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Trends in oscilloscopes

C64 slow-scantv ¢ PC DOS filing system

Pressure transducers ¢« Novel Q meter




THEUKs

TEST EQUIPMENT
DISTRIBUTION COMPANY

BIG DISCOUNTS ON
PHILIPS COUNTER/TIMERS

UNTIL 30th SEPTEMBER 1986

10% OFF MARCONI

INSTRUMENTS

Special offers on Selected
Models for orders received
by 30th September 1986

| 2022 AM/FM Signal Generator
® Wide frequency coverage: 10 KHz
to 1000 MHz
« Simple push button operation,
large LCD display.
- . ¢ Comprehensive
2440 Microwave Counter modulation: AWFM/PhME2655

® Wide frequency coverage: 10 Hzto 20 GHz 2304
® Fast acquisition time: only 200 ms typical  FM/AM Modutation Meter to 1 GHz £675

® High-stability oven-controtied
: £3285 7 £1080

crystal oscillator True RMS Voltmeter to 25 MHz
® 500 KHz to 2 GHz frequency range £4077

2305 Modulation Meter 2019A AM/FM Signal
Generator to 1040 MHz
e Exceptionally fast auto-tuning, with low
noise £3870

2018A AM/FM Signal
® Modulation analysis, including Generator to 520 MHz
frequency and power £4734

mnnn
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PM6671/01 ENHANCED
FEATURES UNIT

e Frequency 0.1 Hz to 120 MHz
e LED trigger indicators

e Trigger level outputs

* Burst frequency average

e Arming, ext. reset/start

® Gate open monitor
T776-Summer saver price £660

PM6670/01 HIGH RESOLUTION

WITH EXTRA FUNCTIONS

¢ High accuracy frequency
measurements

o High resolution counting

e Burst frequency average,
phase and RPM

o Time interval, single and
average

e High trigger accuracy

e Excellent 10mV sensitivity.
£696- Summer saver price

PM6672/01 HIGHER

FREQUENCY TIMER

o Frequency 0.1 Hzto 1 GHz

® Period, pulse width

® Single and average time interval

e Count, phase, RPM, ratio

® High accuracy frequency
measurements

o Res. to 10ps, sensitivity to 10mV
£996. Summer saver price

£590

£845

FLUKE DIGITAL
MULTIMETERS

OSCILLOSCOPES

HM 208 Digital Storage Oscilioscope

e Real time or digital storage to 20 MHz

o Low frequency event storage — max
sensitivity 1mV

® Special background memory useable with
main memory

e Chart plotter output at
variable readout speeds

HM 208 Digital Storage
'scope with IEEE

HM 605 60 MHz Oscilloscope
e Dual trace and sweep delay
o Maximum sensitivity 1mV

o In-built component tester

o Z modulation and
X-Y operation

HM 203-5 20 MHz
Standard Oscilloscope

£285
HM 204-2 20 MHz
Multifunction Oscilloscope £365

HM 205 Digital Storage Oscilloscope

® Real time to 20 MHz, storage to
100KHz

@ Resolution of 1024 x 256 points on
XandY axes

@ Single and re-fresh modes

® Active video trigger for
stable TV triggering

£515

£448

£1300
£1550

JF 27 Rugged zed Hand-Held DMM
e 3" digit LCD with Bar graph
e Min/Max and relative mode operation
® Touch-hold facility and auto
£216

ranging
£193

e DC accuracy 0.1%

JF 25 Sealed and
ruggedized hand-held DMM

JF 77 Multifunction Hand-Held
DMM
e 3% digit LCD with analogue

bar graph
e Auto/manual ranglng capability
e DC accuracy 0.3%
e Touch and hold facility £110
JF 75 Full-feature
analogue/digital meter £88
JF 73 Hand-held DMM with
simplicity and value £72
8060A True RMS Hand-Held DMM
® 10 functions, including conductance
and dB
® Frequency measurement capability
® DC accuracy 0.04%,
4 digits
o Relative reference mode £306
8026B True RMS
375 digit DMM £172
8024B DMM with
logic level £220

Electronic Brokers

140/146 Camden Street, London NW1 9PB
Tel: 01-267 7070. Telex: 298694. Fax: 01-267 7363



FEATURES

ELECTRONICS &

IrelessSwol

over 70 years in independent electronics publishing

CONTTENTS

October 1986
Volume 93
Number 1607

Putting the quality back into 16
a.m, radio
by J.L. Linley Hood

Unusual design attempts to match the much
sought-after sound of the pre- and post-war five-

Integrated pressure sensorsin  4()
acoustics
by Gary Morton

How to choose signal-conditioned tranducers for a
variety of acoustic applications.

valve radio.
22

Mains communication without
How to interface data communication systems

tears
with the mains supply and expand into a cost-

Designing with dynamic memory 43
by Alan Clements

Large memory arrays can be produced
economically with dynamic ram provided care is
taken over timing requirements, refreshing and

effective paging system.

Microcontroller integrates
peripherals
by Mike Catherwood

More features of the limited-issue chip
controller chip for teaching and evaluation

the supply rail. Part 3 concludes the series.

IBM’s PC filing system
Description of PC DOS complements our 1985

Slow-scan tv in software
by G. Cameroni and G. Morellato

Direct transmission and reception of pictures by

radio using only a Commodore 64 computer.

Ringing the changes on bels
by ‘Joules Watt’
Think you know all about the decibel, eh?

series on floppy discs.
Oscilloscope update 49

Speed and accuracy improve slightly since our
last survey but oscilloscopes are much better at
displaying difficult waveforms.
Component integrationin 57
oscilloscopes

by J. Helferich and E. Kruisdijk

Custom i.cs reduce oscilloscope manufacturing

Novel @ meter
by McKenny Egerton, Jr

Alternative to the conventional Q meter is
significantly easier to design and needs only a
frequency counter.

38

time and costs but also improve reliability.

Electronic ignition for
single-cylinder engines
by John Robins

Capacitor discharge unit replaces magneto ignition
to give new life to garden machinery.
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Long-wave frequency changes Next month 32 page 6
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Three steps ahead.

Whether your application demands a1.8°Hybrid

Stepper Motor or one of our 7.5° or 15° Permanent Magnet
Stepper Motors, we'll demonstrate how responsive a
European manufacturer can be; providing standard
variations if necessary and arranging delivery times which
compare well.

We offer a choice of phase resistances and electronic
controllers, and guarantee long life expectancy and high
reliability.

Foracomplete literature pack, telephone Carol Pearce
on Farnborough (0252) 513211, or complete the coupon
below. Your first step in the right direction.

r Please send me your stepper motor information pack 1
Name N l

-~
Stepper Motors -
Penmanent Magnet @ o
~

Position e s weeie
Company |

Address |

Telephone
EWW/10/86
Crouzet Limited
108 Hawley Lane, Farnborough, Hampshire, GU14 8HY.
Telephone (0252)513211. Telex 858612

SWITCHES MOTORS TIMERS - PNEUMATICS

SOWTER AUDIO FREQUENCY
TRANSFORMERS

You name it! We make it!

For the past 45 years we have concentrated on the design and manufacture of high
grade audio transformers during which period our total sold exceeds half a million. We
continually take full advantage of all the improvements in magnetic and insulating
materials and in measuring techniques utilising the most up to date instrumentation.

We have a very farge number of original designs made for clients all over the world
but naturally there are certain types of Sowter Transformers which are in constant
demand. These have taken into account the tendency towards small size without
sacrifice of performance, particularly for PCB mounting, and a few of these are listed
below. They can be supplied with or without mumetal shielding cans. Performance
requirements can be modified on request {utilising our readily available questionnaire)
and generally without alteration in price.

We specialise in LOW COST AND QUICK DELIVERY which means a few days only or

ex-stock.
TYPICAL PERFORMANCES

Sowter

fypeNo 3575 4652 3678 6499 4079 6471 6469

[Description  |Miniature Line output | Multi primary |Line output | Splitter Midge mic | Very high
bridging microphone |high level low |combiner transformer | quaiity
transtormer transtormer i distortion transformer  |for BT private |microphone

toroidal core system transformer

mpedances |10k(}/10k() [6000r150Q |Pys60.200 (60006002 |200Q) Bal.Py |Py6000 2001 Py for ]
can be fed inputs or or 6000 Two 2000 Sy 60k() 1k(2 loading
from outputs Sy SK() down Sys (Bifilar) 81
50-60002 to 1k step up

Frequency 20k-20kHz 20-20kHz 30k-20kHz 20-20kHz 20-20kHz 300-3k4Hz 20-20kHz
range

Performance | -0 1dBover | 025dBover | - 05dBover |-03dB -05dBover | 0.5dBover |‘02dBover
aboverange |aboverange |aboverange |40-15kHz aboverange |aboverange |aboverange
- 0.5dB
20-20kHz
Maximum 775¥Qms 775¥Q.ms. |onSk(34Y |26dBm at 23VQms. at |06V, 500 Py |20VQ.ms.on
Level on secondary |on 6000 Qms. at 30Hz 30Hz Py at30Hz
30Hz
Maximum With 10V 0n 6000 low |Less than [-o1%at [negligible negiigible 0.1% at 20Hz
Distortion ms.at source 0.1% at 1kHz |30Hz at <0.1% at
40Hz only Q0.1% 26dBm 1kHz
0.12%
|Shielding Electrostatic [Mumetal can |Mumetai can |Toroidal can |Mumetaican |PCB Mumetal can
screens and  |if desired at rigid fixing mourting
mumetal can |extra cost boits
= =
[Dimensions  |33mmdiam  [36mm high x_‘ 33mmdiam |50mmdiam |33mmdiam |11 lmm high [33mm diam
x 22mm high |43mm x * 22mm high | < 36mm high | > 37mm high |19mm < x 22mm high
33mm 17mm

Prices each |15-£1083 (15 £967 15-£967 15-£1712 [15-£1459 |15-£389 |15-£1138
at works 50- £977 50 - £8 89 50 - £8.67 50- £1569 |50 £1337 [50- £355 50 - £10.12
100- £9.27 |[100- £869 (100- £841 (100 £1535 |100 - £13.08 (100 £329 |100- £992

E. A. SOWTER LTD. (Established 1941) Reg. No. England 303990
The Boat Yard. Cullingham Road. Ipswich IP1 2EG, Suffolk. PO Box 36. Ipswich IP1 2EL.
England. Phone: 0473 52794 & 0473 219390 - Telex: 987703G SOWTER

e
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_E_ Crouzet}
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HART — The Firm

LINSLEY HOOD 300 SERIES AMPLIFIER KITS
Superb, HART designed, integrated ampilifier kits derived from
Linsley-Hood's articles in "HiIFI News .
Ultra easy assembly and set-up with sound quality to piease the
most discerning listener. Ideal 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 ..... . . . c....£98.79
K300-45. 45 Watt. Discount price for Complete Kit ... s e rpnE S B £102.36
RLH4&5. Reprints of Original Articies from "HiFi News' ... .. . . £1.05n0 VAT

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 module 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.. . ......Special Price £59.95

LINSLEY-HOOD CASSETTE RECORDER CIRCUITS

Complete very high quality low noise signal handling stages for any sterec cassette recorder.
Separate record and replay sections for optimum performance. Switched bias and egqualisation to
cater for chrome and ferric tapes. Very easy to assemble on plug-in PCBs. Complete with full
instructions.

KBOOCompleteStereoRecord/PIayKn ...... o W 1 L .......£33.70
860X Stereo Mic Amp Kit to suit. N CrEm e e £8.70
RLH 1 & 2 Reprints of Original Articles. .......... ... _.75p no VAT

HIGH QUALITY REPLACEMENT CASSETTE HEAD
Do your tapes lack treblel 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 Cassette wil £
make it easy to set the azimuth spot on. As we are the actual ,g £

importers you get prime paris at lowest prices. Al our heads are

suitable for Dolby machines.

HC20 Permalloy Stereo Head. Good quality standard head fitted as original equipment on many
decKS ..o .£7.66
HS16 Sendust Alloy Super Head Ouute sumply the best Longer life than permalloy, hugher output than
ferrite, fantastic frequency response ...£14.86
HQ551 4-Track head for auto-reverse or quadrophomc use Fuu specmcatlon record and play head

£14.60
Special Otfer Stereo R/P Heads . . I ’ . RO ... £2.49
4-Track Auto-Reverse Play Head .. ~ooroeoBaooaa - . e .£3.50
HS9510 2/4 Stereo DC Erase Head - e T T - o ..£6.70
HQ751E 4/4 Erase compatible with H0551 D Cr LTt ety PO oo wouP¥- et >, ....£39.70

Full data on these and other heads in our range are comaxned |n our free ||st

HART TRIPLE-PURPOSE TEST CASSETTE TC1
One inexpensive test cassette enables you to set up VU (Dolby) level, head azmuth and
tape speed without test equipment. Vital when fitting new heads. Complete with instructions .£4.66

Send for your FREE copy of our lists with full details 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
1, Penylan Mill, Oswestry, Shropshire SY 10 9AF

l 24 hr SALES LINE {0691) 652894 Please add VAT

ELECTRONICS & WIRELESS WORLD OCTOBER 1986



THE WORLD OF

FOR ONLY £2.50

/

ELECTROMAIL-A BRAND 2=
NEW WAY TOBUYRS 555,
PRODUCTS. i

® Over 12,000 products from a single

® The quality range — proven by
industry.

©® Excellent stock availability.

® 24 hour ordering.

® 688 page catalogue.

Write or phone today for your copy
of the new Electromail catalogue.

It's an invaluable technical reference packed
with photographs and detailed descriptions of the
complete product range.

Send £2.50 or, if phoning, quote your Access/Visa
number.

The Electromail service is only available to UK customers.

Dept. 200, PO Box 33, Corby, Northants. NN17 9EL
TELEPHONE:

0536 204555 =
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Batteries
Cables and accessories
Conduit and trunking systems

Connectors

Control and switchgear

i Drafting aids
Emergency/safety lighting
Encloéures and z;.ccessories
Faster;ers

7 Fuses & circu{t breakers
Instruments

Integrated circuits
Optoelectronics/indicators
Power supplies

Printed circuit boards & fabrication
Rela.ysi solenoids and sensors
Resistors and capacitors

7 Secur:ity & safety products
Semiconductors

Service aids

Soldering and desoldering

Spea.ker;s & microphones

Suppressors & filters

Switcﬂes

Tech}xica.l Books and videos

Timers, counters, controllers

Tools & production aids
Transformers and wound components
Wiring accessories
Workshop equipment



PROFESSIONAL PC BASED PCB DESIGN PACKAGES

co0———
—O QUICKPAD |
—0

e — e

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 resolution

« 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

* S|P, 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

Note: All prices exclude VAT & Delivery

CONGUIN SOFTWARELTD.

Freepost, Morden, Surrey SM4 1BR Phone: 01-640 9130

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
personat 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
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Happy Memories

Part type 1 oft 25-99 100 up
4164 150ns Not Texas........cccccocoeeen .95 .85 .80
41256 150ns . 2.15 2.05
2114 200ns Low Power .................... 1.75 1.60 1.55
B116 150NS...ooci i 1.40 1.25 1.20
6264 150ns Low Power .. 2.50 2.45 2.20
2716 450ns 5 volt...... 2.75 2.60 2.45
2732 450ns Intel type... 2.60 2.40 2.25
2764 250ns SuitBBC.............ccoee. 2.05 1.90 1.75
27128 250ns Suit BBC 2.20 2.10
27256 250ns 3.45 3.30
Low profile IC sockets: Pins 8 14 16 18 20 24 28 40
Pence 5 910 11 12 15 17 24

Please ask for quote on higher quantities or items not shown.
All memory products Japanese or American manufacture.

Write or ‘phone for list of other items including our 74LS series
with DIY discounts starting at a mix of just 25 pieces.

Please add 50p post & packing to orders under £15 and
VAT to total. Access orders by 'phone or mail weicome.

Non-Military Government & Educational orders
welcome for minimum invoice value of £15 net.

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

P AR R S AV EELS) COMMUNICATION RECEIVERS
Tektronix 2215 Oscilloscope nmvm;\ 17L 500KHz-30MHz with manual anly £140 each
600MHz Dual Trace. Delay Sweep. With manual. EDOYSTONE 7304 480KHZ 30MHZ wth manuai ONLY €110 each
ONLY £475 each MULTIMETERS
AVO 8 Mkd {identical to AVO 8 Mké but scaled dfterently). Compiete with
0SCILLOSCOPES Sames & Losce W o
TEKTRONIX 576 CURVE TRACER £4.500 AVO 8 Mk2 Complete with batienes & lsads €45
TEKTRONIX 485 Dzt Trace 350MHz Delay Sweep £3,500 Above items in GOOD WORKING ORDER - appearance not A1 hence the
KTRONIX Trace 100MHz Del A1, &
e ey e e RO TEST SET o 1 (it verscn o AJO.)Congere wh st
TEKTRONIX 465 Dua Trace 100MHz Deiay Swee £900 leads & camyng dis - £65
TEKTRONIX £64 Doal Trace 150MI: Delay Sweep “ton | AVO Modsl 73. Pocket Mutmeter (Anaiogue) 30 ranges Complete win
TELEQUIPMENT D75 Dual Trace 50MHz Delay Sweep @50 | Dbaneresdleads 18
GOULD 053004 Dual Trace 40MHz Delay Sweep £350
TELEQUIPMENT D67 Dual Trace 25MHz Delay Swaep £250 PRDFESSIONAL 9" GREEN SCREEN MONITDRS made by KGM lor Reuters.
COSSER COU150 Dual Trace 35MHz Delay Sweep £200 Gives Quality 80 column X 24 fine Dispiay Composite Video in Cased. Good
SE LABS SM111 Dual Trace 18MHz AC or External DC Operalon £150 Congition NOW ONLY. -£32gach
TEKTRONIX 547 Dual Trace SOMHz Deray TB, Delay Sweep £140
TELEQUIPMENT D43, Dual Trace 15MHz £100 DISK ORIVE PSU 240V m 5V 1 6A & 12V, 1 54 Out Size W125mm . £10 2
TEKTRONIX 434 STORAGE Dual Trace 25MHz £500 (papL2)
GOULD 054000 with Output Unit 4302 Dual Trace 10MHz £400
QWERTY KEYBOARD (as in LYNX MICRO). Push o maxe Cased - ONLY £5ea
GENERATORS (pho€2)
MARCONI TF2050/8 Mobile RADIO Test Set £1.200 AVO TRANSISTOR TESTER TT169, Handheld. GONOGO for n siu testng
MARCONI TF2006 FM 10-1000MHz £1,750 s i}
VARGIBY TF2006 FM-500MHz £1/000 Compiete with batigries. leads and instrucbons. NDW O‘NpLevpii_:‘3 2)
H.P. SWEEP OSCILLATOR 6910 1.2GHz £400
Other frequencies available
HEWLETT PACKARD 6168, 1 8-4 2GHz €350 PHILIPS COLOURBAR GENERATOR TYPE 5501 (p8p £5} £100
MARCONI TF2008 AM/FM 10KHz-510MHz £1,200 PHILIPS COLOURBAR GENERATOR type 5508, Video oul Many
MARCONI TE1066 B/1 AMFM 10MHZ-470MHz £350 tunctions. ) £125
MARCONI TF995A/S 1 5-220MHz Narrow Deviation £250 GRUNOIG COLOUR GENERATOR FGSE. Many functions 0925
ADVANCE fype SGEJE AMFM ¢.230MHz €100
ADVANCE type SG528 AM 150KHz-220MHz €45
HP. TEST OSCILLATOR 6514 10Hz- 10MHz £100 NEW EQUIPMENT
FARNELL Molgular Py se Generatar system 1Hz-10MHz £50 HAMEG OSCILLOSCOPE 605, Dual Trace 60MHz
RO " Delay Sweep, Component Tester. e
H Q Meter £1. AM
MARCONI'Q' Meler TF1245 wih TF1246 01 TF1247 £500 g mEg\g\?%)L%O'SCOPE 203.5 Dua Trace 20MHz
H P, POWER METER 431 wilh therm stor Mount 10MHZ-10GHz o {ul este -
12.4-18GHz £250 All other models available
MARCONI RF MILLIVOLTMETER TF2603 50KHz-1,500MHz £150
MARCONI VALVE VOLTMETER TF2600 10Hz- 10MHz 1mV-300V FSD . £40 BLACK STAR COUNTER TIMERS (p&p £5)
e P a5 | APOLLO 10-100MHz. Ratio/PeriociTime Interval etc .. £219
MARGONI UNIVERSAL BRIDGE TF8688 . 75 APQLLO 100-100MHz (As above with more functions) £285
H P, BROADBAND SAMPLING VOLTMETER 3406A 10KHz-1 26GHz . £500 BLACK STAR FREQUENCY COUNTERS {p&p £4)
MARCONI AF SIGNAL SOURCE TF2000 201z-20KHz £200 Meteor 100-100MHz — i
HP RF MILLIVOLTMETER 4114 500KHz-500MHz £60 Meteor 600-600MHz £126
LEVELL TRANSISTOR AC MICROVOLTMETER TMJ8 £85 M 00.1GHz . e
KEITHLEY ELECTROMETER type 6108 with Agaptor 6105 £500 eteor 1000-1GHz ... .. b - £178
SOLARTRON TRUE RMS VOLTIMETER YM1484 250 BLACK STAR JUPITOR 500 FUNCTION GENERATOR
H.P-TRUE AMS VOLTMETER 34004 10Hz-10MHz £400 Sine Square/Triangle 0.1Hz-500KHz p&p £4 ....£110
EACAS MRZUN|VERSALGOVTERTINER 7 66 £500ach | HUNG CHANG DMM B010 3% digit. Hand heid 28 ranges
including 10 Amp AC/DC
ISOLATING TRANSFORMERS Compilete with batteries & leadsp&p £4... ... £33.50
240V input-240V output
S00VA erseanpapts | OSCILLOSCOPES PROBES. SwitchedX1. X10 g1
100VA £6 each p&p £2 pdp£2

Used Equipment - with 30 days quarantee Manuais suppled i possible This is a very small sample of stock SAE or telephone for LISTS, Please check avallability
vefore ordenng Carriage al units £12 VAT 10 be added to tolal on Goods and Camage

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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HEWLETT PACKARD 6940B
MUI.TIPROGRAMMER

Data acquisition an

controllers or compu
O or HPIB. Various /O cards

control, GP
also availab

d control system for
ters. Front pane

le. 12 months warranty.

MLP £2146

SALE
PRICE

£950

HEWLETT PACKARD 3437A

High speed

31/2 digit system voltmeter

12 months warranty.

MLP £2760

SALE
PRICE

140/146 Camden Street
. , London NW
Tel: 01-267 7070. Telex: 298694. Fax:103|-)2867 7363
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TEKTRONIX 7904 500MHz MARCONI INSTRUMENTS
SCOPE MAINFRAME TF 2603 R.F.
MILLIVOLTMETER

Able to acceptup to 4 plug ins. CRT
readout. We stock a large selection of 1mVto 3VR.M.S. in 8 ranges.
12 months warranty. 50KHz-1500MHz. 12 months warranty.

sale. £495

SAVE £3500+

SALE
£5500 WAVETEK 1080 1GHz
SWEEP GENERATOR
MARCONI INSTRUMENTS | Sweep from 7 WiHz fo 1GHz CW, A F and
Digital readout.

TF 2006 full sweep modes.
AM/FM Signal Generator 1% display linearty. 12 months warranty.
10MHz-1000MHZ 6 months warranty.

mLP £3883

s, £1500 | e £1750

r To: Electronic Brokers Ltd., 140
o L G -146 Camden Street,

[J Please send me
o
brochbre by retuymf" Summer Test & Measurement Sale

NAME:

ADDRESS:
= POSTCODE:

- americanradiohi an




- FIELD ELECTRIC LTD. N

3 Shenley Road, Borehamwood, Herts WD6 1AA. 01-953 6009
Official Orders/Overseas Enquiries Weicome/Telephone Orders Accepted.
Open 5 days. 9am/spm. Please ring for C/P details not shown. All test
equipment carries warranty. All prices incl. 15% VAT unless stated

SMALL SELECTION ONLY LISTED - RING US FOR YOUR
REQUIREMENTS WHICH MAY BE IN STOCK

Racal Solid State Communication Recei- Telephone sets type F L and J - large quantity
vers — RA1217 - Mechanical digit readout 1 — in stock £6 to £15 depending on type and
30MC/S - £300. Racal RA17L Communi- quantity. P.O.R. Don 10 Telephone Cable -
catlon Receivers 500KC/S to 30MC/S in 30 half mie canvas containers - £20. Night
bands 1MC/S Wide — £175 — All recelvers are air Viewing  infra-red riscopes - twin
tested and calibrated in our workshop — eyepiece — 24 volt DC supply — £100. EA.

supplied with  dust cover ~—  operation QOriginal cost to Government over £11,000. EA.
instructions — circuit — in fair used condition. Static Invertors - 12 or 24 volt input — 240 volt
Racal  Synthesisers  (Decad frequency AC sinewave output — various wattages. P.O.R.

enerators) MA250 — 1.6MC/S to 31.6 MC/S
100. MA1350 for use with RA17 receiver
£100. MA259G precision frequency standard

XY Plotters and pen recorders — vanous -
P.O.R. Signal Generators — various - P.O.R.

TF 893A - Power meter - £50. Racal
5MC/S — 1MC/S — 100KHz - £100 to £150. RA137 frequency counter type 836 — £50. Tektronic
and RA37 — LF convertors 10 to 980KC/S — £40 plug-ins — 1At £50. 1A2 £40. 1A4 £100. M £50.
to £75. RA98 SSE-ISB convertor — £50. RA121 All ~ ltems are bought direct from HM.
SSB-ISB convertor — £75. Plessey PR155G Government belng surpius equipment. Price is
Solid State receivers - 60KC/S — 30MC/S - £300. ex  works. for enquines. Phone for
Transtel Matrix Printers AF11R — 5 level appointment for demonstration of any items;
baudot code — up to 300 bauds — for print out on also avallability or price change. V.AT. and
plain teleprinter paper — £50 Army Field carriage exira

EXPORT TRADE AND QUANTITY DISCOUNTS
JOHNS RADIO, WHITEHALL WORKS,
84 WHITEHALL ROAD EAST, BIRKENSHAW,
BRADFORD BD11 2ER. TEL NO: (0274) 684007

WANTED: REDUNDANT TEST EQUIPMENT — VALVES — PLUGS - SOCKETS,
SYNCHROS ETC. RECEIVING AND TRANSMITTING EQUIPMENT

Lambd. tered Miniature Toggl
T e e
£125.00 £1.00 each 10for New Manufacturers Surplus.
INPUT Coutant new & boxed 0 Electronic fuel protection systems
e ——— ] )
SV 2.7A - 15V 750M: Type 5680 Scope 352 Runs from 9V DC Batt - complete with
PC.Caro P S U. 240V A. 602x 100X 64mm Sampl &Sweep sensors. control box - cables. ideal for
115V input 5V 1A £17.25CP275 Plug In £200.00 boste cenualneating” Detectswaterin
r‘%g;u,l(a,'ggmm New Farnell G6-20 6V 20A Selectest Super 50~ 1 tank system £20.00
£6.50 C/P 100 switch mode 20.000(} Multitester. 4tank system £35.00
. — 803 %87 % 105 Calibrated 687 Supplied with two sensors C/P 3.50
Gould Switch Mode £20.00CP 275 £55.00 ~ VAT S.A.E. for information
5V 20A Type 454 O' P.C.B.9x2532)L4 X
803 %87 105mm. Lambda knearP S.U 1 E&H?D%:fggaece (i 9% 2532JL45 Eproms 4K %8 bits.
20V 5 2A Ne
£14.95cP275 225 120X 65mm gglgbsowoeeo £12.95inc C/P
Famel G6-5M6Y 5A | £25-00CP275 d Cherry ASCIl Code Qwerly Keyboards
swiich mode. Type 178 Linear |.C. £12 .¥>0 CP 150
e TRANSFORMERS || £a06 a8 T2V DC Audible warming device, Kiarx
£20.00CP 175 ! :
ALL 240V PRIM - Sln%e Tone Solid State Warks from 6V
Gould PMA47 12V 3A vae A5 Differential %10 7;
linearP S U a o
12-0-12V 2Ax2
£15. 00 CP275 £3.50 inc C/P feg'gga Plashe Boses 76x 10Gx 40mm
Gould Type DC 379 5-0-6Y 20A ype 41or £5.00 Inc C/P
t
5V a0A— 12V aA+15V | £23,00Inc C/P B26%05" Sonnenschein A200 Dryiit Batts. New &
L1A Switch Mode Boxed 12V DC. 5 7Ah Charging Volts
£55.00 C/P 500 %_203%\/ 1A PLEASE RING FOR 138max. AB.S. Case
- { £2.50InccP VARIOUS TYPES OF £16.95 Inc C/P
Coutant Linear P.S U PLUG INS
New & Boxed with Woden 11V 80A
data.G P Seres 15~ | £40.001Inc C/P Philps Type PM3212 | COPPER CLAD BOARD
18V 10A. Woden 27V 30A gghaﬂgvace O'scope
£46.00 nc C/P C/P Please Aing a0 SINGLE SIDED Inc C/P New
Farnell fan cooled 7 6V 120A " - — 508%380x3mm £7.95 No. 1
P S U Switch Mode eqpevgia 457x305x3mm £7.95 No. 2

C/P Please Ring Counter Timer 7737A

1 000MHz
v2 5vo-|2 svzsow | £150.00 C/P 4.50
7-0-7V
NCR Micro Fiche
£330l 390279 189mm
22,000uF 25V New New Fi;)g%ble 240V
mputer Grade Caps 2412 Input
C? e Cp H £69.00 C/P 6.00

+5V10A-5V 1A
+12V3A-12V1A
£28.00CcP275

VoltexCo +12V
15A+5V 30A-12v
10A Linear P.S.U
17x 14x434" New
£38.00C/P 550

380x254x3mm £6.75 No. 3
254%177> 1 5mm £2.70 No 4
178x126%1.5mm £1.70 No. 5
DOUBLE SIDED Inc C/P New
508%380x3mm £8.55 No. 6
457x305x3mm £8.45 No 7

Rack Case Fluke 8120A Digital 380x254x1mm £6.25 No 8
ACDC 24V 4.8A 19x15%7 5" Mutimeter All Boards are Epoxy Glass
Linear P.S U New £19.00 £115.00 = I 45\/1 4A20 S
lepper Motors eg. Steps.

BESET BT Mz Dol Advance Inst TC9A Sanp% Siop-Syn 10682 S

= Trace Amp %Zathoz‘}'lmer Counter 6

Id 24V 15A .
O e £205 230V AC 3P/CO 5 Amp Cortacts ©/w Base
Boxsd. D 81} Waterproof Hewlett Packard Relays

aed e Sgeaker Unit 180A O'scope C/w £330 Inc cP
215x72%89 £12.50C/P 200 1301ADuaIChn
£57.50CP275 o élé-st(e’Casl Boxes 114x564x30
- WF Poter Braried | 16514 Tans Bate & Inc C/P

Data recording fan
cooled Linear P S U 0V Rolays 3PCO | RekpSere Presict AJapror 10deT P 1 Compiere Wit
+15V — 15V BAx2 New. remote control. Keypad ©
New £30.00 £2.50 Inc C/P Bavd\chhlonde Electronics CPU Isolation T/x Modem

Safety t 1200 Bauds rate. UHF Modulator. P S.U
Cherry Querty Sealed Alkatine Ban 1.C s AY-3-1015D, AY-3-9710HK,
Keyboard New ASCI! Chargev Pack 24V DC PIC1650A-532 TY16502. AY-3-9752. New
& Boxed with (nstallanon Data
300

input. New
SIS cm £15.95 Cp

C/P Please ring

Lambda metered
PSU 0-40v0.1Ax2 | Code
£125.00 £12.50CP 1.50

CIRCLE 15 FOR FURTHER DETAILS

-

RACKMOUNT CASES

—
R

-
i

19"Self Assembly Rack Mounting Case with lift off Covers. Front Panel 10 gauge,
Brushed Anoaised Aluminium, Case 18 gauge, Plated Steel with Removeable Rear
& Side Panels. In 1U & 2U Types, a Subplate Chassis is Mounted to Bottom Cover
in 3U Type the Subplate is located on two Rails Mounted Between The Side Plates

1U (1%,) height, 230m depth............. £27.00
2U (3',) height, 308m depth............. £32.00
3U (5',) height, 230mdepth............. £39.00

Width Behind Front Panel 437m {All Types).
All Prices include Postage & VAT Cheques, Postal Orders Payable to

J. D.R. Sheetmetal, 131 Grenfell Road, Maidenhead,
Berks. SL6 1EX. Maidenhead 29450.

CIRCLE 45 FOR FURTHER DETAILS

— TARGET ELECTRONICS —

16 Cherry Lane, Bristol BS1 3NG. Telephone: 0272 421196
Telex No: 946240 CWEASY G. Quoting: 19013485, Easylink No: 19013485

| e L i p—y .
Subminiature D type plug £1.56 £2.05 H [>% £
connectors. Gold plated (AT ) S _
contacts Solder bucket
terminais RS232 WALL PLATES Dims: 60 x 47 % 33mm.
. - With 25 pin ‘D’ sockets Require 38min dia. cut out
one ten ——
R TTRE P — ey gy G
9-way temale 40p 30p 26p Anacaptor avaiable in e forms tor s BT 50 ohm
9-way hood 34p 25p 22p Comicyions T IS T24 0-1mA 1000m
15-way maie +4p 33p 28p T30 0-1Am) 0.06 ohm
15-way temaje 48p 36p 32p T43 0-30V ’ 30k ohm
15-way hood 38p 28p 25p T36 V' 7.5k ohm
25-way maie 60p 48p 38p @ £6.90 eacn 10 + less 10%
25-way female 65p 55p 45p ' These meters can be supplied with
25-way hood 42p 32p 27p scales to your artwork Minimum

quantity 50. Prices on application

— Al prices excluda posi packng and VAT Official orders welcormed \'@ )
— Government/Education Depariments elc. \

catalogue available

IN VIEW OF THE EXTREMELY RAPID CHANGE TAKING
PLACE IN THE ELECTRONICS INDUSTRY, LARGE
QUANTITIES 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, N12 8JG.
5 mins. from Tally Ho Corner

Telephone: 01-445 2713/0749
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173MHz FM TELEMETRY RADIO LINK

M Range dependent on
environment but typically
greater than 100 metres

W Modular, Wall Mounting
Transmitter + Receiver

M Direct Baseband Inputs +
Outputs

W Approved to MPT1309

W Each Module 86x 104x45mm +
requires only 30mA dc at 7.2V

B ‘Add on’ Modules for Remote
Switching, Voltage Monitoring +
Serial Data Transmission.

ADENMORE LTD

27 Longshot Estate, Bracknell, Berks. RG12 1RL Tel: 0344 52023

Editorial Feature List

NOVEMBER

Mobile Radios

With the launch of 900 MHz cellular radio last year and the
release of Band Ill frequencies, mobile radio in the UK is
enjoying a period of unprecedented expansion. November's

special feature focuses on the systems and the equipment
currently avaifable.

For further advertising details please ring
Ashley Wallis on: 01-661 3130

CIRCLE 40 FOR FURTHER DETAILS
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WS COMMENTARY

Amateur g.s.0. satellites?

A future project for amateur
communicationssatellites
should include the long-term
objective of having a chain of
geosynchronous satellites in
orbit according to Amsat-UK.
It may be possible to to use
spare capacity on government
or commercial satellites or fly
amateur-built transponders on
such satellites. A 30GHz-up
and 20GHz-down link has been
offered by NASA to qualified
groups of experimenters on the
proposed Advanced
Communications Technology
Satellite (ACTS) to be launched
in 1988. But such links are not
normally within the amateurs’
province and would require
gateways. Amsat’s technical
group points out in a recent
discussion paper that
microwave experience gained
by these experiments would be
of great value when it came to

geostationary satellite.

NASA arestill considering
the proposal that ACTS could
carry an amateur-built
transponder at more familiar
frequencies. Some other
satellites are also possible
carrier vehicles.

Twomore satellites in
elliptical orbits are planned,
PIII-C and D. The main
transponders for these are
already planned but the UK
group could perhaps add
digital or microwave
transponders, beaconsor
Imaging systems.

These elliptical orbit precess
and make the sub-satellite
point at apogee change daily.
Anotherorbit, the Molinya,
with aninclination of 64.3°
would produce a
geosynchronous orbit and the
two sub-satellite points at
apogee would remain the

globe. Stations near the points
would see the satellite at near
overhead for several hours,
each time the satellite comes
round. Such a satellite would
provide a means of mobile
communications, a mode of
operation not possible with
other orbits. With thisin mind,
the Science and Engineering
Research Council is funding a
study of such a mission. Called
T-Sat, the study is being
undertaken by seven
universities and a number of
research establishments and
due to be published this
October. T-Sat islikely to
introduce new engineering
technologies and support an
L-band mobile communication
package. Only the feasibility
study has been funded so far
and although some of the
planning isunder way, it is
unlikely to be launched before

building their own same, on opposite sides of the 1991.
MSF toclose
Control 1€ [ on h'f'
< =y Shift register A The MSF time and frequency
Timing - a-to-d T standards service is to be

generator

converter F I

Shift register B

E_

Latches

A

J

Line drive

=8 | Pulse width modulator

voltage
generator

i

Controller
Shift register

Driver

8 Picture
iy  display

withdrawn from the 2.5, 5 and
10MHzbands. The withdrawal
of the short-wave service is
partly due to the popularity of
the m.f. service according to
the National Physics
Laboratory; by comparison the
h.f service islittle used. The
introduction and availability
of standard servicesin other
countries removes the need to
provide an international
service, they say. The 60kHz
MSF standard time and
frequency service will
continue unchanged.
Transmissions began in
1950 with a one-hour daily
broadcast on 60kHz. Thes.w.
frequencies were added in
1953 and were used
extensively for some years by
aircraft pilots, amateur radio

New direction

his issue is the last in
the present format.
From November, the

appearanceoutside and in, the
content and size all change.
Wireless World’s approach to
itssubject, ever since it was
first published under that
name by Lord Iliffe,in 1913,
following its acquisition from
Marconi’s, has been hybrid in
the sense that it has appealed
both to professional engineers
and to those whose
involvement isin their spare
time. Lately, the ‘spare-time’
content has become closer to
the ‘professional’, simply
because the advance of
technology requires a deeper
understanding of the subject
from anyone who takes part.

From the nextissue, we
recognize this and devote our
content entirely to
professionals. Articleson
design techniques, advanced
designstoillustrate these
techniques, theoretical
articles, tutorial pieces, the
regular columns expanded and
augmented by new ones — all
will be familiar, but will be
written or selected with the
interests of the working
engineer in mind. Papers on
management and social
matters closely connected with
technology will appear and we
will provide a market survey
each month, starting with one
on mobile radio.

The new design, with its
square spine, many pages in
colour and fifty per cent more
pages, is clearly more costly to
produce and this isreflected in
the new cover price of£1.95. To
offset this, the existing, UK
subscription cost of £18 per
year isretained and is now, for
the first time, cheaper than
buying twelve issues from a
newsagent. It therefore makes
good sense to take outa
subscription and save £5.49.

Further, since it appears
from conversations with

readers that they occasionally
experiencedifficulty in finding
EWWinnewsagents we are
offering ayear’s UK
subscriptionat£11.70fora
limited period. Thisis
equivalent to 98p per issue and

Already into computer peripherals with what is claimed as the
world’s thinnest 3'2in floppy disc drive, Citizen Watch (UK)
expand into consumer electronics with pocket tv, card radio,
calculators and watches. Set for introduction early next year is a
2.7in colour tv with lLc.d. of 109 by 480 elements. Currently
available is the grey-scale model 06-TA with transmission type
display for outdoor use (backlight optional). In the display drive
circuits integrated with the l.c.d. panel, the control i.c. generates )
timing signals to drive the pulse-width modulated segment driver ~range of users who operate makes subscribing even better
(right), scanning electrode driver (left), and line driver generator. close time schedule systems. sense.
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users and astronomers. In
1966 the m f. service was
extended to 24-hours and later
the codes that give full year,
month, day, hour and minute
were provided. The service
proved valuable to a wide




BRUEL & KJOER 2409 voltmeters... .
PHILIPS PM6307 wow & flutter meter . £325
STC attenuators DC-1MHz 0-100db ... £25
ROHDE & SCHWARZ SWOB polyscop 400MHz
£150
ROHDE & SCHWARZ USVH selective uV-meter
£100
HUGHES spot welding supplies 100W/sec ... £125

RALFE - ELECTRONICS

€60 10 CHAPEL STREET, LONDON, NW1 TEL: 01-723 8753

—A TNy chL e

Invitation to tender for your surplus to requirement
electronic test equipment, computer gear etc. Please
send list or phone our buyer.

SMOKE DETECTORS

IONIZATION type smoke detectors 'ZITON' model
type Z310-1M. Brand new units supplied complete
with mounting plates. Similar to RS type 300-473.

STODDART NM52A interference receiver List price £32 each. OUR PRICE £7.50 {(p&p 50p)
1GHz........... — . R .£350 inc. vat.
E£DDYSTONE EC958 communications receiver TEKTRONIX 7633/7A18/7B53A £2.500

£650 | TEKTRONIX 442 35MHz. £350 - > SDECTRUM ANALYSER
SYSTRON-DONNER  frequency counter 6050 | rg| pquIPMENT D63 3-race 15MHz . £225 e ' ®. . oM
SOMHZ..ooooooooee e £95 TELEQUIPMENT D85 50MHz . £400 . = g
SYSTRON-DONNER  frequency ~ counter 605 TELEQUIPMENT D75 50MHz ..... £350 254 £650 Hewlett Packard model 182T fitted with type 8557A

TELEQUIPMENT D67A 25MHz.. ... .£250 A= 350MHz spectrum analyser plug-in. £4,500.

RADIOMETER FRA3 Audio wave analyser .
AIRMEC 10KV ionisation tester
BOONTON 778 capacitance bridge.
SIERRA power meter 1-50W 144-470MHz
KORTING 82512 colour patterngen ...
CITRONIC 900W audio power amp Ve-price ...
BRYANS X-Y-T Plotter type 22020 ..
FARNELL pulse generator system.......... .
BPL Component comparator ............ =
VALVE TESTER made for US Navy type TV10DU
£125
TEKTRONIX 7L5 spectrum analyser P.1. 5MHz
£2K5

TELEQUIPMENT D66A 15MHz.... £200
TEKTRONIX 7613 100MHz storage
frame.. . - ..EL1KS
TEKTRONIX 465 100MHz ... £850
TEKTRONIX 5103 main frames ... £350
Also scopes by Trio. Hameg, Hitachi
etc. Stock continually changing, please
phone.

3490A digital multi-meter. . . £350
8733A pin modulators . £650
851B/8551B spectrum analyser ££1K5
4204 audio osciliator ... £250

* * STEPPER MOTORS * *

Brand new stock of 'ASTROSYN' Type ggggﬁgFFu:r:anHz' gmg
20PM-A055 stepper motors, 28V DC, 24 202H AM/FM sig. gen £150
steps per rev. 15 oz-in torque « 100PPS 8701 A/2A/3A fink analyser £350
Body length 21%2'. diameter 2. shaft Va" diam 52450 500MHz Counter _£175
x 4% spirally threaded. Weight 160z. Price 52431 3GHz counter . £275
each £11.50 (p&p 50p). Connections 182T 100MHz oscilloscope ... £850

supplied. INC VAT

PHILIPS CONTROLS CORP. 14V 48 Step per
Rev 4-phase 2.75 diameter. £5 each + VAT
pé&p 50p

8557A Spectrum Analyser unit . £3.750

CONSTANT VOLTAGE
TRANSFORMERS

ZENITH 240V Output 240W .. £35

ESCAP DC MOTORS ZENITH 240V Output 500W ... ...£65

Swiss-made precision 6V DC motors with 70m reduc- CLAUDE-LYONS 220V 550W sine-
tion ggarboxes. giving final drive speed of 16RPM @ wave, new . . . .. g125
gv. iameter 212cms x 4cms long. PRICE INC. VAT SERVOMEX servo-controlled 3KW. . £125
CARRIAGE £5.25 SERVOMEX servo-controlied SKW ... £175
(E-equip tested & guaranteed) CLAUDE-LYONS 220V 6KW servo
type, new. B £250

DEP RISM ANALY n

OM

Hewlett-Packard  spectrum  analyser
system comprising 8553L 0-110MHz RF
unit, 8552A | F. unit installed n a type
140B main frame. Excellent condition,
with manuals. One off only £2,950

VAT

WE HAVE IN STOCK A WIDE RANGE OF POWER SUPPLY

TF jat 4 INSULATION TESTERS,
T e isien - £78 COMPUTER PERIPHERAL EQUIPMENT ETC. ETC. WE
TEa08 unseraiodgs o o WOULD BE PLEASED TO RECEIVE YOUR ENGUIRY
T o e REGARDING ANYTHING ELECTRICAL OR ELECTRONIC.

TF10668 sig gen AM/FM to 470MHz
09 DRE 40004 DRIVES

Data Recording Equipment Model 4000A5 + 5MB

Top-loadin? disc drives in stock, Brand new

including full technical manual. Few remaining

TF995B/5 sig. gen. AM/FM to 220MHz
TF995A/S sig. gen. AMFM 1.5-220MHz
£200

TF2604 electronic multi-meter...... .£145
¥F8936\ audio power meter . EE;S £250 each + VAT.
F2330 audio wave analyser ..........£250
TF2002 signal gen. to 72MHz. .......£400 AM/FM SIGNAL GENERATORS
TF791D deviation meter ... _.£100
TF2606 differential DC voltmeter .. .£125 am——— Abulk buy of the MARCONI

TF995A/5 Signal generators
enables us to offer them ata
ridiculously low price
Specfication includes 1.5~
220MHz frequency coverage
FM Deviation 0-5KHz & 0-

TF1152A RF power meter 50 ohm 25\;:V
65

-

TF2612 attenuator ...£100
TF2430 80MHz frequency counter £125
TF2700 universal bridge. ...£250

TF2300 modulation meter .£400

PLEASE NOTE: All our eguipment is soid in
excellent
guaranteed for 90-days. Mail orders wel-
comed., please telephone for carriage guote on
any e%uipment. ALL PRICES ARE PLUS VAT
PLEASE.

15KHz, 3 mod' frequencies.
AM 10 50%. Stepped a variable incremental tuning.
stability 0.002% frequency drift. Course & fine attenuation
from 1uV-100mV to within 21db
Supptied in fully operational condition for £225 INC, VAT
Carriage +£5. (NB. This price cannot be repeated).

condition, fully functional and
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Computer Appreciation

111 Northgate, Canterbury, Kent CT1 1BH
Tel: Canterbury (0227) 470512. Telex: 966134 COMPAP G

SAMURAI Model S16 computer. With twin 8 NEC llopoy disc drives (total 2.5Mb), 8086 processor with 128K,
monochsome high resolution monitor & MSDOS. Qnginally cost over £2,000 RAND NEW (We have very low cos!
software packa.\(ges available for this machine for WP, comms etc Also, we have details of a do 1t yourself memar
rade to 512K). BRAND NEW . £399.
SCRIBE Il WORD PROCESSING SYSTEM. Dual processor (8MHz Z80H & TI 9995) machine with 12BK memory,
QUME printer interface, 8 RS232 comms interface With dual 514" Hoppy disc dnves {double density, double sided, 40
track), high resoluion monochrome monitor & low profile keyboard Excellent protessional word processing
sottware with many advanced features mcluding extensive help files and slow scrolling is included together with
BASIC Manutactured 1984 and onginally selling at over £5.000 BRAND NEW £295.00
ITT SCRIBE {ll. As above, but with haif height 5Va"MiniScribe Model 3012 10MB WINCHESTER hard disc dnve
and single ﬂopg

NEC SPINWI FYER Model 7700 daisy wheel printer. 55 c.p.s. printer suiable for use with SCRIBE Wl word
B £680.00

ND NEW
NEC SPINWRITER Mode! 3500 35 cps daisy wheel prnter sutable for use wih (TT SCRIBE W word
processors £390.00
ITT SCRIBE Il memory expansion Extra 128K board 164K chips) which allows spelling check software to run . £50.00
ITT SCRIBE Il PACKAGE. WORD PROCESSOR AS ABOVE WITH 10MB WINCHESTER HARD DISC ORIVE.
FULL 256K MEMORY & NEC MODEL 7700 SPINWRITER 55 c.p.s. PRINTER. ALL BRAND NEW &
GUARANTEED £1200.00
MATMOS PC. Available without disc drives only, 64Kb Z80DA (4MHz) based machine with RGB & composite video
outputs & UHF modulator. Serial. parallel, cassefte (with motor contro} relay) & peripheral bus intedaces are provided
MICROSOFT BASIC is in ROM, and a further ROM slot accessible to the operalor is provided. Keyboard-sized machine
with internal power supply & numenc keypad & function keys. Originally selling at £350. BRAND NEW .£49.00
PYRAMID Model 501 CP/M MICROCOMPUTER SYSTEM. With 4mHz Z80A processor, 64K memory and twin
TEAC Model FO-55F double sided double density, B0 track halt height 514" disc dnves (total formatted capacity 1 5mb).
With serial RS$232 and parallel CENTRONICS interfaces (a second seriai mterface is available. but may regquire an
additional 8251 ic) Connections 1o a hard disc controller (WD1001) are provided These very compact (234" high)
machines are S-100 based (with one spare slot), and are software compatible with NORTH TAR HORIZON. CP/M
Ver. 2.2 1s nciuded together with TELEX software Originally priced at £2,000 BRAND NEW or EX DEMO (Requires
terminal)

HITACHI UNCASED MONITORS. We have approx 200 of these BRAND NEW montors in stock. Connection detais
are avallable for most types. and we have circuit diagrams for most types. Colour monitors are mostly available_in
either TTL {positive V & sync) or analogue (sync on green) inputs and a harizontal frequency of 24kHz-25kHz Oot
triad spacing is 0 31mm. Prices are as follows

* 9" monochrome monitor, 12V £24.00 * 14" colour monitor, high resotution. 240V £95.00
* 12" monochrome monitor, 12V £29.00 * 20"coiour monitor, high resolution, 240V £240.00
* 14" monochrome monitor, 12V £29.00 * 24" colour manitor, high resolution, 240V £395.00

HITACHI Model 3055 3" disc drives. With SHUGGART compatible interface as for s5Va" drives. Uncased. 125K
(single density) or 250K (double density); 40 track; 100 tpi. soft sector, 3ms track 10 track time; standard 34 way edge
connector; 12V & 5V powered (standard connector) with overall 3.7W typical power consumption. These drives have
been tested by us on the BBC with DFS and on the AMSYRAD 6128, and is also known to be suitable for the

AMSTRAD 664 and a second drive for the AMSTRAD 464. The same drive s used in the TATUNG Einstein. Singie
sided, 250kb unformatted BRAND NEW £29.95
AS ABOVE. But double sided. 500K accessible without turning disc over £39.95

HITACHI Mode! 1480P colour monitors (cased). High resolution 14" monitor with separated RGB input at TTL
levels (positive — video, Intensity & sync) Resolution is 640 dots x 200 hnes. BRAND NEW £175.
NEC & CUB colour monitors Low resolution ex-demo {unmarked) with TTL input. 127 and 14" available £75.00
RICOH Model GP11 graph plotter. Inteligent drum-type incremental graph plotter with RS232 intertace Features
include’ 4 size character ploting; continuous or broken' line vector piot; arc or circle plot: triangle and rectangle plot:
gloﬂing in any one of four directions. Plotting speed is 667 increment/s; incremental distance (X & Y) is 0.08525mm,
akes 9 inch wide sprocketed rolf ted paper and pressunsed ball point pen. BRAND NEW £75.00
RICOH Model GP15 graph plotter. As above, but with 15" paper width. selt test three pens & other extra teatures
BRAND NEW £195.00
TEKTRONIX Model 851 digitat tester "One knob lets you diai 22 functions eleven functions measure timing, two
register plus & minus peak valiages, three carry out DMM measurements and one reads line voltage at the outlet
the 851 measures its 4 input thresholds to adjust to the logic levels of the equipment being serviced™ 5 digit readout.
35mHz frequency/timing, autoranging etc £350.00

Please Note: * VAT & Carriage extra for ail items
* Visitors by appointment, please

CIRCLE 63 FOR FURTHER DETAILS

R68K PERSONAL ROBOT

Mobile robot with optional arm controller includes 68000
processor, up to 128K rom, 16K ram, 16Ch. ADC, SPO256.

Uses: Security, Education, Industrial, Promotional, Home.
Built-in software makes it the first really useful personal

robot, future extensions include improved speech
recognition and vision.

