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_BROADCASTING  AUDIO AND VIDED
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AL -8 Australia A$ 2.70
o - e Canada C$ 3.25
A Denmark DKR. 33.25
3 Getrany DM. 7.00
J M Geeece DRA. 190.00

~_Holiand DFL. 8.50
61 'm&amo E
T aland NZ$ 3.00
' Morway NKR. 26.00 g
Slngapore M$ §.50 ]
Span PTS 275.00 'a
‘Swirzerand FR. 7.00 1

U.S.A. $3.75
e
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Autoranging
r.f. millivoltmeter

10kHz to 1GHz +

IEEE488 interface available.

True r.m.s. or average responding

Autoranging or manual Small size

LED rangeindication -, . Operates {rom a.c. mains or
. = external d.c.

High sensitivity R

Low power consumption
Lineay dB scale S

Programmable

P4

L

detaiI; from ... “"nen

e ., e

FARNELL INSTRUMENTS LIMITED - WETHERBY - WEST YORKSHIRE LS22 4DH - TELEPHONE {0937) 61961- TELEX 557294 FARIST G
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Yechnological choices for the UK “:f;d.l

Front cover is the microprocessor-
controlled amateur transceiver
featured in this issue by T. D.
Forrester, photographed by Alan
McFaden with special effects by
Lasercolor.

NEXT MONTH

Morse decoding by micro
computer, by J. P. Sargent, uses a
567 tone decoding and seven-bit
clock to time incoming signals
Morse code is interfaced to a ZX81
via a p.i.o. chip. Machine code
routines use this data to provide
up to 9 lines of text.

Leading Japanese research
engineer Y. Hirata, gives .
measurements of non-linearities in
four p.c.m. processors and
compares them with those from
three analogue tape recorders.

Logic maps, by N. Darwood, gives
the history of methods for
showing logical truth — from 13th
century Lull to present-day
Karnaugh maps.

Picotutor-microprocessor
assembly language trainer
designed by Bob Coates of
Nanocomp fame assumes no
previous experience of
microprocessors.

Current issue price 80p, back issues (if
| available) £1, at Retail and Trade Coun-
| ter, Units 1 & 2, Bankside Industrial
i Centre, Hopton Street, London SE1.

Available on microfilm; please contact

editor.

By post, current issue £1.23, back issues

{if available) £1.80, order and payments

to EEP General Sales Dept.,, Quadrant

House, The Quadrant, Sutton, Surrey

SM2 5AS.

Editorial & Advertising offices: Quad-

rant House, The Quadrant, Sutton,
| Surrey SM2 5AS.
| Telephones: Editorial 01-661 3500. Ad-
vertising 01-661 3130.

Telegrams/Telex: 892084 BISPRS G.
Subscription rates: 1 year £14 UK and
£17 outside UK.

Student rates: 1 year £9.35 UK and
£11.70 outside UK.

Distribution: Quadrant House, The

Quadrant, Sutton, Surrey SM2 5AS.
Telephone 01-661 3500.
Subsciptions: QOakfield House, Perry-
mount Road, Haywards Heath, Sussex
RH16 3DH. Telephone: 0444 59188.
Please notify a change of address.
USA: $39 surface mail, $98.30 airmail.
US subscriptions from [PC B.P., Sub-
scriptions Office, 205 E.42nd Street, NY
10017.
USA mailing agents: Expediters of the
Printed Word Ltd, 527 Madison Avenue,
Suite 1217, New York, NY 10022. 2nd
class postage paid at New York.

© IPC Business Press Ltd. 1982 ISSN
0043 6062.
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Sowter
Transformers

With 40 years’ exparience in the design and manufacture of several hundred
thousand transformers we can supply:

AUDIO FREQUENCY
TRANSFORMERS OF EVERY TYPE
YOU NAMEIT! WE MAKEIT!
OUR RANGE INCLUDES

Microphone transformers (all types), Microphone Splitter/Combiner transfor-
mers. input and Output transformaers, Direct Injection transformers for Guitars,
Multi-Secondary output transformers, Bridging transformers, Line transformers,
Line transformers 1o G.P.O. Isolating Test gpecification, Tapped impedance
matching transformers, Gramophone Pickup transformers, Audio Mixing Desk
transformers {all types), Miniature transformers, Microminiature transformers for
PCB mounting, Experimenta! transformers, Uitra low frequency transformers,
Ultra linear and other transformers for Transistor and Valve Amplifiers up to 500
watts, Inductive Loop Transformers, Smoothing Chokes, Filter, Inductors, Ampli-
fier to 100 volt line transformers {from a few watts up to 1,000 watts), 100 voit line
transformers to speakers, Speaker matching transformers (afl powers), Column
Loudspeaker transformers up to 300 watts or more.

We can desai_en for RECORDING QUALITY, STUDIO QUALITY, HI-FI QUALITY OR
P.A. QUALITY. OUR PRICES ARE HIGHLY COMPETITIVE AND WE SUPPLY LARGE
OR SMALL QUANTITIES AND EVEN SINGLE TRANSFORMERS. Many standard
types are in stock and normal dispatch times are short and sensible.

OUR CLIENTS COVER A LARGE NUMBER OF BROADCASTING AUTHORITIES,
MIXING DESK MANUFACTURERS, RECORDING STUDIOS, HI-FI ENTHUSIASTS,
BAND GROUPS, AND PUBLIC ADDRESS FIRMS. Export is a speciality and we
have overseas clients inthe COMMONWEALTH, E.E.C., USA, MIDDLE EAST, etc.
Send for our questionnaire which, when completed, enables us to post quota-

" tions by return.

E. A. Sowter Ltd.

Manufacturers and Designers

E. A. SOWTER LTD. (Established 1841) : Reg. No. England 303990
The Boat Yard, Cullingham Road, Ipswich IP1 2EG, Suffolk
P.O. Box 386, ipswich, IP1 2EL, England
Phone: 047352794 and 0473 219390

Telox 987703G Sowter

WW — 024 FOR FURTHER DETAILS

Quartz Crystals

Stocks of standard items
exceed a quarter of a million.
Individual units to the tightest

specification made to order. Interface
Quartz
Devices

This technology is available now from Limited

29 Market Strect
Crewkerne
Somersc“TuB bty
Crewkerne (0460) 74433
Telex 46283 infacey

WW — 019 FOR FURTHER DETAILS

YOUR GUIDE TO THE WORLD
OF MICROPROCESSORS

{by phone or post)

SSB-MPF board  £69.95 £2.95 | science courses.

Total

| enclose cheque/P.O.for & ...

: Alow cost tool forlearning, teaching & prototyping.

" Micro-Professor is a low-cost Z80 based microcomputer which provides you with an
interesting and inexpensive way to understand the world of microprocessors and utilise

Complete the coupon their unlimited potential.

Haciayl ) Micro-Professor is a complete hardware and software system whose extensive
Piease allow 28 days for delivery. manual gives you detailed schematics and examples of programme code. A superb
Please sendme:  Price  Qty p&p learring development tool for students, hobbyists and microprocessor engineers, as
Micro-Professor  £79.95 £295 | well as’an excellent teaching aid for instructors of electrical engineering and computer

EPB-MPFboard  £84.95 £295 | Technical specification ‘ ' ‘
PRT-MPE board  £74.75 €295 | 280 CPU, 2K RAM, 2K monitor, 24 1/0 lines, LED display, cassette interface, CTC/PIO
facility, 2.25" speaker, three manuats, 36 keyboard. Options include; EPROM board,
speech board and printer board.

Please send or telephone for full details.

£79.95...

FLIGHT ELECTRONICS LTD. Flight House, Quayside Rd, Southampton,
Hants SO2 4AD. Tel: (0703) 34003/27721. Telex:477793.

Ww11/82 Mail order only @ Trade enquiries welcome @ Bulk order discounts @ Prices include VAT

WW - 022 FOR FURTHER DETAILS
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HE SOURCE™
of allgood used test equipment

Electronic Brokers are Europe’'s leading Second User Equipmen Company. We carry Ia stocks of the ve

ANALYSERS

Hewlett Packard

3580A Spectrum Analyser SHz-50KHz
............................. £2950.00

.......................... £9750.00

332A Distortion Meter SHz-600KHz

. e Py i - £495.00

B8407A/8412A Network Analyser

........ ... ..........E1950.00

Marconi

TF2331 Distortion Meter 20Hz — 20KH2
............... ..........£475.00

Solartron

1172TFA. ...

Tektronix

7001/F2 Logic Analyser in 7704A
Mainframe . .. ... £4950.00
7L5 20Hz-5MH2 I, T £4750.00
7012 100KHz-1 8 Hz

Plu? in £5500.00
7L73 1KHz-1800MHz Plug in .. £7500.00

BRIDGES

Marconi

TF1245/TF1246 @ Meter 40KH2z-50KH.
.............................. £950.00

TF1313A0.1% LCRBridge ... .. £775.00

TF2700 1% LCR Bridge. .. .. . ... £345.00

...£4000.00

TMAS20 Set of Inductors . ... .. £350.00
Rohde & Schwarz.

LRT {BNG100) Inductance Meter. 1pH-
100uH. 2.2-285KHz . ... ... .. £3985.00
Wayne Kerr

8642 CRO1% ........... ..£795.00
SR 268 Source & Detector. ... .. £875.00
FREQUENCY COUNTERS

Hewilstt Packard

5340A 8 Digit 10Hz-18GHz ... £3750.00
Marconi

TF2431 8 Digit 200MHz Unused . £200.00
TF2432 8 Digit 520MH2 ....£275.00

DVM's AND DMM’s

Fluke
8300A5% Eg'%r. OC only 1V sensitivity 5
rangesto1100V............. .. £750.00

Phili;s

PM 2523-01 LED 3% Digit DMM . £95.00

Solartron.

7055 Microprocessor DMM. Scale Length

20,000. AC/DC volts, resistance. 1.V
................ £495.00

Marconi.

TF2213/1 + TK2214 X-Y Display and
MEMOCY ..o £550.00
Philips

PM3232 Oual Beam 10MHz ... £495.00
PM 3234 True Oual Beam Storage
Dscilloscope 100MHz New CRT. . £1750.00
PM 3244 S0MHz 4 Channet Oeley T'Base

el £ - e 1500.00
Tektronix.
475 Dual Trece 200MHz Portable
....... . .............. £2000.00
7313 100MHz Storage Mainframe
.................... ... £2225.00
7603 100MHz Mainframe. . . .. £1300.00
5440 50MHz Mainfreme .. .. .. £1000.00
5441 SOMH2 Variable Persistance Store
Mainframe . ......... ... £1600.00

7704A 200MHz Mainframe c/w 7A22 Diff.
Amplifier, 7426 Oual Chennel, 7880
Timebase and 7885 Delaying Timebase
............. o _... £4610.00
7904 S00MHz Mainframe . . .. £4500.00

7014 Digital Counter plug-in 525MHz
............................ £850.00
434 Option D1 Storage Oscilloscope
25MHz . ... £2250.00
PBO1SHVProbe............. .£295.00

Telc%ui ment

OMB3 Storage Oscilloscope Fitted with

2 x VA4 Plug-ins to give 4 Trace 15MHz
......................... £1350.00
CT 71 Curve Tracer
Texscan.

OU120 12" Display ... .. ....£425.00

TEKTRONIX PLUG INS

S5A48 Dusl Trace Amp DC-50MHz
............................. £400.00

£600.00
7413 Ditf. Comparator Amp. OC-10SMHz
£1500.00

........................... £450.00
7A22 Diff. Amp. DC-1MH2 10uV/Div

........................... £525.00
7A29 Dual Trece Amp. DC-1GHz
......................... £1250.00
7810 Timebase For use in 7104 £1200.00
7815 Delay Timebase For usein 7104

...................... .....B1250.00
7850 Timebase ... .......... ...£275.00
7853A Dusl Timebase For use in 7600
series. ...................... £485.00
7885 Delaying Timebase .. .. . .. £900.00
7892A Dual Timebase For use in 7900
SEPIBS .. ... ... £1500.00
7D14 Digital Counter. 525MHz . . £850.00
7M1 1 Dual 502 Delay Line .. ... £575.00
$1 Sampling Heed (unused) ... £450.00
RECORDERS
Hewlett Packard
7040A X-Y Recorder 1V/inch ... .. POA
7035BX-Y Recorder. . ........ ..... POA
7045A X-Y Plotter T'Base Metric

...................... £1150.00
Watsnabe.

WTR 281 6 Channel Chart Recorder

... . £950.00
Yokagawa
3047 2 Channel 2 cmVHR — B0am/MIN

.............................. £550.00
SIGNAL SOURCES

Hewlett Packard.
4204A Decade LF Oscillator. 10Hz-1MHz.
1&eV-10Vinto 60092 ... ...... .. £895.00
606B AM S Generator. 50KHz-
65MHz. AM0O-85% ... ... .. .£850.00
608F 10-455MHz AM/PCM Modulation
0.1 V—1chtéu.ht ............. .£600.00
61 gB 1.8-4.2GHz int or ext PCM/FM
O0.1uv-0.224v ... .. ... ... £1000.00
851“8 Test Osciliator. 10Hz-108AHz.
O 1mV-3.16V ............. .. . . £415.00
3320A Frequency Synthesizer. P.01Hz-
A3MHZ. . .£995.00
8618A Signal Genersator 1.8 — 4.5GHz
..................... ...£2000.00
8620C + B62508 Sweep Oscillator
B-124GHz .................... .. P.0.A.
Marconi.
TF144H/4 AM Signal Generator. 10KHz-
7eMHz 2uV-2Vv oo £750.00
TF20028 AM/FM 10KHz-88MH2z
PN ) G = T £1200.00
TF2120 0.0008H2-100KHz Waveform
Generator . ... ...l £900.00
TF21 708 Synchronizer for TF20028
R 00K .EUOMPASO.OD
2 AM/FM HKHz2- Hz
TFBSSB/ /,.. 0 _... £695.00

TF2005R 2 Tone Signal Saurce. 20H2-
20KHz. 0-111dBin 0.1dB steps . £295.00
TF2008 AM/PM 10KHz-510MHz built in
sweeper. O 0.2pV-200mVE3800.00
TF2016 + TF2173 Synchroniser AM/FM
10KHz-120MHz. . .. .£2000.00
TF2169 Pulse Modulator for use with
£

TF20150r TF2016 ... .. ... 200.00
TF 2000 AF Signel Source ...£365.00
TF2015 + TF 2171 Generator &
Synchroniser . ....£E1850.00
Philips.
PMB456 Stereo Generator. . ... £250.00
Radiometer
SMG1 Stereo Generator . .£375.00
Telonic
1006A Sweep Dscilator 450 — 850MHz

............................. £750.00
TEKTRONIX TM500
SERIES
DOMS02A True RM S 3% digit OMM

. £200.00

DCSOAA 125MHz Counter. .. .. . £450.00

DD501 Digital Oelay . .
FG501 Function Generator 0.001Hz-
AMHZ. .£375.00
FG503 Function Generator 1 Hz-3MHz

....................... ..£275.00
FGS04 Function Generator 0.001Hz-
AOMHzZ ... £950.00
PG508 Pulse Generator SHz-50MHz

............................. £800.00
SC502 15MHz Dual Trace Scope

= ....£1000.00
SCS504 80MH2 Dual Trace Scope

.................. £1250.00
S5G503 Sinewave Generator 250KHz-
250MHz . .. L L _£950.00
SGS504 Sinewave Generator 245MHz-
1050MHz ... ... ... £1650.00
TG501 Timemark Generator £950.00
TM501 Mainframe [} wide] . .. 6150.30
TM515 Mainframe (5 wide ..£350.00

TEKTRONIX TV TEST
EQUIPMENT

141A PAL Test Signsl Generator

.......... C............£1750.00
148 PAL insertion Test Generator
....... .....£4000.00
1421 PAL Vectorscope ... ... £1250.00
1481C PAL Waveform Monitor £2500.00

> Ker: r S C i latest test
equipment which is refurbished in our own service laboratories and calibrated to meet the manufacturer’s sales specifications.
When you buy used equipment from Electronic Brokers, it can be yours in just days. No waiting for manufacturers lengthy
production schedules. All equipment is fully guaranteed.

1485C PAUNTSC Dual Standerd

Waveform Monitor. . ......E£E29850.00
528 TV Waveform Monitor. . . ... £850.00
B655HR-1 TV Colour Picture Monitor

(NTSC + PAL + RGB) ... £3800.00
MISCELLANEOUS

Bruel & Kjaer

2209 Sound Level Meter ... .. ... £975.00

Oamar
2085 AF Power meter 20Hz2-30KHz
10uW-S0W input imp 1.2-1000Q

£250.00
Ferrograph
ATS27estSet..... ... £355.00
Fluke
883 AC/OC Differential . £615.00
845 AB Null Oetector . .. £610.00

3010A Logictester, Seff Contained.
Portable. Full Spec. on Request . £8500.00
Hewlett Packard.

8403A Moduator Fitted With 8732B PIN

MODULATOR .. .. ..... £1500.00
B8482H Power Sensor 100KHz-4.2GHz. AS
NEW o £250.00

8745A S Parameter Test Set. Fitted with

11604A Universal Arms 0.1-2GHz

. B w5 ... £2750.00

59308A HP-B Timing Generator. £300.00

Marconi.

TF2162 M F. Attenuator. 0-111d8

3 £165.00

TF 2502 RF Power Meter DC — 1GHz2 10W
. - 3 o £525.00

TF2500 AF Power Meter. 7 ranges 100u

watts to 25 watts R £275.00

TMB339 AC/OC mixer for use wuthELF2702

. R 50.00
Rohde and Schwarz.
MS( Stereo Coder. 30Hz-15KHz £500.00
Schatfner
NSG 503 Puise Test Generator . £785.00
Shackmian
Super 7 MKl Camera . £275.00
Tektronix

191 Constant Amglmude Sig. Gen. 350KH2z-
100MHz S5mV-5.5V . ~.....E250.00
106 Square Wave Generator 1nS risetime

10Hz-1MHz without accessores . £175.00
284 Puise Generator 70pS risetime . £950
15Q02TOR .. ..o £3%00.00
2901 Time-Mark Generator . £195.00

Please note: Prices shown do not include VAT or carriage.

s Rl [ [l e el R Rl |
e Rl [~ [l [ el [ [l

Electronic Brokers | == = | _:ﬂ_: | =™

Electronic Brokers Limited

61/65 Kings Cross Road =

Q.

LONDON

C1IX SLN
Telephone: 01-278 3461
Telex: 298694 Elebro G

Latest Second User Test Equipment Catalogue

now out. Send for your FREE copy
WW — 200 FOR FURTHER DETAILS



HORIZONTAL OR

VERTICAL RANGE FROM 3-10 SOCKETS
ALL EX-STOCK!
SPECIALS TO ORDER

OLSON ELECTRONICS LIMITED

IT COMES
TO POWER
FOR RACKS

IT MUST BE OLSON

5-7 LONG STREET LONDON E2 8HJ
TEL: 01-739 2343 TELEX 296797

WW — 050 FOR FURTHER DETAILS

BUILD A PAIR OF MICRO MONITORS!

Just a few hours easy and
interesting work and you'/l have
a superb pair of compact
loudspeakers for about half the
price of equivalent ‘assembled’
models.

The Wilmslow Audio Micro
Monitor will stand comparison
with any speaker of simifar size
fat any price!). Don't take our
word for it — call for a
demonstration!

The Micro Monitor kit contains all the components needed — a pair of
cabinets in flat-pack form - accurately machined for easy assembly, all
drive units, crossover networks, acoustic wadding, grille foam, velcro,
nuts and bolts, etc. No electronic or woodworking knowledge required -
simple, foolproof instructions supplied. The cabinets can be stained,
painted or finished with iron-on veneer. Dimensions of assembled
cabinet: 32x24x20cms. Suitable for amplifiers of 20 — 50 watts.

Price: £112.95 per pair including VAT. Carriage and insurance £5.50

«@Emm@ 0825%9599

The firm for Speakers

35/39 Church Street, Wilmslow, Cheshire SK9 1AS
1982 Catalogue — £1.50 post free
ﬂ Lightning service on telephoned credit card orders!

LASTCHANCE AT THIS PRICE.

METALFILM RESISTORS 1% Tolerance, Y2 Watt

100R 1k \Ol 100k I
110R 1kt 11k 110k lONLY 3p EAC
}?,82 }:§ }g: :%8: High Quality High Stability,
150R 1k5 15k 150k Huge Strength.
:gg: }:g :g: :g: Minimum order £20
200R 2k 20k 200k Minimum 5 pcs per value
220R 2k2 22k 220k 89 Values (E24)
240R 2k4 24k
270R 2k7 27k 270k VAT, p&p inclusive.
300R 3k 30k
330R 3k3 33k 330k
360R I6 36k
3k3 39k
R aK3 43k
470R ak7 47k 470k
510R 5k1 51k
560R 5k6 56k 560k
620R 6k2 62k
B880R 6k8 68k 680k
750R 7k5 75k
820R Bk2 82k 820k
910R 9k 91k ™ 4 GOLDEN SQ
ORION SCIENTIFIC PRODUCTS LTD. | ONDONWI

WW — 014 FOR FURTHER DETAILS
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BE PREPARED [\ 1riru LENS »

Ideal for the experimenter

B THIS DOSIMETER WILL AUTOMATICALLY
DETECT GAMMA AND X-RAYS

M UNIT IS SIZE OF FOUNTAIN PEN & CLIPS ; ‘
ONTO TOP POCKET FREE 2 ftnminciase
@ PRECISION INSTRUMENT
@ MANUFACTURERS CURRENT PRICE OF A
SIMILAR MODEL OVER £25 EACH
BO-5R
British design & manufacture
Tested and fully guaranteed. Ex-stock delivery.
As supplied to Fire Services/Civil Defence

COMPLETE
WITH DATA

Official Qrders welcome

01-7231008/9

 CALLERS: 404 EDGWARE ROAD, LONDON W2 1ED
Mail Orders/Export Enquiries te: 11-12 Paddington Green, London W2
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SINEWAVE
INVERTERS

—FROM CARACGAL 200-1000 VA

Caracal offer you the U.K.'s widest range of high-quality
static inverters. Our inverters are used in many countries
throughout the world wherever a reliable and stable source
of A.C. power is needed for computers, communications,
instrumentation, etc. They are also frequently used for
mobile or marine applications where only a D.C. source is
available.

Caraca! inverters employ modern pulse width modulation
technology which is replacing obsoiescent tuned-type (ferro-
resonant) inverters, by giving higher efficiency throughout
the load range, very low standby current, and lower weight.

We have a large range of models and options, at competitive
prices, to suit your exact requirements.

19-INCH RACK MOUNTING

Now all inverters are also available in 19-inch chassis form
for rack mounting.

CARALCAL

CARACAL POWER PRODUCTS LIMITED
42-44 SHORTMEAD STREET, BIGGLESWADE, BEDFORDSHIRE
Telephone: 0767 81361

Export
enquiries
welcome
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Electronic Brokers
DEC SALE 5. |

a selection fromour huge stocks{ Olympig

All iterns reconditioned unless otherwise stated L

WORD PROCESSORS
SPECIAL PURCHASE DF THE BEST
SELLUNG DEC WS78 WORD
PROCESSDRS
% VT78 32KB Video Data Processor
% RX01 Dual Floppy Disk Drive
* Oiabld Letter Cguahty Printer
* Mounted in mobia unit with storsge
cupboard
* Includes complete WP Software
package £2,950
SYSTEMS
PDP11V03 SYSTEM
11/03 32KB Processor inciuding
Console interface
RXV1 1 Duai Floppy Disk Drive and Control
Low Cabinet on Castors
RT11 Lcence £1,525

DISK DRIVES
AX118D RX01 + Unibus Ct!
AXV1180 RX01 +LSICl
RAXBE RXO1 + POPBCU. . . .
RAX21 180 RX02 + Unibus Ctl
RX28 AX02 + PDPB Ct!
RKO6 14MB Add-on .. .
RKB11 RKOB + Ctl
AKO7 28MB Add-on
RK711 RKO7 +Ctl

PROCESSORS
POPBA-205 32KW MOS{NEW)
PDP8A-400 8KW Core.
POP11/04 10% " 32KBMOS
POP11/34A128KBMOS
POP11/34A256KBMOS _ .
POP11/4086KW Core,KT110
PDP11/44 256KBMOS
POP11X44 CB256KB. TUSE .
POP11/7051 EKBMOS[NEW]
KMC1 1A Auxillisry Processor

PRINTERS/TERMINALS
LA36 OECwriter Il 20mA
LAJ36 DECwriter | RS232
LA34 OECwriter IV
LAY BOPD Parallei
OECH
LA 0 ED 523 DECprinter
NI

(

VTS50 DECscope 20mA
VT50 DECscope RS232
E/JSS Graphics OECscope

M@@j

INTERFACES
0OL11 W Agynchronous l/F
DU11 DASynchronous I/F
OuP11 DAéynchronousl/F
KLBE Asynchronous 8?
KLBJA Asychronous 8a)
M7258 Printer /F[PDP11)
MB8207 Printer!/F[LSI1 ‘IH .
MB342Printer VF{BE, BA

POP8A
PDPBA-205 Processor 10%",
32KWMODS [NEW]
PDPBA-400 Processor, BKW
Core, KMBAA, DKCBAA
KCBAA Programmers Console
KMBAA Dption Module
MMBAABKW Core Memory
MMBAB 1 6KW Core Memory
MSBCB32KWMJS Mem:
RXBE Dual Foppy & CU{NEW, on]{
RX28 Duai Floppy and Ctl (NEW) ..
~ OPYIONS

AR11 16 chsnnel A/D
BA11FEexpander box
8A1 1KFexpander box
BA1 1LFexpander box.
OH1 1 AC Multiplexor
0OH1 1 ADMultiplexor
0J11AAMuitiplexor E1 A(NEW)
DL1 1 Seralinterface . .
DOL11W Asynchronous Interface
DM1 1DALine Adaptor
DR1 1K Digital/O
DU1 1 DA Synchronous Interface
DUP11 DAéyncrwonms interface
DZ11 AMuitiplexor
DZ11BMuitiplexor
FP11AHoatingPoint
P11 EFbaan F’omt[‘l 1/60}
H720Power Gucply
H744 Power Supply
H745 Power Supply
H754Power Supply
H775B888BatteryBack-up
H775CB Battery Back-up{11/34]. .
H775080 Battery Back-up(1 1/44)
KE11 A Extended Anthermntic
KE1 1BExtended Arithmetic
KG11ACRCmodule
KIT1 1HBusIntertace
KK11A Cache Memory. . £1,
KT11DMemory Manaf ment[NEVV] l:
KW11LRealTime Clocee
KW1 1P Programmable Clack
LP11 Printer Controimodule

Scoop purchase of factory
refurbished Anderson Jacobson
AJB32 daisy wheel printers
complete with full keyboard,
integral stand, and RS232
interface. Uullsmg the famous
QUME Printer Mechanism.

NOW ONLY £750

HAZELTINE VDUs
SAVE UP TO 51%

Manufacturer’s
surplus — ALL
BRAND NEW BOXED

ADD 15% VAT TO ALL PRICES

HAZELTINE 1510
[MLP £880).0nly£550
HAZELTINE 1520
[MLP £1050).0nly £625
HAZELTINE 1552
(MLP £800).0nly£395
HAZELTINE 1410
[MLP £475).0nly £295
HAZELTINE 1420
(MLP £515].0nly £350

New At '82C now out.
Send for your FREE copy now.
Carriage and Packing extra

Electronic Brokers Ltd., 61/65 Kings Cross Road,
London Wlliléal'.N. Tel:01-278 3461 Telex 298%!_1'!

| = =
-
Electronic Broker




" IEEE PROGRAMMABLES from TIME

9814 IEEE PROGRAMMABLE VOLTAGE STANDARD

A higher performance voitage standard with 4 ranges from 0.1 volt to 10 volt output. Accuracy is 0.01% and the
resolution of setting is 1 in 200,000. Output resistance is less than 0.01 ohms, and output current adjustable
20mA-200mA. Temperature coeff is less than 20ppm/°C and long term stability better than 50ppm per year. Full
manual control is available via front panel controls. Available for benchtop use or 19" rack mounting.

9816 IEEE PROGRAMMABLE VOICE

A high quality speech synthesizer which has a 280 word vocabulary. Bgsuiiable programming via the IEEE bus
it is possible to output single words, phrases and sentences. The vocabulary has been chosen to be applicable
to many ATE applications.

9815 IEEE PROGRAMMABLE SCREWDRIVER
The unit has been designed to overcome the problems of adjusting Iar?‘e numbers of multi-turn trimmers in

ATE systems. The screwdriver is fully programmable via the IEEE bus with 3 speeds of rotation and 2 selectable
torque values available. The unit is supplied complets with a flexible drive shaft and drill chuck into which
various adjusting tools can be located.

9810 {EEE/PROGRAMMABLE POWER SUPPLY
0-33V in 0.1V steps. Local or remote (IEEE) operation. Fully programmable on the IEEE bus with 3 settable

current limits TmA, 10mA and 1.1A. A dual version of the 9810 is also available. The unitis 3 Euro units high and
standard 19" rack mounting width.

9812 (EEE PROGRAMMABLE SWITCH

24 double pole changeover switches are available with full IEEE control. Each switch is rated at 1 Amp, 30V dc or
100V ac. Thermal emfs have been minimised to lass than 1uV per switch. All outputs are on the rear panel along
with the IEEE address selector switch and bus connector. Manual control of the switches is also provided via a
set of front panel switches which also incorporate LED indicators.

9811 IEEE PROGRAMMABLE RESISTANCE

0-1 Megohm in 1 Ohm steps, fully programmable via the IEEE bus. Accuracy is 0.1% over most of the resistance
range. Resistors are rated at 1 watt each. An attractive feature is the option to switch to local operation when the
output resistance can be set up manually via front panel switches.

TIME ELECTRONICS. LTD, Botany Industrial Est., Tonbridge; Kent, Englénd TNS 1RS. Tel: (0732) 355993 Telex: 95481

WW — 066 FOR FURTHER DETAILS

Anentire | Happy Memories

range of

o 5 e " | part type 1off 25-99 100 up
Iqw cost : A : 4116 200ns .83 72 .66
high- g Re T 4116 250ns 75 65 .60

) b * bl S 4816 100ns For BBC comp 2.45 2.10 1.95
performance. Mg, : 4164 288ns ) ?.?g ?.gg 4'58
H : 2114 200ns Low power . d .
|nstruments 2114 450ns Low power .95 .85 .80
- 4118 250ns 3.25 2.85 2.65
sabtmnlcs [ 77 6116 150ns CMOS 370 320 295
<J 2708 450ns 260 225 210
2716 450ns 5 volt d . .
‘Maki rfor ’ 2716 450ns three rail 575 500  4.65
lng Pe fd mance Affordab|e [ 2732 450ns Intel type 3.75 3.25 3.00
| 2532.450ns Texas type 3.75 3.25 3.00
5020A 1Hz-200KHz Funclion Generator  8000B  1GHz 9-Digit Frequency Meter o
2033 3%-Digit L.C.D, Hand DMM bW o WA Z80A-CPU £4.35 Z80A-P10 £3.25 Z80A-CTC £3.25
- 6522 PIA £3.98 7805reg. 50 7812reg. .50
365-S Protoboard AT-001 x1 Passive Probe . .
LP-10 10MHz Logic Probe AT-010 x10 Passive Probe Low profile IC sockets: Pins 8 14 16 18 20 22 24 28 40
8110A 100MHz 8-Digit Frequency Meter ~ AT-110 x1:x10 Passive Probe (Switchabie) | Pence 9 10 11 14 15 18 19 25 33

86108 600MHz 9-Digit Frequency Meter | Soft-sectored floppy discs per 10 in plastic library case:

Also Oscilloscopes 15-30MHz Single or Dual trace. 5inch SSSD£17.00 5inch SSSD £19.25 5inch DSDD £21.00

Test | iced test . It 8inch SSSD £19.25 8inch SSDD £23.65 8inch DSDD £25.50
e ol e O 'd racasiiesup 74LS series TTL, large stocks at low prices with DIY discounts

to the.beSt' Compare our specs an starting at a mix of just 25 pieces. Write or phone for list.

our prices— no-one can beat our

price/performance ratio. Please add 30p post and packing to orders under £15 and
VAT to total
ﬂ@ Access & Barclaycard welcome
} 24-hour service on (054 422) 618

lllustrated brochure and price list from: Government and Educational orders welcome £15 minimum

BLACK STARLTD Trade accounts operated, ‘phone or write for details

9a Crown Street, St. lves, Cambs. PE17 4EB HAPPY MEMORIES (WW)

Tel: (0480) 62440. Telex: 32339 Gladestry, Kington
Herefordshire HR5 3NY

Tel: (054 422) 618 or 628

WW — 008 FOR FURTHER DETAILS
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In research, development, testing or production
if you need controlled L.F. power, we can help.
With Amcron amplifiers there’s a choice
of rugged, reliable units, tried and tested in
industry and backed by the service and support
you need.
Just circle the enquiry number, write or
telephone — we'll be pleased to tell you more.
Amcron products, G.A.S. support — The Control Force.

WOflSe

171~

G.A.S. ELECTRONICS

16, ST. ALFEGE PASSAGE, LONDON SE10
TELEPHONE: 01-853 5295
TELEX: 923393 LASER G

WW — 029 FOR FURTHER DETAILS
WIRELESS WORLD NOVEMBER 1982 !



Multimeters.
what price
excellence?

, - . certainly less than you think. A bulk
purchase has enabled us to offer these
superb, fully auto-raﬁgih?, 32 digit
multimeters at a special low price

- " %"'4‘ vy
- gy r,,...'.
° e >
e

inc. VAT and p&p

Supplied complete

with batteries, test

o leads. spare fuse and
. o £ instruction manual

Full auto-ranging on both voltage and resistance
Current measurement up to 10A DC and AC

Unit and range automatically displayed

Auto polarity and auto zero

Only 5mW dissipation—200 hours continuous use
Zero adjust key to correct for test leads

Audible continuity test function

Range hold function

Audible over-range indication

00000o04d

WEST HYDE

West Hyde Developments Limited

Unit 9, Park Street Industrial Estate

Aylesbury, Bucks HP20 1ET

Telephone: (0296) 20441. Telex: 83570 W HYDE G
NN NN TNW TN ENN SN BEN e ADW BEN BSW e e
Please send me___SK-6110 Multimeters.
 enclose d cheque/PO forg€
Please debit my Access/Barclaycard Account No. :

CIT T T T T T TITTTTI T ]

Signature: == r s
Name: __
Address: z — m

Credit card or account customers may telephone orders.

WW — 053 FOR FURTHER DETAILS

No matter what panel meter you may be looking for we can give
you the meter you want. The Bach-Simpson range of standard
models represents the largest selection of meters you will find
anywhere. See our new catalogue and you will see what we mean.
You may of course, have a need for customised meters. Do you
require special sensitivities, special movement ballistics or special
scales?

No problem! you tell us we can supply.

With our UK manufacturing facilities and our new Mod-Centre, we
can pfoduce meters to meet your requirements.

It you would like to know more — write or ‘phone now and ask
for Colin Williams.

[ ]
Bach-Simpson
Bach-Simpson (U.K) Limited,

Trenant Estate, Wadebridge, Cornwall, PL27 6HD.
Telephone: (020881) 2031 Telex: 45451

WW — 015 FOR FURTHER DETAILS

BASIC ELECTRONICS

by Grob Price: £9.00
COMMUNICATION CIRCUITS, READY, REF, MANUAL

b{ Markus Price: £10.50
ELECTRONIC PROJECTS, READY REF MANUAL

by Markus Price: £10.50
POPULAR CIRCUITS READY REF. MANUAL

bKiMarkus Price: £10.50

ENCYCLOPAEDIA OF INTEGRATED CIRCUITS

by Buchsbaum Price: £18.00
GITAL INTEGRATED ELECTRONICS

by Tsub Price: £10.00

INTRO. TO PASCAL 2ND EDITION

'1'71 Waels) Price: £9.00
IACHINE CODE AND BETTER BASIC

IaStawan Price: £8.50
ICROPROCESSOR DEVELOPMENT & SYSTEMS

I;( Tsanpg Price: £17.00
ICROPROCESSOR SYSTEM DESIGN VOL It

by Klengiman Price: £23.00

* PRICES INCLUDE POSTAGE AND PACKING %

THE MODERN BOOK CO.

Specialist in scientific and technical books
15/21 PRAED ST., LONDON W2 1NP
PHONE: 01-402 8176 - Closed SATURDAY 1 p.m.
Please allow 14 days for repiy or delivery

WW - 037 FOR FURTHER DETAILS

P.&R. COMPUTER SHOP
IBM GOLFBALL PRINTER 3962, 70 EACH -+ VAT

NEW CENTRONIC 779 PRINTERS, £325 + VAT

NEW CENTRONIC 781 PRINTERS, £350 + VAT

LA DECK WRITERS MODS. 35, 36 & 180, FROM £325 +
VAT. ALL NEW

NEW CIFA VDUs. 1 ONLY £300 + VAT

POWER UNITS 5 VOLT 6 AMP, £20 EACH

FANS, PCBs, KEYBOARDS AND LOTS OF ODDS & ENDS -

COME AND LOOK AROUND

SALCOTT MILL, GOLDHANGER ROAD
HEYBRIDGE, ESSEX
PHONE MALDON (0621) 57440

WW - 067 FOR FURTHER DETAILS
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THE QUAD FM4: SEVEN PRESET STATIONS; STORED AND RECALLED UNDER THE CONTROL OF A
DEDICATED MICROPROCESSOR, WITH A LEVEL OF AUDIO PERFORMANCE LIMITED ONLY BY THE QUALITY OF
THE INCOMING SIGNAL. DECEPTIVELY SIMPLE AND ORIGINAL, AS ONE WOULD EXPECT FROM QUAD.

<
o\

. AN i O

(3 S L SRS

e ® et Lol AT

-

PEEN

Simply write or phone for more information to
The Acoustical Manufacturing Co. Ltd, Huntingdon, Cambs. PE18 7DB. Telephone: (0480) 52561.

QUAD %

for the closest approach
to the original sound

WW — 020 FOR FURTHER DETAILS



] | 7 T g
LE R Nlcs TRANSISTORS BF179 38 |MPF103 30 TISS0/9%  30:|2N3011 28 |2N5879 190
AC125 35§BC182L  10{ BF180/2 38 |MPF104  30{UC734 06 |2N3063  26'|2N6027 %2
AC126/7 38{BCIB3L 10| BF184/5 38 IMPF105 30 | VK101 00:] 2N3054  58i§2SA671 280
CARDIFF ROAD, WATFORD, HERTS, ENGLAND AGiv2  30|BCioer 28| Brisss 13 |MpoAR  B|VNMGAT 78 |aNaoe o |sci 7o
TR DROER, C/SILONS WKL OME . A BBGisL  10|8r00 300 [MPoAl; BIVNGSAF  ellaNaws  o|iscioer 260
Tel. Watford (0923)40588/9. Telex: 8956095 2 iBC213 10{ BF224A 28 | MPSASS g N3441/2 140 }25C1096 [
. e 70§BC213L  10}BF2248 29 M 30.|2TX107/8 11 12N3614/5 199 1 30
DEVICES BRAND NEW, FULL SPEC. AND FULLY GUARANTEED. ogR/Ecl:‘sEgE% ™ gg}:l- :g g:g;gA g- Mguoz 88 | 1 ;n:nom 18] ;g‘c:ms 128
TCHI ETU! POST. TERM SINESS: CA! ] ™ MPSUO5  861ZTX212 28 f2s¢1 100
EATCHED).BY_.RETURN |OF : AL . | ACy2s 751BC237/8 14| BF2568 46 [MPSUOE 88, 13i| 2N3704/6 10 | 25C1307 150
P.Os OR BANKERS DRAFT WITH ORDER. GOVERNMENT AND EDUCATIONAL INSTI
: > . 5 [BC078 14/ BF267/8 32 |MPSUS52 4ZTx301 16| 2N3706/7 10} 25C1449
TUTIONS’ OFRCIAL ORDERS ACCEPTED. TRADE AND EXPORT INQUIRY WELCOME. AD142 120 | BC308 18§ 6F259 % | MPSUSS 1 7Tx302 18:/2N3708/3  10.[25C1678 140
P&P ADD TO ALL CASH ORDERS. OVERSEAS ORDERS POSTAGE AT COST. r918C327/8 15[ BF278 & |MPU131 82! ZTX303 26!l 2N3710/11 10 [ 25C1679 180
AIR'SURFACE. ACCESS ORDERS WELCOME. § 42§8C337/8 15 BF336/7 40 6 170,|2TX304  17{|2N3713 140 125C1923 80
= ’ - - | AD162 421BC441/61 34| BF451 3 /0C28/36 220 1ZTX314  28/[2N3771 179 12SC1945 228
VAT Export orders no VAT. ble to U.K. Customers only. Uniess stated otherwise,: 80 § BC477 40| BF594/5 30 |OC38/41 75| ZTX326 30| 2N3772 196 | 2SC1953 90
oll prices are exclusive of VAT, Please sdd 15% to the total cost P&P. 90| BC516/7 40| BFR39/40 23 |OCA2/44  75'12TX341 30 [2N3773 210 [25C1957 90
Wonodthomnd:monlum&h rwmnuw.mdwwmw Foothall Ground.: |- 70§ BC547/8 12} BFR41/79 23 |OC45/70 40 ZTX451 23'1 2N3819 22725C1969 140
Er e Gyt R T Wt Zloour slmie, inem, 2 inoe
OponMondcyw rday Sam to Spm. space sval bl : 501/2 3 10
- 70§BC568/3 15| BFX29 29 |OC76/77  B0iZTX503  18(2N3824 86 | 25C2078 170
YTIC CAPACITORS: (Values are in uF 86 18CY30 s8{ BFXB1 45 |0C81/82 80/ 25 |2N3866 %0 2091 8
4.70p; 1010p: 15, 22, 12p; 33 16p; 47 12p; 68 20p: 100, 1 125 1BCY34 BFX84 b 40§ ZTX531 25,1 2N3870 150 [ 25C2314
}?"., ‘031:)‘%‘91.50 }’.z.,“iz‘c?“ 22» 3312» 330 47230 000, 31950 ‘200 5,4, i 10 gg&gm : BFX85/6 28 [OC170/71 80, 25 | 2N3903/4 s zggme 186
; ; ; ; 880, d 7| BC1078 12 BFY18 50 |0C200 80.| 2N697 23 1 2N3%06/6 1 335 228
16V: 47, 68, 100 9p; 1 5;5 ‘29. 330 “P 70. 20; 680 34p; 1000 27p; 1500, $1p; 2200 38p; BC108 10§BCY41/42 14 BFYso/s1 23 |TIP20A 32 | 2Nese 40/[2N3%06 17 30
BC1088, 12 §BCY4S 50| BFY52 23 [TIP28C 38 | 2N699 i|2N4037 48| 25C2612 228
TAG-END CAPACITORS: 84V: 2200 139p; 3300 198p; 4700 2460; 50V: 2200 11°p,33001up, 40V: 4700 gggge 1 gg?sgﬁ? ::: gggg/s g HP:X]A g g:;ou 1:‘ gmw 12‘ 25023 ;:
160p; 25V: 2200 80p; 3300 98p; 4000, 4700 98p; 10,000 320p; 15,000 345p; 16V 22,000 360p. }8c1 1 08 19
S =0 = = BC109C 12 §BCY72 20| BFY84 35 [TIP31A 3 )2 36| 2N4061/2  10°| 25K288 228
7 ~|8C114/5 22 | BCY7B 24| BFYB1 120 [TIP3IB 39 12N1131/2  24/{2N4064 118 25083 228
POLYESTER CAPACITORS: Axisl Lead SIEMENS pcb [gC117/8 20f8D112  128|8FY90 00 |TIP31C 3 2N1302  45/|2N4063 45 25
400V: 1nF 1n5, 2n2, 3n3, 4n7, 6n8 1Y YS: 160, 18n, 22n 1. 33n 47n, 88n BC119 38180121 98 | BRY39 40 [TIP32A  38|2N1303 06 j2N4220 78 [3N128 112
3 20n Fon 62p 52p; 630n 1:F 68p; Type Miniature||gC137/0 40 $BD124  118| BSC20 20 |TIP32C 42]2N1304/5 80 |2N4234/6 48| 3N140 112
160V: 10nF, 12n, 391\ 100 11p; 160n, 220n 17p; 330n, 470n saon, poly. Capacitors | BC140 30(|BD131/32 “48[BSX26/29 34 |TIP33A @B {2N1306/7 65 (2N4284 24 'f 40097 120
1pF 42p; Fs 2 48p; 4; BC142/3 30 48D133 70| 8SX78 45 |TIP3ac 78)2N1308 60 (2N4286 1B | 402 I3
1000V: 1nl 17p,10nnop, n 40p; 22n 38p; 33n 42p; 47n, 100 42p. 50v: 8C147 9 §BD135 451 BSY26 30 |TIPMA 7412N1613 30 [2N4289 18 | 40311 60
. - 1nF, 1n5, 2n2, [BC1478  10§BD136/37 40|BSYY5A 25 | TIP3AC 08 {2N1670 150 [ 2N4314 40313 130
POLYESTER RADIAL LEAD CAPACITORS . 280V: '|FEED THROUGH | 3n3, 4n7, 6n8, |BC148 9}60138/33  401QU105 170 ITIP3SA 110 |2N16718 160 [2N4400 18 | 40315 2
10n, 18n, 22n, 27n 6p; 33n, 47n, 680, 100n7p. 150n, 2200 10p; | CAPACTTORS | 10n,12n, 160 7p |gC1ase 10 [8D140 40[BU205 190 TIP36C 128 {2N2180  296.12N4427 80, 2
330n, 470n 13p; 680n 19p; T 23p; 145 40p; 212 48p. || 1000pF/450V 8p°| 18n,22n, 27n,33n"{ BC149 9 | BD144/45 198 | BU206 200 [TIPIBA 130 | 2N2217 46 | 2N4B59 78 [ 40317/20 80
39n, 47n % BC149C 10 BD16S 55[BU208 200 |TIP36C 140 | 2N22184 26 |2N4B71 86 50
TANTALUM BEAD CAPACITORS POTENTIOMETERS: Rotary, Carbon, | 39n,56n 12p.18C153/4  27§BD205/6 110[BUY6SC 226.(TIPATA B0 | 2N2219A 28 [2N4s98 135 | 40324 100
6V: 0.1F, ozz oaa 18p; TndLOZSW & Lin valyes. 82n,100n  1p |BC167/8 10§ BD222 %8| E421 280 | TIP418 82 {2N2220A 28 [2N4901 175 (403287 70
1-0, 153‘ i KD & 2K32 (Linear only) Single | a0y, 1180245 45| MDB001 280 (TIP42A B85 }i2N2221A  28[2N4921 85 | 40347 2
10 \:gp 4.7,8.8. 10 | Gan 100, 120n  1op’{BC160 45 { BD378 70 § MJ490 90 | TIP428 88 |2N2222A  252N4322 70 [ 40348 120
: ; 33, 47 40p; 100 SKﬂ-ZMnslnqleGnn Log&Lin. 30p | 50 ya0n 125 |BCIS7A 10| BD434 S6{MJ491 178 | TIP120 70{2N2297 28 |2N5135/6 20 | 40360 60
15, 22, 26p; 33, 47 36p; 100 | 5KO-2M Single Gong D/PSwitch 78 | 2360 5700 qg5, [BC168C 10 BD517 7™ 70{TIP121/2 73 |2N2303 45 |2N5138 18 | 40361/2 70
00 42p. 5K{1-2M0 Double Gang o9p ‘3%0n 20p {BC163C  10[BDE9SA  125[pIE170 180 |TIP141/2 105 [2N23e8  28'|2Ns172 18 |40407/8 78
g0 lecu, sl imlwe il winmes uiaen e
SUDER POTENTIOMETERS g 8C171 1 P29 |
100V: |:‘Fu; ?f:f"'&"f 16nF, 22n, | 0-25Wlog and linearvalues 80mm | ¢ ;2: 111]80Y60  180{MIE370 100 |TIP3055 00 [2N24B3/4 27|2N5190/1 75 404674 130
30n, 40m, 471 Fp; 56n, 100n, 200n 9p: | BKO- single gang 70p | Jhoo sop |BC177/8  181|BF115 35 MJE37! 100 | TIS43 32{2N2646  45{2N6194 80 | 40468 %
BOV: 470nt 120, " " | 10K0)-500KN dusl gang 10p |BC17 20 |BF154/8 25| MJES20 96| TIS44/5 45| 2N2848 80 |2NS305/8 30 | 40594 108
: Self Stick Graduatad Bezel 40p B8C181 20 |BF167 291MJES21 96 [ TIS46 46 | 2N2904/5 28 | 2N5457/8 30 | 40603 110
orders [gC182/3 10 |BF173 27| MJE2955 99 60| 2N2906/7 26]2N5459 30 | 40636
CERAMIC CAPACITORS B0V F. 220F; by Access. Just | pC1gs 104 BF177 26{MJE3055 70-TIS59/74 8042N2907A 28} 2N548! 2
g;:: o: %;wFF to SLMF 1.%"}5;'3‘0 ';p PRESET POTENTIOMETERS lm:;.y:uur:: 8F178 0|MPFI02 40 50 {-2N2926G  10}2N5777 46
: 0.1W 5001 - 5M(2 Miniature 3 i
200nf/6V B0 Vertical & Horizontal » the rest ICM7216 1060 | MC1596 226 | TCA965 120 | 7433 2 |74174 54
0-25W 1000-3-3Mf1 horiz. larger 109 ICM7216Al MC1648 280 | TDA1004 290 | 7437 2% | 74175 58
POLYSTYRENE CAPACITORS: 0-25W 2000)—4-7MQ vert. 10p XBOACTC 260 1960 | MC1705G 90 | TDA1008 310 | 7438 22 |74176 40
10pF to 1nF 8p;  1.5nF to 12nF 10p Z808 78 | ICM72168 MC3302 90 TDA1010 198 7440 17 {14177 48
— - 2Z80DART _ 496 1960 | MC3340P 120 Trgﬁ:ogz J ;m g m;g :
COMPUTER 4 428 | ZBOADART 8850 | ICM7216C MC3360F 120 024 1%
SLVERMICA (Vaiuenin pF)2,3.3,47. | RANM | () o218 00 | zoooMa 678 1980 | MC3401 &5 | TDAI034 30 | 7443 %0 (74180 40
685%256088 2 gz o5 400 120150, | FOR | 370 30 8216 300 | ZBODART €88 | ICM7217A 790 | MC3403 76 | TDA1490 326 | 7444 90 |74181 18
180pF 18p each; 88C 1802CP 880 | 8224 110 Z8OP10 260 ICM7224 786 MC3405 150 TDA2002 328 7445 58 | 74182 60
D 03007 330,13601350 21022 100 | 8226 260 | Z80AP10  2TB 7 300 | MC3423 180 | TDA2004 498 | 7446 60 | 74184 %
i?g‘soo'm'am, each | MICRO | 2114450n 6 | 8228 220 | 280S101 ®50 | ICM7555 80 | MC4016 00 | TDA2020 320 | 7447 40 | 74185 9%
1000, 1200, 1800, 2260 30p sach AR1GAP | 211413000 %0 | 8243 270 | Z80AS10 980 | ICM7556 150 FCI 7 A20%0 29 ;4-;8 * 74188 42
3300 4700pF 80p each 2114L-200n 96 | 8250 50 8 €M 50 250 MK503968 638 TDB070% 420 4
. 100ms | 2147 428 | 8251A 250 LA4031P 340 ML924 7 TL170 50 7451 18 {74190 4
2632-450n 360 | 8253 a0 | A LA4032 296 | MSM5526 820 | TLOBICP 40 | 7483 18 | 74191 .
MINUATURE TRIMMERS 5584 212 | go5s 28 | LINEAR 40 | NEE5 276 | TLOB2CP 60 | 7454 18 | 74192 I
2-8pF, 2-10pF 22p; 2-25pF, 5-60pF 30p; 2708 226 | 8256 s | ICs LC7120 300 | NES23 228 | TLOB4CN 98 | 7480 18 | 74193 4
10-88pF 38p 2% 27165V 218 | 8257 @0 | 555CMOS @0 | LC7130 340 NES31 140 TLO7ICP 24 7470 3% | 74194 40
2732-450n 360 | 8259 296 | 702 78 | LC7137 396 ES34 150 | TLO72CP 46 | 7472 24 |74195 40
REBISTORS - Carbon Film High Stability. 5% | 2764 8271 £38 | 70914pin 40 | LF347 150 | NESA3K 225 | TLO74CN 100 .| 7473 26 174196 48
ini ’ LF351 It 210 | TLOBICP 24 | 7474 20 | 74197 40
Miniature. 3242 680 | 8279 386 | 709C8pin 36 NE544
RANGE VAL 1-99 1oo+ 4816-100nS 8284 380 | 710 48 | LF353 98 | NESs5 16 | TLOB2CP 46 | 7475 25 ;"gg ":
Yaw 202-4M7  E24 2p W 228 | 8288 £10 | 7418pin 14 | LF355 85 | NE556 45 | TLOBCP 75 | 7476 2 741 q
W 212-4M7  E12 2p 1p | 4027 190 250 | 747C 14pin 66 96 E! 325 | TLOBACN 7480 48 771122‘13 1:
w 202-4M7  E12 8p 4p | 4116-150n 86 | 8T26A 98 | 748C8pin 36 | LF357 110 | NES61 398 | TLOSICP 68 | 7481 120 | 742 120
2% Metal Film €24 6p 4p | 4116:200n 80 | BT27 150 | 7538pin 106 | LF398 478 410 | UA2240 120 | 7 86 | 74247
1% Metal Fitm E24 8p 6p 4118-250 325 | 8T28A 120 | 810 189 | LM10 325 UA78540 7483 38 | 74248 120
4164-200n 60C | @731 350 3 LM301A0 24 | NE565A 120 | UAA170 170, | 7484 o | 74249 12
4334-3.CMOS | 8T95N 9% | AY-1-1320 LM307 5 | NE566 186 | UAA180 170 | 7485 80 ;:gg; es
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to5es | done HE A Sova s St ULTIMU’:L MICRO EXPAN- : %g Single ED 15(;’)(558 ?)tr:?/:k Gased, head, ’2°'f3,’.§’e'2.“c'érf:er?l
290 ' ost versa PLE, NS FDI B with rea
L5290 50 | 4025 804411 675 | 4599 538 | Red, Green o WATFORD’'S own m rfacing with AP @ SIEME tor control PCl
EEREIrC | Corl) . i IS R '8 N SYSTEM. Ideal for inte ARCH MACHINE, microswitch & moto Ideal for Apple
15295 75| 4027 394415 480 | 40085 Triangular LEDs SIo GON, PET, RESE E ZX81 nics plus cable. Ide.
4028 40097 45 1 M, DRA . EO GENIE, ZX81, electro for above
R = IS | S R JL o0en or Yellow S;ECTRUM'S#PERBE,)CAQE},YJI&S"” in Practical | o APPLE H Interface card o T i B
LS300 175 | 40 1254433 770 | 40100 130 etc. Low cost, high spec. November 1982 {P&P on some o o
s key o= ) 1% | o271 InfraRed Electronics starting from 5
LS320 200 | 4032 4430 999 | 40102 46 AE for details
(39 0l 200 % —
45 | 445 o
A b A
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Complete audio
measuring system
see the 10
features...

fromWayne Kerr.

