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BAT-BAND CONVERTOR by Thomas Scarborough
Listen-in to the world of bats with this low-cost b.f.o. detector
EMERGENCY STAND-BY LIGHT by Terry de Vaux-Balbirnie
A 12V battery-powered home emergency light using a low-energy mains lamp
MIDI HEALTH CHECK by David Clark
Check out your MIDI home studio with this transmitter-receiver pair
PIC MIXER FOR RC PLANES by Marius Bensch
A flight command mixer for delta and V-tail radio-controlled model planes
INGENUITY UNLIMITED - Sharing your ideas with others
Beat Balance Metal Detector; Simple Signal Injector; Easy Sinewaves;
Sonic Control for Toys; Camera Power; Yes-No Indicator; Pico Prize Winners

Series and Features
CIRCUIT SURGERY by Alan Winstanley and Ian Bell
Explaining Diacs and Triacs; Parallel Regulators; Please Take Note - 
MOSFET Amplifiers
TECHNO TALK by Andy Emmerson
Disruptive Technologies - bad news for some, good news for others
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NEW TECHNOLOGY UPDATE by Ian Poole
Poor soldering is the cause of circuit failures even for professionals
PRACTICALLY SPEAKING by Robert Penfold
A novice’s guide to understanding how to mount components 
on a circuit board
NET WORK - THE INTERNET PAGE surfed by Alan Winstanley
Chat Zone Shenanigans; Outlook Express Back-up
TEACH-IN 2004 - 5. Logic gates as switches by Max Horsey
Continuing our 10-part tutorial and practical series - how to 
apply electronics meaningfully
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EDITORIAL
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Plus everyday news from the world of electronics
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NEXT MONTH
EXPERIMENTAL 
SEISMOGRAPH LOGGER
Although seismographs are widely used to monitor naturally 
occurring earthquakes, they can be used to monitor any shaking 
of the earth, including movement caused by man’s activities. This 
PIC-controlled seismograph responds to any vibrational 
displacement between two halves of a sensor pair.
The PIC samples the data at 25Hz, constantly outputting it as a 
serial stream suitable for input to a PC computer at 9600 baud 
and storage to its hard drive at a rate selected by the user. It can 
also store the data to an optional on-board set of non-volatile 
serial memories, for later download to a PC as a complete block 
whenever desired, at intervals of hours, days, or even months. 
At the PC, specially written software allows the data recorded by 
both techniques to be selectively displayed on screen. It is also in 
a format suited to further analysis by Microsoft Excel or similar 
spreadsheet and graphing display software. It is believed that the 
software is compatible with Windows platforms 95, 98, ME, XP, NT and 2000, 
as long as the Pc has a COM port.
The electronics and software could also be used with an existing seismograph assembly if its sensor system 
outputs a d.c. voltage in the range of 0V to +5V

USB TO PIC MODULE 
REVIEW
Any computer purchased in the last few years is 
almost certain to be fitted with one or more USB 
(Universal Serial Bus) connectors. The intent of 
USB is to replace ageing parallel and serial 
interfaces in computer systems. While not the 
fastest form of computer interface, USB is designed 
to be easy to set up, user-friendly and possesses a 
bus architecture which enables data from many 
devices to be funnelled into and out of a computer 
in an orderly manner.
This review describes a USB to PIC interface 
module, the DLP-245PB, which is marketed by DLP 
Design. The interface can transfer data to and from 
the host computer at up to two megabits per 
second.

PIC MOON CLOCK
This design uses 12 l.e.d.s arranged in a circle to display the phases of 
the Moon, waxing, waning, full or new. The circuit construction and 
software are suitable for beginners. Its designer has worked at the Time 
and Frequency section of the National Physical Laboratory - and was 
once a Time Lord/

SEMICONDUCTOR 
CLASSIFICATION DATA
Semiconductor devices are classified using a unique part numbering 
system. Several schemes are in use, including the American Joint 
Engineering Device Engineering Council (JEDEC) system, the European 
Pro-Electron system, and the Japanese Industrial Standard (JIS) system. 
In addition some manufacturers have adopted their own coding schemes. 
Next month we provide an explanation of the three main coding systems 
and itemise the prefix code letters used by manufacturers when 
numbering their semiconductor devices.

TEACH-IN 2004 - PART 6 SOUND LEVEL MEASUREMENT

NO ONE DOES IT BETTER
DON'T MISS AN 

ISSUE - PLACE YOUR 
ORDER NOW! 

Demand is bound to be high

APRIL 2004 ISSUE ON SALE THURSDAY, MARCH 11
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Quasar Electronics Limited
PO Box 6935, Bishops Stortford, 
CM23 4WP
Tel: 0870 246 1826
Fax: 0870 460 1045
E-mail: sales@quasarelectronics.com

Add £2.00 P&P to all UK orders. 1st Class Recorded - £4.
Next day (insured £250) - £7. Europe - £5. Rest of World - £10. 
We accept all major credit/debit cards. Make cheques/POs 
payable to Quasar Electronics Limited.
Prices include 17.5% VAT. MAIL ORDER ONLY.
Call now for our FREE CATALOGUE with details of over 300 
high quality kits, projects, modules and publications.

QUASAR 087 1 CREDIT CARD 717 716
electronics SALES

Helping you make the right connections!

PIC & ATMEL Programmers
We have a wide range of low cost PIC and 
ATMEL Programmers. Complete range and 
documentation available from our web site.

Programmer Accessories:
40-pin Wide ZIF socket (ZIF40W) £15.00
18VDC Power supply (PSU201) £5.95 
Leads: Parallel (LEAD108) £4.95 / Serial
(LEAD76) £4.95 / USB (LEADUAA) £2.95

NEW! USB ‘All-Flash’ PIC Programmer
USB PIC programmer for all 
‘Flash’ devices. No external 
power supply making it truly 
portable. Supplied with box 
and Windows Software. ZIF 
Socket and USB Plug A-A lead 
not incl.
Kit Order Code: 3128KT - £29.95
Assembled Order Code: AS3128 - £39.95

Enhanced “PICALL” ISP PIC Programmer
Will program virtually ALL 8 
to 40 pin PICs plus certain 
ATMEL AVR, SCENIX SX 
and EEPROM 24C devices. 
Also supports In System 
Programming (ISP) for PIC

ABC Mini Microcontroller Board 
Currently learning about 
microcontrollers? Need 
to do more than flash a 
LED or sound a buzzer? 
The ABC Mini Starter 
Kit is based on ATMEL’s 
AVR 8535 RISC tech
nology and will interest 
both the _beginner and 
expert alike. 
Beginners will find that 
they can write and test a simple program, 
using the BASIC programming language, 
within an hour or two of connecting it up. 
Experts will like the power and flexibility of 
the ATMEL microcontroller, as well as the 
ease with which the board can be 
“designed-in” to a project. 
The ABC Mini STARTER PACK includes 
everything you need to get up and experi
menting right away. On the hardware side, 
there’s a pre-assembled ABC Mini Board 
with parallel and serial cables for connection 
to your PC. Windows software included on 
CD-ROM features an Assembled, BASIC 
compiler and in-system programmer. 
Order Code ABCMINISP - £49.95 
The ABC Mini boards only can also be 
purchased separately at £29.95 each.

NEW! DTMF Telephone Relay Switcher

and ATMEL AVRs. Free software. Blank chip 
auto detect for super fast bulk programming. 
Requires a 40-pin wide ZIF socket (not 
included)
Kit Order Code: 3144KT - £54.95
Assembled Order Code: AS3144 - £59.95

ATMEL 89xxx Programmer
Uses serial port and any 
standard terminal comms 
program. 4 LEDs display 
the status. ZIF sockets 
not included. Supply:
16VDC.
Kit Order Code: 3123KT - £29.95
Assembled Order Code: AS3123 - £34.95

NEW! USB & Serial Port PIC Programmer 
USB/Serial connection.
Header cable for ICSP. Free 
Windows software. See web
site for PICs supported. ZIF 
Socket and USB Plug A-A 
lead extra. 18VDC.

Kit Order Code: 3149KT - £29.95
Assembled Order Code: AS3149 - £44.95

Introduction to PIC Programming
Go from a complete PIC 
beginner to burning your 
first PIC and writing your 
own code in no time!
Includes a 49-page step- 
by-step Tutorial Manual,
Programming Hardware (with LED bench 
testing section), Win 3.11-XP Programming 
Software (will Program, Read, Verify & 
Erase), and a rewritable PIC16F84A that 
you can use with different code (4 detailed 
examples provided for you to learn from). 
Connects to PC parallel port.
Kit Order Code: 3081KT - £14.95
Assembled Order Code: AS3081 - £24.95

Call your phone number 
using a DTMF phone from 
anywhere in the world 
and remotely turn on/off 
any of the 4 relays as 
desired. User settable
Security Password, Anti-Tamper, Rings to 
Answer, Auto Hang-up and Lockout.
Includes plastic case. 130 x 110 x 30mm. 
Power: 12VDC.
Kit Order Code: 3140KT - £39.95
Assembled Order Code: AS3140 - £59.95

Serial Port Isolated I/O Module
Computer controlled 
8-channel relay 
board. 5A mains 
rated relay outputs 
and 4 opto-isolated 
digital inputs (for 
monitoring switch

states, etc). Useful in a variety of control 
and sensing applications. Programmed via 
serial port (use our new Windows interface, 
terminal emulator or batch files). Serial 
cable can be up to 35m long. Includes 
plastic case 130 x 100 x 30mm. Power: 
12VDC/500mA.
Kit Order Code: 3108KT - £54.95
Assembled Order Code: AS3108 - £64.95

Controllers & Loggers
Here are just a few of the controller and data 
acquisition and control units we have.
See website for full details. Suitable PSU for 
all units: Order Code PSU203 - £9.95

Rolling Code 4-Channel UHF Remote 
State-of-the-Art. High security.
4 channels. Momentary or 
latching relay output. Range 
up to 40m. Up to 15 TXs can 
be learned by one Rx (kit 
includes one Tx but more 
available separately).
4 indicator LEDs.
Rx: PCB 77x85mm, 12VDC/6mA (standby). 
Two & Ten Channel versions also available.
Kit Order Code: 3180KIT - £41.95
Assembled Order Code: AS3180 - £49.95

Computer Temperature Data Logger
Serial port 4-channel tem
perature logger. °C or °F. 
Continuously logs up to 4 
separate sensors located 
200m+ from board. Wide 
range of free software appli
cations for storing/using data.
PCB just 38x38mm. Powered 

by PC. Includes one DS1820 sensor and 
four header cables.
Kit Order Code: 3145KT - £22.95
Assembled Order Code: AS3145 - £29.95
Additional DS1820 Sensors - £3.95 each

Most items are available in kit form (KT suffix) 
or pre-assembled and ready for use (AS prefix).

Infra-red RC 12-Channel Relay Board
Control 12 on-board relays 
with included infra-red 
remote control unit. Toggle 
or momentary. 15m+ range. 
112 x 122mm.
Supply: 12VDC/0-5A.

Kit Order Code: 3142KT - £41.95
Assembled Order Code: AS3142 - £59.95

PC Data Acquisition & Control Unit
Monitor and log a 
mixture of analogue 
and digital inputs 
and control external 
devices via the ana
logue and digital 
outputs. Monitor 
pressure, tempera
ture, light intensity, weight, switch state, 
movement, relays, etc. with the apropriate 
sensors (not supplied). Data can be 
processed, stored and the results used to 
control devices such as motors, sirens,
relays, servo motors (up to 11) and two
stepper motors.

Features
• 11 Analogue Inputs - 0^5V, 10 bit (5mV/step)
* 16 Digital Inputs - 20V max. Protection 1K in 

series, 5dV Zener
• 1 Analogue Output - 0-2^5V or 0-10V. 8 bit 

(20mV/step)
• 8 Digital Outputs - Open collector, 500mA, 33V 

max
• Custom box (140 x 110 x 35mm) with printed 

front & rear panels
• Windows software utilities (3-1 to XP) and 

programming examples
• Supply: 12V DC (Order Code PSU203)

Kit Order Code: 3093KT - £69.95
Assembled Order Code: AS3093 - £99.95

mailto:sales@quasarelectronics.com


Cool New Kits This Winter!
Here are a few of the most recent kits 
added to our range. See website or join our 
email Newsletter for all the latest news.

NEW! EPE Ultrasonic Wind Speed Meter
Solid-state design 
wind speed meter 
(anemometer) that 
uses ultrasonic 
techniques and has 
no moving parts 
and does not need 

calibrating. It is intended for sports-type 
activities, such as track events, sailing, 
hang-gliding, kites and model aircraft flying, 
to name but a few. It can even be used to 
monitor conditions in your garden. The probe 
is pointed in the direction from which the 
wind is blowing and the speed is displayed 
on an LCD display.
Specifications
• Units of display: metres per second, feet per 

second, kilometres per hour and miles per hour
• Resolution: Nearest tenth of a metre 
• Range: Zero to 50mph approx.

Based on the project published in Everyday 
Practical Electronics, Jan 2003. We have 
made a few minor design changes (see web 
site for full details). Power: 9VDC (PP3 bat
tery or Order Code PSU203).
Main PCB: 50 x 83mm.
Kit Order Code: 3168KT - £34.95

NEW! Audio DTMF Decoder and Display 
Detects DTMF 
tones via an 
on-board electret 
microphone or 
direct from the 
phone lines through 
an audio trans
former. The 

numbers are displayed on a 16-character, 
single line display as they are received. Up 
to 32 numbers can be displayed by scrolling 
the display left and right. There is also a 
serial output for sending the detected tones 
to a PC via the serial port. The unit will not 
detect numbers dialled using pulse dialling. 
Circuit is microcontroller based.
Supply: 9-12V DC (Order Code PSU203).
Main PCB: 55 x 95mm.
Kit Order Code: 3153KT - £17.95
Assembled Order Code: AS3153 - £29.95

NEW! EPE PIC Controlled LED Flasher
This versatile 
PIC-based LED 
or filament bulb 
flasher can be 
used to flash 
from 1 to 160

LEDs. The user arranges the LEDs in any 
pattern they wish. The kit comes with 8 
superbright red LEDs and 8 green LEDs. 
Based on the Versatile PIC Flasher by Steve 
Challinor, EPEMagazine Dec ’02. See web
site for full details. Board Supply: 9-12V DC. 
LED supply: 9-45V DC (depending on 
number of LED used). PCB: 43 x 54mm. 
Kit Order Code: 3169KT - £10.95

Most items are available in kit form (KT suffix) 
or assembled and ready for use (AS prefix)

FM Bugs & Transmitters
Our extensive range goes from discreet 
surveillance bugs to powerful FM broadcast 
transmitters. Here are a few examples. All 
can be received on a standard FM radio 
and have adjustable transmitting frequency.

MMTX’ Micro-Miniature 9V FM Room Bug 
Our best selling bug! Good 
performance. Just 25 x 15mm. 
Sold to detective agencies 
worldwide. Small enough to 
hide just about anywhere. 
Operates at the ‘less busy’ top 

end of the commercial FM waveband and 
also up into the more private Air band. 
Range: 500m. Supply: PP3 battery.
Kit Order Code: 3051KT - £8.95
Assembled Order Code: AS3051 - £14.95

HPTX’ High Power FM Room Bug 
Our most power
ful room bug.
Very Impressive
performance. Clear and stable output signal 
thanks to the extra circuitry employed.
Range: 1000m @ 9V. Supply: 6-12V DC (9V 
PP3 battery clip suppied). 70 x 15mm.
Kit Order Code: 3032KT - £9.95
Assembled Order Code: AS3032 - £17.95

MTTX’ Miniature Telephone Transmitter 
Attach anywhere 
along phone line.

T Tu n T. .... Tune a radio into the
signal and hear 

exactly what both parties are saying. 
Transmits only when phone is used. Clear, 
stable signal. Powered from phone line so 
completely maintenance free once installed. 
Requires no aerial wire - uses phone line as 
antenna. Suitable for any phone system 
worldwide. Range: 300m. 20 x 45mm.
Kit Order Code: 3016KT - £7.95
Assembled Order Code: AS3016 - £13.95

3 Watt FM Transmitter
Small, powerful FM 

' ■ •’ transmitter. Audio
.Ailftt preamp stage and

¡hrekfnP’stlHs three RF stages
deliver 3 watts of RF 

power,C power. Can be used
with the electret 

microphone supplied or any line level audio 
source (e.g. CD or tape OUT, mixer, sound 
card, etc). Aerial can be an open dipole or 
Ground Plane. Ideal project for the novice 
wishing to get started in the fascinating 
world of FM broadcasting. 45 x 145mm.
Kit Order Code: 1028KT - £22.95 
Assembled Order Code: AS1028 - £34.95

25 Watt FM Transmitter
Four transistor based stages with a Philips 
BLY89 (or equivalent) in the final stage. 
Delivers a mighty 25 Watts of RF power. 
Accepts any line level audio source (input 
sensitivity is adjustable). Antenna can be an 
open dipole, ground plane, 5/8, J, or YAGI 
configuration. Supply 12-14V DC, 5A. 
Supplied fully assembled and aligned - just 
connect the aerial, power and audio input. 
70 x 220mm.
Order Code: 1031M - £124.95

QUASAR
electron ics

CREDIT 
CARD 
SALES 
0871 
717 

7168

Helping you make the right connections!

Electronic Project Labs
Great introduction to the world of electron
ics. Ideal gift for budding electronics expert!

200-in-1 Electronic Project Lab
A great way to 
learn 200 exciting 
electronic experi
ments safely. 
Everything you 
need to start a 
fascinating hobby 
in basic electron
ics! Learn about 
transistors, transformers, diodes, capacitors, 
oscillators, basic electronic circuits and 
schematic symbols. Easy-to-read 110-page 
A5 illustrated lab style manual takes you 
through each electronic experiment step-by- 
step and includes schematics diagrams and 
circuit explanations.
Order Code EPL200 - £47.95
30, 130-300 and 500-in-1 project labs also 
available - see website for details.

Number 1 for Kits!
With over 300 projects in our range we are 
the UK’s number 1 electronic kit specialist. 
Here are a few other kits from our range.

1046KT - 25W Stereo Car Booster £26.95 
3087KT - 1W Stereo Amplifier £4.95 
3105KT - 18W BTL mono Amplifier £9.95 
3106KT - 50W Mono Hi-fi Amplifier £19.95 
3143KT - 10W Stereo Amplifier £9.95 
1011KT - Motorbike Alarm £11.95 
1019KT - Car Alarm System £10.95 
1048KT - Electronic Thermostat £9.95 
1080KT - Liquid Level Sensor £5.95 
3005KT - LED Dice with Box £7.95 
3006KT - LED Roulette Wheel £8.95 
3074KT - 8-Ch PC Relay Board £29.95 
3082KT - 2-Ch UHF Relay £26.95 
3126KT - Sound-Activated Relay £7.95 
3063KT - One Chip AM Radio £10.95 
3102KT - 4-Ch Servo Motor Driver £15.95 
3160KT - PIC16F62x Experimenter £8.95 
1096KT - 3-30V, 5A Stabilised PSU £30.95 
3029KT - Combination Lock £6.95 
3049KT - Ultrasonic Detector £13.95 
3130KT - Infra-red Security Beam £12.95 
SG01MKT - Train Sounds £6.95 
SG10 MKT - Animal Sounds £5.95 
1131KT - Robot Voice Effect £8.95 
3007KT - 3V FM Room Bug £6.95 
3028KT - Voice-Activated FM Bug £12.95 
3033KT - Telephone Recording Adpt £9.95 
3112KT - PC Data Logger/Sampler £18.95 
3118KT - 12-bit Data Acquisition Unit £52.95 
3101KT - 20MHz Function Generator £69.95

www.quasarelectronics.com
Secure Online Ordering Facilities 9 Full Product Listing, Descriptions & Photos • Kit Documentation & Software Downloads
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EPE PIC
RESOURCES

CD-ROM
A companion to the EPE PIC
Tutorial V2 series of Supplements 
(EPE April, May, June 2003)
Contains the following Tutorial-related 
software and texts:

£14.45 
INCLUDING 

VAT and P&P• EPE PIC Tutorial V2 complete demonstration software, 
John Becker, April, May, June ’03• PIC Toolkit Mk3 (TK3 hardware construction details), 
John Becker, Oct ’01• PIC Toolkit TK3 for Windows (software details), John
Becker, Nov ’01

Plus these useful texts to help you get the most out of your
PIC programming:

• How to Use Intelligent L.C.D.s, Julyan Ilett, Feb/Mar ’97• PIC16F87x Microcontrollers (Review), John Becker,
April ’99• PIC16F87x Mini Tutorial, John Becker, Oct ’99• Using PICs and Keypads, John Becker, Jan ’01• How to Use Graphics L.C.D.s with PICs, John Becker, 
Feb ’01• PIC16F87x Extended Memory (how to use it),
John Becker, June ’01• PIC to Printer Interfacing (dot-matrix), John Becker, 
July ’01• PIC Magick Musick (use of 40kHz transducers),
John Becker, Jan ’02• Programming PIC Interrupts, Malcolm Wiles, Mar/Apr ’02• Using the PIC’s PCLATH Command, John Waller, 
July ’02• EPE StyloPIC (precision tuning musical notes),
John Becker, July ’02• Using Square Roots with PICs, Peter Hemsley, Aug ’02• Using TK3 with Windows XP and 2000, Mark Jones, 
Oct ’02• PIC Macros and Computed GOTOs, Malcolm Wiles, 
Jan ’03• Asynchronous Serial Communications (RS-232),
John Waller, unpublished• Using I2C Facilities in the PIC16F877, John Waller, 
unpublished• Using Serial EEPROMs, Gary Moulton, unpublished• Additional text for EPE PIC Tutorial V2,
John Becker, unpublished

NOTE:The PDF files on this CD-ROM are suitable to 
use on any PC with a CD-ROM drive. They require 
Adobe Acrobat Reader - included on the CD-ROM

Order on-line from 
www.epemag.wimborne.co.uk/shopdoor.htm 

or www.epemag.com (USA $ prices) 
or by Phone, Fax, Email or Post.

EPE PIC RESOURCES CD-ROM 
ORDER FORM

Please send me.......(quantity) EPE PIC RESOURCES CD-ROM 

Price £14.45 each - includes postage to anywhere in the world.

Name............................................................................................

Address ........................................................................................ 

................................................ 

................................................ 

................................................... Post Code..........................

□ I enclose cheque/P.O./bank draft to the value of £.................

□ Please charge my Visa/Mastercard/Amex/Diners Club/Switch 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

Card No.........................................................................................

Card Security Code................ (The last 3 digits on or just under
the signature strip)

Valid From .................................Expiry Date ............................

Switch Issue No................................

SEND TO: Everyday Practical Electronics, 
Wimborne Publishing Ltd., 

408 Wimborne Road East, Ferndown, Dorset BH22 9ND.
Tel: 01202 873872. Fax: 01202 874562.
Email: orders@epemag.wimborne.co.uk

Payments must be by card or in £ Sterling - cheque or bank 
draft drawn on a UK bank.

Normally supplied within seven days of receipt of order. 
Send a copy of this form, or order by letter if you do not wish to cut your issue.

BECOME A PIC WIZARD WITH THE HELP OF EPE!
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MAGENTA
ELECTRONICS LTD

135 Hunter Street, Burton-on-Trent, Staffs. DE14 2ST 
Tel 01283 565435 Fax 546932 
http://www.magenta2000.co.uk 
E-mail: sales@magenta2000.co.uk
All Prices include V.A.T. ADD £3.00 PER ORDER P&P. £6.99 next day

MAIL ORDER ONLY • CALLERS BY APPOINTMENT

EPE PROJECT PICS
Programmed PICs for *EPE Projects 

12C508/9 - £3.90; 16F627/8 - £4.90 
16C84/16F84/16C71 - £5.90 

16F876/877 - £10.00 
All inc. VAT and Postage 

(*Some projects are copyright)

EPE MICROCONTROLLER 
P.I.TREASURE HUNTER

The latest MAGENTA DESIGN - highly 
stable & sensitive - with I.C. control of all 
timing functions and advanced pulse 
separation techniques.
• High stability 

drift cancelling
• Easy to build

& use
• No ground 

effect, works 
in seawater

PIC PIPE DESCALER
• SIMPLE TO BUILD •SWEPT
• HIGH POWER OUTPUT FREQUENCY
• AUDIO & VISUAL MONITORING
An affordable circuit which sweeps 
the incoming water supply with 
variable frequency electromagnetic 
signals. May reduce scale formation, 
dissolve existing scale and improve 
lathering ability by altering the way 
salts in the water behave.
Kit includes case, P.C.B., coupling 
coil and all components.
High coil current ensures maximum I 
effect. L.E.D. monitor. —

KIT 868 .......£22.95 POWER UNIT.....£3.99

• Detects gold, 
silver, ferrous & 
non-ferrous 
metals

• Efficient quartz controlled 
microcontroller pulse generation.

• Full kit with headphones & all 
hardware

KIT 847 ................ £63.95

MICRO PEsT 
SCARER
Our latest design - The ultimate 
scarer for the garden. Uses 
special microchip to give random 
delay and pulse time. Easy to 
build reliable circuit. Keeps pets/ 
pests away from newly sown areas, 
play areas, etc. uses power source 
from 9 to 24 volts.
• RANDOM PULSES
• HIGH POWER
• DUAL OPTION

KIT 867.........................
KIT + SLAVE UNIT........

Plug-in power supply £4.99 

.................... £19.99 
.......................£32.50

oonnn development 68000 TRAINING KIT
e NEW PCB DESIGN
e 8MHz 68000 16-BIT BUS
e MANUAL AND SOFTWARE
e 2 SERIAL PORTS
e PIT AND I/O PORT OPTIONS
e 12C PORT OPTIONS

KIT 621
£99.95

< e ON BOARD 
5V REGULATOR 

e PSU £6.99 
• SERIAL LEAD £3.99

Stepping Motors
MD100..Std 100 step..£9.99m||^

MD200...200 step...£12.99 * .

MD24...Large 200 step...£22.95

WINDICATOR
A novel wind speed indicator with LED readout. Kit comes 
complete with sensor cups, and weatherproof sensing head. 
Mains power unit £5.99 extra.

KIT 856..................................................£28.00

r TENS UNIT
DUAL OUTPUT TENS UNIT
As featured in March ’97 issue. f 
Magenta have prepared a FULL KIT for this. \ 
excellent new project. All components, PCB, 
hardware and electrodes are included.
Designed for simple assembly and testing and 
providing high level dual output drive.

S Set of A 
4 spare 

electrodes
< £6.50 y

KIT 866. . Full kit including four electrodes £32.90
1000V & 500V INSULATION

TESTER
Superb new design. Regulated 
output, efficient circuit. Dual-scale 
meter, compact case. Reads up to 
200 Megohms.
Kit includes wound coil, cut-out 
case, meter scale, PCB & ALL 
components.
KIT 848, £32.95

MOSFET Mkll VARIABLE BENCH 
POWER SUPPLY 0-25V 2^5A
Based on our Mk1 design and 
preserving all the features, but 
now with switching pre
regulator for much higher effi
ciency. Panel meters indicate 
Volts and Amps. Fully variable 
down to zero. Toroidal mains 
transformer. Kit includes 
punched and printed case and 
all parts. As featured in April 
1994 EPE. An essential piece 
of equipment. Kit No. 845 ...............£64.95

EPE 
TEACH-IN 
2000
Full set of top quality NEW 
components for this educa
tional series. All parts as 
specified by EPE. Kit includes 
breadboard, wire, croc clips, 
pins and all components for 
experiments, as listed in 
introduction to Part 1.
*Batteries and tools not included.

TEACH-IN 2000 -

KIT 879 £44.95
multimeter£14.45

SPACEWRITER \*\
An innovative and exciting project. \
Wave the wand through the air and Ss
your message appears. Programmable 
to hold any message up to 16 digits long. 0^ 
Comes pre-loaded with “MERRY XMAS”. Kit 
includes PCB, all components & tube plus 
instructions for message loading. *

KIT 849 £16.99

12V EPROM ERASER
A safe low cost eraser for up to 4 EPROMS at a 
time in less than 20 minutes. Operates from a 
12V supply (400mA). Used extensively for mobile 
work - updating equipment in the field etc. Also in 
educational situations where mains supplies are 
not allowed. Safety interlock prevents contact 
with UV.

KIT 790 .................... £29.90

SUPER BAT 
DETECTOR

1 WATT O/P BUILT IN 
SPEAKER, COMPACT CASE 

20kHz-140kHz
NEW DESIGN WITH 40kHz MIC.

A new circuit using a 
‘full-bridge’ audio 
amplifier i.c., internal 
speaker, and 
headphone/tape socket. 
The latest sensitive 
transducer, and ‘double 
balanced mixer’ give a 
stable, high perfor
mance superheterodyne design.

KIT 861...................£27.99
ALSO AVAILABLE Built & Tested... £42.99

ULTRASONIC PEsT SCARER
Keep pets/pests away from newly 
sown areas, fruit, vegetable and 
flower beds, children’s play areas, 
patios etc. This project produces 
intense pulses of ultrasound which 
deter visiting animals.

• KIT INCLUDES ALL
COMPONENTS, PCB & CASE

• EFFICIENT 100V •
TRANSDUCER OUTPUT

• COMPLETELY INAUDIBLE • 
TO HUMANS

KIT 812.................................

UP TO 4 METRES
RANGE
LOW CURRENT 
DRAIN
................... £15.00

SIMPLE PIC 
PROGRAMMER
KIT 857... £12.99
Includes PIC16F84 chip 
disk, lead, plug, p.c.b., 

all components and 
instructions

Extra 16F84 chips £3.84 
Power Supply £3.99
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MAGENTA BRAINIBOT I & II EPE TEACH-IN 2004
• Full kit with ALL hardware 

and electronics
• As featured in EPE Feb ’03 - 

KIT 910
• Seeks light, beeps, avoids 

obstacles
• Spins and reverses when 

‘cornered’
• Uses 8-pin PIC
• ALSO KIT 911 - As 910

PLUS programmable from PC 
serial port - leads and soft
ware CD provided

KIT 910 £16.99

NEW

KIT 911 £24.99

PIC 16F84 MAINS POWER 4-CHANNEL 
CONTROLLER & LIGHT CHASER

t ZERO VOLT SWITCHING 
t OPTO ISOLATED 5 Amp 
t 12 KEYPAD CONTROL

Kit 855 £39.95

• HARD-FIRED TRIACS
• WITH SOURCE CODE
• SPEED & DIMMING POT.
• EASILY PROGRAMMED

PIC 16F84 LCD DISPLAY DRIVER

THE LATEST SERIES - STARTED NOV ’03
ALL PARTS INCLUDING PROTOTYPE BREADBOARD AND WIRE 
- AS LISTED ON p752 NOV. ISSUE (EXCL MISC.) 
“A BRILLIANT NEW ELECTRONICS COURSE”

KIT 920 ... £29.99
ADDITIONAL PARTS - AS LISTED UNDER MISCELLANEOUS - BUT 
LESS RADIO MODULES, SOLENOID LOCK AND MOTOR/ 
GEARBOX.

KIT 921 ... £12.99

EPE PIC Tutorial V2
EPE APR/MAY/JUNE ’03 and PIC RESOURCES CD
FOLLOW THIS SERIES WITH EPE PIC TOOLKIT 3
• THE LATEST TOOLKIT BOARD - 8, 18, 28 AND 40-PIN CHIPS
• MAGENTA DESIGNED P.C.B. WITH COMPONENT LAYOUT

AND EXTRAS
• L.C.D. BREADBOARD AND PIC CHIP INCLUDED
• ALL TOP QUALITY COMPONENTS AND SOFTWARE SUPPLIED

KIT 880 ... £34.99 WITH 16F84
INCLUDES 1-PIC16F84 WITH DEMO 
PROGRAM SOFTWARE DISK, PCB, 
INSTRUCTIONS AND 16-CHARAC- 
TER 2-LINE

LCD DISPLAY

Kit 860 £19.99
Power Supply £3.99

FULL PROGRAM SOURCE CODE 
SUPPLIED - DEVELOP 

YOUR OWN APPLICATION!

Dir Tl ITAD 1 MARCH - APRIL - MAY ’98PIC TUTOR I EPE SERIES 16F84

Another super PIC project from Magenta. Supplied with PCB, industry standard 2-LINE x 
16-character display, data, all components, and software to include in your own programs. 
Ideal development base for meters, terminals, calculators, counters, timers - Just waiting 
for your application!

8-CHANNEL DATA LOGGER
As featured in Aug./Sept. ’99 EPE. Full kit with Magenta ^4$
redesigned PCB - LCD fits directly on board. Use as Data 
Logger or as a test bed for many other 16F877 projects. Kit 
includes programmed chip, 8 EEPROMs, PCB, case and all components.

KIT 877 £49.95 inc. 8 x 256K EEPROMS

PIC TUTOR BOARD KIT
Includes: PIC16F84 Chip, TOP Quality PCB printed with 
Component Layout and all components* (*not ZIF Socket or 
Displays). Included with the Magenta Kit is a disk with Test 
and Demonstration routines.
KIT 870 .... £27.95, Built & Tested .... £42.95
Optional: Power Supply - £3.99, ZIF Socket - £9.99
LCD Display.......... £7.99 LED Display............ £6.99
Reprints Mar/Apr/May 98 - £3.00 set 3

PIC Real Time
In-Circuit Emulator

• Icebreaker uses PIC16F877 in circuit debugger
• Links to Standard PC Serial Port (lead supplied)
• Windows™ (95+) Software included
• Works with MPASM and MPLAB Microchip software
• 16 x 2 L.C.D., Breadboard, Relay, I/O devices and patch leads supplied
As featured in March ’00 EPE. Ideal for beginners AND advanced users.
Programs can be written, assembled, downloaded into the microcontroller and run at full 
speed (up to 20MHz), or one step at a time.
Full emulation means that all I/O ports respond exactly and immediately, reading and 
driving external hardware.
Features include: Reset; Halt on external pulse; Set Breakpoint; Examine and Change 
registers, EEPROM and program memory; Load program, Single Step with display of 
Status, W register, Program counter, and user selected ‘Watch Window’ registers.

KIT 900 ... £34.99
POWER SUPPLY £3.99 STEPPING MOTOR 100 STEP £9.99

SUPER PIC PROGRAMMER
• READS, PROGRAMS, AND VERIFIES
• WINDOWS® SOFTWARE
• PIC16C AND 16F - 6X, 7X, AND 8X
• USES ANY PC PARALLEL PORT
• USES STANDARD MICROCHIP • HEX FILES
• DISASSEMBLER SOFTWARE
• PCB, LEAD, ALL COMPONENTS, TURNED-PIN 

SOCKETS FOR 18, 28, AND 40 PIN ICs
• SEND FOR DETAILED 
INFORMATION - A 
SUPERB PRODUCT AT 
AN UNBEATABLE LOW 
PRICE.

Kit 862 £29.99
Power Supply £3.99

PIC STEPPING MOTOR DRIVER
INCLUDES PCB, 
PIC16F84 WITH 
DEMO PROGRAM, 
SOFTWARE DISC, 
INSTRUCTIONS 
AND MOTOR.

Kit 863 £18.99
FULL SOURCE CODE SUPPLIED 
ALSO USE FOR DRIVING OTHER 
POWER DEVICES e.g. SOLENOIDS

Another Magenta PIC project. Drives any 4-phase unipolar motor - up to 
24V and 1A. Kit includes all components and 48 step motor. Chip is 
pre-programmed with demo software, then write your own, and re-program 
the same chip! Circuit accepts inputs from switches etc and drives motor in 
response. Also runs standard demo sequence from memory.

All prices include VAT. Add £3.00 p&p. Next day £6.99
Tel: 01283 565435 Fax: 01283 546932 E-mail: sales@magenta2000.co.uk
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Station Road, Cullorcoats, 
Tyne & Wear, NE3O 4PQ

Prices Excise Val©17H%.
UK Carnage £1.50 (less than 1kg) 

£3.50 greater than 1kg 
Cheques / Postal orders payable t© 

ESR Electronic Components.
".tASt ADD CAWAGC 4 VAT it- AIL

tl

Ì8

ICM7556 £0-88 27C40O1-120E5 84 Bridge Rectifiers 2N4403 £0,09 BC560A £0 09 TIP32C £0 26
LI 65V £2.36 93C46N £0.33 A5ÖV £0.35 2N5245 £0.80 BC560B £0.08 TIP33C £0.74
L272M £1 21 A 100V £0.36 2N5296 £0.57 9C636 £0 10 TIP41 A £032
L293E £4.03 RAM A 2COV £0.39 2N5401 £0.12 BC637 £0.19 TIP41C £0.35
L297 £5.12 GM7ÓC88. £360 A 60ÛV £0.40 2N5551 £0.11 BC638 £0.21 TIP42A £0.40
LÏ98N £6.67 HM62128.-7 £9 14 A 803V £0.43 2N6491 £1.58 BC639 £0 11 TIP42C £043
L496Û £2.81 IS61C256 15 £3 20 .5 A 50V £0.20 2SB548 £0.30 BC640 £0 13 TIP50 £0.31
L6219 £4 48 A/D Converters 5 A OÛV £0.19 AC127 £0.50 BCY70 £0 22 TIPI 10 £0 28
i F347N £0-46 5A 2O0V £0.19 AC 128 £0.74 8CY7I £0 29 TIP120 £0 32
LF351N £0.42 .5A 4COV £0.20 AC187 £0.68 8CY72 £0 20 TIP121 £0.34
LF353N £0.40 lion .5 A 600V £0.24 AC188 £0.97 BD124P £6.86 TIP122 £0 34
LF356 £0.52 AD42CAN £25 38 5A 800V £0.26 ACY17 £4.84 BD131 £0.48 TIPI25 £0.31
LF411CN £0.98 AÜ55/JN L/ 08 .5 A. IkV £0.26 ADI 4 9 £1.29 BD132 £0 46 TIPI26 £0.31
LM301AN £0.40 AD75281N £1 Ì 42 'A 100 V £0.34 AD161 £0.73 BD135 £0 24 IIP127 £0 36
LM311N8 £0.25 xi A n* 200V £0.34 AD 162 £0.95 BD136 £0.21 TIP132 £0.68
LM319N14 £0.90 AD7828KN £20 33 ja alyiv £0.35 BC107 £0.15 BD137 £0 23 TIP137 £0 64
LM324 £0 20 DACC^Oö £2.72 nA RAny £0.36 BC107B £0.14 60138 £0 24 IIP14- £0 93
LM335Z £1.00 ICL7IÛ9CPL Í7 75 ta imnvTi renaio en n7 ivwT £0.45 BC108 £0.14 BD139 £0.23 TIP142 £0.93
LM339N £0.19 TLC549IP_ £2 07 3A £0.34 BC108B £0.14 BD140 £025 TIP147 £1 07

«ñ
Ul

4000 Sorins
40000
40010
40020 
4007UB 
4QÛ8B
40O9UB
40100
40110
40120
40130 
40140
40150
40160 
4Û170
40180
40190
40200
40210
40220
40230
40240
40250
40260
40270
40280
40790
40300
4 0350 
40400
404 IB 
40420
40430
40440
40460 
4Û470 
40480
40490 
4Û49UB
40500
40510
40520
40530 
4D54B
40550 
4OÓO0 
4Û63B
4 0660 
40670
40680 
4069UB 
4D7Q0
4071 B
40720
4073B
40750
40760
40770
40780 
408 IB
40820 
40850
40860
40930 
40940
40970
40980 
40990
45020
45030
45Û8B 
45100
45110
45120
45140
4515B
45160 
45180
45200
45210
45260
45270
45280 
45290
45320
45360
45380
45410
45430
45550
45560 
4584B
4585 B 
47240
40106B 
401098
401743
40175B
74HC Serii
74 H C00 
74HG02 
74HC03 
74HCÛ4
74HC08
74HC10
74HC11
74HC14
74HC20 
74HC27
74HC30

£0.27 
£0.116 
£0.19 
£0.1i 9
£0,23 
£0.23 
£0.23 
£0,116 
£0.16 
£0.19 
£0.30 
£0.27 
£0,20 
£0.21 
£0.26 
£0,25 
£0.26 
£0.31
£0.32 
£0.23 
£0,22 
£0.20 
£0.70
£0,22 
£0.33
£0.33 
£0.17
£0.31 
£0,24 
£031
£0.22 
£0,35
£0.35 
£0.35
£0.32 
£0.34 
£0,29 
£0.24 
£0.20 
£0,21
£0.32 
£0.22
£0.56 
£0.34 
£0,22 
£0.41
£0.20 
£2,20 
£0.16
£0.17 
£0.16 
£0.20 
£0.13
£0,17 
£0.17 
£0,30 
£0.28
£0.30 
£0-16 
£0.21
£0,28 
£033 
£0.18
£0.29 
£1.20 
£0.22 
£0.39 
£0.32
£0.40 
£1.40 
£0.50
£0.33 
£0.32 
£0.77 
£0.99

7 HC32 £0.18
7 HC4? £0.36
7 HC73 £0 4Q
7 HC74 £0 19
7 HC75 £031
7 HC76 £0.20
7 HC85 £C 24
7 HC86 £0 22
7 HG1Û7 £0 40
7 HC123 £0 33
7 HCl 25 £0.26
7 HCl 26 £0.46
7 HC132 £0 26
7 HC133 £0 34
7 HC137 £0 30
7 HC138 £0 29
7 HC139 £0.31
7 HCl 51 £0.33
7 HCl 53 £030
7 HC154 £0 35
7 HC157 £0 40
7 HC15B £0.23
7 HCl 60 £0 64
7 HC161 £0 28
7 HC162 £0 45
7 HC163 £0 26
7 HCÌ64 £0 23
7 HCl 65 £0.35
7 HCl 73 £0.38
7 HCl 74 £0 27
7 HCl 75 £0 35
7 HC192 £0 72
7 HC193 £040
7 HCl 95 £0.32
7 HC240 £032
7 HC241 £0 37
7 HC244 £0 40
7 HC245 £0 34
7 HC251 £0.30
7 HC253 £0.25
7 HC257 £025
7 HC259 £0 57
7 HC273 £0 32
7 HC299 £0.61
7 HC365 £0.28
7 HC367 £038
7 HC368 £0 2?
7 HC373 £0 35
7 HC374 £0.34
7 HC390 £DJ2
7 HC393 £0.38
7 HC541 £0 25
7 HC563 £056
7 H C5 64 £0 48
7 HC573 £0.27
7 HC574 £0.38
7 HC595 £0 27
7 HCÔ88 £0 46
7 HC40Û2 £0 31
7 HC4017 £0 36
7 HC4020 £0.36
7 HC404Ü £0.29
7 HC4049 £031
7 HC4051 £050
7 HC4052 £0 43
7 HC4Û53 £0.38
7 HC4060 £0.23
7 HC4075 £027
7 HC407S £032
7 HC4511 £0 64
7 HC4514 £0 84
7 HC4538 £0.41
7 HC4543 £0.90
74LS

74LS109 
74LS112 
74LS113 
74LS114 
74LS122 
74LS123 
74LS125 
MLS 126 
74LS132 
74LS133 
74LS136 
74LS138 
74L5139 
74LSÌ45 
74LS148 
ML5151 
74LS153 
74LS156 
74LS157 
74LS158 
74L5160 
74LS16ÎI 
74LS162 
74LS163 
74LS164 
74LS165 
74LS173 
74LS174 
74LS175 
74LS190 
74LS191 
MLS 192 
74LS193 
74LS195 
74LS19Ó 
74LS221 
74LS240 
74LS241 
74LS243 
74L5244 
74LS245 
74LS247 
74L5251 
74LS257 
MLS258 
74LS259 
74LS266 
74LS273 
74LS279 
74LS283 
74LS365 
74LS367 
74L5365 
74LS373 
74LS374 
74LS378 
74LS390 
74LS393 
74LS395
74 Seríes
7407
Linear ICs 
AD524AD 
AD548JN 
AD590JH 
AD592AN 
AD595AQ 
AD62ÛAN 
AD625JN 
AD633JN 
AD648JN 
AD654JN 
AD711JN 
ÄD712JN 
AD736JN

£0.21 
£0.24 
£023 
£0.36
£0.31 
£0.31
£0.28 
£0.25 
£0.26 
£0.36 
£0.23 
£0.33
£0.26 
£0.56
£0.64 
£0.29 
£0.38
£0.36 
£0.22 
£0.21
£0.48 
£0.32 
£0.44
£0.32 
£0.43 
£0.48 
£0-24 
£0.24 
£0.30 
£0.60 
£0.27 
£0.60 
£0.43 
£0.24
£0.24 
£0.41
£0.32 
£0.32 
£0.30 
£0.38 
£0.32 
£0.60 
£0 24 
£0.24 
£0.24 
£045
£0.14
£0.32
£0.24
£0.47 
£0.21
£0.21 

■ .■ ?
£0.32
£0.38
£0.62 
£0.34 
£0.33
£026

£0.40

£23.04 
£2.48 
£5.28 
£4.48

£13 92
£9.88 

£16.20
£5.92 
£2.57 
£7.18 
£1-46 
£2.48 
£7.98

LM348N 
LJW35DZ 
LM358N 
LAA380N
LM386
I M392N 
LM393N
LM748CN8 
LM1881
LM2901N 
LM2917N8 
i mSmqn 
LM3914 
LM3915 
LM13700 
LMC660CN
LMC60321N 
LP311N 
LP324N 
LP339N 
LT1013CN8 
M34-1 
M34-2 
MAX202CPE 
MAX208CN 
MAX22OCPE 
MAX222CPE 
MAX232CPE 
MAX483CP 
MAX485CP 
MAX631ACP

£036 Controllers
IJ-90 AT89C2051 £6 38

£0.81 
£0.45 
£0.79 
£0.21 
£0.37
£2.90 
£0.15 
£2-34 
£0.72

12C508A04P £0 78 
12C509A04P£0 85 
16C54C04P £1 49 
16C54BJW £760 
16C56A-04P £1 63
16F84-04P
16F84-10F
16F877-04P
16F877-20P
Vollau.

