinusoidally. Unfortunately
students can be left, as he appears
to have been, with the impression
that this definition provides a full
understanding of the nature of
sine functions.

Three factors in combination
account for the importance of the
sine function in physics and
engineering. They are
@ the behaviour of any network of
linear lumped components can be
represented by a linear
differential equation. The
‘complementary function’ of such
an equation of order n is the sum of
nterms, each of which is the
product of a sine function and an
exponential, the frequencies and
the multiplying constants in the
exponents being defined by the
coefficients of the derivativesin
the equation
@ if a sinusoidal driving voltage is
applied to the network all the
currents and voltage which it
generates vary sinusoidally at the
same frequency.

@ any driving voltage within
reason can be expressed by a
Fourier series or a Fourier
transform as a sum of sinusoidal
components.

Mr Kennaway's comments (May
Letters) are also misguided. Why,
ifthe Fourier transform of a single
square pulse can represent the
zero level before the pulse arrives,
should the calculated output
which it generates when applied to
alow-pass filter begin before the
leading edge of the pulse arrives?
Asfor his remarks about partial
differential equations, a
mathematician may be satisfied
with the general solution of the
one dimensional wave equation,
but this solution is not of much
help to the physicist or engineer
who wants to find asolutiontoa
specific problem, and must take
boundary conditions into account.
By diving ‘straight into separation
of variables, superposition and
Fourier transforms’ the writers of
those physics and engineering text
books showed that they knew

exactly what was required of them.

C.F.Coleman,
Grove,
Oxfordshire

INTENTIONAL
LOGIC SYMBOLS

Theold truth that the best way to
learn a subject is to teach it hit me
after you published my letter in
July 1982.

Afriend drew my attention toa
book on the history of computing
by Herman H. Goldstone in which
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hereveals that the simple and
self-explanatory logic symbols
that I was advocating had been
invented by John von Neumann.
Ifany civil servantsin the
British Standards Institute are
considering the long-festering
problem of showing the functions
oflogic circuits symbolically, they
could hardly do better than to go
back to these early and elegant
symbols and to elaborate on them
aslittle as possible.
John C. Rudge,
Harlington,
Middlesex

TRASHPUSHERS

Ivor Catt’s labelling of
contemporary physicists and
engineers as “maths pushers”
(E&WW January 1986) was
disputed by Richard Kennaway
(Feedback, May 1986). The latter
correctly demonstrated that
“physicists and engineers do not
suffer from too much mathematics,
but from too little, and too little
understood”.

In fact, the situation is much
worse: what these people push is
not merely incomplete or slightly
inaccurate maths, but (whenever
it suits their needs) it is patently
incorrect maths. This was attested
by aleading “maths pusher”, Paul
Dirac, who in 1975 felt obliged to
declare:

‘Most physicists are very

satisfied with the situation.

They say “Quantum

electrodynamics is a good

theory, and we do not have to
worry about it any more.” I must
say that I am very dissatisfied
with the situation, because this
so-called good theory does
involve neglecting infinities
which appear in its equations,
neglecting them in an arbitrary
way. Thisis just not sensible
mathematics. Sensible
mathematics involves
neglecting a quality when it
turns out to be small —not
neglecting it just because it is
infinitely great and you do not
wantit! (P.A .M. Dirac,

Directions in Physics, John

Wiley & Sons, 1978, p 36).

Yet these people, instead of
being exemplarily penalized, are
scandalously awarded promotions
and prizes—even Nobel prizes.

Actually the situation iseven
worse. What these people push is
not only incorrect maths; when it
suits their needs, they also push a
badly confused set of ambiguous or
meaningless concepts; an
extraordinary collection of
dubious or false theories: a
blatantly sloppy and fallacious
“logic”; and a dismally erroneous
epistemology. All these

allegations have of course been
substantiated, to a small or great
extent, by such eminent critics as
Alfvén, Brilloin, Dingle, Essen,
Landé, etc., not to mention the
scores of less eminent ones.

To call these people “maths
pushers” would indeed be a nice
compliment to them —and a
libellous slander to the genuine
mathematicians. These people
deserve tobe labelled what they
really are: trash pushers. And they
should be held responsible for the
harmful effects of their reckless
actions: obstruction to progress
and a stupendous waste in
resources.

T.Theocharis,
Southfields,
London SW18

CABLERADIO

When I drive north through the
Dartford Tunnel, Wrotham v.h.f.
f.m.fadesout once inside the
entrance, as might be expected,
but when I drive south, it doesn’t —
IcanhearRadio 4 all the way
through.

Can any of the learned
gentlemen who read Wireless
World suggest why this might be
$0?

W.Blanchard,
Dorking,
Surrey

We are at present conducting an
experiment to extend the coverage
of BBC v.h.f.-f.mradio services to
the southbound carriageway of the
Dartford Tunnel. The three
national radio services
transmitted from the nearby high
powered station at Wrotham, and
BBC Local Radio services are
received, amplified and
retransmitted into a “leaky” feeder
installed along the length of the
tunnel.

Because the signals radiated
inside the tunnel, from the leaky
feeder, are on the same frequency
as those receivable outside the
tunnel, motorists should be able to
continue listening on v.h.f.-f.m.
without adjusting their sets when
entering or leaving the tunnel.

We hope, if this experiment
proves successful, to be able to
extend coverage to the northbound
tunnel as well. However, this is not
likely to be done for about 18
monthsto2 years-asthistunnel is
at present being refurbished.
Henry Price,

Asst. Head, Engineering
Information Department,
BBC

Forafurther note on radio beneath
the waters, see our report on the
recent MRUA conference(page 17,
June1986). Ed.

23



AN ENGINEER’SLOG

By J.L. Linsley
Hood,
M.LE.E.,M.I.M.C.

Anengineer’s log-
moisture measurement

Problem —solving in the industrial
electronics environment, taking moisture
measurementina moving web as an

example.

here are snags, it is said,

I with everything, and I
think that most electro-

nics engineers working in
manufacturing industry would
ruefully agree that this was
conspicuously true for their
jobs. For a start, one must’
choose between being an ‘in-
strument engineer’, which will
not involve very much original
electronic design work, but
will largely consist of tracking
down, and installing, appro-
priate pieces of commercially
available hardware, or being
an ‘instrument development
engineer’, where one would
normally work in some re-

Fig. 1. Possible layouts of
electrodes. Loose material
could use method at (a),
while for surface
application, method (b) can
be used.

Fig.2 Electric field pattern
produced by electrode
layout of Fig.1(b).
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search or development labora-
tory.

If one chooses the latter, in
say, some chemical or indust-
rial manufacturing plant, one
is likely to have a great deal of
personal autonomy in the de-
sign field, as one of the few
local experts in one’s chosen
line of activity. However, one
is then likely, as an odd boffin
of unusual skills, to have cut
oneself off from any possible
promotion ladder apart from
that short path leading to the
management of one’s own
small section in an environ-
ment filled with salesmen,
accountants, and chemical and
industrial engineers. Yes, I
know that modern industry
tends also to embrace special-
ists in other fields, such as
systems analysts or market
psychologists, but they are
likely to be nearer the hub of
management, and more likely
to be noticed, than an electro-
nics engineer working on ab-
struse problems in some re-
mote out-station.

A further, slightly more sub-
tle, problem is that, even in
these days, electronics en-
gineers with industrial or
manufacturing experience do
not find it too hard to get other
jobs, unless they are no longer
young. This means that one
will find useful young staff
being tempted away, the re-
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sulting vacancies then being
left unfilled by an unaware
management, who are princi-
pally anxious to keep their tot-
al head count as low as possi-
ble. In my own experience the
so-called ‘natural wastage’ has
a high incidence among young
engineers in all industrial
electronics labs, with the high-
er salaries and more secure
prospects offered by govern-
ment employment being the
principle lure.

The final snag — though one
may not always see it in this
light — is that one is never
likely to be asked to solve any
process problem unless it is a
very difficult one! If it was only
fairly difficult, the chances are
that there would already be
some commercially available
equipment which would meet
the need, without incurring
the cost and time penalties of
the development of a new in-
strument, from scratch.

Of course, it is always possi-
ble that one’s manufacturing
plant produces some product of
a very specialized nature, for
which the potential sale of pro-
cess instruments, of a kind
necessary to solve its singular
problems, is too small to
attract the interest of comrmer-
cial instrument manufactur-
ers. However, one can see that
there are snags with that
situation too — if only beczuse
there is unlikely to be any
useful amount of background
literature upon which one can
draw for guidance or inspira-
tion.

Apracticaiexample

Looking back on my two years
as an instrument development
engineer, and the various
kinds of instrument which we
evolved, I think that the prob-
lems of the measurement of the
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moisture content of a
continuous-flow product illus-
trate most fully the nature of
the tasks which have to be
done. In the particular case of
one of the products made at my
own place of employment — a
continuous, tranparent web of
regenerated cellulose film,
used for packaging and adhe-
sive tape applications — the
actual water content was fairly
critical, and was required to lie
within the range of 6.5 — 7.5
percent, by weight, if the film
was to avoid the problems of
brittleness or limpness.
Because of the glossy, but
easily marked surface of the
web, and the high speed at
which it was produced, it was
desirable that one should not
touch the moving surface, and
for reasons of manufacturing
technology, the film contained
other ‘softening agents’ homo-
logous to water, of which the
quantity was not normally pre-
cisely known. Finally, since
the material was typicaily only
some 25 microns thick, there
was not a lot of material to
measure in the first place.

Possible methods

The methods which are avail-
able for this type of measure-
ment would be based, general-
ly, on some detectable physical
change which was related to
the water content. Ideally the
measuring instrument should
be non-contacting, and its out-
put reading unaffected by
other parameters. Possible
approaches include electrical
conductivity, specific heat,
infra-red absorption, dielectric
constant, dielectric loss and,
bearing in mind the reasons for
the need to know, physical
stiffness.

There were, I admit, several
moisture-measuring instru-
ments on the market at the
time that this work was com-
missioned, intended for in-line
measurements on fast moving
webs, but these were aimed at
the much larger sheet paper
market, and did not perform as
well as was desired when used
for regenerated cellulose film,
which was much thinner, and
of a more complex physical
composition. The reasons for
this performance shortfall
were not known at the time,
but it was hoped that an in-
strument could be developed
which would be more accurate.

Some of the physical phe-

nomena listed above could be
dismissed from consideration
without further ado. Into this
category falls electrical con-
ductivity, since, although it is
directly related to water con-
tent, it is also greatly influ-
enced by the presence of ionic
solutes. Indeed, the very low
conductivity of pure water is
used as the basis for the deter-
mination of the purity of distil-
led or deionized water.

Since, in the case in point as
in most other likely applica-
tions, the presence and propor-
tion of ionic contaminants
(which only need to be present
in trace quantities to affect the
result) could not be deter-
mined, conductivity could be
dismissed as a possible basis
for a working instrument.

Ionic conductivity, since it is
dependent on ionic mobility,
which is related to viscosity, is
also strongly temperature-
dependent, a further practical
objection. These same objec-
tions would apply equally to
the measurement of dielectric
loss, though this, at least,
could be made non-contacting,
and therefore free from the
problems of contact resistance.

With very thin material, the
determination of specific heat,
perhaps by way of a measure-
ment of the ability of the mate-
rial to transfer heat from one
place to another, would be dif-
ficult, but not impossible. One
might envisage an approach in
which the extent of cooling
which was required to main-
tain a following path roller, at
a temperature differential of
1°C lower than a preceding
one, was measured. The likely
problem here would be the con-
tribution to heating or cooling
made by the ambient air condi-
tions.

Infra-red absorption techni-
ques would provide an ideal
answer, and have been ex-
ploited commercially. The dif-
ficulty here lies in the thinness
of the measured material. The
most commonly chosen
measuring wavelength, of ab-
out 2.8 microns, is associated
with a rather weak absorption
band and although sensitive
and inexpensive IR photocells
are available, which will oper-
ate at room temperature, it
does not give a very strong
absorption, even with compu-
ter enhancement.

This problem arises because
a 2.5 cm diameter [R measure-
ment beam, normal to the sur-
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face of the web, would inter-
cept only some 19 microgram-
mes of water in the 25 micron-
thickness web within its path.

The alternative usable
wavelength, in the 6.05 — 6.1
micron region (any good IR
spectrophotometer will speedi-
ly identify the useful
wavelengths within the target
material), although highly
sensitive to the presence of
water, and not just -OH
groups, suffers from the twin
snags of expensive and com-
plex photodetector systems,
and high absorption by atmos-
pheric moisture within the
measuring path. Nevertheless,
it is a sensitive technique for
thin materials, and is ex-
ploited commercially.

The use of a dynamic stiff-
ness measurement is an intri-
guing possibility, in that the
parameter measured would be
directly related to the quality
in the material which it was
desired to control, so that an
increase in water content
might be permitted to offset an
inadvertent shortfall in the
proportion of added glycol or
glycerol type softening agents.
Such a measurement might,
perhaps, be made by contriv-
ing a pulsating air jet to be
directed at one face of a travell-
ing web of film, and then
measuring the extend of the
synchronous deflection of the
other face.

The measurement of dielec-
tric constant (K), is, super-
ficially at least, an attractive
approach to this type of in-
strumental determination,
since free water has a very
high value of dielectric con-
stant, of about 80 at 20°C,
whereas cellulose is only of the
order of 5-6.

However, one should be
wary of the effect of other ing-
redients in the material under
test. For example, glycerol,
which is a likely softening
agent in cellulose films in im-
precisely controlled quanti-

Fig. 3. Schering-bridge
method of capacitance
measurement.
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Fig. 4. Bridge with a phase-
sensitive detector to
measure components due to
dielectric constant and
dielectric loss.
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ties, has adielectric constant of
about 40 and some of the poly-
glycols have K values of the
same order.

Other complicating factors,
here, are that the dielectric
constant of water is likely to be
greatly reduced when it is in
physical association on a
molecular basis with some
bulk material. In this case,
depending on the type of mate-
rial, and the way in which the
water is associated with it, the
dielectric constant will be
much lower, in the region of 5 —
10. Moreover, in such a
molecular association, the
dielectric constant will have a
strong positive temperature
coefficient, of which both the
value and the profile of its
dependence on temperature
will depend on the bulk mate-
rialinvolved.

On the credit side, this is a
fairly simple, non-contacting,
system which is probably re-
latively unaffected by ionic
contaminants. In the special
case of cellulosic materials, in
which water is held in two
distinct molecular phases de-
pending on whether the local
cellulose substrate is crystal-
line or amorphous, the dielec-
tric constant is anisotropic:
having differing values in the
length, breadth, and thickness
dimensions, depending on the
microscopic characteristics of
the material. There is also,
fortunately, a broad region of
inflexion in the upward curve
of dielectric constant with
temperature, which occurs in
the region of 30 — 35°C, and is
associated with the second-
order (crystalline/rubber)
transition of the material.

Having said that, there is
yet another source of difficulty,
in that the contribution of the
dielectric constant, due to wa-
ter in a cellulose matrix, is

I

Cx

26

dependent on whether the wa-
ter is held in the crystalline
region, where K is very low, or
in the amorphous region,
where it is higher. This causes
problems in measurement, not
only because of the variability
of the composition of the subs-
trate, but also because water is
taken up and lost again much
more readily from the amor-
phous than from the crystal-
line regions, so that there is a
strong hysteresis effect in the
wetting down/drying out

graph.

Further requirements

Quite apart from the need to
identify some feasible and
accurate method of carrying
out the measuring or control
function required, additional
constraints will also apply in
any industrial environmert in
which it is desired to instal
some new piece of equipment,
due principally to physical
hazards associated with mov-
ing ‘nips’, in which some un-
wary hand might be caught,
and to flame hazards in a
potentially inflammable or ex-
plosive atmosphere.

These latter problems might
arise not only because of the
stored electrical charges
associated with the electrical
equipment (in general, any in-
flammable or explosive atmos-
phere has a minimum ignition
energy, measured in milli- or
micro-joules, below which igni-
tion will not normally occur),
but also because of ‘static’ elec-
trification effects through fric-
tional contacts, which may en-
trapthe unwary.Ifeel that it is
wise for most industrial instru-
ment engineers to have a
reasonable working know-
iedge of static electrification
phenomena, and the ways in
which such charges are gener-
ated, in order to avoid such
eventualities. A reasonable de-
gree of familiarity with the
legislation, or insurance re-
quirements, involved in the in-
stallation of equipment in in-
dustrial environments would
also be prudent.

Again, it is essential that
equipment is both reliable and
robust. A hard-bitten engineer
of my acquaintance once
observed, rather misanthropi-
cally, that any piece of equip-
ment which one fitted on a
machine must be strong
enough to serve as a foot hold.
If it gave way when trodden

upon, one would be held re-
sponsible for the consequences!

The weakest link in the
chain determines reliability,
and might simply be a single
wire pulled out of a multi-way
socket or, more irritatingly, a
critical control twiddled by
foolish fingers. So a mixture of
pessimism and perfectionism,
coupled with practical experi-
ence, 1s essential in the design,
construction, and installation
of any equipment needed for
the proper operation of any
continuously running
machinery.

If it does go wrong, the
chances are that it will do so at
three in the morning and that,
due to some freak combination
of circumstances, one is the
only available person with the
necessary skills and know-
ledge. Since the costs involved
in down-time on a continuous-
ly operating plant are very
high, quite apart from ore’s
own costs in returning to or.e’s
factory at three in the morn-
ing, economies in material on
any one-off instrument are un-
wise. However, one learns
through experience where care
is needed.

Of course, on any easily re-
placeable, off-line equipment
the same considerations would
not apply, and while reliability
is just as desirable, it might be
achieved at a lower cost by the
provision of one or more substi-
tute units. Prudence would
also dictate that one makes
sure that adequate, informa-
tive and intelligible docu-
mentation is provided at the
same time as the instruments
and that, if there are sparss,
their location should be well
known — perhaps by a small
advisory notice affixed to the
unitin question.

Practical water-content measurement

Having outlined some of the
possibilities and difficulties in
the evolution of the piece of
equipment for use in an indust-
rial environment, I think that
it might be of interest to con-
sider the practical design of a
simple water-content
measurement apparatus,
based on the measurement of
bulk dielectric constant, which
might be useful - depending on
the type of electrode structure
employed — in making this
kind of determination on, for
example, cereal grains, or the
walls of a house.
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The basic intention is that
the material to be measured
will influence the capacitance
of some electrode assembly ex-
ternal to the electronic
measuring instrument, and
that these electrodes will be
constructed so that, when fil-
led to some predetermined
depth with the material to be
measured, or held in predeter-
mined contact with a surface,
there will be a measurable dif-
ference in the electrode capaci-
tance in comparison with that
which might occur for a dry
material. The change shall be
of sufficient magnitude to be
displayed without excessive
drift due to short or medium
term electronic circuit effects.

Two suitable measurement
electrode schemes are shown
in Figs 1(a) and 1(b). In the
first of these, a hollow cylin-
drical electrode, of diameter m,
and effective height h, is
mounted on the top plate of the
measurement instrument, and
a central insulated rod elec-
trode, of diameter n, is
arranged to stand centrally
within this, upon an insulating
bush.

Although there are end-

effect phenomena, particularly
due to the top plate of the
instrument, which will affect
one’s calculations, the capaci-
tance of such a structure may
be (approximately) derived
from the formula

C(pF)=(0.241Kp)/log,, (m/n)

where all dimensions are in
cm, so that for a cylinder with a
i.d. of 7.5¢m, housing an inner
rod of lem o.d., and with an
effective length of 7.5¢m, the
capacitance, when empty, will
be approximately 2pF. If this
measuring electrode were to be
filled to 7.5cm depth with a
cereal grain, having an effec-
tive dielectric constant of 4.5,
the electrode capacitance
would increase to 9.2pF. Now,
the effective dielectric con-
stant of the cereal grain is
(notionally) made up from the
‘dry’ K of the grain, say 3.0,
and, perhaps, a 15% content of
water having a molecularly
bound K of 10.

A 5% reduction in the water
content, (to 10% total), would
lead to a drop in the K of the
grain to 4.0, and a change in
the electrode capacitance from

9.3-8.26pF, or about 1pF.

In the case of the ‘fringe-
field’ electrode shown in Fig.
1(b), the calculation of the elec-
trode capacitance is somewhat
less precise, in that a number
of simplifying assumptions
must be made, consequent
upon the electric field pattern
sketched in Fig. 2. If one
assumes that the mean radius
of the fringing field is 3ecm (and
this will depend on the annular
gap between the inner and out-
er plate regions) then the effec-
tive mean diameters of the in-
ner and outer electrodes will be
lecm and 12¢m respectively and
the effective capacitance be-
tween them, for a notional
10cm gap, will be 0.53pF in air,
or 7.9pF when pressed against
a damp, but smoothly plas-
tered, house wall having an
effective K of 15.

Since, in a ‘dry’ house, the K
value for the plaster could fall
to about 5 — 8, the expected
capacitance change could be of
the order of 4-5pF, which
would be quite easy to mea-
sure. There are some practical
problems, however, in that it
would be preferable for the
satisfactory operation of the

Fig. 5. Circuit diagram of
moisture meter.
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Fig. 6. Dimensions of
electrode assembly used for
loose material shown in Fig.
1(a).

Fig. 7. Dimensions of
‘fringe-field’ type of
electrodein Fig. 1(b).
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instrument that the electrodes
should be mounted on the rear
surface of a thin sheet of in-
sulating material, such as
Perspex. This will lessen the
effective capacitative coupling
with the plaster substrate
being measured, as will the
normal difficulty of getting
good planar contact.

Also, the outer surface of the
plaster will normally be drier
than the inner bulk, and while
the adoption of a fairly large
annular gap, in the electrode
structure, encourages the de-
velopment of a more penetrat-
ing electric field, the practical
nature of the field will be a lot
more complex than my simple
model suggests. All of these
effects, in a less than ideal
world, will tend to diminish
both the extent to which the
dielectric constant measure-
ment penetrates the substrate,
and also the observed capaci-
tance change.

Still, one could well antici-
pate effective penetrations of
1-2c¢m, and capacitance
changes of 1-2pF between ‘dry’
and ‘damp’ structures which
will, in practice, allow a sensi-
ble survey of the extent to
which the ravages of dampness
have progressed.

Circuit design

Looking at the electrical re-
quirements of the circuit to be
used in association with both of

100mm

»

Detector

!————150mm —-l

ZOmml [ SOmm] EZOmm

these suggested electrode
types to give a reading of
change of capacitance, it would
appear necessary to display as
a full scale deflection a change
of the order of 1pF, in a total
capacitance of 5-10pF.

A number of methods have
been proposed for this type of
measurement, and used in
commercial instruments, of
which the most common is to
apply the external electrode
capacitance across an oscilla-
tor tuned circuit, so that a
change in capacitance pro-
duces a change in output fre-
quency, which could be deter-
mined by some frequency dis-
criminator arrangement.

This arrangement suffers
from the snag that the re-
sonant frequency of the tuned
circuit is likely to drift with
changes in ambient tempera-
tures, unless it is fairly care-
fully temperature compen-
sated. Such drifts would be
erroneously represented as
changes in the dielectric con-
stant of the material being
tested, which would lessen its
accuracy.

An alternative method,
which [ think is to be preferred,
employs a modified Schering
bridge, of the type shown in
Fig. 3, in which the external
electrode structure is con-
nected across one of the limbs
of the bridge, so that a change
in external capacitance will al-
ter the voltage developed
across this limb. The compo-
nents of this change in signal
voltage due to changes in
dielectric constant and to
changes in dielectric loss can
be resolved by the use of a
phase sensitive detector, in the
manner shown in Fig. 4. Once
again, the system should be
compensated for temperature
effects, but this is now easier
because all the bridge capaci-
tors can be of identical type,
and will therefore display
similar temperature coeffi-
cients of capacitance.

A practical circuit design to
exploit this system is shown in
Fig. 5. In this, C,-Cg4 form the
capacitance bridge, to which
the external electrode is cou-
pled by C,. The static unba-
lance of the bridge, due to the
external electrode, is trimmed
out by Cg, so that there is
normally a zero a.c. output
from the differential amplifier
array, IC,,, IC,;,, and IC;,,.

The bridge is energised by a

E

simple Wien-bridge osillator,
operating at 10kHz, based on
IC,,, whose output, as applied
to the bridge, is amplifiec and
squared by IC,,,, and fed slong
with the output from the dif-
ferential amplifier to the phase
detector, which is built up from
Tr; and Tr,, acting as a syn-
chronous rectifier. The overall
sensitivity of the instrument
can be trimmed by R, or, if
larger adjustment is needed,
by alteration of the values of
resistors 8,9,10 and 14.

For portable use, the instru-
ment can be operated from a +
4.5V supply, with a normally-
off push switch in the battery
supply lines to prolong battery
life.

The use of a good-quality,
low-distortion bridge oscil .ator
is to be preferred, because the
presence of oscillator harmo-
nics will make a good bridge
balance more difficult to
obtain.

Calibration

Although the component
values shown in Fig. 5 will give
a reasonable performance
when used with the electrode
systems as dimensioned in
Figs. 6 and 7, there is no really
satisfactory substitute for the
calibration of such instru-
ments by external analytical
means. This would normally
be done by the use of test sam-
ples which are oven dried to
the lowest feasible water con-
tent, and then re-wetted, fol-
lowing measurement on the
instrument, to various precise-
ly known incremental water
contents.

For the reasons noted above,
some time should be allowed to
elapse following adjustmeant to
the water content of a test or
calibration sample, before the
measurement is made, in order
to allow any internal molecu-
lar rearrangements to take
place. .
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$5/8 -the need and
the solution

This simple serial interface puts an end to
computer interconnection problems. BS
approvalis expected soon.

hat standards exist
for general-purpose,
local interconnection

between microcomputers and
peripherals? Incredible as it
may seem, the answer is none!

A couple of names are widely
referred to when discussing in-
terfaces of this class: RS-232
and Centronics. These feature
on many devices and so might
claim to be candidates for the
title of General Purpose Local
Interface Standard. How valid
istheir claim?

RS-232C

RS-232C, is a serial interface,
transferring data in a bit-
serial fashion, usually full-
duplex. It is bit-rate indepen-
dent, uses bipolar, unbalanced
signalling at speeds up to 20
k-bits per second and is suit-
able for short range (15 metres
recommended) operation in a
point to point configuration.
(Multi-drop and daisy chain-
ing can be used, but they are
not part of the RS-232C speci-
fication.) .

On several points, RS-232C
meets some requirements of a
local, general purpose inter-
face, but a number of problems
are associated with it.

The RS-232C standard, pub-
lished by the Electronic Indus-
tries Association (EIA), is de-
fined for modems and termin-
alsonly.

An equivalent pair of recom-
mendations is published by the
International Telegraph and
Telephone Consultative Com-
mittee (CCITT), V.24 and
V.28, covering the same sub-
Jject but it is not technically
identical with RS-232C and
uses different notation.

In physical terms, RS-232C
is usually thought to mean a
25-way D-type connector but
in fact does not actually specify
a connector type at all. An
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appendix mentions the suita-
bility of connectors meeting
MIL-C-24308, and a new fore-
word refers to ISO-2110, which
does specify a 25-way D-type;
but neither is embodied in the
actual standard. The list of
defined circuits assigns pin
numbers, up to 25, but to no
specified connector. It does,
however, specify that the mod-
em (data communication
equipment) shall have the
female connector and that the
terminal (data terminal equip-
ment) shall have an extension
cable with a male connector.
Even that simple stipulation
has been widely flouted by
manufacturers and a whole
variety of connectors have
been used in addition to D-
types, such as audio Din and
miniature circular types.

Both the RS-212C and V.24
documents specify a large
number of signals (20 for RS-
232C, with two more reserved,

and 43 for V.24) most of which
are optional, leading to
thousands of possible permuta-
tions. Also defined are a series
of complex inter-relationships
between these signals, all spe-
cifically for modem-to-
terminal type applications, as
are the names given to the
signals themselves. For any
other application, RS-232C
and V.24 simply do not apply.

RS-232C and V.28 both spe-
cify obsolescent bipolar sig-
nalling voltages which are a
historical hang-over from pola-
rized teleprinter relays. They
are quite unnecessary and in-
convenient in modern equip-
ment. The EIA and CCITT
have both indicated that they
wish in the long term to move
to balanced electrical opera-
tion.

RS-232C and V24/28 are
standards, but they are specific
standards, mis-applied to local
connections in general, for

by Andrew Hardie

Andrew Hardie is research direc-
tor of Oval Automation Limited
and is a member of a number of
standards committees and user
bodies, including the BSI com-
mittees I1ST/18/1 (text and office
systems) and IST/6/7 (intercon-
nection of equipment), a user
group on Integrated Services
Digital Networks (ISDN) and a
manufacturers’ group, the British
Office Technology Manufactur-
er’s Alliance.

In his role as technicai consul-
tant to the Public Services Work-
ing Party he advises on floppy
disc standards and was re-
sponsible for devising the S5/8
interface. The common theme of
his work on these various com-
mittees and bodies is to facilitate
data interchange, whether by
direct connection or off-line
transfer.

Pioneering the S5/8
standard: British Telecom’s
Qwertyphone, a multi-
function terminal-cum-
featurephone.
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$5/8

8

S$5/8: the need

S5/8 was designed to meet a need
for an easy-to-use general-
purpose standard for local
interconnections between
microcomputers and peripherals.

General Purpose means. an_ interface not dedicated to a
single device or class of device and not dedicated to a
single function,-in other words not application-specific.
Such an interface 'should be capable of simulfaneous
bizdircetional data {low, e full duplex. 1t should prefer-
ably ‘not be of the master-slave ‘type and -should not
involve: a. polarization of “devices: "It should offer a
transparent transfer of binary octets.thytes) and have the
absolute minimuriy numbers of versions and variants.
Local - means short " range inter-connection between
devices such as micros, printers, plotters, modenis, ter-
minals; LAN nodes, etc,, in-the region of 1 :to 10 metres,
covering the majority of home and office device inter

connections.

First product to carry an
S5/8 connector was
Transam’s intelligent
modem for the cellular
radio user.

which they were never in-
tended and for which they are
wrong. The result has been a
progressive degradation and
modification of the interface
from its original purpose of
terminal-to-modem connec-
tion.

Centronics

Turning now to the other possi-
ble contender, Centronics, this
is a parallel interface, trans-
ferring data in a bit-parallel,
byte-serial fashion. It is a one-
way interface: data can flow
only in one direction on any
one inter-connection. Itis inde-
pendent of data rate, uses un-
ipolar, unbalanced (open col-
lector t.t.1.) signalling and is
suitable for short range opera-
tion (three metres recom-
mended) and can transfer data
at rates up to a theoretical

maximum of 143 k-bytes per
second in a point-to-point con-
figuration.

The problems with the Cen-
tronics interface are similar to
those of RS-232C. It is a special
purpose interface intended for
printers and similar devices,
unsuitable as a general pur-
pose inter-connection, particu-
larly as it only allows data
transfer in one direction.

The Centronics interface is
not a standard. It is a manufac-
turer’s specification, devised to
meet a product need; what is
commonly referred to as a de
facto standard.

Being more specific than RS-
232C, Centronics has suffered
less from degradation, but
problems with different con-
nectors still occur. The Centro-
nics Engineering standard
document specifies a connector
only for the printer, not for the
host device, but this is of no
comfort to the user. The 36-
way Amphenol type connector
has been joined, at the compu-
ter end, by IBM flavour (25-
way D-type), BBC flavour (26-
way i.d.c.), MSX flavour, and a
number of others.

Furthermore, timing varia-
tions have gradually crept into
the implementation, particu-
larly on the Acknowledge sig-
nal, to the extent that some
manufacturers have used a dip
switch to set the timing flavour
and yet others have abandoned
the ack signal altogether.