Wayne Kerr

1. Freq. Counter, 2.Oscillator, 3. Noisemeter, 4. Wow & Flutter meter, 5. Level Meter, 6. Distortion,
7. Phase, 8. Power, 9.Drift, 10. Rumble.

Already in use from the small service workshop to Audio Equipment
manufacturers to professional studio to IBA Broadcast station to the “BBC"".
AMSI provides the solution.
Saves time, saves space, saves capital equipment cost, saves earthing
problems. Transportable and easy to use. This low cost comprehensive audio
workshop meets the latest specifications for Audio Measurement with accuracies
equivalent to many of its stand alone counterparts.

10 Instruments, 15 Measurements
for the price of One. That's the AMSH...

AMS1 M

Belglum — Simac Electronics SPRL. Tel: 022192453, Telex: 23662, France -
Tekelec Airtronic. Tel: 5347535, Telex: 204552, Netheriands — C.N. Rood B.V.

Tel: 996360. Telex: 31238. Sweden ~ Scandia Metric AB, Tel: 20400. Telex: 10766.
West Germany — Keithley Instruments GmbH. Tel: 7144065, Telex: 5212160.

italy - Telav international SRL. Tel: 4455741. Telex: 312827. Spain — Unitronics SA.
Tel:2425204. Telex: 22596. Eastern Europe, USSR, China - Data Loop Ltd.

Tel: 0306 81166. Telex: 859417 South Africa — Telkor Pty Limited. Tel: 011 489740.
Telex: 4-22171

WAYNE KERR

WKR Limited Durban Road
Bognor Regis

West Sussex PO22 9RL England
Tel: (0243) 825811 Telex: 86120

WW — 041 FOR FURTHER DETAILS
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DL MIMIATURE
ON-OFF

fWITcNB -
Gold-plated contacts.

Sealed base. Ideal for pro-
gramming. 6-postion at

fess than half
manufacturer's price =
v-
ONLY
TSe

Wil fit Into 14-pin dil
socket. Ten at 65p ea.. par
55p ea.

HONEYWELL PROXIMITY
DETECTOR intagral
amplifier, 8v. 0.C., £3.50 ea.
PHOTO CONDUCTIVE
CELL, £125. High-power
'Cds cell, 500MW, for
control circuits

-Resistance 800 ohm to 4K
Max. volts 240 Size 112 x

4 Van

in.
RIBBON  MICROPHONE
with pre-amp. on chassis,
£1.75.

=
MULLARD MODULES
LM [1alks]

Complete with Data
LP1186

: LP1157
Verican  Med, & Long
£5.00 Tunar £2.50

CRYSTALS COLOUR TV

4.433619 me/s £1.28
Miniature type sealed

_UHF. MODIKATORS
[atest type, adpstable,
ideal for computers.
with deta circuit
Se 3x2VAxT Inch
Onky £3.50

In screensd case

MINIATURE EOGE
. INDICATOR METER
With iluminated dial scale

'LM380 Amplifier ........... 8
LM318N Hi-Slew Op. Amp.
£150

LM323K, 5v. 3-amp, req.

LM370N Voli, Foliower
mp. £120

LM311H High Perf. Volt.
Comparator. £1.00

ULTRA SONIC
TRANSDUCERS  40KC/S.
Complete on 18in
Screaned cable, £1.75
each; pairs £2.95.
ULTRA SONIC
TRANSMITTER. Complete
unit {uncased requires
1.5¢ 3

FOSTER DYNAMIC
MICROPHONES. 200 ohm
impedance. Moving coil.
Complete on chassis. £1.75
pair

MINIATURE HIGH-
QUALITY FANS
“Whisper Model” by Ro-
ton. Low-power consump-
tion {less than 10 watts).
Silent vunnin?, 15v. {two
in serfes for 230v.).
50/60Hz. Size 412 x 412 x
172N ONLY £6.50 EACH

incl VAT

STERED CASSETTE

Machanisms 6 er 12 voit
te with Heads +
nd Solenoid. Brand
£5.50 0n.

Full spec. but no polanty
band. Per 1,000...........£10
MINIATURE MP.C.
POTENTIOMETERS. Model
M2. High-quality, 5%
tolerance, 2-watt. with lin
spindies  All values, 43
ohms-47k only 60p eech
per 10; 50p each per 100;
40p each

VARTA 36 volts DEAC,
/AH 225 £1.50

DRYFIT 8-volt, 4.5 amp.
£150

XTAL FILTER 107 mess.
12.5D8 separation,
12x1laxtinch £7.00
100KC/S + 1 meg. 3-pin

LM384N, 5-watt Amp £1.20 100 All
0-10. F.S.0. 100 microsmp. | LM333N Dual Com. ... 60p | ___ BRAND NEW 0 sop
Size 112 x 112 x V2 deep. § 7905 Reg. —6v ... T5p | 50% less than manutactur- o sa.
Dnly £1.65. = ; ] er's price
STERED CASSETTE TAPE |  HEWLETT-PACKARD EX-MOTOROLA
MONSANTO HEADS Quality DISPLAYS
Halt-inch replacement for most 2 ’ 5+ 5-WATT
+ ! Dispiay | recorders with mounting 5082-7650 CAR
nghllﬂl!r'\:lw J plate. Record/Replay £2.80 HIGH STEREO
safof“f:m ) MARRIOTT TAPE HEADS EFFICIENCY
poouelie B350) Quarter track AND VERY BRIGH AMPLIFIERS
14 Pin Dl Package Type Only £1.00 each Y Comptete and tested units.
K XRPS18 Record/Replay Medium and Long Wave.
teach]. ... ... €200 Setof 6 for £5 Supplied as two built units
BRIDGE RECTIAER XRPS36 Record/Replay § Half-inch red common {5 x 2 x 2in.) with circuit
800 PIV 35 amps (each). .00 fanode will replaced . 4" 4. D‘nlv £5 pair.
1axivaxbain, €350 XES11 Erase {each)... £1.00 DL7O/14-pin DIl Includes pre-amp
NATIONAL
RECHARGEABLE .
BATTERIES “CHERRY'* ADD-ON KEYPAD

A compact 12-button

RASIRAIINR keypad suitable for use
£2200
3 0UR PRICE
ONLY
£7.50
inct. V.A.T.

[ with  Keyboard
extend “its tunctions
plus four extra keys

Supplied brand new

A 3 x 4 non-encoded
single mode keyboard

EXPORT enquiries
invited

'01-723 1008/9
Cailers to: 404 EDGWARE ROAD, LONDON W2 1ED

QUANTITY DISCOUNTS on ALL items (unless stated), 15% per 10, 20% per 60, 25% per
100. All items BRAND NEW (unless otherwise stated).
DEUIVERY from stock — Add post 35p per order.

TELEX 262284
Transonics
Mono 1400

i

ALL MAIL ORDERS/EXPORT ENQUIRIES 11/12 PADDINGTON GREEN, LONDON, W2

RADIOCODE
CLOCKS

are powerful and comprehensive instruments which receive, decode
and analyse time-coded standard frequency transmissions to provide
accurate, secure and completely automatic time/calendar or synchro-
nisation systems.

Applications

Automatic master clock and slave controller.
Synchronisation of separate equipment and events.
Programmable energy management system.
Computer clock/calendar with battery backup.

Data logging and time recording.

Process and equipment control.

Broadcasting, Astronomy, Navigation.

Satellite tracking.

If you have a time or synchronisation problem,
write or phone for further details of our portable
and new microcomputer-controlled Radiocode
Clocks.

12

Circuit Services, 6 ElImbridge Drive
Ruislip, Middlesex. Ruislip 76962

WW — 009 FOR FURTHER DETAILS
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The
Logic Hrobes

Test More .

LP-3 Logic Probe

QOur LF-3 has all the features of the LP-1 plus [~
extra high speed. it captures pulses as
narrow as 10 nanoseconds. and
monitors pulse trains to over 50 MHz
Giving you the essential capabilities

of a high-quality memory scope |
at 1/1000th the cost.

. Spend Less

LP-1 Logic Probe

The LP-1 has a minimum detachable
pulse width of 50 nanoseconds and
maximum input frequency of 10MHz.
This 100 K ohm probe is an
inexpensive workhorse for any shop,
lab or field service tool kit. It detects
high-speed pulse trains or one-shot

- s e

events and stores pulse or level
transistions, replacing separate
level detectors, pulse
detectors, pulse stretcners

LP-3 captures one shot or low-
rep-events all-but-impossible to
detect any other way.

All without the weight. bulk,

inconvenience and power L_____J
consumption of conventional methods.

£49.00*

© Model LP 3 iliustrated

and pulse memory devices
All for less than the price of a DVM

£31.00*

© Model LP 3iitustrated

replacing separate puise detectors.
pulse stretchers and mode state
analysers.

LP-2 Logic Probe
The LP-2 performs the same
basic functions as the LP-1.
but, for slower-speed circuits
and without pulse memory
capability. Handling a
minimum pulse width of 300
nanoseconds, this 300 K ohm
probe is the economical way
to test circuits up to 1.5 MHz.
it detects pulse trains or
single-shot events in TTL, DTL,
HTL and CMOS circuits,

FBOUG QIIASS HOIH

e-al

The Digital Pulser: another
new idea from G.S.C. The

any pin, pad or component
and then, when you touch
the ‘PULSE’ button, delivers
a single no-bounce pulse to
swing the lcgic state the
other way. Or if you hold the
button down for more than a

pulse after pulse at 1000 Hz.

DP-1 registers the polarity of |

second, the DP-1 shoots out |
The single LED blinks for each single
pulse, or glows during a pulse train.

Oy

The New Puiser DP-1.

If your circuit is a very fast one, you
can open the clock line and take it
through its function step by step, at
single pulse rate or at 100 per
second. Clever! And at a very

reasonable price £51 .00*

(Available in kit form LPK-1 £12.50)

£18.00*

© Model LP 3illustrated

*price excluoing P &P and 15% VAT The logic probes shown are ail surtable for TTL

f CMO:

GLOBAL SPECIALTIES CORPORATION

L] —

G.S.C. (UK) Limited, Dept. 7ii

Unit 1, Shire Hill Industrial Estate,
Saffron Walden, Essex CB11 3AQ.
Telephone: Saffron Walden {(0799) 21682.
Telex: 817477.

O Model LP 3illustrated
S.C. (UK) Limited, Dept. 7ii, Unit 1, Shire Industrial Estate, Saffron Walden, Essex CB11 3AQ 1
Prices include P &P and '5- VAT

l[ ]:37.38 Qnty _pzltzz.azko”_‘v_,l . IE“-“M ml:so.ssEo”‘“ Lpk-{ £15.52 [ O |

Narme Address

IS it o 77 Ui S i vt St Wotan,ExecCo11 380

or debit my Bar:lay.card/Access
exp. date

I | enclose Chegue/P O for £
American Express card no
FOR IMMEDIATE ACTION The G.S.C. 24 hour. 5 day a wezk service
Telephone (0799) 21682 and give us your Barclaycard. Access. American Express

mber and your order wiil be in the post immediately
- W - e e -

For FREE
catalogue

tick box
S EN NN N S S -

WW — 064 FOR FURTHER DETAILS
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Introducing twonew
hand-held digital multimeters

28 Ranges, each with full
overload protection

10 amp AC/DC

SPECIFICATION 6010 & 7030
BATTERY: Single 9v dry cell. BATTERY LIFE: 200
hours. DIMENSIONS: 170 x 89 x 38mm. WEIGHT:
400g inc. battery. MODE SELECT: Push button. AC DC
CURRENT: 200uA to 10A. AC VOLTAGE: 200mV to
750V. DC VOLTAGE: 200mV to 1000V. RESISTANCE:
20062 to 20MQ. INPUT IMPEDANCE: 10MQ. DISPLAY:
32 Digit 13mm LCD. O/LOAD PROTECTION: All
ranges.

OTHER FEATURES:
Auto polarity, auto zero, battery-low indicator, ABS

plastic case with tilt stand, battery and test leads
included, optional carrying case.

, Please add 15% to your order for VAT E
Postage and packing is free of charge
QIODEE0S0 74 Trade prices available on application g

DC ACCURACY 0.1%¢

£35.95

_ plus VAT

VN

ARMON ELECTRONICS LTD,

Cottrell House, 53-63 Wembley Hill Road
Wembley, Middlesex HA9 8BH, England
Tel. 01-902 4321 (3 lines). TIx: No. 923985

%4

WW - 038 FOR FURTHER DETAILS

electrical contacts and switches.

B s o ot s TV TUBE REBUILDING
KONTAKT Excellence. Special cleaners for all

Faircrest Engineering Ltd. manufacture a comprehensive
range of equipment for processing all types of picture tubes,

Kontakt 60 colour and mono. Standard or custom built units for estab-
Dissolves oxides and sulphides, lished or new businesses. We export world-wide and have an
removes dirt, oil, resin and traces excelient spares service backed by a strong technical team.
of metal abrasion. Protects

against erosion. Ensures perfect Full training courses are individually tailored to customers
contacts. requirements.

Kontakt 61 For full details of our service contact Neif Jupp

Special cleaning, lubricating and
anti-corrosion fluid for NEW (non
oxydised) and specially sensitive

contacts. An excellent lubricant .
for all electrical and electro
mechanical systems.

4 Union Road, Croydon, CRO 2XX

Spray Wash WL 01-684 1422/01-684 0246
ingliand Gearansing of aacres 18 WW — 034 FOR FURTHER DETAILS

equipment and components. For
removal of din,(?rease, oil, solder-
ing residues and other impurities.

IN VIEW OF THE EXTREMELY RAPID CHANGE TAKING,

ALSO AVAILABLE: PLACE IN THE ELECTRONICS INDUSTRY, LARGE QUANTI-
A COMPLETE RANGE OF INDUSTRIAL AEROSOL SPRAYS TIES OF COMPONENTS BECOME REDUNDANT. WE ARE
SK10 Soldering Lacquer, K75 Coid Spray, K70 Plastic Spray, K88 Qil Spray, K701 CASH PURCHASERS OF SUCH MATER'ALS AND WOULD

Vaseline Spray, K30 Video Spray, K33 Graphite Spray, K100 Antistatic Spray,
K101 Fluid Spray and, of course, Positiv 20 positive photo resist for printed

circuits. APPRECIATE A TELEPHONE CALL OR A LIST IF AVAILABLE.
WE PAY TOP PRICES AND COLLECT.

Details from:
Special Products Distributors Ltd. BROADFIELDS & MAYCO DISPOSALS
81 Piccadilly, London, W1V OHL 21 Lodge Lane, N. Finchley, London, N.12. 5 mins. from Tally Ho corner

Tel: 01-628 9556. Telex: 26500 (snswerback RACEN). Cables: Speciprod, London,
w1 Telephone 445 2713/0749 {9461

WW — 045 FOR FURTHER DETAILS

WW — 044 FOR FURTHER DETAILS
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The lightweight
mast with
101 applications

The smoothly operated QTM Mast comes fitted with
handpump or can be vehicle mounted with ‘Power Pack’ for
extension and retraction. Available in a range of heignts up
to 15 metres, the QTM mast can provide the ideal answer
for:

® Mobile Radio Telephone

® Police Mobile HQ (UHF)

® Field Telecommunications
® Floodlighting

® Anemometer and Wind
Measurement

CIARK MASTS

Find out more about the QTM series by writing or phoning:-

EUROPE
GENK TECHNICAL PRODUCTS N.V.(W.W )
Woudstraat 21, 3600 Genk.
Belgium

Telefoon 011-380831

Telex 39354 Genant B

® Environmental - gas
sampling collector

@ High level photography

@ Meteorology

® And a host of other uses

U.K.

CLARK MASTS LTD (W W)
Evergreen House, Ringwood Road.
Binstead. Isle of Wight.

England PO33 3PA

Tek Isie of Wight (0983) 63691
Telex 86686

WW — 007 FOR FURTHER DETAILS
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MIDWICH HAS MOVED!
OUR PRICES HAVE TOO — DOWN!

In order to maintain our standard of service and house our evergrowing range
of stock, we’ve moved to larger premises. You can still use our old telephone
number for a limited period, but please make a note of our new one and
our address.
To celebrate the move we have reduced our prices stilt further. We know this
will displease our competitors, but we’d rather please our customers.
NB - NO SURCHARGE ON CREDIT CARD ORDERS.

Be happy — move with Midwich. And remember, we always try to give you the

best deal and the best service. I we fail justlet us know — we will always try to
make amends.

MEMORIES »« NEW LOWER PRICES

2114 Low Power 200ns  9.80 | <2732 350ns 440 | 4164 200ns (T 485
2708 450ns 279 | 2532 450ns 380 | +4816/4516 100ns 269
+2716 450ns (5V) 2.10 | +4116 200ns 0.76 | *5516 200ns 9.38
*2716 350ns (5V) 359 | -4116 150ns 1.10 | “6116P3 150ns 385
+2716 450ns (3 rail) 5985 | -4113 150ns 338 | "6116LP3 150ns 5.75
*2732 450ns 375

BBC MICRO UPGRADE KITS ++ NEW LOWER PRICES ++

BBCT 4516/4816 X 8 100ns 2150 | B8BC21 Pnnter cable & Amphenol Plug [not assem-
BBC2 Pnnter/User /0 kit (IC6970 + PL.10)  8.00 bled) 13.00
BBCA  Analogue input kit((IC73. 77 + SKE) 6.70 | BBC22 Connector for user pert with 200
BBCS ' Senal YO and RGB kit (IC74,75 + SK3,4)11.45 36" cable
BBC6  Expansion bus and tube 625 | BBCA4 Analogue input plug with cover 2.25
lal (IC71, 72, 76 + PL11. 12) BBCSS g ezr;: Sop%lga%ugr;:? 099
G % - K
VOIS Hilag el e BBC66  Connector for bus port with cable 3.50
«++» We've done it again! Massive price reductions an LPS and CMOS sass
Device Price | Device Prics | Device Price | Device Price | Device Prics
“ZB0 FAMILY -WD1391 KIT 45.50 | 36864MHZ  2.85 | 7415 SERIES 245 060
-Z80CPU 285 | -WD1393 KIT 4550 | 4MHZ 145 | 00 010 | 251 029
ZBOACPU 345 [-WD1395 KIT 4550 |6MHZ 145 | 01 011 | 257 0.34
*ZB0CTC 284 | -WD1397 KIT 4550 | BMHZ 1.70 | 02 o1 | 259 057
ZBOACTC 2.5 | (TS INCLUDE 96804MHZ  1.95 | 03 011 | 266 0.19
ZB0ADART  5.70 | £179X + WD2143 | 04 o1 | 273 058
ZBOADMA 1185 | + WD1691) CMOS 40006 05 011 | 279 0.58!
28051}90 ;—}lg SERIES 08 on ggg g;g
ZBOAPI 4001 0.10 |09 on
BOASIo-0  11.99 | MISE SUPPORT 4001 010 | 10 o1t | 366 029
ZBOASIO-1  11.99 | Uy 'in4s 4002 012 |12 011 | 367 028
Z80ASI02 11,99 15 (298 368 0.38
“AY3-1270 785 | 4007 015 | 13 015 8
* MK3886 100 | 4011 011 | 14 02e | 373 0.59
[ ¥3-8910 596
MK3886-4 1447 | av5 013 2.9 | 4012 015 |15 0.2 g;‘; ?1'::
5800 FAMILY AY5-3600 795 | 4013 n.fl g? 0:; 390 049
-6800 209 | ‘AY5:-2376 5909 | 4015 049 0. 393 0.8
GE o iR Gl e sem A |
+6803C 12.10 | "MC1488 0.58 g d 1 Kets |
IR 1 B T
6819 iz MESHE 238 | oz 031 |32 012 | Pns Tin God WW
6821 120 | "MC3448A 425 . g 0 ns T b
6840 395 | "MC3480 795 | 4025 016 |3 12 g 22
S8R ow oamiaoamE fE ¢ GRS
6850 l4g | M) 698 | a0 049 | 22 0z7 | 18 13 3B B2
+6880 107 | ‘MC14412 789 :
A f 4042 044 | 47 034 2 14 35 60
ceet 080 | TROS-2013L 698 4046 084 | 51 01a| 2 17 a0 70
05488 o1 | ROSIIU M| 4oy 048 | 54 01a [ 24 19 42 T0
N VT RNE 1
*68B00 6.30 | -ZN450E 781 4031 e 017
68602 1911 | ZNASOKIT 1735 | 400 0% | 83 O34 | O JumPERS
T B BB G shweed
a8 %95 | uneans 4066 029 | 86 015 [ oo 180
68650 286 | oINS | 408 0154199 028 | 5 piy 235
86 | | m308N 088 | 4070 014 |92 031 | 0 pin 32
—— M3 TN 069 | 4071 01493 025 2
6502 Fas fLMBIN 214 | 4073 014 103 027 | poubis tnded 6
6320 29y | LM324N 030 | 4075 014|122 035 | 7o % g0
6522 310 1| Lhagn 358 | 408t 018123 038 | 16 Py 205
6532 505 | LMISSN g.18 | 4093 0.25 | 125 022 | > piy 310
95 | |MSS6CN 045 | 4508 129 | 126 025 | 40 pin A
8080 FAMILY LM741 8 PIN B.14 | 4511 044 | 132 0.39 85
“B0BSA 440 | MZATCN 064 | 4512 0.49 | 136 923 | gounte Ended 12"
812 T8 | LM7aBie PN 034 | 4518 030138 027 | raom " 0
8216 geg | WM7SCH 32011 4520 glaafl 139 029 | 46 piy 215
-8251 3.19 | RegULATORS 5% e 8 989 | 2a b 325
8255 295 | 7805 039 [ 4oqy 009 | 153 028 40 PIN S.10
BUFFERS 7812 030 [ 4543 079 | 155 (7] 4
7815 039 15 034 | Double tnded 18
g:tgg; 833 78L05 029 | N3 2ther devices | 157 0z | 1400 o
i 78L12 028 i 158 028 16 PIN 225
810897 090 | 78015 029 | 2valable I o8 | 24PN 340
81LS98 0.80 | 7905 055 0'3‘ 40 PIN 525
8T26A 120 | 7912 055 039
e m a8 s | T
35 | |M309K 063
AT ] SPECIAL 882 | S g
NS OFFERS a0 | 508 050
LM338K I
umtzl:onvumns o )
“ZN4 345 - 5 WAY ‘0’
o UHF M OOULATORS 044
Tz 539 ommzumini) 270 EEAIRIEN R o4 | VS 1015
-ZNA32 1300 | BMHZUMIZ3Y) 440 MEREH o o o caBe !
T L 741505 010 o354 | MALEFEMALE 10.13
Zuareg - POA | cRYSTALS 74510 010 055 | B8 COBE s
e AR, e ot | s chon
H ! 74,8t 018 084
FOI7TY a7z [ 24576MHZ 245 038'| capLh)
Data sheets avallable on asternsked items Please telephone for prices and details.
24 Hour Telephone order service for credit card holders
vIsA All prices exclude VAT and carriage (P&P 75p on orders under £10 nett)

Ofticial orders from educaticnal and government establishments, and
public companies|accepted. Credit accounts avaitable to others {(subject to status).
All orders despatched on day of receipt Out of stock items will follow on automatically at our
discretion or a refund will be given if requested
NO SURCHARGE FOR CREDIT CARD ORDERS

MIDWICH COMPUTER CO LTD

Dept WW, Rickinghall House, Rickinghall, Suffolk 1P22 1HH
Telephone (0379) DISS 898751

Please make a note of our new address
& telephone number

WW - 048 FOR FURTHER DETAILS
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CXBO COLOUR . K

New low price

MATRIX PRINTER £795 1 VAT

At last a low-cost Colour Matrix Printer for
Text, Graphics, Histograms, Colour VDU
Dumps, etc.

Colour printout is quickly assimilated,
makes graphics more understandable
and is an ideal medium for the presen-
tation of complex data or concepts.

Compatible with most microprocessors, prints in 7 colours — sophisticated internal
programme makes the CX80 easy to use.

Dot Addressable + 15 user programmable characters, 96 ASCIl and 64 graphics
characters in rom. Centronics interface with RS232 and |IEEE488 options. Apple Il
interface gives dot for dot colour dump. New viewdata interface prints out two pages
side by side in full colour. See Prestel 200650.

The CX80 is a product of our own design and development laboratories. It represents
a British breakthrough in colour printer technology. Colour brochure on request. OEM
pricing available.

' Portwood Industrial Estate, Church Gresley
' E l I ' Burton-on-Trent, Staffs DE11 9PT
Burton-on-Trent (0283) 215432. Telex: 377106

16

EUROPEAN

FLOPPY DISK
RYLw ‘ DRIVES AT
XD _The firm for Speakers ATTRACTIVE

Bigger and Better for 1982 PRI CES
the colourful Wilmslow Audio brochure _
—the definitive loudspeaker catalogue! + 2/3 height 5.25 inch drives
) ) . . All reconditioned, as new, with 3 month warranty
Everything for the speaker constructor — kits, drive units, Single-sided £100 4 £3 carriage + VAT = £118.45
components for HiFi and PA. CWOgea g .
50 DIY HiFi speaker designs including the exciting new t. . _
dB Total Concept speaker kits, the Kef Constructor range, C%’St;l:'&ded £160 + £3 carriage + VAT = £187.4%

Wharfedale Speakercraft, etc.

70 . - .
Flatpack cabinet kits for Kef, Wharfedale and many others. + 8" floppy drives, reconditioned, as new with 3

months’ warranty

e R L e rekte Single-sided £210 + £6 carriage + VAT = £248.40
+ Choose your DIY HiFi Speakers in the comfort of our CWO ea. . )
two listening lounges Double-sided £270 + £6 carriage + VAT = £317.40
{Customer operated demor.\stration facilities) CWO ea.
e U + Also a few US made 5Y4'’ single-sided floppy drives
Send £1.50 for catalogue at £60 ea. + £3 carriage and VAT = £72.45 CWO ea.
(cheque, M.O. or stamps — or phone with your credit card number) Note all prices are CWO and cheques /POs should be
* Access — Visa — American Express accepted * made payable to: “WW READERS ACCOUNT"

also HiFi Markets Budget Card.

Manuals are £20 ea. post paid or £5 if ordered with

@ 0525‘582.9599 Circle enquiry ml(gllt‘;:: below for details
im akers
% e o0 MELKUIST LTD

35/39 Church Street, Wilmslow, Cheshire SK9 1AS

35A GUILDFORD STREET
B Lightning service on telephoned credit card orders! LUTON, BEDS,
TELEPHONE: LUTON 416028 TELEX: 825828
MLKST-G
WW — 042 FOR FURTHER DETAILS | WW — 058 FOR FURTHER DETAILS
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DIGITAL MULTIMETERS ail models compiete with leads and batterles

Hand Held Models3; digit LCD

(UK C/P65p) Bench Models 3% digit LCO
KD2sC 13 ranga 0.2ADC unless stated (UK C/P 90p)
with carry case 2010A LED3! range. 10A AC/
KD30C 26 range 1A AC/DC DC baslc 0.1% (Sabtronlcs) £81.50
200 Meg Ohm with carry case £37.50 TM353 LCO 27 range 2A AC/0C
KDS5C 2s range 10A AC/DC baslc 0.16% [Sinclalr) £8
version of above £4150 201354 LCO31 range 10A AC/0C
2033A 26 range push button baslc 0.1% (Sabtronics) £89.50
2 amp AC/DC TM331 LCD 20 range 10A AC/
188m/6011A 15 range + Hia 0C baslic 0.1% (Sinclalr) £113.85
tester push button 10A OC £4350 2001 LCO28 range plus § range
189m 30 range plus Hie fester. capacllanfu meter 10A AC/0C
Rotary swltch 10A AC/0C £69.95 Disle 1% [Pantec) £108.00
2037A 28 range 0.1% 2A TMA451 4% digit 0.03% basic all
AC/DC +2temp ranges facilities {Sinclair) £¢1mn
push button £77.00 1503A 4% digit LCD 30 ranges
129 25 range 0.8% basic 10A ! 10A AC/0C 4 MHZ counter, 4 KKZ
AC/0C rotary switches (Keilhley) £79.35 Ut. 0.05% basic (Thurlby) £171.00
130 As model 129 but 0.5% basic £102,35 1503HA As above but 254 and

0.03% basic £189.75

ACCESSORIES
AC Adaptors (2010A & 2015A only) £5.69 Cases TM351/353 £6.84
2001 £7.50 1503 £20.45  Touch and hold probe THP20 £14.95

TEST EQUIPMENT CENTRES

OSCILLOSCOPES

TRID C81566A

20 + 20 MKZ

duai irace iriggered

tweep. Smy/ 0.5

us/CHZ In¥/ X 10mag.

19 sweep ranges.

Limited offer WAS £363.40

NOW £320.00 (UK C/P £4.00)
HM307 Singie trace 10 MHZ Smv:0.5
micro sec. Plys bullt in component tester

6 x Tcm display (HAMEG) £138,70
Optionai case £18.40
3030 Singie trace 15 MHZ, BmV:0.6 micro
sec. Plus bullt In component tester. 95mm
tube. Trig.to 20 MHZ [CROTECH] £172.50
3035 Single trsce 15 MHZ. SmV.Trlg to 20
MHZ plus bull In component lester 0.2 pSec.
130mm Tube {CROTECH)

HM203 Dual 20 MHZ: Trig to 30 MHZ
SmV:0.5 micro secs. 8 x 10cm display.
|HAMEGI £283
C81562A Dual 10 MHZ 10mV.

1 pSec. 140mm tube [TRIO) £267.95
3131 Oual trace 15 MHZ trg. to 35 MHZ
SmV: 0.5 micro sec {30mm fube.
plus component tester.

CS1575 Dual 5 MHZ tmV D5
pSec. 140mm lube. Phase display

avdio scope. [TRIO) £312.80
CS1560AN Dual 15 MHZ 10mV.

0.5 ySec. (TRIO| £341.55
3034 Battery-malns dual frace 15 MHZ.

£276.00

8 swoep 140mm tube [TRID}

00 Trigto 70 MHZ: 2mV. 0.1 micro

»
DF DA . L MOL
{UK C/P Single trace £30s. Safpan £308.

Oualtrac £4 ea. 8C110 £1.00}
HM412-8 Oual 20 MHZ delayed aweep:
telg 10 40 MKZ. SmV 0.1 micro ssc 8 x 10cm

display [HAMEG) 2402,
(Optional case £21.85)

SCI110A New Modal 10 MHZ battery

portable.-10my 0.1 pSec. 2" frace.

Al Tscllilies [THANDAR| £171.00

{Options: Corry case £6.84
AC Adaptor £5.69,
Nicads 1288

C8$1820 0Oual 20 MHZ 2.5mV 0.1 pSec.
Oelay sweep. 140 mm tube |TRIO! £483.00
CS1877A Dusl 36 MHZ. 2mV.
0.1 pSec. Singls swaep lacliity.
140mm tube. {TRID|

C8183011 Dual 30 MHZ.2mV
0.2 p8ec [IIted delay line|. Detay

£523.28

£626.73
HM703 Oust 70 MHZ delayed
sweep: Single aweep: Oelay ling

tec. 8 x 10cm display (NAMEGT  £667.00

Range of low cost Ousi Trace

Scopes maing operated. Made in UK lo
exacling standards. Avallable as 10 MHZ,
15 MHZ. or 20 MHZ. Alf fealura SmV
sensitivilty. 0.5 micro sac. 6.4 x 8cm dispiay.
(SAFGAN)

OPTIONS HM203/412/705

View Hoods £8.
Component Toster £28.73
DT410 Dual 10 MHZ £205.85

INSULATION AND CLAMP METERS ELECTRONIC INSULATION TESTERS
Battery operated complete with carry case. JUK C/PEI)
YFSOTL 500¥/100 Meg. Plus 0-100 chm  £65.00
X3103 500v/100 Meg. Plus 0-2.6K ohm £108.00
K3106 500V & 1000V 1000 & 2000 Meg £119.00

Mutti-ranga cismps all with resistance range. carry

case and teads. Aiso digital and OC ctamp In stock
(UK C/P 798

ST300 300A.6000VAC. 9 ranges £28.95

) K4101 Earih resistance tester £149.00
“m 300A. 600DV AC. 8 ranges £49.50 ! MSO0 Mand cranked insulation tester L
(Opticnat tamp. prabe €13 80) e / 500v/100 Meg £70.50 ‘

K2B031MOATTSOUACiranges K831 11035000 pase tester £2350

AMATEUR RADIO AND CB TESTING
|Fuli lists send S.A.E.|

KDMB6 1.5 to 250 MHZ 6 range DIP meter {illus) £47.95
RAC1000 3 meters 0/10/100/1000 watts. SWR elc. 150 MHZ
max. |illus) £45.00
CB2D SWR/Power twin meter 10 30 MHZ. IKW [illus] £8.95
HM20 20K/Voll multirange multimeter. Plus SWR/Power

S R trig 1o 20 MHZ bullt In Kicads, Smv, 0.5 ggg gua: g ::% g 123 gg ‘:'_'
. micro secs. [CROTECH] £414.00 ua . el
GENEHATO Rs ;’Qﬁ'ﬁimﬁlum 204 b"':lzn_l%r& ISSOAZB?'QOLI%ZSI 200 KHZ £90.00 {Etiminator charger optional £36.80  Scope probes all models - sae below.
R-C- Pulse’ RF Funciion- Audig AGéO:i 10HZ - ) MHZ5 band' TG100 1 HZ - 100 KH2 — (Al models battery operated) 80008 9 diglt LEO 3 range 1000
(UKEC/PET] 0.1% Sine/SQ (TRIO]  £126.50  (THANOAR| £90.85 e FHEOUENCY [uxcaEs 1) me—— HHZ Banch (BABTRONICS)
AN modals 220/240 V AC RE (AIl wilh Int/Ext mod. variahle  TG102 02HZ 2 MH2 / COUNTERS T e e n-57.50 | TFO4 8 digh LEO 4D NAZ 1000
AUDIO 4band Sine/SQoutput Dutlz:l'll.) oo i gﬂtggkﬂl £166.75 {uw Psc:( ‘s?sngg’z Gdigil MHZ with TPﬁmllTHANléAm
TE22D Max distortion 1% ocke! J
20HK2/200K Kz £69.95 band (300 MHZ harm]  £59.85 TG105 5HZ - 5 MHZ Various Max 550 GGdln" T mmm;l Lli:"l: %Pr;ag- 200
LAG27 Max distortion 0.5-1% LSG17 100KHz-150MHz outputs (THANOAR) £97.75 | L ;ED Pocket (GSC} 5 wl )
. SS 110A BdighLEOZ range. 100 [THAROAR| £166.75
(LEADER) 10Kz-IMHz ~ £86.25 (450MHz harm) LEADER £71.30 4001 Uitra-variable MHZ. Banch (SABTRONICS) . £77.00 TP60O 600 MHZ presceler
AG6202A Max distortion 05% sTt':‘f‘?z T00KHZ - 30 Muz£ g :agg 0.5Hz-5MHz 16SCI  £113.85 8G10A 6 0igh LEQaranga00 (W A&A% 2 pre a3
TRIO} 20K2-200KKz ~ £78.20 (TRIO| L MHZ Bench SABTRONICS]  £94.00 z prescaler
!.AGIIZOA 5band 10 H2- 1MKZ.  FUNCTION [All sine/SQ/ Max 100 5Hz-100MHz T;..,...c.,,”..., £6.84
Sine/$Q 0.050.8% dist. £146.00  Triangle/TTL etc.} Bdigitbench LED (GSCI  £87.75 o 0 £5.69
. = 86108 9digt LEOd range 800 gyerieq aC adaptors  £5.69
MAZ Bench (SABTRONICS| £113.85 (0L B bl £7es
| DIRECT READ HV PROBE

(UK C/P £1.20)

ranpes.

j 125h AC(PANTEC)

' 50 Mag. [PANTEC)

g Atso 500KHZ - 500 MHZ

= 3 range cap. meter.
PAN3003 42 'lﬂ%l |

1 pk 80 [PANTEC)

(NOTE 3001 & 3003

K1400 28 rangs large

25 HZ - 1 MHZ

TOP QUALITY
ANALOGUE
MULTIMETERS

All featuring AC/0C Volts/Current and Ohms
MA.IIJI 20K 29 range 20k/V.

2%A OC. 12%A AC (PANTEC) £33.90
MAJOR 50K 28 rangs 50K/ V.2 A OC.

1 PAN3001 34 range 40K/V. 5A AG/OC
£59.80

Protectlon Mirror Scales)

AC/0C. 20 Meg ohm. 5KV AC/0C
K200 36 range 10 Meg. ohm input.

M1B00 43 range 20k/V. 8 rage
AC- 10A 1Zrange OC . 10A

(UK C/P 65p)
/40 KV: 20K/Volt
£18 40

OSCILLOSGOPE
PROBE IUKCIPSDppNIIn:] e

BNC plug X1

meter 150 MHZ Detachabie Coupler £22.95
LPM880 RF Powsr meter 5/20/120W. 1.8 - 500 MHZ £84.00 g
§ LPM885 SWR/Power. 20/200/1000W. 1.8 - 54 MHZ [illus)
£54.00
HAVE A BANANA! ST303TR 21 ranga plus Hfe test
Low cost rellabla metsrs (At supptied with  20K/Volt £16.95
batis/leads] (UK C/P 58p) AT1020 18 range Deluxe 2KV &
BANANA 15 range pocket 20K/ Volt Hfe Tester 1.
£20.64 TMK500 23 range plus 12A DC

g‘ul cont. buzzer llllull
H55 10 range pocket
K/Volt £5.50
ST5 11 range pocket 4K/Volt £6.50
NH56R 22 range pocket 20KN29I1

plus cont. buzzer 30K/Volt  £21.50
168m 36 range Iargo scale 10A
AC/DC 50KV olt

AT21D 21 range 12A AC/DC

100K/ Volt

360TR 23 range large scale 108
AC/DC Hfe test 50 meg chm. 1KV
AC/DC 100K/ Volt £34.95
Choose from UK's largest range

YH360TR 19 range plus Hfe test

20K/Volt £12.95
KRT5001 16 range 10 amp DC
range double 50K/Volt £16.50

VARIABLE POWER

Maling Input - Volts/Amps meter (UK C/P £1)

KITS o
X1-X10 £1050
X100 £18.98
R8B2 32 vaiue Reais. box. Inhm
signal injector and to 4 Mag. 8.50
Vatue Cap. b ‘70 !
Mag/V. 54 AC/0C. ,':’l'f;" b o
£66.70
Eloctronic PORTABLE TV COLOUR
4
scals 20K/Volt: 10A GENERATOR
£95.00 | mMC10Y
8 pattarna/dots/lines etc. Buili In 4
£108.00 | nicads. Pat B UHF only. Complete 4
with charger. caae and leads.
£67.50 £162.50
SUPPLIES | 0IRECT READ TEMPERATURE

TH301 -50°C to +750°C. LCO

PP241 0/12.12/24Volt. A raadout. Complate with battery
0/1 amp £35.00 and thermocouple.  £68.43.
PP243 0/12.12/24 VoIt N
=4 0/3amp £59.95
PS13078 twin meter 815V 2.7A_ £35.95 | LOGIC P"“Ess/‘:f'gmrg,'l‘u T
£28.50
'SCOPE ADD ON UNITS GSCLP2 1.8 WHZ probe £15.98

LIMITED

301 EDGWARE ROAD,LONDON, W2 1BN,ENGLAND. TEL 01-724 3564

ALSO AT HENRYS RADIO, 404/406 EDGWARE ROAD, LONDON W2
WE ARE CFEN 6 DAY A NEEK ~CALL IN AND SEE For YOURSELF,

LTCH03 Semiconductor curve

) .90
tracer [Illus) [LEAOER|  £85.48 su: LM1 monitor 18 to 18 nln
(UK C/P BSp) Cs) 3,00
HZB8S Componant umrmmss] — — ssc OP1 Digital pulser. slnulll
(UK €/P 85p) 100 gps  £56.

LEADER LDPO78 50 MHZ [with

K

Order by Post
with CHEQUES/
ACCESS/VISA
or Telephone
your order

Sand large SAE
{ 20p UK}

Allow up to10 days for Schools, Companies,
delivery (unless advised)| o1c  Please writein.

WW — 023 FOR FURTHER DETAILS
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graphics...
From only

£125!

First, there was the world-beating
Sinclair ZX80. The first personal computer
for under £100.

Then, the ZX81. With up to 16K RAM
available, and the ZX Printer. Giving more
power and more flexibility. Together,
they've sold over 500,000 so far, to make
Sinclair world leaders in personal
computing. And the ZX81remains the
ideal low-cost introduction to computing.

Now there’s the ZX Spectrum! With
up to 48K of RAM. A full-size moving-key
keyboard. Vivid colour and sound. High-
resolution graphics. And a low price that's
unrivalled.

Professional power-
personal computer price!

The ZX Spectrum incorporates all
the proven features of the ZX81. But its
new 16K BASIC ROM dramaticaily
increases your computing power.

You have accesstoarange of 8
colours for foreground, background and
border, together with a sound generator
and high-resolution graphics.

You have the facility to support
separate data files.

You have a choice of storage capa-
cities (governed by the amount of RAM).
16K of RAM (which you can uprate later
to 48K of RAM) or a massive 48K of RAM.

Yet the price of the Spectrum 16K
isanamazing £125! Even the popular
48K version costs only £175!

You may decide to begin with the
16K version. If so, you can still return it later
foran upgrade. The cost? Around £60.

Sinclair ZX Specti

16K or 48K RAM...
full-size moving-
key keyboard...
colour and sound...
high-resolution

RED
CAPS LOCK

Ready to use today,
easy to expand tomorrow

Your ZX Spectrum comes with a mains
adaptorand all the necessary leads to
connect to most cassette recorders
and TVs (colour or black and white).

Employing Sinclair BASIC (now used
in over 500,000 computers worldwide)
the ZX Spectrum comes complete with
two manuals which togetherrepresent a
detailed course in BASIC programming.
Whetheryou're a beginner or acompetent
programmer, you'll find them both of im-
mense help. Depending on your computer
experience, you'll quickly be moving
into the colourful world of ZX Spectrum
professional-level computing.

There's noneedtostop there. The
ZX Printer—available now - is fully
compatible with the ZX Spectrum. And
later this year there will be Microdrives for
massive amounts of extra on-line storage,
plus an RS232 /networkinterface board.

MAGENTA
TRUE V

LINE

N
SIN e \ S
Sy AN
B B
MO N
RSP Tr.. ACS "

RESTORE ARy v \‘Q
, | N

CYAN

<
§~\\\\\|§
NS
| N\
AND

MERGE

GREEN
INV. VIDEO

MOVE “ERAS

STR $ -
S
RSSUWEN |
{

OPEN#

L
al

N

VERIFY

NE Y
\ N8
N

D N\

FLASH

Key features of the
Sinclair ZX Spectrum

@ Full colour-8 colours each for
foreground, background and border,
plus flashing and brightness-intensity
control.

® Sound-BEEP command with variable
pitch and duration.

® Massive RAM-16K.or 48K.

@ Full-size moving-key keyboard - all
keys at normal typewriter pitch, with
repeat facility on each key.

# High-resolution-256 dots
horizontally x 192 vertically, each
individually addressabile for true high-
resolution graphics.

® ASCll character set -with upper-and
lower-case characters.

® Teletext-compatible —user software
can generate 40 characters perline
orother settings.

® High speed LOAD & SAVE-16Kin 100
seconds via cassette, with VERIFY &
MERGE for programs and separate
datafiles.

® Sinclair 16K extended BASIC -
incorporating unique ‘one-touch’
keyword entry, syntax check, and
report codes.

WIRELESS WORLD NOVEMBER 1982



RS232 /network
interface board

This interface, available later this
year, will enable you to connectyour
ZX Spectrum to a whole host of printers,
terminals and other computers.

The potential is enormous. And the
astonishingly low price of only £20is
possible only because the operating
systems are already designedinto the
ROM.

ZX Spectrum

Available only
by mail order

and only from
— | [ [ — |

Surrey, GU15 3PS
Tel: Camberley (0276) 685311

WIRELESS WORLD NOVEMBER 1982

The ZX Printer-
available now

Designed exclusively for use with the
Sinclair ZX range of computers, the
printer offers ZX Spectrum owners the fuli
ASCli character set—including lower-case
characters and high-resolution graphics.

A special feature is COPY which
prints out exactly whatis on the whole TV
screen without the need for further
instructions. Printing speed is 50 charac-
ters persecond, with 32 characters
perline and 9lines pervertical inch.

The ZX Printer connects to the rear of
your ZX Spectrum. A roll of paper (65ft
long and 4in wide) is supplied, along with
fullinstructions. Further supplies of paper
are available in packs of five rolls.

The ZX Microdrive-
coming soon

The new Microdrives, designed
especially forthe ZX Spectrum, are set to
change the face of personal computing.

Each Microdrive is capable of holding
up to 100K bytes using a single inter-
changeable microfloppy.

The transfer rate is 16K bytes per
second, with average access time of 3.5
seconds. Andyou'll be able to connect up
to 8 ZX Microdrives to your ZX Spectrum.

Al the BASIC commands required for
the Microdrives are included on the
Spectrum.

Aremarkable breakthrough ata
remarkable price. The Microdrives are
available later this year, for around £50.

How to order your ZX Spectrum

BY PHONE-Access, Barclaycard or
Trustcard holders can call 01-200 0200 for
personal attention 24 hours a day, every
day. BY FREEPOST -use the no-stamp
needed coupon below. You can pay by
cheque, postal order, Access,

Oty Item .

I B ~ SinclairZX Printer
| _Printer paper ( (pack of 5 roIIs)

’ orders over £100 29

Please tick if you require a VAT receipt ]

Smclalr ZX Spectrum 16K RAM version
Slnclalr ZX Spectrum-— 48K RAM version

Postage and packlng orders under £100 28

Barclaycard or Trustcard.

EITHER WAY-please allowup to 28
days for delivery. And there’s a 14-day
money-back option, of course. We want
you to be satisfied beyond doubt-and we
have nodoubt that you will be.

*Please charge to my Access/Barclaycard/Trustcard account no.

*Please delete/complete J

I
|
|
| as applicable
| |Signature
PLEASE PRINT
’ [Name: Mr/Mrs/Miss
|
|
l

|Address .

LL-,‘*- |

|
|
|
|
|
|
|
*| enclose a cheque/postal order payable to Sinclair Research Ltd for £ |
|
|
|
|
|
|
|

Code ItemPrice Total
£ £
rsion 100 125.00
101 175.00
27 59.95
16 11 95
295 -
495 ]
Total £
[ 1] | 1
[ A
- =)
1] L1 | _
I i I I WRWS1

WW — 005 FOR FURTHER DETAILS
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HF COMMUNICATIONS RECEIVERS
POINT T0 POINT/TRANSPORTABLE

MARINE SYSTEMS
DESIGED 1 HANUFACTURED 0 WGHEST INTERMATIONAL SPECS

FULLY SYNTHESISED —10Hz or 100Hz STEPS OUTSTANDING PERFORMANCE
CONTINUOUSLY TUNED-50KHz to 30 MHz AND RELIABILITY
MODES —-LSB/USB/CW/AM/FSK or TELEX HIGHLY
STABILITY —+1PARTIN 107/°C COMPETITIVE PRICES
TUNING —SPIN WHEEL or DECADE WORLD WIDE AGENTS NOW
POWER SUPPLIES —110/240 A.C. and 24V D.C. BEING ESTABLISHED

SEND FOR TECHNICAL BROCHURES TO:

VIGILANT COMMUNICATIONS LTD, UNIT 5, PONTIAC WORKS, FERNBANK ROAD, ASCOT, BERKS, ENGLAND
TELEPHONE: (0344) 885656 TELEX: 849769 VIGCOM &

WW — 040 FOR FURTHER DETAILS

TIME WRONG?

MSF CLOCK is ALWAYS CORRECT ~ never gains or loses, SELF
SETTING at switch-on, 8 digits show Date, Hours, Minutes ahd
Seconds, auto GMT/BST leap year and parallel BCD (includ-
ing Weekday) output, receives Rugby 60KHz atomic time sig-
nals, built-in antenna, 1000Km rgnge TIME RIGHT, £69.60.

60KHZ RUGBY RECEIVER, as in MSF Clock, serial data output for
computer, etc, decoding detailscand ZX81 listing for LOCAL,

" GMT and SIDEREAL time, £22.20.

{ This revoluti - i)
LED onary New e e . | 200KHz Converter, for any Medium Wave receiver, £19.80.
Blue , the ESL 50B2, from o N 3 Signal Generator, 10Hz-200KHz, sine, square, £19.70.

Anglia Componentsisa 10-150KHz Receiver £19.40, Antenna Nolse Bridge £18.60.

. . oty . i . Each fun-to-build kit (ready made_to order) includes all parts,
miracle of scientific tenacity # : printed circuit, case, instructions, postage, etc, discount offer,
previously thought to be - '3 money back assurance so GET yours NOW.

light years away. CAM BR' DG E KlTS

Its applications in science 45 (WL) Old School Lane, Milton, Cambridge. Tel: 860150

2 e Al

ST ] — S

and industry are unlimited.

Development
quantities are A

svailabe T ¥ | RADFORD|

ex-stock.

Package: T1 . .

Ea‘f g Tiegts Audio Measuring Instruments,
mission 1 1fi

e 7o Wotres Audio Amplifiers, Loudspeakers and

Loudspeaker Components for the

COMPONENTS lf)ig:gut: Moumrcadhat M ma professional and enthusiast

Forward
THE PARTS YOU NEED Voltage: 7.5 volts RADFORD AUDIO LTD-
—~ fast! 10 BEACH ROAD
Burdett Road, Wisbech, Cambs, PE13 2PS = WESTON-S-MARE, AVON BS23 2AU
Telephone 0945 63281 Telex 32630 ANGLIA G TEL. 0934 416033
WW - 032 FOR FURTHER DETAILS | WW - 036 FOR FURTHER DETAILS
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METER PROBLEMS?

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

Full Information from:

HARRIS ELECTRONICS (London)

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

Telex: 892301 HARTO G

WW — 018 FOR FURTHER DETAILS

PRINTED CIRCUITS

FOR WIRELESS WORLD PROJECTS

Audio compressor/limiter—Dec 1975—1 s.s. (stereo) £4.25
Cassette recorder—May 1976 —1s.s " £5.00
Audio compander—July 1976 —1 s.s £4.25
Audio preamplifier--November 1976 —2 s.s . £8.50

Additional circuits—October 1977 —1 s.s . J £4.00

Stereo coder—April 1977—1ds 2ss. . £8.50
Low distortion disc amplifier {stereo)—September 1977 —1 s.s. £2.00
Low distortion audio oscillator--September 1977 —1 s.s £3.50
Synthesized f.m transceiver-—-November 1977 —-2d.s. 1 s.s £12.00
Morsemaker—June 1978—1d.s £4.50
Metal detector—July 1978 —1d.s £3.75
Oscilloscope waveform store—QOctober 1378—4 d.s £18.00
Regulator for car alternator—August 1978 —1s.s. £2.00
Wideband noise reducer —November 1978—1d s £5.00
Versatile noise generator—January 1979—1 s.s £5.00
200MHz frequency meter—January 1979—-1d.s . £7.00
High performance preamplifier—February 1979—1s.s £5.50
Distortion meter and oscillator—July 1979 —2 s.s. £5.50
Moving coil preamplifier—August 1979—1 s.s £3.50
Multi-mode transceiver—Qctober 1979—-10d s £35.00
Ampilification system—0Qct. 1979—-3 preamp 1 poweramp .. ... .£4.20 each
Digital capacitance meter—April 1980—2s.s £7.50
Colour graphics system —April 1980—1d.s £18.50
Audio spectrum analyser —May 1980—3 s s £10.50
Multi-section equalizer—June 1980—2 s.s . £8.00
Floating-bridge power amp — Oct 1980 — 1s 5. {12V or 40V) £4.00
Nanocomp 6802 or 6809 — Jan., July, 1981 — 1d.s. 1s.s.

Cassette interface — July, 1981 — 1s.s. ...
Eprom programmer — Jan., 1982 — td.s.
Logic probe — Feb., 1981 — 2d.s...........
Modular frequency counters — March 1981 — 8 S.S:iencoeen o
Opto electronic contact breaker {Delco) — Apnl 1981 - 2s.s.
CB synthesiser — Sept. — 1d.s.
Electronic ignition — March, 1982 = 1 S.S..

