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DESIGN IDEAS - 

El<1 USING PIEZO ACOUSTIC 
RESONATORS 

STARTING IN 
THIS ISSUE 

JULY 1981 60p 

CAN BE BUILT 
COVER ANY 
TWO BANDS* 
FROM 
25MHz TO 
200 MHz 

* MODEL AERO 
* 4M 
* 2M 
* PMR etc. 

COMPULINK - 
LINKING MPU'S TO 

THE REAL WORLD 

IR REMOTE CONTROL 
DIGITAL STOPWATCH 

-LATEST NEWS 



IT'S ALL AT ARROW ID 
"Didn't know you stocked those", they said. "Oh, yes!" we said, "plus Yaesu Musen, 
Standard, Shure, Microwave Modules, Hi -Mound, CDE, Stolle, Vibroplex, 
Telecomm, Cushcraft, Swan ... ". "OK, that's enough", they said. "I'll send for your 
list-how much?" "FREE, of course", we said. "But a stamped addressed envelope 
would be nice." 
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TS280FM 
£199.00 

World's most compact 80 channel 50W 2 metre mobile rig. With auto select of 
repeater/simplex. Digital readout of channel. 
AND NOW WITH VOLUME CONTROL ON MIC AND AUTOMATIC 
TONEBURST R0 -R7 PLUS INPUT MONITOR CAPABILITY. 
(Optional extra). 
TS280LP NEW LOW PRICE £159.00 
16Watt version 8OCh 
NOW WITH AUTO TONEBURST R0 -R7 Et INPUT LISTEN. 
(Optional extra). 

- 

(VM35 Mike not Included( 

c 

Basic set £690.00 
FT307DMS Sommerkamp with Int. PSU Et DMS unit. Mic POA 

AND SOME OF THE. REST: 

FT7B- Still one of the best HF Mobiles-with mike and mobile mount £399.00 

C8800- Standard 2m FM mobile with digital display, scan with Microphone 
control: come and see it £252.00 

C7800- Standard's beautiful 70cm FM Box. Really nice unit, scans, mic. 
control etc £275.00 

SX200- Revco's super scanner with 26-514MHz (less a couple of gaps!!) 
Clock, Digital display, 16 -channel memory and much more ... £239.00 

DX8A- Hustler discone antenna for the SX200 or sim. £17.95 

IC2E ICOM's famous "pocket" portable supplied with free leather 
case £159.00 

ARROW now stock 
4 versions of 
this excellent 
transceiver: 

FT101Z with Analogue dial £445.00 
FT101ZD Digital with Fan Er Mic £515.00 
FT101ZD Digital-WARC version £569.00 
FT277ZD Sommerkamp Digital + WARC and all options £649.00 

Two versions of the 
"Wayfarer" from stock. 

FT707 Yaesu £529.00 
FT767DX Sommerkamp with CW Filter Et Mic £559.00 

FREE THIS 
MONTH WITH 
RECEIVERS 
(NOT FRG7700) 
HEADPHONES 
by YAESU 

R1000 Kenwood £289.00 
FRG -7 Yaesu £189.00 
FRG7700 Yaesu 

Mem. 
£309.00 
£389.00 FRG7700 + 

FRG7000 £259.00 

FT207R 12. 5kHz model with leather case, nica . £195.00 
NC3A Slot in charger 

. 
£39.60 

YM24 Speaker Mic £16.86 

MASPRO 7/8 wavelength 2m antennas now in £17.85 

NEW: 2 metre ground planes beautifully made 6dB gain £34.95 
70cm version 6dB gain £34.95 

DP1- Trap Dipoles for 80/40/20/10 or 80/40/15/10 from stock £25.30 

G4MH- "Jim's" famous beam from ARROW, a two Element for 20/15/10 for 
£79.95 cant be bad!! 

PLEASE SEND FOR OUR 1981 LIST, MAYBE THERE WILL BE SOMETHING 
YOU CAN'T GET ELSEWHERE-REMEMBER ALSO OUR LARGE 
COMPONENT STOCK IS STILL AVAILABLE MAIL ORDER-PLEASE ASK IF 

YOU'D LIKE A COPY OF OUR COMPONENTS LIST. 
REMEMBER ARROW ONLY STOCK FOR THE AMATEUR Et ELECTRONIC 
ENTHUSIAST WE DON'T OFFER YOU A SHOWROOM OF DOMESTIC HI-FI Er 

ONE EYED MONSTERS!! 

ALL -IN POLICY: ALL ADVERTISED PRICES INCLUDE TAX AND FREE DELIVERY (SECURICOR FOR RIGS) 

ARROW ELECTRONICS LTD 
7 Coptfold Road, Brentwood, Essex CM14 4BN 
Tel: 0277 226470 or 219435 Ansafone on 219435 Telex: 995801 

Open 5 days a week. Closed Thurs. 

ACCESS VISA INSTANT HP TWO YEARS' WARRANTY 
FREE QSLs BEST TRADE-IN PRICES 

NEW 1981 CATALOGUE FREE ON REQUEST (SAE PLEASE) 
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RAnio 8 
ELECTROMCS 

WORLD 

RADIO & ELECTRONIC WORLD BOOK SERVICE 

The R&EW Book Service 
By way of an introduction to part of the philo- 

sophy behind the forthcoming Radio and Electronics 
World, we are introducing some of the vastly 
expanded range of titles on electronics, radio and 
computing that we are now able to offer in con- 
junction with International Book Distributors. 

Unlike many magazine book services, R&EW is 
actually stocking the titles for direct despatch, 
and thus we are basically offering only those titles 
which we feel are really worthwhile. The editorial 
eye has been cast over the titles listed here, and we 
have weeded out those which we feel are not part- 
icularly appropriate or apposite. 

In case you think this must be the same range 
as you have seen elsewhere - wait a moment, since 
IBC has not previously engaged in such an excercise 
with a monthly magazine, you will find a plethora 
of new material herein. 

New titles are introduced at the rate of 3-4 a 
month, and we will be reviewing and stocking all 
those which have a contribution to make to the 
prime R&EW aim, which is to improve both the 
quantity and quality df the information that is 
available to the electronics enthusiast - be he/she 
an `amateur' or `professional'. 

You will see that we have introduced a couple 
of title from the famous Howard Sams series. The 
Sams' photofact series are widely appreciated in the 
USA as being the standard service engineer's `bible' 
on subjects ranging from washing machines to CB. 
In view of the nature of the equipment and the 
varying standards that apply both sides of the 
Atlantic - we will probably only be stocking the 
CB and scanner -monitor series for UK consumption. 

BOOKSBOOKSBooks 
Z-80 Microcomputer 
Projects 
by William Barden, Jr. 

208 pages; 81/2 x 11; softbound. © 1980 
(ISBN: 0-672-21682-5) £8.40 
Even a beginner in electronics will 
enjoy constructing and operating the 
EZ -80 microcomputer, a project that re- 
quires surprisingly little time and 
money. The book is a solid introduction 
to the Z-80 microcomputer and the re- 
markable chip, EZ -80. Several EZ -80 
applications programs are included. 

Microcomputer Interfacing 
With the 8255 PPI Chip 
by Paul F. Goldsbrough ij 
224 pages; 51/2 x 81/2; softbound. © 1979 
(ISBN: 0-672-21614-0) £5.80 
This self -instructional text is designed 
to introduce the reader to the Intel 8255 
Programmable Peripheral Interface 
(PPI) through discussion and experi- 
ments. Much of the material is appli- 
cable to PPIs in general and tells what 
the 8255 is, where it fits in a microcom- 
puter system, why it is used, and how it 
is used. 

One Evening Electronic 
Projects 
by Calvin R. Graf 
128 pages; 51/2 x 81/2; softbound. © 1980 
(ISBN: 0-672-21699-X) £3.20 
Even beginners will discover the pleas- 
ure of building their own electronic 
projects with this book as a guide. Sim- 
ple tools found in the home workshop 
and readily available components can 
result in an evening of fun and a useful 
project for the house, garage, work- 
shop, or office. 

Programming & Interfacing 
the 6502, With Experiments ti 
by Marvin L. De Jong . 

416 pages: 5' 2 x 8,2: softbound. © 1980 
(ISBN: 0-672-21651-5) £10.35 
Dr. De Jong has compiled 14 interest- 
ing chapters of information and pro- 
grams that will be useful to anyone in- 
terested in using 6502 -based micro- 
computer systems. Experiments and 
examples are written so that a KIM, 
AIM or SYM system may be used to 
reinforce the material presented in each 
chapter. 

R&EW BOOK SERVICE ELECTRONICS EXPLAINED R&EW BOOK SERVICE 
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BOOKS BOOKS BOOKS BOOKS BOOKS BOOKS BOOKS BOOKS BOOKS 

6502 Software Design 'j by Leo Scanlon. 
272 pages; 51/2 x 81/2; softbound. ©1980 
(ISBN: O-672-21656-6) £7.50 
The 6502 integrated circuit is a very 
popular microprocessor that is currently 
being used in general-purpose micro- 
computers, video games, and personal 
computers. This material is presented 
to increase the reader's understanding 
of the 6502 integrated circuit. Funda- 
mentals are first explained then more 
complex topics are gradually introduced 
in the nine information -packed chap- 
ters. 

Active Filter Cookbook 
by Don Lancaster 
240 pages; 51/2 x 81/2; softbound. © 1975 
(ISBN: O-672-21168-8) £9.70 
A practical, user -oriented treatment of 
active filters. Explains what active filters 
are and how they work, and gives de- 
tailed information on design, analysis, 
and synthesis techniques. Explores 
some interesting applications for active 
filters in brainwave research, electronic 
music, quadrature art, and psychedelic 
lighting. 

Design of Op -Amp Circuits, 
With Experiments 
by Howard M. Berlin 
224 pages; 51/2x 81/2; softbound. © 1977 
(ISBN: 0-672-21537-3) £5.80 
Covers the fundamentals of operational 
amplifier devices in linear amplifiers, 
differentiators, filters, and nonlinear 
amplifiers. Use of the readily available 
741 and 3900 devices is stressed with 
many practical circuits and 35 experi- 
ments. 

Practical Low -Cost IC 
Projects (2nd Edition) 
by Herbert Friedman 
96 pages; 51/2 x 81/2; softbound. © 1979 
(ISBN: O-672-21599-3) £2.95 
Presents complete parts lists and 

schematic diagrams for 38 different 
integrated -circuit projects, most of 
which can be inexpensively built in a 
few hours by either the inexperienced 
or the experienced project builder. Proj- 

ects include a walkie-talkie power pack, 
hi level mixer, scope calibrater, head- 
phone amplifier, LED power blinker, and 
fuzzer for electric guitars. 

555 limer Applications 
Sourcebook, With 
Experiments 
by Howard M. Berlin 
160 pages; 51/2 x 81/2; softbound. © 1976 
(ISBN: O-672-21538-1) £4.50 
Deals with the many applications of the 
popular 555 timer "chip." Uses for vol- 
tage regulation, control, sequencing are 
covered as well as the more usual tim- 
ing and signal generating functions. 
With many useful circuits and 15 de- 
tailed experiments. 

Computer Language 
Reference Guide with 
Keyword Dictionary. 

by Harry L. Helms, Jr. 

112 pages; 51/2 x 8'/2; softbound 
© 1980 

(ISBN: 0-672-21786-4) £4.50 
If you're working with computers 
and find yourself confronted 
with programs written in 
languages you normally don't 
use or even know, then this new 
book is exactly what you need. 
Seven chapters explain the 
computer languages-BASIC, 
ALGOL, LISP, Pascal, PU1, 
COBOL and FORTRAN. Each 
chapter follows the same 
pattern-introduction, program 
format, variables and constants, 
etc.-to give you a clear distinc- 
tion of the differences in each 
language. A helpful Resource 
work list is included in most chap- 
ters, while Chapter 8 contains a 
complete keyword dictionary. 
You can depend on this quick, 
easy -to -follow reference for a 
better understanding of today's 
computer languages. 

ORDERS TO R&EW AT 200, NORTH SERVICE ROAD BRENTWOOD ESSEX 
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TRS-80 Interfacing-Book 
by Jonathan A. Titus 
192 pages; 51/2x 81/2; softbound. © 1979 

(ISBN: 0-672-21633-7) £5.80 
If you have a fairly good understanding 
of the commands in Level Il BASIC, this 
book will appeal to you. The book intro- 
duces you to the signals available 
within the TRS-80 computer and to 
show you how they can be used to con- 
trol external devices. You will have an 
opportunity to construct and test a 
number of interesting interface circuits 
that will be used in the experiments. 

TRS-80 Interfacing -Book 2 
bu Jonathan A. Titus, Christopher A. 

Titus, and David G. Larsen 
256 pages; 51/2 x 81/2; softbound. © 1980 

(ISBN: 0-672-21739-2) £7.10 
Introduces you to more advanced inter- 
facing techniques that allow you to do 
real things with your TRS-80 computer. 
You learn how to drive high current and 
high voltage loads, how to generate vol- 
tage and current signals used in a 
variety of control applications, how to 
measure unknown voltages and cur- 
rents with your computer, and how to 
use remote control circuits that allow 
you to control Universal Asynchronous 
Receiver/Transmitter Chips, analog -to- 
digital and digital -to -analog converters, 
and other devices located some dis- 
tance from your computer. Contains 
complete software examples. 

How to Program and Interface 
the 6800' 
by Andrew C. Staugaard, Jr. 

416 pages; 51/2 x 81/2; softbound. © 1980 

(ISBN: 0-672-21684-1) £10.351 
An in-depth introduction to micro- 
processors and microcomputers in gen- 
eral and the Motorola 6800 micro- 
processor family in particular. Covers 
6800 -based microcomputers -learning 
systems. Over 30 "real -world" experi- 
ments demonstrate applications as the 
concepts are being explained. Includes 
detailed discussions of the internal 
structure, instruction set, and pro- 
gramming techniques for the 6800. 
Input/output techniques, memory inter- 
facing, the 6820/6821 peripheral inter- 
face adapter, and system interfacing 
are all covered. 

Design of VMOS Circuits, 
With Experiments 
by Robert T. Stone & Howard M. Berlin 
176 pages; 51/2 x 81/2; softbound. © 1980 

(ISBN: 0-672-21686-8) £7.10 
The vertical metal oxide semiconductor, 
or VMOS, is a new and exciting device 
that may be a giant step towards the 
ideal active circuit element. This book 
written to whet your appetite, features 
11 chapters on the VMOS and its char- 
acteristics. Chapter 11 presents a 
series of experiments that demonstrate 
a number of the concepts discussed in 
earlier chapters. 

DBUG: An 8080 Interpretive 
Debugger 
by Jonathan A. Titus and 
Christopher A. Titus 
112 pages; 51/2 x 81/2; softbound. © 1977 

(ISBN: 0-672-21536-5) £3.20 
This text describes DBUG, a software 
debugging package for 8080 -based 
microcomputers. It describes the opera- 
tion of the program and how it can be 
applied to program development and 
testing. Complete with documentated 
hexadecimal and octal listings of pro- 
grams. 

TV Antennas and Signal 
Distribution Systems 
by M. J. Salvati 
256 pages; 51/2x 81/2; softbound. © 1979 

(ISBN: 0-672-21584-5) £6.45 
An invaluable guide to selecting and in- 
stalling tv antennas and signal distribu- 
tion systems, this book is packed with 
easy -to -understand information on 
using these systems to produce high 
quality tv reception. Many of the anten- 
nas described have been personally 
tested by the author. 

Design of Phase -Locked Loop 
Circuits, With Experiments 
by Howard M. Berlin 
256 pages; 51/2 x 81/2; softbound. © 1978 

(ISBN: 0-672-21545-4) £6.45 
The design of the basic PLL circuits is 
described; detector, phase comparator, 
and voltage -controlled oscillator circuits 
are detailed. Contains many practical 
circuits using the 560 -series devices 
and the CMOS 4046 chip. With over 15 
experiments. 
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WORLD BOOK SERVICE RADIO K.. ELECTRONIC WORLD 1300K SERVICE 
The Howard W Sams Crash 
Course in Microcomputers 
by Louis E. Frenzel, Jr. 
264 pages; 81/2 x 11; wirebound. © 1980 
(ISBN: 0-672-21634-5) £11.40 
Because of its content and unique form 
of presentation, the reader is provided 
with a solid background in microcom- 
puters quickly and effectively. This 
course, arranged as a series of lessons 
in a self -teaching format, features 14 
units and 2 appendices that will teach 
the average consumer as effectively as 
the scientist with a PhD to deal with 
complete microcomputer systems. 
Each unit includes self -test review 
questions and answers. 

Practical RF Communications 
Data for Engineers and 
Technicians 
by M. F. "Doug" DeMaw 
256 pages; 51/2 x 81/2; softbound. © 1978 
(ISBN: 0-672-21557-8) £5.80 
Communications engineers and techni- 
cians who need a practical reference of 
rf circuit design data will find that these 
five chapters of vital information have 
been compiled specifically for them. 
Subjects include ferromagnetic de- 
vices, networks for semiconductor cir- 
cuits, transistor design basics, receiver. 
design basics, and practical communi- 
cations antennas. Each chapter con- 
tains an extensive bibliography. 

other books currently available 
General Titles Computer Books 
ABCs Integrated Circuits 2.55 Architecture of Concurrent Programmes 16.20 Ferromagnetic Core Design Handbook 12.95 CP/M Primer 7.75 How to Build your own Stereo Speakers 4.50 Mostly Basic; Apple II 7.10 Integrated Circuit Projects 3.60 Mostly Basic; PET 7.10 99 Practical Electronic Projects 3.85 Mostly Basic; TRS-80 7.10 Practical Hardware Details 14.25 
Unique Electronic Weather Projects 
Radio Books 

5.15 Watch these pages for more new 
titles in this exciting series. 

CB Radio Construction Projects 2.55 Post your completed Order Form to: Ham & CB Antenna Dimensions 1.65 
Intro Microcomputers/Ham Shack 3.20 RADIO & ELECTRONICS WORLD 
Microwave Devices & Circuits 19.45 Book Department, Microwave Theory & Applications 
Practical RF Communications Data 

14.25 
5.80 200, North Service Road, 

Q & A about CB Operations 2.45 Brentwood, Essex CM14 4SG 

Please supply the following books: No. of 
copies 

price £ p 

POSTAGE & PACKING 75p for the first book of any order, 
Orders over £50 - Free Delivery. 

I herewith enclose a cheque/P.O. no 
value £ * made payable to RADIO 
and ELECTRONICS CONSTRUCTOR: 
Please debit my Access/Barclaycard 
No. 
* please delete as applicable. 

Allow up to 21 days for delivery. 

thereafter 

name 

25p per b ook. 
Total 

address 

postcode 
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50 (FET) Field 
Effect Transistor 
Projects 

1 

28 Tested Transistor 
Projects 

Fun & Games with 
Your Electronic 
Calculator 

7r 

50 Projects 
Using IC CA3130 

5O CMOS IC 
Projects 

DIRECT READER SERVICE 
RADIO 8t ELECTRONICS BOOKS 

18. 50 Projects Using IC CA3130 £1.25 47. Practical Electronic Calculations and Formulae £2.25 
19. 50 CMOS IC Projects £1.25 48. Radio Stations Guide £1.45 
20. A Practical Introduction to Digital IC's 95p 49. Electronic Security Devices £1.45 
22. Beginners Guide to Building Electronic Projects £1.25 50. How to. Build Your Own Solid State 
23. Essential Theory for the Electronics Hobbyist £1.25 Oscilloscope £1.50 
26. 52 Projects Using IC741 
28. Two Transistor Electronic Projects 

95p 
85p 

51. 50 Circuits Using 7400 Series IC's 
52. Second Book of CMOS IC Projects 
53. Practical Construction of Pre -Amps, Tone 

£1.45 
£1.50 

29. How to Build Your Own Metal and Treasure Controls, Fitters & Attenuators £1.45 Locators £1.00 54. Beginners Guide to Digital Techniques 95p 
30. Electronic Calculator Users Handbook 95p 55. 28 Tested Transistor Projects £1.25 
31. Practical Repair and Renovation of Colour TVs £1.25 56. Digital IC Equivalents 
32. Handbook of IC Audio Preamplifier and Power and Pin Connections £2.50 

Amplifier Construction £1.25 57. Linear IC Equivalents 
33. 50 Circuits Using Germanium, Silicon and Zener and Pin Connections £2.75 

Diodes 75p 58. Electronic Household Projects £1.75 
34. 50 Projects Using Relays, SCR's and TRIACS £1.25 59. Microprocessor Primer £1.75 
35. Fun and Games with your Electronic Calculator 75p 60. Remote control projects £1.95 
36. 50 (FET) Field Effect Transistor Projects £1.25 61. Electronic Music Projects £1.75 
37. 50 Simple L.E.D. Circuits 75p 62. Electronic Test Equipment Construction £1.75 
38. How to Make Walkie-Talkies £1.25 63. Power Supply Projects £1.75 
39. IC 555 Projects £1.75 64. Elements of Electronics Book 4 £2.95 
40. Projects in Opto -Electronics £1.25 65. Practical Computer Experiments £1.75 
41. Radio Circuits Using IC's £1.35 66. Radio Control for Beginners £1.75 
42. Mobile Discotheque Handbook £1.35 67. Popular Electronic Circuits Book 1 £1.95 
43. Electronic Projects for Beginners £1.35 68. Electronics synthesiser Projects £1.75 
44. Popular Electronic Projects £1.45 69. VMOS Projects £1.95 
45. IC LM3900 Projects £1.35 70. Digital I.C. Projects £1.95 
46. Electronic Music and Creative Tape Recording £1.25 71. International Transistor Equivalents Guide £2.95 

POSTAGE 30p PER BOOK, and 15p THEREAFTER FOR EACH BOOK ORDERED 

To: Data Publications Ltd., 57 Maida Vale, London W9 1SN 

Please send me within 21 days copy/copies 
Book Nos 

I enclose Postal Order/Cheque for £ 

Name 

Address 

(Block Letters Please) 

(We regret this offer is only available to readers in the U.K.) 
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DIRECT SUPPLY SERVICE TO READERS 
TOWERS INTERNATIONAL TOWERS INTERNATIONAL 

TRANSISTOR SELECTOR FET SELECTOR 
(NEW REVISED EDITION) 

Towers' International 
Transistor Selector 
TOlöwaro 

This is dead! 

Would this replace it? 

If it takes you longer than 1 minute to find out all about these 
transistors then you need a copy of TOWER'S INTERNATIONAL 
TRANSISTOR SELECTOR. It's one of the most useful working 
books you will be offered this year. And probably the cheapest! 

In it, you will find a really international selection of 13,000 
transistor types - British, Continental European, American and 
Japanese. And we think that they will solve 90% of your transistor 
enquiries. 

Current and widely used obsolete types were carefully selected 
and arranged in Numero -Alphabetical order by an author who 
was uniquely qualified to do the job. With his compendium, all 
you need to know is the type number and you can learn all about a 

transistor's specification; who made it and where to contact 
them; or what to use to replace it. 

Price £10-70 inc P&P 

Fet 

000alt* 00N000 40.000 
00fßc. 0l0iN* 

e, 000 
tÌ1 
eee 

emo 

It ;w0 000 ON 
0000* 00 

If you deal with field effect transistors, or fet's - whether as a 

student, a hobbyist, a circuit engineer, a buyer, a teacher or a 

serviceman - you often want data on a specific fet of which you 
know only the type number. 

Specifications apart, you may be even more interested in where 
you can get the device in question. And perhaps more important 
still (particularly with obsolete devices), you may want guidance 
on a readily available possible substitute. 

This fet compendium, a comprehensive tabulation of basic 
specification, offers information on: 
1. Ratings 
2. Characteristics 
3. Case details 
4. Terminal identifications 
5. Applications use 
6. Manufacturers 
7. Substitution equivalents (both European and American) 

The many fet's covered in this compendium are most of the 
more common current and widely -used obsolete types. 

It is international in scope and covers fet's not only from the 
USA and Continental Europe, but also from the United Kingdom 
and the Far East (Japan). 

(Please allow 21 days for delivery) 

Tower's 
International 
Transistor 
Selector 

by T. D. Towers 
MBE, MA, BSc, C Eng, MIERE 

£10-70 
inc. post and packing 

To:-DATA PUBLICATIONS LTD. 
57 MAIDA VALE 
LONDON W9 1SN 

Please send me copy/copies 
to the address shown below 

NAME 

ADDRESS 

(Block capitals) I 

r 
Price £4-60 inc P&P 

Tower's 
International 
FET 
Selector 

by T. D. TOWERS 
MBE, MA, BSc, C Eng, MIERE 

£4-60 
inc. post and packing 

To:-DATA PUBLICATIONS LTD. 
57 MAIDA VALE 
LONDON W9 1SN 

Please send me copy/copies 
to the address shown below 

NAME 

ADDRESS 

(Block capitals) 
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Chokes, block filters, ceramic filters, resonators, IFTs, oscillator coils, audio filter blocks etc. 

LOW PASS FILTERS 
Now from 10kHz to 20MHz 
TOKO's recently expanded 
LPF series covers from the 
audio spectrum through to 
20MHz in a series of LPFs 
for mpx, video, radio etc. 

HELICAL FILTERS 
for VHF and UHF: 

The LPFs are based on 
7&10mm formats with 
up to 4 LC tuned ele- 
ments per block. Many 
stock types available. 

2 & 3 elements available 
Featuring low 

VIDEO FRAME STORES 

* 525/625 operation 
* 512 pixell/line 
* Local or remote control 
* Top/bottom & L/R reverse 
* Models available with digitized I/O 

insertion losses, 
-80dB at the 
+/- 21.4MHz 
points. Ask 
for details. 

r 
'v^/..,.. 

I 

Y 

an® 

CERAMIC RESONATORS & 
PIEZO SOUNDERS 

ABI T international 

Audio buzzers now 
down to 1kHz - low 
cost 400-600kHz 
crystal replacements 
for MPUs, RCs etc. 
Low cost - wide range. 

Video frame stores are a new add- 
ition to TOKO's memory product 
range. They permit easy analysis of 
low dose X -Ray pictures, digital 
processing of picture' information 
(including the VFM1OD with 8" 
disk drive) with much better 
resolution than available from VTR 

TELEPHONE (STD 0277) 230909 TELEX 995194 AMBIT G POSTCODE CM144SG 

200 forth Seruike Rood, Brentwood, ESSeo 

THE MODERN BOOK CO 

WORLD RADIO T.V. HANDBOOK 1981 EDITION £10.50p 
REPAIRING POCKET TRANSISTOR 
RADIOS 
by I. R. Sinclair Price£2.55 
TEST GEAR PROJECTS 
by T. Dixon Price £4.50 
ELECTRONICS - BUILD & LEARN 
by R. A. Penfold Price £3.20 
AUDIO AMPLIFIERS FOR THE HOME 
CONSTRUCTOR 
by I. R. Sinclair Price £3.00 
BEGINNER'S GUIDE TO INTEGRATED 
CIRCUITS 
by I. R. Sinclair Price £3.50 
BEGINNER'S GUIDE TO RADIO 
by G. J. King Price £3.50 
ELECTRONIC PROJECTS IN THE 
WORKSHOP 
by R. A. Penfold Price £2.75 
110 ELECTRONIC ALARM PROJECTS 
FOR THE HOME CONSTRUCTOR 
by R. M. Marston Price £4.35 
UNDERSTANDING MICROPROCESSORS 
by Texas Ins Price £4.00 
AMATEUR RADIO OPERATING MANUAL 
by R. J. Eckersley Price £4.70 

THE OSCILLOSCOPE IN USE 
by I. R. Sinclair Price £3.50 
PROJECTS FOR THE CAR & GARAGE 
by G. Bishop Price £4.00 
SIMPLE CIRCUIT BUILDING 
by P.C. Graham Price £2.75 
UNDERSTANDING HI FI SPECIFICATIONS 
by John Earl Price £3.40 
BEGINNER'S GUIDE TO DIGITAL 
ELECTRONICS 
by I. R. Sinclair Price £3.50 
ELECTRONICS POCKET BOOK 
by P. J. McGoldrick Price £5.00 
PROJECTS IN RADIO & ELECTRONICS 
by I. R. Sinclair Price £2.50 
UNDERSTANDING CALCULATOR MATH 
by Texas Ins. Price £4.00 
UNDERSTANDING SOLID STATE 
ELECTRONICS 
by Texas Ins Price £4.00 
AMATEUR RADIO TECHNIQUES 
by P. Hawker Price: £3.70 
COST EFFECTIVE PROJECTS AROUND 
THE HOME 
by J. Watson Price 4.50 

AUDIO CIRCUITS & PROJECTS 
by G. Bishop Price £5.35 

PRINTED CIRCUIT ASSEMBLY 
by M. J. Hughes Price: £2.75 

MICROPHONES IN ACTION 
by V. Capel Price £5.00 

BEGINNER'S GUIDE TO COLOUR 
TELEVISION 
by G. J. King Price £3.50 

HOW TO BUILD ELECTRONIC KITS 
by V. Capel Price £2.50 

ELECTRONIC GAME PROJECTS 
by F. G. Rayer Price £2.75 

UNDERSTANDING DIGITAL 
ELECTRONICS 
by Texas Ins. Price £4.00 

HOW TO BUILD SPEAKER ENCLOSURES 
by A. Badmaieff Price £3.50 
BEGINNER'S GUIDE TO HAM RADIO 
by L. Buckwalter Price £3.50 

We have the Finest Selection of English and American Radio Books in the Country 
ALL PRICES INCLUDE POSTAGE 

19-21 PRAED STREET (Dept RC) LONDON W2 1 NP 
Telephone: 01-402 9176 
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C.B. P.A. 
MICROPHONES, 

Hand held with thumb 
switch & Curly Lead, 

Type 1 60051 dynamic at 
£4.25. 

Type 2 600t1, noise 
cancelling type at £7.25 
Type 3 Power type, 
with volume control 
1191 Imp, £7.95 

SEMICONDUCTORS 
LM340 80p. BY103 10p. 
2N5062 100V 800mA SCR 
18p. BX504 Opto Isolator 
25p. CA3130 95p. 
MC4741CP 50p. 741 22p. 
741S 35p. 723 35p. NE555 
24p. 2N3773 £1.70. NE556 
50p. ZN414 75p. BD238 
28p. BD438 28p. CB4069 
15p. 4" Red Led Displays, 
c.c. or c.a. 95p. TIL209 Red 
Leds 10 for 75p. Man3A 
3mm Led Displays 40p. 
BY223 20p. 

PROJECT BOXES 
Sturdy ABS black plastic 
boxes with brass inserts 
and lid. 75 x 56 x 35mm 
65p. 95 x 71 x 35mm 75p. 
115 x 95 x 37mm 85p. 

MOTOROLA PIEZO 
CERAMIC TWEETERS 
No crossover required 

2.5" Direct Radiating 
Tweeter, maximum rating 
25 volts R.M.S. 100 watts 
across 8 ohms. Freq. range 
3.8kHz-28kHz, £3.65 

TOOL SALE 

Small side cutters 5" in- 
sulated handles £1. Radio - 
pliers, snipe nosed in- 
sulated handles £1. Heavy. 
duty pliers insulated 
handles £1.10. Draper side 
cutters spring loaded £1. 