£1M
£1.26£1.55 iÇÛÇ
£0.74 
£0.72
£175 
£4 64 
£030 
£0.30 
£1.97 
£6.99 
£5.06
£5.06 
£1.30 
£3.13 
£2.08 
£4.99

MAX635ACP £4 99
MAX1232CP £2 80

£0.44 74 .SOO £0-22 AO797AN £7.10
Eo.sa 74 .SOI £0 14 AD811N £6.24
£0.34 74 .502 £0 22 AD812AN £6.32
£0.62 74 .SÛ3 £0 29 AD817AN £3.19
£0.40 74 .S04 £0 22 AD820AN £3.41
£0.40 74 .505 £0 14 AD822AN £5.20
£0.40 74 -SD8 £0.19 AD829JN £6.41
£0.44 74 .SO? £0 15 AD830AN £5 44
£0.24 74 S10 £0 27 AD847JN £5.95
£1.00 74 .Sil £017 AD9696KN £7.73
£0.40 74 .512 £0 25 A0EL2O2OA £5.06
£0.33 74 .5'4 £0 33 ADM222AH £3.55
£0.47 74 .515 £0.24 ADM232AA £3.55
£0.32 74 .520 £0 27 AOM485JN £7.97
£0.40 74 .S21 £0 20 ADM666AN £2.72
£0.27 74 .526 £0.17 AOM690AN £5.13
£0.47 74 .S27 £0.25 ADM691AN £6-48
£0 94 74 .S30 £0 20 ADM695AN £6.48
£0.20 74 .532 £0 23 ADM699AN £3.58
£0.58 74 .537 £0.31 CA747CE £0.39
£0 46 74 .S38 £0 18 CA3O46 £0.65
£0.41 74 .540 £0 14 CA3080E £0.71

74 .S42 £0.42 CA3130E £0.87
74 .S47 £0 4S CÄ3140E £0.63
74 .SSI £0 24 CA3240F £0.92
74 .S73 £036 DG211CJ £1,25£0,21 74 .574 £016 DGJTDJ £2.00
74 .375 £0 30 ICL7106CPL £2.80
74 -SB3 £038 ICL71O7CPL £2,10£0.21 74 .565 £046 ICL7109C1P £5-76

£0.21 74 .S86 £0 25 ICL7611DCP £1.00
£0,18 74 .S90 £0.37 ICL7621 £0 84£0.28 74 .392 £0 45 ICL7660SCP £080
£0.1 6 74 -S93 £0 58 ICL8O38 £3.04
£0.22 74 .5107 £030 1CM7555

MC1458N 
MCI 488 
MCI 489 
MC3302 
MC4558P 
MK484 
NE521N 
NE555N 
NE556N 
NE565N 
NE567N 
NE592 
NE5532N 
NE5534N 
NE5539N 
OP07CN 
OP27CN 
OP90GP 
OP97FP 
OP113GP 
OP176GP 
OP177GP 
OPTO 0GP 
OP213FP 
OP275GP 
OP282GP 
OP283GP 
OP29CGP 
OP297GP 
OP400GP 4 
OP495GP 
RC4136 
SG3524N 
SG3543 
SSM2141P 
SSM2142P 
SSM2U3P 
TBA120S 
TBA800 
TBA810S 
TBA820M 
TDA1170S 
TDA20O4 
TDA2030AV 
TDA2050V 
TDA2611A 
TDA2822A 
TDA2653A 
TDA7052A 
TED3718DP 
TEA5115 
TLD61CP 
TLO62CP 
TL064CN 
TL071CN 
TL072CN 
TL074CN 
TL081 
TL082CN 
TL084CN 
TL77O5ACP 
TLC271 
TLC272N 
TS274CN 
TS555CN 
TMP01FP 
UA741CN 
ULN2OO3A 
ULN2O04A 
ULN28O3A 
ULN2804A
EPROM's 
24LC08BP 
24LC16BP 
24LC32AP 
27128-200 
27256-200

£0.27 
£0.40 
£0.40 
£0.56 
£033 
£0.66
£6.39 
£0.15 
£0.29
£2.30 
£0.39 
£0.62 
£0 48 
£0.45 
£4.35 
£0 90 
£2.33
£2.91
£1 84 
£3.44 
£2 09
£1.86 
£5.60 
£5 20 
£2.57 
£2.27
£5 20 
£4.28 
£4 64

£11.81 
£9.69 
£1.00 
£0.70 
£6.88 
£3.21 
£6.16 
£3 78 
£1.04 
£0.75
£0.64 
£0.38 
£4.80 
£2 21

' £1.20 
£2 28 
£1 88 
£0.86 
£2 9? 
£1.25 
£5.03 
£3.11 
£0.37 
£0 60
£0 29 
£0.3? 
£0.35 
£0.40 
£0.28 
£0.32 
£0.37 
£0 82 
£0-63 
£0.60 
£0.50 
£0.41 
£5.60 
£0.23 
£0.38 
£0 44 
£0.44 
£0.44

£0.73 
£0.69 
£1.14 
£3.99 
£3 99

£3.14 
£3 76 
£5.20 
£6.00

£0.27 
£0 24

7808
7512
7815
78LÛ5

£024 
£0.27 
£0 27 
£0.23

78L06 £0.32
78L08 £0.21
7ÊL12 £0.18
78L15 £0 76
78124 £039
75505 £0 55
78512 £0 70
78S15 £0.32
7905 £0.23
7912 £0.28
7915 £0.23
7924 £0 38
79LQ5 £0.18
79L12 £0.23
79L15 £0 28
79L24 £0.30
ADM666AN £3.44
-2O0CV £1.67
.296 £6.30
U87A £2 72
.M2940CT5 £075
-M317LZ £0.29
uM317T SO 31
-M317K £2.48
.M323K £2.40
.M334Z £0.96
JA337T £0.67
.M338K £5 47
.M338T £1.18
-M723 £0 40
.P2950CZ5.0£0 88
5EF01CP £2.50
SEF195GP £3.04
TL431CP
Diodes

£0,20

1N914 £0.05
1N916 £0 05
1N40O1 £0.05
1N40O2 £0.05
1N4003 £004
1N4M4 £0.04
1N4CQ5 SOM
1N4CO6 £0 04
1N4CO7 £0.05
1N414B £0 03
1N4149 £0.07
1N5400 £0.08
1N5401 £0.08
1N5402 £0.08
1N54O4 £0.09
IN5406 £0 10
1N5407 £0.10
1N5408 £0 10
6A05 £0 27
6A1 £0.30
6A.2 £0.27
6A4 £0.28
6A6 £0.32

£0 30
6A10 £0.35
3A157 £0.10
5A155 £0 OB
BA159 £0.13
3AT41 £0.12
3AT42 £0.10
BAT46 £0.20
3AT49 £0.27
3AT85 £0.12
5AV21 £0.07
3AW6? £0 07
3AX16 £0.05
5Y1 27 £0.18
3Y133 £0.10
DA47 £0.70
0A9O £0 33
DA91 £0.34
DA200 £0 56
JF40O1 £0 08
JF4002 £0.08
JF4O03 £0.09
UF4O34 £0.08
JF4005 £0.10
UF40O6 £0 10
JF4O07 £0-14
Zeners 2.7 io 33V
500mW £0 06
1.3W £0.10

Ouï NoW
-ree with all orders

3A 400V
3A 600V 
4A 100 V
4A 203V
4A 4ÛÛV
4 A 6CCV 
ÓA 100V 
6A 200V
6A 4D0V
6A 600V
SA 100V
8A 2O0V
8A 400V
8A 600V
25 A 100V 
25A 200V
25A 400V
25A 600V
3SA 50V
35 A 100V
35A 200V
35A 400V
35A 600V 
35 A 100OV

2N5061 
BT151-5OOR 
a oìdi 
PO102AA 
TIC106D

27C64A-I5F £280 
27C256B-15F£2 34 ... ___ __________
27C512-15F1 £2 81 >r via the internet.
27C1OO1-15. £3.17 --------------------------------
27C2OO1-15 £4 41

Tel: 0191 2514363 Fax: 0191 2522296

£0.40 BC108C
£0.33 BC109
£0.78 BC109C
£0.76 BC114
£0.86 BC115
£0.90 BC118
£0.49 BC132
£0.64 BC134
£0.53 BC135
£0.67 BC140
£0.98 BCI41
£1.00 BC1 42
£1,20 BC143
£1.33 BC157
£1.47 BC159
£1.54 BC160
£1.98 BC170B
£1.82 BC171B
£1.67 BC177
£1.57 BC178 
£1,80 BC179 
£1.62 BC182B
£1.90 BC182L
£2.32 BC183L

BC184
en io BC1B4L

J BC204C 
Sñl? BC206B 
on ’S BC208

BC209A
BC21I2 
BC212L

BT136-50O 
BT 136-600 
BT137-500 
BT 137-600 
BT 139-500 
BT 139-600 
BTAO8-6O06

£0.58 
£0.50 
£0.65 
£0.58

BC213L 
BC214 
BC2H4L 
BC225

BTAO8-6OOr^O 76 
BTAO8-6O0C £0.79 
BTAOS-ÓOO-^O 99 
BTAO8-6OOr\ÆO 78 
STAI 2-600ex£0 92

p « XA BC237B 
ç Xô BC233B |¿-S BC239C 

BC250A
BC261B 
BC2Ó2B
BC2670 
BC3D7

BTÀÍ6 6ÕÕ<w£Í.45 §91?° 

BTA16-600B 9« _
BTA26-Ó0O6 S
TIC2Û6D S
TIC206M 4
TIC226D J
TIC226M 4
TIC246D 1
TIC246M I
TIC236D í
ZO105DA I
Dick
DB3,32V 1
Transistors
2N1711 J
2N 2222A J
2N 23Ó9A Í
2N 2646 4
2N2904A 1
2N2?:i5A. .!
2N2907A 4
2N3053 4
2N3054 4
2N3055 4
2N3439 J
2N3440 4
2N3702 4
2N3703 J
2N3704 4
2N3705 4
2N3771 4
2N3772 4
2N3773 4
2N3819 4
2N3820 4
2N3903 4
2N3904 4
2N3905 4
2N3906 4
2N4401 4

Cl U'laSZ/ 
BC327 25 
BC323£0.70

£0.75
£0.80
£1.00
£1.00

BC337 
BC337-25
BC338
BC348B

Fl AH BC357
J
£0 53 BC441 kU.DJ BC4él
™ . BC463 
£0.14 BC477 

6 BC478
£0.26 BC479 
£0.16 P"' 
£0.43 E 
£1.02
£0.35 
£0.30 
£0.28 
£0.311 
£0.85 
£0.5 e 
£0.62 
£0.50 
£0.09 
£0.10
£0.11
£0.08 
£1.44
£1.72 
£1.70 
£0-311

£0.18 
£0.17 
£0.18 
£0.19
£0.41
£0.41
£0.36 
£0.36 
£0.36 
£0.75
£0.27 
£0.34 
£0.38

BDÌ50C 
BD201 
6D2Û2 
BD232 
5D237 
BD238
BD24OC 
BD245C 
BD246C 
BD283 
8D284
IBD4M 
BD437

£0.12 BD438
£0.17
£0.28
£0.16
£0.16
£0.23
£0.13
£0.18

0D442 
BD534 
I0D535 
Bissai
6D597 
IBD646 
BD648

£0.09 BD650
£0.08 
£0.08 
£0.09 
£0.12 
£0.72 
£0.72 
£0.72 
£0.72 
£0-10 
-,

BDX32
BDX33C 
BDX34C
0DX53C 
6DX54C 
BF18Û 
6F1 32 
GF185 
IBF1 94 
BF244B

£0.82 
£0.40 
£0.70 
£0.50 
£0.32 
£0.44 
£0.37 
£1.10 
£1.18
£0.61 
£061
£0.79 
£0.38 
£0,27
£0.37 
£0.47 
£0.50 
£0.62 
£0.92
£0.52 
£0.52 
£0,53 
£1.78 
£0.56 
£0.45 
£0.47 
£0.50 
£0.31 
ÏÜ j '

TIP2955 
TIP3055
ZVN3306A 
ZVN4306A 
ZVN431OA 
ZVP3306A 
ZTX300

ZTX450 
ZTX451 
ZTX453 
ZTX5M 
ZTX502
ZTX550 
ZTX551 
ZTX 600 
ZTXÓ0OB 
ZTX 605 
ZTX651 
ZTX653
ZTX6898 
ZTX6906 
ZTX 705 
ZTX75O 
ZTX751 
ZTX753 
ZTX789A
ZTX790A 
ZTX851

£0 58 ZT X 853

£0.12 6F244C 
£0.08 BF257 
£0.10 BF259
£0.15 0F337
£0.11 BF422 
£0.11 6F423
£0.10 BF459
£0.15 
£0.30 
£0.24 
£0.30 
£0.10 
£0.13
£0.07 
£0-08 
£0.09 
£0.10 
£0.08 
£0.10
£0.14 
£0.25 
£0.73

BF469
BFX29
BFXB4 
3FX85 
8FX88
BFY5Q
BFY51
BFY52 
BS107 
ESI 70
BU2O8A 
BU326A 
0U5W
BU508A 
BU508D

£0.40 6U8Û6
£0.46 BUT11A
£0.29 BUT11AF
£0.52 BUX84
£0.45 BUZ11 
£0.32 BUZ9Û0P

£031 
£0.34 
£0,50 
£0.33 
£0.33 
£0.40 
£0.15 
£0,15 
i Ú i ? 
£0.36 
£0,29 
£0.31 
£0.33 
£0.27 
£0.30 
£0,22 
£0 24 
£0.21 
£0.20 
£1.53 
£1.40 
£1.54 
£1.30 
£0,98 
£1.06 
£0.57 
£1 14 
£0.78 
£0.70 
£5.99

¿TX951 
ZTX1O48A 
ZTX1051A 
ZTX 1053A

£0 67 
£0.63 
£0.32 
£0.80 
£0.64 
ÊQ 42 
£0 15 
£0.17 
£0 1? 
£0.19 
£0.26 
£0.16 
£0.17 
£022
-
£0.33 
£035 
£0.36 
£035 
£0.37 
£0.36 
£03? 
£0.39 
£0 25 
£034 
£0.34 
£0.41
£0.41 
£0.50 
£050 
£054 
£0.43 
£046 
£0.45

Quality 
Components 

Na surplus or re
dundant stock. All 

from leading 
manufactures.

Quality 
Service

Someday des
patch on all stock 

items. Friendly 
helpful staff.

Fast Delivery 
Nextday service 

for all small 
(<1 kg) orders at 
no extra charge.

£0.09 TIP31C
£0.08 TIP32A

BC51I6 £0.21 BUZ905P £5.92 3 day service tor
BC51I7 £0.12 IRF530 £0,45 orders >1 kg
BC528 £0.20 IRF540 £0.75
BC537 £0.20 IRF630 £0.42 No Minimum
BC546A £0,06 IRF640 £0.63 Order
Bi 5460 £0.08 IRF740 £0.91 Order what you
BC546C £0.08 IRF830 £0.68 need, no pack
BC547A £0.09 IRF84Q £0.78 quantities or mir
BC5470 £0.09 MJ2501 £1.60 order value.
BC547C ¡- i 19 '7.VVI £1 84
BC548A £0.08 MJ'1015 £2.45 Quantity
BC5489 £0.09 MJ’ 1016 £2.56 Discevnp
BC548C £0.08 MJE340 £0.33 Av a ¡Tn Lin

BC5490 £0.09 MJE350 £0.32 We offer dis-
BC549C £0.10 MPSA05 £0.14 counts for all
BC550B £0.10 MPSAÖ6 £0.11 items subject to
BC550C £0.11 MPSA13 £0.09 quantity required,
BC556A £0.08 MPSA42 £0.15 phone. Fax or
BC556B £0.08 TIP29A £03? email for a quote
Be 557A £0.09 TIP29C £0.33
BC557B £0.09 TIP30A £0.47
BC557C £0.11 TIP30C £0.37
BC558A £0.08 TIP31A £0.28

£035
£0.29

£0.66 
£0.111
£0.08
mm Bãsãa
£0.08 BC559A

Wo carry a largo range ol capacitors in stock, including:
Ceramic Mini Dt«c, Dipped Ceramic Multilayer, Dipped & Boxea Polyester, 
Mytor Film, Polystyrene, Plastic Film, MKT Polyester, Tantalum Bead, Sub-min
iature Radial, 105 C Radiol, Low Leakage Radial, Non Polarised Radial & Ax-lature Radial, 105 C Radiol, Low Leakage Radial, Non Polarised Radial & 7 
lal, PCB Con Electrolytics, Polypropylene & Ceramic Trimmers and Tuning 
capacitors. Full technical details available.
Resistors - Please State Value Required
mW Carbon Film 5% 
KW Carbon Film 5%
KW Metal Film 1% 
HW Carbon Film 5%

E12Series
El 2 Series
E24 Series
El 2 Series
E12 Series 

V aho in itoci
2.5W Wirewpund 5% 
Tw, 2W, 5W. 2ÖW, ÎSW 4 SO' .......... 
Preset Resistors - Please State
Enclosed, 10mm Square Harz / Veri 
Skeleton, 10mm Dio Horijoa+al.
Sub-mm, 6mm Dia, Horizontal

equirod
1ÕÕ-1M0

per 100 ol one

ÌLM0M 
10Q-1M 
1D-10M 
0Q1-220Q 
-id«cl»d valuM anh. .
alue Required
100Q - 1M0 0 15W

£0.02 Each, £0.80 per 100
£0.02 Each, £0.60 per 100
£0,04 Each, £1 72 per 100
£0,02 Each, £0 95 per 100

£0.23 Each 
contact salvi d»pt

£0.12 Each 
£0.09 Each 
£0.12 Each 
£0.81 Each 
£0,59 Each

100Q - 1M0 0 1W 
E3 20OQ-1M0 0.1W

Multiturn. 10mm Square, Too Adjust. E3 1Û0Û-1MO 0.5W____ _____, ........... .... .........e, Tap Adju-..__ _  
Multiturn, 19mm Long^End Adiust. E3 5( 
Potentiometers - Please State Value

¡W

Single Gang J4" Shaft, 25mm Dio. 470Q-2M2 Linear
Single Gang Ji" Shaft. 25mm D.o. 4k7,10k,47k,l 00k,l M,2M2 Lag 
Dual Gang»* Shaft, 20mm Dia. 1kO-2M2 Linear
Dual GangM* Shaft, 20mm Dia 10k-470k Logarithmic
Switched n" Shaft, 20mm Dia 1k0-2M2 Linear
Switched Ji" Shafi, 20mm Dia. 4k7-2M2 Logarithmic
PCB Mount, Splined Shaft, 16mm Dia. 470U-1M0 Linear
PCB Mount. Splined Shaft. 16mm Dia 470i),4k7.100k.lM0 Log
Dual PCB. Splined Shaft, Umm Dia. 1 Ok^OtclO0k^60k Lin
Dual PCB, Splined Shaft, 16mm Dia. 10k,50k,100k,500k Log

Email: sales@esr.co.uk

£0.56 Each 
£0.56 Each
£1.54 Each 
£1.54 Each 
£1,92 Each 
£1.92 Each
£0.48 Each
£0.48 Each 
£0.84 Each
£0.84 Each
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INGENIOUS
Once again it is time to choose some Ingenuity Unlimited prizewinners and, for 

this exercise, Technical Editor John and I review those published over the year, 
make our choices then compare notes, discuss the pros and cons of each of them 
and come up with a winner. We judge this on the ingenuity, practicality and use
fulness of each design. What struck me when looking through those published over 
the last year was the diverse range of subjects covered.

We also receive entries from all around the world. Please keep them coming, but 
please also remember that we are looking for practical circuit ideas that have not 
been previously published and are a result of your own inventiveness. We do not 

accept projects requiring programming for IU, nor do we accept theoretical ideas.
On the subject of prizes, I would like to thank Pico Technology Ltd and Peak 

Electronic Design Ltd, who generously sponsor our IU and Readout pages, thus 
further encouraging reader response to these regular items.

PIC N’ MIX
When it comes to programmable ideas of the PIC variety we are planning to 

introduce a new PIC N Mix page in the near future that will cover various aspects 
of PIC programming. The page is presently at the planning stage, but it is hoped 
that it will generate reader response both with queries and suggestions, so that it 
will become interactive in a similar way to Circuit Surgery. As they say, watch this 
space for further news.

NOT ONE?
Back in the January issue I wondered why so few females were interested in 

electronics and asked for your views on this. I was, of course, hoping to hear from 
some of our female readers, but so far we have had no response - any views 
anyone?

AVAILABILITY
Copies of EPE are available on subscription anywhere 
in the world (see opposite), from all UK newsagents 
(distributed by COMAG) and from the following 
electronic component retailers: Omni Electronics and 
Yebo Electronics (S. Africa). EPE can also be pur
chased from retail magazine outlets around the world. 
An Internet on-line version can be purchased and 
downloaded for just $10.99US (approx £7) per year
available from www.epemag.com

SUBSCRIPTIONS
Subscriptions for delivery direct to any address in the 
UK: 6 months £16.50, 12 months £31, two years £57; 
Overseas: 6 months £19.50 standard air service or 
£28.50 express airmail, 12 months £37 standard air ser
vice or £55 express airmail, 24 months £69 standard air 
service or £105 express airmail. To subscribe from the 
USA or Canada see the last magazine page.
Online subscriptions, for downloading the magazine via 
the Internet, $10.99US (approx £7) for one year avail
able from www.epemag.com.
Cheques or bank drafts (in £ sterling only) payable to 
Everyday Practical Electronics and sent to EPE Subs. 
Dept., Wimborne Publishing Ltd. 408 Wimborne Road 
East, Ferndown, Dorset BH22 9ND. Tel: 01202 873872. 
Fax: 01202 874562. Email: subs@epemag.wimborne.co.uk. 
Also via the Web at: http://www.epemag.wimbome.co.uk. 
Subscriptions start with the next available issue. We accept 
MasterCard, Amex, Diners Club, Switch or Visa. (For past 
issues see the Back Issues page.)

BINDERS
Binders to hold one volume (12 issues) are available 
from the above address. These are finished in blue 
p.v.c., printed with the magazine logo in gold on the 
spine. Price £6.95 plus £3.50 p&p (for overseas readers 
the postage is £6.00 to everywhere except Australia 
and Papua New Guinea which cost £10.50). Normally 
sent within seven days but please allow 28 days for 
delivery - more for overseas.
Payment in £ sterling only please. Visa, Amex, Diners 
Club, Switch and MasterCard accepted. Send, fax or 
phone your card number, card expiry date and card 
security code (the last 3 digits on or just under the sig
nature strip), with your name, address etc. Or order on 
our secure server via our UK web site. Overseas cus
tomers - your credit card will be charged by the card 
provider in your local currency at the existing 
exchange rate.

Editor: MIKE KENWARD
Deputy Editor: DAVID BARRINGTON 
Technical Editor: JOHN BECKER
Business Manager: DAVID J. LEAVER 
Subscriptions: MARILYN GOLDBERG 
Administration: FAY KENWARD 
Editorial/Admin: (01202) 873872 
Advertisement Manager:
PETER J. MEW, (01255) 861161
Advertisement Copy Controller:
PETER SHERIDAN, (01202) 873872
On-Line Editor: ALAN WINSTANLEY
EPE Online (Internet version) Editors:
CLIVE (MAX) MAXFIELD and ALVIN BROWN

READERS’TECHNICAL ENQUIRIES
E-mail: techdept@epemag.wimborne.co.uk 
We are unable to offer any advice on the use, 
purchase, repair or modification of commercial 
equipment or the incorporation or modification 
of designs published in the magazine. We 
regret that we cannot provide data or answer 
queries on articles or projects that are more 
than five years old. Letters requiring a personal 
reply must be accompanied by a stamped 
self-addressed envelope or a self
addressed envelope and international reply 
coupons.

PROJECTS AND CIRCUITS
All reasonable precautions are taken to ensure 
that the advice and data given to readers is 
reliable. We cannot, however, guarantee it and 
we cannot accept legal responsibility for it.
A number of projects and circuits published in 
EPE employ voltages than can be lethal. You 
should not build, test, modify or renovate 
any item of mains powered equipment 
unless you fully understand the safety 
aspects involved and you use an RCD 
adaptor.

COMPONENT SUPPLIES
We do not supply electronic components or 
kits for building the projects featured, these 
can be supplied by advertisers (see Shoptalk). 
We advise readers to check that all parts 
are still available before commencing any 
project in a back-dated issue.

ADVERTISEMENTS
Although the proprietors and staff of 
EVERYDAY PRACTICAL ELECTRONICS take 
reasonable precautions to protect the interests 
of readers by ensuring as far as practicable 
that advertisements are bona fide, the maga
zine and its Publishers cannot give any under
takings in respect of statements or claims 
made by advertisers, whether these advertise
ments are printed as part of the magazine, or 
in inserts.
The Publishers regret that under no circum
stances will the magazine accept liability for 
non-receipt of goods ordered, or for late 
delivery, or for faults in manufacture.

TRANSMITTERS/BUGS/TELEPHONE 
EQUIPMENT
We advise readers that certain items of radio 
transmitting and telephone equipment which 
may be advertised in our pages cannot be 
legally used in the UK. Readers should check 
the law before buying any transmitting or 
telephone equipment as a fine, confiscation of 
equipment and/or imprisonment can result 
from illegal use or ownership. The laws vary 
from country to country; readers should check 
local laws.
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Constructional Project

BAT-BAND _
CONVERTOR i
THOMAS SCARBOROUGH

Listen-in to the world of bats with this 
low-cost b. f o. detector

T
HE author’s original purpose was to 
design a simple Bat-Band Convertor 
that would “really work”. The result
ing Bat-Band Convertor uses just a single 

i.c. and a handful of components to deliver 
surprisingly good performance.

The circuit has been named a Bat-Band

HEAR-HEAR
The Bat-Band Convertor is a highly sen

sitive circuit that “hears” over the range of 
134kHz to 180kHz. The only limiting fac
tor will be the transducer that you use.

The author settled 
Convertor, since it not only detects bats, but 
converts their sounds to frequencies that 
fall within the range of human hearing. In 
so doing, it gives a reasonably faithful rep
resentation of a bat’s sound.

It is well known that bats use ultrasound 
for navigation and the location of prey. A 
bat will emit rapid bursts of ultrasound - 
typically 10 to 200 times a second, increas
ing in rapidity as a bat closes on its prey. 
These bursts are in the region of 12kHz to 
150kHz, with wide variations in frequency, 
depending on the species.

They are high amplitude sounds, and the 
first time the author used a bat detector, he
was surprised at the volume that a bat 
emits. A typical bat will “scream its little 
lungs out”!

on a standard 40kHz 
ultrasonic receiver 
transducer, and this 
gave good perform
ance up to about 
50kHz, with sensitivi
ty dropping off around 
60kHz. However, it 
was able to “hear” 
well above 100kHz, 
and the first test of the 
unit will be performed 
at 180kHz.

Constructors might 
wish to experiment 
with the transducer, 
and virtually any 
piezo device may be 
tried. A standard piezo sounder might well 
“hear” up to 50kHz, at minimal cost, and 
may even hear (faintly) beyond 100kHz. A 
crystal earpiece, too, was tried with some 

success.
A piezo horn tweeter was found to 

perform particularly well, offering 
better reception than a 40kHz ultra

sonic transducer, and reasonable 
reception even up to 180kHz. It is, 
of course, far bulkier, and it admit
ted more ultrasonic noise than a 
40kHz transducer - but this may 
in some cases be desired. The 

' author suggests that constructors 
might like to try such a tweeter, 
and contrast its performance with 

a 40kHz ultrasonic transducer.

► IN CONEEPT
There are two common approaches to 

L bat detectors. The first is to compress a 
range of frequencies (e.g. 20kHz to 
100kHz) into the range of human hearing 

' (e.g. 2kHz to 10kHz). That is, the sounds 
which a bat emits are divided into lower 
frequencies.

The author has also used this principle to 
obtain a visual representation of a bat’s 
sound, and this has the advantage of eliminat
ing low frequency sounds in particular, which 
can be the bane of budget bat detectors.

A second approach, which is the one 
used here, is to use a beat frequency oscil
lator (b.f.o.) to obtain a beat note. As the 
sound of the bat is mixed with the oscilla
tor frequency, a beat note or heterodyne is 
created, which represents the difference 

Fig.1. Block diagram for the Bat-Band Convertor.

between the two frequencies. Hence it is 
sometimes called a difference frequency.

This means that one needs to tune the 
circuit to within about 10kHz of a bat’s 
sound to obtain the beat note. If the differ
ence is greater than this, the beat note will 
be too high to be heard - unless one should 
be hearing harmonics.

This approach has the advantage of 
obtaining a “deeper” representation of a 
bat’s sound (rather than a compressed one), 
it greatly reduces the problem of loud low 
frequency sounds, and it may be used to 
hunt for particular bats whose frequency is 
known. For example, Horseshoe bats use 
fixed frequencies of around 80kHz to 
100kHz, and this easily distinguishes them 
from more common bats such as the 
Pipistrelle, which use variable frequencies 
of around 40kHz to 50kHz.

The block diagram in Fig.1 shows the 
simplicity of the concept. An amplifier, 
based on two j.f.e.t. op.amps, amplifies the 
bat’s sound. A third j.f.e.t. op.amp is wired 
as a beat frequency oscillator. These two 
frequencies are mixed by a fourth j.f.e.t. 
op.amp, creating a beat note at the output.
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Fig.2. Complete circuit diagram for the Bat-Band Convertor. The crystal earpiece is plugged into the jack socket SK1.

CIRCUIT DETAIL
The complete circuit diagram for the 

Bat-Band Convertor is shown in Fig.2. 
ICla represents a standard RC op.amp 
oscillator. The timing elements are capaci
tor Cl, potentiometer VRl and resistor R8. 
Depending on the setting of potentiometer 
VRl, ICla oscillates between l3^6kHz and 
180kHz.

As capacitor Cl charges and discharges, 
so ICla’s non-inverting input flips “high” 
and “low”, causing the output to continual
ly change its state. This serves as a so- 
called reference oscillator.

A simple square wave oscillator is used 
here, since this is the easiest op.amp oscil
lator to implement, while it offers a very 
wide frequency range. A simple Wien 
Bridge op.amp oscillator would produce a 
finer result, but this would lack the neces
sary flexibility. Also, alternatives would 
require a good many more components.

Two simple non-inverting amplifiers are 
made up of IClb and IClc. Depending on 
the setting of potentiometer VR2, their 
combined gain will lie between 820 and 
82,000 times. If gain needs to be increased, 
increase the value of resistor R6 - and vice 
versa. Or, if the output should prove to be 

Fig.3a. Bat-Band Convertor tuned to 
40kHz, no signal.

too loud, a resistor may be wired in series 
with the crystal earpiece Xl.

The final stage, ICld, is a simple mixer, 
which is essentially switched on and off by 
oscillator ICla, causing the difference fre
quency to appear at the ouput.

Supposing that a bat emits a fixed fre
quency of 80kHz, and that ICld is switched 
at 75kHz, this would lead to rises and falls 
in amplitude at a rate of 5kHz, thereby ren
dering the bat’s sound audible. The same 
would apply if the reference oscillator were 
running faster than the frequency of the bat. 
Waveform Fig.3a shows the circuit’s output 
at 40kHz when no sound is heard, and 
Fig.3b when ultrasound (in this case ultra
sonic noise) is detected.

Two further components deserve special 
mention, since these are critical to the cor
rect operation of the circuit. They are resis
tors Rl and R2, which provide suitable d.c. 
bias at IClb input pin 5. Without these 
resistors, performance would be erratic.

Current consumption is about 5mA, 
therefore the circuit will run for about one 
week continuously off a 9V alkaline PP3 
“matchbox” battery. It may also be run off 
l2V. The circuit uses a pushbutton on-off 
switch, Sl, which prevents it from being 
accidentally left on.

FIg.3b. Bat-Band Convertor tuned to 
40kHz, ultrasonic noise.

COMPONENTS
Resistors

R1, R2 1M (2 off)
R3, R4, R5 220k (3 off)
R6 820k
R7, R9, R10 1k (3 off)

All 0^25W 5% carbon film

See SHOP 
TALK 
page

Potentiometers
VR1, VR2 100k rotary 

carbon, p.c.b. 
mounting - 5mm pin 
spacing, linear

Capacitors
C1 470p polyester
C2, C3, C4 100n polyester (3 off)
C5 22" radial elect. 16V

Semiconductors
IC1 TL074CN quad low-

noise j.f.e.t. op.amp

Miscellaneous
RX1 40kHz ultrasonic

transducer (receiver)
X1 crystal earpiece
SK1 3^5mm p.c.b. mounting

jack socket
B1 9V battery, PP3 type -

see text
S1 pushbutton switch -

push-to-make, 
release-to-break

Printed circuit board available from 
the EPE PCB Service, code 436; ABS 
plastic case, size 80mm x 60mm x 
40mm (external); single-core link wire; 
multistrand connecting wire; battery clip 
(PP3 type); solder pins (4 off); solder 
etc.

Approx. Cost
Guidance Only £12

excl. case & batt
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Fig.4. Printed circuit board component 
layout, off-board wiring details and full
size copper foil master for the Bat-Band 
Convertor

2in (50mm)

2in (50mm)

CONSTRUCTION
The Bat-Band Convertor is a very sensi

tive circuit which operates at high frequen
cies, therefore it is recommended that all 
components be soldered directly to the 
printed circuit board (p.c.b.). The 
Convertor printed circuit board topside 
component layout, wiring and full-size 
underside copper foil master are shown in 
Fig.4. This board is available from the EPE 
PCB Service, code 436.

Begin construction by soldering the link 
wires and resistors in position. Insert four 
solder pins, if desired, for the off-board 
wiring to the battery and the ultrasonic 
transducer RX1. Position and solder the 
capacitors on the p.c.b. - noting the correct 
orientation of C5.

Next, insert and solder in position the 
3^5mm jack socket for the crystal earpiece, 
and the two potentiometers.

Finally, solder IC1 directly on the p.c.b. 
Be quick with the iron, so as not to damage 
IC1 - at the same time, be sure to make 
reliable joints.

Depending on what should prove to be 
more convenient, solder the battery clip, on- 
off pushbutton S1, and the ultrasonic receiv
er transducer to the p.c.b. now, or once the 
p.c.b. has been mounted in its case.

BOXING-UP
The circuit board is mounted in a small 

ABS plastic case, which measures (exter
nally) approximately 80mm x 60mm x 
40mm. Drill holes in the case for the 
potentiometers and the jack socket as 
required, and insert and secure the p.c.b. in 
the case.

Drill additional holes for the on-off 
pushbutton switch and the ultrasonic trans
ducer, and mount these also in the case. 
Then attach the battery to its clip. A little 
padding (non-conductive) may be used to 
hold the battery when the case is closed.

If it should happen that the circuit has been 
double-checked, yet still will not work, your 
first suspicion should be directed at the solder 
joints. Although these may seem to be sound, 
in a circuit as sensitive as this one, they may 
well not be. Re-solder the joints one by one 
until (hopefully) the circuit comes to life.

SET-UP ANO USE
Sources of pure ultrasound are hard to 

find, although there are many sources of 
ultrasonic noise (e.g. paper tearing, hands 
rubbing together, keys jingling). A standard 
piezo sounder will respond well to such 
noise, as will the piezo tweeter mentioned 
earlier, while a 40kHz transducer will 
respond much better to pure frequencies.

One of the first things that the author dis
covered with a bat detector, many years 
ago, was that a cat will respond more keen
ly to “Puss!” than e.g. to “Marmalade!”for 
the reason that the “sss” in “Puss” creates a 
wide range of ultrasonic noise. This is the 

Layout of components inside the small plastic case.

sound we shall use initially to test the Bat
Band Convertor.

Turn potentiometer VR1 fully clockwise 
(that is, to 180kHz), and turn sensitivity 
control VR2 fully back (anti-clockwise). 
Place the crystal earpiece in your ear, and 
switch on.

Now slowly turn up VR2 while gently 
saying “sssss” at about 10cm from the 
ultrasonic receiver transducer. A hiss will 
gradually become louder in the earpiece, 
until at a certain point clipping and severe 
distortion is likely to occur. Since this is 
random noise, it will not be as loud as a 
pure frequency might be (it will be louder 
if a piezo tweeter is used).
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As a further test, switch on your comput
er monitor or television set, and hold the 
Bat-Band Convertor near the rear of the 
enclosure. Turn up Sensitivity control VR2 
to a suitable level (i.e. no clipping), then 
turn VR1 (Frequency) slowly through its 
entire range. You should pick up a number 
of pure ultrasonic frequencies.

It will be found that a pure frequency has 
a “null point”, and that it will be heard at 
both sides of this point. When frequency 
adjustment VR1 is turned exactly to the 
null point (that is, silence), the Convertor is 
tuned exactly to the pure frequency.

When listening to bats, bear in mind that 
an ultrasonic transducer is highly direction
al, and there will be a large difference in 
reception depending on whether it is point
ed directly at a bat or not (that is, there 
should be no more than about 15 degrees 
deviation from the source of the sound).

IN CONCLUSION
A Bat-Band Convertor opens up a 

whole new world that is normally closed 
to us. Not only will it hear bats, but also 
many other creatures which emit ultra
sound - in particular certain kinds of 
insect. In the author’s surroundings, this 
includes some unusual creatures called 
cicada. These are so noisy they can be 
heard at 400 metres.

Apart from this, the Bat-Band Convertor 
will have a number of practical and scien
tific applications. It could be used as a 
puncture finder, since escaping air emits 
ultrasound. Likewise, it may be used to 
detect leaks in pipes. It may also be used to 
detect beetles or bumble-bees in wood.

Completed Bat-Band Convertor circuit board.

It could also be used as a rough and 
ready “ear” for electronic experiments, or 
to determine the frequency response of 
ultrasonic transducers and piezo devices. If 
the frequency dial were calibrated, it could 
be used as a reasonably accurate frequency 
meter, with an accuracy better than 5%.

Finally, readers might recognise in this cir
cuit both a v.l.f. (very low frequency) receiv
er and a complete digital voice transmitter.

In the case of the v.l.f. receiver, an aerial 
and earth are substituted for the ultrasonic 
transducer RX1, with a d.c. blocking 
capacitor being used with the aerial. A high 
pass filter would need to be inserted in the 
circuit to filter out mains interference in 
particular.

With regard to the digital voice transmit
ter, the reference oscillator would, in this 
case, modulate the voice for transmission.

The author was able to prove the idea, 
and digitally transmit and receive sound 
over a light beam, without any modification 
to the p.c.b. itself. A piezo sounder replaces 
the ultrasonic transducer, and a current 
amplifier may be added at the output to 
pulse an ultrabright l.e.d. A simple receiver 
may then feed an earpiece or headphones 
directly, without the need for any conver
sion of the received signal.

With a little further development, such a 
circuit should outperform similar analogue 
designs, since, being digital, it will transmit 
at full brightness all of the time. □
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News . A roundup of the latest Everyday 
News from the world of 

electronics

PENTIUM PROPOSALS 
PUZZLE?

Intel’s new range of Pentium chips could well cause 
confusion in the marketplace, as Barry Fox reports.

CONFUSED? You soon will be. Intel, the 
company that makes the Pentium 
processor chips that power most Windows 

PCs, is now hoping to boost flagging com
puter sales by gunning for the audio and 
video market with a bewildering range of 
new Pentium computer chips.

“Re-inventing home entertainment” says 
Intel, without the encumbrance of any false 
modesty. “Share your digital creations - 
enjoy music your way by creating a digital 
music library while recording your 
favourite TV shows on your PC - edit and 
produce your family memories . . . 
experience breathtaking/realistic gaming 
environments online and offline”.

