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EPROM EMULATOR
PROGRAMMER

EP8000

The new microprocessor controlled
EP8000 Emulator Programmer will
program and emulate all EPROMs up to 8k
x 8 sizes, and can be extended to program
other devices such as 16k x 8 EPROMs,
Bipolar PROMs, single chip microproces-
sors with external modules.

Personality cards and hardware changes
are not required as the machine configures
itself for the different devices.

The EP4000 with 4k x 8 static RAM is still
available with EPROM programming and
emulation capacity up to 4k x 8 sizes.

@® EPB8000 8k x 8 Emulator Programmer —
£695 + £12 delivery @ BSC8 Buffered emu-
lation cable — £49 @ SA27128 Program-
ming adaptor — £69 @ SA25128 Program-
ming adaptor — £69 @ EP4000 4k x 8
Emulator Programmer — £545 + £12 de-

ittty
o~ &
— it 14044
L

=

FEATURES

B Software personality programming/emulation of all
EPROMs up to 8k x 8 bytes including 2704, 2708,
2716(3), 2508, 2758A, 27588, 2516, 2716, 25632, 2732,
2732A, 68732-0, 68732-1, 68766, 68764, 2564, 2764.
Programs 25128, 27128 with adaptors.

No personality cards/characterisers required.

Use as stand alone programmer, slave programmer,
or EPROM development system.

Checks for misplaced and reversed insertion, and
shorts on data lines.

Memory mapped video output allows full use of
powerful editing facilities.

Built-in LED display for field use.

Powerful editing facilities include: Block/Byte move,
insert, delete, match, highlight, etc.

Comprehensive input/output — RS232C serial port,
parallel port, cassette, printer O/P, DMA.

Extra 1k x 8 scratchpad RAM for block moving.

livery @ BSC4 Buffered emulation cable —
£39 @ BP4 (TEXAS) Bipolar PROM Module
— £190 @ Prinz video monitor — £99 @
UV141 EPROM Eraser with timer — £78 @
GP100A 80 column printer — £225 @ GR1
Centronics interface — £65

VAT should be added to all prices

 DISTRIBUTORS REQUIRED ~ @

ST 5

EXPOBT ENQUIHIES WEI.CDME

P

GP Industrial Electromcs Ltd.

Tel: Plymouth (0752) 332961
Telex: 42513

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

WW - 028 FOR FURTHER DETAILS
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Rather than try to show
electronics could help disabled people
this month’s cover by Geoff Harrold
depicts the things you might choose
to surround yourself with in entering
our design competition.

NEXT MONTH

Compact electronic typewriter
can be equipped with an
RS232 interface to enable it to
be used as a printer for
computer output at a total cost
for both typewriter and
interface of just over half that
of the lowest price commercial
alternatives.

Loudspeaker measurement
techniques designed to avoid
the vagaries of personal
prejudice and room acoustics
normally require a calibrated
microphone. But using the
principle of reciprocity Peter
Dobbins shows how three
transducers can be calibrated
with no specialized
equipment.

Simple ultrasonic transmitters
and receivers with appropriate
control by 6502 or 280 can give
arobot distance-measuring
capability, even in a noisy
environment.

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

Available on microfilm; please contact
editor.

By post, current issue £1.23, back issues
(it available) £1.80, order and payments
to EEP General Sales Dept., Quadrant
House, The Quadrant, Sutton, Surrey
SM25AS Tel: 01-661 8668.
Editorial & Advertising offices: Quad-
rant House, The Quadrant, Sutton,
Surrey SM2 5AS.
Telephones: Editorial 01-661 3614. Ad-
vertising 01-661 3130, See leader page.
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 3248.
Subscriptions: Oakfield House, Perry-
mount Road, Haywards Heath, Sussex
RH16 3DH, Telephone: 0444 459188.
Please notify a change ot address.
USA: $44 surface mail, $93.80 airmail.
Business Press International,
Subscriptions 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.
Business Press International Ltd 1983
ISSN 0043 6062,
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And then buy from us!

. Electronic Brokers, a leading supplier of Electronic Test and Measuring Equipment,
_has been established for over sixteen years. Our Distribution Division handies the major names in the industry:
Philips, Fluke, Hameg and |.C.E. These products are stocked in depth at our premises in Central London, ready for

Philips Electronic Test & Measuring Equipment

or inverted select:on. Repetition, delay

triggering and synchronous gating
28926

3133333 "[ie2y

Philips PM5712 Pulse Generator »
Small light weight, compact and portable
unit suitable for laboratory use. Range 1Hz
to 50MHz. Three pulse modes pius normal

duration and amplitude selectable. TTL . \
compatible. Extensive facilities for external - = e

Philips PM6667-01 Counter
High resolution, 7 digit LCD
display, computing counter ranging
from 10Hz to 120MHz. Auto
triggering on all waveforms and
duty cycles. Self diagnosis
routine and 15mV BMS senstitivity
PMBE68-01 £4254 covers 10Hz to 1GHz
and the PMB668-02 (£551] has a high
stability TXCO

-4 Philips PM3217 50MHz
Oscilloscope
High 2mV sensitivity, dual trace,
8 x 10cm. display with small spot
size, high light output and dluminated
graticule, auto trigger mode, TV
triggering on ine and frame. Full X-Y
display facilities. Comprehensive
second time base facility. Compact
dimensions and low weight

Philips PM3254 75MHz
Oscilloscope »

Performance packed scope that you can
carry into tough service environments.

£1092

i

Mult-function test bench DMM for lab and

<t Philips PM2521 DMC 4
f

Full Product range:-
PM2517X OMM — portable 4 digit, autoranging

PM 3207 Osciloscope, 15MHz, SmV/div.. dual trace with

TV triggerin

PM3215 Oscilloscope. SOMHz, 2mV/div. General purpose . £754

PM3219 Oscilloscope, SOMHz, 2mV/dwv.. dual trace,

storage. delayed sweep, alternate time base - £2675

workshop use. DC accuracy 0.03% . with
resolutionto 10uV, 1nA and 10m«2 on a 4%
digit LCD display. Auto ranging. true RMS,
relative reference, dB, frequency and time
measurements. Optional accessories
extend the measurement capabilities
£338

£172 PM3256 Oscilioscope — as PM3254, plus delayed
sweep and alternate time base
£385 PM5107 Function Generator — sine, square, wave, Iow
distortion 10Hz —— 100kHz
PM5132 Function Generator — as PM5131, plus pos
andneg pulses, adjustable duty cycle

Fast trigger circuits meet all applications
to over 100MHz. TTL triggering is
standard. A triggerview 3rd channel and
tull X-Y display facilities. Tough light weight
compact package with shoulder strap

o D A e e L
e R

-a Philips PM5131 Function
Generator
High performance, 0.1Hz to 2MHz
generator with sine, triangular and
square waveforms. Stepped and
variable output attenuation. Vernier
frequency adjustment. Variable DC
offset. Internal and external sweep
facilities. TTL output. Ideal for
educational, service and general
purpose laboratory use
£395

PM5501 Pattern Generator — 5 different PAL
patterns for colour and black/white TV
PM5519 | Pattern Generator — 20 combination PAL
patterns, electronic tunin
PM5705 Puise Generator, 0. 1Hz — 10MHz, 10nS,
general purpose
Supporting accessories available

== = Electronic Br
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prompt despatch to all parts of the Country. Electronic Brokers offer full technical support and expert advice
on all aspects of electronic test and measuring. Visitors are welcome to our showroorms where all products
are on display and demonstration. For customers wishing to order by phone, we offer a 24 hour answering service.

HAMES H HM705 70MH
A ameg z
Oscilloscopes Oscillascope
General purpose scope
with a multitude of
operating modes and
trigger faciities
Extremely bright and well
defined display, with
B x 10cm. screen and
internal ifluminated
graticule. TV triggering,
Z moduiation. X-Y display
tfacilities and sweep delay
rmode. Dual trace
£588

HM103 Singie trace 10MHz 2mV/cm component
HM203-4N \Withlongpersistence CRT

Hameg HM204 20MHz
Oscilloscope

High performance scope
with peak value triggering
up to SOMHz. Versatile
triggering facilities and
variable hold off control
Dual trace, delayed sweep
mode, Z modulation, X-Y
operation, internal
luminated graticule and
component tester
complete the attractive
specification

£365

FLUKE Handheld and Bench/Portable DMM’s

Hameg HM203-4
20MHz Oscilloscope
Designed for genera
purpose applications in
industry and education
Versatile triggering
performance to at least
40MHz. Dual trace, X-Y

operation, TV triggering,

add and invert mode and
component tester make
the price/performance
ratio of this scope most
attractive

£264

HM204-N\Withiongpersistence CRT £380
tester £158 HM705-NWithlongpersistence CRT £628
£289 Supporting accessories available

ICE Analogue Handheld
Multimeters
I.C.E. 680G Analogue Multimeter
Wide range of
measurement
capabilites with
high sensitivity T i
20KQ/V) and /W 2 o
igh accuracy R
(DC1%t.s.d))
Mirror scale,
- protected
meter moverment and fully
screened against magnetic fields
Large range of accessories. £25.00
Microtest 80
40 ranges, accuracy DC 2%, 20KQ/V  £19.00
Supertester 6BOR
80 ranges, accuracy DC 1%, 20KQ/V £32.00

Full Supporting /
accessories

Tel: 01-833 1166 S &5
Telex 298694

WW — 200 FOR FURTHER DETAILS
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. Fluke 8060A Fluke 80268 Fluke BOS0A Bench/ Fluke B010A Bench/ available
HEETT Handheld DMM Handheld DMM ortable DMM Eortable DVMM 7/
- Versatile DMM with 4 The new addition to nique functions and fine xceptional 7/
gowa JdgtlCDdsplay and the Fluke range. A 3’ performance from this performance and /7
™ impressive specification. digit LCD meter with 4% digit LCD micro features from this VA
Ten functions including true RMS capability processor-based DMM low cost 3% digit o
) conductance, frequency, Eight functions Nine functions include dB, LCD DMM. Seven NG
% dB, true RMS and including conductance  conductance, true RMS functions including
o« M relatve reference and high speed audible  and relative reference mode. conductance, diode test,
' 0 =} mode. Audible continuity — continuity. 2 year Selectable impedance 10 Amp current range and true RMS
= and comprehensive warranty applies to reterences. Comprehensive  capability Extended measurements with
e o accessories extend this rugged general accessories and Ni/Cd optional accescories. Ni/Cd battery
cxrexw  UDE CBPAbIitie purpose meter battery option option available
£295 £180 £315 £210
80228 3'2 digt handheld DMM ~ £99  B0O24B 3! digit handheld DMM. with enhanced 8012A-01Recnarage N-Cd battery /
80218 3" digit handheld DMM functions option £310
with audio caontinuity £120 BO10A-01Rechargeable N-Cd battery option . . £240 80S50A-01Rechargeable Ni-Cd
802083 digt handheid DMM 8012A 3" digit bench/portable. low ohm, version battery option £345
with conductance ranges £150 {mans pwr]) £280 8062A 4':digithandheidDMM. £230 / \6 . o&
: A %\.Q
QO

Electronic Brokers Ltd., s o
61/65 Kings Cross Road, // & & S«\
ers London WE1X SLN. S
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RF LINEAR POWER AMPLIFIERS
- ey

TYPE 9045

% b W e == YMOS WIDEBAND LINEAR

, POWER AMPLIFIERS
4 watts and 20 watts max.
RF output. Without tuning.
Power gain 10 dB

TYPE 9045 10 KHz.-100 MHz. 4 watts £49.50+£2.50 p&p
TYPE 9050 20 MHz.-200 MHz. 4 watts £49.50+£2.50 p&p
TYPE 9066 10 KHz.-100MHz. 20 watts £120+£5 p&p
TYPE 9064 As above with integral mains power supply unit ..o £180+£10 p&p
TYPE 9067 20 MHz.-200 MHz. 20 watts £120+£5 p&p
TYPE 9065 As above with integral mains power supply Unit ... £180+£10 p&p
_— x
TYPE 9052
% __ TELEVISION LINEAR
T POWER AMPLIFIERS
BandsIVorV.

Channel group ‘A’ 21-34, 'B’
39-51, or ‘CD’ 48-68.

TYPE 9061 150 mV. input, 10 mW. output. Adjustable gain
TYPE 9052 10 mW. input, 500 mW. output. Adjustable gain

...£120+£5 p&p
....£120+£5 p&p
£150+£5 p&p

TYPE 9054

. VMOS LINEAR

" POWER AMPLIFIERS
' Tuned to your specified fre-
guency in the range 1-250
MHz.

TYPE 9054 200 mW.-2 watts input, 20 watts output. Gain adjustable 10-20 dB

£120+£5 p&p
180+£10 p&p
£160+£5 p&p
210+£10 p&p

TYPE 9060 As above with integral mains power supply unit
TYPE 9068 1-8 watts input, 80 watts output. Gain adjustable 10-20
TYPE 9057 As above with integral mains power supply unit .........

IF YOU REQUIRE
EQUIPMENT MODIFIED TO
SPECIFICATION PLEASE

DEPARTMENT

RESEARCH COMMUNICATIONS LTD.

CONTACT OUR TECHNICAaL| UNIT 3, DANE JOHN WORKS, GORDON ROAD, CANTERBURY, KENT CT1 3PP
TELEPHONE: CANTERBURY (0227) 56489

LOW NOISE GASFET PREAMPLIFIERS

TYPE 9002 IN 9010

TWO STAGE GASFET

STRIPLINE PREAMPLIFIERS
Television bands IV or V.
Channet group ‘A’ 21-34, ‘B’
39-51 or ‘'CD’ 48-68.

TYPE 9002 Two stage Gasfet preamplifier. N.F. 0.7 dB. Gain 25 dB. High Q filter

. ween £85+£2 p&p
TYPE 8004 UHF two stage Gasfet preamplifier. N.F. 0.6 dB. Gain 25 dB. Aligned to your
specified frequency in the range 250-500 MHz. High Q filter...........cc.oocccienninnces £85+£2 p&p
PE 9012 Gasfet preamplifier mains power Supply Unit .......cc.cc.ouvevenrinnnen. £19.50+ £2 p8ip
TYPE 9010 Masthead weatherproof unit £6.50+£2 p&ip
TYPE 9026
GASFET/MOSFET
RF PREAMPLIFIERS

Aligned to your specified
frequency in the range 1-250
MHz.

Masthead/local use.

TYPE 9026 N.F. 1.0 dB. Gain 10-40 dB. variable £39.50+£2 p&p
TYPE 9026FM As above. Band |1 88-108 MHz. £39.50+£2 p&p
TYPE 9006 Gasfet. N.F. 0.6 dB. Gain 10-40 dB. variable ... £65+£2 p&p
TYPE 9035 Mains power supply unit for above £24.50+£3 p&p

TYPE 9031

M. WIDEBAND RF
sl .: PREAMPLIFIER
C 1KHz.-100MHz. without tun-

ing.

TYPE 9031 N.F. 3.0 dB. Gain 40 dB £39.50+£2 p&p
TYPE 9056 1500 MHz. PRESCALER Divides 100-1500 MHz. by 10................... £59.50+£2 p&p
TYPE 9084 FM TRANSMITTER. 88-108 MHz. 25 watts RF output. 12V supply

. £595+£15 p&p
TYPE 9085 As above with integral mains power supply Unit ..o £695+£20 p&p

PLEASE ADD 15% V.A.T. ON TOTAL

ALL EQUIPMENT IS
DESPATCHED BY FIRST
CLASS RECORDED
DELIVERY

WW — 041 FOR FURTHER DETAILS

The vast range of available options allows

you to customise the FM/AM 500 Micro-
| Monitor to suit your specific needs. and
weighing in at just 16 lbs your ‘field-tests’

can now be precisely that! l

For a practical demonstration to prove
our point contact:-

Mike Dawson on 01-897 6446.
Fieldtech Heathrow Limited

t Fiel h Huntavia House 420 Bath Road
“ iy Hegggvcv Longford Middlesex UB7 ()LL

Telex; 23734 FLDTEC G

ESTABLISHED RADIO
COMMUNICATIONS
BUSINESS FOR SALE

as going concern. Home Office
licensed. East Midlands situation.
Business comprises: Large pur-
pose-built radio control room,
two-year-old 140ft. radio mast.
Business conveniently situated in
town centre location adjoining
large car park. Existing base
station users. Operating radius
40 miles.

For full details contact
Messrs. Kirk Ogden
23 High Street, March
Cambs, PE15 9JA
Telephone number 3187

WW - 056 FOR FURTHE;K DETAILS
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THE SOURC

of allgood used testequipme

Electronic Brokers are Europe’s leading Second User Equipment Company. We carry large stocks of the ve

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.

ANALYSERS

SOS 3 L|ne Oisturbance Monitor £2300.00

Hewlett Packard
1417/8552B/8555A 10MH1 18GHz
.£8

5004A Signature Anatyser .......... £850.00
54204 Digital Signal Anelyser £24,000.00
B8407A/8412A Netwod( Anefyser

............................... £1800.00
Marconi

TF2303ModMeter .................. £4680.00
TF2337 Automatic Distortion

Analyser ... .£250.00
Bolartron

1172TFA............ .£4000.00
Taktronix

AA501 opt 01. Distortion 10Hz — 1OOKH1
toLess than0.0025% . .£1450.00
DAS 9103 opt 01 02. Logn: Ane?ser
........................................ £11,000.00
DF1 Display Formatter For 7001 £850,00
308 Portable B Channel 20MHz Date
Analyser............ £2100.00
491 Spectrum Anatyser 10MHz-40GHz
............................ £7500.00
492 (opt 01, DB] Spectrum Anetyser
SOKHz-220GHz ... 000.00
492P§Op[ 01, 2 3) Programmable Version
........... £20000.00
1401A Spectrum Anatyser 1-500MHz
£9

50.00
7.5 Specbrum Anetyser with opr. 25
El'rackmg Gen) and L3 (500 mpur.LEOHz -

7300.00
7L12 Spechrum Anatyser 1DOKHz 1.8GHz
...................... £8000.00

............ £7500.00
7L14 Specr.rum Anatyser 10KHz ‘I BGHz
........................... 450.00

14 £3200.0
TRS03 Tracking Generator (for 492/498
SBrIeS) ... 3250.00
SL4AN Spectrum Analyser 20Hz- 1OOKH1

....................... .£2350.00

7D01 16 Channel 100MHz Sample Rate
..................................... 2450.00

BRIDGES

Boonton

63H Inductance Bridge. £2000.00

Marconi
TF1313A0.1% LCR Bridge .
TM4520 Set of Inductors .

Wayne Kerr
BB42LCRO.1% ...

. £795.00
SR 268 Source & Detector......... £875.00

DVM’s AND DMM’s

Fluke
: B022A 3% digt 0.25%
§ Basic OC Accuracy B functions

- £60.00
@ B020A 3% dgt

A i 0.1% Basic OC
v " -5 Accuracy
"‘5:;1 L K 7 functions
h £75.00
o i
THESE DMM'S Can 90 DAY
ARE UNUSED e \WARRANTY

WIRELESS WORLD JULY 1983

Datron
1058 Bench DMM 5 1/2 digit OC and True
AMS AV volts and current + resistance

.......................... .£700.00
Fluke

B502A 6% digit DMM . .£1250.00
B8921A Wide Band DVM............ £885.00
OSCILLOSCOPES
Hewiett Packard
1 332A High Quality CRT Display
86x11.8cm. .............. .£1250.00
1720A Dual Trace 275MHz wnr.h Dela
T'Base and probe pawer .......... .00
180S8A 1 08

MHz 4 Channel Plug In
... ..£2000.00
...£1000.00

182
Phili

PM3232 Dual Beam 10MHz ... £4935.00
PM 3234 True Dual Beam Storage
Dscilloscope 10MHz New CRT.. £1500.00

Taktronix.

305 Porwble battery scope/DMM, D T

SMHz ... £875.00

335 Oual Trace 35MHz Smal porwble with

deley T'Base......................... £1300.00

488 Ouel Trace 100MHz with Oigital

Storagep OMHz) Delay T'Base. . 4850.00

T922-01 15MHz OT Scope Diff. iny
..................... . 5 5.00

200C Trollﬁx for 400 Seres........ £120.00

7313 100MHz Storage Mainframe
........................... £2225.00
7603 100MHz Mainframe .......£1850.00

5223 Digital Storage 10MHz ,...S!OO0.00
5440 SUOMHz Mainframe ......... £1000.00
5441 50MHz Variable Persistance Storage
Mainfreme ... ... £1800.
7704A Scope OC- 200MHz Meinframe
........................... .£2300.00
7613 Storage Scope Msnnframe
OC-100MHz 2600.00
7633 Mulumode Storage Scope Malnframe
DC — 100MHz £4500.00
7834 Storsge Scope Mainframe

OC-400MHz ..., ... £7200.00
7844 Dual Beam '400MHz Mainframe
£7750.00
7854 Waveform Processnng Scoge
DC-400M 9000.00
7904 opt 02, 03 500MHz ... .. £5350.00
TEKTRONIX PLUG INS
Wae stock a completa range of Plug ine
for use with 7000 and 5 series
Mainframes.
SIGNAL SOURCES
Hewlett Pac|

612A 4501 EBOMHZ AM or Pulse
Moadulation. Dutput 0.1Vv-0.5V.£1500.00
61 GB 1.8-4.2GHz lntor ext PCM/FM
1uv-0224v... . .£1000.00
51B Test Dscillator. 10Hz-10MHz,
0 1mV-3.16V £415.00
3320A Frequency Synr.hemzer 0.01Hz-
13MHz. .£895.00
86408/01 /02 AM/FM 1024MHz
...£49850.00
86908 Sweeper Malnframe with 869BB
Plugin. 0.4 — 110MHz. .. ..£4000.00
Marconi.
TF2000 20Hz-20KHz Low Distortion with
0-111dB Attenuator in0.1dB steps
...... .£575.00

TF2002B with TF2170 anchromzsr
10KHz-BBMHz AM/FM oduleuon
........................................... 700.00
TF21 EO 0.0008Hz-100KHz Wavefor'm
GeNEeraLOr. . ... oo £800.00
TFEOOB AM/PMV 10KHz-510MHz built in
sweeper. Output 0.2,V-200mV £3500.00
TF2169 Pulse Modulator for use with

TF20150r TFRRO16........... .£200.00
Philips.
PMB456 Stereo Generator. ... £250.00
TEKTRONIX TM500
SERIES
AF501 Bandpass Fiter/Amplifier ..£400.00

AMS501 Op Amp Gain 10,000 .. ..£300.00
AMS02 Drff Amp Gain 1 — 100K £500.00
DMS02A True AM S 3% thglt DML\:A32

DCSQO5A 225MHz Counter ... ..£6800.00

DC508 Counter/Timer 135MHz._.£950.00

FGSO1 Function Genersator 0.001 Hz-
................................ £375.00

2MHZ £450.00
FGSOE Function Generator 0.1 Hz- J 1MHz
....................................... £425.00
FG503 Function Generator 1Hz-3MHz
......................................... £275.00
PG501 SOMHz Pulse Gen. ... £320.00
PG502 250MHz Puise Gen ... £1,450.00
PGS05 Pulse Generator 1Hz-100KHz
....................................... £450.00
PGS06 Calibration Gererator ....£1850.00
PGES07 Pulse Gen 50MHz. ... £800.00
PGS08 S0MHz Pulse Gen........ £1,250.00
SCS02 15MHz Dual Trace Scope

................................. 1000.00
504 BOMHz Ousl Trace Scope
......................................... £1250.00
SGSOS Smewave Generator 250KHz-
250MHZ ..o £9850.00
SGSO4 Svg Gen 1050MHz.......£1,950.00
TG501 Timemark Generator

TMS15 Mainframe (S wide) ...
TEKTRONIX TV TEST
EQUIPMENT

148 PAL Insertion Test Generator

.................................... £4000.00

1 4850 F‘AL/NTSC Dual Standard
...... .£3150.00

655HR-1 TV Colour Picture Monubor

NTSC + PAL + RGB). ....£3800.00
5E6HR PAL/SECAM Monitor .. B:!BOO 00

671 PAL Monitor ... ... £1800.00

MISCELLANEOUS

Bruel & Kjaer

2209 Sound Level Metar .£830.00

Datsiabs

DL901 Transient Recorder ... £750.00

DL9Y0S Transient Recorder ... £898.00

Fe reph

ATS1 Test Set.... .£298.00

Fluke

515A Portebie Calibrator DC/AC and
Resistance with OC Resolution 0.2V

........ £1780.00
760A Meter Calibrator .£2950.00
883 AC/DC Oifferentisl £815.00
845 A8 Null Detector £6810.00
9318 Diff V'Meter ....£1,000.00
2020A -4-6 Printer .. -......£500.00
2020A-3-6 Printer ... .£500.00

3010A L% ictester. Self Contained.
Portabie. Full Spec. on Request .. £8500.00

Hewlstt Packard.

3552A Trans Test Set. ... 1,500.00
53404 Counter 10Hz-18GHz B D it
.......... £3750.00
8403A Moduetor Fitted With 87328 PIN
MDODULATDR .. £1500.00
8745A S Perameter Test Set. Fitted with
11604A Universai Arms 0.1-2GHz
.............................. £27%0.00
59308A HP-1B Timing Generator .£300.00

Racal

9301 A RF Millvoltmeter.......
Tektronix

106 Square Wave Gererator 1nS risetime
10Hz-1 MHz without accessories .£175.00

£495.00

577/01 Curve Trecer ... ......£3000.00
832 Oate Comms. Testar.... .£925.00
833 Data Comms. Testar ... . £135

0.00
2701 Step Attenustor 50Q0. 79dB in1dB
265.00

steps. DC to 2GH
2901 Time-Mark Ger\erator . 6195 00

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

e Rl R [l s Rl s |
s [l [ gl R el
Electronic Brokers | ==l = | 0=

)|
R

Electronic Brokers Limited
61/65 Kings Cross Road

LONDON

CIX9LN

Telephone: 01-278 3461
Telex: 298694 Elebro G
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SEND FOR TECHNICAL BROCHURES TO:

TELEPHONE: (0344) 885656

HF COMMUNICATIONS RECEIVERS
POINT TO POINT/TRANSPORTABLE

DESIGHED AND MANUEACTURED T0 HIGHEST INTERNATIONAL SPECS

Fully Synthesi WE ANNOUNCE NEW MODELS
y Synthesised 10Hz or 100Hz steps (a) SR 520 To meet new C.E.P.T. Spec for Ships Main Receiver.
Conti Iv Tuned 50KH 30MH (b) SR 522 with Preselector for Point to Point/Transportable.
ontinuously fune Zto z {c) SR 530 As (a) above but MICROPROCESSOR/KEYPAD controlled,
Modes LSB/USB/CW/AM/FSK 200 channel memory, Scanning.
Stability +1 partin 107°C (éigﬁglsgz'ﬁ\s“(g)abovecbutfo|ero\i/n}:;oﬂPgint/TrTanfp(:‘rtablt: oua
i A . Full Remote Control by adio or lelephone uine, Dua
IT,‘(‘)&:? Supplies Keypad/Spin/Decade Diversity, FSK Demodulator and 600 ohm Line Amplifiers.
110V/240V AC and 24V DC

VIGILANT COMMUNICATIONS LTD, UNIT 5, PONTIAC WORKS, FERNBANK ROAD, ASCOT, BERKS, ENGLAND

MARINE SYSTEMS

TELEX: 849769 VIGCOM G

WW - 033 FOR FURTHER DETAILS

Quick, neat and easy!

it's so easy and tidy with the Easibind
binder to file your copies away. Each
binder is designed to hold six issues and is
attractively bound and blocked with the
WIRELESS WORLD logo.

Price U.K. £4.30 including postage, pack-
ingand V.A.T.

Overseas orders add 35p per binder

Nat. Giro No. 5157552.

Please allow 3/4 weeks for fulfilment of
order.

Payment by ACCESS/BARCLAYCARD/
VISA. Send coupon below detailing credit
card no. and signature.

Why not place your order now? Send the
completed coupon below with remittance

payableto: T
MM 42 Hoxton Square

London N1 6NS
<f N NN NN NN BN N W SCly

\
Order Form WIRELESS WORLD ‘
lenclose P.O/cheque value.......cccecens [ 0] O binders
Years required...................u.
l BLOCK LETTERS PLEASE l
Name......
AdAress......coceveeveeveireesiiiineeseeseene

DatE-1orserrrereerr o oner ...."""""ffﬁf]'.'ﬁéé}'s'i'ééiié}%"N'B'.'?':i'f;'i'ié-@ '
4 BN N G BN B BN BN B .

TIME WRONG?

MSF CLOCK is ALWAYS CORRECT — never gains or loses,
SELF-SETTING at switch-on, 8 digits show Date, Hours, Min-
utes and Seconds; 24-hour format, auto. GMT/BST and Leap
Year; STOPCLOCK, parallel BCD (including weekday) output
for alarm, etc., and audio to record and show time on
playback, receives Rugby 60KHz atomic time signals, built-in
antenna, 1000 km range. GET THE TIME RIGHT. £69.60.

LOSING DX UNDER QRM? DIG it OUT with a Tunable Audio
Notch Filter, between your receiver and speaker. BOOST your
DX/QRM ratio; 40d8 notch. Hear WEAK DX. £16.40.

HURRY! Prices go up at end of July. Each fun-to-build kit (ready

made to order) includes all parts, printed circuit, case, by return

postage, etc. Money-back assurance. So GET yours NOW.

CAMBRIDGE KITS

45 (WU) OId School Lane, Milton, Cambridge
Telephone: 860150

ANALOGUE
PICOTUTOR & iNTERFACE COST EFFECTIVE
ASSEMBLY LANGUAGE TRAINER ELECTRONIC

The ideal way to learn machine
IGNITION

language and become acquainted
with the new "'single chip’’ control
oriented microprocessors. 1.8K of
EPROM, 20 I/O lines, 112 bytes of
RAM and a timer ali in a single 28-
pin I.C. As featured in this, and
subsequent issues of WW.

Compfet kit for this efficient C.D.
system featured in March ‘82 WW.
Includes: Case, improved PCB,
ferrite transformer core, winding
wire, all components, hardware

C%QAPLE3§1K|T££39'87 and instructions. P
705 A £1.95 P
== £14.92 45p
AEJSLOGUE INTERFACE
MPLETE KIT £9.39 All prices inciude VAT. Add 45
16 WAY LEAD £2.35 extra | P&P‘.)Mail OI?deL; only. el

MAGENTA ELECTRONICS LIMITED (W19)
135 Hunter Street, Burton-on-Trent, Staffs. DE14 28T, 6283 65435

WW — 035 FOR FURTHER DETAILS
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|.T.T. 2020 CABINET

Complete PROFESSIONAL Case
baautlfully constructed with cut out
for cne 'CHERRY’ keyboard, plus
ampls room to house a COMPLETE
SYSTEM. and power supply.
Complste with littings. [Casa top
detachablaj. Unlt Is sliver-gray In
colour, Robust construction. Sloping
front with side ventiiation. |deal for
NASCOM. ACORN, TANGERINE or
your own system.
Size 18 x 15%" x 4%

front siopes) UK C/P £2.

TEXAS TI99-4A

Colour, sound and a typawriter type keyboard ltor under £160.
A truly expandable microcomputer system with a wide
range of educational and games software.

a selection fi-o our
huge stocks. All items
reconditioned unless

otherwise stated.

DEC PDP 11/70
EQUIPMENT

SPECIAL BULK PURCHASE OF
11/70 PROCESSORS,
PERIPHERALS AND OPTIONS
EX DEC-MAINTAINED SITE
enabling us to offer a wide
variety of configurations and
add-ons. Please let us know
your requirements

DEC PDP11/60
SYSTEMS  special offer
11/60 Processor with 256KB
2 x RKOG6 Disk Drives + control
LA36 Console Rack Cabinet

Vlsn: our stand
0. 507 at

DEXP O'/Europe 83

West Centre Hotel, London
29,30 June & | July 1983

11/03NKD11Q CPU,

KEV11 EIS/FIS, BDV11AA
Terminator/Bootstrap. BA11R
5%" Chassis with Backplane
and Power Supply, MSV11DD
32KW M0S

NEW £1495

DEC DISK DRIVES
RLO1A 5MB £995
RLBARLO1+BACtl £2,245
RL11 RLO + Unibus ctl
£2,495
RMO2AD [NEW) 67MB 1
£8,500
RJMO2 RMO2 + Ctl £11,500

OUR BARGAIN PRICE
£5250.00 All items

ex DEC-maintained site
PDPS8A/RLO1 SYSTEMS

special purchase — immaculate
as new condition BA400-BR
Processor complete with
KKB8A CPU
MMBAB 16KW Core
KCBAA Programmers Panel
KMBAA Option module
DKCBA Option module
2 x RLO1 AK Disk Drive
RLBA Controller
HSE67 4ft. cabinet
£4750.00

DEC LS| PROCESSORS
11/03LXKD11HA CPU,
KEV11 EIS/FIS, BDV11AA
Terminator/Bootstrap.
BA11N 5% Chassis with

RPOBAB 176MB £7,500
REPO6 RPO6 + VAX cti

£11,000

RWPO6 RPO6 +
11/70 ctt £10,500
RX118D Dual Floppy  £995
RX21 18D Dual Floppy £1,450

DEC PRINTERS
AND TERMINALS
LA34 DECwriter 1V EIA
300 baud £425
LA36 DECwriter Il 20mA
£295
LA36 DECwriter Il RS232

£325
LA180-PD DECprinter
(NEW £495
LS120 DECwriter Il
ElA 1200 baud £750
VT50 DECscope 20mA £199
VT50 DECscope RS232 £225
VT105 Graphics Terminal
Backplane and Power Supply. £950
No memory included. VT131AB £995
NEW £1200 vT132 £875

TEKTRONIX GRAPHICS
DISPLAY TERMINALS

KEYPAD o Peripheral Expansion Unit £149.95 (Inc VAT)
. A compact 16 button keypad © Oisk Drlve £319.95 (inc VAT)
suitable for use with cherry

 Dlak Controi board [for above] £189.95 (inc VAT)
keyboard losxend s unctions. | MIGRO STOCKISTS
A4x dnon-encaded single BBC - DRAGON - SHARP - SPECTRUM
moda keyboard. TEXAS -ORIC - MICROPROFESSOR - ZX81
' £5.95 jinc. vAT) | Nascom and Gemini Products. Also stocked range

UK C/P Fres ol monltors. printers disc systoms to suit most purposes.

ORDER BY PHONE OR CALL IN AND SEE FOR YOURSELF

Henrys o - —

Ovder by Post with CHEQUES/ ACCES/ VISA
404/406 Edgware Road, A orgerm 8 Lo s
London, W2 1ED Tel: 01-402 6822

o Texas THS-4A Microcomputer 16K £159.95 (inc VAT) i
‘GHEHRY'ADD-ﬂN o Voice Synthesiser Unit £ 49.95(inc VAT) =

FOR THE LARGEST RANGE OF WORLD-
FAMOUS SIEMENS COMPONENTS IN THE U.K.
INCLUDING ‘SIPM0S’ MOSFET POWER
TRANSISTORS FROM 0.75 to 125 WATTS

AT VOLTAGES FROM 50 to 1,000

Type Case v A w PRICE 5
EuzpIoN 15208 o iz D £4.78 Special Purchase of Ex-Demonstrator Stock
Buz 15 103 50 45 125 £18.70
Buz 20 10220 100 12 e £6.25 TEKTRONIX 4014, 4015 and 4016 HIGH
B & e : i RESOLUTION BIG SCREEN DISPLAY TERMINALS
Buz 24 T03 100 32 125 £16.20
Buz 30 10220 200 6.5 0773 £5.68 * 19" Screen providing 4086X by 3120Y displayable
32 200 8.8 625 £8.11
Bur 33 050 50 72 78 £8.11 | points or 8512 alphanumerics (models 4014 and 4015)
e & o 200 e S 10,02 25" Screen providing 4096X by 3120Y displayable
Buz 41A 10220 500 a3 62.5 £7.77 points or 15,000 alphanumerics (model 4016
Buz 43 TO3 500 2.8 78 £8.11
Buz 44A 103 500 48 78 £11.57 é‘lp L ‘(lJSaracter %‘ft (model 4015)
Buz 45 703 500 9.6 100 £18.18 ot-10 compatible ) )
g"! e §8§38 200 42 gg 5 R Prices include Enhanced Graphics Option, Extra Memory
Buz 50A T0220 1000 23 75 £10.42 Option and Programmable Keyboard Option i
| Buz 54A 703 1000 46 125 £20.45 4014-1 £6950 4015-1 £7250 4016-1 £8950 |
Buz o4 1050 oo I €236 ‘
z 11. . H H ST
Buz 80 10220 800 26 75 £9.78 Other Tektronix graphics
Buz 80 T8220 800 N 7 216.23 equipment currently
uz 83 TO3 800 d 8 14.58 q A
Buz 83A 103 800 34 78 £1529 available includes
Buz 84 103 800 53 125 £26.45 4006-1, 4010-1,
Buz 84A T03 800 6 125 £23.58

4027, 4051, 4952,
606/606A/6068B
and 611

ADD 15% VAT TO ALL PRICES Carmage and Packing extra

Electronic Brokers Ltd., 61/65 Kings Cross Road,
LondonWC1X 9LN. Tel:01-278 3461 Telex 298694
e S e D 2l 2 | 20 2 |

= o e D e 2 e 2
ElectronicBrokers | = = | == = | =
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SUMMER PRICE LIST — FREE

Write, phone or call for latest EV price list packed with thousands of items. 1.Cs, semi-
conductors, components, boxes, meters, tools, etc. at BETTER PRICES WITH BETTER
CHOICE AND BETTER SERVICE from a capacitor to a computer

ELECTROVALUE LTD.

Head Office, Mail Order and Shop: 28 St Judes Road, Englefieid Green, Egham,
Surrey TW20 OHB. Egham (STD 0784: London 87) 33603: Telex 264475. North —
personal shoppers only. 680 Burnage Lane, Burnage, Manchester M19 1NA (061-432
4945). Piease mention Wireless World when ordering or writing

EV Computing Shop, 700 Burnage Lane, Manchester (061-431 4866).

WIRELESS WORLD JULY 1983
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RADIOCODE CL(

SOLVE
PROBLEMS

CK

ATOMIC TIME, FREQUENCY AND SYNCHRONISATION EﬂUIPMENT

|

('NEW PHASE-MODULATION SYSTEMS

maintenance periods.

~N

Until recently, atomic time and date information was only available on v.Lf.
transmissions using amplitude modulation. The RCC 8000AM series of
equipment uses these transmissions to offer high noise immunity and high
accuracy, particularly at very long range.

The new RCC 8000PM series of equipment uses, for the first time, phase
modulated tranmissions with massive radiated powers of up to 2 Mega-
Watts to offer long range, excellent noise immunity and no scheduled

_/

(NEW PRODUCTS

\

The AM and PM series of Radiocode Clock equipment has been further
exnanded to include seven new models (from top} 80008 — combined
clock, frequency standard and optional stopclock. Internal standby power
supply — with dual rate constant current charger. Time-event log — prints
hours, minutes, seconds, milliseconds and day of year, on receipt of a log
pulse. Speaking clock — time announcement or audio recording. Slave
controller — total control of single-standard master/slave systems ie one
pulse/sec. Dual standard slave controller — total control of two different
and independent slave systems, ie. one pulse/sec and one pulse/half min.
Slave distribution amplifier maximum flexibility for the largest
master/slave installations requiring dual standard operation, multiple cir-
cuits and complete master/slave backup. )

- BLAVE CONTROLLER REC BGOR

grwmah e
T

ko

NEW OPTIONS

A continuously expanding range of fully integrated software and hardware
is available for both series of Radiocode Clock equipment. Standard op-
tions now include:

@ [RIG B precision serial o/p

@ RS232/V24 1mS resolution
@ General purpose parallel o/p
Q FSK record/replay system
Keypad entry of alarm times
Keypad entry of time/date

@® Time code generators

@ Intelligent slave systems

@ Standard frequency outputs

@ Stopclock operation

@ Calibrated systems for
increased accuracy

J

n o oe ®
o -
eo0 & ,,
%”?gaoaeeaeaee 1aveocae .—~9_~'o1r
.;‘wvcrvv#aﬂvvvwﬂr«s‘ ‘
@.0'%’.’%‘.@?@._’! QW“;L

28 RANGES, EACH WITH FULL OVERLOAD

PROTECTION N
6010
SPECIFICATION MODELS 5% Acc‘g”"
6010 & 7030 5299

10 amp AC/DC

Battery: Single 9V drycell. Life: 200 hrs
Dimensions: 170 x 89 x 38mm.
Weight: 400g inc. battery.
Mode Select: Push Button.

AC DC Current: 200uA to 10A
AC Voitage: 200mV to 750V
DC Voltage: 200mV to 1000V
Resistance: 200} to 20MQ}
Input Impedance: 10M$2
Display: 3% Digit 13mm LCD
Q/load Protection: Ail ranges

P I T

OTHER FEATURES: Auto potarity,
auto zero, battery low indicator, ABS
plastic case with tilt stand, battery and
test leads included, optional carrying
case.

Add 15% to your order for VAT. P&P is free of charge.
ARMON ELECTRONICS LID.

Circuit Services
Unit 19, Parkengue, Kernick Road Industrial Estate
Penryn, Falmouth, Cornwall. Tel: Falmouth 76007

NEW ANALOGUE METER WITH CONTINUITY
BUZZER AND BATTERY SCALE

NEW HM 102 BZ
SPECIFICATION

025, 1, 2.5, 10, 25, 100, 250, 1000
volts 20,000 ohms/volt.

0-10, 25, 100, 250, 1000 volts
10,000 ohms/volt.

-20 to +22d8B

0-50, 50014, 0-5, 50, 500mA

0-6 Megohms in 4 ranges.

30 ohms Centre Scate

Power Supply: One 1.5V size ‘A’ battery {incl)
Size & Weight: 135 x 91 x 39mm, 280gr.

DC Voltage:
AC Vol!tage:

Decibels:
DC Current:
Ohmmeter:

HM 101 POCKET SIZE MULTIMETER
SPECIFICATION

DC & AC Voltage: 0-10, 50, 250, 1000 volts,

2000 ohms/volts

-10 10 +22d8B

0-100mA

0-1 Megohm in 2 ranges,

60 ohms Centre Scale

One 1.5V size ‘A’ battery lincl)

90 x 60 x 29mm, 92gr. incl. battery
battery

£5.50

Decibels:
DC Current:
Ohmmeter:

Power Supply:
Size & Weight:

Price

Payment by cheque with order

BARCLAYCARD
q.. = ' accepted

Cottrell House.53-63 Wembley Hill Road. Wembley. Mhiddlesex HA9 8BH. England

Tetephone 01-9024321 (3mes)

WWW. american
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The European name of Aerosol
Excellence. Special cleaners for all
electrical contacts and switches.

KONTAKT

Kontakt 60

Dissolves oxides and sulphides,
removes dirt, oil, resin and traces
of metal abrasion. Protects
against erosion. Ensures perfect
contacts.

Kontakt 61

Special cleaning, Iubricaii‘r}\? and
anti-corrosion fluid for NEW (non
oxydised) and specially sensitive
contacts. An excellent lubricant
for all electrical and electro
mechanical systems.

Spra! Wash WL

A rapid cleaner for reliable wash-
ing and degreasing of electrical
equipment and components. For
removal ofdin,(frease, oil, solder-
ing residues and other impurities.

ALSO AVAILABLE:

A COMPLETE RANGE OF INDUSTRIAL AEROSOL SPRAYS

SK10 Soldering Lacquer, K75 Cold Spray, K70 Plastic Spray, K88 Oil Spray, K701
Vaseline Spray, K90 Video Spray, K33 Graphite Spray, K100 Antistatic Spray,
K101 Fluid Spray and, of course, Positiv 20 positive photo resist for printed
circuits.

Details from:

Special Products Distributors Ltd.

81 Piccadilly, London, W1V OHL
Tel: 01-629 9556. Telex: 26500 (answerback RACEN). Cables: Speciprod, London,
w1

gl HBED .
6FT. PARABOLIC

DISHES
FROM ONLY £85 PLUS V.A.T.

>

use in 4GHz satellite reception. GaAs Fet tran-
sistors, SMA connectors, P.T.F.E., etc. available.

Please send s.a.e. for full details and data sheets. |

Harrison Bros. |

Electronic Distributors

22 Milton Road, Westcliff-on-Sea, Essex SS0 7JX }

6ft. dia. dishes, feed horns and electronics for ’

Tel. Southend (0702) 332338
WW - 012 FOR FURTHER DETAILS
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BBC MICROCOMPUTERS
Model B 346.95
Model B +Disc int 44195
BBC MICRO DISC DRIVES
BBC31 Single 100K 229.00
BBC32 Duat 100K 340.00
BBC34 Dual 400K 649.00

Alldiscdrives include all Cables.
Manual & Utilities Disc.

BBC MICRO UPGRADE KITS
BBCA2B Complete ATOB 44.75

-BBC1 16K Memory 18.00
BBC2 Printer 7.50
BBC3 Disc 95.00
BBC4 Analogue 6.70
BBCS Seria! & RGB 7.30
8BC6 Bus 6.45
Fiting service available

BBC MICRO CONNECTORS
BBC21 Printer Cable 13.00

(not assembled)
BBC22 User Port Connector
2.46

Cabte E
BBC23 Cassette Lead 380
BBC24 7 Pin Din Plug 0.60
BBC25 6 Pin Din Plug 0.60
BBC26 5 Pin Din Plug 0.60
BBC MICRO ACCESSORIES
BBC45 Joysticks 11.30

BBC67 Eprom Programmer 57.95

BBC MICRO SOFTWARE
View Wordprocessor 52.00
1.0MOS. 36.00
ACORNSOFT

Fult range available. Please
telephone for stock position.

MEMORIES
2114L-200NS D1 0.80
2708 450NS D2 29%
2716 450NS D1 245
2716 350NS D1 495
2716 3 Rail D1 725
2532 450NS D2 345
2732 450NS D1 345
2732 350NS D1 545
2764 300NS D1 795
4116 150NS D1 085
4116 200NS D2 080
4118 150NS D1 3.2%
5516 200NS D2 9.45
6116 150NS 01 330
6116 Low Power

150NS D2 495
4164 200NS TI D3 395
4164 200NS NEC 03 395
45164816 100NS D2 2285
4532 200NS D2 295
6800 FAMILY
6800 D07 225
6802 05 250
6809 D6 630
6810 D1 115
6821 D3 1.00
6840 D4 375
6845 D05 850
6850 D2 110

8 D2 730
68B00 D7 525
68809 D6 12.00
68810 D1 226
68821 03 220
68840 D4 6.00
68850 D2 220
280 FAMILY
ZB0 ACPU Dz 299
Z80 BCPU Dz 900
Z80 ACTC Dt 260
280 BCTC Dt 9.00
280 ADART D1 550
Z80 ADMA D2 695
Z80 AP0 o1 275
Z80BP10 D1 9.00
280 AS10 D4 9.00
8080 FAMILY
8085A D4 350
8212 1.10
8216 1.00
8224 2.0
8228 327
8251A 05 250
8253 4.00
82654 05 2285
6500 FAMILY
6502 D3 3.2%
6502A D3 500
6520 D1 250
6520A D1 316
6522 D5 3.00
6522A D5 550
6532 D2 550
FLOPPY DISC
CONTROLLERS
82N 36.00
FD1771 D5 15.00
FD1791 06 22.00
FD1793 D6 23.00
FD179% D6 28 00
FD1797 D6 28.00
WD1691 D2 12.00
wD2143-01 D2 699

INTERFACE DEVICES
6402 380
75107 0.47
75110 0.56
75150 0.64
75154 077
75160 2.56
75161 2.80
75162 395
75172 1.95
75173 1.44
75174 195
75175 1.44
75182 0.50
75183 0.50
75188 0.37
75189 0.37
75451 022
75452 0.22
75453 0.22
75454 0.22
75468 0.88
75491 031
75492 0.42
AY31015 D2 3.00
AY31270 6.47
AY38910 D6 4.40
AY52600 D2 670
DP8304 D1 250
MC1488 D1 0.37
MC1489 D1 037
NC3242A 6.30
MC3446 Dt 250
MC3448A D1 375
MC3480 D5 1.30
MC3487 D1 200
MC14411 D1 765
MC14412 9.45
RO32513L D1 650
RO32513U D1 6.50
UMF MODULATORS
UM1111 6MHZ D1 260
UM1233  8MHZ o1 390
BUFFERS

8IL595 0.80
8IL596 0.80
81A597 0.80
8IL598 0.80
8726A 0.90
8728A 090
8795 0.90
8T97A 0.90
8T98 0.90
LINEARS

L203 0.65
LF398N 4.75
LM301AN 0.24
LM308N 0.48
LM311P 0.50
LM319N 1.99
LM324N 0.30
LM348N 0.60
NE555P 0.16
NES56CP 0.45
TLOTO 0.39
TLO6Y 0.29
TLO62 0.49
Tio64 098
TLO66 0.29
TLO71 0.29
TLO?Z 047
TLO?4 1.00
TLO8Y 0.26
TLo82 0.46
TLOB4 1.58
TLO9I 0.40
TLO92 0.58
TLOS4 1.34
TLA8? 062
TL489 0.62
TL4%4 1.63
TL496 0.60

and £200 + by Securicor.
0-£100 0.50

please ring for details

given if requested

TL507 1.33
725 160
41 0.14
747 0.48
748 0.27
REGULATORS
78L05 0.30
78L12 0.30
78L15 0.30
7805 0.40
7812 0.40
7815 0.40
7905 0.45
7912 0.45
7915 0.45
LM309K 1.20
LM317K 2.40
LM323K 4.50
LM338K 6.25
DATA CONVERTORS
UPD7002 D1 426
ZN425 D1 3.45
ZN426 D1 3.00
ZN427 D1 599
ZN428 D1 475
ZN429 Dr 210
ZN432 D1 1300
IN449 D1 255
CRYSTALS
TMHZ 275
1.8432 MHZ 192
4MHZ 0.64
8MHZ 086
DIL SOCKETS
Pins  Tin Gold WW
8 7 16 25

14 10 26 35

16 10 29 40

18 13 33 50

20 15 37 60

22 17 38 65

24 21 46 70

28 24 55 BO

40 30 7% 98
2IF SOCKETS
24 Pin 575
28Pin 8.20
40 Pin 9.75

Data sheets are available on
items marked D.
Prices are as foliows

Dbt 075 05 200
D2 100 D& 3.00
D3 125 D7 4.00
Ds 200 D8 5.00

A full range of the following
products is carried in stock and
is listed in our FREE catalogue.

74LS Series TTC
4000 Series CMOS

T | Bipolar Memories
9900 eries Micros

Crysta's

IDC. Card Edge & D Type
Connectors

Dip Jumpers
Monochrome & Colour
Monitors (NEC & KAGA}
Eprom Programmers &
Erasers

Custom Cable Assembiies

SPECIAL OFFERI SPECTRUM 32K UPGRADE KIT £24.95
Carriage Orders up 1o £199 are sent by 1st class post,

£100-£199 1.26 £200 + 500 by Securicor
Prices quoted (4 carriage charges) are exctusive of VAT
and are subject to change without notice

Quantity Discounts are available on many products.

Official Orders are welcome from Education Establish
ments, Government Bodies and Public Companies

Credit Accounts are available to others subject to status.
Payment is due strictly nett by the 15th of the month
Credit Cards are accepted (Access and Visa) for telephone
and postal order and NO SURCHARGE is made

Out of stock iterns will follow automatically,

atour discretion, or a refund will be

THE ABOVE LIST SHOWS JUST A FEW OF THE TEMS IN STOCK. PLEASE 3
5 VELEPHONE YOUR REQUIREMENTS - OR BETTER STILL SEND FOR OUR FREE CATALOGUE

Please complete 1his coupon o1 &
catalogue

NamE____

i
l ADDRESS—..
i
|

MIDWICH COMPUTER COMPANY LIMITED

RICKINGHALL HOUSE. RICKINGHALL, SUFFOLK 1P22 1 HH
TELEPHONE (0379) DISS 83875¢

www americanradiohistorv com
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sic POWER

_QI_ = Modular
Amplifiers

the third generation

Due to continous improvements in components and design |LP
now launch the largest and most advanced gcneration 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, reliability, easy usage, outstanding performance, value
for money.

With over 10 years experience in audio amplifier technology ILP
are recognised as world leaders.

BIPOLAR MODULES MOSFET MODULES
T e —— T ene. Twr ] o
Module | Output | Load DISTORTION Supply Suze WT | Price Module |Output|  Load DISTORTION Supply | Size WT | Price
Number | Power |Impedance| T.HD. | MD. | Voltage mm ams | e Number | Powsr | Impedsnce| THD.  1L.M.D. | Voltsge mm oms | inc
Watts el Tvpat  BOHz/ Tvp VAT Watts 0 | Tveat  60Hy | Ty | [ | var
s TKHz  7KHz 4 1 cms J1 tKHz  7KHz 41 |
i 2 015%  <0.006% 18 |76x68.40 | 240| €840 [mc 6 " T 5 2
vt 4 <0.0069 76 x 68 x40 | 240 | £9.5¢ |mOs 248 < <0.006% | t ;
30 ¢ 0.915%  <0.006% 25 | 120x 78 x40 | 420 |£18.69 MOS 364 18 <C <0.006 t }
' | s0 4 <t +26 [120x78x40 | 410 |£20.75 - Lol
b 1 8 <0.006% 135 120 « 78 x 40 410 | £20.75 Protection:  Able to cope with complex (0ads without the need for very special
' 4 ( <0.006% 35 | 120 78 x 50 5 £25.47 | protection circuitry {fuses will sufficel.
HY 44 8 3.01% <0006% | +50 |120x78x50 | 5 £25.47 Slew rate 20v/ps. Rise time. 3ps. S/N ratio’ 100db
HY 364 4 <0.006% 1 4% 120 x 78 x 100 {1030 | £38.41 Frequency respanse {—-3dB)- 15H, — 100K Hz. (nput sensitivity 500m 4 rm
HY 68 8 <0.006% | +60 120 x 78 = 100 | 1030 1[35_41_1 Input impedance: 100K L. Damping factor. 100Hz > 400
Protection Full load tine. Slew Rate 15v/ps. Risetime: Sus. S/N ratio: 100db. ‘NEW to ILP' In ntertainm
ents
| Frequency response (- 3dB} 15Hz — 50KHz. Input sensitivity 500mV rms. NE Car Enter A
Input impedance: 100K N . Damping factor: 100Hz >400. €18
Mono Power Booster Amplifier 10 increase the outpu! of your existing car radio
PRE.AMP SYSTEMS or cassetie player 1o @ nomunal 15 watts rms
— - ——— Very easy to use.
wum.] Module | Functions Current | Price inc. v o )
Number _|Required | VAT Robus1 canstruction £9.14 {inc. VAT)

HY6  [Mons pre amp | Mc/Mag. Cartidge/Tuner/ Tape omA £7.60 Maunts anywhere 0 car

. =Sl aibh
Aux + Voi/Bass/Trevle Automatc swilch on

1¥66 | Sterew pre amp | Mic/Mag, Cartridge/Tuner/Tape 20mA £14.32
' AI 5o j /Bass/ ?e&(, e/Balance Outout power maximum 22w peak into 441
! HY73 | sitar pre am | Two Guitar (Bass Lead) and M + | 20mA | £15.36 Frequency response {—3dB) 15Hz to 30KHz, T.H.D. 0.1% at 10w 1KHz

S/N ratio {DIN AUDIO} 80dB. Load Impedance 3§1
sel te Vi ss Treble + M.
1v78 | Stereo ore amo D S U N e || goasm | Inout Sensitivity and impedance {selectable) 700mV rms into 15K £ 3V rms into 8L
s — Size 95 x 48 x 50mm. Weight 256 gms.
Most pre-amp modules can be driven by the PSU driving the main power amp — s
A separate PSU 30 is available purely for pre amp modules If required for 1515 )
£6.47 tinc. VAT, Pre-amp and mixing modules in 18 different variations. Bree e & 8 £17.19 (inc. VAT)
Please send for details.
Mounting Boards
For ease of construction we recammend the B8 for modules HY6—HY 13 £1.05
tinc. VAT) and the B66 for moduies HY66—HY 78 £1.29 linc. VAT)

Size 95 x 40 x 80. Weight 410 gms.

POWER SUPPLY UNITS (IncorpCrating our own toroidal transformers

Mode! For Use With [Brica ine. Mode! For Use With [Terice nc. | Model For Use With T Priceine.|

Number I VAT Number | vart | Number VAT
PSU 21X | 1or 2HY30 T €193 PSU 52X [ 2x HY124 - £17.07 PSU 72X |2 x HY248 £22.54 |
PSU 41X [1or 2HYB0, T x HYB060. 1 x HY124 | £13.83 PSU 53X | 2x MOS128 £17.86 PSU 73X |1 x HY364 £
PSU 42X |1 A HY128 £15.90 PSU 54X | 1x HY248 £17.86 PSU 74X | 1 x HY 368 2
PSU 43x |1 x MOS128 | €16.70 PSU 55X | 1 x MOS248 £19.52 PSU 75X | 2 x MOS248, 1 x MOS368 £24.2
PSUSIX |2x HY 128, 1 x HY244 | €17.07 PSU 71X | 2 x HYZ244 | 27 |
Please note: X in part no. indicates Primary voltage. Please insert “O'" in Place of

X for 110V, 1" in place of X for 220V, and “'?"' in place of X for 240V.
g
e SN e S
10 WIRELESS WORLD JULY 1983
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ELECTRONICS LTD

GAN HANDLE...

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 bolt to build a complete unit without the
need for any specia! 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.

Power Slaves

QOur power slaves, which have numerous uses i.e.
instrument, discotheque, sound reinforcement, feature in
addition to the hi fi series, front panel input jack, level
control, and a carrying handle. Providing the smallest,
lowest cost, slave on the market in this format.

UNICASES . o

| Price inc.

l HIF| Separates o VAT -
uct Preamp £29.95

‘ P1X 30 + 30W/4-8f) Bipolar  Stereo F £54.95
UP2x BOW/400 Bipoiar Manao HiIF £54.95
JIP3X B0wW/8ML Bipolar Mono HIF £54.95
UP4 X 120w/a00 Bipoia Mono HiF £74.95

| JPHX 120w/ Bipolar Monc HiF £74.95
JPBX s0w/4—841 MOS Mono HF £64.95

| uP7X 120W/4-—-8£2 MOS Mono HiF £84.95
Power Slaves
USTX  60W/4Qd " Bipolar  Power  Slave £59.95
US2x 120w/4 1 Bipolar Power Slave £79.95

| us3x 60W/a-80  MOS Power  Slave £69.96
US4 X 120W /4841 MOS Power Slave £89.9%

Piease note X in part number denctes mains voitage. Please insert 'O" in piace of
X for 110V, 1" in place of X for 220V (Europe), and ‘2" n place of X for 240V
.K.) All units except UC1 incorporate our own toroidat transformers,

W

CONTROL UMIT C=Y

POWER AWSLIFIER  WOSE0

@l.—

TO ORDER USING OUR FREEPOST FACILITY

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
address as shown at the bottom of the page opposite, with FREEPOST
clearly shown on the envelope, you need not stamp it. We pay postage for
you. Cheques and money orders must be crossed and made payable to !.L.P.
Electronics Ltd. if sending cash, it must be by registered post. To pay C.0.D.
please add £1 to TOTAL value of order.

PAYMENT MAY BE MADE BY ACCESS OR BARCLAYCARD IF
REQUIRED

<EE EE X I I I I S @ B B EBE S = aw

Post to ILP Electromics Ltd.. Freepost, 5

Graham Beil House. Roper Close
ELECTRONICS LTD

L

Canterbury. CT2 7EP. Kent. England
Telephone: (0227) 54778

Technical (0227) 64723

Teiex 965780

Please send me the following
Total purchase price e S
t enclose Chequel_|  Postal Ordersl___] Int. Money Orderl:]

Ptease debit my Access/Barclaycard No.____

Name

|

Address =

|
|

Signature =
AES EE Ea EE EE EE N BN EE N SN N s G e o

WW - 008 FOR FURTHER DETAILS
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12

WHEN

IT COMES

HORIZONTAL OR L |  TOPOWER
i FOR RACKS

VERTICAL RANGE FROM 3-10 SOCKETS
ALL EX-STOCK! =|
SPECIALS TO ORDER L}

IT MUST BE OLSON

|
OLSON ELECTRONICS LIMITED  vev'o:rss 234 vetexassrsr

WW — 010 FOR FURTHER DETAILS

Essex Electronics Centre

Wivenhoe Park, Colchester, Essex CO4 3SQ
Telephone: Colchester (0206) 865089

WW - 050 FOR FURTHER DETAILS

www americanradiohistorv.com

@
AVAILABLE

“Alox” k
POWERFUL SOFTWARE PACKAGE
IN A PROM, FEATURES:
TEXT EDITOR
ASSEMBLER
DISS ASSEMBLER
DEBUG MONITOR

WIRELESS WORLD JULY 1983


www.americanradiohistory.com

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 — 019 FOR FURTHER DETAILS

PRODUCTION

TESTING POWER UNITS

Now available with

3 OUTPUTS
DEVELOPMENT )
SERVICING [ . L} 5
*_." _:.'.‘
I 2

Type 250VRU/30/25

OUTPUT 1 0-30v, 25A DC
OUTPUT 2. 0-70v, 10A AC
OUTPUT 3 0-250v, 4A AC

ALL
Continuously
Variable

alradio

VALRADIO LIMITED, BROWELLS LANE, FELTHAM
MIDDLESEX TW13 7EN
Telephone: 01-890 4242/4837

WW - 021 FOR FURTHER DETAILS

WIRELESS WORLD JULY 1983

Specification . .. Versatility . . . Accuracy . ..
Price. In almost every major area the new
179A — a 4'/2 digit bench/portable DMM —
from Keithley Instruments sets some pretty
impressive standards:

@ 20 amp capability @ Full function: 27
ranges including true RMS AC Measurement
@ Year'sguarantee onspec @ 0.04% DC
accuracy @ IEEE option @ Large display
and 10w V dc resolution.

For those requiring 10 times more sensitivity
and an analogue output there’'sthe 177, a
unit with similar specification to the 179A.
Both models are part of a vast range of test
equipment from one of the world’s leading
manufacturers.

For more information fill in the coupon atthe
bottom of the page. '

@D Alternatively, phone our Instant
Information

Service on ;

0734 861287 now. {_;

Keithley Instruments Ltd ‘ -

1 Boulton Road Reading BerksHirgiRG2 ONL
Telephone (0734) 861287 7 d
Telex 847047 *'

I'd like to know more . ..
Name
Positon___
Company N
Address ____

Telephone _=

WwW/7
---------------‘
WW - 007 FOR FURTHER DETAILS
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Sowter Transformers

With 42 years’ experience in the design and manufacture of several hundred thousand transformers
we can supply

~ AUDIO FREQUENCY
TRANSFORMERS OF EVERY TYPE

YOU NAMEIT!

WE MAKE IT!

OUR RANGE INCLUDES:

Microphone transformers (all types); Microphone
Splitter/Combiner transformers, Input and Output
transformers, Direct Injection transformers for Gui-
tars, Multi-Secondary output transformers, Bridging

transformers, Line transformers, Line transformers to
G.P.0O. Isolating Test Specification, Tapped impedance
matching transformers, Gramophone Pickup transfor-
mers, Audio Mixing Desk transformers (all. types),
Miniature transformers, Microminiature transformers
for PCB mounting, Experimental- transformers, Ultra
low frequency transformers, Ultra linear and other
transformers for Transistor and Valve Amplifiers up to
500 watts, Inductive Loop transformers, Smoothing
Lhokes, Filter, Inductors, Amplifier to 100 volt line
transformers (from a few watts up to 1,000 watts), 100
volt line transformers to speakers, Speaker matching

transformiers (all powers), Column Loudspeaker trans-
formers up to 300 watts or more.

We can design for RECORDING QUALITY, STUDIO
QUALITY, HI-Fl QUALITY OR P.A. QUALITY. QUR
PRICES ARE HIGHLY COMPETITIVE AND WE SUPPLY
LARGE OR SMALL QUANTITIES AND EVEN SINGLE
TRANSFORMERS. Many 'standard types are in stock
and normal despatch times are short and sensible.
OUR CLIENTS COVER A LARGE NUMBER OF BROAD-
CASTING AUTHORITIES, MIXING DESK MANUFAC-
TURERS, RECORDING STUDIOS, HI-FI' ENTHU-
SIASTS, BAND GROUPS AND PUBLIC ADDRESS
FIRMS. Export is a speciality and we have overseas
clients .in the COMMONWEALTH, EEC, US&, MIDDLE
EAST, etc. Send for our questionnaire which, when
completed, enables us to post quotations by return.

E. A. Sowter Ltd.

Manufacturers and Designers

E. A. SOWTERLTD. (Established 1941), Reg. No: England 303990
The Boat Yard, Cullingham Road, Ipswich, IP1 2EG, Suffolk, P.O. Box 36, Ipswich, IP1 2EL, Engfand
Phone: 047352794 & 0473 219390 : Telex: 987703G SOWTER

WW - 017 FOR FURTHER DETAILS

ANTENNA
INSULATORS

SMC/CCJ1 Dipole Centre Junction, high
strain capability (600 KGs) power rating up
to 2KW P.E.P. Standard unit fitted with
$0239 sockets, other connectors available.

SMC/CCJ2 Lighter duty version of CCJ1
moulded in carbon-loaded polypropylene,
supplied with all hardware, in S0239 and
BNC connectors. Weight 120 grammes.

SMC/P1 Strain insulator 8%2"' OA in carbon-
loaded polypropelene, very light {80
grammes), virtually indestructible.

SMC/P2 Strain insulator as P1 but 37",
weight 20 grammes.

A complete range of porcelain and pyrex strain,
egg, and feedthrough insulators ex-stock.

SMC/AJU light duty centre junction designed
for use with twin wire type feeders, 31" OA.

SMC also stock a complete range of antenna wires, coaxial
cables, connectors and rigging accessories, stocked in com-
mercial quantities at competitive prices. Export enquiries

< &£
< P.&R. COMPUTER SHOP %
IBM GOLFBALL PRINTERS from £70 EACH + V.A.T.

INTERFACE FOR IBM GOLFBALL £40 + V.A.T.

*BRAND-NEW LA36 DEC WRITERS—SALE £200 EACH + V.A.T.
CENTRONIC 779 PRINTERS—£325 + V.A.T.

CENTRONIC 781 PRINTER-£350 + V.A.T.

POWER UNITS, 5-VOLT 6-AMP—£20 EACH

FANS, PCBs, KEYBOARDS AND LOTS MORE

8-INCH IBM FLOPPY DISC DRIVES.

COME AND LOOK AROUND

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

14

SOUTH MIDLANDS
COMMUNICATIONS LTD.