The original Centronics
document only specifies, in
addition to the eight data sig-
nals, strobe, acknowledge,
busy, paper empty, select and
external oscillator. One is re-
served for +5V and four others
are reserved for product-
specific functions. All other
signals found on such inter-

faces, or absences of the speci-
fied signals, are thus non-
standard.

One must ask whether a
parallel interface is nowadays
appropriate to such a local
inter-connection. The Centro-
nics interface dates from an
era when connectors were re-
latively cheap, t.t.l. buffer
gates were very cheap and
uarts were expensive, difficult
to use, state-of-the-art p-mos
integrated circuits. Today, the
situation is very different;
multi-pole connectors and
cable are expensive, t.t.1. buf-
fer gates are no longer as cheap
by comparison but uarts cost
lessthan £1.

For most local inter-
connections, serial will serve
just as well as parallel. The
speed advantage of the parallel
interface can seldom be used
except, possibly, for print buf-
fers. Applications requiring
very high speed have a numbher
of emerging specialized
peripheral interfaces to choose
from, such as SCSI, offering
much higher speed and sophis-
tication.

The problems

To effect a connection between
two devices using RS-232C or
Centronics interfaces, the con-
nector type, sex and pin con-
nections must be known and
the behaviour of the flow con-
trol or handshake signals must
be understood before an
appropriate connecting cable
can be chosen. RS-232C, addi-
tionally, requires the bit rate,
framing and parity to agree in
both devices.

Furthermore, if either of the
devices is a character imaging
device (such as a terminal or
printer) then the data coding

(LMD
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must be considered; that is,
what the data bytes actually
represent. Neither RS-232C or
Centronics addresses this
question but it is still impor-
tant for the user. The problem
of bit 7 frequently arises with
printers, as does the difficulty
of coding inconsistencies with
character sets. All these fac-
tors must agree in both devices
before meaningful data inter-
change can take place.

The problem with the
physical connectors has been
aggravated recently with the
arrival of lap-top portable com-
puters. Here, space and weight
considerations have forced a
move away from the more tra-
ditional 25-way and 36-way
connectors to a variety of other
types. Another influence for
the change is the severe cost
pressures in the home and
computer market which have
dictated a move to cheaper con-
nectors, often Din types, but
also to telephone jacks and
sometimes even no connector
at all, just a row of p.c.b. fin-
gers.

So far as the user is con-
cerned, both RS-232C and Cen-
tronics have become elective
non-standards, used and
abused by the manufacturers,
as they have thought fit, re-
sulting in widespread confu-
sion, delay and frustration. To
the user this means wasted
time and money. To the sup-
plier it also means wasted time
and money, but can also cause
bad customer relations which
can lead to lost business.

Who benefits from the cur-
rent situation? Certainly not
the users. To them it must
often seem that every sup-
posedly standard inter-
connection example requires a
custom solution. And that is
not so very far from the truth.

Suppliers, who are often not
the manufacturers of the
equipment they supply, also do
not, on the whole, benefit. The
user blames them for the prob-
lems of incompatibility. They
are caught between manufac-
turer and user. Some end-user
suppliers do seem to view
inter-connection solutions
almost as a legitimate consul-
tancy spinoff to boost profits on
the sale of equipment on pro-
gressively decreasing mar-
gins. However, to large scale
suppliers, such as distributors,
these incompatibilities are a
stumbling block to sales re-

quiring expensive multiple
stocking to cover interface op-
tions, variants and cable per-
mutations.

The Far East has driven
prices down dramatically and
has led to inferior products
coming on to the market. Con-
nectors such as the D-type and
the Amphenol 36-way were
never designed as ultra-low-
cost products and manufactur-
ing them as such has resulted
in low reliability and mechan-
ical performance characterized
by bad alignment, poor toler-
ances, inadequate contacts and
low grade materials.

The one area of the market
that has benefited from the
situation is the fixit widget.
Some catalogues of computer
equipment suppliers are over-
flowing with reversing cables,
gender-benders, null-modems,
break-out boxes, smart connec-
tors, interface converters, and
so on. These are only necessary
because of the lack of a proper-
ly defined standard.

The solution

A new serial interface which
addresses these problems has
already been published as a
Public Services Standard and
has been accepted by the Brit-
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ish Standards Institution, with
the first publication, in the
form of a Draft for Develop-
ment, scheduled for June this
year.

The new interface is called
S5/8 (pronounced Ess-five-
eight) which stands for Serial
5-volt 8-pin, a reference to the
voltage levels employed and
the number of poles on the
connector used.

The specification for such an
interface must include the fol-
lowing:

The Liberator portable text
processor by Thorn-EMI
takes full advantage of the
power and space savings of
the S5/8 interface: ithas two
of them.

far too long.

turers and end-users alike.

one-cable concept.

$5/8: the benefits

The advantage of 85/8 to the user is, first and foremost,
simplicity: it is a plug-and-run inter-connection.

The S5/8 interface uses both old (the Din connectori and
new (high-speed c-mos logic) technology, ‘and is ‘an
example of applying the right mix of technologies to an
area that has been plagued with non-standardization for

Its size and power advantages obviously favour port-
ables, but the concept that it introduces has a much
broader appeal. S5/8 1s cheaper and simpler for manufac-

Users will be spared the confusion that exists at present
and will pay far less for fewer cables. For portable
computers, users will carry just one cheap and lightweight
cable for all-their interconnection: requirements — the
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Fig.1. Ap-devicesuchasa
computer or printer
connects to another p-
device through a plug-in
lead. Optional extension

leads can be inserted at the
points marked X.

Fig.2. Devices with no built-
in power supply, such as
mice, joysticks or line-
powered modems, are
s-devices and are fitted with
acaptivelead. They draw a
modest current from the p-
device over the interface.

@ interface configuration
@ interface signalsand
functions
@ clectrical characteristics
® mechanical characteristics
@ data structure
@ signalling rate
® flow control
® data coding
When all these are fully spe-
cified and so agree in both
devices, then meaningful data
interchange can take place
consistently.

Interface configuration

The S5/8 standard specifies
two classes of device disting-
uished by their power supply
provision. A s-device is a self-
powered device, able to supply
power to the S5/8 interface. An
s-device does not have a power
supply of its own but draws its
power (up to 20mA) from the

X
b D
unit - unit
|
D
S
unit
S/

PSWP

The Public Services Working Party wasoriginally formed

to define a’standard for micro-floppy dises for-use in the

public services. It-1s organised by the government’s CCTA

and consists of representatives from’ the following orga-

nisations:

e Central  Computer and
tCCTA

o Local Authorities Management Services and Computer
Commitlee -

@ British Telecom

o National Health Seruvice

o British Micro Manufaciurers’ Group

o Dnter-Bank Research Organisation

elnformation-and Word Processing Association

o National Computer Users' Forum 3

Following :publication of part 1. ¢f the -Public- Services
Standard for micro-floppy -dises, the working party has
been giving its attention to'standards for file structure
and file data ¢ontent for data interchange.

In dight of the widespread confusion over RS-232; the
PSWP-turned its - attention to propesing an-alternative,
more.suited to present day equipment, The result was the
$5/8 Public Services Standard:

g

elecommuntcations - Agency
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n-device, through the S5/8 in-
terface.

The relationship between
the devices in data transfer
terms is equal. There is no
“master” and no “slave”: they
are of equal rank and inter-
change is on a peer-to-peer
basis. Neither is there any
polarization with one device
regarded as the sender and the
other as the receiver.

pole connectors. The p-devices
have an eight-pole fixed sock-
et, so that n-device to n-dev.ce
inter-connection is always
effected with a plug-to-plug
cable. s-devices, on the other
hand, have a captive cable {it-
ted with an eight-pin plug.
These two configurations
permit n-device to p-device
and s-device to i-device inter-
connection, but prevent s-

The main beneficiaries of today’s confusion are
the makers of fixit widgets. But with a properly
defined interface standard, such devices

would not be needed.

Nearly all computers and
peripherals are p-devices, hav-
ing their own power supply,
either mains or battery.
Among s-devices would be
mice, joysticks, trackballs,
touch-pads, converter units
(e.g. serial to parallel) and line
monitors or testers. Any device
that cannot be used on its own
and requires only a small pow-
er supply is a potential s-
device.

A particularly interesting
application for an s-device is a
line powered modem. It is now
possible to make a modem
where all the electronics is po-
wered from the telephone line,
in just the same way as modern
electronic telephone. Instead
of having an isolating transfor-
mer between the line and the
modem electronics, the electro-
nics floats on the telephone
line and isolation is performed
at the data interface by opto-
couplers.

However, some power must
be provided at the data side of
the isolation barrier to drive
the leds and feed the pull-up
resistors of the opto-couplers
This means that either the
line-powered modem must be
fitted inside another, self-
powered, item of equipment,
such as a terminal or compu-
ter; or a separate power supply
must be provided, which
rather defeats the object of a
line powered modem.

S5/8, however, provides a
power supply suitable for the
purpose and makes possible an
in-line modem with no power
supply or batteries. With
miniaturization, using custom
chips and surface-mounting,
such a modern could be re-
duced to the size of a matchbox.

Physically, the S5/8 inter-
face is defined around eight-

device to s-device connection
which would not work, as
neither would be supplying the
power the other expected. The
allowed configurations are
shown in Figs 1 and 2. The
labels 1 and s indicate the
points at which the electrical
characteristics are specified
and x indicates the points
where optional extension leads
may be inserted.)

In the second part of his article,
Andrew Hardie looks at elec-
trical and mechanical aspects
of the S5/8 interface and de-
scribes the data format and
handshaking protocol.

Cad at
the poly

Polytechnics and colieges that
run degree-level courses in
electrical and electronic
engineering are to receive
grants, from the Dept. of Trade
and Industry, to buy computer
aided design equipment. The
siliconi.c. design systems are
the same as those selected by
the University Grants
Committee for use in
universities (E&WW News
April 1986), with products
from GenRad, Qudos, Racal-
Redac, Silicon Microsystems
and Silvar Lisco. The funding
of £3M represents up to
£75,000 to each of the
participating institutions.
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Computer interfaces
for measurement

An exploration of the links needed between a
physical quantity to be measured and the
computer used to record, display and
possibly react to the data collected.

utomation is not new.
However, the tasks
needed to automate a

process in the past often called
for a dedicated system which
did that and nothing else; a
c.n.c. lathe or a weaving loom
are examples.

Now that the microcomputer
has become ubiquitous, ways
have been found both in equip-
ment and in computer pro-
grams to undertake automatic
test and measurement tasks.
There is, however, a gap be-
tween the quantity being mea-
sured and the computer control
of the application, which would
be taken care of intrinsically in
an industrial control system.
We hope to explain how that
gap can be bridged.

A variety of input devices are
available to measure quantities
in the real world; temperature
probes, load cells and accelera-
tion transducers; instruments
to measure voltages, current,
resistance and the like; analy-
tical instruments and ultimate-
ly whole systems such as range
finders, direction finders, radar,
and artificial vision and hear-
ing as might be used in robotics.
To obtain records from such
inputs, it is necessary to link
them to a computer which,
according to its program, can
then react to the incoming in-
formation and produce a suit-
able output. It can store and
display the data or it will switch
controls, adjust parameters,
move a robot or sound an alarm.

The problem is that the input
transducers rarely communi-
cate directly with the computer.
Take, for example a thermo-
couple. It is a very low-voltage,
constantly varying (analogue)
output and its behaviour is
rarely linear, i.e. it does not give
the same voltage step for a simi-

lar temperature change in dif-
ferent parts of its range. So its
information needs to be coded
into a form that the computer
program can understand before
the data can be collected or
acted upon. The signal from the
probe needs to be amplified and
converted into a digital format
and calibrated, with its non-
linearity allowed for to give an
accurate reading. Thermo-
couples are provided with codes
to indicate how they are cali-
brated.

Some computers do include
analogue-to-digital converters,
can be sensitive enough to re-
ceive the signal directly and use
internal software to calibrate
and linearize the source.
However, this is only possible
with a few computers and the
technique would only apply to
temperature probes; a different
technique may be required for
other input devices.

Signal conditioning and re-
cording instruments might
themselves be computers, dedi-
cated to that task, or they may
include some computing ele-
ments (as can be found in a
digital storage oscilloscope or a
waveform analysis instru-
ment). These need to be able to
communicate with the central
recording and control computer.
The computer also needs to rec-
ognise the nature of the data
that is being transmitted to it
and be programmed to record
the data and respond to it.

So there is a combination of
hardware and programming
needed to complete the chain
between transducer and compu-
ter. Luckily, there is a number
of devices that enable all these
things to happen so that quanti-
ties can be measured and con-
trol devices can be activated.
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Datalogger

The Vela (versatile laboratory
instrument) is given here as a
example of an instrument that
contains many of the elements
described. It is a multi-function
data logger for use in laborator-
ies and on test benches. Data
recording in industrial and elec-
tronics laboratories has often
required specialized, high-cost

Applications for a general-
purpose datalogger:
vibration analysis on a lathe
bench; waveform capture
and analysis; monitoring the
output of a gas spectrum
chromatograph.
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Fig. 1: Elements of a general
purpose analogue and
digital data logger.

Fig. 2: Screendump of a
captured pulse and (Fig. 3)

data loggers, dedicated and
optimized to a specific task.
Computers have also been used
with rigged-up interfaces or
commercial packages; however,
this is not an ideal solution,
since both hardware and soft-
ware take development time
and money. The gap between
specialized data loggers and
computer interfaces pointed to
the need for a low-cost, pre-
programmed logger that would
be suitable for a wide variety of
data capture tasks and which
uses readily available display
devices, such as an oscilloscope,
a printer, chart recorders or
through a microcomputer to a
v.d.u.

The building blocks of such a
logger are shown in Fig. 1. All of

ers, a-to-d and d-to-a conver-
ters, battery-protected c-mos
ram, and digital input-output
ports, can be configured by rom-
based software into the
appropriate system for a speci-
fied task. For example, it is
possible to use a single channel
as a fast data logger (there is a
trade-off between the speed and
the number of channels used); a
four-channel signal averaging
meter with capture time up to
ten days; a multi-channel
events timer or a waveform
synthesizer. The digital volt-
meter program is used to check
and display sensor operation
before logging commences. The
frequency display program can
be used to evaluate the upper
frequency limit of the signal

selected to avoid aliasing. Pro-
grams are called up frora the
front-panel keypad by a two-
digit number. Parameters can
alsobe entered in this way.

Data acquired through the
instrument can be displayed in
a variety of ways. At the most
basic level the logger can oper-
ate as a four-channel sampling
d.v.m. Therefore, it is possible
to scan through the memory
and the built-in digital display
shows the channel nuraber,
sample number and recorded
voltage.

Output to an oscilloscope of
recorded waveforms is useful,
as the logger adds the d:gital
storage memory to an ord:nary
oscilloscope to convert it to a
d.s.0. Data from the memory is
continuously stepped through
at a high speed to give an
apparently static display, thus
providing a ‘frozen’ image of a
transient event. A bright cursor
can be moved through the dis-
play and the instrument read-
out will provide the time and
amplitude information relating
to that point. Stepping through
the recorded data also enables
the trace to be transferred to a
pen recorder. As the logger can
capture events much faster
than they can be plotted on a
slow pen recorder, this offec-
tively turns a normal one-
channel plotter into a aigh-
speed four-channel device.

The logger works indepen-
dently of a computer but can be
linked through a parallel port.
The instrument includes com-
munications software and hard-
ware for data transfer witn the
usual handshaking protocols.

Once transferred to the com-
puter, data can be displayed
and processed further. For ex-
ample, the latest waveform cap-

the resulting spectrum | the elements, such as on-board prior to logging so that tured can be compared with a
analysed by f.f.t. | signal conditioning, multiplex- appropriate sampling rates are reference. Amplitude and time
1 PULSE SPECTRUM
""""" 48
DB
DATRA PT TRACE 1 TRACE 2 UNITS
a.800 UYolts
B8.834 Time (ms) a ’ )
1 i8 Raw Data —
- > H 25110
M=MENU D=DUMP E-EXPAND 188 Frequency Hz <
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measurements can be taken
with cursor control. Screen im-
ages can be output to a printer
or plotter and the data can be
stored on disc for later refer-
ence.

Computer software is avail-
able, such as a statistical analy-
sis package or a fast-Fourier
transformation (fft) that ex-
tend the analytical capabilities
even further. An ff.t. package
(typically under £200), together
with the logger, converters the
personal computer into a spec-
trum analyser suited to a range
of vibrational analysis and
acoustical monitoring tasks.
For example, Fig. 2 shows the
screen display of a captured
pulse and Fig. 3 the resulting
spectrum. Although not fast by
digital signal processing stan-
dards, such « package can per-
form a 1024-point transform in
under ten seconds. Digital read-
out, from a moving cursor, of
amplitude and frequency are
useful additional facilities. The
eight-bit a-to-d converter gives
a useable dynamic range of
48dB.

Although the cost of fast 12-
bit a-to-d coverters is falling
rapidly, the absolute accuracy
of many transducers used in
laboratories did not warrant
this level of precision. An 8-bit
converter gives adequate re-
solution on oscilloscope and
monitor screens and 4K of data
storage per channel (with 1K
being available on screen at any
one time) gives reasonable cost/
performance trade-off. The link
with the microcomputer is bi-
directional, so programs can be
generated and stored in the host
computer and sent to the logger
for execution. Data look-up
tables for complex wave synth-
esis can be generated in the
computer from a Basic pro-
gram. The data can then be
transferred to the instrument
for reconstruction through the
d-to-a converter into the
selected waveform at a chosen
frequency. The data is available
both at the analogue output and
in digital form, so that a slower
output can create a different
digital pattern and such a digit-
al waveform with the appropri-
ate time steps is, in effect, a
control sequence. Each sequ-
ence can be up to 1000 samples
long.

The instrument can also be
used purely as a non-intelligent
interface with the sampling of
one to four channels and the

Colour
monitor
; [— |
e BEC B’ i Dot matrix
disc drive computer ! printer
1
1
Combine —
controtler
Relays Relays Relays

H-Heater I-Irrigation

V-Ventilators S-Sensors

real-time transfer of data com-
pletely under the control of the
host computer. In practice, a
combination of the internal
programs on the logger and in-
structions from the host seem to
offer the best performance.

For some applications it is
necessary to add signal con-
ditioning units to drive the ana-
logue inputs of the logger. Such
units are available from distri-
butors such as RS Components.
However an additional sensor
system with added firmware in
rom was developed specifically
for the Vela which may be con-
veniently plugged together. Be-
fore the start of logging the user
keys in a code for the sensor
code for each channel which
then selects the appropriate
algorithm to translate the a-to-
d reading into the correct
physical quantity; °C, millibar,
pH, or whatever. The battery
back-up enables the instrument
to be used for data collection in
the field.

Altogether the instrument
represents a comprehensive
pooling of a variety of functions
which will fit in with the ex-
isting equipment available in
most laboratories.

One step up from the Vela
instrument described is
another, the Combine, from the
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The Combine data logger
and control system (below)
was developed at Reading
University where it was used
toinvestigate plant growth
under various tropical
weather conditions
simulated in three
greenhouses as shown in the
diagram.

same manufacturer, Data Har-
vest. It was developed at the
University of Reading, where it
was used to control the opera-
tion of three greenhouse com-
partments designed to investi-
gate the relationship between
weather and the growth of tro-
pical crops. The system can pro-
vide a complete simulation of
the daily and seasonal thermal
profile of a tropical location in
each of the compartments and
also provide irrigation and
humidity control. All data is
retained as a record and can be
plotted on a chart recorder.
Combine works independent-
ly of a computer, relying on its
own 6809 processor with built-
in control Basic. Programs are
stored in its memory. However
a computer can be used to store
programs and for additional
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processing, displaying and stor-
ing of captured data. Com-
munication with the computer
is through a standard serial
(RS232c¢) link and up to 16 Com-
bines can be daisy-chained
together through the link. Data
Harvest Ltd, 28 Lake Street,
Leighton Buzzard, Beds LU7
8RX.

EWW205 on the reply card.

Transducers

Temperature probes were given
as one example of the sort of
input transducers that may be
used in for collecting measure-
ments. Transducers are, of

o,

A

g
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course, the front end of any data
logging system, converting the
physical quality being mea-
sured into an electric signal.
They also need certain physical
characteristics themselves; for
example, a thermocouple must
withstand the heat that it is
measuring or an accelerometer
has to be resistant to the vibra-
tions on the test rig.

There is, for example, a
thermcouple that is used to me-
asure the temperature of mov-
ing surfaces. It has arange up to
250°C and can cope with a sur-
face speed of 275m/s. The probe
is in physical contact with the
surface and can be used on
rotating shafts or such flat sur-
faces as metal, plastics and
some low-abrasion fabrics. The
sensor is incorporated into a
low-friction, spring-loaded de-
tection head, incorporating
thermocouple calibration codes
K,T,J, and E and come from TC
Ltd, PO Box 130, Uxbridge UB8
2YS.

EWW 206 on the reply card.

Some transduscers do
already include signal con-
ditioning elements, or they in-
herently give a machine-
readable output. For instance,
the shaft encoder from Sanchin
gives square-wave ouputs for

two channels and an index
pulse. It can thus measure both
rotation and direction of a shatft.
The aluminium housing is
liquid-proof and the hardened
steel shaft is available in a vari-
ety of lengths and diameters.
Several different version cope
with the required resolution.
Sanchin Ltd, 1 Gladstone Vila,
Turners Hill Road, Crawley
Down, W.Sussex RH104NW.

EWW 207 on the reply card.

Two pressure transducers are
used together to transmit a
pressure differential measure-
ment for static and velocity air
pressure measurement in fil-
ters and air-conditioning equip-
ment. Non-linearity and hys-
teresis are included in the
claimed accuracy of 1%. Va-
rious pressure differential
ranges are available. Techmark
(UK) Ltd, Sulby House, North
Street, Sudbury, Suffolk CO10
6RE.

EWW 208 on the reply card.

Much higher pressures are
measured by the aircraft grade
transducer, made by Data In-
struments. Ranges available
are in 0 to 25, 50, 100, 200,
500psi. Accuracy is within
0.5%. Signal output 100mV at
full scale which is sufficient to
drive a panel meter without
amplification. It needs a 5V
excitation supply. Typical ap-
plications include the measure-
ment of engine oil pressure,
cabin air pressure or checking
and controlling landing gear.
Available through Control
Transducers, North Lodge, 25
Kimbolton Road, Bedford
MK402NY.

EWW 209 on the reply card.
Entran make a whole range
of different transducers for
pressure, load cells, strain
gauges and accelerometers. An
example is the EPN series high-
sensitivity pressure transducer
which may be used in fluid

pressure monitoring and con-
trol, wind tunnel model teszing,
industrial processing and
biomedical pressure studies.
The sensing area is only
45mm?. It has a stainless steel
diaphragm which is corrosion
resistant and may be used for
studies in corrosive liquids.
Different models cope with
pressures up to 350bar. Entran
Ltd, 5 Albert Road, Crowthorne
RG117LT.

EWW 210 on the reply card.

Communications

Mention has been made of a
serial interface through which
our example instrument com-
municates with the computer.
Such a system requires com-
munications circuits on both
the transmitter and receiver
and these use a protocol prog-
ram to speak to each other. One
can only transmit when the
other is ready to receive. One
accepted standard serial inter-
face is the RS232c or RS423.
This specifies the number of
wires needed between the de-
vices and their configuration.
Another system, about to be
adopted as a British standard is
the S5/8 interface; an article
describing this is on p.29 of this
issue. Serial systems communi-
cate by sending the information
down a single line coded in a
computer equivalent of Morse
Code. It is also possible for
several lines to be used, so that
the data can be sent in compu-
ter words, much faster, with
less coding and decoding. Such
a system is the General Purpose
Interface Bus (GPIB) developed
by Hewlett-Packard for their
instruments to communicate
with each other and with a host
computer. This has been
adopted in America as a stan-
dard with the title of IEEE-488
and is used widely. The addition
of yet more hardware and soft-
ware enables several computers
and instruments to communi-
cate serially or in parallel
through a network either local-
ly, for devices sharing a com-
mon site or even remotely
through a wide-area network.
Various standards are being
studied and developed for such
networking systems according
to a set of rules drawn up by the
International Standards Orga-
nization, designed so that com-
puters of different manufacture
and design can communicate
through an ‘open system’.
Continued on p.62
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CIRCUIT IDEAS
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Oven-controlled anti-log amplifier

This anti-log amplifier is part
of an apparatus for
determining the concentration
of fluoride ions in a chemical
solution. I found the basic
circuit, to the left of the dotted
line, to be very temperature
sensitive on its own.

My temperature-
compensated amplifier
iavolves using a five-
transistor array. Two
transistors perform the anti-
Ing function, two are heaters
and one is a temperature
detector.

Asmall current from the
band-gap diode reference
section feeds the temperature
detection transistor. Voltage
across this transistor base-
emitter junction is compared
with that at the junction of
R, .; this voltage determines
the chip temperature.

The value chosen for chip
temperature is the highest
ambient temperature
anticipated plustherise in
chip temperature caused by
the signal. Between 70 and
100°C should be adequate.

Remembering that the base-
emitter voltage drops by about
2mV/°C, voltage atthe R, .,
junction is set to 150mV below
the base-emitter voltage of Tr;
(TP,) at room temperature.

Voltage difference is
amplified then passed to Tr 5.
Diode D, ensures that the
maximum power is dissipated
in Tr; 5 when the chipiscold
and power is turned on.

Aneasy way to check the
circuit is to place your finger
on IC, and monitor voltage at
TP,. This voltage should fall,

indicating that more power is
being dissipated in the chip.
Valuesof R; , determine the
maximum power dissipated in
the chip. Numerous 100nF
capacitors stop the circuit from
oscillating and even though
1C,4 operates with very high
gain, voltage at TP, is quite
stable and does not interfere
with signalsin Tr, ..
Richard Beck
Iver Heath
Buckinghamshire.

Inexpensive combination lock

Usingonly twostandardi.cs, a
lock with up to 10°
combinations can be made.

Each time a correct button is
pressed, the Nand gate output
goes low, discharging the reset
capacitor. On button release,
the gate goes high, the counter
increments and the capacitor
starts to charge.

This capacitor charging
allows about four seconds for
pressing the next key. After
four seconds, if no key is
pressed, the counter is reset. If
acorrect sequence of keysis
pressed, Qg goes high and
energizes the door lock for four
seconds.

Pressing all the keys
together will not operate the
lock.

C. Stanforth
Oxford.
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Master reset

Level identification

Anindication of whether a
signal lies between two preset
thresholds is given by this
circuit in which a 4017
Johnson-ring device with
master-reset facility is used to
sample up to ten comparators.

Reference voltages are
preset in descending order
with the maximum at V., and
the minimumat V,,,. When 'V,
is0<V,,<V,,,all comparator
outputs are high. The ring
sequences from zero ton but
none of the leds lights,

indicating that the input

scan of the ring.

DON'T WASTE GOOD
IDEAS

We prefer circuit idea
contributions with neat
drawings and widely-
spaced typescripts, but
we would rather have
scribbles on ‘“the back
of an envelope’ than let
good ideas be wasted.

Submissions are
judged on originality
and/or usefulness so
these points should be
brought to the fore, pre-
ferably in the first sent-
ence.

Minimum payment of
£35 is made for pub-
lished circuits, normal-
ly early in the month
following publication.

Fuse condition
indicator

NES5520
frequency
trimming

The NE55201.v.d.t. signal-
conditioning i.c. from Signetics
contains a useful combination
of oscillator, synchronous
demodulator and amplifier.

Unfortunately, oscillator
frequency is set by a relatively
large capacitor so trimming is
difficult, top-left circuit. Since
the oscillator-frequency
equation is subject to 20%
tolerance, trimming is
necessary.

My circuit, top right, allows
trimming using a
potentiometer. With values
shown, oscillator frequency is
4.5kHzand the trimming
rangeis 25%.

Output of the buffer
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signal is below V,,,, the lowest Similarly, when
threshold. Vin=V,3<V,,, only D flashes. ,
3 ) 3 . F T ¥
When V,;, =V, comparator  The flashing led thus indicates '\r/om P : eqmpmiqv
IC, switchestoset oneinputof thesignallevel. When A
the Nand gate concerned high.  V;,=V,;, all of the comparators SECR S
On countninthe sequence,led  are switched and the leds flash ' R, Gnd
D, lights and triggers sequentially —a clear 01“:3%?\, " "Red” ‘Depends
monostable device IC; for overflow indication — because ) ”Tfr"l
30ms. IC5receives a trigger pulse on Common cathode Le.d. po\i’: age
The second monostable each clock pulse.
device is triggered to provide A.deSa
the 30us reset pulse on the School of Physics A.A.J. Almond
falling edge of the 30mspulse. ~ University of Newcastleupon | New Territories
Only led D, flashes at each Tyne. Hong Kong
Sync out i
0P07
-6V
Frequency f in Hz,
capacitance in uF
gz 10 f-5kHz |
Ct B} 240k
e ANt
Ct I 0k 47
Frequency in Hz 70
ov Capacity in uF f:C—f_
cr
—
amplifier can be used to
synchronize other 5520’s (pin —  Zi -AIC
13). The 5520 is connected for 5 = FPnB—» A
dual-supply operation. P13 —»
R.C. Turner 5
Birmingham O
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Star-connected solar tracker

Usually, sun-tracking solar
panels require two sets of
sensors, one set following the
sun from east to west and the
second to provide altitude
sensing. This star reverse-
series configuration requires
only three sensors.

Screening panels are used. If
the sun shadesareas Aand C
together or B, motor x
operates, moving the panel left
orright. Sensors A and B
together or C work in the same

Time Shaded General
sensors panelmotion

Sunrise A&C right (swing)
A&B up

Noon B left
A&B up

Sunset B left
C down

way with the up/down y motor
for altitude setting.

Altitude motory should be
connected to A and C to ensure
correct operationin the early
morning, when the rising sun
isinthe east, i.e. tothe right of
the panel in the northern
hemisphere.

Changing the shape of the
screen varies the mode of
control. With T-shaped
screening, sensors B and C are
not shaded in the early
morning and while the x motor
swings the panel round to the
rising-sun position, the y
motor also operates, moving
the panel up until sensor A is
not shaded.

R.C.T. Stead
Hampton
Middlesex.

Amplifier overload monitor

Main feedback amp.

+15V

ov

+5V

1
2

(D4027

13

Y

w

One-i.c. phase meter

Simple meters using an
exclusive-Or function only
display phase difference. This
onedisplays both difference
and sign of two 50% duty-cycle
signals on a centre-zero meter;
alternatively two leds might
be used for a phase
relationship indication.
Differences between plus
and minus 180°in signals from
20Hzto 5MHz can be
measured. At low frequencies,
you should use an RC network
in the transistor bases.
Positive phase, ®>0°, is
represented by a positive-
going V., edge occurring
before a positive-going V,.¢

When ®=0°, Q=Q¢ and when
d<0°,

_v-P
er—V360

and Qg =0. In this circuit, V is
5V

Balance in the meter is
adjusted with the 10k}
potentiometer. Using a dual-
trace oscilloscope and two
signals whose phase
relationship can be varied, set
V.erand V,, to ®>0°and adjust
the meter to give the desired
deflection. Next interchange
V..rand V., and set the
potentiometer so that the
meter reads the same angle

edge. When ®>0°, Q=0 and but with opposite sign.
® Niels Witthofft
Qfx=V%. Frederikssund
Denmark.
Vref
VI'X
Oy |y -
O¢p w Il
LI 1
- I

During overload in an
amplifier with negative
feedback, voltage between the
inverting and non-inverting
inputs suddenly increases.
Normally differential input
voltage is small, being equal to

output voltage divided by
open-loop gain, but during an
overload the feedback signal
fails to match the input and a
large input-signal differential
oceurs.

