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When a solder medium for the 
microprocessor-based circuitry of the 

new Nikon EM camera was needed, a 
Multi core Oxide-Free Solder Cream was 
:hosen. 

Multicore, the world's leading authority 
on solder and soldering, has developed its 
own unique method of producing solder 
powders so that they are practically oxide
free. This means that the resultant solder 
cream will melt and flow as cleanly and as 

A typical ordinary cream revealing poor particle 
shape a nd dross. 

Oxide-Free Solder Cream displaying clean, 
uniform globules. 

quickly as rosin-cored solder wire. Merely 
a faint residue of flux is Jeff and any risk of 
solder globules being formed is minimised 
or even eliminated alt0gether. 

Where the Multicore Oxide-Free 
Solder Cream differs is in the physical 
characteristics of its particles. Ordinary 
creams contain atomised solder powder, 
with each particle covered with a layer of 
oxide. This has to be removed by the flux 
after heating but non-corrosive, rosin-based 
fluxes cannot do this effectively given the 
nature of the solder technique used. 
The particles in Multicore Oxide-Free 
Solder Cream, as the electron-microscope 
enlargement shown illustrates, are much 
cleaner and more uniform. The result: 
cleaner, quicker soldering. 

Available in a wide range of alloys and 
flux combinations, with particle size, flux 
content and viscosity equally variable, there 
can be a Multicore Oxide-Free Solder 
Cream tailor-made to suit your 
requirements. 

If, like Nikon, you need a solder 
medium that can be applied with a high 
degree of accuracy, either by syringe or silk 
screening, will give you a thoroughly 
reliable joint, and will fully comply with 
health and safety regulations*, you need to 
talk to Multicore about Oxide-Free Solder 
Creams. 

To fmd out more, use the reader reply 
service, cut the coupon or contact us direct. 

'Multi core Rosin-based Solder Creams are safe to use 
provided certain precautions are observed. Details of these are 
available on request. Multi core Solders Ltd. is a Registered 
Supplier of Solder Creams on the UK Defence Contractors 
List and are type approved by the Ministry of Defence to 
DTD. 599A Multi core Rosin-based Solder Creams are 
approved on the Qua lifted Products List QQ-5-S71Eof the 
US Defense Supply Ag~ncy. 

The biggest name in solder world \Vide ....-.-----, I I would like more information on Multicore 

I Oxide-FreeSolderCreams D I 
I would like you to contact me to arrange for 
a technical representative to call 0 

I Name ____ _ 

Position ___________ _ 

I Company 
Address _______ ____ _ 

I 
I 

I Tclephone . I 
Telex ~ _I --·-· WWjljSC .._ ___ _ 

Sales Department, Multicore Solders Limited, Maylands Avenue, Heme! Hempstead, 
Hertfordshire HP2 7EP. Telephone (0442) 3636. Telex 82363. 
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Ask for detsHs from: 

FARNELL INSTRUMENTS LIMITED. WETHERBY. WEST YORKSHIRE LS22 4DH. ENGLAND. TEL: 0937 61961 
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Front cover shows a quartz. 
crystal made by Hewlett-Pack
ard for a new oscillator. A 
plano-convex finish is used to 
achieve high stability. 

IN OUR NEXT _ISSUE 

Darkroom exposure and · 
enlarger timer measures 
required exposure for a 
black-and-white print, giv
ing a digital readout in 
seconds and tenths. It then 
times this exposure. 

Christmas electronics quiz, 
set by polytechnic lecturer 
Bryan Hart and colleague. 
Prizes are offered. 

Programmable power 
supply provides 0 to 40V at 
2A, controlled via the IEEE 
General Purpose Interface 
Bus. 

More details page 47. 

Current issue price 60p, back issue (if 
available) £1.00, at Retail and Trade 
Counter, Paris Garden, London SE1. 
Available on microfilm: please contact 
editor. 
By post, current issue 96p, back issues 
(if available) £1 .50, order and 
payments to Room CP34, Dorset 
House, London SE1 9LU. 
Editorial & Advertising offiCes: Dorset 
House, Stamford Street, London SE1 
9LU. 
Telephones: Editorial 01-261 8620. Ad
vertising 01-261 8339. 
Telegrams/Telex: Wiworld Bi~nespres 
25137 BISPRS G. Cables Ethaworld, 
London SE1. 
Subscription rates: 1 year £10.00 UK 
and $33.80 outside UK. 
Student rates: 1 year £5.00 UK and 
$16.90 outside UK. 
Distribution: 40 Bowling Green Lane, 
London EC1R ONE. Telephone 01-837 
3636. 
Subscriptions: Oakfield House, Perry
mount Road, Haywards Heath, Sussex 
RH16 3DH. Telephone 0444 59188. 
Please notify a change of address. 
USA mailing agents: Expediters of the 
Printed Word Ltd, 527 Madison Ave
nue, Suite 1217, New York, NY 10022. 
2nd-class postage paid at New York. 

© IPC Business Press Ltd, 1980 
ISSN 0043 6062 

Change of address 

With the December issue, 
editorial and advertisement 

offices will be at the 
following new address 

Quadrant House, 
The Quadrant, 
Sutton, Surrey, 

SM2 5AS 
Tel 01-661 3500 

Telex 892084 
Answer code BISPRS G 
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67 Coherent audio filters for c.w. reception 
by F. Charman 
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79 Audio gain controls - . 2 
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The complete fully reviewed 
range of Videotone Speakers 
which dominate within their GB3 
class. Now at lowest ever prices. GB2 

GBS 
D93 

This ~ew range of Electronics from Videotone 
redefmes ~he words quality and value for money 
to a new hrgh. 

30 watt amp MC input SA4130 
Stereo Tuner ST4120 
Cassette full features SC3200 
50 Watt amplifier WA7700 
20 Watt amplifier LA2020 

£75.00 
£68.00 
£98.00 
£77.00 
£58.00 

HEADPHONES 
HP 90 Headphone 
HP 80 Headphone 

WIRELESS WORLD NOVEMBER 1980 

CORAL CARTRIDGES 
Fast becoming one of the 
top names 

MOVING COIL 
UK's No. 1 Cartridge HEAD AMP 
MC 81 £48.87 H300 £51.75 
77_7EX £35 · T100 £24.75 
777E £25 

MOVING MAGNET HEADSHELLS 
555SX £7.28 
555E £14.22 

S1Q_O £6 
8101 .£7 

666E £32.48 S200 £4 

TURNTABLES 
Sansui SR222 Mk2 
JVC LA 11 
JVC SLQ3 

'tJY You Will f d h 
I 

advertised on this m t at the products 
va ue for mon 1 page are the b . 

have eliminated Ia ey hey are only low 10 
. est POSSible 

have to suff rge amounts of selli prrce because we 

£69.00 
£64.00 

£140.00. 

full brochur!~·J~:se savi'"!gs are pass::S ~;~:~~~that other brands 

h~~~~~~ ~~~~s~~c]!ftYt~~~t;~~e~~~~~~ ~~~~~~~i~~~~~~d~ve 
W
comprehensive and we off~~ ~onsumf er protection packaog~srooms to 

e carry out our . . very orm of t 1n . are 
Money We are c own servicing and are dedi anclng Y?';J may require. 

purchase with co~?~~~~t obur products are u~~~ea~~~?IVylng Value for 
selected them fr e ecause our En 1 e. ou may 

A
we import them ~~~~~~~~~~iv1e sources th~o:e;~~~at~~ s~ec1•dally emember you ha eves or and 

penod on ail produ~es 2T1hdays tnal ~~ 
them · · at IS 

easure of our confidence. . . 
Managing Director 

SEND FOR 0 . 
LATEST FREE BROCHURE 
AND DETAIL LIST OF LOCAL 

Superbly made with top flight SALES OUTLETS IN THE U.K. 

performance. · .----------------.~~ I VIDEOTONE 

IDEOTON~ 98CROFTONPARKROAD, 
...-:1~ CROFTON PARK, LONDON SE4 

Tel: 01-690 8511/2 

~ Please send me your Direct Selling Brochu~e and list of sales outlets. 

I Name ______________________________________ __ 

I 1 Address I 
I . . ww 111ao 1 
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TWO NEW THANDAR 
LCD MULTIMETERS 

TM351 & TM353 LCD 
3¥2 DIGIT MULTIMETERS 

Two new laboratory quality portable multimeters using 
LCDs and low power LSI circuitry to give exceptionally 
long battery life. 
Both have a full measurement capability of AC and DC 
volts, AC and DC current, resistance and diode check, 
permitting measurement of voltages from 100;.rV to 1000V 
(750V AC), current from 100nA to 10A (to 2A on TM353) 
and resistance from lOOm!l to 20M!l (from 1!1 on 
TM353). Basic accuracy on the TM351 is 0.1 o/o and on the 
TM353 0.25%. 

As with all Thandar products the TM351and TM;353 offer 
exceptional specification for money. 

TM361 only £99 + £14.85VAT 
TM363 only £84 + £12.60 VAT 
Both are supplieq complete with long life alkaline batteries, 
anq test leads. 

• .... ~~~~T~F~200LCD FREQUENCY METER 
Combines professional specification, 
portability and value for money . 

*Wide frequency range - 10Hz to 200M Hz (with TP600 to 600MHz) 
*High sensitivity - 10mV rms *Battery or mains operation 
*Versatile - Lo f, Hi f. Time Av. period and totalise functions 

Only £145 + £21.75 V('.T (including batteries) 

TP&OO &OOMHz Prescaler£37.50 + £5.63VAT. 

.~ .... ~~~~::T;G100 
'--11 PULSE GENERATOR 

*Wide frequency range - 5Hz to 5MHz 
*Independent, fully variable period and pulse control 
*Very wide duty cycle capability 
• Auto-lockout of inadmissible control settings 
• Additional TTL output 
*Full gating and single-shot facilities 
Only £85 + £12.75 VAT (including mains lead) 

OVER 
3000hrs 
BATTERY LIFE 

OTHER PORTABLE TEST INSTRUMENTS · 
IN THE THANDAR RA·NGE 

SC110 Single-Trace Portable Oscilloscope 
10MHz band width 10mV/div sensitivity £139.00 + £20.85 VAT 

DM450 4% Digit Multimeter 
34 ranges; 0.05% basic accuracy £99.00 + £14.85 VAT 

DM350 3Yz Digit Multimeter 
34 ranges; 0.1% basic accuracy En. 50 + £10.88 VAT 

DM235 3% Digit Multimeter 
21 ranges; 0.5% basic accuracy £52.50 + £7.88 VAT 

PFM200 Pocket Frequency Meter 
20Hz-200MHz; 10mV sensitivity £49.80 + £7.47 VAT 

PDM35 Pocket Digital Multimeter 
16 ranges; 1% basic accuracy £34.50 + £5.18 VAT 

( 

For full technical details together with price list and stockist list please contact: 

thandar 
SINCLAIR ELECTRONICS LTD 
London Road, St. 1ves, Huntingdon, Cambs. PE17 4HJ, 
Tei:St. lves (0480) 64646. Telex: 32250 

Sinclair Electronics Ltd . teierve the right to alter price5 and specifications on Thond\Jr equipment without prior nottce. 
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Bridges 
GENRAD 
GR1657 Digibridge LCR, 
auto, LED display 

CINTEL 
2n Measures iron core inductances 
0,01H-1000H (with a Q value not 
less than 21 

HEWLETT PACKARD 
4342A ·a· Meter OLC complete 

MARCONI. 
TF1245 'Q' meter . Freq. range 1kHz
JOOMHz using external osc. 

TF868A Universal Bridge 
· TF1313A Universal LCR Bridge0.1% 

WAYNE KERR 
B224 Wide range LCR Bridge 
B500 Log LCR Bridge 
B601 RF LCR Bridge 
!Detector and Oscillator not incl) 
8641. Measure~ L/C/R/G Accuracy 
of0.1% 
Olk>l. Y parameter test set. Plus 
transistor adaptor unit 

Cable Test Equipment 
MARCONI 
TF2333 Transmission Test set 

HEWLETI PACKARD 
3566A For psophometric 
measurements from 20Hz-20kHz. 
0. 1mV-30V input level 

NEC 
TTS-37B. Noise. level and VU 
measurement. Sensitivity -8JdBm 

. up to + 20dBm 

STC 
74216A Noise Generator CCITT 
74261A Psophometer CCITT 

WANDEL u. GOL TERMANN 
DLM-1. Send/receive system 
LDS-2. 200Hz-600kHz sender for 
measuring group delay and 
attenuation variations 
LDEF-2. Filters for DLM unit 

Counter Timers 
HEWLETT PACKARD 
5300A/5303B DC-520 MHz 6 digits 
~~Display Module. 6 Digits . 

5300B Display Module. 8 Digits. 
2x 1oB 
5302A DC-50 MHz. lOOmV sens. 
Time inter'\lal. Period. Ratio. 
Totalise. 
5303B DC-520 MHz. (Plug -on) 
125mV sens. 50r! 

~ 0-75 MHz. Universal Module . 
50mV sens. 1Mr! 
5267A Time Interval Plug-in tOns 
5345 DC-500 MHz Time Int. Ave. 
Burst Total Ratio 
1 0590A Adaptor converts 5245 
Plug-ins to 5345 

RACAL 
835. DC-15 MHz 6 digits 
fime interval I Period I Ratio 
9024 10 Hz-600 MHz 7+ 1 digits 
9835 6 Digit DC-20 MHz lOmV 

860 

1250 

360 
250 
376 

' 47ti 
225 
125 

460 

230 

576 

475 

275 

240 
475 

1500 

3250 
250 

210 

90 

140 

75 

120 

100 
120 

1225 

225 

100 
250 
100 

!1837 DC-!ll MHz 6 digits 130 

SYSTRON DONNER 
6053 9 Digit 20 Hz-3 GHz BCD 0/P 8fiO 
6054A/04 11 Digit 20 kHz-18 GHz 
BCD 0/P 2800 

Function Generators 
HEWLETT PACKARD 
3310 0.0005 Hi-5 MHz. Multi-Mode. 
10V/50r! sine, square, triangulilr 250 

INTER-STATE 
ELECTRONICS 
F51AMulti-Mode. +and -offset: 
0.0005 Hz to 10 MHz . 10/15V/50r! 250 
F55A Multi-Model 0.0025•Hz-10 
MHz . 10V/50f!. Ext. VGC. Burst 
0/P up to lOOk bursts/sec 350 

PHILIPS 
PM5127. 0.1 Hz-1 MHz. Sine/ 
Square/Triangular /Pulse outputs. 
External sweep facility JOVp. p max 
output 325 

Logic Analysers 
HEWLETT PACKARD 
1601L Logic state analyser 
12 channel display 250 

1600A 16 channel20 MHz clock 
MAP A & B store 1850 
160716 channel20 MHz clod~ 
(Display scope required) 1500 

TEKTRONIX 
7D01 F 16 channel up to 50 M Hz 
clock MAP 2650 

Mains Monitors 
COLE 
T1007 200-260V. 35-65 Hz 
Thresholds 10V, 50V, 100V, 200V 75 

DATALAB 
DL019 Power line interface for 
transient recording - 350 
DL905 Digital Storage Unit DC-3 
MHz 10mV 1055 

DRANETZ 
606-3 Disturbance Analyser Avg, 
Sag/Surge 2625 

GAY 
LDM Records +vel- ve transients 
of 50,ns on AC or DC lines 1250 

Modulation Meters 
AIRMEC 
409 3-1500 MHz. AM/FM 

MARCONI 
TF2300A 1-1000 MHz. AM/FM 

Oscilloscopes 
ADVANCE 
DS1000A DC-20 MHz dual trace 
33008 Dual Trace DC-50 MHz 
5mV/div. Dual Timebase 
COSSOR 
3100 Dual Trace DC-40 MHz 

DYNAMCO 
7210. DC-15 MHz. Dual Trace 1 mV 
sensitivity on CHI. Delayed 
Timebase 

GOULD ADVANCE 
OS1000B DC-20 MHz Dual Trace 
X-Y TV Sync 

HEWLETT PACKARD 
1703A Storage 1000Div/ms. 
DC-35 MHz. Dual trace Mains/Ext 
DC 
1707B/020 DC-75 MHz. Dual trace . 
Dual Time Base. · 
1707B/012 As 1707B/020 with 
Internal Battery fitted 
181A Storage 1000Div/ms 
DC-100 MHz Main frame only 
182C DC-100 MHz Mainframe, large 
screen 

MEDELEC 
M-scope 4 channel DC-100 kHz UIV 
Chart 

PHILIPS 
PM 3211 DC-15 MHz Dual Trace 2mV 
PM3233 Dual Beam DC-10 MHz 
2mV/div. 
SCOPEX 
40-tOB Dual Trace DC-10 MHz 

TEKTRONIX 
475 Dual Trace DC-200 MHz 2mV 
485 Dual Trace DC-350 MHz 50n 
1 Ml1250 MHz 
545B/1A1. DC-30 MHz. dual trace. 
Delayed timebase 
561A/3A6/3B1. DC-10 MHz . Dual 
Trace. High persistence tube. 
Delayed Timebase 

Prices 
from£ 

296 

450 

310 

800 

400 

300 

400 

1200 

700 

750 

660 

525 

1650 

425 

400 

180 

1125 

2100 

325 

275 

9/s %w Gx Utock delivery 
OSCILLOSCOPES 

TEKTRONIX -465 DC-HiO MHz Dual Trace 
5mV-5V I Div 0 . 05~Js-0.5s/ Div Delayed 
T/8 XY DC 4 MHz £1250 

TEKTRONIX 475A DC -250 MHz Dual Trace 
5mV-5V / Div 0.011's-0.5s/ Div Delayed 
T /8 XY DC 3 MHz £1950 

These instruments sold with 

ONEYEAR FULL GUARANTEE 
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585A/82. DC-!ll MHz. dual trace 

Prices 
from£ 

10 mV sensitivity 525 
547/1A 1. DC-50 MHz . dual trace 
DTB 525 
547/1A4. DC-50 MHz. four trace 
DTB 625 
7403N DC-60 MHz 3 Plug-in 
Mainframe ~ 
7704A DC-200 MHz. CAT Readout . 
Mainframe for 4 Plug-in 1200 

· TELEOUI PM ENT 
D63/V1/V3 DC-35 MHz. Depending 
on sensitivity. so,..v or 1 mV 
Sensitivity 675 
D34 Dual Trace DC-15 MHz 2mV 
Mains/ Batt 525 
D75 Dual Trace DC-50 MHz Dual 
Timebase 600 
D83 DC -50 MHz. Dual trace. Large 
6 'h" CAT. Dual Time Base 660 

Oscilloscope Plug-ins 
HEWLETT PACKARD 
1804A DC-50 MHz Four channel 
20 mV-10V/div. 575. 
1825A Dual Timebase 50ns-1s /div. 525 
1805A Dual Trace DC-100 MHz 5.mV. ~ 
1Mfl/50fl 550 

TEKTRONIX 
Type A. Transistor A.T. tester. Pulse 
rate 120 pulses/sec. A .T. Less than 
5m~ ~ 
Type G. Differential amplifier . 100: 1 
CMA DC-20 MHz. 50 mV sensit ivity 50 
Plug-ins for 500 series 
1A 1 dual trace Plug-in DC-50 MHz 225 
1A2 dual trace Plug-in DC-50 MHz 1110 
1A4 four trace Plug-in DC-50 MHz 375 
1A5 Differential Plug, in 175 
Z Differential Plug-in 140 
81 Adaptor Plug-in 1A Series to 580 
Series 75 
7A 12 Oval Trace DC-105 MHz 
5mV/div. 410 
7A 18 Dual Trace DC-75 MHz 
5mV/div 370 
7A22 High gain dlff. amp. 
0.1 Hz-1 MHz 10,..V 450 
7A26 Dual Trace DC-1 50 MHz 
5mV-5V /div. 525 
7B53A Dual Timebase 5ns-5s/div. 560 

Oscilloscopes (storage) 
TEKTRONIX 
549/1A1 . DC-30 MHz. 5mV 
sensitivjty . Dual trace. Storage 
scope, Writing speed: 5cmt,..s with 
enhancement. Includes trolley ' 
564/3A74i3B4. DC-2MHz, four 
channel. 20 mV sensitivity. Writing 
speed up to 500cm/ms 
564B/3A6/2B67. DC-10 MHz. Dual 
trace 10mV sensitivity, split screen 
storage oscilloscope 
466 Storage 1350 cml,..s Variable 
Persist DC-100 MHz 
7313 Split screen 4.9 em/ ,..s. DC.-
25 MHz (M/F for 3 Plug-ins) 

TELEOUIPMENT 
DM64 Storage 250 Divs/ms. 
DC-10 MHz Dual trace. 

Phase Meter 
DRANETZ 
301A 5Hz-500kHz. Z in 100kf! : 
Accuracy ± 1° to ±2°. Analogue 
0/P 

Power Meters 
DYMAR 
2081 I 100 True RMS. DC-500 MHz. 
30mW-100W 

HEWLETT PACKARD 
432A 101-'W-tOmW, 10 MHz-10GHz 
478A Thermistor Mount for 432A 
435A 0.3,..W to lOOmW 5 MHz-
18GHz 
8481A Power Sensor for 435A 

MARCONI SANDERS =:o MHz-40 GHz !Depending on 

6420 10 MHz-12.4 GHz 10mw 
6422 10 MHz-12.4 GHz 1 mw 
6428 26.5-40 GHz 10mw 

MARCONI 
TF2512 DC-500 MHz 0.5-30w son 
TF 893A 10Hz-20kHz. 20~JW- 10W. 

Power Supplies 
ADVANCE 
1VI12V DC to 240V 50 Hz, 150w 
Inverter 

BRANDENBURG 
475R 10-2100V 5mA DC Stab. 

FARNELL 
L30B 0-30V 1A DC Stab. 

FLUKE 
415B 0±3100V 30mA 0.005% reg. 
Protected 

675 

750 

2225 

1650 

400 

400 

425 

195 
90 

475 
200 

300 
110 
85. 

150 

130 
120 

125 

150 

55 

350 
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Bigger stock investment 
greater eguipme~t range 
means w1i1er cho1ce 
ITT 

Prices 
from£ 

Power Lab. up to JOV Dual Supply 90 

MARCONI 
TF2154/1 0-30V 1A. 0±15V 2A 
0±7.5V 4A 60 

SMITHS 
4701 5-7Vo/p Power Pack 32 

SORENSEN 
DCA 300-2.5 (}300V 2.5A DC Stab. 375 

Pulse Generators 
DB ELECTRONICS 
150. I. C. pulse generator 50 

EH RESEARCH 
122. 1 KHz-200 MHz 5V /50!1 
AT 12ns 220 
139(L). 10Hz-50 MHz 10V /50!1 
AT 5ns 175 
1221. Timing Uriit 6 Channel 
0-10 MHz 5V /SOn AT 8ns 50 
G710. SV /50!1 30Hz-50 MHz AT 5ns 100 
132AL. SOV /50!1 5 Hz-3 MHz 
AT 12ns 175 -

HEWLETT PACKARD 
214A tOOV/50!1 . Double pulse 0/P. 
W50ns-10ms. 10 Hz-1 MHz. 15ns AT 350 

MARCONI 
TF20250.2 Hz-25MHz ±10V/50V 
AT7ns 350 
PM5776 3V/50f! . 1 Hz-100 Mz. 
Rise/fall Times less than 1 ns. 275 

Recorders and Signal 
Conditioning Equipment 
AMPEX 
PR2200 Instrumentation 'Recorder 
up to 16 channels. FM/DA. Record 
replay all speeds . 1" tape FM/DA 
I. R.I.G. DC-40 kHz FM . 100Hz-
JOOkHzDR ~ 

BRUNO WOELKE 
ME102B . Wow and flutter meter 75 
ME102C. Wow and flutter meter 90 

BRUEL & KJAER 
2305B Bench type. Mains operated . 
Log recording of AC : 2Hz-200kHz 
and DC .50 or 100mm paper width. 750 

ZR0001 Linear Pat DC: 10-35 mV 59 
ZA0002 Linear Pat DC: 10-110V 79 
ZA0004 25 dB Potentiometer 52 
ZR0005 50 dB Potentiometer 59 
ZA0006 75 dB Potentiometer 69 

Prices 
BRYANS SOUTHERN from£ 
29000 X-Y Record!!' A4 0.25mV-
10V/cm 525 
BS314 4 chan nell mV-10V 
16 speeds 1650 
BS316 6 channel l'mV-10V 
16 spee<ls 2350 
29300 X-Y Single pen A4 0.25mV-
10V/cm0.1s-50s/cm 545 
HEWLETT PACKARD 
680M . 5 inch. Stripchart Single Pen 
5mV-120V 1/P 20cm/min 2.5 cm/Hr 275 
7046A Two pen A30.25mV-5V/cm 995 

KUDELSKI 
Nagra 4.2 LSP Professional Audio 
Recorder (Batt optd) 1215 

NAGRA 
Mains Unit for4.2 LSP . 95 

PHILIPS 
PM 8251 Single pen 10in chart 
10mV-50V FS 450 

RACAL 
Store 4. Uses D/4 inch magnetic 
tape. Will record 4 F.M. channels. 
Operates at 7 different speeds. 1675 

S E LABORATORIES 
6150/6151 12 channel UV 
1250 mm/s-25 mm/min 6 in chart 1400 
994 6 Channel Pre-Amp ± 1% ± 1V 
o/p · 450 
6008 25 Channel ,..v 8 in 4m/sec to 
25mm/min 895 
SMITHS INDUSTRIES 
RE541.20 Single Pen . 0.5mV-100V 
FSD. 3-60cm/min and hour 350 

YOKOGAWA 
3046. 10 inch Chart Single Pen. 0.5 · 
mV-100 VI/P2.60cm/min and/hr 350 
3047. 2 Pen Version of 3046 425 

Signal Sources and 
Generators 
BOONTON 
102B 4.3-520 MHz In!/ Ext FM/ AM 
0.1,..V-1V SOQ 1725 

DYMAR 
1525100 kHz-184 MHz lnt/Ext 
AM/FM Batt/Mains 525 

GOULD ADVANCE 
SG70 5 Hz-125 kHz 600n 4w 85 
HEWLETT PACKARD 
204D 5 Hz-1.2 MHz. 600r!. 8JdB att . 
DIP 5V AMS 150 

ALL PRICES LISTED ARE EXCLUSIVE OF VAT (Standard Rate) . 

Prices 
from£ 

608E. 10-480 MHz AM 410 
620B 7-11 GHz son FM/PM 1mw 1100 
8614A BOO MHz-2.4 GHz + 10dBm 
to -127 dBm son AM/FM 1950 
8616A 1.8-4.5 GHz Ext AM/FM/PM 
10 mw 925 

MARCONI 
TF144 H/4S HF Generator 
10 kHz-72 MHz AM 550 
TF791. FM Deviation Meter 
4-1024 MHz 95 
TF!ll1/D1 . 10-470 MHz AM. FM . 256 
TF995A/2. 1.5-220 MHz AM . FM . 350 
TF2171 Digital Synchroniser for 
TF2015 525 
TF2002/ AS 10 kHz-72 MHz FM/ AM 
0.1-tVo/p 625 
TF2012 UHF, FM 400-520 MHz, 
0.031JV. Countero/p 650 

RACAL 
90815-520 MHz LED Display 0/P-
130dBm AM/FM 1875 

ROHDE & SCHWARZ 
SWOB 11. 0.5 1200 MHz . 5011 850 

SCHAFFNER 
NSG101 Mains Interference 
Simulator. Superimposes Pulses on 
ma1ns for testing immunity of 
equipment to interference . Pulse 
amplitude: ±BOOV. Rise T1me 0.25,..s 
Width 50 & 200J.OS 300 
NSG330 Ignition Interference 
Attac.hment 150 
NSG200B Mains Interference 
Simulator (Mainframe) 260 

STC 
74216 Noise Generator 20Hz-4kHz 
Flat/CCITT Wtg 315 

TEXSCAN 
9900. 10-300 MHz Sweep generator 
with CAT display 525 
TV Markers set of 5: 31 .5, 32.5, 35, 
39.5&41.5MHz 195 

Spectrum Analysers 
HEWLETT PACKARD 
8443A Tracking Gene/counter 
100 kHz-110 MHz 850 
8445A Automatic pre-selector 
10 MHz-18 GHz 1300 
8555A AF Plug-in 10 MHz 18 GHz 
1 kHz Res 3000 
85588 For 180 Mainframe 100 
kHz-1.5 GHz 1 kHz-res 1760 

NELSON ROSS 
011. DC -20 kHz. BOde dynamrc 
range . Dispersion: 100Hz-6kHz 350 
022. DC -100 kHz . Dynamic range 
60d B fits into various 500 series 
CRO's 350 

TEKTRONIX 
3L5. Plug-in unit fits into various 
5006 series CRO's. 50 Hz ~ 1 MHz . 
Greater than 60dB dynamic range 475 

l]5rtme ~q~fmenf'""m•M"" 
9()81 5-520 MHz Generator 

ACKARD 
HEWLE1T _ _ P s· al Generator 

AM -FM 1gn 
Bfi40EI PreCISIOn na\yzer Mainframe 

1411 SpectrUIJ' A na\yzar - If sectiOn 

S552B Spectrum :na\yzer . Rf Secnon 

85536 Spectrum na\yzer ~ ~ Rf Section 

8555A Spectrum Analyzer - Lf SectiOn 
S556A Spectrum A . I Logic />inalyzer 
16(l(lA-16 Channel DlsP ay 

£3550 
[1300 

£2200 
[1650 

£4400 
[1650 

£2150 

£525 PHILIPS 25 MHz2mV Div 
pM3212Dua\Trace 25MHZ 
Oscilloscope Dual Trace DC-
PM 3214 Dual Tlmebase 

Oscilloscope 

1EK1RONI'\50 MHz Oscilloscope 

485 Qual Trace Storage Oscilloscope 
T912 Dual Trace / noS writrn9 speed 
DC-10 MHZ 250 cc:\oscope Mainframe 
7313 StorageOs speed DC-25 MHz MH 
4.9 em / ~s wrrtrn9 lu -in . As new DC-1 z 
7 A'l2 Ditlerentla12P ;nth guarantee) 

10V/ Div (1 m 
10~V - I Trace ?lug in. 
7 A26 Qu~Hz 5mV -5V I Div . . CRT Readout 
oc-150 . baSe 5ns-5s l DIY 
7653A Dual Time 

Carston Electronics 
5311/2 

Contact Brian Hollingsworth or Noel Jennings 

26 CARSTON ELECTRONICS LTD 01 7 
S~IRLEY HOUSE, 27 CAMDEN RD., • 
LONDON NW1 9NR Telex 23920 

WW .:_ 042 FOR FURTHER DETAILS 
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Sweep Generators 
HEWLETT PACKARD 

Prices 
from£ 

86908 Mainframe. lnt/Ext AM. Ext 
FM 
8693B/ 100 3. 7-8.3 GHz.5mW. PIN 
levelled 'N' connectors 
86998/100 0.1-4 GHz.6mW. (20mW 
to 2 GHil. PIN levelled. 'N' 
connectors 

TEXSCAN 
9900 Sweep Generator 10-30 M Hz 

600 

600 

1200 

CRT Display 525 
VS60 Sweep Generator 5-100 MHz 
Rate 60Hz 950 
LN40A Log Amplifier 105 

T.V. Test Equipment 
PHILIPS 
PM5508B Pattern Generator. 625 
lines PAL. UK Systems 225 

Voltmeters-Analogue 
AVO 
8 Mk IV'AC/DC V.AC/DC Amps.hz 70 

BOONTON 
92AD/01/0910 kHz-1 .2 GHz 1999 
FSD 101-'V Res 525 
92C 10kHz-1.2GHz500~JV-3V.1% 
of FS 350 
HEWLETT PACKARD 
400E Millivoltmeter 
10 Hz-10 MHz B/W 1 mV FSS 99 
427A . ACtOC / 11 multrmeter 275 
3406A . 10 kHz -1.2 GHz 345 
8405A Vector Voltmeter 
1-1000 MHz B/W 
Auto Phase Lock 850 
3400A 10 Hz-10 MHz 1mV-300V 
True AMS 350 

KEITHLEY 
610C Electrometer DC 1 mV-100V, 
Amps to· • • Recorder o/p 350 

LEVELL . 
TM3B 51JV-500VAC 1 Hz-3 MHz + 
50 to 100 dB 80 

LIN STEAD 
M2B . DC I AC 10 HJ '><Xl kHJ 25 

MARCONI 
H2603 AC volti11Ptt•r to I ~> liHJ J00 

PHILIPS 
PM2454B 1mV 300V 10 HJ 1:.> MHJ 
l11119MI! DC0 1P 300 

RACAL 
9301 AMS Millivoltmeter 
10 kHz-1.5 GHz with carry case 475 

Voltmeters-Digital 
ADVANCE 
DMM. 7A/01 1999 FSD 
AC/DC/Sl/Current · 115 

FLUKE 
8000A 1999 FSD. 
AC/DCIOHMS / Current 115 

HEWLETT PACKARD 
34740Ai34702A 9999 
FSD.AC t DC I OHMS 180 

SOLARTRON 
LM1420.2. 2300 FSD DC only 0.05% 75 
LM1420.2BA . 2300 FSD AC 
True RMSIDC 110 
A200.19999 FSD DC only 160 
A203.19999 FSD AC / DC/fl. 
Sensrtivrty : ll!JV DC, 101'V AC , 
100mH resistance! 300 
A205.19999 FSD ACIDC/H 300 
A243 . . 119999 FSD AC i DCi!l. 
Sensitivity: ll,..V DC. lOf'V AC, 
10mf! resistance) 325' ' 
7050.99999AutoAC;DC/!l 350 

Voltmeters Vector/Phase 
· DRANETZ 

3058 9999 FSD Mainframe for PA 
3001 module 575 

HEWLETT PACKARD 
3490A 100000 FSD 1~JV-1000V DC 
0.01% 
10J.OV-1000VAC&f! 625 

PLEASE NOTE: 
LISTED HERE IS ONLY A 
SELECTION OF OUR WIDE 
STOCK OF EQUIPMENT
FOR SPECIALIST NEEDS OR 
FOR DETAILS OF OUR FULL 
STANDARD RANGE OF 
EOUIPMENTS-
RING US TODAY! 

Redundant 
Test Equipment 
Why not turn your under-utilized 
test equipment into cash? Ring 
us and we'll make you an offer. 

www.americanradiohistory.com
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Model- M&OO 
* POWER RESPONSE DC- 20KHz ±

1 

1 dB 
* ODUCTP

0
UT POWER IN EXCESS OF 1.5kW I.NTO 2.75 Ohm LOAD (CONTINUOUS R M s) * .. UTPUT20AMPSAT100VOLTSOR2KVa . . .. · * HARMONIC DISTORTION· LESS THAN 0.05% DC~20KHz AT 1 kW INTO 6 OHMS 

* PB~~g2~R~?g1¥;~~~~0ERNFSATCAENST VFOLTAGE/CURRENT, PRECISION OSCILLATORS* UNIPOLAR AND . . , UNCTION GENERATORS, AND MANY OTHERS 
: ~~~[g;E~~~~~NHGO~~ANSFORMERS AVAILABLE TO MATCH VIRTUALLY ANY LOAD 
*TWO UNITS MAY BE CONC~~g¥~6 ~~o;~g~~~~~ U~~R:~~EED STABLE INTO ANY LOAD. 
* INTERLO<:;K CAPABILITY FOR UP TO EIGHT UNITS . * 3-YEAR PARTS AND LABOUR WARRANTY. . 

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

Kirkham Electronics 
MILL HALL, MILL LANE, PULHAM MARKET, DISS, NORFOLK IP21 4XL DIVISION OF K .R.S. LI MITED . 

TELEPHONE (037 976) 639/594 

WW- 020 FOR FURTHER DETAILS 
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VOICE MICROSYSTEM · 
SPE.ECH 

PROCESSING FOR VOICE COMMUNICATION SYSTEMS . 

Precision control of speech amplitude, signal to noise ratio and waveform characteristics using a feedforward control process developed at University College, Swansea with NRDC backing . (British Patent Application No. 12060/77). High ~peed digital processing techniques are employed u·sing a 
Zilog Z80A microprocessor to sample and process the speech waveform. 

The processor is a single self-contained unit which may be placed at any audio point within a voice communication system between the microphone at the sending end and the loudspeaker at the 
receiving end. 

APPLICATIONS 
Inductive loop paging systems 
Loud hailers 

Mobile radio 
H.F. point-to-point radio 

Public address lnter-comm systems 
PERFORMANCE 

*CONSTANT OUTPUT AMPLITUDE Peak output 
is constant within ± 0.5 dB over an input 
variation of 24dB 

* SIGNAL TO NOISE RATIO IMPROVEMENT The 
maximum SNR improvement of1 5dB effectively 
removes ambience at the talking location. 
Speech degraded to zero dB SNR is improved 
to an SNR of 5 dB 

*INHERENTLY LOUDER SPEECH Processed 
speech is approximately 8 dB louder than natural 
speech ofthe same peak amplitude. The SNR at 
the output of a noisy channel will be approx 
imately 8dB higher in a'ddition to the benefits 
resulting directly from the use of speech level 
control 

Available in a 2U high standard 19urack,mounting 
for 240V or 11 OV, 50 Hz or 60Hz operation . 

Price: £424, case £.26, excluding carriage and 
V.A.T. Manual available separately. 

Installation, maintenance and contract R & D 
facilities availa·b I e. 

i 

* HIGHER ACCOUSTIC OUTPUT Loudspeaker or 
earphone output is approximately 8 dB higher 
with no increase in peak output or distortion 
from peak limiting 

*NORMAL SPEECH QUALITY Processed speech 
has the quality of normal telephony spee.ch 

*HIGHER INTELLIGIBILITY All speech sounds are 
raised to the same loudness level ~nd thus 
processed speech retains high intelligibility when 
listening under conditions of ambient accoustic 
noise 

*INSTANTANEOUS RESPONSE The response is 
synchronised to the zero crossings of the input 
waveform and no instrumentaf effects are 
noticeable 

VOICE MICROSYSTEM LTD 
UNIT F, CARDIFF WORKSHOPS 

EAST MO.ORS 
CARDIFF CF1 5EH 

UNITED KINGDOM. 

Tel: CARDIFF (0222) 33409 Export enquiries welcomed. 
WW- 005 FOR FURTHER DETAILS 
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Thank you. 
YougaveVHS 

70%ofthe 
market. 

Last year, nearly three out of every four home vide'o 
recorders bought or rented in Britain used the VHS format. 

You, as a VHS dealer, have been instrumental in helping 
VHS build its dominant market position. And now we would 
lik~ to say thank you. -~ 

Thank you for recognizing the concrete qualities of 
leadership in the system: tne superb picture and sound 

reproduction, the reliability and the high level 
ofcompatibility. · 

Thank you too for backing the judgement 
of such respected VHS manufacturers and . 
video companies as Akai, Ferguson, Hitachi, 
JVC, Panasonic and Sharp. 

. And finally, thank you for continuing to 
stock VHS. Last year you were responsible for 

giving VHS 70% of the market. This year you 
look set to do even better. 

The WorldS No.1 

Advertisement produced co-operatively by:Akai,, Ferg Hitachi, JVC, Panasonic, Sharp. 
RECORDING- Playback of material may require consent Copyright Ad1956. Also the performers· Protection Ad 1958-1972. 

WW- 012 FOR FURTHER DETAILS 
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e ORDER BY POST OR TELEPHONE 
WITH BARCLAYCARD/ACCESS 

- - --..- ...-..: --- --.- ...... ......... eALL MODELS ON DISPLAY 

e RETAIL- MAIL ORDER 
EXPORT - INDUSTRIAL e ELECTRONIC TEST 

EQUIPMENT 
............ .. .. .....,._.. -~ 

SPECIALISTS -- - ......-.---.... ....-....-. -- ~. ------... ----....... -...-.... e ALL PRICES INCLUDE VAT I:L .. L I KUNIL.-
e OPEN SIX DAYS A WEE: K 

e CALL IN AND SEE 
FOR YOURSELF-

----~~ ---~---~_.. 
SCOPES A range of Scopes in stock from 5mHZ Single Trace to 50mHZ Dualtrace. ~~~a.!~:~~;' 

Mains and Battery/Mains portables. Many on demonstration. IN STOCK RANGE 

(! 

9 
11 0 ~ . f) 

e)06 
.1; 1 O ••e 

SINGLE TRA~E (uK ctp etc £2.so) DUAL TRACE (uK c/p etc £3.&ol 
CS1562A 10mHZ, 10mV, 5" J;lisplav· £244.9& 

Hm 307·3 10mHZ, 5mV, 6 x 7cm display plus 
component test £170.00 
C01303D 5mHZ, 10mHZ, 7 x 7cm dlsp1ay £109.25 · 
SC110 10mHZ Battery portable, 10mV 3.2 x 
2.6cm display (Optional case £8.80, Nicads 
£7.95, Mains unit £4.00) £141.8& 
LB0&12A 10mHZ, 10mV, 5" display (plus 
FREE probe) £195.50 
CS1&59A 10mHZ, 10mV, 5" display £198.50 

HAMEG e TRIO e SINCLAIR e LEADER 
OPTIONAL PROBES (ALL MODELS) 
Xl £6.50, X10 £8.&0, XlOO £12.95, X1-X10 £10.95 

~::::;.im2Ht~H'Z~ ~~t~p~ayx 10cm display g~~:= 
CS1666A 20mHZ, SmV, 5" display £323.16 
CS1352 15mHZ, 2mV, 7.5cm display, bat-
tery/mains portable (Nicads pack £29.90) £~.15 
Hm412-4 20mHZ, 5mV, 8 x 10cm display plus £3

99
_
60

, 

~'S;S';j>Aia3bmHZ, 2mV. 5' • display £455.40 . 
CS1830 30mHZ, 2mV, 5" display plus sweep 
delay £507.15 
Hm512-8 SOmHZ, SmV, 10x Scm display, De-
lay Sweep £667.00 
LB0514 10mHZ, lmV (5mV) 5" display (plus 2 
FREE probes) _ £294.00 

GENERATORS RF 
SG402 1OOKHZ - 30m HZ 

AUDIO (All sine/square) 
AG202A 20HZ-200KHZ £85.55 

(UK c/p £1.75) 
with AM modulation £84.40 
LSG18 100KHZ (300mHZ on 
Harmonics) £58.50 
LSG231 1OOm HZ:!: 1 mHZ (adjustable) 
FM stereo generator and pilot and mod . 

. £195.00 

PULSE 
2001 1HZ-1OOKHZ £88.00 
TG1055HZ~5mHZ £92.50· 
4001 0.5HZ-5mHZ £105.00 
200P 0.002H2-5.5mHZ £263.00 
200SPC as 200P plus built in freq. 
displayf1 00mH2 counter £437 -~ 
A range of Signal Generaton to 
cover Audio, RF and Pulsing. 
Mains operated (TG series Bat
tery). 

LAG28 20HZ-200KHZ £89.00 
AG203 10HZ-1mHZ sine/square 

£120.75 
LAG120A 10HZ--'-1mHZ £137.00 

LEVELL 
(Battery Portables) 
('M' with Meter) 

152 SERIES 3HZ - 300KHZ Sine/ 
Square 
200 SERIES 1HZ-1mHZ Sine/Square 
TG152D £92.00 
TG152DM £113.85 
TG200D £124.20 
TG200DM · £149.50. 
TG200DMP £155.25 
TV GENERATORS . 
LCG-393V PAL B VHF 6 patts. £137.00 
LCG-782U 

Range in stock covering _ up to 
150mHZand up to 1K watt power. 
PL259 sockets. Also 250 UHZ 
Grid Dipmeter 
SWR9 SWR/S 3-150mHZ £1.50 
SWR50 SWR/Power meter, 3'12-
1 50mHZ 0-1000 watts £ 13.1& 
110 SWR/Power 1 V2-144mHZ 
0/10/lOOwatts £11.50 
171 As 110Twin meter plus F/S 

£14.50 
Plus large range of BNC I PL2 59 I 
etc leads/plus/adaptors/ 
connectors always in stock. 

LEADER e TRIO e NEWTRONICS e LEVELL PAL B UHF 1 5 patts . £217.00 

176 SWR/Power/FS 1'h-
144mHZ. 5-50 watt . Plus 25-
40mHZ ac match £18.10 
KDM6 Grid Dip 1 Vl-250mHZ 

DIGITAL MULTIMETERS 

-lliJ 
HAND HELD 1ut< post etc. asp1 
TM352 31h Digit LCD plus 10 

BENCH PORTABLES1uK •'P £too) 
DM235 31fz Digit LED 21 

ADC and Hfe checker £54.95 
PDM35 31fz Digit 16 range LED 
~no AC current) . £32.95 
ME502 31f2 Digit LED plus lOA 
DC and Hfe checker £43.95 
LM2001 31fz Digit LCD 2 amp 
AC/DC 0:1% £51.70 
62110 Jlf2 Digit LCD 0.2A AC/DC; 
Auto range £39.95 
6220 As 6200 plus 1 OA AC/DC £49.95 ' 
6100 As 6200 plus Cont. 
test/range hold £64.95 
6110 As 6100 ~Ius 10A AC/DC £74.95 

FREQUENCY COUNTERS 
Portable and Bench LCD and LED Counters up to 
600mHZ. Prices include batteries and leads. 

HAND HELD 1uK post etc asp1 
PFM200 20HZ to 200mHZ 8 Digit LEO £54.50 
MAX50 100HZ to 50mHZ 6 Digit LED £61.110 
MAX550 30KHZ to 550mHZ 6 Digit LED £106.00 

BENCH PORTABLES (UK c/p £UOJ 

.MAX100 8 Digit LED 5HZ to lOOmHZ 
TF200 8 Digit LCD 10HZ to 200mHZ 
7010A 9 Digit LED 10HZ to 600mHZ 

£89.00 
£151.95 
£184.00 

ranges, 0.5% AC/DC 2A · £56.50 
DM350 31h Digit LED 34 ranges 
ACIDC lOA 
TM353 31h Digit LCD AC/DC 2 
amp 
TM35131fz Digit LCD AC/DC 10 

£7$.50 

£86.50 

amp £107.95 
LM100 31fz Digit LCD AC/DC 2 
amp £86.50 
DM450 4V2 Digit LED 34 ranges 
AC/DC 10 amp . £107.95 
(DM series options . Carry case 
£8.50, Nl-cads £7.95. Mains 
adaptor £4.00). 

CLAMP METERS/ 
INSULATION TESTERS 

~;j 
. K2303 30 AMPS 500 VAC £21.95 

3101 300 AMPS 600 VAC 1 K 
OHM £32.95 
K2803 300 AMPS 600 VAC 2K 
OHM £53.95 
K2903 900 AMPS 750 VAC 2K 
OHM £77.95 
K3103 Transistorised insula-
tion)continuity tester, 100 MEG 
600 VAC, 012V2K £95.00 
M500 Insulation tester 100 MEG. 
500 VOLT, 0/200 OHMS continuity 

• £67.50 
Also digital and DC types in stock 

LOGIC PROBES/MONITORS 

II 
LP3 50MIIz lagic probe 

£55.95. 
LP1 IOMHz Iagie probe 

£35.50 
LP2 W.MIIz logic proh 

£19.95 

LMI 

Logic prlllu 11-
diCIIIIIIIII'IIIw 
etc 111111 .-11 
ICopll Cll IIIII. 
All clrCIII piiW· 
end for 1U ICI. 

Logic 1111n1tor· · £33..11D. 
Also Ia stock rllfl at Prett
boanl klta IIIII braiAIInlL 

ELECTRONIC METERS 

~ :.::.~. I2J 
UKc/p ~ £1.50 
K200 38 range FET 1Om OHM input 20Hz to 30M Hz 
multimeter £11.00 
TM 11 120 range multimeter 3Hz to 200KHz £172.50 
TM3A Multirange AC micro voltmeter £141.50 
TM3B As TM3A larger size meter £116.75 

'PRo~m~ERsw 

UKc/p ~ : ., :- ·• £1.20 
M1200 100K/Volt 30 ranges plus AC/ DC 15 amp 

£67.00 
£79.95 
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"I NEVER KNEW COLOUR VIDEO· 
. COULD COST SO LITTL '' 

Don't be put off by what you may have heard- or imagined 
-about the cost of colour video. · 

Talk to Bell & Howell or one ofour Video Centres and 
get the current facts. 

The fact, for example, that a portable JVC colour camera 
costs little more than an ordinary black-and-white camera. 

And the further fact that by adding a JVC VHS you 
have a complete colour recording system for as little as 
£1,300 plus VAT For playback, a standard TV receiver is 
all you need. 

At these prices every user can benefit from colour. 
Training will be easier to understand; publicity more 
compelling; management communications more 
interesting; role-playing more_effective. After all, we live in 
a coloured world. 

PUSH-BUTTON FEATURES 
Don't think for one minute that the low price has been 

achieved at the expense of useful features. Among other 
things the camera has an iris control which automatically 
adjusts lens aperture to match lighting conditions; a 6:1 
power or manual zoom, giving close-ups as close as 50 mm; 
TIL indicators which automatically show exposure level, 
auto-white balance, operating mode and power level. 

BETTER STILL 
Or, if you feel inclined to make· even fuller use of the 

camera's capabilities, couple it to a JVC %-inch U-format 
recorder. 

The picture will be improved. You'IJ have another 

sound track to use for foreign-language commentaries or 
question-and-answer training routines. 

On %-inch, moreover, you'll be in the right format to 
edit and duplicate- or add in library material. And still 

the cost of the system needn't exceed £2,700 plus VAT 
Alternatively, at very attractive rates, it can be leased. 

SEE FIRST, THEN DECIDE 
You can, of course, spend mDre. At any Bell & Howell 

Video Centre you'll see more expensive cameras, video 
recorders and electronic editing equipment that wouldn't 
be out of place in a national network. 

But do Y-OU need them? 
Letthe Video Centre, or Bell & Howell, help you decide. 

Whatever your decision, two things are certain. 
One, colour video now costs a lot less than it used to 

(as well as being highly dependable and very easy to use). 
Two, every unitin the system you choose qualifies for 

the Supershield warranty, unique to Bell & Howell. 
Under Supershield, all adjustments, repairs and · 

replacements (except for tubes and tapes) are free for 
two years after purchase. And if a job can't be done on 
the spot we also provide free transport anywhere in 
mainland Great Britain to and from a fully equipped 
Su pershield video workshop. 

Convert to (or start with) colour. With JVC video · 
equipment. And the Bell & Howell Supershield guarantee. 

Let Bell & Howell show you the answer. 
--------------------
To Pieter Glas, Bell & Howell A-V Ltd., F reepost, Wembley, Middlesex HAO lBR. 
Please send me more information about video equipment and a list ofyourVideo Centre?. 
Name 
Organisation 
Address 

WWB/ .11. _ · 

JVC CAMERAS.JVC RECORDERS.JVC STUDIO EQUIIi'MENT JVC MONITORS.ELECTROHOME MONITORS. FUJI VIDEO TAPES. 

WW- 026 FOR FURTHER DETAILS 
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320 Rages worth of the latest & best 
in signal Rrocessing ·co~Ronents. · 

Write to Pascali for this new M80 catalogue which covers the 
complete Merrimac range of signal processing compone~ts·~~d . 
integrated networks from DC to 4GHz. It also provides reliability data m 
the form of MTBF calculations for each product area. 

Merrimac is one of the World's most technically advanced 
companies specialising in low frequency lumped element components 
and integrated networks; mi~ro~ave stripline ~omponents, 
subsystems, high power femte Isolators and circulators. 

So write to Pascali today for your copy of the M80 on your 
company's n~tepo~r (or phone ~ Mnrr·lmac 
if you prefer) md1cat1ng - ._, 
your area of interest - we Now there is one ... 
guarantee you'll find it one of the best. in signal processing 

Pascali Electronics Limited · 
Hawke House, Green Street. 
Sunbury-on· Thames, 
Middlesex TW166RA . 
Telephone 109327187418 Telex: 8814536 

WW - 034 FOR FURTHER DETAILS 
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Heloer low cost instruments are 
specially designed for 'fiddle-free', 
instant bench testing or mobile 
servici"ng of two-way radio 
equipment. 

They'll make life easier for the 
busy technician whilst giving 
extremely reliable, lasting service. 

The Auto peak Modulation Monitor .. 

For reading peak modulation 
and modulation density on any FM 
receiver whose 2nd I.F. is 400,450 
or 455KHz. Other frequencies may 
be accommodated on special 
order. 

The Sin adder 3 . .. 

Ideal for bench or mobile 
service van use, with 3 functions 
in one. Automatic SINAD meter 
with audio monitoring plus a 
1OOOHz tone generator. Sensitive 
AC voltmeter, 1M n input 
impedance, with audio monitor 
for tracking down distortion and 
locating defective stages. 

These are just two of 
our Helper range; 

Write now for a 
product guide 
and free copy 
of the mobile 
radio desk 
reference. 

HELPER 

~· \1\/V 
L:!_J LYONS INSTRUMENTS 
Lyons Instruments Limited, Hoddesdon, Herts, EN11 9DX, England 
Telephone 67161 Telex 22724 A ~laude Lyons Company 

. WW- 043 FOR FURTHER DETAILS 
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See 
how big 

WIRELESS WORLD NOVEMBER 1980 

s 

111111 

Use CRT displays in your systems or equipment? Then 
it's well worth getting to know the KGM resources. We 
cC)n take both design and production problems onto our 
own experienced shoulders. Far better than struggling 
with complex video concepts yourself! 

names pass 
their video 

For a quick scan of KGM capability, look through our 
new colour folder -featuring some of the units we have 
produced for major customers. Some are based 
on our standard monitor range -but even these come 
with a choice of thick film modules or discrete com
ponents, for maximum 'tailor-made' flexibility. And 
today our technology extends to complete keyboard and 
micro-processor units. If you're ready to talk monitors 
now, ring our Sales Applications Engineer. Or start with 
one of those folders. 

. display 
headaches 

to us! KGM Electronics Limited 
Clock Tower Road, lsleworth; Middlesex TW7 6DU. 
Tel: 01-568 0151 . Telex: 934 120 

WW- 021 FOR FURTHER DETAILS 
I F?? ... =ELECTRONICS - ~~ :::2 U - LIMtTEO 

POWER UNITS 
Now available with 

3 OUTPUTS 

Type 250VRUj30/25 

OUTPUT 1: 0-30v, 25A DC 

OUTPUT 2: 0-70v, lOA AC 

OUTPUT 3: 0-250v, 4A AC 

ALL 
Gontinuously 

Variable 

WW- 039 FOR FURTHER DETAILS 

TRANSDUCER and RECORDER 

AMPLIFIERS and SYSTEMS 

49/51 Fylde Road Preston 
PR12XO 
Telephone 0772 57560 

reliable high 
performance & 
practical controls. 
individually 
powered modules
mains or de option 
single cases and up 
to 17 modules in 
standard 19" crates 
small size-tow 
weight-realistic 
prices. 

Fylde 
Electronic 
Laboratories 
limited. 

WW- 046 FOR FURTHER DETAILS 
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· · ~···j- · · "" - ~ ~~ . 

CAMBRIDGE LEARNING SELF-INSTRUCTION COURSES 
It's faster and more thorough than classroom learning: you pace yourself and answer questions on each new aspect as 
you go. This gives rare satisfaction-you know that you are really learning and without mindless drudgery. With a good· 
self-instruction course you become your own best teacher. 
Understand Diaital Electronics -
In the years ahead digital electronics will play an increasing part in 
your life. Calculators and digital watches mushroomed in the 1970's 
-soon we will have digital car instrumentation, cash cards, TV 
messages from friends and electronic mail. · 
After completing the!;ie books you will have broadened your career 
prospects and increased your knowledge of the fast-changing world 
around you. 

DIGITAL COMPUTER LOGIC AN 
ELECTRONICS £7.00 
This course is designed as an 
introduction to digital electronics and 
is written at a pace that suits the raw 
beginner. No mathematical 
knowledge is assumed other than the 
use of simple arithmetic and decimals 
and no electronic knowledge is 
expected at all. The course moves 
painstakingly through all the basic 
concepts of digital electronics in a 
simple and concise fashion: questions 
and answers on every page make sure 
that the points are understood. 
·Everyone can learn from it - students, engineers, hobbyists, 
housewives, scientists. Its four A4 volumes consist of: 
Book 1 Binary, octal and decimal number systems; conversion between nuinber,systems; 
-conversion of fractions; octal-decimal conversion tables. 
Book 2 AND, OR gates; inverters; NOR and NAND gates; truth tables; introduction to 
Boolean algebra. · 
Book 3 Positive ECL; De Morgans laws; designing logic circuits using NOR gates; dual-input 
gates. 
Book 4 Introduction to pulse driven circuits; R-S and J-K flip flops; binary counters; shift 
registers; half-;~dders. 

DESIGN OF DIGITAL SYSTEMS £12.50 
This course takes the reader to real · 
proficiency. Written in a similar 
question and answer style to Digital r"'lllkilliliiliiii 
Computer logic and Electronics, this ~lllltii..W~ 
course moves at a much faster pace 
and goes into the subject in greater 
depth. Ideally suited for scientists or 
engineers wantiP.g to know more 
about digital electronics, its six A4 
volumes lead step by step through 
number systems and Boolean algebra 
to memories, counters and arithmetic 
circuits and finally to an 
understanding of calculator and 
computer design. 
Book 1 Octal, hexadecimal and binary number number 
systems; representation of negative numbers; complementary systems: binary multiplication 
and division. · 
Book 2 OR and AND functions; logic gates; NOT, exclusive-OR, NAND, NOR and eKclusive
NOR functions; multiple input gates; truth tables; De Morgans Laws; canonical forms; logic 
conventions; karnaugh mapping; three state and wired logic. 
Book 3 Half adders and full adders; subtractors; serial and parallel adders; processors and 
arithmetic logic units (ALUsl; multiplication and division systems. 
Book 4 Flip flops; shift registers; asynchronous and synchronous counters; ring, Johnson 
and eKclusive-OR feedback counters; random access memories (RAMsl ahd read only 
memories ( ROMsl . · · 
Book 6 Structure of calculators; keyboard encoding; decoding display data; register 
systems; control · unit; program ROM; address decoding; instruction sets; instruction 
decoding; control programme structure . • · · 
Book I Central processing unit (CPU I; memory organization; character representation; · 
program storage; address modes; input/output systems; program interrupts; interrupt 
priorities; programming; assemblers; computers; executive programs; operating systems and 
time sharing. · 

Flow Charts and Algorithms 
are the essential logical procedures used in all computer programming 
and mastering them is the key to success here as well as being a 
priceless tool in all administrative areas -presenting safety regulations, 
government legislation, office procedures etc. 

THE ALGORITHM WRITER'S GUIDE £4.00 
explains how to define questions, put them in the best order and draw 
the flow chart, with numerous examples. 

GUARANTEE No risk to you. 
If you are not completely satisfied, your money will be refunded upon 
return of the books in good condition. 
CAMBRIDGE LEARNING LIMITED, UNIT 36 
RIVERMILL SITE, FREEPOST, ST. IVES, HUNTINGDON, 
CAMBS., PE17 4BR, ENGLAND. 
TELEPHONE: ST. IVES (0480) 67446 

All prices include worldwide postage (airmail is extra - please ask for 
prepayment invoice). 
Please allow 28 days for delivery in U.K. 

Microc·omputers _are · coming - ride 
the wave! Learn to program. 
Millions of jobs are threatened but 
millions more will be created. Learn 
BASIC - the language of the small· r-_._ ____ _:::==r.=-:::~ 
computer and the most easy-to-learn 
computer language in widespread 
use. Teach yourself with a course 
which takes you from complete 
ignorance step-by-step to real 
proficiency with a unique style of 
graded hints. In 60 straightforward 
lessons you will learn the five 
essentials of programming: problem 
definition, flowcharting, coding the 
program, debugging, clear 
documentation. Harder problems are 
provided with a series of hints so you 
never sit glassy-eyed with your mind a blank . You soon learn to tackle 
really tough tasks such as programs for graphs, cost estimates, 
compound interest and computer games. 

COMPUTER PROGRAMMING IN BASIC 
£9.00 
Book\ Computers and what they do well; READ, DATA, PRINT. powers, brackets, variable 
names; LET; errors; coding simple programs. 
Book 2 High and low level languages; flowcharting; functions; REM and documentation; 
INPUT, IF .. .. THEN, GO TO; limitations of computers, problem definition. · 
Book 3 Compilers and interpreters; loops, FOR .... NEXT, RESTORE; debugging; arrays; 
bubble sorting; TAB. 
Book 4 Advanced BASIC; subroutines; string variables; files; complex programming; 
examples; glossary. 

THE BASIC HANDBOOK £11.50 
This best-selling American title usefully supplements our BASIC 
course with an alphabetical guide to the many variations that occur in 
BASIC terminology. The dozens of BASIC 'dialects' in use today 
mean programmers often need to translate instructions so that they 
can be RUN on their system. The BASIC Handbook is clear, easy to 
use and should save hours of your time and computer time. A must 
for all users of BASIC throughout the world . 

A.N.S. COBOL £4.40 
The indispensable guide to the world's No. 1 business language. After 
25 hours with this course, one beginner took a consulting job, 
documenting oil company programs and did invaluable work from the 
first day. Need we say more? 

----------------------------~---------· ORDER FORM 
Please send me the following books:- . 
. . .......... Digital Computer Logic & Electronics @ £7.00 
. . · . ... .... .. Design of Digital Systems @ £12.50 · 
............ Algorithm Writer's Guide @ £4.00 
... . .... .... Computer Programming in BASIC @ £9.00 
........ .. .. BASIC Handbook @ £11 .50 . 
. ... ........ ANS COBOL @ £4.40 
. ... .. ...... Your Booklist (Free) 
I enclose a *cheque/PO payable to Cambridge Learning Ltd. 
for£................... (*delete where applicable) 
Please charge my: 

*Access/ American Express/Barclaycard/Diners Club/Eurocard/Visa/ 
Mastercharge/Trustcard 

Credit Card No .... ........ . ............ .. . . 

Signature .... . .................. . 
Telephone orders from credit card holders accepted on 0480 67446 
(Ansafone). 
Overseas customers (incl. Eire) should send a bank draft in sterling drawn 
on a' London bank. or quote credit card number. 

Name ..... . .. .. .... .... . ....... .. ..... . . ··· ····· · ···· · · ··· · · 
Address ... . ........ . . . ...... . : .. ." ......... - - - . - - - · · · · · · · · · · - · 

Cambridge Learning Limited, Unit 36, Rivermill Site , 
FREEPOST, St. lves, Huntingdon, Cambs PE1 7 48R, England. 
(Registered in England, No. 1328762) 

---------------------------------------
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Hybrid Circuit 
Module Kits 

for CRT displays 

compos1te v1deo or 
separate synch. 

FIELD DEFLECTION AMPLIFIER 

VIDEO AMPLIFIER 

Brim.ar kits save you

* Design Time 
* Component Purchasing Costs 
* Component Stock Control 
* Staff'Iraining Time 
* Production Costs 

* TestTime 
*Rejects 

Write for information on the benefits 
Brim.ar hybrid circuit modules can bring you. 

Thorn Brimar Limited 
Mollison Avenue, Brimsdown, Enfi~ld, 
Middlesex EN3 7NS 
Telephone: 01-8041201 

WW- 009 FOR FURTHER DETAILS 

WIRELESS WORLD NOVEMBER 1980 

SPECIAL P-URCHASE 

/LKAISE( 
OF TOP QUALITY 

LCD MULTIMETERS 

CHOOSE FROM FOUR MODELS * JY2 digit autoranging (voltstOHms) * 200 hours battery life (2 pencells} * 10 amp AC/DC (6220 & 6110) * 1000v DC 
600v AC * 200 rnA AC/DC (6200 & 6100} * Range hold facility (6100 & 6110) * Unit and range sign (6110 & 6220} * Continuity buzzer (6100 & 6110) 

RESOLUTION 
100 ~VDC. 1 mVAC 
10 ~ AC/DC. 0.1 oHM 
10 mA on 1 OA. AC/DC 

OTHER FEATURES 
(ALL MODELS) 

· Low power OHms Range 
Zero Adjust key 
Battery Warning 
In circuit resistance test 
Size 155 x 85 x 28 mm. 250 g. 

AC~_U.RACY 
6100/6110 ,_ 

o.S% DC Volts 
1% DC Current 
1.2% AC Current 
0.5% Resistance 

6200/6220 

0.8% DC Volts 
1.3% DC Current 
1.4% AC Current 
0.8% Resistance 

!5-200 
6220 

£39.95 6100 
£49.95 6110 

£64.95 
£74.95 

* All prices include batteries/leads and UK VAT (UK Clp 65p) -* Order By Post or Telephone with Barclay or Access. 

OR CALL IN AND SEE FOR YOURSELF 

(Block caps please) REF. IM/W) I From:Mr. /Mrs./Miss .. .. . . .. .. . . ....... . I 
I I I .. ..... . . .. . .. . .... .... . 1 
I I" lease supply . . . QTY . .. . . Model (s) . . . . . I 
I ·I I /We enclose (ir:~c . 65p post) . . . . . . . . .. Chq/PO Value . . . I 
! OrdebitBarclay/AccessNo ..... .... ... .. . . .. . ..... ... ...... : 1 . 

~----------------------... . . ·---- - - - - . 
WW- 014 FOR FURTHER DETAILS 
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ing were perfect ... 
... a control Unit would consist of 
an on/off switch, a volume control 

· and a programme selector switch. 
Unfortunately this is not the 

case as any prospective high 
fidelity buyer, be he neophyte 
or hardened campaigner, quickly 
discovers. · 

He is faced with a choice. 
He can atte~E; to sift the vast 

quantities of co ·cting infor-
mation gathered from high fid~lity 
magazines, retailers and "my 
friend who is an · electronics 
engineer and knows quite a bit 
about high fidelity;' ~ 

-or he can buy a Qtad 44. 
In the latter case he can be 

confident that whatever the pro
gramme sotl17ces, he will be able to 

match them correctly . and apply 
· tonal correction when necessary 
to obtain optimtnn results. 

Moreover he can be confident 
that he need not change his pre
amplifier to meet future develop
ments. 

To ·learn all about the Qtad 
44 ·he only has to write · or tele
phone for a leaflet. 

The Acoustical Manufacturing 
Co. Ltd, Hrmtingdon, PE18 7DB . . 
Tel: (0480) 52561. 

QUAD 
for the closest approach 
to the original sound ~ 
QUAD is a registered trade mark. • 

1978 

WW- 018 FOR FURTHER DETAILS 
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oanavox 
OANAVOX (GT. BRITAIN) LTD. 

1 CHEYNE WALK, 
NORTHAMPTON NN 15PT 

TEL. NORTHAMPTON(0604) 36351 

of research ... "on components and accessories for dictating 
machines,_ tele-c9mmunications, hearing aids · 
and electroacoustic e_quipmen_t_ etc." 

? 

WW - 045 FOR FURTHER D ETAILS 

WIRELESS WORLD NOVEMBER 1980 . 

SPECIAL OFFER 
~ TYPE 1 SOLDERING IRON 

EXCLUSIVE OFFER TO "WIRELESS WORLD" READERS 

ILLUSTRATION 
FULL SIZE! 

··············-1 enclose Cheque/P.O. for £ ..... . ... .. . or debit my .. 
ACCESS/ • 
BARCLAYCARD No. I I I I I I I I I I I I I I I 1 
Tocoverthecostof ... . ...... .. _ . . Soldering Irons 
at £3.30 each • 

~~~r:~~ . : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : : • 
... .... ... .. ......... .... ......... .. .... .... ....• 
........ ................... .. ..... ... .. .... ... .. • 
To: WIRELESS WORLD SOLDERING IRON OFFER 

86-88 UNION STREET, • 
PLYMOUTH, PL 1 3HG. • 
OFFER AVAILABLE IN THE U.K. ONLY 
(Excluding the Irish Republic) 

16-18WATTS 
220-240 VOLTS 
SUPPLIED WITH 3mm 
TIP. OTHER TIPS ARE 
AVAILABLE AND EASILY · 
REPLACED 

MADE IN BRITAIN 

·-·-·····················~~ 

SPECIAL OFFER· I 
exclusive to Wireless World readers... 1 

·Since it 's recent introduction the Keithley 130 has established itself as one I 
of the finest Handheld D.M.M.'s available. 

And through Wireless World it can be yours for only £73.60 including 1 
V .A. T. package and postage -a saving of £17.25 on the recommended I 

19 

retail price. 

I ' Features include: 1· I * Full1 0 amp range * Only one calibration adjustment required per annum I 1 * 25 ranges and five functions ; ohms DC and AC volts and amps I 
I * 1 00tJ.V, 1 tJ.A, 0.10 Sensitivity * 20,000 hour M.T.B.F. I * One year guarantee on specification 

I To take advantage of this unique offer, simply fill in the coupon, and send it to I I Wireless World w1th a cheque or Postal Order, allowing 21 days for delivery. I 1 Note : Offer closes on December 1Oth. This offer applies to readers in the U.K. only. I 
I To: Wireless World Offer, Keithley Instruments Ltd , 1 Boulton Road, Reading , Berks. 

Please send me a Keithley 130 at £73.60 including VAT. , package and postage . I enclose a I I cheque/postal order made payable lo Keithley Instruments Ltd. I 

I I I · Address I I ·I 
I . I 
I I 

~--···-----------------------------~ WW - 058 FOR FURTHER DETAILS 
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ALL PRICES ARE EXCLUSIVE OF VAT 

TRANSISTORS 
AC12B ..... 15p 
AC187K .. . 30p 
AC1BSK .. . 30p 
ACY17 ..... 90p 
AD149 .. .. . 55p 
AF127 .... . 35p 
ASZ17 .... 120p 
AU113 .. .. 150p 
BC107 ..... .. 7p 
BC10S . . .. . 7p 
BC10SA .. .. . 7p 
BC10SC .... . 7p 
BC136 .. .. . 15p 
BC140 .. .. . 2Sp 
BC141 ... . 30p 
BC142 .... 25p 
BC143 ..... 2Sp 
BC147 . .. ... 6p 
BC147B ... : sp 
BC149 .. .. .. . 7p 
BC149C ..... 7p 
BC159 ....... 9p 
BC1SO ..... 35p 
BC1S7A ... 10p 
BC17B ..... 12p 
BC179. . 12p 
BC182 .. .... . Sp 
BC1B2L ...... 9p 
BC1S3 ...... 9p 
BC1S3L .... 9p 
BC1S4L ... .. . 9p 
BC1S6 .. ... 20p 
BC212 .. ... 9p 
BC212L .. .... 9p 
BC213B .. ... 9p 
BC327. . 13p 
BC32B .. .. 13p 
BC337 .... 16p 
BC338 . . . 11p 
BC440 ... .. 32p 
BC547 ..... 9p 
BC54B ... ... 9p 
BC550 ..... 14p 
BC55S ..... 12p 
BCY33 .... 99p 
BCY34 ... 99p 
BCY39 .. .. 229p 
BCYSB ..... 16p 
BCY70 ... 12p 

BCY71 . . 12p 
BCY72 .. .. 12p 
BF179 .... . 25p 
BF183 ... .. 25p 
BF200 .... 29p 
BF336 ..... 33p 
BFX30 ... .. 32p 
BFXS6 ..... 26p 
BFXSB . . 22p 
BFY50 .... 13p 
BFY51 .. ... 13p 
BFY64 ..... 28p 
BFY90 . .. . 56p 
BSX19 . SOp 
BSY95A .. . 16p 
BU204 . ... 149p 
BU20B ... 150p 
OC29 ...... S9p 
OC43 ...... SOp 
2N696 .. . . 15p 
2N930 .... . 20p 
2N1132 .. .. 19p 
2N1304 .... 40p 
2N1613 .... 12p 
2N1711 .... 15p 
2N2217 .... 20p 
2N2219A .. 20p 
2N2221 ... 1Bp 
2N2368 .. . 15p 
2N2369 ... . 14p 
2N2894A .. 20p 
2N2904 .... 15p 
2N2904A . 15p 
2N2905 .. . 15p 
2N2906 . .. 15p 
2N2926Y .. 10p 
2N29260 . 1 Op 
2N2926R . 1 Op 
2N3442 .. . 1 02p 
2N3702 .. ... Sp 
2N3704 .. .. Sp 
2N3705 ..... Sp 
2N370S . .. .. Sp 
2N3709K .. . Sp 
2N3866 .... 35p 
2N3906 . .. 10p 
2N405B .... 12p 
2N4427 .. . SOp 

Add VAT 

hUflll'·"'hti 
7805 .... ..... .. . SOp 
7812 ....... ... . BOp 
7S15 ... . ....... SOp 
7S24 ...... . . BOp 
7905 ... .. .. .. 105p 
7912 ... 105p 
7915 ... .. ..... 105p 
791B ......... 105p 
7924 .... . . 105p 
L.M309K .... 105p 
LM320T5 .. 105p 
LM320T12 105p 
LM320T15 105p 
LM320T1B 105p 
LM323K .... 450p 
LM340T5 .. .. BOp 
LM340T12 . BOp 
LM340T15 .. SOp 
LM340T1S .. SOp 

74175 ... ... 63p 4022 ..... . 79p 
74180 .... .. B4p 4023 . 16p 
74181 ..... 151p 4024 . .. .. .. 49p 
74191 . ... BOp 4025 . 17p 
74192 ... ... BOp 4026 . . ... 129p 
74193 . .. .. BOp 4027 .. .. . 39p 
74194 .... . . BOp 402B .. .... . 59p 
74LSOO .. 11 p 4029 .... .. . 89p 
74LS01 . . 11 p 4030 .... .. . 49p 
74LS02 ... 12p 4034 ... .. . 189p 
74LS03 . .. 12p 4035 .. 99p 
74LS04 ... . 12p 4042 .. . 69p 
74LS 10 .. . 19p 4043 .. . .... 86p 
74LS 11 . . . 20p 4044 ... ... 83p 
74LS20 .. . . 1Bp 4046 .. .. . 109p 
74LS30. . 18p 4049 . .. .... 45p 
74LS32 . . 24p 4050 . .. .. .. 63p 
74LS42 ... . B9p 4051 .. .... 69p 
74LS51 . .. 24p 4052 .. . 69p 
74LS55 .... 28p, 4053 ... ... . 69p 
74LS74 . 39p 4066 49p 
74LS75 .... 46p 4069 .. . . .. 17p 
7 4LS76 . 39p 4070 . 17p 

~ 74LS85 . .. 99p 4071 . . 17p 
_..._ 74LS90 36p 4072 .. . 17p 

74LS93 .... 79p 4073 .... .. 17p 
7400 ....... . 9p 74LS114 .. 49p 4075 19p 
7401 . . .. . 9p 74LS122 .. 65p 4076 . .... .. 75p 
7402 .. ...... 9p 74LS123 .. 65p 4077 . .. 35p 
7403 ....... . .. 9p 74LS124 .115p 408 1 .. ... . .. 19p 
7404 .: .... 10p 74LS132 .. B9p 4082 . . .. .. 17p 
7405 .. .. .. 14p 74LS139 . . 79p 4160 . ... . . 105p 
7406 .. . . . 30p 74LS151 . . B9p 4161 .. .... . 105p 
7407 : . . . 30p 74LS155 .. 91p 4162 . .. ... 105p 
740B ..... .. 17p 74LS156 .. B9p 4163 ..... 105p 
7409 .. . . 17p 74LS157 .. 69p 4402 . .. . ... 36p 
7410 ... .... 12p 74LS165 .. 69p 4404 .. . ... 110p 
7412 ... ..... 17p 74LS168 .139p 4412 .. . .. .. 86p 
7413 . 25p 74LS174 .. 99p 4445 .. . .. 174p 
7414 .... .. .. 45p 74LS175 . . 99p 4446 . .... . 148p 
7416 .. 25p 74LS190 .110p 4502 . .... .. 99p 
7417 ... 25p 74LS192 .115p 4511 . . B9p 
7420 ... . 14p 74LS194 .115p 4512 .. .. B9p 
7427 ... . .. 2Bp 74LS195 .115p 45 14 . .. .. . 229p 
7430 ... .. ... 14p 74LS 196 .. 95p 4515 .. .. . 229p 
7432 ... ..... 22p 74LS 197 .125p 45 16 . . . 99p 
7438 ..... ... 2Sp 74LS257 .. 99p 4520 . .. .. .. 70p 
7442 ... ... .. 48p 74LS260 .. 99p 4522 .... 129p 
7447 .. ... . SOp 74LS.273 .199p 14526 .. .. . . 125p 
7450 .... .. .. 15p 74LS367 .. 59p 4531 .... . 125p 
7451 ...... .. 15p 74LS378 .159p 4555 .. . 92p 
7470 .. . 30p 4556 .. . 69p 

•1wuf!-w W ljlr·ttt.w ~:~~ : · ~gg w~twt• :;~~ :~~~g 
- ••• ·-- _ .... ·-- 7475 .. ...... 27p 4000 .. .. .. .. 14p 4584 . .. .. .. 59p 
AA 119 ... ... 1 Op 4A 400V . 54p 74BO .. . 40p 400~ .. .. .. i:P 4585 ... ... . 99p 
BA 154 . 9p 4A 600V .. 60p 7482 ..... .. . 60P 400 .. . 69P 
BA 156 9p SA 400V .. SOp 7486 ..... ... 25p 4006 . . . p 7491 .. . ... . 63p 4007 . .... ... 16p 
IN4001 4p 6A 600V ... 66p 7492 35p 4008 . . .. . 79p 
IN4002 .. . 4p SA 400V ... S6p 7493 .. ..... 28p 4009 ...... 36p ... 1.2p 
:~:gg~ ~g ~~:~g;;v ~~g 7494 . .... . 63p 4o1o .. . 3sp 13p 

7495 . . ... . 63p 401 1 19p 20 pin . .. . 25p 
IN4006 .... . 6p 10A600V . 84p 74100 .. ... 110p 4012 16p z4 pin . . . .-30p 
IN4007 6p 15A400V . 10Bp 74107 . ... 30p 4014 .. . 59p 4opin . 40p 
IN414B 5p 15A600V . 126p 74121 . 25p 4015 .... 73p .......... ~ ... 
IS44 3p withinternal 74122 .. 36p 4016 ... . ... . 42p I:I?I IIJ"t l?! 

triggerdiac . 74123 .. ... 44p 4017 79p _v.:: u .• • .. :-~ 
4A400V .. . 66p 74145 ..... . 72p 4018 ..... . 79p 21L 02 60p 

• l·-~lllljlylliiiiW•I I64AA 460000Vv · ... 7755pp 74154 ..... . BOp 14019 45p 2114 . 300p 
74157 .... .. 60p 4020 .. 89p 4027 275p 

Leds 6A600V 90p 74161 .. . 85p 402 1 83p 4115 500p 

~~~ ~~~e~ ~~~ ~~~gg~ ··· ~~~ 4118 1250p 
125Yellow12p 10A400V . 95p 

2 Red . tOp 10A600V 100p •3iijii!M>W 
2 Green .. tOp 15A 400V . 120p SOV 100V 200V 400V 600V 1-lii •• lll,lllli.ill,lillj,..lij_. 
Displays 15A 600V 138p 1.5A 34 p 36p 38p 40p 54p 2708 . .• ?SOp 
704 110p -----I4A 40p 42p 44p 48p 64p 2716 . 1500p 
741 160p Pnces correct 6A 48p SOp 54p 60p 74p 2732 4850p 
747 160p at 11 me of going I25A 130p 140p 150p HOp 220p 
750 160p to pre ss (already modified) PHijltW 

RETAIL SHOP AND MAIL ORDER 
WE STOCK A WIDE RANGE OF 
*Semiconductors* Resistors - Capacitors * Solderi ng 
Irons & tools* VERO products * OK Machine Tool Co . 
Products* Microcomputers & Peripherals including 
Nascom, PET, Sharp. 
* Large range of Microcomputer books 

WW- 016 FOR FURTHER DETAILS 

Mk 3880 950p 
Mk 388 1 625p 
Mk 3882 625p 
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Thevnew name 
in Linear 1/Cs 

Analog Systems, the fast growing linear 1/ C company 
of Arizona whose products are available from Pascali, offer a wide 

range of high performance linear integrated circuits. 

Audio Am~lifiers and ~re-om~lifiers 

• MA 700 Hi Voltage Op Amp 
± 13V I 1-1S slew rate for 0 I P 
swings to ± 40V 
2 MHz GBW product , audio 
Sl N ratio 140 dB 

• MA 60391-80391 equivalent 
to LM 391 N-60 / 80 

• MQ 328 Voltage Variable Gain 
Block. l 00 dB dynamic range, 
2MHz B/W and 800 1-1S 
settling time 

Send for 

• 
MA 332 Audio Operational 
Amplifier 0.0002% THD, 
4nV lvHz input noise voltage, 
± 20V I 1-1S slew rate and 20V 
0/P swing into 600 ohms 

B r.INr.ILDG 
5SVSTEMS 

full product 
listings of 
Analog Systems 
exciting 
product range. 

Pascali Electronics Limited, ;~~tot'\Cs 
Hawke Hou se, Green Street , ~~ 
Sunbury-on-Thames, \be'o4! 
Middlesex TW16 6RA 
Telephone : (09327) 87418 Telex: 8814536 ------oet Stan 05-31 /BS9000/CECC approved 

WW - 033 FOR FURTHER DETAILS 

SCNICCR 

ULTRASONIC 
CLEANERS . 

SC50 

e CLEANS ELECTRONIC COMPONENTS FAST. 
e P.C.B's, WIREWOUND POTS, SW ITCHES 

RELAYS ETC. 
e RUGGED 55KHz GENERATORS AND LEAD 

ZIRCONATE TRANSDUCER. 
e SOLVENT CLEANING FLUI DS AVAILABLE. 
e UNIT ILLUSTRATED IS 2 LTR. CAPAC ITY 

(APPROX. ) AND COSTS £87. 
e FULL RANGE OF .SIZES AVAI LABLE 

INCLUDING INDUSTRIAL UNITS. 

DETAILS FROM:-

WW- 053 FOR FURTHER DETAILS 
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§ MAIL ORDER PROTECTION ... : ~ . TELEVISION 

SOUND 
IS 

GOOD! 
Yes it's true - but you ' ll need to listen through a Min im 
Television So und Tuner to be convinced . Music. wildlife , 
even the news suddenly comes to' life when you can hear all 

. the detail that you expect from High Fidelity equipment . 
Connect the Minim Televis ion Sou nd Tuner to the ampl if ier 

Jor music centre or listen directly on headphones so as not to 
disturb others . 

Further information will only cost you 1 2p - stamp out 
poor televison sound! 

_Name 

Address 

WW11 

Minim Audio Limit ed, Lent Rise Road, Burnham 
Slo ugh SL 1 7NY. Tel: Burnham 63724 

MINIM AUDIO 
make a note of our name ! · 

SCHEME 
(Limited Liability) 

If you orderfrom mail order advertisers in this magazine, except for 
classified advertisements, and pay by post in advance of delivery, 
Wireless World will consider you for compensation if the advertiser · 
should become insolvent or bankrupt, provided 

We guarantee to meet claims from readers made m accordance 
with the above procedure as soon. as possible after the advertiser: 
has been declared bankrupt or insolvent up to a limi.t of £3,550 per 
annum for any one advertiser so affected and up to £10,000 per . 

' =-- annum m respect of all insolvent advertisers. Claims may be paid · 
for higher amounts, or when the above procedure has not been 
complied with, at the discret ion of Wireless World ; but we do not 

_ guarantee to do so in view of the need to set some lim it to this 
• . commitment and to learn quickly of readers' difficulties . 

This guarantee covers only advanced payments sent in direct 
response to an advertisement in th is magazine (not, for example, 
payments made in response to catalogues, etc ., received as a result 
of answering such advertisements) . Personal advertisements are 
excluded . 

=· 
:'IIIIIIIIIII I III II IIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIIII IIIIIII IIIIIIIIIIIIIIIIIIIII,E' 

80 COLUMN HIGH PERFORMANCE 
IMPACT PRINTER 

Compukit ~~s~hRivEs 
. ~ j;?_ ---. . with up to 32k RAM expansion 

·suitable for most Micros. 
JUST LOOK AT THESE STANDARD FEATURES:- ~~~,. ~f.~·-. 

*RS-232, 20mA, IEEE 488 and Centronics 1/0 
*15 Baud rates to 9,600 * 100 Chrs. per second
Bidirectional * 6 print densities 60, 72, 80, 96, 
120 or 132 Chr/line *Self test switch * 96 Chrs. 
ASC II Standard * Auxif/iary User Defined Ch. 
set "' Tractor and fast paper feed/graphics 
* 2k Buffer * Accepts 8~" max. paper pressure 
feed and 9~" max. paper tractor feed. 

EXATRoN Stringy Ploppy Ohio SupfZtboatd II & ChallfZngfZI liP with FREE RAM 

* Ready Built *Bk Microsoft in ROM, 6 digit floating 
point basic plus full features. 4k RAM- expandable to 32k COMBI NES ECONOMY OF CASSETTE 

WITH SPEED & RELIABI LITY OF DISC 

16k loads in approx. 24 sees. - Wafers to · 
75ft (48k approx.l 

SUPERBOARD II (24x24 format) £159 +VAT 

SUPERBOARD II (48x32 format) £199 +VAT 

POWER SUPPLY 5v.3A. . £27 +VAT 

CASE . £29 +VAT 

CHAL LENGER 1P (24x24 format)'£219 +VAT 

CHALLENGER 1 P (48x32 format) £259+ VAT 
(Superboard is used in Challenger) 

WW- 076 FOR FURTHER DET AILS 
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QUALITY REEL TO 
REEL & CASSETTE TAPE HEADS+ MECHANISMS 

REMOTE OPERATION TAPE 
TRANSPORT MECHANISM 

FOR DIGITAL OR AUDIO. 

THIS BRITISH MADE CASSETTE 
TRANSPORT HAS GIVEN 

INDUSTRY A GREAT COST 
SAVINGS OVER 
COMPARABLE FOREIGN 

IMPORTS AND IS NOW BEING 
MADE GENERALLY AVAILABLE. 

FULLY REMOTE OPERATION . 

WRITE NOW FOR FULL DETAILS 
BASIC PRICE £86 .25 INC. VAT 

POPULAR UNIVERSAL CASSETTE TAPE HEADS 

812·01 Mono Playback ...... ............ .. . £1.89 C42RPH04 Stereo GLASS FERRITE RIP .... £11.60 
812-02 Mono Record/Playback ......... £4.02 C42RPS18 Stereo TWIN GAP R+P ............... £25.21 
824-01 Stereo Playback ..................... £3.30 . E 12-09 Mono/stereo erase ............................ £ 1.85 
824-02 Stereo Record/Pibk ............... £6.66 822-02 Twin Y,track R/P ........................... . £ 5.97 
824-07 Stereo RIP, (Dolby Stsm) ...... £7.87 C44RPH03 Quad Y.track R/P ....................... £13.17 
C42RPH20 Stereo SEN DUST RIP .... £9.28 C44RP2ES01 Ouad Y. track comhined 
C42RP1 ES01 Stereo combined RIP+ Erase ............................ £26.45 

R/P + Erase. ...... .... .... £10.93 C22 ES02 Twin half track erase .................... £ 4. 72 

WW- 047 FOR FURTHER DETAILS 
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METER PROBLEMS? 

13 7 Standard Ranges in a variety 0 f 
s1zes and stylings ava1lable for 1 0-14 
days delivery Othe.r Ranges and 
spec1al scales can be rnade to order . 

Fu II Information from: 

HARRIS ELECTRONICS (London) 
138 GRAYS INN ROAD, W.C.l 

Phone: 01/8'37/7937 

WW- 054 FOR FURTHER DETAILS 

WIRELESS WORLD NOVEMBER 1980 

SINE WAVE INVERTERS 
-FROM CARACAL 

200 to 1000VA 

DC Input: 
12, 24or48 V 

AC Output: 
220/240 V or 
110/120V 
50/60Hz 

Caracal sine wave inve'1d' :, re design ee! to replace older tuned-type 
inverters in fixed . m o:. ,:. ··" marm E- . . ,J They are also used for 
standby AC power for ~· · . .> uters . cor•l, ,Hmications and many other 
applications. 

Our technical specification and competitive pricing offer without 
doubt the best value or. th£ market 

e Very stable output,voltc.g;;: (:t2%) and frequency (10.3 Hz) 
under all load I b8ttery conditions. 

e High efficiency throughout the load range, not just at full 
load - resulting in lower battery size and cost. 

e Very low distonion sine wave- only 3% T.H.D. · 
e Low idling/no-load input current. 
e Automatic "standby" operation available. 
e Comparatively low weight. 

CARACAL POWER PRODUCTS LTD. 
42-44 SHORTMEAD ST., BIGGLESWADE 
BEDFORDSHIRE. TEL: 0767-81361. 

LEADERS IN LOW-POWER 
INVERTER TECHNOLOGY 

.... -•MORE SPEC. FOR YOUR MONEY--..... 

TYPE 747 UNIVERSAL COUNTER TIMER 

DC to 150M Hz 8 DIGITS, 3 CHANNELS 

MEASURES-

FREOUENCY Ch A and Ch C 

PERIOD Ch A 

TIME :!: Ch A to ± Ch B 
PULSE WIDTH Ch A +or-
COUNT Ch A (may be gated 

and reset by B & C) 
£175 

AVERAGES 1 to 1000 events & 3.50 carriage, ins. etc. 

TYPE 745 COUNTER TIMER 
DC to 32MHz 

MEASURES-

FREOUENCY 

PERIOD 

TIME 

5 DIGITS 

~:·' ·"' , COUNT 

, . £116.38 6 G~TE TIMES/ TIME UNITS 

& £3 carriage. ins. etc. 10 ~s to 1S 

TYPE 746 AUTORANGING FREQUENCY METER £84.88 
1Hz to 99.91(Hz 

TYPE 615 OFF-AIR STANDARD £97.13 
10MHz, 1MHz and 100KHz 

OMB ELECTRONICS, RIVERSIDE, EYNSFORD, KENT OM OAE 

Tel. Farningham (0322) 863567 

Prices. which are CWO and ex- VAT, are correct at the time of going 

to press and are subject to change without notice. 

~--FROM OMB ELECTRONICS--~ 
WW- 031 FOR FURTHER DETAILS 

COMPUTERS AUDIO RADIO MUSIC LOGIC TEST GEAR CB GAMES KITS 

-~~~~[ffilfj .. ·~ m •v-\r •• . ~~. ~'. . ._. . . 
~ ~ . : .. : : : -~ 

~II: {OJ: . [ffil·~· ~: . : ~ . ~ . . . . . ' u . . . . . . . . . . 

26th Nov - WEDNESDAY - 10am-6pm 
27th Nov- THURSDAY- 10am-8pm' 
28th Nov - FRIDAY - 10am-6pm 
29th Nov- SATURDAY- 10am-6pm 
30th Nov- SUNDAY- 10am-4pm 

COMPONENTS DEMONSTRATIONS SPECIAL OFFERS MAGAZINES BOOKS 

Royal HorticultUral Halls Elverton Street 
Westminster ·London SWl 
November 26-30 1980 
It's all at Breadboard '80 
This is the exhibition for the electronics enthusiast. From 
November 26 -30 there is only one place in the universe for the 
electronics enthusiast to be - Breadboard '80, at the Royal 
Horticultural Hall in London. The majority of leading companies will 
be_ exhibiting, including all the top monthly magazines in the field. 
There will be demonstrations on most stands and many feature 
special offers that are EXCLUSIVE to Breadboard! 

All aspects of this fascinating field are catered for, from CB to 
home computing, so whether you want to buy a soldering iron or a 
synthesiser - or just keep up to date with your hobby - don't 
miss Breadboard '80. 

r-------------AVOID QUEUES -GET ADVANCE TICKETS 
I Send to: Advance Tickets, Modmags Ltd, 

I 145 Char ing Cross Rd, London WC2H OEE 

1 Pleasesend: ..................... tickets@ £1.50 

I .. .......... tickets@ £1.00 (Student/Child/GAP) 

I 
I TO: .. '' .. ''''' ............................... . 

I I ......................................... ·-· ... . 

I ....................... ·.· ..................... . 
I I ....... ............ ·.· ......................... . 

I ................................... ........... . 
I 
ll'enclose P.O./Cheq~e for£ ..... , .............. . 

www.americanradiohistory.com
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I-IA~EEi 
OSCILLOSCOPES 

TOP PERFORMANCE, 
QUALITY AND VALUE 

HM812 £1,458 

Dual Trace as per HM 512 plus 
Storage, Automatic Storage and 
Variable Persistence 

For 
FULL DETAILS and 
DISTRIBUTOR LIST 
contact: 

HM 307 .. . .. £149 
Single Trace DC-1OM Hz 
Plus Built-in Component 
Tester 

Prices U.K. 
List Ex. VAT 

HAMEG LTD. 
74-78 Collingdon St. 
Luton, Beds LU1 1 RX 
Tel: (0582) 413174 

WIRELESS WORLD NOVEMBER 1980 

A choice of three power drills 
that fit snugly in the hand, so 
light they enable you to carry out 
the most intricate tasks 
drilling, shaping, cutting, pol,ish
ing etc in the minimum of time. 
There are two types of drill stand, 
S1 for P1 drill, S2 for all drills, 
plus all the necessary acces
sories in a remarkable range 
that fills every need. Fully illus

~ ~ trated literature is available and 
~~willbe 

gladly sent upon receipt of 
9" x 4" stamped addressed 
envelope. 
See them on STAND No. 87 
MODEL ENGINEER EXHIBITION 

WembleyJan.1 to 10,1981 

n-IRULINE®WATIMETER 
0.45-2300 MHz/0.1-10,000watts 

The Standard of the Industry 
What mor.e need we say. 

Exclus ive UK representative 

aspen electronics limited 

2 KILDARE CLOSE, EASTCOTE, MIDDX. HA4 9UR 
TELEPHONE: 01-868 1188- TELEX 8812727 

WW- 050 FOR FURTHER DETAILS 
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AND THERE'S MORE WHERE THIS CAME FROM 
It's a long t ime since one of our adverts was presented in 'list' form · but simply because we do not try to squeeze this lot in every time 
doesn't mean that it's not available. Our new style price list {now some 40 pages long) includes all this and more, including quantity prices 
and a brief description. The kits, modu les and specialized R F components · such as TOKO coils, filters etc. are covered in the general price . 
list . so send now for a free copy {with an SAE please). Part 4 of the catalogue is due out now (incorporating a revised version of pt.1 ). 

TBA120S 1.00 
L200 1 . 9S 
U2378 1.28 
U247B 1 .28 
U257B 1.28 
U267B 1.28 
l..M301H 0.67 
I..M301N 0.30 
l..M308H 0.96 
LM308N 0.65 
l..M339N 0.66 
LM348N 1 . 86 
LF351N 0.38 
LF353N 0.76 
LM374N 3. 75 
l..M380N-14 1.00 
l..M380N-8 1.00 
I..M381N 1.81 
ZN4l9CE 1 . 95 
NE544N 1.80 
NESSSN 0.30 
NE556N 0.50 
NE560N 3.SO 
NE562N 4.05 
NE564N 4.29 
NE565N 1.00 
NE566N 1.60 
NE570N 3 . 8S 
SL624 3 . 28 
TBA651 1.81 
uA7090C 0.64 
LIA709PC 0.36 
uA7lOOC 0 . 6S 
uA710PC O. S9 
LIA741CH 0.66 
LIA741CN 0 . 27 
LIA747CN O. 70 
uA748<N 0 . 36 
uA753 . 2 .44 
uA758 2. 35 
TBA810AS 1.09 
TBA820M 0. 75 
TCA940E 1.80 
TIYI.l028 2.11 
TIYI.l029 2.11 
Tlll\1054 1.45 
TIYI.1062 1.95 
T!Al072 2 ~69 

TIYI.1074A 5.04 
TIYI.l083 1.95 
TIYI.l090 3.0S 
l:iA1137 1.20 
HA1196 2.00 
HA1197 1.00 
TIYI.l220 1.40 
rnl3o3 o.99 
LM1307 1.55 
MC1310P 1.90 
MC1330 1.20 
MC1350 1 . 20 
HA1370 1.90 
HA1388 2 . 75 
TIYI.l490 1 . 86 
MC1496P 1.25 
SL1610P 1.60 
SLl6llP 1.60 , 
SL1612P 1 . 60 
SLl613P 1.89 
SL1620P 2.17 
SLl62lP 2.17 
SL1623P 2.24 
SL624C 3.28 
SL1625P 2.17 
SL1626P 2.44 
SL1630P 1.6).-' 
SL1640P 1•'89 
SL1641P 1.89 
TIYI.2002 1.25 

/ TIYI.2020 3.00 
' ULN2242A 3.0S 

ULN2283B 1.00 
CA3080E 0. 70 
CA3089E 1.84 
CA3090AQ 3.35 
CA3123E 1.40 
CA3130E 0.80 
CA3130T 0 . 90 
CA3140E 0 .46 
CA3189E 2.20 
MC3357P 2.35 
L'13900N 0 . 60 
l..M3909N 0.68 
U~3914N 2.80 
LM3915N 2.80 

.K84400 0 . 80 
K84406 0.60 
KB4412 1.95 

K84413 1.95 
K84417 1.80 
TIYI.4420 2.2S 
K844208 1.09 
KB4423 2.30 
K84424 1.65 
K84431 1.9S 
K84432 1 . 9S 
K84433 1.52 
K84436 2.53 
K84437 1.75 

, K84438 2 . 22 
KB4441 1.35 
KB4445 1.29 
K84446 2 . 7S 
KB4448 1.65 
NE5044N 2.26 
NE5532N 1.85 
S!XiOOO 3.75 
SL6270 2.03 
SL6310 2.03 
SL6600 3.7S 
SL6640 2. 75 
SL6690 3.20 
SL6700 2.35 
ICL8038CC 4 . SO 
MSL9362 1.75 
MSL9363 1 . 7S 
HA11211 1.95 
HA11223 2.15 
HA11225 1.4S 
HA12002 1.45 
HA12017 0 . 80 
HA12402 1.95 
HA12411 1 . 20 
HA12412 1.55 
LF13741 0 . 33 
SN766~0N 0.80 

FREOU!'NCY DISPLAY 

~~~~!E~~~~~I~--
sAAl 056 3. 7S 
SAA1058 3.35 
SM1059 3.35 
llC90DC 14 .00 
LN1232 19. 00 
LN1242 19.00 
MSL2318 3.84 
Ms-15523 11.30 
Ms-15524 11 . 30 
Ms-15525 7 .as 
Ms-15526 7 . 85 
Ms-15527 9.75 
Ms-155271 9 . 7S 
ICM7106CP 9.55 
ICM7107CP 9.55 
ICM72168 19.25 
ICM7217A 9.50 
SP8629 . 3.85 
SP8647 6 . 00 
95H90PC 6.00 
HD10551 2.45 
HD44015 4.45 
HD12009 6.00 
HD44 752 8 . 00 

4001 
4000 
4002 
4008 
4009 
40108 
4011AE 
40118 
4012 
4013 
4015 
4016 
4017 
4019 
40208 
4021 
4022 
4023 
4024 
4025 
4026 
4028 
4029 
4030 
40 35 
4040 
4042 

0.17 
0.17 
0.23 
0.80 
0.58 
0.58 
0.20 
0.20 
o.ss 
0 . 55 
0.95 
0.5:! 
0.80 
0.60 
0.93 
0.82 
0.90 
0.17 
0.76 
0.17 
1.80 
0.72 
1.00 
0 . 58 
1.20 
0.83 
0 .85 

7400N 
74LSOO 
7401N 
74LS01 
7402N 
74LS02 
7403N 
74LS03 
7404N 
74LS04 
7405N 
74LS05 
7406N 
7407N 
7408N 
74LS08 
7409N 
74LS09 
7410N 
74LS10 
7411N 
74LSll 
741;N 
7413N 
7414N 
74LS15 
7416N 
7417N 
7420N 
74LS20 
7421N 
74LS21 
7423N 
7425N 
7427N 
74LS27 
7428N 
74LS28 
7430N 
74LS30 
743;N 
74LS32 
7437N 
7438N 
74LS38 
7440N 
74LS40 
7441N 
744;N 
74LS42 

0.13 
0.20 
0.13 
0.20 
0.14 
0.20 
0.14 
0.20 
0 . 14 
0.24 
0.18 
0 . 26 
0.28 
0.38 
0.17 
0.24 
0.17 
0.24 
0.15 
0.24 
0.20 
0.24 
0.17 
0.30 
0.51 
0.24 
0.30 
0.30 
0.16 
0 . 24 
0.29 
0.24 
0.27 
0 . 27 
0.27 
0.44 
0.35 
0.32 
0.17 
0.24 
0.25 
0.24 
0.40 
0.33 
0 . 24 
0.17 
0.24 
0.74 
0.70 
0 . 99 

0.85 
0.80 
1.30 
0.99 
0.52 
0.55 
0.65 
0 .65 
0.6S 
1.09 
O.S6 
0.25 
0.20 
0.20 
0.20 
0.20 
0.20 
0.20 
0.90 
0.20 
0.20 
0.20 
0 . 78 
0.95 
0.69 
0 . 51 
0.99 
1.49 
0.98 
2.55 
1.03 
1.09 
2.36 
1.49 
1.41 
1.10 
3.50 
1.53 
2.18 

4043 
4044 
4046 
4047 
4049 
4050 
4051 
4052 
4053 
4063 
4066 
4068 
4069 
4070 
4071 
4072 
4073 
4075 
4076 
4077 
4078 
4082 
4093 
4175 
4503 
4506 
4510 
4511 
4512 
4514 
4518 
4520 
4521 
4522 
4529 
4539 
4549 
4554 
4560 
4566 
4568 
4569 
4572 
4585 

• 1.59 
2.18 
3.03 
0.30 
1.10 

7443N 1.15 
7444N 1.12 
7445N 0.94 
7446N 0.94 
74LS47 0.89 
7448N 0.56 
74LS48 0.99 
74LS49 0.99 
7451N 0.17 
74LS5l 0.24 
7453N 0.17 
7454N 0.17 
74LS54 0.24 
74LS55 0.24 
7460N 0.17 
74LS63 1.24 
7470N 0.28 
7472N U.21! 
7473N 0.32 
74LS73 0 . 38 
7474N . 0.27 
74LS74 0.28 
7475N 0.38 
7476N 0.37 
74LS76 0.38 
74LS78 0.38 
7480N 0.48 
7481N 0.86 
7482N 0.69 
7485N 1.04 
74LS85 0.99 
74LS86 0.40 
7489N 2.05 
7490N 0.33 
74LS90 0.90 
7491N 0.76 
74LS91 1.10 
7492N 0.38 
74LS92 0.78 
7493N 0.32 
74LS93 0.99 
7494N 0.78 
7495N 0.65 
74LS95 1.14 
1496N 0.58 
74LS96 1.20 
7497N 1.85 
74LS107 0.38 
74109N 0.63 
74LS109 0.70 
74110N 0.54 
74111N 0.68 

74LS112 0.38 
74LS113 0.38 
74LS114 0.38 
74118N 0 . 83 
74120N 1.15 
74121N 0.42 
74122N 0.46 
74123N 0.73 
74I.Sl24 1.75 
74125N 0.38 
74LS125 0.44 
74126N 0.57 
7 4LS126 0 .44 
74128N 0.74 
74132N 0.73 
74I.Sl32 0.78 
74LS136 0.40 
74LS138 0 . 60 
74141N O.S6 
74l42N 2.65 
74143N 3.12 
74144N 3.12 
74LS145 0.97 
74147N 1. 75 
74148N 1.09 
74LS148 1.19 
74150N 0.99 
74151N o.ss 
74LS151 0.84 
74153N 0.64 
74LS153 0.54 
74154N 0.96 
74155N O.S4 
74LS155 1.10 
74156N 0.80 
74157N 0.67 
74LSlS7 o.ss 
74LS158 0.60 
74159N 2.10 
74160N 0.82 
74LS160 1.30 
74161N 0 . 92 
7 4LS161 0. 78 
74LS162 1.30 
74163N 0.92 
74LS163 0.78 
74164N 1.04 
74LS164 1.30 
74165N 1.05 
74LS165 1.04 
74167N 2.SO 

74LS169 2.00 
74170N 2.30 
74LS170 2.00 
74LS174 1.20 
74175N 0.87 
74LS175 1.10 
74176N 0 . 75 
74177N 0.78 
74181N 1.65 
7 4LS181 3 .so 
74I.Sl83 2 . 10 
74184N 1.35 
74185N 1.34 
7 4LS190 0.92 
74192N 1 . 05 
7 4LS192 1.80 
74193N 1.05 
74LS193 1.80 
74194N 1.05 
74196N 0.99 
74LS196 1.10 
74LS197 1 .10 
74198N 1.50 
74199N 1.60 
74LS247 0.93 
74LS257 1.08 
7 4LS260 1.53 
74LS279 0.52 
74LS283 1.20 
74LS293 0.95 
74LS365 0.49 
74LS366 0 .49 
74LS367 0 .43 
74LS368 0.49 
74LS374 1.80 
74LS377 1.95 
74LS379 1.30 
74LS393 1.40 

y~~!5=~.!' 
TUNING DIODES 
-sAici2-o:-30--

BA12l 0.30 
ITT210 0.30 
882048 0.36 
881058 0.36 
88109 0.27 
MVM125 l.OS 
88212 1 .95 
KV1210 2.45 
KV1211 1.75 

. KV1226 1.95 
KV1225 2.75 
KV1215 2.SS 
KV1225 2.7S 

SWITCHING AND i>iN-Diooes __ _ 
SHOTTKY-DIODES 

-lN6263o:6T-~-
BA182 0.19 
BA244 0.17 
BA379 0.3S 
'IDM061 0.95 

~!.§~~!-.P.!QQ~~ 
!!!..!1.5i=!!.f.!~I!S 

1N4148 0.06 
1N4001 0.06 
1N4002 0.07 
1N5402 0.15 
OA91 0.07 
AA112 0 . 2S 
8RIDG:S: 
lA/50V 0 . 35 
6A/200V 0.7~ 

TOKO COILS AND FILTERS 
SEE THE EXTENSIVE SECTION 
IN OUR NEW PRICE LISTS AND 
CATALOGUE 

LF/HF FIXED INDUCTORS =FuCCe12RANGE ___ _ 
7BA series luH-lmH 0 .16 
8RB series 
100uH-33mH 
lORB series 
33mH-12~ 
1 ORBII series 
12~-l.5H 

0.19 

0.33 

o.ss 

PIEZO SCXJNIER 
PB2720 

CRYSTAL FILTER PRODUCTS LEOs 

0.44 YQ~I~~~~~~~~~~~ 

78series 0.95 
79series 1.00 
78Mseries 0.65 
78Lseries 0.35 

-1a.7MHi-2ffiLE:-iYPF.S:___ 5MM Rill o.12 
10Ml5A 15KHZ Btl 2.49 3MM RID CLEAR O. lS 

79Ul5 0.85 
781-UI'2C 1. 75 
79MGI'2C 1.75 
723<N 0.65 
L200 1.95 
TIYI.l412 0.75 
NE5553N 1.25 
l..M317!-1P 1.48 
LM337MP 1.48 

~!.~1!_0_~~'!.~1§! 

8080.V2 .., .so 
8212 2.30 
8214 3.50 
8216 1.95 
8224 3.50 
8251 6.25 
8255 5.40 

6800P 
6810 
6820 
6850 
6852 

MC2708 
2114 
4027 
2102 
2112 
2513 
HM4716 
8lLS97 

7.5Q 
5.95 
7.45 
4.90 
4.85 

7.SO 
6.50 
5.78 
1.70 
3.40 
7 . 54 
4.SO 
1.25 

10.7MHZ 8 IDLE 'IYP£S: 3MM RED 0.15 
lOM4Bl 15kHz Btl 14.SO 2.5 X 5MM RED 0.17 
H4402 7. 5KHZ Btl 1S.50 SMM GREEN O.lS 
10M22D 2.4KHZ SSB 17.20 3MM Gl CLEAR 0.16 
HF FIRST FILTER: 3MM GREEN 0.16 
834F8A 34.5MHz HF 32 . 00 2.5 X 5MM Gl 0 . 20 

SMM YELI..CW 0.15 

!!~Q!_O_£Q!~.~f!.~~£1!~~~_!.~ ~: ~t~ CL g:~: 
(N:> splits available) 2 •5 x 5MM YE 0.20 
AM TX:- 5MM ORANGERID 0.20 
3rd OT ' JOpF OC25U 1.65 SMM ORA CL 0.29 
AM/FM RX:- 3MM ORANGE RID 0 .19 
3rd OT 30pF OC25U 1.65 2.5 X SMM ORA 0.24 
FM TX :- SMM INFRA RED 0 . 56 
Fund 20pF OC25U 1.8S 8PW41 IR lET 1.51 
Pairs FM 3.25 IR OPT CPLR 1 .44 
Pairs AM 3.10 SMM CLIP 0.04 

CRYSTALS 
-32:76TkHz 2 . 70 

100kHZ 3.8S 
455kHZ 5.00 
l.OMHz 3.00 
3 .2768MHz ·2. 70 
4 .OOOMHz 2.00 
4 .19439MHz 2.30 
6. 5536MHz 2.10 
10.0MHz 2.50 
10.6985MHz 2.50 
10. 7015MHz 2.50 
10. 245MHz 2.50 
10. 7MHz 3 . 00 
ll.52MHz 2.SO 
lOOM!Iz • 3.00 

!::.~~ 
3.5 digit 
4 digit 
5 digit 

9.45 I 
8.95 
8.95 

SCHOI'IKY DIODE BI\L 
MIXERS (S8L1=MD108) 
S8Ll l-500MHz 4.25 
SBLl-8 .l-200MHZ 4.5S 
SBLl-X 10-lOOOMHZ S. 75 
SRAl • 5-500MHZ 8 .45 
SRAl-1 .l-500M!Iz 9.25 
SRAlH .5-500MHz 13.35 
SRA3 • 025-200MHz 10.25 

!I!~~~~!.Q.I!~ 
~~Q!._O_!!~'{Ii=E§. 
8C237 o.o8 
8C238 0.08 
8C239 0 . 08 
BC307 0.08 
BC308 0.08 
BC309 0.08 
8C413 0.10 
8C414 0 . 11 
BC415 0.07 
BC416 0.08 
BC546 0.12 
BC556 0.12 
BCS.SO 0.12 
BC560 0.).2 
BC639 0.22 
BC640 0 . 23 
2SC1775 0 .18 
2SA872A 0 . 14 
2SD666A 0 .30 
2SB646A 0 . 30 
2SD6681'. 0.40 
2SB6481'. 0.40 
2SD760 . 0 .4S 
258720 0.4S 
2SC2546 0 . 19 
2SIU084 0 . 20 
2SC2547 0.19 
2SIU085 0.20 

~~Q!_O_~~~~R 

2S8753 2.34 
288723 2.34 
2SK133 3.00 
2SJ 48 3.00 
2SK134 3.10 
2SK135 3 . 75 
2SJ 50 3.7S 
80535 O. S2 
80536 O.S2 
80377 0.33 
80378 0.33 
80165 0.30 
80166 0.31 

~~!::.1:. ~!.§~!-! 
~~.!>E.Y!.~E§ 
8Fl94 0.18 
BF195 0.18 
8F224 0 . 22 
8F241 0.18 
8F274 0.18 
8F44Q 0 . 21 
8F441 0.21 
8F362 0.49 
8F395 0.18 
BF479 0.66 
8F679S O.S5 
8FR91 1.33 
8FW92 0.60 
8FT95 0.99 
8FY90 0.90 
40238 0.85 
RF POWER 

~~~@:§~-
\IN66AF 0.9S 
2N3866 0.8S 

SMALL SIGNAL 

~t£!!~:9~£!!. 
BF256 0.38 
2SK55 0.28 
2SK168 0.35 
J310 0.69 
Jl76 0 . 65 
40823 0.65 
40673 3SK51 
3SK45 0. 49 
3SK51 O.S4 
3SK60 O.S8 
MEM680 0.7S 
8F961 0 . 70 
8F960 1.24 
3SK48 1.64 

-'=~g.M~!:!~!!! 
CM161. 
Miniature c lock , 
12/24 hr. , alarm, 
day, date , 
backlight. 
All for ...... 9 .95 

CAPACITORS 
All Smm or less spacing 

CEI<AMIC ~Ov 
21'2, JVJ,4P7 ,&PEl 
8P2 ,lOP ,l5P, l8P •• 0.04 
22P ,27P ,3 3P ,4 7P 
56P ,68P ,82P ,lOOP .0.05 
1SOP,220P,270P 
330P, 390P ,470P ••• 0.055 
lNO, 2N2, 3N3 ,4N7 •• 0.06 
lON (O.OluF) .... 0.05 
22N,47N •••••••••• 0.06 
lOON,220N •••••••• 0.09 
M:JolOLITHIC CERAMIC 
lON,lOON., ••••••• 0.16 

FEEPI'HRJ 
lNO SOWER IN .•.• 0.09 

POLYESTER (SIEMENS) 
lOnrn LEAD SPACit-K; 
10N,22N,33N •• • ••• 0.17 
47N,68N,lOON ••••• 0.19 
220N,470N •••••••• 0.22 
luF .............. 0.29 

POLYESTER (GENERAL) 
lOnrn LEAD SPACING 
10N,l5N, 22N, 33N •• 0.06 
47N,68N,lOON ••••• 0.08 
220N ••••••••••••• 0.11 
2t:mn LEAD SPACING 
220N,330N ,470N ••• 0.18 

MYlAR 
5rmn LEAD SPACING 
lNO,lON,22N ,33N •• 0.08 
lOON •••••••••••.• 0.09 
2(k(ro LEAD SPACING 
22rn,470N ••••.•• 0.17 

POLYSTYRENE 
lOP ,15P ,l8P ,22P, 
27P ,47P ,56P ,68P •• 0.08 
lOOP,l80P,220P, 
270P,330P ,390P ••• 0.09 
4 70P ,680P ,820P ••• 0.10 
lNO ,lN2,1NS,lN8 •• 0.11 
2N2,2N7 ,3N3,3N9 •• ().12 
4N7 ,5N6,6N8,10N •• 0.13 
TANTALll1 BEAD CAPS 
16v: 0.22,0.33, 
0.68,1.0 ••••••••• 0.18 
16v: 2.2,4. 7 ,10 •• 0.19 
6v3: 22,47 ••••••• 0.30 
lOv: 22,100 ...... 0.35 . 