HANDY BENCH VICE 
1" Jaw opening, £2.95. 

Hand drill, double pinion 
with machine cut gears,, 

only £2.75p plus 50p 
p&p. 

MORSE KEYS 
Beginners practice key 
£1,05. All metal full adjust- 
able type. £2.60 

F.M. MICROPHONE, 
Electret condenser 
type, tuneable 85- 
95Mhz. Arrival distance 
50 mtrs. (Approx out- 
doors) Size 163 x 35 
mm £10.25. (Not licen- 
seable in U.K.). 

JVC NIVICO STEREO 
CASSETTE MECHANISM. 
Music centre type. Rev. 
counter, remote operation 
£13.50 and £1.00 p&p. 

JUMPER TEST LEAD 
SETS 

10 pairs of leads with 
various coloured croc clips 
each end (20 clips) 90p per 
set. 

TRANSFORMERS 
All 240VAC Primary (post- 
age per transformer is 
shown after price). 
MINIATURE RANGE: 6-0- 
6V t00mA, Volts 100mA, 
12-0-12V 50mA all 79p 

each (15p). 0-6, 0-6V, 
280mA £1.20 (20p). 6V 
500mA £1.20 (15p). 12V 2 

amp £2.75 (45p). 30-0- 
30V 1 amp £2.85 (54p). 
20-0-20V 2 amp £3.65 
(54p). 0-12-15-20-24-30V 
2 amp £4.75 (54p). 24 volt 
2 Amp £2.45 (54p). 

T.V. AERIAL 
AMPLIFIERS 

Wide Band, 240 VAC 
operated, with two out- 
lets, £7.75 

MICROPHONES 
Min. tie pin. Omni, uses 
deaf aid battery (supplied), 
£4.95, ECM105 low cost 
condenser, Omni, 600 
ohms, on/off switch, stan- 
dard jack plug, £2.95. 
EM507 Condenser, uni, 600 
ohms, 30-18kHz., highly 
polished metal body £7.92. 
F.M. WIRELESS MIC- 
ROPHONE, 88-108 MHz, 
Electret type £10.25. 
EM506 dual impedance 
condenser microphone 
600 ohms or 50K, heavy 
chromed copper body, 
£12.95. CASSETTE 
replacement microphone 
with 2.5/3.5 plugs £1.35. 
GRUNDIG electric inserts 
with FET pre amp, 3-6VDC 
operation £1.00. 

LIGHT DIMMER 
240VAC 800 watts max. 
wall mounting, has built in 
photo cell for automatic 
swich on when dark £4.50 

C.B. 40 CHANNEL 
RECEIVER 

For car use, operates 
on 12v DC., £7.95 

SPECIAL OFFER TAPE 
HEAD DEMAGNETIZER 

240VAC with curved probe 
suitable for reel to reel or 
cassette machines, £1.95. 

STEREO FM/GRAM TUNER 
AMPLIFIER CHASSIS, VHF 
and AM. Bass, treble and 
volume controls, Gram. 8 - 

track inputs, headphone 
output jack, 3 watts per 
channel with power supply. 
£14.95 and £1.20 p&p 

MULTIMETER 
BARGAINS 

Pocket Multimeter, 1,000 
opv sensitivity. Ranges 
1KV AC/DC Volts, 150ma 
DC current, resistance 0- 
2.5K, 0-100K, £4.50 

20,000 opv., 1,000 volts 
AC/DC, DC current to 
500ma, 5 ranges, resist- 
ance 4 ranges to 6 meg. 
Mirror scale, carrying 
handle, £975. 

40kHz Transducers. Rec/ 
Sender £3.50 pair. 

TELEPHONE PICK UP 
COIL 

Sucker type with lead and 
3.5mm plug 62p. 

500v electronic megger, push 
button operation. Ranges: - 
LO ohm Range 0 - 1000 (MW 
scale 50(0 - 100MO Mid scale 
5MH11) £46.75p 

Stabilized power sup- 
plies, 240V A.C. input out- 
put 13.8 volts at 3/5 amps 
D.C. £14.75p 

TERMS: 
Cash with order (Official 
Orders welcomed from 
colleges etc). 30p postage 
please unless otherwise 
shown. VAT inclusive. 
S.A.E for illustrated lists 

MULTI -TESTER 

KRT5001 50k/v range doubler 
multimeter, 0-1kv (125mv LO 
range) 0- 1kv AC. 0- 10amp 
DC. 0 - 20MO res. ILO ohm 0 
- 2k range) 170 x 124 x 50mm 
£15.50. 

_ 
_. 

YN360TR MULTIMETER 

YN360 M/Meter. 20,000 ohms 
per volt. IKV AC/DC volts, 
250ma dc current, 4 resistance 
ranges to 20meg, also has built 
in transistor tester with leakage 
and gain ranges. £12.50 

CRIMPING TOOL 

Combination type for crimping 
red blue and yellow termina- 
tions also incorporates a wire 
stripper (6 gauges) and wire 
cutter, with insultated handles 
only £2.30. 

SWITCHED TYPE PLUGS into 
13 amp socket, 3-6-9 volts DC 
out at 300mA, £2.95. STAB- 
LISED SUPPLY, 3-6-7.5-9 volts 
DC out at 400mA max., with 
on/off switch, polarity revers- 
ing switch and voltage selector 
switch, fully regulated to sup- 
ply exact voltage from no load 
to max. current £4.95. 

AMPHENOL 
CONNECTORS 

(PL259) PLUGS 47p. Chassis 
sockets 42p. Elbows PL259/ 
S0239 90p. Double in line male 
connector 12XPL259) 65p. Plug 
reducers 13p. PL259 Dummy 
load, 52 ohms 1 watt with 
indicator bulb 95p. 

BUZZERS 

MINIATURE SOLID STATE 
BUZZERS, 33 x 17 x 15mm 
white plastic case, output at 
three feet 70db (approx), low 
consumption only 15mA, volt- 
age operating 4-15VDC, 75p 
each. LOUD 12VDC BUZZER, 
with, metal case. 50mm 
diam. x 30mm high 63p. Carters 
12 volt Minimite Alarm sirens 
£7.65p. 12VDC siren, all metal 
rotary type, high pitched wail, 
£6.25. 

TOOLS 

SOLDER SUCKER, plunger 
type, high suction, teflon 
nozzle, £4.99 (spare nozzles 
69p each). 
All Antex irons still at pre 
increase prices, order now 
as new stock will be going 
up next month. 
Antex Model C 15 watt 
soldering irons, 240VAC 
£4.45 
Antex Model CX 17 watt 
soldering irons, 240VAC 
£4.45 
Antex Model X25 25 watt 
soldering irons, 240VAC 
£4.45 
ANTEX ST3 iron stands, 
suits all above models 
£1.65 
Antex heat shunts 12p 
each. 
Servisol Solder Mop 50p 
each. 
Neon Tester Screwdrivers 
8" long 59p each. 
Miyarna IC test clips 16 pin 
£1.95 

SWITCHES 
Sub. miniature toggles: 
SPST (8 x 5 x 7mm) 42p. 
DPDT (8 x 7 x 7mm) 55p. 
DPDT centre off 12 x 11 x 
9mm 77p. PUSH 
SWITCHES, 16mm x 6mm, 
redtop, push to make 14p 
each, push to break version 
(black top) 16p each. 

TEI Mobile SWR metre, 
with field strength, PL259 
connection, £8.35. 

RES. SUB BOX 

Resistance Substitution 
Box. Swivelling disc 
provides close tolerance 
resistors of 36 values from 
5 ohms to 1 meg., £3.95. 

Signal Generator. Ranges 
250Hz-100MHz in 6 Bands, 
100MHz-300MHz (har- 
monics) internal modulator 
at 100Hz. R.F., output Max. 
0.1vRMS. All transistorised 
unit with calibrating 
device. 220-240VAC opera- 
tion, £48.95. 

TAPE HEADS 
Mono cassette £1.75. 
Stereo cassette £3.90. 
Standard 8 track stereo 
£1.95 BSR MN1330 track 
50p. BSR SRP90 i track 
£1.95. TD10 tape head 
assembly - 2 heads both 
track R/P with built in 
erase, mounted on bracket 
£1.20 

PROGRESSIVE 
RADIO 

31 CHEAPSIDE, LIVERPOOL 2. 

ALL ORDERS DESPATCHED BY RETURN POST 
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"CITIZEN'S 
STEEL 

SUITABLE 

BAND 
ENCLOSURES 

FOR 

RADIO" 

Direct From Manufacturers 
"QUINN TYPE" 

Ridged Construction - Stove Enamelled 
Front, Base & Rear one piece (Satin Black) 
Wrap over cover one piece (White Gloss) 

ACCESSORIES 
Aluminium drop in Chassis (Blank) 

Pivot Bracket "Bright Plated" 

TRADE ENQUIRIES WELCOME 
Larger Enclosures, Console, Brackets, 

Chassis, Prototype or Production Runs. 

"QUINN" TYPE 
SIZE IN MM 

TYPE LENGTH HEIGHT DEPTH PRICE CHASSIS PIVOT BRACKET 
A 120 60 90 £4.85 95p £1.40 
B 200 60 90 £5.70 £1.30 £1.90 
C 180 100 150 £8.50 £2.95 £2.30 
D 250 100 150 £12.60 £3.65 £2.85 

POST AND PACKAGE £1.00. 

JAMES ENGINEERING 
(Phillips -James Engineering (North East) Ltd.) 

Precision sheet metal and press work 
Phone: Chester -le -Street 883230 

Registered Office and Works: 
Unit 4, Stella Gill Industrial Estate, Pelton Fell, 

Chester -le -Street Co. Durham DH2 2RG. 

PLEASE SUPPLY "QUINN TYPE" ENCL. 
TYPE ENCLOSURE QTY CHASSIS QTY PIVOT BRACKET QTY 

A 

B 

C 

D 

TICK REQUIREMENTS 

I ENCLOSE CHEQUE/PO 

NAME 

ADDRESS 

BLOCK LETTERS PLEASE. 

LATEST 
BOUND VOLUME 

Na 33 
of 

"Radio & Electronics 
Constructor" 

SEPTEMBER 1979 to AUGUST 1980 
Comprising 7ges 
inc index PRICED £6.20 P&P £1.50 

BOUND VOLUME No. 27 
(August 1973 to July 1974) 

Price £3.00 P&P £1.50 

BOUND VOLUME No. 28 
(August 1974 to July 1975) 

Price £3.20 P&P £1.50 

BOUND VOLUME No. 29 
(August 1975 to July 1976) 

Price £3.50 P&P £1.50 

BOUND VOLUME No. 30 
(August 1976 to July 1977) 

Price £3.70 P&P £1.50 

BOUND VOLUME No. 31 
(August 1977 to August 1978) 

Price £5.20 P&P £1.50 
BOUND VOLUME No. 32 

(September 1978 to August 1979) 
Price £5.20 P&P £1.50 

Limited number of these 
volumes still available. 

We regret all earlier volumes are now 
completely sold out. 

Available only from 

DATA PUBLICATIONS LTD., 
57. MAIDA VALE, LONDON, W9 1SN 
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RX 80 MkII - A DIY SOLID -STATE-OF-THE-ART MODULAR 
DUAL CONVERSION RECEIVER SYSTEM FOR THE ENTHUSIAST 

AS DESCRIBED IN JAN/FEB/MAR 81 RADCOM BY TONY BAILEY-G3WPO : REPRINTS £1 ine 

* LOW DRIFT VARICAP TUNING (READILY ADAPTABLE FOR 
SYNTHESISED/ HUFF&PUFF STABILIZATION) 

* DUAL CONVERSION BASED ON A 3-4 MHz SSB IF, WITH 
MECHANICAL IF FILTER, AUDIO DERIVED AGC, BALANCED 
MIXER, WITH ON-BOARD AF AMP AND VOLTAGE REGULATOR 

* CAPACITY FOR UP TO 12HF/VHF/UHF 1 MHz WIDE CRYSTAL 
CONTROLLED CONVERTERS WITH TRACKED RF TUNING 

* EACH CONVERTER SELF CONTAINED - SO MORE CAN BE USED 
EXTERNALLY IF REQUIRED. RF PATHS ARE DC SWITCHED AT 
LOW IMPEDANCE 

CURRENT OPTIONS INCLUDE 
* LCD DFM with built in IF offset, interface PCB ..£23.75 
* HUFF/PUFF vfo stabilizer ..£9.60 
* NBFM adapter inc 8kHz multielement ceramic IF filter ..£9.95 
* Constant Z PIN diode attenuator ..£4.95 
* 12v low RF noise mains PSU ..£7.95 

ane 

PRICES 
RX 80 Mk. II tuneable 3-4MHz SSB receiver/IF with MFL series 
2.4kHz mechanical SSB IF filter 
A/A but with low cost 4kHz CFM2 series filter 
HF Converters, including crystal for the following bands: 
1-2MHz, 7-8MHz, 10-11MHz, 14.15MHz, 18-19MHz, 21.22MHz 
24-25MHz, 28-29MHz, 29-30MHz 

. Hardware: Case, meters, pots, knobs (exc. DFM) 
Complete RX 80, 6 converters, switches, case, PSU 

..£42.66 

..£32.42 

..£9.10 ea 

..£25.00 

..£132.50 

PLANNED 3-4MHz IF frequency synthesiser 
ADDITIONS 'UP Conversion' front end system 

TO THE AM IF adapter Noise blanker 

SYSTEM VHF/UHF converters with helical filters 

PRICES EXCLUDE VAT (15%(. Postage 50p on orders under £12. Free postage on orders over £12, except please note 

any order including HARDWARE should he accompanied with a £2 carriage charge . General price lists are available FOC 

with an SAE - full AMBIT catalogues including a multitude of radio parts/components £1.80 a set - or 70p per section. 

ABIT international 
TELEPHONE (STD 0277) 230909 TELEX 995194 AMBIT G POSTCODE CM14 4SG 

200 forth 5eruike Rood, Brentwood, EsseK 
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TRANSISTORS 
PNP, otherwise 

NPN 

AC12230v.2w 12p 
AC12630v.2w 16p 
AC12836v1wt 5p 

AC15332v1wt 11p 
AC17632v.7w 11p 
AC17920v1.1w 40p 

AC18825v1w 10p 
ACV2040v.3w 30p 
ACY2140v.3w 20p 

ACY2840v.2w 22p 
AD16120v6wt 40p 
A0162 20v 6wt 40p 

AD16425v6w 40p 
AD165 25v 6w 40p 

AF11930v.2w 35p 
AF12432v.1w 27p 
AF12632v.1w 27p 
AF12732v.1w 27p 
AF13922v.1w 23p 
AF17825v..1w 35p 
AF18025v.16w 35p 
AF1813Dv.16w 33p 
AF23920v.1w 35p 
ALZ1050v.5w 37p 

ASY60 35p 
ASY6326v.1w 4p 
ASY7330v.15w 35p 
ASZ21 20v .12w 4p 

AU107 200v 30w 
£1.55 

AU 110 160v 30W 
£1.43 

AU113 250v 30w 
£1.031 

BC107A/B 7p 
BC108/A/B/C 7p 
BC109/B 30v .3w 7p 
BC109C30v.3w 71p 
BC12550v.3w 4p 
BC125B60v .3w 4p 
BC129A/B 50v .2w 

7p 
BC130A/C 25v .2w 

7p 
BC131C 25v .2w 7p 

BC13940v.7w 11p 
BC14040v.7w 15p 
BC14160v.7w 11p 

BC14360v.8w 11p. 
BC147/A/B/C 51p 
BC148/A/B/C Sip 
BC149/A/B/C/S' 5113 
BC15440v.2w 7p 
BC157/A 50v .4w 51p 
BC158/A/B 51p 
BC159/B/C 51p 
BC160/10 40v 3.2w 

12p 
BC168B 20v .3w 71p 
BC1718 45v .3w 4p 
BC17225v.3w 61p 
BC172C 25v .3w 71p 
BC17325v.3w 4p 
8C177A 45v .4w 

101p 
BC178A/B/C 101p 
BC179B 20v .3w 14p 
BC182/AL 50v .3w 

5p 
8C182L50v.3w 3p 
BC183A/AL/L/LC 3p 
BC18445v.3w 5p 
BC18640v.3w 21p 
BC187 30v .3w 8p 
BC196A 30v 50mw 
100for £3.65p 
BC197A 50v 50mw 

4p 
BC198B 30v 50mw 
100for £3.65p 
BC1998 30v 50mw 
100 for E3.65p 
BC20450v.3w 11p 
BC212B 50v .3w 5p 
BC213L 45v .3w 5p 
BC213LA 45v .3w 3p 
BC213LB 45v .3w 4p 

BC214B45v.3w 5p 
BC214L 45v .3w 31p 
BC237A 45v .3w 71p 
BC237B50v.3w 71p 
BC23820v.3w 5p 
BC238B/C 71p 
BC239C 20v .3w 71p 

BC25145v.3w 3p 
BC257B 45v .3w 71p 
BC258B/C 7ip 
BC259C 20v .3w 71p 
BC30190v.9w 15p 
BC30280v.9w 15p 
BC304 80v .9w 15p 

BC30745v.3w 7p 
BC308B/C 25v .3w 

7ip 
BC3098 20v .3w 71p 
BC327 45v .7w 5p 
BC328 25v .7w 6p 
BC33745v.7w 6p 
BC33825v.7w 5p 
BC382L 50v .3w 71p 
BC384B45v.3w 7112 
BC54680v.6w 5p 
BC547/A/B45v 5p 
8C548/A/B/C 5p 
BC549C 30v .5w 5p 
BC556 80v .5w 5p 
BCC557/B 5p 
BC558A 30v .5w 5p 
BC55930v.5w 5p 

BC612L 75v .3w 4p BFW31 50v.5w 15p NSD457 160v 10wt 
8CX3280v.8w 80p BFW5780v.5w 18p 23p BCX3360v.75w 10p BFW5880v.5w 18p NSD U45 40v 10wt BCX3440v.8w 10p BFX1220v.3w 23p Darlington 30p BCX36 60v 1.5w 10p BFX2960v.6w 11p NSD U5130v10wt BCY1160v.5w 28p BFX3060v.6w 16p 22p BCY31 64v .6w 59p BFX37 60v .4w 16p NSD U55 60v 10w BCY5645v.3w 10p BFX84100v.8w 20p 25p BCY70 50v .35w 9p BFX85100v.8w 14p 0C2355v16w 53p BCY71 45v .35w 9p BFX8840v.6w 20p 0C28 80v 30w 78p BCY7225v.3w 9p BFX8930v.2w 20p OC4116v.1w 4p BCY79845v.3w 15p 8FY3945v.3w 20p OC4216v.1w 21p BCZ11 25v .25w 32p BFY5035v1wt 15p 0C43 15v .1w 55p BD11360v 15w 57p BFV51 60v 1w 15p 0C4415v.1w 4p BD115250v6w 35p BFV5240v1w 15p OC4515v.1w. 13p B011680v10w 35p BFY7530v.35w 15p 007130v.2w 4p B013145v15w 15p BFY9030v.2w 59p 007232v.2w 4p 6013245v15w 15p BLY10 100v 115w 007632v.13w 15p BD133 90v 15w 28p 23p 0077 60v .13w 46p BD13545v13w 22p BR 101 Prog. 20p OC8132v.6w 5p BD13645v13w 14p BRV39 Uni- 29p 008432v.6w 30p BD137 60v 8w 28p BRV56 Junct 29p OC20030v.25w 41p BD13860v8w 28p BSV6045v.8w 30p OC201 25v .25w 66p BD137/8 mtch pr BSV64 100v 1w 36p 0C20215v.25w 66p 60p 8SV7940v.4w 50p OC60322v.iw 50p BD13980v 12w 30p BSV8040v FET 50p 00701 80v .35w 50p BD14080v 8w 26p BSV81 Dep. Mos Fet ON222 23p BD142 50v 117w 35p 75p P77 Plastic 10wt 15p BD15670v25w 50p BSX1940v.4w 15p P346A30v.6w 24p B018270v117w 44p BSX2040v.4w 7p P7029 30p BD201 45v 60w 86p 8SX21120v.3w 10p PXB103 30v .15w BD202 45v 60w 64p BSX78 40v .3w 8p 25p BD203 60v 60w 86p BSY4025v.3w 30p R1039120088) 54p B0204 60v 60w 86p BSY95A 20v .3w 10p R2008B 660v 85w BD232 500v 15w 34p BU105 1k5v tOw 64p £1.18 B023345v25v 20p - BU105/04 78p R20108 £1.18 BD235 60v 25w 35p 6U2041k3v10w 75p R2306 100v 40w 26p BD238 80v 25w 25p C1544 4p R2540 £1.70 B0239C 115v 30w C1601 4p RCA467 Pwr. Darl. 29p D40C4 40v 8wt ' 22p BD24055v30w 30p Darlington 22p RCP701A/B/D lOwt BD2408 90v 30w 36p D40D1 45v 7wt ' 22p 30p : BD240C 115v 30w D40D2 45v 7wt 15p RCP703 80v 10w 30p 39p 040D4 60v 7wt 22p S3017 25p 8024145v40w 22p 041D245v7wt 22p SB240 26p BD242B 90v 40w 30p D43C7 70v 13wt 30p SFT357 20v .12w BD243 55v 65w 32p D43C8 50v 13wt 30p 26p BD244B 90v 65w 43p D45C2 40v .30w SL102 40p 8D244C 115v 65w 220HFE 50MHz 50p 1E886 £1 45p DS70 Darl. lOwt 22p TIP29 40v 30w 22p BD24655v80w 32p GET102 30v .2w 46p TIP30 40v 30w 22p BD253 350v 50w 44p GET111 60v.2w 45p TIP30C 100v 30w BD277 45v 70w 37p GET120 30v .44w 26p B037550v25w 35p 30p TIP31C 100v 40w B043745v36w 36p M103G MOSFET 30p 26p BD438 45v 36w 28p MA393 32v .5w 25p TIP32A 60v 40w 22p BD597 60v 55w 36p MD7000 30v .7w dual TIP32C 100v 40w BD677 60v 40w 50p £2.25 

TIP41 40v 65w 
BD678 Pwr. Darl. ME2 15v .1w ' 13p 

TIP42C 100v 65w 
15p 60v 40w 50p ME0412 60v .2w 14p BDX33A 88v 20w ME0461 60v .3w 71p 33p Darlington .36w TIP48300v 40w 33p BDX42 60v 3w 36p 

. 71p TIP 110 60v 50w Darl. BDX77 80v 60w 50p ME610260v.4w 71p ' " 30p BDY2060v117w 86p ME800380v.4w 20p TIP112-100v50w 45p BF115 50v .2w 180 MJ481 60v 90w 25p TIP115 60v 50wt 8F137 160v .7w 11p 'MJE370 30v 25w Darlington ' 30p BF16730v.15w 18p. 32p T1P2955100v90w BF17325v.2w 18p MJE371 40v 40w 45p BF178 185v .6w 23p 40p TIP3055 100v 90w BF179250v.6w 23p MJE2371 60v 40w 34p BF18030v.2w 12p 80p TIS4425v.25w 9113 BF18130v.2w 8p MJE29011(Higain TIS60GY 40v .3w 3p BF18225v.12w 18p 2955)60v90w 50p T1S6140v.3w 3p BF18325v.12w 18p TuIn 15 Russian 25p TIS73L FET 7p 8F18420v.15w 18p Mn41 Russian 25p TIS9040v.65w 4p BF18520v.15w 18p MP811360v3w 25p T1S9140v.65w. 6p BF194A/B 51p MPF131 Dual TIS92GY 40v .65w BF195/C/D 51p MOSFET 21p 14p BF19640v.25w 51p MPS 8513 60v 3w 1159830v.25w 3p BF19740v.25w 51p 31p TK2430v.2w 20p BF19830v.3w 51p MPS413 30v..31w U14710 20p BF20030v.2w 13p Darl. 21p V43530v.6w 20p BF22445v.36w 4p MPU131 Prog. Uni J. Z7403P30v.3w 30p BF244CFET30v 71p 15p ZT1486 110v 25w BF245 FET 6p MRF502 Improved E1.10 BF25430v.3w lep BFY90 90p ZTX341 100v .3w 9p BF256FET 813 MST 1027 80v 100w 2G10315v.3w 33p BF256LB/LC/FET 6p 40p 2G30220v.2w 12p 81-25/160v5w 20p MST1072 300V 100W 2030920v.3w 30p BF259 see 2N5058 50p 2G339A 30v .15w BF26230v.12w 29p MST2007 4p ' 20p BF26330v.12w 29p MST2013 4p 2037120v.2w 18p. BF27425v.12w 8p M5T2015 
- 1018 2N388 25v .15w 71p BF32430v.3w 31p 4p 2N456A 40v 90w 71p BF336185v3w 16p MST2018 1018 2N52545v.3w 12p BF355300v3w 15p 

- 
. 4p 2N52745v.2w 12p BF394B 3p n 16A Russian 25p 2N597 45v .25w 16p BF45140v.3w 6p n12ARussian. 25p 2N598 35v .25w 16p BF49420v.3w 10p NKT49 23p 2N601 35v .75w BF494820v.3w 101p NKTA52 10v .1w 20p £1.50 BF49520v.3w 5p NKTB5410v.1w 30p 2N644 30v .15w 22p BF595C 30v.25w 91p NKT1526v.1w 38p 2N698120v.8w '12p BF615 27p NKT153 32v 1.6w 2IV699120v.6w 12p BF617 27p 24p 214706/A 25v .3w BFQ35 15p NKT1546v.1w 26p 101p BFQ37 16p NKT251 30v .2w 18p 2N70840v.4w 9p BFR34A 12v .2w £1 NKTME2 15v .1w 2N71860v.4w 10p BFR3840v.2w 68p 13p 2N720A 120v .5w BFR86120v.8w 19p NS0102 45v 10wt 12p BFS21 FETpair £3 23p 2N720120v.5w 12p BFS28 Dual M/Fet NSD104 80v 10w 2N73680v.5w flp 50p 26p 2N91440v.4w 15p BFT3070v.36w 15p 

NSD129 250v 10wt 2N918 15v .2w 12p BFT3160v.36w 15p 2N92945v.3w 16p BFT3990v.8w 15p 
NSD131 250v 10wt 3p 2N93045v.3w 7p BFT4160v.8w 15p 2N984 15v .1w 28p BFT6080v.8w 6p 30p 2N98740v.iw 45p 8FT6160v.8w 15p NSD132 250v 10w 214109125v.2w 16p BFT70 70v .36w 15p 30p 2N1132 50v .6w 14p BFT7140v.36w 15p NSD134 300v 10wt 2N130225v.2w 16p BFW10FET30v 46p 30p 2N1303 30v .2w 16p BFW11 FET30v 46p NSD151 30v 10wt 2N1395 40v .15w BFW3020v.25w 15p Darlington 22p 25p 

2141484 100v .25w 2145191 60v 40w 40p 
36p 2N529380v36w 30p 2141485 60v 25w 36p 2N5294 80v 36w 30p 2N1487 60v 70w 90p 2N5295 60v 36w 30p 2N1490 100v 70w -£3 2N5296 60v 36w 30p 2N150015v.1w 30p 214529780v36w 36p 2141507 60v .6w 18p 2N5298 80v 36w 36p 214171175v.8w 13p 2N544930v.3w 3p 2N171690v15w 15p 2N5484 30v FET 37p 2N1724A 118wt RF 2N5492 75v 50w 36p 180v f2.10 2N5915 116068) 214174630v .2w 28p 450Mhz 6WT R.F. 12v 2N2192A 60v .8w £2 50 15p 2N6028PUJT 6p 2N2221A 40v .5w 9p 214610345v75w 45p 2N2222A 40v .5w 8p 2N610680v40w 44p 2N236940v.4w 10p 2N610960v40w 44p 2N2401 71p 2N611140v40w 36p 214241225v .3w 27p 2N6124 45v 40w 24p 2142483 60v .36w 2146178 100v 25w 

28p 30p 2N248460v .4w 10p 2N6180 100v 25wt 
2N258660v.3w 15p 30p 

2N618175v25w 30p 
2146288 30v 40w 36p 
2N6290 60v 40w 30p 
2N629280v40w 30p 
2146385 80v 100wí 
Darlington 55p 
2N6387 60v 40w 36p 
2N6486 40v 75w 36p 
2N6488 90v 75w 36p 
2570130v.5w 18p 
2SA1216v.1w 42p 
2SA5018v.1w 36p 
2SA8020v.1w 36p 
2SA8325v.1w 36p 
2SA14115v.1w 36p 

2SA142 15v .1w 36p 
2SA234 20v .1w 50p 
2SA23618v.1w 50p 
2SA354 25v .1w 38p 
2SA36020v..1w 34p 
2SA36720v.1w 56p 
2SA51818v.1w 38p 
254,634 50v 10w 80p 
2SB7525v.15w 25p 
2507725v.15w 25p 
2SB13530v.1w 25p 

2S5136 25v .15w 
25p 

2N261432v.9w 4p 
2N2887 £2 
2N2894 12v .36w 

11p 
2N2904 60v .6w 9p 
2N290660v.4w 9p 
2142907/A 60v .4w 

9p 
2N2926Y 25v .2w 4p 
2N2926 Orange 
25v.2w 4p 
2143020 140v .8w 

25p 
2143054 90v 30w 35p 
2N3055 100v 115w 

38p 
2N3055RCA 100v 
115wí 68p 
2N3133 50v .6w 24p 
2N3235 55v 117w 

38p 
2N328325v.1w 25p 
2143375 65v 12wrf £3 
2N341885v1wt 15p 
2143442 160v 117w 

75p 
2N3583 250v 35w 

18p 
2N3645 60v .3w 3p 
2143663 30v .2w 6p 
2N3702 40v .4w 4p 
2N370350v.3w 3p 
214370450v .4w 4p 
2N370730v.3w 4p 
2N371130v.3w 8p 
2143714 80v 150w 

54p 
2143792 80v 150w 

53p 
2143794 75v .5w 14p 
2N3799 90v .36w 

18p 
2143823 FET 30v 25p 
2N3878 120v 35w 

45p 
2N390460v.3w 71p 
2N3905 40v .3w 71p 
2N390840v.3w 8p 

2SB156 16v .15w 
60p 

2513175 30v .15w 
20p 

2SB176 32v .15w 
20p 

256457 20v .15w 
25p 

2SC1061 50v 25w 
50p 

2SD234 60v 25w 50p 
25D315D 200v 
40w 80p 
353-3 40v 5wt 22p 
362-4 300v 6wí A/F 
Video Amp (BF459) 

30p 
868-01 Plast. 10wt 

15p 
1034 Plast. 10wí 15p 

2N4000 100v 15w 16120 (MPSU55/ 
15p BD238) 19p 

2N402660v.5w 15p 4023545v.2w 50p 2N403180v1w 15p 4025050v30w 36p 
2144039 MOSFET 40250V)12N3054 + Ht 

54p ' sinkt 40p 
2N4285 -17p 4031640v.50w 36p 2N440340v.3w 71p 40372 (2N3054 + Ht. 
2N4691 FET 30p sink) 40p 2N4898 40v 25w 37p 40349v2 160v 1w 
2144900 80v 25w 37p 30p 
214491840v30w 15p 4039460v1w 30p 2N5037 70v 83w 52p 40409 90v 3w 32p 2N5058 300v .5w 40633 40w 36p 

11p 4087480v40w 38p 2N5147100v7w 15p 40911 (2146261 + Ht. 
2145163 Fet 25v 2113 sink) 40p 

Amp 
0.1 

1 

2.5 
3.5 

6 
6' 
8 
8 
8' 

10 
12 
15 
20 
25 
25 
25 

Volt 
40. 