This circuit monitors

ELECTRONICS & WIRELESS WORLD JULY 1986

amplifier input differential
and indicates an overload in
either direction. Adding a
latch to prolong illumination
of the overload led might help,
but it would also mean that
spurious noise impulses and

brief clipping periods might be
interpreted as serious
overloads.

J.L. Linsley Hood

Taunton

Somerset.
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It's amazing how we can offer
this realtime 80188-based
system on an STE board for just
£245. It's got an 8MHz 80188,
up to 64k static RAM, 128k
EPROM, two serial 1/0 channels,
plus an interface to the STE-bus
for expansion. We'll supply an
EPROM monitor for evaluation,
and you can develop applications
in C using either our own
80188-based STE-bus systems
running Concurrent DOS, MSDOS
or CP/M-Plus, or an IBM PC.
What's STE? The new standard
for instrumentation and systems
designers — a modern alternative
to buses like STD or G64.

(Rrcom

CONTROL SYSTEMS LTD

Arcom Control Systems Ltd,
Unit 8, Clifton Road, Cambridge, CB1 4WH.
Phone {0223) 242224.

Distributors:

Dage (0296) 33200, Dean (07357) 5155.

Hi-Tek (0223) 211211.

\
|
f

LOOKAHEAD!

WITH MONOLITHMAGNETIC TAPE HEADS

DOES YOUR VCR GIVE WASHED OUT NOISY

PICTURES - ITS PROBABLY IN NEED OF A NEW
HEAD-FAST FROM OUR EX-STOCK DELIVERIES.
SAVE £££’s ON REPAIR CHARGES.

Our replacement video heads
fit most models of VHS or
Betamax VCR's. Following our
replacement guide and with a
practical ability, you can do the
whole job in your own home
with our head replacement kit.

VMC-02 KIT ONLY £19.95 inc. VAT. + £2.50 p&p
(Kit does not include video head)

TELEPHONE US NOW FOR INFORMATION OF THE
REPLACEMENT HEAD FOR YOUR VIDEO RECORDER.
CATALOGUE: For our full Catalogue of Replacement
Video and Audio Cassette/Reel to Reel Heads, Motors,
Mechanisms, etc. Please forward 50p p&p.

THE MONOLITH ELECTRONICS CO.LTD.
5-7 Church Street, Crewkerne, Somerset TA18 7HR, England.
. Te'erhone: Crewkerne (0460) 74321 Telex: 46306 MONLTHG ‘

CIRCLE 7 FOR FURTHER DETAILS

MSF CLOCK IS EXACT

8 DIGIT display of Date, Hours, Minutes and Seconds.
SELF SETTING at switch-on, never gains or loses, automatic
GMT/BST and leap year, and leap seconds.
EXPANDABLE to Years, Months, Weekday and Miltiseconds and
use as a STOPCLOCK to show when something happened.
COMPUTER or ALARM output also, parallel BCD (including
Weekday) and audio to record and show time on playback.
DECODES Rugby 60KHz atomic time signals, superhet receiver
(available separately). built-in antenna, 1000Km range.
LOW COST, fun-to-build kit (ready-made to order} with receiver
ONLY £89.80 includes ALL parts, 5x8x15 cm case, pcb by-return
postage etc and list of other kits. Get the TIME RIGHT.

CAMBRIDGE KITS

45(WG) Old School Lane, Milton, Cambridge, Tel 860150
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PRINTERS —- MONITORS — TERMINALS — PERIPHERALS

Burroughs MT710: Intelligent Green 12" VDU with 3
micros and 64K store. RS232. Programmable. Only £149

new + £15P&P
12" Open Chassis Video Monitor: by Hitachi standard

composite Video and 12v input. Green screen, wide )
bandwidth. £40.00 + £7.00P . Vi
Cased Video Monitors: 12° or 15" Green Screens

standard composite video & mains £60.00 + £7.00 P&P.

Centronics 306 Line Printers: Professional fast (120 B =
cps). superb quality 80 column printer. Parallet i/f. ONLY £99
+ £15.00 P&P.

Texas Silent 700 Printers: Whisper quiet 80 col matrix
printer with RS232 interface. ONLY £50.00 + £7.00 P&P.

Diablo 630 Daisywheel printer: OEM i/f NEW £599 + £15 P&P.
Calcomp 565 Drum Plotter: OEF £450 + £10 P&P.
Many more bargains. Phone for your requirements. WE ALSO BUY.

BECKENHAM PERIPHERALS LTD

Caliers welcome 01-466 5582 SAE for LIST

by appointment 34 Rodway Road, Bromley and enguines
Kent BR1 3JL

CIRCLE 32 FOR FURTHER DETAILS
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DISK FORMAT COPYING SYSTEMS

A full range of systems available to copy between different computer formats. Select the
system that YOU require from our modular range.

FEATURES:

Easy, user friendly commands
In-built library functions

Full support of bad side select (BBC)

After sales updating service
Over 100 disk formats supplied

Support for many different disk drives and types.

COMPATIBLE WITH:

IBM PCDOS, MSDOS, TORCH/BBC CP/N, CP/M 80, CP/M PLUS, CP/M 86, MP/M, MP/M
86, CONCURRENT CP/M, CONCURRENT PCDOS, DEC TR11l, TURBODOS and many

others.

Software available separately for most MAP80, NASCOM and GEMINI Computers.

ACCESS and BARCLAYCARD ACCEPTED. CALLERS WELCOME BY APPOINTMENT.
RING FOR FURTHER INFORMATION.

CONTACT:

PP

For further information contact:

MAP 80 Systems Lid

Unit 2 Stoneylands Road, Egham, Surrey
Tel: 07184 31614

On-line help facilities
Interrogation/examination routines
On screen editing of data

Format any disk in the library

TP

CIRCLE 35 FOR FURTHER DETAILS
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® Pneumatic

@® Hydraulic Ram
Operated

® Winch Operated

AFFORDABLE ACCURACY

Quality Multimeters from

Cirkit
A comprehensive range
of Analogue and

(Pushbutton or Rotary
vitched) Digital Models

ANALOGUE DIGITAL

HM-102BZ - 1 0ADC Range, 20k¢2VDC, HC-7030
Buzzer. Battery Test Scale ................£12.50 0.1% Accuracy. Standard Model ...... £39.50
19 measuring ranges HC-6010 )
HM-102R ~ Low end voltage & current 0.25% Accuracy. Standard Model ..... £33.50
ranges. Jack for Audio o/p voltages  £11.00 HC-5010T -
20 measuring ranges 0.25% /’;ccuracy. TR Test Facility ... £39.50

HM-1015 - Rugged. Pocket sized meter. for DM-10 o
general purpose Use .....................&7.50 0.5% Accuracy. Pocketable ............ £21.50

Hilomast Ltd.

16 measuring ranges

Battery, Test Leads and Manual included
with each model.

Please add 15% for VAT
and 60p for p&p

All models have full functions and rances
and feature 312 digit 0.5" LCD display — low
battery indication — auto zero& auto polaiity
— ABS plastic casing — DC AC 10amp range
(not DM-105) — Overload protection on all
ranges — battery. spare luse. test leads and
manual.

Full details and specification from:

THE STREET — HEYBRIDGE — MALDON
ESSEX — CM9 7NB — ENGLAND
Tel: (0621) 56480 Telex: 995855

CIRCLE 8 FOR FURTHER DETAILS

Cirkit Distribution Ltd

Park Lane, Broxbourne, Herts EN10 7NQ
Telephone (0992) 444111  Telex 22478

TRADE ENQUIRIES WELCOME

CIRCLE 9 FOR FURTHER DETAILS
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nintroductionto 3D
graphics

Wire-frame images are greatly enhanced by
colour, but the hidden faces have to be

removed first.

n my previous article | ex-
Iplained how three dimen-

sional objects can be repre-
sented in a computer as mod-
els, and how to write programs
for converting these models
into perspective pictures in
wire-frame form.

The fundamental mathema-
tical concepts presented in the
May and June issues are the
starting point for any three
dimensional graphics prog-
ram. This article is concerned
with improving the system by
making the display pictures
more realistic. Screen resolu-
tion and colour range limit the
degree of realism that can be
achieved but, by adding pro-
cessing stages, the simple
wire-frame images can be im-
proved considerably.

This article explains how to
implement object colouring,
hidden-face removal and other
subsidiary facilities to provide
a useful and educational com-
puter graphics system.

Enough information is pre-
sented to enable you to write
such programs in an alterna-
tive computer language: a Pas-
cal implementation would be a
very interesting and challeng-
ing project and would result in
a considerable improvement in
performance.

Using the wire-frame soft-
ware presented last month as a
kernel, 1 decided to create a
high-performance, yet easy to
use, 3D-graphics svstem. The
system, written entirely in
SuperBasic, demonstrates
those fundamental facilities
that underlie all 3D graphics
systems, be they for cad, de-
fence or advertising.

Figures 1 and 2 show the
general structure and data
flow of the system, named the
graphic-manipulation facility
(g.m.f.) Figure 2 shows the sys-
tem module structure and is a

rough representation of the
program’s procedural struc-
ture. Making a module map is
one of the first steps taken
when designing reasonably
large systems and is a hall-
mark of a structured approach
to program design.

The control-module proce-
dure receives control from the
operating system and is the
first procedure to be given con-
trol. This module’s task is to
initialize windows, set up
modes, and generally prepare
the system for the subsequent
procedures. The control mod-
ule can call any of the four
modules immediately below it
inthe diagram.

The option processor 1s a
control-module subprocedure
handling low-level processing
like laying out screen menus
and checking user options; 1t
passes control back to the con-
trol module whenever a satis-
factory user selection has been
made.

On receipt of a particular
user selection, the control mod-
ule passes control to the trans-
formation processor. i/0 proces-
sor or editing processor,
according to the selection.

The transformation processor

To a great extent, the trans-
formation processor is the

Keyboard

vdu/tv

Graphics
manipulation
facility

: Data base

Data base

Contro!
module

Transformation
processor

Option

processor

Effects
processor

Data-base
analyser
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Input /output
processor

Editing
processor

Input
processor

Output
processor

by Hugh Gleaves

All the software discussed in
these articles can be obtained
by sending £3 and a micro-
drive cartridge or £5 to Hugh
Gleaves at PO Box 594, Lon-
don N10 3PF. Wriiten in QL
SuperBasic, this software in-
cludes the wire-frame image
program (discussed in the
May and dJune issues), the
complete g.m.f. packages, a
number of sample 3D objects
and written instructions and
documentation.

Fig. 1. General structure of
the graphic manipulation
facility (g.m.f.)

Fig. 2. Module structure of
the graphics system.
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Fig.5. Decomposition of a
polygoninto triangles
showing how a polygon
with six vertices is divided
into 6-2 triangles.

46

GRAPHICS

be given and thus further en-
hance the visual impression.
G.m.f. allows you to select
either colour or wire-frame
viewing. Colouring the object
faces of course only has any
value after elimination of the
back faces, so the program has
to determine which polygons
are visible and then colour
them. It does this using the
computer’s 1L command.
After deciding that a par-
ticular polygon is visible the
software sets the 1nk colour to
that specified by the user for
that polygon. The riLL facility
is then activated and the poly-
gon isdrawn on the screen.
Atthisstage a coloured poly-
gon will be on the screen and
this can look rather unim-
pressive and sometimes jagged

along its edges, especially if

stippled colours are being

used. Stippling is a method if

increasing the colouring range
by setting alternate pixels to
different colours; this effect
can be quite impressive.

To enhance the polygon’s
and hence the complete body’s
appearance, each polygon is
outlined in white. The riLL
facility is deactivated, the INk
colour set to white, and the
polygon redrawn. The final im-
age has a clean, bright and
solid appearance, giving a
most attractive picture for
some solids.

Local coordinates

One of the most awkward fea-
tures of the wire-frame soft-
ware discussed in the previous
article is the method of specify-
ing camera motion. Initially,
after invoking vikw, motion
specification is fairly straight-
forward, up being up, left being
left etc.

But as one’s orientation
moves away from the default,
control becomes increasingly
difficult. For example if you
have performed a 180° rorl.,
then the positive Y axis is now
downward as far as you are
concerned, and mental allo-
wance has to be made for this
when determining subsequent
motion parameters.

This problem is overcome by
introducing the concept of a
local co-ordinate system — an
approach used for most profes-
sional computer graphics sys-
tems. With this feature, orien-
tation and motion parameters
are always interpreted as
being relative to the camera

coordinate system, i.e. the loc-
al system.

Up is therefore always what
the viewer considers to be up,
and left always left, regardless
of the camera’s position and
orientation. This achieved in
software by keeping a copy of
the transformed world co-
ordinates and using these
transformed values as the
world ccordinates when the
next camera motion is entered.

In other words, the world
coordinate system is always
changing. The entire vertex
database is continually up-
dated, but a permanent copy is
always retained of the original
world coordinates so that when
viEw is reselected, the user can
return to a known default con-
dition.

Whether or not the rLocar
facility is in operation is deter-
mined by the user from the
VIEW menu.

Calculating surface area

In commercial cad systems,
especially those intended for
mechanical engineering de-
sign, a number of physical
properties relating to a compo-
nent are calculable from the
component’s model. Among
these are mass, volume, centre
of gravity and moment of in-
ertia.

These properties are often of
great concern to the engineer
or designer, and are referred to
as mass properties. The soft-
ware that incorporates these
facilities is referred to as a
solid modeller.

Analysing such properties
takes large amounts of proces-
sing capability and cad sys-
tems with these facilities are
expensive items. However, one
physical property of a geomet-
ric solid is relatively easy to
calculate. This property is sur-
face area, which is important
in a number of engineering
situations, including surface-
protection estimates, wind re-
sistance and radiative prop-
erties.

This facility can be incorpo-
rated into the graphics system
to give it an elementary design
capability and also to familia-
rize you with the sort of prob-
lems that face cad and graphics
software designers.

The problem is to write soft-
ware for accepting a particular
body number and returning its
surface area value. Since this
graphics system deals with

closed convex polyhedra that
are bounded completely by
plane polygons, you can see
immediately that total surtace
area is merely the sum of the
polygon areas.

These polygons can, how-
ever, be totally arbitrary in
shape and number of vertices,
giving the impression of being
far too generalized to have
their area readily calculated.
A way must be found of celcu-
lating the area of any convex
polygon, given only the three
cartesian coordinates of its
vertices. Any polygon can be
decomposed into a number of
arbitrary triangles and it is a
simple matter to calculate the
area of these triangles, given
the lengths of all three sides.

Fig 5 shows that a polvgon
of n vertices needs to be de-
composed into n-2 triangles so
that the length of each side of
each triangle can be calcu-
lated.

To find the length of any
side of a triangle, the 3D ver-
sion of Pythagoras’ theorem is
used, which states that the
distance s between points x,
v, Z; and X, y., 2, is given by

s:\/((xl—xzizﬂyﬁyz)z)

+zy—2,)° ,
When the length of cach
triangle side has been found.
say s;, s, and sg, its area can
be found, by the well known
formula

A=Vtit—s,) (t—s,)
Where
t="1008;+s,+8;).

(t_SH)

In the graphics system soft-
ware there is a SuperBasic
function that accepts the body
number and breaks that body
into its component polygons.
Each polygon is broken down
into triangles and the surface
area is then gradually built
up. Ultimately the function
returns the body’s total area. ®
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TAYLOR

C.C.1.R/3 SPECIFICATION

Power Requirement

Video Input

Audio [nput

£.M. Sound Sub-Carrier
Modutation

1.F. Vision

I.F. Sound

Sound Pre-Emphasis

Ripple on I.F. Saw Filtar
Output {any channel 47-860MHz)
Vision to Sound Power Rativ
Intermodutation

Spurious Harmonic Output

240V 8 Watt (available ir other voltages)
1V Pk-Pk 75 Ohm
.8V 600 Chm

32.9MHz (available 33.4MHz)

50us

.6dB

+6dBmV (2mV) 75 Ohm

Sto1
— Equal or less than 60dB
— -40dE (80dB if fitted with TCFL1.Filter or com
bined via TCFL4 Combiner/Leveller

[ N R R A
w
o
w0
2
I
~

C.C.ILR.\3.1

— Specification as above but output tevel 80dBmV
1000uv

VESTIGIAL SIDEBAND
TELEVISION MODULATOR C.C.1.R/3

CRYSTAL CONTROLLED OSCILLATOR
19” RACK MOUNTING, 1u HIGH, 205mm DEEP

i

.
i
=)

"
-

CHANNEL COMBINER/FILTER/LEVELLER
to combine outputs of modulators

TCFL2 2 Channel Filter/Combiner/Leveiler. Insertion Loss 3.5dB
TCFL4 4 Channel Filter/Combiner/Levelier. Insertion Loss 3.5dB
TSKO Enables up to 4 x TCFL2 or TCFL4 to be combined.

TAYLOR BROS (OLDHAM) LTD
BISLEY STREET WORKS, LEE STREET,
OLDHAM, ENGLAND.

TELEPHONE: 061 652 3221 TELEX: 669911

CIRCLE 25 FOR FURTHER DETAILS

Happy Memories

Toroidal & E.I.

Transformers

As manufacturers we are able to offer a
range of quality toroidal and laminated
transformers at highly competative prices
Quantity Prices and delivery on request.

Low profile IC sockets: Pins

814 16 18 20 24 28 40
Pence5 9101112151724
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.

Part type 25.99 100 up
4116150ns 1.15 1.10
4164 150ns Not Texas.. .88 .80
41256 150ns . 2.35 2.10
2114 200ns Low Power................... 1.75 1.60 1.55
6116150ns.......cccoeeeeni. .1.45 1.30 1.20
6264 150ns Low Power 2.55 2.35
2716 450ns 5 volt.......... 2.65 2.45
2732 450ns Intel type 2.45 2.25
2764 250ns Suit BBC 1.75 1.70
27128 250ns Suit BBC. 2.25 2.05
27256 250ns 3.75 3.60

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-Mifitary Government & Educational orders welcome., £15 minimum.

HAPPY MEMORIES (WW),
Newchurch, Kington,

MAIL Order Price List
(prices inciusive of VAT & Postage)

Toroidal transformers
15VA 7.95, 30VA 9.18,

50VA 10.16, BOVA 11.36,
120VA 12.07, 160VA 14.20,
225VA 15.51m 300VA 17.04,
500VA 22.10, 625VA 24.66,
750VA 28.75, 1000VA 44.82.
Available from stock in the
following voltages 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

primary 240 volt.

Also available 1k2, 1k5, 2k, 2k5,
3k. Prices on request.

E.l. transformers
‘(clamp)

BVA 2.80, 8VA 3.40,
12VA 4.20, 15VA 4.75,
25VA 5.40, 50VA 86.50,
100VA 13.02.

Available in the following
voltages: 6-0-6, 9-0-9, 12-0-12, 15-
0-15, 20-0-20, 25-0-25. Primary 240

volt.

Printed circuit
mounting
transformers. (E.l.)
3VA 2.38, 6VA 2.99,

8VA 3.75, 12VA 4.66.
Available in the folowing
voltage: 6-0-6, 9-0-9, 12-0-

15, 20-0-20. Primary 240 volt.

il
4

12, 15-0-

USA socket outlets

{fully shrouded)

150VA 11.00, 300VA 15.00.
500VA 27.00, 1000VA 34.00,
1500V A 48.00. 2000V A 53.00

Portable isolating
transformers
Input 240 output 110V.

5 rating continous/tool
Auto transformers WY EF [ OAGVA as
240 volt input 115 volt - 1000/1500VA 72.57,

1000/1500VA 76.59,
1500/2500V A 85.54.
Input 240 output 240
250/400VA 57.40,
500/750VA 65.25.

"

Herefordshire HR5 3QR.
Tel: (054 422) 618

CIRCLE 37 FOR FURTHER DETAILS
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AR
JLINK

Air Link Transformers.
Unit 6, The Maltings, Station Road,’
Sawbridgeworth, Herts. Tel: 0279-724425

CIRCLE 20 FOR FURTHER DETAILS
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DATAMAN

Lombard House, Cornwall Foad
DORCHESTER, Dorset DTl 1RX

FAST EPROM PROGRAMMER

Copies eight EPRIOMS ot ¢ pass
cll 25 end 27 series up to 27¢56
W— W [PROM type is set by switches
SANG - OF ZISHT g ' erasure Is checked automatically
: . ; " control is simple ~ two ke /s
Alpha liquid crystal disgloy
checksum facility €& hex digits
FAST or NORMAL progroamming
PLUS VERSION also hes:
serial RS232 program & cheack
CTS or DSR handshake
ASCII, SIMPLE HEX, INTELHEX
MOTOROLA S or TEKHEX

GANG—-OF—-FIGHT L 395
GANG—O0F—-EIGHT plust445

80 TUT0

Designed for Schools Council
to teach 780 machine ccde

MENTA uses TV for display

shows STACK & PROGRAM in HEX

TTORDAGIE, ATn

DNiagnoses bus *roubles
Helps mend micro boards
280, 6502, 6800, 8085
All covered by one product
Disassemblers included
Plugs Into micro socket
Hand-held probe identifies
ADDRESS, DATA and CONTROL
lines at a touch,

LPROM EDITOR

Displays HEX on standard TV
with text-editing facilities
inserts and deletes
shifts and ccpies
bytes and blocks of ccde
EMULATES EPRIOM in circuit
using romulator lead supplied

Editing feacility includes
direct keykocrd ASSEMBLER
RS232-output DISASSEMBLER

Prints a memory map

of an unknown system

shaowing ROM, RAM, 1/0
and EMPTY ADDRESSING SPACE

Used to write & dekug
short machine-code routines
MENTA is o complete
controller with 24 bits of /[
used for ROBOTICS
TEACHER’s GUIDE, PUPIL READER
MODULES (e.g- A tc T2 avciichle

MENTA . £99
COMPUTER BARGAINS

-ring for our BEST OFFER

OLIVETTI MZ1, M2Z24
with 1CMB hard disk if req
AUTO—CAD & M24 created this AD

also FPSON PX8
oy e ey oy, | EPROM ERASERS from £ 39

SOFTY. . £1951BUY [T AND TRY IT

ADAPTOR... £ 25 rEruND cUARANTEED

less postal expenses, if goods returned intact within 74 days
PRODUCT IS USUALLY IN STOCK —
TODAY DESPATCH IS POSSIBLE

PHONE FOR A LITERATURE PACK wYISA
VAT mt ‘ aded to prices 49 ! N

Uploads and downloads
using serial and parallel
routines - RS232, Centrornics

PROGRAMS & EMULATES
2716 e73e 2532
Useful for development

particuarly for piggy-back
single—chip micros

Adcptor is available
to program 2764 & 27128

LOGS all tests cand responses
on PRINTER and ALPHA LCD
Non~-volatile memory
retains test sequences
CHECKSUMS, RAMTESTS,
READS/WRITES MEMORY & 1/0B
Reports location of SHIORTS
on ADDRESS and DATA busses
Prints out memory contents
in ASCII, HEX or SOURCE CODE

You cannot expect to mend
microprocessor products with
a meter and a scope.
How many repairs wouwld
pay for your SuperDOC?

SuperDOC.. £395

“"Our ezxpensive equipment
stays on the shelf
Jor weeks — bwt SOFTY




COUNTER-TIMERS

FREQUENCY COUNTERS

METEOR SERIES 5Hz - 1.5GHz

W Sine, sqv‘uar, triangle, TTL
M Variable DC offset
W =30V pk/pk

B 5Hz-1.5GHz
W Resolution to 01.Hz

B Low pass filter
W From £99 (+VAT)

THE NEW APOLLO SERIES OF
MULTI-FUNCTION COUNTER-TIMERS
ALSO AVAILABLE WITH T.C.X.O.

B 4 models
R Frequency DC - 100MHz

W Period, totalise, ratio, time
interval, stop watch, RPM

B Low pass filter

H Resolution to 0.001Hz
B Frequency multiplier
H 8 digit L.E.D. display
B From £219 (+VAT)

FUNCTION GENERATOR

JUPITER 500 0.1Hz - 500kHz

H Full signal conditioning

B External AM and sweep
B Short circuit protection
W £110 (+VAT)

Write or call for colour technical leaflet and prices:

Black¥Star

BLACK STARLTD

4 Stephenson Road, St. lves, Huntingdon,
Cambs. PE17 4WJ, ENGLAND.

Tel: (0480) 62440 Telex: 32762

Designed and
manufactured in
Britain

CIRCLE 27 FOR FURTHER DETAILS

TO BE CRYSTAL CLEAR

AE.A CRYSTALS LTD

GATWICK HOUSE - HORLEY - SURREY - RH6 9SU
TEL: 0293 785353 TELEX: 87116 AERO G

CAA approved

CIRCLE 18 FOR FURTHER DETAILS
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TDS 900

FORTH COMPUTERS

s

Build

the TO5900

into producecs,

¥  Card computer. Up 1o 54K RAM, 8K RON.

*
B
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v power.

ana fast.
neecea.

Compicc

interrupis

Hign eve, angu

age.
Lse Gssemb.cr cnc

ar GS
= tcsy connection with seria. anc pceradie
cncrnes, A, 2, 0, A converters, iriacs,

printers, «<eyoocrds GnG Cispiays.

—_—

Triangle Digital Services Ltd

100a Wood Street, London E17 3HX
Telephone 01-520-0442 Telex 262284 (Ref MO775)

CIRCLE 5 FOR FURTHER DETAILS
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“Q”

Ken Smith looks at the origins and
subsequent applications of this often
misunderstood ratio.

hile talking to a stu-
dent using the Q-
meter the other day, I

was reminded of the vast field
of applications in which this
un-named letter now appears.
I asked the student what he
was measuring He replied that
Q was something to do with
how ‘good’ the coil was — but
looked blankly at me when I
said, “What about its applica-
tion to the width of spectral
lines?”

I was hardly being fair, of
course. Q has to do with the
characteristics of spectral lines
and inductors. and tuned cir-
cuits... But Q also appears
when piano strings, quartz re-
sonators, motor cars, auditor-
iums, bouncing balls and,
among other things, the earth
itself are discussed. The
student was studying electro-
nics engineering, which these
days hardly results in any
breadth of education at all, so
how was he to know?

The odd thing about Qis that
itisjust... Q. Thereis no named
quantity which is then given
the symbol. It turns out that Q
measures a number of things,
all of which are often only
partly understood. Here again
we have an example of a fuzzy
area often treated badly in lec-
ture courses and so on.

This topic has developed into
a little flurry of interest again
recently in Electronics and
Wireless World, via letters
from august institutions in
Cambridge enquiring about it.
Lady Jeffreys!? and D.
McMullan®* made the en-
quiries and also wrote short
papers in the Royal Astrono-
mical Society’s Quarterly
Journal. Geophysicists appear
to have discovered Q through
the work of the microwave en-
gineers during and after the
second world war. Further, it
seems these colleagues of ours
like to use the reciprocal of Q,
but as I show a little later, this
is the dissipation factor, and is
already available as such. [
was surprised to see a refer-
ence in the cited literature that

someone had called Q the dis-
sipation factor — an error, of
course.

It is undoubtedly true that
Nikola Tesla was aware of cir-
cuit magnification when he ex-
ploited his enormous LC ratios
to produce kilo and megavolt
r.f. intensity levelson his Tesla
Coil secondaries.

Origins

The question of origin of this
un-named symbol is a little
obscure. I have adopted the
evidence that Q first appeared
in the notebooks of K.S. John-
son, who was working in the
Western Electric Co. engineer-
ing department, USA, at the
time of the first world war.
Johnson appeared to be aware
of the importance of the ratio,
‘coil reactance to resistance’ as
early as 1914, but labelled it K.
By 1920 he was using Q for this
ratio and said when asked why
Q? “Well, it does not stand for
‘quality factor’ but since all the
other letters are so overwork-
ed, I only had Q left.” He cer-
tainly published many refer-
ences to Q in his book® on
telephone engineering pub-
lished in 1924/25.
Atthisstage, Q was a dimen-
sionless factor with no precise
name, but it was defined as

_wL
R

Engineers well before this
time had utilized the rate of
decay of a wave train, or the
logarithmic decrement 3, on
the wireless communications
side and the power factor cosd,
in heavy engineering circles.
Dissipation factor D, was also
widely used and it was
apparently the ‘upside down’
or psychologically dissatis-
fying nature of D that promp-
ted Johnson to use its recip-
rocal and ultimately to label it
Q. D becomes larger as the
losses, or performance, gets
worse. The dissipation factor
also tends to be a small frac-
tional number in light current
work. Its reciprocal Q, is an
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integer or large integer and
grows as the quality of per-
formance grows. Although
Johnson denied ‘quality factor’
was ever in his mind, never-
theless V.E. Legg popularized
this possible meaning and it
has stuck.

Very quickly Q was seen to
relate not only to D but to 8 and
cosd also. As an interesting
sideline, the log.dec. 3 was very
important in the days of spark
transmission, with its damped
wave trains. But as c.w.
narrow-band techniques took
over, it faded into insignifi-
cance, (back to the laboratory
where a few ballistic galvano-
meters were still employed).

Whatis Q

Figure 1 shows an ordinary
phasor diagram that, in this
example, applies to a lossy in-
ductor. From the phasor
geometry, the power factor is

cos¢=%
The dissipation factor is
_R_
——wL—tamb
Q is simply the reciprocal of D
co-wL_
Q= R —coty

Of some interest is to note that
D is proportional to the dissi-
pated power in the circuit (i°R),
while Q is proportional to the
stored energy, (VoLi%).

Another interesting point is
that power engineers strive to
maximize the dissipation, in
other words, they try to arrive
at a zero phase angle, giving

by K.L. Smith, Ph.D.

University of Kent at Canterbury

Fig.1.The current phasori
iscommon to Land Rin the
series arrangementshown.
Vgisin phase with i, while
vileadsiby 90°. The phase
angle betweeniand v,is
used for power factor
calculations. ( = 90° - ¢) is
often called the loss angle.
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6‘Q,9

cos¢ = 1; while communica-
tions engineers want to mini-
mize losses, i.e. make ¢ as
small as possible, which is the
same thing as obtaining large

Q factors for inductors tend
to be much lower than those
attained in good-quality capa-
citors. Therefore, the coil los-
ses in a resonant circuit pre-
dominate. A major step for-
ward was realised when it was
found that Q could be applied
to a tuned circuit at its particu-
lar resonant frequency f;, as

“Well, it doesn’t stand for ‘quality factor’, but since the
otherletters are so overworked, l only had Q left.”
-K.S. Johnson.

R

oOF !

C

123 :Vssin wt T

Fig.2. As v drives current
through the circuit, the
stored energy alternates
between the capacitor
containing it all and the
inductor storing it as
magnetic energy. R
dissipates some energy as
heat during every cycle.
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Fig.3. Theresponse curve of
atuned circuitis the well
known bell-shaped curve.
In the normalized form
shown here, it applies to any
series LCR circuit and the
larger Q becomes, the
narrower the peak between
the points which are 0.707
times down.
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well as meaning a figure of
merit for an inductor at any
frequency. A number of results
followed from this. The tuned
circuit in Fig. 2 stores energy
initsreactances and dissipates
itas heat in the resistance.

The stored energy oscillates
between the magnetic field of
the inductor and the electric
field in the capacitor.

~.energy stored = 2LI .2 joules

(Alternatively, energy stored
could be written, %CV,2.) The
average power lost in the resis-
toris
I.’R
2

because the r.m.s. current

L=_L
8 _\/2—.
Therefore the energy lost per
cycleis
i.’rR
2f
where f is the frequency in
hertz.