ALUM IN ELECTROL YTICS 
RADIAL (VERT. MOUNTI 
(uP/voltage) 
l/63,2.2/50,4. 7/35 
10/16,15/16,22/10 
_33/6.3 ••••••••••• o.o8 
22/16,33/10, 
47/10 •••••••• , ••• 0.09 
10/63,22/50,33/50, 
47/16,100/16 ••••• 0.10 
47/63,100/25,220/16 
470/6.3 ••.••••••• 0.12 
100/63 ,4 70/16, 
1000/10 ••• ••••••• 0.18 
1000/16,4 70/63 ••• o .23 
1000/63,2200/16 •• 0.30 
3 300/25 •••••••••• 0.69 
1000/100 ••••••••• 0.88 
10000/70 •.••••••. 3.00 

AXIAL (HORIZ. MJUNT) 
l/25,4. 7/16,6.4/25 
10/16 •••••••••••• 0.08 
4 . 7/63,22/10,22/16 
33/16 ............ 0.09 
47/25,100/16 •.••• 0.10 
100/25 ••••••••••• 0.11 
1000/16 ••.•••...• 0.25 
2200/16,1000/25 •• 0.36 
1000/35 ,4'700/16 •. 0.45 
1000/50 ••••• •• ••• 0.58 

RESISTORS 
0. 25W, 5% El2 CAR.OC.N 
lohm-10M •.•.•.•• • 0.02 
0 .25W l% El2 METAL FIL'l 
l.lohm-lM ..... ... 0.05 

HORIZ CAROON PRESETS 
lOrrln TYPE 
100ohms-2M5 •••••• 0.12 
HORIZ CERMET PRESETS 
lk, lOk ••••••.••• 0.27 

PRICES EXCLUDE VAT - PLEASE ADD 15%* 
Postage 35p per order. CWO please. (*UK only) 

CWO PLEASE : Commercial MA terms on application. 
Goods are offered subject to availability, prices subject 
to change · so please phone an<j check if in doubt. 

WW--mJ FOR F1JR1HER DETAilS 
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Edicron 
Edicron Ltd., Redan House, Redan Place, London W2 4SA 
Telephone:01 -221 4717 Telex:265531 

TV tube guns • Valves • Tubes • Germanium and Silicon Semi-conductors 
WW-060 FOR FURTHER DETAILS 

Practical Comp~-tting 
tells you how to find out ... 
The November issue, available from leading newsagents, contains a 
program based on the computer model which gave rise to the Club of 
Rome's famous "Limits to Growth" report In the early 70s. So if you 
want to model the world economy on a microcomputer and find out 
when the oil will run out, buy Practical Computing. 

Also in this issue: 

Reviews of the 5120 , IBM's bid for the microcomputer 
market, and the Acorn Atom, a £150 micro with high 
resolution colour graphics facilities. 
And on the software side, a review of muSimp- a 
package that does algebra trigonometry and calculus , and a 
description of a program for controlling model trains . 

All this , plus a Software Buyers Guide and our regular 
advice columns for users of Pet, Apple and Tandy micros for 
only 60p. From your newsagents or post this coupon now. 

Out October 22nd. 

•...... --~ I To: Marketing Services Department, Room 316, I 
IPC Electrical Elect rQnic Press Ltd., Quadrant House, 

I The Quadrant, Sutton, Surrey SM2 SAS. Please post me I 1 a copy of Practical Computing every month for a year .. 1· 
I 

I enclose cheque/p.o . for £8 (inc) payable to 
IPC Business Press Ltd . I 

I NAME I 
I ADDRESS I 
I --- ----------- I 
I -------- ----------- - ----- --- -- -WW/3 I ----------------................ .. 

WIRELESS WORLD NOVEMBER 1980 

.· verowrap IT's NEW 
IT's BRITISH AND ... ITS CHEAPER 

Vero Systems have developed two new British made wire 
wrapping tools for the electronics industry. 

The 'Hobby' is designed to offer the newcomer wire 
wrapping at a reasonable price. Complete with wire 

wrapping bit suitable for 30AWG wire and any mini·wrap 
terminal. Ideal for low volume users. 

The '~ero~rap' is fit ted with a chuck which will accept any 
wrapp1!1g b1~s and sleeves, making it adaptable for different 

termmal s1zes where 30AWG and 26AWG wire is in use. 
• Both tools incorporate 

a power unwrap 
facility operated 

by the flick of a switCh. 
The high capacity nickel cadmium 

batteries are charged in situ by use 
of a plug-in 

charger . 

VERO SYSTEMS (ELECTRONIC) LIMITED 
362 Spring Rd. Sholing, Southampton, Hants. S09 5QJ 

· Telephone: (0703) 440611 Telex: 477164 

WW- 072 FOR FURTHER DETAILS 

No othe r cleaner has all these advantages:-
1. Only 100% pure. natural diamond grains are uti lised. 

· 2. Blades are treated with hard chrome to reinforce the setting of the diamond grains. to 
o~vtate loosentng or breakaway during use. Th is process also prevents clogging of the 
dtamonded surface by residues resulting f rom use. 

' 3. A.ll diamondJ•d blades are rectified to ensure an absolu,tely smooth surface by eliminating . 
dtamond grams whtch may nse above the surface . This eliminates all excessive 
scratchtng dunng use . 

4 . ~~g.i~';~n~r ~~;.s are rigidly calibrated to ensure a perfectly uniform grain size of either 

5. The chrome gives a very weak co-efficient of friction and the rigidity of the nylon handle is 
calculated to permtt proper uttlisatton and yet pliant enough to avoid undue pressures on 
htghly delicate relays . · · 

• Grain size 200 .. thickness 55/ 100 mm .• both faces diamonded. For quick c leaning of industrial 
relays and swttchmg equtpment. etc. 

• Grain size 300. thickness 55/ 1 OOmm .. both faces diamonded. For smaller equipm~nts. like 
telephone relays . computer relays . etc. 

• Grain size 400 . thickness 25/ 100 mm .. one face diamonded. For sensitive relays and tiny 
~:c~~~t:h:::a~~~=~sc:~::~~efactng each other can be individually cleaned. because only one 

. Sole Distributors for the United Kingdom 
SPECIAL PRODUCTS (DISTRIBUTORS) LTD 

·81 Pi~cadilly, London W1V OHL. Phone: 01-629 9556 
As supphed to ~he. M .O.D:, U.K .A.E.A., C.E.G.B. British Rail end othe r Public Authorities; 

alao maJor ondustr~al and electronic users throu~hout t he United Kingdom . 

WW - ()67 FOR FURTHER DETAILS 

liND YOUR 
OWN 

BUSINESS 
WEDO! 

'THAT'S WHY 
WE'RE 

GOOD AT IT' 
SUPRESSOR 

DESIGN 
THAT IS 

So you do what 
you're good at 

And let us do what 
we're good _at 

SUPPRESSOR 
DESIGN 

CIRCUIT 
PROTECTION 

From our Standard 
range or design to 

your specification 
PHONE 
RICK KEENS 
RYE (079 73) 3725 
ROXBURGH 
SUPPRESSORS 
LTD. 
EAGLE ROAD, RYE 
E. SUSSEX 

WW - 084 FOR FURTHER DETAILS 
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BUILD YOUR OWN PROFESSIONAL QUALITY 
DMM AS ALREADY USED BY HUNDREDS OF 
LABORATORIES, RESEARCH UNITS, 
UNIVERSITIES ETC. THE LASCAR RANGE OF 
MUL TIMETERS IS NOW ALSO AVAILABLE IN 
KIT FORM, CONTAINING ALL PARTS NEEDED 
TO CONSTRUCT THESE SUPERBLY STYLED 
MULTIMETERS-EVEN BATIERIESAND 
TEST LEADS. BOTH TYPES FEATURE FIVE 
FUNCTIONS (AC AND DC VOLTS, AC AND 
DC CURRENT RESISTANCE) WITH ABILITY 
TO CHECK DIODES. 0.5 " LCD DISPLAY 
WITH 'BA TIERY LOW' WARNING. AUTO-POLARITY, 
AUTO-ZERO. FULL PROTECTION AGAINST 
OVERLOAQS AND TRANSIENTS, CAN WITHSTAND 
MAINS ON ANY RANGE. RUGGED ABS CASES AND A 
COMPREHENSIVE 1-YEAR WARRANTY. 

The LMM 200 has been featured as a project in the July 80 
Practical Electronics. It is a compact handheld multi meter with 
a 0.5% basic accuracy and 15 different ranges. It measures 
AC/DC voltage from 0.1 mV to 500V, AC/DC current from 0.1 p.A 
to 2 Amps and resistance from 0. H!to2 Mn. 200 hours battery life. 

The LMM 100 is suitable for field or bench use. It has a basic 
accuracy of 0.1% and 25 different ranges. It measures AC/DC 
voltage from 0.1 mV to 1 Kv, AC/DC current from 0.1 ,..,.A to 2 Amps 
and resistance from 0.1 n to 20Mft Battery life is over 2,000 hours. 
It also features a unique 'digital hold' facility and adjustable carrying 
handle. 

We also oHer a calibration service (£5.00 + VAT= £5.75) and a 
trouble-shooting and calibration service (£7.50 +VAT = £8.62). 

WIRELESS WORLD NOVEMBER .1980 

Lascar Elect ronics Ltd., Unit 1, Thomasln Road, Baslldon, 
Essex. Telephone No: Baslldon (0268) 727383. 

To: Lascar Electronics, Unit 1, Thomas in Road, Basildon, Essex. 

Please send me Data 0 LMM 200 Kit £39.04 0 LMM 100 Kit £69.80 0 
AssembleciLMM200 £47.09 0 AssembleciLMM100 £91 .13 0 

Name 

Address 

Tel No 

I 
I 
I 

1 enclose cheque/P 0 value I 
Orders !'Tl<lY be 'phoned quoting your Access or Barclaycard No . ~ ....-- ,-

._- :.t=s-te~---- _._..~ 

INSTRUMENT CASE.S 
A ND BOXES 

WW- 037 FOR FURTHER DETAILS 

Zaerix 
Elect ronics 
Limited 
46 Westbourne Grove 
London, W2 5SF 

PROFESSIONAL 
QUALITY 

Desk consoles, instrument 
cases and boxes which 
feature anodised aluminium 
extrusions and panels. with 
integral facilities to mount 
sub chassis and PCBs. 

Telex : 261 306 
Tel 01-727 5641 

WIRELESS WORLD NOVEMBER 1980 
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PRIME COMPONENTS 
_LOW PRICES --

SPECIAL OFFER! 4K CMOS RAM (1 K x 4) 450 NS 
ONLY £6.95! (8 for £45) 

The TC 5514P from Toshiba, CMOS equivalent of the 2114! 

AU our micro chips are lit micro pricea . Don't bti fooled by low price1. We do not offer for aale 

aurplua, sub-spec or re-branded devices. All our parts are guaranteed new. firat quality. 
factory prime, full apec devicH. It is our policy to offer you the beat of new devices that 

become available and these are featured regularly. Price• are eKcluaive of plltp and VAT
pluoe 111fer to "Ordering lnfonnation" befo111 ordering. Official orders from Schools, 
Collegea, Univerwitiea and Govt. Authoritiea accepted. ~ 

* Low Power Dissipation * 18 PIN Plastic Package 
* 1 OpW I BIT (TYP) @ 3.0V (STANDBY) * Full Static Operation 
* 1 OuW I BIT (TYP)@ 5.0V (OPERATING) * Three State Output 
* Data Retention Voltage 2V to 5.5V * Input/Output TTL Compatible 
* Single 5V Power Supply * Fast Access Time 450NS 

0~t5r~ i~:: ;;;;,1d~:S l~"a~i~~%Z~s ~t5c~~) ~~ aufsu:~ s~=t~ca~~:r~.~~~~;eedmpo~~~~fea;~~o~~ !~~::~~~5a~:o4a~i~S ~~~~~o~a~~~=~~r~~~~fh 

7400 11p 
7401 12p 
7402 12p 
7403 13.-
7404 ; ]p 
7-l l i9 18p 
7t 16p 
7412 18p 
7S ~ 3 28p 
7~;'!(1 16p 
7430 18p 
i J3? 25p 
744[ 16p 
7442 68p 
744B 75p 
7473 32p 
7474 32p 
747 5 40p 
747 6 40p 
7490 3Sp 
7492 SOp' 
7493 SOp 
74g6 45p 
74121 3Sp 
741 23 4Sp 
74154 90p 
741 57 SSp 
741 22 45p 
7412 5 SOp 
7419 5 100p 
74 196 100p 
742 83 140p 
7429 0 120p 
743 65 90p 
74366 90p 

~ 

:74LSOO 1Bp I 
74LS01 12p 
74 LS04 1Sp 
74LS08 20p 
74LS10 19p 
74LS 11 30p 
74LS1 2 30p 
74LS14 60p 
74LS1 5 38p 
74LS 20 19p 
74LS30 19p 
74LS32 2Sp 
74LS40 26p 
74LS42 S6p 
74LS47 78p 
74LS4B SSp 
74LS49 99p 
74LS7 3 JOp 
74LS 74 JOp 
74LS75 39p 
74LS86 39p 
74LS90 40j> 
74LS 107 40p 
74LS 123 69p 
74LS1 25 SOp 
74LS132 79p 
74LS138 69p 
74LS151 75p 
74LS 153 75p 
7i\LS1-55 6Sp 
74LS161 78p 
74LS 163 90p 
74LS164 90p 
74LS168 190p 
74LS 174 99p 
74LS175 99p 
74LS 195 87p 
74LS221 110p 
74LS244 17Sp _ 
74LS 24 E- 32Sp 
74LS251 120p 
74LS257 11 Op 
75LS290 9Sp 
74LS293 120p 
74LS 366 57p 
74LS373 170p 
74LS374 170p 
74LS 375 140p 
74LS377 188p 
74LS393 135p 
74LS490 140p 
74LS670 260p 

19p 
19p 

4(1Llli 75p 
4007 19p 
4008 SOp 
4009 35p 
401 0 4Sp 
4011 20p 
4012 24p 
4013 38p 
4014 70p 
401 5 75p 
4016 35p 
4017 60p 
4018 76p 
40 19 . 42p 
402() 88p 
402 1 100p 
402? 88p 
4023 22p 
4024 SOp 
40 25 20p 
40 26 130p 
4027 4Sp 
40?8 75p 
4029 SOp 
4030 SOp 
403 1 19Sp 
4033 14Sp 
4035 104p 
4036 290p 
4037 10Sp 
4038 110p 
4039 290p 

4040 99p 
4041 75p 
4042 73p 
4043 86p 
404 4 88p 
404 o 160p 
404 7 99p 
404 8 56p 
40/'l 38p 
4050 40p 
Jll·· -, gp 

: .... ~- ·; .·1 

.J;,.':, _i ; ' Jp 
4 0 ~1 .-: 1 11p 
40 ~1 ~~ 121p 
40:l h 121p 
40 59 560p 
4060 112p 
4063 112p 
4066 SSp 
40 67 422p 
4068 19p 
406~ 19p 
40 / (1 28p 
40 11 25p 
407) 25p 
40 7,-. 20p 
4 0 7f\ 88p 
4077 23p 
ll! ,. 29p 
4081 23p 
40h ) 25p 
4085 86p 
4086 68p 
4089 130p 
4093 68p 
4094 225p 
409 5 99p 
409 6 32Sp 
4098 110p 
4099 180p 
4501 25p 
4502 112p 
4503 68p 
4507 52p 
4508 288p 
451 0 76p 
~ 51 1 125p 
~5 1 2 7Sp 
4514 2S0p 
4515 290p 
4 51 f) 109p 
4518 99p 
4520 99p 
4 5?1 230p 
4526 10Sp 
4527 130p 
4 528 99p 
4529 140p 
45 3 1' 150p 
4532 125p 
4538 1SOp 
4543 160p 
4556 70p 
4560 22Sp 
4569 240p 
4 572 46p 
4 584 79p 
458 5 12Sp 

74C20 30p 
74C76 60p 
7~C85 145p 
74C 97 12Sp 
74C 98 125p 
74 C1 07 lOOp 
74C160 110p 
74C161 145p 
74C 162 145p 
74C 163 14Sp 
74C 192 175p 
74C1 93 17Sp 
74C 194 1 7Sp 
74C 19o 175p 
74C903 45p 

Li•.':J1 8 

LM324 
LM 339 
LM38C1 
LM 1496 
LM18/1 
LM 1872 
LM3900 
LM 39 14 
LM3915 
LMl3600 
NE555 
NE5'i6 
RC4 1 :16 
SN 76477 N 
TBA810DAS 
T1.071 
Tlll l -1 
Tl08 2 
Tl084 
TL490 
XR2206 
XR :'207 

4 pole 
6 pole 
8 po le 
10 pole 

21 14 300NS 275p 
4 1 16 200N S 300p 
-1 ! 16 150NS 395p 
.LJ\5 i ~K,1 • \.MOS 
RAM 4 50NS 995p 
6514(1k-4)CMOS 

RAM 4 50 NS 695p 

6502 
6r1o4 
G50S 
oSUO 
6802 
8080A 
8085A 

ilttJm.Jill····~ ~~gA 
1702A 450p 
2 708 450 NS 425D 
2716 5V 450 NS 700p 
2532 32K 450 NS 2995p 

R0 -3-2513 UC 4SOp 

AY-5-2376 795p 

' FLOPPY ISK 
CONTROLLERS 

FD1711 B-Ill StD Inverted Bua 
2995p 

FDI791B-DI 0/0 IIIVertedBua 
4995p 

FOI792 B-01 SiD IIIVerlad Bus 
3495p 

FD1793B-IIl DID True Bus · 
.... .. .. 5495p 

FOI794 B-01 S/D True Bus 
.. .... 3495p 

FDI795B 010 lnvarlad Bus. 

FDIJ97 B 
side aalecl S995p 

DID True Bus. 
side select 5995p 

Z8001 
Z8002 
W09000B 

s 
So u nd Ch rp . 
the boa rri 

battery ~ack~up . ~perates from a single 5V pow~r supply with stati~ operatio.n, hence no refresh_ periods and a much simPlified power 

supply ct_rcutt destgn_. Three_state outpl:'ts sim~hfy memory expanston for mtnimum data retentton voltage is 2V. the battery back~up 

79sp ~:~~~~~~~~~53°d~~~:~~ff~ee crg~:ri ~y~~t~i~a~~~k~g~~~ -~~~c~~nt~i~~~~ogy also means wide opetating and noise margins. The TC55 1 4P 

iii~ 1--~-~S-T-E-RE..;..O...;..! -S-.;...l....;OO~SO.;..U.;..N.;,;,;;D.;..C_O_M_P_U_T_E_R -8-0A_R_D_!_~__, 

S2 SP At last. an S-1 DO Board that unleashes the full power of two unbelieva ble General Instrument AY-3-B91 0 NMOS Computer sound ICs. 
1 ~:~: ~~~~~5y~u~ ~;~=~~~~t~ ~~~ic~t~c;~oEn~~~l~~2~~e~a~~~~ :t~f.inite number of special sound effects for games or any other program . 

995p 
12S00p 
9S00p 

19900p 

KIT FEATURES 
* Two Gl Sound computer ICs (AY-3-891 0) * Four parallel II 0 ports on Board 
* Uses on Board audio Amps or your STEREO 
* On Board proto typing area 
* All sockets, parts and hardware are included 
* PC Board is soldermasked, si lk screened with gold contacts 
* Easy, quick and fun to build, with full instructions 
+ Uses Programmed 1/0 for maximum system flexibility 
* Both BASIC and ASSEMBLY language programm ing examples are included 

COMPLETE KIT 
BARE BOARD . . .. . . . .. . . . , . . . . . . . . . . . . . . . . .. 
AY-3-B91 0 chip special price with purchase of BARE BOARD (2 chips) 

. SOFTWARE 

... ONLY £59.96 includes 60 page data Manual 
. . ONLY £25.00 includes 60 page data Manual 

£15 

SCL_is now av~i l abl e ! Our Sound Command Language makes writing Sound Effects programs a SNAP! SCL also includes rout ines for 

R_egJster·Examtne-Modify, Memory-Examine-Modify and Play-Memory. SCL is available on CP I M compatible d iskette or 2 708 ( 2 716 . 

D1skette - £19.9S, 2708- £14.95, 2716 - £24.95. Diskette in dudes the source. EPROM ·s are ORG at EOOH. 

k rt that 

BOOKS 
Please order books by reference no . 

and title, and add 50p post & packing 

for each book ordered. 
21 1 68 Active Filter Cookbook £10.95 

21440 Aviation Elect ronics 3rd Ed. £6.75 

2 1 558 Audio IC Op Amp Applicat ions 2nd 
Ed £5 . 95 

21 524 The Cheap Video Cookbook £4.50 

2 1398 CMOS Cookbook £7 .75 

2 1 539 Design of Act ive Filte rs with Ex-
perr ments £5. 95 

2 1 53 7 Design o f Op Amp Circui l s with 
Experiments £5.95 

21452 Lea r n Electronics Thru' Trou-
bleshooting 2nd Ed £8.25 

2 15g4 LC Circuits . . . . . . £4.46 

21 542 Logic and Memory Experiments 
Usin g TT L Integrated Ci rcuits -
Book 1 · £7.50 

2 1 543 Logic and Memory Experiments 
Using TTL Integrated Crrcuits -
Book 2 £7 .50 

