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NEXT MONTH
PIC Polywhatsit is a novel microcontrolled
compendium of some of the typical delay-based
musical effects that amateur musicians have
delighted in employing across many decades:
echo, reverberation, phasing, flanging, chorus,
vibrato, pitch multiplying, pitch halving, reverse
tracking.
Despite the sophistication of modern electronic
musical instruments, amateur musicians continue
to enjoy enhancing their simpler instrument
playing and vocalisations with auxilliary units that
perform the first six functions, especially as they
can be realised easily and inexpensively!
The last three are perhaps not widely
encountered, but as anyone who has heard them
in operation will affirm, they can add
considerable interest, and even humour, when
used in moderation. They are particularly easy to
achieve in the design described next month.

MARCONI
This year has seen the 100th Anniversary of the first
transatlantic radio transmissions. We look at the man
behind this momentous achievement, Gugliemo
Marconi.
During his lifetime, Marconi did more than any other
person to advance the technology of radio. Although he
was not a theoretical scientist, he had a very inventive
mind and never let obstacles prevent him from reaching
his goal. It was these qualities that enabled him to
achieve greatness, and receive his rightful place in
history.

TWINKLING LIGHTS
Be a star this Christmas with our
highly effective Twinkling Lights
project. Uses simple circuitry to
control up to four strings of “fairy”
lights to provide a beautiful “random”
twinkling effect for your tree.
Can also be used for disco or similar
purposes, a single coloured spot
lamp (60W rating maximum) could
be connected to each channel
output.

PIC POLYWHATSIT
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ADD £2.00 P&P to all orders (or 1st Class Recorded £4, Next day
(Insured £250) £7, Europe £5.00, Rest of World £10.00). We accept all
major credit cards. Make cheques/PO's payable to Quasar Electronics.
Prices include 17.5% VAT. MAIL ORDER ONLY
FREE CATALOGUE with order or send 2 x 1st class stamps 
(refundable) for details of over 150 kits & publications.
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FACTOR
PUBLICATIONS

�� ANIMAL SOUNDS Cat, dog, chicken & cow. Ideal
for kids farmyard toys & schools. SG10M £5.95
�� 3 1/2 DIGIT LED PANEL METER Use for basic
voltage/current displays or customise to measure
temperature, light, weight, movement, sound lev-
els, etc. with appropriate sensors (not supplied).
Various input circuit designs provided. 3061KT
£13.95
�� IR REMOTE TOGGLE SWITCH Use any TV/VCR
remote control unit to switch onboard 12V/1A relay
on/off. 3058KT £10.95
SPEED CONTROLLER for any common DC motor up
to 100V/5A. Pulse width modulation gives maximum
torque at all speeds. 5-15VDC. Box provided. 3067KT
£12.95
�� 3 x 8 CHANNEL IR RELAY BOARD Control eight 12V/1A
relays by Infra Red (IR) remote control over a 20m range in
sunlight. 6 relays turn on only, the other 2 toggle on/off. 3 oper-
ation ranges determined by jumpers. Transmitter case & all
components provided. Receiver PCB 76x89mm. 3072KT
£52.95

�� PC CONTROLLED RELAY BOARD
Convert any 286 upward PC into a dedicated
automatic controller to independently turn on/off
up to eight lights, motors & other devices around
the home, office, laboratory or factory using 8
240VAC/12A onboard relays. DOS utilities, sample
test program, full-featured Windows utility & all
components (except cable) provided. 12VDC. PCB
70x200mm. 3074KT £31.95
�� 2 CHANNEL UHF RELAY SWITCH Contains the
same transmitter/receiver pair as 30A15 below plus
the components and PCB to control two
240VAC/10A relays (also supplied). Ultra bright
LEDs used to indicate relay status. 3082KT £27.95
��TRANSMITTER RECEIVER PAIR 2-button keyfob
style 300-375MHz Tx with 30m range. Receiver
encoder module with matched decoder IC.
Components must be built into a circuit like kit 3082
above. 30A15 £14.95
�� PIC 16C71 FOUR SERVO MOTOR DRIVER
Simultaneously control up to 4 servo motors. Software &
all components (except servos/control pots) supplied.
5VDC. PCB 50x70mm. 3102KT £15.95
�� UNIPOLAR STEPPER MOTOR DRIVER for any
5/6/8 lead motor. Fast/slow & single step rates.
Direction control & on/off switch. Wave, 2-phase &
half-wave step modes. 4 LED indicators. PCB
50x65mm. 3109KT £14.95
�� PC CONTROLLED STEPPER MOTOR DRIVER
Control two unipolar stepper motors (3A max. each)
via PC printer port. Wave, 2-phase & half-wave step
modes. Software accepts 4 digital inputs from exter-
nal switches & will single step motors. PCB fits in D-
shell case provided. 3113KT £17.95
�� 12-BIT PC DATA ACQUISITION/CONTROL UNIT
Similar to kit 3093 above but uses a 12 bit Analogue-
to-Digital Converter (ADC) with internal analogue
multiplexor. Reads 8 single ended channels or 4 dif-
ferential inputs or a mixture of both. Analogue inputs
read 0-4V. Four TTL/CMOS compatible digital
input/outputs. ADC conversion time <10uS. Software
(C, QB & Win), extended D shell case & all compo-
nents (except sensors & cable) provided. 3118KT
£52.95
�� LIQUID LEVEL SENSOR/RAIN ALARM Will indi-
cate fluid levels or simply the presence of fluid. Relay
output to control a pump to add/remove water when it
reaches a certain level. 1080KT £5.95
�� AM RADIO KIT 1 Tuned Radio Frequency front-
end, single chip AM radio IC & 2 stages of audio
amplification. All components inc. speaker provid-
ed. PCB 32x102mm. 3063KT £10.95
�� DRILL SPEED CONTROLLER Adjust the speed
of your electric drill according to the job at hand.
Suitable for 240V AC mains powered drills up to

700W power. PCB: 48mm x 65mm. Box provided.
6074KT £17.95
�� 3 INPUT MONO MIXER Independent level con-
trol for each input and separate bass/treble controls.
Input sensitivity: 240mV. 18V DC. PCB: 60mm x
185mm 1052KT £16.95
�� NEGATIVE\POSITIVE ION GENERATOR
Standard Cockcroft-Walton multiplier circuit. Mains
voltage experience required. 3057KT £10.95
�� LED DICE Classic intro to electronics & circuit
analysis. 7 LED’s simulate dice roll, slow down & land
on a number at random. 555 IC circuit. 3003KT £9.95
�� STAIRWAY TO HEAVEN Tests hand-eye co-ordi-
nation. Press switch when green segment of LED
lights to climb the stairway - miss & start again!
Good intro to several basic circuits. 3005KT £9.95
�� ROULETTE LED ‘Ball’ spins round the wheel,
slows down & drops into a slot. 10 LED’s. Good intro
to CMOS decade counters & Op-Amps. 3006KT
£10.95
�� 9V XENON TUBE FLASHER Transformer circuit
steps up 9V battery to flash a 25mm  Xenon tube.
Adjustable flash rate (0·25-2 Sec’s). 3022KT £11.95
�� LED FLASHER 1 5 ultra bright red LED’s flash in
7 selectable patterns. 3037MKT £5.95
�� LED FLASHER 2 Similar to above but flash in
sequence or randomly. Ideal for model railways.
3052MKT £5.95
�� INTRODUCTION TO PIC PROGRAMMING.
Learn programming from scratch. Programming
hardware, a P16F84 chip and a two-part, practical,
hands-on tutorial series are provided. 3081KT
£22.95
�� SERIAL PIC PROGRAMMER for all 8/18/28/40
pin DIP serial programmed PICs. Shareware soft-
ware supplied limited to programming 256 bytes
(registration costs £14.95). 3096KT £13.95
�� ATMEL 89Cx051 PROGRAMMER Simple-to-
use yet powerful programmer for the Atmel
89C1051, 89C2051 & 89C4051 uC’s. Programmer
does NOT require special software other than a
terminal emulator program (built into Windows).
Can be used with ANY computer/operating sys-
tem. 3121KT £24.95
�� 3V/1·5V TO 9V BATTERY CONVERTER Replace
expensive 9V batteries with economic 1.5V batter-
ies. IC based circuit steps up 1 or 2 ‘AA’ batteries to
give 9V/18mA. 3035KT £5.95
�� STABILISED POWER SUPPLY 3-30V/2.5A
Ideal for hobbyist & professional laboratory. Very
reliable & versatile design at an extremely reason-
able price. Short circuit protection. Variable DC
voltages (3-30V). Rated output 2.5 Amps. Large
heatsink supplied. You just supply a 24VAC/3A
transformer. PCB 55x112mm. Mains operation.
1007KT £16.95.

�� STABILISED POWER SUPPLY 2-30V/5A As kit
1007 above but rated at 5Amp. Requires a
24VAC/5A transformer. 1096KT £27.95.
�� MOTORBIKE ALARM Uses a reliable vibration
sensor (adjustable sensitivity) to detect movement
of the bike to trigger the alarm & switch the output
relay to which a siren, bikes horn, indicators or
other warning device can be attached. Auto-reset.
6-12VDC. PCB 57x64mm. 1011KT £11.95 Box
2011BX £7.00
�� CAR ALARM SYSTEM Protect your car from
theft. Features vibration sensor, courtesy/boot light
voltage drop sensor and bonnet/boot earth switch
sensor. Entry/exit delays, auto-reset and adjustable
alarm duration. 6-12V DC. PCB: 47mm x 55mm
1019KT £11.95 Box 2019BX £8.00
�� PIEZO SCREAMER 110dB of ear piercing noise.
Fits in box with 2 x 35mm piezo elements built into
their own resonant cavity. Use as an alarm siren or
just for fun! 6-9VDC. 3015KT £10.95
�� COMBINATION LOCK Versatile electronic lock
comprising main circuit & separate keypad for
remote opening of lock. Relay supplied. 3029KT
£10.95
�� ULTRASONIC MOVEMENT DETECTOR Crystal
locked detector frequency for stability & reliability. PCB
75x40mm houses all components. 4-7m range.
Adjustable sensitivity. Output will drive external
relay/circuits. 9VDC. 3049KT £13.95 
���� PIR DETECTOR MODULE 3-lead assembled
unit just 25x35mm as used in commercial burglar
alarm systems. 3076KT £8.95
�� INFRARED SECURITY BEAM When the invisible
IR beam is broken a relay is tripped that can be used
to sound a bell or alarm. 25 metre range. Mains
rated relays provided. 12VDC operation. 3130KT
£12.95
�� SQUARE WAVE OSCILLATOR Generates
square waves at 6 preset frequencies in factors of 10
from 1Hz-100KHz. Visual output indicator. 5-18VDC.
Box provided. 3111KT £8.95
�� PC DRIVEN POCKET SAMPLER/DATA LOG-
GER Analogue voltage sampler records voltages
up to 2V or 20V over periods from milli-seconds to
months. Can also be used as a simple digital
scope to examine audio & other signals up to
about 5KHz. Software & D-shell case provided.
3112KT £18.95
�� 20 MHz FUNCTION GENERATOR Square, tri-
angular and sine waveform up to 20MHz over 3
ranges using ‘coarse’ and ‘fine’ frequency adjust-
ment controls. Adjustable output from 0-2V p-p. A
TTL output is also provided for connection to a
frequency meter. Uses MAX038 IC. Plastic case
with printed front/rear panels & all components
provided. 7-12VAC. 3101KT £69.95
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SSUURRVVEEIILLLLAANNCCEE
High performance surveillance bugs. Room transmitters supplied with sensitive electret microphone & battery holder/clip. All transmit-
ters can be received on an ordinary VHF/FM radio between 88-108MHz. Available in Kit Form (KT) or Assembled & Tested (AS).

RROOOOMM  SSUURRVVEEIILLLLAANNCCEE
�� MTX - MINIATURE 3V TRANSMITTER Easy to build & guar-
anteed to transmit 300m @ 3V. Long battery life. 3-5V operation.
Only 45x18mm. B 3007KT £6.95 AS3007 £11.95
MRTX - MINIATURE 9V TRANSMITTER Our best selling bug.
Super sensitive, high power - 500m range @ 9V (over 1km with
18V supply and better aerial). 45x19mm. 3018KT £7.95 AS3018
£12.95
HPTX - HIGH POWER TRANSMITTER High performance, 2
stage transmitter gives
greater stability & higher qual-
ity reception. 1000m range 6-
12V DC operation. Size
70x15mm. 3032KT £9.95
AS3032 £18.95
�� MMTX - MICRO-MINIATURE 9V TRANSMITTER The ultimate
bug for its size, performance and price. Just 15x25mm. 500m
range @ 9V. Good stability. 6-18V operation. 3051KT £8.95
AS3051  £14.95
�� VTX - VOICE ACTIVATED TRANSMITTER Operates only
when sounds detected. Low standby current. Variable trigger sen-
sitivity. 500m range. Peaking circuit supplied for maximum RF out-
put. On/off switch. 6V operation. Only 63x38mm. 3028KT £12.95
AS3028 £21.95
HARD-WIRED BUG/TWO STATION INTERCOM Each station
has its own amplifier, speaker and mic. Can be set up as either a
hard-wired bug or two-station intercom. 10m x 2-core cable sup-
plied. 9V operation. 3021KT  £15.95 (kit form only)
�� TRVS - TAPE RECORDER VOX SWITCH Used to automati-
cally operate a tape recorder (not supplied) via its REMOTE sock-
et when sounds are detected. All conversations recorded.
Adjustable sensitivity & turn-off delay. 115x19mm. 3013KT £9.95
AS3013 £21.95

TTEELLEEPPHHOONNEE  SSUURRVVEEIILLLLAANNCCEE
�� MTTX - MINIATURE TELEPHONE TRANSMITTER Attaches
anywhere to phone line. Transmits only when phone is used!
Tune-in your radio and hear both parties. 300m range. Uses line
as aerial & power source. 20x45mm. 3016KT £8.95 AS3016
£14.95
�� TRI - TELEPHONE RECORDING INTERFACE Automatically
record all conversations. Connects between phone line & tape
recorder (not supplied). Operates recorders with 1.5-12V battery
systems. Powered from line. 50x33mm. 3033KT £9.95 AS3033
£18.95
�� TPA - TELEPHONE PICK-UP AMPLIFIER/WIRELESS
PHONE BUG Place pick-up coil on the phone line or near phone
earpiece and hear both sides of the conversation. 3055KT £11.95
AS3055 £20.95

HHIIGGHH PPOOWWEERR TTRRAANNSSMMIITTTTEERRSS
�� 1 WATT FM  TRANSMITTER Easy to construct. Delivers a
crisp, clear signal. Two-stage circuit. Kit includes microphone and
requires a simple open dipole aerial. 8-30VDC. PCB 42x45mm.
1009KT £14.95
�� 4 WATT FM TRANSMITTER Comprises three RF
stages and an audio preamplifier stage. Piezoelectric
microphone supplied or you can use a separate preampli-
fier circuit. Antenna can be an open dipole or Ground
Plane. Ideal project for those who wish to get started in the
fascinating world of FM broadcasting and want a good
basic circuit to experiment with. 12-18VDC. PCB
44x146mm. 1028KT. £22.95 AS1028 £34.95
�� 15 WATT FM TRANSMITTER (PRE-ASSEMBLED &
TESTED) Four transistor based stages with Philips BLY
88 in final stage. 15 Watts RF power on the air. 88-
108MHz. Accepts open dipole, Ground Plane, 5/8, J, or
YAGI antennas. 12-18VDC. PCB 70x220mm. SWS meter
needed for alignment. 1021KT £99.95
�� SIMILAR TO ABOVE BUT 25W Output. 1031KT £109.95

3300--iinn--OONNEE
EElleeccttrroonniicc  PPrroojjeeccttss  LLaabbBBAARRGGAAIINN

BBUUYY!!!!
Great introduction to electronics. Ideal for the budding elec-
tronics expert! Build a radio, burglar alarm, water detector,
morse code practice circuit, simple computer circuits, and
much more! NO soldering, tools or previous electronics
knowledge required. Circuits can be built and unassembled
repeatedly. Comprehensive 68-page manual with explana-
tions, schematics and assembly diagrams. Suitable for age
10+. Excellent for schools. Requires 2 x AA batteries.
ONLY £14.95 (phone for bulk discounts).

PPRROOJJEECCTT  KKIITTSS
Our electronic kits are supplied complete with all components, high quality PCBs

(NOT cheap Tripad strip board!) and detailed assembly/operating instructions 

�� 2 x 25W CAR BOOSTER AMPLIFIER Connects to
the output of an existing car stereo cassette player,
CD player or radio. Heatsinks provided. PCB
76x75mm. 1046KT. £24.95
�� 3-CHANNEL WIRELESS LIGHT MODULATOR
No electrical connection with amplifier. Light modu-
lation achieved via a sensitive electret microphone.
Separate sensitivity control per channel. Power
handing 400W/channel. PCB 54x112mm. Mains
powered. Box provided. 6014KT £24.95
�� 12 RUNNING LIGHT EFFECT Exciting 12 LED
light effect ideal for parties, discos, shop-windows &
eye-catching signs. PCB design allows replacement
of LEDs with 220V bulbs by inserting 3 TRIACs.
Adjustable rotation speed & direction. PCB
54x112mm. 1026KT £15.95; BOX (for mains opera-
tion) 2026BX £9.00 
�� DISCO STROBE LIGHT Probably the most excit-
ing of all light effects. Very bright strobe tube.
Adjustable strobe frequency: 1-60Hz. Mains powered.
PCB: 60x68mm. Box provided. 6037KT £28.95

�� SOUND EFFECTS GENERATOR Easy to build.
Create an almost infinite variety of interesting/unusu-
al sound effects from birds chirping to sirens. 9VDC.
PCB 54x85mm. 1045KT £8.95
�� ROBOT VOICE EFFECT Make your voice
sound similar to a robot or Darlek. Great fun for
discos, school plays, theatre productions, radio
stations & playing jokes on your friends when
answering the phone! PCB 42x71mm. 1131KT
£8.95
�� AUDIO TO LIGHT MODULATOR Controls intensi-
ty of one or more lights in response to an audio input.
Safe, modern opto-coupler design. Mains voltage
experience required. 3012KT £8.95
�� MUSIC BOX Activated by light. Plays 8 Christmas
songs and 5 other tunes. 3104KT £7.95
�� 20 SECOND VOICE RECORDER Uses non-
volatile memory - no battery backup needed.
Record/replay messages over & over. Playback as
required to greet customers etc. Volume control &
built-in mic. 6VDC. PCB 50x73mm.
3131KT £12.95 
�� TRAIN SOUNDS 4 selectable sounds : whistle
blowing, level crossing bell, ‘clickety-clack’ & 4 in
sequence. SG01M £6.95
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Full details of all X-FACTOR PUBLICATIONS can be found in
our catalogue. N.B. Minimum order charge for reports and plans
is £5.00 PLUS normal P.&P.

�� SUPER-EAR LISTENING DEVICE Complete plans to
build your own parabolic dish microphone. Listen to distant
voices and sounds through open windows and even walls!
Made from readily available parts. R002 £3.50
�� LOCKS - How they work and how to pick them. This fact
filled report will teach you more about locks and the art of
lock picking than many books we have seen at 4 times the
price. Packed with information and illustrations. R008 £3.50
�� RADIO & TV JOKER PLANS
We show you how to build three different circuits for disrupt-
ing TV picture and sound plus FM radio! May upset your
neighbours & the authorities!! DISCRETION REQUIRED.
R017 £3.50
�� INFINITY TRANSMITTER PLANS Complete plans for
building the famous Infinity Transmitter. Once installed on the
target phone, device acts like a room bug. Just call the target
phone & activate the unit to hear all room sounds. Great for
home/office security! R019 £3.50
�� THE ETHER BOX CALL INTERCEPTOR PLANS Grabs
telephone calls out of thin air! No need to wire-in a phone
bug. Simply place this device near the phone lines to hear the
conversations taking place! R025 £3.00
�� CASH CREATOR BUSINESS REPORTS Need ideas for
making some cash? Well this could be just what you need!
You get 40 reports (approx. 800 pages) on floppy disk that
give you information on setting up different businesses. You
also get valuable reproduction and duplication rights so that
you can sell the manuals as you like. R030 £7.50
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PPRROODDUUCCTT  FFEEAATTUURREE
COMPUTER TEMPERATURE DATA LOGGER
PC serial port controlled 4-channel temperature
meter (either deg C or F). Requires no external
power. Allows continuous temperature data logging of
up to four temperature sensors located 200m+ from
motherboard/PC. Ideal use for old 386/486 comput-
ers. Users can tailor input data stream to suit their
purpose (dump it to a spreadsheet or write your own
BASIC programs using the INPUT command to grab
the readings). PCB just 38mm x 38mm. Sensors con-
nect via four 3-pin headers. 4 header cables supplied
but only one DS18S20 sensor.
Kit software available free from our website.
ORDERING: 3145KT £23.95 (kit form);
AS3145 £29.95 (assembled);
Additional DS18S20 sensors £4.95 each
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ABC Mini ‘Hotchip’ Board
Currently learning about
microcontrollers? Need to do
something more than flash a LED
or sound a buzzer? The ABC Mini
‘Hotchip’Board is based on Atmel’s
AVR 8535 RISC technology 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 little Hot Chip board can be
“designed-in” to a project.The ABC Mini Board ‘Starter Pack’ includes
just about everything you need to get up and experimenting right
away. On the hardware side, there’s a pre-assembled micro controller
PC board with both parallel and serial cables for connection to your
PC.Windows software included on CD-ROM features an Assembler,
BASIC compiler and in-system programmer The pre-assembled
boards only are also available separately.

‘PICALL’ PIC Programmer
Kit will program ALL 8*, 18*, 28 and 40 pin
serial AND parallel programmed PIC
micro controllers. Connects to PC parallel
port. Supplied with fully functional pre-
registered PICALL DOS and WINDOWS
AVR software packages, all components
and high quality DSPTH PCB. Also
programs certain ATMEL AVR, serial
EPROM 24C and SCENIX SX devices.New PIC’s can be added to the
software as they are released. Software shows you where to place
your PIC chip on the board for programming. Now has blank chip auto
sensing feature for super-fast bulk programming. *A 40 pin wide ZIF
socket is required to program 8 & 18 pin devices (available at £15.95).

Order Ref Description inc. VAT ea
3117KT ‘PICALL’ PIC Programmer Kit £59.95
AS3117 Assembled ‘PICALL’ PIC Programmer £69.95
AS3117ZIF Assembled ‘PICALL’ PIC Programmer

c/w ZIF socket £84.95

Order Ref Description inc. VAT ea
3122KT ATMEL AVR Programmer £24.95
AS3122 Assembled 3122 £39.95

ATMEL AVR Programmer
Powerful programmer for Atmel
AT90Sxxxx (AVR) micro controller fam-
ily. All fuse and lock bits are program-
mable. Connects to serial port. Can be
used with ANY computer and operat-
ing system. Two LEDs to indicate pro-
gramming status. Supports 20-pin DIP
AT90S1200 & AT90S2313 and 40-pin

DIP AT90S4414 & AT90S8515 devices. NO special software
required – uses any terminal emulator program (built into
Windows). The programmer is supported by BASCOM-AVR Basic
Compiler software (see website for details).
NB ZIF sockets not included.

Order Ref Description inc. VAT
e3108KT Serial Port Isolated I/O Controller Kit £54.95

AS3108 Assembled Serial Port Isolated I/O Controller £69.95

Order Ref Description inc. VAT ea
ABCMINISP ABC MINI Starter Pack £64.95
ABCMINIB ABC MINI Board Only £39.95

Advanced Schematic Capture
and Simulation Software

Serial Port Isolated I/O Controller
Kit provides eight 240VAC/12A
(110VAC/15A) rated relay outputs and
four optically isolated inputs. Can be
used in a variety of control and
sensing applications including load
switching, external switch input
sensing, contact closure and external
voltage sensing. Programmed via a
computer serial port, it is compatible with ANY computer &
operating system. After programming, PC can be disconnected.
Serial cable can be up to 35m long, allowing ‘remote’ control.
User can easily write batch file programs to control the kit using
simple text commands. NO special software required – uses any
terminal emulator program (built into Windows). All components
provided including a plastic case with pre-punched and silk
screened front/rear panels to give a professional and attractive
finish (see  photo).

Atmel 89Cx051 and 89xxx programmers also available.

PC Data Acquisition & Control Unit
With this kit you can use a PC
parallel port as a real world
interface. Unit can be connected to a
mixture of analogue and digital
inputs from pressure, temperature,
movement, sound, light intensity,
weight sensors, etc. (not supplied) to
sensing switch and relay states. It
can then process the input data and
use the information to control up to 11 physical devices such as
motors, sirens, other relays, servo motors & two-stepper motors.
FEATURES:
� 8 Digital Outputs: Open collector, 500mA, 33V max.
� 16 Digital Inputs: 20V max. Protection 1K in series, 5·1V Zener to

ground.
� 11 Analogue Inputs: 0-5V, 10 bit (5mV/step.)
� 1 Analogue Output: 0-2·5V or 0-10V. 8 bit (20mV/step.)
All components provided including a plastic case (140mm x 110mm x
35mm) with pre-punched and silk screened front/rear panels to give a
professional and attractive finish (see photo) with screen printed front
& rear panels supplied. Software utilities & programming examples
supplied.

Order Ref Description inc. VAT ea
e3093KT PC Data Acquisition & Control Unit £99.95

AS3093 Assembled 3093 £124.95

See opposite page for ordering
information on these kits



RELAYS
We have thousands of
relays of various sorts in
stock, so if you need any-
thing special give us a
ring. A few new ones that
have just arrived are spe-
cial in that they are plug-in
and come complete with a
special base which
enables you to check volt-
ages of connections of it without having to go under-
neath. We have 6 different types with varying coil volt-
ages and contact arrangements. All contacts are rated
at 10A 250V AC.
Coil Voltage Contacts Price Order Ref:
12V DC 4-pole changeover £2.00 FR10
24V DC 2-pole changeover £1.50 FR12
24V DC 4-pole changeover £2.00 FR13
240V AC 1-pole changeover £1.50 FR14
240V AC 4-pole changeover £2.00 FR15
Prices include base
MINI POWER RELAYS
For p.c.b. mounting, size 28mm x 25mm x 12mm, all
have 16A changeover contacts for up to 250V. Four ver-
sions available, they all
look the same but have dif-
ferent coils:

6V Order Ref: FR17
12V Order Ref: FR18
24V Order Ref: FR19
48V Order Ref: FR20
Price £1 each less 10% if
ordered in quantities of 10,
same or mixed values.
NOT MUCH BIGGER THAN AN OXO CUBE. Another
relay just arrived is extra small with a 12V coil and 6A
changeover contacts. It is sealed so it can be mounted
in any position or on a p.c.b. Price 75p each, 10 for £6
or 100 for £50. Order Ref: FR16.
RECHARGEABLE NICAD BATTERIES. AA size,
25p each, which is a real bargain considering many
firms charge as much as £2 each. These are in
packs of 10, coupled together with an output lead so
are a 12V unit but easily divideable into 2 × 6V or 10
× 1·2V. £2.50 per pack, 10 packs for £25 including
carriage. Order Ref: 2.5P34.
BIG POWER RELAY. These are open type fixed by
screws into the threaded base. Made by Omron,
their ref: MM4. These have 4 sets of 25A changeover
contacts. The coil is operated by 50V AC or 24V DC,
price £6. Order Ref: 6P.
SIMILAR RELAY but smaller and with only 2 sets of
25A changeover contacts. Coil voltage 24V DC, 50V
AC, £4. Order Ref: 4P.
BIG POWER LATCHING RELAY. Again by Omron, their
ref: MM2K. This looks like a double relay, one on top of
the other. The bottom one has double-pole 20A
changeover contacts. The top one has no contacts but
when energised it will lock the lower relay either on or off
depending on how it is set. price £6. Order Ref: 6P.

BUY ONE GET ONE FREE
ULTRASONIC MOVEMENT DETECTOR. Nicely
cased, free standing, has internal alarm which can
be silenced. Also has connections for external
speaker or light. Price £10. Order Ref: 10P154.
CASED POWER SUPPLIES which, with a few
small extra components and a bit of modifying,
would give 12V at 10A. Originally £9.50 each, now
2 for £9.50. Order Ref: 9.5P4.
3-OCTAVE KEYBOARDS with piano size keys,
brand new, previous price £9.50, now 2 for the price
of one. Order Ref: 9.5P5.

1·5V-6V MOTOR WITH GEARBOX. Motor is mounted
on the gearbox which has
interchangeable gears giving
a range of speeds and motor
torques. Comes with full
instructions for changing
gears and calculating
speeds, £7. Order Ref: 7P26.
MINI BLOWER HEATER.
1kW, ideal for under desk or airing cupboard, etc., needs
only a simple mounting frame, price £5. Order Ref:
5P23.

£50 WORTH OF VERY USEFUL
COMPONENTS FOR ONLY £2.50

For the next two months we are offering three addition-
al buy-one-get-one-free parcels.

The first and most wonderful value offer is the ASTEC
POWER SUPPLY UNIT, Ref. BM51052, our Order Ref:
5P188. This contains about £50 worth of very useful
components, some of which are a 250V bridge rectifier,
2 other full-wave rectifiers mounted on a heatsink, a
power transistor mounted on its own heatsink, a 12V two
changeover relay, a thermal safety cut-out, at least ten
electrolytics of varying voltages and capacities, a normal
mains transformer, a ferrite-cored transformer and, of
course, dozens of other components which you will buy
at about one tenth of the real value. Now 2 for £5.
The second item is the ever useful QUICK HOOK-UPS.
These have been 10 for £2, but for the next two months
you get 20 for £2. Order Ref: 2P459.
The third one is a very useful POWER SUPPLY UNIT,
our Ref: 6P23. This is officially rated at 13½V, just under
2A but on test we find that it works quite well giving 12V
at 2A. It would also charge 12V batteries. Normal price
£6, but you get 2 for £6.

SELLING WELL BUT STILL AVAILABLE
IT IS A DIGITAL
MULTITESTER, com-
plete with backrest to
stand it and hands-
free test prod holder.
This tester measures
d.c. volts up to 1,000
and a.c. volts up to
750; d.c. current up to
10A and resistance
up to 2 megs. Also
tests transistors and
diodes and has an
internal buzzer for continuity tests. Comes complete with
test prods, battery and instructions. Price £6.99. Order
Ref: 7P29.
INSULATION TESTER WITH MULTIMETER. Internally
generates voltages which enable you to read insulation
directly in megohms. The multimeter has four ranges,
AC/DC volts, 3 ranges DC milliamps, 3 ranges resistance
and 5 amp range. These instruments are ex-British
Telecom but in very good condition, tested and guaranteed
OK, probably cost at least £50 each, yours for only £7.50
with leads, carrying case £2 extra. Order Ref: 7.5P4.
REPAIRABLE METERS. We have some of the above
testers but slightly faulty, not working on all ranges,
should be  repairable, we supply diagram, £3. Order Ref:
3P176.
1mA PANEL METER. Approximately 80mm × 55mm,
front engraved 0-100. Price £1.50 each. Order Ref:
1/16R2.
VERY THIN DRILLS. 12 assorted sizes vary between
0·6mm and 1·6mm. Price £1. Order Ref: 128.
EVEN THINNER DRILLS. 12 that vary between 0·1mm
and 0·5mm. Price £1. Order Ref:129.
D.C. MOTOR WITH GEARBOX. Size 60mm long,
30mm diameter. Very powerful, operates off any voltage
between 6V and 24V D.C. Speed at 6V is 200 rpm,
speed controller available. Special price £3 each. Order
Ref: 3P108.
FLASHING BEACON. Ideal for putting on a van, a trac-
tor or any vehicle that should always be seen. Uses a
Xenon tube and has an amber coloured dome. Separate
fixing base is included so unit can be put away if desir-
able. Price £5. Order Ref: 5P267.
MOST USEFUL POWER SUPPLY. Rated at 9V 1A, this
plugs into a 13A socket, is really nicely boxed. £2. Order
Ref: 2P733.
MOTOR SPEED CONTROLLER. These are suitable for
D.C. motors for voltages up to 12V and any power up to
1/6h.p. They reduce the speed by intermittent full volt-
age pulses so there should be no loss of power. In kit
form these are £12. Order Ref: 12P34. Or made up and
tested, £20. Order Ref: 20P39.
LARGE TYPE MICROSWITCH with 2in. lever,
changeover contacts rated at 15A at 250V, 2 for £1.
Order Ref: 1/2R7.
BALANCE ASSEMBLY KITS. Japanese made, when
assembled ideal for chemical experiments, complete
with tweezers and 6 weights 0·5 to 5 grams. Price £2.
Order Ref: 2P44.
CYCLE LAMP BARGAIN. You can have 100 6V 0-5A
MES bulbs for just £2.50 or 1,000 for £20. They are
beautifully made, slightly larger than  the standard 6·3V
pilot bulb so they would be ideal for making displays for
night lights and similar applications.
SOLDERING IRON, super mains powered with long-life
ceramic element, heavy duty 40W for the extra special
job, complete with plated wire stand and 245mm lead,
£3. Order Ref: 3P221.
TWO MORE POST OFFICE INSTRUMENTS
Both instruments contain lots of useful parts, including
sub-min toggle switch sold by many at £1 each.They are
both in extremely nice cases, with battery compartment
and flexible carrying handles, so if you don’t need the
intruments themselves, the case may be just right for a
project you have in mind.
The first is Oscillator 87F. This has an output, continu-
ous or interrupted, of 1kHz. It is in a plastic box size
115mm wide, 145mm high and 50mm deep. Price only
£1. Order Ref: 7R1.
The other is Amplifier Ref. No. 109G. This is in a case
size 80mm wide, 130mm high and 35mm deep. Price
£1. Order Ref: 7R2.
HEAVY DUTY POT
Rated at 25W, this is 20 ohm resistance so it could be
just right for speed controlling a d.c. motor or device or
to control  the output of a high current amplifier. Price £1.
Order Ref: 1/33L1.

We have nearly 1,000 items of £1 Bargains. A
comprehensive list will be available early
November. You will get one if we are dispatching
goods to you. If not, send us an SAE for this.

UNDER SCALE KNOB, engraved 0-10 for fitting
under control knob, 3in. dia., pack of 2. Order
Ref: 1074.
TV REMOTE CONTROLS. If it does not suit your
TV, you could use it for other projects, FM bug,
etc., pack of 2. Order Ref: 1068.
MES BATTEN HOLDERS, pack of 4. Order
Ref: 126.
PAX TUBING, ¼in. internal dia., pack of 2, 12in.
lengths. Order Ref: 1056.
2M MAINS LEAD, 3-core, black, pack of 3. Order
Ref: 1021.
FERRITE SLAB AERIAL with coils, pack of 2.
Order Ref: 1027.
WHITE TOGGLE SWITCH, push-in spring retain
type, pack of 4. Order Ref: 1029.
HIGH CURRENT RELAY, 24V AC or 12V DC, 3
sets 8A changeover contacts. Order Ref: 1016.
FIGURE 8 MAINS FLEX, also makes good speak-
er lead, 15m. Order Ref: 1014.
6V SOLENOID with good strong pull, pack of 2.
Order Ref: 1012.
IN-LINE FUSEHOLDERS, takes 20mm fuse, just
cut the flex and insert, pack of 4. Order Ref: 969.
3·5mm JACK PLUGS, pack of 10. Order Ref: 975.
8��F 359V ELECTROLYTICS, pack of 2. Order
Ref: 987.
MAINS PSU, 15V 350mA AC. Order Ref: 934.
15V + 15V 1·5VA POTTED PCB MAINS
TRANSFORMER. Order Ref: 937.
12V-0V-12V 6VA MAINS TRANSFORMER, p.c.b.
mounting. Order Ref: 938.
EX-GPO TELEPHONE DIAL, rotary type. Order
Ref: 904.
QUARTZ LINEAR HEATING TUBES, 306W but
110V so would have to be joined in series, pack of
2. Order Ref: 907..
REELS INSULATION TAPE, pack of 5, several
colours. Order Ref: 911.
D.C. VOLTAGE REDUCER, 12V-6V, plugs into car
socket. Order Ref: 916.
CAR SOCKET PLUG with p.c.b. compartment.
Order Ref: 917.
SOLENOID, 12V to 24V, will push or pull, pack of
2. Order Ref: 877.
MICROPHONE, dynamic with normal body for
hand holding. Order Ref: 885.
LIGHTWEIGHT STEREO HEADPHONES. Order
Ref: 989.
3M 2-CORE CURLY LEAD, 5A. Order Ref: 846.
DELAY SWITCH on B7G base. Order Ref: 854.
THERMOSTAT for ovens with ¼in. spindle to take
control knob. Order Ref; 857.
MINI STEREO 1W AMP. Order Ref: 870.
13A ADAPTORS to each take 2 plugs, pack of 2.
Order Ref: 820.
C/O MICROSWITCHES, operated by a wire con-
trol to spindle through side, pack of 4. Order
Ref: 786.
REED SWITCH, flat instead of round so many
more can be stacked in a small area. Order
Ref: 796.
MAINS CIRCUIT BREAKER, 7A push-button
operated. Order Ref: 802.
½ MEG POTS, each fitted with double-pole switch,
pack of 2. Order Ref: 780.
SLIGHTEST TOUCH CHANGEOVER MICRO-
SWITCHES, main voltage, pack of 2. Order
Ref: 748.
1920 VINTAGE RESISTORS, you’ve probably
never seen any quite like these, pack of 2. Order
Ref: 695.
REED RELAY KITS, you get 8 reed switches and
2 coil sets. Order Ref: 148.
NEON INDICATORS, in panel mounting holders
with lens, pack of 6. Order Ref: 180.
12V SOLENOID, has good ½in. pull or could push
if modified. Order Ref: 232.
IN HANDLE MAINS ON/OFF SWITCHES, some-
times known as pistol grip switches, pack of 2.
Order Ref: 839.
PROJECT BOX, size approx. 100mm x 75mm x
24mm, it’s lid is a metal heatsink. Order Ref: 759.
TWO CIRCUIT MICROSWITCH. Order Ref: 825.
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TERMS
Send cash, PO, cheque or quote credit card number –
orders under £25 add £4.50 service charge.