Home Entertainment
Intel’s push follows close on from the 

launch of Microsoft’s Windows XP Media 
Center software, which is also supposed to 
turn the PC into a home entertainment centre.

Intel’s briefing on the new chips was a 
confusion of old news, new news and news 
that must remain secret until launch dates 
that are themselves still secret. But after 
laborious checking with Intel, we can con
fidently report that the company’s game 
plan boils down to this:

The original Pentium 4 was launched in 
late 2000, and it used components that are 
180 nanometres apart. In January 2002 the 
spacing dropped to 130nm, which means 
there was more room for more compo
nents on a single chip, and less resistance 
to the current flowing between them. So 
less current is wasted and less heat gener
ated. This design was code-named 
Northwood.

Then Intel added Hyper-Threading, 
which lets the computer do two things at 
the same time without crashing the PC. 
“It’s anti-freeze for a PC” says Intel. 
Anything that really does stop PCs crash
ing has to be good news.

The next P4, due in February 2004, is 
called Prescott. This has nothing to do with 
the punchy British politician. Intel uses 
American place names as code-words for 
new products because they cannot infringe 
trademarks.

Prescott is made from “strained” silicon 
that has been stretched to increase electron 
transfer speeds. The spacing between its 
125 million transistors has also been 
reduced to 90nm. So it uses less power. 
Prescott also uses Hyper-Threading. It runs 
at 34GHz and has a cache of 2MB 
onboard memory.

There is also a P4 Extreme Edition, also 
with Hyper-Threading, which will be sold 
as especially good for gamers.

So desktop PC makers will soon be 
offering a choice of boxes with P4 Extreme 
Edition, P4 Northwood and P4 Prescott, all 
with or without Hyper-Threading.

Power Considerations
Despite the close component spacing, 

these chips can use up to 100W of power, 
and on average 35W. So there must be 
special variants for laptop and pocket com
puters. These portable chips can also incor
porate wireless equipment. The first of 
these combination chip sets, called the 
Mobile Centrino, was launched in March 
2003. More are due later this year, called 
Dothan. There will be three different ver
sions of Dothan, with different speeds, 
voltage and power consumption.

There are three existing Mobile 
Centrinos, with power consumption peak
ing at 24^5W for an operating voltage of 
1-48V and speed of 1-7GHz, 12W for 
1-18V and 1-2GHz, and 7W for 1V and 
1GHz. Although the lower power con
sumption for the new versions of Dothan 
was openly given at the briefing, it was 
retroactively deemed secret. Suffice to say 
that Intel claims the average power for the 
new Dothans will be down to 0-5W, which 
puts Intel on the road to its long term 
design target - a laptop PC that runs for at 
least eight hours on a single charge.

So the PC industry can expect at least a 
dozen different new types of Pentium due 
this year.

Intel’s spokesman Nick Knupffer rejects 
the suggestion that this will cause confu
sion on the shop floor and in adverts.

GO4.IT
WE have been told that a new web search 
engine has been launched, www.Go4.it. It 
is said to have a number of unique features, 
such as the business search facility, speed 
searching, speech enabled, travel portal, 
broadband and much more.

Go4.it has already attracted a large num
ber of users over the last several months 
and the originators say that it has “already 
established itself as one of the world’s top 
25 search engines and is destined to break 
into the top 10 during 2004”. It has dedi
cated versions running in the UK, USA, 
Canada, South Africa and Australia.

NANO CHIPS

BROWSING the BBC website at 
http://news/bbc.co.uk/1/hi/sci/tech, the 
caption “IBM hails nano chip-making 
method” caught our attention. BBC’s 
Jonathan Amos was reporting that 
instead of the conventional technique of 
using light to help etch circuits onto chips, 
IBM are using molecules that assemble 
themselves into even smaller patterns.

Accessing IBM’s Almaden Research 
Center site at www.almaden.ibm.com, 
the source story was found. IBM say the 
new “molecule cascade” technique has 
allowed working digital-logic elements to 
be made that are some 260,000 times 
smaller than those used in today’s most 
advanced semiconductor chips.

The circuits are made by creating a 
precise pattern of carbon monoxide mol
ecules on a copper surface. Moving a 
single molecule initiates a cascade of 
molecule motions, just as toppling a sin
gle domino can cause a large pattern to 
fall in sequence. IBM’s scientists have 
created tiny structures that demonstrate 
the fundamental OR and AND logic func
tions, data storage and retrieval, and the 
“wiring” necessary to connect them into 
functioning computing circuitry.

The most complex circuit so far built, a 
12 x 17 nanometre 3-input sorter (see 
photo), is so small that 190 billion could fit 
on top of a standard 7mm pencil-top 
eraser.

Farnell and Newark
FARNELL InOne, the international market 
and distributor of electronic products, has 
launched Newark InOne Direct Ship, a 
new service that gives direct and rapid 
access to around 70,000 products from its 
US sister company Newark InOne. For 
more information visit www.farnell
inone.co.uk.
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HONDA ROBOT
THE world’s most advanced walking robot will make its first UK
appearance at the Science Museum, London, from 16 to 22
February 2004 to demonstrate cutting edge robot technology.

Honda’s ASIMO (Advanced Step in Innovative Mobility) is 
human shaped and at 1.2 metres is as tall as a 12-year old. Four 
performances a day at the Science Museum will show off its abil
ity to move like a real person, demonstrate how it can interact with 
people and how it can help them.

ASIMO is claimed to be the only upright robot which can climb 
stairs, turn corners and make predictions to adjust its motion by 
altering its centre of gravity. It can also react to changes in its envi
ronment. For example, if ASIMO is pushed, it responds accord
ingly and will not topple over. It displays intelligent behaviour, 
such as being able to recognise people, calculate distance, identi
fy sounds and respond to instructions.

Heather Mayfield, deputy head of the Science Museum, said, 
“The Science Museum’s collections bring visitors face to face 
with the past, present and future of human ingenuity. We’re 
delighted to showcase ASIMO’s cutting edge technology 
to our visitors, who I’m sure will be wowed by the robot’s 
abilities.”

Ken Keir, Managing Director of Honda UK said, “ASIMO is 
the result of Honda’s desire to take on a unique engineering and 
technological challenge in the field of mobility, inspired by our 
commitment to innovation and the development of advanced 
products that will deliver real benefits to people now and in the 
future.”

The Science Museum’s website is at www.sciencemuseum. 
org.uk.

EOCS 188
NUMBER 188 is the Electronic Organ Magazine we have 
received from the Electronic Organ Constructor’s Society (EOCS). 
Unless this news editor’s calculator is wrong (and we all trust tech
nology, don’t we?!), that’s about 47 years since EOCS published 
their first issue.

For the last 30-odd of those years we have been pleased to peri
odically publicise the EOCS as a worthwhile society for those 
interested in electronic organs and other associated electronic 
equipment. And, indeed, we are pleased to say that EOCS period
ically publicise us too.

If you would like to find out more about this Society, contact the 
Hon. Secretary, Trevor Hawkins, 23 Blenheim Road, St Albans, 
Herts AL1 4NS. Tel: 01727 857344. Also browse: http://eocs. 
org.uk. Mention EPE if you get a chance!

J & N FACTORS NEWSLETTER
RECENTLY received from J & N Factors is their latest “new and 
more interesting” newsletter, in which they show photographs of 
just a small selection of their stock. The products include such 
diverse items as a waterproof speaker, telescopic aerial, motors, 
transformers, multitesters, and even a “solar gramophone kit” 
powered by a solar cell (only £5!). There is also a range of high 
quality kits offered, complete with p.c.b.s.

For more information contact J & N Factors, Dept EPE, Pilgrim 
Works, Stairbridge Lane, Bolney, W.Sussex RH17 5PA. Tel: 
01444 881965. Email: jnfactors@aol.com.

PICS AND CORECHART
SOUTH Australian company eLabtronics tell us that they have 
been winning awards and acclaim for their innovative 
CoreChart Graphical Assembler software for PICs. They have 
now released a professional PIC16Cxxx Family Library CD for 
use with it.

Included on the CD are additional projects, more advanced sub
routine modules, direct support for an expanded set of chip con
figurations, as well as valuable technical data. The new library 
now supports 82 chips, with the ability to import subroutines to 
any chip and export new subroutines to expand the library. For 
more information go to www.elabtronics.com/products_cat_ 
CoreChart.htm.

YOU WON'T 
GET YOUR 
FINGERS 
BURNT

ll may surprise you but buying an Antex soldering 
iron costs less than you think in the long run. British made 
to exacting standards, they last significantly longer 
than imported brands. And with a wide range of 
thermally balanced soldering irons, you can pick 
up a "fixed temperature" or "in-handle" temperature 
model that will suit your needs perfectly.
None of which will burn a hole in your pocket.

If your hobby demands the best iron for the job 
but you don't want to get your fingers burnt by the 
cost, visit our website or your electronics retailer for 
the coolest models around.

www.antex.co.uk
2 Westbridge Industrial Estate Tavistock 

Devon PL19 8DE Tel 01822 613565
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Regular Clinic

CIRCUIT f 
SURGERY
ALAN WINSTANLEY ---------  
and IAN BELL

Our monthly column of readers’ queries introduces the diac and triac, 
suggests the best way of placing voltage regulators in parallel and includes 

a Please Take Note for last month’s MOSFET Basics.

W
we have received a request from reader
Alan Brown for an explanation of the 

operation of triacs. Triacs are a member of 
a family of devices that also includes diacs, 
silicon controlled rectifiers (SCRs), and 
various more exotic components such as 
MOS thyristors. The circuit diagram sym
bols for an SCR, Diac and Triac are shown 
in Fig.1.

All these devices are bistable, that is they 
have two states of operation, with different 
levels of conductivity between the devices’ 
two main terminals in the two states.

I I I

Holding 
Current

I

----- - 1

Low valu

V ——

resistor High valu

V

e resistor D ac

V V
Breakover 
voltage

Fig.2. Plots of current against voltage for low value resistor, high value resistor and diac.

SCR DIAC TRIAC

Fig.1. Circuit symbols for an SCR, Diac 
and Triac.

In the “on” state they have a low imped
ance, which is maintained as long as the 
current through the main terminals remains 
above a certain limit known as the holding 
current. In the “off’ state they have very 
high impedance, which is maintained as 
long as the applied voltage is below a cer
tain limit known as the forward breakover 
voltage.

Some of these devices, such as SCRs, 
conduct in one direction (as described 
above) and behave as reverse biased diodes 
in the other direction, for these devices the 
main terminals are designated anode (a) 
and cathode (k). Other devices, such as 
diacs and triacs, conduct in both directions, 
as described above. Here the main termi
nals are simply called main terminal 1 
(MT1) and main terminal 2 (MT2).

Through the Gate
Some of these device, such as the SCR 

and Triac, have a third terminal known as a 
gate (g). The higher the current into the 
gate the smaller the forward breakover 
voltage becomes. Thus, applying a 

sufficient pulse of current to the gate will 
switch the device into the on state. Once in 
the on state the gate current is not required 
to be maintained due to the bistable action 
mentioned earlier. The device remains on 
until the main current falls below the hold
ing current.

The bistable action of these devices 
means that plots of current against voltage 
look a little odd. A graph of current against 
voltage for a diac is shown in Fig.2. For 
comparison the plots of a low-value and a 
high-value resistor are also shown. Notice 
how the diac switches from high resistance 
to low resistance when the breakover volt
age is reached.

All these devices are based on at least 
four alternating layers of p and n silicon 
with at least three diode junctions. The 
structure of an SCR, see Fig.3, is 
constructed from four layers of silicon of 
alternating type (i.e. 
pnpn (p and n type 
semiconductor)).

Compare this with 
a bipolar junction 
transistor (b.j.t.) 
which is three-layer 
- either pnp or npn. 
The SCR is like two 
overlapping transis
tors - the np of a pnp 
transistor overlap
ping the np of an npn 
type, as indicated by 
the dashed boxes in 

Fig.3a. This leads to the transistor equiva
lent circuit in Fig.3b.

A Turn On
We can understand this behaviour by 

looking at the equivalent circuit of the SCR 
in Fig.3b. The “trigger” gate current turns 
on transistor TR1. The collector (c) current 
of TR1 provides a base (b) current for TR2, 
turning it on too. In a similar manner the 
collector current of TR2 provides more 
base current for TR1, turning it on even 
more. This is a positive feedback effect that 
quickly ensures that both transistors are on.

Once this condition has been triggered 
by the gate it is self-sustaining, so gate cur
rent is no longer needed. If the voltage 
between anode and cathode is increased to 
the breakover point the currents within the 
device are sufficient to switch it on without 
any additional current from the gate.

Fig.3. SCR structure and equivalent circuit
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The triac is like two back-to-back SCRs. 
It conducts in both directions and can be 
switched on by a gate current of either 
polarity.

The diac is like a triac without the gate 
connection. It is switched on by applying a 
voltage above the breakover voltage in 
either direction. The bidirectional nature of 
the diac and triac operation means that they 
can be used to switch a.c., whereas SCRs 
can only be used for d.c. or one half of an 
a.c. waveform. Triacs are often used for 
a.c. mains power control and switching.

Lamp Dimmer
One of the best known applications of 

triacs and diacs is in dimmer circuits for 
incandescent lamps. The triac is switched 
on part way through each half cycle of the 
mains waveform and hence supplies power 
to the lamp.

The triac will switch off as the waveform 
crosses through 0V because the current in 
the device will fall below the holding cur
rent. Thus, the earlier in each half cycle the 
triac is switched on the greater the propor
tion of time the lamp will be on and hence 
the brighter it will shine.

An outline of a dimmer circuit is shown 
in Fig.4. During each half cycle of the 
mains waveform the capacitor, C, charges 
up at a rate set by the variable resistor, VR. 
When the voltage on the capacitor reaches 
the breakover voltage of the diac it will 

switch on sending a pulse of current into 
the triac. The triac and hence the lamp, LP, 
will switch on and remain on until the 
mains waveform crosses through 0V again.

The triac’s breakover voltage will be 
higher than the peak mains voltage (a typi
cal value would be 500V) so it will not 
switch on by this mechanism, only by the 
gate current via the diac. The diac’s 
breakover voltage will be much lower than 
the mains peak voltage, a typical value 
would be around 30 V.

This circuit is for illustration only as it 
lacks important features such as r.f. 
suppression, diac current limiting, and 
snubbing, and has relatively poor control 
particularly at low power levels. Additional 
circuitry is needed for an acceptable 
performance. I.M.B.

Parallel Regulators
The EPE Chat Zone Message Board 

(www.epemag.wimborne.co.uk) is busier 
than ever before, with many users from 
around the world joining in to share hints 
and tips, help out with electronics prob
lems and generally put the hobby electron
ics world to rights!

Regular Chat Zoner Jim Byrne asks: Just 
a quick question! How can I parallel some 
78-series regulators to get a higher 

current? Will mis
matches cause any 
problems?

When a number of 
regulators are placed 
in parallel to boost the 
current level, during 
normal operation a 
certain voltage will 
appear “across” each 
regulator, which may 
be say 2V to 3V or so 
minimum. Since dif
ferent devices adopt a 
slightly different 
input-output voltage 
(Vio) from the others, 
the danger is that the 
regulator with the 
lowest Vio will shunt 
or “hog” current that 
should be shared by 
all the others, and it 
will therefore handle 
more than its fair 
share of the load. This 
can cause excessive 
power dissipation in 
the device that hogs 
the most current.

The recommenda
tion is to use a low 
value resistor (some
times called a ballast

PLEASE TAKE NOTE
MOSFET Amplifier Design (C/S Feb ’04)

In the Feb ’04 column we outlined 
the basic design process for a simple 
single stage MOSFET amplifier. 
Unfortunately, a gremlin crept into 
our text concerning the drain-source 
current that resulted in subsequent 
calculations being incorrect; the cur
rent value we intended to use was 
1mA not 10mA. A corrected version 
is published below with revisions to 
values highlighted in bold. We are 
sorry for any confusion caused: our 
thanks to reader Dave Shephard, 
who first brought this to our 
attention.

(Page 114 3rd column) . . . For exam
ple if we have a MOsFeT for which 
VT=0-7V and K=2^5mA/V2 and we 
choose a quiescent drain-source cur
rent of 1mA we require a gate source 
voltage of 0*7+V(1*0/2*5)=1*3V . . . . 
The above example has a transconduc
tance of about 3^2mA/V at IDS=1mA.

Fig.5. A suggested 15A adjustable regulator using three 
LM338s in parallel each with series ballast resistors (courtesy 
National Semiconductor).

resistor) in series with each regulator. The resistor allows for an 
“error” voltage to be created as any small voltage differences will 
be seen across the ballast resistor.

To give you the idea, Fig.5 shows an adjustable 15A regulator cir
cuit (courtesy of National Semiconductor) using three LM338 
devices in parallel, with a 04 ohm series resistor used (the circuit 
has not been proven by us). The resistor value is not critical but it 
should be a low value high power type, perhaps home-made from 
suitable resistance or copper wire: values of 100 to 200 milliohms 
are mentioned in data sheets.

It is worth checking manufacturers’ web sites, notably National 
Semiconductor (www.nsc.com) for application notes and data 
sheets. ARW

You can contact the authors or email your general electronics- 
related questions to alan@epemag.demon.co.uk. The writers 
regret that a personal reply cannot always be guaranteed but we 
publish a selection of replies every month.

( Page 115 ) . . . If we choose 500 ohms 
for R4 we get 0^5V at the source from 
the 1mA bias current. This means the 
R1/R2 potential divider must give 
0^5+F3=F8V, so we could use R1=850 
kilohms and R2=150 kilohms.

The value of R3 influences the voltage 
gain and output swing. The drain volt
age should not fall below the gate 
voltage by more than VT (0-7V in our 
example), so the minimum drain voltage 
is 1-1V. The maximum drain voltage is 
the supply voltage (12V), so we have a 
maximum swing of 10^9V or ±545V 
centred on 6^55V. For a drain voltage of 
6^55V with no signal we need 
R3=(12-fr55)/1mA=545k.

The voltage gain of the circuit (Fig.2 
page 114) is given by -gmR3/(1+gmR4).

In our example the gain is about 6^7. 
The stabilising resistor reduces the gain, 
but this can be overcome by bypassing it 
with a capacitor.
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ECHNO-TALK ANDY EMMERSON

Disruptive Technologies
What’s bad news for some is good news for others, 

as Andy Emmerson explains.

C
HANCES are that you won’t have 
heard the expression “disruptive” 
applied to technologies, but you’ll 
certainly have encountered it.

Do you know anyone who still uses a radio 
pager? Me neither. Yet there was a time not so 
long ago when a pager and a £5 phonecard 
was the supreme form of low-cost mobile 
communication. People paged you with their 
number, then you headed for the nearest 
cardphone to find out what the panic was.

These days cardphones are as much an 
endangered species as pagers, whilst tex
ting and the plummeting cost of mobile 
phones mean that firms that made their 
business from radiopaging alone have long 
since shut up shop.

Texting, or SMS messaging to give it its 
proper title, is a classic example of a dis
ruptive technology, one that took users and 
suppliers alike by surprise. SMS was a 
technical afterthought, one that its design
ers never dreamed would be as popular as 
it became.

CHEAP AS CHIPS?
DVDs are another. In a period of eco

nomic downturn, nobody expected that 
DVDs would supplant video tapes as rapid
ly as they did, and far less that DVD play
ers would be churned out in such quantities 
that they could retail for as little as £39.

Texting and DVDs are both examples of 
disruptive technologies - new products and 
processes that can knock industry predic
tions for six, ruining some suppliers and 
making the fortunes of others. Interestingly 
though, disruptive technologies can also 
increase overall market size and not cause 
substitution.

Television did not kill the radio and 
cheap mobiles have not made people aban
don their fixed line telephones, at least not 
most people. Remarkably too, incumbent 
market players frequently discard new 
technologies when their customers show 
no interest. But new players then introduce 
these products to fresh customers and 
develop the market to a point where cus
tomers are motivated to buy them - from 
the new supplier.

Unforeseen events are not always disas
trous for a business either; they can be 
highly beneficial as well. With foresight 
you can know how to handle all eventuali
ties, which is why most major companies 
employ tame forecasters to track all new 
trends and technologies that could affect 
their business.

VITAL ROLE
Comms giant British Telecom is one 

company that employs skilled teams taking 
a keen interest not just in future customer 

demand but also in new technologies and 
social trends. According to BT’s Paul 
Armstrong, traditional forecasting activi
ties still play a vital role in planning new 
investment, but careful observation of 
social factors is also very important.

Says Paul: “You ignore value percep
tions at your peril, since these have as pro
found an influence on customer take-up as 
costs. Looking at new developments in 
mobile communication this explains why 
WAP-style Internet access has not been a 
hit, and why with upwards of a billion text 
messages sent each month, SMS has been 
a resounding success.”

Tracking technology trends is equally 
vital, as colleague Dave Brown explains. 
“A critical part of my team’s activity is 
spotting disruptive new technologies with 
the potential to undermine the business 
before they affect us, and then redirecting 
its plans. Input on how people use technol
ogy in daily life comes from the Digital 
Living project and from a number of col
laborative activities undertaken between 
BT, universities and other companies.”

BUGS
One of the latter is the international Giga 

Information Group, whose research fellow 
Will Capelli argues the case for investment 
in research of this kind. “Much perception 
can be gathered by understanding the past 
better,” he declares. “Scenarios repeat 
themselves, demonstrating that a measured 
approach to investing in new technologies 
frequently works best. By postponing 
heavy investment as long as possible, you 
let the early adopters take the risk and are 
not precluded from exploring other oppor
tunities. You gain the fullest information 
possible and end up paying less for a tech
nology with the bugs knocked out.”

All the same, you can never eliminate 
uncertainty, which has the power to wreck 
well-honed business plans (as the events of 
11th September did for the air travel indus
try). Unpredictable events can also bring 
blessings, as Paul Armstrong affirms, “All 
too often the winners are not those who 
forecast the most accurately but those who 
can manage uncertainty the best. You can
not plan for unpredictability but you can 
align your business process to recognise it 
and then react positively. The trick is to 
allow for uncertainty without descending 
into anarchy, so you can turn uncertainty to 
your commercial advantage.”

RING TONES
Another insight from the experts is that 

forecasting is never 100 per cent accurate 
when you are dealing with human 
reactions. Purchases are made on whim as 

well as from rational need - just look 
at musical ring-tones for mobiles.

Comparative analysis of alternative sce
narios can nonetheless identify the factors 
that are uncertain but important. It’s also 
easy to over-estimate the amount of change 
that can happen in two years, but underes
timate what can occur in ten. Customer 
perception takes time to adjust, which is 
why new technologies are frequently over
sold initially and fail to reach commercial 
expectations, even though the trend was 
observed correctly.

But what’s the next disruptive technolo
gy likely to change our lives, or at least 
lives of techies like you and me? 
Surprisingly it’s one that this magazine 
covered last June, when I as good as wrote 
off the chances of powerline communica
tions. Unloved and unregarded, the idea 
has been reborn in the USA and now goes 
under the sexier name of BPL (broadband- 
over-powerline). Mention the word broad
band and you have everyone listening, 
from Tony Blair downwards.

LEAKY FEEDERS
Twenty years ago nobody expected the 

country would go overboard on skate
boards, ZX-81 computers or citizens’ band 
radio, and yet it did.

And this sudden uptake phenomenon 
could happen all over again, if Brian 
Seedle, chairman of Fylde Micro Ltd, is 
right. At a recent radio industry conference 
he took the audience entirely by surprise by 
suggesting that broadband-over-powerline 
had the potential to cause serious havoc to 
business radio operators and other radio 
users. Not by taking away their business but 
by interference “leaking” from electricity 
supply mains delivering wideband Internet 
service using a radio carrier frequency.

The fact that this technique radiated like 
mad and had been widely condemned by 
all manner of bodies was irrelevant, he 
argued. The reality was that broadband was 
starting to take off as a mass-market com
modity and mains-borne broadband could 
reach the parts that BT and the cable com
panies couldn’t reach.

With electricity supply companies sniff
ing big money to be made, a powerful con
sumer-led lobby could easily steamroller 
all opposition to BPL, leaving radio users 
with a spectrum polluted by leakage and 
harmonic products. Past performance of 
supine governments indicates that with suf
ficient impetus from “citizen consumers”, 
the weight of numbers would overrule 
(remember how Citizens’ Band radio dis
placed the legitimate users of 27MHz with
out a murmur?).

Only time will tell.
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Review

THE AMATEUR
SCIENTIST
CLIVE (MAX) MAXFIELD

Review of the Amateur Scientist
2.O Science Fair Edition CDs, every 
Amateur Scientist column ever 
published is presented on one CD!

O
NE of most respected magazines for 
providing insights into science and 
technology, Scientific American 
(www.ScientificAmerican.com) was the 

brainchild of the artist, musician, teacher, 
and inventor Rufus Porter (May 1, 1792 to 
August 13, 1884). A prolific inventor, 
Porter has been described as “A 20th 
century man who was born in the 18th cen
tury and lived in the 19th century!”

From its 1845 origins as a weekly broad
sheet, Scientific American has been 
informing its readers about the latest devel
opments in science and technology for more 
than 150 years, making it the oldest contin
uously published magazine in America!

As for myself, I’ve been a devoted read
er of the magazine for more years than I 
care to remember. I particularly like the 
fact that each issue offers insights into a 
wide range of disciplines, from chemistry 
and biology to physics, electronics, and . . . 
the list goes on.

Like many readers, I have my favorite 
nooks and corners of the magazine. For 
example, I always enjoyed running across 
the Amateur Scientist column, which pro
vided the perfect “how to” resource for cit
izen scientists. In addition to providing a 
starting point for hundreds of thousands of 
high-school science fair projects, this col
umn provided the seeds that launched many 
a career in science and technology.

A DISTINGUISHED 
HISTORY

The Amateur Scientist traces its history 
to 1928, when the famous astronomer 
Albert Ingalls instigated a column called 
The Back Yard Astronomer. By means of 
these articles, Ingalls told his readers how 
to grind their own lenses, construct profes
sional-quality instruments, and make cut
ting-edge astronomical observations. The 
name of the column mutated a number of 
times before finally settling on The 
Amateur Scientist, which was selected 
because Ingalls wished to widen the scope 

of his articles to embrace all fields of sci
ence and technology.

Ingalls continued to write the column for 
26 years until his demise in 1954, at which 
time the publisher selected C. L. Stong to 
pick up the baton. An electrical engineer at 
Westinghouse, Stong was a brilliant tinker- 
er who peppered the column with cunning 
and sophisticated projects like atom smash
ers and home-made lasers.

Stong continued to write The Amateur 
Scientist for the next 23 years until he 
passed away in 1977. After searching far 
and wide for a new host, the publisher 
offered the column to Jearl Walker in 1978. 
Under his stewardship over the next 12 
years, Walker presented fewer “how-to” 
articles and instead concentrated on 
explaining the physics underlying common 
phenomena. Due to his unique ability to 
explain the physics underlying the every
day world, Walker’s columns are still con
sulted by educators and students to this day.

When Walker stepped down, it proved 
difficult to find a single individual with the 
breadth of knowledge and the professional 
credentials needed to recapture the energy 
and popularity of the original column. 
Thus, following three articles by Forrest 
Mims III - the renowned writer of books on 
do-it-yourself electronics projects - indi
vidual columns from a wide variety of pro
fessionals were published under the The 
Amateur Scientist umbrella. In fact, it 
wasn’t until 1995 that the editorial staff at 
Scientific American discovered The Society 
for Amateur Scientists (www.sas.org). The 
society’s founder - Dr. Shawn Carlson - 
was subsequently persuaded to take over 
the column until its last appearance in 
2001.

THE END OF AN ERA
Sad to relate, The Amateur Scientist col

umn is no more. The last time the column 
appeared in print was in the March 2001 
issue of the magazine. And the very last 
column of all appeared in the e-bulletin 

board associated with the November 2001 
copy. At that time it was intended to keep 
the electronic version alive, but lack of time 
and resources prevented it from going 
forwards.

Strange as it seems to me now, like many 
readers I didn’t really notice the column’s 
passing. It was only recently when I was 
chatting to the guys and gals at the Tinkers 
Guild (www.tinkersguild.com) that I real
ized that I hadn’t seen its familiar banner 
for quite some time. And of course, as soon 
as I realised that The Amateur Scientist was 
no longer with us I started to miss it dread
fully (isn’t that always the way of things?).

NO TIME FOR TEARS
But turn that frown upside down into a 

smile, because I am the bearer of glad tid
ings. The folks at the Tinkers Guild have 
recently released The Amateur Scientist 2.0 
Science Fair Edition, which contains two 
jolly interesting CDs. The first contains 
every Amateur Scientist column ever pub
lished. That’s over 1,100 articles and proj
ects in all, covering every major field of 
science!

This CD - which runs on Macintosh, 
Windows, and Linux platforms (I love that) 
- supports multiple techniques for finding 
articles of interest. For example, the CD’s 
self-contained Java search engine allows 
you to search the contents by keywords (on 
a whim I first searched for “fish” and was 
soon engrossed in articles that delighted me 
for hours).

Alternatively, you may decide to browse 
by subject. You can start by selecting from 
Archeology, Astronomy, Biology, 
Chemistry, Earth Science, Mathematics, 
and Physics (Technical Notes and Tools & 
Techniques are also options here) and then 
rooting through the ensuing topics. Last but 
not least, if you simply wish to be exposed 
to a wide variety of “stuff,” then all you 
have to do is select the “Browse By 
Decade” option by clicking one of the 
1920s, 1930s, 1940s . . . 2000s buttons and 
then scan through the associated topic 
summaries.

A PLETHORA OF 
TOPICS

The great thing about The Amateur 
Scientist is that there’s something for 
everyone. For example, I have an abiding 
interest in all things to do with digital
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electronics, which made the 
August 1962 article by C. L. 
Stong, entitled How Streams of 
Water Can Be Used to Create 
Analogues of Electronic Tubes 
and Circuits a must-read.

Truth to tell, it would be well 
nigh impossible to write this 
review without regaling you with 
at least a smattering of the 
columns you’ll find on the CD, 
for example:

• March 1960: Concerning 
Homemade Vacuum Pumps 
and Some of the Things That 
Can Be Done with Them (. . . 
the mind boggles!. . .)

• February 1964: How to 
Photograph Air Currents in Color and 
Build an Accurate Foucault Pendulum

• October 1966: How to Build a Wind 
Tunnel That Achieves Supersonic Speeds 
with a Vacuum System

• February 1966: How to Record and 
Listen to the Electrical Signals 
Produced By Microscopic Animals

• October 1967: How to ‘Sputter’ Thin 
Films of Metal Onto Glass and 
Experiment with Them

• April 1967: Little Pendulums That 
Oscillate Like Big Ones

• February 1967: How to Make 
Holograms and Experiment with Them

• June 1968: A Plan for an Analogue 
Computer That Can Be Built for about 
$40 (that’s original dollars in the title, 
but this project has an adjusted cost 
range of 0 to $100).

• May 1969: How to Blow Soap Bubbles 
That Last for Months or Even Years

• February 1969: How to Construct an 
Argon Gas Laser with Outputs At 
Several Wavelengths

• September 1970: Curious Oscillators 
That Involve Salt Water, Flame and Hot 
Wire

• January 1970: Experiments in 
Generating the Constituents of Living 
Matter From Inorganic Substances

• April 1974: Curious Bubbles in Which a 
Gas Encloses a Liquid Instead of the 
Other Way Around

• November 1979: Flames in Which Air Is 
Introduced into a Flammable Gas 
Rather Than Vice Versa

• April 1988: How to Map Electrically 
Charged Patches with Parsley, Sage, 
Rosemary and Thyme

Taking the Earth’s magnetic pulse - Jan. 1999.

• August 1989: How to Analyze the Shock 
Waves That Sweep Through Expressway 
Traffic

• . . . and the list goes on, and on, and . . .

As you can see, these articles cover an 
incredibly diverse range of do-it-yourself 
projects and interesting topics sufficient to 
keep you drooling for days. Some are 
downright serious, while others are of a 
more philosophical bent. As an example of 
the latter, one need look no further than the 
April 1989 offering entitled How to Build a 
Plank-Mass Accelerator in Your Solar 
System.

In addition to being linked to extensive 
supplementary resources, each project has 
an associated difficulty level from 1 to 5, a 
danger level ranging from 1 (no hazards), 
through 4 (POSSIBLY LETHAL!), and an 
associated cost in terms of today’s monetary 
values. Of course, costing these projects is 
somewhat tricky - not the least that “stuff 
found around the house” tends to be a major 
component of many of them - so the values 
provided are (very) rough estimates.

THE SCIENCE 
SOFTWARE LIBRARY

Accompanying the main CD is a Science 
Software Library CD that contains a library 
of demo programs, shareware, freeware, 
and other items that may be of use to ama
teur scientists. These offerings are catego
rized by topics that include Astronomy, 
Biology, Chemistry, Physics, Earth Science, 
Mathematics, Computer Science, General 
Tools and Utilities, and Teaching Aids.

In the case of electronics, for example, 
one item that caught my eye was the CRO 

Tutor, which is a computer pro
gram that simulates a single
channel cathode ray oscillo
scope. I’ve seen these sorts of 
programs before and they can be 
incredibly useful, but they can 
also be quite expensive, so it’s 
great to be able to play with one 
here. The CRO Tutor offers a 
variety of basic controls such as 
the Timebase, Horizontal Shift, 
and Level. Also available are 
more complicated controls such 
as Coupling and Trigger-level 
Adjustment, but these are added 
in stages so as not to frighten the 
unwary too soon.

I must admit that I was a lit
tle like a kid in a sweet shop 

running from one delight to another. 
Under the Astronomy category, for 
example, I discovered the NEWT pro
gram, which can be used to design 
Newtonian telescopes. This was of par
ticular interest to me, because I recall 
one of my uncles grinding his own tele
scope mirrors (it took months of effort, 
but it kept him from getting under my 
aunt’s feet).

IN CONCLUSION
Personally, I think that The Amateur 

Scientist 2.0 Science Fair Edition is a 
must-have for just about anyone who is 
interested in knowing more about “stuff” 
(it’s certainly a valued item in my collec
tion). Even if you don’t end up construct
ing any of the apparatus or performing 
any of the experiments yourself, it’s 
strangely reassuring to know that one has 
the ability to fabricate something like an 
electromagnetic gun that can fire nails at 
the speed of sound in the comfort of one’s 
own front room, should one so desire. 
(Not that I’m saying such a project exists 
on the CD you understand, but it certain
ly wouldn’t surprise me . . . in fact I think 
I’ll take another stroll through the proj
ects as soon as I’ve finished penning this 
article.)

Considering the amount of effort that has 
gone into pulling all of the Amateur 
Scientist columns together and creating this 
CD - not to mention the hours of fun to be 
found while playing with the applications 
on the Science Software Library CD - I 
think this is a real good value at £19.95 
including UK postage and VAT. It is avail
able from the EPE Direct Book Service. Q
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Constructional Project

EMERGENCY ;
STAND-BY LIGHT  . t
TERRY de VAUX-BALBIRNIE B

A home emergency light - don’t be caught in the dark!
Use 12V battery power to drive a low-energy mains light bulb

T
HIS circuit will operate a mains low- 
energy light bulb of up to 24W rating 
from a 12V d.c. supply. As well as 
being useful for home emergency lighting, 

it could be made part of a solar or wind
charging system for use in areas where a 
mains supply does not exist.

A 60Ah lead-acid battery (“leisure bat
tery”) makes an excellent power source 
and will operate a 24W low-energy bulb 
for some 24 hours before the need to re
charge. For lighter loads, a smaller sealed 
lead-acid unit is recommended. For exam
ple, a 12Ah battery could operate an 11W 
lamp for around eight hours.

HIGH EFFICIENCY
For an equivalent light output, low-ener

gy lamps consume 80 per cent less energy 
than the tungsten filament type. A 24W 
low-energy bulb will therefore provide 
more illumination than a standard 100- 
watt bulb.

Low energy bulbs are handier than the 
tubular fluorescent type. They have a more 
convenient shape and fit a standard light 
fitting. Also, they give a quality of illumi
nation similar to a tungsten filament lamp.

The efficiency of this circuit approaches 
80 per cent when delivering full power. 
However, it falls with decreasing load. 
When operating a 24W lamp, the current 
drawn by the prototype is 2-5A with a 
“base” value of 550mA. That is, 550mA is 
needed even in the absence of a load.

This “base” current is the reason for the 
efficiency reducing with load. An 11W 
lamp requires some 14A giving an effi
ciency of 63 per cent.

The Emergency Stand-by Light circuit 
has been designed with Philips Ecotone 
lamps in mind. The manufacturer was 
helpful in supplying certain technical 
details needed for the design. However, 
successful tests were made using other 
energy-saving bulbs. Note that it is not 
suitable for tungsten filament lamps or 
any other appliances.

Low-energy lamps are, of course, nor
mally operated from the a.c. supply mains. 
However, they may be powered from a d.c. 
(direct current) source. They will operate
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at full brightness using 230 volts and with 
an absolute maximum of 350 volts. Below 
160V, they fail to conduct and do not work 
at all.

STRIKING EXAMPLE
As well as the need to supply current at 

a sufficiently high voltage, a “striking 
pulse” needs to be delivered at switch-on. 
The manufacturer suggests that this may 
be as much as 25A for 250ps (microsec-
onds). However, all the lamps tested
“struck” using a much lower current. It
seems that a smaller current is needed
when the lamp is already warm.

SAFETY NOTE
This system uses a high voltage direct 

current (d.c.) output of between 220V and 
300V approximately, depending on the 
load. It could therefore be dangerous if 
not constructed and used with due care 
and attention regarding electrical safety.

It must be regarded as a “mains 
type” circuit and should not be 
attempted by anyone who does not 
have the necessary knowledge and 
skill. Note also that it is suitable for dry 
indoor use only.

The fact that a low-energy lamp will work 
over a wide voltage range means that there is 
no need for the supply to have particularly 
good voltage stability. A filament lamp, by 
contrast, must be operated close to its nomi
nal value. A small increase would lead to a
serious reduction in service life. Operating it 
at a slightly lower voltage would result in a 
significant decrease in light output.

HOW IT WORKS
The circuit presented here is a form of

voltage converter. It thus accepts a d.c.
input at one voltage and changes it into a
d.c. output at a different voltage. The com-
plete circuit diagram for the Emergency 
Stand-by Light is shown in Fig.1.

Ignore for the moment the section contain
ing IC1, a CMOS micropower voltage detec
tor. This is the under-voltage sensing part 
which sounds a signal when the battery falls 
to its low-point. This will be explained later.

The main section of the circuit is based 
on IC2, a 555 timer i.c. configured as an 
astable. It thus produces a stream of on-off 
pulses at its output, pin 3.
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Current is supplied from the 12V battery via external in-line
fuse FS4, input plug and socket PL1/SK1, switch S1 (Supply),
fuse FS2, thermal fuse FS1 and diode D1.

Diode D1, in conjunction with capacitor C1, provide a smooth 
local supply and isolate the astable (IC2) from the sudden high 
current changes which occur later in the circuit. These would 
cause “dips” in the supply voltage and could result in erratic 
operation.

The operating frequency of IC2 is related to the values of fixed 
resistors R4 and R5, preset potentiometer VR2 and capacitor C2. 
With the values specified, it will be in the range 40Hz to 100Hz 
depending on VR2 adjustment and will have more-or-less an equal 
mark/space ratio (equal on and off times).

The frequency has a large effect on the operating efficiency and 
will be adjusted at the end for best effect. Capacitor C3 is neces
sary for the stable operation of the bipolar timer i.c. used.

The signal from IC2 output, at pin 3, follows two paths. One is 
direct to the gate (g) of MOSFET TR2. The other is via resistor R6 
to the base of transistor TR1. Resistor R7 is the load resistor for 
the latter transistor and the gate of TR3 is fed from its collector. 
The purpose of TR1 is to invert the pulses so that those appearing 
at its collector are high when the IC2 output is low and vice versa.

OPEN THE GATE
MOSFETs are switched using a voltage applied to the gate (g) 

unlike a conventional bipolar transistor which requires a finite cur
rent flowing into its base. A MOSFET requires a negligible gate 
current to operate it. Transistors TR2 and TR3 therefore operate 
alternately as their gate voltage is switched on and off.

While on, the appropriate MOSFET develops a very low resis
tance between its drain (d) and source (s). Current can then flow 
from supply positive through one half of the primary winding of 
transformer T1 (that is, the secondary winding if it were used as a 
conventional mains transformer). It then returns to 0V via the 
MSOFET drain and source circuit. As each MOSFET conducts, it 
gives a “push-pull” effect with current flowing in one direction 
through one half-winding then in the opposite direction via the 
other one.

When current is flowing in one half-winding, there is an “auto 
transformer” action with the other one. This effectively doubles 
the voltage at the drain of the off transistor. In fact, the voltage 
overshoots this value.

The off MOSFET needs to tolerate this higher voltage and the 
specified type appears to work well in this respect. If the pulse 
were to be bypassed using a diode, energy would be removed from 
the system and the circuit would be less efficient.

Fig.2. High voltage waveform.

SQUARE 
WAVES

Since transformer 
T1 is used in 
reverse, that is, the 
primary (as original
ly intended) is now 
the secondary and 
the secondary is the 
primary, there is a 
voltage stepping-up 
rather than a step
ping-down effect.
This appears as a high-voltage “square” wave at the secondary 
winding (see Fig. 2). One MOSFET is responsible for the positive 
half-cycles and the other, the negative ones.

In fact, the wave is far from square since, due to the inductance, 
the magnetisation of the transformer core takes a certain time to 
reach maximum and fall again to zero. Once it levels off, the pri
mary current simply wastes energy by heating up the transformer.

It would be best, therefore, if there was only sufficient time 
allowed for the magnetisation to reach maximum and fall to zero 
before reversal took place (that is, the other MOSFET took over). 
This is done by adjusting the astable operating frequency. At the 
optimum value, the efficiency is highest (maximum output power 
for a given input power).

A HOT POINT
In operation, the MOSFETs do not normally produce much 

heat. However, over time they do become warm and a heatsink is 
needed. Also, if the astable (IC2) stopped with its output either 
high or low, one of the MOSFETs would be switched on continu
ously and a very large current would flow through the associated
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primary half-winding. This would also 
happen if a MOSFET were to fail with a 
closed circuit between its source and drain.

Excessive current could cause the wiring 
and heatsink to become very hot. To pre
vent this happening, fuse FS2 or possibly 
FS4 will blow and cut off the supply.

FINAL PROTECTION
As a further means of protection, the 

heatsink is fitted with a thermal fuse, FS1. 
This device, unlike a standard fuse, cuts off 
the current flowing through it when the 
material inside it melts due to externally 
applied heat.