21 568 Linear ·IC Pinciples . Experimen1s 
and Projects 2nd Ed . . £7.50 

21 61 2 Oscilloscope Applications & E£x
6
p.e

7
r
5
i

ments . .. 
21 63 5 gg P>aclical Electronics Projects 

2nd Ed . . . . £3.75 

21 5 g9 Pract ical Low-Cost IC Projects 2nd ~~nok~ i d e0~ 
MI NI D I P 

l!lii!~iWiiiiW:mtl;J!IJ!I .. switches and 

5
6
s
5

2
2
.o
2 

49Sp ~~~~ 1 0 P(h~ 

2 1 545 The Design of Phased-Locked Loop 
Ci rcu i ts w ith Experiments £6 .75 

21686 Design of VMOS Circuits with 

Ed . . . . . . . . . . . £3.50 

21557 Pract ical RF Communications Data 

for Engineers and Technrcia;~_ 75 795P va ri ous com- · 
6532 89Sp b inati o ns of 
6551 1095p t h e S LF 
68 1 0 3 7 Sp 0 s c i II a t o r . 
6B20 42Sp VCO. N oise . 

~~~6 !~;~ One Shot. 
6852 42Sp and Envelope Controls·: A ·ouad Op Amp 

82 12 395p IC is used to imple ment a n Adjustab le 

82 14 4SOp Pulse Generator, Leve l Co mparator and 

~~;~ ~:;~ M ulti pl ex Osc i ll at o r for eve n more ver-

8228 39sp sat ility. The 3'/4' x 3 " PC Boa rd features a 

8251 495p prototype area to allow for user added 

8253 1 12Sp ci rcuitry . Easi ly programmed to duplicate 

B255 49Sp Explosion, Phaser Guns, Steam Trains, 

~;;~ ~ ~~~~ or almost an infinite number of other 

MC1 441 2VI. 797p sounds. The unit has a multipie of appli -

Z8D PIO S9Sp cat ions. The low price incl udes al l parts . 

Z80 CTC 595p assembly manual . p rogramming charts , 

~~g~ ~~oc 69SP and detailed 764 7 7 chip spec ifica1ions. 11 

280 OMA 1 ~~;~ runs on a gv battery (not included). On 

28DA DMA 249Sp board 1 OOMW amp w i l l dnve a small 

Experiments NEW! £5.95 

2 1 618 Electronic Telephone Projects 
£4.95 

2 1 127 How to Read Schematic Diagrams 
3rd Ed . £4.25 

2 1 61 3 How t o Use Integrated Circui1s 

Log ic Elements 3rd Ed . £4.50 
2 1 527 IC Converter Cookbook £10.50 

2 1 695 IC OpAmCookbook 2nd Ed. 
£11.25 

2 14 1 6 IC Timer Cookbook £8 .50 

21 60 1 In stru me ntation · Transducers and 
Appl iances £8 .95 

TUNES SYNTHESISER 

21482 Regulated Power Su p plies 2nt
7 
E~0 

2141g Security Electronics 2nd Ed . . . . 
. . . . £4.50 

21 621 Sol.ar Heating £5 . 25 

21035 TTL Cookbook £7.25 

21103 Troubleshoot i ng with the 
Oscilloscope 3rd Ed . £4.50 

2 1313 TV Typewr iler Cookbook £7.50 

21339 Video Security Systems £5.25 

21521 VideoTape Recorders £7.50 

3'/z-DIGIT LIQUID CRYSTAL DISPLAY 
with 'Low bat' Indicator 

The AY3-1350 is a MOS microcomputer aynlhesizer of praprogroronad tune& lor. 
applicaUonainloys,musicbouallddo..-cbimes.Tltaallndorddarlcahnosetof 
25 diner~al popular aad clnsicollu~ea.la addilloa lhore ITa 3 cbi•ntllliing • 

: ~rdhe ~~~!:~:~ 'i'::!~e [""·~ .... ~. i-._-B_--;;,;· ,_."'_e_ "'··:_-8 __ · -.·· j~ 
e O.S in. Digit Height - " 
e ULTRA Low Power Consumption 

280 SIO I O 299Sp · speaker d irectly , o r t he u n it can be con -

~~g~~6:\ 0 ~:~~~ nected to yo ur s tereo with incredi b le FEAT"'.aEs 

s o 349S results ' (Speaker na.t includ ed.) .. ~ 

~~g~l~ . 7
1 

2995~ COMPLETE KIT ONLY £14.99 : =~;:~:~:~::~~~m~:=:~~~ ond ofluno for power uving 

lolalof251unes. LCD1 06 - .... ... . . . £6.45. 

LED BAR GRAPH AND 
ANALOG METER DRIVER 

Z8DASIQ; 2 349Sp P&P 6 7p +VAT • Envolopecaotroltogive..-gnorpionoquolily New fromNa toonaiLM3914 . Drives10LED 

••• l!mJ(!}][lE!i!~~~~···~ * Sequ0111i1l bino mode 

69Sp 
850p 

30p 
33p 
18p 

S9Sp 
69Sp 
29Sp 

187Sp 
167Sp 

BOp 
JOp 
SOp 
7Sp 
4Sp 
45p 
6Sp 
6Sp 

SSOp LEOs 
'ssop 

TIL20 9 9p 
SOp TIL211 13p 

22Sp 
22Sp TIL 21? 15p 

125p TIL220 12p 

18p TI L272 15p 

SOp TIL224 18p 

SSp 
17Sp DISPLAYS 

SSp FND500 BOp 
SSp FND510 BOp 

130p FN0567 12Sp 
75p DL704 85p 

110p DL 707 SSp 
17Sp MV57164 
32Sp 22Sp 
375p 

ISOLATORS 

99p II D74 120p 

115p IL07 4 325p 
140p MCTii 90p 

175p TIL 111 7Sp 

* 4 door Clpability when uud 11 daor cllime directly for m along bar graphs. audio power 

0 • Oponlioo willlluoea in externol PROM H required 127081 meters . analog meters LEO Oscillators . etc . 

..__c_1 0•6.D~40•0•V•/•5•A-Sa•l•e----
3-p--f : ~~~: :~~~~~:~ r~~:0:EETHOvtN'S 9TH nd 5TH. JINGLE BELLS. YANKEE ~:;~;,~:na~~ ~;~~:~~~~~k:~~= I~Ds A super 

p DOODLE STAR SPAN&LfD B Spectal p nce : Only £2.25 
.,..t:.~ ~ AY·J·891 O D · ANNEJI. ClfMENTINE. GOD SAVE THE QUEEN. 0 SOLE 12 page data 25 p 

..., C]J (;\_ \o)~ Qa hO t._•MI•O•.•WE-ST•M•IN-ST-ER• CH-IM•E•S .• •nti-DE-SC-EN•D•IN•G O•C•U-VE•C•HIM•E•PL•U•S •MA~N~YM:&IOi&iREI&,I ... .;,M;,;at;,;ch;,;,n;,.;;g•r•ed•b•a•r d•is•p•lay•M-v
5
•

7
•
1
•
64
-£

2 
__ ._

2s-f 
l_!::,(j.d\f r ':1 r W~h detoilej apeca ond inatraclionL £ Data 25 P 

~- , 1 '' lweet "t~ 6ut THE NEW ULN-2232A INTEGRATED MOTION DETECTOR 
-~ f\\O~ sY\\~ . The most SOPHISTICATED MOTION DETECTOR available! 

THE NEWGI 
COMPUTER SOUND CHIP 

The amazing AY- 3-891 0 is a fantastically 
powerful sound and mus ic generator , perfect 
for use with any'8-bit micro processor. Contains 
3 tone channels . noise generator, 3 channels of 
ampl itude controls, 16-bi t enve lope per iod 
control , 2 parallel 1/0 , 30 / A conveners plus 
much more . All in 40 pin DIP. Super easy to 
interface to the S-1 00 or other Busses . 
Only £8.50 + VAT, includ ing FREE repri nt of 
BYTE · 79 art icle' Also. add £2.25 for 60-page 
data manual 
· Perhaps the nex1 famo us composer will not 
d i~ect a 150-ptece orc~est~a but, rather, a trio of 
mtcrocomp uters controlltng a bank of AY~ 3 -

89 10s ... BYTE J uly ' 79. 

NEW FROM EXAR 

Automatic Ttmed Reset · 100mWAudio Output 
• 120Hz Rejection • Visib le or Infra-red Response 
• Two Sound Patterns • 14-pin Oualln-line Clear Plastic Package 
• Long Range Operatton 

ONLY £7.6011 

Combmtn g 12L and Bipola r c ircuitry, the ULN- 2232A Motion Detector tS a complex optol inear IC which includes an 

on-chip photod1ode, high-gain loganthmic and linear amps, extensive d igital circuitry for sound generation and timing . 

=~~e~~~h~~:~e~~v~~~~~:o d;i~~~Pt~t~d M0~i~~~:t~:t1~rc::nas~~~~~sio as~~~t~~~n~~~ ~~~~~rt l:~~~c:s :nf~n~~i~n1~~0ti~!~ 
DETAILED DEVICE DESCRIPTION AND APPLICATIONS INFORMATION INCLUDED WITH EVERY ULN-2232A 

MUSIC FOR YOUR EAR·s 
Bullet's EleCtronic Mualc Maker TM Kll has a single 28 Pin Microprocessor Chip with ROM lhol bu boen programmed to play the 

ftrsl 6 to 10 notea ollha 25 popular 1unes lialed below. Eacb lune con be oddreaud individually or played sequentially ollhe push of o 

buUon . The 3 chime sequences are activated at any lime by upmle switch closures. so when used u a doorbell. one door con play aongs 

wkile two others will ploy dillerenl chimes. The unit has a 5 watt audio Amp and will run on either 12 YAC or 12 YDC. Construction 

is very simple. w..-ks with any8 ..- 16 ohm speaker . or hor~ speaker (nol includedl. Tunes can be remotely programmed using a single rolory 

switch (nol included). n desired. Complete Kit £9.95. 248 V Transformer oplionol. Tunes: Toreador; William Tell: Hallelujoh Chorua; Slar 

• Spangled Banner: Yankee Doodle: Americo America: Deulschland Leld: Wedding March; Beethoven's 5th and 91h: Heirs Bells: Lo Vien en Roso: 
Slar Wars Theme: Clemenline: Marseillarse: D Sole Mio: Santa Lucia; The End: Blue Danube: Brahlms lullaby: Weslminsler Chime; Simple 

Chime: Descending Dtlave Chime: Augustine: Jingle Bells: God Save The Queen: Colonel Bogie. 

The XR2266 Decoder/Sense & Drive Chip ONLY £5.45! f1iifi1 rJ1i[J[(] 

1W1i1if1 [JimlJit~ for toy cars that DRIVE LIKE REAL! 
Thrs versatrle 18-pin dual in-li ne IC combines both the decoder and the sensP. and 

clrrve functrons to cui remote control car ci rcuitry by at least a factor of two' Stee ri ng. 

h(]hts. 1ndrcators. speed control- all from the new XR2266 a1 only £5 .45! 

Ordenny 1nformatton Unless oth erw tse stated . for orders under £5 0 add SO p 

LOW PROFILE SOCKETS BY TEXAS SALE p&p Add 15 1J{)VAT to total (no VAT on books) . All devtce sa re brand new. fac tory !:! Dept. WW3, 4 Meeting Street, 
Appledore, Nr. Bideford, North 
Devon EX39 1 RY. Tel: Bideford 
(02372)79507.Te~x : 8953084. 

18 pon 15p 
20p on 18p 

B p1n 7p 
14 p1n 9p 
16pon lOp 22 ptn 2 :.p 

)4 ptn 2 2 p 
?R p~r' 25p 
40 pon 2Bp 

pnme and fu ll spec and subtect to prior sales and avat iClbtlll y . Prtc(s s.ubJtCt to , 
change wt thout nottce . Min tmum teleph on e order using ACC ES S 1s ( 1 0 If 
ordenng by po~t wtth ACCE SS tnclude name. address and cord no wntten 

ciPa rly Plc~se atlow 4 ' 6 weeks deltll'ery on book~ 

WW- 041 FOR FURTHER DETAILS 
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Quantum 
Electronics 

The _1 02, shown above. must be the_ most cost-effectiv~ pre-amp available, catering for 
aux1hary, 2 or 3 head tape and prov1d1ng a perfect match for any cartndge, moving coil or 
magnet1c, by using our unique low cost match1ng card to define the sensitivity and 
cartridge loading ._ Prudent cho ice of components and elegant circuitry give outstanding 
objective and subjeCtive performance (see Popular Hi-F1 August) . The module used in the 
102 is available separately , as are suitable mains supplies and moving coil head 
amp/modules. THere are two matching stereo power amp kits. which are supplied with 
built and tested circuit boards. requiring only straightforward assembly and point to point 
w1n ng . The new ready buih 'D" versions feature separate d .c . supplies for each channel 
and other refinements wh1ch elevate the1 r perfo rmance into the super-fi class but which 
are not incorpo rated in the kits . Our power amp modules and supplies below enable an 
dmp of h1gh spec1ftcat1on to be constructed . 

*Coming soon: Active Crossovers * 
102 Pre-amp: Module only £63.50; built £92 

45W/channel: kit, P2, £100.50; built, 2020£151 
110W/channel : kit, P4, £126; built, 2040 £185 

POWER AMP MODULES AND SUPPLIES 

M1504, 1508, £35.79 
M854, £26 

M2603, £50.28 
M2308, £53.96 

We o~er a w•de rangeo:t mod.ules to suit virtua lly any a_Pplication with an honest specifica t ion unbeatab le 31 
the pnce . They are ava• lable m both the ~C?~ula.r medlu~ duty .·l· bra~ket fo rmat for 60 to 170W module 
rat 1 ~9 (150W r.m .s.) and also m htgh. dtsstpatlon v~rstons ustng vanous heatsmk com bmattons . Correct 
cho•ce of models allows reliable conttnuous operat ton. at up to 300W r.m .s. (M2603 / MS5 / 3 ohms) 
without premature cut off or the need for external c~rcu1tr_y . Matching toroida l power supplies with single 
and ?ouble d .c . s_ect1ons are available . Exemplary spec1 f1catio~ mcludes thd less than .01% at 1kHz; 
;1~~~~~05 as~~7o~~~ · n01se below 11 OdB ; Integrally protected agamst overload and high d .c . output offset ; 

* EXCELLENT TRADE PRICES * 
We_ also build rack . mounting power amplifiers, sub-assemblies and special modules to 
tnd1v1du&l spectf1cat1ons . Please telephone with your enquiry. 

SYSTEM 1 
£69 

PRICES PER PAIR INC. BAFFLES 
Have you wondered why the existing sources of speaker kits offer a bewildering choice of 
systems, particularly combinations of 200mm bass unit and tweeter? Don't they know 
which ones are best? If so. why bother with the rest I Well we have sorted ou t these super kits 
so you can order in confidence, knowing you get our full endorsement of their performance 
and value . The k1ts incorporate professionally finished front baffles with the drive units 
already mounted so all the fiddly work is done for you. Al l that is left to do is to make a simple 
box . Crossover networks. foam and termtnals are included . Systems 1 and 2 use a 200mm 
bass and 25mm dome tweeter from Son Audax, System 2 being a reflex design that we 
enthus1asttc<jlly recommend. System 3 1s a competitive 3-way I. B. using Seas bass ard mid 
w1th a Son Audax tweeter, cleverly incorpora ting a stand at the bottom of the enclosure , as 
does System 4 . undoubted ly the best kit on the market. using a Volt 250mm bass driver 
w ith a 250mm ABA on the rear baffle (also supplied) , a modified Peerless mid and Son 
Audax tweeter . We will also be retailinq selected dnve un its at competitive prices. e .q . Son 
Audax 200mm bass, 20B25J4 £13-50; 25mm tweeter , HD1 OOD25 , £9. 
All our pnces include V.A .T . and del ivery. Export no problem - please send for a specific 
quote by return . All equ1pment can be wired for 11 OV mains Please send a large S.A.E . or 
dollar bill f or our full tnformatlon and rev1e1111 repn nts . 

SWEDEN BLN LJUD Hi-FI, Sodra Kas.erngatan 14 -8 , 5291-, 33 
Kristianstad . 
U.SA : OX DISCO , Box 123, Claymon t , Delaware 19 703 . 

8 ALBION ST., LEICESTER Tel: 54&198 

WIRELESS WORLD NOVEMBER 1980 

We use advanced winding technology to make our toroidal transformers. They 
have only half the weight and height of their laminated equivalents and are 
appreciably more efficient. Our toroidals cost virtually the same as their now 
outdated laminated equivalents and hum is down to a negligible tenth of what .it 
used to be. Supplied with rigid mounting kit with centre bolt, two neoprene 
and one steel washer. Available so far in a range of 37 sizes with more to come. 

TYPE VA SECONDARY SECONDARY DIA. x HT WEIGHT PRICE RMS VOLTS RMS CURRENT inmm 

2X010 50 6+6 4.16 80 X 35 0.9 
2X011 9+9 2.77 EACH 

t2+12 2.08 
£5.40 15+15 1.66 

2X012 
2X013 
2X014 18+18 1.38 +£1.10 P&P 
2XD15 22+22 1.13 +98p VAT 
2X016 25+25 t.OO 

3X010 80 6+6 6.64 90 X 30 1.0 
3X011 9+9 4.44 
3X012 12+12 l-33 
3X013 15+15 2.66 EACH 

t8+18 2.22 
£5.76 22+22 ; 1.81 

3X014 
JX015 
3X016 25+25 1.60 +£1.20 P&P 
JX028 .110 0.72 +£1.04 VAT 
JX029 220 0.36 
3X030 240 0.33 

4X010 120 6+6 10.00 90 X 40 1.2 
4X011 9+9 6.66 
4X012 12+12 5.00 
4X013 15+15 4.00 EACH 

18+18 3.33 
[6.72 22+22 2.72 

4X014 
4X015 
4XD16 25+25 2.40 +£1.30 P&P 
4X028 110 1.09 +£1 .2.0VAT 
4X029 220 0.54 
4X030 240 0.50 

5X016 160 25+25 ·3.20 110 X 40 1.8 EACH 
30+30 2.66 

£8.88 110 1.45 
5X017 
5X028 
5X029 220 0.72 +£1.40 P&P 
5X030 240 0.66 +£t.54VAT 
6X016 300 25+25 6.00 110 X 50 2.6 
6X017 30+30 5.00 EACH 

35+35 4.28 
£12.27 40+40 3.75 

6X018 
6X026 
6X025 45+45 -3.33 +£1.50 P&P 
6X028 110 2.72 +£2.07 VAT 
6X029 220 1.36 
6X030 240 1.25 

CHOICE OF 3 PRIMARY INPUTS 
l.L.P. Toroidal Transformers are available ih choice of JJOV 220V 240V coded 
as follows: (Secondaries can be connected in series or parallel) ' ' 
For llOV Primary insert 0 in place of "X" in type number. 
For 220V Primary insert I in place of "X" in type number. 
For 240V Primary insert 2 in place of "X" in type number. 
Example- 1ZOVAZ40V 15+15V. 4A=<4Z013. 

*TYPES TO SPECIFICATION CAN BE SUPPLIED TO ORDER IN 
QUANTITY, AGENCIES IN CERTAIN COUNTRIES AVAILABLE 
ENQUIRIES INVITED 

FREEPOST facility. 
We pay postage on U.K. enquiries and orders. Simply address envelope to 
FREEPOST TS to address below. NO STAMP REQUIRED. 

TO ORDER,Enclose ~heque/Postal Order/Money Order payable to I.L.P. 
Electromcs Ltd or quote your ACCESS or BARCLA YCARD 

r.l\ i:tNFa;c;~;~~~;~~i;ueoforder. 
~-....! A division ofi.L.P. EL~CTRONICS LTD 

FREEPOST·TS GRAHAM BELL BOUSE ROPl:R CLOSE . 
CANTERBURY CT2 7EP Phone (0227) 54718 Telex 965 780 

WW---" 022 FOR FURtHER DETAILS 

WIRELESS WORLD NOVEMBER 1980 

THE LEADING EXHIBITION OF 
COMPUTERS, PERIPHERALS 
AND SYSTEMS 

will be in the Grand Hall 
OLYMPIA, LONDON 
November 4, 5 & 6, 1980 

CAN YOU AFFORD 
TO MISS 

BRITAIN'S BIGGEST 
COMPUTER 
EXHIBITION?· 

TRADE ONLY - NO SCHOOL PARTIES - NO ADMITTANCE UNDER 16 
ENTRANCE£2 

Sponsored by "Computer Weekly," "Data Processing,'' "Practical Computing" and 
"Systems International" and with the support of . "Electronics Weekly" -

all members of IPC Business Press, the worlds largest publisher of specialist and 
· business journals. 
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TU El 
to the new-look 

PW'HELFORD' 
A new series giving full instructions on 
how to construct this Amateur Bands 
Transceiver. 

'SLIM JIM' FOR 28 MHz 
By popular request, Fred Judd, designer of 
the 'Slim Jim: has produced a version for 
the 10-metre amateur band. 

· OUTNOW65p 

December issue out Friday November 7 

FREE 
WORKSHOP 
TWEEZERS 

WIRELESS WORLD NOVEMBER 1980 

INSIST ON 

VERSA TOWER 
BY PROFESSIONALS
FOR PROFESSIONALS 

The VERSATOWER range of 
telescopic and tilt-over towers cover 
a range of 25ft to 120ft (7. 5M to 
36M). 

Designed for Wind Speeds from 
85mph to 117mph conforming with 
CP3 Chapter V, part 11 . · 

Functional design, rugged construc
tion and total versatility make it first 
choice for telecommunications. 

Trailer mounted or static, the VER
SATOWER solves those d ifficu It 
problems of antenna support, access 
and ground level maintenance . 

A programme of continuous product 
development has led to a range of 
over 50 models, all available at 
highly competitive prices. This 
coupled with our quality assurance 
scheme ensures that we maintain 
the leader position we enjoy today. 

VERSA TOWER 
THE PROFESSIONALS' 

CHOICE 

STRUMECH 

VERSATOWER 
SYSTE/v\ ~ 

.PORTLAND HOUSE, COPPICE SIDE 
BROWNHILLS, WEST MIDLANDS 
TEL: (05433) 4321_· TELEX: 335243 SEL 

WW -038 FOR FURTHER DETAILS 

WIRELESS WORLD NOVEMBER 1980 

NEW VALVES BRANDED& 
INDIVIDUALLY BOXED 
-AVAILABLE FROM: 

PM COMPONENTS LTD. 
PRINTED CIRCUITS 

VALVE & COMPONENT SPECIALISTS FOR WIRELESS WORLD PROJECTS 
CONINGSBY HOUSE WROTHAM ROAD, MEOPHAM U.h.f. television tuner-Oct. 1975-1 d.s. . . £8.50 

£5.00 
£4.25 
£5,00 
£5.00 
£4.25 

KENT Stripline r.f . power amp-Sept. 1 975-·1 d.s ... .. . . .. . . 

AZI34 1.211 ECC88 0.75 ELBZI 9.50 ocz 1.75 M88' 0.~ VRI05/30 1.55 95AI 9.00 
A2179 9.211. ECC91 0.75 ELBZZ 9.50 OC3 1.115 M500A 1.55 VRI50/30 1.55 1508Z 1.75 
AZ293 8.30 ECCII9 0.90 Eli.80 8.05 003 1.55 moo 0.6!1 XG 1-2500 32.00 15083 4.50 
BT58 32.211 ECC804 0.53 rEM84 11-75· OM3 1.05 MBOI 0.6!1 YLIOBO 29.90 155UG 33.&5 
ITI7 74.75 ECC807 1.:10 Eli3Z 10.90 OM5 . 1.75 Q83-300 32.50 Z759 111.35 811A 7.00 
031 21.85 ECfBO 0.75 Ell91 1.94 l't92 0.98 QQVOZ-6 9.50 Zlll3U 211.70 107 1.25 
077 0.&3 ECf82 0.6!1 Eli9Z 2.95 l't97 0.98 QQV03-IO 2.15 ZCI040 9.211 813 13.00 
mo 1.32 ECH81 0.&7 EY51 0.112 PCC84 0.55 QQV03-ZOA ZASI5A 13.25 833A 55.00 

Audio compressor/limiter-Dec . 1975-1 s.s. (stereo) 
F.m . tuner (advanced)-April 1976- 1 s.s . 
Cassette recorder-May 1976-1 s.s. . . . .. .. . . . . . 
Audio compander-July 1976-1 s.s. . . . . .. . ..... . . 
Time code clock-August 1976-2 s.s . 3 d.s. . . .. .. . . . . 
Date, alarm, b.s.t. switch-June 1977 :_2 d.s . 1 s.s. 

DMI60 2-40 ECHB3 0.90 EY84 ID.35 PCC85 0.62 14.00 ZOZI 1.15 86liA us Audio preamplifier-November 1976-2 s.s. . .. . . ... . 
Additional circuits-October 197 7-1 s.s . . . .. . ... . . 

£1S.OO 
£9.50 
£8.50 
£4.00 
£8.50 

DYII6/87 0.63 EQI84 1.10 EYII6!87 0.64 PCCU 0.112 QQVOIHIIA ZOZIW 3.45 5670 4.511 
DY802 0.69 E£1.81) 0.7& UBO 0.55 PCC89 
£551. 21.85 Ea.82 0.67 UBI 0.64 PCCI89 
EBOCC 5.45 ECI.83 1.30 U90 1.10 f'a'BO 
EBOCf 9.75 ECI84 0.15 61/371K 23.00 PCF8Z 
EIIIF 7.211 ECl85 0.85 GEIO 13.25 f'a'll6 
£81CC 4.50 ECL86 0.85 GRI6 7.45 PCf200 
EBIL &.:SO .£F37A 3.45 &TIC 12.&5 PCFZOI 
EBZCC 2.60 EF39 2.311 GU50 13.50 PCFIOI 
EB3CC 3.45 EFBO 0.55 GXUI 10.25 f'a'BOZ 
E83F 3.45 EFB5 0.55 GXU50 13.BQ PCf805 
£116C &.90 EF86 O.BQ · 6Y501 1.44 f'a'806 
E811C 3.45 EF89 0.75 6Z3Z O.S7 PCf808 
fiiii:C 3.00 ff91 1.40 6Z33 Z.13 PCH200 

0.112 16.00 
0.112 QQZIIIHIIA 
0.83 45.25 
O.BQ QSI200 3.60 
1.26 QSI209 1.75 
1.72 QSIZIZ 3.75 
1.72 QV03-I! 3.75 
1.116 QVIJ5.25 1.45 
0.76 QY:J.I Z5 35.00 
1.75 QY4-Z50 &0.00 
0.69 QY4-400 70.00 
1.70 QYS-500 5Z.50 
1.00 ft6HZ5 4.00 

3AI147J 8.65 
3A/167M 11.05 
;IJI170E 

5110.00 
4CXZ508 25.00 
58/Z54M 17.25 
5B/Z55M 17.25 
5R46Y 1.45 
5R4W6Y 2.15 
51146 1.05 
5Z4G 1.05 
6LliGT 1.84 
li66Y Z.Z5 

5687 5.90 
5722 4.50 
5726 1.75 
5727 3.45 
5749 3.45 
5763 3.&5 
584Z 7.45 
5879 4.50 
5963 1.75 
5965 3.45 
5993 &.90 
6005 5.45 
6057 3.15 

Stereo coder-April 1 977-1 d.s. 2 s.s. . . . .. . . ... . 
Morse keyboard and memory-January 1977-2 d.s . 

(logic board 1 O%in. x 5in.) (keyboard and matrix 13in x 1 Orn ) 
Low distort1on d1sc ampl1f1er (stereo)-September 197 7-1 s s 
Low distortion aud1o oscillator-September 197 7-1 s.s. 
Synthesized f.m. transceiver-November 1977-2 d .s. 1 s.s . 
Morsemaker-June 1978-1 d.s. . 
Metal detector- July 1978-1 d.s. . . ... . . . .. . . 

£14.00 
£2.00 
£3.50 

£12.00 
£4.50 
£3.75 

EIIIICC-01 4.15 EF93 0.75 6Z34 2.00 PCIBZ 0.71 ftGH4DA 13.50 UT 1.14 6059 5.75 

Oscilloscope waveform store-October 1978-4 d.s. 
Regulator for car alternator-August 1978-1 s.s. 
Wideband noise reducer-November 1978-1 d .s. 
Versatile noise generator- January 1979-1 s.s. 

£18.00 
£2.00 
£5.00 
£5.00 
£7.00 
£5.50 
£5.50 
£3.50 

E91F 5.15 EF94 0.75 6Z37 2.13 PCIJol 0.83 R63-250A 13.50 6Sl7GT 1.21 6060 1.31 
E95f 5.15, EF95 0.90 KT61 4.00 PClB5 O.BQ SIIS361 34.50 6SN7GT 1.05 li063 · 3.&5 
!1311. 14.95 EFII3 0.64 KT66 (USA) PCUI6 0.86 STYZ80/4ll 9.211 6V66T 1.211 6067 3.45 
EIBOCC 4.&0 EF184 0.64 4.&0 Pl:l805 0.86 STYZB0/80 12BH7 1.05 liJ80 4.15 200M Hz frequency meter-January 1979-1 d.s . . . . 
EIIIIF &.:SO EH90 0.75 KT66 (UK) P0510 128 26.45 IZEI 17.25 6146 4.75 
EIBZCC 5.15 EK90 0,75 11.5U PFl2IIO 1.30 TY2-125A 34.50 12SN7GT 1.15 6ZOI 4.50 High performance preamplifier-February 1979-1 s.s. 

Distortion meter and oscillator-July 1979-2 s.s. . . . EIBIICC 3.40 EL33 2.17 KT77 4.00 Pl.36 1.10 TY3-250A 32.211 Z5A6G 1.40 6267 4.&0 
EBIIJ 9.:10 EL34 1.77 P\.81A 0.85 TY4·500A 47.75 30CI8 1.75 68Z9 7.50 KT88 (USA) 
EABCIIO 0.65 El36 1.84 &.90 Pl.82 0.&0 Ul9 13.:10 m2 1.211 6870 . 13.25 Moving coil preamplifier-August 19 79-1 s.s. 

Multi-mode transceiver-October 1979-10 d.s . . . . . .. ... . £35.00 WIOI 1.60 EL37 4.&0 KT88 (UK) Pl84 0.75 U25 0.78 30FLI4 1.70 70Z5 1.75 
EB91 0.60 El81 1.25 13.BQ PL504 1.30 U26 0.78 :IIP1.14 1.211 703Z 8.90 
EI:C81 0.63 El84 0.69 MEI400 4.60 P1.508 1.70 UCH81 0.10 85AI 6.211 7318 8.90 
ECC82 0.63 El.86 1.10 ME140Z 5.15 P1.S09 2.&5 UCI82 0.10 85A2 1.45 7360 1.&5 
ECC83 0.6!1 ELBO 0.94 N78 10.25 P1.519 3.00 Ul84 0.8!1 !lOCI 1.95 7551 5.15 
ECC84 0.69 El95 0.94 OA2 0.90 P1.80Z 3.25 UY15 0.60 90C6 12.50 7558 8.90 
~ 0.6!1 El360 10.35 082 11.95 M81 0.~ VLSB31 14.95 9ZAG 9.00 7687 8.90 

Amplification system-October 1979-3 preamp 1 poweramp 
. . .. ... (£4.20 each) £16.00 

Digital capacitance meter-April 1 980~·2· ~-~-. £7.50 
Colour graphics system-April 1980-1 d.s. . . . . . . . . £18.50 
Audio spectrum analyser-May 1 980-3 s.s. . . . . . . . . . . . . £10.50 
Programmable audio attenuator - May 1 980-1 s.s . £4.20 

MANY OTHER TYPES AVAILABLE, INCLUDING Multi-section equalizer-June 1 980-2 s.s. £8.00 

SPECIAL QUALITY & VINTAGE. PLEASE PHONE OR Floating-bridge power amp- Oct. 1980 - 1 s.s. (12V or 40V) . £4.00 

SEND LIST OF YOUR REQUIREMENTS Boards are glassfibre, roller-tinned and drilled. Prices include . 
V.AT. and U.K. postage. 

Post & Package 50p on all orders 
EXPORT& TRADE enquiries 
welcome. 

Airmail add 20%, Europe add 10%, Insurance 1 0% . 
Remittance with order to : 

Phone our sales desk PRICES INCLUDE VAT 
Prices subject to change without notice. 

M. R. SAGIN, 23 KEYES ROAD, _LONDON, N.W.2 
0474 813225. 

WW- 078 FOR FURTHER DETAILS 
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FORGESTONE 500 TELETEXT 
High quality colour television receiver 

NEW INFRA-RED FULL FEATURE 
REMOTE CONTROL TELETEXT 

* Pin diode tuner * High quality components 
* Glass epoxy printed circuit panels * Modern cabinets 
* Full technical construction manual * All solid state 
* Hi-Sri tube * Fully isolated & protected power supply 
* Eleven integrated circuits * Diode split L.O .P.T. 
* Ready built and aligned IF module * Low consumption 

The ultimate in large screen 22" & 26" television receiver kits. 
Deluxe full spec. Teletext, 7 channel+ VCR. Also video and audio 

in/out. 6 models in the 500 range . 
Buy as you build. All Forgestone Kits are for the constructor of 
today, sections of the Kit are available separately. Please send 

stamp for further details of these quality products . . 
Telephone or Mail Orders accepted on Access!Barclaycard 

forgestone colour developments limited 
Ketteringham, Wymondham, Norfolk, NR18 9RY 

Telephone: Norwich (0603) 810453 

SAFGAN presents DT-400 series from £159 + V.A.T. 

HIGH-QUALITY DUAL TRACE OSCILLOSCOPES 
AT PRICES EVERYONE CAN AFFORD 

Model DT-41 0 DUAL TRACE 5mv I div 1OM Hz@ £159 +VAT 
12MHz (ii" £172+VAT 

15MHz@ £185+VAT 
Model DT-412 DUAL TRACE 5mv I div 

Model DT-415 DUAL TRACE 5mv I div 
SPECIFICATION FOR ALL MODELS 

* CH1 , CH2 ; 5mv/div- 20v/div in 12 cal1-2-5 
steps 

* BANDWIDTH : 1 OMHz(DT-41 0). 12M Hz (DT-412) 
15M Hz (DT-415) 

* TlME BASE 0.5~Js/div-200ms/div in 18 cal steps 
X5 Expansion to 100 ns/div 
X5 Multiplier to 1 5/ div 

* XY FACILITY : Matched Inputs X= CHI, Y = CH2 

* TRIGGER : Level Control , ::t Slope, Bright Line A.UTO, 
NORMAL, TV Triggering CHI, CH2 0 .5 div. EXT Trig 
100mv 

* Z Modulation * Graticule blue ruled 8 x 1 0 div (6 .4 X 8cm 2) 

* SIZE: H215mm W165mm D280mm Weight 4 .5 kg . 
PROBE (XI-REF-X 1 0) £11.50 + V.AT . 

fAST PCB 
PRDTDTYPIS 

Orders to SAFGAN ELECTRONICS LTD. (Goods+ 15% + £3 p . & p .) ~ ... 

56 Bishop's Wood, St. John's, Woking, Surrey, GU21 3QB Tel: Woking 66836 or Woking 69560 
Official Government and Educational Orders accepted . Distributors required- please enquire 1

\u", . ;, h ,..,,. __ DT-400 Series 

WW- 015 FOR FURTHER DETAILS 
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Here's why you 
should buy~~~~ 
ani[£ 
instead of 
just any 
mulfimeter 

NEW EQUIPMENT FROM KEITHLEY'S 
130 DIGITAL MULTIMETER 3llz digits, 25 Ranges. 5 Functions !OOuV: luA: O.IOhm sens 
IOOV DC: 750V AC. 20Mohms £77.00. Optional Case £7.00. 
169 BENCH MODEL DIGITAL MULTIMETER 3% digit 25 Ranges , 5 Functions. IOOuV: 
InA: O.!Ohm. !OOOV DC IOOOV AC 2 Amps 20 Mohms £99.00. 
Cash with Order unless accredited account. 

NEW BRITISH OSCILLOSCOPES FROM SCOPEX 
4S6 Single Beam DC-6MHz IOmV sens _ . .. _. _ .... __ ..... __ .. . __ .. .. ... . - . . £144.00 
4DIOB Dual Trace DC-IOMHz 10mV -50V /em X-Y operation, Z Modulation. Ace . ± 3% 

clw 2 Probes ...... _. . . £210.00 
4D25 Dual Trace DC-25MHz IOmV sens. . £360.00 

CARRIAGE & VAT EXTRA ON ALL ITEMS 
ANALYSERS USED EQUIPMENT 
TEKTRONIX IL5 50Hz-! MHz !OuV / cm-2V /em £800.00 

,TEKTRONIX ILIO IMHz-36MHz . £950.00 
BRIDGES 
CROPICO RSl I Ohm: 10 Ohms: 100 Ohms: I Kohm: 0.02 Ohm . ... - ... -.-. From £40,00 
DANBRlDGE 5 Decade XIOO: X!Kolm: XlOKohm: XIOOKohms: XlMOhm + 0.1% £50.00 
HEWLETT-PACKARD 4260A Universal Bridge .... ___ ............. __ -. _ ... £450.00 
J . J . LLOYD J .70 7 decade XI: XIO: XIOO: XIKohm: XlOKohm : XIOOKohm: X1MOhm 

. - - .... . ......... - ' . - ' . - - ' . - ' - . - ' .. ' ' ... ... - .. - .. ' . . . . £50.00 
,MARCONI 2701 Universal in Situ Bridge 80Hz & 1Khz I% .. _. £200.00 
'WAYNE KERR 8.601 R.F. Bridge 15KHz-5MHz 1% ........ _.. . . _ £125.00 
WAYNE KERR B.641 Autobalance 4 Digit 0.1% .. .. _ _. _ £300.00 
WAYNE KERR 8.224 Universal Bridge 200Hz-50KHz 0.1%. Mains/Battery . £400.00 

MARTIN ASSOCIATES 
34 Crown Street · 
Reading 
Berks . RG 1 2SE 
Tel. 

QUICK ACTING 
& ANTI SURGE 

CARTRIDGE FUSES 

from £2.80 per 1 00 
Wirewound Power Resistors 

(Ceramic). 5w-17w OR5-39K 
from £9.35 1 00. 

Cable Sleeves and Markers 
from £1.31 1000. 

Cf. Resistors. Ysw-2w from . . 
. . . . . . . . . . £4.00 1 000. 

Crimp Terminals. Elma Knobs 
and Dials. Audible Warning 
Devices from £1.14 each. 

Catalogue available 
(state interests) 

Cf. Resistors 
1/4W 5% 
£3.00 1000 [per value) + 
carr. and V.A.T. Following 
values only. 
6E8 33E 1 OOE 120E 360E 
470E 560E 2K4 2K7 4K7 
5K6 7K5 8K2 100K 120K 
150K 220K 300K 390K 820K 

PBRA LTD. 
Golden Green, Tunbridge 
Kent, TN 1 1 OLH 
Hopfield (073274} 345 
Member Crystalate Group 
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WIRELESS WORLD NOVEM~ER 1980 

*Best Value for money. 
*Used by professional engineers, D.I.Y. 

enthusiasts, hobbyists, service engineers. 
*World-wide proven reliability. 
*Low servicing cost_s. 
* 20K/volt sensitivity and high accuracy. 
*Large mirror scale meter . 
*Fully protected against overload . 
*Large range of inexpensive accessories. 
* 12 month warranty, backed by a full after 

sales service at E.B.Sole U.K.Distributors 
Prices from £16.60 - £32.00 +VAT 
Send for full colour leaflet and prices on 
whole range including accessories. 

ELECTRONIC BROKERS L TO. 
61-65 King's Cross Road, London WC1X 9LN 

Tel: 01-278 3461. Telex: 298694 

COUNTERS 
MARCONI TF.2411 7 Digit DC-50MHz Counter/Timer 
MARCONI TF.2416 7 Digit DC-50MHz Counter/Timer 
MARCONI TF.2415 6 Digit DC-20MHz Counter/Timer 
PHILIPS 6620 6 Digit DC-45MHz 
PHILIPS 6630A 8 Digit DC-160MHz . .. - -.- . . -
HEWLETT-PACKARD 5300A/5302A 6 Digit IOHz-50MHz - . .. .. -. 
HEWLETT-PACKARD 5245LI5252A/5260A 7 Digit 10Hz-12.5G Hz. 

METERS 
HEWLETT-PACKARD 3400A RMS Voltmeter IOHz-IOMHz lmV-300V. 
MARCONI TF.I020Ail Power Meter 0-50-I OOW 250MHz 
RADIO METER BKF6 Distortion Meter 20Hz-20KHz. 

OSCILLOSCOPES 
TEKTRONIX 603 Storage Display Monitor DC -2MHz 

POWER SUPPLY UNITS 
KINGSHILL 18VS P.S.U. 0-18V 5A 
KINGSHILL 501 P.S.U. 0-SOV lA 

SIGNAL SOURCES 
HEWLETT-PACKARD 8011A Pulse Generator O.IHz-20MHz 0/P 16V 50 Ohms £400.00 
HEWLETT-PACKARD 606B 50KHz-65MHz 0 /P O.luV-3V 50 Ohms .. £750.00 
HEWLETT-PACKARD 8443A Tracking Generator 100KHz-110MHz 7 Digit Display 

' .... . - .. -'.' . . ' . ' . ''. ' '. ' ' ' ... ' . .. ' .... ''' . . ' £1750.00 
MARCONI 801D/8S IOMHz-485MHz Signal Generator .. .. _ . .. _...... £350.00 
MARCONI TF.l099 Sweep Generator Variable to 24M Hz O}P 0.3-3 V .. £175.00 
PHILIPS PM.5168 Function Generator 0.0005 . £100.00 

RECORDERS 
B & K 2305 Level Recorder c/w 50dB Pot. 

MISCELLANEOUS 
MONTFORD UCLIK25/ A Test Chamber -70°C to + 170°C ± 0.1 °C .. __ .. £1000.00 
MONTFORD UP/ K82 /C/Mk. II Process Chamber with Thermal Shock -50°C to + 100oc 

W A YNE.KERR. i'M.:60 Mk: i T~~t~·~~i:i~s- . 
AVO TT .537 Transistor & biode Testers 
MARCON!ISAUNDERS 6458 Signal Source 4-12GHz. 
SANYO VCA700 Security T.V. System, Camera Talk 

WEST HYDE 

. £1200.00 
. - . . £100.00 

-. £60.00 
. . £200.00 

. £250.00 ' 

@ CLASSIC II 
ANODISED INSTRUMENT CASES 

Low cost but expensive 
appearance 

Elegant cases in natural and anodised 
aluminium with gloss black top and bot
tom panels. Slots provided for PCBs. 
chassis. etc . Send for our free 80-page 
catalogue giving full dimensions and 
prices. 
West Hyde Developments Ltd., Unit 9 Park St. Ind. Est .. Aylesbury, 
Bucks. HP20 1ET. Phone: Aylesbury (0296) 20441. Telex: 83570. 
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WIRELESS WORLD NOVEMBER 1980 

Guide to 

11th &dillon 

Around t:lae w.orld some ttll{;)usands of radio 
stat;ions are sending si~mals. l\f y-oa~~e 
receiving, this standard guide will tl9JI you 
w;ho 's where. It Ulits stat!ioJ?tS br,oadoastin; in 
tne tong,, medium, snQrt waJJe, and vflf baAds~ 
dealing with tllem by f:requ.etne,){; ,Q$o{i);ruplillir:al 
locatii,o;n and alphabetical order. 8e.et1ons are 
helpfully oro'SS reterelneed. Trne Wirreles$ 
World Guide to lreaooasting Stations is the 
eighteenth edition of a publication wnich has 
sold over 270;.000 copies. ln addition to the 
stations data, it includes mucn useful 
rnforrmation on radio receivers, aerials, 
propagation, sig:nal identifoioations and 
reception reports.. 

£3.25 inc. postage. 

To: General Sales Dept., Room CP34 
Dorset House, Stamford Street, London SE1 9LU 

Please send me copy/ies of the Wireless World Guide 
- to Broadcasting Stations (18th edition)@ £3.25 a copy inclusive, (U.K.), 
$8 overseas, remittance enclosed. Cheque/P.O. payable to 
IPC Business Press Ltd. 

Name·--~-----------------------------------------------------
( please print) 
Add res.~--------------------------------~--------------------

Reg istered in England No. 677128 
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' .. ~ ... fact: · ~*! 
five New Shure Cartridges ~ 
feature unique, state-of.:the-art~~' 
technology . '\ 

Including ... 
Unprec,edented 
Stylus Protect,lon 

the M97 Era IV Series 
pickup cartridges 

Shure writes a new chapter in the history of affordable hi-fi by 
making the latest cartridge technological breakthroughs avail
able in a complete line of high-performance, moderately priced 
cartridges; the M97 Era IV Series Pickup Cartridges, available 
with five different interchangeable stylus configurations to fit 
every system and every budget. 

Stylus 
Model Configuration 

·{t '. M97HE 
Nude 
Hyperelliptical 

M97ED 
Nude Birad ial 
(Elliptical) 

M97GD Nude Spherical 

~ M97EJ 
Biradial 
(Elliptical) 

M978 Spherical 

78 rpm Stylus Biradial 
for all M97's (Elliptical) 

Tip 
Tracking 
Force 

3/4 to IV2 
grams 

3f4to1V2 
grams 

3/4 to IV2 
grams 

IV2 to 3 
. grams 

IV2 to 3 
grams 

IV2 to 3 
grams 

®D 

Applications 

Highest f idelity 
where light 
tracking forces 
are essential. 

Where slightly 
heav ier tracking 
forces are 
required . 

For 78 rpm 
records . 

The M97 Series incorporates such vanguard features as 
the Dynamic Stabilizer-which simultaneously overcomes 
record-warp caused problems, provides electrostatic neutral
ization of the record surface, and effectively removes dust and 
lint from the record-and a unique telescoped stylus assembly 
which results in lower effective stylus mass and dramatically 
improved trackability. 

Each of these features ... and more ... has been incorporated 
in the five cartridges in the M97 Series-there is even an M97 
cartridge that offers the low distortion Hyperelliptical stylus! 
What's more, every M97 cartridge features a unique lateral 
deflection assembly, called the SIDE-GUARD, which responds 
to side thrusts on the stylus by withdrawing the entire stylus 
shank and tip safely into the stylus housing before it can bend! 

The performance of the cartridges is highly faithful to the 
recorded music. Hear it you must! 

i::r These two M97 Series Cartridges were 
selected for review by Hi-Fi Choice 
and given "Best Buy" ratings. 

® 

SHURE 
Shure Electronics Limited, Eccleston Road , 

Maidstone ME15 6AU , Telephone: (0622) 59881 
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wireless 
world 

Microchips and megadeat hs 
"Then I was shocked by the feeling that the 
skin of my face had come off. Then, the hands 
and arms, too. Starting from the elbow to the 
fingertips, all the skin of my right hand came 
off and hung down grotesquely. The skin of my 
left hand, all five fingers, all came off .... 
Hundreds of people were squirming in the 
stream. I couldn't tell if they were men or 
women. They all looked alike. Their faces were 
swollen and grey, their hair standing up. 
Holding their hands high, groaning, people 
were rushing to the river .. . . Under the bridge 
were floating, like dead dogs or cats, many 
corpses, barely covered by tattered clothes. In 
the shallow water near the bank, a woman was 
lying face upward, her breasts were torn away 
and blood spurting ... . By my side many junior 
high school students were squirming in agony. 
They were crying insanely 'Mother! Mother!' 
They were so severely burned and bloodstained 
that one could scarcely dare to look at them. I 
could do nothing for them but watch them die 
one by one, seeking their mothers in vain." 
(Eyewitness account, Hiroshima, 6 August 
1945.) 

Engineers played their part in the 
. making of these events. T hirty-five years 
later their role has become central, for the 
technology of delivering death has been 
greatly improved. We no longer have to 
rely on manned aircraft to drop atomic 
bombs but send them as the warheads 
9f self-guided missiles. This is where 
electronic engineering makes its particular 
contribution to slaughter, in the design of 
the guidance system. Consider, for 
example, the Trident and the Tomahawk, 
the two nuclear missiles which the UK 
Government, without benefit of open 
Parliamentary debate, has swung on a 
reluctant nation. Both of these have 
guidance systems which rely on advanced 
digital microelectronics to update an 
inertial navigator. In the T rident, a 

submarine-launched ballistic missile 
intended as Britain's independent nuclear 
weapon, the electronic system receives 
reference information from the optical . 
pattern of the stars. The Tomahawk, part 
of a NATO arsenal that will be owned and 
operated by US military forces, is a cruise 
missile; here the electronic system receives 
reference information on the geographic 
contours of the desired route from a 
magnetic-core memory and information on 
the actual contours over which it is travell
ing from a radar altimeter. And suchis 
technical progress that as we get more and 
more devices on a single silicon chip so we 
are able to kill more and more people with 
a single missile. 

T hrough work on such weapons 
electronics engineers in the East and the 
West have put themselves in the service of 
politicians, generals and industrialists who 
have become monomaniacs; who seem to 
see no way out of the self-perpetuating 
system of threat and counter-threat into 
which they have locked themselves and, 
like drug-addicts, desperately go on with 
it. The only thing likely to drag them out 
of their dementia is a threat from another 
direction- a concerted threat of rebellion 
from the trapped populations . It becomes 
increasingly clear, as our distinguished 
American contemporary Science has said, 
"that deterrence cannot ultimately be 
stable, and that the civilian populations of 
the world are no longer defended by the 
armed forces for which their taxes pay, but 
are merely hostages to them." 

None of us can be proud to serve a 
technology which is being used in the 
name of "defence" as a means to attain 
immense human suffering. Because we 
know what this technology can do we 
should be among the leaders of dissent. 
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Simple pick-up arm design 
Separating vertical and horizontal pivots allows use of longer arm 

Costing between £5 and £10 to 
make, this arm gives improved 
tracking performance compared 
with conventional arms. Increased 
effective arm length is achieved 
by positioning the horizontal pivot 
at the extremity of the arm. 
Separation of the pivots also 
makes for easier construction. 

Few people can afford either the money or 
the room for a hi-fi system which is tailor
made by experts with nothing but the ex
cellence of performance in mind. The li
mits of cost and space, therefore, largely 
determine the type of equipment to be 
found in an installation. But even within 
these limits, it is no more than economic 
sense to arrange that the assembly contains 
units each with much the same standard of 
performance; it is also good engineering 
practice. 

Home construction, properly carried 
out, obviously offers the best chance of 
achieving the highest standard of perform
ance for a given outlay. Electronic equip
ment is well suited to this approach, espe
cially using today's highly-developed solid
state technology. But the mechanical parts 
of a system are rarely given the do-it-your
self treatment. The average resources - in 
engineering know-how and availability of 
precision tools - are generally thought to 
be inadequate for this sort of work. I be
lieve otherwise: given a suitable design, 

By David Read, B.Sc. Hons (Eiec. Eng.) 

any limitations in skill and machinery can 
be overcome without much difficulty. 

One of the items of hi-fi equipment 
which particularly lends itself to amateur 
construction is the pick-up arm. Provided 
that the design is right, only a normal 
complement of tools handled with average 
care is needed to produce a mechanism 
which will match the performance of a top
quality, high-compliance cartridge costing 
up to ten times as much in outlay. 

The pick-up arm to be described is de
signed with the above thoughts in mind; it 
would cost between £5 and £10 to make. It 
mainly differs from commercial arms of 
conventional design in that the vertical and 
horizontal pivots are not positioned at the 
same point along the arm. As the photo
graphs show, the pivot which allows move
ment in the vertical plane is mounted for
ward of the one giving horizontal 
movement. In this way, the horizontal pi-

. vot can be placed at the maximum distance 
from the turntable centre for a given plinth 
size because it is not then necessary to 
allow for traverse of the counterbalance 
weight behind what is normally the com
mon pivot point. Thus there is room for a 

Simple construction of pick-up arm 
separates vertical and horizontal 
pivots to allow increased tracking 
radius. Vertical pivot is situated 
halfway along arm. 

longer arm, giving improved tracking, and 
the staggering of the pivots means that, 
being separate, they are of simpler form 
and therefore easier to make. 

The description deals first with the fun
damentals of pick-up arm operation, show
ing what the requirements are and the 
ways in which these requirements may be 
met. The degree of development which 
could be applied to the basic concept de
pends on the personal taste, enthusiasm, 
ingenuity and ability of the builder and, to 
some extent, on the depth of pocket. As an 
example of what can be done a mk 2 
model, built by the author and in regular 
use, is discussed to show some of the im
provements affecting the appearance and 
ease of operation rather than performance 
which may be achieved. 

Pick-up arm design is a matter of satisfy
ing a number of conflicting needs and 
avoiding a few pitfalls. There has been 
much discussion, in these pages and else
where, on the subject of arm operation. It 
would not serve any useful purpose to go 
over the ground again in detail, although it 
is worthwhile listing the main require
ments of a fixed-pivot arm of the type to be 
described, as opposed to the expensive, 
parallel-tracking mechanisms which so de
light the servo-control enthusiasts; 

The fixed pivot arm has to be designed 
for compromise. Ideally, it should carry 
the cartridge in such a way that this be
haves as though it were effectively floating 
in space. For this to happen, the arm 
would need to be of zero mass and move 
without friction. There would also need to 
be a gradual change in the relative posi
tions of arm and cartridge to match the 
geometry of the modulated groove being 
tracked. It is because these are not practi
cal possibilities that compromises must be 
made to compensate as far as possible for 
the discrepancies between ideal and real 
operation. 

The main requirements are that 
e in the horizontal plane, it occupies the 
correct position relative to the disc centre 
e the end carrying the cartridge moves as 
freely as possibl,e at a constant distance , 
above the ·disc surface 
e it holds the cartridge so that the stylus 
is maintained in contact with the groove 
walls and with the optimum force on both 
walls 
e it maintains the cartridge in its correct 
position relative to the groove with the 
minimum variation- random or periodic. 
The requirement of small random change 
means, mainly; that the arm should be 
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tolerant of external vibration. Small 
periodic change requires that the arm 
should not be prone to mechanical reso
nance at any frequency in the audio band, 
and of moderate amplitude outside the 
band. 

Turning from the general to the particu
lar the illustrations show that the arm is 
effectively constructed in three sections 

- the vertical pivot assembly, formed of 
a U-frame and a shaft which supports 
the horizontal-pivot carrier bar, allow
ing this to traverse in the horizontal 
plane 
- the horizontal pivot assembly, incor
porating the carrier bar and the horizon
tal-pivot block 
- the arm itself, with adjustable coun
terbalance weight and cartridge-mount
ing platform. 
The principle component of the vertical 

pivot is a silver-steel shaft of about 3mm 
diameter (not a critical dimension), ta
pered at both ends. When the shaft is 
fitted, each tapered end rests in a dimple 
seating to form a low-friction pivot of the 
type often used to suspend the revolving 
rings of a gimbal assembly (hence such 
pivots are often loosely called gimbals). 

The top of the shaft mates with a simple 
seating formed in a brass boss and screwed 
into a tapped bush in the centre of the 
upper angle plate of the U-frame. The 
dimple seating holding the lower end of 
the shaft is drilled in a solid brass block or 
platform held in position on the U-frame 
base plate by screws passing through 
elongated holes. When the vertical pivot 
shaft is in position, the boss is screwed 
down into the bush until the shaft tips are 
located in the centres of the dimple seat
ings. The shaft is thus held so that there is 
no sideways movement at either end, but it 
is free to rotate about its axis. 

The function of the block platform is to 
enable the lower dimple seating to be 
nioved, when the securing screws are re
leased, a small distance either side of a 
point vertically below the upper seating. 
Movement is possible to the extent of the 
elongated screw holes along a horizontal 
line parallel with the back plate of the U
frame. By this means, the shaft may be 

tilted through a small angle so as to pro
vide anti-skating bias. 1 

The diagram shows that the block has a 
V -groove cut into one edge immediately 
opposite a raised-head screw let into the U
frame base. The purpose of the groove and 
screw is to enable· easy adjustment of the 
amount of bias, in a way similar to that 
employed in car distributors for setting the 
contact-breaker gap. The vertical offset is 
achieved with the two back screws rocking 
the dimpled base plates on the hardwood 
motorboard. · 

The drawing shows a method of secur
ing the horizontal carrier bar to the pivot 
shaft. A hole drilled about 8mm from one 
end of the bar through which the vertical 
pivot shaft is passed provides an interfer
ence fit. One or two tapped holes (metric 
size M2.5 or 6BA) lead horizontally from 
the rear end-face of the carrier bar into the 
shaft hole. Slotted grub screws are fitted 
into the threaded holes so that when 
tightened the bar is securely fixed to the 
shaft. In this way the vertical position of 
the carrier above the bottom plate of the 
U-frame (and hence above the turntable) 
may be adjusted to set the angle between 
the stylus cantilever and disc at the recom
mended (standard) value of 15 degrees, the 
cartridge then being parallel to the disc 
surface. 

At the other end of the carrier bar, the 
horizontal-pivot block is fixed in position 
by means of screws, not visible in the 
photograph, leading through the bar into 
tapped holes in the block. The tubular
section arm passes through an elongated 
hole in this block, being held there by a 
pivot arrangement described below. • 

The block is shown in enlarged detail in 
the drawing. Two tapped holes lead into 
the pick-up arm aperture from opposite 
sides of the block to form a line along a 
diameter of the arm when positioned cen
trally in the aperture. Slot-headed screws, 

Seco.nd version of arm has vertical 
pivot situate,d at 93 along arm with 
the aim of reducing longitudinal arm 
vibration. 
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with tapered ends to form pivot points, are 
threaded into these holes, one from each 
vertical side face of the pivot block. 

A brass collar, of about Smm thickness 
by lSmm o.d., is fitted to the pick-up arm 
tube at the point where it passes through 
the pivot-block aperture, being fixed in 
position roughly two-thirds of the length 
of the arm from the end carrying the car
tridge by a grub screw threaded through it 
and bearing onto the tube. This collar has 
two dimple seatings located centrally on 
the outside face at opposite ends of a diam
eter, and clear of the securing-screw hole. 
When the arm, with its fitted collar, is 
positioned correctly in the aperture the 
two pivot screws are tightened so that their 
tapered ends locate in the dimple seatings. 
This assembly thus forms a second gimbal 
mounting and allows the arm to move 
freely in the vertical plane. 

The pick-up arm is simply a maleable 
aluminium-alloy tube, not hard duralumi
nium, with one end pinched into a flat 
spade shape for about 2Smm with two 
slotted holes cut into it for securing the. 
cartridge. The slots provide for limited 
adjustment of the angle between arm and 
cartridge. At the other end of the arm (in 
the prototype design), a lead slug is fitted 
into the tube and held there by a common 
paperclip. This slug forms the major part 
of the weight required to counterbalance 
the combined mass of that part of the arm 
which is on the opposite side of the hori
zontal pivot and the cartridge itself. A 
brass collar passed over the pick-up tube at 
this end as a sliding fit and held in position 
by a grub screw is set to give the recom
mended playing weight. 

An alternative counterbalancing ar
rangement is illustrated in detail 3 which 
offers some advantages in ease of operation 
and adjustment, but at the expense of a 
slight increase in difficulty of construction. 

In this modification, the counterbalance 
weight is a single rectangular block of 
brass measuring about 30 by 18 by 20mm. 
As the drawing shows, a hole of lSmm 
diameter runs between two of the block 
faces and connects at right angles to a 
second, smaller hole leading from the 
centre of the upper face. The lower part of 
the connecting hole is tapped to take a 
screw to secure the balance weight in posi
tion on the arm. The upper part is coun
terbored to take the screw head and allow . 
for screwdriver access. 

On the end of the pick-up arm adjacent 
to the vertical pivot, one or two layers of a 
special self-adhesive flexible foam plastic 
are wrapped round the tube, over a length 
of about 20mm. Two thin shells of semi
circular section - made of, say, 1/mun 
material - are fitted round this plastic 
sleeve to provide mechanical decoupling. 
The main hole drilled through the coun
terbalance weight is of suitable diameter to 
slide over the shell/sleeve assembly so that, 
with the weight positioned on it, the plas
tics material is slightly compressed. The 
weight can then be moved along the sleeve 
to an appropriate position to give the 
recommended playing pressure for the 
chosen cartridge. Having achieved this, 
the counterweight securing screw is 
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tightened, care being taken that the weight 
has its longer axis exactly parallel to the 
vertical pivot shaft so that it does not touch 
either this or the carrier bar. 

The principal advantage of this alterna
tive counterbalancing arrangement is that · 
the plastic sleeve mechanically separates 
the arm and the weight and so adds resis
tance to the mass and compliance of the 
arm/cartridge assembiy and reduces the Q 
of the natural resonance of the combina
tion. A reduction of about SdB in the 
amount of vibration at the resonance fre
quency is aimed at. Measurements are be
ing taken for a mk 3 arm after experiments 
with different materials, including Sorbo
thane (Permali, Plasticell division), Inseal 
(Dickinson Robinson group), and Eccor
sorb (Emmerson & Cumming). The em
phasis is on plasticity, not elasticity, as 
elastic material could aid resonances. 

The arms are of very light construction, 
an advantage from the point of view of 
stability of the gimbal bearing and reduced 
chances of damage in transit. But it does 
mean the arms are only suitable for high 
compliance pick-up cartridges, typically 
20 X I0-6 em/dyne or better. 
Best results are obtained if the pick-up arm 
is suitably positioned in relation to the 
turntable (see items 1 and 2, below), has 
the cartridge properly fitted (item 3) and is 
correctly adjusted in respect of two other 
settings affecting the arm itself (items 4 
and 5). These five parameters of operation 
and the necessary adjustments for opti
mum performance are as follows. 

1. The rake angle, otherwise called the 
vertical tracking angle, is the angle be
tween the cantilever carrying the stylus tip 
and the surface of the disc being replayed, 
standardized at IS degrees for most car
tridges. It is the angle set between the 
cantilever arm and the top face of the car
tridge body. This face is held flush with 
the flattened end of the pick-up arm and if 
this flattened end has surfaces parallel to 

·the axis of the arm, the vertical tracking 
angle will be correct when the arm is set 
parallel to the surface of the turntable. 
Thus, the only adjustment necessary in the . 
arm mounting is to arrange for the appro
priate height of the carrier bar on the verti
cal pivot shaft. 

2. Overhang is the amount by which the 
effective length of the pick-up arm -the 
length from the vertical pivot to the stylus 
tip - exceeds the distance from the verti
cal pivot to the spindle of the turntable. 
Overhang is measured as the horizontal 
distance between the centre of the turn
table and the stylus when the stylus, 
spindle and vertical pivot are all in the 
same straight line. With record and turnta
ble placed at the front left corner of the 
pli~th and the arm base at the far back 
right, you can then arrive at arm length 
and overhang using the table. 

3. Offset angle is the angle between the 
axis of the pick-up arm and the longitudi
nal axis of the cartridge which can be con
sidered as a datum at 90° to the line of 
correct normal lateral displacement of the 
stylus. For a reproducing stylus to trace 
the recorded groove without distortion, 
the longitudinal axis of the cartridge must 
be maintained at a tangent to the recorded 
groove. As the pick-up arm sweeps round 
a fixed pivot, i.e. does not act as a parallel
tracking mechanism, this ideal condition 
cannot be met. However, as a combined 
effect of optimum setting of both offset 
angle and overhang, tangential tracking 
can be made to occur at two points along 
the curve swept by the stylus, i.e. at two 
values of groove radius. The extent of the 
tracking error can thus be reduced to an 
acceptable value on either side of these two 
points. The optimum value of offset angle 
(obtained by catculation but summarized 
in the Table) is set by means of a simple 
protractor which is usually drawn on a 
piece of strong card and has the following 
general form 

Turntable centre Stylus position 

1-+'-- +-~'-+t-1 
. . 

l--see table __j 
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As the figures in the Table show, the mag
nitude of the tracking error becomes less as 
the effective length of the pick-arm in
creases. The vertical pivot in this design is 
located at a distance from the turntable 
which is the maximum for a given plinth 
size, so the effective length of the arm is 
virtually equal to its. overall length. 

4. Playing weight is the force exerted by · 
the stylus tip on the disc surface. In this 
arm, the amount of force is mainly 
controlled by the weight of the counter
balance slug in the basic form or by ·the 
position of the rectangular block in the 
modified arrangement. Fine adjustment to 
suit the cartridge installed is obtained by 
moving the sliding collar to an appropriate 
position which can easily be determined by 
measuring the weight at the stylus using 
one of the 'small calibrated balance mecha
nisms readily available for this purpose. 
The same means of setting adjustment can 
be used for the modified counterbalance 
system. 

5. Anti-skating bias. As the stylus traces 
the modulated groove it experiences a side 
thrust - a component of frictional force 
acting along a tangent to the curve swept 
by the stylus round the vertical pivot -
which causes it to bear more heavily on one 
side of the groove than on the other. This 
can result in a difference in performance 
between the two channels of a stereo 
recording; in particular, it can cause the 
onset of distortion al a lower modulation 
level in one channel than in the other. 

This unwanted side thrust can be coun
teracted by an opposing rotational bias 
acting at the vertical pivot of the arm. Such 
a bias is easily provided here by inclining 
the pivot shaft at a small angle, so slight as 
to be unnoticeable. This is done by releas
ing screws in the adjustment block and 
sliding the block an appropriate distance 
(to the left as viewed in the illustration, i.e. 
towarP, the turntable). A screwdriver 
blade, suitably angled between the slot in 
the side of the block and the nearby screw 
head makes precise adjustment easier. 

continued on page 62 

Table taken from Pickup-arm design techniques, by T. S. Randhawa Wireless World, March 197.8. 

Pivot to Optimum Optimum % 2nd harmonic Zero tracking error points Maximum tracking 
stylus overhang offset distortion due in inches from~ record centre error 
length (inches) angle to tracking error First Second (degrees) 

(inches) (degrees) 

7.5 0.76 " 27.62 0.91 2.34 4.61 2.93 

8.0 0.69 25.56 0.85 2.31 4.60 2.77 

8.5 0.65 24.00 0.79 2.33 4.58 2.58 

9.0 0.62 22.70 0.74 2.32 4.62 2.33 

9.5 0.58 21.33 0.70 2.30 4.60 2.23 

10.0 0.55 20.19 0.66 2.34 4.56 2.15 

10.5 0.52 19.24 0.61 2.33 4.59 2.00 

11.0 0.50 1-8.38 0.58 2.33 4.61 1.87 

11.5 0.48 17.59 0.56 2.33 4.62 1.76 

12.0 0.45 16.67 0.54 2.31 4.58 1.75 

12.5 0.43 16.01 0.51 2.31 4.58 1.66 

13.0 0.41 15.40 0.50 2.31 4.60 1.58 

Column 4 is for a recorded velocity of 10cm/s r.m.s. The last column is for an arm having the optimum offset angle and optimum 

overhang. 
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lnt@rnational radar and avionics dev~,l,opment since 1978 

ectronic systems in light aircraft and 
me of the smaller business types are still 
:ognizably concerned with communica
'ns and navigation, with perhaps a 
:ather radar and landing aid in the more 
ulent. The electronics are aids: without 
~m, the aircraft will fly perfectly well, 
t may tend to fly into "stuffed clouds" 
d to use more fuel than they should. 
Airliners of the more statuesque variety 
d even some of the smaller ones rely to a 
· greater extent on electronic assistance 
: automatic flight control (a.f.c.), fuel 
magement, automatic landing and navi
tion. Aerodynamically exotic aero
mes, like the Harrier and the Super 
irage 4000, for example, simply will not 
y in: the air at low speeds without 
:ctronics, being control-configured or, to 
t it another way, unstable. 
Most weapon-carrying military aero
mes are weighed down with highly com
cared locating, aiming, firing and avoid-
' electronics in an obviously vain 
~mpt to demonstrate to a potential foe 
tt he stands little chance of success in 
v bellicose adventure. Since, for each 
;c, this is only intermittently · true, the 
~rcise is ultimately futile, and is of bene
only in the impetus to engineering de
.opment it provides. In the absence of · 
'il aviation, Farnborough would be a 
pressing experience. 

utomatic control 
tiths Industries have been involved in 
~ine controls and indicators for many 
trs. Recently, they received a £6 million 
fer from Boeing for autothrottles for the 
7 and 737, to be fitted on both new and 
sting aircraft. The STS 10 ensures, by 

means of a digital performance-data com
puter, that the engines are run at the most 
fuel-efficient speeds to give the required 
flight pattern. General Electric (US) have 
their thrust-management system for the 
new Boeing 757 and 767 airliners, Marconi 
provide supervisory electronics for the 
RB211, Delco equipment (not shown) is 
being installed in Pan Am's 747s (saving 
1.5%, or 7.5 million gallons of fuel a year) 
and a number of companies make com
pletely automatic control systems for both 
flying controls and thrust management. 

The term 'fly-by-wire' has gained cur
rency in recent years, being taken to mean 
full-authority analogue or digital control of 
all functions in an aircraft. One loop main
tains stability, another responding to pi
lot's demands for control movements) and 
enhancing control characteristics.. Mar
coni, for example, make a complete fly-by
wire system for the Tornado and Jaguar, 
where all attitude and engine controls, 
flaps and slats are under the supervision of 
computers. 

Marconi are also in the lead with fibre
optic data highways for avionic computers. 
Multiple, redundant data channels are 
used, which require the transfer o_f da_ta 
between channels for voting to avoid dif
ferences between channels and to deter
mine fault conditions. Crosslane data feeds 
are vulnerable to interference, and fibre
optic links are used to give complete isol~~ 
tion and freedom from electromagnetic 
transients. 

This limited use of optical data high
ways has been referred to as 'fly-by-light', 
but one feels that the expression ought 
really to be reserved for fully optical trans
mission, as is now being developed by 

Heading picture: AEW Nimrod, showing 
nose and tail radomes which contain look
down radar. 
Wing-tip pods contain equipment _fo~ 
monitoring of radio and radar emtssJOns. 

Marconi, and as is used by Bell in a Jet
Ranger helicopter. In the Bell system, 
movement of the pilot's controls causes a 
transparent encoder disc to move between 
a light source and photodiodes, producing 
18 Gray-coded bits of information as a 
position code. The data is latched into a 
parallel-to-serial data store, from which it 
is read out serially into fibre-optic cables to 
a receiver at the servo to be controlled. 
Two monostable flip-flops are clocked and 
produce wide pulses for a 1 and narrow 
ones for a 0, the result being converted 
back to analogue form for servo operation. 

Displays 
Both civil airliner pilots and close-support 
fighter pilots experience moments of con
centrated activity when their attention can
not, with safety, be divided between the 
instrument panel and the view ahead. It is 
therefore standard practice now to provide 
the quicker aircraft with either head-up 
display (HUD) or head-down display 
'(HDD). They ought, perhaps, to be called 
'head-in-one-place displays' (HIOPD), 
since the intention of these devices is to 
provide the pilot with all the information 
he needs to fly the aeroplane, including the 
main instrument readings and the view 
ahead, in one place -either at the screen 

· or on the panel. The technique is not new 
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(WW first reported it ninete.en years ago), 
but it is continuously refined and varied. 

In the HUD category, Marconi have 
their new diffractive unit, which affords a 
much wider field of view than was 
previously possible. The principle of a 
HUD is that a c.r.t. screen in the instru
ment panel which displays the more vital 
instrument readings is reflected from a 
half-silvered mirror in the pilot's forward 
view, so that he can see both the view 
forward and the instrument readings with
out moving his head and without refocus
ing his eyes, since the reflected image is 
collimated. The angle over which the c.r.t. 
display is visible is fairly narrow. 

In the new HUD, convex glass compo
nents are combined to form several reflec
tive surfaces, made from special coatings 
which reflect light only at the wavelength 
of the c.r.t. phosphor. The shape of the 
reflective paths and the single-wavelength 
characteristic combine to provide a wide
angle, bright display, since all light but 
that from the c.r.t. display is transmitted, 
this being reflected. For night use, the 
c.r .t. will display a television forward 
view, obtained by means of an infra-red 
camera, and the instrument information. 
The i.r. camera is part of the American 
LANTIRN programme, which is to pro
vide Low-Altitude Navigation, Targeting 
Infrared for Night in the A 10 and F 16. 

A similar night-vision display, also from 
Marconi, is intended for the Sea King heli
copter. This uses an Intensified Isocon 
television camera mounted on a stabilized 
platform under the nose, which can also 
carry a number of thermal imaging mod
ules developed by Marconi, Rank Taylor 
Hobson and EMI in the UK's Thermal 
Imaging Common Modules programme. 
The extraordinary feature of the equip
ment is that the camera follows the direc
tion in which the pilot is looking, its 
display being projected into the pilot's 
vie.w by a HUD-type system in his helmet 
'visor. Effectively, therefore, he sees the 
view he would normally see, in whatever 

direction he looks, but in the dark as well. 
Civil aircraft now use c.r. t. displays to 

an increasing extent in place of the familiar 
rows of 'clocks'. Colour tubes increase the 
amount of information possible in one 
display: the Penetron, a tube which emits a 
colour depending on the depth of penetra
tion of the phosphor by the electron beam, 
is used by C. S. F. and Marconi, and several 
companies make special shadowmask 
tubes for this application. It is not possible 
to obtain a blue colour in the Penetron, 
and C.S.F. are now developing high-reso.;. 
lution shadowmask tubes with in-line guns 
and slotted masks. The diffi~.ulty here is 
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Marconi infrared camera for night vis!on, 
mounted under the nose of a S_ea K_mg_ 
helicopter. Camera aligns itself wtth ptlot_s 
line of sight, and display is mounted on hts 
helmet. 

Radar displays show the effect of Plessey's 
AMTI clutter suppression. On the left is an 

. unprocessed picture, with aircratt returns 
lost in clutter. The processed dtsplay 
shows a complete absence of static 
returns, only aircraft echoes remaining. 
The system is being evaluated at 
Farnborough on a Plessey ACR 430 airfield 
control radar. 
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· that'stroke-forined letters and symbols are 
not easy for a conventional deflection yoke 
to generate when an in-line gun is used. 
C. S. F. say they can now do this. 

Radar 
Secondary-surveillance radar (s.s.r.) was 
originally very much an afterthought, used 
during the war to distinguish friends (who 
had transponders on board) from foes 
(who hadn't). It is now the chief tool used 
in air traffic control and is still being de
veloped by, for example, Cossor. The 
UK's ADSEL (Address-selective) pro
gramme has been under way since 1971, in 
co-operation with the US DABS (Discrete 
Approach Beacon System). Both work on a 
common principle of first 'acquiring' all 
s.s.r.-equipped aircraft and subsequently 
addressing the required aircraft directly at 
a lower interrogation rate. This does im
prove the interference problem, where air
craft respond to the wrong interrogation or 
to the right interrogation but to the wrong 
ground station ('garbling' and 'fruit'), but 
it requires a much narrower beam, so that 
position information can be obtained from 
each reply. The narrow beam is achieved 
by combining the signal from two halves of " 
the aerial in and out of phase to give a sum 
and difference pattern. The difference has 
a sharp phase change null in the boresight 
direction which, when taken in conjunc
tion with the peaky sum pattern, gives 
effectively a very narrow beam, reducing 
uncertainty. It is possible to measure the 
position of an aircraft to within 5 minutes 
of arc in this way. 

The problem of clutter continues to oc
cupy radar designers. There have been 
many techniques put forward over the 
years to reject permanent, non-informative 
returns, based on the fact that the 
landscape is stationary, while targets are 
not. One problem has been that, if an 
aircraft is flying tangentially to the radar 
pattern, there is no movement in the range 
dimension and the echo is suppressed, 
along with the clutter. Plessey's Area 
Moving Target Indicator (AMTI) uses sto
rage and data-processing methods in the 
video stages to avoid the problem. The 
search pattern is divided into a great _ 
number of small areas, bounded by pulse- -
length and bearing, the ~veragelevel of 
video in each cell over a number of scans 
being digitized a~d stored. Any incoming 
signal which, on comparison, is found to 
exceed the stored level is assumed to be 
worthy of display and is passed, anything 
below this level being rejected. The stor
age level is continually up-dated to take 
account of variations in precipitation, etc. 

One of the more depressing sights at 
Farnborough was the appearance over the 
Black Sheds of the Airborne Early 
Warning (AEW) Nimrod, a grotesque de
rivative of that most beautiful of all aero
planes, the Comet. This aircraft, a modifi
cation of the marine reconnaissance 
Nimrod, is intended for look-down sur
veillance of the approaches to the UK so 
that low-flying intruders will not be able to 
slink in unnoticed. A Marconi-Elliott S
band, pulse-Doppler, primary radar feeds 
synchronized scanners in radomes fore and 

New look • 1n multi meters 
American companies have, in recent years, 
almost completely dominated the low-cost, 
laboratory-quality multimeter market. 
Their close liaison with integrated-circuit 
manufacturers has enabled them not only 
to learn of new chip developments early 
enough to gain a lead over European 
makers, but also, in many cases, to 
influence the design of the chips to suit 
their own ideas. One result has been the 
evolution of the complete converter-plus
logic modules now in use. While this is, no 
doubt, of great benefit to users, in that it 
confers greater reliability than the use of 
many components to perform the same 
function, and also makes for a lower price, 
it means that a European manufacturer 
who bases ·his instrument on these chips is 
adding scarcely any value and cannot 
charge an economic price. 

Thurlby Electronics, a British firm 
which began trading in · 1979, has decided 
to attack this market by offering much 
better perfor~ance than is obtainable from 
single-chip designs and to reap the benefit 
of EEC membership by selling at a lower 
price than American makers ar'e able to, 
since they must allow for import duty and 
higher support costs. 

The Thutlby 1503 uses a single i.e . for 

logic and display functions, but a greatly 
improved analogue-to-digital converter. It 
is more genuinely a 'multi' meter, since 
not only does it measure alternating and 
direct voltage and current, resistance and 
diode characteristics, but frequency up to 
4MHz. Measurements are resolved to 15 
bits on d.c. measurements and resistance, 
to form what is termed a '4%-digit' display 
·- a full-house reading would be 
3200.0mV, for example. Scale length on 
alternating voltage is 14 bits and on 
current 13. Error varies between 0.055% 
and 0.3%, with a maximum error of 2.5% 
at lOA. 
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aft, the returns being presented on six 
synthetic displays, which are controlled by 
microprocessors to provide all the informa
tion on a particular return. A secondary 
radar (i.f.f.) is also carried, the whole 
package being under the management of a 
main computer, which analyses the radar 
data and compiles messages to base. The 
communications system to support all this 
is suitably complex, using high-speed. digi
tal data links at h.f. and u.h.f. 

Navigation - --
Honeywell are to fit ring-laser strapdown 
gyros for inertial navigation to the AV-8B, 
McDonnell's developed version of the 
Harrier. Th~ systems are already specified 
f~r the Boeing 757/767 airliners and have 
also been selected for the Airbus A310. 
The absence of moving parts means a huge 
increase in reliability -Honeywell claim 
m.t.b.fs of over 60,000 hours. 

The principle is the Doppler effect, in 
which a laser sends two beams round a 
path in which they are reflected to in
tersect at a detector. Wheri stationary, 
both wavelengths are the same at the de
tector, but when the ring turns about an 
axis normal to the ring, the beam in one 
direction will appear to increase in wave
length, the other apparently decreasing. 
The difference is measured digitally and 
fed, in conjunction with the results of ~ea
surements in two other axes to the naviga
tion computer, which continuously inte
grates the measurements to determine 
position. D 

A crystal is used to determine 
integration time, which confers a high 
degree of immunity to mains-frequency 
interference, and whjch is also used as 
time-base generator in the frequency
measurement mode. 

Thurlby claim that their a-to-d 
converter outperforms, with respect to 
accuracy, drift and noise, anything 
currently available in i.e . form. They also 
point out that the use of low-power 
circuitry not only makes for less heat and, 
consequently, lower drift than is usual, but 
enables internal batteries to power the 
instrument for 200 hours . The instrument 
costs £139 and is made by Thurlby 
Electronics Ltd, Coach Mews, St. Ives, 
Huntingdon, Carobs . 

Correction 
Graphical communication 
with microcomputers 
To those readers who find Fig. 26 of this article 
(September issue, p. 76) difficult to take in, we 
have to apologize and admit that it is not an xy 
tablet. The xy tablet picture had to be left out 
for space reasons and the captions were mixed. 
The device shown is a Quest Automation 
Micropad, which recognizes hand printing, 
transmitting the characters to a computer. 
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lntermodulation at the 
amplifier-loudspeaker interface 

Part 1: Analysis of one source of audible differene~ between amplifiers 

by Matti Otala* and Jorma Lammasniemi, Technical Research Centre of Finland 

lntermodulation occurs between an 
amplfied signal and a delayed version 
returned from a loudspeaker through 
a feedback loop, when open-loop 
output impedance is high compared 
to speaker impedance. Part one of this 
article analyses this and a second part 
describes a measurement method 
with results of tests on different types 
of amplifier circuit and suggestions 
for avoiding the effect. 

The sound quality . at the low-frequency 
end of the audio n:~production chain has 
often been discussed in such subjective 
terms as firm, soft, dry and mellow. As far 
as loudspeakers are concerned, the change 
in sound impression may be explained as a 
result of different technical characteristics 
of the drivers, filters and cabinets. Ampli
fiers present a more serious problem be
cause the level of harmonic distortion at 
these frequencies is usually low' the fre
quency response is relatively flat, and out
put damping is almost always adequate. 

An intriguing question sometimes en
countered in practice is why the sound 
may perceivably change at the low end of 
the frequency spectrum when the same 

· listening environment and the same loud
speaker system is used and only the power 
amplifier is changed. It is our experience 
that certain power amplifier circuit topolo
gies sound different to others, although no 
directly explainable difference is noted in 
the electrical performance of the circuits 
when tested with resistive load. The fol
lowing analysis shows that, under certain 
conditions, the loudspeaker reaction to the 
drive signal can propagate in the feedback 
loop of a power amplifier and intermodu
late with the drive signal itself. This may 
partly answer the question. 

The dynamic loudspeaker provides a 
complex load to the amplifier. As much 
has been written about its behaviour (see, 
for instance, references 1), it is sufficient 
here only to present a short list of some of 
the most important factors affecting the 
interface between the loudspeaker and the 
amplifier. 

The total compliance of the cone sus
pension and the loudspeaker cabinet, and 
the cone mass, form a damped mechanical 
resonance, typically in the frequency range 
of 30 to 80Hz for the woofer and at corre
spondingly higher frequencies for the 

* Submitted by Professor Otala whilst on leave of ab
sence with Harman Kardon Inc. 

squawker and tweeter. Other mechanical 
resonances are created by the different 
moving parts of the cone, excited by the 
voice coil, but not necessarily rigidly 
coupled to it. All these mechanical reso
nances behave like parallel tuned circuits 
in series with the voice coil resistance and 
inductance. The crossover filters also ex-
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Fig. 1. Magnitude and phase of the terminal 
impedance of an Acoustic Research AR3a 
loudspeaker system, measured with the 
controls in midposition. Resonant 
frequencies are 32Hz, 330Hz and 2.5kHz. 
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Fig. 2. Magnitude and phase of the terminal 
impedance of a Yamaha NS-1000 Monitor 
loudspeaker system, measured with the 
controls in midposition. Resonant 
frequencies are 38Hz, 410Hz, and 5.5kHz. 

hi bit complex reactive behaviour, espe
cially around the crossover frequencies. 
Figs 1 & 2 show t~e impedance of two 
popular loudspeaker systems manifesting 
both cone and crossover filter resonances. 

Energy is stored in all these reactances, 
especially in the resonances. Because are- · 
actance cannot dissipate energy, and the 
internal dissipation in the loudspeaker is 
low at these resonances, most of the stored 
energy returns to the amplifier and is dissi
pated in it. In addition, the loudspeaker 
terminal impedance is non-linear, and 
cone break-up, delayed responses and 
acoustical reflections create generator 
effects in the loudspeaker. Fig. 3 shows a 
greatly simplified equivalent circuit of a 
loudspeaker, taking into account only few 
of the effects discussed. 

Now analyse a feedback amplifier hav
ing two different loads, as shown in Fig. 4. 
A pure resistance R is used when mea
suring the characteristics of the amplifier. 
A loudspeaker, represented by the grossly 
simplified equivalent circuit of Fig. 3, is 
the true load. It is assumed to have a linear 
resistance R and negligible voice coil in
ductance Lv to facilitate the analysis. The 
circuit is far from perfect, but this analysis 
is to illustrate the basic mechanism of 
distortion only, not to calculate it to a high 

· degree of accuracy. Similarly, the ampli
fier is assumed to have an infinite input 
impedance, and no frequency compensa
tion. All these approximations do not 
affect the result of the analysis. Note that a 
new parameter, the open-loop outpUt im
pedance Z, has been incorporated in the 
circuit in contrast to prior analyses. 

The input signal V1 is taken to be a step 
function V(t), so that its Laplace transform 

Fig. 3. Simplified loudspeaker equivalent 
circuit. Lc and Cc are cone dynamic mass 
and suspension compliance, respectively, 
L v the voice coil inductance, R the voice coil 
resistance, including the radiation 
resistance, and ig the generator effect 
current source. 

. I 
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Amp l ifier 

z 

[s L [Vl]=v1/s . The analysis is based on 
linear theory. 

For the resistive load R, the transforms 
)f voltages V4 and V5 are 

A(l +ZIR) 
Vis) s(l+ZIR+~A/1 

and 

A V 
Vs(s) s(l +ZIR + 0A) 1 

f he inverse transforms are both pertect 
;tep functions and the only difference to 
;tandard feedback equations is the . term 
~IR. An adequate damping factor neces
;itates that the closed-loop oUtput im
Jedance of the amplifier be much smaller 
han the loudspeaker impedance, i.e. 

R»ZI(l +~A) 

JVhich yields a further simplification. Tak
ng the inverse Laplace transform, the 
roltages are found in time domain 

3 

md 

A 
Vs(t) (1 +~A) v 1 U(t) . 

[f now the loudspeaker is substituted for 
che load, the situation changes markedly. 
'\ssuming the damping .to be adequate, as 
Jy equation 2, equations 1 take the form 

A 
Vis)= 1 +SA 1-SZI(s) + 

~1 +~) s
2LC+sL!(R+Z)+ 1 

s R s2LC+sLIR+1 1 4 

and 

A 
V5(s) s(l +SA) vi . 

~ o change has occurred in the trans
armed output voltage V5 of the amplifier. 
rhis is to be expected, as the feedback 
:ffectively controls the output voltage. 
Iowever, the internal drive voltage of 
quation 4 now contains complex terms 
onsisting of the parameters in the loud
peaker equivalent circuit. To study the 

Loudspeaker 

R 

R Resistive load 

behaviour of this voltage in time domain, 
the inverse Laplace transform of equation 
4 yields 

V,(t) ~I :pA [ -f)ZI(t) + v,(l + ~ {II-; 

(R:Z)~exp(- ;~)sin wt} J 5 

where w
1 
= (l!LC-l/4R2C2)

112
, the reso

nant frequency of the loudspeaker cone, 
terminals short-circuited, and Q=w1RC, 
the approximate quality factor at reso
nance. 
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Fig. 5. Typical waveforms from equation 7 
as functions of normalized time, with the 
resonant quality factor a as parameter. The 
loudspeaker-generated oscillation is very 
large, especially for low values of a. 
Corresponding waveform for resistive load 
is shown with a dashed line. 
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Fig. 6. Values of the first minimum and the 
first maximum of equation 7 as a function 
of quality factor a. 
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Fig. 4. Equivalent circuit of the 
amplifier-loudspeaker 
combination used in the 
analysis. Amplifier has resistive 
feedback network B, gain of A 
and open-loop output 
impedance Z. No frequency
dependent effects are 
incorporated in the amplifier 
circuit. The loudspeaker is 
assumed to have negligible 
voice coil inductance and is 
considered to be perfectly 
linear. 

The first term corresponds to the effect of 
any current generated in the voice coil of 
the loudspeaker by the vibration of the 
cone. Assuming that the feedback is large, 
1 + BA» 1, say greater than 30dB, the first 
term becomes 

V4(t)= -Zl(t) · 

showing that the amplifier internal ·drive 
voltage necessary to serve as a sink for the 
loudspeaker generator current is directly 
proportional to the open-loop output im
pedance Z. Dividing this equation by the 
nominal signal level of equation 3 the ratio 
of the loudspeaker-generated signal to the 
driver signal can be found 

Vlt)generator 

Vlt)signal 
Z I(t) generator 

R + Z I(t)signal 

Similarly, the last term of equation 5 can 
be divided by the signal level, equation 3 
which yields the ratio of the resonant oscil
lation in v4 to the signal in v4 

Vlt)oscillation 

Vlt)signal 

Z 1 wt 
1 - --- exp(- - 1 -)sin wt 7 . 

R+ZQ 2Q . 

This represents a damped oscillation at the 
cone resonance frequency. There are nega
tive minima and positive maxima at 

1 
T=- (arctan 2Q+n'TT) 

WI 

where n 1s an integer, with values 

z 2 
V iT)= 1 - _R_ +_Z_ -:-( l-+-4Q--=2)--:-u=z 

exp( arctan 2Q + n'TT ). 
2Q 

, Assuming Z»R, some typical waveforms 
of equation 7 are plotted in Fig. 5, and the 
values of the first minima and maxima are 
plotted in Fig.6 as functions of Q. The 
amplitude of oscillation increases with de
creasing Q. The reason for this apparently 
strange behaviour is that, when the Q of 
the resonant circuit is lowered, the circuit 
absorbs more energy from a broadband 
signal spectrum. 
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Fig. 7. Measured responses V4(t) and 
calculated responses for the AR3a and NS-
1 OOOM loudspeaker systems. Only the two 
first resonances around 35Hz and 400Hz 
were taken into account in the calculated 
values. The good match of the responses 
show that the theoretical model used is 
satisfactory. 

To check the validity of the approxima
tions made, the calculated measured res
ponses V4(t) are shown in Fig. 7 for the two 
loudspeaker systems of Figs 1 & 2. The 
calculated results are very close to the mea
sured ones, which is surprising consid
ering the complexity of the real three-way 
loudspeaker systems. This proves that the 
simple equivalent circuit of Fig. 3 is satis
factory for this analysis. 

To be continued 
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A well-est~blished author, Graham Beech, has a 
new publication to add to his list, called 
Successful Software For Small Computers, 
which is based on Basic language and em
phasizes the technique of "structured program
ming". It is said that when used correctly, this 
technique enables programs to be made that 
work first time. 

Each of the five sections in the book, 
Structured programming, Mathematics, Data 
structures, Data processing and Simulation, is 
illustrated by complete programs, both as de
signs and as complete Basic listings which are 
claimed to be fully tested on a TRS 80 compu
ter. The style of writing used is easily under
standable and the information offered will prob
ably be found useful by all kinds of small 
computer users, especially those who have a 
knowledge of Basic and wanr to know how to 
design programs. In floppy-back form, the book 
costs £5.50 and is published by Sigma Technical 
Press, 5 Alton Rd, Wilmslow, SK9 5DY. 
Applied Electronic Communication, by 
Robert Kellejian, is an extensive text or refer-
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ence book with three main subdivisions, Cir
cuits, Systems and Transmission, which cover 
virtually all aspects of the subject, from the 
roots of the theory to the practical applications 
and formulae involved. After an introductory 
section in each chapter, learning objectives are 
given. This rather interesting approach enables 
the reader to visualize,, at a glance, the contents 
of the chapter, the order in which different 
subjects will appear, and the l~vel of under
standing which can be achieved by reading the 
text which is to come. 

Each chapter is concluded with a set of prob~ 
lems aimed at verifying the understanding 
gained and providing direct experience with 
procedures typical of engineering practice. Any
one wishing to use this work as a text book 
should, however, note that American standards 
are used. The price of the book in hardback 
form is £16.05 . It is actually published in the 

·USA and information on how to get it is avail-
able from Science Research Associates Ltd, 
Newton Rd, Henley on Thames, Oxford RG9 
lEW. 

IN OUR NEXT ISSUE 
Darkroom exposure meter 
and enlarger timer 
A constructional project for photographers, this unit will measure 
the required exposure for a black-and-white print, giving a digital 
readout in seconds and tenths. It will then time this exposure. It 
may also be used as a ten-minute process timer to count minutes 
and seconds. Cost : about £30. 

Christmas 
. 

qu1z 
Keep your brain alert and resist the torpor that comes from too 
much food and drink! Our electronics quiz, set by polytechnic 
lecturer Bryan Hart and colleague, will be ·a welcome break from 
compulsory enjoyment and will keep you mentally in tr im to face 
1981. Prizes too! 

Programmable power supply 
A professional design whkh provides 0 to 40V at 2A, contro lled via 
the IEEE General Purpose Interface Bus. The instrument operates 
as a listener/talker (using an l.s.i. chip) and can be modified to 
provide other voltages and currents. Additional features include 
manual operation and an overload detection circuit which signals 
the controller. 

On sale 19 November 
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Designing inductors carrying d.c. 
Simple procedure for comparing cores and choosing the optimum 

The initial selection of a suitable size of 
iron or ferrite core fo.r an inductor or 
transformer with windings carrying 
direct current is difficult. The author 
describes a simple procedure which not 
only enables different cores to be 
compared for a given application but 
a I so enables a basic design to be 

·completed using the optimum core. 

The design of transformers and inductors 
which carry a current with only an a.c. 
component is relatively straightforward 
and is based on the well known equation:-

£= 4.44B N af (1) 

However, transformers and inductors 
whose windings carry a current with a 
direct component require a different de
sign procedure. This is because the d.c. 
component can cause the core to saturate, 
giving a very low incremental inductance. 
A possible solution is to introduce a gap of 
non-magnetic material into the core. This 
gap reduces the effective permeability of 
the core. Thus with an optimum gap the 
core can be run somewhere below satura
tion flux density. Calculating the optimum 
gap can be a tedious process and also 
introduces another variable into the choice 
of the optimum core. The optimum gap 
chiefly depends on the required induc
tance, the d.c. and a.c. components of 
current, the maximum flux density allowa
ble in the core and the core area. 

A long while ago c:R. Hanna 1 devised 
an elegant system to enable the optimum 
gap to be easily found. Graphs are avail
able for a number of ferrite and iron cores 
based on Hanna's technique. A representa
tive graph for a medium size ferrite core is 
given in Fig. 1. The vertical axis is 
graduated in units of LJ2 and the horizon
tal axis in units of NI. Both L and I (the 
total of the d.c. and the peak a.c . compo
nents of current) are known and thus a 
point on the curve can be found. The 
curve is graduated directly in gap 
thickness, giving the optimum gap directly 
and, referring to the _ horizontal scale, we 
find a corresponding value of NI and hence 
the number of turns N . This is an excellent 
basis for a design as, once the number of 
turns is known, the necessary gauge of 
wire and hence the winding resistance can 
be determined. Hanna curves, however, 
are only available for some cores. 

A more general approach is really 
required to enable the _ most suitable core 

by D. H. Thomas M.I.E.E. 
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Fig. 1. Representative gr~ph for a me.dium
sizedferrite core as used in Hanna's 
technique for finding the optimum gap. 

to be rapidly selected. Frequently the final 
design will be done by transformer 
specialists but in the early stages of equip
ment design engineers find it desirable to 
rapidly compare a range of cores to see if 
the design is feasible within the available 
space. A simple design procedure is derived 
below and outlined at the end of the 
article. 

Inductance can be defined as flux 
linkages per amp. 

d<P 
L=N

dl (2) 

If no saturation occurs <Pis proportional 
to I and if remanent flux is small, 

<I> 
L=N

I 

hence 

N=!:!_ 
<I> 

LI 

Ba 

(3) 

(4) 

where a is the cross-sectional area of the 
core. (All dimensions are in metres. ) 

Equation 4 could have been written as 

LI 
N=-

Ba 
(5) 

where I is the sum of the d.c. and peak a.c. 
components and B is the flux density 
corresponding to the peak current ~ 

Now B is available from the 
manufacturer's data for the core material, 
a is available from the core data (or can be 
easily measured) and L and 1 are the 
required parameters. Hence the number of 
turns, N, is known directly. For ferrite 
cores a parameter, inductance for 1 turn 
(AL) is defined. Now, for the inductor 
being considered, 

L 
AL=N2 . (6) 

If this value is greater than the value of AL 
given in the core data, we need more turns 
calculated from the core maker' s value of 
.lh 

(7) 

In this case no core saturation will 
occur. A more likely case is that the value 
of AL calculated in equation 6 will be less 
than the value given in the core data in 
which case a gap will be required in the 
core. In this case the number of turns will 
be that calculated in equation 5. This 
equation is very useful as it allows 
different cores to be directly compared in 
terms of N. 

If the value of AL calculated in equation 
6 is significanty ~ower than the value given 
in the data sheet, then most of the avail
able m.m.f. will be dropped across the two 
air gaps, each of thickness g. The 
approximate gap can be calculated as 
follows : 

IN 
=f1o-2g 

iN 
g=flo2B (8) 

B 

Generally manufacturers provide two 
types of ferrite core, namely transformer 
and inductor cores. Transformer cores are 
ground to fit each other as perfectly as 
possible, giving high values of AL, but the 
actual value of AL varies from batch to 
batch as the permeability of the core 
material varies. Inductor cores are ground 

I 
I 
I _ 
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so that the middle limb is shorter than the 
outside limbs, giving an integral air gap. 
This gap is ground so that the inductance 
factor, AL, is constant for a given type of 
core even if the-- .groperties o~ the co~e 
material vary. Thus for certam cores 1t 
may be pbssible to choose a member of the 
family with the required value of AL. In 
this case no additional gap is required and 
if necessary N can be changed slightly to 
suit the actual value of AL quoted in the 
data sheet. If this is not practical, a trans
former core may be gapped with a 
suitable thickness of cardboard or mica of 
thickness g. (It should be noted that the 
same thickness of spacer should be fitted to 
the centre and outer limbs of the core to 
ensure equal spacing and to prevent the 
cores breaking when clamped.) 

The actual choice of peak flux density 
will · depend on the maximum ambient 
temperature. Some ferrite core materials, 
unlike steel, have saturation flux densities 
which depend on core temperature to a · 
considerable degree. For the core material 
whose characteristics are given in Fig. 2 a 
suitable peak flux density at 100°C would 
be 150mT. However if the maximum core 
temperature was 70°C a suitable peak flux 
density would be 220mT . In any case the 
saturation flux density varies widely with 
core material whether ferrite or steel. 
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Fig. 2. Curves of flux density against field 
strength forFerroxcubeA 13 ferrite core 
material, attemperaturesof20°C, 70°C 
and 1 00°C. 

T he resistance of the winding is 
probably the most important parameter 
and, knowing N, can be calculated from 
the following equation: 

diameter of winding 
------'----- X 

area of winding 
R (9) 

N2x I0 - 7Q 

This extremely useful equation is based 
on the resistance of copper and typical per
centage filling of the ·winding area with 
copper, allowing space for the former and 
insulation and applies for an inductor. For 
a transformer the resistance will be 
double. 

Substituting the value of N given by 
equation 5 in equation 9 gives another 
extremely useful result. 
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Basic Design Procedure 
1. Calculate the required inductance, value of the peak magnetising current, the 

' maximum allowable winding resistance and the maximum ambient temperature. 
2. Select a core and list the following parameters: 

Core flux area a 
Core winding area A 
Core winding diameter D 
Peak flux density . at the maximum core temperature B (assume core 
temperature rises 10°C above ambient temp.) · 

3. Calculate the number of turns N from equation 5: 

N
_Lf 
-Ba 

4. Calculate the inductance factor from equation 6: 

and see if a gap is required. If a gap is not required re-calculate N from equation 7: 

1 
N=-- 1L . A v 

L 

5. Calculate the winding resistance from equation 9: 
D . 

.R=-XN2 x I0-7Q A - . 

for an inductor and twice that value for a transformer. 
6. See if the resistance estimated in step 5 is similar to the requirement given in step 
1. If similar proceed to step 7; if not repeat the above procedure using a larger or 
smaller size of core. 

7. From the value of N calculated in steps 3 and 4 and using wire tables, choose an 
optimum gauge of wire which comfortably fits in the bobbin, allowing sufficient space 
for other windings and insulation if required. Also calculate the gap if required as 
given in equation 8: 

fN 
a= X 10-6 
~ 213 

or use an inherently gapped inductor core. 

R 
diameter of winding 
-----------X -

area of winding 
ur"2 

X 10-7 
1J2 core area 2 -

(10) 

Again the resistance of a transformer 
would be twice as great. Provided that 
there is a substantial d.c. component 
(which makes a gap necessary), equation 
10 allows an immediate estimation of 
winding resistance for a given core and has 
been -found to work well for ferrite and 
iron cored inductors. 

Inductor flux falls to zero 
du ring each cycle 
Single-ended forward converters work in 
this manner and are a special case of the 
cases described above. Forward converters 
require the magnetising current to be as 
small as possible to reduce the energy that 
is fed back to the supply during each cycle. 

. To achieve the small magnetising current, 
no gaps are introduced into the core in the 
general case. 

If V = voltage across primaty of trans
former, t = on time of transistor switch, 

and as the flux starts from zero 

Nq> I 

V=
t 

hence 

Vt 
N=ra 

and winding resistance is 

diameter of winding 

(11) 

R=2X X 
area of winding (12) 

N 2 X I0- 7n 
or 

diameter of winding 
R=2X X 

· area of winding · 
V2 t2 

B2a2 
(13) 

where a is the area of the core. 
In equations 12 and 13, the factor of 2 

fot a transformer is included as forward 
converters always use a transformer. 
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The magneusmg current should be 
calculated from either the core per
meability or from the value of AL given for 
the core. 

(14) 

Vlt2AL 
=132X(i2 (15) 

and the peak magnetising current is 

,.. J320 2 
I=- (16) 

VtAL 

Useful formulae for transformers not 
carrying d.c. and smoothing chokes are 
given by T. Roddam ih ref. 2. 

Evaluation of core 
characteristics 

If the peak flux that a core can accept is 
unknown, a simple test can be carried out to 
measure it. A high frequency core can be 
measured using a test rig similar to that 
shown in Fig. 3. (A low frequency core 
could be tested using a similar rig running 
at a much lower frequency.) The transistor 
acts as a switch connecting the supply 
voltage from an adjustable output lab 
power supply to the winding and D, R1 
and C act as a load. R 3 and R4 set the fre
quency and duty ratio of the transistor 
"on" time and together with the supply 
voltage and R set the current in the core. 
The core curr~nt can be monitored across 
R . Provided the voltage across R 2 is 
triangular, there is no core saturation but if 
the waveform of the voltage is curved, core 
saturation is occurring. The peak current 
can then be varied as explained above and 

10to 30V 
From lab 
power supply 
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Fig. 3. Test rig to determine the peak flux that a high frequency core can accept. 

a condition found where no saturation 
occurs. The core can then be placed in an 
oven set to the highest anticipated ambient 
temperature and the corresponding value 
of peak current for no core saturation 
found. The inductance of the winding can 
then be calculated from the supply voltage 
and rate of rise of current. Thus the 
number of turns N, peak current i and 
inductance L are known and the core area 
can be substituted into equation 5 to deter
mine the peak flux density B. 

This technique gives a rapid procedure 
for an initial design. Such an initial design 
could be tried before the design is 
optimised by a specialist designer who will 
modify the design somewhat to allow for 
ease of winding, insulation, leakage 
inductance and core loss. 

It should be noted that if it is known 

from the start that a gap will be required, 
a direct comparison of cores may be made 
in terms of resistance using equation 10. 

D L 2l 2 

R =-X-A-X I0-7Q 
A Bzaz 

I would like to thank the Directors of 
Cossor Electronics Ltd for permission to 
publish this article and Mullard Ltd for 
permission to reproduce Figs. 1 and 2. 
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Literature received 
Tape Recorder Spares Ltd have sent us a copy 
of their Audio Packs catalogue, which contains 
details and prices of a vast range of audio leads, 
plugs, adaptors and spares. It can be had from 
TRS at 206-210 Ilderton Road, London, . 
SElS INS on payment of £1.25. 

Applications for the NOVO range of logic 
circuits which are all provided with a non-vola
tile memory on the chip are set out by Plessey in 
a new booklet. Data sheets are provi~ed. Ob
tainable from the Publicity Office, Plessey 
Semiconductors, Kembrey Street, Crowdy's 
Hill Estate, Swindon, SN2 613A. WW401 

Soldering equipment and small tools, including 
the Oryx soldering-iron range, the Iso-Tip 
quick-change iron and several integrated-circuit 
handling tools, are described in an information 
pack from Greenwood Electronics, Portman 
Road, Reading, Berks, RG3 lNE. WW402 

Students, teachers and lecturers meeting new 
topics in physics for the first time may like to 
know that Unilab produce a series of booklets in 
their "Notes for Use" series. They have sent us 
three, ·entitled Student oscillo
scope, Microwaves and Analogue computing -
an introduction. They are published at £1.50 

each for the first two, £2.00 for the one on 
computing, and are obtainable from Unilab 
Ltd, Clarendon Road, Blackburn, BBl 9T A. 

Equipment enclsoures from Sorel are the 
subject of a large catalogue, recently received. 
In addition to enclosures of many sizes and 
types, there is also information on metal
working tools, small cabinet-fittings, and wiring 
aids. The catalogue can be obtained from Sorel 
Electric Ltd, Cosgrove Way, Luton, Beds. 

. WW403 

We have received from Quarndon a full cata
logue and price list of an enormous range of 
semi-conductor discrete and integrated devices 
and microcomputers, copies of which can be 
obtained, free of charge, from Quarndon 
Electronics Ltd, Slack Lane, Derby. WW404 

A leaflet on waveform processing, using a tran
sient recorder, tape storage and computer 
controller is available from Data Laboratories 
Ltd, 28 Water Way, Mitcham, Surrey, 
CR4 4HR. WW405 

Home Radio's new catalogue is published, con
taining a vast array of all the components the 
average home constructor needs, complete with 
price list. Semiconductors are in a supplemer:t: 

which we didn't receive . Catalogue costs £1.30 
from Home Radio (Components) Ltd., 269A 
Haydons Road, London SW19. 

Hewlett-Packard have a leaflet, AN 191-6, on 
the measurement of length, dielectric constant 
and delay matching of transmission lines, using 
a time-interval counter and time-interval probe. · 
It can be obtained from from H-P at 308-314 
Kings Road, Reading, Berks. WW406 

We have received from Raindirk a brochure on 
the Status 250W Audio Power Amplifier and 
control 1,1nit. They are intended for professional 
or public address work and are housed in 19 
inch rack-mounting enclosures. Information 
from Raindirk Ltd., Downham Market, Nor
folk. WW407 

A programmable sequence controller from 
Tempatron is fully described in an informative 
brochure, which can be obtained from Tempa
tron Ltd., at 6 Portman Road, Battle Farm 
Estate, Reading, RG3 IJQ. WW408 

A complete list of books for the amateur 
electronics enthusiast is published by Bernard 
Babani (Publishing) Ltd., The Grampians, 
Shepherd's Bush Road, London W6 7NF. 

WW409 
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Matsushita disc for world-wide 
video market? 

Thorn-EM! are setting up a joint venture with 
General Electric (USA) to support the introduc
tion of the VHD video disc sytem in the USA. 
Three new companies consist of an equipment 
manufacturing company owned jointly by Mat
sushita · Electric Industrial Co, its subsidiary 
Victor Company of Japan, and General Electric, 
a programme management company and a disc 
manufacturing company, both jointly owned by 
Thorn.EMI, Matsushita and GE. Plan is to 
introduce the video disc system by the end of 
1981 with 200 programme titles, mainly films 
but with some original material, followed by 
introductions in France and Germany at 
"perhaps six-month intervals". (General 
Electric is in third place in the US television 
market with a share of 7 .5%, after RCA and 
Zenith both of whom are already committed to a 
video disc system.) 

The news followed the April announcement 
of Thorn-EM! and the Victor Company 
agreeing to "co-operate on a world-wide basis in 
all aspects of the promotion of the vhd system", 
suggesting that a software link was needed be
fore GE would commit themselves to VHD. 
Disc mastering and pressing plants are planned 
for Europe, Japan and the USA, though loca
tions are not finalized . Neither apparently is the 
ownership, because a European plant could 
either be a Thorn-EMI company or a jointly 
owned company, according to a spokesman. 
Thorn-EM! say they plan to manufacture 
equipment here on a progressive basis, but no 
timescale is given. (They said this about VHS 
equipment but have not yet manufactured it.) 
Thorn clearly look on their VHS collaboration 
with JVC as very successful, and have un
doubtedly been a major factor in helping video 
recording to reach 2% market penetration in a 
year less than it took in the USA. 

Prices of equipment will be close to the $500 
of the RCA video disc player planned for launch 
early in 1981. $530 to 550 is suggested for the 
USA and £250 to 280 in the UK, with a separate 
random access unit at $150. Magnavox - who 
recently stepped up their initially modest mar
keting - and now Pioneer have optical players 
prices at $700 to 775. 

The add-on random access unit recently 
demonstrated offered still play, normal play, 
fast visual search, quick play of two, three, four 
or five times normal speed, slow motion of half, 
quarter, eighth, and sixteenth time for selected 
addresses and times, sequential play of differing 
functions, and interrupted mode changes and 
programme skip. Some of these functions are 
integrated with a player in one prototype but in 
the interests of low player cost the specialized 
functions will be offered separately. But with an 
NTSC player speed of 900 rev/min and two 
picture frames per revolution, showing (two) 
still pictures normally leads to unacceptable pic
ture quality, unless special steps are taken. One 
possibility is to encode two identical frames next 
to each other, but done throughout a record this 
would cut playing time in half. Another is to 
make use of a memory to delay a frame's worth 

of picture - as done at the demonstration -
but the size and cost of this solution is still 
prohibitive for consumer use. 

The demonstration showed better picture 
quality than that from video recorders, but a 
muffled sound quality indicated restricted h.f. 
response. As the preliminary brochure claimed 
an audio bandwidth of 20kHz, this left one 
wondering about the validity of the remaining 
meagre information. · Thorn/JVC would not 
directly compare it with a broadcast picture but 

Three NTSC versions of the JVC 
capacitance electro-guidance video disc 
player. Latest prototype player, right, is 
claimed to be simpler and cheaper than 
Phi/ips-type optical player and to have 
versatility associated with servo-assisted 
pickup, though freeze-frame is still a 
problem. 

claimed instead that it was "competitive" with a 
· Philips-system picture, and making it clear that 
Philips themselves claim compatibility with a , 
broadcast picture. 

Another add-on unit will be a p.c.m. demo
dulator - which will follow VHD by 6-8 
months Thorn say - for · use with sound-only 
records and dubbed AHD (audio high density) . 

·A 16-bit linear code and 47 .25kHz sampling 
rate now supersedes the earlier proposal of 14-
bits and 44kHz sampling. Another change since 
VHD was first announced two years ago is a 
reduction in disc size from 30 to 26cm, aimed at 
easing manufacturing problems, together with 
acceptance of the need for a disc case for dust, 
scratch and fingerprint protection. 

Both JVC and Thorn-EM! are still secretive 
about technical aspects of VHD, in sharp 
contrast to their rivals RCA and Philips, and 
only scant 'details have been issued. The gist of 
this is that in recording a VHD disc, a rotating 
glass master coated with photosensitive material 
is irradiated by a laser beam modulated simul
taneously with both tracking and programme 
signals to produce a spiral of pits. This is used to 
prepare a metallic master by "the conventional 
audio process". The conductive p.v.c. pressings 
made from this are said to require no further 
processing: obviously the basis for JVC's claim 
oi "highly competitive" disc manufacturing 
cost. But with around 50,000 turns to a spiral 
and a pitch of 1.35~-tm - 40 times smaller than 
an audio disc - one wonders what the rejection 
rate will be? 

Playback relies on a capacitance effect be
tween the conductive disc and an electrode coat
ing on the stylus, much as in the RCA disc 
system. In the RCA player the stylus is 
mechanically guided and rests in one spiral 
turn, whereas in the JVC. disc it rests over ten 
spiral turns (JVC claim 2000 hours stylus life) 
and is electrically guided. The stylus assembly is 
servo-controlled by marker pulses on either side 
of signal information, both laterally to ensure 
prgper tracking and longitudinally to give time 
base correction. The modulation scheme uses 
the usual f.m. video carrier, with pedestal at 
6.7MHz and a deviation of 1.4MHz (according 
to the brochure) or 1.8MHz (according to the 
press data), described as "single carrier compo
site" - not. the "colour-under" approach they 
stress - but more than that JVC won't say. 
Which presumably m.eans that it hasn't yet been 
finalized. 
e RCA responded to the Thorn/JVC/GE an
nouncement by claiming theirs was "a unified 
operation ranging from research and de
velopment of tnam.tfacture, marketing and pro• 
gramming - not an alliance among individual 
companies which are diverse both in geography 
and marketing concepts" , Scheduled for US 
introduction in the first quarter of 1981 with a 
progratnme catalogue of 300 titles, the RCA 
capacitance electronic disc system, CED, is also 
expected to be made by CBS and Zenith. RCA 
say they expect to sell 200,000 players alone 
next year. 
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Micro-based marine 
set for a fast ••tix'' 

d.f. 
High-speed processing, leading to a rapid "fix" 
and safety at sea, are the two points which re
ceive greatest emphasis in the technical litera
ture accompanying the Syma Offshore Naviga
tion System (the ONS 4000). This equipment 
has been developed and manufactured by 
Sysmaster Ltd, of Farnborough, Hants (an off
shoot of System Designers of Camberley) in 
collaboration with the National Research De
velopment Corporation. 

The equipment, whicli is basically a 
microprocessor-controlled d.f. radio receiver, 
combines digital, analogue and radio techniques 
to achieve automatic operation. The unit 
synchronizes with the six-minute radio beacon 
cycle, automatically fiXing and memorizing up 
to six compass bearings derived from the built
in electronic compass - this is a gimballed 
fluxgate unit which senses the earth's horizontal 
magnetic field. 

Bearings remain in memory until the naviga
tor is ready to "lay them off'' onto a standard 
chart, with frequency, time and bearing indi
cated digitally on a l.c.d. panel. A small loud
speaker provides positive morse code identifica
tion of each beacon. A motor-driven ferrite rod 
aerial acts as the scanning sensor, housed in a 
weather-proof casting with a stainless steel sense 
aerial mounted on top .' 

Programming of the unit is carried out by the 
navigator to preset frequency and programme 
times of a chosen set of coastal m.f. beacons. A 
flX can be taken without any intervention by the 
navigator. Station tuning in the radio unit is by 
frequency synthesis and beacon bearings are 
derived from a statistically averaged series of 
measurements, giving accuracy without the 
need for high signal strength from each beacon, 
which may be difficult to achieve in bad weather 
or poor propagation conditions. This technique, 
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The control unit of the Sysmaster ONS. 
4000 navigation set. 

the makers say, enables the navigator to get "the 
best possible fiX at the worst possible time." . 

The complete unit costs £1,675 excluding 
v .a. t. and further information can be obtained 
from Sysmaster Ltd, 30 Invincible Rd, Farnbo
rough, Hants, who can also supply a list of 
approved Syma agents in the UK. 

NEW BBC 
TRANSMITTERS 

System X now in service 
Three BBC transmitters began operation on 29 
August covering the remote villages of Armath
waite and Lazonby in Cumbria, Newton Abbot 
in Devon and Ashford in the Water, 
Derbyshire. All transmissions from these relay 
stations are vertically polarised. Further in
formation can be obtained from the Engineering 
Information Dept., Broadcasting House, Lon
don WlA 1AA. 

Britain's first all-electronic telephone exchange 
has been operating in London for over three 
months. It is the first example of a piece of 
hardware in British Telecom's System X family 
to go into full service, anp is what is knmyn as a 
junction tandem unit, switching telephone calls 
between some 40 local exchanges in the capital. 
Other types of System X units are local ex
changes and trunk exchanges. Installed in Bay
nard House, a new British Telecom building in 
Queen Victoria Street, the tandem exchange has 

The display terminal and keyboard of the Box Office Computer System (BOGS), shortly to 
be launched by a development company with a science-fiction ring to its title - Space
Time Systems Ltd. The system plans and displays, for example, the sold, unsold and 
reserved status of up to 2,000 seats at a time and Space- Time Systems foresees its 
eventual adaptation to other box office systems including ticket sales for football matches, 
etc. 

switched over 2.5 million calls from July 1 to the 
time of going to press. Housed in 50 racks, each 
7ft high by 3ft wide, it can handle 150,000 calls 
per hour. An electro-mechanical cross-bar ex
change would require about 400 such racks to 
do the same job. The failure rate so far has been 
1 or 2 failures in 4000 calls, but British Telecom 
expect this to be reduced. Main contractor for 
·the exchange was Plessey Telecommunications. 

System X differs from earlier electronic ex
changes installed in the UK which use reed 
relays for the final switching of lines and are 
therefore not fully electronic. It uses digital 
semiconductor devices throughout, ranging 
from discrete transistors, through integrated 
circuits up to l.s.i. devices. In the Baynard 
House tandem exchange low power Schottky 
t. t.l. devices are used widely and there are also 
m.o.s. devices. Because of the modular design 
of all System X sub-assemblies, it will be pos
sible to introduce newer devices such as 
c.m .o.s. logic and magnetic-bubble memories at 
later stages as the technology develops . All the 
operations in the Baynard House exchange are 
controlled by a stored program. Calls are set up, 
faults are identified and the whole system is 
managed by computer-like processes. The 
equipment also uses what is called common 
channel signalling, a technique in which the 
signals controlling calls and managing the net
work are passed between System X exchanges as 
data transmission . 

The transmission and switching functions in 
the exchange are brought together into a com
mon digital mode of operation . For example, 
incoming calls from the 40 or so conventional 
London· exchanges first of all have the analogue 
speech waveform separated from the signalling 
pulses. Then the speech waveform is converted 
into 30-channel p.c .m. form and the signalling 
pulses are transformed into suitable digital in
formation for insertion into a particular time
slot of the p .c.m . system. The combined time
division multiplexed information is then passed 
at a rate of 2.048 Mbit/s into the main part of the 
exchange. A converse process takes place, of 
course , with calls going out from the System X 
tandem to the conventional local exchanges. 

The first all-electronic local exchange in the 
System X scheme will be installed next year at 
Woodbridge, Suffolk. 
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News 1n brief 
Agreement has been reached between Philips of 
Canada and the Bendix Corporation of Balti
more, Maryland, USA, giving Philips exclusive 
rights to the Canadian manufacture and sales of 
Bendix's microwave landing systems, known as 
MLS. 

British Telecom's optical fibre network con
struction has had another leg completed with 
the installation of the first 140 Mbit/s section 
from London to Reading. The eight-fibre cable, 
which carries data equivalent to 1,920 telephone 
channels, has been carried out by Telephone 
Cables Ltd, a subsidiary company of GEC. 

The second US/Southeast Asia Telecommuni
cations Conference and Exhibition is scheduled 
for December 3 and 4 at the Mandarin Hotel in 
Singapore. Detailed information may be ob
tained from John Sodolski, Electronic Indus
tries Association, 2001 Eye Street, NW Wash
ington DC 20006, USA. 

Electronica 80 is being held at the Munich Fair 
Grounds from 6 to 12 November 1980 and 
constitutes the ninth international trade fair for 
components and assemblies in electronics under 
this title. 

Hitachi is to set up a television components 
maimfacturing company in Selangor, Malaysia. 
This new arm of the company, to be known as 
Hitachi Consumer Products (Malaysia), will rest 
upon the joint investment of Selangor and Hita
chi and will make the standard range of tv com
ponents such as deflection yokes, line output 
transformers and tuner units. Operation is 
scheduled to begin in June 1981. 

Greenpar Engineering Ltd, Harlow-based · 
manufacturers of coaxial connectors and r.f. 
components, have changed the name of the 
company to Greenpar Connectors, Ltd. 

The gold used as plating for contact .surfaces in 
British Telecom's electronic telephone .ex
ch~nges is to be reduced from its present 
thickness -of ~ microns to only 21Jz microns. 
British Telecom, the telecommunications part 
.of the Post Office, hopes by this action to save 

· about £2 million after the changes, which began 
in October. 

In spite of £450,000 lost on a turnover of £1 
million in its second year of trading, Compeda, 
the company set up by the National Research 
Development Corporation to market British 
computer-aided design expertise, has succeeded 
in selling a £250,000 system chip design system 
to General Electric of the US.Compeda's man
aging director said that the projected turnover 
for 1981182 was about £3 million and the com
pany should be making a profit by next sum
mer. 

IPA T '81, the International Conference on Ion 
and Plasma Assisted Techniques, is to be held 
in Amsterdam from 30 June to 2 July 1981. The 
conference will include information of the latest 
developments in ion plating, ion implantation, 
ion beam processes, molecular beam epitaxy, 
plasma deposition , . plasma enhanced c. v. d . , 
sputtering, reactive techniques, plasma etching, 
plasma processing and testing of coatings and 
coating equipment. Papers are welcomed on the 
themes outlined and authors should submit ab
stracts of 200-300 words immediately , the 
deadline being 11 November 1980. Address en
tries to the Secretariat , IPAT '81 International 
Conference, 26 Albany St, Edinburgh EHl 
3QH . 
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Times change 
BBC2's clock, seen in some links between 
television programmes, is now generated 
electronically instead of optically. There is no 
·mechanical clock and no camera or slide scan
ner. The new display is of a clock face, with 
hour, minute and second 'hands', and a pattern 
to indicate the channel, different techniques 
being used to generate the two. 

The channel number display uses a process 
known as run-length encoding, in which data 
is stored in a programmable, read-only 
memory in a form which greatly reduces the 
amount of memory needed. Each change of 
colour and width of symbol requires only one 
byte of data, instead of one byte for every ele
ment of the display (the memory-mapped 
technique) . In this way, fixed patterns, such as 
the Open University logo, which also uses the 
new technique, are produced with a smaller 
memory than wm~ld otherwise be needed, al-

though movement can be obtained by using a 
microprocessor to change the data in a random
access memory in real time. The data is then 
taken directly from the r.a.m. 

Two types of storage are needed for the clock. 
The hour mar.kings and clock face are kept in 
p.r.o.m., being read out in synchronism with 
the television line waveform. Only one quadrant 
need be stored, since the other three are ob
tained by symmetry. 

Data for the 'hands', however, is in 
r.a .m. An erasable p.r.o.m. controls a 
microprocessor, which determines the tiine and 
calculates the angle of the hands. Break-up of 
almost-horizontal edges is reduced by varying 
the output waveform to take account of the 
television line structure. 

The BBC expect to generate the BBCI clock 
in a similar way next year. 

BBC engineers with the new television clock. Richard Russell, whom readers will 
remember for his work on the Wireless Worfd teletext decoder, and who designed the 
clock system, is on the left. The run-length data for the fogo was produced by John 
Mitchell, second from left, and the Open Uni.;ersity symbol data was the work of Ewen 
McLaine and Robin Vinson. 

lnmarsat to lease satellites 
With a world-wide satellite communications 
system as its objective, the International Mari
time Satellite Organisation (lnmarsat) is to con
sider supply contracts from satellite organisa
tions, with plans to expand coverage by putting 
three additional geostationary satellites into or
bit , one for each of the world's oceans . Two 
spare craft, supplementing these three at 65oE, 
l75°E and 335°E respectively, witJ also be put
into orbit . 

Although the programme is still under discus
sion , the choice is likely to include the European 
Space Agency's Marecs, lntelsat V and Marisat. 
Marecs has a capacity of 46 voice channels* and 
is a dedicated satellite, i.e. as it is used exclusi-

. vely for maritime channels there is no danger of 
in terference with other signal traffic , although 
such satellites are comparatively expensive. 
. Part of the leasing programme, which will 
begin in 1982, will include offers of short-term 
use of one of its existing satellites with a 7 voice-

channel capacity. While existing Marisats were 
launched in 1976 with a 5-year design life, they 
are now expected to last for another two years . 

Oluf Lundberg, of Inmarsat in London, says 
that at present maritime satellites are relatively 
under-used, even though use per ship is quite 
high . On the other hand, he estimates that there 
will be around 2,500 ship users by 1986. He also 
contra-sted the normallv slow rates of informa
tion processing through conventional maritime 
radio comrimnication with the speed of compu
ter-controlled services on land, notably in the 
case of oil companies, who need fast commu
nication from sea rigs to shore bases . He says 
that this problem can be solved by the commu
nications power of satellite telephone , telex and 
facsimile operation and companies will not be 
slow to recognise the advantages of the system. 

*Capacity of one voice channel is equivalent to 
22 telex channels. 
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Monitor device 
heart-beat 
One of the latest medical spin-offs from the 
NASA space programme is an implantable 
heart-assist device, developed by Michael 
Mirowski, MD, of Sinai Hospital Baltimore, to 
aid sufferers with a condition known as ventri
cular fibrillation. 

The device is about ?em square, is encased in 
titanium and weighs 255g (9oz). It is pro
grammed to continuously monitor the heart, 
and to recognize life-threatening arrhythmias. If 
these occur it provides an electric shock through 
electrodes directly in contact with the heart so as 
to restore its normal rhythm. The first shock 
pulse occurs 15 seconds after the fibrillation 
begins, giving the heart a chance to correct 
itself. If the first shock has no effect, three more 
are delivered until a normal rhythm is estab
lished, with the last two shocks being increased 
in intensity. The unit is powered by lithium 

Digital television 
demonstration 
Now that much more studio equipment in 
television broadcasting is going digital, broad
casters throughout the world are trying to estab
lish a common standard for digital information 
transfer by which this equipment can be in
terfaced and made compatible. In Europe the 
EBU is working towards an interface standard 
for the 625-line system and in the USA the 
SMPTE is doing likewise for the 525-line 
system. Both of these organisations are also 
working together to try to achieve a truly inter
national standard . One problem is what to en
code digitally, the composite video signal or its 
separate luminance and chrominance compo
nents. 

To help interested engineers understand what 
is going on the lEE has organised a demonstra
tion and colloquium on "Digital television" on 
31st October, in the IEE building, Savoy Place, 
London WC2R OBL, starting at 10.30am. You 
have to register beforehand by getting a registra
tion form from the lEE (tel: 01-240 1871). 

· .. Radar-invisible" 
aircraft? Back to the 
drawing board! 
Fighter planes ·known as "stealthy aircraft," 
built and tested by Lockheed Aircraft Cor
poration for the US Defence Department and 
claimed to be "virtually invisible" to radar, 
appear to be less than successful at the basic 
business of remaining in the air - all three 
prototype machines have crashed because of 
their peculiar shape. 

The Guardian (22 August 1980) reported that 
many observers have been excited at the pros
pect of penetrating Russian air space unnoticed 
and other accounts suggest that the technique 
being employed in the aircraft is a combination 
of "rounding off corners" (sharp features 
produce maximum radar reflections) and that of 
coating the aircraft with "radar-absorbent" 
material, which in reality disperses the return
ing radar signal. 

This is not the first time such material has 
been tried . During the Second World War Ger
man U-boats were coated with a compound 
called Sumpf, which was fairly effective until it 
was washed away by sea water. 

regulates 

batteries with a life span of three years or 100 
shocks. 

NASA and the Applied Physics Laboratory 
have developed a monitoring and recording de
vice for the unit which can be worn by the 
patient and which stores electrocardiographic 
data, the number of fibrillating episodes, pulse 
applications and the long-term performance of 
the implanted device. 

The New England Journal of Medicine re
ported on the implant device in a pilot study by 
a team of scientists from Sinai Hospital of Balti
more, the John Hopkins Medical Institutions 
and the John Hopkins Applied Physics 
laboratory, although the automatic defibrillator 
(its commercial name is AID) is being manufac
tured by Medrad./lntec Systems of Pittsburgh, 
Pennsylvania in its evaluative stage. The units 
are not yet available commercially. 
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Radio Nottingham noW 
stereo 
BBC Radio Nottingham became in September 
the first BBC local radio station to start a regular 
service of stereophonic broadcasting. New stu
dios using stereo sound desk equipment have 
been built in some old offices at the station. 
Considerable reconstruction was done while the 
station was actually on the air. Quite apart from 
the installation of the new equipment, the 
offices needed acoustic treatment to convert 
them into studios. 

Listeners will find the stereo service on Radio 
Nottingham's v.h.f. frequency of 95.4MHz, 
broadcast from the Colwick Park transmitter. 
The BBC say that most listeners with stereo 
tuners or music centres should have no problem 
in receiving the service, and that listeners with 
mono sets listening on v.h.f. or medium-wave 
will not notice any change. Aerials set up for the 
national radio services in stereo may need some 
adjustment to make the best of the Radio Not
tingham stereo service. 

Prestel grows, but slowly 
"Prestel is now a reality in most of the major 
cities and regions of the UK," according to 
Richard Hooper, the director of this British 
Telecom viewdata service. To understand. this 
claim you have to interpret what he means by "a 
reality". Although the Prestel service will be 
available to approximately I 0 million UK tele
phone users by the e11d of 1980, the number of 
people who are actually connected as subscrib
ers is pitifully small. At the time of going to 
press it was 5260. At the present rate of growth 
(about 500 per month) this could become 8,000 
or so by the end of the year. Of the total of 5,-
260, only 588 were private households, indicat
ing that the principal growth of the service has 
been among business and professional users. 
This must be seen as a disappointing start, par
ticularly after the publicity campaign put on 
earlier this year and the fact that British 
Telecom forecast 27,000 users by the end of 
1980. Prestel has now been operating for about a 
year (see December 1979 issue, p.55). 

Clearly Mr Hooper's reality means the availa- · 
bility of the service to UK citizens who have 
telephones. This is certainly good. At the begin
ning of 1980 Prestel was available only in Lon
don, Edinburgh, Glasgow, Birmingham and 
Nottingham. By the early autumn Leeds, 
Brighton, Reading and Sevenoaks had been 
added. In the coming few months the service 
will be extended to other important towns in
cluding Cardiff, Belfast, Norwich, Bourne
mouth, Chelmsford and Luton. 

It seems likely that the slow growth of the 
Prestel market, relative to the British Telecom 
forecast, is due to the present high cost of being 
a subscriber (details of installation and running 
charges were given in our December 1979 re
port). 

This cost will go even higher with the new 
telephone tariffs recently announced by British 
Telecom. A related problem here is that the 
price a user is prepared to pay will depend on 
the amount of information he can get out of the 
service, but already the information providers 
are becoming restive because of the small 
number of users whom they can reach to sell 
their information to. There is clearly a chicken
and-egg problem in the growth of the market. 

However, Mr Hooper may well be committed 
to the idea of getting the charges down, for last 
year, before he became director of the service, 

he wrote "Prestel set prices must come down 
first to ensure a large residential market . . . 
someone somewhere has got to make a heavy 
capital commitment to volume production for 
the costs to come down." 

M.Sc. courses 1n 
chip design 
The Science Research Council has announced 
that it will be funding three new courses in i.e. 
design, to be undertaken at Edinburgh Univer
sity, Manchester University and Brunei and 
Southampton University. They will consist of 
one-year courses run in close collaboration with 
the microelectronics industry and will include 
substantial practical work, giving students the 
opportunity to oversee the production of an i.e. 
from design to fabrication. 

Funds are also being provided by the council 
for necessary equipment and access to compu
ter-aided design and electron beam lithography 
facilities at its Rutherford and Appleton 
laboratories and to the SRC-supported silicon 
processing factories at Edinburgh and South
ampton Universities. 

An intake of about 16 students per year at 
each centre is expected, with as many as pos
sible being supported by industry. 

UKADGE work- but when? 
Command, control and communications for ra
dar defence of Britain are to be up-dated by a 
group of companies who have one-third shares 
in UKSL, which is UK Air Defence Ground 
Environment Systems Limited. The companies, 
who announced at Farnborough their victory in 
a two-way M.o.D. competition to secure the 
contract are Plessey, GEC-Marconi and the US 
company Hughes Aircraft, with the French 
Thomson-CSF taking a sub-contracting role. 
ICL, Westinghouse, Signaol of Holland and 
SINTRA of France compr.ised the losing group. 

UKSL are confident that the work, which is 
said to be worth £100 million, will escape the 
moratorium on defence spending recently an
nounced by the Secretary of State for Defence, 
which is to run for three months or longer. This 
has not yet been confirmed. 
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Spark gaps 
Transient · protection in high voltage, medium current applications 

by J. Dearden, B.Sc., C.Chem., F.R.I.C., Welwyn Electric Ltd. 

Because many electronic circuits are 
subjected to voltage transients which 
can destroy delicate components, 
some form of protection should be 
provided. A simple and effective 
method of protection is to use a 
spark-gap device which reacts more 
quickly to a high-voltage transient 
than an electro-mechanical or solid 
state component. This article outlines 
the problems and parameters which 
must be considered when using a 
spark gap. 

Spark gaps vary in style and construe-· 
tion. For low voltage and current applica
tions, the simplest type consists of two wire 
electrodes moulded into an open plastic 
frame .as shown in Fig. 1. However, more 
elaborate design is required if high voltage 
and current are combined with a high 
spark repetition rate. This type is usually 
constructed with a ceramic case filled with 
an inert gas, and high temperature alloy 
electrodes as shown in Fig. 2. 

In a two-electrode spark-gap the insula
tion is very good at low voltages, and no 
leakage current exists. As the voltage 
increases, the few electrons present in the 
gap; due to cosmic radiation and other 
ionising effects, are accelerated until they 
are able to ionise atoms of gas in the 
vicinity of the electrodes. This causes an 
avalanche effect as the additional electrons 
produce further ionisation, and as the 
current increases the voltage falls as 
shown in Fig.3. A further increase in 
current causes heating of the cathode by 
ion bombardment, and this creates 
emission sites and a transitory glow 
discharge. The increased current 
eventually produces an arc discharge, or 
spark, with a peak current determined by 
the external circuit. After the spark has 
discharged, ionisation of the gas decays 
until the gap has returned to its original 
condition: 

In some tv receivers the focusing circuit 
for the c.r.t. can, under certain fault con
ditions, expose the focusing electrode to 
the full 25kV from the e.h.t. supply. 
Therefore, to protect the c .r·. t. from pos
sible damage, the spark-gap must fire and 
divert the 25kV source before the pulse 
height reaches a dangerous level, but must 
also remain in a stable unfired state at the 
maximum focusing voltage. These two li
mits are used to determine the breakdown 
requirements for the spark-gap, and 
popular breakdown bands are 7 to 9kV, 8 
to 10kV and 10 to 12kV. 

The breakdown across a gap is deter
mined by a complex and interacting set of 
parameters such as electrode shape, gap 
size, gas pressure, composition of the gas 
and the type of external circuit. To obtain 
a precise breakdown voltage, the ideal 
shape for the electrodes is two large 
spheres, which produces a high degree of 
field uniformity where the spheres are 
closest. Therefore, when the voltage is in
creased, the change from the Townsend or 
"dark" discharge to the avalanche 
breakdown occurs quickly across the 
whole width of the field. If, for example, 
electrodes with sharp edges are used, a 
non-uniform field is produced and as the 
voltage increases, the transition from a 
"dark" discharge to a total breakdown can 
be pre-empted by a corona or brush 
discharge. Although this is a self-sustained 
discharge, it does not represent a failure of 
the entire gap and the rest of the gap will 
continue to carry a "dark" current. A 
further increase in voltage causes the co
rona to spread across the whole field and 
complete breakdown then occurs. For this 
reason, when wire electrodes are used, care 
must be taken to form the wire into a 
smooth curve to avoid pre-breakdown co
rona. It is also important to use a wire 
which is free from surface damage, and to 
ensure that the free end of the electrode is 
either embedded in the insulating case 
material or bent away from the gap as 
shown in Fig. 4. 

Unfortunately, simple rules cannot be 
applied when calculating the gap size 
required for a given breakdown voltage 
across wire electrodes. The electrode shape 
is not ideal, the breakdown will vary with 
wire diameter, and the field will be 
modified by the case dielectric. However, it 
is easy to achieve the required breakdown . 
voltage by trial, and then repeat it by 
maintaining the electrode geometry and 
gap size. 

For a given electrode geometry, the 
·· spark breakdown voltage also varies with 
pressure. The normal range of pressure 
variation in the UK is from 728 to 
773mmHg (970 to 1030 millibars) which, 
with a Smm gap, is equivalent to a change 
in breakdown voltage of 700V as illustrated 
in Fig. 5. Therefore, if the spark gap is not 
totally sealed, and subjected to normal 
atmospheric pressure variations, it will 
stay within about 500V of the specified 
value. In the case of a sealed unit, 
significant pressure variations will be 
caused by changes in the ambient 
temperature. In a tv receiver a 40°C 

' Fig. 1. Open construction spark-gap. 

Fig. 2. Ceramic spark-gap. 
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Fig. 3. Voltage - current characteristic of a 
two-electrode spark-gap. 
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Fig. 5. Effe+t of pressure variation on spark 
breakdown, voltage. 

~hange is not uncommon and represents a 
pressure change of llOmmHg, which is 
equivalent to a 2. 3kV change in 
breakdown voltage. From this example it 
is clear that a sealed unit is not suitable for 
applications with large temperature 
changes. 

If the spark gap is not sealed, composi
tion variations of the atmosphere can 
cause large changes in the breakdown 
voltage as illustrated in Fig. 6. For · this 
reason it is important that the air in an 
unsealed unit does not become con
taminated, and the use of a thermoplastic 
for the case is recommended because it · 
does not emit vapour when subjected to 
modest heat. Thermosetting resins, 
however, usually contain reactive hard~ 
eners which can cause atmospheric con
tamination, particularly in small 
enclosures. If a low quality plastic casing is 
used, water vapour can be absorbed to 
create surface leakage currents which can 
modify the mode of breakdown. This type 
of leakage can be eliminated by treating 
the surface of the plastic with a hydro
phobic material such as a silicone resin, 
which prevents the formation of a con
tinuous moisture film. 

Contrary to popular belief, contamina
tion of the spark-gap atmosphere with 
moisture has little effect on the breakdown 
voltage. Changing the relative humidity 
from 01 to 100% causes the breakdown 
voltage to rise by only 3.5%1 and is 
independent of electrode shape and gap. 

A knowledge of the external circuit is 
necessary before a realistic test procedure 
can be defined. Three important facts, 
essential to optimise the component design 
and carry out the tests, are the amount of 
energy to be discharged across the gap, the 
rate at which this energy is dissipated, 
dictated by the maximum discharge 
current, and the expected discharge repeti
tion rate. The test circuit shown in Fig. 7 
simulates the conditions in a tv receiver 
where a 25kV e.h.t. supply charges a 
5000pF capacitor through the 40M .fl' 
resistor. The capacitor can be discharged 
across the spark gap by an igniter which is 
set to fire at any pre-determined rate. 
Resistor RL limits the discharge current to 
around lOOOA. 

When the energy from the capacitor is 
discharged across the electrodes, it causes 
intense surface heating which coats the 
internal walls of an enclosed device with 
metal and causes leakage currents. The 
exten_t of this effect depends on the 
volatility of the electrodes and the peak 
level of energy being dissipated. Because 
the energy of the discharge is proportional 
to the square of the voltage, the problem is 
most significant in high voltage devices . 
With a lOOOA limit on the discharge 

2 3 4 5 6 
Gap (mm) 

Fig. 6. Breakdown voltage between two 
2.5mm dia. spheres in various 
atmospheres1• 
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Fig. 7. Spark-gap test circuit. 
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Fig. 8. Internal construction of a sealed 
spark-gap. 

current, brass electrodes will give intoler- · 
able leakage effects after a few tens of 
discharges. At the other extreme, costly 
tungsten or platinum electrodes can with
stand almost unlimited discharges with no 
current limitation and without any change 
in the insulation resistance. A good com
promise is a copper-nickel alloy, which is 
sufficiently hard and of low density to 
retain the electrode shape once it has been 
bent, the terminal sections are rigid and 
allow easy location into a printed circuit 
board, it can withstand several thousand 
discharges at 12kV with a l OOOA limit, 
and it is easily tinned by dip soldering. 

Fig. 8 shows an internal view of a spark
gap. The walls of the cavity are corrugated 
to increase tracking distance between 
electrodes, and so reduce surface leakage. 

Reference 
1. Cobine, J. D., Gaseous Conductors, Theory & 
Engineering Applications, p.164, 167 and 182. 

Aerial design book 
Articles on aerial design, aerial theory and wave 
propagation, published originally in Practical 
Wireless, have been collected together in a book, 
entitled Out of Thin Air. The aerials described 
are mainly for amateur use, although there is a 
m.w./l.w . loop. Additionar articles include a 
survey of propagation modes, a piece on the 
influence of the sun on propagation, and a 
discussion of v.s.w.r . at v.h.f., together with a 
v.s.w.r. mete!' design. The book is well present
ed, with large diagrams where necessary, and a 
useful feature is a directory of aerial suppliers . It 
costs £1.25 from bookshops or £1.50 by post 
from Post Sales Dept., IPC Magazines Ltd., 
Lavington House, Lavington Street, London, 
SEl OPF. 
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PICKABACK SPARKS 
I have recently uncovered an electrical effect 
which may be new to your readers. I myself 
have not seen anything of it before in my almost 
50 years in a physics· laboratory. 

I had been thinking of possible means for 
enhancing the ignition spark in cars when it 
occurred to me that it might be possible to play 
a weak high voltage spark across the leads of a 
charged low voltage, high capacitance, capaci
tor, hopefully to provide a discharge path. I did 
not have an ignition coil by me, but I did have a 
Tesla coil. A 'Tesla' is used in high vacuum · 
work and gives a high frequency oscillatory 
discharge with sparks up to an inch in length. 

I charged up a 1fA.F capacitor to lkV, earthed 
one lead and approached the other lead with the 
Tesla. Momentarily there was one long vigorous 
discharge and it was apparent that I had 
emptied my half joule into a long spark. The 
ordinary car ignition spark is roughly a hun
dredth of that. I tried the same thing later using 

·a car ignition coil but could not get the effect. It 
seems that a single stroke is not sufficient - it is 
the second or subsequent sparks which provide 
the low impedance path. 

I suppose that this effect is highly significant 
when considering the mechanics of lightning. I 
think, too, that I can just stitrt to imagine a 
whorl of energy in the form of a plasma consist
ing of interchanging r.f. and ionic currents 
which might go some way towards explaining 
the phenomenon of fireballs . Has anyone de
tected r.f. interference from such balls? 

A short while ago I was working a Van der 
Graaf ·generator on a bench in my room: the 
earthing got a little bit out of hand and so did 
the sparks. The main 40-amp fuse blew. I found 
the fault; a practically unused mains socket 
some eight feet away had burnt out and the 
presence of craters on the pins indicated that a 
gigantic arc had occurred. 

Perhaps the effect is better known than I had 
thought? 
John T. Llcryd 
Department of Natural Philosophy 
University of Glasgow 

DIGITAL ELECTRONICS 
AND 'DEFENCE' 
Some crucial factors have been missed out of the 
discussions in your journal on military electron
ics and on the status of engineers. 

The only thing that separates a good electron
ics engineer from a cowboy is that the former 
has the ability to develop products which work. 

Digital electronics represents overwhelmingly 
the major part of the electronics engineer's 
trade. Even though this has been the case for 
many years now, colleges and faculties still re
fuse to teach even the rudiments of the subject. 
Digital electroniGs is different from its antece
dents in that one little flaw causes catastrophic 
failure. The result is that even well-motivated, 
well-intentioned electronics engineers today 
produce products which do not work, with the 
exception of trivial ones. Today a trained 
electronics engineer is indistinguishable from a 
cowboy, except that he will be more methodical 

about the way he goes about developing non
working products. 

At a seminar held in Hull University to 
discuss college electronics syllabuses recently, I 
gave a paper in which I challenged any company 
with a multi-million pound project iri de
velopment with significant digital electronic · 
content to take me on board, and if within three 
·months I did not find fatal flaws in their product 
which meant it would never be viable, I would 
pay a heavy financial penalty. There were no 
takers, although the challenge was published 
widely. . 

In view of the non-existence of training or · 
education in digital electronics, only a foolhardy 
company will today embark on a large digital 
electronics project unless the final" product does 
not need to work. The recent retrenchment of 
the Inland Revenue from a large system to lots 
of little systems represents a recognition of my 
thesis. When a large civilian project is aban
doned, the company responsible hushes it up 
shamfacedly because it assumes that other (mili
tary) projects are successful. This is where mili
tary electronics comes in to save the 'profession' 
and give continued employment to people like 
me. When a major weapons system fails to 
work, the record is falsified 'for reasons of secu
rity'. The Ministry of Defence (themselves ter
ribly ignorant of digital electronics for the same 
reasons), will pay anyway. 

I see the military budget in electronics as a 
useful device to allow the colleges and faculties 
to continue to refuse to teach the rudiments of 
digital electronic design, by which I do nor mean 
the programming of microprocessors or other 
trivial surrogate activities. The lecturers and 
prdessors do not teach the fundamentals of 
digital electronics because they do not know 
them. However, they will not let experienced, 
knowledgeable people into their faculties to 
teach the stuff. I have been trying to get such a 
job for more than ten years, but real experience 
and knowledge of digital electronic design 
appears to be a bar to employment in academia. 
(This was already true years before the recent 
Tory recession.) So long as this situation contin
ues, we shall continue to have a useless industry 

.funded by government largesse, the so-called 
defence budget. Of course, since they will never 
work, the military products will never in fact 
contribute to our defence. Today we have no 
defences; to work in the 'defence' _ industry is a 
polite way of being on the dole. 

The government is happy to fund the 'de
fence' industry because it masks our true unem~ 

ployment level. The trades unions like it for the 
same reason. Industry, the third supporting pil
lar of this massive fraud being perpetrated on 
the taxpayer, also supports it because it is a no
risk, guaranteed profit industry. Britain will 
disintegrate before we can overcome such a 
powerful triumvirate. 

What distinguishes our 'defence' industry 
from that of other countries, for instance the 
USA and the USSR, is that it seems invulnera
ble to economic forces. During recession the 
expenditure, or more accurately the massive 
waste, increases. It is a very inefficient way of 
creating jobs to mask unemployment, but it is 
the only ideologically acceptable way. We are 
very like a dictatorship in that we can cut any 
other expenditure because of lack of govern
ment funqs, but not 'defence'. 
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Some eight years ago ari investigator of the 
'defence' scandal said that "this country was 
being cheated of the talents of many of its finest 
scientists." This is much more true today. 

In 'the electronics industry the norm is for a 
technically ignorant and careless customer to 
accept useless equipment from a technically ig
norant manufacturer. The so-called 'trials' are 
rigged. Corruption is not generally involved; 
only stupidity and misplaced loyalty to their' 
opposite numbers in the manufacturing com
pany on the part of the treacherous representa
tives of the long-suffering taxpayer. 

If we are to stop this gigantic financial drain 
on the country, which by the way incites our 
enemies to arm themselves as one result of our 
pretended state of military strength, we must 
have technical auditing on a par with financial 
auditing. At present no sanctions similar to 
those in case of fraud in the transfer of money 
are applied against those who connive in fraud · 
over the transfer of military hardware . 

It has been pointed out to me that such an 
auditing authority is very likely to be subverted; 

. it may merely give credibility to the discredit
able racket of charging the taxpayer hundreds of 
millions of pounds for useless weaponry. 
Howev~r, the present situation is so scandalous 
that a change could not be for the worse . 

My proposal is that professional bodies - the 
I.E.E., etc. - audit trials involving equipment 
where their speciality is relevant. As with cash 
movements, fraud should come within the pro
vince of the criminal law. An obvious sanction is . 
that sonieone who has taken part, either as re
presentative of the supplier or as 'representa
tive' of the long-suffering taxpayer, in a fraudu
lent 'trials' or 'acceptance test', should . be. 
banned from practising that technical skill for a 
period of ten years. Ignoring the ban would be 
treated as contempt of court. 
lvor Cau 
St Albans Herts 

DISPLACEM ENT 
CURRENT 
Following Professor Bell's- article "No radio 
without displacement current" (August 1979 
issue), I wrote a letter which appeared under the 
title "Displacement current" (November let
ters). A reply by Professor Bell to my letter was 
published in the same issue. I felt that this reply 
revealed misunderstandings of a fundamental 
nature regarding the points I was trying to make 
and I could not see how any useful purpose 
would be served by my responding to it. Since, 
however, Professor Bell has restated his argu
ments in the August 1980 letters it seems that I 
must ·reply. · 

My original letter contains the following two 
paragraphs: 

"I understand that Aristotelians believed that a force 
was necessary to keep bodies in motion and that , in the 
absence of this force , the motion would cease . This 
theory led them into certain difficulties . For instance a 
spear once thrown, appe~red to continue to move with
out a force being present . The philosophers rose to this 
challenge magnificently with a theory that air, 
displaced from ahead of the spear, rushed to the rear 
and generated the requisite force - the theory was 
saved . Unfortunately they missed the simple point first 
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noted by Newton, that it is in the nature of a moving 
body to continue to move. · 

"In the same way I fear that Maxwell invented a 
complex explanation for a very simple phenomenon, 
i.e. that electromagnetic radiation, or energy current, 
moves at the speed of light - and that's all, because 
t'hat is what energy current does. No mechanism 
invoking E producing Hand H, in return, producing 
E is required." 

I would have thought my intention was quite 
clear - it was to show, by analogy, how a faulty 
set of primitives can lead to problems in a theory 
which necessitate the introduction of ad hoc 
causality relations. In a similar way I believe 
that the causality relations alleged to reside in 
Maxwell's equations (i.e. changing magnetic 
field producing electric field and changing 
electric field producing magnetic field) are spu
rious. A moving body continues to move be
cause that is what moving bodies do; an electro
magnetic disturbance or energy current, of 
whatever distribution, continues to move be
cause this is what energy currents do. In other 
words the statement "energy current travels at 
the velocity of light" is a primitive assumption 
in my theoretical framework which requires no 
further explanation. In my framework the 
moving energy current is the simple situation 
and 'static' electric and magnetic fields are com
posite. 

Before I leave this point I must make two 
other observations. Firstly Professor Bell not 
only seems to misunderstand my argument but 
to compound this by not even having an ade
quate grasp of his original article, for he states in 
both the November 1979 and August 1980 re
plies that "I mentioned early speculation about 
the planets because Newton's theory of gravita-
tion ..... .. ....... " My problem is that I can find 
no such mention of the planets in Professor 
Bell's article. True, he mentions Jupiter in the 
context of the propagation of radio waves from 
the vicinity of this planet, but nothing else. 

Secondly, the relevance of Hobbes's The Le
·viathan seems a little dubious. I will admit that 
my statement that the principle of inertia was 
first noted by Newton is open to question - I 
would suggest that it was probably first noted 
by Galileo and enunciated by Newton - al
though it seems a little beside the point. Inci
dentally, I cannot locate the passage in The 
Leviathan which Professor Bell is referring to 
and wonder whether he in fact means some 
other work by Hobbes, possibly De Corpore. I 
would in any case be obliged if he could let me 
have a full reference. Since The Leviathan is a 
work of political philosophy it would be a 
strange place to make the kind of comments 
quoted by Bell - but who can tell 'with philos
ophers! 

Several other points are raised by Professor 
Bell's letter. Before Maxwell's theory can be 
"faulted on experimental evidence" we require 
a definitive statement of that theory. Where is 
this to be found? Certainly not in Maxwell's 
Treatise since this involves views regarding the 
aether which would not be acceptable to modern 
physicists. Perhaps if someone could supply a 
definitive statement of Maxwell's theory I might 
be able to suggest some experimental tests. 

Professor Bell states that he does not know 
what the energy current concept is or how it 
relates to the Poynting vector, yet this is set out 
in the article by Catt (see "The Heaviside sig
nal," W. W. July 1979). It surprises me that, 
having stated his lack of understanding of the 
concept, and apparently not having seen the 
above-mentioned article, he still tries to apply it 
to loop antennas, etc. 

It is extremely unfortunate that the displace
. ment current debate has been cluttered by so 
many side issues. I feel great sympathy for the 
impartial reader of this correspondence who is 

attempting to decide which side of the debate 
has the greater insight into the subject. I am 
more or less resigned to the fact that it is impos
sible to debate the central issues of electromag
netic theory because of the high 'noise level' 
which is generated by those ·who defend the 
established view. Where do we go from here? As 
Professor Bell says, "Everyone tends to believe 
what he wants to believe" or, to quote from T. 
S. Kuhn, ("The structure of scientific revolu
tions," University of Chicago): 

"Max Planck, surveying his own career in his Scien
tific Autobiography, sadly remarked that 'a new scien
tific truth does not triumph "by convincing its oppo
nents and making them see the light, but rather 
because its opponents eventually die, and a new gener
ation grows up that is familiar with it'. 

"These facts and others like them are too commonly 
known to need further emphasis. But they do need re
evaluation. In the past they have most often been taken 
to indicate that scientists, being only human, cannot 
always admit their errors, even when confronted with 
strict proof. I would argue, rather, that in these mat
ters neither proof nor error is at issue. The transfer of 
allegiance from paradigm to paradigm is a conversion 
experience that cannot be forced. Lifelong resistance, 
particularly from those whose productive careers have 
committed them to an older tradition of normal 
science, is not a violation of scientific standards but an 
index to the nature of scientific research itself. The 
sourc,e of resistance is the assurance that the older 
paradigm will ultimately solve all its problems, that 
nature can be shoved into the box the paradigm pro
vides. Inevitably, at times of revolution, that assurance 
seems stubborn and pig-headed as indeed it sometimes 
becomes ." 

Do we really have to wait for a new generation 
to grow up before we can countenance changes 
in the accepted theoretical structure? This is the 
real problem, not electromagnetism, relativity 
or mechanics, but how to create a forum in 
which proper discussion of fundamentals can 
take place. 
D.S. Walton 
CAM Consultants 

Perhaps Professor Bell (August letters) really. 
should have completed his application of the 
two "disciplines" of science to both the Maxwell 
and the Catt,. Davidson, Walton theories. 
COW's theory certainly has fewer hypotheses 
than Maxwell's (they only need to defme what 
they mean by energy current). From their 
theory one can deduce Maxwell's equations 
(yes, and the famous dD/dt term, which is a 
mathematical quantity, not a "physical cur
rent") as well as Faraday's and Maxwell's laws 
of electromagnetic induction. 

I don't believe Catt, Davidson and Walton 
have ever attempted to suggest that Maxwell's 
equations are incorrect, merely that they are at 
best mathematical devices exceedingly useful 
for setting university examination questions. 
They may or may not be correct on this point, 
but that, of course, isn't what everyone's 
supposed "to be discussing (see the editorial in 
the May issue). 
L. ]. Higgins 
Swindon 
Wilts. 

SATELLITE TV 
As someone with a keen interest in the possibili
ties offered by satellite tv, I was• pleased to find 
an article on the subject in your September 
issue. This, I hoped, would add to the informa
tion provided by Chriet Titulaer in his book 
entitled "Televisiesatellieten", which I dis-
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covered during a recent visit to Holland (but 
which is not mentioned in your bibliography). 
This contains an extract from the famous article 
by Arthur C. Clarke which appeared in your 
journal in 1945. 

Unfortunately, S. J. Birkill's article proved to 
be disappointing. My interest lies in the early 
availability of a terminal to which a conventional 
television receiver can be connected with a 
minimum of intermediate equipment and which 
will afford a choice of foreign broadcasts, pre
ferably from Western Europe. Having expe
rienced the benefits of a cable relay system 
affording 10 channels from five countries, it is 
impossible to be satisfied with the insular, paro
chial, bland diet of news and opinions which is 
served up in the UK. The Americans, it would 
seem, already have the choice (admittedly at a 
price) of 36 channels, and home terminals are 
already on the market in Japan. Why, then, are 
these not available here? Your article shows 
clearly that there is no need to wait three or four 
years until European tv satellites are in opera
tion: there are already plenty of surprises for the 
enthusiastic DX-er. 
D. S. Jordan 
Canterbury 
Kent. 
There is no direct satellite broadcasting in Western 
Europe yet. -Ed. 

FEEDBACK FOR P.R.B.S. 
GENERATORS 
Mr Wood's method of determining feedback 
connections which give maximum length sequ
ences (September Letters) is interesting in that 
it avoids most of the algebra with which the 
problem is usually tackled, but unfortunately, 
although it is certain that the circuits it elimi
·nates .won't give maximum length sequences, it 
·doesn't follow that those which are left will. For 
example, it is well known in the trade that if 
a+b is a multiple of 8 there are no values of a 
•and b which will give a maximum length sequ
ence. Such sequences can be obtained however 
by using the more complicated circuit shown 
below, with appropriate values of a, b, c and d. 

The problem of fmding the appropriate 
connections is the subject of an extensive litera
ture. A convenient starting point is "Shift Re
gister Sequences" by S. W. Golomb (Holden
Day, 1967). Most of us find in this book a 
convenient finishing point, too. It contains a 
table of values of Mr Wood's a and b for values 
of a+b up to 36. 

For those who do not have ·access to a 
Inicroprocessor system, or who have but still 
haven't learnt to use it, much can be done with a 
programmable calculator. You need to know 
that the output of a two-input exclusive-OR 
gate, usually designated a+b is also given by 
(a- 6? where subtraction and multiplication are 
conventional. Shift, if not specifically available, 
may be obtained by repeated use of the memory 
exchange facility. The number of memories, 
rather than the number of program steps, will 
usually limit the number of stages which can be 
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.simulated. Readers can check Mr Wood's table, 
;up to the limit of their memories and patience. 
They can also investigate the circuit given here, 
for eight stages. The values of a, b, c and d 
which give maximum length · sequences, taken 
from Golomb, are: 

a 
1 
1 
1 
2 
2 
2 
d 

K. S. Hall 

b 
1 
2 
4 
1 
1 
1 
c 

5 
2 
1 
1 
2 
3 
b 

d 
1 
3 
2 
4 
3 
2 
a 

Department of Electrical & Electronic Engineering 
The City University 
London ECJ 

The letter from K. Wood on pseudo-random
binary sequence generators in the September 
issue made me wonder what problem he had 
cracked by simulating a shift register with feed
back on Z80. My own problem a couple of years 
back arose from the need to construct a pink 
.noise generator for electroacoustic work. Hav
ing bought a c.m.o.s. 4006 shift register I then 
had to discover suitable feedback connections in 
order to get a maximal-length pulse train. The 
4006 has 18 stages so the pulse train should be 
218-1=262143 bits in length. Only 6 of the 18-
stages come out to pins, and the four indepen
dent sections of the register may be intercon
nected in six different ways. 

I had no mind to read through all the litera
ture on the subject, but I must comment that I 
.found that tables of irreducible polynomials 
were of absolutely no help to me whatsoever, 
apart from a little practice in decoding octal. Is 
this also K. Wood's experience, I wonder? It 
would have been possible to rig some simple 
hardware that would have taken the 4006 
through all possible combinations of interest, 
and the task was offered as a student project. 
However, by the end of the session no student 
had shown interest in such a mundane exercise. 
So I turned to the ICL1900 series computer and 
wrote a BASIC program that turned this giant 
into an 18-stage shift register. This may well 
rank as the world's least efficient computer 
program (if booby prizes are being offered I am 
interested), for it takes a computer an un
conscionable time to perform over a quarter of a 
million shifts from a high level program. The 
situation was only slightiy improved by repro
gramming in ALGOL. 

Clearly the time had come to rewrite the 
slowest part of the program, the shifting loop, 
into machine code. The snag here was that al
though the PLAN code was well documented, 
actually learning to use it efficiently requires 
some weeks of study under expert tuition. 
Luckily my colleague Tim Fuller took pity on 
me and wrote and tested a suitable PLAN seg
ment (a matter of 16 instructions) for incorpora
tion into my ALGOL program. I was then at the 
point which Mr Wood seems to have reached 
more effortlessly with his Z80 routine, and I 
proceeded to output sequence lengths for all 
feasible arrangements of connections, with the 
register starting from all stages set to 'true'. For 
the benefit of posterity I hope the editor will 
allow ine to record here the only six arrange
ments which gave maximal-length sequences. 
Numbering the stage output connections from 1 
to 18, there was only a single set of 6 feedback 
connections, namely 4, 8, 9, 13, 17 and 18. 

With four feedback connections there were 

five alternative 
4 
4 
4 
5 
8 

sets: 
5 
5 
13 
13 
13 

10 
13 
17 
14 
14 

18 
18 

' 18 
18 
18 

Naturally enough, the output from stage 18 is 
used in every case. It is more convenient to use 
one of these five sets, as the four feedback 
connections can be combined using only three 
quarters of a 4030 quad gate i.e., leaving the 
fourth gate available for use as a clocking oscilla
tor: If any readers have constructed the p.r.b.s. 
generator shown on page 43 of Electronics Today 
International for March 1974, they should find 
that it does not give a maximal length sequence, 
but one which is 262140 bits in length. It is not 

. impossible that this might stick (on start-up) in 
the four-bit sequence 0011001100110011, etc. 
as far as I can deduce. Can any reader confirm 
(or refute) this asseveration? 
Desmond Thackeray 
Department of Music 
University of Surrey 
Guildford 

GENERATING THREE 
PHASES 
Your correspondent, E. V. Hurran (August, 
Letters) recommends one of the Van der Pol 
oscillators for producing a good sinusoidal out
put, particularly at very low frequencies. While 
agreeing that the virtues of some older circuits 
should not be overlooked, it is our experience 
that for many practical applications an oscillator 
with a properly engineered method of amplitude 
control is needed. Without such control there 
must be either constant attention to manual 
control of loop gain, or reliance on some degree 
of saturation in the amplifier or amplifiers. Van 
der Pol assumed a 3rd-order non-linear charac
teristic. 

As we have shown (Electronic Engineering, 
April and May 1957, pp. 164 to 169 and 210 to 
213; and Wireless World, March 1970, pp. 134-
139) a satisfactory sine-wave oscillator for very 
low frequencies is obtained by using a two-inte
grator loop as a selective circuit and adding a 
feedback path containing a limiter. This pro
duces a two-phase oscillator; but from two 
phases, three or any number may be obtained 
by vector addition and subtraction. The distor
tion introduced by the limiter is readily calcu
lable and can be made small. When variable 
tuning is required it can usually be obtained 
more conveniently than with a three-phase oscil
lator. 
F. E. J. Girling 
Malvern 
E. F. Good 
Darlington. 

TECHNICIANS OF 
SCIENCE 
In reference to your editorial "Producers before 
Products" in the June/July issue, I must say it is 
rare in these times to read such an article in a 
technical magazine. Well done! But although 
you take a wide and simple view, the fact is that 
many of us can't go along with it, or even under
stand its importance - perhaps because of the 
very insanity of the society in which we live. 

Engineers and technicians must become more 
aware of what they're actually doing, and not 
just remain content to satisfy the demands 
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created by people who see everything in terms 
of money and power. There are alternative 
ways, and to fmd them we need open minds. 
True science and engineering involve more than 
technical knowledge. Those people who stay at 
the level of technical knowledge are. the techni
cians of science, no matter what academic qual
ifications they may have - there are no institu
tions to give higher degrees than those they have 
anyway. If only we could obtain a clear view of 
the whole system, from the small details up to 
philosophical questionii about .our existence, 
there would be a better chance that each of us, 
in his own job, would be doing the right thing at 
the right time to abolish aggression, harmful 
ambition and competition and the other injuries 
to humanity of which you write. 

As a relatively young computer engineer, 
working to develop electronic systems for agri
culture, I try to use techniques which make the 
processes more accurate - but not automatiC 
unless this is necessary because they consume 
too much energy or cannot be done manually. 
I'm not working in mass production now, but 
since I've studied and worked in Britain and 
have also seen the same problems here .in Israel, 
it's quite clear to me that we are all engulfed in 
the industrial system you describe. 

There are not many articles published about 
electronic techniques in agriculture. If any 
Wireless World readers are involved in agricul
ture I will be glad to let them know about my 
current work. 
Yehiel Livnat 
Kibbutz N eer-Oz 
Doar-Na Hanegev 
Israel. 

VARIABLE PHASE 
ALL-PASS FILTER 
Further to the article on page 77 of the May 
issue by T. G. Izatt and E. Bell describing a 
variable phase all-pass filter, the circuit per
formance described is readily obtained using a 
simple operational amplifier circuit (below) 
which, due to the higher open loop gain, will 
give a more precisely defined transfer function 
~subject to sufficient bandwidth obtaihabldrom 
the operational amplifier). 

The transfer function 

Vout = T = 
Vin (s) 1 + sCR 2 

or T<..,l = e -i29 

where ¢=tan-1 (wCR2). 

Two or more such circuits may be cascaded to 
provide a wider range of phase variation. 

R1 R1 
-'\f'/\ L;: 
R~ 

+ /v 

cr Vin 

-
0 

F.] . Lidgey 
Department of Engineering 
Oxford Polytechnic 1 

and 
E. A . Worpe 
Department of Physics 
University ofSurrey 

lYo;:mp 
...... 
+ 

Vout 

-
0 
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COMPUTER CHAOS 
I write to express discontent with the general 
confusion of the world of computing and pro
gramming; Different mainframe manufacturers 
think fit to evolve similar systems, or systems 
for sinlllar ends, that work in entirely different 
ways. When they use the same interface there is 
sure to be some minute difference making them 
incompatible. 

Under the unpleasant political systems, of 
course, computer structure and software would 
be rigidly restrained. As it is, the working indi
vidual is expected to carry the burden of dif
ferent systems and system variants which were 
originally created in the hope of producing 
profits which he does not see, and indeed they 
mav well fail to materialise. 

Anyone in the top ranks of computer engi
neers can only hope to ·become really affluent by 
starting a microcomputer firm which, even if it 

'does not collapse il) a few years, will only add to 
the Tower-of-Babel chaos surrounding us. 

Coming now to the home computer, I am still 
shuddering from an advertisement for a printer 
containing many complex special l.s.i. circuits 
"untested, ungauranteed - what more could 
you want?" Making a note not to fit a printer, 
and stealing the family tv set to cut costs, one 
still needs a microcomputer with high reliabil
ity, a correspondingly low cost maintenance ser
vice, with easily expandable memory and in
terfacing. BASIC alone is not going to launch 
anyone on a computing career and there is a case 
for having PLIM resident in memory, which 
raises the question of whether amateurs should 
not be allowed the use of standard programmes 
legitimately acquired at small cost. This seems 
an obvious case for state intervention, involving 
a package deal for amateurs across the country. 
Your correspondent Russell Gad (June/July 
issue has had to write his own dissembler/ 
editor for his (bought) microcomputer and this 
underlines the need for several programs to be 
provided to run the system properly. Even 
writing machine code is done efficiently by 
using high levellanguage(s) and an assembler. 

The amateur computer will · simulate the 
operations of more complex computers, running 
at unconunercial speeds in complex work, and 
the best amateurs will need access to large, 
copyrighted programs. Since the computer in
dustry can only profit from their activities it is 
up to them to make programs freely available. It 
is not for me to st.g g1est that in default of this 
programs will be passed around illegally; there 
should be no incentive for this if proprietary 
programs are licensed to amateurs at fees ref
lecting the amount of use they will get. 
Bernard Jones 
London WI 

RADIO AND FREE 
SPEECH 
In relation to the eternal prevarication over citi
zens' band, we should be quite clear that ours is 
a representational democracy where free speech 
does not need to be limited by law, because it 
can be limited without it. When electrical com
munication systems were invented, govern
ments became terrified that at last anyone who 
c()uld make a transmitter could be heard with
out editorial filtering. The government 
therefore siezed the air waves much as it had 
siezed that other means of mass communication, 
the theatre in Elizabethan times. The method 
was the same: licensing. Pressure from radio 
enthusiasts caused the government to permit 
amateur trap.smission. The mere achievement of 

communication over vast distances with watts of 
power was scientific research. In the long term, 
however, 'human communication is about what 
is communicated and most forms of commu
nication were taboo under the terms of 
licensing. Certainly the two areas where mutual 
understanding are most in need, religion and 
politics, are taboo. 

One of the most fascinating aspects of profes
sional radio is listening to foreign correspon
dents assessing the situation in a country. How 
vastly more interesting to hear a national of that 
country give his own assessment. Most of it 
would be government organised but if the right 
frequencies were kept open, illicit transmitters 
could be cheap and easy to construct, difficult to 
pinpoint. Once it became impossible to clamp 
down on these most governments would let 
them exist. Our country has been as repressive 
in this field as the Soviet Union and for no valid 
reason except the desire to keep free speech as a 
hollow sham. 

Even more vital than communication of poli
tical, scientific and philosophical views is the 
ending of the isolation of the car driver. Here · 
the need is for short-range radio communication 
and the need is to make it compulsory. Civilised 
behaviour is a phenomenon dependent on com
munication, which is why the car driver is the. 
most uncivilised human being and behaves in a 
totally egocentric manner. 

It seems to me that the laws on radio waves' 
should be concerned with more than protecting 
commercial and military communication from 
interference and should not be used to prevent 
people from communicating. With the ending 
of the monopoly powers of the Post Office on 
connecting things to telephone lines it is high 
time that the silly ban on competing with the· 
Post Office in family communication was 
ended. Ordinary families just do not spend 
hundreds of pounds 'phoning each other long 
distance. Even the Queen has been held to be 
bound by this silly rule. 
Fred Allen 
Cambridge 

AUDIO KITS 
· I thoroughly agree with the opinions of your 

correspondent of many months ago on the vari
able quality of the current flood of kit-form hi-fi 
- variable meaning bad to worse - that is with 
the exception of a certain company who sell kits 
with pre-assembled p.c.bs. Generally, kit-form 
hi-fi is best avoided. 

Some months ago I paid £100 plus v.a.t. for a 
high powered (one quarter of the claimed out
put would be quite sufficient in my humble 
home - even with highly inefficient speakers) 
integrated stereo amplifier. I estimated no more 
than forty hours' work. The job absorbed no 
less than eighty hours, and another fifteen hours 
sorting out problems. The latter included a 
special modification that only a highly qualified 
engi~eer could have worked out. Oh yes, the 
supplier described the kit as "easy to build" and 
"entirely suited to the novice." 

In this day and age one-hundred hours 
equates to £200 after tax, so one could say that 
this appalling piece of equipment cost some 
£300+. True, sixty per cent of kit buyers are 
not very fussy people, but I am sure that at least 
forty per cent do consider returning the kits for 
a refund; however, they rarely do because they 
believe that a very high standard of assembly 
work will compensate for the flimsy mechanical 
design. This seldom works out, and in the end 
all one can show for the monotonous labours of 
kit construction is a typical trash item - and 
more often than not a non-working one to boot. 
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Building a relatively simple device can prove to 
be highly enjoyable, but a stereo amplifi~r ... 

So . before you rush out to buy that hi-fi kit' 
with undaunted· enthusiasm, think about it very 
seriously, and never, never buy a kit without 
first listening to a built-up example and also 
having a chat with someone who has built one 
up - even if the latter involves an advertise
ment in the electronics press. 

Be warned - sixty per cent of kit buyers 
probably end up with a non-working item, and 
around ninety-five are probably dissatisfied. 

I firmly believe that all kit suppliers should be 
involved, that is, the time taken by a reasonably 
experienced enthusiast without previous 
knowledge of the kit in question . . 

Should all audio kits carry a Government 
health warning? 
M. J. Evans 
Worcester 

WHEN BOMBING 
PROLONGED A WAR 
The recent commemoration of the 35th anniver
sary of the second world war's ending coupled 
with the second printing of Max Hasting's out
standing book, Bomber Command, makes it ap
propriate to record the following failure in vital 
communication between branches of the central 
intelligence command. 

Hasting's book describes how the bombing of 
Coventry on the night of November 14, 1940 is 
supposed to have been avenged by inviting 
Royal Air Force personnel to choose their own 
targets, and how a certain Bob Dodd vol
unteered to bomb Eindhoven in Holland al
though the main option appears to have been 
Hamburg. It is to be hoped Dodd's navigational 
skills on this occasion were no better than when 
(as the book relates) he bombed Epinay in Vichy 
France in the belief he was bombing Mann-
heitn! · 

Early in 1941 I was summoned to the London 
headquarters of the organisation subsequently 
known as Special Operations Executive, and 
interrogated by Lt Col E. Schroeter. I joined a 
few months later and learned the import of this 
hyper-secret body charged with co-ordinating 
European Resistance and supplying its peculiar 
needs. 

Following evacuation of Dunkirk by the 
British, the factories of Eindhoven had grad
ually developed a major technique in helping to 
sabotage the Nazi war machine. The commu
nications equipment plants had devised 
methods of producing programmed short-life 
thermionic radio valves and other components 
on which the German High Command relied. 
There was also ~ clandestine plant devoted to 
the invention and production of simple gadgets 
guaranteed to immobilise German tyre and 
track vehicles, such as personnel carriers and 
tanks. If Dodd's preference for bombing Eind
hoven rather than Hamburg had the effect of 
smashing the former town's communications 
equipment production, the Germans un
doubtedly transferred their orders to manufac
tories far less likely to be under surveillance of 
saboteurs one half as efficient as those of Eind
hoven. In fact, by 1945, the Dutch Resistance 
engineers had so much perfected guaranteed 
fail-early electronic components that I and 
others were being offered contracts to go to 
Holland, to re-establish techniques of standard 
equipment production. I opted for somewhat 
similar duties in Denmark. 
"Col. Soejoe" 
(Name and address supplied) 
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Intentional logic diagram·s 
Improving the intelligibility of logic circuits 

In a logic circuit, the designer's 
intention may be to use a gate in a 
way other than that described by its 
name. A Norgate can be used to 
Nand inputs and the author 
contends that the intention of the 
circuit designer should be indicated 
on the diagram. 

As the cost of servicing electronic 
equipment rises, manufacturers are 
paying more attention to improving the 
serviceability of their products. There 
are many ways in which the repair of 
faulty electronic equipment can be 
facilitated. Readily accessible circuit 
boards, good component layout and 
numbering, and built-in test points are 
typical areas where great improve
ments have been made and which make 
life easier for the hard-pressed service 
engineer. 

Improvements have also been made 
in the presentation of technical 
manuals, but there is still much in
adequate documentation being pro
duced. One area where there is room for 
improvement is in the presentation of 
logic diagrams for digital circuits. There 
are many drawings that one can only 
follow with a great deal of effort, in
volving the following sort of mental 
·monologue; "when that's high ano 
that's low then that will be high and 
that low; no, that will be high. Or low? 
Let's start again. When that's low ... ". 
But in the service workshop or at the 
customer's site, speed of repair is all
important and logic diagrams should do 
everything possible to show the user 
exactly what the designer's intention 
was at every gate in the circuit. Such 
drawings may be called intentional 
logic drawings. 

Look at the example taken from an 
engineering manual in Fig. 1. Can you 
say quickly what conditions are needed 
to allow a pulse to appear at the output? 
As it is drawn, it appears that the two X 
inputs are Anded- and the ENABLE 
signal is being Ored and POS.X
COUNT. If you look at the manufac
turer's catalogue for the devices you 
will see that the symbols for the 7400 
and the 7402 are given there in the same 
form. Where has the drawing gone 
wrong? 

The sense of such logic can be made 
clearer by recognizing that when we use 
inverted logic in which the low level is 
the true or asserted state, the logic 

by Tony Cassera 

symbols do a swap and And gates be
come Or gates and vice-versa. The 
equivalent symbols for the common 
logical gates with conventional and 
inverted logic representation are given 
in Fig. 2. If you don't see this at first 
write out the truth table for a familiar 
·device, say a two-input Nand gate:· 

A B o/p 
0 0 1 
0 1 1 
1 0 1 
1 1 0 

Now invert the logic . by writing a 1 
where there was a 0 and a 0 where there 
was a -1 to give: 

A B o/P .. 
1 1 0 
1 0 0 
0 1 0 
0 0 1 

which is the truth table of a Nor gate in 
conventional logic. The convention 
used i~ that when we are looking for an 
assertion of a "low is true" signal we put 
a bubble on that input line. The 
mnemonic for the low signal should 

Pos count "'ll1.J 

Pos. count 

pulse 

Fig. 1. Conventional logic diagram, in 
which gates are used for different pur
poses than their symbols indicate. 

Conventional Low input ~ 

Inverter ---[:::>o-- ----{:>---

And =D- =1>-
Nand =C?- =V-

'- ' ---
Or =t>- :::£>---

l 

Nor =r>- ~ 
X or =}[>- ~I>-

Fig. 2 . Conventional symbols and their 
equivalents when low-level logic is used. 

" 

either carry a bar over its name or, 
easier to print, be followed by L. When 
possible, signals .that end on a bubble 
should begin on a bubble. Fig. 1 is . 
redrawn using this intentional symbol-· · 
ism in Fig. 3, where the designer's in- · 
tention becomes clear. When either Xl . 
or X2 is low and the ENABLE signal is 
low then the pulse train POS.COUNT 
PULSE should appear at the output. 
When logic diagrams are drawn out in 
this way they are more intelligible than 
when the gates are represented only by 
the conventional "manufacturer's" 
symbols. Let us look at another 
exal'llt>le. The conventional representa
tion of a flip-flop Il).ade from two Nand 
gates has been redrawn using intention
al symbolism in Fig. 4. The second 

'- drawing makes it clear'that the device is 
normally in the reset state waiting for a · 
low input on pin A to set it_ 

Of course, there are ambiguities in the 
intentional symbolism. When we want 
to use a signal both in its high and in its 
low state how should we represent it? 
Mnemonics should be chosen to , . 

~ 7400 

Pos.count 

Pos.count 

pulse 

Fig. 3 . Circuit of Fig. 1 drawn in 'intent-
ional' symbols . \ 

A 

Fig. 4. Flip- flop circuit drawn in the con
ventional way (top) and in 'intentional' 
symbols . 
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Print Pr int 

Print 
lamp 

+24V 

Fig. 5 . Printer circuit, showing that 
ambiguities can appear. 

represent some positive action. Thus in 
a computer printer the signal that sets it 
printing is best called PRINT rather 
than NOT STANDBY. But what if we 
want to light signal lamps to show when. 
the printer is printing and when the 
printer is in standby? The circuit that · 
might be used is shown in Fig. 5 which 
breaks the rule that signals that begin 
on a bubble end on a bubble. Such a 
situation is unavoidable : all one can do 
is to make the logic diagram represent 
some certain state, for example the 
printer printing, and draw the desired 
levels for that state. The naming of 
signals gives more trouble when we 
have two equally valid functions 
represented by the high and low on a 
signal line. For example , in an 
automatic weighing machine we might' 
have a switch to select pounds or kilo
grams. A high on the line would make it 
weigh in pounds, a low in kilos. Should 
we call the line POUNDS H or KILOS L? 
It is really a matter of choice but having 
made the choice the designer might 
state in his table of signals that 
POUNDS L = KILOS L. 

There is another small ambiguity in 
the representation of set and reset inputs 
to devices, for example flip-flops. Such 
devices are typically set and reset by 
low signals and the inputs are marked 
.with bubbles as a reminder of this fact. 
Yet the presence of a reset condition is 
often a rare event, perhaps only at the 
power-on time. It must be remembered 
that the bubble is telling the reader that 
to achieve reset or set there must be a 
low going signal, not that he normally 
expects to find a low there. 

A possible criticism of this notation is 
that the same physical device, say a 
7400 quad Nand gate may appear in 
two different shapes on the same 
drawing and thus add to confusion. But 
it is inescapable that in many logic 
circuits devices described as Nand 
gates are being used to Or low signals 
and Nor gates are being used to And 
low signals. Iri summary any · digital 
diagram that seeks to show more than · 
the connexions between circuit ele- . 
ments may well involve some inconsis
tencies. However more sense is better 
than less sense and adoption of the 
above guidelines does make logic dia 
grams more understandable and allows 
the troubleshooter to check logic levels , 
with his oscilloscope quickly. o 
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Simple pick-up arm design 
continued from page 4 1 

The amount of bias to be applied is best 
determined using a test record which pro
vides a stereo signal having equal high 
modulation on each channel. If this signal 
is reproduced through amplifiers capable 
of carrying large amplitudes without 
distortion and the resulting waveforms 
displayed on a dual-trace oscillocope, the 
two outputs may be simultaneously 
inspected. The correct amount of bias is 
then established by varying the inclination 
of the vertical pivot until the two output 
waveforms are equally free of distortion. 
ln. practice, there will be a range of adjust
ment over which there is no discernible 
change in waveform shape. It is therefore 
necessary to fmd two positions of the block 
at which the onset of distortion can be 
seen, first in one channel and then in the 
other. Having located these points, the 
best setting is one midway between them. 

The two photographed versions were 
tested for arm resonances using the B & K 
test record QR2CHO, band 15. The l.f. arm 
resonance for the first arm, Fig. (a) , is cer
tainly in a suitable position as there is 
minimum energy from the record near 
7Hz and it is clear of the lower recorded 
modulation limit of 20Hz*. The resonance 
at 7Hz is from the compliance of the stylus 
cantilever with pickup and arm mass; 
some new · pickup designs have improved 
damping as part of the cantilever suspen-
sion. The peak of lOdB was 2 to 3dB better 
than two commercial arms measured, and 
I have recently measured an arm with a 
20dB peak at 10Hz. 

As this 7Hz lOdB resonance can affect 
other parameters such as rumble wow/flut-
ter and playing weight, as well as adding 
intermodulation to tones in the audio 

(b) 40 

30 lA 
"'\, '\, ....... 

~ 20 

10 

0 

band, the resonance can also make the 
problem of groove jumping from vibra
tions greater, especially walking and traf
fic. Modifications were considered but as 
other arm resonances can occur in the au
dio band a 20Hz to 20kHz sweep was 

made, Fig. (b) . Similar tests were made on 
the second arm, Figs (c) and (d). 

Close inspection of the first arm showed 
oscillation about the horizontal pivot, with 
the two ends as antinodes. I had ·.hoped 
that moving the horizontal pivot to a 
213: V3 position instead , of half way 
would reduce the oscillation and result in 
nodes at both the pickup and pivot. The 
second arm, built on this basis, did not 
show an improvement as far as the main 
arm resonance is concerned; however the 
small resonance at 33Hz disappeared. 

Although it is hoped to halve the 7Hz 
resonance on the mk 3 arm, some increase 
in output toward the 20Hz end can be 
justified as the IEC recording/playback 
characteristic specifies a 3dB reduction in 
amplitude at 20Hz. A slight up-turn from 
arn1 resonance could therefore help to keep 
overall response flat to 20Hz. 0 

* As shown by Record warps and system playback per
formance, by Happ & Karlov, AES Convention 1973. 
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Spend Less 
LP-1 Logic Probe 
The LP·1 has a minimum detachable 
pulse width of 50 nanoseconds and 
maximum input frequency of 1OM Hz. 
This 100 K ohm probe is an 
inexpensive workhorse for any shop, 
lab or field service tool kit. It detects 
high-speed pulse trains or one-shot 
events and stores pulse or level 
transistions, replacing separate 
level detectors, pulse 
detectors, pulse stretchers 

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

£31 .00* 

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

replacing separate pulse detectors, 
pulse stretchers ·and mode state 
analysers. 
(Available in kit form LPK-1 £11·92) 

£18.00* 
The logic probes shown are all suitable for TTL. 
OTL, HTL and CMOS circuits. 

1fprice excluding P.&P. and 15% VAT · 

Test More 
LP-3 Logic Probe 

Our LP·3 has all the features of the LP-1 plus 
extra high speed. It captures pulses as 

narrow as 10 nanoseconds, and 
monitors pulse trains to over 50 MHz. 

Giving you the essential capabilities 
• of a high-quality memory scope 

at 1/1000th the cost. 
LP-3 captures one shot or low

rep-events all-but-impossible to 
detect any other way. 

All without the weight, bulk, 

63 

. inconvenience arid power 
consumption of conventional methods 

£49.00* 

The Digital Pulser: another 
new idea from C.S.C. The 
DP-1 registers the polarity of 
any pin, pad or component 
and then, when you touch 
the 'PULSE' button, delivers · 
a single no-bounce pulse to 
swing the logic state the 
other way. Or if you hold the 
button down for more than a 
second, the DP-1 shoots out 
pulse after pulse at 1 000 Hz. 
The single LED blinks for each single 
pulse, or glows during a pulse train . 
If your circuit is a very fast one, you I 
can open the clock line and take it 
through its function step by step, at 
single pulse rate or at 100 per 
second. Clever! And at a very 
reasonable price. £51.00* 
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Satellite broadcasting 
the eighties 

• 1n 

2 - Eu ropean satellite project~ 

byG.J. Phillips, M .A., Ph.D., B.Sc, BBC Research Department 

\". 

There are\ a number of satellite broad- . 
casting projects under discussion in 
Europe. An outline of present proposals is 
given here hut details may, of course, be 
modified in the course of development. 

European Space Agency L-SAT. This 
· project is for a large satellite, to be 

launched by Ariane-3 in the first quarter of 
1984, to carry transponders for a number 
of different applications including two for 
pre-operational use in satellite broad
casting. 3 Othe·r transponders will permit 
trials on business-system communications 
(up-link in 14 to 14.5GHz band, down
link in 12.5 to 12. 75GHz band) as well as 
propagation and wide-band data-link 
studies in the 30GHz (up-link) and 20GHz 
(down-link) bands. The precise details for 
the two 12GHz braodcasting beams are 
still to be settled but one beam is likely to 
be elliptical (approximately 1 by 2.4 de
grees), carrying channel 24 with left-hand 
pohirisation to correspond with one of the 
Italian assignments, and the other a circu
lar beam (1.6 degrees wide) which may 
carry channel 20 or 28, probably with the 
opposite polarisation. The intention for 
the first three years at least is to take ad
vantage of the fact that either beam can be 
independently steered to cover any 
European country, so that satellite broad-

casting demonstrations and pre-opera
tional experience can be obtained on a 
time-sharing basis. Most of the experi
ments are likely to take place with the · 
satellite at the 19° West orbit position. 

. Consideration is being given, however, to 
operation for extended periods at 31 o West 
and so East as may be required to provide 
pre-operational test transmissions to match 
plans in the UK, Spain and Scandinavia 
for operating their own satellite broad
casting satellites in the second half of the 
decade. The use ofthe satellite towards the 
end of its seven-year life is uncertain but 
Italy has made a strong bid to use it as a 
star-ting satellite for its service on two 

Artist's impression of L-SAT.. from British 
Aerospace, the principal contractor. The 
BBC has proposed to the Home Office that 
after two years' operation in the 19"W orbit 
position the satellite should be moved to 
the UK's orbit position of 31°W and made 
available to the BBC for a subscription tv 
direct broadcasting experiment. If, 
however, L-SA T has to remain at 19" W it 
might be possible to change the second 
transponder · to a frequ'encv and 
polarization suitable for the UK, or to fund 
an additional broadcast transponder for UK' 
use. ·Two L-SATS would be built, one to be 
held as a spare. 

channels until replaced by a purpose-built 
operational satellite. · 

The UK has made the largest single 
contribution so far to the L-SA T project in 
terms of money and corresponding 
contracts. At least seven other countries 
are giving suppbrt, notably Italy and the · 
Netherlands. British Aerospace has been 
selected as principal contractor. The deci
sion in implementing L-SA T will be taken 
at the end of 1980 following completion of 
the definition/design stages now in 
pfogress. 
I 

French and German satellites. France 
and Germany withdrew their support for 
L-SA T in 1979 and agreed that they would 
co-operate in building two satellites, one· 
for each country, each capable of transmit
ting on three channels . The satellites 
themselves would be built by Messersch
mitt-Bolkow-Bohm in Germany in co
operation with Aerospatiale in France; 
they are intended to be launched by the 
Ariane launcher, which is largely a French 
development, though carried out within 

/ the framework of the ESA. Present plans 
1- are working towards a launch of the Ger

man satellite in December 1983 and the 
French one in June 1984. The German 
satellite will operate on channels 6, 10 and 
14, and the intention is that two channels 

www.americanradiohistory.com

www.americanradiohistory.com


66 

will carry television and the third a 
multiplex of sound programmes using 
digital modulation. The details for France 
are not yet settled. 

NORDSAT project. As indicated earlier, 
the four Nordic countries are in the privi
leged position of having secured eight 
channels in the 1977 plan within a beam 
whose coverage embraces Norway, Swe- 
den, Denmark and Finland. NORDSAT 
is the joint body set up both to exploit this 
beam and to include transmissions for Ice
land, Faroes and Greenland, the project 
being based on the use of a satellite at so 
East. The intention is to relay the various. 
national television programmes 
throughout the whole group of countries. 
For the four ~ajor countries eight pro
grammes could be relayed and for the Ice
landic beam the assignments permit five. 

The participants wish to include sound 
programmes but are reluctant to forgo one 
television channel by dedicating one chan
nel for a sound multiplex (as proposed in 
Germany). They wish to develop suitable 
means for adding several sound channels 
to the television channel to cater for a 
stereo pair for television extra language 
channels connected with the . television 
programme, and additional channels for 
sound programmes not associated with the 
television programme. While this is con
sidered feasible, considerable experimen
tation and international discussion will be 
needed before the most practical and eco
nomic solution can be achieved, preferably 
with a common standard with other. 
European countries at least for the method 
of sending the main sound component of 
the television programme. Experiments 
with OTS have already shown that a digital 
sub-carrier for 2, 4 or 6 audio channels 
may be one way of contributing to the 
needs and, as already mentjoned, there is 
interest in Europe generally in improving 
and extending television sound transmis
sion methods. Another avenue to be ex
plored is a digital signal in the video wave- _ 
form within the line-blanking period (a 
development of the principle used in the 
sound-in-syncs system on video links in 
the UK and for Eurovision) but the system 
would be dependent upon a practical de
coder for domestic receivers. 

Other countries. The only other European 
country that has been reported as actively. 
investigating satellite broadcasting is Lux
embourg. This would clearly have a size
able audience for commercial French, 
Dutch and German programmes in the 
area of good individual (domestic) re
ception extending some 200 to 300km 
around Luxembourg. Transmissions from 
French and German satellites from the 
same assigned orbit position of 19° West 
would ensure the installation of suitable 
receivers. Table 1 (last month) shows that 
those equipped for the French satellite 
would already have the correct polarisation 
and half-band for Luxembourg's channels. 
The limited size of the Luxembourg beam 
makes direct broadcasting to any part of 
the UK impractical in terms of individual 
reception; even in the extreme south-east 

of England a 2 to 3m diameter aerial would 
be required for reception, so a commercial 
audience is unlikely, unless re-distribution 
of programmes by cable becomes legally 
and economically acceptable. 
. Finally, in addition to the US/Canadian 
CTS experiments mentioned earlier, a 
demonstration ·of satellite broadcasting 
outside Europe has also been successfully 
accomplished in Japan with a IOOW 
transponder in the 12GHz band.4 

Current investigations 
One serious concern has been possible in
terference. For example the image fre
quency or i.f. may correspond to radar or 
air radionavigation systems of significant 
power, and second thoughts may be 
needed on the preferred i.f. and whether to 
have the local oscillator frequency above or 
below the signal frequency. A more diffi
cult problem may be harmonic radiation 
from microwave ovens since, by the end of 
the decade, both these and satellite re
ceivers are likely to be in close proximity in 
residential areas. The fifth harmonic of 
ovens nominally on 2.45GHz may be the 
main concern and could affect reception in 
the upper half of the 11.7 to 12.5GHz 

·band. Of course, all the interference me
chanisms mentioned have been studied 
theoretically but, as in many interference 
problems, practical experience will be 
necessary to see whether the assumptions 
are valid. First examination suggests 
careful design of the receiving system will 
be needed to avoid problems with the 
known levels of signals from potential in
terfering sources. 

Satellite television signals are required 
to have added to their video waveform an 
"energy dispersal" signal such as a 25-Hz 
triangular (symmetrical) sawtooth, corre
sponding to 600kHz peak-to-peak devia- . 
tion. The dispersal waveform helps in 
controlling interference to terrestial 
systems carrying multichannel telephony 
and operating in the same band. Its remo
val from television signals will require 
additional clamp circuits to avoid picture 
flicker. The current satellite broadcasting 
standard for 625-line signals calls for CCIR 
pre-emphasis, a.c. coupling and the polar
ity convention used in terrestrial 
microwave links and satellite point-to
point vision links, but the f.m. deviation is 
about 14MHz - a value higher than 
terrestial link practice but below present 
satellite link video-deviation standards. 
Some aspects of these standards (e.g. the 
video pre-emphasis curve) may be revised 
to meet any difficulty in applying them to 
receivers in the home, although present 
opinion is that they are already close to the 
optimum. 

For sound transmission it has been 
proposed for the French and German satel
lites that, besides an analogue sub-carrier 
at 5.5MHz for the main sound signal, a 
second analogue subcarrier at 5. 746MHz 
should be used, either for a second lan
guage or to provide a stereo difference 
signal. To ensure adequate sound quality , 
there are proposals that each subcarrier 
should deviate the main carrier as much as 
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5.6MHz peak-to-peak and that the f.m. 
sound deviation should be increased above 
the present ±50kHz value to ±65kHz or 
even ultimately to ±100kHz. Some engi
neers are concerned about the require
ments for i.f. group delay accuracy, video 
linearity and the careful filtering of the 
video band that are called for in the domes
tic receiver to prevent any noticeable de
gradation (by patterning etc.) of the pic
ture by the ·presence of the two analogue 
subcarriers at the proposed level. As a 
result there is a case for considering a· digi
tal sound system of some kind - a single 
digital subcarrier carrying two audio chan
nels for example - to provide the sound 
for television from the start of satellite 
broadcasting. Those preferring this solu
tion feel that, with a lower level of subcar
rier, problems of sound or picture quality 
are more easily resolved and that large
scale-integration (l.s.i .) circuits should en
'sure that digital demodulation will be 
cheap and will avoid analogue-circuit 
alignment problems. 

Some journalists and enthusiasts have 
pictured satellites ·as a means for anyone to 
"drop in'' and receive television pro- · 
grammes from other countries at will, so 
that when the 1977 plan did not appear to 
provide for this, scorn or indignation was 
expressed at the apparent narrow-minded
ness of the planners . 5 What must be un
derstood, however, is that there is nowhere 
near enough frequency spectrum to plan 
for interference-free direct reception of the 
50 or 100 programmes implied. 
Furthermore there would be political, 

.legal, copyright and advertising problems 
in widespread international coverage. 
Within the scope of the 1977 plan there is 
nothing to stop shared programmes or 
joint productions and pressure from the 
public should ensure that the broadcasting 
authorities provide them with what they 
want. The plan is perhaps open to 
criticism because it is a compromise which 
allows a considerable degree of inevitable 
overspill between adjoining countries. 
Perhaps in the next band at 40 .5 to 
42 .SGHz (apart from thinking of higher 
definition, digital video and maybe ste
reoscopy) we should use large apertures 
and make sure that beams are tailored to fit 
each country or part of a country more 
precisely. This in turn would reduce in
terference to others, lead to more efficient 
use of the spectrum, and give more chan
nels for each country. 

Acknowledgement. The author wishes to 
thank the Director of Engineering of the 
BBC for permission to publish this article. 
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Coherent audio filters 
for c.w.reception 

Novel filter helps separate Morse signals from interference 

,The problem of extracting 
information from a noisy environment 
has been with us ever since wireless 
communication began, and over the 
years many noise-reducing systems 
have been invented./ Today the radi1 
astronomer separates 'informative 1 

noise' from a background which may 
exceed it by 30 dB or more. The j 

author discusses the problem as it 1 

affects the radio amateur using 1 

Morse-code signalling~ and intr~duc-.s 
a novel type of filter which uses [ 
coher~nt addition to, help separate I 
steady-state signals 1from I 

interference, and noise man-made or 
·natural. It uses the tapped delay line. 
principle to provide a non-ringing 1

1 

filter which, as well as lifting the 
signal fr~m its environment, also has -
a narrow passband with desirably I 
steep sides. · I 

If all the radio amateurs in the wo ~ ld 
using the h.f. band could be hear d 
together, one operator's share would be 
about 3 Hz. Fortunately, the possibility · 
is remote but, nevertheless, the packing 
density is a severe and ever growing 
problem, particularly since the most 
interesting signals are ofte11 down in the 
noise or buried in the 'fourth layer' of 
interference. 

It has often been said that c.w., as it is 
misnamed, is a dying art. Most pro
fessional communication is now carried 
out by machine systems which are 
faster and more reliable, though they 
seldom approach the Shannon ideal as 
closely as the Morse code: the cost o( 
reliability seems to be very expensive in 
bandwidth. The argument for keeping 
Monie alive, given · long ago, still .. holds 1• 

The possession of a large body of radio 
operators is an important national 
asset, as it was to us during the last 
world war. In times of emergency, when 
sophisticated means may fail, the 
human operator can still carry on some 
sort of communication with the abso-· 
lute minimum of gear. Orie therefore 
feels justified in continuing to search 
for ways of improving c.w. com
munication 

C.w. communication . 
In hand operating, selectivity t~kes 
place in two s.tages; in the receiver and 
in the operator's head. After the 
atmosphere and the external noise have 

by F. Cha~ma.n G6CJ 

·done their worst the receiver' does its 
best, and then the operator does a great 
deal more. He attunes his brain to the 
signal and its particular rhythm, and 
_uses . his knowledge of the _ redundancy_ 
of the language an<;l maybe his knowl
edge of the operator at the other end of 
the circuit. This 'subjective selectivity' 
can be greatly helped by converting the 
receiver audio output to a stereo image, 
particularly in searching, when one 
needs to be alert to the signal environ
ment2. The operator is quite as import
ant as the machine and there is plenty of 
scope yet for improving the coupling 
between man and machine. However, 
the following work is largely on the side 
of the machine. · 

:Filters and noise 
Noise in the present context includes 
white and transient noise, as well as 
unwanted signals. The author was enc 
couraged to undertake the present in
vestigation after moving to a location 
abounding in llkV power distribution 
lines, which often produce enough 
somewhat 'coloured' noise to bury any 
but the most resolute signals. 

. The first attempt was a highly selec
tive filter of conventional type, but this. 
was quite useless. The noise particles 
grew into great blobs in t~e passband, 

Fig. 1. Illustrating coherence. The vector 
S represents the signal whilst the noise is 
a number of random vectors in the centre. 
The area of the circles represents the 
power in the signal and the noise. 
Addition of N signal vectors in phase 
increases the signal power N 2 times. The 
noise can only be added as power, soN 
samples gives only N times noise power, 
a signal/ noise power gain of N. 

whilst the w~ak signals, already 
modulated by noise in the receiver/ 
actually lost power because they now 
had a wider spectrum. It became clear 
that in such a situation it was best to use 
the widest passband that interfering 
signals would allow. The transients· 
kicked the narrow-band filter transients 
into damped oscillations which lasted 
fo"r at least Q cycles. To prevent this, it 
·would be essentiai to use heavily 
:damped, non-ringing circuits, but this 
would normally require a great number 
of non-interacting sections to produce a 
narrow-band result. 

Some method was sought of securing 
coherent build up of the wanted signal 
and it seemed that a delay line several 
cycles long could provide samples at 
every half-cycle of the wanted audio 
frequency, which could be added in 
phase to enhance the signal at the ex
.pense of the incoherent noise, as in Fig. 
:1. Since the phase must vary with 
frequency, coherence would degenerate 
as the frequency .moved away from the 
half-cycle value, and a narrow band 
might more easily be obtained. This 
turned out to be the case. 

Transversal filters 
The tapped delay line, or transversal 
filter, of Fig. 2 is normally used in the 
time domain, for generating or recog
nizing coded pulse trains or shapes, in, 
for example, secure communication: 
systems or high-resolution radar. The 

J delay line may comprise lumped net
works or may be cable or waveguide. In 
this case it is going to work in the time 
domain for noise and in the frequency 
domain for c.w. signals. 

For audio applications, · network sec
tions are necessary. Several sections are 
needed to obtain good coherent advan
tage and they must have low Q in order 
to prevent ringing. It turns out that 
all-pass sections make a very good filter 
and with quite low Q rapidly produce a 
narrow passband. Second-order sec
tions are required to produce a phase 
shift of 180° at the mid frequency. 

Perhaps one should explain what is 
'meant by the Q of an all-pass filter. In a 
bandpass filter, of course, Q conventio
nally determines the rate of fall of 
amplitude away from centre frequency. 
An all-pass filter has uniform transmis~ 
sion at all frequencies, but the rate at 
which the phase changes about the mid 
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frequency is under control; in a lumped, 
LC allpass, this is determined by the 
L!C ratios in refation to the termin- . 
ating impedance, the loaded Q of the 
network. In dealing with filters it is 
more convenient to use the damping 
factor, m, which is the inverse of q. 

Design ··-
In aT-filter of N stages, the adder sums· 
N + 1 samples in progressive phase. It is: 
quite easy to reduce the sum to a com-• 

Fig. 2 Transversal filter. The tapped 
outputs along the delay line are added in 
alternate phases. At the section 
mid-frequency where <j> = 180 ) all 
samples are fully coherent. Away from 
this phase position coherence declines, 
and a bandpass filter results. 

0 50 

(a) 

100 

PHASE ANGLE 

(b) 

150 180 

Fig. 3 Design charts for the filters . (a) the 
basic response in terms of phase per 
section. (b) conversion of response to 
frequency scale in terms of damping 
factor m. 

pact formula (see Appendix). For de
sign.- since one is working in phase 
·rather than frequency , the first step is to · 
produce a_generalized chart of output ' 
amplitude versus phase for various 
values of N, as shown in Fig. 3 (a). The 
·second step is a chart, -seen in Fig-.-3(b); 
~ to convert these responses to frequency 
~ scale in terms of the damping factor. 
Thus m can be chosen to control band
width. 

The responses are characterized by 
steep sides to the passband, followed by 
sidelobes, as in a conventional m- ·l 
derived filter or a linear aerial array. 
These sidelobes are too large for a noisy 
signal environment, and various means 
are discussed later for ·reducing them. 

Theory of performance . 
When a resonant wave enters the filter 
each tap in turn delivers one half cycl~ 
of oscillation and the output builds up in 
N-1 steps to N + 1 times the input 
amplitude; it decays likewise when the 
signal stops, as in Fig. 4. Of course, this 
makes the signal sound a little 'woofy' 
as would a conventional filter. but the 
rise is linear and quick. Up to eight 
stages have been used without the 
effect becoming too unpleasant, At the 
resonant audio frequency used this 
slope represents a small fraction of a 
typical morse dot. 

-A pulse may in general be treated as a 
step function or a combination of two or 
more. Analytically, the output of an 
ideal allpass to an ideal step is rather 
,alarming - a sharp spike where the 
'components of its frequency spectrum 
come into phase, followed by a broad 
pulse representing the intermediate 
spectrum. But this is not a real situation. 
The filter sections never pass zero or 
infinite frequency. Th-e pulses are top
ped and tailed naturally in propagation 
through space and through the receiver. 
What the filter receives is a single, 
rounded pulse, maybe with some over
swing. This propagates down the chain
"':ith very little change if the damping is 
h1gh and the result is no coherence, but 
a kind of oscillation lasting N + 1 half 
cycles. Thus, a c.w. signal is extended in 
amplitude whilst a transient is extended 
in time and one can expect the 
improvement due to coherence of the 
signal. Similarly, band-limited white 
noise delivers samples belonging to 
different epochs, and again there is no 
coherence. 

Filter sections 
The use of active networks brings 
several advantages apart from the 
avoidance of physical inductors. 
Modern integrated-circuit amplifiers 
can provide filter sections with high 
input and very low output impedances._ 
Thus, there are no interactions between 
sections; they are unilateral, and reflec
tions cannot run up and down the chain, 
as they can in passive filters, to produce 
long-delay echoes on transients. The 
damping required for frequency res
ponse is automatically incorporated in 

. each section of an active filter. 
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Fig. 4 Response of the T- filter to (a) 
resonant a. c. signal and (b) band-limited 
step function . The signal is extended in 
amplitude and the transient in time. 
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Fig. 5 Two active, all-pass circuits which 
can be made to give any value of damping 
factor. The Holt and Gray circuit (a) looks 
more complex but is easier to implement, 
since circuit (b) requires special R-values 
and an extra amplifier to recover unity 
gain. 

Two active circuits are known which 
provide complete freedom of choice of 
damping coefficient3, and their basic 
forms are shown in Fig. 5. In the Holt 
and Gray circuit , A is the main arm, 
controlling the mid-frequency. Arm B 
has twice the admittance value of arm A 
and provides a cancellation in the 
algebra of the response function, whilst 
arm C with admittances rnA determines 
the damping factor. Resistors R1 and R2 
fix the gain at unity, as is essential for 
our T-filter. 

The most critical components are the 
gain control pair . Because of the 
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positive feedback arm B, the circuit can 
become unstable if R2 exceeds R 1 by 
more than a few percent, and oscillation 
may occur at about 10 kHz, where 
amplifier limitations brings the phase 
round to 360° too soon. Arm B is next in 
order of importance and wiil upset the 
g-ain and phase response if too far out of 
adiustment. Nevertheless, using 2% 
re~istors and 21/2% capacitors, many 

22k 22k 

47k 

Add 
T4n7 

w. 
Fig. 6 All-pass section with f 0 = 725Hz . 
and mO. 94. All resistors except the 680k 
are of 2% tolerance and all capacitors 
except the bypass and the 330pF are 
2 V2% polystyrene. The actual vale of R 1 
and R2 is not important but they should 
be a well matched pair. 

Fig. 7 Complete four-stage T-filter with 
input sidelobe filter, using allpass 
sections as in Fig . 6. Apart from the delay 
line sections and the adder, no close 
tolerance components are needed. Note 
the bias arrangements for the delay line 
and the input filter. The adder takes its · 
bias from the delay line. 

sections have been made without diffi
culty_. . __ 

The circuit of Fig. 5(b) looks simpler, 
but requires:difficult resistor values, 
needing parallel pairs or a stable vari
able resistor, · and therefore much 
trouble in setting up. Also its gain is · 
1 /(1 + m2) which must be brought up to 
unity with a second amplifier. 

The centre frequency of the Holt and 
Gray filter chosen has been set at 725 
Hz. This is a comfortable listening 
frequency and is also in the most selec
tive region of the hearip.g mechanism. 
In addition. the CR product in the 
networks can be based on 22kQ x lOnF, 
and since the E-series component 
values are approximately logarithmic, 
other pairs can be found for various 
m-values. Figure 6 shows the detailed 
circuit. 1 

Sidelobe redUction , I 

As noted above, ' the sidelobe level, 
about -12 dB, is too high. Some 'leak' of 
the outside world is useful, but it must 
not let in too much of the noise spec
trum, or overload signals; 30 dB is a 
desirable target. Various schemes have 
been considered, such as the use of an 
.over-riding bandpass filter or mixed 
m-values along the chain. Another is to 
go back to the aerial designer, and use a 
tapered distribution by weighting the 
taps to the adder. The first two only give 
about -20 dB, the taper about ~24 dB. A 
taper much used is the familiar 'cosine
on-pedestal' and together with a quite 
low-Q input bandpass filter can be made 
to give -30 dB sidelobes. A Tchebvsheff 
taper could no doubt be made but ~auld 
require very close tolerances to give the 
-30 dB, but the input filter has another 
:advantage in that it removes much of 
the transient energy and thereby 
. improve!? performance. So the head 

------ a.p.f. sections as Fig.6 -----

4n7 
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filter has been used as part of the com- · 
plete design. (Note that the T -filter 

r passes on in some way all the energy 
which enters whilst the more conven
tional filter rejects energy outside its 
passband). 

Four-stage iinear-array model 
Figure 7 gives details of a four-stage 
T -filter, using the all-pa·ss sections 
shown in Fig. 6. A feature is that the · 
operational amplifiers are biassed up to 
1/2 V5 , so that a single, earthed power 
supply can be used. Type 741 amplifiers 
are used throughout; other . types such 
as the 709 need an external compen
sating capacitor. 

The input bandpass filter is. a well 
known type in which the bandwidth is 
constant (B=IIrtCR) whilst it can be 
tuned by varying th~ input shunt resis
tor R2. The resonant frequency is given 
by 11(2'TICVR 12 R:~) where R17. is the 
parallel value of R1 and R 2• The gain at 
resonance is R3/2R1. It stwuld be tuned 
to peak at 725 Hz or to balance the two 
sidelobes of the C()mplete filter. The bias 
for this stage clamps the non-inverting 
inputto 1/2V5 • 

· The delay line uses sections as de
tailed in Fig. 6, the main properties of' 
which have already been given. One 
adder tap is taken from each input and 
one from the final output. Bias is applied · 
at the first input, and the amplifiers are 
good enough to hold this closely all 
down the chain, though the models 
made used two stagesper board, based 
on the 747 chip (two 741 in one unit) and 
each board was provided with one bia~ 
and blocking capacitor. The latter 
should be 1 [J.F; this already shifts the 
phase a few degrees and if any less is 
used the peak frequency of the filter wilJ 
move. 

ro test the allpass sections it is 

~Out 
33)-l . . 
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necessary to check that the output 
terminals (pin 6) are at about Y2 V 5 , and 
that the phase shift per section is 180° at 
725 Hz. The latter test can be made by 
connecting both input and output taps 
of one section to the inverting input of 
the adder; the output of the adder 
should zero at the 180° frequency. If 
these tests are satisfied then all is prob
ably well, though it is advisable to use 
an oscilloscope to test for self oscilla
tion. 

The adder is conventional, and takes 
its bias from the filter chain. The gain is 
unity for each input but, since there are 
five, the a.c. output will be five times 
that of the input to the main filter, so 
this is the overload point of the system. 
With a supply of 18 volts to the 
amplifiers, the system will handle suf
ficient level for headphone use. If the 
adder is to be tested separately it must 
be provided with bias. 

The output of the adder will drive a . 
high-impedance headset direct, but for. 
more general use, an output stage has · 
been added, based on the LM380. which 
will drive any headphones, or a small 
speaker of almost any impedance. Its 
input is tapped down to give an overall 
gain of about 2 or 3. Input blocking is 
necessary and the 1000pF shunt is pro-
tection against strong r.f. fields. 

The LM380 is internally protected 
against output short circuits, but if less 
than 12 volts supply is used it may lock 
out and play possum. It is a lively 
megahertz bandwidth amplifier, and 
both the 0.4 7!J-F and 0.01 !J-F decou
plings are essential: if it does oscillate it 
may draw enough current to do 
damage. The main earth and heatsink 
on pins 3, 4, 5 and 10, 11, 12 should 
connect at least two square inches of 
circuit board copper, and for speaker 
use extra heatsink should be added. 

Performance 
The overall frequency response (Fig. 8) 
is characterised by nulls at about 500 
and 1000 Hz, i.e. about 2¥2 bandwidths 
apart. (if these are not correct, check 
the adder and the overall flat frequency 
response of the delay line). With close
tolerance components these notches 
may be 40 dB or more below peak level, 
and one can, in fact, tune out a c.w. 
signal and listen to its spectrum puffing 
on eifher side of the notch. Also the 
transient rejection is sufficient to 
reduce the apparent strength of signals 
with a bad spectrum. However, strong, 
hash-type noise tends to whistle near 
the peak frequency, and reducing this 
effect led to further development. 

Cosine-on-pedestal model 
The natural frequency of a second-order 
filter, at which the transports of the 

. transients abound, is u:0 \ / l-m2/4. With 
m = 1 as in the model above, this quite 
close to u:0, and the obvious step is to 
move toward critical damping with m 
approaching 2 and thus push the noise 
energy towards zero frequency. How-

f • 
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\ Fig. 8 Frequency response of the linear 
filter of Fig. 7. 

Fig. 9 Basic delay line sections and adder 
for an eight-stage cosine -on-edestal 
model. The 2nd order section is replaced 
by two first order sections for an 
equivalent .m= 2 and the adder 
redesigned for weighted addition and 
division. 

·Basic f u II section 

3301<. 

ever. more sections are then needed to 
retain the 200 Hz bandwidth, which 
increases cost but gives extra coherent 

'gain. A good arrangement would be six 
stages with m about 1.7, but the cosine
on-pedestal with its low sidelobes was 
attractive and this model was made. 

For the taper distribution the shape 
and ratio of curve to pedestal is not 
critical, and 1 + 2 cosx is a good shape. 
But, as with the aerial, the cost of side
lobe reduction is an increased band
width and correspondingly reduced 
gain. Eight stages with m = 2 gives a 
200Hz bandwidth and a gain of about 6. 

The essential differences from the 
previous design are shown in Fig. 9. One 
advantage of using m = 2 is that a 
second-order filter section can be made 
using two first-order networks in a 
much simpler circuit. This doubles the 
number of amplifiers but the cost is 
about the same, since an 8-pin 741 now 

costs no more than two polystyrene 
capacitors. 

The taper distribution is arranged by 
varying the resistors feeding the adder. 
Since fractional addition cannot easily 
be carried out on the positive amplifier 
input, two adders are needed, one for 
each phase, with a third to bring them 
together. The first pair are ·also 
arranged to divide as well as add, to 
reduce signal level , by using low va.lue 
feedback resistors. (The gain is the sum 
of the eight ordinates of the taper 
curve). 

The frequency response is shown in 
Fig. 10. In use this filter is noticeably 
better than the'four-stage model, parti
cularly in noise performance. The 
ability to perceive the signal environ
ment when necessary may be arranged 
by fitting a switch to cut out the input 
bandpass filter. In all these filters it is 
advisable to protect against strong r.f. 
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fields by screening and filtering both 
input and output. 

Further outlook 
It may be considered better to try to 
apply this filter system earlier in the 
receiver than the audio stage, before the 
receiver becomes overloaded by ex
traneous signals or before the detector 
has added its contribution of trouble. To 
do it at i.f. would require a large number 
of high-Q sections, probably quartz, to 
produce the narrow bandwidth_.* It 
should be possible however, at an I.f. of 
say 50 kHz, to use analogue shift reg
isters to give the required delays. How
ever. the devices are expensive, and one 
would need one with taps at, say, 64-
section intervals. 

Against this it may be noted that most 
good receivers have a "C~" filt~r _of 
about 600 Hz bandwidth m thetr t.f. 
amplifier which can deal with much of 
the overload problem. Also, with recent 
developments i-n high linearity detec
tors and modulators, there is now a 
better argument in favour of audio 
filtering4• 

*In regard to transient performance, the 
demodulator converts the i.f Q to the 
equivalent audio value. 

Addendum 
Measurements of transient perfor
mance confirmed the pulse response of 
Fig. 4, though with some irregularity 
due to the small overswings 'aliasing' 
into the next epoch. However, the 3kHz 
band-limited white -noise behaviour 
disappointing; it seemed that the 
residual noise energy in the sidelobes 
doubled the effective noise bandwidth 
of the narrow passband. 

This led to the idea of using low-Q 
resonant filters instead of allpass sec
tions. Since this paper wa:s prepared, 
such filters have been made, using sec
tions like the bandpass filter shown in 
Fig. 7, with a Q of unity. (No tap was 
taken from the input line since this 
would produce a wideband signal level 
of 1/N). 

The expected noise improvement was 
obtained, and the shape factor was 
good; the nulls have of course be~n lost, 
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Fig. 10 Frequency response of the 
eight-stage cosine-on-pedestal model. 

but the sides pull down much faster 
than those of a single-stage filter of the 
same 3dB bandwidth. 

The circuits are much simpler and 
four stages can easily be built round one 
LM324 amplifier chip. Also there is no 
need for close-tolerance components or 
critical stage-gain control, though the 
overall gain should not be much greater 
than unity, or the transients will grow. 
On a cost basis, there is probably no 
great advantage, since the phase rate is 
only half of that of an a.p.f. section, and 
more stages are required for the . same 
selectivity. The optimum arrangement 
for a 200 Hz bandwidth is probably 
N = 6, Q = 1.25, or better, N = 8. Q = 1.0. 

Appendix 
For the linear filter: 

N . 
sum of output taps=~( -1 Ye -Jr<J> . 

r=O 

This is a geometrical series with a progres
sion ratio (-e-i<~>) and, using the g.p. sum 
formula, with Euler's equivalence 
eix =cosx-jsinx, and algebraic and trigo
nometric manipulation, it can be reduced to 

sin 
COS!(N + 1)<j>/21 

SUM=~---
cos<j>/2 

sin: N odd 
cos: N even 

When <j>= 180°, .this is indeterminate, but by 
taking limits the sum is found to be (N + 1). 

k'IT 
Zeros occur when <!> = N + 

1 

k= I, 3, 5 .... .. N even 
= 0. 2. 4 ... ... N odd. 

1.4m (empirical) 
The 3dB bandwidth <1>~ --

1 N+ 

For the cosine-on-pedestal: 
(I+ Kcosx) with x = 0 to 'IT over series. 

SUM= ~(-1) •e-i•<~>(l+Kcosr'IT/N) 
r=O . 

Requction proceeds as before, but is tedious, 
giving 

SUM= +K 
2 

- cos .- - \ 
sin -[lN + I)<!>12-'IT!2N] 

cos( <j>I2-'IT12N) 

K ~~[(N + 1)<j>/2+'TT/2N1 
2 cos(<j>/2+'TT/2N) 

\ 
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Analytically, the method given for 
a.p.f. sections leads to hyperbolic func
tions. but for a hand computer one can 
use 2:,; z (z0

- 1)/(z-1) where liz= 1 
+ jQ(x~llx) and x= w/w0, using the 
rectangular /polar conversion for the 
complex z operations. 
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Party electronics 
Over a quarter of a million pounds was donated 
to the Conservative Party and its supporting 
organizations in the year I979/80 by companies 
prominent in electronics, according to a Labour 
Party information sheet. Among the largest 
donations in all the companies listed were those 
of GEC (£50,000), Lucas (£20,000), Plessey 
(£48,000) , Rank (£53,000) and Thorn 
(£20,000) . 

Smaller contributions included £13,700 from 
BICC and a variety of sums below this from 
Chloride, Chubb, Comet, Decca, EMI, M?rgan 
Crucible, Smiths Industries and Telefuswn. 

The Labour Party document comments that 
the total donations made directly to the Tory 
Party were I 04% up on those for th~, previo~s 
year, and that the "obvious reason for t~us 
massive increase was that the General Election 
of May 1979 inspired a larger m~mber ~f 

. companies than before to dig deep mto th~tr 
resources in order to support the Conservative 
cause. 

Wireless World index and 
binding 

As announced last month, the index for 
Volume 85 (1979) of Wireless World is 
IJ.OW available, price 75p includ ing 
postage, from our General Sales 
Department. 

Our publishers also offer a service of 
binding volumes of Wireless World, each 
complete with the appropriate index. If 
you wish to use this service send your 
copies to Press Binders Ltd, 4-4a Iliffe 
Yard, Crampton Street , ,Walworth, 
London SE I7 with your name and address 
enclosed. Confirm your order to the 
General Sales Department, IPC Electrical
Electronic P,ress Ltd, Room 205, 
Quadrant Hopse, Sutton, Surrey SM2 
SAS, and with your letter send a 
remittance of £6.90 for each volume (this 
price includes the index) . Please allow up 
to ten weeks for delivery. 

In both cases cheques should be made 
payable to IPC Business Press. Ltd. 
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An acoustically 
loudspeaker 
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small 

2 Construction of speaker enclosures and active crossovers 

The bass enclosure uses a Dalesford D30-
J 10 Sin unit and is 3 litres in volume, 
'giving a 3dB point of 100Hz and a Q of 0. 7 
(measured values). The KEF BllO, which 
is a rather similar drive unit, could also be 
used, but has not been tried. The enclo
sure is constructed of 18mm timber (in 
order of preference hardwood, plywood 
•and chipboard) to ensure a low level of 
unwanted sound. The author used chip
board and, using the method outlined in 
part 1, was unable to measure any panel 
resonances or other sound transmission 
through the walls owing to their low levels 
(at least 30dB down). Dimensions are 
shown in Fig. 6. The bracing member is 
used to eliminate one of the two resonances 
arising from the square dimension, but 
was also found to remove a chassis reso-

• nance of the drive unit which coupled to 
. the box at 320Hz, by bracing the magnet. 
The member is deliberately made slightly 
larger than the available space so that when 

· the front panel is fitted the drive unit and 
rear panel are stressed. The enclosure is 
filled with 4oz ·tong-fibre wool. 

·Sub-woofer 
The sub-woofer required for adequate bass 

. extension (below 100Hz) has a fourth
order, band-pass characteristic arising 
from the second-order, high-pass function 
of the closed-box enclosure system and a 
second-order boo~t filter. The 3dB fre
quency of the sub-woofer enclosure is 
made the same as that of the Sin bass unit, 
which is 100Hz. For analysis, the network 
functions for the band-pass sub-woofer 
and for the bass enclosure system were 
combined to produce a hi-quartic function 
to determine the Q and gain required from 
the components for a satisfactory 3dB 
point and low ripple. Normal analytical 
techniques were found inadequate for the 
case of the hi-quartic function, and the 
magnitude function was taken and expli
citly solved using a home computer. These 
functions are shown in the Appendix. 

The ideal Q for the enclosures was 
found to be 0.5, but this low figure was not 
practicable for the small enclosures used. 
The figure of 0. 7 was taken for the Q and 
the method of SmalF was used for the 
enclosure design. The higher Q implies 
some ripple in the response, but the com
puter prediction is that this ripple amounts 
to only 1.6dB, which is hardly audible, 
particularly since it is at 113Hz, where 
room eigentones are likely to give rise to 
much larger ripples. The frequency res-

by R.I. Harcourt B.Sc., M.I.E.E. 

ponse predictions are shown in Fig. 7. 
The design procedure for the sub

woofer enclosure was similar to that for the 
bass unit, but using the Son-Audax WFR 
ISS. The theoretical Q for the enclosure 
system was 0.7: however, when the enclo
sure had been built the Q was measured as 
1, and stuffing the enclosure with long
fibre wool did not significantly reduce it. 
The effect of the higher Q is to introduce 
about 3dB of ripple into the response. To 
lower the Q, the old technique of feedback 
Q correction was used. If the output resis
tance of the amplifier is made negative by 
the introduction of positive feedback, then 
part of the voice-coil resistance is effect
ively cancelled, giving a lower Q. A theo
retical treatment is found in the Appendix. 
Figure 8 shows the circuit of this arrange
ment for the case of the Crimson Elektrik · 
OE608 amplifier module. The 47k nega
tive-feedback resistor R7 is part of the 
CE608 module, and the module must be 
modified in the following manner. Remove 
R6 (l.Sk) and C4 (lOOj.lF, lOV) from the 
CE608 board. Replace R6 by a lk2 resis
tor. Take ascreened lead from R6 to the 
lOOjJF, lOV capacitor on the filter board. 
The 1N4148 back-to-back diodes are an 
insurance against mains transients, which 
can otherwise destroy the amplifier when it 
is used in this manner. 

The summing amplifier, which com
bines the two channels, and the second
order filter circuits are also shown in Fig. 
8. The filter is a conventional Sallen and 
Key type with an fo of 28Hz and a Q of 1. 
The summing amplifier provides the gain 
necessity for the bass boost of the below
resonance enclosure. Two 27k resistors 
combine the left and right bass channels 
within the metalwork housing the active 
crossovers and amplifiers. A screened lead 
takes this signal to the summing amplifier, 
which can be remotely sited. (In the 
author's installation, the two metalwork 
kits containing the crossovers and ampli
fiers are shelf mounted with the loud
speakers remote.) The screened lead takes 
the combined bass signal to the sub-woofer 
enclosure, where the filter p.c.b., CE608 
amplifier and power supply are sited, en
closed in a Crimson Elektrik metalwork 
kit. 

The WFRISS unit used for the sub
woofer has a high efficiency, which to 
some extent offsets the amount of bass
boost necessary for the below-resonance 
design. However, the limiting factor for all 
loudspeakers at the bass end, whether sub
resonant or not, is the cone excursion capa-

city, and not the power handling capacitY 
as it sometimes supposed. Since the maxi
mum s.p.l. available from a closed-box 
enclosure is determined by the area of the 
cone and the cone excursion, it is possible 
to increase the s.p.l. by increasing the 
number of drive units. The WFR15S has a 
cone-excursion-limited maximum s.p.l. of 
86dB at 35Hz, the worst case considered 
here, since this limit increases at 12dB/oc
tave. This may be compared with 88dB 
s.p.l. available from two KEF B139 units 
in a closed box, and with approximately 
95dB s.p.l. from the full symphony or
chestra. The author has considered using 
two WFRISS units in two closed-box en
closures placed adjacently, which would 
produce about 6dB more, i.e. 92dB s.p.l. 
at 35Hz, but space considerations led to 
the use of a single unit placed in a corner of 
the room, which gives a 9dB gain when 
compared with the free-space radiation 
figure, at no extra co~t. 

Clay enclosure 
The mid-high frequency enclosure is made 
of modelling clay (Das) which has the 
property of setting rock hard without the 
use of firing. Plastic-wrapped 980g packs 
are available, and four packs were used for 
a pair of enclosures. However, the sides 
were found to be rather thin and six packs 
would be preferable. The clay is rolled flat 
with a rolling pin to the required dimen
sions and moulded round a cylinder of 
fine-mesh chicken wire. The cylinder is 
20cm high and 40cm circumference. Cut a 
60mm square hole in the chicken wire for 
the Jordan 50mm unit, and an appropriate 
round hole for the tweeter used. (The 
author has used both the Son-Audax 
tweeter (available as a smaller-faceplate 
version, the HD 9 x 8 D25) and the Scan
Speak 2008 pictured in Fig. 4.) The clay 
can be worked by those with no previous 
experience in the art, provided that it is 
remembered that a little moisture is re
quired for smoothing down and for joint
ing. Avoid too much water. 

Use two packs of Das for the cylinder 
and one for the base and dome. There will 
be some left over for patching holes and for 
surrounding the drive units with a fillet to 
provide a smooth profile. The wet clay will 
join to dry clay successfully when a little 
moisture is used, so it is not essential to 
obtain a perfect finish first time. The base 
and dome are made by rolling out one pack 
of Das to about 50cm square and ~utting 
out two circles. One circle is made into the 
dome by placing the cylinder vertically in a 
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Fig. 6. Construction of the bass and sub-woofer enclosures. 

Cutting list 

Front &. bock 154 x 154 
Top & bottom 192 x. 161 
Sides 
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18mm 
chipboard 

161 X 156 

See detail 

Cutting list 
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F'ront & bock 375 x 375 
Top & bottom 270 x 415 
Sides ' • 380 x 270 

Bro~ing See detail ( )above 
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mixing bowl and moulding the circle into 
the bowl, joining the edges with the end of. 
the cylinder. The moulding is then placed 
upon the other circle and joined to this, 
forming the base. It may be found de
sirable to support the dome from the inside 
of the enclosure while it is drying to 
prevent sag. The clay takes about two days 
to set in an airing cupboard, and when set 
the drive units are fixed using silicone rub
ber (bath sealant). Holes are drilled for the 
wires to exit the back of the enclosure. 

1 About 4oz long-fibre wool is used as filling 
material, before the units are fixed. The 
adhesive takes 1-2 hours to set, and the 
spare clay (which should be kept in a plas
tic bag to prevent drying) can be used to 
form a smooth fillet around the edges of 
the units to reduce diffraction. For 
finishing, Declon acoustically transparent 
foam is formed into a cylinder and has a 
circle fixed to the top. 

The cylinder of foam is overlapped by 
0.5in and stapled together, and the circle 
for the top is stapled to the top edge of the 
cylinder. When this arrangement is turned 
inside out the join is concealed, and the 
sleeve can be fitted over the clay enclosure. 
The clay can be sprayed black to match the 
drive units, and the foam can be sprayed 
any desired colour, using aerosol paint. 

The author has experimented with the 
positioning of the satellite units, and has 
found that stereo imaging is best when the 
units are placed on stands so that the 
tweeter is the height of the seated listeners' 
ears, and the units are 0.5-lm away from 
the walls. This requires stands about 
470mm high. 

Electronics 
The Crimson Elektrik modules for the 
bass, mid-range and treble units are 
mounted in two Crimson Elektrik 
metalwork kits, with interconnecting sock-

Fig. 8. Summing amplifier and filters for 
sub-woofer drive. .,. 

ro 
"0 

0 

~0~--~--~.------~----------~~ 
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-3dB point 
33Hz 

100 
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Fig. 7. Computer-predicted curve (bottom) 
for combined bass and sub-woofer 
responses. 

etry, as shown in Fig. 9. The kits are 
stacked on top of each other. One contains 
a normal two-channel amplifier with 
power supply, and the stabilized supply 
for the active crossover modules. The 
second kit contains four power amplifier 
modules and the active crossovers. If it is 
desire to omit the dome tweeters, as 
recommended by Jordan, then two ampli
fiers can be omitted also. Full instructions 
are supplied by Crimson Elektrik for the 
construction, but the filter p.c. b. for the 
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sub-woofer is not supplied by them. Those 
wishing to make their own cross
overs are referred to reference 2 where 
Linkwitz gives the circuit and design for
mulae. The crossover frequencies are 
500Hz and 4kHz. 

The sub-woofer electronics are housed 
in a suitable chassis together with a power 
supply. The author used a Crimson Elek
trik metalwork kit and power supply, 
arranged as shown in Fig. 10. Because 
there is a positive feedback loop connected 
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Fig. 9. Suggested layout of amplifiers and filters. 

To sub-woofer Mains in Boss in 

Fig. 10. Layout of sub-woofer amplifier and filter. 

between two p.c. bs with screened cable, it 
is possible that mains harmonics may give 
rise to hum. · To reduce this, use the thin
nest screened cable obtainable, and route 
the cables well away from the mains trans
former. The author has found that the 
screened cables are best positioned by ex
periment to give the lowest hum. 

Listening tests 
In each case, the audience was composed 
of electronics engineers. The first compari
son was with the Hi-Fi For Pleasure Com
pact Monitor, a three-way system made 
from a kit, with much larger enclosures 
than those of the A. S. L. There was a large 
difference between the systems and the 
audience of three were unanimous in pre
ferring the active system. The most notice
able difference was a gain in transient
attack on such instruments as guitar, piano 
and drums, when using the A.S.L. 

The second comparison was with Spen
dor BCls. In this case, the audience of two · 

could just detect a differe~ce, but were 
unable to tell which was in le. There was 
slightly more colouration o 'warmth' in 
the lower mid-range (about OOHz) of the 
A.S.L. On some material, t e greater bass 
extension of the active system could be 
heard. Direct comparison of stereo imag
ing was not found valuable, since the co-~ 
sited speakers interfered with each other's 
sound field. 

Other considerations than sonic ones 
then become important. The larger size of 
a passive speaker may be a consideration, 
though price is not since, considering the 
cost of amplifiers and speakers, the two 
systems are comparable. 

It should be mentioned that high-quality 
equipment (amplifier, deck, arm and car
tridge) was used in the tests, in which 
analogue, digital and direct-cut records 
were played. The author is unable to mea
sure or explain the slight 500Hz coloura
tion, and intends to try the effect of 
lowering the crossover frequency. 
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Addresses 
Crimson Elektrik: l(a) Stamford Street, 
Leicester LE 1 6NL 
Sonaudax Loudspeakers Ltd: Main 
distributor is Falcon Acoustics, Tabor 
House, Norwich Road, Mulbarton, Nor
wich, Norfolk NR14 8JT 
Dalesford: A.C. Farnell Ltd, Kenyonj 
Street, Sheffield Sl 4BD. 
E.J. Jordan Ltd: Stonyway, Bovingdon 
Green, Marlow-on-Thames, Bucks SL7 
2JH 
K.E.F. Electronics Ltd: Tovil, Maid-
stone, Kent MElS 6QP 
Scanspeak: Crimson Elektrik 
Das is available from larger branches of . 
W.H. Smith 
Long-fibre wool can be obtained from· 
Wilmslow Audio, Swan Works, Bank 
Square, Wilmslow, Cheshire, who also 
stock Dalesford, K.E.F. and Jordan drive 
un~ . . 
Badger Sound Services, 46 Wood Street, 
Lytham St. Annes, Lanes FY8 lQG, stock 
most components, including Crimson 
Elektrik and wool, and are looking into the 
possibility of producing the sub-woofer 
electronics as a kit. 

References 
7. Small, R.H. "Closed Box Loudspeaker 

Systems" part 1 and part 2, ]. Audio Eng. 
Soc 20 No. 10 and 21 No. 1, 1972 & 1973. 
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Appendix: sub-woofer characteristics 

A closed box enclosure has network 
function 

where sn = s/wo 

s=a+jw 

The second-order, low-pass with gain A is 

A 
GL2(sn) = -sn___,2-j-h2""""+-sn-l.....,h_Q_1_+_1_ 

The two functions above in cascade ; give the fourth-order, bandpass 

Summing this with the response of the bass enclosure (1 channel only) 

GH4(s) = Asn2+sn2(sn2/h2+s>hQ1+1) 

n (sn2+sn/Qo+1')(sn2/h2+sn/hQ1+1) . 

The magnitude function, which is too 
long to reproduce here, is then taken and 
programmed into a home computer. The 
result of evaluating this function is that, 
for a filter Q 1 of 1, an enclosure Q of 0. 7 
and an enclosure /o of 100 Hz, the gain 
required is A = -8, the 3dB-down re
quency of the system is 33Hz and ripple is 
1.6dB at 113Hz. Note that the gain is 
negative, as is usual with second-order 
crossovers, when the drive unit is connec
ted out of phase to achieve this. In the case 
of this design, the negative gain is achieved 
by the summing amplifier, and the driver 
is connected in phase. 

For the D30/110 an enclosure volume of 
3 litres was found to give the necessary Q 
and /o. For the WFR15S an enclosure 
volume of 33 litres gave an /o of 100Hz, 
but the Q was too high. To reduce the Q 
the following expressions are considered 
from Smaltl. 

2 

Rg is the output resistance of the ampli
fier and, by making it negative, Qts can be 
reduced to the desired value. The required 
Q' ts is given by: 

QciQ'ts=fclfs 

fs = 31 Hz, fc = 100 Hz, Qc 0.7. 
Therefore, 

Q'ts = 0.22 

since Q~s = 4.19, Q'es = 0.23 from eqn. 1. 

We know that with Rg = 0, Qes = 0.46 
and that Re = 7.3, so from eqn. 2, 

WsCmec = 0.063 
and the required Rg is -3.70. 

The amplifier is given a negative resis
tance by the circuit shown. 

By inspection: 

R = -RIR3Rs 
g R2R4 

For the CE608, R1 = 47k. Choose R 5 = 

0.10, R3 = R4 = 27k. Then R 2 = 1.2k. 

List of symbols 
c velocity of sound 345 m/s 
Cmec electrical capacitance representing 
moving mass 
f frequency 
fc resonant frequency of closed box system 
fs free air resonant frequency of drive unit 
G(s) response function of s 
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The Author 
The author. was born in London, 
and lived as a child in Nairobi, 
Kenya. He attended Ipswich 
school, and from there went on to 
Southampton University, where 
he obtained an Honours Degree in 
Electronic Engineering in 1967. 

· Appointed as an Executive Engi
neer in the Post Office HQ, he 
spent some time carrying out or
ganisation and methods studies, 
before moving on to the Experi
mental Packet Switching System 
(EPSS) for which he helped to 
produce a mini-computer-based 
tester. Currently he is with the Me
chanization and Building depart
ment of · Postal Headquarters, 
where he is developing a traffic 
recording system for parcel 
sorting. 

Qes Q of driver at Is considering electrical 
resistances Re and Rg only 
Qms Q of driver at /s considering driver 
non-electrical resistances only 
Qc total Q of system at fc 
Qts total Q of driver at Is considering all 
driver resistances and Rg 
Re d.c. resistance of driver 
Rg output resistance of amplifier 
s complex frequency variable (jw=cr) 
Ws radian resonant frequency of driver in 
free air 0 

Personal privacy of 
engineers 
Mr F. W. Sharp of the Institution of Electronic 
and Radio Engineers writes to us as follows: 

The suggestion was made in a BBC Radio 4 
programme "Reel Evidence" broadcast on the 
~vening of August 26th, that the membership 
lists of the chartered engineering institutior1s 
were freely available and could be used to com
pile unauthorized information about the work of 
individuals. As far as the !ERE is concerned 
this is not so: the Institution;s membership lis~ 
is maintained on a strictly confidential basis. By 
decision of the JERE Council a "list of mem
bers" is now no longer published. 
F. W. Sharp 
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Our main illustration shows just one page from Feedback's new 
Test Instruments Catalogue: a comprehensive guide to the ten test 
instruments in the renowned '600 Series,' comprising function generators. 
variable phase generators .and measuring instruments. together with 
another six instruments which also provide the kind of periormance and 

. reliability that is synonymous with the Feedback name: 
All Feedback test instruments put an emphasis on high 

periormance and value for money, are rugged and reliable, and carry 

an unconditional two-year guarantee. Complete the coupon and this 
important new book is free for the asking. 

~-------------------~ I Please send me my free copy of the new Feedback Test Instruments Catalogue I 

I . I 
I Name 1 

I Position 1 
1 Company I 
~~~ I 
I I Feedback Instruments Limited, Park Road, • 