Boards and glassfibre roller-tmned and drilled. Prices include
VAT and UK postage. Airmail add 30%, Europe add 10%. In-
surance 10%. Remittance with order to:

M. R. SAGIN, NANCARRAS MILL, THE LEVEL
CONSTANTINE, FALMOUTH, CORNWALL

WW — 011 FOR FURTHER DETAILS
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GOULD OSCILLOSCOPES SET A HIGHER STANDARD

b\ oo
ikl

v

Power . " .
On intensity

h..

The newGould 05300 Dual Trace 20MHz Scope

A tough, professional instrument you can trust—at a price you can

afford! % Max. sensitivity 2mV/cm. % Stepped and continuously G D
variableattenuatorand timebasecontrols. % D.C. coupled triggering U I_
and “active” T.V. sync separator. % ‘Add’ and ‘Invert’ for differential

measurements. % X-Y facility. Built to do more — safely, reliably and Electroniestg El?‘f.‘,"cal Frocucts
fOr |0n er Gould Instruments Division

- . L . Roebuck Road, Hainault, lford, Essex IG6 3UE.

Ask for our 8-page data sheet for full details and applications Telephone: 01500 1000, Telen: 263785

information.

10619
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oroidal : .
v We havs taken the synthesised all mode FRG7700M communications receiver
- ] and made several well-thought-out modifications to provide a receiver for re-
broadcast purposes or checking transmitter performance as well as being suited
r to communications and news gathering use.
PRINCIPAL MODIFICATIONS: Radically redesigned front end stages yieldin
J improved noise figure and overload levels. TOIP —2dBm (originalhlx —21dBm} f
Flat audio frequency response on both AM and SSB ¥ Lower AM distortion
. Balanced audio line output W Buffered IF output for monitoring transmitted
THE COTSWOLD modulation envelope on an oscilloscope ¥ Mains safety improvements.
“BUDGET R ‘e The receiver is available in free standing or rack mounting form and all the
B ANGE OFFERS original ?ztures are retained: 12 memtiry channels', mains or battery operation
- TY option, IF bandwidths 2.7kHz, 6kHz, 12kHz, digital frequency and time display,
U"‘T 'N QUAL' COUPLED ¢ timer for unattended recordinas or external switching, advanced noise blanker,
-~ = o TO A RELIABLE all modes including NBFM with squelch. From £347+VA*"T.P 5
e 1 ¥ Stereo Disc Amplitier 3 and 4 v Peak Deviation Meter rogramme and Devia-
#;w .DE LlVERY SE RV'CE tion Chart Neco’r)aers * stabllgere* Frequency Shift Circuit Boards ¥ 10 Outlet
L MOST TYPES Distribution Amplifier & Peak Programme Meter (lluminated Boxes, Circuit
i( F - Boards and Ernest Turner Movements. .
- o FROM STOCK SURREY ELECTRONICS LIMITED
- The Forge, Lucks Gr:

oen, Cranleigh, Surrey GUS 78G. Tel: 0483 275997

IEC 65
VDE 0550

TO ORDER INSTANT PRINTED CIRCUITS!!

Make your own — to professional standards — within minutes using
PHONE either “Fotolak” Li?ht-sensitive Aegrosol Lacquer or Pre-coated board.
‘TE LEX, WRITE No Darkroom or Ultra-violet source needed!

ORRATE| | [t

...£2.50 (30p) Developer ......
...£0.60 (45p) Acetate Sheet

.£0.30(15p)
.£0.15(15p)

Copper-clad Fibre-glass Boards: Single-sided ................ £2 ft. sq. (45p)
|d El Double-sided £2.25 ft. sq. (60p)
CO‘[‘SWO r Pre-coated Fibre-glass Board:
eCt On ICS LTD. 8''x4%2"...£1.75 (25p) 16'x9"".......... £7(60p) 24'x18"...£18 (£1.70)
UnitT1, Kingsville Road, Kingsditch Trading Estate, Cheltenham GL51 9NX 8 /%9 ... £3.50 (45p) 24''x12"'..£13(£1.20) Eurocard £1.25(25p)
TEEZ s TBlex 97108 Double-sided Board {all sizes) add 20%
islgf Sféggé}g&é Postage individual items in brackets. Maximum charge £2 per order.
Peacock Alley 1 16, 1 Padanaram Road, Danbury, CT 06810 U.S.A. WHITE HOUSE ELECTRONICS
797-8698. Telex: 710-456-9984 P.O. Box 19, Praa Sands, Penzance TR20 9TF

Telephone: Germoe (073-676) 2329

WW - 059 FOR FURTHER DETAILS
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POWER RESPONSE DC — 45KHz + 1dB.
OUTPUT POWER IN EXCESS OF 1.5KW INTO 2.75 Ohm LOAD
(CONTINUQUS R.M.S.)

D.C. OUTPUT 20 AMPS AT 100 VOLTS OR 2KVA.
HARMONIC DISTORTION LESS THAN 0.05% DC-20KHz AT 1kW INTO 6

* 8I|:‘L’}AGSIN MODULES: CONSTANT VOLTAGE/CURRENT, PRECISION
OSCILLATORS.

* UNIPOLAR AND BIPOLAR DIGITAL INTERFACES, FUNCTION
GENERATORS. AND MANY OTHERS. )

% OUTPUT MATCHING TRANSFORMERS AVAILABLE TO MATCH
VIRTUALLY ANY LOAD.

% FULL OPEN ANND SHORT CIRCUIT PROTECTION GUARANTEED STABLE
INTO ANY LOAD.

+* TWO UNITS MAY BE CONNECTED TO PROVIDE UP TO 4kW.

% INTERLOCK CAPABILITY FOR UP TO EIGHT UNITS.

% 3-YEAR PARTS AND LABOUR WARRANTY.

* UNITS AVAILABLE FROM 100VA-12KVA.

*
*
*
*

For full details on all Amcron Products write or phone Chris Flack

Model — M600
serve,. Analogue Associates

g -452477
Tl ess PROFESSIONAL INDUSTRIAL ELECTRONICS

WW — 021 FOR FURTHER DETAILS

ZX81 MACHINE CODE ?

ZX.ASZMIC rom transforms ZX81 into an
Assembly Language programming unit

s FULL-SCREEN EDITOR

Sixteen shift keys take you into a world with a word processor feel, A blink cursor
moves at your command to control insertion, rubout, line or string deletion, auto-
scroll & page flip tp or down, Text block operations. Ultra-fast editing,

o MULTI-FILE SYSTEM

Declare as many files as you like, with any names you like, & they are automatically
handled by the Operating System. Merge them, delete them, print, save & load them,
& edit thern by name. Superb flexibility with a simple but powerful syetem.

o TOTAL ASSEMBLER

Full Z80 mnemonics, unlimited length labels, ORG & EQU directives, proper assembly
listings with errors flagged on screen or printer. Relocatable object code & options to
facilitate cross-asoembly. Interpretive immediate execution available,

s POWERFUL DEBUG

All the uasual dump, modify, fill & copy commands; plus breakpoints, aingle stepping, .
context control, the convenience of interpretive execution mode, full use of the names
in your program, Command Macros, autodump, and full operating aystemn interface,

o HI-RES GRAPHICS Comprocsys timited

255 x 144 resolution under program control to give you truly convincing graphica.

----- Heok ook ok Mok Rk R R kR AR ARk

1 ! £39.95. Pl h ZX.ASZMIC + 19
With the power & flexibility of agsembler you can really use this high definition, cnelose 9-95 ease rushime ZX-AS i
NAME| soaoge o g gaogp se=% GEE IE do'c 5 JE08E B 3 GEEEED
s MUCH,MUCH MORE
Repeat function on all keys. Double height titling on printer. Lots of extras. But more Address . ... |

important than all these features, attractive though they are. is the fact that ZX.ASZMIC
is an integrated development systemn in which everything fite together to give youa tool ~  *  UTUTUUorrotooommmosasasescniesee st
which can satisfy the professional programmer by simplifying all stages of the programn ¥ i i i e ey
development process. It is excellent for those who are taking the first steps into real Sole UK agents:- CAPITAL COMPUTERS LTD.
programming but the more expert you become the better you realise just what ASZMIC 1 Branch Rd, Park St, St Albans ALl 4RJ .

can do for you. If you are at all interested in machine code it will be worth your while to Phone: 0737 73917. Cheques payable to COMPROCSYSY/ASZMIC A/C |
find out more. WW 1
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M/AM 1000s with Spectrum

Analyser—we call it the SUPER—S

A portable communications service monitor from IFR,
light enough to carry anywhere and good enough for
most two-way radio system tests.

The FM/AM 1000s can do the work of a spectrum
analyser, oscilloscope, tone generator, deviation meter,
modulation meter, signal generator, wattmeter, voltmeter,
frequency error meter—and up to five service engineers
who could be doing something else!

A PRACTICAL TOP UP!
MM-100 MULTI-METER

Simply replaces the protective lid of the FM/AM 1000s. It
includes a modified probe, PB-114, and a built in speaker

unit with independent volume control for audible response
to signal measurement. This practical ‘top up’ will perform
the following functions.

Sinad: Measurements for 1 kHz

tone {1 20 Hz)
Distortion: To 30%
DC Volts: Up to 300 volts and up to
800 volts when the X10 probe is used
AC Volts: 600 VRMS maximum for frequencies between
25 Hz and 25 kHz
Ohms: Using the modified probe, part number PB-114,
Ohms can be measured on scales X1 to X10 K
% AM Measured on the RF signal applied to the
FM/AM-1000 unit

OPTIONAL ACCESSORIES
A choice of R.F. power attenuators and protective
carrying cases.

For further information contact Mike Taylor

1 Fieldtech

Hunting !-leathrow

Fieldtech
Heathrow Ltd.
Huntavia House
420 Bath Road
West Drayton
Middlesex UB7 OLL

Tel 01-897 6446
Telex 23734
FLDTEC G

IFR precision simulators

WW, - 028 FOR FURTHER DETAILS

FOR THE SPECIAL ATTENTION OF

CAMERA FLASH GUN % MOTOR DRIVE % 8mm

CINE CAMERA ¥ CASSETTE RECORDER Y CALCU-

LATORS % PERSONAL STEREOS % TOYS AND ALL
HEAVY USERS OF BATTERIES

GENUINE OFFER THAT CAN SAVE YOU AT LEAST
£100 (SUBJECT TO USAGE)

SPECIAL AUTUMN OFFER FROM
Stotron (Bournemouth)

Distributor of High Technology Devices

A SANYO CADNICA

RECHARGEABLE BATTERIES
with genuine Sanyo Multicharger. Full manufacturers’ warranty.
Save on ordinary throw-away batteries by using top quality
Sanyo Cadnica batteries and genuine Sanyo charger. For all
high power electrical and photographic equipment.

Y THIS IS A SPECIAL LIMITED DURATION OFFER WITH
MAJOR SAVINGS %

PACK 1: Normal Price: £15.89 + P&P SPECIAL PRICE: £14.95 incl. P&P
4 HP7 (AA) N-3U 0.5Ah, plus NC 1230 MULTICHARGER

PACK 2: Normal Price: £20.04 + P&P SPECIAL PRICE: £15.95 incl. P&P
4 HP11(C) N-2U 1.2Ah, plus NC 1230 MULTICHARGER

PACK 3: Normal Price: £20.54 + P&P SPECIAL PRICE: £16.95 incl. P&P
4 HP2 (D) N-1U 1.2Ah, plus NC 1230 MULTICHARGER

FEATURES:

a) One full recharge costs less than Yioth penny per battery.

b) Sanyo NC 1230 Multicharger is fully B.E.A.B. approved to
BS3456 and is safe to charge overnight.

c¢) Typical saving over ordinary batteries, e.g. Tape Recorder:

After 50 charge After 100 charge  After 300 charge

discharge cycles discharge cycles discharge cycles
PACK 1 £32 £64 192
PACK 2 £40 £80 £240
PACK 3 £22 f£44 £132

Even greater savings attainable in very high consumption
equipment

d) Expected minimum life 500 cycles or five years

e) Totally leakproof and simple to use

ORDER WITH CONFIDENCE FROM:

Stotron (Bournemouth)

20/22 POOLE HILL, BOURNEMOUTH
DORSET BH2 5PS
STATE PACK NUMBER WHEN ORDERING

Private Customers: CHEQUE/P.O./CASH
Trade Customers: TELEX 417280 RONTEC

WW — 047 FOR FURTHER INFORMATION
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COMPUTER

AVE OF COMPUTER AND ELECTRONIC B
COMPUTER ‘CAB'

Allin one quality computer cabinet
with Integrai switched mode PSU.

Malnsfiltering and twinfancooling.
nally made forthe famous

THE "ALLADINS
HARD
DISK D

Diablo/DRE Series 30 2.5 mb. fully refurbished DEC RKOS
media and software compatable. Front load £950.

Top load£298.
PSU for 2 drives £128.

Dlablo -Dre 44A-4000A or 4000B 10 mb 5 +5 removable

pack new and refurbished from £999.

CDC 80 mb removable pack DEC RMO3 media and software

compatlble brand new from £2, 950.

Honeywell 5+5 10 mb drives £450 good s/h condition.
For more information on controllars, expansions andready to
go sub systems contact sales office.

COOLING FANS

Keep your*“Hot Parts” cool and rellable with our
ra?ge of professional fans.
ETRI 99XUO1 Miniature equipment fan 240
vac working DIM 92 x 25 mm BRAND NEW
complete with finger guard Makers price €16
our price £9.95
BUHLER 89.11.22 micro miniature 8-16 v OC
revarsibie fan. Measures only 62 x 82 x 22 mm.
Uses a brushless DC servo motor almost silent
running ideal portable quuipment. life in excess
of 10,000 hours BRAND NEW manufactures
rice £32.00 our price £12.95
UFFIN/CENTAUR cooling fans DIM 120 x
120 x 38 mm tested ex equipment 240v £6,25
115vEA9S + p&gﬁt%
KOOLTRONICS Powerful snail type blower
gives massive air movement with centritu al

ac working ONLY £9.93 + £1.90 p&p

DISTELO

The UK's FIRST free of charge, 24 hr. public
access data base. Get information on 1000’s
of stock items and order via your computer
and credit card. On line now, 300 baud.
CCITT tones, full duplex, fully interactive.

7 MISS THOSE BA
oON'T mcnu NOW, IT

Origl
DE% PDP8

S
P,
» T1.0

Unbelievable value the DRE 7100 & 7200 8"

disk drives utilise the finest technology to

give you 100% bus compatability with most drives available today, the only difference

being our PRICE and the superb manufacturing quality. The 7100 single sided & 7200

double sided drive accept hard or soft sectoring. IBM or ANS! stagdard r's;.irvin

massive 0.8 MB (7100} £1 6 MB(7200) of storage. Absolutely SHUGART, BASF,

SIEMENS etc compatable. Supplied BRAND NEW with user manual and 90 day

warranty.

7100 single sided.

7200 double sided .

full technical manual £20.00 alone £9.00 with drive, refund of difference on purchase

Removed from working equipment but untested. SA120 Alignment disks£9.95

rotor DIM asa cube 8" x8" x6" airaperture 2.5 x ofidrive.
2°5° with flangs fixing. BRAND NEW 110v50Hz SHUGART s/h 800-2 8" Drive's 110v 50Hz motor £160 +£9.50 carr.

==

-
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SUPER SCO0P

The "Do everything Printer” at a price that will NEVER be
repeated Standard Centronics interfaca, fullgraphics, 4type
fonts with high definition & proportionai
spacing for word processor applications, 80-132
columns, single sheet, roll or sprocket paper handlin? Cgius
. muchmore. Available onlyfrom DISPLAY ELECTRON

ridiculous price of only £299.00

Options: carriage & insurance £10.00

Interface Cable£10.00

RS232 Converter£48.00

-

FROM £195 + CAR. + VAT : .
Fully ﬂed%‘ed industry standard ASR33 data
terminal. Many features including ASCII
keyboard and printer for data I/O auto data
detect circuitry. RS232 serial interface. 110
baud, 8 bit paper tape punch and reader for
off line data preparation and ridiculously
cheap andreliable data storage. Suppliedin
good condition and in working order
Options: Floor stand £12.50 + VAT
KSR33 with 20ma loop interface £125.00 +

Sound proof enclosure £25,00 + VAT

Sata

SOFTY &

The amazing SOFTY 2. The complete “toolkit”
for the open heart software surgeon. Copies,
Displays, Emulates ROM, RAM and EPROMS
ofthe 2516,2532 variety. Manyotherfeatures
include keyboard, UHF modulator. Cassette
interface etc. Functions exceedcapabilities of
units costing 7 times the price! Only

169.00 pp£1.95 pata sheet on request

Y MAINS FILTERS

RECHARGEABLE
BATTERIES

CYCLON type DOO1 sealed lead acid
maintenance free 2v 2.5 ah. will deliver
over 300 amps on short circuit!! Brand new
atonly£2.95

SAFT VR2C size‘C' 1.2v 2 ah. nickel
cadmium£1.50 each 10 for£11.50

Professional type mains fitters as used by
“Main Frame” manufacturers. Ideal for curing
those unnerving hang ups and data glitches —
fit one now and cure your problems.
Suppression Devices SASA

upto 5ampload £35.95

Corcom Inc F1886 upto 20 amp load  £9.50
Corcom Inc F1800 upto 30 amp load  ££2.25

!

WAREHOUSE

QU l'
—

computer system costing 1000’s of pounds,

and deslgned to run 24 hours per day. The PSU Is fully
screened and will dellver a massive +5v DC at 17 amps,
+15v DC at 1 amp and-15v DC at 5 amps. The unit 18 fully
enclosed with removable top lid, twin fan cooling, mains
filtering, trip switch, ‘power on’ and ‘run’ LED's, aluminlum
front panel and rear cable entrys. Give your system that
professional finish for onl6£09. 98 +£9.50 carr,.—Dim.19"
wide 16" deep 10.5" high.

Units are Ingood but usedcondition240 or 110vworki
compiete with data. Large stocks of POP

sablearea16”"w.10.5"h.11.5"d.
Bspares— enqntﬂre.

9" Monitors

DT10 Monitor

acomplete

MOTOROLA 98”

video monitor

housed in

an attractive metal

case DIM approx

10" deep 16" wideand 11"

high. The monitor has a 75 ohm composite

video input with a bandwidth of 18 mhz. A

seperate internal PSU delivers 5v dc for

external useand 12 vDCforvideomonitor. The

case has sufficient room inside for mounting

other units such as 5" disk drives etc. Internal

pots give fullcontrol overall monitor functlons.

Supplied in a tested, as new or little used

condition. 240vAC operation£88.00 Carriage

and Insurance £10.50

MOTOROLA 9” open chassis monitor.

Standard 240 v AC with composite 75 ohm

video input, bandwidth in excess of 18 mhz.

Monitors are ex equipment and atthough

unguaranteed they are ail tested prior to

despatch, and have no visible burns on the

screens. Dim approx 9" x9” x 9”. Supplied

complete with mains and input lead. Ideal

2X81 etc or giving the tele back to the familylt
Black and White phosphor £35.00 + £9.00 Carr.

SE‘MICONDUCTQR
Mixed Serggﬁanzlr%eapug:omems

include transistors, digital, linear, .C.'s
triacs, diodes, bridge recs, etc. etc. All
devices guaranteed brand new full spec
with manufacturers markings, fully

uaranteed, 50+ £2.95 100+ £3.15

L 74 Series A gigantic purchase of an

“across the board" range of 74 TTL
series |.C.'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

uaranteed all |.C!'s full spec. 100+ £6.90

00+ £12.30 300+ £19.50

RCA FULLY CASED
ASCII CODED KEYBOARDS

TANGERINE ONIO ETC,

Straight from the USA made by the worid
famous RCA Co., the VP60O Series of cased
treestanding keyboards meet all requirements
of the most exacting user, right down to the
price! Utilising the latest in switch technology.
Guaranteed in excess of 5 million operations.
The keyboard has a host of other features
including full ASCI1 128 character set, user
definable keys, upper/lower case, rollover
protection, single 5V rail, keyboard impervious
toliquids and dust, TTL or CMOS outputs, even
an on-board tone generator for keypress
feedback and a 1 year full RCA backed

guaran
strobe, etc. £43.95
VP811 Same as VP601 with
£54.95
VP508 Serial, R$232, 20MA and TTL
outputwith6selectable BaudRates
numeric pad £84.34
Plug and cable for VP601,VP611 £2.25
Post, Packing and Insurance £1.95
ORDER NOW OR SEND FOR DETAILS
Laa
:ooo
3
-— g e
I CrTl
LLLL 1IN

tee.
VP801 7 bit fully coded output with delaye
numeric pad
£64.26
VP6 16 Same as VPB06, with
Plug for VP06, VP616 £2.10
¢ 7 °00 !
WIRELESS WORLD NOVEMBER 1982

o, 3, 3
i1

DIINITC
cino

D.C. POWER SUPPLY SPECIALS
Experimentors PSU Ex-GPO unit all siticon electronics. Outputs give +5v@ 2 amps.
+12v @ 800 ma.-12v @ 800 ma. +24v @ 350 ma. 5v@ 50 ma.floating. Dim 160 x 120x
350 mm. All outputs fully regulated and short circuit proof. Removed from working
equipment, but untested. Complete with circuit. Transfermer guaranteed. Only
£14,50 +£2.50 pp.

POWER ONE CP143 super compact unit giving continuous output of 5v @ 5 amps.
dim. 215 x 67 x 80 mm. BRAND NEW and guaranteed Only£21.00 + £1.50 pp.
CUSTOM POWER CO55 5v @ 3 amp. Very compact unitdim. approx60 x90 x 190mm.
Semi open chassis, full crowbar overvoltage protection. ested Ex Equipment.
£11.95 + glps:mzs
MINI SYSTEM PSU Ex equipment unit ideal for the small micro. Outputs give 5v @
3 amps. +12v @ | amp and -12v @ 300 ma. Crowbar overvoltage protection and
current limit. Fully tested. Dim 70 x 165 x 320 mm. Complete with Circuitoniy£12.98
+ £2.00 pp.
PERIPHERAL SYSTEM SUPPLY. Fully cased unit supplied in a Brand new or little
used condition Qutputs give 5v@ 11 amps,“+" 15-17v @ 8 amps. "—" 156-17v @ 8 amps
and “+" 24v @ 4 amps. All outputs are crowbar protected and the 5 volt output is fully
regulated‘ Fan cooled. Supplied tested, with circuit £55.00 + £8.50 carr.
MAIN FRAME SUPPLY. A real beefy unit designed for MINI or MAINFRAME use
outputs give 5 volis @ 50 amps. +12v @ 5 amps. -1 2v @ 10 amps. All output are fully
regulated with crowbar overvoltage protection on the 5v output. Supplied with circuit
and tested. Ex-Equip. 110v AC input. Only £49.95 + cam. £10.50.

300 BAUD
DATA MODEMS

Join the communications revolutlon with our
standard EX GPO 2a/bdata MODEMS.
Modem operates on standard CCITT tones
with full auto answer facilities. Will switch to
ANSWERo0rORIGINATE. Standard R$232i/0
connections. Ideal networks. DISTEL etc.
Complete with data. Untested but good

Fﬁnditionfss. 00 carr.£8.50.

1300 BAUD
DATA PUMP MODEMS

ComPact unit for use with private or “Dial up
lines” Designed to work in pairs at any baud
rate upto 1200 fullduplex(4 wirecircuit) or hatt
duplex (2 wire circuit). Features include
remote test facilities. RS232 i/o lines etc.
Supplied with data in working order, but less
case cover £685.00 + £4.50 carr.

66% DlscoUm ELECTRONIC

COMPONENTS
& EQUIPMENT
Due to our massive bulk purchasing programme which enables us to bring you the
best possible bar%ains. we have thousands of .C.'s, Transistors, Relays, Cap's., P.C.B’s,
Sub-assemblies, Switches, etc. etc. suriplus 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 PARCEL OF A LIFETIME” Thousands of components at
giveaway prices! Guaranteed to be worth at least 3 times what you play plus we always
include something from our ads. for unbeatable value!! Sold by weight
2.5kis£4.25 + pp £1.25 5kis £5.90 + pp £1.80
10kis£10.25 + pp£2.25 20kIs£17.50 + pp £4.75

£20.00 Where post and packing not in
We reserve the right to change prices

64-66 Melfort Road, Thornton Heath, NearC
01-689 7702 — 01-689 6800 Telex 27924

WW — 089 FOR FURTHER DETAILS
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OLIVETTI

TE300
REDUCED TO cLs‘A_g

Completeinput outputterminal withintegral 8
hole paper tape punch and reader. Unit
operates at 150 baudin standard ASCII. 1deal
as a cheap printer fora MICRO etc. 120
columns, Serial data i/o. Supplied complete
with data, untested, unguaranteed £65, 00

+ £11.50 carr.

Allprices quoted are for U.K Mainland, paid cash with order in Pounds Stirling PLUS VAT. Minimum order value£2.00, Minimum Credit
Card order£10.00. Minimum BONA FIDE account orders from Government depts.,

dicated please ADD 80p + VAT Warehouse open Mon-Fri 8.30 — 5.30. Sat 10.15 —5.30.
and specifications without notice. Trade, Bulk and Export enquiries welcome.

Schools, Universities and established companies

roydon,

Surrey [E
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EP4000

EPROM EMULATOR
PROGRAMMER

The microprocessor controlled EP4000 will
emulate and program all the popular
EPROMs including the 2704, 2708, 2716(3),
2508, 2758, 2516, 2716, 2532 and 2732 de-
vices. Personality cards and hardware
changes are not required as the machine
configures itself for the different devices.
Other devices such as bipolar PROMs and
2764 and 2564 EPROMs are programmed
with external modules.

The editing and emulation facilities,
video output and serial/parallel input/out-
put provided as standard make the EP4000
very flexible to allow its use in three main
modes:

— As a stand alone unit for editing and
duplicating EPROMs.

Items pictured are: @ EP4000 Emulator
Programmer — £545 + £12 delivery; @
BSC buffered simulator cable — £39; @
MESA 4 multi EPROM simulator cable —
£98; @ 2732A Programming adaptor —
£39; @ 2764 Programming adaptor — £64;
& 2564 Programming adaptor — f64; @

— As a slave programmer used in con-
junction with a software development
system or microcomputer.

— As a real time EPROM emulator for
program debugging and development
(standard access time of the emulator
is 300ns).

Data can be loaded into the 4k x 8 static
RAM from a pre-programmed EPROM, the
keypad, the serial or parallel ports and an
audio cassette. Keypad editing allows for
data entry, shift, move, delete, store,
match and scroll, and a 1k x 8 RAM allows
temporary block storage. A video output
for memory map display, as well as the
built-in 8 digit hex display allows full use
of the editing facilities to be made.

BP4 (TEXAS) Bipolar PROM Programming
module — £190

Also available (not shown): @ VM10 Video
monitor — £99; @ UV141 EPROM Eraser
with timer — £78; ® GP100A 80 column
Printer — £225; @ PI100 interface for

EP4000 to GP100A — £65.
VAT shorld be added to all prices

S

= T Wi e~ S i it e e e
DISTRIBUTORS REQUIRED @  EXPORT ENQUIRIES WELCOME
Tel: Plymouth (0752) 332961

GP Industrial Electronics Ltd. Telex: 42513

Unit E, Huxley Close, Newnham Industrial Estate, Plymouth PL7 4JN

WW - 026 FOR FURTHER DETAILS
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P8000 — THE PRODUCTION PROGRAMMER
THAT HANDLES ALL NMOS EPROMS

" Eind o 4 x P - A AR
~ 4 E Y . -y
DISTRIBUTORS REQUIRE

Unit E, Huxley Close, Newnham Industrial Estate, Plymouth PL7 4JN

Checks, Programs, Compares up to 8 devices simultaneously

Handles all NMOS EPROMS up to projected 128K designs

with no personality modules or characterisers — See list
Easy to use, menu driven operation for blankcheck, program,
verify, illegal bit check, checksum, self-test

Constant display of device type, mode and fault codings
Individual socket LED indicators for EPROM status
Comprehensive EPROM integrity checks — lllegal bit check,
data and address shorts, constant power line monitoring

Full safeguard protection on all sockets

Automatic machine self-test routine

Powered down sockets

Cost effective price — £695 + VAT

Available from stock

GP Industrial Electronics Ltd.

WW — 027 FOR FURTHER DETAILS
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Telex: 42513

2104
2108
2716(3)
2508
2758A
2758B
2516
2116
48016
2532
2132
2732A
68732-0
68732-1
68766
68764
2164
2564
MK2764
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10 TEKTRONIX PLUG-IN type L Single Trace 30MHZ High Gain
11 TEKTRONIX PLUG-IN type M 4 Trace DC-20MHZ.

12 TEKTRONIX PLUG-IN type O Dparational Amplifier
13 TEKTRONIX PLUG-IN type Q Transducer & Strain Gauge
14 TEKTRONIX PLUG-IN type R Transistor Rise Time ..

15 TEKTRONIX PLUG-IN typs W Differontial Cumplrnm 100 {2 units)

No.
1 HEWLETT PACKARD AMS VOLTMETER typs 3400A 1mV-300V; 10HZ-10MH. 53 SANDERS 0SCI Carriage £6.
2 BODNTON SIGNAL GEN POWER AMPUIER oo 708 10 S00MH 54 B &KELCCTRONIC VOLTMETEN w240 a2 306kiE s E
pe 205A 55 GENERAL RADIO MICROWAVE OSCILLATOR type 13608 1.7-4.1GH: 225 | WA
4 CLAUDE LYONS AUTOMATIC VOLTAGE STABILISER 2.88KVA. Compact. 0 5 GENERAL RADIQ FREQUENCY/OISCRIMINATOR METER tyae 11494, 0.1 SMHZ 208 852¥N(%TK§;‘5?) ggﬁrg\?ENlegnlDG_E 1typsa
5 TEKTRONIX AMPLIFIER type 1121 57 HEWLETT PACKARD MEMORY DISPLAY type 5480A with CONTROL type 54868 and ° n 900
6 SES ABSORPTION WATTMETER type T6.2600 2-1000MHZ; 100 Watts 50 ohm,...£100 Two Channel Ihput 225 | MegOhm Capacitance 1pF — 5000Kuf Induc-
; nn““ﬁﬂﬁ‘ii ;wgm z;:gss,wg’l:}rr::::;&hgm 28 Bﬁ::::"' g 53 GENERAI Ll n:mo n%cnns CAPACITOR ma with ANALOG LIMIT COMPARATOR ‘oarrq‘f.e JpH — 500kH. With copy of manual
A & U Al
9 TEKTRONIX PLUG-IN type G Single Trace Wide Band DC Dift O ANCE COMPARATORIG Y £40 each. Carriage £6.

£25 53 STDODART RAOID INTERFERENCE & FIELD INTENSITY METER type N-M 52A nss

£25 60 KEITHLEY REGULATED HIGH VOLTAGE SUPPLY type 241 . £145

£125 61 BRANDENBURGH HIGH VOLTAGE GENERATOR type MRSO
£95 62 BRANDENBURGH HIGH VOLTAGE P u Model 705. Metered 0-15KV. +/

BELIX POWER UNIT type CMT3001.

64 PLESSEY TELEGRAPH SIGNAL GENERATORTSG!O with TOMS typs 70. Speed sms

MARCONI AM/FM SIGNAL GENERATOR type
TF1066B/6S 10-470 MHZ in 5 bands £250 each.

AVO VALVE TESTER type CT160 (22 valve
ggses) with copy of manual £20 sach. Carriage

16 TEKTRONIX PLUG-tN type Z Di
17 HEWLETT PACKARD LCR BRIDGE val 4261A
18 HEWLETT PACKARD AMPLIFIER!\Y .....

19 HEWLETT PACKARD DC CURREN SDURCE type 6181B 0-100V; 0-250M,
20 FAST RESPONSE RECORDER type H3020-3 (3 channul) Brand n
21 HEWLETT PACKARD AUDID OSCILLATOR type 200J ..
22 HEWLETT PACKARD PULSE GENERATOR Model 2124
23 HEWLETT PACKARD DC MICAD VOLT AMMETER type 425A

24 HEWLETT PACKARD OSCILLOSCDPE 182A with 180BA and 1825A. 7SMHZ 2';’!:0'

65 As Above but SPEED 455 -50 -75,
68 RACALHF. SELECTIVE ANALYSER typs 9056
67 RACAL UHF FREQUENCY METER type 9839, 10-560MHZ
68 RACAL 600MHZ DECADE D{VIDER type 9010
69  RACAL AUTO FREQUENCY CONVERTDR type 8038 500MHZ............

£35 70 RHDOE & SCHWARZ NOISE GENERATOR SKTU BN‘ISI/Z/EOS—IMMHZ
5 M R &S UHF TEST RECEIVER BN1523 280-940MHZ

72 R&S FREQUENCY METER VHF-UHF 30-300MHZ type

73 R &S ATTENUATOR typs DPRA BN18042/50. MARCONI COUNTER/FREQU
Trace Delaysd Sweep . MR SONA ENCY METER
7 AVO VALVE TESTER typs CT160. (22 vave bases) 20 R oONANCE At ggﬂvcve!gﬁ"%m' MHZWANBNA1272 TF1417/2 with Convertor type TF 2400/TM7265
26 AVO TRANSISTOR ANALYSER type CT446 £20 76 A &S SIGNAL GENERATOR type SMAR BN4123 30HZ-30M — 500MHZ £35 each. Carriage £6.
21 MARCON! UNVERSAL BRIDGE l‘ pe TFB6BA £50 71 R &S CAPACITANCE METER
g GENERAL RADIO DIGITAL TIME & FREQUENCY METER type 1151-A £45 ;s le?rle?’u‘G TRANSFDAMER 240V Input 240V Output 1300 War 3 TELETYPE PRINTERS KSR33 - ASCIl Key-
9 NSFORMER 1.4 KVA Pri Voits 90240 Sec Voits 115.. board ASR 33 -
30 MARCONI UHF SIGNAL GENERATOR type TF1060..... 80 DC SERVD MOTOR 110V 2.54 Cont Doubla Shaft 4 wirs 4 brush. New 51 and Reﬁi‘:r £75. :gmzs.e 22:",3.“3,,‘:"’" Punch
31 MARCONI FM SIGNAL GENERATOR R type 17107711 19.7-1025M 81 JLT TRANSISTOR A C. VDLTAGE REGULATOR MODEL LT-T1000-2S Rating 1000V £40 9
32 MARCONI SUPPRESSED ZERQ VOLTMETER type TFI377 .. 15 82 WAYNE KERR AUTOBALANCE CAPACITANCE BRIDGE type B541 .ﬂs
R MARCONI VARIABLE ATTENTUATOR type TFIOT3A/2S (CT4 £X &3 PHILIPS VIDED COLOUR TEST GENERATOR typs PMS522. No cas SINE & SQUARE
34 ERNST TURNER 20KV ELECTROSTATIC VOLTMETER 6 inch... A2 g4 PHILIPS FM STEREQ GENERATOR type PM5456. Separata L & R Signais Cammier Fu DATA MODEM AV
35 MARCONI AM/FM SIGNAL GENERATOR TFS95A/Y/S {CT402) 1 £160 100MHZ +/— 1% RF O/P 3mV. .,k 21 COLUNS TMX 202G WAVE AUDIO
3% MARCONI AC MILLIVOLTMETER typs TF2500 10HZ-SMHZ; 1mV-300V £35 g5 PHILIPS COMPARATOR 278Ki T 115/230V Operation GENERATOR
37 B &KACCELEROMETER PREAMPLIFIER type 2620. 50 8 PHILIPS AUTOMATIC ELECTRONIC VOLT OHM METER type PM2405 £20 Complete with type TE-22, 20HZ-
38 B A&KDEVIATION BRIOGE type 1503 ... £50 g7 B & KAUTOMATIC VIBRATION EXCITER CONTROL typs 1016... . CMPISCo) 200KHZ. Portable as
33 B &K DEVIATION BRIDGE fporIad £85 83 HEWLETT PACKARD OC POWER SUPPLY type 64488, 0-600 Vohs 0-15 Amp information new
40 8 & K MICROPHONE AMPLIFIER type 2602 £55 59 BRANOENBURG REGULATEQ HIGH VOLTAGE. P.U. type 928R. 0-1000KY: 0-TNIA mo ONLY £25 each ONL
41 B8 K MICROPHONE AMPLIFI Rt‘ye 2605 £ 90 ADVANCE PULSE GENERATOR type Gfm £20 P&P £5 Y £35 sach. P&P
42 B &K BEAT FREQUENCY OSCILLATOR lwe £95 91  GAUMONT-KALEE FLUTTER Mgl‘r £0 2
43 8 &K BEAT AUTOMATIC VIBRATION EXCITER CONTROL type 1018 £50 g2 ADVANCE SIGNAL GENERATOR LF lvpoBlA 15HZ-200KHZ ... - £25
44 B AKEXCITER CONTROL PRE AMPLIFIER lyv £20 g3 ADVANGE BATCH COUNTER type 4 ] ISOLATING MULTIMEI’ER
45 B & K FREQUENCY AESPONSE TRACER type 4 £200 3¢ AQVANCE AUDIO SIGNAL smgnmon type J1 €0 TRANSFORM Russian Type 432
45 SOLARTRON/SCHLUMBERGER SYNTH. SSB GENERATOR type SSBI0 with MOO- 9  ADVANCE SIGNAL GENERATOR type E2 100KHZ-100MHZ, £45 ER AC/DC volts; AC/DC
ULATOR MA0 10HZ-32MHZ . £350 9 PYE SCALAMP 40KV RMS Max ELECTROSTATIC VOLTM =5 240V input 240V current; ohms, etc.
47 TEXAS SILENT 700 PRINTER Model KSR733 — 300 baud --£285 91 PYE SCALAMP 20KV RMS Max ELECTROSTATIC VOLTMETER. £ § Output 1300 Watts Brand new, boxed
48 BRADLEY MULTIMETER type CT471C £35 98 RANK ABENA E.H.T. METER 0-30KV £5 £15 each. Carr. £6 £12.50 each
49 MOSELEY WAVEFORM THANSLATOR type 101 -£50 99 SINE & SQUARE WAVE AUDIO GENERATOR type TE-22 20HZ.200KHZ £5 P&P £2.50
50 HOUSTON INSTRUMENTS LOG VOLTMETER-CONVERTOR Model HLVCIS0........£80 109 BLACK & WHITE 20" MONITOR by IKEGAM) type PM20ITS. Solid Stat 85
B POLARAO FIELD STRENGTH METER typs FIM-B2 with RF Tuning Unit FIM- 7360 10% DISCOUNT ON ALL ORDERS RECEIVED
10.000MHZ ... BY SEPTEMBER 30th
52 HEWLETT PACKARD DIGITAL VOLTMETER type 34608 with AC CONVERTER e PLEASE CHECX AVAMLABILITY BEFORE ORDERING
MGIA. +/— 0.004%.. COMPONENTLIST AVAILABLE S AT o oY mm‘;&‘:;:.";g:::; contacy

AVO TRANSISTOR ANALYSER type CT446
with copy of manual £20 each. Carriage £6.

AVO SIGNAL GENERATOR No. 2 AM/FM AM
0.45-225MHZ; FM 20-100MHZ with copy of
manual £75 oach Carriage £6.

m@ggaz@aasﬁas

NORWOOD ROAD, READING

BARCLAYCARD (VISA) and ACCESS taken. Official orders welcome
CALLERS VERY WELCOME STRICTLY BETWEEN 9am-1pm and 2-5pm Monday to Saturday inc.

(2nd turning left past Reading Technical College in King’s Road then first rig

All units £6 carriage. Plus V.A.T. on total

AD| T

TELEPHONE NO. READING 669656

ht — look on right for door with ““Spoked Wheel”)

D SHORT RU
NEW ST|CKV TEMPLATES (Pat. Pending)

m..uml s A

g
.,.m | _ h..- &
-~vu - N

-l i wo
S

INEXPENSIVE self-adhaswe clear acetate TEMPLATES — especially designed to
ELIMINATE TEDIOUS MARKING OUT of panels and instrument cases when
mounting POPULAR CONNECTOR TYPES. Simply peel off protective backing and
APPLY DIRECTLY to the surface to be worked, then cut and drill to outlines and
centres shown. SAVES HOURS of work — PLUS — makes LINING UP MULTI-
CONNECTOR ARRAYS so EASY, as vertical and horizontal centres are printed on
Stickies. Will not harm existing flnlshes, in fact PROTECTS AREA around cut-out
and PREVENTS punches and drills skidding. INVALUABLE on LAYOUT
SKETCHES and drawings too.

Send £5.40 incl. VAT P&P for selection pack (90 tempiates) or ask for leaflet,
sample and order form to:
FUTRONICS TECHNOLOGY (UK) Ltd.
15 North Avenue, London W13 8AP
Or telephone 01-991 0070 (Answerphone service)

A REAL TIMESAVER F6I’I ONE OFFS

WW — 061 FOR FURTHER DETAILS

QUALITY REEL TO REEL & CASSETTE TAPE HEADS
FITTING A NEW TAPE HEAD CAN TRANSFORM THE PERFORMANCE OF YOUR TAPE RECORDER.
OUR FULL CATALOGUE {PRICE 50p) ALSO INCLUDES TAPE TRANSPORTS, DISC DRIVES,
PRE-AMPLIFIERS AND ACCESSORIES

POPULAR UNIVERSAL CASSETTE HEADS TO EIAJ STANDARDS

C21RPS18 MONOQOR/P .. ... ......... Hole Centres 177mm Apart, 12mm From Head Face
B24-02 STEREQ R/P 5 £7.66 C42RPH20 STEREQ R/P SENDUST FOR
B24-07 STEREO R/P FOR DOLBY CHROME/METAL TAPES .. £10.67
SYSTEMS............... £9.05 CA2RPHO4 STEREOQ R/P GLASS FERRITE
C21ES18 MONOISTEREO ERASE THE ULTIMATE LONG LIFE,
HEAD.: : Ja. a3 .\ twmwast 112 £2.13 HIGH PERFORMANCE HEAD £13.34

POST AND PACKING 40p EX STOCK DELIVERIES, ALL PRICES INCLUDE V.A.T.

s VIONOLITH
Tao: 46308 MO electronic products

Telex: 46306 MONLTH G.
_WW — 035 FOR FURTHER DETAILS

Y% DISCOUNT STRUCTURE FOR MULTIPLE USERS ONLY

Lw4

TLW4 TOOLWALLET MEASURES 11''x14''x2":"' WHEN CLOSED. MADE
FROM REINFORCED PVC WITH A HEAVY DUTY INDUSTRIAL ZIP

TOOLS NOT INCLUDED

28
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\@k@:&% DPUS SUPPL‘ES BRING YOU AN (&J:,‘.'@z,fé(?"

o

R o
ool d a
%" RGB COLOUR MONITOR oo #238
e — <
LIMITED QUANTITY = >
AviLASLE ‘
E WITH
BB.C. MICRO, o
PPLE, : ,
WITH R.G.B. [ 4 pT | ]
COLOUR CARD,
etc
: ISOLATING
Specification: The VMC ’ TRANSFORMERS
22 Colour Monitor is de- A WHILE STOCKS LAST

si?ned to meet the high
reliability and perform-
ance standards asso-
ciated with the games,
data and computer
colour graphics industries.
Input levels: Video-TTL compatible either +ive >
or —ive going for RGB (IC37416 —ive going (

7417 +ive going). ) Z
Composite Sync: TTL compatible either +ive or
—ive going set by PCB link. Separate sync:
(Frame ang line) TTL compatible +ive going =
video response 10 MHz.

Deflection: Scanning systems, 625 line 50 Hz and
525 line 60 Hz.

Scan linearity: Errors less than 5%.

Scan geometry: Errors less than 3%.

High volitage :r¥5KV.

X radiation: Less than 0.5MR/h.

After months of negotiation we have finally secured the computer user's dream. We have bought the complete manufacturer’s production of these
superb British made R.G.B. Colour Monitors and can cffer them to you at this unrepeatable price. This offer, available to readers of "Wireless
World” also includes a FREE isolating transformer. So with a little of your time and our buying power — you can save pounds. For shipping
purposes the C.R.T. and scan coil assembly are separate from the chassis. The lugs of the C.R.T. allow it to be mounted in a standard 22"’ colour TV
cabinet or a unit of your own design. The unit is assembled by pluggim]; the wires from the chassis to the tube, soldering the input connector,
power connector and isolating transformer. The monitor has been fully tested and adjusted prior to packing thus simplifying assembly. ‘A
comprehensive instruction sheet will be supplied with each unit.

A fabulous 22inch

colour monitor.

Featuring: Mullard

22inch 110°C.CR.T

Controls: Brightness, RGB video
amp bias, height, width, vertical
hold, horizontal hold, linearity,
east-west correction, phase, focus,
H.T. adjust, beam cut-off switch,
convergence controls.

De Gaussing: Automatic on switch on.
Power requirements: 155 VAC, 44-60Hz
120VA (isolated suplly).

Temperature: Storage —10°C to +70°C.
Operating 0°C to 50°C.

Overall sizes: Height 40.3 cm, width 51.0
cm, depth 39.5 cm (inc. tube neck P.C.B.).
Weight 19.kgms.

DPU A computer supplies company have established an enviable reputation for reliable service and value for money — so pick up your
telephone and discuss your supplies requirement with us.
5 ATHANA . MANUFACTURED BY OPUS IN UK.
AVAILABLE FROM OUR CENTRAL WAREHOUSE
JUSTARAVED FLOPPY DISCS DUF;%IS ‘ '
MINIS WITH REE For business or home use —
Igﬂgﬂl'l:. !IAIII% PLASTIC LIBRARY CASE & % 5 MODELS sach Desk s sqpplile_dyv?!p_
_' casturs — two of wiicii have
GITELLS 01 3 EPEON S/SS/D £17.95 for 10 AVAILABLE — lockable brakes
/S D/D £19.95 for 10 CHOOSE WITHIN
[ 1) 0/S 0/D £23.50 for 10 YOUR BUDGET*
CALL FOR PRICE & S/8 77 Track £26.50 for 10 . 3
DELIVERY S/S9%Track  £2850for10 | v CREAM & BROWN s #. .
l N, CO-ORDINATING _____‘ﬁ | -y
LOCKABLE DISC LIS Sed  mEEE RANES
3 /S 0/D £25.50 for 10
To hold 40 Minis  £16.00 “ DRAWER FOR DISC
ini HARD SECTORED AND ALL
— OTHER DISCS AVAILABLE STORAGE &
£21.00
808" Discs % MOBILE
0ISC MAILERS: e RAM BARGAINS
Mini  60p PART 1o 25-99 100 v AMPLE SPACE FOR
DESK T0P LECTERN " Derom 3 70 5 R RE
ADJUSTABLE WITH - 2114-300ns 285 :80 :75 PERIPHERALS *
MOVABLE CURSOR 2114-450ns 80 75 .70
ﬂ}sui&oons % 81 8 w THROUGH SHELF
BBORAM. 210 295 280 FOR DISC DRIVES, PAPER FEED, FILES v
4164-200ns 480 460 4.20
6116-150ns 420 3.95 350
D16 S dns2a0 215200 SEND S.AE. FOR YOUR FREE COLOUR BROCHURE
Reil 0 - -
e b R -
-450ns i b X =
8080A 190 170 -
8212 140 130 -~ . o
o 25-WAY D SOLDER Apple 2 users 16k printer buffer card — which
} CONNECTORS g i
D) saves your complete time. Serial and parallel
£1.30 each p A
HOW TO 25 £1.50 each Send for spec. and price
OTHER DEVICES LAB i
ORDER o R.G.B. lead for B.B.C. Micro only £9.95 + VAT -

Carriage should be added to prices at the following rates: Monitor £10; Discs 85p; Rams 50p; Filing Boxes/Lecturns £2; Desks £10. Please add carriage as applicable and
then VAT at 15% to total and send Cheque/P.Order payable to “Opus Supplies” to Dept. W.W., Opus Supplies, 10 Beckenham Grove, Shortlands, Kent 2 0JU. Telephone
order Ho!llllng: O'If-dsg 5040 (24-hour service) or 01-464 1598. Accass and Barclaycard accepted. If you are not completely satisfied return the goods within 14 days and your
money will be refunded.

BARCLAYCARD
TRADE ACCOUNTS OPERATED — GOVT. AND EDUCATIONAL ORDERS WELCOMED ﬁ

WW - 055 FOR FURTHER DETAILS 29
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AVO DI3IMINOR 2000

An ideaitool for maintenance
applications. An economically
priced instrument with

a specia buzzer socket for
simple Ontinuity testing
without reference to the
display

AVOMETER 2001

Features a socket specifically
for current testing
Comprehensive ranges, with
unit and mode displayed on
LCD. Ensures a valid current
measuring mode is selected -
any discrepancy is signalled
by an alarm

| ‘L THORN EMI Instruments Limited
Archclifte Road, Dover, Kent CT17 9EN. Telephone: 0304 202620. Telex: 96283

AVO VEHICLE TEST 2002

Designed with co-operation
from aworid leader in vehicle
manufacture and service.
Accessory kit allows
temperature and charging
current testing. Heavy duty
test leads and comprehensive
handbook available

The AVO 2000 Series is the hand
held dmm range you’'d design for
yourself, incorporating a combina-
tion of design features unmatched
by any manufacturer in the UK.

There are direct entry prod
facilities which, combined with the
weight and size of the instruments,
allow for true one-handed
operation. The 32 digit LCD is
located at the base of the instrument
to make the most of the available
light. And positive slide switches
are incorporated to give simple,
dustproof, range selection.

The lead set is fully shrouded at
both plug and socket end for
improved safety and there is a special
hook for PCB testing in the
standard set. Heavy duty test leads
are also available. The 2000 Series
INcorporates a three position stand,
non slip safety pads and can be
supplied in either a ‘Test and Carry’
case or a '"Walk and Work” harness.

It takes Britain's leading dmm
manufacturer to appreciate the
needs of the dmm user ... worldwide.
AVO 2000 Series is the result.
Contact us or your usual distributor
for further detailed information.

The test of ability

WW - 006 FOR FURTHER DETAILS

WIRELESS WORLD NOVEMBER 19382



wireless
world

Editor
PHILIP DARRINGTON
01-661 3128

Deputy Editor

GEOFFREY SHORTER, B.Sc.

01-661 8639

Technical Editor
MARTIN ECCLES
01-661 8638

News Editor
DAVID SCOBIE
01-661 8632

Drawing Office Manager
ROGER GOODMAN

Technical lllustrator
BETTY PALMER

Advertisement Manager
BOB NIBBS, A.C.LI.
01-661 3130

BARBARA MILLER
01-661 8640

Northern Sales
HARRY AIKEN
061-872 8861

Midland Sales
BASIL McGOWAN
021-356 4838

Classified Manager
BRIAN DURRANT
01-661 3106

IAN FAUX
01-661 3033

Production

BRIAN BANNISTER
{Make-up and copy)
01-661 8648

Wiring technology of the past

In the aftermath of Hunt it will be
important to keep the technical options
open according to John Butcher MP,
Under Secretary of State for industry,
speaking to the Television and Radio
Industries Club. He was referring to the
choice of system architecture by potential
cable system operators — tree or multi-
star. Taken at face value, this may sound a
flexible policy.

A tree structure is suited to broadcast
distribution; it evolves outwards to feed
additional customers by sub-division of its
branches. Coaxial cables are the natural
choice for tree structures where up to 30
channels per cable can be tapped off. But
as a recently issued NEC report* points out
in a 20-year look ahead, they have a very
limited capability of providing two-way
switched services involving wideband
signals.

An alternative based on a multi-fibre
tree structure would be very expensive in
terms of optical switching and connectors.
But a multi-star fibre arrangement — akin
to the current telephone network — would
allow an unlimited number of one-way
channels to be accessed. And more
importantly for the future the
configuration readily provides full two-
way capability; there is no need for
encryption, and administration of charging
for television channels is simpler.

If a network is required quickly,
available technology and economics will
favour coaxial cables rather than optical
fibres. But a decision in favour of large-
scale use of fibre would, says the NEC
working party, in itself create a more

economic fibre solution.

It would be a tragic waste of the
opportunity offered by a two-way switched
broadband system if we were to allow this
cabling to be dictated by the needs of
entertainment broadcasting or
narrowcasting alone. The varied facilities
of a combined telecommunication and
broadcast network, preferably digital, with
exciting possibilities of computer-based
interactive services in business and in
learning, could act as a lubricant for
efficiency and national well-being, now
and in the foreseeable future. The
technology is advancing rapidly;
development is still in hand on certain
aspects, and many relevant standards have
yet to be internationally agreed. There is
thus a danger, says the NEC study, that by
moving too fast, the UK could go it alone
and lose out on export markets.

The opportunity both at home and
abroad may not be realised. On the same
occasion, John Butcher said BT and its
competitors may have to adopt ““an
evolutionary approach rather than set off
with a state-of-the-art switched interactive
system, with the high initial costs involved
and the risk that the technical
breakthroughs may not take place in time
to justify the confidence of investors.”

As the Guardian report of 30th
September confirmed, this means
reliance on coaxial cable feeds rather than
optical fibres . . .

*Report of the Working Party on Technological
Opportunities in Broadcasting, National Electron-
ics Council 1982
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INTERFACING
THE NANOCOMP

The popular Nanocomp microcomputer interface can be expanded by adding further p.i.a.
devices and by connecting the interface board described in the October 1981 issue.

For the Nanocomp microprocessor to pass
information to and from additional devices
it is necessary to bring out connections
from its three buses. The eight data bus
lines are of course needed as these are used
in the transfer of data to and from the

peripheral devices. Some address lines

may also be required; for instance, the
G821 needs A0 and Al to select its internal
registers. An address decoding signal will
also be required to position the device at an
appropriate place in the processor’s
memory map. On the Nanocomp, the
7418138 decodes addresses; fortunately
there are four outputs spare (five on the
6809) so these can be used to select this
number of peripheral devices.