Like a normal fuse, this is a “one shot” 
device which must be replaced if it fails. If, 
for any reason, the heatsink exceeds 72°C, 
the fuse will blow. As well as circuit fail
ure, this could be due to the temperature 
inside the case rising excessively. Do not 
omit the thermal fuse!

In the prototype, IC2 was removed (so 
switching on TR3) to check operation and 
FS2 blew quickly with no other damage. 
There is no need for the constructor to try 
this!

OUTPUT CIRCUIT
The high-voltage output is rectified 

using bridge rectifier REC1 and smoothed 
using capacitor C4. The current flowing 
initially into the capacitor is limited by 
resistor R8. The result then appears at out
put socket SK2, via fuse FS3 and Load 
switch S2.

The specified value of capacitor C4 is suf
ficiently high to allow for a suitable striking 
pulse to be delivered to the lamp. However, 
in most cases it will not be working at full 
capacity. It was even found that the lamp 
often “struck” with no capacitor at all!

However, if this is done, the lamp would 
be operating from a very unsmooth supply 
and there is no guarantee that it would sur
vive for very long under those conditions. 
To allow the capacitor to charge up, Supply 
switch S1 needs to be operated a short time 
before switching on Load switch S2.

Resistor R9, connected in parallel with 
capacitor C4, will discharge it to near zero 
over a period of some 60 seconds (six time 
constants). Without R9, and with the 
load and supply removed, the output 
terminals could maintain a dangerously 
high voltage for many hours.

LOW POINT DETECTOR
Returning now to the under-voltage 

detection section, based on voltage detec
tor IC1. This helps to avoid discharging the 
battery excessively by sounding warning 
buzzer WD1 when some preset low point is 
reached. It is very important to avoid dis
charging a lead-acid battery too far or it is 
likely to result in permanent damage.

If the voltage applied to the threshold 
input (pin 3) of IC1 falls below an internal 
reference value (1-15V), the output (pin 4) 
goes low and can “sink” current from the 
positive supply rail. The audible warning 
device (solid-state buzzer) WD1 then 
sounds.

Resistor R1 forms the upper arm of a 
potential divider while fixed resistor R2 
connected in series with preset potentiome
ter VR1 is the lower one. The whole 
arrangement is connected across the supply.

Preset VR1 is adjusted so that, when the 
battery is at the required low point, the

COMPONENTS Approx. Cost
Guidance Only £30

excl. batt., case & lamp

Resistors See _
R1 100k SHOP
R2, R6, R7 10k (3 off) _
R3 680k TALK
R4 5k6 page
R5 33k
R8 10Q 2W
R9 100k 2W
R10 680Q

All 025W 5% metal film, unless otherwise 
stated.

Potentiometers
VR1 10k multiturn preset, top

adjust
VR2 100k multiturn preset,

top adjust

Capacitors
C1 100p min. radial elect.

25V
C2 100n polyester 5mm

pitch 5% tolerance
C3 10n polyester 5mm

pitch
C4 100p radial elect. 450V

(minimum rating)

Semiconductors
D1 1N4001 50V 1A rect.

diode
D2 5mm red l.e.d. indicator

(panel mounting)
REC1 1-5A 800V bridge

rectifier
TR1 2N3904 npn transistor
TR2, TR3 BUZ11 power MOSFET 

(2 off)
IC1 MAX8211, CMOS

micropower voltage 
detector

IC2 555 timer

Miscellaneous
T1 50VA (minimum) mains

transformer, with 230V 
primary and twin 9V 
secondary windings 

WD1 Solid-state buzzer d.c.
operation 3V to 24V 
operation at 10mA 
maximum

S1, S2 Toggle or rocker switch,
5A d.c. rating ( 2 off) 

FS1 thermal fuse (14mm x
4mm diameter) 10A 
current rating. 72°C 
operating temperature 

FS2 5A 20mm fuse
FS3 500mA 20mm slow-blow

(time delay) fuse
FS4 64A 31mm fuse or to suit

line fuseholder
PL1/SK1 panel input plug and line 

socket (3A rating 
minimum)

SK2/PL2 panel output socket and 
line plug (mains rated)

Printed circuit board available from the 
EPE PCB Service, code 438; ABS impact 
resistant box, size 177mm x 120mm x 
83mm; 8-pin d.i.l. i.c. socket (2 off); 2-way 
p.c.b. screw terminal block, 5mm pitch; 
4-way p.c.b. screw terminal block, 5mm 
pitch (2 off); TO220 mounting kit (2 off); 
20mm panel fuseholder (2 off); line fuse
holder; material for transformer insulating 
shield, see text; plastic insulating boots for 
output socket and fuse FS3; self-adhesive 
plastic or rubber feet (4 off); 6A stranded 
wire; 3A mains-type wire; nylon screw ter
minal block 5A rating (2 pieces required); 
battery connectors; nylon fixings; solder, 
etc.

voltage applied to pin 3 will fall below the 
threshold value. Note that the voltage 
sensed by pin 3 will be 0-7V less than the 
threshold value due to the forward voltage 
drop of diode D1.

Positive feedback is applied to IC1 pin 2 
(hysteresis), through resistor R3, so that 
the “on” triggering point is a little higher 
than the “off” one. This prevents excessive 
on-off switching near the critical value.

CONSTRUCTION
This unit is best regarded as Class 2 

equipment since there is no “earth” pro
vided by the supply wiring. The circuit 
must be built in a high-impact ABS plastic 
(insulating) box. A metal box must not be 
used. This is because, in the event of a 
fault, it could become “live” (by touching 
one of the output connections).

This, in itself, would not cause an elec
tric shock if the user touched it since no 
earth loop exists. However, there would be 
a danger of shock if someone touched the 
other output wire by accident while mak
ing contact with the box. For this reason, 
there must be no metal parts (such as bolt 
heads) that can be touched from outside 
the case.

Construction of the Emergency Stand
by Light is based on a single-sided printed 
circuit board (p.c.b.). This board is avail

able from the EPE PCB Service, code 438. 
The topside component layout and full-size 
copper foil master pattern are shown in 
Fig.3.

Begin construction by drilling the p.c.b. 
mounting holes and then solder in position 
the single link wire at IC2 pin 3. Add the 
i.c. sockets, sections of terminal block 
(TB1 to TB3) and all resistors (including 
the presets) and capacitors, taking care 
over the polarity of C1 and C4.

Follow with the other polarity-sensitive 
components: diode D1, transistors TR1 to 
TR3 (see below), buzzer WD1 and bridge 
rectifier REC1. You will need to spread the 
end leads of REC1 and the transistors to fit 
the p.c.b. holes. Solder pieces of light duty 
stranded connecting wire, about 10cm 
long, to the l.e.d. (D2) copper pads.

The MOSFETS are static sensitive 
devices. It would, therefore, be wise to 
remove any charge from your body by 
touching something which is “earthed” 
(such as a metal water tap) before touching 
Tr2 and TR3 pins.

Insert the i.c.s in their sockets observing 
the anti-static precautions above with IC1 
(not necessary for IC2). Adjust presets 
VR1 and VR2 to approximately mid-track 
position (by counting the number of turns 
between the clicks that are made at the 
extremes of travel).
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HEATSINK
The heatsink is made using a piece of 

sheet aluminium size 50mm x 40mm 
although these dimensions are not too crit
ical. Both TR2 and TR3 are attached to this 
as well as the clip which holds the thermal 
fuse (FS1).

Prepare the heatsink by drilling holes for 
the MOSFET tabs and for the thermal fuse 
clip. In the prototype, the clip was made 
using a piece of thin aluminium, size 
10mm x 30mm. This was bent around the 
shank of a drill bit having a slightly small
er diameter than the fuse itself. It is essen
tial that the fuse makes good thermal con
tact with the heatsink. Fit the thermal fuse 
in its clip, attach it in position and check 
that it is secure.

Mount the heatsink on TR2 and TR3’s 
tabs. It is essential that the tabs are electri
cally isolated from one another, from the 
heatsink and from everything else. TO220

® ®

VR2

WD1

•bTR1

D.C.
OUT'

R10l

® TB2

+12V IN

T1 SEC'

REC1

TR2

TR3

3-8in (95mm)

Fig.3. Printed circuit board component layout and full-size copper foil master for the 
Emergency Stand-by Light.

Completed circuit board and close-up 
of the thermal fuse mounted on the 
aluminium heatsink. Use a TO220 
insulating kit for mounting the heatsink 
on the transistor tabs.

mounting kits (consisting of a plastic bush 
and insulating washer) must, therefore, be 
used on both devices. It is easy to fit these 
incorrectly so check using a multitester. 
When correctly fitted, there will be an infi
nite resistance between the heatsink and 
each MOSFET tab.

BOXING UP
The plastic box must be large enough to 

accommodate all parts with a clear space 
around them (see photograph). This will 
allow heat from the transformer (especial
ly) and the heatsink to escape harmlessly. 
The tag side of the transformer should be 
placed nearer to the side of the case as 
shown in the photograph.

Mark the position of the p.c.b. mounting 
holes, also those for the transformer, fuse
holders FS2/FS3, on-off switches, l.e.d. on 
indicator and the input and output sockets. 
A polarised panel-mounting plug (PL1) of 
3A rating minimum should be used for the 
battery input connection.

The output must be made to a socket 
(SK1) so that it is impossible to touch the 
pins and this should be of a high-voltage 
(mains-rated) type different from the 
national mains type. This will prevent other 
devices from being plugged into it by mis
take. It does not need to be polarised 
because the connecting plug may be insert
ed in either sense. If it is of the three-pin 
type, only two of them are used.

Remove all the parts and drill the holes. 
Mount the p.c.b. on 10mm high plastic 
stand-off insulators. Use nylon (non-metal- 
lic) fixings to attach the p.c.b., input/output
connectors (if of this type) and the trans
former. Fit the l.e.d. indicator.
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Fig.4. Details of interwiring from the p.c.b. and between off-board components. Not shown in this diagram is the mounting of 
the thermal fuse and transistors TR2, TR3 (using insulating mounting kits) on an aluminium heatsink. Also not included is the 
line-fuse FS4 in the positive lead from the battery.

WIRING UP
Referring to Fig.4, complete the internal 

wiring. For the low-voltage connections, 
including the links between the trans
former’s 9V primaries and the two “0V” 
connections on the screw terminal block 
(TB2/4 and TB3/2), use 3A stranded wire.

The connections to the thermal fuse 
leads must not be made by soldering. The 
heat conducting along the end leads would 
blow it! Instead, use two single pieces of 
screw terminal block which are resistant to 
100°C - nylon is suitable. Make sure the 
end leads cannot touch the heatsink and 
use heat-resistant sleeving to prevent this 
happening if necessary. Connect the l.e.d. 
D2 indicator taking care over the polarity 
and sleeve the bare wires and joints to pre
vent them touching.

Mains-type wire of 3A rating should be 
used for all high-voltage connections. If 
the transformer has twin 115V windings 
(rather than a single 230V one), connect 
these in series as shown. The photograph 
shows an interior view of the prototype 
unit with the transformer secondary shield 
(see later) removed.

GETTING READY
You will need a multitester suitable for 

making measurements up to 400V d.c. 
minimum.

Prepare the battery connecting lead 
using twin flexible wire of 6A rating mini
mum. Mains-type, 13A flexible wire 
would be ideal. This should not be more 
than, say, two metres long to avoid exces
sive voltage drops.

Fit a line fuseholder containing the spec
ified quick-blow fuse (FS4) in the positive 

wire close to the battery terminal. Use 
proper battery connectors - makeshift 
methods are not satisfactory. Wire the line 
socket (SK1) to the other end of the wire 
taking care that the polarity will be correct 
when it is connected to the circuit.

SAFETY FIRST
For safety reasons, fit insulating rubber 

boots over the terminals of the output socket 

General layout of components inside the plastic case. The mains transformer tags 
must be covered and positioned close to the sidewall of the case.

and fuseholder FS3. Fit an insulating shield 
over the transformer secondary output tags 
(this must not interfere with the free flow of 
air around the transformer).

Tape a temporary cardboard cover over 
the p.c.b. in the region of REC1, R8, C4 
and R9 so that no high-voltage compo
nents can be touched while making adjust
ments to presets VR1/VR2. You can’t be too 
careful!
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While making adjustments, work with 
one hand in your pocket! Remember, lead- 
acid batteries can deliver a very large cur
rent in the event of a short circuit. This is 
why fuse FS4 is essential.

Fit self-adhesive plastic feet to the bottom 
of the box. These will allow a circulation of 
air underneath and promote cooling. The 
bottom of the unit will become quite warm 
in operation so, to prevent damage, do not 
place it on a heat-sensitive surface.

TESTING
Start with a fully-charged battery. 

Switch S1 (Supply) off then plug in the 
battery lead. Switch on the supply and note 
that the l.e.d. indicator D2 lights. You 
should also hear a gentle buzzing sound 
from the transformer. If a fuse blows or if 
there are any unusual sounds or smells or 
smoke, switch off immediately and investi
gate the cause.

If the “low battery” warning sounds, 
ignore it. Note that the audible warning 
device is modulated to some extent at the 
astable frequency and makes a distinctive 
“buzzing” sound.

Taking great care, apply the multitester 
probes to the output socket or, if this is not 
possible, direct to the output terminals of 
TB1. The meter should record a value of 
around 270V to 300V d.c.

Switch off the supply and check the volt
age again after one minute. It should have 
fallen to near zero. Before any adjustments 
are made, the battery must be disconnect
ed, capacitor C4 allowed to discharge for 
one minute minimum and the voltage 
checked before proceeding.

TAKING THE LEAD
Assuming all is well, prepare the lamp 

by making a connecting lead using mains
type (double-insulated) two-core wire of 
3A rating. This may be of any reasonable 
length. Fit an unswitched plastic lamp 
holder on the end.

Switch off the battery and output 
switches, then plug in the lamp. Switch on 
the battery then, after a second or two, the 
output Load switch S2. This procedure 
allows capacitor C4 to charge up and pro
vide the starting pulse. The lamp should 
“strike” and reach full brightness in a short 
time.

MOST EFFICIENT
The best way to attain maximum effi

ciency is to minimise the on-load current

Completed stand-by unit.

drawn from the battery while maintaining 
maximum output voltage. Since the actual 
value of the current does not matter, a good 
method is to measure the millivoltage 
“drop” across a section of wire carrying the 
battery current. The 0V (“negative”) wire 
leading from the battery terminal to the 
corresponding terminal at the input plug 
would be sufficient.

Adjust the multitester to a low “volts 
d.c.” range. Apply the multitester between 
these points. Adjust preset VR2 to obtain a 
minimum “drop” without the output volt
age falling significantly. In the prototype, 
the voltage drop was 50mV approximately 
with 230V maintained. Of course, if you 
have a suitable ammeter, you could mea
sure the current direct.

Fit the lid of the case and allow the cir
cuit to continue to operate under full load. 
Check at intervals that the case is not too 
hot. After one hour, disconnect the supply 
and allow capacitor C4 to discharge.

Feel the transformer and heatsink. In the 
prototype, after this time the case felt 
slightly warm on the outside (especially 
underneath in the region of the trans
former). The transformer itself was quite 
hot but the heatsink only slightly warm. 
The temperatures soon stabilise and do not 
rise any further.

A good quality transformer should not 
require additional ventilation. If it turns out 
that this is required, small holes may be 
drilled in the case to allow the warm air to 
escape. If this must be done, do it with 
great thought and care. The greatest dan
ger is that metallic objects could fall or be 
pushed inside and touch high-voltage com
ponents. Make sure this cannot happen.

LOW-POINT VOLTAGE
When the battery low-point is reached 

(check at intervals), remove the lid of the 
case and carefully adjust preset VR1 so that 
the audible warning device just sounds. As 
stated previously, this makes a distinctive 
“buzzing” noise. A suitable low point for a 
large unit is 11V but a smaller one may be 
set to 10-5V. It only remains to re-attach the 
lid and label the switches and sockets.

When cold, the low-energy lamp will 
strike easily by waiting for a second or two 
before switching on the Load switch. A 
cold lamp might strike without doing this 
but it may be slow to operate. A warm lamp 
will strike easily anyway.

After use, always switch off the supply - 
never just the load. This avoids the unnec
essary off-load drain. In use, take care to 
avoid covering over the unit which might 
result in overheating. Q
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Emergency Stand-by Light
Safety must be the byword when selecting components for the 

Emergency Stand-by Light project and you should use nylon fixing nuts 
and bolts, and cover any exposed “mains potential” connections with 
some form of protective insulation, such as heatshrink sleeving. Note also 
that capacitor C4 must have a minimum working voltage of 450V d.c. or 
better.

The 50VA mains transformer, with twin 0V-9V at 2^78A secondary wind
ings, used in the model came from Farnell (S 0870 1200 200 or www. 
farnellinone.co.uk) code 696-640. They also supplied the axial type 72°C 
10A thermal fuse, code 476-560, and the bridge rectifier (code 330-7943). 
Comparing the main spec. for the bridge rectifier you could probably use one 
from the WO series, namely the WO8.

The thermal fuse is also listed by Squires (S 01243 842424 or 
www.squirestools.com), code 740-150. You must NOT omit this fuse from 
the unit.

Some readers may have difficulty locating the MAX8211 CMOS micro
power voltage detector. This was purchased from RS Components, code 
427-506. It can be ordered through any bona-fide RS stockist or direct (credit 
card only) on S 01536 444079 or rswww.com. A post and handling charge 
will be made.

The output must be taken to a socket in which it is impossible to touch the 
pins, be of a high voltage (mains-rated) type and be different from the nation
al mains type. This will prevent other devices from being plugged into it by 
mistake. An ideal combination would be one of the well-known Bulgin range, 
such as SA2404 3-pin chassis socket and SA2403 3-pin line plug with shield
ed pins. Another alternative would be a “European style” mains outlet chas
sis socket and line plug.

The printed circuit board is available from the EPE PCB Service, code 438 
(see page 221). For a suitable lead-acid battery, readers should scan the 
advertising pages as some run “bargain offers” from time to time. Try Bull 
Electrical (S 0870 7707520 or www.bullnet.co.uk).

Finally, please pay heed to the safety panel and other safety pointers 
throughout the article. Note also that this unit is NOT suitable for tungsten 
filament lamps or any other appliances. For the real “McCoy” you could do 
no better than invest in one of the power inverters listed in the BK ad. on 
page 192.

MIDI Health Check
Indications are that a number of parts called for in the MIDI Health Check 

project may prove to be elusive to track down locally.
The 6N139 Darlington opto-isolator is listed by CricklewoodElectronics 

(S 0208 452 0161), code as type number, and Squires (S 01243 842424 or 
www.squirestools.com), code 622-075. The 4050 hex buffer i.c. should be 
generally available.

Quite a number of our advertisers now stock 2-line 16-characters per line 
alphanumeric l.c.d. modules and sourcing should not be a problem. However, 
you should check you have the relevant pinout information when purchasing 
so that you are able to “hardwire” it to the p.c.b.

As used in the prototypes, the 3-terminal, s.p.d.t. 0^5A 50V d.c., push
button switches appear to be only listed by Farnell (S 0870 1200 200 or 
www.farnellinone.co.uk) codes 147-405 black and 147-406 red. You could 
substitute with miniature “biased” toggle switches.

The printed circuit board (p.c.b.) has been designed to accept components 
for either the Transmitter or Receiver. Likewise, the software to drive either 
unit is programmed into a single PIC. This means, of course, you will require 
two p.c.b.s and two programmed PICs.

For those readers unable to program their own PICs, a ready-programmed 
PIC16F628 microcontroller (two needed) can be purchased directly from the 
author for the sum of £8.00 each inclusive (add £1 for overseas). Orders 
should be sent to David Clark, PO Box 3103, Sheffield, South Yorks, S11 
7WW. Payments should be made out to David Clark, and only in £ sterling 
and drawn on a British bank, UK postal orders are also accepted.

The software is available on a 3^5in. PC-compatible disk (Disk 7) from the 
EPE Editorial Office for the sum of £3 each (UK), to cover admin costs (for 
overseas charges see page 221). It is also available Free via the Downloads 
click-link option on the home page when you enter our main web site at 
www.epemag.wimborne.co.uk, then enter the PIC Microcontroller source 
codes folder and select PIC MIDI Health Check.

The printed circuit board is available from the EPE PCB Service, code 437 
pair (see page 221).

PIC Mixer for RC Planes
We have been unable to find a UK source for the Fairchild KA336-2^5 

device (D1) on the circuit diagram.To keep within the author’s specified com
ponents for the PIC Mixer for RC Planes, we have only found the LM336-2^5 
version of the programmable shunt regulator or voltage reference device list
ed by RS Components, code 411-668.You can order direct (credit card only) 
from RS on S 01536 444079 or rswww.com. A post and packing fee will be 
added. Looking at the main spec. for the above voltage reference, the TL431 
device seems to be a possible substitute but has not been tried in this circuit.

A preprogrammed PIC16F84 microcontroller can be purchased from 
Magenta Electronics (S 01283 565435 or www.magenta2000.co.uk) for 
the inclusive price of £5.90 each (overseas add £1 p&p). The software is 
available on a 3^5in. PC-compatible disk (Disk 7) from the EPE Editorial 
Office for the sum of £3 each (UK), to cover admin costs (for overseas 
charges see page 221). It is also available Free via the Downloads click-link 
option on the EPE home page when you enter our main web site at 
www.epemag.wimborne.co.uk, then enter the PIC Microcontroller source 
codes folder and select PIC Vplane.

Bat-Band Convertor
Readers should not experience any real problems when sourcing compo

nents for the Bat-Band Convertor project. The only minor hiccup is that some 
suppliers only sell the 40kHz ultrasonic transducer as a matched transmitter 
and receiver pair. However, the current Squires (S 01243 842424 or 
www.squirestools.com) catalogue list the transducers as separate items 
and the Receiver is coded 800-274.

The author strongly advises that the i.c. be soldered directly to the circuit 
board, but warns against excessive heat during this operation. If any reader 
is a bit wary about this, you could try an i.c. socket here.

The small printed circuit board is obtainable from the EPE PCB Service, 
code 436 (see page 221).

Teach-In ’04 Part 5
If Teach-In ’04 readers wish to experiment/build the PIC-based controller 

circuit of Fig.5.17, a preprogrammed PIC microcontroller chip can be 
obtained from Max Horsey, Electronics Dept., Radley College, Abingdon, 
Oxon OX14 2HR, for the sum of £5 per PIC, including postage. Specify that 
the PIC is for Teach-In 2004 Part 5. Enclose a cheque payable to Radley 
College.

The software for the PIC program (except for the PICAXE programming 
software) is available on a 3^5in. disk (Disk 7) from the EPE Editorial Office 
for the sum of £3 each (UK), see page 221 for overseas charges. It is also 
available for free download via the click-link option on the EPE home page at 
www.epemag.wimborne.co.uk; enter the PIC microcontroller source codes 
folder and select Teach-In 2004.

PICAXE programming software can be obtained from: Tech-Supplies, 
Dept. EPE, 4 Old Dairy Business Centre, Melcombe Road, Bath BA2 3LR. 
The telephone number of Revolution Education is 01225 340563, and their 
web-site is at www.rev-ed.co.uk.
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Learn About Microcontrollers

PIC Training & Development System
The best place to start learning about microcontrollers is the PIC16F84. This is 
easy to understand and very popular with construction projects. Then continue on 
using the more sophisticated PIC16F877 family.

The heart of our system is two real books which lie open on your desk while 
you use your computer to type in the programme and control the hardware. Start 
with four very simple programmes. Run the simulator to see how they work. Test 
them with real hardware. Follow on with a little theory....

Our complete PIC training and development system consists of our universal 
mid range PIC programmer, a 306 page book covering the PIC16F84, a 262 page 
book introducing the PIC16F877 family, and a suite of programmes to run on a 
PC. The module is an advanced design using a 28 pin PIC16F870 to handle the 
timing, programming and voltage switching requirements. The module has two 
ZIF sockets and an 8 pin socket which between them allow most mid range 8, 18, 
28 and 40 pin PICs to be programmed. The plugboard is wired with a 5 volt supply. 
The software is an integrated system comprising a text editor, assembler 
disassembler, simulator and programming software. The programming is 
performed at 5 volts, verified with 2 volts or 3 volts applied and verified again with 
5.5 volts applied to ensure that the PIC is programmed correctly over its full 
operating voltage. DC version for UK, battery version for overseas. UK orders 
include a plugtop power supply.

NEW 32 bit PC Assembler
Experimenting with PC Computers with its kit is the 
easiest way ever to learn assembly language 
programming. If you have enough intelligence to 
understand the English language and you can operate 
a PC computer then you have all the necessary 
background knowledge. Flashing LEDs, digital to 
analogue converters, simple oscilloscope, charging 
curves, temperature graphs and audio digitising.

Kit now supplied with our 32 bit assembler with 84 
page supplement detailing the new features and 
including 7 experiments PC to PIC communication. 
Flashing LEDs, writing to LCD and two way data using 
3 wires from PC’s parallel port to PIC16F84.

Book + made up kit 1a + software.......£73.50 
Book + unmade kit 1u + software........£66.50 
(PP UK £4, Europe £10, Rest of world £14)

C & C++ for the PC
Experimenting with C & C++ Programmes teaches us to 
programme by using C to drive the simple hardware 
circuits built using the materials supplied in the kit. The 
circuits build up to a storage oscilloscope using 
relatively simple C techniques to construct a 
programme that is by no means simple. When 
approached in this way C is only marginally more 
difficult than BASIC and infinitely more powerful. C 
programmers are always in demand. Ideal for absolute 
beginners and experienced programmers.

Book + made up kit 2a + software....£57.50
Book + unmade kit 2u + software.....£51.50
Book + top up kit 2t + software.........£37.98 
(PP UK £4, Europe £10, Rest of world £14)

The Kits
The assembler and C & C++ kits contain the prototyping 
board, lead assemblies, components and programming 
software to do all the experiments. The ‘made up’ kits 
are supplied ready to start. The ‘top up’ kit is for readers 
who have already purchased kit 1a or 1u.

Assembler and C & C++
Click on ‘Special Offers’ on our website for details of 
how to save by buying a combined kit for assembler and 
C & C++.

Universal mid range PIC programmer module
+ Book Experimenting with PIC Microcontrollers
+ Book Experimenting with the PIC16F877 (2nd edition)
+ Universal mid range PIC software suite
+ PIC16F84 and PIC16F870 test PICs........... £159.00

(Postage & insurance UK £10, Europe £15, Rest of world £25)

Experimenting with PIC Microcontrollers
This book introduces the PIC16F84 and PIC16C711, and is the easy way 
to get started for anyone who is new to PIC programming. We begin with 
four simple experiments, the first of which is explained over ten and half 
a pages assuming no starting knowledge except the ability to operate a 
PC. Then having gained some practical experience we study the basic 
principles of PIC programming, learn about the 8 bit timer, how to drive 
the liquid crystal display, create a real time clock, experiment with the 
watchdog timer, sleep mode, beeps and music, including a rendition of 
Beethoven’s Für Elise. Finally there are two projects to work through, 
using the PIC16F84 to create a sinewave generator and investigating the 
power taken by domestic appliances. In the space of 24 experiments, two 
projects and 56 exercises the book works through from absolute 
beginner to experienced engineer level.

Hardware & Ordering Information
Our latest programmer module connects to the serial port of your PC 
(COM1 or COM2), which enables our PIC software to operate directly 
within Windows 98, XP, NT, 2000 etc.

Telephone with Visa, Mastercard or Switch, or send cheque/PO for 
immediate despatch. All prices include VAT if applicable.
Web site:- www.brunningsoftware.co.uk

Experimenting with the PIC16F877
The second PIC book starts with the simplest of experiments to 
give us a basic understanding of the PIC16F877 family. Then we 
look at the 16 bit timer, efficient storage and display of text 
messages, simple frequency counter, use a keypad for numbers, 
letters and security codes, and examine the 10 bit A/D converter.

The PIC16F627 is then introduced as a low cost PIC16F84. We 
use the PIC16F627 as a step up switching regulator, and to 
control the speed of a DC motor with maximum torque still 
available. We study how to use a PIC to switch mains power using 
an optoisolated triac driving a high current triac. Finally we study 
how to use the PICs USART for serial communication to a PC.

Mail order address:

Brunning Software 138 The Street, Little Clacton, Clacton-on-sea, 
Essex, CO16 9LS. Tel 01255 862308
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Poor soldering is the cause of circuit failures even
for professionals, ian Poole reports.

New Technology
Update
SOLDERING and solder technology are at 

the very heart of electronics technolo
gy. Without solder, electronics manufactur

ing would be very different to the way we 
know it today. Printed circuit boards are by 
far the most widely used form of construc
tion, and every joint made on these boards 
uses solder.

However, solder hardly seems to be a 
high tech material. It has been around 
since the very earliest days of radio and 
electronics, and although improvements 
have been made, it appears to be essential
ly the same.

Many improvements have occurred as a 
result of the advances made in the tech
nology of electronics circuitry construc
tion and packaging. Surface mount tech
nology has come to the fore in the last fif
teen years and has placed many new 
requirements on soldered joints. With the 
number of joints rising as circuits become 
more complicated, very careful control of 
the soldering process is required because 
these joints are the major source of faults 
in new equipment.

New Formulations
New solder formulations have been cre

ated and better methods for applying the 
right amount of solder in the right places 
have been developed. For mass production, 
solder masks are generated from the same 
information as the circuit board layout 
data. These masks ensure that solder is 
only applied to the required areas of the 
board, and in the correct amounts. The sol
der in the form of a paste is added, and 
then the components are placed onto the 
boards using specialised pick and place 
machines. Once everything is in place, the 
board is run through a heater, generally an 
infra-red heater, to melt the solder and cre
ate the soldered joints.

Automatic Optical Inspection (AOI) 
machines are then used to check the 
boards. These machines optically examine 
the boards and compare the results with 
known good examples in a “database” of 
previous examples of the board. The 
machines are very good at detecting poor 
joints, and if this check is completed 
immediately after soldering, it is possible 
to quickly remedy problems to ensure that 
further boards do not have the same faults.

Solder Developments
Apart from the manufacturing process 

developments that have been occurring, 
solder itself has been undergoing develop
ment. This has been brought about, at least 
in part, by the miniaturisation of many of 

the packages that are used. There is an 
increasing use of Ball Grid Arrays (BGAs).

These chips use small mounds or balls of 
solder under the chip to connect to pads on 
the board. There has to be a very high 
degree of certainty that the joints are cor
rect before the boards are passed on to the 
next stage of manufacture. Problems are 
very difficult to locate unless X-ray inspec
tion techniques are used.

In addition to this, the size of many of the 
board/chip connections is such that the areas 
for the connections themselves are becom
ing smaller and very high current densities 
are commonly found. It is not unknown for 
densities of 106A/cm2 to be seen!

Reliability
Furthermore, long term reliability is an 

issue. Customers expect electronic equip
ment to be very reliable despite the greatly 
increased complexity. This places a new 
set of requirements on solder technology. 
These may also be more difficult to test, 
because by their very nature they will take 
months, or even years to test, although 
there are methods in the laboratory of 
accelerating the testing to some degree.

Problems associated with soldering and 
modern assembly technology are being 
actively addressed by the Electronic 
Packaging Laboratory at the University at 
Buffalo School of Engineering and 
Applied Sciences in the USA. In particular 
they are looking at critical problems that 
are confronting the electronics industry as 
the challenges facing them increase.

In many areas it is the packaging tech
nology that is limiting the development of 
the integrated circuits themselves. As a 
result Intel are working with the University 
at Buffalo to develop the packaging tech
nology for their next generation Pentium 
processor.

One of the major areas of work is centred 
around investigations with lead free solder. 
One researcher said that solder joints are 
the biggest bottleneck and source of failure 
in microelectronics. It is not the chips that 
fail, instead it is the area where they inter
face to the printed circuit board where the 
failures occur. By improving this area, the 
overall reliability of a system can be con
siderably enhanced.

Investigating Failures
One of the major approaches is to inves

tigate how the failures occur. It appears 
that very little work has been undertaken 
into the study of the nature and reasons 
for failures. In a typical production 
environment it is found that in most cases 

where a failure occurs the i.c. itself is 
replaced and the failure is attributed to the 
i.c. rather than the joint. Unfortunately 
the evidence of the cause of the failure is 
destroyed by the very act of the removal 
of the i.c. and as a result there is compar
atively little data available.

To overcome this the University at 
Buffalo has been looking at the degrada
tion of solder joints. In their investigation 
they have looked at a number of elements 
of the joint. One area is the strain field in 
the joint resulting from the very high cur
rent densities.

In addressing this area it has been neces
sary to be able to measure the stress. This 
has been achieved using a process known 
as Moiré Interferometry. The technique 
uses laser beams to measure the displace
ment field of the solder material.

The technique has enabled the research 
team to measure displacements down to 
distances of only 27nm. This has high
lighted a number of factors, including the 
fact that electro-migration occurs with the 
solder material gradually moving down
wards towards the board. This creates 
voids within the solder, forcing the current 
to flow through an even smaller cross sec
tional area. This effect then creates even 
more strain on the solder joint causing fur
ther degradation. As can be imagined, this 
process accelerates as the area through 
which the current can flow reduces, ulti
mately causing a failure.

Further investigation of the mechanisms 
around the migration show that one of the 
more mobile constituents of the solder is 
lead. Apart from the moves to reduce the 
levels of lead in solder for green considera
tions, this new research places even further 
emphasis on the electronics industry to 
move towards the use of lead-free solder.

Computer Simulation
The practical investigations have been 

proceeding alongside computer simula
tions of the behaviour of the solder 
joints. These have now been refined to 
the point where they agree accurately 
with the measurements that have been 
made.

This now opens the gate to being able to 
refine the technology behind solder tech
niques more accurately and also more 
rapidly. In this way it should be possible to 
accelerate the research into the degradation 
of solder joints, thereby opening the way 
to even more reliable electronics equip
ment, and also removing the block which 
chip manufacturers are finding with the 
interconnect technology.
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Constructional Project =

MIDI HEALTH
CHECK
DAVID CLARK B

Check out your MIDI home studio 
with this transmitter-receiver pair!

T
HE author is an enthusiastic user of 
the kind of music technology that 
employs the MIDI (Musical 
Instrument Digital Interface) protocol to 

communicate between keyboards, sound 
modules and computers in order to create 
and record sounds and music.

When originally starting to use this type 
of equipment, the author often found that 
the system did not work the first time. Lack 
of experience made it unclear whether 
something was faulty, devices were con
nected up wrongly, or simply that a partic
ular setting had not been chosen correctly.

What was needed was a simple device 
that would transmit and detect single mes
sages in a way that clearly demonstrated 
the presence or absence of meaningful code 
signals. This would be a great improvement 
over basically having to guess at what 
might be happening from the flood of data 
that an oscilloscope showed to be stream
ing constantly from the keyboard, even 
when no-one was touching it!

HOME STUDIO
The growth in the use of computers in 

the music recording field, coupled with the 
accompanying reduction in cost of the 
associated software, has brought about the 
possibility of producing, in a studio in a 
spare bedroom, music of a quality high 
enough for commercial release. With suit
able software, in fact, this can be done 
using only a computer with a suitable 
sound card and a MIDI master (piano
style) keyboard.

A MIDI master keyboard merely outputs 
MIDI codes, and need have no sound pro
ducing facilities whatsoever. Even the key
board could be done away with, though 
composing music on a computer simply 
using the computer mouse would probably 
be far too frustrating and time-consuming 
to be worthwhile.

Neither might a sound card be necessary 
if the computer motherboard is equipped 
with audio facilities, as most are now. 
Nevertheless, a sound card should give a 
far better quality sound output, and will 
probably incorporate a MIDI interface, 
allowing the computer to be linked to a 

MIDI sound module, which should give 
even greater sound quality.

MINIMUM 
REQUIREMENTS

Minimum requirements for a reasonable 
home recording studio set-up are: a PC, 
some sequencing software (which can be 
bought off-the-shelf inexpensively) and 
preferably a MIDI sound module.

But although using MIDI equipment is 
fairly straightforward, especially once 
some experience has been acquired, it can 
be confusing at first. Modes, channels, 
local on/off, synchronisation, mixer set
tings, mute; these are some of the settings 
that need to be made correctly for a system 
to work properly.

Without “tweaking” some settings on the 
keyboard, the computer hardware, the 
sequencing software and the MIDI sound 
module, the first sound to come out of a 
new set-up is likely to be a deafening 
silence (or even worse, a deafening 50Hz 
hum - but that’s a different issue).

So, is the keyboard faulty? Or is the 
computer set up incorrectly? Is the sound 
module receiving any data? Is a cable 
faulty? How do you find out? One answer 
of course is to try a second keyboard/com- 
puter/sound module. Most home studio 
users, however, probably would not have 
that luxury. Enter the MIDI Health-Check 
system!

INTERFACE
The MIDI protocol is essentially a serial 

interface system that has been specified for 
a specialised use. (Details of the MIDI sys
tem will not be included in this article as it 
is assumed that anyone wanting to con
struct this project will already be familiar 
with the basic principle, if not the detail.)

Prior to the advent of PIC microcon
trollers, designing such a serial interface 
usually meant using a dedicated device 
such as the 6402 UART (Universal 
Asynchronous Receiver/Transmitter). In 
fact, the author first thought of designing 
this project by attempting to combine a 
6402 “cannibalised” from a previous proj
ect (a MIDI interface for a Sinclair ZX 
Spectrum!) with a PIC16F84.

The 6402 is looking a little “creaky” 
nowadays, though. It is also relatively
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COMPONENTS
expensive, currently retailing for around 
£12. Since a microcontroller was going to 
be used anyway, it made much more sense 
to use the PIC16F628, as this device has its 
own USART (Universal Synchro 
nous/Asynchronous Receiver/Transmitter). 
This greatly simplified the design.

CONCEPT
The PIC16F628’s USART can be set up 

via software to operate as both a transmit
ter and a receiver, so a design was first 
considered for a single unit that could be 
operated as either. It was soon realised how 
much more useful and flexible the system 
would be if the transmitter and receiver 
were separate units.

The units could be operated some dis
tance apart, to test a cable for example. 
Separate units can, of course, also test each 
other, proving without a doubt whether sig
nals are actually available. It simplified 
programming too, and furthermore, since 
only a limited amount of information can 
be displayed at any one time on a 16 x 2 
liquid crystal display (l.c.d.), the units are 
easier to use and the displayed information 
more intuitive if each unit has a dedicated 
function.

SIGNALS
With most technology, ease of use con

ceals some very complex operations. The 
basic idea behind MIDI communication is 
simple: send a signal to turn a note on, wait 
a bit, and then send a signal to turn it off.

Even at first glance, this is a huge over
simplification. A computer sequencer with 
a MIDI interface can control individually 
16 different instruments even in a very 
basic system. Each instrument can usually 
output several notes at once, often with dif
ferent timbres. But there’s far more going 
on than that, invisible to the user.

Timing signals might be transmitted con
stantly between pitch and channel data, and 
messages that communicate information 
for a particular make of instrument only are 
sometimes encountered. In the case of 
recording equipment, signals that start and 

stop recording or playback, or indicate 
where in a particular song the recording 
equipment is, are usually present too. It can 
be very confusing when things happen (or 
don’t happen) contrary to expectations.

PROBLEM SOLVING
This MIDI Health-Check system should 

simplify problem solving greatly. The 
transmitter will transmit one message byte 
only, followed by the appropriate number 
of data bytes for that particular message.

Each appropriate data byte has a fixed 
and different value, so that by hearing, or 
observing, what happens when connected 
to a synthesiser or other equipment, it 
should be clear whether or not a particular 
message has been received correctly. (A 
software sequencer display can be particu
larly instructive as this can usually display 
a list of the codes recorded, assuming of 
course that it is not the sequencer that is 
causing the problem.)

The receiver can be set to detect and dis
play all of the message bytes. It can also be 
set so that all system messages, or only 
clock messages if preferred, can be filtered 
out. So again it should be possible to detect 
exactly what (if anything) a synthesiser, 
keyboard controller or other equipment is 
transmitting.

TRANSMITTER CIRCUIT
The full circuit diagram for the MIDI 

Code Transmitter is shown in Fig.1.
The circuitry is straightforward, being 

based around the PIC16F628, IC3. The PIC 
is operated at 4MHz, as set by crystal X1 in 
conjunction with capacitors C3 and C4. 
The l.c.d. module, X2, is driven in 4-bit 
mode.

The MIDI interface is defined in the pro
tocol as a 5mA loop, optically linked at the 
receiver end only. This is a current value 
that the I/O (input/output) pins of the PIC 
are more than capable of providing, and so 
no further drive circuitry is necessary. The 
output from the transmitter at PIC pin RB2 
is via a 180° 5-pin DIN socket, as specified 
by the MIDI protocol.

MIDI Code Transmitter
Resistors

R1
R2, R3

1k See
220Q (2 off)BSHOIP

R4 ... 10k ... TAI IX'
All 045W 5% carbon film T ALK10k

or better. page

Potentiometer
VR1 10k skeleton preset, horiz.

Capacitors
C1
C2

C3, C4

47//, radial elect. 16V 
100n ceramic disc, 

5mm pitch
22p ceramic disc, 24mm 

pitch (2 off)

Semiconductors
IC1 78L05 5V 100mA voltage

regulator,
IC2 74HC4050 hex buffer
IC3 PIC16F628

microcontroller, 
preprogrammed 
(see text)

Miscellaneous
S1 min. s.p.s.t. toggle switch
S2 , S3 min. s.p.d.t. pushbutton

switch, momentary 
action (2 off)

SK1 5-pin 180° DIN socket,
panel mounting

X1 4MHz crystal
X2 2-line 16-character (per

line) alphanumeric l.c.d.

Printed circuit board, available from the 
EPE PCB Service, code 437; plastic
case, 150mm x 100mm x 60mm; 16-pin 
d.i.l. socket; 18-pin d.i.l. socket; 9V battery 
(PP3 type), with clip; 1mm terminal pins; 
connecting wire; solder, etc.

Approx. Cost
Guidance Only £20

excl. case & batt

si\ I on/off]

B1 
9V j

IN

COM

IC1
78L05

IC2c

12
MCLRN.C.

IC2f

RB1
RAO

10
RA1
RA2
RA3
RA4

R4 
10k

IC2b 
74HC4050

IC3
PIC16F628IC2a 

74HC4050

C2 
100n

IC2d
►2-n.c. 
IC2e

+VE

I CHANGE/NO

I ACCEPT/YEs]

GND

5mA LOOP

RB2

RB7

RB5
RB4
RB3
RBO

OSC1

OSC2

MIDI 
OUTPUT

D3
D2

N.C.' D1

4MHz
RS
ex

I CONTRAST

VR1 
10k

X2
L.C.D.