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 Plug-in power supply £4.99

KIT 867. . . . . . . . . . . . . . . . . . . . . . . . . . . . .£19.99
KIT + SLAVE UNIT. . . . . . . . . . . . . . . . . . . .£32.50

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

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 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

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

� Efficient quartz controlled
microcontroller pulse generation.

� Full kit with headphones & all
hardware

KIT 847  . . . . . . . . .£63.95

PORTABLE ULTRASONIC
PEsT SCARER
A powerful 23kHz ultrasound generator in a
compact hand-held case. MOSFET output drives
a special sealed transducer with intense pulses
via a special tuned transformer. Sweeping
frequency output is designed to give maximum
output without any special setting up.

KIT 842......................£22.56

Stepping Motors

MD38...Mini 48 step...£8.65

MD35...Std 48 step...£9.99

MD200...200 step...£12.99

MD24...Large 200 step...£22.95

MOSFET MkII 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

EE231

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
effect. L.E.D. monitor.

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

DUAL OUTPUT TENS UNIT
As featured in March ‘97 issue.
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.

KIT 866. . Full kit including four electrodes £32.90

Set of
4 spare

electrodes
£6.50

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

EPE
PROJECT

PICS
Programmed PICs for 

all* EPE Projects
16C84/18F84/16C71

All £5.90 each
PIC16F877 now in stock

£10 inc. VAT & postage
(*some projects are copyright)

EEPPEE
TTEEAACCHH--IINN
22000000
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
your message appears. Programmable
to hold any message up to 16 digits long.
Comes pre-loaded with “MERRY XMAS”. Kit
includes PCB, all components & tube plus
instructions for message loading.

KIT 849 . . . . . . . . . . . .£16.99

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 . . . . . . . . . . .£24.99
ALSO AVAILABLE Built & Tested. . . £39.99

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

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.

ULTRASONIC PEsT SCARER

��UP TO 4 METRES 
RANGE

��LOW CURRENT 
DRAIN

��KIT INCLUDES ALL 
COMPONENTS, PCB & CASE

��EFFICIENT 100V 
TRANSDUCER OUTPUT

��COMPLETELY INAUDIBLE 
TO HUMANS

KIT 812. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . £15.00

TENS UNIT
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68000 DEVELOPMENT
TRAINING KIT

KIT 621
£99.95

� ON BOARD 
5V REGULATOR 

� PSU £6.99
� SERIAL LEAD £3.99

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



� SUPER UPGRADE FROM V1  ��18, 28 AND 40-PIN CHIPS
� READ, WRITE, ASSEMBLE & DISASSEMBLE PICS
� SIMPLE POWER SUPPLY OPTIONS 5V-20V
� ALL SWITCHING UNDER SOFTWARE CONTROL
� MAGENTA DESIGNED PCB HAS TERMINAL PINS AND   

OSCILLATOR CONNECTIONS FOR ALL CHIPS
� INCLUDES SOFTWARE AND PIC CHIP

KIT 878 . . . £22.99 with 16F84 . . . £29.99 with 16F877

PIC 16C84 DISPLAY DRIVER

INCREDIBLE LOW PRICE!  Kit 857 ££1122..9999

SIMPLE PIC PROGRAMMER

Power Supply £3.99

EXTRA CHIPS:

PIC 16F84 £4.84

INCLUDES 1-PIC16F84 CHIP
SOFTWARE DISK, LEAD
CONNECTOR, PROFESSIONAL
PC BOARD & INSTRUCTIONS

Based on February ’96 EPE. Magenta designed PCB and kit. PCB
with ‘Reset’ switch, Program switch, 5V regulator and test L.E.D.s,
and connection points for access to all A and B port pins.

INCLUDES 1-PIC16F84 WITH
DEMO PROGRAM SOFTWARE
DISK, PCB, INSTRUCTIONS
AND 16-CHARACTER 2-LINE

LCD DISPLAY

Kit 860 ££1199..9999
Power Supply £3.99

FULL PROGRAM SOURCE
CODE SUPPLIED – DEVELOP

YOUR OWN APPLICATION!

Another super PIC project from Magenta. Supplied with PCB, industry
standard 2-LINE × 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! 

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

� WITH PROGRAMMED 16F84 AND DISK WITH 
SOURCE CODE IN MPASM

� ZERO VOLT SWITCHING 
MULTIPLE CHASE PATTERNS

� OPTO ISOLATED 
5 AMP OUTPUTS

� 12 KEYPAD CONTROL
� SPEED/DIMMING POT.
� HARD-FIRED TRIACS

Kit 855 ££3399..9955

Now features full 4-channel
chaser software on DISK and
pre-programmed PIC16F84
chip. Easily re-programmed
for your own applications.
Software source code is fully
‘commented’ so that it can be
followed easily.

LOTS OF OTHER APPLICATIONS

Tel: 01283 565435     Fax: 01283 546932     E-mail: sales@magenta2000.co.uk
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All prices include VAT. Add £3.00 p&p. Next day £6.99

EEPPEE  PPIICC  TTuuttoorriiaall
At last! A Real, Practical, Hands-On Series
� Learn Programming from scratch using PIC16F84
� Start by lighting l.e.d.s and do 30 tutorials to

Sound Generation, Data Display, and a Security
System.

� PIC TUTOR Board with Switches, l.e.d.s, and on
board programmer

PIC TOOLKIT V2

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

SUPER PIC PROGRAMMER
� READS, PROGRAMS, AND VERIFIES
� WINDOWS� SOFTWARE
� PIC16C6X, 7X, AND 8X
� USES ANY PC PARALLEL PORT
� USES STANDARD MICROCHIP    ��HEX FILES
� OPTIONAL DISASSEMBLER SOFTWARE (EXTRA)
� 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       ££2299..9999
Power Supply £3.99
DISASSEMBLER 
SOFTWARE £11.75

PIC STEPPING MOTOR DRIVER

8-CHANNEL DATA LOGGER

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

Kit 863 ££1188..9999
FULL SOURCE CODE SUPPLIED
ALSO USE FOR DRIVING OTHER
POWER DEVICES e.g. SOLENOIDS 

Another NEW 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.

As featured in Aug./Sept. ’99 EPE. Full kit with Magenta 
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 × 256K EEPROMS

NEW
!

PIC Real Time
In-Circuit Emulator

� Icebreaker uses PIC16F877 in circuit debugger
� Links to Standard PC Serial Port (lead supplied)
� Windows

TM
(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 £5.99
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Dedicated to those who died at the hands of
inhuman fanatics.

We hope that in the future technology can be
used to prevent wanton destruction and that

everyone can work towards using high tech skills
to make the world a safer and more peaceful

place.
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W HILE it has been possible during
most of the “electronics age” to
measure both potential difference

and current flow with good accuracy and
from small values to the very large, mea-
surement of capacitance has always pre-
sented problems.

Although some modern multimeters
have capacitance-measuring capability,
this is often limited to a maximum of
around 10 microfarads and is often highly
inaccurate at both ends of the scale.

However, the simple circuit described
here allows all types of capacitor, includ-
ing non-polarised, electrolytic and tanta-
lum to be measured accurately and over a
wide range. It measures capacitance from a
few picofarads to 10,000 microfarads in
three sub-scales (10nF, 10�F, and
10,000�F) and is accurate across the whole
range.

It automatically measures high value
capacitors at the low frequencies they are
likely to encounter when used as reservoirs
for d.c. smoothing. Also, the method for
accurately measuring small capacitors is
only modified, but not limited, by the stray
capacitance of the meter itself.

���������
The circuit is basically a frequency

counter used with two square wave oscilla-
tors. The first oscillator generates a fixed
frequency, and the second generates a fre-
quency relative to the value of the capaci-
tor to be measured. The counter counts the
number of fixed frequency pulses that
occur during each cycle of the second
oscillator. The displayed result represents
the value of the capacitor.

The circuit diagram in Fig.1 shows how
an oscillator can be made from three build-
ing blocks: an inverter, resistor R and
capacitor C. The approximate time (T) for
one wavelength of such an oscillator is
given by the formula T = 1·1CR. In other
words if R is kept constant, T and C are
directly proportional: the period of one
wavelength is doubled if C is doubled,
halved if C is halved, and so on.

Let us consider two of these oscillators.
The first, X, uses some convenient resistor
and a capacitor marked as 1nF, while Y, the
second oscillator, uses values of C and R

which result in its producing 1000Hz while
X is producing just 1Hz.

A frequency counter connected to the
output of the Y oscillator can be started and
stopped by the beginning and end transi-
tions of the 1Hz output from oscillator X,

during which period it will count 1000
waveform cycles, i.e. it will measure the
frequency as 1000Hz. So the counter’s dis-
play will now show 1000 and we can say
that this represents the 1000 picofarads of
the 1nF capacitor used to drive oscillator
X.

The accuracy of this result will depend
upon a lot of variables but what we can be
sure about is that when the 1nF capacitor is
replaced by one marked as 2·2nF and the
experiment repeated, the new period of a
single wavelength from X will last more
than twice as long as previously, during

which time the counter will count many
more pulses from the Y oscillator. In fact,
if the 2·2nF component is accurate, the dis-
play will now show 2200 and we can inter-
pret this as the capacitor’s picofarad value.

Of course all this presupposes that the
marked 1nF of the original capacitor used
is also accurate. But even if we cannot
make this assumption, we can at this stage
at least get useful relative values for the
capacitors tested.

So now the design problems in making
our capacitance meter reduce to accurate
calibration, building a frequency counter
and creating the simple logic necessary to
gate it and its display.

����	���
������
The complete circuit diagram for the

Capacitance Meter is shown in Fig.2.
The timing oscillator (equivalent to

oscillator X just described) is formed
around Schmitt inverter gate IC1a.
Capacitor Cx is the component whose
value we wish to measure and there are
three choices of resistance range formed
by presets VR1 to VR3 together with resis-
tors R4 to R6.

Selection of the range is made via
switch S1 in conjunction with the dual 4-
way multiplexer IC5. The ranges are selec-
table for measurements in microfarads
(�F), nanofarads (nF) and picofarads (pF).

The output of oscillator IC1a (see Trace
2 in Fig.3) is inverted and buffered by the
parallel inverters IC1b and IC1c (Trace 3).
The resulting output is differentiated by
capacitor C1 and resistor R7, to produce
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Fig.1. Simplified RC oscillator.
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Fig.2. Complete circuit diagram for the Capacitance Meter. The dual display pinouts are shown inset.



the brief pulse waveform shown in Trace 4.
This is fed to the three parallel inverters
IC1d to IC1f whose output results in the
waveform of Trace 5.

Inverters IC1b/IC1c and IC1d to IC1f
are paralleled for convenience since the
inputs of otherwise unused gates need to
be tied to one or other logic level. The
paralleled gates also provide increased
buffering of the wanted signal.

Two monostables, IC2a and IC2b, are
triggered by negative-going pulses from
IC1d to IC1f. IC2a produces positive-
going pulses from its Q1 output (see Trace
6), which are used to reset counter IC3.
The pulse duration is about 1�s, as set by
components R9 and C2.

IC2b produces a negative-going pulse at
its Q2 output, having a duration of about
one second, as set by components R10 and
C3. Feeding back the Q2 output into the
trigger input prevents the monostable from
being retriggered during its timing period.

Diodes D1 and D2 plus resistor R8 form
an AND gate wired so that the pulses from
IC1d-f are ANDed with the Q output of
IC2b. The resultant pulses (Trace 8) con-
trol counter IC3’s latch input.

It might be thought that triggering the
latch would be achieved more convenient-
ly by the direct use of the pulses output
from IC1d-f. However, when testing capac-
itors on the lower ranges this would result
in high frequency flickering of the dis-
play’s least significant digits causing, for
example, 0100 to be misread as 0188.
ANDing the short and long pulses means
that the displays are never updated faster
than once a second.

Although Fig.3 is not drawn to scale, it
still reveals two important parameters. The
first is that the counter’s reset pulses (Trace
6) are delayed by the width of the trigger-
ing pulses from IC1d-f (Trace 5).

Secondly, both these pulses take up time
during oscillator X’s waveform period
when the counter ought to be counting.
Consequently, the combination values of
C1/R7 and C2/R9 are as small as possible
so that very narrow but still reliable pulses
are produced. In practice, the counting
time lost due to the width of these pulses
can be considered negligible relative to the
period of X’s waveform cycle.

��������
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The final part of the circuit is for oscilla-
tor Y, which provides the standard against
which oscillator X is compared.

In the first prototype, oscillator Y was
built using a spare inverter with a standard
C-R configuration. The thinking was that
since both X and Y inverters would be part
of the same chip and so be equally affected
by any temperature variation, both oscilla-
tors would produce proportional frequency
changes which would cancel out.

Regrettably, this was not true in practice
and it was necessary to settle on the greater
stability of crystal control for the standard
Y frequencies. Temperature variation can
still introduce small errors but these should
not amount to more than about one per cent
at normal room temperatures.

A type 4060 oscillator/divider, IC4, is
used with a 4·9152MHz crystal (X3) to
provide three convenient reference fre-
quencies via the second half of multiplexer
IC5, selectable by switch S1.

�

����

Pulses from the reference
oscillator/divider are fed via IC5 output X
to counter/decoder IC3, a 74C925 device.
IC3’s four internal decade counters count
the pulses while its reset pin is held low.
On receipt of a positive-going latching
pulse, the count total reached at that
moment is latched into internal registers.

The registers are internally multiplexed
and cyclically output the count values in a
form suitable for driving four 7-segment
displays via outputs a to f. Outputs DA to
DD control transistors TR1 to TR4 to
switch on the correct display digit at the
right time.

This multiplexing operates at a refresh-
ment rate of about 1000 times per second,
which of course the eye perceives as con-
tinuous. Resistors R12 to R18 limit current
flow through the seven segments. The dec-
imal point of the most significant digit, X1,
is turned permanently on via ballast resis-
tor R11. The transistors do not require base
resistors since current-limiting is automati-
cally provided by IC3.

The count continues for as long as reset
pin 12 is held low, and the new total will be
displayed and latched every time pin 5 is
taken high and then low again. Taking pin
12 high resets the counter and the display
to zero.

�
�����
����
The power supply circuit is also shown

in Fig.2. Transformer T1 has a secondary
winding whose 15V a.c. output voltage is
rectified by bridge rectifier REC1.
Capacitors C6 and C7 smooth the resulting
d.c. which is then regulated down to +12V

by IC6. This supplies power for the circuit
around IC1, IC2, IC4 and IC5. Regulator
IC7 then reduces the 12V to +5V to supply
counter IC3.

Capacitors C8 to C12 decouple the
power lines at appropriate places on the
printed circuit boards.

It is worth noting that a well smoothed
and stable 12V d.c. supply is essential to
this design since the frequency of the X
oscillator is a function of the positive
supply voltage.

�
����
���
�
This design is mains powered and its

construction should only be undertaken
by those who are suitable experienced.

There are two double-sided printed cir-
cuit boards (p.c.b.s) for the Capacitance
Meter. They are both available from the
EPE PCB Service, codes 323 (Main) and
324 (Display). Their component layout and
tracking details are shown in Fig.4, Fig.5,
Fig.6 and Fig.7.

If you purchase your p.c.b.s. from EPE,
small pieces of interconnecting wire
(“vias’’) must be soldered to opposite pads
on both surfaces at the points where top
and bottom tracks need to be joined.

Four of these vias lie underneath the 7-
segment displays so they need to be wired
early in the construction. For these four in
particular, surplus linking wire and solder
must be trimmed close to the surface of the
board to allow proper seating of the
displays.

Tracks and the earth planes are often
very close together and great care is need-
ed to avoid solder migrating from track to
track or earth. To avoid heating adjacent
copper, use a soldering iron temperature of
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IC1a PIN 2

IC1b/c PINS 4/12

IC1d-f PINS 5,9,11

IC1d-f PINS 6,8,10

IC4 PIN 10

IC2a PIN 6

IC2b PIN 9

IC3 PIN 5

TRACE 1

TRACE 2

TRACE 3

TRACE 4

TRACE 5

TRACE 6

TRACE 7

TRACE 8

OSC Y

OSC X

Fig.3. Timing pulses at different points in the circuit.

Component side of the prototype Display board (which differs slightly from the final).



200°C or 400°F if you can control the tip
temperature, or a low wattage heating ele-
ment if you cannot, and a very sharp tip.

Sockets should be used for all the dual-
in-line (d.i.l.) i.c.s. Note that some compo-
nents are mounted vertically and that three
inter-board links have to be made when the
boards are soldered together (see photo).

It is best to set the multiturn trim-poten-
tiometers (VR1 to VR3) to their mid-posi-
tions before soldering them into the board
since the position of the wipers cannot be
seen and in situ resistance measurement
may be distorted by adjacent components.

��������	

The displays are mounted on one side of

their board while the other components are
mounted on the reverse. It is best to solder
in the displays after the other components
have been installed.

One leg of capacitor C12 needs to be
soldered on both faces of the board and one
leg of both R11 and R18 need to be sur-
face-soldered to the track on the same side
of the board on which they are mounted.
Similarly the four transistors are surface
mounted on the rear of the display panel.

The suggested resistance for R4 is 2M7
ohms but the author found considerable
variation in the needed value for the
VR1/R4 combination depending upon the
manufacturer of the 40106 used for IC1.
Consequently, the value of R4 may need to
be modified and this component should not
be permanently wired in until the board has
been completed and fully tested.

Capacitor test leads are brought out
through the front panel, via a hole protect-
ed by a grommet. They should be terminat-
ed by red and black probe clips, to indicate
the correct polarity (black to capacitor
–VE, red to capacitor +VE when polarity is
important).

�	��������
������
The mains cable should be brought into

the case via a clamping grommet. Although
not used on the prototype, a rear-panel
mounted fuseholder and 100mA fuse
should be included, wired as shown in
Fig.6.

The transformer should be firmly bolted
to the base of the case, and the mains earth
lead soldered to a crimp tag secured to one
of the transformer bolts.

All mains connections should be
covered by insulating tape to prevent acci-
dental contact with them.

�
��������
When construction is complete and

fully checked, the two p.c.b.s should be
link-wired together at four points: 5V to
5V, and the tracks from pins 5, 11 and 12
of IC3 to their counterparts on the com-
ponents board. Solder together the
ground planes of both boards in order to
make the 0V link and to provide rigidity
to the assembly.

Before inserting any d.i.l. i.c.s, check
that the power supply is working correctly,
ensuring that you take adequate safety
precautions due to the presence of mains
voltages.

Check that +12V is present at the output
of IC6, and +5V is present at the output of
IC7. Switch off immediately if the correct
voltages are not present and recheck your
assembly.
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Fig.4. Display p.c.b. underside component layout and foil master.
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Fig.5. Dual 7-segment display mounted on the Display board and full-size topside
copper foil master pattern.

Prototype Display printed circuit board.
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Resistors
R1 to R3 100k (3 off)
R4 2M7

(see text)
R5 47k
R6 2k7
R7, R9 4k7 (2 off)
R8 10k
R10 1M
R11 39�
R12 to R18 33� (7 off)

Potentiometers
VR1 1M multiturn, vertical 

adjustment
VR2 100k multiturn, vertical

adjustment
VR3 2k multiturn, vertical

adjustment

Capacitors
C1, C2 220p polyester (2 off)
C3 4�7 radial elect. 16V
C4 22p polyester
C5 68p polyester
C6 1000� elect, 35V
C7, C8, C10

to C12 100n ceramic (5 off)
C9 470� elect. 16V

Semiconductors
D1, D2 1N4148 signal diode

(2 off)
REC1 50V 1A bridge rectifier
TR1 to TR4 BC107B or similar gen.

purpose npn transistor
(4 off)

IC1 40106 hex Schmitt
inverter

IC2 4528 dual monostable
IC3 74C925 4-digit counter-

driver
IC4 4060 14-stage binary

counter
IC5 4052 2-pole 4-way

multiplexer
IC6 7812 +12V 1A voltage

regulator
IC7 7805 +5V 1A voltage

regulator

Miscellaneous
FS1 panel-mounting 20mm

fuseholder and 100mA
fuse

S1 4-pole 3-way rotary
switch

S2 d.p.s.t. or d.p.d.t. mains
switch, 1A

T1 mains transformer, 15V
a.c. secondary 3VA

X1, X2 dual 7-segment, common
cathode l.e.d. display 
(2 off)

X3 4·9152MHz crystal

Printed circuit boards, available from
the EPE PCB Service, code 323 (Main),
324 (Display); 14-pin d.i.l. socket; 16-pin
d.i.l. socket (4 off); metal case to suit;
knob; mains cable clamping grommet;
grommet for test leads hole; probe clips,
one each red and black; insulating tape;
connecting wire; solder, etc.

See
SSHHOOPP
TTAALLKK
ppaaggee

Approx. Cost
Guidance Only ££4422

excluding case

Fig.6. Main p.c.b. component lay-
out, wiring and topside copper foil
master.

Above: Prototype
boards interconnected
(differs slightly from
final version).

EPE Online
Note that the circuit boards used in EPE Online projects are available from the EPE Online Store at www.epemag.com (also note that the codes for the boards in the online store are prefixed with 7000, so a board with a code of say 256 will appear as 7000256 in the online store).



With no capacitor connected, select the
Picofarad range and switch on. The display
should show a low value reading. On the
prototype it was 0030 and this represents
30pF of stray capacitance caused by the
Capacitance Meter itself.

Keeping leads short to the capacitor
under test will minimise this figure but its
value is of little importance since it can
easily be subtracted from all the readings
taken when the range is set to picofarads.
For higher ranges this error becomes
insignificant.

��������	�
������
Calibrating the picofarad range should

ideally be done using a 1000pF one per
cent silvered mica capacitor, adjusting
VR1 until the meter reads 1000, plus the
amount of stray capacitance. If necessary,
by experiment select a different value for
resistor R4 if VR1 cannot be adjusted to
provide the correct reading.

If a one per cent capacitor is not avail-
able, it is possible to get very good and
ultimately highly accurate readings by an
averaging method, using a wide selection
of broader-tolerance capacitors in the
range being set up.

With VR1 set to its mid-position, use the
meter to read and tabulate the displayed
values of all the capacitors against their
marked values. Even after one set of read-
ings it should be obvious whether in gener-
al the values are all too high or too low.

If discrepancies are all or mostly in the
same general direction, slightly adjust VR1
and measure again. Repeat this until read-
ings generally fall into line. Remember that
capacitors on this range need to have their
readings reduced by the value of the stray
capacitance. Also consider that more
weight should be given to the reading of a
modern quality capacitor rather than the
one salvaged from your first black-and-
white telly!

Keep in mind that, other than some one
per cent polystyrene and silvered mica
types, modern capacitors in this range usu-
ally carry tolerances of either five or ten
per cent. Check your catalogues to deter-
mine the expected accuracy of the ones you
are using for these tests.

All readings on the picofarad scale are

up-dated every second or so and a small
variation in the lower digits of the count is
to be expected.

When adjustment of VR1 and R4 have
allowed calibration of the picofarad scale,
solder R4 in permanently.

�
�����

��	�
������
Now choose a good quality, mid-range

capacitor (say 1nF to 4·7nF), measure and
record its value and then carefully put it
away for future re-calibration if necessary.

Adjusting any one trim-potentiometer
has no effect on the setting of the other two
so the order in which the ranges are cali-
brated is immaterial. Choose a capacitor
value that falls within the range selected.

Adjust VR2 to set up the 9·999 (10)
microfarad range and adjust VR3 for the
9·999 (10,000) microfarad range. It is sug-
gested that for these ranges also, two “stan-
dard” capacitors are subsequently selected,

their measured values recorded on them,
after which they should be safely stored.

Remember that the face value of large
capacitors can be very inaccurate indeed,
differing from their real capacity by 50 per
cent or even more!

��������������
Capacitors left unused for long periods

lose form and need to be “reconditioned”
before their real capacitance is reached.
Using this meter to measure the component
will help reform it and, while this is hap-
pening, you will see a slight drift during
the short interval before a stable value is
achieved. Any regular drifting in readings
over a long period should make you suspi-
cious of a capacitor’s quality.

A somewhat similar but reverse problem
will be encountered when measuring the
largest capacitors. For these, the waveform
period of oscillator X will be very long and
you may need to wait for perhaps half a
minute or so before a reading appears, and
even that is not likely to represent the real
capacitance.

Just connecting test leads to the capaci-
tor will create a stream of extraneous puls-
es and so the first reading will probably be
far too high. Add the “reconditioning” fac-
tor and you may have to wait for the third
or fourth reading before it becomes stable
and repeatable.

Polarised capacitors need to be connect-
ed with their negative side joined to the
Earth test lead.

����������
����
While developing this design, the author

frequently came up against problems con-
nected with needing to use components
close to the limit of what is conveniently
available and practically sensible. For
example, starting with the X oscillator, the
requirement for resistance R was deter-
mined experimentally when measuring
capacitance in the lowest range.

Resistance R clearly had to have a large
value in order that X would produce a low
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Fig.7. Full-size foil master for the Main board topside.

General component positioning inside the prototype Capacitance Meter. Note the
“earthing’’ braiding from the p.c.b. to the main case earth tag.



enough frequency for oscillator Y’s output
to be feasible, bearing in mind that the lat-
ter has to run faster than X by a factor of
1000. It was found that R had to be some-
where around 3M3 ohms, close to a rea-
sonable limit but a potential source of hum
pickup.

Using a 3M3 ohms resistor and a 1nF
capacitor, the frequency of oscillator X was
found to be 307Hz. This meant that oscilla-
tor Y had to provide a frequency of
307,000Hz. This figure was then repeatedly
multiplied by two until the result was close
to the value of an easily available crystal.

In fact, 16 times 307,000 gave
4,912,000, close enough to a standard
4,915,200 crystal. Using this with a 4060
oscillator/divider resulted in an output of
307,200Hz at pin 7. The small difference is
accommodated by varying the value of R
with VR1.

That solved the problem for the lowest
range on the meter. The next step was con-
sideration of the highest range.

It would have been convenient if the out-
put from Y could be the same frequency for
all ranges, with a variable R in the X oscil-
lator providing the scale changes. But it
quickly became evident that this was
impossible.

There is a 1,000,000:1 ratio between the
highest and lowest ranges. Consequently, if
all scale changes were to be achieved by
only varying R, which is 3M3 ohms in the
lowest range, it would consequently need
to be 3·3 ohms for the highest range, when
the theoretical charging current becomes
3·6 amps!

The simple answer to this problem was
to share the 1,000,000:1 ratio equally
between the two oscillators.
Consequently R for the X oscillator is
divided by 1000 and becomes 3.3k� (i.e.
the series connection of a 2·7k� resistor
and an approximately mid-set 2k� poten-
tiometer) while the Y frequency also
needs to be divided by 1000.

The easiest way of doing this is to divide
by 1024 (210) and allow the 2k� poten-
tiometer to adjust for the error. The 4060
i.c. omits division by certain powers of
two, but 210 is available at pin 3.

�����������	�
This leaves the middle range of the

meter which it seems desirable to set half
way between the other two. Initially this
did not seem very straightforward. What
was required was a number which when
divided into 3,300,000 ohms gave the same
value as when it multiplied 3,300 ohms.

Put like that the answer was obvious: it
was the square
root of 1000,
or approxi-
mately 31·6.
So the middle
value for R
b e c o m e s
3 , 3 0 0 , 0 0 0
divi-ded by
31·6 which is
104,430, mak-
ing the series
connection of
a 47k� resis-

tor and a mid-set 100k� pot an easy solu-
tion. And of course 31·6 is near enough to
25 to use the output from pin 13 of the
4060.

��
���
����
As a final comment, when large value

capacitors are disconnected from the meter
after they have been tested, they may very
well be fully charged and could remain so
for days.

At 12 volts this is of little danger to the
operator. But if testing the component
immediately precedes its being wired into
a circuit board, the capacitor’s charge
might very well destroy other components
already connected. So, after testing large
capacitors, they should be carefully dis-
charged before use.

You are advised, though, not to simply
short the leads together with a screwdriv-
er, but to touch a 10k� resistor between
them, to allow a less brutal discharge to
occur.                                                �
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RADIO COMMUNICATIONS TEST SETS
MARCONI 2955/2995A  . . . . . . . . . . . . . . . . . . . . . . .From £1500
SCHLUMBERGER 4040 . . . . . . . . . . . . . . . . . . . . . . . . . . . .£900

MARCONI 2024 Signal Gen, 9kHz-2·4GHz  . . . . . . . . . . . . .£3000
MARCONI 2022E Synth AM/FM sig gen

10kHz-1·01GHz l.c.d. display etc  . . . . . . . . . . . . . . .£525-£750
H.P. 8672A Synth 2-18GHz sig gen . . . . . . . . . . . . . . . . . . .£4000
H.P. 8657A Synth sig gen, 100kHz-1040MHz  . . . . . . . . . . .£2000
H.P. 8656B Synth sig gen, 100kHz-990MHz  . . . . . . . . . . . .£1350
H.P. 8656A Synth sig gen, 100kHz-990MHz  . . . . . . . . . . . . .£995
H.P. 8640A AM/FM sig gen, 500kHz-1024MHz  . . . . . . . . . . .£400
H.P. 8640A AM/FM sig gen, 500kHz-512MHz  . . . . . . . . . . . .£250
PHILIPS PM5328 sig gen, 100kHz-180MHz with

200MHz, freq. counter, IEEE  . . . . . . . . . . . . . . . . . . . . . . .£550
RACAL 9081 Synth AM/FM sig g en, 5-520MHz  . . . . . . . . . .£250
H.P. 3325A Synth function gen, 21MHz  . . . . . . . . . . . . . . . . .£600
MARCONI 6500 Amplitude Analyser  . . . . . . . . . . . . . . . . . .£1500
H.P. 4275A LCR Meter, 10kHz-10MHz  . . . . . . . . . . . . . . . .£2750
H.P. 8903A Distortion Analyser  . . . . . . . . . . . . . . . . . . . . . .£1000
WAYNE KERR 3245 Inductance Analyser  . . . . . . . . . . . . .£2000
H.P. 8112A Pulse Generator, 50MHz . . . . . . . . . . . . . . . . . .£1250
DATRON AutoCal Multimeter, 5½-7½-digit, 1065/1061A/1071

from £300-£600
MARCONI 2440 Frequency Counter, 20GHz  . . . . . . . . . . . .£1000
H.P. 5350B Frequency Counter, 20GHz . . . . . . . . . . . . . . . .£2000
H.P. 5342A 10Hz-18GHz Frequency Counter  . . . . . . . . . . . .£800
FARNELL AP100/30 Power Supply . . . . . . . . . . . . . . . . . . .£1000
FARNELL AP70/30 Power Supply . . . . . . . . . . . . . . . . . . . . .£800
PHILIPS PM5418TN Colour TV Pattern Generator  . . . . . . .£1750
PHILIPS PM5418TX1 Colour TV Pattern Generator . . . . . . .£2000
B&K Accelerometer, type 4366  . . . . . . . . . . . . . . . . . . . . . . .£300
H.P. 11692D Dual Directional Coupler, 2MHz-18GHz . . . . . .£1600
H.P. 11691D Dual Directional Coupler, 2MHz-18GHz . . . . . .£1250
TEKTRONIX P6109B Probe, 100MHz readout, unused . . . . . .£60
TEKTRONIX P6106A Probe, 250MHz readout, unused . . . . . .£85
FARNELL AMM2000 Auto Mod Meter, 10Hz-2·4GHz. Unused£950
H.P. 1650B Logic Analyser, 80-channel  . . . . . . . . . . . . . . . .£1000
MARCONI 2035 Mod Meter, 500kHz-2GHz  . . . . . . . . . . . . . £750
TEKTRONIX 577 Transistor Curve Tracer  . . . . . . . . . . . . . . .£500

ROHDE & SCHWARZ APN 62
Synthesised 1Hz-260kHz Signal Generator.
Balanced/unbalanced output  LCD display

H.P. 6012B DC PSU, 0-60V, 0-50A, 1000W . . . . . . . . . . . . .£1000
FARNELL AP60/50 1kW Autoranging  . . . . . . . . . . . . . . . . .£1000
FARNELL H60/50 0-60V, 0-50A  . . . . . . . . . . . . . . . . . . . . . .£750
FARNELL H60/25 0-60V, 0-25A  . . . . . . . . . . . . . . . . . . . . . .£400
Power Supply HPS3010 0-30V, 0-10A  . . . . . . . . . . . . . . . . .£120
FARNELL L30-2 0-30V, 0-2A  . . . . . . . . . . . . . . . . . . . . . . . . .£80
FARNELL L30-1 0-30V, 0-1A  . . . . . . . . . . . . . . . . . . . . . . . . .£60

Many other Power Supplies available
Isolating Transformer 250V In/Out 500VA  . . . . . . . . . . . . . . .£40

WELLER EC3100A
Temperature controlled Soldering Station
200°C-450°C. Unused

MARCONI 2019A

AM/FM SYNTHESISED SIGNAL
GENERATOR

80 kHz - 1040MHz
NOW ONLY

MARCONI 893C AF Power Meter, Sinad Measurement
 . . . . . . . . . . . . . . . . . . . . . . .Unused £100,   Used £60

MARCONI 893B, No Sinad  . . . . . . . . . . . . . . . . . . .£30
MARCONI 2610 True RMS Voltmeter, Autoranging,
5Hz-25MHz  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .£195
GOULD J3B Sine/Sq Osc., 10Hz-100kHz,
low distortion  . . . . . . . . . . . . . . . . . . . . . . . . . .£75-£125
AVO 8 Mk. 6 in Every Ready case, with leads etc.  . .£80
Other AVOs from  . . . . . . . . . . . . . . . . . . . . . . . . . . .£50
GOODWILL GVT427 Dual Ch AC Millivoltmeter,
10mV-300V in 12 ranges, Freq. 10Hz-1MHz . .£100-£125
SOLARTRON 7150 DMM 6½-digit Tru RMS-IEEE . .£95-

£150
SOLARTRON 7150 Plus  . . . . . . . . . . . . . . . . . . . .£200

RACAL TRUE RMS VOLTMETERS
9300 5Hz-20MHz usable to 60MHz, 10V-316V  . . . . .£95
9300B Version  . . . . . . . . . . . . . . . . . . . . . . . . . . . .£150
9301/9302 RF Version to 1·5Hz  . . . . . . .from £200-£300

HIGH QUALITY RACAL COUNTERS
9904 Universal Timer Counter, 50MHz  . . . . . . . . . . .£50
9916 Counter, 10Hz-520MHz  . . . . . . . . . . . . . . . . . .£75
9918 Counter, 10Hz-560MHz, 9-digit  . . . . . . . . . . . .£50

SOLARTRON 7045
BENCH MULTIMETER

4½-Digit bright l.e.d. with leads     
It’s so cheap you should have it as a spare

MARCONI TF2015 AM/FM sig gen, 10-520MHz  . .£175
RACAL 9008 Auto Mod Meter, 1·5MHz-2GHz  . . . .£200
LEVELL TG200DMP RC Oscillator, 1Hz-1MHz . . . . .£50
Sine/Sq. Meter, battery operated (batts. not supplied)
FARNELL LF1 Sine/Sq.. Oscillator, 10Hz-1MHz  . . . .£75
RACAL/AIM 9343M LCR Databridge. Digital
Auto measurement of R, C, L, Q, D  . . . . . . . . . . . .£200
HUNTRON TRACKER Model 1000 . . . . . . . . . . . . .£125
H.P. 5315A Universal Counter, 1GHz, 2-ch . . . . . . . .£80
FLUKE 8050A DMM 4½-digit 2A True RCS  . . . . . . .£75
FLUKE 8010A DMM 3½-digit 10A  . . . . . . . . . . . . . .£50

SPECTRUM ANALYSERS
ADVANTEST R4131B 10kHz-3·5GHz  . . . . . . . . . . . . . . . .£3500
H.P. 8591E 1MHz-1·8GHz, 75 Ohm  . . . . . . . . . . . . . . . . . .£4500
TEKTRONIX 492 50kHz-18GHz  . . . . . . . . . . . . . . . . . . . . .£3500
EATON/AILTECH 757 0·001-22GHz . . . . . . . . . . . . . . . . . .£1500
H.P. 853A (Dig. Frame) with 8559A 100kHz-21GHz  . . . . . .£2250
H.P. 8558B with main frame, 100kHz-1500MHz  . . . . . . . . .£1250
H.P. 3580A Audio Analyser 5Hz-50kHz, as new  . . . . . . . . .£1000
MARCONI 2382 100Hz-400MHz, high resolution  . . . . . . . .£2000
B&K 2033R Signal Analyser  . . . . . . . . . . . . . . . . . . . . . . . .£750
H.P. 182 with 8557 10kHz-350MHz . . . . . . . . . . . . . . . . . . . .£500
MARCONI 2370 30Hz-110MHz  . . . . . . . . . . . . . . . . . .from £500
H.P. 141 SYSTEMS
8553 1kHz-110MHz  . . . . . . . . . . . . . . . . . . . . . . . . . . .from £500
8554 500kHz-1250MHz  . . . . . . . . . . . . . . . . . . . . . . . .from £750
8555 10MHz-18GHz . . . . . . . . . . . . . . . . . . . . . . . . . .from £1000
H.P. 5372A Frequency & Time Interval Analyser  . . . . . . . . .£2250

OSCILLOSCOPES
TEKTRONIX TDS380 dual trace, 400MHz, 2G/S  . . . . . . . .£2000
TEKTRONIX TDS350 dual trace, 200MHz, 1G/S  . .Unused £1500
TEKTRONIX TDS320 dual trace, 100MHz, 500M/S  . . . . . .£1200
TEKTRONIX TDS310 dual trace, 50MHz, 200M/S  . . . . . . . .£950
LECROY 9400A dual trace, 175MHz, 5G/S  . . . . . . . . . . . .£1500
TEKTRONIX TAS 485 4-ch., 200MHz, etc.  . . . . . . .Unused £900
TEKTRONIX THS720A d/trace, lcd, 100MHz, 500M/S. Unused £900
HITACHI VC6523, d/trace, 20MHz, 20M/S, delay etc.Unused £600
PHILIPS PM3092 2+2-ch., 200MHz, delay etc., £800 as new £950
PHILIPS PM3082 2+2-ch., 100MHz, delay etc., £700 as new £800
TEKTRONIX TAS465 dual trace, 100MHz, delay etc.  . . . . . .£750
TEKTRONIX 2465B 4-ch., 400MHz, delay cursors etc  . . . .£1500
TEKTRONIX 2465 4-ch., 300MHz, delay cursors etc.  . . . . . .£900
TEKTRONIX 2445/A/B 4-ch 150MHz, delay cursors etc  .£500-£900
TEKTRONIX 468 dig. storage, dual trace, 100MHz, delay  . . . .£450
TEKTRONIX 466 Analogue storage, dual trace, 100MHz  . . . .£250
TEKTRONIX 485 dual trace, 350MHz, delay sweep  . . . . . . .£550
TEKTRONIX 475 dual trace, 200MHz, delay sweep  . . . . . . .£400
TEKTRONIX 465B dual trace, 100MHz, delay sweep  . . . . . .£325
PHILIPS PM3217 dual trace, 50MHz delay  . . . . . . . . .£200-£250
GOULD OS1100 dual trace, 30MHz delay  . . . . . . . . . . . . . .£200
HAMEG HM303.4 dual trace, 30MHz component testerrr  . . .£325
HAMEG HM303 dual trace, 30MHz component tester . . . . . .£300
HAMEG HM203.7 dual trace, 20MHz component tester  . . . .£250
FARNELL DTV20 dual trace, 20MHz component tester  . . . .£180

TEKTRONIX 2445A
4-ch 150MHz delay,,
cursors etc. Supplied

with 2 Tektronix probes.