The addresses of the outputs of the
74158138 are given in Fig. 1. The outputs
are normally at logical 1, but go to 0 for the
second half of the processor cycle if the
microprocessor generates an address in the
ranges indicated.

Although it’s possible with these proces-
sors to address up to 65,536 different
memory locations this is far more than can
be used on a simple device like the Nano-
comp; so some of the address lines are
ignored in the decoding logic. Conse-
quently the address range occupied by a
particular device may be more than re-
quired. For instance, the on-board p.i.a.
requires four consecutive memory loca-
tions given as 4000-4003. But because of
the partial address decoding, it will res-
pond to all addresses in the range 4000-
4FFF, the four-byte sequence repeating
itself 1024 times.

Similarly, the maximum address that
can be used is 7FFF and not FFFF as
would be expected, as the most significant
address line (A15) is not used. So each of
the outputs corresponds to a 4096 byte
block in the memory map.

The spare outputs should be adequate
for most purposes but if more are required
a second or further 74L.S138 can be added
to split down one of the original outputs
into eight, the connection details being
given in Fig. 2.

A word of warning though: the proces-
sor cannot drive a limitless number of peri-
pheral devices without buffering. Between
seven and ten devices is the maximum, and
there are four on the original board. If this
figure is likely to be exceeded then all bus
lines brought out should be buffered. Re-
ferring to Fig. 3, the data bus can be buf-
fered with a single 741.§245, a bidirectio-
nal buffer, the direction being controlled
by the read-write line. For the address and
control lines, 741.S244s can be used as

32

by R. Coates

control lines, 741.S244s can be used as
these bus lines are outputs only. Each de-
vice can buffer eight lines, but the precise
number required depends on the applica-
tion.

The easiest place to make the bus
connections on the Nancomp is on the
underside of the processor socket, with
connecting leads as short as possible. Pin
numbers of the relevent bus lines are given
in Fig. 4,

Adding an additional p.i.a.

A further p.i.a. is the simplest expansion
that can be made: a fairly useful one as well
as being cheap. The original chip served a
triple purpose of driving the display and
reading the keyboard, as well as being
available externally. This meant certain
limitations in its use; if more than eight
uncommitted lines were required for exter-
nal use, the keyboard and display could
not be used as part of the user program.
Adding a second p.i.a. means that this one
is completely free, leaving the original to
cope with the keyboard and display.

Fig. 5 gives the connections associated
with the 6821 p.i.a. One the bus side, all
connections except ‘chip select’ input is
taken to the equivalent pin on the 6802/¢
chip; the ‘chip select’ input is taken to any
one of the spare address decoding outputs
of the 74LS138. And that is the p.i.a.
connected, Addresses of the various in-
ternal registers are in the same sequence as
the original, but the base address will de-
pend on the 74L.8138 output used.

6522 versatile interface adapter
An alteruaiive to the 6812, more powerful
but just as simple to connect, is the 6522
versatile interface adapter. Although an
upgraded version of the 6821, it is not
manufactured by Motorola, but is one of
the 6500 microprocessor family from MOS
Technology. Normally, mixing devices
from one manufacturers processor family
with another can lead to problems; bus
structures and timing are usually quite
different. Fortunately, the 6500 family are
based on the 6800, the 6502 microproces-
sor being a scaled down version of the
G800, and therefore peripheral devices in
the two families are completely inter-
changeable.

Circuit connections to the 6522 are
shown in Fig. 6; the only difference is that
four address lines are required instead of

two to access the 16 internal resisters. The
peripheral side connections are identical to
the 6821. Further details of the 6522 can
be found in the Interfacing Microproces-
sors articles*; a copy of the manufacturers
data sheet is also recommended.

Cuban interface board

Although analogue-to-digital converters
for analogue input signals and digital-to-
analogue converters for generating anal-
ogue outputs could be connected either to
the p.i.a. or directly to the Nanocomp bus,
a neater solution by way of the interface
board described in the October 1981 issue.
Designed for 6500-based systems, it is
equally suitable for the Nanocomp. The
facilities provided are a 6522 v.i.a, a 16-

* October 1981, pages 34-9, November, pages
59-62 and December, pages 71-5.

Table 1. A-D conversion, channel INO
LDS #$10FF Initialize stack

pointer

STAA $6010 Startconversion,
channel INO

LDAA #$10  Wait for 100us

LOOP DECA

BNE LOOP

LDAA $6010 Get conversion data

SWi Do software inter-
rupt

Table 2. D-A Conversion
Load accumulator

LDAA #$80

with desired value
STAA $6020 StoreinD-A
JMP $7D97  Return to monitor

Table 3. Voltage tracker

START STAA $6010 Startconversion,
channel INO
LDAA #$10 Wait for 100 us
LOOP DECA
BNE LOOP

LDAA $6010 Read add
STAA $6020 Store value in
BRA START And repeat

Table 4. VIA Test

LDAA #0 SetportAas
inputs

STAA $6003 (all bits to 0)

LDAA #$FF SetportB as
outputs

STAA $6002 {(all bitsto 1)

LOOP  LDAA $6001 ReadportA
STAA $6000 Store in portB
BRALOOP Andrepeat
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®MPU bus connections
Name 6802 6809
DO 33 31
D1 32 30
D2 31 29
D3 30 28
D4 29 27
D5 28 26
D6 27 25
D7 26 24
A0 9 8
A1l 10 9
A2 1 10
A3 12 1"
Ad 13 12
A5 14 13
A6 15 14
A7 16 15
A8 17 16
A9 18 17
A10 19 18
A1 20 19
A12 22 20
A13 23 21
A14 24 22
A15 25 23
E 37 34
VHA 5 =
R/W 34 32
RST 40 37
IRQ 4 3

(D 7615138 QUTPUTS (3 8us buffers
. Address _range N U_s(e_woz) R ]
b (7 _ on chipram |‘| 20
0 0000 OFFF{spure (6809) 8] DR Vi |2
3 1000-1FFF 2114 rams o, m %
1 12 2000-2FFF spare I B e §
9 2 3000 —3FFF spare 2 — | %
{1Cq) WA . € 15 > |~
10 4000 —~4LFFF pia. e % 6 B
9 5000 ~-5FFF spare e = R J“‘:;
v L2 6000— 6FFF spare” 7 L
7 7000 —7FFF eprom  — — e
DO 1 9 o=
13 Gnd 0
9 10
@ Connections for second 7415138
I Data bus buffer —74LS245
6 16
AM—3c &1 W Y, S 1000 - x1FF ) ]20
Ap—— 215 Gl x200 - x 3FF o w
Ag A B x400 - xSFF 2
12 X 5 N 16
b x600 -x 7FF )
1 - r 6l N =
X800 - x 9FF 2 >— z
He——  xA00-x FF € g — > 3
I, (1C4) Al 9 1 s i
9' 8 21024 . x 00-x OFF S ML S <
°.pYy W7 7 £ 13 N o=
G xEO00 ~ xFFF E=Y
28 Gnd - 151~ Is g
!5 e 512 byte blocks 7] [~ 3 2
EN_VEN
1 10 |9
(S PIA Connections {6821) 1
—
’ Address /control bus buffer ~ 74LS244
22 |20 IZL
S, V.. (S
= 3] irar € EA1 40 (®) V1A Connections (6522)
IRQ 39
—E 1RQB €Ay 2
Chip select 815, PAO 13
4
25
E 2 2_. 20 |n
Wiy 34 | 5 — Vs (51
RST ST ; ®a ;; Ra
R/W 21 R/W PA; o Chip SeleCEf—-—zs g_z
vl mE= ek
T 12— R/W ” R/W
30 13 Ay— 381Rsy
29 B 0 31
28 15 TS
7 1 A3 ——35RS,
0, 26107 PBy |11 Ves
A 351Rs B 18 -
N €7 e '[9 _l_
1 RSo " 9=} Bus side Data bus and
s; peripheral side as 6821
Bus side 1 Peripheral side

channel analogue-to-digital converter and
a single digital-to-analogue converter.
Connection is mainly a matter of taking
the appropriate bus connections shown on
the interface board circuit diagram to the
appropriate pin on the Nanocomp proces-
sor chip; Fig. 4 shows the pin numbers.
But note several points. Number 02 corre-
sponds to E on the 6802/9, NRST is the
reset line (RST), and NWDS, NRDS,
BLK on the interface board are not used.
One modification is required to the in-

terface board for use with the 6802, but

not with the 6809. Addresses can occur on
the address bus which are not valid
memory addresses. For instance, when an
INX instruction is executed, the index
register’s contents will appear on the
address bus but this is obviously not a
proper address. For devices on the bus to
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decide what is a memory address and what
is irrelevant data, the valid-memory-

-address signal from the processor is used.

This line will only be at a 1-level if the
address bus contents are a valid memory

-address. This signal must therefore be

gated into the address decoding circuitry
to prevent spurious accesses to the in-
terface board. This only requires a simple
modification: the track to pin 1 of 1Cs on
the interface board should be broken, and
pin 1 connected to v.m.a. on the 6802, see
Fig. 7. Later Motorola microprocessors
such as the 6809 do not senerate these
spurious addresses and so this modifica-
tion is not required.

The interface board requires a section of
the memory map 256 bytes long and this
can be set anywhere in the memory by the
block and page selector switches that is not

already used by the Nanocomp. The block
switch is the most significant digit in the
four digit hex address, but remember, as
AlS is not used in the Nanocomp, only
positions 0-7 may be used. The page
switch is the next most significant digit of
the address.

In the examples given later, the board is
assumed to be at 6000-60FF, which means
block =6 and page =0.

As the address setting is unlikely to be
changed, wire links could be used instead
of the block and page switches, but note
when working out which selector lines are
0 or 1 the 74L.S136 is an exclusive -or gate,
and not an exclusive nor-gate as shown in
the circuit diagram.

Power for the interface board can be
taken from the original power supply but
the extra load will cause an increase in heat
dissipation and ventilation should be ade-
quate. A larger heat-sink may be required
for the regulator.

The interface board will clearly not fit
inside the original Nanocomp case, but a
deeper case, RS number 509-276, will
accept both boards. As the front panel
sizes are almost identical, the original front
panel can be used with a little modifica-
tion.

Driving the Cuban
Some sample source code programs are
given to show how to read an anologue
input signal, how to set an analogue output
level, and how to read and drive the v.i.a.
peripheral lines. Only the mnemonics are
given, not the machine-code, as this differs
in some cases between the 6802 and 6809.
First, the analogue to digital converter.
The ADCO0817 is a 16-channel 8-bit anal-
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ogue-to-digital converter. That s, it has 16
analogue inputs, any one of which can be
selected and the analogue voltage on it
converted to an 8-bit value which can then
be read and used by the microprocessor.

To measure a voltage, the converter
must be told by the microprocessor to ini-
tiate a conversion on a specified channel. It
takes about 100us for this particular chip
to perform the conversion, so there must
be a wait of greater than this before read-
ing the result. The conversion is initiated
by the processor writing to one of the 16 a-
d allocated memory locations (what data is
written doesn’t matter). The location
written to determines the channel on
which the cenversion takes place; 6010
corresponds to channel INO, 6011 to chan-
nel IN1, and so on up to channel IN15 at
601F.

A 100ps software delay loop should then
be entered and then the conversion result
obtained by the processor reading any one
of the 16 a-d addresses.

Table 1 gives the listing of a simple
program to read channel INO.

After the software interrupt, accumula-
tor A can be examined to determine the
digital value proportional to the input
voltage. This will be between 00 for zero
input voltage and FF for a full scale (or
greater) voltage. Full scale is defined as the
voltage across the reference input pins of
the ADCO0817, and is set by the LM317
regulator and the 100 ohm potentiometer
to between approximately 1.9 and 3.2
volts.

Digital-to-analogue converter

Digital to analogue conversion is the re-
verse of the above, and allows the
microprocessor to generate an analogue
voltage proportional to a binary value by
simply writing a binary value to the d-a
converter address.
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Break truék here

The program in Table 2 gives a half full-
scale output at the analogue output.
Changing the contents of accumulator A
changes the output voltage.

The program of Table 3 combines the
two converters by reading the analogue
input and setting the analogue output to
the same value. The program then loops
back and up-dates the output contin-
uously, until “reset” is pressed. A variable
voltage source on the input and a voltmeter
on the output should confirm correct
operation. When working correctly, add-
ing an ASL A instruction after reading the
a-d gives a voltage doubler!

Versatile interface adapter

The 6522 v.i.a. is similar in many respects
to the 6821 p.i.a. but includes extra fea-
tures such as two 16-bit timers and a shift
register for serial communication. To
access the greater number of internal regis-
ters therefore needed, the device occupies
16 consecutive memory locations, as op-
posed to the 6821’s four. In this example
the addresses are 6000-600F.

Consider the 16 peripheral data lines
and their programming.

Each eight-bit peripheral port has a data
direction register (DDRA, DDRB) for
specifying whether the peripheral pins are
to act as imputs or outputs. A logical 0 in a
bit of the data direction register causes the
corresponding peripheral pin to act as an
input; a 1 causes the pin to act as an out-
put.

Each peripheral pin is also controlled by
a bit in the output register (ORA, ORB)
and an input register (IRA, IRB). When
programmed as an output, the voltage on
the pin is controlled by the corresponding
bit of the output, the voltage on the pin is
controlled by the corresponding bit of the
output register: a logical 1 causes the out-

put to go high, and a zero causes the out
put to go low. Data may be written into the
output register bits corresponding to pins
which are programmed as inputs, but in
this case the output signal is unaffected.

Reading a peripheral port causes the
contents of the input register (IRA, IRB)
to be transferred onto the data bus. The B
register operates similarly to the A regis-
ter; however, for pins programmed as out-
puts there is a difference. When reading
IRA, the level on the pin determines
whether a 0 or 1 is sensed. When reading
IRB however, the bit stored in the output
register ORB is the bit sensed. Thus for
outputs which have large loading effects
and which pull an output 1 down or which
pull an output 0 up, reading IRA may
result in reading a 0 when a 1 was actually
programmed, and vice-versa. Reading
IRB, on the other hand, will read the 1 or 0
level actually programmed, no matter what
the loading on the pin.

To program the device, first set up the
direction of each line with the data direc-
tion registers. DDRA is at address 6003
and DDRB at 6002. The outputs can now
be programmed, or the inputs read at 6001
for port A and 6000 for port B. This is
simpler than for the 6821 which requires
the setting of a bit in the control register to
determine whether access is to the direc-
tion or data registers, which are at the
same address.

The listing in Fig. 4 shows a simple test
program for the v.i.a. Port A lincs are all
inputs and port B outputs. The program
continuously reads port A and stores the
data in port B, so the outputs reflect the
state of the inputs.

Connecting inputs to +5V or around
while monitoring the equivalent output
with a meter or oscilloscope should con-
firm correct operation. VIV
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TWO-METRE TR

Design of a microprocessor-controlled transceiver with I.s.b., u.s.b. and f.m. simplex,
repeater and reverse modes is described with which automatic scanning of the 144-to
146MHz band or up to nine memorized channels is possible. This first article covers
specifications, operation and the front-end module.

It was my intention from the outset of this.
project about three years ago that the
transceiver described here should be versa-
tile yet uncomplicated and easy to
duplicate. During the development stage
components became available which sim-
plified the design of the transceiver and the
modular method of construction chosen
made their inclusion a simple matter.
There are currently commercially available
modules which would further simplify the!
transmitter section even more, but as yet
their cost is prohibitive. Should their price
fall to a reasonable level they may easily be
included.

The prototype was constructed using
discrete-logic gates to control the synthe-
sizer and displays, etc., but it soon became
apparent that microprocessor control
would be advantageous. Use of a micro-
processor meant that many of the features
found on commercial transceivers, and
some additional ones, could be incorpor-
ated at the expense of time required to
write the software, and that the number of
i.cs used could be reduced from more than
30 to six, thus simplifying the construc-
tion.

Each module has its own p.c.b. and is
housed in a screened rectangular box. Six
of these modules form the transceiver, one
is the microprocessor circuit and the re-
maining three are the display-driver, tone-
burst and a.f.-preamplifier boards.

While the resulting design is not the
ultimate by professional standards, it is
good value for money and is certainly com-
petitive with currently available amateur
transceivers.

by T. Forrester, G8GIW

Operation

As the transceiver is primarily intended for
mobile use, the number of controls are
kept to a minimum while retaining flexibil-
ity, partly in the interests of road safety.
The transceiver is turned on by the mode
control and the appropriate mode selected
at the same time; the microprocessor starts
up immediately and sets the synthesizer
and display with the last used frequency,
after which it scans the controls.

With the transceiver in its ‘normal’
mode tuning carried out using up/down
buttons on the microphone causes the
synthesizer to step up or down in 100Hz or
25kHz steps. If the up or down button is
kept pressed the synthesizer continues
stepping at a gradually increasing rate until
the burton is released.

The volume control doubles as a fre-
quency-step selector. Pulling the knob
gives 100Hz steps and, if required, the
s.s.b. noise-blanking facility. Steps of
25kHz are obtained when the volume-

-control switch is in its normal position.

When scan mode is entered with the
receiver set for normal operation, i.e. not

in memory mode, the transceiver scans the

band and stops for six seconds on any
channel whose signal lifts the squelch. If
the transceiver is taken out of the scan
mode during these six seconds it will re-
main on that frequency. Pressing the skip

button at this point will result in the chan-

nel in question being passed over on the

next scan of the band. The skip button.
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does not work when the unit is in memory
mode. To remove a channel from the list
one sets the transceiver for normal opera-
tion, tunes to the channel concerned and

presses the skip button.

This feature of being able to skip certain
channels while scanning the band has been
found to be particularly useful if one does
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not wish to listen to repeaters or similar
stations.

If certain favourite channels are to be
memorized, it is only necessary to tune
them in using the up-down buttons, enter
memory mode, select a suitable position in
the memory using the memory switch and
then press memory-write button. The
channel previously tuned to will then be
displayed and sent to the synthesizer. Up
to 9 channels can be memorized and, if
required, scanned.

When repeater mode is selected the
1750Hz tone burst is automatically turned
on, and when the unit is set to transmit the
shifted transmit frequency is automatically
displayed and the tone burst operated.
Likewise for reverse repeater, the appro-
priate frequencies are displayed and no
retuning is required.

While the operating frequency is being
changed by means of the up-down buttons
on the microphone, a ‘peep’ is emitted
from a transducer mounted inside the
transceiver. This feature is useful when
driving since the frequency change can be
judged by counting the peeps.

When the transceiver is in scan mode
the peep generator is disabled, as its con-
tinual peeping as the synthesizer changes

‘channel would be annoying, if not distract-

ing while driving a vehicle.

Modules

Each module is numbered as follows and
any components referred to in the circuit
descriptions will be preceded by the
number of the module in which they are
used.

1 receiver converter, 144 to YMHz

2 transmit converter, 9 to 144MHz

3 transmit power amplifier and power
regulators

4 t.m.-i.f. discriminator, squelch, noise
blanking and a.f. power amplifier

S synthesizer logic

6 synthesizer v.c.o0. and power switching

7 s.s.b. 9MHz transceiver and exciter

8 microprocessor control and interfaces

9 frequency-display driver

10 1750Hz tone-burst generator and

‘receive a.f. preamplifier

Units one to seven are housed in separate
screened boxes measuring 160 by 50 by
26mm. Modules five and six share the
same box while modules 8, 9 and 10 are
attached directly to the transceiver chassis
and are not in screened cases. The modules
are described in the above order.

Receive converter — 1

The front end of any high performance
receiver is perhaps the most critical com-
ponent, with the possible exception of the
frequency synthesizer, so these two ele-
ments justify extra care in design. This
receive converter is the end result of six
months’ work, and gives excellent results.
Criteria for a good receiver, besides the
obvious low noise figure and frequency
stability are good dynamic range, i.e. re-
luctance to overload and cross-modulate in
the presence of strong signals, and
secondly good adjacent-channel rejection.
Unfortunately most mass-produced ama-
teur transceivers are built to a price, with
one or two exceptions, and their perform-

e 11
i ";
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ance when subjected to strong signals can
leave a lot to be desired.

To overcome these problems, a different
approach to the usual configuration com-
prising mosfet preamplifier, mosfet mixer,
ceramic 1.f. filter, etc., is used which gives
excellent performance for a modest outlay.
Most of the cost is tied up in the mixer and
i.f. filters.

The receive converter comprises the
usual modules, but individual parts are
tailored to ensure good performance.

The antenna it matched to the r.f. pre-
amplifier, Tryg9, to obtain the best noise
figure for a conventional tuned circuit.
The r.f.-preamplifier drain load is a readily

available three-stage helical filter which
has an ideal bandwidth for the 2-metre
band. This filter is transformed from its
nominal impedance of 500 to 50} by
T,o; (trifilar wound) to match the mixer

.impedance.

The mixer in this receive converter is
the SRA 1H type which requires +17 dBm

(approximately 45mW) of local-oscillator

drive. This mixer has a typical third-order
intercept point of +17dBm and a conver-

‘sion loss of 7-8dB. To overcome this loss

and maintain a good overall noise figure an
i.f. amplifier is used directly after the
mixer, Tryp;. To ensure that this if.
amplifier does not overload a power f.e.t.
is used (third order output intercept point
+30dBm). An added benefit of using this
type of f.e.t. (U309) is that its input im-

_pedance is 50Q. It is important for the

proper operation of a switching mixer such
as the SRA1H, that the i.f. port is kept
terminated with 50€}. A 6.8pF capacitor,
Cios, and S1€Q, Rygs, resistor maintain 502
at high frequencies.

This i.f. amplifier gives 10dB gain,
which is just enough to overcome the
mixer loss, and its output is matched to the
9MHz 12V2kHz crystal filter by another
trifilar transformer, Tjg2. All three trans-
formers in this module are identical. Use
of a high-quality crystal filter at this point
is important as it provides all the f.m.
receive selectivity and aids the ultimate
rejection on s.s.b. Ceramic filters are
usually not good enough.

After the first i.f. filter comes a low-
noise i.f. amplifier using another BF981,
Trio2, with a tuned-drain load. Its output
splits two ways; one goes directly to the
f.m. i.f. strip and the other goes to the
s.s.b. receiver unit through the noise-
blanking circuit shown at the bottom
right-hand side of the diagram.

The noise-blanking circuit is placed be-
tween the f.m. and s.s.b. filters to restrict
its sampling bandwidth to 12Y2kHz thus
preventing i.f. cross modulation from
strong signals on nearby frequencies.
Local-oscillator drive for the mixer is am-
plified by a class-A amplifier using a

Analyses of transceiver performance all
use 10dB/div vertical sensitivity and 145
MHz centre frequency, except (a) which has
136.5MHz centre frequency. Synthesizer
output shows noise floor at approximately
—70dB (a), two-tone s.s.b. intermodulation
with wide sweep at 10W p.e.p. (b), extra-
band spurious signals at full power (c),
inter-band spurious signals at full power
(d), and two-tone intermodulation
distortion with narrow sweep at 10W p.e.p.
(e).
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2N918 transistor, Trgs. If an MD108 or
similar type of mixer is used instead of the
SRA1H, then a 10dB pad should be in-
serted between the local-oscillator driver
and mixer to reduce the drive to +7dBm.
Using a MD108 mixer will save about £10
but at the cost of 10dB or so on the third-
order intercept point. As it is described
here, the circuit gives a third-order
intercept point of —1dBm
and a noise figure of between
approximately 1.8 and 2dB.
Failure to use 1nF chip-
type bypass capacitors or to
mount them directly on the
leads of the BF981 fets may
lead to instability and in
consequence a poor noise
figure.
Receiver alignment is easy due to the
ready-aligned helical filter and broadly
tuned 9MHz i.f. amplifier, so it should

only be necessary to peak the tuned cir-
cuits for maximum signal (including the
helical) and trim the f.m. discriminator.

An overall block diagram of the receiver
is shown and details the individual compo-
nent parts, and the signal flow paths for
both s.s.b. and f.m.

The 5k potentiometer, Ryjg, sets the
noise blanking threshold and initially
should be set to the minimum voltage re-
qun‘ed to turn Trys off, so provxdmg
minimum noise blanking action and maxi-
mum signal to the s.s.b. i.f. This p.c.b. is
fastened into the screened box by means of
four tapped stand-off bushes fitted one in
each corner.

All power and low-frequency signals to
all modules in the design are filtered by
means of 1nF lead-through capacitors, al-
though they may not be shown on the
circuit diagrams. These lessen the possibil-
ity of spurious r.f. feedback paths and so
increase the repeatability of the design.

To be continued
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BINAURAL RECORDINGS
AND LOUDSPEAKERS

Analysing reproduction of binaural recordings through loudspeakers leads to the
development of circuitry for their correct reproduction, and which also gives out-of-head
localization for stereo headphone reproduction.

Binaural recordings are made with two
microphones situated in the ears of a
dummy head. As a consequence of this
recording technique, reproduction should
take place through headphones. One of the
drawbacks of this system is that it is res-
tricted to personal reproduction. To make
the improvement in sound location over
conventional stereo enjoyable by more
than one person at a time without having
to use several headphones, reproduction
through loudspeakers has to be possible.

The standard recording and reproduc-
tion procedure is depicted in Fig. 1, where
the microphones of the dummy head feed
signals of the appropriate magnitude and
phase position to the headphones. When
the binaural recording is reproduced over
loudspeakers, the situation as is drawn in
Fig. 2 arises. The microphones send the
same signals as before to the loudspeakers,
but now each loudspeaker produces its
own pressure pattern at the ears of the
listener. The left loudspeaker generates
the sound pressures L; and R, at the left
and right ear respectively. The right loud-
speaker generates the sound pressures L,
and R;. Adding up the corresponding
pressure phasors, the left phasor L leads
the right phasor by a small angle y, which
is not equivalent to the original phase angle
¢. This shows that when loudspeakers are
used for the reproduction of a binaural
recording, much of the directional in-
formation is lost.

Fig. 1. Standard recording and
reproduction procedure. Microphones of
dummy head feed signals of appropriate
magnitude to the headphones.
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by J. H. Buijs

The cause of this loss of information is
the existance of a double cross-feed, one at
the microphones of the dummy head and
the other at the loudspeakers. The situa-
tion can be improved by introducing a
signal R’} in the right loudspeaker. This
signal R’| should be equal to —R|, so that
R, is cancelled. In the left loudspeaker a
signal L’ (=-L,) should be introduced
for the same reason.

The result of such an operation can be
gathered from Fig. 3, in which a similar
analysis is given as in Figs 1 and 2. Signal
L consists of the addition of the phasors L;
and L(R'}), and the signal R is formed by
the phasors R, and R(L’,).

A more detailed analysis reveals that the
angle between L; and L(R’) is equal to
180—20°, where 0 is the phase angie be-
tween the phasors of the sound pressure at
the left and the right ear caused by one of
the two loudspeakers. This situation is
drawn in Fig. 4, where «=180—28° and
one can see that

— L(R'sin «

"L+ L(R')xos «

As L(R') is the same signal as L, but

@ Source

R
Lr RI \"R

Fig. 2. When binaural recording is used for
binaural recording reproduction, much of
the directional information is lost.

adapted twice by the cross-feed function
H(f), one can also write

{=arc tan |H(D|28i£ 26
1-[H(f)[%cos 28

Because the same applies for the stimulus
for the right ear R, the phase angle be-
tween L and R is equal to the phase angle
between L; and R;, and is therefore cor-
rect. The amplitude of signal L is

V(Li+L(R’Dcos a)?+(L(R'Dsin a)?
=VL*(1-[H(f)|cos? 26)* + .
(Li/H(Dsin 25)?
=L V1+{H(f)*cos? 26— 2[H(f)|cos 25
|H(f)|%sin? 28

=L;V1-2H(f)|cos 26+ |H(f)|*.

From this one can conclude that correct
reproduction of binaural recordings
through loudspeakers is possible provided
that the cross-feed function between the
two ears of the observer is known, and can
be reproduced electronically. Also, an am-
plitude-correcting circuit will have to be
designed in view of the equation for the
amplitude of the stimulus, as derived
above. If one assumes that the loud-
speakers are placed along lines which make
an angle of 45° with the perpendicular to

QSource
N\,

Fig. 3. Signal L consists of addition of
phasors L;and L(R’;) and the signal R is
formed by phasors R.and R(L",).
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Fig. 4. Angle between L;and L(R’y) is equal
to 180-25°, where b is phase angle between
phasors of sound pressure at left and right
ear caused by one of two loudspeakers.
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Fig. 8. Cross-feed function of Fig. 7, itself
derived from the work of Wiener and
Shaw.
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the line between the left and right ear,
one can turn to research by Wiener! and
Shaw 2 for the determination of the cross-
feed function. The results obtained by
Shaw are reproduced in Fig. 5, which form
an extension in frequency range of the
measurements performed by Wiener.

When these data are normalized to the
ear canal pressure at 0° angle, Fig. 6 re-
sults. The value for the time delay between
the signal for the left and right ear originat-
ing from the same loudspeaker is from
Bauer 3.

From similar data originating from
Wiener, Bauer designed a circuit drawn in
Fig. 7 to simulate the cross feed. In this
circuit

Viow= Lngin +vRinRQC’¢
and Vrow=LgVrint V0inRge!?
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Fig. 5. Results obtained by Shaw for determination of cross-feed function assuming
loudspeakers placed along lines making 45° with perpendicular between left and right

ear.
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Fig. 6. When data of Fig. 5 are normalized to ear-canal pressure at 0° angle this results.
Value for time delay between left and right ear originating from same loudspeaker is
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Fig. 7. Bauer designed this circuit to simulate cross feed from Wiener’s data.

where L, and R; and ¢ are the transfer
functions, as displayed in Fig. 8.

The input signals for the cross-feed gen-
erator to arrive at the loudspeaker signals
for reproduction of binaural recordings are

Vwn=L
and vRin =-R
which leads to

Viou=LgL—RRge"®
and VRout=— LgR+ LRSC,¢-
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Fig. 10. Correction circuits give
approximate compensation to Lg"
transfer function of Fig. 9.

After inversion of Vi gy and reproduction
of these signals by loudspeakers, the sound
pressure at the ears is

Vp=Lg(—LgL+RRe/?)
+Rge’®(—LgR+R;1.e"®)
=—Lg?L+R,2Le%®
and Vp=—LR+R,?Re?.

Further corrections
From the previous section the general
form of the sound pressure at the ears is
Vear=(—L2+R 22V,
which can also be written as V=
(~Lg2+Ry? cos 20T +jRg? sin 20TV,
where o is frequency in radian /s and T is
time delay between left and right ear as
given in Fig. 8. This signal consists of Vi,
and the 2T-delayed signal, Vi,. One can
compare this with the effect of reproduc-
tion of monophonic recordings via two
loudspeakers, since the sound pressure at
the ears now consists of the signal L; Vi,
and the T-delayed signal Ry Vi,. Now a
signal consisting of Vi, and a delayed ver-
sion of Vj, with a delay smaller than 30ms
is perceivd as a single signal only consist-
ing of Vi, (Haas phenomenon*). This indi-
cates that L; determines the sound quality.
As the transfer function L’ enhances
the frequencies above 200Hz by up to

O

Fig. 11. For headphone. reproduction of
stereophonic recordings, circuit includes
compensation for rise in ng transfer
function above 200Hz. Switch is in
headphone position.
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Piccolo players

The wartime rush to adapt for radio com-
munication the teleprinter or Teletype
system originally developed for line opera-
tion remains an example of the danger of
making use of technology standards for a
different purpose without a fundamental
rethink. Compared with alternative forms
of machine telegraphy, including high-
speed Morse and the Hellschreiber system,
conventional r.t.t.y. with five-unit code
and frequency-shift keying has always de-
manded, if error rates are to be kept low, a
very good signal-to-noise ratio, freedom
from interference and multipath effects,
and preferably diversity reception. To
minimize these problems, the seven-unit
code and other error-correcting tech-
niques, including automatic repetition,
have come into widespread use, though
clearly these are palliatives rather than
cures.

Many years ago it was recognized that
under difficult radio conditions an im-
provement was possible by the use of
multi-tone signalling. J. V. Beard and A.
J. Wheeldon (Point-to-Point Telecommu-
nications June 1960, pp.20-48) showed
that two-tone a.m. transmission could
offer substantial improvement over f.s.k.
in conditions of selective fading, weak sig-
nals and interference. However, a series of
counter-attacks on two-tone transmission,
based on results over high-power point-to-
point circuits, appeared soon afterwards,
since when binary f.s.k. has remained the
dominant system for h.f. — though with at
least one notable exception.

Since October 1962, the Communica-
tions Engineering Department of the
Foreign & Commonwealth Office (for-
merly Diplomatic Wireless Service) has
been using the Piccolo system based on
multiple frequency-shift keying as the ba-
sis of its main h.f. network that links more
than 50 British embassies to Hanslope
Park, near Newport Pagnell. The original
Piccolo system, with no less than 32 tones,
imposed stringent requirements on fre-
quency stability but, due to signal integra-
tion techniques using resonant LC filters,
it could produce clean copy from signals
almost buried in noise. It was thus far
more suitable than conventional f.s.k. for
use with relatively low-power transmitters
located in residential areas, often with a
flag-pole-type aerial. Harold Robin, Don
Bayley and J. D. Ralphs made many at-
tempts to interest British firms and organi-
zations in the system and for a time Mar-
coni undertook to market equipments
built by D.W.S. More recently, manufac-
ture and marketing has been by Racal,
-although clearly it has never been an easy
task to introduce a relatively costly, non-
compatible system. By 1968, by which
time the Mark III unit was being intro-
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duced, 1 was lamenting in print on the
reasons why Piccolo went flat and on the
general lack of interest in this technically
elegant British system.

Recently a new Mark VI system has
been developed that reduces the number of
tones from 32 to 6 for ITA-2 and 12 for
ITA-5 (Radio and Electronic Engineer
Vol. 52, no. 7, pp.321-330, July 1982).
Although this clearly loses a little in basic
performance, it halves the bandwidth re-
quirements and reduces the formerly ex-
tremely stringent frequency stability re-
quirements. It also makes for rather lower
capital costs and permits the use of either
forward error correction or automatic re-
quest for repeats. Combined with the Pic-
cabell selective calling system that sum-
mons an off-duty operator for urgent
traffic, it remains one of the few techni-
cally successful attempts to match r.t.t.y.
to simple low-power h.f. circuits. But it
remains to be seen whether the Mark VI
system (to be marketed by Racal as the
LA1117 modem) will at last achieve the
wider commercial acceptance that the
Foreign Office engineers have always felt it
deserved, but which has so far always
eluded the earlier models.

Project Raven

Much though some engineers may regret
it, the British communications industry
has become increasingly coupled to meet-
ing military or “defence” requirements; a
market that has (so far) not been under
pressure from Japan and one in which a
good deal of expertise has been acquired
by British design teams. A major Austra-
lian project, born in 1976 and due in ser-
vice in 1986, “Project Raven,” covering
e.c.m.-resistant h.f. and v.h.f. vehicle and
manpack tactical systems for ranges up to
2000 miles, looks like bringing major
contracts to Plessey Australia (with Plessey
UK participation). In 1981 “‘project defini-
tion” contracts were awarded to both Ples-
sey and Racal Milcom but the latest A$7-
million contract for design and estab-
lishment of production facilities has been
won by Plessey who hope it will lead to
production contracts worth A$150M to
A$200M.

Technically an interesting feature of the
Plessey proposals is the use of electronic
null steering of simple twin aerials to pro-
vide some 40dB rejection of a single jam-
mer as an electronic-counter-counter-mea-
sure. Null steering as an antijam
protection system is considered now feas-
ible even for manpack v.h.f. sets and may
be extended to h.f. In general Plessey engi-
neers argue that while simple frequency
hopping systems are of considerable value
against an unsophisticated opponent they
are particularly vulnerable to d/f-assisted
attack. They list priorities for e.c.c.m. in

the following order: imperceptibility; ins-
crutability; physical invulnerability; and
electromagnetic invulnerability. A simple
null-steering technique for h.f. commu-
nications was described at the recent IEE
conference “H.F. communication systems
and techniques” by J. K. Webb (Mitre
Corporation) using a quadrature phase-
shift channel with an auxiliary aerial.

Secrets of Hut 6

In the decade since the disclosure of the
breaking of the German Enigma cipher
machine (as well as the Abwehr and police
hand ciphers and the Italian machine ci-
pher) in the books by Gustave Bertrand
“Enigma” and Frederick Wintherbotham
“The Ultra Secret”, there have been a
spate of further books and memoirs of the
fascinating Bletchley Park operation. But
most of the insider books have reflected
the views of the Intelligence analysts and
distribution people of Hut 3 rather than
those of the actual cryptanalysts of Hut 6,
who were responsible for codebreaking, or
the signals people and radio operators who
intercepted the traffic. Few of the many
authors, with the exception of Bertrand
whose teams were in France and not at
B.P., have been in any position to draw
conclusions of permanent value to the
black arts of codebreaking and Sigint.

For this reason it seems a pity that a new
book “The Hut Six Story” by Gordon
Welchman (published in the USA by
McGraw Hill and in the UK by Allen
Lane) has attracted less public interest and
fewer reviews than the earlier books. For
Welchman joined the B.P. team of crypta-
nalysts in 1939, worked in Hut 6 and later
became Assistant Director of Mechaniza-
tion. After the war, his plans for the
peacetime GCHQ were largely rejected but
instead of returning to the academic field
he entered industry, joined the brain drain
in 1947, and for many years worked in the
field of communications systems planning
for The Mitre Corporation, the US Federal
Research Centre, etc. concerned with bat-
tlefield communication systems etc.

The earlier accounts, while differing in
the credit given to the Polish and French
cryptographic organizations, have largely
supported the idea that Enigma could al-
ways be cracked by rigorous mathematical
attack when backed up by some prior
knowledge of the machines. Most (Ber-
trand’s excepted) played down the role of
Hans-Thilo Schmidt, the German who
provided the French with a mass of in-
formation on Enigma ciphering proce-
dures. Few have shown any clear under-
standing of why the German
cryptographers had every reason to believe
their system was totally secure in those
pre-computer days.
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Gordon Welchman shows that while in-
deed Enigma had fatal flaws, .it would
nevertheless have been impregnable
against a purely mathematical attack. Un-
fortunately for the Germans they intro-
duced a number of strengthening elements
progressively with the result that Hut Six
was normally in possession of, or could
deduce, plaintext “cribs” and could
“guess” likely key letters from their
knowledge of the short-cuts of “lazy”
operating procedures of the German cipher
operators. Even so, Welchman maintains,
the whole operation might have come to a
sudden stop had the Germans taken more
steps to ensure that the Enigma machines
were used in accordance with the basic
rules of cryptography (for example, never
re-encode the same plaintext in different
keys, never use standard long addresses,
etc). It is worth recalling that B.P. never
succeeded in breaking the Gestapo (SD)
Enigma. He also emphasises the impor-
tance of good liaison between Hut 6 and
the main Y intercept stations as well as the
role of traffic analysis when the messages
remained unread.

He believes that the Ultra secret was
kept too long with the result that many
lessons that could have been learned from
B.P. have been lost.

He also reflects the view that engineers
and administrators have too readily
accepted the view that cryptosystems can
be made secure by increasing the number
of key permutations to a total beyond that
which could be examined by computer in a
reasonable time, pointing out that many
system contained short-cuts.

Not every communications man would
agree with all of his outspoken and often
provocative comments but his revelations
of the tight-rope on which Bletchley Park
walked, and the conclusions he draws from
this, make this a book of current as well as
historic interest, with a high technical
content.

VAT EW
RADI©

435MHz digital stereo

First experimental transmissions from an
amateur station of digital stereo audio sig-
nals in the UK (and possibly in Europe)
were made on August 8 by Angus McKen-
zie, G30SS in Finchley, North London
with the help of G8UQX and G6BYH.
The co-operating station, that of A. G.
Goddard, G3NQR, in Harrow, first moni-
tored the incoming signals to assist in set-
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ting the pulse levels and then recorded
them on video tape. Subsequently the tape
was replayed through G3NQR’s amateur
tv transmitter back to G30SS where the
incoming signals were decoded back to
high-quality stereo and also recorded for a
second time. The recovered speech and
tone signals included long passages that
were virtually perfect though with rather
more errors on the second generation tape.

The experiment highlighted several
critical factors including the vulnerability
of digital transmissions to multipath
smearing of the pulses. Adjustments to the
transmitter were also critical, though it

‘was demonstrated that the digital audio

could be well received at signal strengths
below those required for good tv re-
ception. Tests over longer distances at
higher power are planned and later it is
hoped to use the 1296 MHz band.
Equipment used included AKG
condenser microphone, Sony PCMF-1
digital processor with the digital bit stream
superimposed on a PAL-compatible video
waveform, Microwave Modules ATV
transmitter with average power of about
1.5 watts and two 21-element Tonna aerial
arrays at 68ft above ground level. Receiver
comprised GaAs fed mast-head pre-ampli-
fier, Microwave Modules up-converter
feeding a Panasonic NV7000B VHS video
recorder. Output from the VCR goes to a
domestic colour tv set for waveform exam-
ination and analogue audio outputs go to
KEF 105 series II loudspeakers from a
stereo amplifier. Stereo audio is sampled at
44.056 kHz with 16-bit coding and a po-
tential 90dB s.n.r. from 10Hz to 20kHz.
The bandwidth is about 3MHz with the
435MHz transmission compatible with
625-line tv standards. G30SS is equipped
for PAL colour tv transmission and has
been received at distances up to 50 miles.
While such digital audio is aimed at
high-quality reproduction, it seems rele-
vant te point out that intelligible speech
can be transmitted digitally at much lower
bit rates since amplitude variations contri-
bute remarkably little to basic intelligibil-
ity. 3-tit or 4-bit coding of speech at about
8kHz sampling rate could provide an
effective weak-signal communications
system on the amateur microwave bands.

Bands released

Since October 1, UK amateurs have been
permitted limited access to the WARC-
1979 bands at 18 and 24MHz (18.068 to
18.168MHz and 24.89 to 24.99MHz) on a
strictly non-interference basis. Restric-
tions include A1A (c.w.) mode only, maxi-
mum carrier power 10 watts, horizontally-
polarized aerials only with zero gain rela-
tive to a half-wave dipole (i.e. no verticals
or beam arrays). At the same time the new
microwave bands at 47, 75.5, 142 and

250GHz became available to UK ama-
teurs. It has also been announced that a
limited number of Class A amateurs will be
authorized to operate between S0 and
52MHz outside of television broadcasting
hours. There is also to be an experimental
relaxation, initially applying to special
event (GB) stations only, on the sending of
greetings by non-licensed persons over
amateur stations.

On the other hand, British amateurs
within 100km of London are being re-
quested not to use the sub-band 431 to
432MHz, which is being made available to
the private mobile radio service in the
London area, and in future amateurs may
find themselves sharing 10.25 to 10.4GHz
with a commercial data network which
becomes the primary user.

Here and there

The City & Guilds of London Institute will
in future hold three instead of only two
Radio Amateurs’ Examinations each year.
Next examinations will be in December
1982 and March and May 1983. There is
however little sign yet of any reforms to
the examination syllabus or paper.

Winner of the 1981 RSGB National
Field Day trophy was the Racal Amateur
Radio Group (B section). Leading single-
entry station (“Bristol Trophy”) was the
Great Western Contest Group. Other
leading clubs were Gravesend Amateur
Radio Society (‘““Gravesend Trophy”),
Glenrothes and District Radio Club
(leading Scottish entry) and the Maiden-
head club (“Frank Hoosen Trophy™).

The Ipswich Radio Club announces that
arrangements have been made for students
to sit the RAE at Kesgrave and Claydon
Adult Centre, the High School, Kesgrave,
Ipswich IP5 7PB. Enrolments by mid-Oc-
tober for the December examination.

Reg Cole, G6RC

An old-time but apparently ever-young
radio amateur, Reg Cole G6RC, an active
operator on the bands for well over 50
years, has died, aged 81 years. Until his
retirement, Reg Cole was company secre-
tary of George Newnes Ltd, now part of
the IPC Group of companies. During
World War I he trained as a radio officer in
the merchant marine and during World
War II was first a Voluntary Interceptor
for the Radio Security Service, then served
at Hanslope Park until he became one of
Lord Sandhurst’s group of operators on
the Secret Service clandestine links with
France and the Low Countries. He put
this experience to good use on the amateur
bands in the post-war period, becoming one
of the UK’s leading DX operators.
PAT HAWKER, G3VA
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ENGINEERING
AND SOCIETY

The responsibility of engineers to society is often discussed in the abstract: here, Robin
Howes deals with the subject in a more tangible manner. In this, the first of two articles, he
relates the question of responsibility to the current industrial and political state of the UK.

You have probably heard of the nuclear
engineer who, when asked about the social
implications of nuclear power, said: “I’m
here to stop you freezing in the dark, not
to talk about it”. His attitude is often
thought commendable, and it is also
thought, perhaps unjustly, that unless an
engineer is competent at his job his views
on social responsibility are irrelevant any-
how.

Let us pass from the individual engineer
to one view of industrial society as a whole:
“We are all in a car and the car is in
motion. Nobody has found out how to
steer it, but some groups have, for a long
time, been making detailed studies of the
steering linkage. It has been found that
small changes in direction are a bit easier
to understand and to influence, and the
ride seems to be smoother, when a foot is
kept hard on the accelerator. Hitherto this
has never proved catastrophic because the
car has been moving about a wide plateau.
Someone looking out of the dirty wind-
screen thinks he can see the edge of a
precipice ahead and suggests they slow
down. The others criticize his knowledge
of the steering mechanism; they are af-
fronted by his suggestion. Looking out of
the window is a waste of time and talking
like that alarms the passengers. A majority
would prefer that there aren’t any edges.””
Should the engineer get on with his job on
the steering linkage or should he look
through the window as well?

To avoid debating definitions the fol-
lowing should suffice for the purpose of
this article. Science is about finding things
out and technology is about making
things. Technology predates the rise of
experimental science in the 17th century,
as the building of Stonehenge and the feats
of Roman architecture show. Technology
today involves both applied science and
traditional know-how, and in common
usage the term technology is often synony-
mous with engineering. Both approach
problems via systems analysis, design and
modelling. Engineering, like medical
practice, can also be regarded as an art in
which an almost intuitive feel for the
material world which has been developed
by practice may be more important than
systematic knowledge provided by scien-
tific research. A recent textbook? speaks of
electronics as a simple art, a combination
of some basic laws, rules of thumb, and a
large bag of tricks. As these authors would
probably be the first to point out, you
cannot learn electronics just by reading
books. For a more philosophical approach
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there is the remarkable book by Robert
Pirsig®: “There is no manual that deals
with the real business of motor cycle main-
tenance, the most important aspect of all.
Caring about what you are doing is consid-
ered either unimportant or is taken for
granted . . . In that strange separation of
what man is from what man does we may
have some clues as to what the hell has
gone wrong in this twentieth century.”

Three options for the UK

If one looks at possible futures for the UK
or similar industrial country, there are,
broadly speaking, three options. The first
is the high-technology future, which was
first promoted in the 1960s ‘although
envisaged by science fiction years before.
Apart from actual advances in military and
space technology, including the moon
landing in 1969, there was the hope of an
automated, leisured society, dependent on
the use of computers, the hope of electric-
ity ‘too cheap to be worth metering’ pro-
vided by nuclear power, and the hope of
using new cereal crops as a ‘green revolu-
tion’ to save the Third World from famine.
From a purely technical point of view,
such projects were usually outstanding
successes; from a social and often econo-
mical point of view they were frequently
outstanding failures. To take an example
directly familiar to most people in Britain,
one of the planners’ dreams which came to
fruition in the 1960s was a solution to the
housing problem — the building of
multimillion-pound complexes of high rise
flats. These are now being blown up be-
cause they are too expensive to run and too
vandalized to use. This is a classical
example of the tunnel vision of experts
who are blind to the social and even econo-
mic effects of their work, and is the result
of trying to find a purely technical solu-
tion, a ‘technical fix’, to a systems-type
problem.

In retrospect, such experts seem to have
acted as if deficient in common sense and
even in common humanity. The economic
growth of the 1960s was fuelled by cheap,
imported oil, which encouraged a profli-
gate use of energy and which promoted
technologies for the production of goods
that were far more wasteful of energy and
resources than ever before.

The second option rejects the first one as
technocratic fantasy and disengages itself

completely from the industrial concept of
economic growth. It promotes a society
that is sustainable in the long term because
its energy and resource inputs are renew-
able. Its technology is variously described
as low, soft, alternative, intermediate or
appropriate. The rather different
meanings of these terms have been
discussed by David Dickson* and others.
Perhaps the best term is ‘appropriate tech-
nology’ as it immediately raises the key
issue — appropriate for whom? It is im-
portant to realise that alternative tech-
nology (AT) can be just a technical fix for
the affluent in a consumer society, e.g.
solar panels for the suburban householder
and tidal power for the CEGB, but that its
true realisation involves an alternative
society. AT used to be the prerogative of
commune dwellers, ‘a bunch of middle-
class misfits playing at being farmers’, as
one critic said, and the ‘brown-bread-and-
sandals brigade’. Today many professional
engineers are working in the AT field, but
its large-scale adoption in our present in-
dustrial society is clearly politically inad-
missible, and most people would not want
it.
The third option is a compromise be-
tween the other two and involves a gradual
transition towards a more sustainable
society, meanwhile trying to ameliorate the
effects of present high technology. It still
has made very little headway politically in
the UK, where politicians still seem
hooked on the 1960s mirage of unending
economic growth, and see the current re-
cession as U-shaped rather than L-shaped.
An essentially middle-of-the-road report
by Gerald Leach® considered the energy
inputs required for low to modest growth
scenarios and concluded that waste reduc-
tion, recycling and conservation measures
would enable modest growth to occur
without the high energy inputs forecast by
the Department of Energy and the CEGB.
This removes the need for a major nuclear
power programme, which in any case is
now becoming increasingly suspect on pu-
rely economic grounds. On thermody-
namic grounds alone it is wiser to save a
kilowatt than to supply an extra one, and
as energy consultant Amory Lovins has
said, ‘Instead of opening the bath taps
even wider, it’s better to put the plugin’.
In an important article which promoted
the Engineering Responsibility Forum,
John Endersby® discusses the ills of
contemporary industrial society and makes
some proposals for their improvement. He
quotes from an earlier book by Meredith
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Thring’: “Very many thoughtful people in
positions of responsibility, including
British MPs, senior civil servants, teachers
and business executives are well aware that
society is heading for disaster, but are
forced to stifle their subversive thoughts
since their job is to uphold the status quo”.
Professor Thring has proposed a Hippo-
cratic Oath for engineers in which they
vow to use their professional skills only on
projects which will better mankind. This
immediately involves a value judgement by
the engineer on what constitutes bet-
terment and which sectors of mankind are
to be bettered, since conflicting interests
between the sectors involved is usual.
Professor Thring has also considered the
long-term implication of energy policy ®:
“One is inevitably forced to the conclusion
that an essential condition for our grand-
children’s life is that the rich countries
bring their energy consumption per capita
down to about the present world average
figure over the next 30 years”. This means
a reduction from about 5 kW per head
towards 500 W per head. As Thring says,
“What is right for our grandchildren is
always uneconomic and almost always im-
politic”.

In their pursuit of the chimera of econo-
mic growth, politicians of both left and
right maintain a ‘conspiracy of silence’
about these issues. Their short-term
efforts to relieve the symptoms have been
described as an obsessive re-arrangement
of the deck chairs of the Titanic.

British industry

When we look at British industry it is
apparent that business as usual in the
1960s sense will not come again. By 1980
the industrial sector produced only 40% of
the total goods and services. But the grow-
ing service sector cannot make good the
loss of industrial export markets and the
rise in imports, especially since we still
import nearly half our food. Nor is a
transition to a ‘post-industrial society’
likely to be the panacea for our ills.

Although the recession has produced
massive unemployment among unskilled
workers, the UK policy of capital-inten-
sive energy growth has continued. The
alternative would be a switch to a policy of
energy and resource conservation which
would be labour-intensive, and which
could involve repair of goods which were
made to last. An EEC study in 1977 on the
potential for substituting manpower for
energy showed that this change would pro-
vide more than enough jobs to compensate
for those lost in the manufacturing indust-
ries.

Small firms are known to be a source of
new jobs but the recession has meant that
many small businesses have gone bank-
rupt. The now discredited dogma of the
1960s was that the merging of smaller
firms into industrial giants was the way to
produce goods efficiently. The age-old
wisdom that about 500 people was the
appropriate number for any corporate en-
terprise such as a school, an army battalion
or a factory was ignored. In many large
businesses it was found that what was
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saved in economies of scale was more than
lost socially by poor industrial relations. In
contrast to the poor record of large firms is
the fine innovative record of small tech-
nology-based firms. These have had the
double benefit of small size and a high
proportion of engineers among their man-
agers.

The rest of British industry does not
share this happy state. The editorial in
Electronics and Power (journal of the IEE)
of July 1978 pointed out: “One of the more
enduring myths about British industry is
that British goods are best, and that it is
only their high prices, caused by low pro-
ductivity, which makes them hard to sell.
In fact there is growing amount of evi-
dence that the reverse is true, and that,
compared with the products of the other
industrial nations, British goods are poor
value and sell only because the depressed
state of the British economy makes them
cheap”. This attempt to compete by low
price instead of by quality may reflect the
low esteem which the British estab-
lishment has for engineering skills as op-
posed to financial acumen. The engineer is
still seen as the man with grease under his
fingernails. The Finniston Report’ com-
mented: ““‘Although Britain is a nation rich
in creative talent, it has been weak in the
commercial realisation of its own engi-
neering-based innovations or in the adop-
tion of innovations originating elsewhere”.
The Repert also criticized UK engineering
education. The prestigious engineering
schools of the Continent, such as the Ger-
man Technische Hochschule, are based on
the ‘Technik’ philosophy which involves
the practical application of knowledge and
the synthesis of technical, human and
commercial factors. By contrast, in the
UK engineering is treated as a branch of
applied science. “This militates against an
effective marriage between the theory and
application and fails to give students a
sufficiently wide outlook. In consequence,
employers have often taken the attitude
that few engineers are properly equipped
to take on broader managerial
responsibilities and have employed them
instead as providers of technical services,
thereby closing the vicious circle”.