400 
600 - 

400 
400 

400 
400 
500 
500 
600 
500 
600 
100 
100 
200 

1200 

TRIACS 
7W84 
21061650 
2N5757 . 

T2710D 
T2716D/40730 
125008/41014 
T2700D 
T2850D 
BT137-500 
72801E 
14101M 
BT138-500 
T4110M 
TIC253A 
BTX94-100 
TIC256 
81X94-1200 

11p 
32p 
44p 
58p 
74p 
54p 
65p 
72p 
72p 
72p 
80p 
90p 
93p 
80p 

£2.25 
£1.05 

£5 

END OF LINE STOCK ITEMS AND COMPUTER & AUDIO BOARDS/ASSEMBLIES WITH VARY- ING CONTENTS INCLUDE ZENER, GOLD 
BOND, SILICON, GERMANIUM, LOW AND HIGH POWER TRANSISTORS AND DIODES, HI 
STAB RESISTORS, CAPACITORS, ELECTROLY- TICS, TRIMPOTS, POT CORES, CHOKES, 

INTEGRATED CIRCUITS, ETC. 
31b for £2.80 71b for £5.00 
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652 
RADIO AND ELECTRONICS CONSTRUCT1 



OPTO 
ELECTRONICS 

Photo Diodes: 30F2, 
31F2, 32F2, 33F2, BPX40, 
BPY10, BPY68, BPY69, 
BPV77, CQY17, CQY77, 
All types 38p 
Wire end neons 5p. 
Photo transistor: BPX43, 
BP103, 2N5777, Dar- 
lington 36p; LED's Nut - 
lard Siemens) Red 5mm 
8p. 3mm 13p; Green 
5mm 13p, 3mm 13p; 
Yellow 5mm 13p, 3mm 
13p, micro LD481 8p 
PHOTO SILICON CON- 
TROLLED SWITCH 8PX66 
PNPN 10 amp 36p. 
CA3062 Photo Detector 
and power amp. £1.05p 

7 SEGMENT L.E.D. 
DISPLAYS 
.3" Red com. anode 81p 
,6" Green C.A. £1.77 
5082-7650 Red com. 
anode. 
5082-7653 Red corn. cath 
5082-7600 Yellow corn. 
anode. 
H.P. Highbrilliance.43" 

72p 

HEWLIT PACKARD 
MULTIPLEXED .11" 

7 SEGMENT LED 
DISPLAYS 

3 Digit HP5082 7413 45p 
4 Digit HP 5082 7414 45p 
5 Digit HP 5082 7415 45p 
Infra red transmit diodes 
COY11B or L0271 High 
power 1.6-2v or 3-3.5v 
Pulse 32p 
LD242 36p 
H15B Photon coupled 
isolator I.R. diode and 
NPN Photo -Darlington 
amp 26p 
CNY17/1 opto coupler 

70p 
Cold cathode tubes I.T.T. 
G517A or 5870L 60p 

DIODES 
=AA11890v50ma 4p 
- AA119 30v 35ma 7p 
= AA133 100v 50ma 9p 
: AA144 100v 5ma 4p 

AAZ15 100v 250mal 5P 
AAZ17 50v 40ma 6p 

BÂ101Bvaricap 10p 
BA11620v 100ma 30p 
BA127 60v 100ma 3p 
BA128 50v 100ma 21p 
BA145 350v 500ma 21p 
BA148 350v 500ma12p 
BA182 Varicap 6p 
BAX 13 50v 150ma 3p 
BAX14 40v 350ma 21p 
BAX20 25v 115ma 3p 
BAX21 50v 120ma 3p 
BAX22 100v 120ma 3p 
BAX54 Bp 
BAY36P 30v 3ma 2ip 
BAY44 50v 250ma 4p 
BAY68 25v 115ma 3p 
BAV72100v400ma 4p 
B6103 Varicap 24p 
B8104 Varicap 16p 
BB109 Varicap 24p 
BB1108 Varicap 24p 
BB113 3x Varicap 43p 
BB139varicap £1 
BR100 Diac. 15p 
BY206 350v 600ma 71p 
BY207 600v 600ma23p 
BY402100v1A 21p 
BY403 200v 1A 21p 
Centercell 
CG651 
CR HG/3 
CSD117YLZ 
CV7095 

3p 
9p 

10p 
40p 
21p 

CV7098 21p 
D3202Y Diac. 11p 
DC2845 Microwave 20p 
DOG53 11p 

*Germanium: rest silicon 
FSY28A 40p 
HG1005 100v 45ma 3p 
HG101250v50ma 10p 
MPN3401 VHF switch3Op 
0A5 100v 115ma 
0A7 25v 50ma 
OA10 25v 110ma 
OA40 40v 50ma 
OA47 30v 150ma 
OA51 50v Soma 

25p 
25p 
25p 
4p 
7p 
4p 

OA70 22v 50ma 10p 
0A75 40v 50ma 11p 
0A7945v35ma 11p 
0A81 115v 150ma 31p 
0A90 30v 45ma 4p 
0A91 115v 150ma 6p 
0A95 115v 150ma 6p 
0A200 50v 250ma 2ip 
N63100v40ma 4p 
N337 200v 200ma 4p 
N447 40v 25ma 3p 
N604400v300ma 4p 
N662 80v 40ma 21p 
N914 75v 225ma lip 
N916 100v 300ma Zip 
N3062 75v 20ma 3p 
N3063(BAV10) 6p 
N3064 76v 10ma 21p 
N4009 25v 75ma 21p 
N4148 100v 200ma 11p 

N4149 100v 200ma 3p 
N4150 50v 200ma 2ip 
N4151 50v 200ma 21p 
N4152 40v 200ma 3p 
N4446 100v 200ma 21p 
N4449 100v 200ma2ip 

IN515425v30ma 3p 
IN5456 Varicap 15p 
I6922 150v 200ma 4p 
IS94030v50ma 3p 
5082 2900 RF Schotky 

Barrier 50p 

11 
11 

21 
21 
21 
3 
3 
3 
3 

3: 

Miniature 

BRIDGE RECTIFIERS 
60VOLT 
1,600 
110 - 

100V 
140 
400V 
50V 
75V 
150V 
200V 
400V 
400V 
800V 
1000 
100 
350V 
500V 
50 
100 
200 
400 

100 
400 

Meter 

830C350 
BYX 10 
EC433 
B400800 
USH01-200 
M DA 104 
W0135 
IBIBY234 
IBIBY235 
W02 Ex Equip 
W 04 
UE4R1 
WOB 
W10 
I.R. 
9F2 
9E4 
KBS005 
KBS01 
KBS02 
KBSO4 

B40C 3200 
Texas 

Type 

23p 
34p 
20p 
12p 
25p 
29p 
27p 
i lip 
15p 
15p 
28p 
12p 
27p 
36p 
400 
53p 
85p 
30p 
30p 
30p 
30p 

39p 
85p 
34p 

SPECIAL OFFER 

IN4004 or IN4006 Sealed 
manufacturers carton of 

300. 
£6.85 

Nuts, Bolts, Washers, 
Screws, Self Tappers, 

Spacers etc. 
1kg. for £2.66p 

MONO XTAL 
CARTRIDGE STEREO 

COMPATIBLE 
E.R. compat X 2 £1.20p 

carrier 15p 

STEREO XTAL 
CARTRIDGE 

Garrard GCS23 £1.30p 
Carrier 15p 

MONO CERAMIC 
CARTRIDGE STEREO 

COMPATIBLE 
Garrard GKM24T 

£1.20p 
Carrier 15p 

GKM24 f spacer L1.20p 

TINNED COPPER WIRE 
0.5mm/25 SWG 

;KG £2.60p 
24 SWG 200 GRM 95p 

Tye 
BVP26 
BY127 
BY212 
BV235 
BV236 
BY264 
BY265 
BY266 
BY275 
BY277 
BY1202 
BVW55 
BVW56 
BVX20-200 
BVX22-200 
BVX38 300R 
BYX38 600 
BYX38 900 
BYX38 1200 
BYX42 300 
BYX42 600 
BYX42 900 
BYX42 1200 
BYX46 300R 
BYX46 400R 
BYX46 5006 
BYX46 600 
BYX48 300R 
BYX48 600 
BYX48 900 
BYX48 12008 
BYX49 300R 
BYX49 600 
BYX49 900R 
BYX49 1200 
BYX52 300 
BYX52 1200 
BVX70 
BYX72 150R 
BYX72 300R 
BYX72500R 
BYX94 
DD3026 
E250050 
KS11394 
LT102 
M1 
MR856 
MSR5 
0A210 
RAS3 10AF 
RAS508AF 
REC53A 
SKE4G 
SR100 
SR400 
SR1825 
N3254 
N4002 
N4004 
N4005 
N4006 
N4007 
N5059 
N5401 
N5402 
N5406 

IN5408 
S027 
S138 
25G100 
3052 
16094P 
16492 

RECTIFIERS 
Volt Amp 
650 1 

1250 1 

15kv 50oma 
6 1i 
90000 1 

300 3 
600 3 
900 3 
600 5 
1200 5 

800 2 (Oxide bead) 
1000 2 (Oxide bead) 
200 25 
300 11' 
300 6 
600 6_ 
900 6. 
1200 6- 
300 12 
600 12 
900 12 
1200 12 
300 151 
400 15 Avalanche 
500 15 
600 15 
300 6 
600 6 
900 6 
1200 
300 
600 6 
90 6 1200 

6 
300 48 

150 
300 
500 
1250 1 

400 2i 
250 
800 
30 
68 
600 
800 
400 
1250 
1250 
1250 
200 
100 
400 
100 
400 1 

100 1 

400 1 

600 1 

800 1 

1250 1 

200 14 

200 3 
3 

1000 
800 11 
800 
100 
200 
900 
700 

500 
48 

10 
10 
10 

Price 

5p p 
6p 
lip 
lip 
9p 

11ip 
150 

19iP 
27p 

60 
15p 
18p 
72p 
25p 
48p 
52p 
60p 
65p 
36p 
46p 
92p 

£1.07 
£1.19 
f1.75 
E2.00 
E2.30 

47p 
60p 
70p 
92p 
35p 
42p 
47p 
60p 

E2.05 
£2.90 

4p 
42p 
52p 
65p 

6n 
lop 

1 14p 
3 23p 
2 15p 
t 5p 
3 24p 
3 12o 
5 33p 
11 Avalanche 48p 
11 (Avalanche) 50p 
ti Pack of 4 66p 
6 22p 
1; 9p 
1; 1op 
50 75p 

4p 
4p 

41P 
6p 
6p 
6p 

1013 
12íp 
11p 
15c 
19p 
11p 
210 

60 E4.35 
3 11p 
2 15p 
11 91p 

Amp Volt 
0.8 200 

1 240 
1 240 
1 400 
1 700 
2 400 
3 600 
3 100 
4 50 
4 50 
4 400 
4 400 
4 500 
4 500 
4 600 
4 600 
4 600 
5 ' 400 
5 500 
5 600 
5 600 
5 600 
6 100 

6.5 500 
6.5 500 

7 400 
7 600 

100 
8 600 

12 1000 
15 800 
16 400 
20 600 
75 800 

110 20 
150 1000 
150 1200 

19p 
35p 
35p 
410 
70p 
40p 
53p 
36p 

S107F Sensitive Gate 36p 
S2060F Sensitive Gate 36p 
S2060D 36p 
S2061D Sensitive Gate 38p 
40506 with heatsink 580 
17083 36p 
C106M Sensitive Gate 3/p 
2N3228 36p 
GAK 36p 
S5800D/R 
17047A 4Óp 
17058 440 
S5800M 44p 
BT121 70p 

':SCR 6/100 33p 
BT107 £1 
BT109/SCR957 71p 
S2620D 45p 
S2620M 45p 
S2800A 36p 
S 122M 54p 
CR121103-RB £8 
BTX95-800 Pulse Modulated £1 
2N6403 82p 
BTW92-600RM £3.40 
71CG80 £6 
72RC2A £3 
151RA100 £10 
151RA120 £11 

THYRISTORS 
2N5064 
BTX18-200 
BTX30-200 
BTX18-300 
BT 106 
S2710D with heatsink 
T3NO6C00 

Cl T3N1C00 

ZENER DIODES 
4/500MW. BZY88, 81X97, etc. 51p 
2v. 2v7. 3v. 3v3. 3v6. 3v9. 4v3. 4v7. 5v1. 5v6. 6v8. 7v5. 8v2. 
9v1. 10v. 11v. 12v. 13v. 13v5. 15v. 18v. 20v. 22v. 24v. 27v. 30v. 
33v. 43v. 
BZY61 Laboratory Standard 400MW 7v5. Voltage Regulator 
Diode 12p 
1.3/1.5WTBZX6I, BZY97, etc. 11p 
3v. 3v6. 3v9. 4v3. 4v7. 5v6. 6v2. 6v8. 8v2. 10v. 11v. 12v. 15v. 18v. 
20v. 27v. 33v. 
2.5WT BZX70, etc. 13P 
3v6. 3v9. 5v6. 6v2. 7v. 7v5. 8v. 9v. 10v. 11v. 14v. 15v. (8p) 20v. 
22v.28v. 
5WT BZV40, etc. 15p 
3v3. 3v6. 3v9. 4v3. 4v7. 5v1. 5v6. 6v2. 6v8. 7v5. 8v2. 8v7. 9v1. 
10v. 11v. 12v. 15v. 20v. 33v. 68v. 120v. 
1OWTZ5D, ZX, 1550, etc. 23p 
4v3. 4v7. 5v1. 5v6. 6v2. 6v8. 7v5. 8v2. 10v. 11v. 12v. 13v. 16v. 
18v. 21v. 22v. 33v. 36v. 39v. 43v. 51v. 56v. 62v. 68v. 75v. 150v. 
15WT BZV15C 12R 12volt 37p 
2OWT BZY93, etc. 44p 
8v2. 39v. 
TEMPERATURE COMPENSATED REFERENCE 
IN935B, IN936B, IN9378 9volt 
IN9418, IN9428, IN943B 11.7volt 

MY CATALOGUE 175p + 25p post/pack) OFFERS AT VERY LOW 
PRICES, THE FOLLOWING: 
CAPACITORS . .. ELECTROLYTIC; CAN, WIRE END, TANTALUM, 
MULTIPLE, COMPUTER GRADE. NON POLAR PAPER BLOCK, CAN 
POLY, MICA, CERAMIC LOW AND HIGH VOLTAGE, RESISTORS V. 
WATT TO 100 WATT; 0.1% TO 10% CARBON, METAL AND WIRE 
WOUND + NETWORKS. FANS, BATTERIES, SOLENOIDS, TAPE 
SPOOLS, VARIABLE CAPACITORS AND RESISTORS, TRIMMERS, 
PRESETS, POTS ... SINGLE, DUAL, SWITCHED, CARBON, CERMET 
AND WIREWOUND, SINGLE OR MULTITURN, ROTORY AND SLIDE. 
DIODES, RECTIFIERS, BRIDGES, CHARGERS, STYLI), SOCKETS, 
PLUGS, RELAYS, TRANSISTORS, IC'S, CLIPS, CRYSTALS, ZENERS, 
TRIACS, THYRISTORS, BOXES, PANELS, DISPLAYS, LED'S, COUP- 
LERS, ISOLATORS, NEONS, OPTO'S, LEADS, CONNECTORS, 
VALVES, BOOKS, MAGAZINES, TERMINALS, CHOKES, TRANS- 
FORMERS, TIMERS, SWITCHES, COUNTERS, LAMPS, INDICATORS, 
BELLS, SIRENS, HOLDERS, POWER SUPPLIES, HARDWARE, 
MODULES, FUSES, CARRIERS, CIRCUIT BREAKERS, KNOBS, 
THERMISTORS, VDR'S, INSULATORS, CASSETTES, METERS, 
SOLDER, HANDLES, LOCKS, INDUCTORS, WIRE, UNITS, MOTORS, 
COILS, CORES, CARTRIDGES, SPEAKERS, EARPHONES, SUPPRES- 
SORS, MIKES, HEATSINKS, TAPE, BOARDS AND OTHERS. 
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BRIAN J. REED SEE PRECEDING PAGES FOR ORDERING INSTRUCTIONS. 
Cut out and keep these 3 pages. Over the months they will 
bring to you some of the 6,000 items stocked. 

326 HINIL 2, 2, 3, 3, Input Nand 20p 
332 Hex inverter, HINIL 11p 
343 4 bit comparator 5p 
371AJ (MC664) Decade count. HINIL Sp 
542 Servo Amp 18p 
576-14 audio amp, 2 watt 60p 
577 Mod A.F. Equaliser/Pre-amp 69p 
702CLOPAMP 25p 
709/72709 OP Amp 18ip 
7232v -37v 150ma Regulator 35p 
724 Zero Crossing A.C. Trigger 20p 
.733 diffr. wide band video amp 40p 
741 OP Amp 17p 
747 Dual OP Amp Mp 
930DC Dual 4 in ext Nand 5p 
933DC Dual 4 in ext 5p 
936DC Hex lnverter 5p 
937DC Hex Inverter 5p 
946DC Quad 2 in Nand 5p 
949DC Quad 2 in Nand. Fast 5p 
961DC Dual4in Ext Nand 5p 
963DC 5p 
1315P2 Multivib. 1 shot processor 36p 
1535 MOS decoder 50p 
1702A eprom 256x 8 - £3.10 

2102 Memory 1024 static 450ns 73p 
21078 see µPD411AC 
2125 1024x1 Static 95ns RAM £1.25 
2140 4 x S.P.D.T. for D/A £113 
2472 MOS decoder 50p 
25 LS 374 Octal D edge Trig F/F 3st1 

30 
£2.60 
£5.00 
£1.07 

£1 
£1.45 

2708 Eprom 1024x8 
2716 Eprom 2048 x 8 
3351-2DC 40 x 9 Bit FIFO 2MHZ 
3624-4 prom 512x69Ons 
4060 Dynamic RAM 300ns 4k BIT 
5203 see 1535 
5224 see 2472 
7400 Quad 2lnput 
74H00 Positive Nand 26p 
74LS00 Gates 13p 

lip 

74500 18p 
7401 1, Quad 2 input positive 7Ip 
74H01 ( Nand + 0/C out 28p 
7402 quad 2 in pos nor 12p 
7403 Quad 2 in Nand 0/C - 12p 
7404 Hex. Inverter 11p 
54/7406 Hex. Inv./Buff/Drive 15p 
74LS08 Quad 2 in pos. and 16p 
7410 Triple3 Input 10p 
74L10 Positive Nand 25p 
74H10 Gates 18p 
7411 riple 3 In. Pos. and. Op 
7414 Hex. Schmitt trig. Invertor 29p 
7420 Dual4lnput lip 
74520 Positive Nand Gates 19p 
74522 ual 4 In. Pos. Nand o/c 18p 
7425 dual 4in nor strobe 18p 

74284 x tin + Nor Buf/CL. Drive 16p 
5430 12p 
7430 B In. Pos. Nand lip 
74L30 11íp 
54/7437 Quad 2 In. Pos. Nand. Buf. 13p 
7438 Quad tin nand bui 0/P 14p 
7440 Dual 4 in Nand Buffer 13p 
74H40 Dual 4 in. Pos. Nand. Buffer 28p 
7441 BCD to DEC. Decode/Drive 42p 
7442 BCD to Decimal Decoder 26p 
74LS42 BCD to Decimal Decoder 40p 
7445 BCD Decimal Decoder 42p 

Expandable Dual 2 
74H50,1 Wide 2 Input and/or Inv. 28p 
7454 1i4 Wide 2 In. and or Inv. 11p 
74L541 11íp 
54/74721 And Gated JK Master 171p 
74L72 J Slave F.F. Preset + Clear 25p 
5473 Dual JK Master 12p 
7473 Slave Flip Flops 17p 
74H73 with Clear 28p 
7474 1 Dual D. Poo. Trigger 13p 
74L74 FF 2/Preset + Clear Zap 
7475 Quadlatch 24p 
64/7476 Dual JK Maa./SL Flip Flop 19p 
5480 gated full adder 22p 
7482 2 Bit Binary Full Adder 35p 
7483 14 Bit Binary full 45p 
74LS83J Add + Fast carry 47p, 
54/7486 Quad exclusive or 161p 
5490/7490 Decade Counter 25p 
7493 Binary Counter 4 Bit 25p 
74954 Bit Shift Reg. P.I.P.O. - 35p 
54/74L95 4 Bit Ser./Par. In Out 26p 
74LS98 4 bit storage register ' £1.25 
74107 Dual JK Flip Flop Clear 20p 
74S112 Dual JK N.E.T. Flip Flop 38p 
74118 Hex Reset latch 

- 75p 
74121 Monostable Multivibrator 12p 

54/74123 Dual Retrig. Multivibrator 35 
645124 dual volt cont. osc. -f1.1ß 
74125 Tristate Quad Buffer - 38p 
74132 Quad 2 in nand schmitt 44p 
74141 BCD To Decimal Dec/Drive 42p 
74LS145 BCD to decimal Dec/Drive 93p 
74151 1 of 8 Data Sel/Multivibrator 32p 
74153 Dual 4 to 1 multiplexer 38p 
74154 16 Way Distribution 35p 
74155 Dual 2 to 4line decoder 12p 
74157 Quad 2 line to 1 Data 12p 
74165 8 bit shift reg. Piso 58p 
74167 Synch. Dec. Rate Multivibrator23p 
74173 Quad 3 state latch 44p 

INTEGRATED CIRCUITS 
74174 Hex D F/F and clear 56p 
745174 Hex D Flip Flop + clear 72p 
74176/8280 Pre-set 35MHZ Decode 30p 
74180 8 bit parity gen. 12p 
74181 Arith. Logic unit/funt. Gen. 58p 
74H183 Dual full adder 38p 
74192 "Synch. Dec. Up/Down 33p 
74LS192 r Count + Dual Clock 80p 
74193 reversible binary count. 38p 
74196 Pre-set50MHZ 38p 
745196/82590 Decade Count/Latch 86p 
74LS221 Dual Monostable M/VIB 52p 
74221 dual Mono Multi. Schm. Trig. 72p 
74285 binary 4 x 4 mult. 72p 
74LS290 Decade counter 47p 
74293 4 bit binary counter 80p 
74298 Quad 2 in multi plus store £1 
74490 dual decade ripple count £1.30 
78M12 Pos. Reg. 12v 1a 54p 
7905-5v Reg. 1 Amp 54p 
8080A C.P.U. 8 bit £3.80 
8284 Binary up down synch. 36p 
82S126256x4prom 90p 
82S 129 Tri state prom 256 x 4 £5 
9093DC Dual M.S.J.K. Flip Flop 4p 
9112DC Hex TTL to DTL Inverter 4p 
93S10 Syncronous Decade Count £1 
9311 4 to 16 line Decode/Demult. £1.20 
93L16 Binary count sync. P/Sin 36p. 
9370 BCD to 7 Seg. Dec/Drive ALOC 25p 

16963 93453 Schottky prom 1024 x 4 £1.833 
930399 256 Bit Shift Register 5p 
930399 480 Bit Shift Register Sp 
930399 500 Bit Shift Register 5p 
AY5-3507 31 Digit DVM £1.55 
AY5-8300 Ch/Time Display 38p 
BRCM300 Volt Regulator £1.40 
BTT822 Tight Match mon PNP Pr. £1.25 
C500 Calculator 39p 
CA101T Wide Band Op Amp 40p 
CA139AG Quad Volt Comparator 549. 
CA239G Quad volt comparator 54p 
(T)CA270AE £1 
(TICA270CW/AW 

} 
Signal 351p 

(T)CA27OCE Processing 38p 
CA920 TV Horiz. system 72p 
CA3001 RF Amp 85p 
CA3028A balanced OP. AMP: 750 
CA3044 TV Ah System £1.20 
CA3045 Transistor Array 15) £1.43 
CA3046 Tran'sistbr Array 151 NPN 400 
CA3060 Variable OP AMP 72p 
CA3065 TV Sound I.F. £1.05 
CA3080 Prop. Transconduct. Amp. 59p 
CA3083 NPN transistor array ' 65p 
CA3086 NPN 5 transistor array 29p 
CA3089 FM IF. amp plus detector 1.109 
CA3090 Q/AQ FM decoder £1.72p. 
CA3094 Prop. Sw. Pwr. OP Amp. 38p 
CA3097 Thyristor- Transistor array 75p 
CA3123 AM Radio RF/IF Amp 73p 
CA3132EM Audio Amp. 10waft £2.22 
CA3140T Bimos op amp 40p 
CA3146E Hi -volt 5 transistor array 90p. 
CA3160s BIMOS OP Amp 75p 
CA3183 NPN transistor array 809 
CA3189 FM receive IF. system £1.40 
CA3290 Comparator 69p 
CA3401 (LM3900) Quad OP Amp 38p 
CD4000 Dual 3 input Nor + Invert 12p. 
,CD4002 Dual 4 Input Nor 12p' 
CD4004 56p. 
CD4006 18 Stage Static Shift Reg. 38p 
CD4007 Dual Comp. Pair + Invert 12p. 
CD4008 4 Bit Binary Full Adder 54p 
CD4010 Hex Buffers 30p 
CD4012 Dual 4 Input Nand 13p 
CD4013 Dual D Flip Flop 36p . 

CD4014 8 Bit Shift Register 38p 
CD4016 Quad Bi -Lateral Switch 36p 
CD4017 Decade Count/Divide, 54p 
CD4018 Preset Divide N Count 43p 
CD4019 Quad 2lnput Multiplex 25p 
CD4020 14 Stage Binary Counter 54p 
CD4021 Shift register, 8 bit '. 78p 
CD4022 Divide by 13 Count/Divide 36p 
CD4023 Triple 3lnput Nand ' 19p, 
CD4024 7 -Stage Binary Counter 36p 
CD4025 Triple 3 Input Nor - 14p- 
CD4027 Dual JK Flip Flop + RS 306 
CD4028/MC14028 BCD/Decimal 42p 
CD4029 Synch. Preset Bin/Decode 54p 
C04030 Quad Exclusive or . 36p 
CD4031 64 stage static. shift reg. £1.20 
CD4032 Trip. Ser. Add. Neg. ' 72p, 
CD4033 Dec. Count. 7 Seg. Output 72p 
CD4034 Static shift register £1.48p 
CD4035 4 Bit Par, In out Shift 54p, 
CD4036 Word Buff. Store/decode £2.00 
CD4037 triple and/or B1 Phase pairs 72p 
CD4038 Triple serial adder 64p 
CD4040 12 stage binary counter 80p 
CD4041 Quad True/Comp. Buffer 54p 
CD4042 Quad clocked D type catch 56p 
CD4043 Quad Nor R/S Latch 54p 
CD4044 Quad Nsnd R/S Latch 54p 
CD4045 4 Bit Par. in out shift 72p 
CD4046 Micro Power PH. Lock Loop 38p 
CD4047 monostable 72p 
CD4048 Exp 8 input gate 36p 

CD4049 Hex Inverter Buffers 36p 
CD4050 Hex Buffer converter 38p 
CD4051 Analogue Multi/Demulti 36p 
CD4052 Analogue Multi/Demulti 56p 
CD4053 Analogue Multi/Demulti 54p 
CD4054 4 LINE LCD driver/count 72p 
CD4055 BCD 7SEG. Decode/Drive. 72p 
CD4056 Decoder £1 

90P 
£6.30 

72p 
27p 

£2.12 
20p 
16p 
18p 
15p 
54p 
30p 

CD4078 8 Input Nor llp 
CD4081 Quad 2lnput and Buffer 15p 
CD4082 Dual 4 Input and 15p 
CD4085 Dual 2 in. 2 wide and or inv. 72p 
CD4086 4 Wide 2 Input and/or Inv. 54p 
CD4093 quad 2 input Nand S.T. 64p 
CD4094 8 bit ser. par. hold bue reg. 72p 
CD4095 JK. Gated flip flop non Inv. 72p 
CD4096 gated.* flip flop 72p 
CD4097 mux/demux 8ch. £2.90 
CD4502 Strobed Hex Invertor 44p 
CD4508BF dual 4 bit latch E1.70 
CD4511 BCD 7 seg. latch dec/driver 72p 
CD4514 decoder E1.46 
CD4515 decoder £2.12 
CD4517 2x64 bit Shift Register £3.89 
CD4519/MC145194 bit and/or Sel. 54p 
CD4520 Dual Synch. 4 Bit Binary 72p 
CD4527 BCD rate multiplier £1.20 
CD4532 gin Priority encoder £1.08 
C04555 decoder 

58 CD4556 Decoder p 
CD22100 cross point switch £1.45 
CD40100 32 bit L/R Shift Reg. £1.78 
CD40101 9 bit Par. Gen. check £1.08 
C040108 4 x 4 Multiport Reg. £3.10 
C040160 Dec. Count. Async. clear 72p 
CD40162 4 bit synch: Dec. Count R/S 

72p 
CD40163 Bin. count synch. clear 72p 
CD40181BE Quad 2 Input and £2.12 
CD40182 look ahead carry block 72p 
CD40192 Sync 4 bit8CD U/D count 72p 
CD401944 bit L/R SR 72p 
CD402088F 16 bit multi port RAM £2.12 
CD40257 Data Selector £1.169 
CDP1833 Cosmac Rom 1824 x 8 £3.80 
CDP1834 Cosmac Rom 1024 x 8 £3.60 
CM4116AE CMOS Quad Bilat. Switch 36p 
CT1012 C Frequency synthesiser 75p 
CT1112 75p 
CT1115 Frequency Synthesiser 76p 
CT1116 Non Volatile NMOS Ram 16 x 14. 