RUMBRIDGE ST., TOTTON Telex: 477351 SMCOMM G
SOUTHAMPTON S04 4DP Tel: Totton (0703) 867333

WW - 043 FOR FURTHER DETAILS

WW - 025 FOR FURTHER DETAILS

PIANOS SPECIALISTS SINCE 1972 §i : i BAND-BOX
L DOMESTIC OR STAGE An Electronic Backin
clith . SIX OR 7Y4 OCTAVES ] TRIO. Drums, Bass

(8 2. 10 Chord Instrument

KITS OR MANUFACTURED |f 8 - f User Programmable
Vo NS for 50-100 scores,
The most advanced MENTAL SOLOISTS! using microprocessos.
form of touch-sensi- f———————— P <
tive action simulat MASTER RHYTHM :
ing piano key nertia § User Programmable 4
by patented tech- § DRUM MACHINE
nigue. Twenty-four patterns.
Eight parallel tracks.
Four mixable voices Twelve instruments

for serious tone § sequence operation £79 KIT £119 BUILT
ariati - — h

:qu;fo,:i%"chpol,z: Write or Phone for full details of our range ov

and flanger effects high quality Kit and manufactured Electronic

Musical Instruments. Prices include V A.T., Carr.

s t Y-
DOMESTIC PRICES Component Kits in- gA'F?D :Cr\gEg«; operate Telephone BARCLA'

£ b SIX Vi CludelCybeant) Compatitive EXPORT Quotations given
Comp] 23¢ 1 265 ] Fu! Kis further con- CLEF PRODUCTS (ELECTRONICST
tain: Cabinets, Har- LIMITED
Ful § 398 | e42 g:;sép:;m:;r B Dept. W, 43a Bramhall Lane South
MFD § 620 - 695 Bramhall, Stockport, Cheshire SK7 1AH
\ e 061-439 3297 j

WW — 014 FOR FURTHER DETAILS
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ount on guality

THE NEW 5= 6000
FREQUENCY COUNTER

- 6000 FREQUENCY COUNTER

Il_,l'? II II"I

AINPUT B INPUT
GATE OPEN - T e

OVERFLOW §

—— . Zm = 1M} 2 = 501}
; ; 0§ j &.A * iN
] § = 10 | ; 8 AINPUT ONLY —% @8 s \
3 | o 1 : |

STANDRY GATE/ INPUT LO PASS
“ON SECONDS SELECT FILTER

SHz - 100 MKz 40 Mz ~ 850 MH2

GLOBAL SPECIALTIES CORPORATION

@ Easy-to-Read 8-digit LED display
@ Simple touch-button controls
® Streamlined front panel

@ 5Hz to 650MHz range
@ Switchable low-pass 60kHz filter
@ Selectable 0.1, 1.0 and 10-second gate times

Accurate frequency measurements need
no longer cost the earth. Because the
GSC 6000 now offers precision
measurement capabilities, plus simplicity
and flexibility, at a cost of only £274.25.
The Model 6000 is a high-precision
650MHz frequency counter aimed fairly-
-and-squarely at any section in the
electronics marketplace where accurate
frequency measurements are required.
The 6000’s combination of accuracy,
versatility and state-of-the-art design
makes it ideal for those difficult
measurements in  engineering labs,,
quality-control departments and service
centres, and its attractive price places it
firmly within the scope of the hobbyist
market.

GLOBAL SPECIALTIES CORPORATION

ES15] o—

GSC (UK) Limited

Just look at the Model 6000’s basic
specification - a full 650MHz frequency
counter boosted by such facilities as a
switchable low-pass filter to prevent
interference from high-frequency noise, a
bright LED display with a built-in contrast-
enhancement filter and leading-zero
blanking, and simple pushbutton-activated
selection of inputs, gate times, and filters.
Applications? You name them - anything
from measurements on transmitter
frequencies to timebase checks on micro-
processor systems. If youre not yet
convinced that the Model 6000 is the
state-of-the-art frequency counter for all
electronics applications, call ‘us today.
Even if you are, still call us — you'll be
delighted with the results.

Freepost-Saffron Walden, Essex CB11 3AQ Tel: Saffron Walden (0799) 21682 Telex: 817477

WW — 026 FOR FURTHER DETAILS
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CXBO COLOUR

MATRIX PRINTER

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

Dumps, etc.

New low price

£795 +vaT.

Colour printout is quickly assimilated,

makes graphics more understandable

and is an ideal medium for the presen-
I 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 Gresiey
ln'E G n E “ ll m | ' E n Burton-on-Trent, Staffs DE11 9PT
Burton-on-Trent (0283) 215432. Telex: 377106

16

Building a microprocessor board
dedicated to a specific machine or
task is just one of the many projects
that can be undertaken with the ELE
microelectronic and microprocessor
teaching system.

A complete range of projects can be
taught, from building simple
electronic circuits to advanced
engineering applications such as
intelligent robotics.

Features

e Expandable - buy what you want
when you want

® Modular - interchangeable
components throughout

® Structured - provides a complete
educational programme

® Ready to use - no extras to buy

o Comprehensive - over 50 items of
equipment in the system

For further
information and a

Ar e you free brochure,

contact ELE at

de d.i cat ed ? the address ‘

below:

- Our system is...

ELE

ELE International
Eastman Way
Hemel Hempstead
Hertfordshire

S HP2 7HB

, SN  England

e Uik} Tel:

i el: (0442) 50221

Telex: 825239

WW - 015 FOR FURTHER DETAILS
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PRINTED CIRGUITS|

FOR WIRELESS WORLD PROJECTS

Audio compressor /hmiter—Dec. 19756—1 s.s_ (stereo) £4.25
Cassette recorder—May 1976—1s.s R £5.00
Audio compander—July 1976 —1 s.s. R . . £4.25
Audio preamplifier—November 1976 —2s s - £8.50
Additional circuits—October 1977 —1ss. . . . £4.00
Stereo coder—April 1977—1d.s. 2ss £8.50
Low distortion disc amplifier (stereo)—September 1977—-1ss. . £2.00
- Low distortion audio oscillator—September 1977 -1ss . £3.50
Synthesized f.m. transceiver—November 1977—2ds. 1ss £12.00
Morsemaker—June 1978—1d.s . £4.50
Metal detector—July 1978—14d.s £3.75
Oscilloscope waveform store—QOctober 1978 — 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—14d.s £7.00
High performance preamplifier—February 1979 —1ss £5.50
Distortion meter and oscillator—July 18792 s.s. £5.50
Moving coil preamplifier—August 1979—1s.s £3.50
Multi-mode transceiver—QOctober 1979—10d s. £35.00
Amplification system—Oct. 1979—-3 preamp 1 poweramp . . . . . .£4.20 each

TEST EQUIPMENT CENTRES OFEn SHOMSAWEEK

g ,u
L it e’

‘ HAND KELD sWilh frea carry case
KD25Cw13 range 0.2A OC 2 meg ohm £24.95
KD305m16 range 10A OC. 2 meg ohm £29.95
K D30C =26 range 1A AC/0C 20 meg ohm £34.95
KD55C828 range 10A AC/DC 20 megonm  £39.95  BENCH MODELS

6010+ 28 range 10A AC/0C 20 meg ohm £34.40 TM353e 27 range LCD 2A AC/0C £86.25
Digital capacitance meter—April 1980—2s.s £7.50 7030+ As 6010 but 0.1% baslc £41.30 TM355¢ 29 rangs LED 10A AC/DC £86.25
Colour graphics system —April 1980—1d.s £18.50 XD615816 range 10A OC.2 meg plus Hie tesier £39.95 TM351¢ 29 range LCD 10A AC/0C £113.85
Audio spectrum analyser—May 1980—-3 s.s. £10.50 189M 30 range 10A AC/0C. 20 meg plus Hle IZ:WIMZ‘B ranul:1 LCD 1DA AC/DC plus Sfiﬂﬂiime o
tesler £69.95 Cap. Meter with case
Multi-section equalizer—June 1980—2s.s £8.00 MAND HELD AUTO RANGE TM451 47, digit LCO every lacility (0.02°:} £171.00
Floating-bridge power amp — Oct. 1980 — 1 ss (‘I 2V ar 40\) £4.00 DM2350821 range 10A AC/0C 20 meg ohm :ggaﬁngggntcnlevary laml:lyblﬂ 05%) g:ﬂ g
- {Minlature] £49.95 a 0.03% basic version ol above 89.
Nanocomp 6802 or 6809 — Jan..July, 1981 = 1d.5. 1 8.5, o £9.00 HD30 16 range 0.2 AC/0C 2 meg ohm £41.95  DOptlonal carry case £6.84
Cassette interface — July, 1981 — 1s.s. ... £1.50
HD30/B As above plus conl. buzzer £44.50 BECKMAN HAND HELD
Eprom programmer — Jan., 1982 — 1d.s. . .£4.50 HDB31 22 range 10 AC/0C Z meg chms plus cont T100 34 range 10A AC/OC 20 meg ohm £56.35
Logic probe — Feb., 1981 - 2d.s. buzzer £58.95 1 04 3D’l‘l?le plus i m“ o £67.85
Modular frequency counters — March, 1981 — 8s.5.............. +0ptional carry case £2.85 : ) :

Opto electronic contact breaker (Delco) — April, 1981 — 2s.5

ERCTE I O FREQUENCY COUNTERS /|| SIGNAL GENERATORS _
Electronic ignition — March, 1982 — 1s.s. =

Boards and glassfibre roller-tinned and drilled. Pr|ces |nclude ' K - P
VAT and UK postage. Airmail add 30%, Europe add 10%. In- -
surance 10%. Remittance with order to:

M. R. SAGIN, NANCARRAS MILL, THE LEVEL 150 TR k3
OA B di 0 100 i
CONSTANTINE, FALMOUTH, CORNWALL | | | Bisicsipm it 8 080 i o

£478, AUO0I0 : Multiband Sine/Square

FUNCTION : Alt :lne/suuare/lrlangle/TTL elc
TG100 | HZ - 100 KHZ £90.

TFO40 = 8 diglt LCO 40 MHZ £126.50
TF200 » § digit LCO 200 MHZ £166.75 | LAG27 10 Hz lo | MHz £90.85 §
WW — 013 FOR FURTHER DETAILS aQptional carry case £6.84 l :?zozn 20 Hz10 200 KHz [List£94.50)  £83.50
P Extend |
— _ BresCalers e renee ol mestoounters | SG402 100 Kz 10 30 MHz NistE7950  £69.50 |
TP1000 | GHZ £74.00 | LSG17 100 KHz o 150 MHz £79.35

ELECTRONIC INSULATION TESTER| L2102 F » FUNCTION * PULSE
YE 501 500 V/0-100m with carrycase  £63.00 OSCILLOSCOPES

MULTIMETERS (uxc/p65p)

= KRT 100 1K/V
12 range pocket £5.95
HM102Z 20K/V

22range & cont buzzer ~ £14.95 o T
Full specilication any model on request. SAE hy pnsl
S R o e L ‘HM Series HAMEG: 'SC' THANDAR:

sfo rm ers Range doubler. 104 OC. £18.95 G TRI0:'3' CROTEGH ‘DT Salgan
TMKS00 23 ranges 30K/V. 124 OC plus SINGLE TRAGE UK C/PE3.00
cont. buzzer. £24.75 3% 15 MHZ 5mV. 85mm tube plus component

NHS56R 20K/v. 22 range pockel £10.95 lusler c/PE3 00 £177.10
ETU 102 14 range 2K/V pockel £6.50 SP%‘I‘:IDO:- Miniature 10 MHZ battery uomble B
THE COTSWOLD l 830 2 range JOK/V. 10AAC/OCoveroad | WM1D3 ISMHZ 2y ] dlspay pis
i ] proteclion. el B componeni lester C/P £3.00 £181.70
BUDGET RANGE OFFERS 360TR 23 range 100K/V. Large scale -ﬂnlmnal carry case £6.84 AC adaptor £6.69
J BUILT-IN QUALITY COUPLED 10A AC/DC plus He £3995 | Mot IR (UK ¢/ £4.00)
S 1 ‘ TO A RELIABLE | ‘A:SII::JZO 18 range 20K/V. Oeiuxe plus Hle £16.95 a;%%g?:‘ém.';é'ﬂ"z S £241.50
1 - ua piu !
‘ ¥ p DELIVERY SERV'CE i YN 360TR 19 range 20K/V plus Hie tesier  £15.95 | tesler - £287.50
TY | CS1562A Dual 10 MHz [List £321.00) £269.50
3@' MOST PES = R T 3131 Ouai 15 MHZ + component tesier £276.00
{ o i CS1566A Dual 20 MHZ All lacitities (List £401 35}

ez FROM STOCK VARIABLE POWER
= SUPPLIESux c/p£1.00

£349.50
HM204 Dual 20 MHZ plus component lester
sweep delay. £419.75

PP2410/12/24V 0/1A.

IEC 65 ! CS 1820 Dual 20 MHz with elll{iasllaéglég?m TR
PROBE -
VDE 0550 ::2,;?,.:;;",‘,';,"5’\',37"’:,“5?:',?2,18, 2095 O roa X1 X10 £10.50 K10 £9.45 X100 £16.95
BS 415 DIGITAL TRERMOMETER ——1 HIGH VOLTAGE METER
Dlract 0/
TO ORDER I];HJDI LCI: 50 Cio +750 with S 0 m:c/lv:;m?gx c/:%:n\; £23.00
= b : DIGITAL CAPACITANCE
PHONE AC CLAMPMETER METER
TELEX, WRITE § STI000/A0L /G0 0.1 pi 1o 2000 mtd LCD B ranges
FOR DATA SHEET m{; 33’3,5322“.9(52'1:‘/9 65p) £28.50 ﬂw'a o (G A
AND PRICE LIST} | LOGIC PROBES v TRANSISTOR TESTER

ding PNP: NPK. etc
LP1010MKZ Direct reading -

£28.50
LDP076 50 MHZ with carry case
and accessories £71.3
SEND LARGE

COtSWOId EleCtroniCS LTD. ‘ ﬂuDlo GLGCTRnlc (STl SAE (UK 20p)

Tl
{UK C/P 65p)

Unit T1, Kingsville Road, Kingsditch Trading Estate, Cheltenham GL51 9NX Limited
. 301 EDGWARE ROAD, LONDON W2 1BN. TEL: 01-724 3564 _
Tel: 0242-41313 Telex: 897106 l ALSO AT HENRY'S RADIO, oroe by ron i CrfGUES ACCESS
‘or you can tetephone your orders
Sales Office in U.S.A. 404/406 EDGWARE ROAD; LONDON W2, TEL: 01-723 1008 Allorgers Gospaiched witi 5 7+

AVEL LINDBERG INC.
Peacock Alley 116, 1 Padanaram Road, Danbury, CT 06810 U.S.A.
203-797-8698. Telex: 710-456-3984

WW - 005 FOR FURTHER DETAILS

WW - 044 FOR FURTHER DETAILS
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01-4521500 Tecunomaric Lo  01-450 6597

: FLOPPY DISC INTERFACE
BBC Micro Computer System incl. 1.2 Operating System

OFFICIAL DEALER BBC Model B £399 l £95 & £20 installation

C g (incl. VAT) BBC FLOPPY DISC DRIVES
Please phone for availability Carr £8/unit Single Drive 5%’ 100K £235+£6 carr.
Model A to Model B Double Drive 54’ 800K £799+£8 carr.

upgrade kit £50 BBC COMPATIBLE DRIVES

Fitting charge £15 These drives are self-powered and supplied
Individual upgrades also in BBC matching colour cases.

available SINGLE: 100K £180; 200K £250; 400K £330
TELETEXT ADAPTOR £195 DUAL: 200K £350; 400K £475; 800K £590
WORDWISE 8K ROM £39 DRIVE CABLES: SINGLE £8 DUAL £12

TORCH 280 DISC PACK £780 DISC MANUAL & FORMATTING DISKETTE
WORD PROCESSOR ‘VIEW’ £17.50

16K ROM £52

BUSINESS, EDUCATION AND FUN SOFTWARE IN STOCK- Phone or send for our BBC leaflet

CASSETTE RECORDER MONITORS BBC BOOKS {no VAT)
BBC Compatible Cassette Recorder with Coun- i
ter and Remote Control MICROVITEC 1431 14in Colour Monitor £249+£8 carr ggs}_;gg:eﬂsﬂa(;i%SégSgs
£26.50 +~ £1.50 carr. MICROVITEC 2031 20in Colour Monitor £319+£8 carr p f h ¥ C Mi £6
Cassette Leads £3.50 KAGA 12in RGB Monitor £255+£8 carr rogramming the BBC Micro £6.50
Computer Grade Cassettes Lead for KAGA/SANYO RGB £10 BBC Micro An Expert Guide £6.95
£0.50 each. £4.50 for 10 + £1 carr SANYO HI RES GREEN MONITOR £99+£6 carr Assy Lang Prog. for BBC £8.95
Sanyo Data Recorder Modei DB1101 SANYO HI RES RGB MONITOR £445+£8 carr. 6502 Machine Codes for Beginners £6.95
£39 + £1.50 carr.
EPSON RX80 and FX80
NEC PC 8023 BE - C PRINTERS s
100CPS, 80 cols —— " — RX 80 100CPS 80 col

Logic Seeking, Bi- T Tractor Feed £298

SEIKOSHA GP 100A

directional,
Forward and Reverse 80 cols 30 CPS ) / E FX80 160CPS 80 col
Line Feed, Full ASCIl and Graphics F & T Feed £389

10" wide paper
Now only £180 + £6 carr.
GP250A £235 +£8 carr.

Proportional Spacing,
Auto Underline,
Hi-Res and Block

Graphics, Greek Char. .
ét.p I ’ Parallel Printer lead for BBC/Atom to most printers £13.50
Only £345 + f8 carr. Variety of interfaces, ribbons in stock.
' 2,000 fan fold sheets 972" x 11" £13.50+£3 p&p

MX100 F/T3 £425
{(Carr./printer £8)

Full specifi-
cation on request

RUGBY ATOMIC CLOCK i— JUMPER LEADS = =
This Z80 micro controlled (éiloclt()/calendar receives 'D CONNECTORS 24" Ribbon Cabie with Headers AMPHENOL %gg(L)EN
coded time data from NPL Rugby. The clock never (Speedbiock Type} ) X X
needs to be reset. The facilities include 8 indepen Noof Header Recep- Edge 1 end 1144“5);:' 11662;'{' 224“5;" “;’58;" CONNECTORS
dent alarms and for each alarm there is a choice of ways  Plug  tacle Conn 2 ends 210p 230p 345p 540p 36-way plug Centronics Parallel {Grey/meter}
melody or alternatively these can be used for 10 90p 8p  120p Solder £5.25 4.95 10-way a0p
electrical switching. A separate timer allows gg :;g" :ggg ;;’2" 24" Ribbon Cable with Sockets ) . ) 16-way 80p
recording of up to 240 lap times without interrupt- 2 P 20-pin 26-pin 4-pin 40- 36-way socket Centronics Parallel 20-way 85p
y N ks 4 34 200p 160p 320p pi pin 34-pin 40-pin Solder £5.50
ing the count. Expansion facilities provided. 20 2200 1%0p 340p 1 end 1 200p 280p 300p older £5. IDC £5.20 26-way 120p
See July/August ‘82 ET! for details. r.i . 255¢ 2(mp_3909 . 2ead 290p 370p 480p  525p 24-way plug [EEE Solder %C £4.75 %3333 :ggg
Built and tested £145+£2 p&p. 3 f 4. 50-way 200p
D CONN ENCTORS ZS'MVR:::';E::'G kD E:;:"e s50p 24-way socket |EEE Solder £5 64-way 280p
— — 0. O ways IR 1
9 15 25 37
MICROTIMER RS 232 JUMPERS 2149
Solder 80p 105p 160p 250p v EDGE
6502 Based Programmable clock timer with § Angled 150p 2105 250p 385p | - [25wayDl CONNECTORS
8 . z FEMALE "' Singleend Male............. X DiN 41617 Plug Skt coNNEcTORS
% 224 switching times/week cycle Solder 105p 160p 200p 335p 24" Single and Female.... 21-way 160p  165p o
% 24-hour 7-day timer Angled 165p 215p 290p 440p o o T, =30 31-way Vo 708 | 18way o 2&1)5:
i i i oods  90p 85p 90p 100p ] gt o DIN 41612 g "
* ?nitr;?f(:;::?:d?nttsw!t(;h (;;Jtputs directly D 25. way piug 385, Socrat 4800 24" Male-Female. 2x32-way St. Pin 20p 2759 | 2X22-way 190p  240p
ert 9 to thyristor/triacs . FFEYTOAI SIE. 1 o - 1 2x32-wayAng.Pin 2759 320p | 2X23-way 175p -
* 6 digit 7 seg. display to indicate real time, TEXTOOL ZIF DIL HEADERS 3x32-wayStPin  260p  300p | 2x25-way 25 209
ON/OFF and Reset times SOCKETS 24-pin £6.75 3x3z-way Ang.Pin - 375p  350p | 7% 28-way 190p =
. a 28-pin £8.00 40-pin £9.75 . Solder Type IDC Type - o
* Output to drive day of week switch and it —— 00 L 14pin 40p 100p - = 1x43-way 260p =
status LEDs. DIL SWITCHES on  sp 1o TEST CLIPS X@way
Full details on request. Price for kit £57 gzg; ;gg 10_“:;:*"33 403::: ﬁ ugﬁ, 14-pin 275p wpin €6 16-pin £3 ;1)(03)70::: 600p -
[ !
DISC DRIVES FOR THE FORTH COMPUTER | soFTy Il INTELLIGENT PROGRAMMER X SPECIALOFFER Y
54" Teac FD55 Slim Line Mechanisms. Lhig:qnzple& micropdroce|ssor developm%ntbsystem{er Er&gineersAand 2632 350p
obbyists. You can develop programs, debug, verify and commit to
FD55A 40 track SSDD 250kbytes unformatted EPROMS or use in host computer by using softy as a romulator. Power- 2732 350p
Bare: £135; Cased: £155 ful editing facilities permit bytes, blocks of bytes changed, deleted or 53%8225 4222
2 X FD55A 40 track SSDD 500kbytes unformatted | :gserte‘d and trvwfgw()Ew contents can be observed on ordinary TV. Y 16-2- 80p
ccepts most +5v Eproms.
FDS5SE 80 t k SSDD 500kbytes unfo matt%?ﬂsed X psu £.350= Softy Il complete with PSU. TV Lead and Romulator lead £169 g}%pz ;ggs
rac r ——
Bare: £180; Cased: £205 | : N
2 x FDS55E 80 track SSDD 1 Mbyte unformatted ‘ ' BOOKS
. o Cased + psuea7s UV ERASERS | ‘WIRELESS | . wowaesorn
5%s"" Mitsubishi M4853 Slim Line mechanism 80 track WORLD CRT Controller H/Book.. .. £1.95
UV18B up to 6 Eproms £47.50 p : he Z80 £11.50
DSDD 1 Mbyte unformatted Bare: £225; Cased: £245 | (v1T with Timer £60 PROJECTS Zé%gl\r/laig:g:lgr%‘ lﬁandb-éok iag
2 X M4853 2 Mbytes Cased + psu £590 g\”go up to 14 Eproms Programming ?he 6502 . £10.25
Single drive cable £8; Dual Drive cable £12 T — Semiconductors inc. | 8502 Assy.Lang .. £12.10
Other parts for FORTH COMPUTER available send SAE (Carr £2/eraser) I.Cs., Transistors, | 5302 Applications . 1020
. Al . . R [ 6502 Software Desi £9.05
for details. erasers are Enetz thth Displays, Connectors and | gg02 Games "£10.25
| mains switches and safety in- | Sockets for most projects | Large selection of databooks, interfac-
NEW COMPREHENSIVE CATALOGUE AVAILABLE tedlocks} are stocked by us ing books, books on BBC, etc in stock.
PLEASE SEND FOR PRICE LIST Ask for our list. WW-12
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74193  80p | 74LS273 60p | 4032 80p
74221 55p | 74lS275 22%p | 4033 125p COMPUTER COMPONENT
;23? ::: 74251 45p | 74LS279 30p | 4034 1:gp e 7y o TE ] SMHz UHF
74259  100p | 74LS280 100p | 4035 P _ P % 8
7402 1o | Jame  '48h | 7415283 40p | 4036  275p | ADraats ogen | LM3S7  120p | SN76131 125p CPUs 82 e11 | [PORRAAN | 10507/98 805 | g, une
7403 12p | 74273  120p | 74LS290 46p | 4037 1100 | ANTo3 2009 | (m ] P | SN76477 450! 1802CE  650p £16 88LS120 350p 450p
7404 12p | 74276  90p | 7415293 40p | 4038 1100 | V15050 995 | Lroos S0P | SN7B488 450%| 265pA £12 €10 | CRT6545 900p | 9602  220p
7405 15p | 74278 100p | 74LS295 0p | 4033 2990 | Ay31290 750p | eaea" 199n |SN76660 1200 | 6502 350p £3 | CRrs027 £18 | 9637aP 180p | ARILTES
7406 18p | 74279 40p | 74L5297 900p | 4040 40P | Av3.1350 350p | LM o o o0h |SNB7489 400p | 5024 500p TMS4500 £14 | CRT5037 £18 | ZNA25E-8 350p
7407 18p | 74283  50p | 74LS298 90p | 404} 400 | AV a910 350p | LMISACH 300p |SN76435 400p| 600 225p | Z80PI0 | 250p | EFA365  £36 ) ZNAZ6E8 350 32.768KHz
7408 14p | 74284  160p | 74LS299 180p | 4042 A0 | AY3 0315 88p | LM709 36p |SPozseAlz 12| egop  250p | Z80API0 280p | EFe36e  E36 ZNa27E €6 100p)
7409 14p | 74285  160p | 74LS321 150p | 4043 40p | Ay5.3600 600p M710  50p |TA7120 150p| ggoseal  £18 | Z80CTC 250p | MC6845 650p | ZN428E-8 450p 100KHz  250p
7410 1p | 74200  75p | 74L5323 160p | 4044 400 | Avea00yD € | LM7Al 7ok TA7130  160p| 6go9 50p | ZB0ACTC 280p | MCEB45SP £12 200KHz  280p
7411 16p | 74293  80p | 74LS32a 150p | 4045  105p | CAJ0pbA 120p | Lhdo  JeoP |TA7204 2000 | eggog  £12 | Z80ADART MC6847  650p DISC Freqin MHz
7412 14p | 74208  100p | 74LS348 90p | 4046 S0p | Ca30re 80p | Lemes  Gob |TA7205 | ggoge  £12 700p | SFro6364  £8 | WO | 10 %09
7413 16p | 74351  150p | 74LS352 60p | 4047 a5p | Ch3ode  Jon | tM7a1 18 TA7222 150p) po3s  3sop | ZE0ADMA £3 | TMS9918  £60 1008 275p
7414 18p | 743654  30p | 74LS363 60p | 4048 50p | Cajods 220 LM747  70p (TA7310 150p | go39 300p | 280510/1/2 £3 | TMS3927 -
7416 18p | 74366A 30p | 7415356 250p | 4049 24p | SR3000 Jasp | LM748 - 35p |TBAGA1BX1£4| gogoa  250p TMS9928 00
7417 18p | 743674  30p | 74LS363 140p | 4050 24p | Ca3060  350p LM1014  150p |7BAB00 80p| gogsa  350p TMS9929 4
7420 14p | 743684  30p | 74LS364 140p | 4051 asp | SAIR0E YJop | LMISO1 300 | TBABIO 100p | 3085 £22 | 21014A 25
7421 18p | 74376  100p | 74LS365 27p | 4052 80p | CaJops. 48p | LMIB30 250 |TBAS20 80P | gogg £18 | 2102:3L TERFACE :
7422 20p | 74390  75p | 74LS366 27p | 4053 50p | Ca3089E 200p | LMIS71 450p |TBA9SO 2289 g748 £18 | 21078 b
7423 18p | 74393 90p | 74LS367 27p | 4054 0P | CA3090A0 £4 tM1972 450p (TC9109 900p | |NS8060  £19 ICs .
7425 18p | 74490 95p | 7415368 27p | 4055 90 | CA31306 90p | Lhiooe 3555 TCA210 350p| TMS1601 £12 b
o o A0 B | % b | CA3I30T 110p | LM29;) 200p |1CAsey Soob| TMSsss0 £20 .
7427, 18p 7415374 55p | 4059 450 | Ca3ia0E S0p P | TCA270  350p| TMS9995 £12 ADSS8Cy 775p | FD2793 €42 | 4134 2009
7428 18p | 74LS00  11p | 74LS375 45p | 4060 S50 | CA31407 30p | Lhiaoo 750 | TCA940 175p| zg £24 ADS61J. €14 | FD2797 €42 | 443 10p
7430 14p | 74501  11p | 7418377 60p | 4063 300 | CA3160E 100p | Leiseoy  pen |1GASS 120| zeo  250p AM25S10 350p | WD1691 €15 | 4608 250p
7432 18p | 74LS02  11p | 7415378 60p | 4066 27p | CA3161E 150p P |TDA100aA £3| 780a  320p-| 411620  90p | am2sls2521 | wo21a3 550p | 8315 250P
7433 22p | 74US03  12p | 7415390 45p | 4067  225b | CAnlest 4s0p | TMaoll 125 | TDA1008 320p| Zgom £9 | 4118-3  450p |80 1750
7437 22p | 741504  12p | 7415393 45p | 4068 1ap | SASIeaE 3003 LM3914  200p | TDA1010 200p 41642 400p | AM26LS31 5.068 £
7438 22p | 74LS05  12p | 741S395 90p | 4069 4p | Ca32406 110p LM3915 200p |TDA1022 So0p | MRSl 4164-15  450p p 6.0 150p
7433 25p | 741808  12p | 74US333 160p | 4070 14p | CA3580G 200 LM3916 2250 | TDA1024 120p | EENCVIRST: | 4416-20  500p | AM26LS32 6144 150p
7440 15p | 74LS09  12p | 74USa45 100p | 4071 14p | B70020 AZOD LM13600 110p | TDA1170 300p 4532-20 300p 125p 70 150p
7441 55p | 74LS10  12p | 74US4%0 200p | 4072 14p | DACO800 £g M51513L 230p | TDA2003 325p | 2651 £12 | 45522 350p | p7002  420p 7.168 175p
7442A 30p | 74LS11 13p | 7418540 90p | 4073 14p | pacosos  £2 M51516L 500p | TDA2006 350p | 3242 800p | 4816AP-3 270p | DACBO £28 8.00 175p
7443 70p | 74812  12p | 74LS541 80p | 4075 140 | D808 300p | ME373Z 200P | TDA2020 320p| 3245 450p | 5101 300p | pM8131 275p 8.86 1750
7404 70p | 74LS13  15p | 7415610 €19 | 4076 4% | JATa66  195p mgano 400p | TLO64  100p| 6520 280p | 5516 750p | DPR3G4  250p 1000 175p
7445 50p | 74LS14  25p | 7418612 £19 | 4077 180 | HA138s 2300 | MC1310P 1500 | TL071/81 2P| 6522 3t0p | 6116:3 4200 | DSIG91  300p 10:s) 250p
7446A  50p | 741515 12p | 7415624 90p | 4078 160 | (7108 Joon | MC1413 TSP | TL072/B2 45| e5224  650p | 6116LP-3 550p | DS8830  140p | SN745262AN 10.7 150p
7a47A  36p | 741520  12p | 74LS626 150p | 4081 1ap | IG76SS dooh | MC1445 250p |TLO74  100p| 6532  550p | 651445 200p | DSBB31  140p to | 1200 150p
7448 45p | 7421 12p | 7415628 150p | 4082 15p | [GL7650 400p | MC1458 3B |TUOB3  75p| 651 esop | 6810 120p | DS8832  250P 14318 175p
7450 15p | 70L522  12p | 7415629 90p | 4086 55p | \Claer1  96n | MC1433 100p |TLOB4 90| 6821 100p | 745189 150p | Dsgs33 225 | REATLILEY | 14236 2%
7451 15p | 74526  12p | 74LS640 100p | 4089  125p | Cigoss 300n | MG|45L 350 |TLOSA  200p| egB21  220p | 745201 350p | DSE83E 150p 1500 200p
7453 1o | JA1S2Y  1ap| JatSear oo | 4093 '2ep | ISiBO38 300p | MCl495  7op |TLi7o  S0p| empg 1250 | 745289 1500 | Sagan 2260 | WALGUMLN | 15 Jo0p
7454 18p | 741528 14p | 7415643 100p | 4094 90p | |72 7208 | MC3340P 120p | TLad0C | 70p| 68a0  376p | 93415 600p | LF13201 450p 177 2009
7460 15p | 74LS30  12p | 74LSe44 100p | 4095 750 | {130° s00p | MC3401 S0P | UA1003-3935p| 6840 600p | 93425 600p | MCiasg  SSp | AYE2376 700p | 1800 200p
7470 30p | 74832 19p | 74LS645 100p | 4096 700 | G130  325p MC3403  75p | UA2240 150p} 6850 110p | 931422 950p | mMC1asg  S5p | 74C922 500p | 18432 150p
7472 25p | 74LS33  14p | 74LS668 120p | 4097 200 | (7137 270p ME10  250p | UAA170 170p| gBso  220p ROMs/ MC3418 950p | 74C923N S00p | 19968  150p
7473 25p | 74LS37  14p | 741S669 120p | 4098 90p | [F3a7  150p M'§5014° 900p | ULN2003A 75p| 6857 250p S MC 250p 2000 200p
7474 18p | 74LS38  15p | 7415670 140p | 4099 100p | ¢35 pred MK50388 700p | ULN2004 75p| gg54 700p PROMs mcaase ssop | DEEEEEN | 2490 €
1475 2p | 74540 12p | 7aSers S5op | 4500 57%P | k353 %p Miiart60 ag0n | ULN206B 230p | 6aB5e  800p mc3sse soop | FHVETMY] | 29950 150
3 p | 74L5682 400p | 4 3
7480  48p | 7aLS47  36p | 7aiSess 4o0p | 4503 46p | LEsesm \JoP| MN6221A800R | ULN2804 150p S a0n | J4ses 3z e 3oeb | MC1aa11 700p | 336667 175p
7481 120p | 741548  45p | 74LS687 400p | 4504 75 | 35700 Joon| NES3? 0P | UPCS75 275p| 8155 350p | 743288 2250 325p | COMB116 800p | 8.0 175p
7482 65p | 74LS51  14p 4505 400p | 100 oo NE544  150p | UPC592H 200p | 8156 350p | Jaoaay  3oap | MC1aa11 e7sp | 47028 750p 55.5 400p
ag3n  38p | 7ats5a  14p | EEAEEILIEN | 4506 Jp | LMIOC 350 NESSS 16 | UPCTISEH £3| s 225 745387 3250 | \Craa12 T50p | 116 300p
74B4A  60p | 74LS55  14p | 74500 J0p | 4507 35p | (MO, 432 NE556 P | UPC1185H £5| §212 1100 | 723473 ss0n | 75107 90p UARTs 14580  250p
7485 60p | 74US63 1200 | 74302  30p | 4508 1300 | [MaosN  Ten | NEser  f2ob | XR210 ol 8216 100p | 743478 eson | 75110712 160p | av-3
7486 18p | 74LS73  18p | 74304  30p | 4510 asp | LM3OBN  78p| NESSS  120p | XR2206 300 g224 1109 500 | 22114715 160p | AT 1015F REAL TIME:
7480 W0p | 7alS74 10| 7aS0s  Bop | 451 450 | [M317  700| Neewy  1aep | KR22i1 76p| 8226 250 75121/22 1400 | av.5.1013p CLOCK
4 74508  60p | 4512 48 p| 8228 27 75150P 120
7491 35p | 700576 17p | Jasto  4op | 4514 120p | [M318  1%0p| NEST0 4100 | ZNa14  80p| gp43 To0n | 53 3sop | 72124 140D | comsot7 3 MnRb174 7000
74924 25p | 74LS83  36p | 74311  S0p | 4515 110p | [Mara  don| mEoll  400P | ZNa1sC 180p| g250  8SOp | 2532-30 700§ 75159  220p faid ||l
7493A 24p | 741586  16p | 74320 a0p | 4516 55p | M2z sgg NE592 60p | 7N423E 130p| g2s1 284 % | Joaee  1s0m %mg 380p 500p
494 35p | 74LS90  22p | 74522 sop | 4518 40p | (w33sz 1a0p NES532  130p | ZN424E 72p 300p TE
7495A  36p | 74LS91  68p | 74330  40p | 4520 sop | LMI33SZ Teb NESSI3 140p | ZNazSE 72| BFIERE
7496 3Bp | 74592 32p | 74332 J0p | 4521 00 | M348 85p| N 55?53453‘::? 11120 ZNAa26E 65p ECODER
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MAIL ORDERS TO: 17 BURNLEY ROAD, LONDON NW10'1IED

SHOPS AT: 17 BURNLEY ROAD, LONDON NW10
(Tel: 01-452 1500, 01-450 6597. Telex: 922800)
305 EDGWARE ROAD, LONDON W2
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(Export: no VAT, p&p at Cost)

Orders from Government Depts. & Colleges etc. welcome.
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Detailed Price List on request,
Stock items are normally by return of post.
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Test it onTest
on Site

The “Z Meter” capacitor-inductor
Analyser, from Sencore, now gives
you the fastest, most accurate
means of batch testing even from
semi-skilled operators—and
we’re prepared to come round
and prove it.

' For an on-site test and more information:-

Mike Dawson 01-897 6446.
i . Fieldtech Heathrow Limited
'} Fieldtech J

Huntavia House 420 Bath Road
l oy Heathrow

T #
tof 10 2DRECU 4F
1,48 70 100

8B E NOCOPE

2 METER”  CAPACITOR-INDUCTOR ANALYZER

CAPACITORS [ INDUCTORS
- o ey
UANAGE VAL | VAo mAews TESTO
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T CAPACTOR B AN
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Longford Middlesex UB7 OLL
Telex: 23734 FLDTEC G

WW — 057 FOR FURTHER DETAILS

FYLDIE

TRANSDUCER and RECORDER \

AMPLIFIERS and SYSTEMS

- reliable high
performance &
practica! controls.
individually
powered modules—
mains or dc option
single cases and up
to 17 modules in
standard 19’ crates

=Y LD

49/51 Fylde Road Preston
PR12XQ
\_Telephone 0772 57560

small size—low
weight—realistic
prices.

Fylde
Electronic
Laboratories

Limited. J

WW — 018 FOR FURTHER DETAILS
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- Success ineans havmg the
right oonnectlons.

.

You simply can't make it
any clearer.

Write for full colour accessory catalogue to Department WW
HW international 3-5 Eden Grove, London N7 8EQ. Tel: 01-607 2717.

WW — 022 FOR FURTHER DETAILS
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Design competition

Although it is too early yet to know
whether the outcome of our design
competition will be successful, it is at least
possible to say that the number of entries
and variety of devices under development
give grounds for encouragement.

From boxes intended to identify the
contents of tins of food to quite exotic
equipment concerned with cars, a great
deal of imagination is being demonstrated
by those who have registered their
intention of entering the competition:
there are more examples on page 67. Itis
possible, of course, that some of the ideas
will remain exactly that — ideas. But the
spur of a rather large money prize and the
somewhat more intangible satisfaction of
making people’s lives more convenient and
pleasurable will, without doubt, converta
significant number of nebulous notions
into hardware.

It is not going to be easy. One of the
hardest parts of a wide-open competition
of this kind is to decide exactly what to
design. Many needs can be better satisfied
by a simple mechanical device than by a
complicated piece of electronics: good
judgement in this decision can be the most
telling aspect of an entry. The next hurdle
comes when it is discovered that the
realization of an idea is not as
straightforward as it was at first imagined,
and the temptation to change one’s mind

appears. There is nothing wrong with that,
if there is still time before October to
complete the work, but it is often the case
that this approach leaves one with two
half-baked projects instead of one well-
done one. It is surprising how a little
gentle research in the literature can
straighten one out, when to all intents and
purposes stuck fast.

The last date for registration is June 30.
You do not have to present entries at that
time: simply register your intention to do
so before October. A panel of judges
experienced in both engineering and user
aspects of devices to assist handicapped
people will take some time to arrive at their
decisions, during which some entrants will
be asked to come to London to discuss
their designs and perhaps take partina
prize-giving ceremony, which may well be
televised.

There are six prizes, but we expect to
describe many more entries than the
winning six during the subsequent year, so
that even one of the designs not chosen as a
winner could attract attention and may be
adopted as a commercial proposition.

This is an interesting, socially valuable
and possibly profitable competition. A
large number of readers have already
entered: there is still time for a great many
more. You have a couple of weeks left to
make up your mind.

WIRELESS WORLD JULY 1983
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Spectrum battles

Although the US Congress agreed late last
year to the ratification of the WARC 1979

“Radio Regulations”, many influential

American groups continue to express
disenchantment with the whole process of
international frequency allocation and ITU
procedures. Among the critics have been
members of FCC who were most unhappy
at the proceedings at the ITU Plenipotent-
iary Conference at Nairobi in Autumn
1982, and the “needless politicization” of
the decision making. Although it is being
suggested that the US should remain in the
ITU it is being urged that, if “politiciza-
tion” continues, the US should have avail-
able ““a fully developed and workable alter-
"native organization”. However Kalmann
Schafer, international affairs adviser to the
FCC, believes that few important US in-
terests have been surrendered and that
“the day will come when the Third World
realizes that disruption of ITU conferences
will be against their own best interests”.
The sort of problems that face the forth-
coming ITU Conference on DBS planning
for Region 2 is shown by the fact that both
the UK and Argentina have listed the
Falkland Islands — with 1800 residents
and a lot of sheep — as an area they intend
to serve by DBS. One suspects it might be
less costly to provide every home with a
v.c.r. and a large number of cassettes, or
cable every habitation! Meanwhile the
mere idea of having two different interna-
tional spectrum regulatory bodies would
seem the sure path to chaos.

World television?

That chaos is already close on h.f. was
emphasised recently by Douglas Mugge-
ridge, m.d. of BBC External Services
when he delivered a blistering attack on
the jamming of the broadcast bands by the
Soviet Union and Eastern Bloc countries.
He claimed that up to 80 per cent of usable
frequencies are currently affected during
peak listening hours and warned of an
imminent breakdown of ‘“law and order on
the airwaves”. Root of the trouble, of
course, is broadcasting across frontiers
without the agreement of the target coun-

By 1986 the question of “world televi-
sion” whereby direct broadcast satellites
will send pictures across frontiers will be of
practical concern: and despite what is
sometimes suggested deliberate jamming
of DBS transmissions is possible and
would affect viewers in the whole of the
coverage area. For years, international or-
ganizations have been discussing questions
of ““cultural or economic imperialism” and
the potential cultural damage and loss of
the “unique identity of a population after
exposure to outside ideas and lifestyles™.
On the other hand Article 10 of the
European Convention states: ‘“Everyone
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has the right to freedom to hold opinions
and to receive and impart ideas without
interference by public authority and re-
gardless of frontiers”. But what is a right
to free speech to some, is malevolent
propaganda to others!

In reality, of course, international regu-
lation of the radio spectrum and the use of
the airwaves to broadcast to other than
your own people have been inconclusively
debated for over 50 years. Did not the old
International Broadcasting Union in May
1933 — on the initiative of a BBC plagued
by Radio Luxembourg and Captain L. F.
Plugge’s Radio Normandie — resolve that
the systematic diffusion of programmes or
messages specifically intended for listeners
in another country should be considered
an “inadmissible act” — though such a
resolution must have seemed a poor
breakwater against the rising flood of
transmissions from Zeesen, Radio Roma
and Radio Moscow. It was not long before
the UK was plunging into foreign-lan-
guage broadcasting. Even today some
countries argue that there should be no
transmissions of “‘politically subversive or
culturally disruptive material” across fron-
tiers “without the prior consent of the
receiving State”, and defend their right to
jam transmissions they find offensive while
themselves engaging in massive external
broadcasting. The USSR has ground-wave
jammers in all Soviet cities of more than
200,000 people and rather less effective
skywave jamming in rural areas. The
Western Nations, it would seem, are at-
tempting to counter jamming by engaging
in the power race and multiple-frequency
techniques that in themselves contribute to
the destruction of orderly spectrum
planning. The BBC, for example, is cur-
rently seeking planning permission to ins-
tall at the former Post Office receiving
station at Bearley, Warwickshire six
300kW h.f. transmitters primarily for
serving Eastern Europe. Today few people
distinguish between h.f. and/or m.f.
broadcasting in your own language (e.g.
BBC World Service), surely a laudable
service, and the one-time “inadmissible”
practice of foreign-language broadcasting!

Black broadcasting

Governments are not always content even
with straight-forward external broad-
casting, as witness the take-over of one of
the 250kW transmitters on Ascension Is-
land last year and similar action during the
Suez affair in 1956. A detailed study of
radio skulduggery has recently been pub-
lished by Ellic Howe, an eminent typogra-
pher whose special skills were used in
World War 2 to forge leaflets and other
printed material on behalf of the Political
Warfare Executive. His book “The Black
Game” (Michael Joseph, 1982) provides
much new information on P.W_.E.’s many
“black” radio services and the building in
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1942 of the 600kW ‘“Aspidistra” m.f.
transmitter at Crowborough, a transmitter
that was finally retired last year. Much of
the technical detail has been provided by
Harold Robin who for many years was
chief engineer of the Diplomatic Wireless
Service but who previously worked for
Sir Richard Gambier-Parry’s wartime
“Special Communications”’.

Ellic Howe lists no less than 48 different
P.W.E. “black” services directed at 15
different enemy or enemy-occupied
countries. Many of the programmes were
recorded at “Simpon’s’’ (Wavendon
Towers) and later Milton Bryant. Trans-
missions were made over four RCA 7.5kW
h.f. transmitters at Gawcott and Pots-
grove, near Bletchley. In “black” broad-
casting it is made to appear that the station
1s located in the target country. In the early
days some French scripts were written by
Lisa Towse, G-P’s personal secretary and
future wife. GP himself, moved out of
Whaddon Hall into Wavendon Towers.
“Aspidistra’” was a 500kW RCA transmit-
ter that had been built for WJZ, New
Jersey but refused an FCC licence under
the 50kW maximum-power rule. Harold
Robin managed to get it up to 600kW and
it was installed at a 70-acre site high in the
Ashdown Forest, in an underground
building. A Canadian Army road-building
unit, kept going by copious supplies of
beer, with six bulldozers and a lot of explo-
sives, made the necessary “very big hole”
in the ground. Elsewhere Aspidistra
proved a constant source of inter-depar-
mental squabbles, not least with the BBC
who wanted to run it.

G-P, ex-BBC, ex-Philco, supported by
Harold Robin, who had been endeavour-
ing immediately pre-war to set up a com-
mercial station in Liechenstein directed at
English audiences, were not disposed to
hand over their “raiding Dreadnought of
the Ether” to the Corporation’s engineers
— and indeed Aspidistra remained in the
control of the FCO for its 40 years of
operational use, though much of the time
carrying the BBC External Service pro-
grammes.

E.m.p. bomb?

In the December 1981 issue of WW Ken-
neth Cook of the M-O Valve Co. Ltd drew
attention to his company’ gas-filled protec-
tion devices that operate in less than one
nanosecond. Such devices he claimed ““will
protect solid-state receivers and telephone
equipment in a simulated e.m.p. (electro-
magnetic pulse) environment”. E.m.p. is
the massive pulse that follows the explo-
sion of a nuclear device high above
ground.

Despite this assurance that effective pro-
tection against e.m.p. is available, there
can be little doubt that the potential threat
to radio communications, computer instal-
lations and telecommunications posed by
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high-altitude (40 to 400km) nuclear explo-
sions is still being taken very seriously in
many parts of the world. Even if military
installations can be effectively “‘hardened”
there remains the problem of the enor-
mous number of civilian installations.

Now, according to recent press reports
from Washington, the US Government is
investigating the possibility of developing
an atomic weapon designed specifically to
provide enhanced e.m.p. as “a defensive
system that would hurt the enemy without
necessarily hurting his people”. E.m.p.-
bombs could be launched to black-out
enemy communications; the Americans
are also reported to be currently providing
additional shielding against e.m.p. on their
B-52 long-range bombers. Similarly scient-
ists at the University of Minnesota are
reported to be working on techniques that
would not only counter the effects of
e.m.p. but could also reduce the effects of
solar flares, which can cause radio
blackouts, auroral propagation etc, parti-
cularly in northern latitudes.
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DX-disaster

For several decades, there have been an
increasing number of “DX-peditions”
mounted by radio amateurs in remote and
out-of-the-way places. The object has been
to permit a well-equipped team of
operators to activate one of the rare coun-
try callsigns and then make thousands of
brief contacts with amateurs all over the
world. Funds for such expeditions are of-
ten donated by amateurs eager to increase
their “countries worked” totals, although
there has always been opposition to the
technique of making a charge for QSL
cards.

Since there is “resident” amateur radio
operation in most countries of the world,
DX-peditions have increasingly been
directed towards smaller, more remote is-
lands some of which are little more than
reefs.

In mid-April a German DX-expedition
to Spratly Islands, a group of small islands
in the China Sea between West Malaysia
(Borneo) and Vietnam, ran into problems
that caused the death of at least two mem-
bers of the party. The islands are territo-
ries politically in dispute by several
countries and appear to be under military
occupation by more than one country. As
the German vessel approached the islands
it was fired on with fatal consequences,
and sank, although some survivors were
later picked up about 100 miles away in a
small boat by a Panamanian ship.
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New callsigns

Before long the Home Office expect to be
issuing callsigns in the GO, GMO etc sequ-
ences for Class A, and G1, GM1 etc sequ-
ences for Class B. The figures 0,1 are the
only remaining unused digits since G7, G9
are used for commercial “test and de-
velopment” licences. The present G6 class
B sequence is already up to “W”” and G4
class A to “T”’. When the 0 and 1 sequ-
ences are used up it would be possible for
the Home Office to issue British amateurs
calls with an M-prefix. Both GAA to GZZ
and MAA to MZZ are internationally allo-
cated to the UK.

One internationally-recognized radio
amateur, Ray Cracknell, Z22JV of Zim-
babwe (formerly GZAHU) would welcome
either a G or an M callsign when he returns
soon to the UK. Ray Cracknell has been,
over several decades, one of the most
successful pioneers of transequatorial
propagation (t.e.p.) and has been responsi-
ble for uncovering, with the help of his
equipment and a series of ‘“beacons”
which he has built, a wealth of information
about the tropical inonosphere, much of it
previously unknown and unsuspected by
both professional and amateur researchers.
Yet recently when he sought to renew his
British licence it was indicated, pre-
sumably as the result of a dispute over
reciprocal licensing with Zimbabwe, that
he would be required to sit an RAE and
take a Morse test. One can think of few
people deserving of an unhindered re-issue
of a licence than Ray Cracknell. Let us
hope by the time these notes appear the
Home Office will have graciously res-
cinded such an apparently bureaucratic
ruling.

lonospheric focusing

Although it is now generally accepted that
many low-power h.f. transmissions travel
long-distances without intermediate
ground-reflection by what is termed chor-
dal hop propagation, amateur operators
have paid less attention to antipodal-type
mechanisms that result in enhanced signals
at a point precisely on the opposite side of
the globe. Signals travelling along great
circle paths all converge on the antipodal
point. Amateurs in the UK have no exact
antipodal point with which to exchange
signals, since this point is in the Pacific
Ocean, although UK amateurs have long
recognised the consistency of the long-
distance paths to Australia and New Zea-
land, the nearest land-mass to the antipo-
dal point.

Brian Austin, ZS6BKW, writing from
the University of the Witwatersrand, Jo-
hannesburg notes that South Africans are
more fortunate in that they have Hawaii as
the antipodal point. He comments: “Over
many years I have listened, on and off, to
WWVH mainly on 15 MHz. What has
struck me lately is that the Fort Collins,
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Colorado station, WWYV, runs the.same
power (10kW) and 1 assume uses similar
antennas. Yet WWVH is by far the
stronger signal of the two in this country.
Could it be because of antipodal focusing
or would the fact that Hawaii is a relatively
small land mass, and hence the signals may
be launched more effectively over the sea
water “‘groundplane” be the reason? “He
believes there is still much to be finally
discovered about h.f. ionospheric propaga-
tion.

Code-freein USA? @
Although in late 1982, the president of
ARRL, Vic Clark, W4KFC, asked FCC to
defer for at least 18 months any action that
might lead to a class of amateur, licence not
requiring a test in the international Morse
code, the FCC has subsequently issued a
“notice of proposed rule making” for two
forms of code-free licence. The first would
eliminate the Swpm test for existing
“Technician” licences (above 50 MHz).
The second would be an ‘‘Experimenter
class” licence rather akin to the Canadian
“Digital Amateur Class Certificate” but
conveying all normal operating priviledges
on frequencies above 144 MHZ. There are
no proposals for any form of code-free h.f.
licence. Comments on the FCC proposals
were due by April 29.

In brief

Harold Ling, G4CCH has made several
e.m.e. (‘““‘moonbounce’’) contacts on
1.3GHz using only an 8ft aerial dish and
100 watts of transmitter output. ... In
CQ-TV, R. Platts, G8)ZP comments on
the “anti-social and selfish” behaviour of
some amateur television enthusiasts who
make broadband transmissions on
430MHz “in excess of two hours dura-
tion”. He feels no transmission should last
more than 15-20 minutes. . . . John Wood,
G3YQC of Rugby, in association with
G8VBC, has succeeded in exchanging pic-
tures on 1255MHz with FIEDM at Le
Havre, a distance of about 200 miles. . . .
The paid-up membership of AMSAT-UK
increased from about 1300 to 1700 during
1982. . .. Launching of the Phase IIIB
Oscar amateur satellite, set for June 3, has
been delayed. . . . Amateurs in north-west
England have been experiencing consider-
able interference on 432 MHz from Syle-
dis. . . . Forthcoming mobile rallies: june
26 Longleat Park, Warminster; July 10
Droitwich High School, Ombersleyg, Road,
Droitwich; July 17 RAIBC Picnic at The
Fairground, Broadlands Estate, Romsey,
Hants, and Camborne Technical College,
Camborne, Cornwall; July 24 Anglian
rally, Stanway School, Colchester, Essex
and McMichael rally, Bells Hill, Stoke
Poges, near Slough; July 31 Rolls-Royce
Sports & Social Club, Barnoldswick;
August 7 RSGB National rally at Woburn.

PAT HAWKER, G3VA
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Planning for plenty

Objections to the introduction of new “community” radio services have included claims
that such stations will place excessive demands on frequency space. Norman MclLeod —
one of the few engineers involved in the campaign for new stations outside the BBC and
IBA — puts forward suggestions for accommodating new services, with an account of
currrent technical thinking on the subject.

It is three years since I last looked at some
of the technical questions surrounding
community radio in this journal', Since
then, the idea that radio broadcasting in
this country offers an incomplete service
— which could usefully and practically be
extended by new and different stations —
has gained wide acceptance.

Indeed the Home Office has received to
date over a hundred applications from
various organisations requesting licences
to operate broadcast services. And as a
scan across broadcast wavebands in many
cities will show, many enthusiasts are
prepared to offer new services to the public
without bothering with the paperwork to
HQ. It’s not hard to see why pirate stations
do not wait for the formalities: the Home
Secretary recently annouced that there
would be no further progress on the ques-
tion of licencing community radio until
19852, And there is no guarantee of
licences being forthcoming even then.

There have been attempts by what one
observer has called “an uneasy hotch-
potch of pragmatists, careerists, reform-

ists, radicals, commercial interests and-

radio enthusiasts” to form campaigns to
press the case for more stations and to
promote community radio ideas and
ideals. But there is still no effective central
organisation, no public relations budget,
no full-ime workers striving to bring
people and ideas together. Such progress
as has been made has come not from
marching forward in unison, but from
various small independent initiatives —
not least from the hundred organisations
who have been applying to the Home
Office.

One such initiative came just before
Christmas last year, when the Greater
London Council commissioned a report
from Wireless Workshop — a small firm in
Brighton in which I am a partner — to
examine the question of frequency re-
sources for community radio in London.
This provided a welcome promise of funds
to sit down and work through proposals
for new radio services in more detail than
had previously been possible. But we were
left with the problem of deciding just what
sort of services we were supposed to be
finding frequencies for. There were two
general ideas circulating in community
radio circles: one was ‘“neighbourhood
radio” and the other “community of in-
terest’’ services.

Briefly, neighbourhood radio would be
intended to provide a more localised ser-

by Norman MclLeod

vice than is available at present. In the case
of London, each so-called *local” radio
service, provided by the BBC or the IBA,
broadcasts to a potential audience of over
10 million people. There is clearly some
scope for splitting this vast audience up to
provide services more local and distinctive
in character ~ Radio Brixton may be ex-
pected to sound quite different from Radio
Hampstead, for example.

The other idea was that across the whole
of London there are various subdivisions
of the public who would be interested in
listening to a service directed specifically at
their interests and aspirations. These
minority audiences — ethnic groups, fans
of particular types of music, students, the
elderly, media radicals etc. — are not
necessarily concentrated in any particular
part of London and therefore require a
transmission system which will reach a
city-wide audience. It has been suggested
that these are the sort of programmes BBC

Radio London should be doing instead of

tagging along behind Capital Radio with
the likes of the Tony Blackburn show? but
this is not a question we can dwell on here.
Armed with these basic ideas, we
proceeded to take a look at some of the
possibilities for broadcasting to London.

Transmission systems

and technology

With the prospect of wideband cable ser-
vices looming ever closer, we examined
briefly whether new technology might
have any relevance for the development of
community radio services. But the only
advantages we could see arising from the
new cable technology were that it might
provide — eventually — a lower cost
method of networking various small trans-
mitters across the city, by establishing
point-to-point links more cheaply and flex-
ibly than the present British Telecom
landlines.

The advantages of using existing broad-
casting bands and receivers were overw-
helming: compared to any high-technology
systems, sending radio programmes out
from conventional transmitters to conven-
tional receivers represents the cheapest,
easiest and most flexible way of estab-
lishing new services. In discussions held

between the GLC and various interest
groups and consultants, it was suggested
that the ‘“pay-as-you-listen” programme
scrambling techniques might be applied to
broadcast radio. We did not think there
was any mileage in this idea: a radio service
costing more than a few pounds per lis-
tener per year would be very expensive
indeed, and the hardware involved in cod-
ing and decoding the signals would cost far
more than the revenue it would generate,
In any case, using the public broadcast
band for “privatized” signals like these
would set a dubious precedent.

Previous plans

In November 1979, a report* entitled
“The Technical Feasibility of Community
Radio in London’ was produced by a team
of consultants headed by former IBA engi-
neer Fred Wise for the Community Com-
munications Group. It addressed itself to
some possibilities for new radio services
operating in the v.h.f. band — m.f. chan-
nels were not explored.

Wise envisaged three categories of com-
munity station: category A, with a service
radius of three to four kilometres, was the
smallest. Category B described medium-
sized stations covering a sector of the city,
and category C covered larger stations
aimed at specialist interests and covering
the whole city.

In the spectrum below 97.6 MHz, Wise
concluded:

“. . . presently available channels could
be used to provide about a dozen category
A stations and one category B station, or,
alternatively, about fourteen category A
stations.”

He also said that none of the channels
which he discovered were suitable for the
high power needed for an all-London sta-
tion. Looking at the upper section of the
band (above 97.6 MHz), Wise said that:

. . . If it could be agreed . . . that com-
munity services could operate on the basis
of provisionally assigned frequencies,
which may subsequently need to be
changed, then a number of additional com-
munity stations could be authorised at an
early date . . .”

But Wise warned that the number of
additional stations likely to be possible in
this part of the band was very much de-
pendent on BBC and IBA plans. At the
time these were not known, but the Home
Secretary’s statement? sheds some light on
the matter:

“. . . frequencies for (two) national net-
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works should be used to provide an inde-
pendent national radio service. The Gov-
ernment finds this proposal attractive . . .
I propose to allocate the other new net-
work to the BBC so that there can be
separate v.h.f. networks for Radios 1 & 2, . .”

So the frequencies between 97.6 and
102MHz - which the Home Office has
promised to clear by 1990 — will be used
by two new national networks. This leaves
102.1 to 104.6MHz as a new local radio
sub-band. Frequencies in this sub-band
are going to be employed for some of the
new BBC and commercial local radio ser-
vices around the periphery of London, but
at present there are no official plans from
the BBC or the IBA to establish more radio
services in London itself. Our own propo-
sals do not include this sub-band because
at the time it was not clear what the future
of the spectrum above 97.6 MHz was likely
to be.

Officlal comment

The Third Report of the Home Office
Local Radio Working Party (HOLRWP)®
was published at the end of 1980 and re-
mains the last official report which took
note of community radio aspirations. The
working party itself was set up by the
Labour Home Secretary Merlyn Rees, and
was retained by William Whitelaw to
prepare proposals for the long-term expan-
sion of local radio. It has twelve members,
four from the BBC, four from the IBA,
and four from the Home Office. The secre-
tary of the Working Party is a Home Office
civil servant,

Although no community radio groups
were themselves represented on the
working party, a substantial section of the
report addressed itself to the question of
community radio. This section began by
stating that there were no commonly
accepted guidelines as to what constitutes a
community radio station, although the
authors did recognise the distinction be-
tween “neighbourhood” radio and “com-
munity of interest” services, which I
outlined earlier.

On the question of frequency planning
the working party was far from enthusias-
tic:

. .. it would be wrong . . . to allocate
frequencies to small community stations at
the expense of the expansion of BBC and
independent local radio . . . there may be
some scope for additional very low power
stations at both v.h.f. and m.f., but there
are a number of important reservations
. . . the number of stations which could be
accommodated in this way would be small
and is likely to prove least in areas such as
London where the demand is likely to be
greatest. . .”

The Working Party also cast doubt on
whether the higher-power “community of
interest’’ stations would be technically pos-
sible at all, and they also suggested that a

more flexible approach to planning stan--

dards would almost certainly be necessary.

Fred Wise — author of the earlier plan
for community radio services on v.h.f. —
prepared some comments in response to
this report 8. He did not share the pessi-
mistic attitude of the HOLRWP towards
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Fig. 1. Planning lattice for v.h.f. ‘neighbourhood’ stations. Each frequency used is
represented by a number in a circle chosen so as to be at least 600kHz away from

existing services and from each other and also free from strong ‘out of area’ transmissions.
Adjacent transmitters are 3.6km apart and stations using the same frequency are 10km apart.
The approximate service radius of each station is 2km, though this will vary with the effect of
geographical factors as will the siting of the transmitters.

fitting new low-power services within the
existing spectrum. He said that this
seemed at least to provide a realistic ap-
proach for an experiment.

HOLRWP had suggested that the
sharing of frequency bands between the
BBC and the IBA on the one hand and
other, community broadcasters on the
other would require strict control of tech-
nical standards, Wise dismissed this, say-
ing:

. . . it does not seem obvious . . . why
this sharing of the band with the present
broadcast services should pose great diffi-
culties in the control of technical stan-
dards. The principle seems already to have
been established in the television bands
where authorised privately-operated self-
help transmitters may be used . . .”

A further objection to new radio services
was raised by HOLRWP. They claimed
that a very small station could represent a
major constraint on frequency planning,
because of the need to protect it from in-
terference from other services, thereby
preventing the re-use of the same or closely
adjacent frequencies for high-powered sta-
tions nearby. It missed the point that the
order of planning is all-important. As Wise
put it:

“. .. the practical reality is that, in
accordance with established practice, the
larger stations would be planned first and
the very small stations fitted in later. In
this way the very small stations would not
impose constraints on the larger stations

The latest report

Our own report’ dealt with only two of the
three segments of radio spectrum available
for broadcasting to ordinary receivers —
the m.f. (medium-wave) band and the
lower part of Band II (88 to 97.6MHz). On
v.h.f., our proposals differ from the earlier
Wise stations in that the stations envisaged
on v.h.f. are much smaller — only 2km
service radius instead of 3-4km, but a
much greater number of them were con-
sidered to be practicable — up to 160 in-
stead of a dozen or so (Fig. 1).

Each transmitter would cover between
25,000 and 100,000 people, depending on
the population density surrounding the
transmitting site. If this is thought to be
too small, we suggest that stations use
more than one transmitter linked by
landline or re-broadcast links to the studio.
Since transmitters are likely to be much
cheaper than studios this would appear to
be an attractive proposition financially.
We suggested that transmitters should be
sited in such a way that their ‘“‘impact
area” — where signal strength is not
strong enough to provide useful reception
but still strong enough to cause interfer-
ence to other services — is minimised.
This would seem to suggest that conven-
tional techniques of v.h.f. transmitter sit-
ing should be turned on their head. Rather
than siting the transmitting aerial on a tall
mast, or on top of a block of flats, such
that the optical horizon may be twenty or
thirty miles away, we suggested that aerials
should be located near the lowest part of
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Fig. 2. Experiments to determine the degree of protection needed to separate signals transmitted on the same frequency. The first
connects a generator, tuned to the same frequency as a local station, directly to the aerial of a receiver tuned to the same station. It is
possible to adjust the level of the generator signal so that the received broadcast signal is heard with little or no interference from the
generator. The second experiment is similar but the generator is connected to a transmitting dipole. Orientation of the receiver’s aerial can
find positions where the generator signal does not interfere with the received signal even with the generator at full power.

the target area, and that their maximum  Table 1. Vital statistics of various low-powered m.f. stations operating in London.

height should be restricted to no more

70dBu Population ‘000s 40dBu  sky wave

than, say, 15 metres above ground level. In - 1y power  radius area innercity  suburbs  radius  100-400km
this way, geographical screening outside 5
the service area will be maximised, while ;w %gtm %gtmz ;23 Jg %gtm glggu
the service within the designated area aw 4.0km 50km?2 400 170 28km 27dBt
should be adequate in most locations. 8W 5.0km 79km? 620 260 33km 30dBu

We considered that with careful siting of 16W 6.0km 1 12km§ 870 375 38km 33dBu
transmitting aerials along these lines, it gﬁv\'\\; ggtm ;gfitmz }ggg ggg ggtm ggggl‘
should be possible to re-use any frequency 128W 11.0km 380km? 2960 1270 61km 42dBt

successfully at a distance of just five times
the service radius — i.e. 10km should
separate adjacent neighbourhood stations
on the same frequency. This is backed up
by two very simple but useful experiments
which we carried out into practical levels
of co-channel interference.

Co-channel protection ratios

The first experiment involves hooking the
output of an f.m. signal generator via a
crocodile clip to the telescopic aerial of a
portable v.h.f. receiver (Fig. 2). The re-
ceiver should then be tuned to a local pro-
gramme, and the generator tuned to the
same frequency, and modulated with an
alternative programme (or tone). With the
radio operating in mono, adjust the level of
signal emitted from the generator while
listening to the output from the radio. The
object of the experiment is to determine
the degree of co-channel protection needed
to obtain subjectively satisfactory suppres-
sion of the weaker signal.

One assumption may be made about the
programme content: it may be taken that
the modulation is compressed or otherwise
kept reasonably constant in depth (such as
the signals from Radio 2 or commercial
radio). Under these circumstances, we
consider that acceptable levels of un-
wanted interference can be obtained with a
co-channel protection ratio of as little as
20dB. The total range covered on the gen-
erator’s attenuator, between virtual inaudi-
bility and almost complete ‘capture’ of the
frequency, is never much more than 40dB,
in our experience.

A development of this experiment is
shown in Fig. 2. Here, instead of having
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the generator connected directly to the
receiver, it is connected instead to a dipole
aerial of appropriate length (about 1.5m).
The attenuator of the signal generator
should be set for maximum output, and
the receiver moved away from the dipole
aerial until a point is reached where the
signals from the local generator and the
more distant broadcast transmitter are
competing — in space — for its attention.
You should find that very minor move-
ments of the receiver and/or its aerial will
produce nearly complete elimination of
one signal or the other, as far as the audible
output from the receiver is concerned.

The conclusions which we draw from
these two experiments are: (a) that 20dB
co-channel protection ratio is just adequate
for mono reception; (b) that where two or
more signals are present, moving the re-
ceiver and/or its aerial very slightly has a
marked effect on the relative signal
strengths picked up from the melange.