We are now in a position to
examine the relationship of
the energy stored to that dissi-
pated per cycle. The ratiois
YfLL? fL_2nfL_ oL _Q

WBRIZ R 2nR 27R 2w
(1a)
This is now a more fun-
damental definition of Q than
Johnson’s original, as it is
based on energy relationships.

total energy
stored in
Q=2m periodic system (1b)
energy
dissipated in
one period

Since in the tuned circuit at
resonance

wW=wgy and (x)()L:

wOC '
the current is
\'A
[.=—2
* R

and is a maximum. This cur-
rent flows through the induc-
tor (and the capacitor...) and
the voltage drop across Liis

VL
R - QVG

This shows that the voltage
across L (or across C) is Q times
the voltage generator value.
With Q of some hundreds, Vi
can be large. This explains
why Tesla managed such large
‘magnification factors’.

Very similar relationships
can be derived for a parallel
tuned circuit, which is the dual
of the series one I have treated.

VLZIS(OL:

Detuning: selectivity and
bandwidth

A look at the series tuned cir-
cuit again shows that, off-tune,
it appears to offer an impe-
dence given by

Z=R+j{uL-—x)

On tune, v=w, and

-1
w"L_wOC’

.'.C1—=m02L, so that Z can be

written

Z=R-tjo,L( 2 ~22)

W,

_ . W _ 0,
_R[“JQO((»—O o))

Q, is the unloaded Q of the
circuit at frequency w,.

If the Q is large, then the
variations of w about w, are
fractionally very small to
maintain significant results.
(In other words, resonance is
over and done with very quick-
ly if Q islarge.) This means can
be written w, + 8w where dw is
very small. Inserting o, + 3w
into

®_w,

w, O
gives

®, . 23w

W W, 400

w, ©
by neglecting (3w)* in compari-
son to other terms.

\

- 7=R[1 +j2QO§U—‘:]

By considering the absolute
value, or modulus of Z, some
further interesting results
follow.

“1ZI=R \/1+4Q02(i)—‘:’)2-

A plot of RAZI against 2Q,3f/f,
(the 2 having cancelled) gives
a normalized universal reso-
nance curve applicable to all
tuned circuits, and by implica-
tion, to all resonant systems,
see Fig. 3.

When 4Q,%(3f/f,)?=1 the
magnitude of the reactance of
the circuit equals the resist-
ance, and the amplitude of the
current drops to 1/V'2 of the
value at f,, which means that
the power dissipated drops to
one half the value at reso-
nance. This yields another sig-
nificant relationship for Q,

fo
Q 25f

23f can be written Af, the “half
power bandwidth”, and the
ratio of f, to 28f is a measure of
sharpness of reasonance or
selectivity.

Damping, the logarithmic
decrement

A tuned circuit, or a church
bell, a tuning fork, a motor car
on its springs and (if they are
not too good!) shock absorbers
—all oscillate with an exponen-
tial decay, or ringing of the
type shown in Fig. 4.

A solution of the equations
for these natural oscillations
is, (for the LCR circuit)®,

_(ﬂ)t
itt)=i.e 2L cosw,'t
where w, is nearly equal to the
w, used previously.

From Figure 4 you can see
that the time to go from one
peak value to the next is
t,—t;=T and if the two peak
currents corresponding to t;
andty,arel; andI;, then

“ _2ﬂ(t2‘t1) —%
2=¢ “L =e =e?
L
where 8 is known as the logar-
ithmic decrement’
_RT
2L

1 R
or because T= P 6_2fL
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_T _T
—Q’or Q= 5

This shows that the oscillating
current in a circuit with a Q of
100 dies away to 37% of its
initial value after about 32
cycles. (It also shows that a car
suspension Q of 100 would
cause the car to oscillate the
same number of times after a
bump in the road, and so high
Qis not always sought!)

Loaded,unloaded and external Q

In Figure 5, the tuned circuit is
driven from a voltage gener-
ator whose internal resistance
is R,. Now, from the definition
of Q as 27 times the ratio of
energy stored to energy leak-
age, as given in equation (1),
the sinks of energy loss have
been simple up until now.
There was only one, the coil
resistance. But in Fig. 5, R,
will also dissipate energy.

-Q :wOLIf /ISZ(R=RS)

S )
w,lL

= 2
R+R, 2

Q. is the loaded @, and is the Q
of the entire system. The recip-
rocal of equation (2) gives,

1_R R
Q. oL oL
1 1 1
o= +
QL Qo WQex

In this equation, Q, is the un-
loaded Q of the tuned circuit
only: Q.. is the external or
radiation Q.

In a transmitter, for exam-
ple, Q, should be large and
therefore 1/Q, very small, so
that although the loaded Q
may be low, nearly all of it is
radiation Q, (and the r.f. ener-
gy is not warming up the in-
ductor very much).

Qis everywhere

The use of Q rapidly prolifer-
ated. Any periodic system was
said to have a Q if it stored
energy and dissipated it over
time. From equation (1) a ten-
nis ball can be tested for its Q,
and there would be a rela-
tionship with its coefficient of
restitution. Are we one day
going to see advertisements
from the makers extolling
their “High-Q tournament
balls...”? If wild claims were
made, such as balls with Q of
1000, they would have to ex-
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plain how their ball should
still be rising to 37% of its
initial height after bouncing
320 times. Actual balls possess
Q of ~ 6 or 7. Table 1 gives a
diagrammatic list of some
typical values.

Even the earth, as a periodic
system, has a Q. It was this
very high Q that timed the
world’s clocks until recently —
when higher precision atomic
clocks took over, (the caesium
clock). The earth has an
irregular rotation period,
mainly due to the seasonal sap
rising and falling in the
vegetation, but it has a mono-
tonic decline in its period of
around 1.64x107° per cen-
tury. The energy stored in the
earth’s rotation is Velw? joules:
Iisits moment of inertia, w the
angular velocity. Therefore,
from the energy lost in one
period compared to 2 times the
ener%r stored, the earth’s Q is
~10

The ubiquitous Q is a re-
markable idea that, although
represented by just a single
letter from the alphabet, has
grown from Johnson’s original
ratio of reactance of a coil to its

ELECTRONICS & WIRELESS WORLD JULY 1986

resistance, to encompass the
vibrations of atoms on the one
hand, to the rotation of the
earth itself on the other. One
day perhaps we shall hear
about the Q of the Galaxy. . . .
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Fig.4.Ifthedrive v,is
suddenly turned off in Fig.
2,then the energy is
gradually dissipated and
the damped oscillation, or
“ringing” shown is the
result. The logarithmic
decrementis defined from
the rate of decay.

Vg = \75 smth

Fig. 5. Some energy per
cycleisdissipated
internally in R. Further
energy appears as heatin
R,. The loaded and
unloaded Q definitions
arise from this division of
labour.

Fig.6.Shown hereis a
schematic representation of
the Q of some periodic
systems and devices met in
technology and everyday
life.
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by P.B. Unstead
and A. Blunden

Range of sampling intervals avail-
able with the data logger. Timing
interrupts can be obtained either
from the versatile interface adap-
teri.c. or from the real-time clock.

Timing Unit ~ Minimum Maximum
device chosenperiod  period

via. ms  0001s 0.256s

via. 1/16s 0.0625s 16s

rte. s 1s 4min 165
rtc. min  60s 4h 16min
rtc. b 1h 10 days, 16h
rtc. day 1day 256 days

Fig.1 ApplelIlinterface for
7581. This converter offers
aninput voltage range of
+5V with a single offset
adjustment for all channels.

Dataloggerfor

Applell

This eight-channel analogue interface can
be driven by the real-time clock described in
April, or may be adapted for other 6502

systems.

he interface is based on

I the RS7581LN c¢-mos
chip, an eight bit, eight
channel monolithic memory-
buffered data acquisition sys-

tem which uses successive
approximation conversion.

The converter free-runs and
stores its results in an on-
board 8 % 8 bit ram which is
accessed through the address
bus of the microprocessor. On-
board address bus latches can
be made transparent by tying
address latch enable, ALE, pin
16, high.

Data is made available to
the processor via a tristate buf-
fered data bus. Chip select, Ts,
pin 13, activates the buffers to
place the addressed data on the
bus during a read cycle. The
ram is updated only when the
microprocessor is not addres-

sing the converter memory.

Conversion of a single chan-
nel takes 80 clock pulses; the
complete scan through all
eight channels, controlled by
an internal multiplexer, there-
fore takes 640 cycles.

With a 1MHz clock applied
to pin 15, the input signal fre-
quency for a sinusoidal input
on any one channel should not
exceed about 800Hz. However
400Hz would be a more suit-
able limit for reasonable repro-
duction, without aliases, of the
input signal waveform.

A status signal, pin 12, indi-
cates when a conversion is
complete but it is not used in
this design. Another detail of
interest is pin 1, an offset vol-
tage adjustment to allow the
converter to be set up correctly
in conjunction with the refer-
ence voltage on pin 10.

Termingl block

GND

25 Y

s o [ [2]a]es]e]

J

5V

7 Jofs[5Y]
|

-1V

These numbers refer to
Apple T interface connections

I

DENDL STAT b Vpee D
g a&m% 0

meL

To pin 25

56k 5%
20k
10k 01% 27k 5%
Topin 25
| 10k
To pin 26
TonTn ]l NN

HOLOOOOB®O@®®
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The 7581 appears to the
processor as eight read-only
memory locations which, for
the Apple Il interface, are
located at $COBO to $COB7
using the signal DEVICE SELECT
available from pin 41 of the
edge connector.

For other machines, the
address bus may have to be
decoded to produce an equiva-
lent signal. The simplest way
of achieving this would be to
use a multi-bit comparator,
such as the ten-bit device
DM8130, with a bank of dil
switches and resistors (Fig.
2a). The switch positions could
then be used to locate the de-
vice in the system memory
map as required since the cut-
put would be high only when
the two input binary words
were the same.

If this is wasteful of address
space, through insufficient bit
comparison, a three line to
eight line decoder, 74138,
could be added to produce com-
plete decoding; or alternative-
ly more than one comparator
could be used. A possible solu-
tion using a 74138 is shown in
diagram 2b.

For this method the active-
high output from the com-
parator would need to be in-
verted to drive the enable
inputs Gy,, Gop, of the decoder.
The r/w line of the pro-
cessor can then be used to con-
trol the ¢, input to produce a
fully decoded signal, from the
appropriate vy, output, to
operate ¢s on the 7581. For the
Apple II DEV SEL is inverted
before being gated with r/w to
provide the read-dependent
chip-select.

To achieve the specified per-
formance V., should be set to
—10V. With the Apple this is
achieved by a zener diode and a
series resistor across the —12V
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output at the edge connector.

Each input channel has its
own gain-trimming potentio-
meter. Without this, its ana-
logue input resistance is typi-
cally 20kQ. The circuit con-
figuration in Fig. 1 is for bipo-
lar operation and requires an
offset facility with gain. That
for unipolar operations re-
quiresonly a unity gain buffer.

Replacing the feedback reis-
tor around the 308 amplifier
with a short-circuit and remov-
ing the 10k(} resistor on its
inverting input will convert
the circuit to unipolar opera-
tion with an input range of 0 to
10V. Further range changing
can be achieved using series
resistors.

For bipolar operation the
output code is offset binary
whilst for unipolar operation
the output is pure binary. The
accompanying software is for
bipolar operation.

Calibration

The system may be calibrated
for a weighting of 40mV per
1.s.b. asfollows. Set up an input
voltage of —5.06V between
channel 0 input and ground.
CaLL (51968) and select all
eight input channels, one
second intervals and, say,
$4000 bytes. Adjust the offset
potentiometer until the dis-
play flickers between —126
and —127. Reverse the polarity
of the input supply and trim
the input potentiometer until
the display flickers between
+126 and +127.

Repeat the last step with the
input connected to each of the
other seven channels. If after
this procedure the channels do
not all read zero with no ap-
plied voltage repeat all the
calibration steps.

Real-time clock

we are concerned only with one
of its two counter timers, T, the
interrupt flags register, ifr.,
at base+D, and the interrupt
enable register, i.e.r. at
base+E.

For data logger operation, T,
must operate in the free-
running mode to generate a
series of timed interrupts.
With bits 7 and 6 of the a.c.r.
set to 0 and 1 respectively,
every time the count decre-
ments through 0, the appropri-
ate flag bit (bit 6 of the i.f.r.)
will be set to 1. If the corres-
ponding bit in the i.e.r. enables
the interrupt, bit 7 of the i.f.r.
will be set to 1 and the 1rqQ line
from the v.i.a. to the processor
will be taken low. At this time
the counter will be reloaded
from data stored in its latches
to start the next timing sequ-
ence. This sequence is used in
the subroutine ‘viarun’ in-
cluded in the program listing.

In the interrupt service
routine the interrupt flag is
cleared by reading the content
of the low order counter. All
interrupts are disabled other
than those from T,, so that bit 7
of the i.fir. is set when the
timer times out.

When the v.i.a. timer is used
to generate interrupts, those
from real-time clock must be
disabled using the ‘disabl’ sub-
routine given in the April
article.

At the end of data acquisi-
tion, all interrupts are dis-
abled by writing 7F 4 to the
lLer.

Software

The firmware is activated by
cALL (51968); this allows an
initialization procedure to be
carried out as follows. Each of
the eight analogue inputs is
selected (or not selected) by
entering 1 or 0 at the keyboard
pressing RETURN on each occa-
sion. The combination chosen
is stored in zero page at $F9.

The interval between read-
ings is selected by first choos-
ing the unit (days, hours, mi-
nutes, seconds, sixteenth
seconds, or milliseconds) and
then the multiple of the unit.
The ‘disabl’ subroutine from
the clock firmware displays a
clock face and the flashing cur-
sor appears over DAYs. Each
time O is entered the cursor
shifts to the next digit untila 1
is entered; after 0 is entered for
“seconds” the v.d.u. displays
16THSEC then MILLISEC.

The input from the process is
used to vector interrupts
through two different entry
points to the interrupt service
routine (i.s.r.) according to
whether the clock or the v.i.a.
is used. If the clock, the posi-
tion of the active digit is stored
in zero page; if the v.i.a., timer

Buffered
oddress
bus

Interrupts generated by the
real-time clock (which occur
every half-second) may be used
to drive the converter. But if
this sampling rate provides in-
sufficient bandwidth, the a-to-
d may be operated in conjunc-
tion with a 6522 versatile in-
terface adapter (Fig. 3).

The v.i.a. occupies the same
address space as the p.i.a. of
the eprom programmer (May
issue). That is, it is located at a
base address of $COCO and
occupies slot 4 in the Apple 11,
but it uses 16 register loca-
tions. For the present purpose

Pin13 of
DM 8130

Lk7

+5V
% Lk7

Location of 7581
defined by switch
positions

e} e

{ Switch bank {

(a)

Corresponds to
DEVICE SELECT
on APPLE TI

Yn chosen depends

upon address of 7581

O

(b}
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Below: hex memory dump of the
software. An assembly language
listing is also available: details
on the next page.

Ca4s Wi hE AL du
€8%0 62 7A 4U Bo Yu B2 9C 9C
C858 BA 98 40U AA A BA BB Y3
€860 9C AB BA A4 AC 32 98 &3
CB68 KU AR 9U HE Ab HA 86 9B
C870 92 98 Y8 92 Ae 3A 8o 79
C878 45 60 bU 40 YL 9E S5E 84
CBHU Bz AB 3A A4 74 4B OU bBY
€888 60 6l 4C AE CR UL ou U4
C891) B2 CF 4C BL B 31 24 F4
C898 Bz CF 4C BD UB 81D ES U3
CBAU Bz CF

CBOU A9 17 85 23 AU &7 Az OF
CBO8 20 4B D A3 80 3% E3 AD
CB1O z ‘gz
CB18
(83923
<B28
CB30
CB38
CH40
CB4B
CB50
<B58
CBbU
CBe8
ZB70
CB78
CB3G
cB8Y
2B9D
CBY8
CBACQ
UBASB
BB
CBBB
CBCO
oBCY
CBDO
CBLB
CBEOD
CBES8
CBFO
CBF8

CcD9u 20 D8 CD AZ AU 20
CD98 DO CD A% E3 08 29 7F 28
CDAO 30 07 AZ AD 18 49 7F 69
CDA8 01 20 DO CD AZ AU C9 64
CDBO 90 09 A2 BU E9 64 E8 (9
CDbB8 64 BO F9 20 DO CD Az BUO
CDCO  C9 DA 90 05 E9 0A EB DO
CDhC8 F7 20 DO CD 09 BU AA EA
CDhbG 48 8A 99 50 U7 68 C8 60
CDhD8 A5 E3 Az 00 8L FA 60 &0
CDEQO AD A6 Az BA 20 4B (D A2
CDE8 U4 AU Az 20 U8 (D 38 A5
CDFO 73 E5 FC 85 73 85 FA A5
CD¥8 74 E5 FD 85 74 85 FB 60

CEFO 21) 4A CF
CEF8 A4 FF BE 50 D7 86 1F 60

Fig. 2a. Using the a-to-d with
other 6502 machines: a
DM8130 and a bank of
switches provide the
necessary address
decoding.

Fig. 2b. A three-to-eightline
decoder completes the
address decoding for the
7581.

55



External inputs
A

Terminal blocks

ICA1 | CA2|

E

OEEEEE®®G

i

o
(=3

] Gnd level
10 Pin 26 st

Set trigger

Fig. 3. For faster sampling
rates, timing signals may be
derived from a 6522
versatile interface adapter,
which occupies the same
address space as the p.i.a.
described in May’s eprom
programmer article.

These numbers refer fo
Apple IT interface connections

Screen display shows the
converterinuseasa
simulated pen-recorder.

T, hasitslatches set.

The number of bytes, the
products of the number of
channels and the number of
readings to be taken is then
entered as a four digit hexade-
cimal number.

14: !i t 22?&& 1 ?’?. 1 3 .1‘30188?28 s ”l“”

Acquisition begins when the
return key is pressed for the
last digit. One of the two
routines “viarun” or “clkrun”is
then implemented to enable
interrupts from the v.i.a. or the
real-time clock and control re-
turns to the Basic operating
system.

Interrupts from either the
r.t.c. or the v.i.a. are serviced
without affecting any registers
of the 6502 processor, and so
the data logger may be oper-
ated in parallel with a Basic
program.

With ther.t.c.inusethei.s.r.
updates the displayed time and
checks the current value of the
active digit. Acquisition be-
gins on the first change. The
1.8.r. clears the interrupt on the
device and then displays a
countdown on the v.d.u.

When the countdown times
out, the 1.s.r. rotates the zero-
page location $F9, reads the
a-to-d’s data registers and
stores each byte. As calibrated,
$80 corresponds to 0V, & 1 unit
to = 40mV. Readings are also

shown in decimal, —128 to
+127, on the screen.

When the specified number
of bytes has been read, further
interrupts from the r.t.c. and
the v.i.a. are disabled, leaving
on the screen the time at which
data acquisition was com-
pleted.

The available intervals form
a series of overlapping ranges
as shown in the table. Note
that the half-second interrupt
generated by the clock is not
precise and that intervals of
less than 16 seconds should be
defined in sixteenths of a
second. Intervals defined in
“16THSEC” and “MILLISEC” are
measured by the v.i.a. and are
precise, if the clock period of
the processoris known.

To re-enter the code without
re-selecting the channels used
and the interval unit,
CALL(52086).

The authors would like to
record their appreciation of the
help of George Rigelsford in
developing these interfaces.

An assembly-language listing of the
code given on the previous page is
available from the editorial office.
Please enclose a stamped, self-
addressed envelope and mark your
covering envelope ‘Apple logger’.
Readers overseas should include
two international reply coupons for
return postage.

In the next article, the authors de-
scribe a waveform recorder inter-
face which enables measurements
to be made on rapidly varying input
signals. Conversion time is approx-
imately 15us.
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Faster Fourier
transforms

This last part completes discussion on input
and output representations, illustrating the
transformation process with Basic programs.

he four permutations of

I data presentation are
shown in the diagrams.

An extension to the program to
print a table of the results in

magnitude reponse form is
suggested:

80 FOR I = &2C00 TO &2DFF

STEP4

90 A% =1

100 B% = U1+ &200)

110 PRINT SQR

(A% A% +B%*B%)

120 NEXT 1
The real part of X(m) is referred
to above by A% and the imagin-
ary part by B%; the real data
table starts 512 (&200) bytes
before the imaginary data
table.

Listing 5* performs the trans-
formation of a square pulse with
its output shown below, using the
magnitude representation. An
array is used to store the values
of 1x(m) which are then plotted
on a frequency axis such that
OHz lies at the centre with nega-
tive frequencies to the left and
postitive frequencies to the right.
The axis extends over the range
of frequency equal to twice the
Nyquist frequency. The phase
response for values of the har-
monic number m is given by

=1 ImX(m)
P=tan (ReX(mb)'
Since the phase response is
derived from a ratio, an impor-
tant point arises as to its valid-
ity under noisy conditions be-
cause two noise components
can combine to yield phase
errors. The effect can be re-
duced by establishing a
threshold value of the com-
puted Fourier coefficients; any
value of Re X(m) or Im X(m)
below this threshold is reduced
to a miniscule value (not zero).
No phase response routine is
implemented here, but you
should incorporate these

* Listings 1 to 4 appear on disc.

thoughts when writing suit-
able software.

Listing 6 produces the spec-
trum of an 8Hz sinusoid, which
confirms the result of a classic-
al Fourier transform. The
function defined in line 20
reads:

SIN (16%PI*I)
which is of form:

SIN (24FPI*1).

The number of cycles con-
tained within the window is
variable from 1 to the Nyquist
limit of 64 (for N=128) i.e. if
the window length is taken to
be 1 second then the maximum
frequency waveform that can
be sampled is 64Hz. If a higher
frequency waveform is to be
sampled then the window has
to be reduced accordingly. It is
interesting to confirm the sam-

10 MODE?7

20 REM SQUARE WAVE

30 DIM X(128)

40 FORI=&Z5C5T0&Z605: ?1=1:NEXT
50 FORI=&Z606T0&2645: 21=0: NEXT
60 CALL &2646

70 J=0

80 FORI=&2CO0TO&2DFF STEP4
90 A=I:B=1+&200

100 X(J)=SQR(!Ax!A+!Bx!B)
110 J=J+1

120 NEXT

130 MODEO

140 FORJ=64TO127

150 MOVE (J-64)%8,1

160 DRAW (J-64)%8,X(J)/10
170 NEXT

180 FORJ=0T063

190 MOVE (J+64)x8,1
200 DRAW (J+64)x8,X(J)/10
210 NEXT

pling concepts described ear-
lier by including a non-
integral number of cycles with-
in the the sampling window;
the effect of this is to produce a
leakage effect. If the frequency
of the sinewave is increased to
beyond the Nyquist limits, the
spectrum is subject to aliasing
effects rendering the results
meaningless.

A second bit-reversal
routine included in the FFT is
conveniently used for pulse
train transformations where
each sample point can take
only one of two discrete levels
and it can thus be described by
a single byte. For 128 sample
points, only 128 bytes are re-
quired for an input buffer
rather than the 512 bytes
necessary in the arrangement
discussed previously. This buf-
fer is located in the area of
memory, &25C6 to &2645,
each location begins defined in
the following manner:

&XXXX=0lowerdiscrete level
&XXXX+#0higherdiscrete level

The FFT assigns the positive
level to an amplitude of 128
regardless of the non-zero
value in a particular location.
A simpler program to initialize

|||||||||IH‘

.1.I.|.|.|<I<I‘I.].l.{.|.|.|.|4|.l.l,I.I,I.I.I.I.(.Ivl‘(.l,l‘
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by Weysel Omer

Four permutations of data
presentation.

--—VT,
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FFT
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REM SINEWAVE
MODE 7

DIM X(128)
FORI=0TO128:X%=SIN(16%PI*1/128)%1024
{(I*4+&2200) =X%

NEXT

FORI=&2400T0O&2600 STEP4
' 1=0: NEXT

CALL &2175

J=0

FORI=&2ZCOOTO&2DFF STEP4
A=1:B=I1+&200
X(J)=SQR(!AX!A+!Bx!B)
J=J+1

NEXT

MODEO

FORJ=64TO127

MOVE (J-64)%8,1

DRAW (J-64)*8,X(J)/100
NEXT

FORJ=0T063

MOVE (J+64)%x8,1

DRAW (J+64)%8,X(J)/100
NEXT

buffer with a square pulse is

10 FORI = &25C6 TO &2605

2071 =1

30NEXTI

40 FORI = &2606 TO &2645

5071=0

60 NEXTI

Note that an imaginary part
is not required for the forward
transform (for the reasons ex-
plained earlier). The FFT is
called by the line:

70 CALL &2646

ettt I,

MM

"

BT "l||||ll""""||||””““l

“H\n

|

I||||,,.||l|IIn.A,“,...ml||n|..,,....n||un...

10
15
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
170
180
190
200
210
220
230
240
250
260
270
280

REM REAL AND IMAG PARTS OF A PULSE
MODE 7

DIM X(128)

DIM Y(128)
FORI=&25C6T0&2645: ?1=0: NEXT
FORI=&25C6TO&25CD: ?1=1: NEXT
PRINT"FFT START"
CALL &2646
PRINT"FFT FINISH"
J=0
FORI=&2COOTO&ZDFF STEP4
A=1:B=1+&200

Y(J)=!B

X(J)='A

J=J+1

NEXT

MODEO

FORJ=64T0127

MOVE (J-64)%8,600

DRAW (J-64)%8,X(J)/5+600
MOVE (J-64)%8,250

DRAW (J-64)*8,
NEXT
FORJ=0T063
MOVE (J+64)%8,600

DRAW (J+64)%8,X(J)/5+600
MOVE (J+64)%8,250

DRAW (J+64)%8,Y(J)/5+250
NEXT

Y(J)/5+250
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The entry point to the FFT
routine is different to that of
the previous input definition,
because of the two-state bit-
reversal routine, but the re-
sults of the transformation are
stored in the same to input/
output buffer. Adding the fol-
lowing lines causes the magni-
tude data of the pulse trans-
form to be printed out:

80 FOR I = &2C00 TO &2DFF

STEP4

90AY% =11

100 B% = W1+ &200)

110 PRINT SQR

(A%*A%+B%*B%)

120 NEXT1
This program gives the same
results as for those obtained
from the previous (square
pulse) program which used the
four byte representation of the
data elements. This merely

alllows a simpler form of the
input data for the special case
of pulse trains. Listing 7 form
the real and imaginary graphs
for the transform of a pulse
using this method. It is an
interesting cxercise to ‘ba-
lance’ a single pulse such that
imaginary parts reduce to zero
to produce an even function.

Application

From an engineering point of
view, the FFT isbest treated as
a ‘black box’ the use of which
merely requires of knowledge
of the form of input and output
data. Correct interpretation of
results relies on an apprecia-
tion of time and frequency do-
mains and their relationship
via Fourier transform theory
(ref. 4). The algorithm can be
applied to such areas as sys-
tems analysis using convolu-
tion (multiplication in the fre-
quency domain), communica-
tions and device testing (utiliz-
ing cross and auto-correlation).

The original work was com-
pleted using a BBC model B
microcomputer and the article
has assumed its use through-
out; the FFT itself and bit-
reversal routines are written
in 6502 machine language
and are transportable to any
machine using this micro-
processor with the area of
memory defined in Fig. 8 free.
Listing 3, which generates the
rotation factors, is written in
BBC Basic and must be con-
verted into the resident Basic
of a particular machine. Re-
location of the routines is not
easily carried out if the mem-
ory specified is not available
but guidelines on the process of
transfer can be made available
if required. The Basic listings
serve to illustrate various
aspects of the use of the FFT
algorithm and do not form part.
of the transform function.

The work presented formed
the first stage of a final year

project which has been ex-
tended to operate in two
dimensions and applied to im-
age processing. The one-
dimensional transform discus-
sed here can also be used in the
area applied to image prcces-
sing, called ‘Fourier descrip-
tion’. In this application (sam-
ple number N) points are de-
fined on the outline of an im-
age and their co-ordinates are
treated as on an Argand dia-
gram (a+jb) and fed into the
FFT input. The transforma-
tion of these co-ordinates into
the frequency domain followed
by a normalization process
allows the recognition of simi-
lar shapes regardless of rota-
tion or size. Furthermore,
truncation of the frequency do-
main data down to the first
eight harmonics still allows a
reasonable approximatior. to
the original image when in-
verse transformed. Thus an
effective means of data com-
pression is produced.

@ In the last column of part
one, page 25, the lowest fre-
quency in the two buffer loca-
tions should read “d.c.” of
course, or zero frequency, and
not “x” as printed. In Fig. 8
which unfortunately went un-
corrected, please chance the
second, seventh and ninth me-
mory locations to 2200, 2B80
and 2EQ0. In the panel, letters
a to e should accompany the
illustrations, Fig. 2 referring
to the table, whilst in column 4
the reference to equation x
should be to (i). Mr Omer apo-
logizes for the slip in column 3
where “m” should be k on the
first three occasions.

The author’s software can be
supplied on disc from the edito-
rial office. Send a formarted
disc (Acorn DFS or Kenda
DMFS, 40 or 80 track — please
indicate which) and a stamped,
addressed envelope for its re-
turn. Mark your covering en-
velope “FFT/Omer”.

Adjustable aceuracy

The sole source of inaceuracy

in FFT caleulationisinthe
multiplication of rotation
coefficients and data words, and
isduetothe limitation inthe
number ofdecimal places of the
sine coefficient table elements.
Line40of sincEn. defines a
constant; 1024, to scale the sine
coefficientsinte the integer format
giving threedecimal places of
accuracy. This scalar may be
varied to provide increased
vesolulion fora particular
application ~bearing in mind the

constraintsidentified in

the earlier part of the article
concerning overflow: At each
combining stage the scalar must
bedivided to preserve linearity in
thealgorithm. Locations &2833
and &2974 contain this value as
the number of bicimal places,
initially set to 10 correspondingto
1024 faccuracy isto be inereased;
say to 11 bicimal places; then the
rotation factor scalartline 40 of
sinGEN) would be 2048 and the
appropriate locations would have
their constants altered to 11.
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CROWDED
SPACE

It is often difficult to explain to
non-engineers that a
significant limitation exists
for satellite communications
systems and direct
broadcasting from satellites
because of the risk of
“overcrowding” the
geostationary orbit. “Over-
crowding an orbit with a
circumference of what must be
over 150,000 miles?
Impossible! is not an unusual
reply.

It is of course not the
limitations of physical space
but of the available frequency
spectrum and of the directivity
of the antennas on the
satellites. The smaller the
antennas the more chance of
co-channel or adjacent-
channel interference as orbital
positions are brought closer
together or, as for direct
broadcasting, dishes are
smaller. Some advantage can
be taken of polarization
discrimination (circular right-
hand and circular left-hand)
but the major problem remains
that even weak interfering
signals can severely degrade
the quality of television
pictures in the form of “ghosts”
or by providing annoying
“echoes” on speech.

Work at Ohio State
University, supported by
NASA, on adaptive antenna
arrays designed to reject even
very weak interfering signals
(Inder Gupta and Aharon
Ksienski, IEEE Trans. Vol
AP-34,No 3, March 1986)
suggests that since the
spectral characteristics and
modulation techniques of
desired and undesired signals
are normally the same, even
co-channel signals several
decibels below the noise level
can cause objectionable
interference. Ghosts and
echoes are more annoying than
‘snow’ or static: “Very faint
wavy lines across a television
picture are more easily
detectable by the human eye
than by an instrument and this
makes their suppression
difficult though necessary.”

Whereas the carrier-to-noise
ratioofthe fm. signalsona
satellite link might be 15dB,
undesired signals at levels 10
to 30dB below this can result in
objectionable interference.

COMMUNICATIONS COMMENTARY

The authors claim that
although adaptive satellite
antennas have been developed
toreduce interference they
cannot conventionally
suppress very weak
interfering signals, since
thermal noise isthe major
source of degradation and
dictates the array weights
Their work has involved the
modification of feedback loops,
reducing the noise level in
them by reducing the
correlation between the noise
components of the two inputs
to the loop correlator.