MODULE

C3 i 
22pl

DO
Ë

N.C.-----
6

R3 
220»

3

5

Fig.1. Complete circuit diagram for the MIDI Code Transmitter.
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Switches S2 and S3 are buffered by 
inverters IC2a and IC2b as a cure to switch
bouncing problems. The circuit is powered 
by a 9V Pp3 battery, with IC1 regulating 
the voltage down to 5V

RECEIVER CIRCUIT
The full circuit diagram for the MIDI 

Code Receiver is shown in Fig.2.
As with the Transmitter, the Receiver has 

a standard interfacing to the l.c.d. display, 
the switches are debounced and the power 
supply regulated in the same way.

The main difference in the circuit is that 
an optoisolator, IC4, is needed on the input 
to comply with the requirements of the 
MIDI protocol. The output from IC4 pin 6 
is fed to PIC pin RB1.

TRANSMITTER 
CONSTRUCTION

The printed circuit board (p.c.b.) has 
been designed to accommodate the compo
nents for either the Transmitter or the 
Receiver as required. The component lay
out for the transmitter circuit is shown in 
Fig.3, along with the full-size master track 
layout pattern. This board is available from 
the EPE PCB Service, code 437. You need 
two copies of this board, the second being 
for the Receiver.

Assemble the board by starting with the 
wire links, and then the i.c. sockets. Then 
assemble in ascending order of component 
size, correctly observing the orientation of 
the voltage regulator, electrolytic capacitor 
and i.c.s, although you should not insert the 
latter, or connect the l.c.d., until the cor
rectness of the power supply has been 
proved.

Note that the order of the TB1 termi
nal pins matches the order of the pins on 
the l.c.d. module. Particular care needs 
to be taken when wiring switches S2 and 
S3, which have three terminals. Use a 
multimeter to check which are which. 
Care also needs to be taken over the pin 
numbering on the 5-pin DIN connector, 
SK1.

RECEIVER 
CONSTRUCTION

The component layout for the Receiver 
circuit board is shown in Fig.4. As said, its 
track layout is the same as for the transmit
ter, as in Fig.3.

Fig.3. Transmitter board component layout and wiring.

Construction of the receiver circuit is 
very similar to that of the transmitter, and 
a similar assembly order should be fol
lowed. The only significant differences are 
the additional components associated with 
the optoisolator and the wiring of socket 
SK1.
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COMPONENTS

All 0^25W 5% carbon film or better.

MIDI Code Receiver
Resistors See

R1
R2

1k
220Q SHOP

R3 330Q TALKR4
R5

10k 
2k page

IC3 PIC16F628
microcontroller, 
preprogrammed 
(see text)

IC4 6N139 optoisolator

Potentiometer
VR1 10k skeleton preset

horiz.

Capacitors
C1 47^, radial elect. 16V
C2, C5 100n ceramic disc, 5mm 

pitch (2 off)
C3, C4 22p ceramic disc, 2.5mm 

pitch (2 off)

Semiconductors
D1 1N4148 signal diode
IC1 78L05 5V 100mA voltage

regulator,
IC2 74HC4050 hex buffer

Note also that the link near resistor R2 
on the transmitter is not needed for the 
receiver. This link allows the PIC software 
to recognise with which board it is being 
used - both PICs use the same program, 
jumping to the appropriate routines

Approx. Cost
Guidance Only £21

excl. case & batt.
S2, S3

Miscellaneous
SK1 5-pin 180° DIN socket,

panel mounting
S1 min. s.p.s.t. toggle switch

Receiver components mounted on the p.c.b.

min. s.p.d.t. pushbutton 
switch, momentary 
action (2 off)

X1 4MHz crystal
X2 2-line 16-character (per

line) alphanumeric l.c.d.

Printed circuit board, available from the 
EPE PCB Service, code 437; plastic 
case, 150mm x 100mm x 60mm; 8-pin 
d.i.l. socket; 16-pin d.i.l. socket; 18-pin 
d.i.l. socket; 9V battery (PP3 type), with 
clip; 1mm terminal pins; connecting wire; 
solder, etc.

P.C.B. MASTER

75mm (2 95in)
Fig.4. Receiver board component layout and wiring.
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depending on which board the software 
detects.

ENCLOSURES
Both units should be housed in an enclo

sure suitable for use in a practical situation. 
The cases used for the prototype basically 
measure 150mm x 100mm x 60mm, 
although they taper slightly from the top 
downwards.

A viewing slot for the l.c.d. needs to be 
cut out, and holes drilled for the switches 
(see photograph) and the socket, which 
was mounted at the rear of each case.

The p.c.b.s should be fixed in position 
inside the housing with mounting pillars 
(self-adhesive types are ideal). The battery 
too should be fixed to prevent damage 
through it moving around inside the case - 
a cable tie and a self-adhesive cable-tie 
base are a straightforward solution to this.

TRANSMITTER USE
The MIDI Code Transmitter is used to 

detect whether a seemingly non-function
ing piece of equipment is receiving cor
rectly. The transmitter’s output at socket 
SK1 should be connected to the “IN” sock
et of the receiving equipment, using a suit
able MIDI cable; the existing connection 
needs to be removed, of course.

The transmitter will transmit singly the 
codes shown in Table 1. These options are 
presented sequentially via the l.c.d. module, 
with the opportunity to accept or change the 
option via the two pushbutton switches, 
notated Change/No (S2) and Accept/Yes 
(S3), before transmitting the message.

Pressing S3 causes the message to be 
transmitted, which is confirmed by the 
l.c.d. briefly displaying the word 
“Transmitting”. The screen then invites the

user to repeat the transmission or to change 
to another option if required.

The message “Note On” is probably the 
most useful to use at first. Then, if the 
receiving equipment sounds middle C, it is 
working correctly, and there is something 
amiss with the rest of the set-up. The note 
should keep sounding until a “Note Off” 
message is sent.

If the receiving equipment does not 
respond correctly, its settings can be 
adjusted one by one and a “Note On” trans
mission repeated until the correct setting 
causes middle C to sound. Or, having 
exhausted all possible settings, it is conclud
ed that the receiving instrument is faulty.

A faulty receiving instrument can be 
confirmed as such by disconnecting it and 
using the MIDI Code Receiver in its place, 
replacing the MIDI Code Transmitter with 
the original instrument.

Operating the transmitting instrument 
should cause the MIDI Code Receiver to 
indicate that it has received the signal to 
which the other equipment failed to 
respond. If a note does sound, it is likely 
that all the facilities of the receiving equip
ment are operating correctly. To make sure, 
or if a more subtle fault is suspected, other 
messages could be transmitted, “Program 
Change” for example, and their reception 
checked for individually.

RECEIVER USE
On switching on the MIDI Code 

Receiver the user is invited to choose, by 
pressing “Accept” switch S3, one of three 
options as shown in Table 2. They are pre
sented sequentially by pressing “Change” 
switch S2.

The option that should be chosen 
depends on what is being checked. Details 
of the type of test that might be done and 
the appropriate setting necessary are 
described later. The text for the option that 
has been chosen is displayed on l.c.d. line 
2, and the last message received at the input 
DIN socket is shown on line 1. The latter 
will naturally be blank at first.

The text for the message that has been 
received is shown in Table 3. Note that all 
the messages transmitted and received by 
the MIDI Health-Check system are on 
MIDI Channel 1, except System Reset, 
which is not associated with a particular 
channel, so there can be no confusion about 
whether an incorrect channel setting is the 
cause of a non-function.

Table 1. Messages sent by the MIDI Code Transmitter
Message Sent Value Display
Note On C3 (middle C) Note On (C3)
Poly Key Pressure 64 P-Key Press (64)
Control Change controller 7, 

main volume, 127
Ctrl Chg (7-127)

Program Change 99 transmitted, 
corresponds to 
program 100

Prog Ch (99)

Overall Pressure 90 Ovrl Press (90)
Pitch Wheel msb/lsb 95/85 Pitch W (95-85)
System Reset all channels System Reset
Note Off C3 (middle C) Note Off (C3)

Rear of the case lid showing the l.c.d. module and wiring to 
the three switches.

Component layout on the Transmitter board. Note the 
unused holes on the master p.c.b.

190 Everyday Practical Electronics, March 2004



This means, of course, that the equip
ment being monitored must be set to 
appropriately receive or send signals on 
this channel. This should be the first 
thing to be checked if a system is not 
working, and the novice is helped here by 
the fact that MIDI equipment almost 
invariably defaults to Channel 1 on 
power-up.

To detect whether or not a piece of 
equipment is transmitting correctly, the 
MIDI Code Receiver should be connected 
to the transmitting instrument’s “OUT” 
connector, the existing connection having 
been removed.

Table 2. Receiver modes
L.C.D. Screen Messages Displayed Function

All message Channel, Clock and System
No Clk; Show Sys Channel and System only 
No Sys or Clk Channel only

Table 3. The text displayed by the MIDI Code Receiver 
for received message codes

LCD Message Display
Note On
Note Off
Poly Key Pressure (16 characters only)
Control Change
Program Change
Overall Pressure
Pitch Wheel
Clock Signal
System Message

The MIDI Code Receiver could be con
nected to the “THRU” connector of any of 
the other pieces of equipment in the 
system, thus making it unnecessary to dis
connect the system from the transmitting 
instrument being checked. However, this 
would add a further level of uncertainty as 
to where a fault exists, and so is not 
recommended.

The receiver mode is then selected as 
required. The setting that should be chosen 
depends on two things - what is being 
looked for, and what is present, and these 
are also dependent on the type of equip
ment being checked.

The possibilities are - channel messages, 
system messages and clock messages. In 
fact, clock messages are a type of system 
message, but it is helpful to treat them as a 
separate category. Channel messages are 
those most directly concerned with produc
ing sound, and will be output by master 
keyboards and sequencers that are playing 
back pre-recorded music. These will be the 
messages of most interest for problems that 
will have a simple solution, for example an 
incorrect channel or program setting.

Clock messages will be present in the 
case of keyboards that have some form of 
tempo setting, usually those that have an 

arpeggio and/or 
sequencer function. 
Clock messages are 
also usually present in 
the output from com
puter sequencers, 
though one of the 
options usually avail
able in sequencers is 
to switch off this form 
of synchronisation.

System messages 
are unlikely to be sent 
by keyboards unless 
the user chooses to 
send them deliberate
ly. Sequencers and 
other recording and 
playback equipment 
will send out system 
messages associated 
with starting and stop
ping. Song position 

pointers and clock signals are usually asso
ciated with this. The choice, therefore, real
ly depends on the situation; it’s up to you!

EXPECTED RESULTS
To perform a check, the transmitting 

instrument is operated according to what
ever is appropriate for the check. It is like
ly to be a straightforward decision - if a 
keyboard is being checked it might simply 
be a matter of operating the control of inter
est. This could be a program change button 
or simply a note key.

If a sequencer is being checked it would 
probably be appropriate to set up a 

pre-recorded sequence (there is usually a 
“demo” sequence included with such 
equipment that can be used if it is the first 
time the sequencer is being operated). The 
sequencer would be started and stopped as 
appropriate.

If the MIDI Code Receiver displays the 
message expected, then the transmitting 
equipment should be operating correctly 
and the system fault lies elsewhere. If not, 
once again the settings on the transmitting 
equipment can be altered until the system 
operates as required, or until it is conclud
ed that the transmitting equipment must be 
faulty.

As with testing receiving instruments, 
this can be checked by connecting the 
MIDI Code Transmitter into the system in 
the place of the suspected faulty equip
ment, and replacing the MIDI Code 
Receiver with the original receiving instru
ment. Sending the appropriate message 
should confirm that the receiving equip
ment now receives messages correctly.

CAUTIONARY NOTE
Readers should be aware that the MIDI 

Code Transmitter and Receiver system is 
primarily intended to check channel mes
sages - the transmitter cannot transmit 
clock signals or system messages other 
than “System Reset”.

Nevertheless, the MIDI Code 
Transmitter and Receiver should prove 
extremely useful for checking a MIDI
based home studio system, and be of value 
not only to newcomers to this area with 
perhaps a modest amount of equipment, but 
also to those with more extensive set-ups.

RESOURCES
The software for the MIDI Health-Check 

is available from the EPE Editorial office 
on 3.5in disk, for which a nominal handling 
charge applies - see EPE PCB Service 
page. It is also available for free download 
via the EPE homepage at www.epemag. 
wimborne.co.uk. Select the Downloads 
click-link, and then enter the PIC’s folder.

The author can supply preprogrammed 
PICs, see this month’s ShopTalk page, 
which also gives advice about component 
buying. □

Radio 
Bygones

The leading magazine
for vintage radio 
enthusiasts

Now Also n.
/ Available to \ 
/ BUY ONLINE \ 

w www.radiobygones.com ’ 
Log on, pay by credit card 

and download the magazine 
to your PC

l ONLY $9.99 (US dollars)J

Articles on restoration and repair, history, circuit techniques, personalities, reminiscences and just plain 
nostalgia — you’ll find them all. Plus features on museums and private collections and a full-colour photo-feature 
in every issue.

FOR 6 ISSUES 
A free issue is 

available >

It’S mostly about valves, of course, but ‘solid-state’ — whether of the coherer and spark-gap variety or early transistors — also has a 
place.
From the days of Maxwell, Hertz, Lodge and Marconi to what was the state-of-the-art just a few short years ago . . . 
There is also a selection of free readers' For Sale and Wanted advertisements in every issue.

Radio Bygones covers it all!
The magazine is published six times a year, and is only available by postal subscription. It is not available at newsagents.
To take out a subscription, or to request a sample copy, please complete the form below and return it to:
Radio Bygones, Wimborne Publishing Ltd, 408 Wimborne Road East, Ferndown, Dorset BH22 9ND.
Tel: 01202 873872. Fax: 01202 874562. Web sites: www.radiobygones.co.ukwww.radiobygones.com
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Constructional Project

PIC MIXER FOR 
RC PLANES
MARIUS BENSCH
A flight command mixer for delta or 
V-taH radio-controlled model planes

E
XACTLY what made the author start 
out on this PIC-based project is 
unknown to him, since he has the 
good fortune of owning a radio-controlled 

(RC) transceiver with a programmable 
mixer. He thinks it was probably because 
he was just looking for something to pro
gram and tinker around with!

CHALLENGING
There were one or two challenges on 

the way which he thought were insur
mountable (having only limited program
ming knowledge). These applied mainly 
to the resolution of the acquired input 
pulses and the generation of the mixed 
output pulses.

The challenge was to achieve a resolu
tion of one microsecond, giving a thousand 
steps over the servo’s range - the resolution 
which top-notch RC radio sets offer.

With the PIC running at 4MHz, this 
means a resolution of one program instruc
tion cycle. PIC programs run at the oscilla
tor rate divided by four, fosc/4, over a range 
of ten bits. This 10-bit requirement ruled 
out the use of the PIC’s TMRo timer, which 
only has an 8-bit capability.

The function of the mixer is just to cross
mix two channels for delta or V-tail

configurations. In such a configuration, one 
servo operates one control surface. 
However, taking elevator/aileron mixing as 
an example, each of the servos must respond 
to both aileron and elevator commands for 
the required action to be performed.

Twiddling the elevator at the transmit
ter, for example, affects only the 
Channel 2 output at the receiver, but both 
servos must receive the signal to move 
the flaps in the right way. The mixer thus 
takes the signals as they come from the 
receiver, does the calculations, and gen
erates new signals to move the servos 
correctly.

Fig.1. Servo control signal timings.

SIGNALS, SIGNALS
The receiver generates positive pulses 

at a frequency of 50Hz (see Fig.1). The 
duration of a pulse depends on the posi
tion that the servo is meant to have. The 
shortest pulse that the receiver will gener
ate is one millisecond and the longest is 
two milliseconds.

Electronics inside the servo convert the 
pulse lengths to a specific position of the 
servo output disk, using a feedback poten
tiometer that is mechanically connected to 
the disk to supply information about its 
current position. The shortest and longest 
pulse lengths will cause the servo disk to 
travel to its opposite limits; 14ms pulses 
will centralise it and so on.

CIRCUIT DESCRIPTION
Aside from the PIC there is, as usual for 

this kind of circuit, not much else required.
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Fig.2. Complete circuit diagram for the PIC Mixer For RC Planes.

The full circuit diagram for the PIC Mixer 
For RC Planes is shown in Fig.2.

Many receivers produce output pulses 
that have a sufficiently high voltage to 
switch a transistor in the servo’s electron
ics, but the pulses are not necessarily rail- 
to-rail. The input stage, based on transistors 
TR1 and TR2, ensures that the pulses 
received by the PIC on pins RB4 and RB5 
swing fully between the power line volt
ages. At the same time, of course, the puls
es are inverted, but this does not matter to 
the PIC.

The software processes the information 
coming from RB4 and RB5, and then out
puts suitable control signals to the plane’s 
servos via pins RA0 and RA1.

Switches S1 and S2 are used for setting 
the mark-space ratio of the output pulses. 
Bias resistors are not needed with the 
switches since Port B is used with its inter
nal pull-ups turned on.

PIC pin RB2 is intended for the optional 
use of a buzzer. The pin goes high when no 
pulses are being received via RB4 and 
RB5, i.e. when the transmitter is switched 
off. (Note that this does not apply to PCM 
receivers, since such receivers already have 
a mixer within them.)

A buzzer is useful if slope soaring in an 
area with high grass or bushes, and you 
have to land and are left with no clue as to 
where your plane is (a common situation)! 
The buzzer should be of the active type, 
which has its own oscillator built in. It 
should draw no more than 20mA.

The section around programmable shunt 
regulator D1 is for low-battery detection. 
The diode is in series with current-limiting 
resistor R5 and drops the voltage to 2-5V. 
The potential divider formed by resistors 
R6 and R7 provides a reference of just over 
1V to PIC pin RA2.

The PIC reads an input high from about 
25% of its supply voltage, thus as the bat
tery voltage sinks, the PIC’s input threshold 
voltage point also sinks, although the refer
ence voltage at R6/R7 remains the same. 

When the PIC’s threshold sinks below the 
reference voltage for more than 2-5 
seconds, the software sets l.e.d. D2 flashing 
as a warning that it’s time to land!

The exact value of the PIC’s RA2 thresh
old is, of course, quite undefined and prob
ably slightly different from PIC to PIC, and 
also somewhat temperature dependent.

If preferred, a 100kQ preset potentiome
ter could be substituted for resistors R6 and 
R7. A high brightness l.e.d. should be used 
for D2.

The duty cycle of the l.e.d. driving puls
es is set within the software to about 10 per 
cent. This is not much, but it serves to con
serve power when the battery is on its last 
stretch of service.

SOFTWARE 
FUNCTIONING

When power is first switched on, the 
PIC’s software goes through a basic initial
ising routine, and then the value of the mix
ing factor (MULFAC) is recalled from the 
PIC’s internal EEPrOm (electrically eras
able read-only memory).

Next, the program waits for the Channel 
2 receiver input to go low. The input pulses 
are recognized by using Port B’s interrupt- 
on-change facility. On receipt of a pulse, 
the main program loop is entered. This con
sists of four sections: getting the pulse 
lengths, doing the calculations, outputting 
the calculated pulses, and finally checking 
the switches and the battery.

The tricky bit about finding the input 
pulse values was that the PIC’s TMR0 
timer is only eight bits wide, but the range 
between the minimum and maximum pulse 
lengths is just over 10 bits (taking into 
account the additional range of the pulse 
lengths due to the precise settings of the 
transmitter’s trimmers - from about 0V5ms 
to 2^05ms).

This problem was resolved by also using 
a counter. While the program waits in a 
loop for the pulse lengths of both channels 
to be received, the counter is incremented.

COMPONENTS

All C125W 5% carbon film.

Resistors See
Rl, R3
R2, R4

10k (2 off)
2k2 (2 off) SHOP

R5
R6

1k
47k TALK

R7 39k page
R8 4k7
R9 100Q

Capacitors
C1 100^ radial elect. 16V
C2 100n ceramic disc
C3, C4 33p ceramic disc (2 off)

Semiconductors
D1 KA336-2^5 or LM336-2^5

or LM236-2^5 
programmable 
shunt regulator

D2 red l.e.d., high brightness
TR1 to TR3 BC547 npn transistor 

(3 off)
IC1 PIC16F84

microcontroller, 
pre-programmed 
(see text)

Miscellaneous
S1, S2 s.p. push-to-make switch, 

p.c.b. mounting 
(2 off)

WD1 active piezo buzzer,
optional (see text)

X1 4MHz crystal (see text)

Stripboard, 14 rows x 16 holes; 6-pin 
connector strip, right-angled; 3-pin servo 
connectors to suit (2 off); 18-pin d.i.l. 
socket; wire; solder, etc.

Approx. Cost
Guidance Only £9.50

excl. batt
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When the pulses are evaluated, the 
counter and TMR0 values are both used to 
reconstruct the exact value of the pulse 
lengths, which may be up to 11 bits long.

Next, the calculations to find the values 
of the output pulses are done, yielding the 
results for MULFAC. The pulse lengths are 
then checked to see whether they fall with
in the acceptable range, and if not, they are 
replaced with the minimum or maximum 
value as appropriate.

So far as is known, the pulse lengths are 
standardised between different RC trans
ceivers. However, readers with PIC pro
gramming facilities may change the pulse 
lengths, and the duty cycle for the flashing 
l.e.d., through the program’s EQU state
ments if they wish.

CONSTRUCTION
The circuit is built on stripboard, whose 

assembly and track cutting details are 
shown in Fig.3.

The board has been kept as small as pos
sible due to the sometimes very limited The completed stripboard assembly.
space inside an RC plane.

Start assembly by making the 
track cuts and then inserting the 
link wires. Note that in some cases 
two wires or component leads use 
the same hole. Use a drill to 
enlarge the hole if necessary. 
There are three links to be made on 
the rear of the board.

Continue assembly in order of 
component size. Capacitor C1 
should be mounted on its side to 
minimise its height. A socket must 
be used for the PIC (IC1). It is 
preferable (but not essential) to use 
a low-profile crystal (X1).

Switches S1 and S2 are also 
mounted on their sides, to prevent 
accidental operation (to press them 
a small screwdriver should be 
used). This means that a wire con
nection needs to be soldered 
between the switch contacts and 
the board. Gluing the switches to 
the board helps their stability.

It is suggested that a cable tie is 
used around the board to prevent 
the PIC dislodging on a hard 
landing!

Users with “don’t plug me in 
the wrong way” servo leads may 

ST ,S2 MOUNTED 
ON THEIR SIDES

!9D 

UÎ
ADJ k a
Do not use

ADJ pin

If the ratio is 100%, a full- 
up elevator command will 
make the servo travel its full 
way, but then there is no travel 
left for an aileron command on 
the up-going flap, only on the 
down-going flap. The ratio that 
you fly at is a matter of prefer
ence. The author flys his air
craft at 80%.

Happy mixed flying!

RESOURCES
The software for this design is 

available from the EPE PCB 
Service on 3Ain disk (for which 
a nominal handling charge 
applies). It is also available for 
free download from the EPE 
website, accessible via the 
Downloads click-link on our 
home page at www.epemag. 
wimborne.co.uk (path PICs/ 
Vplane).

Read this month’s Shoptalk 
page for information on compo
nent buying for this project, 
including details of purchasing 
pre-programmed PICs. Q

have their safety tabs interfering a little 
with each other due to the proximity of 
the plugs, but this was not found to be a 
problem. Also note that the plug for 
Channel 1 has its negative connection at 
the top, whereas Channel 2 has its nega
tive connection at the bottom.

The PIC will operate at between 2.0V 
and 6-0V. On no account should the 
upper limit be exceeded. The module is 
intended for use with a 4-cell battery pack.

IN USE
Use of the assembled module is basical

ly “plug and fly”. The l.e.d. lights up 
briefly when power is applied, going off 
when a pulse from Channel 2 is detected.

Switches S1 and S2 increase and 
decrease, respectively, the mixing ratio in 
5% steps from 50% to 100%. If the ratio is 
50%, a full-up elevator command will only 
make the servo travel half its full way, 
leaving the other half for the aileron 
command.

Fig.3. Assembly and track cutting details.

Awaiting lift-off!
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STORE YOUR BACK ISSUES ON MINI CD-ROMS

Mow

OCM iSW« 
_  Moi 1 ^^^*4 2

W5X
ONLY 
£14.45 each 

including VAT 
and p&p

A great way to buy EPE Back Issues - our mini CD-ROMs contain 
back issues from our EPE Online website plus bonus articles, all the 
relevant PIC software and web links. Note: no free gifts are included. 

All this for just £14.45 each including postage and packing.

VOL 1: BACK ISSUES - November 1998 to June 1999

VOL 2: BACK ISSUES - July 1999 to December 1999

VOL 3: BACK ISSUES - January 2000 to June 2000

VOL 4: BACK ISSUES - July 2000 to December 2000

VOL 5: BACK ISSUES - January 2001 to June 2001

VOL 6: BACK ISSUES - July 2001 to December 2001

VOL 7: BACK ISSUES - January 2002 to June 2002

VOL 8: BACK ISSUES - July 2002 to December 2002

VOL 9: BACK ISSUES - January 2003 to June 2003

NOTE: These mini CD-ROMs are suitable for use on any PC with a 
CD-ROM drive. They require Adobe Acrobat Reader (available free 

from the Internet - www.adobe.com/acrobat)

WHAT IS INCLUDED
All volumes include the editorial content of every listed issue, plus 
all the available PIC Project Codes for the PIC projects published 
in those issues.

Note: Some supplements etc. can be downloaded free from the 
Library on the EPE Online website at www.epemag.com.
No advertisements are included in Volumes 1 and 2; from Volume 5 
onwards the available relevant software for Interface articles is 
also included.

EXTRA ARTICLES - ON ALL VOLUMES
BASIC SOLDERING GUIDE - Alan Winstanley’s internationally 
acclaimed fully illustrated guide. UNDERSTANDING PASSIVE COMPO
NENTS - Introduction to the basic principles of passive components. 
HOW TO USE INTELLIGENT L.C.Ds, by Julyan Ilett - An utterly practi
cal guide to interfacing and programming intelligent liquid crystal display 
modules. PhyzzyB COMPUTERS BONUS ARTICLE 1 - Signed and 
Unsigned Binary Numbers. By Clive “Max” Maxfield and Alvin Brown. 
PhyzzyB COMPUTERS BONUS ARTICLE 2 - Creating an Event 
Counter. By Clive “Max” Maxfield and Alvin Brown. INTERGRAPH 
COMPUTER SYSTEMS 3D GRAPHICS - A chapter from Intergraph’s 
book that explains computer graphics technology. FROM RUSSIA WITH 
LOVE, by Barry Fox - Russian rockets launching American Satellites. 
PC ENGINES, by Ernest Flint - The evolution of Intel’s microprocessors. 
THE END TO aLl DISEASE, by Aubrey Scoon - The original work of 
Rife. COLLECTING AND RESTORING VINTAGE RADIOS, by Paul 
Stenning. THE LIFE & WORKS OF KONRAD ZUSE - a brilliant pioneer 
in the evolution of computers. A bonus article on his life and work written 
by his eldest son, including many previously unpublished photographs.

Note: Some of the EXTRA ARTICLES require WinZip to unzip them.

Order on-line from 
www.epemag.wimborne.co.uk/ 

shopdoor.htm 
or www.epemag.com (USA $ prices) 

or by phone, Fax, E-mail or Post

BACK ISSUES MINI CD-ROM ORDER FORM
Please send me.......(quantity) BACK ISSUES CD-ROM VOL 1
Please send me.......(quantity) BACK ISSUES CD-ROM VOL 2
Please send me....... (quantity) BACK ISSUES CD-ROM VOL 3
Please send me....... (quantity) BACK ISSUES CD-ROM VOL 4
Please send me....... (quantity) BACK ISSUES CD-ROM VOL 5
Please send me....... (quantity) BACK ISSUES CD-ROM VOL 6
Please send me....... (quantity) BACK ISSUES CD-ROM VOL 7
Please send me....... (quantity) BACK ISSUES CD-ROM VOL 8
Please send me....... (quantity) BACK ISSUES CD-ROM VOL 9
Price £14.45 each - includes postage to anywhere in the world.

Name............................................................................................

Address ........................................................................................

..................................................... Post Code..........................

□ I enclose cheque/P.O./bank draft to the value of £.................  

□ Please charge my Visa/Mastercard/Amex/Diners Club/Switch

£ ..................................................................................................

Card No.........................................................................................

Card Security Code..................(The last 3 digits on or just under
the signature strip)

Valid From ....................Expiry Date.................

Switch Issue No................................

SEND TO: Everyday Practical Electronics, 
Wimborne Publishing Ltd., 

408 Wimborne Road East, Ferndown, Dorset BH22 9ND.
Tel: 01202 873872. Fax: 01202 874562.
E-mail: orders@epemag.wimborne.co.uk

Payments must be by card or in £ Sterling - cheque or bank 
draft drawn on a UK bank.

Normally supplied within seven days of receipt of order.
Send a copy of this form, or order by letter if you do not wish to cut your issue.
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We can supply back issues of EPE by post, most issues from the past three years are available. An EPE index for the last five years is also available at 
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Ingenuity
unlimited
Our regular round-up of readers' own circuits. We pay between 
£10 and £50 for all material published, depending on length 
and technical merit. We're looking for novel applications and 
circuit designs, not simply mechanical, electrical or software 
ideas. Ideas must be the reader's own work and must not 
have been published or submitted for publication else
where. The circuits shown have NOT been proven by us. 
Ingenuity Unlimited is open to ALL abilities, but items for 
consideration in this column should be typed or word- 
processed, with a brief circuit description (between 100 and 
500 words maximum) and full circuit diagram showing all 
component values. Please draw all circuit schematics as 
clearly as possible.
Send your circuit ideas to: Ingenuity Unlimited, Wimborne 
Publishing Ltd., 408 Wimborne Road East, Ferndown Dorset 
BH22 9ND. (We do not accept submissions for IU via E-mail.) 
Your ideas could earn you some cash and a prize!

WIN A PICO PC BASED 
OSCILLOSCOPE WORTH £586• 100MS/s Dual Channel Storage Oscilloscope • 50MHz Spectrum Analyser• Multimeter • Frequency Meter• Signal Generator

If you have a novel circuit idea which would be 
of use to other readers then a Pico Technology 
PC based oscilloscope could be yours.
Every 12 months, Pico Technology will be 
awarding an ADC200-100 digital storage 
oscilloscope for the best IU submission. In 
addition, a DrDAQ Data Logger/Scope worth 
£69 will be presented to the runner up.

Beat Balance Metal Detector - MatteSMlBa^^

THE circuit diagram shown in Fig.1 may 
well represent an entirely new concept, 
being a hybrid between beat frequency 

operation (b.f.o.) and induction balance 
(i.b.) metal detectors. Its performance also 
lies between the two. If it were a b.f.o. 
design, its performance would be unusually 
good. If it were i.b., its performance would 
be modest.

The advantages of the design are its sim
plicity and low cost, its easy set-up and 
adjustment, its relative immunity to tem
perature and voltage variations, and its 
ability to auto-adjust to ground conditions 
through its two coils, which balance each 
other out.

ICla and IClb each represent a simple 
CMOS single-gate Colpitts oscillator which 
oscillates at just over 80kHz. The frequency 
of each of these oscillators shifts at the pres
ence of metal near L1 or L2.

When the two search coils, L1 and L2, 
are in balance, mutual induction modifies 
the frequencies of the two oscillators so that 
they oscillate at close to the same frequen
cy. These two frequencies are mixed 
through mixer IC2, thereby producing a 
clear beat note in piezo sounder WD1. 
Potentiometer VRl is used to adjust the beat 
note after the coils have been fixed on the 
search head.

Searching
The author used seventy turns of 30s.w.g. 

(0415mm) enamelled copper wire on a 
120mm diameter former for both search 
coils. Faraday shields may be added to the 
coils if desired, and these are connected to 
0V. These would serve to minimise ground 
effect and capacitive coupling.

To set up the Beat Balance Metal Detector, 
turn “beat note” control VRl to its mid-posi
tion. Place the two coils on top of one anoth
er, and switch on. Now slowly move the coils 
apart until a low tone is heard in the piezo 
sounder WD1. At this point, the coils should 
be fixed on the search head and VR1 is used 
for further adjustment. For noisy conditions, 
a crystal earpiece may be used in place of the 
piezo sounder.

Thomas Scarborough,
Fresnaye

South Africa

Fig.1. Circuit diagram for the Beat Balance Metal Detector.

Simple Signal Injector - G0tHtO|ped

WANTING a cheap and cheerful audio 
oscillator to help when working on 
audio amplifiers, and after considering multi

vibrators and the like, the circuit diagram 
shown in Fig.2 was finally selected. Its beau
ty is its simplicity.

The frequency determining elements are 
the tape playback head and capacitors C1 and 
C2 - the only other components being the 
amplifying transistor TR1, its collector load 
resistor R1, and capacitor C3 which d.c. 
blocks the output.

The oscillator is inherently short circuit 
proof, though both the frequency and the col
lector a.c. voltage fall a little under such con
ditions. As the average collector voltage is 
only around 0^6V (the same as the base volt
age), it’s pointless powering the circuit with 
more than 1-5 volts.

A great beauty of the circuit is that the tape 
head itself provides another output. The mag
netic field produced at the tape head gap can 
be used to induce an audio current in an insu
lated wire or in a p.c.b. track etc., though the 
induced current is small, and is useful only 
around amplifier input circuitry.

The circuit oscillates at around 2kHz, with 
a peak-to-peak a.c. collector voltage of about 
0-8V, though the output is not very sinusoidal.

It takes about 2mA from the battery, and con
tinues to oscillate down to about 0-7V, so 
there’s no excessive drain on the battery.

The tape playback head used was salvaged 
from an old Walkman-type cassette player 
with both left and right channel heads wired 
in parallel. If you use an erase head in the cir
cuit, it will oscillate at around 10kHz to 
20kHz.

P. A. Tomlinson, 
Hull, East Yorkshire

Fig.2. Simple Signal Injector circuit.
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Easy Sinewaves - SiR<^ofjTh"elTw

Good quality sinewaves can be obtained 
from standard components, using the 
Wien bridge circuit shown in Fig.3. The filter 

produces a phase lead, followed by a phase 
lag, and the circuit oscillates at the frequency 
where lead and lag cancel.

The output is 1V peak-to-peak, with a fre
quency of 200Hz to 2kHz, depending on the 
setting of the potentiometer VR1. If capaci
tors C2 and C3 are replaced by 0^01^ types 
then coverage is 2kHz to 20kHz. But the 
higher range is severely truncated if an 
op.amp is used for the amplifier.

To obtain good quality output it is essential 
to control the amplifier gain automatically, to 
prevent the output voltage from bumping into 
the supply rails. This is usually done with an 
f.e.t., but their parameters do vary greatly. In 
this circuit diodes Dl and D2 effect the nec
essary regulation.

When the output exceeds 1V p-p, current 
pulses are delivered by transistor TR1 and 
smoothed by C1 to yield a steady 70^ A or so. 
As a result, diodes D1 and D2 offer a low 
resistance to the small superimposed a.c. sig
nals from the filter. If a diode is passing I 
(mA) its a.c. resistance is 25/1 ohms, so each 
of these diodes will offer about 360 ohms. 
They shunt the current from the filter to 
ground, attenuating the loop gain and pre
venting further growth of output voltage.

The amplifier has a gain of 100, and with 
the output limited to 1V p-p its a.c. input volt
age must settle at 5mV peak. But diode D2 
has an exponential characteristic, and a 5mV 

rise at A will increase its current by 20%. 
According to the above formula its a.c. resis
tance will fall by the same amount, curtailing 
the upper crest of the waveform.

This is where diode D1 comes in. The same 
5mV rise at A which increases D2 current by 

Fig.3. Circuit diagram for an “easy”Sinewave Generator.

20% also reduces D1 current by 20%, raising 
its a.c. resistance to cancel the reduction at D2.

Attenuation remains almost constant 
throughout the signal cycle, and distortion 
on the output is very low. The same tech
nique will standardise the output from a 
microphone.

Michael McLoughlin,
St Albans

Sonic Control for Toys - AjS®lUndjR{esP®ne

THE purpose of the circuit diagram shown 
in Fig.4 is to provide a form of “wire- 
free” control for a small toy. The prototype 

circuit was for a toy car which, before con
version, would travel forwards until it 
reached an obstacle and would then flip right 
over and carry on in the opposite direction.

With the addition of the sonic control 
receiver circuit it allows the toy to respond to 
a hand-clap which, depending on the choice 
of relay, can be wired to give start and stop or 
forward and reverse. The idea of sonic control 
has the advantage that the transmitter is sim
ply a person’s hands.

A crystal microphone, X1, is used as the 
input transducer, which is actually an 

uncased piezoelectric transducer glued 
into place behind a small aperture in the 
top of the model (held in place by the rim 
only, as sensitivity is degraded otherwise). 
An LM380 audio amplifier (IC1) is used as 
a voltage amplifier which is an excellent 
match for X1 as it was made to be 
connected to a crystal record player 
pick-up.

The amplified audio transient waveform of 
the hand-clap is now passed from output pin 
8 of IC1 to diode D1, which rectifies the sig
nal to leave just the negative swing. Resistors 
R1 and R2 provide the d.c. bias to prevent 
the diode’s voltage drop causing a loss of 
sensitivity.

The resulting output signal is now applied 
to a negative-edge-triggered D-type 
bistable-multivibrator (TR1/TR2), which 
changes state each time a strong enough 
transient comes through. The relay coil 
RLA forms one of the bistable’s collector 
loads and avoids needing an extra stage to 
drive it.

An extra idea, linked with the change of 
direction option, was to wire a resistor in 
series with a pair of l.e.d.s across the motor 
terminals as “reversing-lights”. A usable 
range of over a metre was achieved with a 
fresh PP3 battery.

M. Robertson and M. Bashir,
Chasetown

Fig.4. Circuit diagram for the Sonic Control Receiver for toys.
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Camera Power - 
on^oui^iki
YOU’VE been there: clutching your digital 

camera, blending with the furnishings, 
avoiding Aunt Vera as she rounds up mingling 

relatives for the family photograph.
“We may never be together like this again,” 

she cries (myriad eyes flicker to ancient 
Uncle George) as cousin Tom is frogmarched 
from his beer.

Cats corralled, eyes drift toward you. 
Auntie gives you the nod. You ease camera 
and tripod into position, and notice the bat
tery-low symbol flashing on the status dis
play. Sphincter muscles quiver.

Fortunately, you are prepared - this time. 
After your performance at young Toby’s first

Fig.5. Power source circuit for a digital camera.

birthday party, you built an adaptor to power your Kodak DC4800 
from your 6 V re-chargeable bicycle-lamp batteries (or in desperation, 
your 12V car battery).

Feigning control, you ease a bike battery from your tote bag, sus
pend it from the tripod, plug the adaptor between it and the camera, 
and exhale very slowly as the battery symbol stabilizes. You huddle 
behind the viewfinder to compose yourself and the photograph, press 
the shutter button, and give thanks that all eyes are on the self-timer 
light as you slink to your reservation in the assemblage.

A flash, one more shot “while we’re all together”, and it’s over — 
till next year.

The Kodak DC4800 digital camera can be charged or operated from 
an external d.c. supply - the nominal voltage is 5V, but the test cam
era functioned reliably from 4^8V to 54 V. The current drain on this 
external supply can reach about 300mA during charging, and U2A

PICO PRIZE WINNERS
It’s time to decide the lucky winners of superb PC-based Oscilloscopes, generously donated

to Everyday Practical Electronics by Pico Technology, to whom we extend our appreciation for
sponsoring the column once again. There is more information about Pico’s range of PC-based
test equipment by visiting their web site at http://www.picotech.com, or see their advertisement
elsewhere in this issue.

EPE Editor Mike Kenward and Technical Editor John Becker considered all Ingenuity Unlimited 
entries published over the last twelve months, and the lucky prizewinners were finalised as follows:

Winner - receives a superb Pico ADC200-100 Digital Storage Oscilloscope worth £586. 
Bio-Feedback Tension Monitor by Tony Lee, Old Reynella, Australia (EPE December 2003).

Runner-Up - a Pico DrDAQ Data Logger/Scope worth £69.
Fully Automatic Egg Timer by M. A. Jones, Harrogate, N. Yorkshire (EPE May 2003).

during operation - depending on the state of charge of the lithium-ion 
battery, and the functions used on the camera.

Adaptor Circuit
The adaptor interfaces bike battery with camera, as shown in the cir

cuit diagram Fig.5. The circuit is a series voltage regulator, construct
ed from discrete components to achieve a dropout voltage around 0^5V 
- this is needed for the adaptor to maintain 5 V output when the bike 
battery voltage drops to 5^5V.

Reference diode IC1 establishes a constant voltage of 2^5V on the 
base of transistor TR2. Resistive divider R3 and R6 feeds half of the 
adaptor output voltage back to the base of transistor TR3. If the adaptor 
output voltage deviates from 5 V (due to a change in load resistance), the 
difference amplifier, TR2/TR3, responds by varying the base current to 
series-pass transistor TR1 - the collector of which varies the current to 
the load, restoring the output voltage to 5V (nominal).

The maximum current that transistor TR2 can deliver to the base of 
TR1 is about 20mA (U8V across resistor R5), so the maximum col
lector current available from TRl is at worst 400mA, and at best 2A 
(the specified d.c. current-gain range of the MJE2955T is 20-100). 
This meets most current requirements of the camera.

The prototype adaptor produces an output voltage of 54 V unloaded, 
decreasing to 4-9N at a load current of 1A. This meets the voltage 
requirement of the camera.

The dropout voltage of the prototype varies from 0^5V at 300mA to 
U2V at 1A. Consequently, when a bike battery nears exhaustion at 5^5V, 
the adaptor will only maintain 5 V output for up to 300mA of load cur
rent - still adequate for charging the camera.

Two 6V bicycle-lamp batteries have been used with the adaptor - one 
employing 4^5Ah nickel-cadmium cells, and the other, 4^2Ah sealed 
lead-acid cells. Both batteries can deliver several amps continuously, and 
exhibit working voltage ranges from 7 V (charged) to 5^5V (discharged).

When the adaptor is used with a 6V bike battery, the maximum power 
dissipation in transistor TR1 is about 2^5W, requiring minimal heat sink
ing. If the adaptor is used with a 12V car battery, however, the maximum 
power dissipation could exceed 10W, requiring additional heat sinking.

Nigel Stone, Fulham, Australia

Yes-No Indicator - DeSmeMjyiDec®
The circuit of Fig.6 produces a random “Yes” or “No” with a single 

button-press, which is displayed through a red or green l.e.d. The 
design has a number of advantages over similar circuits.

Firstly, it does not use an on-off switch, so that it requires just a sin
gle pushbutton switch. When switch S1 is pressed, an oscillator with
in IC1 oscillates at around 15kHz, as set by components C1, R4 and 
R5. This frequency is divided by 16 within IC1 and is output at pin 7, 
Q4.