In the case of our idealised lattice (Fig.
1), free-space attenuation alone will pro-
vide a 12dB ratio between a transmitter
2km distant and one 8km away. We then
have geographical screening and receiver
positioning available as factors to ensure
that at least a further 8dB difference is
introduced between the wanted and the
total unwanted signals. On the face of it,
this does not seem too implausible, though
practical tests would be interesting to carry
out.

We suggest that the total power radiated
by each transmitter should be of the order
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of 2 to 10W e.r.p. — the idea being to
ensure that 2km distant the service is
limited more by co-channel interference
than by failing signal strength. The unatte-
nuated field 2km away at this level of
power is several millivolts per metre, but
we are assuming that we ought to be
reaching portable receivers in less-than-ad-
vantageous domestic locations.

Medium wave

We also looked at medium-wave, and car-
ried out a number of exploratory calcu-
lations to see what would happen when the
medium-wave transmitters of various
powers were operated. The first step to-
wards performing these calculations is to
draw up a mean propagation curve from
published data®. This curve is shown in
Fig. 3, and is compiled from the average of
two CCIR recommendations for signals at
1500kHz — one for a ground conductivity
of 3mS/m, and the other for a ground
conductivity of 10mS/m. This curve may
be taken to be valid, within a few dB either
way, for frequencies between 1251 and
1602 kHz and for the range of ground
conductivities present in and around Lon-
don.

We restricted our calculations to the
high-frequency end of the m.f. band be-
cause it seemed that this was the most
fruitful place to search for relatively quiet
channels — in daytime at least — and also
because fairly efficient aerials can be con-
structed on these frequencies without the
need for great height.

If the signal strength lkm from the
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Norman Mcleod (28) splits his time
between designing equipment for
small broadcasting stations, and
writing about developments in
broadcasting for technical and
consumer publications. At the
moment he is a partner in Wireless
Workshop — a small firm dealing in |
hospital and student radio
transmitters and studio equipment. He
has also been technical consultant to
the National Association of Student
Broadcasters since 1978. When not
immersed in some radio-related
activity, he enjoys cycling, travelling
and listening to music.

transmitter is known (and this can be
inferred from the effective monopole
radiated power) then the predicted signal
strength at any distance up to 60km from
the transmitter can simply be read off the
graph. The vertical axis of Figure 3 is
scaled in decibels relative to the signal
strength at 1km.

Figure 3 shows how this curve is used to
predict the ‘service’ (70dBp) radii of trans-
mitters using various amounts of power.
Also shown on this curve is the ‘impact’
radius — defined by the 40dByu contour,
and representing the minimum radius, at
which the occupied frequency could be re-
used.

The IBA transmitter on 1548kHz is also
shown on the diagram to provide a sense of
perspective. All three London ‘local’ radio
stations use high-power channels — chan-
nels which could (and in the view of the
author should) be used for network levels
of power and coverage. Our proposals can-
not run to the tens of kilowatts used by the
BBC and the IBA because international
clearance for such powers would not be
forthcoming. Indeed, after contemplating
‘impact’ radii and sky-wave propagation
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Fig. 3. Curve of the mean propogation taken from the average of two CCIR recommendations
for m.f. signals at 1500kHz, for ground conductivities of 3 and 10mS/m. The service (70dBu)
radii of a number of low-powered transmitters are shown with continuous lines while the
broken lines represent the ‘impact’ radii, defined by the 40dBy contour, representing the
minimum distance at which an occupied frequency could be re-used.

estimates (Table 1), we decided that we
could keep effective monopole radiated
power down to a few hundred watts on any
frequency, while providing London-wide
coverage on a pair of channels.

We take the view that new community
radio services should take the lead in ap-
plying an approach to broadcast engi-
neering which seeks to maximise the effi-
ciency with which every watt or radiated
power is used. It is clear from the data
which we have generated from our ex-
ploratory calculations that using a large
number of smaller transmitters is much
more effective than using one large one
with the same total power. For instance,
eight two-watt transmitters will cover an
area of 272km? with a field strength of
70dByt or more; one sixteen-watt transmit-
ter covers just 112km? to the same effect.
Clearly, there are economic imperatives
which ultimately point us in the other
direction. But maximising the number of
listeners per watt is probably the most
important task facing broadcast engineers
in the all-too-crowded spectrum.

The hypothetical m.f. transmitters
which we have analysed may either be used
independently, or as part of a network of
fully-synchronous transmitters using two
frequencies per service — in much the
same way as Radio 1 and Radio 2 already

cover the country. We suggested that be-
tween eight to ten transmitters, each with
an effective monopole radiated power of
about 50 to 80W, should be assigned to the
two frequencies in such a way that good
reception on one channel co-incided with
poor reception (due to multiple signals) on
the other. The problem of cyclic fading,
due to imperfect synchronisation between
carriers, and of modulation distortion due
to unequal time-delays in the distribution
network are both easier to solve on this
smaller scale. Cyclic fading can be tacked
by locking each transmitter to a common
frequency source (such as one of the
Brookman’s Park m.f. transmitters), while
the time dealys in any distribution circuit
are sufficiently small for correction circuits
to be easy and practical.

We did suggest (perhaps rather optimis-
tically) that frequencies at v.h.f. or u.h.f.
(possibly old broadcasting frequencies re-
leased by the Merriman Spectrum Review
Committee) should be made available for
point-to-point links across the city, thus
saving the expense and bother associated
with land-lines.

Conclusions

For the moment, all this can be dismissed

as just an amusing piece of speculation.
Continued on page 44
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Fig. 4. Frequencies for the v.h.f. lattice plan {above) and possible low-power m.f. operation (below). Outside London the frequencies used
may differ particularly on v.h.f. but the number of channels available for low-powered use should be about the same.
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Mixed logic

First came nand and nor, their functions being a product of the technology of the time.
Circuit synthesis procedures evolved which regarded these devices as actually
performing nand/nor logic functions. We now inherit a system which automatically
generates obscurely-intentioned circuit schematics. But all is not lost . . .

A circuit diagram is a medium of commu-
nication and is one of the most important
items of documentation linking the de-
signer with the user.

The circuit diagram of a digital system
should convey the original logic intentions
of the designer of the circuit. It should do
this directly, with no requirement for ela-
borate transformations.

— Circuit symbols should represent
combinational logic directly in and-or-
not terms.

— Correspondence between logic value
(true and false) and physical voltage
counterpart (high and low) should be
evident at any point in the circuit.

— Notation should clearly indicate type
of physical device used at any point in
diagram.

The reality

A manufacturer produces a device with the
following response to applied input voltage
signals

Ao
t—e—o0F0C

B—=—j

Fig. 1

Using positive logic convention, the manu-
facturer suggests a logic truth table for this
device

Fig. 2

And assigns a symbol to the device . . .

A= [ A
.3 APO—: )
B
B— A B—

NOT-AND NAND

Fig. 3
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Highlighted sector of Fig. 2 is the only
region that most customers consider. As a
result, a whole tradition of logic synthesis
has evolved which concerns itself with
forcing reduced expressions into a fixed
format (network of nand gates) by tortuous

by M. B. Butler

manipulation, De Morgan’s rule being
constantly invoked.

Examination of Fig. 2 however reveals
that it conceals another logic identity . . .

Fig. 4

Now make a full analysis with the aid of
Fig. 5.

“Duality. — Given a physical device charac-
terised by a table of combinations, the logic
function performed by the device is deter-
mined by the specific choices of the I-state at
its inputs and outputs . . .”

Mike Butler, M.S.E.R.T., joined Marconi
International Marine Co. as a Radio
Officer in 1961. After 62 years he went
ashore to head office in Chelmsford as a
test engineer. Work in the engineering
division led to his current position as a
radar development engineer in the
company'’s laboratories.

Positive logic
convention
A Blc /
L L H
H L H
L H|H
H H L
(a) )
\\
\\ Negative logic
convention
Fig. 5

Frars- ===

A —O
o o1 21—
1o |1 e
[ (i)
LA
1_1]o} A—
(b} & fo—C
B —
{ii)
A
PR h >t p—¢
I
0o 110, l
! (i)
Lolo]
o o1} A—d
(a} & H—¢C
B—q|

(i)
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Definition extracted from BS3939, section
21. In Fig. 5, left, we may recognize two
pairs of ‘duals’, i.e. (b) i &-iand (c) i & ii.
Examine another physical device:

tion.

The above illustration does however raise a
nasty doubt in the mind! Are the two gates
in the example, physical nor gates using

Positive logic -
/" convention

" Negative logic __
convention

Fig. 6

A —0

& —¢C
B—

(i)
A ——

21 p—=¢C
B —

{ii)
A

& p—=C
B —

(i)
A —

21 —C
B——a

(it}

It is evident from Figs 5 and 6 that one
physical device may have its logic function
interpreted in four ways, i.e. two pairs of
logic duals.

We must regard an example to reinforce
our bewilderment.

A— —
AB
& P
B— & o—lA-.B-].C__=
A B+C
C
Fig. 7

Fig. 7 above illustrates a standard sche-
matic representation of a logic function.
Without the transformation shown, it is
not possible to directly interpret its func-
tion. Re-draw the circuit, using the logic
dual concept (intentional logic):

A—

B — 21

A.B+C

B — =1 AB+C

DUAL
Fig. 8

From Fig. 8

— the ‘negation indicator’ (circle at
input/output) may be regarded as a De-
Morgan operator

— two negation indicators at each end
of a connective line, cancel the effect of
each other

— use of the logic dual clarifies in-
terpretation of a schematic representa-

WIRELESS WORLD JULY 1983

negative logic representation Fig. 6 (c)?
And are the two gates in the example,
physical nand gates using positive logic
representation Fig. 5 (b)?

We are left with the problem of identify-
ing the physical implementation of the
above circuit, with no clues to conjure
with!

Summary so far

@ Classical logic synthesis procedures tend
to generate unreadable circuit schematics.
® A logic function may be synthesized
directly in and-or terms using logic duals
(intentional logic).

@ The ‘not’ function may be implemented
easily by manipulation of the negation in-
dicator on connectives.

® Logic diagrams below do not directly
relate logic state to voltage level at each
node in the circuit, a factor which can be of
extreme significance in field servicing.

@ x ,__E
T "7 L No logic
e — ___ [ inversion
(b) X g——{
(c) X X
Logic
Tt -~ | inversion
o i.e. not
~77 | function
(d) X X
Fig. 9
Mixed logic

We must abandon the fixed convention of
positive and negative logic and mix them/
Conventional methods emphasize close

www americanradiohistorv.com

parallel between logic and voltage; mixed
logic will emphasize the distinction between
the two, eliminating the confusion intro-
duced by forcing a fixed relationship be-
tween logic and voltage.

Back to basics

The functions ‘and’ and ‘or’ are repre-
sented by the customary symbols B§3939.

AND OR
Fig. 10

Following conventions are stated

Logic validity defined as true symbol-
ized by | or false symbolized by 0
Voltage level is described as high
symbolised by H or low symbolised
by L

A new symbol is introduced to indicate
application of a convention: the ‘flag’ or
polarity indicator.

Direction
" of path fl
. f\ o ,\ 0 Dﬂ- ! -OW
Fig. 11
This is applied as shown below.
logic voltage

1 equivalentto H
0 equivalentto L
(no polarity indicator)
1 equivalentto L
0 equivalentto H
(polarity indicator used)

For example

Logic identity

X B

Flag or
polarity indicator

Fig. 12

Presence or absence of polarity indicator
serves only to define which voltage conven-
tion in force at interconnection input or
output interface of basic logic symbol, and
does not indicate reversal of logic state.

To reinforce this concept, study the fol-
lowing examples. Note that they include
two truth tables to emphasize the crucial
distinction between logic and voltage.

From Fig. 13, over,

Logic truth table remains same for each
basic identity, whether flagged or un-
flagged.

Relevant section of voltage truth table
modified where flag is applied.

The voltage truth tables above can be
taken to describe the action of a physical
device which would be used to implement
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conclusion, Fig. 15, right.

The same physical gate may perform an
‘or’ or an ‘and’ logic function under certain
conditions, a physical nand gate may
perform a logic ‘or’ function, and a physi-
cal nor gate may perform a logic ‘and’
function. This is the law of Logic Duality.

We now introduce the non-equivalence
and equivalence logic functions. Figure 16
shows the gate symbols and truth tables for
these two functions.

You are now left to prove the Fig. 17
duals, using the procedure outlined
earlier.

Figure 18 summarizes logic duals.

Voltage level changing

Given the following problem, what do we
do?

Logic Voltage
B M A B M
0 0 L L L
A= 0| o H L L
(i) & —M
1 0 L H L
B B
1 1 H H H
B M A B M
r=A
2 Y 6 L M : Flag alters
S 0 0 H L |, H | convention
AR L 1 | ie.
(ii) & M .
1| o t H [1H) | o=H
B — / ' : | 1=1L
1
i |
A B M A B M
0 L L L
A== 1 H L | H
>1+—M
) z 1| L H | H
B —
! ! 1 H H H
A B M A B M
rTA
_} Y 2 6 6 i H: Flag alters
A 1 0 1 H L VL convention
(iv) >1 Y P e
0 1 1 L oH | 0=H
— 1 ! =
B I HoH {reyr ] YEL
[ e
Fig. 13
the function. The voltage truth table of (ii) . .
describes a t.t.1. 7400 nand gate, while the  Logic duality

voltage truth table of (iv) describes a t.t.1.
7402 nor gate.

Two more examples are shown in Fig.
14,

If you now compare the voltage truth
tables in Fig. 14 with the voltage truth
tables of the previous four examples in
Fig. 13, you should come to a startling

Log|( Voltage
A B M
===
H Wil ot
|
A Lo H L
(v} & —M ' |
"HoL L
B AN ! :
Lot oA
Flag alters
convention
e
0=H
1=
-
— " H i
1
A‘B‘ (L |
{(v1) 21 M ! . :
B L
||
Ftag alters
convention
e
0=H
1=1L
Fig. 14
30
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——ed X P S W L.
) [
Not flagged Flagged
(1= H] [1=L]
Required AlB A |8
! ! H L
0|0 L H
Logic Voltage
Fig. 19

To validate the voltage truth table in phy-
sical terms, we require of course a physical
device called a voltage inverter, symbol-
ized below.

N o

Fig. 20

Our solution to the above problem is
therefore

Fig. 21

Note carefully that no logic change has
occurred; the same logic signal is present
on both sides of the voltage inverter. Sole
function of the voltage inverter is to
change woltage representations for logic
truth.

As further example for emphasis, consider
implementation of equaton M = A + B,
where

input A is flagged (I’ = L)
input B is un-flagged (I’ = H)
output M is flagged (‘' = L).

AN ol
=1 >.____BM
B
Fig. 22
WIRELESS WORLD JULY 1983


www.americanradiohistory.com

Valtage Voltoge
A B
H H
| 2 1
A— i aded [ y oL
} & M =] 21 S M
H L
8 g L
_| | S———— Lt
tn) v}
AND ...
Voltoge Voituge
A BlM
LL H 1 |
A d| L el A=
21 e M | = & —M
8 _I L H | L 8
H H L
{v) )
Fig. 15
AN I
=1 = = pb— or = t— or
— — N
AN
= b—_— = = %— or = }— or
=1 b
N
Fig. 17
— 1 | ]
%00 & p— = 21 7408 8 —=
| —r] — |
i — | =%
— | — I
TH0 — & = -4 > 7632 2 —=
p— — =1
—_— o
p— | -
%02 > = 8 ||E=
— _-_I-H'
M — 2| — = N g
J— —I
& | 2 —|
7486 =1 = = — OR = [ R
—t — | —Iy
OR = —
—l
S —Ln =
266 = = =1 — OR =1 B R
' - S I
| | {
ORr 1if—
—
. Fig. 18 ]

k<

T T T ~

Non eq'ivalence
(eaclusive -OR )

s
==
|
Equivalence

Fig. 16

M

Voltage

Voltege
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We obviously require a voltage inverter at
the A input.

A 1

B
Fig. 23

The same logic signal is present on both
sides of voltage inverter on A line. The
voltage inverter may be implemented in a
variety of other ways.

—e & |— 21 N
Cy T T T T T T T T T -
| |
‘ |
T . |
| |
| & P =1 bh— 1|
i I
| — |
| |
| |
[ U I
: .H, |

|
! | [
: N I
) 8 — 21— |
: — N I

I
[}

|
|
' l

All of these variants will be encountered in
practical circuits.

Logic inversion
What is the physical implementation of
logic ‘not’? Consider the circuits of Fig.
25.

Logic variables A and B are being physi-
cally implemented by the same voltage on
wire. The logic tables above are derived
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{a)
A B

(b)
A B

(c)
A B

{d)
A B
\ /

Length of copper wire
Fig. 25

Voltage Logic
on line
SAKB
H 17T iB=a)
L 0| o0
AlB
H 0|0 {B=A]
! !
A lB
H ! [ (B =A)
0 !
pAEB
H 0|1 (B=A)
L ! [

from voltage on line (H or L), logic states
depending on the presence or absence of
flags at A and B. In cases (a) and (b) no
inversion occurs. However, in cases (c)
and (d) the logic truth table indicates logic
inversion (logical not).

To summarize: logical not operation

occurs over a piece of wire on which
voltage convention is ‘switched’.

To guard against any tendency to
wonder about an error in the circuit dia-
gram, an oblique ‘slash’ . . .

/
/

is placed across any line over which logical
not operation has occurred.

The logical not operation is thus clearly
identified on the diagram, and shows that
voltage convention has been switched:

A B i
B=A

A B
L B=A

A 4 B
£ B=A

A 4 B

Fig. 26
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The presence or absence of a ‘polarity indi-
cator’ also serves to define voltage conven-
tion in force at a ‘labelled’ input or output
to combinational logic network, and js as-
sociated with validity of ‘label’ at these

points, Fig. 27.

Last words

Adoption of the system presented means
total reversal of an outlook drilled into a
generation of students by basic classic
textbooks, and I confess to performing
many mental gymnastics in the process of
re-conditioning my thinking. During this
procedure however, many nasty rule-of-
thumb habits were discarded.

With regard to design of combinational
logic circuits, the technique is very power-
ful and results in economical design.
Greatest advantage lies in the fact that the
designer works in pure logic and only re-
verts to the physical world when choosing
devices to implement the design; at which
point a few voltage inverters transform the
circuit into the real world.

Use of duals in circuit diagrams appears
to upset users who encounter this repre-
sentation for the first time, and the res-
ponse is very typical: “This is all very nice
and academic of course, but how will the
p.c.b. layout draughtsman and service
technician be able to identify the physical
type of, say, IC3g and IC;3,?”

The answer lies of course in the fact that
manufactured devices are always in ‘and’,
‘or’ nand or nor form, i.e. they don’t have
flagged inputs. Therefore on encountering
a gate with flagged inputs a mental dual

transformation is all that is necessary, Fig.
28.

Continued on page 35
INPUTS
B
_ Write =
Write/read emeDN -
Read = H write /read
- [Read = H
Read/write eI - _ ®i_.._
write = L Read /write
QUTPUTS
_—— e DN Vector ———
Vector
[Vector = L ]
——— Vector _—— 4®
Vector
{Vector = H ie.vector = ]
Fig. 27
: 1 4 — ] >1 6
>t P = & I anp & = —
Z — 3 r
_% _— S 5
1C 1C IE31 1[31
0 [NAS%] [NAND]
Fig. 28
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300baud full-duplex

modem

Most designs featured in magazine articles have been acoustically coupled and have not
met any previously adopted standard for frequencies. This design directly couples to the
telephone line, giving better security and lower error rates, and uses standard data

The unit has been designed to meet British
Telecom specifications but as these include
the standard of construction and layout it
cannot therefore be said to be BT
approved. But if all the layout instructions
are followed the unit should meet with BT
approval. This can be done locally through
the Transmission Efficiency Officer or by
submitting an application to

Telecom HQ
Marketing Executive
R.C.S.D.

Tenter House

45 Moorfields
London EC2Y 9TH

The modem offers the facility to originate
or answer the call manually, or by using
the auto answer unit it can be used as an
auto-answer modem. The unit is designed
to be compatible with the BT Datel 200
service to give data rates of up to 300 bit/s.
Duplex transmission over two wire circuits
is achieved by using frequency-division
techniques, as shown in the table. Two
channels are used with the following
frequencies

Channel 1 980Hz—binary 1
1180Hz—binary 0
Channel 2 1650Hz—binary 1

1850Hz—binary 0

A protocol must be established so that one
channel is used in one direction of
transmission and vice versa, by creating

channel frequencies

by Des Richards

call and answer modes of operation.

Call mode Frequency Answer mode
designation
980Hz~—binary 1
Channel 1
1180Hz~ binary 0
1650Hz—binary 1
Channel 2
1850Hz~ binary 0

Transmit Receive

Receive Transmit

Using this convention the contention of
two modems trying to transmit to one
another on the same frequencies will not
arise provided that each modem is in the
complementary mode.

To enable duplex transmission over a two-
wire circuit the transmit and recieve
signals must be separated by the use of a
hybrid transformer and transmit and
receive filters. The hybrid transformer also
provides a d.c. loop on the telephone
circuit to hold the call. This is required on
both the originating call and the answering
call to indicate to the exchange equipment
that the line is in use. The transformer
must be able to carry a primary direct
current of up to 120mA and not saturate,
thus enabling a.c. signals to be sent and
received through the transformer without
attenuation. Both the transmit and receive

Carrier det
Hybrid
transformer
Rx filter Demod Data out —<
——
Two_]
wire
[ Tx filter Mod Data In —0
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signals are buffered by zero-gain amplifiers
to give a stable impedance of 600 ohms to
the hybrid and they also provide a degree
of protection to the filter against high
voltage transients which could be induced
into the transformer from the telephone
circuit.

The filter consists of a single integrated
circuit specifically designed for modem
use. It is the Reticon R5631, a monolithic
i.c. containing two ten-pole switched-
capacitor band-pass filters fabricated in n-
mos technology with a 16 pin dual in-line
package (see below for pin connections).

1 : 1
] timiter out

VSS

Limiter in * [l Analogue ground

Receive out [} © 1 Mode

) : ] Crystal out
) ___] Crystal in
Transmit in ] ) Self test
Digital ground ﬁ E . ] Gain adjust out

Receivein [| - ¢ - " | Gam adjust n
gl —9

Included in the chip is a receiver gain-
control stage which is externally variable
from O to 20dB, a separate limiter for use
with the receive output, a clock oscillator
and t.t.].-compatible switch inputs for self-
test and mode selection, Fig. 3. The self-
test mode gives the ability to loop the
modulator and demodulator together via
the filter and thereby enable local testing
to be carried out.

The mode select and self-test gives the
following combination of filters.

Modulator

The modulator is built using the XR2207
f.s.k. modulator i.c. which gives phase
continuous output, the frequency of which
is determined by C¢ and the resistors Rj-Ry
selected by the logic combinations on pins
8 and 9.

The XR2207 provides two outputs, one a
square wave on pin 13 and the one used in
this application is a triangular waveform
on pin 14. Use of the channel-select input
on pin 8 gives the ability to change channel
when the modem is switched between the
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To auto answer unit

A B

470

p.o

line 300

+5V

.

[

600

-Q+12V

l 100n
s

10k LK7

A INL148

Data
tnput

L7

Mode

select & IN6148

3% <47k

-12VO—4 79L05

—0 0V
All ten -turn

)

O +12V

TSelf test

Mode
select

g 10k

10k

% 470

XR2211

§Lk7

y //Corrier
 detect

lé

47k

Hold rly.
drive

INGIL8 18k

*D)&sm

out
+12V

INLOO?

L

= 100n

1

4n7

18k

470k

BC107

100k

10k

N4

18k
BC107

101
BC107
L7

1

-0 0V

Clock
oscillator

Transmit

input 1%

Receiver
input

Receiver
gain
control
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Lowband filter

Lowpass
clock

N\

Highband filter

filter

Limiter

—

Lowpass
clock
filter

!
!

-0 -12V

Transmit
output

|
(O Output

‘—;—O [nput

Receive
output

This switched capacitor filter chip is
Reticon 5631. Adjustable resistors

around 2207 circuit (top) are Ry; to Ryy
in text.
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call and answer modes.

To set the frequencies of the modulator
follow this procedure. Apply a logic | to
the data input and select channel one by
applying a logic 0 to pin 8, this can be done
by switching to originate mode. Adjust
Ry to give an output frequency of 980Hz.
Then apply a logic 0 to the data input and
adjust Ry; to give 1180Hz at the output.
The adjustments must be done in this
order as Ry, affects both the low and the
high frequency whereas Ry; only affects
the high frequency.

The same procedure applies to set
channel 2 frequencies. This is done by
selecting the answer mode and applying
logic 1 to the data input. Resistor Ry; is
then adjusted to give a frequency of
1650Hz. The data input is then set to logic
0 and Ry, adjusted to give an output
frequency of 1850Hz. The output level is
adjusted to give —10dB into 600ohms at
the two-wire line side of the hybrid
transformer. This completes the alignment
procedure for the modulator.

WIRELESS WORLD JULY 1983
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Since he qualified in communications in
1972, Des Richards has been an
engineer on a local radio station. He
also runs a small business designing
and supplying specialist equipment,
and finds time to build model steam
engines and fly light aircraft.

Demodulator

The demodulator is built using another
Exar circuit, the XR2211 which is a
monolithic phase-locked loop device. It
consists of a basic phase-locked loop for
tracking a signal within the passband, a
quadrature phase detector that provides
carrier detection, and an f.s.k. voltage
comparator circuit that provides f.s.k.
demodulation. It will detect a signal
between 2mV and 3V and has a built in
a.g.c. preamplifier. The centre frequency,
bandwidth and output delay are set by
external components, centre frequency
being determined by C; and Rp
Adjustment of Ry is as follows.

Open Rs and monitor pin 13 or 14 with a
high impedance probe. Don’t try to adjust
the centre frequency by monitoring Cy
with everything connected and no input
signal applied.

The two centre frequencies are adjusted
in the same way. Select call mode and
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Rx O O Rx Rx H Rx
in out in out
Tx O——] H —o—0 Tx Tx L Ty
in out in out
(Input logic 0) ( Input logic 1)
Self test
Rx L Ry Ry H Ry
in out in out
Tx H Tx Tx L Tx
in out in out
Answer * Originate
(Input logic 0) { Input logic 1)

Self-test mode allows modulator and demodulator to be looped together
through the filter for local testing. Diagram shows mode and self-test filter

combinations.

adjust the frequency to 1750Hz and then
select the answer mode and adjust the
frequency to 1080Hz. This completes the
alignment of the demodulator.

The carrier detect output drives the hold
relay on the auto-answer board, and also
gives a status indication of carrier being
present on the circuit. The complementary

output to this is connected to the data
output circuit to hold the output to a logic
1 (=12V) when no carrier is present. This
prevents spurious data from appearing on
the output when no carrier is present. The
output of the demodulator is unipolar and
is converted to RS232 by an op-amp buffer
to give +12 volts. To be continued

Continued from page 32

With regard to servicing, one is only con-
cerned with reading the logic action and
checking voltage levels at specifically
numbered pins on labelled i.c. packages
(assuming a silk-screened p.c.b., and suit-
able documentation). It is only when re-
placing a defective package that one must
identify its physical type, and this informa-
tion should be present in the documenta-
tion.

Example

With (a), (b) and (c) representing spare
gates, which two of three shown can be
connected to fulfill the function of the
network illustrated ?

How will the network be represented in
mixed logic notation? (For maximum
clarity of operation.) VW

WIRELESS WORLD JULY 1983

Nefwork

Only I1t when
/) all three
buttons pressed

Fig. 29 (a)

(b)

{c)
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for minors

Eight million pounds of Government
money is 0 go toward new computing
equipment and up-grading existing com-
puters in schools and colleges of further
education.

The extension to the Micros in Schools
Scheme consists of 50% funding to allow
RM380Z and BBC Model A computers to
be converted. The Research Machines
computer will be provided with 56K of
memory (formerly 32K) and the graphics
board with software, while the BBC design
in its Model B form is to have disc drives
and an Econet interface. Both computers
can be supplied with a Microvitec colour
monitor and a Walters printer. As an extra
to the computers, the Government will
also assist schools to buy a Buggy, which is
a three-wheeled robotic device by Econo-
matics, controlled by the computer, which
will adaptively follow set paths, detect and
delineate objects, operate a pen and find its
way towards a given point. There is also
Vela, which is effectively a multipurpose
measuring instrument for voltage, fre-
quency, waveform generation, transient
capture and data analysis, being a central-

More micros

hardware, programmmable-function de-

vice.

A further scheme — CNC Machine
Tools in Further Education — has as its
aim the equipping of colleges with compu-
ter numerically controlled tools of various
types, again on a 50% basis.

Announcing the CNC programme, Ken-
neth Baker MP, Minister for Information

Buggy for BBC com
puter, available as a kit,
Drive wheels are controlled
by stepping motors and twelve
programs enable Buggy to explore,
seek a light source, follow lines and, so we

are told, compose music by means of bar codes.

Technology, said ‘“This scheme follows
the enormously successful micros for
school schemes, as a result of which the
UK has achieved the greatest progress of
any country in technological education for
young people.”

More than 6500 secondary schools have
already received microcomputers under
the scheme.

934MHz changed to
meet European
plans ...

"UK 934 MHz citizens’ band is to be moved
downward by 12V2kHz following a Home
Office decision to fall in line with a recent
international channelling agreement for
Europe reached by the Conference of
European Posts and Telecommunications
Authority, CEPT. Other technical re-
quirements for 934MHz remain un-
changed and existing sets may be used for

the present. Dates by which existing sets

must be modified and sets being manufac-
tured must conform to the new channel
requirements have yet to be fixed. Amend-

ments to Home Office performance speci--

fication MPT1321 are being made to ref-
lect the new channel plan.

... for whom?

Currently only one UK manufacturer,
Reftec, makes sets for 934MHz and
according to the company’s main distribu-
tor, 934 Communications, some 500
transceivers have been sold since Reftec
first started manufacturing some 15
months ago. But a second company, Bee-
ware of Harrogate, is about to break the
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monopoly by selling a 934MHz transverter
that can be used with existing 27MHz sets.
Beeware expects to sell around 1800
transverters in the first 12-18 months, a
figure representing 2Y2% of the existing
75 000 official and unofficial c.b. op-
erators.

Prices of a basic Reftec transceiver and a
Beeware transverter with a 27MHz set are
almost the same, working out at around
£250, but the second option is more attrac-
tive to those who already have 27MHz sets
and to those who want to operate on both
bands. But according to Don Lane, a
spokesman for 934 Communications,
“Beeware cannot be serious. Japanese
companies need an order of 10 000 before
they will manufacture anything and there
just isn’t the market for that number of
sets.” Technical Director of Beeware, Bill
Dewhurst replied “Of course we are
serious. We have carried out a feasibility
study, spent money and liased with the
Home Office on the specifications — had it
not been for the recent changes, our pro-
duct would be on the market now.” Sanwa
make the company’s 27MHz set but Mr
Dewhurst could not tell us who was manu-
facturing the Grandstand transverter ex-
pected to be available by the end of July.

Sets conforming to a European standard
can potentially be exported. When ap-
proached on this subject, Dewhurst said
“the snag is that the Japanese like to do
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things their own way. Exporting Japanese
sets from the UK would not be easy but we
have plans to manufacture in the UK, in
which case we would be looking into ex-
ports. We have a design for a complete
934MHz transceiver and are looking into
other fields of communications like marine
and land-mobile radio and satellite tv.”

Lasers and
radiation safety

Rapid increase in the use of lasers in both
industrial and commercial has led to a
complete revision of the BSI standard on
laser radiation safety which has been in
effect since 1972. Radiation safety of laser
products and systems, BS 4083, has been
published in advance of an international
standard, which is an infrequent occur-
rence, and it could be that ISO in Geneva
will base their standard on its content.

BSI says “It is impossible to regard laser
products and systems as a single group
since hazards vary according to factors
such as wavelength, power and energy of
the beam and duration of the emission.
Eyes are the organs most at risk because
the incoming visible or near infrared beam
may be focussed on the retina to a 10 to
200um spot which raises energy density by
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up to half a million times. High irradiance,
either direct or reflected, may cause skin
damage. Other potentially dangerous
sources are power supplies and cooling
agents sometimes used.” The standard is
in three parts, one covering determination
of maximum permissible exposure levels in
a summary of biological considerations,
one specifying manufacturing require-
ments, and a user’s guide covering safe
operation, maintenance and servicing of
lasers.

NRPB, who are more concerned with
biological effects of lasers rather than with
mechanical construction which is BSI’s

main concern, plan to publish a review of
maximum permissible limits for exposure
to laser radiation in about six months at the
request of the Health and Safety Execu-
tive. This information is used by BSI as a
basis for its standard. A further consulta-
tive document on laser radiation hazards
from NRPB is due in about a year.

@ Finalization of the consultative docu-
ment concerning non-ionizing radiation
limits summarized in Wireless World, April
1983 has been delayed “‘slightly”” due to an
unexpected influx of comments and ques-
tions at the NRPB, particularly concerning’
e.l.f. radiation.

Racal gets 25 years in cells

Racal Millicom has received a 25-year
licence to run a mobile telephone service
based on cellular-radio technology but
according to the Dol, the competing
licence to be held by the BT/Securicor
consortium “is still to be issued.” The
licence requires that the service must start
no later than 31 March 1985 — unless the
holder has a good excuse — and that 95%
of the population must be served by 1989.
When asked why BT hadn’t got its
licence yet, a spokesman said: ‘“We are
working toward providing a cellular radio
service in early 1985 — the licence is inci-

dental, and there’s no need to have it
immediately.” On the other hand, Racal
could not tell us anything more than what
is in the licence and how much it costs
(£1,000 initially then £1,000 p.a.). When
asked when production of equipment
might start — or indeed when anything
concerned with cellular radio might start
— Racal replied “we’ll let you know.”” But
as we write, the election looms and one can
say that it is likely to be more embarrassing
for a Government to retract a licence than
it would be to refuse to issue one in the
first place.

s ———— e T T S e —— R ——————

In brief

An agreement to support European Com-
puter Manufacturers’ Association work to-
wards proposed CCITT electronic mail
standards was signed on 29 April by seven
companies — ICL, Rank Zerox, Ferranti,
CII Honeywell Bull, Olivetti, ITL and
Logica.

City & Guilds Radio Amateur course 765
starts at Oak Farm centre, Chaucer Road,
Farnborough, Hants on 22 September.
For further details telept.one 0252 540084.

Incorporated Practitioners in Radio and
Electronics, IPRE, is reborn under the
wing of the Society of Electronic and
Radio Technicians. Providing professional
services to engineers involved in domestic
and industrial electronics servicing, IPRE
bases its entry levels on City and Guilds
courses and is the only institution open to
the many service technicians whose study
is not normally recognized because of its
practical nature.

Infrared astronomical satellite IRAS
spotted a comet approaching us at 28km/s
on 11 April and estimated that it would
miss Earth by 4.5 million kilometres on 11
May, appearing faint but several times the
size of the moon.

Digital v.c.r. with metal powder tape

Using recently developed metal-powder
coated tape and a modified domestic video
cassette recorder, researchers at NHK
laboratories have demonstrated that high-
density digital recording can give better
results than conventional analogue v.c.rs.
The researchers say that given some im-
provement in head sensitivity and tracking
accuracy, the digital v.c.r. will consume
less tape than its analogue counterpart and
produce good picture quality.

Digital circuits used are the same as
those developed for NHK’s 1979 digital
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Calculated results of recording density for
metal powder vs conventional tape. With
good head sensitivity and tracking
accurac;g recording density for metal tape
is 5.5um*/bit.
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v.t.r. experiments but using trial samples
of Fuji’s metal powder tape has allowed
recording density to be more than
doubled, to 3kbit/mm. With the same tape

consumption as a conventional recorder,
digital rates of 216Mb/s were achieved.
This experiment is outlined in NHK
Laboratories Note No 218.

General specifications for NHK's experiments in high-density digital recording for video
signals. Digital circuits for both experiments are the same but qsipg metal ppwder tape
has double recording capacity. Characteristics of reproduced digital video signal are also
given. ""There were many dropouts because a trial production metal-powder tape was
used, but error rate could be reduced to one tenth of this value by using a mass-
production coater in the tape manufacturing process.”

High-density recording
experiment, 1982

Tape Fe metal-powder coated Cobalt iron oxide,
{trial product) CoFe,03

Head Sendust metal head Ferrite, single crystal MnZn

Recorder Domestic VHS cassette One inch helical v.t.r.
video recorder {SMPTE C)

Tape-to-head

relative speed 11.6m/s 25.6m/s

Bitinterval 0.33um 0.73um

Density 3kbit/mm 1.4kbit/mm

Track width 45um 40pm

Track pitch 58um 60um

P.c.m. coding 3xfgc, 6bit/sample 3xfg, Bbit/'sample

Recording 2 channel 3channel

Reproduced signal s/n ratio 35d8 31dB

Biterror rate 2.5x107¢ 1x107¢

Bluck error rate 3x1073 3x1074

Remaining errors 2 blocks/min no error

Experimental v.t.r.,
1979
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MOS power device with
thyristor on res:stance

A mos gate-controlled power switch with
an on resistance comparable to that of a
thyristor has been developed by RCA. On
resistance of v-mos power devices rises
with increasing drain-source voltage capa-
bility, limiting their high-voltage applica-
tions, but the newly structured device ex-
hibits an on resistance ten times lower than
standard state-of-the-art mosfets with the
same size and voltage rating. RCA scient-
ists have manufactured several hundred of
the devices, called Comfets (conductivity-
modulated fet), some 1.5mm? and some
3mm?, and nearly all of the larger chips
had on resistances of less than 0.1} at
20A.

Typical experimental Comfets with 8A
anode current took lus to turn on but
between five and 20us to turn off, which is
relatively slow. The n-p-n-p structure of
the device is similar to that of a thyristor
and it can be made to latch using high
drive currents. In the larger devices
latching occurred at between 10 and 30A,
depending as one would expect on tem-
perature and anode voltage. But an in-
teresting feature of the device is that
latching current is also strongly influenced
by gate turn-off time. Slow gate turn offs
of around 10us permit anode currents up
to 30A without latching but a rapid gate
turn off of less than lus leads to latching at
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Comfet — a new mos gate controlled
power switch with an on resistance
comparable to that of a thyristor.
Experimental devices produced by RCA
researchers have on resistances lower than
0.102 at 20A.

much lower anode-current levels in the
region of 10A. The Comfet is detailed by J.
P. Russel, A. M. Goodman, L. A. Good-

Obituary

Lawrence Henry Hewes Cooper, ‘Dick’
Cooper to his many friends and associates,
died in hospital last February following an
operanon

Born in 1912 and educated at Dulwich
College, he spent a lifetime in electronic
engineering. In his early career he worked
with P.G.H. Voight at the Edison Bell
Company, where he was involved in sound
recording and reproduction. In 1933 he
joined British Acoustic Films and worked
on the design and installation of recording
equipment at the Gaumont British Studios
‘in Shepherds Bush. By 1935 he was
working independently on the design of
battery charging equipment using wet
tantalum rectifiers, work which, coupled
with other developments, led to the forma-
tion of Correx Communications and Cor-
rex Amplifiers. During this period he took
out a patent for a modified form of push-
pull drive circuit using a double-wound
choke in place of the resistance or transfor-
mer feed circuit then in current use.

In June 1948, Transformer Equipment
Ltd was founded and was soon serving
many of the best known names in the
electrical engineering industry. In addition
to a wide range of other transformers, from
1958 the company made well known and
widely used ultra-linear output transfor-

-mer designed by J. Somerset-Murray.
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Lawrence Cooper’s phase-splitting circuit
was the subject of an article in the 22
October 1937 issue of Wireless World. At
that time, centre-tapped inter-valve trans-
formers had been widely used for driving
push-pull output stages but the demand
for high-fidelity reproduction had led to
resistive phase splitting circuits being in-
troduced which became inefficient with
low h.t. supplies. Mr Cooper’s solution
was to use a double-wound choke in place
of the phase-splitting resistors to give a
greater anode voltage with a lower poten-
tial difference between heater and cathode
at low h.t. supplies.
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man and J. M. Nielson in JEEE Electron
Device Letters, vol. EDL4, no 3, March
1983.

4Mbyte micro-floppy

Using a different approach to perpendicu-
lar magnetic recording, Sony claims to
have produced the highest density magne-
tic recording ever, with a linear density of
2.58kbit/mm. This represents an improve-
ment of 31 times that of a S1/4in floppy
disc or eight times that of a high-density
microfloppy. Toward the end of last year
Toshiba claimed a 27-fold improvement
over conventional floppy discs for their
p.m.r. technique (February News) and
although this figure is lower than the latest
claim, Toshiba indicated their disc and
drive was ready for manufacture whereas
Sony’s development is still in the experi-
mental stage.

Effects of magnetic properties and
thickness of single-layer cobalt-chromium
media on perpendicular recording with a
ring-shaped head are discussed in JEEE
Transactions on Magnetics, vol. Mag-18,
no. 6, November 1982. In this experiment
Sony researchers achieved a recording den-
sity of 4.5kbit/mm using a ring-shaped
head but the disc drive more recently des-
cribed uses a w-shaped head to give a
recording density of 2.58kbit/mm. To-
shiba uses a ring-shaped head in its drive.

Corrections

High-impedance electronics. In the first
paragraph of this article, which appeared
in the April issue, a line was dropped. The
relevant section, nine lines into the
paragraph, should read *“. . . it saturates at
S00 to 600mV as the junction becomes
forward biased (Fig. 2). If the diode is
connected between ‘real’ earth and the vir-
tual earth . . .”.

Domestic alarm system. Several errors
occurred in this article, published in the
March issue. In Fig. 1, V+ should go to
the right of the fuse, and C; (unlabelled) is
connected to pin 4 of gate A. The Disarm-
in line should continue to the disarm
switch, bypassing pin S of IC;, and the
1uF capacitor across IC, should still go to
pin 5. Diodes across the relays are
IN4001, and the resistor on pin 4 of ICs
is 680k not 220k{). The caption to Fig. 2
shows a 25s delay, not 20s.

In Fig. 3, the capacitor on pin 4 of ICy,,
is 47uF, 16V and ICyo is a 7555. The
switches should be S; and S4, not §; and
S,, which are fire and disarm in Fig. 1.
Capacitor C is on pin 2 of ICy(). Lines 14
and 15 of the first paragraph of page 30
should refer to FIRE, not FIRE, and line 2
of this page should say “IC; input”.

The third line of paragraph two of the
section headed ‘Control unit’ should refer
to a 30s delay.
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Organ interface for
microcomputer

Principles used for each section of the software for the Nascom 2 organ interface and
music editor, described in the June Issue, with source code listings for the critical

The software is described in four sections,
see panel. The first enables the microcom-
puter to repeat a performance made on the
organ, with variation of speed, whilst the
second provides the edit functions. The
third section allows music to be typed into
the microcomputer, and the fourth (in
Forth) provides simple polyphonic extem-
porization.

The first section comprises only about
150 instructions. Only the first two sec-
tions were conceived when the interface
was originally designed but to date the
software has obstinately refused to stop
growing.

Read and play routines

The system now has 24 register pairs. Two
groups of 24 bytes of ram are designated
console fields 1 and 2. When the read and
play modes are entered, the console fields
are set to represent the console switches
with all keys off (status 0) and all stops
cancelled (status 1). The PIO is then set up
to mode 01 (input) and the interrupts are
enabled, as described by the source listings
given in List 1. It is worth commenting
that four levels of interrupt have to be set:
c.p.u. interrupt mode 2, PIO port B in-
terrupt, c.p.u. enable interrupt, and
pending interrupt disable. The last of
these was particularly vexing: even Mostek
did not seem to know about it when they
wrote the provisional data sheet on the
MK 3881 PIO. It was finally laid to rest on
page 109 of the Mostek 1979 Microcom-
puter Components Data Book. The
address of the routine which services the
interrupt is kept at the vector address.
Once the PIO and c.p.u. are ready to
accept an interrupt, the microcomputer
enters a wait loop which includes a scan of
its own keyboard for the read-mode direct
commands. On the Nascom 2 with NAS-
SYS 3 this is accomplished very simply
with the routine “in”> (DF62H) which
transfers the ASCII code for any character
typed to the A register. When the inter-
rupt arrives from the interface hardware,
operation moves to the interrupt service
routine (List 1) and the first byte is read in
through port A to console field 2. The
remaining 23 bytes follow at about 20us
intervals. Operation relies on the hardware
working slightly faster than the software
(which necessitates a short wait loop if the
c.p.u. is running at 4MHz) but the
hardware and software are re-synchronized
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elements.

By R. D. Easson

after each byte because the hardware has to
wait for the ¢.p.u. to raise the ready line.

Thus the status of each register is read
into the appropriate place in console field 2
once per frame. Before operation returns
to the wait loop for the next frame (i.e. as
part of the interrupt service routine), the
new console field is compared byte by byte
with the previous one. If there has been no
change, the null frame counter (n.f.c., a
two-byte variable) is incremented. If some-
thing has changed, the contents of the
n.f.c. and the number and revised status of
the register or registers which have
changed are read to the data field (which
normally starts at 1340H) and the data
field packed data pointer is incremented
accordingly to the start of the next frame.
Thus a frame comprises 3+2n bytes in-
cluding the frame byte when n is the
number of registers whose status has
changed. The packed data and other
pointers are sometimes parked in a
scratchpad area of ram but where speed is
important they are kept in register pairs of

Software

breaks down

into ...

1. The read and play mode routines for
transferring the data between the
microcomputer and the organ, in-
terrupt-driven via the PIO, and for
converting this to and from data for-
mat.

2. The edit routines, based on a scan of
the microcomputer keyboard in play
mode and block transfers of sections of
data in data format.

3. The translate mode routines for trans-
lating music typed into the microcom-
puter from entry format into data for-
mat, mainly by means of look-up tables.

4. A vocabulary of some 60 words in
Forth (about 4K of compiled Forth
code) which operates on both the dura-
tion and event components of themes in
data format to produce some simple
polyphonic extemporizations, includ-
ing some basic harmonization rules,
which could quite easily be extended.
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the Z80 or where necessary on the stack.
Both sets of registers are used to provide
sufficient pointers for comparing console
fields 1 and 2, which is probably faster
than using the index registers would be.
The source code for this part of the in-
terrupt service routine is given in List 2.
Once the information has been extracted
from console field 2 it is transferred to the
console field 1 position so that console field
2 becomes free for the next frame.
Operation in play mode is simpler than
in read mode because comparisons are not
required. As before, a console field is ini-
tiated and the PIOQ and interrupts are

.enabled in the same way, except that dif-

ferent vector and interrupt service routine
addresses are used and that the PIO is set
to mode 00 (output) via port B. The wait
loop is then entered and includes the
checks for the play mode direct com-
mands. When the interrupt arrives, the
console field is trundled out through port
B into the 4094 latches and the n.f.c. is
decremented.

Operation then returns to the wait loop,
which includes a check of the n.f.c. When
it reaches zero, control passes to the up-
date console field routine, which takes less
than one frame period. This routine
inspects the next byte in the date field. If it
is a frame byte, the next value of n.f.c. is
taken and the process continues, but if it is
a register number the revised status of that
register (the following byte) is read to the
appropriate position in the console field
and so on until the frame byte is reached
(software couplings can be introduced at
this stage). Operation then returns to the
wait loop so that when the next interrupt
arrives the revised console field is read to
the console latches.

Console field 2 (read mode) or the
console latches (play mode) are reset for
every frame whether or not anything has
changed. Should an error occur due to
triggering of the interface hardware by a
noise spike (a rare event) it will quickly be
corrected, normally within one or two
frames. Similarly, the synchronization of
hardware and software is achieved one or
two frames after the execution of the play
mode and read mode routines.

Edit routines

The principal edit routines are effected by
the play mode direct commands ] (join)
and E (edit) once the edit points have been
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selected. The principle is directly anal-
ogous to splicing tape recordings in that
the Z80 block transfer routines (LDIR and
LDDR) are used to move sections of a
recording in data format from one part of
the ram to another, with frame bytes
overlaid. The lowest and highest source
and destination addresses, as appropriate,
are kept in a scratchpad area of ram for
loading to the HL, DE and BC registers
when everything is ready. Join throws
away the intervening section (unless it has
been kept by K (keep)) whilst edit inserts a
new section as stored by keep. The edit
routine needs to check whether the new
section is longer, shorter or the same
length as the old one using the length of
the block from the highest edit point to an
arbitrary upper limit, normally set to
C000H. The lowest address for K is
DO000H; it can therefore store about five
minutes of music (below F600H), whilst
edit can accept an extra two minutes or so
without interfereing with what has been
stored by K. Clearly the limits can be
changed if this is not adequate.

Most of the remaining play mode direct
commands either are simple conditional
branches or cause modifications to frag-

rather than assembler, whilst being fast
and compact. The two things to remember
are firstly to keep a note in the source or
reference listing of what is changed and of
everything that changes it and secondly to
remember to restore the program even-
tually. Entry points should also be clearly
marked as a precaution against later
changes to the code being entered, and one
needs to be mindful of the branching
protocol.

Early during the development of this
system, the p.d.p. was parked in video
ram between active frames to provide an
indication of operation. It was soon found
convenient when editing to decode the re-
sulting hieroglyphics into a four-character
address in hexadecimal.

Translate mode
The principles of operation are:

that the note values (durations) are
translated directly into values of the null
frame counter, incremented or decre-
mented for each following + or —
respectively;

the stop key codes are first translated
into the appropriate register number

one of the eight directory characters H, R,
P,S,T,L,;and: . For H,R,Pand T the
next two characters are converted to look-
up table addresses. For'S, there is a further
directory of three characters (H, R and P)
which enable the same two-character stop
codes which follow it to be used on each
division of the organ.

Some care was needed over the con-
struction of the look-up table. There is a
trade-off between the complexity of the
conversion process and the size of the
table, which ended up with 384 bytes
spread over 2.5K of memory (F600H to
FFFCH). The interstices are not wasted:
they gradually filled with various sub-
routines and other scraps of program.

The first step in constructing the look-
up table was to provide a complete set of
addresses for the notes C1 to C5 (or C6)
including “black’ notes. Then two more
such sets for the other two divisions are
required, plus three further sets for stops
and one for pistons.

To make it easier to avoid clashes, the
table was divided exclusively by the second
least significant half-byte of the 16 digit
code, as follows:
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ments of code. For example, P (pause) in and status by means of a look-up table. Hauptwerk stops 0,1and2
read mode merely removes the enable in- The register status is then added or Natural keys and pedals 3and5
- . . . (13 »
terrupt in the wait loop. Short cuts of this subtracted from the current status in the Black” keys and pedals 4and 6
kind may not be good practice, but they console field. Pedal stops 7,8and 9
are very convenient for a relatively simple Rugpositiv stops A,BandC
control program written in machine code In each code group, the first character is Thumbpistons Dand E
LAy 280 Assembler - Source Listing ZEAF 780 Assembler - Source lLastung
1200 2500 SETLO ORG  1200H ¢ AF 373 SET FIO & WAILT 1252 3000 RMISR ORG 1752H § AF38 3 READ MODE
1200 2510 ENT 1252 3010 ENT INTERRUFT SERVICE (contd.)
1700 SERZ 2520 LO A £ERZ 3) Set vector address to 1252 21180D 3020 LD HL 0D18H 3 Init. 2nd frame Polnter
1,02 D3NS 2530 out (6) A $) 10B2 (see 120A) 1255 D9 3030 EXX
1204 3E4F 2540 LD A 4FH 1256 0618 3040 LD E‘ 18H 4 Number of frames
1706 D306 2950 outr 4y A } Set PIN mode 01 {input) 1258 11000D 3050 LD DE’ DDGOH 3 Imit. 1lst frame polnter
108 FDSE 2560 IM 2 3 Set CPU Interrupt Mode 2 125 000000 3040 DEFE 0 0 O
1v0A JELO 270 LD A 10H 18 12%F 0E00 3070 LD cs 0 4 Null Frame Detector = 0
1200 ED47 2580 LD Iea ) Set I Register 1260 1A 3080 LD A (DE’) i 1st frame byte to A
1708 1146000 2590 LD DE &60H 3 Set Frame Count for test 1261 D9 3090<_1 EXX
1211 €400 2600 ADD A D 3 Set Flags 1262 96 3100 SUR (HL) $) Compare bytes from st &
17173 3E07 2610 LD A 7H 3) Disable FIO Fort B 1263 CALELD 3110 JH 7 126EH $) 2ng framecs, hop if same
1215 D307 2620 aur (7Y A $) interrwpt (Comtrol 7) 1766 7L 3120 LD A (HL)Y 3) 2nd frame byte to A af
1217 DEO4 2630 IN A (4) 5 Imitiate Fort A RDY 1267 D9 3130 EXX H Y 1t was daifferent
1219 3td7 —» 640 LD A B7H 3) £rnable FIO Fort A 1268 0C 3140 INC CF 3 Imc. NFD
121t D30s 2654 aut (&) A 3) anterrupt (Control 6) 1769 73 3150 LD {HL’) E’ ;5 PDF puts rearo. to DF
1210 fE 2660 EL H Ernable CFU lrnterrupt 126A 23 31460 INC  HL’ 3 Inc. FDP
1716 00 2670 NOH 126E 77 3170 LD (HL’) A s FDF puts req. status to DF
121F F3 2680 DI H Disable CRU Interrupt 126C 23 31890 INC WL’ 3 Inc. PDFE
1420 307 2690 LD A 7H 3) Disabile PIU Fort A 126D D9 3190 EXX
1222 D306 2700 OuT 6) A $) Interrupt 126€ 23 3200 INC  HL y Ine. 2nd frame Pointer
124 DI 62 2710 DEFW 62DFH 3 IN (scan kedboard once) 1246F D9 3210 EXX
14246 FEJO 2720 CF 304 i 1270 13 q22 INC  DE’ $ lmc, 1st frame polnter
1228 GAB01Y 2730 JE Z 103014 3 1f ¢, aoto Flay Mode 1271 10ED 3230 »— DJNZ -11l4 s Loop if B.0
1228 FLD? 2740 CP S2H + R7? 1273 0000 3240 DEFE 0 O
122D CAEOLlL 2750 JP Z 1IEDH i If Ry Restart 127% D? 3290 EXX
17230 FE2L 2760 CF 2EH N (etc.y) 1276 C1 32460 FOF EC 3) Retirn Null Frame
1732 CAZTFS 2770 JF Z £ b627 + If ., Reset FDF & return 1277 D9 3270 EXX H ) Connter (NFC)
2780 3 tou NAS-SYS monitor 1278 79 37a60 LD AC’ 4 Frepare to test NID
1735 C31912 2790»— JE 12194 5 Loop, wail for 1nterrupt 1279 C&00 3290 ADD A O
1238 woou 2400 DEFE: 0 © 1278 D9 3300 EXX
2810 INTERRUF' T SERVICE ROUTINE 1270 C28712 3310 JFP NZ 1287H 3 Hop 1f last frame active
130 F3 2820 DI H Disable CFU anterrupl 127¢ 00 3320 NOF
1231 S 2830 FUSH AF 1286 03 3330 TN EC 3 Toes NFC
123¢ Ly 2440 FUSH EC 1281 C3B512 3340 JdF 1205H 5 End 1f 1t was not active
1430 wu 28%0 NOF 3§ ¢ DEC DE for testira@) 1284 000000 3350 DEFE: 0 0 0 3 NOF
1238 010419 26460 LD BC 19041 3) Yet bhyte count & Fort A 17237 26A9208 3360 LD HL (08A9H) ) HL a5 FDP at NFC
2870 3 ) data address 128A 70 3370 LD (HLY B $) pousition & slore NEC 1n
1741 211800 patiili] LD HL 0D18H 3 Set start of CF2 address 1288 23 32380 INC  HL 3 DF with 1t, MSBE firset
10/44 3E17 2890 L A 1/7H $) Disable F1O 1280 71 33%0 1D (HL)Y C
146 D306 2900 gut (hY @ 3) pending interrupt 128D 010000 3400 LD £eC 0 } Rewet NFC
1248 CD40LL vy LALL 1140H p Call “"DELAY FUK 4MHZ" 1290 QFFF 419 1.0 A CEIY 3) frame byte to DF
124k EDAZ 2940 INT H Input from Fort A 1792 D@ 3420 (8 H )y and e, TDE
1740 201 % 29340 JR NZ -09H 3 Lookp unt1l done 1293 77 3430 1D (HI “)» A H
2940 4 (Contd. on Fig, 22 1794 23 3440 ING 7 H
1295 0000 J450 DECE 0O 5 oNue
1297 778908 3460 LD COBAYHY HLY 3 BDE to scratcehpar
1294 21180D 3470 L. ML UDIBH 2 Mrame 2 Lo
A 1290 110000 QG440 LH e IDCON 1 frame 1 poxiliony
List 1. PIO and interrupts are enabled for read mode. First 1280 p1La00 e PO v 5Y  peaty o o
part of the interrupt service routine reads in one frame 17A% ZAGSUE 3510 D WL’ (0809H) ; Keload £DP
1 1eA8 CDs01IL An20 CALL tiéan $ Call "FDE DECODE™
from the console registers. Lian Loey AL el ooy e
128D 77 1D (HL Y A ) NFC to DI'y as at
17AaE 2 TNC I 1) erd of DE, and anc.
. 1287 77 R (HL”)Y A ) FDE to nent regno.
H TR0 2 o ‘ ' res
List 2. Second part of the read mode interrupt service »  teEo 20 70 ING WL e ) odress  eve
routine compares two successive console fields and 2e90 Exx S poeniaaTy dkavs CHE
H 1 N : 3600 ¢— fOF Ak
tranSfers |nf0rmat|on on dlfferences to the paCked data 1214 EDAD 3410 RETT ¢ Retorn Lo watl lToop
field.
o WIRELESS WORLD JULY 1983



www.americanradiohistory.com

Furthermore, the key codes for the three
divisions were divided exclusively by the
least significant half-byte. From then on,
things fell into place quite easily. For
example, the address of the first byte in the
table for any of the 49 Hauptwerk keys is
found by adding B80OOH. Thus the register
number for C3 (4333H in ASCII) is stored
at FB33H, whilst its status is stored at
FB53H. The Z (for #) adds a further 10H
to give the corresponding table addresses
for HC3#: FB43H and FB63H. At a later
stage, extra routines were added to convert
flats (indicated by 1) to the corresponding
sharps. The same conversion process
works for all notes except As for which an
extra test is required, as shown in List
3. Again to keep the table reasonably com-
pact the stop codes (e.g. P8 for Prinzipal
8’) are divided into two groups: the first
group having initial character P, Q, R, S,
T, U, V, or W with all others in the second
group.

The thumbpistons on the instrument in

question are divided into five groups de-
signated Al to E3, plus four “disables”.
These codes are converted in a similar
manner. The complete table of conversion
factors (apart from those for the thumbpis-
tons which are specific to the instrument)
is shown at the foot of this column.
Some rearrangement might be required for
different stop lists. The stop names and
codes used on the instrument to which the
interface is connected are shown in Table 2.

The directory character L (lift) causes a
search through the 16 bytes of the console
field which represent keys and pedals. If
the status of any of these is non-zero, their
register numbers are read to the data field
with status zero. The console field is also
reset to zero. Later keying entries in the
same frame might cause a further change
of status, but the final status is left in the
console field when the data field is un-
packed by operation in play mode.

When the translate routine is operated,
up to eleven lines of 48 characters in video
ram are scanned directly, one or two char-
acters at a time, by the video ram pointer
according to the video ram line and co-
lumn count (VRLC and VRCC). Scanning
ceases at ““:”’. Spaces are ignored, except
for the ones which define the ends of Du-
ration definitions. Following any space,
any character apart from the eight direc-
tory characters is treated as an error.

The knottiest part of this section is the
part which sorts out the natural , sharp and
flat notes and the keyings from releases.
One way of doing this is shown in list 3, in
which the two-character key codes as

List 3. In translate mode, each key code can have one or
two following characters to indicate sharp, flat and/or
release. This routine determines the appropriate conver-
sion factors.
ZEAP ZB80 Assembler - Source Listing
0E29 1000 TSTNC ORG 0E29H § MC4, 9 & 10 ¢ TEST URNC
0E29 1010 ENT & CDNVERT IT TO LUT ADDRESS
0E29 22590E 1020 LD (0ES9H) HL } Ready VRP
0E2C 23 . 1030 INC HL $) Inc, twice tp after
0E2D 23 1040 INC HL 1) VRNC
0E2E C3700F 1050 JP OF70H ¢ Goto flat routine
0E31 FESA »1060 cp SaH 3 Z? (sharp test)
0E33 2811t 1070 JR Z 134 $ Hop if sharp & load store
0E3T 3E00 1080 LD AD $) Load "black" note store
0E37 32AB10 1090 LD (10ABH) A }) inactive
0E3A 7E 1100 LD A (HL) 3 Reload same character
0E3B FE2D 1110 cpP 2DH H .
0E3D 2811 1120 JR Z 134 } If -, Qoto load - store
0E3F 3E08 1130 LD A0 | $) Losd - store inactive
0E41 32AE10 1140 LD (10AEH) A )
0E44 1811 1150 m JR 13H $ Goto VRNC routine
0E46 3E10 1160 LD A 10H $) Load "black" store
0E4B 32AB10 1170 LD {10ABH) A ) active
0E4B 23 —>1180 INC HL } Inc, VRP
0EAC 05 1190 DEC B i Dec. VRCC
0E4D 7E 1200 LD A (HL) 3 It "black" note,
1210 3 load - or space
0E4E 1BEB 1220» JR =134 } Goto - test
0ET0 3E01 12304 LD Al $) Load - store active
0ES2 32AE10 1240 LD (10AEH) A )
0ESS 23 1250 INC HL 3 Inc., VRP
0ETS 05 1260 DEC B 3 Dec., VRCC
0ES7 ES 1270 ¢—— PUSH HL 3 Save VRP
0ES8 2AS90E 1280 Lo HL (0ES9H) ; URNC to HL (see 0E29)
0ESB 54 1290 LD D H $) Um,y turn it riaht
0ESC SD 1300 LD EL $) way round
0ESD 63 1310 LD HE )
0ESE 6A 1320 LD LD )
0ESF CD900F 1330 CALL OF90H $) Call "A IF FLAT AND
0E62 010E 1340 DEFS 10EH 1) CONVERT VRNC®
13S0 FLAT ROUTINE
O0F70 3E00 1360 LD A0 1) Flat and A flat stores
0F72 32A110 1370 LD {10A1H) A ) reset (inactive)
. 0F75 32A310 1380 LD C(10A3HY A
0F78 05 1390 DEC B 3 Decs VRCC
0F79 05 1400 DEC & 3 Dec. VRCC
OF7A 7E 1410 LD A (HL) 3 Fetch next character
0F 78 FESD 1420 CP SDH 3 1?7 (flat)
0F7D 2804 1430 JR Z 6 3 If flat, deal with 1t
0F7F 7E 1440 LD A (HL) i Reload same character
0F80 C3310E 1450 JP 0E31H } Goto sharp test
0F83 3E01 1460 Lo Al 3) Set flat store active
0F8S 32A110 1470 Lo (10A1H) A })
0F88 3E10 1480 Lo A 104 3) Set "black' note
0F8A 32AE10 1470 Lo (10AEH) A ;) store active
0FB8D C3A3R0E 1500 JP 0EABH 3 Go back for next chretr,
1510 3 "A IF FLAT AND CONVERT VRNC"
0F90 3AA110 1520 Lo A (10A1H) § Flat store contents to A
0F93 FEOO 1530 cF 0 t Inactive?
0F9S 280A 1540 JR Z O0CH $ Hop if iractive
0F97 7C 1550 Lo A H } Note letter code to A
0F98 FEA41 1560 CF 41H i A?
0F9?A 2005 1570 JR NZ 7 $ Hop if not A
0F9C 3E07 1580 LD A7 1) Load A flat store
OF9E 32A310 1590 LD (10A3H) A ) active (reset at 0F75)
OFA1 EDSEAS10 1400 LD DE (10AéH) } MSE ) Convert
OFAS 19 1610 ADD HL DE H ) VRNC
0FA4 EDSEAE10 1420 LD DE (10AEH) ; "BElack" ) to table
0FAA 19 1630 ADD HL DE H ) address of
0FAE EDSEA010 1640 LD DE (10A0H) } Fflat ) ORN
0FAF EDSZ 1650 SBC HL DE 3 ) by adding
0FE1 EDSEAZ10 1660 Lo DE (10A2H) 3 A flat ) conversion
0FES 19 1470 ADD HL DE 3 ) factors
OFES C9 1480 RET 3 Return & continue

typed are designated VRNC (video ram
note code) whilst the contents of the look-
up table (LUT) are designated ORN and
ORS (organ register number and organ
register status).

Additional characters could be added to
the main directory. For example, ““,” in-
stead of ;> indicating a bar line before the
next duration, using a different frame
byte; would enable the microcomputer to
vary rhythm and tempo. “X” might be
used for expression (swell pedal) followed
by a number in the range say 0 to 1FH io
indicate degree of opening. This informa-

Manuals

Pedals Stops

First group Second group

Initial or second
character

For m.s.b. address, add
To converttol.s.b.
address, add

To convert to second
group address, add

0020

0020

P H R P

H R P H R
B8BOO B805* B8OA* A7D0 AB70 A840 AFDO B070 B040
0020 0001 0001 0001 0001 0001 0001

0800 0800 0800

*QK for keyboard compass to B5. Use B806 and B30C if C6 is needed. Additional conver-
sion factors are used for “black’’ notes (0010), flats (0100) and As (0700).

WIRELESS WORLD JULY 1983

tion could also probably be stored in the
frame byte.

Usually it is not necessary to type every-
thing in. Most music contains sequences
(phrases repeated at a different pitch) and
echo passages. When this occurs the first
phrase can be edited for the second or
subsequent phrases.

Polyphonic extemporization

By this time, the original 150 instructions
had grown to some SK bytes of code,
documented in about 60 pages of minute
manuscript, some of which had been re-
written several times. Things were getting
unwieldly and an alternative approach to
programming seemed to be required.
Forth came to the rescue. Using ‘character
fetch’ and ‘character store’, together with
four machine-code Forth words mainly
extracted from the earlier programs, com-
munication was soon established between
the console field, the data field and the
Forth stack. New console fields quickly
blossomed, each one having its start
address defined by a Forth constant, with

Continued on page 53
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Digital filter design
procedure

These examples of the design of a simple digital filter (June issue) and that of a fourth-
order Butterworth filter show how laborious maths may be simplified and the recurrence
formula written without having to solve a fourth-order equation.

Many digital filter requirements can be
met without any more algebra than as
shown. It remains a problem, however, to
design a low-pass filter with anything ap-
proaching an ideal characteristic, just as it
does in the analogue world. The well-
known Butterworth filter has a flat charac-
teristic in the pass band and a steep roll-off
depending on the filter order. In the
example, a digital equivalent to a But-
terworth filter is designed, and rather
laborious algebra is involved. So far as is
possible, this is worked in general form so
that it can be applied to other filters with
different cut-off frequencies, and one or
two short cuts are pointed out.

To obtain a steep roll-off a high order is
required, but this would need many terms
in the recurrence formula, resulting in a
time delay that would probably be too great
for the filter to operate in real time. The
order must be chosen with the ability of
the hardware in mind. With this in view a
fourth-order filter is worked as an
example, as this is the minimum order
which shows the Butterworth characteris-
tic clearly.

Cut-off frequency is a function of the
sampling frequency. Suppose a 4kHz base-
band slot were sampled at the Nyquist rate
(8kHz), with the requirement to filter the
input so that there is no distortion in the
pass band and a sharp cut-off at 3kHz.
Then the required cut-off frequency is ¥s
of the sampling frequency: f.=3f/8.