Robot (inC. CONroller). ... £795
AT e e e O I o T A AT o8 v S i DA A b - £595
COMIO s s it w5 s i T Y A £195

S.M.C. Electronics
Unit 29, Portsmouth Enterprise Centre,
Quartermaine Road, Portsmouth PO3 5QT
Tel No: 0705 478881 Telex No: 869455 Fax No: 673647

S.M.C. 16

A series of international size cards which together form a

very powerful microcomputer, memory expandable to
UHIE BOARD
DESCRIPTION KIT BUILT ONLY
CPU.16 (10mhz 68000, 4x28 pin  83.95 99.95 18.95
skts for ram/rom)
RAM.16 (1 MEGABYTE ram) 175.00 199.95 19.95
110.16 (2 serial, 4 parr) 69.95 85.95 18.95
PRO.16 (prototype board for
your own circuits) N/A N/A 18.95

OTHER BOARDS PLANNED

Z80H mod upgrade any Z80 computer (except Sinclair) to
8mhz .. 25.95

CIRCLE 48 FOR FURTHER DETAILS
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he possibility of sending
intelligible “speech”

overdata links at less
than 100 bits per second by
providing control signals
derived from a digital vocoder
to a voice synthesizer is
already opening the way to
new communications systems.
Narrow-band systems with
speech requiring no more
spectrum space than a
conventional radio-teleprinter
circuit could clearly have a
dramaticeffect on
overcrowded portions of the
radio spectrum. The
disadvantage, at least with
current experimental systems,
isthat the speech is seldom an
individually-recognizable
reconstruction of the original.
Further developmentis also
needed to overcome the
necessity to speakina
‘disconnected’ manner more
suitable for talking to
computers than humans.
Apart from spectrum
conversation, on-line
encipherment isrelatively
simple, making the technology
attractive for military and
other secure communications.

Work by the GTE
Corporation in the USA has
shown that by using artificial-
intelligence waveform-
recognition matching
techniquescombined with
words stored in a matching
dictionary it becomes possible
totransmit “speech” via
meteor trails.

By sending data in high-
speed bursts during the
fleeting existence of the many
random short-lived (typically
0.2-seconds) ionized trails it
has been possible for some 25
years or soto maintain rtty
links over distances of about
800 miles on frequencies of the
order of 50MHz on a virtually
“continuous” basis, although
in fact there may be gaps of up
to about 2 minutes between
usable trails. High-speed
bursts enable the throughput
toaveragethatofa
conventional rtty link. |

The GTE work at Westboro, l
Mass. isthe first reported !
success in adapting a meteor- |
scatter “burst” link to speech 1

transmission, though snatches
of speech have been reported
by amateurs on the longer-
lasting trails that occur
primarily during the meteor-
shower periods.

Now modfets

Just as basic gallium arsenide
devices such as the mesfet
have opened up improved
possibilities for 12GHz d.b.s.
reception, so a new class of
group Il devices, the
“modulation-doped GaAs/
(Al,Ga)As heterojunction
field-effect transistor” or
modfet, as a form of high
electron mobility transistor
(h.e.m.t.), seems sct to improve
dramatically the outlook for
millimetric communications.
Experimental devices are
being reported that offer ever
lower low-noise performance
at ever-higher frequencies: for
example, at room
temperatures, under 1dB noise
figure up to about 10GHz,
under 2dB up to 20GHz, under
3dB well above 30GHz at
300K, and with cooled devices
promising to be comparable to
the masers which first opened
the way to satellite
communications in the 1960s
but soon tended to be discarded
notonly on account of high cost
but also narrow bandwidth.

A modfet amplifier can have
anoise figure of 0.4dB with
14dB gainat 10GHz at 77K
and a noise temperature of
3.5K at 3.3GHz with the device
cooled to 15K. It has been
claimed that these devices are
inherently superior to all other
fet technologies in terms of
achieving higher speeds of
operation, lower power
dissipation and lower noise.
With the concept of
modulation doping, which
combines features of both mos
and mesfet devices, it becomes
possible torealise more fully
the potential of gallium
arsenide in a fet structure.
Current work in Europe and
the USAonh.e.m.t. devices
looks like providing a further
improvement not only in
microwave and millimetric
amplifiers but also as super-
high-speed logic.
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Cordless outlaws

The Department of Trade &
Industry has warned dealers
that it will soon be unlawful to
manufacture, import, sell or
possess unapproved cordless
telephones. The maximum
penalty for breaches of the
Order to be made under the
terms of the
Telecommunications Act will
be a fine of £2000 and the
Court can order forfeiture of
the equipment.

DTI point out that “A
cordless telephone isaradio
apparatus which it is unlawful
toinstall or use unlessitisofa
design approved for connection
to the public
telecommunications system
and marked as such. However,
it has not been unlawful to sell
such telephones, and they have
caused interference to other
radio users.”

Nonew legislation is
required for such an Orderbut
it has to be laid before
Parliament. DTI state this is
being done this summer. It is
expected to come into force
about the beginning of
November. It is believed that
DTI are also preparing a
similar Order relating to
unapproved CB amplitude-
modulated transceivers.

Parapsychology

Many eminent scientists and
engineers have expressed their
firm beliefor equally strong
disbeliefin forms of extra-
sensory perception in such
manifestations as table-
turning, clairvoyance,
spiritualism, levitation,
telepathy or correctly guessing
the next or next-but-one card
inthe pack: Michael Faraday,
Sir William Crookes, Sir
Oliver Lodge, toname but a
few. Indeed for at least 130
years scholars and scientists
have carried out serious
research and become
convinced that they have
demonstrated the existence.

a ‘psychicforce’ora
supernatural realm occupied
by intelligent and superior
beings. Current projects aimed

at receiving extra-terrestrial
intelligence derive at least
some of their support from
inheritance of the popular
Victorian belief that

electricity and magnetism were
occult forces.

But it must have surprised
some readers to find in the
usually staid Proc IEEE (June
1986) a very long tutorial
review and critical appraisal of
parapsychology research since
the 1850s in an invited paper
by Professor Ray Hyman.

He sits firmly on the fence in
neither accepting nor rejecting
the basic premises of his
subject, but shows how both
proponents and critics have
deviated greatly from the
standards of fair-play and
rationality that he believes
should characterise the best
scientific arguments.
However, he supports the view
that the British
mathematician S.G. Goal, who
in 1940 produced seemingly
incontrovertible evidence in
support of the ‘displacement
effect’ in card-guessing games
(made popular for psychic
research by J.B. Rhinein
1934), was guilty of faking or
at least ‘massaging’ his data.
Hyman’s main regret seems to
be that each generation’s best
research efforts tend to be cast
aside by subsequent
generations of
parapsychologists, to be
replaced by entirely new ‘best
cases’. He suggests that not
only does the evidence so far
for psi lack replicability but,
unlike that of other sciences, it
isnon-cumulative. He believes
they need to get theirown
house in order before their
experimental evidence ’
ready to be placed b~
scientific commn-
judgement. It
arguedth-
phenor
ofa*

tr.



PINEAPPLE SOFTWARE

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

DIAGRAM

Still the only drawing program available for the BBC micro which gives you the ability to draw really large
diagrams and scroll them smoothly around the screen stopping to edit them at any time if required.

Pineapple's unique method of storing the diagram information on disc means that the size of diagrams is
limited only by the free space on disc, and not the amount of computer memory you have avaitable. (A blank
80 track disc will allow up to 39 mode 0 screens of diagram)

The superb print routines supplied with the program enable large areas of the diagram to be printed ina
single print run in a number of different sizes and rotated through 90 deg. if required. Full use can also be
made of printers which have a wider than normal carriage available.

The program is fully compatible with the Marconi Tracker ball described below

PLEASE STATE 400r 80 TRACK DISC & WHETHER STANDARD BBC or MASTER VERSION IS REQUIRED
PRICE £25.00 + VAT

DIAGRAM UTILITIES

Asuite of six utility programs which add additional features to the ‘Diagram’ drawing program. The utilities
include the saving and loading of areas of diagram to and from disc. The ability to display the whole of your
large diagram on the screen at one time (in either 4%4 or 8%8 screen format). The addition of borders and
screen indents (o diagrams, and the ability to shift a whole diagram in any direction

PRICE £10.00 + VAT

PCB

This new release from Pineapple is a printed circuit board draughting aid which is aimed at producing
complex double sided PCB's very rapidly using a standard BBC micro and any FX compatible dot-matrix
printer

The program is supplied on EPROM and will run with any 32k BBC micro {including Master series). Aiso
supplied is a disc containing a sample PCB layout to demonstrate the programs features.

By using an EPROM for the program code the maximum amount of RAM is available for storing component
location and ASCI! identification files etc. (Up to 500 components and 500 ASCIi component descriptions
may be stored for a given layout). These is no limit to the number of tracks for a given PCB, although the
maximum size of board is restricted to 8" ® 56"

Using a mode 1 screen, tracks on the top side of the board are shown in red, while those on the underside
are blue, Each side of the board may be shown individually or superimposed. A component placement screen
allows component outlines to be drawn for silk screen purposes and component numbers entered on this
screen may be displayed during track routing to aid identification of roundels.

The print routines allow separate printouts of each side of the PCB in a very accurate expanded definition
1.1 scale, enabling direct contact printing to be used on resist covered copper clad board

This program has too many superb features to describe adequately here, so please write or ‘phone for more
information and sample prinouts.

PRICE £85.00 + VAT

MARCONI TRACKER BALL

This high quality device comes withit's own lcon Artmaster drawing program and utilities to enable it to be
used in place of keyboard keys, joysticks, or with your own programs.
PRICE £60.00 + VAT p&p £1.75
PRICE INCLUDING ‘DIAGRAM’ SOFTWARE £79.00 + VAT p&p £1.75

CONVERTER LEADS

Converter leads to enable the Trackerbali to run mouse software and the mouse to run trackerball software
{inc. DIAGRAM). Please state which way round when ordering.

PRICE £8.00 + VAT

TRACKER BALL for MASTER series

The Pointer ROM is supplied instead of the tcon Artmaster disc and enables the Tracker ball to work
directly with the MASTER series computers. (e.g. to use with TIMPAINT etc.). Prices are the same as for the
standard tracker balil.

BASIC COMPILER

Use our Basic Compiler to produce direct 6502 machine code programs and ROMs for your own Basic
programs. Speed increases of up to 25 times are achieved.

PRICE £25.00 + VAT

POINTER

The Pointer Rom is available separately for people already owning tracker balls. and comes with
instructions for use with the MASTER computer.

PRICE £12.50 + VAT

ALL ORDERS SENT BY
RETURN OF POST

39 Brownlea Gardens, Seven Kings, lliford, Essex 1G3 9NL. &= Tel: 01-599 1

CIRCLE 34 FOR FURTHER DETAILS

0—1000V AC/DC VOLTAGE
0—10 AMPS AC/DC CURRENT
10 ohm—10M ohm RESISTANCE
BI-POLAR OUTPUT

Note: Time Electronics Ltd are approved to the following quality standards:
MOD STD 05-24, NATO STD 05-26 AQAP4, MOD Reg No. THETO1

Complete product range of portable and programmable calibration equipment on show at
ITAME STAND No. 1051

Multi-Function Calibrator 9822

IEEE-488

50 ppm ACCURACY (20 ppm optional)
IEEE-488 INTERFACE

SELF-TEST FEATURE

AUTOCAL

5 ppm RESOLUTION

6 AC WAVEFORMS

25% OVER RANGE ON DC
ZERO OFFSET MODE

TIME ELECTRONICS

Botany Ind. Est., Tonbridge, Kent, England
DIRECT SALES @ (0732) 355993 Telex: 95481

CIRCLE 46 FOR FURTHER DETAILS
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RFland planning

A 1985 joint circular from the
Department of the
Environment (16/85) and the
Welsh Office (42/85) relating
to Telecommunications
Development included, as
Annex A on policy, advice to
local authorities ondealing
with planning applications to
erect masts. Amongst its
recommendations were:
(6) Applications for
permission for the masts often
used by amateur radio
operators, radio-taxi firms and
many other private and
commercial users, present
fewer potential planning
problems in terms of size and
visual impact over a wide area.
Such applicants will generally
have less scope for using
alternative sitesor for sharing
sites, and masts will often need
tobe located on the premises.
(7) Allusersofradio
equipment are required by the
terms of wireless telegraphy
legislation to avoid creating
undue radio interference with
other radio users, including
domestic television sets and
their equipment must be
designed tominimise it. In
most situations, therefore,
questions of potential
interference are of norelevance
to the determination of
planning applications for the
masts or antennas needed to
operate a transmitter. Other
controls should be assumed to
deal withany radio
interference problems. But in
some cases significant
interference can arise lawfully
and unavoidably for various
technical reasons. The
Secretaries of State take the
view that where there isfirm
evidence that significant and
irremedial radio interference
with otherelectrical
equipment of any kind is a
probability, or a certainty,or is
already happening, asa
consequence of any
development that is a material
planning consideration, to be
weighed with all other
considerations in the
determination of an
application. Planning
authorities should not,
however, attempt to explore,
seek out or anticipate potential
problems or radio interference,
or be influenced in their
approach by the clear evidence
that significant radio
interference will arise, or will
probably arise, and that no
practical remedy is available,
will there be any justification
for taking it into account in
reaching a decision. Significant
interference would be any

COMMUNICATIONS COMMENTARY

which materially impaired the
normal use, effectiveness, or
enjoyment of electrical
apparatus in other premises on
aregular or continuing basis.

The Policy statement also
makes it clear that except in
the most exceptional
circumstances, planning
authorities should not take
into account “health and
safety” factors concerning the
radiated power output as these
are subject to international
standards.

Itis also pointed out that
many of the smallest antenna
systems, including citizens’
band antenna systems and also
others which are very small in
scale, are normally covered by
the principle of “de minimis” or
not considered sufficiently
substantial in relation to the
size of the building to have any
material effect on the external
appearance. Most
conventional television
antennas, their mountings and
poles are treated in this way
and the local authorities are
recommended to continue this
approach. There is however
evidence that some planning
applications from radio
amateurs are refused or
delayed by fears of radio-
frequency interference.

GCHQ

The appearance of a new book
“GCHQ - the secret wireless
war 1900-86” by Nigel West
(pen-name of Rupert Allason),
following in the wake of “The
Puzzle Palace” and the many
revelations of signals
intelligence in The New
Stateman tempts one to
misquote Dr Samuel Johnson
“itis like a dog’s walking on his
hind legs. It is not done well,
but you are surprised to find it
done atall.”

It isnot many years since the
linking by aretired diplomat of
Cheltenham when
codebreaking wasregarded as
afront-page news sensation.
Laterthe IBA found it prudent
tohave aninterview cutside
the gates of GCHQ removed
from a programme.

Yet it canbe argued that
excessive secrecy breeds
inefficiency and sometimes
conceals corruption. For many
years, successive governments
refused to acknowledge even
the existence in peacetime of
the Special (secret)
Intelligence Service and the
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intelligence-gathering
activities of GCHQ with its
many radio intercept facilities
—though the communications
and computer industries had
little doubt as to the purposes
for which so much equipment
wasacquired. When The
Times printed a story about
the planned erection of a large
satellite terminal near Bude,
Cornwall the official Foreign
& Commonwealth Office line
was that this was required for
itsdiplomatic wireless service,
a cover it has often used for the
GCHQ staff manning listening
posts in overseas embassies.

In hisbook Nigel West
outlines the story first of Room
40, then of the Government
Code & Cipher School (later
GCHQ) and its move to its
wartime home in and around
Bletchley, known as “BP” or
more formally as Station X.

Since GC&CS was not
funded by the Secret Vote
(although it answered to but
was not directed by “C”, the
head of SIS) Nigel West has
been able to unearth details of
its between-the-wars
“establishment” salaries etc.
from the Public Records Office.
He has apparently relied
largely on the multitude of
books on the Enigma/Ultra/
Pearl operations that have
appeared since the original
Polish and French books such
as Gustave Bertrand’s
“Enigma” appeared in the
early 1970s. Bertrand played a
major role in sigint throughout
the 1930s and 1940s, yet his
book has never been translated
or published in the UK despite
this country’s debt to his work
incollaboration with the Poles.
Nigel West has attempted,
with only partial success, to
flesh this out with an account
of the special intercept service
(Radio Security Service set up
as part of MI5, but later under
SIS control as MI8¢) with its
“voluntary interceptors”,
largely recruited from pre-war
radio amateurs by Lord
Sundhurst, drawing on the
research of Paul Wright,
G3SEM who inspired a BBC
East tv programme The Secret
Listeners and the surviving
papers held by the present
Lord Sandhurst.

As in his previous books on
MI5 and MI6, Nigel West
presents a mass of detail that
reads most convincingly —
except for those parts of the

story of which the reader may
have personal knowledge or
can recognise the source. It is
then that large numbers of
minor and some major errors
are apparent. Perhaps this
book was written in a hurry,
was poorly proof-read, depends
toomuch on fallible memories,
or on the need not to upset the
D-Notice Committee. It could
alsobe argued that the author
isunduly prejudiced in favour
of the Security Service, RSS
and GCHQ, while against the
wartime SIS (MI6) which is
presented as a grossly
inefficient organization; its
disasters emphasised, its
successes (and there were
some) largely ignored. But the
book may well succeed in
enlightening the general
public on the importance of
signals intelligence and the
emergence of its supremacy in
wartime intelligence-
gathering, even though
“humint” or the old-fashioned
human spy remains
important, asrecent events
have underlined.

In brief

Although the DTIraised fees
for most of the licences issued
under the Wireless Telegraphy
ActsduringJuly, the charges
foramateurradio and CB
licences remain unchanged.

The FCC has issued a Notice
of Proposed Rule Making that
will give American Novice
licensees more operating
privileges including the use of
s.s.b. phone at up to 200 watts
power between 28,300 and
28.500kHz, plus access to the
220MHz and 1.25GHz bands.
This follows requests by the
ARRL who have become
concerned that there are now
10,000 less novice licences
than three yearsago, with
about as many dropping out of
the hobby as upgrading to the
higher grades of licence.
Novices are currently
restricted to morse operation
on segments of some h.f. bands,
after taking a 5 words per
minute morse test and simple
technical examination.

It seems likely that the next
edition of the Highway Code
will contain a specific
recommendation that drivers
should not use handheld
microphones while in
motion.

PATHAWKER
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BEST PRICE COMPONENTS

FOR HOBBYISTS, BUSINESS USERS, EDUCATIONAL ESTABLISHMENTS, ETC.

PRICES HELD
DISCOUNTS

order, regardless of mix.

Unlike other suppliers whose prices are subject to change without notice, we guarantee not to increase our prices during the cover menths of WIRELESS
WORLD. You may order in confidence from our large stocks ready for despatch by return of post.
You do not have to buy 25+ or 100+ of a single device from MICROKIT LTD to benefit from a discount. Qur discounts are based on the total value of your

10% DISCOUNT ON ORDERS OVER £25, ADD 15% V. AT SENT P&P FREE UK.
15% DISCOUNT ON ORDERS OVER £100, ADD 15% V.A.T. SENT P&P FREE UK.
ORDERS UNDER £25 ADD 15% V.AT PLUS 50p P&P FOR UK.

OVERSEAS ORDERS WELCOME. ADD £2 P&P, NO V.A'T.

(PAYMENT IN STERLING PLEASE)

MEMORIES

OUR EXTREMELY POPULAR EX-EQUIP MEMORIES

GUARANTEED UV ERASED, CLEANED & TESTED
1000's sold to delighted customers

4116 16K x 1 DRAM

2716 2K x 8 EPROM

2732 4K x 8 EPROM

ONLY 60p EACH
ONLY £1.50 EACH
ONLY £1.50 EACH

We only stock memories manufactured by established manufacturers whose FLOPPY DISK CONTROLLERS REGULATORS
products have been subjected to long-term UK testing like: NEC, MITSUBISHI, WD 2797 .. £20.00 ALL TO220 PACKAGE
HITACHI, TOSHIBA, INTEL. Beware of cheap Far Eastern devices sold elsewhere. FDC 765A.. £12.00
DRAM 5v NMOS 150nS EPROM 5v NMOS 150ns FDC9216B......... _£1200 | 7812 .35p  10FOR... £3.00
(not Samsung or Texas) 2716 2K % 6350nS £2.25 FDC 9229 BTP ... £25.00 8M12 .35p I0FOR ... £3.00
4164 64K x | 8099  2372A 4K x 8250nS. . £2.75 | FDC1793 .£19.00 | LM337 £1.00 10FOR. . .£9.00
41265 256K x 1 . £2.20 2764 8K x 8250nS. _.£195 | FD16S1... £12.00
4416 16K x 4 _.£2.80 27128 16K x 8250nS. . £2.45
41464 64K x 4 £5.90 27256 32K x 8250nS . L - “ L;Egcgmc:?g‘s S .
MSM37§64 128K x | (IBM AT upgrade L p  TLC27L4CN.... 99p p
¥ & 5)90 glé&oé\g S\é CMOS 250nS ¥ TLOT4CN ... 80p LM3IIP 40p OPOTCP . (£1.20
X8 . .. . 8. TLOB2CP. 40p  LM324. 40p  ULN2003AN 70p
SRAM Sy CMOS 150nS 27C256 32K x 8 _£15.00 | TLOS4CP. 85p  LM348N 45p  ULN2004AN .. 0p
AP g 4 E1250 NESS5...... 20p  LM258.. ..45p  AM26LS32ACN '£1.00
6116 LP2K x 8 £130  EEPROM TLCS55CP 70p  LM3S0ON 65p  ADCOSN £8.15
6264 LPBK x 8 £240  2816A 2K x 8250nS  £13.50 : =l - oop D -
62256 LP 32K x 8 £39.50  2864A 8K x 8300nS . £45.00 74HC CMOS LOGIC
74HCO0.. . ... .25p T4HC42. .. .. ..53p T4HCIST. ... . 58p 74HC242. 88p
4000 SERIES CMOS 74HC02. .. 25p TAHCS! . 25p T4HCIS8. 58p T4HC244. .88p
4000 17p 4011 .. 20p 4024. 30p 4512, 35p | 74HCO4... .. .38p T4HC4. 58p 74HCI6!. . 18p 14HCT244 .. £1.18
4001 20p 4012 20p 4025. 20p 4516 35p | 74HCUO4.. ....38p T4HCSS. 48p 74HCl64. . 63p 14HC245.. -98p
4002 20p 4013 25p 4040 . 35p 4518 . _25p | T74HCO8 ..25p T4HC107 . .36p T4HCI6S. _13p %Sgggg i -?gl‘
4006 40p 4014 35p 4051 .. 35p 4528 35p | 74HCIO.........25p T4AHCI09. 43p T4HCIBB. ... 63p 7,100 o
4007 20p 4015 45p 4052, 35p 4532 35p | T4HCII. . 25p 74HC123.... .. 53p T4HCIT3. 63D J4riCars 98:
4008 35p 4016 25p 4069, .. 20p 4538 45p | T4HCl4 . 53p 74HCI32. . 18p T4HCIT4. 63p 7410374 88p
4009 35p 4018 35p 4070 . 20p 4539. . 40p | T4HC20 ..25p T4HCI38. .58p T4HCIT5. 93p 744303 e8p
4009UBP 45p 4019 . 35p 4093, 25p 4540 40p | 74HC27 . 25p 74HC139. . 58p T4HC240. L8108 Hca0s0 £118
4010 35p 4020 45p 4511 30p 4585 25p | 74HC32 T4HC153 48p T4HC241 88p 744C640. . £1.18

TELEPHONE 0321 860130

(24 HOUR SERVICE)
LARGE QUANTITY TRADE DISCOUNTS, TECHNICAL ADVICE, ETC.

MICROKIT LIMITED
BLAKESLEY, NORTHANTS NN12 8RB
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BREADBOARLS ?

Global lead the world in producing
solderless breadboards. Ranging

from Quick Test Sockets through to
the Experimentor Series to the low-
cost CDA-1 powered Protoboard.

All Global breadboard products are
unconditionally guaranteed for life.

WHY GO 70 THE ENDS
OF THE EARTH .

RS

GLOBAL
SPECIALTIES

An Interplex Electronics Company

Global Specialties Ltd, Dept 13-BB Shire Hill industrial Estate,
Saffron Walden, Essex CB11 3AQ. Telephone: (0799} 21682. Telex: 817477 GSC LTD.
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400:440 to 200/240 CT
(60 1000VA Tap Secs)

96/48V. Pri 2120V
Secs 2x36/48V
60.72.84,96,36-0-36V
or 48 0-48V

6.8,10,12,16,18,20,
24,30,36,40,48,60,

ALSO VALVE MAINS
OUTPUT & MATCHING
PES

Stock items by return
WINDING SERVICES

TRANSFORMERS Ex-STOCK |t

12/24V DC to 240V AC
MAINS ISOLATORS 50/25V or 25-0-25V 3015vor1so1sv 00N Eooo.2s
Pri/Sec 120V <2 2x25V Tap Secs Volts 2x15V Tap Secs. Volts 500W .‘2316 05
(Gl) 1000VA Tap Secs) available 5,7,8,10,13, available 3,4,5,6,8,9, 1000W. £445.20
Price  P&P  15,17,20,25,30,33,40. 10,12,15,18,20,24, 2000W £667.80
\ 706 218  20-0-200r 25-0-25V 2537300r 15:0-15v 40004 e
60 1161 231 S0V 25V Price P&P 30/15 or 15-0-15V i
100 1343 259 05 1 501 176 30V 15V Price PEP  oicranciol cace
200 1903 310 | 2 609 190 05 ¥ 386 141 GRANSFORMERS 19
o

250 2301 324 2A 4 1084 220 1 2 524 170 G R
350 2846 340 3M 6 1258 225 2 4 847 192 b K IeeSIE R A
500 3545 366 4P 8 1716 258 3 6 982 210 oo o1l
1000 6428 462 6S 12 2184 279 4 A 8 1172 220 0% a0l ol
1500 8292 585 8 16 3089 315 5 M 10 1449 231 e S5o0l0s”
2000 9976 e38 10 20 3666 360 6P 12 1640 255 SKUh fcosiloo
3000 139.89 OA 12 24 4387 380 B8S 16 2195 260 grua a0
6000 29889  OA 1020 2532 284 gpya £1470.00,
T115 or 240V/CT sec ortly 6030Vor30-0-30V 12 24 2807 295 Qe e
Pri2x120V.2x30V Tap 15 20 3166 351 S0l T
Secs. Volts available 20 40 4322 595 U

Ve e B4 2sb2ior3d030v  10s115220200,200v NG (latesy o €160.10
100 13.43 259 60/30V or 30-0-30V For step-up or down Teser v £68.
200 19.03 310 60v 30V Price P&P VA Price P&P

- 19 05 1 569 185 80 586 170 MeggerBatery - £80.30
250 23.01 3.24 I’ 2 867 191 150 8.49 185 Megger Crank £132.50
SED R0 I U 4 1115 220 250 1034 198 Fullrange AVOs. Meggers
500 3545 3es 2, & 1115 220 i Fiuke. Edgecumbe
ooy sieel i ] 500 16.12 268
1500 8292 595 g :;‘ ‘g ;ggg g?g }ggg 20.79 32°  ww MODEM PROJECT
2000 9976  6.36 - 34.17 368 Transformers T1, T2
3 6S 12 2650 302 2000 51.00 462 by
3000 139.89 0A £7.59 pair inc VAT,P&P
5000 20885 oA 8 16 37.25 3.65 3000 86.88 572
10 20 4337 399 4000 1278 O/A 1
METAL OXIDE Vaw
2412vorizoqzy 12 24 4998 465 5000 12133 OA 5% RESISTORS 0.60/100
2X12Vi5ec SHRMIZA0V EQUIPMENTTYPES  10KVA 23053 OA oy oiom st 1x ipy
0‘32‘2 %4¥5 P;'g; Tﬁ‘g SecV Amp PriceP&pP 1K3. 1K6. 1K8, 2K. 3K
05 025 308 990 OBV 02 326 .98 CASED AUTOS 3K9. 15K, 16K, 24K, 27K,
b 025 308 770 exz  1Ax2 312130 240V Cable Input e
2 b 575 170 909 01 272 96 115V USA socketoutlets 110K, 120K, 130K, 150K.
A 2 so4 19p X2 033x2253 96 vA Price  P&P  200; 220K. 270K. 300K,
6A 3 931 205 89%x2 5x2 353130 g0 834 176 1pvaluesmixed  £1/100
GA 3 231208 Boxz 1Ax2 448231 5 1133 187
g 15%2 2x2 253 9% 150 14.67 220
12P 6 1320 225 13002 05 341 96 250 1787 302 jaCr ecVFIERS)
128 $ 18 ;ﬂg ggg 20x2  15x2 3.55130 500 2032 319 24 Soov s
% 15 2631 310 15-27x2 5.88170 1pg0 40.29 4.34 35A 100V £3.00
0 20 3756 29 15-27x2 1A 7.66 50 2000 73.33 528 125A 500V £3.62
-56 A o-CTX15V.5 266 96 3000  105.26 OA .
82 3 o20s ses OCTIV4R 789108 ALSO VARIABLE AUTOS
i . SPECIAL 1 to 75A Enclosed

0.210,240V. PRIMARY
14,8.0.8,14V SEC
20VA £3 45 98PP
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AVOs & MEGGERS

PLEASE ADD 15% VAT TO
ALL ITEMS AFTER P&P

PRE s A st BARRIE ELECTRONICSLTD

2 A 4 16:96 2'54 phase Plus Toroidais 5

iMoo 208 ggg E[;UCATloNAL y——— Unit 21 1, Stratford WOkahOpS,
I R el Burford Road, London E15 2SP
6 12 46.6% 3.99 78x89mm £3 98 each =

8 16 5085 420 50p P&P Tel: 01-555 0228 (3 lines)

ELECTRONICS & WIRELESS WORLD OCTOBER 1986

wWwWw americanradiohistorv. com



FEEDBACK

HEAT
TRANSFER

[ was very interested toread the
articleon heattransferinthe
August 1986 issue. Whilst Dr
Smith covered the subject from
the viewpoint of transistor
failure, my interest in the subject
liesin reducing temperature-
generated distortion (t.g.d.) in
audio amplifiers. Temperature-
generated distortion occurs when
the gain or base-emitter voltage
of atransistor varies as aresult
of instantaneous changesin its
junction temperature. When a
transistor ishandling alarge
audio signal, its instantaneous
heat dissipation isequal to the
instantaneous product of current
times voltage. The variation in
power dissipation causes the
junction temperature of the
transistortorise and fall in
relation toits ability to dissipate
the heat generated.

[ was surprised to note from Dr
Smith’s article that a TO220
transistor has a much lower
thermal resistance from junction
to case than a TO202. Thisis an
areathat [ had been intending to
research and a check througha
manufacturer’s catalogue
yielded the information that the
thermal resistance of different
transistors reduced as the power
rating increased. One exception
was a transistor whichhad a
much higher F,and thishad a
thermal resistance about 10
times those of similar power
rating. Asa practical test, ]
replaced a pair of TO126
transistorsrated at 12.5 watts
with a pair of TO220 rated over
50 watts in part of an audio
amplifier circuit in which the
power consumption was 60
milliwatts per device. The
difference in sound quality due to
lower temperature generated
distortion was easily audible.
Graham Nalty
Borrowash
Derby

FREQUENCY
ALLOCATIONS

Following Mr H.D. Ford’s letter
(August, 1986) [ felt it would be
worth explaining the current
situation regarding frequency
changesto the long-wave
broadcast band.

At the World Administrative
Radio Conference (WARC) held
in Geneva in 1979 it was decided
tobring all long-wave broadcast
frequencies on to multiples of 9
kHz. Ineffect this means

decreasing all long-wave
broadcast frequencies by 2 kHz.
The reason for making this
change is to help to reduce the
effect of interference that can
result from the harmonicsor
intermodulation of two or more
broadcast signals. Any product
formed in the receiver by these
processes will, if all the carriers
are located at multiples of 9 kHz,
fall on a carrier frequency. This
causes considerably less
objectionable interference than if
the product were to fall at say 2
kHz fromthe carrier asit could
with the present situation.
Locating carriersat 9 kHz
multiples also simplifies the
design of receivers that use
synthesized local oscillators to
cover both the long and medium-
wave bands.

Alllong-wave transmitters in
Europe and Africa (Region 1)
operating between 200 kHz and
236 kHz are due to change
frequency on 1 February 1988.
The BBC’s Radio 4 long-wave
network will change from 200 to
198 kHz on that date.

Obviously, this change is going
to cause difficulty for some
people who use 200 kHz as a
frequency standard. This point
was considered at the WARC, but
since the long-wave signals
involved are actually broadcast
transmissions, and not
specifically intended for time or
frequency standards, it was felt
that the needs of broadcasting
must take precedence. It would,
of course, have been impossible
in any case for the UK to keep
using 200 kHz when the rest of
the world changed to 9 kHz
multiples.

Henry Price
Engineering Information
Department

BBC

London

ELECTROLYTIC
CAPACITORS

I would like tojoin in the great
capacitor sound debate as after a
great deal of practical work |
generally have to agree with
most of Mr Self’s opinions. From
purely static harmonic distortion
tests, usingan SA1l and SA2
oscillator and distortion meter, [
have found that all modern types
of polyester, box or humbug type
(C280), polypropylene,
polycarbonate and Mylar
capacitors when connected to the
circuit of Fig. 1 do not exhibit any
measurable distortion down to
my limits of 0.0001% (1ppm).
However when using some, but
not all, types of ceramic discs
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they can have up to 100ppm
distortion irrespective of value,
types unknown. Also all the
miniature ceramic multilayer
types and many surface mount
types alsohave between 10 and
100ppmdistortion. The
distortionis always third-
harmonic, indicating a
symmetrical distortion of both
halvesof the sinewave.
Itisalsointeresting tonote
that virtually all the humbug
style capacitors [ could find of
over 10 yearsold also have this
mysterious up to 100ppm third
harmonic. The maximum
distortion occurring when X, =
R. A very surprising result
perhaps is that electrolytics do

' not exhibit any distortion

without bias or with positive bias
but show increasing signs of
second harmonic with at least 2V
d.c. reverse. This was only tried
onasmall sampleof 0.47p. One
point on which [ would like to
disagree with Mr Selfis that of
old plugs and sockets having
distortion. This is also true; those
with oxidized, tarnished contacts
exhibit third-harmonic
distortion from zero to around
50ppm, dependent upon
movement and contact
efficiency, the effect improving
asthecontacts are moved
repeatedly, presumably due to
cleaning. From a practical point
of view, it seems reasonable that
any contact will have some
resistance and a poor dirty
contact will have a resistance
which can be partly voltage
dependent. This would be
symmetrical, therefore giving
rise to third harmonicdistortion.
Also very tarnished i.cs fitted
into i.c. holders exhibit
distortion, as does an oxidized
p.c.b. inserted into an edge
connector.

Oneexplanation of the ‘old’
polyester capacitorshaving
relatively high distortion is that
over the years moisture has
entered via the leadouts,
oxidizing the metal foil and
contacts. Scraping and tinning
the leads has no effect.

On the subject of d.c.
component, | must again agree

with MrSelfin that any signal
shape coming from a source such
asa cartridge, microphone, tape,
tuner, etc. cannot havead.c.
component even though the
positive and negative peak
values are widely different, the
average will still be zero. If
signals did somehow receive a
net d.c. offset dependent upon
wave shape, then clearly there
would be an overall increase in
the low-frequency spectrum
giving a very muddled sound.
However, has noone in the
audio field ever heard of d.c.
restoration? Thisisthe
technique used by video
engineerstorestore thed.c. level
lost from a picture in the path
from transmitter througha
tuner and i.f. to the output stage.
Most low cost black and white tvs
have simple a.c. coupling
throughout. thereby losing any
d.c. present at the source. This
explains why the contrast level
on ablack and white tv often
varies with picture content. This
istotally unacceptable for a
colourtvandsod.c. restorationis
used. This consists in its simplest
form of a black-level clamp
potential formed by R, Ry and a

412V

Low values E

\R 2
dc level Fixed d.¢ level
dependent upon irrespec tive
of waveform

waveform mntent

di restored video
input into high Z

diode D, (Fig. 2). The capacitor
stores the most negative peak;
the whole signal then stands
upon this, thereby finding an
artificiald.c. level. It is, in fact,
peak rectifying without further
smoothing. The capacitor is
forced to change its change on the
negativecycleduetothe low
impedance diode but meets a
high impedance on the positive
cycle.

This circuit when fed witha
steady state sinewave does not,
as would be expected, clip the
negative side, but simply
changesitsd.c.level. The steady-
state distortion is then very low
as measured after a short period
oftime. The first few cycles are
severely clipped until d.c.
restoration is complete. Clearly
then, if an amplifier has a non-
linear input inpedance, such asa
simple common-emitter stage,
d.c. shift will occur, dependent
upon the music waveform giving
rise toan increased l.f. signal
spectrum. It is therefore
important to design
preamplifiers with a constant
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FEEDBACK

open loop input impedance,
which is fortunately easy with
modern ics.

The problem comes with power
amplifiers. It is widely accepted
that the power-amplifier stages
oftenclipontransients: thesecan
be positive or negative and
therefore, ifa.c. coupled, will rise
tod.c. changes witha
corresponding recovery time. In
the the seventies it was
fashionable todrive an amplifier
into clipping with a sinewave for
several cycles then remove the
drive and measure the recovery
time. This, being symmetrical,
does not normally give
significant d.c. offsets unless the
amplifier really is sick, but the
same technique should be used
withasignal with a larger peak
onone halfcycle than the other.
At the point of clipping since the
feedback loop is broken the input
impedance drops, giving the
effect of d.c. restoration.
Amplifiers with low feedback
will therefore sound better
giving lessd.c. and low-
frequency spectra when
asymmetrical clipping occurs.

The complete answer is
obviously not toa.c.-couple the
input or feedback networks to the
power amplifier and then any
amount of asymmetrical clipping
can occur without generating
any extral.f. components.

Preampsdo not normally clip
and therefore can be a.c.-coupled
safely, provided their input
impedance remains constant
over the whole operating range
and alsothat the feedback factor
is also constant.

L..Sage

Sage Audio
Bingley

West Yorkshire

SHOOT THAT
POSTULATE

A scientific hypothesisor
postulate isa peculiar beastie. It
seems to be born of a synthesis of
experimental data combined
with an extremely variable
amount of intuitive leaps in the
dark;the mix will probably
alwaysdefy attempts at a precise
definition. Onceintroduced,
however, we are on safer ground
withit as wecan verify its “truth”
by the severe test of comparison
with experiment, and although
no amount of corroboratory
evidence will ever prove it true, it
requires only one properly
established, repeatable bit of
evidence todisprove it. Thereis
noother scientific basis upon
which we can say it is wrong. Nor
can any flat statement be
accepted for a single moment, no
matter what the ‘authority’ of its
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author, without the factual
evidence tosupportit, either for
oragainst.

For more yearsthan I careto
admit, and nodoubt in common
with many others, I have sought
such evidence to disprove
Einstein’s “second postulate”,
but I must confess failure. I have
seen much that corroboratesiit,
but not one single, positive fact to
contradict it.lam glad to see that
this evidence has now become
available, otherwise some of your
correspondents (vide, for
example, Mr Winterflood,
Feedback, August, 1986) could
not possibly make the totally
unequivocal statements that
they havedone. It is unfortunate
that none of them has actually
bothered to quote the
experimental evidence or any
published referencetoit,
probably because they think that
itisbetter-known thanitin fact
1s. May [ ask that they remedy
the omission and give us chapter
and verse?

Alan Watson
Pollenca
Mallorca

SYNCHRODYNES

Iwasdelighted toread the series
of articles by J.L. Linsley Hood
on the synchrodyne a.m. receiver
earlier this year. They were long
overdue.

I have followed with interest
the progressofthe synchrodyne
from the date of its first
announcement by D.G. Tucker
shortly after World WarII. It was
(predictably) instantly rejected
by the commercial radio
manufacturers, wedded as they
were to the mass-produced
superhet, but later rescued from
oblivion (again rather typically)
by the amateur radio community
under the pseudonym of “direct-
conversion receiver”.

The amateurs, with no
commercial axe togrind, came to
recognise its special virtues as an
efficient receiver of shortwave
a.m.signals, needing no
expensive or sophisticated
components and easily
constructed with the minimum of
testequipment.

My only reservation about the
Linsley Hood circuitry isthat it
israther complex and, in view of
the rarity of practical references
tothesynchrodyne systeminthe
pages of WW, may cause some
readers to conclude that all
synchrodyne receivers are
necessarily complex.

The word rarity is not
misplaced. If we ignore block
schematicsreferred to in
passing, readers of WW whose
loyalty is exclusive have had to

i+ wait (I think)since August 1948

tosee adiagram of a practical
synchrodyne circuit.

Asthe astute Cathode Ray was
quick to point out, the two
broadcast bands (for which the
recent circuitry was designed)
are used almost universally for
reception of a few powerful
stations and the needs of knob-
twiddlers are hardly worth
catering for. So halfa dozen pre-
set capacitorsand as many
switches can, in practice, make
all muting circuitry redundant.

The same goes for circuitry
designed toextend the receiver’s
pull-in range, a great help when
hand-tuning. Given a switched-
station design with an oscillator
employing silicon
semiconductors and fed from a
voltage regulator device, the
frequency drift in a domestic
environment will be only a small
fraction of the normal pull-in
range. In practice, whistles
caused by drift just don’t occur.

Along such lines a fairly
simple synchrodyne is possible,
perfectly adequate to
demonstrate the system’s special
advantages of low distortion and
ease of construction, and above
all its unique feature of post-
detection selectivity control.

Such a design in the pages of
WW could well representan
attractive introduction to
synchrodyne construction and
perhaps act as a stepping-stone
tothe more ambitious
continuous-tuned receivers as
exemplified in Mr Linsley Hood’s
contribution.

D.B. Pitt
Nottingham

ENGINEERING
COUNCIL
EXAMINATION

During the academic year 1985/6
I gave a course of lectures to two
classes for Courses 241 (Fields
and Circuits) of the Engineering
Council Part 2 Examination. The
full course (all 6 papers)is very
troublesome for most students
and I would like to make some
comments based on my
experience.

The purpose of the Part 2
Examination isto provide a
means for technicians and
technician engineersto obtain
the academic qualification for
professional engineering status.
Before a student can take Part 2
he must have passed Part 1 or its
equivalent. But thisdoes not
mean that a topping-up
operation is adequate. From the
format of the questionson the
papers I would say that the real
purpose of the examination is to
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test the roundedness and
completeness of atechnician’s
information. He could make
heroic efforts collecting and
studying course information but
still be unable to pass an actual
paper. For example text books,
which are the normal source of
information, do not usually
provide answers to specific
examination questions. A
student intending to pass Part 2
must search around the various
topics and acquire a proper
understanding of the principles.
Hisanswers will reflect his
understanding and overall
command of the subject. Thisis
very different from the
techniques required to pass Part
1. Essentially the Part 2 probes
for an understanding of
fundamental principles and to
assess a student’s ability to
manipulate those ideas. [ am not
criticizing the examination, but
trying to point out the
requirementsthat astudent
must satisfy for a successful
result.

I would consider my only
serious problem to be that classes
must sit an examination which is
set and corrected by another
person(s). I could spend
considerable time on a number of
topics that might not appearon
the paper. This happened with
oneofthe classes because only a
limited amount of time was
available and the full course
could not be covered. The papers
cansurprise lecturers as well as
students. [ have no criticism of
the syllabus, which compares
very well with a degree course at
a university or technical college.

Inever sat the examination
and consequently cannot
comment from a student’s
viewpoint. However, | noticed
that most students rarely tired of
having examination questions
explained and answers thrashed
out. I used approximately two-
thirds of the lecture time doing
questions, but I cannot say that
this approach improves a
student’s chances of getting
through over any other method.

The full examination consists
of six papers. For a student to
pass all six papers at the same
sitting is a considerable
achievement. Underthe present
ruleshe must take three or more
atthe first sitting and [ would
favour taking three or four.
Failure in any paper brings
disappointment and frustration
but I would always recommend a
second attempt to a serious
student.

These are purely personal
comments. [ would welcome the
views of lecturers and students.
Brian P. McArdle
Dundalk
Co Louth
Eire



TRANSFORM YOUR CONVENTIONAL SCOPES

4 MODES

OF OPERATION
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@& DUAL ®
MODE

® BYPASS @«
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FULL ANTI-ALIAS FILTERS to provide genuine FFT
analysis with no spurious results on all frequency
ranges.

Frequency ranges from 0-20Hz to 0-20KHz.
100/200 line resolution.

Fast update rate - minimum 1Hz.

LOG/LIN vertical scale with 40dB range.
Switchable averaging and choice of weighting
(Hanning/rectangular).

512/1024 points.

Sample rate SOKHz.

Timebase speeds 1 sec/div to 1 msec/div.
Completely flicker-free display at all time base
speeds.

Combines the features of D.S.0. mode and FFT mode
to simultaneously display both time and frequency
domains of the input signal.

The adaptor is internally by-passed so that the host
scope works as normal with no loss of facilities.

OTHER FACILITIES

2
®
@
@

Full trigger facilities AC/DC, +/- slope, level etc.
Single shot mode.

Input 100mV to 10V full scale switchable.

SCREEN DUMP facility to output direct to dot matrix
printer.

NEXT NEW PRODUCT
High performance D.S.0. scope adaptor - To be released soon

DEVELOPED AND MANUFACTURED

IN THE U.K.

WITH THE D.S.P. SCOPE ADAPTOR

\.

2 channel
FFT

2 channel
D.S.0.

Dual Mode

(FFTA and D.S.O)

TYPICAL DISPLAYS

20KHz —

Cross transfer
facility

O msecs — J

f

.

DA

DATA ACQUISITION )
LIMITED

Electron House, Higher Hiligate,
Stockport, Cheshire SK1 3QD.
Tel: 061-477 3888 Telex:666839 J
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by J.L. Linsley Hood
M.I.LE.E.
Robins Electronics

Fig.1. Lf. transformer at

(a) used in valvereceivers.
Alternatives shown (b) to (e)
also provide band-pass
response.
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Putting the quality
backinto a.m.radio

This unusual design attempts to match the
much sought after sound quality of the post-
war five-valve radio designs.

hand commercial attitude

to a.m. radio, rather than
simple nostalgia or an affec-
tion for things using valves
that has resulted in the re-
latively high prices paid for
late pre-war or immediately
post-war ‘table’radio sets.

The reason for this is that
these sets were built at a time
when a.m. radio reception was
the only kind there was, and
considerable efforts were made
by their manufacturers to
achieve the highest practic-
able quality in the final output
signal, and this is normally
vastly better than that given
by their contemporary equiva-
lents.

There is, therefore, a temp-
tation to the circuit designer to
look at the possibilities in this
field, and to see how to use
some of the good electronic
components now available, to
put together a contemporary
receiver design which would be
at least as good as its valve-
operated forerunners, without
being excessively elaborate or
expensive in its construction.

The circuit construction em-
ployed for these classic radio
sets was invariably of the su-
perhet form. This technique, as
it was then employed, allowed
the necessary selectivity to be
obtained without undue cur-
tailment of the wanted a.f.
sidebands by the use of at least
two pairs of bandpass-coupled
tuned circuits.

These were typically of the
form shown in Fig.1(a) where
the required inter-circuit cou-
pling is obtained by position-
ing the coils side by side within
the common screening can, so
that there is the required de-
gree of mutual inductance.

In the average modern tran-
sistor radio, the a.m. i.f. trans-
formers are most commonly of

It is perhaps a rather off-

the single-tuned circuit type,
which does not give a very good
compromise between selectiv-
ity and bandwidth, and this
appears to be true regardless of
whether these circuits are
built from discrete transistors,
or, more typically nowadays,
with some single i.c. that com-
bines the function of local oscil-
lator, frequency changer, if.
amplifier and demodulator on
asingle chip.

The fields in which improve-
ment should therefore be
sought are in the band-pass
characteristics of the i.f. stages
to give an optimum comprom-
ise between selectivity and
bandwidth, in sensitivity, in
the distortion introduced by
the demodulator stage and in
the quality of the subsequent
audio amplification.

Lf.transformer design

Starting with the first of these,
an immediate problem is that
the majority of the small com-
mercial i.f. transformers, de-
signed for use with transistor
radios, are of single-coil con-
struction. Those of the type
shown in Fig.1(a), though
available, are not often used,
and are therefore expensive
and not very easy to come by.
Fortunately, there are a num-
ber of alternative methods of
achieving a band-pass charac-
teristic, of which I have shown
the more practicable struc-
tures in Figs 1(b)— 1(e).

Most of the common i.f. coils
have taps on their windings, or
small secondary coils, to match
the desired high dynamic im-
pedance of the tuned circuit to
the input impedance of the
junction transistor, which
would allow the use of the
forms shown in Fig.1(c) or (e),
and because the size of the
coupling capacitor (C,) re-
quired for this layout (in the

range 100-1000pF) is a lot lar-
ger than the likely stray
capacitances, and the signal
voltages are relatively low,
these forms would lend them-
selves well to circuits in which
the coupling capacitor value
was altered, by switching, to
give a choice of selectivities.

The layout of Fig.1(b) would
be particularly well suited to a
switched-selectivity i.f. ampli-
fier, since the value of C, for
critical coupling could be of the
order of a hundred times grea-
ter than that of the tuning
capacitors (C,), (C,=0.1uF if C;
is 1000pF), and the r.f. voltage
developed across C, would be
proportionately low, since one
end would be returned to the
chassisline.

For a fixed-selectivity i.f.
amplifer, the layout shown in
Fig.1(d) is probably the sim-
plest answer, since it works
equally well with a wide range
of coils, whether or not these
have tapped primaries or
secondary windings.

The variety of amplitude re-
sponse curves which are given
by coupled tuned transformers
of this type is shown in Fig.2,
in which Fig. 2(a) shows the
transmission/frequency char-
acteristics of an under-coupled
pair of tuned circuits (similar
to that which would be given
by two such tuned circuits in
cascade), and 2(e) shows the
effect of over-coupling two
such tuned circuits. In prac-
tice, the coupling factor, Kk,
would be chosen to give a re-
sponse curve close to that
shown in (c) called ‘critical cou-
pling’, though some excursions
on either side of this value
could allow bandwidth altera-
tion without too great a degree
of departure from the desired
flat-topped curve.

A comprehensive analysis ot
the design of band-pass cou-
pled i.f. transformers is given
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by Sandel*, and a summary of
the design data for the type of
circuit shown in Fig.1(d) is
that for critical coupling the
coupling factor (k) should be
the reciprocal of the mean Q
value for the two coils. If these
have a Q 0of 100, a fairly typical
value, then the coupling capa-
citor (C,.) should be C, .k, where
k=0.01. If the tuning capaci-
tors, (C,), are 1000pF, then the
coupling capacitor value
should be 10pF.

Having tested a number of
miniature i.f. coils, the great
majority intended for use as a
single tuned circuit were found
to tune over the range 450-
470kHz with a 1000pF capaci-
tor, and under these condi-
tions, had a working Q value of
about 100. These coils would
therefore be very suitable for
this particular application.

Those with an internal tun-
ing capacitor, usually housed
in larger cans, are normally of
higher quality, and have a
higher L/C ratio, which leads
to the use of a smaller value
capacitor and also to a higher
working Q value. The circuit
layouts of Fig.l(c), or 1(e),
would be more appropriate in
these cases. Unless the secon-
dary coil or tap ratio can be
determined, it is impracticable
to calculate the required value
of C., but this may easily be
determined by experiment and

will usually lie in the range
100-800pF.

Too high a Q value for thei.f.
transformer tuned circuits is
not very desirable where a
series of these are to be oper-
ated in cascade; the effect of
this is multiplicative in the
steepness of attenuation of the
skirt of the pass band. For
example, with three such
band-pass pairs, as might be
used in a high quality receiver
design, a Q value for each coil
of 100 will give a pass band of
about 12kHz at -6dB, and
20kHz at -60dB. A Q of 200 at
each stage would reduce the
useful pass-band from 12 to
6kHz. For this reason I was
quite happy to discover that
the inexpensive miniature i.f.

Response curves provided
by tuned circuits at Fig.1
depending on degree of
coupling, Fig.2. L.f. stage
using circuit at Fig.1(d),
with a.g.c. applied to fet
amplifier rather than to
frequency changer, Fig.3,
and its response, Fig.4. Op-
amp demodulator, Fig.5.

coils were in the required Q
range.

Sensitivity

To give the type of perform-
ance needed to match the old-
style ‘table’ radio set, an aerial
sensitivity of at least 10uV is
needed, for 6dB s/n ratio. Two
i.f. gain stages using dual-gate
mosfets will easily attain this
value at the input to the i.f,
assuming a ‘detector’ (demod-
ulator) signal level of 100mV,
and two such if. stages will
allow an adequate range of
gain control by means of a
signal-derived a.g.c. voltage,
without the need to apply such
a control voltage to the fre-
quency changer, which might

Fig.6. Practical
circuitbased on
demodulator of Fig.5.

*Sandel. B., Radio Designers Hand-
book, R. Lanford-Smith (Ed.), 4th Edi-
tion, (2), Chapter 26. lliffe Ltd.
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RECEIVER DESIGN

Toag.c
TPy 7100k
Set tsd 100pA

cause oscillator frequency
drift. [ have shown a suitable
i.f. stage layout in Fig.3. When
the coils are correctly aligned,
the pass-band is as shown in
Fig.4.

Demodulator distortion

Fig.7. Signal-strength meter
uses a.g.c. voltage from TP2.

Fig.8. Oscillator and
frequency changer stage.

Fig.10. Audio output
amplifier and power supply.

The normal diode envelope de-
tector used in the average a.m.
receiver does not have a very
good performance, with intro-
duced harmonic distortion
levels lying anywhere in the
range 0.5 to 20%.

+15V

However, there is a useful
op-amp configuration in which
the gain of the op-amp is used
to remove the diode dead-band
and provide a precision full-
wavea.c. rectifier, Fig.5.