At the same time, C2 charges through R3, so that IC1’s clock input 
(pin 11) is disabled as TR1’s gate (g) goes “high”, thus stopping the 
clock. The delay at TR1’s gate is about one tenth of a second, there
fore nearly a thousand oscillations take place at output pin 7 before the 
clock is stopped.

Secondly, the circuit has a high degree of randomness. This is 
because it takes advantage of a near-perfect 50:50 duty cycle at output 
Q4. This pin is buffered internally, so that the duty cycle remains equal 
despite slightly unequal loading by the l.e.d.s. Besides this, variations 
in charge on C1 and C2, voltage and temperature variations, and the 
unpredictability of when the pushbutton will be pressed, mean that 
randomness is assured. On first testing the circuit, the Yes-No 
Indicator scored 51 Yes, 49 No.

Standby current is zero. Therefore, if a miniature 12V (e.g. MN21) 
battery is used to power the circuit, it could be used thousands of times 
over before the battery would run flat.

Thomas Scarborough,
South Africa Fig.6. Circuit diagram for a Yes-No Indicator
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PRACTICALLY SPEAKING
Robert Pen fold looks at the Techniques of Actually Doing It!

With the possible exceptions of a 
few specialist projects and retro 

designs, modern projects are nearly all 
based on a printed circuit board of 
some kind. Construction is more 
straightforward using a custom board, 
but the general principles are much the 
same using stripboard.

In theory, there should be no difficul
ty in producing a circuit board once you 
have learned to solder reasonably pro
ficiently. In practice, there will be a few 
minor problems to sort out when build
ing even the most simple of boards.

Getting Physical
The component layouts in EPE have 

physical representations of the compo
nents rather than circuit symbols. 
Layout diagrams are component-side 
views, but the copper tracks on the 
other side of the board are also shown 
in “see-through” faint print. With this 
method it is easy to see where every 
component fits on the board, and 
(where appropriate) which way round it 
goes. The inclusion of the tracks can be 
helpful when faultfinding, but if you 
work slowly and carefully this should 
only be of academic importance.

No system is totally foolproof, but the 
diagrams are clear enough to largely 
eliminate confusion. However, before 
you start building any project it is 
essential to check that you have cor
rectly identified every component. Be 
especially careful with components 
that have the values marked using 
colour coding. Always check that you 
have the right component before sol
dering it to the board, and also check 
that it is being fitted in the right place. 
In general, it is easier to solder compo
nents to the board than it is to remove 
them.

Most circuit boards can be built with 
the components fitted in any order, and 
there is not, strictly speaking, a right 
order. On the other hand, some orders 
will make the job easy while others will 
make it relatively difficult.

Life is generally easier if the small 
components are fitted first, gradually 
working up to the largest, which are fit
ted last. The reason for this is simply 
that large components tend to get in 
the way when trying to fit the smaller 
ones, but the smaller components are 
not troublesome when fitting the larger 
components. It therefore makes sense 
to fit the smaller components first.

If the layout requires any link-wires, 
these will be the smallest components. 
The trimmings from resistor leadout 
wires are ideal for short links, but some 
24 s.w.g. (0^56mm diameter) tinned 
copper wire is needed for links more 
than about 20mm long. It is advisable to 
insulate the longer links using p.v.c. 
sleeving. It might also be worthwhile 

insulating the shorter wires where two 
or more run side-by-side.

A piece of insulation of the right 
length can be produced by placing the 
sleeving in place between the appropri
ate two points on the board and then 
marking the cutting point or just trim
ming it straight away using small wire 
cutters. Thread the sleeving onto the 
wire and then cut the wire to leave 
about five millimetres protruding from 
each end of the sleeving. The link-wire 
can then be formed and fitted onto the 
board much like any other horizontally 
mounted component.

Fig.1. The leads are normally formed a 
millimetre or two from the body (top) 
and not right next to it (bottom).

Holes Apart
With custom printed circuit boards 

(p.c.b.s) the hole-spacing for resistors 
and other axial lead components is 
usually designed to suit each compo
nent. The hole-spacing is generally 
made several millimetres more than the 
length of the component’s body. This 
means that the leadout wires are not 
bent at 90 degrees right next to its 
body. You should aim for something like 
the upper resistor in Fig.1 rather than 
the one below.

On the face of it, bending the wire 
right next to the body is easier than 
placing the bend a few millimetres fur
ther down the lead. This is indeed the 
case, but bending the wire next to the 
body can result in damage to a compo
nent. Glass-bodied diodes are very vul
nerable to this problem.

Stripboard construction usually 
results in the designer having to accept 
a few compromises, and it might some
times be neces
sary to squeeze 
a component into 
the available 
space by bend
ing the leads as 
close as possible 
to its body. The 
same problem 
can arise if the 
component you 

have is somewhat bigger than the one 
the designer had in mind when produc
ing the layout. Going carefully reduces 
the risk of damage occurring, but to 
minimise the risk it is best to support 
the lead next to the component’s body 
using the tip of some long nose pliers 
and then bending the lead using your 
other hand.

With stripboard construction it is quite 
common for components having axial 
leads to be used with longer than nor
mal lead spacing. This makes construc
tion slightly more awkward but helps to 
keep the boards compact and reduces 
the number of link-wires needed. With 
experience it is possible to gauge the 
positions of the bends in the link-wires 
quite accurately even when the hole
spacing is quite large. In the meantime, 
it is better to place each component in 
position over the holes in the board and 
mark the positions of the bends on the 
leadout wires using a soft pencil or a 
felt-tip pen. This is quicker than using a 
lot of trial and error. It also saves possi
ble damage to the component

Flat-out
Ideally, components should always 

be mounted so that they are right 
against the circuit board with no gap in 
between, as with the left-hand capaci
tor of Fig.2. This is not just a matter of 
neatness, as any gap between the 
board and the component significantly 
weakens the assembly. The problem is 
that any downward pressure on a com
ponent tends to rip the underside joint 
away from the board.

Sometimes this results in the track 
being broken away from the joint. In 
other cases the track lifts away from the 
board and maintains the connection, 
but this is still something that needs to 
be “avoided like the plague”.

The problem is easily corrected if you 
find that a component is mounted like 
the centre and right-hand components 
in Fig.2. With the bit of the iron applied 
to a joint, the solder will soon melt so 
that the relevant end of the component 
can be pressed down into place.

Mounting axial lead components ver
tically, as in Fig.3, is not considered to 
be a good idea, because it also leaves 
the finished board prone to problems 
with pressure on the top surface ripping 
the joints and tracks away from the

Fig.2. Components should be mounted flush with the surface of 
the board (left) and not with a gap underneath (centre and right).
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underside of the board. Sideways pres
sure is, if anything, even worse.

Vertical mounting is a compromise 
that is sometimes used with stripboard, 
and it can even be used with custom 
boards where compactness is of great 
importance. Use the “kid gloves” 
approach with boards that have axial 
lead components mounted vertically.

With the links and the small radial 
components in place it is time to move 
on to the larger components, or perhaps 
more accurately, to those that protrude 
well above the surface of the board. 
Most modern capacitors are designed 
for vertical mounting, and even though 
they are not particularly large they often 
extend well above the surface of the 
board. Accordingly, it is better to mount 
the axial components first, then the ver
tical or “radial” mounting types, and 
finally the semiconductors and any gen
uinely large components.

Fig.3. Mounting axial components ver
tically is best avoided but is called for 
by some component layouts. As usual, 
mount the components with the bodies 
as close to the board as possible.

Short Lead
Components that are intended for 

vertical mounting (radial types) can be 
fitted tight against the board and will 
not introduce the physical weaknesses 
associated with axial components 
mounted vertically. Vertical mounting 
electrolytic capacitors (also known as 
PC or printed circuit mounting capaci
tors) usually have quite long leads and 
can accommodate practically any lead 
spacing. The same is not true for most 
non-electrolytic types as these almost 
invariably have very short leads that 
are actually more like the pins of inte
grated circuits than normal leadout 
wires.

Consequently, these capacitors are 
usually designed to fit a specific lead 
spacing, and it is essential to make 
sure that you buy ones designed for the 
correct spacing. Capacitors that have 
plastic cases are quite tough, but some 
have open construction and are rela
tively brittle and they can easily part 
company with one of their leads.

Axial electrolytic capacitors normally 
have the positive (+) lead indicated by 
an indentation around the relevant end 
of the body, with “+” and “-” marks 
included as well. The indentation 
method is not always applicable to radi
al electrolytic capacitors because they 
have both leads at the same end of the 
component. The “+” and (or) “-” labels 

should be present though, 
and there is usually a 
black or white bar down 
the side of the body next 
to the negative leadout 
wire.

Fitting electrolytic 
capacitors with the wrong 
polarity can occasionally 
have dire consequences, 
so always double check 
that the polarity is correct 
before soldering one of 
these components in 
place.

Semiconductors
With only one or two 

very rare exceptions, 
semiconductors have to 
be fitted the right way 
round. The layout diagram should 
make the correct orientation “crystal 
clear”. Again, there can be dire conse
quences if you get it wrong, so always 
double-check the orientation before 
actually soldering any semiconductors 
to the board. There will sometimes be 
leadout identification diagrams for the 
transistors. Note that these are nearly 
always base views and that they show 
the components looking onto the lead
out wires.

These days most of the semiconduc
tors used in projects are d.i.l. (dual-in
line) integrated circuits (i.c.s) that are 
fitted to the board via holders. A selec
tion of d.i.l. holders appears in Fig.4. Do 
not be tempted to save money by fitting 
integrated circuits direct to the board 
unless the article specifically requests 
this. Modern semiconductors are rea
sonably tolerant of heat, but are still far 
more vulnerable to heat damage than 
most other components.

Also, a substantial proportion of 
semiconductors are vulnerable to dam
age from small static electricity 
charges. Using holders greatly reduces 
the chances of static charges causing 
damage. Always strictly observe any 
anti-static handling precautions 
detailed in the text of the article.

Another advantage of using sockets 
is that it is easy to correct a mistake if 
you should accidentally fit an i.c. the 
wrong way round. It can be carefully 
prised out of its socket using the blade 
of a small screwdriver, lifting one end 
and then the other until it comes free, 
and then it is simply plugged in the right 
way round.

There will usually be some hard 
wiring running from the circuit board to 
controls, sockets, or whatever. 
Connecting the hard wiring directly to 
the board is not a good idea because 
any twisting of the wires can result in 
the joints breaking away from the cop
per tracks. The better way is to fit sol
der-pins to the board and then connect 
the hard wiring to these pins. It is most
ly single-sided pins that are used, and 
these are inserted from the copper side 
of the board and then soldered in 
place. Connections are then made via 
the pins on the component side of the 
board.

Double-sided pins protrude on both 
sides of the board, and are only need

Fig.4. A selection of d.i.l. sockets having from eight to 
40 pins. Do not be tempted to save money by con
necting integrated circuits directly to the board.

ed where it will be necessary to make 
the connections on the copper side of 
the board.

Look, No Hands
When fitting most components onto a 

printed circuit board there is the minor 
problem of finding a third hand! Ideally 
you need one hand to hold the compo
nent in place on the board, a second to 
hold the soldering iron, and a third to 
feed the solder into the joint.

The “proper” way of doing things is to 
use a printed circuit assembly frame. 
These vary somewhat in points of 
detail, but the general setup is to have 
an adjustable metal frame to hold the 
board against a thick piece of soft foam 
material. The board is held with the 
component side pressed well into the 
foam so that the components are firmly 
held in place against the board. The 
leadout wires are then trimmed to 
length, the joints are soldered, and the 
finished board is released from the 
frame.

It is not usually possible to do the 
whole board in one go if it contains a 
mixture of large and small components, 
because the larger components pre
vent the small ones from being held in 
place properly. The small components 
are fitted and soldered into place first, 
and then the large components are 
added separately. Even so, it is usually 
possible to complete quite large boards 
very quickly with the aid of an assembly 
frame. The drawback of this method is 
that the cheapest assembly frames are 
still fairly expensive.

There are simple and cheap alterna
tives, and some Bostik Blu Tack or plas
ticine probably represents the cheapest 
and simplest. Fit a few components 
onto the board using Blu Tack or plas
ticine and then place the board compo
nent side down on the worktop. The Blu 
Tack or plasticine will temporarily stick 
the assembly to the worktop if a little 
pressure is applied. The leadout wires 
are then trimmed and the joints are 
completed.

Next the board is removed from the 
worktop, the Blu Tack or plasticine is 
removed, the next batch of components 
is added, and so on until the board has 
been completed. For beginners it is 
probably best to take things relatively 
slowly and carefully.
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EPE IS PLEASED TO BE ABLE TO OFFER YOU THESE

ELECTRONICS CD-ROMS
ELECTRONICS PROJECTS

Logic Probe testing

Electronic Projects is split into two main sections: Building Electronic Projects 
contains comprehensive information about the components, tools and techniques 
used in developing projects from initial concept through to final circuit board 
production. Extensive use is made of video presentations showing soldering and 
construction techniques. The second section contains a set of ten projects for 
students to build, ranging from simple sensor circuits through to power amplifiers. A 
shareware version of Matrix’s CADPACK schematic capture, circuit simulation and 
p.c.b. design software is included.
The projects on the CD-ROM are: Logic Probe; Light, Heat and Moisture Sensor; 
NE555 Timer; Egg Timer; Dice Machine; Bike Alarm; Stereo Mixer; Power 
Amplifier; Sound Activated Switch; Reaction Tester. Full parts lists, schematics 
and p.c.b. layouts are included on the CD-ROM.

ELECTRONICS 
CAD PACK

ELECTRONIC CIRCUITS & COMPONENTS V2.0

Circuit simulation screen

Provides an introduction to the principles and application of the most common types of 
electronic components and shows how they are used to form complete circuits. The 
virtual laboratories, worked examples and pre-designed circuits allow students to 
learn, experiment and check their understanding. Version 2 has been considerably 
expanded in almost every area following a review of major syllabuses (GCSE, GNVQ, 
A level and HNC). It also contains both European and American circuit symbols.
Sections include: Fundamentals: units & multiples, electricity, electric circuits, 
alternating circuits. Passive Components: resistors, capacitors, inductors, 
transformers. Semiconductors: diodes, transistors, op.amps, logic gates. Passive 
Circuits. Active Circuits. The Parts Gallery will help students to recognise common 
electronic components and their corresponding symbols in circuit diagrams.
Included in the Institutional Versions are multiple choice questions, exam style 
questions, fault finding virtual laboratories and investigations/worksheets.

ANALOGUE ELECTRONICS

Complimentary output stage

Analogue Electronics is a complete learning resource for this most difficult 
branch of electronics. The CD-ROM includes a host of virtual laboratories, 
animations, diagrams, photographs and text as well as a SPICE electronic circuit 
simulator with over 50 pre-designed circuits.
Sections on the CD-ROM include: Fundamentals - Analogue Signals (5 
sections),Transistors (4 sections), Waveshaping Circuits (6 sections). Op.Amps 
- 17 sections covering everything from Symbols and Signal Connections to 
Differentiators. Amplifiers - Single Stage Amplifiers (8 sections), Multi-stage 
Amplifiers (3 sections). Filters - Passive Filters (10 sections), Phase Shifting 
Networks (4 sections), Active Filters (6 sections). Oscillators - 6 sections from 
Positive Feedback to Crystal Oscillators. Systems - 12 sections from Audio 
Pre-Amplifiers to 8-Bit ADC plus a gallery showing representative p.c.b. photos.

PCB Layout

Electronics CADPACK allows users to 
design complex circuit schematics, to view 
circuit animations using a unique SPICE
based simulation tool, and to design 
printed circuit boards. CADPACK is made 
up of three separate software modules. 
(These are restricted versions of the full 
Labcenter software.) ISIS Lite which 
provides full schematic drawing features 
including full control of drawing 
appearance, automatic wire routing, and 
over 6,000 parts. PROSPICE Lite 
(integrated into ISIS Lite) which uses 
unique animation to show the operation of 
any circuit with mouse-operated switches, 
pots. etc. The animation is compiled using 
a full mixed mode SPICE simulator. ARES 
Lite PCB layout software allows 
professional quality PCBs to be designed 
and includes advanced features such as 
16-layer boards, SMT components, and 
an autorouter operating on user generated 
Net Lists.

ROBOTICS & 
MECHATRONICS

version*
DIGITAL ELECTRONICS V2.0

Virtual laboratory - Traffic Lights

Digital Electronics builds on the knowledge of logic gates covered in Electronic 
Circuits & Components (opposite), and takes users through the subject of digital 
electronics up to the operation and architecture of microprocessors.The virtual 
laboratories allow users to operate many circuits on screen.
Covers binary and hexadecimal numbering systems, ASCII, basic logic gates, 
monostable action and circuits, and bistables - including JK and D-type flip-flops. 
Multiple gate circuits, equivalent logic functions and specialised logic functions. 
Introduces sequential logic including clocks and clock circuitry, counters, binary 
coded decimal and shift registers. A/D and D/A converters, traffic light controllers, 
memories and microprocessors - architecture, bus systems and their arithmetic logic 
units. Sections on Boolean Logic and Venndiagrams, displays and chip types have 
been expanded inVersion 2 and new sections include shift registers, digital fault 
finding, programmable logic controllers, and microcontrollers and microprocessors. 
The Institutional versions now also include several types of assessment for 
supervisors, including worksheets, multiple choice tests, fault finding exercises and 
examination questions.

Case study of the Milford 
Instruments Spider

FILTERS

Filter synthesis

Filters is a complete course in designing active and passive filters that makes 
use of highly interactive virtual laboratories and simulations to explain how filters 
are designed. It is split into five chapters: Revision which provides underpinning 
knowledge required for those who need to design filters. Filter Basics which is a 
course in terminology and filter characterization, important classes of filter, filter 
order, filter impedance and impedance matching, and effects of different filter 
types. Advanced Theory which covers the use of filter tables, mathematics 
behind filter design, and an explanation of the design of active filters. Passive 
Filter Design which includes an expert system and filter synthesis tool for the 
design of low-pass, high-pass, band-pass, and band-stop Bessel, Butterworth 
and Chebyshev ladder filters. Active Filter Design which includes an expert 
system and filter synthesis tool for the design of low-pass, high-pass, band-pass, 
and band-stop Bessel, Butterworth and Chebyshev op.amp filters.

Robotics and Mechatronics is designed to 
enable hobbyists/students with little 
previous experience of electronics to 
design and build electromechanical 
systems. The CD-ROM deals with all 
aspects of robotics from the control 
systems used, the transducers available, 
motors/actuators and the circuits to drive 
them. Case study material (including the 
NASA Mars Rover, the Milford Spider and 
the Furby) is used to show how practical 
robotic systems are designed.The result 
is a highly stimulating resource that will 
make learning, and building robotics and 
mechatronic systems easier.The 
Institutional versions have additional 
worksheets and multiple choice questions. 
• Interactive Virtual Laboratories
• Little previous knowledge required 
• Mathematics is kept to a minimum and 

all calculations are explained
• Clear circuit simulations

PRICES
Prices for each of the CD-ROMs above are:

(Order form on third page)

Hobbyist/Student.................................................. £45 inc VAT
Institutional (Schools/HE/FE/Industry)........... £99 plus VAT
Institutional 10 user (Network Licence).........£199 plus VAT
Site Licence.......................................................£499 plus VAT

(UK and EU customers add VAT at 17.5% to “plus VAT" prices)
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PICmicro TUTORIALS AND PROGRAMMING
-------------------------------------------------- HARDWARE---------------------------------------------------

VERSION 2 PICmicro MCU 
DEVELOPMENT BOARD

Suitable for use with the three software packages 
listed below.

This flexible development board allows students to learn 
both how to program PICmicro microcontrollers as well as 
program a range of 8, 18, 28 and 40-pin devices. For 
experienced programmers all programming software is 
included in the PPP utility that comes with the development 
board. For those who want to learn, choose one or all of the 
packages below to use with the Development Board.• Makes it easier to develop PICmicro projects• Supports low cost Flash-programmable PICmicro 

devices• Fully featured integrated displays - 13 individual l.e.d.s, 
quad 7-segment display and alphanumeric l.c.d. display• Supports PICmicro microcontrollers with A/D converters• Fully protected expansion bus for project work• All inputs and outputs available on screw terminal 
connectors for easy connection

£145 including VAT and postage 
12V 500mA plug-top PSU (UK plug) £7 

25-way ‘D’ type connecting cable £5
--------------------------------------------------  SOFTWARE --------------------------------------------------

Suitable for use with the Development Board shown above.

ASSEMBLY FOR PICmicro V2
(Formerly PICtutor)

Assembly for PICmicro microcontrollers V2.0 
(previously known as PICtutor) by John 
Becker contains a complete course in 
programming the PIC16F84 PICmicro 
microcontroller from Arizona Microchip. It 
starts with fundamental concepts and 
extends up to complex programs including 
watchdog timers, interrupts and sleep modes. 
The CD makes use of the latest simulation 
techniques which provide a superb tool for 
learning: the Virtual PICmicro micro
controller. This is a simulation tool that 
allows users to write and execute MPASM 
assembler code for the PIC16F84 
microcontroller on-screen. Using this you 
can actually see what happens inside the 
PICmicro MCU as each instruction is 
executed which enhances understanding.• Comprehensive instruction through 39 
tutorial sections • Includes Vlab, a Virtual 
PICmicro microcontroller: a fully functioning 
simulator • Tests, exercises and projects 
covering a wide range of PICmicro MCU 
applications • Includes MPLAB assembler • Visual representation of a PICmicro 
showing architecture and functions • 
Expert system for code entry helps first time 
users • Shows data flow and fetch execute 
cycle and has challenges (washing 
machine, lift, crossroads etc.) • Imports 
MPASM files.

Virtual PICmicro

PRICES
Prices for each of the CD-ROMs above are: 

(Order form on next page)

‘C’ FOR PICmicro 
VERSION 2

The C for PICmicro microcontrollers CD
ROM is designed for students and 
professionals who need to learn how to 
program embedded microcontrollers in C. 
The CD contains a course as well as all the 
software tools needed to create Hex code 
for a wide range of PICmicro devices - 
including a full C compiler for a wide range 
of PICmicro devices.
Although the course focuses on the use of 
the PICmicro microcontrollers, this CD
ROM will provide a good grounding in C 
programming for any microcontroller.S Complete course in C as well as C 
programming for PICmicro microcontrollers S Highly interactive course S Virtual C 
PICmicro improves understanding S 
Includes a C compiler for a wide range of 
PICmicro devices S Includes full Integrated 
Development Environment S Includes 
MPLAB software S Compatible with most 
PICmicro programmers S Includes a 
compiler for all the PICmicro devices.

Minimum system requirements for these 
items: Pentium PC running Windows 98, 

NT, 2000, ME, XP; CD-ROM drive; 
64MB RAM; 10MB hard disk space.

Hobbyist/Student
Institutional (Schools/HE/FE/Industry)

Flowcode Institutional
Institutional 10 user (Network Licence) 
Site Licence

FLOWCODE FOR PICmicro
Flowcode is a very high level language 
programming system for PICmicro 
microcontrollers based on flowcharts. 
Flowcode allows you to design and simulate 
complex robotics and control systems in a 
matter of minutes.
Flowcode is a powerful language that uses 
macros to facilitate the control of complex 
devices like 7-segment displays, motor 
controllers and l.c.d. displays. The use of 
macros allows you to control these 
electronic devices without getting bogged 
down in understanding the programming 
involved.
Flowcode produces MPASM code which is 
compatible with virtually all PICmicro 
programmers. When used in conjunction 
with the Version 2 development board this 
provides a seamless solution that allows 
you to program chips in minutes.• Requires no programming experience • 
Allows complex PICmicro applications to be 
designed quickly • Uses international 
standard flow chart symbols (ISO5807) • 
Full on-screen simulation allows debugging 
and speeds up the development process • Facilitates learning via a full suite of 
demonstration tutorials • Produces ASM 
code for a range of 8, 18, 28 and 40-pin 
devices • Institutional versions include 
virtual systems (burglar alarms, car parks 
etc.).

Burglar Alarm Simulation

£45 inc VAT
£99 plus VAT
£70 plus VAT

£249 plus VAT 
£599 plus VAT

(UK and EU customers add VAT at 17.5% to “plus VAT” prices)
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TEACH-IN 2000 - LEARN ELECTRONICS WITH EPE DIGITAL WORKS 3.0
EPEs own Teach-In CD-ROM, contains 
the full 12-part Teach-In series by John 
Becker in PDF form plus the Teach-In 
interactive software (Win 95, 98, ME and 
above) covering all aspects of the series. 
We have also added Alan Winstanley’s 
highly acclaimed Basic Soldering Guide 
which is fully illustrated and which also 
includes Desoldering. The Teach-In 
series covers: Colour Codes and 
Resistors, Capacitors, Potentiometers, 
Sensor Resistors, Ohm’s Law, Diodes 
and L.E.D.s, Waveforms, Frequency and 
Time, Logic Gates, Binary and Hex Logic, 
Op.amps, Comparators, Mixers, Audio 
and Sensor Amplifiers, Transistors, 
Transformers and Rectifiers, Voltage
Regulation, Integration, Differentiation, 7-segment Displays, L.C.D.s, Digital-to-Analogue. 
Each part has an associated practical section and the series includes a simple PC 
interface (Win 95, 98, ME ONLY) so you can use your PC as a basic oscilloscope with 
the various circuits.
A hands-on approach to electronics with numerous breadboard circuits to try out. 
£12.45 including VAT and postage. Requires Adobe Acrobat (available free from 
the Internet - www.adobe.com/acrobat).
FREE WITH EACH TEACH-IN CD-ROM - Electronics Hobbyist Compendium 80-page 
book by Robert Penfold. Covers Tools For The Job; Component Testing; Oscilloscope 
Basics.

Sine wave relationship values

FREE BOOK 
WITH TEACH-IN 
2000 CD-ROM Counter 

project

Digital Works Version 3.0 is a graphical 
design tool that enables you to construct 
digital logic circuits and analyze their 
behaviour. It is so simple to use that it will 
take you less than 10 minutes to make your 
first digital design. It is so powerful that you 
will never outgrow its capability • Software 
for simulating digital logic circuits • Create 
your own macros - highly scalable • Create 
your own circuits, components, and i.c.s • 
Easy-to-use digital interface • Animation 
brings circuits to life • Vast library of logic 
macros and 74 series i.c.s with data sheets 
• Powerful tool for designing and learning.
Hobbyist/Student £45 inc. VAT. 
Institutional £99 plus VAT. 
Institutional 10 user £199 plus VAT. 
Site Licence £499 plus VAT.

ELECTRONICS IN CONTROL
Two colourful animated courses for students on one CD-ROM. These cover Key Stage 3 and GCSE syllabuses. Key 
Stage 3: A pictorial look at the Electronics section featuring animations and video clips. Provides an ideal introduction 
or revision guide, including multi-choice questions with feedback. GCSE: Aimed at the Electronics in many Design & 
Technology courses, it covers many sections of GCSE Electronics. Provides an ideal revision guide with Homework 
Questions on each chapter. Worked answers with an access code are provided on a special website.

Single User £29 inc.VAT. Multiple User £39 plus VAT
Student copies (available only with a multiple user copy) £6 plus VAT 

(UK and EU customers add VAT at 17.5% to “plus VAT’ prices)

ELECTRONIC 
COMPONENTS PHOTOS

A high quality selection of over 200 JPG

MODULAR CIRCUIT DESIGN
Contains a range of tried and tested analogue and digital circuit modules, together with the

^EMSIqN 3
knowledge to use and interface them.Thus allowing anyone with a basic understanding of circuit symbols to 
design and build their own projects. Version 3 includes data and circuit modules for a range of popular PICs; includes

images of electronic 
components. This 
selection of high 
resolution photos can be 
used to enhance 
projects and 
presentations or to help 
with training and 
educational material. 
They are royalty free for 
use in commercial or

PICAXE circuits, the system which enables a PIC to be programmed without a programmer, and without removing it 
from the circuit. Shows where to obtain free software downloads to enable BASIC programming.
Essential information for anyone undertaking GCSE or “A’’ level electronics or technology and for hobbyists who want 
to get to grips with project design. Over seventy different Input, Processor and Output modules are illustrated and fully 
described, together with detailed information on construction, fault finding and components, including circuit symbols, 
pinouts, power supplies, decoupling etc.

Single User £19.95 inc.VAT. Multiple User £34 plus VAT 
(UK and EU customers add VAT at 17.5% to “plus VAT”prices)

personal printed projects, and can also be 
used royalty free in books, catalogues, 
magazine articles as well as worldwide web 
pages (subject to restrictions - see licence for 
full details).
Also contains a FREE 30-day evaluation of 
Paint Shop Pro 6 - Paint Shop Pro image 
editing tips and on-line help included!

Price£19.95 inc.VAT

Minimum system requirements for these CD-ROMs: Pentium PC, CD-ROM drive, 32MB RAM, 10MB hard disk space.Windows 95/98/NT/2000/ME/XP, mouse, sound card, web browser.

Please send me:
Electronic Projects 
Electronic Circuits & Components V2.0 
Analogue Electronics 
Digital Electronics V2.0 
Filters 
Electronics CAD Pack 
Robotics & Mechatronics 
Assembler for PICmicro 
‘C’ for PICmicro 
Flowcode for PICmicro 
Digital Works 3.0

CD-ROM ORDER FORM

Version required: □ Hobbyist/Student □ Institutional _ Institutional 10 user a Site licence

ORDERING
ALL PRICES INCLUDE UK 

POSTAGE
Student/Single User/Standard Version 

price includes postage to most 
countries in the world 

EU residents outside the UK add £5 for 
airmail postage per order

a a a
PICmicro Development Board (hardware) 
Development Board UK plugtop power supply
Development Board 25-way connecting lead

a a a a
Teach-In 2000 + FREE BOOK 
Electronic Components Photos 
Electronics In Control - Single User 
Electronics In Control - Multiple Usera Modular Circuit Design - Single User a Modular Circuit Design - Multiple User

Full name: .....................................................
} Note: The software on each version is 

the same, only the licence for use varies.

Address:

Post code: .Tel. No:

Signature: ......................................................................................................................□ I enclose cheque/PO in £ sterling payable to WIMBORNE PUBLISHING LTD for £ □ Please charge my Visa/Mastercard/Amex/Diners Club/Switch: £ ..........................
Valid From: ...........
Card No: ...............
Card Security Code

.Card expiry date:
........................................................................Switch Issue No.
(The last 3 digits on or just under the signature strip)

Institutional, Multiple User and Deluxe 
Versions - overseas readers add £5 to the 
basic price of each order for airmail postage 
(do not add VAT unless you live in an EU 
(European Union) country, then add 17^% 
VAT or provide your official VAT registration 
number).

Send your order to:
Direct Book Service

Wimborne Publishing Ltd 
408 Wimborne Road East

Ferndown, Dorset BH22 9ND
To order by phone ring

01202 873872. Fax: 01202 874562
Goods are normally sent within seven days

E-mail: orders@wimborne.co.uk
Online shop: 

www.epemag.wimborne.co.uk/shopdoor.htm

206 Everyday Practical Electronics, March 2004

http://www.adobe.com/acrobat
mailto:orders@wimborne.co.uk
http://www.epemag.wimborne.co.uk/shopdoor.htm


SURFING THE INTERNET

NET WORK
ALAN WINSTANLEY

WELCOME to this month’s Net Work - the column specially writ
ten for internet users. For the benefit of new readers, the EPE 
web site (www.epemag.wimborne.co.uk) contains a number of 

useful resources that support the printed magazine, including our 
Online Shop, from where back issues, reprints and many electron
ics books, video tapes and CD-ROMs can be bought online. You 
can also subscribe (or renew a subscription) using our secure 
server.

The Projects Index lists details of the last five years’ construc
tional projects and it also includes details of any updates or 
corrections published subsequently, so that you can track any later 
developments. Projects that have been updated are denoted with a 
red cross icon in the Projects listings: readers will hopefully note 
from the web site that the number of corrections or follow-ups to 
EPE projects is low!

Chat Zone Shenanigans
Also accessible via our web site is the EPE Chat Zone Message 

Board, which allows users to leave a message or follow up on an 
existing posting. In recent months the board has become busier 
than we have ever known. No login or password is currently nec
essary and the Chat Zone is open to all users: our American-based 
web site EPE Online (www.epemag.com) also feeds into the 
board. Members of EPE staff may also post information or updates 
into the Chat Zone, so regular readers are advised to check the 
messages for any project updates or web site service announce
ments.

We attempt to ensure that the “CZ” is a friendly and welcoming 
forum where hobbyists of all ages can ask for help, post a query or 
comment on EPE projects. In view of its open accessibility, EPE 
enforces an Acceptable Use Policy (AUP) in order to help protect 
individual users from certain forms of abuse (and also to protect 
the publishers!). Users automatically agree to the Chat Zone AUP 
when they post a message.

Generally the Chat Zone functions perfectly well and proves to 
be a valuable service to electronics hobbyists everywhere. Please 
do remember that English may not be the first language of an indi
vidual poster, and that they may be young users as well, so due 
allowances should be made for those factors.

Messages that breach the AUP for any reason may be deleted at 
the publisher’s discretion. One form of abuse to be discouraged is 
the “troll” - a post or disingenuous comment deliberately designed 
to inflame, “slow time” or “wind up” other users; the liberal use of 
smileys helps avoid misunderstandings.

If you have an electronics query or comment and would like to 
ask your fellow hobbyists, then visit www.epemag.wimborne. 
co.uk, click the “Chat Zone” button on the web site navigation 
panel, check the AUP and then proceed to the Post A Message 
link. Messages remain on the board for approximately ten days 
and are not archived. Those interested in vintage radio and old 
electronics valve (vacuum tube) equipment might also be interest
ed in our popular Radio Bygones message board, at 
www.radiobygones.co.uk. We’d like to thank all those regular 
users who make the CZ such a fascinating and enjoyable forum in 
which to participate.

Outlook Express Backup
At the end of last year an acquaintance brought his PC in for 

attention. The machine had suffered a virus attack and was behav
ing very sluggishly. We eventually decided to reinstall all software 
from scratch. Onto the dining room table it went!

In trying to back up any valuable data, the problem arose of 
how best to back up and restore Outlook Express. One problem 
is that the ubiquitous email software is scattered amongst a num
ber of files and folders on the hard disk. Quite apart from the

The EPE Chat Zone Message Board is a friendly and 
welcoming forum for electronic hobbyists everywhere.

indispensable Address Book, there are the messages themselves, 
signatures, rules, accounts and possibly favorites. A search on 
the web highlighted a simple utility program that proved perfect 
for the task.

The MTA OE Backup from MTA Software (www.mta- 
soft.com) is a straightforward but highly effective program that 
needs little experience or skill to use. It enabled the Address Book 
and all of OE’s settings, messages, rules etc. to be backed up into 
a single file that was burned onto a CD. The resultant backup file 
was successfully restored to the new installation. MTA OE Backup 
is so easy and convenient to use that I recommend it to any OE 
user, whatever their ability, to back up important email data and 
addresses. The price is $29.95.

You can contact the author at alan@epemag.demon.co.uk.

The MTA Outlook Express Backup is an easy and effective 
way of backing up and restoring email settings and 
messages.
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EPE Tutorial Series

TEACH-IN 2004
Part Five - Logic Gates as Switches

MAX HORSEY------------------------------
How to apply electronics meaningfully - the aim of this 10-part series is to show, experimentally, 

how electronic components function as part of circuits and systems, demonstrating how each part 
of a circuit can be understood and tested, and offering advice about choosing components

T
HIS month we first show you how to 
route an audio signal so that several 
sources can be connected to a single 
amplifier. We will discuss the obvious 

method, using switches, then move to a 
more automated system which will take us 
into the field of digital multiplexers, coun
ters and latches.

As our chip-count increases, we 
progress to show that a control system 
based on a PIC microcontroller can offer a 
better solution.

STATING THE OBVIOUS
Assuming that you wish to switch a 

stereo signal, a rotary switch can be 
employed, as illustrated in Fig.5.1. Many 
rotary switches have 12 connections, as 
shown numbered. If a single “pole” is pro
vided, then the switch is known as a “sin
gle-pole, 12-way” (1p 12w) switch. If two 
poles, labelled A and B, are provided as

Fig.5.1. Schematic representation of 
using a 2-pole 6-way rotary switch to 
select between stereo audio signal 
sources.

shown in Fig.5.1, then the switch is a 2p 6w 
type, and ideal for stereo switching.

The diagram shows only three input 
devices to which the switch can route the 
signals, but up to six can be connected and 
switched in the same way.

Notice how the grounds (0V) are con
nected directly between the inputs and the 
output. In many cases the left and right 
channel grounds will also be connected 
together, but if in doubt, leave them sepa
rated as shown.

This method of switching is straightfor
ward, and if the control knob features a 
pointer, it is always clear which source is 
selected. But any form of remote control or 
automation is virtually impossible.

ELECTRONIC SOLUTION
When a switch is closed (on) we could say 

that it has a low resistance. When a switch is 
open (off) it has a very high resistance. A 
transistor can be made to behave like a 
switch, and a group of transistors connected 
together can form a bidirectional or bilateral 
switch, which behaves like a real switch.

The CMOS 4016 is a quad bilateral 
switch. In other words, the i.c. has four sin
gle-pole single-throw switches, each con
trolled by a single pin, as shown in Fig.5.2. 
They can be used to switch analogue sig
nals on or off, depending on the logic level 
on their control pins.

For example, if Control 1 is at logic 0 
(0V) then the resistance between pins 1 and 
2 will be very high, and the switch can be 
considered to be off. If Control 1 is 
switched to logic 1 (supply voltage) then 
the resistance between pins 1 and 2 will fall 
to a few hundred ohms (a value dependent 
on the supply voltage), and the switch is 
now on. Because this is a semiconductor 
switch it is obviously not perfect, but when 
controlling audio signals, a few hundred 
ohms is usually of no consequence.

Note that although pins 1 and 2 are 
labelled In and Out respectively, the signal 
can pass in either direction. However, a 
word of caution, the signal voltage must be 
within the power supply range used in your 
circuit. For example, if you use a 9V

quad bilateral switch i.c., plus func-
tional equivalent schematics.

battery, the signal being switched should 
not be lower than 0V or higher than 9V.

So if you are controlling an audio signal, 
remember that the signal will likely be 
swinging above and below zero volts. It 
will be necessary to raise the average level 
of the signal well above zero if clipping 
(and possible damage to the i.c.) is to be 
avoided. This type of level shifting was dis
cussed in Part 3.

It is worth noting that in most applica
tions the CMOS 4066 can be regarded as a 
pin-compatible equivalent to the 4016.
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Fig.5.3. Eight l.e.d.s, each monitoring 
one sensor. Fig.5.4. Using two rotary switches to multiplex and demultiplex eight sensors and 

eight l.e.d.s.

BASIC MULTIPLEXING
A browse through the range of i.c.s avail

able for analogue switching reveals the 
analogue multiplexer/demultiplexer group. 
Some of these i.c.s are from the CMOS 
4000 range, namely the 4051, 4052 and 
4053. There are also equivalents from the 
74HC range (see Part 4), the 74HC4051, 
74HC4052 and 74HC4053.

The 74HC range can generally handle 
more current than the CMOS 4000 series, 
but 74HC require a supply of between 2 V 
and 6V. So if we wish to use 9V or 12V we 
must stay with the 4000 series.

Multiplexing is a means by which sever
al streams of information are sent across a 
single medium. We say that the informa
tion is multiplexed at the transmitter and 
demultiplexed by the receiver. There are 
two main types of multiplexing, Frequency 
Division and Time Division. We will con
sider the latter.

The principle is best understood by tak
ing a simple example. Suppose you wish to 
know the depth of water in a well. You wish 
to use a cable to link the set of sensors to 
your house. You require eight sensors 
(sounds a lot, but it illustrates the point!).

Each sensor, when wet, causes an l.e.d. 
to light, so producing a bargraph effect of 
the water level. The idea is shown in sim
plified form in Fig.5.3, and you will see 
that the link between the house and the well 
requires nine wires.

Now consider the system in Fig.5.4. 
Notice how the number of wires between 
the well and the house has been reduced to 
just two (though we will see later that in a 
practical system four more are needed).

In Fig.5.4 we use two rotary switches, S1 
which multiplexes the information onto one 
wire, and S2 which demultiplexes it from one 
wire to eight. If both switches are positioned 
as shown, sensor X1 is connected to l.e.d. 
D1. If both switches are moved one step then 
X2 will connect with D2.

Now imagine that 
both switches are rotat
ed at speed, but in exact 
step with each other. 
Each sensor will con
nect with its respective 
l.e.d. for one eighth of 
the time for each revo
lution. So you will have 
a display, but it may 
appear to flicker.

If the speed of the 
rotary switches is fur
ther increased, the 
flickering will appear to 
stop - rather like your 
TV picture appears rea
sonably stable even 
though it is formed by 
one spot travelling very 
quickly across and 
down the screen.

The l.e.d.s will not be 
as bright as with the cir
cuit in Fig.5.3, but this 
can be compensated for 
by a suitable choice of 
l.e.d. types and current 
limiting resistor(s).

The circuit in Fig.5.4 
illustrates an example 
of time division multi
plexing. The informa
tion from each sensor is 
sent sequentially (one 
after the other) along a single wire.

ELECTRONIC 
MULTIPLEXING

Of course, the two switches must remain 
exactly in step with each other, and this 
would be hard to achieve with mechanical 
switches. So we need electronic rotary 
switches - i.e. electronic multiplexer/ 
demultiplexers.

The CMOS 4052 is a dual 4-channel 
multiplexer/demultiplexer. Its functional

Fig.5.5. Pinouts and functional equivalent for a type 4052 
dual 4-channel analogue multiplexer/demultiplier.

pinout diagram is shown in Fig.5.5a. An 
equivalent view of the switching is shown 
in Fig.5.5b.

It should be clear that pin X is the pole of 
one switch, and pin Y is the pole of the 
other switch. The four switch positions are 
labelled 0, 1, 2, 3, prefixed by X or Y. So 
the 4052 device offers 2-pole 4-way 
switching.

Note that multiplexer type 4051 offers a 
single-pole 8-way switch, and the 4053 
provides three poles, each 2-way.
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The function of the pin marked Vee will 
be discussed later.

UNDERSTANDING BINARY
The switch positions are controlled elec

tronically by the control lines labelled A 
and B. Whereas a single-way (on-off) 
switch can be controlled by a single line, a 
4-way switch requires two control lines, and 
an 8-way switch requires three control lines.

The control lines use a system known as 
binary, where any number is represented 
by combinations of logic 1 and logic 0. An 
example is shown in Table 5.1.

Table 5.1. Decimal to binary 
conversion example

Decimal 8s 4s 2s 1s Binary
0 0 0 0 0 0000
1 0 0 0 1 0001
2 0 0 1 0 0010
3 0 0 1 1 0011
4 0 1 0 0 0100
5 0 1 0 1 0101
6 0 1 1 0 0110
7 0 1 1 1 0111
8 1 0 0 0 1000

etc.