Adaptive arrays specially
for the rejection of television
co-channel interference on
u.h.f vestigial-sideband
broadcasts signals were
developed in the late 1970s by
an IBA team, and two such
arrays are currently used to
provide programme links to
the Channel Islands;
originally from Plymouth
(Stockland Hill, Devon) and
more recently from
Southampton (Rowridge, Isle
of Wight). However, since
these are not f.m. systems,
there is no requirement for
them to adapt to reject very
weak signals below the noise
level, but rather to insert deep,
highly-directive nulls on
unwanted signals.

The thinking behind the
work at Ohio University is
that such adaptive arrays
would allow satellites to be
spaced closer together, so
increasing the maximum
number of systems.

TUTORIALS

Most of the regular
international conferences
organized by the professional
institutions have settled into
fairly established patterns. It
istherefore interesting to note
that the IERE for their fourth
“Radio receivers and
associated systems” conference
(University College of North
Wales, Bangor,July 1to4)
have designated the first day
as a “tutorial day” covering
topics related to the main
theme of the conference but
offered to both delegates and
non-delegates.

Tutorials will be given on
frequency synthesis and
phase-locked loops;
cryptography; digital signal
processing; modulation and
coding; spread-spectrum
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techniques; and gallium
arsenide applications.

The IERE are also
responsible for the
organization of the fifth
international conference on
electromagnetic compatibility
(September 30 to October 3,
University of York). This will
include sessions on improving
immunity to interference
arising within printed circuit
boards, e.m.c. education,
measurementof emissions
from antenna systems, test
methods and specifications.
Again, the first day of the
conference is being given over
to tutorial papers on spectrum
analysis, screening,
suppression components and
filters, electromagnetic pulses,
measuring techniques and
instrumentation, designed for
those with limited previous
knowledge of the many and
increasing problems of e.m.c.
A 30-stand trade exhibition
is also being organised.

It would seem that a
“tutorial day” may become a
permanent feature of such
international conferences.

BOOMORBUST?

In the 1986 National
Electronics Review, Dr
William Gosling notes that
“the history of technology is
written as a history of firsts”,
although thisis not the case in
other fields of human genius.
Whereas we value great
paintings as monumental
achievementsin theirown
right “the whole pattern of
Western technical and
scientific thought is based on
an assumption of ceaseless
progress and development”. He
quotes Drlan Ross of Bell
Laboratories that
“technologies come in two
kinds: those which are
exponentially developing and
those which are unimportant.”
Dr Gosling writes: “We take it
for granted that the science
and techology of today will
necessarily differ in essence
from that of yesterday, and
will be better. It is just because
of this, because we know how
very high we shall
subsequently build, that we
particularly honour those who
lay the first foundations.”

Dr Gosling undoubtedly
reflects widely-held attitudes
towards the history of
technology. But the

assumption that progressis
science is pervasive and
irresistible and thata
particular technology either
grows ordies, still widely held
among technologists, is surely
aview that today finds less
support not only among the
publicbut also among those
who fearthat it leadstoa
distorted view of the history of
technology and may indeed be
one reason why so many
British scientists and
engineers spend their working
lives straining after the new
rather than taking discoveries
out of the laboratory and into
the market place, by means of
product development and good
production engineering. It
leads inevitably to the
pervasive “notinvented here”
syndrome.

Dr Gosling credits Heinrich
Hertz with first demonstrating
the existence of
electromagnetic waves, yet it
was the commercially-minded
Marconi who is regarded, with
some justification, asthe
“inventor” of radio, just as,
with farless justification, the
British public have pinned the
label “inventor of television”
on Baird and with some, but
only partial justification,
“inventor ofradar” on to
Watson-Watt. Perhapsifwe
took more care to get our
history right, we might get our
electronics industry in better
shape. In turn, this might
reduce the tendency to jump on
fashionable research
bandwagons and to realize
that there is often exciting new
ideas tobe found in old
technology.

HI-TECH PAPER

The continuing popularity of
thermionic valves for amateur
radio transmitters has
endorsed the saying that “had
the transistor been invented
first, the valve would have
been hailed as the answer to all
our problems”. Professor Igor
Aleksander of the Kobler Unit
for the Management of
Information Technology at
Imperial College, in advising
businesses to show a healthy
degree of scepticism towards
the “paperless office”, puts it
similarly that had computers
been invented before paper,
the latter would be hailed as
“as a remarkable achievement
of high technology, permitting
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much information to be stored
at afraction of the cost of the
magnetic medium”. He
postulates whether computer
storage of, for example, diary
events may be superseded by
“those natty little bits of yellow
paper which may be stuck
(temporarily) on the nearest
wall or even on the face of the
nearest video screen.” Such
paper labels are designed to be
peeled off easily when they
have served their purpose.

STEREO DRAMA

With the growing expectation
of stereo sound becoming
available in the UK on both
satellite and terrestrial
television broadcasting, it is
interesting to consider how
producers will cope with the
added problems of stereo on a
relatively small screen. There
isthe continuing problem of
the studio environment where
many people are likely to be
working and contributing to
the ambient noise. More
importantly, with the
exception of, for example,
stage opera, where the
cameras will normally all
shoot from the front of the
stage, drama production
involves frequent variation of
shot, involving changing
camera angles. Studio
practices will thus need to be
adjusted to make sure that
effective use is made of stereo.

If cinema film practice is
adopted, most dialogue is
likely to be recorded in mono,
leaving it to appear as coming
from the centre of the screen,
with only the sound effects
dubbed on in stereo. Film
technicians argue that
“dialogue popping around even
awide screen is jarring and
difficult to understand.” Even
in some Hollywood major
productions such as “Star
Wars” which featured
elaborate stereo dubs, very
little of the dialogue was
actually planned to match
characters away from the
centre of the screen.

MORE PACKETS

The RSGB is pressing the DTI
for licence changes that will
open the way to the
establishment of an extensive
network of packet radio
repeaters (“digipeaters”)
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linking around 40 major UK
cities and towns with a large
number of smaller towns and
villages. This would in effect
provide an ‘electronic mail’
system for use by licensed
radio amateurs. At present
there are doubts whether
digipeaters represent a form of
third-party message handling,
although some European
countries, including West
Germany, do not regard
messages from and to licensed
amateurs, when passed
through intermediate stations,
as being third-party traffic.

There is, undoubtedly an
increasing interest among UK
amateurs in packet systems
based on the X.25 protocol,
permitting the sharing of
channels by a considerable
number of stations, though
some are doubtful whether
what is essentially a
depersonalized form of
communication islikely to
have the same long-lasting
appeal as a hobby activity once
the technical and software
challenges have been
overcome, as speech and
manual morse.

The RSGB, however,
foresees the future
development of a world-wide
packet network as appealing
not only to existing amateurs
but as attracting into the
hobby many new people,
including computer hobbyists.

CLASS B MORSE

The DTT have confirmed that
as from May 2, 1986 all holders
of Class B licences may use
morse code on a permanent
basis, provided that operation
isrestricted to the frequencies
covered by the Class B licence.
This follows the experimental
year during which holders of
Class B were able to apply to
the RSGB for a “letter of
variation” permitting the use
of morse for a twelve-month
period.

There isevidence that a
significant number of Class B
licensees took advantage of
thisfacility and as aresult
have been able to bring their
operating speed up to the 12
words per minute needed to
obtain a Class A licence with
itsuse of h.f. bands.

There remains, however, a
number of Class B amateurs
who are antipathetic to the
morse code and continue to

press for the right to operate on
the 28 MHzband, although it
seems unlikely that the DTI
would breach the ITU Radio
Regulations that require
morse test below 30 MHz,
though this does not rule out,
for example, a code test at say
five words per minute for a
novice licence.

The RSGB isstill engaged in
setting up its promised
country-wide morse-test
centres, but in the interim
period tests are being held at a
number of the mobile rallies.

G2DX
FAREWELL

Ken Alford, G2DX who held an
amateur experimental licence
for almost three-quarters of a
century, died in March, aged
92 years. He was one of the last
survivors among those who
had held the three-letter
“experimental” callsigns
issued by the GPO before the
Great War, 1914-18.

His spark transmitting
station (TXK) was one of the
first to be described in Wireless
World and on August 2, 1914
hereceived the German
message from POZ (Nauen)
announcing the outbreak of
war with France and Russia.
He was alsoone of the first
people to transmit from an
aircraftin flight, using hisown
spark transmitter.

For many years he was
professionally concerned with
the development of military
radio equipment at Woolwich.
He played an active role in the
original ‘Transatlantic Tests’
ofthe 1920s. In retirement he
remained an active amateur
transmitter until quite
recently. The callsign G2DX,
dating from 1920-21, wasin
use for some 65 years.

Another early user of
aircraft radio, Jim Tovell,
G5LQ hasalsodied, aged 88
years. As a radio-operator with
the RN and RFC during the
1914-18 war, he made a “first”
air-to-ground radio contact
while flying over Istanbul
(then Constantinople).

RADIO

The International “language”
of radio operators stretches
back far further than many
people realize. The
international Q code was

formulated about 1912, but far
olderisthe abbreviation “73”
meaning “best regards”. This
datesback to 1859 when an
American telegraph
committee was formed to
devise a code to reduce
standard expressions to
symbols or figures to save
transmission time.

1 stood for “Wait a minute”, 5
for “have you anything for me”.
13 for “I do not understand”; 22
for “love and kisses” (curiously
the symbol 88 has replaced £2);
73 for “my compliments” or
“best regards”.

Only “73” of the original list
hassurvived unchanged. An
altogether more debatable
symbol is 55 (“much pleasure”)
that appears to have
originated in Germany about
1947. There is a strong
suspicion that this was
derived, as a form of black joke,
from the almost mandatory
pre-war German abbreviation
HH (“Heil Hitler”) simply by
adding a dot to each H to make
the five dots of 5. Today,
entirely unwittingly, it is used
by many amateurs.

SATELLITES

A colloquium on the amateur
radio satellite service isbeing
organized by AMSAT-UK in
conjunction with the
University of Surrey,
Guildford. It will be held at the
university on the weekend of
July 5 and 6, with some
overnight accommodation
available. Topics to be covered
will include the latest
information on the Russian
satellites, RS9 and RS10. Karl
Meinzer, DJ4ZC is expected to
describe progress on the high.
altitude Phase 3C satellite
project.

The first Japanese amateur
satellite, JAS-1, could be
launched this autumn as part
of the load on a test flight of the
Japanese H1 launch vehicle.
This medium-altitude satellite
will carry two mode-J
transponders (145 MHz up,
435down). One of the
transponders is for digital
store-and-forward
applications. Satellite users
arefinding increasing
difficulty with 145 MHz
downlinks due to the very
crowded state of the band in
the UK and some other parts of
the world.

PAT HAWKER G3VA
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Leeds Electronics Exhibition

The 1986 Leeds Electronics Exhibition will be
held in the Department of Electrical and

Electronic Engineering at the University of
Leeds.

Among the exhibitors will be:

Ampicon Electronics Ltd, Stand 200. On the Amplicon stand will be a
number of products from National Instruments who specialize in
IEEE-488 interfaces. They not only include GPIB interfaces for a number
of computers but also instruments which will convert the computers into,
for example, GPIB analysers for testing and debugging networks of test
instruments. EWW 250

Electronic Components Ltd, Stand 61 are showing a new two-wire
data transmission system for monitoring and control. The Dupline
system can transmit 128 mutually independent signals in any direction
over distances up to 20km through two-wire cable. It is possible to
interconnect and control a network of remote transmitter modules with
one multi-channel generatcr. EWW 251

Lucas Semicomps Ltd, Stand 29 are offering components from a.
number of manufacturers but have taken, as a theme, display devices.
Featured are display modules by Racal. EWW 252

Chase Electronics Ltd, Stand 53 is the UK representative for
Advantest who offer an extensive range of instrumentation fromd.c. to
microwave frequencies. Of note: 60GHz spectrum analyser; 3.5GHz
portable spectrum analyser; and a dual channel f.f.t. digital spectrum
analyser. Chase’s own products include measuring and monitoring
instruments for mobile radio. EWW 253

Rittal Ltd, Stands 34, 35 & 36 are exhibiting a selection from their
range of 19in racks, enclosures, instrument cases and consoles. Various
standards are met for e.m.i. and r.f.i. protection for sensitive equipment.
EWW 254

Thorn EMI, on Stands 64 & 65 are showing instruments from the
Systron Donner division, including the model 1502 signal generator
covering 100kHz to 2.5GHz with 1Hz resolution. Frequency or level
sweeps are provided, as isa.m. or f.m. applied internally or externally.
EWW 255

On Stand 111, Thorn EMI Datatech offer a range of portable and
laboratory instrumentation tape recorders, and high-density recording
systems. EWW 256

Tinsley Strain Measurement, Stand 57 have a new Multi-Monitor
developed for measuring strain, volts, microvolts and temperature with
seven different thermocouple types. TA880 also offers thermocouple
simulation, linearity checking and communication to a computer or
direct to a printer through GPIB or RS323. Seven outputs are included.
EWW 257

Farnell Instruments Ltd, Stand 25 & 26 will be showing a number of
new products; a portable communications test set which combines all the
necessary facilities in one unit to test transmitters and receivers up to
520MHz. Their 352C is a portable spectrum analyser intended for
monitoring spurious radiations in the range 300kHz to 1GHz. The LB
series of bench power supplies with outputs up to 30V at 2or 4A canbe
controlled locally or through a GPIB. DTS12T is a 12MHz dual-trace
d.s.o. that has GPIB and BBC model B interfaces. EWW 258

Computer Solutions Ltd (Comsol) are returning to Leetronix with
Interactive Cross Target Compilation (IXTC) which produces compact
and efficieni code for single-chip microcomputers. The development
software runs on a standard PC running the multi-tasking PolyForth.
Real-time signal processing will be demonstrated on the Novix NC4000
Forth processor. EWW 259

Kontron Electronics Ltd, Stands 31 & 32 have a logic analyser with up
to 64 channels, each with 2K of memory and a sample rate of 500MHz.
Their development systems division has come up with KPDS| the means
of converting an IBM PC into a microprocessor development system with
the ability to accommodate all the popular 8 and 16-bit processor
families. Coupled with a slave logic analyser it enables simultaneous
analysis and emulation. EWW 260

Elex Systems Ltd, Stand 120 are showing their p.c.b. layout and
schematic capture software for the personal computer. The Analog
Workbench is a design and development tool for linear circuits. EWW 261

Gould Electronics, Stands 43, 44 & 45 The highlight on Gould’s stand
will be on three real-time (i.e. analogue) oscilloscopes with bandwidths of
60, 100 and 150MHz. Each features on-screen cursor measurement. They
are alsoshowing d.s.os, logic analysers and strip/chart recorders. EWW
262 :

Lawrie T & M Ltd, Stands 14 & 15 are launching the LAT3 logic system
which integrates the Zicon logic analyser with the BBC Master computer.
The 20MHz analyser has 1K of memory for each of its 40 channels. They
have also produced a portable version of the BBC Master which can be
battery-powered and can have a built in Eurocard rack. A kit is available
to convert a Master to the portable version. EWW 263

Cropico Ltd, Stand 113 have a range of test and measurement
instruments that includes counters, insulation testers, resistance and
voltage counters. New is a hand-held digital wattmeter and the mode
D1218 multimeter intended specifically for the commissioning
electrician with a 30A a.c. range, phase sequence indication, temperature
measurement with a type-K thermocouple and storage of maximum and
minimum recorded values. These facilities are in addition to the usual
multimeter functions. EWW264

Tektronix UK Ltd, Stands 9, 10, 11 & 12 are introducing several new
products, but perhapsthe star of their stand and maybe the star of the
show is the DAS 9200 modular digital signal analysis system. Fully
expanded, the instrument can acquire 540 channels at 20MHz with 32K
deep memory for each channel; or 432 channels at 200MHz with 4K
memory; or even 160 channels at 2GHz with 8K memory/channel. It can
also provide up to 180 output stimulus channels at 50MHz with 8K
memory depth. The interactive triggering and pattern generation
facilities allow an intriguing possibility of testing a part-finished circuit
with the unfinished parts being simulated by the system. Can be used for
hardware development systems at the board or integrated circuits level;
including verification of asics. And for software analysis. EWW 265

Electronic Brokers Ltd, will be displaying test instruments from
Marconi, Philips and Grundig. EWW 200

And Electronics & Wireless World on Stand 62
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NEW PRODUCTS

Data acquisition

A range of data aguisition modules
are available from Adac for use
with DEC LSI 11 series Q-bus
computers. Basys isa family of
plug-in modules used in
conjunction with Fastrak. a high-
speed system acquisition system.
They can be configured to meet the
user's requirements with modules
and termination panels specific to
the type of transducer used and the
number and speed of the input
channels. Suitable si..gle or multi-
user software operating under 'O
Basicis also available. Adac
Corporation tEurope) Ltd, PO Box
42, Epsom, Surrey KT18 7SP.
EWW 211 on the reply card.

An‘intelligent’ data logger, the
Quartel from Gulton,
automatically identifies and
selects the most important data,
and measurement fluctuations, by
constant comparison of new data
with that already recorded. It
incorporates an adaptive memory
system that adjust to the data it is
storing to provide optimum
resolution and accuracy for periods
up to 100 days. Quartel has four
input channels which accept
analogue signals, three of them
also accepting digital information.
Review and analysis of data is
provided by a versatile software
package designed to operate on
IBM PC, compatible PCs, and on
the BBC micro. The graphics
program enables detailed
expansion of significant data to be
displayed. The same program also
enables vertical or horizontal
screen splitting to allow
comparison, investigation and
analysis. Programming of the type
of sensor, recording time, real time
(including date), recording start,
playback and channel display can
all be controlled by the user.
Gulton Ltd, Graphics
Instrumentation division, Maple
Works, Old Shoreham Road, Hove,
Sussex BN3TEY.

EWW 212 on thereply card.

Many switching and interfacing
problems can be solved by the PPM
8200 switching system. It can
switch signals from 1wV to 240V
r.m.s, up to 5A, with frequencies
from zero to 18GHz. It can also
measure 10pV to 750V at
sampling rates of up to 18000/
s:digital input/output is also
provided. The instrument can read
and control synchronizers and
resolvers. It communicates with a
computer through GPIB.

PPM also make a multi-tasking,
multi-user, distributed data logger
with high-resolution colour
graphics. Based around a 6809
processor running 0S/9, Magus
supports up to four concurrent
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graphics controllers to provide
different status information in
parallel. Up to 20 tasks can be run
concurrently, allowing more than
one data collection or control loop
to be processed at a time by
independent users. Extensive [/O
capabilities include a 16/12bit a-
to-d converter with 0.75uV
sensitivity; signal conditioning
unit for d.c. inputs as provided by
thermocouples, strain gauges,
p.r.tsand signal transmitters; and
direct voltages from 0 to 10V.
Reading rates are 16 channels/sin
16-bit and 1000 channels/sin 12-
bit modes. Memory can be
expanded up to 1Mbyte for large
programs, with mass storage up to
50Mbyte. The data collection front
end can be up to 1km from the
master unit. Individual signal
conditioning cards can be up to
200m from the Magus logger, thus
reducing transducer wiring toa
minimum. PPM Instrumentation,
Hermitage Road, St.Johns,
Woking, Surrey GU21 1TZ.

EWW 213 on the reply card.

CIL Microsystems have produced a

datalogging system, the DTR
1680, for use with RS232 or GPIB,
especially designed for strain
gauges, thermocouples and
millivolt signals. The system is
designed around the PCI 16-bit

a-to-d converter with the addition
of 24 channel input conditioning
and multiplexer units to provide
direct measurement at low signal
levels. Each a-to-d converter thus
has the capacity of 192 channels
with possible expansion to over
2000 channels. The hardware is
complemented by a selection of
software packages for a variety of
popular microcomputers,
including the IBM PC, Apricot,
Commodore, and Apple Ile.
Example programs are provided to
demonstrate the techniques used
to acquire data and control the
system.

A more modest box from CIL, the
Jay, takes one module at atime
from arange that includes
temperature,d.m.m, strain,
calibration and simulation. It
incorporates a Z80-based
microcomputer which hasits
internal programs in rom. RS232

communication is an optional
extra. CIL Microsystems Litd,
Deco, Road. Worthing, Sussex
BN14 8ND.

EWW 214 on the reply card.

Astand-alone data gathering
system that can also interface with
acomputer isprovided by the
Translog 500. This consists of
plug-in transducer-scanning
modules and microprocessor
control to offer retrieval,
recording, alarm monitoring and
processing of data from
transducers. The controller is fully
programmed with a large rangz of
data logging functions so that the
host computer can easily control
the operation of the data collection
by calling up these standard
routines. In addition to the
internal operating system within
the controller, thereisan
interactive applications systems
programme for an Apple Ile
computer which is supplied as part
of the basic package. Additional
software can be supplied to suit,
specific applications or for other
computers. The E500 can also
communicate with other
computers through an RS232¢
interface.

The various data scanning
modules include the l.v.d.t. module
for up to eight inductive
transducers; an eight-channel
strain-gauge module and a large-
signal (up to 50V) scanner module.
The system is under the control of
a multi-purpose instrument
controller which supervises the
operation of the other modules,
addresses the required channels,
supplies the zero and scale
constants and carries out the a-to-
d functions. It is a single-board
computer with a 15-bit resolution
a-to-d converter. Up to 32 modules
can be addressed by the controller
toprovide a total capacity of 256
channels. R.D.P. Electronics Ltd,
Grove Street, Heath Town,
Wolverhampton, W. Midlands
WV100PY.

EWW 215 on the reply card.

A wide range of interface boards
will turn an IBM PC (and
compatibles) into a data aquisition
system. The series includes
analogue input/output boards.
ranging from the Dascon-1 with 30
samples/s analogue or digital
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INTERFACING

interface to the Dash-16 which has
the capacity for 50k samples/s and
includes direct memory access.
There is a 24-bit parallel digital i/o
board and communications
interfaces for GPIB and RS 232.
An additional analogue output
board is available for the Apple
PC. An additional range of boards
use the proprietary Metrabus
system to connect several interface
cards to a parallel communications
bus. A driver board plugs into the
IBM PC (etc.) and it can cope with
512 digital or 256 analogue inputs.
Additional driver cards boost the
capacity of the PC into thousands
of channels. The card is connected
tothe interface boards through the
Metrabus cable which carries all
data and control signals and the
power required. The systemasa
whole can be used for energy
management, factory automation,
product testing, process control
and other areas requiring large
numbers of analogue/digital /O
points. )

Metrabyte products are
available in the UK through
Keithley Instruments Ltd, 1
Boulton Road, Reading, Berks
RG2ONL.

EWW 216 on the reply card.

Eachinput on the analogue or
digital scanner cards of the M 1800
from Microdata can be configured
by the software to the sensor in
use, which can be of virtually any
type; analogue inputs, alternating
ordirect voltages or currents,
resistances, p.r.ts, thermocouples
or strain gauges. Digital functions
include pulse and frequency
counting, events, status and
parallel data entry. Up tosix

scanners, with internal or external
start/stop and triggering, plus
various delay options, make easy
the programming of complex
logging routines, at rates up to 100
channel/s. The M 1800 accept 100
inputs and expansion is possible
up to 500. The instrument uses a
logical menu for input
configuration, scanner
programming and other
instructions. It hasits own 160-
character display and an alpha-
numeric keypad for input. The
internal software reduces and
converts the raw data into
engineering units beforeitis
logged. It also supervises the
logger’s control/alarm output
lines. Anintegral tape cartridge
unit can store programs or data (up

to 200 000 readings) and a built-in
printer offers a hard-copy record of
the readings. RS232c serial ports
enable control and output of data
onor off-line. Microdata Ltd,
Monitor House, Station Road,
Radlett, Herts WD7 8JX.

EWW 217 on the reply card.

An eight-channel waveform
capture system works in
conjunction with the HP98165 16-
bit microcomputer. The system
1298 is thought to be of special
interest to those who wish to
replace pen plotters or tape
recorders with a computerized
system, offering an integrated
package to take over from test rigs
built from many separate units.
Another product from Datalab is
Multitrap, a very flexible data
acquisition system that offers up to
200 channels and a choice of a-to-d
converters to match the
application. It has GPIB and/or
RS232 interfaces and direct
memory access as standard with
memory from 16K to 128K per
channel. These segmented to make
optimum use of all available
memory. Data Laboratories Ltd,
28 Wates Way, Mitcham, Surrey
CR44HR.

EWW 219 on the reply card

Aninteresting applications story
comes with the literature
describing the Hereford
Microsystems’ D800. It uses a
stereo cassette recorder to log the
data. When investigating noise at
power stations and other
installations, it was possible to
record the noise on one channel
while recording the weather data
(wind speed and direction, and
temperature, humidity) that can
affect the perceived noise, on the
other channel. The system could of
course be used to record any
simultaneous analogue and digital
events and to establish a causal
relationship between them. The
instrument offers eight transducer
channels, which may be expanded,
and is particularly suited to long-
duration studies with from 1 to 99
minutes between samples and a
sample duration of between 1 and
99 seconds. The main processor
accepts plug-in cards for
conditioning the input signals. A
range of cards is available, as are
blanks with which the user can
build specialized circuits. A
supervisory module can be
included which, amongst its other
functions, will allow the eight
channels to be multiplexed and
expanded to 14. The tape recorder
is Nakamichi which has been
modified to be controlled by the
logger, to accept alternative power
supplies and to automatically
switch to the second side if the first
hasreached the end. A C60
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cassette can typically acommodate
150 hours of sample recording. A
decoder incorporating a 40-column
printer constitutes the third part
of the system. It can read back the
digital information on the
recorded tape. It is also provided
with an RS232 interface to output
the data to an external computer
orotherdevice. Hereford
Microsystems Ltd, PO Box 60,
Hereford.

EWW 218 on thereply card.

Claimed to be low cost is the Multi-
Monitor Logger from H. Tinsley. It
has direct output to a printer for 14
channels and can measure strain,
temperature or voltage.
Additional features include signal
simulating and analysis of signals.
Communicates through GPIB or
RS232. The company also makes a
multi-range thermometer bridge,
and a strain gauge data logging
system both with communication
capabilities. H. Tinsley & Co. Litd,
Standards House, Imperial Way,
Croydon, Surrey CRO4TT.

EWW 220 on the reply card.

Communicating
instruments

Apart from the data loggers
described above, there are wide
number of instruments which are
usually self-contained but also
offer communication to a host
computer through a serial or
parallel port. Of course, many of
them are logic analysers or digital
storage oscilloscopes and these are
covered inother, similar articles in
the magazine from time to time.
We concentrate here on some of the
other instruments which may be of
use in the laboratory (though the
odd d.s.o. or logic analyser might
alsocreepinifitisparticularly
new or different!). Many of the
major manufacturers produce
enormous catalogues of such
instruments. After all, Hewlett-
Packard, for example, invented
the system now known as the
GPIB or IEEE488 interface, so
that its instruments could be used
interactively with a computer.
Here are a few examples:

Calibrator for
d.m.ms

Calibration requires accurate
standards and the Autocal
Multifunction Calibrator from
Datron offers 90-day absolute
accuraciesto +10p.p.m. with a
linearity specification of
+0.5p.p.m. for its entire life. It is
used to calibrate and check the
linearity of five and six digit
multimeters. It has current,
voltage and resistance ranges and
frequencies up to 1MHz. There are
anumber of options to meet

specific applications, including a
1kV standard which fits inside the
instrument and eliminates the
need for an external amplifier
when checking the high-voltage,
high-frequency facilities on some
of the latest d.m.ms. It performs its
automatic calibration tasks
through an IEEE488 interface bus
and can itselfbe automatically
calibrated through thebusina
suitable standards calibration
system. Datron Instruments Ltd,
Hurricane Way, Norwich Airport,
Norwich NR6 6JB.

EWW 221 on the reply card.

Fibre-optics
testing

Anritsu makes a very wide range
of test instruments, all capable of
communicating with a network.
Aswell asall theregular
instruments seen in the catalogues
the company has a specialist
corner in optical-fibre test
equipment. Anritsu Europe Ltd,
Thistle Road, Windmill Trading
Estate, Luton, Beds LU1 3XJ.
EWW 223 on the reply card.

Continued on p.66
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Sowter Transformers

With 45 years’ experience in the design and manufacture of several hundred thousand transformers
we can supply

AUDIO FREQUENCY
TRANSFORMERS OF EVERY TYPE

YOU NAME IT!

WE MAKE IT!

OUR RANGE INCLUDES:

Microphone transformers (all types), Microphone

Splitter/Combiner transformers, Input and Output
transformers, Direct Injection transformers for Gui-
tars, Multi-Secondary output transformers, Bridging

transformers, Line transformers, Line transformers to
B.T. Isolating Test Specification, Tapped impedance
matching transtormers, Grémophone Pickup transtor-
mers, Audio Mixing Desk transformeérs {(all types),
Miniature transformers, Microminiature transformers
for PCB mounting, Experimental transformers, Ultra
low frequency transformers, Ultra linear and other
transformers for Transistor and Valve Amplifiers up to
500 watts, Inductive Loop transformers. Smoothing
Chokes, Fiiter, Inductors, Amplifier to 100 volt line
transformers (from a few watts up to 1,000 watts), 100
volt line transformers to speakers, Speaker matching

transformers (all powers), Column Loudspeaker trans-
formers up to 300 watts or more.

We can design for RECORDING QUALITY, STUDIO
QUALITY, HI-FI QUALITY OR P.A. QUALITY. OUR
PRICES ARE HIGHLY COMPETITIVE AND WE SUPPLY
LARGE OR SMALL QUANTITIES AND EVEN SINGLE
TRANSFORMERS. Many standard types are in stock
and normal despatch times are short and sensible.
OUR CLIENTS COVER A LARGE NUMBER OF BROAD-
CASTING AUTHORITIES, MIXING DESK MANUFAC-

. TURERS, RECORDING STUDIOS, HI-FI ENTHU-

SIASTS, BAND GROUPS AND PUBLIC ADDRESS
FIRMS. Export is a speciality and we have overseas
clients in the COMMONWEALTH, EEC, USA, MIDDLE
EAST, etc. Send for our questionnaire which, when
completed, enables us to post quotations by returr..

E. A. Sowter Ltd.

Manufacturers and Designers
E. A. SOWTER LTD. (Established 1941), Reg. No. England 303990
The Boat Yard, Cullingham Road, Ipswich, IP1 2EG, Suffolk, P.O. Box 36, Ipswich, IP1 2EL, England
Phone: 0473 52794 & 0473 219390 - Telex: 987703G SOWTER
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HART — The Firm ALITY

LINSLEY HOOD 300 SERIES AMPLIFIER KITS
Superb, HART designed, integrated amplifier kits derived
from Linsley-Hood's articles in 'HiFi News'".

Ultra easy assembly and set-up with sound quality to please
the most discerning listener. ldeal basis for any domestic
sound systems if quality matters to you. Buy the complete
kit and save pounds off the individual component price.

K300-35, 35 Watt, Discount price for Complete Kit
K300-45, 45 Watt, Discount price for Complete Kit...
RLH4&5. Reprints of Original Articies from "HiFi News'....

LINSLEY-HOOD SYNCHRODYNE AM RECEIVER
Very high quality kit for this recent design featured in ‘Wireless World. Advanced
construction system, approved by the Author, uses 3 double sided PCBs in a stacked layout
for total stability, ease of construction and minimal wiring. This moduie will form the AM
section of an ultra high quality AM/FM switched bandwidth tuner to match our 300 series
amplifiers. Power supply and tuning gang will be included with the FM section.
K450 JLH Synchrodyne Kit ..o Special Price £59.95

LINSLEY-HOOD CASSETTE RECORDER CIRCUITS
Complete stereo record, replay and bias system for reel-to-reel recorders. These circuits will
give studio quality with a good tape deck. Separate sections for record and replay give
optimum performance and allow a third head monitoring system to be used where the deck
has this fitted. Standard 250mV input and output levels.