ONLY

TEKTRONIX 2232 Digital Storage Scope. Dual Trace,
100MHz, 100M/S with probes  . . . . . . . . . . . . .£525
H.P. 54501A Dig. Oscilloscope, 100MHz 4-Ch  . . .£425
H.P. 3312A Function Gen., 0·1Hz-13MHz, AM/FM
Sweep/Tri/Gate/Brst etc.  . . . . . . . . . . . . . . .£300
FARNELL Dual PSU XA35-2T, 0-35V, 0-2A, Twice
QMD, l.c.d. Display  . . . . . . . . . . . . . . . . . . .£180
CIRRUS CRL254 Sound Level Meter with
Calibrator 80-120dB, LEQ  . . . . . . . . . . . . . .£150
EDDYSTONE 1002 Receiver, 150kHz-30MHz +
Brooadcast FM, unused . . . . . . . . . . . . . . . .£125
FARNELL AMM255 Automatic Mod Meter,
1·5MHz-2GHz, unused  . . . . . . . . . . . . . . . .£300
FARNELL DSG1 Low Frequency Syn Sig. Gen.,
0·001Hz-99·99kHz, low distortion, TTL/Square/
Pulse Outputs etc.  . . . . . . . . . . . . . . . . . . . . .£95
FLUKE 8060A Handheld True RMS, DMM, 4½ digit
 . . . . . . . . . . . . . . . . . . . .As new £150, used £95
BECKMAN HD110 Handheld 3½ digit DMM, 28
ranges, with battery, leads and carrying case .£40

H.P. 3310A Function Gen., 0·005Hz-5MHz,
Sine/Sq/Tri/Ramp/Pulse  . . . . . . . . . . . . . . . .£125
FARNELL LFM4 Sine/Sq Oscillator, 10Hz-1MHz,
low distortion, TTL output, Amplitude Meter  .£125
H.P. 545A Logic Probe with 546A Logic Pulser
and 547A Current Tracer  . . . . . . . . . . . . . . . .£90
FLUKE 77 Multimeter, 3½-digit, handheld  . . .£60
FLUKE 77 Series 11  . . . . . . . . . . . . . . . . . . .£70
HEME 1000 L.C.D. Clamp Meter, 00-1000A, in
carrying case . . . . . . . . . . . . . . . . . . . . . . . . .£60

RACAL 9008
Automatic
Modulation Meter,
AM/FM
1·5MHz-2GHz

ONLY 

H.P. 8494A Attenuator, DC-4GHz, 0-11dB,
N/SMA  . . . . . . . . . . . . . . . . . . . . . . . . . . . .£250
H.P. 8492A Attenuator, DC-18GHz, 0-6dB, APC7  . .£95

MANY OTHER ATTENUATORS, LOADS,
COUPLERS ETC. AVAILABLE

Used Equipment – GUARANTEED. Manuals supplied
This is a VERY SMALL SAMPLE OF STOCK. SAE or Telephone for lists.

Please check availability before ordering.
CARRIAGE all units £16. VAT to be added to Total of Goods and Carriage

SSTTEEWWAARRTT  ooff  RREEAADDIINNGG
111100  WWYYKKEEHHAAMM  RROOAADD,,  RREEAADDIINNGG,,  BBEERRKKSS..  RRGG66  11PPLL

TTeelleepphhoonnee::  ((00111188))  99226688004411..  FFaaxx::  ((00111188))  99335511669966
Callers welcome 9am-5.30pm Monday to Friday (other times by arrangement)

££442255

££9955

££3300

££112255

££442255ONLY

TIME 1051 LOW OHM RES. BOX
0·01 ohm to 1Mohm in

0·01 ohm steps.
UNUSED

££110000

GOULD OS 300
Dual Trace, 20MHz
Tested with Manual

PORTABLE APPLIANCE TESTER

Megger Pat 2 ££118800

££9955

ONLY

RACAL RECEIVER RA1772
50kHz – 30 MHz LED Display

Basically working ££225500

SPECIAL OFFERS

££440000

ONLY



CCAASSIIOO  DDIIGGIICCAAMM
CASIO has launched the new QV4000 dig-
ital camera. The QV4000 features a 3×
optical zoom Canon lens with a seamless
3.2× digital zoom, and has a 4.13 mega-
pixel CCD that records very high resolu-
tion images. It comes fully equipped with
practical photographic functions, which
enable manual adjustment of exposure,
light metering and white balance settings,
making it ideal for the more experienced
photographer, says Casio.

For more information contact Casio
Electronics Co. Ltd., Dept EPE, Unit 6,
1000 North Circular Road, London NW2
7JD. Tel: 020 8450 9131. Fax: 020 8452
6323. Email: ravi@casio.co.uk. (Web not
quoted.)

FFIILLMM  RREESSTTOORRAATTIIOONN
A PROJECT using new technology to
restore old film footage has been given the
European seal of approval. In a press
release from the DTI, we are told that the
Picasso Project, involving Kent company
Pandora International Ltd, will use innova-
tive digital and software techniques to
restore the footage by eliminating the
wear-and-tear scratches that have accumu-
lated on its surface.

Another project announced is to design
new lamp posts that are less dangerous if
hit by on-coming vehicles. Are brick walls
and trees next?

ARANGE of capacitors specifically suit-
ed to audio applications is being

developed by leading capacitor manufac-
turer ICW in conjunction with several
leading loudspeaker manufacturers.

Entitled Claritycap, there are four
ranges of metallised polypropylene film
capacitors offering a wide range of
capacitances and voltages and which are
ideally used in crossover units within hi-fi
speakers and studio monitors.

For more information contact Industrial
Capacitors (Wrexham) Ltd., Dept EPE,
Miners Road, Llay Industrial Estate,
Wrexham, N. Wales LL12 0PJ. Tel: 01978
853805. Fax: 01978 853785. E-mail:
sales@icwltd.co.uk. (Web not quoted.)

NNeewwss  ..  ..  .. A roundup of the latest Everyday
News from the world of

electronics

AAUUDDIIOO
CCAAPPAACCIITTOORRSS
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At IFA, the giant consumer electronics
show held recently in Berlin, three rival
consortia have given up all hope of agree-
ing a single standard for recordable DVD
and are unveiling three slightly different
and completely incompatible home
recorders. Consumers must now hope they
do not back the losing standard.

Standard Contestants
Philips has won the race to market, with

the format called DVD+RW. The DVDR-
1000, now going into European shops at
around 2000 Euros (£1300), and due for
the US before the end of the year, makes
recordings on erasable discs that can be
taken straight from the recorder and played
in some existing DVD players. The
recorder automatically creates an index of
thumbnail images that display on screen to
tell what is on the disc. But only simple
editing, with scenes skipped or cut, is
possible.

Pioneer’s DVD-RW consumer recorder,
the DVR-7000, will go on sale early next
year for 3000 Euros. This records in two
modes. Video Mode has similarly limited
editing, and claims similar compatibility to
+RW with existing players; Video
Recording (VR) Mode can extensively jug-
gle the order of scenes, but produces discs
that cannot be played on ordinary players.

Panasonic already sells computer data
recorders that use the DVD-RAM format.
The first truly consumer DVD-RAM video
recorder, the DMR-E20 Time Slip, goes on
sale in the West in October for around 1500
Euros. It writes and reads video at twice
the usual 11·08 Mbps speed, so can play
and pause a live TV programme while con-
tinuing to record it. The downside is that
the DVD-RAM disc has low reflectivity
and does not store data on the disc in the
same places as an ordinary DVD. So the
laser optics in almost all existing DVD
players cannot read a RAM recording.

Plus Write-once
All three formats can also record onto

write-once DVDs. These play back on just
about every existing DVD player, and cost
around 15 Euros, half the price of erasable
discs. But write-once discs cannot be re-
used. And once again the makers could not
agree on a single system. RAM and +RW
recorders use DVD-R blanks; but DVD+RW
recorders need different DVD+R blanks.
Backwards compatibility is the key issue,
and likely to prove a can of worms.

Philips says DVD+RW recordings
should play on the “vast majority” of

existing DVD players after testing around a
hundred. The list is on the Philips web site
(www.ce-europe.philips.com/) but it does
not identify players which will not play
DVD+RW recordings. First practical tests
with a +RW disc suggest there will be a lot
of surprises. For instance, although Sony
helped Philips develop DVD+RW, record-
ings from a Philips recorder will not play
on Sony’s Playstation 2 console.

SNAP, CRACKLE
AND K-PHUT!

By Barry Fox
ALIEN monsters are hiding in the bar
codes on cornflakes packets and electron-
ics games. So says company Radica China,
and it has developed a gadget which will
soon let them out (www.skannerz.com).

A handheld game console has a barcode
reader on the back. Wipe it over any bar-
code you can find and the console uses
individual characteristics of the standard
format code to modify the appearance of
graphic images that have been pre-pro-
grammed into the console – and so “com-
pile the molecules” for a new monster that
appears on screen. When two players lock
matching consoles together, whatever
monsters are inside them fight to the death.

FFAARRNNEELLLL  AANNDD
EEDDUUCCAATTIIOONN

A FACILITY specially set up for the high-
er education sector has been established by
Farnell, the distributor of electronic, elec-
trical and industrial products, and sister
company CPC, distributor of appliance
spares.

Named onecall, the facility brings
together the best features of Farnell and
CPC to provide a “one-stop-shop” service
from the combined stock of 200,000
products.

Farnell Education Sector Manager, Steve
Puset says, “The aim of onecall is to pro-
vide all Universities with a single point of
ordering. Premier Farnell’s sales in the UK
higher education sector for the last year
grew by over 32 per cent.”

The Farnell Road Show 2001 will be
touring UK Universities in October.

For more details call Sam Pettman on
0870 122 7711. Farnell’s web site is at
www.farnell.com.

DDVVDD  RRWW  IINNCCOOMMPPAATTIIBBIILLIITTYY
They never learn, says Barry Fox, highlighting the latest

format standards conflict.

DVD is the fastest selling consumer electronics product, ever. Just about everyone who
owns a DVD player – and plenty of people who are still waiting to buy one – wants a

recorder that “tapes” onto erasable blank discs. With unhappy memories of VHS and
Betamax, people want a single standard.
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THE mains-driven power supply
(p.s.u.) described in this article has
been designed principally for power-

ing the demonstration circuits offered in
Teach-In 2002 Lab Work. It will, though,
also prove handy as a bench-top power
supply for general workshop use. It offers
±12V d.c. and +5V d.c. rails at a total cur-
rent capacity of approximately 600mA.

The constructional details supplied
should make it possible for most hobbyists
and beginners to assemble this without
difficulty, provided that they have some
experience of using a pencil-type soldering
iron and have access to “normal” work-
shop tools such as a power drill,
screwdrivers, etc.

We reiterate our general
warning, however, that it is a
mains powered design and you
should not attempt to build it
unless you are experienced at
constructing mains powered cir-
cuits, or can be supervised by
someone who is.

�����������	��

The complete circuit diagram for the

power supply is shown in Fig.1. The mains
transformer T1 has twin 12V a.c.
secondaries which are wired in series, their
junction being treated as 0V as shown.

The a.c. output is full-wave rectified
by bridge rectifier REC1 to produce an
unregulated voltage of roughly 34V d.c.
across its positive and negative terminals.
The two smoothing capacitors, C1 and
C2, smooth the d.c. output voltage and
provide roughly +17V (relative to the 0V
common rail) input to IC1, a +12V regu-
lator, and –17V d.c. input to IC2, a –12V
regulator. Both regulators share the
common 0V rail.

Additionally, regulator IC3 is powered
from the +12V regulated supply and pro-
vides an output of +5V d.c. All the regula-
tors are short-circuit proof and thermally
protected, and are unlikely to be damaged
should a minor mishap occur during
experimentation.

The power supply outputs use colour-
coded connectors (see Fig.1). In addition,
each regulator output is connected to a
“power on” light emitting diode (l.e.d.).
The idea is that if an l.e.d. is off, this hints
of a possible fault (short circuit) in the cir-
cuit under test.

Capacitors C3 to C8 help with supply rail
stability and decoupling.

The unit has a mains on-off switch, S1,
and is protected by a mains fuse,
FS1.

Readers outside the UK must
use a mains transformer with a
primary winding and fuse suited
to their local supply.

Whilst each regulator is capable
of supplying 1A or so (depending
on adequate heatsinking), clearly
the transformer rating limits the
total current which may be drawn.
As a rule of thumb, roughly

600mA or so total output current
from the power supply corresponds to

about 1A r.m.s. as “seen” by the
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Fig.1 Complete circuit diagram for the Teach-In 2002 Power Supply.
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transformer. For maximum reliability
these limits should not be exceeded.
However, the design is probably rugged
enough to allow it to be over-extended for
short periods.

�������������	
�
The prototype was built into an all-alu-

minium box measuring 135mm × 65mm ×
105mm (l × h × w), which is the minimum
size necessary to accommodate the parts,
the dimensions of the transformer being
the main determining factor.

The case should be drilled to accommo-
date the four insulated terminals (binding
posts), l.e.d.s and on-off switch on the
front panel (see photo). The floor of the
case is drilled to carry the three regulators,
printed circuit board and mains trans-
former. Lastly, the rear panel must be
drilled to accept a mains cable inlet (with
locking cable gland) and panel fuseholder.

Once the printed circuit board (p.c.b.) is
assembled, holes should be drilled in the
floor of the case to line up with the regula-
tors’ mounting tab holes.

Obviously, the internal components should
be arranged so they do not interfere with each
other, so locate the transformer first and then
position everything else around it.

�	���	�

�
�������	
�
The p.c.b. on which the majority of the

components are mounted has its
layout details shown in Fig.2.
This board is available from the
EPE PCB Service, code 320.

Assemble this board in order
of component size, leaving the
regulators until last, and then
taking care in their mounting so
that they can be bolted
(without stress to their legs)
to floor of the case, which
acts as a heatsink.

Note that some components
are polarity sensitive, and it could
prove dangerous to connect them the
wrong way round.
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Having assembled the board, drill mount-
ing holes for the regulators. Ensure that the
holes are fully de-burred of their rough edges.

�

�
�����

Resistors
R1, R2 680� (2 off)
R3 180�

All 0·25W 5% carbon film.

Capacitors
C1, C2 1000� radial elect. 25V 

(5mm pitch) (2 off)
C3, C4, C7 100n min. ceramic (3 off)
C5, C6, C8 1� radial elect. 25V

(2·5mm pitch) (3 off)

Semiconductors
IC1 7812 +12V 1A voltage

regulator
IC2 7912 –12V 1A voltage

regulator
IC3 7805 +5V 1A voltage

regulator
D1, D2 min. red l.e.d. (2 off)
D3 min. green l.e.d.
REC1 100V 1A bridge rectifier

Miscellaneous
T1 mains transformer, 0-12V

1A, 0-12V 1A twin
secondaries

S1 s.p.s.t. switch, mains
rated, panel mounting

FS1 250mA 250V fuse (see
text)

Printed circuit board, available from
the EPE PCB Service, code 320; alu-
minium case, 135mm x 105mm x 65mm
minimum; 4mm terminal (binding post),
one each red, yellow, green, black; TO-
220 insulating kit (3 off); M3 x 10mm
Pozidriv screws, nuts and washers (3 off
each); l.e.d. clip, panel mounting (3 off);
6A mains rated power cable (length as
required); cable gland, locking; cabinet
feet (4 off); multistrand connecting wire;
solder, etc.

See
SSHHOOPP
TTAALLKK
ppaaggee

Approx. Cost
Guidance Only ££3300

320

IN IN
INCOM COM

COMOUT OUT OUT

C1
REC1

C2
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C
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IC1 IC2IC3

+

+ +

++
+

+12V +5V 12V

12V
A.C.

12V
A.C.

0V

1 9in (48 3mm)

0 8in (20 3m
m

)

Fig.2. Power supply printed circuit
board component layout and full-size
copper foil master.

Close-up of one area of the case interior showing the p.c.b.
secured to the chassis floor by the voltage regulators’ metal
tabs. All solder joints/tags should be covered with insulating
sleeving, especially mains wiring.

The aluminium chassis drilled for the front and rear panel
mounting components. Use the transformer and circuit
board as a template to mark the drilling positions on the
base of the case.

Completed p.c.b. showing
the regulators’ metal tabs. These

must be mounted in the case using
three insulating kits.

EPE Online
Note that the circuit boards used in EPE Online projects are available from the EPE Online Store at www.epemag.com (also note that the codes for the boards in the online store are prefixed with 7000, so a board with a code of say 256 will appear as 7000256 in the online store).



Problems can also be caused by over-tight-
ening the mounting screw. If problems arise,
you must use a new mounting kit or repair
the defect before proceeding to the other
regulators.

������������
Mount the four colour-coded terminals

which, by their construction, are fully insu-
lated from the case. Use clips when
installing the l.e.d.s. A dab of hot melt glue
will help to retain them.

The l.e.d. ballast resistors (R1 to R3)
must be soldered direct to the l.e.d. anode
(a) leads before being connected back to
the p.c.b. The joints should be protected
with insulating tape or heatshrink film.
Continue to instal and wire-up the other
components, leaving the bulky mains
transformer until last.

Standard multistrand hook-up wire can
be used for the low voltage side of the
transformer and you should complete the
interconnections as depicted in Fig.4, insu-
lating all joints as necessary, e.g. with heat-
shrink sleeving.

The interwiring is relatively straightfor-
ward but you should make a point of working
methodically when connecting the board to
the transformer (note how the secondaries are
wired in series) and regulators.

As this power supply is mains-powered,
remember that your safety and that of oth-
ers may be at risk if you fail to implement
reasonable standards of assembly. Heed the
earlier warning, and allow yourself plenty
of time.

�����	
����
Looking at the mains voltage side, a

minimum 3A rated multistrand wire should
be used internally and all joints must be
insulated to prevent accidental shock
(especially any mains tags standing proud

on the transformer, a notorious source of
potential accidents).

The three-core mains cable should be
rated at 6A and brought in through a lock-
ing cable gland, which acts as a strain relief
to prevent chaffing, and also prevents the
cable being pulled out.

Connect in the switch, fuseholder and
transformer primary winding last of all, not-
ing that the mains Earth (ground) input is
soldered to a tag placed under one of the
transformer mounting bolts. It is essential
that the case is grounded properly. The
mains plug must be fused at 3A (see earlier).


���������
Finish off assembly by applying four self-

adhesive cabinet feet underneath the case.

Double-check that the regulators are
fully insulated from the chassis, also exam-
ine the interwiring, looking for any errors
or omissions. Especially ensure all capaci-
tors are correctly polarised.

Proceed to test the circuit as follows:
clip a 50V d.c. voltmeter across the bridge
rectifier positive (+) and negative (–)
terminals then plug in and switch on at the
mains. The meter should read approxi-
mately +34V d.c.

Test each d.c. output and polarity with
respect to 0V, measuring ±12V and +5V
d.c. on the output terminals. Test readings
from the prototype are shown on the circuit
diagram. If the tests are satisfactory, then
the unit is complete and ready for use in
Teach-In 2002.                                     �
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Fig.3. Typical TO-220 insulating kit assembly.

Fig.4. Interwiring between off-board components and the
printed circuit board. A minimum of 3A rated multistrand wire
must be used for the mains voltage internal wiring.

Completed Power Supply with cover removed.
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Each regulator is mounted to the chassis via its metal tab, so that

the metal box dissipates heat away from the devices. However, the
tabs are also “live”, being internally connected to their GND (com-
mon) or input terminal, depending on the type.

A standard TO-220 insulating mounting kit must be used to pre-
vent the mounting bolt making electrical contact with the tab.
Details of a typical mounting kit are given in Fig.3. Use an M3 ×
10mm Pozidriv screw for fitting. The mounting hole (approx
3·5mm to 4mm diameter) must “clear” the plastic insulating bush
which passes through it.

You must make completely certain that each metal tab is fully
insulated. Use a multimeter to check for infinite resistance between
the tab and the screw. If there appears to be a short-circuit, it is like-
ly that the insulating washer has been punctured, possibly by swarf
or rough edges around the mounting hole.



WELCOME aboard our new 10-part
educational series Teach-In 2002:
Making Sense of the Real World –

giving you an insight into the world of sen-
sors, explaining their operation and helping
with the design of associated circuitry.

More than ever before, sensors of all
types are being deployed to measure envi-
ronmental parameters, so Teach-In 2002
demonstrates what sensors are all about
and how to use them effectively. Alongside
this we shall discuss the fundamentals of
making measurements electronically. We
shall also describe some of the key circuits
generally involved in sensing and measur-
ing, including amplifiers, filters, compara-
tors and analogue-to-digital converters
(ADCs), as well as giving specific circuits
for various sensor applications.

We aim to give Teach-In 2002 a broad
appeal, so that every reader will gain some-
thing from the series in one way or another.
Included will be a little background
information on the environment and how
sensors are needed to monitor it. Also high-
lighted will be more advanced sensing and
measurement topics including, for exam-
ple, radio-telemetry and remote sensing.
Some topics are presented in separate
boxes that can be read individually with-
out interrupting the flow of the main
discussion.

We know that the theory will be highly
relevant to schools and university students,
as today’s younger readers (and tomor-
row’s electronic engineers) need to be
acutely aware of the challenges created by
environmental pressures, which are
increasingly affecting us all. Readers
should not be afraid to “pick and mix”
those aspects of Teach-In 2002 which are
most relevant to their interests.

The series concentrates mainly on sensor
applications, and will not handle advanced
processing techniques, such as microcon-
troller programming. There are other
resources available through EPE which
already cover these aspects.

There is plenty of practical work to do as
well – each part includes practical “Lab
Work” demonstrating some of the sensors,
circuits and concepts discussed within it.
These labs are intended to help reinforce
some practical principles that you can then
incorporate into your own project designs.

Elsewhere in this issue are construction-
al details of a suitable mains dual power
supply for the lab experiments.

����������������	
�
Teach-In 2002 has enlisted the support of

Pico Technology Ltd., manufacturers of
Picoscope PC-based oscilloscopes. Their
’scopes are very compact, easy to use and

recommended for demonstrating our prac-
tical Lab Work circuits without the need for
expensive test equipment. You can display
waveforms comfortably on a computer
screen, and capture screen shots that can
then be printed or pasted into your own
documents.

The recommended Picoscope ADC-40
is available at a special discount price as
detailed on our Special Offer page.

The Picoscope ADC-40 (also see Panel
1.7) also has a modest built-in digital volt-
meter and other functions to help monitor
signals. The ’scope runs under all versions
of Microsoft Windows and plugs on to a
parallel port. Many software drivers are
also available to allow Picoscopes to be
integrated into more advanced data capture
and logging duties, e.g. under Linux.

There is much more data available on the
Picoscope CD-ROM which is shipped with
each product, and you can also visit their
web site at www.picotech.com.

It is worth noting that an ordinary multi-
meter can be used to monitor many of the
experiments, although not providing the
full display benefits of using the Picoscope,
of course.

Now settle down and fasten your seat-
belts – it’s time to embark on the first of ten
instalments of Teach-In 2002!
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One often gets the impression that the
world has gone completely digital in
nature, with telephones, television, music,
photography and radio all following this
trend. None of this allows us to escape the
fact that the real world is actually analogue
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EPE Tutorial Series

TEACH-IN 2002
Part One – Sensors, the Environment,
Units and Equations, Temperature

Making Sense of the Real World: Electronics to Measure the Environment

IAN BELL AND DAVE CHESMORE

A wide variety of sensors is available for measuring almost every parameter imag-
inable (left to right: accelerometer, pressure transducer, fibre optic receiver, pas-
sive infra-red detector, ultrasonic transducer, optical switch; bottom, strain gauge).

Picoscope ADC-40 oscilloscope module.



– a world in which many electronics appli-
cations must obtain information from their
environment and condition it correctly,
before it can be handed over for digital pro-
cessing.

For this we need to use sensors – for
heat, light, sound and many other things.
We need to use analogue circuits to ampli-
fy and filter the signals created by those
sensors. We also need comparators and
analogue-to-digital converters (ADCs) to
prepare our data for digital processing, per-
haps utilising microcontrollers or comput-
ers along the way.

Anyone who has been reading EPE for a
while will have noticed that sensor-based
projects appear quite frequently in these
pages. So this series will be of interest to
hobbyists who like to experiment with sys-
tems involving sensors, such as weather
measurement, domestic environmental
monitoring and a wide variety of other pro-
jects. We also believe that the series will be
of use to schools and colleges for science
projects, as well as those studying basic
electronics on a wide variety of courses.

At this stage we must say that Teach-In
2002 is not aimed at complete novices; we
assume a basic knowledge of electricity
and electronic components such as resis-
tors, capacitors and transistors. The articles
will not be heavily mathematical, although
we cannot avoid mathematics altogether.
We felt that doing so would prove too
restrictive, particularly for those readers,
including University students, who should
find its inclusion so useful.

To help those unfamiliar with the “lan-
guage of equations”, we attempt to inter-
pret it in a separate call-out section. Ideally,
you should possess a basic scientific calcu-
lator. Microsoft Windows includes a limit-
ed calculator accessory program worth
trying.

��������	
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Before we go any further, we need to get
an idea of the range of things that might be
sensed in the environment. We also need to
understand very clearly the terminology
relating to the use of sensors and making
measurements.

First, what is meant by “the environ-
ment”? To the majority of people, it means
the natural world, but it can also refer to the
inside of buildings, aircraft, the operational
conditions in many industries and even
outer space. In fact, outer space is probably

the most hazardous environment for
humans and vehicles imaginable, with
extremes of temperatures, no atmosphere
and high levels of energetic particles from
the sun and stars.

All environments have characteristics
that often need to be measured. To illustrate
this, consider three examples of different
environments, potential effects on them and
what might be measured.

Built Environment:
The environment inside buildings is

mostly designed for humans to live and
work in. Get this wrong, and inhabitants
may suffer “Sick Building Syndrome”.
Buildings must operate within certain tem-
perature and humidity ranges at which
humans are most comfortable.

Many workplaces and offices contain
potentially hazardous chemicals – comput-
ers and printers produce ozone and many

printer inks produce solvent vapours.
Therefore, amongst the many measure-
ments that need to be made are tempera-
ture, relative humidity, air flow, light level,
sound level and the presence of certain
chemicals.

Farming Environment:
The agricultural environment has many

different facets. The weather is obviously
highly important – too cool and crops
won’t ripen soon enough. Too much rain
(or too little!) can have severe impacts.
Soil quality is also important: fertilizers
may be added to increase growth rate, yet

they can sometimes pollute watercourses
(causing eutrophication, an increased rate
of biomass production). Pesticides must
often be used to reduce crop damage from
pests.

The importation of foot and mouth dis-
ease into the UK during 2001 highlighted
a number of problems. Effluent from
buried materials could leach into water
courses, but burning it could release
harmful dioxins. There are many possible
measurements that could therefore be
made: air and ground temperature, baro-
metric pressure, wind speed and direc-
tion, humidity, soil quality and chemicals
(fertilizers, insecticides, herbicides,
dioxins, etc.). Some of these are very
difficult to measure without resorting to
laboratory analysis.

Process Industry:
Process industries range from petro-

chemical plants to power stations and
incinerators. It is well known that burning
fossil fuels produces sulphur dioxide (“acid
rain”) and carbon dioxide, but it also pro-
duces hydrochloric acid gas and copious
amounts of dust.

Acid rain is normally considered to be
damaging to lakes, trees and wildlife but,
interestingly, it also acts as a fertilizer
(sulphate) and is a good fungicide with
which to kill fungus on crops! When a
power station near to the authors was
upgraded, some farmers actually com-
plained when deprived of their “free”
source of fungicide!

There are many measurements that must
be routinely made in addition to meteoro-
logical data – water flow, water tempera-
ture, concentrations of gases such as
sulphur dioxide, levels in reservoirs and
tanks, furnace temperature and so on.

It is obvious that the list of things that
may be sensed is large and we only have
space in this series to describe a small pro-
portion of them. We can usefully divide the
measurements into two groups:

Physical measurements such as air
flow, temperature, etc., and chemical mea-
surements such as pH (acidity), salinity,
fertilizers, pesticides, etc. It can be said that
physical measurements are in general sim-
pler than chemical measurements and sen-
sors are more robust and easier to use.

Table 1 shows the range of energy forms
that can be sensed.
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PANEL 1.1
Teach-In 2002 is the result of a lot of

teamwork. Its tutorial authors are Ian
Bell and Dave Chesmore, supported by
EPE’s Alan Winstanley who has co-ordi-
nated the series and helped develop the
Lab Work projects and power supply.

Ian is a lecturer at The University of
Hull, UK, where his teaching and
research includes circuit design, test and
manufacture, and computer aided design
of electronic circuits and systems. EPE
readers know him as co-writer of our
popular Circuit Surgery and also as one
of the authors of our acclaimed series
Teach-In 1998 – An Introduction to
Digital Electronics.

Dave is a lecturer at York University,

UK, where his teaching and research
interests include instrumentation, and
electronics and information systems in
agriculture and biology.

Alan is EPE’s On-Line Editor, co-
writer of Circuit Surgery with Ian, the
host of Ingenuity Unlimited, and scribe-
laureate of Net Work.

If you have any queries related to the
material published in this series, you can
E-mail the authors at teach-
in@epemag.demon.co.uk (no file
attachments will be accepted, and no
general electronic questions please). We
hope to publish more support material on
the EPE web site (www.epemag.wim-
borne.co.uk) as the series evolves.

Table 1. Various Forms of Energy available for Transduction.
Type of Energy Example Examples of Transducers
Radiant visible light, IR, radio waves photodiode, light dependent

resistor, radio antenna
Gravitational gravitational attraction between two accelerometer

or more bodies
Mechanical forces, motion (velocity), movement strain gauge

(displacement)
Thermal kinetic energy of molecules thermocouple, thermistor
Electrical current, voltage, electrical field current probe, fibre-optic electric

field sensor
Magnetic magnetic fields Hall effect probe
Molecular binding energy in molecules electrochemical sensors

(e.g. pH)
Atomic nuclear forces in atoms photospectrometer, mass

spectrometer
Nuclear binding energy inside the nucleus nuclear magnetic resonance
Mass energy energy given by E=mc2 none
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Next, we lay some important founda-

tions and definitions related to the world of
using sensors and making measurements:

A sensor is a device that accepts energy
from one part of a system and emits it in a
different form to another part of the system.
The more correct term to use is transducer,
and the term transduction is given to this
process. However, since the common term
is sensor, it is the one we shall use in this
series.

Because we are concerned here with
using sensors in electronic circuits, we
shall regard the most common form of
energy “emitted” by a sensor to be electri-
cal energy.

A good example of a sensor is a ther-
mistor, which is a temperature sensitive
resistor (more about this later). The resis-
tance of the thermistor changes with tem-
perature, so measuring its resistance will
enable us to tell the temperature being
sensed by it.

Another common sensor is a strain
gauge whose resistance is proportional to
the strain or movement applied to the
gauge. Other sensors will be discussed later
in the series.

There are three basic forms of sensor:

� Modulator
� Self-generator
� Modifier

A modulator must have a signal applied
to it before any measurements can be made.
For example, in order to measure the resis-
tance of a thermistor, a current must be
applied to it and the voltage generated will
be proportional to the resistance (V = I
× R). Here, the current is the modulating
signal and the voltage is the output.

A self-generator, on the other hand,
produces its own signal. Examples include
thermocouples, in which a voltage is gen-
erated at the junction of two dissimilar met-
als when they are at different temperatures,
and photovoltaic cells where light is con-
verted into a voltage. Self-generators gen-
erally have very small output voltages,
which must be greatly amplified to make
them useful.

A modifier is a device that does not
change the signal type. For example, an
electrical input produces an electrical
output.

Modulators are the commonest form of
sensor.
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Sensors enable us to measure things
electronically, and whenever we make mea-
surements we must be concerned about the
quality of the data we obtain. You would
not be too happy buying apples from a gro-
cer whose scales gave a different weight
each time the apples were weighed!
Likewise, you would be concerned if two
filling stations sold you 20 litres of petrol
but one quantity was 20 per cent smaller
than the other.

Quality of measurement is important in
science as well as in commerce – we can-
not prove or disprove a theory if the mea-
surements we make in an experiment are
not good enough. Engineers need good
quality measurements too, as part of con-
trol systems for example, in order to verify

their designs. Engineers are also responsi-
ble for designing the sensor and instrumen-
tation systems that are used to make
measurements.

So how do we describe the quality of a
measurement? What specifications should
we look for when selecting sensors and
instrumentation circuits? We can use a
number of terms with which most people
are familiar and which, to some extent, get
used interchangeably in “everyday”
speech: terms might include accuracy, pre-
cision, resolution, and sensitivity.

In actual fact, these terms have very spe-
cific meanings and must not be mixed up if
we are discussing science or engineering.
To this list we also have to add less famil-
iar terms such as repeatability and repro-
ducibility, and a vocabulary for discussing
errors: random and systematic. So here
come the definitions:

� Accuracy
Absolute accuracy is the closeness of a

measurement to its standard value or true
value, this being determined by inter-
national agreement. Relative accuracy is
the closeness of the measurement to a
reference value other than the main
standard.

Accuracy is often quoted as plus/minus
percentage (±%) of the value measured,
or ±ppm (parts per million). For measure-
ment instruments, accuracy may be quot-
ed as a percentage or ppm of the full scale
(maximum) reading of the meter. This
means that the percentage error in mea-
surements of small values may be much
larger. The accuracy of sensors and
instruments may vary with time (ageing)
and temperature.

� Precision
Precision is a more general term related

to the level of uncertainty in the measure-
ment – it must not be used in place of the
term accuracy. The term precision is
sometimes used to indicate resolution or
repeatability.

Measurements can be high resolution
(or high precision), but low accuracy. If
we use two voltmeters to measure a volt-
age which has true value of 11·105V and
one instrument displays 11V and the
other 11·573V, then the first measurement
is more accurate, but the second has a
higher resolution.

� Resolution
Resolution is the smallest portion of the

signal or quantity that can be observed
and is often quoted as a percentage or
ppm value. The resolution of a measure-
ment in digital form can be expressed in
terms of the number of binary digits (bits)
or decimal digits (e.g. on a instrument
display) which are used to hold or convey
the data.