Its method of operation is as
follows. For the positive-going
half of an input cycle, the out-
put of IC; will drive the
cathode of D, negative, until
the potential at the junction of
D, and R, is equal, and oppo-
site to that applied to the in-
put. In this mode, IC, acts as a
unity-gain inverting ampli-
fier, and a negative-going cur-
rent input is applied to the
‘virtual earth’ point at the in-
verting input of ICs.

For a negative-going half cy-
cle applied to the rectifier in-
put, the output of IC; will be
positive, which will drive D,
into conduction, and Dy will be

equal to half that of Ry so that
there will be the required
negative-going total current
flow to IC,, on the positive-
going input half cycle, when
current is flowing through
both Ry and Rj.

I. have shown a practical
form of this circuit in Fig.6, in
which two dual op-amps pro-
vide a low distortion demod-
ulator and a.g.c. amplifier.

In this, ICy, is a unity-gain
impedance converting buffer
stage to provide the desired
low impedancedrive to the pre-
cision rectifier without loading
the secondary coil of the final
i.f. band-pass circuit, and a
small forward bias is applied to
the diodes D, and Dy, by means
of Ris and Ry, to assist the
circuit to operate in a nearly
ideal manner.

It is easy to set this up. With

f E Try lcﬂ open-circuit. As the inverting no input to ICs,, (TP1 shorted
SV 3N201 T10p input of IC, also forms a ‘vir- to the OV line), the output of
Ry tual earth’, there is no poten- IC;p should also be zero. As
;_4 Lﬁ_ tial across Ry and Ry, and the Ry is gradually increased in
™ Rg 100n current input to IC, is simply value, current is fed through
220 T that which flows from the D;, which causes the output of
source through Rj. IC,. to move negatively until
o On both halves of the input Dy just begins to conduct.
:L n cycle, therefore, a negative- When this happens, the output
Tr going current input is applied of ICyj, starts to go positive, as
1t LOi68A to the inverting input of IC,, measured at TP3. The correct
n R3 which causes an equal, but setting for Ry is at the
== 47k opposite current to flow from threshold of this output vol-
L AAA— IC,, output, through R, to pre- tageexcursion.
220 serve the necessary voltage Since one is only interested
node at the inverting input. in the Lf component of the
Resistor R, must have a value output, the capacitor Cys re-
15V 1G5
: 1 ] 815 |—
033 éRa;
11°°)J Trg Trg 00 L 1g=50mA
B(212 B(212 ] S
R30 R32 - .
1 o .
27k 1Bk Try Ry, Terg i
Audio input BC212 [ M 3000 E a.c. mains
b 1
' ]
10k og &% 0 |
p
VOLUME ;rcsm kl\ I
(3 e/ Ryt Ryg R3¢
R27 Tr K2 47k 8R2
470n 7
47k BC212 34 (36
- == 100n
R39
SET Iq 0R22
c R37 T3 L3
32 4000
ooy A MJ2500 T "
Rag Trg iq=
15y %m BC 182 o ig=50mA 1
Trqg should be in thermal contact with T" I,
output transistor heat sinks.
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duces the h.f. gain of IC},, to
leave only the modulation vol-
tage. It is prudent to ensure
that this part of the circuit is
well screened from the aerial
input, or otherwise there will
be a spurious signal at twice
the i.f,, 930kHz, which is with-
in the medium waveband.
Components Ry, and Cg also
help to remove the 930kHz
component from the audio out-
putline.

In practice, the incoming i.f.
signal generates a mean posi-
tive potential at the output of
ICp that is proportional to the
signal strength. This is ampli-
fied and inverted by ICy, to
give an a.g.c. potential which
becomes progressively more
negative as the signal strength
increases. Variable R,; sets
the a.g.c. potential, in the abs-
ence of an incoming signal
(TP1 shorted to the 0V line), to
+4V which is a suitable value
for the second gate of the dual-
gate mosfets. TP2 can also be
used as a source of potential to

operate a signal strength or
tuning meter, as shown in
Fig.7.

This provides an effective
and fast-acting a.g.c. system,
which holds the audio output
substantially constant over a
range of input signal strengths
from 5uV — 5mV. The inevit-
able penalty for such a sensi-
tive receiver is that there is a
considerable increase in aerial
and other noise when the set is
tuned between signals.

Oscillator and frequency changer

This is a conventional circuit
layout, as shown in Fig.8, in
which a single-gate depletion
mosfet is used as a source-
coupled oscillator, with the
drive to the frequency changer
being taken from the low impe-
dance source electrode. The in-
clusion of R, converts the drive
waveform into a rounded
square wave, of about 800mV
pk-pk amplitude, which gives
good conversion efficiency in
the frequency changer.
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Although r.f. mosfets are
somewhat dearer than bipolar
junction transistors, their use
in the oscillator, frequency
changer and i.f. stages is amp-
ly justified by the performance
advantages which they confer:
high mutual conductance,
high input impedance, and a
relatively high output impe-
dance, which lessens the ex-
tent of damping of the tuned
circuits and removes the need
for tapped coils.

Also, in the i.f. stages, the
very low feedback capacitance
of the dual-gate mosfet avoids
problems of r.f. instability. In
the frequency changer stage,
the mosfet offers a second in-
put electrode, unconnected to
the signal gate, for local oscil-
lator injection, and as an oscil-
lator, the mosfet offers a super-
ior performance in terms of
output and frequency stability
to any other transistor type.

Continued on page 29

Fig.9. Circuitdiagram of
receiver forlong and
medium waves. Additional
coils and switching can be
used to obtain h.f. coverage,
but second-channel
interference will be
inevitable, though no more
thanin valve-operated
receivers.

19




BBC Computer & Econet Referral Centre

AMB15 BBC MASTER Foundation computer 128K £395(a)
AMB12 BBC MASTER Econet computer 128K (only ANFS) £319(a)
AMCO06 Turbo (65C - 02) Expansion Module . . .£105 (b)
ADF13 Rom Cartridge ...£13(b) ADF10 Econet Module ... £43 (c)
ADJ22 Ref. Manual Part 1 ...£14.95(c) ADJ23 Ref. Manual Part i . .£14.95(c)
ADJ24 Advanced Ref. Manual ...£19.50{(c)

Viewsheet User Guide £10 (d)

1770 DFS Upgrade for Model B £43.50 (d)
.64K Upgrade Kit for B plus £35 (d)
ACORN 6502 2nd Processor £162 (b)
ACORN IEEE Interface £269 (a)

£229 (a)
..£439 (a)

View 3.0 User Guide £10 (d).

BBC Dust Cover £4.50 (d) .

ADFS ROM (for B with 17770 DFS & B F’Ius) £28 (d)
ACORN Z80 2nd Processors £329 (a) ...
MULTIFORM Z80 2nd Processor £299 (b)

TORCH 280 2nd Processor ZEP 100

TZDP 240: ZEP 100 with Technomatic PDBO0P dual drive with built-in monitor stand

META Versfon Il - The only package available in the micro market that will assemble 27
different processors at the price offered. Supptied on two 16K roms and two discs and fully
compatible with all BBC models. Please phone for comprehensive leaflet £145 (b).

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.

5.25" Dual Drives

5.25 Single Drives 40/50 switchable:
TS400 400K/640K
PS400 400K/640K with integral mains power supply

TD800 800K/1280K
PD800 800K/1280K with integral mains power supply.
PD800P 800K/1280K with integral mains power supply

3.5" 80T DS Drives:

TS351 Singie 400K/640K
PS351 Single 400K/640K with integrat mains power supply
TD352 Dual 800K/1280K
PD352 Dual 800K/1280K with integral mains power supply ...

01"208 1177 TECHNOMATIC LTD 01'208 1177

DISC DRIVES

40/80 switchable:

monitor stand...

~.£299 (b)

3M FLOPPY DISCS
Industry Standard floppy discs with a lifetime guarantee Discs in packs of 10.
54" DISCS 312" DISCS
40 7SS DD £10.50 (d) 40 TDSDD £12.75 (d) 807SSDD £20.00 (d)
80 TSSDD £16.50 (d) 80 TDS DD £16.50 (d) 80T DS DD £27.00 (d)

PRINTERS & PLOTTERS
EPSON BROTHER
EPSON LX-86............ ..o £229(a)  HR15 (Daisy Wheel) ... £299 (a)
Optional Tractor Feed LX80/86 .. £20 (¢)
Sheet Feeder LX80/86 . 'gag(¢c) COL OURPRINTERS
FX85 (80 col) ... £315(a)  EPSONUXBO i £420 (a)
£X105 (136 col) . fa4g(a)  Integrex Jebggx‘ef-
1.Q800 (80 col) ... ‘£a59(a)  Canon PJ1
LQ1000 (136 col) .. ..£659(a)  Dotprint Plus NLQ Rom for
TAXAN: Epson versions for FX/RX, MX
KPB10 (80 col) . £219(a) ANA GLP oovveooeoeoeeeeee £28 (d)
KP910 (156 col) .. .£369(a) PLOTTERS
JUKI Epson HI-80 (Ad) .. .£325 (a)

Hitachi 672 (A3) ..

Single Disc Cable £6 (d)
10 Disc Library Casae £1.80 (d}
50 x 5Y2" Disc Lockable Box £9.50 (¢)

DRIVE ACCESSORIES

FLOPPICLENE DRIVEHEAD CLEANING KIT

FLOPPICLENE Disc Head Cleaning Kit with 28 disposable cleaning discs
ensures continued optimum performance of the drives. 5" £12.50 (d)

3" £14.00 (d)

Dual Disc Cable £8.50 (d)
30 x 5'2 Disc Storage Box £6 (c)
100 x 52 Disc Lockabie Box £13 (c)

RGB 14"
1431 Std Res ...
1451 Med Res ..
1441 Hi Res

MONITORS
MONOCHROME
..£179(a) TAXAN12"HI-RES
. £225(a) KX1201G green screen ... £90 (a)
.......................... £365(a) KX1203A amber screen ..£98 (a)
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TECHNOLINE VIEWDATA SYSTEM. TEL: 01-450 9764

6100 (daisy wheel)............. ..o £249 (a) ! PHILIPS 12" HI-RES
NATIONAL PANASONIC il MICROVITEC 14" RGB/PAL/Audio BM7502 green screen.... €75 (a)
KX P1080 (80 GOl) .o.coorrooroors oo £159(a)  Plotmate A4 ----ggg gg }ig} ﬁg g}g Ee& : ‘é;gg g; BM7522 amber screen... ..£79 (a)
. €s.. .
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or metal case.
R h > -
Microvitec Swivel Base .................. £20(c)
. PR.INTER ACCESSORIES TAXAN SUPERVISION i Taxan Mono Swivel Base with
We hold a wide range of printer attachments (sheet feeders, tractor feeds etc) 12” - Hi Res with amber/green options. clock
in stock. Serial, parallel, IEEE and other interfaces also available. Ribbons IBM compatible ... 9(a) Philips Swivel Base ..
available for all above plotters. Pens with a variety of tips and colours also BBC RGB Cable. L.
available. Please phone for details and prices. MITSUBISHI Microvitec...... .£3.50(d
Plain Fanfold Paper with extra fine perforation (Clean Edge): XC1404 14" Med Res RGB. IBM & BBC Taxan £5 (d)........... Monochrome £3.50 (d
2000 sheets 9.5" X 117 £13(b) 2000 sheets 14.5" X 11" £18.50(b) compatible...............ooi £229(a) Touchtec-501 ... £255 (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) UVERASERS PRINTER BUFFER
MODEMS UV1T Eraser with built-in timer and mains indicator The buffer offers a storage of 64K. Data from three
Built-in safety interlock to avoid accidental exposure computers can be loaded into the buffer which will
MIRACLE WS 2000 - The world standard BT approved modem covenng all standard to the harmful UV rays ) continue accepting data until it is full. The buffer
CCITT and BELL (outside UK only) standards up to 1200 baud. Allows communication ftcan handle upto 5 eproms atatime withan average will autormatically switch from one computer to
with virtually any computer system in the world. Expandability to Auto Dial and Auto erasing time of about 20 mins. £59 + £2 p&p. next as soon as that computer has dumped all its
Answer with full software control enhance the considerable features already provided on UV1 as above but without the timer. £47 + £2 p&p. data. The computer then is available for other uses.
the modem. Mains powered. WS 2000 £102 (¢), Data Cable £7 (d), Auto Dial Card £26 For Industrial Users, we offer UV140 & UV141 era- LED bar-graph indicates memory usage. Simple
i (d), Auto Answer Card £26 (d). sers with handling capacity of 14 eproms. UV141 has push button control provides REPEAT. PAUSE and
a built in timer. Both offer full built in safety features REﬁET &chuons Integral power supply. £199 (b}.
WS 3000 RANGE - the new professional series. All are intelligent ana Hayes' UV140 £69, UV141 £85, p&p £2.50. \E,ivElitC %Sa?)!e Szgtsf(ag
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feature Auto-Dial with 10 number memory, Auto-Answer, Speed buffering. printer port, Serial Test Cable Serial Mini Patch Box Serial Mini Test
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2532, 2732, and with an adaptor, 2564 and 2764. Displays 512 byte t Pin 100 140 210 380 .
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Using ‘Prestel’ type protocols. For information

and orders — 24 hour service, 7 days a week
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7401 030 | 74279 0.90 | 74LS283 0.80 4081 0.24 | ADC080S 11.90 [ Lm711 100 | TBA231 1. TMS9901 5.0 i ENCODE As
7402 0.30 | 74283 1.05 | 74LS290 0.80 4082 0.25 | AM79100C 2500 | Lm723 060 | TBAB00  0.80 | 1802CE 6.50 | TMS9902 s, 23163 S\J3Is0) 500 | Av52376 1150
7403 0.30 | 74742 320 | 74LS29214.00 4085 0.60 | AN103 200 | |m725CN 300 | TBABID o 26504 1050 | TMsean 1s.00 [ 2516-35 550 | o A Ll | ee
7404 036 | 74290 090 | 74LS293 0.80 4086 0.75 100 M733 065 ! 6502 4.50 | TMS99i4 tago | 2832 450t oSl Soh | 7adess. 500
7405 030 | 74293 0.90 | 74LS295 1.40 4089 1.20 LM741 0.2 . 65C02-2MHz 2592-30 850 [ 32075 400 | 74Coss 600
7406 0.40 | 74298 1.80 | 74LS29714.00 4093 0.35 LM7747 0.70 d 12.00 | z8OPIO 250 [ 2564 B.00 | S2lS oo =
7407 040 | 74351 200 | 74LS298 1.00 4094 0.90 LM748  G.30 - 6502A 650 | 280APIO 275 75188 0.60 0 RATE |
7408 0.30 | 74365A 0.80 | 745299 2.20 4095 0.95 LM1011 4By | 73 - 65028 8.00 | zsocTC 250 | 2708 480 | o2 0 oo SABRIS
7409 0.30 | 74366A 0.80 | 74S321 370 4096 0.90 | CA3020 3.50 | |mi014 1.50 ! 6800 250 | z80ACTC 275 | 271645V 380 | o3 0 D20
7410 0.30 | 74367A 0.80 | 7453224 3.90 4097 2.70 | CA302BA 110 | |M1801 3.00 . 6802  3.00 | ZBODART 650 | 2716-35 550 | 240 o= b Mcraatt 7.50
7411 030 { 74376 1.60 | 74LS323 3.00 4098 075 | CA3046 0.70 | |mig30 2.50 : 6803-2 12.00 | 280ADART 700 | 2732 450 | 2 00 L COMB1166.50 |
7412 0.30 | 74390 110 | 7415324 3.20 4099 0.99 | CA305¢ 325 | |mig71 3.00 5 | 6809 650 273242 950 | SN0, o050 | 40728 7.50
7413 050 | 74393 120 | 7405348 2.00 4501 0.36 | CA3060 3.50 | |pig72 3. 0 | 6809E 10.00 | ZBODMA 7.00 75483 070
7414 070 | 74490 140 | 74US352 1.20 4502 0.56 | CA30BCE0.70 [ | 1886 6. - 68809 10.00 | Z80ADMA 7.50 | ,0a5, 50 600 | 75454 0.70
7416 0.36 7415353 1.20 4503 0.36 | CA30BE 150 | |piggy 4. TDA1022 4.50 | 68BO9E 12.00 e 550 | 75480 150
7417 0.40 7418356 210 4504 095 | CAJ0BE 0.60 | {mM2gy7 3, JDAI024 110 | 68000-LB 36.00 | zBoasioror2/9 | STEENSY 2581 22igr  glas | AY31015P 3.00
7420 0.30 | 7415363 1.80 4505 3.60 | CA3089E250 | |mM3302 o. TDAIT708 3.00 | gqas 359 700 | 5700 %e G0 | 75492 065 || AYS1013P 3.0
7421 0.60 7415364 1.80 4506 0.90 | CA3090AQ 375 | |M3900 0. TDA20023.25 § gonas  ggo | 280BPIO 5.00 o : COM8017  3.00
7422 0.36 7415365 0.50 4507 0.35 | CA130E 0.90 | | 3909 1. TDA2003 1.90 | 8059 4720 | 2B0BCTC 500 | oo ocneo | er26 120 | IMB402 450
7423 0.36 | 74LS00 0.24 | 74LS366 0.50 4508 1.20 | CA3130T 1.30 | |m3g11 1. 80C39 7.00 | ZBOBDART 9.00 Iy 8728 120
7425 040 | 74.S01 024 | 74US367 052 4510 0.55 | CA3140E 045 | 43914 3. . 8080A 420 225625 400 | ooon o0 LT G
7426 040 | 74LS02 0.24 | 74.S368 050 4511 0.55 | CA3140T 1.00 | 3915 3. . 8085A  3.00 |30 % | aree 120
7427 0.32 | 74LS03 0.24 | 74LS373 0.70 4512 0.85 | CA3146_2.25 i : B0C85A 7.50 S6 12004 o7 1o | SMHz 375
7428 043 | 74LS04 0.24 | 74LS374 0.70 4513 1.50 | CA3160= 1.50 . TOA25935.00 | goge : 27512 POA [ oroe 130 | BMHz 450
7430 0.30 | 74LS05 0.24 | 74LS375 0.75 4514 110 | CA3161 2.00 L TDA26537.00 | oo T20 | 216-150 apo | 27512251400 Siices) oLl
7432 0.36 | 74LS08 0.24 | 74LS377 1.30 4515 110 | CA3162E 6.00 d TDA35607.50 | goag 4750 | 2101 400 L TMS27165.00 | ol-ood SOUND &
7433 030 | 74LS09 024 | 7405378 0.95 4516 0.5 | CA3189= 2.70 ! TDA3810 7.50 ‘ 2102 2.50 811897 1.40 VISION
7437 030 | 74LS10 0.24 | 74LS379 1.30 4517 2.20 | CA3240%1.50 J TDA70003.50 | 8741 1500 { 21078 5.00 81LS98 1.40
7438 0.40 | 74LS11 0.24 | 740S381 4.50 4518 0.48 | CA3280G 3.00 1 TEA10027.00 | 8748 12,00 | 2111A-35 4.00 ey e
7439  0.40 | 74LS13 0.34 | 74LS385 3.25 4519 0.32 | D7002 6.00 - TLOBICP 0.40 2114 250 | CRTS027 18.00 i
7440 040 | 74LS14 0.50 [ 74LS390 0.60 4520 0.60 | DAC1408-83.00 i TLO62 060 | [MS1601 12.00 | 2114-2 350 | CATS037 12.00 | 9s02  3.00 MERGALALE]
7441 090 | 74LS15 0.24 | 740S393 1.00 4521 115 | DAC080D3.00 . TLOB4 0. TMS9980 14.50 CRT6545 9.00 | 9636A 1.60
7442A  0.70 | 74LS20 0.24 | 74LS395A 100 4522 0.80 | DAC08083.00 X TLO71 0. TMS9995 18.00 | 2147  4.00 | EF9364 8.00 | 9637AP 1.60
7443A 100 | 74LS21 024 | 7415399 140 4526 0.70 | DG308  3.00 I TL072 0. EF9365 25.00 ’ 32.768KHz 1.00
7444 110 | 74LS22 0.24 | 74LS445 1380 4527 0.80 | HA1366 1.90 TLO74 1. 780 : 4116 2.00 | EF936625.00 | os3s .90 | 18432MHz 225
7445 070 | 741824 0.50 | 74LS465 1.20 4528 0.65 | ICL7106 6.75 TLO81 0. 2Z80A I 4116-20 1.50 | EF9367 36.00 ; 2.00MHz 2.25
7446A 100 | 74LS26 0.26 | 74LS467 1.20 | 74C374 4529 100 | ICL7611 0.95 | wKs02409.00 | TLOB2 O 2808 d EF9369 12.00 | ZN447E 9.50 [ 2.45760MHZ(L)
7447A 100 | 741827 0.24 | 74.8490 1.50 | 74C902 1.20 | 4531 075 | ICL7650 4. ML9O2 5.00 | TL083 0. Z80H 4125615 3.00 | MC6845 650 .
7448 100 | 74L828 0.24 | 7405540 1.00 | 74C911 9.00 | 4532  0.65 | ICL7660: ML922 4.00 | TLO84 1. uP 41256-207 050 | MC6845P 6.50 DISC 2.45760MHZ(S)
7450 0.36 | 74LS30 0.24 | 7418541 1.00 | 74C912 4.50 | 4534 3.80 1 ICLBO3B 4. MM62214 300 | TLO94 200 b\ ey 41256157 0.50 | MC6847 650 [V IR 2.50
7451 0.35 | 74.S32 0.24 | 74.S608 7.00 | 74C922 6.00 | 4536 250 [ ICM7555 0. NES29 220 | TL430C 1.20 4164-15 150 | SFF96364 8.00 ICs 25MHz 250
7453 038 | 74832 0.24 | 74156102500 | 74C923 6.50 | 4538  0.75 | ICM7556 1. NE531 120 | UAA1003-39.35 y 4164-15TI 3.00 | TMS9928 10.00 3.276MHz 1.50
7454 038 | 74LS33 0.24 | 7418612 25.00 | 74C925 6.50 | 4539 075 | 1C7120 3. NE544 1.90 | UA759  3.20 4164 2.00 765A 1000 | 3.5795MHz 1.00
7460 055 | 74LS37 0.24 | 7405624 3.50 | 74C926 750 | 4541  0.80 | LC7130 NESS5 0.22 | UA2240 120 i 4164-20 2.00 6843 8.00 | 400MHz 1.50
7470 050 | 74LS38 0.24 | 74US626 2.25 4543 0.70 [ LC7131 NES56 0.60 | UCNSS0LA 6,00 . 4416-15 3.50 G TS 2194MHz 200
7472 045 | T4ALS40 0.24 | 7415628 2.25 4551 1.00 | LC7137 3. NES64 4.00 | ULN2001A 075 i 4532-20 2.50 ICs 4.43MHz 1.00
7473 0.45 | 74.S42 0.50 | 74LS629 1.25 4553 2.40 | LF347 1. NE565 1,20 | ULN2002A 0.75 i M FD1771 20.00 | 4 9150MKz 2.50
7474 050 | 74L543 150 | 74LS640 2.00 4555 0.36 | LF351 0.60 | nNEsgp 150 | ULN2003A 075 48164P/3 200 | AU758115.00 1 FD1791 20.00 | 5.00MHz 1.50
7475 060 | 74US48 0.90 | 74LS640-1 3.00 4556 0.50 | LF353 0.90 | nNgse7 125 | ULN2004A 075 X 5101/5501 4.00 | ADC0808 11.90 | £D1793 20.00 | 506aMHz 175
7476 045 | 74LS49 1.00 | 7415641 150 [ ,4a1500 045 | 4257 240 | LF355 090 | \gs7g 400 | ULN20682.90 v s514/5116 4.00 | ADS61J20.00 | FD1797 22.00 | g 00MHz 1.40
7480 0.65 | 74LS51 0.24 | 7415642 250 | J4n 200045 | 4960 140 | LF356N 110 300 | ULN28021.90 5516 6.00 | AM25S10 350 | 6.144MHZ1.40
7481 180 | 74LS54 0.24 | 7415642-1 300 | 74alS04 050 | 2266 140 | LF357 100 0.90 | ULN28031.80 d 5517AP 6.00 | AM2LS252'350 | WD169115.00 | 7.00MHz 1.50
7483A 105 | 74US55 024 | 74LS643 250 | J4ncon ooy | 4568 240 | LF398 4.00 150 | ULN28041.90 50 AM250525383.50 | WD214312.00 | 7'16mma 175
7484A 1.25 | 74LS73A0.30 | 74LS6431 300 | 741510 045 | 4969 170 [ LMIOCLH 4.50 160 | UPCSTS 275 ! 6116P-3 3.50 | AM26LS3! 120 |\ WD2793 27.00 | 8 0OMHz 1.50
7485 110 | 74LST4A0.35 | 74LS644 350 | 74arca0g4s | 2572 045 | LM30IA 030 120 | UpCs9zH 2.00 : 6116LP-3 3.00 | AM26LS32 120 | w02797 27.00 | gagrmMz 175
7486 042 | 74LS75 045 | 745645200 | Jyaicas o4s | 9383 090 0.45 50 | UPCHISBH 3.00 1 68840  6.00 | gp64-1212.00 | AM7910DC 26.00 10.00MHz 175
7489 210 | 74LS76A0.36 | 74LS645-1 400 | 74 o7s 070 | 2384 048 0.75 UPCIIBSH 500 | 6850  1.80 | gpgap-157.50 | DACBOCBI-V 10.50MHz 2,50
7490A 055 | 74LS78 0.42 | 74LS668 0.90 | 7aac1ia 159 | 4585 080 2.25 400 | 68850 2.50 | gyg4p.15 3 4D 2.0 10.70MHz 150
7491 070 | 74LSB3A0.70 | 74LS669 0.90 | 7,n3p30 1ag | 4724 150 0.60 4.50 . DM8131 6. CHARACTER JRTEVTHE T
74924 0.70 | 74LS85 0.75 | 74LS670 170 | 74n 8044 a0 | 12411 780 1.50 3.75 H 6514-45 4.00 | DP8304 3. GENERATORS  JEPRIVIFRNY]
7493A 0.5 | 74LS86 035 | 74US682 250 | 74a g5 475 | 4412 7.50 1.80 575 | 68854 800 | ggig g0 | DS3691 3. 18.00MHz 1.75
7494 110 | 74US90 048 | 74US6833.00 | 7ancers a2gg | 14416 3.00 0.45 - 6875 5.00 | 745189 1.80 140 | FOIBSUCTS0 | 4431mp; 160
060 | 740891 0.90 | 74US684 350 | Tancory oo | 14419 2.60 11s XR2240 1. 8154 850 | 745289 225 150 | ROSSERLCT.00 | 14 7s6mHz 250
0.80 | 74LS92 0.35 | 74LS687 3.50 | j4a/5680 260 | 14490 420 130 2N404 1. 8155 380 1.50 15.00MHz  2.00
290 | 74193 0.54 | 74LSess 3.50 : 14495 450 1.60 ZN41a 0. 8156 380 | 93415 6.00 2.25 16.00MHz 2.0
1.90 | 74LS9580.75 | 7415783 16.00 1:?880 e 00 At 93L422 7.50 0 17.734MHz 1.50
0.50 74L896 0.90 32700 350 050 TNAZAE 1. 8205 2.2% 93425  6.00 8.00 TELETEXT 18.00MHz  1.50
0.75 74L8107 0.40 8212 2.00 g oeléopgn 18.4320Hz 1.5¢
07s | 74LS109 0.40 g 22101 7.00 300 INA2SEBIS0 | G516 160 0.60 19 969MHz 1.50
055 | 74LS112 0.45 i 22102 7.00 -8 1. 1 ZN426E83.00 | o508 S0 0.60 | SAA50206.00 | 20.000MHz 1.50
170 | 741S113 045 . 40014 0.48 . . IN42TEBE.00 | 3%  4.25 | 2miez  4.00 250 | SAA50307.00 | 24000MHz 175
110 | 74LSt14 0.45 ; 40085 1.20 . ZNAZBEBL.50 | g328 550 | 2aSi6  2.99 4.50 | saas0at 16.00 | 45 .000MHZ 175
170 | 74LS122 0.70 . i 40097 0.36 g d ZNA29EB225 | 5243 260 | 85030 200 475 | SAAS0509.00 | 1i6MHz 2.
100 | 74LS123 080 i 060 | 40098 0.0 | LM3S3 3.2 00 | ZNA4TE 900 | 8250 12.00 | 1894090 2,00 8.50 PXO1000 1200
055 | 7415125 050 I 045 | 40100 150 | LM384 2. 7.50 | ZN44s 7.5 e s Tan, 2.25
S TOn i LALS 126,050 : oeo | 20801 128 Lhdar | 270 20 [ ZUe30E 300 | s2sia 325 | 7as0ey 22
0.80 | 74LS132 0.65 . 0.24 G i ; : ¥s fai j
0.65 | 74LS133 055 H 0.25 | 40103 200 | LM391 ~1.80 ] ZnesacP 309 | 825305 350 saeel 552 Please note:
oss [ 7asize 045 L oige) || pIOI0E  [racpg WMSOZN 1O 00 | ZN099E2.00 | 8256 18.00 | 62503 a0 Al prices are subject to
i 74LS138 0.55 i i - ; d g y - i
g;g 74Ls1gg 3.§s : g.‘;g 40106 048 | M39CH dgo | JAT222 1. INALJAH 2300 | B257CS 54.00 | 825123 150 | wmc 144127 50 change wﬂhogt notice.
ool 1| EansTastoios : o3 | s0107  oss | LmM709 n3s ZNA234E9.50 oo | 82512 175 | 75107 090 | Onlycurrent prime grade
0.90 | 74LS147 175 0.60 0.55 | 40108 3.20 .0.A 15108y 10790 components stocked.
250 | 74LS148 1.40 0.60 0.60 | 40109  0.80 9.00 75109 1.
130 | 74LS151 0.65 0.60 o060 | 40110 2.25 | VOLTAGE REGULATORS AR 75110 o We also stock a wide
270 | 74LS152 2.00 0.50 0.80 | 40114 225 400 EE PROM :751 12 d range of: Transistors,
110 | 74LS153 0.65 0.60 0.60 | 40147 2.80 1A FIXED VOLTAGE PLASTIC T0220 ’ 75113 1.20 Diodes, Triacs Plastic,
170 | 7418154 1.60 0.45 070 | 40163 1.00 Beed o 460 | 2816-3015.00 [ 75114 1.40 Bridge Rectifiers,
140 | 745155 0'6s 070 030 | 4073 1.20 X v 380 | 2¢¥8 30.00 | 7515 140 Thyristors and Zenors
175 | 74LS156 0.65 5.50 0.48 | 40174 100 5V 7805 045 7905 0.50 82880 6.50 | 9306 256bits 75121 40 Y )
0.70 | 74LS157 0.50 1.00 0.24 { 40175 1.00 6V 7808  0.50 7906 0.50 87554 16.00 | (!6X16) 4.50 | 75122  1.40 Please phone for details.
0.80 | 74LS158 0.65 1.50 0.90 jg}gg :'88 6V 7808  0.50 7908 g,so . 75150P 1,20
140 | 74LS160A 0.65 1.20 0.40 . 12V 7812 0.45 7912 50
0.80 | 74LS161A 0.75 1.20 0.60 | 40194  1.00 15V 7815 0.50 7915 0.15 OPT'ELECTRON'CS |
0.90 | 74LS162A 075 3.00 075 | 40244 150 18V 7818 0.50 7918 0.50 2N5777 050 [ oo .. BPX25 d
080 | 74151634 075 1.00 035 | 40245 150 24V 7824 0.50 7924 050 BPx25 180 | %1% %2 BPX34 3.00
225 | 74LS164 0.75 0.60 125 | 40257 180 1A FIXED VOLTAGE PLASTIC TO92 BPW21 2.80 | REDTIL2090.12 220 015 BPW21 3.00
110 | 7451654 110 1.80 100 [ 40373  1.80 5V 78L05 0.30 5V 79L05 0.45 OCP7t 180 | GRNTIL211016 | T2z 018 cav21 3.00
0.80 | 74LS166A 150 1.80 125 | 40374 180 6V 78L06 0.30 12V 79012 0.50 ORP12 1.20 | YELTIL2120.20 TiL226 0.2 FND357 1.00
116 | 74LS168 1.30 1.00 250 | 80C95 0.75 8V 78L08_ 0.30 15V 79L15 0.50 ORP60 120 | Rect LEDs MAN74/DL704  1.00
110 | 74LS169 1.00 1.50 070 | 80C97 075 12V 78112 0.30 ORPE1 120 | (R/G/Y) 0.30 MAN71/DL707 1.00
1.20 74LS170 1.40 1.50 2.50 15y 78L15 0.30 SFH205 1.00 | CXQ(Bi colour MAN4640 2.00
110 | 74LS173A 100 2.00 110 TIL32  0.55 1.00 MANE610 2.00
140 | 74LSt74 075 2.00 1.00 OTHER REGULATORS TIL78 0.5 | 10LED MANB9100.8 1.20
4.00 | 74L5175 075 | 74S163 3.00 0.60 TIL318 120 | Bar Graph H NSB5881 5.70
2.00 | 74LS181 2.00 | 74S169 5.50 0.55 FIXED REGULATORS TIB1 120 | Red 225 | 72168 22.00 ORPI2 120
420 | 74LS183 1.90 | 745174 3.00 0.50 LM309K 1A TiLi00 075 | Green 225 | ZN1040 6.70 SFH305 1.00
140 | 7418190 0.75 742173 3.20 0.60 TIL3TA 1.20
110 | 74LS191 0.75 | 745188 1.80 0.60 e TiL32 0.90
105 | 7als192 080 | 745189 180 1,00 o= oispLavs RGNS R e 0.90
100 | 7ALSI94A 075 | 745194 3.00 060 78P05 L i T Ba0 | e 380 1.20
1.50 | 74LS1954 075 | 745195 3.00 0.60 i i E
i | e om | i 3% 8% |  yaussLeneaustons ooy 100 | 17 1 | doneneazm
100 § 74LS197 0.80 | 745200 4.50 0.36 LM317T 10-22C FNDS00/TILI30 | MANSII0 150 | ULN2003 0,50
3.40 | 74L8221 090 | 745201 320 0.35 LM317K To3 1.00 | MANBMC 250 T
140 | 74LS240 0.80 | 745225 5.20 0.65 LM3s7T FNDSO7/T1L729 : ULN2068 2.90 0
1.80 7415241 0.80 | 745240 4.00 0.60 LM350T 10A+VAR 1 DISPLAY ULN2802 1.90 | 1LG74 1.30 )
180 | 74LS242 0.90 | 745241 4.00 0.60 LM396K 10A4VAR | Man710L707 (T ULN2085 180 | MCT26 100 =
1.30 | 74LS243 0.90 | 745244 4.00 0.80 LM723N i 1.00 ULN2804 1.90 | MCS2400 1.90 <
1.30 | 74LS244 0.70 | 748257 2.50 0.80 78HHOSKC 5A 5V MANSGeQ 175 | 9308 75491 o0 | MOC3020 150 =
110 | 74US245 0.90 | 745257 250 0.85 78HGKC SATVAR | MAN2G40 2,00 | 9370 To30r ooy jrame 220 @
115 74ng47 110 ;42523 2.50 0.70 78GUIC TA+VAR . . a
110 | 7405248 110 | 74 1.00 0.85 M
080 [ 7aSads 110 | 7aszer 300 0.40 IoHOKe EAc vk LOW PROFILE SOCKETS 8Y Ti WIRE WRAP SOCKETS BY T E
1.30 | 74LS251 0.75 | 745283 270 230
Bpin 9p 18pin  16p 24pin  24p 8pin 25p 18pin  50p 24pin 70p
;;g ;:tgggg g;g ;:gggg ggg ggi %’z;ggm(; HEGULATIO}\fS” . 2.50 14pin - 10p 20pin  18p Zepfn 26p |4p!n 35p ZOp!n 60p 28pin  80p E
2:20 74L82457Ad.7o 745289 2.25 0:24 SG3524 16pin  Mp  22pin 20p 40pin  30p 16pin  40p  22pin  65p 40pin 100p x
190 | 740S258A 0.70 | 745299 4350 0.24 TLaod i . EY 5
1.00 7408259 1.20 748373 4.00 0.24 P g TURNED PIN ‘8pin 25p  16pin 35p  20pin 45p  28pin  6€5p <9
150 | 7415260 0.75 | 745374 4.00 0.24 78840 - - . -2 3 14pin 30| 18pin 4 24pin 55 40pin 90,
080 | 7405266 0.60 | 745387 2.25 0.24 RC4195 F R Or SR e 150p_ 1bT 96 Sigh S5 S0en TP =
£
@
w
=
—
Q
=]
-
Q

Tel: 01-723 0233 4 lines. Telex: 922800 Stock items are normally by return of post.
305 EDGWARE ROAD, LONDON W2 Minimum ‘I'elephone Order £5
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by Nigel Gardener

Nigel Gardner is consumer,
automotive and packaging
product marketing man-
ager with National Semi-
conductor, Swindon. Proto-
type work by Mike Meakin.

Fig.1. Basic mains modem
interface uses minimal
components for

complete digital interface.

Mains communication
without tears

How to interface with the mains supply for
data communication and expand into a
cost-effective paging system

number of articles have
been published in the
past showing ‘simple’

methods of communication
over the domestic mains. The
general circuitry is simple
enough for the data formatting
prior to transmission, but the
bugbear seems to be in the
method of interfacing to the
mains. One of the methods has
been to inject the carrier signal
between the neutral and earth.
This suffers from one major
drawback when the neutral
and earth are bonded together
at the electricity supply entry
point.

The circuitry required for
general interfacing tends to
include a handful of transis-
tors, regulators and passive
components. Most of these
components can be replaced by
a single LM 1893 circuit called
a Biline™ carrier current
transceiver. This circuit is a

Frequency allocation proposed in draft British Standard

Band A 40to90kHz

Band B 110to 125kHz
transmission

Band C 125to 140kHz
Band D 140to 150kHz

Reserved for electricity supply authorities

Continuously available channels for occasional

Time-shared or burst mode, not continuous

Fire and security equipment

See text
V+ 12 to 18V
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Fig.2. Winding details for
coupling transformer.
Commercially available
components are available —
seenoton page 25.

22

RM7 core

3t Aswg
3t pvcinsuating p-v.c covered

tape over 24t 3bs.wg.

Power levels: 116dB(uV) quasi-peak into 50 ohms, except band D which is

134dB(uV).

special type of f.s.k. modulator/
demodulator specifically de-
signed for mains communica-
tions.

Circuitbasics

With the impending release of
a standard by BSI for com-
municating over the mains,
there must be flexibility with
the circuit design to enable the
user to align the modem centre
frequency within the allotted
band. Table 1 shows the prop-
osed frequency allocation. This
may change when the speci-
fication is finally published, so
any commercial user of this
method of communication
should check when the BS spec
is published. The specification
mentioned in the reference sec-
tion was the only one available
at the time of printing. How-
ever other countries will even-
tually produce their own speci-
fications as this method of com-
munication increases in popu-
larity. Information about in-
terference limits and test
methods is contained in the
Draft BS Spec listed at the end
of this article. The LM1893
was designed to produce a
sinusoidal output for mini-
mum out of band harmonics.
The basic circuit for interfac-
ing to the mains is shown in
Fig.1. The transformer is
either a Toko or Vacuums-
chelze type (see page 25) or a
hand-wound design as shown

in Fig.2. The Toko design can
withstand about 2kV; the
Vacuumschmelze and home-
brew types should withstand
about4kV.

An alternative method of
isolation is shown in Fig.3.
This idea, originally published
by Maplin in their Sept 1985
magazine, is a novel method of
isolation. With slight modi-
fication to the mains transfor-
mer to include a dual secon-
dary, a supply for the non-
isolated circuit can be
accommodated. Protection
diode Dj is a transient absor-
ber to prevent damage to the
LM1893 by erroneous spikes
on the mains and is an essen-
tial part of the protection cir-
cuitry for designs.

Simple control system

If a one-way control system is
required, then Figs 4 and 5
could be a cost effective solu-
tion. The transmit circuit,
Fig.4, is based around the
74C922 keyboard encoder,
MM53200 garage door opener
and the LM1893.

Operation is straightfor-
ward enough. The user de-
presses a key which is then
decoded by the 74C922. The
four-bit output is presented to
four of the 12 input data lines
on the MM53200. The remain-
ing eight bits of input data are
used as a ‘house code’ so that a
number of controllers and
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slaves can work on the same
system.

During a key depression, the
data available pin (12) of the
74C922 goes high. As the out-
put pattern from the MM53200
is of a continuous nature in
this configuration, the
LM1893 is used to gate the
data stream onto the main by
controlling its tx/rx pin. The
drive for this pin is derived
from a pulse stretcher made up
from two gates of a CD4093
quad Schmitt circuit. The con-
trol input for this gating is
obtained from the data avail-
able pin of the 74C922.

At the slave end, Fig.5, the
LM1893 is used in the receive
mode only. Again this can even
further reduce the circuitry to
around eight components. The
data recovered from pin 12 of
LM1893 is then passed directly
to the MM53200 configured in
the receive mode, i.e. pin 15
low. When four consecutive
correct code sequences are re-
ceived from the master, the
output line is switched low.
This can be used to drive an led
or with the addition of a tran-
sistor, any other load. The code
for both master and slave must
be the same, so the eight-bit
‘house code’ needs to be the set
with switches.

These two units form the
basic circuitry for simple
mains control. With some
modification an answerback
signal can be sent and received
to indicate the required slave
has switched successfully — see
Fig.6.

When a key is depressed at
the master end, the transmis-
sion sequence is sent via the
LM1893; when released, the
master reverts to the receive

Fig.3. Novel method of
isolation using opto-
isolators.

Fig.4. Basic mains control.
Circuitdiagram of
keyboard encoder, parallel
to serial pulse width
modulator LM1893 wired
for transmit mode only.
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mode. At the slave end, data
received and demodulated by
the LM1893 is fed to the
MM53200. When transmission
from master to slave is
finished, a valid ouput from
the data output line triggers
the monostable into echoing
the selected slave address. At
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the end of the transmission,
FF2 is clocked. This has two
functions, one to switch the
ouput load on and the other to
toggle the D0 address bit of the
MM53200. This allows the
n+1 number to turn off the
slave by changing the least
significant data bit. The FF2

Fig.5. Receiver for simple
mains control. LM1893
wired for receive mode only
driving the MM53200 digital
decoder.
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circuitry can also be used on
the simple set up of Fig.5.

When the slave address is
echoed to the master, the
transmitted and received pat-
terns are compared and, if cor-
rect, the user receives an audi-
ble or visual signal confirming
that the correct action has
been taken by the slave.

Andnow for something
completely different

Once the basic interface has
been mastered, the expansion
of the system is endless. On the
master unit, for example, if
mains connections from the
Toko transformer are replaced
with an inductive loop then
the circuitry forms the basis
for a very cost-effective paging
system together with a suit-
able receiver, as shown in
Fig.7 and 8. In this receiver,
the signal is picked up by a
ferrite rod aerial and fed to an
LLM3361 narrow band f.m. cir-
cuit. This device works toa low
voltage with low power con-
sumption. The output tuningis
at the carrier frequency of
125kHz, achieved by padding
out a 455kHz i.f. coil with a
2200pF capacitor. Recovered
data is fed through the inter-
nal Schmitt of the LM3361 to
provide clean data to the
MM53200.

An alternative power supply
and interfaceisshown in Fig.9.
This transformerless circuit is
intended for zpplications that
do not have any connections
exposed to the outside world.
Care in the choice of compo-
nents is essential to ensure a
margin of safety.

The LM1893 as it stands will
work to 4800 baud, but if error
checking is introduced the
effective rate is reduced accor-
dingly. For data transmission
in areas where the background
noise on the power lines could
effect overall performance a
digital filter, like that shown
in Fig.10, could be employed.
This circuitry is currently
being used on a commercial
energy management system
and has enabled the system to
run at 2300 baud, with 144 bit
data strings and a re-
transmission error rate of
0.01% over 1 million transmis-
sions per day.

Andfinally

These circuits for connection to
the mains are intended to re-
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move some of the pain associ-
ated with the transmission of
data and control signals. The
solutions given here are in-
tended to give the interested
engineer some ideas as to
methods of interface. The
medium for transmission is
shown to be the domestic
mains but the circuits will
work just as well on a pair of
wires dedicated as a network-
ing bus. There will be less
erroneous noise on a separate
pair of wires and a reductionin
transmission errors.

Further applications based
on the simple interface with
intelligence are intended, one

being transmission of RS232 |

data from computers to one of a
number of printers, another for
interfacing a computer RS232
port to master control, which
in turn controls up to 256
slaves. Thisis finished and will
be published in the near fu-
ture.

Each slave has four input,
output and i/o lines for general
interfacing to the outside
world and forms the heartof an
industrial or domestic control

systems.
Watch this space for further
details.. =

Furtherreading

Biline Carrier Current
Networking Systems, National
Semiconductor publication
number 570075.

Carrier current protocol using
an activerepeater for consumer
and industrial applications,
Rob Lytle and Steve Strom.
National Semiconductor.
Mains tx/rx module,
Electronics (Maplin Magazine)
September 1985.

Draft standard for communication
and interference limits and
measurements for mains
signalling equipment, British
Standards Institute Draft Spec.
No. 85/28596.

LM1893 data sheet—linear
supplement 1984, National
Semiconductor.

Survey of mains signalling
systems in the UK, ERA

Technology, Leatherhead.

Suitable transformers are
type ZKB490/228-80-W
insulated to4kV made by
Vacuumschmelze of Hanau
D-6450, Germany and
imported by Rolfe
Industries (see
advertisement), and Toko’s
707VX-A0242YUK,
insulated to 2kV and
available from Cirkit
Distribution.

Microcontroller chip
integrates peripherals

More features of a specially-programmed
controller for evaluation and education.

eripheral functions and
Pmemm'y within the S2

single-chip micro-
computer allow the device to be
programmed to perform many
tasks with very few compo-
nents.

Last month’s article de-
scribed internal working of the
chip and introduced a mask-
programmed multi-function
version made available only to
readers of this journal. This S2
chip includes a monitor which
can be driven by a terminal
through a serial link, and

routines for using the device as
a pulse-burst generator, fre-
quency meter and audio com-
munication link using very
little extra hardware.

Further routines are in-
cluded for evaluating the data
converter and watchdog time.
This article describes using
these and the speech-quality
communication link.

Audio communication link

The internal eight-bit a-to-d
converter and serial interface
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are used to digitize an audio
signal and transfer the data
between two S2 processors
through a full-duplex serial
link. Audio quality is surpri-
singly good, considering the
limitations. Although this de-
monstration is of limited prac-
tical use because the serial
interface is intended for local
communications only, it forms
a useful tool for illustrating
some of the theoretical rela-
tionships commonly encoun-
tered in data communications.

For example the Nyquist

by
Mike Catherwood

Mike Catherwood is micro-
processor applications section
manager at Motorola’s semicon-
ductor products division, East Kil-
bride.

25



Analytical

LOW COST C.A.D. Electronic. |

Engineers
ATTENTION ALL ELECTRONICS fm?n “Those

CIRCUIT DESIGNERS!! Engincere”

I.B.M. PC (and compatibles): BBC MODEL B, B+ and fTHosls ESNGI_NEERS,
. ormerly Seasim

MASTER: AMSTRAD CPC and SPECTRUM 48K Engineoring Software,
ANALYSER | and Il compute the A.C. FREQUENCY RESPONSE of linear have moved. Please note
(analogue) circuits. GAIN and PHASE, INPUT IMPEDANCE, OUTPUT our new address: TI_10se
IMPEDANCE and GROUP DELAY (except Spectrum version) are calculated Engineers Ltd, Unit D1,
over any frequency range required. The programs are in use regularly for Fairoaks Airport, Chobham,
frequencies between 0.1Hz to 1.2GHz. The effects on performance of Surrey GU24 8HX.
MODIFICATIONS to both circuit and component values can be speedily Tel: Chobham (09905) 6565
evaluated. FOR MS DOS COMPUTERS (256k + RAM recommended)
Circuits containi_Pg an’)éo comti%igationB POCf)L RRESISTcCi)RShEESPA%lggERCSf (state computer type when ordering)
INDUCTORS, RANSFORMERS, | A a0 : ECA-2's 1986 edition expands the analytical power of the original to include Fourier
TRANSISTORS and OPERATIONAL AMPLIFIERS can be simulated — up to analysis and sweep commands and adds graphics output to include Bode piots, DC transfer
60 nodes and 180 components (IBM version). curves and transient timing diagrams. ECA-2 is now the most potent analogue circuit
ideal for the analysis of ACTIVE and PASSIVE FILTER CIRCUITS, AUDIO simulator available. It offers friendly interactive control and an optional batch mode. A
AMPLIFIERS. LOUDSPEAKER CROSS-OVER NETWORKS WIDE-BAND proper diode model. temperature effects. bias & operating point analysis, a transmission

’ . line model, non-linear effects wherein polynomials (to any order) or piece-wise linear

AMPLIFIERS, TUNED FRLFTEARME:—AELEJ?I'SS ?_EIENREIQLR Yr\f‘;ggéﬁgE%EéY&%Bﬁ% characteristics are supported. Tolerances are used to compile worse case and Monte-Carlo
TV LF. and CHROMA FI > analyses. Macro-models. complex models (eg capacitors with inductance and resistance)
ete. may be used. Voltages, currents, dissipations and power volts (a useful transistor
STABILITY CRITERIA AND OSCILLATOR CIRCUITS can be evaluated by secondary breakdown indicator) may be looked at anywhere in the circuit. Similar flexibility
“breaking the loop™. is offered for the input to a circuit which may come from a file or the output of a previous run.

Sparse matrix techniques allow ECA-2 to model typically 500 nodes in a circuit (depending

Tabular output on Analyser 1. Full graphical output, increased circuit size iable) Price: £4 AT incl. b8 Jat 4 lable. ol
and active component Iiprarylfaci!ities on Analyser . %f:;ntgr;gr.y available). Price: £465 + VAT incl. p&p. Updating service available, please ask
Check out your new designs in minutes rather than days. EC-Ace is a subset of ECA-2 also offering AC, DC and transient analysis and high quality
ANALYSER can greatly reduce or even eliminate the need to breadboard graphics output. Although it lacks some of the more advanced features of ECA-2, it can
new designs. accommodate a very useful 100 circuit npdes and is available at the irresistible price of £110,
Full AFTER SALES SERVICE with TELEPHONE QUERY HOT LINE and A P R -5
FREE update service. For the BBC MODEL B, B+ and MASTER
Used by INDUSTRIAL, GOVERNMENT and UNIVERSITY R&D (State 40 or 80 track when ordering)
DEPARTMENTS worldwide. IDEAL FOR TRANING COURSES. VERY EASY Microspice. This is a remarkable suite of programs for simulating DC and AC analogue
TO USE. Prices from £20 — £195. circuit behaviour including non-linear effects. Features such as its transistor modelling (20
parameter Ebers Moll) and an excellent manual have been quietly earning this program a
For further details and example computation or for details on our New reputation as the most useful ever produced for modeliing small circuits. Price £99 + p&p-
DRAUGHTING program, please write or phone: + VAT. (£2 UK or £5 overseas.)
E@ @ g i d l Orders accepted from existing customers and educational bodies. Otherwise please send
(3 M cheque with order to our new address. You may prefer to contact us through our One to One
Nmm @H) ““‘@ y@ﬁ@m@ ﬁ mailbox which can also be accessed by telex. Telex no. is 8950511 (ONEONE G} and our
Dept WW, Crown Street, mailbox number which should be quoted at the start of the text is 23332001,
St Ives, Huntingdon, Cambs. PE17 4EB. T e LR T o [

Tel: (0480) 61778

CIRCLE 49 FOR FURTHER DETAILS e KESTREL ELECTRONIC
2 COMPONENTS LTD.
DATA GENERAL MINICOMPUTER : :n!:er::i QU S R S S STEIEeE
PARTS AND SYSTEMS " “Exclusive of V.AT. and Post and Package’

Does your application need those multi-user megabytgs but your 1+ 50+ 1+ 50+ 14 504
budget stretch only to a PC? Or is your old DG mini flat on its 741500 13 12 7415273 46 .42 2716 210 1.90
back? Need an upgrade? Second printer? Hardware support? As ;ﬁggg H §3t§§§§ '23 ‘355, S;gfdzso g'?g g.og
traders in commercial systems, we always have stock of older 74U514 19 17 7415393 ‘65 48 57128.250 540 2igo
(and newer) equipment. We also deal in second-hand and surplus 6502 330 280 74L5541 45 35 27256-250 390 3.70
micro systems. Large SAE for current catalogue. 6522 330 280 8155 150 1.30 6116LP-3 130 1.15
" i ] 7415138 30 25 8251 1.50 1.30 6264LP-15 230 210
Sample stock: Nova 4X 16-slot chassis (valid for MV7800 upgrade) with ;ﬁg}gg gg gi gggg :.gg }.gg ﬁggg?s g.gg g.gg

CPU & memory board — £2000; Eclipse S120 256KB CPU board — £1200; ] : - § - -
50MB 6067 Zebra drive subsystem £2,500; Eclipse S130 with 256KB — Mo, 2 By oy o o e
£1000; Eclipse CS/100 with 128KB — £900; 10/12.5/20/25MB drive 74@240 50 42 6850 150 1.25 65256AP 11.00 11.00
:6125t treamer — £3500. 7415244 48 45 74 HCOO 25 22 62256AP-15 2300 23.00
R L e 7415245 50 43 74 HC14 50 .40 27512-250 15.00 15.00

sl Llc n N GL EN LT n All memory prices are fluctuating daily, please phone to confirm prices.
178 Brighton Road,
Moray Street, Blackford, Perthshire, Scotiand Purley, Surrey CR2 4HA

Tel: 01-668 7522
CIRCLE 23 FOR FURTHER DETAILS

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 40 FOR FURTHER DETAILS ?9 RACK M.O.UNTlN,.G CASES.
A range of lightweight aluminium 19" rackmounting cases at
competitive prices, available in the following sizes.
E AER'AL Height Depth Price
ADVANCED ACTIV 1RU 89rm 28.00
: = — —_— — = 1RU 153mm 28.50
ADVANGED ACTIVE AERIAL Eed | 1RU 254mm 29.00
2RU 89mm 30.90
i | 2RU 153mm 31.75
! 2RU 254mm 32.60
i L 3RU 89mm 3450
— — 3RU 153mm 35.25
3RU 254mm 36.35
Front panel, 3mm extrusion finished in dawn grey, all other panels 16 SWG
The aerial consists of an outdoor head unit with a control and power unit and clear anodised oluminium. It should be noted that no constructional
offers exceptional intermodutation performances: SOIP + 90dB8m. TOIP fixings are visible on the front panel.
"f* 55(;13”"’- For the first time this permits full use of an active system around the For finishes or sizes different from above, or for details of our range of
tr::smn;ttgrr(;?lde%?sx bands where products found are only those radiated from blank panels, vent panels, audio and video jackfields, panel punching and
® General purpose professional reception 4kHz — 30MHz prototype manufacturing services, please call.
® — 10dB gain. field strength in volts/metre to 50 Ohms
® Preselecior and attenuators allow full dynamic range to be realised on Please add 3.00 P&P +15% VAT
practical receivers and spectrum analysers 1
® Noise — 150dBm in 1Hz. Clipping 16 voltsimetre. Ian P KlnlOCh & CO Ltd
SURAEVELEETRORICSIE: . 75 Milford Road, Reading, Berkshire, RG1 8LG
LTD., The Forge, Lucks Green,
Cranleigh, Surrey GU6 7BG. Tel 0483 275997 Tel: (0734)598867 & 599773

CIRCLE 18 FOR FURTHER DETAILS
ELECTRONICS & WIRELESS WORLD OCTOBER 1986




MICROCONTROLLER

criteria may be investigated by
varying the low-pass filter cut-
off points, or the effect on the
signal-to-quantization-noise
ratio may be observed by re-
ducing converter accuracy
through lowering the refer-
ence voltage. Relationships
such as the Hartley-Shannon
theory, which equates channel
capacity to bandwidth and
s-to-n ratio, may also be con-
firmed.