British politics

It must be admitted that the regeneration
of industry and indeed the regeneration of
national life is not helped by the British
political establishment. The editorial in
Electronics and Power of July 1979 stated:
“The idea that increased energy consump-
tion is a necessary condition of any in-
crease in overall wellbeing, seems, in spite
of all the evidence against it, to be an
unchallengeable assumption as far as many
of our policy makers are concerned. In-
deed, there is a strong tendency to regard
as politically suspect all those, no matter
how respectable, who promote the oppo-
site view”. This can go to ridiculous ex-
tremes, as when the relatively respectable
and certainly for from subversive conser-
vation group Friends of the Earth are
called Friends of the Kremlin. This is not
to deny the fact that since the environmen-

tal movement cuts right across the political
spectrum its fringes include some neo-
Marxists, who, like homeless fleas, leapt
into environmentalism when the corpse of
sociology grew cold.

Politicians like a single solution to their
problems, such as the current enthusiasm
for nuclear power to solve the energy prob-
lem and for the Trident missile to solve the
defence problem. Engineers know that
there is never a single solution to a prob-
lem, only an optimal solution that may
change with time and circumstance. Since
the political decision-making process is
secret, there are no checks and balances
operating to help arrive at an optimal solu-
tion and to monitor the process afterwards.
The British tradition of governmental
secrecy, which Lord Croham, until re-
cently Britain’s top civil servant, describes
as “The most secretive administrative
system in the Western World”, must be a
major reason for the persistent backing of
losers 1n high technology. Two notorious
examples are Concorde and the AGR,
which will produce a net loss of £2000
million each, according to Professor David
Henderson. Part of the blame must lie
with the engineers concerned who have
been able to ride their hobbyhorses at the
taxpayers’ expense and did not have to
defend their case in open debate with their
peers, as occurs in ‘advocacy planning’ in
the USA.

A recent report from the National Con-
sumer Council ® points out that official
secrecy in Britain conceals far more than
that small sector of government concerned
with national security. The operation of
central government and nationalized in-
dustry is hidden from those whom the
official view seems to consider the most
subversive group of all — the citizens of
this country. Secrecy, combined with the
lobbying of vested interests, tends to
produce faulty decisions, especially in
high-technology projects with long lead
times. This is not because the politicians
and their senior civil servants are venal or
incompetent; they may well be talented
and dedicated. Part of the problem is that
the whole system is too big, and so reme-
dies must perforce be political in nature.
Among those which have been suggested
are regional devolution to overcome the
‘diseconomies’ of scale, proportional re-
presentation to break the stranglehold of a
two-party system where the two sides of
the House of Commons echo the two con-
flicting sides of industry, and, thirdly, a
freedom of information act on the lines of
that in Sweden or the USA to promote
genuine as opposed to purported open gov-
ernment. Industrial deadlock could be
broken by some genuine form of worker
participation. Both the CBI and the TUC
are opposed to industrial democracy of the
type which works so well in West Ger-
many, and which ironically was forced on
the Germans by the Britsh occupying
power.

These political remedies are not so far
removed from the proposals of Endersby
and Thring. In case these two engineers
should be thought of as crying in a
wilderness otherwise only inhabited by
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middle class self-sufficiency freaks, the
work of the Council for Science and
Society should be mentioned. The mem-
bers of the Council, founded in 1973, in-
clude engineers such as Sir Monty Finnis-
ton, Sir Bernard Lovell and, prior to his
death in 1979, Professor Dennis Gabor, in
company with other distinguished indi-
viduals from the universities, management
and the trade unions. The Council has
produced several reports, including one on
the problem of monitoring large scale
technologies!!, such as nuclear power,
aerospace and the chemical industry,
which mention the need to protect ‘whistle
blowers’. At present in the UK these tend
to be people already at the top of their
professions or who have retired; engineers
like Sir Martin Ryle and Sir Kevin
Spencer, scientists like Professor Joseph
Rotblat and Professor Patricia Lindop.
More recently, the Council has produced a
report which tackles the issues involved in
questions like ‘Are we on the brink of the
post-industrial society, a world of leisure
and information technology?’!? Such ques-
tions tend to mask the real issues which are
inevitably political:

Who is going to control the new tech-
nology, for what purposes will it be used,
and who will benefit?

The essentially middle-of-the-road

conclusions of the Report reject three pos-

sible scenarios, these being only slight
change from the present situation, or a
shift of 90% of the work force into service
industries, or total breakdown of society
(as a result of high unemployment, and
leading to a dictatorship of left or right).
The Report recommends further study of
four areas of changing concepts to work,
these being the producer co-operatives of
Mondragon in Northern Spain, trade
union participation in planning in Scandi-
navia, the Lucas Aerospace shop stewards
‘Alternative Corporate Plan’, and full em-
ployment for life provided by certain large
Japanese companies. The Japanese exper-
ience is often thought to be inappropriate
to the UK due to racial and cultural dif-
ferences. But Japanese subsidiaries in the
West, including the UK, which use local
line managers and labour do as well as the
parent companies in Japan. Their indust-
rial relations are far superior to most UK
companies.

Significantly, the Report also concludes
that until we fully reject the exploitation
and inhumanity of the Industrial Revolu-
tion and root out the philosophical prin-
ciples to which it gave birth, we will not
recover our energy and confidence. “ARY/
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BBC ENGINEERING, 1922

ONWARD

November 14th 1982 sees the 60th anniversary of the BBC’s first broadcast Although
there is only a psychological magic about round-number anniversaries, there is perhaps
justification for a look back over the past decades and a look forward to those in store.

The essence of broadcasting is, of course,
the programmes. But, as in any industry,
production and distribution is founded on
engineering; and the past 60 years have
seen a very fruitful relationship between
engineering and programme develop-
ments, each offering challenges and oppor-
tunities to the other.

The history of BBC engineering can
fairly be called a success story. In case this
sounds immodest, coming from a BBC
pen, I would say that the ingredients of
success were there from the beginning and
that failure to exploit these would have
been a surprising waste of opportunities.
Let us examine what these initial ingre-
dients were.

Broadcasting was one of the first major
users of the brand new technology of
electronics. It was a technology which
clearly had great potential for development
and it was therefore attractive to resource-
ful and inventive engineers.

Broadcasting in the UK was founded on

Mr Leggatt is Head of Engineering Information
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public service ideals and with the philo-
sophy of aiming for the highest achievable
standards, both in programme and engi-
neering terms. This philosophy meets with
general public approval, so that engineers
and others in broadcasting feel that their
best efforts are appreciated and fulfil a
worthwhile social need.

The product (that is the programmes)
can be of such variety as to suit all tastes
for much of the time and is therefore in
continuing and increasing demand. Engi-
neering developments contribute directly
to more and better programmes, and hence
receive general support.

The benefits of good engineering have
always been recognized within the BBC
and financial investment has been ade-
quate to secure continuing expansion and
improvement. The required scale of
investment, in terms of cost per head of
the audience, is not very large and it has
been possible, therefore, to direct engi-
neering developments towards high qual-

ity rather than the lowest cost. So BBC
engineering started healthily, has grown
healthily and seems set for healthy matu-

rity.

Wireless before broadcasting
Wireless communication originated in the
1880’s with the experiments of Hughes
and Hertz, based on the earlier theoretical
studies of Clerk Maxwell. Before the close
of the nineteenth century, Marconi had
established himself in England and was
doing imaginative work to increase the
reliability and range of the new medium;
he succeeded in transmitting signals across
the Atlantic in 1901.

For this early work, spark transmitters
were the norm and the detector usually
employed was the coherer, in which metal
filings were induced to ‘cohere’ under the
influence of incoming radiation and hence
provide a low-resistance current path for a
bell or relay. Being an on-off device, the
coherer could be used only for digital sig-
nals, such as Morse code.

In the early 1900s attention was turned
to wireless transmission of telephony. For
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this a continuous carrier wave was re-
quired and the first systems employed
modulated high-frequency alternators and
electric arcs. Recognizable speech was
transmitted by these means, but the qual-
ity must have fallen well short of today’s
standards.

Shortly before World War 1, the triode
valve, developed from Lee de Forest’s Au-
dion, began to be used for generation of
continuous carrier waves. The relatively
pure waveform produced, and the compar-
ative ease of modulating such a source with
speech signals, opened the way to wireless
speech transmissions of reasonable quality.
Receivers during this period employed
crystal detectors, or Marconi’s magnetic
detector, in which the changing magnetic
state cf an endless lcop of soft-iron wire
served to demodulate incoming signals.
Wireless was, of course, very largely used
as a means of communicating with ships at
sea and the magnetic detector proved far
more mechanically stable than the more
sensitive crystal detectors, whose cat’s
whiskers were easily jolted out of adjust-
ment by the rolling and pitching of a ship.

The military necessities of the 1914-18
war gave a considerable boost to wireless
development. Engineers fully appreciated
the virtues of the valve and the French ‘R’
valve in particular was an outstanding de-
velopment in terms of performance and'
stability, together with the Marconi ‘Q’
valve. The widespread use of valves in
transmitters and receivers, and the de-
velopment of tuned-circuit arrangements
of reasonably good sensitivity, made
usable wireless equipment available on a
mass production basis.

Start of broadcasting

After the war, a lot of military wireless
equipment and components came on the
general surplus market and was eagerly
bought up by amateur enthusiasts keen to
try the intriguing new technology for
themselves. Many people built crystal or
valve receivers, but of course there was not
much of interest for them to receive. The
regular time signals (in Morse) from the
Eiffel Tower had been transmitted since
1909, and were a useful facility for check-
ing that a receiver was actually working:
but they were of limited entertainment
value.

Realising that there was a gap to be
filled, an enterprising Dutchman com-
menced in 1919 a regular schedule of Sun-
day evening transmissions of music and
speech which became known as the ‘Hague
Concerts’. These were much welcomed by
listeners in the UK, as well as in Europe,
and indeed were financed for a time by
British listeners, following an appeal by
Wireless World, and by contributions from
the Daily Mail. The entertainment poten-
tial of broadcasting was appreciated also by
UK industry: 1920 saw the Dame Nellie
Melba recital from the Marconi transmit-
ter at Chelmsford, followed in 1922 by the
Marconi stations 2MT at Writtle, near
Chelmsford, and 2LO in London. Also in
1922, two other industrial companies set
up broadcasting facilities — Metropolitan
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Vickers in Manchester and the Western
Electric Company in Birmingham.

Thus it came about by 1922 that a
number of organizations had seen and:
acted on the potentialities of entertainment’
broadcasting, primarily as a necessary aid.
to establishing a market for receivers.
Many of these were eager to jump on the
band-wagon and the time had come for
some co-ordination and regulation.

Formation of the BBC

To bring order out of threatening chaos,
the Postmaster General, who had refused
to license any more independent stations,
told those manufacturers wishing to be
involved to get together to form a single
company for broadcasting. Agreement was

Marconi’s 2MT transmitter at Writtle in 1922,

reached at a meeting at the Institution of
Electrical Engineers at Savoy Hill, London
and the British Broadcasting Company was
formed. Six large manufacturers combined
in this venture, Marconi’s, Metrovick,
Western Electric, GEC, BTH and the
Radio Communication Company, with
John Reith as the General Manager.

The new BBC took over existing studios
and transmitters, hitherto operated by the
individual manufacturers. Its first broad-
cast was from the 2LO station in London
on 14 November, 1922, with SIT in Bir-
mingham and 2ZY in Manchester on the
following day.

The BBC remained a commercial com-
pany until 1 January 1927 when it was
reconstituted with a Royal charter as the
British Broadcasting Corporation.

Early engineering

Apart from operating the existing studios
and transmitters, the first task of the Engi-
neering Department was to spread cover-
age over the country. By 1924 there were
nine main stations and eleven relay sta-
tions. Public interest and demand was very
buoyant, and in 1925 there were nearly a
million licence payers and no doubt many
unlicensed listeners.

Although the main engineering efforts
after the start of broadcasting were
directed to such basic necessities as provid-
ing acceptable quality from the studios and
distributing programmes as widely as pos-
sible throughout the country, there was
time too for more innovative work. In
1925, for example, transmitters in London
and Daventry were paired for an experi-
mental transmission of stereo sound from
an operatic performance, although it was
to be forty years before these efforts bore
final fruit in the form of regular stereo
programme transmissions.

Expansion of radio. At the beginning, the
various stations in different parts of the
country transmitted their own individual
programmes from their own studios. This
was indeed local radio, one more thing in

broadcasting that is not as new as we may
think today. It was not long before a
‘simultaneous broadcast’ system of lines
was established, enabling all transmitters
to radiate a common programme as a net-
work when required. Soon after this, a
high-power, long-wave station, 5XX, was
built at Daventry, giving coverage of much
of the country and giving listeners a
national alternative to the regional pro-
grammes from the existing stations.

Another important step forward was
‘taken with the opening, in 1932, of the
Empire Service, broadcasting to the world
on short waves. One of the first broadcasts
in this service was the Christmas message
from King George V on 25th December
1932.

The higher-power main transmitters
were obtained from commercial suppliers,
but no manufacturer could offer low-
power equipment for the relay stations.
Accordingly, these were designed in the
newly-formed Development Section of the

‘BBC Engineering Department. Later,

thgy designed high-power, 50 kW trans-
mutters, again because none were available
from commercial sources.
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Testing for the 1937 Coronation television
transmissions from Apsley Gate.

The first broadcasting engineers had to
be resourceful men. Not only were they
continually breaking fresh ground on the
technical front, but those operating the
transmitters and studios were often called
upon to fulfil announcer duties and even to
act as ‘uncles’ in the children’s pro-
grammes. What with this, and the fact that
the first chief engineer Peter Eckersley
had himself provided much of the
entertainment on the original 2ZMT

programmes, one wonders why it has since.

become necessary to have an army of
producers, writers and performers to put

the programmes across: perhaps they.

should have left it to the engineers!

The other important task for engineers
in early days was to improve the quality of
sound from the studios. Microphones
needed much attention and a lot of co-
operation between the BBC and industry
was devoted to improvements over the

original carbon granule types. One of the

better new developments was the Magne-
tophone from the Marconi company. This
gave a considerable improvement in qual-
ity, although requiring very skilled per-
sonal attention in that the voice coil was
attached by pieces of cotton wool impreg-
nated with vaseline. If the studios became
too warm, the vaseline melted and more
had to be applied: perhaps this was what
gave rise to a skilled operator becoming
known as ‘dab hand’.

Studio acoustic plays a vital part in de-
termining transmitted sound quality. Vir-
tually nothing was known of these tech-
niques when broadcasting began, and
much early research effort was devoted to
the subject. Many of the fundamental
principles were established at this time,
and BBC Research Department maintains

a strong and continuing effort in this field'

at the present day.
For the first eight years of the BBC’s
existence, all programmes were broadcast
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live. Although some programmes were
recorded on disc by commercial recording
companies for special purposes, pro-
gramme production and scheduling suf-
fered from the very severe handicap that
no operational recording apparatus was
available. Although the magnetic tape
recording seems now to be the modern
successor to disc, it was a magnetic system
which was first used within the BBC. This
was the Blattnerphone, using steel tape as
a medium, which was introduced in 1930.
It was five years later, in 1935, that disc
recording was first employed, supple-
mented in 1936 by the Philips-Miller
mechanical (not photographic) sound-on-
film system.

From the early 1930’s, then, all the fun-
damental ingredients for broadcasting
were there: studio and outside broadcast
origination equipment of acceptable qual-
ity; recording systems; and increasingly
country-wide and world-wide transmitter
networks. From then on, the story of radio
up to the present day is one of improve-
ment, expansion and sophistication. One
should mention highlights such as the
enormous improvements in audio quality
in all parts of the chain, from studio acous-
tics to loudspeakers; the introduction of
v.h.f. and stereo; the expansion of pro-
gramme networks at home and overseas
and the start of local radio; the use of
digital programme links between studio
and trapsmitter; and the start of digital
sound recording. All these things repre-
sent ‘very much more’ and ‘very much
better’, but all rest on the foundations
completed by 1930.

Television

The first BBC transmissions of television
took place in 1926, when experimental
broadcasts of pictures from Baird’s 30-line
apparatus were carried by the 2LO
transmitter. There were further tests in

succeeding years and in 1932 the BBC set
up a 30-line television studio in the newly
built Broadcasting House.

A rather different form of ‘television’
was experimentally transmitted in 1928.
This was the Fultograph slow-scan, still-
picture system, wherein radio signals from
a medium wave transmitter actuated a fac-
simile paper printer. Recognizable pic-
tures could be reproduced at the rate of
about one every five minutes, but the
system created little public enthusiasm.

During the 1930’s, Baird up-graded his
system to 90, 120 and 180 lines. In 1938
the BBC set up a purpose-built television
studio and transmitter at Alexandra
Palace, including Baird equipment, now
operating on 240 lines. Also installed at
Alexandra Palace was 405-line equipment
from the Marconi-EMI company. This
was an entirely electronic system, as op-
posed to Baird’s electro-mechanical de-
vices, and side-by-side trials revealed it to
be much superior. Accordingly, after a few
weeks of alternate transmissions by the
Baird and EMI systems, the former was
abandoned and transmissions from Jan-
uary 1937 continued on the EMI system
alone.

The engineers and the programme
makers quickly learnt the potentialities
and limitations of the equipment; and
quickly built up a body of increasingly
sophisticated production techniques. In
May 1937 quite comprehensive outside
broadcast coverage was given to the
Coronation of King George VI, a very
ambitious venture at that early stage in
television histqry.

Expansion of television. During the 1939-
45 war, the frequency requirements of ra-
dar had to override those of television, and
the service was closed down for the dura-
tion. It opened again in June 1946, in time
to cover the Victory Parade on 8 June: the
BBC television service was the first in

in 1958.

35mm Moy-Cintel rapid-pull-down teleciné equipment
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Europe to re-open after the war. In 1946
the television service had only the two
studios at Alexandra Palace and two o.b.
units. The one transmitter covered only
the London and Home Counties area and
there were little more than 20,000 viewers.

As had earlier been the case with radio,
television suffered very much from the
lack of any recording systems. Much re-
search and development effort was applied
to the problem and a workable system of
recording television pictures on film was in
use tentatively by the end of 1947, with an
improved version being in regular service
in 1949,

The scene was then set for the big ex-
pansion of television which the public
wanted. Television transmitter coverage
was extended to the major regional popula-
tion centres and increasingly into more
remote areas of the country. New studios
were established, first at Lime Grove in
West London, later in the purpose-built
Television Centre and in numerous region-
al cities. Outside broadcast equipment
and operations multiplied, taking events
from anywhere in the country and even-

Broadcast

tually from overseas. Great improvements
were made in the quality and sophistica-
tion of programme origination equipment,
including of course the introduction of
magnetic video tape recording which freed
programme makers from so many shackles
of location and time scheduling. Ever-ex-
tending links, including satellites, gave
comprehensive national and international
programme distribution and exchange,
with standards convertors of continually-
improving quality.

Particularly notable were the start of the
competitive commercial television service
in 1955; and the second BBC programme
in 1964, coincident with the start of 625-
line television in the u.h.f. band. The
introduction of colour on BBC2 in 1967,
the first colour service in Europe, was
perhaps the biggest single engineering
change since television began.

Teletext, offering an entirely new in-
formation service riding on the back of the
television signal, started in 1974 and
heralded the first real public availability of
the information technology which is so
much in the news today.

engineering today

So where are we now after 60 years of
broadcast engineering? On the programme
production front I would say that we have
reached the point where engineering does
not seriously limit the range and nature of
programme making. In radio and televi-
sion studios, and in outside broadcasts,
producers have nearly all the technical
facilities they need, with very satisfactory
quality and reliability, to give their crea-
tive ideas full scope.

Programme making is now constrained
more by limitation of resources. There
may not be enough studios, o.b. units,
tape recorders and the like to satisfy all
programme demands, but this of course
comes down to economics. In the end it is
the consumer who has to pay for the equip-
*mﬁgm,plgs&ofcour%s%mg‘_ ists’ and

T
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and cable systems which the
near future holds in store.

The u.h.f. television
networks today cover 99%, /it
of the population of the*
United Kingdom and v.h.f. §
radio networks cover 97% ‘A !
(or 95% in stereo). M.f./Lf. /1
radio networks provide
lower percentage coverages, | |
dropping appreciably lower 1
still after dark. The {
television and v.h.f. radio /|

h

14}
AY

percentage coverage in the| ,
upper nineties may seem )
acceptable at first sight, but’ |

it must be remembered that' ‘é,r

throughout the country, often in very
small communities, and it has so far taken
about 600 television transmitters to
achieve 99% coverage. Further relay sta-
tions are being provided for communities
down to 500 people, and in the mid-1980’s
groups as small as 200 will be catered for.
This television transmitter development
programme is handled by the BBC and the
IBA as a joint project and represents a
major continuing effort over many years.
Only eleven groups of four channels are
available in the u.h.f. broadcasting bands
and very elaborate planning is needed to
enable the hundreds of stations to be
operated without mutual interference.
BBC Research Department have builtup a
computer-based frequency-planning
system, taking account of geographical and
topographical features, which enables
maximum use to be made of these scarce
frequency resources.

In sound radio, the m.f./l.f. bands are
increasingly overcrowded and subject to
foreign interference. The BBC is effecting
marginal improvements here and there,
but in general it is not possible to do any-
thing very significant and it is to v.h.f.
radio that major development efforts are
directed. Current work includes the addi-
tion of a vertically-polarized signal to the
existing horizontally-polarized transmis-
sions, offering considerable benefit to
users of portable and car radios with verti-
cal rod aerials. Another important project
is the continuing spread of stereo transmis-
sion throughout the country, progress on
this being determined primarily by avail-
ability of digital audio p.c.m. links to the
appropriate transmitters.

But the prime requirement for de-
velopment of v.h.f. radio is availability of
more frequency channels in the v.h.f.
Band II. Without these it is not possible to
provide the additional networks to avoid
the current necessity for sharing of a v.h.f.
channel by Radio 1 and Radio 2, by Radio
4 and educational programmes, and to pro-
vide Radio 4 v.h.f. coverage in the national
regions of Scotland, Wales and Northern
Ireland. Furthermore, we need additional
frequencies to accommodate about 100 re-
lay transmitters, which are needed to fill
the gaps in existing v.h.f. coverage.

The v.h.f. Band II is, by international
agreement, to be extended up to 108 MHz
for broadcasting use, but the Home Office
timetable for re-locating the emergency
and mobile services using the upper part of
the band at present is disappointingly
slow. It appears that real progresson v.h.f.
coverage is going to have to wait until 1990
or thereabouts.

So our 60 years have brought us to a
very satisfactory state of studio and o.b.
origination quality and facilities, although
improvements and refinements will, of
course, continue; but availability of televi-
sion and radio services to all the public is
by no means complete and much work
remains to be done to improve this.

The first priority of BBC engineering in
1922 was to extend coverage and, while
enormous progress has been made, it re-
mains a priority today.

49



The future

It is fashionable nowadays to talk of ‘the
technological revolution’. The term has
become a cliché which all decent men now
avoid, but it cannot be denied that it is in
some senses a true one.

Certainly, there are technological de-
velopments now in progress which will
profoundly change the broadcasting scene.
There will not be dramatic technological
revolution — there never has been one —
but in the next few years we shall all be-
come increasingly aware of major changes
and new opportunities.

Wider choice
The first and the most publicly obvious

area of development will be the provision.

of additional programme channels. In
television, the start of the 4th channel
(ITV’s second programme) is upon us and
this will complete the exploitation of ter-
restrial broadcasting in the u.h.f. Bands IV
and V. The obsolete 405-line television
services in the v.h.f. Bands I and III are in
process of being closed down and it is
possible, although not yet decided*, for
Band III to be re-engineered to provide a
fifth 625-line television network, perhaps
on a regional basis. No other v.h.f. or
u.h.f. spectrum is allocated for television
broadcasting, so that four television pro-
gramme networks with the possibility of a
fifth will be the long-term limit of terres-
trial transmission. Provision of these addi-
tional channels represents ‘more of the
same’ rather than any technological inno-
vation.

On a different level (literally!) is the
introduction of direct broadcasting by sa-
tellite (d.b.s.). Satellite reception on a
domestic basis has indeed been made feas-
ible by recent technological advances, al-
though these are refinements of techniques
already used in the communications field
rather than a current new development.
With most other European countries, the
UK has been allocated five d.b.s. channels
in the 12 GHz band and the first two of

*But see interim report of Merriman Inquiry,
News

BBC satellite up-link terminal coupled to
standard radio-link van.
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Prototype dish for satellite television broadcasts.

these will be made available for two new
BBC programme services from 1986. The
remaining three UK d.b.s. channels will
no doubt be allotted in future years. The
year 1986 will therefore see six broad-
casting television programme channels in
the UK, with the possibility of the total
rising to ten in future years.

The number of television programmes
available could increase even further as the
proposed wide-band cable systems come
into operation. In theory at least, a wide-
band cable system could carry thirty or
forty television channels and to this can be
added the choice of programmes available
in the homes of people equipped with
video-cassette or disc players. As one final
tit-bit, it will be possible for scme satellite
receiver owners who are willing to spend a
bit more money to receive programmes
from foreign satellites in addition to those
of the UK.

Quality improvements
Improvement of the technical quality of
vision and sound has been a continuing

\
process since broadcasting began. But
there arenow more opportunities for parti-
cular advances stemming from the “tech-
nical (r)evolution”.

Satellite broadcasting, for example,
offers such advancement opportunities. The
effective video bandwidth which can be
modulated onto a 27MHz satellite channel
is, at about 10 MHz, appreciably wider
than the 5.5MHz offered by existing ter-
restrial transmissions; and this wider
bandwidth can readily be exploited to re-
move some of the defects of the present
PAL signals. Conventional PAL employs
ingenious interleaving of the brightness
(luminance) and the colour (chrominance)
components of the signal, but exhibits
some degree of mutual interference be-
tween luminance and chrominance, result-
ing in the flashes of faise colour on finely
detailed patterns (cross chrominance) and
‘moving dot patterns on sharp edges (cross
luminance). Both these cross effects are
minimized by restricting the luminance
bandwidth of the PAL signals in the re-
ceiver, but this results in limited picture
definition and leaves some of the cross
effects still apparent.

The wider satellite bandwidth will en-
able us to transmit luminance and chromi-
nance signals separately, so that cross
effects are eliminated without the need to
restrict luminance bandwidth. The Re-
search Department has evolved a system
known as Extended PAL to achieve this,
offering satellite pictures of full 5.5 MHz
resolution with no cross colour or cross
luminance distortions. With Extended
PAL transmissions, existing receivers
could still be used and would enjoy free-
dom from cross colour and cross lumi-
nance; while a new receiver, designed to
exploit Extended PAL to the full and em-
bodying a high-resoluton cathode-ray
tube display, would give the additional
benefit of appreciably sharper pictures.

The IBA has also devised a system to
exploit video satellite bandwidths. Known
as Multiplexed Analogue Components
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(MAC), the IBA system also offers free-
dom from cross colour and cross lumi-
nance, although in the form proposed
there would be no significant improvement
in picture definition.

Both Extended PAL and MAC provide
separate transmission and reception of lu-
minance and chrominance components.
Given this, modern digital storage and sig-
nal-processing techniques offer the pos-
sibility of standards conversion within the
receiver at a cost which would be accept-
able in a domestic product. The implication
of this is that picture signals, although still
transmitted in 625 line 50 field/s form,
could be converted in the receiver and
displayed on a higher standard with, say,
1250 lines or 100 field/s or both. Although
there would be no mecre information
transmitted, a display with much less
visible line structure and free from flicker
could be subjectively far more pleasing.
Considerable research effort has gone into
these possibilities, with the hope that a
large, bright, high resolution display de-
vice will appear in due course to do justice
to such advances.

The longer-term goal is, of course, true
high-definition television (h.d.t.v.) whose
picture would be actually generated and
transmitted on high line and field rates and
would thus genuinely carry more informa-
tion. The difficulty is that real h.d.t.v.
would require a bandwidth of some 30
MHz and is thus beyond the capacity of
currently-planned satellite channels in the
12 GHz band, unless it could be accepted
that two or three 12 GHz channels could
be employed for a single h.d.t.v. signal:
but this seems an uneconomically lavish
use of the available spectrum.

Progress towards broadcast h.d.t.v.
must be either in considerable advances in
bandwidth-comparison techniques, or in
the use of a higher-frequency (say 40 GHz)
satellite broadcasting band where more
spectrum space could be available. But
such high frequencies are very susceptible
to absorption by rain or snow storms, so
the viability of this approach must be in
doubt. The ingenuity of BBC engineers,
and others, will certainly be focused on
these problems in the years to come. Not
only are there intriguing possibilities for
improvements in picture quality, but
sound signals also can be expected to show
dramatic advances. A satellite broad-
casting channel will accommodate, in addi-
tion to wider-bandwidth picture signals, a
number of high-quality digital sound chan-
nels. BBC proposals, for which it is hoped
soon to receive international agreement,
envisage six such sound signals with each
of the two satellite chanrtels, of which two
would form a pair for stereo sound accom-
panying the television picture, with the
remainder affording a vehicle for high-
quality stereo radio programmes.

The advent of the BBC satellite broad-
casting channels in 1986, therefore, will
see the first direct transmission of digital
sound and the first opportunity for broad-
cast stereo television sound in the UK.

The BBC, some years ago, conducted
experiments in the terrestrial transmission
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of digital sound signals. These were not
very successful due to digit corruption by
multipath (reflected signal) effects and it is
difficult to see how this problem could be
overcome. Satellite signals are not, of
course, subject to multipath distorticn.
BBC investigations into the possibilities
for stereophonic sound on terrestrially-
transmitted television are accordingly
based at present on analogue methods On-
air experiments with a dual sub-carrier
analogue system are currently in hand, the
critical factor to be assessed being the ab-
sence of interference to existing, monc-
phonic, television receivers. The addition
of stereo sound to terrestrial television will
surely come, but is likely to be some years
in development. Even when a satisfactory
transmission system is agreed, a long and
expensive programme of work will be
needed to provide a stereo sound distribu-
tion system from the studio centres 10 the
'country-wide transmitter network.

Other forms of distribution

:Distribution by wideband cable {cptical
fibre or co-axial) and by video dis: coud
be free from the bandwidth restrictions

|which limit the capabilities of tesrestrial

and, to a lesser extent, satellite broad-
casting. The extent and the time s3cale of
implementation of these new media cannot
at present be forecast with any certainty,
but the potential is there for exploitazion of

-
Extended Pal. Top picture shows part of
Test-Card F as seen in the studio. Second
frame is picture as normally seen with
existing equipment-distortions in the
frequency bars are evident. Third picturz is
picture transmitted by Extended Pai but
received on conventional equipment. Final
frame shows result of E.Pal transmissions
and E.Pal decoder.

many of the ideas which are being gener-
ated bv engineers with broadcast applica-
tions in mind.

Development of cable systems, in parti-
cular, leads some people to forecast the
eventual demise of broadcasting. But from
an engineering standpoint, cable is simply
another means of programme distribution
and there is no fundamental reason why
broadcasting (and the BBC in particular)

‘should depend for its existence on distri-

bution by radiated signals. BBC engi-
neering will adapt in the future, as in the
past, to whatever technological advances
are appropriate to the time and will no
doubt be ready to exploit the potentialities
of cable or any other distribution methods.
This is not to say that the BBC is now
considering setting up or operating a cable
system on its own account, any more than
it plans to build and launch its own satel-
lite, but it can be expected to continue to.
play a significant role in the technological
development of distribution systems of the
future.

Programme origination
Extension and refinement of digital tech-
niqu&s will surely be the dominant theme
in the development of studio origination
lequipment. BBC engmeenng research and
|development has been in the forefront of
many advances in this area and will cer-
tainly continue to be so, both nationally in
collaboration with British Industry and in
the international sphere, where co-opera-
tion and standardization are so important.
The main advantages of digital signals
and equipment are reliability and resis-
tance to distortion. These virtues are of
great importance to a large broadcasting
organization, where breakdowns or signal
impairment are expensive hindrances to
the tightly-knit flow of programme pro-
uction: but, like many virtues, they are
iperhaps a little unglamorous. More ob-
wviously exciting are the opportunities
loffered, not so much by digitization as
lsuch, but rather by the ease and economy
with which digital signals can be stored
and manipulated. Once a picture signal
can be held in store and made available for
manipulation, all sorts of possibilities pre-
sent themselves in the way of special
effects, graphics, standards conversion,
noise reduction, removal of blemishes and
programme editing. Digital storage is also
fundamental to the development of in-
formation systems such as teletext and the
radiodata system for identification of
radio programme signals.

* * *

In the early 1920s, BBC engineering seized
on the new technology of electronics and
carried it forward in the broadcasting field
with enthusiasm and innovation. In the
early 1980s, we are once again in the fairly
early stages of what is virtually a new tech-
nology, that of microelectronics and digital
processing. Once again, a broad vista of
new opportunities opens up before us and
the next 60 years of BBC engineering
promises to be as exciting as the first.

Wi

51



MEMORY SYSTEMS

An introduction to the common types of memory cell and array, with their characteristics,
and the application of memory to microprocessors

In a computer both instructions and
data are stored in various kinds of
memory, whose design depends on the
type of storage needed, whether it is
permanent, semi-permanent or temporary,
and on whether the stored information can
be examined at random or in some kind of
sequence. This two-part article outlines
the memories most often used with
microprocessors.

To illustrate the structure of a simple
memory, Fig. 1(b) shows eight storage
locations, each capable of storing one bit,
i.e. an 8 bit memory or an 8 X 1 bit
memory. If each cell in the memory (Fig.
1(a)) is a simple Nor gate memory, it is
possible to arrange control and data lines
so that the state of the data line is latched
on to the memory when the W line is
low as shown in the diagram.

When eight cells are combined in a
single memory circuit, some means of
selecting the cell required for writing or
reading must be available. A 3-line-to-8-
line decoder is the simplest way to provide
the necessary address lines internally from
the three external address lines, each out-
put line from the decoder selecting a single
cell of the memory. The W (write ena-
ble) and S (device select) lines deter-
mine whether the data is being written or
read and whether the circuit is selected or
not.

Although there are no commercial
memories with as few cells, the same prin-
ciples apply to larger configurations.
When the number of words stored is large,
more than one decoder will be used and a
row/column matrix will be used to select a
particular word in the memory. As an
example, the 4096 X 1 bit memory has 12
address lines. These are split into two 6-
line-to-64-line decoders. The outputs from
the two decoders will then be combined so
that any two together will allow one word
(in this case one cell) to be accessed.

Timing diagrams

Although it may appear to be the wrong
order to look at timing diagrams for the
read cycle before those of the write cycle, it
is more convenient to do so because the
diagram is simpler than that for the write
operation. It must, therefore, be assumed
that the memory has been loaded with
data.

Read cycle. To access one item of data the
address of the location in memory must be
present as a binary pattern on the address
lines, and must remain stable during the
time the data is being read, as in Fig. 2. If
the memory device has not previously been

The author is at the Paisley College of Tech-
nology, working in the Microelectronics Educa-
tional Development Centre.
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by L. Macari

selected by pulling S low, this must now
be done. If the data lines have tristate
outputs they will remain at high im-
pedance for a time t; — thé select time,
after which valid data will appear on the
data lines. The time between valid address
and valid data is known as the access time
ty for the memory and is specified as a
maximum value.

If the address is now changed, the data
lines will remain steady for a time tyy —
the ‘data-hold’ time after an address
change. Taking S high causes the new
and possibly changing data to remain on
the data lines for a time ty — the disable
time, after which the lines will return to a
high-impedance state.

Write cycle. It is usual for the ‘write ena-
ble’ control on a memory to be an active-

low signal, so when data is to be placed in
the memory at a given address the address
must be given time to settle and locate the
required word in the memory. The time
allowed for in Fig. 3 is known as tgya) —
the address set-up time, which can be zero
for some devices. After tsyc), the write-
enable line can be made active and must
remain active for at least t, — the smallest
write-pulse width. If the memory device is
not selected, SEL must go low for at least
tsyis) before the write-enable goes off
again. The time tgys, is the set-up time for
select.

If the correct data is to be placed in the
chosen memory location then input data
must be valid for a time tsyp) before
WRITE goes high again.
The data must also be held valid for a time
typy — the data-hold time, after the
WRITE signal is made inac-
tive. (This time can also be zero.) The
address must also remain valid for a time

-O Data out

Data in

Write

b1 D Opmeme——

£]

A2 decoder

tw
r—— Y e
write / th
tsu
Data Data valid (a)
Wo Data in(’r
r— DI Do
>k
wo word line
Ag
[ S-AEE—
Aq 3line-
O] 8 Line DI oo
W
W7

n

(e]
(b) Data out

Fig. 1. A simple memory. At (a), a single cell of the memory, using Nor gates: when Write is
low, data is latched in. Eight such cells are used in the 8 bit memory at (b), which is provided
with a decoder, deriving eight cell addresses from three input lines. Data is always at the
output. In a real memory, input and output data lines are multiplexed to give a single data

line.
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Address

Select
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Data valid

t — the address-hold time, after the
%ﬁ TE is made inactive.

Some memory devices have more than
one select line. In such cases, all the select
lines must be in their active states for the
memory read or write functions to be per-
formed. -

The terminology used here for the
various time delays of the read and write
cycles is not standardized, each manufac-
turer using different terms. What is impor-
tant is that the diagrams and the signifi-
cance of the various propagation times be
taken account of when a memory system is
to be matched to a given processor running
at a particular clock frequency.

To choose a speed to suit the micropro-
cessor and the clock rate at which it runs,
it is necessary to examine the manufactur-
er’s data to see how many clock cycles are
involved in read or write operations and to
choose the speed of the memory to be
faster than this time.

As an example, the 8085 A-2 micropro-




write

tsu(s)
Sel

tsuiD) tHIO)
Data 5 { Data valid

Fig. 3. ‘Write’ cycle timing. Terminology varies with manufacturers.
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Fig. 4. Using both ram and rom with a micro. 4K x 1 bit ram blocks at (a) are made
into a 4K x 8 bit memory and 2K x 8 bit roms are similarly arranged as in (b). All

these 4K blocks are then connected as in (c).
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cessor can use a 5 MHz internal clock. The
processor expects valid data two clock cy-
cles after the address has been set up. This
is a time of 400ns, so the access time of the
memory devices used with this processor
must be shorter than this, 350 ns being a
satisfactory figure.

Connecting to a processor

Figure 4 (a) shows, as an example, a
system requiring a monitor program in
rom, which is 4096 words in length and
written into two 2K X 8 bit roms. If the
rest of the 64K memory space is to be fully
utilized with read/write memory, using 4K
X 1 bit memories, how can such a system
be arranged, assuming that the rom is to
use the bottom 4K of memory space?

The ram chips have 12 address lines and
a single data line, while the roms have 11
address lines and eight data lines. 4K x 8
blocks of ram can be made up by connect-
ing the address lines of eight 4K X 1 bit
rams in parallel and using one chip for
each of the eight data positions. The 2K x
8 bit roms can be made into a 4K X 8 bit
block, requiring 12 address lines, by tak-
ing the address line All to the two S
lines on the rom devices using the gating
circuit shown. This can now be drawn as a
4K x 8 block of rom, with an active-low
select line.

How are all the 4K X 8 blocks to be
connected to the 16 address lines to use up
the full amount of the memory space? First
of all, paralle] all the address lines on the
4K memory blocks in Fig. 4 (b) and
connect these to the least significant 12 bits
of the address bus on the processor. The
four remaining address bits can now be
taken to a 4-line-to-16-line decoder whose
outputs are active low. Each of these out-
puts can be used to select a 4K block of
memory, DO being used for the rom and
D1 — D15 for the ram devices. The rele-
vant control lines for reading and writing
would then be connected to the sections of
memory as required. Y7

To be continued

words. Readers who
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280-based 2516
programmer

+5V

This simple programmer has few compo-
nents, is easy to operate, and can be used
to verify 2516 eproms. Originally designed
for the Wireless World scientific computer,
it can easily be modified to suit other Z80-
based systems.

MREQ4 is an 8K page-select signal for
address area 6000-7FFF though any other
unused select signal covering at least 2K of
memory can be used. When this line goes
low, read line RD remains high and
the monostable is triggered, resulting in a
positive 50ms pulse on the chip-enable
input and forcing latching of the processor
data and address lines through a low wait
signal.

Verification of the byte is possible since
decoding and propagation delays result in
the read signal going low before the
memory-request signal so the monostable
is inhibited. Now, the eprom output enable
is active and data is gated onto the bus.

As the write signal arrives too late to
produce the processor wait signal, wait is
not carried out until the next cycle, i.e. an
op-code fetch. Also wait inhibits the
il iE processor’s dynamic ram refresh signals.

7 To avoid spurious programming, the 25V
supply to pin 21 should be applied after,
and removed before, the 5V supply to pin
24 of the eprom.

Specifically for the scientific computer,
— bus request and wait signals should be
separated, with the last-mentioned connec-
ted to +5V through a 2.2k{} resistor and
linked to a spare pin on the expansion
socket. Bus request is tied to +5V using
the 47k(Q resistor already on the board.

Single-byte programming is carried out
: ] using the ALT command. The routine for

;] 88 (158 lL'g 35(15888 g:g:tt 8; ;?)Tom all 2048 locations shown takes gbout 100
1A LD A,(DE) ;Get byte seconds and uses the Mk III monitor.
NEXT 77 LD(HL),A ;Program it Vincent M. Grayson

BE CP(HL) ;Verify

2804 JRZ,SUCCESS Elaypandsiicath
CcD 8003 CALL 0380 ;New-line & print HL
Cc7 RSTO ;Return to monitor
13 INC DE ;Next byte .

;Z(i: ILr\ll)CAHh ;Next eprom address Gray-to-blnary

FE 68 CP68 Finished? converter

ég 2 ‘,J‘g?—%’NEXT ;ggtu_rr??gtr':gr?itor Whilst the Gray to binary converter pro-
posed by J. J. Mouton (Circuit Ideas, Oc-
tober 1981 issue) undoubtedly produces
the correct conversion, it is inefficient in
Logic table for 2516 terms of component count. This is a direct
CE OF v Output  Mode result of the generation of a wealth of re-
&P dundant terms, a problem which increases
L L +5  Dout read with the number of bits being used in the
H HorlL +5 highZ standby system. A ten-bit converter, for example,

pulsed L-to-H H +25 D, program would require 45 exclusive-Or gates.
L L +25 Doyt program verify hti\nhaltemlativc ci;cuit is givcnfin Figl.1 1,
. N which merely requires one gate fewer than
. i o5 Uiz RIoeEmighibl the number of bits in the code. This dras-
tic reduction in parts is possible because,

820

MREQ4
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CTMSor |
INTEL 2516 |
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as with And and Or gates, a combinational
network using several exclusive-Or gates
in cascade to increase the number of inputs
also allows these inputs to be interchange-
able. Considering part of J. J. Mouton’s
circuit, Fig. 2, a term D has been gener-
ated from input A being exclusive Ored
with input B, which has further been ex-
clusive Ored with input C. The Boolean
expression for this is

A,.=A.B.C+A.B.C +A.B.C+A.B.C.

Exclusive-Or gate 1 may be eliminated by
exclusive-Oring the already derived output
B with the input A. The only difference is
that to produce the A output, input terms
A and C have been exchanged yielding the
term

Aou=A.B.C+AB.C+AB.C+A.B.C

which is equivalent to the previous expres-
sion. This principle can be propagated
through each successive bit, eliminating
the redundant gates and producing the
circuit of Fig. 1 which may be expanded to
any number of terms.

P. Gladdish

Holbrook

Derbyshire

Here is a more elegant solution to the bi-
nary-Gray interconversion logic; if the
original idea had interest, this smaller im-
plementation presumably has greater in-
terest. I cannot claim any originality in the
design (e.g. “Switching theory in space
technology”, pp. 75-76, 1963). The im-

Gray C | Binary
input D ¢ output
0 3}

ms. E L2 E
‘o
Gra
ianlf Binary
output
B j) :> B
C C

proved circuit, Fig. 3, is in the same form
as the original, although this is not in-
tended as parody.

A number in binary with n bits has a
corresponding Gray code with n bits. The
number zero is represented by all bits zero
in both codes. When any number is incre-
mented the binary code changes cne or

ms. ms.
bp-1—¢ 9n-1 b1
bn‘Z D——»gn.z D—T—»bn 2

[}

; i

0 1

! 1

| 1

! ]

i !
D g
Ls. ms.

binary — Gray —=binary

g =b ® bj . b =g ®by,
with with
by 20 520

more bits in a connected sequence, includ-
ing the L.s.b. The corresponding Gray code
changes only one bit, the one correspond-
ing to the highest changed bit in the binary
sequence. Code interconversion may be
achieved as shown.

P. Kirkby

Ipswich

Automatic intensity
control for leds

To save power and reduce glare at low
ambient-light levels this simple circuit
keeps luminance roughly proportional to
incident illumination over more than two
decades. Operation of the circuit is unnotice-
able even with rapid changes of illumina-

tion and the circuit consumes no current
when the display is blanked; thermal
effects are imperceptible.

The original circuit running from a 10V ,

supply produced sufficient brightness to
be easily readable in bright daylight, ex-
cept with direct sunlight on the display,
using a high-brightness orange two-digit
display. Resistor R, was chosen to suit the

l.d.r., used behind a mask with a Imm?
aperture. Lowering R3; reduces the
minimum led current. Due to the necessity
to monitor the current through at least one
led, segment ¢ must be used in conjunction
with any other except f.

M. G. Rainer

St Ives

Cambridgeshire

220 Etc
VNV
MC145M 1 220 d
d NV
1" 220

C

MAN6640

Ry

Dy—D, G148

To other
display
cathodes

*—(V
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Clock-triggered

triangular generator

In the circuit of G. Tombras (June 1982,
page 60) output signals of the two CD4013
act as control signals to the analogue
switches. From his circuit diagram +3v
and OV represent high and low signal-

level shifters which can be simply inserted
between the 0 output of the D-flip flops
(CD4013) and the control inputs of the
analogue switches (CD4016) to act as in-
terfaces between the different logic levels,
H = +5V and L. = 0V of the output
signals of the CD4013 on one hand and
that of the valid control input signals (H =

states respectively. But c.m.o.s. analogue OV and L = —5V) of the CD4016 on the
switches permit peak input-signal voltage other.
swings within the full supply voltage
range; peak input-signal voltage swings C. C. Odukwe
outside this range cannot be transmitted. Gelsenkirchen-Buer
The circuit is easily adapted by logic Germany
T+5V
';‘Ik [
R Logic
Lo O—=w level =07y
— shitter sy
neoeor3 | L=V L
{CK < ar
= Pl
5V
L %] g
Clock [ — ANAF= —
i 5 Y -
K aF
15004013 (04016
Logic
' 0 o O F=a s%ﬁei;?el?r H=0V
- L L=0v L=-5v

Inour
next issue

Morse
- microcomputer,

decoding by
by J. P.
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MODULAR
PREAMPLIFIER

The basic system described in the first
article is developed by the addition of further
modules — tone control, bass and treble 4
filters and a headphone amplifier. Part one -

dealt with power supply, pickup amplifier, mixer and impedance converter.

Although the system described in the first
part of this article will work very well
when the programme sources, the loud-
speakers, and the listening conditions are
all as good as one would wish, it is, unfor-
tunately, in the nature of things that for
part of the time in some circumstances,
and all of the time in others, it will be
desirable to modify the signal in its route
from source to listener. I am, therefore,
going to describe some of the more con-
ventional of these signal-modification
modules in this part of the series: these are
the tone control, the treble filter, and the
rumble filter. Since it may be useful at this
stage, 1 am also giving details of the
headphone amplifier. These circuits are all
based on dual, low-noise, low-distortion
operational amplifiers wherever the signal
level allowed, and are all, with the neces-
sary exclusion of the headphone amplifier,
unity-gain, non-inverting stages, so that
they may be included, or omitted, as de-
sired — either in the constructional stage,
or by subsequent switching.

Tone control

Tone-controls have been the source of
some debate among the ‘hi-fi’ fraternity
over the past decade, with the purists in-
sisting that the signal should be accepted,
or rejected, as it stands. However, for
those of us who are a little less pure, the
nature of our tinkering with the frequency
response is still an interesting question,
and there are a number of options from
which to choose. Figure 9 shows the types
of frequency response adjustment offered
by these.

Baxandall. This circuit, originally des-
cribed in these pages by P. J. Baxandall,
over thirty years ago' is still the most
popular circuit of this type and is used in
the majority of audio amplifiers, the world
over, in one or other of its contemporary
forms. The practical shortcomings of the
circuit (a) are mainly that it does not allow
any scope for selective adjustment of the
frequency response, except for raising or
lowering the signal level at bass or treble,
though the frequencies at which the lift or
cut can be made may be adjusted by
switching the capacitor values, as I had
done in an earlier amplifier?. Also, with
standard dual-gang potentiometers, it may
not be possible to achieve a level frequency
response, simultaneously, in both chan-
nels, by any setting of the pots. Finally,
although the continuously variable quality
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of the adjustment is valuable, it does make
it more difficult to return to a previously
found combination of control positions.

Graphic equalizer. The basic intention of
the arrangement at (b) is a good one — that
the received frequency spectrum should be
divided up into eight or nine octave bands,
within which the gain of the system can be
individually adjusted, as required, by indi-
vidual, calibrated-slider potentiometers.
Alas, in the way in which it is normally
implemented, with each octave band being
selected by one or other of a group of LC
tuned circuits, the transient response of
the arrangement, to a square-wave or step-
function input, is both complex and un-
natural. Moreover, the frequency res-

Fig. 8. Adjustments of frequency response
offered by various types of tone-control
circuit. Baxandall — still the best known —
is at (a): no selactive adjustment of any
band is possible. Graphic equalizer at (b)
adjusts frequency bands, but can distort
waveforms. Slope control, shown at (c)
broadly similar to Baxandall, but whole
response is varied. At (d) is the step
frequency adjustment, which would be
useful, but additional steps would not be of
equal size. Response (e} is ‘Clapham
Junction’ which is a development of (d) in
which steps are additive.

ponse, with all of the sliders set ‘level’ at
any point other than the precise mid-posi-
tion, is likely to be exceedingly ragged.
These major limitations, in the bulk of
units of this type, have earned the arrange-
ment the reputation of being more for the
lover of sound than the lover of music. *
Slope or tilt control. This concept (c) has
recently been proposed, as a means of giv-
ing a small but continuous skew to the
frequency response, to correct for the
sound appearing over-‘toppy’ or bass
heavy, and it does offer some unobtrusive
benefits in use. However, like the Baxan-
dall, it does not offer any opportunity to
make an adjustment, perhaps quite small,
to a particular part of the frequency
response where some improvement is
required.

Step trequency adjustment. Having
¢ontemplated this point for some years,
the conviction has grown on me that it

/
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would be most useful to be able to switch
into circuit some arrangement which
would give a small, say 3dB, platform-type
lift or cut operating downwards or
upwards from some specified frequency,
in the manner shown in (d). If such lifts or
cuts were truly additive, it might be pos-
sible both to correct an overall programme
balance, if it seemed bass or treble domi-
nant, but also to achieve a measure of
selective equalization.

A single-frequency bass or treble lift or
cut can be obtained with the switched-
feedback network arrangements shown in
Fig. 10(a) and (b), though these circuits
would only be appropriate for a single step
up or down. If the values of R, and Ry
were chosen to give a lift or cut of, say,
3dB it would be found that a subsequent
RC block switched into circuit would give
only, say, a further 2dB of adjustment,
and so on, with progressively diminishing
effect.

‘Clapham Junction’-type tone control. If
it were possible tc make a multiple fre-
quency step tone-control circuit, in which
each of the steps was identical in ampli-
tude, and in which the results were truly
additive, the result could be a family of
options of the type shown in %(e), giving a
whole range of possible frequency res-
ponse paths down which the user could
steer his ultimate frequency response
curve, in the manner of a train negotiating
a railway junction. This would allow a
certain measure of discreet doctoring of
the frequency response curve, in a predict-
able and reproducible fashion and, since it
could be implemented in a feedback path
having a limited phase excursion, the tran-
sient response would be free of ringing,
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Fig. 10. Bass (a) and treble (b) fift and cut
circuit elements, to give response at Fig. 9
(d). Circuits at (c) and (d) provide additive
steps to give 'C J' type of response.

and a level gain/frequency characteristic
could be assured when all the lifts and cuts
were removed, or where every cut was
matched by an equal lift — or vice versa.

I have shown one of the possible net-
work arrangements by which these step
bass and treble lifts and cuts could be
obtained, in an additive manner, in Fig.
10(c) and (d). In this arrangement, the
switches are arranged so that each time an
RC element, such as RyCj, is switched
into circuit, an element of Ry, is switched
out of circuit, restoring the potential
subsequent gain increment. As shown, any
number of switched steps could be
adopted, and any required degree of lift or
cut. However, there are practical limits,
and I have chosen to employ two banks of
eight push-switches, one for lift, one for
cut, which give four possible frequencies
each for treble and bass, centred on
800Hz. The centre frequency itself can
effectively be raised or lowered by generat-
ing a symmetrical shelf on either side, leav-
ing it either on a pedestal or in a trench.
Similar trenches or pedestals may be im-
plemented elsewhere in the spectrum.