A resolution of 0·01 per cent is equal to
100ppm and equivalent to four decimal
digits and 13·3 bits. We examine the digital
aspect of resolution in more detail later in
the series when we look at analogue-to-dig-
ital conversion.

� Sensitivity
Sensitivity is the smallest change in the

measured quantity that can be detected and
may be quoted as such (e.g. 0·1°C, 1mV,
etc.). Sensitivity may be quoted in terms of
the ratio of the output of the sensor or
instrument to the input signal or measured
quantity (e.g. 10mV/°C).
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PANEL 1.2. AGREEING HOW TO MEASURE –
STANDARDS AND SI UNITS

Throughout the passage of time, a vast
number of measurement units have been
used, with obvious problems occurring
when people who use different systems
try to communicate with one another. A
good example was the loss of the Mars
Climate Orbiter satellite in 1999, which
was caused by confusion in the units of
measurement used during programming.

To avoid such difficulties, and to allow
scientists from anywhere in the world to
use one “language of measurement”, the
International System of Units was
agreed at an international conference in
1960. These units are all metric (using
base 10 numbers) and are called the SI
units (Système International d’Unités).

Units of measurement require a stan-
dard against which all measurement
instruments or devices can be compared
for accuracy. Mass is still based on a
block of platinum-iridium alloy held at
the International Bureau of Weights and
Measures at Sèvres, near Paris (known as
the Kilogram Prototype).

However, it is important to science that
the accepted definitions of units of mea-
surement relate to the real world by
means of fundamental physical con-
stants. For instance, the metre is defined
as the distance travelled by light during
1/299,792,458th of a second; one second

is defined as 9,192,631,770 periods of
the radiation related to a particular elec-
tron energy transition in caesium-133
atoms.

When devising a system of units, the
interdependence of quantities must be
taken into account. Force is defined by
the acceleration of mass, and accelera-
tion is defined in terms of length and
time. As we have fundamental definitions
of mass, length and time we do not need
one specially for force.

In the SI system, force is measured in
Newtons, which is defined as the force
required to give a mass of 1kg (one kilo-
gram) an acceleration of 1m/s2 (one
metre per second squared).

The term base units is used for those
units which have been given a fundamen-
tal definition (e.g. length and time) or
which are based on artifacts such as the
1kg Prototype. Other units, which are
defined with reference to the base units,
are called derived units.

The base units in the SI system are:
� amount of substance (Q) in mols (mol)
� electric current (i) in amperes (A)
� length (l) in metres (m)
� luminous intensity (I) in candela (cd)
� mass (m) in kilograms (kg)
� temperature (t) in Kelvin (K)
� time (t) in seconds (s)



A study of the physics of a measurement
situation, including the time taken to make
the measurement and the temperature,
allows a theoretical maximum sensitivity to
be calculated. This is usually only of rele-
vance for measuring very small quantities.

� Repeatability
Repeatability indicates the degree of

closeness of a series of measurements
made under the same conditions. Ideally, of
course, all results should be the same, but
in practice factors such as noise prevent
this from being the case.

� Reproducibility
Reproducibility is like repeatability

except with a specific change of conditions.
For example, the same quantity measured
at different temperatures.

� Error
Error is the deviation of the measured

value from the true value. This can be
expressed as the actual difference value as
a percentage or in ppm.

� Random Errors
If we make a large number of measure-

ments of the same quantity, each measure-
ment will be different. If we take the
average of all the measurements and this is
equal to the true value, then we are dealing
with random errors.

Again we have to be careful with the ter-
minology we use. The average in this case
is the mean: obtained by adding up all the
values and dividing by the number of val-
ues used (if you know statistics you will
know that the mean is not the only kind of
average).

� Systematic Errors
If we take the mean of a set of values and

it is different from the true value, we are
dealing with a systematic error.

The analysis of measurement errors is a
very serious subject with deep implications
for science and engineering. It involves the
use of statistical analysis and therefore
requires some advanced mathematics.

We will not be looking at the statistical

theory of measurement in great depth in
this series – we want to keep it relatively
“maths-light” – and we will be mainly con-
centrating on the sensors and associated
circuitry.

However, you must always be aware of
potential sources of error (and their impli-
cations!) when using any measurement sys-
tem, particularly for science experiments.
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Errors in measurements may occur due
to the non-ideal characteristics of the sen-
sors used. Each type of sensor will have
different characteristics depending on its
method of transduction. There are a num-
ber of ideal characteristics that we would
really like a sensor to have, such as linear-
ity (the output is exactly proportional to the
input); these are listed in Table 2.

Life isn’t perfect, however, and no sen-
sor is ideal, so many suffer from very unde-
sirable characteristics, some of which are
listed in Table 3.

Many of the undesirable characteristics
can be difficult to overcome. For example,
it is not a good idea to try to measure the

temperature of a flame using a plastic
encapsulated thermistor because it would
melt – a good example of a restricted work-
ing range!

A fundamental part of the design of
sensing systems lies in so-called prepro-
cessing, where the output from the sensor
is modified to make it more suitable for the
application. Examples of preprocessing
include linearisation to make the output as
linear as possible, amplifying small signals,
filtering unwanted signals such as
50Hz/60Hz mains signals, matching ranges
and analogue-to-digital conversion and so
on.

Don’t worry if you don’t understand all
the information in these tables – we shall be
covering these topics in more detail during
later parts of Teach-In 2002.

���
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Next we turn our attention to using

appropriate sensors to measure the first
physical parameter we investigate,
temperature.

A temperature sensor, as its name sug-
gests, gives an output that is a function of
the temperature of the sensor. There are
several different types of temperature sen-
sor, some of which will be very familiar to
regular readers, such as bimetallic strips,
thermistors and thermocouples, for
instance, which we shall examine shortly.

First, though, we must consider temper-
ature scales themselves. There are three
common scales in use today:

� Celsius – named after its inventor
Anders Celsius: formerly the centigrade
or “one-hundredths” scale

� Fahrenheit – named after its creator
Gabriel Fahrenheit

� Kelvin – named after Lord Kelvin, the
British scientist

Celsius is the preferred scale for mete-
orology (the study of weather patterns) as
opposed to metrology (the science of
measurements themselves), with
Fahrenheit sometimes being used. Kelvin
is the “absolute” scale and 0K is absolute
zero (–273·15°C). Conversion between
scales is straightforward, shown in
Table 5 later.
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PANEL 1.3. SETTING THE STANDARDS
An agreed system of measurement

units is not the complete story – we also
need something that can be used to cali-
brate measurement instruments, so that
the measurements will be consistent
throughout the world. A process of inter-
national, primary, secondary and work-
ing standards has evolved.

International standards are maintained
at the International Bureau of Weights and
Measures, and are checked against the fun-
damental definitions of the units. National
laboratories in each country maintain pri-
mary standards, which are then used to cal-
ibrate secondary standards that are sent to
the national laboratories. The secondary
standards are, in turn, used to calibrate the
working standards used to calibrate every-
day instruments.

The international standards evolve
over time: for example in 1990 new stan-
dards were adopted for the Volt and the

Ohm. These are based on quantum
effects in a Josephson tunnel junction
and the quantum-Hall effect – fundamen-
tal physical effects, which can be related
to constants such as the charge on an
electron and Plank’s Constant.

The change in the standard required
the adjustment of large numbers of
instruments and electronic systems
throughout the world. For example, in
the USA the standard for the Volt
changed by nearly 10ppm (parts per
million).

For more information on SI units and
international agreements on units of mea-
surement and measurement standards,
visit the web site of the International
Bureau of Weights and Measures
(Bureau International des Poids et
Mesures (BIPM)) at www.bipm.fr. Also
visit the UK’s National Physical
Laboratory web site at www.npl.co.uk.

Table 2. The Characteristics of an Ideal Sensor.
Characteristic Ideal Value
Response to input exactly linear and noise free
Response time zero (instantaneous)
Bandwidth infinite (will react to very fast changes)
Full-scale reading equal to the calibrated maximum
Working range infinite (will work with any values)
Sensitivity as high as possible (will react to very small changes in the input)
Resolution infinite

Table 3. Some Undesirable Characteristics of Sensors.
Characteristic Meaning
Non-linearity output is not proportional to input
Slow response takes time to react to rapid changes
Small working range operating range is restricted 
Low sensitivity output responds only to large changes in the input
Drift output changes with time for a constant input
Offset, offset drift a systematic error in the output (also subject to drift over time)
Ageing output changes with time (much longer time scale than drift)
Interference output sensitive to external influences, e.g. electromagnetic waves
Hysteresis systematic error in the input-output curve
Noise output contains unwanted random signals (e.g. thermal noise)



Usually the degrees symbol (°) is used
for Fahrenheit and Celsius but not always
for Kelvin.
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The most primitive of all temperature

sensors is the bimetallic strip, which even
today still forms the heart of many domes-
tic heating thermostats.

Crude but reliable, they contain a sand-
wich of two different metals which expand
at different rates when the temperature
changes. This causes the strip to bend,
making or breaking an electrical contact to
control the heating or refrigeration.

Fortunately for us, there are far more
sensitive and reliable electronic solutions
available that have no moving parts and are
a lot more predictable.

�
����
���

A thermistor is a temperature-sensitive

resistor made of semiconducting material,
usually oxides of chromium, manganese,
iron, cobalt or nickel. A thermistor’s resis-
tance decreases with temperature, i.e. it has
a negative temperature coefficient and is
referred to as an ntc thermistor. Other types
of thermistor have positive temperature
coefficients, or ptc.

The circuit symbols for both types are
shown in Fig.1.1a and a graph of a typical
ntc thermistor characteristic is shown in
Fig.1.1b.

The way in which the resistance changes
with temperature is given by the following
equation:

where R� is the thermistor resistance at
temperature � in Kelvin

R�0 is the resistance at a reference tem-
perature �0 (usually taken as 25°C = 298K)

� is a constant (beta) determined by the
thermistor material.

(If you’d like a quick maths refresher,
see our separate Panel boxes.)

The resistance varies very strongly with
temperature, and to give an idea, a typical
thermistor that has a resistance of 12k� at
25°C will reduce to 955� at 100°C for a �
value of 3750. If necessary, have a look at
our separate section entitled “Interpreting
the Equations” (Panel 1.5).

Thermistors come in many forms – rod
or disc-shaped for general use, as well as

delicate high sensitivity glass-encapsulated
types which are considerably more
expensive. The tolerance for a typical
device is ±7% at 25°C and ±5% at 100°C.

One drawback is that thermistors suffer
from self-heating due to their relatively
high resistance. Their heat dissipation coef-
ficients range from 0·1 to 1mW°C–1 so the
error may be 0·1°C for a 2k� thermistor at
20°C for a current of 7mA. This can be a
relatively large error in some applications.

�
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A thermocouple consists of two metals

joined together, which generate a potential
across the junction; this is an example of
the generator transducer. Its symbol is
given in Fig.1.2a.

The potential depends on the two metals.

For example, an iron-constantan junction
has a voltage equal to:

ET=5·037T+3·043×10–2T2–8·567×10–5T3+....�V

where T is in °C.
This voltage is very small and must be

amplified by at least 1,000 times to suit
many applications. Thermocouples can
operate over a wider temperature range
than thermistors because of their higher
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A selection of opto and thermal-sensitive sensors (left to right: disc thermistor,
light-dependent resistor, bead thermistor, rod thermistor).

PANEL 1.4. WRITING UNITS OF
MEASUREMENT

Quantities that correspond with basic
units of measurement can be expressed
simply in terms of those units – distance
in metres, current in amps, mass in kilo-
grams, etc. Other quantities do not have a
fundamental unit of measurement of their
own, and so they are expressed in terms
of the more basic units. For example,
area in metres squared, speed (or veloci-
ty) in metres per second.

The fundamental quantities each have
symbols which avoid the need to write
out the unit’s name in full each time. We
can write, for example, 5m, 2·3A or
0·56kg, etc. For other quantities there are
no special symbols so we use combina-
tions of the basic ones. We can write
square metres as “sq. m.”, but it is prefer-
able to write m2 (metres squared) for
engineering and scientific use. Similarly,
we would write m3 for volume measure-
ment in cubic meters.

For speed described in metres per sec-
ond, for example, we can write m/s, but
also ms–1. The “s to the power of minus
one” simply indicates we are dividing by
time in seconds. In fact any number to the
power of minus one is equal to one divided
by that number: 10–1 is 0.1 and 4–1 is 0·25.

Multiplying by “something to the
power of minus one” is the same as
dividing by it, so expressing metres per
second as m/s (metres divided by sec-
onds, i.e. distance divided by time), is the
same as saying ms–1 (distance times time
to the minus one).

Acceleration is measured in metres per
second per second, no less, which we
write as ms–1/s or as ms–2 – distance
divided by time squared. For example, if
an object goes from standing (speed =
0ms–1) to 20ms–1 in 10 seconds, it has
accelerated at 20/10 = 2ms–1 per second,
or 2ms–2.

The units for some quantities in sci-
ence and engineering can get quite com-
plicated. For instance, a quantity called
mobility, which is used to measure the
ease of movement of electrical carriers in
semiconductor devices, is measured in
units of m2s–1V–1 (square meters per sec-
ond per volt), and noise in some compo-
nents and circuits in indicated in VHz–1/2

(volts per root Hertz).
Note that the “power of a half” indi-

cates square rooting, and “power of
minus a half” indicates dividing by the
square root.

R� = R�0e�×(1 – 1 )� �0

t tt t
NTC NTCNTCPTC PTCPTC

ntc ptc

(OLD SYMBOLS)

3 x 10

TEMPERATURE IN KELVIN

RESISTANCE
IN OHMS

260 280 300 320 340 360 380

2 x 10

1 5 x 10

1 x 10

5000

2 5 x 10

3 5 x 10
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4

4

4
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Fig.1.1 (left). (a) Thermistor symbols,
(b) Temperature characteristic of a
typical NTC thermistor.
Fig.1.2 (above) (a) Thermocouple
symbol, (b) Typical junction forma-
tions of  thermocouples.



Everyday Practical Electronics, November 2001 777

melting point, so they are useful in indus-
trial processing equipment, furnaces, ovens
and so on. They are specialist items that
will not be covered in this series.
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Platinum resistance sensors are tempera-
ture sensitive resistors which are linear in
response and exhibit a 39% change in
resistance between 0°C and 100°C. They
are fragile and expensive. The resistance at
T°C is:

RT�R0(1 – �T) �

where R0 is the resistance at a reference
temperature (usually 25°C)
� is a constant (alpha) dependent on the

sensor material (typically 0·04 for platinum)
They are highly accurate and are used as

an international standard for temperatures
between 150K and 1100K. It is also possi-
ble to resolve temperatures of 10–4K (100
microKelvin!).
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An ordinary diode can be used as a tem-
perature sensor, since its output voltage
changes by approximately –2mV°C–1. The
diode’s temperature sensitivity has been
exploited for many semiconducting tem-
perature sensors, ranging from those which
have simple linear outputs to highly
sophisticated devices with digital outputs.

One of the commonest and lowest cost
devices is the LM35 manufactured by
National Semiconductor which has an out-
put voltage of 10mV°C–1, which means that
at 0°C the output will be 0·0V and at 100°C
it will be 1·0V. We demonstrate this device in
our Lab Work experiments this month.

Variants on the LM35 include the
LM335 which has an output of 10mVK–1,
i.e. at 0°C the output will be 2·73V and at
100°C it will be 3·73V. You can obtain data
sheets directly from the National web site
at www.national.com.

As we pointed out earlier, sensors suffer
from a number of potential problems,
including having offsets (outputs not at
zero) or outputs not being of a useful
enough magnitude.

If we consider the LM35 as an example,
the datasheet shows that it has an accuracy
of about 1°C, which is sufficient for most
applications. However, its output is
10mV°C–1 which may be too small for

many applications (e.g. where an output of
0V to 5V may be needed).

It may also have a small offset, which
means that the output will not be exactly
0V at 0°C. We therefore need to remove
any offset and possibly amplify the output.
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If you’ve made it this far, well done!

Now proceed to our practical section enti-
tled Lab Work, in which we look at some
simple experiments to get you started.

In Lab Work, you will also find details
of how to install and use the Picoscope
ADC-40 PC-based oscilloscope which is
recommended to aid your understanding of
sensors and their operation.

A mains operated power supply is
described elsewhere in this issue and
which offers ±12V and +5V rails, the volt-
ages variously required for the practical
experiments throughout the series.
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In Part Two next month we continue with

more temperature experiments, and then we
examine light sensors. We also explore the
world of the operational amplifier (op.amp),
which is a fundamental building block often
needed to make sensors do really useful
things. There will be more practical work to
do in our hands-on Labs as well.

PANEL 1.5. INTERPRETING THE EQUATIONS

Mathematics is a powerful tool for
understanding, analysing and designing
circuits – just beyond where we go with
Teach-In 2002 – in the real world you
will find that a lot of advanced mathe-
matics is needed for many design tasks.
However, in this Teach-In 2002 series we
have kept the mathematics to a mini-
mum, although we have not ruled it out
altogether; hopefully our “maths expla-
nation panel” will help you to understand
what is going on.

For example, the resistance of a ther-
mistor is given by the formula:

We have two different resistance val-
ues (R) that are identified using sub-
scripts (� and �0) to give R� and R�0.
This is like using subscript numbers to
identify the different resistors in a circuit
as R1, R2, R3 etc.

Take care when reading equations to
note the subscripts! In this equation, do
not confuse the subscripts � and �0,
which are just labels, with the values �
and �0 which also occur in the equation.

The value � is a constant – its value
stays the same for a particular thermistor,
but may vary for different types of ther-
mistor. The value of e is 2·718281828 to
nine decimal places; e is an important
number in mathematics, like pi (�), but
less well known and less easy to relate to!

In the equation, ex (e to the power of x)
is known as the exponential function
and is sometimes written exp(x).

In this case, x is:

so � is first multiplied by the result of
the equation shown in brackets. Note
that brackets are always calculated
first, and the multiply (×) sign is often
omitted.

On a typical scientific calculator, the
button for the exponential function is
labelled ex, but don’t confuse this with
EXP or EE (Enter Exponent) which is
just for using “powers of ten”
multiples and submultiples (see Panel
1.6).

The opposite (or “inverse”) function to
ex is the natural logarithm: the natural
logarithm of x is written ln(x), and is
often labelled ln on scientific calculators.
Your calculator may give the value of e if
you enter 1 × INV ln(x) =.

In the thermistor formula, start with
the brackets, using Kelvin as units
throughout. Recall that our typical ther-
mistor has a resistance of 12k� at 25°C
(298K) reducing to 955� at 100°C
(373K) for a � value of 3750.

The values of 1/� and 1/�0 are 1/373
and 1/298 respectively. The net value
of the equation’s brackets is
–0.0006747. Using a scientific calcula-
tor, � multiplied by this (negative)
value gives –2·53027.

Raising e to this power gives
0·0796375. All that remains is to
multiply R�0 (12k�) by this, 12,000 ×
0·0796375 is 955·6501 ohms, the
thermistor’s resistance at 373K.

The formula RT � R0(1–�T)
described in the section on Platinum
Resistance Sensors is a lot more
straightforward as it only involves mul-
tiplication and subtraction, but note that
symbol � means “is approximately
equal to” rather than the more familiar
“equals” sign of “=”.

where R� is the thermistor resistance at
temperature � in Kelvin

R�0 is the resistance at a reference tem-
perature �0 (usually taken as 25°C =
298K)

� is a constant (beta) determined by the
thermistor material.

�( 1 –  1)� �0

PANEL 1.6. MULTIPLES AND SUBMULTIPLES
You will be familiar with unit prefixes

such as kilo- and milli- for multiples and
submultiples of units of measurement,
for example in the values 10 kilograms
(10kg) and 20 milliamps (20mA). The
complete list of internationally agreed
multiples and submultiples is given in
Table 6 at the end of Lab Work.

Note the difference between upper case
and lower case characters. The exponent
represents the power of ten by which the
quantity is multiplied or divided.

For example, kilo means multiply by
103 (ten to the power three), or 1,000.
Note a pattern here: 103 equals 10 × 10 ×

10, or ten multiplied together three times,
and also note that 10–3 is a 1 followed by
three zeros when written out in full.

Milli- means multiply by 10–3 (ten to
the minus three), or 0·001, which is the
same as saying divide by 1,000.

Most of the multipliers and dividers in
Table 6 are 1,000 times greater or small-
er than the next one in the list. For exam-
ple, 1,000 meg(a)ohms (1000M�) is
equal to 1 gig(a)ohm (1G�), and 0·001
millivolts (0·001mV) is one microvolt
(1�V). The exceptions are deca, deci,
centi and hecto, which are not recom-
mended for scientific use.

R� = R�0e�×(1 – 1 )� �0
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THROUGHOUT Teach-In 2002 we shall
offer a number of practical experi-
ments in Lab Work, utilising some of

the principles outlined in the corresponding
theory section. It is hoped that you will be
able to incorporate the ideas demonstrated
into your own future applications.

Also included in Lab Work is any techni-
cal data you may need to build these cir-
cuits on solderless breadboards, or
whichever system you prefer to use, includ-
ing stripboard if preferred. We shall not
actually provide any assembly details for
the experiments, although the photographs
of our own assemblies should help you.

An appropriate power supply is required
to run the Lab experiments. We opted for a
mains-operated ±12V d.c. split supply for
use with op.amps, and +5V d.c. for com-
patibility with the recommended Picoscope
ADC-40 PC-based oscilloscope. Full con-
structional details for the power supply are
given elsewhere in this issue.

The Picoscope can be used for monitor-
ing waveforms, taking d.c. measurements
using its built-in digital voltmeter and for
capturing data onto your computer. Check
the separate Panel 1.7, for outline informa-
tion and some essential do’s and don’ts.

TEACH-IN 2002 – Lab Work 1
ALAN WINSTANLEY

Temperature Sensing

PANEL 1.7. INSTALLING AND USING THE
PICOSCOPE

The Picoscope range by Pico
Technology Ltd consists of compact PC-
assisted test instruments which are versa-
tile and easy to use. With a 1M� input
impedance and 8-bit sampling rate, the
recommended Picoscope ADC-40 is a
perfect introduction to the world of using
computer-assisted test gear.

See our EPE Special Offer page for
details on obtaining a Picoscope ADC-40
at a special discount price.

Using the Picoscope for Windows
software (supplied with the Picoscope),
you can monitor signal voltages and
waveforms on a computer screen, and
capture and paste them into your own
documents. It also contains a modest
“virtual” digital voltmeter facility.

The PicoLog Windows software
application (also supplied) enables you
to record events, plot graphs in real
time, capture data for spreadsheets, and
also set simple on-screen alarm set
points. For more advanced users, there
are many program and driver options
available that permit the Picoscope to
be integrated into custom created appli-
cations. A number of screen shots from
our own experiments are provided in
Lab Work 1.

The Picoscope ADC-40 plugs directly
onto a free parallel (printer) port. It is not
compatible with a parallel port to USB
adaptor.

For our prototype Lab Work experi-
ments, we used a one-metre BNC

extension lead plugged into the
Picoscope behind the PC, bringing the
socket out to the front. The supplied
scope test probe was plugged into this
extension. Be aware that the ground input
of the Picoscope connects directly to the
ground (= earth lead) of your computer,
in order to minimise electrical interfer-
ence. Therefore, do not connect the
ground input of the Picoscope probe to
anything which may be at some voltage
other than ground, as you may risk dam-
age to the circuit under test, the
Picoscope or the computer.

The Picoscope is intended for working
with low-level signal voltages within the
range ±5V. Although the input is protect-
ed up to +30V d.c. maximum, definitely
do not use this instrument for investi-
gating voltages higher than ±5V, espe-
cially not the mains supply!

Installation is easy – having plugged
the ADC-40 into a free parallel port (or
unplug your printer temporarily), insert
the CD-ROM to install the Picoscope and
PicoLog software, following the instruc-
tions supplied.

The Pico CD contains a wealth of
technical data, user manuals in PDF for-
mat and more besides, and is well worth
browsing.

The authors are extremely grateful for
the help provided by Pico Technology
Ltd., and we hope readers will enjoy
using a Picoscope for the duration of
Teach-In 2002 – and beyond!

����������

Lab Work 1
Resistors

R1 47k
R2, R3 4k7 (2 off)
R4, R5 100k (2 off)
R6, R7 10k (2 off)
Rx see text

All 0·25W 5% carbon film

Potentiometers
VR1 1k min. preset or

multiturn trimmer
VR2 10k min. preset or

multiturn trimmer

Semiconductors
IC1 LM35DZ temperature

sensor, TO-92 case
IC2, IC3 OP177 low offset op.amp

(2 off)

Miscellaneous
Plug-in breadboard (0·1-inch pitch);

RTH1, ntc thermistor (e.g. 2k2 or 10k at
25°C, see text); materials for probe; sin-
gle core co-axial cable; min. crocodile
clips (2 off).

See
SSHHOOPP
TTAALLKK
ppaaggee

Approx. Cost
Guidance Only ££1100
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It is worth noting that many of the mea-
surements can be taken using a digital mul-
timeter, recording the values on paper,
where appropriate.

���������	
	���
���������
This first Lab describes aspects of using

thermistors as temperature sensors. The
circuit of Fig.1.3 attempts to linearise the
thermistor’s highly non-linear resistance.
The value of resistor Rx is calculated to be
equal to the thermistor’s resistance at the
midpoint of the temperature range at which
the circuit is to be used.

The positive supply voltage is notated as
+VS (although the notation +VDD would
also be legitimate). The voltage across
resistor Rx is measured with the
Picoscope. The voltage range of the Pico
ADC-40 is ±5V, therefore it is necessary to
use the +5V rail to power this circuit.

�����������������
Suppose we want to measure 20°C to

40°C using a 2·2k� thermistor (at 25°C)
with � = 3500. Using the thermistor equa-
tion explained in the Tutorial section, we
can calculate what the thermistor’s resis-
tance will be at the midpoint (30°C),
remembering to add 273.15 (Kelvin) to the
temperature in °C.

So, for this thermistor and this tempera-
ture range, resistor R1 needs to be
1800�W (1·8k�). The output voltage will
not be linear at low and high temperatures
but quite good around the midpoint.

Using an ntc rod or bead thermistor of
your choice (e.g. 2·2k� or 10k� at 25°C –
but not an expensive glass bead type unless
you really feel the need!), practice calculat-
ing the correct value of resistor Rx for a
temperature range of 0°C to 40°C (a typical
range for domestic use). Test your results by
assembling the circuit on a breadboard.

You should be able to plot a graph of
output voltage against temperature if you
have a thermometer available (preferably
mercury-based for accuracy). Also explore
the voltage output at differing temperatures
using the Picoscope.

Using the PicoLog software, practice
recording values over time, and saving
them to your hard disk, referring to the
online Help and the Pico CD-ROM for
more guidance if needed.

Alternatively, use your digital multime-
ter to take measurements at various inter-
vals, recording their values on paper.

The calibration of sensors can be a prob-
lem and is something we investigate next.

���������	
����������
�
�������� ����!���"�����

The National Semiconductor LM35 sen-
sor is a 3-pin temperature-sensing device
that is easy to use. The LM35 data sheet is
downloadable from National
Semiconductor’s web site at www.nation-
al.com. Different versions of the LM35 are
optimised for different temperature ranges.
For our purposes, we’ll use the LM35D
which is the plastic TO-92 version. Table
1.4 summarises the major characteristics of
the family.

In Fig.1.4a are shown the connections
typically needed in the most basic setup.
Fig.1.4b shows pinouts for the LM35DZ,
the Z suffix denoting the plastic TO-92
version. The output voltage is 10mV per
°C and you can directly read the tempera-
ture on a digital meter.

Demonstrate the
functioning of the
LM35DZ sensor by
plugging it into a bread-
board directly, and use
your Picoscope oscillo-
scope or digital volt-
meter to measure its
output. Bear in mind that
the Picoscope maximum
input is 5V, therefore use
a 5V d.c. rail to power
this demonstration.

Hold the LM35DZ
device between finger
and thumb to raise its
temperature and see
how the Picoscope
responds. Again, you

can also practice using the PicoLog soft-
ware to check readings and display a
rolling graph of voltage (temperature)
over time. Some readers may be able to
export the PicoLog spreadsheet of values
into Microsoft Excel to produce
enhanced graphs from the data captured
onto disk.

���������	
���#�$������%
��� ����!���"�����

The LM35D has a quoted accuracy of
±0·6°C which means that we need a more
complex circuit should we wish to be able
to calibrate the sensor more accurately.

Before moving on, it is a good idea to
make a sealed temperature probe which
can be placed into water or steam without
causing electrical problems. Fig 1.4c illus-
trates a suitable temperature probe, using

PANEL 1.8. BREADBOARDS – SIMPLY PLUG
AND PLAY!

Most of the Teach-In 2002 experimen-
tal circuits can be assembled on a solder-
less “breadboard”. These are widely
available prototyping units that enable
you to experiment with circuits and re-
use parts, without the need for soldering.
Such breadboards are a real boon to help
you develop and test your circuits with
the minimum of fuss.

Unlike earlier Teach-In series, we shall
not publish breadboard layout diagrams
with Teach-In 2000. It is felt that the pro-
cedures are fairly intuitive and self-
explanatory. We shall give the necessary
technical data needed for pinouts etc., so
that you can follow the practical labs suc-
cessfully. Photographs of the experi-
ments will be included as appropriate to
give you an excellent idea of what is
required.

The following practical tips will help
to ensure that your visits to the Teach-In
Labs are successful:

Always use solid core, insulated
tinned copper wire to make the links –
simply strip back a few millimetres of
insulation and push firmly into the bread-
board. Colour coding will help with
checking. Use long-nose radio pliers to
help insert wire ends into any fiddly,
inaccessible areas. Avoid uninsulated
leads (e.g. resistor wires etc.) shorting
out and touching each other accidentally.

If you’re not sure how the sockets and
“buses” (internal connection strips) of
your breadboard are laid out, find out by
using a continuity tester or ohmmeter.

Integrated circuits are always identi-
fied with a polarity mark, either a notch
or a dimple (or both) near pin 1, to show
which way round it must be orientated.
Be extra careful to observe this.
Sometimes, components such as minia-
ture potentiometers are tricky to insert
into breadboards, but you must ensure
that each wire leg is pushed firmly home
into the relevant strip.

The power supply rail(s) should only
be connected after the layout has been
fully checked. You can clip the supplies
onto the legs of components, e.g. suitable
resistors, using test leads and crocodile
clips, or insert generous lengths of insu-
lated single-core wire into the bread-
board and take them to the power supply
terminals. The use of 1mm double-side
terminal pins aids clipping probes to cir-
cuit points that you wish to monitor.

Overall you should have no problems
in assembling the circuit successfully
using the data we provide throughout the
series – and remember, help is only an E-
mail away if you get stuck. Write to
teach-in@epemag.demon.co.uk (no file
attachments or queries unrelated to the
series please).

RTH1

RX

OUTPUT
VOLTAGE

+VS

0V

t

Fig.1.3. Using an ntc thermistor to
measure temperature. The value of Rx
is calculated to be equal to the resis-
tance of RTH1 at the mid-point of the
desired thermal range.

LM35

+VDD

+VDD
( VS)+

GND

VOUT VOUT

OUTPUT
10mV/ C

0V

30V MAX +VS VOUT GND

PIN
VIEW

HEATSHRINK
AS REQUIRED

GLASS TUBE
60mm x 12mm 1METRE

TWIN-CORE
SHIELDED
CABLE

SEAL WITH HOT MELT GLUE
OR SILICONE SEALANT (SCREEN)

VOUT (SIGNAL)VOUT

+V+V

0V

GND

A) B)

C)

Fig.1.4. (a) Basic LM35 circuit, (b) pinout of LM35D, (c)
simple temperature probe using LM35DZ.



e.g. a small glass phial with a tight stopper
or an empty ballpoint pen body.

Using a one metre length of twin-core
sheathed cable (e.g. twin audio cable), sol-
der the cores to the corresponding leads on
the LM35DZ, ideally insulating them with
heatshrink or PVC sleeving. The sheath
(outer braid) of the wire connects to the
GND (0V) pin (see photo).

The device can be encapsulated in a
small glass tube (e.g. a fragrance sampler),
the end of which can be sealed using hot
melt glue, silicone sealant or epoxy before
sliding the cap over the end. The other end
of the lead should be stripped and tinned,
these will then be hooked to the breadboard
using crocodile clips.

����������	
�������
Lab 1.3 illustrates the foregoing by

building a calibration circuit for the LM35
(see Fig.1.4) which adds or subtracts a
small voltage, and has an overall gain
which can be varied around 1.

Readers by now familiar with the LM35
could argue that it is already accurate
enough not to need calibration. However,
our purpose now is to illustrate the issues
involved, rather than produce a design for a
particular application.

The circuit uses two operational ampli-
fiers (op.amps), IC2 acts as a subtractor to
remove any offset (varied by VR1) and has
a gain of 2, IC3 provides a variable gain
from about –1 to +1 (varied by VR2) which
will nominally be set to +0·5. This gives the
circuit an overall gain of 1.

Both VR1 and VR2 can be single turn or
multiturn presets. As we are concerned
with offsets, IC2 and IC3 should be low-
offset op.amps – we used the readily-avail-
able OP177. Note that the op.amps run
from a split supply, i.e. +12V and –12V as
shown.

Having constructed this circuit, connect
the LM35 temperature probe to the input at
resistor R1, and then monitor the output at
IC3 pin 6 using the Picoscope.

�������
����������	
Calibration of the circuit requires two

known temperatures which can easily be
created: 0°C and 100°C. For 0°C, place the
probe into a mixture of ice and water and
leave for several minutes to allow the sen-
sor to equilibriate. Monitor the voltage at
IC3’s output with your digital multimeter
and vary VR1 until it reads 0·0V.

To obtain 100°C place the probe into the
spout of a kettle full of boiling water and
monitor the output until the reading is
steady. Adjust VR2 until a correct reading
of 1·0V is obtained.

Repeat the 0°C and 100°C calibration pro-
cedure again. The sensor is now calibrated
and should be accurate to about 0·1°C. Note
that this circuit will NOT measure below 0°C.

��
�	�
���������	��
You are now ready to make measure-

ments! Try measuring your body tempera-
ture by placing the probe under your arm.
What temperature is measured? How close
is it to 37·2°C (the “normal” human body
temperature)?

Measure room temperature as well, prac-
tising with the Picoscope and PicoLog
Windows software to capture data and
record any trends.

Note, however, that if you live at high
altitude or have impure water your boiling
water may have been at a temperature other
than 100°C.

Unless you are very ill, your body tem-
perature is probably more reliable, but
more difficult (and more uncomfortable) to
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IC1
LM35DZ

+VS

OUT

GND

47k
R1

4k7
R2

4k7
R3

1k
VR1

100k
R4

100k
R5

10k
VR2

10k
R6

10k
R7

SET
100 C

SET
0 C 2

3

6

2

3

7

4

6

12V

+12V

OUTPUT
0V TO 1 0V

= 0  TO 100 C

+

+

OP177
IC2

7

4

OP177
IC3

0V

Fig.1.5. Calibrated temperature sensor using an LM35DZ.

The LM35DZ enclosed in a sealed
glass tube.

Example display using the Picolog software and ADC-40 module to monitor the
LM35 temperature sensor.

Table 4
Parameter LM35 LM35A LM35C LM35D
Supply range (V) +4 to +30V
Operating Temp. Range (°C) –55 to +150 –55 to +150 –40 to +110 0 to +100
Quiescent Current (mA) 105 91 91 91

(typ., Vs= +5V)
Accuracy (°C) (at 25°C) ±0·4 ±0·2 ±0·4 ± 0·6

Table 5. Temperature conversion.
Celsius to Kelvin: Add 273·15 to the temperature in Celsius. 0°C is 273·15K and

100°C is 373.15K. 1K is equivalent to 1°C
Kelvin to Celsius: Subtract 273·15 from the temperature in Kelvin
Celsius to Fahrenheit: Multiply the temperature in Celsius by 1·8 and add 32. 0°C is 32°F

and 100°C is 212°F
Fahrenheit to Celsius: Subtract 32 from the temperature in Fahrenheit and divide by 1·8.

OP177
+

OP177
+



measure. Calibration is not necessarily
straightforward and easy!

One effect you will notice when calibrat-
ing the sensor is that the sensor takes time
to reach the final reading – this is known as
the time constant and can be a problem if
trying to make measurements on rapidly
changing signals. Luckily environmental
temperature changes are relatively slow

and we do not need to worry about the time
constant. When we look at other sensors,
this may not be the case!

If we wish to scale and offset the voltages
by larger amounts we can do so by simply
modifying the values of components in
Fig.1.3 to change the offset voltages and gain.
We will explain the operation of this circuit in
more depth in Part 2 next month.

����������

Join us next month for more Teach-In
2002 Lab Work. If you have any queries
directly related to this series, you can write
to the authors c/o the Editorial address, or
you can E-mail them to teach-
in@epemag.demon.co.uk (no file attach-
ments or general electronic queries please).