Software samples the a-to-d
converter at 7.7kHz and the
serial-interface clock is set to
operate at 100Kbit/s (for a
4MHz m.c.u. clock). Informa-
tion is therefore passed at a
rate equal to eight times the
a-to-d converter sampling rate
which is 6Kbit/s. This is lower
than the channel capacity
of the serial interface and con-
sequently the converter sam-
pling rate is the communi-
cations-bandwidth limiting
factor.

Two S2 demonstration de-
vices are required for this ap-
plication, one configured as a
master (serial interface clock
generator) and the other as a
slave, Fig. 1. The serial inter-
face is configured for three-
wire (receiver, transmit and
clock) full duplex operation.

One byte of data is ex-
changed between the devices
every 131 machine cycles; re-
ceived data is placed on port A
which then drives a low-cost
MC1408L8 d-to-a converter
Both input and output filters
should have a cut-off frequency
of less than half that of the
a-to-d converter sampling rate,
i.e. 3.8kHz for a 4MHz c.p.u.
clock.

Switched-capacitor filters
are easy to use and form effec-
tive low-pass filters. The c-mos
MC145414 shown uses switch-
ed capacitors to form a dual
fifth-order elliptic filter for
low-pass operation. Two un-
committed op-amps are also
included in the device.

Band limiting frequency of
each filter is directly pro-
portional to the input clock.
For example, an input clock of
128kHz provides a band-
limiting frequency of 3.6kHz,
halving the clock rate halves
the band-limiting frequency.

Each filter is functionally
identical except that one pro-
vides 18dB of gain within the
passband and the other pro-
vides unity gain. In Fig. 1, an
MC1455P1 timer is used in
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% Mode select inputs read at power up

Fig.1.0Oneside of the S2
audio communication link.
Lines Cy; select the
converter channel asin
Table 2. Line Bsreads low
internally. Tned.c. ‘Set’
potentiometer is set to
provide an average
converter inputd.c. signal
level of about half way
between Vi and Vgy. For
maximum converter
accuracy, Vgyistied to V.,
and Vg, to ground.
Adding an expander and
compressor would
improve s-to-nratio.

astable modc to generate a
clock signal that can be varied
between 70 and 180kHz.

Hardware for the audio com-
munication demonstration
was developed by Olivier Pil-
loud at Motorola’s Geneva de-
sign centre.
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A-to-d converter evaluation

This program allows you to
directly exercise the analogue-
to-digital converter in the
MC680552 and to accurately
evaluate its performance in
the intended environment.

Fig. 2. Analogue-to-digital
converter evaluation.
Three-bitdigital code
selects one of four channels
or internal calibration
voltages. For port B,
connections, see text.
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MICROCONTROLLER

Fig. 4. Results of the S2 self-
check routine are shown on

has caused erroneous
operation.

lines Cy ; and By to states cor-
responding to a-to-d converter
control register bits 0 to 2, as
definedin Table 1.

After initialization, conver-
sion of the selected analogue
input is continuous. The chan-
nel selected may, however, be
changed without resetting the
processor since the program
reads the channel code inputs
before each conversion. The
conversion result placed on

causing a catastrophic system
runaway. :

A program using the auxili-
ary counter to avoid this reg-
ularly presets the auxiliary
counter to its maximum value
by inverting miscellaneous
register bit 5. Provided that
this is done more frequently
than the auxiliary counter
time-out period, then a forced
reset will not occur.

So if a program runaway
does occur it is probable that
the auxiliary counter will not

e —— e —
port A bits 0 to 7 may either be Table 1. Control codes for
+5V the value after each conversion analogue channel
_J (port B;=0) or a value aver- selection.
il § | ” 10k aged over four conversions
1 —] = p (port B;=1). Port Input
P ' = 1 1 Bo C, Co
4 - 470n A data-valid strobe is also
o ] 4MHz € generated on port B to indicate g 0 0 AN,
i | when another conversion re- 0 0 1 AN
sult has been output. It will 0 1 0 AN
7 rise and remain high during 9 ! 1 ONG'
4 MC680SS2 the period that the value on 1 8 ? Vo
1 B port A is stable. 1 1 0 Vo4
sy 1 = 1 1 1 Va/2"
7, .l L Auxiliary counterdemonstration —
7 * 1§ Internal levels for calibration.
. K / The auxiliary or watchdog
<e0 = counter is a ten-bit fixed-
4 — modulus counter which maybe Table 2. $2 self-test
1 15 used in conjunction with some indications
simple software to help ensure
i ion i Counter bit Indication
¥ Mode select inputs T Auxiliary counter disabled rehable processor ﬁpe}:atlon ig 2 1 0
read at power up when open env1ropments LA g A
otherw_lse encourage erratic 0 0 0 BadiloorINT,
behaviour. For example, 0 O 1 Badram
. . o . . should high-ener spikes 0 1 0 Badrom
Fig. 3. Using the auxiliary Figure 2 shows how a typical appear on tﬁe powergglpp?y the 0 1 1 Bada-to-dconverter
counter as a watchdog | test board could be configured. I S Se— - 1 0 0 BadtimerA
allows the processorto | The analogue channel is stéft to echute T 1 0 1 Badinterrupttimer A
regain control after noise | selected by setting inputs, port P > 1 1 0 BadINT,oraux.

counter
1 1 1 BadinterrupttimerB
Flashing Nofault

Selftestand bootstraprloader

Applying a voltage slightly in
excess of V. +2V to port line C,
during reset causes the device
to select an alternative of vec-
tor onreset release, Fig.5.

The new reset vector points
to the self-test program area.

four leds (see Table 2). When

the leds blink, the device Within this space, a bootstrap

loader program also exists
which allows you to copy small
amounts of test code from an
external eprom into S2 ram
and then execute it. The level

be regularly preset, resulting

has passed the test. Torun in the m.cu. being reset at

the self-check routine, port v counter ovgrﬂow and the user
lines C, ; are held high £a program being restarte_d.
during reset. Resistors In this demonstration the

R, ,are4.7k(). program simply increments

i

Q——0 enables or disables the watch-  after reset is released deter-
(K TALSIT dog option by manipulating mines whether the self-test
il the auxiliary counter reset- routine or bootstrap loader is
il B 128 mask bit. executed.

- Ri, s ' ] ~22p Therefore by operating two Self-test involves execution
VBB Ry i e T identical demonstration ofasequenceofsubroutinesfor
e WMHz boards in the same adverse testing rom, ram, timers, i/o,
§ environment but with the a-to-dconverter andinterrupts
Ve © X | 3 watchdog enabled in only one, on a cyclic basis. Many of the
== MC6805S2 ' —g-0 a direct evaluation of watch- routines may be called by the
dog effectiveness can be made. user. Leds display the result of

- Wiring is shown in Fig. 3. the test, Table 2.
— . The auxiliary counter may The bootstrap loader pro-
] alternatively be used as fixed- gram continuously copies data
. interval polled timer, provided from an external eprom at
Ve <Vye- 2v<7v  that the auxiliary counter address zero onwards into S2
reset-mask bit is set. Even ram at address 40 to 7F until
- 1 though the instantaneous port line C; is pulled high. It
e -. counter value cannot be read then executes a JSR 40 intruc-
] by the processor, this feature tion and runs the loaded pro-
may still be very useful in gram. The most significant
applications requiring long eprom address lines may then
L time-outs. be incremented and the pro-

28 ELECTRONICS & WIRELESS WORLD OCTOBER 1986

port B. A hard-wired option

of port line C, immediately
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‘Load = Execute
cess repeated with another Table 3. Useful subroutines withinthe $2 monitor. Fig. 5. Small user programs
user test routine. in eprom can be loaded into
Test results may be display- Label Subroutine Address the S2 using this
ed on any of the spare ports. . configuration. At reset, port
This test procedure is ob- Sfice  FigiEadiEss e line C,is held high and
. . OUT2HS Print byte pointed to by GET B9C 3 .
viously more flexible, but re- PUTBYT  Printaccummulator in hexadecimal BAF directly after resetline C,
quires more hardware. Input/ PUTNYB  Printlower 4 bits of A in hexadecimal BBC mustbelow. User code is
output related tests are also CRLF Print carriage-return, line feed BCE executed when line C, goes
g i PUTS Printa space BE7 high. Resistors
dithielgrorealiZEpEapexLY. GETBYT Read hexadecimal byte BFO R g are4.7kQ).
GETNYB  Read hexadecimal nibble Co1 18 )
Useful monitor subroutines GETC Read a char. into accummulator C1D
. PUTC Print characterin accummulator C44
Figure 6 of last month’s article

shows hardware required for
communicating with the S2’s
internal monitor through a
serial link at either 300 or
1200 baud. Note that the 300/
1200 baud switch is only
sensed at reset.

Being in standard 6805 code,
sub routines within the moni-
tor and many of those used for
the special functions will be
useful to software writers. A
full assembly-language listing
isavailable.*

Routines include low-level
functions, such as writing/
reading a character to/from the
terminal, and higher-level
routines for reading and writ-
ing hexadecimal numbers for
example.

Error conditions are usually
indicated by the C bit being set
on return from the subroutine.
Table 3 is a list of the more
useful subroutines and a short
description of what they do.
Any questions about how a

*Assembly-language listings
cost £2.50 from the editorial
office. Please mark your A4 en-
velope ‘S2’.

particular subroutine works
can probably best be answered
by inspecting the source code.

In general, the subroutines
shown in Table 3 try to pre-
serve the registers that they do
not use. Note that most of the
routines expect to be able to
use locations 56,6 to 5Bjg in
ram. As the interrupt vector
jump table resides 50 and 55,
ram locations 50 to 5B should
not be used.

Locations 40 to 4F are stand-
by ram and are accessible if the
ram is powered through port
line Dy;. [ ]

In Fig. 8 of the September arti-
cle, pins 17 and 18 should have
been shown wiredto 0OV, theV,
supply connects to pin 16 and
pin7. |
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Quality radio

continued from page 19

Incidentally, if a single gate
mosfet is not available, a dual-
gate device, such as the 3N201,
can be used with the two gates
joined together.

The completereceiver

I have shown the circuit of the
complete a.m. receiver in Fig.
9, which includes provision for
switching between the L.w. and
m.w. bands, (150-300kHz and
550-1600kHz).

Audio stage

I decided on a target per-
formance of 3 watts into a 3
ohm load — a typical ‘table
radio’ output power figure — at

not more than 0.05% th.d.
with good reactive load be-
haviour, and with all crossover
products being substantially
lessthan 0.01%.

The circuit I eventually
chose for the audio amplifier,
which fully met this specifica-
tion, is shown in Fig.10, as is
also that used for the power
supplies.

The final performance of the
unit has proved very satisfac-
tory, both in respect of its abil-
ity to recover very weak sig-
nals at good entertainment
quality — completely unseen by
my domestic ‘trannies’—and in
respect of its frequency stabil-
ity and tonal characteristics. B

29




RAEDEK ELECTRONICS

SERVING THE COMMUNICATIONS AND ELECTRONICS INDUSTRIES

102 PRIORY ROAD, SCRIBERS LANE, HALL GREEN, BIRMINGHAM B28 0TB. ENGLAND.

Tel: 021-474 6000
Telex No: 312242
MIDTLX G.

TRANSISTORS: VALVES:
TYPE: LIST: TYPE: LIST: TYPE: LIST: TYPE: LIST: TYPE: LIST: TYPE: LIST: TYPE LIST
£ £ £ £ £ £ £
2N3375 10.90 25C1978 6.40 AH211A 137 50 EFg4 2,00 0A3 250 6AUSGT 370 813 30.00
2N3553 1.60 25C2053 0.80 AH2511 90 00 EF95 1.60 082 2.50 6AZ8 380 934 18.00
2N3632 12.95 25C2237 6.00 2?5532 31 28 E;:gg 138 8(823 2,50 GBéﬁ 1.50 935 41 gg
oN j 5 i 52. il 2,50 6BE6 1.95 2050 4.
2N§ggg ’? 23 2383335 28 gg BT58 52.50 EK90 1.40 2C39A 39.90 6BH6 215 2050A 4.80
SN4416 075 MRF240 %0.70 BT17 142.00 EL34 3.90 2C39WA 42.00 6BJ6 2.00 5544 81.00
SR oo MRF245 3300 BT17A 130.00 EL36 230 2021 200 6BK4C 450 5545 95.00
SNes g VRES T BT95 125.00 EL84 1.60 2E26 7.50 6BN8 3.50 5567 2450
5090 10.90 47 30 C3J 30.00 EL86 210 2K25 114.00 6BZ6 250 5559 52,50
2N5109 1.95 MRF433 9.00 C3JA 3000 EL519 7.70 3-400Z 78.00 6C4 1.95 5727 2.95
2N5160 3.00 MRF449A 10.15 ES5L 56.00 EL803S 9.95 3-500Z 85.00 6CBBA 180 5867A 140.00
2N5589 7.60 MRF450 11.50 E80CC 14.00 EL821 13.75 3828 15.00 6CJ3 230 5879 6.15
2N5590 7.90 MRF450A 13.80 E8OL 21.00 EN32 16.25 3C45 2450 6CW4 6.30 5965 220
2N5591 950 MRF454 17.25 E88CC 3.90 ENOT 2.00 3CX100A5  35.00 6DC6 2.45 5991 3200
2N5641 6.95 MRF454A 17.25 E?ggLC 7.50 Eggo 1.60 i-BSAA 5(2),50 6E5 420 6130 23'88
i RF4 16, 2125 1 1.50 -125, 60.00 6EA8 225 6146A
§H§‘gi§ 1? 32 MREQZ 17 28 EB91 135 EZ90 150 4-250A 76.00 6GK6 2,50 61468 9.00
2N5913 250 MRF475 230 EBCY: 1.10 FG17 24.50 4-400A 80.00 6HF5 425 6360A 4.95
R S MRF476 515, EBF89 135 FG105 160.00 4-4008 8000 6HS6 3.95 6550A 7.25
o LS NP 551 EC90 1.25 GXUT 15.00 4-400C 80.00 6JB6A 420 68838 870
2N5945 0. -50 ECC32 325 GXU4 45.00 4832 30.50 6JE6C 6.25 6973 3.95
2N5946 10.80 MRF646 27.00 ECC81 1.60 GZ34 2.10 4C35A 135.00 6JS6C 4.70 7027A 6.50
2N6080 6.65 MRF648 32.70 ECC82 1.60 K166 9.00 4CX250B EK7 250 7199 4.20
2N6081 8.40 MRF901 275 ECC83 1.60 KT77 8.75 EIM AMP 55.00 6K11 225 7247 3.20
2N6082 10.50 SD1013 9.75 ECC85 1.85 KT88 24.95 4CX2508 6KD6 590 7262A 26.00
2N6083 11.20 SD1019-STUD  23.10 ECC88 2.00 ML8536 275.00 NAT 48.00 6KD8 2.00 7360 12.20
2N6084 12.00 SD1019-5 22.80 ECC91t 2.00 ML8741 265.00 4CX350A 87.00 6L6GC 3.90 7586 11.50
2SC1729 12.50 SD1127 3.10 ECC189 200 NL SERIES 4X150A 33.70 6LQ6 6.25 7587 35.00
5561945 345 3D1134-1 505 ECF80 1.50 QQV02-6 22.00 5AR4 2.10 6Q11 225 75914 4.65
53C1946A 16.00 2D1136 1180 ECF86 1.65 QQV03-10 5.30 5AS4A 210 6SL7GT 225 7815AL-GE  48.00
52C1947 A D143 i ECF801 1.80 QVo3-12 700 5R4GYA-B 350 6SN7GTB 305 7815R 53.00
d B e ECH81 2.30 QY3-65 57.50 5U4GB 2.10 6UBA 2.00 8122 10100
25C1969 1.80 SDi21 -70 ECL82 190 Qv3-125 6300 5V4GA 2,50 12AT6 150 8906AL 55.00
25C1970 1.40 SD1272 10.95 ECL86 1.60 QY4-250 69.80 6AH6 230 12AU6 170 15082 6.50
25C1971 3.50 SD1278 1375 EF80 1.70 RG1-240A 10.00 6AK5W 250 12AV6 200 5728 52,00
25C1972 9.50 EF85 3.00 RG4-3000 90.00 6AK6 195 12BA6 1.80 807 290
EF86 2.30 XG1-2500 52 50 6ALEW 1.80 12BA7 2.35 810 7500
EFs g.gg §gs gggo 2450 eAgsA 1.75 128E6 2.00 812A 36.85
1 4 1 .5 BAQ5SW 1.80 12BY7A 270 =
INDUCTION AND DIELECTRIC HEATING SPARES EF92 220 XR1-6400  120.00 6AS6 240 12BZ6 370 WE ALSO SUPPLY
NGL EF93 150 0A2 2,00 6AS7G 4.30 120W7 3.75 EIMAC TUBES AND
el ORS DS TaTE RECIFIERS 1000’s of VALVES/ TRANSISTORS/IC's INSTOCK. PLEASE ENQUIRE ON TYPES NOT SLLERRIRED
VACUUM CAPACITORS RECTIFIER VALVES 50 s : LISTED. PRICES— CORRECT AT TIME
GRID LAMPS OSCILLATOR VALVES SERVICE AIDS I HEATSINK COMP_(100g) — 1.50 OF GOING TO PRESS
CARBON FREE HOSE COOLING FANS/FILTERS CONTACT CLEANER — 1.00  SILICONE GREASE - 1.50 TERMS - PLEASE ADD £1.00
WATER FLOW SWITCHES etc. etc FREEZE IT AEROSOL - 125  LARGE RANGE OF SOLDERING IRONS AND ACCESSORIES | P&P AND VAT @ 15% to orders

CIRCLE 53 FOR FURTHER DETAILS

VESTIGIAL SIDEBAND

LEVISION MODULATORC.C.1.R/3

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

C.C.1.R/3 SPECIFICATION

Power Requirement

Video Input

Audio Input

F.M. Sound Sub-Carrier
Modulation

I.F. Vision

I.F. Sound

Sound Pre-Emphasis

Ripple on I.F. Saw Filter
Qutput lany channel 47-860MHz}
Vision to Sound Power Ratio
Intermodulation

Spurious Harmonic Output

240V 8 Watt {available in other voltages)

- 18\(,"56%( g: S} CHANNEL COMBINER/FILTER/LEVELLER
B 6MHz (availag;e 5.5MHz) to combine outputs of modulators
— Negative
38.9MHz TCFL2 2 Channel Filter/Combiner/Leveller. Insertion Loss 3.5d8
32.9MHz {available 33.4MHz) TCFL4 4 Channel Filter/Combiner/Leveller. Insertion Loss 3.5dB
— B0us TSKO Enables up to 4 x TCFL2 or TCFL4 to be combined.

6dB
+6dBmV (2mV) 75 Ohm
5101
Equal or less than 60dB
40dB (80d8 if fitted with TCFL1.Filter or com-
bined via TCFL4 Combiner/Leveller

C.CH.R/3.Y

OLDHAM, ENGLAND.

Specification as above but output level 60dBmV

TELEPHONE: 061 652 3221 TELEX: 669911

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

30
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insoftware

Direct transmission and reception of
pictures by radio or telephone, using only a
Commodore 64 computer.

tures over an audio chan-
nel. The method is greatly used
these days allowing us to
transmit and receive pictures
all over the world both by tele-
phone and by radio.
The signal transmitted is
frequency modulated as fol-
lows

low-scan television is a
way of transmitting pic-

1200 Hz sync pulse
1500 Hz black
2300 Hz white

and frequencies from 1500 to
2300Hz represent levels of
grey. A picture is completed in
about eight seconds, consisting
of 128 lines each 66ms long.
Sync pulses are 5ms long (hori-
zontal) and 30ms long (ver-
tical).

Considering’ the interest
shown by our correspondents
when we tell them our s.s.tv
transmission was simply
directly generated by a Com-
modore 64 using just software,
we are sure our program will
please lots of enthusiasts.
These notes should fill a large
gap in the literature: we often
read about the use of compu-
ters for communication in rtty
and c.w. but as far as we know,
never has an important maga-
zine published complete prog-
rams for using a computer with
s.s.tv. Through this program
the user of a C64 will be able to
transmit the full character set
of the computerin s.s.tv.

To load the program type the
list, verify and save it before
the rUN. On RUN we open a
window on the screen capable
of containing eight characters
by seven lines. The cursor has
full movement in it; transmis-
sion can be actuated by press-
ing the ‘left arrow’. After a few
seconds for the basic version of
the program the loudspeaker

will give out the characteristic
s.s.tvsound.

We have also written a ver-
sion of the program in machine
code which allows the text to be
transmitted instantaneously.

To stop transmission or mod-
ify text hold the key RETURN
pressed; during vertical sync
(which can be found acoustical-
ly as a constant tone about
every eight seconds) a routine
scans the keyboard and if the
RETURN key is found pressed,
stops the transmission.

Even if the list is quite long,
those who load it will have the
satisfaction to have something
really complete and which is
not, at the moment, on the
software market. The program
will free s.s.tv enthusiasts
from the restrictions of special
pens and flying spot scanners.

We succeeded in writing this
program to receive s.s.tv via a
Commodore 64 directly, with-
out any dedicated interface, by
just connecting the receiver
a.f. output to the C64 user port.
We combined s.s.tv rx and
machine code Tx in the same
program so we now have a
program which puts s.s.tv im-
mediately in your hands and
eyes. F1 actuates the exchange
rx/tx, F7 suppresses inter-
rupts, allowing excellent clear
pictures to be received. If you
wish do contact usbys.s.tv.

Programdescription

1000-1130 load routines in
machine code.

1320-1520 load video loca-
tion from the keyboard.
1550 SYS20224 ($4F00)
routine fills all memory loca-
tions to be transmitted with
black ($FD).

1560-1590 gets characters
from the screen.
1580 stores

in 20479
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low-scan television

(34FFF) the progressive
number of the character
picked up.
1610-1690 gets eight bytes
from rom character and
stores them serially from
$4000.
1700 SYS20736 routine in
machine code finds starting
address of s.s.tv characters,
loads in memory bits con-
tained in eight bytes from
$4000.

1750-1770 load horizontal

sync grill.

1780 load vertical sync.

1790 SYS20480 routine

transmits in s.s.tv, recogniz-

ing the memory location con-
tent. Every vertical sync
verifies if a key is pressed — if
positive, transmission is
stopped and the program
prepares itself to receive
new text, otherwise trans-
mission is repeated.

The sequence of operations to

access the character rom are
1-remove interrupt
2—select character rom

3 — get the desired character

4 ~remove character rom

5 —restore interrupt.

The character rom and regis-
ter are both located from
$D000 and $DFFF; it is so
required to select one of them
depending on needs. First in-
terrupt must be suspended by,
in Basic, pOKE 56334, peek
(56334) anD 254, and in
machine code by

LDA #$FE
AND $DCOE
STA $DCOE.

The memory bank containing
the character rom is selected
by setting to 0 bit 2 in the
control port, which is in loca-
tion $01. Remember, aAND with
0 set to zero, aAND with 1 leave
unchanged; or with 1 set, or
with 0 leave unchanged. This

by Giuseppe
CameroniI2CAB
and Giancarla
Morellato I2ZAED

Giuseppe Cameroni and his
xyL Giancarla Morellato grad-
uated in commerce and che-
mistry and both got their
amateur radio licences at ab-
out the same time, having met
via the radio. Software and
hardware experts, their know-
ledge of computing embraces
all of the main languages
together with the hardware of
most personal computers on
the market.

PinB

User
ort
audio  3K3 P

input

Pin A

Though thereceiver’s audio
output can be directly
connected to pin B this
circuit will give some input
protection. The BC107 or
2N2222 circuit needs the
a.f.gain sethigh; an op-amp
allows alower gain setting.

Pin 3
_ 47k
Audio/ video

socket fy mic

Pin &4

Eventhoughitis possible
to transmit s.s.tv pictures
simply by placing the tx
microphone to the tv
monitor loudspeaker, we
suggest you connect, using
shielded cable, pin 3 in the
audio/video connector to
the mike input of your
transmitter viaa
potentiometer.

Copies of the complete machine
language program containing
both transmission and recep-
tion in s.s.tv (RXT SSTV) are
available on disc or cassette
directly from the authors for
£15 (L30,000) (two sheets of
instructions are included) at via
Damiano Chiesa 26, 27029
Vigevano, Italy. Cost is reduced
to £10 by sending a floppy disc.
Basic listings that accompany
this description are available
from the editorial office.
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isthe instruction in Basic:
POKE1,PEEK (1) AND 251
and in machine code:

LDA #$FB

AND $01

STA $01.

The character rom is now at
our disposal. Characters are
stored from $D000 eight loca-
tions per character depend on
their screen code. Each bit of
the eight bytes corresponds to
a point on the screen which
could be put off if zero or on if
thebitvalue 1.

Capital letter A has got a
screen value 1, so it is memo-
rized from D008 to DOOF and
the content of progressive
memory locations is $18 3C 66
7E 66 66 66 00, see example:

SSTV

Byte Bits Picture
$18 00011000
$30 00111100
$66 01100110 A
$7E 01111110
$66 01100110
$66 01100110
$66 01100110 it
$00 00000000 ...

Obviously capital B with,
screen code 2 is situated from
D010 and $D017 and so on for
all other characters.

Now position the i/o bank
with the Basic message

POKE 1,PEEK (1) OR4
or in machine code,

LDA #$04
ORA $01
STA $01.

Restore interrupt from Basic

POKE 56334, PEEK (56334)
OR1

In machine code:

LDA #8301
ORA $DCOE
STA $DCOE.

Location $4FFF contains the
progressive number of the
character drawn on the screen
locations; doubling this value
and adding it to the base loca-
tion ($4E00) in the address
table gives the starting loca-
tion of a certain character. In
eight locations starting from
$4000 there are bytes obtained
from the character rom, and it
is necessary to translate these
bytes into bits and store them
with the memory locations to
be transmitted.

We did that by using the
instruction roL (rotate left)
through which carry is loaded
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with the left-most bit of the
byte considered. This instruc-
tion is followed by Bcc (branch
carry clear) which verifies the
state of the bit, following the
routine store $00 if the bit ison
or $FD if the value of the bit is
off.

Loading example

Suppose the letter A is in the
first position of the screen, the
starting location to load the
s.s.tv character is found from
the table $4E00, and is $6200.

From the rom character the
letter A means $18 $3C $66
etc. which will be arranged
thisway:

$6200 000000 FD FD 00 0000
$624000 0000 FD FD 0000 00
$6280 00 00 FD FD FD FD 00 00
$62C00000 FDFDFDFD 0000
$630000FD FD 0000 FD FD 00

and so on over the character
and all the text.

Picture transmission

Every line of video consists of
64 memory locations, the con-
tent of which actuates the
transmission as follows

300 = white; frequency of
2300Hz is transmitted for the
length of a point (0.93 ms)

$FD = black; frequency of
1500Hz is transmitted for the
length of a point (0.93 ms)

$FE = horizontal sync; frequen-
cy of 1200Hz is transmitted for 5
ms

$FF = vertical sync; frequency
of 1200Hz is transmitted for 30
ms

A different memory content is
not recognized by the program
just now. The content from $00
to $FD would be suitable as
transmit values for grey in
some future expansion of the
program.

The frame transmitted con-
sists of seven text lines con-
taining eight characters each.
Every character is constituted
by a matrix of 8 by 8 points; so
the image definition will be

horizontal: 63 points: 8 by
8—horizontal sync.

vertical: 128 points: 7 by 8 by 2
(every line is loaded twice)+ 16
lines of buffer.

I inserted these 16 lines (eight
supper and eight lower) to get
the picture received easily
with a substandard monitor.

Directpicture reception

At the beginning we initialize

the area of memory concerning
the position of colour, actuage a
‘clear’ in all locations that will
contain picture information,
qualify the bit map and the
multicolour mode; all these op-
erations are necessary to pre-
sent a memory location as a
point with different levels of
grey.

It is required to know accur-
ately the frequency presented
to the input (user port) of our
computer to let it do all the
operations concerning the
composition of the picture; col-
our a point, actuate horizontal
or vertical reset. This sam-
pling of the input frequency
must be done continuously in a
very short time, by rewriting
the Nm1 (mon-maskable inter-
rupt) routine which is normal-
ly situated starting at $FE47
and modify for a new allocation
by changing the content of the
pointers $0318 (nmi 1.s.b.) and
$0319 (MN1m.8.b.)

The c.p.u. of the Commodore
64 has various jobs to carry out
which, even if requiring very
short time, continuously dis-
tract it causing holes in the
sampling. To obviate this it is
necessary of concentrate the
attention of the c.p.u.; this is
the function of key F7 which
removes and restores video in-
terrupts (bit 4 in location
$D011). Through this, excep-
tionally clear reception is
achieved.

If the audio frequency gain
in the receiver is kept high to
saturate the input port our
program directly presents
s.s.tv pictures on the screen. It
isonly necessary to connect the
a.f. output to the pin B of the
C64 (see diagram).

We merged the program for
transmission and this one for
reception into a single
machine-code version. So this
way of communication is im-
mediate and completely ac-
cessible to the Commodore 64
owners; readers who desire
this program (rTx sstv) do
please contact us. The program
allows, among other things,
the direct reception of pictures
transmitted from space during
space shuttle flights.

The program is entirely
written in machine code and is
presented in Basic just for easy
loading; we suggest that once
you have typed it to save it,
verify it and ruN, when the
reception of s.s.tv pictures is
immediately available to you.®

ﬁ

'NEXTMONTH...

Video digitizer

Toenable X-ray picturestobe
transmitted between hospitals and
importantfeatures emphasized
while unwanted ones are
eliminated, this ‘frame grabber’
uses high-resolutiondata
converters working at 30MHz.
Images can be stored, transmitted
over low-bandwidth links and
computer-enhanced or modified at
will with as possible resoiution of
512by 512 elements, and a 16-
from-4306 colour palette.

Mobile radio

We survey techniques and
equipmentin modern private
mobile radio systems, celiufar
radio has made a vast difference to
mobile communications and this
feature investigates trends in this
area, pmr, cordless telephones
and non-voice transmissions.

Turing's computable numbers
Fifty years ago this month, Alan
Mathison Turing published his
famous paper “Oncomputable
numbers, with an application to the
Entscheidungsprobiem”, which
described in abstract the modern
stored-program computer. Tom
Ivaltassesses theimportance of

the paper, which possibly
influenced von Neumann’s workin -
the USA.

50 Yearsof BBCtv

Also celebratingits fiftieth
birthday, BBC television looks
back at engineering developments
over the yearsand attempts to
forecastthe techniques of the
future.

Sunspotsand HF

A detailed investigation of
variations inthe F2 layer of the
ionosphere uses agraphical
method known as a Chronagram.
Thisarticle explainsthe
sometimes mysterious vagaries of
ionospheric variations which
affect h.f.— stillthe most common
method of maritime '
communication.

Allthese and many more in
November'sissue, onsale
Wednesday, October 15.

Take a half-price subscription now
~the offer won't last for long.

ELECTRONICS & WIRELESS WORLD OCTOBER 1986




<:>®®®<; ) Professional Precision for the Amateur Enthusiast.

= ' ANTEX has a worldwide reputation for quality & service & for many years
SOLDERING KIT has been one of the best known & most popular names in soldering. Always
Uy g A at the farefront of technology, ANTEX is continually researching new and
and pack of sokder better ways of achieving more accurate, reliable, and cost effective
solderi ng _On ANTEX Soldering Irons, the advanced design of the interface
etweer lement & the bit allows more efficient heat transfer to the
nproved stability of the temperature at the point of contact with
ndeed, experiments have shown that an X525 watt iron can be
40 watt iron would no have bzen required.
it & low leakage zurrents & h
it exceptionally low le e zurrents & hence
sitive Device . Sophi temperature

e

TCSU1 Soldering Unit

.

SK5
Soldering Kit
A
e ol X5
=
=
Model CS
/3
Model C
TCSU-D
Temperature-Controlled
Soldering Unit - §
ModelC SK5 Soldering Kit. Contains i~ CIRCLE 72 FOR FURTHER DETAILS S /
;5105 Watts. Available for rmodel CS 240v Iron, an ST4 TCSU-D \eb‘ g
, 220, 115, 100, 50 or Stand and solder. Model CS-EP I Derature 5 &
24 volts. K6 Soldering Kit, Contains  — 17 Watts. 240 volts, fitted ngtrolled Sgldering Unit ’\é. 2 b@\ / /
Model XS model X5240v Iron, an ST4  with British Plug. with 50 W Iron (XSD) and / N LS
— 25 Watts. Available for Stand and solder. TCSU1 built around FERRANTI / & = /
240,220, 115,100,50, 24 5K5-BP and SK6-BP — Very robust temperature custom-made ULA. Range / QQ\ Q\\(' / QQ"
or 12 volts. Soldering Kits as above with  controlled Soldering Unit, Ambient to 450°C. Acc- S ¥ T
Model XS-BP British Plug. with a choice of 30 Watt uracy £ 5°C. Zero &P 4 i
— 25 Watts. 240 volts, fitted  Model CS (CSTC)or 40 Watt (XSTC) ~ crossingswitching. ,/* SN @
with British Plug. — 17 Watts. Available for miniature irons. Detachable \‘\»& & 7 A
ST4 Stand 240, 220, 115, 100,50, 24  Range 65°C t0 420°C. sponge Y \éz;-?' &
—Tosuit all irons. or 12 volts. Accuracy 2%. tray. ¥ P I'N




DECIBEL

“The ancient Greeks had pipped us at the
post. Star magnitudes differ by 4dB.”

exactly one decibel attenua-
tion. Thus the number of de-
cibels of attenuation in any
system where the input power
P, and output power P, is
known is

A(dB)=1 0108’10}}2_;.

If the system resistance was to
remain constant, then P,=1°R
and P,=1,R so that

2

A(dB)lelogloil—gg
1

I7? R
= 1010g10é+ 1010g10ﬁ
=0

= 2010g10%.

But if the resistance levels are
not the same, then the current
ratio (or the voltage ratio)
cannot be used to yield a
meaningful dB figure. This is
an error often seen now, with
little thought by the student
(and sometimes even by his
teacher...).

Power gain orvoltage gain?

As an example, consider an
operational amplifier used as a
voltage follower, whose output
impedence is 50 ohms with
input impedence 1 megohm,
then the voltage gain is very
nearly unity. Therefore the
gainindBis

Vo
2010ngi =0dB.

...and (as some beginning
students often ask) what’s the
use of no gain? But the power
input at the terminals of this
amplifier is V,%/10° watts, and
the output power is
V2/50 watts. Therefore the
gainis

6
1010gm%=43d8.

So how can an amplifier have
no gain and 43 dB gain at the
same time? The answer is that
the first result is meaningless:
decibels compare power levels
—not voltages or currents.

One further example might
drive the point home. What is
the gain of a transformer with
a step-up ratio of 25: 1? V, will
be 25 times V,;, therefore
obviously the gain is

36

20log,022= 2848,

But we are told that the trans-
former is 89% efficient, so 100
watts in will deliver 89 out.
The other 11 waits warm up
the device. This gives a power
loss of just over 0.5 dB.

Therefore the use of dB’s
with anything other than pow-
er levels should be treated with
great care.

Rootless wanderings

I have actually seen written
somewhere on an advertise-
ment “... the power output is 50
dB...” I wondered if this could
{mean that the power level was
“relative to one wingbeat of a
housefly”, in which case there
might be very little power
available from the amplifier!
Decibels can never indicate
absolute power levels — only
relative levels. Once again the
telephone engineers in earlier
times chose a standard refer-
ence level of one milliwatt in
600 ohms. This way of stating
absolute powers is written as
so many dBm. But even this
notation was viewed with
suspicion by august bodies like
the IEEE, who stated; that
“They did not recognise any
letters attached to ‘dB’ as
meaningful...”.

Other standards were estab-
lished relative to this 1mW
level. In 1940, H.A. Chinn and
colleagues® reported on the
standard then adopted by
broadcasting groups in the
USA regarding the calibration
and meaning of what was to be
called the ‘volume unit’ (VU).
This was referenced to the

. 1 mW level in 600 ohms. The
VU meters subsequently based

' on the standard became
numerous in studios, and
much more recently in home
entertainment equipment.

Power referenced to one watt
is also commonly met. Radio
Amateurs now become famil-
iar with transmitter power
outputs as so many “dBW".
Non-mathematical RAE
candidates or people confused
already with decibels find this
formidable. One approach
(also useful for rather more
advanced engineers...) notes
that 3 dB is a doubling of
power. Thus 6 dB means a

a doubling of the doubling, 9
dB a further doubling and so
on. Therefore when we learn
that top band carrier levels
must be not greater than 9
dBW, we reason: “first doubl-
ing, two watts second doubl-
ing, four watts the third takes
us to eight watts”.

The maximum peak en-
velope power on the main h.f.
bands is 26dBW, which means
eight doublings (i.e. 24dB
watts. The further 2dB takes
this to around 400 watts.

Another point to notice is
that 10 dB is exactly ten times.
So another way of reasoning is
to take, for example, the
26dBW as two lots of 10dB and
a further two doublings (that
is, 6 dB more). This is reasoned
as “Ten dB on a watt is ten
watts, a further ten dB takes
us to one hundred watts, dou-
ble, then double again — i.e.
400 watts exactly.

M.N. Lustgarten stirred
up a small hornet’s nest about
the uses and misuses of dBs
when he wrote a letter? in the
IEEE Proceedings, November
1971. The problem really was
to do with the loose terminolo-
gy that had crept in regarding
units attached to the number
in the argument of the
logarithm®. Mathematically

“

Thus if P, = 3 wattsand P, =
42 watts then the gain
_ 42 watts
G= 1010g10—3 - 11.5dB,
which can also be written
_ 42 watts
G= 10108'10 1watt
3 watts
1 watt
~.G=16.2—-4.7dB=11.5dB.

10108'10

WeberandFechner

Rather fortuitously, but with
some interest, Ernest Weber
(1795-1878) found that the
smallest detectable physiolo-
gical response AR is prop-
ortional to the fractional
change in the stimulus, given
by AL/L. G.T. Fechner®, inte-
grated Weber’s result and ex-
perimenters found that, for
instance, the human senses
follow the resultant logarith-
mic law quite well over quite
wide ranges. Thus the Weber
Fechner Law is well known in
thelife sciences: R = klog,( L.

This means that a decibel scale
of, say, sound power appears as
a linear scale to the ear. It
happens to be one dB change in
sound level is just discernible
to the ear. The use of a decibel
scale is very convenient when
the range of hearing from the
smallest sound to the

“How can an amplifier have no gainand 43dB
gain at the same time?”

such numbers must be “pure”,
i.e. they must not be quantities
with units in any of these
transcendental functions. For
instanceif

y=log. (P wattg)
then P=ey=1+y+§—!+%+ N

and how can the dimensional
quantity on the left (watts) be
equal to a dimensionless set of
pure numbers on the right?

Therefore the ratio of two
quantitiesis alright —the units
“cancel”. For example

Py (watts) .
P, (watts) isfine.

But even this is splittable by
the rules of logs into

N= 1010g10P2(WattS)“
10log,oP(watts).

N=1010g10

The answer is that the Ps must
be thought of as the measure of
the powers, in other words, as
“how many times up on the
basicunitis P,”.

threshold of pain amounts to
10'°. This range of 120 dB is
referenced to theée lower
threshold — taken as a sound
flux of 10~1*W m=2at 1000 Hz.
But the ancient Greeks had
pipped us at the post. They
knew (by direct observation,
presumably) that the light sti-
mulus to our eyes-has a logar-
ithmic response relationship.
Hipparchus divided the visible
starts into six magnitude
groups. These had equal sub-
Jective divisions from the first
magnitude to the dimmest, or
sixth magnitude. Later it was
found that the ratio of the
luminosity of the brightest to
the dimmest (a difference of
five magnitudes) was about
100 : 1. Therefore the ratio of
luminosities from one magni-
tude to the next is 100" =
2.512. We can write the ratio
as 10 log,o 100" = 4dB. There-
fore stars one magnitude dim-
mer than a stated one are 4dB
down for the astronomers. B
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There can’t be too many serious electronics
events that enable you to save valuable time,
do a very productive day’s work and have the
opportunity to enjoy yourself afterwards.

But that’s the case with Internepcon - the
electronic packaging show. This October,
Internepcon in Brighton will play host to
approaching 400 suppliers who’ll be showing
products for the contruction of electronics
apparatus. And of those, nearly 100
companies will be new to the event. Not only
that, the Show will boast Britain’s largest ever
collection of connectors.

Come and talk to top names like:
Amp, Molex, Imhof, Schroff, Siemens,
A B Elect, ITT Cannon, BICC-Vero, Plessey,
Varelco, who’ll be showing the latest in
components, connectors, wire & cable, racks,
enclosures, PCBs and a lot more besides.

More than just an exhibition

If you’ve been to any of the previous 18
Internepcons, (and most of your industry
has) you’ll be aware that it enjoys a rather
special atmosphere. For a start there’s a great
dial of cross—gertilisation between exhibitors
and visitors. And second, it’s evolved into
more of a club because it’s an event that
depends upon the participation of both you
and your colleagues.

High-powered, back-up

Conference

As well as the 1000’s of products on show
there’s also an authoritative Conference
alongside to give you practical help. Relevant
topics and special insights into the latest
equipment and materials in the electronic
packaging field will be covered in depth.
Topics to be covered will include: Surface
Mount Devices & Techniques, Connectors &
Interconnection Techniques, CAD/CAM,
RFI/Static Protection, Printed Circuits,
Hybrid Techniques and Automated
Assembly.

COMPONENTS, CONNECTORS, WIRE & CABLE,
RACKS. ENCLDSURES, PCB'SETC, . ... ANDIT'SIN BRIGHTON.

Metropole Convention Centre
CIRCLE 36 FOR FURTHER DETAILS

wwWwWeamericanradiohistorvy. com.

Brizhton’s such a nice
place to do business in

Visiting Internepcon in Brighton does have
its compensations. Because as well as being
able to save yourself literally months of

roduct evaluation time you’ve got a coastal
rocation that’s been delighting visitors for
years. It’s brimming full of good places to eat,
breathtaking sights and exciting nightlife. So
take this opportunity to spend a productive
day (or why not stay over?) and tEen unwind
in pleasant surroundings.

So make sure you don’t miss out at
Internepcon in Brighton this October. For
you and your colleagues to gain FREE entry
to the Show just complete the coupon below
or better still ring 01 891 6471
e e e e e T e = |

To: rte-n=pcen — the Electronic Packaging Show, Cahners |
Ezhiitioas Lzd 59 London Road, Twickenham TW13SZ.

' [V l’n{hrnmg a'trip to the Show. Please send
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This early monolithic
piezoresistive transducer is
available in three forms —
gauge, differential and
absolute - and includes
thick-film thermistor
temperature compensation
external to the sensor
element.

Transducer can be used as
itis for musical instruments
or close microphones, Fig. 2,
but for stand-off mics the
portshould be shortened to
accept the wider angles,
Figs 3,4. Transducer
requires only excitation
voltage and coupling
capacitor to function as a
microphone, Fig. 5.

Integrated pressure
sensors in acoustics

Gary Morton of Hi-Tek examines the
selection of integrated circuit pressure

transducers as acoustic sensors in

microphones and other pick-ups and

explains their use in acoustics.

transducers are ideal asan

acoustic sensor in micro-
phones, hydrophones, sound
level meters, musical instru-
ment pickups, audiometers,
and other sound detection ap-
plications. The i.c. transducer,
of which a typical example is
shown in Fig. 1, has a wide
amplitude response (from zero
frequency to 50kHz) and a
built-in operational amplifier
that provides a high-level sig-
nal output for audio range (up
to 30kHz) pressure variations.
Because the transducer dia-
phragm’s natural resonance is
outside the audio range
(~50kHz), it does not generate
audio-range harmonics from
input sound waves, which
totally eliminates tricky mic-

Integrated-circuit pressure

rophone squealing even in
heavy feedback situations. The
i.c. pressure transducer’s high
accuracy, which can be further
improved by auto-referencing,
qualifies it for use in precision
audio instruments.

With the pressure port tube
in place, the i.c. transducer has
a directional acoustic pickup
pattern that can be broadened
by reducing the length of the
tube. If the tube is removed,
the pickup pattern is similar to
a high quality cardioid micro-
phone. The transducer can be
used for musical instrument
pickups (Fig. 2) or for close-up
directional microphones, but
may require tube modification
for other types of microphones.
It is important to note that the
port must be protected by an

Fig.4

Acoustic block for gauge unit

Fig.3

only

Fig.5

Acoustic block for gauge unit

I OV

v

Audio output

W

40

acoustically compliant ma-
terial to prevent breath mois-
ture from reaching the trans-
ducer circuit in any mic-
rophone, wind instrument, or
other application where some-
one could blow into the port.

For stand-off microphones,
the additional gain can be
obtained by use of reflective
sound collectors. A paraboloid
reflector for directional pickup
can be used, as shown in Fig. 3,
or a hyperboloid for wide angle
pickup, as shown in Fig. 4. In
either case, the pressure port
needs to be shortened to accept
the wide angles within the
acoustic system.

Acoustic transducer selection

For acoustic measurements,
the most sensitive gauge pres-
sure transducer is normally
selected. The sound pressure
waves are usually small, re-
quiring high sensitivity, and
the gauge inlet balances out
atmospheric pressure. Since
sound pressure waves go both
positive and negative around
the mean atmospheric press-
ure, a pressure transducer
with a +5 psig is ideal for the
following applications. De-
vices which have a response
centred at 15 p.s.i. (atmospher-
ic pressure) can also be used
and often have the advantage
of not requiring an acoustic
block for the gauge inlet.

For microphones and other
audio pickups, the transducer
only requires excitation vol-
tage Vi and a 1pF series capa-
citor to function effectively asa
sound sensor, Fig. 5. The sound
can be coupled in by any
appropriate means as discus-
sed above and by following the
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general principles used for all
acoustic pickups.

Conventional sound pres-
sure level meters normally use
a microphone pickup. The re-
sulting signal is amplified, re-
tified and used to drive a meter
readout. Since the i.c. trans-
ducer’s signal is already ampli-
fied, it eliminates much of the
s.p.l. meter circuitry, Fig. 6.
But to be accurate, the s.p.l.
meter must be precisely cou-
pled with the sound pressure
level input. If an accuracy bet-
ter than 3% of amplitude is
required, either restricted
temperature range or normal
mode auto-referencing should
be used.

In underwater sound pickup
applications, an absolute
pressure transducer is used. In
this case, a very simple,
hermetic enclosure needs to be
used to protect the sensor. Fig.
7 shows an example.

The audiometer and tym-
panometer combines the capa-
bilities of the i.c. pressure
transducer for precise sensing
of both audio pressure varia-
tions and static pressure. As
shown in Fig. 8, this instru-
ment uses an audio generator
to teat the response of the hu-
man ear. The audiometer func-
tion relies on patient response
and hence is only required to
measure the a.c. amplitude
(and frequency, if desired) of
the audio signal entering the
ear via the ear plug. The tym-
panometer measures the com-
pliance of the ear drum with-
out patient cooperation by
comparing a.c. amplitude with
d.c. level shift resulting from
back pressure between the ear
plug and the ear drum. Both
normal mode and common-
mode auto-referencing can be
used to increase measurement
accuracy.

Like the audiometer and
tympanometer, the sphygmo-
manometer makes use of both
a.c. and d.c. pressure detection
level measurements. It mea-
sures the absolute blood press-
ure levels for the systolic and
diastolic points while monitor-
ing the phase of the heartbeat
cycle for more accurate loca-
tion of the “true” systolic point,
the point where the apparent
heartbeat at the point of
measurement undergoes a
change in phase.

In brass instruments, the
musician’s mouth and throat
are part of the instrument’s air

Fig.7. Absolute pressure
types are required for
underwater use, for
exmaple SCX01DN.

column. As such, the input air
pressure is an important deter-
minant of pitch, volume and
the tonal quality of the sound.
But in the woodwinds, the
musician’s mouth and throat
are not part of the air column;
they are part of the reed. And
as such the input air pressure
is associated with pitch only,
and not basically with the final
quality of the sound. Thus the
need of woodwind players for
an external method to manipu-
late the tonal quality of their
instruments.

Fig.9 shows a fundamental-
ly sound system for woodwind
instruments — the musician’s
concept of the perfect mic-
rophone. It consists of an i.c.
pressure transducer coupled
tightly to the instrument’s
mouthpiece, serving both as a
microphone and as a sound
pressure meter. If the a.c. sig-
nal is modulated by the d.c.
signal, the output of the sound
system is quite similar to that
of an instrument with square-
law attack. The woodwind has
now already acquired the
attack quality of a brass; it's
still up to the musician as to
how the attack is to be used.

Such a system using
microprocessor-controlled
modulation gives an instru-
ment of selectable bell size, a
tonal quality that varies from
“fat” (full and rich) to “crisp”
(sharp and clear-edged), and
something that no echo cham-
ber could even achieve - select-
able delay. A clarinet, for ex-
ample, can be given the attack
of a trombone with the bell of a
sousaphone, and yet retain the
clarinet’s characteristic play-
ing facility .
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Fig. 6. Signal-conditioned type LX1801
eliminates much s.p.l. meter circuitry,
though auto-referencing circuitry is
required for errors of less than 3%.
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Fig. 8. Instrument determines reponse of human ear for
both dynamic and static pressure using transducer type
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Fig. 9. Microprocessor-controlled modulation can give an
selectable delay and tonal quality to an instrument.
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Before you specify your High Resolution

Displays, let’s get things crystal clear

When it
comes to high
resolution display
technology, BARCO
leads the world.
Now, the existing

range of BARCO
4 displays from Cameron
i /4 Communications has
-t been enhanced by the
new 6000 series. An
extremely flexible range of high resolution
colour graphic displays for CAD/CAM, image
processing, mapping, graphic artwork and
other sophisticated applications. Add the
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Cameron Communications
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have superb vision with the uitimate in user-
friendly communication.

A truly remarkable range of products
providing a cost effective OEM design solution
and supported by BARCO’s worldwide service
network.

Cameron Communications provide a
comprehensive customer support service as
well as a customisation facility for your
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telephoning for literature.
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Sales Service and Distribution

Cameron Communications
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Reading RG6 1AZ United Kingdom

Phone 0734 664611 Telex 849256 Fax 0734 67716
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Designing with
dynamic memory

Large memory arrays can be produced
economically with dynamic ram provided
careis taken over timing requirements,
refreshing and the supply rail. Part 3
concludes the series.

he simplified circuit dia-
I gram of the dynamic re-
fresh generator on the
68000 board is given in Fig. 20,
and its timing diagram in Fig.
21. A refresh clock operating at
7.54kHz signals the need for a
burst of refresh cycles every
1/(7.54 x 103) = 0.133 ms. This
design does not carry out all
refreshes in one burst — it per-
forms eight cycles every
0.133ms, completing all 128
row refreshes in 0.133 x 16 =
2.128ms. By distributing the
refresh operation over 16
bursts of eight cycles, the pro-
cessor is not held up for any
appreciable length of time.