L _________ _:e~::.. _____ v~d FEESCBACK • 
WW- 077 FOR FURTHER DETAILS 
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~!!IY~n~hl~hip. 
will revolut1on1se every human activity over the next ten years. 

Knowledge of its operation and its use is vital. Knowledge you 
can attain, through us, in simple, easy to understand stages . . 

Learn the technology of the future today in your own home. · 

MASTER ELECTRONICS i~A~~~~~E ~~c;~;:~ WAY 

• Building an oscilloscope. • Recognition of components. 
• Understanding circuit diagrams. e Handling all types Solid State 'Chips'. 
• Carry oufover 40 experiments on basic circuits and on digital electronics. 
• Testing and servicing of Radio, T.V., Hi-Fi and all types of modern 

computerised equipment. 

MASTER COMPUTERS 
LEARN HOW TO REALLY UNO ERST AND COMPUTERS, HOW 

THEY WORK- THEIR 'LANGUAGE' AND HOW TO DO PROGRAMS. 

• Complete Home Study library. • Special educational Mini-
Computer supplied ready for use .. • Self Test program exercise.J t-----.......:-------------'----- ___: ~ 

• ServiCeS of skilled tutor available. I Please send your FREE brochure : I am interested in - I 

MASTER THE REST I : :~::ut .~~ ~ ·~:.i·o·"·to. ~. . . . . ~ PRACTICAL ELECTRONICS..... .. . ............ ... ... ........ . I 
I COMPUTER TECHNOLOGY...... ... ... ...... .. ...... ..... ... . I 

E Address ·• ·· ·· ··· ··· • ···· ·· ··· ······· ··········· ··· · ······ ···· : OTHER SUBJECTS .... . . ...... .. .............. ..... ... . 

I. E ... l ~"-~~.~~. ~.'·~'~.~~~:.~~~.~~~.~~~ .... ........................................ .. I e Radio Amateurs Licence. e Logic/Digital techniques. 
• Examination courses (City & Guilds etc.) in electronics. 
e Semi-conductor technology. 

I ~·~~·~~ ~;~~ ·p·~ ·~;;s·~ ... ! ·· ··· ................ .......... .......... ... ......................... I 
I BRITISH NATIONAL RADIO & ELECTRONICS SCHOOL I 
I 4 CLEVELAND ROAD, JERSEY, CHANNEL ISLANDS. WW/11 / 813 I e Kits for Si_gnal Generators - Digital Meters etc. 

--------------------,------- L-- ----------------------,-.....1 

he facts of the case 

West Hyde have one aim in life, to provide a practical solution 
to the problem of electronic packaging. The fact of the matter 
is that in this advertisement it is an impossibility to show our 
whole range of nearly 1,000 different instrument cases or show 
you the 250,000 case parts currently held in stock. Our 
suggestion is that you complete the coupon and, in turn, we 
will send you our brochure 

r----
Name 

~--, 

I Position~.----------------1 Company _________________________ _ 

I 
I 

I Address I 

I ~~P~:!:. ut"~VDE ~ 
Park Street Industrial Estate, Aylesbury, Bucks., HP20 1 ET .J 

elephone: Aylesbury (02 96) 20441 / 5 . Telex : 83570 --------ww- 081 FOR fURTHER DETAILS 
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Audio gain . controls 
2 - Obtaining equal -gains in the two channels of a stereo pair 

by Peter Baxandall, B.Sc. (Eng.), F.I.E.E., F.I.E.R.E., _M.A.E.S. 

Continuing his survey of gain control 
problems and solutions, Peter 
Baxandall discusses tracking volume 
controls in stereo amplifiers, 
concluding with a proposal for an · 
unusual design of control. 

Stereo gain control tracking 
Connected with the problem of obtaining a 
satisfactory scale-shape for the volume
control law in stereo control units, is that 
of achieving an accurately equal gain in 
the two channels at all knob settings. Pre
ferably, the channel gains, if adjusted to be 
equal at one volume control setting, by 
means of the balan,ce control or otherwise, 
should remain within ± ldB of equality at 
all other settings of operational 
significance. This is quite likely not to be 
the case if cheap types of carbon-track,. 
ganged log. pots. are used. 
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Fig. 20. Approximation to log. law obtained 
by changing resistivity of halves of 

carbon-track pot. 

Figure 20 shows the measured gain
variation law on one channel of a very 
high quality, commercial control unit, 
having a simple, passive volume-control 
circuit, using the above type of pot. The 
very rough approximation to a logarithmic 
(linear-in-dB) law is obtained by making 
the two parts of the pot. element of 
different surface resistivities, the resistivity 

. changing suddenly from one value to 
another at half-rotation of the knob. At 
the point of change, there is a severalfold 
change in slope, which is a quite undesir
able feature. Though some quite cheap 
commercial pots. give a better approxima
tion to a logarithmic law than that of Fig. 

20, there is clearly much to be said for 
employing a type of gain control circuit 
which inherently gives a smooth and 
·nearly logarithmic law without needing 
pots. with a non-linear resistance law. It 
ought to be easier to make ganged linear 
pots. •with accurate matching between 
sections than to make ones with non-linear 
laws and equally good matching, though 
unfortunately, limited experience in 
measuring the departure from linearity of 
cheap so-called linear carbon-slider pots. 
has shown that undesirably large errors 
often occur. 

One solution to the problem of obtain
ing a good scale shape and accurate 
tracking is, of course, to employ ganged, 
stud-type volume controls. These should 
give not more than 2dB per stud, at the 
most, and should have a click mechanism 
to make sure they are never left in an 
unsatisfactory half-way state between one 
stud and the next. Then, provided their 
internal resistors are accurate and stable, 
very accurate tracking will be obtained. 

Careful measurements have been made· 
of the resistance versus knob-position 
relationship for eight specimens of R.S. 
Components lOkil linear "slide tandem" 
pots, and Fig. 21 shows the results for 
three of these. It will be seen that: 
(a) none of the specimens has a truly 

linear law; 
(b) the departure from linearity, though 

of somewhat different nature for the 
three specimens, is nevertheless of 
fairly accurately the same shape for 
the two halves of each specimen, and 
this is the case also for the other five 
specimens; 

(c) there are considerable differences 
between the absolute total resistance 
values of the specimens, and, in the 
case of specimen number 3 par
ticularly, between the two resistance 
elements in one specimen . 

For normal audio control-unit applica
tions, minor departures from the nominal 
volume-control law are unimportant, 
provided they are equal for the · two 
channels. Differences in- the absolute 
resistance values for the two elements in a 
stereo pot. may or may not cause gain mis
tracking, dependent on the nature of the 
associated circuit. 

Consider first the circuit of Fig. 22(a), 
which gives a range of gain well suited to 
most control-unit applications. (The 
circuits of Figs. 12 and 14 are bettersuited 
to microphone-amplifier applications, 
where the higher maximum gain given is 
advantageous.) It is necessary in practice 
to insert a resistor Rt in series with the 
input end of the pot. to limit the maximum 
value of k obtainable to, say, 0.9 or 0.95, 
otherwise - see Fig. 8(a) - the 
characteristic becomes too steep at the 
high-gain end. Note that k is defined as 
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Fig. 27. Samples of characteristics of dual linear pots. 
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shown in Fig. 9, and is not the same as k' 
in Fig. 22. The reason for introducing k' is 
that it enables a more straightforward 
comparison to be made between the 
behaviour of the (a) and (b) circuits in Fig. 
22 - k' is a measure purely of the knob 
position, whereas, as shown in Fig. 9, k 
mvolves also the value of the fixed series 
resistor. 

Ideally infinite gain 

l 
(a) 

in out 

l 7 
Finite gain A ..._,_ __ -y-o~ 

(A is negative) l 
(b) 

Fig. 22. In circuit (a) the total resistance ofR 
compared with R1 varies the control curve, 
whereas the circuit at (b). is independent of 
track resistance. 

The gain of the Fig. 22(a) circuit is given 
by:-

k' 
(5) 

The gain of the Fig. 22(b) circui{ is given 
by:- . 

vout =- k' 
Yin 1-k'-1/A 

(6) 

It will be seen that equations (5) and ( 6) 
are of exactly the same form, A being a 
negative number to represent the fact that 
the amplifier is a phase inverting one. 
Thus if A is made equal to RIR1 the two 
circuits will have identical graph; relating 
overall gain to knob position. 

.Circuit (b) has an advantage over (a), 
however, in that the control characteristic 
is quite independent of variations in the 
absolute resi~tance R of the pot. element, 
whereas in (a) an increase in R requires· a 
proportionate increase in R 1 to return to 
the same control characteristic. Thus, 
using a pair of circuits of the (b) type in a 

stereo system, differences in the element 
resistances in the two halves of the ganged 
pot., which, as already mentioned, are 
found to occur in practice, will not affect 
the accuracy of tracking between the 
channels, whereas in (a) an increasing 
discrepancy will occur as the gain setting is 
increased. It has been assumed that the 
amplifier input impedance in circuit (b) is 
very high, so that there is no significant 
loading on the pot. slider. 

To carry out the Fig. 22(b) scheme in 
practice, an economical recipe is required 
for a phase-inverting amplifier of high 
input impedance and feedback-stabilized 
gain. The simple arrangement shown in 
Fig. 23(a) is not very good, for to avoid 
significant loading of the slider, the 
resistors Raand Rb must be made very high 
in value, which then seriously degrades the 
noise performance. This problem may be 
satisfactorily solved by inserting a unity
gain follower between the slider and Ra, Ra 
and Rb now being made of very much 
lower values. This arrangement is shown 
in Fig. 23(b ). 

Amplifier A in Fig. 23(b) has to handle 
only quite small voltage excursions, even 
though Vin and/or Vout may sometimes 
reach levels of several volts. There is no 
need to use an op. amp. for A, better 
economy, with little degradation in perfor
mance, resulting if a simple emitter
follower is used. A satisfactory practical 
design is given in Fig. 24. Over a range of 
gain adjustment of approximately 30dB, 
the departure from the ideal straight-line 
graph is no more than ± 1 dB. The unity
gain op. amp. follower at the left has been 
included so that the complete circuit 
presents a high input impedance to the 
source of V;n at all gain settings - this 
source may be the tape and radio inputs to 
a control unit, for example. Without this 
follower, the input impedance at maxi
mum gain setting falls to 1.09kil. 

Because the gain of the Fig. 24 circuit is 
independent of the total resistance of the 
pot. element, being dependent only on the 
slider tapping ratio, the tracking error 
between stereo channels can probably be 
held within ± 1dB limits in production, 
over a 30dB range of gain, using low-cost 
carbon pots. 

Alternative technique. An alternative 
technique, which, like the previous one, 
avoids the necessity to put fixed resistance 
in series with the pot. to limit the 
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(a) 

1 
(b) 

Fig. 23. Two circuits embodying the Fi{J. 
22(b) idea. Circuit (b) uses voltage follower 
to avoid need for high-value resistors 
Ra and Rb. 

Fig. 24. Practical version of Fig. 23(b) is 
shown at (a), with its control characteristic 
at (b) (lower curve). 
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Fig. 25. Feedback amplifier limits 
maximum gain without use of fixed 
resistor in series with pot. Characteristic is 
upper curve in Fig. 24(b). 

maximum gain, is shown in Fig. 25 in its 
simplest form. 

Here a fraction ~ of vout is fed back as 
overall negative feedback in series with 
V;n· The forward gain, A, of this feedback 
system is -k'/(1 - k'), so that applying 
the usual feedback formula gives: 

Vou~ _ A _ -k' /(1-k') 

Yin - 1-A~ - 1-( -k' /(1-k')]~ 

rrom whiCh' 

(7) 

Comparing equation (7) with (5) and 
( 6), it will be seen to be not quite of the 
same form, for the third term in the 
denominator of (7) involves k', whereas 
this is not the case in (5) and (6). Suppose 
we choose ~ in the Fig. 25 circuit so that 
equation (7) gives the same maximum 
gain, i.e. gain at k' = 1, as that given by 
the Fig. 24(a) circuit in accordance with 
equation (6). This requires ~ = 0.1222, 
and equation (7) then yields the broken
line curve shown in Fig. 24(b ). Looking at 
these two curves, it is very tempting to 
conclude that the circuits of Figs. 24 and 
25 inherently give slightly different shapes 
of characteristic, but more careful thought 
shows that this is actually not the case. 

Referring to equation (7), this may be 
written: 

1 (1 -~)k1 

= - --- X _ _:___:_:_ __ 
1 -~ 1 - (1 -P)k' 

k' 1 
= - -1 ---P X --~----

----k' 
1 -'::~ 

(8) 

Equation (6) may be written: 

vout =- k' 
Yin 1 - 1/ A - k' 

(9) 

Comparing (8) and (9), it will be seen 
that if A and j3 are so chosen that 
(1 - 1/A) = 11(1 - ~), then the only 
difference between the equations is that 
the right-hand side of (8) is multiplied by 
the constant factor 11(1 - ~). This 

means tha( the curves for the two circuits 
are exactly the same in size and shape, but 
that represented by equation (8) is 
displaced upwards relative to the equation 
(9) curve by 20 log 1/(1 - ~) decibels. 

Thus, the real difference in behaviour 
between the circuits of Figs. 24 and 25 is 
that when designed to give identical shapes 
of control characteristic, the Fig. 25 
circuit, at all knob settings, gives a slightly 
higher gain than does that of Fig. 24. 

Passive contro l using linear 
pots. 
A single linear pot. used as shown in Fig. 1 
or Fig. 2 gives a control law which is quite 
intolerable for normal audio purposes. It is 
well known that by shunting a load 
resistor from the slider to earth, a 
characteristic approximating more closely 
to the ideal uniform decibel spacing may 
be obtained, though unfortunately only 
over a range of some 20dB or thereabouts. 
Fig. 26, based on calculations I did while a 
student in 1942, shows what happens as 
the loading is varied. 
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Fig. 26. Family of curves obtained from 
shunted linear pot. slider. 

Very much better results than the above 
can be obtained with passive circuits using 
linear pots. if one or more fixed tapping 
points are provided, and the simplest such 
scheme is that shown in Fig. 27(a). If the 
resistors Ra and Rb are made of very much 
lower · value than the pot. resistance, the 
attenuation with the slider at the tapping 
position is determined almost entirely by 
the values of Ra and Rb, and is virtually 
unaffected by any non-linearity in tlie law 
of the pot. element itself. There is, 
however, a sudden change in slope as the 
slider passes the tapping point, and a 
typical characteristic is shown in Fig. 
27(b). 

By adding a loading resistor between 
the slider and earth, a much better 
characteristic can be obtained, and it is 
possible to choose the value of this resistor 
so that there is no discontinuity in slope as 
the tapping point is passed. Fig. 28 shows 
a practical design employing a centre-

- tapped linear pot. with the slider output 
suitably loaded, together with the 
characteristic obtained. Over a control 
range of about 35dB, the departure from 
the ideal straight line is not much more 

81 
. . ) 

than ± 1dB. By having two tapping points 
on the pot. element - and low-cost slider 
pots. can be obtained with this feature ·~ 
the nearly-li.near control range can . be 
extended to about · 50dB if , required, 
satisfying the most exacting needs. 

For instrumentation purposes, the 
above technique can be extended m'uch 
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Fig. 27. Tapped linear pot. (a). gives approx. 
log. characteristic, shown at (b). With Ra 
and Rb low, gain at mid position is a1mo$t 
independent of track linearity or resistanc;e,. 
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Uniformly-wound 
resistance solenoid 
with equally- spaced 

Relative turn 75.n.per section 
numbers --..... ) 
___ _..;.1.;;..6--, 

0 

Fig. 29. Multiple-tap linear pot. with 
transformer-fed taps for precise voltages. 

further, providing attenuators of 
extremely high precision and stability. An 
interesting example from a different field 
occurs in the Wayne Kerr B5009 
Logarithmic LCR Bridge, in which 
readings are taken from an approximately 
25cm long "slide-rule", which has a 
logarithmic scale covering a 16: 1 ratio. 
The circuit associated with this device is 
shown in Fig. 29. The use of a tapped 
transformer winding to energize the 
tappings on the resistance element ensures 
extreme precision in the ratios of the 
voltages at these points, since they are 
determined almost purely by the turn 
numbers on the transformer. As the slider 
is moved down from the top, the attenua
tion at each tapping position increases by 
successive factors of 2, or 6.02dB. In the 
absence of the loading resistor on the 
slider, Vout varies linearly with slider posi
tion between tapping points, whereas, for 
a perfectly logarithmic scale, it is the log of 
Vout that is required to vary linearly. The 
error amounts to approximately O.SdB 
midway between tappings. By aqding the 
right value of loading resistor as shown, 
this error is reduced to less than ±O.OSdB. 

By using a transformer, the attenuation 
characteristic is made almost perfectly 

c 

D 

independent of production vanattons or 
non-uniformity in the resistance element, 
provided only that the physical positions of 
the tappings are accurately maintained. 
With the Fig. 28(a) type of arrangement, 
variations in pot. resistance do have some 
effect, but it may be kept small by making 
the resistance of the resistor-chain 
connected to the tapping(s) much less than 
the resistance ofthe pot. itself. 

For high-grade audio control-unit 
appl~cations, where the use of slider-type 
controls is considered appropriate, there 
would seem to be a strong case for using 
the Fig. 28 arrangement but with two 
tappings. By using ±2% resistors to feed 
the tappings, excellent stereo tracking 
should be obtained with a most desirable 
shape of control characteristic. 

BBC log. attenuator 
An interesting and very neat solution to 
the problem of providing a wide-range 
gain control having uniformly-spaced 
decibel scaling was devised in 1946 by C. 
G. Mayo and R. H. Tanner of the BBC 
Research Department. It was used in a 
portable microphone amplifier made by 
the BBC for acoustic measurements5, but 
was unfortunately not taken up com
mercially . . 

The principle is given in Fig. 30, and 
Fig. 31 shows the actual construction. 
These illustrations are taken from 
reference 5. A is a block of resistive 
material, of which the underside is covered 
by a conductive electrode B. The input is 
applied between B and another electrode 
C, the output being taken between B and a 
slider D. The various series and shunt 
paths through the resistive material may 
be regarded as approximately equivalent 
to the ladder network shown, the output of 

·each successive section of the ladder being 
a constant fraction of that of the previous 
section, giving a scaling with uniformly
spaced decibel divisions. The useful range 
of the model illustrated was about 70dB. 

Output 

Simpl ified diagram of attenuator 

Input Output 

Analogous circuit 

Fig. 30. BBC gain control principle at (a) is 'distributed' equivalent to attenuator 
network at (b). 
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Fig. 31. Attenuator whose principle is 
shown in Fig. 30. Note screen round 
output. Photograph by courtesy of 
Electronic Engineering 

It is pointed out th~lt the output im
pedance of this type of attenuator does not 
become low when the attenuation is large, 
so that it is very important to avoid appre
ciable stray-capacitance coupling between 
input and output. The output connexion is 
therefore brought out coaxially, with a 
screening plate as shown in the photo
graph. 

It has occurred to me that there is no 
essential need to employ a thick block of 
resistive material, and that an attenuator 
based on the same broad principle could be 
made using carbon-coated s.r.b.p. sheet 
material of the type commonly used in 
ordinary carbon pots. To test this idea, a 
quick experiment was done with the set-up 
shown in Fig. 32, and yielded the rather 
impressive result shown in Fig. 33. The 
very first graph obtained was somewhat 
inferior, apparently because of 
unsatisfactory contact between the steel 
vice jaw and the carbon coating. This was 
overcome by interposing-a strip of polished 
copper foil between the carbon coating and 
the vice jaw. 

Though an attenuator having a very 
extended range of operation as in Fig. 33 
may fulfil some requirements, it is not 
ideal for use in control units etc., for the 
range of control needed in practice covers 
far less than 100dB, except that an "off'' 
position coming soon after the position 
giving 40 or 50dB attenuation is reaUy 
desirable. The Fig. 32 type of construction 
could readily be modified to provide such a 
characteristic, by shaping the conductive 
electrode, or metallic coating, somewhat as 
shown in Fig. 34·. Halving the width of the 
carbon track, for example, would double 
the slope of the graph. 
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It is relevant to consider the suitability 
of attenuators based on the above principle 
for stereo purposes, i.e. whether sufficient
ly accurate tracking would be readily 
obtainable. Since the slope of the attenua
tion characteristic depends, to a first order 
at least, on nothing but_ the width of the 
resistive track, it would be important, for 
stereo use, to adopt a form of construction 
in which production variations in this 
width are minimized. The Fig. 34 con
struction does not appear to be ideal, for it 
relies on cutting the edge of the carbon 
material accurately in relation to the . 
position of the metallized coating. The 
arrangement shown in Fig. 35 would seem 
much preferable, since accuracy of cutting 
is no longer involved and the metallized 
coating could be deposited by some form of 
printing technique with a very high degree 
of consistency. 

The lower impedances usually used in 
transistor equipment, compared with 
earlier valve equipment, ease the problem 
of keeping the input-to-output stray 
capacitance sufficiently small, but it is still 
important to adopt a constructional 
arrangement which aims to minimize such 
capacitance. Working at lkO impedance, 
with a control giving up to 100dB attenua
tion, the stray capacitance must be kept to 
less than 0.1pF. The connexion "rail" on 
which the slider moves must therefore be 
positioned away from the carbon surface 
and screened from this and the input con

. nexion by an earthed screening plate. 
Another advantage of the Fig. 35 

arrangement is that, because of its 
symmetry, unwanted slight lateral move
ments of the slider during its traversal 
would be expected to have less effect on the 
attenuation than with the Fig. 34 form of 
construction - though it has been found 
that even with the latter, movements of 
about 1mm at right-angles to the direction 
.of traversal produce only a small fraction 
of ldB change in output provided the 
slider contacts the carbon track within 2 
or 3mm of its edge. 

Other methods of log. 
control and stereo tracking 

e Perfect tracking of stereo channel gains 
at all settings, without the need for preci
sion gain-control circuits, may be obtain_ed 
by first producing, from the incoming L 
and R signals (L + R) and (L- R) signals. 
If the (L + R) signal is fed to one half of a 
ganged gain-control circuit, multiplying it 
by a factor ex, and the (L- R) signal is fed 
to the other half of the gain-control 
circuit, which multiplies it by a factor ~' 
then the sum of the gain-control circuit 
outputs is given by: 

sum = (<X+ ~)L + (<X-~)R (10) 

and the difference of their outputs is given 
by:-

difference = (<X+ ~)R + (<X-~)L (11) 

Thus, though the balance as such is 
perfect, it is obtained at the price of 
introducing some cross-talk when ex is not 
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To amplifier 
and CRO 

s.r. b.p. C BOO.n/0) 
Pin ·vice 
jaw 

J~55mm~ 

To 
oscillator 

Vice jaw 

Scale of mm marked lightly 
in pencil on carbon surface 

Fig. 32. Experiment using sheet instead of 
block in Fig. 30. 
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Fig. 33. Measured result obtained with Fig. 
32_ arrangement. 
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Fig. 34. Suggested form of control using 
Fig. 32 principle. Characteristic steeper at 
low-gain settings. · 

Metallized 
coating 

Carbon s~rface 

Fig. 35. Symmetrical version of Fig. 34 for 
improved consistency of performance. 

quite equal to ~- The effects of stereo 
cross-talk are discussed in detail in refer
ence 6. 

e Perfect tracking without the introduc
tion of crosstalk can be produced if a 
single gain-control circuit is used to 
control both channels. This can be done, 
for example, by first making the L and R 
audio signals modulate two different r.f. 
carrier frequencies, the two amplitude
modulated carriers being f~d to the same 
gain-control circuit and being subsequent 
ly demodulated in phase-sensitive detector 
circuits. Though this technique could give 
virtually perfect results, it would not seem 
to be very attractive economically. 
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e Various simple gain-control circuits 
give a nearly linear relationship between 
attenuation in decibels and control 
position over a range of several dB. If a 
sufficient number of such circuits are put 
in cascade, and the controls are ganged, an 
approximately linear relationship may be 
obtained over any required range. While 
this technique is not usually very attrac
tive when carried · out literally with 
mechanically-ganged pots., it would 
appear to be worth bearing in mind as a 
possible technique for providing electronic 
gain control with a logarithmic 
characteristic. The idea is quite old.

1 

e At the present time the most 
satisfactory technique for wide-range 
electronic gain control is that which 
exploits the fact that silicon planar tran
sistors follow with high accuracy the 
relationship:-
Jc =Joe qVbe/kT (12). 

where Ic is the collector current and Vbe is · 
the base-to-emitter voltage. (The other 
quantities are constants.) 

Circuits can be designed in which the 
gain in decibels is linearly related · to the 
control voltage over a range of about 
lOOdB, and by using the "log-antilog" or 
predistortion technique, a performance 
sufficiently good, with respect to distortion 
and signal-to-noise ratio, to justify the use 
of such circuits in very high-quality audio 
systems, can be obtained. A very sound 
and clear treatment is given in reference 7. 

This type of circuit is at the heart of 
compander systems of the dbx type. It 
could be used to provide gain control in 
audio control units, a single pot. varying 
the control voltage to a pair of such 
circuits in the two audio channels. The 
distortion and noise performance, though 
good, is not quite up to the highest stan-

. dards sometimes demanded, maybe 
unnecessarily, in expensive control units, 
but some further refinement of i.e. 
versions of these gain-control circuits, 
including the reduction of residual even-· 
harmonic distortion by the use of more 
fully balanced arrangements, may take 
place. 

e In a fully digital audio system, gain 
control with perfect stereo tracking and 
any desired control law may be carried out 
on a purely numerical basis. 
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Reactance circuit 
· R~actance circuits are not very popular 
because it is difficult to design a phase
shift network which will work into a low 
and varying base impedance. This circuit 
overcomes the problem and gives a greater 
and more linear frequency swing than 
common variable capacitanc~ diodes. The 
90° phase shift is produced by a resistor in. 
series with the inductor, which produces a 
voltage in phase with the inductor current 
and consequently almost in quadrature to 
the e.m.f. across the resonant circuit. The 
collector current of Tr2 is in phase with the 
inductor current and therefore produces 
the effect of an inductance in parallel with 
the resonant circuit, which raises the 
operating frequency. The resistance is cho
sen to give about lOOmV pk-to-pk because 
there is little advantage in a larger signal at 
the base of the reactance transistor. 

The oscillator is designed to give an 
amplitude of around lOOmV pk-to-pk at 
the base of Tr~' which is controlled by 
effective mutual conductance variation. 
The amplitude changes by only 10% from 
480 to 530kHz. If the oscillator level is 
controlled by collector "bottoming", a 
much larger frequency swing is possible 
with little amplitude variation, at the ex
pense of some waveform distortion. The 
susceptance introduced in parallel by this 
circuit is Be = gm RB~,._ where BL is the 
susceptance of the inductor and g:n is the 
effective mutual conductance, which is 
about half the mutual conductance with an 
average collector current if the amplitude 
is lOOmV pk-to-pk. 
R. G. T. Bennett 
Christchurch, New Zealand 

Touch control 
One c.m.o.s. ·counter can be used to pro
vide touch-controlled voltages for the 
TCA730 or similar circuits. The state of 
the counter is converted to an analogue 
voltage by a resistance ladder, and 
smoothed by a capacitor. When the termi
nal count in either direction is reached, the 
clock input is inhibited. Two l.e.ds, driven 
by a differential amplifier, show the posi
tion of the counter and the control voltage. 
Output voltage swing is 2-lOV with a 
supply of lSV. 

Two cascaded counters provide a suit
able resolution for volume control applica
tions. At switch on, the counter is preset to 
a position set by the parallel load inputs. 
N. Istvan 
Budapest 
Hungary 

Solid-state relay 
In radio control applications this solid
state relay can replace a conventional 
electromagnetic type to save space, weight 
and provide a faster switching response. 
The circuit comprises one make and one 
break contact, but a changeover configura
tion can be obtained by connecting contact 
points 1 and 3 together. The relay operates 
when a voltage is applied to inputs a and b, 
and D1 prevents damage to Tr1 and Trz if 
the wrong polarity is connected. 

When no operating voltage is present, 
Tr1 is turned off and acts as an open 
contact. Tr2 is also turned off, but Tr3 is 
turned on via R3 and acts as a closed 
contact. Current rating of Tr1 and Tr3 is 
750mA at 20V. 
B. Lowery 
Lincoln 
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Digital delay 
This circuit was designed to give a rela
tively long delay in a single-bit stream 
adaptive delta modulation system. The 
conventional method uses shift registers, 
but these are quite expensive and become 

. less economical as the bit require~ent ip
creases. A more attractive method IS to use 
the popular and inexpensive 21L02 1024-
bit r .a.m. which only requires one + SV 
supply. The memory is sequentially 
addressed ·so that data is initially rpd 
from, and new data subsequently written 
into each successive cell. Data read out in 
this manner is identical to the input but 

Power f.e.t. voltage 
regulator 
Powe~ · f.e.ts can be used as the control 
element in a relatively simple linear regula
tor. The V.m.o.s. f.e.t. has a high value of 
·g , · a high impedance, and can. pass 
alllreasonably high drain current. Another 
advantage, shown ·in this example, is 

OR27 

parallel operation where the positive tern
. perature coefficient of V ds tends to 
produce equal current sharing. Operation 
is similar to a conventional regulator ex
cept that the f. e. ts require virtually no gate 
current. An error amplifier provides 
gate drive to both f. e. ts, which then con
duct. Output voltage can be adjusted by 
the variable resistor. The voltage at the 
gate is about 11 V for a load current of 
lOOmA, and increases to approximately 
16V with a current of 1.8A. A foldback 
current limit protects the regulator against 
overload by triggering a thyristor at about . 
2A to switch both f.e.ts off. The circuit has 
an output resistance of 60m!1 and provides 
+9V with loads up to 1.8A. Performance 
depends on the gain of the error amplifier, 
and further improvements can be obtained 
by replacing the transistor with a high-gain 
op-amp. Larger currents can be provided 
by increasing the number of parallel f. e. ts, 
which must be mounted on heatsinks. 
G. Loveday 
Ton bridge 
Kent 

delayed by 1024 address change periods. 
To cascade several memories, the write 
cycles must be progressively shorter for 
each device, and this ultimately limits the 
system: · 
· However, this problem can be elimi
nated by connecting the memories serially 
and addressing alternate devices by a 10-
bit incremental address signal. A second 
10-bit address, which is incremented in 
quadrature to the first, is applied to the 
remaining memories. Symmetrical read/ 
write signals can now be used to transfer 
data from one memory to the next in the 
appropriate manner due to the overlapping 
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address signals. 
Numerous memories can be used as long 

as loading constraints are observed. De
layed data is extracted from the system by 
clocking the Dout of the last 21L02 
through the remaining half of the 4013 
flip-flop with either r./w.®, if the number 
of memories is even, or r.lw.8Hf it is odd. 
It is unnecessary for the address wiring for 
each memory to be coherent ·because a 
unique address is only required for each 
cell. · 
P. Gladdish 
Holbrook 
Derbyshire 
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OX records broken 
What is thought to have been the longest 
distance tw<rway 144MHz tropospheric. 
contact ever to have been made in IARU 
Region 1 (Europe and Africa) took place 
on August 6. R. V. Thorn, G3CHN in 
south Devon made contact with EA8XS in 
the Canary Islands, off the African coast, a 
distance of over 2600km. At the time 
anticylonic weather conditions extended 
from south-west England southwards to 
the Canary Islands and westwards almost 
to Florida, possibly a near miss for the first 
translantic 144MHz contact by means of 
ducting, though again suggesting that 
some day this may be achieved. Sea 
ducting between California and the 
Hawaiian Islands has, on very rare occa
sions, provided American amateurs with 
144 and 432MHz tropo contacts over 
distances exceeding 4000km. 

Many British amateurs made their first 
144MHz contacts with Andorra during an 
intensive spell of operation by C31RN. 

On the 10GHz microwave amateurs, 
Italian enthusiasts have bettered their 
previous world record dist.ance of 633km . 
when, during July, IOSNY 17 made 
contacts with IW3EHQ/3 and BSOY/3, 
raising the record to 757km. 

More museum stations 
Some 300 members of the 1000-strong 
Royal Naval Amateur Radio Society 
(RNARS), formed in the UK in 1960, live 
overseas, including 114 in Australia where 
a national branch was formed in October 
1979. As a result of the successful restora
tion by RNARS of the bridg~ wireless 
office of HMS Belfast (GB2RN) in the 
Pool of London, the Maritime Trust of 
Australia has accepted an offer by RNARS 
Australia to restore the WIT office of 
HMAS Castlemaine and to permit the 
instalfation of a modern amateur radio 
station with the callsign VK3RAN. Most 
of the original WIT equipment has been 
located and is now being restored. 
VK3RAN has regular schedules with 
RNARS stations in the UK including 
GB2RN. A similar project is also being 
undertaken for HMAS Diamantinia which . 
is to form a naval museum at Brisbane. 

Special calls held by RNARS in the UK 
include GB3RN at HMS Mercury (shore 
station) where the callsign G3BZU is also 
used (except on open days at Portsmouth 
Naval Dockyard); also GB2FAA at the 
Yeovil Naval Air Station ("Fleet Air 
Arm"). 

The London Science Museum has · 
recently put on a display two off-line rotor
type cryptographic machines of World 
War II vintage: a three-rotor German 
Enigma (Geheim Chiffriermachine) based 
on the work of Arthur Scherbius, and the 
British Type X Mark III machine 

developed in the 1930s by Air Commodore 
Oswyn with the help ·of the RAF 
Workshops. This typewriter-like machine 
could be used in the field to provide a 
ciphered tape at up to 20w.p.m. while 
"powered" by turning a handle with the 
other hand. 

Amateur tv news 
john Wood, G3YQC is to edit CQ-TV, the 
journal of the British Amateur Television 
Club. A recent listing of amateur tv 
stations in South East England includes 
24 stations in south London and along 
both sides of the Thames estuary. Atv 
transmissions across the English Channel 
to France, Holland and Belgium are 
reported, although activity in Manchester 
and the north-west has dropped in recent 
years. In the current issue of CQ-TV 
Grant Dixon, G8CGK describes his work 
with computer-based (Triton) slow scan 
television. Digital processing can include 
the insertion of a reduced-size image into a 
quarter of the transmitted picture: for 
example it is possible to store a photograph 
of the operator in the computer memory 
and then, whenever required, to insert this 
into the top right-hand quarter of the tran
smission. An article by Tom O'Hara, 
W60RG, reproduced from the American 
atv journal A5 describes an 1arrangement to 
interface a home computer (TRS-80) with 
a television camera to enable two non
synchronous pictures to be readily mixed. 

On the bands 
Swansea Amateur Radio Society has won 
the RSGB's 1980 National Field Day 
trophy with the Bristol Trophy (single 
station entry) going to the Teesside Contest 
Group. Band leaders were: 1.8MHz Farn
borough; 3.5MHz Harrow; 7MHz 
Mansfield; 14MHz Southgate; 21MHz 
Guernsey; and 28MHz East Nottingham. 
The Gravesend Trophy was won by 
Guildford; the Scottish· NFD trophy by 
Glenrothes; and the Frank Hoosen 
Memorial trophy by Southgate. 

Amateur licences in the USA at mid-
1980 had risen to 385,625 with the FCC 
issuing 12,583 new licences in the first half 
of 1980, compared with 6119 during the 
full year of 1979. Pass rate in the FCC 
examinations has risen markedly although 
this has bee~ ascribed by Ham Radio more 
to memorization of the "question-and
answer" guides that have recently become 
available rather than better understanding 
of the theory by candidates: examination 
syllabus has recently· been changed. 

The New Zealand amateur Fred 
·Johnson, ZL2AMJ, in commenting upon 
the long-standing controversy on the 
international requirement for morse code 
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proficiency to obtain a licence for amateur 
bands below 50MHz, has identified and 
listed 75 factors that have been put 
forward in support of or against a com
pulsory code requirement. The over
whelming majority appear to be favour
able to the c.w. mode which it is noted 
"shows no sign of a diminishing use from 
observation on the bands''. ZL2AMJ notes 
that the critics of the code requirements 
"are overwhelmingly drawn from those 
who have not experienced the use of the 
code on the h.f.bands and hence cannot be 
expected to understand the position that 
the code has in the amateur radio world" 
although ''the reason for them not seeing 
any necessity for it can be appreciated". 
Among his many factors he notes that this 
is a skill which is not difficult to learn as 
is sometimes claimed and that it takes 
about 40 hours of effort to go from zero to 
about 12 words per minute proficiency. 
Criticism of the code requirement can be 
traced · back through amateur radio 
publications "to when phone operation 
first commenced and there is no evidence 
to show that the level of criticism is any 
more today than in earlier days". 
Examination of the QSL cards passing 
through the New Zealand bureau "reveals 
a surprisingly high use of c.w." and the 
number of articles in c.w.-related topics 
appears to be increasing. · . · 

The potential health hazard posed by 
the use of polychlorinated biphenyls 
(p.c.b.) as transformer-oil in _ 'dummy 
loads' etc. has recently attracted increased 
attention in amateur circles. However 
Tom Ruynon, VE5UK points out that the 
main hazard arises when the non bio
degradable substance gets into the food 
chain rather than from skin contact. 

· Similarly it is recognised that the fumes 
from melting polyurethane-coated wire, 
used for experimental prototype wiring, 
contain the toxic substance di-isocyanate 
which can result in severe asthmatic 
attacks, particularly to people who have 
become sensitised. 

In brief 
Despite the recent fire, it is expected that 
the 1981 RSGB National Amateur Radio 
Exhibition will be held in the temporary 
building which is being erected at Alexan
dra Palace, although dates have not yet 
been announced . .. . Among 1000 search 
volunteers for two-year-old-Elizabeth Peck 
in West Sussex were 34 members of 
Raynet, the radio amateurs' national 
emergency network. All ended happily 
when the little girl was discovered alive 
and well 41 hours after wandering off 
from her family .... Approximately 2500 
of those who sat the UK Radio Amateurs' 
Examination last May passed. 

PAT HAWKER, G3VA 
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Colour tv receiver design 
4 - The switched-mode power supply 

by R. Wilkinson , B.Sc.(Hons), M .I .E.E., Decca Radio & Television Ltd 

A switched~mode power supply operating 
at television line frequency was chosen for 
the 70 series because of its inherently low 
power loss; its ease of obtaining any 
voltages required; and the possibility of 
making the chassis isolated from · the 
mains. The alternative approach of a thy
ristor supply (used successfully for several 
years in the 80 and 100 series chassis) does 
not readily lend itself to these require
ments. Whilst it can be made to work 
efficiently, bulky iron-cored chokes are 
required and these are expensive, heavy 
and could produce mains frequency fields 
which could affect the c.r.t. 

The 70 series s.m.p.s.u . is a flyback 
type of convertor (Fig. 16). Tr1 switches 
the transformer primary across the recti
fied mains and energy builds up in it in the 
form of a magnetic field. When Tr1 
switches off, its collector voltage rises and 
so (by transformer action) does the 
secondary. D1 conducts and feeds all the 
en~rgy stored in the transformer into the 
load . Hence the load is only supplied when 
the transistor is off. 

Stabilisation of the output voltage, 
against mains and load variations, is 
achieved by taking a sample of voltage 
from a winding on the transformer and 
comparing it with a fixed reference 
voltage. The resulting error voltage is used 
to correct the drive waveform fed to the 
output device. 

Fig. 17 shows a block diagram of the 
s.m.p.s.u. circuit. The control unit con
tains an oscillator to ensure that the output 
stage remains switching whether it is 
synchronised or not. There is an input of 
line drive from the sync processor. T his, 
you may remember, has been synchro
nised to the line sync pulses on the re
ceived video waveform. The other input is 
a line flyback pulse and is used in a phase 
discriminator as a phase reference for the 
oscillator drive pulses which will even
tually be used to provide base drive for the 
line output transistor. This phase refer
ence is adjustable and can be used as a line 
shift control. 

Both these inputs cross the isolation bar
rier and, consequently, must use double
insulated components: the line drive input 
uses a small toroidal transformer and the 
line flyback phase reference is from a small 
isolated winding on one limb of the line 
output transformer. 

During normal operation the control cir
cuits are supplied from the s.m.p.s.u. t.f. 
and so, when the set is first switched on, 

.. , 

Fig. 16. Principle of the switched-mode power supply. 
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Fig. 17. Block diagram of the switched mode power supply circuit. 

some power must be supplied to the oscil
lator to start switching the output stage. 
The start-up circuit supplies this power 
and then switches off once the voltage 
from the t .f. has built up sufficiently to 
drive the control circuits . Fig. 18 shows a 
sim plified ve r sion of the complete 
s.m.p.s.u. circuit and the start-up circuit 
operation can be seen from this. At switch
on Tr1 is turned hard on by base current 

through R1. Current flows through R2 and 
Tr1 to supply the control i.e. TDA2581 
and the driver stage Tr3 and Tr4. 

As the oscillator commences switching 
the driver stage, and hence the output 
stage, the voltage at cl steadily builds up 
until D1 turns on. Then Tr2 turns on, 
pulling down the base of Tr1 which 
switches off. From then on the power to 
the control i.e. and the driver stage is 
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supplied through D3. Thus Rz does not · 
need to be on all the time and another 
source of power wastage is removed. 

The heart of the control circuitry is the 
pulse width modulator. This determines 
the mark/space ratio of the output wave
form and hence the output voltage. 

The error amplifier controls the pulse 
width modulator according to the dif
ference between the adjustable sample of 
the fed back transformer voltage V and the 
stable reference voltage across D1. A trip 
circuit senses the current in the output 
device and cuts off the output pulses if the 
current rises above a pre-determined 
value. It then waits for a short while and 
. then releases the pulses again. If the exces
sive load or fault still remains then the trip 

Until shortly before 1920 communication be
tween submarines and shore or other vessels was 
only possible while transmitting or receiving 
above the waves, due, of course, to the attenua
tion of electromagnetic waves by water. An arti
cle called "The Submarine's Wireless" in the 
November 27th, 1920 edition described newly 
found techniques which enabled practical com
munication while the vessel was under water. 
The techniques in question involved the de
velopment of extremely sensitive receiving and 
amplifying apparatus, and more efficient aerial 
systems, to make possible the bridging of 
·distances of up to three miles whiJe the vessel 
was submerged under nine feet of water. An 
aerial current of six amps was required for this 

Fig. 18. Simplified version of complete 
power supply circuit. 

cuts off the output again. After this cycle 
has repeated about ten times the output 
pulses are cut off "permanently" and the 
supply can only be restarted by switching 
off the mains, waiting a few seconds and 
switching on again (assuming the fault or 
overload has cleared or been corrected). 

The i.e. contains other protection cir
cuits, which operate the trip if the fed back 
sample voltage goes high or if the control 
i.e. supply .goes low .or if the reference 
voltage at D1 goes open-circuit. 

The driver stage has two transistors in a 
push-pull configuration. It will be noticed 
that the output device is a Darlington tran-

Sixty years ago 
feat, but there is no mention of the frequencies 
used, although long-waves are suggested as they 
were found to be able to penetrate the water 
better than short-waves. 

In the same issue, a small feature also ap
peared on a wireless telephone pack-set which 
was used by RAF officers as far back as the 
autumn of 1918. Two photos show the set 
"mounted" on an officer who stands, supported 
by his bicycle, with a wooden frame aerial pro
jecting from the top of his head. As wireless 
sets, especially of this type, were not all that 
common at that time he probably gave some of 
the locals quite a start. 

The need for ships to pass out of unlit har
bours during wartime was the necessity that 
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sis tor. This device is used in preference to 
an ordinary transistor because it removes 
the need for a driver transformer. 

Reliability 
As has been shown, the factors influencing 
the design of a television receiver are many 
and varied and often conflict with each 
other. The solving of the problems thus 
,presented has produced, at least in the 70 
series, a receiver which gives an excellent 
and reliable performance. One of the aims 
of 'the design team was to improve on· the 
already good reliability figures achieved by 
the 80 and 100 series. The low failure rates 
that were monitored during the 24 · hour 
soak test in the factory indicated that this 
was achieved with a good margin. D 

gave birth to the invention of the "radio cable", 
which was discussed in the "Notes.and News" 
section also in this issue. This guidance cable, 
through which an alternating current was 
passed, was laid in the harbour waterways. 
Ships using the cable were fitted with two detec
tion coils, probably one on either side of the 
deck, which intercepted the electromagnetic 
waves coming· from the cable. By noting the 
relative strength of the waves reaching each coil, 
it was possible for the ship's navigator to deter
mine his position in relation to the cable. The 
US Navy laid one such cable which was sixteen 
miles in length, in the main waterway ap
proaching the port ofNew York. 
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Microcomputer 
instructor 
A flexible prototyping system, de
signed to cut the cost of micropro
cessor evaluation and development, 
has been introduced by Philips Test 
and Measuring Instruments. The 
PM 4300 microcomputer instruc
tor, which is marketed by Pye Uni
cam, uses interchangeable modules 
to adapt the system to different 8 or 
16-bit processors. Types which can · 
at present be accommodated are the 
'M68000, 8086, Z8002, Z80, 8048, 
M6801, 8088 and the M6809, and 
additions to the range are expected 
in the near future. PM 4300 is 
claimed to be more powerful than a 
manufacturer's evaluation board, 
and allows writing/debugging . of 
programs, checking operation of 
peripherals, exercising input/out
put ports and implementing in
terrupt routines. A hexadecimal 
keyboard, an 18-function key
board, switch/I.e. d . i/o displays and 
a 16-digit alphanumeric display are 
features of the desktop microcom
puter instructor. Use of the func
tion keys enables automatic i/o 
reading and writing, single 
stepping, setting hardware 
breakpoints, timing and memory 
manipulation to be carried out, and 
the user has complete control over 
system operations, including com
munication with i/o devices and 
generation of interrupts manually 
or using the real-time system clock. 
The RS-232 serial interface allows 
direct linking to existing de
velopment systems and the PM 
4300 is compatible with the Philips 
PM 4421 PDMS microcomputer 
development system. · Pye Unicam 
Ltd, York St, Cambridge CB1 
2PX. ww. 301 

Switches and pots 
Miniature switches for program~ . 
ming via b.c.d. or b.c.hex., at low 
cost, are introduced by Ambit In
ternational in a new range de
signated the SRQ series . Uses of 
the switches include 'on-card' pro
gramming of frequency synthesiz
ers, cash registers, timing devices, 
coin operated machines and com
puter games. Both horizontal and 
vertical mounting variations are 
available at a price of 99p per unit 
or 64p per unit in 100 off quanti
ties. 
Also introduced by the same firm 
are potentiometers, the Kl6A20 se
ries, which are basically standard 
16mm types with 300° of rotation, 
but teaturing an integral epicyclic 
drive. This feature enables im
proved resolution control as it gives 
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. a 5:1 turns reduction ratio of 
spindle rotation, for applications 
such as varicap tuning elements and 
instrument controls. El2 series 
values ranging from 1000 to 1MO 
are available, but Ambit are 
stocking a restricted range at pre
sent, at a 100 off price of 82p. Am
bit International, 200 North Ser
vice Rd, Brentwood, Essex CM14 
4SG. 
ww 302 

'P.c.b. drill 
Unlike most mini-drills, the USA 
manufactured Dremel Moto-Tool, 
introduced by Microflame Ltd, is 
suitable for operation at mains 
voltage, can supply considerable 
torque, and has a maximum free
running speed of 27000 r.p.m. 
Four collet sizes, of Vsin, %2in, 
1/16in and 1/32irf diameter, 
and a range of over I 00 accessories 
for drilling, grinding, deburring, 
engraving ew., make the drill suit
able for a wide range of applications 
other than just the drilling of 1 
p.c.bs . The basic drill with one col
let costs·£33.60, or it can be bought 
complete with a set of accessories at 
a price of £40.35 . A drill-stand and 
a compatible vice are also available · 
at prices of £18.80' and £11.39 res
pectively. Microflame (UK) Ltd, 
Vinces Rd, Diss, Norfolk IP22 
.3HQ. 
ww 303 

"Pocket" computer 
Battery powered, fully portable, 
1.9Kbytes r.a.m. and a total of 
llKbytes r.o .m., are all features of 
the Tandy TRS 80 Pocket Compu
ter, due to be released in October, 
for which eight different software 
packages will be available to cover 
varying requirements from civil en
gineering to computer games. By 
using a cassette interface, which is 
not included in the price of £119, 
programs can be loaded into the 
computer, one after the other, 
without the previous program be
ing erased. TRS 80 makes use of a 
digital-display and a 57 key alpha
numeric keyboard, and measures 
only 175 x 70 x 15mm. Prices of 
the software will range from £8 .95 
to £13 .95, and the cassette interface 
will cost £17.95. Tandy Cor
poration;Bilston Rd, Wednesbury, 
West Midlands WS10 7JN. 
ww 304 

Cable identifier 
Electricians faced with the problem 
of finding the beginnings and ends 
of conductors of identical appear
ance in a cable · group should find 
this product of interest. The Cable 
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Identifier System, developed by 
Mason and Morton Ltd, consists 
basically of two units, a sender and 
a receiver, to which the cable group : 
to be identified is connected. When 
switched on, the cables connected 
to points one and two on the sender 
are identified at the receiver and 
indicated by red and green l.e.ds 
respectively. Once identified, these 
two cables are simply connected to 
special points on the receiver to 
enable the two units to commu
nicate with each other, after which 
the other cable points can be iden
tified directly one by one. Open or 
short circuited cables are also 
shown up by the system. The basic 
model can accommodate up to 20 
cables, and extensions are available 
to enable a maximum of forty 
cables to be identified. The Mason 
and Morton Group, M&M House, 
Frogmore Rd, Heme! Hempstead, 
Herts HP3 9RW. 
ww 305 

Waveform 
synth~sizer 
One of four new instruments re
cently introduced by Wavetech 
Electronics Ltd, is a programmable 
waveform synthesizer, for use 
either as a bench-top unit, or in 
conjunction with a.t.e. Modell78, 
as it is called, can be used as a 
function, signal or sweep generator. 
Among the types of waveform in its 
range are sine, offset sine, square, 
triangle and ramp·, at programma
ble output voltages of up to 20V 
p.p. into 50 ohms, with frequencies 
of up to SOMHz. The design 
techniques incorporated enable . 
synthesized triggering, gating, fre
quency sweep, burst counts, and 
combinations of_ these modes to 
make it a flexible instrument which 
can be used for a wide range of 
applications, and its dual-micropro
cessors enable input data to be 
accepted in any order or form for 
optimal resolution and perform
ance. Additional features include 
stored settings, a.m. and <j>.m., 
variphase operation, frequency 
markers, and advantages such as 
'learn mode', made possible 
through the use of a general pur
pose interface bus. D.c. offset, d. c. 
output and fixed t. t.l./t. t.l. output 
are also standard features. Wave
tech Electronics Ltd, 115 Crock
barnwell Rd, Woodley, Reading, 
Berks RGS 3JP. 
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Double-balanced 
mixer 
Considering the 1 to 4.2GHz band
width of this double-balanced 
mixer, the Summit model 1307, 
distributed by March Microwave 
Ltd, the performance is unusually 
high . Conversion loss and noise 
figures are both less than 6dB, and 
lo to r.f. isolation is greater than 
40dB. Dnring assembly, hot carrier 
diodes are selected for the quad 
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using a computerized technique to 
enable good matching and opti
mum noise performance. The unit, 
housed in stainless-steel and de
signed to work under rugged condi
tions, will probably find its use in 
such fields as commercial satellite 
communications. ·March 
Microwave Ltd, 112 South Street, 
Braintree, Essex. 
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Midget capacitors 
Suitability for assembly into thin 
and thick-film circuits, is one of the 
features of a new range of solid
electrolyte tantalum chip capaci
tors, type 194D Midget, which is 
available through Hy-Comp Ltd 
and manufactured by Sprague 
Electric. Capacitance values range 
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from O. l[!F to lOO[.tF , wi th 
working voltages of up to SOV d.c. 
for values under 4.7~J.F . Working 
voltages for values above 4 . 7~-tF fall 
gradually to a maximum of 4V d.c. 
for lOO[.tF. The unpackaged de
vices, which have epoxy encapsu
lated bodies, are available in eight 
different sizes, ranging from 1.27 x 
2.54mm to 3.8 x 7.2mm, and are 
compatible with modern hybrid as
sembly techniques, including soft
soldering, epoxy bonding and ther
mal compression bonding. Stan
dard operating temperature range is 
from -55°C to + l25°C, and capaci
tance tolerances of either 20% or 
10% are obtainable (also 5% to 
special order). Hy-Comp Ltd , 7 
Shield Rd, Ashford Industrial Es
tate, Ashford, Middx. TWlS 1AV. 
ww 308 

WIRE LESS WORLD NOVEMBER 1980 

Software for micros 
A series of products calle4, Compo
nent Software, introduced by Texas 
Instruments Ltd, support t~e 
T M S 9 9 0 0 fa mi 1 y of 1 6 -bit 
microprocessors and T M990 
microcomputer modul~. They 
complement TJ's Microprocessor 
Pascal products to enable a reduc
tion in the number of software 
statements and allow designers to 
add modular' software capability to 
their applications. Component 
Software products rely on a stan
dard software interface, analogous 
to the hardware interface in v.l.s.i. 
components or microcomputer 
modules, to communicate with lan
guage-support and custom software 
routines . Initial products in the se
ries are the TMSW330R Realtime 
Executive and the TMSW340F File 
Manager, at £950 and £~23 respec
tively, both available either for use 
on T I's floppy - disc based 
microprocessor development 
system or the hard-disc based 
AMPL system . The Realtime 
Executive has 6K bytes of software 
routines that perform the necessary 
executive functions for a real-time, 
multi -masking application 
program. These functions include 
system initialization, concurrent 
process synchronization, inter
process communication, interrupt 
linkage, memory management and 
priority scheduling. The File Man
ager provides device-independent 
file management capability from as
sembly language and/or micropro
cessor Pascal application programs, 
and can interface at several ·dif
ferent levels to the Realtime Execu
tive, depending on the input/output 
generality and software 'overhead' 
the designer wishes to include in his 
application. Texas Instruments 
Ltd, Manton Lane, Bedford MK41 
7PA. 
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E.e.p.r.o.m. 
With a memory capacity of 16Kbit, 
this e.e.p .r.o.m., the HN 48016 by 
Hitachi Ltd, is claimed to be the 
first of its kind in the world. Dialo
gue Marketing Ltd say that it is 
now available through them for 
sample deliveries, with large-order 
capacity expected by the end of the 
year. Memory organization of the 
device is 2048-word x 8-bit, the 
same as for the 2716 e.p.r.o.m. 
family, but its access time is only 
350ns, and also the number of 
program/erase cycles possible is 
greater, at a maximum of 1000 
times . Compatibility with existing 
e.p.r.o.ms, suitability for use with 
2MHz microcomputers, and an 
ability to retain data for longer than 
10 years at 85°C, are among the 
other features of this product. Dia
logue Marketing (Electronics) Ltd , 
Unit llG, Rose Industrial Estate, 
Bourne End, Bucks FL8 SAS . 
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SK ON BOARD MEMORY! 
5K RAM, 3K ROM or 4K RAM , 4K ROM (link select
able). Kit supplied with 3K RAM, 3K ROM . System 
expandable for up to 32K memory. 

2 KEYBOARDS! 
56 Key alphanumeric· keyboard for entering high level 
language plus 16 key Hex pad for easy entry of machine 
code. 

GRAPHICS! 
64 character graphics option - includes 
transistor symbols! Only £18 .20 extra! 

MEMORY MAPPED 
High resolution VDU circuitry using dis
crete TTL for extra flexibility . Has its own 
2K memory to give 32 lines for 64 cha
racters. 

KANSAS CITY 
Low error rate tape interface. 

PSI COMP 80 
Z80 Based powerful 
scientific computer. 
Design as published 

in 
WIRELESS WORLD 

2 MICROPROCESSORS 
Z80 the powerful CPU with 158 instruction including all 
78 of the 8080, controls the MM57109 number 
cruncher. Functions include +, -, •. I, squares, roots, 
logs exponefl)ials, !oq functio.ru;, inverses, etc. 
Range 10-99 to 9 X 1 9-99 ro 8 figures plus 2 
exponent digits . 

EFFICIENT OPERATION 
Why waste valuable memory on sub routines for 
numeric processing? The number cruncher handles 
everything internally! 

RESIDENT BASIC 
With extended mathematical capability . 
Only 2K memory .used but more powerful 
than most 8K Basics! 

1KMONITOR 
Resident in EPROM. 

SINGLE BOARD DESIGN 
Even keyboards and power supply circui-

~~t~d t~~~u~~~~~e ~~~1ty double-sided 

COMPLETE KIT 

NOW ONLY 

.£225+VAT! 

Cabinet size 19.0" x 15. 7" x 3.3" Television not included in price 

The kit for this outstandingly practical design by John Adams published in a 
series of articles· in Wireless World really is complete! 

Included in the PSI COMP 80 scientific computer kit is a professionally 
finished cabinet , fibre-glass doub.le sided , plated-through-hole printed 
circuit board, 2 keyboards PCB mounted for ease of construction , IC 
sockets, high reliability metal oxide resistors, power supply using custom 
designed toroidal transformer, 2K Basic and 1 K monitor in EPROMS and, 
of course, wire, nuts, bolts, etc. 

KIT ALSO AVAILABLE AS SEPARATE 
PACKS 

For those customers who wish to spread their purchase or build a 
personalised system the kit is available as separate packs e.g. PCB 
(1 6" X 12 . 5") £43 .20. Pair of keyboards £34 .80 . Firmware in 
EPROMS £30 .00. Toroidal transformer and power supply 
components £17 .60. Cabinet (very rugged , made from steel , 
really beautifully finished) £26 .50 . P. S . Will greatly enha.nce any 
other single board computer including OHIO SUPERBOARD for 
which it can be readily modified. Other packs listed in our FREE 
CATALOGUE . 

PSI COMP 80 Memory Expansion System 
Expansion up to 32K all inside the computer's own cabinet! 

By carefully thought-out engineering a mother board with buffers and its 
own power supply (powered by the computer's transformer) enables up to 
3 8K RAM or 8K ROM boards to be fitted neatly inside the computer 
cabinet. Connections to the mother board from the main board expansion 
socket is made via a ribbon cable. 

Mother Board: 

SK Static 
RAM board 

SK 
ROM board 

Fibre glass double sided plated through hol.e PCB 
8 . 7" x3 .0" set of all components includ1ng all 
brackets, fixing parts an9 ribbon cable w ith socket 
to connect to expansion plug . . . . £39 .90 

Fibre glass double sided plated through hole PCB 
5 .6"X4.B" ... . ....... . . . .. . .. £12.50 
Set of components including IC sockets, plug and 
socket but excluding RAMs £11 .20 
2114L RAM (16 required) £4.50 
Complete set of board, components, , 16 RAMS 

. . . .. . . U9.~ 

Fibre glass double sided plated through hole PCB 
5 .6"X4 .8" .. .. ... . . . ........ £12.40 
Set of components including IC sockets . plug and 
socket but exclud ing ROMs £10.70 
2708 ROM (8 required) £6.00 
Complete set of board , components. 8 ROMs .. 
' . ' . . ' ' ' ' . ' ' ' . ' ' ' ' ' ' £68.50 

lEW! ETI VOCODER 
COMPLETE KIT 

ONLY £195+VAT 

Published in Electronics Today International 

Panel aize19.0"X 5.25". Depth 12.2" 

14 CHANNELS! 
NOISE GENERATOR! 
SLEW RATE CONTROL! 

2 OSCILLATORS! 
voiced I unvoiced detector! 
LED PPM METERS! 

Kit includes FREE foot control and test oscillator! 

Like all our ki1s, the ETI VOCODER really is complete -fully finished metalwork; professional 
qu~lity components (all resistors 2°/o metal oxide), nuts, bolts, etc.- even a 13A plug! 

MANY MORE KITS 

ON PAGES 93, 95 

Value Added Tax not included In prices 

OUR CATALOGUE IS FREE! WRITE OR PHONE NOW! 
PRICE STABILITY: Order with confidence! Irrespective 'of any price 
changes we will honour all prices in this advert isement until December 
31st, 1980, if this month 's advertisement is mentioned with your order. 
Errors and VAT rate change excluded . 

POWERTRAN ELECTRONICS 
PORTWAY INDUSTRIAL ESTATE 
ANDOVER HANTS SP1 0 3NN 

ANDOVER 
(0264) 64455 

EXPORT ORDERS: No VAT . Postage charged at actual cost plus £1 
handling and documentation 
U.K. ORDERS: Subject to 15% surcharge for VAT . NO charge is made for 
carriage. Or current rate if changed . 
SECURICOR DELIVERY: For this optional service (U .K. mainlanp only) 
add £2.50 0/AT inclusive) per kit. 
SALES COUNTER: If you prefer to coi lect your computerfrom the factory . 
Call at Sales Counter Open g a.m .-12 noon . 1-4 .30 p.m . Monday
Thursday. 
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individual 
250° movements for 
original equipment 
· manufacturers 

another original 
idea from 

Bach-Simpson 
Now you can have your own 250° meter movement 

to fit in your own case. 
Features include: 

Sensitivities from 200 J.1 amps 
Top or bottom zero adjuster 

Spring loaded pivots 
Various pointer styles and lengths available 

Supplied in specially designed polystyrene trays 
Customised to suit your specification 

Can be fitted by us in your case if required. 
For full technical information telephone, write or telex 

now 

4)_ 
Bach-Simpson 

Bach-Simpson {UK) Limited, 
Trenant Estate, Wadebridge. Cornwall PL27 6HD 

Tel : (020881) 2031 Telex-: 45451 

WW- 0:89 FOR FURTHER DE,TAILS 
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In this month 's issue 

SERVICING THE DECCA 801881100 
CHASSIS 

SOLID-STATE VIDEO CAMERAS 
The present state of the technology 

TUNING TROUBLES 
Common tuning problems and their cure 

TV SOUND DEVELOPMENTS 
Receiver improvements and dual-channel techniques 

TEIEUISIOD 

Happy 
MeliDories 

4116 200ns 
2114 200ns 
2708 450ns 

£3.75 
£3.45 
£4.95 

41161 50ns 
2114 450ns 
2716 5 volt 

£5.50 
£2.95 

£10.95 

MEMOREX mini d iscs soft sectored- w ith FREE 
library case £19.95 per ten . 

WE'VE 
MOVED!! 

All prices include VAT 
30p postage on orders below £1 0 

Access & Barclaycard 

All orders to : 

Dept. WW 

HAPPY MEMORIES 
Gladestry 
Kington 

Herefordshire HR5 3NY 

Tei.(054422)618 
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TRANSCENDENT DPX 
DIGITALLY CONTROLLED, TOUCH SENSITIVE, POLYPHONIC, MULTI-VOICE SYNTHESIZER 

Another superb design by synthesizer expert Tim Orr- published in Electronics Today International 
I 

The Transcendent DPX is a really versatile new 5 octave keyboard instrument. There are two audio outputs wh ich can be.used simultaneously . On the first there is a beaut iful harpsichord or 
reed sound -fully polyphonic , i .e. you can play chords with as many notes as you like. On the second outp.ut there is a wide ranq~ of different voices, st ill fully polyphonic . It can be a 
straightforward piano or a hanky tonk piano or even a moxture of the two! Alternatively you can play strings over the w hole range of the keyboard or brass over the whole range of the 
keyboard or should you prefer - strings on the top of the keyboard and brass at the lower end (the keyboard is elect ron ically split after the f irst two octaves) or vice versa or even a ' 
combination of strings and brass sounds simultaneously. And on all voices you can switch in circuitry to make.the keyboard touch sensitive ! The harder you press down a key the louder it 
sounds- just like an acoustic piano. The digitally controlled mult iplexed system makes practical touch sensitivity w ith the complex dynamics law necessary for a high degree of real ism . 
There is a master vofume and tone controL a separate control" for the brass sounds and also a vibrato circuit with variable depth contro l together with a variable delay control so that the vibrato 
comes in only after waiting a short time after the note is struck for even more realisti c stron!l sounds. 

Cebinet ai::e 38.3" x 1 5.0" x 5 .0" (rear) 3.3" (front) 

COMPLETE KIT ONLY £299 +VAT 

To add interest to the sounds and make them more natural there is a chorus/ ensemble unit which is a complex phasing system using CCD (charge coupled device) analogue delay lines. The 
overall effect of th is is similar to that of several acoustic instruments playing the same piece of music. The ensemble ci rcuitry can be switched in w ith either strong or mild effects. 
As the system is based on digital circu itry digital data can be easily taken to and from a computer (for storing and playing back accompaniments with or without pitch or key change . ·computer 
composing . etc., etc.) ' 
Although the DPX is an advanced design using a very large amount of circuitry , much of it very sophisticated . the kit is mechan ically extremely simple w ith excellent access to all the ci rcu it 
boards which interconnect w ith multi way connectors, just four of which are removed to separate the keyboard circuitry and the panel circu itry from the main circuitry in the cabinet . 
The kit includes fully finished metalwork, solid teak cabinet , professional quality components (all resistors 2% metal oxide). nuts. bolts, etc ., even a 1 3A plug·! 

POIERTRAN MANY MORE KITS ON PAGE 95. MORE KITS AND ORDERING 
INFORMATION ON PAGE 93. 

TRANSCENDENT 2000 SINGLE BOARD SYNTHESIZER 
LIVE PERFORMANCE SYNTHESIZER D ESIGNED BY CONSULTANT TIM ORR (FORM ERLY SYNTHESIZER DESIGNER FOR EMS LIMITED) AND FEATURED A S A 
CONSTRUCTIONAL ART ICLE IN ELECTRONICS TODAY INTERNATIONAL. 

The TAANSCEN DENT 2000 is a 3 octave instrument transposable 2 octaves up or down giving an effective 7 octave range . There is portam ento. pitch bending , a VCO with shape and pitch 
modulation, a VCF with both low and high pass outputs and a separate dynamic sweep control . a noice generator and an AOSR envelope shaper. There is also a slow oscillator. a nfi!w pitch 
detector. ADSA repeat, sample and hold, and special circuitry with precision components to ensure tuning stabi lity amongst its many features . 
The kit includes ful ly finished metalwork, fully assembled solid teak 
cabinet , filter sweep pedal . professional quality components (all 
resistors either 2% metal oxide or 112% metal f ilm) and it really is 
complete - right down to the last nut and bolt and last piece of w ire! 
There is even a 13A plug in the kit - you need buy absolutely no more 
pans before plugging in and making great music! Virtually al l the 
components are on the one professional qual ity fibreglass PCB printed 
with component locations. All the controls mount directly on the ma in 
board. all connections to the board are made with connector plugs and 
construction is so simple it can be built easily in a few evenings by 
almost anyone capable of neat soldering! When finished you will 
possess a synthesizer comparable in performance and quality with 
ready-built units sell ing for many times the price 

COMPLETE KIT 
ONLY 

£168.50+VAT! 

Comprehensive handbook supplied w ith all complete kits! This fully 
describes construction and te lls you how to set up your synthesizer 
woth nothing more elaborate than a mu lt i-meter and a pair of ears! 

Cabinet •ize 24 .6" )( 15. 7" x 4 .8" (rear) 3 .4" (front) 
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TH_E ULTIM_ATE:WATCHE_S 
Send 12p for details of these amazing CASIO watches NOW! 

CASIO 

Analogue 
Display 

Digital 
Display 

12 MELODY ALARM 
CHRONOGRAPHS 

AA81 
LCD ANALOGUE 
DIGITAL 
Alarm Chronograph with countdown 
Analogue. Independent hours and minutes 
with synchronous digital seconds. Dual tome 

~~~::~1. Hours, minutes . seconds, day and 

~~:pwatch. 1 / 1 00 second to 1 2 hours . Net, 
lap and 1st and 2nd place. Start I stop and 1 0 
minute signals . 
Alarm. For 30 seconds with carousel display . 
Countdown Alarm. Normal and net tomes to 1 
hour. with amazing "Star Burst " l'lashong 

~~~:~ignal. Half-hourly and hourly chimes. 
Tone control. Lithium battery . Loght. Water 
Resist , case . 8 .65mm thick . Monera! glass 
(£34 .95). 

ONLY £29.95 
for around 40 functions 

Countdown alarm. Date memories. 
Hours. minutes, seconds, ami pm, 12 or 24 
hour. Day, date and month auto calendar 
Alarm. 7 melodies, one for each day of the 
week. 
Hourly time signal. With "B_ig Ben" type 
tune 
Date memory. Choose either " Wedding 
March" or Trinklied " to be played . 
Birthday and Christmas Memory. 
Countdown alarm. From 1 second to 1 hour. 
After zero, count continues positively. 
Stopwatch. 1 I 1 0 second to 1 hour. Net, lap 

~~~iuresque moving display of notes played . 
Light . Lithium. Glass. Water Resist, cases. 
M-12 resin , s / d trim . M-1200 all s / s 

£24.95 £29.95 
9.00mm thick. 

CASIO 

£19.95 £32.50 

100 METRE WATER 
RESISTANT 
Alarm Chronographs with countdown 
Amazing 5 year lithium battery l ofe . Hours, 
minutes . seconds, am/pm, day, date and 
month. 12 or 24 hour. Time is always vosoble 
regardless of display mode 
Stopwatch. 1 I 1 00 second to 1 hour. Net lap, 
1st and 2nd. Start / Stop signal . 10 monute 
signal . 
Alarm. Sounds for 30 seconds . 
Countdown Alarm. Normal and net times to 
12 hours . Start / stop and 10 minute signals . 
Time signal. Half hourly and hourly chomes. 
W-100. All resin . W-1508. Al l s/s. W-150C 
(not illustrated) s / s case /resin strap £25.95. 

Most CASIO watches. including Ladies· models and calculators, from stock . Send 25p for 
our illustrated catalgoue. 

JOIN THE KEYBOARD REVOLUTION! 
With the amazing new CASIOTONE 201 

A remarkable new concept in electronic keyboard instruments using a totally ne; 
technology . Pitch , timbre and harmonics of 29 onstruments have been mea_sure . 
digitalised and stored in electronoc chop memory for faothful reproductoon . A 4 sound 
memory function allows switching between any 4 pre-selected onstruments . 

This polyphonic instrument can play full 
·. chords of up to 8 notes on its 29 whote and 

20 black keys spanning 4 octaves. Vibrato 
and tone switches. Foot volume and 
sustain pedal options. Echo jacks 3 x 33V' 
x 9Vs inches . Weight 151bs. Black or 
woodgrain finish . AC only . 

ONLY£245 
(r.r.p. £285) 

CASIOTONE M-fO 
Four instruments on the move! 
Polyphonic play ing of piano . violin and 
flute . 19 white and 1 3 black keys span 
2V2 octaves. Vibrato switch 2 x 16V2 x 
5Vs inches . Weight 3 . 51b . Integral 
speakers. 0 / p jack . Mains / battery. 

. ONLY £69 (r.r.p. £79) 

SEIKO 
Alarm Chronographs from £37.50 
Duo Display (analogue I digital) 
from £57.50 

Price includes VAT. P&P Send you r remittance or phone your credit card number to 

·Dept. WW, Beaumont Centre, 

T'~MPW'T§ 164-167 East Rd. 
..-J. -.1• Cambridge CB~ 1 DB. Tal: 0223 312866 

WW - 079 FOR FURTHER DETAILS 
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umrm 
L.E.D.s .125 and .2 1N4148 Diodes 

RED YELLOW or GREEN 
1 + .08 .11 1 + .02 

100+ .069 .10 100+ .016 
1000+ .058 .09 1000+ .013_ .. 

CARBON FILM 
RESISTORS 
E12 SERIES 

T.l. LOW PROFILE 
I.C. SOCKETS 

-

Prices per 100. Larger a~d 
Mixed. Quantity prices avail-
able. 

.25W 
100 .off one type • 70p 
500 off one type .64p 

1000 off one type .58p 
.5W 

100 off one type .90p 
500 off one type .SOp 

1000 off one type .72p 
1+ 100+ 500+ 

Spin .075p .068p .06p 
14pin .09 .082 .073 
16pin .10 .096 .085 
18pi n .125 . 113 . 1 0 
20pin .14 .126 .113 
22pin .15 .135 .12 
24pin .15 .135 .12 
28pin .16 .145 .125 
40pin .24 .215 .19 

Please add £1.50 handling charge and 15% V.A:T. 
we also stock transistors, diodes, TTL, CMOS, capac1tods, 

· instrument cases, switches, ~o.nnectors etc. Free tra e 
catalogue available. All enqumes welcome. 

Harrison Bros. 
Electronic Distributors 

22 Milton Road, Westcliff-on-Sea 
Essex SSO 7JX England 

Tel. Southend-on-Sea (0702) 32338 

WW- 023 FOR FURTHER DETAILS 

DEVELOPING ·A 
MICROSYSTEM? 

-:--~----.....;,· ,,~#, ~) ¥*~• Then plug 

Fb 
3 9D 
i!- ~5/ 

,~./~ 

a Softy 
into your 
ROM 
socket. 

SOFTY provides: 
e TV map of memory contents (Hex:) 

e Keyboard entry with assembler facility 
e SeriaV parallel Inputs (e. g. RS232) 

• EPROl.-1 programming (2708, 2716, 2732, etc.) 
e Cassette tape storage 

e A low cost solution! (£100 kit, £120 built +VAT) 

SOFTY -What else do you need? 
For literature and the 
name of your local retailer, 
contact Dataman. 
P .O. Box 5, Dorchester, · 
Dorset. DT2 7UB or 
Telephone 03002 700 . 

(S@PTYJ 
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MPA 200 100 WATT (rms into 80) MIXER/AMPLIFIER 
Featured .as a constructional article in ETI the MPA 200 is an exceptionally low priced- but professionally finished - general purpose. high power amplotier. It features an adaptable inp~: 
mixer whoch accepts a wide range of sour~es such as a microphone, guitar, etc. There are wide range tone controls and a master volume control. Mechanocally the MPA 200 IS sompllcoty otse 
with minimal wiring needed making construction very straightforward · 
The kit includes fully finished metalwork. fibreglass PCBs. rontrols. wire , etc. -complete down to the last nut and bolt . 

Panelsize19.0" x3.5"·. Depth 7.3" 

COMPLETE KIT 

ONLY 

£49.90+VAT! 

MATCH ES THE 
CHROMATHEQUE 5000 

PERFECTLY! 

CHROMATHEQUE 5000 5 CHANNEL LIGHTING 
EFFECTS SYSTEM 

This versatile system featured as a constructional article in ELECTRONICS TODAY INTERNATIONAL has 5 frequency channels with individual level controls on each channel. Control of the 
lights is comprehensive to say the least. You can run the unit·as a straightforward sound-to-light or have it strobe all the lights at a speed dependent upon music level or front panel control 
or use the internal digital circuitry which produces some superb random and sequencing effects . Each channel handles up to 500W and as the kit is a single board design wiring is minimal 
and construction very straightforward. 

Kit includes fully finished metalwork. fibreglass PCB controls. wire, etc . - Complete right down to the last nut and bolt! 

COMPLETE KIT 

O~LY 

£49.50 + VAT! 

• • 
ON - ~ 

I 1 
• POWfffTRAN • 

Panel size 19.0" x 3.5". Depth 7 .3" 

. '· 
<f.• I ~ ~ 

• t . {.!. 

. Shr~nntzf)cqtU S()(J() • • • 
., <t' .. .,. .. ~ · ..,. 
1 1. 1. \. \ .. 

~ ~n 3- <HAt...tNH I.J~HTU'~ Hrt<.T:S S.YSTEM • ~ 

PBWERTRAN SYNTHESIZER KITS ON PAGE 93. MORE KITS AND ORDERING 
INFORMATION ON PAGE 91. 

All kits also a~tailable as separate packs (e .g PCB, component sets. hardware sets . 
, etc.). Prices in our FREE CATALOGUE . 

• I 
r 

G 

DE LUXE EASY TO BUILD LINSLEY HOOD 
75W STEREO AMPLIFIER £85.00 + VAT T20 + 20 20W STEREO AMPLIFIER £33.10 +VAT 
This easy to build version of our world -wide acclaimed 7 5W amplifier kit based upon 
circuit boards interconnected with gold plated contacts resulting in minimal wiring and 
construction delightfully straightforward . The design 'was published in Hi-Fi News and 
Record Review and features include rumble filter . variable scratch filter . versatile tone 
controls and tape monitoring wh ile distortion is less than 0 .01 %. 

This kit, based upon a design published in Pract ical Wireless. uses a single printed circuit 
board and offers at very low cost . ease of construct ion and all the normal facili ti es found 
on qualit y amplifiers. A 30 watt version of this kit (T30+ 30) is also available for 
£38.40+VAT . MATCHING TUNERS- See our FREE CATALOGUE ! 

Above 2 kits are supplied with fully finished metalwork, ready assembled high quality teak veneer cabinet. cable, nuts, bolts, etc and full instructions - in fact everything' 

MUSIC EFFECTS DEVICE- AS FEATURED 
IN ELECTRONICS TODAY INTERNATIONAL! 
The BLACK HOLE designed by Tim Orr, is a powerful new musical effects device for processing both natural and 
electronic instruments. offering genuine VIBRATO (pitch modulation! and a CHORUS m0de which gives a 
"spacey " feel to the sound achieved by delay ing the input signal and m ixing it back w ith the original Notches 
(HOLES). introduced in the frequency response. move up and down as the time delay is modulated by the chorus 
sweep generator ·. An optional double chorus mode allows exciting antiphase effects to be added . The device is 
floor standing woth foot switch controls. LED effect selectoon 1nd1cators. has vanable sensotovoty . has hogh 
signal/noise ratio obtained by an audio compander and is mains powered .- no batteries to change' Like all our 
kots everythong os provoded oncluding a high ly superoor . rugged stee l. beautofu l ly finoshed enclosure 

COMPLETE KIT ONLY £49.80 +VAT (s ingle delay line system) 
De Luxe version (dual delay Jine system) also available for E59.80+VAT 
Cabinet size 1 0 .0" 11 8 .5" 11 2.5" (rear) 1.8" (front) 
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SOFTY Software Development System 
and Eprom Programmer 

MICROSYSTEM 
DEVELOPMENT 
USING SOFTY 

SOFTY is intended for the development of programs which will eventually become'· 
software residing in ROM and forming part of a microsystem . Duri~g the development . 
stage of a microsystem, SOFTY will be connected in place of the formware ROM voa a 
ribbon cable, terminated in a 24 pin DIL plug. 

Data may be entered into the SOFTY RAM via ~he serial port, parallel port, d_irect 
memory access. or t he keypad, and manipulated usong the assembler.key-funct .. ona. 
When the program has been entered, the 1nternal microprocessor can be turned off, and 
the external micri>system and its resident microprocessor allowed to access and run th11 
program in SOFTY's RAM and /or programming socket. In th1s way modof1ca~oon can be 
made until the requ ired program is complete- the contents of the RAM bemg clearly 
visible as a 'page' on-TV or monitor. 4 pages are ·available, 2 of the Data RAM an 2 of 
the programming socket . 

In the end, when the prog ram is complete and work ing, the DIL plug is removed and 
replaced by an EPRO,M device programmed by SOFTY. SOFTY is able to program the 
2704/2708/2716 family which have 3 voltage rails 

To help in the process of program development SOFTY has various assembler 
~ey-functions, which include -blOck shift without overwriting, block ato~e, cursor 
control, match byte and displacement calculations (for jumps, etc.). A hlgh·SIJeed 
caaaette interface is also provided for storing working programs and useful subroutones. 

SOFTY Kit-of-parts: (including zer~ insertion force socket for EPROM programmer) . ' 
Price £115 (inc. VAT p&p) . SOFTY built and tested- £138 (inc. VAT p&p) . Built 
SOFTY power supply- £23 (inc. VAT p&p). Write or telephone for full details. 

NEW- SOFTY CONVERSION CARD- EX-STOCK 
Enables SOFTY to program the single rail EPROMS 2508, 27 58, 2516, (INTEL 2716), 

~;l~;tion of device type and 1 K block are by 4-way pcb slide switches. Programming 
socket is zero insertion force. Supplied ready built and tested woth Dop jumper for 
connection to SOFTY. £46 (inc . VAT p&p). 

NEW- SOFTY PRINTER CARD- EX-STOCK 
e 40 column electrosensitive printere 5x7 dot matrix e software selection of characters 
per line (1 to 1 6 bytes) e push-button printing of EPROM I RAM I lntercursor contents e 
Connects to SOFTY card edge e Well documented e Supplied ready built and tested, 
including power supply, edge connector and paper roll for £166.75 (inc. VAT p&p). 
Spare paper rolls (28-30 metres / roll)- 4 rolls for £8 (inc. VAT p&p) . 

MODEL 14 EPROM ERASERS 

~~~~t)( ... s~ 
oclr 

M ODEL UV141 EPROM ERASER 

e Fast erase t imes (typically 20 minutes for 2708 EPROM) 
e 14 EPROM capacity 
e Built-in 5 to 50 minute timer to cater for all EPROMs 
e Safety interlocked to prevent eye and skin damage 
e Convenient slide-tray loading of devices 
e MAINS and ERASE indicators 
·• Rugged construction 
e Priced at only £8g . 70 (inc VAT, p&p) 

MODEL UV140 EPROM ERASER 
Similar to Model UV 141 but without timer 
Low-price at only £70.73 (inc. VAT, p&p) 

I I 

WRITE OR TELEPHONE FOR FULL DETAILS OR SEND CHEQUES /OFFICIAL COMPANY 
ORDERS TO: 

GP Industrial Electronics limited 
. (Retail Sales), Skardon Place, N.orth Hill, Plymouth 

PL4 8HA. Telephone: Plymouth (0752) 28627 
TRADE AND EXPORT ENQUIRIES WELCOME 

WW- 071 FOR FURTHER DETAILS 

MSOO(C) ; 

WIRELESS WORLD NOVEMBER 1980 

Bever)))) . 
M260(C) _ ovnam1c 

eyer Dynamic (GB) Ltd, I Clair Road. 
ywards Heath, Sussex RH 16 3DP 
ephone : (0444) 51003 

WW~ FOR F1JRTIIER DETAll.S 

WIRELESS WORLD NOVEMBER 1980 

WILMS LOW 
iTIOOliDO(]] 
The firm for Speakers 

·~~r~E ~.·. 
UNITS v 

Audax HD 12. 9D25 £8.25 
Audax HD11 P25EBC £7.50 
Audax HD20B25H4 £ 14.95 
Audax HD 13D34H £12.95 
Audax HD24S45C £21.95 
Baker Superb £25.00 
Castle SuperS RS/DD £14.95 
Chartwell CEA205 pairs only £61.25 
Coles 4001 £7.65 
Coles 3000 £7.65 
Celestion HF1300 II £10.95 
Celestion HF2000 £ 10.95 
Dalesford ABR 10" £10.25 
DalesfordD30/110 £11.25 
Dalesford D50 / 1 53 £12.25 
Dalesford D50 / 200 £12.25 

· Dalesford D70 / 250 £25.50 
Dalesford D1 00/310 £35.75 
Dalesford D 1 0 tweeter £8.45 
Decca London Horn £61.95 
Decca C0/1000/8 £10.25 
Elac 6NC204 6V>'' £7.50 
Elac 8NC298 8" · £7.95 
EMI type 350, 13" X 8" , 4 ohm £9.45 
EM114A/770, 14" X 9", 8 ohm £19.50 
lsophon KK8 / 8 £8.15 
lsophonKK10 / 8 £8.45 
Jordan Watts Module £24.95 
Jordan Watts HF kit £10.50 
Jordan 50mm unit £24.50 
Jordan CB crossover £24.50 pair 
Jordan Mono crossover . £24.50. pair 
KefT27 £9.45 
Kef B110 £ 12 .25 
Kef B200 £13.50 
Kef 6139 £27.75 
Kef DN13 £6.75 
Kef DN 12 £9.40 
Kef DN22 pair £42.00 
Lowther PM6 £59.00 
Lowther PM6 Mk I £62.00 
Lowther PM 7 £94.50 
Peerless K010DT £10.95 
Peerless DT1 OHFC £10.50 
Peerless K040MRF £ 13 .60 
Radford BD25 Mk Ill £36.95 
Radford MD9 £14.85 
Radford MD6 £25.50 
Radford FN8/FN831 £22.50 
Richard Allan CG8T £13.50 
Richard Allan CG 1 2T Super £29.50 
Richard Allan HP8B £20.75 
Richard Allan LP8B £14.50 
Richard Allan HP12B £33.50 
Richard Allan DT20 £9.95 
Richard Allan DT30 £10.75 
SEAS H107 £8.95 
Shackman Electrostatic with polar. network 
& crossover £130.00 pair 
Tanney DC296 10" £ 107.35 
Tannoy DC31 6 12" £148.50 
Tannoy DC386 15" £178.90 

PAGROUP& 
DISCO UNITS 

Celestion G 12 I 50TC 
Celestion G12/80CE 
Celestion G 1 2 I 80TC 
Celestion G 12 I 1 25CE 
Celestion G 1 5 I 1 OOCE 
Celestion G 1 5/1 OOTC 
Celestion G 1 8 I 200 
Celestion HF 1 300 
Celestion HF2000 
Celestion Powercell 1 2 I 150 
Celestion Powercell 15 / 250 
Celestion ~.1H 1 000 
Fane Classic 45 1 2" 
Fane Classic 55 12" 
Fane Classic 80 12" 
Fane Classic 85 1 5" 
Fane Classic 1 50 1 5" 
Fane Classic 1 2 5 1 8" 
Fane Classic 1 7 5 1 8" 
Fane Guitar SOL 1 2" 
·Fane Guitar 808/2 12" 
Fane Disco 1 00 1 2" 
Fane PA85 12" 
Fane Bass 100 1 5" 
Fane Crescendo 1 2 E 
Fane Crescendo 1 5 E 
Fane Crescendo 18 E 
Fane Colossus 1 5E 
Fane Colossus 18E 
FaneJ44 
FaneJ104 
Fane J73 
FaneHPX1/HPX2 
Fane HPX3A 
Fane HPX3B 
Goodmans BPA 
Goodmans P P 1 2 
Goodmans Dl12 
Goodmans G R 1 2 
Goodmans 18P 
Goodmans Hifax 50HX 
McKenzie C1 280GP ' 
McKenzie C1280TC 
McKenzie C 1 280 bass 
McKenzie GP15 
McKenzie TC1 5v 
McKenzie C 1 5 bass 
Motorola Piezo horn 3Y>"c 

, Motorola Piezo 2" X 6" 
Richard Allan HDST 

. Richard Allan H D 1 OT 
Richard Allan HD12T 
Richard Allan HD15 
RichardAIIan HD15P 
Richard Allan Atlas 1 5" 
Richard Allan Atlas 1 8" 

£ 19.50! 1 
£24.50 
£23.75 
£42.00 
£37.95 
£38.50 
£64.75 
£ 12.50 
£ 12.50 
£66.00 
£88.00 
£21.75 
£ 13.95 
£15.50 
£19.75 
£26.00 
£37.95 
£43.95 
£47.95 
£26.25 
£27.25 
£28.75 
£26.25 
£39.00 
£57.50 
£74.50 
£94.75 
£99.95 

£107.00 
£6.90, 

£15.95 
£10.90 

£3.45 
£5.60 
£4.55 
£5.05 

£22.50. 
£25.50 
£24.95 
£48.45 
£21.85 
£24.45 
£24.45 
£24.45 
£35.10 
£35 .10 
£59.60 

£8.50 
£12.25 
£20.25 
£21.75 
£29.75 
£52.75 
£52.75 
£77.00 
£96 .00 

KITS FOR MAGAZINE DESIGNS, etc. 
KITS INCLUDE DRIVE UNITS, 

CROSSOVERS, BAF I LONG 
FIBRE WOOL, 'etc . 