' Data held 30 hrs. after supply removed 
£1.50 

CT1119 HMOS 16 x 14 RAM Freq. 
Synth. ' 75p 
DM8093 See 74125 ' 

FCHii1 8 input Nand/Nor 8p 
FCH2O1 18p 
FCJ101 50p 
FPQ/MPQ3725 4 Tr. Array 45p 
FZH151 18p 
FZH191 ' 18p 
FZH2O1 - 18p 
ICL71034k Digit DVM/DPM £2.04 
103412 see 1535 
LM300 Volt Regulator 42p 
LM377 Dual 2 wt audio amp £1 
LM378 Dual 2 wt audio amp £1 
LM380 audio amp, 2 watt, 60p 

. LM340T6v Regulator 36p 
LM1011 N Dolby system. £1.00. 
LM1303N Stereo Pre Amp low noise 

65p 
LM3900 (See CA3401) 

MC83OP Dual 4 in Ext and 5p 
MC833P dual 4 input expander 5p 
MC837P Hex invert fast rise 5p 
MC846P Quad 4 in Extend 5p 

. MC849 quad 2 In Nand/Nor fast 119 
MC862P Triple 3 in Nand 5p 

. MC863P Triple 3 in Nand Fast Sp 
MC1306PAudio Amp, 6 watt 40p 
MC1307P FM Stereo Decoder. 35Ip 
MC/CA/BRC 1310P St. Decoder 351p 
MC1312P Stereo Decoder 40p 
MC1314P 4 Channel sound 351P 
MC1315P 4 channel sound 351p 

':MC1350P Video I.F. Amp + A.G.C. 35íp 
MC1357P Bound I.F. + Demod. 355p 

..MC1463G Neg 3.8-32v 200ma reg. 38p 
MC 1469G Pos 2 - 32v 200ma Reg. 38p 
MC1723cg Pos 2-37v 150ma Reg. 38p 
MC3302L Quad amp (volt comparator) 

75p 
MC4044P Phase/Frequency detector £1 
MC4344P Phase/Frequency Detect. 

£3.60 
MIC7C 26 
MK2686 38p 
MK4012 Memory Static Shift Reg 38p 
ML236B(6024)6ch.touchtune £1 

CD4060 count 14 stage + osc. 
CD4061 256 X 1 Bit Static RAM 
CD4063 4 bit magnitude comp. 
CD4066 Quad Bilateral Switch 
CD4067 1.16 MULTIPLEXER 
CD4068 B bit I/P Nand 
CD4o69 Hex invertor 
CD4071 quad 2 input or buffer 
CD4072 dual 4 input or 
CD4076 Quad D Flip -Flop 
CD4077 Quad Exclusive Nor 

ML237B (610816 channel tuner E7 
MM5262 PMOS 2048 x 1 Dyn. RAM 80p 

MM8008 C.P.U. 36p 
MP3202 34 Digit DVM £1.45 
MT300 Volt Regulator 8p 
MT305 Volt Regulator 8p 
MW4050D Static Ram 200ns £1.80 
MWS5101 256x4 SOS CMOS RAM £2.50 
SAA661 FM 1FAmp/Detector 36p 
SAA1010 Audio Amp, lOwatt 341p 
SAA1025 TV Remote control £4 
SAA 5012 Teletext Binary Tuner £2.76p 
SGS3084 diode array 5p 
SL403A 3 Wt. Amp. 38p 
SL35203 see 1535 
SL60745 audio amp, 2 watt 80p 
SN7528 Dual Core Memory S.A. 111p 
SN15836 Hex. Inverter 25p 
SN15845 Clocked FIip.Flop 50p 
SN15846 Quad 2 input Nand ' 37p 
SN15851 Monostable Multivib. 50p 
SN1858N Quad 3 input Nand 55p 
SN15862 Triple 3 input Nand Bp 
SN75107 Dual line Receiver £1.15 
SN75108 Diff line Receiver 36p 
SN75110 Dual line driver 48p 
SN75125 7 line Rec. Interface 72p 
SN75235N Dual Core merri. 5 Amp 11p 
SN75451 Dual Periph, driver 38p 
SN75463 dual periph. or driver 
SN76001 Audio Amp 5 watt 
SN76003 5Wt. Amp 
SN76013 5Wt. Amp 
SN76013N 5 Wt. Amplifier 
SN76023 5Wt. Amp 
SN7611 OP FM Stereo Decoder 
SN76115N Stereo Decoder 
SN76131 Dual Pre Amp 
SN76227 

36p 
38p 
36p 
92p 
38p 

351p 
355p 
58p 
59p 

£1.60 
SN76396(TBA396) 351p 
SN76650N 1 stage video I.F. + A.G.C. 50p 
SN76660N 

- 35ip 
SN76660N TV Sound Circuit 355p 
SN76666N Sound I.F. + Demod. +Driver 

3619 
SN18093 Dual M.S.J.K. Flip Flop 60p 
SN158097 Dual M.S.J.K. Flip Flop Sp 
SN158099 Dual M.S.J.K. Flip Flop 50p 
SP4021 +64 VHF/UHF 50mv TTL O/ P. 

SP4022 VHF/UHF + 64 hi -speed 75p 
SP4030. 75p 
TAA263 Amp (low levee : -75p 
TAA320 Integrated most AMP. 35p 
TAA550 Volt Reg. 10Ip 
TAA700 £2.30 
TAD100 AM Radio £1.22 
TBA120/CQ/SB/B TV Amp 36p 
TBA240 £3.90 
TBA395Q TV Chroma Circuit £1.50 
TBA396 Luminance and chrom. 35p 
TBA550Q Synch. Sep. + A.G.C. £1.25 
TBA560C Lum/Chrom. control 52p 
TBA800 Amp 5 Watt Audio 62p 
TBA920 TV Line System 70p 
TCA2700/SA/AE/QS Vid. Det. £1 
TCA270/SB synch. demodulater 55p 
TCA440 A.M. Receiver £1.25 
TCA830S Ex. EquipA.F. Amp. 18p 
TCA4401 £1.25 
TCEP100 £1 
TDA0470 Organ, 2 tone Generator 37p 
TDA1003 Pre -amp and record £1 
TDA2020 audio amp 20 watt £2.50 
TDA2610 6watt audio amp .. 71p 
TDA280 T.V. Signal processor £1.83 
TID25A 16 diode array Sp 
TL441 Log-antilog amp. 38p 
TL µ A720 AM Radio RF/IF Amp 73p 
TMS 7B J. Fet SPDT switch + driver 539 
TMS 3409 memory 80 bit shift Reg. 

£1.109 
TMS4034 Memory £1.08 
µPD411AC 200na Dynamic 4096 x 1 

ram £1.30 
XR215 Hifreq. phase lock loop £2 
ZN414 AM Radio Receiver 79p 
ZST131A 5 Input Power NOR 8p 

Metal Film 2%'/, WT 
Resistors 100 for 45p 
12(1. 62011 14711 2158 22111 4750 82011 
8K2 150K. 

Duraplug 13 amp trailing rubber socket 
85p. 

AS A ONE MAN BUSINESS, I WORK 15 
TO 17 HOURS A DAY, 61 DAYS A WEEK; 
(LUCKILY I DO NOT ENJOY OR HAVE 
HOLIDAYS) RE -INVESTING PROFITS, IN 
ORDER TO CONTINUE TO OFFER COM- 
PONENTS AT VERY. LOW PRICES. 
OVERHEADS AND COST OF LIVING 
RISE MONTHLY SO I MUST WORK 
FASTER AND SELL MORE AS I CANNOT 
STRIKE; OR 'GET A 'WAGE 777' RISE 
WITHOUT INCREASING PRICES WHICH 
I DO NOT WANT TO DO (EXCEPT FOR 
VAT AND POST WHICH COMES TO 
MORE THAN MY PROFITS) . .. SO I 

HOPE GOODS OFFERED MEET YOUR 
APPROVAL. 
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Offer you 

If you don't need the radio 
facility - then these 
phones provide an excellent 
basis for the development of a 

'cordless' headphones set - 

complete with battery compartment 
and controls. R&EC will be 
exploiting this aspect in 
an early issue with a 
project based on the 
'phones'. 

a medium wave superhet radio, 
built into a pair of headphones. 

Ideal for following a test match, 
or generally listening to the radio 

when those about you do not 
share your tastes ! 

If you work in a noisy 
environment - or simply 
do not wish to be 
disturbed - then here's 
an entertaining 
alternative solution 

Your beloved editor gets 
his 'ears' on to avoid being 

disturbed whilst penning a few 
more pearls at the word 

processor. 

ELECTRIC 
HEADPHONES 

Please send me Pairs of 
R&EC Radio Headphones. 

Name 

Address 

POSTCODE 

Per Pair 
INCLUDES VAT & POSTAGE 
DOES NOT INCLUDE BATTERY (PP3) 
PLEASE ALLOW 21 days for delivery 
Please remit by cheque/PO/ACCESS/BARCLAYCARD/cash 
Please make payable to. Radio & Electronics Constructor 
Serd to: 57 Maida Vale, London VV9 1SN 

Please include a SAE in case this offer is 
over - subscribed and we need to return 
your payment. 
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NEWS . AND 
Improved cutting and bending tool 

Eraser International of Unit M, Portway 
Industrial Estate, Andover, Hants., have 
announced the availability of a new improved 
tool, the Model TP3, for component lead cut- 
ting and bending in Printed Circuit Board 
Assembly. 

The TP3 is designed to cut the legs of elec- 
tronic components subsequent to their insertion 
in a Printed Circuit Board. In addition to the 
cutting legs, it also bends them over at a right 
angle thus retaining the component firmly in the 
Printed Circuit Board for subsequent manual or 
automatic soldering operations. This method of 
cutting and bending the component lead legs 
after insertion into a P.C.B. eliminates the pos- 
sibility of components being dislodged during 
wave soldering. 

The TP3 incorporates a new fixed and mov- 
ing blade system giving extended blade life and 
ease of operator use where the angle of the tool 
relative to the Printed Circuit Board is not criti- 
cal. 

The TP3 is suitable for 
cutting and bending all elec- 
tronic components with 
lead diameters of between 
0.3mm and 1.5mm. The 
hand tool is self-adjusting to 
compensate for different 
lead diameters. 

The . TP3 employs har- 
dened steel cutting blades 

which are both regrindable 
and replaceable. 

The tool is constructed 
from rugged dyecast 
aluminium and is suitable. 
for both production and 
prototype work. 

Further information is 
available from Eraser 
International Limited: 

International Year 
of Disabled People 

The International Year of Disabled People is to be 
acknowledged by the Amateur Radio fraternity with 
an "International Weekend on the Air" for the dis- 
abled. The weekend selected is 1st - 3rd August, to 
coincide with the opening of the International' Meet- 
ing of the Devon Sports Association for Disabled 
Persons at St. Loyes College, Exeter. 

The Exeter Amateur Radio Society will operate 
stations from St. Loyes on all amateur frequencies 
from 80m to 10m, VHF and UHF between the hours 
of 0900z and 2000z using the callsigns GB21YD and 
GB6IYD. It is hoped that disabled operators all over 
the world will contact each other and exchange greet- 
ings and QSL cards. It is suggested that stations' 
should call "CQ IYDP from .... (c/s). Further 
details from:. G. Draper, 1 'Carlyon Close, Exeter 
EX1 3AZ. Tel: 37170. 

Marconi International 
Fellowship Award 

Dr. Seymour A. Papert, Professor of Mathematics 
and Education at the Massachusetts Institute of 
Technology has been awarded the Seventh Marconi 
International Fellowship which takes the form of a 
$25,000 grant which the recipient can use to originate 
or complete a project of his choice. 

Dr Papert was honoured for his work in computer 
education and in particular the development of the 
LOGO language which he designed especially for 
children. A computer education system based on the 
LOGO language encourages a child to take an active 
role in the learning process. To do this the LOGO 
system reverses the usual computer -pupil relation- 
ship, instead of the computer teaching the pupil, the 
student is required to teach the computer. The system 
has shown itself to be particularly useful in the educa- 
tion of children suffering from cerebral palsy, a disa- 
bility which imposes a passive rolé on its victims. 

Low priced DFMs especially imported 
Due to the difficulty of obtaining a 

low priced high quality digital fre- 
quency meter in the UK, Messrs. 
Holdings of Mincing Lane, Darwen 
Street, Blackburn, Lancs., have 
arranged to import DFMs from Japan. 

A DFM is, of course, invaluable to 
the electronic enthusiast and the unit 
being imported can be used to check 
many types of equipment. 

The basic price of the unit is £39.99, 
including V.A.T., and the total price 
including batteries, input lead, carriage 
and insurance is £43.58. 
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. COMMENT 
Toe customer is always right 

The completed survey forms (stir died in last month's 
issue) look like providing a very useful and compre- 
hensive insight into the attitudes and o - inions of our 
readers. 

As far as we can tell, most respondants want more to 
do with radio and communication topics. And as we 
had guessed, there is distinct evidence of a broadening 
in the market for `personal computing', and we are 
pleased to say that the thoughts offered by readers 
tend to align with those that we have put forward as 
our own `platform' - namely less of the `space invaders', 
and more practical examples of microprocessors at 
work. 

Test equipment features seem to have emerged as 
another favourite. We have a number of articles 
`booked' that both describe test equipment (including 
a 500MHz 8 digit multigarious frequency counter and 
capacitance meter) from the users viewpoint, and also 
approach the subject from a practical and construc- 
tional viewpoint. 

The section covering the buying habits of `electronic 
man' has obviously provided a vent for feelings ranging 
from satisfied to the vitriolic, so this is perhaps an 
opportune time to point out the advantages of careful 
cooperation between publishers and suppliers to ensure 
that featured items use parts selected from a `standard 
range'. A surprisingly small number of `standards' can 
be used in an extremely Lroad range of circuits, 
t} creby benefitting the reader (who gets a better price 
due to the increased volume of the `standards' forcing 

own the price), the supplier (who is not faced with an 
unnecessarily vast range of stock items) and the 
publisher, who can rest in the knowledge that he won't 
get endless letters and `phone calls asking where a 
BC923 can be run to ground. 
Next month's Co,rstructor will contain the opening 
shot in our crusade to try and constrain `components' 
into some sort of order arvl we loot. forward to useful 
dialo;,ue with suppliers and readers alike until we can 
produce the definitive `selection'. 

Smaller Video Recorder 
maintenance Kit 

x, 4)OAIEEOStdM1(b1VCdßNSFOR 
VkiS m ®ETAß,FCORDi:`Ng 

gf PIIEMANGt1i CAVE EOF E'ONVENi5NT S(ORAGE 

"RN Ys 5A<FM<IfNT FOR FIVE. t;.JMP*EHENii>!E MACHiNR CiÆAN"S 

A smaller version of the Bib Video Recorder 
Maintenance Kit has been marketed by Bib Hi-Fi for 
inclusion in their Videophile Edition range, making it 
particularly suitable as a gift item. 

Available in blister form, this smaller Video 
Recorder Maintenance Kit is completely disposable, 
since it is recommended that it should only be used for 
5 machine cleanings. Bib suggest that with the aver- 
age use of video recorders, this Kit should last for 
about 2 years. 

The Kit comprises 5 Video Tape Head Cleaning 
Tools, Dust -Away Air -Blast and Head Cleaning 
Fluid. Full instructions for use with both VHS or 
BETAMAX are provided and the Kit is packed in a 
clear container, the same size as a VHS cassette, 
enabling it to be stored conveniently with video tapes. 

The recommended retail price is £5.47. 
The Bib Video Recorder Maintenance Kit is mar- 

keted by Bib Hi-Fi Accessories Limited, Kelsey 
House, Wood Lane End, Hemel Hempstead, Herts. 

Computer wakes the guests 
In the old days of gracious hotel living, a guest used 

to smile at the receptionist or maid, and ask to be 
woken at a particular time with one's morning tea and 
a paper. 

Now though, thanks to a computer, graciousness 
and human contact can be restored, but at a fraction 
of the cost of maintaining the old human -operated 
system. Millbank Electronics have worked out this 
new technological marvel, and integrated it with their 
existing hotel sound systém which gives a choice of 
radio programmes, controls the TV, tells you whether 
there's a message waiting for you, and switches the 
lights on and off, all from a neat aluminium panel 
beside the bed. 

When you smile at the receptionist - yes, it's that 
human - and ask for your call, all she does is tap out 
your room number and the time you request on a little 
calculator -like keyboard on her desk. Your room 
number and time are displayed on the panel, so she 

can check that she's got the details right. When she 
confirms that she has, the call is printed on a paper 
roll, just as a record. Then, at just the right time, an 
electronic `bleeper' raises you from your slumbers. 
Sadly it can't deliver tea and your choice of paper - 
yet - but no doubt the Millbank people are working 
on that. But the machine doesn't end there. If you are 
one of those people who seem capable of switching 
the alarm clock off without waking, the system 
catches you - for it prints out, as well as the initial call 
request, what time it bleeped you, and what time you 
cancelled the bleep. And if you're capable of sleeping 
through earthquakes even, then after a preset time, 
the system warns the receptionist so she can despatch 
someone to wake you. 

Now all we need is a computer that cleans the boots 
and changes the towels as well as making morning tea 
and .delivering newspapers - so long as it isn't prog- 
rammed to ask for tips! 
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DESIGN IDEAS: No. 1 

Piezo 
Acoustic 
Transducers 
Jonathan Charles 
Burchell 
Introduction 

Next time your project needs some kind of built-in 
tone or alarm signalling device consider using a 
Piezo-electric buzzer. This output device complete in 
its plastic encapsulation is comparable in size and cost 
to a 50 pence piece, yet at resonance the device is 
capable of producing sound levels of over 95db some 
10 cm away, a volume level in excess of that obtain- 
able from most 4 inch loudspeakers. 

Because of the extremely high efficiency of the 
piezo-buzzer even at this high output level-the input 
power is only 30 milliwatts. 

THE PIEZO-ELECTRIC BUZZER 
The piezo-electric effect is well known and exp- 

loited in objects as diverse as Gas lighters, Record 
cartridges, Crystal filters, and of course Quartz cryst- 
als. 

Piezo-electricity is caused by certain crystals which 
produce a voltage across their faces when subjected 
to mechanical stress. The effect is reversible, the 
crystal undergoing mechanical contraction when sub- 
jected to a suitably applied voltage, it is this effect 
which is used in the piezo-electric buzzer. 

Fig. 1. illustrates the method of construction used in 
a piezo-sounder. A circular disc of suitable crystals 
(often Titanate-Zirconate) is deposited onto a 
slightly larger disc of thin metal, which forms one 
electrode, a second electrode is produced by deposit- 
ing a lyer of metal onto the surface of the crystals. 

When a voltage is applied, the mechanical contrac- 
tions of the crystals are converted into vertical flexing 
of the plate. If the unit is driven by an oscillating 
voltage, then mechanical oscillations of the same fre- 

Deposited silver metal 

Brass disk 

Piezo electric xtal 

Lead 

Lead 

Fig. 1. 

T 

Jt 
Dimensions mm 

D d T 

27 20 0 55 025 

Sound 
pressure 

dB 

Vibrating node 

Metal plate 

Piezo-electric element 

Frequency characteristics PB2720 

2 3 

Fig. 2. 

quency will be set up in the plate as shown in Fig. 2. 
As the mechanical coupling from crystals to plate, 

and plate to media, is near perfect, combined with the 
high efficiency of the piezo-electric energy conver- 
sion process, the overall efficiency of the device is 
excellent making the device ideal for use in any appli- 
cation requiring high output combined with low 
power consumption. The metal disc provides both 
mechanical support for the crystals, and a lowering of 
the resonant frequency of the whole structure which 
would otherwise be in the ultrasonic region. 

The designer of a digital watch would use the bare 
element and build it into his watch case, but to make 
the device easier to handle and mount (and to enable 
a serveralfold increase in output to be obtained), they 
are normally supplied in some form of plastic case 
which acts as a resonant cavity for the element. 

Although maximum output from the buzzer is only 
obtained at resonance, the buzzer gives a useful out- 
put over much of the Audio -spectrum - as can be seen 
from the Graph of Fig.2. 
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APPLICATION AND DRIVING CIRCUITS 
All that is needed to obtain an output from the 

piezo-electric buzzer is an input wave of the right 
frequency. All these circuits use the TOKO piezo 
buzzer type PB -2720 which has a resonant frequency 
of about 3.5 Khz. 

CONTINUOUS SOUND CIRCUITS 
Fig.3. is possibly the simplest way to obtain a con- 

tinuous output of tremendous volume. A simple 
single transistor LC feedback oscillator is used and 
the piezo buzzer connected across the coil, at reso- 
nance some 30 + volts p -p are applied to the buzzer 
(due to the voltage multiplication of the LC circuit). 
The core of L1 should be trimmed to provide max- 
imum output. 

IOkn 

8C 237/8/9 
or BC108/9 

+ I - 9 V 

LI 
MH centre tap 

CAN 1979A 

O P82720 

Fig. 3. Tune for resonance. Ultra high 
output/low consumption 
tuned transformer drive. 

IMn 22nF 

IC is MC 14011 or MC 14093 

+ S -9V 

Fig. 4. Simple CMOS drive. 

Fig.4: is also a continuous tone circuit but built this 
time from a single CMOS quad Nand gate. 

Gates G I and G2 form a simple cross coupled RC 
oscillator, whilst Gates G3 and G4 are coupled in 
parallel to increase the available output current. As 
the applied voltage is rather less than that of Fig.3. the 
output will be correspondingly less, but the output 
booster of Fig.6. may be added to further increase the 
output. 

I00kn 

I/4 LM 3900 

Fig. 5. Using a spare 'Op -amp' section. 

Fig.5. The last circuit in this section shows a very 
simple oscillator built by using the piezo buzzer as the 
positia'e feedback element around a current input 
op -amp. The main advantage of this particular circuit 
is that the circuit inherently oscillates at the resonant 
frequency of the piezo-buzzer thus insuring max- 
imum possible output from the device. 

INTERFACE TO EXISTING OSCILLATORS 
Fig.6. In many applications a suitable source of 

oscillations may already be available. The output of 
many LCD clock modules is a 1 Khz or so square 
wave. In these applications all that is needed is some 
simple form of buffer/amplifier, and this circuit is just 
that. 

The coil L2 forms the collector load of Tr2, the 
resulting back e.m.f. from switching Tr2 on and off is 
applied to the buzzer causing it to be driven from a 
voltage in excess of the rail voltage with a correspond- 
ing increase in output volume. A capacitor may be 
added as shown which creates a somewhat milder 
output tone, although causing a slight reduction in 
output volume. 

+5 -9V 

47kn 

BC 237/8/9 
BC 108/9 

TOKO IORB 
33MH 

i 

TInF TO PB2720 

1 
_ 

Fig. 6. An inductive voltage multiplier 
for increased output. 
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Fig. 7. Intermittent 
'Bleeper'. 

22 Mn 

IC-MC14011orMC14093 
IMn 22nF I 

PB2720 

I0 

2 0 

3 0 

68kn 68kn 

2Mn 

14 

O IpF 

IMn 

MC I4OI ICP x 2 

G3 

G4 

14 + 
5-9 

Inputs I 2 3 

H H L 
IIIIIII11IIII IIIIIIIIIIIII 3.4 kHz/1,5Hz 

L H L IlIIIIIIIIlIII!!IIIlUhIIIllIIIIll 3.4 kHz 

L H H 
1111 11 IIII !Ill III! IiiI 3,4 kHz/10Hz 

L L L No tone 

Fig.8. 3 'State' audible annunciator. 

IO PB 2720 

ln 

MODULATED OUTPUTS 

Fig.7. This circuit produces a pleasant bleeping 
sound at several hertz, and consists of the RC oscil- 
lator of fig.4. modulated by a second RC oscillator at 
a much lower frequency. 

Fig.8. This circuit is capable of producing three 
different tone sequences according to the states of the 
three input lines. The three different sequences are 
continuous 3.4Khz, 3.4Khz modulated at 1.5Hz, and 
3.4Khz modulated at 10Hz. 

Gates G1 and G2 form the 3.4Khz Oscillator, 
Gates G5 and G6 form the 10hz oscillator and G7 
and G8 the 1.5Hz Oscillator. The input lines and 
control diodes allow the 3.4Khz Oscillator to remain 
un -modulated or to be modulated by either the 10 or 
1.5Hz oscillator. 

Whilst the layout of the above circuits is non- 

critical, there exists a potential danger when connect- 
ing Piezo-buzzers onto CMOS devices. 

Due to the piezo electric effect of the buzzer and 
the very high impedance between the input leads of 
the device, it is possible for a considerable potential to 
build up across the device when it is subjected to 
mechanical stress. 

If an unconnected buzzer is tapped fairly sharply 
and the leads from the device then shorted together a 
click will be heard from the element as the built up 
charge is lost. So before connecting the buzzer into a 
circuit which already has CMOS gates plugged into 
it-the leads should be shorted together. 

No trouble has been experienced in practice once 
the circuit has been connected up, but if the buzzer is 
going to be subjected to external shocks, a 1 to 10 
Megohm resistor across the buzzer leads should 
prevent further problems. 
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IN NEXT MONTH'S 

D 
J N 

CONSTRUCTOR 
5 CHANNEL RADIO CONTROL SYSTEM 

SIMPLE TO CONSTRUCT RELIABLE 
5 --CHANNEL RADIO CONTROL SYSTEM 
BASED ON A SINGLE CHIP SOLUTION 
FOR BOTH TRANSMITOR AND RECEIVER. 

Dick and Smithy battle on; will Dick save the 
Galaxy for the third time that Summer's 
afternoon? Eavesdrop once again on the popular 
duo to discover what tips they have for you 
In Your Workshop 

1 

A SIMPLE LOW-COST DIGITAL 
TEST METER FOR DC VOLTAGE 
AND CURRENT. 

don't forget VHF scanner 
380 N2$=STR$(N2) pt 2 
390 IF LEN(F9$)=2 AND LEN(F0$)=7 THEN G4$="CANADA" 
400 IF G3$<>"" THEN G8$="/"+G3$ ELSE G8$="" 
410 PRINT 81, 87I, N2, , F3$, 
420 IF F4$<>"" THEN e 

430 PRINT 81, TAB(11) ..v, ..,ul.,, rt.?. 

440 IF G2$="" THEN PRINT 81, TAB(73), G8$, ELSE PRINT #1, TAB(73), G2$, 
450 PRINT 81, TAB(99), F8$, TAB(115), F9$, TAB(126), F0$, TAB(135), G4$, 
460 IF G5$<>"" THEN PRINT #1, TAB(149), "("+G5$+")", 

Rib 3 (6:3:6) * inc. 470 IF 06$<>"" THEN PRINT #1, TAB(155) , GE Programming and Program Languages - 480 L=L+1 
7 (7,8:7) rep from* 11 times. 490 L0=0 a cohesive approach to the black art 500 IF F4$<>"" THEN 510 ELSE 530 ib to end 104(110:116:122) 

510 IF 01$<>"" THEN PRINT 81, TAB(11) , G1; of programming, beginning with such 
520 L0=1 in stst until back measures 
530 IF 02$<>"" THEN 540 ELSE 560 familiar items as 
540 IF G3$<>"" THEN PRINT 81, TAB(73) , G3S 3:55)cm end p row. 
550 L0=1 Knitting Patterns &Washing Instructions! 

one-rie 
COMPULINK 

WI _ to a y u ti 
Cast on 91 (97:103:109) sts. 

Work 8cm k1 ol. 
1st row k2 (ki.pll to last stitch 
2nd row k1 p1 to end. 

K1 

head 
phone, 

pow, .ahme balance ba treble 

R&EC 

INTEGRATED 2x33watt rms. 
AMPLIFIER 6094x 

fTh 
IOVAnef phono ,une, av,r, inpe 

THE AUDIOMASTER-A Hi - Fi Amplifier of compact construction and design developed 
with the finest advanced electronic technology yet not too daunting in assembly. With 
30 watts per channel and very good performance in all areas this project is a `must' - 
especially as the amp will be available as a complete kit (down to the last nut & bolt!) 
for under £65. 

PLUS MUCH MUCH MORE 
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Infra -Red Remote 
Control System P.., 

I. M. At[rill 
This remote control system is of the sequential type 

where operating a push-button on the transmitter unit 
causes the controlled equipment to be switched on, 
and operating the push button switch again causes the 
equipment to be switched off, and so on. Although 
most short distance remote control systems use 
ultrasonics to provide the link between the transmit- 
ter and receiver, infra -red light now offers a practical 
alternative for the home -constructor, and is the 
medium used in this system. 

The system has a maximum range of only about 6 
or 7 metres, which is perfectly adequate for control- 
ling equipment in the same room as the user. The 
equipment could, for example, be used to provide 
remote on/off switching for a T.V. set or light in a 
bedroom. 

SYSTEM OPERATION 
Fig.1. shows in block diagram form the various 

stages of the transmitter and receiver units. The 
transmitter is extremely simple, and is based on a 
pulse generator that has an operating frequency of 
about 10k HZ, with a mark space ratio of about 10 to 
1. The brief output pulses are used to operate an 
infra -red L.E.D. via an amplifier which provides the 
high peak output currents that are required. The peak 
L.E.D. current is actually about 400mA; but due to 
the fairly high mark space ratio of the pulse generator 
the L.E.D. is only receiving power for about 10% of 

the time. It thus receives an average current of only 
about 40mA. This gives strong pulses of infra -red 
light, but ensures that the dissipation in the L.E.D. is 
not excessive. 

The human eye is insensitive to infra -red radiation, 
and as infra -red L.E.Ds do not produce significant 
output in the visible light spectrum, no visual changes 
:occur to the L.E.D. when the transmitter is switched 
on and off. 

The reason for using a pulsed beam rather than a 
continuous one is simply that the steady-state output 
from an infra -red L.E.D. is not very strong, and a 
continuous beam would be swamped by the ambient 
infra -red level at more than a few inches from the 
L.E.D. Even if the pulses of infra -red from the trans- 
mitter are below the ambient infra -red level, they will 
produce small voltage pulses at the detector, and 
these pulses can then be amplified to give a suitable 
output to operate the control logic circuitry. The use 
of a pulsed signal also allows the receiver to be A. C. 
coupled, thus avoiding problems due to D.C. and 
thermal drift. 

Therefore, the receiver has an infra -red detector 
diode which has its output fed to a two stage high_ gain 
amplifier. The output from the amplifier is fed to a 
Schmitt trigger circuit which ensures that the rise and 
fall times of the signal are fast enough to operate the 
subsequent stage of the circuit reliably. The Schmitt 
trigger also effectively removes any noise from the 
signal that might otherwise give erratic operation. 

TRANSMITTER 

Pulse 

generator 
Current 

amp. 

I.R. LE D. 

R 
E 
L 
A 
Y 

I.R. detector 
diode 

RECEIVER 

Relay 

driver 

Two -stage 
amplifier 

Output I o 

14 -stage 
divider 

Schmitt 
trigger 

Fig. 1. Block diagram of the Sequential Infra -Red Remote Control System. 
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The transmitter in case. 

,. ...., ..,, 

The next stage of the circuit is a CMOS 14 stage 
binary divider, and this divides the input signal by 
16,384. If the transmitter is run continuously, the 
output of the divider changes state slightly more fre- 
quently than once per second. A relay coil is driven 
from the output of the divider by way of an emitter 
follower buffer stage, and the load is controlled via a 
pair of normally open relay contacts. If the push 
button at the transmitter is depressed to make the 
transmitter operate non-stop, the controlled equip- 
ment will continuously switch on and off. In practice 
the transmitter is operated just long enough to switch 
the load on or off, as appropriate. 

TRANSMITTER CIRCUIT 
The circuit diagram of the transmitter is shown in 

Fig.2. This is based on a CMOS 4001 quad 2 input 
NOR gate I.C. In this application only two of the 
gates are used, and these both have their inputs con- 
nected together so that they give a simple inverter 
action. The two gates are connected in a CMOS ast- 

Fig. 2. The circuit diag- 
ram of the Infra - 
Red Transmitter. 