KQ00W Stereo Kit with Wound Coits and Twin Meter Drive
RJS1 Reprints of Original Articles....
HIGH QUALITY REPLACEMENT CASSETTE HEAD
Do your tapes lack treble! A worn head could be the problem.
Tape heads are constantly improving and fitting one of our
latest replacement heads could restore performance to better
than new! Standard mountings fit most decks and our TC1 Test ‘g'\
Cassette will make it easy to set the azimuth spot on. As we are . / 3 =
the actual importers you get prime parts at lowest prices. All our
heads are suitable for Dolby machines.
HC20 Permalioy Stereo Head. Good quality standard head fitted as original equipment on
many decks . .. £5.11
HS16 Sendust Alloy Super Head. Quite simply the bes
output than ferrite, fantastic frequency response
HQ551 4-Track head for auto-reverse or quadrophonic use. Full specification record and
head
Special Offer Stereo R/P Heads...
4-Track Auto-Reverse Play Head ...
Full data on these and other heads in our range are contained in our free list.

HART TRIPLE-PURPOSE TEST CASSETTE TC1
One inexpensive test cassette enables you to set up VU (Dolby) level, head azimuth and
tape speed without test equipment. Vital when fitting new heads. Complete with
SIFUCHIONS ..o oe ettt ettt e e et e £4.66
Send for your FREE copy of our lists with full detais of our complete range of Kits.
Components, PCBs. Cassette Heads and Decks: — Overseas please send 5 IRCs for Airmail Post.

Please add VAT to all prices. Postage on orders up to £10 - 50p. £10 to £49 - £1. Over £50 - £1.50.

' ELECTRONIC KITSLTD
m 1. Penylan Mill, Oswestry, Shropshire SY10 3AF
24 hr SALES LINE (0691) 652894 Please add VAT
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DATA GENERAL MINICOMPUTER
PARTS AND SYSTEMS

Does your application need those multi-user megabytes but your
budget stretch only to a PC? Or is your old DG mini flat on its
back? Need an upgrade? Second printer? Hardware support? As
traders ' in commercial systems, we always have stock of older
(and newer) equipment. We also deal in second-hand and surplus
micro systems. Large SAE for current catalogue.

Sample stock: Eclipse S130 (CS/60) 8-line mux, 40MB in 1.5m rack — £5500;
Eclipse $/20 (CS/100) 15MB+1.2MB, 4-line mux in 1m rack — £3500; CS10
C3, 4-line mux, 12.5+1.2MB, console — £1500; 3001pm drum printers —
£400; Standard 19" racks (blue/cream) with 240V fans, mains breakers, side
& front panels: 1m - £100; 1.5m - £150; 1.8m - £180.

SILICON GLEN LTD

Moray Street, Blackford, Perthshire, Scotland
Callers & Overseas Enquirers welcome
or Telephone: 076482 315 or 464
Telex: 295141 TXLINK G quoting MBX 076482315 on first line
Bulletin Board Sales Catalogue (Prestel Standard) on 076482465

CIRCLE 36 FOR FURTHER DETAILS

IN VIEW OF THE EXTREMELY RAPID CHANGE TAKING
PLACE IN THE ELECTRONICS INDUSTRY, LARGE QUANTI-
TIES OF COMPONENTS BECOME REDUNDANT. WE ARE
CASH PURCHASERS OF SUCH MATERIALS AND WOULD
APPRECIATE A TELEPHONE CALL OR A LIST IF AVAILABLE.
WE PAY TOP PRICES AND COLLECT.

R.Henson Ltd.

21 Lodge Lane, N. Finchley, London, N.12. 5 mins. from Tally Ho corner
Telephone 01445 2713/0749

CIRCLE 13 FOR FURTHER DETAILS
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The Archer 7,80 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

* 4 socket RAM — ROM EXPANSION card

* DISC INTERFACE card .

Sherwood DataSystems [

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

CIRCLE 6 FOR FURTHER DETAILS

ALL
THE CASES

EVER NEED.

®
If you want quality. instrument cases, and need
them fast—call Imhof Express.

Our extensive range includes rectangular
cases, sloping panel cases, VDU cases. keyboard
cases, carrying cases, wall mounted cases and a
wide variety for use with standard 19”(483mm)
panels.

Just phone us with your Access or Visacard

number and your order will be despatched
within 24 hours.

Imhof Express -
. » . . ‘, . v . Riverside Way, Uxbridge %
For details on cases and all our many other products, E’Eddlesex uB8 2¥X
ask for our latest 1986 catalogue - it's FREE. &' 0895 72247 (4 lines) and 0895 72261/2/3/4

CIRCLE 61 FOR FURTHER DETAILS
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INTERFACING

Measuring audio
systems

An already successful audio
measurement system has had an
IEEE488 interface bus added to
allow it to be automatically
controlled. In additiontoits
frequency, distortion and
impedance test it has been
provided with wow and flutter,
drift and rumble to be measured on
reel-to-reel recorders, both audio
and video. Software is being
developed for the BBC micro and
the IBM PC to allow complete test
procedures to be developed
without resort to programming
languages. The computer provides
arepresentation of the
instrument’s front panel on screen.
The parameters selected can be
rundirectly or saved and linked to
provide a test sequence. Another
additionisintermodulation
distortion measurement,
providing two-tone measurements
toSMPTE, DIN or CCIR
standards. The MJS401D comes
from Technical Projects Ltd, Unit
2, Samuel White’s Industrial
Estate, Medina Road, Cowes, Isle
of Wight PO31 7LP.

EWW 222 on the reply card.

Radio spectrum
analysers

Chase Electronics manufactures
and supplies measuring receivers
for interference and field strength
measurements in the frequency

range 10kHz to 1GHz. The
company distributes the Takeda
Riken range of r.f. and microwave
instruments among whichis a
range of spectrum analysers.
There is also arange of f.f.t.
analysers and a signal source with
multi-modulation capability
including wide-band f.m. All are
provided with GPIB interfaces.
Chase Electronics Ltd, St.
Leonards House, St Leonards
Road, London SW14 7LY.

EWW 225 on thereply card.

Low-cost logic
analyser

A menu-driven, easy to use logic
analyser provides the user with a
means of investigating hardware
and software problems on a digital
system under test. The A1024
analyser is used with a BBC micro
through the IMHz bus and
displays the menus and traces on
the computer’s monitor. Traces
and test set-ups can be stored on
disc and recalled later which is
useful in comparisons against
known valid data.

The main menu permits the
selection of clock source and rate,
the position of the 1024 samples
relative to the trigger, and
identification of each of the 24 data
channels and their respective
bases. The trigger menu provides
two 24-bit trigger words and offers
both delayed and sequential
triggering, a persistency filter on
one of the triggers and selective
data capture on the trigger
recogniser. The display can be
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programmed to show events after,
before or during the trigger event.
It also includes two cursors which
can be positioned over an area of
interest, which can then be
expanded to be examined in
greater detail. When comparing
traces with pre-recorded patterns,
the computer will automatically
highlight any differences that
occur.

There is a timing function which
can measure the time elapsed
between wo trigger functions and
thus determine the execution time

E

of a function or program.

The analyser can sample deta
relative toits internal clock, which
has a frequency range of 20Hz to
10MHz. An external clock up to
20MHz can also be used.

The analyser is to be enhan:ed
by the addition of c-mos signals
(t.t.1.is used at present); it is to be
expanded to 32 channels and
software for other computersis
under preparation. Impart
Technology Ltd, PO Box 2,
Hitchin, Herts SG4 0EY.

EWW 226 on the reply card.

PC developement
system

An add-ontoaIBM PC providesan
instrument package for the
development of microprocessor
systems. The Universal
Development Laboratory from
Thorn-EMI combines a 48-channel
bus-state analyser with an 8/16-bit
universal emulator, an eprom
programmer and a test pattern
generator to provide a complete
development system. Thorn EMI
Instrument Ltd, Archeliffe Road,
Dover, Kent CT17 9EN.

EWW 230 on the reply card.

Test consultancy

If you are lost amongst all this test
equipment it might be worth
consulting Testech, a company
that provides software and
hardware solutions to test
problems. It are not connected to

any test equipment manufacturers

and can offer an unbiased opinion.
Testech Ltd, 129 Commercial
Road, Parkstone, Poole, Dorset
BH190JD.

EWW 229 on the reply card.

Computer
trouble-shooter

An instrument that works in
reverse to the othersso far
mentioned is the Ferret from Bell
Technical. It can communicate
with computers through the

RS232,20mA, or parallel
interfaces but it does this in order
to test the computers. It can also be
used as an exerciser and troub.e
shooter on peripheral equipment
such as printers, plotters, disp.ay
terminals, modems and the like.
Available through Omnitest Ltd,
Highcliffe House, Lymington
Road, Highcliffe, Christchurch
BH23 5EN.

EWW 224 on the reply card.

Dutchbus

Philips Test and Measurement has
recently launched a number of new
GPIB instruments. These include
the PM 3295 350MHz oscilloscope
that boasts a writing speed of 4div/
ns and a “wealth of advanced and
innovative design features.”

The PM 2534 system
multimeter offers 3.5 to 6.5-digit
sensitivity and can transmit up to
100 measurements/s through its
interface, for a.c, d.c, resistance
and temperature measurements.

A frequency synthesizer and
function generator with arange of
0.1to 50MHz. Pushbutton
operation and a digital display
make it particularly easy to use;
says Philips.

Their high-speed, high-accuracy
plotter has a maximum writing
speed of 100cm/s with a minimum
addesable step of 0.025mm with a
repeatability of 0.1mm with a
given pen. Thought to be of
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particularinterest in cad/cam and
business graphics.

These are recent additionsto a
very widerange of IEEE488 bus
instruments. Pye Unicam Ltd,
York Street, Cambridge CB1 2PX.
EWW 228 on the reply card.

High-speed
counters

Racal-Dana has added to its range
of systems counters. The new
instruments feature 1.3GHz
frequency range, GPIB transfer of
data, nine-digit resolution in one
second, 1ns single time interval
measurement and many other
features. Models 1995 and 1996
incorporate 16-bit microprocessors
to give a high output rate of data
over the GPIB - 150 fully
formatted readings/s. The
counters also include
mathematical and statistical
analysisof the collected
measurements. All measurement
functions can be controlled
through the GPIB; rise and fall
time, slew rates, pulse width,
selective arming, automatic burst
measurement and hysteresis
compensation. A third model
(1994) retains many cfthe features
but is designed for rack systems
and costs less. Optional extras
include ultra-high stability
reference crystal oscillators and
atomic frequency standards.
Racal-Dana Ltd, Duke Street,
Windsor, Berks.

EWW 227 on the reply card.
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SOFTWARE

Spurious signals
analysed

A package torun onthe Amstrad
CPC6128 computeroffers a
prediction of the frequencies and
powers of significant spurious
signals generated by r.f. and
microwave equipment. The
software isdivided into two
sections; one to enter the data and
another to perform the analysis.
The equipment being modelled is
assumed to be a chain of ideal
blocksthat are analysed
sequentially, following the signal
path through the system.

The user is guided through the
data entry and analysis by a series
of menus and the choice of files for
analysisis a straightforward
matter of answering an on-screen
questionnaire.

The analysis suite is divided into
six programs to perform the
calculations on splitters,
combiners, filters, linear and non-
linear amplifiers and mixers. The
system can also model all the other
elementsinatransmitter chain, to
produce a harmonicspectrum
analysis of the output and identify
the sources of spuriae. More
details from Microcom Systems
Ltd, 21 Holt Drive, Wickham
Bishops, Essex CM83JR.

EWW 231 on the reply card.

Link oscilloscopes
to computers

Software packages are available
from Tektronix to link their 7854
oscilloscope and the 7D20
programmable digitizer to H-P 200
and IBM PCs. They enable
laboratories using these
instruments to automate test and
measurement functions.

The computer can record the
front panel set-up from the
instrument and automatically
reset the parameters for a
particular test sequence.

Waveforms are stored and recalled
from the computer’s memory or
from disc. The computer monitors
candisplay up to six waveforms
simultaneously when running the
software. The programs enable the
user to reposition and zoom inon
waveform portions that are of
particularinterest. Though they
arelargely similar, the packages
have differing features stemming
from the special performance
characteristics of the instruments
and computers that they link.
Tektronix UK Ltd, Fourth
Avenue, Globe Park, Marlow,
BucksSL71YD.

EWW 232 on the reply card.

Logic analyser
program

A new development from Dolch is
an IBM PC software package that
give the computer full control over
their Palaslogic analyser. It
allows the use of menu selection
for the controls, and for the
downloading of test set-ups from
disc. The PC can perform further
analysis of the collected data to
simplify results and speed up
procedures. Doich Logic
Instruments Litd, 4 London Street,
Andover, Hants SP10 2PA.

EWW 233 on the reply card

Smartpak from
Gould Electronics

..isa software package linking the
Gould K105D logic analyser with a
computer to offer an engineering
tool for research and development
aswell as in automatic test
equipment. Gould Instruments
Ltd, Roebuck Road, Hainault
Road, Ilford, Essex IG6 3UE.
EWW 235 on the reply card.
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BBC Computer & Econet Referral Centre

AMB15

8BC MASTER Foundation computer 128K £395 (a)
AMB12 BBC MASTER Econet computer 128K (only ANFS) £319(a)
AMCO06 Turbo (65C  02) Expansion Module . £102 (b)
ADF1i3 Rom Cartricge £13(b) ADF10 Econet Module £43(c)
ADJ22 Ref Manual Pant t £14.95(c) ADJ23 Ref. Manual Part I £14.95(c)
ADJ24 Advanced Ref. Manual £19.50(c)

View 3 0 User Guide £10 (d)

BBC Dust Cover £4.50 (d)

ADFS ROM (for B with 1770 DFS & B Plus) £26 (d)
ACORN 280 2nd Processors £329 (a}
MULTIFORM Z80 2nd Processor £299 (b)

TORCH Z80 2nd Processor ZEP 100 £229 (a)
TZDP 240: ZEP 100 with Technomatic PD800OP dual drive with built-in monitor stand £469 (a)
META-ASSEMBLER. Both an editor and Macro-Assembler. Meta can assemble
most 65xx, 68xx, 6804, 6805/6305, 6809, 8048, 8080/8085, 280,
1802 and more. Please phone for comprehensive leaflet. Meta-Assembler
£126(c)

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

Viewsheet User Guide £10 (d)

1770 DFS Upgrade tor Model B £43.50 (d)
64K Upgrade Kit for B pius £35 (d)
ACORN 6502 2nd Processors £162 (b)
ACORN IEEE Interface £278 (a)

01'208 1177 TECHNOMATIC LTD 01'208 1177

DISC DRIVES

PD800P (2 - 400K'2 - 640K 40/80T DS) with built in Monitor stand ...
PD800 (2 - 400/K/2 - 640K 40/80T DS)

TD800 (as PD800 but without the psu)..
TS4001 - 400K/1 - 640K 40/80T DS .
PS400 with psu 1 - 400K 40/80T DS ....

3.5" Drives

1 - 400K/1 - 640K 80T DS

TS351 £109 (b)  PS35 1 With PSU.....cceceercrrrrccccrens £124 (b)
2 400K/1 - 640K 80T DS

TDB52.ctvecvveerimsenesesasressse e £199  PD35 2 With PSU.cevrrevrvecererceerersecsrcs £219 (b)

3M FLOPPY DISCS
Industry Standard floppy discs with a lifetime guarantee Discs in packs of 10.
5/, DISCS 3'," DISCS

40TSSDD £10:50(d) 40TDSDD £12:75'd) 80TSSDD £18i(d)
80TSSDD £14:75(d) 80TDSDD £16:00(d} 80TDSDD £25(d}

FLOPPICLENE DRIVEHEAD CLEANING KIT
FLOPPICLENE Disc Head Cleaning Kit with 28 disposable cleaning discs

PRINTERS & PLOTTERS

COLOUR PRINTERS

EPSON

ensures continued optimum performance of the drives. 51" £14.50(d)

DRIVE ACCESSORIES

31" £16.00(d)

EPSON LX-80 NLQ ..... £195(a)  Epson JX80 £420 (a) Single Disc Cable £6 (d) Dua! Disc Cable £8.50 (d)
Optional Tractor Feed.. . £20(c) Integrex Jet Printer. e ..£549 (a) 10 Disc Library Case £1.80 (d) 30 Disc Storage Box £6 (c)
FX85 (80 Col) .......... £315(a PJIOBOA. .oooooooooooo £369 ;
o “Saaely  Canmon @ 30/40 Disc Lockable Box £14 (c) 100 Disc Lockable Box £16(c)
LQ800 (80 cof) . £495(a)  Dotprint Plus for FX/RX -
LQI000 s £729 (a) COMPANDIES.........roevvreeer oo £28 (d) MONITORS
TAXAN: .
KPBI0 (80O .. oo £230a) Dotprint Dual for MX range ... £28 (d) :"'f's? 18‘11(1 Res. £175 (a) %ﬂg;ﬂ&c&ﬁg?_ﬂ%s
i;’i:oﬂ% €O e e PLOTTERS 1451 Med Res £229 (a) KX1201G green screen. ................ £90 (a)
New 5510 {dot matrix) ..£229 (a) Eﬁ;g:\ 6H7l:’280 - Sgg 2:; 1441 HiRes £375 (a) KX1203A amber screen .................. £105 (a)
510 Col de. ...£99 (b itacti - , .
2100 (d%gl;rvlvjﬁgéﬂe ...£249 ((a; Graphics Plotter .. ..£629 (a) MICROVITEC 14" RGB/PAL/Audio PHILIPS 12" HI-RES
Centronics GLP £109 (b) 1431AP Std Res £199 (a) BM7502 green screen............ ........ _£75 (a)
Tractor Feed Plotmate Ad......... R £299(a)  11451AP Std Res... £275 (a) BM7522 amber screen..................... £79 (a)
R AdM... e e £399(a) | All above monitors available in plastic or
Brother HR15. ... £315(a) A3M... JRUTPUUUR U £549 (a) metal case. ACCESSORIES
Microvitec Swivel Base...............
PRINTER ACCESSORIES TAXAN12°'RGB ) Taxan Mono Swivel Base with
We hold a wide range of printer attachments (sheet feeders, tractor feeds etc) K128V3 — Hi Res with amber/green options. = cloc

in stock. Serial, parallel, IEEE and other interfaces also available. Ribbons
available for all above plotters. Pens with a variety of tips and colours also
available. Please phone for details and prices.

Plain Fanfold Paper with extra fine perforation (Clean Edge):

2000 sheets 9.5” X 117 £13(b) 2000 sheets 14.5” X 117 £18.50(b)

Labels per 1000s: Single Row 3;” X 1 7/16" £5.25(d) Triple Row 2-7/16" X 1 7/16” £5.00(d)

k
IBM compatible ... £324 (a) Philips Swivel Base ..

MODEMS

MIRACLE WS 2000 — The world standard BT approved modem covering all
standard CCITT and BELL (outside UK only) standards up to 1200 baud. Allows
communication with virtually any computer system in the world. Expandability to
Auto Dial and Auto Answer with full software control enhance the considerable
features already provided on the modem. Mains powered. WS 2000 £102 (c),

| | Data Cable £7 (d).

WS 3000 RANGE — the new professional series. All are intelligent and ‘Hayes'
compatible, allowing simply ‘English’ commands to control its many features. All
models feature Auto-Dial with 10 number memory, Auto-Answer, Speed buffering,
printer port, data security option etc. All models are factory upgradeable.

WS3000 V2123 (V21 & V23 + Bell £295 (a). WS3000 V22 (as above plus 1200
baud full duplex £495 (a). WS3000 V22bis (as above plus 2400 baud full duplex)
£650 (b).

UV1T Eraser with built-in timer and mains indicator.
Built-in safety interlock to avoid accidental exposure
to the harmful UV rays.

ltcan handle up to S eproms atatime with an average
erasing time of about 20 mins. £59 + £2 p&p.

UV1 as above but without the timer. €47 + £2 p&p.
For Industrial Users, we offer UV140 & UV141 era-
sers with handling capacity of 14 eproms. UV141 has
a built in timer. Both offer full built in safety features
UV140 £69, UV141 £85, p&p £2.50.

_ BBC RGB Cable. ..£5 (d)
MITSUBISHI Microvitec.. ..£3.50 (d)
XC1404 14" Med Res RGB. IBM & BBC Taxan £5 (d) . .Monocrrome £3.50 (d)
compatible............. £219(a) Touchtec — 501 ..., £255 (b)

UVERASERS PRINTER BUFFER

The buffer offers a storage of 64K. Data from three
computers can be loaded into the buffer which will
continue accepting data until itis full. The buffer will
automatically switch from one computer to next as
soon as that computer has dumped all it data. The
computer then is available for other uses. LED bar-
graph indicates memory usage. Simple push button
control provides. REPEAT, PAUSE and RESET
functions. Integral power supply. €199 (a)

...£20(c)

..£22(c)
£14 (c)

BBC Cable Set £30.
Serial Mini Patch Box

Allows an easy method to
reconfigure pin functions
without rewiring the cabie
assay. Jumpers can be used

Serial Mini Test
Monitors R$232C and CCITT
V24 Transmissions,
indicating status with dual
colour LEDs on 7 most

Serial Test Cable
Serial Cable switchable at both ends
allowing pin options to be re-routed or
linked at either end — making it possible
to produce almost any cable

TECHNOLINE VIEWDATA SYSTEM. TEL: 01-450 9764
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BBC Data Cable for WS3000 £6 (d). Data Cables for other micros available. The configuration on site. and reused. £22(d) | significant lines. Connects in
WS3000 range all have BT approval. Available as M/M or M/F £24.75 (d) Line. £22.50 (d)
NEW WS 4000 ‘SCHOOLS’ MODEM - a
new low-cost high performance ‘Hayes’ CON N ECTO R SYSTEMS
intelligent modem with A/Dial and A/
Answer and V21/23 £149 (a). 1.D. CONNECTORS EDGE AMPHENOL RIBBON CABLE
gl CONNECTORS (grey/mee
A V22 upgrade can be added at £250 and T TORS 36 way alug Contromes grey.
V22 bis at £405. Other options available, No of (5’4":;::,'°§"ec;g?) Edg CONNEC (soldez googp e, :g::zy ;gp 33::? :zp
please send for details. w1a5'5 p;ag ‘aﬂ%le 0138; 2% 6-way (commodore) o1 o ;ggp 56 way ski Gentronics 20-wa; ss: so-waz zoo:
GEC DATACHAT 1223 - An 20 145p  125p  195p 2 10-way op _— | (solder) 550p (IDC) 500p Zway  10p  Gway  280p
economically priced BABT approved 26 175p  150p  240p g: :g‘::v vic 20) = figp 24 way plug IEEE (solder)
lying with CCITT V23 34 200p 160p  320p ey Zx81 14 475p (IDC) 475p
modem complying ! 40 220p  190p  340p 2 x 23-way (ZX81) 175p  220p 24 way skt IEEE (soider
standard capable of operating at 1200/ 50  235p 200p  390p 2x 25-way 225p  220p %00 yloc 500 ) DIL HEADERS
/1200b| d 1200/1200bps 2x 28-way (Spectrum)  200p  — p (IDC) 500p
gggﬁgél?udll Ziiplex itis Iine powered dobs 2x 3 way 250  — | PCB Mtg Skt Ang Pin 14 pin Sﬁgjpe' 118!%
. . 1 x 43-wa! 260p - 4 7 36
not require external power source. Itis D CONNECTORS gi 2 way ;ggg — 24 way 700p 36 way 750p 13 pin 50p 110p
supplied with software suitable for No of Ways X 43-way - GENDER CHANGERS 18 pin 60p -
connecting to PRESTEL, Micronet 800, 9 15 25 37 Ny icoconn aagn P 25 way D type 20 pin 75p —
Telecom Gold and a host of bulleting ’/‘:ALE: 120 180 230 350 Sg S:: }23; ;ggg
3 ng Pins 1 i
boards £75 (b) Soider 60 85 125 170 EURO CONNECTORS Maie 1o Male . ~E18 1 40pin 000 225
SOFTY II IDC 175 275 325 — | DIN41612 Plug Skt Female to Female  £10
This low cost intelligent eprom programmer can program 2716, 2516, FEMALE: 2 X 32 way St Pin. 230p 275p
2532, 2732, and with an adaptor, 2564 and 2764 Displays 512 byte StPin 100 140 210 380 2X32way Ang Pin  275p 320p ATTENTION
page on TV — has a serial and  par- Ang Pins 160 210 275 440 3 X 32 way St Pin. 260p 300p RS 232 JUMPERS . . A
allel /O routines. Can be used as an emulator, cassette interface Solder 90 130 195 290 3x 32way AngPin  375p 400p 25 way D) Alk prices in this doubl_e page
Softyll L . £195.00(b) IDC 195 325 375 — IDC Skt A +8B 400p 24" Single end Male ¢s.00 | advertisment are subject to
poeh S ohoo | StHood 90 95 100 120 ] CSKA+C 400p 24"SngleendFemale 525 | change without notice.
o Eg(’:iw - 130 150 175 — For 2 X 32 way please specify 24" Male Male £9.50 | ALL PRICES EXCLUDE VAT
SPECIAL OFFER : spacing (A +B, A +C). 24" Male Female £9.50 [ Please add carriage 50p
2764-25 £2:00(d); unless indicated as follows:
2712825 £2:50(d); TEXTOOL ZIF MISC CONNS DIL SWITCHES (a) £8 (b) £2.50 (c) £1.50 (d)
: . SOCKETS 24-pin £7.50 21 pin Scart Connector  200p 4-way 90p 6-way 105p £1.00
6264 LP-15 £3:40(d); 28-pin£9.10 40-pin £12:10 8 pin Video Connector  200p 8-way 120p 10-way 150p .

Using ‘Prestel’ type protocols. For information

and orders — 24 hour service, 7 days a week
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74273 2.00 | 7415273 125 [EANRGRMAEN ‘076 0.5 LINEAR ICs COMPUTER COMPONENTS
74276 1.40 | 74LS279 0.70 4077 0.25