In its simplest usage, with a one or two
stage successive lift in bass or treble, the
results are similar to that given by the
familiar and well-known Baxandall ar-
rangement, except that the steps are fixed
rather than continuously variable, though
there is scope for doing very much more
than this, if required.

I have shown the circuit which I have
used for this multiple step tone control,
made by combining the separate elements
of Figs 10(c) and (d), in its composite form

Gain(dB)

in Fig. 12. This relatively simple imple-
mentation of the basic intention of 9(e)
does have one, not unacceptable, charac-
teristic which is that the lift is partly
achieved by a depression of the remainder
of the spectrum, such that a +3dB shelf
centred on, say, 400Hz would raise the
part of the frequency spectrum below this
frequency by 2.5dB, while lowering that
above it by 0.5dB, and so on, in the man-
ner in which I have shown in Fig. 11.

If need be, the gain control can be used
to restore the status quo, or it can simply
be accepted as a combination of shelf and
slope. A small elaboration of the switching
network to remove an equal element of
resistance from both arms each time an RC
element was introduced into circuit would
correct for this, but by this time, I
felt that the circuit and its associated
switching had grown complex enough.
The small capacitor (Cyg) across the bass
circuit op-amp is to avoid possible troubles
due to unpredictable inter-wiring stray
coupling capacitances.

Putting the two successive phase-invert-
ing stages in series fulfils the original stipu-
lation that each module in the preamplifier
should have unity gain, and be non-invert-
ing. In the prototype, I have used non-
interlocking, push-button, double-pole
change-over switches, which can be
operated without clicks; indeed, the whole,
tone control may be switched in and out of
circuit noiselessly, to compare ‘with’ and
‘without’. Also, the wish that a flat res-
ponse should be given with all switches
out, and with corresponding pairs in, both
singly and in multiples, has been met in
practice. My only major regret was that, in
designing the p.c.b., I had not gone to the
extra trouble of designing the wiring to the
switches so that all I had to do was to plug
them into the board. However, this regret
faded once I had completed the task of
wiring it up, and had put right the three or
four erroneous connexions to the switches
shown up by square-wave testing, in which
certain pairs did not cancel!

Variable-slope treble filter

While some form of tone control stage can
be useful in trimming the overall charac-
teristics of the unit, the maximum slopes
possible will not exceed 6dB/octave, and
there may be occasions when some more
drastic modification is desired. The circuit
of Fig. 13 is a three-element active filter, in
which the slope can be varied from —6dB/
octave up to a maximum —20dB/octave
optimally flat response. The circuit I have
used is based on a ‘bootstrap’ filter design,
though a three-element Sallen and Key
filter could equally well be used with a
unity-gain, non-inverting amplifier ele-
ment. | have chosen to use a ‘bootstrap’

Frequency

Fig 11. Amplitude-frequency response given by circuits of Fig 10 (c) and (d).
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filter circuit because I invented it and, in
consequence, have a large amount of de-
sign calculations in a form which are intel-
ligible (to me).

For the convenience of those who may
wish to employ the circuit arrangement to
give different cut-off frequencies, I have
appended the design details at the end of
the article. These also cover the circuit
component values for the rumble filter
which uses the same circuit configuration.
A variable-slope circuit at which the pivot
frequency (by which I mean the turn-over
point) is constant, can be obtained by re-
turning the third-stage integration capaci-
tors (C4; and C4) to the top of the slope
pot. Unfortunately, this arrangement does
not give quite such a good transient res-
ponse, at all settings of the slope control,
as the circuit shown. ICg is used as a unity-
gain buffer stage to preserve the constant
line impedance required by following

Attenuation role of rumble filter.

28Hz 35Hz
0d8

Frequency
Freg

1kHz

S0Hz
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30Hz
28Hz
20Hz

Sde
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0dB

0dB
+0-7dB

0dB
-3d8
—12dB
—20dB 15Hz
-30dB 10Hz
—32d8  9Hz

—22dBloctave

(P

1,TL072

-15v

stages. The input resistor Rg4 is necessary
to prevent the input seeing an open-circuit
when the cancel switch (S,3) is open.

Rumbile filter

This uses a similar three-element bootstrap
filter circuit to that of the treble filter, and
is shown in Fig. 14.

Since the presence of a small hump in
the bass response curve is less significant
audibly than the same peak in the treble
response, I have calculated the circuit
values for a slightly higher ‘Q’, to give a
steeper attenuation rate below the nominal
28Hz transition frequency. I have shown
the measured gain/frequency characteris-
tics of the prototype, over the range 9Hz
(the lowest frequency from my signal gen-
erator) to 1KHz in the Table. Calculations
show a 7valie of —43dB at 6Hz, and
—49dB at 5hz, which should give an
adequate rejection of turntable v.l.f.
components.

In use, the circuit shows very little de-
tectable 1.f. coloration, but does remove,
very effectively, occasional rumbles from
poor discs.

There is no particular preferred position
in the post-mixer signal chain for either the
treble or rumble filters. They can be in-
serted wherever it is mechanically or
electrically convenient.

Headphone amplifier

My views on headphone listening un-
derwent a change, some few years ago,
when I built for a friend a high-quality

class A headphone amplifier, in which I
had done the very best job that I then
knew how, in order to preserve the great-
est amount of information obtainable from
the groove. Listening to some records
through this amplifier was a delightful,
and occasionally revealing experience, and
showed — perhaps because I was tempted
to listen at a somewhat greater sound level
than I would have chosen (or would have
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been permitted!) on loudspeakers —
things which I had not previously heard on
the discs in question.

It also, and I suppose there must be a fly
in every ointment, showed that some
records, which I had previously thought to
be very good, had substantial unobserved
faults — such as the most irritating (once
heard) background breathing of a noise
reduction circuit, where the increase in
hiss once the music increased in volume
reminded me strongly of listening to a
string quartet playing on a shingle sea
shore, where the waves came in as soon as
the instruments began to play, and receded
again when they stopped.

However, on balance, 1

think a good headphone
amplifier is a ‘good thing’, and
preferably should be placed
ahead of the power amplifier,
to shorten the audio chain.

The snag, for me, was that I
already had a very good,
though complex, head-

phone amplifier, and

I wanted one which
was equally good
but simpler to
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build. Fortunately, the low-distortion i.c.
allows a simplification in this area too, and
allows a smooth transient response on re-
sistive and reactive loads, and a distortion
below 0.01% on all loads down to 8 ohms,
up to 3V r.m.s. output. The amplifier will
operate in class A under almost all
headphone load conditions, especially

since the lower-impedance ’phones will
generally require a smaller output voltage
swing.

To avoid the possible injection of asym-
metrical signal components into the
smoothed and regulated 15V supply lines
used to feed the remainder of the pre-
amplifier, I have drawn the large current
(40-50mA/channel) supply to the output
transistors from the unregulated +25V
line in the power supply unit. This does
not contribute any measurable 50 or
100Hz component to the output, though I
confess that I was tempted to put in an
extra pair of 7815/7915 regulators just to
feed the headphone amplifiers. The gain of
four seems about the right value to give a
similar level on ’phones or on speakers
through the power amplifier.

I have shown the circuit diagram for this
unit in Fig. 15. The output transistors
{(four in all, since only one channel is
shown) are mounted, with insulating
washers, on a piece of aluminium sheet,
some 6 X 2in overall, bent into a U-shape to
take two transistors on either side. No
further mounting fixtures are then re-
quired for this plate, which can be painted
black, with advantage. The voltage regular
i.cs in the power supply can employ a
similar heat sink.

Cancel Cancel
Ein O —Ox Eout
=" 55¢ S25b
1C9a "2TLO72 IC10q ®TLOT2
Cy = 2200 +15V ol Ryz 3 560
N Cus
.. -
Campls  Rey S6k8 Y
€45
bu?
R70 < 3K3

From previous preamplitier stages BDS37
IGy, HISV
Volume VLTLOT
T 10k i
S26a —- R
Main amp 8
o switch -15V 22
otf jOn Rez
— AN/
To power
amplifier R73 $3k3 4 l
Headphone outputs
[}
(47 220y tantalum R7g > 10k Trg
i BD538
*
ov -15v =25V ov

% On smalt heatsink. See text

Fig. 15. Class A headphone amplifier — one channel shown.



In the next part of this article, I will
describe the head amplifier for use with
moving-coil pick-up cartridges, the
microphone amplifier, the stereo image-
width control — which will allow an in-
crease in channel separation as well as a-
blend facility, the impulse noise-blanker
circuit, which allows a useful reduction in
the intensity of the annoying clicks and
bangs which occur repetitively on a
scratched gramophone record, and the sig-
nal-strength metering circuit.
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Appendix
The calculations below refer to the dia-
grams in Fig. 16, and are calculated to give
a unity-gain system with a 0dB point at f,
Any second-order active filter with a Q(
value greater than 0.707 will have a fre-
quency response peak at the value I havey
‘defined as f,,. If a third RC leg is added to
restore the gain at this point to unity, the
ultimate slope above or below this point
can be increased. The optimally flat But-
‘terworth characteristic is given by a third-
order filter of this type with a Q of V2,
which will give an ultimate attenuation
slope of —18dB/octave. The Q can,
however, be pushed a bit higher than this
without the excursions above and below!
the datum line becoming too great. For
example, a Q of 2.0 in this circuit will give]

a final slope of about —20dB/octave, with.

only about a 0.4dB ripple.
The practical calculations from these

.formulae can best be done by deciding the:

desired Q and the ratio y, and then seeing

whether the required frequency of turn-!

over can be given with preferred R and C
values. If this is not the case, a different
value of y can be used as the basis for a

further attempt. Because the original cal-.

culations were made with the mathemati-

cally convenient assumption that the
amplifier was an ideal, unity-gain, non--

.inverting stage, with high input impedance
and low output impedance, and because

many of the recent operational amplifier

i.cs approximate quite closely to this ideal
over the audio passband, these formulae

‘allow the implementation of a whole range
-of steep-cut filters which can be based on
‘these op-amp i.cs.

A. minor word of warning should be
added. This type of filter may act as an
oscillator if it is installed with its input

‘circlit open, because of the positive feed-
‘back path through C;R; or R;C;. A small

value of capacitor or an appropriate resis-

‘tor connected across the input will prevent

this, if the circuit calls for input switching,f
as in Fig. 14, where Cg3 is added. RV

continued from page 41
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Fig. 12. Aplitude responses of Fig. 11 circuit
for both headphone and loudspeaker
switch positions.

12dB, a correction circuit has to be con-
structed to obtain a “flat” amplitude res-
ponse. In Fig. 9 the turnover frequencies
are determined graphically. The resulting
frequency response is given as well and
shows that deviations from the design.ob-
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jective are smaller than 2dB, which is con-
sidered sufficient. A circuit which realises
the desired frequency response is given in
Fig. 10. The total circuitry is given with-
out further comment in Fig. 11, except
that a switch is included for use of the

circuitry for “stereophonic headphones™
as well as ““binaural loudspeakers” (ref. 3).
The frequency responses are given in Fig.
12.

For those who want to enjoy life-like
sound reproduction, a description of a
home-construction binaural microphone
can be found in reference 5. AWV
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DIGITAL POLYPHASE
SINEWAVES

Arithmetical generation by computer program of any number of sinewave phases

“The digital generation of a two-phase sine
and cosine waveform was described in an
earlier article*. In summary, the method,
proposed by Pierre Diederich, was to as-
sign initial values to the sine and cosine
‘waveforms. Then for each step to compute
the next values by adding a proportion of
the cosine to the current value of the sine
and subtracting the same proportion of the
sine from the current value of the cosine.
Supposing the proportion chosen was a
half (0.5) this could be expressed in a com-
puter program as:

10S=n:C=m

20 Output §,C

30 $=S+0.5*C

40 C=C-0.5*S

50 GOTO 20

When run, this procedure produces the
amplitude of a sine wave. It can be shown
to be an approximation of the sum to two
angle formulae thus:

sin (A + f) = sin A.cos f + sin f. cos A

If f is small, cos f = 1 and (sin f)/f = 1 or
sin f = f (in radians). Substituting,

sin (A + f) = sin A + f.cos A.

Returning to the program, the wave form
may be inverted, seeming to run back-
wards by interchanging the + and -
signs. The output gives a stepped version
of the waveform and a D-to-A converter
may be used to give an analogue signal.
The step size is 0.5 radians, giving 12.5
steps for a cycle. other step sizes may be
chosen by altering the value of f (see Ap-
pendix). For example a value of 0.1 could
be chosen to give a program:

10S$=0:C=1:f=0.1

20 Output S, C

30 $=S+C

4 C=C-f*§

50 GOTO 20

This step size of 0.1 radians gives 62.8
steps per cycle in the output wave form.
The amplitude of the waveform can be
specified by altering line 30 toread S = S
+ f(C + A) where A is the required peak
amplitude. As each step takes the same
amount of computer time, altering the
step size (f) changes the frequency of the
output wave. The frequency will depend
on the speed of the computer used.
*N. Darwood, “Accurate sine-wave oscillator”,
Wireless World, June 1981.

Table 1. Three-phase software

10 A=0:B =0.866: C = —-0.866
20 Output A,B,C .

30 A=A+*B -0

40 B=B + *(C — A)

50 C=C+f*(A—B)

60 GOTO 20
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by N. Darwood

In the program for generating three
phases, A, B and C are the phases, each
2n/3 apart. The initial conditions set are A
= 0, B = sin2n/3 and C = sindn/3. The
step size was chosen as V3.f where f is the
fraction used in the program. The pres-
ence of V3 is coincidental as will be seen
later.

Table 2. 7-phase software

A=0 (= sin (0% 27/7))
B=0.78 (= sin (1* 2/7))
C =097 (= sin (2* 2/7))
D = 0.43 (= sin (3* 2/7))
E = —0.43 (= sin (4* 2/7)
F = —0.97 (= sin (5* 2/7))
G=-0.78 (= sin (6* 2:/7))
10A=A+f*B-C+D-E+F-G)
B=B+f*(C-D+E-F+G-A)
C=C+f*(D-E+F-G+A-B)

D=D+f*E-F+G-A+B-0
E=E+fM*(F-G+A-B+C-D)
F=F+f(G-A+B-C+D-E)
G=G+f*A-B+C-D+E-F)
80 OutputA,B,C,D,E,F,G
90 GOTO 10

~ The seven-phase generator shown above
is in its longer version and computing time
can be saved by reducing it. To explain the
short form, consider the coefficient of f for
phase A, From Table 2 thisisB — C + D
— E + F -~ G. We can call this I (for
initial value) and then look at the coeffi-
cient for B, whichisC-D+E-F+G
— A which is equal to B — (A + I) and
which becomes the new I. Similarly the
coefficient for CsD-E+ F -G+ A
— B which is equal to C — (B + I). Thus
we can generate all the coefficients for the
short form of the program. The initial
value of I may be found fromI =B — C +
D - E + F — G. In trigonometrical terms
this is

I = sinw — sin 2w + sin3w — . . .

where o is 2n divided by the number of
phases (N).

Surprisingly, considering it came from
an approximation, I is found to be sinw/(1
+ cosw) where ® = 2n/N. This has the
golden property that the inverse of I is
sinw/(1 — cosw), which may be shown as
follows:

sinw = 1 — cos?w
= (1 + cosw)(1 — cosw)

sino _ 1—cosw
l4+cosw  sinw

Table 3. 7-phase software, short form
program

A to G have the same initial values as
in Table 2.
1=B-C+D-E+F-G
=~ 0.48

10 A=A +I*f
I=B-(A+1]
B=B + I*f

I=A-(G+D
150 Output A, B, C, D, E,F, G
160 GOTO 10

For a 5-phase program, N = 5, and 0 =
2n/S. This would make I = sin 27/5 — sin
2.20/5 + Sin 3.2(/5 — Sin 4.20M/5 =
0.73, f may be found by selecting a step
gize. As the step size is I.f., suppose that
we wpould like to make this 1°, i.e. 360
steps per cycle. Lf. is then0.075 rasdians
and we have established that Iis 0.73 sofis
0.024.

Appendix
Let sin(n) be the value of the sine wave at
step n and assume the following proce-
dure.

S0)=0

C0)=1

S1) = S(0) + f.C(0) =
C(l)y=C(0) - £.5(0) =1

S@) =S+ fCl)=f+f=2f,
C)=C)-£.S)=1-f
.. . and so on. It is found that the coeffi-
cients of f at step n are the values in row n
of Pascal’s Triangle. This is shown in
Table 4.

Table 4. Analysis

Step

0 I

1 1 1

2 1 2 1

3 1 3 3 1

4 1 4 6 4 1

5 1 5 10 10 S 1
sin f -f +f
cos 1 —f2 +f* ...

\VVWV



TELETEXT DECODER

Readers may be interested in two further mod-
ifications to the Wireless World teletext decoder,
following those given in the October issue.

(V) Addition of board IV involved the remo-
val of IC1 which, upon inspection, supplied 0V
to R4 via pin 10. While the decoder will still
operate without this connection being made, it
is preferable to restore the connection to 0V,
thus giving the correct time constant and greater

ghoise margin at this point of the circuit. Re-
adjustment of VR, will then be necessary.

(VD) In the original decoder design, the
memory-address converter functions correctly
only for row addresses within the text display
area, i.e. rows in the range 0-23. If the detected
five-bit row address corresponds to n, one of the
remaining rows in the range 24-31, this ‘row’
will appear in columns 33-40 of rows n-24, n-16
and n-8 due to the operation of the code
converter during the display period (WW Feb.
1976 p.50). A simple modification to prevent
such information being written into the memory
is as follows: isolate 70(11), feed 20(12) and
20(2) to the inputs of a 2 input Nand gate whose
output is connected to 70(11). This disables
write pulses at 70(8) during the detected illegal
TOWS.

Ken Drew
Nottingham

THE RIGHT FORMULA

Mr K. Wood cites an example in Letters, Sep-
tember 1982, which was not the one I had in
mind. The one that intrigued me was a throwa-
way remark by Patrick Moore that an American
observatory (I failed to catch the name) had
observed the products of a supernova expanding
at ten times the speed of light. I do not believe
any valid explanation has as yet been put for-
ward for the phenomena.

Mr O. B. Balean has figures closely paralling
my own. What is not clear to me is why it is a
mathematical ‘figment’! It seems an awful lot of
mass to ‘lose’, yet plainly it does not exist.
Perhaps it is ‘relativistic mass’ which is the fig-
ment.

Mr Ivor Catt seemed rather tetchy! I suppose
it must be rather frustrating when adjudicators
demand ‘proof’ and he simply doesn’t have any!
Why is he so bitter about ‘instrumentalists’? Is
there any way of working with electronics with-
out using instruments? He implies he uses a
sampling oscilloscope and certainly uses a com-
puter. His remark that ‘today, hardly anyone
can successfully assemble 1ns logic’ is highly
suspect, since pulse circuitry is peculiarly adapt-
able to analysis by computers and checking by
multiple-beam oscilloscopes. Is it really true
that Mr Catt’s theory came before he had found
out how to do the job?

What is a ‘theory’, anyway? I read his letter
and find he uses the word to mean (a) an equa-
tion, (b) an aid to understanding, (c) an exten-
sion of electromagnetic concepts and (d) a new
way to view the phenomena. All in one letter!
Surely the engineering comes firsz. Later on, the
academics follow along, as always a few years
behind! After all, isn’t the whole fun of
electronics the fact that we don’t know how
anything really works, we just know that if we
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do so’n’so, such’n’such happens and on such
slender bases huge industries grow.

I would merely ask Mr Catt two questions.
What is the use of a theory if it doesn’t predict
what a circuit will do?

The second question is an equation:

_E,
R
Ronald G. Young
Peacehaven
Sussex

NIKOLA TESLA

Martin Berner is, perhaps, right to chide me
gently for seeking a second centennial for the
famous N. Tesla (WW, Letters, Sept., 1982,
p.41). However, I do feel that Tesla is more to
be respected for his work than for the accident
of birth. Meanwhile we have about ten years in
which to debate this point in regard to his radio-
frequency spark generator of 1892. Martin
Berner also reflects the hope that many histori:
ans must cherish — that somebody else will
tackle the more difficuit subjects! Tesla’s
writing makes excellent reading, but it is ter-
ribly short of vital technical information. I am
sure it would be much easier to write about the
less-known and certainly deserving Elihu
Thomson, simply because Thomson wrote more
clearly and more factually. And Thomson also
had the grace to cite' the earlier work of Row-
land in 1889, who used a Ruhmkorff coil as high
voltage source. Classen seemed to be doing
much the same in Germany in 18902, but more
effectively by using an air-blast on the high-
voltage spark. Classen acknowledges Rijke’
(1862) for this idea, one of the most fruitful
contributions to the technology of spark trans-
mitters, as far apart as Australia and the Eiffel
Tower. Its widespread application may actually
have been helped by the difficulty of estab-
lishing patent rights on a blast of air! Tesla’s
patent agents neatly avoid this kind of problem
in his patent 645,576 of 1900; for they were wisc
enough to include a disclaimer on the actual
apparatus itself. I suspect that this may well
have helped the Supreme Court to find in his
favour, even if his claim seems to have little
technical merit to support it.

Desmond Thackeray

University of Surrey

Guildford

Rerefences

1. Electrician, 44, (1899, Nov. 3), 40, Elihu
Thomson

2. Annalen, 39, (1890), 647, H, Classen (refer-
ence supplied by Alan Douglas)

3. Pogg. Annalen, 117, (1862), 276, Rijke

IT'LL DO, PERHAPS

I was very interested in the August letters
headed “It’ll do — or will it?”’: so much that I
have felt impelled to join in the argument.

Mr Feeney complains, quite rightly, about
two faults which he feels should not have hap-
pened. The replies are jewels of their kind and
should be framed and hung in every sales man-
ager’s office.

Mr Bennett carefully evades the main issue in
the design he is defending. Surely he can see

that if a fuse goes high resistance, for any
reason, and by doing so causes damage to the
components it is supposed to be protecting,
then the design is at fault. The bit about this
being the only case that they know about is a
refrain heard so often by purchasers of
electronic equipment in this country that the
majority of us can join in after the third or
fourth note. His last line is worthy of further
study. Why was production stopped? Perhaps
the product got a bad name for some reason or
other and didn’t sell too well.

Mr Topping’s reply is a much more upmarket
version. Here again there is not the slightest
intention of accepting the criticism and doing
something about it. Instead we are treated to a
short advertising blurb, followed by praises for
the designer of the self-destructing amplifier
(again the main point is evaded. A fuse should
protect by its absence, not destroy), and we
discover that the design in question had a mar-
ket life of only four years. All interesting stuff to
an industrial archaeologist no doubt, but it
doesn’t make the product any better.

Following this excursion Mr Topping finally
gets down to his own product. In the first
paragraph on this subject he appears to accept
full responsibility for the equipment, in spite of
it being of Japanese manufacture. This is as it
should be. If you sell a product, it is your res-
ponsibility. Full marks here. But what follows?
An argument based on what is known as the
absent authority. The authority in this case is
the specification referred to and it is absent
because Mr Topping keeps it so (presumably
with gpod reason). Again the main point is
evaded. The switch failed, Mr. Topping, and
any number of closely typed bits of paper won’t
change that fact. The moral of all this is plain to
see. Complain to a British manufacturer and if
you geta reply at all it will be one of the above. I
worked with electronic instruments for nine
years at one factory and felt that the society of
psychical research would have been interested
in the number of unique events which happened
to us. At no time can I recall a single manufac-
turer offering to do something about it.

I suggest that the manufacturers take note
and listen to their customers while they still
have some, or they will go the same way as the
cotton mills and motor bikes.

H. E. Hicks
Nether Kollett
Lancs

AMATEURS AND CB

Contrary to Mr Clayton’s assertion (Letters,
Wireless World, August, 1982) illegal broad-
casting stations are traced and those involved
are, where possible, prosecuted.

Mr Clayton was certainly misinformed if he
was told — not by Home Office officials inci-
dentally — that the Home Office would not
authorise prosecutions. We do. A pity that you
did not check this allegation with us.

In 1981, nine such stations were involved in
successful prosecutions and 14 people were
convicted; further prosecutions are being un-
dertaken this year.

A. Wood
Chief Press Officer
Home Office
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DIGITAL CONTROL OF
THYRISTORS

I read with some interest the article by Dr Par-
doe on digital phase control of thyristors (WW,
Sept. 1982, p. 45). The system has some
similarity with that described in the article by
myself and N. M. Allinson (Microprocessor
Controlled Lighting System — WW, April
1982, p. 36). Since our article was concerned
with lighting control desks rather than lighting
dimmers, I would like to take this opportunity
to expand on the principles of phase-control
dimmer design.

Our first article described the complex non-
linear relationship between conduction angle
and the perceived light output. Since the func-
tion is very difficult to synthesize using anal-
ogue methods, most analogue dimmers I have
come across use a linear ramp. This allows the
ramp generator circuitry to be kept quite simple
and easy to align. Since the mains voltage and
frequency is subject to variation a simple open-
loop generator is not adequate. To overcome
these problems the ramp generators are en-
closed in a negative feedback arrangement
which allows stabilization of both ramp height
and linearity. Using components of reasonable
tolerance and a reasonable circuit design, anal-
ogue dimmers can be built which require no
adjustments.

The major problem in designing lighting dim-
mers is arranging for all channels to track each
other; this is readily achieved by using one ramp
generator (or its digital equivalent) to drive
many comparators. The ramp generator can
then be made quite sophisticated without in-
creasing significantly the cost of the system.
The article by Dr Pardoe uses a separate oscilla-
tor and counter arrangement for each channel.
This oscillator frequency is not locked to the
mains frequency and is dependent upon the
tolerance of two passive components. Assuming
that the oscillator is running at 50 Hz, a 2%
variation in mains frequency will result in the
loss of 2-3 bits at the maximum power end of the
control range. Given a 5% tolerance in the com-
ponents used in the oscillator circuit will give to
a rough approximation a 5% tolerance in oscilla-
tor frequency which is well outside frequency
limits permitted on the mains supply. The most
marked effect on the oscillation frequency
tolerance will be poor tracking between separate
channels on the mid power control range when
dL/d¢ is at its greatest where L is luminous
intensity and ¢ conduction angle (See WW
April 1982, p. 37, Fig. 4).

As Dr Pardoe points out, in order to eliminate
motor creep and light flicker the ramp generator
(analogue or digital) must be synchronized to
the zero volt crossing points of the mains. The
trial trigger circuit shown by Dr Pardoe does, in
fact, produce one pulse per half mains cycle;
whilst this trigger method is entirely satisfactory
for essentially resistive loads (lamps, heaters) it
is inadequate for inductive loads. When
switching inductive loads, current will still be
flowing through the switching devices at zero
voltage crossing points of the mains. Since a
simple pulse may occur during the ‘reverse’
current period incorrect operation would result.
This problem may be overcome by using a train
of gate pulses and, to prevent spurious trigger-
ing, no gate pulses should occur between the
zero crossing point of the mains and the desired
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trigger point.

The equation given for the current in the
primary of the pulse transformer is correct;
however, the energy stored in the pulse trans-
former is dissipated in the diode across the
primary. Assuming a suitably rated transistor,
removal of the diode will allow the stored energy
to produce additional gate drive.

While Dr Pardoe’s circuit does provide a
simple and cheap means of digitally controlling
conduction angle in phase control, I would not
recommend its use in a multi-channel system
because of the tracking problems already
mentioned. Additionally in a multi-channel
system I believe that a solution based on our
article would produce a cheaper system, since
only one oscillator and counter are used for
many channels and there will be no possibility
of resolution loss.

J. D. H. White
University of Keele
Staffordshire

CITIZENS’ BAND

I would like to reply to Mr Briggs and Mr
Hewlett in July Letters: I will deal with the
main points only.

When Mr Briggs says that there is nothing
political about the CB pirates, what he means is
that there is nothing consciously political about
them. Nevertheless, whether they know it or
not they are engaged in a political act; which is a
revolt against an arbitrary power which had
wrongly denied them a CB service.

I agree that not all CB users are young and
that the f.m. service does have some technical
merit. I did not mean to imply otherwise and I
am sure Mr Steedman didn’t either.

I am accused of being petulant, which means
complaining and impatient; but if more people
were impatient and complained abour problems
a lot more fiercely then the problems would be
solved a lot more quickly.

Mr Hewlett says that he can “get enough of
the other thing” from the rest of the media, but
as far as CB is concerned this does not appear to
be true. I am not aware that any other part of
the media has discussed the true causes of illegal
CB interference, so if WW did not discuss them
they would not be discussed at all; and the
chance to learn from the experience would be
lost.

In my letter in the March issue I was trying to
make a very serious point, which is that the
interference caused by illegal CB has a political
cause; and that part of that cause is the tyranny
of an unelected, unaccountable, unscrupulous
higher-civil-service, which is immune to
rational argument. Jo Grimond, MP, has des-
cribed the civil service in the following way;
“Rigid, non-elective, hierarchical, cautious,
secretive, conformist, narrow, furthering the
interests of an apparatus and the careers of those
within it.”!

Now let us see how this is relevant to the CB
issue, and let us begin with a principle laid
down by Burke 200 years ago;

“Those who give and those who receive arbi-

trary power are alike criminal, and there is no

man but is bound to resist it to the best of his
power . . . It is a crime to bear it when it can

be rationally shaken off. Law and arbitrary

power are in dreadful enimity.”?

The public service exists for the public; not
the public for the public service. This means
that if a citizen asks a public servant to do
something the public servant must do it or show
cause why not or resign. If he does none of these
things he neglects his duty and should be disci-
plined or sacked.

A CB service was first requested in the mid-
1970s, but the Minister and Parliament were too
busy to look into the matter and so it was left to
civil servants to decide.

The officials concerned neither gave permis-
sion for CB nor gave a good reason why not nor
resigned. They therefore neglected their duty

and exercised abitrary power. The people who
wanted to use CB then had no choice but to take
direct action, and in so doing they were merely
obeying Burke’s dictum. They were resisting
the arbitary power of the Home Office to the
best of their ability; and it would have been a
crime to have bornme it when it could be
rationally shaken off.

S. Frost

Edinburgh

References

1 Community Politics, 1976, p.138

2 “Rule of Law,” Conservative Political
Centre, pp 19 & 39.

3 “Rule of Law,” frontspiece.

SPREADING

My letter in the October 1981 issue on the above
subject has provoked some comment in subse-
quent issues, and that is a good thing.

Some correspondents have made the mistake
of confusing the subject of “splatter” with the
subject of “spreading”. Until the amateur radio
movement recognises that the two phenomena
are separate and distinct, and learns to study
each phenomenon separately and in isolation,
they will not come to a proper understanding of
either. My letter in the Oct. 81 issue, acting on
the principle of “one thing at a time”, referred
to spreading — just that ~ and it would be
desirable to confine discussion for the present to
that subject.

Now, so far as spreading is concerned, I am
saying that a single-sideband transmitter
properly and correctly operated and occupying
no more than 3 kHz of spectrum space, may
nevertheless appear on a receiver, if assessment
is made by S-meter readings in conjunction with
dial frequency calibration, to be occupying more
than that space, possibly much more; I am say-
ing that this is not because the transmitter is
radiating energy over the wider band, but is due
to an effect in the receiver itself due to a combi-
nation of the effects of selectivity and a.g.c.
There can be no doubt about the truth of that
statement. It can be demonstrated by mathe-
matical analysis and verified by experiment;
there is also a fair bit of secondary evidence
which backs it up.

Once the truth of this proposition is accepted
it must necessarily follow as a corollary that it is
impossible to tell from S-meter readings and
dial calibration (with no other evidence) how
much spectrum space a transmitter is actually
occupying.
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Consider the following simple exercise as an
aid to thought. Refer to Fig. 1 which shows an
elementary receiver to which has been added a
digital frequency meter connected to the h.f.
oscillator, the S-meter having been replaced
with a vacuum-tube voltmeter or similar instru-
ment as shown. Assume further that there is a
crystal oscillator on the bench some short
distance away putting out a signal of comfort-
able strength. The receiver is operated in the
first instance without the benefit of agc, that is
to say, under manual r.f. gain control.

Tune the receiver across the crystal frequency
and plot output voltage (read from the v.t.v.m.)
versus frequency, maintaining the receiver at a
constant level of sensitivity. You will obtain a
curve rather like Fig. 2. This is a selectivity
curve for the receiver under this set of condi-
tions. There is a whole family of such curves,
and the parameter of the set of curves is the r.f.
gain of the receiver, howsoever it be defined
quantitatively. To emphasize this point I have
shown (Fig. 3) four such curves A, B, Cand D,
extracted from the family, in descending order
of receiver sensitivity.

Switch on the a.g.c. and tune across the
crystal frequency f as before, commencing well
below f, and proceeding to well above f,. Com-
ing along the curve of Fig.2 (re-drawn in Fig. 4)
you proceed to the point R. Here the a.g.c.
takes contrel, the point R being determined by
the voltage-delay of the a.g.c. system. Tuning
higher in frequency the a.g.c. maintains the
output constant, until finally we exit from the
control of the a.g.c. at point S and continue
along the original selectivity curve. Someone,
expert in the Red Herring Department, will
want to argue with me about the practical nice-
ties of a.g.c.; some other time, please!

The output meter shows substantial output
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across a band of frequencies Af. This does not
mean that the transmitter under scrutiny is ac-
tually radiating energy across the whole of the
band Af. The transmitter (in this case a crystal
oscillator) is radiating energy on one single fre-
quency only, viz. fy. Only a very stupid person
would attempt to argue that, because the output
meter shows a substantial reading across a band
of frequencies, this is proof that the transmitter
is transmitting over the whole of that band of
frequencies.

What has all this to do with a single-sideband
transmitter? If vou can understand the above
reasoning, then you can understand why a
single-sideband transmitter radiating over a 3
kHz bandwidth can provoke your S-meter to a
substantial reading over a band of 8 or 10 kHz,
or even more: the principle is the same in both
cases.

One further point — I should have said ear-
lier that when you traverse the section RS in
Fig. 4 as described above you are in effect hop-
ping from one selectivity curve to another. This
is indicated in the sketch. There is, of course, an
infinite number of such curves, so that it is a
smooth transition.

And finally — you will note that if you turn
up the r.f. gain and allow the a.g.c. to control
the receiver, the impression of broadness is en-
hanced, because you are working across a curve
such as A (Fig. 3). But if you turn down the r.f.
gain control the apparent broadness is reduced,
because you now work across a curve such as C
or D. A single-sideband transmitter will exhibit
the same effect — naturally — and the effect
may easily be observed by a competent
operator. .

R. C. Yates
Charlestown
N.S.W.

WIDE-RANGE NOISE
GENERATOR

With reference to Mr Ian Hickman’s article in
the July 1982 issue of Wireless World, 1 should
like to suggest that if the 28-stage digital noise
generator really works with a shift register pat-
tern of 228 —1 different states (the maximum
length), this can only be the case because theo-
retical limitations are compensated by electronic
anomalies. Obviously, these “shortcomings”
may go completely unnoticed in practice and
therefore the object of my letter is not to imply
that the design is incapable of producing a wide
range of very useful and interesting noise
effects. Nevertheless theory and implementa-
tion (however elaborate) of this shift-register
application show several doubtful points worth
mentioning. In this respect it is, for instance,
revealing that the practical implementation as
given in Fig. 3 does not indicate where the
second Ex-Or-input comes from. A correct
feedback configuration is far more difficult to
find than is suggested in the mathematical “‘ex-
planation”.

The first incorrect statement is that in the
general case a maximum-length sequence can
always be obtained by using an Ex-Or gate with
two inputs only: one from the last register stage,
the second from “‘the correct earlier stage”.
This applies only to shift registers with up to
seven stages, but the 8-stage case already invali-
dates the above “theorem’. When an 8-stage
implementation is used, eight different feed-
back configurations can be envisaged. In each
case let us examine the sequence starting with
the 11111111-state, the Ex-Or output deter-
mining the first bit (most left).

With both inputs coming from the 8th stage
(most right), the Ex-Or will always turn out a
zero and the sequence will never come back to
the 11111111-state again; with the second Ex-
Or input connected either to the 7th or to the 1st
stage output, the sequence will have a length of
53; using either the 6th or the 2nd stage output,
the sequence will have a length of 217 (which is
still far less than the maximum 2°-1=255);
finally using the 4th stage output, the pattern
will have a length of only 12. As a matter of fact,
maximum length shift register sequences can
always be obtained, but the feedback function
should generally apply to more than just two
stages.

The second erroneous statemnent is that the
maximum-length pattern will establish itself,
provided at least one of the shift register stages
comes on with a l-output. Let us once again
consider the relatively easier case of an 8-stage
shift register and let the feedback function be
taken from the 8th stage and the Sth stage. It
can now easily be discovered that four different
sequences are possible: one is 217 long and
contains 1111111, the second is 31 steps long
and contains the 11111011-state, the third is
seven steps long and contains 10011101, the last
one is the indefinitely repeating 00000000-state.
When the shift register operating conditions are
normal, one sequence (e.g. the one which con-
tains the 11111011-state) will never jump to a
different sequence (e.g. the one which contains
the 11111111-state).

This clearly demonstrates that much more
careful analysis is needed in order to establish
whether in the particular case of a 28-stage shift
register the maximum-length sequence of
221 can be obtained with an Ex-Or gate hav-
ing only two inputs! By the way, a full 2 sequ-
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ence can also be obtained, but this requires a
feedback function a little bit more elaborate
than just an Ex-Or array connected in a parity
check configuration!

* The two misinterpretations should immedi-
ately have come to the mind of the author when
he observed the (unexplainable?) peculiar cir-
cuit behaviour (long start-up effect, periods of
silence alternating with hiss, apparent jumps
from one sequence to another etc. . . .). May [
suggest this could probably be explained by
shortcomings in the circuit design (e.g. power
supply rating too low, or decoupling near the
i.cs insufficient, or spike pick-up by the un-
connected gate inputs supposed to be at the high
level, or wrong time constants giving long
lasting amplifier saturation effects after power
turn-on, . . .)?

More detailed information on the actual cir-
cuit layout might have been helpful, together
with photographs and oscillograms. I doubt
very much whether this circuit is easily repro-
ducible! Faulty operation may arrange matters!

Maybe Mr Hickman could reveal the actual
feedback function, as it should have been indi-
cated in his Fig. 3, in order to obtain really the
longest sequence (starting with the all-zero con-
dition when an Ex-Or invert gate is used) . . . It
would also be fruitful to analyse how much this
longest sequence is actually off the maximum
length of 2°*—1. Even if the difference between
projected and actual length turns out to be
small, it should still be emphasised that the
electronic implementation wouldn’t fully ex-
ploit the lower frequency range, the values of
the coupling capacitors in the filter, attenuator
and output circuits as shown in Fig. 4 are too
small, except for exclusive audio use: when the
filter is set to 10Hz low-pass, the result is actu-
ally rather a band-pass! In applications other
than audio this might limit the circuits effective-
ness.

One might ask the question whether, for au-
dio purposes, a shorter shift register wouldn’t
have given comparable results when designed
correctly! Apart from these remarks, fundamen-
tal from a theoretical point of view, it goes
without saying that Mr Hickman’s circuit can
be very instructive for musical applications.

G. J. Naaijer
Louviers
France

The author replies:

Before dealing with the points raised by Mr
Naaijer I should like to correct one or two minor
graphical errors which crept into the article as
published.

In Fig. 1(a) the second input to the exclusive
Or gate should be labelled “From m? stage Q
output”, where m is of course less than n.

In Fig. 3, the input to pin 12 of IC;y should
come from pin 13 of ICg.

In Fig. 4, R3s and Rsg are the two sections of
22k} twin-gang potentiometer, and references
to Rjs or Ryg in Fig. 5 and throughout the text
should read “R3s/R3¢”.

The references to “R34” in the 25th line of the
third column of page 40 and in the last two
paragraphs of the article should read “R3s/Rs¢”.

The negative end of C; in Fig. 6 should go to
OV chassis.

The author should have made it clear that
following normal practice, all unused gate in-
puts in Fig. 3 are returned to +5V via a 1k}
resistor.

Turning now to Mr Naaijer’s letter, he ques-
tions whether a shorter shift register would be
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adequate. A 28-stage register was arrived at
from the following considerations.

It was desired to have white noise with a
Gaussian amplitude distribution available to as
high a frequency as conveniently possible, say
100kHz. It was clear that the necessary number
of stages would be of the order of 25, and a
modest clock frequency of around SMHz is con-
venient when using a simple And gate oscillator
employing standard t.t.1. gates. As stated in the
article, Gaussian noise is obtained if the sequ-
ence is filtered with a cut-off frequency lower
than foq/n, 1.e. lower than SMHz/25 or
200kHz. Thus Gaussian noise is available up to
about 100kHz as required. At the low-fre-
quency end of the range, the frequency of the
lowest spectral line in the output is of little
interest in itself: the important consideration is
the spacing between spectral lines at the lowest
frequency of interest. This was taken as 10Hz,
and the possibility of external bandpass filtering
with a Q of 100 was catered for. The 3dB band-
width would then be 0.1Hz. Now using
SN7495s, six devices would provide a 24 stage
register and the maximal length patiern would
repeat at approx. 0.3Hz. Thus the spacing be-
tween the spectral lines would be greater than
the filter bandwidth and the noise would not (in
this admittedly extreme case) appear white.

Adding a seventh 7495 provides a 28 stage
register, giving a spacing between spectral lines
of 0.02Hz, which is quite adequate. It is in-
teresting tc note that Beastall, in his white-noise
generator design, published in Wireless World in
March 1972, used a 31 stage register (although
32 stages were available in the i.c.).

The purpose of the article being to describe
the design and use of a white noise generator,
the subject of maximal length shift registers was
touched on only very briefly. The article did
not, or was not intended to, imply that for any
length shift register, two suitable tappings can
be found to give a maximal length sequence
with a single Ex-Or gate. This is not always the
case. I admire Mr Naaijer’s industry in working
through all the possibilities for an eight stage
register, but a correct feedback configuration is
not, as he suggests, difficult to find. It is simply
derived from any of the tables of irreducible
polynomials published in the literature. These
do not bear out Mr Naaijer’s statement that “the
feedback function should generally apply to
more than just two stages” except in the sense
that there are numerous possible feedback ar-
rangements for most register lengths, all giving
maximal length sequences. However for register
lengths of 2 to 34 stages inclusive, there is a
single Ex-Or configuration giving the maximal
length sequence in 20 cases, including 28 and 31
stage registers. The remaining 13 cases require
three or more taps, including lengths 8 (as noted
by Mr Naaijer), 24 and 32. For length 28 the
correct taps are stages 28 and 3 or stages 28 and
25; the one arrangement provides the same
maximal length sequence as the other but with
the bit sequznce in the reverse order.

It is not always realized that the maximal
length sequence is not unique. Even a register as
short as five stages can (with the appropriate
feedback arrangements) produce six different
maximal length sequences, though only one of
these (plus its time reverse) can be obtained
with a single Ex-Or gate feedback arrangement.

Mr Naaijer has pointed out that there is a
problem with the circuit as published, and
perceptive readers will have noted the cause. On
rereading the article it was immediately
apparent to me that if the arrangement pro-
duced the intended maximal length sequence,
then the sequence would commence immedi-

M

ately. For, ignoring the degenerate ‘all-zeros’
case, any other possible combination of register
contents at switch-on is by definition a valid
member of the maximal length sequence, which
will therefore continue from that point. The
problem was the tendency of the register
contents to come up as all-zeros at switch-on. A
section of IC;o was therefore included as an
inverter with the intention of making all 1s the
degenerate case, but unfortunately this does not
have the desired effect. One could alternatively
use the correct Ex-Or gating instead of the Ex-
Or arrangement shewn, and arrange to load a 1
into at least one register stage at switch-on. But
a simpler modification which I have tested and
incorporated is to invert the inputs to the Ex-Or
gate as well as its output. With this arrange-
ment, the all zeros case in the register looks like
the all Is case to the Ex-Or gate, and the circuit
commences the maximal length sequence im-
mediately as expected. By connecting R;
directly to pin 10 of ICg instead of pin 6 of IC;,
two spare Ex-Or gates are available and these
were used to invert the outputs of stages 25 and
28 of the register, i.¢. pins 13 and 10 of IC;.

I do not know how long the non-maximal
length sequence produced by the circuit as pub-
lished is, but it must be said that none of the
brief tests I was able to conduct in the frequency
domain could distinguish between the noise
produced and that produced using the correct
maximal length sequence. Nevertheless I am
grateful to Mr Naaijer for pointing out the snag,
to which there is, as I have indicated, a conve-
nient and simple solution.

OPTO-ELECTRONIC
CONTACT BREAKER

In your Letters column of September 1982 Ste-
venson complains that he was unable to obtain
the i.c. specified for my opto-electronic contact
breaker, and transformer for Rod Cooper’s ¢.d.
unit.

I can assure him that in the case of the i.c.
that component is crucial to the reliability of the
circuit. I have written before in WW that the
environment in which automotive electronics
have to work is far from ideal, and it is not
unreasonable to specify a S54-series device in
an engine-mounted application. Like Rod
Cooper, I am conscious of the need to specify
obtainable parts, but there is a converse argu-
ment which suggests that sticking to parts from
the corner shop stultifies design. This notwith-
standing, I wrote on p.67 of the February 1982
issue the name of a Texas Instruments supplier
(Quarndon Electronics) and many more spring
to mind. Quarndon were kind enough to con-
firm today by telephone that the SN5401N is in
stock and available to anyone.

If one assumes that Stevenson missed the
February issue, I would still question whether
he had exhausted all possibilities until Rod and-
/or myself had been consulted. Criticism for
failing to provide that for which one has not
been asked is hard to accept. Mr Stevenson
should be aware that, as authors, we cannot
hope to satisfy everyone all the time, but we do
feel responsible for our designs, and can usually
help.

J. R. Watkinson
Reading
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DISC-DRIVE CONTROLLERS

Control logic, the penultimate subject in the disc-drive series, divides into
data-handling and drive-coordination sections. These sections, and how they
are controlled by sequencing logic, are discussed here.

Essentially, disc-drive control logic does
not vary much from one drive design to
another, but because of the wide price/per-
formance range and changes in tech-
nology, one cannot assume that all the
features mentioned here will be found in
all disc-drive units.

Control logic can be thought of as hav-
ing two main sections — one for control-
ling the disc subsystem, including circuits
for obtaining subsystem status informa-
tion, and the other for handling data to be
stored or retreived. These sections are
coordinated by sequencing logic.

Execution of a function by the disc-
control logic requires a complex series of
steps determined by logical decisions made
between each step. Sequencing logic re-
sembles a processor with subsystem func-
tions as instructions and the steps as states.

As with central processors, sequencers
can be implemented either with combina-
tional logic or with rom-controlled
microsequencers, but unlike c.p.us, se-
quencers have to work in real time and
keep in step with the disc’s rotation.
Figure 1 shows the essentials of a rom-
controlled sequencer.

Control and status. Excluding operator
controls, disc drives are controlled entirely
by functions and parameters loaded into
registers in the subsystem. How the regis-
ters are loaded is not unique to disc drives
and is therefore not discussed here.

Table 1 shows a list of functions per-
formed by a typical disc subsystem and
Fig. 2 depicts the most common functions,
read, write and write verify. In Fig. 2(a),
the disc is altered by data being read from
memory and written into it, and changes
in memory occur when data are read from
the disc, Fig. 2(b). Neither memory nor
disc is altered when written data are being
verified. In this operation, data are read
from the disc and compared word-for-
word with data in memory.

Not all disc subsystems have the verify
function; in some computer systems data
verification is carried out by the main
processor at the expense of some proces-
sing time.

Figure 2 also illustrates parameters
necessary for a data transfer, namely the
starting address in memory, the starting
address on the disc, and the amount of
data to be transferred.

Figure 3 shows a typical register set fora
disc subsystem. Most units use direct-
memory access {(d.m.a.) techniques to
transfer data to and from memory without
involving the processor. To do this, the

John Watkinson, M.Sc., is with Digital Equip-
ment Co.
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by J. R. Watkinson

d.m.a. logic needs to know the physical
starting address of the memory area to be
affected by the transfer. This address is
loaded into the memory-address register
which increments automatically every
d.m.a. cycle so that sequential memory
locations are accessed. A word-count regis-
ter controls the amount of data to be trans-
ferred. As it is relatively easy to detect
when a register contains zero using
hardware, it is often arranged to load the
two’s complement of the desired word
count into the register, which increments
every d.m.a. cycle. When the register
overflows to zero the transfer is complete.
The starting address of a selected disc
must be specified in three dimensions,

namely desired sector, desired head and
desired cylinder. One disc transfer may
consist of many contiguous disc blocks,
and the desired disc address registers can
be arranged to increment as each block is
completed. As the disc turns, the desired
sector address increments first, until the
highest numbered sector is reached. When
this block is completed, the sector address
is reset and the desired head register incre-
mented. The next track is now in use. This
process may continue until the highest
numbered head reaches the highest
numbered sector. In this case both desired
head and sector registers reset and the.
desired cylinder address increments.

Not all units have this feature. The
change in cylinder address causes a cylin-
der difference signal and implies a seek
(explained in the May issue of Wireless
World). Before the transfer can continue

[ : Jump micro address

Bl

L

| S Jump micro
e Jump oddress ro.m.
Eondifioan ——  condition
jump events | multiplexer Enable
= Setect Select
| ( - A !
l i} Enatte P !
Micro program | “" | Step input ——— | Controt
step events __ | multiptexer Control outputs
—_— ro.m A
——{_Select Select  f—
I—'—* Micro - }
ol program Micro ngj_ress bus
[/ counter
Load enable
[-» Count enable

Fig. 1. Disc-control sequencer using rom control. Each address generated by the
program counter results in one or more control signals being sent to the system. At the
same time the event which causes the program to advance to the next step is selected
by the input multiplexer. Certain addresses cause a conditional jump and if the
conditions are satisfied, a new non-sequential address is loaded into the program
counter from the jump-address rom. More advanced units have stack registers
enabling them to call subroutines and return afterward.
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Fig. 2. Three major data transfer functions performed by a

disc subsystem. Write-verify function, (c}, is not always used.

{a) Write data transfer

(b) Read data transfer

Data
compare

the positioner has to move on to the next
cylinder. The process is only terminated
by a word-count or disc-address overflow.

Disc drives work with blocks of data,
and hardware is necessary to prevent mal-
function if a specified word count is not a
multiple of the block size. When reading,
if the word count overflows before the end
of a block, the transfer to memory stops
but the drive continues to the end of the
block to read the error-checking character
there. When writing, the disc-control logic
pads a partially written block with zeros to
retain the standard disc format before the
check character. The purpose and opera-
tion of check characters will be discussed
in the next article. Figure 4 shows the
flow-chart for the automatic disc-address
incrementing algorithm.

Composite Transfer

Disc address

Drive select

—rt

Status circuits give the operating system
information about the operation of the
drives. The boundary between control and
status is difficult to define, since the status
path can be thought of as a feedback mech-
anism for the control process.

On completion of a data transfer func-
tion, the status circuits inform the operat-
ing system that the disc subsystem is no
longer busy by way of an interrupt; as with
d.m.a. techniques, the c.p.u. is not
involved with the data transfer and will be
performing useful processing. Following
the interrupt, the operating system will
read the disc subsystem’s status register. If
all is well, a ready bit is set, but in the
event of a malfunction, an error bit wiil
also be set. There are many conditions
which could cause such an error signal.
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Fiﬂ. 3. Register set of a typical disc drive. Composite error is set by the change of state of an
OR gate with inputs representing many possible error conditions.
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The error bit in the status register is an OR

"function of all of them, referred to as the

composite-error bit.

In a 16-bit system, the ready and error
bits are often bits 7 and 15, since these are
the sign bits of the low byte and the word
respectively. Using ‘test’ or ‘test-byte’ in-
structions, the processor status word will
become negative if the sign bit is set. A
conditional branch instruction whose
outcome is determined by the processor
status is then used to determine the
program flow. When an error occurs, the
system branches to a routine to read the
subsystem error register to find out what
has gone wrong.

In the case of a non-data-transfer func-
tion, such as a seek or search, the drive will
become ready when the operation is com-
plete. Non-data functions can take place
simultaneously with a data transfer in a
multi drive subsystem, and upon their
completion it is necessary to know which
drive has become ready. This could be
achieved by selecting each drive in turn
using the unit-select register in a process

]

ﬁ Transfer word ]
I

[ Increment block count ]

End of block ?

Controiler
word count
overflow?

Yes _ Controller
ready

(lear desired sector count.
Increment desired head
address

Head addr
above max ?

Clear desired hecd count
Increment desired cylinder

Cyl.addr
above max?

Disc overflow error

Fig. 4. Disc transfers may extend over
several disc blocks without the need for

-each one to be addressed individually. The

disc address increments automatically as
long as there are words left to transfer.
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known as polling, but this is wasteful of

processing time. A better alternative is to
use the summary register, which contains
one bit position for each drive in the
subsystem.

When a change of status occurrs in one
or more drives, a bit pattern is present in
the summary register. Any bit present here
will cause an interrupt, and the system has
only to read the summary register to find
out which drive requires attention. When
one of the drives has a fault, the composite
error bit will be set, as will a bit called
drive error in the subsystem error register.
If so, the unit number specified in the
summary register has to be loaded into the
drive select register. If the c.p.u. now
reads the drive-error register, it will obtain
the status of the affected drive. Figure S
shows a typical service-routine flow-chart.
Action taken as a result of an error varies
from one operating system to another, but
typically the error conditions would be
recorded in the operating-system error log,
and then attempts would be made to clear
the error condition by issuing drive-clear
or controller-clear commands. Positioning
errors normally result in a recalibrate func-
tion prior to repeating the failed function.