The refresh control circuitry
on the board uses the 68000
busarbitration signals, Bk (bus
request, BG (bus grant) and
BGACK (bus grant acknow-
ledge). When BR is asserted by
a device wishing to control the
system bus, the 68000 re-
sponds by asserting its BG out
put. The requesting device rec-
ognizes BG and then waits un-
til the end of the current bus
cycle before asserting BGACK to
claim ownership of the bus.
Once BGACK has been asserted,
the requester may release BR
and the old master releases BG.
The new master owns the bus
until it releases BGACK.

A power-up, POR (power-on-
reset from the processor con-
trol circuitry) goes low, clear-
ing FF, setting FF,. Any well-
designed circuit should be
similarly initialized and
placed in a “safe state”. In this
state, @ , (i.e. BR) is negated and
Q2 (i.e. NORM/RE) is low, signify-
ing normal operation. When
the refresh clock, a simple RC
oscillator, generates a rising

edge, FF, is set and BR
asserted. The 68000 detects
the bus request and asserts bus
grant BG and-gate G, detects
the condition BG = 0, as = 1
DTack = 1, which occurs
when the 68000 hasrelin-
quished the bus and forces in-
put D, of FF, low. Note that
the other two inputs to nor-
gate G3 (at this time) are both
low — one because we will
assume HALT is negated and
the other because @, (NORM/
REF) is low after FF, has been
preset.

When D, is low, FF, is
cleared on the falling edge of
the 1MHz clock. Output @, is
connected to the 68000 bus
BGACK input and, while low,
stops the processor from re-
gaining control of the bus. At
the same time, it forces the
output of and-gate, G; low,
clearing FF; and negating Br.
Thus FF, has done its job in

this burst of refresh cycles and
isonce more in its initial state.
When FF, is cleared, its q.
output goes high; it is also the
NORM/REF line controlling the
address multiplexer to the ram
array. When high, NorM/Rer
selects the address from the
refresh column-counter (i.cs
C1 and C2).

The output @, is also fed
back to the D, input of FF,, via
or-gate Gg, so that once q, is
high the flip-flop is held in this
state and no longer depends on
the state of BG from the proces-
sor, as BG 1s automatically
cleared following the negation
of BR. Flop-flop 2 is now “locked
up”, Q@ high, and can only be
released by the assertion of its
PRE (preset) input.

The final role played by Qg is
to gate the 1MHz clock in and-
gate Gy, the output of which is
the pulsed ras needed in the
refresh cycle. Because Q.,

by Alan Clements,

Ph.D
Teesside Polytechnic

The three parts of this article
are based on part of a book ‘The
68000: software, hardware and
interfacing’ to be published
next spring by PWS Boston,
who are represented in the UK
by Wadsworth International.

MEX68KECB, referred to in
September’s article, is Motor-
ofa’s 68000 educational com-
puter board, requiring power
supply and v.d.u. terminal. The
ECB has powerful monitor cal-
led Tutor which enables 68000
programs to be entered, de-
bugged and executed.
Although now somewhat
dated its monitor is the basis
of most educational and train-
ing systems on the market.

Fig.20. Dynamic refresh
generator on the 68000

 educational board

distributes refresh
operation over 16 bursts of
eight cycles so that the
processor isnotheld up
appreciably. Timing
diagramis at Fig.2, over.

BGACK
= 5 REFA),
& ¢ | —REFAQ
K 1 REFAQ3
e 0, O Gy
REFCK (75kH
B REfCI L Sk FR \ L5393

7
%

Y]
Y

Gy ——REFAQ,
o ' l L REFAQS

———REFA

Cof———reraq;
L5393

REFRAS

MMHz (K

(1 &C; are counters which provide the dram array with

a 7-bit refresh addrecs REFA01 =
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Refresh clock starts
refresh operation

RFCK

01 ofF :

11

\ «_

1MHz (K
from
68000 \
DTACK

—

\
\ \

BUSFREE //

NORM/REF

-0,
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I f’j

Oy of counter Cy
(Od low presefs. 02 of FF2 )

Terminates,
refresh A
operation

Fig.21. Timing diagram for
Fig.20.

Fig.22. Structure of

when low, allows counter C1 to
operate, three bits of the re-
fresh address appear on REFAg;
to REFAge which form part of
the dynamic ram’s row refresh
address. This counter is clock-

C1 has produced eight pulses,

its @q output rises and disables
and-gate Gg. This presets FF2,
causing Qo (i.e. BGACK) to be
negated, freeing the processor
by releasing BGACK and Qg (i.e.
NORM/REF) to go low, disabling
and-gate G4 and removing the
refresh clock (REFRas). The
system is now in its normal
state, with BR, BG and BGACK
all negated. The only change
since the start of the cycle is
that counter C2 has been ad-
vanced by one, so that the next
time the refresh clock gene-
rates a pulse, the following
eight row addresses will be
refreshed.

TMS4500A dynamic ram
controller

I have always been surprised
that the semiconductor manu-
facturers have done so little to
make it easy to interface
drams to microprocessors.
Some d-ram controller chips
have appeared, but most of
them perform little more than
address multiplexing and the
generation of a refresh ad-
dress. The designer still has to
generate the Ras, cas and

TMS4500A dynamic ram | ed at the refresh rate — 1IMHz. multiplexer timing signals. To
controller which produces | A second-state counter, C2, is be fair, itisnot easy todesigna
additional MUX, CAS and | clocked by C1 after eight cycles d-ram controller because the
RAS signals, and generates | and provides the remaining timing requirements of d-ram
refresh controland | four row refresh addresses — chips are very stringent if they
arbirationsignalsrequired | REFAg3to REFAg7;. are to be operated at their
by the d-ram. After the three-bit counter limits.
RA,—RA, | ‘) - :
A—A address :>
L 8 B4 tatch
(A —CA | | :
0 7 g —
J}) :::::'; _"'_> Multiplexer | M o A=Ag
latch
ALE bgm| ]
Ag—hal ) Refresh :”>
counter
Control dram
c.py. logic | e — array
{user
upplied} | __ b
E Select
RIW REN) latch RAS,
o AL RAS,
oS REFREQ
UDE| Timing | CAS
— &
DTALK Arbiter control
- ROY
i TWST i (to c.pu.or
Clock FSo Refresh control logic}
rate
FSy | generator
TMS4500A
K (K l dram con'r
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Several controllers have
been designed which include
all timing and control func-
tions on one chip and which
can make a d-ram array look
almost like a static ram array.
One such device is the Texas
Instruments TMS4500A. I am
going to briefly overview the
chip, but I do not intend to
wade through the data sheet
and applications manual in
any detail here. Figure 22 il-
lustratesits structure. A 16-bit
address from the micro-
processor is applied to Rag —
RA; and cag — ca; and is lat-
ched into the controller by the
address latch enable input,
ALE. If the €S input is active-
low when it is latched by ALE, a
memory access begins.

The 4500 places the row
address on its MAg — MaA; out-
puts and awaits a negative-
going edge at its ACR or its ACW
input. These inputs (one for a
read cycle and one for a write
cycle) are used to multiplexer
the column address onto mag —
MA7 and to assert the cas out-
put. All timing is performed by
aclock input to the 4500. Three
of the inputs, TWST, FSg and Fs;
are used to program the clock
frequency, the number of wait
states per access (zero or one)
and the length of the refresh
cycle.

Although a refresh can be
forced at any time by strobing
the REFREQ pin, it is con-
venient to operate the 4500 in
a hidden refresh mode. the
4500 performs a single refresh
automatically at a rate deter-
mined by the clock input and
its programming pins. If the
controller is accessed by the
processor when a refresh is
due, either the processor or the
controller must wait. An inter-
nal arbitration mechanism de-
termines which goes first.

The recommended interface
between a 4500 and a 68000
microprocessor is show in Fig.
23. The address on Ag; — Ayg
from the 68000 is latched into
the 4500 by as. The acr
input is clocked by a delayed
version of the As pulse, provid-
ing asuitable Rasto casdelay.

Note that Acw is permanently
connected to V.. Two banks
of d-ram are provided; one
strobed by LDs and one by
UDS. A clever feature of this
circuit is that the DTACK ack-
knowledge to the 68000 is de-
rived from cas from the 4500

continuedonpage 46
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IBM’s PCfiling
system

This description of PC DOS —a version of MS
DOS — complements last years series on
floppy disc filing systems for microcomputers.

isc operating systems
insulate the user from
that way the data is

stored on the disc, and allow
the manipulation of sets of
data (files) simply by referring
to their names and common
English words such as LisT,
copy and ERASE.

Floppy discs are divided into
concentric tracks, each divided
into radial slices (sectors). A
sector is of a fixed size for a
particular system, for exam-
ple, a pc Dos sector contains
512 bytes of useful data. The
sector also contains the track
number and sector number for
identification, the sector size,
and cyclic redundancy check-
ing information, used to check
whether data has been read or
written correctly. A file may
occupy one or a number of sec-
tors, which may be contiguous
or scattered over the disc. The
user does not have to worry
about this, as the pos keeps a
directory of all the files on the
disc, and which sectors each
occupies.

IBM’s pc DOs associates cor-
responding tracks on opposite
sides of the disc to form a cylin-
der, which allows two tracks to
be read from the disc without
any movement of the read/
write head, with a consequent
increase in speed over systems
which use the two sides of the
disc separately, for example
cp/M. A pc pos disc contains 40
cylinders, consisting of one
track on each side of the disc, or
one track only if the disc is a
single-sided one. Each track is
divided into 9,512 byte sectors.
(Earlier versions had only
eight sectors per track).

The directory

A disc operating system keeps
adirectory on thedisc of all the
files together with information

about which sectors each occu-
pies. This is analogous to the
index of a book which contains
the chapter titles and the page
number where the start of each
chapter is to be found. Usually
a chapter in a book occupies a
number of consecutive pages,
but this is not always the case
on a computer disc; sectors
occupied by a file may be scat-
tered randomly over the disc.
How pc pos uses the file alloca-
tion table (rAT) to overcome
thisdifficulty is shown later.

In pc pos the directory in-
formation (and some other sys-
tem information) is always
found in a fixed place on the
first cylinder, and the rest of
the disc is available for file
data. This file space is divided
into clusters, analogous to
pages in the book. A cluster
consists of two consecutive sec-
tors. (On a single-sided disc a
cluster contains only one sec-
tor.) The clusters are num-
bered, starting at cluster num-
ber 2, which starts immediate-
ly after the directory.

Directory format

The directory occupies seven
sectors, starting with sector 6
of the first cylinder (sector 4 on
eight sector/track discs). Each
entry occupies 32 bytes as fol-
lows:

Each of the seven directory
sectors can contain up to 16 file
names, thus a disc may contain
up to 112 files.

File name and extension

The file name is supplied by
the user when the file is writ-
ten on the disc, for example by
using the save command, and
consists of up to eight charac-
ters padded by spaces, followed
opticnally by an extension of
up to three characters, also
padded by spaces. The exten-
sion is sometimes used to de-
note special types of files such
as Bas for Basic files, asm for
assembly language source
files, and ExXE for executable
machine code files. A character
is represented by a byte of
data, according to ascii.
Attribute byte: Enables the
pos to identify files which
must be protected in some way
from user interference. Not all
of the attribute byte is used. If
the first (least significant) bit
is set (=1) the file is a hidden
file and will not appear if pos is
askedtolistthe directory. Bit 2
set denotes a system file as
distinct from a user file. A
system file may also be hidden.
Time and date: These entries
contain the date and time at
which the file was created in
coded form, for reference.

by Frances
Stubbs, Ph.D.

File allocation table

Entry Value Meaning
{cluster)
0 FFF Double-sided, 8
sectors
FFE Single-sided, 8
sectors
FFD Double-sided, 9
sectors
FFC Single-sided, 9
sectors
1 FFF Filler
2 003 Pointer to the
next cluster
3 004 Pointer to the
next cluster
4 005 Pointer to the
next cluster
6 FFF Last cluster in
this file
6 000 Unoccupied
cluster
i 000 Unoccupied
cluster
8 FF7 “Bad track’
cluster

Frances Stubbsis a freelance
programmer/analyst and
microcomputer enthusiast,
having pre7iously worked in
Genevaat CERN. His degrees
are in physics from Durham
University.

Byteno. Content R

0007 Filename ! — — N

08-10 Extension g - »

1 Attribute byte: /

1= hidden file \
2=system file ( / /

12:21 Not used= 00 \ | 3 ]

22-23 Time= h x 2048 -+ min x 32 \ /
+ sec/2 "

24-25 Date= (yr — 1980) x 512 - ~

+month x 32 + day 2 g
26-27 Number of first cluster occupied racx
28-31 File size (bytes)
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FLOPPY DISCS

File size: Contains the size of
the file in bytes and used to
find the actual size of the file if
the last cluster is not full.

First cluster number: Num-
ber of the first cluster occupied
by the file. Then pos goes to
file allocation table (raT) to
find where on the disc the rest
ofthe file is.

File allocation table: The
disc contains two copies of the
FAT, starting at sector two of
the first cylinder, each copy
occupying two sectors (only 1
sector is needed for eight
sector/track discs).

The file allocation table is a
map of the total disc space
available for files, and con-
tains an entry of three hexa-
decimal digits for each cluster
on the disc. The directory con-
tains the number of the first
cluster occupied by a file; the
FAT entry for that cluster con-
tains a pointer to the next
clusterinthefile, and so on.

If the cluster is the last one
in the file, the entry is FFF. In
this way the pos can trace the
sequence of clusters which

make up a file. no matter
where they are on the disc. The
entry for unoccupied clustersis
000. If a cluster has been dam-
aged in some way so that the
pos cannot successfully read or
write to it, the entry is FF7,
and pc pos does not use clus-
ters marked in this way.

If the Far is displayed on a
v.d.u. it is not immediately
obvious what it means, be-
cause a byte is displayed with
the most significant digit in
the left-hand position. For ex-
ample, 12 means 2 in the ‘ones’
column and 1 in the ‘16’s’ col-
umn. This is the ‘obvious’ way
for human beings, as it is the
way we write decimal num-
bers. Butona floppy discorina
computer memory the least
significant digit is written
first. Taking the example of
file allocation table entries
shown, the entries for the first
file would be written as

300400500 FFF
or rather 300400500FFF

as the spaces are not there.
Now as data is usually written

to a v.d.u. as bytes (two hex.
digits), with the most signifi-
cant digit appearing first for
convenience, this would then
appear as

03400005 FOFFE

Erasingfiles

When a file is erased from the
disc the first letter of the file-
name in the directory is
changed to E5, and the rar
entries for all the clusters
which it occupied are changed
to zero. The directory space
and the file space which the file
occupied are now available for
further use. (Because the raT
entries are changed to zero the
information about where the
file was is lost, thus unlike
cp/Mm where this information is
retained when a file is erased,
pc pos files cannot easily be
‘unerased’.)

Treedirectory

More recent versions of pc DoOS
also support a tree directory
structure. In this system the
directory is called the root
directory, and may contain

files which are themselves
directories (subdirectories).
An entry in the directory is
flagged as a subdirectory name
by having bit 4 of the attribute
byte set. The subdirectory is
now a file in normal file space.
It has the same structure as
the root directory, but can be
any length. And it may itself
contain further subdirectory
names.

Each subdirectory contains
two entries created by the pos
to allow it to determine the
position of the subdirectory in
the ‘tree’. The first of these is
an entry whose name is “.”, and
which points to the first cluster
of the subdirectory itself, and
the second is an entry whose
name is “.”, and which points
to the first cluster of the parent
directory. These two entries
also have bit 4 of the attribute
byte set.

The tree directory structure
allows any number of files to be
stored on a disc and is particu-
larly useful where hard discs
with their much larger storage
capacity are used. ]

Designing with dynamic memory

continued from page 44

controller. If ever the 4500 is
carrying out a refresh cycle
when the 68000 requests a
memory access, CAS remains
high until the refresh has been
completed and the 68000 is
held up until the access can
take place.

There are two approaches to
the design of memory systems
using controllers such as the
TMS4500A. One is to assume
that the circuit of Fig. 23 will
work because it is from the
manufacturer’s application
notes. The other is to take the
data sheets of the 68000, the
4500 and the d-ram chip and to
put them all together to deter-
mine whether any parameters
are violated.

Problems in dynamic memory
design

Although this article has con-
centrated on timing diagrams,
that is not the whole of the
store. Dynamic ram is associ:
ated with at least two other
nasty problems! the current
taken is very “bursty” and the
current taken by the V. pin
can rise at a rate of 50mA/ns
when the RAS input is asserted.
This corresponds to a rate of

46

change of 50 million amps per
second. Such a rate of change
can cause the V. voltage at the
terminal of the chip to fall to a
point at which erratic opera-
tion may occur. The power
supply problem is solved by a
combination of attention to the
circuit layout and to decoup-
ling. The power lines to each
ram chip are made as wide as
possible to reduce their impe-
dance and a 0.1pF capacitor is
connected between ground and
V.. at each chip — or at least at
every other chip. This capaci-
tor provides the current surge
required by the chip whenever
RAS goes low.

Another peculiarity of the
dynamic ram follows from the
way in which it generates an
internal back-bias supply. The
back-bias does not stabilize for
at least 200ps after the initial
application of V. Therefore,
d-ram should not be accessed
until at least 200ps after the
system has been powered up. B

Fig.23. The TMS4500A
dynamic ram controller
allows the 68000 processor
to be connected tod-ramin
almost the same way as
staticram.
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LOOK AHEAD!

WITH MONOLITH MAGNETIC 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

137 Standard Ranges in a variety of sizes and stylings available |

for 10-14 days delivery. Other Ranges and special scales can be
made to order.

replacement guide and with a
- practical ability, you can do the
whole job in your own home

with our head replacement kit.
Full Information from:

HARRIS ELECTRONICS {(London)
138 GRAY'S INN ROAD, W.C Phone: 01-837 7937
Telex: 892301

CIRCLE 8 FOR FURTHER DETAILS

LOW COST UNIVERSAL PROGRAMMER
EPROMS EEPROMS MICROS

& Completely self contained unit ® Eproms
& No personality modules required. 2508/16/32/64
© Controlled via RS232 serial interface 2758
® Supports Intel, Motorola and Ascii 2716/32/32A/64/64A/128/

hex data formats. 128A/256/512/513
® Easlily controlled by most computers. 27C16/32/64/128/256/512
# Fast and standard programming modes 68732.64/66
@ L.ow and high byte programming for 16 bil data.
® Byte, block and chip erase for Eeproms ® Eeproms:

B 2816A/64A 52813/23/33 48702

| Micro ConcetsJ

2 St. Stephens Road - Cheltenham - Glos - GL51 5AA

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 Catatogue of Replacement
Video and Audio Cassette/Reel to Reel Heads, Motors,
Mechanisms, etc. Please forward 50p p&p.

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

® Micros
8748/48H/439/49H

Tel: 0242 510525

|
L |
——
—
p—
—
—
—
—
—
—
]

~ CIRCLE 27 FOR FURTHER DETAILS
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Simply Superior.

Meet COM 7000. With band widths of 60, 100 or 200 MHz,
Technologically superior oscilloscope built-in digital storage and G.P.l.B. capability,
measuring systems from Kikusui. depending on model.
With all the waveform measurement data Simply superior oscilloscopes you have
right where you need it. to see.

Right where you're looking - on the C.R.T. Ask for data or demonstration.
Screen text display of sensitivity settings,
timebase speeds, delay times, plus voltage aﬂm aaa

and frequency read out. OSCILLOSCOPE MEASURING SYSTEMS

Telonic Instruments Ltd., Boyn Valley Road, ,
Maidenhead, Berks., SL6 4EG.

Tel: (0628) 73933.

Telex: 849131,

A s : 2
'\'/— g e = « FAVAY v ;
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Oscilloscope update

Speed and accuracy improve slightly but
oscilloscopes are much better at displaying
difficult waveforms.

ver the past few years,
oscilloscopes have be-
come a little faster but

their ability to display difficult
waveforms has improved sig-
nificantly. Accuracy has not
improved greatly either, main-
ly because of limitations of the
cr.t.

Instead, there is now a grea-
ter emphasis on built-in
measurement aids like voltage
and frequency meters whose
results are displayed on the
cr.t. Custom i.cs and digital
logic are not only used in digit-
al storage oscilloscopes.

Some new oscilloscopes even
have auto-ranging for both
amplitude and timebase. This
need not cost the earth either.

Storage oscilloscopes

For example the Grundig
MO22 has automatic timebase
selection and costs £425, which
is not much more than a stan-
dard 20MHz instrument.

There are few single-
channel oscilloscopes now and
features like channel add and
invert are standard. And, as
expected, digital storage is be-
coming cheaper — Hameg and
Farnell for example have d.s.os
for under £1000.

Digital storage oscilloscopes
cannot yet replace convention-
al real-time instruments, but
the time will no doubt come.
Hewlett Packard has stopped
producing real-time oscillo-
scopes because d.s.os are better
value for money. If component

costs keep falling, this will
soon apply to oscilloscopes in
lower price ranges.

As you can see from our
table, Scopex has produced no
new instruments, but we be-
lieve that the company is
working on digital storage. If
you are thinking of buying a
low-cost digital storage oscillo-
scope it may be worth waiting
to see what the company’s next
new product is.

Display

Despite the fact that custom
l.s.i. circuits are being used in
oscilloscopes, the c.r.t. still re-
mains the best display device.
The main change in the dis-

play over the past few years is
the addition of colour.

One method of adding colour
is to place a fast l.c.d. filter in
front of the c.r.t., as used by
Tektronix. A method more
suited to digital-storage
oscilloscopes is to use a colour
raster-scan cr.t., as Hewlett
Packard do in some of their
new models. Once the wave-
form is digitized, it is just as
easy to make raster-scan video
signals from it as it is to turn it
back to analogue form, given
today’s digital control i.cs.
And, theoretically at least,
raster-scanning allows an un-
limited colour range.

Another advantage of the

raster-scan method is that it »

Model Chan. Samp. Res. Mem. Ana. Single Pre- Trace Stored Inter- Curs. Aver- Time/ GPIB Pen RS Price Notes
rate  bits K- bw. shot trig. exp’n wave- poln aging volts rec. 232 £
max. byte MHz bw, hor/ forms disp. o/p
MHz MHz vert.
ADVANCE
DS1525A 2 2 8 4 20 . 16/- . 995  Analogue output
DS1526 2 2 8 4 20 . 16/- 995 HPGL serial
Ds1527 2 2 8 4 20 ] 16/- 995 GPIB interface
GOULD
4050 2 100 8 1 35 . 10/~ 2 . . . . . 6320 Waveform proc. option
HAMEG
HM205 2 0.1 8 2 20 2 Opt 448 2mV/division vertical
HM208 2 20 8 4 20 5 . 10/- 4 . Opt = 1300 Battery-backed memory
HEWLETT PACKARD
HP5180T 2 20 10 ~16 10 10 . . 4 . . . . 24384 High accuracy
waveform analyser
HP5180U 4 20 10 ~16 10 10 n . 4 » . - N . 39971 High accuracy
waveform analyser
HP5183T 2 4 12 <512 1 1 . . 4 . . . . . 16675 High accuracy
waveform analyser
HP5183U 4 4 12 <512 1 1 . . 4 . - - . = 25054 High accuracy
waveform analyser
HP54100D 2 40 7 ~1 1G 10 . - 2 - . - - - 16685 For repet. waveform;
high speed
HP54110D as HP54100D but colour 18249
HP54200A 2 200 6 ~1 50 50 . - 2 . - . . . 4650
HP54201A as HP54200A but 300MHz analogue bandwidth 6778
HITACHI
vCe020 2 1 8 2 20 150k = 10/~ 2 - . 1395 Analyser & roll modes
IWATSU
Dsg123 2 25G 8 05 100 100 2 . . 12435
Ds6121 2 40 8 25 100 10 . 10/~ 4 . . . . . . 4335 100MHz equiv. sampling
KIKUSUI
D8S6520 2 2 8 1 20 100k = 2 ] ] Opt = 2650 Ext. clock, roll mode
DSS6521 2 2 8 1 20 100k = 2 Opt = 1895 Ext. clock, roll mode
DSS5020A 2 1 8 2 20  50/400k= 100/- 2 . n 1145 Two a-ds, ref. store
DSS5040 2 25 8 2 40 125/10 = 100/- 2 . . 1595 Two a-ds, ref. store
COM7061 4 20 8 4 60 1/8/60 = 100/- 4 . . - . . 3460 Counter/d.v.m. display
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HITACHI OSCILLOSCOPES
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NEED WE SAY MORE?
Get details of all models - NOW from

DUTCHGATE LTD, Unit 6, 28 Botley Road, Hedge End, Southampton SO3 3HE.
‘2 Botley (04892) 81487

CIRCLE 62 FOR FURTHER DETAILS

The Archer 780 SHC

The SDS ARCHER — The Z80 based single board

computer chosen by professionals and OEM users.

* Top quality board with 4 parallel and 2 serial ports,
counter-timers, power-fail interrupt, watchdog timer,
EPROM & battery backed RAM.

% OPTIONS: on board power supply, smart case,
ROMable BASIC, Debug Monitor, wide range of /O &
memory extension cards.

from £185 + VAT.

The Bowman 68000 &HC

The SDS BOWMAN — The 68000 based single board

computer for advanced high speed applications.

* Extended double Eurocard with 2 parallel & 2 serial
ports, battery backed CMOS RAM, EPROM, 2 counter-
timers, watchdog timer, powerfail interrupt, & an
optional zero wait state half megabyte D-RAM.

* Extended width versions with on board power supply

and case.
from £295 + VAT.

Sherwood Datadysiems [id

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

CIRCLE 25 FOR FURTHER DETAILS
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OSCILLOSCOPES

Storage oscilloscopes

Model Chan. Samp. Res. Mem. Ana. Single Pre- Trace Stored Inter- Curs. Aver- Time/ GPIB Pen RS Price Notes
rate  bits K- b.w. shot trig. exp’n wave- pol'n aging volts rec. 232 €
max. byte MHz b.w. hor/ forms disp. o/p
MHz MHz vert.
COM7101 4 50 8 4 100 2.5/100 = 100/- 4 . . " . . 4950 Counter/d.v.m. display
COM7201 4 50 8 4 200 2.5/100 = 100/~ 4 . . . . . 5950 Counter/d.v.m. display
LEADER
LBO582S 2 5 8 2 35 . . 2 . " 2300
LeCROY
9400 2 100 8 64 125 . 100/~ 250 . - Opt. = . 2 8275 Software opts, 2% err.
10615 As above but 1% error
MEGURO
MSO1270A 2 2 8 2 20 03 . 160/- 4 . . . 1389 Roll mode
NICOLET
110 2 1 8 1 20 0.2 . 100/- 2 . . ] 1395 Gen. purpose portable
320 2 10 8 i6 25 2 . 400/8 4 . . . . . 6950 Waveform processing;
bubble memory option
370 2 1 10 16 03 02 . 400/8 4 . . . . . . 9950 Signal averaging;
bubble memory option
2090 2 50 8 4 25 10 . 64/64 8 . . Opt = Opt 8900 Disc drive option
PANASONIC
VP5740P 2 100 8 30 100 35 . 100/10 10 . . . . . = 9785 Waveform transforms
VP5730P 2 100 8 2 100 5 10/10 . . . " Opt = 3940 Go/no-go testing
PHILIPS
PM3305P 4 2 8 4 35 025 . -/40 4 . Opt 2450
PM3310 2 50 8 1 60 90% 2.5/5 4 . . Opt = 4250
PM3311 2 125 8 1 60 30 90% 2.5/5 4 " . Opt = 4500
TEKTRONIX
2220 3 20 8 4 60 2 . 10/~ 1 . ] Opt = Opt 2650 Digital, non-storage
2230 3 20 8 4 100 2 . . 4 . . . . Opt = Opt 3950 Cursors, c.r.t. readout
2430 4 100 8 1 150 10 . . 6 . . - . . . 7750 Dual acquisition
TRIO 4
MS1660 2 1 8 2 20 [ n/- . . " 2750 Dual timebase
MS1665 2 1 8 2 L] /- L] L[] . 2350 Module, dual timebase
AWR TECHNOLOGY
Microview 2 0.1 8 150 Adapter for BBC Micro

gives manufacturers a wide
choice of component sources,
which is not the case with 1.c.d.
filters.

One potential disadvantage
is loss of resolution. Using an
l.c.d. filter, resolution is that of
the monochrome tube whereas
with a colour c.r.t., resolution
is governed by the number of
dots on the tube. In practice
though this is not a problem
because the digital oscillo-
scopes using raster-scan c.r.ts
allow zooming.

New facilities

For c.c.tv and computer servic-
ing, Crotech has produced a
30MHz dual-trace oscilloscope
that is, surprisingly, claimed
to be the first that can display
composite 625-line video sig-
nals as pictures. This simple
addition removes the need for a
video monitor.

Multi channel monitoring is
the speciality of the Data
Check 1880 which displays up
to fourteen channels in bar-

Non-storage oscilloscopes

graph form or displays the
waveform of one of 28 chan-
nels. Using scanning for wave-
form monitoring removes the
need for reconnecting probes.
For many applications though,
the 1880’s price of £5000
makes it less attractive than a
few conventional real-time
oscilloscopes with input multi-
plexers.

Both 488 and BBC computer
interfaces are fitted to the Far-
nell 12MHz DTS12T, which is
probably the cheapest digital-

storage oscilloscope with com-
puter interfacing. Software for
bidirectional data transfer is
supplied on floppy disc and an
f.f.t./waveform analysis rom/
disc package is £70. At £1195,
the 12T brings computer wave-
form analysis within the reach
of many educational users.
One example of oscilloscopes
with built-in measurement de-
vices mentioned earlier is the
V1100A. This 100MHz real
time Instrument gives on-
screen display of direct/ P

Model Y Y Chan. Sweep Sweep Y v Screen Acc. Price Notes

b.w. sens. max. dual/ delay sync. size pot’l £

MHz  mV/div ns/div delay cm KV
BECKMAN INDUSTRIAL
9020 20 0.5 2 10 . 10x8 2 319 Variable hold-off
9060 60 5-0.1 3 20(x10) . . . 15.2 12 1095 Linear focus control
9100 100 5-0.1 3 50(x10) " . . 15.2 18 1495 Linear focus control
CROTECH ]
3337 30 5 2 40 . . 10x8 10 425 Single-shot, XYZ mod. comp. trigger
3339 30 5 2 40 . . L] 10x8 10 570 VDU mode, component tester
3031 20 2 1 40 10x8 1.5 195 Component tester, auto-trigger
3036 20 2 1 40 10x8 1.8 216 Component tester, auto-trigger
DATA CHECK
1880 3 10 1/28 1000 10x8 $7712 Multi-channel monitor; scan mode
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Model Y Y Chan. Sweep Sweep Y v Screen  Acc. Price Notes

b.w. sens. max. dual/  delay sync. size potl £

MHz  mV/div ns/div delay cm kV
FEEDBACK
DOS650 15 5 2 500 . 10x8 1.8 275 Component tester buitt in
GRUNDIG
M020 20 2 2 50 (x10) . 10x8 2 299 Add, invert, X-Y, auto peak trigger
Mo022 20 2 2 50 (x10) . " 10x8 2 425 Auto timebase, Z mod., hold-off
MO053 50 2 2 10 (x10) = . . 10x8 11 995 Auto timebase with digital display
HITACHI
V223 20 5 (x5) 2 200 (x10) . 10x8 2 450 Trigger delay
V225 20 5 (x5) 2 200 (x10) . 10x8 2 550 Settings display, cursors
V423 40 5 (x5 2 200 (x10) - - 10x8 12 650 Trigger delay
V425 40 5 (x5) 2 200 (x10) . . 10x8 12 695 Settings display, cursors
V680 60 5 (x5) 3 50 (x10) . . . 10x8 12 1295 Freq./V/function screen display
V1100A 100 5(x5) 4 20 (x10) . . . 10x8 18 2390 Freq./V/ffunction screen display
V1150 as 1100A but 150MHz bandwidth 2950
HAMEG
HM203-6
IWATSU
S$85705 40 1 (x3) 2 10 (x10) . = 10x8 12 620 General purpose
S85706 30 1 (x5) 2 20 (x10) . 10x8 12 495
$85712 200 1 (x5) 4 10 (x10) . . 10x8 20 2500 Trigger delay
KIKUSUI
C0S6100 100 5 (x5) 5 20 (x10) " . . 10x8 20 2250 Military version of 6100A
C0S5042 40 5 (x5) 3 50 (x10) . . . 10x8 12 685 Eight traces, X-Y trigger hold off
C0S5100 100 5 (x5) 3 20 (x10) . . . 10x8 18 1095 Eight traces, X-Y trigger hold off
COM7060 60 1 4 5 . . . 10x8 12 1835 Freq./V/funct. display, GPIB option
COM7100 60 1 4 2 . . - 10x8 20 2775 Freq./V/ffunct. display, GPIB option
COM7200 200 1 4 1 . " . 10x8 20 3675 Freq./V/funct. display, GPIB option
LEADER
LBO310A 4 20 1 6x4.8 1.2 189*
LBO323 20 1 2 40 " 9.5 1.7 875* X-Y, add, alternate, chop
LBO324 40 1 2 20 " . 95 12 1050* X-Y, add, alternate, chop
LBO325 60 1 2 20 . . 95 12 1675* X-Y, add, alternate, chop, 4kg
LBO510A 4 20 1 10x8 1.5 230*
LBO512B 10 10 1 10000 10x8 1.3 290*
LBO514A 15 1 2 100 . 10x8 1.8 360* X-Y, chop, alternate
LBO516 100 0.5 3 2 . . . 10x8 20 1490* X-Y, eight traces
LBO518 100 0.5 4 2 . ] . 10x8 20 1575* X-Y, eight traces
LBO522 20 0.5 2 40 . 10x8 2 395* Chop, altemate, add, invert
LBO524 40 2 20 - . . 10x8 7 655* Chop, alternate, add, invert
LBO526 60 0.5 2 20 . . . 10x8 12 950*
MEGURO
MO1251A 20 1(x10) 2 20(x10) = - 10x8 24 275 XY. Hold-off. Auto trigger level
M0O1253 40 1(x10) 2 20(x10) . . 10x8 12 455 XY. Hold-off. Auto trig. level. Sweep delay
MO1255 100 1(x5) 3 2(x10) . . - 10x8 19 965 XY. Hold-off. Auto trig. level. Dual sweep
MO1252 35 1(x5) 2 20(x5) . . 10x8 6 360 XY. Hold-off. Sweep delay
PANASONIC
VP5610P 100 5 3 50 . . 7x5.8 16 2147 Auto-ranging, GPIB option, portable
VP5512P 100 2 4 20 . " 15x15 18 1433 Eight traces
PHILIPS
PM3050 50 2 2 5 (x10) . . 10x8 16 795 Auto timebase and level
PM3055 50 2 2 5 (x10) " . . 10x8 16 845 GPIB option, auto timebase and level
PM3206 15 5 2 500 . 10x8 2 295
PM3217 50 2 2 100 (x10) = . . 10x8 10 1075
PM3256 75 2 2 50 (x10) . Ll 10x8 10 1550
PM3264 100 2 4 50 (x10) " " 10x8 17 3995
PM3267 100 2 3 50 (x10) . . . 10x8 10 1395
SOLARTRON
5070 12 5 2 1000 (x5) . 10x8 2 1308 Bistable storage tube; compact
5220 100 5 2 50 (x10) - » 10x8 12 1911 Digital time, voltage measurement
5224 100 5 4 50 (x10) . . 10x8 12 2200 Digital time, voltage measurement
5227 100 5 3 50 (x10) . . . 10x8 12 2700 Video measurements, multimeter
5228 250 2 3 10 (x10) - . 10x8 8 3884 Buift-in multimeter
5229 500 10 2 10 (x10) . . 10x8 18 6020 Digital attenuator/timebase readout
5277 100 5 3 50 (x10) - s 10x8 10 5466 Storage tube; time/voltage readout
TEKTRONIX
2245 100 2 4 2 . . . 10x8 16.5 1820 C.ri. readout, general purpose
2246 100 2 4 2 ] ] ] 10x8 16.5 2426 As above, but with "smart cursors”
THANDAR
SC110A 10 10 1 100 ] 32x26 05 Mains/battery portable
TO315 15 5 2 100 . 95 .5 Mains/battery portable
TRIO
CS2150 150 5 (x5) 4 20 (x10) . " . 10x8 20 2165 Eight trace
CS1100 100 5 (x5) 2 20 (x10} " . . 10x8 16 1320
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Let HAMEG commit
ou to memor

ital Storage
AmMED DS w208

PRE-
TRIG.

— & STg:AGE RESET

20MHz SINGLE
Digital Storage 2
Oscilloscope s _ 50

HM208 £1300 100
(£1550 witn IEEE)

Dual Trace . Digital Storage .
2mV — 20V /em. 14kV CRT
20 MHz Bandwidth
Algebraic Add . Invert X — Y .
4 x 1k Stores . 20 MHz Clock
Roll . Refresh . Pre-Trigger
Memory Hold, Plotter Output
Analogue T/B . 0.2 s/cm —
20 ns/cm . Digital T/B

50 s/cm — 10 us/cm

2 Years Warranty
Prices U.K. list ex. VAT

HAMEL=S

FOR THOSE WHO COMPARE

74 — 78 Collingdon St.
Luton, Beds. LU1T 1RX
Tel: (0582) 413174 Telex: 825484

CIRCLE 55 FOR FURTHER DETAILS

A wide range of high performance instruments that put professional
test capability on your bench.

COUNTERS — TF600 5Hz to 600MHz TF200 10Hz to 200MHz TF040 10Hz
1o 40MHz, PFM200A 20Hz to 200MHz (hand-held model), TP600 prescales to
600MHz. TP1000 prescales to 1000MHz

MULTIMETERS — TM351 019% 3V2 digit LCD: TM356 0.25% 3> digit LCD,
TM355 0.25% 3"2 digit LED, TM354 0.75% 3V2 digit LCD (hand-held model)
TM451 003% 472 digt LCD with autoranging and sample hold. TM452 0.05%
42 digit LCD with built-in frequency counter (hand-held model)

OSCILLOSCOPE — SC110A 10MHz. 10mV sensitivity. 40mm CRT with 6mm
graticule divisions

THERMOMETERS TH301 —-50°C to +750°C. 1° resolution; TH312 —-40°C to
+1100°C and -40°F to +2000°F 0.1° and 1° resolution Both accapt any
type K thermocouple

GENERATORS - TG101 002Hz to 200kHz Function Generator. G102 0 2Hz
to 2MHz Function Generator; TG105 5Hz 10 SMHz Puise Generatcr

TG501 0005Hz to 5MHz Function Generator. TG502 0005Hz to SMHz Sweep
Function Generator. TG503 0.005Hz to 5MHz Pulse Function Genarator.

LOGIC ANALYSERS — TA2080 8 channel 20MHz. TA2160 16 channel 20MHz

ACCESSORIES — Bench rack, test leads. carrying cases. mains adaptors
probes. thermocouple probes. microprocessor disassembly options

For further information contact

Thandar Electronics Ltd, London Road. St lves. Huntingdon. Camios PE17 4HJ
Telephone (0480) 64646 Telex. 32250

thandar

ELECTRONICS LIMITED | NS—— . J

CIRCLE 21 FOR FURTHER DETAILS.
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MEGURO
OSCILLOSCOPES

MO-1255 - 100 MHz OSCILLOSCOPE

A new range of Test Instruments -
including:- : i
Oscilloscopes, Spectrum Analysers, R.F.
Test Equipment, Signal Generators,
Audio Test Equipment, Logic Analysers,
Automatic P.C. Board Test Systems.

MLA-3300 - LOGIC ANALYSER

The new range of Meguro equipmsnt
excels in the balance between price.
performance and dependab:lity to
produce a winning combination. D3kvery
times are good and product suppo-tis
second to none.

MSO0-1270 - DIGITAL STORAGE SC-OPE

Fieldtech Heathrow Limited,
Huntavia House,

420 Bath Road, E
Longford, - =

Middiesex UB7 OLL Engiand.
Telephone: 01-897 6446 -
Telex: 23734 FLDTEC G

Fieldtech 2
Heathrow } .

CIRCLE 67 FOR FURTHER DETZ£1LS

VALVES s

Prices are as at going to press but may fluctuate.
Please phone for firm quotation. V.A.T  included

A1065  1.40 | EF85 0.60 | PCL86 0.80 | Z900T  2.45 | 6CH6 8.45 [ 11E2  19.50
A2293  8.80 | EF86 1.25 | PCLB0S85  0.95 | 1A3 2.75 | 6CL6 2.75 | 12A6 1.00
A2900 1275 | EF89 1.60 | PDS00/510  4.30 | 1L4 0.65 | 6CW4 8.50 | 12AT6 0.75
AR8 115 | EF91 1,60 | PFL20C 1.10 | 1RS 0.80 | 6CX8 460 | 12AT7  0.95
ARP3 115 | EF92 215 | PFL200*  2.80 | 1S4 065 | 6CY5 s | 15007 D58
ATP4 0.90 | EF95 0.95 | PL36 1.10 | 1S5 0.75 | 6D6 250 | 15058 902
B12H 6.90 | EF96 0.60 | PL81 0.85 | 1T4 0.75 | 6F6G 195 | 15BEe 128
cY31 1.40 | EF183  0.80 | PL82 0.70 | 1U4 080 | 6F6GB  1.10 | 45857 2788
DAF96  0.85 | EF184  0.80 | PL83 0.60 | 2X2A 250 | 6F7 2.80 | 151 1998
DET22 3280 | EF812  0.75 | PL84 0.90 | 3A4 0.70 | 6F8G 085 | 15)5GT 058
DFg2 0.65 | EFL200  1.85 | PL504 1.15 | 3AT2 3.40 | 6F12 1.50 | 19K7GT 1.1
DF96 0.70 | EH90 0.85 | PL508 200 | 3828 12.00 | 6F14 115 | 12k8GT  1.25
DH76 0.75 | EL32 0.85 | PL509 565 | 3B28"  19.50 | 6F15 130 | 12Q7GT 075
DL92 1.10 | EL34 210 | PL519 5.85 | 306 0.60 | 6F17 3.20 | 128C7  0.80
DY86/87 0.65 | EL34 455 | PLB02SE  3.45 | 3E29  21.85 | 6F23 0.75 | 12SH7  1.25
DYB02  0.70 | EL82 070 | PY80 0.70 | 354 0.70 | 6F24 175 | 1287  0.70
E92CC  2.80 | EL84 0.80 | PYB1/800 0.85 | 4B32  18.25 [ 6F33  10.50 | 12SK7 _ 145
E180CC 11.50 | EL86 0.95 0.75 | 5R4GY 335 | 6FH8  18.80 | 12SQ7GT 2.20
E1148  0.58 | EL90 1.75 | PY88 0.60 | 5U4G 1.85 | 6GA8 195 | 12Y 0.70
EA76 1.60 | EL91 6.50 | PY500A 2.10 | 5v4G 0.75 | 6GHBA  1.95 | 1303 2.80
EABC80 0.80 | EL95 1.25 | QQVO3/10  5.95 | 5Y3GT  0.95 | 6H6 1.60 | 1306 0.90
EB34 070 | EL504 270 | QQVO3/10° 10.00 | 523 2.80 | 6J4 1.95 | 19AQ5  1.35
EB9Y 0.60 | EL509  5.85 | QQVO3/20A 27.50 | 524G 1.25 | 6JAWA  3.10 }983 ‘1-§g
EBC33 185 | EL519  7.70 | QQVOB/4DA 28.50 | 524GT  1.15 | 6J5 250y ot PO
EBCYC  0.90 | ELB21 8.45 | QOV0G40A" 49.50 | €/30LS2  0.90 | 6J5GT  0.90 | Jin° Ciso
EBCOt  0.90 | EL822 95 | QVOX12  5.75 | 6ABT 0.70 | 6J6 0.85 | 502+ 130
EBF80  0.95 | ELLBOSE 4.50 | SP61 1.80 | 6AC7 1.15 | 6J6W 280 | 505 065
EBF8Y  0.80 | EM8O 0.85 | TT21 43.70 | 6AGS 060 | BJESC  6.40 | 58 6GT 160
EC52 0.65 | EM87 250 | TT22 48.30 | 6AKS 095 | 6JS6C  6.90 | 55246 0.75
EC91 4.40 | EY51 090 | UABCBO  0.75 | 6AK6 6.50 | 6JUB 6.35 | 354 280
EC92 1.85 | EY81 0.75 | UBF80 0.70 | 6AL5S 0.60 | 6K7 1.45 | gsA2 1.40
ECC81  0.95 | EY86/87 0.60 | UBF89 0.70 | BALSW  0.85 | 6KD6 7.00 | 85A2° 255
ECC82  0.95 | EY8 065 | UCC84 0.85 | 6AMS 6.50 | 6L6 460 | 807 2.20
ECC83  0.75 | EZ80 0.70 | UCC85 0.70 | 6AM6 160 | 6L6GC  4.20 | 807 340
€CC84  0.60 | EZ81 0.70 | UCH42 250 | GANBA 250 | 6L6GT 195 (8124  44.80
ECC85  0.75 | GM4 8.90 | UCH81 0.75 | 6AQ5 175 | 6L18 0.70 | 813 28.50
ECC88  0.80 | GY501  1.30 | UCL82 0.95 | 6AQ5W 230 | 6LD20  0.70 | 813" 68.50
ECC189 0.95 | GZa2 1.05 | UF41 1.35 | 6ASE 115 | 6LQ6 6.40 | 8298 16.00
ECC804 0.90 | GZ33 4.20 | UF80 0.95 | 6AS7G  4.95 | 6Q7G 1.30 | 8298 24.00
ECF80  0.95 | GZ34 1.05 | UF85 0.95 | 6AUS 0.90 | BSA7 1.80 | 866A 5.05
ECF82  0.95 | GZ34 3.20 | ULa4 0.95 | 6AX4GT 1.30 | 8SG7 1.80 | 866E 9.60
ECF801  0.95 | GZ37 3.95 | UM80 0.90 | 6AX5GT  1.30 62#(7 TO0I 931 i3S
ECH42  1.20 | KT66° 1550 | UM84 0.70 | 6B4G 740 | 837 . 33% |53, oo
ECH81  0.70 | KT77"° 16.10 | UY82 0.70 | 6BA6 o0ss | 23p7aL 183 | gee 50
ECH84  0.80 | KT88 17.00 | UY85 0.85 | 6BA6" 150 | g207 o065 | o2 fiz0
ECL8C 070 | KT88 2500 | VR105/30 1.45 | 6BE6 065 | gSR7 260 | 2763 575
ECL82  0.75 | ML4 3.20 | VR150/30 1.80 | 6BE6 185 | aveG 150 | 8060 198
ECL85  0.75 | ML6 3.20 | X61M 170 | 6BGEG 160 | gveGT  1.30 | 6080 730
ECL86  0.90 | MX120/01 29.50 | X66 1.80 | 68J6 1.30 | gxa 150 | 6136 1380
EF22 3.90 | N78 9.90 | Z749 0.75 | 6BQ7A 0.85 | 6X5GT 0.65 | 61468 10.35
EF37A 215 | 0A2 0.70 | 2759 19.00 | 6BR7 4.80 | 6Y6G 0.90 | 80 12,50
EF39 1.0 | 082 0.80 | Z800U 345 | 6BW6  6.20 | 674 1.30 | 9001 0.95
EF80 0.65 | PCL82  0.95 | Z801U 3.75 | 6BW7 1.80 | 724 1.90 | 9002 0.95
EF83 3.90 | PCL84  0.85 | Z803U 16.00 | 6C4 1.10 | 906 2.15 | 5003 0.95

VALVES AND TRANSISTORS
Telephone enquiries for valves, transistors, etc

Retail 749 3934. Trade and Export 743 0899

FIELD TELEPHONE, CABLE TYPE D10

FIELD TELEPHONES TYPE 'J'. Tropical, In metal cases
10-line MAGNETO SWITCH-BOARD. Can work with
every type of magneto telephones.

POSTAGE AND PACKING CHARGES: £1-£3 50p, £3—£560p. £5-£10 80p, £10-€15£1.00, £15-£20 €150,
Over £20 £2.00 but below 2kg. Parcels over 2kg at Cost.

NEW PYE EQUIPMENT
& SPARES

HARNESS “A" & "B” CONTROL UNITS
CATHRTN 2,

Microphones No 5, 6, 7 connectors, frames,
carrier sets, elc.

COLOMOR (ELECTRONICS LTD.) 170 Goldhawk Rd, London W12
Tel: 01-743 0899 or 01-749 3934. Open Monday to Friday 9a.m. -5.30 p.m.

CIRCLE 37 FOR FURTHER DETAILS

VACUUMSCHMELZE

ZKB 490/228 Isolating Transformer

Recommended by NATIONAL SEMICONDUCTOR
for use with their BI-LINE mains carrier system to
provide matching & isolation.

— 4kv isolation — pcb mounting — encapsulated —
Other professional quality components from
VACUUMSCHMELZE (VAC) include:

v STORAGE CHOKES for SMPSUs

¥ RFI SUPPRESSION CHOKES

v« COMMUTATION CHOKES &
RECHARGING REACTORS

w TRIGGER TRANSFORMERS FOR
THYRISTORS & GTOs

v CURRENT SENSORS &
TRANSFORMERS

v TRANSDUCTOR CHOKES for SMPSUs

Contact: ROLFE INDUSTRIES
16 Church Street
Warnham
West Sussex RH12 3QW
Tel: 0403 59799
Telex: 877972

CIRCLE 50 FOR FURTHER DETAILS
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OSCILLOSCOPES

—

Model Y Y Chan. Sweep Sweep Y v Screen Acc. Price Notes

b.w. sens. max. dual/ delay sync. size pot’l £

MHz  mV/div ns/div delay cm kv
C82075 70 5 (x9) 4 50 (x10) . . . 10x8 12 1220
CS1065 60 1 3 50 (x10) = . . 10x8 12 899
CS1045 40 1 3 100 (x10) = . . 10x8 12 729
CS1044 40 1 2 200 (x10) . . 10x8 6 569
CS1025 20 1 2 200 (x10) . " 10x8 6 450
CS1021 20 1 2 500 (x10) . " 10x8 2 299
CS1352 15 2 2 500 (x10) " 7.5 1.5 499 Portable
UNAOHM
G50 10 10 1 100 10x8 2 215 Component tester
G491 0.04 1 2 1000 18x12 872 Plug-in timebase
(G508 20 5 2 500 . 10x8 439 Component tester
G4004 30 5 2 100 . . 10x8 2 640
G4005 50 5 2 100 . . . 10x8 10 780
*Price includes probes
alternating voltage, decibel ranging oscilloscopes should This two-channel analyser, oscilloscope wanting faster

ratios, frequency, period, time
delay and phase shift. All set-
ting conditions and ground-
reference information are also
displayed on screen. An impor-
tant advantage of having all
this information displayed is
that it is automatically in-
cluded on any screen photo-
graphstaken.

Most computer-controlled
instruments have a facility to
store and recall front panel
settings, which allows fre-
quently made measurements
to be carried out quickly. Auto-
ranging goes a step further.

The facility is not new but
nor is it common. There were
problems associated with set-
ting for low duty cycle pulses
but these are now being ironed
out so the numbers of auto-

increase.

With oscilloscopes such as
the new Tektronix 2445/2465
family, pressing one button
sets signal level, period, duty
cycle and trigger require-
ments. Bandwidth of these in-
struments ranges from 150-
350MHz and besides auto-
ranging, they also allow up to
20 stored front-panel settings.

Add-ons

On the premises that dedicated
f.ft. analysers are expensive
and can be difficult to use and
that microcomputer add-ons
are slow and given spurious
results, Data Acquisition has
designed an f.ft. add-on suit-
able for any two-channel
oscilloscope with trigger input.

which also acts as a 50kHz-
sampling digital-storage unit,
can send information through
a serial link to a microcompu-
ter for further analysis or to a
printer.

As a fully anti-aliased ana-
lyser, the adaptor’s span is
selectable from 0-20Hz or 0-
20kHz with 100 or 200-line
resolution and up to 256 aver-
ages can be taken. Scaling is
either linear or logarithmic,
with 40dB log span, and Han-
ning or rectangular weighting
is switchable.

Cross-transfer function abil-
ity is possible using the oscil-
loscopes’s signal add and in-
vert facilities. The f.f.t./digital-
storage adaptor will cost
around £800.

For readers with a real-time

digital storage there’s a two-
channel module made by Polar
with 10MHz sampling per
channel and a 2K-byte mem-
ory. An RS232 interface is now
available for this unit which
allows waveforms to be trans-
ferred directly to a computer so
a real-time oscilloscope is not
essential. The polar DS102 is
£575, the RS232 interface is
£50 and software for the IBM
PC is £25. Resolution of the
102 is eight bits.

Bandwidth of Thurlby’s
eight-channel input multi-
plexer has been increased to
35MHz. Costing £179, the
OM358 displays both digital
and analogue signalsand hasa
calibrated attenuator. Any
channel can be used as the
trigger source. ]

Advanced Bryans Instruments
(Trio, Advance), 14 Wates Way,
Mitcham, Surrey CR4 4HR, 01-
6405624

Advid Electronics (Unaohm), 17A
Mill Lane, Welwyn, Hertford-
shire AL69EU, 0438714159

Antron Electronics Ltd (Polar),
Hamilton House, 39 Kings
Road, Haslemere, Surrey GU27
2QA, 0428 54541

AWR Technology, 67 Thornbridge
Road, Deal, Kent, 0304 367711.