FOR A PAIR OF SPEAKERS 
Carriage £3.75 

unless otherwise stated 

Practical Hi Fi & Audio PR09-TL (Rogers) . 
£146.00 

As above but including felt panels 
. . £ 152.75 + £5 carriage 

H1 F1 Answers Monitor (Rogers) £146.00 
Hi Fi News State of the Art (Atkinson) 

£185.00 . 
Hi Fi News Miniline (Atkinson) 

£49.00 + £3 carriage 
Hi Fi For Pleas4re Compact Mon itor (Col
lams) ) £ 116.00 + £5 carriage 
Popular Hi Fi Mini Monitor (Colloms) 

£74 .00 
Popular Hi Fi Round Sound (Stephens) 
1ncludmg complete cabinet kit £7 1.00 
Popular Hi Fi Jordan System 1 

£96.00 + £3 carriage 
Practical Hi Fi and Audio BSC3 (Rogers) 

£65.00 
Practical Hi Fi and Audio Monitor (Giles) 

£180.00 
Practical Hi Fi and Audio Triangle (Giles) 

£ 120.00 
Hi Fi News Tabor (Jones) w ith J4 bass units 

£66.00 
Hi Fi News Tabor (Jones) with H4 bass units 

£70.00 
Wireless World Transmission Line KEF 
(Bailey) £125.00 
Wireless World Transmission Line RAD
FORD (Bailey) £179.00 
Everyday Electronics EE70 (Stephens) 

· £150 + £5 carriage 
Everyday Electronics EE 20 (Stephens) 

£29.50 + £3 carriage 

SMART BADGES FREE WITH ABOVE KITS 
(TO GIVE THAT PROFESSIONAL TOUCH 

TO YOUR DIY SP{AKERS!) 

REPRINTS/CONSTRUCTION DETAI LS 
OF ABOVE DESIGN S 10p EACH 

CARRIAGE lit I N SURANCE 
TWEETERS/CROSSOVERS SOp eech 
SPEAKERS 4" to 6Y2" BOp Nch 
8" to 10" £ 1 each 
12" 13" X 8" 
14", X 9" , 
15" 
18" 
SPEAKER KITS 

£1.95 eech 
£2.95 each 
£4.50eech 
£1.95 each 
£3.95 peir 

MAG . DESIGN KITS £3.75 peir 
unless otherwise stated 

ALL PRICES CORRECT AT 1.2 .80 

ALL PRICES INCLU~E VAT @ 15% 

SPEAKER 
KIT_S 

Prices per pair 
Carriage £3.95 pair 

Dalesford System 1 £54.00 
·oalesford System 2 £57.00 
Dalesford System 3 £1 0 4.00 
Dalesford System 4 £110.00 
Dalesford System 5 £142 .00 
Dalesford System 6 £9 5.00 
Goodmans DIN 20 4 ohn1 (special offer) 

£27.60 
KEF Reference 1 04aB kit 

£ 133.00 + £5 carriage 
' KEF Ca ntata kit £2 13 .50 + £5 carriage 
LS3 Micro Monitor kit 

£71.00 + £3 .75 carriage 
Lowther PM6 kit £ 116.00 
Lowther PM 6 Mk I kit £1 22.00 
Lowth er PM 7 kit £195.00 
Peerless 1070 £157.00 
Peerless 1120 £169.90 
Peerless 2050 £59.95 
Peerless 2060 £79.95 
Radford Studio 90 kit £ 18 1.00 
Radford Studio 270 kit £309.00 
Radford Monitor 180 kit £243.00 
Radford Studio 360 kit £450.00 
RAM 50 kit (makes RAM 1 00) £76.25 
R1chard Allan Tango Twin k it £55 .50 
Richard Allan Maramba kit £77.50 
Richard Allan Charisma kit £1 1 1.00 
Richard Allan Super Triple kit £102.50 
Richard Allan Super Saraband II £ 159.95 
Richard Allan RA8 kit £62.75 
Richard Allan RA82 kit £98 .75 
Richard Allan RA82L kit £108.00 

.. SEAS 223 £42.50 
SEAS 253 £67.00 
SEAS 403 £79.95 
SEAS 603 £134 .95 
Wharfedale Denton XP2 ki t £31.45 
Wharfedale Shelton XP2 kit £40.40 
Wharfedale Linton XP2 kit £56 .20 
Wharfedale Glendale XP2 ki t £69.00 

WILMSLOW AUDIO BA1 sub ba ss 
amplifier / crossover kit 

£37.95 + £ 1 carriage 

EVERYTH lN G IN STOCK FOR 
THE SPEA KER 

CONSTRUCTOR!_ 

BAF, LONG FIBRE WOOL, 
FOAM , CROSSOVERS, FELT 
PANELS, COMPONENTS, ETC . 
LARGE SELECTION OF GRILLE 
FABRICS. 

(Send 22p in stamps for g r ille 
fabric samples) . 

tl~ 
5 Swan Street, . 
Wilmslow.l Cheshire. 

Send SOp for 1980 56-page 
catalogue ·choosing a Speaker' 

Tel : 0625 529599 FOR MAIL I Tel : 0625 526213 (SWIFT OF 
ORDER & EXPORT OF DRIVE WILMSLOW) FOR HI-FI & COM-
UNITS, KITS, ETC . PLETE SPEAKER SYSTEMS . I WILMSLUW 

~~o~~akers = Lightning service on telephoned credit card orders! 11!':! 

WW- 040 FOR FURTHER DETAILS 

· Swan Works, Bank Square·, 
. Wilmslow, Cheshire. 
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The New FM/AM lOOOswith 
Spectrum Analyser-we call it the 
SUPER-S . 
A portabte commu~ications serv1ce 
monitor from IFR, light enough to 
carry anywhere and good enough fo 
most two-way radio system tests. 
The FM/AM 1000s can do the work 
of a spectrum analyser, oscilloscope, 
tone generator, deviation meter, 
modulation meter, signal generator, 
wattmeter, voltmeter, frequency 
error meter-and up to five service 
engineers who could be doing 
something else! 

For further information contact 
Mike Taylor 

[!] Fl.eld-lech ~~~~~~~~~~~port-London Hounslow 
TW6 3AF 

' Tel : 01-759 2811 
Telex: 23734 

·IFR precision simulators FLDTEc G 

WW- 074 FOR FURTHER DETAILS 

WIRELESS WORLD NOVEMBER - 1980 

Get Connected 

Multi way connectors from 4 to 35 way 
with pre-tinned brass or gold hyfen 

contacts giving 5 and 13 amp ratmg per 
contact. The range of accessories includes 

cable clamps and dust covers. 
· For full details of "by return" service 

contact:-

~ 

0703-618525 
Stansted Road, Boyatt Wood, Eastleigh, Hampshire. S05 4ZV 

WW _ 091 FOR FURTHER DETAILS 

e Hermetically 
sealed metal 
package 

- e OIL 
compatible 

\;:······~~!l • 20.70L X 13.08W X 5.08H 
(mm) 

The frequency range 600 Hz to 30 MHz is 
covered by both CMOS (600 Hz - 8 M~z) 
and TTL (150KHz- 30 MHz) types havmg 
an overall tolerance of ±0·01% from 0 to 
+ 70°C. For more stringent requirements, 
±0·01% from .;_55 to +125°C is available. 

Many frequencies can be supplied from 
stock. 

INTERFACE QUARTZ DEVICES LTD 
29 Market Street, Crewkerne, Somerset TA18 7JU 

Crewkerne (0460) 74433 Telex 46283 inface g 
WW _ 075 FOR FURTHER DETAILS 
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TRIO TEST 
INSTRUMENTS 

THE RANGE HAS 'INCREASED 
THE PRICES ARE DOWN 

THE CS1830 30 MHz +Sweep Delay 

The CS 1830 is a completely new 30 M Hz dual trace oscilloscope employing a square 
format, internal ·graticle, PDA tube for accurate bright display. A new feature is the 
inclusion of calibrated sweep delay with a range of 1 ,u.S- 1 00 mS and trace bright up to 
show the delay position. As you can see from close study of the photograph, the CS 1830 
has all the facilities you could require in a high performance instrument but for more · 
detail, simply ask us for a comprehensive leaflet._ 

Brief specification . 
Rectangular PDA tube 120 X 96 mm. P31 phosphor. 

Bandwidth DC-30 MHz Overshoot less than 3% 

Sensitivity 5mV /em (30 MHz) Sweep time 200nS/cm-0.5 S/cm . 
2mV /em (20 MHz) Linearity better than 3% _ 

Input R.C. 1 M /23 pF Trig. bandwidth DC-30 MHz . 
Risetime 11.7 nS . Sweep delay 1 fl S-1 00 mS 

CS1830 only -£455 +VAT includes 2 probes 

THE C51572 30 MHz for the VTR Lab. 
If youare in Video, you need the CS1572 

The CS 1 572 is a 'dual trace 30 MHz oscilloscope designed for the video tape recorder 
engineer. Video delayed sweep facilities are provided to allow magnification and analysis 
of any point iri a single video frame together with separation of video odd and even 
fields. A truly unique tool for anyone concerned with video measurements as well as 8Jop 
specification dual trace wide band oscilloscope for general lab use. The complete range 
of video facilities is too great to explain in a small advertisement so why not call us and 
ask for the full story on the CS 1 57 2 . 

Brief Specification 

As for CS 1830 except that the sweep delay feature is replaced by comprehensive video 
sweep delay facilities which allow complete analysis of video wave forms and VTR 
alignment. 

CS1:572 only £425 +VAT, includes 2 probes 

THE CS1577 30 MHz at 2mV +Signal Delay 
The most popular scope in the range. 

The CS 15 77 is~ without doubt, our most popular oscilloscope and hundreds of satisfied 
users in all sections of the electronics industry will confirm this. The CS 1 57 7 combines a 

wide bandwidth DC-30 MHz performance with extremely wide trigger bandwidth 
(DC-40 MHz) and 2 ·mv sensitivity over the full bandwidth. 

Fixed signal delay is provided by a helix delay line which allows viewing of the leading 
adges of fast pulses for accurate rise time measurement. and the 1 30 mm PDA tube 
gives a bright, stable trace even at the h1ghest sweep speeds (20 nS I em usm~ X 5 

expa·nsion). Good triggering, even at low levels has always been an .outstanding feature 
of Trio oscilloscopes and the CS 1 57 7 demoastrates this to perfection . Triggering . as in 
the other 30 MHz instruments can be from CH 1 or CH2 or can be alternated with the 
beam switching so that input signals of differing frequency will provide stable displays. 

Truly an oscilloscope masterpiece . CS 1 5 77. 

CS1577 only·£410 +VAT, includes 2 probes. 

THE CS 1575, unique dual trace 4 function Audio Scope 
The CS 15 7 5 is a unique tool for "the audio engineer. It features the normal facility of dual 
tracie display with sensitivity to 1 mV I em but not only can it display the input signal on 

. two channels, it can simultaneously display the phase angle between them and 
measure the phase angle referenced to a zero phase calibration display. In addition to 
these un ique features, you also have independent triggering from each channel to give 
stable cjisplays even with widely differing input frequencies . 

Absolutely indispensable to the professional audio engineer. the CS 1 57 5 is now in use 
all over the world. See it in action or send for complete details. 

CS1575 only £235 +VAT. 

TWO NEW ADDITIONS TO THE RANGE 
DL705 MULTIMETER 

FC756 500 M Hz COUNTER 
10 Hz-500 MHz 

DC to 1 OOOV 
ACto 1 OOOV 
0 to 20MO 
I to .2A 

Semi Auto Ranging 

£70 +VAT 

50mV 

Superb 
. instrument · 

£225 +VAT 

.t.ewm 
For further details and ex stock delivery contact 

Ill. Ill! .1!11!!1 "''I!!. CHESTERFIELD ROAD, MATLOCK, DERBYS. 
0629-2430- TELEX 377482 
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PSU 

-·ange growsg 
, 

The 
bigger~·· better ••. 

New Profile Amplifiers-

••• • 
CHOOSE AN I.L.P MOSFET POWER AMP when it is advantageous to have a faster slew rate , lower distortion at r : ::: highe<kequende<,enh•ncedthenmo!<<ability .• theabili<y to work w1th complex loads w1thout d1ff1culty and complete absence of cross-over distortion. I.L.P's 

exclusive encapsulation technique within fully adequate heatsinks has been taken a stage further with specially developed computer-verified 'New Profile' extrusions. These ensure optimum operating efficiency from our new MOSFETS, and are easier to mount . Connection is via five pins on the underside . I .L.P MOSFETS ARE IDENTICAL IN PERFORMANCE TO THE COSTLIEST AMPLIFIERS IN THIS EXCITING NEW CATEGORY BUT ARE ONLY A FRACTION OFPRICESCHARGEDELSEWHERE. 

Output Dis tor- Signal/Noise 

Model · I Power tion Typical Slew Rate Rise Time Ratio Price & 

RMS at 1KHz DIN AUDIO VAT 

100dB £25.88 MOS120 I 60W 0 .005% 20Vil-'s 31-'s 
. + £3.88 into4-8S1 

MOS200 I 120W 0.005% 20V/f1S 3f1S 100dB £33.46 
+ £5.02 into 4-8S1 

• : • A • . CHOOSE AN I.L.P BIPOLAR POWER AMP ~ ( i : where.powerandpricearefirstconsiderationwhile mamtammg opt1mum performance w1th h1-f1 quahty 
and w1de choice of models . From domestic hi-fi to 
disco andP .A., for instrument amplification, there is 

an I.L .PBipolarto fill the bill , and as withournewMosfets , we haveencapsulatedBipolarswithinourNew Profile extrusions with their ~omputer-verified thermal efficiency and improved mounting lugs. Connections are simple, via five pins on the underside and with our newest pre-amps and power supply units, it becomes easier than ever to have a system layout housed the way you want it. 

Output Dis tor- Signal/Noise 
Model I Power tion Typical Slew Rate Rise Time Ratio 

RMS at 1KHz DIN AUDIO 

HY30 I 15Winto 0.015% 15V/fJS 5iJS 100dB 
4-8S1 

HY60 I 30Winto 0 .015% 15V/fJS 51ls 100dB 
4-8S1 

HY120 I 60Winto 0 .01% 15V/IJ.S 51-'s 100dB 
4-8S1 ~ 

HY200 I 120Winto 0.01% 15Vil-'s 5f1S 100dB 
4-8S1 

~ ................. "'IIIIF~ ................................ ~ 
HY6 (mono) and HY66 (stereo) are new to I.L.P's range of advanced audio modules. Their improved characteristics and styling ensure their being compatible with all I.L.P power-amps both MOSFET and BIPOLAR, giving you chance to get the best possible reproduction from your equipment. HY6 and HY66 pre-amps are protected against short circuit and wrong polarity. Full assembly instructions are provided. Mounting boards are available as below. 

Price& 
VAT 

£6.34 
+ 95p 

£7 .24 
+ £1 .09 

£15 20 
+ £2.28 

£18 .44 
+ £2. 77 

Two New Series 
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15Hz-50KHz- 3dB S:: 
THE NEW PROFILE EXTRUSIONS ~ 

• 

The introduction of standard heatsink extrusion for all ::o I.L.P power amplifiers achieves many advantages:- ~ 
Research shows they provide optimum thermal ~ dissipation and stability. Slotted shoulders allow easy o 
mounting; standardisation enables us to keep our prices 
competitive. Surfaces are matt black, anodised for 
lower thermal conductivity. Extrusions vary in si£e 
"'"'cordincr to module number. 

SCHEMA TIC BLOCK DIAGRAM 
OF HY6 PRE -AMP, WITH 
STEREO CONNECTION SHOWN 

~ 

~ 
:ii 
m 
r 
m 
C/l 
C/l 

~ 
0 
::0 
r 
0 

z 
0 
< m 
s:: 
w 
m 
::0 

CD 

Sizes - HY6 - 45 x 20 x 40 mm. HY66 - 90 x 20 x 40 mm. Active Tone Control circuits provide ± 12dB cut and boost. Inputs Sensitivity - Mag. PU, -3mV: Mic - selectable l-l2mV: All others lOOmV. TapeO/P- lOOmV: MainO/P-500mV: Frequency response- D.C. to 100KHz- 3dB. ~----------------------------------~ m 
HY6 mono £5.60 + 84p VAT Connectors included 
HY66 stereo£ l 0.60+£1 .59VAT Connectors included 
B6 Mounting Board for one HY6 78.p 1" l2p VAT _ 
B66 Mounting Board for one HY66 99p + 15p VAT 

PSU30± 15V at 1 OOmA to drive up to 12 x HY6 or 6 x HY66 
THE FOLLOWING WILL ALSO DRIVE I.L.P PRE--AMPS PSU36 for l or 2 HY30's 
PSUSO with toroidal transformer for 1 Ol" 2 HY60's 
PSU60 with toroidal transformer fo:r 1 HY 120 
PSU65 with toroidal transformer for 1 MOS120 
PSU70 with toroidal transformer for 1 or 2 HY120's 
PSU75 with toroidal transformer for 1 or 2 MOS120 
PSU90 with toroidal transformer for 1 HY200 
PSU95 with toroidal transformer for 1 MOS200 
PSU180 with toroidal transformer f.or l BY 400 or · 2 HY200 PSU185 with toroidal transformer f.or l or 2 MOS200 

* Freepost facility 
When ordering or writing about I.L P products, you do not need to stamp the envelope. Mark it FREEPOST plus rhe code shown in the address beiow. We pay the postage for you. 

£4.50+0.68p VAT 

£8.10+£1.22 VAT 
£9.75+£1.46 VAT 
£9.75+£1.46 VAT 
£9.75+£1.46 VAT 

£13.61 + £2.04 VAT 
£13.61 + £2 .04 VAT 
£13.61+£2.04 VAT 
£14.75+£2.21 VAT 
£23.02+£3.45 VAT 
£24.20+£3.63 VAT 

e DISTORTION TYPICALLY e LATEST HIGH QUALITY o 0.005% CONNECTORS e S/N RATIO - 90dB (Mag. e ONLY POTS, SWITCHES AND P.U.- 68. dB) PLUGS/SOCKETS NEED ADDING e 38 dB overload mill gin on e NEEDS ONLY UNREGULATED 
Mag. P.U. POWER SUPPLY± 15 to ± 60v 

1971-1980 
TENYEARSOFPLANNED 
PROGRESS 
When, as a young man in 1971 , Ian L. Potts founded his now worldfamous company, he realised the need for a different and more rational approach to exploiting to the maximum, the potential of modular construction. New thinking was badly needed. The result was a range of modules completely revolutionary in concept. The rightness of Ian Potts' thinking is shown in the size of the company today, its new factory , its vast exports, its acceptance by constructors as the modules to build with. The range grows bigger and better. New lines(in no way replacing existing ones)are well past drawing board stage . This is why I.L.P are simply ahead and staying there- we don 't rest on our laurels . 

tAlmtt.am-~ . ..... ,. ,.,.. ,. " .. "" "' "'"' ... ".". ' .... ,. .. 
,... _________________________ _ 

To: I.L P ELECTRONICS LTD. CANTERBURY CT2 7EP. * TQ 0 RD ER Send cheque or money order payable· to I.L.P Electronics Ltd and crossed. Or pay by ACCESSorBARCLA YCARD. Cash payments must be in registered envelope; ifC .O .D. payment is wanted , please add £1.00to TOTAL value of order. 
.................. .. .... . ........ ...... ........ .... .. .... Totalpurchaseprice£.. ...... 

I enclose Cheque D Postal Orders D International Money Order 0 
Please debit my Acc~ss/BarclaycardAccount No. . .. .. .. . .. .. . ..... .. ... .. ... .. ....... ......... .. ........ .. .. .. 

ELECTRON1·cs LTD. NAME .... ... ................. .. ..... ... ...... .. .... ............. ...... ...... . ... .. .. ... ...... ... .... .. .. ..... .. .......... ....... . .............. ... Jill 
FREEPO ST Graham Bell House, Roper Close. ADDRESS ............. .. ........ .. .... .. ......... _. .......... .. . .. .. ....... .. .. ........................... .. .... .. .... .... ... ........ ..... . _A Canterbury , Kent CT2 7EP. 
Telephone (02'27) 54778 Telex 965780 

Available also from MARSHALLS . WATFORD ELECTRONICS and certain ot he r selected retailers Signature . .. ..... . .... ...... .. .... .. ......... ... . ................ ... .. .... ... .. ........... .... ........ .. .... .ollll 
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16180 - 24 - 3 of each value - 2'iflf ACII7 CUi AD112 £GAO BC151 t:D.Zti IC441 t:0.3& 
27pf 33pf 39pf 47pf 68~f 82pf £0. 9 AC113 CG.23 ,lll111/112 £0.11 IC152 £0.23 81:410 £0.44 
16161-24-3 of e~c value- 100pf ACI1& £0.23 ADT140 £U3 IC153 £0.21 11:411 £0.44 
J20pf 1 50pf 1 80pf 220pf 270pf 330pf ACII7 t:D.3& AF12. £0.3& BCIM £0.22 IC.77 £0.23 
390pf £0.89 AC117K CD.31 AFt2& t:0.35 BC1&7 t:O.IZ IC.71 £0.23 
16162-24-3 of each value- 470pf ACt21 fD.23 AF121 £D.35 BC151 t:O.IZ IC.71 t:0.23 

~~gg~f ~~~~pf 820pf 1 OOOpf 1 i~iJ . AC122 £D.11 AF1Z7 £0.37 BC151 £0.12 BC546 £0.12 
AC12& CD.21 AF131 £0,40 BC110 t:D.3D ICMl C0o12 

16163-24-3 of each value- 4700pf AC121 t:D.21 AF171 £0.19 BC111 £0.44 ICMI £0.12 
6800pf 01 uf 01 5uf 022uf 033uf AC1Z7 t:D.21 AF171 CUI ICII7 £0.1. IC&U £0.12 
047uf £0.89 AC1ZI CD.11 AFIIO CDJI BCIII CD.I.t IC&50 t:O.II 

AC1ZIK £D.30 AF111 £U7 ICIII £0.10 IC&51 CO. II 
AC132 £0.23 AFIII CO.SI ICIIIC £0.12 IC667 £0.16 
AC1M £0.23 AF231 £0.44 IC170 £0.10 IC!i51 £0.14 
AC137 C0.23 Al102 £1.31 BCI71 CD.IO BC&&9 £0.11 
ACI41 £0.24 All03 £1.31 ICI72 £0.10 BC210 £8.19 
AC141K !0.35 AU104 CUI ICI73 £0.10 IC211 CUI 
ACI42 £0.23 AUIIO £UI IC174 £0.17 IC212 t:D.II 
ACI42K !0.35 AU113 CUI IC17& £GAO 10115 £8.51 ' 
AC151 £0.23 BCI07 tO.OI BC171 £0.11 110111 £0.82 
AC153 t:G.2& BC107A £0.09 IC171 t:D.ll 10121 t:OJ5 
ACt ilK £U5 BC107B t:G.IO IC171 £0.11 10123 £0.75 
ACIM £0.23 IC107C CD.12 BC11D t:G.21 10124 £0.11 
ACI&5 CD.23 BCIDI [QJII Kill £0.10 80131 £0.40 
AC158 t:D.23 BC;IOIA CO Jill BCIIZ £0.25 80132 fOAO 
ACf57 CUI BC1DIB £8.10 ICIIZL £0.10 B0131/132MP 
ACII!i CG.23 8C1DIC £0.12 ICII3 £0.10 C0.82 
AC111 £0.23 IICIDI £0.08 BCIIlL £0.10 80133 £0.48 
AC11' £0.23 BCIDII £1.10 BCII4 t:o.ro BOIU £0.44 

16213- 60 mixed tw I 00 ohms~ 820 AC!f .. £0.21 ICIOIC CD.12 ICII4l £0.10 80138 COAO 
ohms £0.89 AC• .;. £0.23 8C113 £0.11 ICIII £0.25 80137 £0.40 
16214- 60 mixed tw 1 K ohms- 82K ~1,1 t:D.ZI 8C114 £0.11 BCII7 £0.25 80131 £D.41 
ohms £0.89 A 171 £0.21 BC12& £0.20 8C207 £0.13 80139 COAl 
16215-60 mixed iw 10K ohms- 83K AC171K £0.30 ICt.\!1 £D.2& IC201 £0.13 80140 CUI 
ohms £0.89 AC171 £0.21 BC132 £0.21 BC201 £0.14 B0131/14DMP 
16218- 60 mixed tw lOOK ohms - AC111 £0.21 8C134 £0.21 BC212 £0,10 £0.12 
820K ohms £0.69 ACIIO C0.23 ICU5 CO.I7 BC212L £0.10 IFill t:G.25 
16217 - 40 mixed tw 1 00 ohms - 820 AC110K £0.32 BCI31 £0.21 BC213 £0.11 Bfl&2 CD.28 
ohms · £0.69 AC111 £0.23 BC137 £0.21 BC251 fD.17 BF1&3 £0.29 
16218-40 mixed tw 1K ohms- 82K AC111K £0.32 11:131 £0.37 BC21i1A £D.11 BF1M £0.25 
ohms £0.89 AC117 £D.21 BC140 £0.35 BC301 t:0.32 BFI55 £0AO 
16219-40 mix~d tw 10K ohms- 82K AC117K £0.32 BC141 C0.32 IC3GZ £0,33 8F151 £0.32 
ohms £0.8& AC111 £0.21 IC142 £8.26 BC303 £0,32 IF I 57 £0.32 
16220- 40 mixed tw lOOK ohms- AC111K £0.32 IC143 !0.25 IC304 £0.44 Bfl51 £0.32 
820K ohms t0.69 AD14G fO.H IC145 £0.&3 BC327 £0.11 8F151 £0.32 
~~~~ - 60 mixed tw 1 . Meg ~~~:3 AD142 CD.II IC147 £0.01 BC321 £0.11 BFIIO fD.35 

ADI43 £8.11 8C141 £0.01 BC337 £0.11 BF112 £D.35 
18231 - 40 mixed tw 1 Meg ~~~:1 AD141 £8.11 BCI48 £0.01 BC331 £0.11 IFill C0.35 
ohms AD111 fOAO IC150. £0.23 Bc.40 CD.35 BF114 £0.55 

COMPONENT 74 SERIES TTL IC'S 
PAKS 

~~! ~o~;tot? ' ~~~~·~~{ mixed val£~:fg 
16185- 15b Capacitors mixed value 
approx (Count by weight) £0.69 
16166 - 50 Precision resistors. Mixed 
values £0,89 
16187 - 80 tw resW;tors. Mixed 
values • £0.69 

, 16188 - 5 pieces assorted ferrite 
rods £0.89 
16169 - 2 Tuning gangs MW LW 
VHF £0.69 
18170 - 1 Pack wire 50 metres 
assorted colours single strand £0.89 
16171 - 10 Reed switches £0.89 
16172-3 Micro switches £0.69 
16173- 15 Assorted pots £0.69 
16174 - 5 metal jack sockets 3 x 
3.5mm 2 x standard switch types£0.89 
16175 - 30 Paper condensers - mixed 
values £0.89 
16176 - 20 Electrolytics trans 
types £0.89 
16177 - 1 Pack assorted hardware -

~6\s7~01~' wo~~ti~;tc.lide swi~~·:; 
assorted £0.89 
16179 - 20 Assorted tag strips and 
panels £0.89 
16180 - 15 Assorted contrQI knobs 

. £0.89 

~!~~~es- 3 Rotary wave c~~~8e 
16182- 2 Relays 6-24v 
operating £0.89 

~~~~ ;;,dh::k copper laminate 18~3~ 
16184-15 Assorted Fuses 100mA 5 

£0.89 

slto.i&i 

16190-6 slider mixed £0.89 
16191 - 6 slider 4 70 ohms £0.69 
16192- 6 slider 1 OK ohms 1 in £0.89 
16193-6slider22Kohms lin £0.69 
16194-6slider47Kohms 1in £0.89 
18195-6 slider 47K log £0.89 

7 ... 
7 .. 1 
7402 
7403 
7Q4 
7405 
7401 
7407 
7401 
7408 
n1a 
741t 
7412 
7413 
74"' 1.,. 
7417 
7420 
l.t21 

t:D.10 7422 
t:O.I3 7423 
£0.13 7425 
£0.13 7421 
£0.13 7427 
£0.13 7421 
£0.25 ' 7430 
COli 7432 
£0.15 7433 
t:G.IIi 7437 
t:0.13 7431 
£0.20 , ... 
!0.17 l441 
!0.21 7442 
£0.51 7443 
t:D.21 7444 
fDll 7445 
£0.13 7448 
!023 7447 

£0.11 
cu• 
£0.22 
t:D.21 
COli 
£1.30 
£1.15 
!0.25 
t:U& 
ru• 
£024 
£0.,. 
!D.Iil 
t:0.48 
£0.11 
£0.11 
£0.75 
CUI 
CDJ!i 

7448 
7450 
7451 
7"53 ,. .. 
7410 
7470 
7472 
7473 
7474 
7475 
7471 
7410 
7481 
7482 
7413 . 
7414 
7486 
7411 

£0.14 
£0.13 
£0,13 
£0.13 
£0.13 
£0.13 
COil 
£Dl3 
£0.29 
£0.21 
£0.33 
£8.21 
·fO.SI 
CUI 
£D.71 
£0.17 
£1.01 
t:D.78 
COlli 

7419 
7410 
7411 
7412 
7413 

~= 7411 
74100 

CUI 
£0.37 
£0.74 
£0.40 
£0.35 

. t:O.II 
fD.Iil 
£0.51 
CUI 

IF115 
BF117 
BF173 
BF171 
BF177 
IF171 
BF178 
BOZ31A/ 

Z4DAMP 
BFIIO 
IFill 
BFIIZ 
BFII3 
BF114 ~ 
BFII& 
IFill 
8FII7 
BFIII 
8f114 
Bf115 
8F191 
BFI87 
IFill 
IFill 
MJE34D 
MJE2155 
MJE30&5 
TIPZIA 
T1P2BB 
T1P21C 
T1P30A 
T1P308 
TIP30C 
TIP31A 
TIP31B 
TIP31C 
TIP32A 
TIP32B 
TIP32C 
TIN IA 
TIN II 
TINIC 
TIP42A 
2N701 
2fl707 
2N701 
2N13D2 
2NI303 
2N1304 

74123 
74131 
74141 
74145 
74150 
74151 
74153 
741M 
741fi5 
74151 
74157 
74110 
74111 
74182 
l.tll3 
74114 
7411& 
74111 
74174 

£G.55 2fl1305 
£0.21 2fl1301 
£0.23 Zfl1307 
£0.44 Zfl1301 
£D.30 Zfl1309 
£0.32 Zfl1711 
C0.3& 2fi2Z19 

Zfi2Z21 
£1.1& 2fi2Z22 
C0.3& Zfl2319 
£D.35 Zfl2711 
£0.35 2fl2712 
£0.3& Zfl2714 
£0.23 Zfl2104 
£0.23 Zfl2905 
£8.30 Zfl2808 
£0.30 2fl2807 
£0.48 ZN2923 
C0.12 ZN2124 
f0.12 2N2925 
C0.12 2N28UG 
C0.14 2N2121Y 
£0.11 2fl28210 
£0.11 2N2121F 
£1.&0 2N2128E 
£1.04 2N3013 
!0.11 2N30M 
fOAl ZN30U 
£0.48 Zfl3402 
fD.61 2fl3403 
COAl ZN3404 
£0.41 2N3405 
£D.61 2N3702 
£0.41 2N3703 
£0.41 2fl3704 
£0.51 211370& 
C0,41 2N3708 
£0.48 2N3707 
fD.51 2fl370. 
£0.51 Zfl3709 
C0.&3 2fl3710 
£0.56 2N371l 
CD.& I ZN3772 
£0.12 3N3773 
£0.55 2N3119 
t:O.II 2N312Q 
£0.17 ZN3121 
£0.21 2N3123 
£0.21 2N3103 

COAl 74175 
CUD l.t176 
£0,13 74117 
£0.13 74180 
£0.71 74111 
£0.56 74112' 
CO.Sii 74114 
£0.14 74110 
CD.51 l.t191 
£0.58 74112 
C0.51 . 74113 
£0.17 74174 
t:D.71 74195 
CD.71 74198 
£0.71 74197 
t:D.71 74191 
t:0.78 74199 
£0.80 
£0.75 
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£0.21 
C0.28 
£0.28 
£0.35 
£0.3& 
£0.23 
C0.23 
£0.23 
£0.23 
£0.11 
£0.25 
£0.25 
£0.26 
£0.21 
£0.21 
£0.11 
C0.23 
C0.17 
£0.17 
£0.11 
£0.10 
£0.08 
£0.09 
£0.09 
£0.09 
£0.20 
COAl 
£0.48 
£0.24 
£0.2. 
£0.33 

. £0.38· 
£0.01 
£0.09 
£0.01 
£0.01 
£0.09 
£0.09 
£0.01 
£0.01 
£0.01 
£0.01 
£1.14 
£2.53 
£0.21 
£0.40 
CD.I8 
fD.BI 
£0.12 

£0.71 
£0.17 
CD.I7 
£1.73 
£0.17 
£U1 
£8.11 
CD.71 
(0.71 
C0.88 
C0.87 
£0.71 
£0.89 
£1.21 
£1.21 
£2.13 
£2.13 

Manufacturers 'Fall Outs' which include 
functional and part functional units. These 
are classed as 'out-of-spec" from the 
makers very ri!jid specifications, but are 
ideal for learnmg about I.C's and ex
perimental work. 
16224- 100 Gates assorted 7400 01 04 
10 50 60 etc £1.38 
16226- 30 MXI asssorted types 7441 4 7 
90 1 54 etc £1 .38 
16227 - 30 Assorted Linear types 709 
741 747 748 710 588 etc £1.73 
16228-8 Assorted types SL403 76013 
76003 etc £1.15 
16229 - 5 I.C's 761 10 Equivalent to 
MC13130P MA767 £1.73 

MAMMOUTH IC PAK 
16223- Approx 200 pieces assorted fall 

~~:i~~t~i9,;:~~1~~i~u~~jn~~~i~a~~d~d~~ 
devices but some unmarked you to iden
tify £1.44 

JUMBO PAK 
SEMI CONDUCTOR 

16222 - Transistors Germ and Silicon 
Rectifiers Diodes Triacs - Thyristors I.C's 
and Zeners. ALL NEW & CODED. Approx 
100 pieces. Offering the amateur a fan
tastic bargain pack and an enormous 
saving £2.59 

UNTESTED SEMI
CONDUCTOR PAKS 

16130 100 Germ gold bonded OA47 diodes £0.69 
16131 150 Germ point contact 100mA OA70 81 
diode 
16132 100 Silicon diodes 200mA OA200 £0.69 
16133 150 Silicon fast switch diode 25mA IN4 1 
18 £0.69 
16134 50 Silicon rectifiers top hat 250mA £0.69 
16135 20 Siliccn rectifiers stud type 3 amp £0.89 
16136 50 400 mW zeners 007 case £0.69 
16137 30 NPN transistors BC107 8 plastic £0.89 
16138 25 NPN T039 2N697 2N1711 silicon 

£0.69 
16138 30 PNP transistors BC177 178 plastic 

£0.89 
16140 25 PNP T039 2N2905 silicon £0.89 
16141 3'0 NPN ' TOl B 2N706 silicon switching 

[0.89 
16142 25 NPN 8FY50 51 £0.89 
1614:t30 NPN plaS1ic 2N3906 silicon £0.69 
16144 30 PNP plastic 2N3905 silicon £0.69 
16146 JO·Germ OC7 I PNP £0.89 
16146 15 Plastic power 2N3055 ' NPN T0220 
case £1 .38 
16147 10T03 meta12N3055 NPN £1.38 
16149 101 amp SCR T039 £1.38 
16150 8 '3 amp SCR T066 case £1.38 

T018 eim to 2N7068 BSY27 28 95A 
ALL usable devjcee. No open and 
ahorts. ALSO available in PNP similar 
to 2N2906 BCY70. 20 for 86p. 50 for 
£1.15, 100 for £2.07, 500 for £9.20, 
1000 for £18.10. When ordering please 
state NPN or PNP. 

~ All prices include VAT: Add 50p post per order - Just quote your Access or i 
~ _ "- _ ~ Barclaycard number · 
1 "' - .aJ Terms: Cash with order, cheques, POs. payable to Bi-Pak at above address 1 
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anew 
to the of test instru---~ .. ·-.... --

The 9084 Synt~esized Signal Generator. 
,_ ·.One Ofthe most advanced signat ge~erators U.S.A.: Raeai-Dana Instruments Inc., 18912Von Karman . . 

available anywhere in the world, the new 9084. , .. , . . Avenue, Irvine, California 92715. 
brings you a II the latest tech no logy from Racal- · , Tel : (714) 833-1234 Telex: 67.8341 
Dana's international award -winning design team. England: Racai-Dana Instruments Limited, Duke Street, Windsor, 

Berkshire SL41SB. . . 
With a frequency range from 10kHz to 1 Tel: Windsor (07,535) 6981:1. Telex": 84.7013 . 

104 MHz (with doubler to 208 MHz). it spans the France: Racai-Dana Instruments S.A., 91 routedesGardes, 
· 92190 Meudon-Bellevue, Paris. , 

entire HF radio band, including the specialized LF . 'Tei:(1)534 4 7575Telex:200207 ~. 
and low-band VHF areas particularly useful for ·. Germany: Racai-Dana Instruments limited Deutschland 
aviation and marine applications. . Hermannstrasse 29, 0.6078 Neu lsenburg. ' 

Tel: (06102) 2861-2 Telex: 412896 
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Its outstanding features include: p- .... - _ .... _-_______ .. 

: ~~~~~r~~~f~~b~~~f~?~~i!~~t~~i~~:.r~~;~~;i~ble I To: Racai-Da~a Instruments Limited,Duke Street, Windsor, ·- I 
display of operator error • optional hand-held store 1 Berkshire SL41SB, England. · I 
forupto96frequencysettings. , , ,' I P Pleasesendmeyourcolourbr~chureon~he9084. 

The9084isavailablenow,sofindoutthe · 0 ,, .<: ·: · · · ·. · · · · ····· · · I 
wholestorybyreturningthecoupontoday. ., . o' Plea~¢arrangead~monstratio~ofthe.~84. ' :i . ; ' I 

.• . . · · I Please send me a copy ofthe Racai-Oana .Concise Catalogue. ' I 
RAc~·~L-o~~NA. I Name 1 

~ ..... Position~---~---------------_:_ 
I· ~ompany I High performance measurement 

and test instrumentation 
.·. f1]{jJ~[jJ[J : 

, I Address I 
I ·. . 
• 

·, " - WW~1~80 I 
----------~---· WW- 080 FOR FURTHER DETAILS 
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T"TLs by T 
7400 
74500 
7401 
7402 
7403 
7404 

.· 7405 
7406 
7407 
7408 
7409 
7410 
7411 
7412 
7413 
7414 
74C14 
7416 
7417 
7420 
7421 
7422 
7423 
7425 
7426 
7427 
7428 
7430 
7432 
7433 
7437 
7438 
74 40 
7441 
7442A 
7443 
7444 
7445 
741\6A 
7447A 
7448 
7450 

·7451 
7453 
7454 
7460 
7470 
7472 
7473 
7474 
7475 
7476 
7480 
7481 
7482 
7483a 
7484 
7485 
7486 
7489 
7490A 
749 1 
7492A 
7493A 
7494 
7495A 
7496 
7497 
74 100 
74107 

. 74109 

. 741 16 
74118 
74119 
74120 
74 121 
74122 
74 123 
74125 
74126 
74128 
74132 
74136 
74137 
74141 
74142 
74145 
74147 
74 148 
74 150 
74151A 
74153 
74 154 
74155 
741 56 
74 157 
74159 
741.60 
74161 
74162 
74163 
74164 
74165 
74 166 
74167 
74170 
74172 
74173 
74174 
74175 
74176 
74177 
74178 

150p 
llp 74293 lSOp 
60p 74298 200p 
12p 74365 lOOp 
12p 74366 lOOp 
14p 74367 lOOp 
14p 74368 lOOp 
18p 74390 200p 
36p 74393 ZOOp 
36p 74490 22Sp 
17p 74LS SERIES 
19p 74LSOO 14p 
15p 74LS02 . 16p 
24p 74LS03 1$p 
20p 74L504 16p 
lOp 74LS05 2Sp 
40p 7 4LS08 2Zp 
90p 74LS09 21p 
27p 74LS 1 0 20p 
Z7p 74LS11 40p 
17p 74LS13 40p 
40p 74 LS 14 SOp 
22p 7 4LS20 20p 
34p 74LS21 40p 
30p 74LS27 38p 
40p 74L530 20p 
34p 74L532 27p 
36p 74LS37 · lOp 
17p 74LS38 3Bp 
30p 74LS4 2 70p 
40p 74LS4 7 . 75p 
3Sp 74LS51 24p 
lSp 74LS55 lOp 
17p- 74LS73 SOp 
70p 74LS74 27p 
60p 74LS7 5 l6p 

112p 74LS7S 45p 
11Zp 74L583 70p 
1 OOp 741.585 SOp 
9lp 741.586 40p 
7Sp 74LS90 40p 
SOp 74LS92 70p 
17p 74L593 60p 
17p 74LS9S 110p 
17p 74LS107. 45p 
17p 74LS 109 SOp 
17p 74L5112 40p 
36p 74LS113 90p 
30p 74LSII4 45p 
34p 74LS122 SOp 
30p 74L5123 SOp 

.lBp 74LS124 lSOp 
32p 74LS125 SOp 
SOp 741.5126 SOp 

lOOp 74LS1 32 SOp 
84p 741.5133 lOp 
SOp 74LSI36 SSp 

lOOp 74LS138 6Sp 
110p 74LS 139 7Sp 
34p 74LS145 120p 

210p 74LS147 220p 
lOp 741.5148 17Sp 
SOp 74LS151 BOp 
46p 74LS153 SOp 
36p 74LS154 200p 
84p 741.5155 SOp 
70p 74LS156 90p 
6Sp 74LS1 57 SOp 

lSOp 74LS158 60p 
130p 74LS160 90p 
34p 74LS161 7Sp 
SSp 74LS1S2 140p 

ZOOp ' 74LS163 lOOp 
130p 74LS164 90p 
210p 74L5165 140p 
I lOp . 74LS166 lSOp 
34p 74LS173 110p 
48p 74LS174 lOOp 
60p 74LS175 lOOp 
7Sp 74LSI8 1 320p 
60p 741.5190 lOOp 
7Sp 741.5191 lOOp 
7Sp 74LS 1 92 lOOp 
75p 74LS193 lOOp 
SOp 74LSI95 140p 
SOp 74LS196 120p 

200p 74LS197 90p 
90p 74LS22 1 120p 

190p 741.5240 17Sp 
150p 74LS241 17Sp 
llOp 74LS242 170p 

70p 74LS243 170p 
70p 74LS244 lSOp 

120p 74L5245 2SOp 
90p 74LS24 7 140p 
90p 74LS251 140p 
70p 741.5253 90p . 

1SOp 74LS257 SOp 
lOOp 74L5258 lSOp 
lOOp 74LS259 lSOp 
lOOp 74L52SS lOOp 
lOOp 74LS273 170p 
120p 74LS279 90p 
130p 74L5283 90p 
120p 74L5298 160p 
200p 74LS323 400p 

.240p 74LS324 200p 
450p 74LS348 200p 
120p 74LS365 48p 
90p 74LS367 70p 
SSp 74LS3S8 lOOp 
SOp 74LS373 lSOp 
SOp 74LS374 lSOp 

160p 74LS375 120p 
93p 74LS377 160p 

160p 74L5378 140p 
90p 74LS390 120p 

lSOp 74LS393 120p 
1SOp 74LS445 140p 
SOOp 74 LS668 lOOp 
32Sp 74LS670 400p 
120p 4000 SERIES 

60p .745114 ·: 120p 
60p 745 124 300p 
75p 745 132 160p 
75p 745133 75p 
60p 745 138 225p 
60p 745 139 225p 
60p 745 157 250p 
90p 745174 250p 
90p 745 175 l20p 
60p 745 194 l50p 
90p 745241 450p 

lOOp 745260 70p 
180p 745373 500p 

4020 1 9l SERIES 
4021 110p 9301 .160p 
4022 lOOp 9302 175p 
4023 27p 9308 316p 
4024 SOp 9310 275p 
4025 ZOp . 931 1 Z75p 
4026 llOp 9312 160p 
4027 SOp 9314 165p 
4028 84p . 9316 Z25p 
4029 lOOp 9321 Z25p 
4030 SSp 9322 150p 
4031 200p 9334 JSOp 
4034 200p 936B 250p 

12Qp 745374 -~ 
4035 110p 9370 300p 

:g~~ ~~~~ ~93:,.7"'4=;- 200p~:-_:_;_;_~;:,;rrnr---:m71 
600p MCI495L 350p 
668p MCI496 70p 
l20p MC3340P lZOp 
140p MK50398 7S0p 
840p ML920 775p 
&SOp MM57160 620p 
240p NE 53 1 lSOp 
600p NE555 20p 
775p NE55S 70p 
520p NE56 28 4Z5p 

BOp NE564 420p 
70p NE565 130p 

ZZ5p NE56S 155p 
72p NE567 140p 
48p NE57 1 4Z5p 

225p NE5534A 250p 
375p S5668 270p 

90p SA01024A 12SOp 
50p SFF96364 1100p 

lOOp 5L490 400p 
140p SN76003N 2S0p 
4S0p SN76013N 140p 
300p SN7601 3NO 120p 
160p SN76023N 140p 
200p SN76477 175p 
750p SP8515 7S0p 
SSOp TAAS21 275p 
lOOp T8A641 811 2Z5p 

BOp T8A6 5 1 200p' 
llOp T8A800 90p 

48p T8A810 lOOp 
95p T8A820 90p 

42Sp T8A950 lOOp 
27p TCA210 250p 
70p TCA220 l50p 

200p TCA940 175p 
225p TOA1004 JOOp 

45p TOA1008 320p 
75p TDA1010 225p 
95p TOA1022 S70p 

17Sp TOA1024 120p 
75p TOA1034B 250p 

180p TDA11 70 lOOp 
95p TOA2002V 32Sp 

lOOp TOA 2020 320p 
l6p TL071 / 81 4Sp 
SOp Tl072 182 7Sp 

lSOp TL074 llOp 
lOOp TL084 110p 

1Sp Tl170 SOp 
70p UAA 170 17Sp 
35p UON6118 l20p 

250p UDN6184 320p 
70p ULN2003 lOOp 
70p XR2206 lOOp 

130p XR2207 400p 
225p ZN414 90p 
2ZSp ZN419C Z2Sp 
120p ZN424E 13Sp 
12Sp ZN425E 400p 

4040 lOOp AY I -0212 
404 1 SOp AY I-1313 
4042 BOp AYl -1320 
4043 SOp AY I-5050 
4044 90p AY3-12 70 
4046 llOp AY3-8912 
4047 lOOp AY5-1 224A 
4 048 SSp AY5-1 315 
404 9 45P AY5- 1317A 
4050 45P AY5-4007D 4051 SOp CA301 9 
4052 SOp CA3046 
4053 BOp CA3048 
4054 lSOp CA3080E 
4055 1 ZSp CA3086 
~g~~ ~~ . CA3089E 
4060 liSp CA3090AO 
4063 lZOp CA3130E 
4066 SOp CA3140E 

4067 4 S0p CA3160E 

4068 ZJp CA3161 E 
4069 ZOp CA3162E 

4070 30p g~~~~6E 
4071 ZSp OAC1408-8 
4072 25p FX209 
4073 2Sp ICL7 10S 
4075 ZSp ICL8038 
4076 107p . ICM7555 
4081 ZJp LF13331 

~g~~ :~~ LF351 
. 4089 150p LF356P 

4093 70p LM I OC 

4094 250p ~~~~:A 
4095 95p LM 3 ,_8 4096 9Sp LM 319 4097 340p LM324 
1g~~ ~~ LM339 
40100 220p LM 348 

40101 ll2p ~~~~6 
40102 180p LM381AN 
40103 lBOp LM 386 
40104 99p LM393 
40105 120p LM 709 
1g~g~ ~~ LM710 

40108 470p ~~m 
40109 lOOp LM 741 40110 JOOp LM747 
40114 2SOp LM 748 
4502 120p LM2917 
4503 ?Op LM3900 
4507 SSp LM3909 
4508 290p LM3911 
451 0 9Sp LM3914 
4511 120p LM3915 
4512 BOp LM413S 

Fixed Plastic T0-220 

150p ' ZN427E 750p 
:~~~ ~~~ LM13600 

~~ : ~ ~~ , hMiOLC IT,3~1 Or.P1j· ffil~~;;fs------~ 
4520 lOOp 

1A + ve 
5V 7805 GOp 

12V 7812 60p 

I:~~ ;~:~ :g: 
24V 7824 60p 
f00f"!'A T0-92 

5V 78L05 30p 
12V 78L12 30p 
15V 78L 1 5 30p 
OTHER REGULATo"RS 
LM309K 135p 
LM317T 200p' 
LM323K 

7905 

=~~ ' 7912 
7915 70p 
7918 70p 
7924 70p 

79L05 70p 
79L12 7Cp 
79L15 70p 

4521 2SOp 
4526 108p 
4527 lSOp 
4528 lOOp 
4532 140p 
4534 550p 
4536 l7SD 
4538 120p 
4543 lBOp 
4553 l20p 
4556 7Zp 
4560 200p 
456£• 2SOp 
4572 40p 
4583 110p 
4584 90p ~~~~~~~~~~--------~ 
4585 lSOp 
4724 2SOp 
40097 SOp 
14411 1100p 
14412 1100p 
14433 1100p 
14500 700p 
14599 290p 

iirnRFAceic~ 
AD536A 130p 
A0561J 1400p 
A07524. 600p 
DM81 23 175p 
DM81 3 1 l75p 
OP8304 450p 
058835 2SOp 
DS883S 150p 
058838 t2Sp 
MC1488 75p 
MC1489 75p 
25S10 lSOp 
75107 160p 

2N5777 4Sp 
OCP 71 90p 
ORP12 lZOp 
OPTO-ISOLATORS 
IL074 llOp 
MCT26 lOOp 
MCS2400 190p 
LEOS 
0 .125 
TIL32 
TIL209 Red 
TIL211 Gr 
TIL21 2 Ye 
TIL216 Red 

02" 

SSp 
llp 
20p 
2Sp 
18p 

TIL220 Red 16p 
TIL222 Gr lSp 
TIL228 Red 22p 
Rectangular LEOS 

IR. G. Y) lOp 
75 110 325p 
75150 17Sp DISPLAYS 
75 154 17Sp 3cil5F-

TI L 111 
TI L 11 2 
TI L 116 

0 .2" 
TIL220 Red 
TIL222 Gr 
TIL228 Red 

i Rectangular 
1 LEOs (R, G, Y) 

NSB58S1 
TIL3 11 
TIL312 / 3 
TIL321 / 2 
TIL330 
7750 160 
DRIVERS 
9368 
9370 
UDN6118 

90p 
90p 
90p 

16p 
18p 
22p 

lOp 

S70p 
600p 
110p 
llOp 
140p 
200p 

2S0p 
lOOp 

I 
AC126 25p BFR41 TIP31A 
AC127/8 20p BFR79 TIP31C 62p 
AC176 2Sp BFRBO TIP32A 68p 
AC 187 / 8 25p BFR81 TIP32C 82p 
AF11S . SOp BFX29 TIP33A 90p 
A0149 70p BFX30 TIP33C 114p 
AD161/2 45p BFX84 /5 T IP34A 115p 
AU107 ZOOp BFXBS/7 ' TIP34C 160p ' 
BC107/8 llp BFX88 T IP35A 2ZSp 
BC109 llp BFW10 T IP35C 290p 
BC 117 20p BFY50 T IP36A 270p 
BC147 / B 9p BFY5112 TIP3SC l40p 
BC149 lOp BFY56 TIP41A 6Sp 
BC157/8 lOp BFY90 TIP41C 7Sp 
BC159. llp BRY39 45p TIP42A 70p 
BC169C 12p BSX19 120 20p TIP42C 82p 
8C172 12p BU 104 225p TIP54 160p 
BC177/8 17p BU 105 190p TIP120 lZOp 
BC179 18p BU 108 2S0p TIP122 130p 
BC182/3 lOp BU109 225p TIP142 llOp 
8C184 llp 6uf80A f:Zifp TIP147 130p 
BC187 JOp ·s·u-2i'l5 2®p TIP2955 78p 
BC212 13 llp BU208 200p TIP4055 70p 
BC214 12p 8U406 14Sp TIS43 45p 
BC 237 lSp E300 SOp TIS93 lOp 
BC327 1Sp E308 SOp ZTX108 12p 
BC337 16p E310 SOp ZTX300 llp 
BC338 16p MJ2501 2ZSp ZTX500 1Sp 
BC461 l6p MJ2955 90p ZTX502 lSp 
BC477 / 8 30p MJ3001 22Sp ZTX504 lOp 
BC516/7 40p MJE340 SOp 2N457A 250p 
8C5478 16p MJE2955 lOOp 2N696 lSp 
BC548C 9p MJE3055 70p 2N697 ZSp 
BC549C 18p MPF 102 45p 2N698 45p 
BC557B 16p MPFI03/4 40p 2N70SA 30p 
8C559C lSp MPFIOS/6 40p 2N708 lOp 
BCY70 18p MPS6531 SOp 2N918 4~p 
BCY71 / 2 22p MPS6534 SOp 2N930 lSp 
80131 / 2 SOp MPSA06 lOp 2N113112 36p 
80135 / 6 54p MPSA 12 SOp 2N1S13 Z5p 
80139 S6p MPSA 13 SOp 2N 1711 25p 
80140 60p MPSA20 SOp 2N21 02 70p 
B0189 60p MPSA42 SOp 2N2160 350p 
80232 95p MPSA43 SOp 2N2219A 30p 
80233 7Sp MPSA56 l2p 2N2222A lOp 
8D235 85p MPSA 70 SOp 2N23S9A 25p 
B0241 70p MPSU06 6lp 2N2484 lOp 
B0242 70p MPSU07 SOp 2N2646 4Sp 
BOY5S 200p MPSU45 90p 2N2904/5 lOp 
8F200 l2p MPSU65 78p 2N2906A 
BF244B lSp OC28 130p 2N2907A 
BF25SB 70p OC35 llOp 2N2926 
BF257 / 8 32p TIP29A 40p 2N3053 
8F259 TIP29C 2N3054 
BFR39 

IES 
2 101 -4L 400p 
2102-2L 120p 
21078 SOOp 
2111-4 400p UART 
211 2-4 300p AY-3-1015P SOOp 
2 114 22Sp AY-5-1013A 400p 
2114-2L 450p IM6402 SOOp 
4027-3 l7Sp TMS6011NC 400p 
4044 900p 
4116 l50p CHARACTER 
5101 SlOp GENERATORS 
S810 l2Sp 3257ADC 990p 
74S201 350p R0-3 -2 51 3 U C. 600p 
8251 S 32Sp R0-3-25 13 L.C 700p 
ROM/PROMs SN74S262AN £10 
7 1301 700p 
745188 22Sp KEYBOARD 
74S387 lSOp ENCODER 
745470 &SOp AY-5-2376 700p 
74S47 1 650p 
74S571 650p CRYSTALS 
CPUs 32. 768KHz 250p 
1SOO 1200p 100KHz 300p 
1802CE 7S0p 200KHz l70p 
2650A 2000p 1 OMHz 320p 
6502 700p 1.008MHz 350p 
G800 650p 1.8432MHz l25p 
6802 9S0p 2 OOMHz l2Sp 
6809 2500p 2.45760MHz l25!> 
8080A 4S0p 3.276MHz lOOp 
8085A 1100p 3.579MHz 175p 
1 NS8060 lOOOp 4.00MHz Z90p 
Z80 7S0p 4194MHz POA 
ZSOA 950p 4.43MHz 12Sp 
EPROMS 5.0MHz l2Sp 
1702A SOOp - 6.0MHz lOOp 
2708 4S0p S 144MHz lOOp 
271 6 (+5VI £7 7.0MHz 300p 
SUPPORT 7.168MHz 300p 
DEVICES B.OOMHz 300p . 

3242 BOOp 8.867MHz 300p 

3245 450p 10.00MHz llOp 
6522 700p 10.7MHz lOOp 

12 .0MHz 3SOp 6532 900p 
16.00MHz lSOp 6820 l75p 
18.00MHz 300p 6821 340p 
18 432 lSOp 6845 £25 
19.96BMHz l90p 6850 lOOp 26.S90MHz 3S0p 6852 l70p 

· 27.145MHz l25p 81 S5 1100p . 
8205 320p 38.6667MHz l50p 

48 OM Hz lOOp 8212 22Sp 55.5MHz 400p 8216 22Sp 
11 60MHz lSOp 8224 27Sp 

8226 250p 
8228 S25p * 825 1 47Sp, 

21 1 4L (.150ns) 8253 lOOOp 
8255 4SOp 2708 (450ns) 
8257 900p 2708 (650ns) 
8259 9S0p 

2716(+5V) Z80P10 600p 
Z80AP10 700p 4 1 1 6 (200ns) 
ZBOCTC 600p 

WIRELESS WORLD NOYEMBER 1~80 

40290 2.SOp SA 50V SOp 
2N3553 40360 40p SA 100V lOOp 
2N3565 40361/2 75p 6A 400V 120p 
ZN3584 -40364 120p 1 OA 400V 200p 
2N3643 / 4 40408 90p 25A 400V 400p 
2N3702/3 1 40409 lOOp 
2N3704/5 12p 40410 lOOp 
2N3706/7 14p 4041 1 300p ZENERS 
2N3708 / 9 12p 40594 120p 2.7V-33V 2N3773 lOOp 40595 120p 400mW 9p 2N3819 25p 40673 75p lW lSp 2N3820 sop 4084 1 90p 
2N3823 70p 40871/2 lOOp 
2N3866 90p 

TliiACS 2N3902 700p 
DIODES PLASTIC 2N3903/4 18p 
BY127 lZp 3A 400V 6pp 2N3905/6 20p 
BYX36-300 20p SA 400V 70p 2N4037 6Sp 
OA47 9p SA 500V S8p 2N405B/9 12p 
OA81 lSp BA 400V 7Sp 2N4060 12p 
OA85 lSp SA 500V 9Sp 2N4b61 /2 18p 
OA90 9p 12A 400V SSp 2N4123/4 27p 
OA91 9p 12A 500V lOSp 2N4125/6 Z7p 
OA95 9p 16A 400V 110p 2N4401 / 3. 27p 
OA200 9p 16A SOOV 130p 2N4427 90p 
OA202 lOp T28000 130p 2N4871 60p 
1N91 4 4p 2N5087 27p 
1N91S 7p 2N5089 27p 
1N4148 4p 2N5172 27p 
1N400112 5p THYRISTORS 

2N5179 90p 1N4003/4 Gp lA 50V 70p 
2N5191 90p. 1N4005 6p lA 400V 90p 
2N5194 90p 

1N400617 7p 3A 400V lOOp 
2N5245 40p 1N5401/3 14p SA 600V 140p 
2N5296 SSp 1N540417 19p l 12A 400V lSOp 
2N5401 SOp 

IS920 9p 16A 100V 160p 
2N5457/8 40p 16A 400V 180p 
2N5459 40p 

HEAT SINKS BT10S 110p 
2N5460 60p 

For T02 20 Voli- C106D 45p 
2N5485 44p, age Regs. and MCR101 36p 
2N5875 2SOp 

Transistors 22p TIC44 27p 
2N6027 48p 

For T05 12p 2N3525 llOp 
2N6041 lSOp 2N4444 140p 
2N6044 160p 

BRIDGE · 2N5060 34p 2N6052 300p 
RECTIFIERS 2N50S4 40p 

2N6059 l25p 
l A 50V 19p 2N6107 65p 
l A 100V ZOp 2N6247 190p 
l A 400V 2Sp 2N6254 I lOp 
l A SOOV 30p LOUD-2N6290 65p 
2A 50V 30p SPEAKERS 2N6292 6Sp 
2A 100V 3Sp Size 2SCI172 
2A 400V 4Sp 2 1h " 64R SOp 3N128 
3A 200V ·&Op 2Y·/' 8R SOp 3N140 
3A 600V 7Zp 2" 8R 90p 3N 14 1 · 
4A 100V 9Sp ,,h" 8R lOOp 3N20 1 
4A 400V lOOp 204 1 

LOW PROFILE DIL SOCKETS BY-TEXAS 

24p 8 pin 9p 18 pin 16p 2'i1- pin 
14 pin lOp 20 pin 20p 28 pin 30p 
16 pin llp 22 pin ' 22p 40p1n 40p 

WIRE WRAP SOCKETS ~V TEXAS I. 
8 pin ZSp 18 pin 'SOp 24 pin 70p 

14 pin 35p 20 pin 60p 28 pin SOp 
IS pin 40p 22 pin . 6Sp 40 pin lOOp 

·ANTEX SOLDERING 
SWITCHES IRONS 
Toggle C- 15W . 41Sp 
SPST GOp CX-17W 425p 
SPOT 6Sp CCN-15W 425p 
DPDT 70p X25 440p 
DPOT (centre off) 85p 

SPARE BITS Push to make 1Sp C ' CX , CCN SOp Brea k Z5p 
X25 SOp Push latching SPCO 
SPARE ELEMENTS 60p 

SLIDE OPDT 18p CI CX t X25 lSOp 

ROCKER SPST 28p CCN 200p 

WAFER ACCOLA IRONS 
1P I 12W 4Sp K1000 S50p 
3P , 4W 45p K2000 550p 
4P ·3W 45p 
2P ·sw 45p VEROBOARDS 

01 P Breadboar 
415X6.15 lZSp TRANSFORMERS (Suilable tor 20 X I 4 pin or 

(prim 220 / 240V) 1S x IS pin OIL ICs) DIP 
Breadboard as above with tracks 

6-0-6 lOOmA 90p · for 31 WCf\' connector . l75p 
9-0-9 75mA 9Sp V-0 Boards for ICs 130p 
9-0-9 lAmp 3l0p tNo track cutting) 
0"12V 2A 410p 
15-0-15 1A 325p CONNECTOR PLUGS 
0- 12-15 3 1 wi-ly Plug 120p 
20-24-30 1A 400p 31 way Socket 120p 

S-1 00 Busboa r lSOOp 

EDGEBOARD CONNECTORS 0.1S6" PITCH . 
2 x I Oway SSp 2 x 22 way ll5p 
2x IS' way lOOp 2x25way 160p-
2 x 18way 120p 

COUNTERS TTL& ECL 
74C925 SSOp MC4024 l25p 
74C928 600p MC4044 32&p . 
ICM7216B 2000p 10116 70p 
ICM7217A SSOp 10231 l50p 
ZN1040E 700p 

SPECIAL OFFERS * £2.25 7805/7812 £5/10 
£4.00 7905/7912 £6/10 
£3.25 

(Above prices for one value) 
£7.00 
£2.7!'t P&Pand'VATexlra 

. 74 180 
74181 
74182 
74184A 
74185 
74186 
74 188 
74190 
7419 1 
74192 
74 193 
74 194 
74195 
74196 
74197 
74198 
74199 
74221 
74251 
74259 
74278 
74279 
74283 
74284 
74285 

120p . 4000 15p 
lOOp 400 1 22p · 
100p 4002 20p 

75 182 2l0p _ DL 704 

;~~~~ ~~ I~O~L~70~7~R~ed~~~~~~~~--~~_l~~~~~--~=---l_~~~~~~~~~~~~~~~~----~---------~l 
75325 l7Sp BREADBOARDS 

320p 
UON6184 320p Programming service for 2716 available by appointment or by mail. Z8081 0-1 £24 

PROTOBOARD (R) SOLDERLESS 
120p 400S 95p 

9Sp 4007 20p 
9Sp 4008 SOp 
SOp 4009 40p 

150p 4010 50p 
1S0p 401 1 ""P 
160p 4012 2Sp 
140p 401 3 SOp 
250p 4014 84p 

75361 lOOp EXP350 3.6 x 2.1 
75363 400p (Up to 3 x 14 pin ICs) 
75365 200p EXP650 3.6 x 2.4 
75451 12 7Zp (Up to 1 x 40 pin IC) 
75491 '2 70p EXP300 6 x 2.1 
8T26 160p (Up to~ x 14 pin ICs) 
8T28 2S0p EXP600 6 X 2.4 
8T95 200p (Up to 1 x 40 pin OCs) 
8T97 160p 

16 KEY KEYPAD 4&0p· VEROBOARDS £l.15 BREADBOARDS 
0.1 

£l.60 
Socket Strips / Bus Strips/ Binding Posts mounted (Reed Switches) 

£l.75 lcopper clad I - Pkt of 1 00 pins sOp ; on sturdy base plate . UHF Modulator 6MHz 2 5X3.75" 65p , Spot face cutler 120p P86 6 X 14 OIL ICs £9.20 . UHF Modulator 8MHz 450p 
2.5x5" 75p Pin insertion tool - 11Sp £5.75 PB100 10 x 14 OIL ICs £11.80 LOGIC PROBE £18.00 3 75x3 75" 7Sp Vero Wiring Pen PB102 12 x ·14 OIL ICs £22.95 MICROTEST 80R £17.00 3.75x5" SOp + 2 wire spools £6.l0 . P8103 24x 14 OIL ICs £l4.45 . TMK500 £22.00 3.75X17" l40p +combs l70p PB104 32 x 14 OIL ICs £4S.9S Pocke1 multimeter £4.75 4.75X17 .9" 450p Combs 7p: 

290p 40 I 5 84p 
110p 4016 4Sp 
140p 4017 70p 
360p 4018 89p 
l60p 4019 . 4!!P 

81LS95 lZOp 
81LS96 140p 
81 LS97 lZOp 
81 LS98 140p 
9601 llOp 

IC TEST CLIPS 
14pin £2.60 
16 pin £2.7S 

24 pin 
40 pin 

'l:4.so 
£7.90 r 

We carry a large stock of 74an-d 74LS TTLs, CMOS , Linears, Memories. etc. and ·can normally offer 
ex-stock deliveries . We welcome inquiries tor volume quantities both from local and overseas 
buyers . 

VAT RATE; Please add VAT at 
, 1 5% on total order value 

A~cess and Barclaycard accepted 
Please send SAE for hst 

Please add 30p p&p & VAT 

Government , Col leges. etc Orders accepted 

Man Fro 9 3 0 o 30 
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SUPER BARGAIN· 
TUNER OFFER 

Brand new by famous manufacturer. MW I LW I FM Tuner and 
Stereo Decoder Board . 
Features include capacitor tuned mosfet front end, integrated 
circuit I.F . strip, and phase locked loop stereo decoder chip . 
Stabilised power supply and rectifier on board only requires 1 9V 
AC at 175MA to power . Size 12V2 x 3V2 x 1%. · ' 
Supplied complete with circuit diagram and ferrite rod aerial. FM 
section fully aligned and tested before despatch. Fantastic value at 
ONLY £9.99 plus VAT. P.P. £1 . 

SUPER BARGAIN OFFERS 
LENCO FFR CASSETTE DECK 

For those who missed our recent bargain 
CT4s we now are delighted to be able to 
offer Brand New Lenco FFR Decks com
plete with motor speed and auto-stop 
control board fitted and tested . These will 
operate with any supply between 9 and 
16 volts . This deck can be used for both 
record and playback applications and is 
f i tted with an erase head . A mono 
record I play head is fitted and we can 
supply an extra stereo head, if ordered 
wilh the deck at the very special price of 
£2 plus VAT . We also supply, with each 
deck and completely FREE , one of our 
specially moulded escutcheons. This deck 
would normally cos1 about £2 5 but we are 
able to offer them, while they last. a1 only 
£9.99 plus VAT. 

I 

SUPER BARGAIN OFFERS 
- f 

YF~ ~) 19 _ ) . 

~=;s~~e0Re~~~~~~l2fr~;', ~~~di~gV~~p~~~H~if~n~~cs\t~~s!d V~ Tour pew Lmsley-H ood 

We regret that due to the latest increase in postal· costs we must now charge -for 
carriage. Please add as follows: 

Order up to £10- 50p 
Orders£10to£49-£1 P&P 
Over £50- £1 .50 

Export Orders - Postage or shipping at cost plus 
£2 Documenta1ion and Handling 

Please send 9x4 SAE for lists giving fuller details and price breakdowns . 

and credit card number to us on 
Oswestry (0691 ~ 2894 

) 
Person.al callers are always welcome 

but please note we are closed all day Saturday 

Our new improved performance model of the Linsley Hood Cassette Recorder 
incorporates our VFL 91 0 vertical front mechanism and circuil modifications to increase 
dynamic range . Board layouts have been altered and improved but retain the 
outstandingly successful mother and daughter ar rangement used on our Linsley Hood 
Cassette Recorder 1. 

This latest version has the following extra features . Ultra low wow-and-flutter of .09%
easily meets DIN Hi-ti spec. Deck controls latch in rewind modes and do not have to be 
held. Full Auto stop on all modes. Tape counter with memory rewind . Oil damped cassette 
door. Latching record button for level setting. Dual concentric input level controls . Phone 
oulput. Microphone input facilily it required. Record inlerlock prevents re-recording on 
valued cassettes . Frequency generating feedback servo drive motor w i th buill-in speed 
control for thermal stability . All these desirable and useful features added to the excellent 
design of the Linsley-Hood circuits and the quality of the components used makes this 
new kit comparable with built-up units of much higher cost than the modest £94.90 + 
VAT we ask for the complete kit. 

LINSLEY-HOOD 30 WATT AMPLIFIER 

Th~ very latest amplifier design to be published and in our opinion the best yet. The 
concept was to produce an amplifier that sounded as good as the authors 7 5 watt d~sogn 
but which was cheaper and simple to build tor applications where the hog her power 1s no\ 
needed. This new liit is designed to match the Linsley-Hood Cassette Recorder 2 and a 
tuner will be available later 10 make a complete stackable system . A very advanced 
assembly system has been devised by us to make construction ultra simple and anyone 
who can solder components in a printed circuit board will find it great fun . Conventional 
wiring is at an irreducible minimum, only being needed_lo connect the mains transformer 
and pilot light. For an amphfoer of thos quahty thos kot represents oncredoble value for 
money. 

All parts can be bought separately at a tolal cost of £79 . 1 2 but complete kits are available 
at a special introductory ?iscount price of only £78 +VAT. 

STUART TAPE CIRCUITS 
(For reel-to-reel decks) . · · 

These circuits are just the thing tor converting that old valve tape deck into a useful 
transistorised recorder. Total system is a full three head recorder w1th separate record and 
replay sections for simullaneous off tape monitoring. We also stock the heads. Thos k1t 1s 
well engineered but does not have the detaoled onstruct1ons that we g1ve w1th our more 
recent designs. We would not therefore recommend 1t to begmners . Repronts of lhe 
original three articles ~5p. Post free . No VAT. 

CASSETTE HEADS 
HS 15 SEN DUST ALLOY SUPER HEAD. Stereo RIP. Longer life than Permalloy. Higher 

output than Ferrite . Fan1astic frequency response . Complete wilh data . . 7.60 
HC20 Stereo Permalloy RIP head for replacement uses in car players, etc . . 4.25 
HM90 Stereo RIP head for METAL tape . Complete with da1a 7.20 
H561 Special Erase Head for METAL tape .... 4.90 
H524 Standard Ferrita Erase Head 1.50 
4-Track RIP Head . Standard Mounting 7.40 
R484 2/2 (Double Mono) RIP Head . Std. Mtg . . . 4.90 
ME151 2/2 Ferrite Erase. Large Mtg. . ... .. 4.25 
CCE/ BM 2/2 Erase. Sld. Mtg. 7.90 

All prices plus VAT 
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Tentelometer 
Tape Tension Meters for all audio and 
video tape recorders and players 

Stocked and distributed for 
Europe by 

The Experts 

~ . 

WIRELESS WORLD NOVEMBER 1980 

h , 
.... Read all about home entertainment ideas for the 

nineteen-e1ght1es 1n the new HI F1 Yearbook and 
Home Entertainment. Still the leading ref~rence book on 

Hi Fi it's now biggor and better than ever. w1th over 550 
pages and new sections covering other ~pes of home 

entertainment eQuipment: radios, electronic organs, colour 
TVs. video recorders and electronic T\1 games. !here are 

specifications, prices and illustrations for the equ1pm~nt covered, as 
well as informative articles written by experts .... Plus d1rectones of 

manufacturers, suppliers and dealers. 
Hi Fi Year Book and Home Entertainment 1980 available at l~ding 
newsagents and bookshops from November 1st. Price £3~75. 
If in difficulty order direct from the 
publishers@ fA .25 inclusive. 

,.----------------~ 1 To: General Sales Manager. Room CP34, ORDER FORM I 

I 
IPC Business Press Ltd., Dorset House. 1 
Stamford Street. London SE1 9LU 
Please send me ... . .... copy/copies of Hi Fi Year Book and Home I 
Entertainment 1980@ fA .25 a copy inclusive. remittance enclosed. 
Cheque/p.o. should .be made payable to IPC Business Press Ltd. f 
Name .. .. . 
(please print) 
Address. 

I· 
I 

.. .. I 
Registered in England No. 677128 . WW I , I Registered Office: Dorset House. Stamford Street. London SE1 9LU ..,j L..l!lllll!l .-------------- . 

RADIQ SHACK LJD fori<® lt];M31 

Ham Bands with 1.5-30-·MHz receive with built-in 150 MHz 
frequency counter plus option of 0-1.5 MHz rece1ve and I or any 
transceiving application 1.8-30 MHz. 

RADIO SHACK LTD 
For Comm~nications equipment including Trio products and 
Trio testgear. 

We are situated just around the corner from West Hampstead unge~g~~un~ ~~~:~~ (Bakerloo line). A few minutes' walk away 1s West Hampstea 1 an B stat ion and West End Lane on the B.road Street Lme. We are_ on the followi_ng us route~: 28, 59, 159. H··ours of open1ng are 9-5 M~nday to Fnday . Closed for Lunch 
1-2 . ·saturday we are open 9-1 2. 30 only. World w1de exports 

DRAKE *.SALES* SERVICE· 

.RADIO SHACK LTD 
188 BROADHURST GARDENS, LONDON NW& JAY 

Giro Account No. 588 7151. Telephone: 01~6241'f74 CROW OF READING LIMITED 
PO Box 36, Reading, RG I 2NB.Telephone: (0734) 595025 

W W - 055 FOR FURTHER DETAILS 

Cables: Radio Shack. London, NWG. Telex: 23718 

WW- 048 FOR FURTHER DETAILS 
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S-2020TA STEREO 
TUNER/AMPLIFIER 
KIT 
I . NEW HIGH PERFORMA~CE TUNER 
A high-quality push-button 
FM Varicap Stereo Tuner with pilot 
cancel decoder combined 
with a 24Wr.m.s. per channel Stereo 
Amplifier, using Bifet op. amps. 
Brief Spec. Amplifier Low field Toroidal transformer,_ Mag. input . Tape In /Out facility (for noise reduction unit, etc.) T.HD less than 0-1% at 20W into 8 ohms . High Slew Rate. Low noise op. amps used throughout . Power on/off FET trans1et1t protectiOn. All sockets , fuses. etc .. are PC mounted for ease of assembly. Tuner sectiOn uses UM 1181 FET module requiring no RF alignment. ceramic IF. INTERSTATION MUTE. and phase-locked IC pilot cancel, stereo decoder, LED tuning and stereo mdicators. Tuning range 88-1 08MHz 30dB mono S /N@ 0 . 7 ~V. THO 0 .3% 

NELSON-JONES 
Mk. 2 STEREO FM 
TUN·ER KIT 

A very high performance tuner with dual 
gate MOSFET RF and Mixer ready built 
front end, triple gang varicap tuning, 
linear phase I.F. and 3 state MPX de
coder. 

PRICE: £74.95 +VAT 

NRDC-AMBISONIC 
UHJ 

SURROUND SOUND 
DECODER 

The first ever kit specially produced by Integ rex fo~ this British NRDC backed surround sound system which is the result of 7 years' research by the Ambisonic team . W . W . July. Aug .. · 7 7 The unit is designed to decode not only U HJ but virtually all other 'quadraphonic' systems (Not CD4), incluqing the new BBC HJ. 10 input selections. The decoder is linear throughout and does not rely on listener fatiguing logic enhancement techniques. Both 2 or 2 mput signals and 4 or 6 output SI<Jnals are provided in this most versatile unit Complete with mains power supply, wooden cabinet. panel, knobs. etc. 
Complete kit . including licence fee £5?.70 +VAT or ready built and tested £76.95 +VAT 

S.5050A STEREO AMP Very high 
performance kit 

"'"'""'~ ~v ' .-.,.,,_ Y vw 

50 watts rms-channel . 0.015% THO. SIN 90 dB, Mags/n 80 dB . Output device rating 360w per channel. 
Tone cancel switch. 2 tape monitor switches. Metal case - comprehensive 
heatsinks . ~ • w ~~ 'f ~'··-······ ·· ~ '<"""'I' ¥ > >'<M' H "'"' < ,.. ~ '> 
Completekitonly £69.95 +VAT 

so available our 20w I ch BIFET 52020 Amp) 

INTRUDER 1 Mk. 2 RADAR ALARM 
With Home Office Type approval 

107 

·The original "Wireless World" published Intruder 1 has been re-desig.ned by lntegrex to incorporate several new features , along with improved performance. The kit is even easier to build. The internal audible alarm turns off after approximately 40 seconds and the unit re-arms . 240V ac mains or 12V battery operated. Disguised as a hard-backed book. Detection ran1=1e up to 45 feet . ln1ernal mains rated voltage free contacts for external bells Me. . 
Complete kit £52.50 plus VAT, or ready built and tested· £68.50 plus VAT . 

·wireless World Dolby noise reducer 
Trademark of DoTby Laboratories Inc~ 

~X.t-ord t;:'bW::::tt:P" 
G.t.t'\~111< t..~"-1:¥~ 

Typical perfonnanca 
Noise reduction better than 9dB weighted 
Clipping level 1 6 . 5dB above Dolby level (measured at 1% thi rd 
harmonic content) 

Harmonic d istortion 0 .1% at Dolby level typically 0.05% over 
most of band, rising to a maximum of 0 .1 2% 
Signal-to-noise ratio: 75dB (20Hz to 20kHz, signal at .Dolby level) · (tj at Monitor output 

Complete Kit PRICE: £49.95 ; V~~-~d model available) 
Also available ready built and tested -. . 
Calibration tapes are available for open-reel use and for cas~te (specify which) 
Single channe l plug-in Dolby e PROCESSOR BOARDS (92 x Simm) with gold plated contacts and all components 

Dynamic range > 90dB 

30mV sensitivity 

1 Price £67.60 + VAT 

Price £2 .75 +VAT 

Price £10.50 +VAT 
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Alphanumeric Membrane KEVBDAR~ 
FEATURES 
~Guaranteed 107 Operations Touch or Tadile feel action 
~Sealed Wipe Clean Matt Polyester Surface L. Colour 
~Fully Encoded ASCII 8 bit; Parity Externally Selectable 
*Two Key Rollover, N Key Lockout , Shift Lock Indicator 
*Sleeper Option. Integral Power supply (Needs 2L.Vct AC) 
*Miniature 175 x 100mm; Full Size 280 x 1L.Omm; L.mm Thick 
~ IDC Output R1bbon Cable Supplied 

*Full Data Supplied 
PRICES ( cwo please) Phone for quantity prices 
K8090 M1ni £29.50 excl VAT 
K8190 Full Size £39.50 excl VAT 

Other Standard Products: L.xL. (hexadecimal), L.x3 (0-9,Cir *)Touch sens1tive & VANDAL PROOF matnxor common arrays 

We Specialise tfl Custom Keyboord Design and Manufacture on 6-8 week . normal Service 10 day priority 
i 

Manufactured in the UK by 

LAMINA KEYBOARDS LTD 
EC2M~O.V 42-45 New Broad Street LONDON 

Keyboard Components· 

'Phone 0~ 628 OBBB 

2376 Encoder 
L. x L. Encoder 
Prec1sion GOLD Skts 

£6.UO 
£3.00 
3pfpin 

WW- 090 FOR FURTHER DETAILS 

MEMORIES 

2114-300ns 
4116-200ns 
2708-450ns 
2516 + 5v 
2716 + 5v 
2532- 450ns· 

1 k X 4 SRAM 
16k X 1 DRAM 
1kx8EPROM 
2k x 8 EPROM 
2k x 8 EPROM 
4k x 8 EPROM 

£2.25 
£2.61 
£4.39 
£9.00 
£9.00 

£23.40 

S-100 CPU Board, with disk controller, 
Z-80 CPU. CTC, 510 and P10 all on 
board. Disk controller will take up to 4 x 
8 11 disk drives, Single or Double Density. 
Also has an EPROM PROGRAMMER on 
board. All this for only £495.50+VAT. 

STRUTT LTD. 
3c Barley Market Street 

Tavistock, Devon, PL 19 OJF 
Tel.: 0822 5439/5548. Telex: 45263 WW- 010 FOR FURTHER DETAILS 
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i' ·Details on receipt of foolscap s.a.e. * i' Latest type Xenon wh1te l1ght tube. Solid state timing ..._ 
and triggering circuit 230/240V AC operation . Speed .,

i' adjustable 1.20 f.p.s. Designed for large rooms, halls * 
i' etc. Light output greater than many (so called 4 Joule) * 
i' strobes. Pnce: £22.00 post £1.50 (£27.03 inc . VAT & ' * 
• P). Spec1ally des1gned case and reflector for Hy-Light ..._ 
~ £9.00 Post £1 .00.(£12.08 inc. VAT & P) . .,.-

?********************* i' ULTRA VIOLET BLACK LIGHT . lt 
i' FLUORESCENT TUBES lt 
i' 4h 40 wlltt £8.70 (callers only £10.00 inc. VAT) 2ft lt 
i' 20watm £6.20. Post 75p (£7.99 inc VAT & P). (For use lt 
oft 1n stand~rd bi-pin fittings.) * oft ~101 12m 8 watt £2.80. Post 35p (£3.62 inc VAT & P). ..._ 

9m 6 watt £2.2_5 Post 35p (£2.99 inc VAT & P). .,-i' &in 4 watt £2.25 Post 35p (£2.99 inc VAT & P) . * iC Complete ballast unit for either 6" , 9 '' or 12" tube * iC · 230VAC op £4.50 plus P&P 75p (£5.69 inc . VAT & P) . * 
~ Also available for 12V DC op £4.50 plus P&P 35p t ..._ 
'?" (£5.58 inc VAT & P). .,ie 400W UV lamp and ballast complete £38.00 Post £3 lt 
~ (£47.73 inc VAT & P) . 400 watt UV lamp only £14.00. * 
~ Post£1 .50(£17.83inc . VAT&P) . * 
**~***************** WIDE RANGE OF DISCO LIGHTING EQUIPMENT 

S.A.E. (Foolscap) for details . .r=--··:__ ~'~.~ ...... . 
XENON FLASH GUN TUBES ~~--- -~-...t:J 
~~~g=t~!:.~~n~~f~~~~~~d~~~i\: . '-- _ · ;_~~ 
REED SWITCHES 
Size 28mmX4mm dia. Price: 10 for £1.00 + P&P 20p 
(total incl. VAT £1.38). 100 for £8.00 + P&P 30p (total inc 
VAT £9.55). . 

R E LAYS W ide range of AC and DC relays 
· ava ilable from stock. Phone or ______ ,.,.....,;;;. wnte 10 your enqu1nes 

230/240V AC Relays: 
Arrow 2 c/o 15 amp £1.50 (£1.96 inc . VAT & P) . T .E.C 
open type 3c/o 10amp £1.10(£1.50 inc. VAT & P) 
3 c/o sealed 11 pin base £1.25 P & P 25p (£1 . 73 inci. VAT) 
KMK1 Relay. 230V A C. 1 c I o. Open type 1 0 amp contact 
mf. by "Keyswitch" SOp+ 20p P & P (£1 .1 5 inc . VAT) . 5 
for £3.75 post paid (£4.32 1nc. VAT). 
DC Relays: Open type 9 / 12V 3 c/ o 7 amp £1.00 (£1.38 
mcVAT & P) . 11 -pin £1.35 (£1.781nc. VAT & P) 24V Sealed 
3 c/o 7 amp 11 pin £1 .38 (£1.78 inc. VAT & P) 
(amps= contact raung) P&P on any relay 20p . 
Very special offer. 0-1 2V DC. 2 make contacts , new TT3 
for £1.75 plus 25p P&P (inc VAT £2.30). 
Diam<ind H heavy duty AC relay 230/240V AC, two .c/o 
contacts 25 amps res at 250V AC £2.50 P&P 50p (£3.45 
mc. VAT+ P&P) Special base SOp. 
HELLERMAN DEUTSCH. Hermetically sealed sub.-min . 
Relay .. 12·24V. D.C. 2 c/o 850 ohm coil. 0 .2 pitch. P.C . 
mount.'ng ._ L. ~Omm . W . 1 Omm . H. 12mm . Fraction of 
makers pnce: £2.50 post paid (£2.88 incl. VAT). N .M .S. 

24V DC GEARED MOTOR 
24V DC 200 rpm 10 lbs /ins continuously rated geared 
Motor mfg by e1ther Parvalux or Carter. Easily removab le 
t:om he~vy ali chassis containing 9 X 24V DC Solenoids, 
m1crosw1tches, friction clutch. precision gearing , etc, etc. 
Ex-equipment London Transport Ticket Pri nter . Price: 

• £11.00 + £2.00 p. & p . (total incl . VAT £14.95). 

ROTARY CARBON VANE VACUUM 8t 
COMPRESSOR 
Direct coupled to 1 / 3 h.p. 110/ 115VA.C. Motor 4.2 amp . 1380 rpm 
Motor manuf . by A.E.L _Pump by Wolloams. Max . Vac . 25" H.G. Max: 
pr?ssure cont. 10 p.s .• . .nt . 15 p.s .1. Max. airflow 3 c.f.m . at 11 0" H .G 
Pnce£30.00 + P &P£3.00(£37.95inc. VAT) . N.M.S 
e~~~b~- ~a~sto;mer for 240V op. £10.00 P. & P. £2 .00 (£1 3.80 incl. 

REDUCTION DRIVE GEARBOX 
. Ratio 7 2. 1 input spindle '!.X y, in. Output spindle % x 3in 

long. Overall s1ze approx 1 20 X 98 X 68mm. A l l me tal 
construction Ex-equip tested . Price £2.00 + 50p P&P 
(£2.88 inc VAT & P) . 

AC Wkg TUBULAR CAPACITORS 
Fraction of maker's price. Motor start, etc. 

1.5 mfd. 440V AC &Op 14 mfd . 400V AC £3.00 
2 mfd 250V AC 60p 15 mfd . 250V AC £1.50 
2 mfd 450V AC 75p (block) 
2.2 mfd 440V AC 75p 19 mfd 2BOV AC £2.00 
3 mfd 440V AC £1.00 20 mfd 250V AC £2.25 
4.1 mfd 440V AC £1 .00 50 mfd 370V £5.00 
5 mfd 400V AC £1 .Z5 (block) 
5.3 mfd 160V AC 60p 
5.4mtd 2BOV AC 75p P&P up to 2.5 mfd. 25p . 3 

50 6.5mfd. 280V AC £1 .00 mfd to 20 mfd . 50p . 
7.5 mfd 200V AC £1.00 rnfd. £1.50. All plus VAT . 

10 mfd 250V AC £1 .00 N.M .S. 
SPECIAL DISCOUNT FOR BULK ORDERS 

'VENNER TYPE' ERD TIME 
SWITCH 
200 I 250V AC 30amp 2 on I 2 off every 24 h rs at 
any manually pre:set time . 36 -hour spring 
reserve and day om1tting device . Built to highest 
Electnc1ty Board Specification . Price £9.00. P&P 
75p (£1 1.21 inc. VAT) . R&T . 
SANGAMO WESTON TIME SWITCH 
Type S251_ 200/250 AC2 on 2 off every 24 hours. 20 amps 
contacts w1th overnde sw1tch. Diameter 4" x 3" price £8.50 
P&P 50p (£10.35 1nc. VAT & P) . Also available with solar 
dia . R&T 

PROGRAMME TIMERS 
12 Cam Programmer Timers. 240v . A .C. op . Each 
Cam md1v1dually adjustable. Price £7.50 plus 75p 
p&p. (£9.49 inc . VAT.). R&T . 
Ditto, 6 adjustable 6 f ixed cams. Price £6.00 plus 
75p p&p (£7.7-6 inc. VAT .) R&T . 
MINIATURE PROGRAMMER 
Crouzet 1 rpm 11 5V AC Motor operating 2 roller mic ro
switches (4 amp). Can be used on 240V AC with either 0 2 5 
mfd 250V Condenser or 5.6K wirewound resistor 7 watts 
(supplied) . Price £2.50+50p P&P {£3.45 inc VAT & P) . 
N.M.S. 

800 WATT DIMMER SWITCH 

I 
Easilyfitt.ed . Will control up to 800W. o.f allli9hts 
except fluorescent at ma 1ns voltage . Proce: 
£3.90 + 5Qp P & P (£5.06 incl VAT) 

C
~

0
. N.M.S.- New Manufacturers' surplus 

R.&T.- Reconditioned and Tested 

Personal callers only · 

57 BRIDGMAN ROAD CHISWICK LONDON W4 588 01 -9951560 
9 _Little Newport Street 
London WC2H 7JJ 
Tel: 01-437 0576 ACCOUNT CUSTOMERS MIN. ORDER £10 
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fi~IP~B&IIUIPate•••• (li\fiiPe•J Registered in England 1179820 

9.30 a.m.-6 p.m. 
MON.-SAT. 
CONTINUOUS 

D IPJrD . 01-747 1555 ti~fDdaf[' .J.BlA ~ 267 & 270 ACTON LANE, LONDON W4 5DG. Telephone: 01 _994 6275 

Please add 15% VAT to all prices. Minimum Mail Order £5 . + postage +VAT. Phone or write for postage rates. 
Retail price list 20p or free w1th £5 worth of goods. 

DISC CERAMICS 
Over 2 million now in stock, mostly ITT type. 
Large quantity of high voltage discs, e.g. 
210p8kv, 220p 1kv, 1n 1kv, 1n5 3kv, 2n2 
2kv, 4n7 1.5kv, 10n 2kv. 
Please send for our Disc Ceramic Stock List 

CINCH BARRIER STRIP 
6w, 8w, 9w, 1 Ow, 12w. 18w in quantity. 

SCOOP PURCHASE OF 
PET 100 SERIES CONNECTORS 
Straight plug, rightangled plug, chassis 
socket. Enables us to offer these 1tems m 
quantity at a fraction of manufacturer's price. 

KEYSWITCHES (HEAVY DUTY) 
2p 12A 600v AC 
Sp 1 OA 380v AC 
1 Op 1 2A 600v AC 

ELECTROL YTICS: 

£1.50 
£3.00 
£3.00 

ELECTROL YTICS 
Very large quantity of ITT EN 1 212 and 
EN 1235 series now in stock. Please send for 
our Electrolytic List. 

ROTARY POTS by Egen 
Large quantities of the foUowing values : 2k2 
lin, 22k IO!=J + sw, 1 OOk lm + push sw. 

Full range also held TEXAS 4030 JLD 
Ram. Ex-New Equipment . . . . 30p ea 
12v 130mA Transformer · 65p ea 

LICON SWITCHES 
(Uiuminated) 

01-800 Series, Rectangular snap in. 
2PCO latching 
2PCO Momentary 
5PCO Momentary 
Indicator only 
Lenses available in white and red. 

£1.50 
£1.50 
£1.00 

SOp 

Bulbs to suit 6v, 12v, 28v, 48v 22p ea 
BWC Plugs (by Suhner) 7 5R Large quantity 

available 

20mf 400v . . . . . . . . . . 25p 
47mf 500v . . . . . . . . . . 40p 
32 + 321 450v 45p 

200mf 400v . . . . . . . . . . BOp 
400mf 350v .. .. . .. .. . GOp 
500 + 150-lOOv 40p 

600mf 300v . . . . . . . . . . &Op 
20.000mf 45v 40p 

RESISTORS 
Over 2 million metal oxides in stock, 114, V2, 1 
and 2w. 
Full range of Carbon 1;4 I V1w held . 
Good selection of wire wounds 2-200w. 
Please phone with your requirements. 

PRESETS 
Full range of PT10, PT15 held. Particularly 
large quanitities of the following (Piher) 
22k(V), 47k(V), 1 OOA(H), All PTis. 

CONVERGENCE POTS 
Most popular TV values stocked in depth. 

SLIDER POTS by Egen 
220k A. Log. D.G. 
4 70k Lin 
1M Lin 
2M2 R. Log. 

Above values only 

6', 19", 1 MFOFF Racks £30 ea. Hence only 
a few left. 

LARGE PANEL METERS 
140-0-140mA (1 07x 145mm) £5.00 
1 mA (115x 195mm) £5.00 

We have good stocks of computer grade Electrolytics, too many 
values to mention here. Please phone for details. 

The above is a fraction of our stock holding. We also stoc~ a full range of semiconductors, ~on~ectors, aluminium boxes, wire and cables, switches, Vero products, etc. For further details phone, send for our reta1l pnce list, or v1s1t our shop. 
~~~~~ 

~a 9~deat ~UUH . 

Marshall's 
The new Marshall's 80/81 catalogue is now 
available. A veritable treasure house of 
components, test gear, tools, etc. 

Lots of old friends, but also many new 
products including Leader test gear, Crimso_n 
Hi F i Modules, Rechargeable N I Cad battenes 
and chargers (very competitive). More 
components including SN74ALS series, new 
tools etc. 
We are franchised distributors 
for Arrow Hart switches; 
Mullard; National; Siemens; 
Sinclair (Thandor); Texas; 
Thomson; CSF etc. 
Send for our latest catalogue. 
Free to industrial customers: 
75p post paid to private 
individuals. 

A. Marshall (London} Ltd., 
Kingsgate House, 

FREQUENCY COUNTERS-OFF I AIR 
RECEIVERS 

250M Hz 
801 B 
£250 

Crystal 
oven 

3 parts 10" 

401A 
8018/M 
901M 
1001M 

50MHz 6 Digit £130 
250MHz 8 Digit £250 
520MHz 8 Digit £325 

1-2GHz 8 Digit £550 

OFF/AIR 
RECEIVER 
TYPE 103 

PRICE £135 

Kingsgate Place, 20 models available including LED versions 
London NW6. 4 T A. 
Industrial Sales: 01-328 1009 
Mail Order: 01-624 8582 24 hr service 
Retail branches: London: Glasgow: Bristol 

RCS ELECTRONICS 
WOLSEY ROAD 

ASHFORD, MIDDX. 
Phone 53661 

WIRELESS WORLD NOVEMBER 1980 

AA119 
AAY30 
AAY32 
AAZ13 
AAZI5 
AAZI7 
AC107 
ACI25 
ACI26 
ACI27 
AC128 
AC141 
AC141K 
ACI42 
AC142K 
ACI76 
AC187 
AC188 
ACY17 
ACYI8 
ACY19 
ACY20 
ACY21 
ACY39 
AD149 
AD161 
ADI62 
AF106 
AF114 
AF115 
AF116 
AFI17 
AFI39 
AFI86 
AF239 
AFZll 
AFZI2 

'ASY26 

A.T834 
A2087 
A2134 
A2293 
A2426 
A2521 
A2900 
A3343 
AZ31 
AZ41 
BK448 
BK484 
BS90 
BSBIO 
BT5 
BT17 
BT19 
BT29 
BT69 
BT75 
BT95 
CBL31 
CL33 
CY31 
CIK 
C3A 
CJJA 
DA41 
DA42 
DAIOO 
DAF91 
D'A¥96 
DET22 
DET24 
DF91 
DF96 
DK91 
DK92 
DK96 
DL92 
DL94 
DL96 
DLSIO 
DLSI5 

·oLS16 
DLS19 
DM70 
DM71 
DMI60 
DY8617 
Dy802 
E55L 
E80CC 
EBOCF 
EBOF 
EBOL 
E81CC 
EBIL 
J':82CC 
E83CC 
E86C 
ESBC 
E88CC 
E90CC 
E90F 
E91H 
E92CC 
E99F 

0.12' 
0.31 
0.48 
0.21 
0.38 
0.31 
0.69 · 
0.25 
0.23 
0.25 
0.23 
0.29 
0.40 
0.25 
0.35 
0.23 
0.25 
0.23 
0.98 
0.92 
0.86 
0.80 
0.86 
1.72 
0.80 
0.52 
0.52 
0.52 
0.86 
0.86 . 
0.86 
0.86 
0.-IG 
1.38 
0.52 
3.16 
3.16 
1.38 
1.03 

16.35 
13.58 
10.06 
8.62 

17.63 
24.38 
14.43 
25.58 

1.26 
1.32 

106.03 
143.35 

5%.%7 
35.24 
52.61 
96.83 
3Z.78 

296.70 
301.99 
10%.46 
100.15. 

2.30 
2.30 
1.15 

21.30 
11.50 
23.%3 
21.50 
1%.30 
52.00 

0.-IG . 
1.15 

3U8 
52.00 

0.-IG 
1.15 
1.21 
I. oM 
1.26 
1.26 
1.38 
1.26 
9.48 

12.37 
12.37 
12.37 

1.44 
1.44 
3.96 
0.73 
0.96 

25.17 
10.13 
12.96 
14.19 
13.98 
6.62 

14.06 
7.03 
7.16 

12.48 
7.12 
3.811 
9.90; 

10.38 
5.34 
9.40 

10.16 

BASES 
B7G unskirted 0.17 
B7G skirted 0.35 
B9A unskirted 0.17 
B9A skirted 0.35 
lnt Octal 0.40 
Loctal 0.63 
Nuvistor base 0.86 
8 pin DIL 0.17 
14 pin DIL 0.17 
16 pin DIL 0.20 
Valve screening 
cans all sizes 0.35 

RS 
ASZI5 
ASZ16 
ASZI7 
ASZ20 
ASZ21 
AU113 
AUY!O 
AUllO 
BA145 
BAI48 
BAI54 
BAI55 
BAI56 
BAW82 
BAXI3 
BAXI6 
BC107 
BCI08 
BCI09 
BC113 
BC114 
BCI15 
BC116 
BC117 
BCllS 
BCI25 
BCI26 
BCI35 
BC136 
BCI37 
BCI47 
BCI48 
BCI49 
BCI57 
BCI58 
BCI59 
BCI67 
BCI70 
BC171 

EBOL 
E!RIICC 
EIROF 
FIR2CC 
E186F 
EI88CC 
E280F 
E283CC 
E288CC 
,EA52 
EA76 
EABCBO 
EAC91 
EAF42 
EAFBOI 
EB41 
EB91 
EBC33 
EBC41 
EBCBI 
EBC90 
EBFBO 
EBF83 
EBF89 
EBLJI 
EC90 
EC91 
EC92 
ECI57 
ECC33. 
ECC35 
ECC40 
ECCB! 
ECC82 
ECC83 
ECC84 
ECC85 
.ECC86 
ECC88 
ECC89 
ECC91 
ECCI89 
ECC807 
ECC808· 
ECFBO 
ECF82 
ECF86 
ECH35 
ECH42 
E!=H81 
ECH83 
ECH84 
ECLBO 
ECL81 
ECL82 
ECL83 
ECL84 
ECL85 
ECL86 
EF37A 
EF39 
Ef40 
Ef41 
EF42 
Ef50 
EF54 
EF55 
EFBO 
EF83 
Ef85 

1.44 
1.44 
1M 
1.72 
2.30 
l.fM! 
2.30 
1.96 
0.15 
0.15 
0.10 
0.12 
0.10. 
0.06 
0.07 
0.10 
0.14 
0.14 
0.15 
0.14 
0.15 
0.16 
0.17 
0.20 
0.12 , 
0.18 
0.25 
0.16 
0.17 
0.17 
0.10 
0.09 
0.10 
0.10 
0.09 
0.12 
0.14 
0.13 
0.12 

19.39 
6.86 
9.66 
9.90 

12.58 
9.40 

25.88 
9.02 

18.54 
25.69 
2.30 
1.38 
0.92 
1.44 
2.02 
2.30 
1.01 
2.02 
1.44 
1.26 
0.97 
0.58 
1.44 
0.97 
2.88 
1.28 
8.69 
1.44 

310.50 
4.02 
4.02 
2.30 
1.01 
0.82 
1.01 
l.36 
1.38 
2.30 
2.07 
1.88 

10.27 
1.90 
2.02 
2.59. 
1.24 
1.38 
1.73 
2.30 . 

' 1.32 
1.38 
1.44 
1.47 
1.15 
1.73 
1.15 
1.73 
1.61 
1.28 
1.38 
4.02 
3.16 
3.45 
2.30 
2.30 
1.73 
5.75 
2.88 
0.92 
2.02 
0.92 

CRTs 
2API 9.78 
2BP1 10.35 
3BPI 11.50 
3DPI 5.75 
3EGI 8.05 
3FP7 6.00 
3GPI 6.90 
JJPI 9.20 
3JP2 9.20 
3JP7 II.SO 
Jt-;PJ 17.2.'i 
3RPI 40.25 
3WPI 23.00 

iiffi2 0.12 
BCI73 0.14 
BCI77 0.17 
BCI78 0.18 
BC179 0.18 
BC182 0.13 
BCI83 0.12 
BCI84 0.13 
BC212 0.15 
BC213 0.14 
BC214 0.17 
BC237 0.10 
BC238 0.14, 
BC301 0.38 
BC303 0.38 
BC307 O.IZ 
BC308 0.12 

. BC327 0.25 
BC328 0.21 
BC337 0.21 
BC336 0.20 

"BCY30 1.15 
BCY31 l.IS 
BCY32 1.15 
BCY33 1.04 
BCY34 1.04 
BCY39 3.45 
BCY40 1.15 
BCY42 0.29 
BCY43 0.29 
BCY58 0.18 
BCY70 0.17 

·BCY71 0.20 
BCY72 0.15 
BCZII 1.72 
BD115 0.52 
BDI21 1.50 
BD123 1.50 

·, sm 1.50 

EF89 1.84 
Ef91 2.07 
EF92 6.68 
EF93 1.15 · 
EF94 1.24 
EF95 6.27 
EF98 1.44 
EFI83 0.92 

i~~5 1;:= 
Ef8055 12.65 
EH90 1.61 
EK90 1.24 
EL32 1.73 
EL33 4.02 
EL34TH 2.53 
EL34MUI 3.16 
EL36 1.84 
EIAI 1.44 
EL42 2.02 
EL81 2.88 
EL83 4.03 
EL84 1.15 
EL86 2.88 
EL90 1.10 
EL91 8.21 
EL95 ' 1.51 
EL156 27.60 
EL360 9.77 
ELS00/504 2.18 
EL509 · 3.&1 
EL821 11.-IG 
EL822 12.55 
EM34 5.75 
EM80 1.26 
EM81 . 1.15 
EM84 1.15 
EM85 1.44 
EM87 1.73 
EN32 16.28 
EN91 2.94 
EN92 6.18 
EY51 2.02 
EY81 1.89 
EY83 . 2.02 
EY84 10.57 
EY86 0.96 

· EY88 2.02 
EYSOOA 2.23 
EY802 94 
EZ35 97 
EZ40 1.44 

· EZ41 1.44 
EZBO 0.96 
EZB! 0.96 
EZ90 1.38 
FW4-500 2.88 
FW4-800 2.88 
G L371K 41.40 

. G551K 12.65 
G IS0. 2M 18.42 
G240.2D 12.85 
G400.1K 19.28 
GN4 8.62 
GN4A 8.62 
G516 10.35 
GTIC 14.38 
GUSO 14.31 
GU51 13.62 

5ADPl 40.25 
5BP1 11.50 
5CP1 11.50 
5CPIA 4G.OO 
5FP15A 17.25 
5UP7 16.10 
DG7-5 28.75 
DG7-32 41.40 
DH3·91 35.65 
DH7-II 78.20 
VCR97 13.80 
VCRI38 li.SG 

IBD132 
BD135 
BDI36 
BD137 
BDI38 
BD139 
BD140 
BD144 
BDIBI 
BD182 

· BD237 
BD238 
BDXlO 
BDX32 
BDY20 

. BDY60 
BF115 
BFI52 

. BF153 
Bfl54 
BF159 
BF160 
BFI67 
BF173 
Bfl77 
BF178 
BF179 
BFI80 
BFIBI 
BFI82 
BFI83 
Bfl84 
BFI85 
BFI94 
BFI95 

'BFI96 
BFI97 
BF200 
BF224 

GXUI 
GXU2 
GXU3 
GXU4 
GXU50 
GY501 
GZ32 
GZ33 
GZ34 
GZ37 
KT61 
KT66 
KT88 
K1W61 
K1W62 
K1W63 
M8079 
M8080 
M8081 
M8082' 
M8083 
M8091 
M8096 
M8097 
M8098 . 
M8099 
MSIOO 
M8136 
M8137 

. M8140 
M8141 
M8142 
M8144 
M8149 
M8161 
M8162 
M8)63 
M8190 
M8195 
M8196 
M8204 . 
M8212 
M8223 

. M8224 
M8225 
M8248 
MU!4 
MX119 
MX123 
MXI45 
VXI51 
MX152 
MXI61 
MXI63 
MXI64 
MXI66 
MXl68 
N78 
OA2 
OA3 
OA4 
OB2 
OB3 
OC2 
OC3 
OD3 
OZ4 
PC86 
PC88 
PC95 

0.44 . 
0.39 
0.39 
0.40 
0.-IG 
11.49 
0.51 
2.30 
1.26, 
1.36 
0.-IG 
0.&1 
1.05 
2.30 
1.44 
1.72 
0.29· 
0.21 
0.25 
0.20 
0.26 
0.18 
0.23 
0.23 
0.28 
0.28 
0.29 
0.35 
0.35 
0.35 
0.2 

0.29. 
0,29 
0.10 
0.10 
0.12 
0.14 
0.31 
0.23 

16.10 
28.43 
30.49 
32.77 
17.25 
3.16 
1.44 
4.60 
2.88 
4.60 
4.02 

11.50 
13.841 
2.02 
2.02 
2.02 . 

12.29 
9.49 

11.30 
9.87 . 
8.54 

11.99 
4.31 
4.09 
5.29 

_.5.911 
9.49 
9.75 
9.73 
5.17 
5.52 
7.48 
4.31 
5.86 
9.11 . 