Table 6
Multiple and submultiple prefixes

Exponent Prefix Symbol

1024 yotta Y
1021 zetta Z
1018 exa E
1015 peta P
1012 tera T
109 giga G
106 mega M
103 kilo k
102 hecto h
101 deca da
10–1 deci d
10–2 centi c
10–3 milli m
10–6 micro m
10–9 nano n
10–12 pico p
10–15 femto f
10–18 atto a
10–21 zepto z
10–24 yocto y

Multiple and submultiple prefixes in com-
mon use (and some that aren’t!). The sym-
bols are case-sensitive.Breadboard assembly for the calibration circuit shown in Fig.1.5.
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A Complete range of regulated inverters to power 220V and 240V AC
equipment via a car, lorry or boat battery. Due to their high performance
(>90%) the inverters generate very little heat. The high stability of the
output frequency (+/-1%) makes them equally suitable to power
sensitive devices.

These inverters generate a modified sine wave,  which are considerably superior to the square waves which are produced by
most other inverters. Due to this superior feature they are capable of powering electrical equipment such as TV,s, videos,
desktop & notepad computers, microwave ovens, electrical lamps, pumps, battery chargers, etc.
Low Battery Alarm
The inverters give an audible warning signal when the battery voltage is lower than 10.5V (21V for the 24V version). The inverter
automatically shuts off  when the battery voltage drops below 10V (20V for the 24V version). Fuse protected input circuitry.

A COMPLETE RANGE OF

INVERTERS
150W TO 2500W - 12V & 24V

WWWWWW.BKELEC.COM/INVERTERS.HTM.BKELEC.COM/INVERTERS.HTM

Order Code

651.581
651.578
651.582
651.585
651.583
651.593
651.587
651.597
651.602
651.605
651.589
651.599

Power

150W Continuous
150W Continuous
300W Continuous
300W Continuous
600W Continuous
600W Continuous

1000W Continuous
1000W Continuous
1500W Continuous
1500W Continuous
2500W Continuous
2500W Continuous

Voltage

12V
24V
12V
24V
12V
24V
12V
24V
12V
24V
12V
24V

Price

£36.39
£36.39
£50.64
£50.64

£101.59
£101.59
£177.18
£177.18
£314.52
£314.52
£490.54
£490.54

All prices are inclusive of V.A.T. Carriage £6.00 Per Order

For Full Specifications View our web site at:-B.K. ELECTRONICS 
UNIT 1, COMET WAY, SOUTHEND-ON-SEA, ESSEX. SS2 6TR
TEL.: +44(0)1702-527572                   FAX.:+44(0)1702-420243

Many uses include:- * Fetes * Fairgrounds * Airshows * Picnics *
Camping * Caravans * Boats * Carnivals * Field Research and * Amateur
Radio field days * Powering Desktop & Notepad Computers. 

DELIVERY CHARGES ARE £6-00 PER ORDER. OFFICIAL
ORDERS FROM SCHOOLS, COLLEGES, GOVT. BODIES, PLC,S
ETC. PRICES ARE INCLUSIVE OF V.A.T. SALES COUNTER. VISA
AND ACCESS ACCEPTED BY POST, PHONE OR FAX, OR EMAIL
US AT SALES@BKELEC.COM ALTERNATIVELY SEND CHEQUE
OR POSTAL ORDERS MADE PAYABLE TO BK ELECTRONICS.

ILLUSTRATION SHOWN IS 651.583 600W VERSION

REF D4 



PPIICCOO  AADDCC--4400
SSPPEECCIIAALL  TTEEAACCHH--IINN  22000022 OOFFFFEERR
LLOOWW  CCOOSSTT  SSIINNGGLLEE  CCHHAANNNNEELL
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����Save over £12 on the normal price
����Oscilloscope and data logging

software
����Uses PC monitor for large display
����No power supply required
����Compact design (55mm x 55mm x

15mm)
����No complex set-up procedures
����Shows: frequency, DC voltage, AC

voltage, peak-to-peak, risetime etc.
����Windows 3.x, 95/98/ME, NT/2000

compatible
����Two-year guarantee

SPECIFICATION
Resolution 8 bits
Channels 1 x BNC
Voltage ranges ±5V
Overload protection ±30V
Input impedance 1M�

Sampling rate 20kS/s
Accuracy ±1%

Scope timebases 500�s/div
to 50s/div

Spectrum ranges 0 to 10kHz
Dynamic range 50dB
Analogue bandwidth 10kHz

Orders normally sent within 7 days but please allow up to
28 days for delivery – more for overseas orders

Please supply ......... (quantity) ADC-40 + software

......... (quantity) ADC-40 + software + probe + lead

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

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

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

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

Post Code  . . . . . . . . . . . . .Tel: . . . . . . . . . . . . . . . . . . . . . .

I enclose a cheque to  the value of £........... Make cheques
payable to Everyday Practical Electronics

Please charge my card – Visa, Mastercard, Amex, Diners
Club or Switch

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

Expiry Date  . . . . . . . . . . . . . . . . Switch Issue No  . . . . . . . .

This easy to use low cost PC-based oscillo-
scope has been chosen for use with our
Teach-In 2002 series. We have been able to
arrange a special offer on the Pico ADC-40
for readers. Just fill in the coupon below and
send it in with your remittance or credit card
details. You can order the ADC-40 on its own
or together with a x1/x10 oscilloscope probe
and two metre parallel port extension lead to
connect to your PC.

Post the coupon below to: PICO/EPE SPECIAL
OFFER, Wimborne Publishing Ltd., 408 Wimborne
Road East, Ferndown, Dorset BH22 9ND.

You can also order by phone, fax or via the web.
Tel 01202 873872. Fax 01202 874562.
www.epemag.wimborne.co.uk/shopdoor.htm

OFFER ENDS JANUARY 28, 2002

UK PRICES
ADC-40 + software £68.90
ADC-40 + software + x1/x10 probe +

parallel port extension cable £87.90
Both prices include VAT and postage

OVERSEAS PRICES
To European Union Countries (other than UK):
ADC-40 + software £71.90
ADC-40 + software + probe + lead £90.90

Both prices include VAT and postage

To all countries outside of the
European Union
ADC-40 + software £64.60
ADC-40 + software + probe + lead £83.40
Note these countries do not have to pay VAT

Both prices include postage

FFRROOMM

££6688..9900
iinncclluussiivvee

PICO/EPE SPECIAL OFFER ORDER FORM

OFFER ENDS JANUARY 28, 2002          If you do not wish to cut your issue send a copy of the coupon or order by letter
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THIS month a couple of ideas that are hit-
ting the technology news at the

moment. The first looks at some improve-
ments being made in fuel cell technology,
an area that is of considerable interest
because of the improvements to environ-
mental pollution when compared to other
options. The second looks into putting
bacteria to work in an application that is
similar to that used in many electronic
circuit configurations. 

More Efficient Fuel Cells
With the impetus for conserving energy

and reducing greenhouse gases increasing,
new methods and more efficient methods
of providing energy are always being
sought. At the moment fuel cell technolo-
gy has many limitations and as a result it is
not widely used. If improvements can be
introduced, their popularity may increase
and their use become widespread.

The concept of a fuel cell is that it con-
verts chemical energy directly into electri-
cal energy. Normally they take in air and
use the oxygen together with a fuel that
usually consists of a hydrocarbon or
hydrogen. A fuel cell differs from a battery
in that it operates continuously whilst fuel
is available. Once all the fuel has been
used, the generation of electricity can be
restarted simply by replenishing the fuel. 

The cells consist of a positive and nega-
tive electrode separated by an electrolyte.
The electrodes themselves are generally
coated with platinum and this acts as a cat-
alyst to enable the reaction to take place at
a suitable rate.

As the hydrogen, or in some cases a
hydrogen rich hydrocarbon such as
methanol, is passed into the cells it comes
into contact with the negative electrode
and splits into two: electrons and positive
ions. In the case of a hydrogen atom the
positive ion is a proton. The electrons leave
the cell through the negative electrode and
the positive ions move across the separator
membrane and come into contact with the
oxygen molecules. Here they combine
along with electrons returning to the cells
through the positive electrode.

New Electrolytes
Today many fuel cells use polymer elec-

trolytes. Unfortunately cells using these
electrolytes must be humidified for the
cells to be able to operate satisfactorily.
Additionally, they can only operate over a
limited temperature range and this means
that they often require additional systems
to be able to operate satisfactorily.

To overcome these problems research is
being undertaken in a number of areas. In
one development Professor Sossina Haile
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machine. This was described at the
recent International Solid-State Circuits
Conference.

The action of the toggle can be consid-
ered like that of an RS flip-flop. Using the
toggle switch, a single pulse of one chem-
ical activates the expression of a target
gene, while a single pulse of a second
chemical inactivates the expression of that
gene.

A further development was to arrange
three genes and their associated DNA ele-
ments in a negative feedback loop in the
bacterium. When three genes are engi-
neered with the appropriate kinetic ener-
gies, a biological circuit or genetic applet
is created producing an oscillatory gene
expression.

The effectiveness of the concept was
demonstrated with the construction of
Cellicon’s genetic toggle switch in
Escherichia coli (E. coli). The design and
implementation of the toggle switch was
guided by a mathematical model that accu-
rately described the principal features – bi-
stability and “perfect” switching thresh-
olds – of the experimental gene network,
and the experimental manipulations neces-
sary to generate or destroy bi-stability.

Practical Applications
As a practical device, the genetic toggle

has significant implications for gene thera-
py and drug discovery. Because the toggle
theory is qualitative, and thus general, the
fundamental design is applicable to any
organism, including mammalian cells. The
toggle switch, for example, might be
utilised to regulate the synthesis of
erythropoietin (epo) in a gene therapy
treatment of anaemia. Past research
demonstrated the controllable expression
of a recombinant epo gene in mice. The
drawback of this system is that it requires
the sustained ingestion of tetracycline.
Long-term ingestion of tetracycline may
be inconvenient or impractical for medical
reasons. However, under the control of the
toggle switch, the expression of epo will
remain at the desired level, without drug
ingestion, until it is later adjusted or
switched off by the transient ingestion of
an appropriate drug.

However before these can be realised as
practical tools, efficient and scaleable
methods of producing long DNA
sequences must be devised. Once this has
been achieved it will be necessary to inves-
tigate ways of binding these sequences to
form the desired circuit. Although these
biological circuits will not replace elec-
tronic circuits, they will be able to provide
means of biochemical control at cellular
levels.

from Caltech has developed a fuel cell that
does not need hydrating. The electrolyte is
based not on a polymer but instead it uses
what is termed a solid acid.

These are compounds whose properties
fall between those of conventional acids
such as sulphuric acid and salts including
potassium sulphate. An example of a solid
acid is potassium hydrogen sulphate. From
its name it can be seen that its molecule
includes potassium as in a normal salt, and
hydrogen as in an acid.

The solid acids conduct electricity as
well as polymers but they do not need to be
hydrated. In addition to this they are able
to operate at temperatures up to 250°C. A
further advantage is that these solid acids
are generally easy to manufacture and
quite inexpensive.

Currently investigations are proceeding
into the operation and manufacture of
fuel cells using these solid acids.
Although a number of compounds have
been assessed, the one that is currently
being used is CsHSO4. This provides a
number of advantages over other com-
pounds including the fact that it is not
particularly prone to shape changes, a
difficulty that was experienced with other
compounds.

For the future the researchers are hoping
to reduce the thickness of the electrolyte.
High on their target list is to prevent the
reaction that can occur with prolonged
exposure to hydrogen.

Despite the amount of development that
remains to be done, the researchers believe
these new fuel cells have considerable
potential.

E. Coli Work as Switches
Normally E.Coli bacterium is consid-

ered to be highly harmful. However, it
has been discovered that it can be used in
a genetic nano-scale toggle switch. In
this development researchers at Cellicon
Biotechnologies in Boston Massa-
chusetts have started to assemble the first
building blocks of a biological state

Fig.1. Diagram of a typical fuel cell
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On the other hand, MOSFETs have a
negative coefficient of drain current so
they do not suffer from the current hogging
and thermal runaway problems just
described. Resistors in the source connec-
tions are not required. Although the current
may not be exactly equal in all the parallel
MOSFETs (unless they are perfectly
matched and held at the same tempera-
ture), the problem will not worsen to the
point of self-destruction as it may with
bipolar transistors. So you can drive high-
er loads with parallel MOSFETs relatively
easily.

In Common
Another common application of the fact

that you can parallel MOSFETs together
with relative impunity is in the paralleling
of CMOS logic inverters. A typical
schematic of a basic MOSFET inverter is
shown in Fig.3. In Fig.4 we show a MOS-
FET inverter with paralleled transistors.
This is equivalent to two inverters in
parallel, which in turn is equivalent to a
larger, “beefier” inverter with twice the
current source and sink capacity as the
single transistor version. CMOS inverters
such as the 4049 can be paralleled for
increased drive.

It is also not uncommon to see voltage
regulators paralleled in the same way to
provide higher currents, but again it is a
good idea to include a series ballast resis-
tor to help prevent one device doing all the
work. It is worth noting that i.c. designers
often make use of parallel transistors with
chip designs, or to look at it another way a
transistor divided into several pieces, in
both analogue and digital circuits, in order
to produce the optimum layout of the cir-
cuit on silicon. IMB.

�������
������	

THIS month a query from Ian Hartland
of Worksop asks if it is possible to use

several transistors in parallel, that is to
wire the bases, collectors and emitters (or
sources, drains and gates) of two or more
transistors together (see Fig.1). The answer
is yes, though it is a lot easier to do with
MOSFETs than with BJTs (bipolar junc-
tion transistors – npn or pnp).

A Hot Problem
The reason for wanting to connect tran-

sistors in parallel is usually to boost the
current that can be handled by the circuit,
or to try to reduce the effective resistance
when the transistor is turned on. The prob-
lem with BJTs is the tendency for one of
the transistors in the set to “hog” the cur-
rent, which is exactly what you don’t want
to happen if you are paralleling them to
drive a high load.

In fact, the problem occurs due to the
positive temperature coefficient of the col-
lector current. The parallel transistors will
all be slightly different and have differing
gains, and so one of them will inevitably
take a little more current than the others.
This one will become hotter, therefore
causing its current to increase, so it
becomes hotter still: a process known as
thermal runaway which may ultimately
lead to its destruction.

The problem can be reduced by includ-
ing a ballast resistor in the emitter circuit
of each transistor, chosen to give around
0·2V drop at full load current (see Fig.2).
This voltage will therefore develop across
each resistor, offering the transistors some
headroom or “slack” to help prevent one
device from shunting the other transistor.

Regular Clinic
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Our troubleshooting team investigate the pros and cons of wiring transistors in parallel

Fig.2. Parallel BJTs need emitter resis-
tors to help reduce current hogging
and thermal prob-
lems. MOSFETs do
not suffer from this
problem.

Fig.4 (right).
Paralleling transis-
tors in a MOSFET
inverter is equiva-

lent to using parallel
inverters and

provides higher sink
and source

currents.

Fig.1. In a perfect world transistors in
parallel would behave like a larger
(more powerful) transistor. In practice
this is easier with FETs than it is with
BJTs.

Fig.3. A MOSFET inverter.
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IT SKILLS PATH
Dear EPE,

I read with interest Brian Wintle’s letter in the
September issue regarding the skills shortage in
electronics. He seems to be caught in the age-old
“Catch 22” situation. With no experience, he
can’t get a job – but without a job (etc).

I have worked for an electronic contract man-
ufacturer for several years and recently learned I
am to be made redundant in a few months, due to
the “general economic slowdown”. There may
well have been a shortage of skilled workers in
the field a short time ago, but soon the jobs mar-
ket will be flooded with experienced and well
qualified engineers and technicians – all because
there is nothing for them to build.

It occurred to me a few months ago that the
electronics manufacturing industry has been this
way for a long time (booming for two or three
years – bust the next) and I have resolved to
move into the field of IT, where there really is a
skills shortage, and the job market seems to be
more stable.

During my search for a new job I have seen
lots of opportunities for jobs involving embed-
ded controllers, ASICs and the like, something I
believe is a field where small companies can
thrive – especially when there are magazines
such as yours which give so many an insight into

the programming and development of such
devices (albeit on a simpler level).

My advice for anyone considering a career in
electronics is to think seriously about their
choice. I would strongly advise against joining
an industry which is so competitive and profit-
driven to the detriment of its workforce (but not
its shareholders). I am of course referring to
manufacturing – the servicing and supply indus-
try may not be as prestigious or profitable, but
it’s steady. After all – we’re always going to need
folks who can repair our domestic gear aren’t
we? (Or are we?)

Congratulations on maintaining a very high
quality magazine!

Justin Hornsby, via the Net

Thank you for the advice Justin which we are
pleased to share with other readers. You obvi-
ously have a positive approach to a difficult situ-
ation, and we wish you success in your  search.

On your last point, we too believe that, despite
our “throw-away” society, there will continue to
be a need for service and repair engineers. It is
this area to which our sister publication
Electronics Service Manual is dedicated.

Another area that we believe has a long-term
requirement is electronic education, and EPE is
heavily devoted to fulfilling this need.

WANDERER FLIES BACK
Dear EPE,
I’ve re-commenced taking EPE after a break of

many years (I have just bought a 2-year subscrip-
tion). I hope that it will help you to know why, so
as to reassure you that your format is exactly right
and to encourage you to keep up the good work.

In the early 1970s I started to teach myself ele-
mentary electronics as a hobby while at school.
Both PE and EE (I still have Issue No. 1 of the
latter!) helped enormously. I presume your cur-
rent title reflects that both publications are now
rolled into one, as it were.

Anyway, I must confess, Maplin’s new maga-
zine appeared more suitable in the 1980s as PE
started to concentrate on 8-bit microprocessors
(which I had by then studied to degree level) and
Maplin concentrated on projects with easy-to-
order kits of parts.

This year it’s about-turn. The Maplin maga-
zine is no longer suited to my needs. How
refreshing to see that EPE is now back to the
well-balanced character that I remember of old.
Also, the adverts offer a long-forgotten
“Aladdin’s Cave” of parts that are either hard-to-
get or usually too expensive for a hobbyist. It’s
easy to read yet learn from, not so long that it’s a
chore, not overwhelmed with computers when
it’s circuit ideas that I’m after.

Why am I bothering to tell you all this? Well,
the message is, don’t be fooled by the actions of
your rivals, they’ve failed for me.

I was also a regular columnist on a radio mag-
azine for 14 years, specialising in aviation (I also
run an aircraft museum as a hobby). When I was
suddenly axed (never having missed a month in
14 years) a huge number of E-mails came from
readers by way of complaint. The Editor just
wanted to “. . . change the brand image, because
it works for supermarkets . . .” or so he told me.
It hasn’t worked, readers are being lost. Don’t
make the same mistake!

As I’m an aviation enthusiast, I hope you’ll let
me add some information to Owen Bishop’s
interesting Controlling Flight article in Sept ’01.

Spoilers dump lift to prevent the aircraft bounc-
ing back into the air on touchdown and they have
little direct retarding effect on the ground. Their
true name is therefore “lift spoilers.”

The article appears Airbus orientated, these
machines are a little different to most others!
They do have side-sticks but most other modern
airliners (including those by Mr Boeing) still
have conventional control yokes and, for the
most part, hydraulic rather than electric control
surface actuators.

I hold flight VHF, air/ground and offshore
radio licences as well as the amateur callsign
G4GLM and the GMDSS Short Range (marine
radio) Certificate.

In summary, keep up the good work and don’t
change the character of the magazine (you are
not running a supermarket!).

Godfrey Manning, via the Net

Editor Mike comments: “Rest assured we will
not change things just for the sake of it. We are
well aware of what happened with PE and ETI
since they were both absorbed into EE from
other publishers when they failed.”

Thank you too for the flight-wise info, and
welcome back!

RREEAADDOOUUTT
JJoohhnn  BBeecckkeerr  aaddddrreesssseess  ssoommee
ooff  tthhee  ggeenneerraall  ppooiinnttss  rreeaaddeerrss

hhaavvee  rraaiisseedd..  HHaavvee  yyoouu  aannyytthhiinngg
iinntteerreessttiinngg  ttoo  ssaayy??

DDrroopp  uuss  aa  lliinnee!!

WIN A DIGITAL
MULTIMETER

A 31/2 digit pocket-sized l.c.d. multime-
ter which measures a.c. and d.c. volt-
age, d.c. current and resistance. It can
also test diodes and bipolar transistors.

Every month we will give a Digital
Multimeter to the author of the best

Readout letter.

����LETTER OF THE MONTH ��
GRAPHIC BITMAPS

Dear EPE,
Thank you for your February’s special sup-

plement “Using Graphics L.C.D.s with PICs”!
After getting hold of a graphics l.c.d. and

looking into John Becker’s demos, I decided to
move on and create a big bitmap image to be
displayed on a graphics l.c.d. This could be
used as a background image over which text is
displayed, or simply as a nice splash-screen!

Big images such as these have to be gener-
ated in a “paint-type” program but, how do
you convert the image from this program to
suitable source code?

A short net-search revealed an extremely
interesting application note available from
Hantronix Inc. at ftp://wfp62508.w1.com/
imageapp.pdf (www.hantronix.com/app-
note “A Simple Way to Create Bitmap Images
for Graphics LCDs”).

Hantronix’s article is excellent. However,
and after some investigations, I believe the
reader can miss (as I did) some of the sub-
tleties of the process that I would like to share
with all EPE readers.

Tagged Image File Format (TIFF) is the
appropriate image format for our plans. An
uncompressed black and white TIFF image
file can be basically considered as a data
matrix (bitmap is the operative word) in
which a logical 1 is a white pixel and a
black pixel is a logical 0. A logical 1 will
turn “on” a pixel on the l.c.d. thus the image
should be inverted for our l.c.d. purposes.
So, set up a canvas that is 128 × 64, set the
colour pallet for B&W, invert (negative) the

image and save it in uncompressed TIFF
(.tif) format.

Nevertheless, the generated file size is never
the expected 1KB (128 × 64 bits). It includes
unwanted TIFF headers and footers, whose
size seem to depend highly on the particular
“paint” software used. According to my own
experiments, the header was never 25 bytes
long as Hantronix’s article stated.

So where is the “raw” image information?
The best way to unravel the mystery is to gen-
erate a completely white image and take a look
at the saved file using your favourite hex-edi-
tor. Find the 256-bytes long block of “FF”, and
write down the offset to use it later. The rest is
unwanted garbage that can be safely removed!

Follow Hantronix’s app-note directions to
convert the TIFF file, which is in binary for-
mat, to hexadecimal format. Use your word
processor to reformat the data to fit your PIC
assembler instructions. Displaying it is an easy
task following John’s article.

The image data must be stored in Flash pro-
gram memory due to its big size. Program
memory locations may be read easily on
PIC16F87x devices.

A simple demo source code I made myself
can be downloaded at www.ctv.es/USERS/
javiergf/home.html. It should work fine with
John’s demo circuit.

Javier Gonzalez Fernandez,
Tenerife, Canary Islands, via the Net

Well, well! It had never even occurred to me
that such a thing was possible with the l.c.d.
Fascinating. Thank you Javier!

E-mail: editorial@epemag.wimborne.co.uk
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SUPER TORCH L.E.D.S
Dear EPE,
Regarding Andy Flind’s L.E.D. Super Torches

designs in Sept ’01, I suggest that those consid-
ering building the low-cost red version should
instead consider using similarly low-cost very
hi-intensity yellow l.e.d.s (no other component
changes necessary).

Yellow is much better for reading, and nearly as
good as white for use as a torch. Yellow l.e.d.s such
as the Toshiba TLYH180P (Maplin o/c PF08J) are
brighter and cheaper (and also take higher cur-
rents) than Farnell o/c 993864 white l.e.d.s (7cd @
77p versus 3cd @ 324p respectively).

I have tested an RFI-free transistor-boosted
LM334 current regulator circuit which can run
yellow (or red) l.e.d.s from two economical AA
cells wasting only the 60mV to 70mV across the
sense resistor and the transistor’s Vsat (usually
below 0·2V). This circuit only requires six com-
ponents. It could also be used to run white l.e.d.s
from four AA/AAA cells (with no RFI). The rea-
son I have made it is to replace the bulb in a
DynoTorch.

A while ago I modified a cycle lamp into a
yellow l.e.d. headtorch but it would now be
cheaper to buy and modify a low-cost two to four
AA cell headtorch. (The Petzl company sells a
white l.e.d. headtorch but, strangely, it runs from
three rather than four AAA cells).

When buying cases I have discovered that one
marked as having a PP3/2AA battery compart-
ment was actually mainly suited to PP3s and fit-
ting two AA cells required some bodging: I will
check such claims more carefully in future.

In my previous “C Sources” letter (June ’01),
the files C99RATIONALE.pdf, and c9x_faq.pdf
may be more easily found as N897.pdf, and
N843.pdf respectively in the ANSI sites pointed to
from Dr Dobbs Journal magazine’s website at
www.ddj.com/topics/cpp/.

Alan Bradley, via the Net

Thank you Alan for both sets of useful
information.

8-BIT COMPUTING ALIVE
Dear EPE,
For years now, EPE has been my “electronic

link” between the southern tip of Africa and the
rest of the world! The debate around what PC
hardware and what programming language to
use in conjunction with the projects, made me
write this letter.

I am very interested in telephony – process
control, weather monitoring and microcon-
troller projects. Time after time I sit with the
dilemma that I need a computer to control
something, but do not want to use my home
PC. Simply for the reason that I do not want
my PC and hard-disk to run 24 hours a day,
seven days a week.

My dilemma was overcome when somebody
gave me two BBC Acorn home computers! I can
now easily test my projects via the 8-bit user
ports and read analogue values with the

analogue-to-digital converter ports. Interfacing
to most of my projects is fairly easy. No running
hard drives and a power consumption that makes
any 24/7 control possible.

As an IT professional, it was very relaxing to
sit down and program on a computer that is a
level nearer to the electronics! It is all nice and
easy to create stunning GUIs on a PC, but that is
not what EPE is there for.

The programming language on the BBC is
BASIC, quite powerful and easy to grasp. It
would be interesting to know how many people
are still using their BBC Acorns, as more than a
million were apparently sold in the UK.

The developers of projects for EPE can keep
their projects as generic as possible. If a com-
puter must be involved, let the interface be ser-
ial or even parallel. This way it is up to the
reader to use his own computer and program-
ming language. I must however agree that it is
not always possible and that not everybody is
into programming.

The idea of Joe Farr (Sept ’01) of having a
web site where readers can post their own ver-
sions of software, is to me a good one. This way
we can then even have software for inexpensive
but powerful computers like the BBC Acorn,
available to anyone interested. See
http://8bs.com for 8-bit inspiration!

Finally, it is also time for a telephony project
in EPE! I am struggling to read caller-id (CLI
where I live) from my phone line. It can be a very
interesting project, capable to be connected to
any type of computer!

Johan Maritz, South Africa, via the Net

I recognise your feelings Johan, but as we
have commented before in these pages, we do not
feel justified in now supporting pre-PC comput-
ers, however good they were originally. I too had
great success with the BBCs and PETs etc of
many years ago but am equally at home with
PCs of the modern era.

Nonetheless, I fully support the idea of using
replaced computers in a workshop role. I have
two workshops in different locations and in each
I have two PCs side by side, one of them other-
wise obsolete, so that I can run a main program
on one and run tests or related matters on the
other.

One of the aims of my Teach-In 2000 series
was to show how a PC can be used as an item of
test gear. The idea is taken a step further with the
current Teach-In 2002 series, in which a
Picoscope ADC-40 plug-in module turns your
PC into a very versatile oscilloscope.

Regarding software submissions, this too has
been discussed before. To summarise, in princi-
ple it is a good idea, but it would take too much
of our time to manage the site for it to be realis-
tic at present. However, I have initiated a PIC
Tricks folder on the site in which I am placing
short routines of reader-submitted PIC code that
other people may find useful. Potential submis-
sions, which must be kept short, should be sent to
me at HQ.

Telephony projects, though, we cannot
become involved in since there are stringent reg-
ulations about what may or may not be connect-
ed to a phone line, due to safety requirements.

PIC BANKS AND INTERRUPTS
Dear EPE,
I agree with Malc Wiles (Readout Sept ’01),

the use of interrupts has been somewhat neglect-
ed. What is needed is a ground up introduction
and I am sure readers will find Malc’s tutorial
interesting. I will be looking forward to it as I
cannot imaging writing a PIC program without
interrupts (well, mostly anyway).

Malc briefly explains RPO/RP1/IRP bits in
the status register, but another register that can
cause havoc in ISRs is PCLATH, which is essen-
tially bank switching for program memory.
When an interrupt occurs PCH and PCL are
loaded with $00 and $04 respectively, but
PCLATH remains unchanged so the first
MOVWF PCL, ADDWF PCL, CALL or GOTO
instruction encountered may cause unexpected
results.

Having said that, the ISRs in two of my “fun”
PIC projects (unpublished) did not save/restore
any registers at all, not even STATUS. But then I
have been using interrupts for a good many years
and have a few tricks up my sleeve.

Peter Hemsley, via the Net

Thank you Peter. Whilst I have never felt the
need to make extensive use of interrupts, I am
sure that many readers will benefit from Malc’s
article, currently scheduled for Jan ’02.

Readers, Peter’s various offerings regarding
PIC Tricks that I have highlighted in several
Readouts (and some that have not been) are on
our ftp site under PICS/PicTricks. There are
other snippets of PIC code there too, which are
well worth downloading. Thank you again Peter
for yours.

SENTINEL BIRD
Dear EPE,
It might interest readers that my Gate Sentinel

(Oct ’01) gave rise to a curious case of spurious
triggering. The Gate Sentinel would regularly
sound at five or six in the morning – but without
giving the required number of “pips”. There was
no explanation to be found – until it was traced
to a bird that was mimicking the sound. A case of
a spuriously triggered bird?

I would also like to compliment Alan
Winstanley on Ingenuity Unlimited. He has
introduced a homogeneity to the column that
makes it a pleasure to read.

Thomas Scarborough,
South Africa, via the Net

Obviously a potential circuit problem that a
’scope cannot predict for! In fact, many birds are
capable of mimicking all types of sounds, includ-
ing mobile phone and modem tones. In the UK,
the Blackbird is renowned for its vocal mimicry
and versatility.
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IT SEEMS that an increasing number of
motorists are forgetting to switch on
their car lights when they should. Can

any of us, honestly, say that we have never
done it ourselves?

It may have something to do with better
road lighting or to a more relaxed driving
style. Whatever the reason or reasons, it is
a hazard and driving without lights after
lighting-up time runs the risk of causing an
accident or prosecution. 

����������	�

Suppose you are driving along as the

light level slowly falls. The road is well lit
and you can see perfectly well. If you are
not prompted, possibly by seeing other
cars with their lights on, it is easy to forget
to switch on your own. This circuit helps
you to keep out of trouble by giving an
audible signal when the ambient light falls
to some pre-determined value. 

Although the circuit itself is straightfor-
ward to construct, there are some connec-
tions to be made between the main unit and
the car electrical system. Anyone who is
unsure of being able to carry out this
work safely must seek the advice of a

competent person. Also, you must be
aware that you can possibly invalidate
any warrantee covers you have on the
vehicle – you should check this out!

�����	�

With the ignition switched off, nothing

happens and the circuit requires no current.
With the ignition on and the light level
above the predetermined value, the circuit
is in “standby” mode and draws a few mil-
liamps from the supply (the exact value
depends on circuit adjustments but may be
regarded as negligible). When the light
level falls below the preset value, a distinc-
tive audible signal is given which stops as
soon as the lights are switched on.

The audio tone has been designed to be
different from other sounds likely to be
heard in the car. It takes the form of groups
of three short high-pitched bleeps which
repeat continuously. This attracts the atten-
tion of the driver without it needing to be
particularly loud. 

An important feature of the circuit is an
adjustable time delay built in the light-sens-
ing section. When the illumination falls to
the threshold value, this holds off operation

for a certain time. If the light level increases
again during this period, the circuit will not
be activated. This prevents spurious opera-
tion when the illumination falls temporarily
as might happen when the car passed under
some trees near the critical point. The delay
may be adjusted within the range 0·5 to 50
seconds for best effect. 

�	���	�������	��	�

The complete circuit diagram for the

Lights Needed Alert is shown in Fig.1.
When the ignition switch is on, current
flows from the 12V car system via fuse
FS1 and diode D6 to the rest of the circuit.
Diode D6 provides reverse-polarity
protection.

If the unit were to be connected to the
supply in the opposite sense, the diode
would be reverse-biased and nothing
would happen. Incorrect polarity would
otherwise ruin semiconductor devices in
the circuit. Fuse FS1 provides protection in
the event of a short-circuit.

The circuit will be connected to the sup-
ply through an existing fuse. However, FS1
has a very low value and it is this one
which would be more likely to blow under
a fault condition.

While the car engine is running, the
alternator produces a very “noisy” output
and capacitor C7 connected across the sup-
ply smoothes it.  

�	����
���
The first stage of the circuit proper is the

light-sensing section based on operational
amplifier (op.amp) IC1 and associated
components. Both the non-inverting (pin
3) and inverting (pin 2) inputs are connect-
ed to potential dividers placed across the
nominal 12V supply.

The potential divider associated with the
non-inverting input (pin 3) consists of
equal-value fixed resistors, R3 and R4. The
voltage at pin 3 will therefore be one-half
that of the supply (nominally 6V). The
potential divider associated with the invert-
ing input consists of the series arrangement
of fixed resistor R2 and preset potentiome-
ter VR1 in the top arm and light-dependent
resistor (l.d.r.) R1 in the lower one. The
l.d.r. is connected remotely through the 2-
way section of terminal block TB1. 

An l.d.r.’s resistance changes with the
intensity of light reaching its sensitive sur-
face (the “window”). With the specified unit,
bright daylight will result in a resistance of
only a few hundred ohms. In total darkness it
will be several megohms. In measurements

�	����
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on the prototype unit, a view of the sky at the
critical light level (a little earlier than UK
“lighting-up time”) gave a resistance of 15
kilohms approximately.

Due to the potential divider action, a
certain voltage will therefore be developed
across the l.d.r. which depends on the light
level. As the illumination falls the voltage
will increase.

At the setting-up stage, VR1 will be
adjusted so that the resistance of the
R2/VR1 combination is equal to the resis-
tance of the l.d.r. at the critical light level.
The voltage at IC1 pin 2 will then be one-
half that of the supply  (nominally 6V) and
therefore equal to that at pin 3. 

When the illumination of the l.d.r. is
greater than the critical value, the voltage
at IC1 pin 2 will be less than that at pin 3.
Under these conditions, the op.amp will be
on with the output at pin 6 high (positive
supply voltage). When the light level falls
below the switching point, the conditions
of the inputs will reverse and the op.amp
will switch off with pin 6 going low (0V).

IC2 (that is, it contains two identical sec-
tions). The other one, IC2b, is used for
another purpose and will be looked at
presently.

Monostable IC2a provides the time
delay aspect of the light-sensing section
mentioned earlier. When the light level
falls below the critical point, IC1 output
goes low and a momentary low state is
applied to IC2a trigger input at pin 6, via
capacitor C2.

This causes IC2a to begin a timing
cycle. During this time, the output (pin 5)
will go high for a certain period then revert
to low.

The length of the period is related to the
values of fixed resistor R7, preset poten-
tiometer VR2 and capacitor C3. With the
specified values, VR2 will provide an
adjustment between some 0·5 sec. and 50
sec. approximately. Except while the trig-
ger pulse is being applied, IC2a pin 6 is
maintained in a high condition by fixed
resistor R6 and this prevents possible false
triggering.
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Resistor R5 introduces a little positive
feedback into the system and has the effect
of sharpening the switching action at the
critical point. Thus, small fluctuations in
the light level will not cause repeated on-
off switching.

Capacitor C1 bypasses any a.c. (alter-
nating current) which may be picked up
along the l.d.r. connecting leads (since the
light sensor is connected remotely from
the main section). Without this, the operat-
ing point could become “blurred”.

Note that the switching point is largely
independent of the supply voltage. This is
because the potential dividers associated
with both op.amp inputs are connected
across the same supply. If the voltage fluc-
tuates, that appearing at each op.amp input
will rise or fall by the same factor so the
relative conditions will remain the same.

�������
The following stage of the circuit is a

monostable based on IC2a and associated
components. It is one half of dual timer

µ

µ

Fig.1. Complete circuit diagram for the Lights Needed Alert.
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During IC2a timing cycle the output, pin

5, allows current to flow through diode D1
and resistor R9 to the base (b) of transistor
TR1.  Additionally, when IC1 output (pin
6) is high (due to a light level above the
critical value) current will flow into the
base of TR1 via D2 and R9.

There is a further method by which TR1
base may receive current. This is from the
“lights +12V feed” (which provides a pos-
itive supply voltage when the car lights are
switched on) via diode D7 and resistor R8.
Capacitor C8 removes any “noise” picked
up by this part of the system. 

It can be seen that the only time TR1
base will receive no current is if (a) the
light level is below the threshold value and
(b) the monostable is not in the course of
timing and (c) the car lights are switched
off.

Transistor TR1’s collector will then be
high. This will allow current to enter tran-
sistor TR2 base though resistor R10 and its
collector will go low.

If any of the above conditions are not
met, TR1 base receives current and its col-
lector will go low. No current enters TR2
base so its collector will be high via resis-
tor R11.

Transistor TR2’s collector is connected
to the Reset input (pin 15) of decade
counter IC3. With a high state here, the
device is placed in reset mode which, in
effect, means that nothing further happens.
With a low state at pin 15, IC3 is enabled.  

Suppose the car lights are switched off
and the light level falls below the threshold
value. Monostable IC2a will begin a timing
cycle and this will place IC3 Reset input
pin 15 in a high state so disabling it.