Beckman Industrial Ltd, Queens-
way Industrial Estate, Queens-
way, Glenrothes, Fife KY7 5PU,
0592 753811

Crotech Instruments Ltd, 2
Stephenson Road, St Ives, Hunt-
ingdon, Cambridge PE17 4WJ,
0480301818

Data Laboratories (Philips), 28
Wates Way, Mitcham, Surrey
CR44HR, 01-6405321.

Electronic Brokers Ltd (Grundig,
Philips, Hameg) 140-146 Cam-
den Street, London NW1 9PB,
01-267 7070

Electronic and Computer Work-
shop (Crotech) 171 Broomfield
Road, Chelmsford, Essex CM1

1RY, 0245262149

Eletroplan Ltd, P O Box 19 (Gould,
Tektronix, Leader, Thandar),
Orchard Road, Royston, Herts.
SG85HH, 0763 45145

Farnell Instruments Ltd, Sand-
beck Way, Wetherby, West
Yorkshire LS22 4DH, 0937
61961

Fieldtech Heathrow Ltd (Meguro),
Huntavia House, 420 Bath
Road, Longford, Middx UB7
OLL, 01-897 6446

Flight Electronics (Trio), Flight
House, Ascupart Street, South-
ampton SO11LU, 0703227721

George Cook (Hamag Thurlby), 21
Manor Road, Kneresborough,
North Yorkshire HG5 OBN,
0423 862641.

Hameg Oscilloscopes Ltd, 74-78
Collingdon Street, Luton, Bed-
fordshire LU1 1RX, 0582 413
174

Henry’s Audio Electronics
(Hitachi, Hameg, Crotech), 301
Edgeware Road, London W2, 01-
724 3564

Hewlett Packard, Literature sec-
tion, Eskdale Road, Winnersh
Triangle, Wokingham, Berk-

shire RG11 5DX, 0734 696622

Hitachi Denshi (UK) Ltd, 13-14
Garrick Industrial Centre, Gar-
rick Road, London NW9 9AP,
01-2024311

Lawtronics Ltd, 139 High Street,
Edenbridge, Kent TN8 5AX,
0732865191

Le Croy, Elms Court, Botley, Ox-
ford, OX2 9LP, 0865 727275

Levell Electronics Ltd (Hameg),
Moxon Street, Barnet, Hertford-
shire EN5 58D, 01-449 5028

Nicolet Instruments Ltd, Bud-
brooke Road, Warwick, CV34
5XH, 0926 494111

Pye Unicam Ltd, (Philips), York
Street, Cambridge CB1 2PX,
0223 358866

Radio Supplies, PO Box 27, 39
Whitby Street, Hartlepool,
Cleveland TS24 7BR, 0429
275750

RMR Measurements, 138 Lime
Crescent, Cumbernauld G67
3PQ, 02367 28170

Scopex, 117 Knowle Road, Mir-
field, W. Yorks WF14 9RJ, 0924
490703

Siemens Ltd, Siemens House,
Windmill Road, Sunbury-on-

Thames, Middx TW16 7HS,
09327 85691

Solartron Schlumberger, Victoria
Road, Farnborough, Hants
GU147PW, 0252544433

STC Instrument Services (Iwatsu),
Dewar House, Central Road,
Harlow, Essex CM20 2TA, 0279
29522

Tektronix UK Ltd, Forth Avenue,
Globe Park, Marlow, Bucking-
hamshire SL.7 1YD, 06284 6000

Telonic Instruments Ltd (Kiku-
sui), 2 Castle Hiil Terrace,
Maidenhead, Berks SL6 4JP,
0628 73933

Thandar Electronics Ltd (Leader,
Thandar), London Road, St Ives,
Huntingdon, Cambs. PE17 4HJ,
048064646

Thurlby Electronics Ltd (Hitachi,
Thurlby), New Road, St Ives,
Huntingdon, Cambs. PE17 4BG,
048063570

Timebase (Hitachi), Unit 6, 28
Bottley Road, Hedge End,
Southampton SO3 3HE, 04892
81487

Watetek (Panasonic), Tag Lane,
Hare Hatch, Reading, Berks.
0753224121.
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RADIOCODE CLOCKSLTD

SPECIALISTS IN ATOMIC TIME, FREQUENCY AND SYNCHRONISATION EQUIPMENT

" NEW PRODUCTS )

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

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

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

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

24 hr transmission, real time
synchronisation )

@ Off-air frequency
standards

@ Intelligent time systems

® Caesium/Rubidium based
clocks & oscillators

@ 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,

® Master/slave systems systems Falmouth, Cornwall. Tel: Falmouth (0326) 76007

‘ {*A Circuit Services Associate Co.) y
CIRCLE 14 FOR FURTHER DETAILS

Imhof-Express gives you a 24-hour delivery
of the most comprehensive range of small
diecast boxes available anywhere.

They are ideal for the hobbyist who
wants strong metal boxes with good
screening properties.

To order you simply phone your Access

or Visa card number and the goods will be
despatched within 24 hours.

For details on these and all our many
other products, ask for our latest
catalogue.

Imhof Express

Riverside Way, Uxbridge

Middlesex UBS 2YX =
= (0895) 72247/8/9 and 72261/2/3/4

0895 72247

CIRCLE 12 FOR FURTHER DETAILS
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Component integration

inoscilloscopes

Customi.csreduce oscilloscope
manufacturing time and costs but also
improve reliability.

ne of the principal de-
sign objectives in Phi-
lips’ medium-

frequency oscilloscopes was a
significantly reduced compo-
nent count. Primarily to re-
duce manufacturing time and
cost — thereby permitting a low
selling price — this would also
ensure high reliability and
simplify service and trouble-
shooting.

To achieve this aim, a num-
ber of custom i.cs were special-
ly developed with the expecta-
tion that large production
volumes for these new instru-
ments would allow the re-
latively high costs of develop-
ing custom i.csto be recovered.

A number ofthe i.cs used are
of particular interest and they
are the preamplifier, channel
switch, display logic/control
circuit, peak-to-peak detector
and auto level circuit and the
integrated time-base logic cir-
cuit. These are all custom i.cs.

The preamplifier consists of
a unity-gain amplifier, a x10
gain amplifier, a two-quadrant
multiplier, a multiplier control
circuit and power supply and
switching circuits.

Only one of the two ampli-
fiersis active at any time. This
separation of the x1 and x10
amplifier sections provides a
pulse response which is inde-
pendent of the setting.

Signal delay is also almost
constant for the different set-
tings. Input sensitivities are
20mV/div. for the x1 ampli-
fier, and 2mV/div. for the x10
amplifier and output is a sym-
metrical current of 100pA/div.

To provide variable ampli-
fication, a two-quandrant mul-
tiplier is built in. The multi-
plier is a new development
with eight transistors featur-
ing stable multiplication and a
pulse response independent of
the multiplication factor over
the entirerange.

To translate control voltage
from the variable potentio-
meter into a stable multiplica-
tion, the preamplifier has a
special multiplier control cir-
cuit which limits the variable
range from 1:1 to 1:25. A
switching circuit with t.t.l.-
compatible input activates the
x1or x10 amplifier.

Switching of the vertical
channels and trigger selection
in the PM3055 is done by the
integrated channel switch,
Fig. 1.

This i.c. consists of two cur-
rent switches to switch chan-
nels on and off, two inverters
for inversion of channel B if
required and two circuits for
positioning or levelling the sig-
nals (dual timebase). The in-
verters are used as slope
switches in the trigger path.

The display logic and control
circuit was developed to con-
trol all the vertical channel
switches, trigger selectors and
timebase selector, Fig. 2.

Settings of the vertical dis-
play, trigger source and time-
base mode are transmitted to
the display/control circuit via
the I2C bus from the microp-
rocessor in the front panel. Af-
ter setting, the control circuit
autonomously sends the cor-
rect signals to the channel
switches, trigger switches and
time base selector in a number
of modes including alternate,
chop, composite triggering,
alternate time base etc.

In the 3055, the display/
control i.c. makes it possible to
display from one to eight
traces. The i.c. controls A, B,
add and trigger-view traces
which can be displayed in
main, main-intensified, de-
layed or alternate-time-base
modes. This circuit operates in

The authors are with Philips’ En-
schede facility in The Nether-
lands.

ELECTRONICS & WIRELESS WORLD OCTOBER 1986

by Johan
Helfferich and
Eppi Kruisdijk

Invert A

Position A A on/off

Switch A

Input A |

Invert B

Invert B

Input B L\ —?

Switch B

Position B B on/off

Fig. 1. Vertical channel and trigger selection i.c.

Alternate pulse
from timebase

Oscilloscope settings
from front panel ~————1
microprocessor 1°C

—— Timebase select

Display )
logic . Trigger select
i
control 16, Vertical channel

switches

Fig. 2. Settings for vertical display, trigger source and
timebase mode are sent to this display logic and control
circuit through the I’C bus from a microprocessor on the

front panel.

l———r—» Output
Multiplier
d.c offset
Pk-pk or
% div.
Pek Pk-pk/
Input ——s " 01_ offset
detectors splitter Pk - pk
d.c. control
24 div.
current
source

Fig. 3. Output current of

this peak-to-peak detector/

auto-level i.c. feeds the trigger amplifier.
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COMING SOON!

The latest Scopextra from

\*
4 -
- Jcorex
: the osdlloscope people
- combining
i) 2 Channel f.f.t. analyser to display frequency spectrum of
input waveform.
i) 2 Channel digital storage oscilloscope.
ii) 2 Channel conventional oscilloscope.

vy e 4 Allin one instrument
MODES OF OPERATION

* Frequency analysis mode * Digital Storage mode
— 10 frequency ranges from 0-20Hz to 0.10KHz full scale span. — 10 timebase speeds 1 sec./div. — 1 ms/div.
—~ max resolution 200 lines — dual ch. 512 points, single ch. 1024 points
— update frequency min 2Hz — sample rate 50kHz
— transient analysis facility — completely flicker free display
— log/lin vertical range of 40dB — particularly comprehensive triggering facilities as expected from
— screen dump via Centronics port Scopex.
— switched weighting and averaging - single shot mode and display freeze.
— full anti-alias filtering * Real time mode
* Dual Mode — The well proven and widely accepted Scopex 14D20 oscilloscope
Combining the above two modes to simultaneously display two which forms the basis of this new Scopextra model operates in
traces showing both time and frequency domain of input signal. conventional mode with full retention of all facilities.

The Scopexira range from Scopex continues to offer oscilloscopes with a variety of extra benefits. The Scopextra FTA is the latest in this series.
Complete the reader service card to receive full specification details immediately on release.

Scopex Electronics Ltd, 65 High Street, Skipton, North Yorkshire BD23 1EF.
Telephone: (0756) 69511

CIRCLE 81 FOR FURTHER DETAILS

MICROVIEW Digital Storage A universal range

Oscilloscope/Spectrum Analyser

= =
BBC-Bvnfrom£140  ZX Spectrum vn £99.50 of h |g h q uali ty
. Features of the systeminclude: -
» Dual Channeis with the gain of each controlled by a 10 position switch ranging from
robes & accessories
+ Timebase selectable via a 12 position switch giving values ranging from 1 second to 250 4
micro seconds per division. and a maximum sample rate of 100KHz. [] [] [ ]
+ Spectrum analysis of either channel using the Fourier transform. t o a s s I s t g n m a kl n
« Large screen display of channels A, B A and B A--B or A—B, with graticule and readout.
= Xand Y cursor movements with readout of amplitude and timing of displayed waveforms. s .
& g » Magnification of selected areas of the d t f
- depiy d wide variety o
/ » An auto or manual trigger. -
4 » The facility to save or load wave forms
j using a tape cassette or disc. OSCI lloscope
my / + The ability to print selected waveforms.
+ Real time Spectrum Analysis availabie.
measurement
AWR Technology, 67 Thornbridge Road, Deal, Kent CT14 $DZ. e s e e s
Telephone: 0304 367711
CIRCLE 65 FOR FURTHER DETAILS
TIME WRONG?
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 Milliseconds and
use as a STOPCLOCK to show event time.
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 separateiy), built-in antenna, 1000Km range.

LOW COST, fun-to-build kit (ready-made to order) with receiver Coline Limited :%—
ONLY £89.80 includes ALL parts, 5x8x15 c¢m case, pcb, by-return ] - - -
postage etc and list of other kits. Get the TIME RIGHT. 166 Great North Road. Halfield. Hertfordshire AL 5]N England

Telephone: 07072 60423

CAMBRIDGE KITS

A member of the Coline International Group. /%
CIRCLE 79 FOR FURTHER DETAILS
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45(WK)-Old School Lane, Milton, Cambridge, Tel 860150




OSCILLOSCOPES

mt.b. - main timebase
d.tb - delayed timebase
mtb. IC K
] ] o i
trigger input From Main r\\'\ mt b gate
auto -circuit bistable L/
Output buffer
| Trigger Counter
: counter output
mtb sweep y l K
BIEDEF | Hold -of f gate
bistable |
l Hold -of f
Hold -off signal -~ I output buffer
Z logic
From dtb. _ T d
comparator — '———"ZZ
Function at.b.
select K bistable
dtb
trigger input "] I !
dtb sweep o ‘D-' d.tb.
output buffer

two modes — peak-to-peak
levelling and d.c. levelling.

In d.c. model the 16-div. cur-
-rent is separated from 24-div.
current. The 16-div. part feeds
the multiplier. Controlling the
muliplier with the level poten-
tiometer gives a level variable
through 16 signal divisions.
Residual current is fed directly
as a common-mode signal to
the output pins.

In the peak-to-peak mode, a
part of the signal proportional
to the signal’s pk-to-pk value is
fed to the multipler, controlled
by the level potentiometer.

Residual current is mod-
ulated with the mean d.c.
value of the signal’s two peak
values and fed to the output
pins. Output current peak-to-
peak detector/auto-level i.c.,
Fig. 3, is fed to the trigger
amplifier.

Using this principle in peak-
to-peak mode gives d.c. rejec-
tion on both trigger and
trigger-view signals indepen-
dently of the waveform and
signal duty cycle. In this mode,
only the level potentiometer
influences the position of the
trigger view over signal ampli-
tude.

Figure 4 shows the inte-
grated timebase logic i.c. All
main and delayed time-base
logic for the new medium-
frequency oscilloscope family
is incorporated in one full-
custom chip.

This chip starts and stops
the main and delayed time-

Z1

22

Main timebase Intensified
sweep

I I
]\ FSRSN ¢ SHNSIN SR | S ) S

Resulting
drive

Delayed Alternate sweep
sweep

I 7 ur-

Fig. 4. Implementation of
the auto-set function shows
both sections of the
integrated timebase logic
i.c.

v+

]

Fig. 5. Both current-mode
logic, top, and integrated
Schottky logic, bottom, are
used for the timebase logic
i.c. of Fig. 5.

Fig.6. Tubedrive
waveforms with intensified

bases and opens and closes the
seven output gates. It also co-
operates with the vertical
display-selection i.c. in alter-
nating time-base mode.

Communication with the
setting processor takes place
through a serial bus and
reaches the chip through a
series-to-parallel converter.
Also implemented in this time-
base logic is the circuit that
counts triggers on the trigger
input during the main time-
base sweep. This circuit makes
the auto-set function possible
(Fig. 4) which always en-
deavours to include at least
three periods of the input sig-
nal on screen.

The chip has two sections
containing the fast circuit and
the other handling slower
function-selection operations.

The first section is im-
plemented in current-mode
logic and the second in inte-
grated Schottky logic, well
known from its use in gate
arrays, Fig. 5. Design of the
fast section posed the greatest
problems as it proved to be
difficult to simulate analogue
circuits running at twice the
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and delayed sweeps.

| I N S |

Triggers (mtb. and
dtb)

mtb. sweep

dtb start

TN

dtb. sweep

NI

21

Z2

bandwidth of the oscilloscope.

To ensure that none of the
transistors saturates, the in-
put Schmitt trigger and the
bistable circuit that starts and
stops the sweep are analogue.

Delay between the trigger
inputs and the start sweep out-
put is kept as small as possible,
which makes the necessary de-
lay line as short as possible.
Function selection inputs are
t.t.l.-compatible.

Intensity signals Z, and Z,
make it possible to drive the
c.r.t. with intensified and de-
layed sweeps, Fig. 6. The de-
layed time-base comparator is
not incorporated on the chip.

Figure 7 shows triggering of
main and delayed time-baseslt

Fig.7.Main and delayed
timebase triggering.
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EN

PHONE

0474 60521
4 LINES

P. M. COMPONENTS LTD

SELECTRON HOUSE, SPRINGHEAD ENTERPRISE PARK

SPRINGHEAD RD, GRAVESEND, KENT DA11 8HD

TELEX
966371
TOS—PM

. K015 TBA50 1.5 TDA2523  2.95 == . — =
INTEGRATED CIRCUITS sTRozs teasoa 135 | romzea 195 | CATHODE RAY TUBES Please add £3 additional carriage per tube.
d A2530  1.95
STK078 TBAS60C  1.45 TDA2532 195 19. DG7.32 45.00 M38-122GW 65.00
AN124 2 MC1307P  1.00 STK433 TBA460CQ 1.45 TDA2540  1.95 gmggggg’H ,3_33 DG13.2 45.00 M38-140LA 65.00
AN214Q  2.50 MC1310P  1.50 STK435 TBAS70 1.0 TDA2545A 215 CME 14266GH 45.00 OH3.91 55.00 M38-142LA 65.00
AN240P  2.80 MC1327 170 STK437 TEAS5TR  2.50 TDA2451 215 CME1428W T DH7 91 45.00 M38-341P31 §5.00
AN612 215 MC1349P .20 STK439 TBA720A  2.45 TDA2560  2.15 : y
CME1523W 39.00 DP75 35.00 M38-344P39 65.00
AN7116  1.50 MC1351P  1.50 STK461 TBA750Q  2.65 TDA2571A  4.50 '
CME1431GH 39.00 DP7.6 35.00 M40-120W 59.00
AN7140  3.50 MC1357 235 TA7061AP TBASOD  0.89 TDA2581  2.95 &
i CME1431W 33.00 ON13.78 35.00 M43-12LG/01 65.00
AN7145  3.50 MC1358  1.58 TA7108P TBABI0AS 165 TDA2593
CME202GH 45.00 F16-101GM 75.00 M33-120LC 65.00
AN7150 295 MC1495  3.00 TA7120P TBAB10P TDA2600 o 4200 e 0
BAS21 335 MC1496 125 TA7130P TBAB20M TDA2610 CME2024W 45.00 Fa65101C d M 10
CA1352E 1.7 MC145106P7 TA7176AP TBA820Q TDA2611A CME2325W 45.00 F21-130GR 75.00 50-120GH -
CA3086_ 0.46 7.95 TA7203 TBAB9O TDA2640 CME3218W 45.00 F21-130LC 75.00 M50-120GR 65.00
CA3123E  1.50 MC1723  0.50 TA7204P TBA920 TDA2680A CME3132GH 45.00 F31-10GM 75.00 M50-120GV 65.00
HA1366W  3.50 MC3357 275 TA7205AP TBA950/2X TDA2690 CME3155W 45.00 F31-10GR 75.00 M50-120LC 65.00
HA1377  3.50 ML231B 175 TA7222AP TBA990 TDA3310 CRE1400 25.00 F31-10LC 75.00 M61-120W 75.00
HAT156W  1.50 MSM5807  6.75 TA7227P TCA270 TDA3560 Ccvaz9 89.00 F31-10L0 75.00 SE3A/P31 40.00
HA1330A  2.95 PLLO2A 575 TA7310P TCA270SQ UPC566H CV1450 35.00 F31-12L0 75.00 SE4/DP7 45.00
HA1398 275 SAASO0A 350 TA7313AP TCA50 UPC575C2 CV1526 19.00 F31-13GR 75.00 SE42BP31AL 55.00
HA1551 295 SAAI025  7.25 TA7321P TCA800 UPC1025H Cv2185 45.00 F31-13L0 75.00 SE42BP31 55.00
LA1230 1.95 SASS60S 175 TA7146P TCAS40 UPC1028H Svaign ha.00 F31-13LG 75.00 SE5FP31 55.00
LA4031P  1.96 SAS670S 175 TA7609P TDA440 UPC 1032H Svaias 15.00 F21-123LC 185.00 To48H 65.00
LA4102 295 SAS580 285 TA7611AP TDA1001 UPC1156H Svsiie 85.00 F41141LG 185.00 V5004LD 59.00
LA4140 295 SL9178 750 TAA310A TDA1002A UPC1158H Cv5320 85.00 F41-142L0 185.00 VB04BCAL 59.00
LA4400 415 SL1310 1.80 TAA320A TDA1006A UPC1157C2 Cvxa8o =200 M7-120W 19.00 Va048) 49.00
LA4420 1.95 SL1327 1.10 TAA350A TDA1035 UPC1181H - . BP31 55.00
09-110GH 39.50 M7-120GH 19.00 V6064BP3 :
A SCLI2ION s JhasT0 ‘ IpALes pebzy D10-210GH 45.00 M14-100GM 45.00 V6069GH 55.00
LA4430 2.50 SN76003N  3.95 TAAB61B  1.95 TOA1074A UPC1185H i - . -
UPC1191V 010-210GH888 65.00 M14-100LC 45.00 V6070P31 §5.00
LA4461 3.95 SN76023N  3.95 1.70 TDA1170
UPC1350C D10-230GH 35.00 M17-151GVR 175.00 V7030 59.00
LC7120 325 SN76033N  3.95 TBA120AS/B/C/ TDA1190
UPC1353C D10-230GM 35.00 M17-151GR 175.00 V7031GH 59.00
LC7130 350 SN76110N  0.89 SASBT/U  1.00 TDA1270Q
LC7131 5.50 SN76115N  1.25 TBA395  1.50 TDA1327 UPC 1365C D10293-GY/90 55.00 M19-100W 45.00 V7031/67A 59.00
LM324N 045 SN7613IN  1.30 TBA336  0.75 TDA2002 g:sczoozH D13-30GH 49.50 M19-103W 55.00 V7035A 49.00
LM380N8  1.50 SN762260N 2.95 TBAG4ON  2.55 TDA2003 D13-51GL/26 85.00 M23-110GH 55.00 V7037GH 45.00
LM38ON14  1.75 SN76226N 1. TBA480Q  1.25 TDA2004 D13-51GM/26 85.00 M23-111LD 55.00 VBOOAGR 65.00
LM383T 295 SN76533N  1.65 TBAS10  2.50 TDA2005 D13-45GH/01 55.00 M23.112GM 55.00 VB006GH 65.00
LM3900N  3.50 SN76544  2.65 TBA510Q 250 TDA2006 D13-600GM 59.00 M23-112GV 55.00 VBO10A 65.00
M51513L 230 SN76570N  1.00 TBA520 110 TDA2020 D13 610GH 59.00 M23-112GW 55.00 VCR139A 11.50
M51515L  2.95 SN76650N  1.15 TBA520Q  1.10 TDA2030 D13-511GH 59.00 M23-112KA 55.00 38PI 11.50
M515211 150 SN76660N  0.80 TBAS30  1.10 TDA2190 D13-611GM 59.00 M24-120GM 59.00 3DPI 11.50
MB3712  2.00 STKot4  7.95 TBAS30Q  1.10 TOA2522 D13-630GH 50.00 M24-120LC 59 00 3HOBM 55.00
D14-150GH 75.00 M24-120WAR 59.00 3WPI 18.50
SEMICON DUC TORS BD232 0.35 BFR91 1.75 RACA16335 0.80 D14-150GM 75.00 M24-121GH 55.00 4EP} 33,00
BD233 0.35 BFT42 0.35 SKESF 1.45 D14-162GH/B4 59.00 M28-12GH 55.00 58PI .00
8D234 0.35 BFT43 0.35 TiPes 0.40 D14-172GR 55.00 M28-13L.C 49.00 SBHP1 30.00
AAY12 0.25 BC182 0.10 BD236 0.49 BFWg2 085 TiP29C 042 D14-172GV 55.00 M28-13LG 49.00 SBHP1FF 30.00
AC125 0.20 BC182LB  0.10 80237 0.40 BFX29 020 TiP30C 043 D14-173GH 55.00 M28-13GR 49,00 5BHP31 30.00
AC126 045 BC183 0.10 B0238 ;40 BEXBY 028 TP3IC 055 D14-173GM 53.00 M26-131GR 55.00 5CPI 10.00
AC127 0.20 BCIB3L 009 BD242 0.65 BFX85 032 TP32C 042 D14-173GR 55.00 M28-133GH 55.00 5TO1A 15.00
AC128 028 BC1B4LE  0.09 £n2is  pois BEXBs) 029 mR3sc 095 D14-181GH98 65.00 M31-101GH 55.00 6EPT/S 39.00
AC12BK 032 BC204 010 EDaze 092 oEX8S 92 Ui S D14-1B1GY 55.00 M31-162GR 55.00 138PI 13.50
AC141 0.28 8C2078  0.13 BD410  0.65 8vsoy o2 Lasts  [043 D14-181GM 53.00 M31-182GV 53.00 13BPAS 17550
AC142K a 8C208B 013 BD434 0.65 BFY51 0.21 TIPa1C 0.45 \ -
G142 0:45 D14-181GMS0 59.00 M31-18aW 65.00 17DWP 25.00
AC176 022 8C212 0.09 80437 0.75 BFY52 0.25 TIP42C 0.47
! i D14-182GH 59.00 M31-184GH 85.00 32411085 69.00
ACI76K  0.31 BC212L 0,08 BD438 0.75 BFY90 0.77 TIP47 0.65
- 8 7 BLY4B 1.7 TIP12 080 D14-2008E 89.00 M31-184P31 65.00 880/89B/890/89L 15.00
AC187 0.25 BC212LA  0.09 0520 0.65 5 0
AC187K 0.28 BC213 0.09 BD538 0.65 BRY3% 045 TIP125 0.65 D14-200GA/50 85.00 M31-185W 69.00 1273 39.00
AC188 025 BC213L  0.09 BD597 0.95 BR100 0.26 TIP142 1.75 D14-200GM 75.00 131-190GH 55.00 1564 45.00
AG188K 0.7 BC214 0,09 BDS589 0.45 BR110 0.49 TIP161 2.95 D14-210GH 75.00 M31-190GR 55.00 1844 80.00
ACY17 118§ BC214C 0.9 BD701 1.25 BR103 055 TIP2955  0.85 D14-270GH/50 75.00 M31-190LA 55.00 9442E1 75.00
AD142 0.79 8C21al 009 8D702 1.25 BRC4443  1.15 TIP30S5  0.55 D14-310W 110.00 M31-191GV 55.00 95447GM 75.00
AD143 082 BC237B 0.09 BD707 0.90 BT100A/0  20.85 TIS9 0.20 D14-320GH/82 85.00 M31-220W 59.00 95449GM 75.00
AD149 070 BC238 0.09 BDX32 1.50 BT106 1.49 TVIo&2  1.50 D14-340GH KM 45.00 M31-270GY 65.00 7709631 78.50
AD161 039 BC239 0.12 BF115 035 BT116 1.20 2N1308 1.35 D14-340KA 45.00 M31-271P31 65.00
AD162 039 BC251A  0.12 g;‘ 19 g‘g5 g;‘ ;9 3~é5 g“ggg 0.28 D16-100GH 65.00 M31-271GW 65.00
161/ 0.90 BC252A  0.15 119 65 120 165 0.29 D16-100GH-65 69.00 M31-271W 65.00
Aoa” 00 BC258 0.5 BF 127 039 BU10S 195 2N2905 0.0 D16-100GH67 65.00 M36-141W 75.00 WIREWOUND
AF114 1.95 BC258A  0.39 BF 154 0.20 BU108 1.69 2N3053  0.40 D16-100GH/79 69.00 M36-170LG 75.00
AF115 285 8C2284  0.30 Bhl58 0322 Buhad 1.25 2his0sag 1059, D16-100GH/97 65.00 M38-101GH 65.00 RESISTORS
AF116 295 BC300 0.30 BF 160 0.27 BU125 1.25 2N3055  0.52 D18.160GH 500 M35.1036R podr
AF117 2.95 RC301 0.30 BRI67 927 829 1S9 EM (H 021-10GH 65.00 M38-120W 65.00 4 watt 2R4-10K 020
AF121 060 50303 0.26 BF 173 0.22 8U204 155 2N3703  0.12 g 9
- DG7-5 55.00 M38-120WA 65.00 7 watt RA47-22K 20
AF124 065 BC307B  0.09 BF 177 0.38 BU205 1.30 2N3704 012 :
- DB76 35.00 M38-121GHR 65.00 11 watt 1R-15K 0.25
AF125 038 BC327 010 BF178 0.26 BU208 1.39 2N3705  0.20 7 s eI =100 ot ] e
AF126 0.32 BC328 010 BF179 0.34 BU20BA  1.52 2N3706  0.12 087.36 : d :
AF127 065 BC337 0.10 BF 180 0.29 BU208D  1.85 2N3708 0.92
AF139 0.40 BC338 0.09 BF 181 0.29 BU3276  1.20 2N3733  9.50
A o@ | e o | eme  om | swr g | aes a7 VIDEO SPARES & HEAD
AF178 1.95 BC461 0.35 8r183 0.29 BU500 225 2N3792 135
AF239 0.42 BC478 0.20 g;‘g; gg: gggggA }gg 2N4427 1.95
FZ12 37 BC527 0.20 1 . d 2N4443 1.15
:sv27 o.sg BC547 o0.10 BF194 (0 BusoY 225 2N5294  0.42 VIDEO BELT KITS
AU106 4.50 80548 0.10 g;: gg g»: : a‘j}ggg‘ :gg 2N5296  0.48 Akal VS9300/9500/ Sanyo VIC 5500, . 3.75
AU107 3.50 Bcggg»‘« g,:dﬂ R o mead 0% 2N5298  0.60 VIDEO HEADS 9800 375 Sanyo VIC9300. 375
AU110 3.50 y b s - 2N5485 045 3HSS Suitable for Most JVC and Ferguson 3V16 4.50 Sanyo VTC 9300P. . 3.8¢
AUT3 450 BC557 0.08 BF 198 0.16 UES20  0.48
BC107A 0.1 BC5578  0.80 BF 199 0.14 MPSA13 029 2N5496  0.98 Ferguson models 29.50 JVCHHR 3330/3600 4.50 Sharp VC 6300 3.75
8C1078 011 BC558 0.10 BF200 0.40 MPSA92  0.30 284715 0.60 3HSS(H) Suitable for Hitachi JVC HR 33603660 . 4.50 Sharp VC 7300 375
BC108 0.10 8CY33A  1.60 BF241 0.15 MRF237  4.95 25C495 080 VT5000, VTB000, VTE000, VTB500, Panasonic NV 300. . 4.00 Sharp VC 8300 3.75
scioan ot BEts 50 BF245 030 MRF450A 13.95 25C496  0.80 VT7000 33.95 Panasonic NV 20008 3.75 Sharp VC 9300 375
8C 1088 012 BD124P 059 BF257 0.28 MRF453  17.50 25C1096  0.80 4HSS Suitable for most National Panasomc 30008 . .3.75 Sony SL 30008 375
8C109 0.10 80131 0.42 BF258 0.28 MRF454  26.50 25C1106  2.50 Panasonic Models 32.95 Panasonic NV7000.. . 3.50 Sony SL 8000/8080 . 4.50
8C109B  0.12 BD132 0.42 BF259 0.28 MRF455  17.50 25C1172y. 2.20 AHSS(UIN) Suitable tor Panasonic Panasonic NV8600B: Sony SLC7J7 4.00
8C109C  0.12 80133 0.40 BF271 0.26 MRF475 295 22(0:1 173 '~"‘g Models 370 and 380 33.95 86108/ VOIl 3.75 Toshiba V5470 4.50
BC114 0.11 80135 0.30 BF273 0.18 MRF477  10.00 25C1306 1.
BC116A  0.15 BD136 0.30 BF336 0.34 MRF838  13.95 2501307 2.95 BETAMIX VIDEO HEADS
B8C117 0.19 BD137 0.32 BF337 029 gg;ew 2.50 25C1364  0.50 PS3B (1 Pin) Suitable for Sony and SANYO ORIGINAL VIDEO PARTS
BC119 0.24 BD138 0.30 BF338 032 3 1.50 25C1449  0.80 Toshiba 5000 Seres and NEC SANYO ORIGINAL
BC125 0.25 BD133 0.32 BEGSS 037 oc28 ;-50 25C1678  1.25 PV2400 39.50 PART NUMBER MODEL  DESCRIPTION
8C139 0.20 80140 0.30 grggg g.:ég 8%33 zgg 25C1909  1.25 RSV-3-B Sunable for Sony SLB00O, 4-529-108008 VTC5150  Reel Motor 3.6W 9.95
gepie 1031 CONS Brant os ocaz e 25C1945 2,65 L8080, SLD7ME 39.50 | 4-5277-23501 VARIOUS  Motor Assy 975
BCnal 925 o b o304 o Ocas s 25C1954 095 DSR-10-R Sutable for Sony SLC5 4:527V-51000 5150 Capston Motor 20.95
gc:az gg; oy 05 BFaze | 0ca5 olss 25C1957  0.80 SLCB. SLCT 3950 | 143-0-4904-00900 FVHPE15  Gear Idier Assy 5.95
C 43 o SOied ies EFa57 [ oc70 08 28C1969  1.95 Sanyo Head for 143-2-457T-05900 VTC9455  Stopper Reel Base 0.55
B R L BFass b o olss 25C2028  1.15 VTC9300/9500 4150 | 143.0-545T-01701 VARIOUS  Pinch Roller Assy. 895
LI Ui A %4 BFaso e, s oles! 25C2029  1.95 Sanyo Head for VTC 143-0-545T-01700 VARIOUS  Pinch Roller Assy 1.95
- - 25C2078 145 530015000 41.50 143-0-551T-VTCS300 Idler Assy 0.95
BC148B  0.09 80182 0.70 BF467 0.68 oc75 0.95
BF4g4 0.45 oCs1 0.50 25C2091  0.85 143-0-6617-03800 MARIOUS  Loading Roller 0.95
8C149 0.09 80183 0.70 9 F
8C157 0.12 BO201 0.83 BF495 0.45 OC171 3.50 25C2098  2.95 143-0-6627-01201 ViC5150  Reel Dve Pulley 833
BC158 0.09 BD202 0.65 BF595 0.23 R2008B 1.45 25C2166  1.95 143-0-9974-00100 FVHP815  Mod Kit IC BAB304A L5
BC159 0.08 BD203 078 BF597 0.25 R20108 1.45 ggggg;? g.gg
BC1174  0.09 BD204 0.70 BFR39 0.23 R2322 0.58 : Video Head Cleaning Tape (VHS Automatic wet/d 6.50
BC17:A  0.08 BD222  0.46 BFRBI  0.25 R2323  0.66 250234 0.50 i AerosolgCIeapne(r ) oTE VIDEQ ALIGNMENT TAPES
BC177 0.15 80223 0.59 BFR88 0.30 R2540 2.48 3N211 2.85 N . N : S-2P Colour Bars 30 min 49.50
BC178 0.15 80225 0.48 BFR30 1.50 HCA16334 0.90 35K88 0.95 Video Copying Lead and Connector Kit Z/V 7.95 5-3P Starrsteps 30 min 49.50
8Y208-800 0.33 iN40OT 004 EHTMULTIPLIERS VARICAP TUNERS PUSHBUTTON UNIT:
DIODES | /55000 3 | Mooy  ooe | LINEOUTPUTTRANSFORMERS SHEBUTTON UNITS
| Bvezs 0.90 IN4004 0.05 ITT CVC20 6.35 ELC1043/05 MULLARD 8.65 DECCA. ITT, CVC20 BWAY 7.95
By29gao) .22 iN4DOS  0.05 ITT CVC30 6.35 | ELC1043/06 MULLARD 865 [ ITTvCVs.7-wAY 1019
Q:: :g gv?g S:i‘i%ﬁoo g-gg :m?% g-gg nggﬁ 1 300 " 7.95 ;r;lNUPTs Gi 550 6.96 332\ 8.25 PHILIPS G8 (550) 6-WAY 14.49
- - - 1700 MONO 9.95 K 720 6.91 322 8.25
BA145 0.16 BYX36-150R IN4448 0.10 DECCA 1730 8.95 THORN 3000/3500 7.57 uszda 11.00
BA148 017 020 INS401 012 DEGGA 2230 825 THORN 8500 800 200MA QUICK BLOW FUSES
BA154 0.06 BYX38-600R IN5402 0.14 GEC 2040 895 THORN 9000 800
BA15S6  0.15 0.60 IN5403 012 GRUNDIG 1500 15.45 UNIVERSAL TRIPLER 5.45 THERMISTORS OOMA s dpieachy
BA‘573 3-30 g‘figfrg% ?-?g :xg:gﬁ g-;g GRINDIG 510-6010. 2222, 5011-6011 - Sp each
BAX1 .04 YX71- . 7 . 13.45 VA1040 025
BAX16  0.06 BZYS5C30 0.35 IN5408  0.16 TTGvC20 8.20 REPLACEMENT VA1056S 0.23 20MM ANTI SURGE FUSES
BB1058  0.30 S4B 4.50 1TT44 0.04 ITT CVC30 8.25 VA1104 0.70
8715 0.79 Cs108 8.45 117923 0.15 PHILIPS GB 8.50 ELECTROLYTIC CAPACITORS | vassso 0.45 100MA-B0OMA 15p each
BY126 0.10 OAa7 0.08 T72002  0.20 PHILIPS G9 8.99 VA1097 0.25 1A-5AMP 12p each
S:‘g 0.1 8:3“’ g-gg PHILIPS G11 13.99 DECCA 30(400-400/350V) 2.85
U 0.15 i PYE 725 10.95 DECCA 80/100 (400/305V) 299
BY164 045 OAg5 0.06 ZENER RBM T20A 12.40 DECCA 1700 ) SPARE & AIDS
8Y176 1.20 0A202 .10 DIODES TANDBERGE 90" 1195 (200-200-400-350V) 3.55
BY179 0.63 IN210R 5.00 TELEFUNKEN711A 11.15 GEC 2110 (600/300V) 225 HEAT SINK COMPOUND  1.00 PUSH PULL MAINS SWITCH
S:“gg g-gg mggg g% BZx61 Se"eso - T:gnx 1590 950 Tlcggzg (200/400V) 1.80 FREEZE IT 0.95 (DECCA. GFC. RANK, THORN
- - o THORN 8000 23.50 HILIPS G (600/300V) 225 SOLDA MOP 0.64 ETC.) 1.02
BT199 0.40 IN23ER 5.00 BZY88 Series THORN 9000 9.95 PHILIPS G (2200X 63V) 119 SWITCH CLEANER 0.85 PYE IF GAIN MODULE 6.99
Y206 0.14 IN2JWE  5.00 THORN 9800 22.40 PHILIPS G11 (470/250V) 235 D40 1.75 ANODE CAP (27KV) 0.89
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PHONE P. M. COMPONENTSLTD TELEX

0474 60521  gg| ECTRON HOUSE, SPRINGHEAD ENTERPRISE PARK 966371
4 LINES SPRINGHEAD RD, GRAVESEND, KENT DA11 8HD TOS—PM

M . 41 H 1 s0 | 68Z6 250 | 6R7G 315 | 1803 6.00 | 958A 1.00
A SELECTION FROM OUR vales 60 | Guiaes  ase | v 00 | e o sese | oz 295 [ esen  wso | ecBs  aso | imea o
M8 196 550 | QS1206 105 | vi0os30  1.50 | 3EH7 1.95 6Ca 125 | 6SA7GT  1.35 | 19AQS 350 | 1619 250
STOCK OF BRANDED VALVES MB204 550 | 0s1207 090 | VRisom0 115 | 3ES7 1.95 6C5 195 | 65C7 1.507 §IISAUSGT .50 | 145 3.00
M8223 450 | Qs1208 080 | vIs2 250 | ava 1.75 6C6 250 | 65G7 259 | [196G§ 8.00 | 1626 3.00
Mg224 200 | QS1209 3.5 | wU29 450 | 3WaGT 250 6C8G 1.50 | 65H7 135 | 19G3 1700 | 2050W 6.95
al714 2450 | EBCo1 090 | e1153 1245 | mezzs 395 | osi210 150 | vuas 150 | 4Bss18 115.00 6C11 250 | 65J7GT 120 | 19Ha 3500 | 2050 5.50
A1834 750 | EBF8O 095 | EL183E 350 | MEt401 2950 | QS1211 150 | w2l 450 | a-65A 59.00 6c18 250 | 6SK7 135 | 19H4R  25.00 | 2051 5.50
A1998  11.50 | EBF83 095 | EL18P 350 | ME1402 2950 | Qsi212 320 | w7 500 | 4687A 9.50 6CA4 495 | BSK7GT  1.35 | 1905 3350 1 (3538 4.00
a287 1150 | EBFss 095 | Eiseo 675 | MEisor 1a00 | asiziz se0 | wras 100 | 42508 7950 6CA7 350 | 6SL7TGT 085 | 1906 900 | 4047 1095
A213¢ 1495 | EBF89 070 | EL500 140 | MHa4 350 | Qsiz1s 210 | wrag 150 | 4-400a  87.50 g8y 385 | 8SNTGT  1.35 | 20A2 1080 | 927 15.00
A2293 650 | EBF93 095 | ELso4 140 | MHie 400 | osizis 500 | x24 450 | 410004 42500 SGBY 195 | 65Q7 1357y ] j2001 070 || pezg 25.00
A2426 3500 | EBL1 250 | EL509 525 | Mi4 450 | Qu37 950 | Xeexes 495 | 4B32 35.00 6CDEGA 450 | 8SS7 185 | 20LF6 795 | 4212E 25000
- 7. EBL21 200 | Ets19 695 | MsaB 550 | Qvos-12 575 | X76m 195 | 4BQ7A 175 6CF6 150 | uaGT 175 | 2001 095 | 4313C 4.00
AZS09) SIS0 6CG7 225 | euswa  aso | 20P1 055 | 43280 9.00
a27oz 270 | EC52 075 | Etsoz 365 | MU14 350 | Qvos2s 175 | xC2a 150 | 4Bz6 1.95 - - e - -
a2000 1180 | Ec7o 175 | Ets21 850 | Mzi-100 12500 | Qvos20 2950 | XC25 050 | 4c27 25.00 6CHE 695 | 6U8 1.15 2°P3 060 | 5636 5.50
EC81 7.95 El822 1295 Na7 12.50 | QVO08-100 145.00 | XFW47 150 | 4cz8 25.00 6CL3 395 | 6UBA 150 | 20 95 5642 950
A4y AW EM1 go0 | N8 985 | auaesoo aso0 | xfwso  1so | aC 1a500 | 6CL6 325 | 6V6G 125 | 20P5 115 | 5651 250
A3283 2400 | ECEE 1001 Sl ao0 | oa T i i T > ’ 6CLBA 150 | 6veGT 150 | 21Jz6 495 | 5654 1.95
aewionD 400 | Eces b ) 2 085 | Qv3-125 6500 | XG1-2500 75.00 | 4CX1000A e L (R Lol e el 1%
EMB0 o070 | oazwa 250 | avazso 7000 | xG2-6400 135.00 425. - : - :
ACATHI - 4.00 | EC90 110 1 Epgs o0 | oa3 250 | Qvaao0 7600 | XG5-500 2250 | 4CX4000A 6CM7 295 | 6Y6G 395 | 2481 39.50 | 5670 325
ACT22 59.75 ECo1 5.50 q i d i 6CS6 0.75 6X2N 1.00 25DQ6B  2.95 5672 4.50
EMB4 165 | oB2 085 | R0 4.00 | XL628FT  7.50 1100.
AH221 3900 | EC92 195 1 Emes 395 | oBeawa 250 | Ris 1200 | XNP1z 250 | acxesoB as.0 | 6CS7 095 1 6x4 1504 2SL6GT 175 || (5675 28.00
- AH238 3900 | EC93 150 | Emgr 250 | ocz 250 | Ri17 150 | XR1-1600A 49.50 | 4Cx250B EMAC 6Cw4 650 | 6x5GT 100 | 25BQ6 175 | 5678 7.50
AL6O 600 | EC95 700 | Enao 1500 | ocs 15d || lrid 250 | XR1-32004 79.50 So%50 606 250 | 6x5GTY 100 | 29C1 1950 | sea7 4.50
AN1 1400 | EC97 110 [ Engi 195 | oo3 170 | Ri9 250 | XR1-6400A 4D32  125.00 60C6 235 | 6x8B 225 | 29KQB 6.50 | 5692 350
ARP12 070 | EGBO10 1200 | Engz 450 | Oma voo | meo T2 11500 | 4CX250BN 75.00 6DJ8 095 | 7A6 450 | 30C17 040 | 569 350
ARP34 125 | Eccz 350 | gvsy oB0 | oOmss 300 | Riies 5500 | vsoz 2500 | 4CX250K EIMAC 6DK6 650 | 7A7 200 | 30C18 148 | 5704 3.50
ARP35 200 | ECCa3 350 | Evei 235 | Ome 1.75 | RG1i2s 495 | ves 6.95 95.00 6Das 595 | 7AD7 175 1 3F5 095 | 5718 6.15
AZ11 450 | ECC3s 350 | Evas 150 | ompas 250 | RG1-240A 1450 | YD11o0  75.00 | 4CX125C EIMAC 6DQ6B 250 | 7AU7 0 | A 100 | 5725 250
AZ31 250 | ECCBI 115 | Evaa 595 | ORP50 395 | RG3-250A 3.50 | YJ1060 26500 125.00 6DT6A 1.50 | 786 350 | 30FL2 1.35 | 5726 250
BL63 200 | ECCB1Special EY86/87 050 | P61 250 | RG3-1250A35.00 | YL1020 29.00 | 4CX350A 95.00 60w4 215 | 787 250 | 30Ft12 095 | 5727 250
BS814 5500 | Qualiy 225 | Eves 0.55 | Pa 250 | Rk2k2s 6250 | YL1060 19500 | 4CX350F 79.50 6E5 395 | 7C5 350 1 30FLI3 190 | 5749 250
CIK 19.00 | ECC82 Philips EYa1 550 | PABCBo 075 | RK-208 1200 | YL1070 19500 | 4XC15008 6EA4 4.95 | 7C6 250 | 3OFL14 125 | 5750 1.85
CaE 22.00 195 | Evso2 070 | PCse 075 | RLI6 150 | vLi071 19500 398.50 6EA7 250 | 7E7 250 | 3oLl 045 |y |S75] 295
CaJA 2000 | ECc8a  o0ss | EX35 075 | PCss 075 | RPLIE 1200 | YL1290 6500 | 4E27 19500 6EAB 250 | 7H7 350 | 30L15 060 | 5763 5.75
6E88 175 | 797 550 | 30117 060 | s814A 325
Con 2000 | ECCB3Brimar EZ40 275 | Pco2 350 | RPYi3 250 | z77 120 | aGs7 225 E : - . C -
= ool el 1.35 EZ41 275 | pco7 110 | RPY43 250 | 2302 1200 | 4u52 75.00 Gsm? §<5° 7;; g-gg gg;“g" }-gg 5823 N 950
S11as 3200 ECCB3 Philips E280 0.75 PCBOC 110 | Reys2 250 | 2359 900 | 4JCBA 2.95 @ 50 | G 1l d S329W, 550
‘ E281 075 | PC900 1.5 | RR3250 15.00 | 25058  15.00 | 4KTe 1.50 SEU7 1.85 | 8810 &9 || 3018 060 | 5840 3.50
Shigsh NS00 L EZ90 150 | pPCcss o040 | RRa-t2s0 3s00 | zseoM 400 | axisoA 3soo | 6EUB 175 | 8B05 195 | 30P19 100 | 5842 11.00
C1149/1 195.00 ECCB3 Siemans Y ) Y i 6EV7 295 | sFa7 1.95 | a0PLi1 2.50 5847 10.95
R B aes | Foos 205 | pccss  oss | Rse1s 4500 | z521M 800 | swmi20 950 £ - = . ity 250 | %6
e ol e FWA/B00  2.95 PCC88 0.70 RSEB5  54.95 27000 3.00 5A152M  9.00 6EWS 2.95 10l S 30PL13 - 79 5.00
; 9 Gs51K  9.00 | PCCBY 070 | Rssess 5215 | z749 060 | 5A163K  10.00 SEW7 450 | 10DE7 250 | 30PL14 175 | 5886 13.95
C3E 29.50 150 | GigoeM 695 | PCCise 070 | sSeF17 5.95 | z759 19.85 | 5A170K 625 6F1 200 | 10EW7 295 | 31JS6C 550 | 5894 39.50
ccaL 090 | ECC84 050 | Gosoop 900 | Pccsos o070 | seFaz 2895 | 2s03u 1895 | sA1BOM  9.00 6F5 495 | 10F1 075 | 33A158M 19.50 | 5899 4.50
CKki006 350 | ECC8S 075 | GcioB 1750 | PCCsos 080 | S11E12 3800 | zAwoo 1250 | S5A-206K  10.00 6F6 250 | 10GK6 1.95 | 35A5 450 | 5963 1.75
CV Nos prices ECC86 275 | GC1oD  17.50 | PCEB2 080 | A2k 1200 | zAwo1 150 | 5AMB 215 6F6G 200 | 10P14 250 | 35L6GT 200 | 5065 2.25
on request ECC88 095 | GC1048 17.50 PCF80 065 | S1041K 10.00 | 2ZM1005  8.00 | 5ANS 1.20 6F7 5.50 10P18 078 | 3523 1.85 | 6005 1.85
D3A 27.50 | ECCo 200 | GCro4E 1750 | PCF82 060 | S1091K 1500 | zM1020 600 | 5AR4 2.00 i 150 | 10LD12 065 | 38HE7 450 | 6012 16.00
D63 120 | ECCi80 072 | GCi24B 1750 | PCF84 065 | S130 559 | zMi021  8.00 | sAU4 1.50 6F13 300 | 11E2R  45.00 [ 4OKDS 550 | 6021 3.65
DA4) 2250 | ECC189 195 | GDesw  6.00 | PCFep 120 | si3op 595 | zmM1023 795 | 5B110M  10.00 6F14 100 | 11E3 5500 | 42 6.95 | 6057 3.75
DA42 17.50 | ECC801S 350 | GDTi20M 500 | PCF87 040 | SC1'800 .00 | 2ZM1041 1400 | 5B-254M  14.50 6F17 275 f 11R3 550 | 47 6.00 | 6058 395
DAJO 450 | ECCB03S 495 | GN4 600 | PCF200  1.80 | SC1/1100 6.00 | 2M1082  9.00 | 5B-255M 19.50 - 250 { 12A8 385 | 50A5 1.50 | 6059 375
DA100 12500 | ECC804 060 | GN10O 1500 | PCF201 180 | SC11200 500 | ZMi084 1000 | 5B-256M 15.00 6F23 060 | 12ADE 150 | 50C5 095 | 6060 225
DAF91 070 | ECC2000 1200 | GR10G 400 | PCFBOO 040 | SC11300 600 | zMi177 900 | 5B-257M  15.00 6F24 125 | 12AH7GT 495 | 50CD6G 115 | 6062 450
DAF36 065 | ECFso 115 | Gstoc 1650 | PCFsor 135 | SC1200 900 | zMi202 55.00 | 5B-258M  14.50 6F25 125 | 12AL5 100 | S0EHS 1.50 | 6063 2.00
0C70 ECF82 115 | GS1oH  12.00 PCFE02 060 | SP4) 500 | ZM1263 400 | 5C22 12500 6F28 I725 12AT6 125 | 50Jv6 295 | 6064 325
1S F 6F32 125 | 12a17 115 | seku 200 | 6067 7.00
Do 120 | ecrss 170 | GS120 1200 | PcFeos 125 | spa2 300 | zwiet2 300 | sCLBA 250 ohae N | i A | koo [ = T
D00 ecrooo 1ss | GTIC 1400 | PCFsos 100 | SP4B 4.95 5J180E  2950,00 - - - -
GTICS'S 13.00 | PCF8og 125 | $S501 3500 | 1A3 450 | 5R4GB  3.50 BFGS5 195 | 12AU6 NS0 | ‘e1SPT 4.50 | 6080 8.50
2500 | ECF202  1.85 | o~ ol wo0 | PCHzoo 150 | ST 6FQ7 295 | 12A17 065 | 75B1 350 | 60BOWA  9.50
DETi6 2850 | ECF801  0.85 . " Y, el (e 120 | e 390 ] eaes 550 | 12AV6 195 | 75C1 250 | 6132 10.50
Oene  saso | ccraos 280 | GTRISOW 100 | PCLe2 085 | STvsoiao 1195 | 1AEa 350 | 574 595 e H j22ve o : z -
oirss] e Eorioe  no%s GU20 35.00 PCL83 2.50 STV280/80 19.95 183GT 1.95 5U4G 2.5 gGHgA 3435 éAme ‘ gg 8 s'gg 6136 g-gg
DET: ¥ ECH3 250 GU50 17.50 PCL84 0.75 su4z2 495 1B22 10.00 5U4GB 4.50 0.80 d 83 : 61468 -
23 p95.09 - GXU1 1350 | PCL8S 080 | TB25m00 85.00 | 1B27 5500 | 5v4G 1.50 6GKy g0 | ek 06s | 84 g2 | otse i |
DET24  39.00 | ECH4 300 | Gxus 2400 | PClee oes | tB2a00 4500 | 1m3A  4as.00 | svaeT ligs 6GK6 195 | 12axrwa 250 | esar 650 | 6156 65.00
- DET25 2200 | ECH35 350 | GXusosS 14.50 PCLBO0  0.80 TB3-2000 395.00 1B63A  75.00 | 5Z4GT 1.50 6GM6 285 [2AYE, 395 | B85A2 195 | 6157 2.50
DET29 3200 | ECH42 150 | Gyso1 150 § PCL80s  0.90 | TD1-100A 2500 | 1C1 250 | 6/30L2 0.70 6GS7 215 | 12AZ7TA 185 | Q0AV 15.00 | 6158 3.20
OF91 100 | ECH8 100 | Gyso2 1.50 PE1-100 69.00 | TDO3-10F 35.00 1C5GT 250 | 6A203K  9.00 6GV7 2°50 12B4A 4.50 | 90C1 350 | 6201 6.45
DF92 060 | ECH83 100 | Gz3o 1.50 | PEN25 200 | 70312 400 | 1FD1 250 | 6A7 4.95 6GW6 250 | 12BA6 150§ 90CG 1350 | 6205 6.95
DF96 065 | ECH8a 100 | Gzas 150 | PEN4oDD 250 | TDDa 550 | 1G3GT 250 | 6A8G 1.50 6GWe 250 | 12BE6 185 | socv 1250 | 6211 2.50
DF97 100 | ECHeooo 150 | Gzaz 1.50 | PENas 300 | TP25 150 | 1J3GT 250 | 6ACT 2.00 6GYS 395 | 128H7A  2.50 | 91AG 9.00 | 6267 4.50
DH63 120 | ECL8O 060 | Gz33 450 | PEN4SDD 3.00 | TSP4 700 | 1K3 250 | 6AGS 1.50 6H1 950 | 12BL6 175 | 92AG 19.50 | 6350 3.50
DH77 090 | ECL82 079 | Gz34 2.15 | PNE46 200 | TT11 150 | 1Nz 450 | 6AG7 1.95 6HaN 250 | 12BY7A 275 | 92AV 15.00 | 6360 4.50
DH79 056 | ECLB3 250 | Gza7 450 | PEO6-doN 4200 | TT23 45.00 | 1NsGT 250 | 6AH6 250 6HE 195 1 1208 250 | 95A1 6.50 | 6386 14.50
DH149 200 | ECLsa 07a | nAAer 1.00 PFL200 095 | TT22 45.00 1928 2500 | 6AJ4 2.00 6HBGT 1.95 12CAS 185 | 100E1 10.00 | 6463 7.50
DK91 090 | ECLss 069 | HABCBO 090 | PL21 250 | Trioo 5700 | 1P39 1950 | 6AJ? 2.00 6HFS 550 | 12CX8 J.20 | 108Gt 150 | 8545 8.50
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circuits must have alinear

ramp, fast discharge to zero
and a minimum dead time.