~

g S

Fig. 9. S-plane diagram of a fourth-order
{analogue) Butterworth filter.
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by J. T. R. Sylvester Bradley

Bilinear transformation. The analogue
Butterworth filter has a transfer function
with a flat characteristic at low frequen-
cies, rolls off sharply at the cut-off fre-
quency and falls to zero at an infinite fre-
quency. The digital version must follow
the analogue characteristic as closely as
possible, with a flat characteristic in the
pass band, roll-off sharply at cut-off, and
then fall to zero at f,,, (not infinity, as for
an analogue filter; f,, is half the sampling
frequency and is the maximum frequency
that can be processed by the digital filter).
We have to make the frequencies on the z-
plane correspond with those on the s-plane
of the analogue equivalent. One way to
make the frequencies correspond is use the
mapping*

2(z—1)
z+1

S=

It follows that the frequencies on the z-
plane are represented by angles (wT) so

wT=2tan"'w/2.
T is the sampling period. Thus the z-plane

maximum frequency iS Wmay corresponds
to an analogue frequency given by

tanmmaxT

=tan90=infinity.

So having chosen the cut-off frequency w,
as ¥ sampling frequency on the z-plane
the equivalent analogue cut-off frequency
Q.18

0.=2tan®e L

In general, for a nth-order filter H(s)=

Q"

S+Z Q)+ Z,5)Q)). . 5+ 2211 002)

*See page 207 of Digital Signal Processing by
Oppheim and Schafer.

wwweamericanradiohistorvy com

There are poles on the s-plane where
s+2;%)(;=0(i=1 to n/2). Using the trans-
formation given, the poles on the z-plane
are where

2 4 5410,=0.

2(z—1)
z+1

~.For+jy,2—-2z=21z+i1z+i +Z;.

. 2=y
~.For pole 1, zj=""—F"—"—.
S W TN

Design method
@ Filter data: f.3kHz, f;8kHz, - fmax
=4kHz and

_2x3000_

o T =2.356.
8000

@ Pre-warp the cut-off frequency to ob-
tain the equivalent analogue cut-off fre-
quency

Qc=2tan%'r=2tanl.178=4.828.

@ Draw the s-plane diagram for the equi-
valent analogue Butterworth filter. This
has poles distributed equally round the
left-hand side of a circle (the Butterworth
circle) of radius ()¢, Fig. 9. The positions
of the poles are given in terms of = +)( as

P Z1={)sin 22.5=1.848
Q=005 22.5=4.460
P2 2,=0cc0s 22.5=4.460

2;=0;5sin22.5=1.848.

Similarly for p; and p4 in conjugate posi-
tions.

® Find the positions of the corresponding
poles on the z-plane.

For p, Z'=———2_2”_.Ql
243+
~2—1.848—)4.460

= : =0.758£~-137.2°
2+1.848+14.460

WIRELESS WORLD JULY 1983



www.americanradiohistory.com

tHOjw)
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@ - [a¥] ™
© @ © [\
Cuclic frequency divided by Sampling frequency

Fig. 10. Z-plane diagram and [H(jw//
frgquency spectrum of the fourth-order
digital Butterworth filter showing a typical
flat response up to the cut-off frequency.

for p;

_2—4.460—j1.848

2= . =0.458£159.1°
2+4.460+)4.460

with P3 and Py as their conjugates.

@ Draw the z-plane diagram and hence
the |jw| spectrum of the filter, Fig. 10.

@ Find the z-transfer function H(z) from
H(s). In general form first,

Gz+1)*

H(z)= 73 3 )
z+a;.z"+a;.z’+as.z°+ay

where a; to a; are the pole parameters,
and G is a gain factor. The zero parameters
are the coefficients of z in the numerator,
which could be found by multiplying out.
But this is not necessary as the coefficients
are simply the binomial coefficients, which
for the fourth-order expression are 1, 4, 6,

Z ptane

The denominator multiplied out and with
like terms collected is

(16A+8B+4C+2D+E)z*+
(—64A—16B+4D+4E)z* +
(96A—8C+6E)z’+
(—64A+16B—4D+4E)z +

(16A-8B+4C—2D+E)

Now obtain the coefficients of z in the H(z)
transfer function equation by evaluating
A, B, C, D and E from the values for X,
0, Z;, Q, given earlier (Z,=();=1.848,
>,=),=4.46). Then

A=1

B=2%,+23,=12.616

C=3212 +02+012+3,20,2+4%,3,=79.58
D=2(21222+01321212+Qz3)=294.04
E=3,22,20,20,2+ 0222+ 0,23,2=543.2

The parameters of z in the denominator
are conveniently evaluated using the tabu-
lar form shown on the next page (top).

Totals are normalized to a;. This only
affects G, which can be made any conve-
nient value in a digital filter, so dividing
both numerator and denominator of the

general H(z) by ag yields
=1
a)=1.968 a;=0.7242
2,=1.734  24=0.1203

and substituting these values in H(z) gives
the transfer function H(z)=

. G(z+1)*
z4+1.96823+1.7342%+0.72422+0.1203
Y@
X@)
The coefficients of x and y in the recur-

rence formula can be read directly from
the transfer function in this form

y coefficients x coefficients

a1=—1.968 bo‘—‘l
a2=—l.734 b1=4
a3=—0.7242 b,=6
Q= —0.1203 b3=4

by=1

The b coefficients in the recurrence for-
mula are simply the fourth-order binomial
coefficients. Cross-multiplying gives

Y(z).2*+1.968Y(z).23+1.734Y(z).22 +
0.7242Y(z).z+0.1203Y(z)
=GX(2).(z+1)*X(z)
=GX(2).(2*+423+622+4z+1).

4,1 (bo, by, by, by and by). Now in general > o)
G
4
HO=G0% +'QQc 5,250 0
( 151 QD(+Z,1)0)) - 2 ay = 1968
by =4
- QO 1
As*+Bs*+Cs’+Ds+E
772 77! ag = 173
where A=1 b, =6
B=2%,+2%,
C=212+012+222+022+42122
D=2(21222+01222+212224"02221) 2 7’ ay =-0-72
E=31252+ 020,24+ 0222+ 3,2Q,2. by = 4
To find H(z) use the bilinear transfor- . .
mation and substitute s=2(z—1)/(z+1), — T 77—t g, =-01203
whence b, =1 b, 9,
H G " .
(z)= I T 1Y) | Fig. 11. Realization diagram for the
16A(Z_+T) +8B (Z?T) +4C (Eﬁ) +29 (__) +E fourth-order digital Butterworth filter.
z z z z+1

WIRELESS WORLD JULY 1983
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-.82959E19

4 3 2 1 0
r4 r4 r4 4 r4
a’ a' a2 a’ E
A 16A=16 —-64 94 —-64 16
B 8B=8x12.62 -16x12.62 16x12.62 -8x12.62
C 4C=4x79.58 —8x79.58 4x79.58
D 2D=2x294.04 4x294.04 ~4x294.04 —2x294.04
E E=543.2 4x543.2 6x543.2 4x543.2 543.2
Totals 1566.6 3083.1 2716.6 11345 188.5
Dutput VYalues
5] L .a9 sy
ors b
] INFUT o.ca )
Q.20
B.69
[ o Rl -+ J
- faV] o
-.1273148
-.Brg12 SRSTy .
.'cmgé»a}sl. Z-en _
= Tell 2.2 b - .- e e e s
JABEEZLE -
9, 38542E-072 OUTRUT 1.E@ b e I Ba o

Lez2hE14e 3.75
~¥.,10747E-03

-4 .42923E-A7 6.99 {

2.E812EE-@2

-7 12E-@3 -6.75
2.3z@72E-83
1.E5496E-63 -1.59
2.9€23EE-B3

L 1ZCE1E-A3 -2.28
C.SZIIE-04 .

L AR4dTE -A4d -i.00
3.1G722E-A4

R - o
- ™l Ll

5]
8

Fig. 12. Fourth-order Butterworth filter in action, showing impulse response with the
filter “ringing” at 3 of the sampling frequency, as expected.

Yalues

Output

INFUT o.cn

0,20

.00
3.9
GUTFUT P

{.a0

-1.096
~Z.99
T.o8

-3 . 0

Fig.

Dividing by z*gives

Y(z)=—1.968Y(z).z 1 —1.734Y(2).272
—0.7242Y(2).273-0.1203Y(2).z~*+
+G{X(2)+4X(z).z7!
+6X(2).27 2 +4X(2).2 3 +27%)

The gain G can be put external to the filter
and can therefore be assumed equal to
unity. The recurrence form is therefore

and the realization diagram is drawn at
Fig. 11. The recurrence formula can be

44

§.e0

a

Y

1€
24

13. Filter processjng a series of four-sample pulses.

y(n)=—1.968y(n—-1)—1.734y(n—2)—
0.742y(n—3)—-0.1203y(n—4)+x(n)+
4x(n—1)+6x(n—2)+4x(n—3)+x(n—4)

written directly into a computer to realize
the filter. Impulse response is shown at
Fig. 12, from which it can be seen that the
filter rings at 3z of the sampling frequency
f;, as expected.

www americanradiohistorv.com

Planning for
plenty

continued from page 27

The Government shows no sign of being
on the brink of licencing new radio ser-
vices, perhaps because so far attempts to

press it to do so have been ill-organised
and incoherent. But it is important that
engineers — without whom no radio ser-
vices can ever be possible — become
involved in the discussion about future
directions for our radio services. Perhaps
they can bring to it some clarity, cohesion
— and common sense!

Further reading

Partridge, S. “Not the BBC/IBA: The Case For
Community Radio” Comedia Publishing Group
ISBN 0 906890 18 7 (9 Poland Street, London
W1V 3DG)

Relay — the other magazine of the airwaves
available quarterly from Box 12, 2A St Paul’s
Road, London N1 — annual subscripition £2
for individuals
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Checking op-amps

Checking first-order integrity of op-amps with a transistor curve-tracer needs only simple
interpretation, lending itself to ““goods inward’ testing.

In analogue circuit development work
involving the popular 741 operational am-
plifier it is useful to have available a
simple, independent method of checking
what might be termed the first-order in-
tegrity of the device, i.e. its capability of
behaving as a direct-coupled differential
gain block. There is certainly little point in
making more detailed tests on parameters
such as input offset voltage and common-
mode rejection ratio until this has been
established. This article describes the basis
of a simple check that is applicable if a
transistor curve tracer is available. The
method has two major merits — first, no
auxiliary power supplies are required, and
second, no detailed interpretation of the
display is necessary so the check can be
performed by unskilled personnel, e.g. ata
“goods-in” test stage.

Terminals C,B,E are collector, base,
emitter terminals of the transistor curve
tracer the relevant parts of which are
shown in block form inside the box. The
positive collector voltage sweep of the
curve tracer is applied, via the dissipation-
limiting resistor Rp to the positive rail
supply of the amplifier under test: the
negative rail supply is earthed. The ampli-
fier is connected for 100% d.c. negative
feedback and an attenuated version of the
collector sweep is applied to its non-invert-
ing input terminal.

The controls of the curve tracer are set
for display of base voltage vs collector
voltage. The base step voltage generator
cannot normally be switched off — a de-
sirable condition for the check being per-
formed — but its effect can be reduced
by arranging for the display of the fewest
small amplitude positive-going steps (e.g.
four steps with step amplitude 10 mV) and
using the maximum value of base drive
resistor Rg.

Circuit operation can be understood by
reference to the signature of a good 741,
sketched below. The characteristic has

Vs

{iii} slope= +05

Vg ———=

by B. L. Hart

three parts: (i) vp=0 initally because
vc=0 and Rg is effectively connected to
earth, but when ¢ starts to increase vp
rises to the lower saturation level of the
amplifier; (ii) vp remains almost constant
at its saturation value as v¢ increases be-
cause v¢ is insufficient for all the bipolar
devices comprising the amplifier to operate
in the forward-active mode; (iii) vp in-
creases linearly with o¢. In this operating
condition all the transistors of the ampli-
fier operate in the forward-active mode
and the feedback is operative. The circuit
behaves as a unity-gain voltage-follower.
As there is insignificant potential dif-
ference between the inverting and non-
inverting terminals, vg—v¢/2, so that the
characteristic has a slope of +0.5 and when

extrapolated back appears to pass through
the origin of coordinates.

The precise location of (i) and (ii) of the
characteristic might depend slightly on the
particular amplifier but the location of (iii)
should be independent of the specific
parameters. It is this feature that forms the
basis of the check of amplifier integrity. In
(iii) there are large changes in the open-
loop voltage gain Ay of the amplifier be-
cause Ay is a function of the rail supply.
However, there is no significant effect on
the slope of the characteristic as this is
dependent on the expression Ay(l+Ay)
and Ay>1 throughout region (iii). For
practical convenience the curve tracer con-
trols can be set so that the horizontal scale
(V/cm) is twice that of the vertice!l scale.
Then (iii) has an easily-recognized slope of
unity.

The sweep test technique can obviously be
adapted for use with an oscilloscope
providing it has a time-base sweep voltage
output socket and an x-v display facility.

—
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Characteristic of op-amp chosen from 75 amplifiers by several manufacturers (left) with
circuit waveforms (centre). Double-exposure photo (right) shows coincident
characteristics from two randomly chosen op-amps. Scales: 1V/cm horiz., 0.5V /cm vertical
except for centre traces which are 5 ms/cm horiz., 5V/cm for Veftop), 2V/cm for Vg
(bottom). Curve tracer: Tektronix 575 (Rp=2k, Rg=22k, R - 10k{1).

Bryan Hart B.Sc. M.LLE.R.E. is senior lecturer
in electronics at North East London Polytech-
nic, Dagenham.
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Resistance
measuring unit

Designed as an optional extra for the precision voltmeter described in the June issue, but
suitable for any high-impedance voltmeter having a 10mV range.

Obtaining quick and accurate measure-
ments of resistance has long been a prob-
lem for designers and equipment users
alike. There are two problems: one is the
wide range of magnitudes requxred 107’
or 107 to one) and the other is the fact
that any moving-coil meter is current-
driven and so the resistance-to-current
relationship is reciprocal. The scale cali-
bration of the meter will therefore not be
linear.

In the average moving-coil test meter,
even with a low current meter movement,
we are restricted to two or at the best three
highly non-linear resistance scales. In
addition it is usually necessary to provide
two power sources if the higher scales are
to be useful.

A more accurate method but one far
more tedious to operate is the Wheatstone
bridge. This requires a galvanometer deli-
cate enough to detect a fine balance yet
robust enough to withstand the full out-of-
balance current. The basic unit can be
expensive and even more so if a two or
three-coil galvanometer is employed.

In more recent times the advent of the
semiconductor and in particular the highly

predictable operational amplifier has
allowed the exploitation of two methods of
resistance measurement long known but
little used.

The first is the ratiometric method. In

by W. J. Hornsby, M.LER.E.

this case a current is passed through a
known resistance and the unknown resis-
tance in series. The voltage across each
resistance is measured simultaneously and
the value of the unknown resistance is then
calculated as the value of the known resis-
tor multiplied by the voltage ratio.

This method can be easily implemented

Fig. 1. In this complete circuit of the unit,
IC; is a programmable constant-current
source supplying a known current to the
resistor to be tested. IC, protects the meter
against overloading when the test
terminals are open-circuit, ICL7650 is a
chopper-stabilized operational amplifier —
ordinary op-amps are not suitable. Rjq and
R;5 may be assembled from standard-
value resistors in series, as shown.

by using the 7106/7107 type of digital
voltmeter i.c. Reliable measurement can
be made from tenths of an ohm (limited by
lead and circuit resistance) to megohms
(limited by resistor and circuit noise). The
difficulty comes when the behaviour of a
changing resistance is important: for in-
stance, when moving a cable form looking
for an intermittent short-circuit or earth
connection an operator would not find it
easy to cope with a continually changing
set of numbers.

This article therefore concentrates on
the second approach. In this method a
specific current is passed through the un-
known resistance and the voltage across
the resistance is measured. If the current is
constant then the voltage to resistance
relationship is linear, resulting in linear
scales (although one scale per decade is
then required). However, if low voltage
supplies are chosen, then very low currents
with high stability will be required when
high values of resistance are to be mea-
sured; and if a constant current circuit is
used then when there is no load the voltage
across the measuring terminals will rise
very close to the supply. The following
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Fig. 2. Printed circuit board for the unit, shown full-size.
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Fig. 3. Component plan for the printed circuit board.

Yep

‘e “e

3
B

voltmeter will then get a nasty surprise
every time the resistance terminals become
open circuit!

The constant current source can be pro-
vided using a purpose-made integrated cir-
cuit, but protection for the meter is more
of a problem. All the i.cs used in the
voltmeter described last month are capable
of withstanding the full supply voltage at
their input terminals; but there is still the
meter movement to worry about because
there is insufficient voltage headroom to
incorporate current limiting in series with
it.

The sensible answer is to place the limi-
tation in the resistance measuring unit
such that whatever the condition of its
input terminals its output cannot exceed a
value just in excess of full scale deflection
of the voltmeter on its lowest range. The
voltmeter could then be left switched to
this range (or be directly connected) and
the resistance scale switching effected from
the resistance unit.

Circuit description

The circuit is shown in Fig. 1. IC| is a
small transistor-sized i.c. designed to allow
a constant current to flow in any circuit
with which it is connected in series. The
value of the current is determined by a
resistor R, connected between the R ter-
minal and the negative terminal of the
device. The i.c. is tolerant of a fairly wide
voltage range across its terminals, but its
output is temperature-dependent. Com-
pensation is provided by the addition of D,
and Rcomp (R4,5,6)-

Without compensation the value of the
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current is calculated as I(mA)=67.7/R,.
Addition of the compensating components
approximately doubles this value, and so
the formula to use in this case is
I(mA)=67.7/(2XRser). Rcomp should be
about ten times Ry,. The term approxi-
mately is used because, strictly, the value
of Reomp should be found by trial and error
for each particular device; but the values
indicated here will be found satisfactory.

IC; and D, drop about 1.6 volts. To
leave some leeway, the voltage across the
unknown resistor was calculated not to rise
above 1V during measurement. With no
resistance being measured (that is, the in-
put terminals open circuit) the terminal
voltage would rise almost to the supply
rail. To prevent this, IC; (protected by R;)
amplifies the voltage across the input ter-
minals in such a way that when this voltage
just exceeds the maximum value permitted
for the range in use, the output limits. The
gain of the amplifier is changed by Rg-Ris
to ensure that this is achieved. Taps are
taken from the feedback network so that
whichever range is selected, the output to
the voltmeter provides a full scale deflec-
tion of 10mV. This obviates the need to
switch the voltmeter.

Since there is no ready means of check-
ing the current out of IC,, test resistors
(one for each current range) can be optio-
nally included.

The ability to measure resistances over 1
megohm is not often required in radio
work and its implementation is not practi-
cal using this circuit. This is because of the
lo'v voltage available and the limitation on
the voltage applied to IC; (+8V). Dedi-
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cated equipment is more suitable for the
measurement of high resistance and insula-
uon resistance.

For the odd occasion when high values
need to be measured a fair indication can
be obtained by connecting the unknown
resistance in parallel with a high value
known resistor, measuring the pair, then
calculating the value of the unknown using
Ohm’s Law.

Construction

A suggested p.c.b. is shown in Fig. 2, with
a component overlay in Fig. 3. The layout
can stand alone or it can be printed on the
same board as the volumeter. Position 7 of
the voltmeter switch can be used for the
add-on unit if the resistors which only use
the switch as a tag-board are moved round.
There is no need to have the voltmeter
input divider present at all since the resis-
tance unit output is 10mV. If the input and
output leads are kept separate then the
wires between the switch and board can be
laced together.

Calibration

If the resistance unit is carefully set up
there is no need for panel-mounted adjust-
ments because the accuracy is independent
of the supply voltage. There are two varia-
bles in the circuit: the test current and the
gain of IC;. It is unlikely that the average
constructor will have the equipment to
measure a current of one microamp with
any degree of confidence except by indi-
rect methods, so we must look for another
reference point in the circuit. We have one
if IC; is driven to its output limiting condi-
tion, provided that the supply voltages
remain constant. However, as with the
voltmeter itself, the internal current-
limiting feature of the 7650 should not be
used in this circuit (i.e. pin 9 of IC; must
not be connected to pin 4).

Before starting to set up the unit, give
the construction a final check, then put a
pencil mark on the meter scale about two
divisions (4%) past the end of the normal
f.s.d. scale position. Leave the input ter-
minals open circuit and set all resistance
trimmers to half way except R; which
should be set to maximum.

Power up the circuit and, if a battery
model is being calibrated, set the supply
voltage to 8V (equivalent to a low battery).
Adjust Rg on the 1€) range, Rg on the
1001} range and R on the 100k() range so
that the meter needle just rests over the
mark previously made on the scale.

Now, a non-inverting amplifier under
dynamic conditions has three points of
equal potertial: the two input terminals
and the tap on the feedback divider. In this
circuit the lower part of the feedback di-
vider is fixed, therefore the voltage across
this portion is equal to the input voltage.
Those last three adjustments effectively set
the gain of the amplifier so that with a 4%
overload at the input we have a 4%
overload at the output. At the same time
we are defining the point at which the
amplifier limits, thereby setting the maxi-
mum output to the following voltmeter
when the resistance unit terminals are
open circuit.
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Fig. 4. Wiring the range switch S;. Tags are p

shown diagrammatically, viewed from the
rear of the panel. There are only 11
contacts on the front of each wafer: the
twelfth is on the reverse side and is not
used. The stop of the switch mechanism is
positioned so that only the first seven
contacts are used.

Having set the gain of IC; now set the
test currents by switching the standard
resistors to the input terminals and adjust-
ing R; with 1Q, R; with 100€) and R; with
100kQ) to obtain full-scale deflection on
the appropriate scales. The adjustments
should be carefully carried out at each
stage since the test currents and amplifier
gains do not go in pairs: one test current
serves three gain settings and so each ad-
justment should be as near perfect as pos-
sible.

In battery-operated models with a fresh
battery fitted the limiting voltage of IC; is
higher, so that under input open-circuit
conditions the meter needle will hit the
forward stop. Accuracy will not suffer, but
IC; will not limit until an overload of more
than 4% has been applied. The half-supply

Scale | V(Rx) [ICogain Vg
10 1T0mA 10mvVv 500 10mvV
100 TmA 10mvV 500 10mV
100Q TmA 100mV 50 10mvV
1kQ TmA 1\ 5 10mvV
10kQ2 TnA 10mvV 500 10mvV
100kQ2 TuA 100mV 50 10mvV
MO TuA v 5  10mV

difference between a new battery at 9V and
an old one at 8V is 12%. In the new-bat-
tery condition therefore the meter tries to
read 112.5%, so it is in no great danger.

The table (left) indicates the status of
the various parts of the circuit on different
ranges; this may also be useful in interpret-
ing the connections of the range switch.

For testing capacitors, the 1M() range
can be used. The meter needle will move
downwards indicating a low resistance
until the capacitor becomes charged.
Semiconductor diodes can be tested on the
1kQ) range, and the forward voltage drop
of the diode deduced from the table. Ob-
viously the test current cannot be forced

through a reverse-biased diode.

Components

For the four sections of S;, four one-pole
12-way miniature switch wafers may be
used. The diodes and integrated circuits
are obtainable from RS Components or
from Technomatic Ltd. Cermet trimmers
are recommended for the variable resis-
tors. The fixed resistors should be 1%
tolerance or better; a suitable range is
available from Ambit International. R

TV for Amateurs, by John L. Wood,
G3YQC. Paperback, 52pp. Available from
BATC Publications, 14 Lilac Avenue,
Leicester LES 1FN, for £1.75 including
inland postage.

It is said that around one-sixth of British
households now have a video recorder. No
doubt amongst all those householders
there must be quite a few who would like
to use their video equipment on the air;
and for them, this book provides an
excellent practical guide. It does not
attempt to replace the more
comprehensive Amateur TV Handbooks
also published by the BATC, but
provides enough circuit designs and
background information to enable the
average radio amateur to set up a basic
television station. There is a useful section
on operating practices and, for the more
faint-hearted, a list of sources of some of
the commercially-made transmitting
equipment now becoming available to the
t.v. amateur.
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STTPD’s International Satellite Television
Reception Guidebook, by Stephen J.
Birkill. 78 pages 8'2in x 11in, paperback,
from Satellite Television Technology,
PO Box G, Arcadia, Oklahoma 73007,
USA. Price $40.

After the less-than-rapturous reception
accorded by the British public to the latest
newcomers to the television airwaves,
some may wonder how many more
channels the viewer really wants. For
satellite television enthusaiasts, such
considerations of programme content do
not apply. In the United States, and
increasingly in Europe, commercially-
available satellite receiving terminals for
the home are making it possible even for
non-technical people to eavesdrop on the
multitude of programmes from the skies.
This book is aimed at the installers and
owners of such equipment, and it offers a
satellite-by-satellite guide to the sort of
transmissions to expect and where to look
for them. As well as broadcasts for direct
reception, these include distribution links
for terrestrial t.v. services and
international exchanges such as the daily
news feeds.

The author is one of the leading British
authorities on satellite t.v. reception, and
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he provides a great deal of practical
information which is otherwise difficult to
obtain — for example, technical details
and operational information about some of
the many Soviet communications
satellites, much of which has been
compiled from his own detailed
observations. It must be hoped that the
engineers at the Dubna ground-station are
not already behind bars as a result of Mr
Birkill’s revelations: on Friday nights,
apparently, they keep their Gorizont
satellite channel open with such un-Soviet
material as Bugs Bunny cartoons and old
editions of BBC-tv’s “Top of the Pops’.

The book contains no constructional
information, though it does offer a few
technical suggestions for improving
reception. Among these are hints at ways
of getting round the video and audio
scrambling on which some of the more
unsporting telecommunications authorities
insist. The text is extensively illustrated
with off-screen photographs, mostly taken
at the author’s home in the North of
England, and the many diagrams include
visibility charts and band plans for a wide
range of satellite-borne services. Itis a pity
that the book is so expensive.
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KNOW HOW -
RESOURCE OR
PROPERTY

Your editorial (April, 1983) poses a fundamen-
tal question: to whom should the resources of
the planet (including the airwaves) and tech-
nology (including the entire means of produc-
tion, distribution and communication) belong?
The Right and Left appear to have opposing
answers, but in reality their social objectives are
more similar than they are different. Both Right
and Left stand for a minority possession of the
earth’s resources — even though the state capi-
talism of the Left is presented as ‘public
ownership’. Both Right and Left accept the
market as the economic arbiter of need — with
the Left indulging in Keynesian fantasies about
regulating the market so as to make profit
coincide with need.

The alternative to a system of minority
ownership and control, where goods and ser-
vices are produced for sale on the market with a
view to profit, is a social order based upon
common ownership and democratic eontrol of
the earth by all of its inhabitants. In such a
system of society production will be solely for
use, with no buying and selling, but free access
to the available resources. The aim of creating a
genuine socialist society defies the imaginations
of both the Right and the Left, both of which
confine themselves to the sterile debate between
private and state capitalism. Yet in a world
which modern communication technology has
turned into a global village, are not those of us
who aim to end property and the market and
simply produce for use attempting no more than
to harmonise productive forces — which are the
product of an age of science — with social rela-
tions — which, in their present, capitalist form,
are a product of centuries past?

Stephen Coleman
Clapham
London

PROGRESS?

By now your readers must all have a wide
selection of electronic equipment around the
house and in the interest of progress it is time to
take a look at the most old-fashioned and ineffi-
cient of these, the telephone. To do so may
assist anyone contemplating working for British
Telecom.

In ten years in central London my phone has
gone wrong dozens of times and has taken up to
three weeks to repair. Lately research on these
goings-on has uncovered an internal message
system instituted since the split with the Post
Office and rather slower, which is doubtless a
good deal more costly as well on account of the
much smaller traffic. Another discovery is that
the microphone inserts are liable to failure every
few years which leads to inadequate current for
dialling, but they can often be ameliorated by
banging. However at best they only yield faint
speech at the other end due to their inherent
weakness and the long runs of thin underground
wiring met in calls across London; this lack of
decibels cannot be cured as it does not officially
exist.

However what we have here is a century-old
instrument that has retained a tariff keeping its
use to a fraction of the public (when modern
technology would have started by considering
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every household a market and worked from
there) and causing severe worry to commercial
firms, with many exchanges still based on prini-
ciples developed by an undertaker, Strowger,
bent on preventing eavesdropping by operators
who apprised his rivals of deaths, thus em-
phasising the lack of privacy carefully main-
tained by British Telecom today with massive
bugging installations which Duncan Campbell
of the New Statesman has pointed out beam to
American bases by microwave the entire cross-
channel telephone traffic for some reason — a
wild allegation which a Parlimentary reply
carefully avoided denying. (There are said to be
rocks ahead over enabling BT as a private firm to
continue this task.)

A friend who worked at the BT HQ com-
plained that he was kept re-hashing stuff from 6
years before but in the matter of telephone ex-
changes their deficiencies are more serious.
After taking 10 years to perceive that the gas-
tube driven one at Highgate Wood did not actu-
ally work, they embroiled British manufacturers
in the TXE4 which was an early Sixties design
still being tidied up in the middle Seventies.

About that time they wrote to my mother
explaining they were about to install the latest
electronic equipment and I observed they
wouldn’t even recognise the latest electronic
equipment if they saw it. How unkind was this?
Well, the right thing to run telephone exchanges
is a computer, but ITT, according to Anthony
Sampson’s book “ITT — the Corporate State”,
used to keep a man in New York specially to
stop engineers developing computers, since this
might have involved some sort of collision with
IBM. So there they were messing around with
r.t.l. in the TXE4, and System X was born,
another failure the last I heard.

When [ consider the robust telephones we
had before the war which often had to be held
away from the ear to reduce volume for comfort,
much the same as the instruments people were
using on 300-mile runs of robust overhead wires
before 1900, I remark that since then we have
been robbed of telephone numbers by the intro-
duction of STD, whereby the dialling code is a
function of two variables, caller’s exchange and
exchange called. We have been given coin boxes
which do not take 20p pieces followed by coin
boxes which do not take Sp pieces, and the latter
have no provision for directories.

None of this is funny at a time when electron-
ics everywhere is getting cheaper in leaps and
bounds. Obviously the private telephone is a
cost problem since many people only make 2
calls a week. The obvious answer these days is
simply to incorporate elaborate micro-circuits to
do something fairly appropriate; I suspect this
would first involve bunching phones in fifties on
a sort of ring main rather like the first transat-
lantic cable speech amplifiers, supplying +50V
and —50V and allowing each phone a 1.5V drop
as its supply; speech and instructions would be
digitized and sent by packet-switching tech-
niques, but later I would expect telephones to
be powered from subscriber’s mains so they
could use optical fibre connections. In view of
techniques of optical isolation available for de-
cades now at speech frequencies, I would expect
subscribers to be able to have such isolation if
they wished and then to be allowed to connect
anything they pleased provided it would receive
and transmit calls while avoiding the frequen-
cies used by BT for dialling via trunk lines.

Bernard Jones
London W1
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AERIALS AT SEA

Perhaps we are tiring of the subject of ‘Aerials at
sea’. However, I have a suggestion relevant to
liferaft aerials.

A useful aerial would be a vertical loop. This
works well at low height, and as it is low-im-
pedance, would not be too upset by salt spray.
The main problem with a loop is to obtain a
sufficiently low r.f. resistance. This is achieved
by using a sufficiently large gauge of conductor,
which may be hollow, because of skin effect.

I imagine a loop in the form of an inflated
torus, similar to a large bicycle inner tube,
metallized on the enclosed surface, made part of
the structure of an inflatable liferaft.

As a starting point for a design, a land-based
rigid loop, as used by the US Army, is described
in ‘“Amateur Radio Techniques” by Pat
Hawker (G3VA) (p 234, 5th edition).

D. Parnell
Pickering
N. Yorkshire

RADIO AMATEURS
EXAMINATION

The periodic review of the syllabus for the
Radio Amateurs Examination is now due and
the City and Guilds R.A.E. Subject Committee
has established a working party for this pur-
pose.

The principal objective of the examination is
to ascertain the candidate’s ability to operate an
amateur station within the terms of the licence
and not necessarily to test expertise in particular
aspects of the Amateur Service. Suggestions for
alterations or amendments to the existing sylla-
bus would be welcome and should be sent to Mr
S. D. Allison, City and Guilds of London Insti-
tute, 46 Britannia Street, London WCIX 9RG.
S. D. Allison
City and Guilds
of London Institute

CITIZENS BAND

Having followed, within the pages of WW, the
running battle about CB in your country for:
some time, I am finally moved to make the
profound comment, “history repeats itself”.

To read these letters bemoaning the advent of
CB by some amateurs, and the such lucid argu-
ments for its introduction by those in favour, is
to pick up dusty back issues of many local (Aus-
tralian) magazines of nearly a decade ago.

Now it’s legal, and still the battle continues.
With the benefit of my 20-20 hindsight, may I
make a few observations, as it is possible to
interpolate between the British scene and that
which convulsed Australia and led to so many
changes.

Many amateurs believed that CB would lead
to the demise of amateur radio as a hobby. This
has as yet not happened in this country; in fact
the opposite has taken place. The number of
amateur licences has increased rapidly. The
main “new friends” have come up through the
ranks of the CB operators.

At first there was a large amount of piracy
outside the legal allocations, but apart from the
few ‘hard core’, who have always been with us,
this seems to have lost its fascination. There was
a time when nearly all the repeaters had their
trouble makers, it took some time to educate
some of the normal users of these devices not to
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react, as this surely gave ‘them’ the encourage-
ment to continue. The worst of these offenders
were caught and dealt with by the authorities, in
due course.

It was a two way learning process, the staff of
“Telecom’ had a lot of lessons to learn, not in the
least hindered by the archaic wireless telegraphy
act, that has yet to be brought up to date with
changes since the two world wars. But now it
seems to be working. The rationalization of the
processes of obtaining a CB licence and the
availability of cheap, mass produced equipment
for the ‘legal’ channels, has provided the
majority with what they want, personal two way
radio.

The initial CB hysteria has died to quiet
obscurity, in fact, many users have seen that
they were used, by some, to make a great deal of
money. Of the millions of CB users many now
have amateur licences and many more have ex-
pensive CB equipment sitting in the cupboard
unused for years. The once crowded bands are
at times totally quiet: u.h.f. users have the
repeater facilities once pioneered by the ama-
teurs. In fact many amateurs have CB licences;
you see the wife is not interested in A.R. but it’s
very useful to be able to contact her via CB.
Robert Wilkins VK3AUR
Tallangatta
Victoria

DESIGN
COMPETITION

I was interested to see that one reader has come
up with the idea of informing blind persons the
contents of cans and packages without opening
them. No further information was given.

I should like to suggest (if this is not the
method used) that it would be a simple matter to
‘read’ the bar codes that are appearing in-
creasingly on modern packaging by means of a
light reader; decoding the information and re-
moving extraneous information normally used
in stock control; and presenting the edited in-
formation to the blind person by means of a
voice synthesizer through a private earpiece.

Being completely without technological
training I would nevertheless suggest that in this
day of the chip it would not be beyond the
realms of possibility to produce a fairly light-
weight pack which could be worn like a
handbag over the shoulder and weigh about the
same.

Once the technique had been perfected there
is no reason why bar-code labels could not be
used in other circumstances to aid the blind to
read. We already see these codes on the edges of
supermarket shelves and on packaging. Why
not make complete sentences and print books in
the same manner. Naturally a monotonous Da-
lek ‘voice’ would never replace the enjoyment of
silent reading that Braille offers but this would
be ideal for official pamphlets for the blind,
direction signs and other informatory instruc-
tions.

J. Devereaux
Wordsley
West Midlands

Some weeks ago you or one of your colieagues
was interviewed on the BBC Radio London
programme for the Blind “Guideline”. I should
like to put forward some suggestions for suitable
projects that may be of interest to your readers.
Firstly, let me give you some background
detail as to the reason for these suggestions. I
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am a member of the British Computer Associa-
tion of the Blind, which is affiliated to the
British Computer Society. The aims of the
B.C.A.B. are to promote the employment and
training of blind and visually handicapped
people within the field of computing. Due to my
specialist knowledge, I have a degree in
electronics, I provide technical liaison for the
association, particularly in relation to computer
terminals for the blind and communications
problems.

At the present time there are some 90 blind
people in the UK, and the figure is growing
every month, who use ‘paperless Braille
machines”. These are essentially microproces-
sor-based devices which have a ‘“‘soft copy”
electro-mechanical Braille display. They are
used by blind people as computer terminals or
word processors or simply to provide an
electronic filing system. One of the major prob-
lems facing the blind, particularly the profes-
sional, is that of finding information, if, for
example, a particular reference book is available
on tape or in Braille. At the moment this in-
formation is held somewhat haphazardly in dif-
ferent locations and in different catalogues, with
numerous supplements.

As a result of the increased availability of
these machines the association has now begun to
discuss the viability of setting up a data base for
the visually disabled. Such a data base would
provide information on Braille books, tapes and
even aids available.

We would like ideally to use Prestel or a
similar system. However, this poses a few tech-
nical problems which might be solved by one of
your readers.

I should like also to make some general points
of guidance to your readers. There is little point
in re-inventing the wheel; talking terminals are
already available from a number of sources.
There is little chance that an individual will
have the necessary resources to produce a better
one. Simplicity is the best approach.

If a device is to be widely used, its cost must
be low and it should be easy to use, remember
that many blind are elderly.

Finally please do not hesitate to contact me if
you would like any assistance or advice on the
suitability of aids for the blind. The association
is always pleased to support ventures which can
benefit the blind and the field of electronics
offers many as yet unexplored possibilities. My
office telephone number is 0424 431344, ext.
6003.

Gary M. Robinson
St. Leonards-on-Sea
East Sussex

List of projects

Project 1.

Current Viewdata systems, Presstel etc use an
asymmetric duplex system for the transmission
and reception of the data between the users termi-
nal and the data base. Unfortunately most of the
paperless Braille machines used by blind people
are designed to run under a more conventional
symmetric duplex system.

A line speed convertor is therefore required to
convert the 1200/75 asymmetric duplex signal used
by the modem to a 1200/1200 symmetric duplex
signal from the Braille machine. Since the conver-
sion from 1200 to 75 baud is only required for the
backward channel, and this data is coming from a
keyboard any buffering problem will be minimal.
Though commercial line speed convertors are
available their cost is prohibitive and their capabili-
ties are excessive for this simple task.

Such a device would enable a paperless Braille
machine to be used in conjunction with one of the
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cheap “Presstel” type modems that are appearing
on the scene and through it gain access to a data
base.

Project 2.

A mains on/off timer.

This device which would control any mains de-
vice would plug into the standard 13 amp mains
socket and the device to be controlled into it. The
main feature would be that the time setting would
be electronic and would have a spoken numeric
readout. There are a number of simple numeric
speech chips available so that speech in this simple
case would not be difficult.

A more sophisticated version of this could be
perhaps extended to give multiple settings both for
on and off so as to allow the blind to have a timer
control facility on things like tape recorders etc.
Existing ones rely on the blind user being able to
read Braille or have a good sense of touch and since
they are tactile they can be somewhat inaccurate
when trying to set a precise time,

Over the years there have been several methods
for the disabled to signal help when they are in
difficulties — cords, bells, lights, whistles etc.
and, of course, the telephone. They are all so
limited that they are virtually useless for the
very people for whom they are most needed —
the very severely disabled, including the frail
elderly. When they fall to the floor, or in similar
difficulty, they are helpless; they cannot reach
any of the communication aids presently sug-
gested.

What is needed is a portable fail-safe alarm, a
device that can be worn round the wrist or neck
which the person can immediately operate, ac-
tivating automatically the telephone or similar
means of communication to an outside source of
help. I have to say that there are one or two such
devices on the market, but they, too, are limited
and, I think, expensive.

If something really suitable could be pro-
duced it would be a tremendous boon for the
increasing numbers of disabled people. There
would be an enormous market amongst them,
and Social Services departments, especially with
the increasing emphasis on community care.

I hope this will be taken up.

E. M. Cohen
Southend-on-Sea

STEPPER MOTOR
DRIVE

Unfortunately, I do not seem to have got my
main point over to B. S. Beddoe (May Letters),
despite the headline description “simple, cost-
effective.”

My circuit is no more complex than the resis-
tance limited drive it is intended to replace (just
one extra small transistor Tr; per phase) and yet
offers greatly improved efficiency, and hence
savings in the cost of power supply components.

His circuit is only one resistor away from
being a chopper drive (did he try positive feed-
back around the comparator?) and so is very
much more complex then mine. He offers
voltage control of current, better temperature
independence and c.m.o.s. input. The price of
these features in terms of component count, p.c.
area and reduction of mean time between
failures must be carefully evaluated.

Incidentally, nowhere in my article do I claim
originality. I put the circuit in the category of
“one of those obvious things that needs saying.”
A. D. Bailey
Loughborough
Leicestershire
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GATE SYMBOLS

May I ask for guidance through your columns as
to what logic symbol is appropriate to indicate
the function of the following circuit?

This gives an output only when one of the
inputs is in the opposite logic state to the other
two, and should thus, I presume, be called a
Disparity Gate. The truth table is as shown

Inputs Output

All0 0
Oneas | 1
Twoas 1 1

Alll 0

When the new logic symbol pundits have
worked out that one there is an elaboration of
this circuit that can convert it into a Two out of
Three Quorum Gate* which has the additional
property of being exclusive.

Power supply? Anyone who has not been
ordered to design circuitry without any power
supply specified doesn’t know what if feels like
to be an electronic engineer!

J. C. Rudge

Harlington,

Middlesex

*]J. C. Rudge (letter) Wireless World, July 1982.
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INPUTS OuTPUT
All 0 0
Oneas 1 1
Two as 1 1
All 1 0

HERETIC’'S GUIDETO
MODERN PHYSICS

In his May article, Dr Scott Murray is yet again
guilty of the inexcusable — misquoting facts out
of context. This was blatantly manifested when
he used Dirac’s postulation of the positron as a
pretext to an attack on the tunnel effect, despite
the fact that there is no connection between the
two.

Dirac’s calculations had a square root in the
result for the charge of electrons. This allowed
them to have either negative charge-electrons,
or positive charge-positons. Dirac predicted the
existence of ‘negative matter, in the sense that
its constituent particles were oppositely
charged, and so the term ‘anti-matter’ was
coined. Dirac never suggested that positrons
had negative mass. He did not have to ‘explain’
the positron; his mathematics predicted it and
physics later confirmed its existence. Dr Mur-
ray appears to have confused the positron with
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its negative-mass ‘cousin’, the hole. The holes
are gaps in a free electronic continuum, and in
that context only can you have positively
charged particles with negative mass.

In conclusion, Dirac’s antimatter concept
may appear in some science fiction, but it is very
much science fact. Dr Murray’s use of this,
misquoted out of context and in any case totally
irrelevant, is a very poor attempt to mislead
gullible readers.

M. J. Niman
Manchester

In the May issue a number of letters critical of
Dr Scott-Murray’s long-running saga ‘A Heret-
ic’s guide to modern physics’ appeared. In com-
menting on mine Dr Murray wisely sidestepped
the first two paragraphs and concentrated on the
third. A number of ideas which were current
half a century ago have not stood the test of
time, and the notion of duality is certainly one
of them. In a preceding, so far unpublished,
letter I emphasized that ‘quantum objects’ such
as photons and electrons were neither waves nor
particles, exactly the point made by Mr Gleave
in the May letters. Nevertheless Dr Murray in
his first comment on my letter chose to fla-
grantly misrepresent me by stating that I had
written as if ‘light is both (particle and wave)
simultaneously’.

In this context a feature not brought out by
Mr Gleave is the fact that quantum mechanics
provides a single mathematical description of
photon behaviour which covers not only the
quasi-particle and quasi-wave aspects, but in
addition the in-between world typified by the
remarkable kinds of behaviour shown in some
types of Méssbauer experiments. Originally
Planck and Einstein attributed properties to
photons in an essentially ad hoc fashion, but for
some decades now theoretical accounts of be-
haviour have been available (see Heitler’s
‘Quantum Theory of Radiation’) which show
that they must be regarded as behaving in a way
far removed from the billiard-ball-like objects of
Dr Murray’s imaginings.

In the unpublished letter I also pointed out
that the spectra of gamma rays from radioactive
sources obtained using Ge(Li) detectors regu-
larly showed features indicating that over a
microsecond or so any bunching was less by
some orders of magnitude than the millions
which Dr Murray in his October article said he
would settle for, yet that these gamma rays still
showed interference effects, in that their ener-
gies (or wavelengths) could be determined by
passing them through a quartz crystal acting as a
diffracting grating. These facts too he felt en-
titled to ignore.

Turning to his second comment, I must first
admit some order of magnitude difficulties of
my own: a photon of visible light has a wave-
length, not of some tens, but of some thousands
of interatomic spacings. He asked in connection
with the optical photo-electric effect ‘why is it
‘that only one of these (millions of) electrons is
ejected by the photon’s impact?’. The answer is
simple — on the purely classical basis of the
image force between a charge and a conductor it
will take a finite amount of energy to remove
even a conduction electron from a metal. Pho-
tons of visible light simply do not have enough
energy to remove more than one conduction
electron from alkali metals such as sodium and
potassium.

He went on to ask ‘what physical mechanism
determines which electron is ejected, and ‘how
wide is a photon, please?” Now Doppler shift
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measurements show that the conduction
electrons in metals have speeds of about 0.1% of
the speed of light, some ten times the value to be
expected from classical theory, but fully in
agreement with the predictions of wave
mechanics. If one assumes that the delay be-
tween a photon hitting the surface of a metal
and any subsequent emission of a photoelectron
is of the order of 1 ps, a typical conduction
electron will in that time have travelled some
thousands of times the average distance between
neighbouring atoms, so that willynilly the pho-
ton will have interacted with electrons over an
area comparable with the square of its wave-
length. These same conduction electrons have
De Broglie wavelengths of several interatomic
distances, and according to wave mechanics this
is the feature which allows them to move freely
about in metals. Dr Murray really should try his
hand at using his ideas to account for, say, the
temperature dependence of the resistance of
metals at liquid helium temperatures. Although
no-one would realize the fact from reading his
articles, it was the success of wave mechanics in
interpreting this dependence and many other
puzzling aspects of the behaviour of solid
materials that first persuaded many physicists to
consider the new theories seriously.

C. F. Coleman

Grove

Oxfordshire

Abstract Law is just as unbreakable in Copenha-
gen as anywhere else!

I have already touched briefly upon the law of
pressure, resistance and flow: another is the law
of decay from interaction.

The further interaction is reduced, the less
decay there is. Insulators attempt to stop inter-
action, and they succeed more or less. There is
not, nor can there ever be a perfect insulator,
and any perfectly insulated device would be an
absolute singularity having nothing to interact
with: needless to say, there is one, and one only,
and you are in it up to the eyes and beyond!

For these reasons, no potential barrier can be
absolute, and I could not really care a tinker’s
cuss how electrons manage to get past it, though
I am happy to hazard a guess (based upon the
same deductive logic which says that energy
exists) that there is a massive carrier in
apparently empty space through which ener-
getic interaction occurs.

Thus, while I positively adore Dr Scott Mur-
ray, it seems to me that his subjective arguments
are so shallow and superficial that they merely
invite argument from the specialists of this
world: the drops in the ocean may be seen as
particles in motion, and it takes one particle an
impossible amount of work to make a wave.

What is all the fuss about? Rubbing the nose
of a mess-maker in his mess merely makes him
argue. Let them stew in it: make the prognosis,
and let ime prove it.

Dirac and Bohr must come to accept that
space is not empty: it just appears that way
because you can’t catch a basic building block!
There is nothing smaller with which an ade-
quate mesh can be made, so that it inevitably
slips through the holes.

It is a simple matter of inter-disciplinary
analysis of which the single discipline specialist
is mentally incapable. Farm the blighters!

James A. MacHarg
Wooler
Northumberland

51


www.americanradiohistory.com

SHERE
- -

In Wireless World of April 1983, p.48, Jones
gives an impressive list of oversights and omis-
stons which were present in the interpretation of
the Michelson and Morley experiment.
However, | missed one important problem I
have always felt when dealing with this prob-
lem.

In this experiment it is always taken for
granted that the velocity of light does not
change at reflection. However, how can one be
sure about that? Apart from Romer and similar
determinations of the velocity of light I do not
know of any other way of determining the veloc-
ity of light, thus without mirrors and lenses. On
the contrary, from the point of view of light asa
stream of photons it is at least just as likely that
light might change its velocity at reflection: if a
photon excites an electron which on its turn
produces another photon there is no reason why
the velocity of light of the original photon
should be the same as the newly created one.
But if the velocity of light may change at reflec-
tion, already for this reason the experiments of
Michelson and Morley cannot produce a dif-
ference in the velocity of light (after reflection).
Dr M. Osinga
Haarlem
Netherlands

I was very interested to read M. G. Wellard’s
letter (January), including his comments on
N. Rudakov’s book “Fiction Stranger than
Truth”, which I have also read with consider-
able interest.

Wellard states that Rudakov has collected
“more than enough evidence to show that the
physics Establishment is in the hands of ideo-
logical extremists”. It is a little unfortunate that
he then goes on to mention, as a sample of that
evidence, a somewhat exaggerated statement of
Rudakov’s. Wellard refers to Rudakov’s citation
of a review of one of Harold Aspden’s books,
and repeats Rudakov’s assertion that the review
says that Aspden is a crackpot. Although the
review is somewhat pejorative, it is an exaggera-
tion to say that it calls Aspden a crackpot.

On the same page of his book (p.9), Rudakov
writes that “Lyttleton is of the opinion that the
truth of relativity seems so self-evident as to be
beyond need of discussion by any sane people.”
Although he does not give the source, he is
fairly obviously referring to a letter to The
Times, which is reproduced on pages 10-11 of
Herbert Dingle’s book “Science at the Cross-
roads”. A careful reading of the letter shows
that what Lyttleton wrote is completely dif-
ferent from what Rudakov attributes to him.

As Rudakov rightly says, (p.7), “Silence is
the main weapon of the relativists.”” There is
also ample evidence that members of the scien-
tific community view scientific heretics with
scorn and refuse to take their arguments
seriously, and I was glad to see Wellard’s refer-
ence to the scornful heading of an article in New
Scientist. After perusing the relevant correspon-
dence and seeing the heading “Einstein 6,
Cranks 1, the reader may possibly conjure up a
picture of Einstein playing golf. Whatever game
the writer of the heading had in mind, it cer-
tainly was not cricket!
lan McCausland
University of Toronto
Canada

The principle of indeterminacy is not a topic
which I have studied to any great extent, but I
would like to put a question to Dr Murray. He
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argues in your March issue that it is possible to
determine what the velocity of an electron was
“to any accuracy we please”. But all electrons
look alike. How then can we know whether the
electron on which the second observation of
position was made is the same as that on which
the first observation was made?

K. S. Hall

City University

London

FORTH COMPUTER

In his article on a Forth computer Brian
Woodroffe takes the dangerous step of compar-
ing microprocessor c.p.us by preparing a
number of examples of small isolated sections of
code. Whilst I do not wish to take a standpoint
in favour of any particular device I would like to
point out that this sort of comparison is, at best,
worthless and can be misleading. To quote one
counter example, the 8088 ‘+’ operation could
be carried out via the instructions

POP AX
MOV BP SP
ADD [BP] AX

equal to the 6809 in terms of instructions, or,
BP has a fixed relation to SP, as is the case in
most executing programs,

POP AX
ADD [BP + o] AX

where X is an assembly time constant. [ hasten
to point out that I am not trying to challenge his
choice of processor but simply to point out that
his reasoning is flawed. I have no doubt that any
software engineer (sorry Mr Catt) familiar with
the other c.p.u. mentioned could improve upon
the quoted examples.

J. O’Connor

Crewe

ELECTROMAGNETIC
DOPPLER

In the May issue Mr S. Hobson offers his expla-
nation of e. m. Doppler. His assertion that the
mechanism is ‘v’ is not helpful, ‘v’ is the cause, a
change in frequency is the effect; the mechan-
ism sought is that which links the two. The
description he gives for ‘wave crests’ is equally
valid if applied to a string of bullets fired at B by
A and in this case the velocity of the bullets as
seen by B would be the equivalent of (c-v).

What S. H. does is to divorce the fact that the
light travels from A to B from the fact that A
and B are moving apart, carefully avoiding des-
cribing the resultant composite motion. His
final suggestion that v is not velocity but rate of
change of distance is playing with words.

The light must leave A and must arrive at B
and at each must have an observed velocity,
frequency and wavelength which together
conform to the equation:

v="f\
The light leaves A at velocity c. If at B one
assumed that it still travels at c relative to A then

its velocity relative to B will be c-v. We can
write
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atB  c-v=f{gh
fa
and E =cC-v

This then is a common-sense description of
events which very elegantly produces the right
answer but is of course heresy.

If it was not possible by observing the light
from a source to tell whether or not the source is
moving, one could logically deduce that the
motion of light is unaffected by the velocity of
the source. As it is possible to tell if a source is
moving, then clearly something is affected by
movement. If the frequency of a periodic func-
tion is lower, then either it is going past more
slowly or the ‘wave crests’ are further apart. If
one is not a heretic, light cannot be going
slower, therefore the wavelength must have in-
creased. What causes the wavelength to change?
Where does the change take place?

Suppose at the moment of measurement B
passes a third observer D stationary with respect
to A. If the change in frequency observed by B
is attributed to a yet unexplained change in
wavelength which has occurred at a yet unspeci-
fied point between A and B how is it that D does
not also observe this change in wavelength. He
is at the same point of time and space as B, is
observing the same wave as B observes, passing
him at the same velocity as it passes B.

Heresy is so much simpler.

J. Kennaugh
Cornwall

Like your correspondent Kennaugh in Wireless
World, May, 1983 I have been looking at the
Doppler theory.

If one considers a particle stream where there
is velocity, frequency and separation instead of
velocity, frequency and wavelength then the
Doppler effects can still be expected.

In calculating the relative velocities of the
source and the particles with respect to the ob-
server one can invoke the presence of an ‘ether’
against which the velocities are measured.
These can then be summed to get the relative
velocities and to remove the ‘ether’. This may at
first sight appear to be a pointless exercise but if
it is done for an Einsteinian system then it is
obvious that for every value of a relative velocity
(of the source with respect to the observer) there
is an infinite set of pairs of velocities (of each
with respect to the ‘ether’) that produce the
same Doppler effect. With a non-Einsteinian
system there is only one set of velocities that
produces the effect.

The reason for this is that in a non-Einstei-
nian system the movement of the source pro-
duces a change in the velocity and the separation
of the particles but not the frequency whereas a
movement of the observer produces a change in
the velocity and the frequency of the particles
but not the separations. Thus the movements of
the source and the observer do not cause the
same change in the Doppler effect whereas in an
einsteinian system they do.

An interesting consequence of this is that in a
non-Einsteinian system the universe has built
into it a means of identifying which object,
source or observer has changed its motion. The
contributions of each body to the total relative
velocity can thus be calculated.

It would appear, therefore, that some veloci-
ties are relative and some absolutely so.

James L. Smith
St. Albans
Hertfordshire
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Table 2. Stop-list codes used in translate mode, Copeman Hart Chamber Organ, London, 1974/1982
Manual 1 Manual il Pedal
49 notes Cto c" 49 notes Cto c" 30 notesCCtof
Quintaton 16’ QD Gedeckt 8 G8 Prinzipalbass 32" FD
Prinzipal 8 P8 Prinzipal 4 P4 Untersatz 16’ UB
Viola da Gamba 8 V8 Hohiflote 4 F4 Prinzipal 8 P8
Rohrfiote 8’ R8 Nasat 273" N3 Gedeckt 8 G8
Oktav 4 04 Gemshorn 2 G2 Oktav 4 04
Spitzflote 4 S4 Terz 1% T2 Nachthorn 2’ N2
Waldfiéte 2" W2 Siffiéte 1 Si Mixtur -4 MR
Quinte 1 Q1 Zimbel i MR Kontraposaune 32" KP
Mixtur i MR Krummhorn 8 K8 Posaune 16’ PB
Scharf Il SK Schaimei 4 S4 Trompete 8 T8
Rankett 16’ RD Tremulant TR
Trompete 8 T8
Couplers: Manual Il to Manual | KM

Manual | to Pedal KH

Manual I to Pedal KR
Note: As is usual, D indicates Double

Continued from page 41
variables for a rash of new pointers. Two
further machine-code words provided
nine-bit multiply and divide by two which
greatly speeded up the process of transpo-
sition, made faster still by an alternative
word to transpose by eight notes at a time.
This is particularly useful for transposing
between divisions of the organ — fortuna-
tely, care had been taken when the
hardware was installed to wire the 128
keying register lines in a logical sequence.
To date, the extemporizations available
are largely based on canon in two or three
parts, with independent time and pitch
offsets (mostly defined by variables) for
each part. Each part has its own p.d.p. in
the input data field (representing the
theme) and its own input and output (i.e.
transposed) console fields. The Forth
program then combines the two or three
parts into a new output data field, which
can then be auditioned using play mode in
the usual way. Up to now, therefore, the
machine does not perform true extempori-
zation, that is to say in real time, but the

speed of operation suggests that this is
feasible if the correct interrupt priorities
can be established.

For a three-part canon, a seven-branch
decision tree is needed to determine from
the durations whether all three, which two
or which one.of the parts are (or is) the
next to move. A decorated line, which can
be combined with a two-part accompani-
ment, is provided by using the two-part
canon routine but allowing only the latest
part to move to appear in the output
console field. With the appropriate time
offset, this can provide a highly synco-
pated variation on the original theme, plus
curious ‘hocket-like’ effects when the
original notes depart slightly from strict
time or strict legato.

The next thing to do was to provide
some harmonization rules. By temporarily
transposing the console field for one part
and comparing it with another, any in-
terval can be detected and changed into
any other interval. To date, this has been
used only to turn adjacent notes into minor

thirds, but even this simple rule can
produce charming suspensions and ca-
dences (charming at least in relation to
their somewhat austere surroundings).

The structure of the Forth words seems
to clarify by an interative process (by the
programmer, not the computer) as the
work proceeds. For example, the harmoni-
zation rule mentioned above boils down to
the word ‘augment minor seconds’, abbre-
viated to AMS. To use this, it is simply
inserted at the beginning of the definition
of ‘transfer and/or console fields’ which
prepares the combined console field for
output to the data field. Needless to say, if
the machine were “performing” in real
time, the output data field would not be
necessary.

Perhaps the most charitable thing which
could be said about the results from the
extemporization routines after six weeks of
spare time work is that they offer plenty of
scope for further development. Probably
the next fruitful step would be some rules
for motion of the separate parts. VWY

June 14-17
Tectronica 83; International exhibition for test,
measurement and control and for the
laboratory. Earls Court, London. Industrial and
Trade Fairs Ltd. Tel: 021-705 6707.

June 21-22

World Electronics: Europe — the way ahead.
Financial Times conference to be held in
London. Details from Financial Times. Tel:
01-248 8000 ext 4123.

June 21-23

Compec North 83; Business computer show.
Belle Vue, Manchester. Reed Exhibitions. Tel:
01-613 8040.

June 22-24

Subsea Challenge Conference; Progress in
underwater technology. RAU Exhibition and
Conference Centre, Amsterdam. Society for
Underwater Technology, London. Tel: 01-222
3236.

June 27-July 1

Digital signal processing; course organised by
the George Washington University (18 St
George Street, London WIR 9DE), at Imperial
College, London. Tel: 0626 83 3012.
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June 27-29

Videotex ’83; Conference and exhibition at the
New York Hilton, NY, USA. Organised by
London Online Inc. Details in UK from
Online. Tel: 09274 28211.

June 27-Julyl

BKSTS ’83; 8th International film and
television conference and exhibition. Royal
Lancaster Hotel, London. British

Kinematograph, Sound and Television Society.
Tel: 01-242 8400.

June 27-29

Frequency synthesizers; Course organised by
the George Washington University, at Imperial
College, London. Tel: 0626 83 3012.

June 27-30

Integrated optics and optical fibre
communication. Fourth International
Conference in Tokyo, Japan. Details from IEE.
Tel: 01-240 1871 ext 330.

June 27-July 1

Integrated circuit engineering, with emphasis
on visi and vhdic. Course organised by the
George Washington University at Imperial
College, London. Fer details tel: 0626 83 3012.
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June 27-July 1

Laser 83 Opto-electronik. Sixth International
Congress and trade fair. Trade Fair Centre,
Munich. AMEG, Messegelande, Postfach 12 10
09, D-8000 Miinchen 12.

June 28-29

Comex 83; Conference and exhibition of mnbile
radio communications and paging systems. De-
Vere Hotel, Coventry. Federation of
Communications Services. Tel: 01-635 2657.
June 30-July 1

An applications-oriented approach to artificial
intelligence. Course organised by the George
Washington University at Imperial College,
London. For details tel: 0626 83 3012.

July 3-8

Semi-custom ic design and vlsi; IEE vacation
school at Edinburgh University. IEE. Tel:
01-240 1871 ext 330.

July 3-8

Interfacing techniques for microprocessor
instrumentation. [EE vacation school at
University College of North Wales. [EE. Tel:
01-240 1871 ext 330.

July 3-15

Microwave solid state components and
subsystem design. IEE vacation school at
Leeds University. [EE, tel: 01-240 1871 ext 308.
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Aspects of audio
amplifier design

Given sufficiently high linearity of certain silicon bipolar transistors with initially linear
regions of their input characteristic, it seems expedient to use them in audio amplifiers
— especially those feeding horn loudspeakers — without overall feedback.

The perfection of audio amplifiers involves
not only the perfection of electric circuits
but the perfection of amplifying elements
— transistors — as well. Efficiency in au-
dio amplifiers may sometimes be consid-
ered a secondary technical requirement
because of the existence of compact
effective and relatively cheap power
supplies with the mains to convert the
50-60Hz frequency at the power supply
input to a higher one. This article illus-
trates, through the example of single-
ended amplifier design for horn loud-
speakers without overall feedback, some
aspects that might become significant in
the future, as well as in the present time.
High stability and (as a rule) better de-
pendence of non-linear distortion on out-
put voltage can be achieved by simple
methods and without sacrificing other
parameters. In push-pull amplifiers, some
compensation of the second harmonic ex-
ists but with an increase of third harmonic
that is more considerable than the decrease
of the second. Another essential feature of
single-ended amplifiers is the equalizing of
the amplifier load of the loudspeaker by
the small resistance in the emitter of the
Darlington output stage.

Modern horn radiators have an output
exceeding 114-117dB (1m/1W) when using
cobalt, samarium and other highly effi-

cient magnets for normal polar response.
The output of low-frequency loudspeakers
without horns is limited by the flat ampli-
tude response at low frequencies, this out-
put usually being no more than 94-97dB.
Bearing in mind that the maximum power
of low frequency loudspeakers is limited
by voice coil heat dissipation and by the
nature of the moving system as a whole,
and taking into account large intermodula-
tion distortion in I|.f. loudspeakers at

Pou>5 to 25W (the ear becomes more

by Y. Miloslavsky, Dipl.Ing.

sensitive to a.m./f.m. as  sound
pressure level increases'), the maximum
power of low-frequency loudspeakers can-
not exceed 25-200W. And this has been
borne out in practice. In addition horn
radiators possess specific (non-smooth)
distortions because of the change from a
sinusoidal wave to a shock wave and a non-
linear elasticity of air in the plenum cham-
ber for large throat amplitudes. These
distortions occur when the acoustic power
divided by the input horn area is greater
than about 0.25W/cm?. If the throat area is
6cm? and the efficiency around 50%, then

L/

1
1
upper /..L
300 -900kHz T
1
1
d

Single-ended amplifiers can meet the most stringent requirements for
horn loudspeaker drivers provided that components are carefully chosen.

na
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the rated amplifier power will be about
3W. Thus the power output of medium
and high-frequency channels of power am-
plifiers should equal 0.25 to 2W, and tak-
ing account of the spectra of musical sig-
nals, we come to a value for power output
of 1 1o 4W.

Such amplifiers can be designed on the
basis of a single-ended circuit, below, and
can meet the most stringent up-to-date
requirements provided that all of their
components — capacitors, resistors, tran-
sistors — also meet up-to-date require-
ments.

Realisation of such an amplifier with
either valves or field-effect transistors
gives no advantage from the point of effi-
ciency, output resistance and even linear-
ity. The output resistance of valve and
field-effect transistor amplifiers cannot be
reduced sufficiently without overall nega-
tive feedback, or special complicated cir-
cuits if followers are used. Then the output
resistance is

1 =20ohm.

_Ri 1
Rout—1+u 3

From equation 1 (appendix) the output re-
sistance of followers using bipolar tran-
sistors, particularly a Darlington tran-
sistor, reduces to

+ Rl[ROIIRs

Rour=TeTe3 i h 0
21ETr2 1121ETr3

In this case R,y < 0.4 to 0.20hm, with
R3=~1.5kQ, hye~ 3x103, This value of
output resistance is enough even for a low
frequency channel.

In general, the output resistance is a
complex value Z g, the modulus of which
increases with increase in frequency due to
weakening of local negative feedback
(hz1¢). The input resistance of Darlington
transistor is limited by resistance rcry,
from equation 2 (appendix). In general,
the input resistance of a follower is also a
complex value and approaches Ry, with
increase in frequency. Moreover fic <f,pper
(ficis pole frequency in Z;,, see appendix).

As a first approximation, one may ig-

WIRELESS WORLD JULY 1983



www.americanradiohistory.com

Born in Moscow in 1947, Yuri

| Miloslavsky graduated from the
department of physics of the Saratov
State University in 1971. Assigned to a
military plant in Saratov, he worked in
the fields of microwave technology and
digital telephone systems. Later he
joined the scientific research institute of
television and broadcasting in Moscow
where he worked on problems of

electroacoustics, architectural
acoustics, subjective aspects of sound
I reproduction. Since 1978 he has been in |
| the laboratory of architectural acoustics |
in the Moscow institute of the physics of |
construction. Last year he emigrated to |
the USA.

nore variations in non-linear resistances ry,
and r., as well as weak variations in C. and
C. as a function of signal level, and adopt
their average values relating to the d.c.
operating points {Icc), VeEde)) and rated
P, of 0.25 10 0.5P, .. (We ignore in our
case internal voltage feedback due to base
thickness modulation; u=(dVe/dVc)igconst
-—¢prXconst/wVV,. )

When supplying short pulses with small
rise time to the follower the ouput cable
capacitance may influence the form and
amplitude of the pulses. The transition
time of the follower should be smaller than
the transition time of the signal.