Suppose, during timing, the light level
increases again (due to, say, the car having
passed under a bridge). When the mono-
stable ends its timing cycle, IC1 pin 6 will
have become high so IC3 is maintained in
a reset condition. Only if the monostable
ends its timing cycle and the light level is
still below the threshold value (and the
lights are still off) will the reset state be
removed from IC3. 

�
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The section of circuit based on IC2b (the

as-yet unused section of IC2) is configured
as an astable. Thus, it provides a continu-
ous stream of on-off pulses at its output
(pin 9). The frequency of operation is relat-
ed to the values of fixed resistors R12 and
R13 in conjunction with capacitor C5.
With the values specified, the frequency
will be some 5Hz (five pulses per second).
Since this is not particularly critical, no
adjustment is provided. 

These pulses are applied to the clock
input of IC3 at pin 14. Capacitor C4
bypasses any stray signals which tend to be
picked up along the printed circuit board
track between IC2b pin 9 and IC3 pin 14.
Without this, IC3 tends to “see” them as
additional “real” pulses and this can result
in erratic operation.

If IC3 reset input (pin 5) is high, the
pulses arriving at the clock input (pin 14)
have no effect. However, if the reset input
is low, they cause IC3 outputs 0 to 9 to go
high in turn at nominally 0·2 sec. intervals
and this repeats indefinitely. The number of

each output is shown inside IC3’s circuit
symbol in Fig. 1 while the pin number
corresponding to each output is shown
outside.

Only outputs 2, 4 and 6 (pins 4, 10 and
5) are used. When one of these goes high,
current will flow through one of the diodes
D3 to D5 and enter the base of transistor
TR3 through resistor R14. The audible
warning device, WD1 (solid-state buzzer)
in the collector circuit then sounds.

As each of the three outputs go high,
there will therefore be three bleeps given
(the spaces between these are provided
when outputs 3 and 5 go high) followed
by a period if silence (while outputs 7, 8,
9, 0 and 1 go high). The sequence then
repeats.


�����

����
Construction is based on a single-sided

printed circuit board (p.c.b.). The topside
component layout and full size underside
copper foil track master are shown in Fig.
2. This board is available from the EPE
PCB Service, code 321. Note that all com-
ponents (apart from l.d.r. R1) are mounted
on this p.c.b.

Commence construction by drilling the
two board fixing holes as indicated. Follow
with the fuseholder, i.c. sockets and the

two sections of p.c.b. terminal block, TB1
and TB2.

Solder in position the resistors (except
l.d.r. R1) including presets VR1 and VR2,
and capacitors C1, C2, C4 to C6 and C8.
Next, add the polarity-sensitive compo-
nents, capacitors C3 and C7, diodes D1 to
D7, transistors TR1 to TR3 and buzzer
WD1; double-check the orientation of
these as they are inserted on the p.c.b.

Note that transistors TR1 and TR2 have
their flat faces placed to the left while TR3
has it facing right (see Fig.2 and the photo-
graph). Also note, the buzzer WD1 must be
of the d.c. operating variety as specified. It
must not be of a type which requires a sep-
arate drive circuit.

Adjust preset potentiometer VR1 fully
anti-clockwise (to operate in dim light)
and VR2 fully clockwise (as viewed from
the left-hand edge of the p.c.b.) for mini-
mum time delay.  Insert the fuse in the
fuseholder.

������	
Basic testing must be carried out using a

separate temporary 9V battery (a PP3 or
PP9 type will be satisfactory). In this way,
any small problems may be resolved before
the p.c.b. is mounted in its box and wired to
the car electrical system. 
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Fig.2. Printed circuit board component layout, wiring and full-size underside copper
foil master pattern for the Lights Needed Alert.
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Connect the light sensor, l.d.r. R1, direct
to terminal block TB1 (polarity unimpor-
tant). Wire the battery connector to terminals
TB2/2 and TB2/1, observing their polarity.
Connect a piece of insulated connecting
wire, having a bare end, to TB2/3; the “+12V
lights feed” terminal.

Work in a place where normal room
lighting will reach the l.d.r. sensitive sur-
face (near a window for example). Now
connect up the temporary test battery. 

Buzzer WD1 should remain silent. If it
begins sounding, allow more light to
reach the l.d.r. Cover the l.d.r. with the
hand and keep it covered. After a short
delay (less than one second), the buzzer
should begin to sound in groups of three
short bleeps. If necessary, adjust VR1 for
correct operation.

Preset potentiometer VR1 will be set to
provide the correct degree of sensitivity to
light. However, this cannot be done until
the l.d.r. unit has been mounted in its final
position since this will affect the amount of
light reaching it. 

While the buzzer is sounding, allow
light to reach the l.d.r. again. The sound
should stop. Again, with the buzzer
sounding, touch the “lights feed” wire on
to terminal point TB2/2 (which connects
to the battery positive terminal). The
buzzer should stop sounding (because
this simulates the lights having been
switched on).

Check that the hold-off time may be
adjusted by rotating VR2 sliding contact.
However, return the timing to minimum
afterwards because it will be easier to set
the final operating light level that way.

��������	
If all is well, the p.c.b. should be mount-

ed in its box. Any plastic box which is
large enough to accommodate it will be
satisfactory.

Place the p.c.b. on the base and mark
through the fixing holes. Mark out a hole in
the side walls near each terminal block
position for the external wires to pass
through and a further hole in the lid above
sounder WD1 position for the sound to
pass out. Remove the p.c.b. and drill these
holes through.

Mount the p.c.b. using plastic stand-off
insulators on the bolt shanks so that the
buzzer is close to the lid of the box (for
maximum sound output).  If it proves to be
too loud at the end, it may be taped over. 


����
������������
The remote light-sensing unit, contain-

ing the l.d.r., should now be constructed. If
the specified sub-miniature type of l.d.r. is
being used, a very small box will be suffi-
cient. In the prototype, a “potting box” was
used (see photographs). 

This was cut down to a depth of 10mm
approximately. A small hole was then
drilled in the side for the connecting wire
to pass through and a further one in the top
which was a push fit for the l.d.r.

Cut the l.d.r. pinout leads down to a length
of 10mm approximately. Sleeve them to
reduce the chance of them touching.

Cut off a suitable length of light-duty
twin-stranded wire to reach between the
proposed positions of the two units. If this
distance is more than three metres (which
is unlikely), it may be found necessary to
use miniature screened cable to prevent the

possible pick-up of electrical “noise”
which could upset operation.

Pass the end of the inter-connecting lead
through the potting box hole and solder the
ends to the l.d.r. end wires. Take care to
avoid excessive heat during soldering or
the characteristics of the l.d.r. may change.
Apply strain relief to the wire so that it can-
not pull free in service. In the prototype,
this was done using a tight cable tie.

Push-fit the l.d.r. body into the hole
drilled for it and secure the whole assem-
bly using quick-setting epoxy-resin adhe-
sive (see photograph). Make sure the sol-
dered joints are kept well separated. Glue a
cardboard base to the box.

Decide on a suitable position for the
light-sensor unit where it will be unob-
trusive and where light will reach the
l.d.r. from the sky. A good position is at
the top corner of the windscreen. This
will allow the l.d.r. to have a good
“view” of the sky.

The interconnecting wire may be pushed
under the trim and routed to a position
behind the dashboard. In the prototype, the
unit itself was secured using two strips of
sticky “Velcro”.

��������	
Before proceeding any further, discon-

nect the car battery positive terminal. If you
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Resistors
R1 miniature I.d.r. – dark

resistance 5M��approx
R2 4k7
R3, R4,

R7 to R11,
R14 47k (8 off)

R5 10M
R6, R13 1M (2 off)
R12 10k

All 0·25W 5% carbon film,
except R1.

Potentiometers
VR1 22k min. enclosed

carbon preset, vert
VR2 4M7 min. enclosed

carbon preset, vert.

Capacitors
C1, C4 47n ceramic – 5mm pin

spacing (2 off).
C2, C5, C6 100n ceramic – 5mm pin 

spacing (3 off).
C3 10� min. radial elect. 35V
C7 220� min. radial elect.

35V
C8 220n ceramic – 5mm pin

spacing

Semiconductors
D1 to D5,

D7 1N4148 signal diode
(6 off)

See
SSHHOOPP
TTAALLKK
ppaaggee

Approx. Cost
Guidance Only ££2200

excluding connectors

D6 1N4001 50V 1A rect.
diode.

TR1 to TR3 2N3904 npn low power
transistor (3 off)

IC1 CA3130E op.amp.
IC2 ICM7556IPA low power

dual timer.
IC3 HCF4017BEY decade

counter

Miscellaneous
WD1 d.c. piezo buzzer 3V to

24V operation at 10mA
maximum.

TB1 2-way low profile p.c.b.
terminal block – 5mm 
spacing.

TB2 3-way low profile p.c.b.
terminal block – 5mm 
spacing.

FS1 200mA 20mm fuse and
p.c.b. mounting
fuseholder 

Printed circuit board available from the
EPE PCB Service, code 321; 8-pin d.i.l.
i.c. socket; 14-pin d.i.l. socket; 16-pin d.i.l.
socket; plastic case, size 102mm x 76mm
x 38mm; small potting box or other small
plastic box; auto-type wire; light-duty twin
wire; auto-type snap-lock connectors;
quick-setting epoxy resin adhesive;
solder, etc.

EPE Online
Note that the circuit boards used in EPE Online projects are available from the EPE Online Store at www.epemag.com (also note that the codes for the boards in the online store are prefixed with 7000, so a board with a code of say 256 will appear as 7000256 in the online store).



have a “coded” audio system, make sure you
have the code available to re-enter this when
the supply is re-established.

Decide on a suitable position behind the
dashboard or elsewhere for the main unit.
It  will need to be sited close to a wire
which becomes “live” only when the igni-
tion is switched on. This must receive its
supply through an existing fuse.

Often the most convenient wire to use is
the feed for the radio or audio system.
Note, however, that there are usually two
+12V wires here. One is made via the igni-
tion switch but there is also a continuous
+12V one which is used to maintain the
memory settings, clock, etc.

If you decide to make a connection here,
take care to select the correct wire. If a
continuous +12V feed was used, the
buzzer would sound at night when the car
was left parked without lights. At the same
time, find a suitable car chassis (earth)
connection. Again, the audio system could
provide this. 

��������		

You now need to locate a wire which

becomes “live” when the side lights are

switched on. Again,
this wire must obtain
its supply through an
existing fuse. It may
be possible to make
the connection at the
wire leading from a
fuse controlling one
of the sidelights or at
one of the lighting
units. 

Cut off three pieces
of light-duty stranded
automotive type wire
long enough to make
the positive supply
lights feed and chas-
sis (earth) connec-
tions. Leave sufficient
slack to allow the unit
to be accessible to

make adjustments before finally securing
it in place. On no account use ordinary
(non-automotive) wire.

Use red wire for the +12V feed, black
for the chassis and a different colour if
possible for the lights one. If two red wires
must be used, take special care to keep
track of which is which. If any wire passes
through a hole in metal, a rubber grommet
must be used to protect it from cutting by
the sharp edges.

Pass the wires through the hole in the
side of the unit and, leaving a little slack,
connect them to terminal block TB2 inside
the unit before making the connections to
the car system. Take care to connect the
correct wire to the correct terminal. Apply
a tight cable tie or cable clamp around the
wires to prevent them pulling free in
service.

Connect the free ends of the wires to the
car wiring using “snap-lock” type connec-
tors. On no account use makeshift
methods such as taped joints. 

Route the sensor wire as necessary and
pass it through the hole in the main unit
close to terminal block TB1. Connect the
ends to the terminal block. If miniature

screened cable has been used, connect the
screening to TB1/1 which connects to the
0V line (chassis). Leave the lid off the box
for the moment to allow adjustments to be
made.

�������

����	���
After inspecting all wiring and checking

everything is in order, connect the car bat-
tery and test the system. Adjust preset VR1
for the correct degree of sensitivity to
light. You do not need to drive around to
make the initial adjustment, simply park
the car where the l.d.r. has a clear “view”
of the sky.

Wait until the light level falls to the
point where lights are needed, switch on
the ignition and adjust preset VR1 until the
buzzer begins to sound. Check that it stops
when the lights are switched on. If the
buzzer begins to sound before it becomes
dark enough despite adjusting VR1 fully
anti-clockwise, increase the value of resis-
tor R2 to about 22 kilohms (22k�) and try
again.

You now need to test the system and
make final adjustments under real dri-
ving conditions. You will need the help
of an assistant to do this as you go
along.

Wait for the light level to fall to within,
say, half an hour of the “lights needed”
point. As the critical point is reached (it is
best to err on the bright side), VR1 should
be adjusted so that buzzer WD1 just begins
to sound.

With the hold-off time set to minimum,
there will be many “false alarms”. Adjust
VR2 for a hold-off time of around 12 sec.
to 15 sec. and re-check the following day.
This was the timing used in the prototype
unit but it will depend on conditions. Make
sure it is long enough to allow you to drive
out of a dim garage without the buzzer
sounding.

Finally, attach the lid of the case and
secure the unit in position – taping it
to the wiring loom will probably be
sufficient.                                          �
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The light-dependent resistor (l.d.r.) is pushed into a hole in
the light sensor box and secured in position using quick-
setting epoxy adhesive.
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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 submitted for publication elsewhere. 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 relevant component values.
Please draw all circuit schematics as clearly as possible.
Send your circuit ideas to: Alan Winstanley, Ingenuity
Unlimited, Wimborne Publishing Ltd., 408 Wimborne Road
East, Ferndown Dorset BH22 9ND. (We do not accept sub-
missions for IU via E-mail.)
Your ideas could earn you some cash and a prize!

WWIINN  AA  PPIICCOO  PPCC  BBAASSEEDD
OOSSCCIILLLLOOSSCCOOPPEE

� 50MSPS Dual Channel Storage Oscilloscope
� 25MHz 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 six months, Pico Technology will be
awarding an ADC200-50 digital storage
oscilloscope for the best IU submission. In
addition, two single channel ADC-40s will be
presented to the runners-up.
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SEND US YOUR CIRCUIT IDEA?
Earn some extra cash
and possibly a prize!

Automatic Day Indicator – WWaakkee--uupp  CCaallll

READERS who have ever woken up con-
vinced that the weekend had arrived, only

to realise to their dismay that it is a working
weekday after all (life can be hard! – ARW),
will welcome the circuit of Fig. 1. It utilises a
light-dependant resistor (l.d.r.) R1 attached to
a window frame. At sunrise, the resistance of
R1 gradually falls until transistor TR1 (which
can be any general purpose npn transistor)
conducts. This sends a high input via the
shaping circuit of resistor R2 and capacitor
C2 to the clock input of IC1, which is held at
0V by resistor R3 at night times.

The first seven outputs of IC1 drive an
l.e.d. that indicates the day of the week, e.g.
Q0 = Sunday etc. As only one l.e.d. is ever
illuminated at a time they share a common
resistor R4 connecting them to the 0V rail.
The preset potentiometer VR1 adjusts the
sensitivity and capacitor C1 provides overall
smoothing, which is essential if running from
a power supply.

Switch S1 is used to manually set the day
when the unit is first switched on, however it
can only operate when transistor TR1 is
turned off (i.e. when the l.d.r. is dark). It
should run from a 9V to 12V mains adaptor.

If the unit suffers from multiple triggering
caused by a badly regulated power supply
during the critical dusk/dawn periods when
transistor TR1 is just changing state, then
increasing the capacitance of C2 should solve
this. It is, of course, essential to mount the
l.d.r. in such a way that it can detect daylight,
without suffering false triggering during the
night from e.g. security lights or passing cars.

The prototype has operated reliably now
for five years, the only occasions on which it
has given false readings is after night-time
thunderstorms where each bolt of lightning
caused the unit to advance by one day. The
odd solar eclipse also triggered it!

Ian Hill,
Plymouth, Devon

AVERY SIMPLE table or Christmas tree
decoration which can be made in half-an-

hour is shown in the circuit diagram of Fig.2.
It uses five red high-brightness l.e.d.s. D1 to
D5 together with a 9V battery. A decoration –
e.g. a Christmas Star – can be made from
cardboard and the l.e.d.s inserted from behind
into the “points” to enhance the decoration.

When a typical l.e.d. is conducting, usually
2V or so appears across it. A series resistor is
then connected to drop the remainder of the
supply voltage and to limit the current. The
true voltage across an l.e.d. depends on vari-
ous factors such as the current flowing, the
colour and  type. The forward voltage of a
typical high-brightness or “superbright” red
l.e.d. is approximately 1·7V at 10mA. By
connecting five similar l.e.ds in series, they
can safely be operated direct by a 9V battery
with no series resistor, as shown.

It was found that five superbright l.e.d.s
drew some 30mA with a new battery (having
a terminal voltage of 9·5V). At 8V they
became dim and around 7·5V they did not
operate at all. An alkaline PP3 unit should

provide about 20 to 30 hours of operation.
Alternatively use six AA size alkaline cells in
a suitable holder or consider using a mains
adaptor.

Ivan Patrick Gore, Peterborough

Ω

µ

µ

Fig.1. Circuit diagram for the Automatic Day Indicator.

Fig.2. Simple Christmas Star circuit.

Christmas Star – AA SSiimmppllee  SSoolluuttiioonn
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THE SIMPLE emergency lighting circuit of
Fig.3 provides a low-voltage light for

around 20 minutes after the mains has
failed. The first part of the design is a bulb
driver circuit, consisting of a transistor
switch formed by driver TR1 and power
transistor TR2 which operates the 3·5V
bulbs LP1 to LP3.

The second part is the mains voltage detec-
tor and battery charger. Transistor TR1 is
switched off when the mains supply is pre-
sent (its base being held below 0·7V), and
when the mains fails, TR1 switches on and
the bulbs illuminate.

A low voltage power supply is provided by
the transformer T1 and diodes D1 to D4.  The
usual way of connecting the secondary of a
centre-tapped transformer is to have two pos-
itive voltage outputs and one centre zero tap.
However, in this design the centre tap is the
positive and the two outer taps are zero
voltage.

Assuming mains voltage is present: on the
positive half cycle current flows from the
centre tap of T1 via fuse FS2, and through the
Nickel Cadmium D-size batteries B1 to B3.
This current is limited by resistor R3 to keep
the NiCad cells trickle charged. The current
then flows back to one of the “zero” voltage
secondary terminals  via one of the diodes D1
or D2.

On the other half cycle the current flows
the same way but returns to T1 via D3 or D4.
Driver transistor TR1 is kept switched off by

the current flowing from the centre tap via
FS2, through resistor R1, and returning to one
of T1’s zero terminals, by either D3 or D4. In
effect diodes D3 or D4 ground TR1 base ter-
minal, preventing it from turning on.

When the mains voltage fails, current
from the positive terminal of the batteries
flows through resistor R1 to the base of
transistor TR1 which turns on. This biases
transistor TR2 into conduction and causes
the bulbs to illuminate for as long as the

battery voltage remains high enough – in
practice around 27 minutes. No current
flows through transformer T1 secondaries,
or diodes D1 to D4 as all their terminals are
at the same potential, i.e. the 3·6V battery
voltage.

When the mains returns, the transistors will
switch off extinguishing the bulbs and the bat-
teries will begin to trickle charge once more.

Steve Cartwright,
Kilbarchan, Renfrewshire

Emergency Light Unit – LLiigghhttss  tthhee  WWaayy

Ω Ω

Ω

µ

Fig.3. Complete circuit diagram for the Emergency Light Unit.

Capacitance Meter
The choice of metal case for the Capacitance Meter is left entirely to

personal taste and pocket. However, choose one that has ample all-
round space and check that there is enough height to give plenty of
clearance above the selected mains transformer used. The prototype
case appears to be one of the low-cost (£6 to £7) vinyl-effect aluminium
boxes which most of our component advertisers stock.

If you wish to use a toroidal type mains transformer, as shown in  the
photos, you could try contacting ILP Direct Ltd (� 01233 750481 or
Fax 01233 750578), who should be able to advise. A standard 3VA 15V
secondary mains transformer specified in the component listing should
be readily available.

Regarding the semiconductors, only the 74C925 4-digit counter/driver
i.c. may be hard to locate. The one in the model was purchased from
Maplin (� 0870 264 6000 or www.maplin.co.uk), code QY08J.
Looking up the 4528 dual monostable in their listing  they refer you to
the HCF4098BEY, code QX29G – so you have two possible choices
here. Don’t forget to specify you want a “common cathode’’ type when
ordering the dual display. Check out the pin line-up before purchasing
and that it will fit on the p.c.b.

The two double-sided printed circuit boards are available from the
EPE PCB Service, codes 323 (Main) and 324 (Display), see page 817.

Teach-In 2002 Power Supply
Most of the components needed to build the Teach-In 2002 Power

Supply are standard items and should be easy to find locally. Our com-
ponents advertisers should be able to recommend suitable parts or alter-
natives. Some may even make up a kit for you.

The large 20/25VA mains transformer came from Maplin (� 0870 264
6000 or www.maplin.co.uk), code WB25C. They also supplied the
round-faced miniature rocker switch (code FG47B),  the W01 bridge rec-
tifier (AQ95D) and the aluminium box, code LF16S. Arranging the com-
ponents in the case is a tight squeeze, so readers may care to opt for
the larger one, code XB69A.

The small printed circuit board is available from the EPE PCB Service,
code 320.

Teach-In 2002 Lab Work 1
The plug-in “breadboard’’ required for the Lab Work projects is available

in many sizes and prices and any one will do for these exercises; choose
one with the most contacts that your pocket can afford! Regarding the
negative temperature coefficient thermistor, these are commonly stocked
in bead, disc and rod types. The preference was for a general purpose
bead but any type rated from 2k2 to around 10k at 25°C will do. One at
4k7 seems to be most popular.

Finding the Analog Devices OP177GP ultra-precision, low-offset,
op.amp could be troublesome and was found listed by Maplin (� 0870
264 6000 or www.maplin.co.uk), code NP16S. The LM35DZ tempera-
ture sensor should be available from your local supplier and advertisers.

See the Special Offer page (782) for details of the PICO ADC-40 PC-
based oscilloscope used throughout the Teach-In 2002 series.

Lights Needed Alert
Very few problems should arise when shopping for parts for the Lights

Needed Alert project. The 3V to 24V d.c. piezoelectric buzzer (code
KU56L) and the miniature light-dependent resistor (code AZ83E) both
came from Maplin (� 0870 264 6000 or www.maplin.co.uk). You can,
of course, use  the ubiquitous ORP12 l.d.r. if you wish.

The printed circuit board is obtainable from the EPE PCB Service,
code 321 (see page 817).

Pitch Switch
Only  the miniature d.i.l. relay and the HT7250 5V low-dropout voltage

regulator, used in the Pitch Switch, could give local sourcing problems.
The Holtek HT7250 regulator came from Maplin (� 0870 264 6000 or
www.maplin.co.uk), code LE79L. They informed us they had about
2,000 in stock but it would be discontinued when these had been sold. A
suitable replacement would be the LP2950CZ, but this has a different
pinout.

The d.i.l. relay is an RS component and can be ordered from any
bona-fide stockist or by credit card from RS (� 01536 444079 or
rswww.com), code 291-9675. An alternative would be the sub-min. 5V
Omron relay, RS stock code 376-593.

The printed circuit board is available from the EPE PCB Service, code
322.

Toolkit TK3 for Windows (Supplement)
The software program for the Toolkit TK3 for Windows, this month’s

free supplement, is available on a CD-ROM from the EPE PCB Service,
see page 817. A small charge of £6.95 is made for setting up and admin
costs. It is also available Free from the EPE web site:
ftp://ftp.epemag.wimborne.co.uk/pub/PICS/ToolkitTK3.

PLEASE TAKE NOTE
PIC Pulsometer (November ’00)

Resistors R2 and R3 should have the values shown in the circuit
diagram (Fig.2), not those in the parts lists.

PIC-Monitored Dual PSU (December ’00)
Page 890, Fig.10 should be amended as follows: Link 24 to A11

(not A9); Link 25 to A12 (not A5); Link 26 to A5 (not A12) and Link
27 to A9 (not A11). Having the above links incorrectly connected will
not have caused damage to the PIC. Ignore statement saying B14 no
connection.

Resistors R43 to R46 should read R35 to R38 (10k).



Prices for each of the CD-ROMs above are:

Hobbyist/Student ...................................................£45 inc VAT
Institutional (Schools/HE/FE/Industry)..............£99 plus VAT
Institutional 10 user (Network Licence) ..........£199 plus VAT

Complimentary output stage

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.

(UK and EU customers add VAT at 17.5% to “plus VAT’’ prices)

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.

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.

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

Counter project

Filter synthesis
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FILTERS

DIGITAL WORKS 3.0

ANALOGUE ELECTRONICS

Logic Probe testing

ELECTRONICS PROJECTS

DIGITAL ELECTRONICS

PRICES

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

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.

“C’’ FOR PICMICRO
MICROCONTROLLERS

C for PICmicro Microcontrollers is
designed for students and professionals
who need to learn how to use C to
program embedded microcontrollers. This
product contains a complete course in C
that makes use of a virtual C PICmicro
which allows students to see code
execution step-by-step. Tutorials, exercises
and practical projects are included to allow
students to test their C programming
capabilities. Also includes a complete
Integrated Development Environment, a full
C compiler, Arizona Microchip’s MPLAB
assembler, and software that will program
a PIC16F84 via the parallel printer port on
your PC. (Can be used with the PICtutor
hardware – see opposite.)
Although the course focuses on the use of

the PICmicro series of microcontrollers,
this product will provide a relevant
background in C programming for any
microcontroller.

PCB Layout



Interested in programming PIC microcontrollers? Learn with PPIICCttuuttoorr
This highly acclaimed CD-ROM by John Becker, together with the PICtutor
experimental and development board, will teach you how to use PIC microcontrollers
with special emphasis on the PIC16x84 devices. The board will also act as a
development test bed and programmer for future projects as your programming skills
develop. This interactive presentation uses the specially developed Virtual PIC
Simulator to show exactly what is happening as you run, or step through, a
program. In this way the CD provides the easiest and best ever introduction to the
subject. Nearly 40 Tutorials cover virtually every aspect of PIC programming in an
easy to follow logical sequence.

HARDWARE
Whilst the CD-ROM can be used on its own, the physical demonstration provided by
the PICtutor Development Kit, plus the ability to program and test your own
PIC16x84s, really reinforces the lessons learned. The hardware will also be an
invaluable development and programming tool for future work.
Two levels of PICtutor hardware are available – Standard and Deluxe. The Standard
unit comes with a battery holder, a reduced number of switches and no displays.
This version will allow users to complete 25 of the 39 Tutorials. The Deluxe
Development Kit is supplied with a plug-top power supply (the Export Version has a
battery holder), all switches for both PIC ports plus l.c.d. and 4-digit 7-segment l.e.d.
displays. It allows users to program and control all functions and both ports of the
PIC. All hardware is supplied fully built and tested and includes a PIC16F84.

MODULAR CIRCUIT DESIGN 
Contains a range of tried and tested analogue and digital
circuit modules, together with the 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 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)

Minimum system requirements for these CD-ROMs: Pentium PC, CD-ROM drive, 32MB RAM, 10MB hard disk space. Windows 95/98/NT/2000/ME, mouse, sound card, web browser.

CD-ROM ORDER FORM
����Electronic Projects
����Analogue Electronics Version required:
����Digital Electronics ����Hobbyist/Student
����Filters ����Institutional
����Digital Works 3.0 ����Institutional 10 user
����Electronics CAD Pack ����Institutional
����C For PICmicro Microcontrollers site licence
�� PICtutor
����Electronic Circuits & Components V2.0

����PICtutor Development Kit – Standard
����PICtutor Development Kit – Deluxe               ����Deluxe Export

����Electronic Components Photos
����Electronics In Control – Single User
����Electronics In Control – Multiple User
����Modular Circuit Design – Single User
����Modular Circuit Design – Multiple User

Full name:  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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: £  . . . . . . .Card expiry date:  . . . . . . .

Card No: . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Switch Issue No.  . . . . . . .

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

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 17½% 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

The Virtual PIC

Deluxe PICtutor Hardware

Note: The software on each
version is the same (unless
stated otherwise above), only
the licence for use varies.

Note: The CD-ROM is not included
in the Development Kit prices.

ELECTRONIC CIRCUITS &
COMPONENTS V2.0
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. Selections include: Components, Components Quiz, Symbols,
Symbols Quiz, Circuit Technology.
Included in the Institutional Versions are multiple choice questions, exam style questions,
fault finding virtual laboratories and investigations/worksheets.

Hobbyist/Student  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .£45 inc VAT
Institutional (Schools/HE/FE/Industry)  . . . . . . . . . . . . . . . . . . .£99 plus VAT
Institutional Site Licence  . . . . . . . . . . . . . . . . . . . . . . . . . . . .£499 plus VAT

(UK and EU customers add VAT at 17.5% to “plus VAT’’ prices)

Note: The software on each version is
the same, only the licence for use varies.

PICtutor CD-ROM
Hobbyist/Student  . . . . . . . . . . . . . . . . . . . .£45 inc. VAT
Institutional (Schools/HE/FE Industry) . . .£99 plus VAT
Institutional 10 user (Network Licence)  .£199 plus VAT

HARDWARE
Standard Development Kit  . . . .£47 inc. VAT
Deluxe Development Kit  . . . . .£99 plus VAT
Deluxe Export Version  . . . . . .£96 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 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
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

Please send me: B3

NEW VERSION 2

NEW VERSION 3
Circuit simulation screen

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)

NEW



IN LAST month’s Net Work I described the problems caused by the
Sircam Worm, one of the latest in a line-up of particularly nasty

E-mail infections which propagates itself by using, amongst other
means, the Windows Address Book. It rampages around networks
and targets hundreds or even thousands of other users, with the
potential to wreak havoc on their systems as well as those of the
ISPs caught in the middle: the Network Manager of one Internet
Service Provider reported that one user received the Sircam Worm
over 1,000 times, causing their mailbox to swell to over 800
megabytes in size. Systems clogged up, slowed down or packed up
altogether.

Two months later it is hard to believe that unsuspecting people
are still E-mailing the Sircam Worm out to equally unsuspecting
parties. I lost count of the number of infected mails that have been
received, and I gave up sending out an E-mail to the sender warn-
ing them of the infection. Most Internet users utilise ordinary dial-
up accounts, but even if they have up-to-date virus software such as
Norton Anti Virus (www.symantec.com) or McAfee Anti Virus
(www.mcafee.com), there is still the problem of the time and
money wasted in downloading E-mails carrying potentially infect-
ed file attachments.

In practice the vast majority of ordinary users simply hit the
“Send/Receive” button of
Microsoft Outlook
Express and wait to see
what arrives. (The
writer’s Turnpike soft-
ware allows for either
Send or Receive to be dis-
abled.) Any incoming E-
mail is fetched onto disk,
only then does it become
apparent that some infect-
ed files may have been
received.

There are better ways
of dealing with E-mail
than fetching the whole
lot every session. For
starters, you can try to
configure the filter rules
of your E-mail client soft-
ware – for example
Outlook Express has
options to filter out mail (e.g. flag it, highlight it or do not download
it from the server) if the mail has an attachment. Go to
Tools/Message Rules/Actions and experiment with some of the
options available. If necessary, send yourself some sample E-mails
to test the settings.
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A smarter way of dealing with E-mail is to check it on the serv-

er and screen out anything not wanted first. This avoids the possi-
bility of downloading the likes of the Sircam Worm (the one good
thing about it being that all Sircam mails look the same, it is only
the subject and file attachment that differ).

Handling mail this way is a form of virtual fly-swatting, and even
though it means a little human intervention is needed, I can confirm
that it is extremely satisfying to “swat” worms and junk directly
from the server, so you avoid being bothered by these nuisances
ever again. You can actually save time this way.

The workings of a typical POP3 mailserver are a mystery to
many, but it is easy to check your mail on the server by using a
small POP3 client package. Using such a program, you can rapidly
check (poll) your POP3 mailbox(es) and delete any suspicious or

unwanted mails directly from the server. This is a powerful option,
and be warned that there is no reassurance of a Recycle Bin or
“Deleted” folder – once you hit the Delete button, the mail could be
gone for ever!

Imagine what this means to a user who is inundated with the
Sircam Worm though; instead of calling a technical support person
at their ISP, users can browse their mailbox on the server and delete
any unwanted material for themselves. After that, they can down-
load remaining mail onto their computer.

There is one minor safety valve with POP3 mail – having delet-
ed any unwanted mail, if you do not “save” the session, then the
deleted mail will be restored when you close your client. After sav-
ing and exiting, though, be aware that any mail marked for deletion
is lost. Although it is true that checking your mail this way takes a
little time (say a minute), in practice I have found that the benefits
of deleting unwanted mail at source outweigh the short time spent
previewing it. Everything is done “on the fly” using a raw connec-
tion to your mail server.

� ���
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One program, which the author has been using for some

time, is JBMail ($35, demo available, free upgrades) avail-
able for download from
www.pc-tools.net. It is a
lightweight but versatile
POP3 mail client that is
especially useful for pre-
viewing POP3 mailboxes.
Any junk mail can be delet-
ed instantly, but more
importantly any Sircam
Worms etc. stand out a mile
and can be dealt with
accordingly. There are no
inboxes or out trays in
“light” mail clients such as
this but JBMail’s creator
Jem Berkes in Canada tells
me that an address book is
being worked on. 

A very handy feature is
JBMail’s ability to poll
multiple POP3 mailboxes
simultaneously, and any

changes in contents are flagged. You can then skim through the
contents of each mailbox – subjects, senders and file sizes are
summarised. Individual E-mails can then be previewed, and you
can also reply to them on the fly: perfect for sending out quick
replies to messages that you don’t want to download or store on
your system.

After this initial checking of mailboxes, you can start up your
usual mail client and download the remaining E-mails onto your
machine. JBMail works very well and in terms of time saved, it has
proved to be a good investment for a busy Internet worker. You can
be merciless with unwanted mail, reduce the risk of importing a
virus or worm, and you can dismiss junk mail out of hand, which
has a therapeutic value as well! It is worth downloading the demo.
version from their web site.

Another program to investigate is Pop Corn
(www.ultrafunk.com), a freeware client that also handles multiple
user POP3 mail using “profiles” but presently it does not appear
able to poll multiple boxes at the same time. It may be more than
enough for some users though.

See you next month for more Net Work. You can E-mail me at
alan@epemag.co.uk.

SURFING THE INTERNET
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JBMail is a “light” POP3 mail client that lets you check multiple POP3
mailboxes. You can also open each mailbox directly on the server.



SQUIRES
MODEL & CRAFT TOOLS

A COMPREHENSIVE RANGE OF MINIATURE HAND AND
POWER TOOLS AND AN EXTENSIVE RANGE OF

ELECTRONIC COMPONENTS
FEATURED IN A FULLY ILLUSTRATED

528 PAGE MAIL ORDER CATALOGUE

2002 ISSUE
Note: If you have ordered from 2001 copy you will

receive the new catalogue automatically

SAME DAY DESPATCH
FREE POST AND PACKAGING

Catalogues: FREE OF CHARGE to addresses in the UK.
Overseas: CATALOGUE FREE, postage at cost charged

to credit card

Squires, 100 London Road,
Bognor Regis, West Sussex, PO21 1DD

TEL: 01243 842424
FAX: 01243 842525
SHOP NOW OPEN

PPLLAASSTTIICC  BBOOXXEESS
&&

EENNCCLLOOSSUURREESS
Contact us for  your free catalogue

S.L.M. (Model) Engineers Ltd
Chiltern Road
Prestbury
Cheltenham
GL52 5JQ

Website: www.slm.uk.com
Telephone 01242 525488
Fax 01242 226288

FFRRUUSSTTRRAATTEEDD!
Looking for ICs TRANSISTORs?
A phone call to us could get a result. We
offer an extensive range and with a world-
wide database at our fingertips, we are
able to source even more. We specialise in
devices with the following prefix (to name
but a few).

We can also offer equivalents (at customers’ risk)
We also stock a full range of other electronic components
Mail, phone, Fax Credit Card orders and callers welcome

Connect

Cricklewood Electronics Ltd
40-42 Cricklewood Broadway London NW2 3ET

Tel: 020 8452 0161   Fax: 020 8208 1441

2N 2SA 2SB 2SC 2SD 2P 2SJ 2SK 3N 3SK 4N 6N 17 40 AD
ADC AN AM AY BA BC BD BDT BDV BDW BDX BF
BFR BFS BFT BFX BFY BLY BLX BS BR BRX BRY BS
BSS BSV BSW BSX BT BTA BTB BRW BU BUK BUT BUV
BUW BUX BUY BUZ CA CD CX CXA DAC DG DM DS
DTA DTC GL GM HA HCF HD HEF ICL ICM  IRF J KA
KIA L LA LB LC LD LF LM M M5M MA MAB MAX MB
MC MDAJ MJE MJF MM MN MPS MPSA MPSH MPSU
MRF NJM NE OM OP PA PAL PIC PN RC S SAA SAB
SAD SAJ SAS SDA SG SI SL SN SO STA STK STR STRD
STRM STRS SV1 T TA TAA TAG TBA TC TCA TDA TDB
TEA TIC TIP TIPL TEA TL TLC TMP TMS TPU U UA
UAA UC UDN ULN UM UPA UPC UPD VN X XR Z ZN
ZTS + many others

DISTANCE LEARNING
SHORT COURSES with
BTEC CERTIFICATION

Analogue and Digital Electronics, Fibre Optics,
Fault Diagnosis, Mechanics, Mathematics and
Programmable Logic Controllers

� Suitable for beginners and
those wishing to update their
knowledge and practical skills

� Courses are very practical and
delivered as self contained kits

� No travelling or college attendance
� Learning is at your own pace
� Each course can stand alone or be

part of a modular study programme
� Tutor supported and BTEC certified

For information contact:
NCT Ltd., P.O. Box 11
Wendover, Bucks HP22 6XA
Telephone 01296 624270; Fax 01296 625299
Web: http://www.nct.ltd.uk
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VARIOUS types of sound switch exist,
including the well known clap
switch, whistle switch, and tele-

phone/doorbell extender. 
Most sound switches, however, are char-

acterised by their distinct lack of selectivi-
ty. At best, they will respond to a spread of
frequencies several hundreds of Hertz
wide. In effect, this means that almost any-
one who can clap or whistle would be able
to trigger such a switch. 