Hardware failures, such as power-

Header Heuccl’er Data
preamble words  nata postambte
reamble Data
Address Sync. byte b Data check
mark Sync. byte words Address
N [ i
Lol A\
1T--7
— etc. etg =— Next block
‘rl e %
0 2010 & |0 56 . 55 57 260
Counter active
Write header
| 1 . Counter reset and data
0 41 J0 5|0 . 255, 57|, 260
Counter active
Write data
I | Counter reset
. T
0 & 0 o 255_| (257
Counteractive
| Read data
| L Il o Counter reset

Fig. 6. Format of a typical disc block in relation to the count process used to establish
the head’s position in the block at any time. During reading the count is derived from
data read but during writing the count is derived from the write clock.

supply faults, cause the system to disconti-
nue use of the drive concerned and send
appropriate messages to the operator. Such
a failure in the swapping disc will usually
cripple the whole computer, as the time-

Start
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Transfer

[—

Read
attention summary
register

Finish
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Load lowest attention
address info
drive select register

L Read drive status —|

error?

Read
controller error register
& log error

i

[ Call error recovery roufir;l

Finish
Controller
ready?

Next function

Drive error?

Read
drive error register
& log error

-

Update
system drive status map

L—iﬂt error recovery routine ]—-—45

I Reset attention bit —I

J

Fig. 5. Flow-chart describing the handling of disc subsystem status registers following
an interrupt. Interrupt may have resulted from the controller on data-transfer
completion, from a drive completing a function not involving data transfer or from an
error condition. More than one drive may have an attention condition at once.
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sharing process cannot proceed. Action
taken to recover from data errors will be
detailed later.

Position verification. Before a data trans-
fer can take place, the selected drive must
physically access the desired disc block
and confirm its position by reading the
header. At the end of an implied seek,
should one be required, the positioner cir-
cuits declare that the heads are on track
and settled. The desired head will have
been selected by the head matrix, and the
next step is to perform a search along the
track by comparing the contents of the
current-sector, or ‘look-ahead’ register
with the contents of the desired sector
register. When the two are equal, the head
is about to enter the desired block. Figure
6, the format of a typical disc track, shows
that between blocks are placed address
marks, which are areas of steady magneti-
zation that generate no read pulses and can
be detected by the read circuits.

Following address-mark detection, the
data separator starts to synchronize to the
header preamble. Any a.g.c. in the read
channel will stabilize at this time. Toward
the end of the preamble the data separator
will be locked to the read signal and will
generate zeros (assuming modified f.m.)
and the separate bit clock.

Serial data is converted to parallel form
by the serializer, Fig. 7, which is based on
a shift register. The serializer also has the
ability to convert parallel data to serial
form for writing operations. Preamble
zeros are clocked down the shift register in
the serializer by the bit clock, and in due
course the sync-byte’s pattern shifts
through and is recognized by the sync-
byte decoder. When this takes place a di-
vider is enabled, which divides the bit
clock by the word-length to give a word
count, or in some cases a byte count. The
word count is decoded by part of the se-
quencing logic to enable the various steps
which take place synchronously with the
disc.

Figure 8 shows decoding necessary for
the disc format shown in Fig. 6. The first
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Table 1. Abbreviated list of functions
performed by a disc drive. Only one
data-transfer function can take place
at a time, but other functions can be
performed by different drives in the
subsystem at the same time.

1 Read
2 Write
3 Writeverify Data-transfer
4 Read header (and { function
data) (see Fig. 2)

5 Write header (and
data)

6 Seek — move
positioner to new
cylinder

7 Search — interrupt
when current
sector issame as
desired sector

8 Recalibrate —
move positioner to
cylinder zero

9 Offset — move
positioneroff track

Non-data transfer
functions which
may be issued to
another drive at

centre the same time as
10 Return to centre a data transfer

line — cancel

offset

11 Portrelease —
permit other port
access todrive

12 Standby — unload
heads and stop
spindle

header word is the cylinder address, and
this is compared with the contents of the
desired-cylinder register. The second
header word contains both the sector and
head addresses of the block, which are also
compared with the desired addresses.

Serigl read from
data separator

Latch
clock

Serial write
data to head

Sync byte
multiplexer

Sync byfe L
pattern

word
count

w R
Clock
multiplexer

TTTTTTTI

Read clock from

Read /write
control

data separator
Write clock from

servo surface

Fig. 7. Conversion between parallel data used by the computer and serial data
used by the disc takes place in the serializer which reconfigures itself for either

reading or writing.

Some header formats contain extra in-
formation such as bits which specify the
density of data in the following block,
passwords which are used in high security
systems and information about media de-
fects in the data area. Each header finishes
with a cyclic-redundancy check character

260 257 255

Block word count
2019 5 & 3 2 1 0 |

Read header

write data

Write
sync byte

End of dcta

End of
data check

End of
pestamble

ﬁééé

Read data

Compare
cyl.address

Compare
sector & track
address

Key word 1

Key word 2

Check CRC

Write header

’ End of header
preamble

Write header
sync byte

—4
End of data
End of —
data check

write cylinder
address

Write

sector & track
address

Write
key word 1

Write
key word 2

Write
header CRCC

T T T

Fig. 8. Decoding for the disc format shown in Fig. 6. As the count is reset several times
during a block, the same decoder can be used for a number of purposes. During
writing, preambles and sync. bytes must be included but this is not necessary during

reading.
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which confirms its validity. Only if the
header contained the right addresses and
was read correctly will the data transfer
take place.

Figure 9 will show a flow-chart for the
process of position verification. Automatic
reading of .the header by the sequencer
should not be confused with the read-
'header command used to place the
contents of the selected header in the
memory. This is usually only used after a
write-header command, to verify that the
disc has been formatted properly.

Data transfer. During a data block read,
the serializer and sequencer are employed
again. As with the header, zeros from the
data preamble are clocked into the shift
register until the sync. byte is detected,
when the next bit will be the first data bit
in the block. On every word, the output of
the shift register goes around the loop in
the serializer and is loaded into the latches.
The d.m.a. logic now has finite time to
send the word to memory before the next
word arrives from the disc. When the
word-count decoder decides that the last
word in the block has been transferred,
check words are sent to the error-checking
logic. A description of this operation will
be given.

During a write function, header check-
ing is repeated as it is important not to
write in the wrong place on a disc. A write
process is a little more complex than the
read because preambles, sync. bytes and
postambles have to be written together
with the actual data. To write the pream-
ble, again assuming modified f.m., the
serializer is held clear by the sequencer.

At the end of the preamble, the sync.-
byte pattern is loaded into the shift regis-
ter. Data words are then loaded into the
shift register from memory in order to
write the block.

To be continued
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Ace computer, ace language?

new definition of F for the old definition
(as if we changed a page in our loose-leaf
manual). If a word is defined by use of a
word not yet defined, there is no way this

The most important characteristic of the
programming language Forth is thatitis a
“threaded interpretive language’’, and not
that it uses reverse Polish notation, as fre-
quently reported elsewhere. But in terms
of how a Forth computer is received it is
interesting to look at Forth and how re-
verse Polish notation is used. The fol-
lowing analysis is based on experience with
a pre-production prototype of the Jupiter
Ace computer (News, October issue), and
was sent to us by Boris Allan. “I hope the
Ace succeeds,” he tells us, “it is a very
brave initiative, but I do not know whether
it will; what I do know is that Ace Forth is
the best implementation on small compu-
ter I have seen”.

Reverse Polish notation seems to imply
that it is in some way back-to-front — the
accompanying description uses reverse
Polish in the definition of F and so on, and
the order does not seem unreasonable.
It only becomes ‘“unreasonable” when
thinking purely numerically. To have to
use 2 3 + to perform the calculation 2 + 3
may seem odd, though if it is introduced as
“take 2 then 3 and then add them to-
gether” then it is much more reasonable.
Though Forth is very useful for the
numerical, its strengths become more
apparent at a higher level of abstraction;
yet the Jupiter Ace is aimed at the cheap
end of the market. So to what extent is the
strange mode of approach a problem?

It is only strange if it is approached in a
way which makes it seem strange — the
definition of the Forth word “F” (see
panel) does not seem strange. The opera-
tion 2 3 + only becomes strange when we
say that it is equivalent to 2 + 3, and not
when we say that it is equivalent to take 2
and then 3 and add them together. This
strangeness is not long-lasting.

A far more important problem with
Forth is the ways in which restrictions are
placed upon defining and redefining
words, and it is the complexity of these
manipulations that are far more telling for
Forth as an introductory language. To
make it easily usable, the defining, rede-
fining, and editing of Forth words needs
conceptual simplification. This is where
the Ace scores over most other systems.

Ace Forth introduces new words EDIT,
LIST, and REDEFINE, which make the
changing of Forth words simple for the
user. LIST F would produce BAR BLIP
BAR BLIP BLIP CR and EDIT F would
produce a similar listing, and allow one to
edit the listing. After editing there would
be an extra version of F on the VLIST (the
new version), and if we then entered
RE-DEFINE then Forth would search
through the words in the dictionary (ie
those on the VLIST) and substitute the
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illegal definition can appear on the
VLIST.

It is easy to crash most Forth systems
because the checks on what the pro-

Forth: a threaded interpretive language

If the instructions in a repair manual are “un-
screw the nut holding the wurble plate to the
ding box, but only after disconnecting the mains
supply to the ding box, otherwise you will be
electrocuted” there will be a fair number of
fatalities. In a t.i.]. the manual has to be written
in a sensible order. “First, disconnect the mains
supply to the ding box; second, unscrew the nut
holding the wurble to the ding box” so that
there are no nasty surprises. It is safe to read
ahead in the manual because it makes the whole
operation that much slower, and how far for-
ward is it possible or necessary to read?

Forth and other t.i.l.s take the sensible ap-
proach to reading the manual because it is
simpler, and you always know where you are.
Any computer program is no more than a set of
instructions, and sometimes the same set of
instructions are repeated — a truly ignorant
person might have to be told, on each occassion,
how to unscrew a nut. The manual might then
read “First, disconnect the mains supply (see
page 1) to the ding box; second, unscrew the nut
(see page 2) holding the wurble to the ding
box”, where the “(see page . . .)” instructions
are pointers to other places in the book. That is,
we have the name of the operation, and then the
location of the instructions with that name (if
there was only one operation per page, the page
number alone would be sufficient).

The manual itself is an operation — repair a
Thing — and is composed of smaller operations,
which can then be seen to be composed of even
smaller operations, until one reaches certain

‘primitive operations, those which have to be left

undefined, eg “pick up a screw-driver”. As one
goes through the manual new operations are
defined before one uses them in terms of the
operations which are included in the latest,
more complicated, operation. This again is what
happens to a t.i.l. (For more details consult
Threaded Interpretive Language, by R. G. Loe-
liger. Byte Books, 1981.) It is now possible to
understand any Forth program. Here is a line of
program taken from “Starting Forth,” by Leo
Brodie (Forth Inc, 1981):

F

We know that this is an instruction to do
something and so we also know that somewhere
the instructions to accompany F will be found.
They are
BAR BLIP BARBLIP BLIP CR
thus whenever we come across F, the computer
will think BAR BLIP BAR BLIP BLIP CR.
There are three new named instructions here,
and BAR means
MARGIN 5 STARS

whereas BLIP nieans

MARGIN STAR
and CR is a primitive which means “carriage
return”. MARGIN is defined as

CR 30 SPACES
(on an 80 column printer or vdu), so BLIP

misses 30 spaces and prints out one star, and
BAR misses 30 spaces and prints out five stars,
so that F (which is BAR BLIP BAR BLIP BLIP
CR) will print out.

Ak khk
*
Ak
*
*

a trivial application but one which is totaily
transparent. To print out a large F, one types F
—— could it be easier?

It is possible to program in this manner in
Basic especially one which allows the user to use
meaningful names for functions and procedures
(though the applications in Forth — what are
called “words” — are closest to functions in
other languages). In Forth, however, the
process of defining words is done there and
then, and is done in what might be called, in
Basic, “instant mode”. Most forms of Basic will
not allow you to enter (say) function definitions
instantly, though it is possible to PRINT in
immediate mode. In Forth, to define the

‘meaning of F one enters

: FBARBLIPBARBLIPBLIPCR;
where the colon means a word is to be defined
(the next word in line) and semi-colon means
that is the end of the definition. Try that in
Basic; it is possible, but more complicated,
using subroutines.

In most versions of Forth if one enters
VLIST, an index is produced of all words so far
defined and in the order in which they were
defined. The order is important because the
user of the manual (ie the Forth system) is
incapable of looking forward in the manual to
find a definition (one can only look back). If in
the word F, one of the defining words (eg BLIP)
had not already been defined the definition
would be invalid. In terms of the output from a
VLIST, a word can only be defined in terms of
words which are lower down the list. What
happens then when a manual is updated, and an
improved method of unscrewing nuts is given?

Depending on the manual, various things
could happen. If the manual was a loose-leaf
manual, the old set of operations could be taken
out to be replaced by the new set, and if each
new set of instructions started on a new page,
the insertion would be that much easier. An
alternative method would be to mark the old
instructions with a note, “see amendment sheet
14, so that on going to page 2 you would be re-
directed to the new set of instructions. Once
done, the first is less work to use than is the.
second.

In conventional Forth systems, neither of
these methods (or their equivalents) can apply.
To change the definition of F so that it will be
put closer to the left-hand-side of the screen, all
that appears to be necessary is to alter the defini-
tion of MARGIN (as BAR and BLIP, and thus
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grammer can do are few; it is simple to
over-write the words in the dictionary, and
for the system to disappear in a puff of
smoke. Such things on the Ace didn’t suc-
ceed. Steve Vickers (the language de-
signer) explains that there were two modes
of running programs in Forth on the Ace,
FAST and (the default) SLOW. SLOW

F, both depend upon MARGIN in their own
definitions), eg

:MARGIN CR 5 SPACES:
which is simplicity itself. However, this doesn’t
work.

If MARGIN is redefined and you ask for a
VLIST, MARGIN will be at the top of and
further down (lower than BLIP, BAR, or F)
another occurence of MARGIN. If you type at
the console

MARGIN 10 STARS

You will find a space of 5 blanks and then 10
stars. If you now key F, the output will be
exactly the same as the original version. When
the computer comes across F within the body of
coding for F there are pointers to the places at
which the code for BLIP and BAR can be
found. BLIP and BAR still point to the original
coding for MARGIN — ie with 30 spaces. The
introduction of a new definition for MARGIN
has not affected anything earlier, and so all the
old pointers are unaltered — they can only point
backwards, never forwards. Without doubt this
is a major problem.

Another problem concerns program de-
velopment and the editing of source material.
‘Suppose that we define MARGIN with 5
spaces, try it out, and then decide that perhaps
it would be better with 10 spaces (then 8 spaces,
then . . .), what happens? Under VLIST (un-
less one is careful) a large number of competing
and conflicting definitions of MARGIN will
appear. It is possible to FORGET MARGIN (ie
erase the last definition) but often it is the kind
of action which is easily forgotten. The way in
which a source record is kept of the definitions
(on what are termed “screens”) can in itself lead
to problems.

Consider this word, and its definition,

: LOOP-TO-12130DOI1.CRLOOP ;
which prints out numbers from 0 to 12 (the
point means print out the last number
mentioned, in this case the loop counter I). If
that is stored on a screen, and the EDITOR
used, the EDITOR redefines I to an edit com-
mand, and so every time LOOP-TO-12 is used
the word will use the redefined version of I (as
per its use in the EDITOR). Unless one is
careful more complex interactions can occur.

For a t.i.l. to work most effectively what is
needed is a processor which is able to efficiently
point to locations which peint to locations which
point to locations which . . . More technically
what is needed is a processor with sophisticated
addressing modes. The common Z80 or Z80A
micro-processor is not known for its sophis-
ticated addressing — the opposite in fact — and
though the also popular 6502 is slightly better,
there is little to choose between them. The re-
cent Motorola 6809, as used in the Tandy Color
Computer and the Dragon, seems to be a chip
which would fit the t.i.1. philosophy well.

BORIS ALLAN

WIRELESS WORLD NOVEMBER 1982

mode means that everything that can be
checked, is checked (eg the stack over-
writing), and FAST means that all checks
are off (useful when you know it works)
and the program runs 25% more quickly.
Forth is an inherently compact efficient
language and is not far short of the speed
of machine code for some applications, and
twice as slow at worst. The standard Ace
comes with 3K bytes of ram, which may
not seem a great deal but as Forth
programs are so compact it is worth far
more in tzrms of equivalent storage for a
Basic program. The Ace will be able to use
the Sinclair 16K ram pack in any case, so
storage of programs presents no problem,
and the cassette system is simplicity itself
to use. The Z80A chip used is not the best
for Forth — the 6809 is better suited —
but Altwasser and Vickers say they knew
the Z80A inside out and back to front —

P T e I I e e e e —

and it worked.

Forth is excellently suited for control
applications, and so the Ace might be
bought for that. Success might partly de-
pend on how many interfaces to the
outside world are produced; though as
many of the ZX81 (etc) devices seem to be
already compatible perhaps this has been
partly solved already.

A possible further demerit is the claim
that Forth as a language can promote the
datk syndrome (“‘design at the keyboard”)
in that, because one has to get the basics
right first, the overall structure gets lost. I
think that datk is valid and though it may
not be “structured” in the sense of top-
down programming, it does lead to effi-
ciency of coding — top-down program-
ming inherently leads to verbosity in
programs.

Advice to dbs
panel

The advisory panel considering technical
transmission standards for direct broadcast
satellites is accepting advice until early
November. The panel, headed by Sir An-
tony Part once permanent secretary at the
Department of Trade and Industry and
now chairman of Orion Insurance, in-
cludes Roger Griffiths, professor of
electronics at Loughborough University,
and Alan Day, professor of economics at
LSE, with consultant Bernard Rogers as
an assessor. Secretary is P. R. Birch, Dol,
29 Bressenden Place, London SWI1E 5DT,
tel. 01-213 5810. The short notice, accord-
ing to the Home Secretary in a parliamen-
tary answer, is to enable ‘“‘the necessary
receiving equipment to be ready in time
for the projected start of d.b.s. in 1986.”

Uosat back in
operation

The amateur radio satellite Uosat has been
given an “off”’ command through the large
radio telescope dish of the Standord Re-
search Institute, California. Uosat became
uncommandable in April this year when
both its 145 and 435MHz transmitting
beacons were switched on together. This
swamped the command receiver and no
further commands could be passed.

Now, the University of Surrey is in full
command. All telemetry has been tested
and found to be correct as it was originally
left in April. Test and analysis programs
are being dumped on to the F100 space-
craft computer for future use in the Phase
3 programmes. The 1800 on-board compu-

ter is having its software checked to ensure
that no false command will be accepted
and thus cause the same fault.

The system transmits at various rates
during weekday passes but for the next few
weeks, at weekends, transmissions will be
at 300 baud. Amsat-UK and the Univer-
sity of Surrey invite suggestions from read-
ers on what the data rate should be at
weekends to stimulate maximum interest.
They would also be grateful for hard
copies to be sent to the University for
evaluation.

Information on Uosat and Amsat-UK
can be obtained from Amsat-UK, London
E12 SEQ, by sending a stamped addressed
envelope. There is also a guide to operat-
ing Oscar available for £1 and the latest

satellite information will be included.

After a “perfect countdown” to the launch
of Marecs B on 10 September, announced
ESA said ““an anomaly led to a lower trage-
tory than required”’.
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HDTV-on-Sea

Visitors to the International Broadcasting
Convention at Brighton had a good oppor-
tunity to assess the high definition colour
television system which NHK, the Japan-
ese Broadcasting Corporation, has been
developing over the past few years. Sony
were demonstrating a camera, monitors, a
v.t.r. and a large-screen projector, all
working on the 1125-line, 60 field/s stan-
dard proposed by NHK. The pictures are
said to contain five to six times the amount
of information provided by current NTSC,
PAL and SECAM services, but although
the images were undoubtedly superior
they did not seem as impressive as one
might expect from doubling the number of
lines and sextupling the video bandwidth
to 30MHz. Of course, the relationship be-
tween subjective picture quality and objec-
tive definition parameters is not a linear
one and probably there is a law of dimi-
nishing returns here.

Sony’s camera uses three 1-inch Saticon
tubes with an optical beam-splitter, giving
R, G, B signals with a resolution of 1200
television lines. The 17 and 24in colour
monitors are based on Trinitron display
tubes with a fine-pitch vertical grille (300,
and 400um respectively); while the pro-
jector, using red, green and blue 9-inch
tubes, throws a picture on a 2000 by
1200mm screen. Recording on the 1-inch
v.t.r. is by the f. m. method using Y, U, V
signal components with a luminance band-
width of 22 MHz and chrominance band-

width of I0OMHz.

Of course all this was closed-circuit
television, as there does not seem much
likelihood of transmitting a 30MHz video
bandwidth until direct broadcasting satel-
lites get going. In the meantime it seems
more likely that HDTV will have useful
applications in the production, distribu-
tion and projection of motion pictures.
Sony claim that the picture quality “fully
matches that of 35mm motion picture
film.” (But this is not a new idea: older
readers in the UK will remember Norman
Collins’s film production company High
Definition Films of some 30 years ago.)

Nevertheless there is no reason why

high definition equipment of this kind
should not “be used in the studio well
before the capacity to transmit such signals
becomes established””, in the words of
Charles Sandbank, head of the BBC’s re-

search department. Indeed if signal
processing electronics become cheap
enough, it might also be possible to use
high definition techniques with advantage
in the receiver (the transmission system
remaining unchanged and compatible with
existing standards). As Mr Sandbank re-
marked, in his paper on future broad-
casting developments, for signals “derived
from a high definition studio standard and
pre-filtered for compatible 625-line trans-
mission, up-conversion to a higher line
standard, e.g. 1250, with adaptive interpo-
lation may also be worthwhile.”

However, the same speaker very sen-
sibly pointed out that high definition
television broadcasting in the full sense
really awaits the time when large-area
domestic displays capable of doing justice
to a standard with more than 1000 lines”
become commonplace components.”’

Wireless telephones legal

Rumours that the Government were about
to licence sale of wireless telephones were
confirmed recently by the Department of
Industry. The previous “liberalization”
schemes of November last year covering
extension telephones and modems, and of
last May covering callmakers/repeating
diallers with integral modems, are now
extended to include “cordless” telephones,
as the Dol call the wireless extensions to
distinguish them from radio telephones.

“Some manufacturers have the u.l.a. made for them to the specification of the computer,”
says Oric computer designer P. T. Johnson of Tangerine Computer Systems, “'rather than
designing the u.l.a. around it”. Like many popular computers Oric 1is based on a 6502
microprocessor and a u.l.a., but unlike others it provides an eight-colour facility together
with 15K of user ram for £100. A printer and disc drive are promised for the near furure, as is
a £60 modem to interface with videotex systems.
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— at a price

The devices have to be tested for confor-
mity with technical guide 47, which for a
“small charge” is available from ]. Jeans,
BTHQ, ICS214, 45 Moorfields, London
EC2Y 9U, tel: 01-432 9347 (the small
charge turns out to be £10). Thereisa hefty
charge for testing; probably between
£3,000 and £5,000 will be required before
testing begins. In defence of such amounts
BT say that ordinary telephone testing al-
ready costs around £2,000 (three samples
are assessed) and additionally there are r.f.
and security aspects to take into account.

Interim frequency allocations up until
1986 are 1632 to 1792kHz for transmitting
and 47.45 to 47.55MHz for receiving.

Interim Merriman

The Merriman spectrum review com-
mittee recommends that the 405-line tv
service should be closed by the end of
1984, years earlier than planned. They
suggest that the best use of these v.h.f.
bands would be for mobile services —
radio-telephones and internal and opera-
tional communication for the broadcast
authorities. The mobile radio allocation
plan should be developed in consultation
with manufacturers and users by the end
of 1983, as should plans for the broadcast
ancillary services, to be implemented pro-
gressively, starting in 1985. Having con-
sidered some of the alternatives, such as
community tv and a full channel of
teletext, the review committee considered
that all tv services would be best served by
existing and proposed schemes such as
satellite and multi-channel cable services.
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Tapping their own drum

After just a month of production in their
new factory, the inventors of an electronic
drum synthesizer had orders worth over
£250,000, secured by the new company’s
New York distributor. Developed two
years ago the drum Kkit, as it is called, has
touch-sensitive pads that trigger produc-
tion of sounds: rhythms are not pro-
grammed in as with conventional rhythm
generators. Its four main touch pads trig-
ger bass drum, snare, high and low tom-
toms and secondary pads operate high-hat,
closed high-hat and variable crash/ride
cymbals. It also incorporates a rhythm unit
which can be set to trigger the high-hats
with variable tempo and time signature
modes. Sound levels of each effect is ad-
justable and outputs allow direct interface
with multitrack mixing desks. Associated
instruments can be used individually or
triggered by the device, for instance the
Clap gives a wide range of clap effects, gun
shots, explosive and other white noise
effects, while another gives tympani
effects.

The electronics design aspects were the
work of Clive Button who teamed up with
Mike Coxhead, who otherwise runs a
building renovation firm, “Its a bit of a

[

departure from my own business” says
Coxhead “but I'm glad we got it on the
market before anyone else got the idea”.
His inital investment of £30,000 for the
prototype has paid off and he’s now after
£1 million orders by the end of year.

Micro arithmetic
leaves UK in cold

Floating-point arithmetic for new
microprocessor systems, the subject of
IEC publication 559, defines ways to
perform binary floating-point arithmetic,
whether realized entirely in hardware,
software or a combination. The need for
this world standard comes from booming
international trade in microprocessor
systems say the IEC, and a divergence of
national practices could act as a brake. In
defining a family of commercially feasible
ways for new microprocessor systems to
perform floating-point arithmetic, the IEC
say the benefits will be “‘enhanced port-
ability and capability programs; direct
support for execution-time diagnosis of
anomalies, smoother handling of excep-
tions, and interval arithmetic at a reason-
able cost; and development of standard
elementary functions, high precision arith-
metic and coupling of numerical and
symbolic algebraic computation”.

It specifies 32 and 64 bit formats, results
for arithmetic operations, conversions be-
tween integers or decimal strings and float-
ing-point numbers and between different
formats, as well as exceptions and their
handling, including non-numbers. The
standard is based on an IEEE 754 draft
and was prepared in just over a year by the
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microprocessor sub-committee of the IEC
semiconductor devices committee. The
UK did not vote explicitly in favour of
publication of this standard, though the
USA, USSR, Japan and most of Europe
did. And we haven’t been able to contact
anyone from the sub-committee yet -
there were no UK members.

Basicode by radio

In an attempt to find a universal version of
the computer language Basic which would
allow different computers to ‘talk’ to each
other and to be able to load the same
programs from a single source, Dutch
radio has developed Basicode, a list of re-
served words common to nearly all ver-
sions of Basic. A large number of the more
popular home and hobby computers may
be easily adapted to load programs written
in Basicode. Earlier this year Radio-Ne-
derland started broadcasting computer
programs on the English-language pro-
gramme Media Network, as did NOS on
the domestic Hobbyscoop programme. They
found that for shortwave 300 baud was the
maximum rate for reliable reception but
they also transmit locally on medium wave
at 1200 baud and have had reports of
successful recording of data from neigh-
bouring Germany. Use of Basicode on
amateur v.h.f. bands has now been ap-
proved by the Dutch telecommunications
authority.

Radio Nederland has published a book
listing the Basicode reserved words and
protocol and giving hardware and software
adaptations which may be needed to use
the system with a number of popular com-
puters. The book and a cassette of
programs written in Basicode are available
at cost price (from Europe this is 25 guild-
ers, about £5) from Basicode, Administra-
tive Algemeen Secretariat, NOS, PO Box
10, 1200 JB Hilversum, Netherlands.

The Hunt is up

The findings of the Committee of Inquiry
into cable television suggest that there
should be few controls and that cable and
programme providers can provide as many
channels as they like. The report recom-
mends the setting up of a supervisory,
franchising authority. There would be no
restriction on the quantity of advertising.
Each franchise should cover an area of not
more than half a million homes. Present
providers of cable services would no longer
be obliged to carry BBC and ITV pro-
grammes thouigh any new service would.

These recommendations do not seem to
provide the ‘licence to print money’ that
many potential cable providers were looking
for. It does not suggest a national standard
for cable services (the Eden Inquiry
is looking into cable standards). The
main, and most controversial, point is that
there is no distinction between the cable
providers and the programme providers. If
they were separated, there could be a
national plan to give interactive services
over the whole country. With the current
plan, there will be no cable service in the
less populated areas for a long time.

Fast a-2-d converter

Research into high-definition television at
NHK laboratories has produced an 8-bit
analogue-to-digital converter with a maxi-
mum sampling rate of almost one gigabit
per second.

'Corrections

Circuit modelling by microcomputer by R.

I. Harcourt, August 1982. The graphs pub-

lished were inadvertently printed in place of

some more recent ones. In the examples
| used, the ’phase degree’ axes should be
l shifted by 180° to correct the graphs.

Simple, low-frequency oscilloscope. There
are one or two changes to the circuit diagram
of this instrument, which was described in
the September issue. The top contact of the
sweep-speed selector switch should be re-
moved, and the 10k{} and 3.3k resistors
on the base of the tail transistor in the Y
amplifier should be interchanged. The
author also asks us to point out that the
470nF capacitor in the —2kV line (not
+2kV) should be of 1200V working and the
1uF should be 600V, not 6000V
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PROGRAMMABLE GPIB-TO-
SERIAL INTERFACE

Remote programmable facilities dispense with some of the switch packs used in the

A data byte on the internal instrument
bus may be loaded into the octal latches of
the comparator chip. In the acceptor-data
state, the byte corresponding to the end-
of-text character is clocked into the F524
by the rising edge of STB3, applied to the
CP input. This signal is derived from the
RXST 9615488 output in the same way
as STB1 and STB2. The RXST and
RXRDY handshake is completed through
and-gate 4 and multiplexer ICy;. When the
instrument receives an unlisten command,
and provided one of the other three func-
tions is addressed, ENBL3 returns high,
so I; drives the SO, S1 inputs low, putting
the 74F524 into the compare mode. Ap-
pendix 1 gives a more detailed description
of the 74F524 operation. In this mode the
74F524 compares the eight-bit data input
with that data latched internally. If the
bytes do not match the equals (=) output
will stay low. But if there is a true compari-
-son the internal open-collector driver turns
off and the output floats passive high
through the 10k} pull-up resistor. During
talker active the three state condition on
inverter I3 is removed, and a passive high
on the 74F524 output results in an active
low on the end-or-identify line. The asser-
tion of EOI concurrent with the transmis-
sion of the final data byte in a character
string can be treated by the controller, and
listeners active on the bus as an end-of-text
terminating message.

Interface as am active listener. After
initialization, the interface may then be
addressed as an active talker or listener for
the serial/parallel or parallel/serial conver-
sion of data. The interface becomes lis-
tener addressed after receipt of the fol-
lowing remote messages: UNL, MLA and
MSA 0. When MSA 0 is received a falling
edge at the 9615488 LAD output inverts
through the nand-gate 1, producing a ris-
ing edge at the CP inputs of the dual D-
type latch IC;. The CP pulse clocks the
low outputs from I; and I, to the Q outputs
of the D-type latches. The A0 & 1 address
inputs of the 7415139 select the OO0 out-
puts of ICg. The ENBLO output of ICg
provides a low select input to ICy;. This
establishes a TBRE/RXRDY handshake
signal between the u.a.r.t. and the
961.5488. The 9615488 RXST output
drives the uarts TBRL input through Is,
the selected O0 output of ICg, and the
nand-gate 5. The TBRE output from the
uart is used as an enabling input to gate 3,
whichensures that

TBRL will not
go low until the transmit register has se-
rially encoded and transmitted the data
byte present at the TB1-8 inputs. This
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completes the RXST/TBRL handshake for
the asynchronous transfer of data bytes to
the uvart transmit buffer register. Data
bytes present on the GPIB data lines are
inverted onto the internal instrument bus
by IC3 which is enabled by the active low

signal LACSENBF.

Interface as am active talker. To
program the interface as an active talker
the sequence of UNL, MTA and MSA 0 is
sent. The TAD 9615488 output goes low
and latches the code 00 into the dual D-
type latch IC;. The ENBLO output of ICg;
goes low, and when inverted by Ig pro-
duces a high enable signal for nand-zate
NG2, so the inversion of TXST may drive
the DRR uart input. Also, the output of Ig
enables and-gate seven establishing a
DR/TXRDY handshake between the uart
and 961.S488. When the interface enters
the talker active state the TACSENBF sig:
nal goes low. The 74F240 enable inputs
and the uart receive register disable input
goes low. Parallel data serially encoded
from the RS232C input is inverted to drive
the bus data lines by IC4. The uarts data
ready output drives the 961.§488 TXRDY
input high, via and-gate seven, to inform
listeners active on the bus that a data byte

earlier talker/listener interface design.

is valid. When this data byte has been
taken the 96L.S488 decodes the bus
handshake lines to set TXST high. This
assertion is inverted by gate 6 to drive the
uarts DRR input low. When low the uart
permits the next serial data input to be
received without overrun error. Transmis-
sion of data bytes continues until the end-
of-text character is sent. Transmission of
the final data byte results in a data match
with the contents of the 74F524. The EQU
(=) will be pulled passive high by the
10kQ pull-up resistor. Inverter Iy3, which
has been enabled drives the EOI line low,
concurrent with the transmission of the
final data byte in the character string. The
controller-in-charge may recognize this
end-of-text message, regain control of the
bus and un-address the instrument until it
is required to talk again.

Serial poll capability

The instrument interface has the capability
to generate a service request and respond
to a serial poll. If, during the serial encod-
ing or decoding of data bytes, a framing,
parity, or overrun error occurs, the output
of nor-gate 8 goes low. The cross-coupled
latch of gates 9 & 10, set during a power on
master reset, will drive the 9615488 RSV
(request for service) input low. The
961.5488 responds by asserting the service
request line. The controller-in-charge may
regain control of the bus to conduct a serial
poll, and hence determine the source and
cause of the service request. To perform a
serial poll, the controller asserts the ATN
bus line and issues an UNL message to
prevent active listeners responding to sta-
tus bytes as though they were data bytes.
The serial poll enable message is sent over
the data lines and each instrument capable
of responding to a serial poll will sequen-
ially receive its talk address. The control-
ler removes the assertion on line ATN and
listens to the bus for the instrument, to
issue a status byte. When the interface is in
the serial poll active state, the SPASENBF
output from or-gate 3 goes low. The
74F240 half of IC;o drives the data lines 1-
3 with the inverted IM6402 outputs of
PE,OE and FE. Note to relieve the three-
state on these outputs the 6402 status flag
disable input must be disabled low. The
output of the SPAS-enabled EOI inverter
drives the EOI bus line inactive high. This
signal is not asserted by the instrument
during serial poll active state. The re-
quested service output RQS from the
961.5488, wire-or’ed to data line 7, will go
active low, indicating that the interface
originated the service request. When the
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Minicomputer

Controller
in charge

GPIB/RS232C
interface

Keyboard

status byte is read by the controller the
STST 96L.5488 output goes high then low,
pulsing the STRDY input low then high
through inverter Ijo. So as the status byte
is read the local handshake STST to
STRDY is automatically driven. From the
format of the status byte the controller
program may determine the error that
occured during encoding and transmission
or reception. If an error resulted in one of
the error flags going active high then it will

Interface

Video terminal

Table 5a. UART control register, MSA 1

Interface

Printer

be necessary to issue a clear message to the
interface before normal operation can be
resumed.

Clearing the system

There are two ways of clearing the instru-
ment interface. On the application of
power the RC network of 10k() and 10uF
reset the 961.S488 and the uart. The uart
may be cleared remotely on the receipt of a
device clear or selected device clear mes-

DAB1 DIO1 DI02 DIO3 DIO4 DIO5 DIO6 DIO7 DIO8
SBS EPE Pl CLS1 CLS2 X b X
Control  The following inputs are used to set the control register status when
register the CRL input goes high.
CLS1, Character length select — these two inputs select the character length
CLS?2 according to ~
Character iength 5 6 7 8 bits
CLS1 L H L H
CLS2 L L H H
P Parity inhibit. A high level inhibits parity generation, parity checking and
forces the PE status flag output low. This input overrides the EPE input.
EPE Even parity enable. When the Pl is set low a high level on the EPE input
generates and checks even parity conversely a low level selects odd parity.
SBS Stop bit select. This input selects the number of stop bits. The number of stop

bits added to the transmitted character aiso depends on the character length
selected by the CLS1 and CLS2 inputs. The following table lists the number of
stop bits selected versus the character length and state of the SBS input.

Table 5b. Data speed generator latch, MSA 2

DAB 2
x

P P . R YN
G Y = PN
NN e e =Y =]

X

DIO1 DIOOZ DIO3 DIO4 DIO5 DIO6 DIO7 DIO8 Data Rate

X X X 75
300

600

2400

1200

4800

4800

19200
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Interface

Other instruments

Punch

sage. If a request for service had arisen aue
to an error (framing parity or overrun)
generated during the transmission or re-
ception of data, it will be necessary to clear
the uart and set the RSV latch. After the
serial poll the controller may respond by
addressing the interface as a listener and
sending a selected device clear. The CLR
961.5488 output pulses low, producing a
high at the output of gate 11. This resets
the uart through the master reset input.
Also, the CLR low output sets the cross-
coupled nand-gate configuration of gates 9
& 10, resulting in RSV being driven inac-
tive.

RS232C transmission

and reception

The t.t.l. level signal at the uart TRO
output and RRI inputs are converted to
RS232C %12 volt levels by the uA1488
transmitter and from the +12 volt levels
that by the pA1489 receiver. Pin 2 of the
nA 1489 is left open-circuit.

Clock frequency for the 961.S488 CP
input is generated by a CR network of
470pF and 220Q). The “power-on” reset
consists of a 10uF and 10k(} network, the
diode 1N4148 configured to provide a ra-
pid discharge path when power is removed
from the circuit. The TAD and LAD
961.5488 outputs are wired to l.e.ds and
resistor pull-ups. Red and green l.e.ds are
configured to the TAD and L AD outputs
of the 961.5488 and may be mounted so

Tabie 5¢c. MC14411 clock outputs

Outputs x64 xX16 x8 x1
(Hz)

F3 307.2k 76.8k 38.4k 4800
F7 76.8k 19.2k 9600 1200

Clock rate outputs are 16 x data speed of
the uart serialized data. Using A & B
control inputs, 00 gives X1, 10 X8,01 x16
and 11 x64.
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Chris Jay is senior design engineer at
Marian Electronics, Stroud,
Gloucestershire. Joining GCHQ in
Cheltenham as a trainee technician
straight from school, he obtained City
and Guilds (Telecommunications) and
HNC qualifications at day release and
evening classes. These qualifications
helped him qualify as a mature
student for a full-time degree course
at Essex University. On graduation in
1977 he jJoined Texas Instruments as
part of the engineering design effort
on the 9911 DMA controller chip.
Preferring to be involved with device
applications he joined Linotype paul in
Cheltenham where he designed
computerized file storage equipment
for the newspaper and printing
Industries. He left to join Fairchiid’s
Bristol design centre in 1980, where he
wrote this article.

that the user may clearly see the current
addressed state of the instrument. The
return-to-local 961.8488 input is perma-
nently wired to V. through a 10k(} resis-
tor.

ideas for further development

Although the interface circuit was de-
signed to have a number of useful features
this design could be developed for in-
creased functional capability. With the
addition of a 74150 multiplexer circuit and

X -

Table 6

S0 S1 Operation

0 0 Hold — retains data in shift
register

0 1 Read - read contents in regis-
ter onto data bus

1 0 Shift — Allows serial shifting
on next rising clock edge

1 1 Load - load data on bus into

register

use of three of the unused outputs of IC,3,
a significant increase in the number of
rates available may be achieved, see Fig. 3.
Four address inputs S0, S1, S2 and S3 of
the 74150 may be driven from the QO0-3
7418374 latch outputs. Address inputs
may select any one of the clock outputs F1-
16 of the MC14411. If the E input is
permanently low and the Z output is con-
nected to the TRC and RRC inputs of the
IM6402, the outputs F1-16 wired to
multiplexer inputs I0-15 may be indi-
vidually selected to provide a clock input
to the uart. The A and B inputs to IC¢4 can
‘be wired to the Q4 & 5 outputs of IC13,
741.8374. The two-to-one multiplexer of
0G3, 0G4 and AG2, shown in Fig. 2 may
be dispensed with. A full description of the
MC14411, including a table of the clock
frequencies at the outputs F1-16, may be
obtained from the Motorola publication
“Buropean cmos selection”.

Appendix 1

The 74F524 is a new additon to
Fairchild’s Fast family. It is a registered
(latched) comparator with bidirectional
eight-bit /O and an independant serial
data /O. When data is stored internally
the device may compare a byte offered to
its parallel eight-bit data input, and gener-
ate an equivalence, greater than or lgss
than output, for a programmed mode in-
put of magnitude, or two’s complement

compare. The three comparison outputs
are all open-collector, and designed to be
pulled passive high when asserted. This
makes it convenient for cascading with
other 74F524 devices. These outputs are
enabled by a logic low on the SE

input. The SO and S1 address inputs
‘permit register loading, reading, data

holding and shifting. Format of SO and S1
is shown in Table 6. The mode input may
be set high or low depending on whether
the design requires magnitude or two’s
complement comparison. There is a single
clock pulse input; the rising edge on this

pin can load data into the register, or shift

the contents by one bit from the CSI input
to the CSO output. Pin configuration is
shown in Fig. 4.

Appendix 2

Serial poll: The serial poll is 8 mechanism
by which instruments capable of talking
may individually send information pertain-
ing to their current status over the data
lines. The controller may interrupt events
on the bus to invoke a serial poll either in
response to a service request initiated by
the instrument or as an autonomic process
initiated by the controller’s command
program. The service request line may be
used by the instruments to request atten-
tion from the controller and may be
likened to the use of an interrupt line to
generate an interrupt and divert processing
during the execution of the computer
program when attention is required by a
peripheral component.

Parallel poll: The parallel poll can have a
distinct speed advantage over the serial
poll because a single status bit from eight
individual instruments may be read by the
controller simultaneously. The end-or-
identify line is used by the controller as the
identify line (this line is also used by
talkers active on the bus for end-message,

so it has a a dual purpose). Any instrument
capable of listening will be assigned a data
line by the controller onto which it will
declare its status bit during the parallel
poll active state. Notice that two or more
instruments may use a single line as a
wired-or function. The controller will con-
figure the instruments to respond to a,
parallel poll in the following way.

 The instrument will be addressed to lis-
ten. The controller will send the parallel

poll configure message which conditions

the instrument to expect the following
parallel poll enable message, and its format
determines how the instrument responds

-during the active state. Data bits on lines
5, 6 & 7 of the PPE message are set to 110.

Data line 4 will contain a parity bit. A true
‘comparison with the device-dependant in-

dividual status message will produce an

affirmative parallel poll response during
the active state. A false comparison be-

tween the line 4 bit received in the enable

message, and the i.s. message results in no

response to the identify message. The re-

maining bits of the enable message on lines

1, 2 & 3 will contain a one-of-eight code

which will assign one line for transmission

of the compare bit during a poll response.

If the bit pattern were 000, the response

would occur on data line 1, 001 would

yield a response on 2, and so on. \VVWj
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Single i.c. for f.s.k. modem

Data transmission by telephone line re-
mains the most convenient and cheap
method of conveying digital information
over medium and long distances despite its
slowness, hence interest in modems. Ad-
vanced Micro Devices are to manufacture
an i.c. that requires only a handful of non-
critical components, some switching and
level conversion logic, and an acoustic
coupler or direct-coupling arrangement to
form a modem that can be switched to suit
one of four standards.

The Am7910, whose application is
outlined in the diagram below, has built-in
a-to-d and d-to-a converters and all proces-
sing, including filtering, is done digitally
under the control of a crystal, so drift
problems due to ageing and temperature
change are not inherent and adjustments
not required. Five mode-select inputs set
the maximum data rate at 300, 600, or
1200 bit's and select one of nine modes

Transmit ter

Mode - controt

shown in the table.

When set to operate to either Bell 202 or
CCITT V23 standards, and say, acknow-
ledgement and control signals may be re-
turned to the sender on remaining band-
width while the sender continues to
transmir at 1200 bit/s.

An auto-answer facility meeting Bell and
V25 specifications is also built in. Upon
receipt of a signal at its ring input, a silence
interval is followed by an answer tone at
the transmit-carrier output. T.t.l.-compat-
ible terminal-control signals such as data-
terminal ready, request to send, clear to
send and carrier detect are provided, with
appropriate delays.

To aid testing, the device can be set to
operate in one of ten loop-back modes, in
which transmitter and receiver sections are
set to operate on the same channel or fre-
quency and either the analogue output and
input connected together for local testing

inputs
Digital Digital 1-5-5 Analogue
1M TD—s{ sine-wave bandpass converter post  f—=TC AAAN
= synthesizer filters filter To direct or
From acoustic
ark coupling
Receiver
Digitat .
Analogue a-to-d . Digital
AN RC == prefilter converter bufﬂigfsss demodulation RO LI
From direct To uurt-
or acoustic
coupling
Carrier =
detect to
XTAL1 +
] = 2:4576MHz
. MCo XTALz*—lﬁ
B cp—
Mode 390p
select > k2
switch :
4] > AP
+5
-50
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or the digital data lines connected exter-
nally to allow testing of the local modem
using a remote one.

Although this 28-pin n-mos device will
not be in full production until the begin-
ning of next year, samples of out-of-speci-
fication i.c.s should be available now.

WW500 for further details.
Modem configurations

Standard Bit/s Duplex Features
Bell 103 300 full originate
Bell 103 300 full  answer
Bell 202 1200  haif
Bell 202 1200 half line equalizer
caTvyv 2t 300 full originate
crrva 300 full answer
CCITTV23mode2 1200  half
CCITTV23mode2 1200  half  {ine equalizer
CCITT V23 mode 1 600  half

October 27

Application of viewdata to transaction
processing; one day seminar in central London.
Details from Modcomp, Molly Millars Lane,
Wokingham, Berks.

October 28

Modern tv chassis — philosophy and circuits:
Royal Television Society meeting, 7pm at IBA,
70 Brompton Road, London SW3.

November 2

Commencement of programme broadcasting on
Channel 4

November 9

Comex 82, Radio communications exhibition,
Saxon Inn, Northampton. Organised by the
Federation of Communication Services, 70
Church Road, London SE19.

November 10

Industrial robotics; IEEIE lecture, White
Horse Hotel, Dorking, Surrey. IEEIE 2 Savoy
Hill, London WC2R 0BS.

November 11

Newspeed — news without paper. Royal
Television Society meeting on TVS news
gathering system. 7pm, IBA, 70 Brompton
Road, London SW3.

November 18-19

Industrial applications for distributed
computing: conference at National Computing
Centre, Manchester and sponsored by SERC.
Details from F. Chambers, Logica, 64 Newman
Street, London W1A 4SE.

November 20

Electronics for Peace Network: Inaugural
meeting in Bracknell, Berks. Further details
from Tim Williams, Telephone: 0732 864882.
November 23-25

2nd International Conference on Semi-custom
ICs. The West Centre, London SW6.
Organised by Prodex (Seminars) Ltd, 79 High
Street, Tunbridge Wells.

November 25

Hi-Fi TV — Bigger, Better Pictures: Royal
Television Society lecture at IBA, 70 Brompton
Road, London SW3 at 7pm.

November 26 - December 5

11th International exhibition of inventions
combined with the first International
exhibition of special techniques. New
Exhibition and Conference Centre, Geneva.
Details from the Secretariat, International
Exhibition of Inventions, 8 rue du 31-
Decembre, CH-1207 Geneva, Switzerland.
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EPROM EMULATOR

This board programs a 2716 eprom with software developed on the emulator described in
the September and October issues. A small printer provides hard copy of the software
under development. Only two i.cs are required for the programming board, one for

conversion from 5 to 25V and the other to determine the programming-pulse length.

Only a relatively simple circuit is required
to transfer software evolved using the emu-
~ lator into an eprom since the program-
ming-control software and key are in-
cluded in the main-board design already
published.

To program a 2176 or any of its close
relatives, addresses and corresponding
data are presented to the ‘empty’ device
and each byte is held for 50ms. This pro-
grammer addresses the eprom sequen-
tially, as is usual. A 50ms pulse coinciding
with the ‘data-hold’ period is applied to the

by Peter Nicholls, M.A.

eprom’s program input, pin 18, while pin
21 of the i.c., Vi, is held at 25V. The 25V
supply, present at pin 21 while the eprom
is being programmed, must not be applied
to the i.c. in the absence of a 5V supply,
otherwise the eprom will be damaged.

Operation
Referring to Fig. 1, control software on the
emulator board first switches flag 1 high

I
SV 7
[ \¥ 6001
2 mu 2
24-pin : e s Q 21.2 ipfir.
socke:,‘ Pins 1-11,13-1119, 22, 3 T )i‘
to recelve ) for
header ’7} programming
[z [z
ov ov
3 | I16
- R Oy (Dp Vud
3 6M6 28 = i
o~ AN
(pin18)  2k2 12} Jrigger, %
> I
8 10 R
CoTFoop (%S us3s 29§1M
\ g T
5 | } Triggery ot b 3 N Hold 8060
7 g BCS487 Ton 6!
CTw 182L
B C
11
- OV k
II
4Tn
Flag 1 8067
[e
(pin 21}
:- R3 ' 1
| 1
|
| C == 100p
| (g mpm 1000 13
I Cgmm4Tn
| G
| o i
| Jn
|
|
| Rg
I
e v s = M e R e . P m e moym, e e |

Fig. 1. 2716/2516-eprom programming board shown connects directly to emulator board
and requires only 5V supply. A 25V supply is generated on the board by ICy;. Monostable

ICyp generatas 50ms programming pulses.

when the ‘e’ key is pressed. Transistors
Tr;, 4 switch the 25V program voltage to
the 2716 socket. The software continues,
doing nothing more than reading all the
6116 ram’s data onto the bus in sequence.

A few nanoseconds after the point in the
read cycle where the 6116’s chip-select
input goes low, ICyg is triggered to provide
two opposite pulses. Negative pulses, at
pin 9, are applied to the processor’s
NHOLD input and, while low, cause the
system buses to become static. When IC;q
reverts, the processor goes into the next
read cycle, and so on until the eprom is
full. Positive pulses are fed to the eprom’s
program-pulse input.

Transistor Tr3 only allows pulses to pass

to the processor’s hold input after the e key
has been pressed and until programming is
completed. Without this blocking tran-
sistor, transmit and receive functions of
the emulator will not work while the pro-
gramming board is connected and display
problems will be encountered with some
functions.
Power supply. Figure one also shows the
switching-regulator circuit used to provide
a 25V programming voltage from a 5V
supply. The inductor shown may be made
using 56 wrns of 32 s.w.g. wire on an
RM#6/250 pot core. Both regulator and pot
core are available from RS Components.

Before the programmer is used the pro-
gramming voltage should be set to within
half a volt of 25V at pin 21 of the eprom
socket. This is done with a temporary
10k(} load resistor connected between pin
21 of the programming socket and ground
(pin 12). The programming board should
be connected to the emulator, the ‘e’
control key pressed, and the potentiometer
adjusted to give the required voltage at pin
21. Under the same conditions but with
the flag input low, the voltage reading
at pin 21 should be close to 4.3V.

Connection to the main board
A 24-pin dil socket, which may be either a
standard or zero-insertion-force type,
mates with the header plug on the lead
from the emulator board. Three other
connections to the programming board
may be made through a four-way cable,
plug and socket. I used an RS467 611
socket shell, with 467 589 terminals, and a
468 080 right-angle plug in my version.
Boards produced using the available
overlays (and those boards from PKG
Electronics) have four holes for this
connector to the right of IC;. From top to
bottom, the connections are flag 1, no
connection, CS and NHOLD. Re-
moval of the unused plug pin and fitting of
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Table 1. Modification to the programming software. With the original software*, the e
prompt did not occur until one second after e had been keyed. Uninitiated operators
pressing the e key again within 1s to try and get some response on the display would find
their software overwritten with FF bytes. The e prompt appears as soon as the key is
pressed with the software modifications shown. Blank spaces in lines 36 and 45 should be
ignored since the original software at their locations remains unaltered.

36 75

37 Co C4 07 €9 C1 C1L C1
38 00 C9 C1 B9 30 9C E4
39 D4 OF 98 05 34 8F 02
40 C4 63 C? 2B C4 2F C9
41 C4 7F C? 28 C4 05 37
42 00 C? C1 36 €9 30 3
43 D4 OF 98 07 34 8F 02
44 8F 02 32 01 C) 31 610
45 30 60 98 A5 01 36 90

C4 00 C9
E4 9F 9C 40 C4 04 CY C0 C4
C4 08 36 €4 00 32 Cé6 01 36
0 F4 C4 00 07 C4 03 C9Y 24
20 €4 ZB CY 2E €4 07 C9 2F

4 D2 33 3F C4 0FE C9 CO C4

32 €9 31 32 C4 FF CE 01 36
90 F4 90 1D C4 08 36 Cé 01
?8 04 01 32 90 F1 36 01 Ci
Eé

* The author asks us to point out that the tenth byte along line 21 of the main program
shown last month read 69 but should have read B9.

a blanking plug in the socket will ensure
that the connector cannot be fitted the
wrong way round.

Before the eprom to be programmed is
inserted, the 5V supply should be switched
on and the emulator and programming
boards connected together. Now, with a
blank eprom in the socket and a developed
program in the emulator’s memory, the e
key is pressed. This initates the program-
ming sequence, consisting of 2048 cycles
of about 50ms each. When programming is
complete, the display will show ‘burnt’.

If the software written into the emulator
is not intended to fill the eprom, set the

display to show the first unused address
and press the e key twice within one
second. The prompt will amend to F and
each unused byte of ram will be lcaded
with FF immediately before the byte con-
cerned is programmed into the eprom;
otherwise, the programming sequence re-
mains the same.