Notice that decimal 0 is equal to binary 
0, and decimal 1 = binary 1. The table 
shows decimal 1 as binary 0001, but we 
normally ignore leading zeros.

In decimal, when you add 1 to 9, you 
move to the next column, so 9 + 1 = 10. In 
other words you place “1” in the tens col
umn, and ‘0’ in the units column. In binary, 
if you add 1 to 1, you move to the next col
umn (shown in the table as the 2’s column), 
so binary 1 + 1 = binary 10, or decimal 2.

The table shows that decimal 3 consists 
of “1” in the 2’s column, plus “1” in the 1’s 
column, hence decimal 3 = binary 11.

You can convert a number of any size by 
adding more columns to the left of the 8’s 
column in the sequence 16, 32, 64, 128, 
256 etc. These numbers will be familiar to 
computer users!

MULTIPLEX SWITCHING
The position of the two switches within 

the 4052 device is determined by the logic 
levels at the control pins, A and B. If both 
A and B are at logic 0, then both switches 
will connect to way 0. Now if we count up 
in binary, the switches move through the 
ways step-by-step as follows:

Way B A
0 0 0
1 0 1
2 1 0
3 1 1

It is important to note that the switch 
routing is only performed if the device’s 
Inhibit pin is at logic 0. If Inhibit is at logic 
1, then both switches become open circuit.

A 1-pole 8-way system, based for exam
ple on the 4051, would need three control
lines, as follows:

Way C B A
0 0 0 0
1 0 0 1
2 0 1 0
3 0 1 1
4 1 0 0
5 1 0 1
6 1 1 0
7 1 1 1

multiplexers.

Returning to our water well example for 
a moment, if we wanted to ensure that the 
electronic switches in Fig.5.4 were always 
in step, we would need three control lines, 
A, B and C. The system also requires posi
tive and 0V power lines. So the total num
ber of wires running between the two ends 
is six.

A schematic representation of the sys
tem, in which two 4051 devices are used, is 
shown in Fig.5.6. Be aware that a practical 
implementation of it would depend on the 
sensor types. Also note that the l.e.d.s. 
require only one current-limiting resistor 
(R) between them as only one l.e.d. can 
ever be on at a time.

You will no doubt think that this multi
plexed system seems less productive than 
indicated in Fig.5.4. But add just one more 
control line (D) and the number of ways 
increases to 16. Add one more (E) and the 
number of ways doubles to 32, and so on.

In reality, analogue multiplex devices 
having more than three control lines do not 
exist, but there are techniques for getting 
round this. One method is to use several 
banks of multiplexers with their Inhibit 
lines controlled by another multiplexer.

ELECTRONIC COUNTERS
We may want the multiplex control to 

cycle continuously, or 
we may want it to 
move by a given num
ber of steps when we 
press a single button or 
remote control. Either 
way, we will probably 
need a counting circuit 
to produce the binary 
code to be applied to 
the control pins.

Most electronic 
counting circuits oper
ate in binary, and so we 
require an i.c. which 
increments (counts up) 
or decrements (counts 
down) each time its 
clock input is pulsed in 
a particular logic
change direction.

Fig.5.7. Pinouts for the 4029 counter.

4029

PL Ï6~| Vdd (+VE)

Q3|T Î5~|CLK

P3 FT 14~|O2

po[T 13~| P2

ÉÑ |T 12~|P1

ao El u]qi

CQUt|7 10 I UP/DN

(0V) Vss l~8~ —— ~9~|bin/dec

There are several counting i.c.s available, 
but a particularly flexible one is the CMOS 
4029. It is a synchronous up/down 
binary/decade counter. Its pinouts are shown 
in Fig.5.7, and their functions in Table 5.2.

Being flexible, the 4029 can also appear 
complicated. If you wish to explore it fur
ther, the datasheet is available from many 
electronics component suppliers, or via the 
internet by typing “datasheet 4029” into 
www.google.com. Other similar statements 
can also achieve results.

The Philips Semiconductors’ datasheet 
for it is available from http://www.semi

Table 5.2. Pin functions for the 4029 synchronous 
up/down binary/decade counter

PL: Parallel load. Effectively the reset pin, i.e. when switched from 
logic 0 to logic 1, the Q0 to Q3 outputs are reset to the logic on 
the P0 to P3 data inputs.

P0 to P3: Parallel data inputs.
Q0 to Q3: Parallel data outputs.
BIN/DEC: If high, reset will occur after 15 (binary counting). If low, 

reset will occur after 9 (decimal counting.)
UP/DN: If high, the counter counts up. If low, the counter counts 

down.
EN: Enable. If low the counter is allowed to count. If high the counter 

cannot count.
Cout: Carry Out. Goes low to signify a Carry. Needed only if cascad

ing several 4029s to count larger numbers.
CLK: Clock input. Causes the i.c. to count whenever it changes from 

low to high (i.e. edge triggered).
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conductors.philips.com/acrobat/data 
sheetsZHEF4029B_CNV_3.pdf

Further explanation of the Preset and 
Carry functions is as follows:

PRESETS
The Preset inputs are used to make the Q 

outputs jump to a particular number at 
reset. If all the Presets are connected to 0V, 
the outputs become 0000.

In some applications you may want 
the count to start at a number other than 
zero. For example, an automatic dice 
number generator would need to cascade 
through the numbers 1 to 6, stopping 
randomly. In this case you would con
nect pin P0 to positive so that the i.c. 
jumped to 1 instead of 0 at the start of 
each count.

CARRY
Note that some pin labels in Fig.5.7 are 

shown with a barline above them. The 
line indicates that they are “active low”. 
In other words, the EN (Enable) pin 
should be normally held at logic 0 to 
enable the counter to count. The Cout 
(Carry Out) pin is normally high, but 
switches low when the counter needs to 
output a Carry signal.

The Enable and Carry Out functions 
enable the i.c.s to be cascaded to count up 
to any required number.

SIMPLE COUNTER
The circuit diagram in Fig.5.8 shows the 

simplest way in which the 4029 counter can 
be used. Fig.5.9. A type 4029 counter controlling two 4052 multiplexers.

Fig.5.8. Simple counting circuit using the 4029 counter.

Inputs must always be connected to a 
definite logic level, otherwise static elec
tricity may cause instability, or could even 
damage the i.c., as discussed in Part 4. The 
EN pin is connected to 0V to allow the 
device to count..

Inputs P0 to P3 are also tied to 0V since 
the counter only needs to be reset to zero.

The BIN/DEC pin has been connected to 
0V, making the i.c. reset after a count of 9.

The UP/DN pin has been connected to 
positive, making the i.c. count up.

The two input connections required are 
Clock and Reset (PL). They have been 
biased to 0V via 100kQ resistors, R1 and 
R2. This allows either input to be made 
positive simply by means of a push-to
make switch connected between the appro
priate input and the positive line.

TEST CIRCUIT
Since our intention is to connect the counter 

to the 4052 4-way multiplexer discussed earli
er, we need to automatically reset the counter 

at the count of 4, i.e. 0, 
1, 2, 3, reset back to 0, 
1, 2, etc. This is 
achieved simply by 
connecting output Q2 
to the Reset input as 
shown at the left in 
Fig.5.9. Consequently, 
bias resistor R2 in 
Fig.5.8 is not needed 
in Fig.5.9 since the 
Reset pin is now con
nected to a definite 
logic level, namely 
output Q2.

The circuit in
Fig.5.9 is not intend

ed to be a finished project, but illustrates 
how the counter and two 4-channel multi
plexers can be connected together. The 
breadboard test assembly is shown in Photo 
5.1. The l.e.d.s on IC3 channel Y illustrate 

Photo 5.1. Breadboard test assembly for the circuit in Fig.5.9.

how the multiplexer is cycled through its 
16-way count as the counter is incremented 
by switch S1.

You could also connect l.e.d.s. and a 
680Q resistor to IC2 in the same way to 
prove that it responds in synchronisation 
with IC3. You can similarly check the oper
ation of the X channels of both multiplexers.

It is worth noting that as channel X 
copies exactly the action of channel Y, the 
multiplexers can be used for stereo sound 
control as shown later.

SWITCH BOUNCE
When pressing switch S1, you may 

notice that the behaviour of the circuit 
sometimes seems a bit random, jumping 
erratically between count values, rather 
than in strict numerical order.

This is due to a characteristic known as 
switch-bounce. When you press any switch, 
the contacts vibrate for a moment, opening
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Fig.5.10. Monostable circuit suitable for switch debouncing.

and closing rapidly. Each vibration sends a 
signal to the clock input of the i.c., so mak
ing it count in an apparently random way.

A simple if crude way of reducing the 
effect of switch bounce is to add capacitor 
C2, shown dotted in Fig.5.9. This will 
enable you to check that the circuit is work
ing, by allowing a progressive count 
instead of a rather random result. The value 
of the capacitor is not critical, and suggest
ed values are between 100nF and 1.wE

The monostable we discussed in Part 4, 
Fig.4.24, is better for removing switch
bounce, and the circuit is reproduced with 
slight modifications in Fig.5.10. Note that 
the timing period is quite short (about 7ms 
with the components shown).

When switch S1 is pressed, the output at 
pin 4 changes cleanly to logic 1, then stays 
at logic 1 for a period longer than the like
ly bounce period of the switch. There is a 
slight risk that the system will be triggered 
again when the switch is released, and if 
necessary, the period can be lengthened by 
increasing the values of resistor R1 or 
capacitor C1, or both. If the period is too 
great, though, it will not be possible to 
increment the multiplexer switch at any
thing beyond a snail’s pace. If in doubt, 
experiment.

When connecting the monostable to the 
counter in Fig.5.9, resistor R1 and switch 
S1 in that circuit should be removed.

Alternatively, instead of using a switch 
to trigger the system, you could use an 
astable (oscillator) circuit to automatically 
control the counter. We looked at astables 
in Part 4, and a suitable circuit was shown 
in Fig.4.26.

A)
COMMON CATHODE 

7-SEGMENT L.E.D. DISPLAY

CATHODE

COMMON 
CATHODE

e

Fig.5.11. How a 7-segment l.e.d. dis
play is formed.

NUMERIC DISPLAYS
Since the purpose of our system is to 

eventually provide audio switching, it will 
be useful to know which audio source is 
selected at any one time. If we add a set of 
individual buttons to select the sources, we 
can make the latching circuits provide the 
indication, as shown later, but in this sec
tion we will explore other ways of provid
ing displays.

We have shown that a set of individual 
l.e.d.s can be used to show which source is 
selected. This, though, is not the clearest 
way of showing such information.

Instead, the counter’s four binary outputs 
can be decoded to show numeric values on 
a 7-segment l.e.d. display if preferred. 
These displays are arranged as shown in 
Fig.5.11a, where each segment’s l.e.d. is 
labelled a, b, c, etc.

There are two main types of 7-seg
ment display: common anode, and com
mon cathode. We will demonstrate the 
use of the latter, in which all the cath
odes (k) of the l.e.d.s are joined together 
at a single pin on the display unit, as in 
Fig.5.11b. This simplifies the connec
tions needed.

When buying a display, check that the 
catalogue supplies the data necessary to 
show which pin is connected to which seg
ment. All 7-segment displays conform to 
the segment order shown in Fig.5.11a, but 
pin layouts vary.

A display of “1” is shown when seg
ments b and c light up; a “2” is made by 
lighting up segments a, b, g, e, d. Making 
the appropriate combinations light up cor
rectly is quite a complex task, but of 
course, a specialised i.c., such as CMOS 
4511, can do the whole job of converting 
a binary input to a correctly organised 7- 
segment output. The outline of the 4511 
is shown in Fig.5.12. The pins are as 
follows:

Fig.5.12. Pinouts for the 4511 7-seg
ment l.e.d. driver.

Fig.5.13. Using a 4511 to drive a 7-segment l.e.d. display.

Pins A, B, C, D: Binary code inputs
Pins a, b, c, d, e, f, g: Segment control 

pins
Pin LT, Lamp Test: normally connected 

to positive; when connected to 0V, all l.e.d. 
segments light up - mainly used for testing

Pin BT, Blanking: normally connected to 
positive; when connected to 0V, all l.e.d. 
segments are switched off - useful for 
blanking out unwanted leading zeros

Pin LE, Latch Enable: normally connect
ed to 0V. When made positive, the display 
latches, i.e. remains fixed on the number 
being displayed.

An example of connecting the 4511 to 
the 7-segment display is shown in Fig.5.13. 
All the unused functions have been dis
abled by connecting their respective pins to 
positive or 0V as required.

To use the 4511 decoder with the 4029 
counter in Fig.5.8, connect output Q0 to 
input A, and output Q1 to input B. Inputs C 
and D of the 4511 should be connected to 
0V to prevent static electricity causing ran
dom effects.

The 7-segment display anodes are con
nected via current limiting resistors, and 
the value of 680Q assumes a 9V or 12V 
supply. If the circuit is operated on 5V the 
display may appear a little dim, and so the 
resistors could be reduced to, say, 330Q.

LATCHES
A convenient way of selecting the 

required audio source is by means of a row 
of pushbutton switches. In fact, amplifiers 
sometimes used to employ mechanically- 
latching switches to select sources, and very 
old TVs used a similar system - in the days 
when there were only four TV stations!

Electronic latches are simpler to build, 
and we showed some basic latching circuits 
in Part 4. The bistable circuit shown last 
month in Fig.4.22 is probably the most use
ful, since it is designed to be easily 
unlatched (reset) and provides a very clean 
output, free of spikes and glitches.

We could build a latching system based 
around NOR gates, but money and time 
will be saved if we use a ready-made sys
tem based on a type 4043 quad NOR R/S 
latch. This has four reset/set latches in one 
i.c. - just what we need!

The pinouts and equivalent functions of 
the 4043 are shown in Fig.5.14. If Set input 
S0 is taken high, output Q0 will go high, 
and will latch into this state. If Reset input 
R0 is taken high, output Q0 will go low, i.e. 
it is reset.

When the Enable pin is high, the i.c. 
behaves normally, but when taken low, 
all the outputs become open-circuit, i.e. 
disconnected.
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Fig.5.14. Pinouts and functions for the type 4043 quad NOR 
R/S latch.

Note the NC label at pin 13 - this means 
No Connection (internally the pin is not 
connected to anything).

AUTOMATIC UNLATCHING
When a pushbutton switch is pressed 

on a mechanical system, the previously 
set button is automatically pushed out. 
We need our electronic system to copy 
this. There are several methods, and the 
system shown in Fig.5.15 is one of sever
al ways of achieving the same result. 
Photo 5.2 shows the prototype bread
board assembly.

Resistors R1 to R8 hold the eight inputs 
of latch IC1 at 0V. If switch S1 is pressed, 
then Set input S3 goes high, and so output 
Q3 latches high. At the same time diodes 
D1, D2 and D3 force the Reset inputs R0, 
R1 and R2 high, so unlatching any previ
ously latched outputs. The other switches 
work in the same way.

The problem is that the 4052 i.c. is 
expecting an input coded in binary, and so 
our latching circuit must also provide a 
binary output. In fact, converting to binary 
in this instance is quite straightforward, 
requiring that outputs Q1 and Q2 are each 
connected to a resistor/diode pair, R9/D13 
and R10/D14.

When output Q0 
goes high, we want 
multiplexer IC2 to be 
at position (way) 0. So 
both binary inputs to 
IC2 must be low. This 
is achieved by leaving 
Q0 unconnected, so all 
that happens is that the 
other outputs, Q1, Q2, 
Q3, are simply reset 
low. Since output Q0 
is actually redundant 
to the control of multi
plexer IC2, you could 
in fact omit the diodes 
which are connected to 
Reset input R0 (i.e. 
D3, D6, D9). They 
must be included, 

though, if you want the four outputs of IC1 
to each drive an l.e.d., as discussed shortly.

When output Q1 goes high, we need 
binary line A of the 4052 to copy it. When 
Q2 goes high, we need binary line B to 
copy it. But when Q3 goes high we need 
both binary lines A and B to go high (dec
imal 3 = binary 11). This is achieved by 
means of diodes D13 and D14.

Resistors R9 and R10 are necessary to 
prevent the current from Q3 shorting back 
into Q1 and Q2 when they are low.

Photo 5.2. Breadboard test assembly for the circuit in Fig.5.15.

Fig.5.16. Interface to drive an l.e.d. 
from a CMOS 4000 series output.

LED. INTERFACE
As discussed in Part 4, the CMOS 4000 

series cannot provide enough current to 
adequately light a normal l.e.d. (although 
low-current, high-brightness l.e.d.s. are 
available). Consequently, if you want to 
drive an l.e.d. from each of the four outputs 
of IC1, a simple interface circuit is needed 
for each. A suitable circuit is shown in
Fig.5.16.

Resistor R1 limits the current flowing 
from the selected output into the base (b) 
of npn transistor TR1. As described in Part 
2, when current flows into the base of an 

Fig.5.15. A circuit which mimics mechanical change-over switches.

Everyday Practical Electronics, March 2004 213



npn transistor, current then flows from the 
positive power line, through the transistor’s 
collector (c) and emitter (e) path, and to the 
0V line. The transistor is then said to be 
“turned on”.

As shown in Fig.5.16, resistor R2 and 
l.e.d. D1 are in series between the positive 
power line and the collector. Consequently, 
when the transistor is turned on, the l.e.d. 
will light.

MICROCONTROLLED 
ALTERNATIVE

In the first paragraph of this part, we said 
that we would show you how to route an 
audio signal so that several sources can be 
connected to a single amplifier.

In essence, the circuit in Fig.5.15 is 
well suited to having four stereo audio 
signals fed into the two sections of the 
4052 multiplexer, with the outputs feed
ing into a stereo amplifier system. This 
would require, though, that signals were 
buffered by capacitors in the manner 
described in Part 3, when op.amp circuits 
were discussed.

So at this point we must stand back and 
decide whether the circuit in Fig.5.15 rep
resents the best solution. If it provides 
everything required then its low cost and 
good functionality make it an attractive 
option.

But, for example, you might like the 
option of auto-sound sensing, where an 
active sound source automatically switches 
the selector, then although this is possible, 
the whole circuit will begin to be even more 
complicated!

There is, however, another technique that 
could be employed - namely using a micro
controller, suitably programmed to provide 
the control of the 4052, to light l.e.d.s with
out the need for a transistor interface, and 
respond easily to the output of an auto
sensing circuit. Moreover, you could place 
a “time-catch” in the control program, so 
that a source has to be active for, say, 
200ms or so, before the system switches 

over. This would avoid problems caused by 
stray “glitches” in the circuit.

The microcontroller would also allow us 
to add a single switch which steps through 
the sources, without the addition of any 
elaborate electronics, making remote con
trol a simple option.

Such a microcontroller is familiar to 
many EPE readers, that known generally as 
a PIC microcontroller.

If you require such flexibility as just 
described, then a PIC offers a better solu
tion, though the price is a little higher, and 
you have to program the i.c. via a PC-com
patible computer in conjunction with a ded
icated hardware system. With EPE’s 
published PIC designs you can also buy 
one ready programmed.

We have based the microcontroller option 
on the PIC16F627. Its program has been 
developed in BASIC, using a system known 
as PICAXE, although a hex file (the data 
codes required by the PIC) suitable for those 
readers with PIC programmers can be down
loaded from the EPE website. The source 
code has explanatory comments within it.

PICAXE is a system developed by 
Revolution Education, who supply 
PIC16F627 devices configured (i.e. part
programmed) as what they call PICAXE- 
18 devices. This means that a program 
written in a form of BASIC can be direct
ly downloaded to the device via the serial 
output of a PC. This is carried out after 
building the circuit. A 3-pin connector is 
used so that programming is performed 
in-circuit.

You can modify your program and 
download it as many times as you like. 
With the PICAXE system, you do not need 
special programming hardware, and if you 
already own a PC, then the cost of the 
required serial lead and connector is little 
more than the cost of the chip.

The PICAXE-18 devices, connector and 
serial lead are all available from Revolution 
Education. The controlling software and 
documentation required is available free of 

charge over the net (www.picaxe.co.uk), or 
can be supplied by Revolution Electronics 
on disk, see later.

PIC CONTROL CIRCUIT
The basic circuit diagram for the PIC

based controller is shown in Fig.5.17, the 
prototype test assembly is shown in Photo 
5.3. At the heart of the circuit is the PIC 
microcontroller, IC1, which can either be 
the PICAXE-18, or a PIC16F627. If the lat
ter is employed, connector TB1 can be 
omitted. If the PICAXE-18 is used, TB1 
allows the circuit to be linked to a comput
er via a serial lead, allowing programming 
directly from BASIC.

There are five push-button switches, S1 
to S5, and these set their respective PIC 
inputs high when they are pressed. When 
any switch is not pressed, resistors R4 and 
R10 to R13 pull the respective inputs to 0V 
Switches S2 to S5 are used to select the 
sound source, and S1 is used to turn on the 
auto-sensing circuit(s) described later, via 
the output labelled Inhibit (IC1 pin RB7).

Pins RB0 and RB1 are set as outputs and 
control the audio signal path multiplexer. 
Pins RB2 to RB6 are used to drive a set of 
l.e.d.s which indicate which audio source 
has been selected. They are buffered by 
resistors R5 to R9. PIC outputs can typical
ly supply about 25mA, and so can easily 
drive an l.e.d.

The circuit can be powered at about 4-5V 
to 6V The latter value must not be exceed
ed. Capacitor C1 provides decoupling for 
the circuit.

AUDIO CONTROL
The audio inputs and outputs at the mul

tiplexer, IC2, are shown in Fig.5.18. It is 
assumed that the audio signals will be taken 
from the RCA (phono) sockets of the signal 
source. The outputs from the multiplexer 
are intended for feeding to the inputs of a 
power amplifier. Ensure that all the signal 
grounds are connected to the 0V rail in the 
circuit.

Fig.5.17. PIC-based circuit for controlling the multiplex circuit in Fig.5.18.
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Fig. 5.18. Audio signal multiplexing circuit which can be 
controlled by the circuit in Fig.5.17.

MULTIPLEXER VEE PIN
In the foregoing multiplexer circuits, the 

pin marked Vee has been connected to 0V. 
This pin determines whether or not the 
multiplexer can accept audio signals that 
swing below 0V (i.e. go negative). In the 
previous circuits none of the signals being 
switched went below 0V.

If negative signals are to be fed through 
the multiplexer, pin Vee should be con
nected to a negative supply, at least as great 
as the signal. Since the audio signals swing 
above and below 0V, the Vee pin should be 
connected to a negative voltage source, of 
at least -5V.

One way of providing the negative volt
age is to use a second 6V battery, connect
ed to form a dual-rail power supply, as 
discussed in Part 3.

Alternatively, a negative supply can be 
generated by a circuit powered from the 
same battery as the rest of the circuit. An 
ICL7660 voltage converter chip can be 
used for this, as shown in the circuit of 
Fig.5.19.

The positive supply at pin 8 is inverted 
and available at pin 5 as a negative supply 

equal in magnitude to 
the positive supply.

Of course, only a 
limited current is 
available from the 
negative output, but it 
is more than sufficient 
for the purpose in the 
circuit of Fig.5.18.. 
Both capacitors C1 
and C2 in Fig.5.19 are 
electrolytic, and care 
must be taken to con
nect them the correct 
way round - noting 
especially that C2 
“looks wrong” in the 
schematic diagram - 
but remember that pin 
5 is more negative 
than 0V

AUTO
SENSING

Assuming that 
only one sound source is playing at any 
one time, it is possible to make the circuit 
automatically select the “live” source. 
There are a number of approaches, but the 
suggested one is shown in Fig.5.20.

The auto-sensing circuit first needs to 
extract a very small part of the incoming 
signal, from one channel of one source.

Fig.5.20. A circuit which detects an “active” signal source.

Fig.5.19. A circuit for generating a neg
ative voltage from a positive power 
supply.

Transistor TR1 amplifies this signal, 
passes it through capacitor C2 , it is then 
rectified by diodes D1 and D2, to charge 
capacitor C3 (see Part 1).

If sufficient audio signal is detected C3 
will charge to a point where transistor TR2 is 
turned on. The voltage at the collector of 
TR2 will then switch from positive to 0V 
Transistor TR3 inverts this signal, switching 
from low to high whenever a sound signal is 
received.

The collector of TR3 (labelled Output) 
should be connected to any of the chosen 
inputs i.e. pins 15, 16, 17 or 18 of the PIC, 
in place of the switches S2 to S5. 
Resistors R10 to R13 may be omitted 

Photo 5.3. Breadboard test assembly for the circuit in Fig.5.17.

Everyday Practical Electronics, March 2004 215



(although it does not matter if they are 
not). One sensor is needed for each 
source.

It is only necessary to add the auto-sens
ing circuit to the output of the left channel 
of any source, since it is unlikely that the 
right-hand channel will contain a sound 
signal without the left. Since the auto-sens
ing circuit is a separate module, it can be 
added to as many or as few inputs as 
required.

The auto-sensing circuit(s) should be 
powered from the same supply as the rest 
of the system (i.e. 4-5V to 6V).

There may be circumstances in which the 
auto-sensing circuits need to be switched 
off. Hence an Inhibit function has been 
included on the control circuit (Fig. 5.17). 
This is connected to each of the auto-sens
ing circuits, at the point labelled Inhibit 
(IC1 pin RB7). When Inhibit is low, the 
auto-sensing circuits are unable to function.

FINAL TESTING
A double beam oscilloscope is ideal for 

testing this type of circuit since you can 
compare the input signal with the output 
to ensure the circuit is working perfectly. 
A sine wave should be reproduced without 
any distortion, as should a square wave - a 
much more difficult waveform for an 
audio system to reproduce accurately. If 
an oscilloscope is not available, some crit
ical listening tests will suffice!

RESOURCES
Preprogrammed PIC microcontrollers 

for the circuit in Fig.5.17 can be obtained 
from: M. P. Horsey, Electronics Dept., 
Radley College, Abingdon, Oxon OX14 
2HR. The price is £5 per PIC, including 
postage. Specify that the PIC is for Teach
In 2004 Part 5. Enclose a cheque payable to 
Radley College.

The software for the PIC program (except 
for the PICAXE programming software) is 
available on 34in disk (EPE Disk 7), for 
which a nominal handling charge applies, 
from the Editorial Office, see the EpE PCB 
Service page. It is also available for free 
download via the click-link on the 
EPE home page at www.epemag. 
wimborne.co.uk.

PICAXE programming software can be 
obtained from: Tech-Supplies, Dept. EPE, 
4 Old Dairy Business Centre, Melcombe 
Road, Bath BA2 3LR.

The telephone number of Revolution 
Education is: 01225 340563, and their web
site is at www.rev-ed.co.uk.

NEXT MONTH
In Part Six next month we examine 

sound level measurement, with example 
detection and display circuits using 
op.amps, l.e.d.s and bargraphs.

READOUT
Email: john.becker@wimborne.co.uk

John Becker addresses some 
of the general points readers 

have raised. Have you anything 
interesting to say?

Drop us a line!
All letters quoted here have previously been replied to directly.

WIN AN ATLAS LCR ANALYSER
WORTH £79

An Atlas LCR Passive Component 
Analyser, kindly donated by Peak Electronic 

Design Ltd., will be awarded to the author 
of the Letter Of The Month each month.

The Atlas LCR automatically measures 
inductance from 1^H to 10H, capacitance 
from 1pF to 10,000^F and resistance from 

1Q to 2MQ with a basic accuracy of 1%.

★ LETTER OF THE MONTH ★
TEACHING OLD DOGS

Dear EPE,
Many years ago, I started building radios - I 

built my first in 1966 using transistors(!) - and 
bought Practical Wireless every month, and 
Practical Television and Practical Electronics 
less often. A changing life forced me to drop my 
activities in things electrical and electronic until 
a few years ago when a copy of EPE on a 
newsagent’s shelf caught my eye and re-kindled 
my interest. I now subscribe to EPE and have 
built several projects from the magazine.

I was very interested to read Raymond 
Haigh’s recent series on radios and congratulate 
you on presenting the articles. I will definitely 
build some of the projects in the near future, 
although the test gear required to align the final 
project is a bit off-putting. Please can we have 
more of the like in future issues? How about a 
series of articles on constructing test gear?

BIT TWIDDLERS’SITE
Reader Colin Barnard recently posted a 

message on our Chat Zone (access via 
www.epemag.wimborne.co.uk):

For the algorithm gurus and bit twiddlers a 
site: www.hackersdelight.org/index.htm .

This site is an adjunct to the book Hacker's 
Delight by Dr Henry Warren (Addison-Wesley, 
2003). The book has everything you need to 
know about obscure and not so obscure algo
rithms for bit and byte manipulation. A must 
have for the byte reorganisation fraternity.

Do not be put off by the book’s title, it refers 
to hackers as in playing with bytes.

Thanks Colin, the site looks interesting and 
I’m pleased to pass your discovery on to other 
readers.

However, I have always felt that using PICs 
was “cheating” and not real electronics. I have 
built the Brainibot Buggy (Feb ’03) and can 
see the advantages of using PICs as it would 
take a lot of discrete electronic components to 
produce the same behaviour. Until, that is, I 
saw the PIC LCF Meter in the Feb ’04 issue - 
you have finally convinced me that there is a 
place in the workshop for PICs and this is one 
project I simply must build! Maybe it is possi
ble to teach an old dog new tricks!

Martin Cox, Halifax, 
via email

Thanks for your comments Martin - whilst 
there's still much room for “conventional” 
electronics, PICs have really revolutionised 
things - and my own life. We’ll keep your sug
gestion in mind. Welcome back to the fold - we 
hope you stay “doggedly” interested!

ZAPPER BLUES
Dear EPE,
I have read Andy Flind’s PIC Virus Zapper 

Mkll (Dec ’03) and get the feeling that grasping 
two copper tubes in your hands has more effect 
than the pulsed electricals flying about. After all, 
thousands swear by copper rings and bracelets 
as instant cure-alls.

As to all the effects of the various forms of 
radiation flying about attacking our cells, it is 
common practice for radio amateurs to sit close 
to hundreds of watts of short wave energy that 
can cause an unconnected fluorescent lamp in 
the room to glow, yet suffer no ill effects. I have 
never seen any two-headed workers come out of 
the BBC transmitter sites.

The oddest thing of all is the astronauts that 
went to the moon and were supposed to have 
been dosed with high levels radiation from 

corona flares, and all seemed to have grown old 
the same way as the rest of us do. If all forms of 
radiation are so dangerous, how come the prac
tice of subjecting patients to powerful magnetic 
resonance scans have increased enormously 
with no apparent ill effects? I had such a scan 
and the only side-effect was a feeling of claus
trophobia lying inside the tiny tube inside the 
machine. If it had not been so noisy in there I 
would have dozed off.

With things medical, I am always amazed at 
the dark conspiracy theories that spring up. 
Anything unusual is met with a theory which 
takes on a life of its own as it gets passed 
around.

Most scare stories often have facts that seem 
to fit. A power linesman once told me that trees 
under the cables grow faster than the rest. Yes, 
they do but its because they are regularly cut 
back, and as the roots are not, the tops grow all 
the faster. Trees on the side of the routes do not 
grow inwards!

When you consider the fact that as a commu
nity we live inside a 50Hz grid of cables and sur
vive the massive line timebase radiation from 
TV sets, then according to the gloom and doom 
mobile phone complainers, we should all be sit
ting there glowing blue!

G.S. Chatley, 
via email

On your first comment GS, I’ve never heard 
proof of the effectiveness of copper in this con
text - only hearsay, so I can’t comment.

My mind remains open on the problems or 
otherwise regarding electric fields. I acknowl
edge, though, that as we all have electrons zip
ping around inside, the presence of other 
electrons around us is bound to cause some sort 
of interaction. As to how significant this may 
prove to be I wouldn’t like to speculate. But as 
I’ve said before, Society as we know it would 
cease to exist if we abandoned the use of electric 
current.

Regarding your BBC reference - so you’ve 
never seen Zaphod Beeblebrox then? (!)
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SPAM WASH
Dear EPE,
First thanks for a great mag. Regarding your 

Editorial, “Spam”, in the December ’03 issue - a 
very useful site for free download of a working 
version of an email spam wash facility is at 
www.mailwasher.net/. This is a fantastic pro
gram - it bounces the junk back to the origin and 
pretends you aren’t there.

It also (if you chose to activate it) incorporates 
the “SpamCop” list of blacklisted sources and 
marks the incoming emails automatically. You 
can also blacklist any others you don’t like and 
next time they appear, they will be so marked for 
automatic bounce.

Nick Bolton asks for a small donation for the 
full version - a worthy cause.

John (no surname offered), via email

Thanks John, I like that bounce idea! (But I 
suppose bouncing back just serves to clutter the 
web even more and slow down genuine traffic). 
It’s amazing what our own filter has done to 
reduce spam since it was installed.

Increasingly now though, junk is beginning to 
come through which is captioned with seemingly 
innocuous words which have nothing to do with 
the actual content, and which frequently have no 
grammatical meaning. I would have thought that 
such emails are self defeating - it is obvious to 
the human eye that they are junk, and so are 
dealt with accordingly (sound of chain being 
pulled!).

METERING-OUT PRAISE
Dear EPE,
First of all, belated thanks for the digital 

multimeter sent to me about three years ago as a 
prize for my Letter of the Month! It has come in 
very handy when building my second Damp-Stat 
Electronic Thermostat (Dec ’98).

Why two you may ask? The first Damp-Stat 
proved very successful indeed, so much so that 
when it came to selling our bungalow the Estate 
Agent could not believe how dry the shack was 
considering it was only single skinned.

The mistake I made was incorporating the 
Damp-Stat into the fabric of the shack and there
fore had to leave it behind when we moved last 
year. Now that I have a shack again, smaller than 
before, another Damp-Stat has been built.

I can now move the rest of my gear into a 
“dry” shack, thus freeing up a room so the 
“Boss” can turn it into a second bedroom.

Awaiting future issues of your magazine - I 
have found it addressing more of my interests 
than those of your “rivals”.

Nick Biggs, 
via email

Andy Flind, designer of the Damp-Stat will be 
delighted that you’re so pleased with it Nick, and 
so are we, of course!

I reckon you should resist Boss’s intentions 
though, you deserve a workshop indoors as well 
as out!

BOARD ON RADIO
Dear EPE,
I have a problem, in as much as I am not able, 

using Adobe Acrobat, to print p.c.b. track layouts 
from the EPE Online editions at the correct size. 
As a result of this, I’m not able to make my own 
boards. I suppose I could “transpose” them, by 
drawing them out in the correct scale, but I sus
pect that approach is similar to using a 6-inch 
howitzer to kill a mouse!

My preferred method is to take a copy of the 
trackside of the p.c.b., then I stick it to the cop
per side of the copper-clad board, and drill the 
holes where the components go. The template is 
then removed, and I then draw in the tracks with 
a suitable etch resist pen.

I know that your “ready made” p.c.b.s are 
available, but being of Scots/Yorkshire “breed
ing”, I try to keep my costs down. This is partic
ularly true of Raymond Haigh’s recent Practical 
Radio Circuits series, which has kept me 
enthralled this past six months.

I would be pleased if you would pass on my 
grateful thanks to Raymond, as his approach to 
radio designs in general, and the Practical Radio 
Circuits series in particular, has had me gather
ing up the components to start building one of 
his sets.

If I were to be asked to suggest a “follow on” 
article to compliment the apparently excellent 
double superhet design, it would be the provision 
of a digital frequency readout for this set.

I have been a subscriber to the On-line version 
of your magazine for a not inconsiderable time, 
and you are to be congratulated on producing a 
magazine which has kept me informed, educated 
and amused.

I have the ambition to make up some of the 
circuits described in the series even though I own 
a fair collection of radio receivers already. They 
range from a venerable Eddystone 840C through 
to a Realistic DX-390 from Tandy. Admittedly 
the Eddystone is a tad long in the tooth, but I 
intend changing its “diet” from “raw” a.c. to 
smoothed and stabilised d.c. and see what differ
ence that makes.

Harry Wellborne, via email

I regret, Harry, that it’s a problem for which I 
don’t know a definitive answer. I suspect, though, 
that if I had to solve the problem for myself, I 
would print out the tracks image to paper at what 
ever size Acrobat allows. Then take the image to 
a photocopying shop and get them to 
enlarge/reduce it to the actual size required, 
which is stated alongside the layout images on 
our pages.

You could also ask readers via our Chat Zone 
at www.epemag.wimborne.co.uk to see how 
anyone else has cracked it.

Thanks for your kind comments about 
Raymond and for the suggestion.

As you are interested in old radios, I wonder if 
you take our sister publication Radio Bygones ? 
It contains articles on radio restoration and 
repair, history, circuit techniques, personalities, 
reminiscences and just plain nostalgia. Adverts 
for it appear in our pages from time to time, and 
you can also find out more via www.radio
bygones.co.uk.

STABILISING TANKS
Dear EPE,
I am hoping that through your magazine 

someone may be able to come up with a simple 
solution to help someone who is electronically 
challenged!

A few others and I are trying to simulate the 
stabilisation system for elevation/depression as 
seen on British Army main battle tanks. The rea
son for this is to incorporate the system into our 
1/6 scale working models, as these are becoming 
more and more popular as a hobby. Our vehicles 
are totally scratch-built, while the remainder are 
kits from Russia.

The principle of the stabiliser in its simplest 
form can be seen when watching a tank move 
across country, the gun barrel appears to remain 
level. With our models being of a Chieftain, the 
long gun barrel is most apparent. The lack of the 
stabilising feature would greatly detract from the 
appearance of the model.

To date I have tried to use the following off- 
the-shelf systems: a heading-hold gyroscope 
as used in model helicopters, which seemed 
promising but was found it needs a very large 
force to make it react, whereas our tank is sim
ply moving over undulating ground; a model 
submarine depth-keeping device, which has 
possibilities but the levelling system employs 
a ball completing a circuit between two sen
sors as the sub dives, this gives an all or noth
ing effect, whereas a proportional effect is 
desired.

I favoured a simple pendulum device that 
would react to the movement of the vehicle and 
send a signal to the radio control servo to move 
the required amount. This we found in a servo 
tester, which basically is a potentiometer with its 
own power source that can be used to test a servo 
independently of the radio control system. It is a 

simple and possibly effective idea, but the prob
lems are that the potentiometer is not sensitive 
enough and the amount of movement is great. 
Also the pendulum weight and length was exces
sive due to the tightness of the potentiometer.

The system on the real vehicle works by a 
gyro under the gun sending signals to the eleva
tion electric motor, thus keeping the gun level.

What I am hoping is that one of your readers 
could come up with either a source for a better 
potentiometer, or a better idea that could easily 
be built. If anyone does have a solution they can 
write to me:

R. Griffin, 22 Bristol Road, 
Quedgeley, Gloucester GL2 4ND.

I hope that readers might be able to help you, 
let us know if they do. The only thought that 
comes to my mind is to wonder whether an iner
tia sensor such as the Analog Devices ADXL105, 
as used in the Pocket g-Meter of July '00, might 
be worth looking into.

If you have internet access, you could also try 
asking other readers via our Chat Zone at 
www.epemag.wimborne.co.uk.

RADIONICS
Dear EPE,
I wonder if your readers remember the 

Radionic Series of construction kits and think 
the idea was not exploited to the full? Buying 
blank component mounts it was easy to try out 
new circuits and modifications. It was also very 
easy to make voltage and current measurements 
etc. The Radionic idea was later taken up by 
Scientific Systems Ltd of Swindon for use by 
schools. Are they still in existence?

What I suggest is for someone to start a 
Radionics User Group to exploit the usefulness 
of the idea, working with the published circuits 
and bringing in new ones in a progressive man
ner. I wonder how many of your readers have 
customised their Radionic sets? For example, 
larger Perspex panels for more complex circuits, 
alternative methods of mounting components 
e.g. E-Z Hook’s (USA) spring-loaded compo
nent and wire grippers on screw mounts, p.c.b. 
modules with 6BA screw mounting connectors 
to miniaturise commonly used sections, etc.

James Garvin, 
Ballymena, N. Ireland

Doing a quick Google of the Web doesn’t 
reveal anything relevant to this, James - I won
der if readers have any info?

SUNDIALS
Dear EPE,
Following on from “Wanted” and 

“Eddyfying” in Readout Dec ’03 and Jan ’04 - it 
reminds me of the various puns that we devel
oped during my student days pretty much along 
the same lines and very funny indeed.

Continuing in the same light-hearted lines 
may I draw the attention of your readers to a very 
useful sundial - for use at night! Yes, it is quite 
true, such a “sundial” was suggested by a Mr F. 
O’Brian and, so the story goes, mass production 
was started in Hong Kong. This must be a fact 
because I read about it in a book published by 
Readers Digest entitled Extraordinary 
Inventions and printed in 1983.

Do you think one could be developed for PIC 
use?!

Peter Mitchell, 
via email

Ah, Peter, the amusement of bad puns (and the 
best puns are always described as “bad” . . . ). 
I’ve loved them since childhood (which some 
might say I’m still in - well second one anyway!)

Night-time sundials? What a splendid idea! It 
must have been in their April issue though! But, 
I wonder . . . where’s my thinking cap?

And out of curiosity I asked Google for info on 
such contraptions. One link implied they had 
some “backlit for convenient night-time use”. 
(But the site timed-out on me when trying to 
access it, so I don’t know any more!)
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DIRECT BOOK SERVICE
NOTE: ALL PRICES INCLUDE UK POSTAGE

FREE Electronics Hobbyist Compendium 
book with Teach-In 2000 CD-ROM

EPE TEACH-IN

Circuits and Design

2000 CD-ROM
The whole of the 12-part Teach-In 2000 series by John 
Becker (published in EPE Nov ’99 to Oct 2000) is now 
available on CD-ROM. Plus the Teach-In 2000 interactive 
software (Win 95, 98, ME and above) covering all aspects 
of the series and Alan Winstanley’s Basic Soldering Guide 
(including illustrations and Desoldering).

Teach-In 2000 covers all the basic principles of elec
tronics from Ohm’s Law to Displays, including Op.Amps, 
Logic Gates etc. Each part has its own section on the inter
active software where you can also change component 
values in the various on-screen demonstration circuits.

DISCOVERING ELECTRONIC CLOCKS
W. D. Phillips
This is a whole book about designing and making elec
tronic clocks.You start by connecting HIGH and LOW logic 
signals to logic gates.You find out about and then build and 
test bistables, crystal-controlled astables, counters, 
decoders and displays. All of these subsystems are 
carefully explained, with practical work supported 
by easy to follow prototype board layouts.

Full constructional details, including circuit diagrams and 
a printed circuit board pattern, are given for a digital 
electronic clock. The circuit for the First Clock is modified 
and developed to produce additional designs which include 
a Big Digit Clock, Binary Clock, Linear Clock, Andrew’s 
Clock (with a semi-analogue display), and a Circles Clock. 
All of these designs are unusual and distinctive.