DI D2 

1N4148 1N414 

Anode 

athpde 

COY 99 

Base view 

able multivibrator circuit, with the timing resistor 
formed by two resistors (R1 and R2), and two steer- 
ing diodes (D1 and D2). In effect, the timing resis- 
tance is formed by RI and D2 when the output is in 
the high state, and by R2 plus D1 when it is in the low 
state. This gives the required short positive output 
pulses, as R1 is much lower in value than R2, giving a 
shorter time constant when the output is `high'. 

The unused inputs of IC1 are tied to the negative 
supply rail so that they cannot be damaged by high 
static voltages, or spuriously operated by stray pick- 
up. 

IC1 provides an output at a fairly high impedance, 
and it is not able to supply anything approaching the 
peak output current needed to power the L.E.D. Trl 
is therefore used as a common source amplifier which 
gives the necessary current amplification. Trl is a 
VMOS device which, unlike a bipolar transistor, is 
voltage rather than current operated. It is not like the 
f.e.t.s encountered in most designs, which are deple- 
tion mode types. These are normally switched hard 
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Inside of the transmitter. 

on, and must be reverse biased in order to switch 
them off. Tr1 is an enhancement mode device which, 
like an ordinary bipolar device, is normally in the off 
state and must be forward biased in order to switch it 
on. Thus, during the brief positive output pulses from 
IC1 Trl is biased into conduction and provides pulses 
of current L.E.D. D1 via current limiting "on" resis- 
tance and is capable of providing the high L.E.D. 
currents required. 

On/off switching is provided by PB1, and C2 is a 
supply decoupling capacitor. The current consump- 
tion of the unit is a little over 40mA. Power is 
provided by a small (PP3 size) battery, and this has 
quite a long operational life despite the current con- 
sumption of the circuit, since the unit is only switched 
on very briefly each time it is used. 

CONSTRUCTION 
The prototype is housed in a small plastic box hav- 

ing approximate outside dimensions of 100 x 75 x 
40mm, but it should be possible to accommodate all 
the components in virtually any small case, which is of 
a convenient size. 

PB1 is mounted on the lid of the case, slightly 
forward of a central position. The holder for D3 is 

mounted on one of the end panels of the case. This 
simple layout can be seen in the accompanying 
photographs. 

Most of the components, including D3, are assem- 
bled on a 0.1 in. matrix stripboard, and details of this 
are provided in Fig.3. After cutting out a board hav- 
ing 12' strips by 19 holes, drill the single 3.3mm. 
diameter mounting hole and make the seven breaks 
in the copper strips. The components and link wires 
are then soldered into place, with the IC1 being left 
until last. As this is a CMOS device it should be 
handled as little as possible, and should be soldered 
into place using a soldering iron having an earthed bit. 

With D3 fitted into its panel holder, the component 
panel can be used as a template to locate the position 
of the single mounting hole in the case. After wiring 
PB1 and the battery clip into circuit, the panel can be 
bolted in place using M3 or 6BA fixings. 

TESTING 
With a multimeter set to read 100mA. f.s.d. (or set 

to some similar high D.C. current range) connected in 
series with the positive battery lead, depressing PB1 
should give a reading of about 40mA. or so. If a 
greatly different reading is obtained, re -check the 

The transmitter electron ics 
in case. 
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Fig. 3. The 0.1in. matrix stripboard layout for the Infra -Red Transmitter. 

Battery clip 

Resistors. 
Miniature 1/3 watt 5% 
RI 10K 
R2 100K 
R3 15 ohms 

Capacitors. 
Cl l.5nF ceramic plate 
C2 I0µF 10V 

Switch 
PB I Push -to -make, non -locking type 

Transmitter Components 

Semiconductors 
ICI 4001 
Tr l VN66AF 
Dl IN4148 
D2 1N4148 
D3 CQY99 

Miscellaneous 
Small plastic case. 
0.1 in. matrix stripboard. 
PP3 battery and connector to suit. 
Wire, solder, etc. 

wiring and check for accidental solder bridges bet- 
ween adjacent strips of the component panel. As a 
further check, a crystal earphone can be connected 

across D3, and a fairly loud, high pitched tone should 
be produced when PB1 is operated. 

(To be Continued) 
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Q: WHEN IS A DV27 NOT A DV27? 

A. you to choose the right antenna 
Read on, JAMES FINCH helps 

Introduction 
The author of this article has recently returned to the UK 
after spending the past 12 years living in Sweden. For the 
past 10 years I have been legally engaged in the Citizens 
Band Business, in the buying, selling and designing of 
Citizens Band Accessories, Antennas and Transceivers. 
During this period I had the unique opportunity as an 
Englishman to visit all the major CB Transceiver 
Manufacturers and Antenna Manufacturers in the Far East 
and the USA. 

I find it therefore very interesting, and at the same time 
rather disappointing to see the poor taste, and in fact, 
direct NON-FACTUAL advertising in some of the CB 
Magazines. In some magazines one can read some serious 
discussions about antennas, giving facts, and data, written 
by well informed persons, while on the next page are 
advertisements about Antennas with, gain -performance 
that make the mind boggle. If this were not a serious 
subject I would call some of the advertisements nothing 
other than a joke: i.e. mobile antennas with 6dB gain. 
Mobile antenna with extra 1dB gain through special 
treatment of whip. etc. One can only hope that once the 
system does become legal then the market will start to get 
cleaned up (with, I hope, some help from the very CB 
magazines that are printing some extremely dubious 
information).. . 

The purpose of this article is to try and help the would 
be purchaser of a mobile antenna as to how to get the right 
antenna for the right requirement, and also from the right 
Antenna manufacture, into this jungle of advertisements 
with Companies trying to out -bid each other, using 
antennas as a "VOGUE" with fantastic names, colours and 
ridiculous claims of Antenna gains. 

To try and keep this simple (there are many serious 
articles written about antenna gains, and radiation patterns 
etc. Most of them are beyond the scope of most readers, 
as this is quite a difficult field to explain in simple terms), I 
shall start off with one antenna type. The antenna I have 
chosen is the most well known mobile CB antenna in the 
whole of Europe (also the most copied) the DV27 reduced 
1/4 wave glass fibre antenna. Fig. 1. 

The main reasons for the popularity of the DV27 are: 
1. One of the first European made CB antennas, been 
around 16 years. 
2. Extremely efficient (good radiation efficiency). 
3. Simple to mount, easy to fold over. Due to unique 
toggle mount (the V in the DV means `toggle -joint' in 
Danish). 
4. Flexibility. i.e. Many types of whips are available, from 
short 30cm long to full 1/4 2.6m long. All can be used on 
basic toggle -mount. 
5. High quality parts -finish. If, of course, you select right 
manufacturer .. . 
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The first DV27 antenna was made in Denmark around 
1965, by a Company called HMP (the HMP is an 
abbreviation of the founders name), all other subsequent 
DV27s were offshoots from this design for better or for 
worse (unfortunately worse in most cases). The actual 
designer of the DV27 and all the different HMP CB and 
professional antennas up to 1979 was an Antenna Engineer 
called Bjarne Sorensen. It can be said that HMP were the 
Company that pioneered the use of reduced 1/4 type 
antennas in Europe, using the toggle joint mount, and 
adjustable tuning pin mounted on tip of antenna whip for 
SWR adjustment. 

How to Choose a Good Quality DV27 Type Antenna 
The answer to this question is not so easy unless you know 
what to look for, and also what to avoid. There are, at the 
present time in the UK, about ten different types of 
standard DV27s, varying in price from approximately £3.80 
to £13. WHY? Well, the original HMP type DV27 from back 
in the 60s soon became a standard European CB mobile 
antenna, and many other antenna companies jumped on 
the Band Wagon. Before long we had DV27, being made in 
Sweden, Denmark, Germany, Italy, Spain, Japan, Taiwan, 
Hong -Kong etc. Most of them from the outside looking 
similar to the HMP types. Well seeing is not always 
believing, that's for sure! Some DV27s, especially from 
Taiwan, are so bad that it is a disgrace to call them 
Communications antennas, let alone antennas. I am certain 
that some readers have already experienced the 
frustrations of not being able to get the SWR any way near 
right, or mounting bases falling apart, paint cracking on 
whips, glass fibre cracking, hollow soft metal tubing which 
bends or breaks for ever. Never buy a set with a give away 
antenna, it is in most cases a `nothing' antenna, of the 
cheapest quality. 

If you are offered a DV27 type antenna, (not a HMP or 
a Procom type), then ask the salesman to bend the whip 
double. Do not do it yourself, as he might try and make you 
pay for a new whip. It should bend over and spring back 
into position again without any bends, cracks, etc. 

Another very good quality type DV27 antenna to be 
found on the UK market comes under the Brand name 
PROCOM, these antennas are also made in Denmark, 
and all of their antennas are to be highly recommended. 
One of the main reasons they have made such advances 
on the UK market is that these antennas are just not a 
mirror copy of the HMP, as the person who has designed 
all the PROCOM antennas is none other than Mr Bjarne 
Sorensen who now works from Procom Antenna 
Company. There are a couple of points worth 
mentioning for the unknowing. The PROCOM antennas 
are once again very similar to the HMP types, but on 
closer inspection you will notice, that 
1. The cable plug connecting cable to mount is a 
different size. 
2. The HMP whip will not fit a PROCOM mount, but it 
will the other way around. 
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Fig.l. Standard DV27 Centre loaded 
long. 

Helical with 
shock spring 

Full 1/4 Short toploaded 
with 

shock spring 

Fig.2. Groups 

Both companies offer a very wide range of whips for 
these mounts. Both companies have tow different 
mounts. 
1) Standard type with cable plug. 
2) Low profile mount for roof mounting. 

I have not tried to push any one brand antenna 
although I have mentioned the name of HMP many 
times. This is quite natural as they designed and made 
the first DV27, and that is what we are talking about. 
Having personally used many types of Citizens Band 
antennas in Sweden for the past years, in a climate 
which to say the least is pretty rough in winter, then I 

can only recommend the antennas that have proved, 
over a time, to be both mechanically and electrically of 
good quality, to the potential purchaser. 
Most antennas from the following companies are to be 
highly recommended: PROCOM, HMP, ALGON, 
CARANT, UA, KATHREIN, HIRSCHMAN, WISI. 

It is an interesting point, but a fact, that in 
Scandinavia approximately 99% of all the CB and 
professional mobile antennas, used by Police, Fire 
Brigades, Government Departments etc. are made in 
Europe. The same applies for West Germany and 
Holland, and the UK. It seems that in this field the 
Europeans can still compete successfully. 

Which DV27 Model (Whip -Mounting Base) to Select? 
The number of DV27 whips available is very 
considerable. I do not propose to list any directly, as I 
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of Whip Antennas 

am not advertising for any Antenna manufacture. I 

suggest you obtain a catalogue from your local dealer of 
DV27 type antennas, from any of the companies listed 
above. Basically the whips fall into the following groups. 
(See Fig. 2). 
1. Top loaded whip (long size) (short size) 
2. Centre loaded whip (long size) (short size) 
3. Full length 1/4 wave 
4. Helical wound whip (long size) (short size) 
5. Most of the above types with or without shock spring 
6. Most of the above mentioned whips, with standard 
mount or Low Profile mount. 

Depending on what type of vehicle, van, truck, 
sports car, saloon car, bus, etc. so you will have to 
decide what length of whip you want, and where to 
place it on the vehicle. Depending on where you place 
the antenna will of course effect the radiation pattern 
you obtain. Normally the higher the better, and the 
longer the whip the better. Do not fall into the trap many 
advertisements would have you believe, that their 60cm 
long super antenna is better than a standard 1.5m 
length. If you mount a shortish whip on the car roof, 
then you can always buy an extra whip which is longer 
and use it when you want to make contact when you are 
parked for instance, or in the countryside. 

Good luck with your antenna, and remember that a 
good copy is not always due to the pounds your putting 
out. It's how well your antenna is putting them out! 
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LET'S HAVE A LITTLE 
MORE DECORUM, 
PLEASE. 

Quite apart from the legality (or otherwise) of CB in its 
present illicit form, there is a very insiduous side effect, 
in the shape of the sudden increase in theft from, and 
tampering with, vehicles apparently fitted with CB 
radios. Mosty CB'ers don't know the difference between 
a CB radio and a perfectly legal piece of amateur 
equipment - but since these fellons imagine that 
anyone possessing a CB radio would not be willing to 
disclose its theft to the police (for obvious reasons) they 
feel they can indulge to their hearts content. 

Not surprisingly, owners of legal radio equipment 
assailed by these characters are getting just a bit fed 
up. Very few users of amateur band equipment are 
willing to leave their gear in the car overnight - or 
even in a public car park any longer. Antennas get 
unscrewed (or simply hacked off), and the whole 
situation is very tiresome indeed. 

The legalization of CB will tend to deter thefts from a 
couple of viewpoints - firstly the 'black market' in 
them will disappear overnight. In fact, after the experience of the US where the market was so 
saturated and overburdened - that one of the trade `in' 
jokes suggested that there were dealers breaking into cars at night to fit CB radios! The second deterrent is 
the fact that the subject of the theft will not be illegally 
possessed, and thus the owner will be only too anxious to 
go and burden the crime statistics at his local police 
station. 

Some observers have likened the present CB situation to that of the way in which drug takers are exploited by both the 'pushers' and any other shady elements who can use their illegal dependance to further criminal 
aims. 

So R&EC is going to try and help to make life a little harder for these unfortunate characters, by offering rewards to anyone supplying information leading to the arrest and conviction of anyone found guilty of theft or 
criminal damage in connection with amateur radio and 
CB equipment. We are also offering free space in these pages to publicise the descriptions and serial numbers 
of stolen equipment. 

The reward we offer is up to £100 (or 50% of the fine 
imposed on the guilty party, whichever is less) for any 
information that leads to a conviction for the theft of - or interference with - legally possessed CB and amateur radio equipment fitted to a car. If the owners of the rigs whose descriptions we give would care to add to this reward, then they are at liberty to do so. 

So far, we have gathered a few names and numbers in 
conjunction with Arrow Electronics Ltd., but we expect to hear of many others: 

Make Type No. Serial No. Location 
Kenwood/Trio TR7800 1040911 Brentwood 
Sommerkamp TS280 8300025 Glasgow 
FDK Multi700E 02259 
Yaesu FT7B 9E1040405 Lincoln 
Sommerkamp TS240 9000180 Bolton 
ICOM IC255 Lincoln 
Sommerkamp TS280FM 8300212 Romford 
Yaesu FT101E 8H351814 Brentwood 
Sommerkamp Switched power linear Brentwood 
Yaesu FT207RB 9M20204 Brentwood 
Trio TR2400 

We all need friends, good buddies 

This feature has been at pains to try and point out that 
the only good CB'er is a legal CB'er. The moment you 
step across the threshold into illegality, then you are 
doing your bit towards the undermining of respect for 
the Law and all that is implied by such behaviour. Most 
CB'ers would certainly not consider themselves on a par 
with rioters throwing petrol bombs, but where do you draw the line between the law and an illegal act? 

Mass disobedience seems to have aquired a very 
insidious respectability - and the unfortunate truth is that a lot of the responsibility must fall on governments 
who have been perennially too weak to uphold the rule 
of law, either by stubbornly and thoughtlessly 
maintaining totally unworkable laws, or failing to clamp 
down on offenders with adequate resolve. 

Not surprisingly, perhaps, some of the more influential 
Home Office civil servants are very uncertain as to the 
benefits of the legalization of CB, which is seen as the 
criminal's answer to the use of radio by the police. If the 
police cannot do anything about the currently totally 
illegal CB situation, how on earth are they going to be able to sort out legal and illegal users - when the only 
visible difference on the set is very easily copied 
indeed? 

It would be surprising if anyone was daft enough to use the legal CB allocation for criminal purposes, since the legal band will be used and monitored to such an extent as to make the idea laughable. The reservations lie in the continued use of illegal 120/280 channel AM/SSB 
equipment, covered by the cloak of respectability offered to legal users. 

The rather unhopeful remarks make by CB lobbyists on their view of the legal situation indicate that 
acquiescence to the power of reasoned argument is still not one of their social graces, and that they will 
continue to use whatever frequencies and powers they like until the cows come home. Naturally enough, the 
Home Office feel that they have been more generous 
than any other European authority in the specification that they have offered - so the gloves are gradually 
coming off, and illegal users are being rounded up at the rate of over 100 a week in the London area alone. 
Courts have been told to get tough, since the once 
apparently reasonable arguments put forward by those 
collared about the `unavoidability', the civil `rights' 
aspects of CB, and the fact that the rest of the world has 'it' have crystalized into a very definite situation at 
last. 
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Furthermore, the Home Office now has a simple, cheap 
and 100% effective device to issue to police forces that 
will clearly show the difference between a legal and an 
illegal user - both as a general monitor, and as a 
specific test instrument once the suspect vehicle has 
been apprehended. 

If UK CB had merely adopted the status quo, then CB 
would have been a worthless mess inside 6 months. As 
it is, we have a very good chance of maintaining a 
workable service indefinity - assuming those with 
pretentions to `DXing' do the sensible thing and 
proceed to amateur radio - which as we have said 
before, is really very simple if you are at all keen. If 
CB'ers wish to gain the cooperation of police (and 
amateurs) in their emergency network groups, then it 
will only happen if the rules are observed and a degree 
of social responsibility is evident. 

Finally, how you would like it if any 17 year old could 
pick up a set of keys and thrash down the M1 at 70 
mph in a 32 ton truck? The closest parallel that 
actually seems to make some impact on the more 
hardened CBer is the very obvious one of the driving 
test. CB is a provisional licence if you like, or cruder 
still, the ability to ride a push bike on the air waves, 
without offering CB the potential to foul up essential 
emergency communications and navigational systems 
that is implied in the scope offered to the demonstrably 
more knowledgable radio amateur operator. 

On yer bike ... 
On the occasions that confessed CBers 'come out' and 
go to an amateur radio club to try and find out more 
about their new found fascination in communication 
via radio, rather too many clubs have simply 'asked' 
them to clear off .... or else. Rather than try to educate 
the breakers in the benefits of amateur radio, and the 
folly of risking their necks with an illegal rig, it seems 
that the reception afforded to CBers is going to create 
a big chasm betrween the two closely associated 
groups that is leading to some form of totally 
unnecessary conflict. Spiteful reactions are all too 
simple when there are vulnerable things like repeaters, 
and CB rigs labelled "2m transceivers" readily 
accessible to the thwarted CBer wishing to get into 
amateur radio. 

Outraged of Chelmsford ... . 

CB is a topic that is guaranteed to extract 
response from anyone wish an opinion on 
The interminable correspondence in the 
press bears witness to this fact. 

an extreme 
the matter. 
electronics 

But one aspect of CB that hasn't been too closely 
examined is the relationship between CB and amateur 
radio - and if ever there was a league of opinionated 
fraternities, amateur radio enthusiasts would come in 
the top half. The Masons couldn't hold a candle to the 
average amateur radio club (or is it a pair of 
compasses? I never did understand the funny 
handshakes either ...) when it comes to coded speech 
and 'knowing' looks. 

This is not to say that such attitudes are necessarily to 
be condemned, but that any organisation operating 
along the lines of the Cosa Nostra has potential for 

trouble through misinformation, and the general blanket 
of subversiveness that surrounds the hobby. Many is the 
time that the writer has been having QSO (rachet) on the 
2m band, only to find from subsequent comments and 
third party revelations that half the local amateur 
population have been eavesdropping without bothering 
to let their presence be known. 

As far as CB goes, radio amateurs tend to polarize in 
favour of CB, and those who would dearly like to see 
all breakers whipped to death with the nearest DV27. 
Those in favour tend to be able to see the benefits to 
the amateur fraternity, as CB inevitably draws a 
bigger following to 'real' amateur radio. After the 
rather bad press image afforded to amateur radio by 
such infamous events as the Tony Hancock "Radio 
Amateur" sketch, and the general 'eccentric boffins' 
image retained by most members of the public, they 
should be grateful that CB has given amateur radio 
communication a relatively normal image at last - at 
least, as long as the jargon can be kept under control. 

On the other hand, the first of these R&EC supplements 
was received at one amateur radio club as the next 
worst thing since Ghengis Khan. This information was 
passed second hand onto us by one of the more 
enlightened members who couldn't really understand 
what the fuss was about, since it appears the 
contentious bit was the publication of the table of 
frequencies of the 120 channel sets. 

Well, we're very sorry if the fact that some of these 
occur in the 10m amateur band has engaged the wrath 
of some amateurs, but that just happens to be a fact of 
life. A fait accomplis, and not likely to be influenced by 
anything we have to say. Larger powers than the 
amateur radio associations have been distinctly 
impotent when it comes to trying to sort out the basic 
problem of the original 40 channels. 

Many breakers with these 120 channel rigs have no idea 
what the frequencies are, and so they have no idea that 
they have absolutely no hope of ever being legalized in 
Europe - let alone the UK. Many CBers think that these 
extra channels are simply conjured out of the existing 
space available through some miracle of modern 
technology. If anything, publishing these frequencies 
will tend to inform CBers that these rigs gobble up an 
unacceptable additional chunk of the precious 
spectrum. 

Furthermore, there is a motto in the amateur radio 
world known as "use or lose". This basically refers to 
the lack of activity on many amateur bands, and the fact 
that if the bands were not more fully occupied, chunks 
of spectrum might be taken away for more worthy 
causes. It is only really since the availability of ready- 
made 'plug it in and switch it on' equipment for amateur 
radio that the hobby has got going in a big way, and also 
enabled the seedier elements to make their unwelcome 
presence felt on too mäny of the 144MHz repeaters. 

So before there is much more sanctemoneous preaching 
about the evils of CB, some amateurs might reflect 
sheepishly on their own contribution towards the 
furtherance of constructive technical achievement 
within the hobby. A net deficit to our balance of 
payments more frequently results from their 
participation in the hobby. 
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A SCANNING 
MONITOR 
RECEIVER SYSTEM 
Part l 

L. Power 

The rapid growth of `private' telecommunications 
(as opposed to the broadcast variety) has encouraged 
a market for receivers capable of monitoring this 
activity - both in the capacity of surveillance devices, 
and as simple receivers for listening to `what's hap- 
pening'. 

Applications range from receivers for the 35MHz 
model aircraft band to check activity on the channels 
being used for model aircraft, to 144MHz (2 metre) 
band receivers to check propagation conditions, and 
general activity. This is especially useful for local 
repeater frequencies where most basic `calling' is 
routed these days. Other uses include boat owners 
who need to check the local VHF frequencies for 
emergency and general harbour information, and 
anyone else with a need for checking activity in sec- 
tors of the VHF NBFM communications spectrum 
from 25MHz to 200MHz. 

THE 'R&EC' BAND MONITOR 
Commercial scanners are available from a number 

of sources. Many of these oriental marvels tend to be 
overcomplicated (but a lot of fun nevertheless) and 
manage to cover virtually every communications 
band from 30MHz to 515MHz. But many users of a 
scanner simply want to keep an ear open on three to 
ten local communication channels to see what's going 
on, and find the £200+ spent on one of the more 
comprehensive scanners is not necessary. The device 
described here can be built for £40 or less. In fact, as 
little as £25 with careful buying (excluding crystals). 

The scanner described here is very versatile and 
lends itself to being built to cover any two bands in the 
.range 25MHz to 200MHz, simply by selecting the 
correct coils for the RF and mixer stages. The bands 
are restricted in width by the practical consideration 
of the design of tuned circuits, but work, out to be 
about 2-6% of the chosen centre frequency, depend- 
ing on the RF tuned circuit coupling factors. 

In other words, one band might be the 35.050 to 
35.250MHz model aircraft band, and the other might 

be 144-146MHz for the 2m amateur band. The 
choice of RF coils and the crystal frequency used in 
the oscillator are the only variables. 

This scanner is the first in a long line of R&EC 
radio projects that will cover the entire spectrum of 
radio interest from LF to UHF (and beyond). It is to 
be presented in a proprietory case for visual appeal 
and general enhancement, since one of the major 
`turn offs' for the home constructor is the relatively 
indifferent finish and appearance of what might 
otherwise be an exceedingly good project. 

The scanner has been derived from a number of 
ideas and designs, and should offer the constructor 
both an opportunity to save money, and get a 
thorough insight into the way in which commercial 
equipment is designed and constructed. 

Despite the apparently daunting complexity of the 
circuit, the availability of a PCB design greatly simp- 
lifies the construction of this project, and brings it 
within the scope of many enthusiasts with a basic 
appreciation of some of the finer points of RF cons- 
truction - namely the special brand of patience avail- 
able only to enthusiasts. 

WHAT DOES IT DO? 
The scanner provides 2x8 channels of coverage, 

this may be 2 separate bands in the region of 
25-200MHz (NBFM) or it may cover 16 channels in a 
single band. 

When active, the receiver clocks along a row of 
LEDs on the front panel to indicate which channel is 
`active', and which one of the 2 blocks of 8 channels 
currently being scanned is indicated on a further LED 
lamp when the scanning process is halted. 

The receiver `squelch' (interstation muting) 
remains shut whilst there is no signal present on any 
of the channels being monitored - but when a signal 
appears on a channel, the sequencing is stopped, and 
the loudspeaker is activated. The squelch and volume 
levels are both preset by front panel controls. 
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The complete receiver 
unit built into the case 
supplied with the kit. 

The LED remains lit above the appropriate chan- 
nel indicator until the transmission ceases - and after 
a brief pause (determined by presettable values in the 
circuit) - the scanning is resumed until stopped by a 
signal once again. 

However, there are many instances where some of 
the `local' and frequently used channels may not be of 
interest, and so it is essential to be able to bypass them 
from the scanning process - or the receiver will 
remain permanently 'hung up'. One solution is to pull 
out the crystals - but this is obviously tedious in the 
extreme, so the circuit incorporates an electronic 
bypass system which can be switched in to skip 
unwanted channels. 

Antenna 

r 

T+ 
1 

R.F. mixer 
No.1 

10.7MHz 

filter 

R.F. mixe 

No.2 

Select4 
I Crysta 

osc.No.2 

Select 

Osc. oú 

Crystal 

osc. No .l 

Osc .out 

BLOCK DESCRIPTION 
Fig. I outlines the basic approach of the scanner, 

which will be seen to be a relatively straightforward 
double superhet system. 

The signal from the antenna is routed to the active 
RF section via diode switching, according to the out- 
put of the sequencing counter. From there, the signal 
passes through a bandpass pair tuned circuit (using 
top capacity coupling) in front of the RF stage. 

The RF amplifier is nothing very exotic, being a 
straightforward transistor amplifier using self biasing. 
The output is fed to a second bandpass pair before the 
mixer. The mixer stage converts down to I0.7MHz 
for the first IF, where the crystal filter provides roof - 
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Fig. 1 . Block schematic of receiver. The oscillator and mixer stages are 
duplicated to allow scanning over two widely separated bands. 
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ing selectivity to prevent unwanted image responses 
occurring at 10.7MHz-910kHz as a result of the 
second conversion to 455kHz. 

The main signal processing is carried out in an 
MPS5071/MC3357 IC, which includes all the fea- 
tures necessary to accept the 10.7MHz IF input, and 
provide demodulated audio output with squelch amp- 
lifier, detector and `switch'. The device includes a 
10.245MHz 2nd conversion oscillator, balanced 
mixer, 455kHz IF amplifier, detector, noise amplifier 
and squelch gate with hysteresis. All that remains is 
the audio amplifier, which is a simple TBA820M 
stage to drive an internal loudspeaker. If additional 
volume is required for any reason (mobile applica- 
tions) then a higher output amplifier may be desirable 
- but this should be fitted externally, and possibly 
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built into the extension speaker device itself. The 
basic receiver has been designed for minimal current 
consumption in applications where a switched (as 
opposed to automatically scanned with its relatively 
thirsty logic) receiver is required, the overall con- 
sumption can be as low as 9ma. 

The scanning system logic is described in Fig. 2. A 
simple two transistor astable oscillator provides the 
system clock and drives a 7493 using a 3 bit binary 
counter connected to a 74145 one -of -ten decoder. 

Switching between the two `front ends' of the scan- 
ner is achieved by dividing the MSB of the counter by 
2, and using the output to select one of the two `front 
ends' in alternating sequences of eight. 

The clock is stopped by the squelch line going 'low' - or by switching the same line manually. 
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THE CIRCUIT DESCRIPTION (Fig. 3) 
The RF/IF/AF sections .. . 

The antenna is connected via the switching diodes 
D1 or D3 to the appropriate front end as selected in 
the scanning circuitry. A nominal 50/75 ohms impe- 
dance is used. 

Two top coupled bandpass pairs using two stan- 
dard coils and capacitors selected according to the 
frequency range required (Table 1 in Part Two) 
determines the RF response on either side of the RF 
amplifier transistor. The RF stages are thus fixed 
bandwidth, and can operate over a relatively narrow 
range based on the centre frequency selected. The use 
of ganged tuning with varicaps would enable a 
20%-30% range to be achieved, but this is not the 

FI 

10M 15A 

6 

R8 

33kn 

15 14 

prime function of this receiver. The actual bandwidth 
is determined by the coupling capacitor (C419). 
Mathematical analysis of top coupled filters is avail- 
able (Reference 1). 

The two mixers, 02 and Q4, are fed from the 
crystal oscillators (Q5 and Q6) selected by the scan- 
ning logic. 

These oscillators are standard Colpitts devices, 
using a tuned emitter load to ensure operation on the 
3rd overtone of the crystal. The crystal frequency is 
selected according to the formula: 
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2x8 crystals. 
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Fig. 2 . The automatic scanning logic. 
Sixteen channels can be scanned in 
two separate bands of eight. The fre- 
quency coverage of each band is 
determined by the choice of crystals 
and coils, explained in paragraph "The 
RF/IF/AF sections". 

Crystal type should be parallel resonant, 3rd over- 
tone cut, 2OpF load (or 30pF if C44 is increased to 
82pF). The injection frequency is determined by the 
collector circuit, which is set to 3x the crystal fre- 
quency. 

The `self -oscillating' tripler is a highly effective 
method of producing the necessary injection to the 
mixer but the level of oscillation is relatively low. 
Injection via the base circuit is best - but it does mean 
that the circuit does not readily lend itself to feeding 
FET of MOSFET mixers, which require at least a volt 
of LO for optimum operation. A separate tripler 
amplifier is necessary for FET/MOSFET mixers. 

The two mixer transistors feed a common output 
IF transformer at I0.7MHz, which matches into the 
monolithic two pole crystal filter - used for `roofing' 
selectivity, as opposed to the narrower `channel' 
selectivity provided later on. The main purpose of this 
filter is to suppress the -910k Hz images that arise 
from the second conversion derived from mixing 
10.7MHz with 10.245MHz. 

Everything from 10.7MHz IF to audio output is 
contained within ICI - so it is as well to consider this 
device in some detail (Fig. 4). The input at pin I6 is to 
one half of a balanced mixer, the other half of which is 
fed from the Colpitts oscillator formed around pins I 

and 2, with the external conversion crystal. 
The mixer output is resistively terminated at pin 3, 

to match the input impedance of the main channel 
filter - a multi element ceramic ladder filter of 

The internal construction of the complete receiver. 
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approximately 8kHz-12kHz bandwidth. Since there 
is no direct mechanism for trimming the crystal 
frequency, it is as well to err on the wide side here to 
cover some of the tolerances at the oscillator stage. 