10.36 
5.17 
5.29 
4.25 
7.47 
6.57 

12.47 
3.80 
4.66 
2.99 

13.32 
1.73 

58.6j) 
67.85 
58.65 
17.25 

135.70 
166.75 
25.11 
25.88 

142.60 
48.30 
10.35 
2.13 
5.69 
4.02 
1.44 
2.20 
3.04 
2.20 
2.20 
1.84 
1.61 
1.61 

VCRI38A 14.38 
VCR139A 9.20 
VCR517A 11.50 
VCR517B 11.50 

·vcR517C 11.50 
Tube Bases 
Prices on 
application 

BF258 0.30 
BF259 0.37 
BF336 0.35 
BF337 0.35 
BF338 0.36 
BFS21 4.55 

'BFS28 2.56 
BFS61 0.23 
BFS98 0.23 
BFWIO 0.74 
BFWll 0.74 
BFX84 ·o.25 
BFX85 0.28 
BFX87 0.24 
BFX88 0.24. 
BFY50 0.30 
BFY51 0.30 
BFY52 0.30 
BFY64 0.30 
BFY90 1.44 
BSX19 0,24 
BSX20 0.23 
BSX21 0.25 
BTI06 1.44 
BTY79/400R 

BU205 
BU206 
BU208 
BYlOO 
BY126 
BY127 
BZX61 
Series 
BZY88 
Series 
CR51140 
CRS3/06 
CRS3140 

3.67 
2.02 
2.59 
2.30 
0.52 
0.16 
0.17 
0.21 

0.15 

0.69 
0.52 
0.86 

1.38 
PC!JOO 1.38 
PCC84 1.15 
PCC85 1.38 
PCC88 1.38 
PCC89 1.56 
PCCI89 1.61 
PCC805 1.51 
PCC806 2.07 
PCE82 2.07 
PCFBO 1.15 
PCF82 1.15 
PCF86 1.84 
PCF87 1.84 
PCF200 3.74 
PCF201 2.45 
PCFBOI 1.84 
PCF802 2.19 
PCF805 1.84 
PCF806 1.84 
PCF808 1.84 
PCL82 1.15 
PCL83 2.30 
PCL84 1.15 
PCL85 1.24 
PCL86 1.24 
PCL805/85 1.24 
PDSOO 4.14 
PE06-40N 31.40 
PFL200 2.07 
PL36 1.38 

·m~A u: 
PL82 1.38 
PL83 2.55 
PL84 1.24 
PL504/5 1.61 
PL508 2.07 
PL509 3.73 
PL519 3.73 
PL801 1.27 
PL802 3.40 
PY33 1.27 
PYSI 0.97 
PY82 0.92 
PY83 0.81 
PY88 1.01 
PYSOOA 2.07 
PYBOO 0.97 
PYBOI 0.97 
QQV02·6 14.44 
QQV03-20A 

2().13 
QQV06-40A 

47.15 
QQV07 -50 60.66 
QQZ0.1-20A 

5!1.80 
QQZ06-40A 

55.10 
QU37 14.38 
QV03-12 5.13 
QV04-7 2.88 
QVOB-100 122.26 
QY3·65 57.06 
QY3-125 61.02 
QY4·250 70.16 
QY4-400 80.44 
QY5·500 168.83 

JI\IIEG 
7400 0.18 
7401 0.18 
7402 0.18 
7403 0.18 
7404 0.20 
7405 0.18 
7406 0.46 
7407 0.46 
7408 0.25 
7409 0.23 
7410 0.18 
7412 0.30 
7413 0.37 
7416 0.37 
7417 0.37 
7420 0.20 
7422 0.23 

GEX66 1.73 
GEX541 4Jl0 
GJ3M O.llG 
·GM0378A 2.62 
KSIIJOA 0.52 
MJE340 0.92 
MJE370 1.35 
MJE371 0.71 
MJE520 0.60 
MJE521 ' 0.&1 

'MJE2955 1.44' 
MJE3055 0.86 
MPF!02 0.35 
MPFI03 0.35 
MPFI04 0.35 
MPFI05 0.35 
MPSA06 0.28 
MPSA56 0.30 
MP5UOI 0.41 
MPSU06 0.53 
MPSU56 0.56 

· NE555 0.52 
NKT401 2.30 
NKT403 1.99 
NKT404 1.99 
OA5 1.09 · 
OA7 0.&1 
OAIO 0.74 
OA47 0.16 
0A70 0.35 
OA79 0.35 
OA81 0.35 
OA85 0.35 
OA90 0.09 
OA91 0.09 
OA95 0.09 
OA200 0.10 
OA202 0.10 
OA211 1.15 
OAZ200 1.15 

333.91 
QZOS-20 30.48 
RIO 5.75 
Rl7 1.89 
RIB 4.89 
Rl9 1.38 
R20 1.86 
RG3-250 35.77 
RG3-250A 37.49 
RG3-1250 36.23 
RG4-1250 43.93 
RG4-3000 89.84 
RR3-250 53.54 
RR3-1250 lM.83 
SllEI2 40.25 
5130 3.45 
5130P 4.03 
STV280-40 11.50 
STV280-8024.15 
SU41 1.88 
SU42 10.35 
TDOJ.JO 32.78 
TD03-I OE 32.78 
TD03-29f 33.93 
TII5 34.50 
TI21 14.16 
TT22 18.17 
TTIOO 59.51 
TY2-125 69.01 
TY 4-400 74.07 
TY4-500 101.44 
TYS-500 178.25 
TY6-800 181.70 
TY6-5000A 

337.51 
TY6-5000B 

264.54) 
TY6-5000W 

290.98 
TY7·6000A 

357.49 
TY7·6000W 

TZ40 
Ul8·20 
Ul9 
U25 
U26 
U37 
UABCBO 
UAF42 
UB41 
UBC41 
UBF89 
UCC84 
UCC85 
UCFBO 
UCH42 
UCH81 
UCL82 
UCL83 
UF41 
UF42 
UFBO 
UF85 
UF89 
UIAI 
UL84 
UMBO 

7425 
7427 
7428 
7430 
7432 
7433 
7437 
7438 
7440 
7441 
7442 
7447AN 
7450 
7451 
7453 
7454 ' 

2841.33 
17.25 
2.88 

15.81 
1.33 
1.66 

10.35' 
1.44 
1.44 
1.44 
1.73 
1.38 
1.26 
1.38 
1.32 
1.38 
2.67, 
1.20 
1.86 
1.15 
1.44 
1.66 
1.86 
1.86 
2.88 
1.38 
1.15 

0.35 
0.35 
0.49 
0.20 
0.35 
0.41 
0.37 
0.37 
0.21 
0.97 
0.83 
1.04 
0.21 
0.21 
0.21 

OAZ206 
OAZ2W 

·OCJ6 
OC20 
OC22 
OC23 
OC24 
OC25 
OC26 
OC28 
OC29 
OC35 
OC36 
OC41 
OC42 
OC43 
OC44 
OC45 
OC71 
OC72 
OC73 
OC74 
OC75 
OC76 
OC77 
OC81 
OCBIZ 
OC82 
OC83 
OC84 
OCI22 
'OCI23 
OCI39 
OCI40 
OCI41 
OC170 
OCI71 
OC200 
OC201 

1.15 
1.15 
1.15 
2.30 
2.88 
2.88 
3.16 
3.45 
1.04 
1.04 
2.30 
2.30 
1.73 
1.73' 
0.92 
0.86 
2.59 
0.69 
0.63 
0.63 
0.63 
1.15 
0.74 
0.74 
0.63 
1.38 
0.74 
1.38 
0.74 
0.74 
0.74 
1.73 
2.02 
2.59 
3.18 
3.74 
1.15 
1.15 
1.73 
2.02 
2.02 

1.44 
1.20 

VlS631 15.24 
XG1·2500 40.42 
XG2·6400113.50 
XG5·500 2&52 
XG2-6400106.15 
XRI-1600A 

38.53 
XRI·3200 93.15 
XR1-3200A 

93.15 . 
XR1·6400102.01 
XR1·6400A 

164.23 
YDII20 264.50 ' 
YD1240 :166.82 
Z759 19.32 
ZMlOOO 6.03 
ZMIIJOI 6.19 
ZM1020 10.83 
ZMI021 ..!0.17 
ZM1022 10.60 
ZMI023 8.81 
ZMI040 22.28 
ZMI041 19.16 
ZM1042. 20.44 
ZM1051 100.05 
IB3GT 2.58 
IB24 11.50 
IB35A 2&75· 
1B63 57.50 
IRS 1.21 
ISS 0.-IG . 
IT4 0.46. 
2ASI5 11.58· 
2C39A 21.85 
2C43 211.70 
2D21 2.94 
2E26 15.34 
2J42 89.70 
2J55 239.97 
2J70A 270.25 
2J70B 418.34 
2K25 40.25 
3-400Z 57.5G 
3-SOOZ 63.25 
3A5 2.70 
3B24 9.20 
3B28 8.63 
3B29 11.58 
3B240M 17.25 
3B241M 17.25 
3C23 18.73 
3C45 2&18 
3CX100A5 23.00 
3E29 29.67 
354 1.26 
3V4 1.38 
465A 29.15 
4·125A 41.99 
4·250A 41.99 
4-400A 52.05 . 

1~~; ::~ 
4CX250B 31.&1 
4CX350A 48.88 
4Xl50A 24.41 
4XI50D . 28.75 

Cl)ITS 
7460 0.21 
7470 . 0.46. 
7472 0.38 
7473 0.41 
7474 0.46 
7475 0.62 
7476 f.44j 
7480 0.63 
7482 0.86 
7483 1.04 
7484 1.15 
7486 0.40 
7490 0.60 
7491 0.92 
7492 0.69 
7493 0.69 
7494 

OC204 2.88 
OC205 · 2.88 
OC206 2.88 
OC207 2.02 
OCP71 1.44· 
ORP12 1.15 
R2008B 2.02 
R2009 2.59 
R2010B 2.02 

•TJC44 0.35 
T!C226D 1.38 
TIL209 0.25 
'T!P29A 0.47 
T!P30A 0.48 
TIP31A 0.51 
TIP32A 0.55 
TIP33A 0.79 
T!P34A 0.84 
TIP41A 0.72 
TIP42A 0.81 
TIP2955 0.77 

:nP3055 0.84 
,TIS43 0.52 
ZS140 0.29 
ZS170 0.24 
ZS178 0.82 
ZS271 0.26 
ZS278 · 0.85 
ZTXI07 0.13; 
ZTX108 0.12 
ZTX109 0.14 
ZTX300 0.14 
ZTX301 0.15 
ZTX302 0.17 
ZTX303 0.20 
ZTX304 O.ZZ 
ZTX311 8.14 
ZTX314 0.23 
ZTXSOO 0.15 

- ZTX501 0.18 

5B254M 
5B255M 
5C22 
SJIBOE 
5R4GY 
5U4G 
5U4GB 
5V4G 
5Y3GT 
5Z3 
5Z4G 
5Z4G7 
6-30L2 
6AB4 

.6AB7 
.6AC7 
6AF4A 
6AG7 
6AH6 
6AK5 
6AK6 
6AL5 
6AM4 
6AM5 
6AM6 
6AN5 
6AN8A 
6AQ5 
6AS6 
6AS7G 
6AT6 
6AU5GT 
6AU6 
6AV5GA 
6AV6 

· 6AX5GT 
6B7 
6B8 
6BA6 
6BA7 
6BA8A 
6BC4 
6BE6 
6BH6 
6BJ6 
6BK4 

,6BL6 
6BL7GT 
6BM6 
6BN6 
6BQ7A 
6BR7 
6BR8 
6BS7 
6BW6 
6BW7 
6BX7GT 
6BZ6 
6C4 
CB6A 
6CD6GA 
6CG7 
6CH6 

·6CL6 
6CW4 
6D2 
6DK6 
6DQ6B 
6EA8 

7495 
7496 
7497 
74100 
74107 
74109 
74110 
74111 
74116 
74118 
74119 
74120 
74121 
74122 
74123 
74125 
74126 
74128 

23.12 
23.12 
46.00 

1380.00 . 
2.30 
3.86 
2.90 
1.75 
0.98 
1.73 
1.75 
1.75 
1.79 
1.44 
1.73 
1.61 · 
1.84 
2.30 
5.52 
4.15 
2.81 
1.01 
2.65 
8.21 
2.07 
4.45 
3.97 
1.10 
5.73 
9.49 
0.96 
4.97 
1.24 
4.52 
0.98 
3.57 
1.73 
2.02 
1.15 
5.89 
4.31 
4.27 
1.24 
1.75 
1.24 
4.84 

97.75 
4.44 

97.75 
1.89 
4.28 
4.60 
2.02 
4.60 
4.60 
1.75 
5.70 
2.73 
1.01 
2.86 
5.83 
2.62 
9.78 
4.12 
8.63 
1.01 
3.00 
4.69 
3.38 

0.83 
0.92 
3.45 
1.73 
0.52 
0.81 
0.58 
0.81 
2.02 
1.15 
1.73 
0.95 
0.-IG 
0.69 
1.15 
0.63 
0.63 
0.69 

Tenns of business: CWO. Postage and packing valves and semiconductors 30p per order. CRTs £1 . All prices include VAT. Price ruling at time of despatch. 
In some cases prices of Mullard and USA valves will higher than those advertised. Prices correct when going to press. Account facilities available to approved companies with minimum order charge £10. Carriage and packing £1 on credit orders. Over 10,000 types of valves, tubes and semiconductors in stock. Quotations for any types not' listed. S.A.E. 

- Open to callers M · · 9 a.m.-5 

ZTX503 
ZTX504 
ZTX531 
ZTX550 
IN914 
IN916 
1N4001 
IN4002 
1N4003 
IN4004 
IN4005 
1N4006 
IN4007 
IN4009 
IN4148 
IN5400 
1N5401 
IS44 . 
15920 
15921 
2G301 
2G302 
2G306 
2N404 
2N686 
2N697 
2N698 
2N705 
2N706 
2N708 
2N930 
2Nil31 
2Nil32 
2NI302 
2NI303 

. 2NI304 
2Nl305 
2NI306 
2NI307 

6EB8 
6EW6 
6F6 
6F23 
6F28 
6F33 
6HI 
6H2N 
6H3N 
6H6 
6J4 
6J6 
!iJ7 
6K4N 
6K6GT 
6K7 
6K8 
6KEl6 
6L6G 
6L6GA 
6L6GT 
6L6GC 
6L7 
6N2P 
6N3P 
6N7 
6P25 
6Q7 
6R7 
6SA7 
65C7 
6SF7 
6SH7 
6SJ7 
6SK7 
6SK7GT 
6SN7GT 
6SQ7 
6SR7 
6SS7 
6U5G 
6U8 
6U8A 
6V6GT 
6X4 
6X5GT 
7B7 
7C5 
7C6 
7H7 
7R7 
757 
7Y4 
7Z4 
IIE3 
12AT6 
12AT7 
12AU6 
12AU7 
12AV6 
12AV7 
12AX7 
12AY7 
12B4A 
12BA6 
12BE6 
12BH7 
!2BY7 
12EI 
12EIITI 

74132 
74136 
74141 
74142 
74143 
74144 
74145 
74147 
74148 
74150 
74151 
74154 
74155 
74156 
74157 
74159 
74170 
74172 

0.20 
0.23 
0.25 
0.18 
0.06 
0.08 
0.07 
0.07· 
0.08 
0.08 
0.09 
0.09 
0.10 
0.07 
0.07 
0.15 
0.15 
0.05 
0.08 
0.08 
1.15 
1.15 
1.27 
1.15 
O.Zll 
0.29 
0.35 
1.38 
0.17 
0.23 
0.23 
0.30 
0.30 
1.15 
0.86 
1.38 
1.03 
1.84 
1.15 
2.30 

2.44 
1.73 
2.02 
1.84 
1.33 

29.00 
14.38 

1.21 
1.21 
1.73 
6.10. 
6.21 
8.07 
1.44 
1.50 
1.73 
2.02 
7.31 
2.88 
1.73 
2.24 
2.88 
2.30 
1.21 
1.21 
1.73 
4.14 
2.53 
2.07 
1.67 
1.73 
1.84 
1.73 
1.84 
1.50 
3.08 
1.84 
1.50 
1.73 
2.07 
2.30 
0.92 
3.38 
1.84 
1.38 
0.07 
1.96 
3.40 
2.60 
2.30 
1.73 
2.59 
1.84 
2.13 

60.82 
1.38 
1.01 
2.97 
0.83 
2.55 
4.00 
1.01 
4.69 
3.62 
2.52 
2.79 
1.29 
3.11 

19.87 
19.26 

0.81 
0.63 
0.92 
2.65 
2.88 
2.88 
1.04 
2.30 
2.02 
1.84 
0.97 
2.02 
0.97 
0.97' 
0.86. 
2.42 
2.65 
5.06: 

2Nl613 
2NI671 
2Nl893 
2N2147 
2N2148 
2N2218 
2N2219 
2N2220 
2N2221 
2N2222 
2N222:i 
2N2368 
2N2369A 
2N2484 
2N2646 
2N2904 
2N2905 
2N2906 
2N2907 
2N2924 
2N2925 
2N2926 
2N3053 
2N3054 
2N3055 
2N3440 
2N3441 
2N3442 
2N3614 

.2N3702 
2N3703 
2N3704 
2N3705 
2N3706 
2N3707 
2N3708 
2N3709 
2N3710 
2N3711 

12EI4 
13EI 
19H4 
19H5 
24B9 
30CI5 
30CI7 
30CIB 
30F5 
30FLI/2 
30FL12 
30FL14 
30Ll 
30L15 
30Ll7 
30P4 
30PI9 

o30Pl 
·30PI3 
3oPU 
,30PL14 
30PL15 
35W4 
:soc5 
75BI 
75CI 
85Al 
85A2 
90AG 
90AV 
!lOCI" 
90CG 
!JOCV 
92AG 
92AV 
95Al 
150B2 
150B3 
150C2 
150C4 
211 
723AB 
803 
805 
807 
811A 
812A 
813 
·833A 
866A 
872A 
922 
931A 
1624 
1625 
2050 
4212E 
4212H 
5544 
5545 
5551A 
5552A 
5553A 
5642 
5654 
5651 
5670 
5675 
5687 

74173 
74174 
74175 
74!76 
74178 
74179 
74180 
74190 
74191 
74192 
74193 
74194 
74195 
74196 
74197 
74198 
74199 
76013N 

1.38· 
0.29 
1.73 
0.29 
2.02 
1.89 
0.29 
0.28 
0.21 
0.21 
0.21 
3.16 
0.20 
0.24 
0.23 
0.83 
0.29 
0.29 
0.24 
0.24 
0.24 
0.25 
0.16 
0.20 
0.58 
0.81 
0.69 
0.92 
1.26 
1.73 
o.u 
0.15 
0.15 
0.15 
0.15 
0.15 
0.12 
0.15 
0.12 
0.12 

34.50 
123.05 
28.75 
40.25 
53.07 

1.84 
1.84 
1.84' 
1.93 
1.28 
2.07· 
1.84 
1.15 
2.07 
2.07 
1.06 
1.38 
2.88 

_2.jl7 
2.88 
1.93 
Z.!Jl 
0.69 
0.811 
5.18 
2.70 
8.63 
2.65 

14.00 
14.90 
2.70 

16.72 
17.58 
14.90 
14.90 
7.19 
3.34 
6.15 
2.13 
2.65 
6.90 

40.25 
11.50 
23.00 
4.31 

18.32 
18.26 
85.87 

128.80 
15.23 
21.47 
5.01 

16.97 
2.59 
1.96 
8.00 

304.75 
304.75 
62.10 
67.85 

106.03 
143.35 
259.10 

6.45 
3.93 
2.65. 
5.18 

19.91 
6.31 

1.61 
1.73 
1.04 
1.26 
1.44 
1.44 
1.32 
1.73 
1.73 
1.55 
1.55 
1.44 
1.15 
1.38 
1.26 
2.59 
2.59 
2.02 

Telephone 01-677 2424/7 
Telex 946708 
E.&O.E. 
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2N3772 2.30 . 
2N3773 3.45 
2N3819 0.41 . 
2N3820 0.52 , 
2N3823 0.63 ;, 
2N3866 0.83 · 

,12N3904 0.15 
2N3905 0.15 
2N3906 0.15 
2N4058 0.18 
2N4059 0.1% 

. 2N4060 0.14 
2N4061 0.14 
2N4062 0.15 
2N4124 0.17 
2N4126 0.17 
2N4286 0.23 
2N4288 0.25 
2N4289 0.28 
2N5457 0.40 
2N5458 0.40 
2N5459 0.40 
25017 7.48 
25019 7.48 
2S026 13.80 
25103 1.73 
25302 0.86 
2S303 0.86 
25322 0.92 
25324 1.44 
25701 1.73 
2S745A 0.40 
2S746A 0.40 

5718 7.87 
5725 5.62 
5726 3.62 
5727 5.4Z 
5749 5.14 
5751 4.80 
5763 4.66. 
5814A 4.28 
5840 5.06 
5842 13.00 
5876A 19.55 
5879 5.38 
5886 12.08 
5963 3,38 
5985 4.00 
6005 5.62 
6021 5.13 
6057 4.02 
6058 12.47 
6059 4.60 
6061 4.89 
8062 4.31 
6063 4.20 
6064 8.54 
8067 4.02 
6072 5.80 
6080 7.88 
6097AXBXC 

46.00 
10.30 
8.12 

17.27 
10.03. 
5.28 

17.25 
12.77 
4.38 
2.73 
6.45 

11.86 
%0.11 
36.57 

6146A 
6146B 
6159B 
6189 
6201 

,6442 
6883B 
6973 
7025 
7551 
7586 
7587 
7609 
7888 
7895 
8005 

' 8068 
8122 
8136 
8417 
18042 
18045 

5.04 
13.25 
75.03 
6.33 

60.11 
2.48 
6.76 
8.63 

12.06 

Tested 
Ex-Equipment 

4CX250B 5. 75 

TAA570 2.65 
T AA630S 4.02 
TAA700 4.50 
TBA480Q 2.12 
TBA520Q 2.65 
TBA530 2.28 
TBA540Q 2.65 
TBA550Q 3. 70 
1BA56JCQ 3. 70 
TBA673 2.52 
TBA700 1.75 
TBA 720Q 2.65 
TBA750Q 2.38 
TBABOO 1.38 
TBA920 3.34 
TBA920Q 3.34 
TBA990Q 3.34 
TCA270Q 3.34 
TCA 760A 1.59 

www.americanradiohistory.com
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*****LATEST DEVELOPMENTS**** 
CRIMSON ELEKTRIK Power ampliiiers are the most sophisticated· on the markef 
today Yet now with the latest Issue 5 innovations THEY ARE EVEN BETTER! We 
have ·included sonic improvements and developed a unique electronic protect1ot 
circuit which obviates the need for output fuses. In fact, such fuses can sen~us Y 

· degrade the performance of an amplifier. They can blow under heavy nve 
conditions - even with non-faulty loads (due to thermal fat1gueL they can be a 
time-consuming nuisance and even dangerous to replace, but more lmpor;antly .lthey_ 

- are responsible for enve ope 
•distortion' i.e-.. dynamic com pres

. sion of the signal , even fuses in the 
' feedback loop suffer from the forst 

two disadvantages, and the latter 
a lesser extent. 

* * * * BEST VALUE**** 
CRI-MSON have an ~nviable reput~_tion foi supplying the best value amP.Iter lsi_ii:._ 
y ·(iu can prove this to yourself by checking out the compet1t1on on the qllow1n~ 
crucial areas .- ..; professional grade phono sockets for ALL Signal connections 
Silver/Gold plated switch contacts *Adequate heatsinking for full-rated output* 
Available from stock *Manufactured by a specialist company With ~ re~ut~tlon ~~~r 

'friendly and helpful service before and AFTER sale* Forms t~e ~~~~SbN 1~itiu~h~ 
active loudspeaker systems Cons1dermg the advantages o ' 
choose anything else? 

* * * * * SQl)~_Q_A.,\(1_~~ - * * * * * 
Crimson Amplifiers are versatile and dependable . The new CP3000 ~o~~ill give ~P. to . 
•300 watts into 4 ohms at 0.03o/o THO and IS the obvious choice for P.A. and D1scos 
requiring the best performance . For Hi-Fi we produce the ever-popular pre- a~d 

. power amp hardware kits which enable our advanced modules to be houses In 

. ; attractive metalwork and include everythong down to the last nut and bolt. 

Our Pre-amplifier can be fitted wilh the moving coil module aUowing it to be_ used 
with the latest,M .C. cartridge (which can now be bought for as little as £30) . 

~ Write .for details, specifications and full price list or send 50p, cheque/P.O . for our 
1 comprehensive application I user's manua_l. 

, Space preclud~s · u~ from publishing all our products and prices, below are just a few 
:examples: 

* Power Amp Modules (single channel) 
CE 608 (60 WRMS/8 ohms) . . . . 
CE 1 708-(170 WRMS/8 ohms) 
CP 3000 -(300 WRMS /4 ohms) .. · · . · · · · · · · : · · 

* 60 + 60 watt stereo pre and power amplifier complete kot 
* Stereo Moving Coil Pre-Pre Amplifier Module MC1 · · · 
* 3 Way Active Crossover (single channel) · · · · · 

.. £23.10 
. ' . . ' ... . . £38.50 

. . £58.00 

. £208.86 

.. £28.50 
. £32.60 

Don't forget, Crimson mod,ules are available throughout the country from -all 
: branches of Marshalls and Mail Order from Badger Sound Serv1ces and. of course, 
<Crimson Elektrik . 

Prices include V.A.T. and post to anywhere in the U.K. 

- Crimsen Elektrik 
==:::;;;;o~~ 

I1A STAMFORD STREET. LEICESTER LE1 SN~- ' . : 

. TELEPHONE: 0533 553508 . 1 Buyitwith.-\ccess : 

AVOID DANGER from RADIATION-WITH OUR RADIATION DETECTOR 
Recommended for: iv• 
Defence, Fire, Hospital, 
Medical and general use 

General Information: 
Pocket dosimeters provide an accurate, reliable 

and immediate method of measuring the integrated 
dose of radiation received by those exposed to 
ionising radiation. The dose may be read at any time 
and in any place, providing a source of light is 
available. 

Principle: · _ 
The dosimeter is an ionisation chamber type usmg 

a quartz fibre electroscope a's the indicating element . . 
A microscope is used to project the 1mage 'Of the 
moving quartz fibre element on to a graticule. scale. 
The quartz fibre is mounted on a wire electrode, wf'uch 
in turn is supported by a. high quality insulator. When ·, 
the instrument is charged. positive charges distribute 
themselves over the wire electrode and quartz fibre 
causing the fibre to bend away from the electrode. The 
fibre will take up a position depending on the amount 
of charge on the system. 

When the surrounding air in the ionisation 
chamber is ionised negative ions will be attracted to 
the positively charged electrode thereby reducing its 
charge. The resulting fibre movement w1ll be related 
directly to the quantity of radiation producing the 
ionisation. The fibre movement can thus be calibrated 
directly in roentgen units and the rate of movement of 
the fibre will be proportional to the roentgens rece1ved 
per unit time . 

Construction: 
The microscope, electroscope and 10n1sat1on 

chamber are housed 1n an outer skon wh1ch may be of 
brass or aluminium. At one end of the tubufar case is 
fixed a charging assemb-ly, and at the other an 

. eye-piece window. These two assemblies are soldered · 
into the outer case to ensure a hermetic seal. 

Each dosimeter is provided with protective end cap 
translucent window so that the cap need not be 
removed for reading . 

Dosimeters meet vibration , drop, salt spray, 
humidity, water immersion and temperature tests . 

e BE PREPARED, EVERY HOME 
SHOULD HAVE ONE e 

YOU CAN"T SEE IT- FEEL IT. 
BUT YOU CAN MEASURE IT 

READS ALPHA- BETA- GAMMA 
RADIATION 

Features: 
e THESE-UNITS WILL READ 

AUTOMATICALLY THE AMOUNT Of 
RADIATION IN THE AIR 

e THIS INSTRUMENT IS ONLY A 
LITTLE LARGER THAN A FOUNTAIN 
PEN 

e JUST HOLD TO THE LIGHT 
e CLIPS ON TO YOUR TOP POCKET 
e WEIGHS LESS THAN 3 Ol_. 
e CONTAINS THREE LENSES 
e FULLY CHARGED, TESTED AND 

GUARANTEED REFURBISHED BY US 

e BRITISH DESIGN AND MANUFAC· 
TURE, RUGGED CONSTRUCTION 

e MANUFACTURER'S LIST PRICE OF 
SIMILAR MODEL IS OVER £25 

e A SOUND INVESTMENT 
e BUY NOW WHILST STOCKS AVAIL

ABLE. DELIVERY BY RETURN POST 

!S!. !:!.~ .. ~o~.!·s ((5,,.,] 
404 Edgware Road, London W2, England I.E.D. 

Supplied complete with 
Data and Information on 
radiation and dl)tectors. 

CAPACITOR 

PROTECTIVE CAP 
(CAPTIVE) 

~::~::::: 
Loa.iECTIVE LENS 

c-., ~ QUARTZ FIBRE 
1

~ELECTRODE 

CHARGING 

BELLOWS 
\ 

~ 
~ £5 .95 

+ VAT89p 

All units are checked and tested just 
prior to despatch by lirst-class mail in 
proper protective packing. 

PLUS POST 70p 

VIEW 
THRU 
LENS 

To obtain further details of any of 
the coded items mentioned in the 
Editorial or Advertisement pages 
of this issue, please complete one 
or more of the attached cards · 
entering the reference number(s). 
Your enquiries wilJ be passed on to 
the manufacturers concerned and 
you can expect to hear from them 
dired in due course. Cards po~ted 
from abroad require a stamp. 
These Service Cards are valid for 
six months from the date of 
publicatim:i. 

Please Use Capital Letters 

If you are way down on the 
circulation list, you may not be 
getting the information you 
require from the journal as 
soon as you should. Why not 
have your own copy? 

To start a one year's subscription 
you may apply direct to-us by ' 
using the card at the bottom of 
this page. You may also apply to 
the agent nearest to you, their 
addressis shown below. 

OVERSEAS SUBSCRIPTION 
AGENTS 

Australia: Gordon & 
Gotch (Australasia) Ltd, 
380 Lonsdale Street, 
Melbourne 3000, Vic1oria 

Belgium: Agence et 
Messageries de Ia Presse, 
1 Rue de Ia Peti1e-ILE 
Brussels 7 

Canada: Davis Circulation 
Agency, 153 St. Clair 
Avenue West Toronto 195, 
Ontario 

Cyprus: General Press 
Agency Ltd, 1 31 Pro
dromou Street, P.O. Box 
4528, Nicosia 

Denmark: Dansk 
Bladdistribution, 
Hovedvagtsgade 8, 
Dk. 1103 Kobenhavn. 

Finland: Rautakirja OY, 
Koivuvaarankuja 2, 
01640 Vantaa 64, Finland. 

France: Daw'son- France 
S.A., B.P.40, F-91121, 
Palaiseau 

Germany: W. E. Sjarbach 
Gmf:IH, 6 Koln 1, 
Follerstrasse 2 

reece: Hellenic 
Distribution Agency, 

.. 0. Box 315, 245 
Yngrou Avenua, 

Nea Smyrnl, Greece. 

olland:Van DltmarN.V., 
ostelijke Handelskade 11, 
msterdam 1004 

ndla: International Book 
ouse, Indian Mercantile 
ansion Ext, Madame 
ama Road, Bombay 1 

ran: A.D.A.,151 Khiaban 
oraya, Tehran 

srael: Stelmatzkv's 
Qency Ltd, Citrus House, 
.o. Box 628, Tel Aviv 

sly: Intercontinental 
.a.s. Via Veracini 9, 
0124 Milano 

Japan: Western Publica
lions Distribution Agency, 
170 Nishi-Okubo 
4-chome, Shinjuku- Ku, 
Tokyo160 

Lebanon: Levant Distri
butors Co., P.O. Box 1181, 
Makdesi _Street. Halim 
Hanna Bldg, Beirut 

Malaysia: Times 
Dis1ributors Sdn. Bhd .. 
Times House. 
390 Kim Sang Road. 
Singapore 9, Malaysia. 

Malta:W.H.Smith 
Continental Ltd, 
18a Scots Street, Valle1a 

New Zealand: Gordon & 
Gotch (New Zealand) Ltd, 
102Adelaide Road, 
Wellington2 

Nigeria: Daily Times of 
Nigeria Ltd, 3 Kakawa 
Street, P.O. Box 139, 
Lagos 

Norway: A/S Narvesens 
Kioskompani, Bertrand 
Narvesens vei 2. Oslo 6 

Portugal: Livaria 
Bertrand s.a.r.l 
Apartado 37, Amadora 

South Africa: Central 
News Agency Ltd, P.O. 
lllox 1033, Johannesburg 

Spafn: Comerclal 
Atheneum s.a. ConseJCI de 
Clento, 130-136 Barcelona 
15 

Sweden: Wennegren 
Williams A B. Fack S-1 04, 
25 Stockholm 30 · 

Switzerland: Naville & 
Cia SA, Rue Levrier 5-7, 
CH -1211· Geneva 1 
Schmidt Agence AG, 
Savogelstrasse 34. 
4002 Basle 

U.S.,A.: John Barios, 
IPC Business Press, 
205 E-est 42nd Street, 
New York, N.Y.10017 
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Postage wil.J 
be paid by 
Licensee 

Do not affix Postage Stamps if posted in 
Gt. Britain, Channel Islands or N. Ireland 

BUSINESS REPLY SERVICE 
Licen·ce No. 12045 

WIRELESS WORLD; 
PRODUCT REPLY SERVICE, 

429 BRIGHTON ROAD, 
SOUTH CROYDON, 

SURREY 
CR2 9PS 
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Please arrange for me to receive further details of the products listed, 

the appropriate reference numbers of which have been entered in the 
space provided. 

Name ... 

Name of Company ..•.•. 

Address .....•...... 

Telephone Number ... 

PUBLISHERs· 
USE ONLY 

Position in Company .. 

• 0 ••••• 0 •••• •• •••••••••••••••• 0 ••• 

. .. ... ..................... . 

Nature of Comp'any/Business. 
••••• 0 ••••• 0 '·' •••• 0 0 •• • •• 

No. of emp.loyees at this establishment .•......•. 

I wish to subscribe to Wirele_ss Wo;ld 0 
VALID FOR SIX MONTHS ONLY 

~------- ..... -----CUTHf.llf __________ _ 
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Wireless World: 
Subscription Order Form 

To become a subscriber to Wireless World 
please complete the reverse side of 
this form and return it with your 
remittance to: 

Subscription Manager, 
I PC Business ·Press, 
Oal(field House, Perrymount Road, 
Haywards Heath, Sussex RH16 3DH, 
England 
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Enquiry Service for Professional 
Readers ONLY. WIRELESS WORLD Wireless World, November 1980 WW 071 I 
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Please arrange for me. to receive further details of the products listed, 
the appropriate reference numbers of which have been entered in the 
space pro11ided . 

Name ............. · .. ··········· · ·········'············· 

Position in Compan·y ... .. ........................ · . · · · · · .. · . · 

Name of Company .... . .. . ........ · ........ · . . · · · · · · · · · · · · · · 

Address .. .. . ... . .. .......................... . ........... . 

0 0 
O. 

0 
O 

0 0 0 0 
• • 

0 0 0 0 0 0 
0 0 o o 0 o 0 0 0 0 0 00 0 0 0 0 0 0 0 0 0 o o 0 0 o O 0 0 0 0 I 0 0 0 0 ° 

Telephone Number . . ............•... · .. · · · · · · · · · · · · · · · · · · · · 
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Nature of Company/~usiness. · · · · · · · · · · · · · · · · · · · · · • • · · · · · · • · · I YNI •... WW •••• 'WW •••• 
ww .... ww .... ww ... . 
ww .... ww .... ww ... . 

No. of employees at this establishment. · · · · · · · · · · · • · · · • · · · · · · · : · I 
ww .... ww .... ww ... .. . 
ww .... ww ..... ww ... . 

VALID FOR SIX MONTHS ONLY 

I 
I 

---------~CUT HEAE-----------~-1 
Do not affix Poitace Stamps if posted in I 

Postaae will 
be paid by 
Licensee 

Gt. Britain, Channel Islands or N. Ireland 

BUSINESS REPLY SERVICE · 
Licence No. 12045 

WIRELESS WORLD, 
PRODUCT REP~ Y SERVICE, 

429 BRIGHTON ROAD, 
SOUTH CROYDON, 

SURREY 
CR2 9PS 
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Wire less World Subscription Order Form Wireless World, November 1980 WW 071 

UK subscription rates 
1 yesr: £10.00 

Overseas 1 yesr: £13.00 

USA & Canada subscription rates 
1 yesr: $33.80 

Please enter my subscription to Wireless World for 1 year 

1 enclo• remittance value; ............................................................................ made payable to 
IPC BUSINESS PRESS Ltd. 

N81Y1e .............................................................................................................................. ~ ........ ................ .. 

Address ................................................. _ .................................................... ............................................... .. 

• •; • o ·• • ~ Oo ~ •• o o o o • • o o o "• • • • • o o oooo o ooo oo ••• o o • o oo •• o • o • o oo oo o • •• • • • • •• o • • • • o • • o o o • o" oooo o • • o •• •• oo .roo o o o oo o o • o •• oo oo o o o Oo 0 o o o o 0 o oo oo oo I ~ ·o o o o o o o o • o o o 

.......................... -~·· .......... ········ .... . : .............................................................................................. . 
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OVERSEAS ADVERTISEMENT 
AGENTS 

Hungary Mrs. Edit Bajusz, Hungexpo · 
Adv~rtising Agency, Budapest XIV, 
Varosliget- Telephone: 225 008-
Telex: Budapest 22-4525 INTFOIRE 

Italy Sig. C. Epis Etas-Kompass, S.p.a.

Servizio Estero, Via Mantegna 6, 
20154 Milan- Telephone ~47051-

Telex: 37342 Kompass 

Japan Mr. lnatsuki, Trade Media -IBPA 
(Japan), B212 Azabu Heights, 1 -5-1 0 

Roppongi, Minato- Ku, Tokyo 106-

Telephone : (03) 585-0581 

United States of America Ray Barnes, 
*I PC Business. Press 205 East 42nd Street, 

New York, NY 10017- Telephone ~' 

1(212) 689 5961-: Telex: 421710 
Mr. Jack Farley Jnr., Th·e~arley Co., 
Suite 1548, 35 East Wacker Drive, 
Chicago, lllinois60601- Telephone : 

(312) 6 3074 
Mr. Victor A .,Jauch,· 
Elmatex International, 

P.O. Box 34607. 
Los Angeles Calif.. 90034 U.S.A. 

Telephone: (213) 821 8581 

Telex: 18 .,...1 059. 
Mr. Jack Mentel. The Farley Co., Suite 605, 
Ranna Building, Cleveland. Ohio 4415-

Terephone: (216) 621·1919 
Mr. Ray Rickles. Ray Rickles & Co., 
P.O. Box 2008, Miami Beach, florida 
33140- Telephone: (305) 532 7301 
Mr. Jim Parks, Ray Rickles & Co., 
3116 Maple Drive N.E., Atlanta. Georgia 

30305. Telephone: (404) 237. 74--32 
Mike Loughlin, IPC Business Press, 
15055 Memori~ls. Ste 119. Houston, Texas 
77079- Telephone: (713) 783 8673 

Canada Mr. Colin H. MacCulloch. 
International Advertising Cansultants Ltd., 

915 Carlton Tower, 2 Carlton Street, 
Toronto 2- Telephone (416) 364 2269 

*Also subscription agents 

WIRELESS WORLD NOVEMBER 1980 11 3 

The New Scopex 14D-1o 

• 
""'Mc/CM 

,\~!;/ ::::" /~~ 
- -
-/ /;, 

A dual trace lOMHz sensitivity oscilloscope 
incorporating all the latest high technology 
developments to bring you all these 
outstanding features as standard. 

At a price of £230.00 +VAT. 
Ensures British leadership in the low cost high 
performance oscilloscope market. 

e lOcm x Bcm display. ~ 
e 2mV sensitivity on both channels. 
e Add and invert facility. 

COP EX Please send me full details of the 14Dl0. 

e Probe compensation. 
e Push button X- Y. 
e Trace locate. 
e 10M HZ (-3qBl over full display. 
e Complete with probes. 

Pixmore Avenue . Letchworth. 
Herts SG6 lJJ. Tel : (04626) 72771. 

~E!:J VISA 

I wish to pay by Barclaycard/Trust Card. 
Please charge to my account. 
My Barclaycard/Trust Card No. is 

I I I I I I I I I I I I J 
. . 

WW - 056 FOR FURTHER DETAILS 

Name 

Company 

Address 

Tel : 
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Is your name last on the 
Electrical Times circuit? 

Isn't it tiiD.e you had your 
own copy of Electrical Times 
Every week Electrical Times gives you 
NEWS on: people, prices, contracts, 
financial deals, international 
events & new products. 

Regular features are included on: 
contracting & installation, repair & 
maintenance, distribution plant & 
operation, and motor applications 
and control. 

Electrical Times also carries top 
quality job opportunities for 
people at all levels in the 
electrical industry in its 
appointments pages. 

An arinual subscription costs 
£If. 00 - not much to pay to ENSURE 
that you're the first to be plugged 
in to the power of the Electrical 

--~- 5' Times circuit. 
1111 1 .................. ~ ........ . 

-I 
·I 
I 
:I 
I 
·I 

To: Subscription Dept., IPC Business Press 
(SD) Ltd., Oakfield House, Perrymount Road, 
Haywards Heath, West Sussex RH16 JDH, England. 

Please send rhe ELECTRICAL TIMES every week for 
a year. I enclose cheque/P. 0. for £12.00 (inc. 
postage) payable to IPC Business Press Ltd. 

Name •••••••••••••••••••••••••••••.•••••••• 1 
Address ............... ; ...•...... ·········I 
.......................................... I 
. . . . . . . . . . . . . . . . . . . . . I ... ....... . •.• ....... . 

. ........................... "' ... . . ........ 1· 
Position ......................•........... I 

I 
... - - - 1111 - - - - - .:p~ -~·iii" iiii "iii .•. - iiii "iii . .I 
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N EWITUSCAN s--o~o Available in Kit Form or Assembled 
THE :J! . Houses two 5~" drives for a 

AZ80basedS100ComputerSystem~ . compact business system 

I components 
available separately. 

TUSCAN main board . The heart of 
the system with ZBO, video, Ram, 
Rom, and 1/0 plus five S 100 slots for 

Professional case will house · 
the complete syst 1 

---r-:o:::: 

expansion . 

only £335 
+ VAT 

Full after sales 
service 

MICRO-KIT 
COMPUTER 

POWER SUPPLY 

£29.50 

With improved 16k B RAM Board 

Finnware 8a MOS ICs Software. Zeap Assembler (4 1 Kx8 
EPROMS) £50. . 
Nas Pen text editor (2 , 1 KxB EPROMS) £30. 
Expansion boards (in kit form) 
16K RAM £140e 32K RAM £175 
48K RAM £210 
BAS:,I·C · PROGRAMMERS AID. Self.locating Tape 
£14.95. 
EPROM CARD (NASCOM COMPATIBLE) KIT. Suitable 
for 16x2708 or 16x2716 or mixed 1 x Nascom BK Basic ROM 
£55. 

Fully built and 
housed in a 

stylish enclosure 
for just £325 plus VAT. 

ALL MICRO COMPUTERS 
The Nascom IMP (Impact Matrix Printer) features 

are 
6~ li.nes per minut~ . 80 characters per line. 

• Bt-dtrectl~mal pnntmg. • 10 line print buffer. 
• Automattc CR/LF. 96 character ASCII set 

(includmg upper/lower case,$, £). • Accepts Bf' 
paper (pressure feed) . • Accepts W" paper (trac
tor feed).e Tractor/pressure feed . Baud rate from 
110 t<? 9~00. • EKternal signal for optional syn
chrontsatton of baud rate. 
IDEAL FOR WORD PROCESSI~G 

Two keyboard options 
Hinged lid for easy 
Stylish finish ideal for off 

NASCOM PRODUCT LIST + VAT 
. 1/0 board kit less 1/0 chips 45.00 ·. 

UART + BAUD rate generator + crystal for 1/0 
board 16.00 
Econographics kit for additional 128 char· 
acters (N1 only) 30.00 
2708/2716 Programmer suitable for N1 and N2 
under NAS-?,YS . 20.95 
Nascom 19 rack mounting card frame 
for N1 and N2 32.50 
Nas-DA disassembler 3 EPROM for Nas-sys .. 37.50 
MK36271 8K BASIC in 8K x 8 ROM 30.00 
Naspen VS in 2 EPROM 30.00 
~a~~~! ~a~~itor in 2 EPROM 25.00 

Nilsbug f42 x·EPROM ~:tg 
Tiny Basic 2 x EPROM 25.00 
Super Tiny Basic 3 x EPROM 37.50 
Super Tiny Basic upgrade 1 x EPROM 12.50 
Tape Software 
ZEAP 2 tape and documentation for 
Nas-sys 
8K BASIC tape and documentation for N1 

THE HENELEC DISK SYSTEM 
FOR NASCOM and any other 
ZBO - 8080 Microcomputer , 
with an uncommitted P10 

DISKS 
• The Henelec controller card plugs di rect into a Z80 
P1.0 and. c:mtrols up. to 3 double-sided mini -floppy 
dnves gtvtng a maxtmum 480K system. 
• General Purpose FDC control software for 
simple DOS or for CPM . 
::~~f~; DOS software for NASCOM 1/2 under 

e OR ROM CB10S for CPM on NASCOM 1/2 
mcorporatlng the maJor NAS-SYS features . Maximum 
60K CPM system. 
• New MD prom supplied for N2/CPM 
TWO SYSTEMS 
• SIM-DOS "Floppy Tape Recorder" with 1 drive PSU 
l1rmware, etc . Double Sided ... . . . .. £380.f.VAT 
• CPM System with 1 drive double sided PSU firmware, 

etc . . . · £450 plus VAT 
• Add1t1onal Dnves £205 VAT 

COMPUTER KEYBOARDS .............--
" ~: \•. 

I '.,. ,. '~ > 

• 11'1!.-lil'lifl ll 'l"l'.:!Wll\1 ••ee•••u••••• · ~ - ·····11···fll· -•••••••••• -AP.PLE COMPUTER KEYBOARD. 52 key 7 bit ASCii 
coded pos1t1ve strobe + 5V.- 12V. Size 1 3x4%" with 
supports . Sturdy const ruction . Sloping key tops. 
Beautifully made . Every unit individually packed in 
ant1-stat1c foam. Made in USA for Apple Inc. Brand new 
£35mcl. VAT. Post £2 .50. 
71 KEY ASCII KEYBOARD INCLUDING NUMERIC . 
KEYPAD. £49.00 plus £7.35 VAT TOTAL £56.35. 
Uses gold crosspoint keys . Includes keypad and ribbon 
cable. Only available as fu lly assembled and tested . 
CARTER 57 key ASCII keyboard. Conventional key 
board. 128 ASCII characters including control keys. 
Parallel output with strobe. Shift lock. + 5 V and 
-
1 

12 V DC. 12" x 5.5" x 1.5". Black keys with white 
edgends. 

39.34 +VAT. 
FERRANTI - "SIZE 14 x 6 x 3" SLOPING FRONT'" 
~f Key ASCII Coded in steel case. Complete with 
le~~lsand Cable with circuit to convert to T.l':L. 

In ·good conditiop at only £19.95 + VAT. P 1 p £2 .50 

MEMORIES Discounts 10% for 4. 15% for 8, 20% for l~ · 1fffi~®~WD~~ MK3880 INZ80) 7.50 2708 5.95 I 

MK3880-N41Z80Ai 7.95 2716 15.00 
MK41 16 16K x 1 dy RAM 4.95 SV Single Rail 15.00 LONDON STOCKISTS 
MK4027 41< x 1 dy RAM 2.25 . IM6402 UART 4.50 2102 1 K x 1 stat1c RAM 1.00 2114 1 K x 4 Static RAM 3_25 M~crotan 65 Kit, Incl. VAT £79.35 
4118 1 K X 8 statiC RAM 12.75 8080A 5.25 Mlcrotan 65 Assembled, £90.85 

SEND FOR COMPLETE COMPUTER BROCHURE FREEPOST TO ADDRESS BELOW 

london Tangerine TUSCAN and ADD VAT 
NASCOM DISTRIBUTOR 15% 
Ex~o.rt Orders deduct VAT, but add 5% carriage Tg:gE~R 

KITS 
from 

NOW £195 +VAT 

delivery Ex-Stock 

~ill~@~ffiE~~ 
COMPUTER SYSTEMS 

IIMICRON" EX-S."LQ.~.!L 
the latest line in ro95.00 1 

superb products on 3 inc. VAT ~ 
demonstration from 3 BRITISH E 

your London stockist ~ DESIGN j 
• 6502 based microc~mp~;~HYTTnT 
• VDU alpha numeric display 
• Powerful monitor TAN BUG 
e 8K RAM 
• 3 2 parallel 1/0 lines 
• 2 serial 1/0 lines 
• RS 232 C/20mA loop, with 16 

programmable Baud rates 
• Four 1 6 Bit counter timers 
• CUTS cassette recorder interface 
• Data bus buffering 
• Memory mapping control 
• 71 Key ASCII Keyboard, including 

numenc keypad and with auto repeat 
• Including metal cabinets for both 

keyboard and modules : 
• Including power supply' 

1 OK Microsoft BASIC ' 

CENTRONICS QUICK PRINTER 

List 
Price 
£459 
incl . \ 

VAT 

EXCLUSIVE TO HENRY'S 
50% OFF MAKER'S PRICE 

for: 

OUR 
PRICE 
plus 
VAT 

TANDY, 1sed paper. 1 roll . . 
PET, 150 lines per minute. 

NASCOnn-centronics parallel data interface for 
Nascom, Tandy, etc. 

240 volt mains input. ASCII character set 
Paper feed, and on/off select switches 
'BELL' sianal Weiaht 10lbs 
Size: 13" x 1~" x 4~". 
New, boxed and fully guaranteed 

POST PAID Price £195.00 + VAT 
See COMPUTING TODAY Recommendations 

MARCH/MAY ISSUES 

Tanex (min. con) Kit, lricl . VAT £49.45 
Tanex Assembl~d Incl. VAT £60.95 
Lower case pack, Incl. VAT . £10.90 
Chunky Graphics Pack, Incl. VAT £7.50 
20 Way Keypad Incl. VAT £11.50 
Mini-mother board Incl. VAT £9.95 
Complete Tangerine range available 

HENRY'S ~ 
Computer Kit Division ~::Jl Off1c1al Export & Educational Orders welcome EXCEPT 

Our Telex 262284 Mono Ref. 1400 Transonics rr~~~~ 
404 Edgware Road, London, W2, England I.E.D. 

- 01-402 6822 
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VALVES. 'Minimum _j 
Order £1.U'f 

i\IALVES VAT1 
IS INCLUDED 

~-----,.£'""·,......,----. -;-£~----- £ --.-.. ----··£------£-.-"1 
A1065 1.40 KT66 8.30 X66 0.95 6J5 2.30 3524GTO]M)• 
A2293 8.80 1.20" X61 M 1.70 6J5GT 0.10 40KD6 3.15 . 
A2900 1.20 KTBB 8.15 XR1-6400A 6J6 0.15 50C5 1.15 
ARB 0.75· 13.80" 12.10 : 6J6W 0.10 50CD6G 1.35 
ARP3 0.70 MH4 2.50 2759 1.00 6J7 1.20 7581 1.25 
ATP4 0.80 ML6 2.110 2749 0.711 6JE6C 2.95 •75C1 1.70 
B12H 3.10 N7B 1.10 2800U 3.45 6K7 0.80 76 0.111 
CY31 1.40 OA2 0.70 2801U 3.711 6L6M 2.80 78 O.H . 
OAF96 0.70 082 0.80 ZB03U 8.95 6L6G 2.50 80 1.70 
OET22 21 .H PABCBO 0.80· Z900T 2A!ii 6L6GC 2.10 85A2 1.40 
OF96 0.70 PCBS 0.111· 1A3 0.8& 6L6GT 1.21 2.115" 
DK96 1.20 PCBS 0.15 1L4 0.50 6L7G 0.15 723AfB 11.80 
DH76 0.75 PCBS O.H· 1R5 0.10 6L1B 0.70 805 20.70 
DL92 0.10 PC97 1.50 1S4 0.41 6LQ6 2.95 · B07 1.21 
OYB6 / B7 0.111 PC900 1.15 1S5 0.411 · 6LD20 0.70 t!13 13.30 
DYB02 0.15 PCCB4 0.50 1T4 0.41 6KG6A 2.70 8298 14.00 
E55L 14.80 PCCB9 0.85 1 U4 0.10 6Q7G 1.30 B32A 8.80 
EBBCC 1.10 PCC189 1.05 ' 1X2B 1.40 6SA7 1.00 866A 3.80 
EBBCC / 01 PCFBO 0.10 2021 0.80 6SG7 1.15 866Eo 1.25 

3.10 PCF82 0.70: 2K25 11.80 6SJ7 1.05 931A 13.80 
E92CC 
E1BOCC 
E180F 
E182CC 
EA76 
EABCBO 
EB91 
EBC33 
EBC90 
EBF80 
EBF83 
EBF89 
EC52 
EC91 
EC92 
ECCB1 
ECC82 
ECCB3 
ECC84 
ECCB5 
ECCB6 
ECCBB 
ECC189 
ECCB04 
ECFBO 
ECFB2 
ECFB01 
ECH34 
ECH35 
ECH42 
ECH81 
ECH84 
ECLBO 

· ECL82 
ECL83 
ECLB5 
ECLB6 
EF37A 
EF39 
EFBO 
EF83 
EF85 
EF86 
EFB9 
EF91 
EF92 
EF95 
EF96 
EF183 
EF184 
EFB04 
EF8 12 
EFL200 
EH90 
EL32 
EL34 

1.20 PCFB4 0.75 2X2 1.15 6SK7 O.H 954 0.10 
2.80 PCFB6 1.50 3A4 0.70 6SL7GT 0.85 955 0.70' 
1.30 PCF87 0.50 3AT2 2.40 6SN7GT 0.80 966 0.80 
4.15 PCF200 1.80 306 0.50 6SR7 1.10 957 1.05 
2.21 PCF201 1.85 3022 23.00 6SQ7 0.15 1625 1.80 
0.80 PCFBOO 0.50 3E29 10.00 6V6G 1.50 1 629 I .85 
0.80 - PCFB01 1.711 3S4 0.80 6V6GT 0.95 2051 2.80, 
1.15 PCF802 0.811 58 / 254M 6X4 0.711 5763 4.20 
0.80 PCF805 2.41 · 14.00 6X4WA 2.10 5842 7.80 
0.80 • PCF806 1.20 58 / 255M 6X5GT 0.11 5851 3.40 
0.80 PCFBOB 2.06 . 11.110 · 6Y6G 0.10 5881 3.40 
0.80 PCH200 1.35 58 / 258M 8.80 ' 624 0.70 5933 1.10 
0.11 PCL81 0.75 5R4GY 1.30 787 1.15 6057 2.20 
3.40 PCLB2 O.H 5U4G 0.75 7Y4 1.00 6060 1.H 
0.85 PCL84 0.80 5V4G 0.711 902 0.70 6064 2.30 
0.811 PCL86 1.05 5Y3GT 0.80 906 2.80 6065 3.20, 
0.80 PCL805/85 5Z3 1.50 10C2 0.85 6067 2.30 
0.15 1.25 5Z4G 0.75 10F1 B . 0.70 6080 5.30 
0.80 PD500/510 5Z4GT 1.05 10P13 1.50 6146 4.H' 
0... 4.30 6/30L2 0.80 1 1E2 11.50 61468 5.20 
1.40 PFL200 1.10 6AB7 0.70 12A6 0.70 6360 2.85 
0.80 2.80 6AC7 1.15 1 2AT6 0.70 6550 1.10 
O.H PL36 1.25 6AG5 0.80 12AT7 0.15 68.70 14.00 
0.80 PL81 0.85 6AH6 1.15 1 2AU7 0.10 8552 8.20 
0.85 PLB2 0.70 6AK5 0.15 1 2AV6 O.H 6973 3.30 
0.15 PL83 0.80 6AK8 0.10 1 2AX7 0.15 7 1 99 2.85 
1.05 PLB4 0.15 6AL5 0.10 1 2BA6 0.80 CRT 
2.25 PL504 1.45 6AL5W 0.85 12BE6 1.21 1CP1 18.50 
1.70 PL50B 1.15 6AM5 4.20 1 2BH7 1.10 3BP1 11.00 
1.20 PL509 2.80 6AM6 1.50 1 2CB ' 0.15- 5FP7 11.00) 
0.70 PL519 3.20 6ANBA 2.50 12E1 18.15 4EP1 32.00 
0.80 PLB02 3.20 6AQ4 3.40 1 2J5GT 0.55 BBJ 14.00 
0.70 PY33 0.70 6AQ5 1.00 1 2K7GT 0.70 88L 14.00, 
0.75 PY80 0.70 6AQ5W 1.80 1 2K8GT 0.80 CV1 526 11.00 
1.40 PY81/8000.80 6AS6 1.15 12Q7GT 0.80 DG7-5 22.40 
0.80 PYB2 0.15 6AT6 0.80 1 2SC7 0.115 DG7-32 34.80 
0.80 PYB3 0.80 6AU6 0.10 1 2SH7 0.115 OG7-36 38.00 
1.50 PYB8 0.85 6AV6 0.1& 12SJ7 0.70 DPM9-11 38.40 
1.21 PY500 1.701 6AX4GT 1.30 1 2SQ7 1.45 D 1 3-33GH 
0.15 PYB09 1.45 6AX5GT 1.30 1 2SQ7GT 0.8& 41.80 
1.75 PYB01 0.80 6BA6 0.55 1 2Y4 0.80 
0.80 QQV03/10 6BE6 0.10 . 1303 3.10 
0.75 2.85 6BG6G 1.10 1 305 0.10 
1.05 QQV03-20A 6BJ6 1.30 1306 0.80 
1.80 14.40 6BQ7A 0.85 14S7 1.15 
2.10 QQV03-25A 6BR7 4.40 1 9AQ5 0.85 ·1 
0.115 21.20 6BW6 1.20 1 9G3 11 .50 
0.10 QQV06 / 40A 6BW7 0,10 1 9G6 8.10 
o.ao 111.10 sc4 o.so 19H5 31.5& 
0.80 QV03- 1 2 4.20 6C6 0.55 ' 2001 0.80 
4.15 SC1 / 400 4.50 6CH6 8.20 20F2 0.85 
0.75 SC1 / 600 4.50 6CL6 1.70 20E1 1.30 
1.85 .SP61 1.80 6CY5 1.15 20P1 0.115 
o.as rr21 11.so 6D6 o.7o 20P3 o.75 
1.10 U25 1.15 6EAB 3.20 20P4 1.25 
1.80 U26 1.15 6F6 1.10 20P5 1.35 

2.10• U27 1.16 6F6GB 1.10 25L6GT 0.111 

'spec. Q 

SPECIAL 
WALlES 

4CX IlDlA 
4CX 500DA 
U2SI. 

EL37 4.40 U191 0.85 6F7 2.80 25Z4G 0.75 

IW 153 
DIW 
Yll420 
YL14311 EL3B 4.10 U281 0.70 6FBG 0.85 30C15 0.50 

ELB1 0.15 U301 0.15 6F12 1.50 30C17 0.80 
EL82 0.70 U600 11 .50 6F14 1.15 30C1B 2.45 
EL84 0.80 U801 0.10· 6F15 1.30 30F5 1.15 
EL86 0.15 UBC41 1.20 6F17 1.15 30FL2 1.40 
EL90 1.00 UABC80 0.75 6F23 0.75 30FL12 1.25 
EL91 4.20 UAF42 1.20 6F24 1.75 30FL14 2.15 
EL95 0.80 UBFBO 0.70 6F33 10.50 30L15 1.10 
EL504 1.70 UBFB9 0.70 6FH8 3.80 30L17 1.10, 
EL509 2.70 UBL1 1.21 6GAB 0.10 30P12 1.15, 
ELB02 1.70 UBL21 1.75 6GHBA . 0.95 30PL13 1.21 
ELB21 8.20 UCC84 0.85 6H6 1.60 30PL14 2.45 
EL822 1.95 UCCB5 0.70 6J4 1.35 35L6GT 1.40 
EM31 1.10 UCFSO , 1.30 6J4WA 2.00 35W4 0.80 

YLI440 
&XU& 
~1597 
C'l2116 
4tX l!iiD 
IR 119 
BR 179 
~ti131 
GIU2 
TY4-5110 
11415/S552A 
. 5NI/1754 

~~~? ::: ~~~:~ ~:~: i-------r-G-E-IG_E_R_M......,...U-L-L'_iE_R.._T_U_B-:E-S-.--:-I 

~~~~ ~::: ~~~~2 ~:~: RESISTORS GM4 5.50 

~~~i :::: ~~~~ :::: ~watt o.10 MX120101 32.20 
EYB6 / B7 0.80 ' uL41 1.so! 3 watt 0.21 FIELD TELEPHONES TYPE "J". 
~:g ::~! ~~:0 ::: 4 .5 watt 0.28 Tropical, .in metal cases . · 
eza1 0.10 UMB4 0.10 6 watt 0.41 10-LINE MAGNETO SWITCH-

gi~~1 ~:: ~m ::~~ ~;!~tt ~-~= BOARD. Can work with every type 
GZ33 4.20 VR105 / 301 .2& . 120 wan 1'80 of magneto telephones . 
Gz34 - 2.30 VR1?0 t 30 . . . TELEPH ONES EE8. American 

~-:-.;G;Z~3~7 =-;.74:::·80::;.~-=~ .. :;--~1 ·::35:::1 ~ ~~~~,_--Jmanufacture , in leather or canvas 
VALVES AND TRANSISTOR·s housing , . 

j~~~~o;:_ ~~:!~~~:~~~;e;3~~9·~~1ors . e
1
c. retail :fNTEG.RATED CIRCUITg 

I .. PRICES M AY\tARY :\ ·- hN7401N 0.321 SN74L73N 0.38 SN76033N 1.15 
· --·- RESIST~RSC:ii: ·· -· . --· SN5402N 0.28 SN7474N 0.30 MC6BOOP 8.20 

NON INDUCT. ~~~!jg~ ::!:1 ~~~!~~~N ~:~: ~~~~~~~AL~:=~ 
50ohm 10W0.85; 6.3kohm 6W 1.15 SN54196J 1.201 SN7491AN 0.32 B1702AL 4.30 
TELUR-ETER MRA3 DISTAiiiiCE MEASURERS SN7407N 0.29! SN74123N 0.42 MM6300-1J 3.ao 
LDWRUISTANCE HEADPHONESTYPECLB£1.50. : SN740BN .0.181 OM74123N 0.38 MCM6B10AP 3.40 

40p ..... VAT 15%. ~~~!!~~,o ~:~: ! ~~j~~~~~N~:=~ ~~~41~50 : :: 
HIGH VACUUM VARIABLE CAPACITORS ·- cor- SN 7453N ·0.18! SN76003N 1.60 MIC936-5D 0.22 
amic envelopes ·- UC 1 OOOA/ 20 / 1 50=VMMHC -31' AERIAL MASTS consisting of 6 sectionsir S" X 
lOOO 60-1000~ F, 201<¥-1 SOA RF max= 27MHz. 214" dia . Complete with all accessories to erect and 
TEST SET FT2 for 1esting Transcetvers A40, A41, A42 instal. 
and CPRC26. · Mull.-d C11. High power installation , 
~~::':;'15~~ ~~~~~o~:r~t~~~::'~~~.~:o~~; 0~ :,~ 1 OOOW. Technical details and prices available 
and phone. Complete installation consists of 3 kits on request. For export only. 

, packed in 3 special transit cases. SPARES FOR ARBS-D. Ask for tis1. 
HARNESS ..... & "B" CONTROL UNITS "A'"'R" POSTAGE: £1-£3 30p; £3-£5 40p; 
;;~~~s.' ',;~;;~, :::,~~':fchones No 5, 6, 7 connectors, £5-£10 45p; £10-£15 60p; over £15 

DRUM CABLE continuous connection YC 00433 · free. 

COLOMOR 
(ELECTRONIC S LTD.) 

170 ~oldhawk Rd., london W.1 2 

tea. o1-743 oags 
Open Monday to Friday 

9 a.m.-5.30 p.m. 

WIRELESS WORLD NOVEMBER 1980 

f§JBf!l Freeposf F • FREEPOST ON ORDERS • ACCESS 

Birmingham • VAT INCLUSIVE PRICES : ~~:H 
819 1BR • ADD 30p P&P • CHEQUE 

021• 233 • 2400 • 24 HR PHONE ANSWERING SERVICE ELECTRONICS 

ALL PRICES IN PENCE EACH UNLESS OTHERWISE STATED 

C· MOS (BUFFERED ) 

HEF400ti 
HEF4001 
HEF4002 
HEF4006 
HEF4007 
HEF4008 
HEF4011 
HEF401 2 
HEF40 13 
HEF4014 
HEF4015 
HEF4016 
HEF401 7 
HEF4018 
HEF4019 
HEF4020 
HEF4021 
HEF4022 
HEF4023 
HEF40£4 
HEF4025 
HEF4026 
HU4027 
HEF4028 
HEF4029 
HEF4030 
HEF403 1 
HEF4005 
HEF4040 
HEF4041 
HEF4042 
Hf f404J 

22 
22 

119 
22 

100 
22 
22 
57 

105 
too 
57 

100 
100 
58 

112 
107 
103 
22 
7• 
22 

244 
57 
89 

113 
58 

250 
13• 
107 
94 
83 

100 

CAPACITORS 

Hff4046 
HEF4047 
HEF4049 
HEF4050 
HEF4051 

HEF-4053 
HEF-4066 
HEF4067 
HEF4068 
HEF4069 
HEF4070 
HEF4071 

HEF4072 
HEF4073 
HEF4075 
HEF4076 
HEF4077 
HEF4078 
HEF4081 
HEF-4082 
HEF4085 
HEF4086 
HEF4093 
HEF4094 
HEF4104 
HEF4502 
HEF4505 
HEF4508 
HEF45 10 
HEF-45 11 

Electrolytic Axitl Ordtr Codt 
-1'"'to•&O't'Tol. C.p01&+,.F 

•f v 1e :za 40 83 
1.0 G 
1.6 9 
2.2 9 
3 .3 9 
4.7 9 
8.8 10 

10 10 
15 . 11 
22 13 
33 9 
47 8 11 

9 13 

LINEAR SEMICONDUCTORS 
105 H EF4512 1 3~ 

133 H EF4!i\6 127 

109 HEF45 17 47M 
57 HEF4518 11 8 
57 HEF451Y 69 
87 H EF4520 118 

90 HEF452 1 235 
90 HEF4528 124 
62 HEF4532 150 

475 HEF4534 638 
22 HEF4539 138 
22 HEF4585 122 
22 HEF4724 214 
23 HEF40097 113 
23 HEF40098 92 
23 HEF40106 78 
23 HEF40160 149 

IJO HEF401 92 149 

22 

23 Voltave 
;~ Regulators 
80 LM3090AIKI 119 
80 UA723CN 42 
6!1 UA7805CU 78 

219 UA7812CU 
20ij UA7815CU 
11 4 UA7912CU 

78 
78 
97 

714 
230 

UA7915CU 97 
UA78L05CS 38 

135 UA78U2CS 
157 UA78L15CS 

38 
38 

CA3046 84 
CA3080E 77 
CAJ1JOE 99 
CA3140E 48 
CA3189E 293 
LMJ01AN J.t 
LM339N 78 
LM380N 104 
LM381AN 198 
LM3900N 75 
MC3403P 156 
NE531 131 
NE536T 259 
NE55SN 28 
NE556N 66 
NE566N 111 
NE570N 485 
NE571N 505 
RC4135 145 
T8A120S 88 
TDA1022 713 
TOA 10348 239 
TL081CI' 84 
TL084CN 156 . 
UA741CN 20 
UA741CT 47 

Zener 
Diodes 
400mW C4V7-CJJ 
BZY88/BZX79 
+Volt• 

IN914 
IN4001 
IN4002 
IN400C 
tN4007 
IN.148 
IN5402 
2N2369 
2N2&46 
2N292tiCl 
2N3053 
2N3054 
2N3055 
2N3702 
2N3704 
2N3705 
2N3773 
2NJ819 
2N3820 
2N3904 
2N5457 
2N5459 
40673 
BC107 
BC108 
8C108C 
BC109 
BC109B 
BC109C 
BC148 
BC156 
8C177 

15 
21 
46 
13 
19 
55 
55 
9 
9 

10 
297 

22 
39 
9 

39 
35 
88 
14 
14 
18 
14 
19 
20 
10 
10 

BC182L 
BC164 
8Cl84L 
8C212 
8C212L 
BC21• 
BC21•L 
8C5-<7 
8Cs-<8 
8Cs-<9 
8C557 
BC5!18 
8CY70 
BCV71 
80131 
80132 
80139 
80140 
BFA90 
8FX85 
BFYSO 
BFYS1 
8RY39 
8SX20 
CL8960 
TIPJ1 
TIP32 
TIP41C 
TIP42C 
TIP2955 
TIP3055 
TIS43 

12 
11 

11 
12 
11 
12 
13 
11 
12 
15 
15 
15 
15 
39 
39 
39 
39 

3J3 
29 
17 
17 
5() 

21 
2850 

48 
54 
76 
76 
75 
60 
36 

Polyorior Rtdiol Lt tdo 
Dipped Type, C280/352 Stvle 
Moulded Type, 1 0 .2mm Piteh 

Ordtr Codt 
Coo 352 
Cap 380 

+Velu• 

Electrolytic Rtditl lttdo Ordor Codt 
-10% to •50% TaL Cap 03' + p.F 

•F 10 18 25 35 40 50 13 

JJ.f 310 Jlf 
.00 1 7 .1 
0015 7 .1!i 

.0022 .22 
0033 .33 

-9 
10 
11 

.47 

.68 
1.0 
1.5 
2.2 
3.3 

0047 .47 14 4 .7 
,0068 .58 17 6.8 
01 1.0 21 10 
015 1.5 30 15 = u ~ 22 
033 33 

7 8 
7 8 

8 9 
8 9 

7 
7 
7 
8 

e 9 
9 

9 11 
9 11 

11 es 
100 
150 
220 
330 
470 
880 

1000 
1500 
2200 

9 
13 

10 
047 47 

31 58 
~ ~~ ..... 06_ 8 _ ___ _ _____ --1 :~ 9 11 

21 ~~ ~~ ~ D.I.L. Sockoto 1-----------"'1 
26 30 59 8 Pin Low Profile Socket T in 12 

35 39 14 Pin Low Pr..,f ile Socke t T in 14 
OILSKT B 
OIL SKT 14 
OIL SKT 16 

P.C.B. Compononto 

42 16 Pin Low Profile Socket T in 16 Delo Pen , Blue l nk ; S I~w Ory tng 89 

RESISTORS Ordor Codo 
Corbon Film, Fixtd 
0.25W, E24 V1lu" IRQ-10M, 5% To l. 2 11c:h R., ROY.. 

100/100 jtJiult 10/VIIUI) 

Skeleton Presets. Minit ture 
0.1W, E3 Vllues, 100A-IM, Lin. Vert ictl Mounting 
0 .1W. E3 VeluH, 100A· IM, Lin. Horirontll Mount 

Skoloton Pro•tt, Stondtrd 

Ordor Codt 
Mm. Pr~netV 

Min. Preset H 

O.SW, E11 Velu• IA0-4M7 , lO'f. Tol. 3 uch Rts AO~ 
• Velut 

0 .3W, El Values, 100R-4M7 . Lin . Vertici l Mount ing 11 
0.3W, E3 Values, 100R..4M7, Lin . Horizontal Mount 11 

Std. Preset V 
Std . Prese t H 

Mottl Film. Fi•td 
O.SW, E24 Vatu", SRI-1M, 2"' Tol . 
2.5W, E12 V£1u• . 10R·27K, 5% Tol. 

8 tltCh Ats MAJO 
16 tKh Res PA52 

+ V1lut 

Potentiomtttr, Rotary 
0 .5W, EJ V1lun, 1 K -2M2 Lin 
0.25W, EJ Vtlues , 4K7-2M2 Log. 

39 
39 

Ro Pot L•n 
Ao Pot Log 

+Value 
Potantiornttlr. Slider 

Mottl Glut, Fixtd 45 
0.5W, E24 VtiUtl, IM·JJM, 5% Tol. 16 tach Res VR37 

O.SW, EJ Values , 2K2-47C' • Lin. 
0.25W, EJ Vtlues, 1 KO · 1 MO Log. 

Sl Pot L•n 

Sl Pot Log 
+Vtlut 

MAINS TRANSFORMERS 
Se-co nda ri es m ay be co n nectedrnser •et o r 
parellel tog i\lewid'!vol t age range 
Pn mar1es 0·220 , 240V 

6 VA - Cl1mp Type Construct•on 

Approx. 18% Regu lat ion. F .C. 54 . HJS . W35 

Q-4.SV, O~ .SV Secondaru!l 

Q- 5V, 0·6 V 
0.12V. 0· 12V 
Q.tSV. 0 -15V 
0.20V , 0 ·20V 

20VA - Clamp Type Construction 

Appro x. 16% Aegulatron F.C. 10. H48, W~ 

0.4 .5V, 0-4 .5VSecondaries 
0.6V , 0-6V 
0.12V. 0· 12V 
0· 15V . 0-15V 
0.1 7.5 V, 0-1?.5V 
0-20V , 0 -20V 

VERO ELECTRONICS PRODUCTS 
2.5" x 5 " .1" pitch Veroboard 
3.75" x 5" .1" p itcl'l Vtroboerd 
2.5" • 1" .1" pitch Veroboard lSI 
3. 75" x 5" . 1" pitch Pla i n Boerd 
5.82" x 2.9 " . 1'' P•tch V-0 DIP 8011rd 
Spot Face Cuutr 
P.n lnsert •on Tool fo r .040 type p in 
OS P1ns .040 (100) 
SS Pin1 .OCO (100) 
Verow.re Kit (1-p.,, 2·w ir•, 25-comb) 
Verowint Combs !25) 
Verowi reW,re!2) 

79 
85/Peck 
68 

135 
107 
147 
44 /Ptc:k 
44 /P.ck 

454/K it 
109/P.ck 
109/Peck 

Order Code 

200-21069J 
200-2 10720 
2Q0-21076C 
200.21078H 

200·21084E 
20J-2101JA 
203·21015f 
200·21087Cl 
200.210178 
200-213.10 
200·21339F 
20Q.21340G 

Plastic Boxn -Boss Industrial Mouldings 
Moulded Box end Clot• Fi t ting Fleng~ Lid 

ABS Box , C/W Breu Buthd, tnd Lid In Orange Order Code 

L112 W82 031 gg Case SIM2003 OA 
L150 WBO 050 131 Co10 81M2005 OR 
l190W110 080 223 C1n1 BIM2006 OR 

P1utic Bo•u with Mottl lids 
A.c:HMCITOI) Box 
ABS Bne, CIW Breu Buthn, I n Oreng. 
lmm Alumin ium Top Ptnet Finithe<l Grey 

L85W58029 112 
L111 W71 042 150 
L 161 W96 053 208 

Dieeast Boxet 
Oi1Cal1 Box and Flanged Lid 
Alumin ium Box tnd lid in N1tur11 F inish 

L113Wil3031 124 
L 152 W82 050 215 
L 192 W113 061 334 

SWITCHES 
Mini1ture Toggle - Honeywell 

SPOT C/O ff 
SPOT Dou ble Bias To Centre 
DPOT 
OPOT C/Off 

Minilture Push - · C & K 
SP Push To Make, Momentary 
SP Push To 8reek, Moment•rv 

Order Code 
Case BIM4003 OR 
Coot BtM4004 OF< 
Cay B I M4005 OR 

OrrlerCode 
Ctse 81M5003 NA 
Cat BIM5005 NA 
Ca~e BIM5006 NA 

81 
90 
99 

111 

62 
52 

Order Codt 

SW8 A 1011 
SWBA1021 
SW BA 1041 
SWBA2011 
.SW8A2021 

SW8153 1 
SW853:l 

GMT ELECTRONICS PROJECTS KIT BUILT UP 

FREE-STANDING COMPLETE TELETEXT UNIT- FULL SPEC £199-90 £275-00 

TELETEXT DECODER BOARD+ REMOTE HAND CONTROL £135-90 £160-00 

TELETEXT COMPATIBLE TUNER AND P.S . U. £46-90 £57-00 

TELETEXT COMPATIBLE PAL ENCODER+ MODUlATOR £ 22-90 £ 35-00 

F. E. T,OUTPUT lOOW MONO POWER AMPLIFIER MODULE £27-50 £ 35-00 

X-BAND DOPPLER RADAR AlARM MODULE- lv\ARK I I £ 35-90 £ 44-00 

ONE AMP P. S. U. MODULE (SPECIFY 5 OR 12 VOLTS) £ 7- 50 £ 10-00 

SIMUlATED INERTIA MODEL TRAIN CONTROLLER £ 22-50 £ 35 -00 

SIMUlATED INERTIA SLOT RACER CONTROLLER £ 27-50 £ 40-00 

MODEL TRAIN STEAM SOUND SIMUlATOR MODULE £ N/ A 5-00 

WW- 086 FOR FURTHER DETAILS 

WIRELESS WORLD NOVEMBER 1980 

From Newtronics 

THE NEW EXPLORER/85 SYSTEM 
E~PLORER/85 
PROFESSIONAL COMPUTER KIT 

' 

An inexpensive 
8085, S100 Based 
Computer System designed 
for maximum flexibility 
Now available with 8'' Floppies 

The EXPLORERI85 offers you real design flexibility- you can build the exact system you require. EXPLORERI85 can be your Beginners System , OEM 
Controller or IBM formatted 8" Disc System . You don't buy more than you need . Prices start from £85 . 

Here ' s the line up : 

-Intel 8085 microprocessor . 8355 as a really powerful 2K Monitor system . 8155 RAM 11 0 a l l on one single Mother board w i th room for 
RAM I ROM I PROM I EPROM and two S- 1 00 pads (expands to six), plus plenty of prototype space . 

The 8085 is 100% compatible with the 8080 but 50% faster . T he 8355 ROM 2K monitor system includes cassette interface w ith tape control. Two 8-bit 
programmable I I 0 ports, automatic baud rate selection, labelling of cassette f i les, etc . 81 55 RAM I I 0 features \4 K ' scratch pad' . Two programmable 8-bit and 

One programmable 6-bit I I 0 ports plus progammable 14-bit binary counter-timer. Plus many other features which cannot be included due to lack of space. 

You can purchase the EXPLORER 185 Mother board (level A) at this point for as little as £85 or we' ll supply it with address decoding and data drives plus 

wait state generator and separate regulators (level B) , 4K Workspace (level D), 8K Microsoft Basic in ROM for £233 in kit form or £293 assembled and tested . 

If you don't possess a VDU you can add our Keyboard Terminal (less monitor) which features a full ASC11 keyboard with upper and lower case with cursor 
control, Video Display board which is microprocessor controlled giv ing 64 or 32 (on TV) Characters by .1 6 lines adding up to a full computer system having 4K 
workspace at a special price of £299 (less P .S .U . and monitor/TV). 

Compare these prices carefully and you ' ll find you are actually getting more for your money . 

4Kspace not enough? T hen it's 'JAWS' fo r you (see below) and y~u ca n go up to 64K in 16K steps . We'lllet you have a 16K EXPLORER I 85 for only £3 3 8 . 

Like a Floppy Disc system? We now have an 8" Drive system with CP I M . We will quote you for a complete system either in kit form or assembled ready to 
go. 

8'' FLOPPY DISC 
SYSTEM 

8" Con1rol Dlltll Corp Prof-ional Drive 
* LSI Controller * Write protect* Single or Double density *Capacity 400K Bytes (SO) 
BOOK Bytes (DO) unformatted * Access time 25ns . Price £350. 
DISC CONTROLLER 110 BOARD 
Controls up to 4 Drives * 1771 ALSI (SO) floppy disc controller * On board data separator 
(IBM compatible) * 2718 PROM MJcket inc luded fo r UH in c:u8tom ap plicetiona * 
On board crystal controlled * On board I I 0 baud rate * Two serial I I 0 ports *Autoboot 
to disc system when system reset * Generators to 9600 baud *Double-sided PC board 
(glass epoxy). Price £150 . 

DISC DRIVE CABINET WITH POWER SUPPLY 
De Luxe steel cabinet to house single drive with power supply unit to ensure maximum 
rel iability and stability. Price £79 . 

DRIVE CABLE SET-UP FOR TWO DRIVES 
Price £19 .00. 
SAVE £30 by purchasing complete single drive system . One B" drive, F.D.C. board , 
cabinet i PS .U. and cables. Regular price £59B, Special price £56 B. 
CP I M 1.4 £75 . CP / M 2.0 £99 . Extended Microsoft Basic £1 99 . Let us quote you for 

. other Software . 

ELF II 

ELF II 

SPECIFICATION 
"RCA 1B0 2 B-bit microprocessor with 256 by1e RAM 
expandable to 64K bytes. 
"RCA 186 1 video IC 10 display prog ram on TV screen via 
the RF Modula1or Single Board with Professional hex 
keyboard - fully decoded to eliminate the was1e of 
memory for keyboard decoding circuits . Load, run and 
memory protect switches. 16 Reg isters . Interrupt. DMA 
and ALU . S1able crystal clock . Built-in power regulator 
5-slot pl ug in expansion bus (less connectors) 

STARTS AT 

£59.95 
BOARD WITH VIDEO OUTPUT 

FEATURING TH E RCA COSiiiiAC 1802 cpu 
STOP reading abou1 computers and get your " hands on " an ELF II and Tom Pitman 's 
short course. ELF II demonstrates all the 91 commands which an RCA 1902 can execute, 
and the short course speedily instructs you how to use them . 

ELF ll 's VIDEO OUTPUT makes it unique among computers selling at such a modest 
price. The expanded ELF II is perfect for eng ineers, business, industry, sc ientific and 
educational purposes. 

ELF II EXPANSION KITS 
Once you 've mastered your ELF II you can then expand it to a full 64K microcompu1er · 
with our range of ELF II expansion kits . - Hardware- Firmware- Software- Manuals. 

NOW AVAILABLE BASIC LEVEL Il l w ith R.P.N . Maths _package . Both cassette and 
EPROM versions . 

SEND SAE FOR COMPREHENSIVE BROCHURE 

64K •JAWS' S100 
DYNA-MIC RAM 
BOARD 
Newtronics solves the problems of Dynamic 
RAM with a state-of-the-Art chip from Intel that 
does it all . Intel's 9202 64K dynamic RAM 
controller eliminates high log ic parts .. . delay 
lines . .. massive heat sinks ... unreliable 
trick circuits. · 

We offer you - Hidden refresh .. . fast performance ... lower power consumption . 
latched data ou1puts 200ns 411 6 RAM 's . on board crystal 8 K bank 
selectable . .. fully socketed ... solder mask on both side of the boa rd . 

Designed for BOBO. BOB5 and ZBO bus signals . . works in Explore r I B5 , Tuscan, 
Horizon. Sol , as well as all other well-designed S 100 computers. 

16K kits ... . . . .. .. . 
32K ki ts 
4BK kits 
64K kits 

· 16K expansion kits 

£ 149 
£194 
£239 
£284 

£45 

Wired and tested 
Wired and tested 
Wired and tested 
Wired and tested 

£169 
£214 
£259 
£304 

fl fi UJfJ lJ rti [J~ 
TVM-10 M ONITOR 

IDEAL FOR APP L E NASCO M 
U .K. 10 1 , ETC. 

e Designed for m onitoring com puters, c losed circuit TV and 
Video Tape Recorders 

e 1 0 " black and white v ideo mon it o r 
e 10 MHz band width 
e High-quality m etallic cabinet 
e Dimensions: 9" x 9" x 9 1/z 11 Trade Enquires Welcome 

Please add VAT to all prices. P&P extra . Please make cheques and postal orders 

payable to NEWTRONICS or phone your order quoting BARCLAYCARD, ACCESS 

number. 

[($:~)] CALL: Iii 

fl~UJiriHii[)~ We are open for demonstrations and Sales . Monday~Saturday , 9 .30 a.m.-6 .30 p .m. 

Near Highgate Underground on main A 1 in t o London. 

- WW - 068 FOR FURTHER DETAILS 

255 ARCHWAY ROAD, LONDON, N.6 
TEL: 0 1-348 3325 
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ROHDE & SCHWARZ 
TV.Demod~lat~r ..• AMF. 55-90MHz 
Selective UHF V /Meter. Bands 4 & 5. USVF 
Selectomat Voltmeter USWV. £450. 
UHF Sig. Gen type SDR 0.3-1 GHz. £750. 
UHF Signal GeneratorSCH. £175 . . 
XUD Decade Synthestzer & Exciter. 
POLYSKOPS SWOBI and~~~ --
Modulator/Demodulator BN17950./2. 
Video Test Signal Generator type SPF. 
UHF Sig. Gen. type SCR. 1-1.9GHz. 

MARCONI . 
·TF2360R TV Transmitter Sideband Analyser. 
TM6936R UHF Converter for above. 
TF 11 01 RC oscillators £65. 
TF1099 20M Hz sweep generator 
TF1 041 B Valve Voltmeter £65. 
TF1152A/ 1. Power meter. 25W. 500MHz. £75. 
TF1370A RC Oscillator £135. 
TF890A/ 1 RF Test Set. £395 

U.H.F. SIGNAL GENERATORS 
TF1066B/2 400-555MHz . Deviation to 
300KHz. 
TF1060/2 450-1250MHz. 
TF1 058 1.6-4000MHz. 

. BECKMAN TURNS COUNTER OIALS 
Miniature type (22mm diam .). Counting up to 
1 5 turn "Helipots." Brand new with mounting 

.instructions. Only £2.50 each. 

KAY ELEMETRICS SONA-GRAPH 
Sana-Graph model 7029A. 5-1 6000Hz Spec
trum Analyser with type 6076C Plug-in unit . For 
the spectrogrphic Analysis of transient sounds . 
such as speec, voice, doppler shifts, explosions 
etc. Supplied in excellent condition with hand
books. 

AUVANCECONSTANTVOLTAGE 
TRANSFORMERS 
Input 1 90-260V AC. Output constant 
220 Volts. 2 50W. £_25. (£2 carriage) 

LABORATORY OVENS.- Gallenkamp, 3 cu. 
ft. £145. Also Morgan Grundy 1 cu . ft. £55. 
20-WAY JACK S.OCKET STRIPS. 3 pole 
type with two normally closed contacts. £2.50 
each ( + 25p pp). Type 316 three pole plugs for• 
above- 20p ea. (pp free). 

ICS 
10 CHAPEL STREET, LONDON, NW1 

TEL: 01-723 

£400. 
AIRMEC 314A Voltmeter . 300mV(FSD)-300V. 
LEVELL TG 66A-1 Decade oscillator. 
DERRITRON 1 KW Power Amplifier with control equipment for 
vibration testing etc. 
HEWLETT-PACKARD 7123A pen recorder . 
HEWLETT-PACKARD tuned amp & null detector. 
TF2600 Voltmeter 1 mV-300V fsd. 
RADIOMETER Distortion Meter BKF6. £125. 
EDDYSTONE VHF RECEIVERS AM/F~ 70-90MHz. £45. 

. VACUUM/COMPRESSOR PUMP$ 
Bell & Goslett type and Doeer. U.S .A . Models available 
in excellent condition at prices well below normal . 

SOLARTRON LM1420.2. DVM. 6 r.angesto 1KV. 
MUIRHEAD type K-1 s4-A Wave Analyser. Portable. 
WAYNE KERR B521 Universal Bridge . 
HEWLETT PACKARD 608C Signal generator. 1 0-4BOMHz. 
WEINSHEL Power supply Modulator type M03. 
BRUEL & KJOER type 1504 Deviation Bridge 
BRUEL & KJOER Vibration equipment 1018. 
BRUEL & KJOER Frequency analyser 2105 

SOLARTRON CD1400. D/Beam 15M Hz. £150. 
SOLARTRON CD 1740. D /Beam 50MHz. £450. 
ADVANCE OS250. D/Beam 1OM Hz . £185. 
HEWLETT-PACKARD 1707A. 75MHz. £650. 
PHILIPS PM3226 D/8. 15MHz. £325. 
TELEQUIPMENT D53. D/Beam. £175. 
TEKTRONIX 581 A. 545A & B, 544. 661. 51 5A. 
SOLARTRON CD1220. £135. (+VAT) 

. All 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 our three months' guarantee. 
Calibration and certificates can be arranged at cost. Overseas enquiries 
welcome. PLEASE ADD 15% \~AT TO ALL PRICES. 
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DC POWI_R _SUPPL~---
.• APT 1045g/8. 12-14V.@ 5Amps. £25. (£2 t, 
p.p.) ' 
*APT 10459/8. 24V. @ 5 Amps. £25. (£2 
p .p.) 

· *'11/e can supply the above power supply at any 
fixed voltage between 5V arJd 36V at 5A. £25. 
*Mullard Dual supplies. Brand new with hand
book. Pos & Neg 1 2V. at 1 A and 0.4A respec
tively. Dimensions 9x4x5ins. £10.00 +(£1 
p.p .) . 
•FARNELL Current limited . Dimensions 
7x5x4ins. Following types available. 5 Volts @ 
3A. £15. '13-17 Volts@ 2A. £15. 27-32 Volts 
@ 1A £15. Plus £1.50 each postage . 
All the above power supply units are 230V. ·AC 
input and are stabilised and regulated and 
fused. All are fully tested before despatch and 
guaranteed in first-class order throughout . As 
with all our equipment there is a money-back 
guarantee if not completely satisfied. 

*OTHERS IN STOCK. PLEASE RING* 

MODULATION METERS 
AIRMEC 210 3-300MHz . AM/FM . , 
RADIOMETER AFM/ 1 3.5-320MHz. AM /FM. 
RACAL409 3-600MHz. AM/FM. 

ROTRON INSTRUMENT 
COOLlNG FANS 

Supplied in excellent condition, fully 
tested : 
115V. 4 .5 x 4.5 x1.5" £4.50. 230V. 
£5. 115V. 3 x 3 x 1 .5" £4 + postage 
ea . 35p. 

LL & HOWELL MICROFICHE -
VIEWERS 

Type SR5. Screen size 9 x 5" . New 
condition. £75. 

DIGITAL MULTI-METERS 
DE FOREST ELECTRONICS TYPE MM200. 
DC.V.O~ 1 KV. AC.V.0-700. DC.I.0-1 A . AC.I.0-
1A. Each in 4 ranges. Resistance 0-19 .99 
Mohms. 5 ranges. LED Display-1 9 9 9. -
BRAND NEW. SPECIAL REDUCED PRICE OF 

INCLUDIN 

HERE -iT IS! THE BRAND NEW 8022A 
HAND-HELD DMM 

Consider the following features: 
6 resistance ranges from 200 
ohm-20 ohms 
8 current ranges from 2mA-2A 
AC/DC 
1 0 voltage ranges from 200 
mv-1 OOOv DC-200 me- 7 50V 
AC 
Poc~~t . size - weig~lng only 
370gms. 
Full overload protection - will 
withstand 6kv spikes 
Rugged construction -virtually 
indestructable 
Meets tough military specs -

_drop proof _ _ 
In line. pushbutton operation for 
single-handed useage 
Incorporates low power cmos 
chip for low power consumption 
All this plus a 2-year full guaran
tee 

For _only £7 5 + vAT 
Carriage and Insurance £3 

SOFT CARRYING CASE 
£7 extra 

DIG-ITAL -MUL TIMETERS 
BRAND NEW-FROM Fl.ui<E!T! - . 

NOW AVAILABLE 
THE 8024A HAND HELD DMM 

This model incorporates a lithe features of 
the 8020A but in addition has: 
A peak hold switch which. can-be used in 
AC or DC for volts and current functions . 
Audible continuity testing and level de
tection for sensing logic levels 
A temperature (0 C) range for use with a 
thermocouple . £135 

Carriage and Insurance £3 

Th. fOllowing ~CC.uorias are in stock now 

- YB008 Touch and Hold Probe 
_(IOK-40 tligh Voltage Probe 
BtflF RF Probe ,tqt 00 MHZ 
BOT-1 SOC Temperature Probe (C) 

. 801-600 Clamp-on AC Current Probe 

~. - .. . : ... ·.,""" "' " '.'.::" 
d010AAND 8012A BENCH MODEL .M~s 

fhe 801 OA is a general purpose, bench/ portable digital multi meter with more functions 
and features than ever offered for such a low p"rice. Its companion, the 801 2A. has 
'identical characteristics except that it has two additional low resistance ranges, 2D and 
201l to replace the 801 OA's 10 ampere current range. 
The 8010A and 8012A feature: 
10 110ltage ranges from 200mv- 1 OOOv de, 200mv- 7 Sv ac . 

"'"3 conductance ranges from 2mS- 200 nS. ~ 
~6 resistance ranges from 2000- 20mil -the 8012A has two add itional resistance ranges 
21l and 201l. 

'io current ranges from 200"A- 2A AC/DC- the BDfOA has two additional currenf ' 
"'nges 1 OA AC and 1 OA DC . . 
. - 801 OA £1!i9 a·o12A £199 . 

Carriage and Insurance £3 
·· tie 80 1 OA is also available with two rechargeable Nicad size C baitei-i6s instanea· in oPti~:)~.J 
~Ola... . . . .. 

LOW _CO$T, AUTunAI,.u 
MULTI-FUNCTION CO 

MODEL 1900A 

~-------------------------------------------1 

Autorangin9 in both frequenCy and Period measurement modes 
Wide Frequency range-5Hz fo 80 MHz 
High sensitivity -25 mV, typically 15 mV . 

EVen more aophiatN:.tecl the Fluke 8020A 
Identical in most respects to the 8022A but in addition incorporates a. 
conductance range. from 2mS-200nS. 

Price £112 
Carriage and insurance £3.00 

• A handsome soft carrying case is included (this model only) 

Y7208EN 
20,000 OPV 

AC Volts: 0-10. 50. 
250, 500. 1000. 
DC Volts: 0-0 . 5, 5 
25, 1 25. 250. 500. 
1000. 
DC Current: 0-0.05. 
--5. 250 rnA. . ;• 

TMK500 

30.0000PV 
A sturdy and reliable in
strument. Has internal 
buzzer. 
AC volts: 0 to 2.5. 10. 
25, 100. 250. 500. 
190Q 

volts: to 0.25. 1, 2.5, 10. 25. 1 
250,1000.DCcurrent: Oto 50ua. 5ma. 
ina. 12 amp 

3 meg Resistance: 0 to 6K, 60K. 6 meg. 60 meg. 

- 20- + 63 db 
ms 127x90x32mm 

£10.95 P &P 75p 

Decibels: -20 to +56 db. 
Short test: Internal buzzer. 
Size: 160 x 110 ~55 mm. 

£20.50. P &P. 75p 

PLEASE ADD-15°/o VAT 
TO ALL ORDERS 

EXCEPT WHERE 
ITEMS MARKED 

"VAT INCLUDED." 

CALLERS WELCOME 
· We are open 9 a.m .-6 p:m·: · 

Monday-Saturday 
We carry a very large .se1ection of electronic 

· comp<)nents an·d 
electro-mechanical items. 

Special quota1ions on quantities 

Six digit LEO display with leading zero suppression, automatic annunciation and 
overflow 
Optional internal battery oack oroviding 4 hpurs cp_ntinuous operation 
Autoreset on all gate times, all function switches · 
Four manually selected 9_ate times providing resolution to 0 . 1 Hz 

Event counting to 106 ev~~ts with overflow indicator 
Signal input conditioninij wfth switchable 1 MHz low pass f ilter and attenuator 

~~~;~~:~~:?d::eo~~~hu~:~:~i=~~~~i~~i~~a;n~i~~~~~~~~ion :·~ 
~:1~~~~ high Fluke quality £195 C~rriage a~d Insurance ,£3: 

STUD SWITCH 
30-way, 2 bank. 

I pole. Contacts 1 amp 
. ACIDC. 0050 res . 1 

Make before break . Stop in- . 
finitely ~justable allOwing for . ...----; -

any ?es.~red a. rc. of. travel. Ide. al·~· for mstrument and model 
swttchmg. S1ze 2Vs" d1a 

x 2Vo" deep plus 1 W' 
x V.. 11 d1a . spmdle 

£3.25 P&P SOp 

BENDIX MAGNETIC CLUTCH 
Supe r b example o t 
electro-mechanics . Main 
tx>dy in two sections. coi l 
section fi)(ed with 3Ja 11 

sleeve. dr i ve section 
rotattng on outer 
perimeter . Uniting plate 
has 31s 11 ID bearing con
centnc w1th ma1n sect1on 
and 1 8 - tooth cog 

· wheel. Extremely power
fu l transm i ssiOn 24V 
D.C. 240m /a £4.75. P.&P . 75p 

ELECTRO-TE-CH COMPONENTS LTD. -
364 EDGWARE ROAD, LONDON, W.2. TEL: 01-723 5667 

WIRELESS WORLD NOVEMBER 1980 

' -r~atronicJ 
, . SUPE/l V!!LI.!_!_S! 'For quality of conSt'ructlon, ·-u-n-~: 

failing efficiency and sheer good 
value this 

200M Hz, 7 digit 
D.F.M. 

is unequalled for direct readings 
up the mobile radio VHF Band. 
Will operate on mains or 1 2v 
supply, making it ideal for use 
with mobile equipment. 
Manufactured and guaranteed by 
Catronics Ltd. 
· Vllrii'e lqr ii/ustratedieafle-t 

HIGti STABILITY OVENED VERSION with better than 1 in 107 reference 
oiiCillator DFM 5/S also available-at £154.35 

___ our. ~ular 50~ ~Hz_ Countentillevailable at only £142.60 

In addition to our famous ~5(1MHz and 500MHz 
counters we have also produced a 

200MHz COUNTER KIT 
SPECIALLY FOR HOME CONSTRUCTORS 

Our new KF200 counter, although small, is a no-compromise design 
lfoffers: o * A fulllr-digit LED display 
* A frequency range of 1OHz to 200M Hz 
*An accuracy of 10Hz at 30MHz, 50Hz at 150MHz in normal 

home environments · 
* 5/6-volt operati~n from batteries or mains PSU (not supplied) 
* Power consumption of only 1 W maximum 
* Small size 4" x 2" X 1" * Uses only 4 i.c.s. 
* . Assembled in about 2 hours * Full illustrated instructions 

'The -_KF2DO i~ supplied as 1. PCB as!embly, which may be split, if 
req':'1~ed, to g1ve a separate d1splay umt. (Suitable for direct driving an 

_8 d1g1t common cathode display.) The unit is available in kit or 
assembled/tested module form. Prices (INCLUDING V.A.T.): 

Counter Kit £72 Module £85 
(Add 75p for Post and Packing) -- · . 

a
Btarcl,aycOards &n·-Accl.eC~ wSelcom~~~!~!~~~ft.~11, 

20 WALLINGTON SQUARE 
WALLINGTON, SURREY 

, Tel. 01-669 6700 

ww- 017 FOR FURTHER DETAILS 

METALFILM. RESISTORS 
1% Tolerance, Y4 Watt 

1 ODR 
110R 
120R 
130R 
150R 
160R 
180R 
200R 
22DR 
240R 
270R 
300R 
330R 
360R 
390R 
430R 
470R 
51 0R 
56 0R 
620R 
68DR 
750R 
820R 
910R 

1 k 
1 k1 
1k2 
1k3 
1 k5 
1 k6 
1k8 
2k 
2k2 
2k4 
2k7 
3k 
3k3 
3k6 
3k9 
4k3 
4k7 
5k1 
5k6 
6k2 
6k8 

. 7k5 
8k2 
9kl 

10k 
11k 
12k 
13k 
15k 
16k 
18k 
20k 
22k 
24k 
27k 
30k 
33k 
36k 
39k 
43k 
47k 
51 k 
56k 
62k 
68k 
75k 
82k 
91k 

1 OOk 
110k 
120k 
130k 
150k 
160k 
180k 
200k 
220k 
240k 
270k 

330k 

470k 

560k 

680k 

820k 
1M ONLY 3P EACH 

Minimum order £5 
Minimum 5 pes per value 

89 Values (E24) 

Special Offer : 5 PCS of EACH (445 RESIS-
TORS) ONLY £12.50. 
High Quality High Stability. High Strength. 
VAT inclusive. Add £1.00 p&p all areas. 

ORION SCIENTIFIC PRODUCTS L TO. 
1 0 Wardour St., London W 1 

TV TUBE REBUILDING 
Faircrest Engineering Ltd ., manufacture a comprehensive 
range of equipment_for processing all types of picture tubes, 
colour and mono. Standard· or custom built units for estab
lished or new businesses. We export world-wide and have an 
,excellent spares service backed by a strong technical team. , . 

Full training courses are individually faflored to customers 
requirements. 

For .full details_ of our service contact Neil Jupp 

FAIR CREST ENGINEERING L TO. 
Willis Road, Croydon,' CR02XX. · 
01-684 1422, 01-689Efi41 . 

WW- 030 FOR FURTHER DETAILS 

HOW'S THIS FOR 
FAMILY PLANNING? 

WE'VE GOT AN ADDITION 
TO OUR FAMILY. WE 
WANT YOU TO MEET THE 
TX-808 DOT MATRIX 
PRINTER. 
It's a complete 80-column 
dot matrix printer for use 
with perso·nal computers. It 
prints a full 96 ASCII and· 
graphic characters at 125 
characters per second. Its 
100 million character dot 
head mechanism achieves 
long operating life by 
employing a unique ruby
jewelled support. 
All for £345 one off (plus 
VAT) and ex-stock. 
THERE'S A BIG FAMILY 

OF INTERFACES TOO. 
Meet the Family 
Phone K. Evans 

ROXBURGH PRINTERS LTD. 
22 Winchelsea Road 

Rye, Sussex 
Rye (079 73) 3777 

WW083 - FOR FURTHER DETAILS 
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For Professional & Business People 
WILL TAKE PLACE 

29th-31st OCTOBER 1980 
WEST CENTRE HOTEL, I.D.I.IE ROAD, LONDON 

10 am to6pm 
(Closing 5 pm on the last day) 

The response to the second exhibition for 
professional and business people has been 
overwhelming, justifying the decision to take the 
whole hall at the ~est Centre Hotel. 

An addition~l f~ature to this year's show will 
be a Workshop/Forum, where sponsoring 
company;s will hdld an open discussion OIJ. the 
latest related top~Jcs. Entry to this will be free. · 

This year's eve tis designed as it's title 
suggests, to inter st not only those professionally 
involved with vie data & teletext, but also those 
businessmen whose companies are able to use 
viewdata or are already doing so. 

The event has over 40 exhibitors including: 
Sony, GEC, Information Services, The Post 
Office, Langton Information Services, CAP CPP, 

· Granada TV Rental, Fintel, Eastel, Cherry 
Electrical, Centronics, Link House 
Communication, Ansafone, STC, ITT, 
Bishopsgate Terminals, Oracle (London 
Weekend TV), and Barco Video Terminals (C.W. 
Cameron Ltd), showing a wide variety of exhibits 
such as: · 

Editing equipmel't basic and advanceq, · 
monitors and user t rminals, private viewdata 
systems and equip ent, peripherals including 
printers, magnetic edia recorders, light pens, 
graphic design aids and keyboards, accessories 
such as camera attachments, anti-glare sprays, 
screen hoods and masks, telephone timers·, 
microcomputers for telesoftware and other 
"umbrella" activities and facilities, software 
services for advanced editing, publications, 
semiconductor devices and many more. 

ENTRANCE TO THE EXHIBmON IS FREE BY REGISTRATION 

Advance tickets are available on demand from the organisers at: 
Viewdata Tickets 

IPC Exhibitions Ltd 
40 Bowling Green Lane 

London EC1R ONE 

VIRI=II=~~ WORLD NOVEMBER 1980 

BURGESS WR22 SERIES. MICROSWITCHES. 15 amp 250v A.C. £10 
for 10. £40 for 50. £64 for 100. £250 for 500. 
TUBULAR CAPACITORS A.C. WKG. 2mfd. 440v. R.M.S. £7.50 for 
10. £30 for 50. £52 for 100. £234 for 500. 
OSMOR REED RELAY. Coil 650 Ohm operating voltage. 9v to 15v. 
Reed N/Osize. L.31mm x W 9.5mm x H.10mm. Current consumption 
approximately 20ma at 12 volts D.C. P.C. mounting £7.50 for 1£, £33 
for 50, £59 for 100, £250 for 500. 
CASSETTE MOTOR. 12v. 100 rpm approx. All metal construction 
dia. 40mm. L.35mm. Length of shaft 10mm x dia 3mm approximately. 
Very powerful. £9 for 10. £40 for 50. £72 for 100. ·£300 for 500. 
GEARED MOTORS. 250v. 1 r.p.h. 2W. Consumption overall size. 
70mmL x 35mmW x 35mmH approximately. Fantastic value at £7.50 
for 10. £30 for 50. £55 for 100. £250 for 500. 
PHILLIPS SYNCHRONOUS MOTOR. 110/220v. 250 r.p.m. at 50 HZ . 
300 r.p.m. at 60 HZ. Size 50mm dia. x 28mmD. Length of shaft 8mm 
dia. 3mm approximately. £20 for 10. £85 for 50. £145 for 100. £620 for 
500. 
CROUZET 2 RPM GEARBOX. All metal construction. £15 for 10. £60 
for 50. £102 for 100. £450 for 500. 
HEAVY DUTY SHADED POLE MOTORS. 230v. 1'/z" stack. 3,000 
R.P.M. Intermittently rated shaftJ length, 24mm x 5mm approx., 
!£32.50 for 10, £145 for 50, £260 for 100, £1,150 for 500, £2,000 for 1,000. 
NEON INDICATOR. Manufactured by Area Electric. llOv. Yellow. 
Fixing hole 24mm x 6mm approximately. Heat resistant leads to 
105C. 245mm in length. Excellent quality. £2.50 for 10, £ll for 50, £20 
for 100, £90 for 500, £160 for 1,000. 
MAINS TRANSFORMERS. Input 0-110-240v. Output 9v 500ma. P.C. 
Mounting, we do have some printed circuit boards as an extra if 
required. £17.50 for 10. £75 for 50. £135 for 100. £600 for 500. P.C. 
Boards 0.35p.each. 
MAINS TRANSFORMER BY WESTOOL. 0.240v Input. Output 9v 
3amps. Excellent value £25 for 10. £112 for 50. £200 for 100. £900 for 

. 500. 
MAINS TRANSFORMERS WITH SCREEN. 240v Input. 20v Output 
0.3 'amp. £20 for 10. £90 for 50. £160 for 100. £700 for 500. 
SIEMANS RELAYS. 2 pole C/0 220v coil. H.D. contacts rated at 
approximately 10 amps completely enclosed in plastic case. £10 for 
10. £45 for 50. £80 for 100. 
JO JO EXTENSION REELS. Complete with 6 mtrs. cable. 13-amp 
plug top on one end with twin 13-amp socl}et on reel. Rated 6-amps. 
£60 for 10. £270 for 50. . · · · 
l'erms C.W.O. Add 10% to all orders for carriage+ 15% V.A.T. Export 
enqu1ries welcome. · 

ELECTRONIC 
EQUIPMENT CO. LtD. 
SPRINGFIELD HOUSE 

· TYSSEN STREET 
· LONDON ES 2ND 

PHONE: 01-249 5217 
TELEX: 8953906 EECO.G 

We cannot advertise all we 
sell, for real bargains visit 
our warehouse and trade 
counter during the hours of 
9 a.m. to 5 p.m .. Monday to 
Friday. you will find us be
hind Da!ston Lane Police 
Station. All enquiries 
treated with prompt atten
tion. 

WW -1070 FOR FURTHER DETAILS 

TRANSFORMERS 30/60 VOLT RANGE 
Voltages avai lable 6, 8, 10, 12, 16, 18, 20, 24. 
30, 36, 40, 48, 60 or 24V-0-24V or 30V·0-30V. 

,Ref. 
111 
213 

71 
18 
85 
·70 

108 
72 

116 
17 

115 
187 
226 

12 OR 24V OR 12-C)..12V 
Amps 

12V 
05 
1 0 
2 
4 
0.5 
6 
8 

10 
12 
16 
20 
30 
60 

24V 
0.25 
0.5 
1 
2 
2.5 
3 
4 
5 
6 
8 

10 
15 
30 

Price 
2.42 
2.90 
3.86 
4.46 
6.16 
6.99 
8.16 • 
8.93 
9.89 

11.79 
15.38 
19.72 
40.41 

P&P 
0.52 
0.90 
0.90 
1.10 
1.10 
1.10 
1.31 
1.31 
1.52 
1.52 
2.39 
2.39 
O.A. 

15/30VOLT RANGE 
SecVoltagesavailable3. 4. 5. 6. 8. 9. 10, 12 , 15. 
18. 20, 24. 30V or 1211-0-1211 or 1511-0-1 5V 

Ref. 30V Price P&P 
112 5 2.90 0.90 
79 1 3.93 1 '1 0 

3 2 6.35 1 '10 
20 3 6.82 1.31 
21 4 8.79 1.31 
51 5 10.86 1.52 

117 6 12.29 1.67 
88 8 16.45 1 .89 
89 10 18.98 1.89 
90 12 21.09 2.24 
91 15 24.18 2.39 
92 20 32.40 O.A. 

CASED-AUTO TRANSFORMERS 
24011 cable in .11511 USA flat pin outlet. 

VA Price P&P Ref. 
20 6.55 1.03 56W 
75 8.50 1.31 64W 

150 11.00 1.31 4W 
250 13.88 1 .67 69W 
500 20.13 1.89 67W 

1 K 30.67 2.65 84W 
2K 54.97 O.A. 95W 

25/50.VOLT RANGE 
Sec Voltages available 5, 7. 8, 10, 13, 15, 
20, 33, 40 or 20V-0-20V or 25V-0-25V. 

17, 

Ref. 25V 50V Price P&P 
102 1 5 3.75 0.90 
103 2 1 4.57 1 .10 
104 . 4 2 7.88 1.31 
105 6 3 9.42 1.52 
106 8 4 12.82 1.73 
107 12 6 16.37 1.89 
118 16 8 22.29 2.39 
1Hi 20 ' 10 27.48 O.A 

.109 24 L7 32.88 O.A. 

Ref .?IJV 61JV Price P&P 
124 1 5 4 .27 1 ' 1 0 
126 2 1 6.50 1 ' 1 0 
127 4 2 8.36 1.31 

:;. m ~ ~ g:~~ i ~j i 40 10 5 17:42 1.89 
a: 1 20 12 6 19.87 2 . 12 
til 121 16 8 27.92 O.A 
:::1 122 20 10 32.51 O.A. 
g ' 189 24 1 2 
c 
'§ 
u 

SCREENED MINIATURES 
Ref. mA Volts • £ P&P 
238 200 3·0·3 2.83 0.63 
2121A. lA 0-6,0-6 3 .14 0.90 

13 100 9-0·9 2.35 0.44 
235 330 330 0-9 . 0-9 2.19 0.44 
207 500 500 0-8-9 . 0-8-9 3.05 0.85 
208 1A, 1A 0·8·9 , 0-8-9 3.88 0.90 
236 200 200 0-15,0-15 2.19 0.44 
2 14 300 300 0-20, 0·20 3.08 0. 90 
221 7001DC) 20-12-0-12-20 • 3.75 0 .90 
206 1A 1A' 0-15-20-0- 15-20 5.09 1.10 
203.5 .5 0 -15-27-0-15-27 4.39 1. 10 
2041A1A , 0-15-27-0· 15-27 6.64 1.10 
239 50 12-0-12 2.88 0.37 

MAINS ISOLATORS (SCREENED) 
Pri 0-120 0-100-12011 (120. 220. 240111 Sec 
60-55-0-55. 60. twice . to grve 55. 60 , 110. 115, 
120. 125. 175, 180. 220, 225, 230, 235 , 240 
Ref. VA Price P&P 
'07 20 4.84 0 .91 
149 60 7.37 1 .1 0 
150 100 8 .38 1.3 1 
151 200 12.28 1.3 1 
152 250 14.61 1.73 
153 350 18.07 2.12 
154 500 22.52 2.4 7 
155 750 32.03 O.A 
156 1000 40.92 O.A 
157 1500 56.52 O.A 
158 2000 67.99 O.A 
15 9 3000 95.33 0 .A 
·p, 0-220-2;16\TSec 115 or 24011 
State sec . volts requ ired 

AUTO TRANSFORMERS 
Voltages available 1 05 11 5 . 1 90 200 21 () 
220, 230 240 

Ret VA tWatt;) £ 
113 15 2 .73 

P&P 
0 81 

64 75 4.41 1 10 
4 150 5.89 1.10 

67 500 12.09 1.9 1 
84 1000 20.64 2 .19 
93 1500 25.61 OA 
95 2000 38.31 OA 
73 ' 3000 65.13 OA 

80S 4000 . 84.55 OA 
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Barrie Electronics Ltd. 
5 7S 5000 98.45 OA 

._O.,.th- er- ite_m_s ---i 

3 THE MINORIES, LONDON EC3N 1 BJ 
TELEPHONE: 01-488 3316/7/8 

NEAREST TUBE STATIONS ALDGATE & LIVERI1 00L ST. 

WW-062 FOR FURTHER DETAILS 

available . Send 
20p for 

'Catalogue 
Please add 
VAT after P&P 

The AIRAMCO Mikro 1000 
-The Scottish Solution. 

The Mikro 1000 is a Scottish built micro-computer which combines 
State of Art techno~ogy with simplicity and durability to give a 
powerful small busmess system at a very competitive price. 