This is an ideal resource for project work in GCSE 
Design and Technology: Electronics Product, and for 
project work in AS-Level and A-Level Electronics and 
Technology.

The designs include all elements, including sensors, 
detectors, alarms, controls, lights, video and door entry 
systems. Chapters cover installation, testing, maintenance 
and upgrading.
192 pages Order code NE25 £20.99

MICROCONTROLLER COOKBOOK
Mike James
The practical solutions to real problems shown in this cook
book provide the basis to make PIC and 8051 devices real
ly work. Capabilities of the variants are examined, and ways 
to enhance these are shown. A survey of common interface 
devices, and a description of programming models, lead on 
to a section on development techniques. The cookbook 
offers an introduction that will allow any user, novice or expe
rienced, to make the most of microcontrollers.
240 pages Order code NE26 £21.99

194 pages, A4 spiral bound Order code DEP1I £17.50

DOMESTIC SECURITY SYSTEMS
A. L. Brown
This book shows you how, with common sense and 
basic do-it-yourself skills, you can protect your home. It 
also gives tips and ideas which will help you to maintain

A BEGINNER’S GUIDE TO TTL DIGITAL ICs
R.A. Penfold
This book first covers the basics of simple logic circuits in 
general, and then progresses to specific TTL logic inte
grated circuits.The devices covered include gates, oscilla
tors, timers, flip/flops, dividers, and decoder circuits. Some 
practical circuits are used to illustrate the use of TTL 
devices in the “real world’’.

The series gives a hands-on approach to electronics 
with numerous breadboard circuits to try out, plus a sim
ple computer interface (Win 95, 98, ME only) which 
allows a PC to be used as a basic oscilloscope.

ONLY £12.45 including VAT and p&p
Order code Teach-In CD-ROM

and improve your home security, even if you already 
have an alarm. Every circuit in this book is clearly 
described and illustrated, and contains components that 
are easy to source. Advice and guidance are based on 
the real experience of the author who is an alarm 
installer, and the designs themselves have been rigor
ously put to use on some of the most crime-ridden 
streets in the world.

142 pages Order code BP332 £5.45

Computing & Robotics

PRACTICAL ELECTRONICS CALCULATIONS AND 
FORMULAE
F. A. Wilson, C.G.I.A., C.Eng., F.I.E.E., F.I.E.R.E., F.B.I.M.
Bridges the gap between complicated technical theory, 
and “cut-and-tried” methods which may bring success in 
design but leave the experimenter unfulfilled. A strong 
practical bias - tedious and higher mathematics have been 
avoided where possible and many tables have been 
included.

The book is divided into six basic sections: Units and 
Constants, Direct-Current Circuits, Passive Components, 
Alternating-Current Circuits, Networks and Theorems,

WINDOWS XP EXPLAINED
N. Kantaris and P. R. M. Oliver
If you want to know what to do next when confronted with 
Microsoft’s Windows XP screen, then this book is for you. It 
applies to both the Professional and Home editions.
The book was written with the non-expert, busy person in 
mind. It explains what hardware requirements you need in 
order to run Windows XP successfully, and gives an 
overview of the Windows XP environment.
The book explains: How to manipulate Windows, and how to 
use the Control Panel to add or change your printer, and con
trol your display; How to control information using WordPad, 
Notepad and Paint, and how to use the Clipboard facility to 
transfer information between Windows applications; How to 
be in control of your filing system using Windows Explorer 
and My Computer; How to control printers, fonts, characters, 
multimedia and images, and how to add hardware and soft
ware to your system; How to configure your system to com
municate with the outside world, and use Outlook Express 
for all your email requirements; How to use the Windows 
Media Player 8 to play your CDs, burn CDs with your 
favourite tracks, use the Radio Tuner, transfer your videos to 
your PC, and how to use the Sound Recorder and Movie 
Maker; How to use the System Tools to restore your system 
to a previously working state, using Microsoft’s Website to 
update your Windows set-up, how to clean up, defragment 
and scan your hard disk, and how to backup and restore your 
data; How to successfully transfer text from those old but 
cherished MS-DOS programs.

the floor. Learn to use additional types of sensors includ
ing rotation, light, temperature, sound and ultrasonic and 
also explore the possibilities provided by using an addi
tional (third) motor. For the less experienced, RCX code 
programs accompany most of the featured robots. 
However, the more adventurous reader is also shown 
how to write programs using Microsoft’s VisualBASIC 
running with the ActiveX control (Spirit.OCX) that is pro
vided with the RIS kit.

Detailed building instructions are provided for the fea
tured robots, including numerous step-by-step pho
tographs. The designs include rover vehicles, a virtual 
pet, a robot arm, an ‘intelligent’ sweet dispenser and a 
colour conscious robot that will try to grab objects of a 
specific colour.

Measurements.

256 pages Order code BP53 £5.49

268 pages Order code BP514 £7.99

INTRODUCING ROBOTICS WITH LEGO MINDSTORMS 
Robert Penfold
Shows the reader how to build a variety of increasingly 
sophisticated computer controlled robots using the bril
liant Lego Mindstorms Robotic Invention System (RIS). 
Initially covers fundamental building techniques and 
mechanics needed to construct strong and efficient 
robots using the various “click-together’’ components 
supplied in the basic RIS kit. Explains in simple terms 
how the “brain’’ of the robot may be programmed on 
screen using a PC and “zapped’’ to the robot over an 
infra-red link. Also, shows how a more sophisticated 
Windows programming language such as Visual BASIC 
may be used to control the robots.

Detailed building and programming instructions pro
vided, including numerous step-by-step photographs.

288 pages - large format Order code BP901I £14.99

MORE ADVANCED ROBOTICS WITH LEGO 
MINDSTORMS - Robert Penfold

Covers the Vision Command System
Shows the reader how to extend the capabilities of the 
brilliant Lego Mindstorms Robotic Invention System 
(RIS) by using Lego’s own accessories and some simple 
home constructed units. You will be able to build robots 
that can provide you with ‘waiter service’ when you clap 
your hands, perform tricks, ‘see’ and avoid objects by 
using ‘bats radar’, or accurately follow a line marked on

298 pages Order code BP902 £14.99

PIC YOUR PERSONAL INTRODUCTORY COURSE 
SECOND EDITION John Morton
Discover the potential of the PIC micro
controller through graded projects - this book could 
revolutionise your electronics construction work!

A uniquely concise and practical guide to getting up 
and running with the PIC Microcontroller. The PIC is 
one of the most popular of the microcontrollers that are 
transforming electronic project work and product 
design.

Assuming no prior knowledge of microcontrollers and 
introducing the PICs capabilities through simple projects, 
this book is ideal for use in schools and colleges. It is the 
ideal introduction for students, teachers, technicians and 
electronics enthusiasts. The step-by-step explanations 
make it ideal for self-study too: this is not a reference book 
- you start work with the PIC straight away.

The revised second edition covers the popular repro
grammable EEPROM PICs: P16C84/16F84 as well as 
the P54 and P71 families.

The books listed have 
been selected by Everyday 
Practical Electronics edi
torial staff as being of 
special interest to every
one involved in electronics 
and computing. They are 
supplied by mail order 
direct to your door. Full 
ordering details are given 
on the last book page.

FOR A FURTHER 
SELECTION OF BOOKS 

SEE THE NEXT TWO 
ISSUES OF EPE

270 pages Order code NE36 £13.99

All prices include UK 
postage

INTRODUCTION TO MICROPROCESSORS
John Crisp
If you are, or soon will be, involved in the use of 
microprocessors, this practical introduction is essential 
reading. This book provides a thoroughly readable intro
duction to microprocessors. assuming no previous 
knowledge of the subject, nor a technical or mathemat
ical background. It is suitable for students, technicians, 
engineers and hobbyists, and covers the full range of 
modern microprocessors.

After a thorough introduction to the subject, ideas are 
developed progressively in a well-structured format. All 
technical terms are carefully introduced and subjects 
which have proved difficult, for example 2’s comple
ment, are clearly explained. John Crisp covers the com
plete range of microprocessors from the popular 4-bit 
and 8-bit designs to today’s super-fast 32-bit and 64-bit 
versions that power PCs and engine management 
systems etc.

NEWNES INTERFACING COMPANION ^¡¡¡¡¡^ 
Tony Fischer-Cripps

A uniquely concise and practical guide to the hardware, 
applications and design issues involved in computer inter
facing and the use of transducers and instrumentation.

Newnes Interfacing Companion presents the essential 
information needed to design a PC-based interfacing sys
tem from the selection of suitable transducers, to collection
of data, and the appropriate signal processing and 
conditioning.

Contents: Part 1 - Transducers; Measurement systems; 
Temperature; Light; Position and motion; Force, pressure 
and flow. Part 2 - Interfacing; Number systems; Computer 
architecture; Assembly language; Interfacing; Ato D and D 
to A conversions; Data communications; Programmable 
logic controllers; Data acquisition project. Part 3 - Signal 
processing;Transfer function; Active filters; Instrumentation 
amplifier; Noise; Digital signal processing.

222 pages Order code NE31 £18.99 320 pages Order code NE38 £26.99
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THE AMATEUR SCIENTIST 
CD-ROM
The complete collection of The Amateur 
Scientist articles from Scientific America 
magazine. Over 1,000 classic science pro- y“ 
jects from a renowned source of winning 
projects. All projects are rated for cost, dif- fl 
ficulty and possible hazards. .
Plus over 1,000 pages of helpful science 
techniques that never appeared in 
Scientific American. '
Exciting science projects in: Astronomy X 
Earth Science; Biology; Physics; Chemistry; 
Weather ... and much more! The most complete

SQEMTIFC 
AMERICAN

resource ever assembled for hobbyists, and profes
sionals looking for novel solutions to research problems.
Includes extensive Science Software Library with even more science 
tools.
Suitable for Mac, Windows, Linux or UNIX. 32MB RAM minimum,

PRACTICAL ELECTRONIC FAULT FINDING AND TROUBLESHOOTING 
Robin Pain
To be a real fault finder, you must be able to get a feel for what is going on in 
the circuit you are examining. In this book Robin Pain explains the basic tech
niques needed to be a fault finder.

Simple circuit examples are used to illustrate principles and concepts fun
damental to the process of fault finding. This is not a book of theory, it is a 
book of practical tips, hints and rules of thumb, all of which will equip the read
er to tackle any job.You may be an engineer or technician in search of infor
mation and guidance, a college student, a hobbyist building a project from a 
magazine, or simply a keen self-taught amateur who is interested in electron
ic fault finding but finds books on the subject too mathematical or specialised.

The fundamental principles of analogue and digital fault finding are 
described (although, of course, there is no such thing as a “digital fault” - all 
faults are by nature analogue). This book is written entirely for a fault finder 
using only the basic fault-finding equipment: a digital multimeter and an oscil- 
loscope.The treatment is non-mathematical (apart from Ohm’s law) and all 
jargon is strictly avoided.

Netscape 4.0 or higher or Internet Explorer 4.0 or higher.
Over 1,000 projects Order code AS1 CD-ROM £19.95

274 pages Order code NE22 £25.99

BEBOP BYTES BACK (and the Beboputer Computer 
Simulator) CD-ROM
Clive (Max) Maxfield and Alvin Brown
This follow-on to Bebop to the Boolean Boogie 
multimedia extravaganza of information about how 
computers work. It picks up where “Bebop I’’ left 
off, guiding you through the fascinating world of ^^9 
computer design . . . and you’ll have a few 
chuckles, if not belly laughs, along the way. In 
addition to over 200 megabytes of mega-cool 
multimedia, the CD-ROM contains a virtual 
microcomputer, simulating the motherboard BuB 
and standard computer peripherals in an Btq 
extremely realistic manner. In addition to a y- 
wealth of technical information, myriad nuggets of " SV 
trivia, and hundreds of carefully drawn illustrations, ’

ELECTRONIC TEST EQUIPMENT HANDBOOK
Steve Money
In most applications of electronics, test instruments are essential for checking 
the performance of a system or for diagnosing faults in operation, and so it is 
important for engineers, technicians, students and hobbyists to understand 
how the basic test instruments work and how they can be used.

The principles of operation of the various types of test instrument are 
explained in simple terms with a minimum of mathematical analysis.The book 
covers analogue and digital meters, bridges, oscilloscopes, signal generators, 
counters, timers and frequency measurement. The practical uses of these
instruments are also examined. 
206 pages Order code PC109 £9.95

the CD-ROM contains a set of lab experiments for the
virtual microcomputer that let you recreate the experiences of early comput
er pioneers. If you’re the slightest bit interested in the inner workings of com-
puters, then don’t dare to miss this!
Over 800 pages in Adobe Acrobat format Order code BEB2 CD-ROM £21.95

DIGITAL ELECTRONICS - A PRACTICAL APPROACH 
With FREE Software: Number One Systems - EASY-PC 
Professional XM and Pulsar (Limited Functionality) 
Richard Monk

DIGITAL GATES AND FLIP-FLOPS
Ian R. Sinclair
This book, intended for enthusiasts, students and technicians, seeks to estab
lish a firm foundation in digital electronics by treating the topics of gates and 
flip-flops thoroughly and from the beginning.

Topics such as Boolean algebra and Karnaugh mapping are explainend, 
demonstrated and used extensively, and more attention is paid to the subject 
of synchronous counters than to the simple but less important ripple counters.

No background other than a basic knowledge of electronics is assumed, 
and the more theoretical topics are explained from the beginning, as also are 
many working practices. The book concludes with an explanation of micro
processor techniques as applied to digital logic.

FREE 
SOFTWARE

200 pages Order code PC106 £9.95

Covers binary arithmetic, Boolean algebra and logic gates, combination logic, 
sequential logic including the design and construction of asynchronous and 
synchronous circuits and register circuits. Together with a considerable prac
tical content plus the additional attraction of its close association with 
computer-aided design including the FREE software.

There is a ‘blow-by-blow’ guide to the use of EASY-PC Professional XM (a 
schematic drawing and printed circuit board design computer package).The 
guide also conducts the reader through logic circuit simulation using Pulsar 
software. Chapters on p.c.b. physics and p.c.b. production techniques make the 
book unique, and with its host of project ideas make it an ideal companion for
the integrative assignment and common skills components required by BTEC 
and the key skills demanded by GNVQ. The principal aim of the book is to pro
vide a straightforward approach to the understanding of digital electronics.

UNDERSTANDING ELECTRONIC CONTROL SYSTEMS 
Owen Bishop
Owen Bishop has produced a concise, readable text to introduce a wide range 
of students, technicians and professionals to an important area of electronics. 
Control is a highly mathematical subject, but here maths is kept to a minimum, 
with flow charts to illustrate principles and techniques instead of equations.

Cutting edge topics such as microcontrollers, neural networks and fuzzy 
control are all here, making this an ideal refresher course for those working in 
Industry. Basic principles, control algorithms and hardwired control systems 
are also fully covered so the resulting book is a comprehensive text and well 
suited to college courses or background reading for university students.

The text is supported by questions under the headings Keeping Up and Test 
Your Knowledge so that the reader can develop a sound understanding and 
the ability to apply the techniques they are learning.

Those who prefer the ‘Teach-In’ approach or would rather experiment with 
some simple circuits should find the book’s final chapters on printed circuit
board production and project ideas especially useful.
250 pages Order code NE28 £21.99

OSCILLOSCOPES - FIFTH EDITION
Ian Hickman
Oscilloscopes are essential tools for checking circuit operation and diagnos
ing faults, and an enormous range of models are available.

This handy guide to oscilloscopes is essential reading for anyone who has to
use a ’scope for their work or hobby; electronics designers, technicians, anyone 
in industry involved in test and measurement, electronics enthusiasts ... Ian
Hickman’s review of all the latest types of ’scope currently available will prove 
especially useful for anyone planning to buy - or even build - an oscilloscope.

The contents include a description of the basic oscillscope; Advanced real-
time oscilloscope; Accessories; Using oscilloscopes; Sampling oscilloscopes; 
Digital storage oscilloscopes; Oscilloscopes for special purposes; How
oscillocopes work (1): the CRT; How oscilloscopes work (2): circuitry; How
oscilloscopes work (3): storage CRTs; plus a listing of Oscilloscope manufac-
turers and suppliers. 
288 pages Order code NE37 £22.99

228 pages Order code NE35 £20.99

HOW ELECTRONIC THINGS WORK - AND WHAT TO DO WHEN THEY DON’T 
Robert Goodman
You never again have to be flummoxed, flustered or taken for a ride by a piece 
of electronics equipment. With this fully illustrated, simple-to-use guide, you 
will get a grasp on the workings of the electronic world that surrounds you - 
and even learn to make your own repairs.

You don’t need any technical experience. This book gives you: Clear expla
nations of how things work, written in everyday language. Easy-to-follow, illus
trated instructions on using test equipment to diagnose problems. Guidelines
to help you decide for or against professional repair. Tips on protecting your 
expensive equipment from lightning and other electrical damage. Lubrication 
and maintenance suggestions.

Covers: colour TVs, VCRs, radios, PCs, CD players, printers, telephones, 
monitors, camcorders, satellite dishes, and much more!
394 pages Order code MGH3 £21.99

VINTAGE RADIOS - COLLECTING • SERVICING • RESTORING
Tony Thompson
The essential guide to collecting, repairing and restoring vintage valve radios. 
These receivers are becoming ever more popular as collectibles, this is a

EDA - WHERE ELECTRONICS BEGINS 
Clive “Max’’ Maxfield and Kuhoo Goyal Edson

ON SALE 50% OFF good thing because it means that a very large piece of technological history 
is being reclaimed when at one time many thought it lost forever. If you look

“Did you ever wonder how the circuit boards and silicon chips inside your per
sonal computer or cell phone were designed? This book walks you through 
the process of designing a city on an alien planet and compares it to design

around, you will find plenty of valve radio sets just waiting for a loving restora
tion. They may not yet be the most highly prized, and they are unlikely to be 
in top condition, but they can be yours and, if you develop the skills outlined

ing an electronic system. The result is a fun, light-hearted and entertaining 
way to learn about one of the most important - and least understood - indus
tries on this planet.”

EDA, which stands for electronic design automation, refers to the software 
tools (computer programs) used to design electronic products. EDA actually 
encompasses a tremendous variety of tools and concepts. The aim of this 
book is to take a 30,000-foot view of the EDA world.To paint a “big picture’’ 
that introduces some of the most important EDA tools and describes how they 
are used to create integrated circuits, circuit boards and electronic systems. 
To show you how everything fits together without making you want to bang 
your head against the nearest wall.

Specially imported by EPE- Excellent value £29.95

in this book, you will possess radio receivers to be proud of.
The book covers radio history, styling, faultfinding, chassis and cabinet

restoration, types of set. 
124 pages spiral bound Order code TT1

98 pages - Large format Order code EDA1 £14.95 while stocks last

All prices include 
UK P&P

£13.95
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ELECTRONICS MADE SIMPLE 
Ian Sinclair
Assuming no prior knowledge, Electronics Made Simple 
presents an outline of modern electronics with an empha
sis on understanding how systems work rather than on 
details of circuit diagrams and calculations. It is ideal for 
students on a range of courses in electronics, including 
GCSE, C&G and GNVQ, and for students of other 
subjects who will be using electronic instruments and 
methods.

Contents: waves and pulses, passive components, 
active components and ICs, linear circuits, block and 
circuit diagrams, how radio works, disc and tape record
ing, elements of TV and radar, digital signals, gating 
and logic circuits, counting and correcting, micro
processors, calculators and computers, miscellaneous 
systems.

ELECTRONIC PROJECTS FOR EXPERIMENTERS
R. A. Penfold
Many electronic hobbyists who have been pursuing their 
hobby for a number of years seem to suffer from the dread
ed “seen it all before’’ syndrome. This book is fairly and 
squarely aimed at sufferers of this complaint, plus any 
other electronics enthusiasts who yearn to try something a 
bit different.

The subjects covered include:- Magnetic field detector, 
Basic Hall effect compass, Hall effect audio isolator, Voice 
scrambler/descrambler, Bat detector, Bat style echo loca
tion, Noise cancelling, LED stroboscope, Infra-red “torch’’, 
Electronic breeze detector, Class D power amplifier, Strain 
gauge amplifier, Super hearing aid.

138 pages Order code BP371 £5.45

PRACTICAL FIBRE-OPTIC PROJECTS
R. A. Penfold

199 pages Order code NE23 £13.99

While fibre-optic cables may have potential advantages 
over ordinary electric cables, for the electronics

or simply have fun building some electronic music gad
gets, the designs featured in this book should suit your 
needs. The projects are all easy to build, and some are so 
simple that even complete beginners at electronic project 
construction can tackle them with ease. Stripboard lay
outs are provided for every project, together with a wiring 
diagram.The mechanical side of construction has largely 
been left to the individual constructors to sort out, simply 
because the vast majority of project builders prefer to do 
their own thing.

None of the designs requires the use of any test 
equipment in order to get them set up properly. Where 
any setting up is required, the procedures are very 
straightforward, and they are described in detail.

Projects covered: Simple MIDI tester, Message grab
ber, Byte grabber, THRU box, MIDI auto switcher, 
Auto/manual switcher, Manual switcher, MIDI patchbay, 
MIDI controlled switcher, MIDI lead tester, Program 
change pedal, Improved program change pedal, Basic 
mixer, Stereo mixer, Electronic swell pedal, Metronome, 
Analogue echo unit.

enthusiast it is probably their novelty value that makes 
them worthy of exploration. Fibre-optic cables provide an

138 pages Order code PC116 £5.45

SCROGGIE’S FOUNDATIONS OF WIRELESS 
AND ELECTRONICS - ELEVENTH EDITION
S. W. Amos and Roger Amos
Scroggie’s Foundations is a classic text for anyone work
ing with electronics, who needs to know the art and craft 
of the subject. It covers both the theory and practical 
aspects of a huge range of topics from valve and tube 
technology, and the application of cathode ray tubes to 
radar, to digital tape systems and optical recording 
techniques.

Since Foundations of Wireless was first published over 60 
years ago, it has helped many thousands of readers to 
become familiar with the principles of radio and electronics. 
The original author Sowerby was succeeded by Scroggie in 
the 1940s, whose name became synonymous with this clas
sic primer for practitioners and students alike. Stan Amos, 
one of the fathers of modern electronics and the author of 
many well-known books in the area, took over the revision of 
this book in the 1980s and it is he, with his son, who have 
produced this latest version.

innovative interesting alternative to electric cables, but in 
most cases they also represent a practical approach to 
the problem. This book provides a number of tried and
tested circuits for projects that utilize fibre-optic cables. 

The projects include:- Simple audio links, F.M. audio link,
P.W.M. audio links, Simple d.c. links, P.W.M. d.c. link, 
P.W.M. motor speed control, RS232C data links, MIDI link,
Loop alarms, R.P.M. meter.

All the components used in these designs are readily 
available, none of them require the constructor to take out
a second mortgage.
132 pages Order code BP374 £5.45

ELECTRONIC MUSIC AND
MIDI PROJECTS 
R. A. Penfold
Whether you wish to save money, boldly go where no 
musician has gone before, rekindle the pioneering spirit,

VIDEO PROJECTS FOR THE ELECTRONICS 
CONSTRUCTOR
R. A. Penfold
Written by highly respected author R. A. Penfold, this book 
contains a collection of electronic projects specially designed 
for video enthusiasts. All the projects can be simply con
structed, and most are suitable for the newcomer to project 
construction, as they are assembled on stripboard.

There are faders, wipers and effects units which will add 
sparkle and originality to your video recordings, an audio 
mixer and noise reducer to enhance your soundtracks and 
a basic computer control interface. Also, there’s a useful 
selection on basic video production techniques to get you 
started.

Circuits include: video enhancer, improved video enhancer, 
video fader, horizontal wiper, improved video wiper, negative 
video unit, fade to grey unit, black and white keyer, vertical 
wiper, audio mixer, stereo headphone amplifier, dynamic 
noise reducer, automatic fader, pushbutton fader, computer 
control interface, 12 volt mains power supply.
124 pages Order code PC115 £5.45

400 pages Order code NE27 £21.99

GETTING THE MOST FROM YOUR MULTIMETER 
R.A. Penfold
This book is primarily aimed at beginners and those of lim
ited experience of electronics. Chapter 1 covers the basics 
of analogue and digital multimeters, discussing the relative 
merits and the limitations of the two types. In Chapter 2 
various methods of component checking are described, 
including tests for transistors, thyristors, resistors, capaci
tors and diodes. Circuit testing is covered in Chapter 3, 
with subjects such as voltage, current and continuity 
checks being discussed.

In the main little or no previous knowledge or experience 
is assumed. Using these simple component and circuit 
testing techniques the reader should be able to confident
ly tackle servicing of most electronic projects.

96 pages Order code BP239 £5.49

PRACTICAL ELECTRONIC FILTERS
Owen Bishop
This book deals with the subject in a non-mathematical 
way. It reviews the main types of filter, explaining in simple 
terms how each type works and how it is used.

The book also presents a dozen filter-based projects 
with applications in and around the home or in the 
constructor’s workshop. These include a number of audio 
projects such as a rythm sequencer and a multi-voiced 
electronic organ.

Concluding the book is a practical step-by-step guide to 
designing simple filters for a wide range of purposes, with 
circuit diagrams and worked examples.

188 pages Order code BP299 £5.49

PREAMPLIFIER AND FILTER CIRCUITS 
R.A. Penfold
This book provides circuits and background information 
for a range of preamplifiers, plus tone controls, filters, 
mixers, etc. The use of modern low noise operational 
amplifiers and a specialist high performance audio pre
amplifier i.c. results in circuits that have excellent perfor
mance, but which are still quite simple. All the circuits 
featured can be built at quite low cost (just a few pounds 
in most cases). The preamplifier circuits featured 
include: Microphone preamplifiers (low impedance, high 
impedance, and crystal). Magnetic cartridge pick-up 
preamplifiers with R.I.A.A. equalisation. Crystal/ceramic 
pick-up preamplifier. Guitar pick-up preamplifier. Tape 
head preamplifier (for use with compact cassette 
systems).

Other circuits include: Audio limiter to prevent over
loading of power amplifiers. Passive tone controls. Active 
tone controls. PA filters (highpass and lowpass). Scratch 
and rumble filters. Loudness filter. Mixers. Volume and 
balance controls.

92 pages Order code BP309 £4.49

BOOK ORDERING DETAILS
All prices include UK postage. For postage to Europe (air) and the rest of the world (surface) 
please add £2 per book. For the rest of the world airmail add £3 per book. CD-ROM prices include 
VAT and/or postage to anywhere in the world. Send a PO, cheque, international money order (£ 
sterling only) made payable to Direct Book Service or card details, Visa, Mastercard, Amex, 
Diners Club or Switch to:

DIRECT BOOK SERVICE, WIMBORNE PUBLISHING LTD., 
408 WIMBORNE ROAD EAST, FERNDOWN, DORSET BH22 9ND.

Books are normally sent within seven days of receipt of order, but please allow 28 days for deliv
ery - more for overseas orders. Please check price and availability (see latest issue of Everyday 
Practical Electronics^ before ordering from old lists.

For a further selection of books see the next two issues of EPE.
Tel 01202 873872 Fax 01202 874562. Email: dbs@epemag.wimborne.co.uk

Order from our online shop at: www.epemag.wimborne.co.uk/shopdoor.htm

BOOK ORDER FORM
Full name:................................................................................................................................................

Address:...................................................................................................................................................

...............................................Post code:........................... Telephone No:.............................................

Signature:.................................................................................................................................................

| | I enclose cheque/PO payable to DIRECT BOOK SERVICE for £...................................................

| | Please charge my card £................................................................... Card expiry date...................

Card Number.............................................................................................Switch Issue No....................

Card Security Code..........................................(the last three digits on or just under the signature strip)

Please send book order codes:..............................................................................................................

Please continue on separate sheet of paper if necessary
If you do not wish to cut your magazine, send a letter or copy of this form
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PCB SERVICE
Printed circuit boards for most recent EPE constructional projects are available from 
the PCB Service, see list. These are fabricated in glass fibre, and are fully drilled and 
roller tinned. All prices include VAT and postage and packing. Add £1 per board for 
airmail outside of Europe. Remittances should be sent to The PCB Service, 
Everyday Practical Electronics,Wimborne Publishing Ltd.,408 Wimborne Road 
East, Ferndown, Dorset BH22 9ND. Tel: 01202 873872; Fax 01202 874562; 
Email: orders@epemag.wimborne.co.uk. On-line Shop: www.epemag. 
wimborne.co.uk/shopdoor.htm. Cheques should be crossed and made payable to 
Everyday Practical Electronics (Payment in £ sterling only).
NOTE: While 95% of our boards are held in stock and are dispatched within 
seven days of receipt of order, please allow a maximum of 28 days for delivery 
- overseas readers allow extra if ordered by surface mail.
Back numbers or photostats of articles are available if required - see the Back 
Issues page for details.We do not supply kits or components for our projects.

Please check price and availability in the latest issue. 
A large number of older boards are listed on our website.

Boards can only be supplied on a payment with order basis.

PROJECT TITLE Order Code Cost
★ PIC Controlled Intruder Alarm APR ’02 339 £6 50
★PIC Big Digit Display MAY ’02 341 £6.02

World Lamp JUNE ’02 340 £5.71
Simple Audio Circuits-2 - Low, Med and High

Input Impedance Preamplifiers (Single Trans.) 349 £4.60
Low-Noise Preamplifier (Dual Trans.) 350 £4.75
Tone Control 351 £4.60
Bandpass Filter 352 £4.75

Frequency Standard Generator - Receiver 353 £4.12
- Digital 354 £6.82

★Biopic Heartbeat Monitor 355 £5.71
Simple Audio Circuits - 3 JULY ’02

- Dual Output Power Supply 356 £4.60
- Crossover/Audio Filter 357 £4.44

Infra-Red Autoswitch 358 £4.91
★EPE StyloPIC 359 £6.50
Rotary Combination Lock - Main Board 360 £5.39

- Interface Board 361 £4.91
★Using the PIC’s PCLATH Command - Software only — —
Big-Ears Buggy AUG ’02 362 £5.71
★PIC World Clock 363 £5.39
Simple Audio Circuits-4 - Low Freq. Oscillator 364 £4.44

- Resonance Detector 365 £4.28
Vinyl-To-CD Preamplifier SEPT ’02 366 £5.71
★Freebird Glider Control 367 £4.91
★Morse Code Reader 368 £5.23
Headset Communicator OCT ’02 369 £4.75
EPE Bounty Treasure Hunter 370 £4.77
★★Digital I.C.Tester 371 £7.14
★PlC-Pocket Battleships - Software only — —
Transient Tracker NOV ’02 372 £4.75
★PICAXE Projects—1: Egg Timer; Dice Machine;

Quiz Game Monitor (Multiboard) 373 £3.00
★Tuning Fork & Metronome 374 £5.39
★★EPE Hybrid Computer - Main Board 1 double- 375 £18.87

- Atom Board } sided 376 £11.57
★PICAXE Projects-2: Temperature Sensor; DEC ’02

Voltage Sensor;VU Indicator (Multiboard) 373 £3.00
★Versatile PIC Flasher 377 £5.07
★ PICAXE Proiects-3: Chaser Lights JAN ’03 373 £3.00

6-ChanneT Mains Interface 381 £5.08
EPE Minder - Transmitter 378 £4.75

- Receiver 379 £5.39
★Wind Speed Monitor 380 £5.08
Tesla Transformer FEB ’03 382 £5.07
★Brainibot Buggy 383 £3.00
★Wind Tunnel 384 £6.02
200kHz Function Generator MAR ’03 385 £6.34
Wind-Up Torch Mk II 386 £4.75
★Driver Alert 387 £6.35
★Earth Resistivity Logger APR ’03 388 £6.02
★ Intelligent Garden Lights Controller 389 £3.96
★PIC Tutorial V2 - Software only — —
Door Chime MAY ’03 390 £5.07
Super Motion Sensor 391 £5.55
Radio Circuits-1 MK484 TRF Receiver JUNE ’03 392 £4.44

Headphone Amp. 393 £4.28
★Fido Pedometer 394 £4.91
★PICronos L.E.D.Wall Clock 395 £14.65
EPE Mini Metal Detector JULY ’03 396 £4.28
Radio Circuits - 2 Q-Multiplier 397 £4.28

MW Reflex Radio 398 £4.60
Wave Trap 399 £4.28
Speaker Amplifier 400 £4.44

Ohmmeter Adaptor MkII 401 £4.60
Ultimate Egg Timer (Top Tenner) 403 £4.91
★EPE PIC Met Office AUG ’03 402 £10.46
Alarm System Fault Finder 404 £4.44
Radio Circuits-3 Regen. Radio 405 £5.07

Tuning Capacitor Board 406 £4.28
Master/Slave Intercom (Top Tenner) 407 £4.75
Two-Up (Top Tenner) 408 £4.91

PROJECT TITLE Order Code Cost
Priority Referee (Top Tenner) SEPT ’03 410

411
412
413 
414

—

£5.07
£5.39 
£4.44 
£5.07
£4.75

—

Vibration Alarm (Top Tenner) 
Radio Circuits-4 Varicap Tuner

Coil Pack - General Coverage 
Coil Pack - Amateur Bands

★PIC-A-Colour - Software only
Spooky Bug (Top Tenner) OCT ’03 409

415
419
420 
416 

—

£5.07
£4.44 
£5.07 
£4.44
£5.23

—

Radio Circuits-5 Crystal Marker 
Super Regen. Receiver 
Buffer Amplifier

★ ★Serial Interface for PICs and VB6
★PIC Breakpoint - Software only
Anyone At Home - Logic Board NOV ’03 421 In •422 Fair

423
424

£6.35

£6.02
£4.60

— Relay Board
Radio Circuits—6 Direct Conversion SW Receiver
★PIC Random L.E.D. Flasher
★PIC Virus Zapper Mk2 DEC ’03 425 

426
427

—

£5.72
£5.70
£4.44

—

Radio Circuits-7 SW Superhet Tuner/Mixer 
Christmas Cheeks (double-sided)
★PIC Nim Machine - Software only
Bedside Nightlight (Top Tenner) JAN ’04

417
418

428
429
430 
431

—
—

£4.44 
£4.60

£5.71
£4.45 
£4.75 
£7.61

—
—

Sound Trigger
Timing/Lamp

Radio Circuits-8 Dual Conversion SW Receiver
I.F. Amp
Signal-Strength Meter
B.F.O./Prod. Detector

★ Car Computer (double-sided)
★ PIC Watering Timer - Software only
★ GPS to PIC and PC Interface - Software only
Jazzy Necklace FEB ’04 432 pair

433
434
435

£5.40
£5.39
£5.00
£5.00

Sonic Ice Warning
★LCF Meter 
★PIC Tug-of-War
Bat-Band Convertor MAR ’04 436

437 pair
438

— 
—

£4.76
£7.61
£5.55

— 
—

★MIDI Health Check - Transmitter/Receiver 
Emergency Stand-by Light
★PIC Mixer for RC Planes - Software only
★Teach-In ’04 Part 5 - Software only

EPE SOFTWARE
Software programs for EPE projects marked with a single asterisk ★ are 
available on 3^5 inch PC-compatible disks or free from our Internet site.The 
following disks are available: PIC Tutorial V2 (Apr-June ’03); EPE Disk 3 
(2000); EPEDisk4 (2001 - excl. PIC Toolkit TK3); EPEDisk 5 (2002); EPE 
Disk 6 (2003 - excl. Earth Resistivity and Met Office); EPEDisk 7 (Jan 2004 
to current cover date); EPE Earth Resistivity Logger (Apr-May ’03); EPE 
PIC Met Office (Aug-Sept ’03); EPETeach-In 2000; EPESpectrum; EPE 
Interface Disk 1 (October ’00 issue to current cover date). ePe Toolkit TK3 
software is available on the EPE PIC Resources CD-ROM, £14.45. Its p.c.b. 
is order code 319, £8.24. ★★The software for these projects is on its own 
CD-ROM. The 3^5 inch disks are £3.00 each (UK), the CD-ROMs are £6.95 
(UK). Add 50p each for overseas surface mail, and £1 each for airmail. All 
are available from the EPE PCB Service. All files can be downloaded free 
from our Internet FTP site, accessible via our home page at: 
www.epemag.wimborne.co.uk.

EPE PRINTED CIRCUIT BOARD SERVICE
Order Code

Name ... 
Address

Tel. No.

Project Quantity Price

I enclose payment of £ (cheque/PO in £ sterling only) to:

V/SA

Card No.

Everyday 
Practical Electronics

MasterCard, Amex, Diners 
Club, Visa or Switch

Valid From.............
Card Security Code

Expiry Date..................
...........Switch Issue No

(The last 3 digits on or just under the signature strip)
Signature...........................................................................

NOTE: You can also order p.c.b.s by phone, Fax, Email or via our 
Internet site on a secure server:

http://www.epemag.wimborne.co.uk/shopdoor.htm
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Everyday Practical Electronics reaches twice as 
many UK readers as any other UK monthly hobby 
electronics magazine, our sales figures prove it. 
We have been the leading monthly magazine in 
this market for the last nineteen years.

If you want your advertisements to be seen by the largest readership at the most economical price our classified and semi-display 
pages offer the best value. The prepaid rate for semi-display space is £10 (+VAT) per single column centimetre (minimum 24cm). 
The prepaid rate for classified adverts is 40p (+VAT) per word (minimum 12 words).
All cheques, postal orders, etc., to be made payable to Everyday Practical Electronics. VAT must be added. Advertisements, together 
with remittance, should be sent to Everyday Practical Electronics Advertisements, Mill Lodge, Mill Lane, Thorpe-le-Soken, Essex CO16 
0ED. Phone/Fax (01255) 861161.
For rates and information on display and classified advertising please contact our Advertisement Manager, Peter Mew as above.

YV (transformers
Transformers and Chokes for all types 
of circuits mduding specialist valve units 

Custom design or standard range 
High and low voltage

Variable Voltage Technology Ltd
Unit 3. Shea! Manor Farm. Chillerton, 

Newport, Isle of Wight, PO30 3HP 
Tel: 0870 243 0414 Fax: 01983 721572 
email satesgvvl-cowes freeserve co uk

X-10® Home Automation 
We put you in control™

BTEC ELECTRONICS 
TECHNICIAN TRAINING

www.wttransformers.co.uk

BOWOOD ELECTRONICS LTD
Suppliers of Electronic Components

Place a secure order on our website or call our sales line 
All major credit cards accepted

Web: www.bowood-electronics.co.uk
7 Bakewell Road, Baslow, Derbyshire DE45 1RE 

Sales: 01246 583777
Send 42p stamp for catalogue

Why tolerate when you can automate?
An extensive range of 230V X-10 products 
and starter kits available. Uses proven Power 
Line Carrier technology, no wires required.

Products Catalogue available Online.
Worldwide delivery.

VCE ADVANCED ENGINEERING 
ELECTRONICS AND ICT 

HNC AND HND ELECTRONICS 
NVQ ENGINEERING AND IT 

PLEASE APPLY TO COLLEGE FOR 
NEXT COURSE DATE 

FULL PROSPECTUS FROM

Laser Business Systems Ltd.
E-Mail: info@laser.com 

http://www.laser.com 
Tel: (020) 8441 9788 
Fax: (020) 8449 0430

Professional CD Duplication 
Printing and Packaging

SOFTWARE

DATA

AUDIO

DVD

Ideal for software 
Data distribution, 

Catalogues etc. 
Low cost quick 

professional service.

www.rapidcd.co.uk
Tel 0161 344 2929. Fax 0161 344 2727

TOTALROBOTS
ROBOTICS, CONTROL & 

ELECTRONICS TECHNOLOGY
High quality robot kits and components 

UK distributor of the OOPic microcontroller
Secure on-line ordering 

Rapid delivery 
Highly competitive prices

Visit www.totalrobots.com

Tel: 0208 823 9220

TRANSFORMERS
e Custom Wound
e 1 Phase to 50kVA
e 3 Phase to 100kVA
e A.C. and D.C. Chokes
e H.T.up to 5kV

• Transformer Kits
• Coils up to 1m Dia.
• Transformer Rectifiers
• Toroidals
• Motor Generators

Visit www.jemelec.com for details 
or request our free leaflet

Jemelec, Unit 7, Shirebrook Business Park, Mansfield, NG20 8RN

Tel: 0870 787 1769

LONDON ELECTRONICS COLLEGE 
(Dept EPE) 20 PENYWERN ROAD 

EARLS COURT, LONDON SW5 9SU 
TEL: (020) 7373 8721

SWAYSCIENCE
LOW TEMPERATURE DESOLDERING 

(60°C-80°C)
Remove electronic components without heat 

damage to semiconductors or p.c.b.s.
★ New Product ★ Cost Effective

★ Free Details
★ Safer than most solder itself

★ Trade and Retail Enquiries Welcome

TEL: 0778 770 3785

Miscellaneous
VINTAGE ELECTRONICS MAGS: Everyday 
Electronics, 1972 to 1980, 32 off; Hobby 
Electronics, 1978 to 1981, 30 off; Practical 
Electronics, 1966 to 1980, 117 off; Electronics 
Today International, 1978, 1980, 1981 3 full 
binders, 1983 10 off; Computing Today, 1979 binder 
2 missing, 1980 full binder, 1981 full binder, 1982 
full binder, 1983 8 off; also 30 Elektor mags and a 
1980 Maplin catalogue. Offers? Tel. 01226 725671 
or 07799 323846, buyer to collect.
FREE PROTOTYPE PRINTED CIRCUIT 
BOARDS! Free prototype p.c.b. with quantity 
orders. Call Patrick on 028 9073 8897 for details. 
Agar Circuits, Unit 5, East Belfast Enterprise Park, 
308 Albertbridge Road, Belfast BT5 4GX.
PRINTED CIRCUIT BOARDS - QUICK SER
VICE. Prototype and production artwork raised 
from magazines or draft designs at low cost. PCBs 
designed from schematics. Production assembly, 
wiring and software programming. For details con
tact Patrick at Agar Circuits, Unit 5, East Belfast 
Enterprise Park, 308 Albertbridge Road, Belfast, 
BT5 4GX. Phone 028 9073 8897, Fax 028 9073 
1802, Email agar@argonet.co.uk.
VALVES AND ALLIED COMPONENTS IN 
STOCK. Phone for free list. Valves, books and 
magazines wanted. Geoff Davies (Radio), tel. 01788 
574774.
P.C.B. SERVICES. Prototype, one-offs, design, 
assembly. Details: 01633 895580, 07748 658567.
KITS, TOOLS, COMPONENTS. S.a.e. cata
logue: Sir-Kit Electronics, 52 Severn Road, Clacton, 
CO15 3RB. www.geocities.com/sirkituk.
RADIO SPARES PARCEL, £15. Amplifier mod
ules, tuners, PSUs. Lots of components, directions. 
K.I.A., 1 Regent Road, Ilkley, LS29.
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