The limiting IF amplifier input at pin 5 is biased by 
R22, which also terminates the filter in the correct 
impedance. The IF amplifier output at pin 7 is also 
terminated at the same bias point, and so decoupling 
the IF signal to earth at the conjunction of C28, R22, 
C27,. and R21 must be very effective. A low RF 
impedance capacitor is essential in this position. 

The quadrature detector phase shift coil at pin 8 is 
a straightforward 455kHz IF transformer with a Q of 
between 100 ând 150. The deviation -to -audio con- 
version is too efficient for this level of Q, so the coil is 
damped by R20 to achieve an audio level to suit the 
deviation in use. For the 2m amateur band, deviation 
levels of 5-7kHz are commonplace, but for commer- 
cial frequencies, the deviation levels are kept to 
2-3kHz, allowing more scope for a higher Q compo- 
nent. 

The audio output appears at pin 9 of ICI, and is 
immediately fed to the inverting input of an `on -chip' 
operational amplifier active filter at pin T 0 of ICI, in a 
bandpass filter configuration with centre frequency 
set at about 10kHz. In other words, well above the 
audio band, and only likely to be activated by the 
broadband noise characteristic of a limiting FM IF 
with no signal present. 

The output of this noise amplifier appears at pin 
11, and is then rectified by D2 to provide a signal to 
switch the input of the Schmidt trigger at pin 12. An 
external mute adjustment is provided by VRI, which 
alters the DC bias on the mute Schmidt trigger input, 
and of operation. Good 
voltage stability is essential here, and whilst C13 
provides a degree of isolation from the spikes and 
audio present on the supply, an effectively decoupled 
series pass regulator is necessary - and this is 
provided by Q7 and D33. 

The mute trigger output at pin 14 is connected to 
the input of the audio stage, 1C2, so that the audio is 

shorted to ground (via an internal switch of IC1) 
when the muting is active - and open circuit when a 
signal is being received. 

IC2 is a simple, cheap and efficient 1W audio stage 
of which little more need be said. See the manufac- 
turer's data sheet if you want to delve deeper (Refer- 
ence 2). 

The scanning logic .. . 

Most of the description of this section is covered in 
the analysis of the block diagram and Fig. 2. The 
actual switching of the crystals is achieved by ground- 
ing the appropriate cathode of diodes D21 to D28, 
thus enabling the crystal whose anode is being fed 
from either R40 or R36, according to the status of 
the scanning sequence through Q8 and Q9. 

Bypassed channels are simply selected by switch- 
ing the appropriate output of the 74145 back to the 
transistor astable, causing it to prematurely reset and 
thus advance the 7493. 

5v for the logic is provided by a cheap 5v regulator 
- IC5 - which also keeps the switching noise out of the 
rest of the circuit. 

POWER SUPPLY 
The unit operates from a 12v supply. Unless the 

sequencing logic is omitted, the consumption is too 
high for primary cell battery operation. A thorough 
RFI input filter is provided just after the DC input 
jack, to prevent external hash (especially useful if 
used in vehicles) from getting into the sensitive RF 
stages. D4 is the reverse polarity protection, and can 
save you a lot of cost and trouble. If problems are 
experienced with audio motorboating and general 
instabilit) or `chatter' on high volume, it may be 
necessary to place the DC feed to IC2 on the input 
side of the diode - or to increase the supply decoupl- 
ing capacity close by pin 6 of IC2. 

Construction and testing will be covered in Part 
Two...! 

(To be Continued) 

"We have a suppressed state power storage malfunction 
in the unilateral entertainment receiver system skip- 
per!" "What does that mean Scotty?" "The battery's flat 
on the tranny Skip." 
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SHORT WAVE NEWS 
FOR DX LISTENERS 

By Frank A. Baldwin 

Times - C`rNlT'. ncies 

Continuing with our review of some of the results 
achieved during the last far -eastern season (see the 
previous issue of this journal) we commence with an 
often reported station but on a not often reported 
frequency. 

NORTH KOREA 
Pyongyang on a measured 7203 at 0855, OM with 

announcements in an Asian vernacular, sign -off after 
some military. music. This is thought to be the termi- 
nation of the Korean programme for the Near and 
Middle East and Africa, probably scheduled from 
0800 to 0855. Information from North Korea is 
sparse to say the least! 

ANEW CALEDONIA 
Turning our attention to the Pacific area we did 

manage, after several attempts, to log Noumea on 
7170 at 0830 one morning last January. A moderate 
signal on a clear channel produced a log entry from 
the time shown up to 0858 when Vienna opens with 
its tuning signal and blasts Noumea right off the. air! 
The reception of Noumea however was unmistak- 
able, OM with announcements and station identifica- 
tion in French at 0831, this being followed by music 
from a mandolin -type instrument. The power is 
20kW. 

VANUATU 
Formerly the New Hebrides, Vanuatu may be log- 

ged by listening for Port Vila operating on 7260 where 
we heard it at 0801 on the very last day of January. 

This one has a power of just 2k W and, as one might 
expect, it is quite difficult to log. OM with a newscast 
in vernacular - several Pacific place-names men- 
tioned - according to the schedule the language used 
would be Bislama. Reception was on LSB to avoid 
adjacent channel QRM but the signal slowly faded 
until lost under the noise at 0812. 

AROUND THE DIAL 
In which are listed some of the transmissions 

recently received which may interest some readers 
and also act as a general guide to what may be heard 
via the short waves. 

OU.S.S.R. 
Moscow on 17790 at 0837 with a relay of Orbita 1 

and 2 programme for Soviet Youth. This programme 
is scheduled from 0815 to 0900. 

Moscow on 17795 at 0832 when radiating the 
Standard Chinese programme to China, scheduled 

from 0700 to 0900 on this channel and in parallel on 
17860. 

Moscow on 17820 at 0810 with the Russian lan- 
guage 5th programme "Pravda Review", timed from 
0800 to 0815. 

Moscow on 17880 at 0840, classical music with 
announcements in English in the World Service, 
scheduled from 0200 through to 1500 on this particu- 
lar. channel. 

CZECHOSLAVAKIA 
Prague on 17705 at 1557, male and female 

announcers with alternate items in the English 
programme for Africa, South Asia, the Far East and 
Europe, scheduled from 1530 to 1625. 

Prague on 9605 at 1500, station identification at 
the commencement of the Czech programme for 
Africa, South Asia, the Far East and Europe, 
scheduled from 1500 to 1530. 

*SWITZERLAND 
Berne on 9535 at 1340 when radiating a talk about 

world affairs in the English programme to the Far 
East, South and South East Asia, North America and 
Europe, scheduled from 1315 to 1345. 

Berne on 9725 at 0434 with a review of local affairs 
in the English programme for the West Coast of 
North America, scheduled from 0430 to 0500. 

NETHERLANDS 
Hilversum on 9895 at 1340, a commentary on 

world affairs from the Dutch point of view in the 
English programme for Europe, scheduled from 
1330 to 1420. 

VATICAN CITY 
Vatican on 9645 at 1450 with a news review of 

internal affairs, mostly religious, in the English prog- 
ramme intended for the UK and Eire and timed from 
1445 to 1500. 

WEST GERMANY 
Cologne on 17765 at 1110, OM with a newscast of 

African affairs in the English programme beamed to 
Central and East Africa from 1045 to 1115. Into the 
Swahili programme at 1115. 

EAST GERMANY 
"Radio Berlin International" on 9730 at 1440, OM 

with a talk about public libraries in the German 
Democratic Republic, all in the English programme 
for East Africa and scheduled from 1415 to 1500. 
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Berlin on 9665 at 1257, OM with station identifica- 
tion in German then into the Arabic programme for 
the Near East, South Arabia and North West Africa, 
scheduled, from 1300 to 1415. 

AUSTRIA 
Vienna on 9770 at 1500, station identifications in 

English and other European languages then into a 
newscast in the German programme for Europe, 
scheduled from 1430 to 1600. 

ITALY 
Rome on 9575 at 1555, interval signal (bird -song), 

OM station identification followed by the Italian 
programme for Europe, timed from 1555 to 1635 on 
this channel. 

POLAND 
Warsaw on 9525 at 2005, OM with a newscast in 

the English programme directed to Africa and 
scheduled from 2000 to 2030. Also logged in parallel 
on 9675. 

EGYPT 
Cairo on 9455 at 0426, religious chants in the 

Domestic Service General Programme which may be 
heard on this frequency from 0400 through to 0645. 

CHINA 
Radio Peking on 11635 at 0854 with a review of 

agricultural achievements in China in the English 
programme intended for Australia and New Zealand 
and scheduled on this channel from 0830 to 0930. 

Radio Peking on 17680 at 0858, female announcer 
with the Indonesian programme for Indonesia, 
scheduled from 0830 to 0930. 

Radio Peking on a measured 17533 at 0859, 'East 
is Red' theme then OM in Chinese to South East Asia 
scheduled from 0900 to 1000 but heavily jammed 
soon after commencing the programme. 

VIETNAM 
Hanoi on 9840 at .I 346 with announcements in the 

Cambodian Programme for South East Asia 
scheduled from 1 100 to 1200. 

PAKISTAN 
Rawalpindi on 5010 at 0135, OM with religious 

chants, OM -announcer, identification as "Radio 
Pakistan" at 0140. Logged on USB to clear an 
unmodulated carrier on channel. 

Islamabad on 5060 at 0150, OM announcements in 
vernacular. local songs and music in typical style. A 
good clear signal at this time. Both these channels are 
'seasonal'. 

AFGHANISTAN 
Ariana Radio and TV Service, Kabul, on 4740 at 

0205, OM with song in vernacular then local music on 
a mandolin -type' instrument in the Home Service I 

programme scheduled here from 0125 to 0330 and 
from 1340 to 1930. 

(;ABON 
Libreville ("Africa No. I") on 4811 (originally 

heard on 4807.6 which would have effectively blot- 
ted out Sao Tome) with a programme of recorded 
pops and announcements in French. All part of the 
current French plan to 'push' the language interna- 

tionally and equal, if not surpass, the BBC with its 
English language world coverage. They'll have a 
mammoth task to rival the Moscow emanated World 
Service in English! 

CAMEROON 
Garoua on 5010 at 0504, a newscast in English of 

African and Middle East affairs then "More news in 
English at 0700". Into African songs and music at 
0506. The schedule is from 0500 to 0700 and from 
1700 to 2200 and the power is 100k W. 

BOTSWANA 
Gaberones on 4845 at 0617, local songs and chants 

complete with drum beats, a good signal in the clear at 
this time. The schedule is from 0400 to 0630 and from 
1500 to 2100 (Thursdays to Saturdays inclusive from 
1430). The power is 10k W. 

CONGO 
RTV Congolaise, Brazzaville on 3265 at 1838, OM 

in vernacular then into local music and songs. This 
one has a schedule from 0400 to 0700 and from 1700 
to 2300. The closing time is variable as is the fre- 
quency. The power is 50k W. 

VENEZUELA 
La Voz de Carabobo, Valencia on 4780 at 0125, 

OM with an excited commentary on futebol! The 
schedule is from 1000 to 0400 and the power is 
1k W. 

Radio Mundial, Bolivar on 4770 at 0333, OM song 
in Spanish, dance music Latin American style. The 
schedule is from 1000 to 0400 and the power is 1 k W. 

NICARAGUA 
La Voz de Nicaragua, Managua on 5950 at 0330, 

OM station identification in Spanish, many 
announcements with place-names. Schedule un- 
known. Power 50kW. 

ECUADOR 
Radio Federacion, Sucua on 4960 at 0319, 

announcements in Spanish, folk songs and music in 
typical local -style. The schedule is from 1030 to 0300 
(Sundays from 1100). Closing time on Saturdays is 
0400 and on Sundays at 0100. The power is 5k W. 

COLOMBIA 
Radio Neiva, Neiva on 4855 at 0451, OM with 

songs in Spanish with local -style folk music. Station 
identification at 0455 as "Radio Centro". The 
schedule is from 2300 to 0530 but on an irregular 
basis. The power is 'kW. 

Radio Guatapuri, Vallcdupar on 4815 .at 0438, 
OM station identification in Spanish, commercials, 
local pops on records. The schedule is around the 
clock and the power is 10k W. 

Ondas del Meta, Villavicencio on 4885 at 0202, 
OM with a long political talk all about Colombian 
affairs. The schedule is from 1000 to 0500 but has 
been reported closing as early as 0410 on occasions. 
The power is 1 k W. 

PERU 
Radio Atlantida, Iquitos on 4790 at 0411, OM pop 

song in Spanish, OM announcer, The schedule is from 
0900 to 0500 (Sundays until 0400) but sometimes 
radiates around the clock. The power is 1 k W. 
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TRADE NEWS 
High specification magnetic tape heads 

Marketed exclusively in the UK by Patrick Cole, 
P.O. Box 14, Sevenoaks, Kent, the new Bogen 
GmbH range of Magnetic Tape Heads has been spec- 
ifically designed for high quality Audio, Data and 
Copying applications with special Hall Effect and 
customer specified heads also being available. 

Covering tape widths of 3,81mm, 6,35mm, 2" and 
1", the Audio Heads cover cap lengths ranging from 
<11.tm, to several µ. Optimum sensitivity, frequency 
response and, in particular, long term stability, is 
achieved in all cases by special material selection. 

In Copying Head format speed variations ranging 
from 1:1 to 64 times normal speed can be accepted 
with, dependent upon operational conditions, slave 
or master head core material being selected from 
Recovac, Sendust or ferrite material, thereby signif- 
icantly increasing service life. 

Bogen Data Heads, using solely Recovac core mat- 
erial, cover storage densities of from 800 frpi to 9000 
frpi and have either flat, radial or hyperbolic face 
profiles, individually adapted to the requirements 
dictated by the operational speed and storage density. 
When used for instrumental purposes, wide -band 1 

and wide -band 2 ranges can be covered which, in 
conjunction with ease of adjustment make these 
heads uniquely versatile. Further increase in service 
life is achieved by hard -chromium plating or oxide// 
carbide coating of the metal contact surface. 

Hall Effect playback heads, as well as, for instance, 
individual designs for video -sound equipment, 
speed -independent information evaluation, and spe- 
cial control purposes are also available or can be 
designed/customised dependent upon normal com- 
mercial criteria. 

Soundex crack the IEC 468-2 noise problem 
The new Soundex AMM 200 Noise Meter is a small 

economically priced instrument exactly meeting the 
difficult CCIR 468-2 specification, for the measure- 
ment of audio frequency noise in broadcasting, 
recording systems and on sound programme circuits. 

A vital feature of the AMM 200 is its overload 
warning light. This is imperative because amplifier 
stages before the weighting network may overload at 
frequencies attenuated by the weighting network and 
therefore not be apparent by the meter reading. 

With a measuring range of - 100dB to -8dB, 
(-80dB to -10dB selected by push buttons in 10dB 
steps and 22 dB of calibrated meter scale), the AMM 
200 has a balanced P.O. jack input terminated to 
either 20K ohms or 600 ohms as selected by a push 
button. 

A front panel BNC socket provides a means of 
looking at the measured signal on an oscilloscope, 
either before or after the weighting network filter. 

Mains operated on a double insulated power sup- 
ply, the dimensions are 175 x 113 x 67mm (7" x 4" x 
21") and the weight 1.2Kg (21Ibs). 

Produced to meet the company's concept of a range 

of very portable audio instruments for the engineer, 
whether working in the field, the studio or on general 
test bench work, it comes complete and ready to use 
with Broadcast Weighting network as standard. 

A range of plug-in alternative filters will be avail- 
able in the near future. 

The Soundex AMM 200, is very competitively 
priced at £350. Enquiries to Soundex Ltd., Park 
Lane, Broxbourne, Herts. 
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Radio Switch -Off 
Timer 
John Baker 

Night-time radio switches itself off. 

A very useful feature incorporated in many bedside 
clock radios 'is a "sleep" or "slumber" timer circuit 
which provides automatic switch -off after a 
predetermined length of time. This enables the per- 
son listening to the radio to fall asleep without having 
to bother about turning off the set. The unit to be 
described is a "sleep" timer which can be used with 
any 9 volt battery operated radio without this facility. 

The unit has three switch -off delays of approx- 
mately 3, 5 and 7 minutes, the desired delay being 
selected by a 3 -way switch. The battery which oper- 
ates the radio (and the timer) is situated in the timer 
case, and the output of the timer is taken to a battery 
clip which connects to the battery clip of the radio. In 
most instances it will not be necessary to modify the 
radio in any way. The timer is triggered by applying a 
finger to two touch contacts, and an ordinary push- 
button switch can be fitted instead of the touch con- 
tacts if preferred. There is also a bypass switch on the 
timer unit which allows the radio to be used normally. 

CIRCUIT DETAILS 
The circuit for the timer is given in Fig. 1. Basically, 

it employs a CMOS monostable device, ICI, to oper- 
ate the radio via a VMOS switching transistor. ICI is 
a CMOS 4047, and is employed in the positive edge 
triggered monostable mode. 

Pin 8 is the trigger input and is normally held low by 
resistor R4. If the two touch contacts are bridged by a 
finger the skin resistance between the contacts will be 
sufficiently small, when compared with the high value 
of R4, to take pin 8 positive by at least 70% or more of 
the supply voltage which constitutes a logic high in 
CMOS circuitry, IC1 is then triggered.. 

Timer triggered by touch contacts. 

The 4047 has both Q (pin 10) and not -Q (pin 11) 
outputs, the former being normally in the low state 
and going high during the timing period. The not -Q 
output is the inverse of this. It is the Q output which is 
used here, and it directly drives the gate of the switch- 
ing transistor, TR1. VMOS transistors are enhance- 
ment mode devices and TR 1 is therefore cut off when 
its gate is low, and is biased hard into conduction 
when the gate is taken high. Before the 4047 is trig- 
gered TRI is cut off and passes only a minute leakage 
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Figure 1. The circuit of the radio 
switch -off timer unit. IC1 
and TR1 draw a negligibly 
low current in the standby 
condition. 
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current. During the timing period it allows virtually 
the full 9 volts from battery BY! to be applied to the 
radio connected to the output terminals. There is a 
voltage drop across TR1, of course, but it has a typical 
"on" resistance of only about 4R and the voltage 
drop will be insignificant when the circuit is used with 
any conventional 9 volt radio. Closing S2 bypasses 
TR1 and allows the radio to be used normally. 

The length of the timing period, during which the Q 
output ICI is high, is governed by a resistance con- 
nected between pins 2 and 3, and a capacitance con- 
nected between pins I and 3. The nominal duration of 
the timing period is 2.48 RC seconds, where R is in 
megohms and C is in microfarads. In this circuit the 
capacitance is given by Cl and C2 in series. The 4047 
is not suitable for use with a plarised timing capaci- 
tance, but in the present application the very long 
timing periods require an electrolytic component. 
The well-known technique of using two electrolytic 
capacitors connected in series with opposing polarity 
has therefore been employed, and in practice this 
gives reliable results provided the capacitors are good 
quality types (which, in any case, they would have to 
be in any RC timer circuit incorporating a high timing 
resistance). It will be in order to use capacitors with a 
higher working voltage than 16 volts if these are more 
readily available. 

With S 1 in the "3" minute position the timing 
resistance is given by R3. In the "5" minute position 
the timing resistance is R3 plus R2, and in the "7" 
minutes position R3, R4 and R1 are all in series to 
provide the timing resistance. 

It should be noted that the actual timing periods 
will almost certainly be longer than the nominal 
values ascribed to /hem. First, the calculated periods 
are a few seconds longer than the nominal periods. 
Second, electrolytic capacitors have values which, on 
average, are greater than those marked on them. This 
is simply because tolerances on value of electrolytic 
capacitors are typically -10% to+50%. The third 
reason for extended periods is that a small leakage 
current will flow in the electrolytic capacitors. The 
cumulative effect of all these factions is that, for ins- 
tance, the timing period given with S1 at "7" may be 8 
minutes or more. This effect is not of any real signifi- 
cance in a non -critical application such as the present 
one. 

No on -off switch is required as the unit has a neglig- 
ible current drain of only about 1 microamp under 
standby conditions, and this will not seriously affect 
battery life even if a small battery is used. Most of the 
standby current consumption is leakage current in 
TR 1, and ICI has virtually no current consumption in 

The output leads pass 
through the rear panel of 
the case and are termi- 
nated in a connector (or 
connectors) suitable for 
the particular radio used. 

COMPONENTS 
Resistors 

(All .25 watt) 
R1 1MR 5% 
R2 1 MR 5% 
R3 1.5MR 10% 
R4 IOMR 10% 

Capacitors 
Cl 100 microfarad electrolytic, 16V. Wkg. 
C2 100 microfarad electrolytic, 16V. Wkg. 

Semiconductors 
IC1 4047 
TRI VN10KM 

Switches 
S1 4 -pole 3 -way rotary (only 1 pole used) 
S2 s.p.s.t. miniature toggle 

Miscellaneous 
Case 
Veroboard, 0.1 in. matrix 
9 volt battery 
Battery connector (see text) 
Control knob 
Nuts, bolts, wire etc. 

the standby mode. Even when ICI is triggered it still 
only draws a current of about 10 to 20 microamps, 
whilst TR1 requires no significant gate current since it 
is a voltage rather than a current operated device and 
has an input impedance of thousands of megohms. 
Thus, the addition of the timer should not result in 
any noticeable reduction in battery life. Note that 
even the tiny current in TRI will be eradicated if the 
radio is turned off at its own on -off switch. 

CONSTRUCTION 
The size of the case required for the unit will 

depend on the battery to be employed. The author's 
unit is housed in a Verocase type 202 21041C, which 
has dimensions of 153 by 84 by 59mm, and this is 
large enough to accommodate a PP3 or PP6 battery. 
(The old Vero part number for this case was 
75-1238-D). 

The two touch contacts are fitted at the top panel of 
the, case and, when these are used instead of a push- 
button, it is necessary to have a case with a top panel 
made of insulating material. The contacts consist of 
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Ou put clip 

Bat ery clip 

6BA clear 

The component and copper 
sides of the Veroboard 
panel, on which most of the 
components are assembled. 
The output clip connects to 
the battery clip of the radio, 
hence its apparent reversed 
polarity. 

The Veroboard 
module. This 
carries all the 
small compo- 
nents except 
Ri and R2. 

two M4 panel -head screws with solder tags under 
their nuts inside the case to faciliate connection to 
them. The two screws should be mounted with very 
little, space between them. 

Si and S2 are mounted on the front panel. A hole is 
required in the rear panel for the output lead and, if 
the panel is metal, this hole should have a grommet 
fitted to it. 

Most of the components are assembled on a piece 
of 0.1in. Veroboard having 16 copper strips by 18 
holes. Details of this board and all the other wiring of 
the timer are given in Fig.2. After the board has been 
cut out, the two mounting holes should be drilled and 
the seven breaks made in the copper strips. The board 
is then wired up as shown. ICI should be the last 
component to be soldered in place, and the sokering 
iron must have a reliably earthed bit. R1 and R2 are 
mounted on Si and not on the board. Check the 
positioning of the inside and corresponding outer tags 
with an ohmmeter before soldering to S 1, as relative 
positioning of the tags with some switches may differ 
from that shown in Fig.2. 

The two battery clips in Fig.2. are shown as PP3 
types. The output clip may appear to be connected 
with incorrect polarity, but this is because it mates 
up with the correct polarity clip in the radio. If the 
receiver has PP9 style clips, and if a battery with PP9 
type terminals is fitted in the timer unit, individual 
clips at the ends of flexible wires will need to be 
fitted instead of the 2 -way clips shown. The two 
output clips will again be of apparent opposite 
polarity. Take care to ensure that the supply to the 
radio is correct polarity, as damage could result if a 
supply of incorrect polarity is applied. 

The component panel is mounted by means of two 
6BA bolts and nuts at any convenient place on the 
bottom panel of the case, leaving sufficient room for 
the battery. Spacing washers on the 6BA bolts keep 
the board underside clear of the inside surface of the 
case. 

If it is desired to have a push-button instead of the 
touch contacts this is wired up in place of the contacts. 
The push-button should be of the press -to -make type.. 
A "cancel" switch can also be added, and this may 
consist of a press -to -make push-button wired up in 
series with a 1 kR resistor, as shown in Fig.3. Pressing 
this push-button will bring a timing period to an end. 

682 RADIO AND ELECTRONICS CONSTRUCTOR 



I kn 

'Cancel' 

ICl 

Figure 3. If desired, a "cancel" push- 
button can be connected to 
the circuit, as shown here. 
When pressed, this brings 
timing period rapidly to a 
close. 

CONNECTING TO 
THE RADIO 

With most radios there will be no difficulty in tak- ing the output lead of the timer into the radio battery 
compartment, and it will merely be necessary to leave the battery compartment cover slightly open to 
provide an opening for the lead. If preferred, a small notch can be cut in the battery compartment cover to allow the lead to pass through with the cover fully 
closed. If there is any risk of the timer output and radio battery clips touching any metalwork or con- nections inside the receiver they should be covered with insulating tape. PP9 type connectors should be 
covered with insulating tape in any case, because of the possibility of their short-circuiting each other. 

When completed, the timer unit is ready for testing. It is possible that ICI will trigger when the battery is first connected but, after that, control will be exerted 

The prototype timer unit 
with the case disassem- 
bled. The Veroboard panel 
is mounted on the case bot- 
tom. 

by the touch contacts only. The lengths of the timing 
periods for the three positions of S I can then be 
checked, bearing in mind that these can differ from 
the nominal periods. If, as is desirable, Cl and C2 are 
good quality new components, the first few timing 
periods could be significantly different from the sub- 
sequent ones. This is merely because electrolytic 
capacitors which have been in stock for a long period 
require a short -time with voltage applied for the elec- 
trolytic to "form", and it is not a fault condition. 

The VNIOKM specified for TRI is available from 
several retail sources, including Maplin Electronic 
Supplies. 

New all aluminium instrument cases 
Recently introduced by ZAERIX Electronics Ltd, 

a néw series of 70mm high, all aluminium instrument 
cases is available in 10 sizes ranging from 150 x 
150mm to 300 x 200mm deep. 

Comprising a unique 4 piece construction, the top and bottom covers of these ECOBOXES can be 
independently removed from the 1.519m thick front and rear panels, which incorporate pre -punched 
holes and deformable teeth, thereby providing integral supports for pcb's and chassis etc. 

Eminently suitable for both development and 
OEM applications, the front and rear panels of these 
inexpensive cases are professionally finished in natural coloured anodised aluminium, with the cov- ers in aesthetically contrasting matt black. 

Enquiries to Zerix Electronics Ltd., 46, West - 
bourne Grove, London. 

NEW ALL ALUMINIUM 
INSTRUMENT CASES 

BACK NUMBERS 
For the benefit of new readers we would draw attention to our back number service. 
We retain past issues for a period of two years and we can, occasionally, supply copies more than two years old: The cost is 80p, inclusive of postage and packing. 

Before undertaking any constructional project described in a back issue, it must be borne in mind that components readily available at the time of publication may no longer be so. 
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COMPULINK 
SERIES - No. 1: 

Compu-link is a new series in which we hope to 
provide sufficient practical and theoretical informa- 
tion, to enable the reader to construct micro- 
processor based projects which "really do some- 
thing!" 

Introduction 
Advances made in integrated circuit design during 

the mid seventies has meant that instead of only being 
able to incorporate several hundreds of active devices 
on a single integrated circuit die (the chip) manufac- 
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turers were able to build devices using tens of 
thousands of active devices. This technology which 
became known as Large Scale Integration, meant that 
products previously constructed from numerous 
Small Scale Integration parts (such as many of the 
standard 74xx series logic parts) could now be 
produced on a single custom Integrated Circuit. 

This ability to shrink the size of an application from 
a bench -full of devices to one single integrated cur - 
cuit, meant that many products which would have 
previously been impossible to manufacture due to the 
high cost of assembly or even the sheer bulk of the 
electronics, were now quite feasible. 

The new technology was quickly put to work 
producing high volume consumer applications such as 
digital clocks/watches and simple personal cal- 
culators. However the initial cost of development was 
extremely high and could only be successfully amor- 
tised if the final application was to be of tremendous 
volume. Moreover, the resulting integrated circuit 
was so specific that it could only be used in that one 
particular application, therefore it was very suscept- 
ible to being overtaken by a new and better device 
from a competitor. 

What was needed was a truly universal "logic" 
element which could be produced in high volume and 
then characterised or programmed for the customer's 
final application, thus the idea of a micro -processor 
was born. 

The first micro -processor was produced by Intel 
Ltd as the basis of a scientific calculator they had been 
asked to design. Two design solutions were pursued, 
one based on the production of yet another custom 
integrated circuit and the other based on the produc- 
tion of a universal programmable controller or 
micro -processor, the processor solution was finally 
adopted and the first commercial use of micro- 
processors had begun. 

At the time the full implications of this new device 
had not been fully realised and Intel were quickly 
overwhelmed by people wanting to use micro- 
processors as the basis of a new product. This 
tremendous commercial pressure ensured the rapid 
development of new and better offerings by all 
semiconductor `Giants', and has accounted for the 
phenomenal rate at which advances have been made 
in the availability and application of micro- 
processors. 

It is interesting to note that the intended applica- 
tions of these new devices were not as personal com- 
puters, but rather as intelligent control elements in 
consumer equipment. It was probably the American 
computer hobbyists who first used micro -processors 
as personal computers, and opened the way to a 
whole new previously unimagined industry. 

Motorola semiconductors now feel that by the end 
of this decade each household in America will contain 
some ten micro -processors in applications as diverse 
as washing machines, energy management and con- 
servation. (e.g. intelligent central heating controllers 
and personal computers/diaries). 

Already the availability of serious business/scien- 
tific computers for under £5,000 coupled with the 
availability of personal computers such as the Sinclair 
ZX81 for around £50 means that many of today's 
engineers and enthusiasts are already learning and 
developing the new technology of "personal comput- 
ing". 

In future issues of R & EC we hope to provide an 'in 
depth' review of the background to the development 
of the micro -processor coupled with an original and 
instructive course on the elements of programming 
and small computer system construction, but most 
importantly of all, we intend to develop a number of 
control applications for you to construct and use. 

These applications will hopefully include such 
things as intelligent burglar alarms, lighting and heat- 
ing controllers, waveform generators, test equip- 
ment, morse and TTY decoders and perhaps, most 
excitingly of all, control of complete radio/audio sys- 
tems. The technology now exists to enable the 
enthusiast to build a fully synthesised radio offering 
features such as preset stations, search scanning for 
activity, timed recording of programme material and 
many other facilities that a micro -processor based 
unit can provide. 

As we intend to devote ourselves to developing the 
control side of micro -processors, we will be describ- 
ing a custom control unit based on a well known 
processor chip, and offering 8-16 programmable out- 
puts and a similar number of programmable inputs. 
This unit will then be used as the basis of the construc- 
tional features. Sufficient information will be given to 
enable readers to programme the units themselves or 
if they prefer, to buy already programmed units from 
R & E. C. 