Driven by a 2.5 MHz or 4 MHz Z80 processing unit constructed 
around Industry_ Standard S 100 Bus, t_he Mikro 1000 is designed 

.................... __ .. ,_ ................. " to provtde the ease of expansiOn necessary in a modern 
growing business or industry- memory is expandable 

from 32K to 256K, with up to 4 Megabytes of on-line 
disk storage. 

The integral VDU has an 80 cols. x 24lines screen, and 
incorporates a green phosphor CRT, while the 117 key 

. keyboard can be used remotely from the main body of the 
machme, and may be programmed for user functions such as word processing commands. 

As well as supporti_ng all CP/M based languages, the Mikro 1000 has a full range of business software, including Sales, 
Purchase and Nommal Ledger, Inventory Control, and Payroll, as well as Word Processing (which is available at even 
lower cost as a separate system on the Mikro 1000 WP). · -

For further information on either Mikro 1000 system, please contact: 

Unit A2, Longford Avenue, Kilwinning Ind. Est., 
Kilwinning, Ayrshire, KA22 8NP. 

Tel: 0294 57755 Telex: 779808 

WW- 087 FOR FURTHER DETAILS 

www.americanradiohistory.com

www.americanradiohistory.com
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U.K. RETURN OF POST MAIL ORDER SERVICE, ALSO WORLDWIDE EXPORT SEf.lVICE 
~----------------------, _ 'BAKERLOUDSPEAKERS 

BSR DE LUXE AUTOCHAN . ..SPECIAL PRICES" 
Plays 12", 10" or 7" records, HI. GH QUALITY . Auto or Manual. A high quality 
unit backed by BSR reliability . 
Stereo Ceramic Cartridge. AC 
200/250V. Size 13V>-11 1/4in. 
3 speeds. Above motor board 
3%in . Below-motor board 2V>in. 
with Ceramic Stereo cartridge. 

£2 0 Post £2 .' 

GARRARD AUTOCHANGER CC10A. 
3 speed stereo cartridge . Plays all sizes of records. 
7". 10", 12" (Turntable 7in) £8.50. post £1. 

HEAVY METAL PLINTHS 
Cut out for most BSR or Garrard decks. 
Silver grey finish. 
Size 16 x 14 x 3in. 

Special Tinted Plastic Cover for above 
TINTED PLASTIC COVERS 
Sizes: 14Vz X 12Vz X 4 1/•in.or 14Vz X 12Vz X 3in . £3.50. 
15 1/4 X 13_Vz X 4in. £4.18 X 13'!4 X 4in. £6. 
17'.14 X 9Vz X 3Vzin . £3. 1B X 12Vz X 3in. £6. 
18 X 133/4 x3Vzin. with standup hinges £7 . 
Ideal for record decks, tape decks, etc. 

BSR P182 3 speeds flared 
aluminium turntable "S" shape 
arm, cueing device, 
ceramic cartridge £26 
Post £2.00. 
Ready cut mounting board. 

• Only £1 extra 

· asli C142·R.IM DRIVE duALITY DircK: · 
Manual or automatic play. Two speeds . 

· Precision ultra slim arm. 
Cueing device . Bargain price 
Witli stereo ceramic cartridge 

£20 
·Post £2 

BSR P207 BUDGET SINGLE PLAYER id.eal for disco or 
.small two-speed Hi-Fi system w ith stereo cartridge £1 5 
_-cartndge and cuemg dev~ce . Post._£2 . 

JVC 
DECK 

Detachable head, adjustable counter balance weight, hydraulic 
damped cueing platform, automatic pick-up arm return. 2 speeds, 
33 and 45 rpm, suppression circuit to start stop switch, 240V AC 
motor. dynamic pendulous bias compensator. Teak veneered 
base, 19in. x 14Vzin £9. Plastic cover £6, post £2. 
Recommended stereo magnetic cartridge £6.50 extra. _ 

RCS SOUND TO LIGHT KIT Mk. 2 
Kit of parts to build a 3 channel sound to light unit 
1.000 watts per channel. Suitable for home or disco . 
Easy to build . Full instructions supplied . Cabinet Post SOp . 
£4.SO extra . Will operate from 200MV to 100 watt signaL 1 

200 Watt Rear Reflecting White Light Bulbs. Ideal for Disco 
Lights, Edison Screw. 6 for £4, or 12 for £7.SO. Post 50p. 

"MINOR'' 10 watt AMPLIFIER KiT £12.50' 
This kit is suitable for record players, guitars, tape playback, 
electronic instruments or small PA systems. Two versio 
available: Mono, £12.50; Stereo, £20. Post 45p. Sp,eci'l 'icatio1n I 
1 OW per channel; input 1 OOmV; size gy, x 3 x 2in. approx . 
details. Full instructions supplied . AC mains powered. 
Input can be modified to S!Jit guitar. 

' RCS STEREO PRE-AMP KIT. A It parts to buildr thiS pre-amp~ 
Inputs for high, medium or low imp per channel, with volume 
control and PC Board £2.95 

.!:an be ganged to-make multi-way stereo mixers 

250-0-250V 70mA. 6 5V. 2A 
250-0-250V SOmA, 6 .3V 3.5A, 6.3V lA .. 
330-0-330V 200mA, 6.3V 2A, 6 .3V 2A, 6.3V 3A 
300-0-300V 120mA. 2X6.3V 2A C.T. : 5V 2A 
220V 45mA, 6. 3V 2A 

Post 35p 

99p. 
£3.45 

' [4.60 
.... £12.00 

. . £10.00 
£2.50 

GENERAL PURPOSE LOW VOLTAGE. 
Tapped outputs available 
2 amp. 3, 4. 5, 6, 8, 9, t 0. 12, 15, 18, 25 and 30V . . . £6.00 

MODEL 
INCHES 

MAJOR 12 
DELUXEMK II 12 
SUPERB 12 
AUDITORIUM 12 
AUDITORIUM 15 
GROUP 35 12 
GROUP45 12 
GROUP 50 12 
GROUP 75 12 
GROUP 100 12 
GROUP 100 15 
DISCO 100 12 
DISCO 100 15 

BAKER 
50 WATT 
AMPLIFIER 
£69 Post £2 00 

_OHMS 

4--8-16 
~16 
~16 
~16 
~16 

4-B-16 
4-8-16 
4-~16 
4-~16 
~16 
~16 
~16 
~16 

WATTS 
30 
15 
30 
45, 
60 
40 
45 
60 
75 

100 
100 
100 
100 

Post £1 .50 ea. 
TYPE 

HI-FI 
HI-FI 
HI-FI 
HI-FI 
HI-FI 
PA 
PA 
PA 
PA 
PA 
PA 
DISCO 
DISCO 

PRICE 
£12 
£14 
£20 
£20 
£29 
£12 
£15 
£20 
£22 
£26 
£29 
£26 
£29 

Ideal for Halls/PA systems, D.iscos and Groups. Two inputs. 
Mixer, Volume Controls, Master Bass, Treble and Gain Controls. 

; 50 watts r,m.s. Three loudspeaker outlets 4, 8, 16 ohms. 

Professional 4 inputs with 
volume controls. Will mix 
mics, decks, musical £89 
mstruments, etc. 

Siave version available £75 100 Volt Lme E14extra. Post £2.0_0 

FAMOUS LOUDSP-EAKERS 
..SPECIAL PRICES'~ Post £1.50 ea 

MAKE MODEL SIZE • WATTS OHMS PRICE 

SEAS TWEETER 4in 50 8 £7.50 
GOO OMANS TWEETER 3'hin 25 8 £4.00 
AUDAX TWEETER 33/cin 60 8 £10.50 
SEAS MID-RANGE 4in 50 8 £7.50 
SEAS MID-RANGE Sin 80 8 £10.50 
SEAS MID-RANGE 4'hin 100 8 £12.50 
GOODMANS FULL-RANGE 51fzin 15 8 £6.50 
GOODMANS FULL·RANGE Bin 20 8 £5.50 
SEAS WOOFER Bin 30 8 £14.00 
RIGONDA GENERAL lOin 20 8 £8.50 
GOODMANS AUDIOM 12PG 60 8115 £20.00 
GOODMANS AUDIOM 12PD 60 8/15 £20.00 

GARRARD 6-200 SINGLE PLAYER DECK 
Brushed Aluminium Arm with stereo ceramic cartridge and 
Diamond Stylus, 3-speeds. Manual and Auto Stop/Start 
large Metal Turntable . Cueing Device and Pause Control 
Ready· cut mounting board only £1 extra. £22 Post £

2
' 

~ =~~ ~: ~: ~ g ~ ~: ~ ~ : ~ ~: ~g: ~!: ~g: ~~: !g: !~: ~g ~::~~ f-..;:.;;7i:r::rrftii;'iiii'iiiiu-miDiliii::W"iit.;O'imiTnr~ 
3 amp. 6. 8. 10. 12, 16, 18. 20, 24, 30. 36, 40, 48, 60 . . . . .. £12.50 . 

GOODMANS AUDIDM 12P 50 8115 £20.00 

ELAC HI-FI SPEAKER 
lOin. TWIN CONE 
Large ceramic magnet . 50- 16,000 c / s. 
bass resonance 40 c I s 

~g::t:~P:~~ce £7.95 Post 99p 

POTENTIOMETERS Carbon Track 
5k0 to 2MO. LOG or LIN. Ll S SOp. DP 90p. Stereo LIS £1.10. 
DP £1.30. Edge Pot 5K. SP 45p. Sliders Mono 65p. Stereo 8511. 

EMI 13Y2 x Bin: LOUDSPEAKERS 
With-tweeter and ·with tweeter and crossover 
crossover. 10 watt. s ·otim . 15 watts, 

: 3 orB ohm. 

£Q.!J5 £10.95 
· Po~t 99p · . Post 99p 

SUITABLE BOOKSHELF CABINET £9.50. 

Bass woofer, EMI £ 1 0 9 5 
15 20 watt. . • Post g·gp 

THE .. INSTANT" BULK TAPE ERASER, 
Suitable for cassettes, and all sizes of tape 
reels. AC mains 200/250V. Hand held size 

W~l~ :~~d~~adg~:t1~e small tools £7.50 
He.cl Demagnetiaer only £5 Post 5 

BLANK ALUMINIUM CHASS S. 6 x 4-95p; B x 6-
£1.40; 10 X 7-£1.SS; 12 X 8-£1.70; 14 X 9-£1.90; 1 6 X 

6-£1.85; 16 x 10-£2.20. ANGLE All. 6 x 3/4 x 3;4in-25p. · 
ALUMINIUM PANELS. 6 x 4-24p; 8 x 6-38p; 
14 X 3-40p; 10 X 7-54p; 12 X 8-70p; 12 X 5-44p; 
16x6-70p; 14x9-94p; 12x 12-£1; 16 x 10-£1 .16. 
PLASTIC AND All BOXES IN STOCK. MANY SIZES 

,ALUMINIUM BOXES. 4 x 4 x 1 Vz £1. 4 x 2 x 2 £1 . 3 x 2 x 1 
80p. 6 X 4 X 2 £1.30. 7 X 5 X 21/z £1.45. 8 X 6 X 3 £2.20. 1 0 X 

7 X 3 £2.50. 1 2 X 5 X 3 £2.30. 1 2 X B X 3 3. 

,Samp. 6. 8. 10. 12, 16, 18, 20 , 24, 30, 36. 40, 48,60 ..... . £11.00 
12V. 100mA. £1 .30 20V. 40V, 60V. 1 amp - £4.00 
12V, 750mA £1.75 12V, 3 amp £3.50 
10-0-10V 2amp . £3.00 10V. 30V, 40V, 2amp £3.50 
30V, S amp and 1 7V-0-17V. 2 of 28 volt 1 amp £5.00 

2 amp . £4.00 20V. 1 amp . £3.00 
O.S, 8, 10, 16V. y, amp £2.50 20V-0-20V, 1 amp . . .. . £3.50 
9V, 3 amp £3.50 9-0-9 volt SOma ..... £1.50 
25-0-25V 2 amp . .. . . . £4.50 1 2 of 18V, 6 amp. £11.00 
30V. 1 •;, amp £3.00 2 amp £3.50 12-0-12V. 2 amp £3.50 
6V y, amp £2.00 9V. 'I• amp . . . £1.50 
15·0·15V.2amp £3.75 32-0-32V,6Y,amp ... £11.00 
AUTO TRANSFORMERS. t 15V to 240V 1 SOW £8.00 SOOW £10.00. 

- . CHARGER CHARGER 
TRANSFORMERS RECTIFIERS 

6-1 2 volt 3 amp £4.00 6-1 2 volt 2 amp 
6-1 2 volt 4 amp £6.SO 6-1 2 volt 4 amp 

LOW VOLTAGE ELECTROLYTICS ALL 10p 
1 mfd. 2 mfd. 4mfd. 8 mfd. 10 mfd. 16 mfd, 25 mfd. 30 mfd. 50 · 
mfd, 100 mid, 250 mfd . All 15 vgts. 22 mtd/6v/10v; 25 
mfd/6v/10v; 47 mfd/10v; 50 mfd/6v; 68 mfd/6v/10v/ 
16v/25v; 100 mfd/10v; 150 mfd / 6v/10v: 200 mfd/10v/ 
16v; 220 mfd / 4v/10vl16v; 330 mfd / 4vl10v; 500 mfd/6v; 
680 m(d/6v/10v/16v ; 1000 mfd / 2 .5v/4v/10v; 1500 

• mfd / 6v / 1 Ov / 1 6v; 2200 mfd /6v /1 Ov; 3330 mfd /6v; 
4700 mfd/4v. ALL 10p. 
500mF 12V 15p; 25V 20p; 50V 30p. 
1 OOOmF 12V 20p; 25V 35p; 50V SOp; 1 OOV 70p. 
2000mF 6V 25p; 2 5V 42p; 40V 60p; 1 200m F 7 6V SOp. 
2500mF 50V 70p; 3000mF 50V &Sp; 2000mF 1 OOV £1. 
4500mF 64V £2. 4 700mF 63V £1.20. 2700mF 176V £1. 
5000mF 35V 8Sp. 
HIGH VOLTAGE ELECTROLYTIC& 
8/350V 35p 8+8/500V 95p 
16/350V 45p B+16/450V 75p 
32/500V 75p 16+16/450V 75p 
50 / 500V £1.20 32+32/350V SOp 
8/BOOV £1.20 50+501500 £1.80 
16/500V 6Sp 

50+50/300V SOp 
32+32/450V 90p 
100+100/275V 65p 
150+200/275V 70p 
220/450V 95p 
B0+40/500V £2 

BRIDGE RECTIFIER 200V PIV 4 amp £1.50. B amp £2.50. 
TOGGLE SWITCHES SP 30p. DPST 40p. DPDT 50p. 
PICK-UP CARTRIDGES ACOS , GP91 £2.00. GP94 £2.50. 
SONOTONE 9TAHC Diamond £3.75. V1 00 Magnetic £6.50. 
RESISTORS.100 to 10M. '.14W. VzW , 1W, 1p; 2W 10p. 
HIGH STABILITY. VzW 2% 10 ohms to 1 meg. 8p. SHORT WAVE 1 OOpf air spaced gangable tuner, 95p. 
Ditto 5%. Preferred values, 10 ohms to 10 meg , 3p. TRIMMERS 1 OpF, 30pF. 50pF, 5p. 1 OOpF, 150pF, 15p. 

£6.50 

f~1ilJ.i... MINI-MULTI TESTER ~!~::~~o~6t~ ~P~\;n~. ~;~/~1~s?;e;~} ~~~~~~;- 1sfov ;.-~~· Deluxe pocket size precision moving 2 op; SOOV-O.oo 1 to 0 .05 12p; 0 .1 1Sp; 0 .25 2Sp; 0 .4 7 35p. t '\-::.:_:::~ ~ • coil instrument, jewelled bearings - MICRO SWITCH SINGLE POLE CHANGEOVER 20p. 
·. 'I · • ft· ·.-•., 2000 o.p.v. Battery included SUB-MIN MICRO SWITCH, 25p. Single pole change over. 

~ 11 instantrangesmeasure: TWIN GANG, 385pF £1; 500pF £1; 365 + 365 + 25 + 
I - DC volts 10. 50.250, 1000. 25pF. Slow motion drive £1. 120pF 50p. 3 Gang 365 pF £2. 
f11 ~:=:-:• :.·;s:. ; ~g ~~~s 1g·1 ~g· ~~O, 

1 
OOO TRANSISTOR TWIN GANG. Japanese Replacement SOp. 

~ Continuity and resistance 0- 1 meg :':_~~:.r:::~~~~'g::~:~~~g~-~~:~le pole . Red 6Sp. 

g~r;;,~li~t:w~;~~~:~Prods and WIRE-WOUND RESISTORS 5 watt, 10 watt. 1 5 watt 15p 

instruction book showing how ~:~~~g:~ :~~~:N~;~t. ~~~?e~ heads with motor £S.OO 

Stabilised output. 9 volt 400 m .a . UK made in plastic 
case w1th screw terminals. Safety overload cut out . Size . 
5 x 3 1,1, x 2V2in. Transformer Rectifier Unit. Double 
insulated. Suitable Radios, Cassettes, models, £4.50 

·- .TEAK VENEERED HI-FI SPEAKER CABINETS _ 
For 13x8in . or Bin. speaker £9.50 Post:g9p 
For 6Vzin . speaker and tweeter £8.5_0 Post' 99p . 
Many other cabinets in stock. Phone your requ~rements. 
SPEA~ER COVERING MATERIALS. Samples Large S.A.E. 
LOUDSPEAKER CABINET WADDING 1Bin wide 2Sp ft . • 

GOODMAN& TWIN AXIOM 8 inch dual cone loudspeak~r . 8 
ohm. 15 watt hi-fi unit £10.50. Ditto 15 ohm £8. Post £1. 
CROSSOVERS. TWO-WAY 3000 cis 3 or 8 or 15 ohm 
£1.90. 3-way g50 cps/3000 cps. £2.20. 
LOUDSPEAKERS PM 3 ohm 7x4in. £1.50; 6Vzin .. £3.00; 
8x5in ., £3.001 Bin._, £3.50. 

' SPECIAL OFFER: 64 ohm, 2%in., 35 ohm, 3in., 
25 ohm, 3in., 5x3in., 7x4in., 8 ohm, 2in ., 2%in. ·3in., 3Vzin ., 
5in ., 1S ohm, 3Vzin . dia, 6x4in ., 7x4in., 5x3in., 
3ohm,4in .. 5in ., 7x4in .. 120ohm, 3'/•in. dia. £1.50each. 
FAMOUS MAKE TWIN CONE LOUDSPEAKERS. 
Sin. diameter 4W £3.50. 10in . diameter 5W £3.SO; 
12in. diameter 6W £4.SO. 3/B or 1 5 ohms, please state. 
MOTOROLA PIEZOELECTRIC HORN TWEETER £6.50 
Handles up to 100 watts. No crossover required . 
BLACK PLASTIC CONSTRUCTION BOX with brushed 
aluminium facia . Sturdy job. Size 6 1/4 x 4 341 x 2in £1:50 

'GOODMANS RUBBER 
SURROUND BASS WOOFER' 
Standard 12in. diameter fixing with · 
cut sides 1 2" x 1 0"- 14.000 Gauss 
magnet. 20 watts RMS 4 ohm imp .. 
Bass resonance . 30· c.p .s. 
Frequency response 20-8000 c.p .s. 
BARGAIN, £8.50. P-ost £2 

ALUMINIUM HEAT SINKS. FINNED TYPE. 
Sizes 5"X4"X 1" 95p. 6V,"x2"x2V." 45p. 
JACK PLUGS Mono Plastic 2Sp; Metal 30p. 
JACK PLUGS Stereo Plastic 30p; Metal 35p. 
JACK SOCKETS. Mono Open 20p; Closed 25p. 
JACK SOCKETS Stereo Open 25p; Closed 30p. 
FREE SOCKETS- Cable end 30p. 
2.5mm and 3.5mm JACK SOCKETS 15p. 
2.Smm and 3.5mm JACK PLUGS 1Sp. 
DIN TYPE CONNECTORS 
Sockets 3-pin, 5-pin 10p. Free Sockets 3-pin. S-pin 25p. 
~lugs 3-pin 20p; 5-pin 25p. 
PHONO PLUGS and SOCKETS ea. 10p. 
Free Socket for cable end ea. 15p. 
Screened Phono Plugs ea. 15p. 
TV CONVERGENCE POTS 15p each 
Values ,;, 5. 7. 10. 20. 50, 100. 200. 250, 4 70 , 2000 ohms. 

DRILL SPEED CONTROLLER/LIGHT DIMMER KIT. Easy 
to build kit. Controls up to 4BO watts AC mains £3 
DE LUXE MODEL READY BUILT 800 watts plus Photo 
Electric Sunset "On " feature . Front plate fits standard box £4. 

to measure capacity and inducta::J U.H.F. COAXIAL CABLE SUPER LOW LOSS. 25p yd. 

RADIO COMPONE.N .. T SP-ECIALISTS· 337WHITEHORSEROAD,CROVDON 
Open 9-6. Closed ail day Wed. Open Sat. 9-5. 

Radio Books and Components Lists 20p. (Minimum post 1 packing charge SOp.) Access or Barclaycard Visa. Please Tel : 01-684 1665 for same day despatch. Cash prices include VAT. 
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***************************** ! SPECIAL OFFER * 
....- LED ALARM MODULE with bright 0. r LED display and switched alarm output. Just lt * add matns tr~nsformer and t1~e setting SWitches for operatiOnal clock. At the special price * 
-t_/;4;;h;;;l:;:d;_;:;:;:;;·* * ********t 

SOUND EFFECTS MODULE. Brand new, designed for 'Spaceman· toy. Gives 5 audio/visual 
programs. Requires 8 ohm speaker (notsupphed). 85p. Cat No. 108. LED DISPLAYS Red 
common anode. 0.3" digits w1th crisp. bnght segments. 14 pm OIL package. Super value a; 62p: 
Cat. No. 313 . POLARIZING FILTER MATERIAL 0.006 th1ck plast1c film. Any size cut_ even 1 
sq. ;nch. Max. Wldth 19". any length. Only 3pper sq. inch. Cat. No. 701 . GIANT LED DISPLAY 
Common cathode, non~multiplexed super 4 dtglt LEO clock display. Lots of other uses too . Only 

::::.e~~ NC:t2~~- 2~iiw~~~~~~TAt::~~~~~~~ ~~~:it~~ ;e3g~.~:~:~~~~~;o~h~:'v1:"~~~~:~· 
Common cathode, multiplexed, With 0. t" t-igh d1gits. tlp'each . Cat. No. 312. LM1i65 TIMER I .C. 
An extremely versaule I.C. to satisfy most of your ttmer requirements. With data/applications 
booklet . Only 25p. Cat. No. 407 . 20 KEY KEYBOARDS Calculator keyboards, excellent key action. 
20 keys per board. 2 keyboards for ttp._Cat. No . lOt . DIGITAL MULTIMETER CHIP. au;lds into 
high accuracy dvm or panel.~eter. ReqUires addit;onal e>rcuitry . With data and circuit. M M 5330 only 
£3.55. Cat. No . 404. 0.1 LED WRISTWATCH DISPLAY H1gh bnghtness display in 'legless 
flatpack· style package. ReqUires fa~rly fme soldering . With data. ttp each or 2 for £1.50. Cat. No . 
209 . MOMENTARY SWITCHES. Miniature pushbutton sw;lches (spring loaded) with one 
normally open contact. Super value at 16p each . Cat. No. 703 . SLIDER SWITCHES. A miniature 
slide sw1tch with 2 pole change-over contacts . AU b'rand new. 11p each . Cat . No. 702 2102 
MEMORIES (static RAM's) . A snip at 91p each. W ith data. Cat. No. 102. RESISTORS 1 .ohm to 
10 megohms E12 series. 2 ohms to 1 megohm E24 series . 'Aw. 5%. 2Yop each or 8p for 5 of same 
value. CAPACITORS 25v el-.oly1iea 1.0, 2.2. 4. 7, 1 Out. lp each. 22, 47uF, 8p each. 1 OOuf, 
10p each, 220uf, 12p each, 470uF, 18p each. 100v Myler O.OOt, 0.002, 0.0033, 0.0039. 
0.0047uF, 6p each. 0.01, 0.022, 0.02S, 0.33uF, 7p each. 0.04, 0.05, 0.1 uF. Sp each. 100v 
CERAMIC PLATE l.Bpf to 4 7pf, 5p each. 56pf to 4700pf, lp each . TRANSISTORS BC207, 
15p each. BC2SI B. 15p MCh. IID135, ZSp each. 80136, 28p each . DIODES 1 N34 70 4p each 
or 25 for SOp. 1N4003, 6p each. tN4148, 3p each . 1N41S1, &p_ each or 10 for 35p. 
CALCULATOR CHIP Nortec 4204, 4 function and constant. Not compatible with our calc. kbds 

~~~.d~t~a~n~sc~~cr~!'.Ji~~~~~u~.2~hi;~~i~~~ 'te~i. ~~!~~Tv ~~:::~hE c'!:~~~3~ g. d;git, 7 

Un-It ..... 

~~~~o~E!i~E~~~ ~:!~r~~T,~~!~a~~nngu~~~~~;:;~;e~~~~· £~.";~:"t.~;r~~· 1b~; n~Eg~a~~~:~~~ 
~;;~~~ No~o3~~~rantees) 10 seven segment LEO diSplays. 0 .1 27" digits, common cathode . 10 for 

POST AND PACKING PLEASE ADD 40p (OVERSEAS ORDERS ADD £1) 
LOTS MORE GOODIES IN OUR CATALOGUE, SEND MEDIUM SIZED SAE FOR YOUR 

FREE COPY 
• SATISFACTION GUARANTEED Oiii'LL ITEMS OR FULL CASH REFUNDED 

VAT PLEASE ADD 1So/o TO THE TOTAL COST OF YOUR 
ORDER (INCLUDING POST AND PACKING). 

~Rank Radio International 
Watton Road Ware Hertfordshire England Tel. WARE 3966 Telex 81344 

A DIVISION OF THE RANK ORGANISATION 

The Service Engineers Guide 
to Teletext 

Rank Radio International, first in the field with 
Teletext receivers, have prepared this hardback book 
especially for the engineer and the enthusiast. 

Based on practical experience, the book is written in 
simple, easy to understand language and gives an 
introduction to the theory and design of the Tele
text system as well as simple explanations of "gates" 
and digital theory. 

SPECIAL OFFER £1.75+P&P 
WHILE STOCKS LAST 

---
~~~ ~?.'t~li~ 

!"""' 

There are nine chapters as follows: 

1. Introduction to Teletext 6. Teletext Receiver Installation 

2. Teletext Transmission System 7. Adding Text to typical mono/colour 

3. Decoders receivers 

4. TifaK Module Interfaces 8. Remote Control Systems 

5. The Teletext Receiver 9. Introduction to Digital Units 

The hardback* concludes with a very useful glossary of the jargon used in this sphere 
of technology. 

*This offer applies to United Kingdom only ------- ---ORDER FORM 

I Please send ....................... copies of THE SERVICE 
TELETEXT at a special price of £2.00 (1.75 +25p P&P) . 

ENGINEERS GUIDE TO I 
I NAME . .. 

ADDRESS 

I 
I 
1 

Cheque/PO enclosed value 

Please send orders to: Rank Radio International, Watton Road,Ware, Herts. 

J *This offer applies to United Kingdom only -----------ww- 082 FOR FURTHER DETAILS 
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Ul\11\1\ \\ll\1\ ,,,., 
DC volts200mV-1KV, 
10JAV resolution AC 
volts. 200mV-750V, 
10JAV resolution. 
DC/ AC current 
200JAA-2A, 0.01JAA 
resolution resistance 
200S2-20MS2, 0.01S2 
resolution. Also reads 
dB direct referenced to 
16, stored impedances. 
Conductance ranges 
2mS and 200nS. 
£199 mains model 
£239 mains battery. 

8012A 3lh Digit LCD DMM with true RMS on AC volts and current. 
DC vo.lts 200n:V-1 KV, 100JAV resolution. AC volts 200 mV-750V, 
1001:iV resolut1on. DC/ AC current 200JAA-2A, 0.1f.LA resolution. 
Res1stance 200S2-20MS2, 0 .1S2 resolution Low resistance 2S2 and 20S2 
1 mQ resolution Conductance ranges 2mS-20JAS-200nS ' 

· £199.00 mains model 
£219.00 mains battery. 

8010A 3lh Digit LCD 
DMM Same spec as 
8012A plus a 10Amp 
AC/ DC current range, 
but n·o low resistance 
range. 
£159.00 mains model 
£179.00 mains battery . 
8024A 3lh Digit hand 
held LCD DMM with peak 
hold Level Detector 
and continuity tester. 
DC volts 200mV-1 KV, 
100JAV resolution , 

AC volts 200mV-750V, lOOJAV resolution.DC/ AC current 2mA-2A; 
1JAA resolution . Resistance 200S2-20MS2, 0.1S2 resolution . 
Conductance 200nS.Peakhold of AC or DC volts and current. 
Level detector operates around + 0.8V reference. Audio tone on 
level and continuity.£1'35.00 carrying case £7.00 extra. 

8020A 3lh Digit hand held LCD DMM. spec as per 
8024A with extra conductance range of 2mS but 
no peak hold, level or continuity ranges. 
Complete with carrying case. £112.00 

8022A 3lh Digit hand held LCD DMM. Spec 
"'S per 8020A but no conductance ranges 
and slight reduction on accura~y . Was 

£89.00 now reduced to £75.00 carrying 
case £7.00 extra. • 

Also available a range of 
accessories including 
current shunts, EHT 
probe, rf probe, 
Temperature probe and 
'touch and hold probe. 
Full details on request. 
The warranty period on 
all items shown is 1 year 
other than the 8020A 
which is 2 years. 

Electronic Brokers 
61-65 King's Cross Road 

I - London, WC1 X 9LN 
- Tel: 01-278 3461- Telex 298694 

Pr~ces do not inc lude camage or VAT 
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TELETYPE ASR33 ICL TERMIPRINTER MAKE YOUR COMPUTER TALK!!! 
VIA OUR EX-GPO MODEM UNITS 

EX STOCK 
1/0 TERMINALS . 300 BAUD TERMINALS SOFTY 

t 

£235 : 2·~~ 
Fully fledg ed industry standard ASR33 data ter 
m inal. Many features including : ASCII keyboard 
and printer fo r data I 10 , auto data detect circu itry , 
RS232 serial interface, 110 baud, 8 bi t paper tape 
punch and reader for off line data preparation and 
rid iculously cheap and re liable data storage . Sup 
pl ied in good condition and 1n working order. 
Opt ions : Floor stand £12.50 + VAT 

Sound proof en closu re £25 .00 + VAT 

THE CHIPS ARE DOWN 
MOSTEK, INTEL, NEC, MOTOROLA 

I.C. PRICES SLASHED! 
A massive purchase of brand new " state of the art " 
data processing equipment enables us to offer the 
fol lowing chips at never, and we mean never to be 

repeated pri ces . 
8085A Central Processor 
8155C 256 x 8 Static Ram 
8253C Programmable Interval Timer 
8255A Programmable Peripheral Interface 
8259A Programmable Interrupt Control 
8755A 2Kx8 Eprom 16 1/ 0 Lines 
MC6850P ACAI 
2652 MPCC Comms. Controller 
2102 1 K Static 650 ns Rams 8 fo r 
1702 256x8 Eprom 
5101 L-1 256x4 Static Ram 450ns 

And Remember All Chip Prices Include V.A.T. 
All above I. Cs are brand new or removed from new unused 
socketed P.C.B.'s Eproms supplied washed. 

All full 

new and boxed all 
video monitors, superb construction by MELFORO electronics the 
VOU type OU 1-15 features a green screen with a composite video 
input and a quoted bandwidth of 10 mhz, the D.C. supply even has a 
l T transformer built in for long reliable service. Supplied complete 
with circUit diagrams and at an original cost ol over £350. Display 
make these a snip at only £149 + £14 CARR & INS + VAT 
chassis dimensions 14" x 16" x 11 f' . 

SEMICONDUCTOR 
'GRAB BAGS' 

Amazing value mixed semiconductor>. include 
transistor>, digital , linear I. C.'s, triacs, diodes, bridge 
recs . etc . etc . All devices guaranteed brand new. full 
spec . w ith manufacturer> marl<ings, fully llUaranteed . 

50 + BAG£2 .95 100 + BAGS£5 .15 

to our massive bulk purchasing programme 
which enables us to bring you the best possible 
bargains, we have thousands of I. C.'s, Transistors, 
Relays, Cap's .. P.C.B .'s, Sub-assemblies, Switches, 
etc. etc . surplus to our requirements . Because we 
don' t have sufficient stocks of any one item to 
include in our ads., we are packing all these items 
into the " BARGAIN PARCEl OF A LIFETIM E" 
Thousands of components at giveaway prices! 
Guaranteed to be worth at least 3 times what you 
pay plus we always include someth ing f rom our ads . 
for unbeatable value'! Sold by weight 

2.5kls £ 4.75 + pp £1.25 5kls £ 6.75 + pp £1.80 
10kls £11.75+pp £2.25 20kls £19.99+pp £4.75 

Made under licence from the world famous GE Co . 
The ICL Termiprin ter is a small attract ive unit with 
so many features it is impossible t o list them in the 
space available! Brief spec. as fol lows; RS232 
serial interface, switchable baud rates 110 , 150, 
300 , 130 cpsl, upper and lower case correspond · 
ence type face, standard paper, almost si lent run 
ning, fo rm feed , elec t roni c tab sett ings, suited for 
word processor appl icat ions plus many more 
featu res . Suppl ied in good condition and in work 
ing orde r. Limited quantity . 

Well, not exactly talk, but communicate over a 
standard dial-up G.P.O. line with any other 
modem. The modem unit 2A is housed in an 
attractive fibre glass case measuring only 15"w x 
13" d x 5" h, inside are the electronics and mains 
power supply which enable serial duplex data 
communication between terminal/computer etc. 
at any speed up to and in excess of 250 baud 
(300 at a push). Made to the most stringent, 
exacting specification for the G.P.O. These units 
feature Modular plug in P.C.B.'s, internal test 
points, Standard -tone frequencies, Configureable 
to terminal or computer end, Auto unattended 
answer, RS232/V24 interface on standard 25 
way '0' socket, etc. etc., supplied complete with 

diags., at a fract ion of £55 00 +£4.50 
their original cost at only • CARR. 

SOFTWARE DEVELOPMENT 
SYSTEM, INVALUABLE 
TOOL FOR DESIGNERS, 
HOBBYISTS ETC . 
Enables "open heart surgery" 
on 2708, 2716, etc, Blows, 
Copies, Reads EPROMS or 
emulates EPROM/ROM IN
SITU whilst displaying con
tents off ROM/RAM on a 
domestic TV receiver . A host 
of other features . 
Write or phone for more details. 

£115 +VAT & CARR 
NOTE. Units believed working, but untested, unguaran
teed. Permission may be required for connection to 
G. P.O. lines 

You'll never regret buying a 
SOFTY! 

LED DIGITAL ALARM CLOCK MODULE 
*12HOUR *50/60HZ *LARGEDISPLAY * 100'sOFUSES 

used in most alarm clock/radios on the -~ 
market today, the only difference is our 
price! GIANT f LED characters give 
extremely clear viewing and readability . 
All electronics are self -contained on a 

BRAND NEW 
8" FLOPPY DISK DRIVES 

SHUGART SA800 £225.00 +carr+ VAT' 
SHUGARTSA801 £245.00+carr+VAT 

5v D.C. POWER SUPPLIES 

The "me mod,le, NATIONAL MA1012, -~ 

P .C.B . measuring only 3"x 1f. By 0 

addition of a few switches and 5!16 volts A. C . you have a multi- Following the recent " SELL OUT" demand for our 5v 
function alarm clock at a mere fraction of cost. Dozens of functions ~t~:~ :~~~~;~e~as~es~~:a~~£ ~- ~se~~;~ :h1:~;~1~f;~ 
include snooze timer, am-pm, alarm set, power fail indicators, flashing spec.; 240 or 11 ov A .C. irJput. Outputs of 5v @ 3-4 
seconds cursor, modulated alarm output, dimmer control, etc, etc, amps, 7 .2v@ 3 amps and 6 .5v@ 1 amp. The 5v and 
Supplied brand new with full data at only £5 25 7 .2v outputs are fully regulated · and adjustable with 

variable current limi t ing on the 5v supply. Unit is self 
~-£1il.ii7ii5---·---------1 contained on a P.C .B. measuring only 12" x 5" x 3" . 

S.C.R.'s 

The 7 .2v output is ideal for feeding "on board" regu
lators or a further 3 amp LM323 K regulator to give an 
effective 5v@ 7 amp supply . ' 
Supplied complete with circuit at only £10 .95 + £1 .75pp. 
Believed working but untested , unguaranteed . 

Alii. C .' s and Transistors by 
well known manufacturers and fully 
guaranteed . No fall outs. Comprehensive 
data on I. C. ' s 15p per type . 

2N3001 30v 350 ma TU1B 21p each 6 for £1.00 
2fll!i061 li(Jy BOOma T01B 17p each 4 lor £1.110 
21114441 50v B amps T0120 45p each 10 lor £400 
C10601400v 5 amps T0202 55p each 10 lor £5.00 1-------------------.. 

KEYBOARDS 
2N4351 N c~annel MOS FET . 
2N4352 P channel MOS FET 
60p each [1 .00 per pair. 
HIGH VOLTAGE NPN POWER 
SWITCHING transistors BVcbo 600v 
8Vceo 500v BVebo 15v 1 c 5 amps 
Pc 125 watts HFE 60 typ ft 2 .5 mhz 
ideal invertors . etc . T03 £1 .60 each 
4 for £5 .40 
BF258 NPN 250 v @ 200ma 45p each 
3 for (1 .08 
I.A . BSB01 2 .5 amp 1 OOv br idge rec 
P.C. mount long leads 35p each 4 for 
(1 .08 . 
IN4998 4 amp 100v P.C . mount diodes 
long leads 14p each 10 for (1 . 10 
LM309K + 5v 1 .2 amp regulator (1 .1 0 
each 6 for £5 .35 
AGFA C 1 0 computergradecassenescom
pletewithlibrarycases68peach, 10 for£5 .50 
IN4004 SD4 1 amp 400v diodes I p 
each 18 for (1 .00 . 
I.A. 12 amp BRIDGE RECS 400 vol t 
£1 .25 each 

POWER DARLINGTON SCOOP' 
M.J1000 NPN 60v 90w B amps T03 95p each 
2N6385 NPN 80v IOOw 10 amps T03 £1 .15 each 
MJ4030 NPN 60v t!iOw 16 amps T03 £125 each 

TRIACS 
G. E. 11 amp 600v T0220AB 95p each 10 fo1 £8.75 
A. E. I. tO amp 400v ready mounted on 1! " I zr 
heatsmk£1.110 each4 for £3.75 

LOW PROFILE I. C. SOCKETS 
8 O.I.L. lOp each 121or £1.00 

t4 OIL. 14p each 8 lor £1.00 
16 O.I. L. Gold Plated m1L grade 11p each 6 lor fill 
110 l.l. 27p each 5 lor £1.00 
) 4 0 ll 35~ each 3 lor f t 00 
40 D.I.L. 60p each 2 for £1 .00 

OTHER GOODIES 
2N3055 IR.C.A.I 65p each 
2N!i943 R.f. output W volts. t watt up to liOJMHl 
T.0.5 55o each ftJ lor £5.00 

1N4304.WN710 f E T. trans1stor 37p ea ch Jlo1 £1.00 
LM380NJSL605t 14 OIL 2 watt A f a'Tip BOp 
each B for £6 .00 
CA3028B DC. t10 MHZ dlfteren!lal.cascode amp 
£1.00 each 3 for £2.50 
CA3011 10 MHZ w1deband amp T099 case 65p 
each) forflDO 
TMSJ114 DUAL MOS 118 b1t stat1c sh1 ft reg. DC 
2.5 MHZ £150 each 4 lo1 £4 .25 
NE555 27p each. 10 for £2 .50 
GE424 wo voltage sw1tch. tr~ac SCR relay dr~ver 
T05 can £110 each I for £6 .50 

LM384 5 Watt audio I.C.s £1 .50 each 10 for £11.00 

F1'03725 4 NPN 50v 500ma tran SI S!OIS 1n t4 
0 : l pack 70p each 2 for £100 

BARGAINS GAlORE! 

* LOW PRICE CHASSIS * 

A spec~al bulk purchase enables us to offer the above keyboard at a 
lowest ever price. 49 coded keys encoded mto a direct TIL compatible 
7 b1t output. features such as delayed strobe. 5 volt D.C. s1ngle ra1l 
operation and rollover protecllon make this an absolute must lor the 
MP\J constructor' Supplied complete with connect1on d1agram and edge 
connector. at a secondhand ' 

timetotest" £20·00 + P.P . £1.60 
olonly 

SUPER CASED VERSION Same as above spec. but housed in auractive 
two tone moulded, free standing case. Unit also includes an all TIL parallel 
to serial convertor lno details) etc. 

PR 240v pr1 . sec. 15 0 t5@ 1 amps d1mensmns 3' 1 2f 
TM 240vi1 10v P"- sec. 15 0 15 BvA d1mens1ons 1r 1 I' 
All voluges meuured off load . 

Plugs, Sockets & Connectors Cannon '0' Range 

Ways 
9 

15 
25 
37 
50 

Plug 
£1 .03 
£1 .17 
£1.72 
£2 .35 
£2.90 

Socket 
£1 .26 
£2.01 
£2 .58 
£4 .14 
£5 .46 

Dept. W.W 64-66 Melfort Rd., Thornton Heath, 
Croydon, Surrey. Tel: 01-689 TI02 or 01-689 6800 

MAll ORDER 25 w ay ex-equip . p lug or socket £1 .25 
INFOR MATION 1-----Ed(leconnectors, goldplated------

0 . 1" OS 40 Way £2 .45 
Unless otherwise stated all prices inclusive of V .A .T . Cash w ith order. Minimum 0 .1" OS 85 way £3.99 
order value £2 .00. Prices and Postage quoted for UK-only . Where post and 0 .15"0S 56 way £3 .25 
packing not indicated please add 50p per order. Bona Fida account orders 0 .1560S 36 way £2.00 
minimum £10 .00 . Export and trade enquiries welcome. Orders despatched All connectors easily cut to size 
same day where possible . Access and Barclaycard Visa welcome . 1000's of other connectors ex stock 

WW- 088 FOR FURTHER DETAILS 
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FAST ERECTING · 
TELESCOPIC 

MASTS 
· For World-wide 

Telecommunications 
in the 1980s 

Clark Masts are specialists in the design and 
manufacture of telescopic and sectional mast 
systems. With over 25 years' experience in 
supplying masts to meet exacting milita ry and 
civil specifications we have the expertise you 
can depend on. 
Extended heights 4m-30 metres capable of 
lifting headload 1-Kg-200-Kgs. sectional or 
telescopic air operated for field or vehicle 
mounting . Write or phone us for details today . 

Clark PT9 mast 
in Citroen vehicle 

Clark WT6 Mast 
on Land-Rov~r vehicle 

CLARK MASTS LfD ., BINSTEAD , ISLE OF WIGHT 
P033 3PA, ENGLAND 

Telephone Ryde (0983) 63691 Telex 86686 

·cLARK 
WW -073 FOR FURTHER DETAILS 
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HM312 Dual 
Trace 
Oscilloscope. 
DC-20M Hz. 
Sensitivity 
5mV-20V/cm 
Time base 
range 
0.5uS-0.2S/cm 
with x 5 horiz 

_._..-... magto 
100nS/cm. 
CRT screen 
8x10cm. Full 
XY using chll 
as X input. 
Bandwidth 
2.3 MHz. 
TV trigger. 

HM512 Dual 
Trace 
Oscilloscope 
with delayed 
sweep. 
DC-50MHz . 
Sensitivity 5mV-
20V / cm Time 
base range 
0 . 1uS-2.0S/ cm 
with x5 horiz mag 
to 20nS/cm . -.iiiii '• .. - -1 · Delay ranges 7 

Other models available. 

decade steps 
100ns- 1 S with , 
fine control CRT 
scre~n 8x 10cm . 
Full XY using ch II 
as x input, 
bandwidth 4 
MHz . Z input . 
Delay line allows 
viewing of 
leading edge . 
Vertical overscan 
indicated by 2 
LED 's . 

HM307 10M Hz plus component tester . £14&00 
H M412 20 M Hz with sweep delay . £350.00 

HM812 50 MHz storage . £1 458.00 
A ll scopes can be fitted w ith a long persistence CRT at ext ra cost . 

World-beating Oscilloscope Offers 
FROM 

Electronic Brokers 
61-65 King's Cross Road 

I -London, WC1X 9LN . 
-,Tel: 01-278 3461 -Telex 298694 

Prices do not include carnage or VAT. · · 
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LEAR SIEGLER moclel310 Bllllistic printer. Save £400 . OUR PRICE ONLY £890 
TERMINET 30 PRINTER WITH TWIN CASSETTE. 30 cps. Standard 232, £590 

709 OIL 14-PIN 
OPERATIONAL 
AMPLIFIERS 

HEWLETT PACKARD 
MICROWAVE SWITCH type 33124A SPST 
up to 12.4 GHZ. Brand new. 

. NEWBURY VDU with Keyboard Model 24-80 £350 or offer. 
CIPHER VDU with separate Keyboard (No case). Printer, port; reverse video/flashing etc 
£325. at Bpeach £140 each. Reduction for quantity. 

FACIT 4001 READER with 2 spoolers 4015. £475 the set. Please make an offer we can 
accept. 

100 off 25% discount. 

MINIATURE 
KEYBOARD 

Also 

ATTENUATOR 
FACIT PUNCH with 5107 CONTROLLER £250. 
CALCOMP 564 BARREL PRINTER. MUST GO. £590. 

"TELETYPE PUNCH in Silent Case £45 each. 

Type 8493A. 3db up to 12 .4 GHZ 
£25each 

ARCTURUS A18D, 16 bit mini. With Data. Another gift £425. Push contacts, marked 0-9 and A-F and 3 
function keys . £1.75 eech. P&P HEWLETT PACKARD 2114A COMPUTER. No Interface. No data . HENCE £475. 

TELEl'YPES ASR 33 with 20ma Loop £350 each, 232 available at extra cost. KSR as above 
£225each. MUST CLEAR 

STEPPING MOTORS 
6 I 12 position with additional where the 
rotor is coils. Device can be used as .a tacho. 
Diagram supplied. W ill actually work on 5 

EX-MINISTRY SOLID 
STATE 

400HZ INVERTOR 
28 VDC input . 11 5V output. Size 7 x 2% x 
15"" approx . Connection details supplied. 

£18 each. P&P £2. 

X-V PLOTTERS and 
FLAT BED RECORDERS 

Various models and conditions. Genuine 
bargains. Callers welcome . 

LARGE QUANTITY OF 
PHOTO MULTIPLIERS 

all with information. Bri tish approx . 2" 
window £2 each. American approx . 2" 
window £4 each. Special American version 
by RCA £6 each. Mulllard 1 50AVP. Useful 
dia 32mm. £4 each . P&P all photomulti
pliers £1.50 each. 

volts. 12/24 recommended . · 
£1.50 each P&P 75p or 5 for £5 P&P 
£1 .50. 

STEPPING MOTORS STEPPING MOTORS MOTORS 

INFRA RED IMAGE 
CONVERTER type 9606 

(CV 144) 200 Steps. 20 oz/in . torque, 12/24 volt " 
input 4-wire . 

200 Steps. 20 oz/in. ·torque. 120 volt 
operating 3-wire.· 

North American Philips, 5 volt 3. 3 Amp 
operation . 2 wire PPS 0-200 revs per min 
0-250 used . Tested £16 each. P&P £1.50. 

1 %" diameter. Requires single low current 
3KV to 6KV supply inditudally boxed. With 

data 
£12 each. P&P £1.50 

BC172 5p BC212B 5p 74C20 25p 
BZVB84V7 10p SN76550 5p 74C08 25p 
BZV8813V 10p IC7451 10p 74C10 20p 
2N3006 5p MC4001 15p MC4049 35p 
1N4305 Sp MC4012 15p 2N3704 8p 
Bzx7gC1210p MC4020 ?5P 2N5447 Sp 

£4each. P&P £1 .50 

2N5449 Sp BC251 
2N3053 15p BC171A 
TIS92 10p BFT60 
TIS93 10p 4013 
BC337 Bp 
BC327 8p 

Sp 
Sp 
SJI(III 

30p 

BRANDENBURG 
HIGH VOLTAGE GENERATORS 

10KV and 30KV 
£60each 

Other voltages often available - enquire 
I 

£12.50 each P&P 75p 
Infra Red Lamps also advertised 

KEYBOARD PAD 

MONSANTO DISPLAY type MANIOIA 0 .3" display £1 each. 
REGULATORS-all at 45p each. 

TRANSISTOR INVE R 
115V AC 1. 7 Amp Input. Switching is at 
20Khz. Output windings from Pot Core. Can 
be rewound to suit own purpose or unit can 
be broken for host of components. Circuits 
supplied . £1.25 each. P&P £2. 

Size 3x2Y2x2" high with 12 Alma Reed 
Switches. Blue keys marked in green 0-9 
and a star with one blank. 
£4 each, P&P £1 , or 5 for £1 5 P&P £2. MC7805; 7812; MC14961 70p TIS 50 10p each. MC4016 25p each. 741 OON 75p each. 

Miniature 4. 7K PRESET, 10 for 25p. 100 for £2. 
16 pin OIL Socket 10p. 14 p.in SIL Socket Bp-. 
LED type Tl L 20g Red with holder 1 Op each. 
SLOTTED OPT SWITCH supplied with data- normally ove.r £2. OUR PRICE 75p each . 
ROCKER SWITCHES 2 pole c/o- 15p each. laiYEIIT TIIS IIIIIT TO A 

GARRARD DIRECT 
DRIVE 

Spring Action TERMINALS- normally over 30p ea . OUR PRICE 15p each . SUPER BATTERY CHARGER TURNTABLE MOTORS 
TOROIDAL TRANSFORMER 0-115V-230V Input; 13.5V-0-13 .5V rated 8VA output £1.70 AllrKtlve lf"IH liolalry 1111Mty CUt willl ro•v•ll lip Hd 

••naa plota -lllny dilly ,.wtr awl II:~ a- lit~ pnnd relia
ton It Clllrll Cll'rHt - IIIII ~IIMiy Clllrl Milled aep alltr 
-llrip II wllllllllralula H lrlll pull wloick uo ~~nod fer 
CDIHclill fiHa. All THIS FUR £3.511, PIP £2. Fnr Uafta £12. 
Clrrilfl £5. 

Made in Japan . With internal electronic 
speed control. 24 volt. Connections sup
plied. 

each. P&P 75p. · 
Sub-min TRANSFORMER 0-120-240V Input. 12V-0-12V rated 4VA. Output 75p each. P&P 
50p. 
L.E.D.s Standard White 12p; Standard Yellow 1 5p; Small White 8p. 

£3.50 each. P&P £1.50 

DIODES 
All new full spec . devices IN3063 BAX 13; 
1S44; 1N4148; 1N3470; 1N41&1 . 

BLUE THERMAL PAPER 
430ft rollS%" wide 

£2 per roll P&P £1.75 

TANTALUM BEAD CAPACITORS. 4.7uf 25V. 10off£1; 100off£7.50. 330uf6.3V 15p 
ea. 

100 off £1.50- 1,000 off £10. 

MARCONI type TF 144H 
R&.S UHF Signal Generator 280-940MHZ USVD £85h 
R&.S ATTENUATOR 0-100db 50 ohm. DPR BN18042/50 

£&& .. 
R&.S ~ower Signal Generator 0.1-30MHZ SMLR BN41 00 1 £85 
R&.S Direct capacitance Meter KKH BN5201 £120 
MARCONI Signal Generator TF 144H /4 Light front No Case 

£175 
R&.S Z Graph type ZDD BN3562 £85 
EHTUNIT 230V 50cs 25VA 7.5KV £22.50.. 
R&.S SWOB BN4244/2/50; POLYSCOPE 1 As New £375 
STODDART Radio Interference & Field Intensity Meter complete 
with Power supply 37 5-1 OOOMHZ. No linking cable £450 
RACAL Signal Generator type 365A. AM/ FM 1-320MHZ 

£175•• 
MARCONI Signal Generator TF80 1 0/1/ S £120.8 
MARCONI Signal Generator TF801 B . £80 
MARCONI UNIVERSAL BRIDGE TF1313 1/4% £250.• 
MARCONI AM/FM Signal Generator TFg95A/2 £130 
MARCONI Carrier Deviation MeterTF791C £80 
OSCILLOSCOPES- wide range from £40.. 
The above is a very small fraction of the test gearwe.have available . 
The prices we believe are fair - you persuade us they should be 
less. We will at least have the courtesy to listen . Call and see but 
please phone to make sure the items are still available . 
VARIAC$ Ex-Equipment. Good condition 8 Amps 
20AMPS 

£25 ••. 
£35 ••. 

Some 3 phase available. Please enquire. 
COSSORtrueRMSVOLTMETERtype 1453(CT454) £18 ••· 
TEKTRONIX Square Wave Generatortype 107 £15 ••· 
TAYLOR VALVE TESTER type 4502 £70 ••· 
STC SWITCHED ATTENUATORS 0-90db in 0.1 db steps 600 
ohm £9 each; 75 ohm £5 eadll 
MARCONI VARIABLE ATTENUATOR TF1073A/2S (CT42t) 

£40 ••. 

CRYSTALS SOp • ..,h. I 
Flat metal case - 19.2KHZ; 844.8KHZ; B 7G - 1 OMHZ. 

LOUDHAILERS. Transistorised hand-held. no leads . Standard 
internal batteries supplied. Howl Switch. £20 ... P&P £2 
INFRA RED QUARTZ LAMPS. 230V 620 Watts . Size 13V," X 
Ve" dia. £1.50 •· 240V 1650 Watts. Size 22lA." x V2 11 d ia .. £3 ... 
BRIDGE RECTIFIER. 2 Amp 50p ... 
PHOTODIODE DETECTOR 4" fly leads, 25p ••· 
AM PHENOL. 17-way chassis mount edge connectors 0 . 1 
spac1ng. 15p • . 
I.E.C. Standard MAINS LEAD. Moulded (3 vertical flat pins centre 
offset) lOp • · 
FANS. 115V 13 Watts . Size 3 'A x 3 'A x 1 'h" BRAND NEW 
'£4.50 •· Secondhand £2.50 ... · 
DELAY LINE. 50 nanosecs . 3 connections- ground-in-out Size 2 
X 7/16 X5/16" New 25p ... 
Miniature MOTORS 12V with geared wheel (B teeth 3/16" dia). 
Size 1% X % 11 

d1a. New 30p -· 
MOTOR 12V DC with pulley and integral semiconduttor. Speed 
Control. New £1 M. 
LEDEX ROTARY SOLENOIDS. 115V DC. No switch assembly, ... 

, TEXAS Low Profile 40pin IC Sockets 45p ea. 
:~:~~~~:=~~~~~ER. 240V Input. Output 2 windings 1 2V and 24V 1 amp. £2 each. 

TEKTRONIX PROGRAMMABLE 
CALCUIATD._ TYPE 31 

Fit a pushbutton CIRCUIT BREAKER Small, compact, 3 ratings 0 .8; 1.8 and 1 OAmp. State 
which one when ordering. 75p each. 

£1 ,200 or offer 
~~~t.~~R~-y~,~~i~i -~~-led 0-60 . Basic 75MV FSD . Complete with external 60 Amp 

ARY SWITCH. Single pole 
1 0-way. Printed Circuit Mount. New 10p -· 100 for £7.50 
PULSE TRANSFORMER. Sub min . Size Vz x 5/16 X 'A" . 
Secondary centre tapped. New ZOp •· 
MOTOR by Inland Motor Corp. DC High Torque. Reversible . 
Usable torqueal 5V. Max voltage 24V £2.50 ••· P&P £2 
REMO TV TYPE MULTIPLIER. Two high voltage outputs and 
locus, £1 811Ch. · 
DON'T TAKE CHANCES. Use the proper EHT CABLE. 10p per metre or £7.50 per 100 __ ,.....,_ P&P £2 

PHOTOGRAPHIC LAMPS. Pearl 230V 500 watt. Screw cap 
75p •· Box of 12 £5.50. P&P £1. 50. 
RAPID DISCHARGE capacitors 8mfd 4kV £5 ...,h. P&P £2 
MYSTERY IC PACK. Some 40 pin - good mixture - all new 
devices. 25 IC• for £1 . P&P 50p 
VACUUM PUMPS- TRAPS, ETC. Send for list . 
DECOUPLING CAPACITORS 
0.05mfd 1 OV; O.Ot mid; 0.04 7mfd 250V; 33K, 330pf. All values 
1 00 for £1.50. 
E.H,T. C8pecitor 500pf SKV 20p .. ch. 
10-w•v MULTI COLOUR RIB80N CABLE. N•w 40p per 
metre.10-for£3. 
GEC UHF 4-button tuner £1.50 -"' 
CENTA:UR 115V FANS 4 y, x 4 x 1 W' £4.50 •· 
EX-USED equipment, tested. &Op INICh. 
CONTACTORS. Heavy Duty 24V DC 5 make £1 INICh. 
GEC UHF/VHF 6-button tuner £2 .. ch. 
DIGITA:L 24-HOUR CLOCK with built-in alarm as used in Braun 
Digital clocks. Silent running. Large illuminated numerals. AC 
mains. Size 6V2 X 2'(., X 2'(.," . ONLY £3.75 .. ch. 
931A PHOTO MULTIPLIER £2 nch. P&P £1 . 
RANCO 250V 11A THERMOSTATS with Control knobs 
calibrated 50-200 degree C £2.50 .. ch. 
SOLID STATE UHF TUNERS, 30 acs £1 e~~eh. 
BRAND REX blue wire wraps. 30 metres for £1. P&P 25p. 
SLIDER CONTROL 500K Log. Single track. Complete with 
knob. Length 3Vz". 25p..ch. 
TRANSFORMERS 
AUTO 240Vinput 115V. 1 Amp output £1.25-h. P&P£1 .25. 
240V input. Soc . 6V. 1.B6A. Size 2\1' X 2 X 2". Good quality. 
£1 .50 •· P&P £1. 
240Vinput Boc. 12V 0.92A. Size 2\1, X 2 X 2"- Good quality. 
£1.50•. P&P £1. 
240Vinput 12V 100MA. Size 60 X 40 X 42mm. 50p uch. 
240Vinput. Soc. 12·0-12V 50MA. Size 53 X 45 X 40mm. £1 ... 
115Vinput. Soc. 5V250MA. Size t 11/6 x 1.5 x 1'(.,". Zfor 
SOp. 
115V input. Sec 1 0-0-lOV 1A. Size 2V, X 2 X 2"', 2 for £1.50. 
SEMICONDUCTORS 1 N4005 -:- SR: 1 N4002- 3p. 
At5p-: 
BC147, BC148B, BC157. BCt 58, BC237, BF197, OA90. OA81. 
BA 1 54, BA243 

25p-": 
TIP31. TIP41A. 2N5£96, AFt 39. 2TX341 . . 
BY127 10p. BFt81 20p; 80239 49p; 80241 40p; MA343AT 
49p; 80228 50p; 80233 & BD234 Camp Pair 25W- SOp per 
pr.M50peach. 

(

R.EGULATOR TBA625 8to 20V in- 5V out 100MA T05 Con 
50p-" BF256C 20p. 
TV AMPLIFIER TBA 120 20p MCh. 
lnttiQI'8t8d Cin:uita 
7453 5p 
7451 5p 
7402 12p 
7476 20p 
7495 35p 
74122 12p 
74COO 17p 

74H74 12p 
74H51 7p 
74538 10p 
74502 12p 
74154 70p 
74C02 16p 
74C04 16p 
74C74 18p 

75325 
SN15862 
MC4028 
7417 
7441 
74C86 
74C161 

£1 
4p 

69p 
14p 
40p 
50p 
24p 

MOTOROLA DUAL in Line 6 pin Opto Coupler 30p INICh. Gold 
plate tester version SOp ..eh. 
EPROMS 2708 £5.50 eech. 
SMITHS encapsulated transistorised AUDIBLE WARNING 
DEVICES 4V-12V. Can be driven from TTL 65p e8Ch. 
ELECTROSTATIC VOLTMETER. 7.5KV £8 .... P&P £1 50 
Other ranges available -please enquire . 
TRIMMERS. Sub min. 0.25to 1.25 pt. 1 to4.5 pl. 7 to 45 pl. All 
et&peech. 
HONEYWELL humidity controllers 50p e8Ch. 
THY_RISTOR TIMER. Solid State. 15 sees adjustable (reset) in 
P'ast•c relay case. Standard 7-pin base. Series delay SOp each. 
MINIATURE PC MOUNT SLIDE SWITCH. Single pole 3-way 
10peech. 
4 D1GIT 7 SEGMENT per digit plus a figure one to the left plus a 
centre m1nus sign to the leh of the figur~ one w ith d~cimal places 
between digits. Good brilliance at 1.5V. 15 connections £2.60 
each. Some E.H.T . Transformers and Capacitors a·vailable. Please 
enqu1re. 
TELEPHONES 706 style black; grey or blue £5.1i0 • ; 746 style 
black or grey £7.50. Older style black £2.50 .. ch. Discoloured 
grey 706 £4 • P&P £1.50 per telephone. 
DC SERVO MOTOR 110V 2.5Amp continuous. Double shaft 
Brand new. 4 wire. 4 brush £25 H . Plus carriage . 
PC Mount POTS. Wirewoundwith knob 200ohm & 10ohm . 10p ... 
MIN. RELAY 24V. 2 pole c/o. Brand new. 75p .. ch. 
TIME DELAY RELAY 0.1 to 10 sees. 115V AC. DPDT. £5 e•ch. 
CAPACITORS at 5p eech. 0.1 uf 400V. Small rec. block PC 
Mount German class; 3300pf; 220nf250V; 0.01 mfd 160V 

. INSERT can be used as Microphone/ Earpiece .(Like used as insert 
in telephone but superior quality) Ex~ Min_ Brand new wrapped 75p 
each. or 10 for £6. 

MII\IIMUM ORDER £3 VALUE OF GOODS . MINIMUM P&P £1 -where P&P not stated please use own discretion- excess refunded . 
CARRIAGE ALL UNITS. 

£5 P&P or CARRIAGE and VAT at 1 5% on total MUST BE ADDED TO ALL ORDERS. 
CALLERS VERY WELtOIIIIE StRiCTL "V BE'tWI:EN 9am-1 pm and 2-!ipm Monday to Saturday inc. 
BARCLAVCARD (VISA) and ACCESS taken. Official ord&rs welcome. . 

CHIL-r· .. EADLTD 
NORWOOO ROAO, REAbiNG 

(2nd turni left st Reading Technical Coli 
TELI:PHONE NO. REAbiNG 669656 

's RoatJ then first ht- look on right tor door with "Spoked Wheel"\ 

WIRELESS WORLD NOVEMBER 1980 

SIX DIGIT COUNTERS 
One pulse moves one digit-Type 
1 for 230v AC or 1 OOv DC not 
resenable. Price 30p--Type 2 for 
48v DC or 1t5v AC and resenable. 
£1.35. 

NEW KIT 
6 WAVE BAND SHORT WAVE KIT. Bandspread covering 
13·5 to 52 metres. Complete kit includes case, materials, six 
transistors and diodes, condensers, resistors, inductors, switches 
etc. Nothing else to buy, if you have an amplifier to connect it to 
or a pair of high resistance headphones. Special price is £11.96 
inc. 1 

PUNCHED TAPE EQUIPMENT 
For controlling machine tools etc. motorised 8 bit punch with 
matching tape reader. Ex-computers, believed in good workin~;~ 
order, any not so would be exchanged. £15 the pair. Carriage £3. , 

SIREN OR BLEEPER 
American Delta mechanical type, 
works on 6 to 12v to DC or 12 to 

~~~tr~nl~ric8i:O~ror ~gere~~~ 
high pitched wailing note of vary
inq potct>. In red plastic case with 
fix1ng bracket. £6.00. 

CASSEITE PLAYER/RECORDERS 
With record and playback heads, all electronics, switches and 
speaker. Price £9.96 (surely this. must be the bargain of the year). 
Music centre replacement stereo with heads but not electronics. 
£14.95. 

FRUIT MACHINE HEART 
4 wheels with al l fruits, motorised and with solenoids for stopping 
the wheels, with a little ingenuity you can defy your friends get
ting the "jackpot". £9.96 + £4 carriage. 

DESOLDERING PUMP 
Ideal for removing components 
from computer boards as well as -iT ·T 

~6.3:~ice work generally. Price "----~~,.,.....,~ 

4 CORE FLEX CABLE 
White pvc for telephone extensions, disco lights etc. 10 metres 
£2, 1 00 metres £15. Other multicore cable in stock. 

HEADPHONE AMPLIFIER 
(STEREO) 
With volume, tone and balance 
control 9v operation. All made up 
ready to go. Price £4.50. 

MUGGER DETERRENT 
A high note bfeeper, push latching switch, plastic case and 
battery connector. Will scare away any villain and bring help. 
£2.50 complete kit. 

ELECTRONIC 
JIGSAW PUZZLE 

~~~e of~~~ ~t:r.V ~\~Pastu~~u ~~i~ 
selector. We give the circuit free 
when you order. Price £3.45. 

SAFE BLOCK 
~ains qukk connector will save· you valuable time. Features 
1nclude qu1ck spring connectors, heavy plastic case and auto on 
~~~-off switch. Complete kit £1.70 + 25p or made up £3.00 + 

VERSA DRILL 
A . 12 volt banery operated power 
dnll, not just suitable for printed 
circuit boards but will do all the 
jobs and is powerful enough to per
form all the functions and 
operations normally expected of 
Black & Decker and other mains 
drills. Its chuck accepts up to t" 
drills. Size approx. 1 50mm x 
50mm. Price £16.75. 

V3 MICROSWITCH ES 
Over 50,000 in stock all 250 AC working, with 3 silver contacts 
for c/o circuits-1 0 amp 25p each or £20 per t 00, 1 5 amp 36p 
each or £30 per 1000. 

MINIATURE MAGNETIC CIRCUIT 
BREAKERS 
Operate faster than fuses. 1 amp, 2 amp, 5 amp, 10 amp, 1 5 amp 
and 2 5 amp types. All £2.30 each. 

PLEASE NOTE: The "'+"" sign after the · amount shows tlie 
amount of V.A.T. The postage. if quoted, is based upon the 
amount the artic le costs to sehd if it forms p~rt of a latger parcel. 

~~di~i1~n~lf:o~d8/..~'CIA~d~'FtD £~ 0..\~~~ssw~~C'beMsEeo~ePnhdo~~ 
01 688 1833. 

TERMS: Cash with order-but orders under £10 must add 50p to offset 
pack1ng etc. 

BULK ENQUIRIES INVITED, PHONE: 01 -688 1833. 
ACCESS & BARCLAYCARO ACCEPTEO 

NllJLLARD UNILEX 
A mains operated 4+4 stereo system. 
Rated one of the trnest performers in 
the stereo field this wou ld make a 
wonderfu l gift for almost anyone in 
easy-to-assemble modular form and 
complete w ith a pair of speakers this 
should sel l at about £30- but due to a 
special bulk-buy and as an incentive for 
you to buy this month we offer the 
system complete at only £15 including 
VAT and postage • 

. 

«. 
' 

• • < ' -<I 

DRILL CONTROLLER 
Eleclronically changes speed 
from approximately 10 revs to 

maximum. Full power at all 
speeds by flnger-lip con1rol. 
Kit includes all parts, case, 

everything and full instructions. 
£3· 45 

Made up model £1 ·oo extra 

VENNER TIME SWITCH mains 
operated with 20 amp switch, one on 
and one off per 24 hrs. repeats daily 
automatically correcting for the 
lengthening or shortening day. An ex
pensive time switch but you can have· it 
for only £2.95. These are new but 
without case, but we can supply plastic 
cases (base and cover) £1.76 or metal 
case with window £2.96. Also available 
is adaptor kit to convert this into a nor
mal 24 hr. time switch but with the add
ed advantage of" up to 12 on/offs per 24 
hrs. This makes an ideal controller for 
the immersion heater. Price of adaptor 
kit is £2.30. 

FLUORESCENTT~BEINVERTER 
For camping - car 
repairing - emergency 
lighting from a 12v 
banery you can't beat 
fluorescent lighting, it 
w ill offer plenty of well 
distributed light and is 
economical. We offer 
Phillips inverter for 12" 3 
wan miniature tube for 
only £5,25 with tube 
and tube holders as well. 

.. ---THIS MONTH'S SNIPS---· 
3 CHANNEL SOUND TO LIGHT KIT Complete kitofpartsfor 
a three channel sound to light unit controlling over 2000 wans of 
lighting. Use this at home if you wish· but it is plenty rugged 
enough for Disco work. 
The unit is housed in an attractive two-tone metal case and has 
controls for each channel, and a master on/off. The audio input 
and output are by t• sockets and three panel mounting fuse 
holders provide thyristor protection. A four pin plug and socket 
facilitate ease of connecting lamps. Special snip price is £13,50 
in kit form or £16.60 assembled and tested. 
REMOTE CONTROL for Sound to Light (ours or any other cir
cuit) saves connecting to speaker or amp--kit consists of 1 wan 
amplifier, crystal mike, case, sundries and diagram. Price £3.9&. 
LIGHT EXPANDER AND LATCH for Sound to Light, enables 
3000 watts of lighting to be controlled by single channel or each 
channel and enables lights to be latched on. Kit consists of 
latching relay, control switch, case, sundries and diagram. Price 
£4.25. 
SINGLE CHANNEL KIT still available. Price £6.18. 

DELAY SWITCH 
Mains operated---{jefay can be 

:;~~~ar1~~s ;~\~i~~ fti~;:r~ ~~~ 
tacts, suitable to switch 10 
amps-second contact opens a 
few minutes after 1st contact. 
95p. 

MINI-MtJLTI TESTER 
Deluxe pocket size precision 
moving coil instrument, jewelled 
bearings - 2DOO o.p.v. mirrored 
scale. 
11 instant ranges measure-:
DC volts 10. 50. 250, 1000. 
AC volts 10, 50, 250, 1000. 
DC amps 0- 100 mA. 
Continuity and resistance 0-1 
meg ohms in two ranges. 
Complete with Test Prods and 
instruction book showing how to 
measure capac1ty and induct-

~
easwelf. 

believable value only f6. 75 
Op post and onsurance. 

FREE Amps ranges kit to enable you to r~ad DC. current from 0-
10 amps, directly on tM 0-10 scale. Its free 1f you purchase 
quickly but if you already own a mini teacher and would like one 
send £2.50p. . 

J. BULL (ELECTRICAL) LTD 
(Dept,WW) 

103, tAMWORTH ROAD, 

WEST CAOVOON, SURREY. 

Tel: 01 -6881833 

/ 127 

SUB-MIN MICRO~ONE 
Size only %' 1 X % 11 X 3/1611 so small enough for a bugging device, , 
ex-hearing aids but uaranteed . Price £1.60. 
TRANSMITTER SURVEILLANCE . . 
Tiny, easily hidden b1ut which will enable conversions t? be picked up_ wit~ 
FM radio. can be made 10 a matchbox - al l electromc parts and CirCUit 
£2.00. 
RADIOMIKE ' 

' Idea l for diScos and garden part ies, all s comple te freedom of 
movement. Play through FM radio or tune amp . £6.50. . . 

CONSTRUCTOR'S SNIP 
6v 1 amp transformer with 230v mains primary. This has fixing 
clamp and I~ In fa'?' a normal transformer usually fisted at £2.50. 
We are offerong thos at only £1 including postage and VAT and for 
good measure. we are including free plans and diajrams for two 

~!~c~~~~~a~r~t;,~sba~ga~~~~~r~oe~l~~~:r~:f~~t aJ 1 ~histle op. 

BURGLAR ALARM CONTROL PANEL 
Contains labelled connection block, latching relay, test switch and 
ramovable key control switch. Simplifies the whole installation, 
all you have to do is to take wires to pressure pads and to alarm 

· bell. Proce £6.00 + 90p. With complete diagram. 

PRECISION MAINS OPERATED CLOCK 
For only £1.50 + 22p. Sounds unbelievable but that's what you 
can ha~e if you send your order right away. The clocks which 
have farge clear dials were made by the famous Smiths Company 
for use with their domestic cooker switch and are brand new and 
guaranteed. 

15-()--15v"2 AMP MAINS TRANSFORMER 
Mains transformer, upright mounting primary and secondary 
wound on separate bobl;>ins with filling lugs, Price £3 + 45p. Post 
60p. 
25-()--26v" 750 mA MAINS TRANSFORMER 
Mains transformer. C core construction, heavily varnished for 
dead quiet operation. Upright mounting with fixing lugs. Price 
£2.76 + 41 p. Post 50p. 
26 WATT MI.D·RANGE SPEAKER Si" 1 

Made by Goodmans so there's none bener. 4 ohm coil. Price 
£3.50 + 45p. Post £ 1.00. 
8 OHM TWEETER 
Made by Goodmans. 3t'' square, 4" across f ixings. Price £1.&0 + 
22p. Post 30p. 
ROTARY SOLENOID 
As most customers know we have solenoids of the normal types 

~~:~~;~r=~d~,';,~h~~i~~rh~3~: r~t~Yi~~ti;c~i;s~"b~~.' ~=r~:'ed~ 
A shaft whoch comes out of the centre, rather like a motor spindle, 
travels approx. 90°. Price £5 + 75p. 

WATERPROOF HEATING WIRE 
As used for electric blankets, etc. This has dozens of other 
applications--in gloves or socks for people with poor circulation 

~~o~bvb~ash~:~:~. ~h: ~~:~~i~~e c;~~~:t~t~1 ~~ :l;:;,~~trr:~~~~ 
~~r~~~~ef~\~et~se~J':~ 3~v~~~~a~~~ a resis,tance of 60 ohms per 

TELEPHONE PICK-UP coil attaches by suction to phone body, 
enabling conversation to be recorded, put through amp or 
headphones. Price £1 + 15p. 
TRANSDUCERS 
As used remote control T.V. receivers. Price £1,50 + 22p. 

!f,~~hU~~u~:n~~~r:~~E2~~ round hole, with flan9e makes 
item 3" wide approx. Made to strin~ent Ministry specifications. 

~~e':!Y:e t~~a:~~~v~h~~W Rs~~ale~11o~2eoo~~i~~£ ~~!'. 2~~oo 
o.p.v. Price £2 + 30p. MICRO AMPMETER 500 UA-scafed 
0-5. Price £2.50 + 38p. MILLIAMP METER 500 MA-scaled 
0·500 rnA. Price £2 + 30p. AMPERE METER Hot wire. scaled 
0-9 amp. Price £2 + 30p. 

0-1 MA PANEL METER 
. 2" square made by Sifam for Ferrograph for peak level indication, 
so reads right to left-1 milliamp f.s.d., scaled 0-1. F'rice £3 + 
45p. 

·vu METER 

!~g~'O~em~~~nat~~· f ~d~u1n~ ~~:ds~~t~ t~te~nt;· 6~~~~buT~i~~ 
scale illumination, also have zero reset. The scale is not calibrated 
but has very modern appearance. Price £2.50 + 38p. · 
BALANCE METER 

. Edgewise mounting 100 UA centre zero. Price £2.00 + 30p. 
1 i" SQUARE PANEL METER 
~~i~~e J3'.15(is~'H~~stic front. 50 UA. Price £4.00 + SOp. 1 mA. 

LARGE PANEL MOUNTING MOVING COIL METER 
Size 5" x 4" 200-0-200 UA. It has a plain scale, also it is a fairly 
easy job to reset the pointer 10 the left-hand zero position and 
thus obtain a 0/400 UA movement. Made by Sangamo Weston. 
Price £6 + 90p. 

GALVANOMETER 7-G-7 tJA f.8.d. 
Mov!'!g. coil precision la~r~tory i!'strument of extremely high 
~~~~t;~~ lOA~~ per diVISion). S1ze approx. St" x 2t" x 2". 

4" SQUARE PANEL MOUNTING moving coil movement with · 
scale for multi-range test meter made for the Taylor ~lectric Co., a 
truly beautiful instrument with mirrored scale, end stops and zero 

~~~t~~~:t~~ t~e~ot~i~f:~o~~~~~~~~t~~c~u~~:~~ ~ ~g~oo o .p.v. 
3" EDGEWISE PANEL METER 
0-25 MA moving coif made for the G.P.O. A very useful instru
ment especially when panel space is limited. Price £2.50 + 38p. 
SPEAKER CABiNETS 
Simulated teak finish, nice handy size 11" x 8" x 4t" approx., 
modern black sponge type front. Price £2 + 36p, post £ 1.50. 
Special price to bulk buyers. ' 
SHORT WAVE CRYSTAL RADIO 
All the parts to make up the beginner" s model. Price £2 + lOp. Crystal 
earpierce 57p + Bp_ High resistance headphones (give best resUlts) 
£3.25 + SOp. Kit includes chassis and front but not case . 

RADIO STETHOSCOPE 
Easy way to fault find- start at the aerial and work towards the speaker 
- when signal stops yoU have found the fault. Complete kit £4.25 + 
65p. 
INTERRUfTEO BEAM KIT 
Th1s kit enabiM you to make a switch that will triggar when a steady beam 
of infra-red or ordinary light is broken . Main components - relay, photo 
transistor. res istors and caps, etc . Circuit diagram but no case. Price £2 
+ 30p. . 

12v SUBMERSIBLE PUMP 
Our drill pump is usefuL but this new one is even more -so. Just 
Join it to your car battery, drop it into the liquid to be moved and 

~~~t ~':x,lllJ\~~d':'OS~i~~ ~:b~~~· ~~t~~~.m~~~a~f~·· aandd ~~~ gne~n~ 
exptos1ve. han-corrosive liquid. One use if you are a campet, make 
yourself a shower. Price £6 + 90p. A free gift, first 1 bo 
purchasers will get tap with built ill switch and length of plastic 
tubing. 

E.H.T. MAINS TRANSFORMER with inductance control, nor
mal primary, secOhdary output by our equipment, J . 5 kv 3 rnA. 
E.H.T. voltage can be varied by applying a DC voltage to the lower 
normally unused bobbin. We are not sure how much the voltage 
may be increased or decteased but using a 9 volt batteiy we 
seem to get a rise or fall of about 50 volts. Ex unused P.S.U.'s 
Price £2 + 30p. PoSt 40p. . 

www.americanradiohistory.com
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A.C. VOLTMETERS 
BOONTON 
True A. M .S. Voltmeter 93A 
FLUKE 
AC/DC Differential Voltmeter 883AB 
HEWLETT PACKARD 
Log Voltmeter/Amplifier 7563A 
MARCONI INSTRUMENTS 
A.C. Voltmeter 400EL 
Valve Voltmeter TF 2600 
Valve Voltmeter TF 2604 
R.F . Millivoltmeter TF 2603 
PHILIPS 
A.C. Millivoltmeter PM2454B 
ANALYSERS 
BIOMATION 
Logic Analyser 1 650D 
GENERAL RADIO 
Vibration Analyser 1 91 1 A 
HEWLETT PACKARD 
Spectrum Analyser 141 T 

c/w 8552A & 8554L 

£375 

£975 

£445 

£225 
£175 
£250 
£525 

£225 

£3600 

£1750· 

£4350 

Logic Analyser 1600A £1350 
Network Analyser System 8407 A+ 8412A c/w 
8600A + 860 1 A Sweep Marker Generator 
1OOKHz-11OM Hz range. £3500 
Swept Amplitude Analyser 182T +8755A 
15MHz-18GHz. £2500 
BRIDGES 
BOONTON 
VHF 'Q' Meter. 280AP. 
(210-610 MHz) 
Inductance Bridge 63H 
GENERAL RADIO 
lmmitance Bridge 1607 A 

, LCR Bridge (0.05%) 1608A 
MARCONI INSTRUMENTS 

£650 
£2750 

£750 
£1195 

Universal Bridge TF 131 3 £325 
'Q' meter TF1245 c/w TF1246 and TF124 7 

. £950 
RHODE AND SCHWARZ 
Inductance Meter LRT 
Capacitance Meter KRT 
WAYNE KERR 
A. C. Testamatic A60 
Universal Bridge B 221 (0 .1 o/o) 

D.V.M.s AND D.M.M.s. 
DATRON 
5V2 digit D.V.M. 1051 
FLUKE 
3V2 digit D.M.M . 8020A 
5V2 digit D.M.M. 8800A 
5V2 digit D.M.M. 8800A-01 
6V2 digit D.V.M. 8300A 
PHILIPS ' 
Autoranging D.M .M. PM 2514 
4 digit D.M .M . PM 2524 
Aut9ranging D.M.M . PM 2527 
SCHLUMBERGER 

£475' 
£475 

£900 
£225. 

£995 

£99 
£599 
£650 
£199 

£125 
£225 
£400 

6V2 digit D.M.M. A243 £425 
Microprocessor D.M.M . 7065 £950 
As above with processor option £1250 
Microprocessor D.M.M. 7055 £850 
As above with processor option £1150 
FREQUENCY COUN.TERS 
ADVANCE 
500MHz Counter TC 15 & TC 15 P1 
FLUKE 
250M Hz Multifunction Counter 1 911 A-0 1 

£495 

. £325 
500MHz Multifunction Counter 1 912A · £395 
125MHz Multifunction Counter 1925A £350 

WIRELESS WORLD NOVEMBER 1980 

USED 
BRAND· NEW 

TEKTRONIX 
465S . 

PORTABLE 
. OSCILLOSCOPE. 

1 OOMHz Dual Trace Delayed and 
Mixed Sweep Trigger View supplied 

with all Standard Accessories + 

.1 YEAR WARRANTY 

OUR AMAZING 
PRICE 

HEWLETT. PACKARD 
3490ADMM 

50 digit. ACJ DC volts. 
1 /lV resolution on DC. 
Autoranging. Variable 

display time. Resistance 

down to 1mQ 

UNBELIEVABLY 
LOW PRICE 

£375 
Manufacturer; pnce 

over c1500 

30 day warranty 

MARCONIINSTS. 
TF1310A R.C. 
OSCILLATOR 

1OHZ-1OM Hz + sq. wave to 1OOKHz. 
1mVto3.16Vat75.100, 130,or6000 
via attenuator. High 0 I P 31. 6V to 1 MHz. 

£195 
30-day 

Warranty 

1 ::-~ = 61-65 King's Cross Road, London WC1X 9LN. Tel: 01-278 3461. Telex: 298694 
Unless otherwise stated all equipment offered in the Electronic Brokers a·dvertisement_ is refurbished and in the case of Test 
. Equipment also calibrated. Test equipment is guaranteed for 12 months; computer pertpherals for 3 months. 
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TEST EQUI 
PHILIPS A.M. Signal Generator . TF801 D/8S £550 
520MHzUniv.Counter/TimerPM6614 £395 L.F. OscillatorTF2102/1M1 £195 
80MHz. Freq. Counter PM6664 £250 U.H.F. Signal Generator TF1 060/3 £650 
OSCILLOSCOPES Two Tone Source TF 2005R £295 

H. F. Generator TF 144H /4 £750 
!=OSSOR _ . TF2062i3 AM /FM Signal Generator. 1OKHz-
4100 75MHz Port~ble Dual Trace, Delayed 82MHz. 1 Only £1200 
Sweep. 30-day warranty . . Only £450 TF2361 c/w TM9692 Video Sweep Generato'r 
HEWLETT PACKARD 25KHz-30M Hz. Sweep rate 0 .01 to. 1OOHz. TV 
75 MHz Dual Trace 1707A £600 Field locks on 405-505-625 lines. £750 
High Sensitivity Single Trace 130C £250 PHILIPS . 
17078 75MHz Portable Du<!l Trace, Delayed Function Generator PM 5108 
Sweep, 30-day warranty Or~ly £650 Function Generator PM 51 2 7 
MARCONI INSTRUMENTS Function Generator PM 5167 
X-Y Display TF 2213/1 c/w Memory Unit TK ·TELONIC 
2214 £790 
PHILIPS R.F . Sweeper 2003 c/w 3302 , 3331, 

£250 
£395 
£500 

25MHzDua1TracePM3212 £625 3341,3351,3360,3370(1-300MHz) £1150 
PM326.0E 120MHzPortable Dual Trace, De-· MISCELLANEOUS 
layed Sweep . . 1 Only £975 ADVANCE 
S.E. LABS Off Air Frequency S.tandard OFS 2B £150 
6 Channel Monitor SM 1 21 £395 AVO 
TEKTRONIX Valve Tester VCM 163 
465 1 OOMHz. Spec . similar to 4658 but no BRADLEY 
alternate sweep. £1195 AC Calibrator 1258 
35MHz Dual Trace T932 £550 DC Calibrator 1268 
w. Diff. Plug In £295 15.6 Oscilloscope Calibrator . 

£475 

£475 
£250 

1 O!'IY £450 
1 A6 Plug In £199 BRUEL KJAER 
TELEQUIPMENT. Sound Level meter 2203 & Microphone 4145 

D75 50MHz Portable Dual Trace, Delayed DATALABS £~95 
Sweep. 2 Only £715 Power Line Disturbance Monitor DL019 £175 

FLUKE 

RECORDERS 
BRYANS SOUTHERN. 
4000012 channeiUV Recorder plus 2 Off 40501 
galvo amps . 6" chart width. Grid and timing 
lmes. Superb condition . · £950 
PHILIPS 
Single Channel Recorder PM 8110 
RACAL 

£195 

Store 4 FM Tape Recorder, 4tracks DC-20KHz, 7 
speeds. · £1950 
S.E. LABS. 
3006 12 channel UV Recorder. 6" chart width . 

-Grid and timing lines £550 
6012 50 channel UV Recorder 12'' chart width. 

· Servo paper drive up to 5 Mtr I Sec . Two event 
markers, Trace identification .. 

WATANABE 
1 Only. £1100 

6 Channel Chart Recorder MC 641 
YOKOGAWA 

£2250 

DC Differential Voltmeter 895A £950 
332A DC Voltage Calibrator. 0.003% Calibra
tion _Accuracy 0 . 1 PPm resolution. · £1750 
GENERAL RADIO 
Sound Level Meter 1933 
Cassette Recorder i 935 

£1000 

Recording Sound and Vibration Analyser 1 9 11.A 
£1250 

HEWLETT PACKARD 
DC Microvolt-ammeter 425A 
AC I DC Differential Voltmeter 7 41 B 
Vector Impedance Meter 4815A 
S Parameter Test Set. 8745A 
Insulation Resistance Meter 4329A 
MARCO I'.! I 
M.F. Attenuator TF 2162 
A. F. Power Meter TF 893A 
Transmission Test Set TF 2332 
Transmission Test Set TF 2333 

£1-35 
£185 
£425 
£600 

£2700 
£1500 

129 
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Level Measuring System . D2074/W2074/ 
G2006 £2600 
Carrier Frequency Level Test Set 
W2007 +02007, 6KHz-18 .6MHz . £1750 
TEKTRONIX . 
Pulse Generator 2 1 01 £420 
TM515 Main Frame c/w FG504 0.001 Hz-
40MHz function generator. 2 Off PS503A Triple 
Power Supplies. £1250 
TM515 Main Frame c/w SC502 15MHz 
Oscilloscope. FG503 1.0Hz-3MHz Function 
Generator. DM502 3% digit DMM . DC503 
100MHzCounter. £1495 
TEXSCAN 
Sweep Generator VS 40 
WANDEL 8t GOL TERMAN 
Andimat (2MHz system) 

.. WAVETEK 
Sweep Generator 135 
Programmable Phase Meter 7 55 

POWER SUPPLIES 
ADVANCE 
PMA47. 0-15V@ 3A (Presetable) . 
PMA 50. 0-15V@ 5A (Presetable). 
PMA 53. 0-1 5V @ 1 OA (Presetable) . 
MG 5-60 5V@ 60A (Switching) . 
MG 5c20 5V@ 20A (Switching) . 
MG 5-10 5V@ 1 OA (Switching) . · 
MG24-12 24V@ 12A (Switching). 
MG24-5 24V@ 5A . (Switching). 

£650 

£9500 

£275 
£550 

£37 
£45 
£65 

£160 
£120 

£95 
£130 

£95 

Only 9 months old SPJ - 200A 
'Infrared Spectrophotometer. 
Pye Unicam. Ratio. Recording Type . Still under 
warranty . Current List Price £51 50. 

ONLY £3950 
Chart Recorder 304 7 £450 

P C.M. Regenerator Test Set OA 2805A 
P.C.M . Multiplex Tester TF 2807A 
RHODE AND SCHWAR.Z 
Stereocoder MSC 

Also available 1 5 ton hydraulic Press with Safety 
£850 Guard S. 

SIGNAL SOURCES 
HEWLETT PACKARD 
Variable Phase, Sine and Signal Generator 203A 

Oscillator 1OHz-1OM Hz 6 51 B 
V.H.F. Oscillator 3200B 
Decade Oscillator 4204A 
U.H.F. Signal Generator 612A 
V.H.F. Signal Generator 608F 
Phase Lock Synchroniser 8709A 
RF Sweeper I Marker Generator 
8601A, 100KHz-110MHz. 5 
frequencies. 

MARCONIINST~OMl:l\lts 
AF. Oscillator!~ 2000 
A F. Osctllator TF 2100 

£495 
£415 
£400 
£750 
£850 
£450 
£475 

8600A+ 
marker 
£1500 

t325 
£150' 

S.E.I. 
Super 50 Selectest 
SIEMENS 

£77 ONLY SMALL SELECTION 
OF OUR VAST STOCKS 
SHOWN HERE 

Carrier-Freq . L.M.S . D2021 IW2021/G2021 
10KHz-25MHz £1700 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 

12-MONTH WARRANTY 
All Second User Test Equipment is fully guarant(Jed for 12 
months unless otherwise stated. 

'~ = 61-65 King's Cross Road~ London WC1X 9LNi tel: 01-278 3461. Telex: 298&94 
Hburs of Business : 9 a.mAi p.m., Mbri."Frf. Closed lunch 1-2 p.m. . A copy df our trading conditions is available on request . 
Add i 5% VAT to ALL PRICES · Carriage and Packlrig charge extra dn all items unless otherwise stated . 
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'Electronic Bro·kers, 
No.1 in Second User Minis & Peripherals 

AiR 33 Teletype . . 
hlptitiOut.put termmal incmporat1ng papt~r tape punch and 
rt!ader 64 ASCII uppef cas& charactef set; 110 baud 
operati(l[l. ev~m panty key~1)au.t, cho1ce ot 85232 or i!O mA 
tntefface NOW ONCY £595.00. . . . . . ·. · 
Oetions• ICI.-typ.ekey~td £!jQ,O(), Sth level·m~rkrng 
f25.0(1, r-ow reader !)Onttol £50.00. reader step 
£20.00, Auto read:er £25,U, pedll$1aJ £30 • .00 

PDP11/04 Processor 
1 0 '1; " chass<s 16KW MOS Ol 1 1 W KY 1 1 B BRAND 
N.EW £4.500.00 iC3n be enhanced In 28 KW) 

DEC EQUIPMENT 
DD11-CK 4 -slot backplane (11 /34) 

£175.00 
H 775-CB Battery Back-up £525.00 
KA8E Positive 1 /0 (8E) . £95.00; 
KD8E Databreak (8E) £145.oo! 
KL8JA Asynchronous 1 /0 (8E) £275.00 
KL8EAsynchronous 1/0 (8E) £250.00 
KP8E Power Fail (8E) £95.00 
LA 11-PD 180 cps_r:natrjx printer £12_~()_._0_0 
M7850 Parity Controllers · . .. £185.00 
MF11 L 8KW Core including 9-slot system 

unit . . . .... . .. ...... .. £975.00 
MM 11 LP 8KW Parity Core . . £750.00 
MM 11YP 32KW Core Memory £1750.00 
MSV11 C 16KW MOS Memory (LS I11) 

. . . . . . . . . . . . . . . .. . £495.00. 
MS 11 JP 16KW MOS Memory £895.00 
PDP 11 I 34 Processor, 1 0 112" Chassis, 

128KW Mos, DL 11W, KY11 B£6950.00 
PDP11/40 Processor with 32KW parity 

core, KT11 D Memory Management, 
DL 11 Interface 6ft. cabinet £4950.00 

PR 11 High Speed reader and control 
. £925.00 

REV11 Bootstrap (LSI 11 ) £75.00 
RK05F Add-on disk drive £2250.00 
VT55-FB Graphics Terminal with integral 

hard copy .: . . .... . . .. . £1350.00 
PDPBE Series modules--;-large stockS-of 
option modules, add-on core, CPU boards 
etc, all at reduced prices . 

DEC Memory--Barg.ain offe·r 
MM 11 ()P 1 6KW core tilX DEC matntatned 1 1 ;:14 S¥> 1P<<> Sf 

ONl.Y £39~ .00 

CENTRONICS 101 A 
Heavy duty Matrix Printer with 64 ASCII upper case 
character set, 16'5 cps operation. 1 32 pnnl pos it<ons w<th 
a¢j.!Jstable tractor feed . 1 X 9 dot matrix, parallel input. 
£75(t00. 

NEW ASCII KEYBOARDS -
NEW LOW PRICES 
KB 771 Superb 71-station ASCII Keyboard incorpor
ating separate numeric/cursor control pad and installed 
in custom-built steel enclosure with textured blue 
enamel finish. Ideal for the VDU builder. Case dimen
sions 17'14" X 7Y2" X 3%". Total weight 4kg. PRICE 

£89.50 
(mail order total £,108.1 0) . 

Mail 
Order 
Total 

KB 7 56 56-station ASCII Keyboard mounted on 
P.C.B . . .. . .... .... .. £45.00 £53.48, 
KB756MF As above, fitted with metal mounting 
frame for extra rigidity .. . £49.50 £58.65 
KB 71 0 1 0-key numeric pad, supplied with 
connecting cable . . . . . . . . £8 00 £9.78 
KB701 Pla·stic enclosure for KB 756 or 
KB756MF ........... £12.50 £15.24 
KB702 Steel enclosure for KB756 or KB756MF 

£18 .00 £23.00 
KB2376 Spare ROM Encoder£12.50 £15.24 
KB15P Edge connector for KB7 56 or KB756MF 

£3 .25 £4.31 
DC-51 2 DC convertor to allow operation at 5V 
only (plugs in to P.C.B .) ... £7.50 £9.20 
DB25S Mating connector for KB771 

£4.25 £5.46 
PERK 56-station ASCII Keyboard for PET Com
plete w ith PET inter.face, built-in power supply 
andsteelenclosure .... £145.00 £172.50 

Discounts available for quantities -

New ASCII K .. y:bo•rd.s 
Fun range of row•CD81 A8:CH Keylj'Oi'JK1s an<'! 
;~c .<;ssor<<?-S se<' centtt~ col!.lm•; below 

LOW COST PRlNTE R OFFER 
t .-1myoe 3 3 nw •t<>r mectla<Hsm ,ncludtnQ. c~se bt~• ""' 
keybil'dfd Of elecHOt11lCS 64 tJpf)er case AS(:ll Hll em~ 
Pmfeed t.:>laten ldelll !or th<' ele<'lH)fuc hol!byH>·t ONLY 
£86.00. 

MISCELLANEOUS 
BALL MIRATEL.9'; Monitor with case includil1g 

space for keyboard . Integral power supplies 
included . Requires separate horizontal and 
vertical video input .... . .. .... £95.00 

CLARE KEYBOARD SWITCHES. Special 
purchase of top quality Clare SF-type reed : 
switches. BRAND NEW SURPlUS £25p each 

DATA GENERAL model 1210 CPU with 4K core 
. . . . . . . . . . . £795.00 

DIGITRONICS P135 paper tape punches 35 cps . 
Solenoid device with 27VDC coil .. £95.00 

EMI MONITOR 15" dia. tube, integral power 
supplies. Accepts composite or separate video 
iriput . BRAND NEW SURPLUS . . £100.00 

FACIT 4070 Paper Tape Punch ... £675.00. 
GE TERMINET 1200 RO Printer, 80 columns, 

tractor feed, upper/lower case ASCII, 20mA . 
Interface . . . . . . . . . . . . . . . . £495.00 · 

HAZELTII\1E THERMAL PRINTER 80-column 30 
cps silent RO printer with parallel TTL input · 
. . . . . . . . . . . . . . . . . . . . . . . . . £395.00 

SHUGART SA400 Mini-floppy disc drive-
BRAND NEW £195.00 

SHUGART SA800 8" Floppy disc drive-
BRANDNEW . . . . . . . . . . . . . £395.00 

TALLY 1602 MATRIX PRINTER Parallel Input 
Upper I Lower case. Tractor feed, as new . . . 
. . . .......... ... ........ . £995.00 

TERMIPRINTER 7075 RO Impact Printer. 
Upper/Lowercase Pin feed, RS432 .. .. 
. . . . . . ........ .. ... . . . .. £395.00 

TEXAS 7 2 5 Portable Terminal with acoustic 
coupler .... £625.00 

TEXAS 733 ASR Terminal £1375.00 . 

'::-t = 61-65 King's Cross Road, London WC1X 9LN. Tel: Dl-~78 3461. Telex: 298694 
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Hazeltine H-1 000 
The low, low priced teletypewriter-compatible 

· video display terminal, offering your cl<loice of 
transmission speeds up to 9600 baud as well as 
parity generation and checking . 
Specification 
SCREEN SIZE - 12" diagonal. 
SCREEN CAPACITY - 960 characters; 80 
per line x 1 2 lines. 
CHARACTERS- 5 x 7 Dot Matrix; 625-line 
raster. 
CHARACTER SET - 64 ASCII alpha
numerics and symbols . 
KEYBOARD -TTY format . 
INDICATORS - Power On . Parity Error. 
·PARITY - Parity error indicated by Parity 
Light and question mark (?) displayed in cha
racter position. 

'TRANSMISSION -Asynchronous. Switch
selectable for any two standard rates up to 
9600 baud . 
OPERATING MODES- Full/Half Duplex . 
MEMORY- High Speed MOS refresh. 
STANDARD INTERFACE - CCITT ' V-24 
(EIA RSc232 B/C) . 
REFRESH RATE- 50 fields per second . 

When ordering please specify your choice of 
switch-selectable baud rates . 

Standard : - Either A) . 110/300 baud 
or B) 300/1 200 baud 

Optional: A combination of any 2 of the fol
lowing transmission speeds can be provided at 
a surcharge of £25 .00 . 
75, 110, 150, 200, 300, 600, 900, 1200, 
1800, 2400, 4800, 9600, (N .B.: 900/1800 
not compatible with 110/200 respectively). 

ihe world's largest-selling teletypewriter-compatible 
video display terminal. The Hazeltine 2000 sets the 
standard in features, performance, reliabi lity and 
value in an ever-expanding list of applications in 
Universities, Hospitals, Business, Finance and 
Government. 
Features include * Switch-selectab'le transmission 
rates to 9600 baud *Three switch-selectable 
operating modes - full duplex, half-duplex or batch 
*Direct cursor addressability *Dual-intensity video 
*Tabulation* Powerful editing capab ility* Remote 
keyboard* Selective or automatic roll-up *Teletype 
compatible *Parity select* Large screen capacity* 
Clear 5 x 7 matrix character image* Full remote 
command set* Format capability* Standard 
peripheral interfaces. 
Specification -
SCREEN- 12" diagonal. 1 g99 characters: 74 per 
line x 27 lines. 
CHARACTERS- 5 x7 Dot Matrix.; 6251inesraster. 
CHARACTER SET- 64 alphanumerics and -
symbols . 32 ASCII control codes. 
KEYBOARD- Detachable. solid state . TTY design. 
1 0-key numeric cluster plus editing and cursor 
control keys. 
TRANSMISSION- Asychronous . 
Switch-selectable, for combinations of 5 standard 
rates, 110 to g500 baud . 
OPERATING MODES- Switch-selectable full 
duplex, half-duplex or batch. ' 
MEMORY TYPE- 2048 x 8 RAM . 
EDITING FEATURES- Full Cursor Controls plus 
Insert/Delete Character, Insert! Delete Line, Clear 
Screen, Clear Foreground Data Only, Tab. 
STANDARD INTERFACE- CC ITT V-24 (EIA 
RS-232 B/C) . 
REMOTE COMMANDS- Insert/delete Line, 
Clear Screen, Clear Foreground Data Only, Home 
Cursor, Address Cursor, Set Background intensity. 
Set Foreground Intensity, Carriage Retu rn , 
Backspace. Ring Bell, Transmit. Print . 
AUXILIARY OUTPUT- Standard printer 
interfaces; Standard cassette interface . 

The Hazeltine Modular One terminal 
· offers the full range of terminal 
performances- from simple 
teletypewriter compatibility to enhanced 
editing and polling capabilities. 
The Modular one is supplied in two 
different versions. The BASIC MODEL 
provides the following features: * 1, 920 
character display (80x24) * 1 2- inch 
bonded* Incremental and absolute 
cursor positioning. * Dual video intensity 
* 11-key numeric pad* Movable 
keyboard *Choice of 8 transmission 
rates up to 9600 baud* Communication 
interfaces : EIA RS-232 and current loop 
*Choice of block or blinking underscore 
cursor * Choice of white-oncblack or 
black-on-white display representation. 

Optional: 
Lower Case 
Printer Port (parallel) 
Printer Port (serial) 
EIA Data Cable 
Remote Edit 
Current Loop Interface 
Synchronous Interface 
External Baud & Parity 
Switch 
Also available : EDIT MODEL 
POLLING MODEL 

£35 .00 
£70.00 
£70.00 
£1 5 .00 

P.O.A . 
P.O .A. 
P.O .A . 

P.O .A. 
£695 

P.O .A . 

61-65 King's Cross Road, London WC 1 X 9LN. Tel: 01-278 3461. Telex: 298694 
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A MATTER OF 
LIFE OR 

When an accident occurs involving severe 
electric shock, people on the spot may be 
suffering from a kind of shock themselves. The 
realisation that one has literally only seconds to 
save a life can itself be momentarily paralysing. 

That's why Electrical Review has completely 
re-styled its Electrical Shock Chart. The new 
chart, prepared in consultation with St. John's 
Ambulance Brigade, highlights the ina in, points 

in red, and explains and illustrates the ac"tions to 
be taken so clearly that they can be grasped 
instantaneously even in a crisis. It also includes 
vital instruction on what to do if the casualty 
does not respond to artificial respiratton- with a 
section on external heart compression. 

Action this second could save a life. Post 
this coupon NOW. 

VIVID RED AND BLACK. PLASTIC,CARD OR PAPER. 

SIZE 19 in x 13V2in (474mm x 346mm) 

CGIUUIIy llaes ... NIPDIIII t0 
Wee cwel Too CMck ....,. for the dltOfid pua ... If the 
small • tlwmp wfll put.. ls ,...m contmue lnfhdioM. 
ta. · ~ llvt When tt.. casualty IHMfhes on h.ls owu, 
too lor .. o thump ploft ldm lmmecltotely le the recoury 
could lnfuN the .,..mo.. If dte puis. Is still .... statt 
cuuott,. Au... eJiternol hHt1 compre .. lon. 
the cosuolty - o 
thfn person w1tl 
requiN I•• fon:• 

0 fot JMII'IOft. 

•••ulau•a-

............ 
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TRADE ENQUIRIES WELCOME 

Full range available to replace 1. 5 voit dry cells and 9 volt pp type 
batteries, SAE for lists and prices. £1 .45 for booklet, " Nickel 
Cadium Power,'' plus catalogue . 

" Write or call at: 

SAN DWELL PLANT LTD. 
2 Union Drive, Boldmere · 

Sutton Coldfield, West Midlands 021-354 9764 

See full range at TLC, 32 Craven street."--Charing Cross, London ·: 
. WC2. 
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OHIO SCIENTIFI.C Superboard 2. Assembled 
50Hz model £159.95 + 15% VAT . post free . 
Colourboard 2 {the new colour version of Superboard 
2). £215 + 15%VAT 

il ~=r~o~~-~~!~~~~e9~~ :~~h a~~~~,~~~~~:~ ~ 
~ price shown first. Also sold separately at the * -fr bracketed prices. Add 15% VAT. Modulator :Jt 
it ~;~ ":zwo"r(~~~\~~p~-~~~;~sli~n4~t~~ * 
-fl lines X 54 characters approx ., £_15 (£20). lt 
~ f~~~~ ~~!.~~~~d ~~~r (~0~~rs~~s~~~;~ * 
• recorder £13 (£15). Super Print _800MST lt 
.M pnnter £359 (£359). 610 Expanston board ..._ 
'?' £160 (£160). ....
SINCLAIR PRODUCTS. New 1OM Hz scope £145. 
pfm200 £51.95, case £2.07, adaptor £4.20. 
Connector kit £13.95. Microvision tv £89, adaptor 
£6.88. pdm35 £34.23. adaptor £4.20. case £2.07. 
dm350 £76.70,dm450 £102.17, dm235 £55.55. 
rechargeable batts £8. adaptor £4.20, case £9. 
Enterprise prog . calculator + accessories £19.95. 
TG105 £87. Bench frequency counter £150. 
COMPUTER GAMES. Chess Champion 6 £49.95. 
Chess Challenger 7 £79. New Sensory Chess 
Challenger 8 £119. Atari Videocomputer £129. 
cartridges £14.85. 
COMPONENTS. 1N4148 0.9p. 1N4002 3.7p. 
741 20p. bc182, bc184, bc212, bc214, bc548 
6.1p. Resistors, •;.w 5% E12 lOR to 10M 1.5p. 
0.8pfor 50+ of one value . 16V electrolytics .5, 1. 2, 
5, 10, 22mf 8p. 100mf 7p. 100m! 11p. 1 lb FeC1 
£1.60. Oalo pen lOp. 40 sq ins pcb 50p. PoJy. 
styrenecapacitorsE1263V 10-to 1000 f ·,1n2io 

1 On 5p. Ceramic capacitors 50V E6 22pf to 4 7n 
2.5p. Zeners 400mW E24 2v7 to 33v 7p. 
TV GAMES. AY-3-8550 + kit £11.28. AY-3-8600 

. + ktt £12.98. Stunt cycle chip+ kit £17.15. Colour 
generator ku £9.95. 
TRANSFORMERS. 6·0·6V 1 OOma 96p, 1 y, a 
£3.12. 9-0-9V 75ma 96p, 1 a £2.88, 2a £4.73. 
12-0-12V 1 OOma £1.20. la £3.50. 
IC AUDIO AMPS with pcb. JC12 6W £2.50. JC20 
lOW £3.54. 
BATTERY ELIMINATORS . 3-way type 6/7V2/ 9v 
300ma £3.45. 1 OOma radio type with press-studs 
9v £4. 77. 9 + 9V £5.89. Cer convertor 12v input, 
output4Y,/6/7Y,/.9v 800ma £3.04 . 
BATTERY ELIMINATOR KITS. lOOma radio 
types wtth press-studs 4 ¥2v £1 .84, 6v £1 .64, 9v 
f1.64, 4V, + 4V,v £2.30, 6 + 6v £1.82, 9 + 9v 
£1.92. Stabilized 8-way types 3!4'1216!7Y,I91 
12/ 15 /1 8v 100ma £3.12, lAmp £7 .80 . 
Stabtltzed power ktts 2·18v lOOma £3.12, 1-30v 1 A 
£8.10. 1-30v 2A £14.52. 12v car convertor 
6/7 '/,/Qv lA £1 .62. 
T-DEC AND CSC BREADBOARDS. S-dec £3.71. 
T·dec £4.59, exp4B £2.64, exp300 £6.61. exp350 
£3.62, exp325 £1.64. 
BI-PAK AUDIO MODULES. s450 £27.90, AL60 
£5.82, pal DO £19.24, spm80 £5.28, bmt80 
£8.06, stereo 30 £23.94, AL30A £4.53. 

SWANLEY ELECTRONICS 
o.,Pt. WW, 32 GoldMI Rd. Sw•nley, Kent. 

Post 35p extra. Prices include VAT unless stated . 
Official ~nd overseas orders welcome . Lists 2 7 p post 
free . Ma1l order on ly . 

Ci'fiUDlUIUU:I.IUIIllU.IUIIUUUIUJIIIIIIUUUIII~ 

.= TELEPRINTER TYPE 78: Pageplinter 24v d. c. power supply. Speed 50 bauds per min. ~ = S/hand good cond. (no parts broken) £28.75. OR GPO MODEL, as above except = motor II 0/230V a.c . £34.50. Carriage either type £9.50. Send SAE for list of Teleprinter 
!!!! spares available. 
• FRIDENFJ...EXOWRITER with Perforator. 230V a.c . Excellent cond. £75 ea. Carr. £10. · 
• RADAR ECHO BOX TS.488A X-band. £65. Carr. £5. . 
=. 'TS.l47 RADAR lEST SET Combination Sig. generator and frequency meter and ~-

1 
power meter. Provides C.W. & F.M. signals. 115V a.c. £225. Carr. £7. 
HEWLETI PACKARD Signal Generator HP6088. Freq. 10-400MHz C.W. & A.M. 
Output !microvolt to 8V, SO . Mod . 400-IOOOHz. 230V a.c . £225. Carr. £10. 
AuTO TRANSFORMER: i3o; 1 J5v s-u-cTSTiiOOwitts. Mounted in strorig steel case !f: : 
x 6'h" x 7". Bitumen impregnated. £17.25 + carriage . ::l 
TRANSISTORISED 3cm RADAR AMPLIFIER SWITCH: with 24v waveguide·switch, ~ 

e 9 x 4cm ins. with crystal CV.2355 and spark gap VX.l046. £17.25 + £1 post. "" 
INSULATIOI\I TEST SET 0 to JOKY, negative earth, with Ionisation Amplifier, = 
100/230 Volts AC. £48.87 + carr. : = BC·221 FREQUENCY METER: 125-20,000kc/s complete with original calibration • 

"" charts £24.15 + carr. C = ROTARY INVERTER TYPE PE-218E: Input 24-28v. DC 80 amps, 4,800rpm. Output • 
C 'lv. AC 13 amp 400c/s. !Ph. P.F.9. £23 + carr. ; 
"" RES<.>NATOR PERFORMANCE CTC 424 8.5 to 9.0 kmc/s 3 em £80.50 + post £2. 
• INVERTER 24v. DC input 400 cycles !pH 6600 r.p .m. 200v. peak. £8.05 + £2 post. 

·= ~~rs~E~o~~~t~~0~;;~·tS11~~? :o~~~~urce mount. Produces thermal poise = 15.5dB 200/250v. AC £80.50. "" 
• HS33 HEADSET. Low imp. £5.35 + 75p post. ~"" a ~~~~:s~o~i:Zij>ii~i~1~~~x~~~ ~~~~~~; im~~ot!w 6 ranges. 0.17dB 
: 50 ohms. £92 + carr. 
• CV.l596 CATHODE RAY TUBE: (09D, 09G ). 4" screen, green electrostatic base B 128. 
: HT1200 volts, heater 4 volts £11.50. • = RADAR _RECEIVING ANTENNA TYPE X443 Mk.D: Suitable for detecting signa_ls on = 
• X, K, J and Q bands. 9g Hz-60g Hz. Complete with waveguide horns, associated = 
I'll crystals. Transistorised amplifier and geared motor, etc. £143.75. • 
: VACUUM & PRESSURE DEAL TEST EQUIPMENT: complete with 2 X 4" gauges • 
• indicating 0.20lbs p.s.i. 0-301bs vacuum. With stand, hand pump, etc. £34.50 + carr. : - . = . • BARGAIN MAPS = C Large stocks of unused U.S.A.F. surplus maps, weather charts, etc. • 
ltli Including: =· 
: ONC-E!- U.K. in full and part N.W. Europe. Scale 1:1,000,000. 5 
• JNC-9N- N. Europe, U.K., Scandinavia . Scale 1:2,000,000. loll 
: JN-21N- Europe (Mediterranean). Sca le 1:2,000,000. C 

·• SIZE 58" X 42". colour. Many others. Please send SA.E. for list. • 
: Price each 75p (inc. P&P) C• 
• 25 X Maps (either same type OR assorted), £10 + £1.60 P&P. 
: 10 x Maps (either same type OR assorted), £6.50 (in. P&P). : - -• • 
"" a • • All prices include VAT at 15% • 
: carriage quotes given are for 50-mile radius of Herts. C - . • • . -= W M J l l S I The Maltings, Station Road : C SAWBRIDGEWORTH, Herts. • = " . . Tel: Bishop's Stortford (0279) 725872 ~ 
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Tw. IN PPM .80. X High quality Ernest Turner 
TWIN movement in a mains 
powered unit . The illuminated 
coaxially mounted pointers of 
the TWIN offer an unrivalled 

~·, 
--. .. [37.99 

· _ . +VAT£s-:7operpair 
NO BATTERIES, NO WIRES. Malle to hlgb Salary 
.and Tllecommunlutions Standard. Tht 11Ddtr1 way 
of !natant 2-way COIIIIUiicaUona. Just plug Jato 
power socket Ready tor use. Crystal clear com-· 
municatl011afro11 room to roo11. Raap y, 11111 on the 
ume 11aiaa pbaae with call buzzer aid light 
indicator. OJHH awilch. Volume control. Unlut 11 
intar-alfict lntarcom between oHicl and warehoun. 
In all'gery 11d in homn. bltween houae 11d garage. 
Also useful 11 burglar alarm. 6 months' atrvlce 
guarantee. P&P £1.85. Alst F.M. 2-i:bannel model 

,£49.95 + VAT £7.50 + P&P £1.95 per pair. 