The Pitch Switch described here
responds to a narrow passband, or pitch,
which has the width of a single tone at all
frequencies (to be exact, 55Hz at concert
pitch A, or 440Hz). This means that it will
“hear” only those sounds which fall within
one semitone of a selected frequency. 

Also, since the Pitch Switch detects fre-
quencies digitally, in theory it will fail to
respond to frequencies which fall so much
as a single Hertz outside the selected pass-
band. This means that it would be particu-
larly difficult for “just anybody” to trigger
the switch – it is under the control of the
person who holds a specific tin whistle or
signal generator. 

Besides this, it is exceedingly sensitive,
and will trigger at a considerable range. A
range of at least 40 metres is achieveable
with a tin whistle.

������������	�
This range can also be extended elec-

tronically. In the author’s most interest-
ing test, a trumpet was blown several
times in a cricket stadium in
Georgetown, St. Vincent, reliably trig-
gering the Pitch Switch in Cape Town,
South Africa, via a normal f.m. radio
broadcast. This represents a range of
10,000 kilometres!

A small slider switch on the printed
circuit board (p.c.b.)
provides for instant
conversion to a stan-
dard sound switch
covering the entire
audio spectrum. In
this mode it is also
exceedingly sensitive,
being able to “hear” a
pin drop at three
metres.


��	�����
�
The Pitch Switch was originally con-

ceived as a means of remote control to
steer a model rowing boat. Other methods
of remote control seemed either too expen-
sive, or too bulky – or were simply inca-
pable of controlling a model boat spinning
in the sun.

Control by sound, it seemed, presented
an attractive alternative, being relatively
lightweight and cheap, with a good range.
Not least, it would provide an appealing
audio-visual effect to control a little man in
a model boat with a tin whistle.

Sound, incidentally, also has special
advantages where one wishes to control a
device through fog or dense atmospheric
particles – even through solid materials or
water, or down a length of piping. Such
applications would be beyond the scope of
a number of other methods of remote
control. 

���
�

����
�
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BROAD APPLICATIONS
While the Pitch Switch has a great many specific applications,
here are some major areas of application in broad outline:

� The Pitch Switch may be used as a flexible form of remote
control by sound or ultrasound. This was its original purpose.

� The Pitch Switch may be used through mediums which would
stump many other forms of remote control – through solid bar-
riers, water, dense atmospheric particles, or down piping.

� Since the Pitch Switch employs digital electronics, its theoret-
ical limits lie between 0Hz (extremely slow sampling) and
about 4MHz. Its usefulness can be extended far above or
below the audio spectrum.

� Many an existing communication system may be turned into a
remote control through the Pitch Switch - a telephone line, a
radio transmission, or a doorbell.

	�������
����
�������
�
The characteristics of the Pitch Switch are much the

same as the human ear. The more background noise
there is, the harder it finds it to distinguish a single note,
and the less sensitive it becomes. It works best where a
single note stands out above a relative silence. 

It can, however, be adjusted to exclude a certain level
of background noise, such as the wind in the trees or
traffic on a nearby road, by decreasing its sensitivity.
The author was able to adjust it to respond to a whistle
in a room in which a piano was being played at the same
time. In fact, background noise had less effect on it than
anticipated, since such noise was mostly superimposed
on the incoming frequency, but didn’t override it.

The Pitch Switch has been customised to respond to
a useful frequency bandspread at a good distance. The
component values shown in the main circuit diagram



give it a range in the audio spectrum above
Middle C. 

This can easily be altered to “hear”
well into the ultrasound region – with
some loss of sensitivity. In this case,
simple modifications are made to the
microphone input circuit. An ultrasonic
receiver transducer is then used instead
of a standard microphone, and the oper-
ating frequency is raised. 

���������
It is not as practical to lower the Pitch

Switch’s frequency as it is to raise it, since
a longer sampling of the incoming fre-
quency is required (489ms at Middle C,
which doubles with each decreasing
octave). However, at the same time there is
no lower frequency limit, which could be
used to “hear” the frequency of very slow
events, such as the number of cars travel-
ling on a road. More of this latert.

A two-state indicator (red l.e.d.) indicates
whether an incoming frequency is “high” or

“low” of the selected frequency (one of the
two states indicates nothing – but in this
case, “nothing” is something)! This makes it
far easier to zero in on an incoming frequen-
cy when adjusting the unit. 

It would be worth noting, incidentally,
that few frequencies are perfectly “pure”.
A tin whistle or a guitar string, for
instance, will each have their own “colour”
of sound, even though they play at the
same pitch. A recorder, for instance, has a
very pure note. A piano key or a jet engine,
on the other hand, are less pure, and will
not be found to be as effective in triggering
the circuit. 

The handheld “remote” in this system is
sure to be one of the most compact and
energy-efficient on earth. If, for instance, a
tin whistle is used, no batteries are
required, and the size of the remote will be
smaller than that of most keyfobs!

The Pitch Switch may be triggered by a
wide range of sounds – among them vari-
ous musical instruments, a dog whistle, a
church bell, or a BBC time signal. It could
also be clocked directly by frequencies
generated within an electronic circuit. 

��	���


��	����
����	
The system block diagram for the Pitch

Switch is shown in Fig.1 and the full
circuit diagram in Fig.2. The core concept
behind the Pitch Switch is to isolate

inadequate power supply. Virtually any
battery or power supply between 6V and
24V may be used. 

The next stage is a two-stage preampli-
fier, IC1, which amplifies the incoming
sound. This is capable of covering the
audio spectrum between about 100Hz and
12kHz – depending on the microphone
used. A high quality microphone would
widen the bandspread to, say, 18kHz. 

The preamplifier circuit is straightfor-
ward (see Fig.2), employing an inverting
amplifier (IC1a) feeding a non-inverting
amplifier (IC1b), with two variable presets
(VR1 and VR2) to control gain. The gain
of the preamplifier may be set between
unity and 100,000 times.

The amplified signal is converted to a
square wave by means of IC2a, which is
wired as a Schmitt trigger. IC2a presents a
clean digital stream at the clock input of
dual binary counter IC4. This digital
stream (the dominant incoming frequency)
clocks dual 4-bit binary counter IC4,

which has been cascaded so as to form a
single 8-bit binary counter. This serves as
a small memory. 

Oscillator IC2b and decade counter IC3
together permit the binary counter to
receive clock pulses only for a specific
time period, which is calculated as
follows:

t (time period) = 1 / (f / 128) seconds.

This means that the Pitch Switch will
require around a tenth of a second to
“hear” a tin whistle. After this, the clock
input is cut off, and a certain number of
clock pulses remain stored as an 8-bit
binary number in memory. 

This binary number is now fed to 4-bit
comparator IC5, which is enabled by
decade counter IC3. One half of the com-
parator (the “A” inputs – IC5 pins 10, 12,
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specific frequencies, and draw these out
from all others. 

The immediate impulse was to use a
standard audio bandpass filter for this pur-
pose. However, it was realised that these
filters have significant limitations in this
application. A single filter cannot easily be
tuned across the entire audio range – also,
such filters do not cope well with changes
in amplitude, such as those encountered
when blowing a tin whistle over varying
distances and at varying intensity. 

The stumbling block was a conceptual
one. At first, the author was trying to pick
up sound, then preserve certain frequen-
cies, while blocking out the rest. He soon
realised that no frequencies needed to be
preserved, or indeed to be blocked out.
Instead, the whole of the incoming sound
was converted to a digital stream, which
was stored in a dual binary counter (IC4)
serving as an 8-bit memory. This was then
compared (IC5) with a benchmark fre-
quency (IC2b). 

One could add a
simple bandpass fil-
ter to improve the
Pitch Switch’s per-
formance in noisier
situations – however,
for most purposes,
no such filter is
required. This would
also complicate what
in its present form is
a very easy method
of tuning.

In rare instances, it may be triggered by
spurious sounds. This is because it triggers
when IC4 has received a certain number of
pulses within a certain time period. It is a
“dumb” device that cannot tell the differ-
ence between a digital stream of a certain
numerical length, and a specific frequency
(see Fig.3). Note that spurious triggering is
significantly reduced the higher the tuned
frequency. One special measure has been
taken here to exclude such spurious
sounds, and this is described below.

���
����
��
�
The first stage of the block schematic

(see Fig.1) is a micropower voltage regula-
tor. This ensures that IC2b, the benchmark
oscillator, will maintain a stable frequency.
The Pitch Switch is thus not confined to a
single battery arrangement, nor is there the
danger that it will be compromised by an

Fig.1. Block schematic diagram for the Pitch Switch. Note the “all frequency’’ bypass from IC2a.

BINARY
0000

BINARY
0000

BINARY
1111

REFERENCE

BINARY
1111

REFERENCE

A) STABLE FREQUENCY B) SPURIOUS SOUNDS

Fig.3. How spurious triggering occurs with a small sample.



13, 15) is taken “high”, so as to represent
the binary number 1111 (decimal 15). This
is used as a reference. If the incoming fre-
quency is also binary 1111, IC5 pin 6 goes
high, and decade counter IC6 is clocked. 

A decade counter is chosen for the out-
put here, since this is capable of switching
anywhere between one and ten outputs
sequentially. So, for instance, a single Pitch
Switch could cause a model rowing boat to
row (sequentially) forwards, backwards,
right, left, and stop, with a further five
outputs still available. 

���������	���

At this point, it might have been noticed

that the binary number stored in “memory”
is an 8-bit number, while only four bits are
taken to the comparator. What has hap-
pened to the remaining bits? 

In fact one could take any series of
IC4’s outputs to binary comparator IC5
(e.g. Q1A to Q4A, or Q3A to Q2B), and
the Pitch Switch would seem at first to
function in just the same way. However,
it does make some difference which
series of four bits one takes to the
comparator. 

If the four least significant bits are cho-
sen (Q1A to Q4A), the Pitch Switch only
samples 16 incoming pulses, instead of
128, as is the case in the present design.

This multiplies the chances of spurious
triggering – although it also shortens the
length of the required sample eight times.
This could provide some advantage in
certain applications.

As things stand, outputs Q4A to Q3B are
used. This, of course, still leaves the most
significant bit (Q4B) spare – and this is
now put to important use. 

Until now, the Pitch Switch will not
recognise any sounds below a selected fre-
quency – however, it will trigger on every
harmonic (every octave) above it. This is
because, when the binary counter is
clocked at frequencies higher than the
selected frequency, the seven least signifi-
cant bits begin to repeat (the counter IC4
“rolls over”). If the count finishes on a
binary 1111 at comparator IC5’s “B”
inputs, then decade counter IC6 is clocked. 

Therefore as soon as binary counter IC4
begins to repeat, its most significant bit
(Q4B) goes high. This is taken to the reset
pin of decade counter IC3, via TR1, with
the effect that all further incoming sound is
instantly cancelled – and so also are all
harmonics.

In the block schematic Fig.1, the
purpose of decade counter IC3 might be
further clarified. This is clocked by oscilla-
tor IC2b, and ensures that the following
sequence is carried out within the circuit:

1. Binary counter IC4 is reset. This must
occur first in the sequence if the block-
ing of harmonics is to succeed.

2. Binary counter IC4 is enabled for a spe-
cific period, to store the incoming fre-
quency in “memory”. 

3. Comparator IC5 is enabled. If A=B, then
decade counter IC6 is clocked. 

4. Decade counter IC3 resets itself.

�������	
�����

Little now needs to be added about the

circuit, although some explanatory notes
might be useful.

Preamplifier IC1 amplifies minute sig-
nals to the point where they are capable of
clocking a digital circuit. This means that
the circuit needs to cope simultaneously
with minute analogue signals as well as
“heavy” digital switching. A few preampli-
fier designs were tried here before a suit-
able one was selected. 

Supply decoupling (capacitors C1 to C6)
is employed throughout the circuit, and this
very significantly improves stability and
sensitivity. A special arrangement (R1, R2,
C7) is used to stabilise the microphone
input.

The Pitch Switch circuit consumes less
than 4mA on standby, which is good
enough to see it through an entire week
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Fig.2. Complete circuit diagram for the Pitch Switch. For additional relay option see Fig.5.



when using a quality alkaline PP3 battery –
longer than most other remote control sys-
tems. Power consumption when the relay is
triggered is around 30mA.

Schmitt trigger IC2a is one half of a
7556 dual timer, and is used here in a less
common configuration, namely as a high-
performance sine-square converter. 

Resistors R6 and R8 bias the input ter-
minals, pins 2 and 6, of IC2a at a quiescent
value just above half the supply line volt-
age. The sinewave input signal is then
superimposed on this point via capcitor
C11. Resistor R7 is wired in series with the
input signal to ensure that it is not adverse-
ly influenced by the switching actions of
the 7556 i.c. The square wave output signal
is taken from IC2a pin 5.

The benchmark frequency is generated
by IC2b, components R9, VR3 and C13 set
the operating frequency. This frequency
may be calculated as follows:

f (frequency) =
{1·46 / [(R9 + VR3) × C13]} × 16 Hz.

Modifications for ultrasound operation
are shown in Fig.4, R1, R2 and C7 are
omitted, C8 is changed in value and an
ultrasonic transducer is used.

L.E.D. D1 indicates that a digital stream
is reaching IC4 pin 1, the Clock input, and
serves as a form of “On” indicator. L.E.D.
D4, at IC5 pin 6, illuminates when the
selected frequency is detected. L.E.D. D3
illuminates either at or above the selected
frequency, thus giving a simple “high” or
“low” indication (it fails to illuminate
when a sound is “low”). L.E.D. D6 illumi-
nates when transistor TR2 switches on
and indicates that the relay RLA is
operational.

��������	�
���
How each output of IC6 may be wired

up to switch additional relays is shown in
Fig.5. Holes have been provided on the
printed circuit board for hard wiring to
extra relays, which are mounted off-board.
In Fig.5, decade counter IC6 switches in
sequence from top (output 0) to bottom
(output 9). 

When connecting additional relays, the
link between IC6 pins 4 and 15 is detached
at pin 4, and taken instead to the output at
the end of the desired sequence. If your
sequence ends, say, at output 5, pin 15 is
now connected to output 6 (pin 5).

As shown the circuit diagram provides
just one on-off (flip-flop) output, since this
is likely to be the most common applica-
tion. A small capacitor (C15) holds IC6

pin 14 high when clock pulses are received,
thus preventing decade counter IC6 from
clocking more than once with a single
sound input.


�
����
�	�

Component values and types are not crit-

ical – however, be sure to use a low-power
7556 dual timer i.c. to conserve power, and
use modern miniature components
throughout to ensure good fits on the board
– particularly the smallest diameter minia-
ture electrolytic capacitors. Space is at a
premium on this printed circuit board
(p.c.b.).

Since the Pitch Switch is likely to be

fitted into scale models or mounted in odd
places, all the components are mounted on
a single p.c.b. without a case. The topside
component layout and full-size copper foil
master pattern are shown in Fig.6. This
board is available from the EPE PCB
Service, code 322.

Commence construction by inserting the
wire links. It is recommended that sheathed
wire be used here to avoid any short cir-
cuits. There are 26 wire links in all. Note
that some links are mounted underneath
the i.c. sockets.

Continue by inserting the solder pins,
then the dual-in-line sockets, then the resis-
tors and cermet presets, continuing with
the relay, diodes, capacitors, transistors,
microphone insert and switch S1. Solder
voltage regulator IC7 into place. Do not
insert IC1 to IC6 in their sockets until the
correct (+5V) voltage from IC7 has been
proved and then observe normal anti-static
precautions.

Be careful to observe the correct polari-
ty of the electrolytic capacitors, and the
correct orientation of the transistors,
diodes, and i.c.s. The cathode (k) of diodes
D2 and D5 is banded. The specified relay
includes an internal “back e.m.f.’’ protec-
tion diode and constructors who use a dif-
ferent one, without such a diode, will need
to wire one across the coil contacts. A
1N4148 small signal diode can be used
here.

The author used an extreme brightness
green l.e.d. for D4, since this enables easy
setting up at a distance. An ordinary green
l.e.d. may also be used, and would cost
considerably less.
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Resistors
R1 2k2
R2, R7, 

R9, R15 10k (3 off)
R3, R4 33k (2 off)
R5 1k
R6 100k
R8 120k
R10, R12,

R13, R14 560� (4 off)
R11 47k

All 0·25W 5% carbon film 

Potentiometers
VR1, VR3 500k single-turn cermet 

trimmer (2 off)
VR2 200k single-turn cermet

trimmer

Capacitors
C1 to C6 100µ sub-min. radial

elect. 6·3V (6 off)
C7 22µ sub-min. radial elect. 6·3V
C8 1µ sub-min. radial elect. 6·3V
C9, C10 4µ7 sub-min. radial elect.

6·3V (2 off)
C11 10µ sub-min. radial elect. 6·3V
C12, C14 10n resin dipped plate

ceramic (2 off)
C13 330n resin coated

aluminium elect.
C15 1n resin dipped plate

ceramic
C16 10µ submin. radial elect. 25V

Semiconductors
D1, D3, 

D6 3mm red l.e.d. (3 off)

See
SSHHOOPP
TTAALLKK
ppaaggee

Approx. Cost
Guidance Only ££2200

excluding batts.

D2, D5 1N4148 signal diode
(2 off)

D4 3mm green l.e.d.
TR1 2N3819 n-channel j.f.e.t.
TR2 BC337 npn medium

power 
IC1 TL072CN low-noise dual

op.amp
IC2 ICM7556 low power dual 

timer
IC3, IC6 4017B decade counter
IC4 4520B dual 4-bit binary

counter
IC5 4063 4-bit comparator
IC7 HT7250 5V low dropout 

voltage regulator

Miscellaneous
S1 s.p.d.t. ultra-miniature 

slider switch, vertical
mounting

RLA 5V 500 ohm coil min.
relay, with s.p.n.o.
contacts rated at
240V a.c.

MIC1 ultra-miniature
omni-directional
electret microphone
insert

Printed circuit board available from the
EPE PCB Service, code 322; 8-pin d.i.l.
socket; 14-pin d.i.l. socket; 16-pin d.i.l.
sockets (4 off); optional PP3 type battery
clip; optional PP3 alkaline battery;
sheathed link wires; solder pins, solder,
etc.
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Fig.5. Circuit arrangement for connect-
ing additional relays/channels to the
main circuit.
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Fig.4. Circuit modification for receiving
ultrasound.

EPE Online
Note that the circuit boards used in EPE Online projects are available from the EPE Online Store at www.epemag.com (also note that the codes for the boards in the online store are prefixed with 7000, so a board with a code of say 256 will appear as 7000256 in the online store).



The specified relay is rated at 300V
d.c./240V a.c. 10W, with a maximum
switched current of 0·5A. Other relays
could be used – particularly the Omron 5V
subminiature s.p.c.o. relay, which is mains
rated and will switch up to 60W/50VA.

Once all the components have been
mounted on the p.c.b., check that there are
no solder bridges on the underside copper
tracks of the board. Finally, plug in a suit-
able power supply, which can be a regulat-
ed or unregulated d.c. power supply
between 6V and 24V – being sure to
observe the correct polarity. If at any time
the circuit does not behave as described,
switch off immediately, and check the
wiring carefully.

����������	
A good way to calibrate the Pitch Switch

is to wire it up to a high impedance earpiece,
connected between 0V and Test point TP1. 

Next, set S1 to its narrow passband set-
ting (sliding it towards relay RLA). Turn
presets VR1 and VR2 fully anti-clockwise.
Then turn them up gently for maximum
volume in the earpiece before serious feed-
back occurs. This will provide a good level
of sensitivity – though not yet the maxi-
mum available.

Now produce a constant note with a
recorder or tin whistle, one or two octaves
above Middle C, within one or two metres
of the microphone. Ensure that there is
minimal background noise. Turn preset
VR3 until l.e.d. D4 pulses. If only l.e.d. D3

pulses, your adjustment is “low” (and your
note “high”). If D3 does not illuminate,
your adjustment is “high”.

Once the Pitch Switch is triggering sat-
isfactorily (indicated by D4 and D6),
nudge up presets VR1 and VR2, observing
carefully through trial and error what effect
this has on the sensitivity of the circuit. Too
high a sensitivity is not necessarily a good
thing, since background noise creeps into
the dominant incoming frequency. 

If it is correctly set, a range of 40 metres
with a tin whistle should be well within its
reach.


����
������



��	���
The mathematics of frequency detection

in the Pitch Switch are interesting. When
these are understood, there is much scope
for experimentation.

The bandwidth of the Pitch Switch may
be determined by using the following for-
mula (MSB = most significant bit, LSB =
least significant bit):

Bandwidth =
f (incoming frequency) / (MSB / LSB). 

If, for instance, the incoming frequen-
cy = concert pitch A, or 440Hz, and
MSB = 128 (IC4’s Q3B), and LSB=16
(IC4’s Q4A), then bandwidth = 440Hz/8
= 55Hz, or about a semitone to either
side of 440Hz. You may refer to Fig.7 for
the frequencies of Octave +1 (Middle C
upwards). With every increasing octave,
these frequencies double – with every
decreasing octave, they are divided by
two.

Now let us assume that we widen the
binary comparison by one bit – now
including IC4’s Q3A (we would now need to
replace IC5 with an 8-bit comparator to
accomplish this). We would then have
440Hz/16 = 27·5Hz. This would narrow the

Component layout on the completed circuit board.
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Fig.6. Pitch Switch printed circuit board component layout and full-size underside
copper foil master. Note there are 26 link wires.
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Fig.7. Frequencies at Octave +1 to six
significant figures.
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bandwidth to a quarter tone (a demi-semi-
tone) at either side of the selected frequency. 

If all seven of IC4’s outputs Q1A-Q3B
were employed, this would narrow the
Pitch Switch’s bandwidth to around 7Hz at
concert pitch A. This represents less than
two musical “cents” (hundredths of a
semitone) at each side of the selected
frequency.

Having said this, one may also make it
more “tolerant”. This may be desirable espe-
cially with “wind instruments” such as a tin
whistle, which can vary in pitch according to
the air pressure applied to them. 

For example, by tying comparator IC5’s
inputs B0 and B1 “high” (one
would need to break the existing
connections at pins 9 and 11),
bandwidth is increased to about
four full tones to either side of the
selected frequency.

�����������	
Apart from the applications

already mentioned, the Pitch
Switch offers several more:

It will respond to a specific
car horn at a considerable dis-
tance (on condition that this is a
single horn, and not a double or
multiple horn). It could thus be
used as a form of remote control
for a garage door – if the neigh-
bours don’t object, that is! 

Since it is capable of displaying fre-
quencies “high” and “low” of the selected
passband, it may be used as a rough aid to
tuning musical instruments (however, it
would need modification as described
above to achieve better than one semitone
accuracy). The Pitch Switch could also
monitor the speed of machinery, where
speed is critical.

It could trigger events at the far end of
an intercom system or telephone line – or,
as the author found, at the far end of a
radio transmission across the Atlantic. 

If preset trimmer VR3 is replaced with a
rotary potentiometer with a calibrated
scale, the Pitch Switch could be used as a
quick and easy means of measuring

component tolerances. Components under
test would form part of an oscillator feed-
ing the resistor R6-R8 junction (Test Point
1). The unit can also be clocked directly at
Test Point 1 by frequencies from other
circuits.

The Pitch Switch could also give a visu-
al demonstration of the Doppler effect,
with approaching sounds being “high” of a
selected frequency, and receding sounds
going “low”. 


���
�������	
How a light-dependent resistor may be

used to clock the Pitch Switch as a beam of

light is interrupted is shown in Fig.8. This
could be used to monitor the speed of
machinery. If the Pitch Switch is set
“high”, slowing machinery will trigger the
switch. If it is set “low”, quickening
machinery will trigger the switch. Or a
deviation both “high” and “low” of a
selected speed may be registered.

As already mentioned, the Pitch
Switch may also be used to detect far
slower events, such as the number of
shoppers increasing beyond a critical
point, or increasing wind (anemometer)
speed. In this case, IC2b will need to be
slowed according to the formula given
earlier.

How the Pitch Switch may be
used to measure component tol-
erances is shown in Fig.9. For
example, to measure capacitor
tolerances, preset VR1 is adjust-
ed to find the ideal value, then C
is exchanged. A capacitor which
lies inside of the required toler-
ance will illuminate l.e.d. D4.
Resistor tolerances may be test-
ed in a similar way, by substitut-
ing R instead.

Preset VR1 may also be
replaced by a thermistor of sim-
ilar value. In this case, the Pitch
Switch will be triggered by ris-
ing or falling temperature, or
both.                                       �
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Fig.8. Clocking the Pitch Switch with a
light beam.

Fig.9. Measuring component tolerances.
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DISCRETE transistors are no longer an
essential part of every project,

having been to some extent ousted by
integrated circuits. However, they still
feature in a fair percentage of projects,
and are an essential part of modern
electronics. You will certainly find a fair
sprinkling of them if you look at some of
the recent projects in EPE.

Various types of transistor are avail-
able, and bipolar transistors are the
original and still most common variety.
Bipolar transistors are subdivided into
two categories, which are the pnp and
npn types. They are essentially the
same but operate with different supply
polarities. Never try to use a npn device
instead of a pnp type, or vice versa.

Following Leads
A normal bipolar transistor has three

leads that are called the emitter (e),
base (b), and collector (c). There are
actually a few that have four leads,
although most of them are now obso-
lete. The fourth lead merely connects to
the metal case of the component and is
called the shield (s).

The construction diagrams normally
make the correct method of connection
perfectly clear, and there may also be a
base diagram to help further. Perhaps
rather confusingly, transistors that have
the same encapsulation often have dif-
ferent leadout arrangements. Base dia-
grams for three transistors that use a
common plastic encapsulation but have
three different pinout configurations are
shown in Fig.1.

It is important to note that transistor
leadout diagrams are normally base
views, and that the device is always
viewed looking on to its leadout wires.
This is different to the convention for
integrated circuits (i.c.s), which are
normally shown as top views in pinout
diagrams.

Where there is any doubt about the
correct method of connection, always
refer to a leadout diagram before con-
necting the device. Most electronic
component catalogues include base
diagrams for all the transistors on offer,
so it should not be too difficult to find
the information you need. If you have
access to the Internet it is worth

bearing in mind that data on just about
any electronic component is available
online and is not usually too difficult to
track down.

If all else fails, it is possible to identi-
fy the leads and the type (npn or pnp)
using a bit of trial and error with a con-
tinuity tester that has a diode checking
facility. The transistor appears to be two
diodes connected as shown in Fig.2.
Once you have correctly identified the
leadout wires the correct method of
connection to the circuit board is usual-
ly pretty obvious.

A Case of Identity
When dealing with transistors there

are frequent references to things like
TO92 and TO220. Transistors use a
range of standard encapsulations, and
this is what codes such as TO92 and
TO220 refer to. The transistor base dia-
grams of Fig.1 are all for devices that
use the TO92 plastic encapsulation.

Because there is more than one con-
figuration for many case styles, a single
letter suffix is often added to the code
number in order to distinguish between
the various leadout configurations.

These suffix letters seem to be used in
a rather arbitrary fashion, and are not
always used at all, so do not assume
that a the TO92c configuration in one
catalogue is the same as the TO92c
arrangement used elsewhere.

Hot Stuff
From the electrical point of view

there is not much difference between a
power transistor and an ordinary type,
apart from the fact it can handle higher
voltages and currents. Physically,
power transistors are usually very dif-
ferent from low power devices.

The problem with power transistors,
and other power semiconductors, is
that they generate significant amounts
of heat. So much heat in fact, that most
devices would soon overheat in normal
use without the aid of a heatsink.

A heatsink is just a piece of metal to
which the power device is bolted.
Actually, small heatsinks often clip
directly onto the power device, and
there are also heatsinks of this type for
ordinary transistors that have metal
encapsulations. In order to extract the
heat from very high power semiconduc-
tors it is necessary to resort to larger
and more exotic aluminium extrusions
that have numerous fins – see Fig.3.

Where a heatsink is needed, the
components list for the project should
give details of the minimum require-
ments, and there may well be some
amplification in the main text. When
dealing with heatsink ratings there is a
potential trap that you need to avoid.
On the face of it, a heatsink with a rat-
ing of (say) 10 degrees per watt is big-
ger and better than one rated at 5
degrees per watt. In fact, the 5 degrees
per watt heatsink is the one that is
larger and more efficient.

The rating is the temperature in-
crease that will be produced by
applying one watt of power to the

PRACTICALLY SPEAKING
Robert Penfold looks at the Techniques of Actually Doing It!
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Fig.1. Transistors that have the same
encapsulation do not necessarily have
the same leadout configuration. Also,
their base diagrams are nearly always
underside views, that is, looking direct-
ly at the pins.

Fig.2. When making continuity checks
a transistor appears to be two diodes
connected back-to-back.

Fig.3. An extruded aluminium heatsink drilled to take two TO3-cased devices.



heatsink. The lower the increase in
temperature produced by applying a
given power, the better the heatsink.

Never use a heatsink that has a
lower rating than the one specified in a
components list. In other words, use a
heatsink that has a rating in degrees
per watt that is equal to or lower than
the rating in the components list. If
power devices are allowed to overheat
they can and do explode, so it is impor-
tant to avoid overheating for safety rea-
sons. Also, apart from the cost of
replacing the destroyed power devices,
a lot of expensive damage can be done
to other components in the project.

In Isolation
Some power semiconductors have

cases or heat-tabs that are electrically
isolated from the terminals of the

devices. However, few, if any transistors
fall into this category. In most instances
the metal case or heat-tab connects
internally to the collector terminal.
Simply bolting a power transistor
straight onto its heatsink therefore
results in the heatsink being connected
to the collector terminal as well.

In most cases the heatsink connects
to the metal chassis of the project,
which is normally “earthed” to the 0V
supply rail. Some projects have an
earthed metal case, which is itself used
as the heatsink. Consequently, in prac-
tice a power transistor almost invariably
has to be insulated from the heatsink.

There are special insulating kits
available, but make sure that you obtain
one that is a correct match for the
encapsulation of the power device you
are using. These days most power tran-
sistors have one of the plastic encap-
sulations (TO220, etc.) that require a
single mounting bolt. The insulating kit
consists of a plastic bush and a mica or
plastic insulating washer. There is now
a trend towards high-tech plastic wash-
ers made from a rubber-like material.

Whatever type of washer is supplied,
the kit is used in the same way. The
washer is fitted between the power
device and the heatsink – see Fig.4.
This insulates the transistor from the
heatsink, but further insulation is need-
ed to prevent the mounting bolt from
providing a connection between the
transistor and the heatsink. The plastic
bush on the underside of the heatsink
provides this function by insulating the
mounting bolt from the heatsink. It

works just as well if the bush is used to
insulate the transistor from the bolt, but
the method shown in Fig.4 seems to be
the preferred one.

Metal cased power devices such as
those having the TO3 case style are fit-
ted in much the same way. They are
more awkward to fit because four
mounting holes are required in the
heatsink. Some heatsinks are ready-
drilled to take one or two TO3 cased
devices, and these will also take plastic
power devices.

However, most heatsinks are sup-
plied with no pre-drilled holes. The eas-
iest way to mark the positions of the
mounting holes for a TO3 semiconduc-
tor is to use the insulating washer as a
template. Be careful when handling
these washers because many of them
are very thin and easily damaged.

Two of the four holes take the two
pins on the underside of the device,
which are normally the base (b) and
emitter (e) terminals. These can be as
little as 2·5mm in diameter, but a
greater diameter of about 4mm or so
reduces the risk of a pin coming into
contact with the heatsink. The larger
holes take the mounting bolts, and a
plastic bush is needed on each of these
– see Fig.5. Their diameter should
match the size of the plastic bushes,
which in practice normally means a
5mm diameter hole.

The connection to the collector (metal
case) of the transistor is made via a sol-
der tag fitted on one of the mounting
bolts. Note that this makes it essential to
use the plastic bush to insulate the bolt
from the heatsink rather than from the
transistor. The results are likely to be
pretty dire if the insulation should fail, so
having fitted an insulating set always use
a continuity tester to make sure that insu-
lation is effective.

Heatsink Compound
Particularly with very high-power

devices, it is important to have a good
thermal contact between the power
device and the heatsink. This is nor-
mally achieved by smearing a small
amount of heatsink compound on the
underside of the transistor prior to fit-
ting it on the heatsink.

It is important to use nothing more
than a smear of the heatsink com-
pound, since an excess could reduce
rather than increase thermal conduc-
tion from the transistor to the heatsink.

Try to get the compound to fully cover
the underside of the transistor.

Note that the insulating washers that
are made from a rubber-like material
obviate  the need for any heatsink com-
pound. They are made from a material
that both insulates and ensures a good
thermal contact.

Other Types
Bipolar transistors are not the only

type produced. Unijunction transistors
(u.j.t.s) were once quite popular but are
largely obsolete these days. They can
be used in relaxation oscillators and as
trigger devices for use with triacs or
thyristors. They have no collector termi-
nal, but instead have two emitters
called emitter 1 (e1) and emitter 2 (e2).
They look much like any other small
signal transistors.

This is also true of the various field
effect devices (f.e.t.s). Junction gate
field effect transistors (j.f.e.t.s) are
probably the most common type.
They are available as n-channel
and p-channel devices, and these
roughly correspond to npn and pnp
bipolar transistors. The three termi-
nals of a field effect device are the
drain (d), gate (g) and source (s),
which are roughly equivalent to the
collector, base and emitter of a
bipolar transistor.

There are also various types of
MOSFET (metal oxide silicon field
effect transistor). At one time dual-
gate MOSFETs were the most com-
mon type, but these are virtually
unobtainable these days and little
used in new designs. However, vari-
ous types of power MOSFETs are still
very much in demand, as are low
power devices for use in switching
applications.

The all-important point to bear in
mind when dealing with any type of
MOSFET is that it is vulnerable to
damage from static electricity. Many
devices have built-in protection
diodes that reduce the risk of
damage, but most manufacturers still
recommend the use of anti-static
precautions.

The low-power types can be fitted to
the circuit board via holders, but direct
soldered connections are needed to
power devices. Always use a soldering
iron having an earthed bit when making
soldered connections to static-sensitive
components.
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Fig.4. Insulating a plastic power device from the heatsink. Fig.5. Two plastic bushes are needed for metal cased power
devices.



WWHHEETTHHEERR  EELLEECCTTRROONNIICCSS  IISS  YYOOUURR  HHOOBBBBYY
OORR  YYOOUURR  LLIIVVEELLIIHHOOOODD  ..  ..  ..

YYOOUU  NNEEEEDD  TTHHEE  EELLEECCTTRROONNIICCSS  SSEERRVVIICCEE  MMAANNUUAALL

EEVVEERRYYTTHHIINNGG  YYOOUU  NNEEEEDD  TTOO  KKNNOOWW  TTOO  GGEETT  SSTTAARRTTEEDD  IINN
RREEPPAAIIRRIINNGG  AANNDD  SSEERRVVIICCIINNGG  EELLEECCTTRROONNIICC  EEQQUUIIPPMMEENNTT

The Electronics Service Manual contains
practical, easy to follow information on the
following subjects:

SAFETY: Be knowledgeable about Safety
Regulations, Electrical Safety and First Aid.

UNDERPINNING KNOWLEDGE: Specific
sections enable you to Understand Electrical
and Electronic Principles, Active and Passive
Components, Circuit Diagrams, Circuit
Measurements, Radio, Computers, Valves and
manufacturers' Data, etc.

PRACTICAL SKILLS: Learn how to identify
Electronic Components, Avoid Static Hazards,
Carry Out Soldering and Wiring, Remove and
Replace Components.

TEST EQUIPMENT: How to Choose and Use
Test Equipment, Assemble a Toolkit, Set Up a

Workshop, and Get the Most from Your
Multimeter and Oscilloscope, etc.

SERVICING TECHNIQUES: The regular
Supplements include vital guidelines on how to
Service Audio Amplifiers, Radio Receivers, TV
Receivers, Cassette Recorders, Video
Recorders, Personal Computers, etc.

TECHNICAL NOTES: Commencing with the
PC, this section and the regular Supplements
deal with a very wide range of specific types of
equipment – radios, TVs, cassette recorders,
amplifiers, video recorders etc.

REFERENCE DATA: Detailing vital parameters
for Diodes, Small-Signal Transistors, Power
Transistors, Thyristors, Triacs and Field Effect
Transistors. Supplements include Operational
Amplifiers, Logic Circuits, Optoelectronic
Devices, etc.