Mail Order Protection Scheme 
The publishers of this magazine have given to 

the Director General of Fair Trading an under- 
taking to refund money sent by readers in 
response to mail order advertisements placed in 
this magazine by mail order traders who have 
become the subject of liquidation or ban- 
kruptcy proceedings and who fail to, supply 
goods or refund money. These refunds are 
made voluntarily and are subject to proof that 
payment was made to the advertiser for goods 
ordered through an advertisement in this 
magazine. The arrangement does not apply to 
any falure to supply goods advertised in a 
catalogue or direct mail solicitation. 

If a mail order trader fails, readers are advised 
to lodge a claim with the Advertisement Manager 
of this magazine within 3 months of the appear- 
ance of the advertisement. 

For the purpose of this scheme mail order 
advertising is defined as: 

"Direct response advertisements, display or 
postal bargains where cash has to be sent in 
advance of goods being delivered." 

Classified and catalogue mail order advertising 
are excluded. 
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Universal 
12v 5W amplifier 

Most people will have come up against the problem 
of trying to obtain spare parts for imported consumer 
electrical equipment. The most frequent and trouble- 
some part for many radios, cassette recorders, tape 
players, and other radio equipment is the audio out- 
put integrated circuit. A good example is the Hitachi 
HA 1366 IC which is very widely used in many types 
of car radio, cassette player and CB radio, but is 
officially designated obsolete by the manufacturer. 
Whilst it would suit Hitachi very well if persons 
requiring spares threw the equipment away and 
bought a new set, this does seem a rather drastic 
solution when there is a cheaper alternative. 

This project describes such an alternative, in the 
shape of a micro -sized universal audio amplifier 
replacement based on the TDA2002 IC, which is 
available from many manufacturers and widely used 
in European car radio and audio equipment. The 
rather high quiescent current consumption makes this 
device unsuitable for battery equipment, but as a 
replacement for the many obscure types of audio IC 
which seem to fail with monotonous regularity in 
Japanese and Far Eastern in -car entertainment, it is 
an excellent solution. The integrated circuit itself, is 
not a pin for pin replacement for any of the fragile 
Japanese devices it replaces, and so it must be fittedas 
a complete entity with its own peripheral circuitry. 

However, from the illustrations and diagrams you 
will see that the complete unit requires only a minimal 
amount of space. and is therefore readily accommo- 

dated in most types of equipment. Some care needs to 
be taken with regards to the earthing as far as ground 
potential considerations are concerned, and with the 
almost universal application of the negative earth for 
vehicles, this is not a severe problem. 

As a further point in its favour, TDA2002 is a great 
deal less likely to fail in use than the devices it will be 
replacing, and so should he a once and for all substitu- 
tion. 

FIRST THINGS FIRST .. . 

The first thing you need to do is establish that 
there is in fact room in your piece of equipment for 
the board described herein. Bearing in mind, that 
you may remove the existing audio IC and all 
components directly connected thereto to make 
room, and so this should not present much of a 
problem. The main thing is to locate the audio input 
and this is easily traced by following the wiper on the 
volume control to the audio output IC. (Fig. 1). The 
output should present little trouble either, since this 
can be traced back from the loudspeaker leads. This 
just leaves the positive supply, which can be located 
either using a multi -meter or simple visual inspection. 

If you actually possess the handbook for the 
equipment concerned, it is very likely that a circuit 
diagram and parts list will enable easy identification 
of these features without having to resort to trial and 
error. 

Fig. 1. Circuit of the Uni- 
versal Audio Amplifier. 
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Photo of Universal Amp- 
lifier PCB, and when 
mounted in screening 
can. 

CIRCUIT DESCRIPTION 
Fig. 2. demonstrates the basic circuit of the univer- 

sal audio amplifier. This is a straightforward applica- 
tion of the TDA2002, with a few precautions to pre- 
vent low frequency instability (C2 at the input, and 
C7/R5 at the output). The major point to consider is 
the decoupling of the positive supply, since the board 
space available in this application only permits a 10 
microfarad device for C5, on the assumption that the 
existing application will already be complete with at 
least a few hundred microfarads to decouple the 
heavy audio current peaks drawn from the positive 
supply for the existing audio output IC. If the applica- 
tion has inadequate decoupling, it will be apparent 

Input earth 

Input 

Loudspeaker 

Main earth -- --- 

1 
T 

very quickly as audio peaks cause the whole circuit to 
become unstable and start to oscillate (motor - 
boating). The input and output are capacitively cou- 
pled, and once again these components may well be 
available on the existing board. 

The amplifier will provide 3-5 watts RMS output 
for a typical car supply, which will be adequate for the 
vast majority of applications. The actual voltage gain 
of the device is determined by the external feedback 
components R3, and R4 - and if a more detailed 
analysis of the device characteristics is required, you 
should ask for a copy of the manufacturer's data sheet 
when ordering. 

TOP VIEW 

A --- 
--- i 

i i /--5^, 

P 

Pos. supply 

3T 

o C4 

I 

2 
3 'Cl 

4 
R4 

5 

R2 

Fig. 2. Component layout. 
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Fig. 3. TDA 2002 internal circuit diagram. 

CONSTRUCTION 
Construction of this project hinges around a very 

tightly laid out printed circuit board. This is illus- 
trated in Fig. 3 and is available pre -etched and drilled 
from Ambit International for those who do not pos- 
sess the nerve or skills necessary to make such a fine 
piece of work. The illustration is four times full-size, 
as opposed to the more usual same -size or twice -size, 
since the very compact nature of the circuit would 
make details of the layout (Fig.4) quite indecipher- 

38mm 

Fig. 4. PCB layout. Scale 4:1. 
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able. There is nothing particularly awkward about 
construction, provided care is taken to avoid solder- 
ing more than one track at a time and most of the 
difficulty in this project, will come in actually picking 
your way through the maze of wires inside the defunct 
piece of equipment you are attempting to repair. 

Of course, this unit may be built for stand-alone 
operation as an audio amplifier from a 12v source, 
and is sufficiently compact to be built into a loud- 
speaker enclosure. Bearing in mind the nature of the 
power supply requirements, this device would make 
an excellent PA speaker amplifier, and fits easily 
inside the housing of most weatherproof horn speak- 
ers available today. A major point to consider is the 
very high input impedance, which will make long 
input leads susceptible to the pick up of RF and 50 
cycles hum along the length of the input connection. 
The TDA 2002 has a simple heatsink requirement, 
requiring only a single fixing hole and this can either 
be taken from the existing audio amplifier, or drilled 
in convenient position on the case of the equipment. 
If the power requirement is relatively low, an internal 
heatsink, such as a piece of aluminium bracket, may 
be fitted. 
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LCD digital 
stopwatch/clock 
J. L. Mills 

LCD clock modules are fairly commonplace these 
days, although surprisingly few people appreciate the 
actual scope of the range available to the designer/ 
constructor. One of these devices is available from 
PC I and is designated the CM174/5L, and apart from 
simple time -keeping functions, various alarms and a 
stopwatch. facility, are. also available. The external 
components' required are fairly minimal, being those 
required for setting,the time and functions, plus the 
external peripheral drivers for the sleep and alarm 
control functions. 

Once again, the versatility of "doing it yourself ' 
allows a very large number of different approaches to 
be adopted When constructing this project, although 
the text relates to the "all up" version covering every 
conceivable feature that the module has to offer. 

CHIEF DESCRIPTION 
The diagram indicates the complete circuit of the 

digital stopwatch clock with the CM174 module. The 
actual timing device involved with the integrated cir- 
cuit more closely resembles a microprocessor than a 
clock, it still manages to operate from a single 1.5 volt 
battery for a period of several years. The quiescent 
current drain is only 15 microamps, which means that 
a single AA cell will probably keep the entire system 

running for three to four years. A separate power 
source will be required for the external functions such 
as a loud alarm tone and a relay for switching external 
loads, and this can either be a separate battery, or 
derived from the equipments own power supply. 

The setting of the various functions and the selec- 
tion of certain functions is achieved using momentary 
type switches for positions S1,2,3,6,7,8,9. Multiple 
switching is required for S4,5,10 and 11 where 
optional features are to be selected. 

It is worth noting that the supply to the clock 
module is primarily a positive earth function, and thus 
is not easily obtained by simply tapping some power 
off an external circuit using a negative earth. In view 
of the low current consumption, it is invariably better 
to keep the supply for the clock module entirely inde- 
pendent of any other power considerations con- 
cerned with this application. 

The audible alarm is derived from the output on the 
clock module and this is amplified by TR2 to drive a 
piezo electric sounder with a multiplier inductor. The 
purpose of the inductor L1 is to provide very, large. 
voltage spikes which will greatly increase the volume 
from the high impedance transducer. 

TR1 provides the relay switching function for the 
automatic sleep timer (for example, a delayed switch 
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LI 
I R8 Off IOOmH 

470kn 

See 
table I 

VDD 
clock 
module 

TABLE 1 

Sleep time 15 30 60 120 

60/30 VDD VDD VSS VSS 

60/120 VDD VSS VSS VDD 

Circuit of the Digital Stop Watch/Clock. 

or function for a bedside radio). The relay can be 
virtually any type of relay that can be driven from a 
DC237 and line volt supply. A prototype used an 
original series OUA or OUB relay, selected accord- 
ing to the number of poles required to be switched. 

Various functions are offered by the CM174/5L 
and are best described by reference to the appropri- 
ate pin function. 

FS During normal time operation this pin enables 
the clock to be set accurately to a time signal. Depres- 
sing FS on the time 'pip' will reset the seconds to '00'. 

FM In normal mode is used for setting minutes, 
each push advancing the clock one minute. In stop- 
watch mode this pin resets the stopwatch to 00.0. 

FH In normal mode this is used for setting hours. In. 
stopwatch mode FH is used as a start/stop button. 

DUT A second time zone is displayed when DUT 
and ALS are taken to + 1.5v. Time setting is carried 
out as before using FH and FM. 

STW Taking STW and ALS to +1.5v. puts the 
module into its stopwatch function and it displays 00 
mins 0 secs. 

ALS As can be seen ALS is used with STW, or 
DUT. Taken to +1.5v on its own however, it displays 
an alarm time. This is a 24 hour type, settable for any 
one alarm time within a 24 hour period. Again, set- 
ting is achieved by FH and FM. 

It should be noted that the dual time, stopwatch 
and alarm cannot be used together. For example, if a 
dual time is set, selecting alarm or stopwatch will 
destroy the DUT setting. 

SEC Selecting SEC simply changes the hours/mins 
display to read min/secs thereby providing the equi- 
valent of a 6 digit clock. 

SNZ This snooze function should be familiar to 
most digital alarm clock users - when the alarm 
sounds depressing SNZ will reset the alarm for 
another 4 mins, when the alarm will again sound. 

ACS This function immediately cancels the alarm, 
control and sleep functions. 

SCI This function starts the sleep/control timer. 
The time period selected is determined by the wiring 
of 6/3 and 6/12 terminals - see Table 1. 

Whilst the basic clock operation should now be 
clear the operation of TR1 and TR2 circuits may not. 

The switch S10 has three functions. In `auto' posi- 
tion RLA1 will be activated when the SLP/CNT out- 
put goes high. 

This will be achieved only when S9 (sleep start) is 
pushed, after which SLP/CNT will be 'on' for the time 
period set by 6/3, 6/2, see Table 1. 

After this time period has elapsed SLP/CNT will go 
low, thereby switching off an external circuit con- 
nected to RLA1. If for example a radio is connected 
to RLA1 it can be switched on for any length of time 
by placing S10 in `radio on' position, thus acting as an 
`off/on' switch for the radio. 

S11 Alarm `on/off simply activates TD1 via TR2 
to provide an audible alarm when ALM output 
provides a 2kHz output. S11b activates a symbol 
when the alarm is 'on'. When `off the symbol is 
connected to the BP drive of the LCD (COM) 
thereby disabling it. 

Construction of the project is left up to the 
individual, since many people may not wish to use all 
the functions shown. To ease mounting, a bezel is also 
available, enabling the module to be affixed to a panel 
without any visible fixings. 
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Smithy looked across at 
Dick's bench for the third time 
in as many minutes. Dick was 
unusually quiet and inactive 
and it was this strange calm 
which attracted Smithy's atten- 
tion. 

Thé morning had passed 
uneventfully with a satisfying 
number of repairs to show for 
their labours so far, but now as 
it was approaching teabreak 
time, Dicks thoughts were 
clearly very far from the televi- 
sion set on the bench in front of 
him. Any particularly tricky 
problem usually brought on a 
flurry of mutterings and frantic 
activity at Dick's bench, so 
Smithy found the silence 
somewhat unnerving. 

Another minute passed and 
then Smithy moved over to 
Dick's bench, flicking the 
switch down for the electric 
kettle as he passed. But even 
this familiar noise which 
heralded their tea-break did 
not break Dick's reverie. 
Smithy's curiosity was too 
much. 

"Penny for your thoughts 
Dick," he said. 

Dick blinked, glanced down 
at the set in front of him, sighed 
and said "Oh I don't know 
Smithy, it seems you just can't 
rely on anything." 

After their years together 
Smithy had seen most of Dick's 
moods, but he wondered if this 
remark was directed at the fick- 
leness of life in general, or the 

Further 
thoughts on 
OHM's law 
Smithy straightens out 

non-linear resistors 

non-functioning T.V. set in par- 
ticular. 

So he asked cautiously 
"What's the problem, anything 
I can help with?" 

"Oh, it's Ohms Law," said 
Dick dispiritedly and after a 
pause, "they keep changing 
it." 

Smithy was bewildered. 
Now it was his turn also to 
stand silently for a moment 
staring into the middle dis- 
tance. 

"How do you mean, they 
keep changing it?" he queried. 
"Is this something you are 
doing at evening classes?" 

Dick nodded. "Yes." he said. 
"Last week we did some prob- 
lems on Ohms Law and it was 
all straightforward stuff really. 
You know the sort of thing, 
resistors in series and parallel 
and I thought it was all a 
doddle. Old Johnson who 
takes us for circuit theory was 
saying that all this Ohms Law 
stuff was 'linear' and I even 
understood that." 

Dick paused and frowned as 
he struggled with the unfamil- 
iar theoretical concepts. 

"You see" he continued "in 
maths we've been doing linear 
functions. How one thing 
changes the same as another, 
or at least not the same, but in 
proportion to another. You 
know, Smithy, X is propor- 
tional to Y and all that stuff. 
Well it didn't seem to mean 
much at the time, but when we 

did Ohms Law it sort of 
'clicked' and there it was, volts 
and amps related to each other 
linearly, or as Old Johnson 
puts it, 'directly related' to each 
other. I was feeling quite chuf- 
fed at that, I thought I'd man- 
aged to tie it all together. And 
then this week they went and 
changed it all." 

Clearly Dick was troubled 
and Smithy knew that this 
would take some time to sort 
out. So he settled himself on 
the stool alongside Dick's 
bench and probed a little 
deeper into the source of Dick's 
troubles. 

"What was Old John ..." 
Smithy corrected himself, 

... Mr. Johnson's lecture 
about this week then?" he 
asked. 

"Same sort of thing really," 
explained Dick, "but to do with 
non-linear resistors, you know 
- thermistors and things like 
that. I can't say I understood it 
all like I did the last lecture 
though. It was all graphical 
solutions and old Johnson said 
that we probably wouldn't get 
it in the exam anyway. But I 

was thinking about it when I 

found the problem on this set, 
or at least I thought I had found 
the fault." 

"What was it?" asked Smithy 
glancing down at the set, and 
then, noticing the absence of a 
'repaired' tag added "Or what 
is it?" 

"It was the thermistor" said 
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Dick, "it had gone open -circuit. 
Straightforward enough, but it's still not working." 

Smithy looked at the black- 
ened thermistor lying on the 
bench alongside the television 
and then glanced over the old 
and dusty chassis. 

"So what's wrong with 
Ohms Law?" he asked. 

"Well, is it linear or non- 
linear," demanded Dick. 

Smithy looked up from the 
chassis, paused and then said 
"Let's get a pencil and paper 
and see if we can sort this out." 

A few moments later he had 
sketched out the familiar bat- 
tery and resistor circuit which 
Dick had been working on the 
previous week at his recently 
started evening classes. 
(Fig.1). . 

Fig. 1. Smithy's first 
sketch 1=R , or Current is 

proportional to voltage 
and inversely propor- 
tional to resistance. 

"I don't suppose we need go 
back to the usual explanations 
involving water tanks and 
water flow in pipes and all 
that," said Smithy, "where 
you compare the voltage in a 
circuit to water pressure and 
the current in the circuit to the 
rate of flow of water in a pipe, 
because it could get very con- fusing when you start to deal with non-linear circuits." 

"Blimey," muttered Dick, "non-linear plumbing, it 
doesn't bear thinking about, 
whatever it is." 

Smithy ignored Dick's inter- 
ruption and pointed to the cir- 
cuit he had drawn. 

"This is the simplest circuit I 

can think of," he said. "It's got a 
battery and a resistor." 

"And two meters," added 
Dick. 

"Yes, but we are going to 
ignore the effect of the meters 

and say that for our purposes the ammeter is a short circuit and the voltmeter is an open circuit." 
Dick blinked. "But they won't work if they're open circuit or short circuit," he pro- 

tested. 
Smithy scowled. "Look," he 

said "if we are to get anywhere 
with this explanation then we 
are going to assume that the 
ammeter is just like a piece of 
wire and that the voltmeter is 
not touching the circuit at all." 

"I'll go along with that," said 
Dick affably, "but it already 
seems like one of old John- 
son's tricks." 

Smithy ignored Dick's scep- 
ticism and continued with his 
explanation. 

"The current flowing in the 
resistor is due to the voltage in 
the battery." Smithy paused, 
but there was no protest from 
Dick. 

"And," Smithy continued, 
"this current is limited by the 
resistance of the resistor." 

"Amps, volts and ohms," 
muttered Dick. 

"Right," said Smithy "and 
these amps volts and ohms, as 
you put it, are all in the same 
circuit. So if we know the 
battery volts and we know the 
value of the resistor then we 
can say what the current will 
be before we connect up." 

"Good thing," chuckled Dick 
"when the meters are open - 
circuit and short-circuit." 

"OK, OK," snorted Smithy 
"so you don't need the meters. 
But that's the point, with Ohms 
Law you can calculate one of 
the circuit conditions if you 
know the other two." 

"Current equals Volts 
divided by Resistance," he 
intoned as he jotted down the 
familiar expression: 

V 

R 

Dick brightened. "This I 

understand, he said. "If the 
voltage is doubled, the current 
doubles, but if the resistance is 
doubled the current is 
halved." 

"Correct," said Smithy. 
"And if the resistance is fixed 
then the relationship between 
the voltage and current is 
linear." 

"Yes I know what you 
mean," said Dick and added 
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suspiciously "but why did you 
say 'if' the resistance is fixed. I 

mean, the resistance alters the 
current too, doesn't it." 

"Certainly," said Smithy, 
"but the resistance may not be 
fixed. That's to say it may not 
be an independent element in 
the calculation. Look at this 
graph." 

Smithy sketched the axes of 
a graph and with a flourish 
added a nearly perfect straight 
diagonal line). (Fig.2). 

"There we are," he said 
"Current plotted against 
volts." Then, as he added 
some numbers to the axes he 
explained, "For every voltage 
value along the horizontal line 
there is a corresponding cur- 
rent value on the vertical line, 
and each pair of voltage and 
current values has a single and 
unique point on the graph." 

"And if you join the points 
up they form a straight line." 

"Right," said Smithy "and if 
you had a different resistor 
value you'd get a different 
straight line." 

Dick pointed to the second 
line which Smithy had just 
drawn. "How do you know 
which is which? he asked. 

"Because the higher the re- 
sistance the lower the current 
and so the slope of the line is 
less." 

"So this lower line is for 
higher resistance." 

"Yes," said Smithy "and 
there's a separate line for each 
value of resistance." 

"But what if you use a 

Fig.2. Smithy shows the 
straight line or 'linear' 
relationship between 
voltage and current for 
fixed values of resist- 
ance. 

22 

2 

Current 
mA 

Cold 

500n 

Voltage 

910n Hot 

Curve for a 

non-linear resistor 

Fig. 3. Positive Temperature Coeffi- 
cient. Although the resistance is dif- 
ferent at each point of the graph, the 
volts, amps and ohms still obey 
Ohm's Law. 

variable resistor?" demanded 
Dick. 

"That's the point," said 
Smithy. "The graph will move 
from the points on a line for 
one value of resistance to the 
points on another line for 
another value." 

Dick brightened. "And bang 
goes your straight line." 

"Exactly, because the resist- 
ance is varying." 

POSITIVE TEMPERATURE 
COEFFICIENT 

Smithy sketched another 
pair of axes and with a deft 
flourish drew a line which rose 
and then flattened out. (Fig.3). 

"Just a minute," protested 
Dick, "Old Johnson never said 
anything about variable resis- 
tors, only these non-linear 
resistors." 

"Right," said Smithy, "so 
what happens if the resistor 
changes its value while you are 
increasing the voltage or cur- 
rent in the circuit?" 

Dick looked puzzled. "How 
would it do that?" 

"lt might get hot," explained 
Smithy, and added "in which 
case the resistance could go 
higher or lower." 

"That'll muck things up," 
muttered Dick, looking glumly 
at Smithy's second sketch, and 
thinking about Ohms Law. 

"Not always. It can be very 
useful to a designer," said 
Smithy. 

"Look at what's happening 
here." He pointed to the start of 
the graph line. 

"As the voltage increases, 
the current increases. But if 

you increase the voltage 
across the resistor," said 
Smithy moving his finger up 
along the graph line to where it 
levelled out, "it gets hot and its 
resistance increases so that the 
current isn't as high as you 
might have thought at first. It's 
called Positive Temperature 
Coefficient because its resis- 
tance increases with tempera- 
ture." 

Dick was silent for a moment 
as he thought about the mean- 
ing of the phrase 'Positive 
Temperature Coefficient' then 
he brightened suddenly. "Oh I 

see, so in the end it won't let as 
much current through. It varies 
its own resistance, well I'm 
blowed!" 

"And blowed it well might 
be," Smithy chuckled at Dick's 
choice of words. "If you 
applied all the voltage at once, 
the resistor wouldn't have time 
to warm up and with the resis- 
tance still very low the high 
current could cause excessive 
heating at a small spot in the 
resistor and damage that one 
small spot." 

Dick frowned suddenly. 
"I've never heard of it hap- 
pening," he said, thinking of 
all the resistors in sets which 
had passed through the work- 
shop. 

"That's because the effect is 
very small in the usual resis- 
tors we have in circuits," exp- 
lained Smithy. "In fact they are 
designed to have a stable value 
of resistance over their normal 
temperature range." 

"So what's the problem?" 
asked Dick. "Why worry about 
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it at all if the effect is small?" 
"Because some resistances, 

such as the heaters in valves or 
television tubes are meant to 
run hot, so there is a great deal 
of difference between their 
cold resistance and their hot 
resistance." 

Dick pointed to the tip of 
Smithy's third sketch. "But 
surely they're meant to be hot. I 

mean, they're meant to be 
heaters aren't they?". 

"Yes," agreed Smithy, "but 
the heater is a long thin resis- 
tance which is like a chain of 
small resistors in series. Now if 
you apply the full working vol- 
tage straight away, when the 
heater is cold, the high current 
might just vaporise one small 
part of the heater." 

"The weakest link in the 
chain!" interjected Dick. "It 
burns out before the others 
have got hot and done their 
job. They don't stop the cur- 
rent, and it sorts out the weak- 
est part and blows it to 
smithereens!" 

Smithy winced at Dick's 
phrasing. "Not quite how I'd 
put it," he said "but that's 
right." 

But Dick wasn't to be put 
down by Smithy's careful 
approach to this idea. "What 
you need is a thermal cut-out," 
he said, and added "no not 
that - something to let the 
current build up slowly." 

Smithy looked across the 
workshop. "Just so," he 
mused. Then he scowled, slid 
from the stool, stepped across 
to the still silent kettle and 
stabbed a finger at the automa- 
tic thermal trip. "I don't know 
why we went in for this new- 
fangled thing," he said glaring 
at the stone cold kettle. He 
returned to Dick's bench and 
settled himself on the stool. 
"More trouble than it's worth," 
he grumbled, forgetting his 
displeasure of times past at the 
steam filled workshop when 
his able assistant's enthusiasm 
for some knotty problem or 
other had distracted him from 
the simple task of tea -making. 

"Quite a good protection 
gadget, I thought," said Dick 
brightly. 

"Which is what we need 
here," Smithy pointed to the 
neck of the tube in the set on 
Dick's bench, "if we're not to 
have heaters blowing every 
time we switch on the T.V." 

Current 

Current 
when warm 

Current 
when cold 

Hot 

Current increases 
as thermistor warms 
up 

'Cold'resistance 
line 

Cold 

VI 

Dick's suggested 
Voltage voltage point 

Fig. 4. Graph showing how the cur- 
rent through a Negative Temperature 
Coefficient thermistor increases as it 
heats up. 

NEGATIVE TEMPERATURE 
COEFFICIENT 

Smithy drew another pair of 
axes and this time added a line 
which swept upwards. (Fig.4). 

"That looks familiar," said 
Dick. "Where have I seen that 
before?" 

"I know what you're thinking 
of," said Smithy,"but first let's 
consider it to be a resistor 
whose resistance falls as it gets 
hot." 

"Falls!" exclaimed Dick. 
"That's unusual isn't it?" 

"Yes," agreed Smithy "but it 
can be very useful". Smithy 
added a dotted line on the 
graph. "This shows the resis- 
tance of the device when its 
cold. At voltage V1," Smithy 
marked a point on the horizon- 
tal axis and drew a line verti- 
cally up across the dotted line 
and onto the curving line, "the 
current is low," he finished. His 
pencil point rested on the 
intersection of his new vertical 
line with the dotted. line. "But 
as the device warms up the 
resistance falls and the current 
increases until we reach a final 
stable condition." 

Dick studied the situation on 
the graph for a moment and 
said, "But what happens if we 
put a high voltage on it? Say 
just here." And he indicated a 
point over to the right of 
Smithys point V1. The current 

will keep rising until ...." he 
trailed off, his finger tracing a 
path up past the top of the 
graph. "There's nothing to 
stop it!" he protested. 

"In practice there's always 
something to limit the 
current," Smithy added 
quickly, "look here." He drew 
another circuit, this time with 
two resistors each with its own 
voltmeter. (Fig.5). 

"More magic meters," 
muttered Dick. 

Smithy ignored Dick's cynic - 

PT C 

(TV tube) 
\ heater 

N.T.C. 

(Thermistor) 

Fig. 5. When first 
switched on the heater 
and thermistor are cold. 
The heater is therefore 
low resistance, but the 
thermistor is high resist- 
ance and prevents any 
damaging current surge. 
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ism and wrote 'PTC' alongside 
one resistor and 'NTC' along- 
side the other. "Two resis- 
tances," he said. "One a tube 
heater, which has a positive 
temperature coefficient and 
the other a thermistor which 
has a negative temperature 
coefficient. When we apply a 

working voltage to this set-up 
both devices are cold and so 
the NTC thermistor is high 
resistance while the tube heat- 
ers are low resistance." 

"And so could be damaged 
by any sudden voltage," inter- 
rupted Dick. 

"Exactly, but the current is 
limited by the NTC thermistor 
because most of the voltage is 
dropped across its high resis- 
tance. Now the thermistor will 
heat up, its resistance falls, 
and.. 

"The voltage is transferred 
to the tube heater." finished 
Dick. 

"Well, yes," Smithy agreed 
hesitating at Dick's graphic 
explanation. "I'd rather put it 
that the circuit conditions 
change so that the proportion 
of the voltage dropped across 
the heater increases while that 
dropped across the thermistor 
decreases." 

"And so the heater comes on 
very slowly," emphasised 
Dick. "And doesn't blow up. 

"Yes," agreed Smithy, "and 
all the time during this process 
the voltage current and resis- 
tance values for both the hea- 
ter and the thermistor obey 
Ohms Law." 

There was silence for a 

moment as each perused his 
own line of thought. 

Dick spoke next. "Where 
have I seen that graph before?" 
he asked as he pointed to 
Smithy's third sketch with its 
upward curving line. 

"You're probably thinking of 
the semiconductor diode law," 
explained Smithy. "That's a 
non-linear law, but in that case 
the effective resistance of the 
device varies with the applied 
voltage so the effect is instan- 
taneous rather than the slow 
thermal effects of heaters and 
thermistors. But that's a topic 
for another time." 

Silence settled again and 
Smithy returned to his own 
bench. 

"So Ohms Law itself is 
always linear," mused Dick, 
and added, "except in special 

cases where thermal effects 
can change things. ' 

"Thermal effects always 
change things," stressed 
Smithy, "even in a good con- 
ductor like a piece of wire." 

Dick looked puzzled. "Oh, 
come off it," he protested, 
"not enough to make any dif- 
ference." 

"Not necessarily," said 
Smithy as he settled himself 
firmly on his own stool at his 
own bench. "What happens if 
you pass too much current 
through a piece of wire?" 

"It gets hot, but so what?" 
"What if you increase the 

current further?" 
''The resistance will 

increase?" 
"Yes but if you take it beyond 

that?" persisted Smithy. 
"The wire will burn out, and 

the current will stop." 
"Just so," muttered Smithy 

as he bent over the set on his 
bench. "The wire goes open - 
circuit and the current stops." 

"So Ohms Law is still satis- 
fied," said Dick puzzled. "But 
so what?" 

"The current definitely 
stops." The Serviceman fell 
silent. 

His puzzled assistant turned 
back to the T.V. chassis on his 
bench. 

There was silence for a full 
minute as Dick's gaze roamed 
the valves and other compo- 
nents on the dusty and very 
dead old chassis. And then 
Dick spotted it. "Well 
I'm 

We will protect our gentle 
reader's mind from the exple- 
tives used by Dick as he glared 
at the blackened and blown 
fuse set alongside the power 
supply components. 

Smithy bent lower over his 
work and tried not to grin too 
broadly. 

Dick turned to Smithy. "The 
fuse is blovvn. After all that it's 
just the blooming fuse. I might 
have known what you were 
driving at, it's just clicked!" 

Smithy straightened and 
turned to face Dick, now grin- 
ning broadly. He pointed to the 
kettle which had long gone off 
the boil. "You're wrong," he 
said, "it clicked about five 
minutes ago." 

"Nice one Smithy," and Dick 
set about making the long 
delayed tea. 
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New Products 
NEW WINGED BIMDICATORS 

BOSS Industrial Mouldings Ltd, 2 Herne Hill Road, London, have launched their new range of, LED Filament and Neon `Winged Bimdicators' 
which, where appropriate also house an integral bal- last resistor. 

Offering 17 round, square or arrow shape lens 
options in combination with 6 body sizes ranging 
from 9.75mm to 19.8mm dia, the unique wings 
moulded onto both sides of the body automatically fold in as the indicator is pushed through the panel hole, to progressively slip out behind the panel, 
thereby firmly locking the indicator in position. 