In the calculation of the transient res-
ponse (as, for example, using the integral
of Duamel) it is not necessary to take into
account the isolating capacitors used as
crossover networks which cause the ap-
pearance of additional multipliers (1+p1y)
in the numerator of the transfer function,
as there are complementary transient res-
ponses in the mid and low-frequency chan-
nels and their corresponding radiators. But
the problem of transient response still re-
mains. In general, given the resistor in the
emitter network and without taking
isolating capacitors into account for the
cascade of a common emitter and common
collector (emitter follower) the transient
function is usually written as follows (bas-
ing it on an equivalent circuit under cer-
tain assumptions):

WIRELESS WORLD JULY 1983

Ky = |20
+ mp + np

Such a function points to possible oscilla-
tory character of the transient process or a
possible overshoot. With the calculated
capacitor Cp. = C,—p2 connected in parallel
with the resistor mentioned above, the
transient function becomes ideal (ref. 8)
under certain conditions:

0
K(p) - 1+ P_B 3
o4
where m=a«a+ n
o4
fpoleZ = fzeros fpolc2>fpolcl
and Cz =p2 7& CL fupper max.

In the case of an emitter follower signal
frequencies must be properly limited,
since the abrupt displacement of the
operating point into the region of small hy;
is possible, and the transient process is
defined by time constant (Z; || Rg) X
(Core + Cp); with Roye=Rou(t). K

Because the output and input resistances
are complex values and their module are
accordingly dependent on frequency, there
is a tendency to raise fupper to 1 to I0MHz
so that non-linear distortions, output reis-
tance and frequency dependance of ampli-
tude and phase responses deteriorate as
little as possible in the operational fre-
quency band of around 200kHz. This
band width is necessary for more faithful
reproduction of transient processes, for
decreasing the level of difference tones for
frequencies higher than 20kHz, and for
decreasing ampiitude and phase distortion
of the whole system. The correct repro-
duction of transients becomes a decisive
factor in many cases. Piano sound is the
most characteristic case, with its abrupt
attack and lack of stationary sound?, which
corresponds to conclusions given in refe-
rence?.Some of the basic parameters of
amplifiers are upper frequency limit, coef-
ficients a; to oy in the power series transfer
characteristic

V0u(=kV‘m+(¥zV‘in +(X3V3in+a4v4in
+ aeeetaa Vi

the nature of dependence ay,= o (B,w,T),
signal-to-noise ratio, output resistance, re-
liability, life time, constructional design,
and overall cost. Let us analyse some of the
specified parameters in detail. The value
0.5 to 2MHz of fypper can easily be
achieved using proper high-frequency bi-
polar transistors and using small-signal
source resistances Rg for each stage. We
assume that this bandwidth is sufficient in
the present situation.

Amplifier design without overall nega-
tive feedback is preferable according to
Nyquist’s ‘“‘regeneration theory” and the
theory of electrical networks, in particular
t.i.m. But it is necessary to meet the most
stringent and rational requirements to re-
duce non-linearity. The characteristics I¢
= IC(IB,VCE const) and IC = IC(VCE,IB

"const), especially in n-p-n transistors, are

of the same order as the corresponding
characteristics in valve pentodes Ip =
1a(Vy), I1a = 1a(Va,Vgconst), and in some
cases are even better. The input character-
istics I = Ig(Vy) of amplification valves are
linear, except in the special case Ig # 0, but
the input characteristics Iz = Ig(Vgg,VcE)
of transistors are non-linear, except in
some special cases. By these and other
factors, one can explain lower non-linear-
ity (i.e. sufficiently fast approach of trans-
fer characteristic coefficients az to oy, €s-
pecially a4 to o, to zero) in circuits with
valve pentodes and triodes. We should also
take into account that in the presence of
large overall negative feedback, and for a
large non-linearity in a system without
overall feedback, the law of feedback
changes in an unfavourable direction®. In
semiconductor circuits the signal often
passes through an excessive number of p-n
and n-p junctions, which in addition
operate impulsively at high temperatures
(for horn radiators one stage is more than
enough for voltage amplification). Strong
dependence of the junction temperature on
signal level is also undesirable. Sometimes
high junction temperatures cause undula-
tion of output characteristics. As to push-
pull stages with semiconductor compo-
nents, a large asymmetry of arms addi-
tionally occurs as a rule through the overall

Undersirable non-linear distortion, e.g. in the
second harmonic, can reach several per cent in
single-ended cascade in a small-signal regime’.
Amplitude and phase distortion above 10kHz
can be several orders more than corresponding
internal di/stortions due to Cg and C¢ in h.f.
transistors’. Reference 7 gives possible methods
of compensation for these distortions.
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Elegant amplifier construction
is easily attached to the
loudspeaker and provides
shielding for the circuit as well
as heat dissipation for Tr3.
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operational range of voltage and current,
often of very complicated nature. All these
factors make reduction of non-linearity in
semiconductor amplifiers more difficult
(though a sum of certain factors may partly
compensate for some ag).

For amplifier stages the class A operat-
ing mode is always preferable because the
ear becomes more sensitive to harmonic
and sum and difference tone distortion as
sound pressure level decreases, based on
_specific features of hearing thresholds un-
der masking', because of smaller ap—ap
dependence on w,B and because of weak
dependence of junctions temperature from
signal level. If operational areas of input
and output characteristics of amplification
elements are correctly selected class A
distortions decrease or increase as a func-
tion of output voltage of the load linearly
or strictly monotonically.

What can be expected from such an ampli-’
fier in practice? In this circuit I have used
the following transistors: KT630B(b) as
Tryand Trz; KT912 as Tr; (see catalogue
of Mashpriborintorg, USSR). The most
essential known parameters are
KT630
Pcmax = 0.8W (T=25°C); VcEmax =120V;
Icmax =1A; hy1g = 4010240; frgc-2a) =
50 MHz; Cc<15pF(Vcg=10V); Cg <65pF
KT912
PCmax =30W (T=85°C) ;VCEmax=70V;
Limax=20A; Rnyic=1.66°C/W; haigqc=2a)
- =20 10 100; fj;n; =90MHz
Transistor KT912 must be thoroughly
selected on the basis of initial current I¢c =
Ic(Vcg,Ig=0), and stability of hyg in the
operational range of collector current and
voltage. The collector, usefully, is electri-
cally isolated from its package.

It should be specially mentioned that

initial operational areas of the input char-
" acteristic Ig = Ig (Vgg) in the KT630 and
KT912 — up to 0.3 and 0.6V respectively
— are linear and do not practically change
with variation in Vcg. Output characteris-
tics Ic = Ic(Vce, Ipconst) and Ic =
Ic(Ig,Vcrconst) of these transistors in
operational areas are also satisfactory.
Non-linearity attenuation, as measured
with Brilel & Kjaer frequency analyser
2010 by the harmonic distortion method
with rated power of 0.25 to 0.75W corre-

1]
o©
&)
w0
= B e
= |
T L T T
1] 10 20 30

FREQUENCY (kHz)

sponding to Pyyymax) = 1 to 2W, is shown
above. The rest of harmonics cannot be
detected with the 2010 (dynamic range
approximately 90dB). Distortion as a func-
tion of level follows an almost linear pat-
tern. This non-linearity (specifically of
high order ay—a,) is no worse than in
good valve circuits with overall negative
- around 20-25dB, and is no worse in most
cases than for electroacoustic transducers
at corresponding levels. Values of square
and cubic non-linearity are much less than
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Single-ended amplifiers are less tolerant of ripple than push-pull types; this
additional transformer winding to supply the zener diode D increases ripple

suppression by a hundred fold.

their sufficient values® and much less than
values for the ear at corresponding levels
and frequencies of sound pressure!.

Article 9, which may well be unique,
contains a strict calculation on'the basis of
probability theory of the perception of
non-linear distortion in different cases,
given square and cubic distortions. Its
conclusions practically coincide with the
corresponding content of this article even
though some of the data used are some-
what dated.

Non-linear distortions become more
perce?tible with broadening of frequency
range’, improvement in signal-to-noise
ratio of reproduction systems, and decreas-
ing acoustic noise in listening rooms. All
these factors are changing favourably; for
instance, it’s not too difficult nowadays to
get an A-weighted signal-to-noise ratio of
85-100dB in power amplifiers.

In this design, crossover networks can
be realised with C;, C3, C3, and the input
resistances of corresponding stages (see
appendix). Overall steepness of crossover
networks can be 6 or 12 dB/octave, and can
be also variable (to 18dB/octave).

For ease of reference, the instability of
current gain in bipolar transistors resulting
from rises in junction temperature is de-
fined by the following expression, where
T() == 25°C,

hyigtey + (0.003 to 0.006)
X hy1EToT—To)

hz1gm) =

The reliability and longevity of semi-
conductor amplifiers (for example, instab-
lility of output current in the given ampli-
fier is in the range 0.2 to 0.8%) are much
higher than that of valve amplifiers pro-
vided that components operate well within
their ratings. I have achieved excellent
stability and subjective results while using
this single-ended circuit for an L.f. channel
with Poyimax = 8 10 20W.

There are some special features in tech-
nical requirements to the power supply for
single-ended power amplifiers. The value
of permissable voltage ripple (less than for
push-pull circuits), interference and noise
is determined by the maximum power out-
put of an amplifier and its dynamic range.
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The output resistance of power supply
including resistance of wires between
power supply and amplifier should be low
enough to prevent distortion of and tran-
sient responses. On the other hand, the
requirements for the stability of the power
supply voltage are very mild and the fol-
lowing version of power supply is likely to
be optimum,see diagram, for which

_(rzp+rere3) + rore3/h2iETes
h21ETr1"h21ETS2

Roue

IcTrl TeTr2
rera/ha1ET + o2
rzDp+rerr3+ ryTe3/h2iETes

and K=

The existence of the additional parametric
stabilizer (with additional winding of the
transformer) for the supply of the zener
diode D increases dramatically the ripple
suppression coefficient (stabilization factor
K), by approximately one hundred times.
As a rule the frequency and transient
properties of this stabilizer are better than
in multistage stabilizers.

This power amplifier circuit can be de-
signed on the basis of maximum possible
efficiency (a push-pull version is also pos-
sible®), or on the basis of the smallest
power dissipation by transistors Tr; and
Tr;. In general the maximum possible effi-
ciency approaches 8.6%, or 25% with a
dynamic current source as Rg.

Further reading

Ryffert, H. Die Grenzen der Horbarkeit
nichtlinearer Verzerrungen vierter und
funfter Ordnung fur die einfache Quint.
Frequenz 1961, 8.

Daugherthy. D. C. and Greiner, R. A.
Design objectives for audio power ampli-
fiers, IEEE Trans vol. AU-14, March
1966.

Stepahenko, P. Osnovi Teorii Transisto-
rov I Transistornih Shem, ‘“Energia”
1977.

Oren, R. Discussion of views on popcorn
noise in bipolar transistors, IEEEE Trans
1971, vol. ED 18 no. 12.
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Appendix 1

Output resistance Roy is approximately

- Rs+ry TeTr2HIbTr3 | LT3

TeTr3t+

¢ hyue h21ETr3

(R3||R4)”R5+rb1‘rl+w

" Lt/ ETRtras (1)

h21ETr2 h21ETS3

~where 1. function of many. variables for the
given type transistor and approximately equal to

2 t04x10¥I; ohm, and r,~0.026/I; ohm.
frise Ofl Zoy |for+ 3dB=1zero K Fuppcr-

T,
Rin~rp+ho1g| ——|I(re+ Re}IRL)
hae

Omitting 1, and r. in our case
TeTr2lcTe3 .
reTe2/h2ET2 +IcTe3

)HR«sHRL] @

Rin*”-hzurrrzhzuz'rrs[(

1

R
hy1ET2h21ETS
and Ry, <rety2.

Value r.=r(I.+S(t)) depending on the signal

current imposes a principle restriction on the
attainable nonlinear distortion level, depending

reTr2/h21ETr2 H T3

on Ry/Ry,. Moreover, it is obvious that the value
I. is in itself a source of nonlinearity.
Appendix 2

Based upon Jiacoletto’s simplified equivalent
network for a bipolar transistor (Tr)). If R;=0,

X zrb'*'rb'e‘_"im[cb’e'*'cc'l/re'RSHR“”Rilrb The
" 1+jo[Cpe+Cc lreRs|[Ry [Rs]rore

) 1
where ry-e=r, hy), Cme and C.=C.(Vce)

Rinp
=
N
- T T
fic fip
FREQUENCY
Rg+ry+rpe

f ~

PP 20 [Cyye+Ce Ve R3||R4l{Rs] (Rs+1b) Tove
The function Z;, has a pole and zero, where the
pole frequency is fie<fupper

1
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VisiCalc users can get ‘hotline’ answers
to any problems they may have with the
system from Gunther Computer Consor-
tium, who also publish a newsletter each
month and run seminars on the use of
VisiCalc. Gunther Computer Consor-
tium, Lake Drive, Southampton, NY

11968, USA. WwW400

Microprocessor and memory i.cs from
Fujitsu, monochrome and colour v.d.us
from Panasonic, and Ethernet transmit-
ter and control products are listed in
shortform stocklist and price guide from
Ambar Components Ltd, Gatehouse
Road, Aylesbury, Bucks HP19 3ED.
Ww401

Wide range of computer printers and
interfaces, mostly in the 16 to 40 column
range are listed in a 22-page product
guide and price list. Introduction con-
tains useful information on the advan-
tages of the various types of printer.
DED, 47 Station Road, Lydd, Kent
TN29 9ED. Ww402

Uninterruptable power supply unit
from 1 to 6kVA are designed to protect
sensitive equipment such as computers,
data loggers, controllers, communica-
tions networks and alarm systems, is des-
cribed in leaflet. Avel-Lindberg Ltd,
South Ockendon, Essex RM15 5TD.
WWwW403

Half-wave antenna for use with c.b.
radio has been manufactured by a British
company who have also produced a data
sheet about it. Claimed to be manufac-
tured to a high specification, the firm has
previously made mobile antennas for
civil and military use. Bantax Ltd,
Abbey Road, Park Royal, London
NW107S]. WWw404
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Hand tools and tool kits for the electri-
cal and electronic engineer are described
in a 40-page catalogue. Sections of the
catalogue are devoted to wire and cable
strippers, crimping tools, pliers, nut and
screwdrivers, ancillary equipment and
tool kits. AB Engineering Co, Timber
Lane, Woburn, Milton Keynes MK17
9PL. WW405

Two Plessey handbooks, one on Linear
integrated circuits (PS1973) includes de-
tails of op-amps, linear r.f. amplifiers,
phase locked-loop circuits, limiting
wideband amplifiers and other radio
communication and power control cir-
cuits. The other on high-speed data
processing (PS1989) covers crystal oscil-
lators, ECL III, data conversion circuits,

fast gates, comparators, flip-flops and a-
to-d/d-to-a circuits. Both from United
Components Ltd, Unit 5, Wye Estate,
London Road, High Wycombe, Bucks
HP11 1LH. WW406

Clamps and clips, board supports and
all sorts of plastics fasteners and compo-
nents are illustrated in a 52-page cata-
logue from Richco International Com-
pany, West Street, Erith, Kent. WW407

A Guide to Personal Computing, pro-
duced by Digital should be more accu-
rately titled the Guide to Digital Personal
Computing as that company’s products
are featured prominently. Nonetheless, it
contains useful information on compu-
ters and their operation and is free from
Digital Equipment Co Ltd, Customer
Information Centre, Basingstoke, Hants.

WWwW408

Aids for the production of p.c.b. art-
work, circuit diagrams consist of self-ad-
hesive symbols and shapes which may be
accurately positioned using a registration
system and stuck down by finger
pressure. Fully illustrated in a catalogue
from Circuitape Ltd, New Street, Ayles-
bury, Bucks HP20 2LN. WW409
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Eurocards for prototyping may be hand-
wired rapidly may be re-wired easily if
the Quick-connect i.d.c. system is used,
according to an eight-page brochure from
AstraluxDynamics Ltd, Red Barn Road,
Brightlingsea, Colchester, Essex CO7
0SW. WWwW410

Measuring instruments for temperature,
air flow velocity, humidity, velocity and
the presence of gases are shown in a
shortform catalogue from Testoterm
Lid, Old Flour Mill, Queen Street,
Emsworth, Hants PO10 7BT. WW4l11

~

Signal processing circuits. Formulae,
definitions and application notes are in-
cluded in a Designers Guide and
Handbook produced by Analogic. Guide
covers a-to-d and d-to-a converters,
sample and hold circuits, analogue
multiplexers, filters, isolation circuits,
power supplies and various subsystems.
Available free from Analogic Ltd, 68
High Street, Weybridge, Surrey.
WwWw412

Soldering irons from miniature to SO00W
sizes, temperature controlled or un-
controlled are listed in a catalogue from S
& R Brewster Ltd, 86 Union Street, Ply-
mouth PL1 3HG. WWil3

Nickel cadmium, sealed lead-acid bat-
teries and a variety of battery chargers
and battery holders are listed and priced

in a leaflet from Sandwell Plant Lid, 2
Union Drive, Boldmere, Sutton Cold-
field, West Midlands B73 STE. WW414

Multi-user computer system of British
design based around the 16-bit 68000
processor, uses the Idris operating
system and incorporates full C and Pascal
compilers with disc drives which can
read and write Unix, CP/M and RT-11
file systems, is fully described in bro-
chure from Integrated Micro Products
Ltd, Number One Industrial Estate,
Medomsley Road, Consett, Co Durham
DHB86SY. WWwi415
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Forth computer

Interface circuits and software for disc-drive control are main subjects of Brian
Woodroffe's third article describing his 6809-based microcomputer. First, operation of the
video controller is concluded and i/o software discussed.

Character-code and row information for
the video-controller i.c. is supplied as an
address to a character rom. Character in-
formation for each row is fed to an L8165
shift register and serial output from this
register is combined with synchronization
signals in an analogue gate to give a stan-
dard 1V p-p composite-video signal which
is subsequently fed to a u.h.f. modulator.

The dot clock, consisting of a Schmitt-
trigger relaxation oscillator, should be ad-
justed to the minimum frequency to
minimize the luminance bandwidth re-
quired in the monitor consistent with all
text displayed on the screen. Character
values 10 to 1F hexadecimal are pro-
grammed into the character rom to give
coarse graphics. Two 2114 rams hold
enough information for one 1024-character
Forth screen to be displayed.

Two further video rams store text nor-
mally lost at the top of the screen. A switch
allows a page of lost text to be displayed.

Terminal and i/o software

The Forth reset routine checks to see if
there is an M6850 present and if not auto-
matically redirects terminal i/o routines
from the RS232 interface to the p.i.a. for
parallel Vo. Forth words giving access to
user ports are included in this operating
system. These words, P@and P! act in the
same way as Forth words @ and ! except
that they allow access to user i/o ports.

The software-driven output word, P!,
makes data available on the p.i.a. B lines
then activates the address coded on the A
lines. On-input, P@, reads data while the
port address is made. Output ports ideally
connect to L8273 latches and input ports
to L8244 buffers. Port-strobe lines are de-
coded from the p.i.a. A lines using L.S138
three-to-eight-line decoders. Eight read
and eight write ports can be connected to
this hardware and if more ports are needed
then a further 6821 p.i.a. could be connec-
ted and mapped into the USER variable-
address area. Cursor control codes, i.e.
decimal codes for EMIT, are as follows.

8 left (backspace)

9  right(tab)

10 down (line feed)

11 up

12 home and erase

13 carriage return

14 home

15 carriage return and line erase

Disc interface hardware
Interfacing to the floppy disc® is done
using the most readily available controller

The author is with Hewlett Packard in research
and development.
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by Brian Woodroffe

since it is cheaper than using s.s.i./m.s.i.
devices. Complexity of the WDI1793
controller is comparable to that of the
6809. The first problem was interfacing an
8080 style peripheral to the M6809 bus,
the main difficulty being the writing data-
hold times.

The problem of data-hold times was
solved using the memory-ready signal,
MRDY, which when active (low) holds the
processor clock cycles in an E-not-Q state
for at least one quarter of a bus cycle. This
quarter cycle provides the hold time. The
memory-ready signal triggers a monostable
multivibrator each time the procesor wants
access to peripheral-drive address space
between C000 and DFFF on the rising
edge of the Q clock and this signal forms
the floppy-disc controller write signal.

A read signal is derived from clocks E
and Q. Interrupt and data-request outputs
of the floppy-disc controller are connected
to the processor FIRQ pin so that data
transfer can take place using the M6809
SYNC instruction. As noted before, a
floppy-disc drive’s data rate can cause
problems when d.m.a. is not used. In
double-density recording on a 5Vin floppy
using a WD1793 controller, the worst-case
data-transfer rate is 27us/byte. Coding is
shown in Table 1.

The trick is that SYNC stops the
M6809’s execution without affecting the
clocks until the floppy-disc controller in-
terrupt occurs and the processor resumes
execution. This provides quick synchroni-
zation between the processor and control-
ler. Despite that modifying the direct-page
register gives quicker access to the f.d.c.
which is in high memory, this feature was

not used because of the extra coding
needed. Had the processor clock been
slower this alternative might have been
necessary.

Interfacing the floppy-disc controller to
the drive is the next problem. Most of this
is covered in an ANSI standard’ but the
problem of clock recovery remains. Be-
cause of mechanical constraints, data read
from disc will not be synchronous with any
processor clock so clock information con-
tained in the data stream must be
extracted. In single-density recordings
each bit cell has a clock bit and a possible
data bit (no data bit is zero) and in double-
density recording the position of the bit
within the cell determines whether it is a
one or a zero. A clock synchronous with
incoming data is required to determine the
incoming bit’s position.

Although it gives the best performance,
a phase-locked loop circuit was rejected on
grounds of cost. Instead a crystal clock
running at eight times the nominal read
clock is used and a divide-by-eight version
of this clock is phased with the incoming
data to recover the original clock. First the
incoming bit stream is synchronized to the
crystal clock (x8) to produce pulses with
accurately defined widths using an LS74.
This pulse stream is fed to the floppy-disc
controller (RAW READ).

The reading clock is provided by an
LS161 counter which is normally held off
until the controller wants to read the disc,
when the counter is enabled by the read-
gate signal. This counter would normally
free run at about the nominal clock rate,
but it is synchronized by applying the raw
read signal to its load input. The load
frequency locks its D output (READ
CLOCK) so that it changes mid-way be-
tween input bits. As the maximum
number of bit cells without read bits is
three, the recovered clock never gets too
far out of phase.

Table 1. Code showing how the M6809 SYNC instruction is used for

floppy-disc drive Jata transfer.

STB FDC F7C000
BRED2 SYNC 13
LDB FDC F6C000
BITB #2 C502
BEQ BRERR 2710
LDAFDC+3 B6C003
STAOQ, Y+ A7A0
LEAX —1,X 301F
BNE BRED2 26EF
BRED3 LDB FDC D600
BITB #1 C501
BNE BRED3 26FA
BRERR RTS 39

WONRBWNOON

send command byte to f.d.c.
wait for f.d.c. response
get status

test byte-in

no, then error

get byte

store, advance pointer
reduce count

loop back

wait till

f.d.c. finishes

32 cycles at 1.5MHz = 22us
Upon entry B=command code

: Y =pointer to data destination
X=byte counter

www americanradiohistorv com
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Problems with phasing are most notice-
able when double-density recording is
used, so a means of preventing bunchin%
of the bits is used. Precompensation
prevents bunching by moving the written
data bits slightly relative to the nominal
position in a bit cell so that when the data
is read back the bits appear to be in their
correct positions. The matter of precom-
pensation depends on the drive used. For
those drives that do not require precom-
pensation, including the TEAC FD50A
used in the original design, the precom-
pensation circuit is omitted.

The disc should be set to respond to its
address and head-load on drive select and
not to the motor-on signal, i.e. the TEAC
FD50 disc drive should be set as follows
(for further drives, follow the same pat-
tern).

DRIVE 0
HS=set, MX =set, DS0 set,
DS1,DS2,DS3=unset,
HM=disconnected.

DRIVE 1 (if fitted)
HS=set, MX=set, DS1=set,
DS0,DS2,DS3=unset,
HM=disconnected.

Disc-interface software

Under command of the c.p.u., the floppy-
disc controller takes care of head posi-
tioning, sector positioning, data serializa-
tion and cyclic-redundancy checking. As
soft sectoring is used, sector positioning is
determined by the address record read
from the formatted disc. The controller
may be programmed to format the disc. So
long as certain inter-record gap and record
sizes are adhered to, the formatted disc
capacity may be increased, Table 2.

Different systems use different sector
formats’, numbers and sizes of sectors and
sector numbering systems. In this system,
all variables associated with disc format-
ting are defined by the user which means
that most disc formats may be read. The
sector size is written into the address
record of each sector so it is possible for
the system to adjust its buffer size to that
of the disc. Forth word ?DISC is included
to read the current disc and set parameters
termed DENSITY, B/BUF and SEC/TRK
to those associated with the disc. Only
formats mentioned in Table 3 apply to the
disc format program and ?DISC.

When formatting a disc, it can be advan-
tageous to interleave the sectors on a track.
With this in mind a dummy word SKEW
was included which is currently defined as
no operation, but it may be redefined to
perform an interleaving algorithm during
formatting, Table 3. Defining Forth word
FORMAT for disc formatting is shown in
Table 4.

Forth treats all disc memory systems in
the same way, i.e. as a contiguous set of
1024byte screens, hence the choice of a
v.d.u. Main Forth words used to gain
access to screens on a disc are R/'W, which
moves data between a disc and memory,
and BLOCK. As disc sector size depends
on format, words BLOCK and constants
B/BUF, bytes-per-sector, SEC/TRK, sec-
tors-per-track, TRK/SIDE, tracks-per-

WIRELESS WORLD JULY 1983

Table 2. Capacity of a formatted disc
may be increased provided that cer-
tain record sizes and gaps are not ex-
ceeded.

Density Double

Bytes/sector 128 256 256 512
Sectors/track 16 10 16 10

Single

Bytes/track 2048 2560 4096 5120
Bytes/disc 82K 102K 160K 205K
Relative 100% 125% 200% 250%

side and SIDE/DISC provide a means for
Forth to work out which sectors make up a
screen. The size of virtual memory buffers
in Forth should be the same size as a
sector.

Time taken for the head to position itself
over the relevant track is a major con-
straint when using disc drives. Other time
factors for a SVain floppy-disc drive are
motor start-up time, head-load time and
rotational latency. To speed up access time
for double-sided discs it is usual to physi-
cally combine two tracks on opposite sides
of the disc into one logical track. This
minimizes head seek time for it is likely
that the sector required will be on the same
bigger logical track and the time taken to
gain access to the other side of the disc is
governed by the time taken for an electri-
cal switch to act rather than by the delay of
a mechanical head seek. But since Forth
treats all discs in the same way, including
this feature would have meant that one
could not mix single and double-sided
discs.

When using the Teac FDS0A disc drive,
access time is dominated by the start-up
time of 1s. If faster disc drives are used,
time constants may be changed (discussed

in a following article). Start-up time and -

head-stepping rate constants are moved
into ram from eprom by the Forth start-up
word COLD and may be modified to suit
faster drives. Forth constants normally
hold the values of constants in the parame-

ter-field address (p.f.a.) but as this system
is rom based, modification of the constants
would not be possible so they are coded
with a new routine which stores the value
in ram. This list shows how the constant
DENSITY is altered from single to double
density and gives other constants and their
meanings.

DENSITY =1 (double density, 0 for

single density)

=512 (number of bytes per

disc sector)

SEC/TRK =16 (number of sectors per
disc track)

TRK/SIDE= (number of tracks on disc,
normally 35-40 for a mini-
floppy)

SIDE/DISC=1 (2 for double-sided)

SEC-OFST =1 (for numbering sectors 1
to n, 0 for numbering 0 to
n—1)

B/BUF

1 (value to store, returned after
execution of DENSITY)

* DENSITY (find DENSITY p.f.a.
address)

@ (p.f.a. in this special constant
points to constant position)

! (store 1 there)

Power supply

Only one 15V secondary winding is re-
quired on the transformer to provide a
low-current —5V supply for biasing the
dynamic rams, +12V for the rams and
floppy-disc drive and +5V for all logic
circuits. A minimum value for the unregu-
lated supply is determined by the 12V rail;
unregulated input should be 20V to ensure
adequate regulation with low mains sup-
plies. Heaviest current demands are on the
SV.supply and using a linear regulator to
provide this rail would have resulted in
excessive heat generation with a loss of
efficiency so a switching regulator was
designed.

Table 3. Example of a routine for defining dummy word SKEW to give

interleaved formatting.
FORTH HEX { select Forth and hexadecimal number base)
: SKEW1 DUP { new word, duplicate sector # to be interleaved)
1 AND iF ( only even sectors are interleaved)
SEC/TRK 2/ FE AND ( sector offset by half the disc)
+ SEC/TRK MOD ( add) offset and keep with 0 ... n—1 sectors on
track
THEN ;
' SKEW12 — { find c.f.a. of new interleaving address)
' SKEW ! { find old skew p.f.a. and overwrite no-op there)

Table 4. Routine for defining Forth word FORMAT for disc formatting.

: FORMAT
0 DR-SEL 100MS RATE CMND
#SIDES 0 DO
TRK/DISC 0 DO
DP @
i J BLD-TRK WR-TRK
. track/side/status="1.J..CR
1 STEP
DP!
LOOP
RATE CMND LOOP
DE-SEL ;
FORMAT

{ start compiling the word format)

{ turn disc drive on, seek track 0)

{ do for both sides)

( do for all tracks)

( save pointer to scratch area)

{ build up image of track, write it out)
{ inform user, 0=good status)

( step in for next track)

( recover scratch area)

( for other side)
{ turn drive off, finish compilation)
( carry out format)
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After bridge rectification and capacitive
filtering, the 15V r.m.s. transformer out-
put gives approximately 20V. Dynamic
rams are sensitive to the sequence in which
power is applied to them so the supply had
to be designed so that —SV appears first,
followed by +5V then +12V.

Heart of the switch-mode power supply
is a relaxation oscillator, the squarewave
output of which feeds a charge pump to
produce about —20V peak. This is regu-
lated by a zener diode to produce —5V.
Reference for the +5V supply is a 10V
zener diode connected in a feedback loop
to maintain constant current even when

Vret —4

1N937 7

Disc interface uses a readily available
controller which works out cheaper than an
equivalent circuit using s.s.i./m.s.i. devices.
Clock information in data read from disc is
synchronized using a crystal-controlled
oscillator running at eight times the rate of
the incoming-data clock. The prototype
computer has a standard Teac 51/4in
floppy-disc drive.

WIRELESS WORLD JULY 1983

+5 Vg

Switch-mode power supply uses one 15V
r.m.s. secondary winding for + 12V, -5V
and high-current +5V rails. Frequency of
the relaxation oscillator is 17kHz, giving the
best compromise between smoothing
component sizes and loss in efficiency due
to switch transition times eating away at
the duty cycle. Gating ensures that
dynamic rams receive their three supply
rails in the correct sequence and s.c.rs
provide overvoltage protection.

the 20V unregulated supply varies. An
error signal derived from the +10V refer-
ence and +5V supply, and the relaxation
oscillator triangle wave are fed to a com-
parator. A portion of the triangle wave
depending on the magnitude of the error
signal is fed to the switching transistor.
This pulse-width modulated base drive is
disabled when the —5V supply is not
present.

The free-wheel diode, inductor and
smoothing capacitor are fed by the
switching transistor and are chosen with
the operating frequency in mind. Around
17kHz is used since it is the best compro-
mise between high-frequency losses and

www americanradiohistorv com
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47n | IN4150 | 2N64T6
LM7812 | +H2v
2NZ907 ¥ pyi150 2
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N4 443 front view
heat tab to rear.
Bo not heat sink
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cag

component size. At low frequencies the
smoothing capacitor and choke become too
large and at high frequencies the switching
transition time takes up a large portion of
the cycle time and efficiency is reduced.

Unregulated supply passes to the 12V
monolithic regulator under control of a
transistor switched by the +5V supply. To
prevent overvoltage problems, an s.c.r. is
included which switches on and blows the
secondary winding fuse if either the +5 or
+12 rails rise too high.

To be continued with construction tips, parts
list and vocabulary.
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A-to-d realises
non-linear functions

An analogue-to-digital converter and dif-
ferential multiplexer can replace diode
function generators to realise arbitrary
transfer functions with flexibility and ex-
cellent drift characteristics. The circuit
shown is for an eight-segment function
using the three most significant bits of an
inexpensive a-to-d converter to generate
eight segments.

The converter is connected in contin-

uous-convert mode and controls the
multiplexer. Depending on the converter
output, the appropriate slope-select resis-
tor and intercept voltage are switched in to
realise the transfer function. The number
of segments may be increased and the cir-
cuit extended for positive and negative
slopes as shown. These circuits can realise
continuous or non-continuous transfer
functions.

K. Neelakantan

Reactor Research Centre

Kalpakkam

India

O Vout

- Clock

.

65—17

V1 19
|
A |26
R Muthiplexer

D6S07

N
RS

15-17
\/; 19
a-fo-J j
converter l [
MM 5357 v 26
8 ——
R’1 Multiplexer
N pesor

62

wwnana aaricanradinhician, ~om

p?';

£

Rn

e

: R
Vout = o Vin +Vinterce

For e B A

V.' b O
ikl b k
i
i i
e
" i
4 .
V3 /In?err.ep? for segment 3

Simplified backup for
cmos rams

The prime consideration when setting
c¢mos ram in low-current standby mode is
that the chip-enable voltage must be =
Vee—0.2. Usually one would use back-to-
back diodes with a charging resistor in the
positive supply rail but anything connec-
ted to the chip-enable input must allow the
voltage to drop to zero when the main
supply is removed so a switch and pull-up
resistor are usual. Current through the
measuring link should drop from a few mA
to a few uA when the main supply is re-
moved.

V. R. Halsall
Bushey
Watford
+5V
24{Vec |
Main 8l 6116 T
circuit TE| Shos —Laev
Gnd[12 NiCd
0 Currert
measuring
link
ov :l< *—>|—
1N4001/E\/\AJ

1k

Three-phase sequence
detector

Phase-sequence detection in three-phase
systems can be accomplished by generat-
ing signals that contain the relative phase
difference between two successive phases
and comparing them with an arbitrary re-
ference.

Two exclusive-NOR gates form phase
comparators to produce signals represent-
ing the difference between phases A and B
(A®B) and C and A (C®A). Since
the voltages applied to A, B and C have
phases of E£0°, E£+120° and E~/—120°
respectively and exclusive NOR operation

WIRELESS WORLD JULY 1983
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produces signals that contains the +120°
phase difference. Appropriate outputs
are compared with a reference clock
to give sequence detection; outputs A®B
and CPA are compared with the reference
phase A using two D-type flip-flops.

The flip-flop output is low or switches at
30Hz with a Y% duty cycle depending on
whether the sequence is normal or re-
versed. Two remaining NOR gates form

current-limiting resistors. A complemen-
tary output from the flip-flops may be used
to activate reverse-sequence alarms, relay
drivers, direction indicators for motors
and gyrocompass synchro-repeaters or for
inhibiting three-phase s.c.r.-controlled
battery chargers to avoid misfiring which
leads to line-to-line faults.

Three 230/12V isolating transformers
are star-connected to allow a larger input-
voltage swing and limit the upper input
voltage to 440V. When the input voltage

falls to 190V the regulator is affected. In-
put capacitors filter line harmonics and r.f.
For lower line voltages opto-isolators may
be used instead of transformers but a
separate power supply is needed; batteries
make the unit portable.

A. L. Eguizabal
Vancouver
Canada

280 16bit output

Normally one would use two output ports
of the Z80 to give a 16bit word but if both
bytes are to be strobed or latched at the
same time, additional hardware is needed
to synchronise the two output executions
and complications arise. But during an
OUT(C),r instruction the Z80 places data
and the port address on data lines and the
lower byte of the address bus respectively
and places B-register contents on the
upper eight address lines so only one out-
put-port instruction and one output port
are necessary.

The circuit was used to control eight
multiplexed seven-segment leds for a small
controller. I/O port-select was not decoded
— As was used instead. If one of address
lines 0 to 7 is used it must be low to select.
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Active segments

Active digit

a [ — .Y | — =8
Data latches
(16 off)
Strobe (G)
active high
Q- Qa Q Q Q
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M
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Data to control the active segment is
loaded into the accumulator, the active
digit mask is loaded into register B and the
port address is loaded into register C. An
OUT(C),A instruction is then executed.
Common-anode or common-cathode leds
may be used. Active digit outputs should

be buffered by transistors.

It is also possible to perform an eight-bit
input and an eight-bit input with only one
input instruction with a different circuit.
Javier Cazot
Horndean
Hants

Positive feedback
without hysteresis

This circuit overcomes the problem of con-
ventional d.c. hysteresis degrading preci-
sion low-level detection for comparators
driven from poor voltage sources. To ob-
tain reliable switching from low-level
voltages (<100mV) exhibiting slow rates
of change and non-zero output resistance it
is usually necessary to provide positive
feedback around the comparator. Direct-
current positive feedback can generate sig-

nificant hysteresis, substanually shlftmg
the switching levels, resulting in an asym-
metrical output.

The method operates by a.c. coupling
positive feedback through C; resulting in
zero-d.c. hysteresis. The value of R; is
chosen to give the desired amount of feed-
back in conjunction with the source resis-
tance R;. Typical values for C; are between
10-100pF. To operate correctly at high
repetition rates requires that the time con-
stant C¢Ry is less than the time constant of
the input waveform to ensure that Cy has

V- o™

time to recharge between transitions. For
best results, comparator supply lines
should be decoupled to ground by 0.01uF
disc ceramic capacitors close to the i.c. For
example, using a 311 comparator a 50mV
1k() triangular waveform can be reliably
switched with no hysteresis up to IMHz
with C¢ = 10pF and R; = 100kQ}.

B. Wilson
Nottingham University

Single-frequency
shortwave receiver

I designed this shortwave receiver for one
frequency only; it has the advantage that
the local oscillator can be crystal
controlled. Our radio news in Demark is
rather bad so the receiver is designed to
receive BBC World Service on 9.41MHz.
An SO42P (Siemens) forms the local
oscillator and mixer, the output feeding a
455kHz LC filter followed by a 455kHz
ceramic i.f. filter. I.f. amplification and
a.m. detection are performed by a ZN414
(Ferranti). This i.c. has its own a.g.c. but
it is not sufficient to handle large ampli-

tude variations on the shortwave band. To
improve this the 414 output is amplified by
about ten times after low-pass filtering.
Output from this amplifier is connected to
gate two of the mosfet h.f. stage to control
gain and improve reception. Finally the
Lf. signal is amplified by an LM386
(National Semiconductor) which gives

Lk,

about 0.2W into 8Q) with a 6V supply.

Per Hojlev

Copenhagen

Denmark

World Service frequency information can be
obtained from BBC External Services Pub-
licity, Bush House, PO Box 76, Strand,
London WC2B 4PH.
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Theévenin-Norton
transient theorem

The Thévenin-Norton theorem is restricted to the manipulation of independent sources
only. This new theorem manipulates all sources, but still produces equivalent generators,
similar to those contributed by Thévenin and Norton. Finding the generator immittance is

A theorem can be formulated that
produces the two equivalent generators of
a transient network!, either entirely in the
time domain, or in the s-domain. It
extends to the case of dependent sources
ki(t) or kv(t) being included in the
network. Theorem:

A step-excited linear network with an
accessible port has two equivalent generators,
the series-form generator having the gen-
erator impedance in series with the open-port
voltage due to all sources, the parallel-form
generator having the generator impedance in
parallel with the close-port current due to all
sources, the generator impedance in time or s-
domain form being the port looking-in im-
pedance when all sources are removed.

In the theorem formulation, ‘“all sources”
means the driving sources together with all
initial-value sources. Other kinds of
driving sources may be substituted in
accordance with the rules well known in
the art. The proof of the theorem is
provided by an application of the basic
Source Transformation Theorem.?

As an example, consider the simple
time-domain network in Fig. 1, where i(t)
is the unknown. We wish to replace the

C

- L 0
t'O/\—fG‘O’P—I S ()

e(t)

Fig. 1

network to the left of port 0,0 by a parallel-
form generator, and we shall do this
without leaving the time domain, making
use of the D-operator. The desired
network is shown in Fig. 2 (a). Employing
the delta function,
i‘([):£52+££’b_fw
z (1) z ()

z ()=DL+1/DC

D

The equation read-off from the Fig. 2(a)
network is

i* RTi(t)
Ok s i(H=0

and it is the same one that we would have

WIRELESS WORLD JULY 1983

now greatly simplified.

by Harry E. Stockman

obtained from the original network,
proving our construction correct.

A common form of equivalent generator
is shown in Fig. 2(b). To obtain this one,
we pair the second term in equation 1 with
the time-impedance z(t) in Fig. 2 (a) and
the make use of the source transformation
theorem? to change the combination into
the series-form generator, shown as a
shunt branch in Fig. 2 (b). Here i*(t) is the
first term in equation 1.

0 0
it Ow-ilf)
f L
i*(n R c R
O
b LI,6ih-y, 0
(a) (b)

Fig. 2

The above is readily turned into an s-
domain derivation by the observation of
proper s-variables and the replacement of
D by s. Many of the equivalent-network
derivations are carried out much faster if
we refrain from the use of the Lapalce
trasnform with its dependence on proper
tables and instead stay in the time domain
all the time. The required time-immittance
is made available by the versatile D-
operator. However, when the answer has
to be given as an operator-free time
expression, Laplace’s method usually
provides the quickest route to the answer,
except for periodic steady-state portions,
where Steinmetz’ method yields a still
faster solution.

Application example

An interesting case is at hand when the
theorem is applied to a segment of a larger
network, the segment containing de-
pendent sources only. Then the Thévenin-

1. H. E. Stockman, Transient Analysis Aided
By Network Theorems. Sercolab, 1983,

2. H. E. Stockman, Network Theorem Book.
Sercolab 1982, second edn.
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Norton theorem does not apply, while the
new theorem allows us to construct an
equivalent generator that replaces the seg-
mented network. For a simple example see
Fig. 3, where the network segment to be
replaced is shown to the left of port AB,
while the series-form generator that takes
its place is shown in broken line to the
right of port AB. Assume that the total
network does not extend beyond the points
marked x.

r i

- . X

z

Vils)

6, els)

Fig. 3

If the driving voltage e(s) is a step voltage,
we may use Laplace’s method, but if it is a
sinusoidal e.m.f. we would probably use
Steinmetz’ technique. Consider the
unknown quantity to be i(s). The theorem
yields directly

e"(s) = arZ(s)i(s)/[Z(s) + Ri]

Z'(s) = Ry + Z&)RY/[Z(s) + Ry]

We readily find for the total network
i(s) = [e(s) — e"(S)VZ"(s) + ).

In this simple example, a conventional
solution using Kirchhoff’s laws is almost as
quick, but for more complicated cases the
theorem saves time. This is particularly
true when the segmented network contains
a mixture of dependent and independent
sources, and when initial conditions must
be taken into account. \VWVW)
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Craft and technology

Should modern technology be combined with the craftmanship associated with the past?
Dr Ken Smith discusses the role of the industrial designer.

At a craft fair in Kent, I discovered a
bracket clock of modern design, with fine
traditional metalwork mounted in an
handcrafted case of umber tinted transpa-
rent acrylic. The silvered chapter ring,
brass spandrels and finials were finely en-
graved and hand finished. It gave the im-

By K. L. Smith

pression of being a traditional English
timepiece while using modern materials.

In answer to my question, the de-
signer/craftsman, Mr R. Marchant said,
“Contemporary artists and craftsmen must
use modern materials and mould them to
give a message of what we are doing now”.

My sympathy with this philosophy led
me to muse about the function of indust-

Resonance applied to
timekeeping _

Up to about 1650, the escapement of
mechanical clocks was aperiodic with a
bang-bang type motion. Thes foliot escape-
ments had vertually no Q and their period
was dependent on the driving force. The
discovery of the gravity pendulum in the
early 1600’s, although imperfectly un-
derstood initially as a resonant system, soon
resulted in continuing improvements that
have only ‘saturated’ in recent times, as the
graph indicates. Clock-makers soon realised
that the maintaining force should be tiny,
for the best tiemkeeping. A whole epoch of
fine clock-making gradually developed —
with much work on escapements and long
heavy pendulums. The long case and

bracket clocks of England reached a peak of
fine craft.

On the theoretical side, logarithmic decre-
ment, 8, became the standard quality mea-
sure of mechanical vibrations; this is the
natural logarithm of the ratio of any two
successive amptitudes. A pendulum will
swing freely for some 2000 to 20000 times
before reaching half initial amplitude. Now
Q = n/d therefore Q = nn/log.2, and be-
cause n is the number of oscillations to reach
half amptitude, this indicates that a good
pendulum has a Q ranging between 10,000
and 100,000.

The peizoelectric effect was dlSCOVCl'Cd by
Jacques and Plerre Curie in 1880.! By 1917,
A. M. Nicolson? had used a pexzoelectnc
crystal to control the frcquency of an oscilla-
tor, while P. Langevm used large resonant
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Continuous improvements in the various methods of tlmekeeplng is well illustrated by
p/ottlng the.date of the attainment of results against the precision obtained. (Three parts
in 107 amounts to about one second per year).

blocks of quartz from 1918 onwards in his
experiments on submarine depth soundmg
and signalling. In 1925, K. Van Dyke* des-
cribed the electrical eqmvalent circuit of a
quartz plate, thus establishing the criteria
for designing and calculating the Q of a
quartz resonator.

Much later (1947) Van Duke, with co-
worker Maynard Waltz® measured the
decrement of a precision zero coefficient
ring crystal made for high precision timing.
They found that vibrating freely in a
vacuum it would vibrate over a million times
before the initial amplitute was halved.
This indicates the Q was some 4.5 million.

The first person to propose the use of
quartz crystals in clocks was Warren A.
Marrison. His notebook for November 1924
clearly outlines a high frequency quartz
controlled oscillator and frequency transla-
tion system for driving a clock motor. By
1927 with J. W. Horton® he described and
demonstrated a working quartz clock with
temperature controlled crystal at a meeting
of the International Union of Scientific
Radio Telegraphy. Ma:nson s 1930 paper
“The Crystal Clock”’ proposcd the use of
this clock as a world standard time source. It
was developed and adopted and remained
pre-eminent in this role until displaced only
recently by the even higher precision atomic
clock.

As indicated, the best crystal clocks®
reached an accuracy of a few parts in 1010,
some 100 times more precise than the fluc-
tuations and variations that go on contin-
ually in the motions of the earth.

}2
1 /
6 & 2 36 L6
DEGREES | CENTIGRADE
4

-2

PER
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One of the most useful cuts across a quartz
crystal is the AT. This gives a cubic
relationship for the temperature coefficient
of the oscillating quartz bar, as shown here.
The point of inflection, where the drift is
nearly zero, can be chosen at room
temperature by selecting the aspect ratio of
the bar.

wWWW americanradiohistorv.com
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rial design. Such artefacts as a well-
structured p.c.b, with all the components
colour-coded and laid out for strictly func-
tional use, can be aesthetically (though
unintentionally) very pleasing, and may be
subjects of study by future art historians,
much as we now collect and discuss verna-
cular objects from the past. Many mass-
produced goods disguise themselves in
poor design, however good the technology
incorporated in them.

What relevance has all this in an
electronics journal like Wireless World?
The answer is that the clock I have
mentioned, although it originated in a cot-
tage industry established by a craftsman,
uses a very up-to-date quartz drive.

Many clockmakers denigrate the ad-
vance of the quartz clock; they think of it
as damaging and vulgarising their craft. It
is true that microelectronics with tiny
precision quartz resonators, has com-
pletely swept the clock and watch market.
Millions of digital and analogue devices
have appeared and digital watches seem to
cost little more than the cells that drive
them.

Yet with high craftmanship and delibe-
rate exploitation of the medium, Mr
Marchant’s clock bridges the void between
fine individually made objects and the
anonymous mass-produced (although
highly technological) goods.

The success of this design encourages
me. It has a message that individualism in
small scale industry is very much alive.
There are artists and craftsmen on the
fringe of capitalism who can use its media
and materials to express themselves, and
make an income. They do not need to go
through the paraphernalia of ‘manage-
ment studies’, ‘rationalisation’, factory de-
velopment, growth and so on. In this age
of depression, listlessness, unemployment,
technocracy, with electronics engineers
working as mercenaries on machines of
death, this could be an important message,
and much in keeping with some recent
editorial comments in Wireless World X\

Tall cylinder in the
centre of the case is
the battery holder,
Horizontal p.c.b. is
supported on brass
pillars and held by
brass knobs.
Interconnection from
the battery and to the
stepper motor are by
coiled, polished
copper wires. Stepper
motor and clock
mechanism are
housed in a brass
case.
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Last chance to enter

Our cover reflects the theme of the
competition announced in the March
issue in which we invited readers to
design an electronic device to help the
disabled. We asked intending compe-
titors to return their entry forms by the
end of June, and so there is still an
opportunity for you to take part if you
have received this issue in good time.

An encouragingly substantial heap
of entries is already with us. They
come from participants of every des-
cription, including academic groups,
professional designers working on
their own or in teams and individual
hobbyists. Some have already told us
about the projects they are working
on, and they range from small gadgets
to complex computer-based devices.
Complexity, however, will not win
prizes if it means unreliability and a
high cost to the user; and so the lone

WIRELESS WORLD JULY 1983

entrant with limited resources is not

necessarily at a disadvantage. Our

judges will be looking for devices

which provide a practical solution to

the problems of the type of person:
they are aimed at and which are'’
affordable as well.

board to allow disabled people to use
electric typewriters and home compu-
ters; and a device to allow cerebral
palsy sufferers to communicate by
converting head-movements into
synthesized speech.

More information about the compe-

- T

ICOVPET T ION
53,909 11 221235

The competition has attracted en-
tries dealing with a wide variety of
disabilities. Projects we have heard
about in the last few weeks include a
device to allow blind people to detect
colours; a specially-designed key-

wwWw americanradiohistorv com

tition, with an entry form and list of
rules, appears on page 76. Returning
the form to us does not commit you at
this stage to any specific project, but
all entries must be completed and
submitted to the Editor by 1st October.
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Single-chip printer
controller

Until recently the preserve of the high-volume manufacturer, the single-chip microcomputer is
now becoming available to a wider market. Here is an original application for an Intel 8048
microcomputer, as the controller for a small dot-matrix printer.

Although the microprocessor has become
an accepted electronic component rather
than a curiosity, most engineers and users
are familiar only with the general purpose
8 or 16bit devices exemplified by the 8085,
6502 and 6800. These microprocessors are
always accompanied by random access or
read/write memory (ram), read-only
memory (rom) and input/output (/o) de-
vices to make them into something useful
in a multichip system. In fact, these de-
vices represent only the tip of the
microprocessor iceberg.

By far the majority of applications are
too cost-sensitive to use a multichip
system, and the semiconductor device
manufacturers have responded by de-
signing a wide range of simple, cheap com-
puters in which the c.p.u., ram, rom and
Vo are integrated into a single silicon chip.
These find applications from toys to busi-
ness machines, and are sold in tens of
millions. Many have special architectures
optimized for control rather than computa-
tion, though a few are derived from gen-

by S. J. Pardoe

eral-purpose processors, such as the 6502
or 6800.

The single-chip controller used as the
basis of this article is the Intel 8048, an
eight-bit microcomputer with c.p.u., 1K
of rom, 64 bytes of ram, and 27 ilines in a
40-pin package. Such devices are mask-
programmed; that is, the program is built
into the chip during manufacture, and can-
not be changed. An eprom equivalent, the

Stephen J. Pardoe, B.Sc. (Hons) graduated in
Chemistry in 1970, but transferred to Electron-
ics soon after joining Glaxo Laboratories, where
he developed a printing checkweigher. He has
been involved in the design of printer systems
ever since and is now a partner in Friday Part-
nership and a director of Able Systems of
Northwich. He is married with teenage children
and enjoys fell walking and high fidelity equip-
ment design.

8748, can be used for development or
small-volume manufacture.

The Epson M150/M160 series of minia-
ture dot-matrix printers is unique in sev-
eral ways. Exceptionally compact, yet
printing on plain paper with a 5V supply
and very inexpensive, they open up a
whole new range of printer applications. It
is now feasible to incorporate a printer into
low-cost equipment; the M160 is the prin-
ter chosen for the new Epson HX20 hand-
held computer. As it makes little sense to
swamp such a small and inexpensive prin-
ter with a costly multichip interface, a
single-chip controller was programmed to
handle data input mechanism control and
character generation.

The M150/M160 differ from most mat-
rix printers in having only four printing
solenoids, arranged horizontally in a
shuttle which moves from side to side,
building up characters as a raster of dot
rows. A d.c. motor, gears and cams move
the shuttle and feed the paper on synchro-
nism; an a.c. tacho and reed switch time
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the dot pulses and indicate the start of each
dot line. A dynamic brake is required to
stop the motor quickly between dot rows.
The MI150 prints 16 characters across
the 4mm paper, four to each solenoid, the
M160 prints 24 across S7mm, six to each.
Interface hardware is identical, but the
software is slightly different to accommo-
date the character format. From now on,

the two will be referred to as the M150.,

The full electrical specification would oc-
cupy half his magazine, but briefly it is

Solenoids (4): 4.0V d.c. 1.5A 2.5A pk

Motor (drive): 4.5V d.c. 0.17A 0.8A pk
(brake): 4.5V d.c.0.3A

Tacho output: 3V pk-pk

These requirements can be met by very
simple circuits, as shown. The solenoid
drives are paired as each 8048 output can
sink only 1.6mA, whereas 3.2mA Iy is
needed to produce a 2.5A I, from a BD676
device. No flyback diodes are needed, as
these rugged Darlingtons can easily absorb
the turn-off spike, and the high instanta-
neous reverse voltage helps to collapse the
solenoid field and makes for crisper
printing. The brake circuit effectively
shorts out the d.c. motor, which is rapidly
brought to rest. Experience has shown that
the tacho signal easily drives the 8048 T,
input if suitably biased: some trimming of
the divider may be needed to equalize
print density between solenoids.

Data interfaces are provided that are
parallel, rather like Centronics practice
and designed for connection to the host via
a PIA port and serial, following RS232
protocol at 110, 300, 1200 and 2400baud,
though at 5V levels. The rate is selected on
data 5 & 6, and serial mode selected by
taking S/PS high. Four i/o pins are left for
local control functions: paper feed, self-
test, selection of reversed printing (for use
in panel mounting applications), and
selection of mechanism (150 or 160).

The FP150 chip accepts ASCII seven-
bit data. Control codes select various print
formats, including double width and
height, and inverted print. It will also
print graphics patterns by accepting bi-
nary-coded ‘characters’, again with special
control codes. It is then possible to print
any dot pattern that can be accommodated
in a 96-wide field (144 in the M160).

Paratlel data timing

Parallel data input
tlow chart example

1
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The 8048 program memory area of 1024
bytes is divided into four pages of 256
bytes. The 64-character ASCII set is coded
up as 320 bytes, or five per character, in
hexadecimal, to give a 5 by 8 character set
(the eighth bit is used for underlining and
descenders on punctuation marks). The
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character generator software ‘looks up’
these data bytes, and shifts them into the
appropriate pattern to form the dot matrix
as the print solenoids move across the
paper.

Character generation is complicated by
the requirement to print in both normal
and reversed modes, in single or double
width and/or height, and to accept graph-
ics input. In all, 16 printing modes are
provided, so all through the character gen-
erator conditional jumps hop and skip
through the listing to select the functions
required. This has led to nearly half the
available 1K program being devoted to
character formation.

The other major software area is in the
data interface. Here the parallel input is
straightforward, consisting only of a bus
read instruction and testing of the strobe
input once that mode is established. The
serial input routine is much more compli-
cated: the strobe pin is sampled at intervals
determined by the data rate chosen, to
build up a replica of the transmitted char-
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Frequency control
of turntable motors

Many high-quality turntables use a small synchronous motor to drive a heavy turntable
platter through a flexible belt. Where mains frequency fluctuates, the speed of the
turntable alcers. This circuit overcomes the problem by providing a reference frequency

Synchronous motors achieve their constant
speed by locking on to the mains
frequency. However there are two main
disadvantages: Firstly the wow and flutter
performance depends on a constant supply
frequency. This is not always met,
particularly in my country, New Zealand,
where periodic fluctuations, outside the
stated limits are evident, presumably due
to faults with generator regulation and
where frequency is reduced when the grid
is under heavy load, compounded by a
subsequent speed-up to regulate the time
on synchronous clocks. Then secondly,
synchronous motors do not allow any con-
venient method of speed regulation, unlike
many direct-drive or d.c. controlled
turntables.

Synchronous motors use very little
power and can lock on to the supply
frequency over a wide range of voltages.
Thus it is relatively simple to construct an
oscillator that will produce the required
frequency signal and then boost the output
voltage to the level of the mains by the use

independent of the supply.

T T T T e S S S

By Peter A. Stockwell

T T R
of a power amplifier, which can be small
and cost little, and an output transformer.

The motor needed a waveform close to a
sinusoidal, or it could find difficulty
locking on to the frequency and could even
run backwards. Waveforms with excessive
harmonic content could cause sound to be
radiated through the motor and the belt. A
Wein bridge oscillator with its inherent
sinusoidal output would seem to be ideal,
but it needed two resistors to be varied
simultaneously to adjust low frequencies.
During tests it was found that any
mismatch in the tracking caused settling
delays which could make the turntable
stop and start and run in reverse. Another
disadvantage was the ability to find a
suitable thermistor to act as a gain control
element.

Voltage-controlled oscillators (v.c.os)
are an appropriate choice which give a

constant amplitude of the output wave
independent of the output frequency.
Unfortunately v.c.os give triangular or
square waves and these need to be shaped.
The circuit shown in Fig. 1 has been
devised to do this. IC;, a 566, is a very
stable v.c.0. whose frequency of oscillation
is given by; fo= 2(Vs — V/R1C Vs, where
V. is the control voltage at pin 5, Vis the
supply voltage and R, C; are as indicated
in Fig. 1. If V. is derived from a resistive
divider, the ratio V. to V; is constant so the
frequency should be independant of the
supply voltage. The only likely source of
drift in the frequency is the temperature
coefficient of IC; (300 p.p.m/°C), the
divider chain, R; and C,. The use of metal
oxide resistors and a high quality pot-
entiometer should help to minimise
this. The motor was unable to lock onto
high or low extremes of frequency so the
resistor chain was selected to restrict the
range. The potentiometer I used was a ten-
turn Beckman Helitrim. A high quality
wire-wound potentiometer was also used
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with a changeover switch to select a preset
turntable speed.

The 741 has a diode resistor matrix in
the feedback loop to convert the triangle
wave output of the 566 into an acceptable
approach to a sine wave. R; and R4 both
control the shape of the output waveform
and are most easily set by using an
oscilloscope on the output. Rj controls the
shape of the peaks while R4 controls the
positive and negative symmetry. Rs is set
to give the required voltage output to the
motor.

Alternative v.c.os, like the Intersil
ICL8038, can produce a sinusoidal output
directly, but one was not readily available
to me. However, by the time that the
necessary external components are added,
for controlling the symmetry, minimising
the distortion etc, it is unlikely that the
component count would be much below
that for the circuit given.

Power amplifier choice was dictated
more by the contents of my junk box than
by any particular suitability for the appli--
cation. However it does work
satisfactorily even on the rather low supply
voltage (the junk box again!). The output
transformer is a small power transformer
used backwards. It takes a few watts of
power to provide the magnetising current
or the core allowing for this, the power

P

Peter Stockwell holds an honours
degree in Biochemistry and is currently
involved in the development of
computer programs to analyse DNA
sequence data at the Biochemistry
Department of Otaga University. 31
years old, his interests include
electronics particularly as applied to
high fidelity, music (he plays a pipe
organ), and photography.

consumption of the motor with a little
headroom must be considered when
choosing a suitable amplifier. In addition
falling impedance with frequency causes

excessive power consumption, though this

may be offset by a capacitor-coupled
amplifier since the capacitor impedance
increases with falling frequency.

The effects of the series capacitor at low
frequencies and of the transformer
inductance at higher frequencies mean that
output voltage will decrease at higher
frequency. The d.c. resistance of the
transformer produces some reduction in
the output voltage under load. However
there is no need for output voltage
regulation as the synchronous motor is
very tolerant to variations in voltage. The
neon across the output provides a simple
indicator while the capacitors across the
input prevent transients from getting into
the mains and hence into the hi-fi system.

Satisfactory performance over several
months has been achieved on my Thorens
TD-160 turntable. It is suitable for a
number of high quality turntables driven
by synchronous motors including Linn
Sondek, Transcriptors and other Thorens
models. One difficulty has been finding a
suitable way of measuring the correct
turntable speed in order to regulate the
output frequency. I used a stroboscopic
disc under the mains lighting, but this is
far from ideal as the whole point of the
circuit is that the mains frequency is not
constant. I leave it to the reader to devise
the most satisfactory means of setting the

speed. W

Continued from page 69

acter in the 8048 accumulator by shifting
the carry bit into it.

Once the parallel or serial character is
received, the busy line is set high to tell the
host not to send more data, and the proces-
sor then tests the received character to
determine what should be done with it.
Control codes are compared with a look-up
table, a suitable response being made if a
match is found; lower-case codes are arith-
metically converted to upper case, and
illegal codes discarded. Valid printing
characters are stored in a designated area
of the 8048 ram. When the ram is full or a
line terminating character is received, the
printing cycle starts.

The data input and sorting routines oc-
cupy about a quarter of the rom; the re-
maining quarter is taken up by a self-test
routine, and various initialisation, timing
and housekeeping subroutines. The entire
1K byte of program were written directly
in machine code, leading to a very compact
program with no wasted space.

Similar design techniques have since
been applied to interface controllers for
other dot matrix printers, l.c.d. interfaces,
and an MSF Rugby clock decoder/display
driver, recently featured in WW (New
Products, February issue page 83) and the
subject of a future article. AVVVV)
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For readars wighing to try the printer for
themsalves, Able Systems can supply
. the following items from stock:
M150 18-column printer machanism

! 12045
M180 24-column printer mchnni%zn?

Kit of p.c.b. FP150 contraller chip, mech-

anism, connector cable, BMHZz crystal

and application data o i
£22.10

" Paper rolls cost £12 per pack of 20, and

re ribbons E£1.80 (M160) and £1.80
{M160). Carriage, packing and in-
surance costs £5, and vat is at 15%, Able
w payment by Access card or per-
l:hoﬂi at Unit 3, émﬂmr
Court, Northwich, Cheshire TTU.
Tel: 0806 486889,
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COMPUTER
GRAPHICS SLIDES

Developed to meet a demand for
electronic production of high-
quality slides for use in audio-visual
presentations, the Dicomed system
is both fast and flexible. A wide
range of support and commands are
at hand, together with an extensive
library of images including lines,
circles and polygons as well as
existing artwork, maps, logos, etc.
Composition and balance from a
choice of 64 colours can be altered
and every element of the design can
be moved, enlarged or reduced,
replicated or rotated to any angle.
Freehand drawing may be entered
using a digitizing tablet. Animation
is possible with start and end
images; the computer can interpose
in-between steps.

Designs are stored in digital form
on a floppy disc and some 133
designs may be stored on one disc.
The designs can be posted on a
floppy disc or transmitted by
telephone line to be reproduced on
the company’s slide production
equipment. The images are
photographed using a high
resolution c.r.t. with 4000 lines.
Also available is a software package
for use with an Apple 11
microcomputer to allow creation of
graphs, pie charts and histograms.
Eidographics Ltd, 47 Marylebone
Lane, London W1M 5SFN.

WWw301

BALL CONTROL

Tracker balls seem to be in
competition with mice as computer
input devices to plot x-y positions
accurately on a v.d.u. Marconi have
two controllers to translate the
motion of a tracker ball into precise
positional control. They can be
used to position markers on a
display, including radar and are
claimed to be fatigue-free when
used with interactive graphics
displays in the engineering design
field.

The protruding ball is in slip-free

-l‘r.

contact with two shafts positioned
at right angles. Slotted discs
attached to each shaft offer
optically detectable motion which is
translated by the electronic
circuitry. The two basic versions
are a rugged 2in diameter ball or a
3in ball. Marconi Electronic
Devices Ltd, Doddington Road,
Lincoln LN6 OLF.

Ww302

RELAYS WITHOUT
TRANSIENTS

Photo-s.c.r. coupling provides
transient-free switching as well as
2,500V input-output isolation in
the Teledyne SerenDIP, d.i.1.
packaged solid-state relays. The
maximum measured generated
noise is claimed to be less than
15uV at all test frequencies from
0.45 to 30MHz, which makes the
relays suitable for computer
applications while the high voltage
isolation is useful in industrial
controls. There are three versions
with output voltage ratings of 140,
250 (with 400V peak) and 250 with
600V peak. The 645 range is
available from STC Electronic
Services, Edinburgh Way, Harlow,
Essex.

ww3o3

COMPUTING
OSCILLOSCOPE

A digital storage oscilloscope
waveform analyser, transient signal
analyser, spectrum analyser and a
data acquisition system are all
combined into one instrument, the
Analogic Data 6000. Built around a
16-bit microprocessor with an
8MHz internal clock, it has 48K-
bytes of rom and 8K-bytes of ram.
The ’scope has been designed for
the analysis of transient signals
which may occur as digital glitches,
or may arise during analysis of
transient responses in networks.
Other applications are in medical
monitoring, wind tunnel, shock

and destructive testing equipment. .

Data can be recorded for up to

I e 1350 W

et

wWw303

5,000 hours. Analogic Ltd, The
Centre, 68 High Street,
Weybridge, Surrey.

DUAL LOW-PASS
FILTER

Suitable for continuously variable-
slope detection or speech synthesis,
the MC145414 is a dual, tuneable,
low-pass filter using switched
capacitor techniques. It consists of
two fifth-order elliptical filters and
includes two extra op-amps for gain
adjustment or extra filtering. C-
mos circuitry ensures low power
consumption from a supply
between 10 and 16V. Clock
frequency may be varied between
15 and 400kHz to provide cut-off
frequencies of 1.25 to 10kHz.
Motorola Ltd, Semiconductor
Products Division, York House,
Empire Way, Wembley, Middlesex
HA9 OPR. Ww305

14-BIT A-TO-D

Claimed to be the first c-mos
monolithic analogue-to-digital
converter, the Intersil ICL7115
uses thin-film resistors together
with an on-chip rom calibration
table to give 14-bit linearity without
the need for expensive laser
trimming. Internally it works with
17 bits with an exponential (1.85)
base. It can measure accurately
signals up to 118% of full scale.
The rom incorporates an error-
correction code and therefore does
not rely on the accuracy of the
resistor ladder in its successive
approximation algorithm. The rom
is programmed after manufacture

Ww3o4
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to take into account any measured
variations. The circuit may be
easily interfaced with
microprocessor systems. Reference
voltage inputs and signals have
separate sense controls so that the
device can accept positive signals
relative to a positive reference and
negative signals with a negative
reference level. It operates from
+5V with a power consumption of
60mW. Conversion time is 40us.
Intersil Datel UK Ltd, Belgrave
House, Basing View, Basingstoke,
Hants. WWw306

MICRO-TURTLE

A two-wheeled mobile robot which
can be controlled by any
microcomputer has been developed
by Coine Robotics. Movements are
controlled through an umbilical
cable. The robot has touch sensors
and the accompanying software
‘teaches’ it how to find another
route. A retractable pen is attached

Fo WW307

to the underside and allows the
machine to draw Logo graphics.
The Zeaker Micro-turtle comes
complete with interface, power
supply, operating manual and
software all for £69.50 assembled,
or £52.00 in kit form (v.a.t. extra).
Colne Robotics Co. Ltd, Beaufort
Road, off Richmond Road,
Twickenham, Middlesex TW 1
2PH. ww3o07

AID FOR THE
COLOURBLIND

Component identification by the
use of colour codes can lead to
hazardous situations if the
constructor is colourblind.
Difficulty with the difference
between red and green is the
commonest form of
colourblindness and a simple
viewer incorporating selected red
and green filters can assist in
distinguishing between these
colours. The makers of Viewbouy
claim that, with practice, the
severely handicapped can also
identify most other colours. J.
Holter, 10 Lancot Avenue,
Dunstable, Beds LU6 2AW.
WWw308
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SPACE-SAVING PCB
SWITCHES

By turning the dual-in-line switch
on its side, Erg claim to save 30% of
the p.c.b. area taken up by
conventional switches. SDOS-10-
023 contains ten on/off switches
which may be edge-mounted to
offer front-panel switching with no
additional hardware. Two to 18-
way switches, colour-coded and
numbered, will be included in the
range. Erg Components, Luton
Road, Dunstable, Beds LLUS 4L].
WWwW309

WIRELESS
JOYSTICKS

A single-chip radio transmitter has
been incorporated into a tv games
joystick to allow the user to zap the
space invaders from the comfort of
an armchair, without the
encumbrance of wires. A receiver is
placed next to the games unit (and
could be incorporated into it). It
decodes the signals sent by the
joystick into the same signals that
would have been received if the
joystick were connected directly,
and feeds these through the normal
joystick ports into the games
computer. The ‘serious’ application
of the joystick control is menu-
driven computer programs. The
product is the first of a series
planned to be expanded to include a
wireless computer keyboard. The
Wireless Joystick is manufactured
in New York by Cynex and
marketed in the UK by Dynavest
Ltd, 8 Waterloo Place, London
SW1Y 4BE.

wwilo

LOW-COST AVO
METER

Despite the digital explosion of
multimeters, Avo still have faith in
analogue meters and have produced
a series of test instruments called
the ‘analogue toolbag range’. The
Avometer 1001 can measure direct
and alternating voltages up to 1kV,
direct current up to 1A and
resistance up to 2M(}. Sensitivity is
10k€}/V on d.c. ranges. A
continuity buzzer is included. The
a.b.s. plastics case features an
integral carrying handle which has
a slotin it to allow for quick and
easy lead stowage. The meter costs
£28.50 (trade price) with a heavy
duty version with a tougher case for
£37.30.