This circuit provides such a
sawtooth and operateson a

single supply.

Using a reverse-connected
transistor gives a very-low
Vicsa0f 1to 10mV, although
it requires more base drive as 3
in this configuration drops to
0.1. Dead time, determined by
R,/C,,islessthan 100us. A
sawtooth repeating at every
zero crossing can be obtained
by inverting the comparator
output, differentiating it then
oOR-gating the two pulse trains
todischarge Tr,,.

V.B. Kuber
Nashik
India

the potentiometer. This
potentiometer is set so that Try
triggers atthedesiredr.m.s.
current limit of for example
500mA.

As Tr; conducts, Tr, latches
both transistors on, turning off
the led and denying base drive
toTr; thecircuit under test is
protected.

Pressing the reset
button allows C; to discharge,
bringing the led on
momentarily

At this point the button is
released. Ifthe excess load is
still present, the led flickers
and then remains oftf.

P.E. Thompson
Antibes
France
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Stereo phase and
level display

Live recordings have to be
right first time, but when
mixing multiple microphones
by earitiseasy tomakea
listening error and have one of
the microphones out of phase.
Only after the recording is
made can a fault like this be
detected and by then it is too
late.

By out of phase I mean that
one microphone’s position with
respect to another is such that
an acoustical phase shift
occurs, causing colouration at
certain frequencies. Ifa discis
made from the recording, too
many out-of-phase signals
cause undesirable needle
movements, resuiting in
wooliness.

With this circuit, any
general-purpose d.c.-coupled
oscilloscope can be used to
display a left-minus-right
signal on the horizontal axis
and a left-multiplied-by-right
signal on the vertical axis.

Buffered left and right
signals feed two rectifiers
providing positive and
negative signals for
subtraction: rectifier
symmetry is balanced using
R,,». Ifthe two inputsignals
are identical, the 10k()
potentiometer can be adjusted
for null.

Simultaneously, both

560 Horizontal
in

Vumeter

12V

‘o
1
1 0 qn mg 15
Ic

A
10
2 it b2 1t
-12v. : ICyq AAA—O Vertical
1y, 1C; - TLOBG b 3 L 560 in
- 2 18 —
1C5 - MC169% < e
100p
== 1004
channels feed an MC1494 Because ICsisa multiplier,  notbe worthwhile. The v.u.

multiplier. ResistorR; is
adjusted for null output with a
left-channel signal only and R,
nulls output for a right-
channel signal only.

output follows a square law. A
logarithmic amplifier could be
used to linearize this circuit
but balancing such an
amplifierisdifficult so it may

meters are optional.

Don Goodman

Rubin Academy of Music
Tel-Aviv University
Israel

Sensitive dip oscillator for titrations

In fet r.f. oscillators a diode
from gate toearth is often
included to stabilize output
voltage. Popular belief'is that
this produces a bias voltage by
rectification, thus reducing
circuit gain.

This cannot be so because
the circuit still functions in the
same way if the series
capacitor in the tuned circuit is
omitted and the gate thus
connected to earth through.

The diode seems to work by
clamping voltage across the
tuned circuit to the diode's
forward voltage level.
Absorption of power from the
tuned circuit, such as occurs
when a tuned circuit resonant
at the oscillator frequency is
brought near, causes a
reduction in diode current.

By placing a low value
resistor in series with the

diode, this clamping current
may be sensed, amplified and
displayed on a meter. In this
conventional Clapp escillator
diode current typically
develops 10-100mV across the

1k resistor.

The circuit can be applied as
a very sensitive dip oscillator
or as a metal detector. In
analytical chemistry, [ have
used the circuit for high-

frequency titrations. The cell
is the inductor, which consists
of a few turns of wire round a
breaker.

Lionel Sear

Truro Cornwall
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“This is certainly a book to recommend to anyone involved in
digital technology”*

A PRACTICAL INTRODUCTION TO THE

NEW LOGIC SYMBOLS — 2nd Edition
by Ian Kampel, CEng, MIERE

The new logic symbology is a significant advance in the ficld of digital
electronics and a major international achievement. Digital engineers need
to learn how to use and interpret this new logic symbology in order to stay
at the top of their profession as the new symbols will soon be commonplace.
I'his updated cdition, with additional material, is written by an expert
experienced in preparing complex technical works in an accessible fashion,
and prepared in collaboration with the International Electrotechnical

EW FROM BUTTERWORTHS

MICROPROCESSOR ENGINEERING

by B Holdsworth, BSc(Eng), MSc, CEng, FIEE

Microprocessor Enginecring gives a clear and authoritative account of the
hardware and softwarc techniques employed in microcomputing systems. B
Holdsworth, author of the successful, Digital Logic Design, has in this, his
new book. concentrated on the Intel 8085A but with full reference to other
8-bit microprocessors so that thorough instruction is given on the design
and programming of systems using those processors as central clements.
This work will not only prove invaluable as a textbook for undergraduate
and postgraduate students of electrical and clectronic enginecring and

computing, but will also be useful to technicians and engineers who are

Commission. ) : . P
involved with microprocessors but who haee no formal training in the field.

Contents: Introducing the symbols. An international language for digital
engineers; Definitions; Composition of the symbol; Input and outputs;
Simple combinative ¢lements; Delay elements; Dependency notation; Label
sequences; Two-state elements; The common control block; Shift registers
and counters; Coders; Signal level converters; Selectors; Memory;
Arithmetic elements. - Using the symbols: A complex symbol analysed;
Different levels of representation. - Closely related symbols: Multiple signal
paths; The changer symbol.

Contents: Prcface ® Arithmetic ® Logic ® Memory ® Small computer
architecture ® The instruction set 1: data transfer, arithmetic and logic
operations ® The instruction set 2: jump, call, return and stack control ®
Assembly language programming and software aids ® Program controlled
input/output datx transfers ® Interrupts ® Data conversion ® Bibliography
Problems ® Index.

Hardcover &11.50 approx 176 pp Hlustrated
216x 138mm 0408030100 August 1986
* Electronic Technology on the first edition

BASIC Operational Amplifiers —J C C Nelson

This latest book in the Butterworths BASIC Series provides the reader with a sound understanding of the techniques of operational amplifier circuits and their
practical limitations. [t uscs BASIC programs to ¢liminate the tedious repetitive calculation that has traditionally been an essential part of operational amplifier
design. 1t is ideal reading for undergraduate and diploma students in clectronics, computer studices and control systems.

Softcover
040801361 3

£15.95approx 304 pp
December 1986

Hlustrated 216 x 138 mm

Contents: Scction headings: Introduction to BASIC @ Introduction to operational amplifier circuits ® Frequency response ® Offset errors ® Waveform
generation ® Introduction (o active filters ® Non-linear circuits.

£9.50 approx 136 pp [Hustrated 216x 138 mm

Softcover 040801580 2

September 1986

Butterworths

meeting professiondl neeas

BOROUGH GREEN: SEVENOAKS. KENT TN15 8PH. UK
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E M s Power Systems

® Pneumatic

@® Hydraulic Ram
Operated

@® Winch Operated

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

Also a complete range of Standby, UPS and
Mains Stabilizer 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

Hilomast Ltd.

THE STREET — HEYBRIDGE — MALDOR
ESSEX — CM9 7NB — ENGLAND

Tel: (0621) 56480  Telex: 995855
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Electronic ignitionfor
single-cylinder engines

Capacitor discharge unit replaces magneto
ignition to give new life to garden machinery

’]jhe initial requirement
for a dry battery c.d.
ignition system is a d.c.
converter to generate a supply
of some few hundreds of volts
to which an energy storage
capacitor could be charged,
preparatory to its discharge
through the primary of the
ignition coil.

To a first approximation, the
spark energy will depend on
the energy stored in this capa-
citor, which is 0.5(CV?). This is
in joules if C is in farads, and,
conventionally, energy figures
in the range 30-120mdJ have
been suggested 2. A 1uF capa-
citor charged to 250V with a
stored energy of 62mdJ would
offer two advantages over a
higher voltage, lower capaci-
tance system. The first is that
the use of a 400V d.c. capacitor
offers a sensible safety margin
and such capacitors are easier
and cheaper to obtain than
higher voltage units. The
second benefit is that such an
operating voltage would be
readily obtainable from the
primary winding of a small
240V mains transformer. If
this could be used as the step-

by John Robins

John Robins is a psuedonym
for a well-known circuit desig-
ner now working as a consul-
tant.

L]
T

dc-to-dc
converter

+9V

@;zsov

L12v

ov

up unit, it would save the diffi-
culty of winding a special unit.

Most conventional d.c. con-
verter circuits employ self-
oscillating systems, with the
positive feedback required to
sustain oscillation derived
from additional transformer
windings. In his article’, Coop-
er proposes the use of a low
power multivibrator to drive
the inverter transistor, and
this seems an eminently sen-
sible move in that it allows a
readily determined operating
frequency independent of the

transformer output load, and
avoids difficulties in start-up if
the supply or transformer load
conditions are such that the
oscillator fails to oscillate.

The basic circuit that I used
is a symmetrical, base and
emitter-coupled multivibrator
of the type shown in Fig. 1. The
operating frequency is effec-
tively determined by C;, Cs, R;
and Rs and this delivers an
alternating square-wave drive
to the bases of Try and Tr, via
the current limiting resistors
Re and R;. These transistors

Fig.1. Simplified d.c.
converter using base and
emitter coupled
multivibrator actually uses
Darlington transistors for
the output pair.

Fig.2. To prevent the
voltage rating of the
storage capacitor from
being exceeded control
transistor Tri, is added. If
the output voltage exceeds
limits set by R, and R,, D,
conducts to reduce
oscillator drive.
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Fig.3. With the intermittent
use a single-cylinder two-
stroke engine might geta 9V
dry battery could last up to
several months —less than
the cost of fuel
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The case for
electronic
ignition

The energy of the spark from a
magneto depends on the cur-
rent in the primary coil, which
depends greatly on the speed
with which the pole pieces pass
the fixed coil unit. So if one’s
arm is weak or the engine
doesn’t turn freely, the spark
can be inadequate to start the
engine.

Additionally, with the pas-
sage of the years, vibration and
age can weaken the strength of
the magnet, or worn crankshaft
bearings can increase the air
gap between the magnet and
the magneto coil poles, which
will reduce the energy of the
magneto and make the feeble
slow-speed spark even weaker.
Finally, and more catastrophi-
cally, the ingress of moisture
into the coil windings can cause
electrical leakage or chemical
corrosion of the fine secondary
wire.

With a new machine, re-
placement of the flywheel unit
or magneto coil shouldn’t be
difficult but in the case of an
elderly appliance the model
may be obsolete, or the makers
out of business.

A number of electronic igni-
tion systems have been de-
scribed in the technical press,
but these have normally been
intended for use with multiple
cylinder, relatively high per-
formance motor car engines, for
which high engine speed was a
greater consideration than eco-
nomy of d.c. supply, so this
article takes a fresh look at the
circuit possibilities with the
specific aims of achieving good
d.c. economy and simplicity of
construction.
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are Darlington types, to reduce
the required drive current
through Tr; and Try. I used
MdJ3001s because they were to
hand, but less expensive de-
vices such as the TIP121s
would be entirely adequate.

In the collector circuit of the
power stage I used a small
mains transformer with a
centre-tapped low voltage
winding. The high voltage
240V a.c. winding is used with
a rectifier bridge to supply the
energy storage capacitor.

In general, the maximum
output current which could be
drawn from such a circuit will
increase as the operatoring fre-
guency increases, and some ex-
perimentation with two small’
p.c.b.-mounting transformers
of this type, one 1.5VA and one
3VA, showed that both were
quite happy up to a few kHz.
The standing ‘quiescent’ cur-
rent of the inverter stage in-
creased with frequency, espe-
cially beyond about 3kHz, as
the core losses increased.

An operating frequency of
about 1kHz was therefore
chosen as a reasonable com-
promise between these two
conflicting requirements. This
gave a standing quiescent cur-
rent of 15-20mA in the pro-
totype when operated from a
9V supply, but would provide
an adequate high voltage
supply to allow operation at
3000 rev/min, which seemed a
suitable upper speed limit.

Secondary voltage control

Under light load conditions, it
is probable that the rectified
secondary voltage from the
step-up transformer could rise
to high levels due to the peak
rectification of inevitable volt-
age spikes, and this could
cause the working voltage of
the energy storage capacitor
(C4inFig. 2) tobe exceeded.

The oscillator/drive circuit
has therefore been elaborated,
as shown in the full circuit
diagram of Fig. 2, to include a
control transistor in the multi-
vibrator emitter circuit. This is
normally turned full on by
base current supplied through
Rs. However, if the inverter
output voltage increases
beyond predetermined limits,
set by R; and Ry, the diode D,
conducts and progressively
‘throttles back’ the oscillator
drive.

This also helps to cut back
the quiescent oscillator cur-

rent once the energy storage
capacitor is fully charged.
Since it was intended that the
unit would operate from a 9V
dry battery it was not thought
worthwhile to stabilize this
supply, though a very low out-
put current regulator in the
emitter circuit of Tr; would be
all that was needed.

HV capacitor discharge circuit

The output voltage from the
inverter step-up transformer is
rectified by a bridge-connected
group of four 1N4007 diodes
and feeds the energy storage
capacitor through the limiting
resistor, R;s5, which serves to
restrain the momentary in-
crease in oscillator current
when the capacitor is dis-
charged.

Since Cooper! observes that
failure of capacitor discharge
units is almost always due to
the failure of the thyristor, I
decided to use a generously
rated (13A, 600V) component
for this, since the difference in
cost between this and a less
rugged device was very small.

The thyristor should be fired
when the contact breaker
points open, and it is very de-
sirable that it should not fire
again when the points reclose.
This requirement is met by the
circuit built around Tr; and
Try, which fires the thyristor
cleanly and reliably without
the need for a ‘diac’, for which,
in any case, the available d.c.
supply voltage would be too
low.

Contactbreakerpoints

It is normally assumed in the
design of capacitor discharge
electronic ignition systems
that the lower the current
which passes through the con-
tact breaker points, the better
will be their longevity. Up to a
point, this is true, but the
points normally operate in an
atmosphere of oil vapour from
the engine, and it is desirable
that enough current should
flow through these points to
burn off any thin insulating
film which may form. This is
unfortunately incompatible
with the design requirement
that the direct current con-
sumption for the unit should be
as low as possible. I therefore
opted for a 1k} resistor for Ry,
with an led in series with it. If
it is suspected that the points
may not be closing satisfactor-

ily, the led will verify this
point. Also, the 0.47uF capaci-
tor across the points will con-
tribute a small amount of dis-
charge energy (23pd) to assist
in keeping the points oil film
free.

The whole unit fits com-
fortably within a small
(114x64 x55mm) diecast met-
al housing, with external leads
to the primary of the ignition
coil, battery, and contact
breaker points.

The relationship between
running speed for a single
cylinder two-stroke engine and
d.c. supply demand, at 9V in-
put, is shown in Fig.3. For the
sort of usage such machines
get, one or two hours at a time,
a9V dry battery could well last
many months, and cost sub-
stantially less than the petrol
used to power the appliance.

For the benefit of those
whose skills are mechanical
rather than electrical, convert
the existing magneto-operated
c.d. unit as follows. Disconnect
the h.t. lead from the magneto
to the spark plug, and the in-
ternal connection between the
magneto high current (prim-
ary) winding and the contact
breaker. The contact breaker
will almost invariably consist
of an insulated moving contact
and a fixed contact connected
to the chasis of the machine.
Identify the insulated point,
from which the magneto prim-
ary winding is to be discon-
nected, and provide an ade-
quately robust connection
from this point to the c.b. input
lead of the c.d. unit. Provided
that the carburation is satis-
factory, the machine should
start easily and run freely.
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423 X 8 = £165*

An electronic solution to your
cabling and interfacing problems.

The 8-way RS423 “Comptons SOFT SWITCH",
developed at the National Physical Laboratory,
is now available from:-

The Soft Option Ltd.
Osbourne House
Lower Teddington Road
Hampton Wick KT1 4ER
Tel: 01-977 7670

Trade enquiries welcome. * Price excluding VAT and delivery.

CIRCLE 66 FOR FURTHER DETAILS

'Fibre-Optics
EDUCATOR

_ I

?‘ \xill“\ )

—

For teaching fibre-optics and telecom-
munications in schools, colleges, universities
and technology training centres.

Transmits analogue and digital data over
free-space and optical fibres using red light.

Plus many other applications, including
numerous measurement experiments.

Designed and Manufactured in the U.K.

For further details contact:

ELLMAX ELECTRONICS LTD.,
Unit 29, Leyton Business Centre,
Etloe Road, Leyton,

London E10 7BT. ELLMAX

Telephone: 01-539 0136 ELECTRONICS

CIRCLE 64 FOR FURTHER DETAILS

AFFORDABLE ACCURACY

Quality Multimeters from

Cirkit

A comprehensive range
of Analogue and
(Pushbutton or Rotary
Switched) Digital Models

ANALOGUE DIGITAL
HM-102BZ — 10ADC Range, 20kQ/VDC, HC-7030
Buzzer, Battery Test Scale ................ £12.50 0.1% Accuracy. Standard Model ... £39.50

19 measuring ranges

HM-102R — Low end voltage & current
ranges. Jack for Audio o/p voltages £11.00
20 measuring ranges

HM-1015 — Rugged, Pocket sized meter, for
general purpose Use ... £7.50
16 measuring ranges

Battery, Test Leads and Manual included
with each model.

Please add 15% for VAT
and 70p for p&p

HC-6010

0.25% Accuracy. Standard Mode! ... £33.50
HC-5010T

0.25% Accuracy. TR Test Facility ... £39.50
DM-105

0.5% Accuracy. Pocketable ... .£21.50

All models have full functions and ranges
and leature 32 digit 0.5” LCD display — jow
battery indication — auto zero& auto polarity
— ABS plastic casing - DC AC 10amp range
(not DM-105) — Overload protection on all
ranges — battery, spare fuse, test leads and
manual.

Fuli details and specification from:

EN

Cirkit Distribution Ltd s

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

Telex 22478

TRADE ENQUIRIES WELCOME

R. WITHERS “e==~ LTD.
AGENT TO THE STARS!

¥ oo Q

RWC are main agents/distributors for Yaesu, lcom, Kenwood, M.
Modules, Jaybeam, Tonna, Revco Antennas, Cleartone, Mutek,
AKD, Drae, FDK, Welz, Tait and Neve Radiotelephones to name
but a few! We are able to supply: Receivers (inc. scanning),
Transmitters, and complete communication systems including
antennas for all types of location and applications. We specialise
in custom systems HF—UHF.

TUNE INTO OUR SPECIALIST SERVIGE!

* We manufacture our own range of VHF/UHF beam and Raycom
mobile antennas and 13.8V DC PSU’s 3-12A.

* We're the only company in the UK that produces modular VHF/UHF
Raycom power amplifiers (15-50 watts output).

* We supply a large range of specialist RF power transistors/modules
imported directly from Japan.

* We supply/repair amateur/business radio systems.

* We check transceivers on our spectrum analyser — £12.50 for a
comprehensive report while you wait!

* Only supplier of modified Yaesu FRG 9600 MII (60-950MHz) and
Revco RS 2000E (60-179 and 380-520MHz) scanning receivers.

* Probably the UK's largest seller of used radio equipment.

* We offer the largest selection of radio allied services under one
roof. CALL NOW FOR FULL DETAILS.

EXPORT AND TRADE ENQUIRIES INVITED

584 Hagley Road West, Quinton, Birmingham B68 0BS.
Tel: 021-421 8201 (24hrs) Telex: 334303-TXAGWM-G

CIRCLE 52 FOR FURTHER DETAILS
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HOT LINE DATA BASE

%‘n» DISTEL

+The ORIGINAL FREE OF CHARGE dial up data}
*base. Buy, browse or place YOUR OWN AD fore
2 goods or services to sell. 1000’s of stock items, ®
» spares and one off bargains. Updated daily.
+ ON LINE NOW. CCITT, 8 bit word, no parity. e
. For 300 baud modems call 01-679 1888 5
¢ For1200-75 baud modems call01-679 6183
[ ]

P 0S80 S0P IOON VI OIONOOEOEPADIINOIBSIBIINIYS
FREE only £24.95 it becomes a SUPERB

HIGH QUALITY* COLOUR* TVSET
The fabulous TELEBOX an INVALUABLE MUST for the owner of
ANY video monitor with acomposite input, colour or monochrome.
Made by a major UK Ca as a TOP QUALITY. stand alone UHF
tuner and costing QVER £75 to manufacture. this opponun|t¥ to
give your monitor a DUAL FUNCTION must not be missed!
TELEBOX consists of a compact. stylish two tone charcoal
moulded case. containing ALL electronics tuner, power supply etc
to simply plug in and convert your previously dedicated computer
monitor into a HIGH QUALITY COLOUR* TV SET. giving a real
benefit to ALL the family!! Don't worry if your monitor goesn't have
sound- THE TELEBOX even has an integral4 wattaudio amplifier
tordriving an external speaker, PLUS an auxiliary output for superb
quality television sound via your headphones or HI Fl system etc
Other features include: Compact dimensions of only 1575 w x
75 dx 35 h latest technology. BRITISH manufacture, fully
tuneable 7 channel push buttontuner, Auto AGC circuit. SAW filter,
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!!!

ONLY £24.95 OR £19.95 if purchased with ANY of our
video monitors. Supplied BRAND NEW with full instructions and 2 YEAR
warranty. Post ang packing £3.50 “When used with colour crt

COLOUR & MONOCHROME
MONITOR SPECIALS

‘SYSTEM ALPHA' 14 COLOUR MULTI INPUT MONITOR
Made by the famous REDIFFUSION Co. for their own professional computer
system this monitor has afl the features to suit your )mmediate and future
requirements. Two video inputs RGB and PAL Composite Video, ailow direct
connection to BBC/IBM and most other makes of micro computers or VCR's.
including our very own TELEBOX An internal speaker and audio amp may be
connected to computer or VCR for superior sound quality. Many other features:
PIL tube, Matching BBC case colour, Major controls on front panel Separate
Contrast and Brightness - even in RGB mode Separate Colour and audio
controls for Composite Video input. BNC plug for composite input 15 way 'D'
plug for RGB input. modular construction etcetc
This Must Be ONE OF THE YEAR'S BEST BUYS. PC USER

Supplied BRAND NEW and BOXED. complete with DATA and 9C day
?uarantee ONLY £149.00 as above OR IBM PC Version £165.00

5 Day'D skt £1.00, BNC skt 75p BBC interface cable £5.50
DECCA B0 16" COLOUR monitor. RGB input.
Little or hardly used manutacturers surplus enables us to offer this sFecnaI
converted DEé(‘A RGB Colour Video TV Monitor at a super low price of only
£99.00. a price for a colour monitor as yet unheard of' Qur own interface,
safety moditication_and special 16" high definition PIL tube coupled with the
DEC EA BO series TV chassis give 80 column definition and quality found only
on monitors costing 3 TIMES QUR PRICE. The quaiity for the price has to be
seen to be believed! Supplied complete and ready to plug direct to a BBC
MICRO computer or any other system with a TTL RGB output. Other features
are: interna! speaker, modular construction, auto degaussing circuit, attractive
TEAK CASE., compact dimensions only 52cm W x 34 H x 24 D, 90 day

uarantee Although used, units are supplied in EXCELLENT condition.

NLY £99.00 + Carriage.
DECCA 80, 16 COLQUR monitor. Composite video input. Same as above
modei but fitted with Composite Video i gut and audio amp for COMPUTER,
VCR or AUDIO VISUAL use. ONLY £99.00 + Carr

REDIFFUSION MARK 3, 20° COLOUR monitor. Fitted with standard 75 ohm

composite video input and sound amp This large screen colour display is ideal

for SCHOOLS. SHOPDS. DISCO'S CLUBS and other AUDIO VISUAL appl+

cations Supplied in AS NEW or little used condition ONLY £145.00 + Carr
BUDGET RANGE EX EQUIPMENT MONOCHROME video monitors.

Ali units are fully cased and set for 240v standard working with composite video

inputs. Units are pre tested and set up for up to 80 column use. Even when

MINOR screen burns exist - normal data displays are unaffected 30 day

uarantee

?2‘ KGM 320-1 B/W bandwidth input will display up to 132 x 25 lines £32.95

12" GREEN SCREEN version of KGM 320-1. Only £39.95

9" KGM 324 GREEN SCREEN fully cased very compact unit Only £49.00

Carriage and insurance on all monitors £10.00
» rr X, v
) ' ! .

GOULD OF443 enclosed compact switch mode supply with DC regulated
outputs of =5v @ 55a +12v @ 0.5a —12v @ O.1aand —~23v @ 002a Dim 18 x
11 x6cm. 110 or 240v input BRAND NEW only £16.95
GQULD G6-40A 5v 40 amp switch mode supply NEW £130.00

AC-DC Linear PSU for DISK drive and SYSTEM applications. Constructed on a
rugged ALLOY chassns to continuously supply fully regulated DC outputs of +5v

3 amps, —5v @ 06 amps and +24v @ 5 amps_Short circuit and overvoltage
protected 100 or 240v AC input. Dim 28 x 12.5 x 7 cm NEW £49.94
Carriage on all PSU's £3.00

Your monitor from its computer!! For

PC2000 System
with CPM Etc
COST OVER £1400

B
/ CL

f A Manufacturer's BRAND NEW surplus
DEC LA34 Uncoded keyboard with 67 guality gold plated switches on X-Y
matrix - ideal micro conversions etc £24.95
AMKEY MPNK-114 Superb word processor chassis keyboard on single PCB
with 116 keys Many features such as On board Micro. Single Sv rail, full ASCil
coded character set with 31 tunction keys. numeric keypad cursor pad

and 9600 baud SERIAL TTL ASCII OUTPUT! Less than half price

X Only £69.00 with data Carriage on Keyboards £3.50

BE BEATEN'

DON’T MISS THE CPM Deal
OF the CENTURY

UN
Professnonal Busmess System

A cancelled export order and months of negotiation enables us to offer this professional
PC.CPM system, recently on sale at OVER £1400. at a SCOOP price just over the cost of
the two internal disk drives! Or less than the price of a dumb terminall

Not a toy. the BIG BROTHER of the EINSTIEN computer. the DUAL PROCESSOR
PC2000 comprises a modern stylish three piece system with ALL the necessities for the
SMALL BUSINESS, INDUSTRIAL. EDUCATIONAL or HOBBYIST USER. Used with
the THOUSANDS of proven, tested and avaitable CPM software packages such as
WORDSTAR, FAST. DBASE?2 etc. the PC2000 specification, at our prices, CANNOT

1000’s OF
BARGAINS -

The central processor plinth contains the 64K, ZBOA processor. DUAL TEAC 55F 5Ya

PRES TEL VIEWDA

PLESSEY VUTEL. ultra compacl unll sh%(ly Iark;ner
than a telephone teatures D DTMF
TELEPHONE (tone dial) w»lh 5 CRT monitor and
integral modem etc. for direct connection to PRESTEL.
VIEWDATA etc. Designed to sell to the EXECUTIVE at
over £600" Our price BRAND NEW AND BOXED at
only £89.00

DECCAFAX VP1 complete Professional PRESTEL
system 1n shmline_desk top unit containing Modem,
Numernc keypad. CPU. PSU etc. Connects direct to
standard RGB colour monitor. Many other features
nclude Printer output. Full keyboard input, Cassette
port etc BRAND NEW with DATA. A FRACTION OF
] COST only £55.00

ALPHATANTEL. Very compact unit with integral FULL
| ALPHA NUMERIC keyboard Just add a domestic TV
receiver and you have a superb PRESTEL system and
{via PRESTEL the cheapest TELEX service to be
found'! Many featuress CENTRONICS Printer output,
Memory dialling etc. Supplied complete with data and
{ DIY mod for B or Composite video outputs. AS
NEW only £125.00

Post and packing on all PRESTEL units £8.50

EX-STOCK INTEGRATED CIRCUITS

'4164 200 ns D RAMS 9 for £11 4116 ns
| £1.50 2112 £10.00 2114 £250 2102 £200

6116 £2.50 EPROMS 2716 £450 2732 £3.00
| 2764 £4.95 27128 £550 6800 £2.50 6821 €1
| 68A09 £8 6BB09 £10 8085A £550 8086 £15

8088 €8 NEC765 £8 wWD2793 £28 8202A
|£22 8251 £7 8748 £15 ZBOA DART £6.50

Z80A CPU £2.00. Thousands of IC's EX STOCK
| send SAE for list.

| DISK DRIVES

Japarese 5% half height. BO track double sided disk
drives by TEAC. CANON, TOSHIBA etc
Sold as NEW with 90 day guarantee ONLY £85.00
TEC FB-503 Double sided HH 40 TRK NEW £75.00
SUGART SA400 SS FH 35 TRK£55.00
SIEMENS FDD100 SS FH 40 TRK £65.00
carriage on 5% drives £5.50
Brand NEW metal 5% DISK CASES with internal PSU.
DSKC1 for2 HH or 1 FH drive £29.95 +pp £4.00
DSKC 2 for 1 HH drive £22.95 +pp£3.50
DKSC 3 As DSKt LESS PSU £12.95 +pp £2.50
DSKC 4 As DSK2 LESS PSU
8" IBM format TESTED EX EQUIPMENT.
SHUGART 800/801 SS £175.00 +ppEB 50
SHUGART 851 DS £250.00 +pp £8.50
TWIN SHUGARTS851's2 Mbtotal capacityinsmart case,
comgkete with PSU etc. £595.00
MITSUBISHI M2894-63 8" DS 1 Mb equiv. to SHUGART
SAB50R. BRAND NEW at £275.00 +pp £8.50
DYSAN 8" Alignment disk £29.00 + pp£1.00
Various disk drive PSU's Ex Stock SEE PSU section.
HARD DISK DRIVES
DRE/DIABLO Series 30 2.5 Mb tront load £525.00
Exchangeable version £295.00. ME3029 PSU £95.00
DIABLO 44/DRE4000A, B 5+5 Mb from £750.00
CDC HAWK 5+5 Mb£795.00. CDC 9762 80 MbRMO3
€

etc 2500.00.
PERTEC D3422 5+5 Mb £495.00
RODIME 5"

Winchesters ex-stock from £150 CALL
Clearance items - Sold as seen - No guarantee.
ICL2314 BRAND NEW 14" Mb Removable pack hard
disk drive, cost over £2000 with data  ONLY £99.00
BASF 8172 8" 23Mb Winchesters £199.00
Uniess stated all drives are refurbished with 90 day
guarantee. Many other drives and spares in stock - call
sales office for details.

Double sided 40/80 track disk drives (1Mb per drnive). PSU, 4K of memory mapped screen RAM. disk controller. R§232,
CENTRONICS and system expansion ports andif that's not enough areadyto pluginto STANDARDS8 DRIVE portforupto FOUR
8' diskdrives either in double density or IBM format The ultra slim 92 key. detachable keyboard features 32 user definable keys.
numeric keypad and text editing keys. even its own integral microprocessor which allows the main ZBOA to devote ALL its time to
USER programs, eliminating “lost character’ problems found on other machines The attractive. detachable 12 monitor combines
agreen, antrglare etched screen, with full swivet and tilt movement tor maximum user comfort Supplied BRAND NEW with CPM
2.2, user manuals and full 30 day guarantee. Full data sheet and info on request
PC2000 Business System with CPM
and 'Ready to Run' FAST Sales and
Purchase ledger, supports up to
9000 Accounts. VAT etc
COSTOVER £1700

PC2000 Wordprocessor System
with CPM and TEC FP25 daisywheel

Jotn the communications revolution with our super
range of DATA MODEMS. prices and specifications
to suit all applications and budgets
BRAND NEW State of the art products
DACOM DSL2123 Multi standard 300-300. 1200-75
Auto answer etc £268.00
DACOM DSL2123AQ Auto dial. smart modem with
multi standard AUTO SPEED detect and data buffer
with flow control etc. £365.00
DACOM DSL2123GT The CREAM of the intelligent
modems, auto dial. auto call index buffer
etc etc £498.00
Steebeck SB1212 V22 1200 baud FULL DUPLEX.
Tync or async, optional auto dial £465.0
ANSDATA 307A Acoustic coupler 300 baud fuN
£49.00
Ex BRITISH TELECOM full spec, CCITT, ruggedised
bargain offers Sold TESTED with data Will work on
ané MICRO or system with RS232 interface.
MODEM 13A 300 baud unit. only 2" high fits under
phone CALL mode only £45.00
-MODEM 20-1. 75-1200 baud. Compact unit for use
as subscriber end to PRESTEL, TELECOM GOLD,
MICRONET etc £39.95 +pp£6 50
MODEM 20-2 1200-75 baud Same as 20-1 but for
computer end £65.00 +pp£6 50
DATEL 2412. Made by SE Labs for BT this two part
unit is tor synchronous data links at 1200 or 2400
baud using 2780/3780 protocol etc. Many features

duplex, originate only, RS232 interface

| include 2 or 4 wire working, seif test auto answer etc

£10.95 +pp£2.00 |

COST OVER £800. Our price ONLY €199 +pp £8.00
DATEL 4800, RACAL MPS4800 baud modem, EX
BT good working order, ONLY £295.00 +pp £8 00
SPECIAL OFFER
MODEM TG2393. Ex BT, up to 1200 baud full
duplex 4 wire or half duplex over 2 wire line. ONLY
£85.00 PER PAIR +pp£1000
For more information contact our Sales Office.
v »

SPECIAL BULK PURCHASE of these compact. high
speed matnx printers Buiit in Japan for the Hazeltine
Corporation this umit teatures quality construction
giving 100cps bidirectional, full pin addressable
graphics, 6 type fonts up to 95 single sheet or
tractor paper handling. RS232 and CENTRONICS
parallel intertace. Many other features BRAND NEW
and BOXED. COST £420. Qur price Only £189.00

RECHARGEABLE BATTERIES

Dry Fit MAINTENANCE FREE by Sonnenschein
& Yuasa.
A300 07191315 12v 3Ah NEW £13.95
A300 07191312 v 3Ah NEW £9.95
A300 07191202 6-0-6v 1.8Ah TESTED Ex

Equip £5.99

Standard VDU data entry terminals
at give away prices!!

QUME QVT108. Current product, state ot the art
terminal with detachable keyboard, 12 Green screen,
2 page RAM, TVI 925 Hazeltine, ADMSA emulations,
software setup, 25 x 80. Clock, Swivel and lilt base,
Printer port, Function keys etc. BRAND NEW and
BOXED AT ALMOST HALF PRICE Only £425.00

AJ510 - EX RENTAL. 280 controlled. 15 green
screen 24 x BO display, graphics, cursor addressing.
printer port €tc. Very good condition TESTED complete

with manual only £225.00
ADDS 520 - Dumb terminal, used, 12 b/w _screen
RS232 interface and prnter port.  TESTED.

ONLY £€125.00. Carrage on terminals £ 10.00
100's of other terminals’in stock. CALL for more detaiis.

DISPLA
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All prices quoted are for U.K. Mainland, paid cash with order in Pounds Sterling PLUS VAT Minimum order value £2.00.
Minimum CreditCard order£10.00. Minimum BONAFIDE account orders from Government Depis., Schools, Universitiesand
established companies £20.00. Where post and packing not indicated please ADD £1.00 + VAT. Warehouse open Mon-Fri
9.30-5.30. Sat 10.30-5.30. We reserve the right 1o change prices and specifications without notice. Trade, Bulk and Export

32 Biggin Way, Upper Norwood, London SE19 3XF r—j
Telephone O1 -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 L
registration and print \ R s i

quality. Micro-processor ) a\fractnon of its original cost /
electronics ofter full )
DIABLO/QUME command compatability and tull control via CPM WORDSTAR
ETC. Many other features include bi-directional printing, switchable 10 or 12 pitch.
fuill width 381 mm paper handling with up to 163 characters per line, friction feed
rollers for single sheet or continuous paper. internal butfer, standard RS232 serial
interface with handshake. Supplied absolutely BRAND NEW with 90 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 Maintand) £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 1s supptied ready built,
aligned and pre tested but WITHOUT 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!!

DATA 1/0 TERMINALS
Industry standard, combined ASCI|
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 ulitra reliable guality built unit
made by the USA EXTEL Corporation
Often seen in major Hotels printing up to
the minute News and Financial inform-
ation, the unit operates on 5 UNIT
BAUDOT CODE from a Current loop,
RS232 or TTL serial interface May be
connected to your micro as a low cost
printer or via a simple interface and fiiter
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 tor AE11
TYPE AF11R 72 Col.

ONLY £49.95
£4.50

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

+ Ribbon £65.00
TYPE AH11R 80 Col
ASCII/BAUDOT £185.00

Carriage and Insurance £7.50

720,000 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, duai
track system. VI52 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 EIA interface £350.00
DLV11-E Serial. Modem support  £190.00
DUP11 Synch. Serial data i/o £650.00

DQ200 Dilog ~ multi RK controtier £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 Unibus 32kb Ram £80.00
MS11-LB Unibus 128kb Ram £450.00
MS11-LD Unibus 256kb Ram £850.00
PDP11/05 Cpu Ram. i/o etc £450.00
PDP11/40 Cpu, 124k MMU £1,850.00
RT11 ver 3B documentation kit £70.00
RKOS5-J 2.5 Mb disk drives £650.00
KL8 JA PDP 8 async i/o £175.00
M18E PDP 8 Bootstrap option £75.00
VT50 VDU and Keyboard
20 mA £175.00
VI52 VDU and RS232 interface  £250.00

B T
Give your VT100 a Birthday!!!

Brand New VT100 Keyboards
only £85.00 :

R R e e
1000’s OF EX STOCK spares for PDP8, PDP8A
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.

I
P T3
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Many EX STOCK computer tape drives and spares by
PERTEC, CIPHER, WANGO, DIGIDATA, KENNEDY
etc. Special offer this month on DEl Cartridge tape
drives ONLY £450.00 each.

CALL FOR DETAILS

“COMPUTER/SYSTEM CABINET & PSU

All in one quality cecmputer cabinet with integral

switched mode PSU, mains filtering. and twin fan

cooling. Originally made for the famous 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 Id, filtering, trip switch, power and run leds
mounted on ali front panel, rear cable entries, etc. etc. Units are in
good but used condition - supplied for 240v operation complete with
full 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. Carriage £8.75

66% DISCOUNT o s

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 imes what you pay. Unbeatable value and
perhaps one of the most consistently useful items you will every buy'" Sold by
weight.

2.5kls £5.25 + pp £1.25

10kls £11.25 + pp £2.25

5 kls £6.90 + £1.80
20kls £19.50 + pp £4.75
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» OP ROARD B B 8 a Ca
ges a 0 oF
and 0 OT ele 0 D D ased 10
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GE TERMIPRINTER

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

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

standard RS232 senal interface. internal
vertical and horizontal tab settings,
standard rbbon, adjustable baud
rates, quiet operation plus many other
features Supplied complete with manual.
Guaranteed working GE30 £130.00.
GE1200 120 cps £175.00

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

SEMICONDUCTOR
__‘GRAB BAGS'

Mixed Semis amazing value contents
include transistors digital. linear. IC's
triacs, diodes. bridge recs. etc etc

All devices guaranteed brand new full
spec with manutacturers markings. fully
guaranteed.

50+ £2.95 100+ £5.15

TTL 74 Series. A gigantic purchase of an
across the board” range of 74 TTL series
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

CURE those unnerving hang ups and data
glitches caused by mains interference with
professional quality fiiters. 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. moditying and
listing EPROMS of the 2516, 2716.
2532. 2732 range Many other functions
include integrai keyboard. cassette inter-
face. senal and parallel i/o UHF modulator
ZIF socket etc

ONLY £195.00 + pp £2.50

*GANG OF EIGHT" intelligent Z80
controlled 8 gang programmer for ALL
single 5v rail EPROMS up to 27128 Will
copy827128inONLY 3MINUTES. 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 request

COOLING FANS

Keep your hot parts COOL and RELIABLE with our range of
COLING FANS ETRI 126LF21 240v 5 blade equipment fan
Cm. 80 ~ BO - 38mm £9 95 ETRI 99XUOI 240+ Shmhine
Dm 92 x 92 . 25mm. equpment gian. NEW £9 95
GOULD JB-3AR Dim 3' » 3' - 2.5 compact very quet
runming 240v operation NEW £6.95 MUFFIN-CENTAUR
BOXER standard 120 - 120 : 38mm fans Order 110v OR
230v 3 or & blade. NEW at £10.50 of tested EX EQUIPMENT
£5.50. Low Voltage DC Fans BUHLER 69 11 22. 8-16v DC
micro minaiature reversibte, Uses brushiess servo moter
almost sllent running, guaranteed 10,000 hr ife. Measures
only 62 x 62 x 22mm. Curent cost £35.00 OUR 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 6 biade £18.00.
100°s of other fans Ex Stock
Call for Details Post & Packing on all tans £2 00
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Z80 B CONTROL & 280

OCTOBER
SPECIAL

CARDMASTER CPU

® 4/6 MHz 780 CPU

® CP/M compatibie

® User transparent MULTI-TASKING
® Upto 32K EPROM & 16K RAM

o Watchdog crash protection

® RS232 & RS422 Comms

® 2 Z80a PIO {one uncommitted)

@ On board bus buffering

© Power-on jump hardware

@ Euro-card construction
NOW FROM £99 + VAT

‘'C'IRON - €5 75
‘CS'IRON - £5 95
‘XS’ IRON - €6 20
ANTEX BITS - 99p

Audio, Batteries,
Books, Boxes, Bridge
Rectifiers, Cables & Wires,

CUB MICROCONTROLLER
e Z80CPU
@ 4 x280aPlO’s (6410 lines)
® 780aCTC
® 4K Battery backed RAM (2K sup.)
© 4K EPROM (2K MCV2.0 sup.)
® Powerful monitor (MCV2.0)
® Eurocard construction

NOW FROM £86 + VAT

12V RECHARGEABLE UNIT

An encapsulated pack of 10 D size Ni-Cad
batteries in black piastic case complete with
inlet and outfet socket (XLR Type) and fuse
holder. This unit when charged gives a 12V
output. Altemnately the unit can be cut open and
the cells removed to be used as normai D celis
In forches, toys etc.

Approx 245mm X 75mm X 75mm

£5.99 'V

Cannon plug to fit above unt £1.50

Capacitors, Connectors, Electrical, Feet,
Fuses, Hardware, Integrated Circuits, Kits,
Knobs, Opto. PCB Equipment, Panel Meters,
Potentiometers, Power Supplies, Resistors,
Semi-conductors, Soldering Equipment,
Sony spares, Storage Systems, Switches,
Telecom Equipment, Test Equipment, Tools,
Transformers, Valves. VDR's, Voltage
Regulators, Zener Diodes.

STARBURST V1.31 CMR16 NOW FROM
ACROSS ASSEMBLERFOR | ~ £165.00
CP/M80 covers four major Bare PCB's Available
families of single chip uP’s and 14 10+
uC's C/M CPU 28.50 25.65
» 8048 inc. 8741/2 8748/9/50 C/M /O 28.50 2565
* 8051 inc. 8031/2 8751 8744 CUB 23.50 2115
* 6801 inc. 6800/1/2/3 68701 CMR16 40'00 36400
* 6805 inc. 68705 63705 : g
Supplied with a complete set of Manuals on request
demonstration files. GNC ELECTRONICS
STARBURST V1.31 £95.00 Little Lodge, Hopton Road,
+ T Thelnetham, DISS IP22 1JN.
Requires Z80 CPU J Tel: 0379 898313

PORTABLE GAS SOLDERING IRON

Totally portable, fills in
seconds with ordinary 7
lighter fuel for up to 60
mins continuous use.
Tip temperatures to
max 400°C.

Small Size

175mm X 19mm

£13.90

Meets all
safety

Spare Tips— £4.50 each  Standards

Sizes:2.4,3.2& 4.8mm

NI-CAD BATTERY CHARGER

This battery charger is suitable for AA. C, D
and PP3 Type Ni-Cad charging and can cope
with up to 4 of each AA, C & D pius 1 + PP3 at
any one time.

£4.50

+15% VAT
Normally £5.17

RESISTORKITS

1/4W 5 Each Value (305) £3.35
1/4W 10 Each Value (710) £5.75
1/2W 5 Each Value (365) £4.75
1/2W 10 Each Value (730) £7.95

RECHARGEABLE BATTERIES (NI-CADS)
A range of nickel cadmium batteries, which
will replace dry batteries.
Can be quickly and easily recharged using the
above ni-cad charger.
AA  —95peach
~£2.14 each
£2.30 each
- £3.75 each

10+ 85p each

10+ £1.98 each
104 £2.10 each
10+ £3.65 each

CIRCLE 19 FOR FURTHER DETAILS

MARCO TRADING

DEPT EWW10 THE MALTINGS
HIGH STREET, WEM,
SHROPSHIRE SY4 5EN

Tel: (0939) 32763 Teiex: 35565

B.T. APPROVED
Master Socket 2/4A
Secondary Socket 2/6A
4-Way Line Plug 431A
Line Jack Cord with Plug

CIRCLE 33 FOR FURTHER DETAILS

En:
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"HIGH QUALITY - LOW PRICES

)

‘ N
4+11GHz SATELLITE TV RECEIVING EQUIPMENT
RECEIVERS, LNB’s, LNC’s, FEED HORNS,
ANTENNAS, ANTENNA POSITIONERS,
POLOROTORS, LINE AMPLIFIERS, ETC.

For further details contact

HARRISON ELECTRONICS

Century Way, March, Cambs. PE158QW Tel: (0354} 51289 175

Toroidal & E.I.

Transformers

As manufacturers we are able to offera
range of quality toroidal and laminated
transformers at highly competitive prices

Toroidal Mail Order Price List

prices inclusive of VAT & Postage

15va 7.95, 30va 9.18, 50va 10,16, 80va 11.36, 120va 12.07, 160va 14.20, 225va
15.21, 300va 17.04, 500va 22.10, 625va 24.66, 750va 28.75, 1000va 44.82.

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

Available from stock in the following voltages: 6-0-6, 3-0-3, 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.

Quantity prices and delivery on request

qn*@a -
e

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

CIRCLE 4 FOR FURTHER DETALLS

RF U.S. supptier 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
M4z, 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/MATYV 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 .389
.2N4128 .2N5070 .2N5591 .2N6080 .2N4427 2N5090
2N5634 .2N6083 .2N4431 .2N5102 .2N5918 .2N6084

TIC Semiconductor nc.

18 WEST 21st STREET NEW YORK, N.Y. 10010 U.S.A.
TEL: (212) - 675 6722 TELEX: 284564 TICS UR
“—— CIRCLE9FOR FURTHER DETAILS

SATELLITE TELEVISION

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

Complete satellite receiving system from
£495.00 + VAT.

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

NETWORK SATELLITE
SYSTEMS LTD
Units 7-8
Newburn Bridge Industrial Estate
Hartlepool, Cleveland TS25 1UB

Tel: (0429) 274239 or 869366

CIRCLE 17 FOR FURTHER DETAILS
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Low voltage
references

Teledyne Semiconductorssay
their new bandgap references offer
amuch wider reverse current
range than alternatives currently
available. The 1.25V type’s range
is from 15p.A to 20mA (TSC04),
whilethe range of the 2.5V device
1s20pA to 20mA. They are
available in two temperature
coefficients, 0.01% per deg C and
halfthat value (50 ppm/deg C).
These low voltage references,
accurate to 2%, are used for data
acquisition converters,
multimeters, and battery powered
telecommunication circuits.

Enter 200 onreply card.

Industrial Pascal
for 68000

OmegaSoft Pascal takes the
Pascal framework and expands the
basic data types, operators,
functions and memory allocation
tofit the needs of real-time
systems. “With the rising cost of
writing real-time control
software” says Bill Stanley of RCS
Microsystems, “the advantage of
using a high level language are
widely recognised”. The compiler
generates assembly language for
assembly and link torun on the
targel system. Asatruerelocation
assembler and linking loader is
used, only those runtime modules
required are linked in, providing a
smaller object module than other
compilers. Large Pascal programs
can be split into conveniently sized
modules to speed the development
process. Procedures, functions and
variables can be referenced
between Pascal modules and
assembly language modules using
Pascaldirectives.

The compiler package includes
aninteractive, symbolic debugger,
which allows setting of break-
points, displaying and changing
variables, and tracing statements
as well as a full relocatable macro
assember and linking loader, and a
full screen editor which can be
used with a variety of intelligent
terminals.

Full source code is included for
the runtime library, debugger,
screen editor and other support
utilities.

Versions are available torun
under 0S9/68000 and Versados,
and a subset of this Pascal is
available for 6809 program
generation.

Enter 201 onreply card.

HF receiver hasi.s.b. mode

Rediffusion new h f. receiverisa
high performance, synthesized,
programmable receiver intended
for the professional
communications market. Based on
the company’s R500 receiver, it
adds independent sideband
operation to the list of mode
available —c.w., m.c.w.,a.m.,l.s.b.
and u.s.b. with optional f.s k. data.
High-speed data up to 2400 baud
canbe received.

Channel, frequency and mode
are set through a keypad on the
front panel and shown on two
liquid crystal displays. Operating
parameters for up to 63 channels
atatimecan be stored in the

equipment’s memory and brought
intooperation by selecting
channel number and pressing a
‘use’button. Frequency is
selectable in 10Hz steps in the
range 60k Hz to 30MHz.

Local, extended or remote
control is available, and the
receiver can be integrated intoa
computer-controlled network.

The R505 isthe latest addition
to Rediffusion’s Series 2000 range
and shares 80% of functional
modules with the DU505
transmitter drive unit.
Rediffusion Radio System Ltd.

Enter 202 on reply card.

Microprocessor
crystals

Long-established in the field of
manufacture and supply of
professional crystals from 10kHz
to 360MHz, Webster Electronics
announce that they now offer one
of the wider ranges of crystal for
microprocessor use, from 1 to
60MHz. Specification providesa
setting accuracy of + 30ppm
measured at 23°C and with a
temperature coefficent of =20ppm
over a working temperature range
of —10to +60°C.

All crystals are made in Europe
by the manufacturing divisionofa
West German company and
claimed to be extremely high
quality. They are encapsulated by
the resistance weld method.

In addition the company factor a
range of oscillators, including 14-
pinoscillators with t.t.1. output
covering the range 250k Hz to
70MHz, crystal filters, and
communication antennae.

F. Webster (Electronics &
Engineering) Ltd.

Enter204 onreply card.