Wimborne Publishing Ltd., Dept Y11, 408 Wimborne Road East, Ferndown, Dorset BH22 9ND. Tel: 01202 873872. Fax: 01202 874562.

SALE

4400%%
OOFFFF

Buy the Electronics Service Manual at

40% off regular price.

DON’T MISS

THIS!

The essential work for
servicing and repairing
electronic equipment
� Around 900 pages

� Fundamental principles

� Troubleshooting techniques

� Servicing techniques

� Choosing and using test
equipment

� Reference data

� Easy-to-use format

� Clear and simple layout

� Vital safety precautions

� Professionally written

� Regular Supplements

� Sturdy gold blocked
ring-binder
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EELLEECCTTRROONNIICCSS
SSEERRVVIICCEE  MMAANNUUAALL
Basic Work: Contains around 900 pages of information. Edited by Mike Tooley BA
Regular Supplements: Approximately 160-page Supplements of additional information which are forwarded to you immediately on
publication (four times a year). These are billed separately and can be discontinued at any time.

Unlike a book or encyclopedia, this Manual
is a living work – continuously extended
with new material.
Supplements are sent to you
approximately every three months.
Each Supplement contains around 160
pages – all for only £23.50+£2.50 p&p. You
can, of course, return any Supplement
(within ten days) which you feel is
superfluous to your needs. You can also
purchase a range of past Supplements to
extend your Base Manual on subjects of
particular interest to you.

We are able to provide you with the most
important and popular, up to date, features
in our Supplements. Our unique system is
augmented by readers' requests for new
information. Through this service you are
able to let us know exactly what
information you require in your Manual.

You can also contact the editors directly in
writing if you have a specific technical
request or query relating to the Manual.

REGULAR SUPPLEMENTS

RESPONDING TO YOUR NEEDS

POSTAGE CHARGES
Price PER MANUAL

Postal Region Surface Air

Mainland UK FREE –
Scottish Highlands,

UK Islands & Eire £5.50 each –
Europe (EU) – £20 each
Europe (Non-EU) £20 each £26 each
USA & Canada £25 each £33 each
Far East & Australasia £31 each £35 each
Rest of World £25 each £45 each

Please allow four working days for UK delivery.
NOTE: Surface mail can take over 10 weeks to some parts of

the world. Each Manual weighs about 4kg when packed.
Online Shop: www.epemag.wimborne.co.uk/shopdoor.htm

ORDER FORM
Simply complete and return the order form with your

payment to the following address:

Wimborne Publishing Ltd, Dept.Y11,
408 Wimborne Road East, Ferndown,

Dorset BH22 9ND
We offer a 30 day MONEY BACK GUARANTEE

– if you are not happy with the Manual simply return it to us
in good condition within 30 days for a full refund.

Overseas buyers do have to pay the overseas postage – see below.

esm2b

PLEASE send me

The ELECTRONICS SERVICE MANUAL plus a FREE SUPPLEMENT
I enclose payment of £23.97 – plus postage if applicable.
I also require the appropriate Supplements four times a year. These are billed
separately and can be discontinued at any time. (Please delete if not required.)
Should I decide not to keep the Manual I will return it to you in good condition within
30 days for a full refund.

FULL NAME . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

ADDRESS  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

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

 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . POSTCODE  . . . . . . . . . . . . . . . . .

TELEPHONE NO.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

SIGNATURE  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .

� I enclose cheque/PO payable to Wimborne Publishing Ltd.
� Please charge my Visa/Mastercard/Amex/Diners Club/Switch       Switch Issue No . . . . .

Card No.  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Card Exp. Date  . . . . . . . . . . .

(PLEASE PRINT)

Our 30 day money back guarantee gives you complete peace of mind. If you are not entirely happy with the Manual,
for whatever reason, simply return it to us in good condition within 30 days and we will make a full refund

of your payment – no small print and no questions asked.
(Overseas buyers do have to pay the overseas postage charge – see below)

Guarantee
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VVCCRR    MMAAIINNTTEENNAANNCCEE
VVTT110022 84 minutes: Introduction to VCR
Repair. Warning, not for the beginner.
Through the use of block diagrams this
video will take you through the various
circuits found in the NTSC VHS system.
You will follow the signal from the input to
the audio/video heads then from the
heads back to the output. 

OOrrddeerr  CCooddee  VVTT110022
VVTT110033  35 minutes: A step-by-step easy to
follow procedure for professionally clean-
ing the tape path and replacing many of
the belts in most VHS VCR's. The viewer
will also become familiar with the various
parts found in the tape path.

OOrrddeerr  CCooddee  VVTT110033

OORRDDEERRIINNGG:: PPrriiccee  iinncclluuddeess  ppoossttaaggee  ttoo  aannyywwhheerree  iinn  tthhee  wwoorrlldd..
OOVVEERRSSEEAASS  OORRDDEERRSS::  We use the VAT portion of the price to pay for airmail postage
and packing, wherever you live in the world. Just send £34.95 per tape. All payments
in £ sterling only (send cheque or money order drawn on a UK bank). Make cheques

payable to Direct Book Service.
VViissaa,, MMaasstteerrccaarrdd,,  AAmmeexx,,  DDiinneerrss  CClluubb  and SSwwiittcchh  orders accepted – please give card

number, card expiry date and Switch Issue No.
Orders are normally sent within seven days but please allow a maximum of 28 days,

longer for overseas orders. 
SSeenndd  yyoouurr  oorrddeerr  ttoo::  DDiirreecctt  BBooookk  SSeerrvviiccee,,  Wimborne Publishing Ltd., 408 Wimborne

Road East, Ferndown, Dorset BH22 9ND
TTeell::  0011220022  887733887722..  FFaaxx::  0011220022  887744556622..    EE--mmaaiill:: dbs@epemag.wimborne.co.uk

OOnnlliinnee  ssttoorree::  wwwwww..eeppeemmaagg..wwiimmbboorrnnee..ccoo..uukk//sshhooppddoooorr..hhttmm

Each video uses a mixture of animated current
flow in circuits plus text, plus cartoon instruc-
tion etc., and a very full commentary to get the
points across. The tapes are imported by us and
originate from VCR Educational Products Co,
an American supplier. We are the worldwide
distributors of the PAL and SECAM versions of
these tapes. (All videos are to the UK PAL stan-
dard on VHS tapes unless you specifically
request SECAM versions.)

VIDEOS ON
ELECTRONICS

A range of videos selected by EPE and designed to provide instruc-
tion on electronics theory. Each video gives a sound introduction
and grounding in a specialised area of the subject. The tapes make
learning both easier and more enjoyable than pure textbook or
magazine study. They have proved particularly useful in schools,
colleges, training departments and electronics clubs as well as to
general hobbyists and those following distance learning courses etc

BBAASSIICCSS
VVTT220011  ttoo  VVTT220066  iiss  aa  bbaassiicc  eelleeccttrroonniiccss  ccoouurrssee
aanndd  iiss  ddeessiiggnneedd  ttoo  bbee  uusseedd  aass  aa  ccoommpplleettee
sseerriieess,,  iiff  rreeqquuiirreedd..
VVTT220011  54 minutes. Part One; DD..CC..  CCiirrccuuiittss..
This video is an absolute must for the begin-
ner. Series circuits, parallel circuits, Ohms
law, how to use the digital multimeter and
much more. OOrrddeerr  CCooddee  VVTT220011
VVTT220022 62 minutes. Part Two; AA..CC..  CCiirrccuuiittss..
This is your next step in understanding the
basics of electronics. You will learn about how
coils, transformers, capacitors, etc are used in
common circuits. OOrrddeerr  CCooddee  VVTT220022
VVTT220033 57 minutes. Part Three; SSeemmiiccoonn--
dduuccttoorrss.. Gives you an exciting look into the
world of semiconductors. With basic semicon-
ductor theory. Plus 15 different semiconduc-
tor devices explained.

OOrrddeerr  CCooddee  VVTT220033

VVTT220044  56 minutes. Part Four; PPoowweerr
SSuupppplliieess.. Guides you step-by-step through
different sections of a power supply.

OOrrddeerr  CCooddee  VVTT220044
VVTT220055 57 minutes. Part Five; AAmmpplliiffiieerrss..
Shows you how amplifiers work as you have
never seen them before. Class A, class B,
class C, op.amps. etc. OOrrddeerr  CCooddee  VVTT220055
VVTT220066 54 minutes. Part Six; OOsscciillllaattoorrss..
Oscillators are found in both linear and digi-
tal circuits. Gives a good basic background in
oscillator circuits. OOrrddeerr  CCooddee  VVTT220066

DDIIGGIITTAALL
NNooww  ffoorr  tthhee  ddiiggiittaall  sseerriieess  ooff  ssiixx  vviiddeeooss..  TThhiiss
sseerriieess  iiss  ddeessiiggnneedd  ttoo  pprroovviiddee  aa  ggoooodd  ggrroouunndd--
iinngg  iinn  ddiiggiittaall  aanndd  ccoommppuutteerr  tteecchhnnoollooggyy..
VVTT330011  54 minutes. Digital One; GGaatteess begins
with the basics as you learn about seven of
the most common gates which are used in
almost every digital circuit, plus Binary
notation. OOrrddeerr  CCooddee  VVTT330011

VVTT330022 55 minutes. Digital Two; FFlliipp  FFllooppss
will further enhance your knowledge of digital
basics. You will learn about Octal and
Hexadecimal notation groups, flip-flops,
counters, etc. OOrrddeerr  CCooddee  VVTT330022
VVTT330033 54 minutes. Digital Three; RReeggiisstteerrss
aanndd  DDiissppllaayyss is your next step in obtaining a
solid understanding of the basic circuits
found in today’s digital designs. Gets into
multiplexers, registers, display devices, etc. 

OOrrddeerr  CCooddee  VVTT330033
VVTT330044 59 minutes. Digital Four; DDAACC  aanndd
AADDCC shows you how the computer is able to
communicate with the real world. You will
learn about digital-to-analogue and ana-
logue-to-digital converter circuits.

OOrrddeerr  CCooddee  VVTT330044
VVTT330055 56 minutes. Digital Five; MMeemmoorryy
DDeevviicceess introduces you to the technology
used in many of today’s memory devices. You
will learn all about ROM devices and then
proceed into PROM, EPROM, EEPROM,
SRAM, DRAM, and MBM devices.

OOrrddeerr  CCooddee  VVTT330055
VVTT330066 56 minutes. Digital Six; TThhee  CCPPUU
gives you a thorough understanding in the
basics of the central processing unit and the
input/output circuits used to make the system
work. OOrrddeerr  CCooddee  VVTT330066

RRAADDIIOO
VVTT440011 61 minutes. AA..MM..  RRaaddiioo  TThheeoorryy.. The
most complete video ever produced on a.m.
radio. Begins with the basics of a.m. trans-
mission and proceeds to the five major stages
of a.m. reception. Learn how the signal is
detected, converted and reproduced. Also
covers the Motorola C-QUAM a.m. stereo
system. OOrrddeerr  CCooddee  VVTT440011
VVTT440022 58 minutes. FF..MM..  RRaaddiioo  PPaarrtt  11..  F.M.
basics including the functional blocks of a
receiver. Plus r.f. amplifier, mixer oscillator,
i.f. amplifier, limiter and f.m. decoder stages
of a typical f.m. receiver. OOrrddeerr  CCooddee  VVTT440022

VVTT440033 58 minutes. FF..MM..  RRaaddiioo  PPaarrtt  22.. A con-
tinuation of f.m. technology from Part 1.
Begins with the detector stage output, pro-
ceeds to the 19kHz amplifier, frequency dou-
bler, stereo demultiplexer and audio amplifier
stages. Also covers RDS digital data encoding
and decoding. OOrrddeerr  CCooddee  VVTT440033

MMIISSCCEELLLLAANNEEOOUUSS
VVTT550011 58 minutes. FFiibbrree  OOppttiiccss.. From the
fundamentals of fibre optic technology
through cable manufacture to connectors,
transmitters and receivers.

OOrrddeerr  CCooddee  VVTT550011
VVTT550022 57 minutes. LLaasseerr  TTeecchhnnoollooggyy A basic
introduction covering some of the common
uses of laser devices, plus the operation of the
Ruby Rod laser, HeNe laser, CO2 gas laser
and semiconductor laser devices. Also covers
the basics of CD and bar code scanning. 
OOrrddeerr  CCooddee  VVTT550022££3344..9955 each

inc. VAT & postage

Order 8 or more get one extra FREE
Order 16 get two extra FREE

VT201

VT202

VT305
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PRACTICAL REMOTE CONTROL PROJECTS
Owen Bishop
Provides a wealth of circuits and circuit modules for use
in remote control systems of all kinds; ultrasonic, infra-
red, optical fibre, cable and radio. There are instructions
for building fourteen novel and practical remote control
projects. But this is not all, as each of these projects
provides a model for building dozens of other related cir-
cuits by simply modifying parts of the design slightly to
suit your own requirements. This book tells you how.

Also included are techniques for connecting a PC to a
remote control system, the use of a microcontroller in
remote control, as exemplified by the BASIC Stamp, and
the application of ready-made type-approved 418MHz
radio transmitter and receiver modules to remote control
systems.

PRACTICAL ELECTRONIC MODEL RAILWAY 
PROJECTS
R. A. Penfold
The aim of this book is to provide the model railway
enthusiast with a number of useful but reasonably sim-
ple projects that are easily constructed from readily
available components. Stripboard layouts and wiring
diagrams are provided for each project. The projects
covered include: constant voltage controller; pulsed con-
troller; pushbutton pulsed controller; pulsed controller
with simulated inertia, momentum and braking;
automatic signals; steam whistle sound effect; two-tone
horn sound effect; automatic two-tone horn effect;
automatic chuffer.

The final chapter covers the increasingly popular sub-
ject of using a computer to control a model railway lay-
out, including circuits for computer-based controllers
and signalling systems.

A PRACTICAL INTRODUCTION TO SURFACE 
MOUNT DEVICES
Bill Mooney
This book takes you from the simplest possible starting
point to a high level of competence in handworking with
surface mount devices (SMD’s). The wider subject of SM
technology is also introduced, so giving a feeling for its
depth and fascination.

Subjects such as p.c.b. design, chip control, soldering
techniques and specialist tools for SM are fully
explained and developed as the book progresses. Some
useful constructional projects are also included.

Whilst the book is mainly intended as an introduction
it is also an invaluable reference book, and the browser
should find it engrossing.

FAULT-FINDING ELECTRONIC PROJECTS
R. A. Penfold
Starting with mechanical faults such as dry joints, short-circuits
etc, coverage includes linear circuits, using a meter to make
voltage checks, signal tracing techniques and fault finding on
logic circuits. The final chapter covers ways of testing a wide
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VALVE & TRANSISTOR AUDIO AMPLIFIERS
John Linsley Hood
This is John Linsley Hood’s greatest work yet, describ-
ing the milestones that have marked the development of
audio amplifiers since the earliest days to the latest sys-
tems. Including classic amps with valves at their heart
and exciting new designs using the latest components,
this book is the complete world guide to audio amp
design.

Contents: Active components; Valves or vacuum
tubes; Solid-state devices; Passive components;
Inductors and transformers; Capacitors, Resistors,
Switches and electrical contacts; Voltage amplifier
stages using valves; Valve audio amplifier layouts;
Negative feedback; Valve operated power amplifiers;
Solid state voltage amplifiers; Early solid-state audio
amplifiers; Contemporary power amplifier designs;
Preamplifiers; Power supplies (PSUs); Index.

AUDIO AMPLIFIER PROJECTS
R. A. Penfold
A wide range of useful audio amplifier projects, each
project features a circuit diagram, an explanation of the
circuit operation and a stripboard layout diagram. All
constructional details are provided along with a shop-
ping list of components, and none of the designs
requires the use of any test equipment in order to set
up properly. All the projects are designed for straight-
forward assembly on simple circuit boards.

Circuits include: High impedance mic preamp, Low
impedance mic preamp, Crystal mic preamp, Guitar and
GP preamplifier, Scratch and rumble filter, RIAA
preamplifier, Tape preamplifier, Audio limiter, Bass and
treble tone controls, Loudness filter, Loudness control,
Simple graphic equaliser, Basic audio mixer, Small
(300mW) audio power amp, 6 watt audio power amp,
20/32 watt power amp and power supply, Dynamic noise
limiter.

A must for audio enthusiasts with more sense than
money!

DIRECT BOOK
SERVICE

The books listed have been selected by Everyday Practical
Electronics editorial staff as being of special interest to everyone
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. 

All prices include UK postage

FOR A FURTHER SELECTION OF BOOKS
SEE THE NEXT TWO ISSUES OF EPE.

project
construction

160 pages £6.49Order code BP413

120 pages £5.49Order code BP411

151 pages £5.49Order code BP384

radio / tv
video

ELECTRONIC PROJECTS FOR VIDEO ENTHUSIASTS
R. A. Penfold
This book provides a number of practical designs for
video accessories that will help you get the best results
from your camcorder and VCR. All the projects use
inexpensive components that are readily available, and
they are easy to construct. Full construction details are
provided, including stripboard layouts and wiring dia-
grams. Where appropriate, simple setting up procedures
are described in detail; no test equipment is needed.

The projects covered in this book include: Four channel
audio mixer, Four channel stereo mixer, Dynamic noise
limiter (DNL), Automatic audio fader, Video faders, Video
wipers, Video crispener, Mains power  supply unit.

SETTING UP AN AMATEUR RADIO STATION
I. D. Poole
The aim of this book is to give guidance on the decisions
which have to be made when setting up any amateur
radio or short wave listening station. Often the experience
which is needed is learned by one’s mistakes, however,
this can be expensive. To help overcome this, guidance is
given on many aspects of setting up and running an effi-
cient station. It then proceeds to the steps that need to be
taken in gaining a full transmitting licence.

Topics covered include: The equipment that is needed;
Setting up the shack; Which aerials to use; Methods of
construction; Preparing for the licence.

An essential addition to the library of all those taking
their first steps in amateur radio.

EXPERIMENTAL ANTENNA TOPICS
H. C. Wright
Although nearly a century has passed since Marconi’s first
demonstration or radio communication, there is still
research and experiment to be carried out in the field of
antenna design and behaviour.

The aim of the experimenter will be to make a measure-
ment or confirm a principle, and this can be done with
relatively fragile, short-life apparatus. Because of this,
devices described in this book make liberal use of card-
board, cooking foil, plastic bottles, cat food tins, etc. These
materials are, in general, cheap to obtain and easily worked
with simple tools, encouraging the trial-and-error philosophy
which leads to innovation and discovery.

Although primarily a practical book with text closely
supported by diagrams, some formulae which can be used
by straightforward substitution and some simple graphs
have also been included.

25 SIMPLE INDOOR AND WINDOW AERIALS
E. M. Noll
Many people live in flats and apartments or other types of
accommodation where outdoor aerials are prohibited, or a
lack of garden space etc. prevents aerials from being
erected.This does not mean you have to forgo shortwave-lis-
tening, for even a 20-foot length of wire stretched out along
the skirting board of a room can produce acceptable results.
However, with some additional effort and experimentation
one may well be able to improve performance further.

This concise book tells the story, and shows the reader
how to construct and use 25 indoor and window aerials that
the author has proven to be sure performers. Much infor-
mation is also given on shortwave bands, aerial directivity,
time zones, dimensions etc.

109 pages £5.45Order code BP356

86 pages £4.45Order code BP300

250 pages £21.99Order code NE24

116 pages £10.95Order code PC113

72 pages £4.00Order code BP278

50 pages £2.25Order code BP136

EEPPEE TTEEAACCHH--IINN
22000000  CCDD--RROOMM

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 interac-
tive software 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
interactive software where you can also change compo-
nent values in the various on-screen demonstration cir-
cuits.

The series gives a hands-on approach to electronics
with numerous breadboard circuits to try out, plus a
simple computer interface 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

range of electronic components, such as resistors, capacitors,
operational amplifiers, diodes, transistors, SCRs and triacs,
with the aid of only a limited amount of test equipment.

The construction and use of a Tristate Continuity Tester, a
Signal Tracer, a Logic Probe and a CMOS Tester are also
included.

TEST EQUIPMENT CONSTRUCTION
R. A. Penfold
This book describes in detail how to construct some simple and
inexpensive but extremely useful, pieces of test equipment.
Stripboard layouts are provided for all designs, together with
wiring diagrams where appropriate, plus notes on construction
and use.

The following designs are included:-
AF Generator, Capacitance Meter, Test Bench Amplifier, AF
Frequency Meter, Audio Mullivoltmeter, Analogue Probe, High
Resistance Voltmeter, CMOS Probe, Transistor Tester, TTL
Probe.The designs are suitable for both newcomers and more
experienced hobbyists.

136 pages £5.49Order code BP391

104 pages £4.49Order code BP248

Audio and
Music



AN INTRODUCTION TO PIC MICROCONTROLLERS
Robert Penfold
Designing your own PIC based projects may seem a
daunting task, but it is really not too difficult providing you
have some previous experience of electronics.

The PIC processors have plenty of useful features, but
they are still reasonably simple and straightforward to
use. This book should contain everything you need to
know.

Topics covered include: the PIC register set; numbering
systems; bitwise operations and rotation; the PIC instruc-
tion set; using interrupts; using the analogue to digital
converter; clock circuits; using the real time clock counter
(RTCC); using subroutines; driving seven segment dis-
plays.

PRACTICAL OSCILLATOR CIRCUITS
A. Flind
Extensive coverage is given to circuits using capacitors
and resistors to control frequency. Designs using CMOS,
timer i.c.s and op.amps are all described in detail, with a
special chapter on ``waveform generator’’ i.c.s. Reliable
“white’’ and “pink’’ noise generator circuits are also includ-
ed.

Various circuits using inductors and capacitors are cov-
ered, with emphasis on stable low frequency generation.
Some of these are amazingly simple, but are still very
useful signal sources.

Crystal oscillators have their own chapter. Many of the
circuits shown are readily available special i.c.s for
simplicity and reliability, and offer several output frequen-
cies. Finally, complete constructional details are given for
an audio sinewave generator.

PRACTICAL ELECTRONIC CONTROL PROJECTS
Owen Bishop
Explains electronic control theory in simple, non-mathe-
matical terms and is illustrated by 30 practical designs
suitable for the student or hobbyist to build. Shows how to
use sensors as input to the control system, and how to
provide output to lamps, heaters, solenoids, relays and
motors.

Computer based control is explained by practical exam-
ples that can be run on a PC. For stand-alone systems,
the projects use microcontrollers, such as the inexpensive
and easy-to-use Stamp BASIC microcontroller.

PRACTICAL ELECTRONICS HANDBOOK –
Fifth Edition. Ian Sinclair
Contains all of the everyday information that anyone
working in electronics will need.

It provides a practical and comprehensive collection of
circuits, rules of thumb and design data for professional
engineers, students and enthusaists, and therefore
enough background to allow the understanding and
development of a range of basic circuits.

Contents: Passive components, Active discrete
components, Circuits, Linear I.C.s, Energy conversion com-
ponents, Digital I.C.s, Microprocessors and microprocessor

systems, Transferring digital data, Digital-analogue conver-
sions, Computer aids in electronics, Hardware components
and practical work, Microcontrollers and PLCs, Digital broad-
casting, Electronic security.

COIL DESIGN AND CONSTRUCTIONAL MANUAL
B. B. Babani
A complete book for the home constructor on “how to
make’’ RF, IF, audio and power coils, chokes and trans-
formers. Practically every possible type is discussed and
calculations necessary are given and explained in detail.
Although this book is now twenty years old, with the
exception of toroids and pulse transformers little has
changed in coil design since it was written.

OPTOELECTRONICS CIRCUITS MANUAL
R. M. Marston
A useful single-volume guide to the optoelectronics
device user, specifically aimed at the practical design
engineer, technician, and the experimenter, as well as
the electronics student and amateur. It deals with the
subject in an easy-to-read, down-to-earth, and non-
mathematical yet comprehensive manner, explaining
the basic principles and characteristics of the best
known devices, and presenting the reader with many
practical applications and over 200 circuits. Most of the
i.c.s and other devices used are inexpensive and read-
ily available types, with universally recognised type
numbers.

OPERATIONAL AMPLIFIER USER’S HANDBOOK
R. A. Penfold
The first part of this book covers standard operational amplif-
er based “building blocks’’ (integrator, precision rectifier,
function generator, amplifiers, etc), and considers the ways in
which modern devices can be used to give superior perfor-
mance in each one. The second part describes a number of
practical circuits that exploit modern operational amplifiers,
such as high slew-rate, ultra low noise, and low input offset
devices. The projects include: Low noise tape preamplifier,
low noise RIAA preamplifier, audio power amplifiers, d.c.
power controllers, opto-isolator audio link, audio millivolt
meter, temperature monitor, low distortion audio signal
generator, simple video fader, and many more.

A BEGINNERS GUIDE TO CMOS DIGITAL ICs
R. A. Penfold
Getting started with logic circuits can be difficult, since many
of the fundamental concepts of digital design tend to seem
rather abstract, and remote from obviously useful applica-
tions. This book covers the basic theory of digital electronics
and the use of CMOS integrated circuits, but does not lose
sight of the fact that digital electronics has numerous “real
world’’ applications.

The topics covered in this book include: the basic concepts
of logic circuits; the functions of gates, inverters and other
logic “building blocks’’; CMOS logic i.c. characteristics, and
their advantages in practical circuit design; oscillators and
monostables (timers); flip/flops, binary dividers and binary
counters; decade counters and display drivers.
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INTRODUCTION TO DIGITAL AUDIO 
(Second Edition) Ian Sinclair
The compact disc (CD) was the first device to bring digital
audio methods into the home.

This development has involved methods and circuits
that are totally alien to the technician or keen amateur
who has previously worked with audio circuits. The princi-
ples and practices of digital audio owe little or nothing to
the traditional linear circuits of the past, and are much
more comprehensible to today’s computer engineer than
the older generation of audio engineers.

This book is intended to bridge the gap of understand-
ing for the technician and enthusiast. The principles and
methods are explained, but the mathematical background
and theory is avoided, other than to state the end product.

PROJECTS FOR THE ELECTRIC GUITAR
J. Chatwin
This book is for anyone interested in the electric gui-

tar. It explains how the electronic functions of the
instrument work together, and includes information on

the various pickups and transducers that can be fitted.
There are complete circuit diagrams for the major
types of instrument, as well as a selection of wiring
modifications and pickup switching circuits. These can
be used to help you create your own custom wiring.

Along with the electric guitar, sections are also
included relating to acoustic instruments. The function
of specialised piezoelectric pickups is explained and
there are detailed instructions on how to make your own
contact and bridge transducers. The projects range
from simple preamps and tone boosters, to complete
active controls and equaliser units.

VALVE AMPLIFIERS
Second Edition. Morgan Jones
This book allows those with a limited knowledge of the field
to understand both the theory and practice of valve audio
amplifier design, such that they can analyse and modify cir-
cuits, and build or restore an amplifier. Design principles and
construction techniques are provided so readers can devise
and build from scratch, designs that actually work.

The second edition of this popular book builds on its main
strength – exploring and illustrating theory with practical
applications. Numerous new sections include: output trans-
former problems; heater regulators; phase splitter analysis;
and component technology. In addition to the numerous
amplifier and preamplifier circuits, three major new designs
are included: a low-noise single-ended LP stage, and a pair
of high voltage amplifiers for driving electrostatic transduc-
ers directly – one for headphones, one for loudspeakers.

VALVE RADIO AND AUDIO REPAIR HANDBOOK
Chas Miller
This book is not only an essential read for every profes-
sional working with antique radio and gramophone
equipment, but also dealers, collectors and valve tech-
nology enthusiasts the world over. The emphasis is firm-
ly on the practicalities of repairing and restoring, so
technical content is kept to a minimum, and always
explained in a way that can be followed by readers with
no background in electronics. Those who have a good
grounding in electronics, but wish to learn more about
the practical aspects, will benefit from the emphasis
given to hands-on repair work, covering mechanical as
well as electrical aspects of servicing. Repair techniques
are also illustrated throughout.

A large reference section provides a range of infor-
mation compiled from many contemporary sources, and
includes specialist dealers for valves, components and
complete receivers.

LOUDSPEAKERS FOR MUSICIANS
Vivan Capel
This book contains all that a working musician needs to
know about loudspeakers; the different types, how they
work, the most suitable for different instruments, for
cabaret work, and for vocals. It gives tips on constructing
cabinets, wiring up, when and where to use wadding,
and when not to, what fittings are available, finishing,
how to ensure they travel well, how to connect multi-
speaker arrays and much more.

Ten practical enclosure designs with plans and
comments are given in the last chapter, but by the time
you’ve read that far you should be able to design your
own! 

circuits and design

audio and music

166 pages £6.49Order code BP394

133 pages £5.49Order code BP393

440 pages £15.99Order code NE21

96 pages £4.49Order code 160

182 pages £15.99Order code NE14 119 pages £5.45Order code BP333

120 pages £5.45Order code BP335

92 pages £5.45Order code BP358

488 pages £26.99Order code NE33

288 pages £20.99Order code NE34

164 pages £5.49Order code BP297

198 pages Temporarily out of print

128 pages £8.95Order code PC102

BOOK ORDERING DETAILS
All prices include UK postage. For postage to Europe (air) and the rest of the world (surface)
please add £1 per book. For the rest of the world airmail add £2 per book. 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 – minimum card order is £5 – to: DIRECT BOOK
SERVICE, WIMBORNE PUBLISHING LIMITED, 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
delivery – 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. E-mail: 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.....................

Please send book order codes: ..............................................................................................................

.................................................................................................................................................................
Please continue on separate sheet of paper if necessary



PROJECT TITLE Order Code Cost

Ironing Board Saver APR ’99 224 £5.15
Voice Record/Playback Module 225 £5.12
Mechanical Radio (pair) 226A&B £7.40
�Versatile Event Counter 207 £6.82
PIC Toolkit Mk2 MAY ’99 227 £8.95
A.M./F.M. Radio Remote Control – Transmitter 228 £3.00

Receiver 229 £3.20
�Musical Sundial JUNE ’99 231 £9.51
PC Audio Frequency Meter 232 £8.79
�EPE Mood PICker JULY ’99 233 £6.78
12V Battery Tester 234 £6.72
Intruder Deterrent 235 £7.10
L.E.D. Stroboscope (Multi-project PCB) 932 £3.00
Ultrasonic Puncture Finder AUG ’99 236 £5.00
�8-Channel Analogue Data Logger 237 £8.88
Buffer Amplifier (Oscillators Pt 2) 238 £6.96
Magnetic Field Detective 239 £6.77
Sound Activated Switch 240 £6.53
Freezer Alarm (Multi-project PCB) 932 £3.00
Child Guard SEPT ’99 241 £7.51
Variable Dual Power Supply 242 £7.64
Micro Power Supply OCT ’99 243 £3.50
�Interior Lamp Delay 244 £7.88
Mains Cable Locator (Multi-project PCB) 932 £3.00
Vibralarm NOV ’99 230 £6.93
Demister One-Shot 245 £6.78
�Ginormous Stopwatch – Part 1 246 £7.82
�Ginormous Stopwatch – Part 2 DEC ’99

Giant Display 247 £7.85
Serial Port Converter 248 £3.96

Loft Guard 249 £4.44
Scratch Blanker JAN ’00 250 £4.83
Flashing Snowman (Multi-project PCB) 932 £3.00
�Video Cleaner FEB ’00 251 £5.63
Find It 252 £4.20
�Teach-In 2000 – Part 4 253 £4.52
High Performance MAR ’00 254, 255 £5.49

Regenerative Receiver 256 Set
�EPE Icebreaker – PCB257, programmed

PIC16F877 and floppy disc Set only £22.99
Parking Warning System 258 £5.08
�Micro-PICscope APR ’00 259 £4.99
Garage Link –  Transmitter 261

Receiver 262   Set £5.87

Versatile Mic/Audio Preamplifier MAY ’00 260 £3.33
PIR Light Checker 263 £3.17
�Multi-Channel Transmission System – Transmitter 264

Receiver 265   Set £6.34
Interface 266

�Canute Tide Predictor JUNE ’00 267 £3.05
�PIC-Gen Frequency Generator/Counter JULY ’00 268 £5.07
g-Meter 269 £4.36
�EPE Moodloop AUG ’00 271 £5.47
Quiz Game Indicator 272 £4.52
Handy-Amp 273 £4.52
Active Ferrite Loop Aerial SEPT ’00 274 £4.67
�Remote Control IR Decoder       Software only – –
�PIC Dual-Channel Virtual Scope OCT ’00 275 £5.15
Handclap Switch NOV ’00 270 £3.96
�PIC Pulsometer                         Software only – –
Twinkling Star DEC ’00 276 £4.28
Festive Fader 277 £5.71
Motorists’ Buzz-Box 278 £5.39
�PICtogram 279 £4.91
�PIC-Monitored Dual PSU–1   PSU 280 £4.75

Monitor Unit 281 £5.23
Static Field Detector (Multi-project PCB) 932 £3.00
Two-Way Intercom JAN ’01 282 £4.76
UFO Detector and Event Recorder

Magnetic Anomaly Detector 283
Event Recorder 284    Set £6.19
Audio Alarm 285 

�Using PICs and Keypads          Software only – –
Ice Alarm FEB ’01 287 £4.60
�Graphics L.C.D. Display with PICs (Supp) 288 £5.23
Using the LM3914-6 L.E.D. Bargraph Drivers

Multi-purpose Main p.c.b. 289
Relay Control 290    Set £7.14
L.E.D. Display 291 

�PC Audio Power Meter      Software only – –
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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;
E-mail: 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.

Please check price and availability in the latest issue.
Boards can only be supplied on a payment with order basis.

Software programs for EPE projects marked with an asterisk � are available on 3.5
inch PC-compatible disks or free from our Internet site. The following disks are
available: PIC Tutorial (Mar-May ’98 issues); PIC Toolkit Mk2 V2·4d (May-Jun ’99
issues); EPE Disk 1 (Apr ’95-Dec ’98 issues); EPE Disk 2 (Jan-Dec ’99); EPE Disk
3 (Jan-Dec ’00). EPE Disk 4 (Jan ’01 issue to current cover date); EPE Teach-In
2000; EPE Interface Disk 1 (October ’00 issue to current cover date). The disks
are obtainable from the EPE PCB Service at £3.00 each (UK) to cover our admin
costs (the software itself is free). Overseas (each): £3.50 surface mail, £4.95 each
airmail. All files can be downloaded free from our Internet FTP site:
ftp://ftp.epemag.wimborne.co.uk.

EPE PRINTED CIRCUIT BOARD SERVICE
Order Code Project Quantity Price

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

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

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

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

Tel. No. .........................................................................

I enclose payment of £................ (cheque/PO in £ sterling only) to:

Everyday 
Practical Electronics

MasterCard, Amex, Diners
Club, Visa or Switch

Minimum order for cards £5       Switch Issue No.  . . . .

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

Signature....................................... Card Exp. Date................

NOTE: You can also order p.c.b.s by phone, Fax, E-mail or via our
Internet site on a secure server:

http://www.epemag.wimborne.co.uk/shopdoor.htm

PROJECT TITLE Order Code Cost
Doorbell Extender: Transmitter MAR ’01 292 £4.20

Receiver 293 £4.60
Trans/Remote 294 £4.28
Rec./Relay 295 £4.92

EPE Snug-bug Heat Control for Pets APR ’01 296 £6.50
Intruder Alarm Control Panel

Main Board 297 £6.97
External Bell Unit 298 £4.76

Camcorder Mixer MAY ’01 299 £6.34
�PIC Graphics L.C.D. Scope 300 £5.07
Hosepipe Controller JUNE ’01 301 £5.14
Magfield Monitor (Sensor Board) 302 £4.91
Dummy PIR Detector 303 £4.36
�PIC16F87x Extended Memory Software only – –
Stereo/Surround Sound Amplifier JULY ’01 304 £4.75
Perpetual Projects Uniboard–1 305 £3.00

Solar-Powered Power Supply & Voltage Reg.
MSF Signal Repeater and Indicator

Repeater Board 306 £4.75
Meter Board 307 £4.44

�PIC to Printer Interface 308 £5.39
Lead/Acid Battery Charger AUG ’01 309 £4.99
Shortwave Loop Aerial 310 £5.07
�Digitimer – Main Board 311 £6.50

– R.F. Board 312 £4.36
Perpetual Projects Uniboard–2

L.E.D. Flasher  ––  Double Door-Buzzer 305 £3.00
Perpetual Projects Uniboard–3 SEPT ’01 305 £3.00

Loop Burglar Alarm, Touch-Switch Door-Light
and Solar-Powered Rain Alarm

L.E.D. Super Torches – Red Main 313   
Set   £6.10  – Display Red 314

– White L.E.D. 315 £4.28
�Sync Clock Driver 316 £5.94
�Water Monitor 317 £4.91
Camcorder Power Supply OCT ’01 318 £5.94
PIC Toolkit Mk3 319 £8.24
Perpetual Projects Uniboard–4 305 £3.00

Gate Sentinel, Solar-powered Bird Scarer and
Solar-Powered Register

Teach-In 2002 Power Supply NOV ’01 320 £4.28
Lights Needed Alert 321 £5.39
Pitch Switch 322 £5.87
Capacitance Meter – Main Board (double-sided) 323     

Set  £12.00  – Display Board (double-sided) 324
PIC Toolkit TK3 – Software only TK3 CD-ROM £6.95
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