Should software in the emulator have to
be programmed into the remaining space
of a partially full eprom, the emulator ram
should be filled with FF before the eprom
is inserted ready for programming. When
the procedure is finished, the display will
show ‘burnt’. Removing the three-pole

Table 2. Control and character-generator software for driving a small printer mechanism to
provide listings of the emulator’'s ram. As shown, the relocatable printer routine between
lines 45 and 60 follows on at the end of the modified programming routine shown in this
article. If the programming software shown in the October issue is to be used, line 45(a) at
the end of this listing should be used instead of line 45. If the modified programming
routine is to be used without the printer, line 45(b) shoula be used. This leaves the eighth
control key without a function and the program jumps back to the start of the monitor if it is
pressed. Blank spaces should be ignored and decimal line numbers shown correspond with
those given in the original listing. Lines 98 to 102 are character generator tables.

45

464 C? 35 €9 36 C% 30 C9
47 07 C4 00 C? 41 C4 08
48 10 2C Fe ©C2 00 1C 1C
49 01 C3 80 C? 30 T4 01
50 01 C3 80 C? 32 C4 01
51 01 C3 80 C9 34 Cé6 01
52 C3 80 C? 37 C4 61 70
53 C3 80 C9 39 C4 01 70
54 90 AL C4 01 70 01 C3
55 9C FBE 06 D4 20 98 FE
56 00 C? CO 06 D4 20 9C
57 98 06 C4 01 70 01 %0
58 9 41 E® 40 98 02 90
59 ?8 AC 06 D4 10 98 Fu
60 ?C FA C4 00 37 C4 00
98 3E 45 49 51 3E 00 21

?9 41 51 6% 46 0C 14 24
100 49 49 06 40 47 48 S0
101 464 3C 3F 48 48 48 3F
102 22 7F 41 41 22 1C 7F

i Toni e dann b bam i b3 e Bein 1t e eers S enen s s s saen e s wres

45733 08 08 08 08 08 068 08
45(b) 30 &0 98 AS 01 36 90
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C4 06 37 C4 10 33 C4 00
3D C9 3E C? 3F C9 CO C4 04
C? 40 06 D4 10 98 Fi 06 D4
1€ 1C 01 02 40 70 70 70 70
70 01 C3 80 C9 31 C4 01 70
70 01 C3 80 C® 33 C4 01 70
D4 OF 01 40 70 70 70 70 01
01 €3 80 C? 38 C4 01 70 01
61 C3% 80 C? 3A 90 04 90 95
80 (€9 3B €C4 30 01 0& D4 20
Ci 80 C? CO C4 A 8F 00 C4
FE 06 D4 20 98 FE 40 E4 3F
LS C1L CiL E4 9E 98 04 4 01
EB 36 D4 0F 98 05 36 ClL 41
6F EQ C4 00 07 C1 CL E4 9E
33 3F
7F 01 00 Z1 43 4% 49 31 42
7F 04 72 S1 &1 51 4E 1E 29
60 36 49 49 49 36 30 49 49
7F 49 49 4% 36 3E 41 41 41
49 49 49 41 7F 48 48 48 40

08 C4 06 37 C4 10

Ed o G4 00 37 €4 00 33 3F FF

connector carrying flag 1, chip-select and
hold will speed up the FF-filling process
by eliminating the 50ms delay at each
address. Now, the required program can
be typed into the emulator from a specified
address, the connector replaced, the
eprom inserted and the e key pressed once.
This transfers the new program, leaving
data already in the eprom unaltered.

It is not possible to read back the
contents of an eprom with this basic tool so
it is wise to keep copies of programs on
tape if future software expansions or mod-
ifications are envisaged.

Printer-mechanism control

Minor software modifications and a little
additional hardware allow a small printer
mechanism to be driven by the emulator to
produce whole or partial listings of the
emulator’s memory contents. Discounting
the printer and its 24V power supply, it is
estimated that additional electronic com-
ponents will cost about £2.

Printing is initiated by a spare control
key marked p mentioned in the first arti-
cle. Referring to Fig. 2, transistors five
and six switch the 24V supply to control
the paper when the p key is pressed. Tran-
sistors seven to ten drive and brake the
motor.

The i.c. used for display driving on the
emulator board, IC;, consists of seven
Darlington transistors. When the printer is
operational, this i.c. is used to drive the
heads so prompt characters are not shown
on the display. In this case, the printer in
action provides sufficient prompting.

Character generation and synchroniza-
tion with the print-head traverse are car-
ried out by software for which there is
ample space in the 2K monitor eprom.
Using software in this way keeps costs to a
minimum.

Operation

Before the printer is used, the 24V supply
should be set by adjusting the potentiome-
ter in the 12V regulator’s ground lead.
When the printer is connected, the a key is
used to set the displayed address to the
beginning of the program to be printed
and the p key is then pressed. Printing
continues until address 7FF is reached
unless the p key is redepressed for around
a half of a second. When printing is com-
pleted, the print head positions itself at the
left-hand side of the carriage and out of
contact with the paper so that the software
record can be fed through and torn off.

It is important to note that the
metallized paper used is at 24V with res-
pect to the OV line of the emulator so
damage is likely to result if the paper
touches any conducting element of the
system while still in the printer. Covers
will be needed not only to prevent access to
mains voltages but also to prevent the
paper touching any conducting part of the
system.

The PU245-L20 printer mechanism
used with the original system prints twenty
columns of 5-by-7-dot characters on
60mm-wide electrosensitive paper in roll
form and is available from Farnell
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Eprom-programming unit built on single-
sided p.c.b. Header plug from emulator mates

with standard i.c. socket; a second zero-insertion-force
socket is more convenient here but far more expensive.

Electrosensitive printer
mechanism used to provide
hexadecimal listings of the
emulator ram contents. It has a
vertical row of seven dots and
the character dot width is
determined by software.
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Fig. 2. Hard copy of the emulator ram’s contents was obtained using a small, che_ap printer
mechanism connected as showr. The display-driver i.c. consisting of seven Darlington
drives the print head so display prompts are not given during printing. Numbers 110 12
refer to connector pins on the single-sided boards available.
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Sample of the PU245 printer’s font which is
under software control.

Electronic Components Ltd, Canal Road,
Leeds L.S12 2TU, or from GMT Electron-
ics, Newport House, 22 Hartfield Road,
London SW19 3TD under the code name
10E 012 LE. The print head has seven
vertical dots and software is used to deter-
mine the character dot width.

Etched but undrilled boards for the pro-
grammer and printer electronics are avail-
able from PKG Electronics, Oak Lodge,
Tansley, Derbyshire for £4 each including
postage. Undrilled boards for the emulator
are also available at £8 each inclusive, as
are programmed eproms at £5 inclusive,
from the same source. These eproms con-
tain the printer routine.

Photocopies of the track layouts and
component positions can be obtained by
sending a large s.a.e. to Wireless World
Emulator, Room L303, Quadrant House,
Sutton, Surrey SM2 SAS. \VWVVVi
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PERSONAL
COMPUTER

Basic language in Hewlett-
Packard’s portable computer is part
of a 48K operating system
supplemented by 16K of ram,
expandable up to 24K, and up to
three plug-in rom modules of 8 or
16K. As the unit is battery
powered, memory contents are
retained when the computer is
switched off and the real-time clock
can be used as an alarm clock or to
turn on the computer and run a
program at a set time. The 32-
character sections of 96-character
lines shown on a dot-matrix l.c.d.
may be scrolled from side to side.
Programs and data stored on
magnetic strips capable of holding
1.3K bytes are read by a transducer
in the computer, or alternatively
peripherals with much larger
magnetic memories may be used.
Of the 169 instructions in the
operating system, 147 are Basic
commands, statements or
functions; program, data and
appointment files can be named,
saved and made to interact with
each other. Every key on the 254 by
127 by 32mm unit is redefinable
and may be given a new label using
snap-on overlays. Peripherals
include printers and plotters.
Hewlett-Packard Ltd, Nine Mile
Ride, East Hampstead,
Wokingham, Berks.

WWw301

LOW-COST 1MBYTE
DISC DRIVES

Up to 1.2Mbyte of formatted data
can be stored on a half-height 5V
in disc drive costing under £400
excluding vat. Called the YD380T,
this double-sided, double-density
drive comes from the Japanese
company Ye-Data who also
manufacture a standard-height
5Y%in drive capable of holding
800Kbyte of formatted data and
costing £325, the YD280. An eight-
inch version, the YD180, with a
capacity similar to the 380T costs
under £400 and uses IBM or
equivalent diskettes. When used as
double-density drives, the two
1.6Mbyte drives, the 180 and
380T, transfer data at S00Kbits/s
and have average access times of
91ms and average latency times of
83ms. These drives are intended for
original-equipment manufacturers
are are thus uncased and without
power supply.

Systems consisting of one 8in
drive and one high-density 5%
drive, or two of the latter, are also
available. A CP/M compatible disc-
operating system for either size of
drive may be used to transfer
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existing software from cne size of
drive to the other, or existing
software on 8in disc can be
converted by the importer if two
SVain high-density drives are to be
used. Vincelord Ltd, Suite 2, 26
Charing Cross Road, London
wWcC2.

WW302

CMOS A-TO-D
CONVERTER

An 8-bit microprocessor-
compatible analogue-to-digital
converter called the ADC830 is
manufactured by Datel-Intersil
(Intersil Datel in the UK).
Conversion time is 100us and the
device, with external adjustment,
gives a maximum error of =%
1.s.b. Outputs may be switched to a
high-impedance state. Intersil
Datel (UK) Ltd, Snamprogetti
House, Basing View, Basingstoke,
Hants RG21 2YS.

wWw303

STORAGE SCOPE FOR
LESS THAN £1,000

According to Gould, the OS1400
20MHz digital-storage oscilloscope
is the first of its kind for under
£1000 since their first one in the
early seventies. This dual-channel
instrument has pre-triggering from
0 to 100% and post-storage trace
expansion facilities and may be
used as a real-time oscilloscope. Its
storage capacity is 1K by 8-bits,
giving vertical and horizontal
resolutions of 11in 256 and 1 in 1024
respectively; a dot-joining facility
giving linear interpolation between
samples is incorporated. Display
modes allow freezing of the display

at the end of a triggered sweep,
immediate freezing of the display,
data and display refresh on
triggering and a rolling-display
mode in which the pre-trigger
storage facility may be used. A
version with X, Y and pen-lift
outputs for use with a plotter is also
available. Gould Instruments Ltd,
Roebuck Road, Hainault,

Ilford, Essex IG6 3EU.

WWwW304

EIGHT-CHANNEL
MULTIPLEXER

Eight analogue and/or digital time-
related signals may be viewed at
once on a single-channel

oscilloscope using the 8001 from
Global Specialities. Multiplex rate
and overall gain are variable as is
the trigger level between +5V,
triggering being taken from the
first channel and available as a t.t.].
compatible signal at the output.
Each channel has zn input
impedance of 1M, will accept
levels of +5V, and has a flat
response to 12MHz down 3dB at
20MHz. Channels may be viewed
individually by stepping manually,
viewed all at once, or one of two
groups of four may be displayed.
Its price is £225 excluding vat.
Global Specialities Corp., Shire
Hill Industrial Estate, Saffron
Waldon, Essex CB11 3AQ.
WW305

8001 SCOPE MULTIPLEXER

-
O

GLOBAL SPECIALTIES CORPORAT ON
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ZX INTERFACE

Digital and analogue /o modules
for control and sensing applications
using the ZX80 and 81 computers
are made by RD laboratories.
These modules connect to the
computer through one of two main
interfaces, one at £15 for carrying
two modules and one at £40 for
carrying up to eight modules. Five
modules ranging in price from
£27.50 to £34.49 are available for
digital i/o, analogue input, output
and multiplexing, and light-pen
connection. RD Laboratories, 5
Kennedy Road, Dane End, Ware,
Herts SG12 OLU.

WW306

DIGITAL
CAPACITANCE
METER

Highest and lowest of eight ranges
on Metertech’s MT301 hand-held
capacitance meter are 2000uF and
200pF respectively. The meter’s
readings are given on a half-inch
high 31/2 digit l.c.d. with 0.5%, *+1
digit error on the lowest range with
0.1pF resolution. At £69, the
instrument includes test clips and
batteries; a case is available for £6.
Centemp Instruments Co., 62
Curtis Road, Hounslow, Middlesex
TW4 SPT.

WW307
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M METERTECH
DIGITAL CAPACITANCE METER
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P.W.M.I.C. FOR
REGULATORS

Two i.cs designed for driving
power mosfets in switched-mode
power supply applications are
manufactured by Siliconix and
available through Semiconductor
Specialists. The PWM25 and
PWM27 are 16-pin devices
containing an error amplifier, flip-
flop, oscillator, pulse-width
modulator and voltage regulator
for controlling drive-signal
frequency and pulse width. The

PWM25 has two outputs which
are low in the off state; in the
PWM27, the outputs are high in
the off state. A shut-down function
is included. The same distributors
have recently introduced a range of
low-noise op-amps from
Raytheon, the RC714 series, that
require an input bias current of
typically 1nA. Semiconductor
Specialists (UK) Ltd, Carroll
House, 159 High Street, Yiewsley,
West Drayton, Middlesex

UB7 7XB.

WW308

FIBRE-OPTIC
DATA LINK

Designers wanting to evaluate the
many advantages of fibre-optic
data-communication links over
their electrically-conducting
counterparts can do so with a kit
from Burr Brown. Two
RS$232/20mA-compatible
transmitter/receiver boards and two
33-metre lengths of fibre-optic
cable are main elements of the £299
kit. Burr Brown International Lid,
Cassiobury House, 11-19 Station
Road, Watford, Herts WD1 1EA.
WwW309

ROM USING RAM

Lithium batteries are used to retain
data in 2Kbyte of data in cmos ram
for around 10 years in a product
called Memic-L from Camel.
Connection of the 102 by 61 by
25.4mm device to the computer is
through a 30cm long 24-way cable
so more than one unit may be used
on boards with sockets that are
close together such as used in the
Apple. Function switches are used
to select the upper or lower half of
memory or the whole 2K,
depending on the type of system,
and access time is said to be better
than 200ns. Each device is supplied
with instructions for £29.95.
Cambridge Microelectronics Ltd, 1
Milton Rd, Cambridge CB4 1UY.
wWw3l10

AMBISONIC
DECODER

Besides decoding UH]J ambisonic
recordings, such as used on
records from Unicorn and
Nimbus, the AD2 also enhances
standard stereo. It consists of a
board measuring 100 by 100 by
25mm intended to fit into existing
hi-fi equipment and includes a
control for compensating for
different speaker layouts.
Currendy available recordings are
two channel but the decoder will
also be suitable for three-channel
UH]J recordings. (See, for
example, NRDC surround-sound
system by M. A. Gerzon, WW
April 1977 page 36.) The AD2
costs £49.45 including vat.

Minim Audio Ltd, Lent Rise
Road, Burnham, Slough SL1
INY.
WWw3ll

Professional readers are
invited to request further de-
tails. on items featured here -
by entering the appropriate
WW reference number(s) on

_ithe mauve reply-paid card.
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U.K. RETURN OF POST MAIL ORDER SERVICE, ALSO WORLDWIDE EXPORT SERVICE

BSR DE LUXE AUTOCHANGER £18

Plays 12", 10" or 7" records, _Postf£2
Auto or Manual. A high

quality unit backed by BgR
reliability. Stereo Ceramic
Cartridge. AC 200/250V. Size
13%x11%in. 3 speeds.
Above motor board 3%in.
Below motor board 2%4in. 2
Cut out Mounting Board £1 extra

HEAVY METAL PLINTHS

Post £2
Cut out for most BSR or Garrard decks.
Silver grey finish, black trim. Size 16x13%in. £4
DECCA TEAK VENEERED PLINTH. Post £1.50
Superior finish with space and panel for £5

small amplifier. Board is cut for B.S.R.
18%4in.x 14Vain x4in. Black/chrome facia trim. Also with
boards cut out for Garrard £3. Tinted plastic cover £5

TINTED PLASTIC COVERS Post £2
1778 %13V x3Vain. £5 18Vax 12V2x 3in. £5
17Vax 93 x3%in, £3 14%x 12149 274in.
16%2x15x4%%in. £5 16%x13x4in.
17x12%x3%in. £5 1412x13%x 234in.

22%x 137 x3in. £5 17Vax 13%x 4%in.
212x14Vax 2V4in. £5 21x13% x4 %in.
23%x14x374in. £5  30%x1 AVain.
BSR SINGLE

PLAYER DECKS

BSR P170 RIM DRIVE £20
QUALITY DECK

. Post £2-
Manual or automnatic play.
Pracision ultra slim arm.

Black with silver trim, stereo ceramic cartridge

MINI-MULTI TESTER NEW

De luxe pocket size precision moving
coil instrument. Impedance + Capacity
— 4000 0.p.v. Battery included.
11 instant ranges measure:

£6.50

DC volts 5.25, 250; 500.
AC volts 10, 50, 500, 1000.
DC amps 0-250pA, 0-250mA. Post 50p
Resistance 0 to 600K ohms.

,}Do Luxe Range Doublar Model,
|

50,000 0.p.v. £18.50. 7x5x 2in. Post £1

NEW PANEL METERS £4.50
5Qua, 100ua, 500pa,

1ma, 5ma, 50ma, 100ma, [ T
500ma, 1 amp, 2 amp
25 volt, VU Meter.
2Vax2Xx1VYa
Stereo VU meter

3% x1%xlin. £3

Ea
sl Iu/,/,////

Post 50p

RCS SOUND TO LIGHT CONTROL BOX
Comnplete ready to use with cabinet size 9x3x5in.£27
3channel, 1000 watt each. For home or disco

Input 200mV to 100 watt. AC 200/250V. Post £1.

OR KIT OF PARTS £19.50, LESS CABINET £15

Disco bulbs 100 watt, blue, green, yellow, red, amber,
screw or bayonet £1.85 each. Post £1.50 per six.

Rope lights, 4 channel, 11ft with controller 240V £33. PP
£1

"“Fuzz” lights, red, blue, green, amber, 240V AC. £23.

200 Watt Rear Reflacting White Light Bulbs. Ideal for
Disco Lights, Edison Screw. 6 for £4, or 12 for £7.50. Post
65p. Suitable panel mounting holders 85p.

BSR P204 SINGLE PLAYERS SPECIAL OFFERS
Two x:‘peed 33/45 rg).m. hi-fi decks with sterec
cartriages, cueing device and snake arm.

Cerarnic — 240V AC £15 or 9V DC £18 Post £2
Magnetic — 240V AC £20 or 12V DC £24 o
THE “INSTANT” BULK TAPEERASER  £9.50 Post 95p

Suitable for cassettes and all sizes of tape
reels. AC mains 200/250V. Hand held size
with switch and lead (120 volt to order).
Will also demagnetise small tools and
computer tapes.

Head Demagnetiser only £5. ~

BATTERY ELIMINATOR MAINS to 9 VOLT D.C.
Stabilised output, 9 volt 400 m.a. U.K. made in plastic
case with screw terminals. Safety overload cut out. Size
6x3%ax2)2in. Transformer Rectifier Unit. Suitable
Radios, Cassettes, modeis, £4.50. Post 50p.

DE LUXE SWITCHED MODEL STABILISED. £7.50. PP £1.
3-6-7%-9 volt 400ma DC max. Universal output plug
and lead. Pilot light, mains switch, polarity switch.

DRILL SPEED CONTROLLERALIGHT DIMMER KIT. Easy
build kit. Controls up to 480 watts AC mains, £3. PP 65p.
DE LUXE MODEL READY-BUILT 800 watts. Front plate
fits standard box, £5. Post 65p. -

EMI 13'2x8in. LOUDSPEAKERS

Model 450, 10 watts R.M.S. with
moving coil tweeter and two-way
crossover; 3 chm or8 ohm.

“Final Clearance". Sale Price
SUITABLE BOOKSHELF CABINET
£6.50. Size 18x 11 x6in. Post £1.50.

RELAYS. 6V DC 95p. 12V DC £1.25. 18V £1.25. 24V £1.30
BLANK ALUMINIUM CHASSIS. 6x4—£1.45; 8x6—£1.80;
10x7-£230; 12xB-£2.60; 14x9-£3; 16x6-£2.90;
16x10—£3.20. 14x 3 £1.80. All 24in. deep. 18 swg.

ANGLE ALl 6 x¥ax%4in. 18 swg. 30p.

ALUMINIUM PANELS, wswg. 6x4—45p; B8x6-75p;
14x3-75p; 10x7—-95p; 12x8-£1.10; 12x5-75p;
16x6—-£1.10; 14x9—-£1.45; 12x12—£1.50; 16x10—£1.75.
ALUMINIUM BOXES. 4x4x 12 £1. 4x24x2 £1. 3x2x1 £1.
6x4x2 £1.80. 7x5x3 £2.40. 8x6x3 £2.50. 10x7x3 £3.
12x5x3 £2.75. 12x8x 3 £3.60. All with lids, (inch sizes).
BRIDGE RECTIFIER 200V PIV 2a £1. 4a £1.50. 6a £2.50.
TOGGLE SWITCHES SP 40p. DPST 50p. DPDT 60p.
MINIATURE TOGGLES SP 40p. DPDT 60p.

RESISTORS. 1002 to 10M. VaW, W, 1W, 2p: 2W 10p.

HIGH STABILITY. V2w 2% 10 ohms to 1 meg. 10p.
WIRE-WOUND RESISTORS 5 watt, 10 watt, 15 watt 20p.
PICK-UP CARTRIDGES SONOTONE 9TA £2.50.

BSR Stereo Ceramic SC7 Medium Output £2. SC12 £3.
PHILIPS PLUG-IN HEAD. Stereo Ceramic. AU1020 (G306
GP310 - GP233 -AG3306, £2. A.D.C., QLM 30/3 Magnetic £5.
GOLDRING GB50 £6.50, GBOO £8.50. STYLUS most popular
Acos, Sonatone, BSR, Diamond £1.20ea.

LOCKTITE SEALING KIT DECCA 118. Complete £1.

VALVE QUTPUT Transformers {srnall) 90r.

SUB-MIN MICROSWITCH, 50p, Single pole changeover.
ANTEX SOLDERING IRON 240V 15\V £4.60. 25W £4.70.
JACK PLUGS Mono Plastic 25p; Metal 30p.

JACK PLUGS Stereo Plastic 30p; Metal 35p.

JACK SOCKETS Mono 25p. Stereo 30p.

FREE SOCKETS - Cable end 30p. Metal 45p.

2.5mm and 3.5mm JACK SOCKETS 25p. Plugs 25p.

DIN TYPE CONNECTORS

Sockets 3-pin, 5-pin 15p. Free Sockets 3-pin, 5-pin 25p.
Plugs 3-pin 20p; 5-pin 25p; Speaker plugs 25p; Sockets 15p.
PHONO PLUGS and SOCKETS ea. 20p.

Free Socket for cable end 20p. Screened Phono Plugs 25p.
300 chm TWIN RIBBON FEEDER 10p yd.

300 ohm to 75 chm AERIAL MATCHING TRANSFORMER £1.
U.H.F. COAXIAL CABLE SUPER LOW LOSS, 25p yd.

COAX PLUGS 30p. COAX SOCKETS 20p. Lead Sockets 85p.
NEON INDICATORS 250V, round 30p. Rectangular 45p.

POTENTIOMETERS Carbon Track

5k() to 2M(}). LOG or LIN. L/S 50p. DP 90p. Stereo L/S
£1.10. DP £1.30. Edge Pot 5K. SP 45p.

Post £1.50

RCS “MINOR” 10 watt AMPLIFIERKIT £14

This kit is suitable for record players, guitars, tape
playback, electronic instruments or small PA systemns.
Two versions available: Mono, £14; Stereo, £20. Speci-
fication 10W per channel; size 9'4x3x 2in. SAE details.
Full instructions supplied. 240V AC mains. Post £1.

NEW | baker| Star sound

high power full range
quality loudspeakers
British made
exceptional
reproduction. ideal for
Hi-Fi, music P.A. or
discotheques. These
loudspeakers are
recommended where
high power handling is
required with quality
results. The high flux
ceramic magnet ensures clear response.

RCS STEREQ PRE-AMP KIT. All parts Ito build this
pre-amp. inputs for high, medium or low imp

per channel, with volume control and PC Board £2.95
Can be ganged to make muiti-way stereo mixers Post 65p

MAINS TRANSFORMERS Post
250-0-250V 80mA, 6.3V 3.5A, 6.3V 1A £6.00 £2
350-0-350V 250maA, 6.3V BA CT £12:00 £2

220V 25ma 6V lamp £2.
250V 60mA, 6V 2A

AUTO 115v 10 240v 150W £9. 250W £10. 400W £11. 500W £12.00 £2

220V 45ma 6V 2 Amp £3.00 £1
£3.75 £1

GENERAL PURPOSE LOW VOLTAGE

Tapped outputs available Price Post
2amp.3,4,5,6,8,9, 10, 12, 15, 18, 25 and 30V £68.00 £2
1amp. 6,8, 10,12, 16, 18, 20, 24, 30, 38, 40, 48, 60 £6.00 £2

2 amp. 0,12, 16, 18, 20, 24, 30, 36, 40, 48, 60 210.50 £2
3amp. 6,8,10, 12, 16, 18, 20, 24, 30, 36, 40, 48, 60 £12.50 £2
Samp. 6,8, 10,12, 16, 18, 20, 24, 30, 36, 40, 48, 60 £18.00 £2
5-8-10-16V. Y2amp. £2.50 80p 15-0-16V. 2 amp £3.78 £1
6V. V2 amp. £2.00 £1 20V 1 amp £3.00 £1
6-0-6V. 1V2amp. £3.80 £1 20-0-20V 1 amp £3.60 £1
9V, 260ma. £1.50 80p 20-40-60V 1 amp £4.00 £2
9V.3amp £50 £1 25-0-25V 2 amps £4.50 £1
9-0-9V. 50ma £1.80 80p 28V 1 amp Twice £5.00 £2
10-0-10V. 2 amps £3.00 £1 30V 12 amp £3.60 £1
10-30-40V. 2 amps £3.50 £1 30V 5 amp and

12V.100ma £1.50 80p 17-0-17 28 £450 £2
12V. 750 ma £2.00 80p 35V 2amps .00 £1
12V 3 amps £3.60 £1 TOROIDAL 30-0-30V 4a
12-0-12V. 2 amps €350 £1 and 20020V Y28 £10.00 £2
CHARGER Post  RECTIFIERS Post
6-12 volt 38 £4.00+E£2 6-12volt 28 £1.168+80p
Szpviljg com;:&u 8-12voltda £2.00+80p
SPEAKERS £22 pair posi £2

TEAK VENEERED CABIN|

11x8% % 7in, 15 watts
80 to 14,000 cps. 4 ohm or 8 chm
OPUS TWO 15x 102X 7%4in 25 watt

2-way system £39 pair. Post £3

LOW VOLTAGE ELECTROLYTICS Wire ends 10p
1 mf, 2 mf, 4 mf. 8 mf, 10 mf, 16 mf, 25 mf, 30 mf, 50 mf, 100
mf, 250 mf. All 15 volts. 22 mf/6v/10v; 25 mf/6v/10v; 47
mf/10v; 50 mf/6v; 68 mf/6v/10v/16v/
25v; 100 mf/10v; 150 mf/6v/10v; 200 mf/10v/16v; 220
mf/4v/10v/16v; 330 mf/4v/10v; 500 mf/6v; 680
mf/6v/10v/16v; 1000 mf/2.5v/4v/10v; 1500 mf/
6v/10v/16v; 2200 mf/6v/10v; 3300 mf/6v; 4700 mf/4v.
500mF 12V 15p; 25V 20p; 50V 30p. 1200mF 76V 80p.
1000mF 12V 20p; 25V 35p; 50V 50p; 100V 70p.

2000mF 6V 25p; 25V 42p; 40V 60p; 1200mF 100V £1.20.
2200mF 63V 90p. 2500mF 50V 70p; 3000mF 50V 65p;
4500mF 64V £2. 4700mF 63V £1.20. 4700mF/40V 85p.

;ﬂGH VOLTAGE ELECTROLYTICS

/500V  45p  8+8/450V 75p  32+32+16/350V 90
8/450V  45p 8+8/500V- £1  100+100/275V 653
16/350V 45p 8+16/450V 75p  150+200/275V 70p
32/500V 75p  32+32/350V 50p 2207450V 95p
32/350V 50p 32+32/500V £1.80 32+32+32/325V 75p
50/450V 95p  50+50/300V 50p 50+50+50/350V 95p

CAPACITORS WIHE END High Voltage

.001,.002, .003, .005, .01, .02, .03, .05 mfd 400V 5p.
.1MF 200V 5p. 40V 10p. 600V 15p. 1000V 25p.

.22MF 350V 12p. 500V 20p. 1000V 30p. 1750V 50p.
47MF 1500V 10p. 400V 20p. 630V 30p. 1000V 60p.
TRIMMERS 30pF 50pF, 10p. 100pF, 150pF 20p. 500pF 30p.
MICROSWITCH SINGLE POLE CHANGEOVER 40p.
TWIN GANG, 12CpF £1. 500+ 200pF £1.

GEARED TWIN GANGS 25pF 95p.

GEARED 365+365+25+25pF £1.

TRANSISTOR TWIN GANG. Japanese Replacement £1
SOLID DIELECTR C 100pf £1.50, 500pf £1.50

HEATING ELEMENTS, WAFER THIN (Seml Flexible)
Size 11x9x sin. Operating voltage 240V, 250W approx.
Suitable for Heating Pads, Food Warmers, Convector
Heaters, Propagation, etc. Must be clamped between
two sheets of metal or ceramic, et

c.
ONLY 60p EACH (FOUR FOR £2) ALL POST PAID.

RADIO COMPONENT SPECIALIST

MOOEL INCHES OHMS WATTS TYPE PRICE POST
MAJOR 12 4-8-16 30 HI-Fl f14 £
DELUXEMK I 12 8 15 HI-Fl £f14 £
SUPERB 12 8-16 0 Hi-FI 24 £
AUDITORIUM 12 816 45 HI-Ft 2
AUDITORIUM 15 8-16 60 HI-F 4 2
GROUP 45 12 4816 45 PA f14 £
GROUP 75 12 4-8-16 75 PA f18 £
GROUP 100 12 8-16 100 Guitar £24 £2
DISCO 100 12 8-16 100 Disco f£24 £2
GROUP 100 15 8-16 100 Guitar £32 £2
015C0 100 15 8-16 100 Disco £32 f£2
' BAKER ARMPLIFIERS BRITISH MADE
b s W
NEW PA150 MiCROPHONE PA AMPURER £129
4 ch | 8 inputs, dual impedance, 50K-300 chm 4 channel

mixing, voleme, treble, bass. Presence controls, Master volume
centrol, echo/send/return socket. Slave sockets. Post £3.

BAKER 150 Watt AMPLIFIER 4 Inputs £89
For Discott eque, Vocal, Public Address. Three speaker outlets
for 4, 8 or 16 ohms. Four high gain inputs, 20 mv, 50K ohm.
Individual volume controls “Four channel” mixing. 150 watts 8
ohms RM.5. Music Power. Slave output 500 M.V. 25K.ohm.
Response 25 Hz — 20kHz * 3dB. Imeqral Hi-Fi preamp saparate
Bass & Trable. Size — 16''x8"'x5%". Wt — 14lb: Master
volume control. British made. 12 months’ guarantee. 240v A.C.
mains or 120V to order. All transistor and solid state. Post £2.
MONO SLAYE VERSION £75. 100 Volt Line Model £104. Post £2.
New Sterec Slave Model 150 + 150 watt £125. Post £4.

BAKER £69 Post £2
50 WATT
AMPLIFIER

Idpal for PA systerns, Discos and Groups. Two inputs, i
Mixer, Volume, Controls, Master Bass, Treble Gain.

RCS offers MOBILE PA AMPLIFIERS. Outputs 4-8-16 ohms
20-watt RM3 12v DC, AC 240v, 3 inputs. 50K £48 PP £2.
40-watt RMS 12v DC, AC 240v, 4 inputs. 50K £75 PP £2
Mic 1; Mic 2; Phono; aux. outputs 4 or 8 or 16 and 100v line
60-watt RMS, Mobile 24 volt DC & 240-volt AC mains. inputs 50K.
3nics + 1 music. Outputs 4-8-16 ohm + 100 volts line £95 PP £2

Bagery only Portable PA Amplifier 10w max. Includes mike and |
spaaker, OK for meetings, crowd control, stalls, fetes, traders,
parties, etc. Batterios included (6 of U2) £27.50 post £2.

R.C.S. 100 watt Robust
VALVE AMPLIFIER

4 Channel mixing. Master
trable, bass and volume
controls. 5 Sgeaker outlets,
suits 4, 8, 16 chm. Disco
group. £125. Carr. & ins. £15.

FAMOUS LOUDSPEAKERS
“SPECIAL PRICES”
MAKE MODEL

SIZE WATTS OHMS PRICE POST
S0 8 S0

SEAS TWEETER 4in £9. f1
GOODMANS TWEETER 3ln 25 8 f4 £1
AUDAX TWEETER 4in 30 8 £6.50 £1
SEAS MID-RANGE 4in 50 8 £1.50 £1
SEAS MID-RANGE 5in 80 8 £12 £1
SEAS MID-RANGE  4V2in 100 8 £1250 £1
GOODMANS  HIFAX V2 x 4% 100 4316 £22 £2
GOODMANS WOOFER 8in 25 43  £650 1
GOODMANS HB 8in 60 8 £1250 £1
RIGONDA GENERAL 10in 15 8 £5 £2
SEAS WOOFER 10in 50 8 £16 £2
GOCOMANS HPG 12in 120 815 £2950 f£2
GOODMANS GR12 12in 90 815  £2750 £2
GOODMANS HPD 12in 120 V15 £2950 £2
GOGDMANS HPD 18in 230 ] £80 £4

SPEAKER COVERING MATERIALS. Samples Large S.AE.
B.A.F. LOUDSPEAKER CABINET WADDING 18in wida 35p ft.

MOTOROLA PIEZO ELECTRIC HORN TWEETER, 33in. square  £5
100 watts. No crossover requirad. 4-8-16 chm, 73x3'Ain. £10

CROSSOVERS. TWO-WAY 3000 c/s 30 watt 8 £3, 100W £4.

3-way 950 cps/3000 cps. 40 watt rating. £4. 3 way 60 watt £6. 100W £8.

LOUDSPEAKER BARGAINS

3 ohm, 5in, 7x 2in, £2.50; 61%in, 8 Sin, £3; 8in, £3.50. 10In, £5.

8 ohm, 2%in, 3in, £2; 5 3in, 7x 4in, 5in, £2.50; 614in, 8xSin, £3;

8in, £4.50; 10in, £5; 12in, £6.

15 ohan, 3%2in, £ x 3in, 6 4in, £2.50.

25 ohm, 3in, £2; 5x3in, 7x 4in, £2.50. 120 ohm, 3'%in dia. £1.

CAR CASSETTE MECHANISM. 12V Motor Stereo Head £5

R.C.S. LOW VOLTAGE STABILISED

POWER PACK KITS £3.95. Post 65p

All parts and instructions with Zener diode printed circuit,

mains transfarmer 240V a.c. Output 6 or 7%2 or 9 or 12V d.c.

up to 100mA or less. Please state voltage required.

Dept 1, 337 WHITEHORSE ROAD, CROYDON
Open 9-6. Closed all day Wed. Open Sat. 9-5.

Radio Books and Components Lists 31p stamps. (Minimum post/packing charge 50p.) Access or Barclaycard Visa. Tel: 01-684 1665 for SAME DAY DESPATCH. Cash prices include VAT,
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THE POWERFET
SPECIALISTS

POWERFET AMPLIFIER MODULES

The people at Pantechnic have baen designing with powerfets since they first
became commercially available. Their experience of powerfet amplifiers, coupled
with their insight into the sources of non-linearity often naglected by others, has
resulted in a new range of powerfet amplifiers that are fast, tough, finear and

cheap.
. POWER RANGE
MODEL {Continuous RMS)  TYPICAL LOADS - NOTES
PFA 100 S0W-150W 40,80 Physically small
30mm x 79mm x 108mm
PFA 200 100W-300W 40, 8Q High Watts per £ ratio
PFA 500 250W-600W 211,402, 80 25A continuous output
current
PFA HV 200W-300W 4101, 80, 1602 5dB dynamic headroom
Drives 70V line direct
Key features:
® RELIABLE — Powaerfet freedom from thermal runaway and secondary
breakdown
@ LINEAR — TID zero, IM/THD < 0.01% full power, (mid band THD
down to 0.0015%} _
@ FAST — Slew rate >30V/uS, {45V/uS typical)
@ QUIET — Signal to noise ratio 120d8
@ BRIDGEABLE — (100, 200, 500 without extra circuitry)
@ STABLE — Unconditionally
@ LOWCOST — 10watts to 20watts per £, depending on model and quan-
tity

As they stand these modules suit most P.A. and industrial applications and satisfy
all foreseeable audiophile requirements. (The HV is aimed at digital audio.)
Where aspects of performance fail to meet specific requirements {e.g. in speed
or power) low cost customising is often a possibility. Alternatively entirely new
boards can be produced™

Pantechnic make more than just PFAs. Loudspeaker protection boards and the
quietest, lowest distortion preamp boards currently available are just two of an
ever-expanding range.

Pantechnic sell high quality power supply and other components at excellent

prices.
CHECK US QUT
Price and Delivery Technical Enquiries

PANTECHNIC (Dept WW10) contact
17a WOOLTON STREET. Phil Rimmer

LIVERPOOL 125 SNM on
Tol: 051-428 8485 . 01-800 6667

A.B. Dick Magnalll

WORD PROCESSORS
at £850 plus V.A.T.

45 cps Qume Printer

8K Working Store

Thin Window Display

Permanent Storage on Magnetic Cards

Limited stock of ex-demonstration machines factory
reconditioned by manufacturer to ‘as new’ standard

AUTOTYPE (The 2nd-User W.P. Specialists)
1 Church Street
Cuckfield, Sussex
Haywards Heath (0444) 414484 and 454377

WW — 069 FOR FURTHER DETAILS

'\ ORDER YOUR FAVOURITE
5 0“\ AUDIO ACCESSORIES BY MAIL
€)

SEND FOR YOUR FREE COPY
OF OUR 1882 CATALOG

OVER 250 ITEMS
INCLUDING DIRECT BOXES, MIC-SPLITTERS,
SIGNAL PROCESSING, AUDIO MODULES.
48 TRANSFORMERS & MANY OTHER ACCESSORIES

EADE] WITH TECHNICAL DATA
82 x11 & USE DIAGRAMS

We Ship the fastest & most convenlent way for you! Most Shipmants From Stock

SESCOM, INC.

RETAIL SALES DIVISION (702)384-0993
1111 Las Vegas Blvd. North {800)634-3457
Las Vegas, NV 89101-1197 U.S.A.  Twx (310)307-6908

WW — 012 FOR FURTHER DETAILS
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Stoftron Lid. DISCOUNT PRICES

SOLDERING EQUIPMENT

PSU 24 VAC soldering station

£16.56
24V-240V
Oryx 50 Temp controlled
soldering iron £9.91

Oryx 30 240V General purpose

FREQUENCY
COUNTER

Range 10Hz-600MHz (3
ranges) 9 digit LED
display

Dimensions 203 x 165 x

76mm
8610 £79.95

BATTERY CHARGING UNITS

Sanyo NC450S £3.62

Will charge 4 AA size batteries simul-
taneously

NC1230 £5.89 Will charge DC & AA
size 2 each of 2 types in 14-16 hours
NC75G £3.99 Will charge one PP3 size
in 7-8 hours. instructions supplied
Varta C314 pluis directly into stan-
dard mains socket. Complete with a
rechargeable nickel cadmium PP3 size
battery £5.45

SOLDERING IRON £3.60

SAFETY STAND to support and protect
| _theiron when not in use £3.35

ISO TIP CORDLESS Soldering Iron, powered by long life |
nickel cadmium rechargeable batteries, can be used

anywhare without mains lead £16.25
De-solder Braid £8.30

SR3A
£5.50

H
{
De-soldering tool. High suction. Single handed opera- !

tion.
Solder 18 SWG ZSOG £2. 70

BULGIN MOULDED CONNECTORS

6 amp 250 VAC BS4491

P589 Length matching P580 £0.91

P589 Length side entry matching PS80

£0.91

P589 2.6m P700 moulded cord set.

BS1363A mains plug and CEE22 appli-

ggce connector with 2.5m of black cable
.25

Mains inlet mates with P587 and P589 6
amp 250 VAC re-wirable P580/110/POT
£0.28

P587 Screw terminals £0.52

P588 Side entry £0.72

P590 Mains inlet mates with P597 only 10
amp 250 VAC hot condition £0.31

P597 Mains connector £0.56

11328 Terminal cover £0.15

o

High impedence 10MHz LOGIC PROBE
High speed operation

Switch selectable

Log‘i)c levels, clip leads supplied

MULTIMETERS

Handheld TA15E! full auto rang-
ing LCD digital (10mm high).
Model DM2350 £39.25

Handheld Sabtronics complete
with leads. Model 2035A £49

Bench model battery operated
for portability, 31 ranges and 6
functions. Model L2010A £59

SIDE CUTTERS
2112 Cutting capacity up to
1.5mm copper wire £6.20

2132 Cutting capacity up to 1.2mm wire £4.63.

Both cut wire flush with surface, length 115mm

2211 Diagonal cutters, blades set at angle of 70° to the
handle, cutting capacity 1.5mm copper wire

LONG NOSE

PLIERS

2411 Slim narrow jaws, half ¢ /
round section \
Total iength 130mm £4.48

STRIFPING PLIERS 2076 £5.78

OBLIQUE CUTTING NIPPERS

Will cut copper wire up to 1.0mm,
jaw width 10.5mm y
578 £7.85 jaw length 8.0mm &

N

DIAGONAL CUTTING NIPPERS F]
Jaw width 9.0mm, jaw length 9.0mm 671 £8.04 \{,
SNIPE NOSE PLIERS, Smooth gripping surface

870 Jaw length 21mm £5.72

890 Jaw length 32mm £5.72

PF1/110 Fused appliance coupler £0.57

SCREWDRIVERS FOR SLOTTED SCREWS
______,_“ For Phillips Screws
961 8lade length 77mm  £0.76

912 Biade length 75mm  £0.45
913 Blade length 105mm £0.54
914 Btade fength 130mm £0.65
985 Square blade 125mm.£0.89

962 Blade length 9%6mm  £0.92
For Posidrive Screws

981 Blade length 77mm  £0.90

982 Blade length %6mm  £1.09

STOTRON DISTRIBUTION CENTRES
No 4A Shilton Industrial Estate
Bulkington Road, Shilton

All prices plus VAT. Cash with order. Post & packing is charged at
cost (£0.50 minimum). No returns can be accepted for credit, unless
previously agreed.

Coventry CV7 SJY. Tel: 0203 613521

72 Blackheath Road, Greenwich
London SE10 8DA. Tel: 01-691 2031-3

Othar bargains available

SEND FOR FREE CATALOGUE

WW — 052 FOR FURTHER DETAILS

Three of the best

Model 467

The 32 digit hand portable True RMS
DMM with LCD digital and analogue
display —anather Simpson first in the UK.

The world famous 260’

The Simpson analogue multimeter that is the world's
largest selling AMM 27 ranges cover ACand DC volts,
DCcurrent, resistance and dB.

Clamp-on
Testers

The new 296-2 for
faster testing of motors, |

transformers and circuifs. § o
Allmodels measure up

to 300 Amps AC RMS.

now see the rest

Write now for technical information on
our fullrange of precision instruments

7).

Bach-Simpson (UK) Limited,
Trenant Estate. Wadebridge. Cornwall, PL27 GHD\
Telephone: (020881) 2031 Telex: 45451

WW — 016 FOR FURTHER DETAILS

WIRELESS WORLD NOVEMBER 1982

60ft TELESCOPIC MAST
& VAN FOR HIRE

The vehicle to meet hundreds of uses,
some of which are high level photography
and observation, radio receiving
and transmitting, field study,
floodlighting, meteorology, wind
measurement and many, many
other uses.

FOR HELPFUL SERVICE AND RATES
RING A.V.E.C. LTD. 061-881 2292

WW - 087 FOR FURTHER DETAILS
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sic POWER

e
w Modular

Amplifiers

the third generation

Due to continous improvements in components and design |LP
now launch the largest and most advanced generation of
modules ever.

WE'RE INSTRUMENTAL
IN MAKING A LOT
OF POWER

In keeping with |LP’s tradition of entirely self-contained modules
featuring, integral heatsinks, no external components and only 5
connections required, the range has been optimized for efficiency,
flexibility, refiability, easy usage, outstanding performance, value
for money.

With over 10 years experience in audio amplifier technology ILP
are recognised as world leaders,

BIPOLAR MOOULES MOSFET MODULES
— . = — = _ .
Moduls | Output | Load DISTORTION Supply Size WT | Price Module |Output| Losd | DISTORTION Supply Size WT | Price
Number | Power |Impedance| T.HD. 1M.D Voltage mm gms | nc \ Number | Power | Impedance| T.H.D IM.D. | Voltage mm gms | inc.
Waits Typ at 60Hz/ Typ VAT Watts 0 Typ at 60Hz/ [ Typ |
rms ‘ 1KHz  7KHz 4 1 ‘ rms 1KHz  7KHz 4:1 Jll
| AL = : — KN 7R |
[ 0low  <ULUm | 4 76 x 68 x 4 240 | €840 ™M 3| 8 |< <0.0 | |
t 1 <0 76 x 68 x ¢ 240) E M | < 6 <0 D06 ES | x
q 0. <0.006% 1 M a |< «<0.006" [
l D 4 <{.006% 126 L" . _ = ——— e r — 1 4
| s ' <0.006 35 Protection”  Able to cope with complex (0ads without the need for very special
) <0 0U6% | protection circuitry {fuses witl sutfice}
, < 50 Slewrate  20v/ps Rise ume 3ps. S/Nratio 100db
it ] <0 006% * Frequency response (—3dB) 15Hz — 100KHz. Input sensitivity. 500m / rms
| 1 | 0 <0 D06 + Input impedance 100K fL  Oamping factor. 100Hz >400.
B0 & = A =2 =
Protection Full 10ad Iine. Siew Rate 15v/pc. Risetime: Bus. S/N ratio 100db ‘NEW ILP tn Car E ;
ntertainments
Frequency response { 3dB) 15H2 — 50KHz. Input sensitwity  500mV rms A to ar
Input Impedance 100K (1 Damping tactor 100Hz >400 ci1s
Mano Power Booster Amplifier 10 increase the output of your existing car rad|
PRE-AMP SYSTEMS or cassetie player to a nominal 15 watls rms
- . - - B —= . T - —— T — Vel easy 10 use.
Module | Modute Functions Currant | Price inc. | v ey )
Number Required | VAT | Robust canstruction. £9.14 (inc. VAT)
| Tumber | - ____ m= el i
[ 6 (M T™om e Tuns T 60 Mounts anywhere in car
i | 4 e | Autemanic switch on
0 y b M, dae pe, 32
| . Output power maximum 22w peak into 41
o M € 6 Frequency response (—3dB) 15Hz to 30KHz, T.H.D. 0.1% at 10w 1KH
" I W S/N ratio (DIN AUDIOI B0dB, Load Impedance 301
| . . ; Input Sensitivity and impedance (selectable] 700mV rms into 15K 2 3V rms into 8.0
e — — Size 95 x 48 x 50mm. Weight 256 gms.
M6st pre-amp madules can be driven by the PSU driving the main power amp — —_ - —
A separate PSU 30 15 available purely for pre amp modules if required for c1518 R
£5.47 linc. VAT} Pre-amp and mixing modules in 18 different variations Stereo version of C15. £17.19 (inc. VAT)
Please send for details.
40 x 80. Wi 4 .
R Size 95 x 40 x 80. Weight 410 gms
For ease of construction we recommend the B6 for modules HY6—HY 13 £1.05 - — ——
{inc. VATI and the B66 far modules HYB6-HY78 £1.29 {inc. VAT)
POWER SUPPLY UNITS g Qur own toroidal transformers
— . e -— —_—— — — -—
Model I For Use With Price inc. | | Model Far Use With | Price inc. | Modet TI_ For Use With | Price inc.
Number | vaT | Number | VAT | Number VAT
PSU 21X [1ar 2HY30 £11.93 ['“”“ﬂ,x 2. HY124 [ €707 [FSU 72X |2 « AV 248 [
|Psuaix |1 /60, 1 )1 x za| €13.83 PSU 53X | 2 x MOS128 £17.86 | 3X HY 364
PSU 42X |1 x HY128 £15.90 PSU 54X | 1 x HY248 £17.86 74X {1 x MY 368 |
PSU 43X |1 x MOS128 £16.70 PSU 55X | 1 MOS248 £19.52 | Psu 75% {2 A 1% N | )
PSUBIX [2x HY128. 1 x HY244 £17.07 | PSUTIX | 2 HY244 | 2175 |
= L L — L e — |
Pleess note: X in part no. indicates primary voltage. Please insert "0 in place of
X for 110V, 1" in place ot X for 220V, and ‘2" in place of X tor 240V,
vzpo0! _

WIRELESS WORLD NOVEMBER 1982



ELECTRONICS LTD
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( PROFESSIONAL HI-FI THAT EVERY ENTHUSIAST
CAN HANDLE... ESEH

Unicase

Over the years | LP has been aware of the need for a complete
packaging system for it's products, it has now developed a
unique system which meets all the requirements for ease of
assembly, adaptability, ruggedness, modern styling and above
all price.

Each Unicase kit contains all the hardware required down to
the last nut and boit to build a complete unit without the
need for any special tools.

Because of |LP’s modular approach, "‘open plan’’ construction
is used and final assembly of the unit parts forms a compact
aesthetic unit, By this method construction can be achieved in
under two hours with little experience of electronic wiring
and mechanical assembly.

Hi Fi Separates

UC1 PRE AMP UNIT: Incorporates the HY78 to provide a
“no frills”, low distortion, (<< 0.01%), stereo control unit,
providing inputs for magnetic cartridge, tuner, and tape/
monitor facilities. This unit provides the heart of the hi fi
system and can be used in conjunction with any of the UP
Unicase series of power amps. For ultimate hum rejection the
UC1 draws its power from the power amp unit.

POWER AMPS: The UP series feature a clean line front panel
incorporating on/off switch and concealed indicator. They are
designed to compliment the style of the UC1 pre-amp.
Performance for each unit which includes the appropriate
power supply, is as specified on the facing page.

[OLL POWER AMPLIFIER  MOS60

TO ORDER USING OUR FREEPOST FACILITY

Power Slaves Fill in the coupon as shown, or write details on a separate sheet of paper,

) . quoting the name and date of this journal. By sending your order to our
Qur power slaves, which have numerous uses i.e. address as shown at the bottom of the page opposite, with FREEPOST

instrument, discotheque, sound reinforcement, feature in clearly shown on the envelope, you need not stamp it. We pay postage for

R I~ o " . you. Cheques and money orders must be crossed and made payable to | .L.P.
addition to the hi fi series, front panel input jack, level Electronics Lid. if sending cash, it must be by registered post. To pay C.0.D.

control, and a carrying handle. Providing the smallest, please add £1 to TOTAL value of order.

lowest cost, slave on the market in this format.
PAYMENT MAY BE MADE BY ACCESS OR BARCLAYCARD IF

REQUIRED
rUN-'C£E§ ———— — CP —--------------4
rice nc.
Post to ILP Electronws Ltd., Freepost, §
HIFI M = e — 7V.A,T | ' 2 Graham Bell House, Roper Close ‘
uct Preamp £20 95 . ﬂ, m Canterbury. CT2 7EP. Kent. England
UP1X 30 + 30W/4—-80 Bipolar erec H £54.95 Telephone (0227) 54778
UP2Xx 60W/4LL Bipolar Mor £54.95 I ELECTRONICS LTD Technical (0227} 64723,
UP3X 60w /841 Bipotar M £54.95 Telex 965780 l
UP4 X 120W/48L Bpolar Mono H £74.95 l .
UPSX 120w/801 Bipolar N E £74.05 | l Please send me the following B S— l
UPE X 60w/4— 801 MO Mono HIF £64.95 .
UP7X 120W/4-80  MOS  Mono  HIf £84.95 | Total purchase price — =1
| Power Slaves e o J l I enclose Cheque[:] Postal OrdersD Int. Money OrderD l
UsS1Xx 60W/4 L1 Bipolar Power Slave £59.95 | .
| Usa2x 120W/a 1 Bpolar  Power  Slave £79.95 l Please debit my Access/BarclaycardNo.__
US3x 60wW/4-—-8LL MOS Power Stave £69.96 l Name — Ce— ol W owm -~ o l
US4 X 120W/4-84L MOS Power Slave £89.95 |
- S - ow - Address .
Please note X in part numkter denotes mains vollage. Please insert n place l l
X for 110V, "1’ in place of X for 220V {(Europe). and ‘2" in piace of X for 240V N ) .
{U.K.) All units except UC1 (ncorporate aur own toroidal transformers, Signature '
h ADNE D WS N WS B WY G By G BN B G S e

WW — 056 FOR FURTHER DETAILS
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best brains in Britain

at

them m::g:hn

Computer NOVEMBER 25-27, 1982
i prsomcomuers - Op@ning Times

Home computing

Small business systéms 1 08 m-6pm eaCh day

The brains we're talking about are the printed

circuit, silicon-chip variety and you'll find them

(thinking hard) in the vast range of exhibits at The

Northern Computer Fair. The show covers the fields of

personal computing, home computing, small business systems and
associated software, through computer books to video games, with
a special attraction being the ZX 81 Sinclair Village. So whether
you're a businessman (or woman) who needs to keep up to date
with the latest devel