IBM/AT-compatible mother-board and

graphics card

According to Microkey their 286
VLSl is capable of fulfilling many
roles in the electronics market-
place, its specially designed i.cs
implementing the functionsofan
IBM/AT but in a much reduced
area and parts count. In the space
saved Microkey implement four
serial channels and a parallel
printer channel to allow for stand-
alone applications. Multi-user
environments can be easily
implemented. 1Mbrams
standard together with a real-time
clock and battery back-up.
Firmware comes from Aware
Software of the USA and is
compatible with IBM’sfirmware,
allowing most present saftware
and hardware packagestorunon
the basiccard. The processor is an
8MHz 80286 on the standard unit;
6MHzis selectable on the card and
a 10MHz version will be available
early 1987, and the board has a
socket for the 80287 co-processor.
Eight standard slots for cards are
implemented: six 16-bit slots, two
8-bit.

To complement Microkey’s
IBM-compatible product the VLSI
Microkey 1000 graphics eard.

ELECTRONICS & WIRELESS WORLD OCTOBER 1986

implements the following
functions: Hercules graphics
standard, IBM’s EGA,CGA, MDA
and is therefore compatible with
software designed to run on them.
The board has 256K ram screen
buffer, aram-based character

generator, virtual device interface
and alight peninterface. The 13.5
by 4in board fits any short slot in a
Microkey 286 VLSI, IBM PC, XT
or AT and most compatibles.

Enter 203 on reply card.
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low-cost PC based logic analysis - from Thurlby

Now you can use your IBM-PC or compatible computer as the
basis of a sophisticated logic analyser system.

LA-PC Link is an interface package which links your computer
with the low-cost Thurlby LA-160 logic analyser to provide facilities
normally associated with only the most expensive analysers.

® Sophisticated data state listings

Up to 32 words per screen in multiple data formats.

Scrolling by line, page or word, plus random page access.

Rapid screen compare facility, Full repetitive word search.

@ High resolution timing diagrams

Sixteen channels of 64, 256 or 1024 samples per screen.
Instantaneous pan and zoom. Moveable channel positions.

Dual cursors with automatic time difference measurement.

@ 16 or 32 channels, clock rates to 20MHz

Operates with all versions of the LA-160 with or without LE-32.

@ Comprehensive data annotation

Each data and control input can be allocated a user-defined label.
Data files are date/time stamped and can be fully annotated.

@ Full disk storage facilities

Data files can be saved to disk and recalled for comparison.

Data includes the analyser’s set-up conditions and all annotation.
® Versatile printing facilities

State listings and timing diagrams with annotation can be printed.
@ Colour or mono display; keyboard or mouse control
Colour, monochrome or text-only modes suit any display adaptor.
Parts of the programme can be controlled by a mouse if required.
® Terminal mode for uP disassemblers

Acts as a terminal for use with Thurlby uP disassembler ROMs .

TTHTTH

B P —

SNgZa Thurlby Electronics Ltd If you already have an LA-160 logic analyser the LA-PC Link inter-
/I Thurlby % New Road, St. lves, Cambs._ face package costs just £125. If you don’t, an LA-160 with LA-PC
designed and built in Britain PE17 48G Tel: {0480) 6357C Link costs from £520.

CIRCLE 56 FOR FURTHER DETAILS

The world’s most advanced low-cost bench multimeter!
Thurlby 1905a £349. var

A complete high performance bench DMM

@ 5% digits; 0.015% acc; 1uV, ImQ , 1nA.

@ Full ac and current functions as standard

A sophisticated computing and logging DMM
# Linear scaling with offset; null/relative

® Percentage deviation; running average

@ dBV, dBm general logarithmic calculations

® Limits comparison; min and max storage

& 100 reading timed data logging

® RS232 and IEEE-488 interface options

Thurlby Electronics Ltd aNZa
New Road, St Ives, Cambs. PE17 48G // Thurlby yﬂ-&
Tel: (0480) 63570 designed and built in Britain
CIRCLE 57 FOR FURTHER DETAILS

Now Thurlby makes logic analysis affordable ! from
the new Thurlby LA-160 £395 :vat

e 16 channels, expands to 32 e 2K word acquisition memory
i e Clock rates up to 20MHz e Non-volatile reference memory
" e State and timing displays e Search and compare facilities
, ® Selectable display formats e Hard-copy data print-out

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.

{ ]g\"% Thurlby Electronics Ltd

/I Thurlby ZIh New Road, St.lves, Huntingdon,

designed and built in Britain Cambs. PE17 4BG, England. Tel: (0480) 63570
CIRZLE 58 FOR FURTHER DETAILS




Type 3132 - Dual Trace
20MHz; 2mV/div calibrated. 40ns/div(max) sweep.
14 trigger functions. Triple DC source +5V,£12V.
Component comparator.

Type 3036 - Single Trace with 5 CRT
20MHz, 2mV/div calibrated. 40ns/div triggered sweep.
Component tester.

Type 3031 - Single Trace
20MHz, 2mV/div calibrated. 40ns/div triggered sweep.
Component tester. Compact size.

* THE CHOICE IS YOURS *x

X

g2l

Just 'phone or write for your FREE copy of our catalogue and Price List.

Crotech Wstruments Limited EX™ B2

2 Stephenson Road, St. Ives, Huntingdon, Cambs. PE17 4WJ
Telephone: (0480) 301818

*RRP excluding delivery and VAT

CIRCLE 38 FOR FURTHER DETAILS

VIDEO TERMINAL BOARD

* 80 characters X 24 lines *

Requires ASCll encoded keyboard and monitor to
make fully configurable intelligent terminal. Uses 6802
micro and 6845 controller. Program and character
generator (7 X 9 matrix with descenders) in two 2716
EPROMs. Full scrolling at 9600 baud with 8 switch
selectable rates. RS$232 interface.

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

CORTEX CONTROLLERS

50 St. Stephens Place. Cambridge CB3 OJE
Telephone (0223) 68000 J
CIRCLE 16 FOR FURTHER DETAILS
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Reduce Designer Fatigue

Linc-Ace System

1 Linc-Ace (10f18)

2 Linc- Lug A0
3 Linc-Sink
Also: Feet
Gaskets
24 items

LINCOLN BINNS LTD

Catalogue

ELECTRONIC ENCLOSURES

—

8]
PO Box 110, Haywards Heath, West Sussex RH17 5YU.
Tel: (0444) 451418

from:

CIRCLE 6 FOR FURTHER DETAILS
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N B e W) e Y R
g WE DESIGN, WE MAKE,
3

CHOICE OF PROFESSIONALS

COMPACT LATTICE TOWERS and
% SLIMLINE TUBULAR MASTS

{ TELESCOPIC—TILTOVER, FIXED—MOBILE FROM 6m UP TO 36m

1 Suitable for a wide range of civil and military
[‘ applications such as:
RADIO COMMUNICATION i
SURVEILLANCE & CCTV
¥ METEOROLOGICAL MONITORING !
AMATEUR RADIO
AERO & MARINE NAV AIDS
¥ FLOODLIGHTING, ETC.

': Purpose designed using 4.5m and

¢4 3m section modules for low

3 retracted heights and cost

¥4 effective shipment. Engineered to -

1 B.S.l. Standards and hot dip

L' galvanized to BS729 for protection.
Wind loads are based on

|
|

B.S.C.P.3. Chap V. PT2, 1972 for
“4 wind speeds up to 100 mph/160
: kph.
B RELIABILITY QUALITY KNOW HOW \

S M— —

b

- kAo e

———

WE SELL DIRECT

e ——

DELIVERY
SAE FOR MORE
DETAILS, PLEASE

- |
i}  Allweld Engineering
~* Factory 6, 232 Selsdon Road, I
South Croydon, Surrey, CR2 6PL, G.B.

Tel: 01.680 2995 (24 hr) 01-681 6734.
T W S R—
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Development
boards

Offered as a low-cost rapid
development tool for prototype
construction is the 85000
series of computer boards
centered on an 8085 single-
board computer. The potential
on-board memory capacity of
98Kbyte can be extended by
use of an inhibit line.
Peripheral boardsinclude a
communications board, based
on Intel’s 8256 muart, and a
display board for driving
Epson character or graphics
l.c.ds. Each of the peripheral
boards includes a development
section designed for use with
the BICC-Vero Speedwire
system. Three voltagesand a
ground plane are available as
well as data, address and
control buses which are
distributed through the
development area sothat
devices can be added and wired
easily. Timing has been
optimized to accept a wide
variety of ram and rom chips.
Control signals can be altered
by shortingjacks and memory
size and addressing modes can
be selected by a series of 8-way
dil switches. Languages can be
installed in roms, and an
assembly-language
programming service to
complete the operation.
Automation and Control
Technology, Cofton Road,
Barton, Exeter EX2 8QW.
205 onreply card

Satellite dish

The ‘square’ offset receiving
and transmitting dish from
Sat-Tel is claimed to overcome
many of the problems
associated with elliptical or
circular antennae. It offers
equal performance from both
polarizationsand a very low
sidelobe response,and a 1.4m
dish givesa similar
performance to 1.8m circular.

The same company offers
SBR80, a satellite beacon
monitoring receiver which can
locate a non-transmitting
satellite. Beacon signals are
typically 40dBW lower than
transmission signals. The
SBR80 used in conjunction
with Sat-Tel’s multi-standard
broadcast quality receiver,
could prove useful in
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circumstances such as
electronic news gathering,
where a satellite needs to be
accurately located priorto a
transmission. Space
Communications (Sat-Tel)
Ltd, 9 Edgemead Close, Round
Spinney, Northampton NN3
4RG.

218 onreply card

Portable h.f.
receiver

The use of microprocessor and
l.s.i.devices in the Yaesu field
portable transceivers enables
them to offer full professional’
facilities but remain
physically small and weigh
only 5.8kgincluding NiCd
battery pack. The frequency-
synthesized circuits produced
alOW(5Wona.m.)
transmitter ranging from 2 to
30MHzwith reception down to
500kHz. Upper or lower
sideboard, carrier wave and
a.m. transmission and
reception are all included.
Other facilites include high/
low power selection; receiver
squelch and noise blanking; a
meter for signal strength,
transmitter power or battery
condition; the receiver has an
offset (clarifier) control. A
transmitter tune switch can
simplify zero beat frequency
interference by other
transmitters.

A widerange of optional
extrasinclude a high capacity
rechargeable NiCd battery
pack, aquick charger, various
antennae and antenna tuners,
aswell as atelephone-style
handset and a backpack
carrying case. Amcomm-ARE,
373 Uxbridge Road, London
W39RN.
219onreply card

Audio
components

Precision components for
builders of audio equipment
and service engineering are
offered by Audiokits. These
include IAR Wonder
capacitors (imported from the
USA), Filmeap reservoir
capacitors and Holco precision
metal film resistors. Audio
Precision Components, 6 Mill
Close, Borrowash, Derby DE7
3GU.

220onreply card

Weather map receiver

Combining the functions of
receiver and printer, the
Marinefax TR1 hasa
microprocessor-based
programmable memory. It
incorporatesall the worldwide
radiofax frequencies and can
be set to select the time and
frequency of the desired from
any chosen transmitter. The
instrument will turn itselfon,
select the desired transmitter
and frequency, receive the
chart and turn itself off. This
cycle can be programmed to
occur for up to 250 on/off
sequences. Ten frequently
used services can be accessed

by a single push button, all
other stations are chosen from
prompts given by the display
and any other frequency can be
keyed into the receiver. The
receiver can be tuned in
0.1kHz steps to capture
transmittersusing odd
frequencies.

The instrument
incorporates a thermal printer
to give dry paper recordings of
thereceived chart. CNJ
Services, Churchfield House,
Upcott, Latton, Swindon,
Wilts SN6 6DS.

210 onreply card

Linescan processor

Microprocessor Analyser
(MIA) from IPL is a stand-
alone vision system module
designed to operate with IPL’s
5000 series high speed
linescan camera. The camera
is connected directly to the
MIA which is based on the
68000-based microcomputer,
which processor handles the
camera data and can be
programmed according to the
specificneeds of the customer.
The unit allows connection
of up to four cameras for
complex problems, whilst the
VME bus structure allows for

further expansion.

MIA offers a choice of inputs
viakeypad, opto-isolated,
differentialand t.t.1.-
compatible lines. Outputs
include relays, analogue, large
character display, parallel
printer port.

Typical applications are
inthe automotive and steel
industries for non-contact
dimension gauging and
process control. Integrated
Photomatrix Ltd, Grove
Trading Estate, Dorchester
DT118Y.

227 onreply card
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Advertisements
accepted up to
12 noon October 1
for November issue

DISPLAYED APPOINTMENTS VACANT: £23 per single col. centimetre (min. 3cm).
LINE advertisements (run on): £5 per line, minimum £40 (prepayable).

BOX NUMBERS: £11 extra. (Replies should be addressed to the Box Number in the
advertisement, ¢/o0 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.

JOBSEARCH TECHNOLOGY

HARDWARE, SOFTWARE & SYSTEMS APPOINTMENTS

S%Gl

£10,000 - £30,000

- With the most successful companies and consultancies - both large and small - throughout the UK & Europe: Offering first class salary/benefit packages

(several include co. car) with excellent career advancement opportunities.

Experience in any of these fields would be a particular plus:

HIGH SPEED SIGNAL PROCESSING: REAL-TIME 16/32BIT, ARRAY, PIPELINE OR BIT SLICE ARCHITECTURES; SOF WARE - C, PASCAL,; ADA;
ASM-VMS/UNIX efc: A | & EXPERT SYSTEMS: IMAGE & GRAPHICS PROCESSING: LASER/FIBRE-OPTICS: SONAR: RADAR: COMMUNICATIONS'

CUSTOM VLSI DESIGN: ANALOG/RF CIRCUIT DESIGN.

ECM offers confidential and professional guidance: we will listen to your requirements and identify opportunities to suit your plans. Phone now for your
FREE CASSETTE “Jobsearch Technology” and hear how ECM can help you to develop your career.

Call ECM on 0638 742244 - until 8.00 p.m. most evenings - or send your cv (no stamp needed) to: .!
ELECTRONIC COMPUTER AND MANAGEMENT APPOINTMENTS LIMITED

FREEPOST BURWELL CAMBRIDGE CBS 8BR.

DIEF P EANEeE

require
Broadcast and Professional
Video Engineers

Viewplan Broadcast, the Broadcast division of the U.K.'s leading AV and
Video hire company Viewplan plc require the following engineering staff:

Based at our new Brentiord, Middlesex engineering base. Energetic
engineers preferably with manufacturers experience of VTR, Digital Effects,
Camera, or related products.

Based at our London Broadcast headquarters, an Engineering Supervisor to
oversee a small team of professional engineers maintaining our very wide
range of VTR, Digital Effects and Camera hire products.

Engineers and Technician Engineers to work with the Engineering
Supervisor in maintaining the high technical standard of our product line.

A competitive salary package is offered along with excellent career
opportunities within this young expanding company.

Experienced engineers and engineers who wish to broaden their product
base and have at present experience in at least one of our product lines and
are educated to degree, HND/HNC or equivalent level should send their CV's to:

MIKE HANCOCK, VIEWPLAN BROADCAST, UNIT 6.7,
INDESCON COURT, MILLHARBOUR, MILLWALL DOCKS,
LONDONE14 9TM

o

o
S Wﬁ

ENGINEERING
OPPORTUNITIES

| Maidstone {0622) 687171

NATIONWIDE

Edinburgh (031) 226 5381 r ]
Leeds (0532) 580510 i nstinan
Manchester (061) 832 5856
Birmingham (021) 643 1994 '
Leicester (0533) 544193 ’
Milton Keynes (0908) 666872
Bishop’s Stortford {0279) 506464 ;"'"'NG"‘MO <
London (01) 637 0781 t OLEicESTER

®ma Ncnss'rsn

MILTON KEYNES
Bristol {0272) 211035 BISHORS STORYEO RS
Bracknell (0344) 481808

LONDON
~BRISTOL@  BRACKNELL@ -~
CRAWLEY@ MAIDSTONE

Crawley (0293) 514071

UNIVERSITY OF KENT
AT CANTERBURY mmEH

A Seagoing Measurements Technician

Applications are invited for the above post, to assist in a shipboard radio interference
measurements programme with the Noise Measurement Group in the Electronic
Engineering Laboratories

The position would suit a person who has recently obtained an MRGC or with a
suitable technical background in electronics.

The contract has a duration of one year in which it is expected that about nine months
will be spent on ocean passages.

Salary £5,401-£5,831 and subsistence while at sea. Further information from
Mr A. Rawlins (0227 66822 Ext. 309).

Please apply with a curriculum vitae and the names and addresses of three referees
to Mr I. R Stone, Assistant Registrar, Faculty of Natural Sciences, The Registry,
University of Kent, Canterbury, Kent CT2 7NZ quoting reference T87/1WW

Closing date: 8 October, 1986.

Salaries £8,000 to £30,000 p.a.

1INy

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
recognésed qualification, we have hundreds of vacancies throughout the
UKin R & D, Design, Manufacturing, Test, Service and Sales.

Call your nearest branch for more information or send
a comprehensive C.V. (no stamp required) to:-

ELECTRONICS & WIRELESS WORLD OCTOBER 1986

A Division of ATA Selection and Management Services Ltd

\ FREEPOST, Bishop's Stortford, Herts. CM23 2BR.
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Senior Design Engineer (" NORWICH VIDEO PRODUCTION COMPANY

For exciting development of computer graphics products for Seeks enthusiastic and experienced person to repair and maintain video
1elevision use. equipment, assist on shoots and provide editing, duplication and administrative

; i Diei ; support. Essential requirements are past job experience in maintaining
Er:ggr”s?gﬁgi:1ngch)lfg;\l)ti?jleac)nt(jecAhnr?ci?c)gguyem(/jgjllg%'eaggsaerrltial You video/TV systems, genuine video production experience and organisational
would be required to manage a small development team, and be Exceptionally nice working environrfr:::\i in a city that offers a very desirable
able to take products from conception through to production. If X .
you have anpactive enthusiasm fc?r Computegr graghics together lifestyle. Salary negotiable. Good prospects for advancement.
with a liking for a small but expanding company you would be \____Full details and CV to: I. McLaren, 5 Curtis Road, Norwich, Norfolk NR6 6RB.
ideally suited to this job.

Salary dependent on age and experience up to £15,000.

Design Engineer The Polytechnic

For assisting in the design of Computer Graphics products.

Experience in at least one of the following fields would be

required. Digital Design, Analogue Design, Video Engineering. Of North Iﬁndon
You would have the opportunity to participate in many aspects of TSR, fe———
design, from CAD or schematics and PCB layouts to prototyping.

Salary depending on age and experience from £8,000 to £12,000. Re-advertisement

Teohnical Director. Spaceward Microsyatema Lid., Tne RESEARCH ASSISTANCE
Old School, Stretham, Cambridge CB6 3LD. y IN MIC ROWAVE/
OPTOELECTRONICS

Applications are invited for a research assistant in the
[ " Department of Electronics and Communications

CAPITAL APPOINTMENTS LTD 1 | onfincrins and aveiied Physics Fhe post is initially for

i i
progress. The work will involve collaboration with
! ; THE UK’s No. 1 ELECTRONICS AGENCY I industrial or other external organisations.
i f | E.VO‘? have ';NCG/T ECnO{:i?he's?g;'g'f:é'r?/?:ea?gciﬁcal i The work will involve investigations into methods for
| | ooxingforajobin s(;ls:ags drsism'ilcaurfieids: ' i ?ccorr:iplishing microwave signal delay with applications
or radar test systems.
{ Telephone now for our free Jobs list : Salary: £7 170:£7 953 (Inclusive of London Allowance)
] We have vacancies In all areas ef the UK | il ’ , k
Salaries to £15,000 pa Application form and further details are available from
i i The Personnel Office, The Polytechnic of North London,
] 01808 3050 ] Holloway Road, London N7, quoting ref. R10AD.
g (24 hours) i Telephone: 609 9913 (24 hour answerphone service).
Closing date for the receipt of applications is 14 days from
] CAPITAL APPOINTMENTS LTD l the appearance of this advertisement.
76 WILLOUGHBY LANE, LONDON N17 OSF THE POLYTECHNIC OF NORTH LONDON IS AN EQUAL OPPORTUNITIES
i
(291) EMPLOYER AND THEREFORE PARTICULARLY WELCOMES APPLICATIONS
B o s o oo s aoe D S e e e am e el FROM WOMEN, ETHNIC MINORITIES AND THE DISABLED.

rofessional Career Opportunities

The Easy Way to look for your new job from the

comfort of your own armchair. Our well qualified
' consultants will carefully match your
requirements against
appropriate vacancies.

NAME ... . ....(Mr/Miss/Mrs)
We have many clients seeking Engineers and Technicians at all levels and we are I
particularly interested in hearing from you if you have experience in the following:- | ADDRESS . .
*Real Time Software  eTechnical Sales  *ATE Programming &©
*Radar Systems *RF Development eTechnical Authorship |
Your next step is to complete and return the attached coupon or I PO CE P Ermames . momm. it aca et . i
ielephcne John Prodger on 0442 47311 or one of our duty consultants on
0442 212650 during evenings or weekends. I TEL N® s - . PeaPhammess i duiuin' s wrerrePosreRi A B A
Qﬂ Executive Recruitment Services | QUALIFICATIONS AGE
C] Q d d
e I NONE CG/HNC DEGREE OTHER
-
ﬂ:; ;[‘! . | SALARY ..
L |
m‘) - 3
) l JOB . e WWY
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THE START
OF
SOMETHING
NEW

If you are leaving College and planning a career in modern
communications or if your present job lacks interest and
challenge . . . why notjoin us in GCHQ?

We are recruiting

RADIO OFFICERS

who after initial training will become members of an
organisation that is in the forefront of communications
technology. Government Communications Headquarters can
offer you a satisfying and rewarding career in the wide field of
communications. Training involves a 32 week course (38
weeks if you come straight from Nautical College) which will
fit you for appointment to RADIO OFFICER.

Not only will you find the work as an RO extremely interesting
but there are also good prospects for promotion oppor-
tunities for overseas travel and a good salary. Add to this the
security of working for an important Government Department
and you could really have the start of something new.

The basic requirement for the job is 2 years radio operating
experience or hold a PMG, MPT or MRGC or be about to
obtain a MRGC. Registered disabled people are welcome to
apply.

Salaries start at £5,817 at age 19 to £6,920 at age 25 and
over during the training and then £7,954 at 19 to £10,162 at
25 and over as a Radio Officer. Increments then follow
annually to £13,777 inclusive of shift and week-end working
allowances.

application form phone 0242 32912/3

or write to: ;he Recruitment Office
riors Road 11
CHELTENHAM A/1108
Glos GL52 5AJ 2806

ELECTRONICS TECHNICIAN required for
the University of London Observatory {(an
outstation of the Department at Mill Hiliin
North London). Duties involve {i)
maintenance of the Observatory's
telescopes and associated equipment, {ii)
development of improved electronic
equipment, {iii) development of electronic
control of data acquisition by modern
optical detection systems. The appointee
would be expected to undertake evening
and occasional night-work. Qualifications:
ONC or City & Guilds or equivalent. Salary
inrange £6,749-£7,813 + £765LW.5
weeks' annual holiday. Further details and
application forms from Personnel Officer,
(Technical Staff CJ27), University College
London, Gower Streel, London WC1E 6BT.

IMPERIAL COLLEGE OF
SCIENCE AND TECHNOLOGY
Department of Electrical Engineering

ELECTRONICS
TECHNICAN

£8,639 to £9,953 inc.

Required to work in the Microprocessor
Teaching Laboratory. The successfu!
applicant will be engaged on the
manufacture, repair and servicing of digital
electronic apparatus particularty
microcomputers and their peripherals.

Candidates must hold a formal

qualification such as a City and Guilds or
National Certificate in electronics, and up to
date practical experience is essential.

Initial salary point to be determined by

age and experience.

Excellent terms of service including
superannuation scheme.

Applications to include a CV and the
names of two referees to be sent to:
Departmental Superintendent,
Department of Electrical Engineering,
Imperial College, Exhibition Road,
London SW7 28T.

Closing date: 24 September, 1986

1. DATACOMMS SYSTEMS

Field Service Engineer with experience of
IBM channel equipment. Network
background useful.

£12,000 + car, Berks.

2. RADIO SYSTEMS

Technical author with radio comms
experience to lead a team producing
handbooks.

£10,000+, Birmingham.

3. PROCESS CONTROL EQUIPMENT
Support of electrical control systems for
industrial and commercial purposes.
£9,500 + car, Berks.

4. SATELLITE COMMUNICATIONS
Repair and service a range of systems
which are ship and shore-based.

£9,000, Surrey.

5. BROADCAST/CAMERA SYSTEMS
Support and commission a range of
microprocessor based camera equipment.
£12,000, Surrey.

6. CAD/CAM SYSTEMS
Analogue/digital and microprocessor
experience.

¢£10,000, Hants.

Hundreds of other Electronic
and Computer vacancies to
£15,000
Phone or write:

Roger Howard C.Eng. M.L.E.E.MIERE.

CLIVEDEN RECRUITMENT
92 Broadway, Bracknell,
Berkshire RG12 1AR

Tel: 0344 489489

levels from around £6000 — £20,000.

If you wish to make the most of your qualifications and experience and
move another rung or two up the ladder we will be pleased to help you.
All applications are treated in strict confidence and there is no danger of
your present employer (or other companies you specify) being made aware

of your application.

mnmmmw

TJB ELECTROTECHNICAL
PERSONNEL SERVICES,

12 Mount Ephraim, Name.... ....... .. ..

Tunbnrdge Wells,
Kent. TN4 8AS.

Tel: 0892 39388

24 Hour Answenng Service

Electronic Engineers -

What you want, where you want!

TJB Electrotechnical Personnel Services is a specialised appointments
service for electrical and electronic engineers. We have clients throughout
the UK who urgently need technical staff at all levels from Junior Technician
to Senior Management. Vacancies exist in all branches of electronics and
allied disciplines - right through from design to marketing

Please send me a TJB Appointments Registration form.

at salary

CLASSIFIED
RATES ARE:

Displayed:
£23 per single
column centimetre

Linage:
£5 perline
(minimum £40)

FOR CLASSIFIED
ADVERTISEMENTS
RING
SUSAN PLATTS

6613033
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London SW1X 8PW.
L ¥ § K K B |
ARTICLES FOR SALE

Radio Engineers,
Electronics Lecturer, TV and
Electrical Engineers

Cutout forthe
Third World?

Voluntary Service Overseas is now
receiving details of jobs for February
1987 departure. Requests include:

Radio and TV Instructor, Bangladesh
Electronics Lecturer, Indonesia
Electrical Engineer, Sri Lanka
Radio Engineer, Belize

Hospital Engineer, Bangladesh

You will need a professional
qualification and relevant work
experience.

VSO volunteers should be without
dependants and willing to work for
payment based on the local rates.
Postings are for two years and most
employers should be prepared to grant
leave of absence.

For more information, please
complete and return.

oogoao

I'm interested in volunteering. My qualifications / expenence are.

Name

Address____

) ' / is working
overseas
Charity no 313757

VSO also needs: builders, engineers
teachers, horticulturists, community
& health workers, fishermen and
many more

(22p S.A.E. appreciated)
Post to Enquiries Unit, Voluntary Service Overseas, 9 Belgrave Square,
EWW/10/86

N N N S N S S R N S S . . . -

r When replying to

4-lens turret, wide-field oculars. high resolution,
applications in all fields, some with universal
stands,
microscope light source, convergent, divergent
and focussed ilflumination, £65. Aircraft Radio
Test Set, £35. Calibration Standard Cell, £15
Audio Freguency Linear Sweep Generator,
£69. Sine/square audio/ ultrasonic generator,
£35 Optical Stereo Scanner/ Comparator.
Battery Portable Vibration Analyser, £65.
Ultrasonic  Detector
gas/exhaust leak, refrigerant leak locator etc
£89. Tektronix Probes, £15, other probes.
Chart Recorder. Monocular microscope. £79.
Sippican Micro Spot-welding head,
Wayne-Kerr
Standard, twelve crystal positions, X1, X3, X9,
X18, TX, Band 1, 2, 3, £75. Precision Decade C
& R boxes. Transistor Analyser. W-K, Bridge
Source and Detector
Temperature
Laboratory Calibration Digital Voltmeter. £79.
Folding microphone stand, £10. Heavy duty
stand. £15. fuF 440V capacitors. 35p, ea
(minimum
capacitors, various etc. etc. 040-376236.

classified
Vacuum pump, rotary and diffusion, £98. .
Stereoscopic, prismatic. binocular microscope, a d verti sements N

£175-€340. Precision, long-focus

l

I

l
readersare |
recommended to |
I

|

l

I

|

take steps to

protect their
interest before
sending money

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)

Carburation Balance,

£59.

Portabie  VHF  Frequency

e ——————

Direct Proportional

Controiler.  Silicon ~ Wafers.

order iwelve). High voltage
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ARTICLES FOR SALE

10 MANUFACTURERS, WHOLESALERS
BULK BUYERS. ETC.

LARGE QUANTITIES OF RADIO. TV AND
ELECTRONIC COMPONENTS FOR DISPOSAL

SEMICONDUCTORS, all types, INTEGRATED GIRCUITS, TRANSISTORS,
DIODES, RECTIFIERS, THYRISTORS, etc. RESISTORS, C/F, M/F, W/W. etc.
CAPACITORS, SILVER MICA, POLYSTYRENE, €280, C296, DISC
CERAMICS, PLATE CERAMICS, etc.

ELECTROLYTIC CONDENSERS, SPEAKERS, CONNECTING WIRE, CABLES,
SCREENED WIRE, SCREWS, NUTS, CHOKES, TRANSFORMERS, 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)

Singer Spectrum analyser 5SSB/50 10Hz
40MHz complete with 2 tone variable audi
generator.  Solid State. Excellent condition
perfect for SSB transmitter checkout £1.395
High  stability — communications  receiver
Eddystone  EC958.  10KHz-30MHz  £595
Microwave power meter 10MHz-12GHz with
head £395 TF2300 modulation meter 5SMHz
1GHz £375. Hewlett Packard spectrum analyser
type 85518 10MHz-12GHz £1.500. Many other
high quakity items. SAE for full hist,
VHE/FM  Broadcast  transmitter:
avallable 10w-1kw

CYBERSCAN INTERNATIONAL
3 Eastcote View,
Pinner, Middx HAS 1AT.

currently

Tel: 01-866 3300

G.W.M. RADIO LTD.
40/42 PORTLAND ROAD, WORTHING, SUSSEX.
Tel: 0903 34897
Marconi TF791D Dewviation Meter 4-1024MHz £85
Buyers collect. Eddystone EB37 Solid State Recewver
similar to EC10 but no BFO 150KHz-350KHz
+550KHz-22MHz 9V £65 inc. Pye Bantams H/B FM
with battery box and microphone £25 inc. Pye W25FM
mobile units soiid state High power Westminsters 10
hannel ex car telephone high band. no control gear
(units only) £40 inc. Signal generator advance type
B4B directly calibrated from 30KHz to 30MHz £35 inc.
Pye 4607461 UHF base £40 inc. Fantavox public
address Amps, 20 watts 4-8 or 16 ohm OT 70 Volt line
output 230V, AC. or 12V DC £29 inc. p&p. Pye
Bantam HP1 AM mud band. example frequency TX
107MHz Rx 139MHz. Will mod to air band sets only no

mics, or battery but with dry battery tray £25 inc p&p.

PCHB’'S MANUFACTURED.
Prototype, small/large production runs,
single, double-sided, P.T.H. screen
printing, panels, labels, solder masking
& photography. Orbitechnic Circuits,
The Rearof 127 Woodlands Road, Ilford,
Essex. Tel: 01-5535211. (154)

TEKTRONIX OSCILLOSCOPES
2215 60MHz £495, 568 230241 1GHz
system £495, 454A 150 MHz £475, 661
39 GHz £495, PCB Sub-assemblies,
Transistors, Delay-lines, viewing
hoods, valves. 1L5 £375, 7B50A £295,
3A74 £85. Telequipment D83 £325.
HAMEG 70 MHz £415. H.P. Delay-
lines 1100A £65, Transformers 9100-
1472 (new) £25. Brimar C.R.Ts.
Manuals. Tel: (01) 868-4221.(293).

NOW AVAILABLE - Bumper
Catalogue — 170 pages — for collectors of
vintage radio, audio & TV equipment.
Price: £2.00 post paid UK, £3.00 post

aid overseas. Vintage Wireless Co.

td., Cossham Street, Mangotsfield,
Bristol BS17 3EN. Phone: 0272 565472.

GOLLEDGE

—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, ];;rototype uantities,
production schedules. Golledge

Electronics, Merriott, Somerset YA16
5NS. Tel: 046073718 (2472)

CHEAP L.E.D. DISPLAYS. 7600
Eieces, 0.3 inch, common anode, left

and decimal, high light output,
standard red, industry standard pinout,
graded and colour coded, minimum
quantity 100. Price 20p each. Also lots
more cheap opto, fibre-optics etcetera.
Trade enquiries welcome. Ring: Ian at
Fibre-Data Limited on Tadley (07356)
T7444. (319)

(208)
BUSINESS FOR SALE

NORTHERN
BASED RADIO
COMMUNICATION
COMPANY
FOR SALE

Well established profitable
business with further potential
for growth. Proprietor retiring.

Offers invited

Box No 318

UNIQUE OPPORTUNITY

retail/wholesale/surplus
business established 30 years.
Valuable freehold site centre,
busy year round, south coast
town, stock, goodwill, site,
£425,000. Directors retiring,
realistic valuation.

Box No 311

Service.

CIRCOLEC
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

{1391)

IMPORTS/EXPORTS of all kinds of
Electronics and Computers. Please send
your enquiry or product details to
DEDICATED MICROPROCESSORS

LTD, 299A Edgware Road, London W2
1BB, England, or Telex 945922
GLADEX-G for the attention of Mr.
C.Paps. (300)
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* MICROCOMPUTERS
» PERIPHERALS
* INSTRUMENTATION
For fastest, best CASH offer, phone,

E C COMPONENTS

We buy large and small parcels
of surplus |/C, transistors, capa-
citors and related electronic
stock. Immediate settlement.

USED TEST EQUIPMENT
FOR SALE & WANTED

Buyers & Disposat Officers Contact

COOKE INTERNATIONAL
Unit 4 Fordingbridge Site

TURN YOUR SURPLUS i.cs
transistors etc. into cash, immediate
settlement. We alsoc welcome the
opportunity to quote for complete
factory clearance. Contact COLES-
HARDING & CO, 103 South Brink,
Wisbech, Cambs. 0945 584188. (92)

READING RG6 1PL
TEL NO: 0734 68041

TOP PRICES PAID FOR
ALL TYPES OF
SURPLUS TEST
EQUIPMENT,
COMPUTER
EQUIPMENT,
COMPONENTS etc.

ANY QUANTITY

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 LS14BB
0532 435649

COMPUTER APPRECIATION Tel: 01-208 0766 Main Road Barnham
Oxford (0865) 55163 Telex: 8814998 W e e 022 0EB
Telex 838750 e (2491) Tel. 0243 68 5111/2 79y
STEWARTOFRERDING | [\n A NrE o | [ USSR | Ty o
110 WYKEHAM ROAD 8660C main frame with keyboard entry S

866028 RF section 1-1300MHz
866318 Auxiliary section AM/Pulse mode
Fully restored £5.000.00

Hewlett Packard Vector Voltmeter
8405A measures voltage and phase
1-1000MHz £1.850.00

Hewlett Packard Spectrum Analyscrs
Price and details on application

Marconi PCM Tester/Analyser Kit
TF2807A PCM multiplex tester
TF2828 PCM digital simulator
TF2829 PCM digital analyser

All as new complete £2,950.00
This and other equipment can be inspected at
COOKE INTERNATIONAL

Unit 4, Fordingbridge Site, Main Road. Barnham,
Bognor Regis P022 0EB

Tel: 0243 68 5111/2

Box number replies
should be addressed to:

¢/o Electronics &
Wireless World
Classified Dept
Quadrant House
The Quadrant
Sutton, Surrey SM2 5AS

WANTED
Test equipment,
computers, components.
Any quantity.
Good prices paid.
Immediate settlement.

Give us aring.
Q-Teq Electronics
Unit 6, 28 Botley Road,
Hedge End Soulhamplon
el: Botley 81487 186

FRUSTRATED
ELECTRONICS
INVENTORS

Individuals or companies
Contact:
Mr G. R. Nicholson on
0242 578030

BILLINGTON VALVES

SEND TODAY FOR OUR FREE CATALOGUE OF
THERMIONIC VALVES
Audin, lrangnulting and ndustia lype 10c| ked S AE pease
We aim lo be the cheapest source anywhere’
slocks and SPECIALISE IN RAR[ AND UN SUN TYPE" OF
VALVES AND TRANSISTORS
Whalesate inguines welcome! Export inguinies welcome!
WE WILL BUY VALVES AND TRANSISTORS!
Including complete shap clearance elc We urgently require a
qudnllly i valves lypes DX3 and PX25 (o equivalents PP3/250
400. DA30) E- - equipment ex amp\e are acceplable Please
e price required
23 lrwin Dnve .Horsham, W. gussex RH12 INL
Manl Orders Only: Catlers strictly by appointment only

ELECTROLOOM (BEDS)

Competitive rates for a
reliable service including

PCB & CABLE ASSEMBLIES
FULL CHASSIS WIRING
SUB & FINAL ASSY. WELCOMED
PLEASE CONTACT:
0525-378590

for immediate attention

used in advertisement.

to be added.

Box No. Allow two words plus £11.

Cheques, etc., payable to “Business Press
International Ltd.” and cross “& Co." 15% VAT

CLASSIFIED ADVERTISEMENTS

Use this Form for your Sales and Wants
PLEASE INSERT THE ADVERTISEMENT INDICATED ON FORM BELOW

To “Wireless World" Classified Advertisement Dept., Quadrant House, The Quadrant, Sutton, Surrey SM2 5A%
Rate £5 PER LINE. Average six words per line.
Minimum £40 (prepayable).

Name and address to be included in charge if

PLEASE WRITE IN BLOCK LETTERS. CLASSIFICATION

ELECTRONICS & WIRELESS WORLD OCTOBER 1986



INSTRUMENTS

DIGITAL MULTIMETERS —\
3% digit LCO displays
+508 15 range. 200ma 0C. 2MEGE19.96 7
*$3010 10mm thick pocket aulorange A
and buzzer £20.83
*528T 13range, plus Hietest  £26.04
+909 19 range. plus Hle test. 20MEG 10A 0C £31.26
+6010 28 range. 10A AC/0C. 20 MEG £33.50
+ 57820 range.auto+memory - hold 104 AC/0C £34.50
*55C 28 range 10A AC/0C £35.65
*3100 PEN type. Auto + buzz » hold £36.30
+5010 31 range 104 AC/0C - buzz 2wA AC/0C £36.50
+TM357 30 range 10A AG/0C » buzz £39.00
+5010EC As5010+ cap > He »cond.  £52.13
(»with case) [+ case £3.91)

ANALOGUE
MULTIMETERS

EQUIPMENT o ACCESSRIES

CATALOGUE

e COMPONENTS |

Send S.AE. (Min 12"x9"with 46p stamp UK) Export send £1
with address Free on written request to all education and
training establishments. Price £1 to callers.

OSCILLOSCOPES GOUNTERS
Hameg, Crotech. Hitachi AND

Stockists. (UK TNT TIMERS
delivery £7.00 plus VAT)

HAMEG Dual trace witn L 220/240V AC mains.
component testers. 8x 10cm green screen 8 digit LED

203/6 Dual 20 MHZ (with probes)  £285.00 | Counters D.1HZ resolution. 5SmV sensitivity

204 With sweep delay £365.00 | 100MHZ 2 ranges £99.00
205 Digital storage dual 20MHZ £448.00 | 600MHZ 3 ranges £126.00
605 Dual 80 MHZ plus sweep delay £515.00 | 1000MHZ 3 ranges £175.00
CROTECH with component tester 1500MHZ 3 ranges £199.00
3031 Single 20 MHZ. 9.5cm CRT £195.00 Timers 0.00tHZ Resolution. 100MHZ 5mV sensitivity
HITACHI v212 Dual trace 20 MHZ OP10 Standard mode! £219.00
8x 10cm P.O.A. OP100 Incl. display hold, stc. slnpwalch/

GENERAL 0ST5m single trace 5 MHZ RPM.etc £285.00
3" CRT

£139.09

1015 15range pocket 10k/v  £7.50
+103S 19 Range 20K/V 10A0C £10.39 B
+102BZ19 range10A OC - He 20k/VET12.61 1
+ 2020 20 range 10A OC - He 20k /v £19.09
+30108Z 24rangs 10A DC » buzzer 30K/v £20.83
*155m 21 range 10A AC/0C 20K/V £22.57
*BANANA 15range - buzz shockproof 20KV £23.60
*M20K 45 range AC/0C amps. etc £39.00
*CHALL 48 range AC/DC amps, etc
*3000 58 range AC/0C amps, etc

[=with case| |+case £3.91)

SWITCH MODE PSU’s
Open frame models. I/P 100/240V AC
240watt »5v 25A: *12v TA:
“12v 15K -12v1.54 £34.74
DF406 + 5v SA: -23v 2
25mA: ~12v 100mA: +12v 500mA
SX510 2o Sv (adjustable} 1 0amp

DIGITAL CAPACITANCE

METER s range LC0 20001 10 2000MFD
I_Push ‘button selsction (6013) £59.00

PROBE/PULSER

TP1 Logic probe 80MHZ max. TTL. CMOS.
Memory

TP2 Logis pulser 0.5HZ/500HZ

THANDAR SC110A Portable 10 MHZ

32 x 26mm display £175.00 | GENERATORS {[= ' == = o

OPTIONAL PROBES X1/X10 £10.00 | 220/240v AC operation = =

FUNCTION - sine. sq. triangle, TTL /P

Eoua"hitl:alggcﬁjrﬁ 'gunm!-alﬁiﬁ?ssee below go00jTizio K2 £110.00
rices eacn - . For - b

‘0" PLUGS AND SOCKETS TG101 0.02HZ to 200KHZ £110.00
h - N H TG102 0.2HZ to 2MHZ £160.00
oldplated contacts [P=pins M=male F=female) PULSE Square. Campleman, TTL 0/P

9PM £0.52 15PM £0.85 25PM £0.77 | oo S T 00
spF £0.57 15pF £0.70 25PF £0.87 .

TV-VIDED PAL VHF/UHF.5.5/6/6.5MHZ
sound carriers RGB and SYNC 0/P's. AM/FM sound mod.
Colour,etc £1

COvVERs 9P £0.39 15P £0.43 25p £0.52
25P with screws £0.74
25P with Jack screws and cable-clip £0.87

‘D’ ADAPTORS 25 pin available male male. THURLBY :;‘:cﬁ m) :
temale-female. male-lemale (state which]  £4.78 each . - ~ - .00
i igital capacitance meter H
!Bﬂgz !::TEUGSZQ,N?:OS.I%GKEESN og | LAYGOA 1DMHZ logic analyser £395.00
conneclors 3ap £1.30 ap £1.57 [LA‘::;eigglzsuiMntfqutrlst;?rl‘.AlﬁO series) £19500
Male PCB }20? £0.78 26p £1.04 | omasg Convert scopes o 8 Channels ~ £179.00

mounting header [ 34P £1.35 40P £1.43
PRINTER LEADS RIBBON CABLE

1 metre lengths.
26 Pin IDC to 36 pin Centronics (88C)

DIGITAL PSU’s

0/30v0/1A £125.00 0/30v 0/24£155.00
Oual and Iriple versions in stock

1503/ 1503HA/ 150471905 DMM's in stock

il

DISGOUNTS
AVAILABLE
FORALL
EDUCATION/
TRAINING
TRADE. DEM AND
EXPORT SUPPLIED §'

DC POWER
SUPPLIES

240V AC input. Stabilised
variable output voltages.
Oirect meter reading volts and amps.
243 0/24 volts 0/3amps 0C £43.26

245 0/24 volts 0/5amps 0C £56.26

154 5/15 volts 0/4 amps 0C £33.26

Also13.8V 0C. 3 amps max.

Fixad [no meter| £13.00

ELECTRONIC INSULATION
TESTEH S 8attery operated with case
£69.00

501 500 volt
£89.00

830 500/1000 volt

AC GLAMPMETERS With cases and leads
300 300amps (5 ranges)

600V (4 ranges) 1K OHM £30.87
4300 Autorange Digital 300A:
500V: + cant. test £75.00

GCOMPUTER DISKS
5Y%" 40track 08.00.48TP1

3M  Per ID £12.75
Storage Master (COC) per 10 £11.15
(UK C/P £1 per order)

PLEASE ADD 15% V.A.T. (UK ORDERS)

36 Way Centronics both ends

34 Way card edge to 36 way Centronics (Amstrad)
25 Way ‘0 plug to 36 way Centronics (IBM) £
25 Way "0 plug to 631 W/84A (Q.L.

14 Way Centronics to 36 way Centronics (MSX) £

DISCOUNTS

Small and large quantity prices on request.

£7.95
£9.95
£7.95
12.95
£6.95
11.95

Sales and Account enquiries:

CIRCLE 5 FOR FURTHER DETAILS

ORDER BY POST OR PHONE. OPEN 6 DAYS A WEEK FOR CALLERS.

HENRY'S Aunio eLecTrONICS

301 Edgware Road, London W2 1B N.
404 Edgware Road, London W2 1ED.

01-724 3564
01-723 1008
01-258 1831

" NEPTUNE|, Il
2.5Kg at

Hydraulic
3 1120mm

using
water

WALLI IS

EXPANDABLE

CONVEYOR SYSTEM WIDE

RANGE GAUGES,
SENSORS ETC FOR
ROBOTIC WORK-CELLS
IN OUR
FREE BROCHURE.

stepper drive belt
length 0.5-5.0m

MENTOR
1Kg at
420mm

ROBOTS
Froam enly

INDEXING
TABLE

FREE!

WALLI is a powerful high level language (Work-cell

Amalgamated Logical Lingu

istic Instructions) for

controlling up to 4 robots and their peripheral
equipment simultaneously from single computer
(BBC, Apple lle or IBM PC). WALLI is supplied FREE

with any robot.

SERPENT L Il
2Kg at 400 or 650mm

DC servo/pneumatic
SCARA

80

stepper drive
4 steps/degree

Water hydraulic/
DC servo/
I pneumatic.

at 500mm
with see
through
perspex
cylinders.

UKs WIDEST RANGE of low
cost robotic & FMS equipment.

50093 @

stepper/ball screw
drive.

CIRCLE 42 FOR FURTHER DETAILS

cyberne ic
nppllcatmns

West Portway Ind. Est., Andover, Hants. SP10 3w/

Telex
477019
ASR.G

ELECTRONICS & WIRELESS WORLD OCTOBER 1986



J—

—

-

MATURE, FRIENDLY EPROM PROGRAMMER

GANG-OF-EIGHT

DATAMAN

Redesigned to Your
Specification
GANG-OF-EIGHT is a successful
product, because of its perfor-
mance and unbeatable price.
Since the launch we have taken
careful note of comments made
by engineers who have called us.
This gave us a wish-list of extra
features and revisions to work by.
The result is an improved G8
which should suit you even better

— it is just what you asked for.

25 and 27 Series to 512K
G8 will handle 2516, 2532 and
2564 EPROMS, as well as all 27
series from 2716 to 27512.

FAST and SLOW

Programming Method
You can use a FAST, intelligent
algorithm to program larger
EPROMS, which speeds up the
programming operation by a fac-
tor of five, at least. G8 will also pro-
gram the old-fashioned way, witk
50ms pulses.

Voltage Selection
There are three different voltages
selectable (by switches) anc
these are each resettable (by
potentiometers) over a wide
range. The factory-setting is 2&
volts, 21 volts and 12.5 volts.

Liquid Crystal Display
G8 shows the EPROM type, the
Program-Method and the Pro-
gram-Voltage and changes the
display when you reset the
switches. You always know what is
happening with G8.

To0LS .

=2 (2

MICRO ENGINEERING

Dataman

| GANG-OF-EIGHT

EPROM programmer

Two Key operation

G8 has only two keys — START
and RESET — simple to operate,
yet it does all the useful things you
need. Before every programming
cycle it checks that you have not
programmed any of the EPROMS
already, reporting any which
match the master. Then G8 tells
you if any are not blank, so that
you can erase them. Only if the
EPROMS pass these tests does
G8 start programming (but G8 will
try to program unerased
EPROMS, if you ignore the ERASE
message and press START again
— something else you asked
for).

Checksum Facility

G8 will calculate and display a 6-
digit checksum of your master
EPROM, when you press START
and RESET at the same time. This
helps you to identify EPROMS
which are unlabel ed, and pro-
vides a simple check on the
integrity of your dala.

Tuneful, 00

G8 provides audible feedback, to
avoid the necessity for constant
monitoring — that is, it makes
noises so you don’t need to watch
it: rising and falling arpeggios as
the program starts and finishes;
occasional tones to remind you
that your EPROMS are ready.
Data is audible when uploading
and downloading.

Option — Steel Case
G8 normally comes in a plastic
case, which is light and durable.
However, some of you want your
G8 in a steel case, and this option
is available now.

25

do NOT insert ol remove when red fight shows

MASTER 1

CIRCLE 35 FOR FURTHER DETAILS

oo oo oio oo cliobiot

Option — Bidirectional
RS232 Serial Interface
G8 was ntended as a fast, low-
cost production copier, but fre-
quent enquiries made us think
again and design a version which
could be used for development
purposes, capable of uploading
and downloading in a variety of
serial lormats: INTELHEX,
MOTOROLA S, TEKHEX, ASCII-
HEX ana BINARY. Links on your
serial cable select the format.

Quick delivery
We know you don't want to wait, so
we keeplots of Gang-of-Eight pro-
grammess in stock. if you are in a
real hurry telephone us — we will
save your time and arrange the
fastest delivery possible.

No Risk Trial:

Refund Guaranteed
Without any questions asked, you
get your money back if you do not
get along with your G8, provided
you return the product within 14
days.

(we subtract only
expenses).

carriage

Terms
Cheque with order or credit-card.

Dataman
Lombard House, Cornwall Road,
Dorchester, Dorset DT1 1RX
England

Telephcne: (0305) 68066
Telex: 418442 DATAMN G
add for R5232 option

£50.00
add for steel case option £35.00
to basic

GANG-CF-EIGHT £395.00

postage iz free BUT please add VAT in UK

——
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2955 Radio Communications
Test Set £5,750

B 11 test functions, including full duplex radio test

B Revolutionary design: fast and casy to use

M High clarity CRT shows all settings plus
measurements in digital or analog forms

B Tones encode/decode facilities

B 38 instrument settings in non-volatile memory

B Spin-wheel frequency/level control in addition to
front panel buttons

B Single and two-port operation.

[ ———

«° T

2305 Modulation Meter 500kHz

to 2GHz £5,260

B 500kHz to 2GHz frequency rangc

B Outstanding 0.5% basic accuracy

B Exceptionally fast auto-tuning, with low noise

B Modulation analysis including frequency and power
B Non-volatile memory to store uscr settings

B Excellent stereo separation

B Automatic self-calibration, advanced diagnostics.

n:, NS =

el

2382/80 Spectrum Analyser £13,150

and Display £5,350

B Audio to UHF coverages: 100Hz-400MHz

B Outstanding resolution, with 3Hz minimum
resolution filter bandwidth

B 9.025dB amplitude resolution

B superb level accuracy * [dB, with auto calibration

B Frequency response better than +0.4dB

B Fully GPIB programmablc capability

B Two steerable markers for levels and frequencices

B self calibration for repeatability of measurements.

6960 Option 001 Digital RF

Power Meter £1,900

M Sirhple push-button or systems application

B Unparalleled accuracy, through sensor correction

B Non-volatile storage of frequently -used settings

B W or dB rcadings, plus offset capability -

# Singlc-key auto-zero operation

B Average factor selection to reduce noise or improve

rzsolution advanced GPIB facilities.

2022 AM/FM Signal Generator

10kHz to 1GHz £2,950

B Wide frequency cover: 10kHz to 1000MHz

B Compact, rugged and lightweight

B Comprehensive modulation: AM/FM/PhM

B Simplc push:button operation, large 1.CD display
B Non-volatile memory for 100 scttings

B The pertect service/maintenance tool.

2440 Microwave Counter 20GHz
£3,650

B Wide frequency coverage: 10Hz 1o 20Gtz

B High sensitivity and resolution

B Fast acquisition time: only 200ms typical

B High-stability oven-controlled crystal oscillator
B Overload capability up to 27dBm

B High AM/FM tolcrance

[

Built-in GPIB.  ¢1j-CLE 71 FOR FURTHER DETAILS

Electronic Brokers are now
distributors “or a full range of Marconi
Test Instruments including Signal
Generators, Microwave Counters,
Power Meters, Modulation Meters,

Spectrum Analysers, Radio Communication Test Sets and other
general test and measuring equipment, For further information
and a colour brochure please contact our Sales Office.

Theflbsl; nm'e in ts eqlpment distribution
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tronic Brokers 140-146 Camden Street, London, NW1 9PB

Tel: 01-267 7070 Telex: 298694 Fax: 01-267 7363

All prices exclusive of VAT Prices correct at time of going 0o press (UK only ). Trading conditions available on request.