Announced at the same time is a
series of Megger insulation testers
which no longer have the generator
handle on the side as they are
battery driven, powered by a 9V

WIRELESS WORLD JULY 1983
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(PP3) battery. Different models
offer test voltages of 500 or 250V
with continuity ranges on all
models of 0 to 2002 and 0 to 2(),
the last-mentioned being used to
suit the methods laid down by the

IEE wiring regulations. One model
has an additional voltage range
while others provide intermediate
resistance ranges of IM(} and

500k Q). All the meters come
complete with test leads, probes

www americanradiohistorv com

and clips which fit into moulded
channels on the back of the case.
Thorn EMI Instruments Ltd,
Archcliffe Road, Dover, Kent
CT179EN.

wwill

PORTABLE
RECORDING STUDIO

A four-track cassette recorder
combined with a mixer needs only
microphones and monitor
headphones to make multi-track
recording almost anywhere. The
Fostex X-15 Multitracker is battery
powered and is little larger than an
average cassette deck, yet
incorporates many features found
normally only in a recording studio.
It has equalizer, gain and pan
controls for each of the channels
which may be used in overdub or
mixdown. Punch-in may be
remotely controlled and there is
+15% pitch control for tuning or
for special effects. Dolby-B noise
reduction is incorporated.
Manufacturers claim that
professional musicians can use the
recorder as a ‘sketch pad’ to
prepare a session, much as a
Polaroid camera may be used to
compose a shot in a photographic
studio. The X-15 retails at £299,
inclusive. Bandive Ltd, Brent View
Road, London NW9 9EL.

wWwili2

ELECTRONIC OFFICE
FROM BT

Word processors and computers
with an accent on
telecommunications are now being
marketed by British Telecom. The
Merlin range of business systems
starts with the M1100
communicating v.d.u. terminal
which may be used to access Prestel
or data banks and can be used for
electronic mail with automatic
dialling.

The M2226 business computer
has 256K memory internally with a
SMbyte Winchester disc and
800K bytes on floppy disc. It can
operate with CP/M and therefore
has access to a wide range of
software; BT have added their own
MerlinMaster software interface to
make the whole system easy to use.

In addition there is the M3300
word processor which has two
floppy-disc drives and a daisy-
wheel printer. Both the computers
can have auto-dial modems, can be
linked to teleprinters and have full
access to teletex and telex services.
There is a range of peripherals and
software launched at the same time.
British Telecom Merlin, Room
2028 Howland Street, London
WI1P 6HQ.
wwil3
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INFORMATION THEORY

There are many ways of gathering in-
formation. We all know the trials of formal
study to pass exams or for more immediate
and practical reasons. But, in general life,
we gather most of our knowledge by piec-
ing together fragments picked up in ran-
dom conversations. Sometimes it is the
experts talking but more often its just ordi-
nary folk.

Moreover, the breadth of experience
revealed in the most casual conversation is
often quite surprising. There was that
painter, for example, in the next office
boasting to his mate about the marvellous
television reception in Croydon — “ .
and all we had was one of those two-
pronged indoor aerials that stand on the set
like a Martian’s helmet”.

Then our cleaning lady was telling me
about her young son, who came in wearing
blue sun glasses. As he is only about four
feet high and has red hair, she told me,
those glasses made him look just like a
Martian.

Weeks later, on a very wet morning our
dedicated cyclist, Jimmy, arrived dripping
with rain, clad in waterproof leggings and
a pale blue plastic cape. Kathy, our office
girl, gasped with astonishment. *“. . . in
those yellow trousers and blue top, I
thought you were a Martian!”

‘Kids! They’ll do anything to get ‘emselves
noticed.

So I have discovered that a Martian is
about four feet high, has red hair, wears
blue spectacles, yellow trousers and a blue
top, and protects his head with a two-
pronged helmet. Actually, most of the
Martians around our way are much taller
with tight blue jeans and multicoloured
Red Indian haircuts.

WORDS AND MUSIC
MAESTRO

I have just been watching that programme
on television about the British Leyland
Maestro, and the way in which the more
superior versions feature an audio readout
of certain dashboard information. Do we
call this a speakout? It is quite a status
feature, and rather upstages such refine-
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ments as electric windows or remotely
controlled door mirrors.

The only demonstration of the speakout
was the rather bossy synthesized feminine
voice telling the driver to fasten his seat
belt. But I understood from the report that
the thing is programmed to blurt out in-
formation when an alarm situation occurs;
e.g., “we’re nearly out of petrol!” I
suppose it also draws attention to the en-
gine overheating, very low oil pressure or
lack of brake fluid. I wonder if it mentions
tyre pressure — that is the one we usually
forget.

In the report that I heard, the only
microcomputer mentioned was the one
that controls the engine, but you may be
sure that the speakout system depends on
at least one of these devices. No modern
electronic system amounts to much with-
out one. So we are naturally led to specu-
late on the conversational ability of the car
of the future as more-and-more data
processing power is compressed into smal-
ler-and-smaller devices.

I read quite recently about a Japanese
heavy-goods vehicle with solid-state televi-
sion cameras mounted at “‘blind” locations
on the truck body, with a c.r.t. in the cab
to augment the conventional rear-view
mirrors. There are already computer pro-
grammes for interpretation of signals and
tv cameras into exact information for
machine-tool control, etc., so who knows
what the future may bring.

With the general trend towards the use
of high technology for totally frivolous
purposes, it is possible that the techniques
mentioned will one day be combined to
enable the car to utter those helpful com-
ments currently made by one’s passengers;
e.g., “all clear left . . . if you’re quick”, or
“that’s a police car you’re overtaking”.

Such technical developments could ulti-
mately do away with the need for passeng-
ers altogether; we could have quite chatty
cars to keep us company on long journeys;
and there may even be the optional
electronic “hitch-hiker”” which gives an
authentic account of all the lifts he’s ever
thumbed while you are trying to listen to
the test match commentary on Radio 3.

MORE TALKING
MOTOR CARS

It seems that BL have started a trend with
the talking Maestro. I have just read a
report in the Financial Times about a new
experimental car by the Japanese Nissan
Company, which not only talks to the
driver but also responds to spoken com-
mands.

It has a voice dialogue system which
enables the driver to ask for such things as
lights to be switched on and wing mirrors
adjusted. Have you ever tried to adjust a
wing mirror for a friend in response to his
spoken instructions? . . . up a bit — no,
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not too far — now a bit to the left — etc.”
Its very difficult and always leads to bad
feeling. Now imagine trying to instruct a
stupid computer — in Japanese.

And that’s only the beginning. This car
also has a drowsiness monitor, which mea-
sures brainwave patterns and can tell if the
driver is becoming tired. If he begins to
fall asleep a flashing light and a buzzer
operate, and the computer will eventually
ask him to rest. With all these distractions
it may, of course, be already too late; he
may be resting permanently.

But he will not have driven into the back
of the vehicle ahead, because this car is
fitted with a radar which measures the
distance to the vehicle in front, and if the
gap becomes too small for any given speed
the car is slowed until a safety distance is
restored. Very useful in fog, but if it fails
does it fail-safe? . . . and does fail-safe
mean fail with the brakes on?

A SHOW BY ANY
OTHER NAME

I see they are holding IFSSEC at Olympia
as usual this year; and then there is HE-
VAC at the Barbican Centre a week or so
later.

Of course, they are names of exhibi-
tions. The first is the International Fire,
Security and Safety Exhibition and Con-
ference — not surprising that it is abbre-
viated to initials — and the second is the
Heating, Ventilating and Air Conditioning
Show. But only a cypher expert would find
it easy to work out what is going on at
these exhibitions from the title alone.

Some almost seem to be deliberately
misleading. How about CONTEXT?
Something to do with printing you may
think, or some other form of self-expres-
sion. No, its the co-ordinated Furnishing
Exhibition at Earls Court. Then there is
TECTRONICA — not an exhibition of
oscilloscopes but an international show for
the life and physical sciences. POWTECH
has nothing to do with turbo-generators or
enormous high-fi amplifiers — it is all
about powder and bulk solids.

Of course there are many exhibitions
where the title is fully appropriate, so that
one can guess what the show is all about
immediately. There is ELECTRONICA
in Munich, SHOPPEX in London,
TESTMEX and TEST at Wembley; but,
familiar though it may be, I have never
worked out the meaning of INTERNEP-
CON and, judging by the variety of types
of exhibit, I doubt if anyone else has
either.

However, for the most appropriate exhi-
bition name the prize must go the
Farmers’ Waste Management Exhibition
at Stoneleigh. They call it MUCK - a
show by any other name would smell as
sweet?
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Testmg...Testmg...Testmg
. anywhere!

FM/AM 1100S

with Spectrum Analyser.

The most sophisticated portable
Communications Service Monitor
from IFR, with an unrivalled

versatility of integrated functions.

For a practical demonstration to prove our point contact:

. _,f-‘-"' Mike Dawson on 01-897 6446.
l F - Fieldtech Heathrow Limited
| @ | Fi |e|dtech ] Huntavia House 420 Bath Road
! Heath—ow Longford Middlesex UB7 OLL
L L""'"! ) Telex: 23734 FLDTEC G

WW - 058 FOR FURTHER DETAILS

Richardson Electronics
(Europe) Ltd.

A WORLD LEADING DISTRIBUTOR AND MANUFACTURER

Electron R.F. Power
Tubes . © Transnstors

STOCKISTS OR
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EQUIVALENTS FOR OR
¥ AMPEREX - AMPERITE eI IENE

BURROUGHS - CETRON FOR
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#* GENERAL ELECTRIC R.C.A.
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SYLVANIA ACRIAN
TELEFUNKEN TOSHIBA ix
THERMOSEN NEC T
TUNGSOL - VARIAN MITSUBISHI
VICTOREEN PHILIPS
WESTINGHOUSE AMPEREX
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A COMPETITION
OPENTOALL
WIRELESS WORLD READERS
WITH £8000

IN CASH PRIZES

DPesign an Electronic Device
to help the Disabled

Could you des:ign a piece of equipment to help a disabled person? If so, you would —in
er

addition to un

taking this worthy task — be eligible to win a substantial cash prize.

Our competition is open to individuals or groups resident in the UK. You register your entry using the form below, sending it

to the Editor to arrive at his office not later than June:

1st October 1983.

30th 1983. The designs themselves must be submitted to his office by

Entries, which will be judged by a group of eminent engineers and doctors, must consist of the following:- a statement of the
design objectives; an overall description of the device; detailed circuit descriptions and diagrams; a model of the deviceora
model of a unique aspect of the design sufficient to demonstrate its feasibility.

The finalists will be invited to London to talk over their entries with the judges and be awarded their prizes. The prizes are:

1 st p ri zZe £2 500 and the 4 runners up will be awarded prizes each of
’

2nd prize £1,500

“DESIGN AN ELECTRONIC DEVICETOHELP THE
DISABLED”
LISTOFRULES

I'he competition isopen 1o UK. residents only

Entrants can be mdividuals or groups

All participants must register their interestinentering the competition on the form
srovided which must be returned Lo the Wireless World Editorial Department by the

hJune 198
Allentrants agree 1o ¢
describing the entry

e Wireless World tirst semal publication rights toan article

Allentrants indemnily Wireless World [tom any liahility in respect of injury to people or
damage to property arising trom the use of the design
il submitted designs must be the original work of the entrant orentrants and must not
b

infringetherig

All <ubnmssions

Hld consiste

a) Astatement of design objectives

b) Anoveralldescriptionofthe
device

¢) Detailed cireuit deseriptions and
diagrams

d) Amodelofthedeviee or the
unique aspect of the design
suchicn( todemonstrateits
feasibility.

8 Thedesign will be judged on

a) Originality and benefit tothe
handicapped

b) Potential for production

¢) Eleganceofengineering design

d) Electronics content

¢) Designreliabilit

f) Simplicity of operation

g) Freedom fromexcessive
maintenance

h) Safety.

). Soltware unby solutions ave ne

epted

af third parties inany
ol

way

I'he judges’ decision s tinal

11 All designs must be submitted to the
Wireless World Editor by the 1st
Octuber 1983
Shortlisted entrants must be prepared
totrav el toavenuein Lul\dnn
sometime during November and
December 1983 to demonstrate their
cdlesign. All costs will be paid by
he journal

13 Emplovees ol Business Press

Internationat are not allowed to enter
hiscompetition
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£1,000

To make sure you have the maximum time to undertake your design, return
your entry form now!

wireless COMPETITION
World ENTRY FORM

Name of competitor

Address

Telephone {(home)
(business)

| intend to enter the competition and to abide by the rules as laid down
in the July 1983 issue of Wireless World.

lunderstand that, in order to qualify, my entry must be in the hands of the
judges by 1st October, 1983

Signature
Date

Please send this form, as soon as possible, to

The Editor, WIRELESS WORLD

Room L302,Quadrant House, The Quadrant
Sutton, Surrey SM25AS.

Receiptof the form will be acknowledged.
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GET THE COMPLETE PICTURE

AT YOUR NEWSAGENT DURING JULY — OR DIRECT

The New Catalogue from the industry’s ‘DISTRIBUTOR OF THE YEAR!’

# STIL THE COMPONENTS FOR | % FIRST WITH
ELECTRONICS, COMMUNICATIONS & COMPUTING ON-LINE

CATALOGUE FOR R, COMPUTER
THE COMPLETE P2 SHOPPING —
RANGE OF =2 ° <
COMPONENTS, um I # FIRST FOR
BATTERIES, WORLD OF RADIO & ELECTRONICS INNOVATION
CRYSTAL INTERNATIONAL — CATALOGUE —
FILTERS, RF # FIRST FOR
POWER, VALUE
MOSFET, TOKO
COLS, CHOKES, | & | % FIRST FOR
} aLps pLoTTERS, | 2 CHOICE
SOLENOID Eﬂ‘
CASSETTE S % FIRST FOR
MECHS ETC. S SERVICE

5

m A
- € 200 North Service Road, Brentwood, Essex CM144SG
um I Tel: (Consumer Sales/Enquiries) 0277-230909.
Tel: (Industrial Sales/Enquiries) 0277-231616.
INTERNATIONAL Tix: 995194 AMBIT G. Data 24hrs (RS232/300 baud) 0277-232628.

WW - 048 FOR FURTHER DETAILS

LOW COST PROFESSIONAL TEST INSTRUMVENTS

o ° . Write or phone
Ld Ga \! H
y for illustrated
3730 Test Instrument
Ll ! catalogue and
- ‘ J ; price list.
) FREQUENCY COUNTERS | - - ey
dgia 3 ANALOGUE METERS moie

DIGITAL METERS
FUNCTION GEN BLACK STAR LTD.
OSCILLOSCOPES 9A, Crown Street, St.lIves,

POWER SUPPLIES .
LOGIC PROBE Huntingdon, Cambs. PE17 4EB.

SCOPE PROBES Tel: (0480) 62440 Telex: 32339 )

* % % % %% %%

WW — 011 FOR FURTHER DETAILS

IN VIEW OF THE EXTREMELY RAPID CHANGE TAKING [ _r RADFOR D]

PLACE IN THE ELECTRONICS INDUSTRY, LARGE QUANTI-
TIES OF COMPONENTS BECOME REDUNDANT. WE ARE

Audio Measuring Instruments,

CASH PURCHASERS OF SUCH MATERIALS AND WOULD Audio Amplifiers, Loudspeakers and
APPRECIATE A TELEPHONE CALL OR A LIST IF AVAILABLE. Loudspeaker Components for the
WE PAY TOP PRICES AND GOLLECT. professional and enthusiast
{ RADFORD AUDIO LTD.
BROADFIELDS & MAYCO DISPOSALS 10 BEACH ROAD

WESTON-S-MARE, AVON BS23 2AU

21 Lodge Lane, N. Finchley, London, N.12. 5 mins. Tally Ho corner
I st O L0 VL) TEL. 0934 416033

Telephone 445 2713/0749

WW - 024 FOR FURTHER DETAILS WW - 037 FOR FURTHER DETAILS
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MARK 1983 WITH
GAPS IN CIRCUIT
WELL-PLUGGED

WIRELESS WORLD CIRCARDS last year benefited many ‘new generation’
readers who bought at 1976 bargain prices + 10% discount for 10 sets!
Most sets are still avallable although companion volumes

The Offer stands,

so order now your

sets of 127 x 204mm
cards in plastic wallets.
These unique circuit
cards normally contain
descriptions and

wheioes world Giroard o 10 gl coumtare_t performance data of
i | O S A—— : 10 tested circuits,

anode of D, 8 spproxumaiely s connected 1o the

%= Single bistable
M T at Vempon ad bacause s (or T~} mput of the next
= "' o e I cathode hs connected 10 8 Mgh  Aip-10p. The Bives a patura) H H
gy 7 5 et 1 g L el e PSSR L .8 ey I cows]sl St oge er wi igaeas
A F | M Ry 3 EGH 3107 brased Therefors Tr, collector numn-ummu::-m
g Ry 8 2 current 5
| 3t B, 6mRl 1107, F1se 10 1ts collector voltage. which the counter progresses H H
AT o or modifyin em
i. = 1 D, [y PSION Tt,. This causes Tr, colletor
" Froquoacy 100kH2 ypically  ,oitugr to drop and Tr, base  Cirosit mediicaties
e Tremmio s 407 T e v cavung s Range of Ro Ry 4T 0 40 2 H
SRR, SRS meiuung o suit special needs
The coniinum ™
et  high unul ihe other wable siawe, Tr,  Range of C,. Gy, 130 to 3300pF ||
et on

The bastable cirvuit i a T-type  doponding 00 R, and R.. and MT;:‘:;:‘L mem-m 140 10

v riss] gounters—2

“Bip-80p" In which e cutput  he baas-drive current for T,
changss state for & Begative- fows through R, and R, | $078 g pulse resets the lna-lmw.‘m
going transetson at the Haece the wrminals enufied  CTCU 10 f3 previous state It acyom resistors Ry
m.-m e drive  (arbrarity) 4a Qand Qare PrO0UOm one outpur pulw for -nu mnnmmu
QurTeot s arranged o0 that Tr,  low and high repectivaly :Mm-wln ¢ ek A 1
» 0 mnaration, ity colector (D and | for banary coding). mf-';‘."‘;..‘?fm.ﬁ‘.’“ mum,:':k“-ﬁ.
Thie e ::m& ‘,:'w'”"‘ Frr m"”"*‘:"‘_“ ripoks counter demands thet the  addinona | diodes connecied _—
the bass-amitser junction of  Whea the trygger inpui & dniven . )
will be off This meaas its pulse-odge 1 sieered o Tr, base e e | .L_ !

1 Basic Active filters 2 Switching Circuits, comparators and Schmitts {But these gaps cannot be filled) *
6 Constant current circuits 7 Power amplifiers 8 Astable circuits 9 Optoelectronics 10 Micro power circuits 11 Basic logic
gates 12 Wideband amplifiers 13 Alarm circuits 14 Digital Counters 15 Pulse modulators 16 Current differencing
amplifiers — signal processing 17 Current differencing amplifiers — signal generation 18 Current differencing
amplifiers — measurement and detection 19 Monostable circuits 20 Transistor pairs 21 Voltage-to-frequency converters
22 Amplitude modulation and detection 23 Reference circuits 24 Voltage regulators 25 RC oscillators—1 26 RC
oscillators—2 27 Linear cmos—1 28 Linear cmos —2 29 Analogue multipliers 30 Rms/log/power laws 31 Digital
multipliers 32 Transistor arrays 33 Differential and bridge amplifiers 34 Analogue gate applications —1 35 Analogue gate
applications — 2.
*Photocopies only: 3 Waveform generators 4A.C. measurement 5 Audio circuits @ £3.20 each set.

To Electrical-Electronic Press Please send me the following sets of

General Sales Department CIrCATAS....oveieieeeeeeceeiee vt £2 each,
Room 108

Sutton Remittance enclosed ..........coeveeevrievrnnnnene payable
B to BUSINESS PRESS INTERNATIONAL LIMITED

Name (P1ease Print) .....c.cccceveereeieeoineenneiesesine e
Company Registered Number: 151537 (ENGLAND). .
Registered Office: Quadrant House, The Quadrant Address {(Please pri nt) ............................................
Sutton, Surrey SM2 5AS
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pantechnic TSPECIALIETS “Instruments for Industry”

] o W

POWERFET AMPLIFIER MODULES

FLUKE :

MODEL POWER RANGE TYPICAL LOADS PRICES (one off)
{Continuous RMS)
PFA 100 S0W-150W 44}, B} EZE]).gS
PFA 200 100W-300W 44}, B} 27.35 -
PFA 500 250W-600W 20, 40, 80 gsgg Multimeters
PFA HV 200W-300W 4Q), BQY, 1642 EX'STOCK from
Key features:
@ RELIABLE — Powerfet freedom from thermal runaway and "nnens
secondary breakdown
@ LINEAR TID zero, IM/THD < 0.01% full power {mid-band THD
down to 0.0015%)
: FAST - glew rate >30V/uS (45V/uS typical)
QUIET - Signal to noise ratio 120dB .
@ BRIDGEABLE — W?thout extra circuitry This superb range of hand-
@ STABLE — Unconditionally held and bench multimeters
@® LOW COST — 10 watts to 20 watts per £, depending on model and offers a unique choice of 32
quantity or 42 digit specifications and

features. Engineering excel-
lence at competitive prices
with numerous supporting ac-
cessories to suit design, pro-
duction and service needs.
Now available ex-stock from
one of the U.K.'s most exper-
ienced electrical mea-

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. I

ALSO-
PAN 20— Ultra-low-noise/distortion, mono preamp board, £7.61
PAX 2/24—2-way active crossover board (24dB/octave) plus requlators, £9.70

THE HEAT EXCHANGER— New, super-efficient heatsink; handles 300W or 1.2kW surement specialists. The
when blown; 7in. x 4in. X 2Vain., £7.50 complete range of Anders in-
-~ e struments and panel meters
This is just a fraction of the new prod. ilable from P hni is descnbed in the “Instruments for Industry’’ catalogue.
—check us out!
Prices exclude VA.T. Carriage 75p For your personal copy contact:
ECHNIC (Dont. Technical Enquiries ANDERS ELECTRONICS LIMITED
PANTECHNIC (Dept. WW7) contasl 48-56 Bavh Pl
17A WOOLTON STREET Phil Rimmer Lon donamV\?POESce
L e N LR\ Tel:01-387 9092. Telex: 27364

WWo061 — FOR FURTHER DETAILS

WW — 047 FOR FURTHER DETAILS

[OPUS SUPPUES SUMMER SAVERS

JHEMIATA, “SZQ DISC DRIVE DISCOUNTS

Now that we have moved to larger premises we have the I FD 514 — 8in. S/S D/D DRIVE

space to store these superb units and can offer them to FORMATTED 600KBYTE £149

“Wireless World" readers at this fantastic price. These * FD 650 — 8in. D/S D/D DRIVE

superb terminals built to industrial specification by a FORMATTED 1.2 MBYTE £199
world-famous manufacturer feature: — * Prestel * Built- * CASE TO HOLD TWO DRIVES WITH

in modem receive at 1200 baud/transmit at 75 baud * COSSOR POWER SUPPLY

G.P.O. approved * 7' green anti-reflective screen * An- FAN AND CARRYING HANDLES — BRAND

gled display for desktop viewing * Page format 24 NEW — ONLY £99.95

lines/40 characters * Security lock — authorised per- A Special Purchase allows us to offer a limited quantity
sonnel only * Slimline dimensions — depth 14.1 inches, of these items at this remarkable price. The drives are
width 11.9 inches, height 7.6 inches * Attractive beige manufactured by Pertec — are Shugart compatible and
case with black trim * have a 90-day warranty.

LIMITED QUANTITY AVAILABLE ONLY £199 BRAND NEW AND BOXED + CARR & VAT

14'' RGB COLOUR MONITOR TEAC DISC DRIVES JUST ARRIVED!

o . ]
Stop Press — Brand new, fully cased O TEANEEE %{;’nsli)ti,s‘tgg,-(rrgcﬁﬁoé;’zgned Single 12'' Green Screen Monitor

manufactured by JVC 1 Year Warranty

Case with built-in power supply to hold 2 |

Medium Resolution £199 drives, ONLY £39.95; if case purchased with- Video Response 18MHz
High Resolution £299 out drive, £45 Composite Video/Phone Connector to
Please ring for further details/spec. sheet Ribbon Lead, £12; Power Lead, £6 Computer
Ideal for use with BBC Micro % ONLY £69.95 %

Slimline — latest technology
Low-power consumption
Full warranty

TO ORDER ADD CARRIAGE AT £7 PER UNIT AND VAT @15% AND SEND YOUR ORDERTO:
OPUS SUPPLIES, 158 CAMBERWELL ROAD, LONDON SE5 OEE

e TELEPHONE 01-701 8668/9 OR 01-703 6155/6/7 .
- GOVT, EDUCATIONAL AND OFFICIAL ORDERS WELCOME
WW — 054 FOR FURTHER DETAILS

¢ 0000
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DIGITAL MULTIMETERS gy VALVE & COMPONENTS SPECIALIST
|
| [JINTEGRATED CIRCUITS| i 1is | 1o, | ionss 1
AN124 i MC140118CP | TA7120P 1.65 TBA641BX1 TDA2530 195
AN214Q 2. 0.32 | TA7130p 150 3.00 TDA2532 195
AN240P 2. MC145106P TA7146 295 TBAB51 175 | TDA2540 1.25
“ 7.95 TA7203 2.95 TBA720A 245 TDA2541 2.15
MODEL 6010 MC1723 050 TA7204P 215 TBA750Q 2.65 TDA2560 2.15
MC3357 225 TA7205AP 150 TBAB0O  0.89 TDA2581 2.25
a ML2318 178 TA7222AP 1.80 TBAB10AS 135 TDA2580 2.95
DC ACCURACY 0-5% ML232B  1.75 1A7227P  4.25 TBAB20Q 145 | TDA2591 2.95
\ ML237B 195 TA7310P 1.80 TBABS0 250 TDA2593 2.95
‘ ‘ ML238B 420 TA7313AP 2.95 TBA920 165 l TDA2600 3.50
— MLO20 412 TA7321P 2.5 TBA920Q 1.65 TDA2610 250
e LT "' [ ] MSMSB07 6 75 TA7611AP 2.95 TBA950 235 TDA2611A 1.95
- A ) PLLO2A 575 TAAB50 025 TBA950/2X 2.35 1DA2640 2.60
. SAA1025 7.25 TAAS70 195 TBA990 149 TDA2690 1.35
3 2 U V _ SAAB000A 3.05 TAAB61B 1.20 TBA990Q 1.49 TDA3560 3.95
PLUS VAT = £34-44 SAAS010 6.35 TAA700 170 TBA1a41 215 TDA3950 1.95
SAS560S 1.75 TAAB305 3.50 TCA270 110 UPC566H 2.95
r SAS5705 1.75 TBA120B 0.95 TCA2705Q 110 UPC575C2 2.75
' SAS580 2.85 TBA120S 0.70 TCAB50 250 UPC1001H 2.50
A SL901B  4.85 TBA120SA 0.70 TCABOD  2.15 UPC1025H 2.50
309178 666 TBA1205Q 0.70 TCA830S 1.40 UPC1028H 195
SL1310 1.80 1BA120T 1.05 TCA940  1.65 UPC1156H 2.75
SL1327 11 TBA120U 1t.00 TDA44D 2.20 UPC1167C2
. 20132790 110 TBA231 125 IDA1001  2.50 115
MODEL 7030 i SN76003N 195 TBA395 150 TDA1004A 2.20 UPC1181H 1.25
d SN76013N 1.95 TBA396 075 TDAT006A 2.50 UPC1182H 2.95
0 X SN76013ND TBA44ON 2.55 TDAY010 215 UPC1185H 3.95
DC ACCIIRACY 01 A) J 195 TBA480Q 1.25 TDA1035 2.50 UPC1350C 2.95
\ J SN76023N 1.65 TBAS10 250 TDA1037 195 UPC2002H 1.95
7 I SN76033N 1.65 TBA510Q 2.50 TDA1170 1.95 ZTK33B  0.50
1 8 I SN76110N 0.89 1BAS20 110 TDA1170S 1.95 555 0.35
o I o b SN76131N 1.30 TBA520Q 1.10 TDA1190 2.15 556 042
« v @ : 3N76226DN 1.55 TBAS30 1.0 TDA12700 3.95 723 0.50
- A v o | ShemNle | mewon | maelif ) A ex
3 . N76532N 1.40 . d 747 0.50
® '@ .. PLUS VAT = £41-34 MC1352P 1. SN76533N 165 TBA540Q 1.35 TDAT412 0.85 748 035
@ b MC1357 2. SNT6544N 1.65 TBAS50Q 1.45 TDA2002 1.95 4042 050
2 MC1388 1. SN76650N 1,15 TBAS60C 1.45 1DA2020 2.45 7805 0.60
+ MC1495 3. SN76660N 0.80 TBAS60CQ 145 TDA2030 2.80
MM MC1496 125 | SN7685EN 070 TBA570 100 | TDA2522 195
G
— BD159  0.65 BF355  0.37 0cs1 0.50
SEMICONDUCTORS | &g i | &5 &4 | e 1m
e —— - — 1 0.72 3 038 | .
AAY12  0.25 BC1738  0.10 BD182  0.70 BF371  0.20 R2322 058
o - AC126 0.22 BC174 0.09 BD201 0.83 BF394 0.19 R2323 0.66
AC127 0.20 BC174A  0.09 BD202 0.65 BF422 0.32 R2540 248
AC128 0.20 BC177 015 BD203 0.78 BF457 0.32 RCA16334 0.90
28 RANGES EACH WITH FULL OVERLOAD PROTECTION ACiZox 032 | B8 Ois | BDAM 070 | BRase 025 | ACATENS 080
AC141  0.28 BC182  0.10 BD222 046 BF459  0.36 l SKESF  1.45
AC141K  0.34 B8C182LB 0.10 BD223  0.48 BF595 0.23 TIP29 0.40
0.30 BC183  0.10 BD226  0.48 BF597 025 | TIP29C  0.42
SPECIFICATION 022 BC183L 009 | BC232 035 | BFR3 023 | TIP0C 043
0.31 BC;SALB g.og ggggs 035 BFR40 0.23 }:gg;g 8,42
: 0.25 BC204 1 4 0.35 BFR41  0.28 .42
a MOdP select: Push button 0.28 ggzg;g 013 BD236  0.45 BFR81  0.25 H'SI’S 0.75
. 0.25 2 0. BD237  0.40 BFR88  0.30 34 0.75
8 AC DC current: ZOO/J,A to 10A-6 Ranges 0.37 8C212  0.09 BD238 040 | BFR90 150 | TIP4TA 045
B AC voltage: 200mV to 750V - 5 R PRl acia s | B e | MR oR | ek od
: _ 0,82 0.09 242 5 a 0.28 .
VO age' 1Tl 0 anges 0.70 ggg1gL g.os Eggag 0.60 BFT43 0.28 ”sgo g.gg
. 0.3 1 .09 7 0.32 BFW92  0.85 b
|mDC voltage: 200mV to 1000V -5 Ranges 03 | 8C2ia o009 | BDa10 056 | BFXZ 030 Tieizs 0.6
. 0.90 BC214C  0.09 BD434 055 BFX84 0.26 TIP142 1.7
B Resistance: 200€) to 20M() — 6 Ranges 075 | BC21aL 009 | BD437 050 | BFX8S 032 | TIP146 175
) 0.34 gczn 0.10 ggggg 0.60 angg 0.30 ngés 2.:3
: 0.35 C237A  0.09 0.50 FX( 0.25 P2 0.
. InpUt 1mpedance- IOMSl 0.32 382378 g‘gs gggog 0.40 BFY50 0.21 Rggqss 055
: . P 0.32 238 .09 2 065 BFY51  0.21 0.20
a Dlsplay. 32 Dlglt 13mm LCD 040 | BC239 012 | BD538 065 | BFY52 025 | TVI06/2 150
. O 1 d t t AH 0.42 ggggm g.’:g B8D597 0.75 BFY90 0.77 gmggég gfg
: 0.42 24 01 BD697  1.10 BLY48  1.75 -
verloa ,pro ection. ranges 2.00 ggzgg 0.25 BD698 1.10 BR100 0.26 gmgggg g;o
- 175 258A  0.39 BD707  0.80 BRIO1  0.30 59
| Battery. Slngle PP9 type (HlChlded) 2.00 Bc2es 030 BDX32 150 BRC4443 085 3055 usz
2.95 300 . Y57 1.65 BT106 149 7 .
Battery life: 011 BC301 030 BF115 035 | BT108 149 | 2N3703 0.2
. 'ttery ,lfe 200 hours 0.11 Bgsgs 0.26 g;1g7 0.24 BT116 1.20 \ g:g;gg 8.12
a 010 BC307  0.09 154 012 BT119 165 12
. DlmenSIOnS. 170 X 89 X 38mm 0.11 gggon 0.09 BF158 022 BT120 1.65 gmg;gg 8.12
: . 0.12 078 0.09 BF160  0.27 BUI05 122 .12
B Weight: 400g inc battery ot | BCx27 o0 | Brier 024 | BUE 163 | 2NIT73 175
’ 012 BC328  0.10 BF173 0.2 BU124  1.25 2N3792 135
0.12 BC337 0.10 BF177 038 BU125 1.25 2Naa27 - 1.50
0.11 B8C338 0.09 BF178 0.26 BU126 1.60 2N44as 115
OTHER FEATURES: 015 | BC3a7A 013 BF179 034 | BU20a 155 | 2N5294 042
A , indi B | e 0% | smm em | me 1) R L8
_ 0.24 b 1 029 BU20! . .
uto polarity, auto zero, battery-low indicator, ABS S| B Oh | Glm O3 | Sea 13 | Mmoo
3 : 0.20 7 010 BF183 029 BU326 120 1 .60
plastic case with tilt stand, battery and test leads, 020 | Bes  S10 | BEier 038 | Bussy 24 | 2Scass ome
fuse and t l'included. Optional 625 | BCosa 00 | Brigm o2 | EL0 2 | 3Cioe omo
0.21 .08 194 0N BU526  1.90 .
spare € ana operators manual Incluaed. Uptiona off | B3 0% | g%k ol | BoVEe 170 25C1172v 220
0.09 7A  0.08 196 0.11 MJ3000 1.98 .
carrying case. 003 | BCS578 008 | BF197 011 | MJE340 o040 | 25C1306 1.00
0.09 BC558  0.10 BF198  0.16 MJES20  0.48 2SC1307  1.50
0.09 BCY33A 1.60 BF199 0.14 MPSA12 0.20 25C1449 0.8
318 K hot L B K 0.09 ggug g‘gg ngoo 0.40 MPSﬁ\S 0.20 ggg]g“;g ;:123
0.12 I F241  0.15 MPSAS2  0.30 )
H tSelg(léjzsz gﬁTane' asmgsto e 0.09 gg%w g.gs g;us 0.30 MRF450A 11.50 ggg]gg; g.sg
009 j .32 246 0.28 MRF4E3  15.50 -8
an 0.28 8D132 035 BF256/LC 0.28 MRF454 23.50 25C1969 1.95
0.28 BD133 0.40 BF257 0.28 MRF475 250 25C2028 1.15
ELECTRONICS LTD
0.09 B8D136 0.30 BF259 0.28 0823 1.50 ggggggf 3'33
0.10 80137 032 BF271  0.26 0C42 0.55
— mmms o s e — e — — e — —— 0.10 ggwgg ggg BF273 0.13 8244 0.75 gggg;?ﬁ ;.gg
. b 1 . BF336 34 45 055 d
r I wish tc order the IO“OWII’lg -I 8}8 BD140  0.30 BF337 g_zg 0Cc70 0.45 25D234 050
=~ Y I A —— BC172C  0.10 8D144  1.10 BF338 032 ocr 040 | 3N2D 150
| Quny fem o OO DIODES | 5% t% | he@ o | CRTTUBES
. b IN4005 0.0
Model 6010 @ £34-44 inc. ———————| 8Y208800033 | Naos 005 ——
B - — e AA119 008 10-860 0.33 IN4D07  0.06 selection available
Mod « £41°34 I BA102 017 | BY223 030 IN4T48 002 | i ‘
I _ Model7030 @ £4134ic 017 | BYZZ ody | Nt 002 | Prices on request.
Carrying Case (@ £2-00 inc. 016 | Br2998000.22 | INS401 012 | 3BP| £1350 D10-210GH £45
=== o= > 5 — I 006 BYX36- 150R 5403 01z | DG7-32 £42 DH7-91 £59
TOTAL 013 | ol | INsaos oz 327—6 £35 DP7.1) £35
e T T == 0.15 'YX38-600R IN5405  0.13 4DP7 £45 35447 £135
All prices include VAT and post and packaging. All items include a ggg —— mgﬁgg g}g [ M17-151GVR  £220
full year guarantee. Allow up to 10 days for delivery. Cheques/Postal 0.06 BYX71-600 0.60 NB408 016 | SE -
Orders etc. should be made payable to. AFDEC Electronics Ltd. 039 EARSED B es, B DATA & EQUIV. BOOKS
I I 010 | 0A%0 0.5 ITT2002  0.10
Name ___ 01 0A91 0.06 \.C.DATA
0.15 Oﬁgs 006 | ;fanflstor ?aff ‘BOOKS
y 02 0.10 ooks inclu
I Address I 0% | Woa  o00s B8 STHIES o James Op Amae "™
0.6 IN40O1 0.04 1 ese types. Two
0% | Nagoz o004 fovailsble books.  £8.50 ;'ng.aig::”"g
Overseas customers add £4-00 post and packaging. ww7J N0 004 e S E4350ach
— ——— —— — — —— — — — — — —
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PHONE P. M. COMPONENTS LTD TELEX

0474 813225 SELECTRON HOUSE, WROTHAM ROAD
3LINES MEOPHAM GREEN, MEOPHAM, KENT DAI3OQY P

OUR 1.05 PCLB6 ; RG3-1250A s VR37 1.50 3ﬁ'1d7J 7.50 150 .70
3.50 PCL200 1. 52.50 VR75/30  3.00 3A/167M 10.00 4.00 25
A SELECTION FROM 4.00 PCLBOC 0. RK2K25 62.50 VRI1 150 0.48 75
STOCK OF BRANDED VALVES 350 | PCL805 o, RG4-1000 VR101 2,00 350 5
350 PDS500 I RK.208 :goo VR106/30 1.50 2.00 0
A1714 1850 | EAC91 250 EF800  11.00 3.50 PO510 - A -00 VR150/30 1.05 2.95 8
A1998 1150 EAF42 1.20 EFB04S 11.50 0.70 PEN4DD RL16 150 v 250 0.95 0
A2087 1150 | EAF801 1.40 EF80SS  13.50 150 EN25 2.00 RPL16  12.00 1.50 0.80 .65
A2134 1495 | EB34 150 | EF806S 14.50 350 PENAODD 250 | RPY13 250 5.00 1.9 50
A2293 6.50 EB41 3.00 EF812 0.65 4.00 3.00 RPY43 2.50 .00 0.50 .00
A2521  21.00 | EB91 0.52 EFL200 150 . 3.00 APY82 250 5.00 150 12AE6  0.85
A2599  37.50 | EBC33 2.50 EH90 072 2.00 RA3-250 37.00 .00 250 12AG8 150
A2900 1150 | EBC41 1.95 EK90 0.72 1.25 RR3-1250 65.00 1.00 2.50 12AL5  1.00
A3042 2400 | EBC8T 085 | EL32 0.95 250 | RS613 b 150 2,50 12AT6  0.59
A3283  24.00 EBC90 0.75 EL33 4.00 125 RS685 5495 1.00 0.60 12AT? 095 |
AC/HL/DD4.00 | EBC9Y  0.75 | EL34 2.25 d RS6B8  52.15 4.95 4.50 12ATIWA 2.50
P 400 | EBF33 250 | EL34Philips KT45 4.00 pL38 150 | S6F17 595 1.95 150 | 12AU6 150
AC/THI  4.00 EBF80 0.50 3.15 KT63 2.00 PLB1 0.72 S6F33  28.95 3.50 450 12AU7 0.55
ACT22 5975 | EBF83 050 | EL36 150 | KI66USA 7.15 PLBIA 072 | S11E12 3800 1.50 I 1.50 12AV6  0.80
AC/VP2 400 | EBF8S  0.95 | EL37 9.00 | KT66GEC PLB2 060 | S30/2K 12.00 1.50 398.00 1035 | 12AX4GT 1.00
AC/52PEN350 | EBF89 070 | EL38 6.00 10.50 PL83 0.52 $104/1K 10.00 0.50 w4 2.50 350 | 12AX7 065
AH221 ! EBF93 095 | ELa2 2,00 | KT77 Gold Lion PL84 0.65 5109/1K 15.00 250 | 4B551B 115.00 2,00 | 12AX7WA 250
AH238  39.00 | EBL! 150 | EL81 395 9.50 pL88 100 | S130 5.95 1.50 - 1.60 2AYZ  4.00
AL60 6.00 | EBL21 2.00 EL82 058 | KT81 7.00 PLIS 1.75 S130p .95 .50 0.75 12AZ7A 195
ARP12 070 | ECS2 0.75 EL84 069 | KT88USA 9.00 PL302 1.00 $C1/800  5.00 7.25 12B4A 350
ARP34 126 | EC70 0.75 EL85 450 | K788 Gold Lion PL345 1250 $C1/1200 5.00 1.00 12846 150 |
ARP35  2.00 | EC80 4.25 EL86 08s 13.50 PL500 0.95 $C1/2000 9.00 2.00 12BE6 1.05
BL63 2.00 EC8) 450 EL90 1.25 KTW61  2.00 PL504 0.95 $P2 1.50 XNP28 d 1.15 12BH7A  1.80
BS450 67.00 | EC86 1.00 EL91 6.00 | KTW62  2.00 PL508 1.95 SPay 5.00 XP1002 29.00 230 12BL6 0.70
CIK 16.00 ECB8 1.00 EL9S 070 | KTWE3 2.00 PLS09 4.85 SP42 3.00 XR1-1600A ¥ 250 12BY7A  2.7% X
C3JA 16.00 EC90 0.70 EL183E 3.50 KTZ63 250 PL519 4.95 ST11 1.50 4950 ¥ 2.00 12CX6 120 .
C1108 5500 { EC9I 7.00 EL183P 350 | L63 120 PLB02 5.50 S$Tv280/40 XR1-3200A ! 250 12€1 17.95 .
C1134 3200 | EC92 1.25 EL360 7.95 | L102/2K 695 PLBO2T 325 K I 175 12E14  28.00 i
C1148A 115.00 ECS3 0.80 ELS00 1.40 L120/2K 12.00 PL820 295 STV280/80 XR1-6400A y 175 12GN7 395 d
C1149/1130.00 | EC95 7.00 ELS04 1.40 | M502A 135.00 PLS657  29.50 19.95 99.50 b 1.50 12HG7A  3.95 i
Ci534 3200 | EC97 1.10 EL508 130 | MS37A 150.00 PY32 0.60 Su42 4.95 XS$G2-0  3.00 . 2.00 12J7GT  0.70 I
CBL31 200 | ECBO10 600 | ELS09  6.25 | MS5143 155.00 PY33 0.50 T82.5/3000 Y63 150 I 2000 | 12K5 1.00 I
CCA 260 | ECC32  3.00 EL519 695 | M8079 60 PY81 0.70 60.00 Y65 6.95 d 1.50 12K7GT  0.60 | 1299A  0.60
ccaL 090 | ECC33 350 | ELBO2 365 | MB082  7.50 PY82 0.70 TB2-300 45.00 Y602 12.00 I 300 | 12k8 110 | 1625 3.00
CL33 2.00 ECC35 350 EL821 10.35 M8083 3.25 PY83 0.70 TD1-100A YJ1060 26500 d 1.00 12Q7GT  0.50 2050W .50
CMG25 9.00 ECC40 3.00 ELB22 10.35 MB8091 7.50 PY88 .52 19. YL1020 29.00 d 2.7% 12SA7GT 1.00 2050 7.00
CV Nos Prices ECC81 0.95 EM1 4.00 | MB0S6  3.00 PY500A  1.79 TDO3-10D YL1070 115.00 ! 1.50 12SH7 1.00 | 3545 4.00
on request ECC82 0.55 EM4 9.00 M8038 3.20 PY800 0.79 28.00 YL1071 109.00 d 0.48 128K7 1.00 4313C 4.00
063 1.20 | ECC82 Philips EM34 7550 | M8099  4.00 PYBO1 079 TDO3-10€E YL1370 550 . 250 | 125J7 060 | 5642 850
DAF91 0.45 110 EM3S 1.50 M8100 2.85 Q13-1108A 28.00 YL1371 8.50 X 0.70 12SN7GT 1.85 5651 3.20
DAF96  0.65 | ECC83 0.65 EMBO0 070 | M8136  7.00 47.50 TDO3-10F 277 1.20 d 0.60 1 150 | 5654 1.95
DC70 1.75 ECC83 Mutlard EM81 070 | M8137 550 QB3-300 30.50 28.00 23007 5.00 . 1.25 1303 3.20 | 5670 3.50
DC90 120 1.3 EMB4 110 | M8161 550 QEQ3-10 3.50 TD3-12  4.00 2302C  12.00 X 1.25 1307 320 | 5675 23.50
DCX4-1000 ECCB3 Philips EMB5 110 | M8162 550 QEO8-200 P25 1.50 2303C 9.00 X 1.25 1381 115.00 | 5687 3.50
12.00 110 | EMS87 250 | MB163  3.85 130.00 TSP4 700 75055 15.00 I 17.00 | 1457 yoo | 5692 350
DCX4-5000 ECCB4 0.50 EN10 800 | M8190  3.85 QP25 1.00 T 1.50 2520M  4.00 . 1.95 15E 1.00 | 5696 350
2500 | ECCB5 060 | EN32 1350 | M8195  3.00 QQE02-65 12.75 TT15 3495 Z521M 8.0 . 0.80 | 17DW4A 1.75 | 56718 6.50
DETI0 600 | ECCB6 145 | EN91 110 | MB196  3.25 QQE03-12 6.50 TT21 19.50 Z700U  3.00 9.00 160 | 17028 2.75 | 5725 250
DET22 2800 ECCB8 0.85 EN91(SQ) 250 M8204 2.00 QQEO03-20 TT122 19.50 2749 0.60 1.50 200 18D3 1.60 5726 250
DET24  39.00 ECC91 2.00 EN92 4.50 M8223 2.00 27.00 TYZ2-125A 2759 19.85 0.60 2.50 19A05 1.15 5727 2.50
DET25 22.00 | ECC180 0.72 ES1500 115.00 | M8224  2.00 QQEO06 40 45.00 Z800U 3.00 0.66 250 19G3 17.00 | 5749 250
DF91 0.70 | ECC189 0.78 | ET1 11.00 | M8225  2.00 39 50 TY4-400 65.00 Z801U  3.00 2,00 310 | 19H4 2395 | 5750 2.00
DF92 0.60 | ECC801S 3.50 EYS1 0.80 | ME1400 4.00 QQvo2-6 12.75 TY6 800 185.00 Z803U  18.95 2.50 1.35 1906 3.00 | 5751 3.50
DF96 0.65 ECC803S 3.50 EY81 1.50 ME1401 29.50 QQv03-105.50 TY7-6000A ZA1000  9.00 1.50 1.20 20A2 10.50 5763 3.50
DH63 1.20 ECC804 0.60 EYB3 1.50 ME1402 29.50 Qavos-2o 365.00 ZA1001 1.50 1.95 1.10 20D1 0.70 5814A 3.25
DH77 090 | ECCBO7 250 | EY84 6.95 | ME1501 14.00 18.50 TY8-600W ZA1002 150 1.50 195 | 2004 178 3.50
DH79 056 ECC808 2.95 EYB4W  10.00 MH4 3.50 QQvQ3-20A 365.00 ZC1040  8.00 2.00 1.50 20LF6 3.50 5842 6.50
DH149 200 | ECC2000 12.00 | EY86/87 050 | MHLD6  4.00 17.00 TYS2/250 ZM1000  7.50 2.00 055 | 20L1 095 | 5879 390
DK91 0.90 | ECF80 0.72 EY88 055 | MSaB 5.50 QQvo3-208 375.00 ZM1001  5.00 1.00 3.96 20P1 055 | 5881A 4.60
DK92 1.20 ECFB2 0.60 EY91 550 MU14 1.50 32.00 u18-20 275 ZM1005  8.00 2.00 350 20P3 0.60 6894 39.50
DK96 250 | ECF86 1.70 EY500A 150 | N37 13.50 QQv0o6-40A u19 11.95 ZM1020  8.00 0.52 3.50 20P4 1.05 | 5899 4.50
DL35 100 | ECF200 185 | EY802 070 | N78 14.95 18.00 u24 2.00 ZM1021  8.00 325 070 | 20P5 1.15 | 5963 2.00
DL63 100 | ECF202 1.85 | EZ35 075 | OA2 0.85 QQvo7-50 u25 0.90 ZM1023  7.95 6.00 395 | 25L6GT 175 | 5965 2.25
DL70 2.50 ECF801 0.85 EZ40 1.25 OA2WA 150 63.50 u26 0.90 ZM1041 14.00 1.20 4.50 258Q6 1.75 5993 8.00
DL73 2.50 ECF804 6.00 EZa1 125 0OA3 2.50 QQz03-20 u37? 9.00 ZM1050 14.00 3.95 2.50 29Ch 19.50 6005 1.95
DL91 150 | ECF805 250 | EZS0 060 | OB2 0.85 4250 U4t 0.70 ZM1080 1250 | 6ANBA 215 6L19 395 | 30 285 | 6012 16.00
DL92 0.60 | ECF806 10.25 | EZ81 060 | OB2wA 126 QQZ0g-40A uso 2.00 ZM1082  9.00 | 6AQ5 1.20 6L6GC 275 | 30C1 070 | 6021 395
DL93 1.10 ECH3 2.50 EZ90 0.96 0oc2 250 45.25 us4 4.50 ZM1084 10.00 6AQ8 0.85 6L6GT 1.15 30C15 040 6057 250
DL96 250 | ECH4 300 | F6064 295 | OC3 150 Q572/20  1.50 us2 3.00 ZM1177  9.00 | 6ARS 2.00 6L7G 076 | 30C17 040 | 6059 375
DLS10 800 | ECH35 160 | FW4/800 290 | OD3 1.70 Q$75/40 3.00 U191 0.70 ZM1202 55.00 | 6ARS 2.00 6LD20  0.60 | 30C18 148 | 6060 225
DLS16  10.00 | ECHa2 100 | G1/371k 30.00 | OM4 1.00 Q$92/10  5.00 U182 1.00 ZM1263  4.00 | 6ASS 150 6LF6 295 | 30F5 095 | 6062 4.50
DM70 1.10 ECHB81 058 GS5/1K  9.00 oMS8 3.00 QS9%/10  4.85 U193 0.65 ZM1612  3.00 6AS6 1.50 6L0O6 2.95 30FL1 1.10 6063 2.00
DM160  2.75 | ECHE3  0.78 G180/2M 9.00 | QME 1.75 Q$108/45 4.00 U251 1.00 271011 29.00 | 6AS7G  7.50 N7 250 | 30FL2 110 | 6064 3.25
DY51 1.00 ECH84 0.69 G240/2D  9.00 oM9 4.00 QS150/15 5.00 U291 0.60 1AC6 1.20 6ATE 0.7% 6N7GT 1.50 30FL12 0.95 6067 1.95
DY80 120 | ECH2000 150 | G400/1K 14.00 | QRP43 250 | QS150/30 1.15 U301 055 1B3GT  1.95 | 6AU4 2.00 6P15 0.80 | 30FLI3 110 | 6072 4.20
DY86/87 0.65 | ECL8O 0.60 | GC108 1750 | ORPSO  3.95 Q8150/45 7.00 uso1 0.75 185 250 | 6AUG 0.55 6P25 400 | 30FL14 125 | 6080 75
DYS02 072 | ECL82 066 | GC1OD 1750 | P61 250 | QS1200 3.95 UABC80  0.65 1822 10.00 | 6AV6 0.72 6P28 200 | 30Ut 0,45 | 6080WA 850
30 900 | ECL83 280 | GC10/4B 17.50 | P41 250 | Q51202 3.95 UAF42  1.00 1824  14.95 | 6AWBA 295 6Q7 120 | 30L15 0.60 | 6096 285
EBOCC 7.00 | ECL84 0.74 GC10/4E 17.50 PABC80  0.50 Q81203 4.5 UBF80 0.60 1 1.20 | 6B8G 1.50 6Q7GT  1.20 30L17 0.60 6132 10.00
EBOCF  10.00 | ECL8S 0.69 GC12/4B 17.50 PC86 0.75 Q$1205 395 UBCa1 175 1C5GT  1.00 | 6BA6 0.69 S7 1.10 30P4MR 100 | 6136 250
EBOF 1350 | ECL86  0.74 6.00 | PC8s8 0.75 Q$1206  1.05 UBC81 150 5 100 | 6BAW 150 6SATGT  1.00 | 30P12 100 | 6146A  6.95
1150 | ECL805 69 GDT120M 500 | PCS2 1.20 Qs1207  0.90 UBF89  0.60 1FD1 0.90 BA7 4.50 6SC7 150 |.30P18 c60 | 61468 6.45
EBICC  3.50 | ECLLBOO 16.95 E10 9.00 | PC97 1.10 Qs1208  0.90 UBL21 175 1G3GT  1.00 | 6BASBA 350 6SG7 1.20 30P19 100 | 6201 6.95
EB1L 1200 | EDS100 350 | GN4 6.00 | PC80O 1.10 Qs1209  2.00 ucg2 1.20 14 0.60 | 6BC8 1.00 6SH7 120 | 30PL1 250 | 6211 2.50
E82CC 350 | EF37A 200 | GN10_ 1500 [ PC900  0.75 Qs1210  1.50 ucced 070 1L6 150 | 6BD4 1.50 6SJ7GT 120 | 30PL13 0.60 | 6267 1.50
E83CC 350 | EF39 1.00 GR10G .00 PCCB4 0.40 Qs1211 150 uccss  0.60 1LAB 1.00 | 6BD6 1.00 65K7 0.80 30PL14 175 6350 2.00
E83F 350 | EF41 350 | GR10J 400 | PCC85 054 | Q51212 3.20 UCF80  1.00 INSGT 250 | 6BE6 072 | 6SKIGT 120 | 31JS6A 4.15 | 6360 4.50
£86C 9.50 | EF42 350 GS10C  12.00 | PCC88 070 Q81213 6.00 UcH2t - 1.20 152 0.55 | 6BFS 1.60 6SL7GT  0.72 35A5 450 | 6386 1450
7.95 | EFSO 150 | GS10H 12.00 | PCC89 070 | QS1216 210 UCH41 120 174 0.45 | 6BG6G  1.25 6SN7GT 069 | 35L6GT 200 | 6545 8.50
EBBCC 260 | EFS55 225 | GS12D 12.00 | PCC183  0.70 Q81218 5.00 UCHaz 135 U5 1.00 | 6BH6 1.20 65Q7 0.80 SW4 070 | 6550A  7.00
E90CC  5.00 | EF71 150 | GTIC _ t7.00 | PCC8O5 0.70 Qu3y 9.50 UCHB1  0.65 1X2B 1.15 | 6BH8 1.50 6557 195 | 3523 1.85
E9OF 795 | EF72 120 | GT1CS/S13.00 | PCCBO6 080 Qu37 1150 UF85 1.20 2AS15A 10.00 | 6BJ6 1.20 6U4GT 175 | 3BHE7 450
E9TH 450 | EF73 100 | GTEI75M 8.00 | PCE82  0.80 Qavas-12 350 UF41 115 221 1.00 | 6BK4 4.00 6USG 160 | 40KD6 450
E92CC 225 | EF80 055 | GTR1sow 1.00 | PCF80 0.65 QvQs-25 1.75 UF42 1.15 2C39A 2350 | 6BK7A 195 6U8 060 | 47 6.00
E99F 6.39 | EF83 350 GU20 7000 | PCFB2 0.60 QvQ6-20 29.50 UF80 ¢.80 2C398A 39.50 0.58 6UBA 1.50 50BS 1.50
E130L  19.95| EF85 0.50 GXU1 1350 PCF84 0.65 QvQs-100 UF89 2.50 2C40 37.00 | 6BN4 1.65 6V6GT  0.80 50CS 0.95
E180CC 650 | EF86 1.50 | GXU3  24.00 | PCF86 1.20 118.50 L4 3.50 2C40A  65.00 | 6BN6 1.65 6X2N 1.00 | 50CD6G 1.16
E182CC  9.00 | EF86 Special | GYSO1 120 | PCF87 040 | QY3-125 54.95 uLsa 0.85 2C42 2950 | 6BN7 450 | 6X4 096 | 52KU 2.00
E180F 650 | quality 250 GY802 1.00 PCF200  1.80 QY4-250 65.00 uus 250 2C43 29.50 | 6BNS 275 6X5GT 050 61SPT 4.50
E186F 850 | EF89 085 | Gz30 to0 | PCF201 180 QY4-400 7195 uu? 8.00 2C51 075 | 6BQS 069 | 6XSGTY 1.00 | 7581 150
1950 | EF9) 1.25 GZ31 1.60 PCFB00  0.40 QZ06 20 32.50 uva1 3.50 2C53 3200 | 6BQ7A  0.72 6X8A 2.25 75C1 1.70
E283CC 10.00| EF92 250 | Gz32 100 | PCFBO1 135 10 4.0 uYss 0.70 287 150 | 6BL7GTA 3.95 | 7A7 200 | 76 150
E288CC 13.50| EF93 069 | Gz33 450 | PCF802 0.60 R16 12.00 V339 3.50 2021 .95 | 6BL 065 | 7AD7 175 | 83A1 7.00
EB10F  16.00 | EF94 056 | GZ34 215 | PCF8OS 125 R17 1.50 V2351AK 249.50 2021W  2.50 | 6BRS 070 { 787 140 | B4 3.00
E1148 1.00| EF95 1.00 | Gz37 4.50 PCFBO6  1.00 R18 250 VLS631 1095 2626 7.95 | 6BR7 4.15 7Cs 3.00 | 85A1 6.50
E1524 695| EF97 0.90 HAAS1 1.00 PCFB08  1.25 R19 6.95 VP28 250 2J42 93.00 | 6BR8 2.15 7C6 2.50 85A2 2.00
EAS0 1.00 EF98 0.90 HABCS0 0.90 PCH200 1.10 R20 1.20 VP4A 4.50 2K25 24.95 6BRSA 2.15 7H? 2.00 90AV 10.00
EA76 1.95| EF183 065 [ HBC90 075 PCL82 080 RG1-125 4.95 vP4B 4.50 3A/1078 12.00 | 6BS7 450 707 2.00 90C1 2.70
£A79 195| EF184 0.65 | HBCI1 0.80 PCL83 2,50 RG1-240A VPG 2.50 3A/1098 11.00 | 6BS8 250 757 3.00 90CG 13.50
EAAQ1 0.604 EF731 1.80 HF93 0.75 PCL84 0.85 1450 VP41 250 3A/110B 12.00 | 6BW4 1.50 Y4 1.95 91AG 9.00
EABCBO 0.68| EF732 1.80 HF94 0.60 PCL8S 0:80 RG3-250A 3.50 VP133 2.00 3A/141K 11.50 } 6BW6 6.35 10C1 §.50 92AG 11.85
WIREWOUND RESISTORS BASES ETC. ZENER DIODES CALLERS WELCOME
PREFERRED VALUES B7G 0.16 BZX61 0.15
4R7-1K8 0.15 B7G Skirted 62 7V5 8V2 9V1 10V 11V 12V 13V
2K2-6K8 0.18 0.30 15V 16V 18V 20V 22V 24V 27V 30V % ENTRANCE ON A227 |
4 Watt B8G 0.70 33V 36V 39V 47V 51V 56V 68V 75V
10K 0.2¢ BoA 0% B2Y88 0.07 50 YDS SOUTH OF MEOPHAM GREEN
R47-4K7 0.18 0.30 2V7 3V 3V3 3V6 3V9 4V3 4V7 5V1
5K6-12K 019 B10B 018 5V6 6V2 6V8 7V5 8V2 9V1 10V 11V CAR PARKING AVAILABLE
TWatt o o0 BB 050 12V 13V 15V 18V 20V 24V 27V 30V O*PEN MONDAY TO FRIDAY 9a.m.-5.30p.m.
1R-10K 0.20 14PinDIL 0.12 24 HOUR ANSWERPHONE SERVICE %
Hw 14 Pin DIL/Q THERMISTORS | BATTERIES ACCESS AND BARCLAYCARD ORDERS WELCOME
TWatt  scox oz B —— * MANY OTHER ITEMS AVAILABLE *
1R-10K 0.26 OcTAL " 038 VAloses 023 | " bovanos
. - . .. i8S
17 Wan CANS 0.27 VA1104 0.70 TR175 £1.40 ea UK ORDERS P&P 50[) PLEASE AD_D VAT AT 15%
15K-22K 028 BSAPCB 0.15 VAB650  0.46 other prices on
WW-2 B5 o.;g VA1097 025 request EXPORT ORDERS WELCOME. CARRIAGE/POST AT COST
c B9 0.
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MULTIMONITOR
THE ONE INSTRUMENT!

THERMOCOUPLE VOLTMETER
MONITOR
VOLTAGE
THERMOCOUPLE CALIBRATOR
SIMULATOR N,
bt . § MILLIVOLT
STRAIN GAUGE G dddd SOURCE
MONITOR '.h..l:.:-'.ﬂl.'..HITl}Fl S
= - gz
11 INPUTS — 3 OUTPUTS
Auto zero
Auto range By combining the power of a Z80 microproces-

sor, and sophisticated analogue circuitry, the
MULTIMONITOR gives you all these features,
making it the most effective test instrument yet.
As well as the 42 Digit Local Display the Multi-

Thermocouple

Linearisation for all common types
Strain calculation

Automatic recalibration

Battery backup memory for vital functions

CIL

0
electronics ftd

DECOY ROAD,
WORTHING, SUSSEX
Tel: (0903) 200673

monitor carries

—
IEEE - 488 AND RS232 AS STANDARD
—_—
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NEW! ICOM ICH2 SYNTHESIZED
FM HANDPORTABLE

The ICH2 is the first of a new breed of
synthesized hand-held radio transceivers.
Being synthesized, it requires no crystals
to be set on to frequency. All that is re-
quired is to lift a recessed panel on the
top of the set and cut the correct diodes to
program the set to one or two channels.
Duplex or simplex is obtained in the same
way. This really is a boon to the busy
dealer and convenient for the customer
who wants those extra few sets "yester-
day”’.

The ICH2 is very versatile, coming com-
plete with a rechargeable ni-cad pack,
small mains charger, rubber helical an-
tenna, earphone and strong spring belt
clip. Optional extras include: A speaker/
microphone, cigarette lighter plug 12V
charging lead, 12V convertor to operate
direct from the car supply, leather and
leatherette cases, various different types
of slide on/off battery packs both re-
chargeable and dry and a desk charger
that fast charges some of the battery
packs in 1to 12 hours. The battery packs
slide on and off very easily, enabling a
spare to be carried in your pocket and an
exchange made in the field. Sizes are
6.5""H x 2.6"'W x 1.4"'D, weighing 1.1lb.
Power output is 1-3 watts and covers a
frequency range of 164.975-174.975Mhg,
duplex or simplex.

Retail price is 269 pounds each plus VAT.
We are also looking for dealers for gen-
eral distribution. More details from

Thanet Electronics [@3[ICOM

143 Reculver Road, Herne Bay, Kent
Tel: 02273 63859. Telex 965179

82
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TUNE INTO THE WEATHER. ..

USING OUR COMPLETE '"METEOSAT WEATHER SATELLITE
RECEPTION SYSTEM

We supply the complete system from antenna to video monitor, at the
lowest price ever imagined for such a comprehensive system. View the
entire globe on your video screen, or select any enlarged portion of the
earth, for example Europe, as seen by the satellite from 20,000 miles
above the earth. Both visible light pictures and infra-red pictures can be
selected, the latter giving useful temperature information

Our complete system consists of the following items —

1. ANTENNA: 1.1 metre diameter parabolic dish with feed, supplied in kit
form to reduce costs and make transportation easier.

2. ANTENNA PREAMPLIFIER: Gasfet low-noise preamplifier to be bolted

on to the antenna, to overcome feeder losses and provide maximum
sensitivity

3. 1690 MHz CONVERTER: Frequency converter from 1690 MHz to 137.5

MHz to allow a conventional receiver to be utilised

4. 137 MHz RECEIVER: The FM receiver, which demodulates the received

encoded signal. Orbiting satellites on the 136-138 MHz band can also
be received using this receiver

5. DIGITAL FRAME STORE: The audio signal from the receiver is stored
in a large Dynamic RAM memory, which then drives the monitor to
provide a continuous display

6. VIDEO MONITOR: A high quality black-and-white munitor, with 25
MHz bandwidth, ideal for displaying this type of image with excellent
definition

The above items are all that are necessary to obtain first-class pictures
from Meteosat. ALL FOR £1,295+VAT.