Capable of accepting panel thicknesses of between 
0.5mm and 3.5mm this new indicator is obviously 
eminently suitable for production line/OEM type 
applications, where speed of assembly is a major con- 
sideration. 

MPUroBreadBoard 
Also recently launched is the MPUroBreadBoard, a new Eurocard size breadboard laid out specifically for microprocessor designs, which interlocks with all 

existing BOSS BIMBOARD components. Incor- porating a special central microprocessor section, flanked on both sides by peripheral chip areas, this new MPUroBreadBoard has single or double bus 

strips on all sides, plus 5 turret terminals for incoming 
power lines. Ideal for beginners and professionals 
alike, all rows and columns are numbered and let- 
tered for exact contact location, this being imperative 
for educational use where step-by-step build up ins- 
tructions are used. 

MINIATURE HANDTOOLS 

Tele -Production Tools Ltd., of Stiron House, Elec- tric Avenue, Westcliff, Essex, manufacturer of Hand - tolls and Production aids announces the introduction of a set of three new `Easi-Grip' miniature handtools designed for use in electronics and fine modelling. All are fitted with ergonomically styled self open- ing handles and are operated with finger tips to ensure fine control and ease of operation. This 

`Easi-Grip' set consists of miniature carbon steel side 
cutters, fine nosed stainless steel tweezer -Pliers and a serrated stainless steel scissor/shear for cutting fine 
wires, boards, foil etc. 

The average tool weight is only 40 gms and the cost 
is £3.75 each which includes Post and Packing also V.A.T. or £10.00 for the set of three. 

PLEASE MENTION THIS MAGAZINE 
WHEN REPLYING TO 
ADVERTISEMENTS 

JULY, 1981 
697 



NEW! JUST PUBLISHED 
TOWERS INTERNATIONAL 

MICROPROCESSOR SELECTOR 
Towers' vaternational 
Microprocessor Selector 

If you come into contact with microprocessors (whether as 
hobbyist, student, circuit engineer, programmer, buyer, 
teacher, serviceman, or just humble reader) you often find 
you would like data information on a specific microcircuit 
element. Specifications apart, you may be even more 
interested in where you can get the device in question. And 
perhaps even more important still (particularly with obsolete 
devices), you may be looking for guidance on a readily - 
available second source or possible substitute. 

This microprocessor selector (working on the same basis 
as the TRANSISTOR, FET, and OPAMP LINEAR -IC selectors 
already compiled by the author) is designed to provide in 
one handy reference volume a comprehensive body of 
readily -accessible, user -slanted essential information across 
the field of microprocessors. 

In the data tabulations will be found set out the essential 
basic specifications of over 7,000 commercially -available 
microprocessor 'chips', including not only the micropro- 
cessor elements themselves (e.g. MPUs and CPUs) but also 
the many other LSI 'support' circuits (e.g. ROMs, RAMs, 
PROMs, clocks, UARTs, I/Os) normally used in harness with 
the microprocessors proper to produce complete microcom- 

ONLY 
£16.25 

POST PAID 

puters or microcontrollers. For ease of reference, the 
descriptions and control specifications of the individual 
circuits are set out in the detailed data tables on separate 
single lines, arranged in alpha -numeric order by type 
number. 

For the newcomer to the very new field of micropro- 
cessors, the selector includes a full introductory note on 
these devices before the data tables. 

Besides this, the tables are supplemented by separate 
appendices giving additional information on: (a) Micropro- 
cessor chip applications (and codings); (b) Microprocessor 
'families'; (c) Microprocessor LSI chip manufacturers (and 
codings); (d) Semiconductor LSI technologies (and codings); 
(e) Microprocessor chip packages (and codings); (f) Micro- 
processor trainer and development systems; (g) Micropro- 
cessor bibliography; (h) Manufacturers' house codes; (i) 

Glossary of microprocessor terms; (j) Explanatory notes to 
tabulations. 

This selector is fully international in scope and covers not 
only microprocessors and related devices from the USA and 
Continental Europe, but also from the UK and the Far East 
(Japan). 

TO:- DATA PUBLICATIONS LTD, 57 MAIDA VALE, LONDON W9 1SN 

Please send me copy/copies of 

TOWERS INTERNATIONAL 
MICROPROCESSOR SELECTOR 

Price: £16.25 inc P&P 

NAME 

ADDRESS 

(BLOCK CAPITALS PLEASE) 
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SMALL ADVERTISEMENTS 
Rate: 12p per word. Minimum charge 

£2.00 
Box No. 30p extra 

Advertisements must be prepaid and all 
copy must be received by the 4th of the 
month for insertion in the following 
month's issue. The Publishers cannot be 
held liable in any way for printing errors or 
omissions, nor can they accept responsibil- 
ity for the bona fides of Advertisers. 
Where advertisements offer any 
equipment of a transmitting nature, 
readers are reminded that a licence is 
normally required. Replies to Box 
Numbers should be addressed to: Box 
No. -, Radio and Electronics Construc- 
tor, 57 Maida Vale, London, W9 1SN. 

BOOKS. BOOKS. BOOKS. Large range of radio 
and electronic books in stock. Send s.a.e. for 
lists. Servio Radio, Dept. REC7, 156-158 Mer- 
ton Road, Wimbledon, London SW19 IEG. 

BOOKS FOR SALE: Experiments with Opera- 
tional Amplifiers, by George B. Clayton. £3.75. 
Experimenting with Electronic Music by Brown 
& Olsen. £1.20. Electric Model Car Racing by 
Laidlaw-Dickson. 60p. Electronics Unravelled 
by Kyle. £1. Auto Electronics Simplified, by Tab 
Books. £1.20. Box No. G394. 

SIMPLE BEGINNERS KITS: L.E.D. flasher 
£3.25. Crystal set £2.95. 1 transistor radio 
£3.25. Variable tone generator £3.25. All less 
case. Cheques made payable to: Elektron Kits, 
51 Fairfield, Gamlingay, Sandy, Beds., SG19 
3LG. 

ANY SINGLE SERVICE SHEET £1 plus S.A.E. 
Thousands of different service/repair man- 
uals/sheets in stock. Repair data your named TV 
£6 (with circuits £8). S.A.E newsletter, price 
lists, quotations. (0698-883334). Ausrec, 76 
Churches, Larkhall, Lanarkshire. 

FOR SALE: A number of "D & S" three pin, 
fused, mains plugs and fuses. S.A.E. for details. 
Box No. G396. 

B. J.'s DICTIONARY OF CB SLANG. Quality 
printed. 95p + stamp. Refund if not highly 
delighted. Trade welcome. Bailey & Co., 
Tondu, Bridgend, Mid-Glam. 

WIRELESS, VALVES, PRE-WAR ONWARD 
S.A.E. Modern bargains list 15p. Sole Elec- 
tronics, (REC), 37 Stanley Street, Ormskirk, 
Lancs., L39 2DH. 

MINI FANS: Uses HP11 battery. Pocket Size. 
Ideal for hot weather. Only £1.50 or £2.75 for 
two, inc. P & P. To: - P.D. Electronics, 11 
Bluebell Close, Orpington, Kent, BR6 8HS. 

RADIO VALVES 1930 ONWARDS. Ex - 
equipment, guaranteed. Magazines, P.W., 
W.W., etc. S.A.E. list. Malnors Radio, 12 Kir- 
kham Close, Chilton, Ferryhill, Co. Durham, 
DL17 ORL. 

(Continued on page 700) 

Wilmslow 
Audio 

THE firm for speakers! 

SEND 50p FOR THE WORLDS BEST 
CATALOGUE OF SPEAKERS, DRIVE UNITS KITS, 
CROSSOVERS ETC. AND DISCOUNT PRICE LIST 

AUDAX AUDIOMASTER BAKER 
BOWERS & 

WILKINS CASTLE CELESTION 
CHARTWELL COLES DALESFORD 
DECCA EAGLE ELAC EMI FANES 
GAUSS GOODMANS HARBETH 

ISOPHON I.M.F. 
JORDAN JORDAN WATTS KEF 
LOWTHER McKENZIE MISSION* 

MONITOR AUDIO MOTOROLA 
PEERLESS RADFORD RAM 

ROGERS RICHARD ALLAN SEAS 
SHACKMAN STAG TANNOY 

VIDEOTONE WHARFEDALE 

WILMSLOW AUDIO DEPT REC 
35/39 CHURCH STREET, WILMSLOW 

CHESHIRE SK9 lAS. 
Tel: 0625-529599 for Mail Order & Export of Drive Units, Kits, 

etc., 
Tel: 0625-526213 (Swift of Wilmslow) for Hi-fi and complete 

speakers 

BECOME A 
RADIO AMATEUR 
Learn how to become a radio amateur in contact 
with the whole world. We give skilled preparation 

for the G.P.O. licence. 
No previous knowledge required. mmamma--- IBM - 

Brochure without obligation to :- 
British National Radio 
& Electronic School 
4 Cleveland Road, Jersey, Channel Islands. 

Name 
Address 
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Self -Binder 
for "Radio & Electronics 

Constructor" 

The "CORDEX" Patent Self - 
Binding Case will keep your issues 
in mint condition. Copies can be 
inserted or removed with the 
greatest of ease. Rich maroon 
finish, gold lettering on spine. 
Specially constructed Binding Cords are 
made from Super Linen of great 
strength, very hard twisted and twice 
doubled. They are attached to strong 
RUSTLESS Springs under tension, and 
the method adopted ensures PER- 
MANENT RESILIENCE of the Cords. Any 
slack that may develop is immediately 
compensated for and the Cords will 
always remain taut and strong. It is 
impossible to overstretch the springs, as 
a safety check device is fitted to each. 

PRICE £2.25 p. & p. 60p 

including V.A.T. 

For your other magazines 
Plain-backed in Maroon or Green 

(Please state colour choice) 

PRICE £2.25 P. & P. 60p 

including VAT 

Available only from:- 

Data Publications Ltd. 
57 Maida Vale London W9 1SN 

SMALL ADVERTISEMENTS 
(Continued from page 699) 

THE RADIO AMATEUR INVALID & BLIND 
CLUB is a well established Society providing 
facilities for the physically handicapped to enjoy 
the hobby of Amateur Radio. Please become a 
supporter of this worthy cause. Details from the 
Hon. Secretary, Mrs. F. E. Woolley, 9 Rannoch 
Court, Adelaide Road, Surbiton, Surrey, KT6 
4TE. 

BOOK CLEARANCE. Bound volumes Radio & 
Electronics Constructor Nos. 27, 28 and 29, 
£3.00 each. Cost Effective Projects Around 
the Home by John Watson, £1.50. Talk -Back 
TV: Two -Way Cable Television, by Richard 
Veith, £1.00. Solid State Short Wave Receivers 
for Beginners, by R. A. Penfold, 60p. 50 Simple 
LED Circuits, by R. N. Soar, 50p. All prices 
include postage. Box No. G399. 

FOR SALE: FM Transmitter microphone - hear 
your own voice on radio, price £15.00. Holog- 
rams £12.50. Mini cassette recorder and 10 
C60's, £20.00. LED watches £3.50. 50 2W zen - 
ers £1.00. 50 BZY88 type zeners £1.00. J. Ful- 
ton, Derrynaseer, Dromore, Co. Tyrone, N. Ire- 
land. 

WANTED: Army wireless sets and instruction 
books on same. Hallicrafter receivers, and 
speakers. collect during my holidays in Sep- 
tember. Please write to: A. Huizer (PE1 - 
DMN), Wilhelminasingel 16, 3135 JP Vlaar- 
dingen, Holland. 

WANTED: FAX equipment, manuals, service 
sheets, etc. G2UK, 21 Romany Road, Oulton 
Broad, Lowestoft, Suffolk. NR32 3PJ. 

ELECTRONIC COMPONENTS. 6 x CD4011 
£1.00. Veroboard 0.1, 4" x 4" 80p. 13 x TIL 209 
£1.00. 30 x C280 capacitors 95p. 130 mixed 
resistors £1.00. 30 assorted electrolytics 
capacitors 70p. 12 x BC212 £1.00. 40 mixed 
capacitors 80p. 12 x 2N3702 £1.00.10 x BC108 
£1.00. 7 x TIL 211 £1.00. Add 25p P. & P. Lists 
35p. John E. Harris, 9 Ivybridge, Broxbourne, 
Herts. 

JOIN THE INTERNATIONAL S.W. LEAGUE. 
Free services to members including Q.S.L. 
Bureau, Amateur and Broadcast Translation, 
Technical and . Identification Dept. - both 
Broadcast and Fixed Stations, DX Certificates, 
contests and activities for the SWL and transmit- 
ting members. Monthly magazine, Monitor, 
containing articles of general interest to Broad- 
cast and Amateur SWLs, Transmitter Section 
and League affairs, etc. League supplies such as 
badges, headed notepaper and envelopes, QSL 
cards, etc., are available at reasonable cost. Send 
for League particulars. Membership including 
monthly magazine etc., £9-00 per annum 
U.K. Overseas rates on request, Secretary 
Grove Road, Lydney, Glos., GL15 5JE. 

(Continued on page 701) 
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SMALL ADVERTISEMENTS 
(Continued from page 700) 

MICRO TRANSMITTERS. Range 1 mile. Tune- 
able 60-150MHz. Receive on VHF/FM radio. 
Supplied assembled and working. With sensitive 
microphone and data £4.75 plus 25p. P & P. 
P.D. Electronics, 11 Bluebell Close, Orpington, 
Kent, BR6 8HS. 

LOOK TRANSISTORS - BC182L 9p. BC184 
10p. BC212L 10p. BC214L 10p. 2N3055 35p. 
0A81 3p. 1N4148 2p. 1N4004 6p. P. & P. 25p. 
C. Pearce, 14 Launde Park, Market Har - 
borough, Leics. 

100 1N4148 £1. 150 Resistors £1. 100 Capacitors 
£1. P. & P. 25p. S.A.E. Lists. Dept. R, D. B. 
Products, P.O. Box 8, York, YO1 1FT. 

POSTAL ADVERTISING? This is the Holborn 
Service. Mailing lists, addressing, enclosing, 
wrapping, facsimile letters, automatic typing, 
copy service, campaign planning, design and 
artwork, printing and stationery. Please ask for 
price list. - The Holborn Direct Mail Company, 
Capacity House, 2-6 Rothsay Street, Tower 
Bridge Road, London, S.E.1. Telephone: 
01-407 6444. 

FOR SALE: LED non -working repairable watches 
£2.50 each. C60 cassettes 15p each plus postage 
10p. J. Fulton, Derrynaseer, Dromore, Co. 
Tyrone, N. Ireland. 

FOR SALE: Bound Volume No. 26 Radio & Elec- 
tronics Constructor 1972/1973. As new. £2.50 
plus £1.50 Post & packing. Box No. G402. 

FOR SALE: Photographic enlarging equipment: 
Vivitar enlarger. Model E.36 with 50mm f. 3.5 
and 75mm f.3.5 lenses. Kodak safety light. 
Kodak contrast filter set. 11 in. x 14 in. printing 
frame with copying facilities. Measuring flask. 
Three trays, three tweezers. Three plastic bot- 
tles. Clips. Printing paper. Antistatic brush for 
cleaning negatives. Kodak Photoguide Booklet. 
Man's protective apron. £75 o.n.o. Pair of 
Goodman's speakers 8 ohms, 15 watts, £50 
o.n.o. R. L. Gee, 9 Glanmead, Shenfield, 
Essex. 

BREAKER, BREAK. Build your own C.B. rig. 
(27MHz transceiver). Circuit diagram, parts list, 
etc. All components available in U.K. Send 
£2.95 & large s.a.e. to: P. Sherwood, 8a Ayles- 
tone Walk, Manchester, M10 9NU. I'm down 
and on the side. 

INTERESTED IN RTTY? You should find the 
"RTTY Journal" of interest. Published in 
California, U.S.A., it gives a wide outlook on the 
current RTTY scene; RTTY-DX; DXCC Hon- 
our Roll; VHF RTTY news; and up to date 
technical articles are included. Specimen copies 
35p from: The Subscription Manager, RTTY 
Journal, 21 Romany Road, Oulton Broad, 
Lowestoft, Suffolk, NR32 3PJ. 

(Continued on page 703) 
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FREE POSTAGE 
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ADDITIONAL 
DISCOUNTS 

GUARANTEED 
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GOOD DELIVERY 

We pay postage. 
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Semi -Conductors I.C.s Opto - 
devices Rs and Cs in great variety 

Pots Switches Knobs 
Accessories Tools Materials 
Connectors 

ELECTROI A 
ELECTROVALUE LTD., (RC7), St. Jude's Rd., 
Englefield Green, Egham, Surrey TW20 OMB. 
Phone: 33603 (London 87) STD 0784. Telex 264475. 
NORTHERN BRANCH shoppers Only): 680 Burnage 
Manchester M19 1NA. Phone (061) 432 4945. 

ERA pRTASK11£ ING 

A CAREER IN RADIO 
Start training today and make sure you are qualified to take 
advantage of the many opportunities open to the trained person. ICS 
can further your technical knowledge and provide the specialist training so essential to success. 

ICS, the world's most experienced home study college, has helped 
thousands of ambitious men to move up into higher paid jobs- they 
can do the same for you. 

Fill in the coupon below and find out howl 
There is a wide range of courses to choose from, including: 

CITY & GUILDS CERTIFICATES 
Telecommunications Technicians' 
Radio TV Electronics Technicians' 
Electrical Installations Technicians' 
Electrical Installation Work 
Radio Amateurs' 
MPT Radio Communications Cert 
EXAMINATION STUDENTS - 
GUARANTEED COACHING 
UNTIL SUCCESSFUL 

TECHNICAL TRAINING 
ICS offer a wide choice of non -exam 
courses designed to equip you for a 
better job in your particular branch of 
electronics, including: 
Electronic Engineering & Maintenance 
Computer Engineering/Programming 
Radio, TV & Audio Engineering 

& Servicing 
Electrical Engineering Installations 

& Contracting 

COLOUR TV SERVICING 
Technicians trained in TV Servicing are in constant demand. Learn all the techniques you need to service Colour and Mono TV sets through new home study course approved by leading manufacturer. 

POST THIS COUPON OR TELEPHONE FOR FREE PROSPECTUS 
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1 

I am interested in 
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Occupation 

Accredited 
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Member of 
ABCC 
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To 
International Correspondence Schools 
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RECHARGEABLE 

BATTERIES 

PRIVATE & TRADE 
ENQUIRIES WELCOME 

FULL RANGE AVAILABLE SEND SAE 
FOR LISTS. £1.45. for Booklet Nickel 
Cadmium Power" plus Catalogue. 
Write or call: 

*NEW SEALED 
LEAD RANGE AVAILABLE* 

SANDWELL PLANT LTD 
2 Union Drive, Boldmere, 

Sutton Coldfield, West Midlands, 
021-354 9764. 

INTERNATIONAL 
* í SHORT 

WAVE 

LEAGUE 
a'Aogt 

Membership £9.00 per annum (Overseas rates 
on request) including 12 monthly issues of 
Monitor - the League journal. Including free 
use of all Services, QSL Bureau etc. 

THE LARGEST S.W.L ORGANISATION 
IN THE WORLD 

For full details write to: 
The Secretary, 

I.S.W.L., 
1, GROVE ROAD, LYDNEY, 

GLOS. GL15 5JE. 

BUY THIS 
BEST SELLER 

T.V. FAULT F 
MONOCHROME 
405/625 LINES 

INDING 

w 

,., 
\ 

REVISED & ENLARGED 
Edited by J. R. Davies 

132 pages PRICE £1.20 

Over 100 illustrations, including 60 
photographs of a television screen after 
the appropriate faults have been 
deliberately introduced. 

Comprehensive Fault Finding Guide 
cross-referenced to methods of fault 
rectification described at greater length 
in the text. 

Price £1.20 from your bookseller. 

or post this Coupon together 
with remitance for f1.50 
(to include postage) to 

DATA PUBLICATIONS LTD. 
57 Maida Vale, London, W9 1SN 

Please send me the 5th revised edition of TV 
Fault Finding. Data Book No. 5 

I enclose cheque/crossed postal order for 

NAME 

ADDRESS 

BLOCK LETTERS PLEASE APRIL 
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SMALL ADVERTISEMENTS 
(Continued from page 701) 

WANTED - Handbook for the 8 valve Trio 
9R-59DE. Please contact P. Bradbury, 2A Col- 
eswood Road, Harpenden, Herts., Telephone: 
63942. 

INTERESTED IN OSCAR? Then join 
AMSAT-UK. Newsletters, OSCAR NEWS 
Journal, prediction charts, etc. Details of mem- 
bership from: Ron Broadbent, G3AAJ, 94 
Herongate Road, Wanstead Park, London, E12 
5EQ. 

PERSONAL 
JANE SCOTT FOR GENUINE FRIENDS. Intro- 

ductions to opposite sex with sincerity and 
thoughtfulness. Details free. Stamp to: Jane 
Scott, 3/Con North St. Quadrant, Brighton, Sus- 
sex, BN1 3GJ. 

SPONSORS required for exciting scientific project 
Norwich Astronomical Society are building a 
30" telescope to be housed in a 20" dome of 
novel design. All labour being given by volun- 
teers. Already supported by Industry and 
Commerce in Norfolk. Recreational. Educa- 
tional. You can be involved. Write to: NAS 
Secretary, 195 White Woman Lane, Old Cat - 
ton, Norwich, Norfolk. 

TWO'S COMPANY for friendship/marriage. 
Introductions with the personal touch for people 
of discernment. Brochure on request. TWO'S 
COMPANY, Dept. 1E/R, 111 High Holborn, 
London WC1V 6JS. Telephone: 01-242-2345. 

BROADLANDS RESIDENTIAL CLUB for 
elderly people. Are you recently retired and 
looking for a home? We have a delightful top 
floor room overlooking Oulton Broad, facing 
south. Write to: The Warden, Broadlands Resi- 
dential Club, Borrow Road, Oulton Broad, 
Lowestoft, Suffolk. 

IF YOU HAVE ENJOYED A HOLIDAY on the 
Norfolk Broads, why not help to preserve these 
beautiful waterways. Join the Broads Society 
and play your part in determining Broadlands 
future. Further details from: The Hon. Mem- 
bership Secretary, The Broads Society,. "Ick- 
nield," Hilly Plantation, Thorpe St. Andrew, 
Norwich, NOR 85S. 

PRINTED CIRCUIT BOARDS FOR 
"RADIO & ELECTRONICS 

CONSTRUCTOR" PROJECTS. 
OCT 20dB amp. Part 1 68p plus 30p P&P 
NOV. 20dB amp. Part 2 62p plus 30p P&P 

NOV. Basic Med. Wave radio 69p plus 30p P&P 
DEC. Volume Expander £2.25 plus 30p P&P 
FEB."81 Cricket Game £1.67 plus 30p P&P 

APR. Med. & Short Wave radio £1.20 plus 30p P&P 
APR. Active tone control mod. £1.25 plus 30p P&P 

MAY. Crystal Calibrator £1.75 plus 30p P&P 
All boards ready for use, roller tinned and drilled, 

glassfibre. 
Trade enquiries welcome. Highly competitive prices. 

Write now for quote to: 
BRB PRINTED CIRCUITS (REC) 

109, Potter Street, Worksop, Notts. S80 2HL. 

T & J ELECTRONIC COMPONENTS 
METAL BOXES 

Two piece design consisting of a 
"U" shaped base and cover. 
Finished in black stelvite. 
WB16x4x13" 165p 
WB2Bx5x2" 215p 
WB39x5x2}" 230p 
WB64}x23x21" 130p 

PLAIN ALUMINIUM (With lid) 
AB751x23x1i" 90p 
AB84x4x1}" 90p 
AB94x23x13' 90p 
AB1051"x4x1i" 105p 
AB123x2x1" 72p 

PLASTIC BOXES 
PB1 4} x 3 x 1} white 70p 
025L 21 x 1i x 1" (Vero) white . 50p 
Many other boxes in catalogue. 

MISCELLANEOUS 
P.C.B. Transfers (13 sheets) 300p 
Insulated crocodile clip 9p 
Telephone pick up coil 75p 
2.5" x 1", 0.1" Veroboard 16p 
Small cable ties 2p 
PP3 battery connectors 14p 
F.M. ribbon dipole aerial 45p 
Spirawrap 1" diameter (per rn,,,re) 

16p 
Spirawrap 1/." diameter (per metre) 

13p 
Grommets:" bore 1p 
Gromrets'/." bore 1.5p 
3.5mm jack plug 10p 
2.5mm jack plugs 10p 
2.5 and 3.5mm sockets 10p 
2 pin DIN plugs Bp 
2 pin DIN sockets 8p 
Veropins 0.1" and 0.15" per 25 15p 
s.p.s.t. toggle switches 38p 

L.E.D.S. 
0.125" red 12p 
0.125" green or yellow 21p 
0.2" red 13p 
0.2" green or yellow 22p 
0.2" clear, illuminates red 22p 
Clips for all above types' 2p 

RESISTORS 
1W and }W tolerance ± 5% 4.70 to 
10M. E12 series. Price each 2p. 
Miniature presets. Tolerance + 20% 
Power rating 0.1W.E6 series 1Ô00 to 
1M.. Price each, vertical or hori- 
zontal. 9p 

I.C. SOCKETS 
Low profile types by Texas. 
8 pin 11p. 14 pin 13p. 16 pin 13p. 

SEMICONDUCTORS 
BC107/8/9 11p, BC182/3/4 11p, 
AC127/8 24p, 2N3702/3/4/6 11p, 
BC338 16p, BC169 12p, 2N3819 25p, 
1N4001/2 5p, BY127 18p, 1N5401 
15p, 1N914 5p, IS44 7p, BZY88C 
series 2.7V to 33V 10p. 

COMPONENT KITS 
All previously advertised kits still 
available. 
Latest kit prices: 
Voltmeter Sensitivity Booster 
May 1981 £3,15 
Crystal CalibratorMay 1981 £14.85 

Please note that some kits exclude 
certain items. Full details in list, 
available on receipt of an s.a.e. 

98 Burrow Road, Chigwell Essex. 1G7 4HB. 
Mail order only. Prices include VAT, overseas deduct 155/ 
NO minimum order charge. Postage: Components 40p 
(Overseas add £1.50, airmail at cost), kits 65p. Orders are 
despatched same day as received. 
Full catalogue available 45p cheque or postal order. 
Enquiries please enclose an s.a.e. 

REVOR OPTICAL & TECHNICAL 
6 SICILIAN AVENUE 

LONDON W.C.1 
Tel. 01-836 4536 

PRICED 
FROM 

£148.75 
Stereo master 

This microscope's working 
distance and field of view is 
relatively large; this feature 
ensures convenience to the 

operator who works with both 
hands while assembling 

precision mechanisms. 
IDEAL FOR 

PRINTED CIRCUITS 
AND OTHER 

DELICATE WORK. 

COMES 
OMPLETE WITH 

built-in x 10 Mag. 
Objectives x 20 
Objectives x 35 
At extra cost 

We stock one of the largest selections of second 
hand microscopes and optical magnifiers, on 

and off stands. Please phone for details. 
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RADIO & ELECTRONICS CONSTRUCTOR 

Single Copies 
Price 60p each, p&p 20p 
Issue(s) required 

Annual Subscription 
Price £9.50 inland, £10.50 overseas (including Eire) 

post free, commence with issue 
Bound Volumes: 

Vol. 27. 
Vol. 28. 
Vol. 29. 
Vol. 30. 
Vol. 31. 
Vol. 32. 
Vol. 33 

August 1973 to July 1974 
August 1974 to July 1975 
August 1975 to July 1976 
August 1976 to July 1977 
August 1977 to August 1978 

September 1978 to August 1979 
September 1979 to August 1980 

Price £3.00, post & pkg £1.50 
Price £3.20, post & pkg £1.50 
Price £3.50, post & pkg £1.50 
Price £3.70, post & pkg £1.50 
Price £5.20, post & pkg £1.50 
Price £5.50, post & pkg £1.50 
Price £6.20 post & pkg. £1.50 

CORDEX SELF -BINDERS 
With title, 'RADIO & ELECTRONICS CONSTRUCTOR' on spine, 

maroon only Price £2.25, post & pkg 60p With no title on spine, maroon Price £2.25, post & pkg 60p With no title on spine, green Price £2.25, post & pkg 60p 
Prices include V.A.T. 

DATA BOOK SERIES 
DB5 TV Fault Finding, 132 pages Price £1.20, P.&P. 30p 
DB6 Radio Amateur Operator's Handbook, 

New edition in course of preparation 
DB19 Simple Short Wave Receivers Price 80p, P. & P. 30p 

140 pages 

STRIP -FIX PLASTIC PANEL SIGNS 
Set 3: Wording - White 
Set 4: Wording - Black 
Set 5: Dials 

-6 sheets 
-6 sheets 
-6 sheets 

Prices include V.A.T. 

Price £1.50, P. & P. 13p 
Price £1.50, P. & P. 13p 
Price £1.50, P. & P. 13p 

I enclose Postal Order/Cheque for . . . . in payment for 

NAME 

ADDRESS 

(BLOCK LETTERS PLEASE) 

Postal Orders should be crossed and made payable to Data Publications Ltd. 
Overseas customers please pay by International Money Order. All publications are obtainable through your local bookseller 

Data Publications Ltd., 57 Maida Vale, London W9 1SN 

PLEASE MENTION THIS MAGAZINE WHEN WRITING TO ADVERTISERS 
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in ourdi ' CATALOGUE 

320 big pages packed with 
data and pictures of 
over 5,500 items 

Over 100,000 copies sold already! 

Don't miss out on your copy. 

On sale now in all branches 

WH Smith te price £1. 

In case of difficulty check the coupon below. 

. 
HAMMÉRSM 

59-161 
Hing 

Street H 
1 donsW6fh 

rek 1-Iqg 0926 

.(Closed 
Mondays 

,+ y 

For personal service visit one of our stores. 

Our new store at Hammersmith is conveniently situated near the end 
of the M4 and the North and South Circular Roads. 

There is excellent street parking on meters a few steps away and 
Hammersmith Underground Station is nearby. Call in and see us soon. 

make it easy... 
one 

a><,ee with irii tlifnl 
.6.40M ç9e 

P 429998 pt OQJ`tea 

c.%), 

Easy to build, 
superb specification. 

Comparable with organs selling for 

up to £1,000. Full construction details 
in Electronics & Music Maker commencing 

March, 1981 issue. Back numbers available. 

nn1iin ELECTRONIC SUPPLIES LTD. 

'" rely an 

Same day service on in -stock lines 

* Very large percentage of our stock lines in stock 

* All prices include VAT 

* 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 Ihl1Ifr.;Ih»Lllfnl your 
first choice for components every time! 

rump----aNno mum mum sumam 
Post this coupon now. 
Please send me a copy of your 320 page catalogue. I enclose £1.25 

1 (incl. 25p p&p). If I am not completely satisfied I may return the 
1 catalogue to you and have my money refunded. If you live outside the 

U.K. send £-1.68 or 12 International Reply Coupons. 

1 
1 
1 

REC 781 1 Name 

Address 

All mail to: P.O. Box 3, Rayleigh, Essex SS6 8LR. Tel: Southend (0702) 554155 Sales: (0702) 552911 