7400 030 | 74278 1.70 | 748280 1.90 4078 0.25 ['AD7581 12.00 0.48 | IBAG4IBXT 4.00 TMS4500 14.00 1.20 KEYBOARD
7401 030 | 74279 090 | 7415283 0.80 | 74c00 070 | 4081  0.24 } ADC080B 11.90 100 | 18RI 1. TMS930t  5.00 75159 2.20 ENCODE RS
7402 030 { 74283 1,05 | 7415290 0.80 | 74C04 0.50 | 4082  0.25 | AM79100C 25.00 0.60 | TBABOD 0. 1802CE 6.50 | TMS9902 5.00 75160  5.00 | AY52376 11.50
7403 030 | 74742 3.20 | 74LS292 9.00 : 74C08 0.70 | 4085  0.60 | AN-1-5050 1.00 300 | TBABI0 0. 26504 1050 | TMSI9M 18.00 | 2516-35 5.50 | 75161 3.50 | AY53600 7.50
7404 036 | 74290 090 | 74.S293 0.80 i 74C10 0.70 | 4086 075 1350 3.50 0.65 { IBA20 : 6502 4.50 ( TMS9914 1400 { 253> 450 { 75162 4.00 | 74C922 5.00
7405 030 | 74293 0.90 | 74LS295 1.40 | 74C14 0.50 | 4089  1.20 8910 4.90 0.22 | TBAS2M o. 65C02-2MHz 2532-30 550 | 75172 3.00 | 74C923 6.00
7406 0.40 | 74298  1.80 | 7415207 9.00 | 74C20 0.70 [ 4093 035 | Av.3.8912 5.00 070 12 Z80PI0 250 | 2564 800 | 75182 0.90 .
7407 040 | 74351 2,00 | 7415298 1.00 | 74C32 1.00 | 4094  0.90 | CA3019A 1.00 0.30 6502A  6.50 | ZBOAPIO 2.75 : 75188 0.60 BTN
7408 030 | 74365A 0.80 | 7405299 2.20 | 74C42 1.50 | 4095  0.95 | CA3020 3.50 4.80 65028 8.00 | Z8OCTC 250 | 2708 450 | 75189 0.60 BRLLALELULH
7409 030 | 74366A 0.80 | 74L8321 3.70 | 74C48 150 | 4096 0.90 | CA3028A 1.10 1.50 6800 250 | 280ACTC 275 | 2716+5v 350 | 75365 1.50
7410 030 | 74367A 0.80 | 74LS322A 3.90 | 74C73 100 | 4097 270 | CA3046 0.70 3.00 6802 ~ 3.00 | ZBODART 650 | 2716.35 5.50 | 75450 0.80 | MC14411 7.50
7411 030 | 74376 1.60 | 74.S323 3.00 { 74C74 120 | 4098 075 | CA3059 3.25 250 . 6803-2 12.00 | Z80ADART7.00 | 2737 450 | 75451 0550 | COMB1166.50
7412 030 | 74390 110 | 7418324 3.20 | 74C76 1.00 } 4099  0.89 | CA3060 3.50 3.00 .75 | 6809  6.50 2732A-2 9.50 | 75452 050 | 40728 7.50
7413 050 | 74393 1.20 | 7415348 2.00 | 7aC83 200 | 4501 036 | CA3080E0.70 3.00 | TDA1004A 500 | 6809E 10.00 | Z8ODMA 7.00 ’ 75453 0.70
7414 070 | 74490 140 [ 740S352 1.20 | 74C85 225 | 4502  0.55 [ CA3085 150 6.00 | TDA1010 2.25 | 68809 10.00 | ZBOADMA 7.50 75454 0.70
7416 0.36 7415353 1.20 | 74C86 0.50 | 4503 036 | CA3086 0.60 450 | TDA10224.50 | 68BOSE 12.00 2732430 600 | 75480 1.50
747 0.40 7405356 210 | 74C90 1.90 | 4504 095 | CA3089E2.50 3.00 | TDA1024 110 | 68000-L8 36.00 | 280AS10/0/2/9 | 2732a-35 550 | 73491 o045 | AY3I0ISP 3.00
7420 0.30 7415363 1.80 | 74C93 1.56 | 4505  3.60 | CA3090AQ 3.75 0.90 | TDA1170S 300 700 | 2764-25 2,00 | 73452 0.65 | AYS1013P 3.0
7421 0.60 745364 1.80 | 74C95 1.60 | 4506  0.90 | CA3130E 0.90 0.80 | TDA20023.25 | 8035  3.50 | z80BPIO 5.00 | 27C64-25 10.00 ’ COMB8017  3.00
7422 0.36 7405365 0.50 | 74C107 1.00 | 4507 0.36 | CA3130T 1.30 100 | TDA20031.90 | 80C35 6.00 | z80BCTC 5.00 ’ 8126 120 | IM6402 4.50
7423 0.36 | 74LS00 0.24 | 74LS366 0.50 | 74C150 5.00 | 4508 1.20 | CA3140E 0.45 180 | TDA20042.40 | 8039  4.20 | 80BDART 9.00 | 27128-25(2.80 | gT28 120
7425 040 | 74LS01 0.24 | 74LS367 0.52 | 74C151 2,00 { 4510  0.55 | CA3140T 1.00 350 | TDA20063.20 | 80C39 7.00 2725625 2000 | 8795 120 JELLITLGH
7426 040 | 74LS02 0.24 | 74LS368 0.50 | 74C157 250 | 4511 055 | CA3146 225 3.40 | TDA20203.20 | 8080A 4.20 2705630 2000 | 8T9%6 120
7427 032 | 74L503 0.24 | 740$373 0.90 | 74C160 180 | 4512 055 | CA3160E 1.50 340 | TDA20302.50 | 8085A 3.00 L L 17256 12.00 | 8T97 120 | 6MHz 375
7428 043 | 74L504 0.24 | 74LS374 0.90 | 74C161 1.80 [ 4513 1.50 { CA3161E 2.00 150 | TDA25935.00 | 80C85A 7.50 27512 P.O.A | 8T98 120 | 8MHz  4.50
7430 030 | 74LS05 0.24 | 7418375075 | 74C162 180 [ 4514 110 | CA3162E 6.00 230 | TOA26537.00 | 8086 2200 | 216-150 4.00 | TMsS27165.00 | 81.595 1.40 §
7432 036 | 74LS08 0.24 | 7415377 1.30 | 74C163 1.80 [ 4515 110 | CA3189E 2.70 450 | TOA35607.50 | soss 17.50 | 2101  4.00 - 81LS96 140 SOUND &
7433 030 | 74LS09 0.24 | 740378 0.95 { 74C173 100 | 4516  0.55 | CA3240F 1.50 200 | TDA3810 7.50 2102 250 CRT 810597 140 VISION
7437 030 | 74LS10 0.24 | 74LS379 1.30 | 74Ci174 150 | 4517 220 | CA3280G 3.00 150 | TDA70003.50 } 8741 1500 | 2i078 500 WEMCHATIIN gi(Sss 140
7438 0.40 | 74LS11 0.24 | 74LS381 4.50 | 74C175 150 | 4518 0.48. | D7002  6.00 0.75 | TEA10027.00 | 8748 16.00 | 2111A-354.00 885120 3.00
7433 040 | 741513 034 | 7418385 3.25 | 74C193 150 | 4519 0.32 | DACI408-83.00 | MmC1458 0.45 | TLOBICP0.40 2114 250 { CRTS027 18.00 )
7440 040 § 741514 0.50 | 7405390 0.60 | 74C194 150 | 4520 0.60 | DAC0B003.00 | mC1495 3.00 | TL062 060 | TMS1601 1200 | 2114-2 350 | CAT3037 1200 9602 3.00 CRYSTALS
7441 090 | 74LS15 0.24 | 74L5393 1.00 | 74Ci95 150 | 452! 115 | DAC08083.00 | MC1496 0.70 | TLOS4 0.90 |- TMS9980 14.50 CRT6545 9.00 | 9636A 160
7442A 070 | 74LS20 0.24 | 74LS395A 1.00 [ 74C221 250 [ 4522  0.80 | DG308 3.00 ( MCa340P 200 { TLO71  O. TMS9995 12.00 | 2147  4.00 | EF9364 8.00 | 9s37AP 1.60 | 32768KHz 1.00
7443A 100 | 74LS21 0.24 | 74LS399 1.40 | 74C244 200 | 4526 070 | HA1366 190 | mMC3401 070 | TLO72 EF9365 25.00 ’ 1.00MHz 2.70
7444 110 | 74LS22 0.24-] 7405445 1.80 | 74C245 2.25 | 4527  0.80 MC3403 0.65 | TLO74 80 250 | 4116 200 | EF936625.00 | 9638  1.9g | |8432MHz 2.25
7445 100 | 74LS24 0.50 | 74LS465 .20 | 74C373 2.25 | 4528 065 MF10CN 410 | TLO81 Z80A 290 | 4116-20 150 | EF9367 36.00 i 2.00MHz 2.25
7446A 100 | 74LS26 0.26 | 74LS467 1.20 | 74C374 2.25 | 4529  1.00 . X TLO82 Z80B  5.50 MC6845 6.50 2.45760MHz(L)
7447A 100 | 74LS27 0.24 | 7415490 1.50 | 74C902 1.20 | 4531 075 | |CL7660 2.50 | TLO83 ZBOH __7.50 | 41256-207 0.50 | MC68455P 6.50 2.00
7448 1.00 | 74.S28 0.24 | 74LS540 1.00 | 74C911 9.00 | 4532  0.65 | Ci 8038 4.00 5.00 | TLO84 41256-157 0.50 | MCE847 6.50 2.45760MHz(S)
7450 0.36 | 74LS30 024 | 74US541 100 | 74Co12 450 | 4534 380 | iCmr2i6m 22.00 ago | TLoS4 2 Frareay SFF96364 B.00 250
7451 0.35 | 74LS32 0.24 | 7405608 7.00 | 74C922 6.00 | 4536 250 | cm7217 7.50 300 | TL170 050 4164-15T) 3.00 | TMS9918 15.00 2.5MHz 2.50
7453 038 | 74LS32 0.24 | 74LS61019.00 | 74C923 6.50 | 4538 075 | |CM7555 0.90 220 | TL430C 1.20 1200 | 4164  2.00 | TMS9928 10.00 2.662MHz 175
7454 0.38 | 74L.S33 0.24 | 74LS612 19.00 | 74C925 650 | 4539  0.75 { iCM7556 1.40 1.20 8.00 | 4164-20 2.00 | TMSss2s 10.00 . 3276MHz 1.50
7460 055 | 74L537 0.24 | 740S624 3.50 | 74C926 7.50 | 4541 090 | (C7120 3.00 1.90 450 | 4416-15 3.50 6843 X 35795MHz 1.00
7470 050 | 74LS38 0.24 | 740S626 2.25 4513 070 | (C7130 3.00 0.22 300 | 4532-20 2.50 [EETMPTTIVCEE 8271 P.O.A | 4.00MHz 1.50
7472 045 | 74LS40 0.24 | 7405628 2.25 4551 100 | (C7131 3.50 0.60 | UAAt70 1.70 350 ICs 4194MHz 2.00
7473 045 | 74LS42 050 | 745629 1.25 4553 2.40 | (C7137 3.50 4.00 | UCN48O1A 4.00 5.50 | 4816AP/3 200 FDI771 20.00 | 4.43MHz 1.00
7474 050 | 74LS43 150 | 74LS640 2.00 4555 0.36 | [F347 1.20 1.20 | ULN2001A Q.75 480 | 5101/5501 400 | AD7581 15.00 | FDi791 20.00 | 4.9152MHz 2.50
7475  0.60 | 74LS48 0.90 | 74LS640-1 3.00 4556 0.50 | {F351 0.60 1.50 | ULN2002a .75 6.00 | 5514/5114 400 | ADCos08 11.90 | FD1793 20.00 | 5.00MHz 1.50
7476 045 ] 74LS49 1.00 | 74LS641 150 [ 74a 500 0.45 | 037 240 0.90 1.25 | ULN2003A 075 ) 5516  6.00 | AD561J20.00 | FD1797 22.00 | 5.068MHz 1.75
7480  0.65 | 74LS51 0.24 | 748642 250 | 74a S0z 0.45 | 260 140 0.90 400 | ULN20DAA 075 | ggp1 459 | 5517AP 6.00 | AM25S10 3.50 6.00MHz 1.40
7481 180 | 7T4LSS4 0.24 | 7486421 300 | 74nS040.50 | dcce  gan 110 300 | ULN20682.90 | gggp1 250 AM25(52521350 | WD169115.00 [ 6144MHz1.40
7483A 105 | 74LS55 0.24 | 7418643 250 | 74a7s08 050 | 4368 240 1.00 090 | ULN28021.90 | 6379 12550 | 6116P-3 3.50 | AM25S2538350 | WD214312.00 | 7.00MHz 1.50
7484A  1.25 | 74LS73A0.30 | 7486431300 | 74aS10 0.45 | 4369 170 4.00 150 | ULN28031.80 | gg40 375 | 6116LP-33.50 | AM26LS31 1.20 | WOD2793 27.00 | 7.16MHz 1.75
7485 110 | 74LS74A0.35 | 7405644 3.50 | 74a1'S00 045 | 4972 048 4.50 1.60 . 68840 6.00 | 6264-1212.00 | AM26LS32 120 | WD2797 27.00 | 3.00MHz 1.50
7486 042 | 74LS75 0.45 | 74LS645 2.00 | 74a1 330045 | 4983 090 0.30 120 X 6850  1.60 | 6264P-157.50 | AM7910DC 25.00 3.867MHz 175
7489 210 | 74LS76A 0:36 | 74LS6451 400 | 740574070 | 4584 048 0.45 1.50 . 68B50 2.50 | 6264LP-153.4D | DACSOCBI-V 10.00MHz .75
7490A  0.55 | 74L578 042 | 7415668 0.90 | 7yusiag 159 | 4585 060 0.75 350 X 6852  2.50 2.00 10.50MHz 2.0
7491 0.70 | 74LSB3A0.70 | 7405669 0.90 | 7aaisi39 150 | 4724 180 2.25 5.00 ] 6854 650 { 6514-45 4.00 | DMB8131 6.00 [EESCTVIVArL MM 10.70MHz 1.50
7492A  0.70 | 74LS85 0.75 | 74LS670 1.70 | 7405044 400 | 14411 7.50 0.60 0.55 .00 | ggmsa 800 | 6810  1.60 | DP8304 350 IRCALLLUGIIN 11.00MHz 3.00
7493A 055 ) 74LS86 0.35 | 74LS682 250 | 745045 475 | 4412 7.50 150 2,00 . 6875 500 | 745189 180 | DS3691 3.50 12.00MHz 150
7494 110 | 74.590 0.48 | 7418683 3.00 | 7405573 260 | 19416 300 1.80 1.50 . - 745289 2.25 | DSag30 1.40 | RO3BBUCTS0 [ 14'00MHz 175
7495A  0.60 | 74LS91 0.90 | 74.5684 350 | 7405574 450 | 14419 260 0.45 0.55 - 8154  8.50 DS8831 150 | ROBIAC 700 | 1431MHz 160
7496 080 | 74LS92 0.35 | 7415687 350 | 74a1c580 260 | 14490 420 115 2.20 675 | g155 3580 | 93415 6.00 | DSBB32 1.50 14.756MHz 2.50
7497 210 | 741593 o054 | 74LS688 3.50 ' 14495 4.50 130 9.00: 120 | gis6 380 | 93L422 7.50 | DS8833 2.25 15.00MHz  2.00
;:183 s.gg g-gg ;.28 16.00 ;g - 93425 6.00 | DS8836 1.50 16.00MHz 2,00

. : - ! SFF96364 8.00 . 17.734MHz 1.50
74109 0.75 y 3.50 0.60 . 17s | 8205 228 b7005° 500 WERCTAGSEN 1:couti: 15

3o 8212 .00 : DECODER

74110 0.75 X 0.50 130 | 5516 160 MC1488 0.60 18.432MHz 1.50
7nt 055 : o0 3.00 130 | 525 oA MC1489 0.60 | SAAS0206.00 | 19969MHz 150
i - % o [0 im 400 | Mesue 2o | Sptoron | b 1%
74119 170 | 74L8122 070 | 74500 0.50 | 4007 o025 | 40097 036 bk 250 [ MESASE 450 | SrA%0509.00 | £8.000MH: 175
74120 1.00 7408123 0.80 | 74502 0.50 | 4008 060 | 40098 0.0 X SN76495 4.00 X 8250 9.50 2.00 MC3480 8.50 116MHz 25
74121 055 | 74LS125 0.50 | 74504 050 | 4009 045 | 40100 150 . SN76660 1.20 i 180 | MC3486 225 PXO1000 12.00
74122 0.70 | 74LS126 0.50 | 74505 050 | 4010 060 | 40101 125 RS SPO256AL2 7.00 - 8251A 3.25 32 | MCaer 225
74123 080 | 74U5132 065 | 74508 050 | 4011 024 | 4002 130 - SPB515 7.50 . 8253C-5 3.50 225 | 4Ca024 550
74125  0.65 | 74LS133 0.55 | 74510 050 | 4012 025 | 40103 200 . TA7120 1. . 255A03 3.0 180 | MG4044 550 Please note:
74126 0.55 74LS136 0.45 | 74511 0.75 | 4013 0.36 | 40104 120 ! TA7130 8256 18.00 2.28 MC 14411 9.00 All prices are subject to
74128 055 ] 7405138 055 | 74520 050 | 4014  0.60 | 40105 150 | | M392N 140 | TA7204 8257C-5 54.00 150 | MCiasiz2 750 change without notice.
74132 0.75 | 74L5139 0.55 [ 74522 050 | 4015 070 [ 40106  0.48 | (M393 0.85 [ TA7205 0.90 | ZNA10406.60 180 [ 25707 o000
74136 070 | 74LS145 0.95 | 74530 050 | 4016  0.36 | 40107 055 | [M3oaCH 400 | Ta7222 150 | ZNA13aJ 23.00 | 825129 175 | 206 oo | Only currentprime grade
74141 080 | 745147 1.75 | 74532 060 | 4017 055 | 40108 320 | 1M709 035 | va7310 1. ZNA234E9.50 ) 75100 1.20 components stocked.
74142 250 | 745148 1.40 | 74537 060 | a018 0.0 | 40109 0.80 9.0 75110 0.90 We also stock a wid
74143 130 | 74LS151 0.65 | 74538 060 | 4019 o060 | 40110 225 78112 160 € aso stock a wice
74144 270 | 74LS152 2,00 | 74540 050 | 4020  0.80 3311? ’;’-gg EE PROM 75113 1.20 [r)andge ofTTrannglsto;s.
74145 110 7405153 0.65 { 74551 0.60 4021 0.60 2 y lodes. Triacs Plastic.
74147  1.70 | 74LS154 1.60 | 74564 045 | 4022 o070 | 40163  1.00 VA FIXED VOLTAGE PLASTIC 10220 2816-30 15.00 ;é}}g }'23 Bridge Rectifiers.
74148 140 | 74LS155 065 | 74574 070 | 4023 o030 | 40173 1.20 +VE ~VE 2K+8 3000 | 73121 140 Thyristors and Zenors
74150 175 | 745156 0.65 | 74885 3.00 | 4024 o048 | 40174 100 5V 7805 0.45 7905 0.50 9306 256bits | 75122 1.40 )
74151A 0.70 | 74L5157 0.50 | 74586 1.00 | 4025 024 | 40175 1.00 6V 7806 0.50 7906 0.50 (16x16) 4.50 | 75150 1.20 Please phone for details.
74153 0.80 74Lss1650»a 0.65 74311§ 150 | 4026  0.90 :8:35 }% BV 7808  0.50 7908 0.50 :
74154 140 | 74.5160A 065 | 745113 120 | 2027 0.0 . 12V 7812 0.45 7912 0.50 OTHERS
74155 0.80 | 74S161A 075 | 745114 120 | 4028 o0 | 40194 1.0 15V 7815 0.50 7915 015 LEDs OPTO-ELECTRONICS
74156  0.90 } 7415162A 075 | 745124 3.00 | 4029 0.75 | 40244 150 18V 7818 0.50 7918 0.50 2N5777 0.50 {- "
74157 080 | 74LS163A 075 | 745132 1.00 | s030 035 | 40245 150 24V 7824 050 7924 050 BPx25 180 | 9125 02’ BPX25 300p
74159 1.75 | 74LS164 0.75 | 745133 0.60 | 4031 1.25 | 40257  1.80 1A FIXED VOLTAGE PLASTIC T092 BPW21 280 | REDTIL203092 | TiL220 045 BPW21 300p
74160 110 | 74151654 110 | 745138 1.80 | 4032 100 | 40373 180 5V 78L05 0.30 5V 79L05 0.45 OCP71 180 | GRNTIL21106 | Ti222 018 cQy21 300p
74161 080 | 741S166A 150 | 745139 1.80 | 4033 125 | 40374 1.80 6V 78L06 0.30 12V 79L12 0.50 ORP12 120 | YELTR212020 | Ti22s 022 FND357 100p
74162 110 [ 74L5168 1.30 [ 745140 1.00 [ 4034 250 [ 80C95 0.75 8V 78L08 0.30 15V 79L15 0.50 ORP80 1.20 | Rect LEDs MAN74/DL704 100p
74163 110 | 7415169 1.00 | 745151 150 | 4035 o070 | 80CS7 0.75 12V 76L12 0.30 ) ORP61 1.20 | (R/G/Y) 0.30 MAN71/DL707  100p
74164  1.20 | 7415170 1.40 | 745153 150 | 4036 250 | 80C98 075 15V 78L15 0.30 SFH205 1.00 | CXQ (Bi colour MAN3640 175p
74165 110 74L8173A 1.00 | 748157 2.00 4037 110 . TIL32  0.55 1.00 74C925 6.50 MAN4640

140 | 74LS174 0.75 | 745158 2.00 4038 1.00 OTHER REGULATORS TIL78 055 | 10LED 74C926 6.50 MAN6610

4.00 74L8175 0.75 745163 3.00 4040 0.60 TIL31B 1.20 { Bar Graph: 74928 6.50 MAN8910

200 | 74L8181 2.00 | 745169 550 | 4041 055 FIXED REGULATORS TIL81 120 | Red 225 | 72168 22.00 NSB5881

4.20 74L8183 1.90 | 74S174 3.00 4042 0.50 LM309K 1A 5V TIL100 0.75 | Green 2.25 ZN1040 6.70 SFH305

140 | 7418190 0.75 | 74S175 3.20 | 4043 060 LM323K 3ASV. TiLgiA

110 | 74LS191 075 | 745188 1.80 | 4044 060 78HOSK 5A5V ... . . ? IL32

1.05 | 7408192 0.80 | 745189 1.80 1.00 78H12 5A 12V .. . ) y DISPLAYS MANE6102.00 |, LM3914 3.50 TIL78

1.00 | 74LS194a 075 | 74S194 3.00 0.60 78P05 10A5V . ... ;‘igf?ﬁ'g-;g tmgg:g g.gg TIL81

130 | 745156 o0 | Ta3iee 550 085 |  vAmaeLe REGuLATORS Ti72s 100 | Uonetisz0 | TILATT

100 - 743200 459 0.55 LM305AH . FND357 1.00 | TIL7300 1.00 | UDN61843.20

340 745201 3.9 0.36 LM317T 10220 ... ....... L FNDS00/TIL730 | MANB910 150 | ULN20030.90

Yo 48005 520 0.35 LM317K TO3 L 1.00 | MANBS40 250 | ULN2004 090

180 748530 400 g-gg LM337y .. FNDSO7/TIL729  ULN2068 2.90 . TIL1

180 | 7408242 0'90 | 745041 40 80 LM3507 10A+VAR . X DISPLAY ULN2802 1.90 ) TIL112

130 | 74t5%43 0.90 | 745044 489 .80 tmggz 10A+VAR . MAN74/DL707 DRIVERS ULN2083 1.80 : TIL113

130 | 7415244 0.80 | 748251 2550 0.80 o 100 ULN2804 1.90 : TIL116

130 | 7acssae G50 | Facosr ae0 oL 78HHOSKC 5A5V .. MAN3640 1.75 | 9368  4.50 | 75497 0.70 ) SN137

1 | 748247 110 | 745258 250 0.70 786016 TACVAR kel ISR RSO bl

110 | 74L8248 110 | 745260 1.00 X " ' : - i

0.80 | 74.5245 110 | 745261 3.00 o5 7HGKC SAVAR.. : . 3 LOW PROFILE SOCKETS BY Ti WIRE WRAP SOCKETS BY Ti

1.30 | 74.8251 0.75 | 745283 270 230 .2

110 | 74LS253 0.75 | 745287 2.25 0.25 SWITCHING REGULATIONS 8pin  Sp  18pin - 16p  2dpin 8pin  25p  18pin 50p 24pin 70p

2.20 | 74LS256 0.90 | 745288 2.00 0.24 ICL7660 4pin  10p  20pin 18p  28pin 14pin  35p  20pin 60p  2Bpin BOp

2.20 74L82457A0.70 745289 2.25 0.24 SG3524 . 16pin  11p  22pin 20p  40pin 16pin  40p  22pin 65p  40pin 100p

110 | 74LS258A 070 | 745299 4.50 0.~ TL494 . .3

1.00 { 7405259 1.20 | 745373 4.00 01, TLA97 .. . . TURNED PIN ‘8pin  25p  16pm 35p 20pin 45p  28pin 65

1.50 | 74,5260 0.75 | 745374 4.00 0.24 78540 . . X LOW PROFILE SKTS lapin 30p 1Bpin 40p  24pin 555  400m 90

0.80 | 745266 0.60 | 745387 2.25 0.24 RC4195 PR - P P 18pin 40p  24p 4 pin30p

Tecunomaric L A e var e & 1570 VAT

MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10 IED O.ders from Government Depts. & Colleges etc. welcome.

SHOPS AT: 17 BURNLEY ROAD. LONDON NW10

Tel: 01-723 0233 4 i Tel 022800 Detailed Price List on request D
el: 01-723 0233 4 lines. Telex: 922 Stock ‘
305 EDGWARE ROAD. LONDON W2 3 Stockems are normally by return of post | 4NN
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Time Electronics Limited

RESISTANCE STANDARDS

« A range of high value
resistance standards 10° - 10°
megohms.

* Accuracies of standards is
0.005%.

» Temperature coefficient
50 PPM.

* Rated coil voltage is 220V —
2000V depending on value.

* Size 120mm x 280mm.

POWER DECADE RESISTANCE BOX TYPE 1065

* In-line readout

* Precise

*» Mechanically and
electrically robust

« High dissipation

» Fully screened

» Range 0.1 ohm to
120K ohm

Time Electronics Limited

Kent TN9 1RH England

Botany Industrial Estate  Tonbridge
Telephone (0732) 355993 Telex 95481

INDUCTANCE STANDARDS

» Arange of 15 inductance
standards from uH — 1H, with
accuracy of 0.02%.

* 1KHz. Maximum frequency
100KHz.

* Temperature coefficient 50
PPM per deg. C.

* Inductors are wound on
toroidal formers and fully
screened against electrical and
magnetic external fields.

* Size 180mm x 180mm x 240mm.

PRECISION DECADE RESISTANCE BOX TYPE 1066

* In-line readout

* Precise

* Mechanically and
electrically robust

« Stable — (precision
wire-wound resistors)

* Fully screened

* Range 1 ohm to
1.2M ohms

Note: Time Electronics Ltd. are approved to the following quality standards:
MOD STD 05 - 24

NATO STD 05 - 26 AQAP4  MOD Reg No. 1HETO1

CIRCLE 28 FOR FURTHER DETAILS

PROFESSIONAL PC BASED PCB DESIGN PACKAGES

O QUICKPAD ;
00—

A Professional PCB Design System for only £895.00

QUICKPAD is a new BRITISH software package that turns
your IBM PC into a high quality PCB artwork designer. No
more hassle with traditional layout and tape up methods.
No more waiting for a technician, draftsman or the CAD
department. its simple to use menu system makes it ideal
for the novice or expert.

QUICKPAD runs on an IBM PC (or clone) with a minimum
of 512K bytes RAM, dual floppies and Colour Graphics or
Enhanced Colour Graphics Adaptor or Hercules
Monochrome Graphics card.

Technical Summary

# Upto 12" by 16" board size

# Double sided artwork plus silk screen, solder resist and
drilling chart. :

« 0.010"board resolutio

» 4 standard track sizes (0.080", 0.040", 0.020" and 0.010")

* 4 standard pad sizes (0.128", 0.096", 0.064” and 0.032")

» Artwork can be plotted on a wide range of output
devices

* SIP, DIP and connector libraries

* Component names up to 6 characters long

«» Comprehensive commands for copying and moving of
pads and tracks (including rubber banding)

» Input via standard netlist

» Easy to use menu system

Software £895.00 inc MOUSE
Demo pack £30.00

VUTRAX-4

The modular PCB design system allowing input by
schematic capture, standard net list or manual onscreen
generation. Combined with advanced features like auto-
placement, auto-routing, design rule checking and true
SURFACE MOUNT capabilities, make VUTRAX-4 the
most comprehensive package for PCB design on
personal computers.

Technical Summary

* Up to 32" by 32" board size

« Upto 16 layers

# 0.001" or 0.025mm resolution

« Track size from 0.001" to 0.952"

« Pad sizes and shapes are practically unlimited

» 500 16 pin IC capacity

« Supports wide of graphics options

» Camera ready artwork on dot matrix printers and pen
plotters

« Supports Gerber photoplotters

« Silk screen, solder resist and drilling chart capabilities

» Runs on Apricot, Sirius, Olivetti, IBM PC/XT/AT and
Future FX20/30

Software from £1,400 to £9,800
Demo System £70.00

Note: All prices exclude VAT & Delivery

CONGUIN SOFTWARE LTD.

Freepost, Morden, Surrey SM4 1BR Phone: 01-640 9130

HH0G0H

70

CIRCLE 63 FOR FURTHER DETAILS

ELECTRONICS & WIRELESS WORLDJULY 1986



Versatower:

A range of telescopic towers in static
and mobile models from 7.5 to 36

metres with tilt-over facility enabling
all maintenance to be at ground level.

Designed in accordance with CP3 Chapter V; part 2;
1972 for a minimum wind speed of 140 kph in
conditions of maximum exposure and specified by
professionals world-wide where hostile )
environments demand the ultimate in design, quality
and reliability. ]

Suitable for mounting equipment in the fields of:
Communications

Security surveillance — CCTV

Meteorology

Environmental monitoring

Geographical survey

Jefence range-finding

Marine and aero navigation

rioodlighting

Airport approach fighting P

Further details available on request.

/ 4 /

STRUMECH ENGINEERING LIMITED
Portland House, Coppice Side, Brownhills
Walsall, West Midlands WS8 7EX, England
Telephone: Brownhills (0543) 374321

Telex: 335243 SEL.G.
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COURSES ON
FORTH

FIND OUT ABOUT. ..
FORTH FOR ENGINEERS

The programming tanguage Forth
has much to offer electronics
engineers wishing to develop
microprocessor based boards
running specialised applications.
Normally, assembler or machine
code would be used and ROMmed.
Forth can give substantial
advantages over this approach,
such as programming at both
machine and high levels, rapid and
interactive development of code,
and high speed and compactness.
A cross compiler will then allow a
Forth application developed and
debugged on a particular operating
system, such as on a desktop
micro, to be transferred torunon a
given processor in ROM.

NO NEED TO WORRY ABOUT
Royalty in target systems

? COUSES

£375 for 3 days in July, August or
September. Includes the cost of
Work-Forth/Viewtrace/Floating
Point (our working professional
system) to take away with a choice
of possible formats.

Held at Southampton University,
each delegate will be programming
onaPCAT.

There will also be external talks by
engineers who have used Forth for
their particular applications.

For further information or application
forms contact:

MicroProcessor wmm
Engineering Ltd

21 Hanley Road, Shirley e
Southampton SO1 5AP
Tel: 0703 780084
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RF U.S. supplier of RF POWER DEVICES.

Prices LOWER than current domestic prices.
POWER Query us for immediate needs.

A quality source for a complete range of RF POWER devices — From 2-
30MHz, SSB 12.5V 7 28V transistors — 14-30 MHz CB/AMATEUR 27-50
MHz, low band FM — 66 — 88MHz, mid band FM — 66 — 88MHz, mid band
FM —156 — 162MHz VHF MARINE RADIO FM — 130 — 175MHz HI-BAND
VHF FM — 108-152MHz VHF AIRCRAFT AM — 225 40MHZ UHF 28V —
407 — 512 UHF CATV/MATV CLASS A linear transistors — A SMALL
indication of types are listed below. SEND FOR OUR FREE BROCHURE
AND/OR CONTACT FOR IMMEDIATE QUOTES.

MRF450 MRF453 MRF646 BLY88A BLY90 BLY93A
-2N3553 .2N4933 .2N5109 .2N3375 .2N5016 -589
.2N4128 .2N5070 .2N5591 .2N6080 .2N4427 .2N5090
.2N5634 .2N6083 .2N4431 .2N5102 .2N5918 .2N6084

TIC Semiconductor inc.

18 WEST 21st STREET NEW YORK, N.Y. 10010 U.S.A.
TEL: (212) - 675 6722 TELEX: 284564 TICS UR
CIRCLE 11 FOR FURTHER DETAILS

Reduce Designer Fatigue

Linc-Ace System

1 Linc-Ace (10f18)

2 Linc-Lug /R :
3 Linc-Sink
Also: Feet

Gaskets
24 items
Catalogue “ UNCOLN BN LTD
- u TETCTROMIC ENCLOSTRES
from:

PO Box 110, Haywards Heath, West Sussex RH17 5YU.
Tel: (0444) 451418

CIRCLE 14 FOR FURTHER DETAILS
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; Cross Compilers to produce

ROMcode
Core (buy only once) £250
Targets (each) £175

6502, 6511Q, 6800. 6801/3. 6809,
68000, 280. 8080. 8086. 1802, 28,
99xxx, LSl 11

FORTH83 HS/FORTH
1 megabyte programs. graphics,
floating point. assembler,
strings £230

MPE-FORTH/09 for FLEX or
0s9
Editor. assembler. full system
integration, cross compilers
availlable.

We are the Forth specialists. we also
stock alarge range of books. listings.
and implementations for machines
ranging from Amstradto Atan ST,
IBMPCtoPDP11.

MicroProcessor g
Engineering Ltd gamm

21 Hanley Road, Shirley
Southampton SOt 5AP *\N

Tel: 0703 780084

CIRCLE 55 FOR FURTHER DETAILS
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o) Hltachl Oscilloscopes the highest quality  trom £299

the most competitive prices +VAT

~ Hitachi Oscilloscopes provide the quality and performance that vou'd
expect from such a famous name, with a newly-extended 14 model range
that represents the bestvalue tor money available anywhere.

V-212/222 20MHz Dual Trace -650 60MH/ Dual Timebase

V
V-223 20MHz Sweep Delay V-1050  100MH/ Quad Trace
(illustrated) V-1070  100MH7z Four Channel
V-209 20MH/ Mini-Portable V-1100 100MHZz DMM/Counter
V-422 JOMH/ Dual Trace V-134 TOMH/ Tube Storage
V-423 4OMH/ Sweep Delay VC-6015  1TOMHz Digital Storage
V-509 SOMH/ Mini-Portable VC-6041  JOMH7 Digital Storage

Prices start at £299 plus vat (20MHz duali trace) including a 2yr. warranty.
We hold the range in stock for immediate delivery.

For colour brochure giving specitications and prices ring (0480) 63570
Thurlby Electronics Ltd, New Road, St. Ives, Cambs. PE17 4BG

CIRCLE 45 FOR FURTHER DETAILS

Thurlby LB Series £89 +vat

Thurlby LB-15, 15.5V/2A and 7.5V/4A P.S.U.
Switched voltage control for rapid and accurate setting
Fully adjustable control of current limit setting
Full constant current operation with automatic crossover
Calibrated vernier knobs provide infinite adjustment
QOutput range switch for higher currents at lower voltages
Full overload protection with ‘safe-area’ power foldback
Exceptional line and load regulation performance
Built-in current measurement facility

| i d N 2
Lzuwr gzaﬁl,egttr.olr\‘/::ss, Iétambs, PE17 4BG /I Thurlby %

Tel: (0480) 63570 designed and built in Britain
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The world’s most advanced low-cost bench multimeter!
Thurlby 19053 £349. var

A complete high porformanco bench DMM
H s w R ® 5% digits; 0.015% acc; 1uV, TmQ , 1nA.
- E U 9 9 9 9 1 @ Full ac and current functions as standard
1 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

Thuriby Electronics Ltd - N 2]
New Road, St.Ives, Cambs. PE17 4BG /l Thurlby E’g

Tel: (0480) 63570 _ designed and built in Britain
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Now Thurlby makes lOQlC analysis affordable ! from

the new Thurlby LA-160 £395 :vat

e 16 channels, expands to 32 e 2K word acquisition memory
o Clock rates up to 20MHz o Non-volatile reference memory
o
[ ]

State and timing displays e Search and compare facilities
Selectable display formats e 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

4 Thurlby Electronics Ltd
/I Thurlby ZIhN New Road, St.lves, Huntingdon,

designed and built in Britain Cambs. PE17 4BG, England. Tel: (0480) 63570 -

' CIRCLE 48 FOR FURTHER DETAILS
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Answering machines are very popular these days and we are pleased to offer a new model — the
Betacom LR3 — which features a double tape, one to record your announcement and the other to
record the messages. Unlike single tape answering machines, it is necessary to record the outgoing
message only once and each caller will hear it repeated.