Individual items from the above system are also available

Write or phone for further details

MICROWAVE MODULES

BROOKFIELD DRIVE, AINTREE, LIVERPOOL L9 7AN, ENGLAND
Telephone: D51-523 4011 Telex: 628608 MICRO G

WWW americanradiohistorv com
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#Gold service available. —
21 days manufacture forurgent —— | |
deliveries.
. , . % Orders despatched
The toroidal transformer is now accepted as the standard in ithinZ d P £
industry, overtaking the obsolete laminated type. Industry has Wlﬂm. 1 { days o
been quick to recognise the advantages toroidals offer in size, receipt for single or
weight, lower radiated field and, thanks to .L.P., PRICE. small quantity orders. |
Our large standard range is complemented by our SPECIAL
DESIGN section which can offer a prototype service within 7 DAYS O TIG ibble
together with a short lead time on quantity orders which can be y qlub
programmed to your requirements with no price penaity. guarantee.
SERIES SECONDARY RMS SERIES SECONDARY RMS SERIES SECONDARY RMS
N3 No Volts Current ERICE W3 No Voits Current BRICE A3 No Volts Current BRICE
W W W
“\e “\e “\e 120 VA  4x010 646 10.00 300va 7x013 15415  10.00
90 x 40mm  4x011 9+9 6.66 110x 50mm 7x014 18+18 8.33
15 va 0x010 6+6 1.25 1.2Kg 4x012 12412 5.00 2.6Kg 7x015 22+22 6.82
82 x34mm  Ox011 9+9 0.83 Regulation  4x013 15415 4.00 Regulation 7x016 25+25 6.00
035Kg  O0x012  12+12 063 £5 1 2 11%  4xQi4  18+18 333 2742 7x017 30430 500 £1 088
Regutation 0x013 15+15 0.50 . 4x015 22422 272 +p&pgl72 7x018 35+35 4.28 +p&pL2.0os
19% 0x014 18+18 042 +p&pf078 4x016 25+25 240 + VAT£1.37 7x026 40+40 375 + VATE1.94
0x015 22+22 0.34 + VAT £0.89 4x017 30+30 200 TOTALE£10.51 7x025 45+45 333 TOTAL£14.87
0x016 25425 030 TOTALE£6.79 4x018 35435 1.71 7x033 50450 3.00
0x017  30+30 0.25 4x028 110 1.09 7x028 110 272
q . 4x029 220 0.54 7x029 220 1.36
(encased in ABS plastlc) 4x030 240 0.50 7x030 240 125
30va  1x010 6+6 250
70x 30mm  1x011 9+9 166 £5 49 160va  5x011 949 8.89 500 va 8x016  25+25 10.00
0.45Kg  1x012 12412 1.25 o 110x40mm 5x012 12+12 6.66 140 x60mm 8x017 30+30 833
Regulation 1x013 15+15 1.00 +p&pL110 1.8Kg 5x013 15415 5.33 4Kg 8x018 35435 7.14 £1 4 38
18% 1x014 18+18 0.83 + VAT £0.99 Regulation 5x014 18418 4.44 £8 43 Regulation  8x026 40+40 6.25 .
1x015 22422 068 TOTALE7 58 8% 5x015 22422 3.63 B 4% 8x025  454+45 555 +p&p£2.40
1x016 25425 0.60 5x016  25+25 320 +p&pfI1.72 8x033 50450 500  +VATE£2.52
1x017 30+30 050 5x017 30+30 266 + VAT £1.52 8x042 55455 454 TOTAL£19.30
5x018 35435 228 TOTALE11.67 8x028 110 4.54
50va  2x010 6+6 4.16 5x026  40+40 200 8x029 220 227
80x35mm 2x011 9+9 277 5x028 110 1.45 8x030 240 208
09Kg  2x012  12+12 2.08 5x029 220 072
Regulation 2x013 15+15 1.66 5x030 240 0.66
13%  2x014  18+18 138 261 3
2x015 22422 113  +p&pf£135 625va  9x017 30430 10.41
2x016 25425 100 +VATE1.12 140 x75mm 9x018  35+35 892
2x017 30430 083  TOTAL£8.60 225va  6x012 12412 938 5Kg 9x026 40440 7.81 £1 7 1 2
2x028 110 045 110x45mm 6x013 15415 7.50 Regulation 9x025 45+45 6.94 .
2x029 220 022 22Kg  6x014  18+18 6.25 49 9x033 50450 625 +p&p£2.55
2x030 240 020 Regulation 6x015  22+22 511 £9 81 9x042 55455 568  +VATE£295
70 6x016 25425 4.50 . 9x028 110 568 TOTAL£2262
80va  3x010 6+6 6.64 6x017 30+30 375 +p&p£2.05 9x029 220 2.84
90 x 30mm  3x011 9+9 4.44 6x018 35+35 3.21 + VATE1.78 9x030 240 2.60
1Kg 3x012 12412 3.33 £6 66 6x026 40+40 281 TOTALE£13.64
Regulation 3x013 15415 266 a 6x025 45+45 2.50
12% 3x014 18+18 222 +p&pg1.72 6x033 50+50 225
3x015 22422 181  +VATE1.26 6x028 110 204
3x016 25425 160 TOTAL£9.64 6x029 220 1.02 ALSO AVAI LA*?LE .
3x017 30430 133 6x030 240 093 Sizes up to and including SKVA are
3x028 110 072
3x029 220 oae manufactured to order.
3x030 240 0.33

The benefits of ILP toroidal transtormers

ILP toroidal transformers are oniy half the weight and height of their laminated
equivalents. and are available with 110V, 220V or 240V primaries coded as follows
IMPDRTANT: Reguiation — All votages quoted are FULL LOAD. Please add regulation figure to secondary
voitage o obtain off load voltage.
For 110V primary insert "0 i place of “X " n type number
For 220V primary (Europe) insert “1 " in piace of “X 0 type number
For 240V primary (UK) insert "2 in place of X In type number

Also availabie at Electrovalue,Maplin, Technomatic and Barrie Electronics.
K]

For mail order please make your crossed cheques or postal
orders payable to |LP Electronics Ltd. Barclaycard/Access
welcome. Trade orders standard terms.

Postto ILP Electronics L!d Granam Betl House Roper Close

Canterbury CT2 7EP. Kent. England
Telephone (0227) 54778 Telex 965780

(a dwision of

WW — 034 FOR FURTHER DETAILS

Hitachi Oscilloscopes
performance, reliability, value

New Models!
immediate delivery!

viorimafaes

New from Hitachi are threc low-cost bench “scopes with bigger screens
and extra features in a new slimline ultra-hightweight format
I'he range now extends to 13 models:

4 dual trace single timebase models 20MHz to 40MHz

2 dual trace sweep delay models 20MHz and 35MHz

2 dual timebase multi-trace models 60MHz and 100MHz

2 miniature field portable models, 20MHz and S0MHz

3 storage models. one tube storage. two digital storage

Prices start at £295 plus vat (model illustrated) including 2 probes and
a 2-year warranty. We hold the range in stock tor immediate delivery

For colour brochure giving specifications and prices ring (0480) 63570,

Reltech Instruments. 46 High Street. Solihull, W. Midlands, BY91 3TB

WW - 052 FOR FURTHER DETAILS
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HEMMINGS

16 BRAND ST
HITCHIN
HERTS

SG5 1JE

Tel: (0462) 33031

ELECTRONICS AND
MICROCOMPUTERS

B Kwnh e

Shop open Mon.-Sat. 9a.m.-5.30 p.m.

Cilosed all day Wednesday

Professional quality electronic components, brand new and fully guaranteed. Mail
order by return of post. Cash/Cheque/POs or Banker's Draft with order, payable to
| orders from schools, colleges and universities

Hemmings Electronics Ltd.
welcome. Trade and export enquiry we

tcome. P.&P. add 45p to all orders under £10.

Telephone your Access orders, using our 24-hr. Ansaphone service. Please send SAE
t.

for full price i

VAT - All prices sxclusive of VAT — Please add 15%

No VAT on export orders or books.

COMPUTER
Ic

350p
340p
290p

6116LP3-150n
P 450p

Static RAM
2114L-200nS

0p
6116P3.150nS

Dynamic RAM
4116-200nS

4164-200n5
450p
Eprom
2708-450ns
2716-450nS
2532-450nS
2732-450nS

2764-450nS
495p

FLOPPY ISC
FD1791 1850p

UPD765A
1650p

MEMORIES |
32.768KHz

P | 5.0688MHz

L=t

CRT
CONTROLLER
SFF96364 80Op

BZY88 Series
500mwW E24
2V7t0 33V 8p
43V to “IOV12

B2ZX61 Series
1.3WE24
2V7to 39V 15p
43V to 82V 20p

BRIDGE
RECTIFERS

30p
40p

40p
50p
709
10A/400V 280p

35A/400V 315p
BY164 52p

75492

AY-3-1015D

AY-5-1013A
300

TRIACS
TIC206D  S5p
280ACPU 350p | TIC226E  95p
2BOAPIO 300p | T2800D  96p
ZBOACTC 300p
ZBOADART DIACS

29-37v 25p

CRYSTALS

6.000MHz  180p
160p
240p
160p
170p

6.1440MHz
6.880MHz
8.000MHz

2.4576MHz 10.000MHz

to total cost including P.&P.

2 x 15V at 100mA
2x20Vat 67mA
6VA 2 x 6V at 500mA
2 x 12V at 250mA
2 x 15V at200mA
2 % 20V at 150mA

30000MHz
35795MHz
3,6864MH2
4.000MHz

4.1943MH2

16.000MHz  190p
18432MHz  150p
19.6608MHz 2405
20000MHz  200p
27000MH2  170p
48.000MHz_ 170p

PCB TRANSFERS |

Make your own Printed Circuit —

Boards with Alfac Etch Resist
PCB Transfers
tDraw your artwork on 0.1

igransfar to copper board
using carbon paper

+% Burnish the Alfac transfers to
the board using a spatula
using carbon marks to assist
in accurate alignment

+ Use Alfac chemical eraser to
corract mistakes

% Etch in Ferric Chloride

EC900/10.1"’ Edge Connector
EC902/1 0.156’* Edge Connector
EC908 0.063'" Pads
£C9100.094"' Pads
EC9110.189"' Pads
ECS8400.016" Lines
£C9410.031" Lines
£€9420.039'' Lines
EC9430.048' Lines

EC944 0.061°" Lines

£C945 0.079"' Lines
EC9460.100"" Lines
EC9470.124" Lines

CHASSIS MOUNTING
6-0-6V at 100mA
9-0-9V at 100mA
12-0-12V at 100mA
15-0-15V at 0.6A
9-0-9V at 1A
12-0-12Vat 1A
15-0-15V at 1A
30-0-30V at 0.5A

Y EPSON FX-80 %

Wae now have in stock the new

Epson printer, the FX-80, which

replaces the MX80 F/TIiL. If you

thought the MX80 was good, you

will agree that the FX- Bg

brilliant. Ail the MXB0 features

are there plus the following

extras:

% 160 cps print speed

B0 cps special quiet mode

% Program selectable character
set which can be downloaded
from your computer

%9 different bit image modes up
to 1920 dots per line

e Print styles emphasised,
condensed, proportional. elite,
italic and all MX80 styles

*Pro; I'?ram control of skip-over

oration, number of

columns character sets

Fully compatiblewnh MX80
control codes

£385+ VAT

SECURICOR £8

£C950/10.031"" 90° Bends
£C950/2 0.061" 90° Bends
£C951/1 0.031" 30°, 45°, 60°

Bends
€C952/2 0.061"" 30°, 45°, 60°

ends
EC960/1 TO-5 Transistor Pads
EC993/1IC Pads
EC997/1 IC Pads with tracks be-
tween pads
6 identical sheets in sealed pack
195p

Individual sheets 45p
Spatula AR4 for burnishing 45p
Alfac Chemical Eraser
Alfac Precision Grids: Pol estar
film, matt finish 0.14mm
thickness, 20 lines/in
A4 100p; A3 195p

Double Sided Fibreglass Board
116" thlckness, 10z Copper

5 ' 35p; 5''xB" 60p
Dalo Etch Resnsl Pen 85p
Ferric Chioride Crystals Dissolve
in 1/2 Litre Water B5p

LIGHT EMITTING DIODES {LED)
3mm Red 194
3mm Green
3mm Yeliow
Smm Red
Smm Green
Smm Yellow
Panel Clip 3mm or 5mm
Chrome Bezel 3Imm
Chrome Bezel 5mm
Square LED 5mmx 5mm Red 25p

Green or Yellow
Tri-colour LED
A Red and a Green LED which
produces Yetlow when both are
on 70p
Red Flashing Led 3Hz at5V  45p

A 12" 'monochrome monitor
24MHz video bandwidth ideal for
most parsonal computers, word
rocassing, sciantific work etc.
NPUT V
1volt rf composite video
EXTERNAL CONTROLS
Contrast, brightness, vertical
hold, on/off
INTERNAL CONTROLS
Horizontal width, ||nsantr)
frequency, phase, focus, black
level, vertical height and linearity
TECHNICAL CHARACTERISTICS
Scan 625 lines/50Hz, Deflection
110°, Character display 80 bv 24
lines, Video input PHONO, X-ray
radiation to IEC spec no 65
SCREEN PHOSPHORS
Black/white, green, or oran?e
Green or orange filters available

to order
£08 + VAT

SECURICOR £8

with info 3
Matching ASC 11 coded QUERTY KEYBDARD with
Numeric Keypad and 27 function keys £25 each.
P&P £5 THE PAIR £40.

12in MONITOR cesed. non-standard tnput, with info
£20 each

With matchin 19 ASC 11 coded QUERTY KEYBOARD
with Numeric Keypad and 24 function keys. £25 the

l’ihn MONITOR in attractive case. non-standard input

PD%VER UNIT, 240v input: Outputs x5v/15a
24W/15a;  24v/3a £10each.

INSTRUMENT CASE. standard 19in. width x 16in
deep x 10in. high £5 each,

FLOPPY DISK DRIVE 8in. by MEMDREX with control
electronics. £75 each P&P

HARD DISK ORIVES by DATA RECDRDING Series 30
Front ioad with info £125€

TEKTRONiX STORAGE DI SPLAV UNIT type 611
Screen size 812in. x 612in £495

TEKTRONIX HARD COPY UN!T type 4610-1. can be
used with 4010 senes computer display terminats
£32!

S.
CREED 75 TELEPRINTFR. Very good
each. Carriage £7

ondition  £25

‘ TEKTFIDNIX JSCILLDSCDPE type T935A Ouat Trace
35MHZ Delay Sweep. £550
4 COSSOR DSCILLDSCDPE CDUIIU Dual Trace ZUMHQZ
1

5 TEKTRONIX DSCILLOSCDPE 545A with CA Plug-in Dual
Trace 24MHZ Oual
8 B & K AUDID FFIECIUENCY SPECTROMETER type 21]3

9 B & K ELECTRDNI[‘. VOLTMETER tyoe 2409 2HZ- ZGGKHZ

10 MARCONI R F POWER METER TF1020A/1 50 Ohm CSS
11 MARCON! R.f PDWER METER TF1152 range 50 Ohm

£60

14 MARCONI FM/AM SIGNAL GENERATOR TF935A/ZM

15-220MHZ AM/FM Mod £225

17 MARCONi FM/AM SIGNAL GENERATOR TF1068B/1 10-
470MHKZ. Int. & Ext AM/F| £2

8 MARCUNI CARRIER DEVIAIION METER TF7910 45
9!

20 MARCUNI VACUUM TUBE VOLTMETER TF10418 . £20
21 MARCONI VACUUM TUBE VOLTMETER TF1041C... €25
2 MARCDNI DISTORTION FACTOR METER TF142f IUO

00GHZ £75
MARCDNI SENSITIVE VALVE VOLTMETER TFZSOO
10HZ-10MHZ 1mV-300 V
ADVANCE FM/AM SIGNAI GENERATOR SGE3F ;
230MHZ
ADVANCE FM/AM SIGNAL GENERATOR SG6IA 75
MHZ

P )
mwbu

ADVAN[‘.E SIGNAL GENERATOR type 62 ISOKHZ
20MHZ CW/Mod

I Stockists of NEW SCOPEX AND SAFGAN OSCILLO-

SCOPES. Aiso many other ITEMS OF TEST EQUIP-
MENT ANOC COMPONENTS in stock. For funher
details contact OWAYNE STEWART

27 ADVANCE DUAL STABILIZED 0C SUPPLY type PP3. 0-
30V 0-1A twice Metere.

8 ADVANCE SIGNAL GENERATDR RF type E2 100KHZ-

100MHZ CW/Mod 40

HEWLETT PACKARD 431B PDWER METER with head

type B478B 10MHZ-18GHZ £250

30 HP CALIBRATDR type 8477A for use with Power
£15

oo
3

33 H P VHF SIGNAL GENERATOR type 608C 10-480 MHZ

£150
34 H.P CALDRIMETRIC POWER METER Modei 434A.  £75
38 METRIC WOBBULATOR type 210 5-220MHZ £25
40 TELONIC SWEEP GENERATOR type SO3M. 440
920MHZ with variable markers.
STANDARD IF GENERATOR with 12 Fixed IFs {for TV
servicing) £35
I(AVZ SWEEP & MARKER GENERATOR type ISOOC
20H. KHZ
SIGN ELECTRDNICS DISTDRTIDN FACTOR METER
OM344A 100HZ-10KHZ ©.
WAYNE KERR UNIVERSAL “BRIDGE B221 with LDW
IMPEDANCE ADAPTOR Q221
WAYNE KERR UNIVERSAL BRIDGE CT530 {82211 wnh
LOW (MPEDANCE ADAPTOR 02214, Late style . £125
53 BRADLEY DSCILLDSCOPE CALIBRATOR type 156 £175
54 RAD’:A[JMETER type AFM} MODULATION METER 35
320 MHZ
60 LABGEAR COLOURMATCH 625 PATTERN GENERATDR
type CMEQ04-PG (P&P £4) £25
117 AVD ELECTROLYTIC & TANTALYTIC CAPACITANCE
BRIDGE Model CB154 £125
195 HEWLETT PACKARD UHF SIGNAL GENERATOR type
612A 450-1230 MHZ £175
243 H P Log Voutmeter/Amplifier Mode! 7563A €95
245 SIEMENS LEVEL DIFFERENCE METER type 02003 £250
246 SIEMENS FREQUENCY GENERATOR type G021 001
£2

25MHZ 50
253 MARCONI ATTENUATOR CT421-TF1073A/28 75 Ohm

P S
& & & & =

254 MARCDNI AUTGMATIC DISTORTION METER TF2337
]

248 SIEMENS LEVEL OSCILLATOR 0 2-1600KHZ type W23!
with W233 & W234 £95

SIEMENS {EVEL METER 0 2-1600KHZ type D354 wr\h

Rel30369 & Rel3D370

255 S.E LABS OSCILLOSCOPE SM111 Dual Trace 20 MHZ
Portable

256 MARCONI SIGNAL GENERATOR TF2002A/5 AM/fM

10KHZ-72MHZ. AM/FM Mod

7 MARCON! SIG GEN type TF2002 as ebove AM onIy

£250
258 MARCONI UHF SIGNAL GENERATOR TF1060'2
4501200, Lete style £
259 MARCONI WIDE RANGE DSCILLATDFI TFI370A 18HZ-
1BMHZ Square Wave up to 100KH. £95
260 MARCONI OSCILLATOR TFH101. 20HZ-200KHZ .€l5

EXECUTIVE TELEPHONES - PUSH BUTTON
Many functions including 10 number memory. repeat
dialing erc Will connect to GPD System. Brand New
£25 each. P&P £4
EQUIPMENT IN WORKING ORDER
Plesse check availability before ordering. Carriage all units,
£7; VAT to be added to total of Goods and Carnage. SAE.

2

B
@

&

2

X

STEWART OF READING

110 WYKEHAM ROAD, READING, BERKS RG6 1PL
Telephone: 0734 68041

for LISTS.
-

Callers welcome 9 8.m. to 5.30 p.m. Monday to Saturday inclusive

PCB TYPE
Microministure Printed Circuit
Relay Single Pole Change-over
Contacts rated 2A or 125V maxi-
mum contacts are Gold on Siiver
Palladium Pins on 0.1"' Grid
5V dc 56ohm, 12V dc 320 ohm,
24V dc 1280 ohm 9%5p

THE COMMODORE 64
MEMORY SIZE

System memory 20K ROM 3K
RAM

User area 38K RAM or 54K if
BASIC Interpreter is not used
SCREEN DISPLAY

Fult cologr display 26 by 40

INFRARED
TIL32 PN Gallium Arsenide IR
Emitting Du)ds Power Outpu(
Typ 1.2m E
TIL38 PN Gallium Arsenide |
Emmmg Diode Power Output

50p
TIIJB NPN Silicon Phototransis-
55p

T|L100 Large-Area Silicon PIN
Photodiode 70p

7 SEGMENT DISPLAYS
TIL3120.3" Red Common Anode

TIL313 0.3 Red Common Ca-
05p

HAHMR 14mm Red Common
.140p

HA‘IMSR 1amm Red Common

Cathode .. . 140p

Z5mm He-ght Common Anode
250p

LIQUID CRYSTAL
DISPLAY MODULES

PCIM177 Frequancy Counter 5
Digits, 0.35' FM, SW, MW. MHz,
KHz Annunciators, Sample and
Hold Capabili%, Resat Capability,
25 Selectable | sets.
Prescaler Available,
Incandescent Backlighting,
Supply Voltage 5v, peratlnq,
Current 4mA 5p
PCIM 176 Digital Voitmeter, 3 2
digits, 0.5°", +, — and Decimal
Point. 200mV Full Scale Input,
True Differential Input,
Guaranteed 'O’ Reading, Single
9v Operation, Power
Consumption 20mW, Accuracy
0.15%, +/— 1 Count,
Temperature drift BOme/C Low
Battery Indicator 1950p
Both Modules are supplied with

8 data shest.

INCANDESCENT BULBS
Lilliput LES (T11/2) 6V or 12V 16p
Capless 6V 60mA

80mA 20p

TRANSFORMERS |

NEONS
Panel Mounting Neon with Seif
Contained Resistor for 260V 48p

| wound on a Split Bobbin provid-

LIGHT DEPENDENT RESISTORS
ORP12 95p

TEMPERATURE METER

A fully self-contained digital tem-

perature meter, battery operated

with an LCD display

+Temperature range 0-99.9°C

* Accuracy 40°C  +/-0.2°C

* 40-70°C  +/-0.4°C

* 70-99.9°C  +/-1.0°C

%Battery 9v alkaline. Lifetime

approx. 1 year

s External temperature pn:rbe6

£16.

PCB MOUNTING TYPE
All types have dual primaries of
0-120, 0-120 for inputs of 120V or
240V - Primary and Secondary

ing superior Isolation
3VA 2 x 6V 8t 250mA
2 x 12V at 126mA

ons of screen and

border colours
16 Text/Character colours
displaying alphanumerics or PET
grapmcs

onnectionto 3 TV setor a
colour or monochrome monitor
UHF modulator internal to the
computer
GRAPHICS

%h resolution graphics 320 x

ixels
62 prsdaﬂnad graphic symbols
available from the keyboard
displayed in normat or reverse in
all 16 colours
SPRITE GRAPHICS
High resolution moveable object
blocks 24 pixels wide by 21 pixels
deep
Up to 8 Sprites which can be
layered for 3D effects
Sprites can be one of 8 colours or
multicolour up to 4 different
colours in one sprite
Sprites can be moved
independent of text, graphics or
other Sprites
SOUND
Music Synthesis chip provides 3
voices, B octaves 4 waveforms —
sawtooth, triangle, pulse or noise
Programmable attack. decay.
sustain and release
Programmable filter - low pass,
band pass, high pass or notch
outputs
Variable resonance and master
volume controt
INPUT/OUTPUT
User port with R§232C
Cartridge port for games and
ROM based software
2 joystick/Gpaddle/Iight pen ports
AGE

BASIC interpreter future options

are BASIC compiler, Pascal,
COMAL, LOGO and FORTH

AT

SECURICOR £6

WW - 030 FOR FURTHER DETAILS

WW — 042 FOR FURTHER DETAILS

RECHARGEABLE

BATTERIES

volt PP type batteries, SAE

PRIVATE & TRADE ENQUIRIES WELCOME

Full range available to replace 1.5 volt dry cells and 9

for booklet, "Nickel Cadmium Power,”
Y COMPLETE RANGE OF CHARGERS

SANDWELL PLANTLTD.
2 Union Drive, Boldmere
Sutton Coldfield, West Midlands, 021-354 9764
After hours: LICHFIELD 57977
Now open Saturday morning 9.30 to 12.30

for lists and prices. £1.45
plus catalogue.

WW — 040 FOR FURTHER DETAILS

ONE
OFF

From Your HEX Table

supplied by you or us.
‘don’t care’ addresses.
DEVICE TYPE
2716 -450nS
2716 -350nS
2732 -450nS
2732 -350nS
2532 -450nS
2764 -450nS

EPROM PROGRAMMING

’ Programming of all popular, single rail EPROMs, with device either
Any number of bytes programmed.
’Normal delivery 2-3 days, - excl. postage.

SUPPLIED BY US / You
12-50 9-50
15-50 9-50
20-25 15.75
22-25 15-75
20-25 15-75
2700 21-00

all prices inclusive of VAT (15%) and carriage.
Audio Visual Development Department,

Stephen Greaves Photography

19 Queen Victoria Rd., Westbury Park, Bristol BS6 7PE.(0272) 732176

For Your Development

Indicate

L/'mz'fed

Tel: — Bristol

WW — 053 FOR FURTHER DETAILS
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RECORD DECKS

SINGLE PLAY

Large Turntables

240 volt AC. Post £2 Y ;

Make Model Drive Cnrtrigo " Price

BSR P170 Rim Ceramic £20

BSR P232 Belt Ceramic £24

GARRARD 6200 Rim Ceramic £22

GARRARD Delux Belt Magnetic £40

BSR P232 12 volt Magnetic £24
AUTOCHANGERS 240 VOLT

BSR Budget Rim Ceramic £16

BSR Delux Rim Ceramic £18

BSR Delux Rim Magnetic £26

MAINS PRE-AMP FOR MAGNETIC CARTRIDGES to low
gain amplifier 10mv to Y2 volt, mono £5, stereo £7.P&P {1

HEAVY METAL PLINTHS

Post £2
Cut out for most Garrard decks. Black or
silver grey finish. Size 16x 13%4in. £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%ain. x 14¥ain x 4in. Black/chrome facia trim. Also with
boards cut out for Garrard £3. Tinted plastic cover £5

TINTED PLASTIC COVERS Post£2
1774x 13%x 3Vain. £5 18Vax12V2x3in. £5
17V x93 x 3%%in. £3 143 x 122 274in. £5
16V2x 15x 4%%in. £5 16%8x 13x 4in. £5
17x12%x3V4in. £5 14%2x 13 % 2%in. £5
22%x 137X 3in. €5  17%x13%x44in. £5
21%x14Yax 2V%in. £5 21x13%x 4%in. £5
23%sx 14 % 3%in. £5  30%x133%x3%in. £5

THE “INSTANT” BULK TAPE ERASER  £9.50 Post 95p
Suitable for cassettes and all sizes of tape
reels. AC mains 200/250V. Hand held size
with switch and iead (120 volt to order).
Will also demagnetise small tools

and computer tapes.

Head Demagnetiser only £5. o PR gl
BATTERY ELIMINATOR MAINS to 3 VOLT D.C.
Stabilised output, 9 voit 400 m.a. U.K. made in plastic
case with screw terminals. Safety overload cut out. Size
5x3Vax2%2in. Transformer Rectifier Unit. Suitable
Radios, Cassettes, models, £5. Post £1.

DRILL SPEED CONTROLLER/LIGHT DIMMER KIT. Easy
build kit. Controls up to 800 watts AC mains with plastic
case 4 x 3 x 1%%in, £S5, less case £4. For brush motors,
power tools, drills and tighting. Post 65p.

R.C.S.LOW VOLTAGE STABILISED

POWER PACK KITS £3.95. Post 65p
All parts and instructions with Zener diode printed cir-
cuit, mains transformer 240V a.c. Output 6 or 72 or 9 or
12V d.c. up to 100mA or less. Please state voltage
required.

RELAYS. 6V DC 95p. 12V DC £1.25. 18V £1.25. 24V £1.30
ALUMINIUM CHASSIS. 6x4—£1.75; 8x6-£2.20
10x7-£2.75; 12x8-£3.20; 14x9-£3.60; 16x6-~£2.50
16x10—-£3.80; 12x3 £2.20; 14x3 £2.50.

ALUMINIUM PANELS. 6x4-55p; 8x6—90p; 14x3-90p
10x7-£1.15; 12x8-£1.30; 12x5-90p; 16x6-£1.30
14x9-£1.75; 12x12—-£1.80; 16x 10-£2.10.

ALUMINIUM BOXES. 4x4x1%2 £1.20. 4x2%x2 £1.20.
3x2x1 £1.20. 6x4x2 £1.90. 7x5x3 £2.90. 8x6x3 £3.
10x7x2Y%2 £3.60. 12x5x 3 £3.60. 12x8x 3 £4.30.

ALI ANGLE BRACKET 6 x Yax 34in. 30p.

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. 10(1 to 10M. VaW, 2W, 1W, 2p; 2W 10p.

Low ohm 1 watt0.47 to 3.90hm 10p.

HIGH STABILITY. 2w 2% 10 ohms to 1 meg. 10p.
WIRE-WOUND RESISTORS 5 watt, 10 watt, 15 watt 20p.
PICK-UP CARTRIDGES SONOTONE 9TAHC £3.80.

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 Magnaetic £5.
STYLUS most Ceramic Acos, Sonotone, BSR, Garrard
Philips Diamond £1.50 ea.

MAGNETIC STYLUS, Sony, JVC, Sanyo, Goldring, etc. £4.
LOCKTITE SEALING KIT DECCA 118. Complete £1.

VALVE OUTPUT Transformers push/pull 15 watt £14;

30W £18,50W £20; 100W £24. Post £2. 100V/Line 20W £3.75.
MICROSWITCH, 50p, Miniature 65p. SPDT.

ANTEX SOLDERING IRON ‘C’ 15W £5.25. 25W 'X25' £5.50.
WAFER SWITCHES. 1% dia. 60p ea.

1P 12W; 2P 2W; 2P 6W; 3P 4W; 4P 2W; 4P 3W.

FERRITE ROD. 6" x 142", 6" x 3", 8x5/16" 50p

XLR Lead Plug £2.40. Lead socket £2.75

XLR Chassis Plug £2.20. Chassis Socket £2.55.

BANANA 4mm Plugs/Sockets, red/black 20p

JACK PLUGS Mono Plastic 25p; Metal 30p. Sockets 25p.
JACK PLUGS Stereo Plastic 30p; Metal 35p. Sockets 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; Double sockets 30p.
Free Socket for cable end 20p. Screened Phono Plugs 25p.
B.N.C.PLUGS £1. Sockets £1. Free Sockets £1.10.

U.H.F. PLUG 50p. Socket 50p. Reducer 20p. Coupler 50p.
300 ohm TWIN RIBBON FEEDER 10p yd.

300 ohm to 75 ohm AERIAL MATCHING TRANSFORMER £1.
U.H.F. COAXIAL CABLE SUPER LOW LOSS, 75 ohm 25p yd.
COAX PLUGS 30p. COAX SOCKETS 20p. Lead Sockets 65p.
NEON INDICATORS 250V, round 40p. Rectangular 45p.
MORSE CODE TAPPER AND BUZZER SET £3.
CARdC‘:ASSETTE MECHANISM. 12V Controtied Motor Stereo
Head £5

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.

U.K. RETURN OF POST MAI|

o T MINI-MULTI TESTER NEW

3 De luxe pocket size precision moving
coil instrument. Impedance + Capacity
— 4000 o.p.v. Battery included

11instant ranges measure

[-———==———-}f DC volts 5.25, 250, 500 £7.50
i . AC volts 10, 50, 500, 1000 Post 65
| £DC amps 0-250uA, 0-250mA " OSt o3P
i ' Resistance 0 to 600K ohms.
§ L4 ® I'De Luxe Range Doubler Model  £19.50
150,000 0.p.v. 7x5x2in Post £1

43 Ranges, 1,000V, AC-DC, 20 meg, etc

'PANEL METERS g

50ua, 100ua, 500pa, 1ma, Kool e L
5ma, 50ma, 100ma. 500ma. 1 o0& vaurs
amp, 2 amp, 25 volt, VU
FVax2x1Va. Stereo vu

[5%

RCS SOUND TO LIGHT CONTROL BOX

Complete ready to use with cabinet size 9x 3x 5in
3channel, 1000 watt each. For home hi-fi disco £27
Input 200mV to 100 watt Post £1

OR KIT OF PARTS £19.50

Disco bulbs 100 watt. blue, green, yellow, red, amber,
screw or bayonet £2 each. Post £1.50 per six

"“FUZZ" lights, red, blue, green, amber, 240V. £23.Post £1 |
200 Watt Rear Reflecting White Light Bulbs. Ideal for
Disco Lights, Edison Screw. 6 for £4, or 12 for £7.50. Post
£1.50. Suitable panel mounting holders 85p.

RCS “MINOR"” 10 watt AMPLIFIER KIT £14
This kit is suitable for record players, guitars, tape
playback, electronic instruments or small PA systems
Two versions available: Mono_£14: Stereo_ £20.

10W per channel; size 9%2x3 x2in. SAE details
Fullinstructions supplied. 240V AC mains. Post £1

RCS STEREO PRE-AMP KIT. All parts to build this
pre-amp. inputs for high, medium or low imp £3 50
per channe!, with volume control and PC Board Post‘GSo
Can be ganged to make multi-way stereo mixers

MAINS TRANSFORMERS

Post
250-0-250V 80mA, 6.3V 3.5A, 6.3V 1A £6.00 £2
350-0-350V 250mA, 6.3V 6A CT £12.00 £2
220V 25ma 6V lamp £3.00 220V 45ma 6V 2 Amp £4.00 £1
250V 60mA 6V 2A £4.75 £1

Step-Up 115V t0 240V 150W £9. 250w £10. 500W£12.00 £2
GENERAL PURPOSE LOW VOLTAGE

Tapped outputs available Price Post
28mp.3,4.5,6,8,9, 10, 12, 15, 18, 25 and 30V £6.00
1amp. 6,8, 10,12, 16, 18, 20, 24, 30, 36, 40, a8, &0 £6.00 £2
2amp. 6, 8, 10. 12, 16, 18, 20, 24, 30, 36, 40_ 28, £0 £1050 £2
3amp 6.8, 10,12, 16, 18, 20, 24, 30, 36, 40, 48, EN £1250 £2
§amp. 6, 8, 10, 12, 16, 18, 20. 24, 30, 36, 40, 48, EN) £16.00 £2
5-8-10-16V. V2 amp  £2.50 £1  15.0-15V 1amp £4.00 £1
6V. V2 amp. £2.00 £1 15-0-15V. 2 amps £4.50 £1
6-0-6V 112 amp £3.50 £1 20V 1amp £4.00 £1
9v. 250ma €LED £1  20-0-20V 1amp £450 £1
9V 3amp €450 £1  20-40-60V 1 amp 450 €2
9-0-9V 50ma €150 £1  25.0-25V 2 amps 150 £1
9-0-9V. 1amp £€3.50 £1 28V 1 amp Twice 600 £2
10-0-10V. 2 amps £4.00 £1  30v1V2amp £450 £1
10-30-40V 2 amps £4.50 £1 30V 5amp and
12V. 100ma £15a €1 17-0-17 28 £5.50 £2
12V. 750 ma £2.50 £1 35V 2amps £4.50 £1
12V 3amps £4.53 £1  TOROIDAL 30-0-30V 4a
12-0-12V. 2 amps £450 £1  and20-020vV V2a  £10.00 £2
CHARGER TRANS Post  RECTIFIERS Post
6-12 voit 38 £4.50+£2 6-12volt2a £1.10+80p
6-12 volt4a £8.50+£2 6-12voltda £2.00+ 80

SPEAKERS £22 pair post £2

TEAK VENEERED CABINET

11x8%x7in, 15 watts

50 to 14,000 cps. 4 ohm, 8 ohm or 16 ohm

OPUS TWO 15x 102X 7%in 25 watt

2-way system £39 pair. Post £3 |

fo — ; S
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 voits. 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; 220mf/4v/10v/16v; 330
mf/4v/10v; 500 mf/6v; 680 mf/6v/10v; 1000 mf/2.5v/4v/10v;
1500 mf/10v; 2200 mf/6v/10v; 3300 mf/6v; 4700 mf/4v.
S00mF 12V 15p; 25V 20p; 50V 30p. 1200mF 76V 80p.

1000mF 12V 20p; 25V 35p; 50V 50p; 100V 70p.

2000mF 6V 25p; 30V 42p; 40V 60p; 1500mF 100V £1.20.
2200mF 63V 90p. 2500mF 50V 70p; 3000mF 50V 65p;

4700mF 63V £1.80. 4700mF/40V £1.
NON POLARISED CAPACITORS — REVERSIBLE

1mF 250V 25p; 1.5mF 100V 25p; 2.2mF 250V 30p; 3.3mF
100V 40p; 4.7mF 100V 40p; 10mFG3V 40p; 32mF 50V 25p.

HIGH VOLTAGE ELECTROLYTICS
45

2/500V 32+32+16/350V 90p 8+16/450V 75p
8/450V  45p  100+100/275V 16+16/350V 80p
16/350V 45p  150+200/275V  70p 32+32/350V 85p
32/500V 95p  32+32+32/325V 75p 32+32/500V £2
32/350V 50p 50+50+50/350V 95p 50+50/300V 50p
50/450V 95p 8+8/500V £1  80+40/500V £2.20

CAPACITORS WIRE END High Voltage

.001, .002, .003, .005, .01, .02, .03, .05 mfd 400V 10p.

400V 14p. 600V 15p. 1000V 25p.

.22MF 350V 12p. 600V 20p. 1000V 30p. 1750V 50p.

-47MF 150V 10p. 400V 25p. 630V 30p. 1000V 60p.
TRIMMERS 30pF, 50pF, 108. 100pF, 150pF 20p. 500pF 30p.
MICROSWITCH SINGLE POLE CHANGEOVER 40p.
GEARED TWIN GANGS 365 +365 + 25+ 25pF £2.

BRASS SPINDLE EXTENDERS 85p. Couplers 85p.
VERNIER DRIVE DIALS, 36mm £2.50, 50mm £3

SLOW MOTION DRIVE 6:1 80p. Reverse Vernier drive 90p.
TRANSISTOR TWIN GANG. Japanese Replacement £1
SOLID DIELECTRIC 100p0f £1.50

HEATING ELEMENTS, WAFER THIN {Semi Flexible}
Size 11x9x 4in. 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, etc.

ONLY 60p EACH (FOUR FOR £2) POST 50p.

RADIO COMPONENT SPECIALISTS

Books and C Lists 32p {Mini
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L ORDER SERVICE, ALSO WORLDWIDE EXPORT SERVICE

NEW | baker | Star sound

high power full range quality
loudspeakers. British made.
Ideal for Hi-Fi, music P.A. or
discotheques. These loud-
speakers are recommended
where high power handling
and quality is required.

MODEL INCHES OHMS WATTS TYPE PRICE POST
MAJOR 12 4-8-16 30 HI-Fi £16 £2
SUPERB 12 8-16 30 HI-Fl 26 £2
AUDITORIUM 12 8-16 45 HiI-Fl 24 £2
AUDITORIUM 15 8-16 60 Hi-FI 31 £
GROUP 45 12 4-8-16 45 PA £16 £2
0G75 12 4-8-16 15 PA 20 £
GROUP 100 12 8-16 100 Guitar £26 £2
0ISCO 100 12 8-16 100 Disco £26 £2
GROUP 100 15 8-16 100 Guitar £35 £2
0ISCD 100 15 8-16 100 Disco £35 £2

P T S —
ELECTRONIC ECHO CHAMBER £85. Post £2

BAKER AMPLIFIERS BRITISH MADE

: v 2 = %
NEW PA150 MICROPHONE PA AMPLIFER £129

4 channel 8 inputs, dual impedance, 50K-606 ohm 4 channel
mixing, volume, treble, bass. Presence controls, Master volume
control, echo send return socket. Slave sockets. Post £3.

BAKER 150 Watt AMPLIFIER 4 Inputs £99
For Discotheque, Vocal, Public Addrass. 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
chms RM.S. Music Power. Slave output 500 M.V. 25K.ohm.
Response 25 Hz — 20kHz + 3dB. Inteqral Hi-Fi preamp separate
Bass & Treble. Size — 16 x8''x5'4"". 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.

100 Volt Line Model £114. MONO SLAVE £80.

New Stereo Siave 150 + 150 watt 300 watt Mono £125. Post £4.
Complete Disco 150W. Twin console + amplifier + mike and
headph + twin sp s. £330. 300 watt version £399.
Carriage £30.

BBD Delay System 30 m/sec to 200 m/sec. Variable echo
and direct sounds. Maintenance free, 240V AC.

DISCO GRAPHIC MiXER EQUALISER £108. Post £2
4 Channel stereo, 5 band graphic, red + green LED, VU
display, headphone monitor,_mic + override switcr]._

PA CABINET SPEAKERS, Complete. 8 ochm 60 watt -
17x15x9in. £25. Post f4. 4 or 8 or 16 ohm 75 watt
23x15x11in. £60. Carr. £10. 90 watt 32x 15x 11in. £63.
120 watt £77. Carr. £12,

WATERPROOF HORNS 8 ohms 10in. 25 watt £20. Post
£2.12in. 40 watt £26. Ditto, 100 volt line £32. Post £2.

Bafttery on:g Portable PA Amplifier 10w complete mike and
speaker, OK for meetings, crowd control, stalls, fetes, traders,
partigs. Shoulder strap feature. £25 post £2.

R.C.S. 100 watt R.M.S.

VALVE AMPLIFIER

4 Channel mixing. Master
treble, bass and volume
controls. 5 Speaker outlets,
suits 4, 8, 16 ohm. Disco
group. £125. Carr. & ins. £15.
60 WATT VALVE AMPUIFIER,
3 mixer inputs, 4-8-16 chm, 100 volt line. 5 controls, 2 mic inputs
plus 1 input switchable for mic, phono, aux. Treble and bass and
3volume controls, 7 valves. £69. Post £3.

FAMOUS LOUDSPEAKERS
2 rs
SPECIAL PRICES

MAKE MODEL SIZE WATTS OHMS PRICE POST
WHARFEDALE  TWEETER din 30 8 £1.50 1
GDDDMANS  TWEETER 3%in 25 8 f4 [3)
AUDAX TWEETER d4in 30 8 £6.50 £1
AUDAX MID-RANGE 4in S0 8 £1.50 1
SEAS MID-RANGE 4l2in 100 8 £1250 £1
AUDAX WOOFER 5% 25 8 £10 1
GODDMANS HIFAX TVax 4% 100 4816 £27 £2
GOODMANS WOOFER 8in 25 B 15 f1
GDDDMANS HB 8in 60 8 £1250 £1
WHARFEDALE  WOOFER 8in 30 8 £9.50 £2
CELESTION DISCO/GROUP  10in S50 816 £19 £2
GDDDMANS HPG/GROUP 12in 120 815 £2950 £2
GOODMANS  GR1ZGROUP  12in 90 815 £215% £2
GODDMANS HPD/DISCD 12in 120 815 £2950 £2
GOODMANS HP/BASS 15in 250 8 £69 £3
GDDDMANS HPD/BASS 18in 230 8 £80 £4

SPEAKER COVERING MATERIALS. Samples Large S.A.E.
B.AF. LOUDSPEAKER CABINET WADDING 18in wide 35p ft.

MOTOROLA PIE2D ELECTRIC HORN TWEETER, 334in. square  £5°
100 watts. No crossover required. 4-8-16 ohm, 73 x 3%in.  £10

CROSSOVERS. TWO-WAY 3000 c/s 30 watt £3. 100W £4.

3-way 850 cps/3000 cps. 40 watt rating. £4. 60 watt £6. 100W £8.
LOUDSPEAKER BARGAINS. Please enquire, many others.

4 ohm, 5in, 7x4in, £2.50; 6%in, 8 x 5in, £3; 8in, £3.50. 6'4in 20W.£7.50.
8 ohm, 2%in, 3in, £2; 5 3in, 6 din, 7 din, 5in, £2.50; 6%in, 20W £7.50
8x5in, £3; 8in, £4.50; 10in, £5; 12in, £6.

15 ohm, 2VAin, 3%2in, 5x 3in, 6 x 4in, £2.50.6%2in 10W £5. 8in £4. 10in £7.
25 ohm, 3in, £2; 5% 3in, 6 x 4in. 7x 4in, £2.50. 120 ohm, 3%in dia. £1.

EMI 13"2x8in. LOUDSPEAKERS

Model 450A, 10 watts R.M.S. with moving
coil tweeter and two-way crossover; 3 ohm
or 8 ohm. “Final Clearance". Post £1.50
SUITABLE BOOKSHELF CABINET ’
Teak Veneers £6.50. Size 18x11x6in. Post £1.50.

Dept 1, 337 WHITEHORSE ROAD, CROYDON
Open 9-6. Closed all day Wed. Open Sat. 9-5.
post/packing charge 65p.) Access or Barclaycard Visa. Tel: 01-684 1665 for SAME DAY DESPATCH. Cash prices include VAT.

wWw-7
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ELECTRIC

ACT AT ONCE - DELAY IS FATAL

ELECTRIC SHOCK

make sure it is safe to o h

et vreer ==
if the casualty is NOT breathing 3 ‘
ALOCIT UL

s

start artificial ms;-mhon—speed is essential
« ) ouey >

GET IT — READ IT - PRACTISE 1-4

BE READY TO SAVE A LIFE.
SOMEONE MIGHT SAVE YOURS.

Company Registered Number: 151537 (ENGLAND)
Sutton, Surrey SM2 5AS

SHOCK

92 WAYS TO RECOVERY

Display the ELECTRICAL
REVIEW shock first aid
chart (356x508mm) supplied
in thousands to destinations
world-wide. Recent
deliveries include
consignments to companies
in Papua New Guinea,
Dubai, United Arab
Emirates, The Philippines,
apart from UK commercial
and industrial, educational,
Central Government, Local
Authorities’ orders.

Carry the ELECTRICAL
REVIEW pocket-size shock
card (92x126mm) designed
to help safety and training
officers, medical and
welfare personnel; all who
might find themselves
called to save a life. Always
pocket your card; there’s a
useful two-year calendar on
the back.

ACT AT ONCE—DELAY IS FATAL!

L e e D _— e —— — e — —— e ——

To Electrical-Electronic Press Please send. .. . .. copy/copies as indicated
D -

gggﬁ:az'ossa'es epartment Pocket Card @ 70p each inc VAT 3

Quadrant House Paper Chart @ £1.00 each post free |

Sutton SM2 5AS Card Chart @ £2.00 each post free -

Surrey Plastic Chart @ £3.00 each post free (-

England Discounts: 100 + copies 10%

500 + copies 15%

Registered Office: Quadrant House, The Quadrant (Overseas surface and air mail rates supplied
on application.)
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LANGREX SUPPLIES LTD

Climax House, Fallsbrook Rd., Streatham, London SW16 6ED
Tel: 01-677 2424 Telex: 946708

0.2 GEXS41  5.00 0 50 2.75 0.21 2N1671  5.00 IN3819 0.30
oa1 | BDIZZ 048 0.27 1.50 2.50 2.75 0.24 2NIB93  0.32 IN3820  0.39
o e o8 | BDI¥ 040 0.28 1.75 2.50 2.50 0.25 N2147  4.00 2N3823  0.60
AAYI0 017 e o35 | BDI6 040 0.34 0.45 2.50 2.00 0.05 2N2148 375 IN3866  1.00
s Lo o038 | BDIIT 040 0.33 0.60 4.00 1.00 0.09 IN2218 0.32 N304 0.17
AAZI3 015 253 o1y | BDIR 048 0.36 0.73 3.00 2.00 0.06 | 2N2219 032 2N3%05  0.17
AAZIS 015 d o1y | BDI® o048 4.00 0.71 1.00 2.25 0.06 | 2N2220 020 IN39%06  0.17
AAZI7  0.15 §.£ ol | BDIs0 050 2.25 0.47 1.50 2.00 0.06 | 2N2221  0.20 2N#058  0.20
AC107 0.55 oy o BDI144 2.00 0.20 0.73 2.00 0.27 0.07 2N2222 0.20 2IN4059 0.20
ACI2S 025 &8 o | BDIgI 1.20 0.20 130 2.00 1.20 0.09 | 2N223 425 IN4060 016
ACI26 025 o o1 | BD183 080 0.97 1.10 1.50 0.16 0.11 N2368 025 | IN4gs! 016
ACI2T 025 (e ony | BD2137 054 0.9 0.35 1.50 0.43 0.12 2N2369A  0.25 IN4062 016
ACI28 030 o o1y | BD23 054 0.30 0.35 0.90 0.45 0.07 | 2N2484 025 INS124 016
ACl4] 0.28 o o033 | BDX10 091 0.30 035 0.90 0.33 0.04 | 2N26d46  0.50 2N4126 016
ACI4IK 035 905 03 | BDX2 200 0.30 0.35 1.50 0.36 0.13 2 0.32 N4286 015
ACl42 0.28 908 ol | BDYZ 150 0.30 0.26 0.85 0.54 013 2N2905 032 IN4288 018
ACI4ZK  0.35 906 o | BDvee 27 0.25 0.28 0.65 0.67 0.04 | 2N2906  0.21 2N4289  0.18
ACI76  0.30 o6 oar | BEnS 0.35 0.25 0.53 0.55 0.44 0.08 2N2907  0.21 2N4400 0.1
ACIS7  0.28 o o1z | BEIS2 0.16 0.25 0.65 1.00 0.42 0.09 | 2N2924  0.26 IN4401 011
ACI88  0.28 o 012 | BEI1S3 0.16 0.30 0.69 1.00 0.70 1.00 2N2925 0.2 IN$402  0.11
Rgl; 1.30 912 o1 | BEis 0.17 0.95 0.45 0.70 0.56 1.00 IN2926 015 | )NS4S7T  0.32
Acy]l9 Hs e 73 | BEI® 0.17 0.27 3.50 0.65 0.43 1.00 N353 0.26 2N5458 032
(e R oS 1% BF160 0.17 0.27 2.50 1.00 0.25 1.30 2IN3054 0.55 INS459  0.32
. FH 1o | BFle7 0.24 0.29 2.20 1.00 0.21 0.32 2N305S  0.65 25017 10.00
Agzn 115 0 130 | BFI73 0.30 1.20 1.20 0.65 0.54 0.32 2N¥40  0.70 25019 12.00
:mi; g;g 918 1oo | BEITZ 0.35 R 0.60 1.20 0.23 0.32 IN3441  0.85 25026 25.00
.75 . o1 | B 3% | BRI 0.35 2.00 0.5 0.9 | Z5278 0.57 125 | 2N3442 125 25103 1.50
ADI6]  0.35 o183 | BeYa e | BEID 035 | BU205 1.30 0.12 0.80 | 2zTX107 0.12 025 | 2N36l4  2.20 25302 2.00
ADI62 035 915 | Bl % | BEIsO 028 | BU206  1.50 0.25 0.80 | ZTX108 0.12 025 | 2N3702 0.1 25303 1.50
AF106 035 18| Beve: 535 | BRIm 028 | BU208  2.00 0.12 2.75 | ZTX1os 0.2 0.25 2N3703 0.1 28322 3.50
AFll4 075 o1 | BCyss  ois | BFIS2 030 | BYID 040 0.17 200 | ZTX300 0.3 0.30 | 2N3704 0.1 25324 3.50
AF115 0.75 o1z ) BCYSE 019 | BRI 0.28 | BYI26 013 0.17 3.00 | ZTX301 0.4 0.30 2N3705 0.1 25701 2.00
AFll6  0.75 o2 | BNy o | BRI 028 | BYI27 0.4 0.08 400 | ZTX302 018 1.20 | 2N3706 0.1 287454 0.95
Al 0% 013 | BGYZ O | Brisy o1 | Sews 0:08 1% | Fhoe o 120 | haos oa0 | FTeA 0%
b . - b ries H . . 1.20 b
AFI86 100 o ez ;Z; BFI9%S 012 | BZY88  0.10 015 125 | ZTX311 0.3 1.00 N37 [STE
AF239 039 i o 042 | BF1% 0.13 | Series 0.15 150 | ZTX314 0.5 150 | 2N3710  0.10
AFZIl 400 011 i i | BEw 0.14 | CRSI40 0.60 1.50 2.50 ZTX500  0.14 110 | 2N3711 010
AFZ12  4.00 0.11 Dl k| BR2O 040 | CRS340 0.75 1.50 2.75 ZTX501  0.14 175 | 2N3771 140
ASY26  1.40 0.11 d BF224 0.25 RS3/ 090 [ QAZ201 150 | OC203  3.00 | ZTXS02 0.8 | 2NI1309 120 | 2N3772 160
ASY2? 0.9 | BCI72 0.11 | BDI3]  0.44 | BF2a4 028 | GEX66 300 | OAZ206 150 | OC204 _ 3.00 | ZTX503 0.5 | INie13 032 N33 1.80 |
“E130L 18.50 EF85 1.75 GUS1 20.00 PC86 2.50 QY4-250 73.15 UF85 1.75 4C35 78.00 6CW4 8.00 12BA6 2.50 5670 4.50
LVES E180CC  10.50 EF86 175 GXU1 15.35 PCs8 2.50 Y4-400 76.80 UF89 2.00 4CX250B 40.00 6D2 1.50 12BE6 2.50 5675 28.00
A1834 9.00 9.90 EF89 2.50 GXU2  30.00 PC9S 175 QY5-500 175.00 UL41 3.50 4CX350A 73.00 6DK6 3.00 12BH7 1.50 5687 6.00
A2087  13.50 | EIS2CC 13.25 | EF9I 2.95 | GXU3  25.00 | PC97 L75 | QY5-3000A UL84 1.75 | 4X150A 60.00 | 6DQeB  4.75 12BY7  3.00 | 369% 4.50
A213¢ 1750 | EI8F 1150 | EF%2 637 | GXU4 4450 | PC900 1.75 33500 | UMS0 2.00 | 4X150D 56.00 | GEAS 3.00 12E1 20.00 | 5718 7.50
A2293  16.00 | EIS5CC  8.25 EF93 1.50 GXUs0  20.00 PCC84 LSO | Qz06-20 32.70 | UYdl 225 | SB254M  35.00 6EB8 2.50 12E}ITT 170.00 5725 5.50
A2426 1875 | E280F  22.51 EF%4 250 | GYSOl 3.00 | PCC8S 150 | Rio 600 | UYSS 2,25 | SB2SSM 3500 | ¢EWe 225 12E14 3500 | 5726 11.37
A2521 22.50 E283CC  12.00 EF95 S.z GZ32 2.50 PCC88 2.00 R17 3.00 VLS631  15.00 2 160.00 6F6 3.00 13E1 20.00 5727 7.05
A2900 2250 | E288CC 17.50 EF98 2. G233 4.75 PCC89 L75 | Ri8 3.00 | XGI-2500 45.80 SJIB0E 1650.00 | ¢F23 1.60 19H4 27.50 | 5749 2.50
A3343  45.00 | EAS2 32.25 EFm 2.00 | G234 3.00 | PCCI89 250 | Ri9 9.24 | XG2-6400 SR4GY  3.50 | ¢F28 1.60 19HS 47.50 | 5751 4.00
AZ31 2.75 | EA76 2.50 Fl84 200 | Gz37 4.75 PCCBOS  1.60 0 2.50 141.90 | SU4G 3.00 | ¢F33 33.50 24B9 67.25 | 5763 4.50
AZ4l 260 | EABCS0 125 Eng 1;.% KT61 5.00 C8 1.60 | RG3-250 32.68 | XG5-500 26.60 | SU4GB 250 | 6HI 14.00 30C15 200 | S8l4A 4.00
ggﬁ 114.90 EAC91 3.50 Em%s i KTé6 8.00 PCE82 2.00 RG3-250A 32.68 XG2-6400 5V4G 2.50 6H2N 2.78 30C17 2.00 5840 4.00
15535 | EAF42  2.50 g KT88  15.00 | PCF80  2.00 | RG3-1250 59.50 162.00 | SY3GT 250 | GH3N 2.75 30C18 200 | 5842 12.00
gggz 58.00 EAF801  2.00 EK9%0 lz.so KTW61  2.50 PCF82 1.50 RG4-1250 61.60 XR1-1600A sZ3 4.00 6H6 3.00 30FS 1.60 S876A  31.50
B2 60.00 EB41 4.22 E{JZ ‘.33 KTW62 %.gg PCF86 2.50 RG4-3000 99.45 53.75 SZAG 2.50 6]4 5.50 30FL12 138 | 5879 5.00
e 60.00 EB9] 1. EL@SMUI i KTW63 24 PCF87 2.00 RR3-250  40.00 XR1-3200 81.97 SZAGT  2.50 | ¢J6 8.93 30FLI2  1.80 5886 12.50
S 58.95 EBC33 2.50 4. . M8079 12. PCF200 325 RR3-1250 45.75 XR1-3200A 6-30L2 175 67 4.75 30FL14 2.00 5963 2.50
BT17  151.00 EBC4l 2.50 Ek!ﬁ 2.50 M8080 8.25 PCF201 325 SIEIZ  65.00 | XR1-6400 6AB4 1.75 6K4N 2.50 30L1 1.50 | 5965 3.50
BTI9  44.05 | EBCSl 1.50 EL41 2.80 | M308] 9.82 | PCFBOI  2.50 | §i30 6.00 102.00 | 6AB7 3.00 | gK6GT 275 30L15 2.00 | 6005 2.25
gﬁg 349.15 | EBC90 1.25 ELL»;} gsg M8082 9.69 | PCF802 2.50 | §)30P 6.00 | YDI120 395.00 | 6ACT 3.00 | ¢K7 3.00 30L17 200 | 6021 4.50
354.80 | EBF80  1.50 %o M8083 858 | PCF805  1.70 | STV280-40 YDI240 351.00 | 6AF4A 425 | (xg 3.00 30P4 2.50 | 6057 10.23
BTYS  129.00 | EBF83 175 EL83 6. M8091 1043 | PCFg06 1.70 14.00 | Z759 25.00 | 6AG7 3.0 | ¢KD6 7.00 | 30P19 2.50 | 608 12.34
g%};l 4.00 BF§9  1.50 EILM 225 | M80%  6.80 | PCFS08 1.70 | sTV280-80 ZM1000 8.0 | 6AH6 5.00 | 6L6G 3.00 | 30PLI 3.00 | 6059 6.00
oI 400 | EBL3l  6.00 Eng 2.72 M809g 8}2 PCL82  2.00 2100 | ZM1001 8.00 | 6AKS 700 | 6L6GA  2.25 | 30PL14  1.80 | 6061 6.00
i 3.00 EC%0 1.25 i'ég MB0Y! 6.00 PCLS83 3.00 SU4} 5.00 ZMI1020  9.00 6AK6 2.50 L6GC 3.00. 30PL.1S 1.80 6063 3.75
CIK 20.00 EC91 8.00 EB; e MB099 8.” PCL84 2.00 10.00 ZM1021  9.00 '6AL5 1.50 6L6GT 3.00 W4 1.00 6064 8.58
AN 200 | EC2 1.75 A M8100 9. 2 PCL85  2.50 | TDO3-10 35.00 | ZM1022 9.00 | '6AMd4 4.00 | 67 2.50 50CS 150 | 6067 1023
01{41 22.00 Eglcw 325.40 Euw R ml;g lo-i3 L86 2.50 | TD03-10F35.00 | ZM1023 9.00 | 6AMS 9.69 | eN2P 2.50 75B1 6.05 | 6072 6.00
DA4 zg.% ECC” 4.50 ELcOMSTso 1 12.00 PCL805/85 2.50 | TTI15 35.00 | ZM1040 19.36 | 6AMS6 6.00 | (N3P 250 | 75C) 4.50 | 6080 14.00
DA:M 18, 35 4.50 Engg/ 300 | Ml % | BDsoo 600 | TT2i 23.00 | ZMI104] 1666 | 6ANS 4.75 | eN7 300 | 85A1 7.50 | 6097A  235.00
1.75 ECC40 4.50 Lre ot M8141 6. o PE06-40N 30.00 TT22 23.00 ZM1042 17.77, | GANSA  3.50 6P25 4.00 85A2 4.45 | 6097B  200.00
g/ggg 1.75 | ECC8I 175 1300 M8142 8.7 PFL200 250 | TTI00 60.00 | I1B3GT  3.00' | 6AQS 225 | Q7 375 | 90AG 1296 | 6146A 8.25
35.00 ECC82 1.75 EL822 Y MB144 7.50 PL36 2.50 TY2-125 60.00 1B24 25.00 6AS6 8.66 6R7 325 WAV 12.96 | 6146B 8.25
DET24  49.00 ECC83 1.75 EM34 5.00 M8149 6.50 PL81 1.75 TW4-400 71.40 1B3SA 48.00 6AS7G 8.75 6SA7 3.00 90C1 6.00 6159B 19.00
DF91 1.75 | ECC84 175 EM80 2.50 | MB16]1 935 | PLBIA  2.00 | TY4S00 98.35 | 1Be3 64.00 | 6ATS 125 | ¢5¢7 2715 | 90CG 14.54 | 6189 9.55
DF96 1.7% ECC85 1.7% Eﬁgl g& M8B162 10.40 PLS2 1.50 TYS-500 175.00 IRS 1.75 6AUSGT  5.00 6SF7 2.50 90CV 15.45 6201 11.40
gg; 175 | ECCB6  2.50 EMB; s Msl63 ggz PL83 2.50 | TY6-800 188.00 | 1S5 175 | 6AU6 2.50 | gSH7 3.00 | 924G 1296 | 6442 20.00
e 2-02 chcillg 2.10 8 §~50 M8190 Noiss PL84 2.00 | TY6-5000 1T4 175 | 6AVSGA 450 | 4577 3.25 | 92Av 1296 | 6383B 17.54
D ”o ECCgl 2.00 sws & m}gg O PLS04/5  2.50 375.00 | 2AS1S  11.50 | 6AVé 150 | 6SK7 3.50 9541 8.45 | 6973 4.00
Dl S 8.93 ENgf 7"5‘6 MB20y TS PL508 2.50 | TYe-5000B 2C39A  60.00 | 6AXSGT 3.00 | 4SKIGT 300 150B2 6.50 | 7025 3.00
o l-75 522,;3" i;g E§92 U] 521 iy PL509 6.00 395.00 | 2C43 70.00 | 6B7 3.25 | 6SN7GT 3.00 150B3 835 | 7551 6.25
Laish :;0 ey BH Evel e Mg%;ﬁ la'oo PL519 6.00 | Tv6.5000W 2D21 3.25 | 6B8 3.25 | 65Q7 3.40 150C2 3.25 | 7586 12.00
DIsID 19% 80 i e 17 .;:8224 600 | pLEOI 1.50 325.00 | 2E26 825 | 6BA6 150 [ 65R7 4.00 150C4 600 | 7587 18.50
DLS16 0 | ECre 130 | Eves 250 | mg22s 450 | bussl 420 | Tv7-e000A g L4 I in | S5 sl B 20 | T ]
DLSIS 1390 | ECree 250 | Eved oo | sl 4% | Tv3 1m0 Jav0 | Us. IB00 | heh 400 | UG 350 | 7aaB msoe | 78S 500
prisH i Fn B Eves 175 | e 03 | Pysl 175 | TY7-6000W 2J70A  383.00 6BC4 4.00 | cUzA 225 25.00 | 7895 12.00
buio 200 0 |- B e 3 L 0.0 | pym2 150 303.60 | 2]70B 33600 | 6BE6 130 | eveGT 235 | s0s 4500 | 8005 11049
DMIse 475 | ECHE 305 | Evsoa 30e Mille ssoo | bYE 5 | e, Bl 2, lnk | o i) nidl] 5 o 5%.00
e 1';7 Ecms Sice Evaos 17 | Mxn d PY88 2.00 | U820 3.5 | 34002  85.00 6BJ6 2.25 | 6XSGT 175 | 81IA 18.33 | 8122 90.00
men B =2 || B Y7o | MXZ B0 | PYsoA 300 | Ul9 13.75 | 3-500Z  85.00 | 6BK4 450 | 787 250 - 8124 1833 | 8136 2.50
EsL. 2200 | Blss  1a | ok 250 | MXisi 1725 | besy iy | uB e e WO e e | S BN BE || B 15
.. 2 el i) R 2% | Mxiy A% | Pysol 1.50 | U2 2.50 3B24 11.00 | 6BL7GT 4.50 | 3¢¢ 2.50 8334 193.16 18042 11.53
Esoor i o, ECio hiso - Nk s2ise QQV02-6 16.50 | U37 12.00 | 3B28 1535 | 6BM6  115.00 | 77 4.00 866A 20.03 18045 10.49
ESOF 3% | ECLss 300 | He Lo Mxie e QQV03-1014.00 | UABCBO 1.25 | 3B29 ~ 2000 | 6BN6 200 | 7Ry 425 | g2a 2000 |
FroL, {3-37 el iso EZ81 1.50 MXIEH §5~52 QQV03-20A UAF42 250 3B240M  17.50 6BQ7A 350 787 3.50 22 6.00 | Tesied
s o %Cng l'so EZ%0 2.00 i e300 UB41 3.00 3B24IM  17.50 6BR7 6.00 7Y4 2.25 931A 18.50 Ex-Equipment
- 13isy Bl :-75 FW4-500  3.50 Mxlg 1‘8~W QQV06-40A UBC4 225 | 323 2500 | 6BRSA 350 | 74 200 | 1624 4.00 | 4CX250B 6
e B EFS78A B FW4-800  3.50 !;g(s <o) b UBF89  1.50 24. BS7 6.00 11E3 55.00 1625 3.50
cHee RO || B3 3% | @ik 3500 | NTE 335 | QQVors066.50 | uccas 175 | 3CXI00AS 6BW6  6.00 | pAHg 500 | 2050 7.00 {
86C 825 | EF40 S0 | Chaohm 2% 8A 3150y 22Z0640A vccss  1.85 4700 | 6BW7 L0 | 15ATe LSO | $212E 30000
EasC 5 EEQ B GI80.2M 17.50 o o 62.20 | UCFs0 2.00 3E29 45.00 6BX7GT  5.00 12AT7 75 4212H 300.00
b d G240.2D 12.00 d Qu37 12.50 UCH42  2.50 354 2.00 6BZ6 2.75 12AU6 2.50 5544 81.97
Esacc 8.00 EF42 4.50 G400.1K 17.50 | OB2 435 | Qo312 680 | UCHSI  1.50 Ve 1.75 | 6C4 1.25 12AU7 1.75 5545 102.00
Ezgc gg}) Eﬂ;;l‘l g.g GN4 9.00 833 igg 7 350 | ycLsz L% 465A 60.00 | 6CB6A  2.50 12AV6 2.50 SSSIA 114.90
ESIH 625 | EFSS 3% | ea 900 | OC2 sie) || @RS UCLR3 275 | 4125A 6000 | 6CD6GA 500 | 12aV7 350 | 55524 15535
E92CC 875 | EFR0 178 | ome o | OBy 3a 'Sk | DR 0 | ezoa MO | cer 130 | iAX7 135 | Sen bl
By s Eros i GTIC 1500 | &P 320 | QU8 5426 | UFa2 2.10 4-400A  §7.00 6CH6 13.00 | 12AY7A  4.00 | 5654 3.00
. A GUso 20.00 g QY3-125 60.40 UF80 1.75 4B32 20.00 6CL6 375 | 12BsA 3.50 5651 4.45
[ i — — P T i =
7495 0.73 | 74136 0.51 74175 1.02 | TBAS20Q .
INTEGRATED CIREUITS 749 082 | ;-HJI 089 | 74176 116 | TBASng 133
7400 0.16 7423 0.33 7460 0.18 7497 3.15 4142 2.30 74178 1.36 TBAS40Q 230
BASES CRTs D (R VERATA 10.00 1 Ja0) 017 | 7425 0.30 | 7470 038 | 74100 154 | 74143 260 | 74179 1.3 | TBASSOQ 3.22
B7G unckined  0.22 | 2AP1 850 | s0p) }0 b VCRSI7C 10,00 7402 0.17 7427 0.30 7472 0.33 74107 0.45 74144 2.60 74180 1.20 TBAS60CQ
B7G skirted 0.30 | 2BPI 9.00 | sCria 4000 7403 0.17 | 7428 043 | 7473 038 | 74109 0.73 | 74145 1.00 | 74190 1.9 | 3.22
el | B 1whe | hia 4 7404 018 | 7430 017 | 7474 038 | 74110 0.51 74147 200 | 7419 190 | TBA673  2.20
B omski g | B o ;5 gg 7405 018 | 7432 030 | 7475 054 | 74111 0.71 | 74148 1.76 | 74192 1.90 BA700  1.52
Dot 030 e e 4, &2 7406 043 | 7433 040 | 7476 042 | 74116 1.85 | 74150 1.80 | 74193 1.90 | TBA720Q 230
Hoe 03 | M o | D75 92 Tube Bases 7407 043 | 7437 032 | 7380 056 | 74118 100 | 74151 0.94 74194 1235 | TBA7S0Q 2.07
M e | BHE o0 | Derdt ssor Prlolc‘son 7408 020 | 7438 032 | 7482 075 | 74119 LS4 | 74154 1.80 | 74195 1.20 | TBAS0O 1.20
Nuvisien 0.750 1 308 S00 | DG732 5807 | application 7409 020 | 7440 032 | 7183 100 | 74120 0.83 | 74155 0.90 | 7419 1.35 | TBA920 290
1{pin DIL 018 | 3jp2 80 | D e 7410 0.17 | 7441 090 | 7484 105 | 74121 0.43 | 74156 0.90 | 74197 1.35 | TBA920Q 2.90
16 pin DIL o | 3p7 1000 | eRoy ”2.00 7412 0.29 7442 0.72 7486 0.39 74022 0.62 74157 0.75 74198 2.70 BAS90Q  2.90
AP HE 1500 | YeRo7 }Z,W 7413 032 7447AN 117 | 7490 060 | 74123 118 | 74159 2.20 74199 230 | TCA270Q 2.90
e screen 70 || B 300 | VER1e 1200 7416 032 7450 018 | 7491 082 | 74125 0.58 | 74170 240 | TAAS70 230 | TCA760A 1.38
. B 2o vcxl;% 2050 7417 032 7451 018 | 7492 060 | 74126 0.58 | 74172 4.40 TAA630S  3.50
- b 7420 018 | 7453 018 | 7393 0.60 | 74128 063 | 74173 142 | TAA700  3.90
7422 0.20 | 7454 0.18 | 7493 0.8 | 74132 0.72 | 74174 160 | TBA4S0Q 184 |
Terms of business: CWO. Postage and packing valves and semiconductors 50p per order. CRTs £1.50. Prices excluding VAT, add 15%. Telephone 01-677 2424/7
Price ruling at time of despatch. . . Telex 946708
In some cases prices of Mullard and USA valves will be higher than those advertised. Prices correct when going to press. E.&O.E.
Account facilities available to approved panies with mini order charge £10. Carriage and packing £1.50 on credit orders. Open to callers Monday-Friday 8 a.m.-5 p.m
QOver 10,000 types of valves, tubes and semiconductors in stock. Quotations for any types not listed. S.A.E. : el
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Pye Europa MFS5FM high-band sets, complete but less
mike and cradle. £90 each plus £2 p.p. plus VAT.