-

method of monitoring stereo Left 
and Right, or Sum and Dif. 
terence controlled by a front 
panel switch. Meets IEC65-2 
BS41 5 safety. Also single ver: 
sion and boards for building into 
equipment 
PPM2 -and PPMJ dri~e circuiis 
'Ernest Turner movements 
640, 642, 643 and T\NIN with 
flush mounting adaptors and 
illumination kits * Peak Devia~ 
tion Meter * Programme and 
Deviation Chart Recorders * 
Stereo Disc Amplifier 2 and 3 * 
Moving Coil Preamplifier * 1 0 
Outlet Distribution Amplifier * 
Stabilizer * Fixed Shift Circuit 
Boards: 

SURREY ELECTRONICS 
The Forge, Lucks Green 

Cranleigh 
Suney GU6 7BG. Tel: 04866 5991 

NEW! AMERICAN TYPE CRADLE 

TELEPHONE AMPLIFIER 

New llllfiriived battery operated Telephoae AMplifier 
1111111 detached platla aptaker.-Placing the receiVer 
oa t.o the credit activates on/off swllcb lor 
illlllldiatetwo-way conversation without boldillg the 
lllntl-111. IIIIJ pellflll can llltea at a lime. lncre111 
efficiency in aHice. shop. workshop. Pertact lor 
conlennca calla. lanes the user'a haa•s Ina to 
make notes. consult filaa. Na "haldinl an", save 
money aad ID1g-41stance calls. Volume contnl. 
Madel witll convanallon recording facilities. Price 
£20.~ + VAT £3.15, post and packing forellher 
model £1.15. 

1 0 days' price r_efund guaraniee . Barclaycard and Access welcome. 

. WEST LONDON DIRECT SUPPL'IES (WWi 
169 KENSINGTON HIGH STREET, LONDON WB 6SN 

NEW PRODUCT . 

MODULAR TERMINAL 
BLOCKS 

Ouick and easy way of connecting up· yoL.ir"ecjuTpment. 
Supplied in kit form. Easily assembled . Build them 
yourself to suit the number of ways you require . 

Takes practically all lead ends. Connect by '14" tab at rear Suitable for mains, LV 
and low resistance circuits . · 
AC / DC to 2000V- 13 Amps . 
End brackets and bodies - Grey. 
Rocker arm colours : Black , Brown, Red, Orange. Yellow. Green, Blue . White . 
Other colours ca~ be supplied-:-- ask for details. 

PRICE 3-way - £4.00 
4-way - £5.20 

P.P. up to £10-: 60p 

5-way - £6.40 
6-way - £7.50 · 

Over £10-£1. VAT 15o/; 

LOTHIAN ELECTRICAL MACHINES L TO. 
HOSPITAL ROAD, HADDINGTON, EAST LOTHIAN EH41 3PD 

TEL. HADDINGTON (062082) 3S11: ·TELEX 72105 

WW- 057 FOR FURTHER DETAILS 

ETCH RESIST TRANSFER KIT SIZE 1:1 complete kit 13 
sheets 6tn x 4V21n £3.00 wtth all symbols for direct appltcation to P.C. board . Individual 
sheets 30p each . (1) Mixed Symbols (2) Lines 0 .05 (3) Pads (4) Fish Plates and Connectors 
(5) 4 Lead and 3 Lead and Pads (6) DILS (7) BENDS 90° and 1 30° (8) 8 - 10-1 2 T .0 .5. 
Cans (9) Edge Connectors 0 .1 5 (1 O)Edge Connectors 0 . 1 (11 )Lines 0 .02 (1 2) Bends 0 .02 
(1 3) Quad 1n L1ne . . 

FRONT AND REAR PANEL TRANSFER SIGNS 
All standard symbols and wording. Over 25.0 symbols. signs and words. Also available in 
reverse for perspex, etc. Choice of colours, red , blue. black or white. Size of sheet 1 2in x 9in . 
Price £1.20. 

All orden dispatched promptly. All post paid 
Shop and Trade enquiries welcome . Special Transfers made to order 

E. R. NICHOLLS 

P.C.B. TRANSFERS 
DEPT. WW, 46 LOWFIELD ROAD, STOCKPORT, CHES. 061-480 2179 
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JumP. the queue 
forl5p . · 

The best jobs in electronics and communications 
appear in Electronics Weekly. Trouble is your place 
on the office circulation list. If you receive the 
·office copy 2nd, 3rd or 4th hand, chances are any 
good jobs have already gone. The solution's _ 
simple. For only 15p a week you can receive not 
only the best of the latest jobs, but also everything 
that happens in the electronics industry: new 
technology, new projects, major policy changes, 
the battle for markets. The whole electronics 
business scene is covered week py week -and 
interviews with leading industrialists-provide 
insights into the way top companies are 
developing their business. To see Electronics 
Weekly ahead of everyone, place a regular order 

·with your newsagent or complete and post the 
coupon ... and the news about your industry 
will always be new! 

r-------~-----------, 
To: Marketing Department, Room 626A, 
Dorset House, Londo11 SE1 9LU 
Please send me Electronics Weekly for a year. I enclose . 
cheque/ p.o. for UK £8.00 (inclusive of p&p ). Overseas . 
$20.80 payable to IPC Busine~s Press Ltd. 

Name .. ........... .... ... .. ..... ..... .. ....... .. .... .. ... .... ...... ... .... .. ... ...... .. 

Address .. ......... .. ...... .. .. .. .. ... ...... .. .... ... ..... ... .. ....... ...... .... ..... . 

Electronics Weekly 
L-----~-------------~ 

WIRELESS WORLD NOVEMBER 1980 135. 

Mura Electronics (UK) Ltd., 79 Church Rd. Hendon, London NW4 Tel: 01 203 5277 

WW- 085 FOR FURTHER DETAILS 

-Professional 
ASCII Kevboards 

THE 'APPLE' COMPUTER KEYBOARD 
e 52 key 7-bit ASCII Coded 
e Positive Strobe, + 5v -1 2v. 
e Full ASCII Characters 
e Parallel output with Strobe. 
e Power Light on Control 
e National MM5740 Chip, TTL Output 
e Superblymade; size 12x5.5x1.5in . 
e Black keys with white legends 
e Escape, shift, return and reset keys 

Complete with Circuit and Data 

Ideal for use with TANGERINE, TRITON, THSCAN , APPLE and 
most computers. 

Ex-stock from Henry's. 
This is definitely the BEST BUY. Supplied BRAND NEW in 
manufacturer's original packing (ANTI-STATIC). . 
Just post remittance, total £35.95 (incl. VAT & Post) . 

HSIR!:I's 
Computer Kit Pivision 

404 Edgware Road, London W2 1 ED, England I.E .D. 01 -402 6822 

1oft- AD 12-AD24 .. .. . .. ... .. .. ... .. . £&8.50 
1 off- AD 2412 . . . ..... . .. . .. .. . . .. ... .. .. .. .. . £54.00 1 off-AOVO:.l .. ... ... .. . . ... £118.00 

Allllbj ll:11a VAT @ 15Yo 

UTHERN EL 

ANY MAKE-UP OR COPY 
QUERIES .CONTACT 

JOHN_ GIBBON 
OR BRIAN CHAPMAN 

01-261 8353 

www.americanradiohistory.com
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. Appointments 
Advertisements' 
accepted up to 12 noon 
Monday, November 3rd, 
for December issue, sub
ject to space being avail
able. 

DISPLAYED APPOINTMENTS VACANT: £12.00 per single col. centimetre (min. 3cm). 
LINE advertisements (run on): £2.00 per line, minimum three lines. 
BOX NUMBERS: £1 extra. (Replies should be addressed to the Box Number in the 
advertisement, c/o Wireless World, Dorset House, Stamforg Street, London SE1 9LU). 
PHONE: Eddie Farrell, 01-261 8508. 
Classified Advertisement Rates are currently zero rated for the purpose of V.A. T. 

ELECTRONIC OPPORTUNITIES 

Microprocessors- Minicomputers -
Digital - Analogue - RF - Audio 

Where does your skill and interest lie? 

Design? Test? Production? Sales? Service? Systems? or perhaps Software? 
* Our clients are drown from all sectors of industry: 

There are opportunities at all levels from Technician to Manager 

* Most UK locations and some Overseas 

* Make your first call count - Contact MIKE GERNAT on 076-384-676/7 
ELECTRONIC COMPUTER AND MANAGEMENT APPOINTMENTS LTD 148-150 High St. Barkway 
Royston Herts SG8 BEG (737) 

GLOOM 
RECESSION UNEMPLOYMENT 

HOW DOES IT AFFECT THE AVERAGE ELECTRONIC 
ENGINEER? 

Our placements show that your salaries are 30o/o higher than tli~y were this t ime last year. 
However. employers do pick c.nd choose- 11 IS def1n1tely a buyers market. 

CURRENT VACANCIES INCLUDE 
SENIOR DESIGN ENGINEER to head up a smail team in design consultancy . 
Good degree, lots of microprocessor hardware/software experience. Knowledge 
of telecommunications an advantage. To £11,000 +car. NW Home Count1es. 

MICROWAVE ENGINEERS- always at a premium. Salaries up to £12,000. 
Greater London, South Coast, Berkshire. 

NOTICE TO CLASSIFIED ADVERTISERS 
RE: CHANGE OF ADDRESS. 

DESIGN ENGINEERS. Good knowledge of computer architecture either DEC, 
IBM or Zilog who wish to work on data communications, pattern recognition and 
image processing. Surrey. To £13,000. . 
DESIGN DEVELOPMENT ENGINEERS for video camera and v1deo 
processing equipment . Wide range of applications including Sonar. Dorset to 
£8,000. 
YOUNG DESIGN DEVELOPMENT ENGINEERS for a wide range of medical 
equipment. Software knowledge desirable. Cambridgeshire. Good salaries. 
DESIGN ENGINEER for new generation of hand held Data Entry Computer 
Terminals. Research on novel components including L.S.I . Berks to £8,500. 
CMOS, LSI, THICK FILM, THIN FILM 81-POLAMIC DESIGN.ERS, 
APPLICATIONS ENGINEERS. Now is the time to move. Vacanc1es 1n 

With effect from November 7, 1 980, Wireless World 
will be moving to Sutton, Surrey. From this date , 
classified advertisers should send their material to the 
following address: 

Scotland, West Country and South Coast - to £1 5,000. . . 
TEST ENGINEERS for wide range of data acquisition equipment Including
digital videoproducts, i.e. frame stores, synchronous standard converters and 
real time picture manipulators. Berkshire . Good salary. . . . 
COMMISSIONING/TEST ENGINEERS - data transm1ss1on equ1pmeht. 
Duties include testing, configuration of installation and fault finding on customer 
specials. Berkshire. Salary £7,200. · . . . 
COMPUTER ENGINEERS - vacancies throughout U.K. In f1eld serv1ce, 
permanent site. technital'support and systems test- some exc~llent salaries. 

For further details, please telephone: 
(532) 

Charles Airey Associates 
· 4 Hammersmith Grove, london W6 DNA. Tel. 01-741 4011 · 

PROBABlY lHE BL1 KNOWN SUPPliER OF ElE ClRONIC ENGINEERS IN lHE COUNlRY -fll1d illldl l lrne'> 

CLASSIFIED DEPARTMENT 
WIRELESS WORLD 

Quadrant House, The Quadrant 
Sutton, Surrey 5M2 5AS 

TELEPHONE: 01 .. 661 3500 
TELEX: 892084 BISPRS G 

wireless world 
1747) 
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Appointments 

Increased home and export orders for our 
broadcast TV products mean that we are 
looking widely to recruit staff to fill new 
vacancies and others created by promotion of 
engineers who have been with us some time. 

SYSTEMS ENGINEERS - TELEVISION 
Experienc6d engineers are needed to work on design and project management of Outside Broadcast vehicles and 
television studios. This is an opportunity for engineers to become involved in projects from their initial design 
concept, through manufacturing to delivery and installation . 

. Our custom built systems require a high degree of customer contact at engineering level, from the initial design 
stage to the necessary training of operational staff on completion of the contract, both within the UK and 
overseas. 

You should have a knowledge of TV studio engineering gained from experience m this type of work or from 
experience in the operational side of television. 

DE$1GN AND DEVELOPM.ENT ENGINEERS- VIDEO-
An experienced engineer who will be involved in the design of studio products, including a new range of colour 
cameras, using the very latest analogue and digital techniques. You will have the opportunity to see your designs 
made in volume production, fulfilling the high technology requirements of the ·80s. 

We are looking for engineers who are qualified to degree or HND level and who have at least four years 
experience in the design of electronic equipment, with some knowledge of video engineering and microprocessor 
techniques. 

.DESIGN AND .DEVELOPMENT ENGINEER - AUDIO 
A senior audio design engineer responsible for the design of custom made studio talkback systems to 
specifications agreed with customers. for use in television mobiles and studios. 

You need to be professionally qualified, and have a background to enable you rapidly to take over the full 
responsibilities of this product area. 

TEST ENGINEERS 
We require engineers at intermediate level to assist in the manufacture of our new range of products for the 
Broadcast studio television market. 

You need to have an up-to-date knowledge of digital and linear circuit techniques gained from experience working 
on broadcast television, or similar sophisticated products, and be capable of faultfinding down to component 
level. 

We are a young, successful Company, well known in international television circles, operating from our modern 
purp<;>se-built factor.y in Andover. Salaries offered are.v~ry competitive, and supplemented by generous holidays, 
free l1fe and health msurance, pension scheme, subs1d1sed meals and relocation expenses . 

PLEASE WRITE GIVING FULL DETAILS OR PHONE JEAN SMITH AT THE ADDRESS BELOW FOR AN 
APPLICATION FORM. 

LINK 
ELECTRONICS 

Link Electronics Limited, 
North Way, Andover, 
Hants, SP1 0 5AJ. 

Telephone: (0264) 61345 

(735) 
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R & D Engineers 
required to work bn digital circuits for . 
micro-processor based industrial and commerc1al 
systems. 

The candidate should have a working knowledge of 
TTL and CMOS logic and have experience of 
programming at assembler language level for 
micro-processor systems. 

Engineers should hold a degree I HNC or equivalent 
qualifications . Salary will be. commensurate w1th 
qualifications, age and experience . 

If y6G are seeking an enjoyable position invol~ing 
both hardware and software development wnte 
giving your career to date or telephone 

Dr. G. 0. Towler 
(New Product Development Manager) 
British Relay Electronics Ltd. 
32 Biggin Way 
Upper Norwood 
London,SE19 
Tel. 01-764 0931 

(172) 

._ I 
HrilisiiRe/aqEk&lrunics 
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Take your pick 
HF-VHF-DaF-

Microwave Optics & Acoustics 
A challenging and full career in 
Government Service. 
lVIinimum qualification - HNC. . 
Starting salary up to £6,Y37 .(under review). 
Please apply for an apphcatton form to the 
Recruitment Officer (Dept. WW9) 
H.M. Government Communications 
Centre, Hanslope Park, Milton Keynes 
l\1Kl9 7BH. 

ENGINEERING OPPORTUNITIES 

Telemotive uk Ltd is a Company in association with a 
major u.S.A. manufacturer with world leadership 1n the 
radio control of industrial machines, systems a~dd t . 

1 processes, in collision prevention, and in other' 1n us na 
electronics activities . 

Our principal products are founded on the Ne~r Fiel.d 
Induction Effect and on other inductive techmques In 
the 300kHz band. No other U.K. com~any has a 
comparable product line and our busmes~ therefore 
offers engineering experien.ce of ~nusual Interest. 
Training in our techniques 1s prov1ded. 

COMMISSIONING ENGINEER 

we currently require an engineer wi~hthe ability t~ work 
independently, commissioning, serv1c!ng and test.mg 
systems on customer's sites. In addlt!~n, the e.ngmeer 
would at times work on systems requmng serv1ce at 
base (Harsham). . 
The position involves travelling within the U.K. .and Will 
take the engineer into a Wide vanety of mdustnes. A 
company car is provided. 

ELECTRONICS TECHNICIAN 

we also require a technician w.hose duties would 
include assembly, wiring and test of complete 
equipment as well as testing small batches .of PCBs. He 
or she would work with a smaU team of engmeers but 
must be able to work unsupervised. 

Previous experience of wiring is ess~ntial, P.referably to 
military standards. Previous production testmg 
experience would be an advantage. 

Tel emotive is a good employer. We look only for above average 
personnel, and this is reflected in the conditions of employment 
offered. 

Please apply in writing, giving details of previous experience and 
training, to:-
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NORTH WEST THAMES REGIONAL 
HEALTH AUTHORITY 

SENIOR 
ELECTRONICS 
TECHNICIAN 

for THE REGIONAL AUDIOLOGY 
CALIBRATION AND REPAIR SERVICE 
This post was created to help improve 
audiology (hearing testing) services in the 
area covered by the North West Thames 
Regional Health Authority. The technician 
will be providing a Regional Service but will 
be based in a laboratory in the Department of 
Medical Physics, Charing Cross Hospital and 
working under the supervision of the Audio
logical Scientist. 

The work includes routine calibration and 
repair of equipment in audiology centres in 
the Region. Additionally the technician will 
assist in the equipment advisory service and 
in some development work in the 
Audiometry Department at Charing Cross 
Hospital. Excellent workshop facilities are 
available. 

Applicants should have an interest in audio
engineering and good organising abilities. 
The travelling necessary to provide this 
service will require the technician to use 
his/her private car for which allowances will 
be made in accordance with D.H.S.S. 
regulations. The post is Medical Physics 
Technician Ill grade with a salary scale of 
£5003-£6350 inc. 

Further details and an application form 
available from: Diatrict Peraonnel Depart
n.nt, Brandenburgh House, 116 Fulham 
Palace ROIId, london W6. Tel: 01-748 
2040x2992. 

(723) 

UNIVERSITY OF NOTTINGHAM 
Department of Peychology 

A vacancy exists in the Psychology Depart
ment for a Grade 6 

COMPUTER 
TECHNICIAN 

(Male or female). Duties include the 
design/development of sophisticated on
line equipment for laboratory control plus 
routine maintenance of the Department's 
computer laboratory complex . The 
laboratory is based on a PDP 11 .34 master 
computer with DEC GT40 and LSI 11 slave 
machines. Expansion of the system, In

cluding microprocessor based develop
ments, is in progress. 

Design experience with CMOS /TIL devices 
is essential and previous computer ex
perience desirable. 
Suitable qualifications include HNC (or 
quivalent) in a relevant subject or ONC woth 
appropriate computer experience. 
Salary is in the range of £5,478-£6,543 per 
annum. 
Application forms can be obtained from the 
Head of Technical Services, Department 
of Psychology, University ~f Not
tingham, Univeraity Park, Not!Jngham 
NG7 2RD. Telephone: Nottingham 
56101 Extn. 3174. (719) 

tOP JOBS IN 
ELECTRONICS 

Posts in Computers, Medical, 
Comms, etc. ONC to Ph.D. Free 

service. 

Phone or write: BUREAUTECH, 
AGY 46 SELVAGE LANE, 
LONDON, NW7. 01-906 
0251. 

(8994) 
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ERVICE ENGINEERS 
Take a look at Kodak 

This is your 
opportunity to take a 
look at Kodak and find 
out about installing, maintaining and 
repairing an exciting range of 
equipment used in the Photographic 
industry, including microfilmers, 
processors and printers, on cus
tomers' premises throughout the U.K. 

. We are expecting a high standard 
from you. You will need a sound know
ledge of practical electronics coupled 
with mechanical skills, preferably 
having had previous servicing experi
ence. In return we can offer the 
rewards and promotion 
prospects expected when you 
join a large international 
company and potential earn
ings in the range £7,000 -
£8,000 p.a. (Under review) 
including some overtime, 

allowances 
and company 

bonus plus plenty of 
attractive employee benefits. 

We are looking for men or women 
aged 21 and over to join our teams of 
service engineers strategically placed 
around the U.K. to meet the service 
needs of our customers. 

Full training on .our equipment will 
be provided and on completion of 
training a company vehicle is 
provided where it is needed to cover 
the territory. 

Please write to Mr. c. Long, 
Personnel Department, 
A1t, Kodak Limited, P.O. 
Box 66, station Road, 
Hemel Hempstead, Herts. .>"h 
HP1 1JU, giving detailS 6 
of education, experience 
and personal information. , 9,. 

(756) 

RADIO MAINTENANCE. 
ENGINEER 

REQUIRED {AG-E 25 TO 40) 

Capable of maintaining communication networks in various overseas 
projects Networks consist of HF-SSB, VHF-FM and VHF-SSB com

munications systems including repeaters . As from January 1, 1 981, 
we offer initially one-yea t cor1tract in large agricultural project in the · 
Sudan . 

Application with curriculum vitae in English should be addressed to· 

CIBA-Gt:UrY LIMITED 
Agro-ProjectsAG 8.13/Attn H. Wenk 

4024, Basel, SWITlERLANO 
For further particulars ririg: 010/4161/377192 (7181 
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NATIONAL 
BROADCASTING 
ScHOOL 

WIRELESS WORLD NOVEMBER 1980 

We are looking for a 

BROADCAST 
ENGINEER 

with experience in Local Radio. 

The job will involve teaching radio operations and mainte
nance, and will include maintenance of the School's studios 
and facilities. Some travel will be required. 
The successful applicant will be responsible to the Chief 
·Engineeer and will l).ave had significant experience in 
broadcasting, preferably with a background in mainte
nance. Some experience of teaching and of digital techno
logy would also be advantageous. 

Excellent staff benefits including 5 weeks' holiday a year. Salary negotiable. 
. Please apply with CV and other relevant details to: Chief Engineer, National Broadcasting School, 14 Greek Street, 
London W.l. 

m1~mrnm 
TV BROADCAST 

ENGINEERS 
-PLYMOUTH 

Westward TV seeks several additional experienced Electronic 
Broadcast Engineers for their Studios at Plymouth. One 
vacancy involves the operation and maintenance of Telecine 
and VTR equipment, including quadruplex 1" helical scan and 
high band Umatic equipment , together with Rank Cintel 
telecines. 

Additi~mally, two ·vacancies are anticipated in the Electronic 
·Maintenance Department one of which will be a more senior 
appointment ari-d involve maintenance duties within the 
Master Transmission Control area . We offer attractive locality 
and conditions of service includ ing five weeks ' annual holiday 
(from next year) , free li~e insurance and salaries of up to 
£9 ,950 (Senior Engineer), including supplements . 

Telephone t he Personnel Manager for further d etai ls o n 
0752 69311 or w rite to W estward Television Limited, 
Derry' s Cross, Plymouth PL 1 2SP. 

(725) 

PHILIP DRAKE ELECTRONICS L TO. 
Manufacture Audio equipment fo r the Broadcast Industry and have vacancies for the following 
staff : 

PROJECT ENGINEER 
To work in the Project Department . The job includes Project discussion with customers, the detail design of systems, test supervision , and the compi lation of system handbooks 

TEST ENGINEER (as PROJECT ENGINEER) 
To test primanly the custom-built products , ma inly Communications systems. along with supervision of other staff_ and Test department load management and planning . Some experience in the design and test of audio and d igital circui ts is essential. 

DESIGN ENGINEER 
To work under supervision of the present Design En gineer, to undertake detail circu it desig n and product development . Experience in t he design of aud io and dig ital circuits is essentia l, 

· and an understanding of product design for manufacture is desirable . 

DRAUGHTSPERSON/TRACER(asPROJECT 
ENGINEER) 
To work primarily in the Proj ect Department , to prepare handbook drawings and design system metalwork, and also to prepare circuit diagrams and standard produ cts . Experience in 
control panel layouts and Broadcast aud io requi rements is desi rable 

The company offers a 37 Y2 ·hou r week w ith 17 days' holiday m in imum . Experience in the 
Broadcast Industry and / or suitable qualificat ions are des~rab l e for all positions Salary 
negotiable dependent on experience . Apply by telephone or writing to : 

Alan Brill, Philip Drake Elect ronics ltd . 
23 Redan Place, l ondon W2 4SA. Tel. 0 1-22 1 1476 (7 52 ) 

SENIOR AUDIO 
TEST ENGINEER 

(738) 

Opportunity to join a London based company producing 
high quality sound mixing consoles for live media, profes

sional recording and broadcast applications. 

The individual most suitable for this responsible and 
interesting situation would be aged 28+ with HND (or 

similar) qualification and several years post-qualification 
experience in fault d iagnosis with audio products 

designed to a high-rel iability specification. 

Ability to formulate test procedure~, to app~aise quality 
standards and coordinate an enthusiastic team of test. 

engineers and technicians is essential. 

In return we offer excellent remuneration, good conditions 
and an opportunity to gain managerial experience in this 

f ield. 

Telephone Jim Cousins on 01 -388 7060 ·or Ol -387 7679 for 
an application form and further information, or write to 

him giving resume 0f career to date. 

miiiiiiiiU!~~ Audio Systems Ltd. · Wniiiil 54-56 Stanhope St., London NWl 3EX 

Radio Communications 
Electronics Engineers and 

Software Designers 

(72 4) 

Mid-Sussex-S.W. London Salaries up to £8,000 
To join our expanding R&D Laboratories covering a wide range of R.F. 
spectrum, from L.F . to V.H .F. Equipments include transmitters and 
receivers for marine- and land-based use , radio nava ids and radio 
monitoring remote computer-controlled systems. 
Electronics Engineers should have experience in transm itter or rece iver 
design , analogue or digital circuit des ign , microprocessor applications. 
Software Designers should be experienced Programmers with an 
interest in control, signal processing or navigational software . 

Att ractive salaries are comp lemented by excellent prospects and 
generous benef its . 

Contact : David Bird, Redifo n T elecommunicatio ns Limited , 
Broomhill Road , Wand~worth, London, S.W.18. Phone: 0 1-874 
7281 (reverse charges) . 

(9938) 

WIRELESS WORLD NOVEMBER 1980 

UNIVERISTY OF 
SURREY 

ELECTRONICS 
TECHNICIAN 
ENGINEERS 

The Electronics Services Unit in the Depart
ment of Electronic & El_ectrica l Eng ineering 
seek a Grade 6 Technocoan to assist with the 
design, development , production and 
maintenance of a wide range of electronic 
equipment. Current projects include control 
and measurement modules for the UOSAT 
satellite to be launched in 1981 , under
ground communication systems, instrumen
tation for ion implantation research and 
various applied microprocessor systems . 
Appl icants should have broad based practi
cal exper i ence and HNC equivalent 
qualification . 

The University offers good working condi
tions and environment, and facili t ies for a 
wide range of sports and social activities . 
Salary in on a scale £54 78 to £6543 . For 
further details or to arrange a visit contact 
Dennis Pollard (Guildford 71281 Ext 392) . 
The University has four other vacancies for 
experienced Electronic Technician Engineers 
at salaries between £4 77 6 and £6543 in the 
Departments of Chemistry. Electronic and 
Electrical Engineering . Psychology, and the 
Computing Unit. Contact Karina Bruley 
(Guildfonl71281 Ext 776) or write to The 
~:~.e:f~c~;·5~~iversity of Surrey, 

THE ROYAL FREE HOSPITAL 
HAMPSTEAD 

(712) 

MEDICAL PHYSICS 
TECHNICIAN IV 

ELECTRONICS 

Salary on scale: £4280-£5504 per annum. 
(Increase in London Weighting Pending) 

We offer a Techn ician the chance of working 
on the design and construction of specialised 
electronic equipment which will be used in 
both research and clinical applications . This 
is an excellent opportunity for a man or 
woman who holds a City and Guilds Final 
Technological Certificate (or equivalent) in 
appropriate subjects and ideally has some 
experience in the use of analogue and digital 
circuit techniques . 

You will be working with four other techni
cians and apart from your design work, you 
will carry out maintenance on a wide range 
of commercial apparatus within our purpose 
built and well-equipped workshop. 

Please phone Mr. A Charles. Senior Elec
tronics Engineer, on (01) 794 D500 Ext. 
3198, to arrange an informal visit . 

Application form and Job Descnption avail
able from the Personnel Department, .Royal 
Free Hospital , Pond Street , London NW3 
2QG . Tel. (01) 7g40500 Ext . 4286. Please 
f~~~ -ref 0761 . Closing date 30th October. 

Camden and Islington Area Hea lth 
Authority (T) 

(727) 

DIGITAL EXPERIENCE? 
FIELD, SUPPORT A ND 
PRODUCTION. VACA N · 
CIES IN COMPUTERS, N C, 
COMMS, MED I CAL, 

VIDEO, ETC. 
Fore free registration ring 
01-464 7714 ext. 502 

24 ttOU RS 

Lo:@]EX 
EI.£CTRONICS RECRUITMENT SERVICE 

HIGH ROAD, LOUGHTON. ESSEX 
Dl-502 1589/01-464 7714. EXT. 502 (3 2 1) 

14 1 t!' ~;:-; 'u; nm n e 
Going Places? 
Eve~ if you are going places in your present job, you may like to 
constder a change .. .if you are not, you certainly will wish to consider 
a change to a new and interesting field in Telecommunications 
Broadcast Transmitter Engineering. ' 
We have immediate vacancies for suitably qualified men and 
women to train in the operation and maintenance of broadcast 
transmitters ~nd to serve in various parts of the country. Even if you 
have no prevw~s experience in RF transmission work it may be 
worth Y?Ur whtle t.o apply since full training will be given. 
Transmitter work IS challenging and involves knowing about 
colour tel.evi~ion techniques, stereo radio transmission, digital 
co~mumcat10n, logic and microprocessors, wave propagation, 
aenals and transmission lines as well as heavy power equipment. 
In the future opportunities may arise for work overseas or on 
·mobile maintenance teams. 
The minimum qualification required for an Engineer 
appointment is an appropriate HNC/HND, a C & G, ET.C. 
(Telecommunications) or a T.E.C. Higher Certificate or 
Diploma in Electronics or Telecommunications. 
Applicants must have normal colour vision and hearing. 
Starting sal~IY is in the range £5425 to £5945 depending 
upon expenence plus extra payment for shift working. 
For further information and an application form, 
write to:-The Engineering Recruitment Officer BBC 
Broadcasting House, London WlAlAA, or lea~e yo~r 
address by telephone on 01-408 0052 at any time, [J} /J} {fJ quoting Reference No.80.E.4052/WW 

CHIEF ELECTRONICS 
TECHNICIAN 

The Department of Physical Metallurgy 
and Science of Matenals to take charge of 
Departmental Electronics Workshop . Res" 
ponsobihties to 1nclude maintenance and 
repair of electronics equipment. supervi
SIOn of trainee technic ians . design and 
constructoon of electronic and electrical 
equipment. Experience in electrical and 
electronic maintenance of electron 
microscopes would be an advantage, but 
not essent1aL It would also be necessary 
for the techmcian to be on call after hours 
for maintenance duties in connect ion w ith 
the ~lectron microscope . A special incon
ltenoence . allowance would be paid for 
these dutoes. Salary scale £6378- £7 1 64 
per annum . Ref . j Qg / d / 258 . 
Appl ication form available from : 

AllsittBnt $ecretary 
Per8onnel Office 

Univ•rsity of Binning ham 
P.O. Box 363 

Binningham B1 5 2TT (742) 

r' API CAPITAL HOUSE \J1 TAL ~~:~E~INDMILL 
APPOINTMENTS L tO LONDON W1P 1HG · TEL: 01-63 7 5 551 

THE UK's ·No. 1 ELECTRONICS AGENCY 
Design , Dev . and Test to £9 ,000 

A<;k for Brian Cornwell 

SALES to £12,000 plus ci:'l r 
Ask for Ken Sykes 

FIELD SERVICE to £8 ,000 plus ca r 
Ask for Maurice Wayne 

W e h ave vacancies in ALL AREAS of the UK 

Telephone : 0 1-63 7 555 1 (3 lines) 
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Professional Careers 
in Electronics 

All the others are measured by us ... 
At Marconi Instruments we ensure that the very best of 
innovative design is used on our range of 
communications test instruments and AT. E. We have a 
number of interesting opportunities in our Design, 
Production and Service Departments and we can offer 
attractive salaries, productivity bonus, pension and sick 
pay schemes together with help over reloc::a~ion . . 
If you are interested to hear more. please f1ll1n the 
following details:-

p•••~•••••~ 

I Name Age __ I 
I I 
1 Address 1 
I I 
: Telephone Work/Home (if convenient) : 

I f .. 0-1 1 -3 3-6 Over 6 I 
I Years o expenence 1 

0 0 0 0 
I I 
1 Present salary £3,500- £4 ,500- £5 ,500- over I 
I £4.5oo £5.5oo £6.5oo £6.5oo I 
I o o o o I 
1 Qualifications None C & G HNC Degree 1 
1 o o o o I 
I Present job I 
I I 
I I 

~--------------~~ Return this coupon to John Prodger, Marconi 
Instruments Lim1ted, FREEPOST, St. Albans. Herts. 
AL4 OBR. Tel: St Albans 59292 

(9200) marcon1 
Instruments A GEC MARCONI ELECTRONICS COMPANY 

WIRELESS WORLD NOVEMBER 1980 

NORTHERN REGIONAL HEALTH AUTHORITY 

ELECTRONICS 
TECHNICAL 
ASSISTANT 

Electronics Technicians of high calibre are requ ired for the 
Regional Engineer's Department, which is based at Walker
gate, Newcastle-upon-Tyne. 
The appointment will be at Technical Assistant Grade I, on the 
salary scale £5850-£6900 (curren t ly under review) . 
These posts offer technologically inte rest ing and varied work, 
with excellent work ing conditions, and ·well-equipped 
laboratories. They involve v isits to hospitals throughout the 
Region, for which financial reimbursement is made . 
Applicants must have had considerab le and broad experience 
with modern electronic eq u ipment .. 
Minimum qualifications : Higher National Certificate or City 
and Guilds Full Technological Certif icate in Electronic En
gineering , or equivalent. 
.Application form and job descr iption ava i lable from the 
Regional Personnel Officer, Northern Regional Health 
Authority, Benfield Road , Newcastle-upon-Tyne NE6 
4PY. 
Closing date for applications : 27th October, 1 980. (721 ) 

COMMUNICATIONS 
£1 2,000 p.a . 

Tracking Systems experience for Consulting Engineers . 

£10,000 p.a . 
'Hands-on' Telephone Systems Engineer . 

EUROPE 
Local and trunk switch ing systems designers. 

£9 ,000 p .a. 
Analog I Digital Multiplexed Modulation Systems deve
lopment . 

U .K . and Offshore 
Supervise installation of data n-etworks. 

U .S.A . 
Graduate/ HND Design Engineers. 

We have a constant requirement for telephone telecom 
munications, data communications, radar , radio and 
microwave engineers at all levels . 

ELEKTOR 
UP-TO-DATE ELECTRONICS FOR LAB AND LEISURE 

requires 

A TECHNICAL EDITOR 
To be responsible for the ed it ion of our Engl ish language 
(monthly) magazine and books atour Head Off ice in Beek (L) , 
the Netherlands. 
The successful applicant should have English as his / her native 
tongue , and preferably a degree (or equivalent) in Electronics 
and considerable experience as an editor . ') 
A good working knowledge of either Dutch or German is 
essential. 
Please send detailed curricul um vitae to : 
MRS. VANDER HORST, ELEKTUUR B.V. 
POSTBUS 75,6190 AB BEEK (L), THE NETHERLANDS 

(70 1) 

WIRELESS WORLD NOVEMBER 1980 

ELECbACISCINIC 
PRODUCT DESIGN 

ENGINEER 

Electrosonic Ltd ., a world leader i(l the fields of audio visual 
lighting and cont rol systems, requ i re a Product Desig~ 
Engmeer w1th professional qualifications , in one or more of the 
following discipl ines : 

~udi? rec?rding - reproduction, analogue, or digital cont rol 
c1rcu1t des1gn. 

Th e applicant should h~ve a m inimum of two years' proven 

expenence for th1s sen1or post. The ability to undertake all 
aspects of a design and development from product conception 
through to product ion , includ ing initial design , prototype 
development and A.T. E. programming is essential. 

The ~ i ght applicant w ill en joy an excellent salary and working 
cond1t1ons at our recently-opened design offices in Swan ley . 

Please write or telephone for an application form to : 

Peter Smith-Design Manager-Unit Products 
Electronics Ltd. 
Warwick House · 
Azalea Drive, Swan ley, Kent 

1

, Telephone Swanley 60321 

APPOINTMENTS 
IN 

ELECTRONICS 
£5 - £10,000 
Take you r p1 ck of the 
permanent posts 111 : 

MISSILES MEDICAL 
COMPUTERS 

RADAR COMMS 
MICROPROCESSOR 

HARDWARE - SOFTWARE 

F,11 flee expe1t ,1(1\ ,,.t' ,llld 
lllllreckll e ,Jd iOil 011 sa lary and 
L'. lleer llnprovefl'lent. 'phone·or 
write to GRANT WILSON 

~ 

6 
1 9 7 8 

....---

14 

...... ·«'0 ~1·'' u; ;usn f' 
USE YOUR .IMAGINATION 
If you are the Design .Engineer who joins us then you must do just that . 
We have many pr~Jects ~ri hand at present covering the whole 
spectrum of electron1cs and 1deally you will have had a good 'theoretical 
and pract1cal backgroun~ ~o that you know what makes circuits tick . 
But knowled~e of new d1g1tal and analogue techniques and when to 
use them will. be equally important. We do not necessarily want 
standard solut1ons to standard problems . 

If you can work by yourself an~ would like thechallenge of working for 
a small growmg company , wnte to us w1th bnef ca reer details . 

M r. R. K. Furness, MINIM A UDIO LIMITED, Lent Rise Road 
Burnham, Slough SL 1 7NY. · • 

Minim Audio 

Make a note of our name! 
(7 4 9) 

Logic and Television 

ENGINEERS 
We are ur~ently see~ing a Logic Engineer with practical experience of 
fault f1ndmg on Micro-Processors and TV Monitors - also a TV 
Engineer with experience and/ or interest in Logics . 

Age should be over 25; an excellent salary negotiable with expanding 
company in leisure field . 
Apply in strict confidence to : 

J. C. M . Pryde, M anaging Director 

LONDON COIN MACHINES L TO. 
22-24 BROM ELLS ROAD 

LONDON SW4 OBQ 

Challenging positions 

at home and 
abroad 

(766) 

CJfz~~!Jf!l!!n~u!:K 
ll Westbourne Grove · 

London W2. 01 ·229 9239 

-~---~. 

RADIO TECHNICIANS 
COMMUNICATIONS ENGINEERS 

UN IVERS ITY OF SALFORD 
COMPUTING LABORATORY 

MICROPROCESSOR 
COMPUTING 

OFFICER 
The University Comput ing Microprocessor 
Laboratory provide advice and help to t he 
University research community in the use of 
m icroprocessors. Cross assemblers and 
other tools are supported by the Universit y 
PRIME configuration . 

The post will involve the design and deve
lopment of microprocessor based systems 
Familiarity with microprocessor architecture 
over a broad range is desirable . 

Applicants should ha v e a deg ree i n a 
relevant discipline and experience in the 
microprocessor fiel d 

Salary or Ot her Rela ted 1 A Sca le £55 0 5· 
£9595 USS Superannuat ion 

Further particula rs and applica tion form s are 
available from The Registrar, University 
of Salford, Salford .M 5 4 WT t o w hom 
completed forms should be returned by 14 
November 1980. quoting reference CL / 
79 / WI/V. (72 2) 

Plessey EAE install and maintain communications systems for the oil 
industry, at horne and abroad. 

Due to rap id and continuing expansion in our activities, we constantly require 

Radio Technicians, with experience of HF, MF, VHF and UHF, and Engineers 

(preferably qualified to HNC level or above) in the fields of Microwave, Multiplex and 
Tropospheric Scatter. . 

In t he North Sea.' earnings are in the range £9,000 to £12,000 p.a. Overseas 

earnings could be up to £20,000- plus tax concessions and generous home leave. 

The work is demanding, but rewarding, offering you the chance to use your skills 
and your initiative to the full. 

· The company is based in Great Yarmouth, with offices in Aberdeen and Lerwick _ 

but where relocation is necessary, we will give gener~us assistance with removal 
legal and temporary accommodation expenses. ' 

Please apply, with details of your career to date, to: Personnel M anager, 

Plessey EAE Limited, Dept WW, Offshore House, 284/285 Southtown Road, 
Gt Yarmouth, Norfolk NR31 OJB Telephone 0493 58541 
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Electronic Engineers-, 
Whal you wanl, where you wanl. · 
T JB Electrotechnical Personnel Services is a specialised appointments 
service for elec'trical and electronic engineers. We have clie~ts throug~~ut 
the UK who urgently need technical staff at all levels from Jumor Tec~mc1an 
to Senior Management. Vacancies exist in all branches of ~lectromcs and 
allied disciplines - right through from design to marketmg - at salary 
levels from around £4000 to £8000 p.a. . 
If you wish to make the most of your qualifications and experience and 
move another rung or two up the ladder we will be pleased to help you. 
All applications are treated in strict confidence and .there ~s no danger of 
your present employer (or other companies you spec1fy) bemg made aware 

WIRELESS WORLD NOVEMBER 1980 

UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF 
BIOCHEMISTRY 

ELECTRONICS 
TECHNICIAN 
GRADE 3 or4 

For servicing and repairing scientific 
equipment. Applicants should have 
at least ONC or equivalent 
qualification in electrical/ electronic 
engineering. Expenence des1rable 
but not essential. Salary Grade 3 
(£3918-£4590) or Grade 4 . 
(£4431-£5097) according to 
qualifications and expenence. 

Application forms from the Reg
istrar, The University, P.O. Box 
147, Liverpool, L69 3BX. Quote 
ref. RV/580/WW. (740) 

THE HOSPITALS FOR SICK 
CHILDREN 

GREAT ORMOND STREET 
LONDON WC1 N. 3JH 

BIOMEDICAL ENGINEERING 
DEPARTMENT 

TECHNICIAN of your application. _ ............................. . To maintain the performance and safety of a 
wide range of medical, laboratory and 
electronic equipment; also to ass1st w1th 
light constructional and wiring work. Some 
travelling involved. 

T JB ELECTROTECHNICAL 
PERSONNEL SERVICES, 
12 Mount Ephraim, 
Tunbridge Wells, 
Kent. TN4 8AS. 

Please send me a TJB Appointments Registration form: 

Name .............. . .... ·.·················· 

Address ..................... . . ·· · · · · · · · · · · · · · 

Minimum qualifications required - ONC or 
equivalent in an electronic~ subject. Three 
years' practical engmeermg expenence 
essential 

• ................ 

This post is graded as Medical Physics 
Technician Grade Ill, with a salary scale of 
£5,003 rising by seven annual 1ncrements 
to £6,350 inclusive of London We1ghtmg . Tel: 0892 39388 

Television 
Engineer 
We are based in Buckinghamshire and operate a broadcast quality . 
colour mobile unit and studio equipped with Link hand-held and stud1o 
cameras. Cintel Mark Ill telecine VPR I recorders and a w1de range of 
other facilities . 
An experienced television engineer is now required for operational and 
maintenance work with our small team producmg tra1nmg programmes 
for the Services at base and on location . 
You should have worked on professional colour equipment and some 
training could be provided, where necessary. 
Good starting salary. Assisted travel allowance when applicable. Free 
canteen . Four weeks' annual leave . Pleasant rural environment . Pension 
and Life Assurance Scheme 

For further information telephone or write to : 
Personnel Manager 
The Services Kinema Corporation 
Chalfont Grove, Narcot Lane 
Gerrards Cross, Bucks. 
Tel : Chalfont St. Giles 4461 Ext. 221 

(768) 

(9238) 
Application fonn end turthar de1:aila from 
Group Penonnel Department, 01-405 
9200. extension 228. · (7 51) 

ONE IN A MILLION? . 
Among the million or so leaving school or university this year _ther~ IS a 
chance that one _ perhaps two - is destined to make a S1gn1f1cant 
development in .audio. . . . H · · d That person's first decision mightwell be to JOinOUAD m untmg on . At school, he or she will have realised that ampl1f1er des1gn IS not JUSt a 
matter of having a listen or a fiddle with standard c1rcu1ts and the1r 
variations. Later will have come an adolescent .. st.~ge of great 
discoveries. "Increase the rise time to eliminate TIM . Regulate the 
power supply for better imaging". . . . . . Following on from such childish thmgs will have come an ab11ity to 
distinguish between the characteristic impedance of the med1um and 
the third row of the dress circle and between peak flux dens1ty and t~e 
rather gooey substance fed by spoon to small children . He or she will, 
nevertheless. be sufficiently down to earth to know that one newton IS 
about the weight of the average apple . 
1 in 1 0 6? 
Well, drop us a line anyway . 
Mr. P. J. Walker 
THE ACOUSTICAL MANUFACTURING COMPANY 
LIMITED 
30 St. Peters Road, Huntingdon, Cambs. PE18 708 (403) 

ELECTRONICS TECH.NICIAN (R.E;f: 
P79) Clinical Physics . a_nd BIO
engineering, The . . te~hmctan wtll 
join a team oof s~1enhsts and tech
nicians engaged m the d~s1gn, de· 
velopment and construc~10n of. a wide range· of electromc eqUip
ment for use in clinical research. 
Minimum qualifications . ONC . or 
equivalent in electromcs · With 
rele·vant experience·. Salary . sca.le: 
£4409-£5633 p.a. For apphcat10n 
form please phone the ·Personnel 
Office Guy's Hospital on 01~407 
7600 Ext 3471. (578 

ELECTRONICS 
TECHNICIAN 

(Medical Physics Technician Ill. [4.605-
£5,952 plus £527 London We1ght1ng) , 
required for maintenance and repa1r of 
electromedical equ1pment 1n Westm1nster 
District based at Westmmster Hospital. 
Opportunities exist for development of 
equipment in the Department of Clm1cal 
Measurement, Westminster Hosp1tal. 

Write for application form to: The Secre
tary, Department of Clini_cal Measure
ment, Westminster Hospstal, 65 Rom
ney Street, London. S. W .1, or 
Telephone 828 9811, Ext. 2640. 

(750) 

WIRELESS WORLD NOVEMBER 1980 

UNIVERSITY OF 
ABERDEEN 

TECHNICIAN 
(GRADE 3) 

required for the Department' of Bio
Medical Physics and Bio-Engineering for 
3-year appointment working as a member 
of a team developing apparatus for 
medical imaging: the research project has 
reached the stage of producing images of 
sections of the body . Applicants should 
hold an ONC .(or equivalent qualification) 
and have had about 4 years' experience in 
electronics . Previous experience in 
imaging is not necessary, as the suc
cessful applicant will acquire skill in this 
and allied fields . 

For suitably-qualified cand1date , salary 
will be on scale £3,91 fl-£4.590. 

Persons interested in being considered 
for the post and in obtaining further 
infonnation on the work are invited to 
contact D. J. M. S. Hutchison, De-

. partment of Bio-Medical Phys ics. 
Aberdeen AB9 2ZD (Tel. 0224-
681818, Extenaion 32201. 

. (741) 

CARDIFF 
BROADCASTING 

requires 

An experienced Broadcast Engineer (ILR 2 
grade) to assist the Chief and Deputy Chief · 
Engineers in the running of this 
exciting new radio station. 
Write with details and phone No. to: 

The Chief Engineer 
Cardiff Broadcasting 

P.O. Box 221 
Gardift CFI 5XJ (707) 

145 
Appointments 

Electronic 
Development 
Engineers 
(Low Capacity Radio Relay) 
Have you R.F design ( 400 MHz-2 GHz) experience on systems 

handling baseband traffic up to 132 FDM channels or 2,048 Mbit? · 
If so, then you could soon be part of our development team committed · 

to the expanding world radio link business. 

Pye Telecomm are a major supplier of radio systems to the Public 
Utilities and offshore activities around the U.K. As a member of the Philips Group we have the world-wide penetration to provide Design Engineers with real career prospects and the opportunity to benefit from our wealth 
of experience. 

We enjoy talking to engineers interested in our field, and will be · pleased to show you the professional, social and sports facilities available 
at our new complex in Cambridge. The successful applicants, male or female, will be offered good salaries, with generous relocation expenses where applicable. Living in Cambridge has its own benefits, not only is it an attractive city, but it offers excellent sporting, recreational and cultural 
amenities and a large selection of reasonably priced housing . 

To find out more about how you could fit into our team please contact: Liz Gray, Personnel Officer, Pye Telecommunications Limited, St. Andrews 
Road, Cambridge. Tel:. Cambridge 61222. · 

ELECTRONICS 
Design/ Development 

Test/ Inspection 
Prototype Wiring 

All permanent positions in 
Greater London. 

PyeTelecom 
Tel. 01-493 4856 

for details 

F 8t P APPOINTMENTS p&3J 

RESEARCH & 
DEVELOPMENT 

ELECTRONIC ENGINEERS 
AND TECHNICIAN ENGINEER 

Applications are invited from suitably experienced 
electronic engineers and technician engineer to par
ticipate in a programme of research and development 
projects at our new Laboratories at Shrubbery Road, 
Edmonton . These projects cover a wide range of appli
cations for conventional domestic devices and also 
systems incorporating microprocessor controls. 

Whilst theoretical qualification 
to HNC standard would be an 
advantage, applicants with 
practical experience in the con
struction and design of elec
tronic products should apply. 

Please apply to: 
Company Personnel Manager 
M.K. ELECTRIC LTD. 

· Shrubbery Road 
Edmonton N9 OPB 
Tel. 01-803 3355, Ext. 15 

School of Mechanical & 
Production Engineering 

POLYTECHNIC 

LECTURER liN ANALOGUE/ 
DIGITAL 
INSTRUMENTATION 

To teach on the New Technician Education · Council Courses for 
Mechanical and Production Engineers and to design and develop new 
laboratory equipment for use over a wide. range of courses . 
Interested persons wishing to discuss the post informally should 
contact Dr . R. E. Schofield on Leeds (0532) 462743. 

Salary £4,683-£8,055 
A Union membership agreement in operation . 

Details from : 

The Services Officer, Leeds Polytechnic, Calverley Street, Leeds 
LS1 3HE. Tel. 0532 462355. 
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Communications 
GCHQ We are the Government 
Communications Headquarters, based at 

Cheltenham. Our interest .is R & D in all types 

• 
I 
• _of modern radio communications- HF to 

1 satellite- and their security. 

THE J 0 8 All aspects of technician support to 

an unparalleled range of communications 

equipment, much of it at the forefront of 

current technology. 
• 
I LOCATI ON Sites at Cheltenham in the very 

attractive Cotswolds and elsewhere in the UK; • 

OJ:pOrtunities for service abroad . 

PAY Competitive rates, reviewed regularly. 

Relevant experience may count towards 

increased starting pay. Promotion prospects. 

TRAINING We encourage you to acquire 

I 
• new skills and experience. I 

QUALI FICATIONS You should have a TEC . 

Certificate in Telecommunications, or accept-

able equivalent, plus practical experience. 

HOW TO APPLY For full detai ls on this and 

information on our special scheme for those 

lacking pract ical experience, write now to 

Robby Robinson. Recruitment Office. 

• 
I 

GCHQ, Oakley. Priors Road , Cheltenham , • 

Glos. GL52 5AJ , - • - ' 
or ring 

' 

0242_-2149 1 
ext 2269. -· ~Gi~t~9; .. , -.. -

Inner London Educatio n Autho rity 

LEARNING MATERIALS SERVICE 
Television Cent re, Thackery Road 

Londo n SW8 

HEAD OF SOUND (ST4) 
The television centre produces a range of edu cational 

programmes distributed in the form of 1 6mm film , video

cassettes and sound cassettes . The sound section of five 

members works with professional equipment (Neve , 

Studer, Sandor , lTC, etc .) to provide an audio component 
of high standard . 

The head of sound will lead th e sect ion and also to mix and 

process many of the programmes, He I she will be respons

ible for training new staff, and with the Chref Engrneer and 

others will also undertake responsibility for the equ ipment 

and for its purchase and maintenance . 

Applicants should have suita~le theoreti c_al qualif ications 

with significant relevant expenence at senro r level. A go_od 

working knowledge of all sound operations assocrated wrth 
television and film is essential . 

Salary is within the scale £8 7 56 .64 to £9 5 93 .64 -

Further inf ormation and application forms available 
from the Educat ion Of fic er (EO I Estab. I C ). Ro om 
365, I. L. E.A. The Count y H all. London SE 1 7 PB. 
Telephone 01-633 745 6 . (

734
, 

WIRELESS WORLD NOVEMBER 1980 

APPLICATIONS ENGINEER 
MICRO-SYSTEMS AND DATA ACQUISITION COMPONENTS 

-c £8,500 + BONUS 

A unique opporturr ity for a young engineer to ~ove to the challenging 
world of commercial electronrcs, whtle marntarnrng that valuable 
" hands-on" aspect of design. 

The assignment is to assist the sales team in solving ;,before and after' ' 
techn ica l problems, liaising with t~e U .S. parent company, and 
customers in the U.K. and Scandrnavra . 

Candidates must have at least HNC (BSc . pref_erred) - ~ith d~sign 

experience in analogue and digital circuits. Help wrth f~mrlrarrsatron of 

product will be available . The position would be well sutted to someone 

in their mid-twenties. 

The company is a leader in the f ield of data acquisition components 
and analog 1/0 boards. A new range of microprocessor based systems 
for such markets as ATE and process control , bring the need for a 
capable designer want ing to be associated w ith a successful company . 

Benefits include : 4 weeks ' hol iday; Free Medical Scheme and Life · 
Assurance; Pension Scheme. Phone or write to : 

li il BURR-BROWN 
INTERNATIONAL LTD. 

WATFORD (0923) 33837 
CASSIOBURY HOUSE, 11 -19 STATION ROAD 

WATFORD, H ERTS. WD 1 1_EA 
(728) 

TRENT POLYTECHNIC 

LECTURER GRADE II/ 
SENIOR LECTURER IN 

ELECTRICAL/ELECTRONIC 
ENGINEERING 

(£6012-£10539 (Bar)- £11295) 

Candidates will be concerned with the teaching of : 

a) · Electrical I Electronic Engineering in Mechanical and Produc-
tion Engineering diploma and degree courses . 

b) Digital electronics. . _ 
c) General Electrical and Electronic Engrneerrng . 

Relevant industrial experience with an apprec iation and I or . 
experience of computer eng ineering to some branch of electrrcal I 
electronic engineering , preferred. 

fFurther details and form of applrcation from: The Assistant . 
Director {Administration). Trent Poly technic , Burton Street, 

Nottingham NG1 4BU. Forms to be returned as soon as possrble . (l20) 

LOUGHBOROUGH UNIVERSITY OF 
TECHNOLOGY. TECHNI CIAN . A<p
p!ications are invited for a new 
post in the Depa~tment of Com
puter Studies. A·pph-cants s_hould be 
qualified to Highe r National or 
equ ivalent level and have some ex
perience in the fi_eld of mtcr?~ro

cessors , elect romcs, or d1g1t·al 
systems. Salary on grade 5 s<;ale 
£4 776-£5 577 per -annum . A·p<phca
tion fo r ms are avail abl_e from_ the 
Head of Computer Studtes, Umver
sity of Technology, Lough borough, 
Leics LEll 3T U. (730 

MARINE ELECTRONI CS ENGINEER 
able to deal with au as.pec.ts <l'f 
instJaUation and repai1r within ~is 
wide r ange of equ~pment. Mu~-t 1ive 
in London . Prev10us experte-nce . 
T:eles-onic M-a•rine Ltd , 60/ 62 Bruns· 
wick Ce-ntre , Lond-on WCl. 01·837 
4106. (622 

BROADCAST EN GIN EERS, · £16,000 
neg Permane-nt po-si-ti-ons overseas. 
Tax· fire:e salaries, first cl<a~s . ac· 
commodatio-n a·nd oo,nd11'tlions . 
Apply : SPS EXECUTIVES (Ref 
1726), Recrui-tment Consultants, 
Del-me Court, West Street, Fare· 
ham · Ham:Pshire or better sti-ll tele· 
phone co392) 235611/236857. C597 

TESTER:$, TEST TECHNICIAN~. 
TEST ENGINEERS. Earn what 
vou• re nally worth In ·London · 
'working- for a Wor.ld <Leader tn 
R.adlo & Telecommunications . PhonE! 
Len Porter on 01-874 7281. or wrltel 
JtFIDIFON TE·LECIOMMUNt·OATtON<:. 
):.td .. Broomhl.H Road , Wandsworth. 
London. SWtS . (9858 
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HF/VHF Radio I Substantial benefits 
A highly successful company on t~ South CoaSt is seeking high calibre, commercially oriented, Graduate Electron~ 

Engineers to form the nucleus of a new team involved in development work on an exciting new generation of tactical 
radio communications equ ipment. 

The standards are high but then s are the rewards. In particular we are looking for the following men or women. 

CHIEF E GINEER 
A position that combines technica expertise with considerable managerial skills, in leading and directing a team of 

Des1gn Engineers working with the m. st sophisticated techniques rn rad1o communrcatrons applying advanced 

integrated circuit technology. Candrd] 'tes must be honours graduates with a number of years post graduate 
development experience. 

TECHNOLOGY SPECIALIST 
Reporting to the Chief Engineer should be an Electronics graduate with a minimum of six years experience of 

circuit design with a wide ranging knr1w1!e>nr1P of modern semi-conductor and thick film IC's, preferably covering both RF 
and digital applications. 

SYSTEM 
Co-ordinating and preparing tech . 

this position calls for considerable 
graduates with at least 10 years 

Salaries of up to £10,500 and 
and generous relocation assistance. 

Telephone Rod Evans. 

CO-ORDINATOR 
proposals, specifications and tender bids for new development programmes, 

ication skills and commercial acumen. Applicants should be Electronics 

dare offered plus an excellent benefits package including BUPA membership 
rtunities for further advancement are very good indeed. 

owley Executive Selection 
35 Queen Square, Br i I BS1 4LU.Tel. 0272 213151 (24 hr. answering service) . 

' -. 

- . ~ 

t: ' 
-~ 

' -..:• 

' . 
~ ... 

' ;. , 

The ~ nstitut for Ra~io Astronomy in the Millimeter Wavelengths 
(I RAM) is interested rn employrng 

RADIO FREQUENCY 
ENGINEERS (VC 12 / JC) 

and 

TECHNICIANS (VC 13 1JC) 

to work at Grenoble (France) on intermediate frequency systems (up to 
2 GHz) for fitter and correlator spectrometers. 

Candidates with relevant experience should send a resu~e by 30 
September, 1 980, to : 

I N STITUT DE R~~IO ~STRONOMIE MILLIMETRIQUE, 
( I .R.A .M.), AdminiStratio n, a .P. 391, 38017 GRENOBLE 
CEDEX, Frnace. . (

650
) 

LEEDS CITY COUNCIL 
Department of Education -

Leeds Polytechnic- School of Humanities & Contemporary Studies 
''.; 

SENIOR TECHNICIAN 
(Ref. 150 / 2) 

T3 / 4 £4581 -£5784 (plus techn ician qual ificat ion allowance) . 

Responsible for the care and opera tton of two psychology laboratones Dut1es . -

w il l mclude the des1gn. constructi on, repa 1r and maintenance of elect ronic and 
laboratory equ1pm ent 

Ideally appli cants m1ght hold a Ci ty & Guilds Techn 1c1an Ce rt1f1cate m Electron1cs 

or equ ivalent qua lif icat1on. although relev an t practical expenence 1s equally • 

im portant, and design and general enginee ring ab ilit ies are desirable . -' 

Applicat ion forms , quoting reference num ber, from the Administrative Services 

Officer. Leeds Pol yt echn ic, Cal ve rl ey Street , Leeds LS 1 3 HE -
(681) 
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SITUATIONS VACANT 

Inner London Education Authority 
Learning Materials Service 

Television Centre, Thackery Road, ~ondon, SWB 

TEL~VISION CAMERA 
OPERATORS ST1 /2 

The Television Centre produces a range of educational programmes 
distributed in the form of video cassettes, sound cassettes and 1 6mm 
film . It _has a colour studio equipped to professional standards (Link 
110 cameras, Cox mixer, Neve sound mixer, Ampex VPR2s etc .), a 
mobile unit and a battery portable camera. 

Vacancies exist for television camera operators who work principally in 
the studio but may be expected to assist in a monochrome training 
studio, in location video recording, and in the mobile unit . When not 
required to work with cameras, the operators would be expected· to be 
attached to other technical sections so a general interest in the 
technical side of television is highly desirable . 

Applicants should have had some form of formal training together with 
practical experience, though consideration will be given to those who 
lack the latter. 

Salary is within the scale £5 ,07 2 to £7,631. Progression up the scale 
to £6,818 is by annual increments subject to satisfactory performance. 
Progression beyond that point is dependent on a positive assessment. 

Further information and application forms available from the Educa
tion Officer (EO/Estab. 1C). Room 365. I.L.E.A .• The County 
Hall. London SE1 7PB. Telephone 01-633 7456. 

(729) 

QUEEN MARY COLLEGE 
University of London 

ELECTRICAL 8r. ELECTRONIC 
ENGINEERING DEPARTMENT 

DIGITAL SYSTEMS 
ENGINEER 

requ ired as soon as possoble to take charge 
of the Digital Systems Laboratory . The 
principal responsibility of the successful 
cand.idate will be to he I p and advise 
students and staff of the Department on 
matters concerning desigro and develop
ment of digital systems, particularly in the 
field of microelectronics . The Dig ital 
Systems Engineer will be expected to lead 
and supervise the mic roprocessor 
laboratory . Experience in the design and 
maintenance of digital electronic equip
ment essential. Salary on scale (under 
review) £5.505-£g.5g5 p.a. + £967 
London Allowance . Please apply by 
letter, giving age, qualifications, ex
perience and names of two referees, 
to The Secretary, Queen Mary Col
lege, Mile End Road, London E1 4NS . 

(744) 

BRUNEL UNIVERSITY 
Shoreditch Cempus. Englefield Green, 

Egham, Surrey 
EDUCATION DEPARTMENT 

Grede4 

ELECTRONICS SERVICE 
TECHNICIAN 

required to service and assist in the 
operation of all forms of Audio Visual and 
Video equipment. 
The successful candidate will have a 
minimum of ONC or TEC in Electrical and 
Electronic Engineering and experience in 
servicing electronic equipment. He /she 
will be able to work easily with students 
and staff and be prepared to give advice 
where needed. 
Four weeks' annual leave plus additional 
days during vacation periods. Day-release 
for further studies may be available to 
suitable candidates. 
Salary within the scale £4756-£5422 
inclusive of London Weighting (under 
review). 
Write for appliclltion form to the Estab
lishment Secretary, Brunei Univer
lity, Uxbridge. Middle-x. UB8 3PH, 
or telephone Uxbridge 37188 exten-
.,.., 49. (743) 

UNIVERSITY OF LIVERPOOL 
DEPARTMENT OF 
BIOCHEMISTRY 

ELECTRONICS 
TECHNICIAN 
GRADE 5 or 6 

To service a wide range of electronic 
instruments and to design and build 
apparatus for research and 
teaching . Electronic experience and 
ONC, HNC or equ ivalent qualifica
tions are essential. Salary Grade 5 
(£4776 -£5577) or Grade 6 
(£54 78-£6543) according to 
qualifications and experience. 

Application forms from the Reg
istrar. The University. P.O. Box 
147, Liverpool L69 3BX. Quote 
ref. RV /581 /WW. 

CHELSEA COLLEGE 
University of london 

('l39) 

ELECTRONICS 
TECHNICIAN 

required for prototype development 
and experimental work in Electronic 
Research Laboratories . The main 
areas of resea rch are Digital Com
munication Systems . Mircowave 
Techn iques. Semiconductor Devices 
and Signal Processing . Our vacancy is 
at Grade 5 , salary £5 ,556 to £6 ,357 
p.a . inclusive (under review). and at 
this g rade . Relevant experience is 
essential. Well-qualified candidates 
with less experience may be consid
ered for appointment at a lower grade 
with day-release for approved study. 
Further details and application 
fonn from M. E. Cane (SER). De
partment of Electronics. Chelsea 
College. London. SW6 SPR. (748) 

WIRELESS WORLD NOVEMBER 1980 

ARTICLES FOR SALE 

Wrth 38 v-n· experience in the design and manufacturing of several 
hundred thousand transformers we can supply: 

AUDIO FREQUENCY TRANSFORMERS OF 
EVERY TYPE 

YOU NAME IT! WE MAKE IT! 

OUR RANGE INCLUDES 
Microphone transformers (all types) . Microphone Splitter / Comb iner , 
transformers . Input and Output transformers . Direct Injection transformers 
for Guitars. Multi-Secondary output transformers . Bridg ing transformers . 
Line transformers , Lin'! transformers to G.P .O. Isolating Test Specification 
Tapped Impedance matching transformers . Gramophone Pickup trans
formers. Audio Mixing Desk transformers (all types) . Miniature transformers . 
Microminiature transformers for PCB mountrng . Experimental transformers, 
Ultra low frequency transformers . Ultra linear and other transformers tor 
Valve Amplifiers up to 500 watts Inductive Loop Transformers . Smoothing 
Chokes. Filter inductors . Amplifier to 1 00 volt line transformers (from a few 
watts up to 1000 watts) . 100 volt line transformers to speakers . Speaker 
matching transformers (all powers) . Column Loudspeaker transformers up t'J 
300 watts or more . 

We can design for RECORDING QUALITY , STUDIO QUALITY , HI-FI 
QUALITY, OR PA QUALITY . OUR PRICES ARE HIGHLY COMPETITIVE 
AND WE SUPPLY LARGE OR SMALL QUANTITIES AND EVEN SINGLE 

· TRANSFORMERS . Many standard types are in stock and normal dispatch 
times are short and sensible . 

OUR CLIENTS COVER A LARGE NUMBER OF BROADCASTING 
AUTHORITIES . MIXING DESK MANUFACTURERS , RECORDING 
STUDIOS, HI-FI ENTHUSIASTS, BAND GROUPS , AND PUBLIC ADDRESS 
FIRMS. Export is a speciality and we have overseas clients in the 
COMMONWEALTH E.E C .. USA, MIDDLE EAST etc . 

Send for our questionnaire whrch . when completed . enables us to post 
quotation by return 

SOWTER TRANSFORMERS 
Manufacturers and Designers 

E. A. SOWTER LTD. (Established 1941). Reg. No. England 303990 

The Boat Yard. Cullingham Road. Ipswich IP1 2EG 
Suffolk. P.O. Box 36 Ipswich IP1 2EL. England 

Phone: 0473 52794 & 0473 219390 
IIIII 

TEST EQUI1PM.ENT. Well-established 
trading company seeks new cus
tomers particularly from overseas. 
We are bulk suppliers of used elec
tronic test equipment to the trade. 
ie: signal sources, analysers, 
bridges, scopes, ~wee•pers, counters, 
PSUs, Polyscops, DVMs, etc. W~ole 
or part parcels available. Carnage 
and ship·ping can be arranged . 
State your require~ents. TerJI!.S 

, negotia·ble. Also mterested . m 
: purchasing parcels of anythmg 
; electronic, radio, etc, speedy quota-

tions, and immediate cash settle
ment. COOKE INTERNATIONAL 

·S.E RVI·CES, Ra~malla House, Anc.ton 
Lane, :Middleton-on-Sea, Bognar 
Regis , Sussex P022 6NJ. Tel: 
024-369 2849 . . (654 

PCB CONSUMA•BLES. SRBF PANELS 
ss only 3in x 3!in (p<i!cks o•f 8) 
118p, 4 X 3t (6) 122p, 6 X 3!- (4) 
120p, 8 X 3!- (2) 104·p, 12 X 3t (2) 
105p, 12 x 7 (1) 105p, Dalo Pen 
105p, Cleaning Block 90p, PRE
SENTISED BOARD FR4 Positive 
Resist Light protected 4in x 6in 
(packs of 4) SS £3.96, DS £4.32, 
3 x 4 (8) SS £4.10, DS £4.50, 4 X 4 
(6) SS £4.05, DS £4.40, S·COTCHCAL 
Metal Lalbels lOin x. 12in ( 10) 
£31.63 , Plastic Labels 10 x 12 (10) 
£29.32, Reversal Film 12in x lOin 
£14.37, CSC BR·EADIBOARDS EXP 
650 £5.00, EXP 300 £7. 76. All prices 
INCLUDE VAT and postage. 
Cheques to LINTON LABORA· 
TORIES LTD., SCRIBEMASTER 
HOUSE, WEST WICKHAM, CAM·BS 
CBl 6RY. Tel : 0·22-0:29 589 . ACCESS 
and BARiCLAYCARD welcomed . 
Official orders acce•pted on list plus 
VAT and actual P&P basis. Send 
SAE for full list and details of 
postage rebate scheme. <.711 

COMP-80 computer £200; UK101 
£180. Both assembled . Teletype 
KSR33 £250. - Eastwood, 01-874 · 
1856 or Byfleet 79498 (evening). 

(745 

ELECTRONIC TESTING 
& FAULT DIAGNOSIS 

by G. C. Loveday Price: £5.50 
DIGITAL TECHNIQUES 8t 
SYSTEMSby D. C. Green . 

Price: £5.50 
ELECTRONICS FAULT 
DIAGNOSIS by I. R. Sinclair . 

Price : £3.50 
ELECTRONIC DESIGNER'S 
H/B by K. Hemingway. 

Price: £13.50 
HANDBOOK OF ELEC
TRONICS CALCULATIONS 
FOR ENGINEERS & TECH
NICIANS by M . Kaufman. 

Price : £14.70 
H/B OF MICROCIRCUIT 
DESIGN & APPLICATION 
by D. F. Stout . Price : £19.20 
UNDERSTANDING 
MICROPROCESSORS by 
Texas lnst. Price: £4.00 
INTRODUCTION TO 
MICROCOMPUTER PRO
GRAMMING by P. C. San
derson . Price : £4.50 
THE COMPLETE MICRO
COMPUTER SYSTEMS H/B 
by E. L. Safford. Price : £8.25 
TOWERS' INTERNATIO
NAL TRANSISTOR SELEC
TOR by T. D. Towers , 1980. 

Price : £10.50 

"ALL PRICES INCLUDE POSTAGE" 

THE MODERN BOOK CO. 
Specialist in Scientific 

& Technical Books 
19-21 PRAED STREET 

LONDON W21NP 
Phone 402-9176 
Closed Sat . 1 p.m . 

(8g74) 
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THE SCIENTIFIC .TO MANUFACTUR :s, WHOLESALERS I 
WIRE COMPANY .-.. 

P.o. Box 30, London, E.4 . . . . RI,._K BUJE8S ONLJ , 
;large quantrtres of Radio, T.V. and Electronic Compinents . 

SWG 
81o 29 

30 lo 34 
35to4il 
41 to 43 
47 
48 to49 

' 14to 30 

ENAMELLED COPPER WIRE • 

lib. 8oz. 4oz. Zoz. · · l~ 2.76 1.50 .80 .60 
3.20 1.80 .90 .70 
3.40 2.00 1.10 .80 
4.75 2.60 2.00 1.42 
8.37 5.32 3.19 2.50 

15.96 9.58 6.38 . 3.69 

SilVER PLATED COPPER WIRE 
6.50 3.75 2.20 1.40 

TINNED COPPER WIRE 
14 to 30 3.38 2.36 1.34 .90 
Prices include P&P. VAT ind Wire 0111 

R
1 0

ESISTORS CARBON .. C/ F Ys, 1A, Y2, %. 1 Watt fro;, 1 ohm to 
meg . 

iRESISTO.RS WI REWOUND. 1%, 2, 3. 5, 10, 14 25 Watt 
CAPACI_TORS. Silver mica, Polystyrene, Polyeste; Disc Ce~amics 
,Metalamrte, C280, etc. ' · 

, Co~verge~ce Pots, Slider Pots, Electrolytic condensors Can Types 
·Ax1al, Rad1al, etc. ' ' 

I.!:..<!f'!.S!()~mers: ch_q_~~" h.oR!~._!~~~r~. ~ea~~r~. <eables screened wires, 
1 CQnQ!!Ctmg wtr~s. screw~. n_!J!~! .!!:an_s~_~tor~! n::_~. l)lodes:efc-:-;-etc. --
All at Knockout prices . Come and pay us a visit. Teie·p-hon~ 445 il13. 
.445 07ij.9. 

SAE for list. Dealer enquiriea welcome. 
Reg ortice: 22 Coningsby Gardens. j ' BROADFIELDS & MAYCODISPOSALS 

Classified 

(9063) \ · ·21 Lodge Lane, N. Finchley, London, N.12. Silins. from TallyHo corner' 

._----------.---------~--~' •;, ::::::::::::~~~;;::;::::;;:~;;::~:::::::·::=~~··=-~(:94~6~U~ 
1 SURPLUS- BRAND NEW 

TELETEXT, TV SPARES 8c TEST 
EQUIPMENT. TELETEXT. Latest 
MK2 external uni·t kit incl. Mullard 
Decoder 6101 VML and infra-red 
remote control £258, p/p £2.50 (fur
ther details on request). Also MK1 
external unit ki-t incl. Texas XMU 
decoder. special offer price £168, 
PIP £2.50, Both kits incl. UHF 
mo~ulator, and plug .into TV set 
aenal socket. SPECIAL OFFER 
TEXAS XMU Decoder ne-w and 
tested, Ji.mi·ted quanti-ty' at i price, 
£65, PIP £1.40. Sta•b. power supply 
(5V) for Teletext decod·ers, £5.80. 
PIP £1. Thorn design XMll inter
face unit, £1.80, p/p SOp; NEW 
SAW FILT,E.R IF AMP PLUS TUNER 
(complete & · tested for sound & 
vision), £28.50, p/p £1. COLOUR 
BAR & OROSoS HIATCH GENERATOR 
KIT (M-K4) PAL, UHF aerial input 
type, 8 vertical colour bars, 
R-Y, B-Y, grey scale, etc. P/B con
trols· £35. Batt holders £1.50 or s·tab, 
mains POIWer sup.ply kit £4.8{), De
luxe <!ase £5.tl!O or alum. case £2.90, 
p/p £1.40. Built & tested in De-luxe 
case ('battery) £58, p/p £1.50. 
CROSS HATCH KIT UH-F aerial in
put type also gives peak white & 
bl-ack levels, batt. op. £11, p/op 45p. 
Add-on GREY SCALE KIT £2.80, 
PIP 35p. De-luxe · case £5 . .20. UHF 
SIGNAL ST'RENGTH METER KIT 
£17.50. Alum. case £1.80. De·luxe 
case £5.20, p/p £1.40. C1RT TEST & 
REACTIVATOR KIT for colour & 
mono £22.80, pj1p £1.70. THORN 
9000 Touch Tune Re-m-ote control 
receiver unit plus transmitter 
hand.set £Hi, p/p £1.40. THORN 
9000 Fascia incl. channel select. 
indica,tor, set controls, ·speaker, 
£5.80, p/p £1.60 , TV SOUND IF 
TRANSTD. Tested, £6.80, p/p 85p, 
BUSH SURPLUS , IF PANELS . A816 
£1.80, TV31.2 (single I.C.) £5, Z718/ 
BC6100 £5, A823 (Exp) £2.80, p/p 
85p. BUSH Z71S/BC6l00 Line Time 
B~se Panel Z904, incl. LOPT, EHT 
stick. Focus, etc., 18in ·Or 22in, £15. 
PIP £·1.60. BUSH 161 series TB 
panel A634 £3.80, p/.p £1.20. DE-CCA 
colour TV Thyristor Power supply 
£3.80, p/p £1.40. GEC 20HI series TB 
panel £1, p/p 90p. GEC 2040 C'DA 
panel £4.•50, p/p £1.20. PHI.LIPS. 

TIME EXACT?· 
MSF CLOCK is ALWAYS CORRECT -

never gains or loses, self-setting at 
switch-on, 8 digits show Date, Hours, 
and Minutes for easy QUICK-GLANCE 
time, auto ·GMT I BST and leap year, also 
parallel BCD output and audio to record 
and show time on playback, receives 
Rugby 60KHz atomic time signals, built-in 
antenna, 1 OOOKm range, 12V operation . 
£54.80. 

60KHZ RUGBY RECEIVER, as in MSF 
Clock, serial data output. £15.70. 

V.L.F.? 1 0-150KHz Receiver £13.70. 
Each fun -to-build kit includes all parts 
printed circ_uit, case, postage etc, money 
back.assural'lce so GET one NOW. 
CambTidge Kits, 45 (WL) Old School 

Lane. Milton, CamiNidge 

ONLY 
£1.85 

(inc. P.&P.J 

(704) 

SPECIAL 
PUR£HASE 

TEMP GAUGES 
IJ' -120" c 

R-emote Sensor on 3 8" 
cap illiary snap fitting in 
55mm hole. Adjustment 
screw on back. 

LEM SERVICES 
239 Rugby Road 
Leamington Spa 

Warwicks 
0926-30622 

(706) 

BUILDING RAMS? 
Why waste time hand-wiring RAMS? This 
5.3x2.5 inch professional plated thru PCB 
mounts on your prototyping board, looking 
hke an 8K byte TIL compatible static RAM. 
13 address lines, 8 data I /0, write enable, 2 
neg and 1 positive card selects. 
Assembled with sockets, pins and caps, just 
plus on 16 2114's and 1 74LS138 £21. 
Bare board £15, no VAT , post paid. 

P. G. Hinch. 56H Norri• Hill Drive. 
Heaton Norris, Stockport, Cheshire 

(705) 

FT1 01 VALVES 
As used by Yaesu in production. Manufac
~~r~ now ceased, stock up while you can . 
6JS6C Tosh . £18 pr. 6JS6C NEC £tO pr. 
12BY7A Tosh . £6 each. 12BY7A NEC £3 
each. Inc . VAT, post 50p order. Leaflet 
S.A.E. 
Also 6146B GE as fitted FT901 /FT101ZD 
£15.50 pr. post paid . 

Access I B-eard over £20 

HOLDINGS LTD. 
39/41 Mincing Lane 

BLACKBURN BB2 2Af 
Tel: (0264) 595us 

INPUT /OUTPUT 
MODULES 

(716) 

Interface directly with MPU/P10. 
Versatile . Low cost . 

PRESSURE 
TRANSDUC-ERS 

Includes Transducer and Demodulator Amplifier instrume-;,tatio'n quality 
Range: 0-2 PSI;. Lonearrty: 0.6% combined; Temp . Co.: 0 .1% per degree Centigrade 
combmed; 0/P Sognal: Plus mrnus 4volts into 1 OK ohm; Temp. Range:-1 0 to + 50 degrees 
Centrgrade . Doms: 1 .25" doa x 5" (Transd); 3.75" x 4.5" x 2.25" (Demod) . 

FOR QUICK SALE: £95 PER SET@ 65 OFF: £100 PER SET@ t 0 OFF 

Enquiries to: Mr. A. Flynn 

CAPE ENGINEERING CO. LTD. 
Cape Road, Warwick CV34 5DL 

Telephone: Warwick 496421 
(770) 

CLEARANCE PARCELS: T'ransi-sto.ros, 
resis,to,rs, boa.rds, · hardware·, 10lbs 
only £5.80! 1,000 Resistors £4 .. 25, 
500 Capacitors £3.75. Be 108, BC 
171, BC 204, BC 230~ 2N 5061, 
CV7497 T·ra.n.sisto.rs, 10-70p, 100-
£5.80. 2N 3055, 10 f()r £3.50. 
S.a•.e. lists: W.V,·E. (3), 15 High 
Stree-t, l;ydney, Glos. (444 

ENCAPSULATING, coils, transform
ers. components, degassing, sill
cone rubber, resin, epoxy. Lost 
wall: casting for bras·s, bronze, sil· 
ver, etc. Impregnating coils, trans
formers, components. Vacuum 
equipment low cost, used and new. 
Also for CRT regunning met 
alllslng. Research & Development. 
Barratts, Mayo Road, Croydon 
CRO 2QP. 01-684 8917. (967B 

BUILD YOUR OWN LASERS. Full 
plans and instructions on how to 
construct three fully working 
las~rs: Pulsed dye, Argon and 
Hehum - neon, at a fraction of 
the cost Q.f a commercially pro
duced device. All parts .available. 
Send £4.95 plus 25p P&P to A, v. 
Servict:s, 10 Agecroft Road West, 
Prestwich, Manchester M25 8RL. 
Also Laser Scanning Systems. Send 
for literature. . (647 

V~RO l91N CARD FRAMES, as new, 
height 50. Suit Nascom/Newrbear. 
Case and extras £22 .. 50 inc P/P. -
Tel. 04895 5355 details. (746 

TELETYPES. ASR33 printe·r with 
RS232 se-rial interface, A.S.Coll key
board etc. 3 lbrand new and boxed 
manuals £30.0 each . Phone Chris 
Cotter, 01-68.9 0441. (764 

TONNA (F9FT) amateur antennas . 
for 2m, 7·0<:m and 2.3-cm bands. 
Send 3(}p for :full catalogue . RAN
DA;M ELECTRONTC.S (WW), 12 Con
dUit Road, Albingclon, O·xon, OX14 
1D3, (75·9 

SMGl FM STERiEO TRANSMISSION 
test generator, ;RF ·output, Foe 
standard, radiometer Copenhagen, 
excellent condition, handbook, £370. 
- Tel 01-·650 3884. < ~760 

AMAZI·NG ELECTRO·NIC PLANS: 

RACAL M'A-259-G second.ary 
frequ·ency standard. New with test 
certificate. £595. - Nottingham 
0&02-3.97446 evenings. (703 

TEKTROtifiX 465 ooscillos~ope· .£985. 
Fluk.e DM'M SOOOA £115. Fluke 8oao 
£75. HP53l4 univers·al counte•r (un
usedY, 100 MM2/100 AIS .£135. Ann 
A:rbour R1632 vide·o controller £95. 
- B-O·X WW 754. 

TEKTRONIX OSCILLOS·COPES in 
tiptop condition, re-calibrated with 
handbooks, 535A £135, 545B £180 
CA £60, 1A2 £120. All prices in
clusive, no extras. - Bournemouth 
(0·202) 291481. (717 

~OR SALE. SOLARTRON CD1400·Da. 
SCOPE. D-C to 15 megs, good cond., 
manual, .£115 ono. - Tel Wood
seaves (Staffs) 388. (71S 

PRINTED CIRCUITS. Make your 
~wn simply. cheaply and quickly! 
Golden Fotol-ak Lig.ht Sensitive Lac
Quer - now greatly improved and 
very much faster. Aeroso1 cans 
with full instructions, £2.25. 
Developer 35p. Ferric Chloride 
55p , Clear Acetate shei:!t for 
master 14p. Copper-clad Fibre-glass 
Hoard anprox. lmm thick £1.75 sq . 
ft. Post/Packing 60. - White House 
Electronics, Castle Drive, Praa 
Sands, Penzance, Cornwall. (714 

~asers - burnin.g, cutting, rifile, 

NICS ~~ht shows, Ultrasonic Force G.T. ELECTRO telds - weaponry, satellite, T.V. 
2 Rufford Ridge, Yeadon, Leeds I{ ant tesl.a , s•plit the atom· lots 

PYE SSB170 12v 4 channel 2-9 
megs .20w output, ex works, un
used QTY 8. Radio alert chargers, 
new, for 9v battery charges from 
Al0250 mains at 8 m/a, £5.50. 
P_ocketfones P'FI, TX and RX with 
circuits £21-£25. Gar adaptor re
ceive·r plugs in battery is charged 
and output taken to 3 watt am
plifier into 3 ohm spe·aker {not 
supplied) £8.50. 'Chargers for 12 ·M 
each battery £17. Other .Pye RT 
equipment in stoc·k, phone o-r Write 
for details. Atalanta ships com
munications receiver by Marconi 
s.pecial offer £65 ·each, as removed 
from ship , complete but unteste-d 
£115, tested and adapted for AC 
mains •carriage at cost approx 
£.15 . AVO 7 Mk l'I .£3'2. AVO m_eter 
movements 8 9 and mulhtest 
No 1, scaled 'o-100!1 and 0-3{) £15. 
Heterodyne frequency meter B1C 
221 .£23.50 . Pneumatic mast ~Y 
Scam Clark extending to- 40ft In 
unopened maker's pack £3'45. De
livery by arrangement. We have a 
constantiy changing st9ck and we 
are worth a visit. No lists. G.W.M, 
Radio Ltd. . 40/42 Portland Road, 
worthing, Sussex. Tel (}903 348?.Jss 

ef (0532) 506545 me ore . Catalogue 75p . - • Plan 
W. Yorks. T · Shenrotrpe,h _St John Street, Bridgnorth. 

1..------------(•7•09•' .. 1 - s Ire. (702 

G6 S/S conv. panel £2.50, p/•p £1.20. 
G8 Decoder panels for spares £1.80, 
P/·p £1.20. G9 Signal panels· for 
small spares £3.80, .p/p £1.20. 
THORN 3500 Line TB panel £5, p/p 
£1. 3000 ex-rental panels IF, VIDEO, 
DECOUER, £5, p/;p £L20. 8000/8500 
T-B salv /spares £4.80, p/p £1. 9000 
Line T-B (incl. LOP!') salv/spares 
£7,50, p/p £L60. COLOUR SCAIN 
COIL'S (Mullard or Plessey) £6, p/p 
£1.80, Yoke £2.50, p/p £1. Blue Lat · 
75p, p/p 35p. Mono Scan Coils 
(Thorn, Philips, Pye) £2.80, p/p £1. 
VARICAP UHF TUNERS. Mullard 
U321 £7.80, ELC1043/05 £5.50. G.l. 
£3.5~. Salv. (asstd) £1.50, p/p 45p. 
Vancap UHF/VHF ELC2000S £8.50, 
Bush (dual) £7.50, PIP 70p. TOUCH 
TUNE CONTROL units, Bu.sh (6 
pos) £4.50, p/•p SO.p, VARICAP CON
TROL UNITS 3 pos. £1.20, 4 pos. 
£1,50, 5 J?OS. £1.80, 6 POS, £1.80, 6 
pas. special offer £1, p/p 45p, UHF 
transtd. Tuners (rotary) incl s/m 
drive £2.50, 4 pos. P/B £'2.50, 6 pos. 
P/B. £4.20, p/p £~.20. (Special types 
availa•ble,_ deta1ls on request). 

. DL50 Delay. Line £2,50, p/,p 50.p. 
La~ge selection of LOPTs, Triplers, 
Mams Dropper.s, and other spares 
for p()pU1l!-r makes of co.lour & 
mono receivers. PLEASE ADD 15% 
VAT TO A'LL RRLC.ES. - MANOR 
SUPPLIES, 1·72 WEST END LANE 
WEST HAMPSTE~D, LONDON: 
N.W.6. SHOP ~R.EoMoiSES. Tel. 01 
794 8751. Eas~l:t accessi-ble w 

::~Tp~t.ea~orfduo~le~Ri~~~~n-:.B~:!~ 
St.) and St. Pancras-·Bedford. Buse 
28, 159, 2, 13. Callers welcome 
Thousands of ad·~itional items not 
normally _advertised availa·ble at 
shop premises·. Open daily all week 
incl. SaturdaY (Thursday half day)R, 
MAIL ORD.ER: 64 GOLD.E·RS MANO 
DRIVE, LONDON NW11 9HT 
PLEASE AD•D 15% VAT to al 
Prices. (60 

LAB C&.MIIANCE: Signal Gener 
, ators; Brida-es; Waveform 
transistor analysers; calibrators.' 
standards; milltvoltmeters; dyna: 
mometers; KW meters· oscillo· 
sco-pes; recorders; Therm'al, sweep 
low distortion true RIMS audio FH · 
deviation. Tel. 040·37'62riG. (18250 

www.americanradiohistory.com
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Classified 

THE COMPLETE ELECTRONIC MANUFACTURING 'SERVICE 

Let us realise all or any part of your project from prototypes to 
production, from artwork design and componen.t sourcing •. through 
assembly and test to f inal quality assurance, packmg and delivery . . 

We also provide a test , repair and modification service to suit your : 
individual' requirement. 

For competitive prices and fast turnaround contact : 

CIRCOLEC. 1 Franciscan Road. Tooting. S.W.17 

Telephone: 01-767 1233 (544) 

SAVE TIME! 
PRINTED CIRCUIT BOARD 
INTERNATIONAL FAST TURNAROUND 

TOTAL MANUFACTURING SERVICE 

e PTH boards in 3 days. 
e Conventional boards in 24 hours. 
e Soldermask, componeht legends etc. 
e Artwork service. 
e Prototype assembly. 
e Volume assembly in our plants in the 

Far East. 

AEC Mlcrot£chnology 
Tanners Drive. Blakelands, 
Milton Keynea, Bucks. 
Telex: 837879 AECLTD G 

TEL: 0908 611086 (624) 

AEC• 
MICROTECHNOLOGY 

PCB DESIGN and 
mANUFACTURE 

Design of artworks from 
single sided to multilayer 

• Precision photography 
• Manufacture - 48 hour 

turnround on prototypes ·10 
Component assembly g 

t:!T"::'f ENGINEE~ING LTD 
~ ~EADING (Q7 3 QJ 5 82579 

PROTOTYPE PCB's 
(Fibreglass) 

from your 1: 1 posit1ve artwork . 5 HOUR 
SERVICE for callers 10 a.m.· 7 p.m . , 
RETURN POST SERVICE FOR MAIL ORDER' 
50p/sq inch + 1 p/hole drilling, minimum 
order £5 +VAT 
RUN ON : 10+ boards 50% discount . 

CLACTON ELECTRONICS 
(0255) 27505 (726) 

54/56 Meredith Road, Cleeton, Esaex 

PRINTE:D CIRCUIT MANUFACTURE. 
Very fast, reliable service. Le>west 
prices. Prototypes welcome. Inhouse 
photography. Phone 06474·573 for 
instant quote or write to AKTRO-. 
NI·CS Ltd., 42/44 Ford Street, More· 
tonhampstead, Devon. ~8857 . 

SMALL BATCH PCB's produced 
from your artwork. Also DIALS, 
PANELS, LABELS. Camera work 
undertaken. FAST TURNAROUND. 
- Details: Winston Promotions, 8 
Hatton Place, London EC1N 8RV. 
Tel. 01·405 4127/0860. . (9794 

DESIGN SERVICE. Electronic J)e· 
sign DeveLo·pment and Pt~o.duct:i.on 
serv.!Jce av.ad·lable ion Digiltal and 
Anal·ogue Ins.trumen.ts, RF Tr.ans· 
R1iltte11s and Receivers for c:antro•l o·f 

· a~ny func.tion at any range. Tele
metery, Video T11al1lsmitters and 
Monitors, Moto11ised Pan and TtLt 
Heads etc suppliers to the IndUIStry 
for 16 years. Phone 10'r write Mr. 
Falkner, R.C.S. Electronics, 6 W()11· 
sey Rlo1ad, As.hfo~.d. MiddLesex. 
Phone Ashford 53661: (8341 

ELECTRONIC DES11GN SERVICES. 
MICROPROCESS.OR HARDWARE and 
SOFTWA'RE design facilities have 
now been added to our established 
ex.pertise · and comprehensiv·e test 
faci!ioties .previously available to 
you for ANALOGUE and COMMUNI· 
CATIONS des~gns. - For fastest 
results please phone Mr. Anderson, 
Andertronics Ltd, Ridgeway, Hog'·s· 
Back, Seale (nr. Farnham), Surrey. 
02518·2639. (275) 

P.C.B. PROTOTYPE and sniau baJtch 
productinn. .Desi.gn ~ayo.ut, assem· 
bly and testing. Fast, .re.li:~le .se.r· 
vice. Wye• Valley Elec.tr:o.mcs, 15 
Hi>gh St, Lydn·ey, Glo·s. Tel: Dean 
(05·94) 41267. (3.&5) 

PRINTED CIRCUIT BOARDS. Single/ EURO CIRCUITS . 
t d1ouble sid·ed from circuit diagrams 

to assembled .and tested bo.a.rds . 
Any inte,rmedia.te stages at manu· 
facture unde.rtaken. Quicok turn
round on prototypes·. Phone Maldon 
(0621) 741560 or w11ite to· May.Land 

Printed Circui t Boards - Master · 
layouts -: Photography - Legend 
printing - Roller tinning - Gold 
plating - Flexible films -Convent ion· 1 
al fibre glass - No order too large or too, (' . 
small -Fast turnround on protot>'.pes; ~ 
All or part service available NOW~ .. (9630) 

I EURO CIRCUITS TD. 
Highfield House 
West Kingsdown 
Nr, Sevenoaks. Kent. WK2344 

AL TRON IC SYSTE•M.S LTD. Alarm 
systems designed and manufac
tur.ed to your •re·quirements. Free 
estimates und·er no obligation. -
Tel Ansafone 07073 30514. (715 

Electronics, 4 The Driv·e, M.ayla.nd· 
sea, Chelmsf·or.d, Es·sex CM3 GAB. 

(445 

REPETITION SHEET METALWOR·K 
on Wiedemann turret press. Long/ 
short runs. Highll.y competitive. 
Qui.c.k d.e:Iiveries c.ommliss1·on for 
iilltroductions. - EE:S Ltd., CI.iff10rd 
Rid., Monks Rd., Exe.te•r 36489. 

(8&60 

ARTICLES FOR SALE 

THINKING OF RENTING 
A TELEPHONE 

ANSWERING MACHINE? 
THEN STOP! 

Did you know that for the equivalent 
of just one year's rental you could 
actually buy one outright?. 

For details write to : 
Javal Supplies Ltd. (Dept. 2C), 
120 Alexandra Road, Burton-on
Trent, Staffs DE 16 OJ B or 
telephone (0283) 47427 any time. 

(337) 

WIRELESS WORLD NOVEMBER 1980 

TUBE REBUI·LDING ~LANTS PRO• 
CESS, .all TV tubes can be seen in . 
operattion. 'I1hey c'an be i·Mta.J.led 
intern:aJti.on•aUy a.t the best p:rice: 
554 .statfo•fld . Rlo.all, J3~rmlingham 
BU AAL. (S.92 . 

DESIGN AND DEVELOPMENT. 
AN.AtLOGUE, DIGITAL, RF AND 
M,IC'ROWAVE ·CIRCUIT . AND 
SYSTEiM DE$1GN. Aiso PCB d·esign, 
me~hanioal de·sign •and prototy·pe/ 
small batch production'. - Aden
more Li.mited, Unit 103 L·iscombe, 
Bracknell, Berks. Te.l: Bracknell 
52,()2,3. (656 

SHEET METAL WORK fine or 
general front ,panels ·chassis, 
covers, ·boxes, •prototyJpes. 1 off or 
batch work fast turnround. 01-449 
26~5. M. Gear Ltd, 179A Victoria 
Road, New Barnet, Herts. (9908 

FOR ELECTRONIC INSTRUM:EiNri'' 
SERVJjCE AND ·C'ALtB.RATlO.N CAI.JL 
ORION TECHNICAL SERVICE LTD. 
O·N ST ALBAN'S 51639 FOIR DIE
TAILS,. (687 

·rPC1B DESIGNS at competitive hourly 
r.ate:s. Quotes from circuit diagrams 
etc. Solder resist and tracing at 
lower rates. Other design work 
undertaken. - Halstead Designs 
Ltd. ,. Halstead. 7408 (Essex) . (731 

P. C. B. ASSEMBLY. To drawing 
or sample, la-rg.e or .small q~an· 
tities. Eleetro-nic des1gn serv1ce, 
P .C. artwork. e-tc . , prototype pro
ductio-n . All welcome . Endean 
Communications Services, Baileys 
Mill The CUff, 'Matlock, Derbys . 
0629 4929. '(7•69 

ARTICLES WANTED 

WANTED 
Test equipment, receivers , valves, transmit
ters; componen*s. cable and electronic 
scrap, any quar'lt1ty. Prompt serv1ce and 
cash . Member of A.R.R.A . 

M&8RADIO 
86 Bishopsgate Street 

Leeds LS1 488 
0532-35649 

WANTE.D. Marconi Autospecs Mark 
2, any condition, prefera;bly in 
working o·rder. - Phone Aberdeen 
723337. (767 

WANTED: Recording equipment of 
all ages and varieties. (Callfornia, 
U.·S.A.). Tel. (415) 232·7V33. (9814 

STO·RAGE SPACE is expensive, why 
ston redundant and obsolete 
equipment? ·For fast and efficient 
clearance O·f all .test gear, pow·er 
supplies, PC boards, components, 
etc. regardless o-r condi•tiOYl· or 
quantities. can ~1•771 9413. (8·209 

ARTICLES WANTED 

all types of scrap and 

REDUNDANT 
ELECTRONIC & 

COMPUTER 
MATERIALS 

. with precious metal content 

TRANSISTORS 
& PRINTED 

CIRCUIT BOARDS 
TO COMPLETE 
COMPUTERS 

THE COMMERCIAL 
SMELTING & 

REFINING Co. Ltd. 
171 FARRINGDON ROAD 

LONDON EC1 R 3AL 
Tel: 01-837 1475 

Cables: COMSMELT, EC1 
Works: RECKNEY. Nr. LEICESTER 

(205) 

WANTED 

ANGLIAN INDUSTRIAL 
AUCTIONS 

We sell by auction, all radio and 
electronic components and 
equipment. Why not let us sell 
your surplus and end of produc
tion materials . All entries must be 
received at least 2 1 days prior to · 
sale. 

For en~ry forms · or catalogue of 
next auction contact: 

B. BAMBER ELECTRONICS . 
5 STATION ROAD 

LITTLEPORT 
CAMBS .. CB61QE 

TEL: (0353) 860185 

(263) 

DEAD OR ALIVE 

SPOT. CASH. 
paid for all forms of electronics equip
ment and components. 

F.R.G. General Supplies 
550 Kingston Road, London i 

Tel: 01-404 5011 
Telex: 24224 Quote Ref 3165 

8742). 

liCB ASSEMBLY 
CAPACITY AVAILABLE 

Low or high ·volume, single or double 
Sided, we specialise in flow line I 

assembly. ' 

· Using the Zevatron flow solder-ing 
system and on line cutting, we ; 
are able to deliver high quality 
as~embl1es on time, and competitivply 
pnced . 

Find out how we can help you with .. 
your .production. Phone or write. We 
will be·.P.leased to call on you . and 
~•scuss your requirements. . 

TW ELECTRONICS LTD. 
120 NEWMARKET ROAD 

BURY ST. EDMUNDS, SUFFOLK . 
TEL: 0284 3931 

Sub-contract assemblers and wirers to 
. .the Electronics Industry. 

(®fiBf 

SMALL BATCH productions wiring 
ass seanallb1y to s.ample or d~awin.g;s. 

Pecdi st in pl'liinted Cli.rC'Uillt& as· 
sembl(Y. Root Electro·l1lics 42 Bis· 
hOIPisfield, Harlo.w, Essex OZ7t 330·18. 

(VOIN-' 

eLECTRONIC DESIGN SERVICE. 
Immediate capacity a¥allabtJ.e for 
circuit de•slign and devel:opm.e·nt 
W10rk, PIC artwork, etc. Small ba,tch 
and proto,type jr!o·duC!Ill.on welcom•e. 
~ E.P.D.,S. Lt . , 93•b King Street, 
MAIDSTONE, Kent. 06Z2·677916. 

(9667 

BUSINESS FOR SALE 

SMALL EAST L'ONDO'N BUSINES:S, 
specialising in Publirc Address 
Sound Instal·lations d•ired to non
domestic users. Certain amount of 
manufacturing. Old estalblished, 
well r.egar<ted. IS1n.all excelle,nt 
staff. Boox Number 755. (755 

for Electronic/Electro-Mechanical Assembly. We oHer 
.the following versatile and qu~lity service for small to 
large batches. · 

·PCB 11nd Fin111 Assembly, Repsirs snd 
·Servicing, Inspection snd Functions/ · 
Test, Prototypes snd Associsted Ser-. 

vices, snd modifkstions. 

For competitive prices and fast turnaround. contact 
Cirultc. Tel: 01-7&7 1233: I Franciscan Road, Tooting. 
S.¥{.17. . . . : . (273}: I 

Due to expansion of our manufa.:
turing facilities we are able to under
take as~embly and testing of circuit 
boards or complete units in addition to 

·contract development. 

We can produce, test and calibrate to 
. a h1gh standard d1g1tal analogue and 
RF equipment in batches of tens to 
thousands . 

Telephone to arrange for one of our 
eng1~eers to call and discuss your 
requ~rements, or send full details for a· 
prompt quotation. 

COMPAR.E our char:ges:, qu1al<1ty .an.d . 
.turnr:ound for J1rlnrted board art· 
works, assembly, /test and proto
type manufa~ture. Plea:se ;phone 
Sharon Halfhide on Che.lmsfo.rd 
357935 or wrHe to H.C.R. Al"twork TEL. 01-253 4562 
Desi..gns, 1 Bank·side, off New' or replyto Box No WW 8237 
Street, Cheim_sf.o·rd, E.ssex. . (557 · · (823?) 

I~========~ I . PRINTE'D C11RCU'IT BOARDS. Qud•ck l 
deliverie•s, compe:titive prices. Quo-1 
taUon on reque·st, roller tinning,

1

, 

d.rilling, e-tc. Speciality small 
batches. L~rge.r quantities av.ail-

1 able. Boar'd.rav.en Ltd, Lanc;a.ster 
Road, Carnaby Industrial Esta,te., 
Bridling,I:Jon, .North HumberS'ide, r 
Y01·5 3QY. For the a1lte·ntion o.f Mr 
J. Hari'iison. Te'l: (0262) 78788. 

(443 , 

PC·B ARTWORK DESIGN SERVICE 
with component notation. masters· 
and assembly. drawings. PADS 
Electrical Ltd, 01·850 6516, 45 ~ 
Southwood Road, New Eltham SE9. 

(7805 

TAI•WAN OFFER PCBs design, 
manufacture, assembly and elec
tronic components , .Specialist in 
micro~processor boards, . · quick 
deliveries, lowest prices, reliable 
servi'ces, easy opurcha·sing, small to 
lai"ge batches . - Hu Mou Enter-: 
Pl"ises Co. Ltd., Roo.m 3, 6th Floor, 
306 Kuang 1Fu .s. Rd., T.aipei, 
Taiwan. 'Cable address: HUMOU 
Taipei, Taiwan. (710 . 

·BATCH PRODUCTION wiring and 
.assembly to sample or drawings. 
:McDeane EJ.ectricals·. 19b Station 
Parade, Ealing Common London 
W5. Tel. 01·9?2 8976. ' (169 

EQUIPMENT WANTED 

TO ALL MANUFACTURERS . 
. AND WHOLESALERS 

IN THE ELECTRONIC 
RADIO AND TV 

FIELD 

BROADFTEI])S & . -~ 
1 MAYCO DISPOSALS, ; 
' will pay you top prices for any large ·stocks.of' 
I S(J_rpiiJ~. <>.!.~!'9!l!!!l!!n! c.o.mpo~ellt~~'.!i.~~ y:ou! 
!may WISh to clear. We will call anyv'ojhere Trn ' 
I the United Kingdom. _ ·<. · 
, . 21 LODGE LANE · J·.' 
; NOR'!".~ FIN~I.i.I,I;)'_._{..QJ~.!).Q.!II_I\Ill.i.JG l 
'f~l.tphone No.•. 01-44.5 0749144H71~} 
~ . _ After CJ_ffice hours 958 7624 1 . 

NeneCollege 
Northampton 

MICROPROCESSOR 
_ _ ]E~H~O~OGY 

A range of one-day and three-day 
courses covering both hardware· 
and software aspects . 
Full details on application: 
Microprocessor Course Tutor 

School of Technology ' 
NENE COLLEGE 

St. George's Avenue 
NORTHAMPTON 

NN2 6JB (621 

FOR 
ClASSIFIED 

ADVERTISING 
RING 
EDDIE 

FARRELL. 
ON 

01-261 8508 

.....--------.-=-LAS_SIFIED ADVEBTISEMENT~----
. . . . . . 

Use lfiis -ro .. m to .. you .. Sales and Waals 
PLEASE INSERT THE ADVERTISEMENT INDICATED ON FORM BELOW 

To "Wireless World" Classified Advertisement Dept., Dorset House. Stamford Street, London, SE/ 9LU 

.• Rate £2 PER LINE. Average six words per 
line. Minimum THREE lines. 

e Name and address to be included in charge 
if used in advertisement. 

e Box No. Allow two words plus £1. 

. e Cheques etc., payable to "Wireless World" 
and cross " & Co." 

NAME ................................................................................................ .. 

ADDRESS .. . ........................................................................................ . 

········································································································· 
' ··········· ···· ·································································•'!••········· 

REMITTANCE VALUE ....................................... ENCLOSED 

.PLEASE WRITE IN BLOCK LETTERS. CLASSIFICATION ............................................ NUMBER OF INSERTIONS ............... , .. 
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Here's why you 
should buy 
~an ICE 
instead of · 
just any 

·. ·. multimeter 
WW- 09~ f OR FURTHER DETAILS 

WIRELESS WORLD NOVEMBER 1980 

*Best Value for money . 
*Used by professional engineers, D .I. Y. 

enthusiasts, hobbyists, service engineers . 
*World-wide proven reliability. · 

*Low servicing costp . 
* 20K/volt sensitivity and high accuracy. 

*Large mirror scale mE)ter. 
*Fully protected against overload. 

*Large range of inexpensive accessories. 
* 12 month warranty, oocked by a full after 

sales service at E.B.Sole U :K.Distributors 

Prices f rom £16.60- £32.00 +VAT 
Send for full colour leaflet and prices on 
whole range including accessories, 

' .. , ' ' 

ELECTRONIC BROKERS L TO. 
61-65 King's Cross Road, London WC1X 9LN 

Tel : 0 1-278 3461. Telex: 298694 

INDEX TO ADVERTISERS NOVEMBER· 

Appointments Vacant Advertisements appear on pages 
. 136-151 
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Openir:-g Hours 9.45 am to 5.30 pm ·Tuesday to Saturda-y (Closed Monday) 

* Up to 8% discount for use with next order 
* All prices include VAT 

* Same day service on in-stock lines 

* Over 95% of our stock lines in stock 

* Large range of all the most useful components 

* First class reply paid envelope with every order -

* Quality components-no rejects -no re-marks 

* Competitive prices 

* Your money is safe with a reputable Company 

On price, service, stock, quality and security, 
it makes sense now more than ever to make · 
M aplin -your first choice for components 
every time! . 

Stereo Cassette Tape Deck 
Utilising the superb JVC deck 

made for Tandberg and a 
ready-made pre-aligned, 

tested and guaranteed 
module, this cassette deck 
has a superb sound and a 
high quality specification. 
We've got everything you 

need (except cabinet) 
including full instruction leaflet 

for only £39.95. 
Order as XY36P (Cassette 

Recorder Kit) 

Space Invaders 
Fight the space invaders, be a polaris captain or a spaceship 
commander. Full colour action on your own TV set and over 

450 games to play. 
Basic console with Combat cartridge (ACOOAJ £99.50 + £2.50 carriage 
All cartridges available including: 

Space Invaders IAC26DI 
lndy5001AC24B) 
Chess(81evelsliAC28F) 
Golf (Sholes) (AC18U) 
Air Sea Battle IAC01B) 
Space War (AC02C) 
Brain Games (AC16S) 
Outlaw (AC03D) 

£29.95 
£34.50 
£34.50 
£16.95 
£16.95 
£16.95 
£16.95 
£16.95 

Adventure (AC22Y) £23.95 
Skydiver(AC13P) £16.95 
Breakout (AC05F) £16.95 
SlotRacers(AC19V) £16.95 
Programming (AC27E) £34.50 
Olympics IAC04E) £16.95 
Street Racer (AC140) £16.95 
Keyboardsperpair(AC29G) £11.95 

All prices include VAT and carriage except where shown . 

---------- ------ ------- --==--=--,...-------------~------------
1 Post this coupqn now for your copy of our 1979-80 Catalogue price 70p I n.rDriRtP· &lin· 
1 Please send me a copy of your 280 page catalogue. I en~lose 70p 1 

(plus 46 p&p). If 1 am not completely sat isfied 1 may return 
I the catalogue to you an d have my money refunded. If you live I 
I outside the U.K. send £1.35 or ten Internationa l Reply Coupons . I 
I 1 enclose £1 . 16. · 1 
I Name I 

~ Address ~ 
I I 

Maplin Electronic Supplies Ltd 
All mail to:- P.O. Box 3. Rayleigh, Essex SS6 8LR 
Telephone: Southend (0702) 55415!f. • 

Shop: 284 London Road, Westcliff-on-Sea, 
Essex. (Closed on M onday) 
Telephone : Southend 10702) 564000. 

-----------------------catalogue now available in all branches of WHSMITH. Price £1.00 
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W hen a solder medium for the 
microprocessor-based circuitry of the 

new Nikon EM camera was needed, a 
Multicore Oxide-Free Solder Cream was 
chosen. 

Multi core, the world's leading authority 
on solder and soldering, has developed its 
own unique method of producing solder 
powders so that they are practically oxide
free. This means that the resultant solder 
cream will melt and flow as cleanly and as 

A typical ordinary cream revealing poor particle 
shape and dross. 

Oxide-Free Solder Cream displaying clean, 
uniform globules. 

quickly as rosin-cored solder wire. Merely 
a faint residue of flux is leffand any risk of 
solder globules being formed is minimised 
or even eliminated altogether. 

Where the Multicore Oxide-Free 
Solder Cream differs is in the physical 
characteristics of its particles. Ordinary 
creams contain atomised solder powder, 
with each particle covered with a layer of 
oxide. This has to be removed by the flux 
after heating but non-corrosive, rosin-based 
fluxes cannot do this effectively given the 
nature of the solder technique used. 
The particles in Multicore Oxide-Free 
Solder Cream, as the electron-microscope 
enlargement shown illustrates, are much 
cleaner and more uniform. The result: 
cleaner, quicker soldering. 

Available in a wide range of alloys and 
flux combinations, with particle size, flux 
content and viscosity equally variable, there 
can be a Multicore Oxide-Free Solder 
Cream tailor-made to suit your 
requirements. 

If, like Nikon, you need a solder 
medium that can be applied with a high 
degree of accuracy, either by syringe or silk 
screening, will give you a thoroughly 
reliable joint, and will fully comply with 
health and safety regulations*, you need to 
talk to Multicore about Oxide-Free Solder 
Creams. 

To fmd out more, use the reader reply 
service, cut the coupon or contact us direct 

*Multicore Rosin-based Solder Creams are safe to use 
provided certain precautions are observed. Details of these are · 
available on request. Multicore Solders Ltd. is a Registered 
Supplier of Solder Creams on the U.K. Defence Contractors 
List and are type approved by the Ministry of Defence to 
DTD. 599A. Multicore Rosin-based Solder Creams are 
approved on the Qualified Products List QQ- 5-S 71E of the 
US Defense Supply Ag~ncy. 
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Sales Department, Multicore Solders Limited, May lands Avenue, Hemel Hempstead, 

Hertfordshire HP2 7EP Telephone (0442) 3636. Telex 82363. 
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When a solder medium for the 
microprocessor-based circuitry of the 

new Nikon EM camera was needed, a 
Multicore Oxide-Free Solder Cream was 
chosen. 

Multicore, the world's leading authority 
on solder and soldering, has developed its 
own unique method of producing solder 
powders so that they are practically oxide- 
free. This means that the resultant solder 
cream will melt and flow as cleanly and as 

i 

A typical ordinary cream revealing poor particle 
shape and dross. 

Multicore Oxide-Free Solder Cream displaying clean, 
uniform globules. 

quickly as rosin-cored solder wire. Merely 
a faint residue of flux is left and any risk of 
solder globules being formed is minimised 
or even eliminated altogether. 

Where the Multicore Oxide-Free 
Solder Cream differs is in the physical 
characteristics of its particles. Ordinary 
creams contain atomised solder powder, 
with each particle covered with a layer of 
oxide. This has to be removed by the flux 
after heating but non-corrosive, rosin-based 
fluxes cannot do this effectively given the 
nature of the solder technique used. 
The particles in Multicore Oxide-Free 
Solder Cream, as the electron-microscope 
enlargement shown illustrates, are much 
cleaner and more uniform. The result: 
cleaner, quicker soldering. 

Available in a wide range of alloys and 
flux combinations, with particle size, flux 
content and viscosity equally variable, there 
can be a Multicore Oxide-Free Solder 
Cream tailor-made to suit your 
requirements. 

If, like Nikon, you need a solder 
medium that can be applied with a high 
degree of accuracy, either by syringe or silk 
screening, will give you a thoroughly 
reliable joint, and will fully comply with 
health and safety regulations* you need to 
talk to Multicore about Oxide-Free Solder 
Creams. 

To find out more, use the reader reply 
service, cut the coupon or contact us direct. 

"Multicore Rosin-based Solder Creams are safe to use 
provided certain precautions are observed. Details of these are 
available on request. Multicore Solders Ltd. is a Registered 
Supplier of Solder Creams on the U.K. Defence Contractors 
List and are type approved by the Ministry of Defence to 
DTD. 599A. Multicore Rosin-based Solder Creams are 
approved on the Qualified Products List QQ-5-S71E of the 
US Defense Supply Agency. 
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The biggest name in solder worldwide 
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Oxide-Free Solder Creams □ 
i would like you to contact me to arrange for 
a technical representativeto call □ 
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Sales Department, Multicore Solders Limited, Maylands Avenue, Hemel Hempstead. 
Hertfordshire HP2 7EP. Telephone (0442) 3636. Telex 82363, 
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