The outgoing message may be changed by using the inbuilt microphone and the erase facility will
clear the incoming message tape. If you are at home, a monitor allows you to hear the caller and if
you wish to speak, use your telephone as normal. A fast forward cue search locates the next message
and there is a marker sound to indicate the end of the day’s messages and also a volume control. The
Betacom LR3 is compact and in a smart grey and mushroom plastic. It is extremely good value at the
special price of only £79.95 inc. p&p and two free tapes.

It is easily connected to the power supply with the lead provided and a BT Approved jack plug is
attached. The Betacom LLR3 is BT Approved and Betacom offers a 12 month guarantee with a fast
and efficient after sales service. If you are not satisfied return within 7 days for a refund to Betacom,
D.M. Baylin Ltd., 76 Marylebone High Street, London, WIM 3AR

To: Electronics & Wireless World Offer, ¢/o PO Box 14, No. | Warehouse, Horley Row, Horley, Surrey, RH6 8DW

Please send me........ Betacom LR3 Telephone Answering Machine(s) at only £79.95 inc. p&p and VAT
I enclose crossed cheque (with address on back)/PO No(s).......... value £......... made payable to Betacom OR please

debit my Access/Visa account by the above amount. Telephone orders 0293-776634

Mycardnumberis [ TTTTTTITTITITILI[T]]

DATE SIGNATURE
NAME ADDRESS
POST CODE

UK readers only. Subject 1o availability. Altow 28 days for delivery. Regd. in England No. 151537

ELECTRONICS & WIRELESS WORLDJULY 1986

ELECTRONICS & WIRELESS WORLD OFFER, C/0 PO BOX 14, No. | WAREHOUSE, HORLEY ROW, HORLEY, SURREY, RH6 8DW
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Electronics and Wireless World is

| the only electronics magazine to really
| tempt the professionals.

It's the onlyone they take thetrouble

| to pick up for themselves.

That's because it's written for the

: engineer who sees electronics not only as
‘| a job, but also as a hobby.

It's written on a technical level that
doesn't talk down to you.

It keeps you up to date with all the
latest products and processes, applica-

tions and equipment.

And it covers every industry where

| electronics is involved.

Just one look at the new look
magazine and you'll see why it gets pro-
fessionals like you out of the office, and
down to the newsagents.

WireléSSwiorld

| The leading magazine for electronics engineers.
| -
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Its easy
to comp

| about
advertisements.

But Wthh

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.

If 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.

The Advertising
Standards Authority.
If an advertisement is wrong,
were here to put it right.

ASA Ltd, Dept 2 Brook House, Torrington Place,
London WCI1E 7HN

This space is donated in the interests of high standards of advertising.

ELECTRONICS & WIRELESS WORLDJULY 1986

REAL TIME

N.V.CLOCK

MODULE

mi
THE SMARTER CLOCK
» Plugs into any bytewide
memory socket

» Programmable Timer and
Alarm IRQ output

» Complete subsystem, no
extra parts required

» Random access to clock
registers

» Full 10 year non volatile life
» Guaranteed accuracy

PART NO. APPLICATION

C3008RH 24/28 PIN RAM SKT CMOS
C3008EH 24/28 PIN EPROM SKT | MICROS
C3008RHD 24/28 PIN RAM SKT NMOS
C3008EHD 24/28 PIN EPROM SKT | MICROS

Special sampler offer £29.00 plus £1.00 p&p

Send remittance and data requests to:
MIM Electronics Ltd, Broadway, Dukinfield,
Cheshire SK16 4VV.

Tel: 061-339 6028 Telex: 665027 MIMCO G.
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LOW COST UNIVERSAL PROGRAMMER
EPROMS EEPROMS MICROS

® Completely self contained unil ® Eproms

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

@ Controlied via R§232 serial interface 2758

® Supports Intel. Motorola and Ascu 2716/32/32A/64/64A/128
hex data formats 128A7256/512/513

® Easily controlled by most computers

¢ Fast and standard programming modes

® | ow and hugh byte programming for 16 bil data

® Byte block and chip erase for Eeproms

27C16/32/64/128/256/512
6873264/66

® Eeproms
2816A/54A 52813/23/33 48202

EN

Price uncased £295 plus VAT.

® Micros
8748/48H/49:49H

Tel: 0242 510525

2 St Stephens Road - Cheltenham - Glos - GL51 5AA
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Quadrant Plcture Library

CARS - BOATS - PLANES
Over a million photographs and transparencies
from the turn of the century to the present day;
cutaway drawings and illustrations; colour
prints of civil and military aircraft; directories
from the early 1800s and much more besides
for advertising and PR agencies, authors,
publishers, TV programmers and solicitors.
Interested? Then write or telephone QPL at
Quadrant House, The Quadrant, Sutton,
Surrey SM2 SAS (‘Tel: 01-661 3427 8).




Appointments

Advertisements
accepted up to
12 noon July 2nd
for August issue

DISPLAYED APPOINTMENTS VACANT: £21 per single col. centimetre (min. 3cm).
LINE advertisements (run on): £4.50 per line, minimum £36 (prepayable).

BOX NUMBERS: £10 extra. (Replies should be addressed to the Box Number in the
advertisement, c/o Quadrant House, The Quadrant, Sutton, Surrey SM2 5AS).

PHONE: SUSAN PLATTS, 01-661 3033 (DIRECT LINE)
Cheques and Postal Orders payable to BUSINESS PRESS INTERNATIONAL LTD. and crossed.

University of East Anglia
Norwich

ELECTRONICS
TECHNICIAN

Applications are invited for this new
post in the Electronic Systems
Engineering Sector of the School of
Information Systems. The successful
candidate will be expected to assist
in the development, construction,
testing and maintenance of both
analogue and digital equipment, to
contribute to the organisation and
provide support to the teaching and
research programme. The Sector
has fully equipped specialist
laboratories including BBC/ Torch,
IBM type and Apple Macintosh
personal workstations, as well as
68000 based microprocessor
development systems. Applicants
will be expected to have practical
experience and appropriate
qualifictions (HNC, Advanced City
and Guilds or Higher TEC
equivalent) in modern analogue and
digital electronics, including software
experience. Salary will be on the
scale £6,927-£8,088 per annum
(under review). Further information
about the post is available upon
request.

Applications in writing giving full
details of experience, qualifications
and the names of two referees who

can be easily contacted should be
sent as soon as possible, to arrive no
later than 2nd July, 1986, to the:

Senior Administrative Assistant,
School of Information Systems,
University of East Anglia,
Norwich NR4 7TJ.

(7 Design
Engineer

(Electronics)

up to £15,317

The Electricity Council Research
Centre has a widely ranging research
and development programme
concerned with the utilisation and
distribution of electricity.

An enthusiastic, self motivated
Electronics Design Engineer is required
to design and test special purpose
electronic equipment including
measurement, control, protection and
test equipment for use on Distribution
Systems and in the laboratory. The
successful applicant will have the ability
to translate specifications into reliable
electronic circuits, together with the
ability to predict, at the design stage, the
effect of component tolerances, timing

differences and temperature.

Applicants, male or female, should
ideally be qualified up to degree level in
Electronics and have experience in
analogue design, digital design in
CMOS and TTL, micro-computer
interfacing and programming.

Starting salary will be within the
range £11,545 - £15,317, currently under
review.

Applications giving details of age,
qualifications, experience, present
position and salary should be sent to
Head of Personnel Services, Electricity
Council Research Centre, Capenhurst,
Chester CH1 6ES.

RIVERSIDE HEALTH AUTHORITY

Electronics

Technican
—~MPTIV

for the COMMUNICATION AIDS
CENTRE in the SPEECH THERAPY
DEPARTMENT at CHARING
CROSS HOSPITAL.

The work includes, the maintenance
and development of communication
aids. Suitable applicants will have
practical skills in electronic and
Home Computing experience would
be an asset.

An ONC or equivalent qualification is
essential.

Salary £6,786-£8,564 pa inclusive.
For further details and application
forms please contact: Charing Cross

Hospital, Unit Personnel
Department, Parsons House,
Fulham Palace Road, London W6
8RF. Tel: 01-748 2040 ext. 2992

THE MIDDLESEX HOSPITAL
MEDICAL SCHOOL
(University of London)

Electronic
Technician

(Senior MLSO)

required for the
Interdepartmental Workshop to
modify and/or construct a wide
range of electronic equipment
used in the various departments
of the School.

Salary scale £8,605-£11,129.

For further details contact:

Dr J. W. Tappin, Department
of Medical Physics, Windeyer
Building, Cleveland Street,
London W1P 6DB.
Telephone: 01-380 9323

76

r--‘--

™% THE UK’s No. 1 ELECTRONICS AGENCY

Please quote reference number 607/EWW.

Electricity Council
Research Centre

S A =R N N NE . ---------"
1

CAPITAL APPOINTMENTS LTD

It you have 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
We have vacancles In all areas of the UK
Salaries to £15,000 pa

018083050
(24 hours)

CAPITAL APPOINTMENTS LTD
76 WILLOUGHBY LANE, LONDON N17 OSF
(291}
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Appointments

ENGINEERING

1. TEST ENGINEER
Test of analogue/digital assemblies

for signal processing systems.
TECHNICIANS
2. SUPPORT ENGINEER

Provide field and technical support

COMMUNICATIONS AND ELECTRONICS BT e

A P lanned Car ecY in TeChnOlogy in the COtSWOlds With digital experience for radar and

microwave systems.

Starting Pay Package up to £11,760 £10,000, Middlesex.
ng y p ’ 4. TECHNICIAN ENGINEER
To maintain Vax, PDP 11 and flight

]0 \IIACANCIES at Engineering Technician o EXTENSIVE ENGINEERING FACILITIES sirgﬂag%% s,f“ﬁms‘
evel. ¢. £11,000, Herts.

® CAREER PLANNING aided by regular 5. SERVICE ENGINEER
® CHALLENGING WORK in the field of assessments of performance. Re‘?iai;] céfnttelectronic/communications
technical support of highly sophisticated e ADVANCEMENT opportunities on the basis £8.350 + car, Surrey.
communications and computer systems. of proven ability. ?A TEST ENGNEER based

- icroprocessor and digital base

o STRUCTURED TRAINING programme ® OVERSEAS service (voluntary). gg“gggﬁ%gﬁ?
for newjentrants. ® FLEXIBLE working hours with up to six ' Phone or write:
® OPPORTUNITIES for gaining weeks leave. CEngMIEE MIERE.
experience in a wide variety of technical roles. ® RELOCATION EXPENSES in most cases. CLIVEDEN RECRUITMENT

92 Broadway, Bracknell,
Berkshire RG12 1AR
Applicants should normally possess a BTEC Ordinary National experience is required; registration with the Engineering Council as an Tel: 0344 489489
Certificate/ Diploma or higher qualification in Telecommunications, Engineering Technician (Eng. Tech) would be an advantage. :
Elecll;onics or Asxiﬁmilar disciplifne;lor an acceptakile equivalent SCALE 3 (uad ' '
qualification. An aggregate of at least 4 years relevant training and SALARY :.£7,525- £10,213 (under review) plus a special pay
addition of £1,550 p.a. at all points on the salary scale. FOR CLASSI FIED

INTERESTED? Then send for full details and application form to the A Dv E R TI S E M E NTS

address below, quoting Ref: T/945/86
RING

THE RECRUTTMENT OFFICE, GCHQ. ROOM A 1108 SUSAN PLATTS
OAKLEY. PRIORS ROAD: (1 ENHAM. GLOS GL32 5\
OR TELEPHONE (0242) 32912 3 661 3033

2598

The Easy Way to look for your new job from the
comfort of your own armchair. Our well qualified
9 consultants will carefully match your
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:- I ADDRESS

* Signal Processing ® Technical Sales ¢ ATE Programming
* Radar Systems o RF Development e Real Time Software |

I NAME .. (Mr/Miss/Mrs)

0-£6000  £6-10000 £10-15000 £15000+

Your next step is to complete and return the attached coupon or I POST CODE ...
telephone John Prodger on 0442 47311 or one of our duty consultants on
0442 212650 during evenings or weekends. I TELNO: . .o
@ Executive Recruitment Services QUALIFICATIONS AGE ..o
1Q | o 0 0 0
I NONE CG/HNC  DEGREE  OTHER
| SALARY
O n 0 O
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Appointments

More
Hi-Tech Jobs

£8000 - £20,000

As a leading recruitment consultancy 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.

e ARTIFICIAL INTELLIGENCE ¢ IMAGE PROCESSING

* MICRO HARDWARE & SOFTWARE ¢ GUIDED WEAPONS

* OPERATIONAL RESEARCH ¢ RF & MICROWAVE * OPTICS
o MATHEMATICAL MODELLING * SIMULATION ¢ C3

e HIGH LEVEL PROGRAMMING * SYSTEMS ENGINEERING
* ACOUSTICS & SONAR ¢ FLUID DYNAMICS ¢ RADAR

e SATELLITES ¢ AVIONICS ¢ CONTROL ¢ ANTENNA
Opportunities exist with National, International and
consultancy companies offering excellent salaries and career
-advancement.

For Free and Confidential career guidance cail John Spencer
e or send a detailed C.V.. Please guote

-II-/ reference WW/3.

STS Recruitment, 85 High Street,
Recruitment

Winchester, Hampshire S023 9AP.
Tel: Winchester (0962) 69478 (24 hours).

T T
ENGINEERING

OPPORTUNITIES
NATIONWIDE

Edinburgh (031) 226 5381 4 iz

Leeds (0532) 580510 , -
Manchester (061) 832 5856 \
Birmingham (021) 643 1994 “
Leicester (0533) 544193 ®ueeos

Milton Keynes (0908) 666872 Zam Ouancuesren

Bishop's Stortford {0279) 506464 FmmaHAH® PRl
London (01) 637 07841 o EgETE
Bristol (0272) 211035 m siswops sromtronc |
Bracknell (0344) 481808 T awiev® uaros e
Maidstone (0622) 687171

Crawley (0293) 514071 __j

Salaries £8,000 to £30,000 p.a.

As the UK's leading specialist sales and technical recruitment consultancy,
we provide a FREE service to engineers seeking a career move.

If you have experience in digital, analogue, microprocessor or
communications technologies (either hardware or software), ideally with a
recognised qualification, we have hundreds of vacancies throughout the
UK in R & D, Design, Manufacturing, Test, Service and Sales.

Call your nearest branch for more information or send

acomprehensive C.V. (no stamp required) to:-

eclion an

A Division ofA:r q es Ltd
FREEPOST, Bishop's Stortford. Herts. CM23 2BR.

Philip Drake Electronics is a successful and growing company that
has established itself as the leading UK supplier of Studio
Communications Equipment and programme quality Sound
Distribution Modules to the Broadcast Industry.

An increasing workload has led to the following vacancy:

TEST ENGINEER:
STANDARD PRODUCTS

Responsible to the Production Manager, the person occupying this
post will be practical and articulate engineer who is capable of
attention to detail and be able to work to the high standards set by
the industry. He or she will be able to take new product designs from
the Development Group, devise suitable Test Procedures for them
and see these procedures implemented and scheduled in a co-
ordinated manner to ensure that the needs of the Sales and
Manufacturing arms of the company are met.

The Company produces a wide range of products, from Analogue
Audio Circuits to Microprocessor-Controiled Systems and Digital
Audio Equipment.

Persons possessing a thorough knowledge of these areas of
electronics experience with Automatic and Manual Test Techniques
(including IEEE equipment), and the ability to work well with other
departments and supervise staff wiil be favourably considered.
Applications should be made in writing to:

Mrs Cornelia Bower,

Administration

Philip Drake Electronics Limited

37 Broadwater Road

Welwyn Garden City

Herts AL7 3AX

| TO MANUFACTURERS, WHOLESALERS

Classified

BULK BUYERS. ETC.
LARGE QUANTITIES OF RADIO. TV AND
ELECTRONIC COMPONENTS FOR DISPOSAL

SEMICONDUCTORS, all types, INTEGRATED CIRCUITS, TRANSISTORS,
DIODES, RECTIFIERS, THYRISTORS, etc. RESISTORS, C/F, M/F, W/W, etc.
CAPACITORS, SILVER MICA, POLYSTYRENE, €280, G296, DISC
CERAMICS, PLATE CERAMICS, etc.

ELECTROLYTIC CONDENSERS, SPEAKERS, CONNECTING WIRE, CABLES,
SCREENED WIRE, SCREWS, NUTS, CHOKES, TRANSFGRMERS, etc.
ALL AT KNOCKOUT PRICES — Come and pay us a visit ALADDIN'S CAVE
TELEPHONE: 445 0749/445 2713
R. HENSON LTD.

21 Lodge Lane, North Finchley, London, N.12
(5 minutes from Tally Ho Corner) (1613)

MANUFACTURERS SURPLUS STOCKS

Electronic Components, Test Gear, Radiotelephones, Computers,
Photographic and Video Equipment. All at knockout prices.
Export and Trade Enquiries Welcome.
Catalogues Available from:

B.BAMBER ELECTRONICS, 5 STATION ROAD,
LITTLEPORT, CAMBS. Phone: ELY {(0353) 860185.

CHAILEY HERITAGE CRAFT SCHOOL,
NORTH CHAILEY, Nr. LEWES, E. SUSSEX

An Electronics Technician required to develop and construct special
equipment and interfacing circuitry for physically handicapped children usin%
computers, communication aids, etc. Relevant qualification (ONC, HNC, HND)
and/or experience expected. Further details including salary range from
Headmaster.
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TELEQUIPMENT PHILIPS
'SCOPES, manuals, spares. S54A
£125. Also various tests gear. Ochremill
Technical, 0785 (Stone) 814643.  (239)

BRIDGES waveformn/transistor
analysers. Calibrators, Standards.
Millivoltmeters. Dynamometers. KW
meters, Oscilloscopes. Recorders.
Signal generators — sweep, low
distortion, true RMS, audio, RM,
deviation. Tel: 040 376236. (2616}

MARCONI B6023 IKW AM
TRANSMITTER 16MHz with PSU
ex-broadcast, £300. Buyer collects.
031-554 7386. (268)

19" RACK MOUNT CASES,
Industrial Quality. Fully enclosed with
separate chassis. 1U x 250mm depth at
£18.84. 1U x 300mm at £21.35. 2U X
250mm at £22.05. 2U X 300mm at
£24.69. 3U x 250mm at £25.22. 3U X
300mm at £27.99. P&P £3 + VAT. Also
4U sizes Newrad instrument cases.
Unit 19, Wick Ind. Est. New Milton,
Hants BH25 6SdJ. Tel: (0425)622.195.
(181)

WAVEGUIDE, Flanges and dishes.
All standard sizes and alloys (new
material only) from stock. Special siZes
to order, Earth Stations, 01-228 7876,
22 Howie Street, London SW11 4AR.
(2099)
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Goiger-Muller tubes £10, £14, teflon pro-
tected mount £1.50, theoretical circuit, data
and technical information £3.50. Calibration
standard cells £12. Brandenburg semi-
conductor, variable stabilised H.V. supplies
£39. Marconi counter, times, frequency
meter £69, range extender £29. High
vacuum rotary pump £59, diffusion pump
£49, both £98. Brandenburg 30 KV adaptor
PSU £35. Phasemeter, battery/mains £69.
Four decade 1% capacitance box £29.
Reistance box £29. Mitsubishi high speed
DC motors £1.50. Process pH electrode
€15, ph compensation electrode (temp)
£10. Fluoride-ion electrode £20. Quickfit
distillation, refluxing and extraction glass-
ware £20. Sippicam Micro Spotwelding
heads £59, electrodes £3ea, wire £3/
container. UKIOI open board computer
(addition and mod. facilities) £50. PSU's
flowmeter. High-power, direct-drive stepper
motors (G.E.) £39. Fast neutron radiation
monitors £35. B & K LCR Bridge £35.
Aircraft Radio test-set £25, etc. etc.

040-376236.

PCB ARTWORK DESIGN Low Cost
7-Day Turnaround *Prototype PCB’s
*Circuit Design *Call Systems *PCB
hand assembly. Phasor Circuits, 12
Kendal Road, Rushey Mead, Leicester.

ELECTRONICS

QUARTZ CRYSTALS
OSCILLATORS AND FILTERS of
all types. Large stocks of standard
items. Specials supplied to order.
Personal and export orders welcomed —
SAE for lists please. OEM support thru:
design advice, prototype quantities,
production schedules. Golledge
Electronics, Merriott, Somerset YA16
5NS. Tel: 0460 73718. (2472)

G.W.M. RADIO LTD., 40/42 Portland
Road, Worthing, Sussex. Test
equipment, receivers, oscilloscopes,
components etc. Racal RA17L good
working order, £200. Marconi TF791D
deviation meter 4-1024MHz, £85. R408
Redifon solid state marine
communication receivers 13KHz to
28MHz USB/LSB, AM, CW, 230V AC,
£185. Buyers collect. Eddystone EB37
solid state receiver, similar to EC10 but
no BFO 150KH2-350KHz + 550KHz —
22MHz 9V, £65 inc. Pye Bantams H/B
FM with battery box and microphone,

LEARN ALL ABOUT SATELLITE
TELEVISION. Video and book by
Baylin-Gale specially imported from
USA. Home satellite TV installation,
video tape 40 mins pal VHS, £26. Home
satellite TV installation and trouble
shooting manual, 313 pages, £21.
Available COI post paid, ex-stock from
Vincent Video phone 0734 414468
(answering machine). Also available
from Technical Book shops and aerial
dealers. (270)

ACORN. Electron linear circuit
analysis software. Models circuits
containing Op-Amps, transmission,
lines, transistors, etc. Frequency
response, phase, 1/p and o/p impedance
tape, £15 inc. Make cheque/PQ payable
to: H. A. Said. Send to: H. A. Said, The
Innovation Centre, Cambridge, Science
Park, Milton Road, Cambridge CB4
4GF. Allow 21 days fordelivery.  (261)

SPECTRUM ANALYSER WANTED.
HP8554, 1250MHz, plug in only or
might consider whole 141T. Please

NOW AVAILABLE - Bumper
Catalogue ~ 170 pages ~ for collectors of
vintage radio, audio & TV equipment.
Price: £2.00 post paid UK, £3.00 post
paid overseas. Vintage Wireless Co.
Ltd., Cossham Street, Mangotsfield,
Bristol BS17 3EN. Phone: 0272 565472.

(208)

TELEQUIPMENT SPARES.
Genuine parts at give away prices
example. Scope probes TP5X1-X10 TP2
(X10) at only £5.49 incl. VAT. Plus
large selection of popular electronic
components. Nottingham (0602)
587225/587241. High Speed
Technology Ltd., Technology House,
Prospect Road, 2a Carlton, Nottingham
NG41LA. (231)

PCB’'S MANUFACTURED,
prototypes, small/large production
runs, single, double-sided, P.T.H.
screen printing, panels, lables, solder
masking & photography. Orbitechnic
Circuits, The Rear of 127 Woodlands
Road, Ilford, Essex. Tel: 01-553 5211.

Tel: 0533 830953 (209) £25inc. Tel: 0903 34897. (269) telephone 0264 66361 (24 hours).  (259) (154)
WANTED SERVICES
CIRCOLEC

WANTED

Test equipment, receivers,
valves, transmitters, com-
ponents, cable and
electronic scrap and quan-
tity. Prompt service and
cash. Member of A.R.R.A.

M & B RADIO
86 Bishopsgate Street
Leeds LS1 4BB

0532435649
{9956)

USED TEST EQUIPMENT
FOR SALE & WANTED

Buyers & Disposal Officers Contact

COOKE INTERNATIONAL
Unit 4 Fordingbridge Site
Main Road Barnham
Bognor Regis

West Sussex PO22 OEB
Tel. 0243 68 5111/2

(179)

E C COMPONENTS

We buy large and small parcels
of surplus I/C, transistors, capa-
citors and related electronic
stock. Immediate settlement.
Tel: 01-208 0766
Telex: 8814998
(2491)

STEWART OF READING
110 WYKEHAM ROAD
READING RG6 1PL
TEL NO: 0734 68041

TOP PRICES PAID FOR
ALL TYPES OF
SURPLUS TEST
EQUIPMENT,
COMPUTER
EQUIPMENT,
COMPONENTS etc.

ANY QUANTITY

0602-587225

AM26802 .. 264 .
723 050 | BZY88C5VE
741 ... 1022 | BZY88CAVT...
7AC922N . 4.25 1 IN40O1 .
74C923N .. 550 | IN40C2.
14011BCP 0.30 IN4003.
14011VBCP. 020 | IN4004
SE555N......... 156 | IN400S.
TALSI32N i 085 | IN40O06.
SN75110AJ..... . 250 | IN4OO7
7812... - 040 | IN4756A
78L05.. 025 1 IN5400..
78L12... 025 | IN5401.

HST

MPSA42...........ecciei O,

0602-587225

o 75/0 (5;8 D CONNECTORS
1371 No Of Ways
. MALE 9 15 25 37
Ang Pin 105 170 220 305
Solder 57 75 115 150
Sr Pin 56 72 110 147
FEMALE
Sr Pin 100 135 185 270
0. Ang Pin 140 180 250 400
003 | Soider 80 125 175 250
0.04 Hoods with
y ScrewlLock 90 110 130 180

CENTRONICS TYPE

MPSA92...

HIGH SPEED TECHNOLOGY LTD
TECHNOLOGY HOUSE
PROSPECT ROAD

CARLTON
NOTTINGHAM NG4 1LA
TEL: 0602-587225

YaW 1% Metal film

78M24UC. 037 | IN5402..

CA3140AE 150 | IN5404. 36 Way Plug Solder 495
CA339E 040 | IN5406.. Inc 450
7805 .. 040 IN827.... 36 Way Sockets Soll%eé 3178
LM324N o045 | IN5908..

LM380N v - PCB MTG Angle 36W 6.25
7SMOSAUC.. PLU

BSWE6A .. VW 5% Carbon........50p/100  LAGILTNGTY T3

5p/100 475

Please add 50p p&p & 15% VAT
{Export: No VAT, p&p at Cost)
Detailed Price List on Request
Stock items normally by
Return Post

Minimum Order £2.50

TP5 x 1 x 10.

ELECTRONICS & WIRELESS WORLD JULY 1986

Service.

THE COMPLETE ELECTRONIC SERVICE

Artwork, Circuit Design, PCB Assembly, Test & Repair Service, Q.A.
Consultancy, Prototypes, Final Assembly. Full PCB Flow Soldering

Quality workmanship by professionals at economic prices.
Please telephone 01-646 5686 for advice or further details.

TAMWORTH MANOR
302-310 COMMONSIDE EAST, MITCHAM

391)

DISC COPYING/
FORMAT CONVERSION

We can convert your files to and from most CP/M, MS-
D08 {and look alike) disk formats and sizes.

£7-50 + Disks (if required) + VAT

For details contact Clive Waller at Chiatronix
Ltd, 238 Oid Bedford Road, Luton, Beds,
LU2 7EQ Tel: (0582) 21010

{Callers by appointment please)

HARDWARE/SOFTWARE/PCB/
PROTOTYPING. Contract design
work, generally micros. A speciality
basis microsystem. 48 Sundridge Drive,
Walderslade ME5 8HT. Also
Volker-Craig VC4404 VDUs, £150.
Texas 840 printers, £150. Memorex 101
H/disk, £100. Disk copying/formatting,

TRANSLAB ELECTRONIC
SERVICES, the ultimate solution to
your PCB manufacturing needs. Fast
competitive service from prototype to
large volume production using latest
technology. Single/double sided,
multilayer, PTH, flexibles and
conventional circuits. Screen printing
and photographic facilities also
artwork, design. Delivery is fast 2, 5 or
14 days or by agreed schedule using our
personal delivery service. We are as
versatile as your needs. Discuss your
requirements then let us quote for your
work. Telephone enquiries (0788)
817591. (265)

TURN YOUR SURPLUS i.cs

transistors etc. into cash, immediate

settlement. We also welcome the

opportunity to quote for complete

factory clearance. Contact’
COLES-HARDING & CO, 103 South

Brink, Wisbech, Cambs. 0945584 188.

£8 + disk + VAT.0634660157.  (262) 52)
COURSES

PROFESSIONAL | _When replyingto |

ELECTRONICS classified
TECHNICIANS l Lclassified |
Short re-training courses (3 week) | advertlsements, I
VCR SERVICING | |
MICROCOMPUTER SERVICING | | readers are |
{ONC/OND/HNC also available in modules) | recom mended to I

‘ MSC GRANT AID to EMPLOYERS/TRAINEES /
Television/Video/CCTV/MICROELECTRONICS | | take steps to I
Information Technology/CADCAM/ATE | - |
MCROPROCESSORS Computers/CONTROL | protect their |
2;‘:"‘“0” ELSQE‘(’E'}','V?S COLLEGE : interest before }
enywern Road, London SW5 9SU H

01-373 8721 =0 | L Sendlng money |




RANGE OF EQUIPMENT
INCLUDES

TV TESTING: DIGITAL AND ANALOGUE
MULTIMETERS: 'SCOPES: CLAMPMETERS:
INSULATION TESTERS: WOW/FLUTTER
METERS:DISTORTION METERS: FUNCTION
PULSE AND R-C GENERATORS:LCR BRIDGE:
DIGITAL CAPACITANCE: MULTIPLEXERS:
LOGIC ANALYSER: LOGIC PROBES:
COUNTERS: POWER SUPPLIES:
TRANSISTOR CHECKERS, ETC.

HITACHi e HAMEG» CROTECH

GENERATORS

BLACK STAR « THANDAR
LEADER* TRIO

MULTIMETERS
THURLBYe SOAR « PANTEC
BECKMAN » THANDAR
PLUS LOW COST RANGE

JCOUNTERS
/] THANDAR + BLACK STAR

POWER SUPPLIES PLUS COMPONENTS: TOOLS: T

COMPUTER SOFTWARE AND USOUOTTT
WULTEINNINE] AccESSORIES: SEMICONDUCTORS: | L'OUR REQUIREMENTS

301 Edgware Road, London W2 01-724 3564 oL

! ‘ ,
404 Edgware Road, London W2 01.724 0323 | et 8 JPISCOUNTS FOR EDUCATIONAL

DAys 4 [TRAINING SCHEMES, ETC.
EDU%&E?&%ES&?@E&JE@&E 01-258 1831 WEEK | OFFICIAL ORDERS WELCOMED

RUDIO ELECTRONICS

CIRCLE 43 FOR FURTHER DETAILS

THE 16 BIT MSDOS SAMURAI §-16

Brand new surplus stock of this
high quality machine which
originally retailed at £2400.

® 8086 based (4.6MHz clock rate)
e 128K memory with parity
o twin half height 8" floppy disc drives

® MSDOS Ver 1.25 & manuals included

o VICTOR/SIRIUS software format

e Manufactured by HITACHI to highest
possible standards

® Much public domain software available

® 90 day full guarantee

® Plug in cards and IBM 3740

(total 2.3MB formatted) compatibility make this an ideal PRICE
e 12" green phosphor monitor included : 1S an| . C
o ONE parailel & TWO serial interfaces programmer’s or engineer's machine  p445 00+ VAT
included - ] CARRIAGE: £20.00+ VAT
\ Available ONLY from: -

COMPUTER APPRECIATION, 111 Northgate, Canterbury, Kent CT1 1BH. Tel: (0227) 470512. Telex: 966134

MATMOS Ltd., 1 Church Street, Cuckfield, W. Sussex RH17 5JZ. (0444) 414484/454377 or (0444) 73830 Visa & Access accepted

CIRCLE 40 FOR FURTHER DETAILS
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