Pye M294 high-band FM sets, complete but less mlke,
speaker and cradle. £150 each plus £2 p.p. plus VAT.

Pye Reporter MF6 AM high-band sets, complete but less
speaker and cradle. £90 each plus £2 p.p. plus VAT.

We Olympic M201 AM higg'-)band sets, complete but less
mike, speaker and cradle. each plus £2 p.p. plus VAT.
Pye Westminster W15 FM G band 42-54 MHz sets, unused
and like new, but less mike, speaker and cradle. £65 each
plus £2 p.p. plus VAT.

Pye Westminster W15 AMD mid-band multi-channe! sets,
n%?mlkes, speakers or cradles. £45 each plus £2 p.p. plus

Pye Westminster W15 AMD mid-band crystalled and

converted to 129.9 MHz, 130.1 MHz, 130.4 MHz. Very good

condition. £120 each plus £2 p.p. plus VAT.

Pye Westminster W15 AMD high-band and low-band sets

available. Sets complete but less mikes, speakers and

cradles. £70 each plus £2 p.p. plus VAT.

Pye Westminster W30 AM low-band sets only, no control
ear. Sets comglete and in good condition. £45 each plus

p.p. plus VAT.

Pye base station F30 AM, low band and high band avail-

able, remote and local control. Prices from £220 plus VAT.

Pye base station F401 high-band AM, local control, fully

solid state, complete but less mike. £275 each plus £15

p.p. plus VAT.

Pye base station F8U, remotely controlled, 5 Watt output,

UHF {440-470 MHz), singte channel. £90 each plus £5 p.p.

plus VAT.

Pye base station F412 UHF {440-470 MHz), 25KHz channel

spacing, single channel, local control. £250 each plus £15

p.p. plus VAT.

Pye Beaver M254 high-band FM sets, 15 Watt, robust

mobile radiotelephones for industrial use, sets complete

but less crystals, as new condition. £120 each plus £2 p.p.

Pye PC1 radiotelephone controller,
only at £50 each plus £2 p.p. plus VAT.
Pye Tulip microphone as used on most base stations and
PC1, 2400 ohm with gn switch. £15 plus £1 p.p. plus VAT.
Pye PF1 UHF FM Pocketfone receivers, 440-470 MHz,
single channel, int. speaker and aerial. Supplied complete
with rechargeable battery and service manual. £6 each
plus £1 E.p. plus VAT.

Ni-Cad Batteries for Pye PF1, used but good condition, Rx
(Yellow) £2 each Tx (Red). £3 each plus £1 p.p. plus VAT.
Pye Pocketfone PF1 Battery Chargers, type BC14, 12 way
with meter. £10 each plus £1 p.p. plus VAT.

Pye Pocketfone PF1 Battery ghar ers, type BC5 single
charger, brand new. £20 each plus £1 p.p. plus VAT.

Pye single sideband HF Mobile Radiotelephone, type
SSB130M, 100 W P.E.P. output, 6-channel, 2-15 MHz.
Complete and new condition but less power unit. £250
plus £10 p.p. plus VAT.

Pye fixed station transmitter, type T100 FM, ‘G’ band 38.6-
50 MHz, 100 W output. 25 KHz channel spacing. New
condition. £100 each plus £10 g.p. plus VAT.

Pye Pocketfone 70 type PF2UB, UHF Portables, complete
with battery, aerial & mike, good condition. £80 plus VAT.
Sets only £50 plus VAT.

Pye Pocketfone 70 type PF2FM, low band, FM portables,
sets complete but less battery, aerial & mikes, good con-
dition. £50 plus VAT.

Pye Pocketfone 70 type PF5, UHF portables, complete
with batteries, good condition. £45 plus VAT.

Pye Pocketfone type PF8 UHF handheld, complete but
less batteries, singte channel, 25 KHz channel spacing.
£90 each plus £1 p.p. plus VAT.

ood condition, two

Marconi signal generator type TF1064B/5, AM/FM cover-
ing three ranges 68-108, 118-185 and 450-470 MHz, good

condition with service manual. £125 plus VAT.

Marconi AM/FM signal generator, type TF995A/3/S
(CT402), 1.5-220 MHz, good condition with copy of service

manual. £95 each plus £15 p.p. plus VAT.

Airmec millivolt meter, Type 301. £50 plus £2 p.p. plus

VAT.

Marconi HF Spectrum analyser, Type OA1094A/S 0-30

MHz. £100 plus VAT (buvyer collects).

Servomex AC voltage stabiliser, type AC2, 240V @ 9 amp.

£45 each plus £15 p.p. plus VAT.

Servomex AC voltage stabiliser, type AC7, 240V @ 20

amp. £75 each plus £15 p.p. plus VAT.

Garrad car cassette player mechanisms, 12V motor,
:;le‘rTeo head. Brand new. £2.50 each plus S0p p.p. plus

Computer-grade electrolytic capacitors, screw terminals,
25,000mfd., 33 volts, brand new. £1 sach plus 50p p.p.

plus VAT.

60 amp alternator and general noise filters for use in

vehicles. £1 each plus 50p p.p. plus VAT.

Modern telephones, type 746, with dials, colour grey,

used but good condition. £8 plus £1 p.p. plus VAT.

Siﬂgr lighter plug with lead. £1 each plus 30p p.p. plus

IC test clips, 28-way and 40-way, goldplated. £2 each plus

30p p.p. plus VAT.

Equipment wire, size 7/0.2mm, colour yellow, 500-metre

reels. £4 plus £1 p.p. plus VAT.
Hartley
bandwidth. £50 plus VAT.

Power units, 70 volt @ 8 amp, 20 volt @ 3 amp. Brand new

but no details. £20 each plus £8 p.p. plus VAT.

Beryllium block mounts for CCS1 valves, etc. £10 each

plus £1 p.p. plus VAT.
MAINS TRANSFORMERS

scilloscope Type CT436, valved, DC to 6 MHz

WANTED
Top prices paid for surplus
Pye radiotelephone
equipment

Mains isolating transformer, S00VA 240V input, 240V C.T.
?Il;\t{')m' housed in metal box. £15 each plus £6 p.p. plus
Mains isolating transformer, 240V tapped input, 240V 3
ialr;\\? plus 12V 0.5 amp output. £20 each plus £6 p.p. plus

plusVA.T.

Pye Base Station type FSAM, remotely controlted, 5 watt
out?ut, high band & low band available. £80 each plus
VAT.

Pye AC200 mains power unit for Olympic or Reporter,
automatic standby power facility with trickle charging and

Advance Volstat transformers, type CVN200/5, input 24 or
built-in quartz digital clock. £95 each plus £5 p.p. plus
VAT.

28V DC via inverter, output 220 or 240V RMS 150 watt,
50Hz. £10 each plus £4 p.p. plus VAT.

B. BAMBER ELECTRONICS

GOVERNMENT AND MANUFACTURERS’ SURPLUS

5 STATION ROAD
LITTLEPORT CAMBS CB6 1QE

Telephone: Ely (0353) 860185

ELECTRONIC COMPONENTS
TELECOMMUNICATION EQUIPMENT
TEST GEAR
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DO YOU HAVE A REQUIREMENT FOR
VHF/UHF RECEIVERS OR TRANSMITTERS?

We have a comprehensive range of professional quality FM receiver and
transmitter units, which can be supplied either as working printed circuit
boards for inclusion as a sub-assembly in a more complex unit or as
complete encased products, to operate in the frequency ranges: 130-180
MHz and 400-500 MHz.

UL=S WO
~

P P M 5 20-PiN DUAL iN-LINE HYBRID

@® Vcc 8.5V-35V at 3mA

@® Only signal level and meter tolerance
presets required

@ Applications Note and full specifica-

UNIT TYPE AR21 ART1 | tions on request
| Description 3 VHF FM Receiver UHF FM Receiver |
Frequency Ranize 130-180 MHz 400-500 MHz
Number of Channels Available 2 {6¢h also available) 2 (6ch also available) SURREY ELECTRONlCS LTD.

0.25uV P.D. for 20d8 Sinad
>80d8B at +25kHz

“Sensitivity
Selectivity

The Forge, Lucks Green
Cranleigh, Surrey, GU6 7BG

PP PP PP PP PP OO PP OO PP UN
NN N N I N P N NN NN NN

input Impedance 50 ohm . 50 ohm
Audio Output Power 3 watts into 4 ohms Tel: 0483 275997
Squelch Ran e 0.2-1.0pV 0.2-1.0pv
Supply Voltage 12.5 volts (11v min, 15.6v max}
Current Consumption 50-600mA dependent on audio level
Dimensions 5 135x123x26mm
[ UNITTYPE = I AT25 AT75
Description | VHF FM Transmitter UHF FM Transmitter ELEC I RON GUNS
Frequency Range = i 130-180MHz 400-500MHz
4 watts (normal) 2 watts {(normal)
Power Qutput 0.5 watts (reduced) 0.5 watts {reduced) TV I UBE ‘ OMPONEN I S
Sutput mpedance 5‘,’;2’“0“5“1vm,,, 15 5\,5?“::';“ if you are Rebuilding or Manufacturing TV Tubes — We are the
Suply vohage 0455,“‘,5,0}4\;0“",“‘ 06 amps Tor 2w OUTP ot leading suppliers of l?lectron Guns and TV Tube Components to the
Current Consumption 05 amps for 1w output |0-4 smps for 0-5w output | TV Tube Industry. We specialise in all aspects of Electron Mount
Dimensions 135 102X 26mm Technology.
z Our product range includes more than 250 gun types for Colour, In
| SUNITTYRE - ERICElexc. VAT) Line, Mono and Display Tubes along with Mount Parts, Bases, Get-
ARZIVHE EM Recsiver 149 ters, Sealoffs, and all other associated items for TV Tube Production
AR71 UHF FM Receiver £17 | A Full Technical Back-up and Advisory Service is available to all
AT25 VHF FM Transmitter & £84 customers Worldwide
AT75 UHF FM Transmitter £110 P

Please request our current catalogues and Data Information

The above items carry a 12 month guarantee, and we normally carry
good stocks to ensure the minimum of delivery delays. If you have a
requirement, or would be interested in quantity discounts, please contact
our sales department.

MICROWAVE MODULES

2 SWAN STREET
ALCESTER
WARWICKSHIRE
B49 50P
ENGLAND

nGanTnoNlc
=m EMISSION LTD

Telephone: (0789) 764852/764100. Telex: 312354 Grifem G

BROOKFIELD DRIVE, AINTREE, LIVERPOOL L3 7AN, ENGLAND

Telephone: 051-523 4011 Telex: 628608 MICRO G
WW — 059 FOR FURTHER DETAILS

WW — 039 FOR FURTHER DETAILS
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OVERSEAS ENQUIRIES WELCOMED

Prices correct at time of print

e ETT——— W L
‘. 9 Despatch ' T
- { by return -
- Maws ISOLATORS g.gymgﬁl.blﬁyfﬁ’é‘?\’é% © 'SCREENED MINIATURES Pri 240v CASING SERVICE AVO & MEGGERS
R VR e 7 g | v oy B SO G5 T e con non case al | gy sievoss 28 | g
-U- . G a K
07k 20 582 160 | et 30v_ 15v £ PEP |37 1A1A 06,06 345 120 | gpen | transformers | 5 portsble Size) esa90 | LU
149 60 9,49 180 | 112 05 1 319 120 | 43 100 9.0.9 2559 go | lsted in sturdy grey | piuginor £4360 | >
150 100 1108 200 72 ] 2 432 14053 339330 0.9,09 241 90| Metal ventilated boxes | pazi1LCD Digital £5850 | )
151 200 15.69 . 3 2 4 699 1.60 y 89 0.8- . (with mounting flange} | pa212 LCD Digital £81.90
Y 2.25 A 207 500,500 0-8-9,0-8-9 336 1.20 | ¢ Y / 12LCD Digital g | e
Q|12 250 1897 26a| 20 3B 6 810 1851208 1A 1A 089089 427 vag |l sely AN o | BAII? AutorangoLcD  E157.00 | S
W 153 350 2347 270 M 9.67 190 | 535 200,200 0-15,0-15 241 90 . 3 i © | Megger70143500V  £101.50
USA 3 13 9
¥ | 154 500 2923 295 | 51 5pl0 1195 200 | 533 SOMA 12041 311 90 pin or 13 amp |y oder Battery BM7 £1160 | |
155 750 41.28 370 | 117 6 12 1352 2.02 N o "5 | sockets to order, phone
o . I o $ 12 214 300,300 0-20,0-20 339 120 (PR for quotes P&P £1.60 + VAT 16%
Q| 18 1000 5300  4.00 8 1810 2.26 | 221 700(DC) 20-12-0-12-20 413 120 : (2]
- :gg ;ggg gg.:z&; 2'78 o }g gg gg-gﬂo 2622 206 1A, 1A 0-15-20,0-15-20 5.60 1.60 o
bl B BE B ko i3 B BDUEEE B g eeusmesmsorooons |0
61 6000 03.6! X .83 = L = T3 vA to . made to order. Send or phone specification for
E #115 or 240v sec ons. g,af,;w,‘s oal = & T A7 Tl AUTO TRANSFORMERS quotes. Vacuum varnish imprgnated. plit primaries, copper | &
s required. Pri 0-220-240V. 60-V RANGE Fri0-120vx2 | voltages avaifable 105, 116, 190, 200, 210, 220, | o 2
2= "12- or 24-VOLT RANGE | 2% %% 5530 0 aatis | 230-280-For step up or step down, POCKEY SIZED BUDGET METER =
2x 12V windings Pri 220-240V 48, 60V, or 24V-0-24V or 30V-0-30V. Ref. VA (Watts) Taps £  P&P 200061/V; 4000V AC/OC. Res. 0-200k. DC current 0-100mA. 96 Z
o 4 x 65 x 30mm. Complete with leads, batt. and manual
0| Ret 12y 2av £ PEP| 113 15 0-10-115-210-240V 239 1.20 , ; o)
6| 22 03 150mA241 g0 | Ret 90; 3o £ P& | g4 80 0-10-115-210-240V 484 140 ANTEX SOLDERING IRONS: 15W CCN240 or C250 £5. Safety | &
213 1 05 319 120 | 124 0. 1 470 150 4 150 0-10-115-200-220-240V 648 1.60| stand £1.75 25W £5.30. 12V 25W car soldering iron £5.30. P. | wee
2| 711 2,10 42 120 12> ; i 715 150 | 67 500 0-10-115-200-220-240V  13.30 2.24| &P.50p. +VAT. s
| 18 4A 20 491 160 Y A 920 190 | 84 1000 0-10-115-200-220-240V ~ 22.70 2.80 [ w
€| 8 5M 25 678 150 | 1253 6 1331 202 931500 0-10-115-200-220-240V ~ 28.17 OA | LOW-COST 25W SOLDERING IRON (1o BS spec), 240V. £175. | ¢y
| 70 6p 30 769 140 123 2 8 15.15 226 | 95 2000 0-10-115-200-220-240V  42.14 OA | 12V(carl £1.90.P.&P.40p + VAT.
W 19,2 13 S g'g g'” 1'38 120 g g b ;3';2 ;ez‘»: Z;S 38% 8'18'”5'200'220'240\/ 7184 OA [T VES. TRANSISTORS. DIODES, ICs, CABLE, POTENTIO I
" 82 1. 2 21 . -10-115-200-220-240V  93.01 OA . . .« Cs. . ;
o N6 12 &0 1089 1% 1218 % 16 3072 OA | 57 5000 0-10-115-200220-240V 10830 OA B S e Uz’
0 12 K s
ﬂ 15 20 100 17.48 2.44 | 18912 24 4122 OA 1400/440V ISOLATORS| BURGLAR ALARM PANEL METERS (o)
o | 187 30 150 2169 264 400/440 to 200/240V Ulrasonic = portable, | 43x43 mm. 0.50uA, 0.500uA, TmA. 30V £6.70 + VAT 82X78 | (=
226 60 300 4445 OA CASED AUTOS VA Ref. £ P&P | [o0ust 1ocks ke O 1 mm 100uA. 100mA. 1A, SA etc. £7.37 PAP 58p + VAT, Other
t 240V cable input USA 116V outiets 60 243 950 1.80 | 450+ VAT ’ sizes and f.5.d.s available. Educational Meters: Freeg—oslapmzn (]
50-V RANGE 2x 25V tapped secs. VA Price P&P Ref 100 244 11.08 2.00 | @ Justplugsin gggir-\s&r?w connections, 2A (ii}. 104 {iii), 30V, £4.50. |
© | Volts available 5, 7, 8, 10, 13, 15, 17, 20, 200 245 1568 2.25 | ® No instsllation B
25, 30, 33, 40 or 20V-0-20V or 25V-0-25V 20 £7.21 125 S6W
0 250 246 2.40 |  costs —_— g7
80 150 BAW 1897 2.4 .
- £9.35 E 350 247 2347 270 | ® Veryloudsiren b=
o | Ref. 50v 25v £ P&P ;gg £12.10 }Agg sgw ‘500 248 2923 295 | ® Exl end Entry de- MAINS BATTERY ELIMINATORS w
wil02 o5 1 4.13 1.40 £14.73 1. 1000 250 5298 4.00 | @ Ruchargeable bat. Ready to plug into 13A socket. 3, 4.5V, 6,7.5V, 9,12V | v
103 1 2 5.03 140 | 500 £2214 224 67W DC @ 300mA £5.10 + £1.20 P&P + VAT 15%
> A > : 000 £33, 280 84w (2000 252 8227 500 | tev : : g O
104 2 4M 8.69 184 |1 3.74 OA 3000 253 .115.37 OA | ® Warning signal if
O 3 eMiw3s 190 2000 £6047 OA W lgpo0 51 22875 OA| ¢ el _ o
}g;: 3 1523 P :g.sg ? £ 3 LOW COST | Constant Voltags Tramsh @ Expendable ‘S/AW iMOEﬂTA'%'Rox'DEE HESIS(TOHS £1/100 + var | OO
. g g Mhai e i 4 5% EI il (100 ty). -
e B B8Ry o0 SOU?I.%“"BNSGSPEF(‘:ONS for spike-free stable mains supplies INVERTERS S50 36001 3900, 43011 . 4700 oo rem a0k | 1
119 10 20 30'23 0 240V 120VA £131.12 1kVA 336.40 Continuous fatings 1K2 - 1K3 - 1K6 - 1K8 - 2K - 2K4 -3K - 16K - 20K - 22K - 24K -
108 12 24 3618 OA £1.75. Also 12V | 250vA £157.36 2kVA 534.50 Cased with 13A socket " 47K - B2K - 100K - 110K -120K - 130K - 180K - 220K - | &)
d OA | £1.90 + 300 P&P + | 500VA £219.91 5KVA £1587.00 e - ’ ELsopivat O
a utpus ~ g=1 a
VATIS%. | 1 carrisge + VAT 00w £53.60 Barrie Electronics Ltd. &
WINDING SERVICE. 3VA to 15KkVA. single or 3-phase to BgoRJVDGE RECEI:IERS 2000 ZSEAVAT 155/;p oW £229'50 3 THE MINORIES, LONDON EC3N 18J E_‘
spec. Send or phone for quotes. UK or Overseas. 400v 55p 400v  4A 85p 1000w £307.50 (24V input) TELEPHONE 01-488 3316/7/8
100v  25A+ £2.10 400v  BA £1.40 *CamaQTe at Sost NEAREST TUBE STATIONS: ALDGATE & LIVERPOOL ST
L B 100v__35A  £2.60 500v  12A  £2.85 VAT 16% Vw6

WW — 027 FOR FURTHER DETAILS

HEAVY DUTY POWER AMPLIFIERS

STANDARD MODULES

B MAX. O/P
| TYPE POWER
P CE 608 60W/8(1
0 CE 1004 100W/40)
L CE 1008 120W/81)
A CE 1704 200W/4()
R CE 1708 180W/81)
" CE 3004 320W/40)
0 FE 908 90W/812
s FE 1704 170W/40

i S——

< CRIMSON AMPLIFICATION:
First Choice of the Professionals!

Whatever your application, Crimson Modular Amplification provides a
simple, efficient, and reliable solution. As many engineers in produc-
tion, development and research will testify, when you need a particular
amplifier you need to deal with a company who can answer your
queries and supply a working unit quickly. — CRIMSON will do exactly
that!

We supply a standard range of power amplifier modules (both Bipolar
and Mosfet) which can be incorporated in most systems from recording
studios to home hi-fi or for more difficult loads such as induction loop
transmitters, vibrators, servos and line transformers. For really complex
applications, our technical department can usually supply a dedicated
module on request.
All modules are guaranteed for two years and offer outstanding per-
formance and value. If you would like more details please return the
coupon with as.a.e.

-

SUPPLY

L

VOLT.

Tt

AGE

60

All prices include V.A.T., Post and Packing {quantity discounts available

To order send c.w.0. or quote Access/Mastercharge card no. All modules are available from Bradley
Marshall Ltd., 325 Edgware Road, London. Export: Please write for a proforma.

CRIMSON ELEKTRIK STOKE
PHOENIX WORKS, 500 KING STREET, LONGTON
STOKE-ON-TRENT, STAFFS. - Tel: 0782 330520

THD TYP.
01%
.018%
01%
.015%
.01%
.02%

01%
.025%

A

<
<
<
<
<
<

<
).

PRICE INC.

£21
£25
£28
£35
£35.
£49

£30
£39

V.A.T. & POST.

.50
.00
.00
.50
.50
.50

.00
.00

Please send me details on

] POWER AMPLIFIER MODULES

l [} HIFIKIT AMPLIFIERS

lenclose a

Send to:

WIRELESS WORLD JULY 1983

wwWw americanradiohistorv com

] 19IN. RACK MOUNTING P.A. AMPLIFIERS

S.AE.

Crimson Elektrik Stoke,
I Works, 500 King Street, Longton, Stoke-on-

g Trent.
- N P PR DA DE DR DR D B B maa e e

-

Ww7/83
Phoenix

89
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"~ MARCONI SIGNAL
* TGENERATORS X

TF2002A/S (illustrated)
10kHz-72MHz. AM/FM. £750
#TF2002. As above but AM
only. £450
MARCONI TF1066B. AM/FM Generator. 10-
470MHz. 0.2uV-200mV output. FM Devia-
tion up to = 100kHz. £650
MAR(?ONI TF995A/5. AM/FM Generator.
Narrow deviation model 995 covering 1.5-
220MHz. £450. TF2015. 10-520MHz.
AM/FM.
MARCONI TF1064B/5. AM/FM Signal gen-
erator covering in three ranges 68-108,
118-185 and 450-470MHz. FM fixed devia-
tions of 3.5 & 10kHz. AM fixed 30%. £225 »

Y ‘DOLBY’ NOISE WEIGHTING FILTERS
Cat. No. 98A. Noise weighting filters for CCIR/ARM
signal-to-noise ratio measurements. As new units.
£40 each (+£1 p&p).

BECKMAN TURNS COUNTER DIALS
Miniature type {22mm diam.). Counting up
to 15 turn "‘Helipots”. Brand new with
mounting instructions. Only £2.50 each.

Y ‘VARIACS”—SPECIAL PURCHASE %
We now have a stock of used but excellent condi-
tion, fully tested, variable (0-260V) transformers at
the following ratings.
ZENITH (non-enclosed) 8A .
ZENITH (enclosed) 8A ... 26.00+£2.50 pp
BERCO (non-enclosed) 6A . ....£24.00+£2.50 pp
Also available, small quantity of Heavy Duty and 3
Phase Variacs. P.O.A.

“ AUDIO WATTMETERS #
Switchable 1W & 10W FSD. internal 3.5 & 8 Ohm
load impedances. Housed in grey enamelled case
6x6x3'"". Large easy to read 3'' sq. meter. Scope
output provision. £10 (+£1).

HEATHKIT Model AW-IU. Internal load switchable
3, 8, 15 & 600 Ohm. Meter scaled 0-50W (+dB
scale). 5 Ranges from 5mW-50W FSD. Mains
powered. £25 (+£1).

MARCONI TF893A. 1mW-10W Full scale in 5
ranges. Impedances 2.5-20K Ohm in 48 steps.
Direct calibration in Watts and dBm. £85 (+£2).

GPO JACK SOCKET STRIPS. 20-WAY Type 320 (3-

pole) £2.50 ea. Type 520 (3-pole with switching

contacts} £4 ea. Please include 35p each for

postage on these. GPO type 316 jack plugs for

above 20p ea. (10+ post free). Plus VAT please.

;:\éso r?‘cent stock of new, mint condition 720 Type,
each.

»
»
»
»
»
»
»
»
*
»
»
»
»
»

e e e e Tk e e e ek Wk e o

.£25.00+£2.50 pp

‘ADVANCE VOLSTAT; Type. Model MT140A.
Mains input 190-260V AC. Output 230V AC @
150W. Price each £20 + VAT + £2 carriage.

% CONSTANT VOLTAGE TRANSFORMERS % %

 P.F. RALFE ELECTRONICS

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

S =,

| A bulk purchase of Advance series 'scopes enables -~ T ;
us to offer the following fully reconditioned. guar- S0
anteed units as follows. we ®

0S2000 25MHz single-trace plug-in. 1 only £160.
052100 30MHz dual-trace, 10mV/cm. plug-in £230.
082100 2MHz 50uV/cm Differential plug-in £200
082200 25MHz duai-trace. STORAGE SCOPE £325.

| N.B. All these prices INCLUDE 15% VAT. Securicor despatch if required +
‘ £10. SAE for full spec. Selection of other oscilloscopes available ex-
| stock:

MARCONI TF2210 dual-trace 100MHz Sweep-delay £450+
DYNAMCO 10MHz battery portable dual-trace £250+
AIRMEC 4 Trace Display Oscilloscope Type 279 (17" CRT).
MARCONI TF2343A Quantization Distortion Meter.

MARCONI TF2015 AM/FM Signal Generator. 10-520MHz.
HEWLETT-PACKARD Multi-Function Digital Meter. 3450A.
SERVOMEX VLF Function Gen. .002Hz-2KHz. Variable Phase.
HEWLETT-PACKARD AM Signal Generator. 10-480MHz. 608C.
ROHDE & SCHWARZ AM Signal Generator. 0.3-1GHz. 'SDR’,
TELONIC 1006 Sweep Generator. 450-850MHz.

TGL Spectrum Analyser Types SA108 & 102. 0-500MHz.
Brand new units. Use with CRO having external X-input. POA.

BELL & HOWELL + DISC CARTRIDGES +

MICROFICHE VIEWERS BASF 12-Segment Single Hard
Type SRS. Screen size 9x5'". Re- Disc Cartridges. 8rand new sur-
cent small quantity now avail. £66  plus stock. £20 ea.

Y SWEEPERS *
TELONIC Sweep generator
system type 2003. Fitted with
Marker, attenuator, Detector plug-
in units and Generator covering
800-1500MHz. £325

PLEASE NOTE. Ali the pre-owned equipment shown has been carefully
tested in our workshop and reconditioned where necessary. It is sold in
first-class operational condition and most items carry a three months’
uarantee. For our mail order customers we have a money-back scheme.
epairs and servicing to all equipment at very reasonable rates. PLEASE
| ADD 15% VAT TO ALL PRICES.

* MUIRHEAD *
FACSIMILE UNITS
MUFAX ‘COURIER’ facsimile re-
ceiver type K441-CH and transmit-
ters K400 AMCH in stock in excel-
lent condition.

% DC POWER SUPPLIES ¥

APT. Ex-computer supplies. Program variability 6-
30V DC (secondary taps & resistor). Connections
supplied. Three sizes available, 5A, 7%2A & 10A.
Prices £20, £25, and £30 respectively (p&p £3.50).

FARNELL. Current limited. 13-17VDC @ 2A £15. 27-
32V @ 1A£10. 12V @ 1A £10 (+ £1.50 p&p).
COUTANT 5V @ 5A (7 x5x 3"'). £20 (+ £1 p&p).
VARIABLE 0-30V @ 1A. Volt-metered. £25 (+ £1).

FARNELL 5V switching @ 60 Amps. (Measures 13 x
5 x 6°'). Recent special purchase £50 only {+ £3
p&p).

MULLARD Dual +12V @ 1A @ 0.4A, £10 (+£1).

Y&k STEPPER MOTORS #

Brand new stock of ‘ASTROSYN' Type 20PM-
AQ55 stepper motors. 28V DC. 24 steps per rev.
15 oz-in torque @ 100PPS. Body length 214",
diameter 2'*, shaft Ya'’ diam x 4%’ spirally
threaded. Weight 160z. Price each £15 (p&p J

50p). Connections supplied.

* MILLI-VOLT MEASUREMENT, ANALOGSE
MARCONI TF2600. Twelve ranges 1mV-300V
FSD. Wide-band to 10MHz.

MARCONI TF2603. Frequency range 50kHz-
1.5GHz. High Sensitivity from 300uV.
MARCONI TF2604. Electronic Multi-mster.
AC/DC 300mV Full scale to 300V (1kV DC). Re-
sistance ranged. AC Frequency range 20Hz-
1500MHz.

* BRUEL & KJOER
Model 2006 Heterodyne Voltmeter. AM/FM/
Voltage measurements to 240MHz.

CLAUDE LYONS 240V AC
* REGULATORS *

Small quantity available of constant voltage mains
regulators. Continuous current rating 5A. Model
no. CVR-1200. Input 204-252V. Output adjustable
200-254V AC+ 0.3%. 45-65Hz. Condition as new.
(Dims— 11"'x7''x6’'. Weight 20Kgs). Price £95 ea.
+ Carriage £5.

* ROTRON INSTRUMENT *
* . cooulus FANS *
upplie in excellent condition, full
* tested. “ Y *
% 116V, 4.5x4.5x1.5" £4.50. 230V £5. 115V. ¢

* 3x3x1.5" £4 + postage ea. 35p.
Also brand new 230V at £6 ea. ww-1o %

————amCt BUX 0%

3

co10810°0

® RESISTANCE

® CAPACITANCE

— A, R SR, TN, AS— -

AREN"ETRT]

| DECADE BOXES

1040 0.1% 1Q - 100MQ
1041 0.1% 0.012 — 1KQ
1061 1% 1Q - 1.2MQ
1070 1% 100pF - 10uF

1071 1% 10pF — 100uF
Also makers of CALIBRATION, PROGRAMMABLE AND ATE INSTRUMENTS

TIME ELECTRONICS

DIRECT SALES

[FUSES.

Our regular lines always available:
shown in brackets)

leeps (£8), Multimounts (£3.50)
Markers Sleeves
Elma range of Collet knobs, dials, etc.
Crimp terminals.

British-made by Beswick, Osborne
Stock items available at 30% extra discount
Also Carbon film resistors (Asian) stock items
available at 50% extra discount
Send or phone for stock lists

WIREWOUND RESISTORS |
|

Audible Warning Devices (single sample pric
Banshees (£23}, Cybertones (£11), Solotones (£4}, Bleeptones {£7), Minib-
pvc, silicone rubber, neoprene, etc., printed or plain

R.f. Chokes (Greendale)
Pcb self-adhesive guides, 18.5mm wide x any length

Write, call or phone (0732) 851345
NOVAPRODUCTS (APB Ltd)

Crystalate Works, Goiden Green, Tonbridge, Kent TN11 OLH
Member Crystalate Group

BOTANY IND. EST., TONBRIDGE. KENT. 0732 355993
WW — 062 FOR FURTHER DETAILS
S 1 (M 1L 0 s
s Watt, 1% tolerance, 3p each. 89

100R |T."!1on( 100k Values, E24, see left. Minimum
110R 1K1 1k 110k order £20. Minimum 10 pcs per
20N = 2% Jalue. VAT, P&Pincl.
1508 1K 15k 150k

l 160R 1k6 16k 160k “FFER

R L

e including vat and postage ;gg: ;:3 gg: 200 10 pes of each value, 890 pCs

| 270R 27 27k 270k 5 3“

! 3008 3 30k =

I S :
390R 39 39k A " ‘cK
& & [opeCIAL‘POP PAGE
510R 5k1 51k = - 100R 1K, AK7, ' K
5608 e 56k 560K 100 DCfM 50 pes: 3308, 470‘;,8 i
Saon  oks b 680k 100K, A9k, Total 1000 pes. £28.55
750R 7k6 75k = 2K2, 33,
820R 8k2 82k 820k One of each
910R 9k1 91k ™ pack £50 only

ORION SCIENTIFIC LTD - 16 Orange Street - London WC2H 7ED

WW — 038 FOR FURTHER DETAILS
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THE ‘ALADDIN'S' CAVE OF COMPUTER AND ELECTRONIC EQUIPMENT

HARD DISK DRIVES

Fully refurbished Diablo/DRE Series 30 2.5 mb hard
disk drive for DEC RKOS, NOVA, TEXAS etc

Front load £550.00 - Top load £295.00

PSU type ME3028 for 2 drives £125.00

DRE 44A/4000A/B 10 mb 5+5 all configurations from
£995.00. Call sales office for details.

8 AMP MAINS FILTERS

Cure those unnefving hang ups and data glitches
caused by mains mter?erence. Matchbox size-Upto 5

amp 240 v load As recommended by the ZX81 news-
letter Suppression Devices SD5A £5.95

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

ETRI 99XUO!I Dim. 92 x 92 x 25 mm.
Miniature 240 v equipment fan compiete with
finger guard. £9.95.

GOULD JB-3AR Dim. 3" x 3" x 2.5" compact
very quiet running 240 v operation. NEW £6.95
BUHLER 69.11.22. 8-16 v DC micro
miniature reversible fan. Uses a brushless
servo motor for extremely high air fiow,

aimost silent running and guaranteed 10,000

tr lite. Measures only 62 x 62 x 22 mm.

Current cost £32.00. QUR PRICE ONLY
£12.95 complete with data.
MUFFIN-CENTAUR standard 4" x 4" x 1.25"
fan supplied tested EX EQUIPMENT 240 v at
£6.25 or 110 v at £4.95 or BRAND NEW 240 v
at £10.50. 1000’s of other fans Ex Stock

Call for Details. Post & Packing on all fans £ 1.60,

formats

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.

NS
‘7 MISS THOSE BAR'GA'

COMPUTER ‘CAB’

All in one quality computer
cabinet with integral switChed
mode PSU, Mains filtering, and twin fan cooling.
Qriginally made for the tamous DEC PDP8 computer
system costing thousands of pounds. Made to run 24
hours per day the PSU is fully screened and will deliver a
massive +5v DC at 17 amps, +15v DC at 1 amp and -15v
DC at 5 amps. The complete unitis fully enclosed with
removable top lig, filtering, trip switch, ‘Power and ‘Run
LEDs mounted on Ali front panel, rear cable entries, etc.
etc. Units are in good but used condition - supphed for
240v operation complete with full circuit and tech. man.
Give your system that protessional finish for only
£4995 + Carr. Dim. 19" wide 16" deep 10.5" high.

iving a massive 0.8 MB (7100) 1.6 MB (7200%
SHUGART, BASF, SIEMANS etc. compatible. Supptied
manual and full 90 day warranty. Carriage and insurance £9.75.

7100 Single sided £225.00 + Carr. 7200 Double sided £295 + Carr
Optional accessories: Full technical manual £20.00 alone. £10.50 with drive. Refund
of difference on drive purchase. DC and AC power connector and cable kit £8.45. 50
way IDC connector £5.50. 50 way ribbon cable £3.20 per metre.

01-683

8 BIT WORD - NO PARITY

8" FLOPPY DISK DRIVES

Useable area

113 woale;’.z.

per day

Unbelievable vaiue the DRE 7100 8" floppy disk drives
utilise the finest technology to give you 100% bus
compatibility with most drives available today. The only
ditterence being our PRICE and the superb manufactur-
ing quality"! The 7100 single sided and 7200 double sided
drive accept hard or soft sectoring IBM or ANSI standard
of storage. Absolutely
RAND NEW with user

Made to the very highest
spec the TEC Starwriter
FP1500-25 features a
heavy duty die cast
chassis and DIABLO type
print mechanism giving
superb registration and
print quality. Micro-
processor electronics
offer full DIABLO/QUME
command compatability
and full control via CPM Wordstar etc.
Many other features include bi directional

e

SUPER DEAL? NO — SUPER STEAL"
The FABULOUS 25CPS TEC Starwriter
Daisy wheel printer at/ajaction of its original zost.

gRANDEW AT ONLY £499+ VAT===,

printing, switchable 10 or 12 pitch, full width 381 mm paper handling with upto 7
163 characters per line, friction feed rollers for single sheet or continuous paper.
internal butfer, standard RS232 serial interface with handshake.
Supplied absolutly BRAND NEW with 90 day guarantee and FREE daisy wheel
and dust cover. Order NOW or contact sales office for more information
Optional extras: RS232 data cable £1€.00. Tech manual £7.50. Tractor feed
£120.00. Spare daisy wheel £3.00. Carrizge & Ins (UK Mainland) £10.00.

Rz

) ASRBZS; N

1/0 TERMINALS °© > o -
FROMEI9S + CAR. + VAT ¥ _
Fully fledged industry standard ASR32 data
terminal. Many features including ASCH
keyboard and printer for data 1/0 auto data
~77| detect circuitry. RS232 serial interface. 110
4 baud, 8 bit paper tape punch and reader for
/ | off line data preparation and ridiculously
5. “cheap and reliable data storage. Suppliedin
) good condition and in working order
| Options: Floor stand£12.50 + VAT

KSR33 with 20ma loop interface £125.00 +
Sound proof enclosure £25.00 + VAT

o

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 exceed capabilities of
units costing 7 times the price! Only

£169.00 pp£1.95 Data sheet on request

DATA MODEMSY

} Join the communications revolution with our
range of EX TELECOM data modems. Made to
most stringent spec and designed to operate
for 24 hrs per day Units are made to the
CCITT tone spec. With RS232 i/o levels via
a 25 way ‘D' skt. Units are soid in a tested
and working condition with data Permission
may be required for connection to PO lines.
MODEM 13A compact, async, same size as
telephone base. Up to 300 baud, full dupiex
over 2 wires, but call mode only £75.00
MODEM 28/C Fully fledged. up to 300 baud

auto switching, ideal networks etc. Just 2 wire
connection to comms line. £85.00

MODEM 20-1 Compact unit for use with
PRESTEL or tull duplex 2 wire link 75 baud
transmit - 1200 baud receive Auto answer.
£€130.00

MODEM 20-2 same as 20-1 but 75 baud
receive 1200 baud transmit £130.00
MODEM 20-3 Made for data rates up to 1200
baud in full duplex mode over 4 wire circuit or
hatt duplex mode over 2 wires. £130.00
\Carriage. 13A £4.50. 2B/C & 20 £9.50.

DATA PUMP MODEM compact unit upto
1200 baud full duplex over 4 wires or half
duplex over 2 wires. BELL specification with
data /o via RS232 25 way D socket, remote
test etc. 240 v operation. Supplied complete
with data £65.00 carr. £4 50

For more information or details of other types
of ex. stock modems contact sales office

8" WINCHESTER price SLASH

Worldwide purchasing brings you two amazing Winchester |
SCOOPS at prices that will likely NEVER be repeated.
BASF 6172 8” 24 Mb. Complete unit consists of micro-
processor controlled logic on 3 PCBs for all read/write and
servo control functions. Fast data transfer is by the BASF ‘Disk
Bus’ interface on a singte 40 way multiplexed i/o bus. Units have
been carefully removed from believed working equipment, but at
the staggering price of ONLY £99.00 are sold without
async, ANSWER & CALL modes, auto answer, uarantee. Supplied complete with 200 page + tech. Manual.
%im 45 x 22 x 11 cm. DC requirements +-5v, +12v, +24v.
Carriage and ins. £10.00
S$100 Bus 19 Mb. Subsystem. A cancelied order and change
of policy by a major British disk drive manufacturer enables us
to offer you ‘last year's modet’ at a plug in and ready to go
SUPER LOW PRICE. Our own custom controller pugs direct into
the S100 bus and will control 2 disk drives, offering a total
storage of OVER 36 Mbs! and at data transfer rates in excess of
is believing!! Supplied complete with user
S etc. Save a fortune, Limited quantity only.

7 Mb/sec seein
configurable Bl

3100 19 Mb. Disk drive  £499.00 PSU unit £165.00
CD1100 controller & BIOS £345.00 PSU extension cable £9.95
Full tech Manual £20.00

Special SUBSYSTEM prices. 1 x 3100 disk + PSU + Controller ~ £799.00
or 2 x 3100 disks + 2 PSU + Controller £1295.00

All prices + VAT and carriage. 90 day guarantee. Data on reguest.

b Srglape

Also available LESS PSU with internal dim 19"w. 16”0
b10.5°h, £19.85" Carriage & insurance £9.50

PRICES PLUS VAT

16"w 10.57h 11.5"d.

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

VIDEC MONITORS

12" CASED. Made by the British KGM Co
Designed for continuous use as a data
display station, unit is totalty housed i an
attractive brushed aluminium case with ON-
OFF, BRIGHTNESS and CONTRAST
controls mounted to one side Much
attention was given to construction and
reliability of this unit with features such as,
internal transformer isolated regulated DC
supply, all components mounted on two
fibre glass PCB boards - which hinge out for
ease of service, many internal controls for
linearity etc. The monitor accepts standard
75 ohm composite video signal via SO239
socket on rear panel. Bandwidth of the unit
is estimated around 20 Mhz and wiil display
most high def graphics and 132 x 24 lines
Units are secondhand and may have screen
burns. However where burns exist they are
only apparent when monitor is switched off.
Although unguaranteed all momitors are
tested prior to despatch. Dimensions
approx. 14" high x 14" wide by 11" deep
Supplied complete with circuit. 240 volt AC
operation. ONLY £45.00 PLUS £9.50 CARR.

24" CASED. Again made by the KGM Co
with a similar spec as the 12" monitor
Originally used for large screen data

display. Very compact unit in lightweight
alloy case dim 19" H x 17" D x 22" W. All
silicon electronics and composite video
input make an ideal unit for schools, clubs
shops etc Supplied in a used but working
condition.

ONLYES5.00 PLUS E£9.50 CARR. & INS.

14” COLOUR superb ch: ssis monitor made
by a subsidiary of the HITACHI Co. Inputs
are TTL RGB with separate sync. and will
plug direct into the BBC micro etc.
Exceptional bandwidth with good 80 col.
definition. Brand new and guaranteed
Complete with fuli data & circuit. 240 v AC
working. Dim. 14" x 13" x 13’

ONLYET99.00 PLUS £9.50 CARR.

SEMICONDUCTOR
‘GRAB BAGS’

Mixed Semis amazing value contents
inciude transistors, digital, linear, |.C's triacs,
diodes, bridge recs, etc. etc. All devices
uaranteed brand new full spec. with manu-
acturer's markings, fully guaranteed.
50+ £2.95 100+ £5.15.
TTL 74 Series A gigantic purchase of an
*across the board” range of 74 TTL series
1.C's enables us to ofter 100+ mixed
“mostly TTL" grab bags at a price which two
or three chips in the bag would nnormally
cost to buy. Fulty guaranteed all 1.C's tull
spec. 100+ £6.90 200+ £/2.30 300+ £19.50

CALLING DEC
USERS
Brand new and boxed
RSX11M 3.2 Documentation kits, fill
3 feet of your bookshelf! Under half
price only £120.00 carr. £6.50 O vat
on manuals.

We are always keen to buy all types
of used or surplus DEC eguipment.

RECHARGEABLE BATTERIES |

WIRELESS WORLD JULY 1983

All prices quoted are for U.K. Mainland, paid cash with arder in Pounds Stirling PLUSVAT. Minimum ordervalue£2.00, MinmumCredit
Cardorder£ 10.00. Minimum BONA FIDE account orders from Governmentdepts. Schools, Universities and establishedcompanies
£20.00 Where post and packing not indicated please ADD 80p + VAT Warehouse open Mon-Fri 930 — 5.30. Sat 10.15 — 5.30,
We reserve the right to change prices and specifications without notice. Trade, Bulk and Export enquiries welcome

64-66 Meifort Road, Thornton Heath, Near Croydon, Surrey @ ﬁ
01-689 7702 — 01-689 6800 Telex 27924
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LINSLEY-HOOD
"300 SERIES AMPLIFIERS

A |

WIS

ot

e

ns from the drawing board of John Linsley-
Hood, engineered to the very mghes( standard, represent the
very best that is available on the kit market today. The delicacy
and transparency of the tone quality enable these amplifiers to
outperform on a side-by-side comparison, the bulk of amplifiers
in the commercial market-place and even exceed the high stan-
dard set by his earlier 75-watt design

Three versions are offered, a 30-watt with Darlington output
transistors, and 8 35- and 45-watt, both with Mosfet output
devices. All are of identical outside appearance which is de-
signed to match and stack with our Linsley-Hood cassette re-
corder 2.

As with all Hart kits the constructor’s interests have been looked
after in a uniqua way by reducing the conventional {and boring)
wiring almost to the point of extinction

Any of these kits reprasents a most cost-effective route to the
very highest sound quality with the extra bonus of the en-
joyment of building a sophisticated piece of equipment.

30-watt Darlington amplifier, fully integrated with tone controls
and magnaetic pick-up facility. Total cost of all parts 1s £81.12.
Special offer price for complete kits is £65.

35-watt Mosfet amplifier. Total cost of parts £98.41. Special offer
for complete kits £79.50

45-watt Mosfet amplifier. Total cost of parts £104.95. Spacial
offer price for complete kits £83.50.

(Reprints of original Articies from Hi-Fi News 50p. Post free. No

These latest desig

VAT
Reprints of MOSFET article 25p. No V.A.T. Post free.

‘P.W. WINTON' TUNER AND AMPLIFIER

Snazzy matching slimline tuner and ampiifier in beautiful
wooden cabinets. These Ted Rule designs are for the enthusiast.
Tuner covers LW, MW, SW, FM and TV sound| Digital frequency
readout with clock and timer features. FM has 6 section front
end and switchable bandwidth for exceptional fringe area per-
tormance. Amolifier has Toroidal transformer. Mosfet output
stages, 50 watts per channel and got a cracking review in Practi-
cal Wirelgss.
Tuner. Compk lm na:
Cs

LINSiEY HOOD CASSETTE RECORDERS

We have done two kits to this design, one using the original car
cassette mechanism and the newer version using a very high
quality front loadln? deck. This new deck has an excellent W & F
performance and fitted with our latest Sendust Alloy Super
Head gives an incredible frequency range (with good tape you
can see 23KHz on ours!)

Linsley-Hood Cassette Recorder 1
Linsley-Hood Cassette Recorder 2
Reprints of “WW"’ Articles

-£75.00

. £94.90
70p No VAT

THIS MONTH'S
SPECIAL OFFER

COMPLETE STEREO
CASSETTE DECK

Brand-new high-quality stereo cassette
unit with built-in record and play
electronics. Ideal for use with any hi-fi
system or music centre. Only a single 9-
volt DC supply is required to power the
whole unit.

Microphone and line inputs are pro-
vided on both channels and the line out-
put will feed into any normal hi-fi ampli-
fier. Erase and bias is provided by an
ultrasonic oscilttator, automatically
switching to the correct level when a
chrome or ferric cassette is put in place.
Overall size 180mm x 130mm X 73mm.
Complete with 3-digit counter.

We value this deck at about £30. OUR
VERY SPECIAL PRICE INCLUDING VAT
AND POSTAGE — THIS IS ALL YOU PAY
— ONLY £18.34 (while stocks last).

FEED YOUR MICRO BYTES WITH OUR
SOLENOID CONTROLLED CASSETTE
DECK

Front loading deck with full solenoid control of all tunctions
including optional read in fast wind modes. 12 volt operation
Fitted 3-digit memory counter and Haii IC Motion Sensor. Stan-
dard erase and stereo R/P Heads. Cheapest price ever for all
these teatures. Only £38.90 ptus VAT. Full technical specification
included

LINSLEY-HOOD 100 WATT POWER
AMPLIFIER

Our complets kit for this brilliant new design is the same size as
our Linsley-Hood Cassette Recorder 2. Kit inciudes all parts for

fmwer amplifiers with large heatsink area, huqe power
supp and speaker protection circurt. Total cost of all parts is
£114.48 but our special introductory price for alt parts bought
together is only £105.50.

Please Note: New Phone Number: (0691) 652894
Personal callers are always very welcome but please
note that we are closed all day Saturda

HIGH QUALITY REPLACEMENT
CASSETTE HEADS

Do your tapes lack treble? A worn head could be the problem.
Fitting one of our replacement heads could restore performance
to better than new! Standard mountings make fitting easy and
our TC1 Test Cassette helps you set the azimuth spot-on. We are
the actual importers which means you get the benetit of lower
prices for prime parts. Compare us with other suppliers and see!
The following is a list of our most popular heads, ali are suitable
for use on Dolby machines and are ex-stock.
HC20 Parmatloy Stereo Head. This is the standard head ﬂned as
inal equipment on most decks .. .25
hfso High Beta Permalioy Head. A hard wearmg hlgher per
formance head with metal capability . £8.20
HS16 Sendust Alloy Super Head. The best head we can find.
Longer life than Parmalloy, higher output than Ferrite, fantastic
frequency response £8.20
HQ551 4-Track Head for auto-reverse or quadrophonic use. Full
specification record and playback head .£7.40
Please consult our list for technical data on these and other
Special Purpose Heads.

STUART TAPE CIRCUITS
{For reel-to-reel decks}

These circuits are just the thing for converting that old
valve tape deck into a useful transistorised recorder. Total
system is a full three head recorder with separate record
and replay sections for simuitaneous off tape monitoring.
We also stock the heads. This kit is well engineered but
does not have the detailed instructions that we give with
our more recent designs. We would not therefore recom-
mend if to beginners. Reprints of the original three articles
[ 45p. Post free. No VAT.

HART TRIPLE-PURPOSE TEST
CASSETTE TC1

One inexpensive test cassette enables you to set up VU level,
head azimuth and tape speed. Invaluable when fitting rew
heads. Only £3.80 plus VAT and 50p postage.

Tape Head De-magnstiser. Handy cassette sizé mains operated
unit prevents build up of residuai head msgnensatlon causin
noise on playback. Sg

CASSETTE MOTORS

Brand New Governed 12v DC Tape Drive Motor Type MMI-
6A2LK.

As used in SF925 and many other decks. 40mm Dia x 35mm
Long, Shaft 10.5mm long x 2mm Dia. 6 x 2.5mm Mounting
Holes on 26mm PCD on shaft end face. Anti-clockwise rotation
at rated speed of 2200 RPM. Free run current 25mA. £4.85 sach.

Full details of the entire range of HART products is contained in
our illustrated lists.

Ask for your FREE copy NOW.

Enquiries for lists are also welcome from overseas but please let
us have three IRCs to cover the cost of surface post or 5 IRCs for
airmail

in a hurry? A telephone order with credit card number placed
before 3 p.m. will be despatched THAT DAY1

Please add part cost of post, packing and insurance as follows:

INLAND OVERSEAS

Ordersupto £10 — 50p  Postage at cost plus £2
Orders £10t0 £49 — £1  documentation and handling
Orders over £50 — £1.50

PLEASE ADD VAT
TO ALL PRICES |

Nat. Giro No. 5157652,

signature.

COMPATIBLE WITH MOST EXISTING HFISSB SYSTEMS. | |

Years required ...

AEL

ables Aerocon Telex Horley

Aero Electronics (AEL) Ltd.

Gatwick House. Horley. Surrey. England RH6 9SU
Teiephone Horldy (02934) 5353 Telex. 87116 {Aero G)

Name ...
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BLOCK LETTERS PLEASE

"/ Quick, neat and easy!

It's so easy and tidy with the Easibind binder to file your copies away. Each binder is designed
to hold six issues and is attractively bound and blocked with the WIRELESS WORLD logo.

Price U K. £4.30 including postage, packing and V.A.T.

Qverseas orders add 35p per binder.

Please allow 3/4 weeks for fulfilment of order.
Payment by ACCESS/BARCLAYCARD/VISA. Send coupon below detailing credit card no. and

Why not place your order now? Send the completed coupon below with remittance payabie to:

Easibind, 42 Hoxton Square, London N1 6NS
i I N O I B .
Order Form WIRELESS WORLD

lenclose P.O./cheque value

S C Y

1

Jfor. .binders

S

WIRELESS WORLD JULY 1983

= Registratlon No. 735718
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Appointments

DISPLAYED APPOINTMENTS VACANT: £15.50 per single col. centimetre (min. 3cm).

Advertisements LINE advertisements (run on): £3 per line, minimum £20 (prepayable). .
accepted up to 12 noon BOX NUMBERS: £3 extra. (Replies should be addressed to the Box Number in the advertise-
Tuesday, July 5th, for ment, c/o Quadrant House, The Quadrant, Sutton, Surrey SM2 SAS).

August issue, subject to PHONE: IAN FAUX, 01-661 3033 (DIRECT LINE)

space available. Cheques and Postal Orders payable to BUSINESS PRESS INTERNATIONAL LTD. and crossed.

, ALWAYS AHEAD WITH
\ - THE BEST!

g £5,000-£18,000

% Where does your interest lie: Communications; Computers;
Weapons; Radar; Nav. Aids; Data-Comms; Image Processing;
Medica!l: Telemetry; Simulation; Satcom; Local Area Nets.

% Experienced in: Mini/Microprocessor Hardware or Software; Digital
and Analogue circuitry; RF and Microwave techniques?

s There are opportunities in: Design; Test; Sales and Service for
Engineers and Managers.

¥ First call: MIKE GERNAT or JOHN SANDERS on 076 384 676/7.

ELECTRONIC COMPUTER AND MANAGEMENT APPOINTMENTS LIMITED (1926)
148-150 Hiah St Barkway. Royston. Herts SG8 8EG

————————— — — = —~r-----------------q
|
o o et CAPITAL APPOINTMENTS LTD
gewhnam Hospital THE UK’s No. 1 ELECTRONICS AGENCY
Pl'e."t oad W If you have HNC/TEC or higher qualifications and are 1
aistow looking for a job in design, test, customer service, tech- |
London, E.13 nical sales or similar fields:
Tetephone now for our free jobs list I
We have vacancies in all areas of the UK |
MEDICAL PHYSICS .
01-637 5551 or 01-636 9659 |
TECHNICIAN (24 rours)
Or if you prefer send a FULL CV to: 1
£6,728-£8,522 inclusive CAPITAL APPOINTMENTS LTD |
29-30 WINDMILL STREET, LONDON W1P 1HG |
This full-time post will be the first appointment to this | s e o e S D S NS D ER ES B = S ﬁ’d
grade in the District. Initially the postholder will be res- — —_ - - — o ——
ponsible for the dismantling, re-assembling and testing |
of equipment being disinfected or sterilised in CSSD. 1 TECHNICAL WRITER
However, the successful applicant will be qualified in | and
electronics and will also be responsible for servicing | I \,
equipment at Newham Maternity Hospital, a service C ! AUDIO' VIDEO
which is intended to expand to serve the District. \ HOME COMPUTER
Application form and job description from: l ENGINEERS
District Personnel Department ‘ \é\/e invite appli:::tiobns from cagdicl;laéesstwithT?:hnqu;tlth\.kr/irr:gaora;erlyi(;int%
’ H xperience In e row oods Inaustry. n r 1Ican
St Clement’s Hospltal | mL?st Ialso?’\ave brown go[:)dgs experience, \)Ivith recognised technicsl quali-
Bow Road l _ficfations. Candidates should have ;he abi|;‘ty to communbiclate technical
i th , il ibility to write,
.Il'.z:‘%(:nggg 1;;9 ext. 7 | Ir[;v(\)/:ir:;a;ggic‘g ma?wu(;?snfsgrn;e\;anaeqy o\,fvi)rovfr:zorggg?;z'anlr Ifgr tgchnical
. - o a graphics would be an advantage.
Cl . dat July 13th. 1983 Applications in writing, full cv, personal snapshot and salary require-
osing date: suly 0 ments, to:
{2157) B
ox No. 2154
WIRELESS WORLD JULY 1983 %
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Appointments

CUT THIS OUT!

Clip this advert and you can stop hunting for your next
appointment. We have a wide selection of the best
appointments in Digital, Analogue, RF, Microwave, Micro-
processor, Computer, Data Comms and Medical Elec-
tronics and we're here 1o serve your interests.

Call us now for posts in Design. Sales, Applications or
Field Service, at all levels from £6,000-£16,000.

(D “Jechnomark_

Engineering & Technical Recruttment

11 Westbourne Grove, London W2. Tel: 01-229 9239.

THE UNIVERSITY OF PAPUA
NEW GUINEA — PORT MORESBY

Applications are invited from suitably qualified persons for the post of Senior Techni-
cal Officer in the Department of Physics. The successful applicant wilt be expected to
join a technical group involved in carrying out electrical-electronic maintenance to
scientific departments and facilities within the University. A proven record of exper-
ience is required covering maintenance and servicing in a wide range of teaching and
research instrumentation commonly used in Bio-Medical Sciences. The Department
of Physics houses modern and well-equipped electronics and teaching workshops to
facilitate the work envisaged. He/she will be required to supervise and provide on-the-
job training to national Papua New Guinean technical staff. Applicants should have a
Higher National Certificate in Electrical/Electronics Engineering or equivalent qualifi-
cation. Possession of a valid driving licence will be desirable.

Salary: K16,645 per annum plus gratuity. {(£1 sterling = K1.3195)

Applications will be treated as strictly confidential and should include a full curricu-
lum vitae, a recent small photograph and the names and addresses of three referees.

Three-year contract. Gratuity entitlement based on 24% of salary earned and payable
in instalments or lump sum and taxed at a flat rate of 2%. Benefits include: support for
approved research; rent-free accommodation; appointment and repatriation airfares
for appointee and dependents; financial assistance towards the cost of transporting
personal effects to and from PNG. six weeks' annual recreation leave with home
airfares available after each 18 months’ of continuous service; generous education
subsidies for children attending schools in PNG or overseas; a salary continuation
scheme to cover extended illness or disability. Applicants who wish to arrange
secondment from their home institutions will be welcome.

Applications should be forwarded to the Assistant Secretary (Staffing), University of
Papua New Guinea, PO Box 320, UNIVERSITY, to reach him no later than 30 June,
1983. Applicants resident in the UK should also send one copy to the Overseas
Educational Appointments Department, The British Councit, 30-91 Tottenham Court
Road, London W1P 00T, quoting reference U78/83.

THIS ADVERTISEMENT

IS AS NEAR TO THE TRUTH AS ANYBODY PAID TO EXAGGERATE
DARES PUBLISH.

Our client company is in the Military Defence Industry.
They produce electro-optical surveillance and detection systems embrac-
ing thermal imaging; other day/night vision aids with laser integration.

SO WHAT'S THE ATTRACTION

The company’s vigorous buccaneer spirit is reflected in a full order book
— 80 per cent exports. To maintain this position new products must
follow. A business development group has been formed to ensure that
successful high technology concepts are generated to create a range of
products which will satisfy the market demands of the future. They now
require!

APPLIED RESEARCH ENGINEERS

GRADUATES WITH EXPERIENCE or ability to produce new concepts, to
take designs to the breadboard proving stage. Applications and topics are
varied. For example circuits for image processing modern laser applica-
tions, displays (CRT, PLASMA or LCD), designs incorporating the latest
MPUs or high-volume memories.

SUFFICIENTLY SCIENTIFIC to contribute to the thinking of top-notch
boffins in the field of infra-red and work to principles necessary for multi-
disciplinary design.

SUFFICIENTLY COMMERCIAL to accept a high level of project responsi-
bility in a design that you intend to be a world leader.

The type of experience you will gain in this demanding and forward
thinking environment is sufficient to direct young people of ambition to a
successful and highly creative career path.

SALARY will reflect the contribution the engineer can make.
LOCATION: London’s Green Belt.

FOR FURTHER DETAILS, ETC.:

Charles Airey Associates

Tempo House, 15 Falcon Road, Battersea, London SW11 2PJ

Telephone: 01-223 7662 or 228 6294 387

RF SERVICE
ENGINEER

We are responsible for all aspects of sales, service
and warranty in Europe for the Plasma Therm
range of RF generators, plasma processing equip-
ment and inductively coupled plasma systems
throughout UK, Europe and Scandinavia. The
Plasma Therm product range is a market leader in
its field and has an enviable track record of profit-
able growth and product innovation.

THE JOB. RF service engineer based in London to
provide RF service and technical support
throughout UK, Europe and Scandinavia. The can-
didate should be a self starter, willing and able to
work on his own, and be able to trouble-shoot and
solve problems in the field.

REMUNERATION. The right candidate will be
offered an attractive financial package to include a
performance-related bonus scheme, pension and a
company car.

Applications and cvs should be addressed to:

Mr J. F. Stackhouse
PLASMA THERM LTD.
Kangley Bridge Road, Sydenham
London SE26 5AR

(2156)

CHELTON

(ELECTROSTATICS) LIMITED

Following a management buyout and success of our new
U.S.A. subsidiary we need additional

AVIONICS DESIGN ENGINEERS

(Both Electrical and Mechanical)

also

Draughtsman (M/F) and
Technical Author

For development projects which include;

% Airborne and Ground Antennas and Arrays, both
passive and active, covering H.F. to Microwaves

% Specialised Receivers for Homing and A.D.F. Systems

% Automatic Tuning Units: R.F. Filter Networks

% Bus Controlled Microprocessor Logic Devices

% Specialised Test Sets for own and other Products

% Operation and extension of our Polar Diagram Range

We will pay high salaries for skilled and motivated staff
Employment available at both our Marlow and Plymouth
works

Please write in the first instance to:
TECHNICAL DIRECTOR, CHELTON LIMITED

MARLOW, BUCKS SL?7 1LR v

WIRELESS WORLD JULY 1983
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SCOTLAND

Engineering Training i e
imi u r
Engineersin the

Oxford Road
studios

1 8ENngineerstobe based in Glasgow
DESPEARTMENT based in Pebble Mill and Edinburgh
ngineers at
Transmitters
throughoutthe
United Kingdom / B, S Ap
(‘»«/\ it 7 AU N
‘1 16 Engineerstobe | g
based in Cardiff or 7 | EVESHAM i
Bangor A 6 Engineers to work ’?‘ [ 4
st initially at the BBC's ()
A MANCHESTER

If youcombine a talent
{| forelectronicengineering
q [’ with a fascination for
ﬁnii" ‘show business” then
j g you'll discover a technically

BRISTOL

BEggsig‘eﬁ’gst;%be wgm challenging and personally
whiteladiesRoad | rewarding career with BBC

ﬁ Engineering. And you don'teven
need to head for the bright lights
of London
- The BBC is a truly national service
‘""l which providesinformationand
4" entertainment throughout the United

Studios

LONDON

- fli Kingdom Every week we broadcast
2?5’;%5?5 3,500 hours of radio and television
Othersin Eilm programmes through our network of

Engineering Services. regional centres and local stations With the
Basedin westLondon. | > successful launch of Breakfast Time and exp-
6 Engineers Radlio & ansion inmany other areas, the BBC's worldis
External Services growing and, as you can see, there are open-

4Engineers ings for Engineers throughout the country.
Communications ~ BBCENgineers, both men and women, pro-
Department vide all the complex technical facilities which
basedin central make the production and transmitting of our
London sound and television programmes possible
: Much of the equipment our Engineers operate

and maintain has been developed in-house
and sets the state of the art for the broadcast-

§

NORWICH

ing world. But while we enjoy being innovative,
SOUTHAMPTON we are equally concerned with refiability. How-
Limited numbers ever smooth, professional and trouble-free our
of Engineers for programmes seem, behind the scenes it can be
both Studio avery different picture. Surmounting technical
Centres problems under pressureis the challenge

which confronts and stimulates our Engineers

NATIONAL COVERAGE

———————————————— You will need to be gualified witha UK
[—The Engineering Recruitment Officer, BBC, Broadcasting House, London W1A1AA. | degreein Electrical Engineering or Electronics
Name | oran equivalent HNC or Higher TEC Diplomain
Address Electronics. Normal hearing and colour vision
| are essential for a career in Broadcast

Tel.n . Engineering. .

eLno c | Salaries are currently under review and are
My qualifications are [ Electrical/Electronics Degree [J HND/HNC Electrical Engineering in the range £7314to E7892 in LOﬂdOﬂ and

| [ Higher TEC Diptoma Electronics [JC&G F1C271 £6384 to £6962 outside London depending

emeenty Worklrv?ﬂjid prefer to work IN WALES/SCOTLAND, LONDON/UK GENERAL el experlence Theseare anUClDated torise
Ui ) . .
Piease quote ref 83 € 4068n any cOvering correspondence | toabasic of £7750In Llondonand£6720
| . | outside London. Shift allowances are in addition
We are an equal opportunities employer. I to the abO\/e baSIC salaries.
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Making an Art of Technology
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BORED ?

Then change your job!
1) Film-TV Equipment

| Installation and maintenance of stu